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ì�[Pghm)S×S�Ofm5`öm�IfV×ò7IfgNSdgLY@[PgîY\`NS�ìeQ³ì�YeSdV VXORQ�ceS�ñ�KN[bc\S�[²Y5ì@GJSdGJ[¸m�OWYeS�Gî`hOfc\GNëzOfceSLó7Exì@O
~ 6�787:9<;>=8=�?8?:?�@IE A�78E:G�E�����7�E���6�� H��8H-J�F:E�A�@)�8H�� �
� 6�787:9<;>=8=�?8?:?�@+7��'F���A:H-D87-?�C-G�E @V�:H�� �
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ceS�ì�KNMbYd^CILgNSXm�OfgîV×S�g�Ye[PIfgöYe`hSXce[¸ì�S�IWûzVXOW[PgLY\S�ghOfghm)SXm�ILì�Y\ìdóH_a`hSX[bg�Yec\IJGJKhm)Ye[PIfgîIfû S��G

�V	V%��eÿ��)	�� X ����O��bÿ�� NZY-����� �'��� 	«÷[�ÜE � � ����Of[bVXìaY\IXòNc\Ifò7ILìeSUìeIfMPKJY\[bILghìaYeI×Y\`NS
ILFhì�Y5Ofm�MbS�ì
S�ghm�IfKNg�YeSdceS�G:[Pg û«SdGJSdc\OWYeS�G�Ofc\m5`N[bYeS�m¥Y\KNceS�ì�ó

APEX
interface

���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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...Application
level

System
level

Application
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Application
partition N

OS

Hardware

functions

System

specific
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÷[�ÜE?OWMPMbIZë%ì�ì�SdífSdc\OfMzm�IfV×ò±ILgNS�g�Y5ì×ëË[²Y\` ò7ILì\ì�[PFNMPQ GJ[ �7SdceSdgLY�m�ce[bYe[¸m�OfMb[bY�QõYeIøìe`hOWc\S
Ye`NS
ì\OWV×S@`hOfc\GJëaOWc\SlceS�ì�ILKNc\m�Sdìdó³÷sY%S�ghìeKNc\SdìËO×ìeOWû«S
OWMPMbIJmdOZYe[PIfg IWû�ìe`hOWc\SdG�ceS�ì�ILKNc5m)SdìaìeI
Ye`hOWY�gNIîû®OWKNMbY�òNc\Ifò±OWðLOWYe[PIfgõIJm�m�KNc\ì
û«ceILV IfgNS m)IfV×ò7IfgNSdg�Y
YeI/OWgNIfYe`NSdc�m)ILV×ò±ILgNS�g�Ydó
_a`N[Pìq[¸ìzOLm5`N[PS�ífS�G�Ye`Nc\IfKhðf` �hÿ��U�I� �+����� � � %�IWû<c\SdìeIfKhc\m�Sdì�ëË[bYe`�ceS�ì�ò7Sdm)Y�YeI�ORíZOW[PMPOfFNMbS%Ye[PV�S
OWghG�V×S�V×ILceQ m�OWò±Ofm)[bYe[PSdìdóhE �hÿ��U�I� �I�����õ[PìxO×MbILðf[¸m�OfM<OWMPMbIJmdOZYe[PIfg�KNgh[²Y>c\SdìeKNMbYe[PgNðXû«c\IfV O
û«KNghm¥Y\[bILghOWMHGJS�m)IfV×ò7ILìe[²Y\[bILgXIWûCY\`NSxìeQJì�Y\S�V�óLi�Ofc�Y\[²Y\[bILgN[bghð@òNceILV×IWYeS�ìÚíLS�c\[,�±mdOZY\[bILgk^WíZOWMP[²ô
GNOZY\[bILgk^WOWghG×m�S�ceYe[ �±m�OWYe[PIfgkóR÷[�ÜEüòNM¸OZYeû«Ifc\VXì�m)Ifg±ì�[¸ì�Y�Ifû7Olg³KNV+F7S�cÚIfûB� ����O�� 	��aðLceILKNò7SdG
[bg×m�OfFN[bghS)Y\ì=Y\`Nc\IfKNðL`NIfKJY=Ye`hSaOf[bc5m)c5OZûªY�óZE V×IJGJKNMPSËm�Ofg�m)ILg�Y\OW[Pg×ì�SdífS�c5OWM�òhOfc�Y\[²Y\[bILghì�Ye`hOWY
ò±I�ìeìe[bFhMbQüF7S�MPIfgNðvYeI OfòNòNMP[PmdOZY\[bILghì:Ifû+GJ[ �7SdceSdgLY�m)c\[bYe[¸m�OWMP[bY�QúMPS�íLS�M¸ì�ó ��Sdm5`±OWgN[¸ì�VXì OWc\S
òNceIZí³[¸GJSdG�[PgîILc\GNS�c%Y\I:òNc\S�íLS�g�YlO:òhOWceYe[bYe[PIfgÜû«ceILV `±ORí�[PgNð��\OWFNghIfc\V×OfM	�XOLm�m�Sdì\ìËYeI�Ye`hS
V�SdV×Ifc\Q�OfceS�OXIWûzOWgNIfYe`NSdcxòhOfc�Y\[²Y\[bILgkóH_a`NS�òhceIJm)S�ìeìeIfcx[PìUOfMbMPIJm�OZY\SdG�Y\I:S�Ofm5`ÜòhOfc�Y\[²Y\[bILg
û«Ifc@O �G�³S�G�Y\[bV×S�ëË[bghGNIZë ëË[²Y\`N[Pg/O�VXO�z�IfcxYe[PV×S�û«c\OfV�S�VXOW[PgLY5OW[PgNSdGîF³Q�Ye`NS×V×IJGJKNMPS
MbSdífS�MËILò±Sdc\OWYe[PgNðõì�QJì�YeS�V 	�� ���)óÚE?òhOWceYe[bYe[PIfgüm�OfgNgNIfY×F7SÜGJ[¸ì�Y\ce[PFNKJY\SdGúIZífSdc�V�KNMbYe[PòNMbS
òNceIJm�Sdì\ì�ILc\ì�S�[bYe`NSdcz[Pg�Y\`NS@ìeOfV×SxV×IJGJKNMPSxILcq[Pg�GJ[ �HS�c\S�g�YaV×I³GNKNMbS�ì�ó��=[PghOWMPMbQL^JòhOWceYe[bYe[PIfg±ì
m)IfV×V�KNgN[¸m�OZY\SxOLì�Q³ghm5`Nc\IfghIfKhìeMbQ�í³[PO+MbILðf[¸m�OWM���� �U�'�lOWghGT���Nÿ��G��	�� �¥ó+��S�ìeì\OWðLS%S��Nm5`hOfgNðfS�ì
ceSdMbQÜILgÜY�ëzI Yec5OWghì�û«S�cUV×IJGJSdì�( ��ÿ�� �;� � �P%îV×IJGJSXOWg±G���OG	�O � �P%ÜV×IJGJSLóC÷�gîY\`NS×û«Ifc\V×S�c�^
gNI�V×Sdì\ìeOfðfSXñ�KNS�KNSX[¸ì
OfMbMPIZëqS�GCókE8V×Sdì\ìeOfðfS×c\S�VXOW[PghìU[PgõYe`NS�ìeIfKNc5m)S×ò7IfceY
KNg�Ye[PM�[bY
[Pì
Yec5OWghìeV×[²YeYeSdG�í�[¸O@Y\`NSUm5`hOWgNghS�MhILcq[bYq[¸ìqIZífS�c\ëËc\[²YeYeS�gXF³QXO
ghS�ëùIJm�m�KNcec\S�g±m)S%IfûCYe`NSxV�S�ì�ô
ìeOfðfSfóJE,c\Sdm)Sd[bíLSdG:V�S�ìeì\OWðLS>c\S�VXOW[Pghìz[Pg:Y\`NS@GJSdì�Ye[PghOZY\[bILg�ò7IfceYaKNg�Ye[PMk[²YË[¸ìaIZífSdceëËc\[²YeYeSdgkó
E c\S)û«c\Sdìe`:ò7S�c\[PI³G OZYeYec\[bFhKJYeSU[¸ìzOLìeìeIJm)[¸OZY\SdG�ëË[bYe` SdOLm5`�ì\OWV×òNMP[bghð�ò7IfceYdó �ù`NSdg�c\SdOLGJ[PgNð
O�ò±ILc�Y�^=O YRÿ�� �'��� ���õòhOWc5OWV×S)Y\S�c
[PghGJ[¸m�OWYeS�ì
ëË`NS�Ye`NSdc+Y\`NS:OWðLS�IWûaY\`NS:c\SdOLGõV�S�ìeì\OWðLSX[Pì
m)Ifg±ì�[¸ì�Y\S�g�YaëË[²Y\`:Y\`NSxc\Sdñ�KN[Pc\SdG�c\S)û«c\Sdìe`�ò7S�c\[bIJG�OZY�Y\ce[PFNKJY\SUIWûkY\`NSUò±ILc�Y�ó�÷�g�Ye`hSlñ�KNSdKN[bghð
V�IJGJSL^Zò±ILc�Y5ì�OWc\SzOfMbMPIZëzSdG@Y\Ilì�YeILceSzV×Sdì\ìeOfðfS�ì<û«c\IfV OxìeIfKNc5m)SzòhOfc�Y\[²Y\[bILg�[Pg�ñ�KNSdKNSdì'KhgLY\[bM
Ye`NSdQîOWc\S+c\Sdm�S�[PífSdGîF³Q�Ye`NSXGJS�ì�Y\[bghOWYe[PIfgöòhOWceYe[bYe[PIfgkó�}>S�c\Sf^HYe`hS×ñ�KNSdKN[PgNð GN[Pì\m)[PòNMP[bgNS�û«ILc
V�S�ìeì\OWðLSdìz[¸ì ��[Pc5ì�Yeô�÷�gh�=[bc5ì�Y�ô �xKJY 	'�=÷[�!� �)ó
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i�OWceYe[bYe[PIfghìkOfceSzm)ILV�ò7ILìeSdG
IWû ��������	��W��	���Y\`hOZY'ceSdòNc\SdìeS�g�YkYe`hSqS��³S�m)KJY\[bíLS�KNgh[²Y5ì��fóRi�ceIfô
m)Sdì\ìeSdìUc\KNgøm)Ifg±m)KNc\ceSdg�YeMPQÜOWghG/S��JS�m)KJY\S×û«KNghm¥Y\[bILghì
OLìeìeIJm)[¸OZYeS�GîëË[bYe`/Y\`NSXòhOWceYe[bYe[PIfgõ[Pg
ëË`N[Pm5` Ye`NSdQ OWc\S:m)ILgLY5OW[PgNSdGkó 
�OLm5`øòNc\I³m�Sdì\ì
[¸ì�KNgN[¸ñLKhS�MPQõm5`±OWc5Ofm¥Y\S�c\[ �dSdG/F³Qõ[bgJû«ILceVXOWô
Ye[PIfg 	®Mb[PýfS�[²Y5ìxò7S�c\[PI³Gk^±òNc\[PIfc\[²Y�QL^hIfclGJSdOLGJMP[bgNS+Ye[PV×S:�>Khì�S�û«KNM=YeI:Ye`NS�òhOWceYe[bYe[PIfgîMbSdífS�M � �
ëË`N[Pm5` [Pì�c\Sdìeò±ILghìe[bFNMPS�û«ILc+Y\`NS�m)ILcec\Sdm)Y+S��JSdm�KJYe[PIfg IWû>òhceIJm)S�ìeìeSdì+ëË[²Y\`N[PgúOîòhOWceYe[bYe[PIfgkó
_a`NS@ìem5`NS�GJKNMP[bghð�ò7IfMP[Pm�QXû«IfcaòNc\IJm)S�ìeìeSdìq[Pìaòhce[PIfc\[²Y�QXòhceSdS�V×òJYe[PífSLóGbqIfV×V+KNgh[PmdOZYe[PIfg±ìqF7S)ô
Y�ëqSdS�g òNc\IJm)S�ìeìeSdì�OWc\S�Ofm5`h[bSdífSdGõF³Q/Ye`hceSdS�FhOLì�[¸m�V×S�m5`hOWgN[¸ìeV×ìdó'_a`NS:F7IfKNg±GJSdGg��O�� 	��
OWMPMbIZë%ì�YeI�ì�SdghG:OfghG�c\Sdm�S�[PífS%V×Sdì\ì\OWðfS�ìÚû«ILMbMPIZëË[PgNð+OI��÷[� � ò±ILMb[¸m)QLóJ_a`NS 	�Y�	�� ��ò7S�c\V�[bY\ì
Ye`NS�OWòNòhMb[¸m�OWYe[PIfgøY\IîgNIfYe[bû«QøòNceIJm�Sdì\ì�S�ì@IWû%Y\`NS I³mdm)KNc\c\S�ghm�S�IWû>Oöm)Ifg±GJ[²Y\[bILgøû«Ifc�ëË`N[¸m5`
Ye`NSdQÜVXORQ F7S×ëzOf[²Y\[bghðhóC_a`NSh���bÿ������ �dÿ �&�ö[PìlKhìeSdGÜYeI�GJ[¸ì�òNM¸ORQÜOWg±GÜc\SdOfGîV×Sdì\ìeOfðfSdì�(hghI
V�S�ìeì\OWðLS@ñLKhS�KNS�ì>OWc\S
OWMPMPIZëqS�GC^NOWghG�Ofg³Q:V×Sdì\ìeOfðfS@ëËc\[²YeYeSdg�Ifg�OXFNM¸Ofm5ý³F7ILOWc5G�ceSdV×Of[bg±ì
Ye`NSdceSlKNg�Ye[PMHYe`NSlV×Sdì\ìeOfðfSx[PìzS�[bYe`hS�cËm)MPSdOfceS�GXIfczIZífSdceëËc\[²YeYeSdg�F³Q�O
gNSdë�[Pghì�Y5OWghm�SxIfûkYe`hS
V�S�ìeì\OWðLSfó��³Q³ghm5`Nc\Ifgh[ ��OZYe[PIfg±ìzOfceS@OLm5`N[bSdífS�G�Khìe[bghð×O ��	��×ÿ � � ���&	�ó

�³S�íLS�c5OWMWì�Y\OWg±GNOWc5GNìHû«ILc<ì�IfûªY�ëzOfceS�OfghGU`hOWc5GJëaOWc\S�`±ORífS�F7S�S�g
GNS��hgNS�GUû«Ifc<÷[�ÜE
ó�}%S�c\Sf^
ëqSÚò±OWceYe[¸m)KNM¸OWc\MbQlm)ILghì�[¸GJSdckYe`hSqE>i 
]\ ^UE `Ë÷[aKbnc�e�fËì�Y\OfghGNOfc\G � �8�s^�ëË`N[¸m5`@òNc\Ifò7ILìeSdìkOfg
� �l[bg�YeSdc�û®OLm)S'û«ILck÷[�ÜE OfòNòNMP[PmdOZYe[PIfg±ì�^�mdOWMPMbS�G NZY-����� �'���CN �'�;� �'�5ÿ��+����� Q �[{�����ÿ��W	.Q ��ÿ��;�Lÿ��&�
SU�G�)	��={)ÿ
��	 	pm¥û�ó@�=[bðLKNc\S �8�¥óH÷sY
[Pghm)MPKhGJS�ì�^kOfV�ILgNð IWYe`hS�c5ì�^CìeS�c\í�[¸m)S�ì%û«ILc
m)ILV�V�KNgN[¸m�OWYe[PIfg
F±S�Y�ëqSdS�gîò±OWceYe[bYe[PIfghìlIfgîYe`NS×ILgNS�`±OWghGöOWghGîF±S�Y�ëqSdS�g/òNceIJm�Sdì\ì�S�ì%IfgîYe`NS×IfYe`NSdcl`±OWghGC^
ì�Q³ghm5`Nc\Ifgh[ ��OZYe[PIfgøìeS�c\í³[Pm�SdìUû«ILc+òNc\IJm)Sdì\ìeSdìd^<OWghG òhOWceYe[bYe[PIfg OfghGøòNc\IJm)Sdì\ì@VXOWg±OWðfSdV×S�g�Y
ì�Sdceí³[¸m)Sdìdó

� lnmpo x
	%ã>éGm>åNæ�ã>æ�è x u[r�ãpq�è r q]o��zâ�
������

_a`NS 9;:=<B>�? 4/M¸OWgNðLKhOWðLS�� ��f �%`hOWghGNMbS�ì×KNg³F±ILKNghGJS�GúìeS�c\[PSdì×IWûxY�Q³ò±S�G íZOfMbKNS�ì 	���� �����
N

^
m�OWMPMPSdGn���,%��Hÿ�� �¥^CGJSdgNIWY\SdGÜOLì���[bgÜYe`NS�MPOfgNðfKhOfðfSL^hOWghGÜ[bV×òNMP[Pm�[²Y\MbQ�[PghGJS��³S�G�F³Q GN[Pì\m)c\S)Y\S
Ye[PV�S 	pGJS�ghIWYeS�G�F�Q���[Pg�Ye`NSËìeS�VXOWg�Ye[¸mzgNIWY5OZY\[bILg$�¥ófEzY�OlðL[bíLS�g�[bghì�Y\Ofg�Yd^WOUì�[Pðfg±OWMJVXORQ
F7S
òNceS�ì�Sdg�Yd^hOWY%ëË`N[Pm5`�ò7If[Pg�Y%[²Yx`NIfM¸GNì%O×íZOWMPKNS
�hIfc%OfFhìeS�g�Yd^hOWY>ëË`N[¸m5`�ò±IL[bg�Y>[bY>[¸ì%GJS�ghIWYeS�G
F�Q/Y\`NS ìeò7Sdm)[¸OWMaìeQ�V�F±ILM! #[Pg Y\`NS�ì�SdV×Ofg�Ye[¸m�gNIfY\OZY\[bILgkó'_a`NS�c\S:[¸ì×OÜòhOfc�Y\[Pm�KNMPOfc
Y�Q³ò7S
IWûzìe[PðfghOfMPì@mdOWMPMbS�G#"
$�"&%('HóHE ì�[Pðfg±OWM�IWûqYe`N[¸ìUY�Q³ò7SX[Pì@OfMbëaORQJì �I�UOG	×ëË`NSdgö[bY
[¸ì@òNc\SdìeS�g�Y
	«IWY\`NS�c\ëË[¸ì�SL^±[bYx[¸ì) �)ó7_a`hS�ìeS)YUIWûÚ[Pghì�Y5OWg�Y\ì>ëË`NS�c\S�O�ì�[Pðfg±OWM*��[¸ì>òhceS�ì�SdgLYx[Pìlm�OfMbMPSdG�[bY\ì
��� ���+�Zó�÷sY
[Pì@ghIWYeS�GõOfì-,.� 	®ëË`N[Pm5`õ[¸ì@IWûzY�Q³ò±S/"
$�"&%0' �>[PgõYe`NSXM¸OWgNðLKhOWðLSfó��³[Pðfg±OWM¸ìlYe`hOWY
`hORífS@Y\`NS�ì\OWV×S�m)MPI³m5ý�OWc\S+ì\OW[¸G�YeI�F±S � ���;��� � ������OP�¥óCE 9;:=<8>@? 4 � � ����	�����[¸ìxO�ìeQJì�Y\S�V
IWûCSdñ�KhOWYe[PIfghì�IZífS�cÚìe[PðfghOfMPìd^fOWg±GXO ��� �W%��eÿ��8[¸ìqOUòNc\IJm)S�ìeìdó 9;:=<B>�? 4
ceSdMb[PSdì�Ifg�OU`hOfghG³û«KNM
IWûCòNc\[bV×[bYe[PífS>m�Ifghì�Yec\Khm¥Y5ìÚëË`N[¸m5`�OWc\S%m)ILV+FN[PgNS�G×Khì�[PgNð
O
m�IfV×ò7ILìe[²Y\[bILgXIfò7S�c5OZYeILcdóW_a`hSdìeS
m)Ifc\S�m�Ifghì�Yec\Khm)Y\ì>OfceS�IWûqìeK�#�m)[PS�g�YlS��JòNc\Sdì\ì�[PífS
ò7IZëzS�cxYeI�GNS�c\[bíLS+IWY\`NS�cUm)ILghì�Yec\Khm¥Y5ì%û«ILc
m)IfV�û«ILc�Y�OfghG
ì�Yec\Khm¥Y\KNc\[bgNð±ó�÷�g@Y\`NSÚû«ILMbMPIZëË[PgNðh^dëqSÚðL[bíLS�O%ìeýfS�Y\m5`@IWûNòhce[PV×[²Y\[bíLSqm)ILghì�Yec\Khm¥Y5ì
	«F7IfM¸G³ôpû®OLm)S�G �+OfghGõû«Sdë GJS�c\[PífSdGvm)Ifg±ì�Y\ceKhm)Y\ì+IWû 9;:=<B>�? 4 	«[bY\OfMb[¸m�ì �¥óC�hIfc�SdOfm5`øILgNSf^=ëzS
ceS�ì�ò7Sdm)Ye[PífS�MPQ�V×S�g�Y\[bILg�[bY\ì%m�Ifc\ceS�ì�ò7Ifg±GJ[bghð�ìeQ³gLY5O��:OfghG�GJS��hgh[²Y\[bILg@(
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_a`NS 9�:=<8>�? 4/MPOfgNðfKhOfðfS OWM¸ì�IöòNceIZí³[¸GJSdì×OöòNc\I³m�Sdì\ì
û«c5OWV×S�[Pg ëË`N[¸m5` Ofg³QøòNceIJm�Sdì\ì
V×ORQ+F±S �eS�ghmdOWòhìeKNM¸OZYeS�G �NóW_a`h[Pì�OfMbMPIZë%ì=YeI@OWF±ì�Y\c\OLm¥YÚOUòNc\I³m�Sdì\ì�YeI
OWg�[PgLY\S�ceû®Ofm�Sf^fìeIlYe`hOWY
Ye`NSXòNc\IJm)S�ìeìUm�OfgõF±S×KhìeSdGõOZûªY\S�c\ëzOfc\GhìlOLì@O FNMPOLm5ýÜF7I��ÜYe`Nc\IfKhðf`î[bY\ì
[bg�YeSdc�û®OLm)S×ëË`N[¸m5`
GJSdì\m)c\[bF7SdìCYe`NSÚ[PgNòNKNY�ôsIfKJY\òNKJY�ìe[bðLghOWM¸ìkOfghGlòhOWc5OWV×S)Y\S�c5ì�ó)_a`hS�òNceIJm�Sdì\ìHû«c\OfV×S�S�ghOfFNMbS�ìHYe`hS
GJS��hgh[²Y\[bILg:IWû=ì�KNFNô�òNc\IJm)S�ìeìeSdìdó��³KhFJô�òhceIJm)S�ìeìeSdì�Ye`±OZYËOWc\S>IfghMbQXìeò±S�m)[ �hSdG:F�Q�Ofg:[Pg�YeS�ceû®Ofm�S
ëË[²Y\`NIfKJY×[PgLY\S�c\ghOWMzF7S�`hORí³[PIfc�OfceS m)ILghì�[¸GJSdceS�GøOfì�S��³YeSdceghOfM 	«Ye`NSdQøVXORQ/F7S�ì�SdòhOWc5OZY\S�MPQ
m)IfV×òN[PMPSdG�òNceIJm�Sdì\ì�S�ì�ILcqòN`³QJìe[PmdOWMCm)ILV�ò7IfghS�g�Y\ì �¥ó��xg�Ye`NSUIWY\`NS�ca`hOfghGC^ 9;:=<B>�? 4�OWMPMPIZë%ì
YeIU[bV×ò7IfceYÚS��³YeSdceg±OWM³V×I³GNKNMbS�ì 	«SLó ð±ó�b0/1/úû«KNg±m¥Ye[PIfg±ì��)ó
�=[bghOfMbMPQf^ZòhKJY�YeILðfS)Y\`NS�c�^WOWMPM³Ye`hSdìeS
û«SdOZY\KNc\Sdì�IWû%Y\`NS�MPOfgNðfKhOfðfSXû®ORíLIfc�V�IJGJKhMPOfce[bY�Q OWghGvceS�ô�K±ìeOfFN[bMP[bY�Qfó�_a`hS�VXOZY\`NS�VXOWYe[¸m�OWM
û«IfKNghGhOZYe[PIfg±ìkIWû 9;:=<B>�? 4%S�ghOfFNMPS�û«Ifc\VXOWMfíLS�c\[,�7m�OZY\[bILglOfghG
OfghOWMPQJì�[¸ìHYeS�m5`NgN[¸ñ�KNSdìdó��/S�m�Ofg
GJ[Pì�Ye[PgNðLKN[Pìe` Y�ëqI×ý³[PghGNìaIWû'òNc\Ifò7S�ceYe[PSdì�(�{�O��;���+�����7ÿ��'OWg±GR� ����{�O������I�����Hÿ��=òNc\Ifò7S�ceYe[PSdìdó
2 O������I�����Hÿ����������G	��U�I�'	U�+m�Ifghìe[¸ì�YËIWû � �GYZÿ����®ÿ��G����� � �+	��U�I�'	U�
ILg:Y\`NS@IfgNSU`hOfghG 	«SLó ð±óNO

òNceILðfc5OWV S��J`N[PFN[bY\ìUgNI�m)ILgLY\c\OLGJ[¸m¥Ye[PIfgîF±S�Y�ëqSdS�göm�MbIJm5ýJìxIWû�[Pg³ífIfMPífS�GÜìe[bðLghOWM¸ì �)^HOfghG � ��

�7ÿ�� �'� � � ���G	��U�I�'	���IfgUY\`NSÚIWY\`NS�c�`hOWg±G 	«Sfó ðhódceS�Ofm5`hOfFN[PMb[bY�Qf^)MP[PífS�ghSdì\ì��)ód_a`NS 9�:=<8>�? 4%m)ILV�ô
òN[bMPS�ca[bY\ìeS�Mbû=OLGNGJc\Sdì\ì�S�ì�ILgNMbQ:[bg³íZOWc\[POfg�YqòNc\Ifò7S�ceYe[PSdì 	«`hS�c\Sf^�Ye`NS@m�IfV×òN[PMbSdcz[Pghm�MbKhGNSdìaV×Ifc\S
û«KNghm¥Y\[bILghOWMP[bYe[PSdì=Ye`±OWg�m�MPOLìeìe[¸m�OWM³m)ILV×òN[bMPS�c5ìdó��hIfc=S��NOWV×òNMPSf^R[Pg�OLGNGJ[bYe[PIfg+YeIl`hOWFN[bYeK±OWMNìeQ�gNô
Y\O��UIfc<Y�Q³ò±Szm5`NSdm5ý³[PgNðh^)[bY�[PV×òNMPS�V×S�g�Y\ì=ìeIfV×S�ì�Y\OZY\[PmÚífS�c\[ �±m�OWYe[PIfg@OWMPðfILce[bYe`NVXìkOfghG@OWMPMPIZë%ì
û«Ifc
OWKNYeIfVXOWYe[¸m�ðLS�gNSdc\OWYe[PIfgöIWûzOfgöILòJYe[PV×[ �dSdGõm)IJGJS8�¥ó8�hIfc@O ðf[PífSdg 9;:=<B>�? 4 òhceILðfc5OWV�^
Ye`NSlm)IfV×òN[PMPS�cqm5`hSdm5ýJì'Ye`hSxm)ILghìe[Pì�YeSdghm)Q�IWû<m)ILghì�Yec5OW[PgLY5ì�F7S)Y�ëzS�S�g�m�MbIJm5ýJì�Ifû<ì�[PðfghOfMPìd^fOfghG
ì�Y5OZYe[¸m�OfMbMPQ�òNc\IZífSdì%òNceILò±Sdc�Y\[bS�ì 	®Sfó ðhóHGJS)Y\S�c\V×[bgN[¸ìeV ^COfFhì�Sdghm)S+IWûqm�Q³m�Mb[¸m+GNS��hgN[bYe[PIfg±ì�^COWFNô
ì�Sdghm)S%IfûCS�V×òJY�Q×m)MPI³m5ýJìÚYeI
Sdghì�KhceS>O@m�Ifghìe[¸ì�Y\S�g�Y�c\SdOfm)Ye[Pí³[²Y�Q�IWûHYe`NSxòNc\Ifðfc5OWV��)ófEùVXO�z�ILc
òhOWceY�IWûCY\`NSxm�IfV×òN[PMbSdcÚY5Ofìeý�[¸ì�c\S)û«Sdcec\SdG�Y\I�OfìÚYe`NS �������+� �5ÿ�� ��O���OP�¥óP*>Q³ghOfV�[¸m%òhceILò±Sdc�Y\[bS�ì
OWc\S:OfGNGNceS�ìeìeSdGõKhìe[PgNðîIfYe`NSdc+Y\I�ILMPì+Mb[PýfS 9;:=<8? 4 : � ��c ��^=O�û«ILceVXOWMzì�QJì�YeSdV$Y\`hOZYXm�Ofg F7S
Khì�S�G�û«IfcËV×IJGJS�Mkm5`NS�m5ý³[bgNð±ó
3 ��� {�O��;���I�����7ÿ���� � ���G	��U�+�'	���[Pghm)MPKhGJS$�V	�� ��� �eÿ�� ��� � �+	��U�I�'	U�¥^CëË`N[¸m5`ÜOWc\S
IWû�`N[Pðf`î[bgJô

YeS�c\Sdì�Y�û«ILc�c\SdOfM²ô�Ye[PV×Sîì�QJì�YeSdV×ìdóqE YeS�m5`NgN[¸ñLKhSî`hOLì�F7S�S�g GJS��hghSdGù[Pg Ifc5GJSdc�YeI OWMPMbIZë
Ye[PV�[PgNð�OWg±OWMPQ³ìe[¸ì>Ifû 9;:=<B>�? 4�òNc\Ifðfc5OWVXì � �8�8�só��aOfìe[¸m�OWMPMPQf^7[²Y
m)ILghìe[Pì�Y\ìxIWûqû«Ifc\V×OfM<Y\c\Ofghì�ô
û«Ifc\V×OWYe[PIfghìzIfû�O+òhceILðfc5OWV8[bgh[²Y\[POfMbMPQ:GJS�ìem�ce[PFN[PgNð�Ofg OfòNòNMP[PmdOZYe[PIfg<^�ëË`h[Pm5`�Q�[PS�M¸G OWgNIfYe`NSdc
9;:=<8>@? 4lòNc\Ifðfc5OWVÛY\`hOZY�m�Ifc\ceS�ì�ò7Ifg±GNì�YeI
OI�V	�� ��� �eÿ��$� �G�)	��I� �&	���ÿ��I������IWû7Ye`NSË[PgN[bYe[¸OWMNILgNSfó
_a`NSagNS�ëúòNc\Ifðfc5OWVÛëË[PMbMNìeS�c\ífSaOfì�Ofg ���U��	��UY�	��>Ifû±Y\`NSa[bgh[²Y\[POfMNòNc\Ifðfc5OWV�óRE%g×IfF±ì�SdceíLS�c=IWû
O�òhceILðfc5OWV�4X[PìËOfgõÿ��U�U�I�eÿ
���I������5 	,4��qIWû64�[bg ëË`N[¸m5`�ëzS@ì�ò7Sdm�[²û«Q:IfgNMPQXYe`hSlòhceILò±Sdc�Y\[bS�ì
ëqS@ëaOWg�YaYeI�m5`NS�m5ýHó+}%S�c\Sf^NYe`NSUY\S�c\V �eOfFhì�Yec5Ofm¥Y\[bILg���V�S�OWghìzY\`hOZY75 	,4��ËGNI�S�ìËgNIfY>m)IfgNô
ì�Y\c\Of[bg�Y\`NS+ILce[Pðf[PghOfM<F7S�`hORí³[PIfc%Ifû84�ëË`hS�gNSdífS�cxYe`hS
Y�ëzI:òNc\IfðLc\OfV×ìaðLS)YUm)IfV×ò7ILìeSdGCóHE>ì
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ì�`NIZëËg [Pgi��[PðfKhceS �J^NYe`NS@ILFhì�SdceíLS�cac\Sdm)Sd[bíLSdìqû«c\IfV Y\`NS@IfF±ì�SdceíLSdG�òNceILðfc5OWV8Y\`NS
ì�[Pðfg±OWM¸ì
ceS�ñLKh[bc\SdG�û«IfcxO×ðf[PífS�g�OfghOWMPQJì�[¸ìËOWghG [PghGJ[¸m�OWYeSdì>ëË`NS)Y\`NS�c>Ifc%gNIfYËYe`NS�m)Ifg±ì�[¸GJS�c\SdG òNc\IfòNô
S�ceYe[PSdì�`hORífS F7S�S�güì\OZYe[¸ì��hSdG 	«SLó ð±ó�Y\`N[¸ì�m�OfgvF7S S��JòNceS�ìeìeSdG Ye`Nc\IfKhðf`vILKJYeòhKJY�F±I³ILMbS�OWg
ì�[PðfghOfMPì�Ofì�û«ILc 5.68/�1�3�2vòNc\IfðLc\OfV×ì � �'��� �¥ó�_a`NS KhìeS Ifû>IfF±ì�SdceíLS�c5ì@û«Ifc×íLS�c\[,�±mdOZY\[bILg [Pì
ífS�c\Q+òhc\OLm¥Ye[¸m�OfMNF7Sdm�OfKhìeSaYe`NSdQ�mdOWgXF7S%SdOLì�[PMbQ�GJSdì\m)c\[PF±S�G×[bg×Y\`NS>ì\OWV×Saû«Ifc\VXOWMP[PìeV OLì�Ye`hS
IfFhìeS�c\ífS�G�òNc\IfðLc\OfV óJ_a`³Khìd^JYe`hS�c\Sl[¸ìËgNI×gNSdSdG�YeI�m�IfV�FN[bghSUGN[ �HS�c\S�g�YËû«Ifc\VXOWMP[PìeVXìËOfìa[Pg
IWYe`hS�cxOfghOWMPQJì�[¸ìaY\Sdm5`NgN[¸ñ�KNSdìxMP[býLS+ì�ILV×S
V×I³GNS�Mbôsm5`NS�m5ý³[bgNð×Y\Sdm5`Ngh[Pñ�KNS�ì�^7ëË`N[¸m5`ÜOfì\ì�IJm)[¸OZY\S
YeS�V×ò7Ifc5OWMCMPIfðL[PmdìaëË[²Y\`�OfKJYeILVXOZY\Ohó
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���	� Â��hÂ t�y³�dÌ��f��{}�a�d�=�@ÄL���dÈd���dÉþÅ���{}y�È+�dy:��ÊL��~\��|R~\�zÄL���dÈd���dÉ Ö � {}�z��ÇL~x�dÊ���~\��|R~5Æ�Äf����È����dÉ
��y³Æ
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_a`NS,GNS�ífSdMbILòNV×S�g�Y Sdg³í�[Pc\IfgNV×S�g�YùOfì\ì�IJm�[POWYeSdG ëË[²Y\` 9;:=<B>�? 4 [¸ìúmdOWMPMbS�G���
84��@A
D�� 3�
 > ���Ló�÷�gUYe`hSÚgNS��³Y�ìeSdm)Ye[PIfgk^�ëqS�ëË[PMbM�ì�`hIZëö`NIZëöYe`hS�m)Ifôsìe[bV�KNM¸OZYe[PIfglIWû�Ye`hSÚYeSdV×ò±ILc\OfM
[bg�YeSdceòhceS�Y\OZY\[bILg@IWû±O 9;:=<B>�? 4>òNceILðfc5OWV 	«[�ó SLódY\`NSzIfFhìeS�c\ífSdc �7Y\IfðLS)Ye`hS�c<ëË[bYe`+Ye`NSzòNc\IfðLc\OfV
	«[�ó SLóCYe`NS×ILFhì�SdceíLSdGîIfgNS8�>òhceIZí³[¸GJSdì>Ye[PV×[bgNð�[PgJû«ILceVXOZY\[bILgîMP[býLS×MPOWYeS�g±m)[PSdìd^kOWMPMbIZëË[PgNðh^7û«ILc
[bghì�Y\Ofghm)SL^³YeI�m�IfV×òNKJY\S@ëqILc\ì�YamdOfìeSUS��JSdm�KJYe[PIfg�Ye[PV×SdìËëË[bYe`N[Pg���
B4�� D�� 3�
 > �Úó

� â�� ��� �Zr x o<ç s æËç o8u�êeãpq"!Zr é�rCx o xLäNè>ç�	

÷�g�Ye`N[¸ìUì�S�m¥Y\[bILgk^±ëzS
ëË[PMbM �hc5ì�Yx[PMbMPKhì�Yec5OZYeS+Ye`NS�GJSdì\m)c\[PòJYe[PIfgÜIfû�OWgîORí³[PIfgN[¸m
OfòNòNMP[PmdOZYe[PIfg<ó
_a`NS�gk^=ëzS:ëË[PMbMaOfGNGNceS�ìeì@[bY\ì+YeSdV×ò±ILc\OfM�S�íZOfMbKhOWYe[PIfgkó'_a`NS�òhceS�ì�SdgLY\SdG OfòNòNMP[PmdOZY\[bILgø[Pì�O
ceS�OWM�ëzIfc\MPGöm�OfìeSXì�Y\KhGJQ�û«c\IfV�Ye`NS�ORí³[PIfgN[¸m�[bghGNKhì�Y\ceQLó@�NILc@ceS�OfìeIfghìlIWûËm)ILg��±GJSdg�Ye[¸OWMP[²Y�QL^
ëqSx`hORífS%GJSdMb[PF7S�c5OZYeSdMbQ×V×IJGJ[ �hSdG×Y\`NS>g±OWV×SdìqIWûCS�g�Y\[²Y\[bS�ì�óP}%IZëzS�íLS�c�^W[²YËGJI³Sdì�gNIWYz`N[PghGJS�c
Ye`NS
m�IfV×òNc\S�`NSdghì�[PIfg�IWû=Ye`NS@S��Jò±I�ì�S�G�OfòNòNc\ILOfm5`<ó

#%$'& (�)+*-,/.1032/4�5+6�7 89.1:<;>= :<,�)

_a`NSËOWòNòNMP[¸m�OZY\[bILg�ëzSËOWc\Szm�Ifghìe[¸GJS�c\[bghðx[¸ì�m�OfMbMPSdG
�JE�_ �ÜE>÷[a>_Uóf÷sYÚmdOWM¸m)KNM¸OZY\Sdì�OWg±G+SdV�[bY\ì
YeIÜIfYe`NSdc+m)ILV�ò7IfghS�g�Y\ì@IfûaYe`NS�ðLMbILFhOWMÚìeQJì�Y\S�V ì�ILV×SXðfS�ghS�c5OWM�òhOfc\OfV�S�YeSdc\ì@OfghGõ[bgNû«Ifceô
V×OWYe[PIfgvm�Ifc\ceS�ì�ò7Ifg±GJ[bghð�YeIÜY\`NS V×Of[bg�Y\S�ghOfghm)S�òh`hOfìeS 	«Ye`N[¸ì+[¸ì�GJIfgNS m)QJm)MP[¸m�OWMPMPQ �)ó=_a`hS
òhOWceYe[bYe[PIfg�OfMPìeIvOLm�ñ�KN[PceS�ì�OWghGùYec\SdOZY5ì:VXOf[bg�YeSdghOWg±m)SÜV×Sdì\ì\OWðfS�ì�c\Sdm�S�[PífSdGúû«c\IfV IfYe`NSdc
m)IfV×ò7IfgNSdg�Y\ì=GJKNc\[bgNð%Ye`NSzS��JSdm�KJYe[PIfg+IWûJYe`hSqìeQ³ì�YeSdV�ó8�JE�_ �îE%÷[a>_vm)IfV×V�KNgN[¸m�OZY\Sdì<ëË[²Y\`
OWgøS��³Y\S�c\ghOWMzGJS�í³[¸m)S�[PgøIfc5GJS�c
YeIîOfMbMPIZë OWgøIfò7S�c5OZY\IfcUY\IÜí³[PìeKhOWMP[���SXY\`NS:VXOW[Pg�YeSdghOWghm�S
[bgJû«ILceVXOWYe[PIfgXì�Y\Ifc\SdG�[Pg�Y\`NS%V×S�V×ILceQ�F�Q+Ye`NSxOWòNòNMP[¸m�OZY\[bILgkó
�=[PghOWMPMbQL^ZYe`hS%òhOWceYe[bYe[PIfg×ò7S�c\[²ô
I³GN[PmdOWMPMbQ+m5`hSdm5ýJì�Ye`NS%ORíZOW[PM¸OWFN[PMb[bY�Q@IWû7VXOW[PgLY\S�ghOfghm)SaGNOWY\ON^WOfghG�S�V×[²Y5ìÚOlceSdò±ILc�Y'V×Sdì\ìeOfðfSLó
? 6�787:9<;>=8=�?8?:?�@BF�G�F:A:C @+D8G�=:E A�9�G8E A8A:H8= � H�� ? ��6�G�H�� ? �
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SAMPLING Port APEX QUEUING Port APEX

PROC_5

PROC_1

PROC_2 PROC_4

PROC_3

PROC_6

PROC_8

PROC_7

Buff_7
Evt_67

Evt_78

Buff_8 Evt_68

Buff_3

Buff_1

Buff_6

Sema_38

Message Table

40 ms

� � � Â��hÂ n�yf�¸����É
�dÌ±������Ç�{���~5�\��Åf��~Ë�d�H��ÇL~aÄ³�)����{}��{}�dy:rLt<ÍÚÕ×tqn��zÍz�

�JE�_ �ÜE%÷[ax_ú[Pì�ceSdòNceS�ì�Sdg�YeSdG�F³Q�O@ìe[PgNðfMPS%÷[�ÜEùò±OWceYe[bYe[PIfgkóW÷sY5ì�GJS�m)ILV�ò7ILìe[bYe[PIfg×[bg�Y\I
òNceIJm�Sdì\ì�S�ì�^WOLì'ëqSdMbMhOLì=Ye`NS>[bg�YeSdc\OLm¥Y\[bILghì'F±S�Y�ëqSdS�g�Ye`hSËòNceIJm�Sdì\ì�S�ì�^WOfceSËm)MPSdOfceMPQ
[¸GJS�g�Y\[,�hS�G
[bg×Y\`NSË[bgh[²Y\[POfMh[PgJû«Ifc\VXOWMhìeò±S�m)[ �±m�OWYe[PIfgkóL_a`N[PìÚ[PìÚGNS�òN[¸m¥Y\SdG×F³Q �=[PðfKNc\SpfNóf_a`hS�c\S%OWc\SzSd[bðL`�Y
òNceIJm�Sdì\ì�S�ì�	®GJSdgNIWY\SdGõF³Q�� � ��� �lëË`NSdceS����	�'��
�
 ��
 �)ó<E VXO�z�ILc
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Ye`NS×[¸GJS�g�Ye[ �hSdclIfûÚYe`hS�ìeò±S�m)[ �hSdGöFNK �HS�c@OfghGîO:Ye[PV×S)ôsIfKJYUíZOWMPKNS 	 e � �Nó �XYe[PV×S�KhgN[²Y5ì��>Y\I
ëzOf[²Y'û«IfcÚOUV×S�ìeì\OWðLSqëË`NSdg�Ye`NSËFNK��7Sdc�[Pì�SdV×òJY�Qfó �xKNYeòNKJYÚò±OWc5OWV×S)Y\S�c5ì=OfceSqYe`hSËV�S�ìeì\OWðLS
OfGNGJc\Sdì\ì@OWg±G/ìe[���S�OWg±GöO�c\S)Y\KNcegøm�I³GNS×Ye`hOWY
ceS��hSdm)Y\ìUY\`NS�GJ[¸OWðfghILì�Ye[¸m�IfûqY\`NS�c\Sdñ�KNS�ì�Y�ó
_a`NSXceS�YeKNc\gøm)IJGJSX[¸ì
KhìeS)û«KhM�û«Ifc@Y\`NS b��0ax_ `��ljüìeKNFNòhOfc�Y
[PgøIfc5GJSdcUYeI�ò7S�ceû«Ifc\V Ye`hS
m)Ifc\c\Sdm¥YaY\c\Ofghì�[bYe[PIfg±ìË[bg�Y\`NS+OfKJYeILV×OWYeILgkóh_a`NS@S��³S�m)KJY\[bILg Ye[PV�S�m)ILcec\Sdìeò±ILghGJ[PgNð�YeIXY\`N[Pì
FNMbIJm5ýH^fGJSdgNIWY\SdG×F³Q A '�2��±^Z[PìqGJS��±gNSdG×F³Q
Y\`NS>íZOfMbKNSËIfûHYe`NS%ò±OWc5OWV×S)Y\S�c A "�+�( �H^RëË`N[¸m5`X[Pì
ì�KNòhò±I�ì�S�G�YeI
`hORíLS>OWMPc\SdOfGNQ
F±SdS�g:mdOWM¸m)KNM¸OZY\SdG×I��±ôsMb[PgNS2	®Sfó ðhóL[²Yam)IfKhMPG×F7S%Y\`NS>ëzIfc5ì�Y�mdOfìeS
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F³Q
m)Ifg±ì�[¸GJS�c\[PgNð:O:ìe[PV+KNM¸OZY\[bILgÜIWû�Y\`NS�OLìeìeIJm)[¸OZY\SdG YeSdV×ò±ILc\OfM<[PgLY\S�c\òNc\S)Y\OWYe[PIfgîOLì>GJ[¸ì\m)Khì\ì�S�G
[bg�ìeSdm¥Y\[bILg fhó
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_a`NS�[Pc OLìeìeIJm)[¸OZY\SdGúS��JSdm�KJYe[PIfg Ye[PV�Sö[Pì�ðf[PífSdgùF³Q A '�2%!Ló�EËûªY\S�c�SdOLm5`ùS��JSdm�KJYe[PIfg Ifû
O
FNMbIJm5ýH^HYe`hS:m)ILcec\Sdìeò±ILghGJ[PgNð�GJKNc5OZYe[PIfg/[¸ì
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õì�KNFhòhOWceY 	'�=[bðLKNc\S
� ^CMPS)ûªY �K�hc\ì�YUY\OfýfSdìlY\`NSXíZOWMPKNSXIWûaOWg³Q A '�2�B 	 B�� ���'&�
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[Pì
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I³mdm)KNc�ó³_a`N[Pìq`hOfòNò±SdghìqëË`NS�g O
ì�QJì�YeSdV8mdOWMPM±[¸ìqS��JSdm�KJYeS�G:OWg±G×Ye`NSxceS�ñ�KN[bc\SdG�ceS�ì�ILKNc\m�SË[Pì
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gNI
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FNMbIJm5ýHóNEËûªY\S�c>O�V×Sdì\ì\OWðfSl`hOLìaF±SdS�g�ì�Sdg�Yd^JY\`NS
ì�Y5OZY\SlIfû<Y\`NS@òNc\I³m�Sdì\ìa[PìËìeS)YËY\I���c\SdOfGNQ �hó
E>ì×ì�I³ILgvOfì+Ye`N[¸ì�òNc\I³m�Sdì\ì+F7Sdm�IfV×Sdì�Ofm)Ye[PífSL^�[bYXceS�ô�S��³S�m)KJY\Sdì
Ye`NS�ìeOfV×S:FNMPIJm5ý 	«ëË`N[¸m5`
[bghGNKhm)S�G�[²Y5ìUì�Khìeò7S�ghìe[bILg$�zY\I:c\S)Yec\[PS�ífS
Ye`NS�V�S�ìeì\OWðLS@Ye`±OZYxëaOfìxì�Sdg�Ydó �³Khm5`�Y\c\Ofghì�[bYe[PIfg±ì
OWc\SlM¸OWF7S�MPSdG|������[bg Y\`NS
OWKJY\IfVXOZY\Ifgkó

_a`NS
��� 4 ìeSdñ�KNSdghm)SXGJ[¸OWðLc\OfV
��GJS�òh[Pm)YeSdG/F³Qi�=[bðLKNc\S ���N^Cm�OfMbMPSdG 	��P	���O��+�����h^H[bMPMPKhì�ô
Yec5OZYeS�ì%`NIZë Ye`hS+òhOfc�Y\[²Y\[bILgJô�MPS�íLS�M!� � [Pg�YeSdc\OLm¥Y\ì>ëË[²Y\`îOXòNc\IJm)S�ìeì%GNKNce[PgNðXY\`NS
S��³S�m)KJY\[bILg
IWû=Ye`NS@òhOfc�Y\[²Y\[bILgkó

EËûªYeSdc>Y\`NS+[PgN[bYe[¸OWMP[ ��OZY\[bILg�òN`hOfìeSf^hYe`NS�òhOWceYe[bYe[PIfgîðfS)Y5ì>OLm¥Ye[PíZOZY\SdG 	«[�ó Sfó7ëË`NS�gÜc\Sdm�S�[Pí�ô
[bgNð N ���I� Y�	 �hÿ��U�I� �+����� S����¥óJ_a`NSlòhOWceYe[bYe[PIfgNô�MPS�íLS�M � ��ì�SdMbS�m¥Y\ìaOfg:Ofm)Ye[PífS>òhceIJm)S�ìeì�ëË[²Y\`N[Pg
Ye`NSÜò±OWceYe[bYe[PIfgkóz_a`NS�gk^�Ye`NS b��0a>_ ` �lj�ìeKNFNòhOfc�Y�IfûUS�Ofm5`üòNc\IJm)Sdì\ì�m5`NS�m5ýJìXëË`NS)Y\`NS�c
Ifc+ghIWY�Ye`NS m)Ifg±m)S�c\gNS�GøòNc\I³m�Sdì\ì+mdOWg S��³S�m)KJY\Sfó=÷�g Y\`NS�GJ[¸OWðLc\OfV�^kYe`h[Pì�[¸ì�GJSdgNIWY\SdGøF³Q
Ye`NS �����+�����7ÿ��lOfm)Ye[PIfg 	®ceSdòNceS�ì�Sdg�YeSdG F�QøOöF±I��øM¸OWF7S�MPSdG ���;���¥ó'÷�g Y\`NS mdOfìeS�OîòNceIJm�Sdì\ì
[PìlGJSdìe[PðfghOWYeSdG�F³Q Ye`hS � �H^±Ye`N[¸ìlOfm¥Y\[bILg�[Pìxò7S�ceû«Ifc\V�S�G�(NY\`NS�òNceIJm�Sdì\ìËS��JSdm�KJYeS�ìxO:FNMPI³m5ý
û«ceILV [²Y5ì�b��0�Üi=<x_ 
�ìeKNFNòhOfc�Y�^kOWghGîYe`hS×GNKNc\OWYe[PIfg/m)Ifc\c\Sdìeò±ILghGJ[PgNð�Y\I�Y\`NS×S��JSdm�KJYeS�G
FNMbIJm5ý [¸ì×c\S)YeKhcegNS�GøY\IöY\`NS�òhOfc�Y\[²Y\[bILgJô�MPS�íLS�M � �v[bgúIfc5GJS�c�Y\I/Khò7GNOWYeS Ye[PV×SÜm)ILKNg�YeS�c5ìdó
_a`NS
S��JS�m)KJY\[bILg�IWû�Ye`hS+V×IJGJS�M�IWû'Ye`NS�òhOWceYe[bYe[PIfg�û«ILMbMPIZë%ìaY\`N[PìxFhOLì�[¸m@òhOWY�YeSdceg�KhgLY\[bM�Ye`hS
V�IJGJKhMbS�ô�MPS�íLS�M � ��ì�SdMbS�m¥Y\ì>O�ghS�ë�ò±OWceYe[bYe[PIfg YeI×S��JS�m)KJY\Sfó
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[Pmdì>OWòhòNMb[¸m�OWYe[PIfghì>m�OWg�F7S�GJS�ìem�ce[PF7SdG�[PgÜO×V�IJGJKhMPOfc>ëaORQf^NKhìe[PgNð×Ye`NS�ì�Q³ghm5`hceILgNIfKhìaM¸OWgNô
ðfKhOfðfS 9;:=<8>@? 4NókE8ðLceS�OZY
OfGNíROfg�Y\OWðLS�Ifû 9;:=<B>�? 4WôsFhOfìeSdGîV�IJGJSdMb[PgNð�[¸ìlYe`NSXò7ILì\ìe[bFN[PMP[²Y�Q
YeI�û«Ifc\VXOWMPMbQöOWghOfMbQ ��S×GJS�ìem�ce[PòJYe[PIfg±ì�ók÷�gõòhOfc�Y\[Pm�KNM¸OWc�^±Y\[bV×[PgNð�[¸ìeìeKNSdì+m�OWg/F7S�OfGNGJc\Sdì\ìeSdG
Khì�[PgNð�Ye`hS@ò±Sdc�û«ILceVXOWg±m)SUS�íZOWMPKhOWYe[PIfg�YeSdm5`hgN[Pñ�KNSU[PV×òNMbSdV×S�g�YeS�G�[bg ��
B4�� D�� 3�
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sd execution

initialize

opt

dt

active_block

Active_partition_ID

Active_partition_ID, timedout

opt

dt

active_block

Active_partition_ID

Active_partition_ID, timedout

:Partition−level OS :CONTROL :COMPUTE
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_a`NSlYeS�V×ò7Ifc5OWMkOfghOWMPQJì�[¸ì�Ifû<Y\`NS
OWòNòhMb[¸m�OWYe[PIfg �NE�_ �ÜE%÷[ax_�S��³ò7ILìeSdG�[Pg:Y\`N[PìËìeSdm)Ye[PIfg [Pì
FhOfìeSdGîIfgõO:Y\Sdm5`Ngh[Pñ�KNS×òNc\SdìeS�g�YeS�GÜ[Pg � �:����óC÷sY@c\S�MP[bS�ìlIfgöYe`NS×òNc\[bg±m)[PòNMbS×[Pg�Yec\I³GNKhm)S�Gî[Pg
ì�S�m¥Ye[PIfgifh^±ëË`h[Pm5`îm�Ifghìe[¸ì�Y5ì%IWûÚK±ì�[PgNð:OfgÜIfFhìeS�c\ífSdcËòNc\Ifðfc5OWV YeI m5`NSdm5ý òNc\Ifò7S�ceYe[PSdì%IfûÚO
ðf[PífS�g òNc\IfðLc\OfV ó

� ��6�.
��:<6�� ,�* = �>6 =�6 8 �+)>:�
�	>6�$ ExìxO:ðfSdgNS�c5OWMkILFhìeS�c\íROWYe[PIfgk^7O 9;:=<B>�? 4�òNc\Ifðfc5OWV#[Pì
ceS�m)KNc5ì�[PífSdMbQUm)ILV×ò±I�ì�S�G@IWûhìeKNFJôsòNc\I³m�Sdì\ì�S�ì�^dëË`NS�c\S�SdMbSdV×S�g�Y\OfceQ@ìeKNFJôsòNceIJm�Sdì\ì�S�ì<OWc\SÚòNc\[PV�ô
[²Y\[bíLSam�Ifghì�Yec\Khm)Y\ìd^RmdOWMPMbS�G�ÿ��>��� �'�Z�����
	��¥óWE Yec5OWghì�û«Ifc\VXOZYe[PIfg�IWû±ìeKhm5`×O>òhceILðfc5OWV�ì�KhFhì�Y\[²ô
YeKJY\Sdì�SdOfm5`+IWûN[bY\ì=ì�[PðfghOfMPì*�+ëË[bYe`�O%gNSdë ì�[PðfghOfMfc\S�òNc\SdìeS�g�Y\[bgNð%ORíZOf[bM¸OWFN[PMP[²Y�QUGNOZY\Sdì�
��F��� �<^
OWKJY\IfVXOZY\[PmdOWMPMbQ�c\S�òNM¸Ofm�[bghð OWYeIfV×[¸m�gNIJGJSdìUëË[bYe`/Ye`hS�[PcUYeS�V×ò7Ifc5OWM'V×IJGJS�M�m�IfKNg�Y\S�ceô�òhOfc�Y�ó
_a`NSXceS�ì�KhM²Y\[bgNð Y\[bV×SXV×IJGJS�M�[¸ì
m)ILV×ò±I�ì�S�GîëË[bYe`/Ye`hSXIfc\[bðL[bghOfM=û«KNghm¥Y\[bILghOWMqGJSdì\m)c\[bòNYe[PIfg
IWû<Y\`NS
OWòhòNMb[¸m�OWYe[PIfg�	«Khìe[bghð�Y\`NS
ì�Y\OWg±GNOWc5G:ìeQ³ghm5`Nc\IfgNILKhìqm�IfV×ò7ILìe[²Y\[bILg$�¥ó�
qOfm5`�ìe[PðfghOfM2�
`hOfìzY\`NS
ìeOfV×SUm�MbIJm5ý:OLìa[²Y5ì%Ofì\ìeI³m�[POWYeS�G:GNOWYeS@[PgJû«Ifc\VXOZYe[PIfg�
��F��� �<ó±_a`NS
ì�[PV+KhMPOWYe[PIfg IWû
Ye`NSlceS�ì�KhM²Y\[bgNð+òNceILðfc5OWV ceS��hSdm)Y\ìqF±IfYe`Xû«KNg±m¥Ye[PIfg±OWMCOWghGXYe[PV�[PgNð�Ofìeò±S�m¥Y\ìqIWûCY\`NSlIfc\[bðL[bghOfM
òNceILðfc5OWV�ó!�xF³í³[bILKhìeMbQL^�OÜMPSdì\ì+ì�Yec\[¸m¥Y+Y\S�V×ò7Ifc5OWMzV�IJGJSdMzmdOWg F7S�GNSdìe[bðLgNSdGø[Pg ILc\GJSdc
Y\I
ðfS)Y×û®OLì�Y\S�cXì�[PV+KhMPOWYe[PIfg0	«Ifc�û«ILceVXOWMaíLS�c\[,�±mdOZY\[bILg$�¥ó'÷sY�[¸ìXì�K�#�m�[bSdgLY×Y\Iõm�Ifghìe[¸GJS�c×V×Ifc\S
OWFhì�Yec5Ofm)Yac\S�òhceS�ì�SdgLY5OZY\[bILghì�Sd[²Y\`NS�c>IWû<Y\`NS@òNc\IfðLc\OfV IfcaIWû'[²Y5ìaYeSdV×ò±ILc\OfMCV�IJGJSdMpó

_a`NS:Y\S�V×ò7Ifc5OWMa[bg�Y\S�c\òNceS�Y\OWYe[PIfghì�IWû 9;:=<8>@? 4öòNce[PV×[²Y\[bíLS m�Ifghì�Yec\Khm)Y\ì×OWc\S�m�IfMPMbS�m¥YeS�G
[bgúO � �'���eÿ�� � �[{ �hÿ��eÿ�� 	��V	�������	�� �����U�]{�O��;���+�����+�¥óC�NIfc×OÜòhceILðfc5OWV Y\IöF7S:[Pg�YeSdceòNc\S)Y\SdGC^
Ye`NS
MP[PFNc\OfceQX[¸ìËS���Y\S�ghGNSdG�ëË[bYe`�[bg�Y\S�c\òNceS�Y\OWYe[PIfghìaIfû=S���Y\S�c\ghOWMHû«Khghm¥Y\[bILgÜm�OWMPM¸ì%OWghG IfYe`NSdc
ì�SdòhOWc5OZY\S�MPQ×m�IfV×òN[PMbS�G�òNc\IJm)S�ìeìeSdìd^LëË`h[Pm5`�OWòNò7SdOfcq[Pg�Ye`NSlòNc\Ifðfc5OWV�ó³E>ìaOWg [PMbMPKhì�Yec5OZYe[PIfg<^
MbS�YxKhìlm)ILghì�[¸GJSdcËYe`NS+û«IfMPMbIZëË[PgNð�òhce[PV×[²Y\[bíLS�m)ILghì�Yec\Khm¥Y�(�7���� ��� �Hó7÷sYx[¸ì%c\S�òNc\SdìeS�g�Y\SdG
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