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ILm^KUMWE<ISM(dFZ^dJILm^KTEVZ�d�]VÚF]�EHZ>a�]6ÙLIS\vZ�_#Z>ßJn�]VZ>`HRNZ^`H]ÂKUM9d�dJKTE¯KUß9Kv]|Z�]VÚQ]|EVZ^a�]>i �9ÝN`6Z�çJKUablJÙLZNX
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vD9Z^]�ÝUÜ2EVG9Zà\vZ>`HMJZ>ÙrIL](K+RNÝvILdJZ^d.i��¬ÝUEHZ¾EHG9KTE�EVGJZ:ßeZ^MJZ�è9E�ÝNÜjm�D9]|EVÝva·ILg>Z�d
lJ`VZ>Ü²Z�E¯m¯GJISM9Þ·Ix]AdFI �%m�DJÙSE<EVÝ�`HZ^KNÙSILg>Z�Z^RNZ>M�_<ISEVG�EVGJZ2`¯K+_6nqdFIL]V\�ILMvEHZ>`VÜ¨KNm>ZNXFß)Z^m>KND9]VZ�ÝNÜ�ISEH]
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m>KTEHISÝvM9]#ÝN`#D9]VZ>`VncÙLZ>RvZ>Ù)ÙSILßJ`¯KU`HISZ�]Âm^KUM�dJZ^m�IxdFZ�_<GJIxm¯G1ßJÙLÝFm¯\F]£EHÝ·m^KNm¯GJZ�ß9Kv]|Z�d%ÝNM�]|l)Z^m>Ioè)m
\WM9ÝT_<ÙSZ�dFÞNZÂÝUÜ)Kvm>m>Z^]H]�leKTE|EHZ>`HM9]^i+î6G9Z#ß)Z>M9Z�èJE¯]�ÝUÜ)KNlJlJÙLILm^KTEHISÝvM�m�ÝvMWEV`HÝNÙLÙSZ�djm>Kvm¯GJILMJÞ¬G9K+RvZ
KUÙL`VZ�KNdFÚPß)Z>Z^MÛ]�EHD9dFILZ^d áËí+ã�X�KNM9dÊKUMÃZ�çFG9KND9]|EVILRNZ%dFIx]Vm>D9]H]|ILÝNMÃÝNM:EHGJZ%RTKU`HISÝvD9]�ß)Z>MJZ>èJEH]
IL]6ß)Z>ÚvÝNM9d1EVGJZ2]Hm�ÝvleZ�ÝUÜ�EVGJIx]6l9KNleZ^`^i+�#Ú%lJ`HÝTRQILdFILMJÞ�Ü²ÝN`<KUl9lJÙSIxm>KUEVILÝNMFnq]VleZ�m�ISèemrm^KNm¯GJILMJÞeX
�#k¬ï ä KNÙSÙLÝT_A]6KUlJlJÙLIxm>KTEHISÝvM9]#EVÝ·E¯KU\NZ2KvdFRTKUMWEHKNÞNZ�ÝUÜ�EVGJZ�]|Z�ß)Z>MJZ>èJEH]^i
î6GJÝNDJÞvG��6k¬ï ä lJ`HÝTRQILdJZ^]�K�dFIL`VZ�m'E�ILMvEHZ>`VÜ¨KNm>Z�EHÝ(EVGJZ%dJIL]V\PEHÝPKUlJlJÙLIxm>KTEHISÝvM9]^X.ajDJÙSEVILlJÙLZ
KUlJlJÙLIxm>KTEHISÝvM9]bm>KNMóm>ÝUn�Z�çFIL]|E�KUM9dó]|GeKU`HZ�KÃ]VISMJÞvÙSZ�ÙLÝNÞNIxm>KNÙ<dFZ>RQIxm�ZNX/Kv]·ÝNlJl)Ýv]VZ^d=EVÝ:EVG9Z
`HK+_6nqdFIx]|\ÊILMWEVZ>`VÜ¨KNm>Z(_<GJZ>`HZ1EHGJZ�DJMJISE1ÝNÜrÝT_<MJZ^`H]VGJILl=Ix]%K:_<GJÝNÙLZ�dFZ>RQIxm�ZNi/î6G9Z�\NZ>`HMJZ^Ù
\NZ>Z^l9]·EV`¯KNm¯\ÊÝNÜrèeMJZ�n�ÞN`¯KUILMJZ^d=ÝT_<MJZ>`¯]VGJISlóKUM9dóm>KNl9KUß9ISÙLIoE�Ú=ISMFÜ²Ýv`Va�KUEVILÝNM Ü²ÝN`%dFISå)Z^`VZ^MWE
]|Z>EH]·ÝUÜrdJIL]V\ÊßJÙLÝQm¯\F]bKUMedÛZ>Me]|DJ`HZ^]jEVGeKTE�lJ`HÝUEVZ�m'EHISÝvMÛßeÝvDJM9dJKN`VILZ^]·KU`HZ�MJÝUEbRQISÝvÙLKUEVZ^d��
KUlJlJÙLIxm>KTEHISÝvM9]<m>KNM�ÝvMJÙLÚ1KNm^m�Z^]H]ÂEVGJÝW]|Z�ßJÙLÝFm¯\F]#EVG9KUE<EVGJZ^Ú�KU`HZ�KUDFEHGJÝN`HISg^Z^d1EVÝ�KNm^m�Z�]V]^i
����� � �J� � � ��� � �T�F� �
	��
kAM�ILa·l)ÝN`VEHKNMWE[Kv]|l)Z^m�E/ÝUÜ)EVGJZ'�6k¬ï ä ILMWEVZ>`VÜ¨KNm>Z6IL]�EHGJZAMJÝNEVILÝNM·ÝUÜ.K'5|dJIL]V\�]VZ>Þva·Z^MWE^i 6 �:Z
dFZ�è9M9Z1KPdFIx]|\Ã]VZ>ÞNabZ^MvE·KN]�KP]VZ:
WDJZ^M9m�Z1ÝUÜ<lJGQÚF]|Ixm>KNÙSÙLÚàm>ÝNMWEVILÞNDJÝvD9]�dFIx]V\àßJÙLÝFm¯\F]>i�î6G9Z
KUlJlJÙLIxm>KTEHISÝvM%]|Z^Z^]#K�dFIx]|\�]VZ>Þva·Z^MWEÂKN]ÂK�ÙLÝNÞNIxm>KNÙSÙLÚ�]VZ>leKU`¯KTEVZrdFIL]V\b_<IoEHG1Kj]|EHKN`|EHISM9Þ�ßJÙLÝQm¯\
MWD9ajß)Z>`�ÝNÜFg>Z>`HÝ9i^î6GJZ/ÙLÝNÞNIxm>KNÙUßJÙLÝFm¯\rMQDJa�ßeZ^`H]?KN`VZ[M9ÝUE?EHGJZÂ]HKUabZ/KN]?EVGJZÂKNm'EHD9KUÙvlJGQÚF]|Ixm>KNÙ
dFIL]V\bßJÙLÝQm¯\bMQDJa�ßeZ^`H]^XNßJDJE#ßJÙLÝFm¯\F]/EHG9KTE6KU`HZ¬m�ÝvMvEHISÞvDJÝNDe]/_<ISEVG1`HZ^]Vl)Z^m'EÂEVÝ�ÙSÝvÞNIxm>KUÙeßJÙLÝQm¯\
MWD9ajß)Z>`¯][KU`HZ#ÞvD9KU`¯KUMWEHZ>Z^d�EVÝ2ß)Z<lJGQÚF]|Ixm>KNÙSÙLÚjm�ÝvMWEVILÞNDJÝvD9]>i �:ZAKU`H`HISRvZ^djKUE[EVGJIx][ILMWEVZ>`VÜ¨KNm>Z
ßeZ�m>KUDe]|Z�_#Z�Ü²Z>ÙSE�EHG9KTEbKUlJlJÙLIxm>KTEHISÝvM9]2KU`HZ�abÝN`HZ%m�ÝvM9m�Z^`VMJZ�d:_<IoEHGÊZ>M9]VDJ`HISMJÞ(EHG9KTEbdJKTE¯K
KNm>m>Z^]H]|Z�d�EVÝNÞvZ�EHGJZ>`£KN`VZ6lJGQÚF]VILm^KUÙLÙSÚ·m�ÝNMWEHISÞvDJÝND9]/ÝNM�dFIx]|\bKUM9d�dJÝ2MJÝUE£ÞvZ>MJZ^`HKNÙSÙLÚ�MJZ^Z^d·EHÝ
dFZ^m>ILdFZ�Ýv`#\QMJÝT_ KUß)ÝNDFE6EVG9Z�Z>çJKNm'E6lJGQÚF]|Ixm>KNÙ�leÝW]|ISEVILÝNM�ISM(_<GJIxm¯G�dJKUEHK·Ix]#]|EVÝv`VZ�d.iFî6GQD9]>X
`VZ^ÞvKU`¯dFÙLZ^]H]<ÝUÜ/_<G9Z>`HZ�K1dJIL]V\�]|Z^ÞNabZ>MWE¬Ix]¬a�KNlJleZ�dPÝvMvEHÝ�EVG9Z�lJGQÚF]VILm^KUÙ�dJIL]V\�XeßJÙLÝFm¯\F]¬ILM
KPdFIx]|\Ê]VZ>ÞNabZ^MvE·KU`HZ�ÞND9KN`HKNMvEHZ>Z�d¾EHÝ¾ß)Z1lJGQÚF]VILm^KUÙLÙSÚ:m�ÝNMWEHISÞvDJÝND9]^X�KNM9d:EVG9Z>`HZ�Ü²ÝN`HZ1KNMWÚ



dFZ^m>IL]VISÝvMÃEVG9KUE�EHGJZ�KNlJlJÙLILm^KTEHISÝvMÊabKN\NZ�]�ß9Kv]|Z�dÃÝNMÛÙLÝNÞvILm^KUÙ£m>ÝNMWEVILÞNDJISE�Ú:ÝUÜ¬dFIx]|\ÃßJÙLÝFm¯\F]
_<ISÙLÙ?`HZ>a�KUILM�RTKNÙSIxd1ILM�EVGJZ2l9GWÚF]VILm^KUÙ.ÙxK+ÚNÝvDFE6KNÙL]VÝ9i
kAMÃKUlJlJÙLIxm>KTEHISÝvM¾a�KU\vZ^]�K�`VZ�
vD9Z^]|E�EHÝ1EHGJZb\NZ^`VMJZ^Ù�Ü²ÝN`�K�dFIL]V\¾]VZ>Þva·Z^MWE�ÝNÜÂK(]|l)Z^m>Ioè9Z�d
]|ILg>ZvX[DJleÝvM _<GJILm¯GóEHGJZ�\NZ^`VMJZ^Ù6ÙSÝQÝN\F]·Ü²Ýv`%Kàl9GWÚF]VILm^KUÙLÙSÚ m�ÝNMWEHISÞvDJÝND9]b]VZ�E�ÝUÜ�Ü²`HZ>Z�dFIx]|\
ßJÙSÝFm¯\F]<ÝNÜ�EHGJZjdFZ�]|IL`VZ�d�]VILg>ZNX)KUM9d(]VDJßFæ�Z�m'E<EVÝ 
WDJÝNEHK�KNM9d�ÝUEVG9Z>`AÙLISabISEHKUEVILÝNM9]^X9m�`HZ^KUEVZ�]<K
m>KUleKUßJILÙSISE�ÚrÜ²ÝN`?EHGJZ£`HZ>ÙLZ>RTKNMvE�D9]|Z^`.EVÝ¬EVGJZ#dFIx]|\�]|Z^ÞNabZ>MWE�i�OQDJße]|Z�
vD9Z>MWEVÙLÚNX^EVGJZ#KUlJl9ÙSIxm>KUEVILÝNM
m>KUM ÝNl)Z>MÊEHGJZ�dFIx]|\Ê]VZ>ÞNabZ^MvE·Ü²ÝN`·D9]VZNX�_<GJZ^`VZ^DJleÝvMÛISEbIx]�ÞN`¯KUMWEVZ�dÃEVGJZ(m>KNl9KUß9ISÙLIoE�Ú:EHÝ
EVG9KUE�dFIx]V\P]|Z^ÞNabZ>MWE�ßWÚ�EHGJZb\NZ>`HMJZ^Ù³i�î6GJIx]�m^KUl9KNßJILÙSISE�Ú(IL]�RTKUÙLILdPÜ²ÝN`rEVGJZbÙLIoÜ²Z>EVILabZ·ÝNÜ/EVG9Z
KUlJlJÙLIxm>KTEHISÝvM?X/KUMed=EHGJZPm>KNl9KUß9ISÙLIoE�ÚóKUÙLÙSÝT_A]�EHGJZPKUlJl9ÙSIxm>KUEVILÝNMóEVÝÃl)Z>`VÜ²ÝN`Ha ïVð ä ÝNMóEVG9Z
dFIL]V\%]VZ>ÞNabZ^MvE<dFIL`VZ�m'EHÙSÚ�ßQÚ%]VleZ�m�ISÜ²ÚWILMJÞ�EVGJZ�Z>çFKvm'E6ßJÙLÝQm¯\F]£EVÝb`HZ^KNd%ÝN`6_<`VISEVZvi��£KNm¯G�`VZ�KNd
ÝN`�_<`HIoEHZ�`VZ�
WDJZ^]|E�ajD9]|EjKUÙx]VÝ�ISM9m>ÙSDedFZbEVGJZ�m>KUleKUßJILÙSISE�ÚPEHG9KTE�Ix]�Þv`HKNMWEVZ^d:dFDJ`HILMJÞ�ÝNl)Z>M?i
k�m^KUl9KNßJISÙLISE�Ú�IL]�KU\QILM�EVÝ(K1è9ÙSZbdFZ�]Vm>`VILlFEVÝv`rILM�.10�243ÛÜ²ÝN`�MJÝN`Ha�KUÙ�è9ÙLZ^]^i�kr]rEVGJZ �6kAï ä
`VZ�KNdeðT_<`VISEVZ�ILMWEVZ>`VÜ¨KNm>ZPIx]1MJÝvMFn�ßJÙSÝFm¯\QILMJÞ9X[EHGJZ:lJ`VÝFm>Z^]H]�`VZ^ÞvKNISM9]1m�ÝNMWEH`VÝvÙ¬ILa·abZ�dFILKUEVZ^ÙSÚ
KTÜ�EVZ^`<IL]H]VDJISM9ÞbK·`HZ:
WDJZ�]�E�XJKUM9d�Ix]6MJÝUEHIoè9Z�d�DJleÝvM�m�ÝNablJÙLZ�EHISÝvM�ÝNÜ�EHGJZ2ïVð ä i
C�DJÙSEVILlJÙSZ�l)Z>`Vn�ßJÙSÝFm¯\�`HZ^Kvd¾KUMedP_<`HIoEHZbm^KUÙLÙL]�m^KUM:ßeZbabZ>`HÞNZ�dPILMvEHÝ�K�]VILMJÞNÙLZ1�6k¬ï ä ÝNlJn
Z>`¯KTEVILÝNM�X)_<G9ILm¯G:G9KN]rE�_#Ý�l9`VILa�KU`HÚ(KvdFRTKUMWEHKNÞNZ�]>i���IS`¯]�E�X�EVGJZ�dFIx]V\¾dF`HISRvZ>`�m>KUMÃm�`HZ^KUEVZ·K
ßeZ>E|EVZ^`A]Vm¯G9Z^dFDJÙLZ�ÝUÜ�dFIL]V\%`HZ:
WDJZ�]�E¯]>XQabISM9ISabILg>ILMJÞ�]|Z^Z>\F]6KUM9d�`VÝNEHKUEVILÝNM9KNÙeÝTRvZ>`HGJZ^Kvd.iWî6G9Z
a·Ýv`VZr`VZ�
WDJZ^]|EH]£EVGJZ2dF`HILRNZ>`#G9Kv]>XvEVGJZ�ß)Z�EVEVZ>`�æ�Ývß1ÝUÜ�]Vm¯G9Z^dFDJÙLILMJÞjISE<IL]#ÙLIS\vZ>ÙLÚ�EHÝ·dJÝ � MJÝUEHZ
EVG9KUErEHGJZ�KN]VÚWMem¯GJ`VÝvMJÝNDe]<ISMWEHZ>`VÜ¨KNm�Z �6kAï ä lJ`HÝTRQILdJZ^]�KUÙx]|Ý�GJZ>ÙLl9]�ISM¾EVGJIx]�`HZ>ÞvKN`Hd � i)OFZ^m'n
ÝNM9d.XW]|ÚF]|EVZ^a m^KUÙLÙJÝTRNZ^`VGJZ�KNd�IL]£`VZ�dFD9m>Z^d.XWKN][abZ>`HÞNILMJÞ2`HZ^dFDem�Z^][EVGJZAZ>å)Z�m'EHISRvZAMQDJajß)Z>`ÂÝUÜ
]|ÚF]|EVZ>a4m>KUÙLÙx]<KUM(KUlJlJÙLIxm>KTEHISÝvM�ILMQRNÝv\NZ^]^iFî6GQD9]>XQEHGJZ�KUl9lJÙSIxm>KUEVILÝNM(m>KNM�m>ÝNMWEV`HÝNÙ)EVG9Z2MWD9a�n
ßeZ^`2ÝUÜÂDe]|Z^`|n�\NZ^`VMJZ^Ù�m>`VÝW]V]VILMJÞv]^XeILMÃK�a�KNMJMJZ>`2]VISabILÙLKN`�EVÝ(ßJDFE2abÝN`HZ��9Z�çFILßJÙSZ·EHG9KUM:EVG9Z
���������
	�� KNM9d�
 ���������
	�� ]|ÚF]|EVZ>a�m>KNÙSÙx]>i
�ÂÚ�ÞNILRQISM9Þ%KUlJlJÙLIxm>KTEHISÝvM9]<EHÝUE¯KUÙ�m>ÝNMWEV`HÝNÙ�ÝTRNZ>`AK1dFIL]V\(]|Z^ÞNabZ>MWE^X �6kAï ä m�`HZ^KUEVZ^]<EVGJZ�l)ÝUn
EVZ>MWEHILKNÙAÜ²ÝN`1Z>RNZ^`VÚódFIx]|\ó]|Z^ÞNabZ>MWE%EHÝÊG9K+RNZ�ISEH]1ÝT_<M èeÙSZ�]|ÚF]|EVZ>a(X£EHKUILÙLÝN`Vnca�KNdJZ�EHÝÊEVG9Z
]|l)Z^m>ILKNÙSILg>Z�d�`HZ:
WDJIL`HZ>abZ>MWEH]AÝUÜ�EVGJZ�KUlJlJÙLIxm>KTEHISÝvM�EVG9KUE¬a�KUM9KNÞNZ^]6ISE^i)î�`¯KNdJIoEHISÝvM9KUÙ.èeÙSZ�]|ÚF]|n
EVZ>a�]%m^KUMóßeZ�ILablJÙLZ>abZ>MWEVZ�dóÝNM EVÝNl ÝNÜ �6kAï ä Ü²ÝN`bEHGJZ�ÙLKN`VÞvZ�m>ÙLKv]V]·ÝNÜ�KNlJlJÙLILm^KTEVILÝNMe]
EVG9KUE�dFÝ�MJÝNEr`HZ:
WDJIL`VZjEVGJZb]|ÝvlJGJIx]�EHILm^KTEHISÝvMPÝUÜÂKNMPILMvEHZ>`VÜ¨KNm>ZjÙLIS\vZ1�6kAï ä i.OQD9m¯G:KUlJl9ÙSIxm>KUn
EVILÝNM9]rm>KUM�]VISablJÙLÚ�ÙSILMJ\�_<IoEHG�EVGJZ�]�E¯KUM9dJKN`Hd�è9ÙLZ^]VÚF]�EHZ>a4ISablJÙLZ>abZ>MWE¯KTEVILÝNMPKNM9d(ÝNl)Z>`¯KTEHZ
KN]rßeZ>Ü²ÝN`HZNi.kAMJÝNEVGJZ^`�leÝW]V]VISß9ÙSZbKUlJl9`VÝWKNm¯G(EVÝ(]VDJlJl)ÝN`VE�ß9Kvm¯\Q_#KN`HdJ]¬m�ÝNabl9KUEVILßJILÙSISE�Ú�IL]rEHÝ
dFZ>lJÙLÝTÚ�è9ÙLZ�nq]VZ>`HRNZ>`�KUl9lJÙSIxm>KUEVILÝNM9]�Z�KNm¯G:ISablJÙLZ>abZ>MWEHISMJÞ(ÝvMJZ�]�E¯KUM9dJKN`Hd¾è9ÙLZ^]VÚF]�EHZ>a(i?kAlFn
lJÙSIxm>KUEVILÝNM9]�m^KUMàm>ÝNMJM9Z^m'E�EVÝ�_<GJIxm¯GJZ>RvZ>`rè9ÙLZb]VZ>`HRNZ^`AEHGJZ>Ú¾KN`VZ�ISMWEHZ>`HZ^]|EVZ^d¾ISM�X?KUM9d¾`VZ�KNd
KUM9db_<`HIoEHZ¬m>KNÙSÙx]/m^KUM�ß)Z<EV`¯KUM9]Vl9KN`VZ^MvEHÙSÚ�`VZ�dFIL`VZ�m'EVZ�d�EVGJ`HÝNDJÞvG�]�EHDJß9][EHÝ2EVG9ZrKUl9lJ`VÝvlJ`HILKUEVZ
è9ÙSZ�]|Z^`VRvZ>`¯]>ivî6GJIL]£_<ISÙLÙ)leZ^`VabISE#Z>çQIx]|EVILMJÞjKUl9lJÙSIxm>KUEVILÝNM9]/EVÝ�ß)Z�Z^KN]VILÙSÚbKNdJKNlFEVZ�d·EVÝ�`VDJM�ÝvM
EVÝNlÃÝNÜ �6kAï ä X�]VILM9m�ZbISE�_<ISÙLÙ/ÝNM9ÙSÚPILMQRNÝvÙSRvZ·`HZ>ÙLILMJ\QISMJÞ�ÝUÜ#EVG9Z�ÝNßFæ�Z�m'E�ßJILM9KU`HÚ�_<ISEVGÃEVG9Z
KUlJlJ`HÝNl9`VIxKTEHZrD9]VZ>`Vn�ÙSZ^RNZ>Ù)è9ÙLZ^]VÚF]�EHZ>a�ILablJÙLZ>abZ>MWEHKUEVILÝNM?i
��� � � �>�����N����� � 	�� � � ��� ��� ����� � �
ïqM¾EHGJZb\NZ>`HMJZ^Ù³X	�6kAï ä \vZ>Z^l9]rEV`¯KNm¯\(ÝUÜ#ISMFÜ²Ýv`Va�KUEVILÝNM¾l)Z>`VEHKNISM9ISMJÞ�EVÝ�RTKU`HISÝvD9]�dFIx]|\P]VZ>ÞNn
a·Z^MWEH]^XFISM9m>ÙSDedFISM9Þ�EHGJZ�a�KUlJlJILMJÞbÝUÜ�K�dJIL]V\1]VZ>ÞNabZ^MvE#EVÝ·EHGJZ�lJGQÚQ]VIxm>KUÙ.dFIx]V\)XFÝT_<M9Z>`¯]|GJILl
KTE|EH`VILßJDFEHZ^]�Ü²ÝN`�dFIx]V\=]|Z^ÞNabZ>MWE¯]>X�KUM9d ]|ÝàÜ²ÝN`VEVG�i/î6GJIL]·ILMFÜ²ÝN`Ha�KTEHISÝvM=Ix]�G9Z>Ùxd=ILM KàleZ^`|n
dFIL]V\Wn�]VZ>ÞvabZ>MWEÂ]|EV`HD9m'EHDJ`VZ�m>KNÙSÙLZ^d%KNM%ILMJÝFdFZNiFî6GJZrISMJÝFdFZ�KUÙx]VÝjm�ÝvMvE¯KUILM9][EHGJZ�M9KUabZ¬ÝNÜ?EVG9Z
dFIL]V\�]|Z^ÞNabZ>MWE£_<ISEVG9ISM�IoE¯]|Z^ÙoÜ�iFî6GJIx]£Ix]ÂISM1m>ÝNMWEV`¯KN]|E/EHÝ�EVG9Z .10�243P]|E�ÚWÙLZ¬ÝNÜ?G9K+RQISM9Þ�M9KUabZ�]
KUM9dPEVGJZ^IS`�ILMJÝFdFZ�MQDJa�ßeZ^`H]rILMàdFIL`VZ�m'EHÝN`HISZ�]>X�KUM9d¾_#Kv]¬M9Z^m�Z�]V]VISEHKTEHZ^d�ß)Z^m^KUD9]VZ·_ÂZ·m¯GJÝv]VZ
EVÝ:G9K+RNZ1K8�eKTEbM9KNa·Z�]|leKNm�Z%Ü²ÝN`·M9KUabILMJÞàdFIx]V\Û]|Z^ÞNabZ>MWEH]^X�ISMFn�ÝN`¯dFZ^`�EVÝàlJ`HÝTRWIxdFZ��eZ�çFIon
ßJISÙLISE�ÚPEVÝ�EHGJZbD9]|Z^`|n�ÙLZ>RNZ^Ù�è9ÙSZ�]|ÚF]|EVZ^aÈEVÝ(ILa·l9ÙSZ^a·Z^MWE�IoE¯]2ÝT_<M¾M9KNabISMJÞ�]Hm¯GJZ>abZvX.`HKUEVGJZ^`



EVG9KNM�ILableÝW]|Z�Kjè9çQZ�d(GJILZ>`¯KU`¯m¯GJILm^KUÙ�M9KNa·ILMJÞ%]Hm¯GJZ>abZviFïqMJÝFdFZ^]AKN`VZ2GeKN]VGJZ^d�ßQÚ%EHGJZ�dFIx]|\
]|Z^ÞNabZ>MWE¬M9KNabZNieî6G9Z�\NZ^`VMJZ^Ù�KUÙx]VÝ�abKNISMWE¯KUILM9]AÞvÙSÝvß9KUÙ?ILMFÜ²Ýv`Va�KTEHISÝvM(ÝNM(EVG9Z�Ü²`HZ>Z�ßJÙLÝFm¯\F]
K+R+KNISÙxKUß9ÙSZrÜ²ÝN`6Ü²DFEHDJ`HZ�KUÙLÙSÝFm>KUEVILÝNM?i
î6GJZ¬èe`H]|EÂßJÙLÝFm¯\bISM�K �6kAï ä dFZ^RQILm>Zrm�ÝvMWEHKUILM9]£EVGJZ�]|D9leZ^`VßJÙLÝFm¯\�]�EH`VD9m�EVDJ`HZ¬_<G9ILm¯G%a�KNISMFn
EHKUILM9]¬ISMFÜ²Ýv`Va�KUEVILÝNM�ÝNM(EHGJZ�EHÝUE¯KUÙ�MQDJa�ßeZ^`¬ÝNÜ�ß9ÙSÝFm¯\F]AILM(EVGJZ·dFZ>RQIxm�ZvXJEVG9ZjßJÙLÝFm¯\vnq]VISg^Z2ÝUÜ
EVGJZ1dJZ>RQILm>ZNX�EVGJZ%MQDJa�ßeZ^`�ÝUÜ6ILMJÝFdFZ^]jÝNMÊdFIx]|\ÃKUM9d:l)ÝNILMWEVZ>`¯]�EHÝ�EVGJZ�]�E¯KU`VE�ÝUÜ#Ü²`VZ^Z%ÙSIx]|E
ßJÙSÝFm¯\F]^X?ISM9ÝQdJZ%ßJÙLÝQm¯\F]�KNM9dÊdJKUEHK(ßJÙLÝFm¯\Q]^i �9`VZ^Z�ÙSIx]�E¯]jKN`VZ�a�KUILMWEHKNISMJZ�d:ISMÃEHGJZ%Ü²Ýv`VaìÝUÜ
ßJIoEHa�KUl9]^X._<IoEHG:K�Ü²`HZ>Z·ÙSIx]|E�G9ISMWE2ISMedFILm^KTEHISMJÞ(_<GJIxm¯G:leÝW]|ISEVILÝNMàISMàEVGJZ·Ü²`HZ>ZbÙLIL]|E�EVÝ�]�E¯KU`VE
ÙSÝQÝN\QILMJÞ�Ü²ÝN`2K�m>ÝNMWEVILÞND9ÝND9]�]�EH`VZ�KUaÈÝNÜ/Ü²`VZ^ZbßJÙSÝFm¯\F]^i	�ÂÝvM9]|IxdFZ^`VILMJÞ�EVG9KUE2dJIL]V\P]|Z^ÞNabZ>MWE¯]
KU`HZ·abZ�KUMWE�EVÝ(ßeZ�`HZ^Kv]|ÝvM9KUß9ÙSÚ(ÙxKU`HÞNZ � ]Vl9KUM9MJISM9Þ(]VZ>RvZ>`¯KUÙ�abZ>ÞvKNßQÚvEHZ^] � X�EHGJIL]�ÝN`HÞvKUM9ISg�KTn
EVILÝNM:ÝUÜ£Ü²`HZ>ZbßJÙLÝFm¯\PILMFÜ²ÝN`Ha�KTEVILÝNMàIL]�`VZ�KN]VÝNM9KNßJÙSZvXeZ�]|l)Z^m>ILKNÙSÙLÚ�ILM:ÙLILÞNGWE2ÝUÜ£EHGJZ·Ü¨KNm�E2EVG9KUE
m�`HZ^KTEHISÝvM�ÝUÜ.MJZ^_ñdFIL]V\�]|Z^ÞNabZ>MWE¯]/Ix]ÂK2`¯KU`HZ<Z>RvZ>MWE#m>ÝNabl9KN`VZ�djEHÝj`HZ>ÞvDJÙLKN`/ÝNl)Z>M�Xv`HZ^Kvd.XNÝv`
_<`VISEVZ�ÝNl)Z>`¯KTEHISÝvM9]^i
ïqMòabÝv]|E�m^KN]VZ^]^X£EHGJZ¾Ü²`HZ>Z>ncß9ÙSÝFm¯\óGJISMWE(a�KUILMvE¯KUILMJZ^dñZ>M9KNßJÙSZ�]%Ü¨Kv]�E(ÙLÝQm^KTEHISÝvMñÝUÜjKÛÜ²`VZ^Z
m¯GWD9MJ\�i�kAÞWKUILMÃEVGJIx]jdFZ�m�Ix]|ILÝNMÃÝvM:a�KNISMWEVZ^M9KUMem�Z�ÝUÜ6Ü²`HZ>Z�ßJÙLÝFm¯\¾ILMFÜ²ÝN`Ha�KTEHISÝvM:Ix]�M9ÝUE�Kv]
m�`HD9m�IxKUÙ#ISM=ÝNDJ`·abÝQdJZ>Ù<KN]�IoEbIx]jILM=MJÝv`Va�KNÙ/è9ÙLZ^]VÚF]�EHZ>a�]jß)Z^m^KUD9]VZNX�ILMÛEVG9Z�ÙxKTEVEVZ>`�X�Ü²`VZ^Z
ßJÙSÝFm¯\F]AGeK+RNZ2EHÝ�ß)Z�Ü²ÝvDJM9dPZ^RNZ^`VÚ�EVILabZ�K%_<`HISEVZjIx]rabKvdFZNX�KUMed(EVGJZ^`VZ>Ü²ÝN`HZ�]VDJßFn�ÝNlFEHISa�KNÙ
EV`¯KNm¯\QISM9Þ1ÝUÜ£Ü²`VZ^Z�ßJÙLÝFm¯\�ISMJÜ²ÝN`HabKUEVILÝNMà_<ISÙLÙ[]|ÙLÝT_ dFÝT_<M:KUÙLÙ�_<`HISEVZ^]^i�ïqM �6kAï ä X�EHGJZ�Ü²`VZ^Z
ÙSIx]�ErIL]AKvm>m>Z^]H]|Z�d1ÝvMJÙSÚ�KTE<EHGJZ2EVILabZ�ÝUÜ[dFIx]|\�]|Z^ÞNabZ>MWE¬m>`VZ�KTEVILÝNM(KUMed(ÝNM9m>Z�K�]VZ>ÞvabZ>MWEAIL]
m�`HZ^KTEHZ^d��FKNlJlJÙLILm^KTEVILÝNMe]�æ�De]�E<`HZ^KNd1ÝN`#_<`VISEVZ�ILMWEVÝ·lJ`VZ>n�KNÙSÙLÝFm>KUEVZ^d1dFIL]V\%ßJÙLÝFm¯\F]#KNM9d%G9Z>M9m>Z
Z�çJm�Z�]V]VISRvZ%ÝNlJEVILa·ILg^KUEVILÝNM ISM=EVGJIx]bKU`HZ^K�_6KN]�MJÝUEb_6KU`H`HKNMvEHZ^d.i�î6GJZ�MWD9ajß)Z>`·ÝUÜ¬ILMJÝFdFZ^]
G9KN]jßeZ^Z>MÊèJçFZ�dÊKTE�âTðQâ������UEVG:ÝUÜ6EVG9Z%EVÝNEHKNÙ£MQDJajß)Z>`�ÝUÜ¬dJKUEHK�ß9ÙSÝFm¯\F]�ILMÃEVGJZ�]|ÚF]|EVZ^a�i
�ÂÙSZ�KU`HÙSÚvXvEHGJZ2K+RNZ^`HKNÞNZAÙLZ>MJÞNEVG�ÝUÜ�]|Z^ÞNabZ>MWEH]6]VGJÝND9ÙLd�ßeZ�ÙxKU`HÞNZ�Z>MJÝvDJÞNG1EVÝ�KUabÝv`|EHISg^Z¬EHGJIL]
èJçFZ^d�ÝTRNZ^`VGJZ�KNd.i

Application

BAIO System Calls

Buffer Cache Manager

Device Drivers

BAIO Slave

Kernel
User-level

4, 5 & 6 - I/O operation completes
3 - BAIO asynchronously returns control to the user

2b - BAIO directly interacts with the device-driver
2a - BAIO initiates the I/O operation through the buffer-cache 
1 - Application initiates one or more I/O operations 

to initiate the I/O bypassing the buffer-cache

7 - Device driver intimates the I/O completions to the BAIO Slave
8 - BAIO Slave intimates I/O completion to the application

Disk

8

2b

2a

5

1
3

4
6

7
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î6GJZ �6k¬ï ä KU`¯m¯GJISEVZ�m'EVD9`VZ�KNm¯GJILZ>RvZ^]jKv]|ÚQM9m¯G9`VÝvMWÚ:ßQÚ 
WDJZ>DJZ^ISM9ÞàïVð ä `VZ�
WDJZ^]|EH]·KTEbEVG9Z
dFZ>RQIxm�Z(KUM9d=`VZ>EVDJ`HMJILMJÞ:m>ÝNMWEV`HÝNÙÂEVÝàEVG9Z�KNlJlJÙLILm^KTEVILÝNM ISababZ^dJILKUEVZ>ÙLÚNi/k �6kAï ä ]VZ>`HRQILm>Z
dJKUZ^a·ÝvM�EHKU\vZ^]?m^KU`HZ[ÝUÜQISMWEHISa�KTEHISM9Þ¬m�Ýva·l9ÙSZ>EVILÝNM2ÝUÜQïVð ä EVÝAEVGJZ£KNlJlJÙLILm^KTEHISÝvM?i>î6GJZ£]VZ>`HRQILm>Z
dJKUZ^a·ÝvM¾Z^MvEHZ>`¯]�EVGJZb\vZ>`HMJZ>Ù�EVG9`VÝvDJÞNGÃK�]Vl)Z^m�ISèem·Z>MWEH`VÚWn�leÝvISMWE�KUM9dàMJZ^RNZ>`�`HZ�EHDJ`VMe]>i�ï�EH]
]|ÝvÙSZAdFDJE�ÚjIx][EVÝ2ÙLÝQÝN\jEVGJ`HÝNDJÞvGjEHGJZA`HZ:
WDJZ�]�E#
WDJZ^DJZ6EVÝ�è9Medb_<GJILm¯G�ïVð ä ÝvleZ^`HKUEVILÝNM9]�G9K+RvZ
m�ÝNablJÙLZ�EHZ^d(KUMed1MJÝNEVISÜ²Ú%EHGJZ2lJ`HÝQm>Z^]H]|Z�]#ÝNM�_<GJÝv]VZ�ßeZ^G9KUÙSÜ�EHGJZ2ïVð ä _#Kv]6leZ^`|Ü²Ýv`VabZ^d?i
OQISMem�Z�EHGJIx]¬dJKNZ>abÝNM�Ix]rKNÙL]VÝ�ILMFn�m¯GeKU`HÞNZ2ÝUÜ/m>ÝNlQÚQISMJÞ%d9KTEHK�EVÝ�EHGJZ�KvdJdF`HZ^]H]¬]Vl9KNm>Z2ÝUÜ[EVG9Z
KUlJlJÙLIxm>KTEHISÝvM�ISMPEVGJZ�Z>RNZ^MWE¬ÝUÜ£K�`HZ^Kvd(ÝNl)Z>`¯KTEHISÝvM?X9ISErMJZ^Z^dJ]¬EVÝ1G9K+RNZjKvm>m>Z^]H]6EVÝ1EVGJZ�RWIL`Vn
EVD9KNÙ9KNdJdJ`VZ�]V][]Vl9KNm>Z<ÝUÜ)EVGJZrKUlJlJÙLIxm>KTEHISÝvM?iUî6GJZ^`VZAKN`VZ#E�_#Ý2a·Z>EVGJÝFdJ]/ISM�_<GJIxm¯G·EVGJIx]/m>ÝNDJÙxd
ßeZ2ILablJÙSZ^abZ>MWEVZ�d.i9î6GJZ�è9`¯]�EAabZ>EVGJÝFd�IL]#EHÝbD9]|Z2ILMFn�\NZ^`VMJZ^Ù.]|G9KN`VZ�dQn�a·Z^abÝN`HÚ·ÝvßFæ�Z^m�EH]#EHÝ
]|G9KN`VZ�K·a·Z^abÝN`HÚ·`HZ>ÞvISÝvM1ß)Z�E�_#Z>Z^M%EVG9Z�KNlJlJÙLILm^KTEHISÝvM�KUMed�EVG9Z�]VZ>`HRQILm>Z�d9KUZ>abÝvM?iQïqM1EHGJIL]
a·ÝFdFZ^Ù³XUEVGJZ^`VZ<_<ILÙSÙ9ßeZAK�]VISMJÞvÙSZ'�6k¬ï ä ]VZ>`HRWIxm�Z<dJKNZ>abÝNM�Ü²ÝN`�EHGJZAZ^MvEHIS`HZ<]|ÚF]|EVZ^a�XTa�KNM9KUÞNn
ISMJÞjEVGJZrïVð ä `HZ:
WDJZ^]|EH]/ÝUÜ�KUÙLÙ)lJ`VÝFm>Z^]H]|Z�]>iNî6G9ZrdF`¯K+_<ß9KNm¯\jÝUÜ.EVG9IL]ÂabÝQdJZ>Ù)IL]£EVG9KUE#m>ÝNM9]VILdFn
Z>`¯KUßJÙLZ�ÝTRNZ>`HGJZ�KNd�Ix]6ISMem�DJ`H`VZ�d�KUE6EVGJZ�]VZ>`HRQILm>Z�d9KUZ>abÝvM�ILM�ß9ISM9dJISMJÞbEHÝ�]|G9KN`VZ�dQn�a·Z^abÝN`HÚ
ÝNßFæ�Z�m'EH]bKNM9dÊEHGJZ�]|ILMJÞNÙLZ(]|Z^`VRQIxm�Z(dJKUZ^a·ÝvM m^KUM=ß)Z^m>ÝNabZ(Kàl)Z>`VÜ²ÝN`Ha�KUM9m>Z1ß)ÝUEVEVÙLZ>MJZ�m¯\)i
C�ÝN`HZ>ÝTRvZ>`�XTEVGJIx]#_ÂÝvDJÙxd%`HZ:
WDJIL`VZ¬EVG9KUEÂEHGJZ�KNlJlJÙLILm^KTEHISÝvM1KUÙLÙSÝFm^KTEVZ�K�]VG9KN`VZ�dQncabZ^a·Ýv`VÚ·ÝNßJn
æ�Z^m'E£KNM9d·KTE|E¯KNm¯G·IoE¯]/dJKUEHKrßJDFå�Z>`[EHÝrEHGJZA]VG9KU`HZ^dQn�abZ>abÝN`HÚ�`VZ^ÞNILÝNM�lJ`VILÝN`�EHÝ2ISMQRNÝv\QISMJÞrEVG9Z
�#k¬ï ä ]VÚQ]|EVZ^a5m>KNÙSÙci?OQISMem�Z�EVGJZ^`VZ·IL]2K�]VÚQ]|EVZ^a·nc_<IxdFZjÙLILa·ISE2ÝNM¾EVGJZbMQDJajß)Z>`�ÝNÜÂ]|GeKU`HZ^d
a·Z^abÝN`HÚ·ÝvßFæ�Z^m�EH]£EVG9KUE6m^KUM%Z>çFIL]|E^XWEVG9IL]ÂM9KTEHDJ`¯KUÙLÙSÚblJÙxKNm>Z^]#K�ÙLISabISEHKTEHISÝvM1ÝvM�EVGJZ�MQDJajß)Z>`
ÝUÜ �6kAï ä `VZ�
vD9Z^]|EH]�EVG9KUE%m>KUM ßeZ�l)Z>M9dFILMJÞÊ]VISa�DJÙoE¯KUMJZ^ÝND9]VÙLÚNi�hAÝT_#Z>RNZ^`^X�EVG9IL]babZ�EHGJÝFd
dFÝQZ^]rG9K+RNZjm>Z>`VEHKNISMPKvdFRTKUMWEHKNÞNZ^]¬ISMPEVG9KUErEHGJZ�]VISM9ÞNÙLZ�]VZ>`HRWIxm�Z�dJKUZ^a·ÝvMPG9Kv]¬K1m>ÝNablJÙLZ�EHZ
RWILZ>_ ÝUÜ#KNÙSÙ�l)Z>M9dJISMJÞ�`HZ:
WDJZ^]|EH]�KNM9dPGJZ^M9m�Zbm>KNM¾l)ÝUEHZ>MWEVIxKUÙLÙSÚ�a�KN\NZ·ßeZ>E|EVZ^`�]Vm¯G9Z^dFDJÙLILMJÞ
dFZ^m>IL]VISÝvM9]^i
î6GJZ�ÝNEVGJZ^`rabZ>EVGJÝFd.X._<GJIxm¯GP_#Z�GeK+RNZjm¯GJÝW]|Z^M�Ü²ÝN`�ÝvDJ`rabÝFdFZ^Ù³X�Ix]¬EHÝ1G9K+RvZ�EHGJZ·]VZ>`HRQILm>Z
dJKUZ^a·ÝvMò]VG9KU`HZPEHGJZÊKUlJlJÙLIxm>KTEHISÝvM�
 ]1RQIL`|EHD9KUÙ�KNdJdJ`VZ�]V]�]|leKNm�Zvi#î6G9IL]�abZ^KNM9]�EVG9KUE�Z�KNm¯G
lJ`VÝFm>Z^]H]£G9Kv]#IoE¯]6ÝT_<M
�6kAï ä ]VZ>`HRQILm>ZAEHGJ`VZ�KNd�KUM9d%EVGJIx]#EVGJ`HZ^Kvd1m^KUM�dJIS`HZ^m�EVÙLÚ�_<`VISEVZ�ISMWEHÝ
EVGJZ·KUlJlJÙLIxm>KTEHISÝvM�
 ]rKvdJdF`HZ^]H]A]|leKNm�Zvi)î6G9IL]rIL]rabÝN`HZj]Hm>KUÙxKUß9ÙSZ2EHG9KUMPEVGJZ�è9`¯]�ErKNÙoEHZ>`HM9KTEHISRvZ
ßeZ�m>KUDe]|ZAM9ÝT_=EHGJZ¬]VZ>`HRWIxm�Z6EHGJ`HZ^KNdbIx]/ÝvMJÙLÚjILMFn�m¯GeKU`HÞNZ6ÝUÜ��6kAï ä `HZ:
WDJZ^]|EH]/ISMJISEVIxKTEHZ^d�ßQÚ·K
]|ILMJÞNÙLZ¬l9`VÝFm�Z�]V]ÂKUM9d�EVGJZrÝTRNZ>`HGJZ�KNd·ÝUÜ�KUE|EHKvm¯GJILMJÞ2EVÝ·]|GeKU`HZ^d�abZ>abÝv`VÚ·ÝNßFæ�Z�m'E¯]/ÝNM1Z>RNZ^`VÚ
ïVð ä m>ÝNablJÙLZ�EHISÝvM�Ix]6Z>ÙLISabILM9KTEHZ^d.i
î6GJZ�ÝTRvZ>`¯KUÙLÙ�m�ÝvMWEV`HÝNÙ �9ÝT_ dFDJ`HISM9Þ�KUMàïVð ä ÝvleZ^`HKUEVILÝNM(EVG9`VÝvDJÞNG��6k¬ï ä IL]�dFZ^lJIxm'EVZ�dPILM
��ILÞND9`VZAâvi^î6GJZ^`VZÂKU`HZ[E�_ÂÝ<\QILM9dJ]�ÝUÜFILMvEHZ>`VÜ¨KNm>Z^].EHG9KTE��6kAï ä lJ`HÝTRWIxdFZ�]�EVÝ¬KNlJlJÙLILm^KTEHISÝvM9]>i^ïqM
EVGJZ[èe`H]|E?abZ�EVG9ÝQd?X�EVG9Z/ïVð ä EHKU\vZ^]�lJÙxKNm>Z�EVGJ`HÝND9ÞNG�EVGJZ£ÞNÙLÝNß9KNÙTßJDFå�Z>`�m^KNm¯GJZ[ÝNÜvEHGJZ/\NZ^`VM9Z>ÙcX
_<GJILm¯G�KUÙLÙSÝT_A]£Ü²ÝN`6]|GeKU`HISMJÞjÝUÜ�m>Kvm¯GJILMJÞ�Kvm�`HÝv]H]/KUlJl9ÙSIxm>KUEVILÝNM9]^XWKUE£EHGJZ�m>Ýv]|EÂÝNÜ?ÞNZ>M9Z>`¯KUÙLIoE�Úvi
î6GJZ�KvdFRTKUMWEHKNÞNZAÝNÜ.EVGJIx]#abZ�EVG9ÝQd1IL]ÂEHG9KTE6ajDJÙSEVILlJÙLZ�KNlJlJÙLILm^KTEHISÝvM9]£_<ILÙLÙeß)Z�KNßJÙLZ¬EHÝ�]VG9KU`HZ
EVGJZ2ÞvÙSÝvß9KUÙ�\NZ^`VM9Z>Ù�ßJDFå�Z>`Am^KNm¯GJZvXF_<GJILm¯G�a�K+Ú�MJÝUEAß)Z�leÝW]V]VILßJÙSZ�_<ISEVG�KUl9lJÙSIxm>KUEVILÝNMFn�ÙLZ>RNZ^Ù
m>KNm¯G9ISMJÞPKNÙSÝvMJZNi�î6GJIL]jabZ�EVG9ÝQdÛßeZ^MJZ�èJE¯]jKP]Hm�Z^M9KU`HILÝ�ILMÛ_<GJIxm¯GÃajDJÙSEVILlJÙLZ�KNlJlJÙLILm^KTEVILÝNMe]
KNm>m>Z^]H]·EVGJZP]HKUabZP]VZ�E%ÝNÜ�dFIx]V\=ßJÙLÝFm¯\Q]^X/KN]bÝNEVGJZ^`V_<Ix]VZNX/Z�KNm¯G KUlJlJÙLIxm>KTEHISÝvM _<ILÙLÙ<EV`HÚÛEHÝ
m>KNm¯G9ZAIoE<]VZ>l9KN`HKUEVZ>ÙLÚNXv_#Kv]�EHISM9Þ�abZ>abÝN`HÚNiWhAÝT_#Z>RNZ^`^XNEVGJIx]Âa·Z>EVGJÝFd1G9KN]/EVGJZ�dF`¯K+_<ß9KNm¯\�ÝUÜ
ISMWEV`HÝFdFD9m>ISMJÞ�]|Ýva·ZjÞNZ>M9Z>`¯KUÙLIoE�Ú�ISMWEHÝ�EVGJZ·m>Kvm¯GJISM9Þ1]Vm¯G9Z>abZ�Ü²Ýv`rdFIx]|\�ßJÙLÝFm¯\Q]^X�KUM9d�m>ÝNDJÙxd
ÙSZ�KNd1EVÝ%dFÝvDJßJÙLZ�n�ßJDFå�Z>`HISMJÞei
ïqM EVGJZ:]|Z�m�ÝvM9d abZ�EVG9ÝQd?X#ïVð ä ÝNl)Z>`¯KTEVILÝNMe]�ßQÚWleKN]H]�EVG9Z¾ßJDFå�Z>`(m>Kvm¯GJZPÝNÜ2EVGJZà\NZ>`HMJZ^Ù
Z>MWEVIL`VZ^ÙSÚviNïqM�EHGJIx]/abZ�EHGJÝFd.XNEHGJZrKNlJlJÙLILm^KTEHISÝvM%dFIS`HZ^m�EVÙLÚ�ILMWEVZ^`HKvm'EH]/_<IoEHG�EVGJZ�dFZ>RQIxm�Z¬dJ`VILRNZ^`
KUM9d(dFÝQZ^]¬MJÝUEADe]|Z2EHGJZ�ßJDJå)Z^`rm>Kvm¯GJZNiJî6G9IL]¬IL]r]|ILabISÙxKU`6EHÝ�EVGJZj`HK+_ ISMWEVZ^`|Ü¨Kvm�Z2lJ`HÝTRQILdJZ^d



ISM .�0�243 ]|ÚF]|EVZ^ab]^i.î6GJZ·ÝNlFEHISÝvM¾ÝUÜÂ_<GJZ�EHGJZ>`�ÝN`�MJÝNE�EHÝ�De]|Z�EVGJZ·ßJDFå�Z>`�m^KNm¯GJZ·m>KNM¾ß)Z
]|l)Z^m>Ioè9Z�dÛÝvM KPl)Z>`Vn�ÝNl)Z>`¯KTEVILÝNMÊßeKN]VIL]^X�EHGJZ>`HZ>ßQÚÃlJ`HÝTRQILdFILMJÞ¾Ü²ÝN`bKPè9M9Z�n�ÞN`¯KUILMJZ^dÊm¯GJÝvILm>Z
ßWÚ1EVGJZ�KUlJlJÙLIxm>KTEHISÝvM?i �#ÙSÝFm¯\F]6_<GJIxm¯G(EVGJZ�KNlJlJÙLILm^KTEHISÝvM�EHGJILMJ\F]<_<ISÙLÙ�ß)Z�]VG9KU`HZ^d�ßQÚ1ÝNEVGJZ^`
lJ`VÝFm>Z^]H]|Z�]1m>KNMòß)Zàa�KvdFZ¾EHÝ ÞvÝÛEHGJ`VÝvDJÞNGñEVGJZÃßJDFå�Z>`�m^KNm¯GJZà_<GJISÙLZ:ÝUEVG9Z>`¯]1a�K+Ú ß)Z
`VZ�KNdeðT_<`VISE|EHZ>MòdFIL`HZ^m'EHÙSÚvi �9ÝN`(Z�çJKNa·l9ÙSZvXÂISÜjEHGJZ>`HZàIx]�K=ÙxKU`HÞNZà`VZ�KNd EHÝ=ß)Z:a�KvdFZNX#EVG9Z
KUlJlJÙLIxm>KTEHISÝvM�a�K+Ú2_<Ix]|G�EVÝ2Z^M9]VDJ`VZÂEVGeKTE[EVG9IL]�`HZ^Kvd�dFÝQZ�]�MJÝUE��9D9]VG·EVGJZ<m>DJ`V`HZ>MWE/m�ÝvMWEVZ>MWE¯]
ÝUÜ�EVGJZ2ßJDJå)Z^`Am>KNm¯G9ZNXJKUMed�m^KUM�EVGJZ^`VZ>Ü²ÝN`HZ�De]|Z�EHGJZ�MJÝNMFn�ßJDFå�Z>`HZ^d�ILMWEVZ>`VÜ¨KNm>ZNi
� � 
 Ï , Ï���� ( $�� $�ÐÂÑ+&�ÑJ×|Ó£Ð
î6GJZ �6kAï ä abÝFdFZ>ÙÂG9KN]jßeZ^Z>MÛILablJÙSZ^abZ>MWEVZ�dÃISMÊEHGJZ ��ISMQDFçÃ\NZ^`VMJZ^Ù³i�î6GJZ1ILMWEVZ>`VÜ¨KNm>Z�IL]
lJ`VÝTRQIxdFZ^d�ILM2EHGJZ/Ü²Ýv`Va ÝUÜ9K¬]|Z>E�ÝUÜ9]VÚF]�EHZ>a m>KNÙSÙx]^i^k<dJdFISEVILÝNMeKUÙLÙSÚvX�K¬DFEVILÙSISE�Ú�Ü²ÝN`�m�ÝvMFè9ÞND9`VILMJÞ
KrdFIx]V\�dJZ>RQILm>Z£Ü²Ýv`��6k¬ï ä G9KN]�ß)Z>Z>M·ILa·l9ÙSZ^a·Z^MWEVZ^d?i+k lJ`HÝFm�Z^]H]�D9]|ILMJÞ��6kAï ä \NZ^Z>l9]�EV`¯KNm¯\
ÝUÜ9KNd9dFIoEHISÝvM9KUÙvISMJÜ²ÝN`HabKUEVILÝNM2ILM�ISEH]�lJ`VÝFm>Z^]H]�m�ÝvMWEV`HÝNÙUßJÙLÝFm¯\�X^RQIxKAK<ßJÙLÝFm¯\�dJZ^]Hm�`HISlFEHÝN`.E¯KUßJÙLZNX
_<GJILm¯GbIx]/]VISabILÙLKN`�EVÝ�EVG9Z6è9ÙSZAdJZ^]Hm�`HISlFEHÝN`�E¯KUßJÙLZ6ISM .10�243[i��£Kvm¯G·EHKUß9ÙSZ<Z^MvEH`VÚj\NZ>Z^l9]�EV`¯KNm¯\
ÝUÜ6ISMFÜ²Ýv`Va�KUEVILÝNMÊ]|Dem¯GÃKv]2K(leÝvISMWEHZ>`2EHÝ(EVGJZ%ILMJÝFdFZ�ÝNÜ#EHGJZ%dFIx]|\:]|Z^ÞNabZ>MWE�X�K(`VZ>Ü²Z>`HZ>M9m>Z
m�ÝND9MvE�ILM9dFIxm>KTEHISM9Þ�MQDJa�ßeZ^`�ÝNÜ£lJ`HÝFm�Z^]H]VZ^]<EHG9KTE2G9K+RvZ�EHGJZ·dJIL]V\P]|Z^ÞNabZ>MWE�ÝNl)Z>M?X.KNM9d¾]VÝ
Ü²ÝN`VEVG?i/k<dJdJIoEHISÝvM9KUÙLÙSÚvX/K:lJ`VÝFm>Z^]H]·KNÙL]VÝ:abKNISMWE¯KUILM9]�K:leÝvISMWEVZ^`bEVÝÃISEH]�]VZ>`HRWIxm�Z�dJKNZ>abÝNM�i
î6GJZ%]|Z^`VRQIxm�Z�dJKNZ>abÝNM:a�KUILMvE¯KUILM9]2K 
WDJZ>D9Z·ÝNÜ �6k¬ï ä `HZ:
WDJZ�]�E¯]�IL]H]|D9Z^dàßWÚàIoE¯]2a�KN]|EVZ^`
lJ`VÝFm>Z^]H]�KUM9dÊKN`VZ�l)Z>MedFISM9Þ9i��£`VÝFm�Z�]V]VZ^]jKUÙx]|Ý�a�KUILMWEHKNISMÛ]VÚQM9m¯GJ`HÝNMJILg^KUEVILÝNM:ISMFÜ²Ýv`Va�KUEVILÝNM
Ü²ÝN`2`HZ>ÞND9ÙLKUEVILMJÞ�Kvm>m�Z�]V]rEHÝ�EHGJZb`VZ�
WDJZ^]|E/
vD9Z>DJZb_<GJIxm¯GàIx]�]|GeKU`HZ^dPß)Z�E�_#Z>Z^M¾EHGJZ�a�KN]|EVZ^`
lJ`VÝFm>Z^]H]#KNM9d�EVGJZ�]VZ>`HRQILm>Z�d9KUZ>abÝvM?i
� GJZ>M�KUMbKUl9lJÙSIxm>KUEVILÝNM·ISMQRvÝN\NZ�]�EVGJZ'�6kAï ä ]|ÚF]|EVZ^a m>KNÙSÙcX+EVGJZ<l9`VÝFm�Z�]V][KvdJdJ]�EHGJZ<`VZ�
WDJZ^]|E
EVÝ%EHGJZ·`VZ�
vD9Z^]|E 
WDJZ>D9Z�ÝNÜ/IoE¯]�]VZ>`HRQILm>ZjdJKNZ>abÝNM¾KNM9dPIx]H]|DJZ�]AEHGJZ·`VZ�
vD9Z^]|E¬EVÝ1EVGJZ·ßJDFå�Z>`
m>KNm¯G9Z�ÙLK+ÚvZ>`%Ýv`�EVGJZàdFZ>RQIxm�Z¾dF`HILRNZ>`�X£Kv]�_#Kv]�`HZ:
WDJIL`VZ�d ßQÚ EVGJZ:KUlJl9ÙSIxm>KUEVILÝNM?i/ï�E�EVGJZ^M
`VZ>EVDJ`HM9]�m�ÝNMWEH`VÝvÙ�EHÝ1EHGJZ·KNlJlJÙLILm^KTEHISÝvM¾ILa·abZ�dFILKUEVZ^ÙSÚvi�î6G9Z·dFIx]V\PdF`VILRNZ^`^X)ÝNMàm�ÝNablJÙLZ�EHISÝvM
ÝUÜQEVGJZÂïVð ä X^_#KN\NZ^]�D9l2EVGJZ#]|Z^`VRQIxm�Z/dJKNZ>abÝNM�i ä M2_6KU\QISM9Þ<DJl?X�EHGJZÂ]VZ>`HRQILm>Z/dJKUZ^abÝNM2ÙLÝWÝv\F]
EVGJ`HÝNDJÞvG�IoE¯]#`VZ�
vD9Z^]|E%
WDJZ>DJZrEVÝjè9M9d�ÝvDFE6_<GJILm¯G1ÝUÜ.EVG9Zr`HZ:
WDJZ�]�E¯]/G9K+RvZ¬m�Ýva·l9ÙSZ>EVZ^d?XWKNM9d
KNm>m>ÝN`¯dFILMJÞNÙLÚ1MJÝNEVISè9Z^]AEVGJZ·KUlJl9ÙSIxm>KUEVILÝNM?i �AÝUEHIoè)m>KTEHISÝvMPm>KNM�ßeZ·dFÝNMJZjISM�E�_#Ý%_6K+ÚF]>i9î6G9Z
è9`H]|E1Ix]�EHÝ=]|Z>E�KÛ]|EHKUEVD9]�RTKN`VIxKUßJÙLZ�ILM EVGJZàKUlJlJÙLIxm>KTEHISÝvM KNdJdF`HZ^]H]%]Vl9KNm>ZNi#î6GJZ¾]VZ^m�ÝvM9d
IL]AEVÝ%]VISÞvM9KUÙ.EHGJZjKNlJlJÙLILm^KTEVILÝNM(ÝvMPm�ÝNablJÙLZ�EHISÝvM(ÝUÜ[ïVð ä iJk�]|ILÞNM9KNÙon�ß9Kv]|Z�d1]Hm¯GJZ>abZ�_#ÝNDJÙxd
]|DJße]�E¯KUMWEVIxKUÙLÙSÚ�m�Ýva·l9ÙSIxm>KUEVZ�EVG9Z/KUlJlJÙLIxm>KTEHISÝvM2m�ÝFdFZ/]VISM9m>Z[IoE�ajD9]|E�ß)Z/lJ`HZ>l9KN`VZ�dAEHÝ<lJ`VÝFm>Z^]H]
m�ÝNablJÙLZ�EHISÝvMPÝUÜÂïVð ä `VZ�
WDJZ^]|EH]rISM:]|ILÞNMeKUÙ�GeKUM9dFÙLZ>`¯]^i)C�Ýv`VZ^ÝTRNZ^`^XJ]VISÞvM9KUÙx]rabK+Ú�ß)Z�ÙLÝv]|E�ISÜ
EVGJZ2KUl9lJÙSIxm>KUEVILÝNM1]Vl)Z>M9dJ]#EHÝQÝjajDem¯G%EVILabZ�ISM�G9KUMedFÙSILMJÞbK�`HZ:
WDJZ�]�E�iQî6G9Z¬è9`¯]|E6]Hm¯GJZ>abZ�IL]
]|ILablJÙSZ^`rKNM9d�abÝN`HZj]Hm>KUÙxKUß9ÙSZ�EHG9KUM¾K�]|ILÞNMeKUÙ�ßeKN]VZ^d�]Hm¯GJZ>abZNX)KUM9d�EVGJZ^`VZ>Ü²ÝN`HZNXJG9Kv]¬ß)Z>Z^M
m¯GJÝv]VZ>M�ISM�ÝND9`<ISablJÙLZ>abZ>MWE¯KTEVILÝNM�i
î6GJZ�]VZ�E�ÝUÜ£]VÚF]�EHZ>aÈm>KNÙSÙx]¬_<G9ILm¯G¾m>ÝNM9]|EVISEVDJEVZ�EVGJZ1�#k¬ï ä ISMWEHZ>`VÜ¨KNm�ZjEVÝ1EVGJZbKUlJl9ÙSIxm>KUEVILÝNM
ÙSZ^RNZ>Ù?KN`VZ �

âNi�� ����� ���	����
�����
 E¯KU\vZ^]�K�dJZ>RQILm>Z�MeKUabZNX?]VZ>Þva·Z^MWE�M9KNabZ·KNM9d¾K(]VZ>ÞNabZ^MvE�]|ILg>Z�Kv]ISM9lJDFE^X)KUÙLÙSÝFm^KTEVZ�]6K·dJIL]V\�]VZ>Þva·Z^MWE#ÝNÜ�EHGJZ2`VZ�
WDJIS`HZ^d�]|ILg>Z2ISÜ�leÝW]V]VISß9ÙSZ
íFi���� ����� ��
 ����
 ÝNl)Z>Me]�KNMñZ�çFIx]�EHISM9ÞódFIx]V\ñ]|Z^ÞNabZ>MWE�]|l)Z^m>Ioè9Z�dñßQÚ EVG9ZàM9KNabZ:KNM9ddFZ>RQIxm�ZvX9KUM9d�`HZ�EVD9`VM9]<KbdFZ�]Vm>`VILlFEHÝN`#EVÝbEHGJZ�]|Z^ÞNabZ>MWE
éJi�� � � � 
 EHGJIL]�Ix]�EHGJZ�m^KUÙLÙ£D9]VZ^dÃEHÝ¾l)Z>`VÜ²ÝN`HaìïVð ä i�C�D9ÙoEHISlJÙLZ�`VZ�KNdeðT_<`VISEVZ�`HZ:
WDJZ�]�E¯]m>KNM1ß)Z�]VleZ�m�ISè9Z^d�KN]Âl9KU`VE6ÝUÜ�K·]|ILMJÞNÙLZ �6k¬ï ä m>KNÙSÙ �vILM9m>ÙSD9dJZ^]6Kjß9ÙSÝFm¯\�dFZ^]Hm�`HILlFEVÝv`#Kv]
ISM9lJDFE



�9i�� � � � � 
�������� � � 
 EVGJIx]rIL]AEVGJZ·Z>MWEV`HÚWncl)ÝNILMWE<EVÝ1EVGJZ·]|Z^`VRQIxm�Z�dJKNZ>abÝNM?i)î6GJZ�]VZ>`HRQILm>ZdJKUZ^abÝNM�ISMQRNÝv\NZ�]£EHGJIx]A]|ÚF]Hm>KNÙSÙ.KUMed1MJZ^RNZ^`<`VZ>EVDJ`HM9]^i
�Fi�� � � � ��� ��� ����
 EHGJIx]¬m>KNÙSÙ�EHKN\NZ^]¬K%dFZ>RQIxm�Z�MeKUabZ�Kv]AKU`HÞNDJabZ^MvE�XeKNM9d(IoÜ[EHGJZjdFZ^RQILm>ZIL]¬m�ÝNMJè9ÞNDJ`HZ^d%Ü²ÝN`'�6kAï ä XFabÝvDJMWEH]6EHGJZ�dFZ>RQIxm�Zvi

� � $?Ò��¯Ó/Ò�� &[ÐrÖ�$
	 "�&�(VÕ'&�ÑJ×�Ó£Ð
î6GJZ<leZ^`|Ü²Ýv`Va�KNM9m�Z#Z>MJGeKUM9m>Z>abZ>MWE/l)Ýv]H]|ILßJÙLZ#ßQÚ·KUÙLÙSÝT_<ILMJÞ�KUlJlJÙLIxm>KTEHISÝvM·m>ÝNMWEV`HÝNÙQÝTRvZ>`�RTKU`Vn
ISÝvD9]6KN]VleZ�m'EH]#ÝNÜ?è9ÙLZ^]VÚQ]|EVZ^aÆleÝvÙSIxm�ILZ^]#G9Kv]#ßeZ^Z>M(]�EHD9dFILZ^d�ISM�ÞN`HZ^KTE6dFZ�E¯KUILÙ³i �9ÝN`#Z�çJKUablJÙLZNX
�#KUÝ ®>°j«T�S» ]|GJÝT_±EHG9KTEbKUlJl9ÙSIxm>KUEVILÝNMFn�ÙSZ^RNZ^ÙÂm�ÝvMWEV`HÝNÙ£ÝTRvZ>`2èeÙSZ>n�m^KNm¯GJILMJÞ¾m^KUMÛ`HZ^dFDem�Z1Z>çQn
Z^m�DJEVILÝNMóEVILabZ�ßWÚ KU`HÝNDJM9d � ��� á �Tãci£ïqM KNMJÝUEHGJZ>`�]|EVD9dJÚNX �#KNÝ ®>°�«U�S» a·Z�KN]VDJ`HZ^d=EVG9KUE
KUlJlJÙLIxm>KTEHISÝvMFnqm�ÝNMWEH`VÝvÙSÙLZ^d%è9ÙSZ�m>KNm¯G9ISMJÞ�KNM9d�lJ`VZ>Ü²Z�E¯m¯GJISM9Þ�`VZ�dFD9m�Z�d�EVGJZ�`HDJMJM9ISMJÞbEHISabZ�ßQÚ
é��òEVÝ � ;
�òÜ²ÝN`[]VISMJÞvÙSZ>ncl9`VÝFm�Z�]V]�_ÂÝv`V\QÙLÝvKvdJ]�KNM9d�ßQÚ ���òEHÝ � ���ñÜ²Ýv`�a�DJÙSEVILlJ`VÝFm>Z^]H]�_#ÝN`H\Wn
ÙSÝWKNdJ]�á �Nãci	�#Ú(Z�çFl)ÝN`VEVILMJÞ%EHGJZbZ>MWEVIL`VZjè9ÙLZ^]VÚQ]|EVZ^aÈleÝvÙSIxm�Ú�EHÝ1EHGJZ�De]|Z^`|n�ÙSZ^RNZ^Ù³X)_ÂZ�Z>M9KNßJÙLZ
KUlJlJÙLIxm>KTEHISÝvM9]#EVÝbÝvßFEHKNISM(KUÙLÙ.EVG9Z^]VZ�l)Z>`VÜ²ÝN`Ha�KUM9m>Z2KNdFRTKUMWE¯KUÞNZ�]>i
î6GJZ�abZ^KN]VDJ`HZ>abZ>MWE¯]�_ÂZ�G9K+RvZ·EHKU\vZ>MÃa�KUILMJÙLÚ¾Z>RTKNÙSD9KUEVZbEHGJZ%ILa·leKNm'E�ÝNÜ#Z>çFleÝW]|ILMJÞ(EVG9Z
KN]VÚWMem¯GJ`VÝvMQÚ�ÝUÜ[dFIL]V\F]6EVÝ%KNlJlJÙLILm^KTEHISÝvM9]>i �:Z�m�Ývabl9KU`HZ�EVGJZ2l)Z>`VÜ²ÝN`Ha�KUM9m>Z�ÝNÜ[ÝNDJ`<abÝFdFZ>Ù
_<IoEHGÛEVG9Z .10�243 `¯K+_ÆdFIx]|\ÊILablJÙSZ^abZ>MWEHKUEVILÝNM KNM9dÛKNMJÝUEHGJZ>`bKN]VÚQM9m¯GJ`HÝNMJÝvD9]2ïVð ä EHZ^m¯GFn
MJI 
WDJZ2dFZ^RNZ^ÙSÝvleZ�d1ßQÚ�O Ø ï#m>KNÙSÙLZ^d���Z>`HMJZ>Ù.kr]|ÚQM9m¯GJ`HÝNM9ÝND9]ÂïVð ä � �2kAï ä�� i��[çFleZ^`VILabZ>MWEH]
_ÂZ^`VZbl)Z>`VÜ²ÝN`Ha·Z�d:_<IoEHGÛKUM9d:_<ISEVGJÝvDFE2EVGJZ1Z�å�Z^m'E�ÝNÜ#ß9DFå)Z^`�m^KNm¯GJZvi.ïqMàEHGJZ�è9`¯]|Ej]|Z>E�ÝUÜ
Z�çFleZ^`VILabZ>MWEH]^X�_#Z1m>ÝNabl9KU`HZ^dÃM9ÝNMFn�ßJDFå�Z>`HZ^d��6kAï ä X�`HK+_ÆdFIx]V\)X�KUM9d��2k¬ï ä ÝTRNZ>`j`HK+_
dFIL]V\�iFïqM�EVGJZ2MJZ>çQE^XJ_#Z2m�ÝNabl9KN`VZ�d1ß9DFå)Z^`VZ�d
�6k¬ï ä XJZ�çQE¯í·KNM9d��2k¬ï ä ÝTRvZ>`6Z�çQE¯íJi

Random Access Performance (Non−buffered)
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�ÂÝNM9]VILdJZ>`HISMJÞbEHG9KTE�KUMPKv]|ÚQM9m¯GJ`HÝNM9ÝND9]6ILMWEVZ>`VÜ¨KNm>Z�_<ILÙSÙ�ßeZ^MJZ�è9E¬EVG9Ýv]VZjKUlJl9ÙSIxm>KUEVILÝNM9]AEVG9KUE
m>KUM1ÝTRNZ>`HÙxKUl%dFIx]|\bïVð ä _<IoEHG1D9]VZ�Ü²DJÙ�lJ`HÝFm�Z�]V]VISM9Þ9XN_#Z¬GeK+RNZ¬m¯GJÝW]|Z^M1K�_#ÝN`H\QÙSÝWKNd�EVGeKTE6`VZ>n
]|Z^ajßJÙLZ^]/EVG9KUEÂILM1K2_#Z>ßFnq]|Z^`VRvZ>`�iUî6GJZ>`HZAIx]£K�m>ÝNMWEVILMQDJÝNDe]£]|EV`HZ^KUa�ÝUÜ?`HZ:
WDJZ�]�E¯]>XNKNM9d�Z�KNm¯G
`VZ�
vD9Z^]|E�_<ILÙSÙ[ILMQRNÝvÙSRvZ�K�dFIL]V\PïVð ä KUM9dà]|ÝvabZ�lJ`HÝFm�Z�]V]VISM9Þ�ÝvMPEVG9Zbd9KTEHK�`HZ^KNd)ð+_<`HIoEVEVZ>M�i
ïqM=EHGJZPKN]VÚQM9m¯GJ`HÝNMJÝvD9]�ILMWEVZ>`VÜ¨KNm>Z^]^X�_ÂZ(lJILleZ^ÙSILMJZ(EHGJZ�dFIL]V\ÛïVð ä KUM9d lJ`HÝFm�Z^]H]VISMJÞ:ÝTRNZ^`
]|Z^RNZ>`¯KUÙ)]�E¯KUÞvZ^]^iQOWE¯KUÞvZrI�_<ILÙSÙ.lJ`HÝFm�Z�]V]£EVGJZ�dJKUEHK·m�ÝN`H`HZ^]VleÝvM9dFILMJÞ2EVÝ�EVG9Z � Ion�\ � °²� `VZ�
WDJZ^]|E
_<GJISÙLZ�IL]H]VDJISM9ÞjEHGJZ�ïVð ä Ü²ÝN`#EHGJZ�I °²� `VZ�
WDJZ^]|E^iFî6GJIx]6_#K+ÚvXvßQÚ�EHGJZrEVILa·Z�d9KTEHK�Ix]Â`HZ:
WDJIL`HZ^d
Ü²ÝN`AlJ`HÝFm�Z�]V]VISM9Þ9XJISE¬_<ILÙSÙ�KUÙL`VZ�KNdFÚ�ßeZjK+RTKNISÙxKUßJÙLZ�]VISM9m>Z�ïVð ä Ü²ÝN`AEVG9KUErdJKTE¯K�_6KN]<ILMJISEVIxKTEVZ�d

vD9IoEHZrILM�KvdFRTKUM9m>ZNiWïqM�ÝNEVGJZ^`Â_#ÝN`¯dJ]^XNEHGJZ2KUlJl9ÙSIxm>KUEVILÝNM1dFÝQZ�]ÂM9ÝUE<]|l)Z>M9d�KUMQÚ·EVILabZ�_#KNIoEVn
ISMJÞ�Ü²Ýv`�ïVð ä EVÝ2m>ÝNablJÙLZ�EVZvi+ïqM�ÝvDJ`[]�EHD9dFILZ^]^XUKN]�Z�çFl)Z^m'EHZ^d.XN_ÂZÂè9M9djEVG9KUE[ßeÝNEVG��6kAï ä KNM9d



�2kAï ä m�ÝvM9]VIL]|EVZ^MvEHÙSÚ�ÝNDJEVl)Z>`VÜ²ÝN`Ha�`¯K+_§ïVð ä KUMed�Z�çQE¯íJi �6k¬ï ä l)Z>`VÜ²ÝN`Ha�]¬a�D9m¯GPß)Z�EVEVZ>`
EVG9KNM �2k¬ï ä Kv]�_#Z>ÙLÙciNî6GJZ6`VZ�KN]VÝNMjÜ²ÝN`�EVG9IL][Ix]�EVGeKTE/_<GJILÙSZ �6kAï ä Z�çFl)Ýv]VZ^]�EVG9Z6Ü²DJÙSÙeKN]VÚWMJn
m¯GJ`VÝvMQÚ2ÝUÜ)EVGJZAdFIx]V\2EVÝ�KNlJlJÙLILm^KTEVILÝNMe]>X��2k¬ï ä Z>ablJÙLÝTÚF][]|ÙxK+RNZÂEVG9`VZ�KNdJ]�_<GJIxm¯GbISMQRvÝN\NZÂEVG9Z
ßJÙSÝFm¯\QILMJÞ�ïVð ä `HÝNDFEHISM9Z^]^iQh¬Z>M9m>Z�EVGJZ2Kv]|ÚQM9m¯GJ`HÝNMQÚbÝUÜ �2kAï ä IL]6ÙLISabISEVZ�d1EHÝ·EVGJZ�MQDJajß)Z>`
ÝUÜ�]VÙLK+RvZ6EVGJ`HZ^KvdJ]£ILM%ÝvleZ^`HKUEVILÝNM?iWh¬K+RQISM9ÞjK�ÙxKU`HÞNZ<MQDJa�ßeZ^`ÂÝNÜ.EVGJ`HZ^KvdJ]/Ix]£M9ÝUE#K�]|ÝvÙSDJEVILÝNM
ßeZ�m>KUDe]|ZvXeKN]¬EVG9ZjMQDJajß)Z>`rÝUÜ[EHGJ`VZ�KNdJ]¬ISMem�`HZ^KN]VZ^]^X9]VÚF]�EHZ>a leZ^`|Ü²Ýv`Va�KNM9m�ZjdJZ>ÞN`¯KNdJZ^]AdFD9Z
EVÝ·EVGJZ�KvdJdFISEVILÝNM9KNÙ.ÝTRNZ^`VGJZ�KNd1ÝUÜ�m>ÝNMWEVZ>çQE<]V_<ISEHm¯GJZ�]<KUM9d�EVG9`VZ�KNd�abKNM9KUÞvZ>abZ>MWE�i

Sequential Access Performance (Non−buffered)
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î6GJZ¬l)Z>`VÜ²ÝN`Ha�KUM9m>ZAabZ�EV`HIxmA_#Z¬G9K+RvZ¬m¯GJÝv]VZ>M�ILM�KNÙSÙeEVG9ZAEVG9`VZ^Z¬ÞN`¯KUl9G9]/lJ`HZ^]VZ>MWEHZ^d.XWIL]£EVG9Z
K+RNZ>`¯KUÞvZ·EVGJ`HÝNDJÞvGJlJDFE·ÝUÜ6EVG9Z�KNlJlJÙLILm^KTEVILÝNM�X�Ici Z1EVGJZ�MWD9ajß)Z>`·ÝUÜA`HZ:
WDJZ^]|EH]j]|Z^`VRQIxm�Z^dÃßQÚ
EVGJZ�KUlJlJÙLIxm>KTEHISÝvMbISM%ÝvMJZ¬]VZ^m>ÝNM9d.i ��ISÞvDJ`VZ�]£í2KNM9d�é�]VGJÝT_óEVGJZrßeZ^G9K+RQISÝv`/ÝUÜ.`¯KUM9dFÝva�KNM9d
]|Z�
vD9Z>MWEVIxKUÙ�`HZ^KNd9]rKNM9dP_<`HIoEHZ^]�_<ISEVGJÝvDFErEHGJZbZ�å�Z^m�E�ÝNÜ£ßJDFå�Z>`�m^KNm¯GJZ � Z�KNm¯G¾`HZ^Kvdeð+_<`HISEVZ
ISMQRNÝvÙSRvZ^dÊKàê��ÈdJKUEHK�EH`HKNM9]|Ü²Z>`�X?Ü²`HÝNa1ð�EHÝàdFIx]|\ÃßJÙLÝFm¯\F]j`¯KUM9dJÝNabÙSÚÃm¯GJÝW]|Z^MÛ_<IoEHGJILMÛEVG9Z
_ÂÝv`V\QILMJÞ1]VZ�E�]VILg>Z � i�ïqM�EVGJIx]�m>Kv]|ZvX �6kAï ä _<ISEVGàßJDFå�Z>`�m>Kvm¯GJZ�dFIx]HKUßJÙLZ^d�_6KN]rm�Ýva·leKU`HZ^d
_<IoEHG �2kAï ä `HDJMJMJILMJÞAÝTRvZ>`?`¯K+_:dJIL]V\�X�KNM9d�lJÙxKUILM�`HK+_:ïVð ä i��àZÂÝNß9]VZ>`HRNZ�EHG9KTE�ISM2EHGJZ£`¯KUMJn
dFÝNa±KNm^m�Z^]H][m>Kv]|ZvX �6kAï ä l)Z>`VÜ²ÝN`Hab]/ÝNM%KUM�K+RvZ>`¯KUÞNZ<í ��� ß)Z�EVEVZ>`ÂEVGeKUM �2kAï ä KUMed � �
�
ßeZ>E|EVZ^`�EVG9KNMP`HK+_ ïVð ä ieî6GJIx]¬Ix]rleÝW]V]VISß9ÙSZ�ßeZ�m>KUDe]|Z1�#k¬ï ä KUÙLÙSÝT_A]AEVGJZ·dFIx]|\(ÙxKTEVZ^M9m�Ú�EHÝ
ßeZ<l9KN`|EHILKNÙSÙLÚ2GJIxdJdFZ^M·ßQÚ�Z^M9KUß9ÙSILMJÞ2KUlJl9ÙSIxm>KUEVILÝNM9]�EVÝ�ÝTRvZ>`HÙLKNljdFIx]|\�ïVð ä _<ISEVGblJ`HÝFm�Z^]H]VISMJÞeX
]|Ý2EHG9KTE#ßQÚjEHGJZAEHISabZrEVGJZr`VZ�]|DJÙSEH]£ÝUÜ?KUM1ïVð ä KU`HZ<`VZ�
WDJIS`HZ^d?XUEVG9Z>Ú�KU`HZ<abÝv]|EÂÙLIS\vZ>ÙLÚjEHÝjß)Z
KUÙL`VZ�KNdFÚjK+RTKNISÙxKUßJÙLZNX�EHGJZ>`HZ>ßQÚjZ^ÙSILabISMeKTEVILMJÞ�EHGJZ6EVILabZ<EVGJZAKNlJlJÙLILm^KTEHISÝvM·]VleZ^M9dJ][ILM�_6KUISEVILMJÞ
Ü²ÝN`�ïVð ä i)ïqM¾]|Z�
WDJZ>MWEVIxKUÙ�KNm^m�Z�]V]^X �6kAï ä ÝvDFEVl)Z>`VÜ²ÝN`Ha�] �2k¬ï ä Xeß9DFE�`¯K+_ ïVð ä l)Z>`VÜ²ÝN`Ha�]
abKN`VÞvISMeKUÙLÙSÚ:ßeZ>E|EHZ>`�EVG9KNM �6kAï ä i�î6GJZ1`HZ^Kv]|ÝvMÊ_ÂZ�ßeZ^ÙSILZ>RvZ%EHGJIL]·G9KNlJl)Z>M9]�IL]�ß)Z^m>KND9]VZ
]|Z�
vD9Z>MWEVIxKUÙA`¯K+_�ïVð ä IL]1ISMJG9Z>`HZ>MWEVÙLÚ=Ü¨Kv]�E�KUM9d MJÝNE1ajDem¯GóIx]%ÞWKUILMJZ^d ßQÚóKN]VÚWMem¯GJ`VÝvMQÚ
�:ILM9]�EHZ^KvdÊEVG9Z�ÝTRvZ>`HGJZ^KvdÃÝUÜ¬KUM Z�çQEVZ^`VMeKUÙ#lJ`VÝFm>Z^]H]�ILMvEHISa�KUEVILMJÞàïVð ä m�Ýva·l9ÙSZ>EVILÝNM=KNM9d
KNdJdFISEVILÝNMeKUÙ�m>ÝNMWEVZ>çQEr]|_<ISEHm¯G9ISMJÞ1ßJ`VILMJÞW]¬dFÝT_<M(EHGJZjl)Z>`VÜ²ÝN`Ha�KUM9m>Z2ÝUÜ[EVG9Z�KN]VÚQM9m¯GJ`HÝNMJÝvD9]
]Vm¯GJZ^abZ^]^i+î6G9IL][GeKN]�EVGJZ<ÝvßQRWILÝNDe]�ILablJÙSIxm>KUEVILÝNM�EVG9KUE/Z�çFl)Ýv]VISMJÞ�KN]VÚQM9m¯GJ`HÝNMQÚ�IL]�ÝNÜeÞv`VZ�KTEVZ^`
ßeZ^MJZ�èJE<Ü²Ýv`AKb`HKNM9dFÝva�KNm>m>Z^]H]#_ÂÝv`V\QÙLÝvKNd%EVG9KNM�ÝvMJZ2ÝUÜ�]|Z�
WDJZ>MWEVIxKUÙ?Kvm>m>Z^]H]>iïqM�EHGJZAMJZ>çQE£]�EHD9dFÚNXv]|GJÝT_<MbILM���ILÞND9`VZ �eXT_ÂZAm>ÝNabl9KU`HZ^d1�6kAï ä _<IoEHG�KUÙLÙJ`VZ�
WDJZ^]|EH]�ÞvÝNILMJÞ
EVGJ`HÝNDJÞvG�EHGJZ6ßJDFå�Z>`/m>Kvm¯GJZNX �2k¬ï ä ÝTRNZ^`�Z>çWE'í¬KNM9d�l9ÙLKNISM·Z�çQE¯íJi �àZ6ÝNße]|Z^`VRvZ/EVGeKTE-�6kAï ä
m�ÝNMe]|Ix]�EHZ>MWEVÙLÚPÝvDFEVl)Z>`VÜ²ÝN`Ha�] �2kAï ä KUM9d:`¯K+_ ïVð ä ISMÊ`¯KUMedFÝNa5`HZ^KvdJ]^X.ßJDFEjILMÃ`HKNM9dFÝNa
_<`VISEVZ�]>XÂZ�çQE¯íÃKNM9d �2kAï ä l)Z>`VÜ²ÝN`Ha ß)Z�E|EHZ>`�iÂî6GJIx]%Ix]%ß)Z^m^KUD9]VZPÝNÜ�EHGJZ¾dFZ^ÙLK+ÚvZ^dó_<`HIoEHZ
]�EH`HKUEVZ>ÞvÚPÝUÜ6Z�çQE'íFX._<GJIxm¯GÊKUÙx]|Ý�KUl9lJÙSILZ^]2EVÝ �2kAï ä ]|ILM9m>ZbEVGJZ%]VÙLK+RvZjEHGJ`HZ^KNd9]2ÝUÜ �2kAï ä
ISMWEVZ^`VMeKUÙLÙSÚ%De]|Z�Z�çQE'í·ïVð ä m^KUÙLÙL]^i9OQILM9m�Z2_<`HISEVZ^]<KN`VZrÜ²DJÙLÙSÚ�ßJDFå�Z>`HZ^d�KUMed�ÝvMJÙLÚ��9D9]VGJZ^d�EHÝ



Random  Access Performance (Buffered)
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dFIL]V\�ÝNMem�Z�KUErEHGJZbm�ÝNablJÙLZ�EHISÝvM¾ÝNÜ/EVGJZ·Z�çFl)Z>`HISabZ^MvE�X�abKNMQÚ�_<`VISEVZ�]AEHÝ1EHGJZ·]HKUabZ·ßJÙLÝQm¯\
KU`HZ#KNß9]|Ýv`Vß)Z^djßQÚ�EVGJZ<ßJDJå)Z^`/m>KNm¯G9ZNiTC�ÝN`HZ>ÝTRvZ>`�X�EHGJZ<]|ÚQM9m#Ix]�GJISÞvGJÙLÚ2ÝNlFEHISabILg>Z^d�ß)Z^m>KND9]VZ
ÝUÜ�EVGJZjÙLKN`VÞvZ�MQDJa�ßeZ^`AÝUÜ[ßJÙLÝFm¯\F]6EVÝ�_<`HIoEHZ�EVÝ1dJIL]V\�XFEVGJZ^`VZ^ßQÚ%Ü¨KNm>ISÙLISEHKTEHISM9Þ%ÝNlFEHISa�KNÙ�dFIx]|\
]Vm¯GJZ�dFDJÙLISM9Þ9i�ïqM:]VlJISEVZ·ÝUÜ6KUÙLÙ�EHGJZ^]VZNX)Ü²Ýv`�RvZ>`HÚ�ÙLKN`VÞvZj_#ÝN`H\QISMJÞ�]|Z>EH]^X.Z�çJm�Z^Z^dFILMJÞ�ê ��C��rX
�#k¬ï ä ÝvDFEVl)Z>`VÜ²ÝN`Ha�]jZ>çWE'í:KUM9d �2kAï ä X/]VISM9m>Z�KUEbEVGJIx]�]|ILg>ZvX�EVGJZ(ßJDJå)Z^`%m>KNm¯G9Z1EHZ>M9dJ]
EVÝ:ÞNZ�E�è9ÙLÙSZ�dÛDJlóKUM9d=a·Ýv`VZ�_<`VISEVZ�]jÞvÝPEHÝàdFIx]|\�i[î6GQD9]^X�ILM KNÙSÙ#EVG9Z^]VZ�]|EVD9dJISZ�]>X��6kAï ä
m�ÙLZ^KU`HÙLÚ%KNm¯GJILZ>RvZ^]#ßeZ>E|EHZ>`<l)Z>`VÜ²ÝN`HabKNM9m�Z�EHG9KUM�EVGJZ�E�_#Ý·ÝUEVG9Z>`A]VDJlJl)Ýv]VZ^dFÙLÚ%Z7�%m>ISZ^MvEAKNM9d
leÝT_#Z>`VÜ²DJÙ.ILMvEHZ>`VÜ¨KNm>Z^]^i
� � $ ( &�Ñ+$�Ô�� Ó/Ò �
î6GJZ%IxdFZ^K(ÝNÜ6abILMJILa·ILg>ILMJÞPÝv`�Z>ÙLILa·ILM9KUEVILMJÞ�ÝNl)Z>`¯KTEHISMJÞP]VÚF]�EHZ>aÇKUß9]|EV`¯KNm�EVILÝNM9]2Ix]�Kv]2ÝNÙxd
KN]�EVGJZ(m�ÝvM9m�Z^lFEbÝUÜ¬abIxm�`HÝUn�\NZ>`HMJZ^ÙL]�KU`HZNi�î6GJZ>`HZ�GeK+RNZ1ß)Z>Z^M MQDJabZ^`VÝvD9]�m>ÝNMWEV`HILßJDFEVILÝNMe]
EVG9KUEjKU`HÞNDJZ�Ü²ÝN`jK�abILMJISa�KNÙ/ÝNl)Z>`¯KTEHISMJÞ(]VÚQ]|EVZ^a�_<ISEVGÃl)ÝNÙLILm>ISZ�]2Z�çFl)Ýv]VZ^d¾EVÝ�EVGJZ%KNlJlJÙLIon
m>KTEHISÝvM9]^i��ADem�ÙLZ>D9]já �+ã�KNM9d �[çFÝN\vZ>`HMJZ>Ù/á �Tã�KU`HZ2E�_#Ý%m�ÙxKN]H]|Ixm2Z�çJKNa·l9ÙSZ�]AÝUÜ/]VD9m¯G�abÝFdFZ>Ùx]>i
�#k¬ï ä dF`¯K+_A]�ILM9]|l9IS`¯KTEHISÝvMÊÜ²`VÝvaÇEVGJZ�]|Z�m�ÝNMWEH`VILßJDFEHISÝvM9]�KNM9dÛKNlJlJÙLISZ�]�EHGJZ1lJ`HILM9m�ILlJÙLZ�ILM
EVGJZ%`HZ^]|EV`HIxm'EVZ�dàm>ÝNMWEVZ>çQE�ÝUÜAK�è9ÙLZ^]VÚQ]|EVZ^a(i�� G9KTE�IL]�dJIoå�Z>`HZ>MWE�ILM �#k¬ï ä m>ÝNabl9KN`VZ�dPEHÝ
lJ`VILÝN`�_ÂÝv`V\F]2Ix]jEVG9KUE1�6kAï ä m^KUMÊèJE·ISMWEHÝàKUM=Z�çFIL]|EVILMJÞPÝvleZ^`HKUEVILMJÞ¾]VÚF]�EHZ>a _<IoEHGÛRNZ^`VÚ
Ü²Z>_ a·ÝFdFISèem^KTEVILÝNMe]>X�Kv]�ÝNlJl)Ýv]VZ^d¾EVÝ�IxdFZ�KN]�ÙLIS\vZ �[çFÝN\NZ^`VM9Z>Ù�_<GJIxm¯G:_6KU`H`¯KUMWEVZ�d¾K�EVÝNEHKUÙ
5|]|EHKN`|E�Ü²`HÝNa ]Hm�`¯KTE¯m¯G 6b`HZ>RTKNa·l�i�î6GJZ�leZ^`|Ü²Ýv`Va�KNM9m�Z1KvdFRTKUMWEHKNÞNZ�]2ÝUÜAZ>çQl)Ýv]VILMJÞàm>Z>`VEHKUILM
è9ÙSZ�]|ÚF]|EVZ^a�leÝvÙSIxm�ILZ^]6ÙLIL\NZ2m>Kvm¯GJISM9ÞbKNM9d�lJ`VZ>Ü²Z�E¯m¯GJISM9Þ�EHÝ·EVGJZ�EHGJZ�KUlJl9ÙSIxm>KUEVILÝNM1ÙLZ>RvZ>Ù.G9K+RvZ
ßeZ^Z>M ]�EHD9dFILZ^dóßQÚ �#KUÝ ®�°b«T�S» á �FX �Nãci-�6kAï ä EHKN\NZ^]�EHGJIL]·EHÝÊKUM=Z>çQEV`HZ>abZ(ßWÚ KUÙLÙSÝT_<ILMJÞ
KUlJlJÙLIxm>KTEHISÝvM9]£EVÝ�dJILm�EHKTEHZrRQIL`|EHD9KUÙLÙLÚ·Z^RNZ^`VÚbKN]VleZ�m'E6ÝUÜ?èeÙSZ�]|ÚF]|EVZ>a±l)ÝNÙLILm>Ú%KUM9d%ÝNl)Z>`¯KTEVILÝNM�X
EVGJZ^`VZ^ßWÚblJ`HÝTRQILdJISMJÞ�KNlJlJÙLILm^KTEHISÝvM9]£_<ISEVG%EVGJZ�GJILÞNGJZ�]�E#leÝW]V]VISß9ÙSZrleZ^`|Ü²Ýv`Va�KUMem�Z¬KvdFRTKUMWEHKNÞNZ
KNm¯GJILZ>RTKUß9ÙSZ�EVG9`VÝvDJÞNG�m�D9]|EVÝva·ILg^KUEVILÝNM?i
î6GJZ1IxdFZ^K¾ÝUÜ¬l9`VÝTRQIxdFISM9Þ¾KUM=Kv]|ÚQM9m¯G9`VÝvMJÝND9]�ILMWEVZ^`|Ü¨Kvm�Z%EHÝàdFIx]V\:ïVð ä IL]�MJÝNE·MJZ^_2i�î6G9Z
�J`HZ>Z:�<OFpñISablJÙLZ>abZ>MWE¯KTEVILÝNM�ÝNÜeEHGJZ¬k¬ï ä ÙLILßJ`HKN`VÚjIL]/KNMbZ�çJKUablJÙLZ<ÝUÜ?KUM�KUE|EVZ^ablFE/EVÝ2l9`VÝNn
RWIxdFZjKv]|ÚQM9m¯G9`VÝvMJÝND9]6dFIx]V\1ïVð ä XeKUM9d(Ix]A]VISabILÙLKN`AISMP]VlJIL`VISEAEHÝ �2kAï ä i �#ÝUEHG�ÝUÜ�EVGJZ�]|ZjISMFn
EVZ>`VÜ¨KNm>Z^][Kvm¯GJISZ^RNZ6KN]VÚQM9m¯GJ`HÝNMQÚ�ßWÚ�Z>ablJÙLÝTÚQISMJÞ�]VÙLK+RvZ£EHGJ`VZ�KNdJ]^XT_<GJIxm¯GbleZ^`|Ü²Ýv`Va EHGJZA]HKUabZ
ßJÙSÝFm¯\QILMJÞjïVð ä `VÝvDFEVILMJZ^]#ÝNÜ?EVGJZrè9ÙLZ^]VÚF]�EHZ>a(iFî6GJÝNDJÞvG �2kAï ä m>ÙLKNISa�]ÂEVÝ·D9]VZ�]VlJÙLIoEVncl9G9KN]VZ
ïVð ä EVÝ�Z>çQl)Ýv]VZ6EVG9Z<Ü²DJÙLÙeKN]VÚQM9m¯GJ`HÝNMQÚ�ÝNÜ.dJIL]V\�EHÝ2EVGJZrKUlJlJÙLIxm>KTEHISÝvM?XUÝvDJ`£]|EVD9dFILZ^]£ISMedFILm^KTEHZ
MJÝ�]VILÞNMJISèem>KNMWErILa·l9`VÝTRvZ>abZ>MWE^X�KTE�ÙLZ^KN]|E�ISM¾EVGJZ�m�ÝvMWEVZ�çQE�ÝUÜ/EHGJZ·ï�p � dFIx]|\�i.hAZ^M9m�Z·EVG9Z
KN]VÚWMem¯GJ`VÝvMQÚ�IL]/ÙSILabIoEHZ^dbEHÝ2EVGJZ¬MWD9ajß)Z>`£ÝNÜ�EVGJ`HZ^KvdJ][Z>ablJÙLÝTÚNZ�d.XU_<GJIxm¯G%m>KNMJMJÝNE/ISM9m>`VZ�KN]VZ



ISM9dJZ�è9MJISEVZ^ÙSÚ(]VISM9m>Z2IoE¬EVGJZ^M�ß)Z^m>ÝNabZ^]¬m�ÝND9MvEHZ>`Vncl9`VÝFdFD9m�EVILRNZ�dFDJZ2EHÝbEVGJZ2Z>çJm�Z^]H]VISRvZ�ÝTRvZ>`Vn
GJZ^KvdbISM%m>ÝNMWEVZ>çWEVn�]V_<ISEHm¯GJILMJÞ�KUMed·EVGJ`HZ^Kvd�a�KNM9KUÞvZ>abZ>MWE^i �#k¬ï ä XNß)Z^m^KUD9]VZ<ÝUÜ.ISEH]#m>KU`HZ�Ü²D9Ù
ISMWEVZ^ÞN`¯KTEHISÝvMÛISMWEHÝ¾EHGJZ(\NZ>`HMJZ^Ù#KNM9d dJIS`HZ^m�E·ILMWEVZ>`¯KNm�EVILÝNMÛ_<ISEVG EVG9Z(dJIL]V\ÛdFZ>RQIxm�Z(dF`HISRvZ>`�X
ÝNDFEHleZ^`|Ü²Ýv`Va�]#ßeÝNEVG�EVGJZ�]|Z�abÝFdFZ>Ùx]^XJKN]6_6KN]6]|G9ÝT_<M1ILM1EHGJZ�leZ^`|Ü²Ýv`Va�KUMem�Z�]�EHD9dFÚ � �2kAï ä
m�ÙxKUILab]�EVÝÊÝNDJEVl)Z>`VÜ²ÝN`Ha kAï ä X#]|ÝÃl)Z>`VÜ²ÝN`Ha·ILMJÞÊß)Z�EVEVZ>`%EVG9KNM �2k¬ï ä Ix]�Z�
vD9ISRTKUÙLZ>MWE�EHÝ
ÝNDFEHleZ^`|Ü²Ýv`VabILMJÞbßeÝNEVG � i
� !àÓÂÐ¬Ö	(|Õ �Q×�Ó£Ð
ïqM KUMóKTEVEVZ>ablFE·EVÝ:ÝTRNZ^`Hm>ÝNabZ�EHGJZ�l)ÝUEHZ>MWEVIxKUÙ6l)Z>`VÜ²ÝN`Ha�KUM9m>Z1ÙLISabISEHKTEHISÝvM9]�ISabl)Ýv]VZ^dÛßQÚ
ÞNZ>M9Z>`HILm6ILMFn�\NZ>`HMJZ^ÙFè9ÙLZ^]VÚQ]|EVZ^a�]>Xv_ÂZAGeK+RNZ<lJ`HÝNl)Ýv]VZ^dbK2abZ^m¯GeKUMJIx]|a�\QMJÝT_<M%KN]-�6k¬ï ä ßQÚ
_<GJILm¯G�EVG9ZAKUlJlJÙLIxm>KTEHISÝvM�Ix]�ÞNILRNZ^MjÜ²D9ÙSÙ9m>ÝNMWEV`HÝNÙQÝTRvZ>`�EVGJZ<_6K+Ú2ISEH]/dJKUEHK�Ix]�ßeÝNEVGbÝN`HÞvKNMJISg^Z^d
KUM9d�a�KUMeKUÞNZ�d.i�kAl9lJÙSIxm>KUEVILÝNMFn�ÙLZ>RNZ^ÙN]VZ>a�KUMWEVIxm�\QMJÝT_<ÙLZ^dFÞvZ�Ü¨KNm�ILÙLIoE¯KTEVZ�].ÝNlJEVILa·ILg>Z�d�leÝvÙSIxm�ILZ^]
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