
� ���������
	������� ����� ���������
��� ��� �
�����
�����
� � �"! ����#$� ! �%��& ���('�)

* �������+��,-� . &/������� *

021436587
9;:<1>=?9A@�1

OTTO
-V

O
N

-G
U

ER

IC
KE-UNIVERSITÄT

M
A

G
D

EB
U

RG

BDC8CFEHGJI-E-KLG6MONQP<R8SUTWVXPAYZKQS[IXP<R8\]S[C_^�`�acbHd-eQP<fgNQR]d
h bXTiNQj[C_^kEXl?mnE-oqpgNgCFPiR4rLT<SUPiKQT<P
s KQ\8C]S[C]NgCFPOltE-Rvu4S[\8C]R]SUfgNgCFPiecrw^x\6CFPioq\

rxNQp%P<R8ILS[\]SUEXK
y{z|R8EXl~}�u4R<}|��eQd-bXRZ��PiC8C
u4SUpQj�}�G s Kgl~}�uDbHKQSUPij�acbX�QR8P<KQ�QEXjU�



SUS



����
���?�����
��\6G~�ZS[\�bv�vSUeQPij[^ANQ\8P<e�\8SUo�NQjUbHCFS[E-KOCFELE-j-ltE-R�T<E-o�pQNgC]P<R�KQPiC_��E-R8VL\i}|��E���PiI-PiR<�-�vS[R]P<j[P<\8\�KQP�C_�nE-R8V
\]SUo"NQj�bHC]SUE-Kg\�bXR]P�CFS[oqP�G_TiE-KQ\]NgoqS[KQd�f�PiT�bXNg\]P Kg\6G6� SU\�b \]P<¡wNQPiK¢CFS�bHj£\8SUo�NQjUbHCFEXR¤bXKQe¥oqELeQP<j[\
�vSUR]PijUPi\]\AKQPiC_��E-R8VL\£NQp�CFE�b��gSUd-��eQP�CWbXS[jJ}(¦2�QP�jUE-Kgd�\]SUo"NQj�bHC]SUE-KcR]NQKQ\£bXR8P�S[KQT<EXKwIXP<KQS[P<K¢C�ltE-R
CF�QP�eQPiIXP<j[E-pQo�P<K¢C"EHl>T<EXoqo�NgKQSUT<bHCFS[E-K§pQR]EHCFELT<E-j[\<��f%P<T�bHNQ\]P�CF�QP�^¨pgR]E-j[E-KQd�CF�QP©eQP�I-PijUE-pQo�P<K¢C
Ti^LT<j[PX}A¦2�QSU\Oo�EXC]S[IHbHCFPi\ZC]�QP(d-E¢bHjªEXl|C]�QP�CF�QPi\]S[\4CFE�\8p�PiP<e�NQp§�vSUR8P<jUPi\]\DKgPiC_��E-R]V«\8SUo�Ngj�bHC]SUE-KQ\
fw^�NQ\]S[KQd p¬bXR]bXjUj[P<jZbXKQeeQS[\8CFR8SUfQNxCFP<e®\8SUo�Ngj�bHC]SUE-K¯CFP<TW�gKQSU¡wNQPi\<}°¦2�QP§CFbX\]V+EXlACF�QS[\±CF�QPi\]SU\�S[\
CFE�SUK¢CFPid-RFbHC]P�b�eQS[\8C]R]SUfgNgCFPie¨\8SUo�NQjUbHCFS[E-K§\8^L\6CFP<o�S[K¨KQ\~G6�x�²CF�QbHC£bXjUj[E³�v\DC]E�\8SUo�Ngj�bHC]P��vSUR]PijUPi\]\
KQPiC_��E-R]Vw\ZE-K�o�NQj[C]SUpQj[P4TiE-oqpgNgCFPiR]\2�vS[C]�QSUK�E-KgP�KgPiC_��E-R]V´}
¦2�gSU\"C]�QP<\8SU\(eQP�I-P<j[E-pQ\�bXK�P�µxC]P<KQ\8SUE-K�C]E«CF�QP±Kg\6G6��C]E§\]S[o�NQj�b¶CFPq�vS[R]PijUP<\8\�KQP�C_�nE-R8Vw\��vS·CF�

\8CWb¶CFSUEXK¬bXR8^¸KQELeQPi\¹SUKºb»p¬bXRFbHjUjUPij�bXKQeºeQS[\8CFR8SUfQNxCFP<e�l¼bX\]�QS[E-K
} ¦2�gP®\]E-j[NgCFS[E-K�NQ\8P<\�d-R]bXpQ�
p¬bXR8C]S[C]SUE-KQS[KQd4C]P<TW�QKQS[¡wNQP<\�CFE�bXNgC]E-okb¶CFSUT<bXjUj·^�\]P<pQbXRFbHC]PZC]�QPvoqELeQPijJ�-�v�QS[TW�q�¬bH\nbA\]S[�<P2ltR]E-o¾½�¿-¿
CFE¤½�¿-¿-¿�KgExeQPi\<}|¦2�QPiK
�QCF�QPAo�ExegP<j
S[\>R]NQK�E-K�b(T<j[NQ\8C]P<RvEXl�SUK¢CFPiR]TiE-KQKQPiTiCFPiecTiE-oqpgNgCFPiR]\vNQ\]S[KQd
eQSU\6CFR]S[fQNgC]P<e�\8^LKQTW�gR]E-KQS[\FbHC]SUE-K¯o�PiCF�gExeQ\i}¹¦2�QP¤\]EXjUNgC]SUE-K�EXlvC]�QP�CF�QPi\]SU\�bXj[jUE��v\(bXj[\]E§p¬bHRFbXj[jUP<j
\]SUo"NQj�bHC]SUE-Kg\�EXK�o�NQj·CFSUpgR]ELT<P<\8\]E-R�T<EXoqpQNxCFP<R8\��vS[C]�"CF�gP>\FbXo�PnS[oqpgjUP<o�P<K¢CFbHCFS[E-K
}²��µxp�PiR]SUo�P<K¢CFbXj
R]P<\8NQj[C]\�\8�QE��ÀCF�QbHC�C]�QPACWbX\8V�EXl�C]�QP�C]�QP<\8SU\ZSU\v\]EXj[I-Pie
}vz�bHRFbXj[jUP<j
bXKQecegSU\8C]R]S[fQNgCFPie�\8SUo�Ngj�bHC]SUE-KQ\
bXR]P�TiE-R]R8P<TiC�bHKQe+pgR]ELeQNQT<P±C]�QP¤\FbXo�P�R]Pi\]NQj·CF\©bX\(\8P<¡wNQPiKwC]S�bXjvE-KgP<\<}¹��E��nP�I-PiR<�nC]�QP¤\]E-j[NgCFS[E-K
eQExPi\nKQEHCnR8P<eQNQTiP4CF�gP4R]NgKQKQSUKgd£CFS[oqPvEXlÁCF�QP�\]SUo"NQj�bHC]SUE-Kg\�SUKqC]�QP4dXP<KQPiRFbXj%T�bX\8PX�xf�PiT�bXNQ\8PDEXl
C]�QP
�QSUd-�cbXo�E-NQK¢CDEXl�C]SUo�P£\8p�PiK¢COE-K§oqbXK¬bXd-PioqPiK¢C4EXl�C]�QP�eQS[\8C]R]SUfgNgCFPie«\]S[o�NQj�b¶CFSUEXK
}�rxp�PiP<eQNgpÂS[\
bXTW�QSUP�I-PiecE-KQj·^±S[K�\]p%P<T<SUbXj�T�bH\]P<\i�¬�v�QSUTW��R]Pi¡LNgSUR]P�b(o�SUKQS[o�NQoÃokbHK¬bXd-PioqPiKwCvE�IXP<R]�gP�bXe
}
¦2�gSU\�CF�QPi\]S[\�\8�QE��v\�C]�¬bHC|CF�QPvR8P<\]Ngj[CFS[KQdA\]p%P<PieQNQp±�QS[d-�Qj·^"eQPip�PiKQeQ\�E-K�C]�QPvNQ\]PiekVwKQE��vjUPieQd-P

bXf�EXNgC¤CF�QPÂ\]S[o�NQj�b¶CFSUEXK�oqELeQPijJ}ÅÄ2eQeQS[C]SUE-KQbXjDSUK¢IXP<\8C]SUd¢b¶CFSUEXKQ\�bXR]P�KQPiP<eQPie�SUKE-R]egP<R¤CFE¯NQ\]P
bc�QSUdX�QP<R�jUP�I-P<j�VwKQE��vjUP<egd-PkltE-R�CF�QP±oqbXK¬bHd-P<o�P<K¢C£EXlvp¬bXR]bXjUj[P<j|bXKQe eQSU\6CFR]S[fQNgC]P<e¹\8SUo�NQjUbHCFS[E-K
}
�?µxp%P<R8SUo�P<K¢CWbXj4R]P<\8NQj[C]\�\]�QE��/C]�¬bHC�C]�QP§NQ\]P�EXl�CF�gSU\�VwKQE��vjUPieQd-P§�nEXNQjUe\]p%P<Pie»Ngp»p¬bHRFbXj[jUP<j
\]SUo"NQj�bHC]SUE-Kg\nEXl��vSUR8P<jUPi\]\vKQP�C_�nE-R8Vw\<}



S[I



Æ2ÇvÈ(ÉªÊ|È©É�Ë I
Ì�Í£Î©�²ÏvÎ(���
Ð ÑiÒ�Ó�Ô³Õ�Ö�×�ØXÓ³Ù¼Õ%Ò Ð
½X}[½ mnE-K¢CFP�µLC�EXl�CF�QPA¦2�QPi\]SU\©}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ½
½X}Ú� a�EXCFS·IHbHCFS[E-K±ltE-R>CF�gP�¦2�gP<\]S[\�}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Û
½X}ÝÜ MAE¢bHj
EXl�CF�QPA¦2�QPi\]SU\ }£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Þ
½X}ßÛ ¦�bX\8V¤u4PiàQKQS[C]SUE-K }�}�}£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} á
½X}ÚÞ u4ExTiNQo�P<K¢C4rLCFR8NQTiC]NQR]P }�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} â

ã ä²×�ÒªÖ²å¬æ çLÒ�Ó�å¬è2écÒ²ÕxêqètçxÖ²ë´ç ì
�L}[½ rxP<¡wNQPiKwC]S�bXj�u4S[\]TiR]PiC]P�GíPiI-PiK¢CArxS[o�NQj�b¶CFSUEXK }£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} î
�L}Ú� u4SU\6CFR]S[fQNgC]P<e�u4SU\8T<R]P�CFP�G_PiIXP<K¢CDrxSUo�Ngj�bHC]SUE-K¯}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ½-½
�L}ÝÜ ïSUR]PijUPi\]\ s �|���®ðX¿¢�x}·½-½A��P�C_�nE-R8Vw\¾}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ½�á
�L}ßÛ ¦2�QP£Kg\6G6�©rxS[o�NQjUbHCFE-Rñ}£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} �x½
�L}ÚÞ ò²ELE-V¶bX�QP<bXe¤SUK�ïSUR8P<j[P<\]\Z�ZPiC_��E-R]V�a�ELeQPijU\c}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} �XÜ

ó ôkçxètågÓ�çLÖ+õ�Õ´Ô³ö�÷ÁÓ³×�Ö�ø ã�ù
Üx}[½ z|NgR]p%E-\]Pi\�EXl�CF�gP"rwCFNQeg^ }£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} �-â
Üx}Ú� s eQP�bX\vltR]EXo�B4CF�QPiRZúZPi\]P�bHR]TW�«z�R8E¶û8P<T�CF\¹}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} �-â
Üx}ÝÜ mnE-K¢CFR]S[fQNgC]SUE-KQ\>C]E(CF�QPA¦2�QPi\]SU\ }£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} �Xî

ü ý�çLþ�Ùtë%Ò�Õ´ÿZÓ��²çÂ÷
Ù¼æÂ×�ètågÓ³ÙtÕ�Ò�÷�ø²þiÓ�çLæ ó�Ð
Ûg}[½ u4P<\8SUd-K�z�NQR]p%E-\]Pi\�}�}�}£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Üg½
Ûg}Ú� mn�QE-SUTiPAEXl?u�SU\8C]R]S[fQNgCFS[E-K�¦|^xp%P}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Ü¢�
Ûg}ÝÜ BDIXP<R]bXjUj²u4Pi\]S[d-K�}£}�}�}£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Ü-Ü
Ûg}ßÛ u4P<\8SUd-K�EXl?rL^L\8CFPiomnE-o�p�E-KgP<K¢CF\§}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÜXÛ

ÛQ}ßÛg}[½ a�P�CF�QELe¤ltE-RZa�ELeQP<j²zªbXR8C]S[CFS[E-KQS[KQd }�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÜXÛ
ÛQ}ßÛg}Ú� a�P�CF�QELe¤ltE-RZrL^LKQTW�QR8E-KQSU\]bHCFS[E-K }�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Ü-á
ÛQ}ßÛg}ÝÜ a�P�CF�QELe¤ltE-RZa�P<\8\FbXdXP"��µxTW�¬bXKQdXP«}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Û¢¿

Ûg}ÚÞ u4P<\8SUd-K s eQP�bxy�úvP<pgjUSUT<bHCFPie�rxSUo�Ngj�bHC]SUE-K�}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Û-Û
Ûg}Ýá u4P<\8SUd-K s K¢CFP<R8pQR]P�CWbHC]SUE-K }�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Ûwâ

� Ñiæ��ªè¼çLæ çLÒ�Ó�ågÓ³ÙtÕ�Ò Õ´ÿ2Ó���çÂ÷�Ù¼æ�×ªètågÓ³ÙtÕ%Ò�÷�ø²þiÓ�çxæ ü�ì
ÞL}[½ s oqpQj[P<o�P<K¢CWb¶CFSUEXK�rLCFR]bHCFPidX^�}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Û¢î
ÞL}Ú� s oqpQj[P<o�P<K¢CWb¶CFSUEXK�BDIXP<R6IxS[Pi� }�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Û¢î
ÞL}ÝÜ s oqpQj[P<o�P<K¢CWb¶CFSUEXK�EXl�rw^x\6CFPiomnE-oqp%E-KQPiK¢CF\c}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Þx½

Þx}ÝÜx}[½ a�ELeQPij²z�bXR6CFS[C]SUE-K»}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Þx½
Þx}ÝÜx}Ú� u4S[\8C]R]SUfgNgCFPiec��µxP<TiNgCFS[E-K }A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Þ-Þ
Þx}ÝÜx}ÝÜ z�E-\8C]pQR]ELT<Pi\]\]S[KQdkEHl?úvP<\8NQj[C]\4}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} á-Ü

ÞL}ßÛ ��IHbXj[N¬bHC]SUE-K�EXl�CF�gP s o�pQj[P<o�P<K¢CWbHC]SUE-K¾}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} áXÛ



IxS Æ2Ç2È©ÉªÊ|È©É�Ë

� ���	��çLÔ¶Ù¼æ çLÒ�Ó�å¬è
���gå¬è�×²ågÓ³ÙtÕ%Ò �Áùág}·½ MOE¢bXj[\2bXKQe���µxp�PiTiCWb¶CFSUEXKQ\vEXl?��µxp%P<R]S[oqPiK¢CF\�}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} á¢â
ág}Ý� BDR8d¢bXKQS[\FbHC]SUE-K±EHl?��µxp�PiR]S[oqPiKwC]\¤}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} á-ð
ág}ßÜ mnEXR]R]PiTiC]KQP<\8\4¦�P<\8C]\�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} á-î

áx}ÝÜg}·½ rxS[o�NQj�b¶CFSUEXK±úvP<\]Ngj[CF\v¦�P<\6C }£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} á-î
áx}ÝÜg}Ý� úvP<p%P�bHCFbXfQSUj[S[C_^q¦ªPi\8C }�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} â-�

ág} Û rLp�PiP<eQNQp�¦ªPi\8C]\�}£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} â-Þ
áx}ßÛQ}·½ rxp%P<PieQNQp§a�P�bX\8NQR]PioqPiKwC}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} â-Þ
áx}ßÛQ}Ý� rxp%P<PieQNQp«��\6CFSUoqbHC]SUE-K }£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} â-â

ág}ÝÞ s K¢C]P<R]pgR]PiCFbHCFS[E-K�EXl?úvP<\8NQj[C]\�}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} ðg½
ù �£Õ%ÒªØ¢è¼×�þ�Ù¼Õ%Ò�þ�å¬Ò�Ö�©×²Ó³ètÕ
Õ´ö �%ó
ô±çwÿíçwÔ¶çLÒ�Ø-çLþ �Áù



��� Ë�É¥Ç���� ������� Ê�Ë ILS[S
��� ���¾Í �"! ��#%$ �ªÏv�
½X}[½ rxSUo�Ngj�bHC]SUE-K±R8NQKQKQS[KQd(CFS[oqPH�geQPip�PiKQeQSUKgdqE-K�C]�QPAKLNgo�f�PiRvEXl�KgExeQPi\�}£}�}�}£}A} Þ
�L}[½ rxp¬bXTiP'&¶C]SUo�POeQE-oqbXSUK�EXlªPiIXP<K¢C8GíjUP�I-P<j²eQPiT<PiKwC]RFbXj[SU�iP<e�uD��r¨}£}�}�}£}�}£}�}�}£}A} ½�Ü
�L}Ú� mnE-KQ\]PiR8IHbHC]S[I-P�\8^LKQTW�gR]E-KQS[\FbHC]SUE-Kc}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ½�Û
�L}ÝÜ ��SUegeQP<K�\8CFbHCFS[E-K¤pQR]E-fgjUP<o }£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ½³â
Ûg}[½ BDIXP<R]bXjUj�\6^x\6CFPio�eQP<\8SUd-K§}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÜXÛ
Ûg}Ú� ��PiC_��E-R8V�p¬bXR8C]S[C]SUE-KQS[KQd�o�PiC]�QExeg\»}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Ü-á
Ûg}ÝÜ z�bXR6CFS[C]SUE-KgP<e¤d-RFbHpQ���vS[CF�¤\8P<KQ\8SUKQd�RFbXKgd-P<\�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÛwÞ
Ûg}ßÛ úZPipQjUS[T�bHC]P<e¤\]S[o�NQj�b¶CFSUEXK±EXlªf�E-R8eQP<R2KgExeQPi\O}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÛwÞ
ÞL}[½ s oqpQj[P<o�P<K¢CWb¶CFSUEXK�\8CFR]bHCFPidX^ }�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÞX¿
ÞL}Ú� s oqpQj[P<o�P<K¢CWb¶CFSUEXK�E³IXP<R6IxS[Pi��}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Þx½
ÞL}ÝÜ MAR]bXpQ�¤p¬bXR6CFS[C]SUE-KgSUKQd�EXfLû8P<T�CFS[IXP }£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÞHÛ
ÞL}ßÛ z�bXR6CFS[C]SUE-KgP<e¤d-RFbHpQ�°}�}£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Þ-Þ
ÞL}ÚÞ MAR]bXpQ�¤p¬bXR6CF\2ltE-R>C_��Eq\8SUo�NQjUbHCFEXR]\ }�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} Þ-Þ
ÞL}Ýá BOp%P<R]bHCFS[E-K)(+*-,/.102*43+3-5764* }�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÞXî
ÞL}Úâ BOp%P<R]bHCFS[E-K984*;:-*;<'=4*10;*;3+3-576/*�5>,4.@?+.+=45>,A:-*CBA<ED2* }�}£}�}�}£}�}£}�}�}£}A} ág½
áx}[½ u4SGF�P<R8P<KQTiP£S[K�\8SUo�Ngj�bHC]SUE-KqR]P<\8NQj[C]\ }�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} âX¿
áx}Ú� z|R8E-fQj[P<o$EXlªR]PipQjUS[T�bHC]P<e¤\]S[o�NQjUbHCFS[E-K±}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} âx½
áx}ÝÜ ��PiC_��E-R8V�oqELeQP<j�ltE-R2R]Pip�P<bHCWbXfgSUjUS·C_^qC]P<\6C }£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} âHÛ
áx}ßÛ rxp�PiP<eQNgpceQPip�PiKQeQSUKgdqE-K¤j[ExE-V¶bX�gP�bXe }£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} âXð
áx}ÚÞ �|\6CFS[okbHC]P<e¤\]p%P<PieQNQp }£}�}£}�}�}£}A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ð-¿
áx}Ýá a�P<\8\FbXd-P�SUK¢C]P<R8IHbXj[\2eQSU\6CFR8SUfQNgC]SUE-K }A}�}£}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ð-¿



IxS[SUS �H� Ë²ÉÇ��ÀÉ4IKJ � Ê�Ë
��� ���¾Í �1L ���NM�Ïv�
ÛQ}·½ mnEXKQ\]PiR8IHbHCFS·I-PAIL\<}|E-pgC]SUo�SU\8C]SUT�\8^LKQTW�QR8E-KQSU\]bHCFS[E-Kc}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} Ü-ð
ÛQ}Ý� rw^xKgTW�QR]E-KgE-NQ\vIx\i}nbH\8^LKQTW�QR8E-KQE-NQ\ZKQEXC]S[à¬T<bHCFS[E-K�o�PiCF�gExeQ\ñ}£}�}£}�}�}�}�}�}£}�} ÛQ½
ÛQ}ßÜ mn�gE-SUTiP�EHl�TiE-oqo"NQKQSUT<bHCFS[E-K±pQR8EXCFELT<EXjZ}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} Ûw�
ág}·½ zªbXRFbHoqP�CFP<R8\2ltE-R2T<E-R8R]PiTiCFKgP<\]\vCFPi\8Cv}�}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} á-î
ág}Ý� úvP<p%P�b¶CWbXfQS[jUS·C_^qC]P<\8CPO \6^xo�o�PiCFR8SUTDKgPiC_��E-R]V }£}A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} âHÛ
ág}ßÜ úvP<p%P�b¶CWbXfQS[jUS·C_^qC]P<\8CPO bX\6^Loqo�PiC]R]SUT4KQPiC_��E-R]V }A}�}£}�}�}£}�}£}�}�}�}�}�}£}�} â-Þ



��� Ë�É¥Ç��QI �R� Ç �S� ÉUTKV«Ë S·µ
��� ���¾Í ���WM # ÍA� � ��XNY �
�L}[½ Ä4jUdXE-R]S·CF�QoÅEXlªeQSU\8T<R]P�CFP�G_PiIXP<K¢CD\8SUo�Ngj�bHC]E-R®}£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ½�¿
�L}Ú� Ä4jUdXE-R]S·CF�QoÅEXl s ���|�®ð-¿-�x}[½X½�a�ÄZmñuOm h }£}�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ½�î
ÞL}[½ mnE-KQ\]PiR8IHbHC]S[I-P�\8^LKQTW�gR]E-KQS[\FbHC]SUE-K�bXj[d-E-R]S·CF�Qo }�}�}£}�}£}A}�}£}�}�}£}�}£}�}�}£}A} ÞXð



µ ��� Ë�É¥Ç��QIKJPJ � Ê[Z � I4É � Ç2ÈDË
��� ���¾Í ����¤����ÏP\ � �A� � Í"Î¤�

] a ]>h MOP<R]oqbXK�a�S[KQSU\6CFPiR8^±EHl���eQNQT<bHCFS[E-K�bXKQe�úZPi\]P<bXR]TW�
m2rQa�ÄK&-mnÄ m>bXR8R]SUPiRvrxPiKQ\]P�a�NQj[C]SUpQj[P4Ä2TiT<P<\8\��vS·CF��mnE-jUj[SU\8SUE-K±Ä²I-EXSUe¬bXKgT<P
m2rQa�Ä[&-m>u m>bXR8R]SUPiRvrxPiKQ\]P�a�NQj[C]SUpQj[P4Ä2TiT<P<\8\��vS·CF��mnE-jUj[SU\8SUE-K�u�PiCFPiTiC]SUE-K

mn¦Zr mnjUP<bXR2¦�EkrLP<KQe
uOm h u4S[\8CFR8SUfQNxCFP<e�mnELE-R]egSUK¬bHC]SUE-K h NgKQTiC]SUE-K
u4��mn¦ u4S[d-S[CFbXjÁ��KQ�QbXKQT<PieQ^ ltE-R]o�P<Rv��NQR8E-p�P<bXK`_vmnE-R8eQjUPi\]\v¦ªPijUPiT<E-o�o�NQKQS[T�bHC]SUE-Kg\
uD��r u4S[\]T<R8PiC]P�G_P�I-PiKwC�\]S[o�NQjUbHCFS[E-K
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}|¦2�QS[\ZS[\Zb�TiE-K¢CFSUKwNQEXNQ\�T�^LT<jUPH�¬�v�QSUTW�
bXSUo�\nCFE©S[oqpQR8E�I-PDCF�gP�¡wN¬bHjUS[C_^kEXl�CF�QPApQR8EXCFELT<E-j��vS[CF�¤P<bXTW�cS·CFP<R]bHCFS[E-K
}
u�NQR]S[KQd(CF�QPO\8P<T<EXKQe�\6CWbXdXPOEXl²CF�QS[\2Ti^LT<j[Pb^tCF�gPOSUo�pQjUPioqPiKwCFbHCFS[E-Kkpg�¬bX\]PE_�CF�QPA\8SUo�NQjUbHCFS[E-KkS[\

p�PiR]SUELeQS[T�bXj[j[^DR8NQK©SUK�EXR]eQPiR�CFE4C]P<\6C��v�QPiC]�QP<R?C]�QP>pQR8EXCFELT<E-jxpQR]E�ILSUegP<\?eQPijUS·I-P<R6^"EHl�pQbXTWVXP�CF\<}�¦2�gSU\
\]SUo"NQj�bHC]SUE-K�bXS[oq\ZCFE�\]�gE³���v�QPiC]�QP<ROC]�QP�SUo�pQj[P<o�P<K¢CWbHC]SUE-K�SU\�E-p�PiRFbHC]SUE-KQbXj�bHKQe§CF�QP(pQR8EXCFELT<EXj
pQR]E�ILSUeQPi\«T<EXKQKQP<T�CFS·IxS·C_^ñS[KñCF�gP¹KQPiC_��E-R8V%} s Cc�¬bX\cC]E®bXKQ\6�nPiR«CF�QP¹¡wNQPi\8C]SUE-K¯®±°2«�²¥°2«�©¯C]�QP\]SUo"NQj�bHC]SUE-K S[\qE-p%P<R]bHCFS[KQdQ�2bHKQe�KQEXC³°2´�®�S[CqSU\�E-p%P<RFb¶CFSUKgdQ}¦2�QP<R8PiltE-R8P«\8CFbHCFS[\8CFS[T�bXjZbXKQbXj[^L\]S[\
SU\©KQEXC�KQPiP<eQPiebHC©CF�QS[\�\6CFPip
}®¦2�QP�pQR]EXC]ExTiE-j2SU\qbXK¬bHj[^L\]Pie�\8CFbHCFS[\8C]SUT�bHjUj[^ bHl C]P<R©S[C]\�egP<\]S[d-K�S[\
T<E-o�pQjUP�CFPij[^qSUo�pQjUPioqPiKwC]P<e
�L�v�QSUTW��T<EXoqpQj[PiC]P<\Zb(\]SUKgd-jUPDS·CFPiRFbHC]SUE-K�S[K¤C]�QPAeQPiIXP<j[E-pQo�P<K¢CZTi^LT<j[PX}
¦2�gP \8SUo�NQjUbHCFS[E-K C]ExEXjJ� CF�¬bHC S[\�NQ\]Pie bHC�C]�QPÃd-R]EXNQp�EXl�úvP�bHj·GíC]SUo�P°rw^x\6CFPioq\�bXKQe

mnE-oqo"NQKQSUT<bHCFS[E-KQ\§S[\ÂC]�QP�KQP�C_�nEXR]V \]S[o�NQj�b¶CFE-R�KQ\~G6�4� î���} s C S[\ b¥eQSU\8T<R]P�CFP�G_PiIXP<K¢C KQP�C_�nE-R8V
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\]SUo"NQj�bHC]E-RnC]�¬bHCvT�bHK�\8SUo�NQjUbHCFPDb©�vS[eQPARFbXKQdXPOEXl?KQP�C_�nEXR]Vw\<�´SUKgT<jUNgeQSUKQd��vS[R]PijUP<\8\vE-KQP<\i}n�Z\6G~�(S[\
ltR]P<Pij[^«b�IHbXS[j�bXfgjUPX�%�vSUeQPij[^cNQ\]Pie bXKgeÂTiE-K¢CFS[KLNgE-NQ\]j·^«eQP�I-PijUE-p%P<eÂSUK§R8P<\]P<bXR]TW� bXKQe�SUKgeQNQ\8C]R8^X} s C
okbXVHP<\�bOd-ELExe©bXpgpQR]E�µxSUoqbHCFS[E-K"EHl�C]�QP2jUE���P<R��vSUR8P<jUPi\]\�KQP�C_�nEXR]V�jUb�^XP<R8\�^¼uDbHCFb�ò�S[KQV´�wz|�¢^L\]S[T�bXjµ_
bXKQe¤SU\n��P<j[j·Gí\]NQS·CFP<e±ltEXR>eQPiIXP<j[E-pQo�P<K¢CvEXl�KQPiC_��E-R8V±pQR]EHCFELT<E-j[\2bHC>C]�QPO�QSUdX�QP<R>jUb�^-P<R8\¶^��ZPiC_��E-R]V´�
¦ªR]bXKQ\]p%E-R6C�_�} h NQR8C]�QP<R8oqEXR]P£C]�QP<R8P©bXR]P(P�µLCFP<Kg\]SUEXKQ\OEXl�KQ\6G~�x�
eQP�I-PijUE-p%P<e�SUKcE-NQRDd-R8E-NQp
���v�QSUTW�
l¼bXT<S[jUS[CFbHCFP±C]�QPcegPiI-PijUE-pgoqPiKwCkEXlOTiE-oqo"NQKQSUT<bHCFS[E-K�pQR8EXCFELT<E-j[\<}®¦2�QP�^�bHR]P�p¬bXR8CqEXlDC]�QP§MA��Ä
^JMOP<KQPiR]SUT��?I-PiK¢C�ÄDz s _OoqS[eQeQj[Pi�nbXR]PH�²�v�gSUTW�¹bHjUjUE��v\DC]E�NQ\8P�C]�QP©\FbXo�P©SUo�pQjUPioqPiK¢CWbHC]SUE-K«EHl2b
pQR]EXC]ExTiE-j²f�EHCF��SUK�\]SUo"NQj�bHC]P<e�bXKQe�SUK�R]P<bXj�KQPiC_��E-R8VL\·�Ý�H¿���}>¦2�QPiR]P�ltE-R]P£KQ\6G~�©S[\vC]SUd-�¢C]j[^�TiE-NQpQj[P<e
�vS[CF��CF�QPZeQP�I-P<j[E-pQo�P<K¢C�SUK�E-NQR�d-R]E-Ngp
�LbXKQe±bHTiCFS·I-Pij[^©NQ\8P<ekltE-R��vS[R]P<j[P<\8\�KQP�C_�nEXR]V©\]S[o�NQj�b¶CFSUEXKQ\<}
hRi�¸ ¹ºl»o/|�¼U½»o/|~l
n¾u�l»¿�o/w�qyxzw�qH{}|~{
¦2�QP�\8SUo�Ngj�bHC]SUE-KQ\£EXl4�vS[R]PijUP<\8\©KQPiC_��E-R]Vw\©�vS[C]�+KQ\~G6�§bXR8P¤C]SUo�P�GíT<E-KQ\8NQo�SUKQdQ} ¦2�QSU\(S[\�egNQP�CFE
CF�QPqeQPiCFbXSUj[P<e \8SUo�Ngj�bHC]SUE-K§EXlnCF�QPqjUE��nPiR"KQP�C_�nEXR]VÂj�b�^-PiR]\<�ªCF�QPqfQR]E¢bHeQT�bX\6C�K¬b¶CFNQR8PkEXl>�vS[R]PijUP<\8\
KQPiC_��E-R]Vw\�bHKQe��QS[d-�¯KLNgo�f�PiRqEHlDKQELeQP<\¬^6½�¿-¿¯}·}·}Z½�¿-¿-¿�_�}���\~G6�§oqELeQPijU\(CF�QP�e¬bHCFbÂj[SUKQV¹bXKQe
pQ�¢^x\8SUT<bXj�j�b�^-PiR]\vNQp�CFE�b��QS[d-��eQP�CWbXS[jAO bXTiT<E-R8eQSUKQd�C]E(CF�QP s �|�|��\]p%P<TiS[à¬T<bHCFS[E-KQ\nltE-R>�vS[R]PijUP<\8\KQPiC_��E-R]Vw\·�Ý�-�-��}?¦2�QPZ�QSUdX��KwNQo"f�PiR�EHlÁKQELeQPi\nbXKge�C]�QPvfQR]E¢bHeQT�bX\6C�K¬bHCFNgR]PvEXlÁ�vS[R]PijUP<\8\|KQPiC_��E-R]Vw\
ltNQR8C]�QP<RDS[KQT<R8P�bX\8P"CF�gP�T<E-o�pQj[P�µxS[C_^¤EXl�C]�QP�\8SUo�NQjUbHCFS[E-K
} h E-R�P�µgbXoqpgjUPX�%�v�QP<K�bqKQExegP�\]PiKQeQ\Abp¬bXTWVXP�C��wbXj[j-EXC]�QP<R�KQELeQP<\��vS[CF�gSUK�b�d-S·I-PiK"RFbHKQd-P��¬b�I-P�C]E�f%P�KQEXCFS·à¬P<e"bXf%E-NgC�S[C<�¶�v�QS[TW�"S[KQT<R8P�bX\8P<\
CF�QPAKwNQo�f%P<RvEXlªT<E-o�pQNgCFbHCFS[E-KQ\2¡wN¬bXegRFbHC]SUT�bHjUj[^X}
Ä�KQEXCF�gP<RZR]P�bH\]E-K�ltE-R�j[E-KQdHGíR]NQKgKQSUKQd©\8SUo�NQjUbHCFS[E-KQ\>S[\ZC]�¬bHCZKQ\~G6��S[\4bÁÀ'«�Â·Ã2«�¤2²Ä£�¨-ª?\8SUo�Ngj�bHC]E-R<}

¦2�QSU\�oqP<bXKQ\©CF�¬b¶CqS·C�NQ\]Pi\±b�\]SUKgd-jUP¤pQR8ExTiP<\]\8SUKQd¨NQKQS·C�C]E¨P�µxP<T<NxCFPcC]�QP�o�ELeQP<j�}��Z\6G6�§SUK¯S[C]\
\8CWbHKQe¬bXR8e�IXP<R]\8SUE-K�T�bHK�KQEHC�R8NQK¤SUK¤p¬bXR]bXjUj[P<j�E-K¤o�NQj[C]SUpQj[P4pQR8ExTiP<\8\]E-R8\<}
h S[d-NQR8PO½-}[½ZR]PipQR]Pi\]PiKwC]\2b£o�P�bH\]NQR8P<o�P<K¢C�EXl
CF�gPZR8NQKQKQS[KQd£C]SUo�P2EXlÁC]�QPZ\]SUo"NQj�bHC]E-R<} s C�\]�QE��v\CF�QPvKQPiP<eQPiekR]NgKQKQSUKgdAC]SUo�P�ltE-R�EXKQPv\]P<TiE-KQe�\]S[o�NQj�b¶CFSUEXK
�XeQPip�PiKQeQS[KQdAE-K(CF�QPvKwNQo�f%P<R�EXl�KQELeQP<\i}

¦2�QP�o�ELeQP<j¬S[\|bA�vS[R]P<j[P<\8\�bHexG_�QELT2KQP�C_�nE-R8V(SUK�KQ\6G~�x�¢R]NgKQKQSUKgd"bO\]S[oqpgjUP2p%E-jUj[SUKQdDpgR]EXC]ExTiE-jJ}�¦2�QP
�¬bXR]ex�>bXR8POpQj�b¶C]ltE-R8o��¢NQ\8P<e�CFE"R]NQK±C]�QPD\]S[o�NQjUbHCFS[E-K
�¢SU\nb�j�bXpxCFE-p��vS[CF�±bk½-} Û�M��Z�DzªPiK¢CFSUNgo$a
pQR]ELT<Pi\]\]EXR<}
ï�QPiK�CF�QP�KwNQo�f%P<R"EXlZKQExegP<\(SU\"SUK C]�QP�RFbXKgd-P«½�¿-¿x}[}·}Ú�H¿-¿cE-KQPk\]P<TiE-KQe¯\]S[o�NQj�b¶CFSUEXKÂC]SUo�P

CWbXVHP<\AKQP�bHR]j[^¨½©\]PiT<E-KQeÂR]NgKQKQSUKgd±CFSUo�PX}Oï�QPiK§CF�QP(KwNQo�f%P<ROEHl�KgExeQPi\OSUKQTiR]P<bX\]Pi\ONQp§CFE�ÞX¿-¿x�
CF�QP>R8NQKQKQS[KQd4C]SUo�P�EXl¬C]�QP>\8SUo�NQjUbHCFS[E-K�SU\�fgSUd-d-PiR�C]�¬bXK�C]�QPn\8SUo�NQjUbHCFS[E-KACFSUo�P�fw^"bXj[oqE-\6C?bZl¼bXTiC]E-R
EXlO½�¿g}�¦2�gSU\"o�P�bHKQ\�C]�¬bHC"b�\8SUKQd-j[P©\]SUo"NQj�bHC]SUE-K�R8NQK EXl2Ü�o�SUKwNgCFPi\���E-NQj[e¨CFbXVXPkbXjUo�E-\8C��¬bHj[l
bXK¨�gE-NQROCFE�T<E-o�pQj[PiCFPH}©¦2�QR]PiPqo�SUKwNgC]P<\ASU\Ab¤R]Pij�bHC]S[I-Pij[^c\]�QE-R6CACFSUo�P"ltE-ROC]�QP©E-p�PiRFbHC]SUE-K�EXlnb
KQPiC_��E-R]V´} ] NgCnp�PiR]S[ExeQ\|EXl�CF�QS[\�oqbXd-KgS[CFNgeQPZbXR]PZNQ\]Pie±eQNQR8SUKQdACF�gP4eQP�I-P<j[E-pQo�P<K¢C>pg�¬bX\]PvCFE�CFPi\8CCF�QPASUo�pQj[P<o�P<K¢CWbHC]SUE-KkEXlªC]�QPAoqELeQPijJ}
¦2�QPAj[E-KQd(\]S[o�NQjUbHCFS[E-KkR8NQKQ\vbXR8POSUKQTiE-K¢I-P<KgSUP<K¢CZeQNQR8SUKQd(C]�QPOSUo�pQjUPioqPiK¢CWbHC]SUE-KqpQ�¬bX\8P�EHl�C]�QP

oqELeQP<j�} u4NQR8SUKQd�CF�QS[\(pQ�¬bX\8P�C]�QP�\]SUo"NQj�bHC]SUE-K P<KQd-S[KQP<PiR©p�PiR8ltE-R8oq\©b�\]S[KQd-jUP�\8SUo�Ngj�bHC]SUE-K¹R8NQK
bHl CFPiR"P�bHTW��TW�¬bXKQd-PkSUK¨C]�QP±o�ExegP<jJ}¤¦2�QPkd-E¢bXj�EXl>C]�QSU\£R]NQK¹S[\£C]Ec\]�gE³�Å�v�QP�CF�QPiR"CF�QPqoqELeQPij
SU\(E-p%P<R]bHCFS[E-K¬bXj�E-R(KQEXC<} ¦2�QP�j[E-KQd§R8NQKQKQS[KQd«CFS[oqP±S[\�SUKgT<E-K¢I-PiKQSUPiK¢Cqf%P<T<bXNQ\8P¤C]�QP�eQP�I-P<j[E-p%P<R
�¬bX\«CFE��nbXS·C§jUE-Kgd�CFS[oqP bHl CFPiR«P�bXTW� o�SUKQEXRcTW�¬bXKgd-P�SUKÀC]�QP�oqELeQPijJ}�¦2�QS[\c�>bHS[CFS[KQd�C]SUo�P
SUKQTiR]P�bH\]P<\(C]�QP±CFS[oqP�ltE-R�E-KQP�egPiI-PijUE-pgoqPiKwC©T�^LT<jUP¤bHKQe jUP�bHeQ\"CFE�j[P<\]\(S·CFPiRFbHC]SUE-KQ\£eQNQR8SUKQdcC]�QP
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h S[d-NQR]P(½X}[½-y�rLSUo�NQjUbHCFS[E-KkR8NQKQKQS[KQd(CFS[oqPH�geQPip�PiKQeQSUKgdqE-K�C]�QPAKLNgo�f�PiRvEXl�KgExeQPi\
�v�QE-jUP�eQPiIXP<j[E-pQo�P<K¢C�pQR8ExTiP<\]\i}�BDK"CF�QPnEXCF�QPiR?�¬bXKge�P�bXTW�©S·CFP<R]bHCFS[E-KACF�QR8E-NQd-��C]�QPneQP�I-PijUE-pQo�P<K¢C
Ti^LT<j[P�p%E-\8\]SUfgj[^±S[KQT<R8P�bX\8P<\2CF�gP�¡wN¬bHjUS[C_^kEXl�CF�QPAT<EXoqo�NgKQSUT<bHCFS[E-K±pQR8EXCFELT<E-j�}
rLEQ��C]�QP"�vSU\8�«CFE±S[KQT<R8P�bX\8P£C]�QP�¡wN¬bXj[S[C_^�EXl|T<EXoqo�NgKQSUT<bHCFS[E-K�pgR]EXC]ExTiE-jU\Z�¬b�I-P(o�EXCFS·IHbHCFPiecb

�vSU\]��C]EqeQPiT<R8P�bX\8P�C]�QPAR]NQKQKgSUKQd(CFS[oqP4EXl�\8SUo�Ngj�bHC]SUE-KQ\i}

hRi�É ÊËl
½
ÌÍl
u�o/w�qyxzw�qH{}|~{
¦2�QP(d-E¢bXj�EXl�C]�QSU\4C]�QP<\8SU\DS[\�C]E�R]P<egNQT<P�C]�QP�R]NgKQKQSUKgd±CFSUo�P�EXl|\]S[o�NQj�b¶CFSUEXKQ\Z�vS·CF�cC]�QP(KQP�C_�nE-R8V
\]SUo"NQj�bHC]E-RDKQ\~G6�x}�¦2�QPqR]P<egNQTiC]SUE-KÂEXl>R8NQKQKQS[KQd�CFS[oqP(\8�QE-NQj[e¨f%PkbHTW�QSUP�I-P<e fw^�Ng\]SUKgd�o�Ngj[CFS[pQjUP
pQR]ELT<Pi\]\]EXR]\<�¢C]�¬bHC���E-R]V"C]E-d-P�CF�QPiR|C]EAT<E-o�pQjUP�CFPnC]�QPKÀ·¨-ÎÏ«2\8SUo�NQjUbHCFS[E-K"CFbX\]V´}?¦2�QPi\]PZpQR]ELT<Pi\]\8E-R]\
T�bXKqf�PZP<S·CF�QPiR�\8SUKQd-j[P2�nE-R8Vw\8CWb¶CFSUEXKQ\<�LT<E-KgKQP<T�CFP<e�f¢^�b�KQPiC_��E-R]V´�xE-R�pQbXR8C]\�EXl�b�o�Ngj[CFS[pQR]ELT<Pi\]\8E-R
okbXTW�gSUKQPH}
¦2�gPcd-E¢bHjZEHlDCF�QP�CF�QPi\]S[\kT�bHK�f%Pco�E-R]P¤P�µgbXT�CFj·^+egPià¬KQPie
�vf¢^+Ng\]SUKgd¨CF�gP�CFPiR]o À�¦2«�«�Ð-Ã'¦%}

rxp�PiP<eQNgpÀSU\�b�R]Pij�bHC]SUE-Kf%PiC_��P<PiKÀCF�QP¨R]NQKQKgSUKQd¯CFSUo�P�EXl(E-KgP \]S[o�NQjUbHCFS[E-K®SUKñb+\]Pi¡wNQP<K¢CFSUbXj
\]SUo"NQj�bHC]E-R

Tseq

��bXKQe§CF�gP�R]NQKgKQSUKQd±C]SUo�P"EXl�C]�QP(\FbHoqP�\8SUo�Ngj�bHC]SUE-K�SUK�b±p¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<e
\]SUo"NQj�bHC]SUE-K

Tpar

y
Speedup =

Tseq

Tpar¦2�gP"\]p%P<PieQNQp§S[\�¦2´'À�£¥²�£¥Ñ-«��¬�v�QP<KcS[CZSU\vd-R8P�bHC]P<RvCF�¬bXK�E-KQPH}Z¦2�gSU\ZoqP<bXKQ\vCF�¬bHCZCF�gP£p¬bHRFbXj[jUP<j
E-R©eQSU\6CFR]S[fQNgC]P<e�\8SUo�Ngj�bHC]SUE-K¹R8NQKQ\�l¼bX\8C]P<R©CF�¬bXK¯CF�QP�\]Pi¡wNQP<K¢CFSUbXjZE-KQPX}®¦2�gP�\8p�PiP<eQNQp®T<bXK�f%P
CF�QPiE-R]P�CFSUT<bXjUj·^�okb³µgS[o�NQo/C]�QP±KwNQo�f%P<R�EHlvpQR]ELT<Pi\]\]EXR]\(SUK¹bceQSU\6CFR8SUfQNgC]P<e¹\8SUo�Ngj�bHC]SUE-K
��fQNgC�SUK
pQRFbXT�CFS[T<PÂS[C�SU\cj[E��nPiR<�Af�PiT�bXNg\]P C]�QP E-R8d¢bXKQS[\FbHC]SUE-K»bXKQeñT<E-K¢CFR8E-j�EXl©b�p¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<e
\]SUo"NQj�bHC]SUE-K±bXjU\8E©CFbXVXPi\�pgR]ELT<P<\8\]S[KQd�C]SUo�PX} s lªCF�QS[\ZEXR]d¢bXKgSU\Fb¶CFSUEXK�bXKQe�T<E-K¢C]R]E-j
CFbXVXPi\�CFELE©o�NQTW�
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CFSUo�P4S·C>S[\np%E-\]\8SUfQj[P�CF�QbHC>CF�gPD\]p%P<PieQNQp�f�PiT<E-o�P<\K¤s«�Ò�¨-²�£¥Ñ-«�}?¦2�QS[\>o�P�bXKQ\�CF�¬bHCnCF�QPD\8p�PiP<eQNgp�S[\
jUP<\8\�CF�¬bXK(EXKQPX} s K(C]�QSU\�T<bX\]PvS[C?SU\?KQEHC�bXpQpQR8E-pQR]SUbHCFP�CFEANQ\8P�bDpQbXRFbXj[jUPij¥&HeQS[\8C]R]SUfgNgCFPie"\]S[o�NQjUbHCFS[E-K
�
f�PiT�bXNQ\8P�C]�QPA\]Pi¡LNgP<K¢CFSUbXj²E-KQPASU\>l¼bX\6CFPiR<}
¦2�QPZd-E¢bHj%EHlÁCF�gSU\�CF�QPi\]S[\�S[\�C]E"bXTW�gSUPiIXPDbAp�EX\]S[C]S[IXPZ\8p�PiP<eQNgp±ltR]E-o°egSU\8C]R]S[fQNgCFPieq\8SUo�Ngj�bHC]SUE-KQ\
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}�Ä4K§PiIXP<K¢CAoqb�^�TW�¬bXKgd-P(oqELeQPij�IHbXR8S�bXfQj[P<\�bXKQe
\]TW�QPieQNQjUP¤bHKQEXCF�gP<R(PiIXP<K¢C�^t\�_"CF�QbHC(�¬bXpgp�PiK+bH\©b«T<E-KQ\8P<¡wNQPiKQT<PH}¯BOKgP±P�µgbXo�pQjUPkSU\"C]�QP��~\8P<KQe
e¬bHCWb��kP�I-PiKwC<} s C(oqbXR]Vw\�EXKQP�e¬bHCFb«p¬bXTWVXP�C�bX\(\]PiK¢C�bXKQe \]TW�QPieQNQj[P<\�b³�~R8P<T<PiS[IXP�e¬bHCWb��kP�I-PiKwC
E-K�C]�QP£egP<\8C]SUK¬b¶CFSUEXK��QEX\8COb¶l CFP<RZb�p�PiR]SUELe�EXl?CFS[oqPH}>¦2�QS[\�p%P<R8SUELe�S[\vC]�QP"pQbXTWVXP�CDCFR]bXKQ\]o�SU\8\]S[E-K
CFSUo�PX�LCF�¬b¶CvSU\2T�bHjUT<Ngj�bHC]P<e¤f¢^±CF�QPAo�ExegP<j
NQ\8SUKQd©S·CF\vbX\8\]NQo�pgCFS[E-KQ\i}
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ù è¼ë´Õ´Ô¶ÙtÓ���æ ã	ú¼Ð Ä�jUd-E-R8S[C]�Qo EHl�eQS[\]TiR]PiC]P�GíPiI-PiK¢CD\]S[o�NQjUbHCFE-R
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ü�ÿ�ü����jýÜüAü��¡ü�þjý
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����þ
�~ü��� ����� �Ùý� ��þAý� ��ü

ü���ü�þ~ý��`ü�ÿ� ��ý
þ
�Hü��¡ü�þ~ý��`üÙÿ� �Ùý

��ý���� ý

ü�þ��

÷�Ù¼æ�×ªètågÓ³ÙtÕ%Ò��"Ù¼æ ç BOKgP�EXl�C]�QP�à¬R]\6CqbXfQ\8C]RFbXT�CFS[E-KQ\<��oqbXeQP�SUK fQNgSUjUegSUKQd§u4��r�o�ExeQPijU\�S[\
CF�QP(bHfQ\8C]RFbXT�CFSUEXK«EXl�CFS[oqPH} ñ £¥ÎÍÃ}ª�¨-²�£�´�¤m²�£¥ÎÏ«(S[\DbqILS[R8CFNQbXj�CFSUo�P�NQ\]Pie�C]E±R]NgKcCF�QP"\]SUo"NQj�bHC]SUE-KoqELeQP<j�}¨rxSUKQTiP�KQE§TW�¬bXKgd-P<\©ELT<T<NgR�f�P�C_�nPiP<K¯C_�nE�T<EXKQ\]PiT<NgC]S[I-P¤P�I-P<K¢C]\�C]�QP�\]S[o�NQj�b¶CFSUEXKÂC]SUo�P
PiI-EXj[I-Pi\ZbXjU\8E(\8CFPip¢�vSU\]PH} s Cªû8NQo�pQ\2E�I-P<R>C]�QPOo�E-oqPiK¢CF\>b¶C>�v�QSUTW��C]�QPOPiIXP<K¢CF\v�¬bXpgp�PiK
}�rxEQ�xC]�QPbXjUd-EXR]S[C]�QoÅEXl?b(eQS[\]TiR]PiC]P�GíPiI-PiK¢CD\]S[o�NQjUbHCFE-R�T�bXK�f%POeQP<\8T<R]S[f�PiecE-K�à¬dXNQR]P£�x}·½-}
¦2�QP£bXj[d-E-R]S·CF�QoÃS[\ZR8P<jUbHCFS·I-P<j·^±\8SUo�pQjUPH}�¦2�QP£P�I-PiKwC]\DbXR8PA\8CFEXR]P<e�SUK�b(jUS[\8CvE-R8eQP<R8P<ecf¢^±C]�QP<S[R

CFSUo�P<\6CWbXo�p
}¦2�QP«\8SUo�Ngj�bHC]E-R(CWbXVHP<\kC]�QPcKQP�µLC�P�bXR8jUS[P<\8CqPiIXP<K¢C�ltR]EXo CF�QP«j[SU\6C��>bHegIHbXKQT<Pi\±S[C]\
IxS[R8C]N¬bXj
\8SUo�NQjUbHCFS[E-KkC]SUo�P4CFE(CF�gP�P�I-PiKwC·Úß\ZCFS[oqPi\8CWbHoqp¤bXKge�P�µgPiT<NgC]P<\ZCF�QPAPiIXP<K¢C�}
ô±å¬Ò�Ö�Õ%æ ��åQÔ¶Ù¼å���ètçLþ Ä�KQEXC]�QP<RObHfQ\8C]RFbXT�CFSUEXK«NQ\]NQbXjUj·^�oqbXeQP£SUKcC]�QP�\8SUo�NQjUbHCFS[E-K�oqELeQP<j[\�S[\CF�QP£NQ\]P�EHlP©¡¨-¤AÐ}´�Î Ñ�¨-©�£�¨�ò·ª¢«�À�}2¦2�gPi^�bXR]P£NQ\]PiecCFEqoqELeQPijªb�d-S[IXP<K�RFbXKQegE-o pQ�QP<KgE-oqPiKQE-K«S[K
CF�QP£R]P�bHj�\6^L\8CFPio f¢^�bq\8P<¡wNQP<KgT<P(EXl�pQ\]PiNQeQE�RFbHKQeQE-o�KwNQo�f%P<R8\��vS·CF�«b�\]S[oqS[j�bXR>egSU\8C]R]S[fQNgCFS[E-K
}
Ä¥Tij�bX\8\]S[T�bXjxP�µgbXo�pQjUP>�gP<R]PvS[\?CF�QP>C]SUo�PX�XC]�¬bHC�bD\]PiR8IXP<R�KQP<PieQ\�C]EOp�PiR8ltE-R8o°bDCWbH\]V´} s C|SU\�Ng\]N¬bXj[j[^oqELeQP<j[jUPieqf¢^qb�R]bXKQeQEXoÃIHbXR8S�bXfgjUP>�v�QS[TW�±�¬bX\�bXKkNgKQS[ltE-R8oºeQSU\6CFR8SUfQNgC]SUE-K(�vS·CF��p¬bXRFbHoqP�CFP<R8\�C]�QP
oqP<bXK�IHbXj[NQP

µ
bXKQe¤CF�QPOIHbXR]SUbXKQTiP

σ2
} s K�\8SUo�NQjUbHCFS[E-K
�wCF�QPOC]SUo�POSUK��v�QSUTW��b©\]P<R6I-PiR�p%P<R6ltE-R]o�\b�CFbX\]VcSU\OeQP�CFP<R8oqS[KQP<e�f¢^«CFbXVwSUKQd�b�pQ\]PiNQeQE�RFbXKgeQE-o KwNQo"f�PiRAltR8E-o C]�QP(NQ\8P<e egSU\8C]R]S[fQNgCFS[E-K
}

¦2�QP<\8PkpQ\8P<NQeQE�RFbXKgeQE-o KwNQo"f�PiR]\£bXR]P©d-PiKQP<R]bHCFPie¨f¢^�RFbHKQeQE-o KLNgo�f�PiRAd-P<KQPiRFbHC]E-R]\Ï^�úZ�DM¶_�}
Ä ú��4M SU\cbXK¸bXNgC]E-okb¶CFE-K¥CF�¬bHC�pgR]ELeQNQT<Pi\�b�\]Pi¡LNgP<KQTiP+EXl�KwNQo�f%P<R8\<�"C]�¬bHC§\8P<Pio CFE®f%P
RFbXKQegE-o�}º¦2�gP<\]PÂ\]Pi¡wNQP<KQTiP¹eQPip�PiKQeQ\�E-K¥b¯\6CWbXR6CFSUKgd¹IXbHjUNQPH�4T�bHjUjUPie À'«�«�Ð¥EXl�CF�gP¨úZ�DM(} s l
CF�QP¤\FbHoqP±\8P<Pie+S[\�NQ\]Pie¯C_�vS[T<PH��C]�QP<K�CF�gP¤ú��4M pQR]ELeQNQTiP<\�C]�QP¤\FbXo�P±\]Pi¡wNQP<KQTiP�EHl4R]bXKQeQE-o
KLNgo�f�PiR]\i}¸rxEQ�2CF�QPcR]P<\8NQj[CkEXlOCF�gP«\]S[o�NQj�b¶CFSUEXK+R8P<oqbXSUKQ\©CF�gP«\FbXo�PcS�}ßPH}ñCF�gP«\]S[o�NQj�b¶CFSUEXK¯S[\
©�«�¦A©�´·Ð-Ã2ô�£�ò·ª¢«�} ] NgC2�v�QPiK�C]�QPO\]PiP<e�SU\2TW�¬bHKQd-P<eÁ�QCF�QPO\8P<¡wNQP<KgT<P�bHjU\]E(TW�QbXKQd-Pi\<�Q�v�QS[TW��j[P�bXeg\>CFEb"eQSGF�P<R8P<K¢C>\8SUo�Ngj�bHC]SUE-K©R]Pi\]NQj·C�}�¦2�QP4oqP�CF�QELekEXl
£¥¤AÐ}«�¦2«�¤AÐ}«�¤2²U©�«�¦AªÆ£�ô�¨-²Ä£�´�¤4À4SU\�NQ\]Pie±CFE�EXfgCWbXS[K
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bÁÀ�²�¨-²�£¢À�²Ä£�ô�¨-ª¥ª�%ÍÀ�£�Ò-¤2£ &Pô�¨-¤2²n\8SUo�NQjUbHCFS[E-KkR8P<\8NQj[C � ½�Û>��}
���%çxÒ%Ó ô±çLètågÓ³ÙtÕ%Òªþ Ä�K�SUo�p%E-R8CFbXK¢C�R]Pij�bHC]SUE-K�f%PiC_��P<PiK�PiIXP<K¢CF\qSUK \]Pi¡wNQP<K¢CFSUbXjZuD��r¯S[\©C]�QP
¨�'K«�ô�²�}�Ä�K�P�I-P<K¢C

A
¨�'K«�ô�²ÔÀ�P�I-P<K¢C

B
S[l²CF�QPOltE-j[jUE��vSUKgd�T<E-KgeQS[C]SUE-KQ\n�QE-jUeÁy

½-}
A
ExTiT<NQR8\�f%PiltEXR]P

B
�´bHKQe

�x}
A
o�ELeQS[à¬Pi\£o�ELeQP<j�IHbXR]SUbXfQj[P<\ACF�¬bHC

B
Ng\]P<\i��SJ} PX}¤CF�QPqTW�¬bXKQdXP<\"C]�¬bHC

A
oqbXVXPi\£CFE�CF�QP

oqELeQPij�bXR]POR8P<j[PiIHbXK¢C2ltE-R
B
}

s K C]�QSU\"T�bX\8P�S·C�S[\(bXjU\8E§\FbXS[e¹CF�¬b¶C
B
Ð}«�¦2«�¤AÐ�À¤E-K

A
} ¦2�QS[\(R]P<jUbHCFS[E-K¹S[\"CFR]bXKQ\]S·CFS·I-PX��PH}ßdg} S[l

A
b>F�P<T�CF\qbXKQEXC]�QP<R�PiIXP<K¢C

A′
bHKQe

A′
b>F�P<T�CF\

B
�nC]�QP<K

A
bHjU\]E¨b>F�P<T�CF\

B
} s l

A
eQELP<\�KQEXC

b>FÁPiTiC
B
bXKQe

B
eQELP<\vKQEXCZb�FÁPiTiC

A
�gC]�QP<K

A
bXKQe

B
bXR8P�T<bXjUj[P<ez£¥¤AÐ}«�¦2«�¤AÐ}«�¤2²¼} ] bH\]P<e�E-K�CF�QP

SUKQeQPip�PiKQeQPiKQT<Pk��P±T<bXK eQP�à¬KQPkC]�QPqltEXjUjUE��vS[KQd¤jUP<o�oqbg���v�QSUTW�¹S[\£S[oqp%E-R6CWbXK¢CAltE-R�eQSU\6CFR]S[fQNgC]P<e
uD��r�y
( çLæ¹æ å ¦²�nE�PiIXP<K¢CF\£T�bXKÂf�P(P�µxP<T<NxCFP<e SUK ¨-¤)%cEXR]eQPiR�S·l|CF�QP�^�bXR]P©S[KQeQP<p%P<KgeQP<K¢C£bXKQeÂ�¬b�I-PeQSGF�P<R8P<K¢C2CFS[oqPi\8CFbXoqpg\<}
* Ô³Õ
Õ´ÿ ò²P�C

A
bXKQe ] f�P¤C_��E¹SUKQegP<p%P<KQeQPiK¢C�PiIXP<K¢CF\�bHKQe

A
�¬bX\�CF�QP�\]oqbXjUj[P<R�CFS[oqPi\8CFbXoqpÁ}

¦2�QP<K
A
T<bXK f%PkP�µgPiT<NgC]P<e¹à¬R8\8C<��f%P<T�bHNQ\]P±S·C�\]�QE-NgjUe �QbXpQp%P<K f%PiltEXR]P

B
}

B
T<bXK¹bXj[\]E

f�POP�µxP<T<NxCFP<e�à¬R]\6C��Qf%P<T<bXNQ\]P
A
eQELP<\vKQEXCZb�FÁPiTiCZS[C¶^ ltR]E-oÅCF�QPAS[KQeQP<p%P<KgeQP<KQTiP'_��¬SJ} PX}�S·CvSU\

SUR8R]P<j[PiIHbXK¢C4ltEXR
B
�v�QPiC]�QP<R

A
�¬bX\Of%P<P<K�P�µgPiT<NgC]P<eÂE-RDKQEHC�}�¦2�QP(pQR]ELEXl|S[\D\]S[oqS[j�bXRvS[l

B�¬bX\Zb(\]oqbXjUj[P<R�CFSUo�P<\6CWbXo�p
}
¦2�QSU\�j[P<o�okb4S[\�I-PiR8^©NQ\8PiltNQj¬S[K(eQSU\6CFR8SUfQNgC]P<e©uD��r��¢f%P<T<bXNQ\8P�S·C|bXjUj[E��v\ªCFEAP�µgPiT<NgC]P�S[KQeQPip�PiKQeQP<K¢C
PiI-PiK¢CF\4S[K�p¬bXR]bXjUj[P<jJ}

¸�i�¸ Ö1|j{�o}¿;|�+KãSo/q-,�Ö1|~{/âA¿;qso/q�ï�q	¼
qHnpo1æ�|jäyã�Ì~½ðo/|~lRn
ý�Ù¼þiÓ�Ô¶Ù.��×�Ó�çLÖ ÷
Ù�æ�×�è¼ågÓ�Ù¼Õ%Ò / £¢À�²Ä©�£�ò·Ã}²~«�Ð /10Rñ SU\¤b eQS[\]T<R8PiC]P�G_P�I-PiKwCc\]S[o�NQj�b¶CFSUEXK
�>CF�¬b¶C�S[\P�µxP<TiNgCFPie¹E-KÂokbXK¢^§S[K¢CFP<R8T<E-KgKQP<T�CFP<e T<E-o�pQNgC]P<R]\�bHCAC]�QP©\FbXo�P(CFSUo�P7� ½�ð��J}�¦2�QP<\8PkTiE-oqpgNgCFPiR]\
bXR]P�TiE-KQKQPiTiCFPie�f¢^ b®KQP�C_�nEXR]V´��bXKQe okb�^ñf�P�\8pQR]P<bXe�E�IXP<R�\]oqbXjUj"bXR]P<bX\ ^¼PH}ßdg} b®R]ELE-o��
E-R«b�fQNgSUjUegSUKQd+_��OE-R«jUbXR]d-P bXR]P<bX\�^tPX} dQ} s KwC]P<R8KQPiC�_�} BDKÀCF�QP�EXC]�QP<Rc�¬bXKQe
�32P¨-©�¨-ª¥ª¢«�ª /10RñSU\¹bÀegSU\]TiR]P�CFP�GíPiIXP<K¢C \]S[o�NQj�b¶CFSUEXK
�(CF�¬bHC¹SU\ R8NQKºT<EXKQT<NQR8R]PiKwC]j[^�E-KºokbHKw^¸pQR8ExTiP<\8\]E-R8\�SUKºb
o�NQj[C]SUpQR8ExTiP<\8\]E-R
PiK¢IxS[R]E-KgoqPiKwC<}�Ä�eQS�FÁPiR]PiKQT<P�f�P�C_�nPiP<K£p¬bXRFbHjUjUPij-bXKge£eQS[\8C]R]SUfgNgCFPie�\8SUo�Ngj�bHC]SUE-KDS[\
CF�¬bHC�eQS[\8C]R]SUfgNgCFPie±uD��r�S[oqpgjUSUPi\��QSUdX�QP<R|T<EXoqo�NgKQSUT<bHCFS[E-K(j�bHC]P<KQT�^(CF�¬bHKkp¬bXR]bXjUj[P<j¬u4��r%}x¦2�QS[\�S[\
f�PiT�bXNQ\8POT<E-o�pQNgC]P<R�KQPiC_��E-R]Vw\2NQ\8N¬bXj[j[^��¬b�I-POo�NgTW���QSUd-�gP<RnjUbHCFPiKQT<S[P<\�CF�¬bXKk\]�¬bXR8P<e¤o�P<o�E-R]S[P<\<}
¦2�QSU\Z\]PiTiCFS[E-K«eQS[\]TiNQ\]\8P<\DeQS[\8C]R]SUfgNgCFPiec\]S[o�NQjUbHCFS[E-K
�QfQNxCDo�E-\8C�EXl?C]�QP£C]P<R]o�\�bXR]P"bXjU\8E�IHbXj[SUe¤ltE-R
p¬bXRFbHjUjUPijÁ\8SUo�NQjUbHCFS[E-K
}
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( Õ´ë%Ù�Ø-åQè * Ô³Õ�Ø-çLþ�þ Ä f¬bX\8SUT±CFPiR]o S[K p¬bXRFbHjUjUPij¥&HegSU\8C]R]S[fQNgCFPie¨\8SUo�Ngj�bHC]SUE-K¹S[\9ª¢´�Ò-£�ô�¨-ª�¦A©�´'ô�«�À�À
^�ò²zR_p� ½�ð���} s CªSU\ªb�R8P<pQR8P<\]PiK¢CWbHC]SUE-K�EHl¬b�pg�w^L\8SUT�bHjxpQR8ExTiP<\8\�SUK�CF�QP�R]P<bXjL\8^L\8C]P<o��Xf%P<SUKgd4o�ExeQPijUj[P<e
}
¦2�QPOR]P<bXj
\8^L\6CFP<o¾SU\�ILS[Pi��P<e�bX\2b�T<EXoqp%E-\]S·CFS[E-KqEHlªpg�w^L\8SUT�bHj
pQR]ELT<Pi\]\8P<\2CF�¬b¶C2SUK¢CFPiRFbXT�C2SUKk\]E-o�P
�>b�^-} s K�CF�gPco�ExeQPijvEXlDCF�gSU\�\8^L\8C]P<o P<bXTW��pQ�¢^L\]S[T�bXjZpQR8ExTiP<\]\kSU\�R]P<pgR]P<\8P<K¢CFPiefw^�b¨j[E-d-S[T�bXj
pQR]ELT<Pi\]\<}{¦2�QP�S[KwC]P<R]bXTiC]SUE-KQ\«bXoqEXKQd+C]�QP�pQ�¢^L\]SUT<bXj�pQR8ExTiP<\8\]P<\ÂbXR8P¹o�ExeQPijUj[P<eñf¢^»oqPi\]\]bXd-P
P�µxTW�¬bXKQdXP�bXo�E-KQd�CF�QP�jUEXd-SUT<bXj�pQR8ExTiP<\8\]P<\i}�ò²P�CF\ACWbXVHPkb�T<E-o�pQNgC]P<RAKQP�C_�nE-R8VÂbX\"bHK¨P�µQbHoqpQj[P
EXl>b�R8P�bXj�\6^x\6CFPio�}(¦2�QPiKÂ��P�T�bXK�T<EXKQ\]S[eQP<ROCF�gP(KQPiC_��E-R]V§KgExeQPi\�bX\OpQ�¢^L\]SUT<bXj|pQR]ELT<Pi\]\8P<\£bXKQe
CF�QP�p¬bXTWVHPiCF\ZCF�¬b¶C2CF�QPi\]P�KQExegP<\ZP�µxTW�¬bXKQdXP"bX\2C]�QPASUK¢CFPiRFbXT�CFSUEXKQ\<} s K¤CF�QPAo�ExeQPij�P�bXTW��KQP�C_�nE-R8V
KQExegP4SU\|R8P<pQR8P<\]PiK¢CFP<e¤f¢^qb£j[E-d-SUT<bXjQpQR8ExTiP<\8\<�QbHKQekCF�gP�KQP�C_�nEXR]V�p¬bXTWVXP�CF\>f¢^�o�P<\]\]bXd-Pi\�CF�QbHC�C]�QP
ò�z�\£P�µxTW�¬bXKQdXPX}���EXC]P�C]�¬bHCACF�QPqKQEXC]SUE-KÂEXl2b�pQ�¢^L\]SUT<bXj�pQR]ELT<Pi\]\"S[KÂC]�QP�R]P�bHj�\6^L\8CFPio T<bXK¹f%P
eQPià¬KgP<e�fw^qCF�QPOo�ELeQP<j[jUP<Ri}�ï¨POT�bHK�T<E-KQ\8SUeQPiRvbXjU\8E(b�d-R8E-NQp�EXl²KQELeQPi\¶^�b�\]NgfQKQPiC_��E-R8V4_2bX\2EXKQP
pQ�¢^x\8SUT<bXj�pgR]ELT<P<\8\�bXKge¨CF�gPqp¬bHTWVXPiC]\"CF�QbHCé�¬E��ÃbXo�E-KQd�\]NQfQKgPiCF\"bX\ACF�QP�SUK¢CFPiRFbXT�CFS[E-KQ\<}k¦2�QP<K
P�bXTW� ò�z»R]P<pgR]P<\8P<K¢CF\"b�\]NQfQKgPiC_��E-R]VÂbXKQe�CF�gP�pQbXTWVXP�CF\�f�P�C_�nPiP<K C]�QP©\]NQfQKgPiC_��E-R]Vw\�TiE-NQjUe�f%P
oqELeQP<j[jUPie�fw^±P�µxTW�¬bXKQdXP"EXlªoqPi\]\]bXd-P<\vf%PiC_��P<PiKcCF�QP�ò²z�\<}
s K CF�QP TiE-K¢CFP�µLC¨EXlkC]�QSU\«��E-R8V bj[E-d-S[T�bXj£pQR]ELT<Pi\]\ ^�ò²zR_�bHjU\]EeQPiKQEXC]P<\�CF�QP \]S[o�NQjUbHCFE-R

P�µxP<TiNgCFS·I-PX�²CF�QbHCAoqELeQPijU\Db�pQ�¢^L\]S[T�bXj�pQR]ELT<Pi\]\ASUK«C]�QP(R]P<bXj?\8^L\6CFP<o ^tKQPiC_��E-R8V4_�} s K§CF�QS[\D\]PiKQ\]PCF�QP§pQ�gRFbX\8P<\Ï�~\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK»bHoqE-Kgd�ò²z|\~�§E-Rv�~o�P<\]\]bXd-P§P�µgTW�QbXKQd-PÂbXo�E-KQd�ò²z�\j�«oqP<bXK
SUK¢CFPiRFbXT�CFSUEXKQ\�bXo�E-KQd4C]�QP2\]S[o�NQjUbHCFE-R�P�µxPiT<NgC]S[I-Pi\<�xR]NQKQKgSUKQdObOp¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<e�\]S[o�NQjUbHCFS[E-K
}

ý¤çLØ-çLÒ�Ó�Ô³å¬è¼Ù.4¢çxÖç��%çxÒ%Ócètç��%çxèZÖ�Ù�þiÓ�ÔHÙ.�ª×²Ó�çLÖ¥ý9�£÷ Ä°eQS[\]TiR]PiC]P�GíPiI-PiK¢C£\8SUo�Ngj�bHC]SUE-K�T�bXK�f%P
eQSU\6CFR]S[fQNgC]P<e�bHC4eQSGF�P<R8P<K¢COjUP�I-PijU\Í� ½³Þ���}O¦2�QSU\4oqP<bXKQ\4C]E�TW�QExEX\]P�pQR8E-p%P<R8C]SUPi\DEXl�CF�gP(\]SUo"NQj�bHC]SUE-K
oqELeQP<j��qC]�¬bHC��vSUj[jqf%P®NQ\8P<eºCFE�P�µgPiT<NgC]P»S·C¹S[KÃb egSU\8C]R]S[fQNgCFPie°�>b�^X} ��P�µLC�� s ltExTiNQ\�E-KCF�QP¹egP<T<PiK¢CFRFbHjUSU�iP<e�P�I-P<K¢C�j[PiI-Pij"eQS[\8C]R]SUfgNgCFS[E-K
} rxP<T�CFSUEXKÀÛQ}Ý�+eQSU\8T<NQ\8\]Pi\§EXCF�QPiR«eQS[\8CFR8SUfQNxCFSUEXK
jUPiIXP<j[\<�²CFE-d-P�CF�QPiRO�vS[CF�§C]�QP<S[RAbXegIHbXK¢CWbXdXP<\�bXKQeÂeQSU\]bXegIHbXK¢CWbHd-P<\�bXKQeÂo�EXCFS·IXb¶CFP<\�CF�QP©TW�QE-S[T<P©EXl
eQP<TiP<K¢CFR]bXjUS[�<P<e�PiIXP<K¢CDj[PiIXP<j�eQS[\8CFR8SUfQNxCFSUEXK±SUK�CF�gSU\>��E-R]V´}
u4PiT<PiKwC]RFbXj[SU�iP<ecP�I-PiKwCDjUPiIXP<j²eQS[\8CFR8SUfQNxCFSUEXK�EXp�PiRFbHC]P<\�bX\ZltEXjUjUE��v\i}n¦2�QP£oqELeQP<j�S[\veQS[ILSUegP<ecS[K

CF�QP�\8p¬bXTiP�eQE-oqbXSUK�bXKQe§egSGF�P<R]PiK¢CDp¬bXR6CF\�EXl�CF�QP£\]p¬bHT<P(bXR8P�bX\8\]S[d-KQP<e«C]EkeQS�FÁPiR]PiKwCD\]SUo"NQj�bHC]E-R]\
^¼\]PiP�à¬dXNQR]P��x}·½�_�}ª�|bXTW�"\8SUo�Ngj�bHC]E-R
P�µxPiT<NgC]P<\ªC]�QP�PiI-PiK¢CF\�S[KAE-KQP�p¬bXR8C�EXlLCF�gP�\8p¬bXT<P�^tC]�QP|oqELeQPij¥_�}
Ä��QS[d-�"eQPid-R]PiPnEXl´pQbXRFbXj[jUPijUSU\8o»T<bXK�f%PnP�µgp%P<T�CFPie�S·lgC]�QP<R8P>bXR8PnE-KQj·^OltPi� eQPip�PiKQeQPiKQT<S[P<\�f%PiC_��P<P<K
PiI-PiK¢CF\�S[KOeQSGF�P<R8P<K¢C�\]NQfg\]p¬bXTiP<\i} h SUdXNQR]P|�L}[½|\]�gE³�v\�C]�QP|\]p¬bXTiP�GJCFSUo�P?eQEXokbXS[KOEXlLE-KQP|\]S[o�NQjUbHCFS[E-K
}
¦2�QP¤p�E-S[K¢CF\�bHR]P±P�I-P<K¢C]\kbXKge¹CF�QP¤bXR8R]E��v\(R]PipQR]Pi\]PiKwC�eQPip�PiKQeQPiKQT<S[P<\<} �?I-P<K¢C

B
eQPip�PiKQeQ\©E-K

PiI-PiK¢C
A
�
D
eQP<p%P<KQeg\OE-K

B
bXKge«\]E±EXK
}D¦2�QP�P�I-PiKwC

C
SU\�SUKQegP<p%P<KQeQPiK¢CDltR]E-o

A
�
B
bXKge

D
�

\]E�S[C4T�bXK§f%P�P�µgPiT<NgC]P<eÂSUK«pQbXRFbXj[jUPij²C]E±CF�QPio�}A�ZE��nP�I-P<Ri��CF�QS[\4jUP�I-Pij?EXl|eQS[\8CFR8SUfQNxCFSUEXKcR]Pi¡wNQSUR8P<\
b9À5%�¤sô�°}©�´�¤2£¢À·¨-²Ä£�´�¤�¦A©�´�²�´'ô�´�ªªC]EqPiKQ\]NQR8P�C]�QP�T<E-R8R]P<T�CZP�µxP<TiNgCFS[E-KcEXl�CF�gP£o�ExegP<jJ}�B4C]�QP<R6�vSU\]PH�´S[l
f�EXC]� \8SUo�NQjUbHCFEXR]\A�¬b�I-PkbXegIHbXKQTiP<e C]�QP<S[R�C]SUo�P<\ANQp¨C]E

t1
bHKQe

t2
R8P<\8p�PiTiCFS·I-Pij[^-�ªCF�QP�PiIXP<K¢C

Db>FÁPiTiC]\�P�I-P<K¢C
E
SUK±CF�gP�pQbX\8Cv�v�QS[TW��S[\2KQEXCZT<E-R8R]PiTiC�}

÷Áø²Ò�Ø���Ô³Õ%ÒªÙ¼þ<ågÓ�Ù¼Õ%Ò ¦2�QPiR]PvbXR8P�C_��EOT<E-o�o�E-K"bHpQpQR]E-bXTW�QP<\?ltEXRª\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK(bXo�E-KQdDò²z�\
SUK�eQP<TiP<K¢CFR]bXjUS[�<P<e�PiIXP<K¢C>j[PiIXP<j´eQSU\6CFR8SUfQNgC]P<e�\]S[o�NQj�b¶CFSUEXK
}ªBOKgPZEHlÁCF�gP<oºSU\�T<bXjUj[P<e76p´�¤4À'«�©�Ñ�¨-²Ä£¥Ñ-«��
bXKQe�CF�QPOEHCF�QPiR2E-KQP98U¦A²�£¥ÎÍ£¢À�²Ä£�ô�}�¦2�gP<SURnd-E¢bXj�SU\nC]E(d-N¬bXR]bXK¢CFP<PDC]�¬bHCZb�eQS[\8C]R]SUfgNgCFPie�\]SUo"NQj�bHC]SUE-K
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Simulation space

1

C E

Simulation time
t

2

A B

D

t2 1

h S[d-NQR8PA�x}·½-y�rxp¬bXTiP'&¶C]SUo�POeQE-oqbXSUK�EHl�P�I-P<K¢C6G_jUP�I-Pij�egP<T<PiK¢CFRFbHjUSU�iP<e�uD��r

pQR]ELeQNQTiP<\§«�:+¨}ô�²Äª�%v²¥°2«[À·¨-ÎÏ«OR8P<\]Ngj[CF\ZbX\vb(\8P<¡wNQP<K¢C]S�bXj�E-KgPA�vS·CF�±C]�QPA\FbXo�POoqELeQPijJ}�¦2�gSU\veQELP<\
KQEXC>KgP<T<Pi\]\]bXR8^�o�P�bHKkCF�¬b¶C2bXj[j%C]�QPDPiIXP<K¢CF\2S[KkCF�gPDoqELeQPij��¬b�IXPDCFE�f%PDP�µxPiT<NgC]P<e¤SUKkC]SUo�P<\6CWbXo�p
E-R]eQPiR<} s C�SU\©E-KQj·^¹KQPiT<Pi\]\FbHR8^ CF�¬b¶CqS·C(\]PiP<o�\q\8EQ�nS�}ßPH} SUKQeQPip�PiKQeQPiKwCqPiIXP<K¢CF\qT�bXK¯f%P�R8NQK¯SUK
p¬bXRFbHjUjUPij
E-RvE-NgC�EXl�E-R]eQPiR<}2¦2�QP�T<EXKQ\]PiR8IHbHCFS·I-P�CFP<TW�gKQSU¡wNQPi\DVXPiP<pcC]�QP£\8EkT<bXjUj[P<emª¢´'ô�¨-ª±ô�¨-Ã+À·¨-ªÆ£¥²;%
ô�´�¤4À�²Ä©¡¨-£¥¤2²¼}c¦2�QS[\"o�P�bXKQ\�CF�¬b¶C�P�bHTW� ò�z d-N¬bHRFbXK¢CFPiP<\"C]�¬bHC�bXjUj�CF�gPkPiIXP<K¢CF\©S·C"pQR8ExTiP<\8\]P<\©bHR]P
\8CFR8SUT�CFj[^ SUK�CFS[oqPi\8CFbXoqp�EXR]eQPiR<} ¦2�QSU\©TiE-KQ\8C]RFbXS[K¢Ckb�IXE-SUeQ\©\8S[CFNQbHCFS[E-KQ\�j[SUVXP±C]�QP�E-KQP¤eQP<pgSUTiC]P<e
E-K¹à¬d-NQR8P¤�x}·½m^¼P�I-P<K¢C

D
b>F�P<T�CF\(PiIXP<K¢C

E
SUK¨CF�QP�p¬bH\8C�_�}¨¦2�gP�E-pgCFS[oqS[\8C]SUT©\8^LKQTW�QR8E-KQS[\FbHC]SUE-K

pQR]EXC]ExTiE-jU\±bXjUj[E³�\8NQTW�»\8S[C]N¬bHCFS[E-KQ\i��fQNxC�CF�QP�^®CWbXVHPÂo�P�bH\]NQR8P<\±CFE R8P<T<E�IXP<R¤ltR]E-o CF�QPio bXKQe
d-N¬bXR]bXK¢CFP<POC]�QPAT<E-R8R]P<T�CFKQPi\]\ZEXl�CF�QPA\]S[o�NQjUbHCFS[E-K
}

�"Õ%Ò�þ<çwÔ'�QågÓ³Ù¥�%ç±÷Áø²Ò�Ø���Ô³Õ%ÒªÙ¼þ<ågÓ�Ù¼Õ%Ò ¦2�QP2TiE-KQ\8P<R8IHbHC]S[IXPZo�PiC]�QELeQ\���P<R]P2à¬R8\8C|S[KwC]R]ELeQNQTiP<e(f¢^
mn�¬bXKQeg^�bXKQeca�SUR8\Fb(SUKm� ½³����}|¦2�QPi^�bXR8POf¬bX\8P<e�E-K�C]�QPApQR]EXp�PiR8C_^zª¢´'´=<-¨�°2«�¨�ÐX}�ò�ELE-V¶bX�QP<bXe�SU\vb
CFSUo�PnS[K¢CFP<R6IHbXjxS[K�CF�QP�ltNgCFNQR8P2SUK"�v�gSUTW��bXK©ò²zÂdXN¬bXRFbHKwC]P<Pi\?CF�¬bHC?S[C��vS[jUjLKQEXC�\8P<K¢C�¨-¤)%AoqPi\]\FbHd-P<\
CFE£bXKQEXC]�QP<R�ò²zª}w¦2�QS[\�S[K¢CFP<R6IHbXj¬\8CFbXR8C]\��vS·CF�©CF�QPvT<NgR]R]PiK¢C>\]S[o�NQjUbHCFS[E-K"CFS[oqP2EHlÁCF�gPZà¬R8\8C�ò²z�bXKQe
S[CF\kjUP<KgdXCF�®S[\±eQPiàQKQP<ef¢^®NQ\8SUKQd�o�ExegP<j4\8p�PiT<S·à¬T§VwKQE��vjUP<egd-P�bXKQeoqb�^¯IHbXR8^¯CF�gR]E-NQdX�C]�QP
\]SUo"NQj�bHC]SUE-KÁ}��|bXTW�¤ò²z T�bXj[T<NQjUbHCFPi\nS[C]\nj[ExE-V¶bX�gP�bXe�CFSUo�PZSUK¢CFPiR8IHbXj�bXKQe�R]Pip�EXR8CF\nS[C�CFE(EXC]�QP<Rnò�z�\
�v�QE-o S[Cªokb�^�\]PiKQe©b4o�P<\8\FbXd-PH} ] bH\]P<e(EXK£CF�gSU\�S[KgltE-R8okbHC]SUE-KAP<bXTW�(ò²zÂegPiCFPiR]o�SUKQPi\?bZ\]EDT<bXjUj[P<e
À·¨�>E«v®»£¥¤AÐ}´�®��
SUK§�v�QS[TW�¨S·CASU\O\8NQR]P©CF�¬b¶CAS[CO�vSUj[j�KQEHCAf�PiT<E-o�P�bXK¢^§oqPi\]\]bXd-P(ltR]E-o/bXK¢^§EXCF�gP<R
ò�z�}QrLE(bXjUj¬C]�QPDPiIXP<K¢CF\vS[KqCF�gSU\n\]bHltP��vS[KQeQE��»bXR]P�VwKQE��vK¤C]E"CF�gPDò²z+bHKQe±T�bHK�f�P�pQR]ELT<Pi\]\]Pie¤SUK
CFSUo�P<\6CWbXo�p�E-R8eQP<Ri}�¦2�QSU\vSUegP�b(SU\2S[jUjUNg\8CFR]bHCFPie±E-K¤à¬d-NQR8P£�x}Ú�L}
s K»CF�QS[\�\8SUo�Ngj�bHC]SUE-K�C]�QP<R8P¹bXR8PÂC_��E®ò²z�\<} ] EXC]�ñEXl£CF�QPio T<bXjUTiNQj�b¶CFP§CF�QPiSUR�jUELE-V¶bX�QP<bXe

SUK¢CFPiR8IHbXjU\kbHC�CF�gP§T<NQR8R]P<K¢C�C]SUo�P
T1

bXKge
T2

}���bHTW�»ò²zÅR]P<p%E-R6CF\±CF�gP§NQpQp%P<R�f%E-NQKQeEXl�S[C]\
jUELE-V¶bX�QP�bHe SUK¢C]P<R8IHbXj|CFE�CF�QPqEXCF�QPiR(ò²zª}�¦2�QP±R8P<p%E-R8C]P<e¹CFS[oqPi\8CFbXoqpÂo�P�bXKQ\£CF�¬bHC�bXK�ò²zÀ�vSUj[j
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safe events

T1

Simulation time

LP1

LP2

lookahead

unsafe events

lookahead

1 2

3 4 5 8

6 7

T2

h SUd-NgR]P��x}Ý�xy�mnE-KQ\8P<R6IXb¶CFS[IXPA\8^LKQTW�QR8E-KQSU\]bHCFS[E-K

KQEXCv\]PiKQe�bXK¢^±o�P<\]\]bXd-PDC]E�CF�QPOEXC]�QP<R2EXKQPONQK¢CFS[j�CF�QbHC>CFS[oqPH} ] bX\8P<e�E-K±CF�gSU\>S[KgltE-R]oqbHC]SUE-KkbXKQeS[CF\�T<NQR8R]PiKwCnCFSUo�PZP�bXTW�¤ò²z T�bXj[T<NQjUbHCFPi\nS[C]\�\]bHltP4�vS[KQeQE��®�v�QP<R8PDCF�QP4PiI-PiK¢CF\2T�bHK�f�P�pQR]ELT<Pi\]\]Pie
}
¦2�QPvPiI-PiK¢CF\�bHl CFPiR�CF�QP2\]bHltP>�vSUKgeQE���bXR8P2KQEXC|bHjUjUE���P<e�ltE-R�pQR]ELT<Pi\]\]S[KQdQ}ª¦2�QPvPiI-PiK¢CF\@?¢½-�w�x�wÜx�-Û�A
E-K±à¬d-NQR8PA�x}Ý�"bXR8P4\Fb¶ltPObXKQe±T<bXK�f%PDpQR]ELT<Pi\]\8P<e¤SUK±pQbXRFbXj[jUPijJ�-�v�QS[jUPvCF�QPDP�I-PiKwC]\B?¶Þx�xág�¬âx�gðCAAbXR8P
NQKQ\Fb¶ltP�bHKQe©T�bXK(KQEHC|f�P2pQR8ExTiP<\8\]P<e�SUK(pQbXRFbXj[jUPijJ} s l�bXK�ò�zÂR]P<bXTW�QP<\�C]�QP2P<KQe©EXl%S·CF\�\Fb¶ltPn�vSUKQegE³�
S[Cv�¬bX\2C]E©�nbXS·C2ltE-R>CF�QPAEXC]�QP<RZò²z�\2CFE©R]P<bXTW��C]�¬bHCvp%E-SUK¢CZbXKQe¤R8P<p%E-R8C2C]�QP<S[R2jUELE-V¶bX�QP�bHeQ\<}
ò�PiC]\�CFbXVXP"bqo�ExeQPij²EXl|bXK s KwC]P<R8KQPiCOR8E-NgC]P<R�bX\DbXK�P�µgbXo�pQjUPAltE-RZP�µLCFR]bXTiC]SUKQdkbqj[ExE-V¶bX�gP�bXe
}ò²P�C©CF�QP¤o�SUKQS[o�NQo/CFS[oqPkS[C(CWbHVXP<\(C]E�ltEXR8�nbXR]e E-KQP s z¸p¬bXTWVXP�CqltR8E-o bHK¯S[KQpQNgC©p%E-R6C(CFEÂbXK

E-NgCFpgNgC�p�E-R6C�SU\
Tf

}�¦2�QP<K
�LS[l´C]�QP�R8E-NgC]P<R�eQELP<\�KQEXC|�¬b�IXPDbXK¢^(p¬bHTWVXPiC]\nS[K�S·CF\|fQN4F�P<R8\<�wS[C|VwKQE��v\
CF�¬bHC|C]�QP<R8Pv�vS[jUjQf%PvKQEAp¬bXTWVHPiC>\8P<K¢C�CF�QR8E-NQd-�(CF�gPZEXNgCFpQNxC�p%E-R6Cnb¶C|jUP�bH\8C�ltE-R?C]�QP�KgP�µLC

Tf

}?¦2�QS[\
SU\Af�PiT�bXNg\]P�PiI-PiK¹S[lnb¤p¬bXTWVXP�C(bXR8R]S·I-P<\AS[oqo�P<eQSUbHCFPij[^�S[CO�vS[jUj�CFbXVXPqbHC�jUP<bX\8C

Tf

C]E�ltE-R6�>bHR]eÂS[C�}
¦2�QPnû8E-f¤pQR]ELT<Pi\]\]S[KQd(CFS[oqPDS[\2b�C_^LpQSUT<bXj
\]EXNQR]TiP�EHlªP�µLCFRFbHTiCFS[KQd©jUELE-V¶bX�QP<bXekltR]EXo CF�gPOoqELeQP<j2O
S[CvT�bHK�f%P�bXpQpQj[SUP<e±C]E©EXCF�QPiRvVLS[KQeQ\vEXlªoqELeQPijU\<}
¦2�QPñjUELE-V¶bX�QP�bHeÅIHbXj[NQPñ�¬bH\�b�eQS[R]PiTiC�S[K4�¬NQPiKQT<PñE-K¾CF�gPñ\]p%P<PieQNQp EXlÂb¸eQSU\6CFR]S[fQNgC]P<e

\]SUo"NQj�bHC]SUE-KÁ} s l�CF�QPZjUELE-V¶bX�QP<bXeqS[\|fQSUdQ�-C]�QP<KqCF�QPZ\FbHltPv�vSUKgeQE��v\nbXR8P4bHjU\]E�fQS[d£bHKQeqC]�QP4ò²z�\nT<bXKE-p�PiRFbHC]P�S[K£pQbXRFbXj[jUPijH�vS[C]��ltP�� \8^LKQTW�QR8E-KQS[\FbHC]SUE-KQ\i} s lxCF�QP�jUELE-V¶bX�QP<bXeOIXbHjUNQP|EXlQbZo�ExegP<j¢SU\²\8okbXj[jJ�
CF�QPiK¹CF�QP�ò²z�\"�vS[jUj|oqEXR]PkEHl CFP<K �¬b�I-P±CFEc\8CFEXp¹PiIXP<K¢C©pQR]ELT<Pi\]\8SUKQd�bXKge¹eQE§\8^LKQTW�gR]E-KQS[\FbHC]SUE-KÁ}
¦2�QSU\vR]PieQNQTiP<\vCF�QPA\]p%P<PieQNQp
�%d¢bXS[KQP<e±ltR8E-o�b(eQS[\8CFR8SUfQNxCFP<e¤P�µgPiT<NgC]SUE-KÁ}

v��Ó�Ù�æ¹Ù¼þiÓ³Ù¼Ø±÷Áø²Ò�Ø���Ô³Õ%ÒªÙ¼þ<ågÓ�Ù¼Õ%Ò ¦2�QPOEXpgCFS[oqS[\8CFS[Tv\8CFR]bHCFPid-SUPi\>pQR8ExTiP<P<e±�vS·CF�±C]�QPDP�µxPiT<NgC]SUE-K
EXl
P�I-P<K¢C]\2bX\|l¼bXR�bX\�CF�QP�^qT<bXKkS[K(CF�QPvltNgCFNgR]P�bXKQe±bH\]\]NgoqP2CF�QbHCnKgE£o�P<\8\FbXd-Pi\��vS[jUj¬TiE-oqPvS[K©C]�QP
p¬bX\8C<}©rxEQ��CF�QP�^�bXjUj[E���IxS[E-j�b¶CFSUEXKQ\�S[K«CF�QP(j[ExT<bXj�T<bXNQ\]bXjUS·C_^cTiE-KQ\8C]RFbXS[K¢COfQNgCOCFbXVXP©o�P�bX\8NQR]Pi\DCFE
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ö4� ö �� G�E��à� ��/Þ;�~�! Á�ç ¢��Ý�à��'�~��"��$#'���A�>Ë/ Gß9Þ-ÈµÇ4�Ä Ô��� ½³Þ
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�Ý�XÜ��J}
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B
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C]�¬bHC�bXR8P�E-NgC²EXlxT<E-o�o�NQKgSUT�b¶CFSUEXK
RFbXKQdXP�\8P�bXR8TW��ltE-Rvb(p¬b¶CF�¤CF�QR8E-NQd-��CF�gP�KgPiC_��E-R]V¤bXKge�TiE-oqo"NQKQSUT<bHCFP�IxSUb(EXCF�QPiRv\8CWb¶CFSUEXKQ\<}
¦2�QP�oqbXSUKAp¬bXR6CF\�EXlLCF�QP s �|����ð-¿-�x}[½X½�\6CWbXKge¬bXR]e"bXR]P|CF�gPna�P<eQS[NQo�Ä2T<TiP<\]\�mnE-K¢CFR]EXjs^�a�ÄZm�_bXKQe�z��¢^x\8SUT<bXj�^¼z���c¶_�jUb�^-P<R4\]p%P<T<S·à¬T�b¶CFSUEXKQ\�ltE-R�f�EHCF�«S[KgltRFbX\6CFR8NQTiC]NQR]P"bXKQe�bXexGí�QELT"KQP�C_�nE-R8Vw\<}

¦2�QP¨a�ÄZmjUb�^XP<R�S[\¤b¹p¬bXR8C¤EHl�C]�QP�uDbHCFb ò²S[KQV¯j�b�^-PiR�SUK®CF�QPÂBAr s úvPiltP<R8P<KQTiP¨a�ExegP<jJ} s CT<E-K¢CFR8E-jU\qCF�QP§bHT<T<Pi\]\�CFE¨CF�QP«pg�w^L\8SUT�bHjDoqPieQSUNgo��>egPiCFPiTiC]\±CFRFbHKQ\]o�SU\8\]SUEXK�P<R8R]E-R8\�bHC�b ltR]bXo�P
jUPiIXP<j�}�Ä2eQegS[CFS[E-K¬bXj[j[^�S[C2C]RFbXKg\8ltE-R8oq\>ltR]bXoqPi\vSUK¢CFE©\]Pi¡wNQP<KQTiP�EXlªfQS[C]\ZbXKQe�R]PiIXP<R8\]PX��bXKQe�KQEXC]S[à¬Pi\
CF�QPvNQpQp%P<R�jUb�^-P<R8\��v�QP<KqbDltRFbXo�P>SU\�egP<\8C]SUKQPie(ltE-R?CF�QP2�gE-\8C<}?¦2�QPvpQ�¢^L\]SUT<bXj�^�z|��c¶_?j�b�^-PiR�SU\�C]�QP
jUE��nPi\8C2jUb�^-P<RnSUKqC]�QPABAr s a�ELeQPijJ}�¦2�QPD\8P<KQegP<Rvz|�ScÀP<KQTiExeQPi\>CF�QP4\]P<¡wNQPiKQT<PAEXl
fQS[C]\�ltR]EXoÃC]�QP
a�ÄZm�j�b�^-PiRASUKÂb¤C]RFbXKg\]o�SU\]\8SUE-K�\8SUd-K¬bHjJ}(¦2�QP�R]PiT<P<S·I-PiR"z|�Sc¾eQPiT<ELeQP<\ACF�QP�\]Pi¡wNQP<KQTiP±EXl�fQS[C]\
ltR]E-o�CF�gP"\]S[d-K¬bXj��%bXKQe«p%E-\]\8SUfQj·^¤eQPiC]P<T�CF\AbXKQecT<E-R8R]P<T�CF\4C]RFbXKg\]o�SU\]\8SUE-K�P<R8R]E-R8\DbHCDbqfQS·C8Gí\8CFR8P�bXo
jUPiIXP<j�}¥¦2�gSU\kjUb�^-P<R�\]p%P<TiS[à¬Pi\±pQ�¢^L\]S[T�bXjZp¬bXR]bXoqP�CFPiR]\kEHlDCF�QP�o�P<eQS[NQo jUS[VXP¤ltR]P<¡wNQPiKQTi^+EXlDC]�QP
\]SUdXK¬bXj�bXKge�C]RFbXKQ\8oqS[\]\8SUE-K�p%E��nPiR<}
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A B C

h SUdXNQR]PA�L}ÝÜgy|�ZSUeQegP<K�\8CWb¶CFSUEXK�pQR]E-fgjUP<o
Ñ��K�����]%ã	ú¼Ð´Ð_^ ù �
¦2�QP®ï¥ò²Ä4� \8CWbHKQe¬bXR8e¾ð-¿-�x}[½X½®pQR]E�ILSUeQPi\�C_�nE¸oqP�CF�QELeQ\�ltE-R¹o�P<egSUNQo bXT<TiP<\]\óO 2S´�£¥¤2²
6p´'´�©�Ð-£¥¤A¨-²�£�´�¤a`sÃ}¤sô�²Ä£�´�¤�^¼z�m h _2bXKQe / £¢À�²�©�£�ò·Ã}²�«�Ðb6p´'´�©�Ð-£¥¤A¨-²�£�´�¤a`sÃ}¤sô�²Ä£�´�¤�^¼uOm h _�}
* �"ä ¦2�QP2zªEXSUK¢C�mnELE-R8eQSUK¬b¶CFSUEXK h NQKQT�CFS[E-K"S[\�bZpQR]S[E-R]S·C_^wGíf¬bX\8P<e�bHT<T<Pi\]\�C]E4CF�gPno�P<eQS[NQo���C]�¬bHCT�bXK�f�PvNQ\8P<eqSUK©SUKgltR]bX\8C]R]NQT�CFNQR8PvKQPiC_��E-R]Vw\i}�Ä¥TiP<K¢CFR]bXj´T<E-K¢C]R]E-j[jUP<R�R]NQj[P<\�CF�QPvo�P<eQS[NQo°bHT<T<Pi\]\�SUK
CF�QP�KgPiC_��E-R]V´}A¦2�QP(T<EXKwC]R]E-j[jUPiR�p%E-jUj[\ZC]�QP�\6CWbHC]SUE-KQ\4\]P<¡wNQPiK¢CFS�bHjUj[^�S[K§bkjUEXd-SUT<bXj²R]SUKgdQ�ÁbHKQe§P�bXTW�
p�E-j[j|SU\�b�p�PiR]o�SU\]\8SUE-K"^¼d-R]bXK¢C�_OCFE«\8P<KQe�E-KgPkltRFbXo�P©CFEcC]�QP±o�P<eQS[NQo�}�¦2�QS[\�oqPieQSUNgo�bXT<TiP<\]\
oqP�CF�QELe�SU\qT<E-K¢C]P<K¢CFS[E-KxGíltR8P<P§bHKQe�T�bHK®pQR]E�ILSUeQPceQPiC]P<R]o�SUKgSU\8C]SUT�p¬bXTWVHPiC�CFR]bXKQ\8oqS[\]\]S[E-K+C]SUo�P<\i}
¦2�QP<R8PiltE-R8PX�¬S[CvS[\2NQ\]Pie�ltE-R2R8P�bXj GíC]SUo�P4T<EXoqo�NgKQSUT<bHCFS[E-KQ\<}
ý �"ä ¦2�QPuOm h NQ\]Pi\ b m>bXR]R8SUPiR rxP<Kg\]P»a�NQj·CFSUpgjUP�Ä2TiT<Pi\]\��vS[C]�ÅmnE-jUj[SU\]S[E-K¸Ä�IXE-SUe¬bHKQT<P
^Jm2rQa�ÄK&-mnÄ[_¤oqP�CF�QELe
} s C�S[\�b+T<EXKwC]P<K¢CFS[E-KxGíf¬bX\]Pieño�P<eQS[NQo bXTiT<Pi\]\co�PiC]�QELe
�D\]S[oqS[j�bXR�CFECF�QPq�?CF�QPiR]KQP�C³^Jm2rQa�Ä[&-m>u[_�}?m2rga�Ä[&-mnÄ¾SU\ANQ\]Pie�SUK¨bXexGí�QExT©KQP�C_�nEXR]Vw\<��\8SUKQTiPqCF�gP<R]PqSU\AKQE
T<P<K¢C]RFbXj�TiE-K¢CFR]EXjUjUPiR4CF�gP<R]PH}(¦2�QPquOm h NQ\]Pi\�C_��E�C_^Lp%P<\�EXl�T�bXR8R]SUPiRD\]PiKQ\]P§O ¦2°c%'À�£�ô�¨-ªpô�¨-©�©�£�«�©
À'«�¤4À'«±bHKQe Ñ'£¥©�²�Ã;¨-ª�ô�¨-©�©�£�«�©§À'«�¤4À'«�}¤¦2�QP�à¬R]\6C�E-KQPqSU\£bXTW�QS[PiI-Pie¹f¢^ Ng\]SUKgd�CF�gPk\8CFbHCFNg\"EXl>C]�QP
pQ�¢^x\8SUT<bXj
SUK¢C]P<R8l¼bHT<PX} s C2R8P<p%E-R8C]\>�v�QPiC]�QP<RvCF�gPOpQ�¢^x\8SUT<bXj
o�P<eQS[NQo¾S[\éò·Ã+À5%qE-RK£�Ð4ª¢«�O \]SUo�SUjUbXR]j·^CFEkC]�QP��?CF�gP<R]KgPiCAT�bHR]R]S[P<RZ\]PiKQ\]PH}£z��¢^L\]S[T�bXjªT�bXR8R]SUPiR4\8P<KQ\8P(SU\4\8N4��T<S[P<K¢COSUK«��C]�QP<R8KQPiC<�
f%P<T�bHNQ\]P
bXjUjQC]�QP4\6CWbHC]SUE-KQ\�\]�QbXR]PZCF�QP�\FbXo�P�pg�w^L\8SUT�bHjÁfQNQ\nbXKQe±P�I-PiR8^q\8CWb¶CFSUEXKqT<bXK±\]PiKQ\]PDb£CFR]bXKQ\]o�SU\8\]S[E-K
ltR]E-o bXK¢^§EXCF�gP<R<}��ZE³��PiIXP<Ri��S[CDeQExPi\AKQEXC�\]N4��TiP�C]E�egPiCFPiTiC£T<E-j[jUS[\]SUEXKQ\4S[K«�vSUR]PijUPi\]\AKQPiC_��E-R8VL\
f�PiT�bXNQ\8P¤EXlvl¼bXeQSUKgd«EXlZCF�QP�\8SUd-K¬bHjJ}�¦2�QP<R8PiltE-R8P¤pQ�¢^x\8SUT<bXj>T�bHR]R]S[P<R�\8P<KQ\8P�pgR]E�ILSUeQPi\(E-KQj[^¨jUELT�bHj
SUKgltE-R8okb¶CFSUEXKqbHKQe�T�bXK�KgEXC2eQP�CFP<R8oqS[KQP��v�gPiCF�gP<R2CF�QP4oqPieQSUNQoÃS[\nfQNQ\6^±E-RnSUeQj[P4bHCnCF�QPDR8P<TiP<S[IXP<R
\]SUegPX}�¦2�gSU\�T<bXK(f%PnSUj[jUNQ\6CFR]bHCFPie£f¢^"C]�QPnp%E-pQNgj�bXR	�~�QS[eQeQPiK�\8CFbHCFS[E-K"pQR8E-fQj[P<oÍ�7� Üg½��J} s C?SU\ªeQP<pgSUTiC]P<e
E-K�à¬d-NQR8P"�L}ÝÜg}
¦2�gPvàQd-NQR]P2\8�QE��v\�C]�QR]PiP>�vSUR8P<jUPi\]\�KQELeQPi\ðO Ä"� ] bXKQeqm4}-¦2�gPZTiSUR8T<jUPi\|bXR]EXNQKQe�CF�gP<o°\8�QE��

CF�QP�RFbXKQdXPDSUK��v�QSUTW��EXC]�QP<R�KQELeQP<\>T<bXK±\8P<KQ\8PDCF�QPiSUR�C]RFbXKg\]o�SU\]\8SUE-Kq\]S[d-K¬bXj[\<}?�ZExegPDÄñT<bXK±\]PiKQ\]P
b©C]RFbXKQ\8oqS[\]\8SUE-K¤ltR]E-o�KgExeQP ] �´fQNgC�KQEXCZltR]EXo$KQELeQP�mñf%P<T<bXNQ\8P"S[CZS[\vC]ExE©l¼bXRZb��>b�^X}��ZExegP ]
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SU\ASUK�CF�QP�o�SUeQeQj[P©bXKQe¨T�bXKÂ\]PiKQ\]PkC]RFbXKg\]o�SU\]\8SUE-Kg\DltR]E-o/f%EXC]� ÄÅbXKQe¹m4}ª�ZE��ºSUoqbXd-S[KQP"CF�QbHC
KQExegPcmÃSU\�C]RFbXKQ\8oqS·C]C]SUKQd§b«ltR]bXoqPqCFE�KQELeQP ] bXKge+b¶C(CF�QS[\�CFSUo�P±KQELeQP¤Ä�eQPiT<SUegP<\qbXjU\8E«CFE
CFRFbHKQ\]o�S[C£CFE«KQELeQP ] } s lvÄ$NQ\8P<e E-KQj·^ÂS[CF\£pQ�¢^L\]SUT<bXj>T<bXR]R8SUP<\"\]P<Kg\]P�S[C£�nEXNQjUe¹KgEXC(\]PiKQ\]P±C]�QP
CFRFbHKQ\]o�SU\8\]SUEXK«ltR]E-o KQExegPkm4}�rLE�S·CD��E-NQjUe�eQPiT<S[eQP(CF�¬bHCOC]�QP©oqPieQSUNgo S[\DltR]P<P�bXKge�C]RFbXKg\]o�S[C�}
] NgC�f�EXC]�(CFRFbHKQ\]o�SU\8\]SUEXKQ\?�nEXNQjUe�T<E-j[jUS[eQP2bHC|CF�gPZR8P<TiP<S[IXP<R ] bHKQeqKgP<S[C]�QP<R|EXl�CF�QP2ltR]bXoqPi\��nE-NgjUe
f�PAR]PiT<PiS[I-PiecTiE-R]R8P<TiC]j[^X}

��Ù¼Ô�Ó³×²å¬è �"ågÔ¶Ô¶ÙtçwÔ ÷ÁçLÒªþ<ç ¦ªE�R8P<eQNgT<P C]�QP¨pgR]E-f¬bHfQSUj[S[C_^�C]�¬bHC�CF�QS[\�pQR8E-fQj[P<o ELT<T<NgR]\�C]�QP
\8CWbHKQe¬bXR8e(NQ\]Pi\�ILSUR8C]N¬bXjLT�bXR8R]S[P<R�\]P<Kg\]PX} s C�SU\�bXTW�QSUP�I-Pie(fw^�CF�gPva�ÄZm¹j�b�^-PiR�f¢^£pQj�bXTiSUKQd�eQNQR]bHCFS[E-K
SUKgltE-R8okb¶CFSUEXK�SUK(P<bXTW��ltR]bXo�PX} s C�\8�QE��v\�C]�QP2eQNQR]bHCFS[E-K©EXl�b�TiNQR]R8P<K¢C|CFRFbHKQ\]o�SU\8\]SUEXK©bXKQe©SUKgltEXR]o�\
EXCF�QPiR>\8CFbHCFS[E-KQ\nC]E(T<E-Kg\]SUegP<R>S·C>SUKqCF�QPiSURno�P<egSUNQo bXT<TiP<\8\<}|¦2�QPO\8CFbHCFS[E-KQ\>Ng\]PDCF�gSU\nS[KgltE-R8okbHC]SUE-K
CFEÂokbXS[K¢CWbXS[K bLd¶«�²Ä®�´�©�<_e�ª¥ª¢´'ô�¨-²�£�´�¤gfA«�ô�²�´�© ^��ZÄ�a[_�}�¦2�QS[\qS[\©bÂp%P<R8SUELe¯EHl4CFS[oqP�S[K��v�QSUTW�
CF�QPqoqPieQSUNQo�S[\£fgNQ\8^X}c¦2�QP�IxS[R8C]N¬bXj|T�bXR8R]S[P<R�\]P<Kg\]P±o�P<TW�¬bHKQSU\8o{S[\£S[oqpgjUP<o�P<K¢C]P<e��vS[CF� ú�¦Zr
^�úvP<¡wNQP<\6C>¦�E�rLP<KQe`_�bXKge±mn¦Zr)^JmnjUP<bXR�¦�E�rxPiKQe`_�T<E-K¢C]R]E-jQltR]bXoqPi\<}ª¦2�QP<\8PDbXR8PZ\8�QE-R6C�o�P<\8\FbXdXP<\
CF�¬bHC�S[KgltE-R]o EXCF�gP<RAKQELeQP<\ASUK§C]�QP©KQPiC_��E-R]V«C]�¬bHC£b±CFR]bXKQ\]o�SU\8\]S[E-K§�vSUjUj�CWbXVHPqpgj�bXTiPX}�ï�QPiK¹b
KQExegPD�>bXK¢C]\>CFE�CFR]bXKQ\8oqS·C>b�e¬b¶CWb"ltRFbHoqP�S[CnàQR]\8C>\]P<KgeQ\ZbXK¤ú�¦ZrqltRFbHoqPZCFE(TW�QPiTWVk�v�QPiC]�QP<R>C]�QP
oqPieQSUNQo/bHCACF�QP©R]PiT<PiS[I-PiR£\8SUeQP©S[\AltR8P<PH} s l�CF�QP�oqPieQSUNgo SU\OltR8P<P(CF�QP�R]PiT<PiS[I-PiR£R8P<pQj[SUPi\D�vS[CF�¨bmn¦Zr¨ltRFbXo�P�bXKQe C]�QP<K C]�QPqC]RFbXKg\]o�SU\]\8SUE-KÂT�bHK \8CFbXR8C<}¤¦2�QP�ú�¦ZrÂbXKQe mn¦ZrÂltR]bXo�P<\�T<E-K¢CWbHSUK
CF�QPZeQNQR]bHCFS[E-K(EXlÁC]�QPvSUK¢CFPiKQeQPie�C]RFbXKQ\8oqS[\]\8SUE-K
}ªÄ4j[jQEXCF�gP<R|KQELeQP<\��vS[C]�QSUK�bOCFR]bXKQ\]o�SU\8\]S[E-K(RFbXKgd-P
bXR]P�\8NQpQp%E-\]Pie§CFE�R]PiT<PiS[I-P(PiS[C]�QP<RZCF�QP(úª¦Zr��ÁE-R�CF�QP©mn¦Zr�^tE-R4f%EXCF�2_�bXKQe§Ngp�e¬b¶CFP"C]�QP<S[RD��Ä�a
CFSUo�P<R8\kbHT<T<EXR]eQS[KQdÂC]�QPcegNQRFbHC]SUE-K¯EXl�CF�QP�CFRFbHKQ\]o�SU\8\]SUEXKihW}¥rxEg�nCF�QP���Ä�a/\8�QE��v\k�v�QP�CF�QPiR±b
\8CWb¶CFSUEXK+S[\qbHjUjUE���P<e�CFE�CFR]bXKQ\8oqS·C©E-R©KQEXC�}+Ä�l C]P<R©CF�QP�ú�¦Zr;&-mn¦Zr �¬bXKQeg\]�¬bXVwS[KQd¨C]�QP¤\]P<KgeQP<R
CFRFbHKQ\]o�S[C]\vC]�QP�e¬bHCWb(ltRFbHoqPH} s lªCF�QP�eQP<\6CFS[K¬bHCFS[E-K¤R]PiT<P<S·I-Pi\�CF�gP£e¬b¶CWb©T<E-R8R]P<T�CFj·^�S[CvR8P<pQj[SUP<\2�vS·CF�bXKcbHTWVLKgE³�vj[P<eQdXP<o�P<K¢C�ltR]bXo�PX}

Ñ<Ò�Ó�çLÔ�j]ÿíÔ³å¬æ çqþ·��å¬Ø-çLþ ¦2�QPZuOm h eQP�à¬KQPi\�pQR8SUE-R8S[C]SUP<\�EXl%CF�QP2egSGF�P<R]PiK¢C�ltRFbXo�P�C_^Lp%P<\�fw^"NQ\]S[KQd
k ¤2²�«�©�õl>�©¡¨-ÎÏ«NÀ�¦4¨}ô�«�À�} s K¢CFPiR6GJltRFbXo�P«\]pQbXT<P ^ s~h r;_�S[\�b o�SUKQS[o�NQo C]SUo�P��v�QS[TW�®\]�QEXNQjUe®p¬bH\]\f�P�C_�nPiP<KñC]�QP«CFR]bXKQ\]o�SU\8\]S[E-K®EXl�C_�nE ltRFbXo�P<\�EXKC]�QP�oqPieQSUNgo�}�¦2�QP<R8P¨bHR]P«CF�gR]P<P§C_^Lp%P<\�S[l
SUK¢CFPiR6GíltR]bXo�PD\]p¬bHT<P<\ZNQ\8P<ecS[K�uOm h }¬¦2�QP�^�bXR]PASUK±C]�QPARFbXKgd-PAEXl

[2...50µs]
}

ý �"ä ù ètë%Õ´Ô¶Ù Ó��ªæ ¦2�QP®f¬bX\8SUTbXj[d-E-R]S·CF�Qo EXlcu4S[\8CFR8SUfQNxCFP<eÅmnELE-R8eQSUK¬b¶CFSUEXK h NQKQTiC]SUE-KºS[\
eQP<\8T<R]S[f�Pie�f¢^�bHjUd-E-R8S[C]�Qo �L}Ú�x}®¦2�gP«\8CFbHCFS[E-K¯àQR]\8CkTW�QP<TWVw\kILS[R8CFNQbXjvT�bXR8R]SUPiRq\8P<KQ\8PX�2CF�gP<K+C]�QP
pQ�¢^x\8SUT<bXjÁT<bXR]R8SUP<R�\]PiKQ\]PAbXKgekCFR]bXKQ\]o�S[C]\�S·l�f%EXCF�±EHl
CF�QPio¾bHjUjUE��A} s l�CF�QPDpg�w^L\8SUT�bHjÁT�bHR]R]S[P<R�\]PiKQ\]P
SUKQeQS[T�bHC]P<\©CF�¬b¶CkCF�gPco�P<eQS[NQo SU\�fQNQ\6^-�vE-Rqb¨TiE-jUj[SU\]S[E-K ExTiT<NQR8\qC]�QPc\6CWbHC]SUE-K+NQ\]Pi\�b¨R]bXKQeQE-o
f¬bXTWVXE>F bHjUd-E-R8S[C]�QoºCFE©R]PieQNQT<PACF�gP�pgR]E-f¬bHfQSUj[S[C_^qEXl?b(\8NQfQ\]Pi¡wNQP<K¢COTiE-jUj[SU\]S[E-KH� ½�Ü·��}
m�n�oqpsrutwv5xqy5z{t|xb}-tw~up�z|p
rur1y5�=��o$�=��x$p	�.}i�!~u�=r��$~��5�qy5v!yD��p�r�p����qy5z|zw�Otwxby5z|z��$t|~�p����utw�5xqr���~��5�g��o$p3rup	xq�=p�~��n�oqp	~�p����5~�ps�uoqp��u~�y�xqru��twr�rut|�!x_y5~up
y�tlr�y9�	t|~���zwp�}-t|�uo���p�x��u~�p�� �uoqp�r;p�xq�=twx$v9x$�=�=p!�Ry�xq�_~�y5�=tw�qr�� �uo$p��~�y5xqru��tlr�r;tw�5x�~�y5x$v5p!�
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Ñ��K�����]%ã	ú¼Ð´Ð *�ÁOÂ
¦2�QP¤pQ�¢^x\8SUT<bXj2j�b�^-PiR(EXlvCF�QP±ï¥ò�Ä4�$\8CWbHKQe¬bXR8e s �|�|�°ð-¿-�x}[½X½�pQR]E�ILSUeQPi\�CF�QR8P<P¤o�PiCF�gExeQ\£ltE-R
�vSUR]PijUPi\]\>CFR]bXKQ\8oqS[\]\]S[E-KQ\i}�¦���E©EXlªC]�QP<o NQ\]PAR]bXeQSUE£�>b�I-Pi\4S[K±CF�QPOj[SUT<PiKQT<P�GíltR8P<P s rQa/ltR]Pi¡wNQP<KQT�^
f¬bXKQe��x}ßÛ¢M��Z��bHKQe£C]�QP�EHCF�QPiRªE-KgP�NQ\8P<\ªSUKgltR]b¶G_R8P<e�^ s úç_
jUSUdX�wC��vS·CF�A�>b�IXP<jUPiKQdXC]�(ð¢ÞX¿2CFE�î-¿-¿vKQo�}
¦2�QP4R]bXeQSUE�o�PiCF�gExeQ\�NQ\8P4\]pgR]P�bHexG_\8p�PiTiCFR8NQoÃCFP<TW�gKQSU¡wNQPi\nCFE£eQS[ILSUegPvC]�QP��vS[R]PijUP<\8\�o�P<egSUNQoºS[KwC]E
\]PiC�EXl2T<EXoqo�NgKQSUT<bHCFS[E-K§TW�¬bXKQKgP<jU\i}�¦2�gSU\�bHjUjUE��v\OCF�gPkT<ELP�µxS[\8CFPiKQT<PkEXl2o�NQj·CFS[pQjUP(S[KQeQP<p%P<KgeQP<K¢C
KQPiC_��E-R]Vw\Z�vS[CF�gSUK�E-KQPAbHR]P�bx}|u4NQPACFE(CF�QPOp%E-pQNgj�bXR8S[C_^qEXl�R]bXeQS[E(KQPiC_��E-R]Vw\ZSUK±C]�QPAR]P<TiP<K¢CZ^-P�bHR]\
CF�QP�CFP<R8oí�_�vSUR8P<j[P<\]\~��SU\v�vSUeQPij[^¤NQ\8P<ecC]EkeQPiKQEXC]P"RFbHeQSUE�KQPiC_��E-R8VL\i}D¦2�QS[\�S[\4bXj[\]E©CF�QP£oqP<bXKQS[KQd
EXl��í�vSUR]PijUPi\]\j�4SUK�C]�QPOCFS[C]jUPDEHlªC]�QSU\>C]�QP<\8SU\<}

*�ÁOÂ v��çwÔ³ågÓ³ÙtÕ%Òªþ ¦2�QP�okbXS[K�ltNQKQTiC]SUE-Kg\¨EXlkCF�QP+pQ�¢^x\8SUT<bXjqjUb�^-P<R bXR]PÃ6
¨-©�©�£�«�©QÀ'«�¤4À'«��
I ©¡¨-¤4À�ÎÍ£¥²2bXKQeÅÄS«�ô�«�£¥Ñ-«�}�m>bXR]R8SUP<Rv\8P<KQ\8P"SU\2Ng\]P<e�ltE-R2eQPiC]P<T�CFSUEXK�EXl�SUKQTiE-o�SUKQd(\8SUd-K¬bHjU\<�QbXKQe¤ltE-RT<jUP<bXRZTW�¬bXKQKQPij?bX\8\]Pi\]\]o�P<K¢C<}4¦2�QP£\]P<TiE-KQe§R8P<p%E-R8C]\ZC]EqCF�gP(a�ÄZmÀj�b�^XP<Rv�v�QPiC]�QP<R4C]�QP"o�P<egSUNQo
SU\ ò·Ã+À5%kE-Ré£�Ð4ª¢«�}�¦2�gP�C]RFbXKQ\8oqS·C2ltNQKQT�CFSUEXK�\8P<KQeg\Db(ltRFbXo�POSUK�CF�gP£KQP�C_�nEXR]V´} s C�SU\2NQ\8P<e�fw^�C]�QPa�ÄZm¯jUb�^XP<R?�v�QPiKqS·C��¬bX\|b4ltR]bXo�PnCFEDC]RFbXKQ\8oqS·C�}�¦2�QPvR]PiT<P<S·I-P2ltNQKQT�CFS[E-K(R]PiT<P<S·I-Pi\�b4ltR]bXo�PnltR]E-o
CF�QPO�vSUR8P<j[P<\]\vTW�¬bHKQKQP<j��´bXKQe¤ltE-R8�nbXR8eQ\vS[C2NQp¤CFE(C]�QP£a�ÄZm»j�b�^XP<R<}

ô±å¬Ö�Ù¼Õ�÷�Ùtë%Ò�åQè�è¼Ù�Ò²ë ¦2�QP±pQR8E-p%P<R8C]SUPi\�EXl>C]�QP±RFbHeQSUE�\]SUdXK¬bXj�bXR]PqSUo�p�EXR8CWbHKwC�CFEcNQKQeQPiR]\8CFbXKQe
CF�QP£E-p�PiRFbHC]SUE-K�EXlª�vSUR]PijUPi\]\4KgPiC_��E-R]Vw\<}�ÆOPi^¤TiE-KQT<PipgCF\DbXR]Pb£¥¤2²~«�©H>E«�©�«�¤sô�«���²Ä©¡¨-¤4À�ÎÍ£¢À�À�£�´�¤z©¡¨-¤}Ò}«
bXKQeQô�¨-©�©�£�«�©�õ�À'«�¤4À'«é²¥°}©�«�À�°2´�ª�ÐX}

•
úZbXeQSUE s K¢C]P<R8ltPiR]PiKQT<P
ú�bHeQSUE�SUK¢CFPiR8ltPiR]P<KgT<P4S[\�C]�QP4S[K4�¬NQPiKQT<P�EXl
EHCF�QPiRnRFbHeQSUEO�nb�IXP<\2S[K�C]�QP4KQP�C_�nEXR]V�E-K±b�d-S[IXP<K
RFbXegSUE \]S[d-K¬bXj�} s l"CF�gSU\�SUK/�¬NQP<KgT<PÂSU\�jUE�� P<KQE-Ngd-�
�4C]�QP�\]SUdXK¬bXjOT�bHK»\6CFSUj[j4f%P¨R8P<TiP<S[IXP<eT<E-R8R]PiTiCFj·^-} s lZS[C"SU\�CFELE«�QSUdX�¹S[C"T�bXNQ\8P<\�C]�QP±SUKgT<E-R8R]P<T�C(R]PiT<PipgCFS[E-K�EXl2CF�gP±\]S[d-K¬bXj�}«¦2�QPeQPiàQKQS[C]SUE-KQ\²EXl+�~j[E³�¨P<KgE-NQd-�/�|bXKQeé�íCFELEv�QSUd-�}��eQPip�PiKQe"E-KACF�gP�NQ\8P<e£oqELeQNQjUbHCFS[E-KO\]TW�QPioqPH�
P<R8R]E-RveQP�CFP<T�CFS[E-K�bXKQe�T<E-R8R]P<T�CFS[E-K¤oqPiTW�¬bXKQS[\]o�\<}
¦2�QP s �|���§ðX¿¢�x}·½-½�\8CFbXKQe¬bXR8eANQ\]Pi\�b2o�P�bX\8NQR]PH�¶T<bXjUj[P<e%À�£�Ò-¤A¨-ªÆõ�²�´�õ�£¥¤2²~«�©H>E«�©�«�¤sô�«�õ¢¦AªÆÃ�À�õ�¤s´�£¢À'«
©¡¨-²Ä£�´@^�r s �4úç_±CFE eQPiC]P<R8oqS[KQP§CF�QPÂ¡wN¬bXjUS·C_^�EXl�b�\]SUdXK¬bXjJ} r s ��ú/SU\�CF�gPÂR]bHCFS[E EXl£C]�QPR]PiT<P<pxCFSUEXK�p�E���P<R�EXl2C]�QP±\8SUd-K¬bHj�EXlvS[K¢CFP<R8P<\6C

Psig

bXKQe¹EHCF�QPiR�\]S[d-K¬bXj[\"bHC£CF�QPkR]P<TiP<S·I-P<Ri}
B4CF�QPiR±\]S[d-K¬bXj[\qbHR]P§bXj[j2SUK¢CFPiR8ltPiR]P<KgT<P§\]S[d-K¬bXj[\(�vS[CF��p�E���P<R

Pintf

bXKQe+CF�QP�KQE-SU\8P��vS·CF�
p�E���P<R

N
}

SINR =
Psig∑

Pintf + N

�|bXTW�+R]bXeQS[E«R]PiT<P<S·I-PiR(eQPià¬KgP<\�b«oqS[KQSUoqbXj
SINR

�v�QS[TW� SU\�R8P<¡wNQSUR8P<e�ltE-R�CF�QP�TiE-R]R8P<TiC
R]PiT<P<pxCFSUEXK¹EXlvb�\]SUdXK¬bXjç^

SINR > SINRmin

_�}¤¦2�QP�IXbHjUNQP�EXl
SINRmin

eQP<p%P<KQeg\�E-K
CF�QPAPiR]R]EXR6G_TiExegSUKQd©bXKge�o�ExegNQj�bHC]SUE-KqoqP�CF�QELeQ\vNQ\8P<e
}
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•
¦�RFbXKQ\8oqS[\]\8SUE-K¤úZbXKQd-P
SINRmin

eQPiC]P<R8oqS[KQP<\
C]�QP�²Ä©¡¨-¤4À�ÎÍ£¢À�À�£�´�¤§©¡¨-¤}Ò}«|EHlQbnC]RFbXKQ\8oqS·C]C]P<R�bXKge"b>TiE-R]R8P<\]p%E-KQegSUKQd
R]PiT<P<S·I-PiR<} s C SU\¨C]�QP�oqb¶µxSUo�Ngo eQSU\6CWbXKQTiP�bHC¨�v�QSUTW�°C]�QP+C]RFbXKg\]o�S[C]C]P<e�\]SUdXK¬bXj�T�bXK
f�P R8P<T<PiS[IXP<e°TiE-R]R8P<TiC]j[^�S[K¸C]�QP+bXfQ\]PiKQT<P+EXl�bHKw^ EHCF�QPiRÂS[K¢CFP<R6ltP<R8P<KQTiP+\8SUd-K¬bHjU\<} ¦2�QP
CFR]bXKQ\]o�SU\8\]S[E-K RFbXKQdXP�S[\qNg\]N¬bXj[j[^ P<¡wN¬bXjvltE-R©PiIXP<R8^ C_��E¹\8CFbHCFS[E-KQ\©SUK CF�gP�KQP�C_�nEXR]V¯bXKQe
S[C2S[\vbXjU\8E©T�bXj[jUP<ez©¡¨�Ð-£�´v©¡¨-¤}Ò}«�}

•
m>bXR8R]SUPiR6Gí\]P<Kg\]PA¦2�QR]Pi\]�QEXjUe
Ä+\6CWbHC]SUE-K£SUK"b4RFbXegSUEZKQPiC_��E-R]V�eQP�CFP<R8oqS[KQP<\��v�QPiC]�QP<RªCF�QP�oqPieQSUNQo�S[\�fQNg\8^�E-R�S[eQjUP|f¬bH\]P<e
E-K�b�pQR8P<TiE-Kgà¬d-NgR]P<e�T�bXR8R]S[P<R6Gí\]PiKQ\]PACF�QR8P<\8�QE-jUe�^

TCS

_�}�¦2�QSU\vSU\2C]�QP£o�SUKgSUo�NQoÃp%E��nPiR4EXl
b"T�bHR]R]S[P<R�\]SUdXK¬bXj´CF�¬bHCnSU\�R]P<j[PiIHbXK¢CnC]E(b�\8CFbHCFS[E-K
} s l�C]�QPDp%E��nPiR>EXl�CF�gPDT�bXR8R]S[P<RnS[\n\8okbXj[jUPiRCF�¬bHK

TCS

CF�QP�oqPieQSUNgo°SU\|T<EXKQ\]S[eQP<R8P<e�bX\�SUegjUPX}�6
¨-©�©�£�«�©�À'«�¤4À�£¥¤}Ò%©¡¨-¤}Ò}«�SU\|CF�QPZeQSU\6CWbXKgT<P
�vS[C]�QSUKÂ�v�QSUTW� bXj[j�C]RFbXKg\]o�SU\]\8SUE-Kg\"�¬b�I-P¤b¶C�jUP<bX\8C�b«p�E���P<R�EHl

TCS

}§¦|^xpgSUT�bHjUj[^
TCS

S[\
TW�QE-\8P<Kc\8NQTW��C]�¬bHC2C]�QPAT�bXR8R]SUPiR2\]PiKQ\]S[KQdqR]bXKQd-POS[\vbHCZjUP<bX\8CZbX\>C]�QPOCFR]bXKQ\]o�SU\8\]S[E-K¤RFbXKQdXPX}

¸�iÔÓ xzw�q�nç{�ï7¸ æP|jä ãçÌ~½»o/l»¿
��\6G~�t^¼��P�C_�nE-R8V+rxSUo�Ngj�bHC]E-R©�7_�SU\�b�eQSU\8T<R8PiCFP�G_P�I-P<K¢C�KgPiC_��E-R]V \]S[o�NQjUbHCFE-R·�ßîE��} s C]\qS[KQpQNgC�SU\�beQP<\8T<R]S[pgCFS[E-K�EXl²bAKQPiC_��E-R]V�o�ExeQPijJ�wbXKgekS[C]\|E-NgCFpgNgCnS[\nbHKkSUoqbXd-S[K¬bXR6^"�QS[\8C]E-R8^(EHl
CF�QS[\|KQPiC_��E-R]V´}
¦2�QP«KQP�C_�nE-R8V+o�ELeQP<jZT<E-Kg\]SU\6CF\qEXlv¤s«�²Ä®�´�©�<m²�´�¦2´�ª¢´�ÒÈ%¯bXKQe�²�©¡¨�É1ôv¦4¨-²�²~«�©�¤4À�}»¦2�QP«KQP�C_�nE-R8V
CFE-p%E-jUEXdX^�eQPi\]TiR]SUf%P<\¤CF�gP¨\6CFR]NgTiCFNgR]P EHl"CF�gPÂKgPiC_��E-R]V®CFEXd-PiC]�QP<R¤�vS[C]�ñbXT�CFS·IxS·CFS[P<\�eQNQR8SUKQd¯S[C]\
E-p�PiRFbHC]SUE-KÁ}�rLCFR8NQTiC]NQRFbHj>SUKgltEXR]oqbHCFS[E-K¨S[\£ltE-R"SUKQ\6CWbXKQTiPkCF�gP�T<ELE-R]eQS[K¬bHC]P<\"EHl�KgExeQPi\<��CF�gPkC_^Lp�P
EXlApQ�¢^L\]SUT<bXjDKQP�C_�nEXR]V®bXKge®KQPiC_��E-R]VwS[KQd pQR]EXC]ExTiE-jU\kbHC�eQS�FÁPiR]PiKwC±KQPiC_��E-R]V+j�b�^-PiR]\i}�Ä2T�CFS[ILS·C_^
okb�^¨f�P±ltE-R£SUKQ\6CWbXKgT<P¤bcl¼bXS[jUNQR8PkEXl�b«KQP�C_�nE-R8V¹KQELeQPX��bXK�S[KQT<R8P�bX\8P�EXlZp¬bXTWVHPiC©CFR]bXKQ\]o�SU\8\]S[E-K
P<R]R8E-R]\�eQNQP�CFE±S[KwC]P<R6ltP<R]PiKQT<P£�vS[CF�cbkKQPiSUd-�wf%E-NQR]S[KQd�KQPiC_��E-R]V´��bHKQe«oqbXK¢^�EHCF�QPiR]\<}�¦2�QP"C]RFb>��T
p¬bHC]C]P<R8KQ\£egP<\]TiR]S[f�P©CF�QP�f%P<�¬b�ILSUE-NgR�EHlnCF�gPkbXpgpQjUS[T�bHC]SUE-KQ\OS[K§CF�QP�KQPiC_��E-R8V%}�¦2�gSU\�eQP<\8T<R]S[pgCFS[E-K
SU\�bXpgpQjUS[T�bHC]SUE-K�\]p%P<T<S·à¬TX��fgNgC S[C NQ\]N¬bHjUj[^�eQP�à¬KQP<\�C]�QP®RFbHC]PbXKQeº\8SU�<P®EHl�pQbXTWVXP�CF\ �v�QSUTW�
bXK¸bXpQpQj[SUT�b¶CFSUEXKÀ\]PiKQeQ\ÂSUKÀCF�gP¯KgPiC_��E-R]V´} ¦2�QP<\8P+p¬bHRFbXo�PiC]P<R]\§T<bXK�bXjU\8E®�¬b�I-P+bR]bXKQeQEXo
eQSU\6CFR]S[fQNgC]SUE-K
}
�Z\6G~�§�QbX\(okbHSUKQj·^§C_�nE�VwSUKQeg\(EXl4EXNgCFpQNxC O bó²Ä©¡¨}ô�«�&
ª¢«�bXKQe bXK@¨-¤2£¥Îb¨-²�£�´�¤a&
ª¢«�}Â¦2�QP

CFRFbHT<PDà¬j[POT<E-K¢CWbHSUKQ\vSUKxltE-R]oqbHCFS[E-K±bHf�E-NxC>CF�QPA�QS[\8C]E-R8^kEXlªC]�QPAKQPiC_��E-R8V%�%bXKge�S·CvSU\2S[KwC]P<KQegP<e¤ltE-R
\8CWb¶CFSU\6CFS[T�bXj|bXKQbXj[^L\]S[\<} s C�S[KQT<j[NQeQPi\�bXK¨P<K¢CFR6^¨ltE-R�P�bHTW��p¬bXTWVXP�C�CF�QbHC�S[\£\8P<KQe�S[KÂC]�QP±KQP�C_�nE-R8Vf�P�C_�nPiP<KÀC_��E�KQELeQP<\i�OE-R�f%PiC_��P<PiKÀC_�nE�KQPiC_��E-R]V¥j�b�^XP<R]\�SUK¥CF�QPÂ\FbHoqPÂKQELeQPX}�¦2�QP¨P<K¢CFR6^
T<E-K¢CWbHSUKQ\D\8SUo�Ngj�bHC]SUE-K¤CFS[oqPH�Á\]EXNQR]TiP©bXKQe�eQP<\6CFS[K¬bHCFS[E-K«KQELeQPi\<��p¬bXTWVHPiC�\]Pi¡wNQP<KQTiP©KLNgo�f�PiRAbXKQe
EXCF�QPiR�SUKgltEXR]oqbHCFS[E-K+KgP<P<egP<e»ltEXR±KwNQoqPiR]S[T�bXjDP�IHbXjUN¬b¶CFSUEXK�EXlACF�QP§KgPiC_��E-R]V´}º¦2�QPÂbXKQS[okb¶CFSUEXK
à¬jUPOTiE-K¢CWbXS[KQ\ZbXKQSUoqbHC]SUE-K±TiE-o�okbXKgeQ\<�QC]�¬bHCvT�bHKcf%P�Ng\]P<e�CFE-dXPiCF�gP<R2�vS[C]��C]�QP�bXKQSUoqbHC]SUE-KkC]ExEXj
K¬bXo ^��ZPiC_��E-R]VÂÄ4KgSUoqbHCFE-R�_�� á���} s C�T<bXK¨ILSU\8N¬bXj[j[^§R8P<pQR8P<\]PiK¢C(CF�QPq\]SUo"NQj�bHC]P<eÂKQPiC_��E-R8VÂILS�b�bXKbXKQSUoqbHC]SUE-K
}
�Z\6G~�®S[\�b¥\8P<¡wNQPiKwC]S�bXj(\8SUo�Ngj�bHC]E-R³O S[C«NQ\]Pi\ÂC]�QP \8CWbHKQe¬bXR8e�eQS[\]TiR]PiC]P�GíPiI-PiK¢C8G_\8SUo�Ngj�bHC]E-R

bXjUd-EXR]S[C]�Qo��%egP<\]TiR]S[f�PieÂS[K§\]PiTiCFS[E-KÂ�x}·½-}�¦2�QP(okbHSUK«p¬bHR8COEXl|C]�QSU\ObHjUd-E-R8S[C]�Qo�SU\4C]�QP�\8SUo�NQjUbHCFEXR
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À'ô�°2«�Ð-Ã/ª¢«�©�}?¦2�QS[\|SU\�b�TiE-K¢CFR8E-jUj[P<R�C]�¬bHC�okbHSUK¢CWbXS[KQ\�C]�QP�P�I-PiKwCnjUS[\8C��¢EXR]eQPiR]P<e�f¢^©CF�QP2CFS[oqPi\8CFbXoqpg\
EXlnC]�QP©PiI-PiK¢CF\<}k¦2�QPq\8TW�QP<egNQjUPiR�CFbXVXPi\�C]�QP©KQP�µLC£P�bXR8jUSUPi\8CAP�I-P<K¢C�ltR]E-o CF�QP©jUS[\8CAbHKQe¨P�µxP<T<NxCFP<\
S[C�}�¦2�QPDPiIXP<K¢CZp�PiR8ltE-R8oq\�bXK¤bXT�CFS·IxS·C_^�bXKQe�p%E-\]\8SUfQj·^ÁÀ'ô�°2«�Ð-Ã/ª¢«�Àv^¼S[KQ\]PiR8CF\�_nbXKQEHCF�QPiRnPiIXP<K¢CF\vS[KwC]E
CF�QP�\]TW�QPieQNQj[P<R"j[SU\6C�}©Ä�l C]P<ROCF�QP�P�µxPiT<NgC]SUE-KÂCF�QP�T<E-K¢C]R]E-j�TiE-oqPi\"bHd¢bXSUK§S[K¢CFE¤CF�QP�\]TW�QPieQNQj[P<RACFE
P�µxP<TiNgCFP�CF�QPAKQP�µxCZP�I-P<K¢C<}
ô±å¬Ö�Ù¼ÕÊ^�Õ�Ö²çxè ¦2�QP KQ\6G~�\8SUo�NQjUbHCFEXRcSUo�pQj[P<o�P<K¢CF\cbfQbX\]S[T�p¬bXR8C�EHlqC]�QP s ���|�/ðX¿¢�x}·½-½\8CWbHKQe¬bXR8eH�Ý�X���J}©¦2�QPka�ÄZm�jUb�^-P<RAR8P�bXj[SU\]Pi\DCF�QP�u4S[\8C]R]SUfgNgCFPie mnELE-R8eQSUK¬b¶CFSUEXK h NgKQTiC]SUE-K ^¼uOm h _
fw^+b m2rQa�Ä[&XmnÄ/oqPieQSUNgo bXT<TiP<\8\±oqP�CF�QELe
}z��¢^L\]SUT<bXjZT�bXR8R]SUPiR©\]P<Kg\]P«S[\qpQR8E�IxS[eQP<e+f¢^¯C]�QP
pQ�¢^x\8SUT<bXj�j�b�^-PiRAbXKQe«ILSUR6CFN¬bHj�T�bHR]R]S[P<RD\8P<KQ\8PqS[\DSUo�pQj[P<o�P<K¢CFPiecILS�b�ú�¦Zr;&Xmn¦Zr§ltR]bXoqPi\ObXKQe«C]�QP
NQ\]P�EXlAbÂ��PiC_��E-R8V¯Ä�jUj[ExT<bHCFS[E-Kóa|P<T�CFE-R¬^��ZÄ�a[_�}|¦2�QPceQbHCWb§ltRFbXo�P<\qbXR8P¤C]RFbXKg\]o�S[C]C]P<e¯NQ\]S[KQd
CF�QP�ltE-NgR6G_\6CFPip�ltR]bXo�P�G_P�µxTW�¬bXKQd-P(\8P<¡wNQPiKQT<Pqú�¦Zr�&�mn¦Zr�&±u4bHCWbN&±Ä2TWVwKQE��vjUPieQd-P<o�P<K¢C<}�¦2�QP
a�ÄZm�j�b�^XP<RASUK�KQ\~G6��bXT<TiE-NQK¢CF\AltE-ROTiE-jUj[SU\]S[E-KQ\i�
pQR]ELT<Pi\]\8P<\�p¬bXTWVXP�CF\��vS[CF�§C]RFbXKQ\8oqS[\]\8SUE-K§PiR]R]EXR]\
bXKQe«NQ\8P<\ZCF�QP£SUK¢CFPiR6GíltR]bXo�PO\]p¬bXTiP<\DEHl?CF�QP�\8CFbXKQe¬bHR]e�^ s~h r;_�}´¦2�QP£RFbXKgeQE-o�f¬bXTWVHE-F bXjUd-EXR]S[C]�Qo
SU\ZbXjU\8E(SUo�pQjUPioqPiK¢CFP<eÁ}
¦2�QPkpQ�¢^x\8SUT<bXj�jUb�^-P<R"pQR]E�ILSUeQPi\�bXK¹bXfQ\8C]RFbXT�CFS[E-K EXlZb��vSUR]PijUPi\]\"TW�QbXKQKQPijJ} s C"pQR]E�ILSUegP<\£C]�QPf¬bX\]S[T�ltNQKQT�CFSUEXKQ\<yDm>bXR]R8SUP<ROrxP<KQ\8PX�²¦�RFbXKQ\8oqS·CObXKge�úZPiT<P<S·I-PH�ªbHKQe§SUo�pQjUPioqPiK¢CF\Db±fQbX\]S[T�oqELeQPij

EXl�RFbXeQS[E"\8SUd-K¬bHjUjUS[KQdQ}�¦2�QPOpQ�¢^L\]S[T�bXj�j�b�^-PiR>SUK±Kg\6G6�"Ng\]P<\>C]�QPO\FbHoqPZCFRFbHKQ\]o�SU\8\]SUEXK±p�E���P<R>ltE-RnbXjUj
�vSUR]PijUPi\]\�KQELeQP<\i} s C�T�bXj[T<NQjUbHCFPi\qC]�QP«pQR8E-p¬bXd¢b¶CFSUEXK�EXlOCF�gP«\]S[d-K¬bXj�NQ\]S[KQd¹RFbHeQSUEHGípQR]EXp¬bXd¢bHC]SUE-KoqELeQP<j[\<y¥CF�QP¹ltR8P<P�\]pQbXT<P�o�ExegP<jÙ� ½³âE�©bXKQeÀC]�QP¹C_��EHG_R]b�^ñd-R]EXNQKQe oqELeQPijÙ�ß�Xî���}{¦2�QP p�E���P<R
EXlqC]�QP¹\8SUd-K¬bHj�bHC§C]�QP¹R]PiT<PiS[I-PiR�eQPiC]P<R]o�SUKgP<\«�v�QP�CF�QPiR�b®ltR]bXo�P T�bHK¸f%P�R]PiT<PiS[I-Pie�EXR«KQEXC<}
¦2�QP£pg�w^L\8SUT�bHj�jUb�^-P<RvNQ\8P<\ZC_�nE�pQR]PieQPiàQKQP<e«TiE-KQ\6CWbXK¢CF\BÄS«�ô�«�£¥Ñ-« I °}©�«�À�°2´�ª�Ð�^

RXThresh
_2bXKQe

6
¨-©�©�£�«�©�õ�À'«�¤4À'« I °}©�«�À�°2´�ª�Ð9^
CSThresh

_�C]EOT<E-o�p¬bXR8PnCF�gP>p�E���P<R|EXl%bXK©S[KQT<E-o�SUKgd4\]S[d-K¬bXj
Psig

}
u4P<p%P<KQegSUKQd�E-K¤CF�QPOIHbXjUNgPOEXl

Psig

CF�gR]P<PAT<bX\]Pi\4bXR8PAp�E-\8\]S[fQjUPHy
½-}

Psig ≥ RXThreshs K�C]�QSU\2T<bX\]POC]�QPA\]SUdXK¬bXjÁT<bXK�f�POR8P<T<PiS[IXP<ecTiE-R]R8P<T�CFj[^X}�¦2�QP<K�S[C2VHP<PipQ\ZC]�QPAoqPieQSUNgo ò·Ã�À5%
ltE-ROCF�QP�eQNQR]bHCFS[E-K�EXlnC]�QP©CFRFbHKQ\]o�SU\8\]SUEXK
}©¦2�QP�ltR]bXo�P(SU\AeQP<j[S[IXP<R]Pie¨C]E�C]�QPqa�ÄZm�j�b�^-PiR
�v�QSUTW�ÂT�bHKÂR8P<TiP<S[IXP©S[C��ÁE-ROeQSU\8T�bXR8e�S[CDS·l�b¤TiE-jUj[SU\8SUE-K��¬bX\OELT<T<NgR]R]Pie
} s l�CF�QPqa�ÄZm j�b�^-PiRR]PiT<P<S·I-Pi\�CF�QP�ltRFbXo�PqTiE-R]R8P<T�CFj[^ÂS·C"NQp%e¬bHC]P<\£S[CF\£��P�C_�nEXR]V Ä�jUj[ExT<bHCFS[E-K a|P<T�CFE-Ri}c¦2�QPiK�S[l
CF�QP2ltR]bXoqPnSU\?eQPi\8C]SUKQPie�ltE-R?C]�QP2KQELeQPX�-C]�QP�a�ÄZm¯jUb�^-P<R?ltEXR8�nbXR]eQ\|S·C?CFEDC]�QPvNQpQp%P<R�j�b�^XP<R]\i}

�x}
RXThresh > Psig ≥ CSThreshs K�C]�QSU\vT�bH\]P£C]�QP�\]SUdXK¬bXj�T�bHKcf%P£R8P<T<PiS[IXP<e
�%fQNgCZ�vS[C]��C]RFbXKQ\8oqS[\]\8SUE-K¤P<R8R]E-R8\<}>¦2�gP£\8SUd-K¬bHj
VXPiP<pQ\�CF�QP�fQNQ\6^\8CFbHCFPÂEXl�CF�QP�o�P<eQS[NQo���bXKQeCF�gP¨z|��c KQEHCFS[àQP<\±CF�gP¹a�ÄZm ltE-R¤bXK
SUKQTiE-R]R8P<T�C�R8P<TiP<pgC]SUE-K¤EXl�b©ltR]bXo�PX}

Üg}
CSThresh > Psigs K±CF�QS[\nT<bX\]P4C]�QPD\8SUd-K¬bHj%S[\nS[d-KQE-R8P<ekf¢^qCF�QP�pQ�¢^x\8SUT<bXjÁjUb�^XP<Ri}�¦2�QSU\>S[\>b�\]SUo�pQj[S[à¬T<bHCFS[E-K�bHCCF�QPZpQ�¢^L\]S[T�bXj%j�b�^-PiR<�wf%P<T�bHNQ\]P�SUK�R]P�bHjUS[C_^"CF�QPZ\]S[d-K¬bXjQ��E-NQj[eqTiE-K¢CFR]S[fQNgC]PZC]E�C]�QP

SINR
bHC
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CF�QPvR8P<T<PiS[IXP<R<}|�ZE��nP�I-P<RnKQ\6G~�AeQELP<\�KQEXC�bXTiT<NQo"NQj�bHC]P2CF�QPvSUKgT<E-o�SUKQdO\8SUd-KQbXjU\?C]E£T<bXjUTiNQj�bHC]P
SINR

�
fgNgCONQ\8P<\DCF�gP�T<E-Kg\8CWbHKwC]\
RXThresh

bXKQe
CSThresh

ltE-R�C]�QSU\�pQNQR8p�E-\8PX}£rxE
CF�QS[\2\]S[d-K¬bXj
S[\2SUR8R]P<j[PiIHbXK¢C>C]E©C]�QPApQ�¢^L\]SUT<bXj²oqELeQPij
SUK�KQ\~G6�x}

ý�Ù¼þiÓ�Ô¶Ù.��×�Ó�çLÖ;÷�Ù¼æ�×ªètågÓ³ÙtÕ%Ò ¦2�gP+T<bXR]R8SUP<R~G_\8P<KQ\8P C]�QR]Pi\]�QEXjUe
CSThresh

eQPiC]P<R]o�SUKgP<\§CF�QP
IXbHjUNQP�EXlÀb�IHbXR8S�bXfgjUPX�ñR]P<j[PiIHbXK¢CÃCFE�eQS[\8CFR8SUfQNxCFP<e \]S[o�NQjUbHCFS[E-K O

distCST
^�u4S[\8CFbXKQT<P

m>bXR]R8SUP<R~G_\8P<KQ\8P«¦2�QR]Pi\]�QEXjUe`_�}¸¦2�gSU\±S[\kCF�QPcokb¶µxS[o�NQo eQSU\6CWbXKgT<P§bHCq�v�QSUTW�®C]�QP«\]S[d-K¬bXjvltR]EXo
b�CFR]bXKQ\8oqS·C]CFS[KQd¤\8CFbHCFS[E-K �¬bH\�bHC£jUP<bX\8C"p�E���P<R"EHl

CSThresh
} s K¹EXC]�QP<R��nEXR]eQ\

distCST
S[\

CF�QP©oqb¶µxSUo�NQo eQS[\8CFbXKQT<P�bHCO�v�gSUTW�ÂEXCF�QPiROKQELeQP<\ASUK§C]�QP(KQPiC_��E-R8V§\]�QE-NgjUeÂf�P(KQEHCFS[àQP<e§�v�QP<K
bcp¬bXR6CFSUTiNQj�bHR�KgExeQPqCFRFbHKQ\]o�S[C]\<}c¦2�gSU\�pQR8E-p%P<R8C_^¨EXl2C]�QPko�ExegP<j�T�bXK�f%PkNQ\8P<e SUK eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-K�f%P<T�bHNQ\]P(S·CDeQP�à¬KQP<\�b±R]bXKQd-P�S[Kc�v�QS[TW�§E-KQP(KQELeQP�T<bXK�b>F�P<TiCDEXCF�QPiRDKQELeQP<\i}£¦2�gSU\
RFbXKQdXPOSU\vbXj[\]E©T�bXj[jUPie¬À'«�¤4À�£¥¤}Ò�©¡¨-¤}Ò}«�}
s bX\8\]NQo�P�C]�¬bHC�CF�QPDKgExeQPi\>SUKkKQ\6G~�£T<E-o�o�NQKgSUT�b¶CFPÍ´�¤2ª�%©ILSUb�ltRFbHoqP�P�µxTW�¬bXKQdXPDCF�QR8E-NQd-�kC]�QP�vSUR]PijUPi\]\"o�P<egSUNQo�}¤¦2�QSU\£oqP<bXKQ\"C]�¬bHC�CF�QPiR]P�bXR8PkKQEceQSUR8P<TiC"T�bXj[jU\�EXl2o�PiC]�QExeg\"EXlvE-KgPkKQELeQP

ltR]E-o bXKQEXC]�QP<RAKQELeQPX}�¦2�QS[\£bH\]\]NgoqpgC]SUE-KÂT�bHK¨�¬bHR]eQj·^«f%P�pgR]E�I-Pie¹eQNQP(CFE¤CF�gP�TiE-o�pQjUP�µgS·C_^§EXl
CF�QPZoqELeQPijJ�¢fQNgC�S[C�S[\|IXP<R6^qj[SUVHP<j[^"CFE�f�PvCFR8NQP4f%P<T<bXNQ\]P�S[C|S[\�R8P<¡wNQSUR8P<e�ltE-R�b£T<EXR]R]PiTiC�\]S[o�NQj�b¶CFSUEXK
eQP<\8SUd-K
}�B4CF�QPiR8�vS[\]PX�HbvKQPiC_��E-R]VOS[KO�v�QSUTW�ACF�QP�KQELeQP<\²T<bXK£T<bXjUjXoqP�CF�QELeQ\�E-R²P�µxTW�¬bHKQd-P�oqPi\]\FbHd-P<\
eQSUR8P<TiC]j[^�bXKQe©KQEXC�C]�QR]E-Ngd-��C]�QPvoqPieQSUNgo¸��E-NQj[eqKQEHC|okbXVHPv\]P<Kg\]PX} ] bX\]PieqE-K©CF�gSU\|bX\8\]NQo�pgCFS[E-K
bXKQekC]�QPD\]PiKQ\]S[KQd(RFbHKQd-PX�wCF�gP4ltE-jUj[E��vSUKQdA\8CFbHCFPioqPiK¢CF\2T�bHK±f�P4NQ\]Pie±CFE�eQS[\8C]R]SUfgNgCFPvCF�QP4oqELeQP<j%EXl
KQ\6G~�xy

•
s l
C_��E(KQELeQP<\�jUSUP�bHCnb"eQS[\8CWbHKQT<P�oqE-R8PZC]�¬bXK

distCST
^¼EXNgC>EXl
\]P<Kg\]SUKgd(RFbXKQdXP'_��wCF�gPi^ Ð}´

¤s´�²p¨�'K«�ô�²>P�bXTW��EXC]�QP<RZbXKQe�T�bHK�f%PO\]S[o�NQj�b¶CFP<e�S[K¤p¬bXRFbHjUjUPij��vS·CF�QE-NxCv\8^LKQTW�QR8E-KQSU\]bHCFS[E-K
}
•
s lvC_�nE�KQELeQPi\(jUSUP©�vS[C]�QSUK¹b«\]P<Kg\]SUKgdÂR]bXKQd-PqCF�QP�^"ÎÍ£�Ò�°}²¶¨�'K«�ô�²�P�bXTW� EXC]�QP<R(bHKQe�CF�QPiSURbXTiC]SUE-Kg\2�¬b�I-PACFE©f�PO\6^LKQTW�QR]EXKQSU\8P<e
}

¸�i�á Ë§l�l»Õ±½
wçqH½R, |~nÌJ |�¿4qHÌjqH{}{ÍS qsoVUml
¿/Õ ¹ºl»,�qHÌ~{
¦2�QP+\8SUo�Ngj�bHC]SUE-K�o�ExegP<jU\i�(NQ\]Pie�S[K¸C]�QP+TiE-K¢CFP�µxC EXlkC]�QSU\§C]�QP<\8SU\¨bXR]P¯oqELeQPijU\§EXlq�vSUR]PijUPi\]\
bXexG_�gExTAKQP�C_�nE-R8Vw\<}Z¦2�QPi^cbXR]P�f¬bX\8P<e�E-K�C]�QP s �|�|�ð-¿¢�x}·½-½�\8CWbHKQe¬bXR8ecNQ\8SUKQd�CF�QP£u4SU\6CFR8SUfQNgC]P<e
mnExE-R8eQSUKQbHCFS[E-K h NQKQTiC]SUE-K�EXlªCF�QP£uDbHCFbqò�SUKgV±j�b�^-PiR<} s K�E-R]egP<R2CFEq\]SUo"NQj�bHC]PDCF�QPi\]P�KQPiC_��E-R8VL\4SUKb©egSU\8C]R]S[fQNgCFPie��>b�^�CF�gP�o�ELeQP<j[\>�¬b�I-PACFE©f%P�\6CFNQegSUP<e�ltE-R>C]�QPAp¬bXR]bXjUj[P<jUS[\]oÅb�IHbXSUjUbXfQjUP�SUK±C]�QP<o�}
¦2�QSU\�SU\4Pi\]\8P<K¢CFSUbXjUj·^�j[ExEXVHbH�QP�bXe�P�µLCFR]bXTiC]SUE-KÁ}D¦2�QP<R8P©bXR]P�C_�nE�C_^Lp%P<\DEXl|j[ExEXVHbH�QP�bXeg\<��C]�¬bHC4T�bXK
f�PAP�µLC]RFbXT�CFP<e¤ltR]EXo¾CF�QPi\]PAo�ExeQPijU\iy�À�²Ù¨-²�£�ôAbXKgeóÐÈ%�¤A¨-ÎÍ£�ô�}
÷ÁÓ�åxÓ³Ù�Ø ( Õ
Õ´ögå2�²çwå¬Ö rLCWbHC]SUTZjUELE-V¶bX�QP<bXe©SU\�bXj[�nb�^x\�T<EXKQ\8CFbXK¢C��QbHKQekeQELP<\�KQEXC�eQP<p%P<Kge±E-KqC]�QP
\8CWb¶CFNQ\AEXl�CF�QP(\8SUo�Ngj�bHC]SUE-K«o�ELeQP<j�}"¦2�QS[\OVLS[KQe�EXl�jUELE-V¶bX�QP�bHe§SU\ONQ\8N¬bXjUj·^cegPiCFPiR]o�SUKQPie¨f¢^«C]�QP
oqS[KQSUo�Ngo�p�E-\8\]S[fQjUPkC]SUo�PkltE-R(b§pQ�¢^L\]S[T�bXjnpQ�QP<KgE-oqPiKQE-K
} h EXR�SUKQ\6CWbXKgT<PX�|S·l4b§\8SUo�NQjUbHCFS[E-K S[\
oqELeQP<j[jUS[KQd�bXS[R]p%E-R8C]\<�gb©\6CWbHC]SUTOj[ExE-V¶bX�gP�bXe�T<bXK¤f�POCF�gP�o�SUKgSUo�NQoºC]SUo�P4ltE-RvbXK�bXS[R]pQjUbXKQP4C]Ev�g^
CFE�bXKgEXCF�QPiRObXS[R]p%E-R8C4bXKQe§b�FÁPiTiCDC]�QP�o�ExeQPij�C]�QP<R8PX}AÄ�\8SUo�SUjUbXR2pQ�QPiKQE-o�P<KQE-K§T<bXK§f%P�NQ\]Pie�SUK
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T<E-o�pQNgC]P<RZKQPiC_��E-R]Vw\i}>Ä \8CWb¶CFSUTAj[ExE-V¶bX�gP�bXe¤�QPiR]P�SU\>CF�gP�C]SUo�PDltE-Rvb�pQbXTWVXP�C4CFE§���g^+�DltR]E-o$EXKQP
\]NQfQKgPiC_��E-R]V�CFE�bXKQEHCF�QPiR<} ] NgC�\]S[KQT<Pqb�p¬bXTWVXP�C(b>F�P<T�CF\£bXKQEXC]�QP<RA\8NQfQKQP�C_�nE-R8V�\8CWbHR8CFS[KQd�ltR]E-o
S[CF\Î&
©�À�²�f¢^wCFPH�?CF�QPqjUELE-V¶bX�QP<bXe¨S[\�C]�QPqC]SUo�P�ltEXR�C]�QSU\�f¢^LC]PkCFE�CFRFb�IXP<j|CF�QR8E-NQd-� C]�QPkKgPiC_��E-R]V´}
¦2�QSU\DS[\�C]�QPÁ¤s«�²�®�´�©D<¶¦A©�´�¦4¨'Ò�¨-²Ä£�´�¤�Ð}«�ª�¨È%¶}ArxSUdXK¬bXj²pQR]EXp¬bXd¢bHC]SUE-K�SUKc�vS[R]PijUP<\8\DKQP�C_�nE-R8Vw\OSU\�C]�QP
pQR]E-pQbXd¢bHC]SUE-KqEXl�RFbHeQSUE��>b�I-Pi\<�´bXKgekCF�QPiR]P�ltE-R]P�S[C��¬bX\nC]�QP4\8p�PiP<e�EXl²j[SUd-�¢C�}?rxSUKgT<P�C]�QP4egSU\8CFbXKQTiP<\
SUK�bXeLG_�QELTZ�vS[R]PijUP<\8\nKQP�C_�nEXR]Vw\ZbXR]PZI-P<R6^k\8okbHjUjU^¼oqb¶µxSUo�NgoÃÞ-ÞX¿XoÃS[KqCF�gPDoqELeQPij%EHl²KQ\6G~�7_��wCF�QS[\
pQR]E-pQbXd¢bHC]SUE-K§eQPij�b�^«S[\AbXjU\8E±I-PiR8^�\]oqbXj[jP^~½-}[}·}·½³ÞX¿-¿XKg\�_�}���PiC_��E-R8V§\]SUo"NQj�bHC]SUE-Kg\��vS[C]��KQ\6G~��R8NQK
SUK±b£okbXdXKQS[C]NQeQPvEXl²o�SUKwNgCFPi\�EHl�\]S[o�NQj�b¶CFSUEXK©C]SUo�PX�LbXKQeqCF�QPiR]PiltEXR]P�C]�QSU\�\8CFbHCFS[T�j[ExE-V¶bX�gP�bXe©ltR]E-o
pQR]E-pQbXd¢bHC]SUE-K�eQPij�b�^�S[\>I-P<R6^¤\]oqbXjUj�}

ý�ø�Ò�å¬æ Ù�Ø ( Õ
Õ´ögå;��çwå¬Ö B4CF�QPiRq\8E-NQR8T<P<\�EXl4jUELE-V¶bX�QP�bHe�okb�^��¬b�IXP«b§eg^LK¬bXo�SUT<bXj>K¬bHC]NQR]PH}
¦2�QP<\8POjUELE-V¶bX�QP�bHeQ\|eQP<p%P<KQe�EXK±b"TiNQR]R8P<K¢C>\6CWbHC]NQ\>EXl
C]�QP4o�ELeQP<j��wbXKQe±oqb�^©TW�¬bXKQd-P4E³IXP<R�CFSUo�PX}
h EXR�S[KQ\8CFbXKQT<PH��S[K�C]�QP�bHSUR]p%E-R6CF\2o�ExeQPijJ�¬S·l�CF�gP"T<NgR]R]PiK¢C4��P�bHC]�QP<R�T<E-KQegS[CFS[E-KQ\veQEqKQEXC4bXjUj[E³�ÀbXKbXSUR8pQj�bXKgP"CFE�CWbHVXP�E-F���S·CO�vSUj[j?bXR8R]S[IXP(j�bHC]P<RAbHCOC]�QP©eQP<\6CFS[K¬bHCFS[E-K�bXKQeÂd-S·I-P�b�p�E-\8\]S[fQSUj[S[C_^¤ltE-RAb
�QSUd-�gP<R�j[ExEXVHbH�QP�bXeÁ}ª¦2�QPi\]P2eg^LK¬bHoqS[TnjUELE-V¶bX�QP<bXeQ\�R]Pi¡LNgSUR]P>b4\8^LKQTW�QR8E-KQS[\FbHC]SUE-K(pQR8EXCFELT<EXjJ�³�v�QSUTW�
SU\Zb��>bXR8P�C]�¬bHC�jUELE-V¶bX�QP<bXe¤okb�^�S[KQT<R8P�bX\8P£bHKQeceQPiT<R8P�bX\8P"eQNQR8SUKQd©CF�gP�\8SUo�Ngj�bHC]SUE-K
} s K�CF�QP�T�bH\]PEXl��vS[R]PijUP<\8\OKQPiC_��E-R8VL\i��j[ExE-V¶bX�gP�bXeQ\4T�bXK�f%P�P�µLCFRFbHTiCFPieÂltR8E-o C]�QP(E-p%P<R]bHCFS[E-K§EXl�CF�QP�a�PieQSUNgo
Ä2T<T<Pi\]\�mnE-K¢C]R]E-jç^Ja�ÄZm�_�j�b�^XP<R<�ª\]S[KQT<PqS[C�T<E-K¢C]R]E-j[\�\8P<KQegSUKQd«EHl>p¬bXTWVHPiC]\(bXKQe b>FÁPiTiC]SUKQd�EXCF�QPiR
p¬bXR8C]\vEXl²CF�QPAKQP�C_�nE-R8V´}�¦2�QP�bXj[d-E-R8S[CF�goÅEHl�C]�QP�u4SU\6CFR8SUfQNgC]P<e�mnELE-R]egSUK¬bHC]SUE-K h NgKQTiC]SUE-Km^¼uOm h _T�bXK�f�PANQ\8P<e�ltE-R>CF�QS[\2pQNQR8p�E-\8P�^¼\]PiP"bHjUd-E-R8S[C]�Qo �x}Ú�-_�}
¦2�QS[\DbXj[d-E-R8S[CF�go$\]�QE��v\DC]�¬bHC�S[l|bXKgEXCF�QPiRD\8CFbHCFS[E-KcS[\�TiNQR]R8P<K¢CFj·^�C]RFbXKg\]o�S[C]C]SUKQd¬^��ZÄ�aÐÏ¸¿�_

CF�QP�T<NQR8R]PiKwCª\8CFbHCFS[E-KO�vSUj[jXKQEXC�\8P<KQe�CFE2CF�QP�o�P<eQS[NQo�}�¦2�gSU\�bXjUj[E��v\
CFEvNQ\]P|CF�gP|IHbXj[NQP|EXlLCF�QP���Ä�a
bX\vb(jUELE-V¶bX�QP�bHe
}|rxS[KQT<PD�vS[R]P<j[P<\8\nCFR]bXKQ\]o�SU\8\]S[E-KQ\nCFbXVXPOCFS[oqP�SUK¤b(oqbXd-KQS·CFNQeQP�EXl�oqS[jUj[SU\]PiT<E-KgeQ\<�
CF�QP���Ä�a T�bHK¯pgR]E-o�SU\8P±jUELE-V¶bX�QP<bXeQ\�EXlZCF�gSU\�R]bXKQd-Pm^tNQ\]N¬bHjUj[^

[1...2ms]
��eQPip�PiKQeQS[KQd�E-K¹CF�QP

p¬bXTWVXP�C�\]SU�iP(bXKQe«C]�QP"C]RFbXKQ\8oqS[\]\8SUE-K�RFbHC]P'_�} ] NxCOS[l?C]�QP(o�P<eQS[NQo SU\�ltR8P<P(b±\6CWbHC]SUE-K�CFRFbHKQ\]o�S[C]\SUo�oqPieQS�bHC]P<j·^-} s K"C]�QSU\ªT�bX\8P>b4\8E-NQR]TiPnEXl´j[ExEXVHbH�QP�bXe£bXR8P�CF�gPnSUK¢C]P<R6GJltRFbXo�P|\]p¬bHT<P<\i}�¦2�QP<S[Rªj[P<KQdHCF�
SU\"S[K CF�gP±oqS[T<R8E-\]PiT<E-KQeg\"RFbHKQd-P

[2...50µs]
�ªSJ} PX}«o�NgTW��\]oqbXjUj[P<ROCF�¬bHK�jUELE-V¶bX�QP�bHe
��P�µxC]RFbXT�CFPie

ltR]E-o¾C]�QP���Ä�a�}
¦2�QPÂjUELE-V¶bX�QP<bXe®EXl"E-KQP�\]S[o�NQj�b¶CFE-RqeQP<p%P<KQeg\cE-KCF�QP�j[ExE-V¶bX�gP�bXeQ\i�4P�µxC]RFbXT�CFPie»ltR]EXo bXjUj

KQPiC_��E-R]V�KQExegP<\<�qCF�¬bHC S[C SU\ \8SUo�Ngj�bHC]SUKQdQ} �?I-PiKÅS·l¤E-KQj·^�EXKQP�KQP�C_�nE-R8V�KQELeQP�R8P<p%E-R8C]\�b
ltR]P<P�o�P<egSUNQo bXKQe¸b�jUELE-V¶bX�QP<bXeÀS[KÀCF�QP�R]bXKQd-P

[2...50µs]
CF�gSU\«\8okbXj[j£j[ExEXVHbH�QP�bXeñ�¬bX\«CFE

f�PÂT<E-Kg\]SUegP<R]PieÀbX\�b jUELE-V¶bX�QP�bHe¥EHl£C]�QP¨\8SUo�Ngj�bHC]E-R<} rxS[KQT<P�E-KQPÂ\]S[o�NQjUbHCFE-RkoqELeQP<j[\�okbHKw^
KQPiC_��E-R]VÂKQELeQP<\i��CF�gPkpQR8E-f¬bXfQS[jUS·C_^«CF�¬b¶C"E-KgPqEXlnCF�QPio pQR8E�IxS[eQP<\"b�\8�QE-R8C"jUELE-V¶bX�QP<bXe¨S[\£�gSUd-�
}
¦2�QPÀ\8C]NQeg^¾�ß�HÛ-��SUK¢I-Pi\8C]SUd¢bHC]P<\+jUELE-V¶bX�QP�bHeQ\ SUKÃ�vSUR]PijUPi\]\�KgPiC_��E-R]Vw\<��bHKQe¾TiE-KQT<j[NQeQPi\+CF�QbHC
E-pgCFS[oqS[\FbHC]SUE-K�CFP<TW�gKQSU¡wNQPi\�T�bHK£S[KQT<R8P�bX\8P|C]�QP|jUELE-V¶bX�QP<bXeOCFE

[5...60µs]
S[K£îX¿¾Ñ¥EXlxCF�QP|j[ExE-V¶bX�gP�bXe

T<E-o�pQNgCFbHCFS[E-KQ\<}{¦2�QS[\§jUELE-V¶bX�QP�bHe�SU\cl¼bXR�CFELE®\]oqbXjUj�CFEbXTW�QS[PiIXP¯\8p�PiP<eQNgp�S[K�eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-Kg\<}Z¦2�QP<R8PiltE-R8P s bXo TiE-KQ\8SUeQPiR]SUKgd�bXjU\8EkNQpgp�PiRDKQPiC_��E-R8Vcj�b�^XP<R]\i�
\]p%P<TiS[à¬T<bXjUj·^�SUK�C]�QPT<E-K¢CFP�µLC4EXl�CF�gSU\>CF�gP<\]S[\<�´SUK�EXR]eQPiRvC]E�bXTW�QSUP�I-P��QSUdX�QP<R2j[ExE-V¶bX�gP�bXeQ\i}
¦2�QPi\]PZNQpQp%P<R�j�b�^-PiR]\�bXR8PvC]�QPZT<E-o�o�NQKQS[T�bHC]SUE-K"pQR]EXC]ExTiE-jU\i�-CF�¬b¶CnbHR]PveQPiIXP<j[E-p�Pie±bXKge�C]P<\8C]P<e

�vS[CF�¯KQ\~G6�«SUK�CF�gP�TiE-K¢CFP�µLCqEXlZCF�QS[\�CF�QPi\]SU\i}+¦2�gP�d-E-bXj>EXlZCF�QPi\]P�pQR]EHCFELT<E-j[\(SU\�CFE�d-NQbXRFbXK¢C]P<P
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CFSUo�P<j·^¤eQP<j[S[IXP<R8^�EXl|p¬bHTWVXPiC]\ASUK«o�Ngj[CFS G_�QEXp��vS[R]P<j[P<\8\ObXexGí�QExT"KQPiC_��E-R]Vw\i} ] NxCO\]S[KQT<P"C]�QP©uOm h
oqPiTW�¬bXKQS[\]o{NQ\]Pie C]�QP<R8P�SU\£T<E-K¢CFPiK¢CFSUEXKxG_f¬bH\]P<eÁ��S·C�eQELP<\(KgEXC�d-S·I-P±pgR]P<egSUTiCFbXfQj[PkCFR]bXKQ\]o�SU\8\]S[E-K
CFSUo�P<\i��bXKQe�S[\"KQEHC©bXpQpQR8E-pQR8S�bHC]PqltE-R�R8P�bXj GíC]SUo�P�TiE-o�o�NQKQS[T�bHC]SUE-KQ\i}c¦2�QPiR]P�ltE-R]PH�|C]�QP<\8P¤NQpQp%P<R
j�b�^-PiR]\�fQNQSUj[eÂbXK¹bXTiT<Pi\]\"o�P<TW�QbXKQSU\8o�\]S[oqS[j�bXRZCFE¤CF�QPqzªE-S[K¢C(mnELE-R]egSUK¬bHC]SUE-K h NQKgTiCFS[E-K ^�z�m h _
E³IXP<R¹C]�QP®uOm h } s KÃC]�QP<\8P®\]TiP<K¬bXR8SUE�\8E-oqP�KQPiC_��E-R]V�KQExegP<\ CFbXVXP�C]�QP®R]E-j[P�EXl�bÀTiP<K¢CFR]bXj
T<ELE-R]eQS[K¬bHC]E-Rp^�ô�ªÆÃ�À�²~«�©p°2«�¨�Ð2_��-bXKge�EXCF�gP<R�KgExeQPi\ªCFbXVXPnC]�QPnR8E-jUP�EXl´bvô�ªÆ£�«�¤2²�À�²Ù¨-²�£�´�¤¬}�¦2�gP>T<j[NQ\8C]P<R
�QP�bXeg\�TiE-K¢CFS[KLNgE-NQ\]j·^Dp%E-jUj¶CF�QP�TijUS[P<K¢CF\�S[KOE-R]eQPiR
CFEvd-S·I-P?CF�gP<o�bXTiT<Pi\]\�CFE2CF�gP�o�P<egSUNQo�}�Ä�T<j[NQ\8C]P<R
�QP�bXe�\]PiKQeQ\Db�p�EXjUj�E-KQTiP£p%P<RvCFS[oqPOS[K¢CFP<R6IHbXjJ�Q�v�QS[TW�cS[\ZàgµxPie«SUK¤CF�QP�RFbHKQd-P�EXl

[20...30ms]
}nÄ

T<jUS[P<K¢C�\8P<KQeg\©bcp¬bXTWVHPiC���E-KQj·^��v�QP<K�S·C�R]PiT<PiS[I-Pi\©bXK�SUK¢ILS[CFbHCFS[E-K�ltR]E-o bcT<j[NQ\8C]P<R��gP�bXe
}§¦2�gSU\
oqP<bXKQ\OCF�¬b¶C"S·l�C]�QPqo�P<egSUNQo/S[\OltR]P<PqbHCACF�gPqTijUSUPiK¢CA\]SUegPqS·CAT�bXK¨KQEXC�\]PiKQe¹SUo�o�P<eQSUbHCFPij[^-�ÁfQNgC
bHl CFPiR�R8P<T<PiS[ILSUKgd�bXKqSUK¢ILS[CWb¶CFSUEXK
�-�v�QSUTW��CWbXVHP<\nC]SUo�PZbHCnj[P�bX\6C�ltEXR�C]�QPZC]RFbXKg\]o�SU\]\8SUE-K�EXl�EXKQP4e¬b¶CWb
ltRFbXo�Pv^¼Ng\]N¬bXj[j[^

[1..2ms]
_�}

rLEQ�HKgPiC_��E-R]VOo�ExegP<jU\�S[KOCF�QP�T<E-K¢C]P�µLC�EHlxC]�QP�C]�QP<\8SU\²�¬b�I-P�j�bHR]d-PiR�jUELE-V¶bX�QP�bHeQ\
CF�¬bHK£\6CWbXKQeQbXR]e
�vSUR]PijUPi\]\vKQPiC_��E-R8VL\i}>¦2�QP�^¤T�bXK�f�PAS[K�C]�QPARFbXKQdXP�EHl

[1...30ms]
�´bXKQe�CF�QPiSUR2f%P<�¬b�ILSUEXNQRvT�bXK�f�P

eQPiC]P<R]o�SUKgP<e�f¢^"bXK(bXeQegS[CFS[E-K¬bXj¢\6CFNQex^-}?¦2�QPi\]P2j[ExE-V¶bX�gP�bXeQ\�T�bHK�okbHVXPnC]�QPno�ExegP<jU\ªbXpQpgR]E-pQR8S�bHC]P
ltE-RcTiE-KQ\]PiR8IHbHC]S[I-P eQSU\6CFR]S[fQNgC]P<eÀ\8SUo�NQjUbHCFS[E-K
} ��E���PiI-PiR<�"C]�QP¹j[ExE-V¶bX�gP�bXeQ\��¬b�I-P b�ex^xKQbXoqS[T
K¬bHCFNgR]PX�´bHKQe¤R]P<¡wNQS[R]P�bXpQpgR]E-pQR8S�bHC]POoqP�CF�QELeQ\>ltE-R2ex^xKQbXoqS[TOjUELE-V¶bX�QP<bXe�P�µLCFR]bXTiC]SUE-K�bXKge�NQ\8PX}
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¦2�QSU\�TW�¬bXpxCFP<R¨eQSU\8T<NQ\8\]Pi\ EXC]�QP<R��nEXR]Vw\¹bXKge�P�FÁE-R6CF\ÂSUK CF�QP¯bXR8P�b¥EXl±p¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<e
\]SUo"NQj�bHC]SUE-K¨EXlv�vSUR8P<jUPi\]\©bXeLG_�QELT±KQP�C_�nE-R8Vw\<} h SUR8\8C(S·C(R]P�I-P<bXjU\�C]�QP¤pQNQR]p%E-\8P<\©EXlvCF�QS[\(R]Pij�bHC]P<e
�nE-R8V¨\6CFNQex^-}�¦2�QP<K S·C"eQS[\]TiNQ\]\8P<\©R]Pi\]P�bHR]TW� pQR]E³û8P<TiC]\<���v�QS[TW� bXeQeQR8P<\]\(pgR]E-fQj[P<o�\<�?\8SUo�SUjUbXRDCFE
CF�QS[\|C]�QP<\8SU\i} h SUK¬bHjUj[^£S[C�\8NQoqoqbXR8SU\]Pi\�S[eQP�bH\|ltR8E-o°CF�gP�R8P<j�b¶CFP<e��nEXR]V©\8C]NQeg^©CF�¬b¶C>bXR8P��gP<jUpxltNQjQCFE
CF�QS[\>CF�QPi\]SU\i}
Éìijh Ùzãç¿CÚ%l
{}qH{QlRubo4wçq æ�o/ã�,�Û
BOKgPZpgNQR]p%E-\]P�EXl%CF�QPZR]Pij�bHC]P<e©�nE-R8V(\8C]NQeg^�SU\�CFEAà¬KQeqEXCF�gP<R|R]Pi\]P�bHR]TW�±pQR8E¶û8P<T�CF\i�x\8SUo�SUj�bHR�CFEACF�QS[\
CF�QPi\]SU\i�¢CF�¬bHC�oqb�^�T<EXKwC]R]S[fQNgCFPvCFEAS·C�}�¦2�gP�TiE-K¢CFR]S[fQNgC]SUE-K©SU\�VwKQE��vj[P<eQd-P�bXKQe�P�µxp%P<R8SUP<KgT<PZd¢bXSUKgP<e
ltR]E-o C]�QP<\8PqpgR]E¶û8PiTiCF\ACF�QbHC�T�bXKÂf�P©�QPijUpgltNgj?CFE¤CF�QP(CF�gP<\]S[\<}q¦2�QPqTiE-K¢CFR8SUfQNgC]SUE-Kg\Ookb�^§�¬b�IXPkb
¦2´'À�£¥²Ä£¥Ñ-«qK¬bHC]NQR]PH��SJ} PX}�bXK¹S[eQP�b¤ltR]E-o{bXKQEHCF�QPiR"pQR8E¶û8P<T�C�CF�¬b¶C"T<bXK�f�PkbXpQpQj[SUPie¨CFE�CF�QPqCF�QPi\]SU\i}
] NgCDC]�QPi^cokb�^cbXjU\8E±�¬b�I-P©b ¤s«�Ò�¨-²�£¥Ñ-«(K¬b¶CFNQR8PX�
S�}ßPH}AbXK§SUeQP<b±E-RDb±o�PiC]�QELe
�
NQ\8P<e�SUK§bHKQEXCF�gP<RpQR]E¶û8PiTiC<�QCF�¬bHCvS[\2KQEXC�bXpQpgjUSUT<bXfQj[P4SUK�C]�QPAT<E-K¢CFP�µLC4EXl�CF�gSU\>CF�gP<\]S[\<}
Ä�KQEXC]�QP<RZpQNQR8p�E-\8P£EHl�CF�gP£R8P<j�b¶CFP<e¤��E-R]V�\6CFNQeg^¤S[\2CFE�E-fgCWbHSUK�bqf¬bH\]PAltE-RvbqTiE-oqpQbXR]S[\]E-K¤EXl

CF�QP(\8E-jUNgC]SUE-K�EXl|CF�QP�C]�QP<\8SU\D�vS·CF�§EXC]�QP<RO\8SUo�SUj�bHRZP�FÁEXR8CF\i}£¦2�gSU\O�QPijUpQ\4C]E¤PiIHbXjUNQbHCFP�CF�QP(R8P<\]Ngj[C
EXlªC]�QPOCF�QPi\]S[\<}
Éìi�¸ KN,çqH½R{�u�¿4lpä Üóo/w�q	¿ÞÝ qH{}qH½»¿;â;wÊÙ ¿;làß+qHâAo/{
* ýOá�÷ ¦2�QP¥z�bXR]bXjUj[P<j�bXKge¾u4S[\8C]R]SUfgNgCFPieÅKg\6G6�^�z|uD�4r;_¹SU\¯bXKÃP�µLC]P<KQ\8SUE-KÅCFE�CF�QPKQ\~G6�
\]SUo"NQj�bHC]E-R�ltEXRÂpQbXRFbXj[jUPij�bXKQe¸eQS[\8CFR8SUfQNxCFP<e \8SUo�NQjUbHCFS[E-K�EXl)®»£¥©�«�Ð¸KQP�C_�nE-R8Vw\E�ßâ7��} s CÂeQS[ILSUegP<\
bñoqELeQPij�EHl¤bñKQP�C_�nE-R8V�S[KwC]Eño�ExegP<jU\ÂEXl�\8NQfQKQP�C_�nEXR]Vw\¯bXKQeºbX\8\]S[d-KQ\¹P<bXTW�°\]NgfQKQPiC�C]EÀb
\]P<pQbXRFbHC]P¨j[E-d-S[T�bXj�pQR]ELT<Pi\]\�^�ò²zR_�}2¦2�QP¨ò²z|\�NQ\8P b T<E-Kg\]P<R6IHbHCFS·I-P ^¼fQj[ExTWVwSUKgd+_±bXpQpQR8E¢bXTW�¥ltE-R
\8^LKQTW�QR8E-KQSU\]bHCFS[E-K
�´SJ} PX}2P<bXTW�§ò²z®P�µxP<TiNgCFPi\DE-KQj·^ À·¨�>E«£PiI-PiK¢CF\ObXKge«eQELP<\ZKQEXCZIxS[E-j�b¶CFPOCF�QP�jUELT�bHj
T�bXNQ\]bXjUS·C_^ TiE-KQ\6CFRFbHSUK¢C�}Â¦2�QSU\©b�IXE-SUeQ\£CF�QP�S[oqpQj[P<o�P<K¢CWb¶CFSUEXK EXlZ\8CFbHCFP�\]b�IxS[KQd§SUK¹C]�QP�P�µxS[\8CFS[KQd
KQ\6G~�ÂT<ELeQPH}Àz|uD�Dr�S[K¢CFR]ELeQNQTiP<\�CF�QP�KQEXCFS[E-K¯EXlv©�«�ÎÏ´�²~«³ªÆ£¥¤�<¯S[K�KQ\~G6�x}¥¦2�QSU\qSU\qb KQP�C_�nE-R8V
jUSUKgV�CF�QbHC�T<E-KQKgP<TiC]\�C_��Ec\8NQfQKQP�CF\£E-K¨egSGF�P<R]PiK¢C�ò²z�\<}kz�u4�DrÂNg\]P<\�R]PioqEHCFP©jUS[KQVw\AC]E¤P�µLCFR]bXTiC
jUELE-V¶bX�QP�bHe¨ltR]EXo�C]�QPko�ELeQP<j�}�¦2�QPkpQR]E-pQbXd¢bHC]SUE-K¨eQP<jUb�^ÂEXlZb�KQPiC_��E-R]VÂjUS[KQV§SU\�CF�QPqCFSUo�P©ltE-R
E-KQPkfgS[C"C]E³�_C]RFb�I-Pij��qbXj[E-KQd�CF�QP±j[SUKQV´}�¦2�QP<R8PiltE-R8PkCF�gP±pQR]EXp¬bXd¢bHC]SUE-KÂeQPij�b�^ EHlZbcR]PioqEXC]Pqj[SUKQV
eQPià¬KgP<\�C]�QPAoqS[KQSUo"NQo \8SUo�Ngj�bHC]SUE-KkC]SUo�PDCF�¬b¶C��QbX\2CFE�p¬bX\]\i��f%PiltEXR]P�b�pQbXTWVXP�C��%\]P<K¢CZltR]E-o¾E-KQP
\]SUegP"EXl|CF�gP�jUS[KQV´�Áb>F�P<T�CF\4C]�QP�\8NQfQKQP�C_�nE-R8V«E-K«C]�QP�EXC]�QP<RD\8SUeQPH}ArxE±C]�QP�jUELE-V¶bX�QP<bXecEHl�bXK�ò²z
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e¬bHCWb�SUK¢CFEZCF�QP>KgPiC_��E-R]V´} s K"C]�QSU\��>b�^£S[CªfQR]P<bXVw\�CF�gP>\]PiokbXK¢C]SUT<\ªEXlQC]�QP>T<EXoqo�NgKQSUT<bHCFS[E-K�bXoqEXKQd
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Ä>C�C]�QSU\ j[PiI-PijJ��\8SUo�Ngj�bHC]SUE-K/\8NQfQR8E-NgCFS[KQP<\i��CF�¬b¶C��Qb�IXP¾\8NQpQp%E-R8C]SUKQd�ltNQKQT�CFS[E-K
�®bXR8P
eQSU\6CFR8SUfQNgC]P<e�C]E¹EXC]�QP<R±TiE-o�pQNgCFPiR]\i}À¦2�QP<\8P§SUKQTijUNQegPcRFbHKQeQE-o KwNQo�f%P<R±dXP<KQPiRFbHC]SUE-K+E-R
T<E-j[jUPiTiCFS[E-K®EXl£\8CFbHCFS[\8CFS[T<\i}ÃB4CF�QPiR�\8NQpQp%E-R8C]SUKQd�CFbX\]Vw\�bXpQpQR8E-pQR8S�bHC]P«SUKo�NQj·CFS[pQR]ELT<Pi\]\]EXR
P<K¢ILSUR8E-KQo�P<K¢CF\£bXR]P�o�P<o�E-R8^cokbXKQbXd-P<o�P<K¢CAE-RAp%E-\8C]pQR]ELT<Pi\]\8SUKQd�EXl>\8SUo�NQjUbHCFS[E-K«R8P<\]Ngj[CF\i}
u4NQP"C]EqC]�QP"R8P<j�b¶CFS[IXP<j·^¤\]oqbXjUj�KwNQo�f%P<R�EXl�p%E-\]\8SUfQj[P£\8NQpQp%E-R8C4\]NQfgR]E-NgC]SUKQPi\4S[KcKQ\~G6�x�´CF�QS[\
jUP�I-P<j�EHl?eQS[\8CFR8SUfQNxCFSUEXK±eQELP<\vKQEXCvpQR8E-o�SU\]PAb(\8SUd-KQS·à¬T�bHKwCv\8p�PiP<eQNgp
}

Üg}ZmnE-o�p�E-KgP<K¢CZjUPiIXP<j
¦2�QSU\¨eQSU\6CFR8SUfQNgC]SUE-K¸SU\ÂE-K�C]�QP�\8EXl C_�nbXR]P�o�ELeQNQjUPi\¨j[PiIXP<jJ} u4S�FÁPiR]P<K¢C oqELeQNQj[P<\ÂEXl¤b
\]S[o�NQj�b¶CFSUEXK�pgR]E-d-R]bXo bXR8P£P�µgPiT<NgC]P<e�E-K�eQSGF�P<R8P<K¢CDTiE-oqpgNgCFPiR]\<} s K«KQP�C_�nEXR]V�\]SUo"NQj�bHC]SUE-K
CF�QS[\?�nEXNQjUe(o�P�bXK�C]�¬bHC�C]�QP2oqELeQPijgEXl%P�bHTW�qjUb�^XP<R�S[\?P�µxP<TiNgCFPiekE-K©bO\8P<p¬bXR]bHCFP2\8SUo�Ngj�bHC]E-R<}
¦2�QSU\�bHpQpQR]E-bXTW��SU\«KgEXC�bXpQpgR]E-pQR8S�bHC]P¹SUK»CF�QS[\c�nEXR]V´��f%P<T�bHNQ\]P�CF�gP<R]P¹bXR]P�KQEHC§okbHKw^
KQPiC_��E-R8V�j�b�^-PiR]\(E-R�EHCF�QPiR(T<E-o�p�EXKQP<K¢CF\�C]�¬bHC(T<bXK f�P�\8P<p¬bHRFbHC]P<eóO S[C"�¬bX\©b§jUS[oqS·CFP<e
\]T<bXj�bXfgSUjUS·C_^-}|a�E-R]PiE³IXP<Ri��KQP�C_�nEXR]V¤j�b�^-PiR]\vP�µxTW�¬bHKQd-P"o�P<\8\FbXdXP<\vltR]P<¡wNQPiK¢CFj[^k�v�QSUTW���nE-NgjUe
jUP<bXe�CFE�b�\8SUd-KgS[à¬T<bXK¢C2T<E-o�o�NQKgSUT�b¶CFSUEXK±E�I-P<R8�QP�bHe§bXo�E-KQd�CF�gP�\8SUo�Ngj�bHC]E-R]\i}

ÛQ}v�?I-P<K¢C4jUPiIXP<jÁG�TiP<K¢CFR]bXjUS[�<P<e
¦2�QSU\qjUP�I-P<jZeQS[\8CFR8SUfQNxCFP<\©CF�gPcP�µxPiT<NgC]SUE-K�EHlO\]S[KQd-jUP�PiIXP<K¢CF\qCFE¹EXC]�QP<R�T<EXoqpQNxCFP<R8\<}¥¦2�QP
oqP�CF�QELe«S[\4T<PiK¢CFRFbHjUSU�iP<e)O bkokbH\8CFPiR4pQR8ExTiP<\8\]E-ROoqbXSUK¢CFbXSUKQ\2C]�QP�PiIXP<K¢C�jUS[\8C�} s CAbX\8\]SUdXKQ\
�QP�b�ILSUj·^ñ��P<S[d-�¢CFP<e¸PiIXP<K¢CF\��vS[C]�ÀCF�QP \]bXoqP¨CFSUo�P<\6CWbXo�pÀE-R§TijUE-\8P¹CFE®P<bXTW��EHCF�QPiR«CFE
f�P�P�µxP<T<NxCFP<e+f¢^ CF�gP�\]j�b�IXP�pQR]ELT<Pi\]\]EXR]\<} ¦2�QSU\(o�PiC]�QExe�oqbXVHP<\(NQ\8P�EXlZSUKQeQPip�PiKQeQPiKQT<P
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f�P�C_�nPiP<K«P�I-PiKwC]\DSUK¤CF�gP£CFS[oqPOegE-okbHSUK
�QS�}ßPH}>S[CvNg\]P<\4T<E-KQTiNQR]R8P<KQT�^�EXl�PiIXP<K¢CF\�CFEqbXTW�QSUP�I-P
\]p%P<PieQNQp
} rLEQ�qC]�QSU\¨oqP�CF�QELe�oqbXVXPi\¹jUPi\]\¨NQ\]P�EHl�SUKQegP<p%P<KQeQPiK¢C PiI-PiK¢CF\<�±C]�¬bXK�C]�QP
eQP<TiP<K¢CFR]bXjUS[�<Pie�o�PiC]�QELe
�X�v�QS[TW�qbHjU\]EONg\]P<\�C]�QPv\]p¬bXTiP2eQE-oqbXSUKÁ}ªÄ�KQEXCF�gP<R�o�EXCFS·I-P2bXd-bXSUKQ\6C
CF�QS[\AoqP�CF�QELe�SU\OCF�¬b¶C£S·CAeQELP<\�KQEXC��¬b�I-Pkb�\6CFRFbHSUd-�¢C]ltEXR8�nbXR]eÂSUo�pQjUPioqPiK¢CWbHC]SUE-K«S[K�KQ\6G~�x}
��\~G6�>SU\�f¢^AeQPi\]SUdXK£b2\8P<¡wNQP<K¢C]S�bXjw\]S[o�NQjUbHCFE-RÁbXKQe�eQELP<\²KQEXC�pQR8E³ILS[eQP�pQR]S[oqS·CFS·I-P<\�CFEvP�µxP<TiNgCFP
PiIXP<K¢CF\ZE-K�bXKQEXC]�QP<Rv�QE-\6CF\i}

Þx}Z�?I-P<K¢C�jUP�I-P<jÁG�egP<T<PiK¢CFRFbHjUSU\8P<e
¦2�QSU\¤j[PiI-PijAeQS[ILSUegP<\¤CF�QPÂ\]S[o�NQj�b¶CFSUEXK�oqELeQPijOSUK¥\]p¬bXTiP bHKQe»C]SUo�PX�DbHKQeÀbX\8\]S[d-KQ\¤P�bXTW�
p�EXR8CFS[E-K¹CFEÂb�\]Pip¬bXRFb¶CFP¤pQR]ELT<Pi\]\8E-R<} s C©pQR]EXoqS[\]P<\�b§�QS[d-� \]p%P<P<egNQp�S·l�C]�QP¤oqELeQP<jn�¬bX\
okbHKw^�S[KQeQP<p%P<KgeQP<K¢COP�I-P<K¢C]\�S[K�C]�QP<\8P�C_�nE�eQEXokbXS[KQ\<}���E���PiIXP<R<��C]�QSU\�oqP�CF�QELecR8P<¡wNQSUR8P<\
b(\8^LKQTW�QR8E-KQSU\]bHCFS[E-K�pQR]EXC]ExTiE-jÁC]EqPiKQ\]NQR8P�C]�QP�SUK¢CFPid-R]S·C_^±EXl�CF�QPA\8SUo�NQjUbHCFS[E-K±o�ExegP<jJ}�¦2�gSU\
oqP�CF�QELe¤EXlªeQSU\6CFR]S[fQNgC]SUE-Kk�nbX\ZeQSU\8T<NQ\8\]PiecSUK¤eQP�CWbXS[j
SUK�\8P<T�CFSUEXK«�x}Ý�x}

¦2�QPceQPiT<PiKwC]RFbXj[SU�iP<e�P�I-P<K¢C�j[PiIXP<jZeQSU\6CFR]S[fQNgC]SUE-K oqbXVXPi\kNQ\8PcEXlOS[KQeQPip�PiKQeQP<K¢CkPiI-PiK¢CF\�SUK¯f%EXCF�
\]p¬bXTiP�bXKge�CFS[oqPAeQEXokbXS[K
�¬\]EqS[CZP�µxpQj[E-R]Pi\Db�f�P�C]CFPiR4eQPid-R]PiP"EXlªCF�QP£oqELeQPij�Ú \ZpQbXRFbXj[jUPijUSU\8oÅC]�¬bXK
CF�QP(EXC]�QP<ROj[PiIXP<jU\i}�¦2�QPiR]PiltEXR]P(S[CDpQR]E-o�SU\8P<\Ab±d-R8P�bHC]P<RO\8p�PiP<eQNQpÁ} s CF\AeQSU\]bXegIHbXK¢CWbHd-P�SU\DC]�¬bHCOS·CSU\"o�E-R8P±T<E-o�pQj[P�µÂCF�¬bHK¹CF�QP±EHCF�QPiR]\©bXKQe�R8P<¡wNQS[R]P<\(egSU\8C]R]S[fQNgCFPie¹\8^LKQTW�gR]E-KQS[\FbHC]SUE-K�pgR]EXC]ExTiE-jU\i}
��E��nP�I-PiR<�Zb¨j[EXC�EXlOR]Pi\]P<bXR]TW�®bHKQe�eQP�I-P<j[E-pQo�P<K¢CqSU\�eQE-KQP�SUK CF�QS[\�à¬PijUe
�>bXKQe s R]P<j·^�CFE¨NQ\]PP�F�E-R8C]\DbXKQecbXTW�QS[PiI-PioqPiK¢CF\DEXl|EHCF�QPiR�R8P<\]P<bXR]TW�gP<R]\OS[K�C]�QSU\v�nEXR]V´} h E-R2CF�gP<\]P"R]P�bH\]E-KQ\ s TW�QELE-\]PCF�QPAeQPiT<P<K¢C]RFbXj[SU�<Pie�P�I-PiKwC�jUP�I-Pij�eQSU\6CFR]S[fQNgC]SUE-K�S[K±CF�QS[\vC]�QP<\8SU\2��E-R]V´}
Óçi�É ÜQ¼
q	¿;½
Ì~ÌvÖ1qH{/|�æ
n
Ä�l CFPiR�C]�QPcj[PiIXP<jZEXlOeQS[\8CFR8SUfQNxCFSUEXK¯S[\�àxµgPie
�>CF�gPcKQP�µxCk\8C]P<p®SU\(C]E TW�QELE-\]P«bXK�E�I-PiRFbXj[jveQP<\8SUd-K
EXlOCF�QP§egSU\8C]R]S[fQNgCFPie�\]S[o�NQjUbHCFS[E-K+\6^L\8CFPio�}�rxS[KQT<PcC]�QSU\qCF�QPi\]SU\qCWbX\8V�SU\kbXK®P�µLC]P<KQ\8SUE-K®CFE¹C]�QP
KQPiC_��E-R]Vq\]S[o�NQj�b¶CFE-R�KQ\6G~�x�gC]�QPDE�I-PiRFbXj[jÁ\8^L\6CFP<o¾eQP<\8SUd-K�\8�QE-NQj[e�f�PO\8SUo�SUj�bHR?CFE(S[C<}?¦2�QPOS[KQpQNgC2S[\
bkeQP<\8T<R8SUpgC]SUE-K�EXl�bkKQP�C_�nE-R8Vco�ExegP<jJ�´j[SUVXP£SUK�KQ\6G~�x�
bXKge«CF�QP£E-NgCFpgNgCOSU\4bXjU\8E±bk�gSU\8C]E-R8^�EXl�C]�QP
\]SUo"NQj�bHC]P<e�KQPiC_��E-R8V%}�¦2�QP�\8E-jUNgC]SUE-K�eQS�FÁPiR]\vltR]E-o�KQ\~G6�qf¢^¤CF�gP"eQS[\8CFR8SUfQNxCFP<e�P�µxP<TiNgCFS[E-K§EXl?C]�QP
\]SUo"NQj�bHC]SUE-K"oqELeQP<j�}�¦2�QPZeQP�à¬KQS[C]SUE-K�EXl�CF�QP2CF�gP<\]S[\�CFbX\]V(R8P<¡wNQS[R]P<\nbHC�jUP<bX\8C|C_��E"f¬bX\8SUTvfQj[ExTWVw\�SUK
CF�QPO\6^x\6CFPio O oqELeQNQj[P<\nltEXR2bXNgC]E-okb¶CFSUT�p¬bXR6CFS[C]SUE-KgSUKQd"bXKQe±ltE-R2eQS[\8C]R]SUfgNgCFPie�P�µxP<TiNgCFS[E-K¤EXlªC]�QP
oqELeQP<j�}�¦2�QP�TW�QE-\]PiK"j[PiI-PijwEXlgegSU\8C]R]S[fQNgCFS[E-KOSUo�pQj[SUP<\%C_�nE�EXCF�gP<R²fQjUELTWVw\�ltE-R�\8^LKQTW�QR8E-KQS[\FbHC]SUE-K£bXKQe
P�µxTW�¬bXKQdXP�EXlgoqPi\]\]bXd-P<\�bXo�E-KQdvj[E-d-SUT<bXjXpgR]ELT<P<\8\]Pi\<}?Ä�K"bXegeQS[C]SUE-K¬bHjXo�ExeQNgjUP?ltE-R�p%E-\8C]pQR]ELT<Pi\]\8SUKQd
EXl?\8SUo�NQjUbHCFS[E-K�R]Pi\]NQj·CF\vT<EXoqpQj[PiC]P<\vCF�QP�E�I-P<R]bXjUj�egP<\]S[d-KcEHl�CF�gP£\6^x\6CFPio�} h SUd-NQR8PAÛQ}[½�SUj[jUNQ\6CFR]bHCFPi\CF�QS[\2eQP<\8SUd-K
}
¦2�gPnà¬d-NQR8P>\]�gE³�v\?C]�QPnfgjUELTWVL\�EXl¬CF�QPn\8^L\8C]P<o��XCFE-dXPiCF�gP<R��vS·CF��S[KwC]P<R]bXTiC]SUE-KQ\�f%PiC_��P<P<K(C]�QP<o�}

¦2�QPOSUKQpgNgCnC]E�CF�QPD\6^L\8CFPio��´bHKQe�S[C]\nE-NgC]pQNgCvbHR]P4C]�QPO\FbXo�PDbH\>CF�QPDS[KQpQNgC>bXKQe¤E-NgC]pQNgC2EHl²KQ\6G~�x}
¦2�QPA\8^L\8C]P<o �¬bX\v\]EXoqPAbXegeQS[C]SUE-K¬bHj�fQj[ExTWVw\i�¬KQP<PieQP<e�CFEqbXT<TiE-oqpgjUSU\8�±CF�QPOCFbX\]VkltEXR2eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-KÁ}¸¦2�gPÂfgjUELTWV+ltE-R±o�ELeQP<jDpQbXR8C]S[CFS[E-KQS[KQd eQS·ILSUeQPi\¤b¹\]P<¡wNQPiK¢CFS�bHj�Kg\6G6�¹o�ExegP<j4S[K¢CFE
o�NQj[C]SUpQj[P|p¬bXR8C]S�bXjwo�ExegP<jU\i}ª¦2�gP<K�CF�gP>T<E-o�p%E-KQP<K¢C?ltEXRªeQS[\8C]R]SUfgNgCFPie�P�µxP<TiNgCFS[E-K(R]NgKQ\?CF�QP�p¬bXR6CFS�bHj
oqELeQP<j[\
SUKOpQbXRFbXj[jUPijJ}
¦2�QS[\�T<E-o�p%E-KQP<K¢C²NQ\8P<\�CF�gPð�6rL^LKQTW�QR8E-KQSU\]bHCFS[E-K/�?bXKQe��8a�P<\]\]bXd-P���µxTW�¬bXKQd-P��
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h SUdXNQR]POÛQ}·½-y�B4I-PiRFbXj[j
\8^L\6CFP<o eQPi\]S[d-K
oqELeQNQj[P<\�C]E�P<Kg\]NQR8PAC]�QPDTiE-R]R8P<TiC>P�µxP<TiNgCFS[E-K�EXl�CF�gPDoqELeQPij
bXKQekS[CF\�T<E-Kg\]SU\6CFPiKQT<PH}�¦2�QP4oqELeQNQj[P
ltE-RveQSU\6CFR]S[fQNgC]P<e�P�µxP<TiNgCFS[E-K
�´CFE-d-P�CF�QPiR2�vS[CF�Á�8rw^xKgTW�QR]E-KgSU\Fb¶CFSUEXK/��bXKQeÁ�8a�P<\]\]bXd-P"�?µxTW�¬bHKQd-P���S[\
CF�QP«oqbXS[K+p¬bHR8CqEXlDCF�gP«\8^L\8C]P<o�}ñ¦2�QP�pQR]ELeQNQT�C±EXl4CF�QP«egSU\8C]R]S[fQNgCFPie�P�µgPiT<NgC]SUE-K�SU\qb \]P�C±EXl
\]SUo"NQj�bHC]SUE-K R]P<\8NQj[C]\<��T<E-R8R]P<\8p�EXKQeQSUKgdÂC]E�C]�QP¤eQSGF�P<R8P<K¢C�p¬bXR6CF\©EXlZCF�QP�oqELeQPijJ}¹¦2�QPi\]P�R]Pi\]NQj·CF\
bXR]P±C]�QP<K o�P<R]dXP<e¹CFE§TiE-o�p�E-\8P±CF�QPqà¬K¬bXj>\8SUo�Ngj�bHC]SUE-K¨R]P<\8NQj[C<}¨¦2�gSU\"à¬KQbXj>R]Pi\]NQj·C(\]�gE-NQjUe f%P
CF�QPA\FbHoqP�bX\vb(R]Pi\]NQj·CvltR]E-o KQ\6G~���vS·CF��CF�gP�\]bXo�POSUKQpQNxCvoqELeQP<j��gfQNxC�S·C2\]�gE-NQjUe¤f%PAd-P<KQPiRFbHC]P<e
l¼bX\8C]P<R<}
ÓçiÔÓ ÖCqH{}|�æ
nWl
u)æ�Û�{�o4q�ä kmlpä Ú l
n�qHnpo/{
h EXjUjUE��vS[KQd�CF�QPqE³IXP<R]bXjUj�eQP<\8SUd-KÁ�ªCF�gSU\�\]P<T�CFS[E-K¹d-S·I-P<\£eQPiCFbXSUj[\"bHf�E-NxC£C]�QPk\6^x\6CFPio TiE-oqp%E-KQPiK¢CF\
bXKQeko�EXC]S[IHbHCFPi\�CF�gP<SUR|TW�QEXSUT<PH} s C�SU\�TiE-KQT<PiK¢CFRFb¶CFP<ekE-K�C]�QR]PiPvT<E-o�p�EXKQP<K¢CF\iy��8a�ExeQPij´z�bXR6CFS·CFSUEXK/�W�
�8rL^LKQTW�QR8E-KQS[\FbHC]SUE-K/�F�ÁbHKQe)�8a�Pi\]\]bXd-P(��µxTW�¬bXKQdXP��W}O¦2�gP�T<E-o�p%E-KQP<K¢CS�6u4S[\8CFR8SUfQNxCFP<e«�?µxPiT<NgC]SUE-K/�
�¬bX\|bDd-PiKQP<R]bXjxltNQKgTiCFS[E-K�CFEOegPià¬KQP>C]�QP2jUP�I-PijgEXl%eQS[\8CFR8SUfQNxCFSUEXK
�¶�v�gSUTW�(�>bH\|bXjUR8P�bXeg^£eQS[\]T<Ng\]\]PieqS[K
b4pQR]P�ILSUE-NQ\ª\]PiTiCFS[E-K"Ûg}Ú�x} s C�oqbXS[KQj[^OTiE-KQ\8SU\8C]\�EXl}�8rL^LKQTW�QR8E-KQS[\FbHC]SUE-K/�|bXKQe¶�6a�P<\8\FbXd-P>�?µxTW�¬bHKQd-P��F}¦2�QP�T<EXoqp%E-KQPiKwCS�8a�PiR]d-P�úZPi\]NQj·CF\j���QbX\Obq\6CFR]bXSUd-�¢C8ltE-R8�nbXR]ecE-p�PiRFbHC]SUE-KÁ} s C4\]S[oqpQj·^¤T<E-o"fQSUKQPi\
bXKQeÂE-R]eQPiR]\AR]Pi\]NQj·CF\AltR]E-o \]NQfLG_o�ExeQPijU\DC]E¤ltEXR]o�b��QS[\8CFEXR8^«EHl2b�KQPiC_��E-R8V%�ªT<E-R8R]Pi\]p%E-KQeQS[KQd�CFE
CF�QPO�v�QE-j[PASUKQpQNxCvoqELeQP<j�}
ü�ú ü�ú¼Ð ^�ç¢Ó���Õ
Ö�ÿíÕ´ÔØ^�Õ�Ö²çxè * åQÔ�Ó³Ù Ó³Ù¼Õ%Ò�Ù�Ò²ë
¦2�QP£dXE¢bXjU\nEXlªC]�QPAp¬bXR6CFS[C]SUE-KgSUKQd(bHR]PXy
½-}vu4S[ILS[eQP"CF�gP�oqELeQPijªEXl�C]�QP(KQP�C_�nE-R8VcS[KwC]E ©�´�Ã7Ò�°}ª�%¬«�Â·Ã4¨-ª�p¬bXR6CF\b^t\]p¬bXTiP<\�_�}A¦2�QP<\8P©p¬bXR8C]\
bXR]P�okbHpQp�Pie£C]E4jUEXd-SUT<bXj-pQR8ExTiP<\]\8P<\i}|úZE-Ngd-�Qj[^DP<¡wN¬bXjLoqP<bXKQ\�CF�¬bHC�CF�gPnKQPiP<eQPie(pQR]ELT<Pi\]\]S[KQd
CFS[oqPZCFE©\]S[o�NQj�b¶CFPDb�KgPiC_��E-R]V±pQbXR8C2S[\>T<j[E-\]PDC]E�CF�QPDC]SUo�PX�xKQP<PieQP<e¤ltE-R2bXKgEXCF�QPiR>KQP�C_�nE-R8V
p¬bXR6C�}

�x}Za�SUKgSUo�SU\]PZCF�QPOP�µxTW�¬bXKQd-PAEXl�\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK�o�P<\8\FbXdXP<\vbXo�E-KQd"C]�QPOjUEXd-SUT<bXj�pgR]ELT<P<\8\]Pi\<}
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] EXCF�(dXE¢bXjU\?bXR]P>\8SUd-KgS[à¬T<bXK¢C?ltE-R?\8p�PiP<eQNQp�SUK(egSU\8C]R]S[fQNgCFPie(\]S[o�NQj�b¶CFSUEXK
}²¦2�QP>à¬R]\6C|E-KQPvbXS[oq\�bHC|b
d-ExELe"fQbXj�bXKgT<PnEHlQCF�QPnoqELeQP<jLbXo�E-KQdZCF�QPn\]SUo"NQj�bHC]E-R]\i}²¦2�QSU\ªoqP<bXKQ\ªC]�¬bHCªCF�QP2ò²z�\��vS[jUj¢pQR8ExTiP<P<e
SUKqC]SUo�P�TijUE-\8P4CFE"P�bXTW��EXC]�QP<RnbXKQe��¬b�IXPOb"\]oqbXj[j´C]SUo�P�egSGF�P<R]PiKQT<PH}|¦2�QSU\�SU\nTiE-KQ\8SUeQPiR]P<e¤b£d-ExELe
TW�¬bXRFbHTiCFPiR]S[\8CFS[T|EXlQbveQS[\8CFR8SUfQNxCFP<e£uD��rAltEXR�f%EXC]��TiE-KQ\8P<R8IHbHC]S[IXP>bXKQe�E-pgC]SUo�SU\6CFSUTª\8^LKQTW�QR8E-KQS[\FbHC]SUE-K
^¼\]PiP"\8P<TiC]SUE-K§�x}Ú�-_�}v¦2�QP�\8P<T<EXKQe§d-E¢bXj�C]R]SUPi\ZC]E±bXTW�gSUPiIXP(bqj[E��nPiR4\8^LKQTW�gR]E-KQS[\FbHC]SUE-KcbXo�E-KQdqC]�QP
jUE-d-S[T�bXj�pQR8ExTiP<\]\8P<\i} s C�o�P�bXKg\�CF�¬bHC(C]�QPi^¹T�bXK¯E-p%P<RFb¶CFP�SUKgeQP<p%P<KQegP<K¢CFj·^¹ltE-R�j[E-KQd-PiR(p�PiR]SUELeQ\i�
�v�QSUTW��SUKQTiR]P<bX\]Pi\vC]�QPA\]p%P<PieQNQp
�´d¢bXS[KQP<e�ltR8E-o$eQS[\8CFR8SUfQNxCFP<e¤\8SUo�NQjUbHCFS[E-K
}
¦2�gPnà¬R]\6C�\8C]P<p(S[K£CF�gPneQPi\]SUdXK�EXl%b4TiE-oqp%E-KQPiK¢C�ltE-R²CFE-p%E-j[E-dX^Ap¬bXR6CFS·CFSUEXKQSUKQdvS[\�C]EDTW�QELE-\]PnC]�QP

NQKQS[C?EXl´CF�QPvp¬bXR6CFS·CFSUEXKQSUKQdg} s C|SU\�bO\8C]R]NQT�CFNQR8P2CF�¬bHC?R]P<oqbXS[KQ\�bX\|bD�v�QE-j[P2bHl C]P<R?CF�gP2p¬bXR8C]S[C]SUE-KQS[KQdQ}
¦2�QP"S[KQ\8CFbXKQT<Pi\Í^tE-fLû8P<T�CF\�_ZEXl?C]�QSU\Z\8C]R]NQT�CFNQR8P"T<bXK«f%P"bX\8\]S[d-KQP<e�CFEqeQSGF�P<R8P<K¢COò²z�\ZC]Ekp¬bHR8CFS·CFS[E-K
CF�QP>KgPiC_��E-R]V´}�Ä�R8P�bX\8E-K¬bXfQj[P>eQPiT<SU\8SUE-K"fw^"KQPiC_��E-R8V�p¬bXR6CFS[C]SUE-KgSUKQdZSU\�CFEOTW�QELE-\]Pvb§¤s«�²�®�´�©�<[¤s´·Ð}«
bX\4b�p¬bXR6CFS[C]SUE-KgSUKQd(NQKgS[C�}n¦2�QSU\ZSU\Zf�PiT�bXNg\]P�b�S[CZSU\�bqR8P<jUbHCFS·I-P<j·^�T<j[E-\]Piec\6^x\6CFPio�}�acbXK¢^�PiIXP<K¢CF\
�¬bXpQp%P<K�S[KQ\]S[eQP±bcKgExeQPHy©P�µxTW�¬bXKQdXP�EXlvp¬bXTWVHPiCF\�bXo�E-KQd�CF�QPkKQPiC_��E-R]V¨j�b�^-PiR]\i��\]TW�QPieQNQjUS[KQd§EXl
CFSUo�P<R8\<�¢TW�¬bHKQd-P<\nEXlÁC]�QP�\6CWbHC]P<\�EXl
CF�gP�KQP�C_�nEXR]V©j�b�^-PiR]\i}�BOK�CF�QPZEXC]�QP<R��¬bXKQeÁ�xR8P<j�b¶CFS[IXP<j·^�ltPi��P<R
PiI-PiK¢CF\(�¬bXpgp�PiK¹E-NgC]\]SUegPkbcKgPiC_��E-R]VÂKQELeQPX}�¦2�QP<\8P�bXR8PkpQR8SUoqbXR8^§\8P<KQe bHKQe R8P<T<PiS[IXP±p¬bXTWVHPiCF\
CFE+&¶ltR8E-oºCF�QP4KQPiC_��E-R]V´}nrxEQ�xS[l�CF�gPDKQELeQPDSU\�CF�QPOpQbXR8C]S[CFS[E-KQS[KQdANQKQS[C<�xC]�QPDo�P<\]\]bXd-Pi\<�QP�µgTW�QbXKQd-Pie
bXoqEXKQd£C]�QPOò²z�\2bXR]PZCF�QP4R]P<jUbHCFS·I-Pij[^©RFbHR]P4TiE-o�p¬bXR]Pie±CFE"C]�QP4P�I-PiKwC]\vSUKQ\8SUeQPZCF�QPOò²z�\<}�¦2�gP<R]POS[\
bXKQEXC]�QP<RvR]P<bX\]EXK�CFE�TW�QELE-\]PACF�gP£KQP�C_�nEXR]V¤KQELeQP�bX\4b©p¬bXR6CFS·CFSUEXKQSUKQd"NQKQS[C<} s l�P�bXTW�cKQExegP�S[K�C]�QPKQPiC_��E-R]V�R8P<¡wNQS[R]P<\�bXK�bXo�E-NQK¢CvEXl?pgR]ELT<P<\8\]S[KQd�C]SUo�PDltE-R2S[C]\v\]SUo"NQj�bHC]SUE-KÁ�LC]�QP£j[E¢bXe�EXl�P�bXTW�cò²z
T�bXKqf�P�P<\8C]SUoqbHCFPieqf¢^©CF�gP4\]NgoÅEHl�pQR]ELT<Pi\]\8SUKQd�CFSUo�P<\|EXl�bXjUj¬KQELeQPi\nSUK�S[C<}|rxEQ�wCF�gP�p¬bHR8CFS·CFS[E-KQSUKgd
NQKQS[C%�_KQELeQP��¤TiE-K¢CFR8SUfQNgC]P<\©CFE�f%EXCF�¯d-E¢bXj[\(EXl4C]�QP¤p¬bXR6CFS[C]SUE-KgSUKQdQ�|bHKQe+C]�QP<R8PiltE-R8P s TW�QELE-\]P¤CFEp¬bXR8C]S[C]SUE-KkC]�QPAKQPiC_��E-R8V�E-K�C]�QPAKQPiC_��E-R8V�KQExegP<\<}
¦2�gP±KQP�µLC(\6CFPip¯S[K¨C]�QP±eQPi\]SUdXK¹SU\�CFE«TW�QELE-\8P�bco�PiCF�gExeÂCFE«p¬bHR8CFS·CFS[E-KÂC]�QP±KQP�C_�nEXR]V S[K¢CFE

d-R]E-NgpQ\�EXl´KgExeQPi\<}?BOKgP>SUeQP<b�S[\ªCFE4\]pQj[S[C�CF�QP�KQPiC_��E-R]V£d-P<EXd-RFbXpg�QSUT<bXjUj·^ONQ\]S[KQdD\8E-oqP�d-P<EXoqP�CFR]S[T�bXj
ltE-R]o�\<}�¦2�QP<K©CF�gP2d-R]E-Ngp(EXl%KQExegP<\?CF�QbHC�jUS[PnS[K(P�bXTW��bXR8P�bDSU\?bX\]\8SUd-KQPie(CFEAbDjUEXd-SUT<bXjwpQR]ELT<Pi\]\�bXKQe
\]SUo"NQj�bHC]P<e«\8P<p¬bHRFbHC]P<j[^X}�¦2�QS[\OoqP�CF�QELe�SU\DP<bX\8^«C]E¤SUo�pQjUPioqPiKwC��v�QP<K�CF�gP(d-P<E-o�PiC]R]S[T�bXj�ltE-R]o�\
bXR]P��QE-o�E-d-PiKQP<E-Ng\<} s C�SU\v\]�gE³��P<e§EXK�à¬d-NgR]P�ÛQ}Ú�Hbg}>¦2�QP�à¬d-NQR8P£\8�QE��v\�CF�gP"bXR8P�b�EXl�b©�vSUR]PijUPi\]\KQPiC_��E-R]V´���v�QP<R8P�C]�QP¤p�E-S[K¢CF\©bXR8P�KgExeQPi\<} �ZE³��PiIXP<Ri�2\]NQTW�+\]P<pQbXRFbHC]SUE-K o�SUd-�¢C(KgEXC©T<E-Kg\]SUegP<R
CF�QP�\8C]R]NQT�CFNQR8PkEXl�CF�QP�KQPiC_��E-R8V¨bHKQe �¬b�IXP±b¤jUE��º¡wN¬bXj[S[C_^-}q¦2�QP�NQpQp%P<R�jUPil C�TiE-R]KQPiR£TiE-K¢CWbXS[KQ\
CFELEkoqbXK¢^�KgExeQPi\<��bHKQecCF�gP�jUE���P<R4j[Pil CZCFELEkltPi�A} s K«E-R]egP<R4C]EkT<EXKQ\]S[eQP<R4C]�QP�\6CFR]NgTiCFNgR]P�EXl�C]�QP
KQPiC_��E-R]VqE-KQPOo�SUd-�¢C�KQP<Pie�egSGF�P<R]PiK¢C>C_^Lp�Pi\2EXl�d-P<E-o�PiC]R]S[T�bXj´ltE-R]o�\>bHKQe�EXl�eQSGF�P<R8P<K¢C2\8SU�<PH�¬bX\>S·C
SU\?\8�QE��vKqE-K(à¬dXNQR]P2ÛQ}Ý�Hf
}�¦2�QP<\8PZdXP<E-o�PiC]R]SUT<bXjxltEXR]o�\?T<E-Kg\]SUegP<R?CF�gPZ\6CFR8NQTiC]NQR]PvEXl´CF�gP2KQPiC_��E-R]V´�
fQNgCZokb�^kSUKQTiR]P�bH\]POCF�QPATiE-oqpgjUP�µxS·C_^±EXl�CF�QPA\8E-jUNgC]SUE-KÁ}
Ä�KQEXC]�QP<R©SUegP�b«SU\�C]E�R]P<pgR]P<\8P<K¢C�CF�QP�KQP�C_�nEXR]V bX\©b§d-R]bXpQ�¯bXKQe CF�QPiK p¬bXR8C]S[C]SUE-K¹S·C©NQ\]S[KQd

b�d-R]bXpQ�¹p¬bHR8CFS·CFS[E-KQSUKgd¤bXjUd-EXR]S[C]�Qo�}±¦2�QSU\£oqP�CF�QELe S[\"S[KwC]NQS[C]S[IXPX��f�PiT�bXNQ\8P�bcKQP�C_�nEXR]VÂT�bXK¹f%P
P�bX\8SUj[^�R8P<pQR8P<\]PiK¢CFP<e¨bX\AbkdXRFbXpQ�Á}�¦2�gP�I-P<R6CFS[T<P<\OTiE-R]R8P<\8p�E-Kge�C]E±CF�QP"KQPiC_��E-R]VcKQExegP<\AbXKQe«C]�QP
P<eQd-Pi\¤T<E-R8R]P<\8p�EXKQe¥C]E�CF�QP§j[SUKQVw\�bXo�E-KQd¹C]�QP�KQELeQP<\i}°¦2�QP§I-PiR8CFS[T<Pi\�oqb�^��¬b�I-PÂb¹��P<SUdX�wC<�
R]P<pgR]P<\8P<K¢CFS[KQdcC]�QPqpgR]ELT<P<\8\]S[KQdcCFS[oqPH��CF�¬bHC"b�KgPiC_��E-R]V�KQELeQP�KQP<PieQ\"ltE-R�S[C]\�\8SUo�Ngj�bHC]SUE-K
}�¦2�QP
P<eQd-Pi\vokb�^�bHjU\]E©�¬b�IXP���P<S[d-�¢CF\<�Q�v�gSUTW��R]P<pgR]P<\8P<K¢CZCF�QP�bXo�E-NQK¢CvEXlªT<E-o�o�NQKgSUT�b¶CFSUEXKQ\nf%PiC_��P<PiK
C_�nE�KQP�C_�nEXR]V�KQExegP<\<}OrxEQ��C]�QSU\�oqP�CF�QELecTiE-KQ\8SUeQPiR]\4C]�QP�\8C]R]NQT�CFNQR8P�EXl�C]�QP"KQP�C_�nEXR]V´}OÄ�d-R]bXpQ�
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a) Geometrical partition − simple forms b) Geometrical partition − complex forms c) Graph partition

h SUd-NQR8POÛQ}Ý�xy|��P�C_�nE-R8V�p¬bXR6CFS[C]SUE-KgSUKQd£oqP�CF�QELeQ\

p¬bXR8C]S[C]SUE-KQS[KQd�bXjUdXE-R]S·CF�Qo°T<bXK�eQS·IxS[eQPvCF�QP�d-RFbXpg�±SUK¢CFE"R]E-NQdX�Qj[^©Pi¡LNQbXjÁp¬bHR8CF\nbXKQe�o�SUKQS[oqS[\]PnC]�QP
\]NQo EXl�TiE-o�o�NQKQS[T�bHC]SUE-KQ\nf�P�C_�nPiP<K§p¬bXR6CFS·CFSUEXKQ\<}>rxEqC]�QSU\vo�PiCF�gExe�T<E-K¢C]R]SUfgNgCFPi\�CFE�f%EXCF��d-E¢bXj[\
EXl2d-R]bXpQ� pQbXR8C]S[CFS[E-KQS[KQdQ��eQP�à¬KQP<e¹bXf�E�IXPX} s C�S[\£bHjU\]E�R]Pij�bHC]S[I-Pij[^cP�bX\6^¨C]E�S[oqpQj[P<o�P<K¢C�f�PiT�bXNg\]PCF�QPZpQR]EXfQjUPio�EXl�d-RFbHpQ�qpQbXR8C]S[CFS[E-KQS[KQd4S[\?�nPijUj¬VwKQE��vKkS[K©C]�QPvd-RFbHpQ��C]�QP<EXR8^N�ß�-Þx�w�Há>�J}�¦2�QP<R8P4bXR8P
bXjU\8Ek\8C]NQeQS[P<\�C]�¬bHC4SUK¢I-Pi\8CFS[d¢bHC]P£d-R]bXpQ�«pQbXR8C]S[CFS[E-KQS[KQd©bXjUdXE-R]S·CF�Qo�\>ltE-RZeQSU\6CFR]S[fQNgC]P<ec\8SUo�Ngj�bHC]SUE-KQ\
�Ý�-â��J}
rxEg��CF�QPqTW�QE-\8P<K oqP�CF�QELe ltE-R�KQP�C_�nE-R8V p¬bHR8CFS·CFS[E-KQSUKgd�S[\�C]�QPkltE-j[jUE��vSUKgdQ}¤¦2�QP±KQP�C_�nE-R8V¨S[\

CFRFbHKQ\8ltE-R8oqPie�C]Ekb©d-RFbHpQ�
�¬CF�QPiK�C]�QP£dXRFbXpQ��SU\vp¬bHR8CFS·CFS[E-KQP<e�bXKge�CF�gP£p¬bHR8CFS·CFS[E-KQSUKgd�SU\voqbXpQp%P<e
CFE�CF�gPDKQPiC_��E-R8V%}��|bXTW�¤p¬bXR6CFS·CFSUEXKqEXl�C]�QPDd-R]bXpQ��^tKQPiC_��E-R8V4_nS[\>bX\8\]S[d-KQP<e±C]E(b�\]Pip¬bXR]bHCFPDj[E-d-S[T�bXj
pQR]ELT<Pi\]\<}
¦2�QP�CFRFbHKQ\8ltE-R8okb¶CFSUEXK�ltR8E-o KQPiC_��E-R]V�CFEDdXRFbXpQ�"SUKQTijUNQeQPi\�d-PiKQP<R]bHCFS[E-K�EXl¬IXP<R6CFSUTiP<\�bHKQe(P<eQdXP<\

EXl
CF�gP�d-R]bXpQ��ltR]E-o�C]�QP4KgPiC_��E-R]V(CFEXp�E-j[E-dX^X}�¦2�QPvI-PiR8CFS[T<Pi\nEXl
C]�QPZd-RFbXpg�±bXR8PZC]�QP�KgExeQPi\�S[K�C]�QP
KQPiC_��E-R]V´}nrxSUKgT<PD�vSUR8P<j[P<\]\nKQPiC_��E-R]Vw\ZeQE(KQEXCv�Qb�IXPAjUSUKgVL\i�QbXKgEXCF�QPiR>pQR8E-p�PiR8C_^kSU\>NQ\8P<e¤CFE(TiR]P�b¶CFP
CF�QPvP<egd-P<\|EXl%CF�QPvd-R]bXpQ�
}�ïSUR8P<jUPi\]\�KQP�C_�nEXR]Vw\n�¬b�IXP�bOfQR8E¢bXeQT<bX\8C�K¬b¶CFNQR8PX�¢SJ} PX}?bDp¬bXTWVXP�CnEXK©C]�QP
pQ�¢^x\8SUT<bXj�jUb�^XP<RZSU\Z\]PiKwC�CFEkbXjUj�CF�gP£KQELeQPi\4SUKcbNÀ'«�¤4À�£¥¤}ÒÏ©¡¨-¤}Ò}«�}ZrxEQ�´CF�gP"\]PiKQ\]S[KQdkR]bXKQd-P£EXl�C]�QP
KQExegP<\DS[\�NQ\8P<ecC]E±eQP�à¬KQP"j[E-d-S[T�bXj�j[SUKQVw\ZSUK¤CF�QP£KQPiC_��E-R]V�bXKQecP<eQd-Pi\DSUK�CF�QP£d-RFbHpQ�
}v¦2�QSU\ZSUegP�b
SU\4S[jUj[NQ\8C]RFbHC]P<e�E-Kcà¬d-NgR]P"Ûg}Ú�HTH} s C4\]�QE��v\Ab�d-RFbXpg�cCF�¬b¶CDR]PipQR]Pi\]PiKwC]\DCF�QP��vSUR8P<jUPi\]\�KQPiC_��E-R]V�E-Kà¬d-NQR8P<\ZÛQ}Ú�

a
bHKQe

b
}�¦���EqIXP<R8C]SUTiP<\�bXR]PAT<EXKQKQP<T�CFPie«f¢^�bXK�PieQd-P�S[l�CF�QPATiE-R]R8P<\]p%E-KQegSUKQd�KQELeQP<\

bXR]P��vS[CF�gSUK�bq\]PiKQ\]S[KQd±R]bXKQd-PH�ÁbXKgecT�bHK§b>F�P<TiC4P�bXTW�cEXCF�QPiR�S[K«b�\]SUo"NQj�bHC]SUE-KÁ}n¦2�QP�PieQd-Pi\�CF�QbHC
bXR]P��~TiNgC¡�Df¢^�CF�QPAp¬bXR6CFS·CFSUEXK�bXR]POoqbXR8VXP<e�f¢^�b(e¬bX\]�gP<ecj[SUKQPH}

ü�ú ü�ú[ã ^�ç¢Ó���Õ
Ö�ÿíÕ´Ô�÷�ø²ÒªØ��²Ô¶Õ%Ò�Ù�þiågÓ³ÙtÕ�Ò
Ä�l CFPiR�CF�QP®KQP�C_�nEXR]V°CFEXp�E-j[E-dX^�SU\¹pgR]E-p%P<R8j[^°pQbXR8C]S[CFS[E-KQPie
�±eQS�FÁPiR]P<K¢C p¬bHR8CF\�EHl�C]�QP®oqELeQPij
\]�QE-NgjUe�f%P¤P�µxP<TiNgCFPie®SUK¯p¬bXR]bXjUj[P<j>bHKQe�\6^xKgTW�QR]E-KgSU\]Pie
}®¦2�QS[\�\8P<T�CFSUEXK�P�µxpQjUbXSUKg\©C]�QP�KQP<Pie�EXl
\8^LKQTW�QR8E-KQSU\]bHCFS[E-K¹bHoqE-Kgd�pQbXR8C]\£EXl�CF�QP�o�ExeQPij|bXKQe¨oqEXC]S[IHbHC]P<\DCF�gPqTW�QEX\]P<K \8^LKQTW�QR8E-KQSU\]bHCFS[E-K
oqP�CF�QELe
}
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á�çwçLÖ¨Õ´ÿ�÷�ø²ÒªØ��²Ô¶Õ%Ò�Ù�þiågÓ³ÙtÕ�Ò s l���P2CF�QS[KQV£S[K(KQPiC_��E-R8V�CFP<R8oq\i�¢\8^LKQTW�QR8E-KQS[\FbHC]SUE-K©bXo�E-KQdDC]�QP
eQSGF�P<R8P<K¢Cvp¬bXR6CF\vEXl�b�KQP�C_�nEXR]V�SU\2KgP<P<egP<ecf%P<T<bXNQ\8PXy
½-}v¦2�QP�T<EXoqo�NgKQSUT<bHCFS[E-K o�P<eQS[NQo{SU\�TiE-oqo�E-K
}§¦2�gSU\(o�P�bXKQ\�C]�¬bHC�C]�QP�o�P<eQS[NQo{bXT<TiP<\]\
bXo�E-KQd�KQP<S[d-�wf�E-NgR]SUKgdcp¬bXR6CF\�EHl>CF�QPkKQPiC_��E-R]VÂ�¬bX\£CFE«f%Pk\6^xKgTW�QR]E-KgSU\]Pie�CFE«d-NQbXRFbXK¢C]P<P
T<E-R8R]PiTiCZ\]S[o�NQj�b¶CFSUEXKkR]Pi\]NQj·CF\i}

�x}v¦2�QP<R8P�S[\¨S[KwC]P<R~G_p¬bXR6CFS·CFSUEXK�T<E-o�o�NQKQS[T�bHC]SUE-KÁ} ¦2�QP+KQPiC_��E-R]V �nbX\ S[KQS[C]S�bXj[j[^»b¥�v�QEXjUP
bXKQeÀS·C�SU\c¡wNQS·CFP¨p�E-\8\]S[fQjUP�CF�¬b¶C«b�\8E-NQR8T<P�bXKge�b+eQPi\8C]SUK¬bHC]SUE-K»KQELeQP EXl(bXKÀP�µxS[\8CFS[KQd
T<E-o�o�NQKgSUT�b¶CFSUEXKÁ�¬E�� bXR]P�KQE���S[K�eQS�FÁPiR]PiKwC�p¬bXR6CFS·CFSUEXKQ\<}nrxEQ�´p¬bXTWVHPiC]\ObXo�E-KQd©eQSGF�P<R8P<K¢C
KQPiC_��E-R8V�p¬bXR8C]\vokb�^±f%PAP�µxTW�¬bXKgd-P<e
}

Ä2TiCFNQbXjUj·^�C]�QP�à¬R]\6C�bXR]dXNQoqPiK¢CASU\Ob±\8NQp�PiR]\8PiC£EXl|CF�QP(\8P<T<EXKQe
} s K�EXCF�gP<RD��E-R]eQ\i�²S[l�CF�gP©bXT<TiP<\]\
CFE«CF�gP±oqPieQSUNgo;bXo�E-KQd�KQP<S[d-�wf�EXNQR]S[KQd«p¬bXR6CF\(S[\"pQR8E-p�PiR]j·^ \6^xKgTW�QR]E-KgSU\]Pie
�|CF�QP�P�µgTW�QbXKQd-P¤EXl
p¬bXTWVXP�CF\ObHoqE-KgdqCF�gP<o��vSUj[j�f�P"bXjU\8EkT<EXR]R]PiTiC<��f%P<T<bXNQ\]P"S[C�ExTiT<NQR8\DbHC4bk�QS[d-�QP<RZKQP�C_�nE-R8V�jUb�^-P<Ri}
rxEQ�-CF�gP2\8^LKQTW�QR8E-KQSU\]bHCFS[E-K©EXl´CF�QP2o�P<egSUNQo�bXT<TiP<\8\�S[\�KQP<TiP<\8\FbXR6^(ltE-R?T<EXR]R]PiTiC|\8SUo�NQjUbHCFS[E-K
} s l´C_�nEp¬bXSUR8\|EXl�KQELeQP<\i�xpgj�bXTiP<eq�vS·CF�QS[KkbACFR]bXKQ\]o�SU\8\]S[E-K©RFbXKQdXPX�wCFR8^(C]E"TiE-oqo"NQKQSUT<bHCFPv\8SUo�NQj·CWbXKgP<E-NQ\8j[^
b¨T<EXjUjUS[\]S[E-K�\]�QEXNQjUe+ExTiT<NQRi} s l4CF�QPi\]P�C_��E¹p¬bHSUR]\©��P<R]P«bX\]\8SUd-KQPie+C]E eQS�FÁPiR]P<K¢Ckò²z|\kbXKQe�C]�QP
oqPieQSUNQo¾bXT<TiP<\8\Z�nbX\vKQEXCZ\8^LKQTW�gR]E-KQS[\]Pie�CF�gP�TiE-jUj[SU\8SUE-Kk��E-NQj[e¤KQEXCZExTiT<NQRvbHKQe�C]�QPA\]S[o�NQj�b¶CFSUEXK
�nE-NgjUe�f�P��vR8E-KQdQ}©�ZEXCFP�C]�¬bHCA\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXKÂS[\OKQP<PieQP<eÂE-KQj·^«S·l�C]�QP©p¬bXR6CFS[C]SUE-Kg\DbXR8P(T<jUEX\]P
CFEkP<bXTW�«EXC]�QP<R�bXKQe�T�bXK�T<E-o�o�NQKgSUT�b¶CFPX} s l?C_�nEkp¬bXR8C]S[C]SUE-KQ\ZbXR8P�l¼bHR�b��nb�^«bXKgecT�bHKcKQEXC�\]PiKQ\]P
bXKQe¤eQSU\6CFNQR8f�P<bXTW��EXCF�QPiR2CF�QP�^�T�bXK�f%P�\8SUo�Ngj�bHC]P<e�T<EXoqpQj[PiC]P<j[^qSUKgeQP<p%P<KQegP<K¢C�}
¦2�gP�KgP<P<e£EXlL\8^LKQTW�QR8E-KQS[\FbHC]SUE-K�T�bXKAf%P�oqEXR]P�pQR8P<T<S[\]Pij[^DP�µxpQj�bXS[KQP<eAf¢^DC]�QP|NQ\]P|EXlx\]S[o�NQj�b¶CFSUEXK

CFP<R8oq\i�wP<\]p%P<TiS�bXj[j[^�C]�QPDb�FÁPiTiC�pQR]E-p%P<R6C_^-} s C�SU\�b�ltP<bHCFNgR]PZEXl�PiIXP<K¢CF\nfQNgC�SU\�bXjU\8E�IHbXj[SUe(ltE-R�KQExegP<\SUK§CF�QP�KQP�C_�nE-R8V�bXKQeÂltE-RAò²z|\i}kÄÃKQELeQP�b>F�P<TiC]\"bHKQEXCF�gP<RAKQELeQP��v�gP<K¹bHK¨P�I-P<K¢C"SUK§CF�QP©à¬R8\8C
KQExegP4b>F�P<T�CF\�bXKkP�I-PiKwC>SUK©CF�QPZ\]PiT<E-KQekE-KQPX}�Ä�K±ò²z�b>F�P<T�CF\>bHKQEXCF�gP<R�ò�z��¢�v�QP<K�b�KQELeQP�S[K�C]�QP
à¬R]\6CnE-KgPDb>F�P<T�CF\�b£KQELeQPZSUKqC]�QPZ\]P<TiE-KQe�E-KgPX} ] NxC>b�KQExegP�S[KkKQ\~G6�£b�FÁPiTiCF\�bXKQEHCF�QPiR�KQELeQP�E-KQj[^
�v�QP<KÂS[CA\8P<KQeQ\£b�p¬bXTWVHPiC���\]S[KQT<P(C]�QP©oqPieQSUNQoSU\DC]�QP©E-KQj·^«T<EXoqo�E-K§R]Pi\]E-NgR]T<P©CFE�C]�QP©KQExegP<\
^�bX\OeQS[\]TiNQ\]\8P<eÂSUK§\]PiTiC]SUE-KÂ�x} Û+_�}(rxEQ�
bXKÂò�z»b>F�P<TiC]\AbXKQEXC]�QP<RDò�z¥E-KQj·^��v�QPiK b±KgExeQP(EXK�C]�QP
f�E-R8eQP<R2\8P<KQeg\4b©p¬bXTWVHPiC�SJ} PX}?�v�QPiK�S·Cv\]P<KgeQ\4b(p¬bHTWVXPiC4SUK±C]�QPAT<E-o�oqEXK�p¬bXR8CZEXl�CF�gP�o�P<egSUNQo�}
rLEQ�n\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK�EXl�oqPieQSUNgo bXT<TiP<\8\kSUK¯KQPiSUd-�wf%E-NQR]S[KQd�p¬bXR6CF\©EXlD\8NQfQKQP�C_�nEXR]Vw\�SU\©b

KQP<TiP<\]\]bXR8^�bXKge�\8N4��T<SUPiK¢C¹T<EXKQeQS[C]SUE-KÀltEXR¨bT<EXR]R]PiTiCÂeQS[\8CFR8SUfQNxCFP<e¸\]S[o�NQjUbHCFS[E-K
} ¦2�QPiR]P�ltE-R]P
eQSU\6CFR]S[fQNgC]P<e�\8SUo�NQjUbHCFS[E-K�EXl¬�vSUR8P<jUPi\]\?KgPiC_��E-R]Vw\|KQP<PieQ\|b4\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK©bXjUd-EXR]S[C]�QoñC]EOP<KQ\8NQR]P
b©pgR]E-p%P<RvP�µxPiT<NgC]SUE-K�EXlª\]SUo"NQj�bHC]SUE-KqoqELeQPijU\<}
�§�²Õ%Ù�Ø-ç¾Õ%ÿ÷Áø�ÒªØ���Ô³Õ%Ò�Ù�þ<åxÓ³Ù¼Õ%Ò ù ètë´Õ%Ô¶Ù Ó���æ ¦2�QPiR]PbXR8P�C_�nE�dXP<KQPiRFbXjkbXpQpQR8E¢bXTW�QPi\ CFE
\8^LKQTW�QR8E-KQSU\]bHCFS[E-K§SUK�PiIXP<K¢C8GíjUPiIXP<j�eQS[\8C]R]SUfgNgCFPie«\]S[o�NQj�b¶CFSUEXK9O mnE-KQ\]PiR8IHbHC]S[I-P©bHKQeÂBDpgCFS[oqS[\8CFS[TX}
¦�bXfgjUP±ÛQ}·½¤\]�QE��v\(CF�gP�TiR]S·CFP<R8S�b��v�gSUTW� oqEHCFS[IHbHC]PqC]�QP¤TW�QE-SUTiP�SUK¹C]�QSU\�C]�QP<\8SU\<} ¦2�QPÏ��aç�k\]S[d-K
oqP<bXKQ\4C]�¬bHCAb±o�PiC]�QExe§\]bHCFS[\8à¬Pi\Ab±T<R8S[CFPiR]S[E-K
�
bHKQe§CF�QP � d �£\]S[d-K§oqP<bXKQ\OS·CDeQELP<\OKQEHCO\FbHC]SU\6l ^
S[C�}±��P�µLC<� s eQS[\]TiNQ\]\�CF�QPqT<R]S·CFPiR]S�bx��j[SU\6CFP<eÂSUK�CF�gSU\ACWbXfQj[P�bXKQe P�µxpQj�bXS[KÂ�v�¢^ÂCF�QP�T<EXKQ\]PiR8IHbHCFS·I-PoqP�CF�QELe¤SU\2o�E-R]PAbXpgpQR]E-pgR]S�b¶CFPDS[K¤C]�QSU\>C]�QP<\8SU\i}
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h P�bHC]NQR]P���a�P�CF�QELe mnE-KQ\8P<R8IHbHC]S[IXP BDpgCFS[oqS[\8CFS[T
��µgp%P<T�CFPiec\]p%P<PieQNQp a d

rLC]RFbXS[d-�¢C]ltE-R6�>bXR8e¤SUo�pQjUPioqPiKwCFbHCFS[E-K a d
Ä²IXbHSUj�bHfQjUP�\]NQpQp%E-R6C a d

¦ªbXfQj[POÛQ}[½Xy�mnE-KQ\]PiR8IHbHC]S[I-POIL\<}�E-pgC]SUo�SU\6CFSUT�\8^LKQTW�QR8E-KQS[\FbHC]SUE-K

•
��µxp�PiTiCFPie�rxp%P<PieQNQp
s P<\6CFSUoqbHC]P C]�¬bHC¨E-pgC]SUo�SU\8C]SUT¹\6^LKQTW�QR]EXKQSU\]bHCFS[E-K���E-NQj[e��¬b�I-P�b»�QS[d-�QPiR¨\8p�PiP<eQNQp�ltE-R
eQSU\6CFR8SUfQNgC]P<eÂ\]S[o�NQj�b¶CFSUEXK«EXlSÒ}«�¤s«�©¡¨-ª�¦AÃ}©Ù¦2´'À'«b®»£¥©�«�ª¢«�À�Àv¤s«�²Ä®�´�©�<'À�}�¦2�QP©à¬R]\6C"R8P�bX\8E-K¨S[\
CF�¬b¶COjUELE-V¶bX�QP<bXeQ\<��P�µLCFR]bXTiC]P<e§ltR]EXo eQP�CWbXS[jUPie«oqELeQPijU\4EHl��vS[R]PijUP<\8\DKQP�C_�nE-R8Vw\£bHR]P�\8okbXj[jJ}
�ðFÁE-R6CF\ACFE�P�µLCFR]bXTiC£jUELE-V¶bX�QP<bXe§ltR]E-o CF�QPi\]Pko�ELeQP<j[\O\]�QE��ºCF�QbHC�SUK¨b�\8SUo�NQjUbHCFS[E-Kc�vS·CF�
½�¿-¿-¿ZKQELeQP<\ªbXR]EXNQKQe(î-¿NÑñEXlgC]�QP��vS[egCF�Q\ªEXlQ\]bHltP��vS[KQeQE��v\?bHR]P�SUK£C]�QP�RFbXKQdXPnEXl

[5...60µs]�Ý�¶Û-�J}�¦2�gSU\«\8SUo�NQjUbHCFS[E-KCFSUo�P S[\c\8okbXj[jUPiR�C]�¬bXKÀCF�gP¹R]P<bXj£C]SUo�PÂltE-R�T<E-o�o�NQKgSUT�b¶CFSUEXK
f�P�C_�nPiP<K C_�nEò²z�\«S[K�b h bX\8C«�?CF�QPiR]KQP�C�KQPiC_��E-R]V´}�¦2�QS[\«o�P�bXKQ\�CF�¬bHC«ò²z|\��nE-NgjUe\]p%P<K¢C�oqE-R8P�R]P�bHjDCFSUo�PcC]E+eQP�CFPiR]o�SUKQP�b \FbHltP§�vS[KQeQE��A�DCF�¬bHK¥C]�QP�jUP<KgdXCF�EXl"EXl£C]�QP
\FbHltP¤�vSUKgeQE��$S[C]\]Pij[lZSUK \]S[o�NQjUbHCFS[E-K CFS[oqPH}�¦2�QP<R8PiltE-R8P�S·l4j[ExEXVHbH�QP�bXeg\(EXl�C]�QSU\©\8SU�<P�bXR8P
NQ\]Pie«�vS[C]��C]�QP"\6CWbXKQeQbXR]ec��NQj[j·G_o�P<\8\FbXdXP�TiE-KQ\8P<R8IHbHC]S[IXP�bXj[d-E-R]S·CF�Qo)� ½³�·�J�¬CF�gP�bXegIHbXKgT<P"S[K
\]S[o�NQj�b¶CFSUEXK CFS[oqP±o�SUdX�wC�f�P�\8jUE��nPiR(CF�¬bHC©R8P�bXj>C]SUo�PX}¨¦2�QSU\©SU\(KgEXC�b«I-P<R6^ pQR]EXoqS[\]SUKgd
P�µxp%P<TiCFbHCFS[E-K
��f�PiT�bXNg\]P¹\8E-oqPÂ\]Pi¡wNQP<K¢CFSUbXj"\8SUo�Ngj�bHC]SUE-KQ\¤S[KñKQ\~G6��bXj[R]P<bXeg^R]NgKÀ\]P�I-P<R]bXj
okbHd-KQS[C]NQeQPi\�\8jUE��nPiR�C]�¬bXK«R8P�bXj�CFS[oqPÏ^¼\8P<P£\]P<T�CFS[E-K¹½-}Ý�7_�}vÄ�KQEXCF�gP<R4R8P�bX\8E-KcltE-R�bq�gSUd-�QPiR
\]p%P<PieQNQp®EXlDbXK+EXpgCFS[oqS[\8CFS[T±o�PiCF�gExe¯SU\(CF�QbHCkS·C�okb�^�oqbXVXP�NQ\8P�EXlObÂfQS[d-d-PiR�pQbXR8C�EXl
p¬bXR]bXjUj[P<jUS[\]oÃSUK±C]�QPAoqELeQPijJ} h E-R2P�µQbHoqpQj[POS[C2S[\>I-PiR8^¤jUS[VXPij[^�CF�¬bHCvegSGF�P<R]PiK¢C�pQbXR8C]\2EXlªC]�QP
\]S[o�NQj�b¶CFP<e®KgPiC_��E-R]VT<EXoqo�NgKQSUT<bHCFP«R8P<jUbHCFS·I-P<j·^�R]bXR]PH�4TiE-oqpQbXR]Pie¥C]E¯TiE-o�o�NQKQS[T�bHC]SUE-KQ\
�vS[C]�QSUKÂCF�QPi\]P�\]NgfQKQPiC_��E-R8VL\i}�¦2�QP<K bXK E-pgCFS[oqS[\8C]SUT(o�PiCF�gExe¹o�SUdX�wC�oqbXVXPqNQ\]P�EHl>CF�QS[\
p¬bXR]bXjUj[P<jUS[\]o bXKQe»\]SUo"NQj�bHC]P§SUKQegP<p%P<KQeQPiK¢Ccp¬bHR8CF\�EXl£CF�QPÂKQPiC_��E-R8V¥S[K»pQbXRFbXj[jUPijJ}Å��EXC]P
CF�¬b¶C"b�TiE-KQ\]PiR8IHbHC]S[I-P�\8^LKQTW�gR]E-KQS[\FbHC]SUE-KÂbXj[d-E-R8S[CF�go T<bXK¨KgEXCAokbHVXP©NQ\]P©EXl�CF�QS[\OVwSUKQe�EXl
p¬bXR]bXjUj[P<jUS[\]o�} s lnS[K¢CFP<R8KQPiC_��E-R8V«T<E-o�o�NQKgSUT�b¶CFSUEXKQ\DbXR8P(o�NQTW��jUE���P<RDC]�¬bHCASUK¢C]RFbXKQP�C_�nEXR]V´�CF�QPiK�b£\8p�PiP<eQNgp±SU\|CF�QPiE-R]P�CFS[T�bXj[j[^�p%E-\8\]SUfgjUPX} ] NgC�CF�QP�P�µLCFR]bXTiC]SUE-K�EXl
C]�QSU\�VwKQE��vjUPieQd-PvltE-R
b�T<E-Kg\]P<R6IHbHCFS·I-PD\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK±R]Pi¡LNgSUR]Pi\vb"eQPiP<p¤bXK¬bHj[^L\]S[\nE-K±egP<p%P<KQeQPiKQT<S[P<\vf%PiC_��P<P<K
PiIXP<K¢CF\Z�v�QSUTW��SU\2�¬bHR]eQj·^±p%E-\]\8SUfQj[POSUK�b(T<E-o�pQjUS[T�bHC]P<e�o�ExegP<j
j[SUVXPOKg\6G6�L}
��E���PiI-PiR<�QC]�QP�o�ELeQP<j[\�C]�¬bHCnbXR]PZNQ\]Pie±SUK�CF�QP�T<E-K¢C]P�µLC>EXlÁCF�QS[\�C]�QP<\8SU\>bHR]PZKQEXC>EHl
d-PiKQP<R]bXj
pQNQR8p�E-\8P§�vSUR]PijUPi\]\±KQP�C_�nEXR]Vw\<}°¦2�gPi^®NQ\8PÂb¹pQR]EXC]ExTiE-j�ltEXR±R]P<bXj·GJCFSUo�P¤T<E-o�o�NQKgSUT�b¶CFSUEXK
�v�QSUTW�®Ng\]P<\�egPiCFPiR]o�SUKQS[\8C]SUT¤CFSUo�P�\]jUEHCF\kC]E�bXT<TiP<\8\±CF�QP«o�P<egSUNQo ^¼\8P<P§\8P<TiC]SUE-K®�x}ÚÞ�ltE-R
eQPiCFbXSUj[\�_�}�¦2�gSU\"o�P�bHKQ\�C]�¬bHC"PiI-PiR8^¨KQELeQPk\8P<KQeQ\(pQbXTWVXP�CF\(bXKge�b>F�P<TiC]\"EXC]�QP<R£KQELeQP<\�S[K
àgµxP<e«C]SUo�P�S[K¢CFP<R6IHbXjU\i}2¦2�QP<\8P(SUK¢CFPiR8IHbXjU\ZbXR8P"S[K�C]�QP"R]bXKQd-P£EXl

[1...30ms]
�%�v�gSUTW�§bXj[jUE��v\

CFE�P�µLCFR]bXTiC�o�NQTW��j�bXR8d-P<R2j[ExEXVHbH�QP�bXeg\vC]�¬bXK�SUK¤CF�QPAT<bX\]P£EXl�dXP<KQPiRFbXj��vSUR8P<j[P<\]\ZKQP�C_�nE-R8Vw\<}
Ä4KQEHCF�QPiR£S[oqp%E-R8CFbXK¢COltP�bHC]NQR]P©EXl�CF�QS[\ApQR]EXC]ExTiE-j�SU\OC]�¬bHC£S[CASU\K¦A©�´�õj¨}ô�²�£¥Ñ-«�}q¦2�QS[\£o�P�bHKQ\
CF�¬b¶C£S·CANQ\]Pi\£C]�QPqTiE-o�o�NQKQS[T�bHC]SUE-K«o�P<egSUNQo/P�I-PiK S[l�CF�gP<R]P�SU\AKQE�bXpQpgjUSUT<bHCFS[E-K«e¬b¶CWb�CFE
CFR]bXKQ\]o�S[C<} s K�CF�QPi\]P£ltR8P<PACFS[oqPA\]j[EXCF\2C]�QP��vS[R]PijUP<\8\�KgExeQPi\�P�µxTW�¬bXKQd-P"SUKgltE-R8okb¶CFSUEXK
�gNQ\8P<e
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CFE©oqbXSUK¢CWbHSUK�b(d-j[E-f¬bXj�VLKgE³�vj[P<eQdXP�ltE-R>C]�QPOCFE-p%E-j[E-dX^qEXlªC]�QPAKQPiC_��E-R8V%}
¦2�QP<\8PApQR]E-p%P<R6CFS[P<\2EXl²CF�gPOoqELeQP<jÁbXeQe¤\]EXoqPAbXR8d-NQo�P<K¢CF\i�g�v�QS[TW��dXS[I-PAb�f%PiC8CFPiR2pQR]E-o�SU\8P
ltR]E-o¾b�TiE-KQ\8P<R8IHbHC]S[IXP�\6^LKQTW�QR]EXKQSU\]bHCFS[E-K�o�PiC]�QELe
} h SUR8\8C��xCF�QPAjUELE-V¶bX�QP<bXeQ\2S[K¤C]�QPAoqELeQPij
bXR]P�o"NQTW�"�QS[d-�QPiR
CF�¬bXK�SUKOC]�QP|d-P<KQPiRFbXjwT<bX\]PH}�¦2�QS[\²�vS[jUjHR]P<\8NQj[C�S[K£bv�QS[d-�QP<R�\8p�PiP<eQNgp£ltR]EXo
b�TiE-KQ\8P<R8IHbHC]S[IXPko�PiCF�gExe
}q¦2�QPk\8P<TiE-KQe R8P�bX\8E-K¹S[\AC]�¬bHCACF�gPqpQR8EHG~bHTiCFS·I-P�K¬bHC]NQR]P�EXlnC]�QP
T<E-o�o�NQKgSUT�b¶CFSUEXK�pQR]EHCFELT<E-j¬fQR]bXVXPi\�C]�QP�bX\]\8NQoqpxCFSUEXKQ\|EXl�bXK�E-pgC]SUo�SU\6CFSUT�\8^LKQTW�QR8E-KQS[\FbHC]SUE-K
oqP�CF�QELe
} ¦2�gPÀbXpQpgjUSUT<bHCFS[E-KQ\�S[K eQS�FÁPiR]PiKwC+\]NgfQKQPiC_��E-R8VL\®oqb�^Ã\8C]SUjUjkT<E-o�o�NQKQS[T�bHC]P
RFbXR8P<j·^±CF�¬bHK«bXpQpgjUSUT<bHCFS[E-KQ\2S[K�C]�QP"\]bXoqPA\8NQfQKQP�C_�nE-R8V´} ] NgCZCF�gP£NQKgeQP<R8j[^LSUKQdqpQR]E¶G~bXT�CFS[IXP
T<E-o�o�NQKgSUT�b¶CFSUEXK�pgR]EXC]ExTiE-jw\8CFS[jUjwbXTiT<Pi\]\]Pi\?CF�QP�oqPieQSUNgo�p�PiR]SUELeQS[T�bXj[j[^ObHKQe"S[KQeQP<p%P<KgeQP<K¢CFj·^
ltR]E-o C]�QPñKgP<P<eg\�EXl«C]�QPÀbHpQpQjUS[T�bHC]SUE-Kg\<} ¦2�QS[\+dXN¬bXRFbHKwC]P<Pi\®b�KQPiP<e$EHl§p�PiR]S[ExeQS[T�bXj
\8^LKQTW�QR8E-KQS[\FbHC]SUE-K�bXKQe�jUS[oqS·CF\|CF�QPAE-pxCFSUo�SU\8o EHlªC]�QPAoqELeQP<j�}
h E-R�CF�QPi\]P4R8P�bX\8E-KQ\ s P�µxp%P<T�CnCF�QbHC>bAT<EXKQ\]PiR8IHbHCFS·I-P�\8^LKQTW�QR8E-KQSU\]bHCFS[E-Kko�PiC]�QELe��vS[jUjQR8P<\]Ngj[C
SUK¤b©�QSUdX�QP<R2\8p�PiP<eQNQp�CF�¬bHK�bHK�E-pxCFSUo�SU\6CFS[T�E-KgP�S[K�CF�QPAT<EXKwC]P�µLC�EXlªC]�QSU\>C]�QP<\8SU\i}

•
rLC]RFbXS[d-�¢C]ltE-R6�>bXR8e s oqpgjUP<o�P<K¢CFbHCFS[E-K
¦2�QSU\2TiR]S·CFP<R8SUE-K�\8�QE��v\��v�QS[TW��o�PiC]�QELe�SU\2CFPiTW�QKQSUT<bXjUj·^kP<bX\]S[P<R2CFE©S[oqpQj[P<o�P<K¢C�}
¦2�QPAT<E-Kg\]P<R6IHbHCFS·I-P�oqP�CF�QELe¤SU\2T<j[E-\]PiR>CFEqb(\]P<¡wNQPiK¢CFS�bHj�egSU\]TiR]P�CFP�GíPiIXP<K¢C4\8SUo�Ngj�bHC]SUE-KkC]�¬bXK
CF�QPZE-pgC]SUo�SU\6CFSUT2EXKQPX}?¦2�gSU\nS[\�f%P<T<bXNQ\8P4S[C�\8TW�QP<eQNgjUP<\vbHjUj¬PiIXP<K¢CF\�ltE-R�C]�QP�ltNxCFNQR8P4bXKge±eQELP<\
KQEXC"fQR]P<bXV§CF�QP±j[ExT<bXj|T�bXNg\FbXj[S[C_^�T<EXKQ\8C]RFbXS[KwC"SUK C]�QPk\8SUo�Ngj�bHC]E-R]\i}c�ZE³��PiIXP<R(S·C"R8P<¡wNQSUR8P<\
CF�QP2TiE-o�pQNgCWb¶CFSUEXK©bXKQe©P�µLCFR]bXTiC]SUE-K©EXl%j[ExE-V¶bX�gP�bXe�ltR8E-o�C]�QP2oqELeQPijJ�X�v�QS[TW�qoqbXVHP<\�S[C?KQEXC
CFR]bXKQ\]pQbXR]PiKwCvC]E©C]�QPAoqELeQPijJ}
BDKC]�QP�EHCF�QPiR¥�QbXKQe
�ÂCF�QP¸E-pgC]SUo�SU\8C]SUT»oqP�CF�QELe S[\®�nPijUj§VwKQE��vK S[KC]�QP�bHR]P�bÃEXl
eQSU\6CFR8SUfQNgC]P<e TiE-o�pQNgCWb¶CFSUEXK bXKQe \8SUo�Ngj�bHC]SUE-K bX\Ãb IXP<R8^ T<E-o�pQjUP�µ oqP�CF�QELe
} s CR]Pi¡LNgSUR]Pi\�C]P<TW�QKgSUT�bHjUj[^�TiE-o�pQjUS[T�bHC]P<e�E-p%P<RFb¶CFSUEXKQ\OltE-R£\6CWbHC]Pq\]b�IxS[KQdQ�ªR]E-j[jUf¬bXTWVw\i�ªo�P<o�E-R8^
okbHK¬bXd-PioqPiKwC<�²okbXS[K¢CWbXS[KQSUKQd�o"NQj[C]SUpQj[P�jUS[\8CF\AEXlnPiIXP<K¢CF\i��oqPi\]\FbHd-P<\"bXKQe¨bXK¢CFS·GíoqPi\]\]bXd-P<\i�
fQN4F�P<R8SUKQd©EXl s &-B¸EXp�PiRFbHC]SUE-KQ\i}
¦2�QP(T<EXoqpQNxCWbHC]SUE-K§bHKQe§P�µLCFR]bXTiC]SUE-K§EHl�j[ExEXVHbH�QP�bXecSU\Do�E-R]P"\8CFR]bXSUdX�wC8ltE-R8�nbXR8ecCF�¬bHK�C]�QP
SUo�pQjUPioqPiK¢CWbHC]SUE-K�EXl�bXjUj�CF�gP<\]P"T<E-o�p�EXKQP<K¢CF\�EXl|bXKcE-pgCFS[oqS[\8C]SUTO\]S[o�NQjUbHCFE-Ri}2¦2�QP<R8PiltE-R8P�b
T<E-Kg\]P<R6IHbHCFS·I-PAoqP�CF�QELe��vSUKQ\ZbXj[\]E(f¢^�CF�gSU\2T<R8S[C]P<R]SUbg}

•
Ä²IXbHSUj�bHfQjUPDrxNQpQp%E-R8C
Ä4KQEHCF�QPiR¥TiR]S·CFP<R8SUE-K S[K l¼b�IXE-NQR¥EXl¹TiE-KQ\]PiR8IHbHC]S[I-P¸\8^LKQTW�gR]E-KQS[\FbHC]SUE-KSU\¥bXK b�IHbXSUjUbXfQjUP
oqS[eQeQj[Pi�nbXR]P°ltE-R�TiE-KQ\8P<R8IHbHC]S[IXP \8SUo�NQjUbHCFS[E-KWO �/<��2(��7,���� Û���} �`<��;(��7,���pQR8E³ILS[eQP<\
f¬bX\8SUTÂ\]P<R6ILSUT<Pi\cCFE+P�µxP<TiNgCFP eQSU\6CFR]S[fQNgC]P<eñ\8SUo�Ngj�bHC]SUE-KQ\i}¾¦2�QPi\]P¹S[KQT<j[NQeQPÂP�µxTW�¬bXKgd-P¹EXl
oqPi\]\]bXd-P<\i��T�bXj[T<NQjUbHCFS[E-KcEHln\]bHltP��vSUKQegE³�v\b^td-S[IXP<K§CF�gP(jUELE-V¶bX�QP�bHe«EXl|CF�QP©o�ExegP<j¥_���C]SUo�P
E-R]egP<R]Pie�eQP<j[S[IXP<R8^¨EXlvo�P<\8\FbXd-Pi\"CFE�CF�QP±\8SUo�Ngj�bHC]SUE-KÂP�µxP<TiNgCFS·I-PH}ÂÄ�KQEXC]�QP<R�\8P<R6IxS[T<P±S[\�b
pQNQfQj[SU\8�QP<R�&H\]NQfg\]T<R8SUf%P<R2j[SUVXP4SUK¢CFPiR8l¼bXTiPDCFE©oqELeQS·l ^kbHKQe�R8P<TiP<S[IXPAoqELeQS[àQT�bHC]SUE-KQ\�EXl�\]�¬bHR]P<e
E-fLû8PiTiCF\vS[K�b(p¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<eq\]S[o�NQj�b¶CFSUEXK
}
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�`<��A3��7,��©�¬bX\�pQR8E³IXP<e�S[C]\�bXpQpQj[SUT<bXfQSUj[S[C_^OS[K(EXCF�gP<R?pQR8E¶û8P<T�CF\i�LS[KQT<j[NQeQS[KQdOz|uD�Dr%} s C|SU\?NQ\8P<e
CF�QPiR]PDC]EqbHTW�QSUP�I-PAb�T<EXKQ\]PiR8IHbHCFS·I-PA\8^LKQTW�gR]E-KQS[\FbHC]SUE-KÁ}|z�u4�Dr±SU\2bHjU\]E©bHK�P�µgbXo�pQjUPDNg\]POEXl
�/<��;(��7,���S[K�KQ\6G~�x�Q�v�QS[TW��S[\vbXK�bXeQeQS·CFSUEXK¬bXjÁ\8NQpQp%E-R8CvltE-R>C]�QSU\>C]�QP<\8SU\2CWbH\]V´}

¦2�QPkTiE-KQ\]PiR8IHbHC]S[I-PqoqP�CF�QELe \]bHCFS[\8à¬Pi\�bXj[j�T<R8S[CFPiR]SUbg�²\]P<PiK¹\]E�l¼bXR<�ªf�P�C]C]P<RACF�¬bXKÂCF�QPqE-pgC]SUo�SU\8C]SUT
E-KQPX}|¦2�QPiR]P�ltE-R]P s TW�gExE-\8P"b(TiE-KQ\]PiR8IHbHC]S[I-P�\8^LKQTW�gR]E-KQS[\FbHC]SUE-K¤o�PiC]�QExe¤S[K¤C]�QSU\>C]�QP<\8SU\i}

ü�ú ü�ú[ó ^�ç¢Ó���Õ
Ö�ÿíÕ´ÔØ^�çLþ�þ<åQë´çz���²Ø��²å¬Ò�ë´ç
¦2�QP�jUbX\8C²fgjUELTWV4EXlLCF�QP|E�I-PiRFbXj[j¢\8^L\8C]P<o eQPi\]SUdXK
�³KQEXC²^-P�CªegP<\]TiR]S[f�Pie"SU\
C]�QP±�8a�Pi\]\]bXd-P��?µxTW�¬bHKQd-P��F}
¦2�QP±CWbX\8V¨EHl2CF�QS[\�T<E-o�p%E-KQP<K¢C"SU\£C]E«eQPijUS[IXP<R�o�P<\8\FbXdXP<\(bXo�E-KQd�CF�QP�ò²z�\<}�úvP<o�P<o"f�PiR£CF�QbHC
jUE-d-S[T�bXj²pQR8ExTiP<\8\]P<\ATiE-R]R8P<\]p%E-KQe§C]E�pQ�¢^x\8SUT<bXj?pQR8ExTiP<\]\8P<\ASUK�CF�QP�R8P�bXj�KQPiC_��E-R]V´�²bXKge�b±pQ�¢^x\8SUT<bXj
pQR]ELT<Pi\]\¤SUK�C]�QP§T<E-K¢C]P�µLC�EXlACF�QS[\kCF�QPi\]S[\�SU\�b�\]NgfQKQPiC_��E-R8V%}ÅrLEQ�4bHKò�zÅ\]PiKQeQ\�b¹oqPi\]\]bXd-P
CFE�bHKQEXCF�gP<R�ò�z��2�v�QP<K�b¯\]NQfgKQPiC_��E-R]V¥\]PiKQeQ\§b p¬bXTWVHPiC«C]E�bHKQEXCF�gP<R�\]NQfQKgPiC_��E-R]V´} Y�\]S[KQd
\]SUo"NQj�bHC]SUE-K�CFPiR]o�\<�¬bXK¤ò²z \]PiKQeQ\Zb(oqPi\]\FbHd-P4CFE©bHKQEXCF�gP<Rvò²z �v�gP<K�bXK�PiIXP<K¢CZSUK±CF�gPDà¬R]\6CZò�z
b>FÁPiTiC]\DPiIXP<K¢CF\OS[K�CF�gP"EXC]�QP<R�E-KQPX}4ò²z|\4P�µxTW�¬bXKQdXP�oqPi\]\]bXd-P<\DbXjU\8EqCFEqR]P<bXjUS[\]PACF�QP£eQSU\6CFR]S[fQNgC]P<e
\8^LKQTW�QR8E-KQSU\]bHCFS[E-K�bXjUdXE-R]S·CF�Qo�}�¦2�QP<\8P�o�P<\8\FbXdXP<\�T<EXKwCFbXSUK(NgpQp�PiR�f�EXNQKQeQ\�EXl%\]bHltP>�vSUKQegE³�v\i�LbXKQe
EXCF�QPiRv\8^LKQTW�QR8E-KQSU\]bHCFS[E-K�SUKgltE-R8okb¶CFSUEXK
}
¦2�QPÂT<EXoqp%E-KQPiKwCÁ�6a�P<\8\FbXd-PÂ��µxTW�¬bXKQdXP��¨�¬bX\�CFE¯eQP�à¬KQP¨b1¤s´�²�£ &Pô�¨-²�£�´�¤�ÎÏ«�²Ô°2´·ÐbXKQe»b

ô�´�ÎÍÎÍÃ/¤2£�ô�¨-²�£�´�¤¬¦A©�´�²~´'ô�´�ª ��NQ\]Pie�SUK�CF�QPqeQSU\6CFR8SUfQNgC]P<e¨\]SUo"NQj�bHC]SUE-K§\6^L\8CFPio�}¤¦2�QPkKQEXCFS·à¬T�b¶CFSUEXK
oqP�CF�QELe eQPià¬KgP<\��QE���b«R]PiT<PiS[I-PiRkò²z¸�¬bXKQeQj[P<\(S[KQT<E-o�SUKgd«oqPi\]\]bXd-P<\i}�¦2�QP¤T<E-o�o�NQKgSUT�b¶CFSUEXK
pQR]EXC]ExTiE-j�SU\�b�CFRFbHKQ\]p%E-R8C"pQR]EHCFELT<E-j��ªCF�QbHC�S[\"NQ\8P<e¹CFEcP�µxTW�¬bXKQdXP�oqPi\]\FbHd-P<\(bHoqE-Kgd�CF�gP�ò²z|\i}
��P�µLC<� s eQSU\8T<NQ\8\�C]�QP©TW�QE-SUTiP©EXl>b�KQEHCFS[àQT�bHC]SUE-K§o�PiC]�QExeÂbXKge b�T<EXoqo�NgKQSUT<bHCFS[E-K§pQR]EHCFELT<E-j?S[KCF�QS[\vC]�QP<\8SU\i}

á�Õ¬Ó³Ù �?Ø-ågÓ�Ù¼Õ%Ò ^�ç¢Ó��²Õ�Ö MOP<KQPiRFbXj[j[^Â\]p%P�bXVwS[KQdQ�?CF�gP<R]P¤bHR]PkC_��E�oqP�CF�QELeQ\"ltE-R"KQEXCFS·à¬T�b¶CFSUEXK
SUK©T<E-o�o�NQKgSUT�b¶CFSUEXK�\8^L\8C]P<o�\<yS¨�À5%�¤sô�°}©�´�¤s´�Ã+À�bHKQeÁÀ5%>¤sô�°}©�´�¤s´�Ã�À�}�Ä4\6^LKQTW�QR]EXKQE-NQ\�KQEXCFS·à¬T�b¶CFSUEXK
ExTiT<NQR8\��v�QPiKkCF�QP�\]PiKQeQP<R�KQEXC]S[à¬Pi\�C]�QP4R8P<T<PiS[IXP<R<�L�v�QSUj[P2CF�QPZR]PiT<P<S·I-PiRnSU\�eQE-S[KQd�\]E-o�P�NgKQR]Pij�bHC]P<e
E-p�PiRFbHC]SUE-Kg\<}�¦2�gSU\�oqP�CF�QELe©SU\�PiIXP<K¢C>fQbX\]Pie±bXKQe�SU\�S[oqpgjUP<o�P<K¢C]P<e©SUK©T<EXoqpQNxCFP<R|\6^x\6CFPioq\�NQ\]S[KQd
SUK¢CFPiR]R]NgpgCF\i}n¦2�QP£bX\8^LKQTW�gR]E-KQEXNQ\4K¬b¶CFNQR8P�TiE-o�P<\2ltR]E-o CF�QPOl¼bXT�CZC]�¬bHCvCF�gP£R8P<T<PiS[IXP<RZf�PiT<E-o�P<\Zb
oqPi\]\FbHd-P2bX\?\8ExEXK©bX\�S·C�bXR8R]S[IXP<\i�¢bXKQe(S[K(b4o�E-oqPiK¢Cª�v�QPiK©S[C?egExPi\?KQEXC�P�µxp�PiTiC|S·C�}�rL^LKQTW�QR]EXKQE-NQ\
KQEXCFS·à¬T�b¶CFSUEXK�SU\±\6^LKQTW�QR]EXKQSU\8P<e�vS[CF��C]�QP§E-p%P<R]bHCFS[E-KQ\kEHl�C]�QP§R]PiT<PiS[I-PiR<}���P<R8PX�ZCF�QP§R8P<T<PiS[IXP<R
f�PiT<E-o�P<\�b�o�P<\8\FbXdXP£E-Kgj[^±�v�QPiKcS·CvR]P<¡wNQPi\8C]\v^¼p%E-jUj[\�_�C]Eqf%P�KQEXCFS·à¬P<e�bXf%E-NgCZS·C�}nrL^LKQTW�QR]EXKQE-NQ\
KQEXCFS·à¬T�b¶CFSUEXK�T<bXK�f�PvR]P<bXjUS[\]Pie�S[K©eQSGF�P<R8P<K¢C|�>b�^L\<}�BDKQPvEXl%CF�QPioºSU\?CFE�TW�QPiTWV©ltEXR�KQPi�®o�P<\8\FbXdXP<\
^¼p%E-jUjµ_�p%P<R]S[ExegSUT�bHjUj[^X}c¦2�QP�bXj·CFPiR]K¬bHC]S[IXPkSU\£CFE§p%E-jUj|ltE-R�KQP��$o�P<\8\FbXd-Pi\(oqEXR]PkltR8P<¡wNQP<K¢C]j[^-�|S�}ßPH}
E-KQT<P(p%P<R4PiI-PiK¢CApQR]ELT<Pi\]\]S[KQd�jUELE-p
��E-R�ILSUbkfQNQ\6^c�nbXS[C]SUKQdQ}4¦�bXfgjUP"Ûg}Ú�kj[SU\8C]\�C]�QP<\8P(KQEXCFS·à¬T�b¶CFSUEXK
oqP�CF�QELeQ\£C]E-d-P�CF�QPiR��vS·CF� \8E-o�PqTiR]S[C]P<R8S�bg�²CF�¬b¶C"eQP�CFPiR]o�SUKQP�o"^�TW�QE-S[T<PH}�Ä�d¢bXSUK�CF�gPk\]S[d-K��Ùaç�
oqP<bXKQ\?CF�QbHC|bDo�PiCF�gExe(\]bHCFS[\8à¬Pi\|bDT<R]S·CFPiR]S�bx�-bXKQe�C]�QP2\]S[d-K � d ��oqP<bXKQ\?CF�QbHC�S[C�eQELP<\�KQEXC?\FbHC]SU\8l ^
S[C�}¹��P�µLC<� s eQSU\8T<NQ\8\�C]�QP�p¬bXR6CFSUTiNQj�bHR�T<R8S[CFPiR]SUb§bXKQe oqEHCFS[IHbHC]PqC]�QP¤TW�QE-SUTiP�ltE-R©b§KQEXCFS·à¬T�b¶CFSUEXKoqP�CF�QELe¤SUK�CF�QS[\>CF�QPi\]S[\<}
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h P�bHC]NQR]P!�©a�P�CF�QELe Ä4\8^LKQTW�gR]E-KQEXNQ\ rL^LKQTW�QR]EXKQE-NQ\
p�PiR]S[ExeQS[T�bXj ltR8P<¡wNQPiKwC�p%E-jUj[SUKQd

ò�E��Àj�b¶CFP<KgTi^ a d a
s o�pQjUPioqPiKwCFbHCFS[E-K¤bXKQe s K¢CFPid-RFb¶CFSUEXK d a a

Ä²IXbHSUj�bHfQjUP�\]NQpQp%E-R6C d a a
¦�bXfgjUPOÛQ}Ý�xy�rL^LKQTW�QR8E-KQE-Ng\�IL\<}�bX\6^xKgTW�QR]E-KgE-NQ\ZKQEXCFS·à¬T�b¶CFSUEXK�oqP�CF�QELeQ\

•
ò�E���ò²bHCFPiKQTi^
¦2�QSU\vTiR]S[C]P<R8S�b(\]�QE��v\Z�v�QPiC]�QP<RZCF�QP�KQEXC]S[à¬T<bHCFS[E-K�oqP�CF�QELe�eQP<j[S[I-PiR]\ZoqPi\]\]bXd-P<\ZSUKg\8CWbHKwC]j[^X�
E-R©bXeQeg\kbXK+bXeQegS[CFS[E-K¬bXj�eQP<jUb�^¹CFE§CF�gP�KQP�C_�nEXR]V¹CFR]bXKQ\8oqS[\]\]S[E-K�CFS[oqPH}�¦2�QP�j[E��nPiR©C]�QP
j�bHC]P<KQT�^ ltR]E-o C]�QP�KQEXC]S[à¬T<bHCFS[E-K¸oqP�CF�QELe
�©CF�QP+f�P�C]CFPiR<�qf�PiT�bXNQ\8P®oqPi\]\]bXd-P<\ T<E-K¢CWbHSUK
SUKgltEXR]oqbHCFS[E-K�bXf%E-NgC�EXCF�gP<RZ\]SUo"NQj�bHC]E-R]\i}n¦2�QS[\�S[KgltE-R8okbHC]SUE-K�oqb�^¤f�P�NQ\8PiltNQj²CFEqSUKQTiR]P�bH\]P
CF�QPAp¬bHRFbXj[jUP<j[SU\8oÃbXKQe¤CF�QPA\]p%P<PieQNQp�ltR]E-o¾b©egSU\8C]R]S[fQNgCFPie¤\]SUo"NQj�bHC]SUE-KÁ}
Ä4\6^xKgTW�QR]E-KgE-NQ\nKgEXCFS·à¬T�bHC]SUE-K(�QbX\�b�j[E³�+j�b¶CFP<KgTi^-�wf%P<T<bXNQ\]PZS[C|egP<jUS·I-PiR]\|oqPi\]\]bXd-P<\�bX\|\]ELE-K
bX\OCF�QP�^ÂbXR]R8S[IXPX}krL^LKQTW�QR]EXKQE-NQ\£KQEXCFS·à¬T�b¶CFSUEXK§�¬bX\£bXjU\8E�b¤jUE���j�bHC]P<KQT�^-�²fQNgC£E-KQj·^«SUKÂS[C]\
�~fQNg\8^±�nbXS[C]SUKQd��4IHbXR8S�bXK¢C��gf�PiT�bXNQ\8P"EXl�CF�gPAltR8P<¡wNQPiKwC4p�EXjUjUS[KQdQ}�zªP<R8SUELeQSUT<bXj
p%E-jUj[SUKQd"oqS[d-�¢C
eQP<jUb�^¹CF�QP�eQP<j[S[IXP<R8^ EHlDo�P<\]\]bXd-Pi\qNQK¢C]SUj2CF�QP�KQP�µxCkp�EXjUjJ��bXKge+CF�gP<R]P�ltE-R]P��¬bX\qb¨�gSUd-�QPiR
j�bHC]P<KQT�^-}

•
s o�pQjUPioqPiKwCFbHCFS[E-K�bXKge s K¢CFPid-RFb¶CFSUEXK
rL^LKQTW�QR8E-KQE-NQ\¤KQEHCFS[àQT�bHC]SUE-K+oqP�CF�QELeQ\�bXR8P§P�bX\8SUPiRkCFE�S[oqpQj[P<o�P<K¢C�CF�¬bXKbH\8^LKQTW�QR8E-KQE-NQ\
E-KQPi\<};¦2�gSU\§SU\§f%P<T<bXNQ\8P+bH\8^LKQTW�QR8E-KQE-NQ\�o�PiC]�QExeg\§SUK¢CFR8ExeQNgT<P¹R]bXT<S[KQd®T<E-KgeQS[C]SUE-KQ\cSUK
oqPioqEXR8^¨bXT<TiP<\8\<} Ä2TiT<Pi\]\©CFE«TiE-oqo�E-K¹o�P<o�E-R6^¨EXfLû8P<T�CF\©eQNQR8SUKQdcC]�QP�E-p%P<R]bHCFS[E-K¹EXlZb
pQR]ELT<Pi\]\ZbXKQe�eQNQR8SUKQd�b(o�P<\]\]bXd-PA�¬bXKgeQjUPiR2KQP<Pie�CFE©f%PA\8^LKQTW�QR8E-KQSU\8P<e
}
¦2�QP>KQP�C_�nEXR]V�\8SUo�NQjUbHCFEXRªKQ\~G6��S[\�bD\]Pi¡wNQP<K¢CFSUbXjQ\6^xKgTW�QR]E-KgE-NQ\|\8^L\8C]P<o�}?¦2�QPiR]PiltEXR]P2S[C�eQELP<\
KQEXC£pQR]E�ILSUegPko�PiCF�gExeQ\ACFEcb�I-E-S[e¹RFbXTiSUKQd�T<EXKQeQS[C]SUE-Kg\£S[K T<EXKQT<NQR8R]PiKwC�e¬bHCWb�bXT<TiP<\8\<}§rLEQ�
S[CnSU\nP<bX\]S[P<RnC]E(SUK¢CFPid-RFb¶CFPOb�\6^xKgTW�QR]E-KgE-NQ\vKQEXC]S[à¬T<bHCFS[E-Kko�PiC]�QExe±C]�¬bXK¤bXK¤bH\8^LKQTW�QR8E-KQE-NQ\
E-KQPH}

•
Ä²IXbHSUj�bHfQjUPDrxNQpQp%E-R8C
�`<��;(��7,����ñb j[SUfQR]bXR8^/ltEXR�T<EXoqo�NgKQSUT<bHCFS[E-K{bXKQe \6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK SUK eQSU\6CFR]S[fQNgC]P<e
bXpQpQj[SUT<bHCFS[E-KQ\>pQR8E�IxS[eQP<\4b�\6^LKQTW�QR]EXKQE-NQ\DÄ4z s ltE-RvoqPi\]\FbHd-P£P�µxTW�¬bXKQd-PH} s C4S[\ZTiE-K¢I-PiKQSUPiKwC
CFE�f�P£NQ\]Pie«SUK¤CF�gSU\vCF�QPi\]SU\ZltE-RvT<E-o�o�NQKgSUT�b¶CFSUEXK�bHKQec\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK«pQNQR8p�E-\8P<\i}Z¦2�gSU\
SU\vbXKgEXCF�QPiR2R]P<bX\]E-K¤CFE©TW�QELE-\8P"b(\8^LKQTW�gR]E-KQEXNQ\4KQEHCFS[àQT�bHC]SUE-K�o�PiC]�QExe�S[K�CF�QS[\>CF�QPi\]SU\i}

¦2�QP(\8^LKQTW�QR8E-KQE-Ng\�KgEXCFS·à¬T�bHC]SUE-KcoqP�CF�QELec�vS[C]�«ltR]Pi¡LNgP<K¢CAp�EXjUjUS[KQd�\FbHC]SU\8àQP<\AbXj[j�C]�QP<\8P�TiR]S·CFP<R8S�bg}
¦2�QP<R8PiltE-R8P s TW�QELE-\]POCFE�NQ\8P�S·CvSUK±C]�QSU\2CF�gP<\]S[\<}
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h P�bHC]NQR]P!�(z�R]EXC]ExTiE-j ¦Zm>z Y�uDz d ¦vz ú>Y4uDz
úvP<j[S�bXfgSUjUS·C_^ a d a a

��µgp%P<T�CFPiecp%P<R8ltEXR]oqbXKQT<P d a a�a a
Ä�IHbXS[j�bXfgSUjUS·C_^)^¼Ä4z s _ aça aça d d
��S[d-�¤jUPiIXP<j²bXfg\8CFR]bXTiC]SUE-K aça d d d
¦�bHfQjUPAÛQ}ßÜgy�mn�QE-S[T<POEXlªT<EXoqo�NgKQSUT<bHCFS[E-K±pQR8EXCFELT<E-j

�"Õ%æ¹æ�×�ÒªÙ¼Ø-ågÓ³ÙtÕ%Òt��Ô³Õ´Ó�Õ�Ø-Õ%è ¦2�QPAà¬K¬bXjÁ\8CFPipcS[K¤C]�QPAeQP<\8SUd-K�EXlªCF�QP��8a�P<\]\]bXd-P£��µgTW�QbXKQd-P��T<E-o�p�EXKQP<K¢CqSU\(CFE¨TW�QExEX\]P�b¨T<EXoqo�NgKQSUT<bHCFS[E-K�pQR]EHCFELT<E-j�}+¦2�QS[\qpgR]EXC]ExTiE-jv\]�QE-NgjUe¯pQR]E�ILSUeQP�b
d-N¬bXR]bXK¢CFP<Pie®E-R]egP<R]Pie®eQP<j[S[IXP<R8^¯EXlAo�P<\8\FbXdXP<\�bXo�E-KQd ò²z|\i}À¦2�QS[\±SU\qb R]Pi¡wNQSUR8P<o�P<K¢C�EXlDC]�QP
T<E-KQ\8P<R6IXb¶CFS[IXP§\8^LKQTW�QR8E-KQS[\FbHC]SUE-K®o�PiC]�QExeÁ}¸BDC]�QP<R�egP<\]S[RFbXfgjUP�ltP<bHCFNgR]P<\¤bHR]P«�QS[d-��f¬bHKQeg�vSUexCF�
NgCFS[jUSU\]bHCFS[E-K£bXKQe(jUE�� jUbHCFPiKQTi^£T<E-o�o�NQKgSUT�b¶CFSUEXK£S[K(b h bX\8C?�?CF�QPiR]KQP�C|KQPiC_��E-R]V´}�rxNgTW��pgR]E-p%P<R6CFSUPi\�nE-NgjUe�\]p%P<PieQNQp�CF�QP(S[KwC]P<R]bXTiC]SUE-KQ\DbXoqEXKQd±jUEXd-SUT<bXjªpgR]ELT<P<\8\]Pi\£bHKQe�R]P<egNQT<P(CF�gP(R]NQKQKgSUKQd±C]SUo�P
EXl�b«eQSU\6CFR]S[fQNgC]P<e¹\8SUo�NQjUbHCFS[E-K
}�¦�bXfgjUP±ÛQ}ßÜcj[SU\8C]\"\8PiI-PiRFbXj2R8P<j[S�bXfQj[PqTiE-o�o�NQKQS[T�bHC]SUE-KÂpQR]EHCFELT<E-j[\
CFE-d-P�CF�QPiRO�vS[CF��TiR]S[C]P<R8S�bkltE-ROCF�gP�TW�gE-SUTiP�S[K«CF�QS[\O�nE-R8V´}�¦2�gPqo�P�bXKgSUKQd�EXl�CF�gP�\8SUKQdX\K�Ùaç�(bXKQe
� d �cSU\qCF�QP§\]bXoqP�bH\±SUK®pQR8PiILSUEXNQ\�eQSU\8T<NQ\8\]S[E-KQ\<}�¦2�QP§\]S[d-Kt��açaç�coqP<bXKQ\±C]�¬bHC¤b¹pQR8EXCFELT<EXj\FbHC]SU\8àQP<\�b©TiR]S·CFP<R8S�b"IXP<R8^���P<j[jJ}
¦Zm>z°bHKQe Y4uDz�bXR]P±��P<j[j>VwKQE��vK¯C]RFbXKQ\8p�EXR8C(pQR8EXCFELT<EXjU\<�?�vS[eQP<j·^¹NQ\8P<e SUK¹C]�QP s K¢CFPiR]KQP�C�}

d ¦vz×^ d pQR8P<\8\(¦ªR]bXKQ\]p%E-R6C(z�R]EXC]ExTiE-j¥_OSU\�bcR]PijUS�bHfQjUP©�QS[d-�¹\]p%P<Pie�CFRFbHKQ\]p%E-R8C"pQR]EHCFELT<E-j���f¬bX\8P<eE-KQ� Ü-Ü>��} s C4T�bXK«EXp�PiRFbHC]P"E�I-PiR4CF�QP£KQPiC_��E-R8Vcj�b�^XP<R<�%E-R�eQSUR8P<TiC]j[^¤E�I-PiR4CF�gP"e¬bHCFbkjUS[KQV±jUb�^XP<RZltE-RjUE��nPiR(j�bHC]P<KQT�^-}Âú>Y�uDz×^¼úZPijUS�bHfQjUP�Y4u4zp_"S[\(b«R]PijUSUbXfQjUP©CFR]bXKQ\8p�E-R6C(pQR8EXCFELT<E-j���f¬bH\]P<e E-K¹C]�QP
ú h mî-ð-¿�bXKge�ú h mÀ½-½³Þx½-} s CvR]NQKQ\2E�IXP<RvY4u4zp& s zª�¬fQNgC>\]NQpQp%E-R6CF\vR]PijUS�bHfQjUPZE-R]egP<R]Pie¤eQP<j[S[I-PiR8^X�
�¬E���T<E-K¢C]R]E-j�bHKQe�TiE-KQd-Pi\8C]SUE-K¤T<EXKwC]R]E-j�o�P<TW�QbXKQSU\8oq\i�Q\]S[oqS[j�bXR�CFE©¦Zm>zª}

•
úvP<jUSUbXfQS[jUS[C_^
úZPijUSUbXfQSUj[S[C_^¨�QP<R8P«o�P�bXKQ\kb d-N¬bHRFbXK¢CFPiP<e®bHKQe�E-R8eQP<R8P<e®eQPijUS[IXP<R6^+EHlOKQPiC_��E-R8V�p¬bXTWVHPiC]\<}
¦2�QSU\nSU\nC]�QPDo�E-\8CnSUo�p�E-R6CWbXK¢C�R]Pi¡LNgSUR]PioqPiK¢C>CFE"C]�QPOT<EXoqo�NgKQSUT<bHCFS[E-KqpgR]EXC]ExTiE-jJ�Lf�PiT�bXNg\]P
CF�QPA\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK�bHjUd-E-R8S[C]�QoºR]PijUSUPi\>E-K¤S[CnCFE(VXPiP<p�CF�QPOS[KwC]P<d-R8S[C_^qEXl�CF�QPOo�ExegP<jJ}�Ä4jUj
CF�QP(pgR]EXC]ExTiE-jU\�¦Zm>zª� d ¦vzñbXKQeÂú>Y�uDzñbHR]P�R8P<jUSUbXfQj[P£f¢^«egP<\]S[d-K
}A¦2�QP©Y�uDz»pQR8EXCFELT<EXjSU\DNgKQR]PijUS�bHfQjUPH�%S�}ßPH}Op¬bXTWVHPiCF\Ooqb�^cf%P�eQR8E-pQp%P<e§E-R�eQP<j[S[IXP<R]Pie§E-NgCOEHl|E-R]eQPiR<}A�ZE³��PiIXP<R�b
\8�vS·CFTW�QPie¤��C]�QP<R8KQPiCnKQPiC_��E-R8VqpQR8E�IxS[eQP<\�E-KQj·^©E-KQPZp¬bHC]�qltE-R�p¬bXTWVHPiC2eQPijUS·I-P<R6^-�w\]E"p¬bXTWVXP�CF\
T�bXK¨KQEXC�f%P�R8P<E-R8eQP<R8P<e
}±��C]�QP<R8KQPiC£�¬bX\£bXj[\]E�bXjUo�E-\6CA�<P<R8E�PiR]R8E-RARFbHC]PX��\]E�p¬bXTWVXP�CF\�T<bXK
f�P4T<E-R8R]NQpgC]P<e±EXKQj[^©�vS[C]��b£IXP<R8^qjUE��pQR8E-f¬bXfgSUjUS·C_^-} ] NgC2S[KkE-R8eQP<R�CFE�dXN¬bXRFbHKwC]P<P4bk½�¿-¿¾ÑR]PijUS�bHfQSUj[S[C_^-�2C]�QP¹bXpgpQjUS[T�bHC]SUE-K®�¬bH\�C]E+S[oqpQj[P<o�P<K¢C¤P<R8R]E-R�eQP�CFP<T�CFS[E-KñbHKQe@�¬E���TiE-K¢CFR]EXj
oqPiTW�¬bXKQS[\]o�\(E-K S[C]\�E��vK
}¹¦2�QP¤eQPi\]SUdXK bXKQe SUo�pQjUPioqPiK¢CWbHC]SUE-K¨EXlvCF�QPi\]P¤oqPiTW�¬bXKQS[\]o�\
SUK�EXKQPcTiE-oqo"NQKQSUT<bHCFS[E-K pQR]EHCFELT<E-j�bXR]Pcb R]Pij�bHC]S[IXP<j[^¹T<E-o�pQjUP�µ¯CWbX\8V%}Àa�E-R8P<E�I-PiR±CF�QP�^
eQPiILSUbHCFP�ltR8E-oC]�QP�CFEXpQSUT�EHl�C]�QSU\�CF�QPi\]SU\i}"¦2�QPiR]P�ltE-R]P s pQR]P�ltP<RDC]E�NQ\]P�b±R]P<bXeg^c\]E-j[NgCFS[E-K
ltE-Rªb4T<E-o�o�NQKgSUT�b¶CFSUEXK�pgR]EXC]ExTiE-jJ�¶bXKQe£CFEDb�IXE-SUe(bZpQR]EXpQR]S[PiCWbHR8^ASUo�pQj[P<o�P<K¢CWbHC]SUE-KOEHl¬CF�QPi\]P
oqPiTW�¬bXKQS[\]o�\<}
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•
��µxp�PiTiCFPie«z�P<R8ltEXR]oqbXKQT<P
zªPiR8ltE-R8okbXKgT<P±�QPiR]P�o�P�bXKg\(�QSUd-� f¬bXKQeg�vS[egCF� NgC]SUj[SU\Fb¶CFSUEXK bXKge�jUE��Åj�bHC]P<KQT�^¹SUK¹b h bX\6C
�?CF�QPiR]KQP�C>KQP�C_�nE-R8V´}�¦2�gP d ¦vz�pQR8EXCFELT<E-j¬�vS[KQ\nS[KqCF�gSU\�T<R]S·CFPiR]S�bx�¢f�PiT�bXNQ\8PDS[C�SU\�eQPi\]SUdXKQP<e
ltE-R>�QS[d-�xGíp�PiR8ltE-R8okbXKgT<PZT<E-o�o�NQKQS[T�bHC]SUE-Kg\<} s CvT<bXK¤E-p%P<RFb¶CFPDeQS[R]PiTiCFj·^kE�IXP<R>CF�gPOe¬bHCWb�j[SUKQV
j�b�^-PiRªltE-R�b4jUE���P<Rªj�bHC]P<KQT�^-} s P�µxp�PiTiC�CF�QbHC�ú>Y�uDzÂbXKQe(Y�uDzÂ�Qb�IXPvb4jUE���P<Rªj�bHC]P<KQT�^�C]�¬bXK
¦Zm>zª�³f%P<T�bHNQ\]P�CF�QP�^A�¬b�I-P�bZ\8SUo�pQjUPiR�E-p�PiRFbHC]SUE-KÁ}�¦2�gP�¦Zm>z��HP�I-P<K�CF�QEXNQd-�"S·C²SU\²eQPi\]SUdXKQP<e
ltE-R4o"NQTW��\]jUE���P<RDKgPiC_��E-R]Vw\<���¬bX\Db±�QSUd-�cf¬bXKQeg�vS[egCF�§NxCFSUj[SU\]bHCFS[E-K�E�IXP<ROP<R8R]E-R~GíltR8P<P��QS[d-�
CF�QR8E-NQd-�gpQNgCªjUSUKgVL\i�³NQ\]Pie�KQE��>bHe¬b�^x\·�ßÜ-�7��}�Ä+eQS[\FbXexIXbHKwCFbXd-P|EXl¬¦Zm>z«S[\�C]�¬bHC�S[C�S[KwC]R]ELeQNQTiP<\
j�bHC]P<KQT�^£C]EDCF�QP2TiE-o�o�NQKQS[T�bHC]SUE-K
} s C�Ng\]P<\�b�ô�´�¤}Ò}«�À�²�£�´�¤³ô�´�¤2²�©�´�ª�o�P<TW�¬bHKQSU\8o��¶CF�¬bHC�bHSUo�\
l¼bXSUR8KQP<\8\��vS·CF�±EXC]�QP<R�T<E-o�o�NQKgSUT�b¶CFSUEXKb�¬E��v\i}�¦2�QP<R8PiltE-R8PO¦Zm>z¯eQPij�b�^L\nCF�gP4\]PiKQeQS[KQd(EXl²b
p¬bXTWVHPiC��ÁS[l�bqT<E-KQdXP<\8C]SUE-K�okb�^�ELT<T<NgR<}ZÄ4KQEXC]�QP<R�\]E-NgR]T<P"EXl|j�bHC]P<KQT�^¤SU\ZCF�QP#"ì´�®yô�´�¤2²Ä©�´�ª
oqPiTW�¬bXKQS[\]o�} s C]\£d-E-bXj�SU\OCFE�\]PiKQe¹e¬b¶CWb¤E-KQj[^c�v�QP<K�b¤R]PiT<PiS[I-PiR"S[\£bHfQjUP(CFE�pQR8ExTiP<\]\£S[C<�bXKQe±KgEXC�C]E�E�I-PiR8�v�QPijUoÅS[C�}�¦2�QP<R8PiltE-R8PD¦Zm>z¯S[oqpgjUSUPi\|b"�QS[d-�QP<R�j�b¶CFP<KgTi^©CF�¬bHKkCF�QP�EXCF�gP<R
pQR]EHCFELT<E-j[\<} ] NgC�S[l�bq�QS[d-�QP<RZj�b¶CFP<KgTi^¤SU\�bqTiE-\8C�ltE-R�b�l¼bXS[RZKgPiC_��E-R]V�bXT<TiP<\8\ObXo�E-KQdqò�z�\
SUK§b�eQS[\8C]R]SUfgNgCFPie§\]SUo"NQj�bHC]SUE-KÁ�%S·COoqb�^�à¬K¬bHjUj[^�R8P<\]Ngj[CASUK«b¤dXExELe«E�I-PiRFbXj[j?p�PiR8ltE-R8okbHKQT<PH}
¦2�QSU\�SU\?f%P<T<bXNQ\]P2C]�QP>\]S[o�NQjUbHCFE-R8\ª��E-NQj[e(PiI-EXj[I-P2�vS·CF�(bO\]S[oqS[j�bXR²\8p�PiP<e�bXKQe©VXPiP<p�bO\]oqbXjUj
CFS[oqPDegSGF�P<R]PiKQT<PH}

•
Ä²IXbHSUj�bHfQSUj[S[C_^
Ä�IHbXS[j�bXfgSUjUS·C_^�SU\DC]�QP(p%E-\]\8SUfQS[jUS[C_^¤C]E�Ng\]P�b�T<E-o�o�NQKQS[T�bHC]SUE-KcpQR]EXC]ExTiE-jJ}£¦Zm>zÀbXKQeÂY�uDz
bXR]P|�vSUegP<j[^DNQ\]Pie(bXKQe"b�IHbXS[j�bXfgjUP�SUK£bXj[j¢oqELeQP<R8K£EXp�PiRFbHC]SUKQdZ\8^L\8C]P<o�\<}?¦2�gP d ¦vz§pQR8EXCFELT<EXj
�¬bX\£b�TiE-oqo�P<R8T<SUbXj�SUo�pQjUPioqPiK¢CWbHC]SUE-K�bXKge¨CF�gP<R]P�ltE-R]PqSU\�KQEXC"b�IXbHSUj�bHfQjUP�ltE-RACF�gSU\ACF�QPi\]SU\i}
ú>Y4u4z�S[\²eQPià¬KgP<e�S[K"bXK"ú h m bHKQe"eQELP<\�KQEXCª�¬b�I-PnbZ�vS[eQP<j·^wG_b�IXbHSUj�bHfQjUPªSUo�pQjUPioqPiKwCFbHCFS[E-K
}

•
��S[d-�¤ò�PiIXP<j²Ä4fQ\6CFR]bXTiC]SUE-K
�`<��;(��7,��¬��Û-�%SU\�b��QSUd-�gP<R|jUP�I-P<j´S[KwC]P<R6l¼bXT<PvCFE£¦Zm>z�C]�¬bXK©CF�QP�\8CFbXKQe¬bXR8ek\8ExTWVHPiC>S[K¢CFP<R6l¼bXT<PH}
s CÂpQR]E�ILSUeQPi\ bpQNQfgjUSU\8�QP<R�&H\]NgfQ\]TiR]SUf%P<RÂSUK¢C]P<R8l¼bHT<P�CFE»T<R]P<bHCFP¯eQS[\8CFR8SUfQNxCFP<e¸E-fLû8PiTiC]\<�(CFENQp%e¬bHCFPÂCF�QPiSUR�\8CFbHCFP bXKQeñC]E�R]PiT<PiS[I-P \8CWb¶CFP Ngp�e¬b¶CFP<\�ltR]E-o EXC]�QP<R�\]S[o�NQj�b¶CFE-R8\<}�¦2�QP
NQKQeQPiR]j·^xS[KQd fgNQSUj[eQSUKQd�EXlD¦Zm>zÅTiE-KQKQPiTiCFS[E-KQ\i�2\]PiC8CFS[KQd EXlD¦Zm>zÅp%P<R6ltE-R]oqbXKQTiP�E-pxCFSUEXKQ\
bXKQeAoqbXSUK¢CFPiK¬bXKQTiP�EXlL\]ELTWVXP�C�eQPi\]TiR]SUpxCFE-R8\�S[\��QSUegeQP<KOltR]EXo»CF�gP|bXpQpQj[SUT�b¶CFSUEXKDpQR]EXd-RFbXo�o�P<R<}
a�E-R8P<E�I-PiR��/<��2(��7,���pQR]E�ILSUeQPi\ZC]�QP�\FbXo�PApQR]E-dXRFbXo�oqS[KQd�S[KwC]P<R6l¼bXT<PAltE-RvT<E-o�o�NQKgSUT�b¶CFSUEXK
f�EHCF�«ILS�bk\8�¬bXR8P<e�oqPioqEXR8^-�ÁbXKQe§ILS�bk¦Zm>z�}�¦2�QSU\DbXjUj[E³�v\ZCFE�R8NQK«CF�QP(\]bXo�P�\]S[o�NQj�b¶CFSUEXK
P�µxP<TiNgCFS·I-PASUK�pQbXRFbXj[jUPij%EXR>eQSU\6CFR8SUfQNgC]P<e�\8SUo�NQjUbHCFS[E-K
�wf¢^�TW�¬bXKgd-SUKQd(EXKQj[^kbXK�P<K¢ILSUR8E-KQo�P<K¢C
IHbXR]SUbXfQjUPH}

¦Zm>zÅ\]bHCFS[\8à¬Pi\±oqEX\8C±EHlOCF�QP§bHf�E�I-PcT<R]S·CFPiR]S�bx} s C]\±j�bHC]P<KQT�^¯oqS[d-�¢CkR8P<\]Ngj[C±S[K®b \8NQf�EXpgCFS[okbXjp�PiR8ltE-R8okbXKgT<PX�ZfQNgC¤S·CF\�b�IHbXS[j�bXfQS[jUS·C_^ bXKQe�QS[d-�QP<RkjUPiIXP<jObHfQ\8C]RFbXT�CFSUEXK®okbXVHP§S[C¤b¶C]CFR]bXTiC]S[IXPcCFE
f�Pid-SUK��vS[CF�Á} h E-RvCF�QPi\]P�R8P�bX\8E-KQ\ s TW�gExE-\8P"CF�gP"T<EXoqo�NgKQSUT<bHCFS[E-K�pgR]EXC]ExTiE-j²¦Zm>zltE-R�oqPi\]\]bXd-PP�µxTW�¬bXKQdXP£S[K¤C]�QSU\>C]�QP<\8SU\i}
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Óçi�á ÖCqH{}|�æ
n KÈ,�qH½#$bÝ q�Ú�Ì~|jâ�½ðo4q-, æ�|jäyã�Ì~½ðo/|jl
n

¦2�QSU\?\8P<T�CFSUEXK(eQP<\8T<R]S[f�Pi\�bXK(S[eQP�b�ltEXR?b4eQPi\]S[d-K(EXl%b4eQS[\8C]R]SUfgNgCFPie�\]S[o�NQj�b¶CFSUEXK
} s C�à¬R8\8C�o�EXCFS·IHbHCFPi\
CF�QP2KQPiP<e(ltE-R�C]�QP2SUegP�bg�XC]�QP<K(P�µxpQj�bXS[KQ\�C]�QP2SUeQP<bDS[C]\]P<j·l~�-bXKge�à¬K¬bXj[j[^£bXK¬bXj·^L\]P<\�S·CF\?TiE-K¢CFR8SUfQNgC]SUE-Kg\
CFE©CF�QPOCF�gP<\]S[\<}

^ Õ¬Ó³Ù¥�QåxÓ³Ù¼Õ%Ò acbXK¬bXdXP<o�P<K¢C�EHlQeQS[\8CFR8SUfQNxCFP<e�\]S[o�NQjUbHCFS[E-KO�¬bX\ªb�fQS[dvSUK4�¬NgP<KQTiP�CFEZS[C]\²\]p%P<P<egNQp
}
s C"S[KQT<j[NQeQP<\ACFS[oqP(\6^LKQTW�QR]EXKQSU\]bHCFS[E-K bHKQe P�µgTW�QbXKQd-PqEXl>o�P<\8\FbXd-Pi\�bXo�E-KQd�C]�QPq\8SUo�Ngj�bHC]E-R]\i} s l
CF�QPOCFS[oqP�\]p%P<K¢CvSUK�oqbXK¬bHd-P<o�P<K¢C>��E-R]VkSU\nC]ExE�fgSUdQ�LCF�QPOP��qTiSUPiKQTi^�EHl�eQS[\8C]R]SUfgNgCFPie�\]SUo"NQj�bHC]SUE-K
T�bXK eQPiT<R]P<bX\]PH�nbHKQe¹CF�QP�\8p�PiP<eQNgp+T<bXK�f�PkPiI-PiK+KgP<d¢bHC]S[IXPX}Â¦2�QSU\�o�EXC]S[IHbHCFPi\"o�PqC]E«à¬KQe¯bXK
SUeQP<bg�QE-Rvo�PiCF�gExe�CFE©eQPiT<R8P�bX\8P£oqbXK¬bXdXP<o�P<K¢C2�nEXR]V±eQNgR]SUKgd�egSU\8C]R]S[fQNgCFPie¤\]SUo"NQj�bHC]SUE-KÁ}

Ñ<Ö²çwå ò�PiC]\>jUELE-V©bHC�CF�QPDpQbXR8C]S[CFS[E-KQPiekd-R]bXpQ�±EXl²EXKQP4�vSUR8P<j[P<\]\nKQPiC_��E-R]V ^¼\8P<PDà¬d-NgR]PDÛQ}ßÜ�_�}?¦2�QP
d-RFbXpg�¯R8P<pQR8P<\8P<K¢CF\©�vSUR8P<jUPi\]\�KgExeQPi\)^tCF�gP±I-P<R6CFS[T<P<\�_���bXKQe�eQPip�PiKQeQPiKQT<S[P<\�f�P�C_�nPiP<K CF�QPio ^tC]�QP
P<eQd-Pi\�_�}ÀÄ2eQeQS·CFSUEXK¬bXjUj·^-�|CF�QPcT<jUEX\]P<e�R]P<dXSUE-KQ\qbXR8E-NQKQe�P<bXTW�®p¬bXR6CFS·CFSUEXK+\8�QE��C]�QP�C]EXCWbHj�û8E-S[K¢C
\]P<Kg\]SUKgd«RFbXKgd-PqEHlvbXjUj|KQELeQPi\"SUK�CF�gPkp¬bXR6CFS·CFSUEXK
}k¦2�QS[\"R]bXKQd-P�eQPiC]P<R8oqS[KQP<\"bXjUj�EXC]�QP<R�KQP�C_�nE-R8V
KQExegP<\<�?C]�¬bHC"T�bXK b>F�P<T�C�KQELeQPi\�SUK C]�QPkpQbXR8C]S[CFS[E-K
} h E-R£S[KQ\8CFbXKQTiPX��KQELeQP

C
jUS[P<\£SUK¨C]�QP�û8E-S[K¢C

\]P<Kg\]SUKgd¹RFbXKgd-PcEXl4p¬bXR6CFS[C]SUE-K¥½-�2bHKQe�T<bXK®b>F�P<T�CqC]�QPcKQELeQPi\
A
bHKQe

B
} s K+CF�QP�\FbXo�P��nb�^KQExegP<\

A
bXKQe

B
jUS[PDSUK±C]�QPA\]P<Kg\]SUKgd�R]bXKQd-POEHl�p¬bHR8CFS·CFS[E-K¤�x�¬bHKQe¤T�bXK�b>F�P<TiCvKgExeQP

C
} h E-RnCF�gSU\

R]P�bH\]E-K
�x\]S[o�NQj�b¶CFE-Rv½4�QbX\�C]E"f%PDb��>bHR]PDEXl
KQExegP
C
�gbXKge±SUKgltEXR]o°\8SUo�NQjUbHCFEXRn�AP�bXTW�qCFSUo�Pv�v�QP<K

KQExegP
A
EXR

B
\]P<Kge�bkp¬bXTWVHPiCOS[K�CF�gP"KQP�C_�nE-R8V´}4Ä4j[\]EQ�´�v�QPiK§KQExegP

C
\]PiKQeQ\AbqpQbXTWVXP�COSUK�CF�QP

KQPiC_��E-R]V´�¬\8SUo�NQjUbHCFEXRZ½�\]�QEXNQjUe±�Qb�IXPO\]E-o�P4S[KgltE-R8okbHC]SUE-K�bXf%E-NgC�KQELeQP
C
SUKkE-R]eQPiR�C]E�T<E-o�pQNgC]P

CF�QPAP�F�P<T�CF\2ltR]EXoÅC]�QSU\>C]RFbXKQ\8oqS[\]\8SUE-K±EXK¤C]�QPOKQELeQP<\
A
bXKge

B
}�¦2�QSU\2R8P<¡wNQS[R]P<\>C]�¬bHCv\8SUo�NQjUbHCFEXR

½(�¬bX\D\8E-oqP£R]PipQR]Pi\]P<K¢CFbHCFS[E-K§EXl|KQELeQP
C
�Á�v�QS[TW��bXjUj[E³�v\ZS[C�CFE±TiE-o�pQNgCFP£S[C]\DSUK4�QNQP<KQTiP�E-KcC]�QP

jUELT�bXj�\]S[o�NQj�b¶CFSUEXK
}D¦2�QS[\DR]PipQR]Pi\]P<K¢CFbHCFS[E-K��¬bX\4C]E�f�P(R8P<d-NQjUbXR]j·^¤NQp%e¬bHCFPie§�vS[CF�«C]�QP"C]R]NQP(TiE-p¢^
EXl?KQELeQP

C
bHCv\8SUo�Ngj�bHC]E-R2�x�¬S[K�E-R]egP<R2CFE�bXTW�QS[PiIXP"b(T<EXR]R]PiTiCZ\]S[o�NQjUbHCFS[E-K
}

�ZE³�A�¢j[PiC�\]SUo"NQj�bHC]E-R�½vbXjU\8EDokbHSUK¢CWbXS[K�b�ltNgjUjgS[KQ\8CFbXKQTiP>EXl´KQELeQP
C
�X�v�QSUTW�©S[\?bDT<EXpw^"EXl%KQELeQP

C
S[K�\8SUo�NQjUbHCFEXRZ�x�ÁbHKQecf%P<�¬b�IXP<\DS[K�CF�gP£\]bXoqP��>b�^�SUK�f�EHCF�c\8SUo�Ngj�bHC]E-R]\i}n¦2�QPiK
���v�QPiK§KQELeQP

C
\]P<KgeQ\Zb©pQbXTWVXP�C��´\]S[o�NQj�b¶CFE-R>�(KgE�j[E-KQd-PiR>KQPiP<eQ\vCFE©SUKxltE-R]oÅ\]S[o�NQj�b¶CFE-R�½£bHf�E-NxC2S[C<�Qf�PiT�bXNg\]P

\]SUo"NQj�bHC]E-RZ½O�¬bX\2bXj[\]E�P�I-E-j·I-Pie¤C]E�CF�QS[\�C]RFbXKQ\8oqS[\]\8SUE-KkILSUb�b�jUELT�bXj´TiE-oqpgNgCWbHC]SUE-KÁ} s K�CF�QP4\FbXo�P�>b�^-�ª\]S[o�NQj�b¶CFE-RA�¤T�bXKÂoqbXSUK¢CWbHSUK§SUKg\8CWbHKQT<Pi\£EXl�CF�QP�KQELeQP<\
A
bXKQe

B
}±rxEQ�²�v�QP<KÂCF�QP�^¨\8P<KQe

p¬bXTWVXP�CF\©bXKge¹b>F�P<T�C"KQELeQPi\"SUKÂp¬bXR6CFS·CFSUEXK �L��\]S[o�NQjUbHCFE-R��Ï�~VwKQE��v\j�kbXf%E-NgCAC]�QSU\ACFR]bXKQ\]o�SU\8\]S[E-K
bXKQe�KQP<PiecKQEXC2C]E©f�PASUKxltE-R]o�P<e
}
rxEg�ÁCF�QP"SUeQP<b±SU\�C]Ez©�«�¦AªÆ£�ô�¨-²~«"CF�QP(\8SUo�NQjUbHCFS[E-K�EXl�ò�´�©�Ð}«�© ¤s´·Ð}«�À©SUK«bXjUj�\]S[o�NQj�b¶CFE-R8\<�´�v�QSUTW�

CF�QP�^¨T<bXK¹b�FÁPiTiC�}�¦2�gPqR8P<pQj[SUT�b¶CFSUEXKÂ�QbX\�C]E�oqbXS[KwCFbXSUKÂbXKÂSUKg\8CWbHKQT<P�EXlvb¤f�EXR]eQPiR£KQELeQP�SUK¨bXjUj
CF�QPi\]P§\]S[o�NQjUbHCFE-R8\<}À¦2�gSU\±S[KQ\8CFbXKQT<Pc�¬bX\kC]E¹f�P�CF�QP�À·¨-ÎÏ«��ZbXKge��¬b�I-P«C]�QP�À·¨-ÎÏ« ò�«�°4¨-Ñ'£�´�Ã/©
SUK bXj[j�\8SUo�NQjUbHCFEXR]\�SUK¹E-R8eQP<R�C]E§bXTW�QS[PiIXP�b�T<E-R8R]P<T�C©\]S[o�NQj�b¶CFSUEXK
} s K�CF�gSU\£�nb�^¹CF�gP�bXTiC]S[ILS[C]SUPi\CF�¬bHCZf%E-R]egP<RvKQELeQP<\ZSUKQS·CFSUbHCFP§^¼PX} dQ}�\]PiKQe«b©p¬bXTWVHPiC�_veQE�KQEXCvKQPiP<e�C]Eqf%PA\8^LKQTW�QR8E-KQS[\]P<e«bXoqEXKQd
eQSGF�P<R8P<K¢CA\]S[o�NQj�b¶CFE-R8\<}O¦2�QS[\DT<E-NgjUe§R]PieQNQTiP�CF�QP(\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK§E³IXP<R8�QP�bXeÂSUK«b±eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-KÁ} h S[d-NQR]P4ÛQ}ßÛ�R]PipQR]Pi\]PiKwC]\�C]�QSU\2S[eQP�b(d-R]bXpQ�QS[T�bXj[j[^-}
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Partition 2

C F

H

E

D A

B

Partition 1

G

h SUdXNQR]POÛQ}ßÜgy|zªbXR8C]S[CFS[E-KQPie�d-RFbXpg�¤�vS·CF�¤\]PiKQ\]S[KQd�RFbXKQdXP<\

A

C F

B

Simulator 2

H
D A

C

B
E

Simulator 1

G

h S[d-NQR]P4ÛQ}ßÛgy�úvP<pgjUSUT<bHCFPie�\]S[o�NQj�b¶CFSUEXK±EXlªf�E-R8eQP<R2KgExeQPi\
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rxS[KQT<P(P�I-PiR8^�KQELeQP(SUK§C]�QP(E�I-P<R8j�bXpgpQSUKQd�bXR8P�b�SU\4pQR]Pi\]P<K¢C]P<e¹S[K§f�EXC]��\]SUo"NQj�bHC]E-R]\i��C]�QP<R8P�S[\
KQE KQPiP<e¯CFEÂ\8^LKQTW�QR8E-KQSU\8P�C]�QPcbHTiCFS·ILS[CFS[P<\(EXl�CF�QP�KQELeQP<\

A
�
B
�nbXKQe

C
}+��E��nP�I-PiR<�vp¬bXTWVHPiCF\

CF�¬bHC|TiE-o�P>ltR]E-o�bAKgE-KxG_E�IXP<R]jUbXpQpQS[KQdAbXR8P�bDCFE�bXK©E�I-PiR]j�bHpQpQSUKgdAbXR]P<bA�Qb�IXPZC]EAf�P2\6^xKgTW�QR]E-KgSU\]Pie
}
¦2�QP<\8P�bXR]P«pQbXTWVXP�CF\�\]PiK¢C¤SUK+C]�QP«eQS[R]PiTiCFS[E-KQ\

D → A
�

E → B
�vbXKQe

F → C
} s lAC]�QP<\8P

p¬bXTWVXP�CF\vbXR8P�pgR]E-p%P<R8j[^(\6^xKgTW�QR]E-KgSU\]Pie
�gC]�QP4f%P<�¬b�ILSUEXNQR�EHlÁCF�gP4f%E-R]eQPiR�KgExeQPi\
A
�
B
�gbXKge

C
�vSUj[j

f�P�C]�QP(\FbXo�P�S[K§f�EXC]�§\]S[o�NQj�b¶CFE-R8\<} s K�E-R]eQPiR4CFE¤pQR8E�I-P�CF�gSU\ s T<E-Kg\]SUegP<RDCF�gP(d-R]E-Ngp§EXl�KQExegP<\
{A, B, C}

bX\>bAà¬KQS[C]PDbXNxCFE-oqbHCFEXK
}�¦2�QP4SUKQpQNxCF\�C]E£C]�QSU\nbXNgCFEXokbHC]E-KqbXR]P�p¬bXTWVXP�CF\i�gCF�¬b¶C>T<EXoqP
ltR]E-o{E-NgC]\]SUegPX��SJ} PqltR8E-o bcKQE-KxGíE�I-P<R8j�bXpgpQSUKQd«bXR]P<bg}§¦2�QP�\8CFbHCFPi\(EXl2CF�gSU\(bXNxCFE-oqbHCFEXK¹bXR8P�bXjUj
p�E-\8\]S[fQjUPvT<EXo�fQSUKQbHCFS[E-KQ\?EXlÁ\8CFbHCFPvIHbXR]SUbXfQjUPi\<�XC]�¬bHC�R]PipQR]Pi\]PiKwC�CF�QPi\]PZCF�QR8P<PZKQExegP<\|SUK©CF�QPvo�ExegP<jJ}
¦2�QPqEXNgCFpQNxCF\AEXl�CF�QP�bXNgC]E-oqbHCFE-K�bHR]P(p¬bXTWVHPiC]\<�ªC]�¬bHC�T<EXoqP(E-NxCAEXlnS·CAE�I-P<ROC]�QP©jUE-d-S[T�bXjªjUS[KQVw\
A → D

�
B → E

��bXKQe
C → F

} s l�C]�QP�S[KQS[C]S�bXj
\6CWbHC]P<\OEXl�C]�QSU\4bXNgC]E-okb¶CFE-K�bXR]P£CF�QP£\FbXo�P�SUK
f�EXC]� \8SUo�NQjUbHCFEXR]\©½-�ªbXKQe��L�?bXKQeÂCF�QPi\]P�C_�nE§bHNgCFE-oqbHC]E-KQ\AR]PiT<P<S·I-P�CF�QPNÀ·¨-ÎÏ«�SUKQpQNxC"\8SUd-K¬bHjU\<�
CF�QPiK©C]�QP<S[R?\8CFbHCFPi\<�wbXKge�EXNgCFpQNxCF\��vS[jUjLf�P>C]�QP>\FbHoqP>egNQR]S[KQdDCF�QP��v�QE-jUPn\]SUo"NQj�bHC]SUE-KÁ}�¦2�gP<R]P�ltE-R]PH�
S[C�SU\AP<KgE-NQd-�ÂCFE�\8^LKQTW�QR8E-KQSU\8Pkp¬bHTWVXPiC]\�E-K�CF�QP�SUKgpQNgC�jUE-dXSUT�bHj�jUS[KQVw\�^¼SJ} PX}

D → A
�
E → B

�
bXKQe

F → C
_nSUK¤E-R8eQP<R2C]EqbHTW�QSUP�I-POCF�QPA\]bXoqPA\6CWbHC]P<\ZbXKQe�f�Pi�¬b�ILSUE-NQR2EHl�f%E-R]egP<RvKQELeQP<\i}

ù Ò�å¬è ø²þ�Ù¼þ s K�bvj�bHC]P|\8CWbHd-P�EHlgCF�gP�C]�QP<\8SU\�pQR]E¶û8PiTiC s R]P<bXjUS[\]Pie�C]�¬bHC²CF�QS[\ªS[eQP�bZbXT�CFN¬bXj[j[^4eQExPi\ªKgEXCKQP<TiP<\]\]bXR8^©R8P<eQNgT<Pv\8^LKQTW�QR8E-KQS[\FbHC]SUE-K©E�I-PiR]�QP<bXeqS[K��vSUR8P<jUPi\]\�KQP�C_�nEXR]Vw\<}�¦2�QPvoqbXSUK"bX\]p%P<T�C��¢CF�QbHC
SU\>KQPid-jUPiTiC]P<e�f¢^kC]�QPDSUegP�b"S[\nCF�¬b¶Cn�vSUR8P<j[P<\]\nKQPiC_��E-R]Vw\v�¬b�I-P�b9ò·©�´·¨�Ð}ô�¨�À�²�K¬bHC]NQR]PH}�¦2�QSU\>o�P�bHKQ\
CF�¬bHC"PiIXP<K�S[lnKQELeQP

F
\]PiKQeQ\(b�p¬bXTWVHPiC(CFE�KQELeQP

H
��KQELeQP

C
�vS[jUj�bXj[\]E�f�Pkb>FÁPiTiC]P<e
}¤ï�QP<K

CF�QP¤o�PiCF�gExe�ltE-R(R8P<pQj[SUT�b¶CFSUEXK¹EXl�f�E-R8eQP<R(KgExeQPi\©SU\(NQ\8P<e
��CF�QS[\��vSUjUj�R]Pi\]NQj·C©SUK¯bXK¯bXeQeQS·CFS[E-K¬bXj
\8^LKQTW�QR8E-KQSU\]bHCFS[E-K
�Q�v�QS[TW�¤SU\2KQEXCvf%PAKQP<PieQP<e�SUK�C]�QPOT�bX\8PO�vS[CF�gE-NgCvR]PipQjUS[T�bHC]SUE-Kg\<}�rLEQ�QCF�QS[\>SUegP�b
E-K�C]�QPAE-KQPO�¬bHKQe�egP<T<R8P�bX\8P<\�\8^LKQTW�QR8E-KQSU\]bHCFS[E-KQ\vSUK±C]�QPAf�EXR]eQPiR�bHR]P�bx�QfQNgCZE-K�CF�gP�EHCF�QPiRZ�QbXKQe
SUKQTiR]P�bH\]P<\"\8^LKQTW�QR8E-KQSU\]bHCFS[E-KQ\£SUK�CF�QPkbXR]P<bX\"KQP<bXR£C]�QPkf%E-R8eQP<Ri}�¦2�gSU\�oqP<bXKQ\£C]�¬bHC£S[C£TW�¬bXKQdXP<\
CF�QPAf%E-NQKQe¬bHR]SUPi\<�Q�v�QPiR]P�\8^LKQTW�QR8E-KQS[\FbHC]SUE-KQ\vELT<TiNQR<�QfgNgCZKQEqKgP<T<Pi\]\]bXR8^�eQPiT<R]P<bX\]PACF�gP<o�}
¦2�QS[\�S[eQP�b�eQELP<\�KQEXC�\]�QE��¥pQR]EXoqS[\]SUKgd�R8P<\8NQj[C]\�S[KqCF�gP�eQS[\8C]R]SUfgNgCFPiek\]S[o�NQjUbHCFS[E-KQ\�EXl
�vS[R]PijUP<\8\

KQPiC_��E-R]Vw\i} ] NxC«S[CcSU\�p�E-\8\]S[fQjUPÂCF�¬bHCcS[C�T�bXK�f%P�bXpgpQjUS[P<e»C]E�EXC]�QP<R«VwS[KQeQ\cEHl©eQSU\6CFR]S[fQNgC]P<e\]SUo"NQj�bHC]SUE-Kg\KO �vSUR8P<e¹KQP�C_�nEXR]Vw\�ltE-R�P�µgbXo�pQjUPH}c¦2�QP±oqbHC]�QP<oqbHCFS[T�bXj�pgR]ELEXl2EXl>C]�QP±S[eQP�b¤ltE-R
R]P<pgjUSUT<bHCFPie±f%E-R]eQPiR>\]S[o�NQjUbHCFS[E-KQ\�bXKQe�b"C]P<\6C>ltE-RnS·CF\nbXpQpQj[SUT�bHfQSUj[S[C_^�S[KkEXC]�QP<RnoqELeQP<j[\�T<bXK�f%PObXK
SUK¢CFPiR]P<\6CFS[KQd(CFE-pQS[TDltE-R>ltNQR6CF�QPiRZS[K¢I-P<\6CFS[d¢bHCFS[E-KQ\i}
�ZPiI-PiR8C]�QP<j[P<\]\i�DCF�QS[\�SUeQP<b¹�¬bX\�bXj[\]E b�p�EX\]S[C]S[IXP«T<E-K¢C]R]SUfgNgCFS[E-K�CFE�CF�gP�C]�QP<\8SU\i}Ã��E�� C]�QP

SUK¢CFPiRFbXT�CFSUEXKQ\<�-C]�¬bHC��¬bXpQp%P<K�SUK(C]�QPvoqELeQP<j��¢bXKQe©KQPiP<e�CFEAf�Pv\6^xKgTW�QR]E-KgSU\]PiekT<bXKqf%PvT<E-o�pQj[PiCFPij[^
T<E-o�pQNgC]P<e f¢^�b¤\]S[o�NQjUbHCFE-R4jUELT�bXj[j[^-}"¦2�QSU\Ao�P�bXKQ\OC]�¬bHCA�v�QP<K b�KQExegP�\8P<KQeg\�b¤p¬bXTWVXP�C���bXKQe
CF�QS[\nCFR]bXKQ\]o�SU\8\]S[E-K±�¬bX\>C]E�f%PO\8^LKQTW�QR8E-KQSU\8P<e¤�vS[C]�¤bXKQEXC]�QP<R>\8SUo�Ngj�bHC]E-R<�LbXj[j�eQPi\8C]SUK¬bHC]SUE-KkKQExegP<\
bXR]P�bXj[\]E�b�IHbXSUjUbXfQjUP�SUK�C]�QP�\]E-NgR]T<P�\]S[o�NQjUbHCFE-Ri}¨¦2�gP<R]P�ltE-R]P�C]�QP�\]S[o�NQj�b¶CFE-R£T�bXK¯T<E-o�pQNgC]P¤bXjUj
KQP<TiP<\]\]bXR8^¸p¬bHRFbXo�PiC]P<R]\«ltEXR§b�CFRFbHKQ\]o�SU\8\]SUEXK�jUELT�bXj[j[^NQ\8SUKQd®CF�gP�R]P�bHeg^ bXKQe S[oqpQj[P<o�P<K¢CFPie
oqP�CF�QELeQ\©EXlZCF�QP�\8P<¡wNQP<K¢C]S�bXjv\]S[o�NQjUbHCFS[E-K
}Â¦2�QP<\8P�p¬bHRFbXo�PiC]P<R]\©bHR]P¤pQR]EXp¬bXd¢bHC]SUE-K eQP<jUb�^�bXKQe
R]P<TiP<pgC]SUE-K�p%E³��P<R�EXl%CF�QPv\8SUd-K¬bHj¬bHC�CF�gPZR8P<TiP<S[IXP<R�\]S[eQPX}?¦2�gPZNg\]PZEXl�C]�QPvSUo�pQjUPioqPiK¢CFP<e(o�PiC]�QELeQ\
SUK CF�QP�\]Pi¡LNgP<K¢CFSUbXj�\8SUo�Ngj�bHC]SUE-K¹�QbX\�C_��E¹bHegIHbXK¢CWbXd-Pi\<} h SUR]\6CFj·^-�|S[C�SU\©\8P<T<NgR]PX�2S�}ßPH}+S·C�jUP�b�IXP<\oqELeQP<j G_R8P<j�b¶CFP<e�T<EXoqpQNxCWbHC]SUE-KQ\vCFEqCF�QP£\]P<¡wNQPiK¢CFS�bHj�o�ExeQPijJ�%bXKQe«b�IXE-SUeg\Dp�EX\]\]S[fQjUP�P<R8R]E-R8\<}�Ä4KQe
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\]P<TiE-KQeQj·^AS[C²oqbXVXPi\�CF�QP�eQP<\8SUd-K�EXlxCF�QP|eQS[\8CFR8SUfQNxCFP<e�\]S[o�NQjUbHCFS[E-KD\]S[oqpgjUP<Ri}���E��A�¶C]�QP�eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-KceQExPi\£KgEXC"dXE�S[KwC]E¤eQP<Pip¹oqELeQPij·G_R8P<jUbHCFPie§eQPiCFbXSUj[\OEXlnC]�QPq\8P<¡wNQPiKwC]S�bXj�o�ExeQPijJ}©¦2�QP
eQSU\]bXegIHbXK¢CWbXdXP�EXlÁR]PipQjUS[T�bHC]P<ek\8SUo�Ngj�bHC]SUE-K(S[\�TijUP�bHR<y�S·C�SUK¢CFR8ExeQNgT<P<\�R]PieQNQKQe¬bHKwCn\]S[o�NQj�b¶CFSUEXKQ\|bXKQe
T<E-o�pQNgCFbHCFS[E-KQ\²ltE-R�C]�QP>f%E-R]egP<R�KgExeQPi\<} ] NgC�\8SUKQTiP�CF�gP>f�EXR]eQPiR�KQELeQP<\ªSUK�jUbXR]dXP�KQP�C_�nEXR]V�oqELeQP<j[\
bXR]PAb©\]oqbXjUj�p¬bXR6C��gC]�QSU\2P�FÁPiTiC�T�bXK�f�PDC]E-jUPiRFbHC]P<e
}
Óçi,+ Ö1qH{/|�æ
nÊK-npo/q	¿�Úç¿;qso/½ðo4|~l
n
¦2�QSU\±à¬KQbXj4\8P<TiC]SUE-KEXlAC]�QP§eQP<\8SUd-K\8NQoqoqbXR8SU\]Pi\±S[C]\±oqbXSUK�TiE-K¢CFR8SUfQNgC]SUE-Kg\kCFE¹C]�QP«CF�QPi\]S[\�SUK
ltE-R]o EXl±bHegIHbXK¢CWbXd-Pi\ÂbXKQe¸eQSU\]bXegIHbXK¢CWbXdXP<\<} h SUK¬bXj[j[^¥S[C�Pi\8C]SUoqbHCFPi\«CF�QP�ltP�bH\]SUfgSUjUS·C_^¥EXlqC]�QP
SUo�pQjUPioqPiKwCFbHCFS[E-K
�¢�v�QS[TW��S[\>CF�QPOltE-j[jUE��vSUKQd"\8CFPip�S[K�CF�QPOCF�gP<\]S[\<�¬f¬bH\]P<e�E-K�CF�QPAeQPi\]S[d-K
}
ù ÖH�Qå¬Ò%Ó�åQë´çLþ

•
a�ELeQNQjUbXRvB4I-PiRFbXj[j�u4P<\8SUd-K
¦2�QPAeQP<\8SUd-KgP<e�p¬bXRFbHjUjUPij¥&HegSU\8C]R]S[fQNgCFPieq\8SUo�Ngj�bHC]SUE-K±\6^L\8CFPio��¬bX\Zb(fQjUELTWVkegP<\]S[d-K
�¬bHKQe�C]�QP
SUK¢CFPiR8l¼bXTiP<\ObHoqE-KgdkCF�QP(fgjUELTWVL\AbHR]P�TijUP�bHR]j[^�eQP�à¬KQPie
}�¦2�QS[\ObXjUj[E��v\�CFE�TW�QbXKQd-PE&HNQpQd-R]bXeQP
b�T<E-o�p�EXKQP<K¢C�EXl�CF�QP�\8^L\6CFP<o �vS·CF�QE-NxC�CF�QP�o�ExeQS·à¬T�b¶CFSUEXK�EXl�CF�QP�EXC]�QP<R¤E-KQPi\<} h E-R
SUKQ\6CWbXKgT<P(CF�QP©TiE-oqp%E-KQPiK¢C�ltEXROoqPi\]\FbHd-PqP�µxTW�¬bXKQd-P�T�bHK¨f%P©TW�¬bXKQd-Pie¨C]RFbXKQ\8p¬bXR8P<K¢CFj·^«CFE
EXCF�gP<RDTiE-oqp%E-KQPiK¢CF\DEXl|C]�QP�\8^L\6CFP<o�} s l|CF�QP(NQ\8P<e�T<EXoqo�NgKQSUT<bHCFS[E-K�pgR]EXC]ExTiE-j�R8P<\]Ngj[CF\4SUKb£j[E³�p%P<R6ltE-R]oqbXKQTiPX�LS[C�SU\�P<KQE-Ngd-�kCFE"eQPiIXP<jUEXp¤b"oqELeQNQj[P2ltE-R#�/<��;(��7,��%�gCFE"NQ\]PObHKQEXCF�gP<R
jUE���P<R2j�b¶CFP<KgTi^�pQR8EXCFELT<EXjJ}

•
��S[d-�³�DN¬bXj[S[C_^kz�bXR6CFS[C]SUE-Kg\
¦2�QP¹TiE-oqp%E-KQPiK¢CcltE-R�oqELeQP<jAp¬bHR8CFS·CFS[E-KQSUKgd+NQ\8P<\«dXRFbXpQ�ñp¬bXR8C]S[C]SUE-KQS[KQd�CFPiTW�QKQSU¡wNQPi\«CFE
eQS[ILS[eQP�CF�QP�SUKQS·CFS�bHj>oqELeQPij2SUK¢CFE¨P<¡wN¬bXjZp¬bXR6CF\<}¦2�QS[\ko�PiC]�QExe+pQR]EXoqS[\]P<\©�QS[d-��¡wN¬bHjUS[C_^
p¬bXR6CFS[C]SUE-Kg\4bHCOb±R]P�bH\]E-K¬bHfQjUP�TiE-\8C<}A¦2�QSU\OS[\4f%P<T�bHNQ\]P(CF�gP�d-RFbHpQ�§p¬bXR6CFS[C]SUE-KgSUKQd�pQR]EXfQjUPio
SU\��nPijUj�VwKQE��vKºSUK CF�QP�dXRFbXpQ�¸CF�QPiE-R8^�bXKge°SUo�pQjUPioqPiK¢CWbHC]SUE-KQ\§EHl�\]NQTW�ÃbHjUd-E-R8S[C]�Qoq\
P�µxSU\6C'�ß�Xág�´�XÞx�´�-âx�¬Þ��J}

•
BDpgCFS[okbHj
rL^LKQTW�gR]E-KQS[\FbHC]SUE-Kca�P�CF�QELe
¦2�QPcegP<\]S[d-K�\8NQd-d-Pi\8CF\±b¨T<EXKQ\]PiR8IHbHCFS·I-P�\8^LKQTW�QR8E-KQSU\]bHCFS[E-K�o�PiC]�QExe+SUK¯CF�QP�eQSU\6CFR]S[fQNgC]P<e
\]S[o�NQj�b¶CFSUEXK
} s C£pQR8E-oqS[\]Pi\£b�f�P�C]C]P<R�\]p%P<P<egNQp�SUK�CF�QP�T<EXKwC]P�µLC(EXl�CF�QS[\�C]�QP<\8SU\i��f%P<T�bHNQ\]PEXl>C]SUo�SUKQd�pQR]EXp�PiR8CFS[P<\£EXl>CF�gP±oqELeQPijUjUPie¨TiE-o�o�NQKQS[T�bHC]SUE-KÂpQR]EHCFELT<E-j[\<}�Ä¾T<EXKQ\]PiR8IHbHCFS·I-P
\8^LKQTW�QR8E-KQS[\FbHC]SUE-K¸oqP�CF�QELe�S[\ÂbXjU\8E»P<bX\]S[P<R§CFE»SUo�pQjUPioqPiKwCcCF�¬bXK�bXK�EXpgCFS[oqS[\8CFS[T¹E-KQPH�
oqEXR]P<E�IXP<RZz|uD�Dr�SU\vbXK�P�µxS[\8CFS[KQd©P�µgbXo�pQjUPDltEXR2S[C�}

•
Ä4fg\8CFR]bXTiC]SUE-K�ltR8E-o�mnE-o�o�NQKgSUT�b¶CFSUEXK¤a�PiC]�QELe
¦2�QP"egP<T<S[\]S[E-K�ltE-R�bkTiE-oqo"NQKQSUT<bHCFS[E-K¤oqP�CF�QELecS[\ZC]EkNQ\8P"CF�gP-�/<��2(��7,��co�SUegeQjUP��>bXR8P7��Û>��}
¦2�QSU\4SU\Db±TiE-o�o�NQKQS[T�bHC]SUE-K�bXKQe§\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK§j�b�^-PiR4ltE-RDeQS[\8C]R]SUfgNgCFPie§bXpQpQj[SUT<bHCFS[E-KQ\<}
�`<��;(��7,��£pgR]E�ILSUeQPi\�C]RFbXKQ\8p¬bXR8P<KQT�^�ltR8E-oñC]�QP�NgKQeQP<R8j[^LSUKgdZTiE-o�o�NQKQS[T�bHC]SUE-KOpQR8EXCFELT<EXjJ�¶bXKQe
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CF�QPqR]Pi\]NQj·CFSUKgd�\8SUo�NQjUbHCFS[E-K�P�µxP<TiNgCFS·I-P±T<bXK¹NQ\8Pkf%EXCF�¨\]�¬bHR]P<e oqPioqE-R6^ÂbXKQe b�KQP�C_�nE-R8V
ltE-RZT<E-o�o�NQKQS[T�bHC]SUE-KÁ}n¦2�QS[\4bXj[jUE��v\2CFEqNQ\]P�CF�QP£\FbXo�P£\8SUo�Ngj�bHC]E-R>ltE-Rvf�EHCF�cpQbXRFbXj[jUPij²bXKQe
eQSU\6CFR8SUfQNgC]P<e¤\]S[o�NQjUbHCFS[E-K
}

•
s K¢CFPiR]P<\6CFS[KQdku�P<\]S[d-K s eQP�b
¦2�QP�egP<\]S[d-K¸EXlkC]�QSU\§CF�gP<\]S[\¨S[K¢CFR]ELeQNQTiP<e�bXK¸SUeQP<bltE-R�R8P<pQj[SUT�b¶CFP<e TiE-oqpgNgCWbHC]SUE-Kg\ÂS[K
eQSU\6CFR8SUfQNgC]P<e»\]SUo"NQj�bHC]SUE-K®S[K»EXR]eQPiR�C]E�R]PieQNQTiP \8^LKQTW�gR]E-KQS[\FbHC]SUE-KÁ} �?IXP<KñC]�QE-NQd-�¥CF�QS[\
SUeQP<b§eQExPi\(KQEXC©pQR8E-o�SU\]PkR]P<egNQT<P¤EXl�\8^LKQTW�QR8E-KQS[\FbHC]SUE-K SUK¹C]�QSU\£CF�QPi\]SU\i��S·C(o�SUd-�¢C(f%P¤bXK
SUK¢CFPiR]Pi\8CFS[KQd�CFEXpQSUTZltE-R>R]Pi\]P<bXR]TW�¤SUK�egSU\8C]R]S[fQNgCFPie±\]S[o�NQjUbHCFS[E-K
}�a�E-R]PiE�I-P<Ri�¬EXCF�gP<R>R8P<\]P<bXR]TW�
�nEXR]VÀ�¬bH\Â\8�QE��vK�C]�¬bHC�R]PipQjUS[T�bHC]P<e�TiE-oqpgNgCWbHC]SUE-Kg\«T�bXK¸R]PieQNQTiP¯\6^LKQTW�QR]EXKQSU\]bHCFS[E-K�S[K
eQSU\6CFR8SUfQNgC]P<e¤\8^L\6CFP<o�\E� Ü-¿-��}

ý�Ù¼þ<å¬ÖH�QåQÒ�Ó�åQë´ç
•
��EXKxG_E-pxCFSUoqbXj%T<E-o�o�NQKgSUT�b¶CFSUEXK±p�PiR8ltE-R8okbHKQT<P
¦2�QPveQP<\8SUd-K(\8NQd-d-Pi\8C]\�¦Zm>z¨bX\|bDT<EXoqo�NgKQSUT<bHCFS[E-K"pQR8EXCFELT<EXjJ�Xf%P<T<bXNQ\8PZEHl�S·CF\�b�IHbXS[j�bXfQS[jUS·C_^
bXKQe°P<bX\]P¯CFE»NQ\]PH} �ZE³��PiIXP<Ri�±¦Zm>z{S[K¢CFR]ELeQNQTiP<\¨j�bHC]P<KQTiSUP<\�CF�QbHC oqb�^ R]Pi\]NQj·C S[K°b
\]NQf%E-pgC]SUoqbXjÁp%P<R6ltE-R]oqbXKQTiPX}

ä²çwå¬þ<Ù;�ªÙ�è¼Ù Ó�ø Õ´ÿ Ñ<æ��ªètçxæ¨çxÒ%Ó�ågÓ³ÙtÕ%Ò ¦2�QP�egP<\]S[d-K \]NQdXd-P<\6CF\R]P<Ng\]P�EXl¸EXCF�gP<R P�F�E-R8C]\
SUK C]�QSU\ CF�QPi\]S[\<} ¦2�QP<\8P bXR]P okbXS[KQj[^ d-RFbHpQ� p¬bXR6CFS·CFSUEXKQSUKQd bHjUd-E-R8S[C]�Qoq\ bHKQe b
T<E-o�o�NQKQS[T�bHC]SUE-K2&H\8^LKQTW�QR8E-KQS[\FbHC]SUE-K�o�SUegeQjUP��>bXR8PX}ÃMORFbHpQ�p¬bXR8C]S[C]SUE-KQS[KQd¹bHjUd-E-R8S[C]�Qoq\��¬b�I-P¨b
�QSUd-�ATiE-oqpgjUP�µxS·C_^-�³f�PiT�bXNg\]P|CF�QP�^ANQ\]P|T<EXoqpQj[P�µDokbHC]�QP<oqbHC]SUT�bHj-bXKQe�T<EXo�fQSUKQbHCFE-R8S�bXj¶E-p%P<R]bHCFS[E-KQ\<}
¦2�QP<S[R?SUo�pQjUPioqPiK¢CWbHC]SUE-KO��E-NQjUe"f�P2bZCWbX\8V£ltE-RªbXKQEXC]�QP<R�okbX\6CFPiR·Ú \�CF�QPi\]S[\<}�¦2�gP2\8^LKQTW�QR8E-KQSU\]bHCFS[E-K
bXjUd-EXR]S[C]�Qo�\�bHR]P�bXj[\]E�TiE-o�pQjUP�µÁ��f%P<T�bHNQ\]P�EXl(C]�QP<S[RceQS[\8C]R]SUfgNgCFPieÀK¬bHC]NQR]PH} s K�\]pQS·CFP¹EXl(C]�QPT<E-o�pQjUP�µxS[C_^+EXlOCF�QPi\]P�bXj[d-E-R8S[CF�goq\i�nCF�QP§R8P<NQ\8P§EXlAEXC]�QP<R�P�FÁE-R6CF\±S[K�CF�gSU\kC]�QP<\8SU\±VHP<P<pg\¤C]�QP<S[R
R]P�bHjUSU\]bHCFS[E-KkltP<bX\]S[fQjUPH}
�ZE³��PiIXP<Ri�ZC]�QPcS[oqpQj[P<o�P<K¢CWb¶CFSUEXK�\8CFS[jUj2�¬bH\kS[C]\qTW�QbXjUj[P<KQd-Pi\<�n�v�gSUTW���¬b�IXP«oqEXR]P�E-Rqj[P<\8\±b

CFP<TW�gKQSUT<bXjvK¬bHCFNgR]PX}+BDKQP¤EXl�CF�QPio SU\�C]E¨VHP<P<p¯CF�QP¤S[KwC]P<d-R8S[C_^ EXlOb§o�ExeQPij>f¢^¯b§eQSU\6CFR]S[fQNgC]P<e
P�µxP<TiNgCFS[E-K°EXlkKQ\6G~�x} ¦2�QS[\Âo�P�bHKQ\ÂC]E»R8P<pQjUbXT<P¯SUK¢C]P<RFbHTiCFS[E-KQ\�f%PiC_��P<P<Kº\8NQfQKQP�C_�nEXR]Vw\¹SUK�b
\]P<¡wNQPiK¢CFS�bHj�\8SUo�NQjUbHCFS[E-K§f¢^ÂSUK¢CFPiRFbXT�CFSUEXKQ\Af�P�C_�nPiP<K�\]S[o�NQjUbHCFE-R8\OSUK b�eQS[\8C]R]SUfgNgCFPie \]S[o�NQjUbHCFS[E-K
}
Ä4KQEXC]�QP<R�TW�¬bXj[jUPiKQd-P(SU\Ab�o�PiC]�QExe�CFE¤NQ\8Pkb�eg^LK¬bHoqS[T(jUELE-V¶bX�QP�bHe§SUK§CF�QP�\]S[o�NQjUbHCFS[E-Kco�ExegP<jJ�
ltE-RZbXKcE-pxCFSUoqbXj�p�PiR8ltE-R8okbXKgT<PAEXl�C]�QP�\8^LKQTW�QR8E-KQSU\]bHCFS[E-K«bHjUd-E-R8S[C]�Qo�}�¦2�gP<\]P£¡wNQP<\6CFSUEXKQ\Z�vS[jUj�f%P
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SU\DeQS�FÁPiR]PiKwCOltR8E-o TiE-NQK¢CFS[KQd�CF�QP(KwNQo"f�PiR�EHl�PieQd-Pi\AC]E¤P�µLCFPiR]K¬bXj?IXP<R6CFSUTiP<\i��f%P<T<bXNQ\8Pqb�f%E-R]egP<R
I-P<R6CFP�µAokb�^4�¬b�I-P|o�NQj·CFSUpgjUP�P�µLCFPiR]K¬bXj¢PieQd-Pi\<�¶fQNgC²\8C]SUj[jXjUPi\]\�TiE-KQKQPiTiCFS[E-KQ\
C]EZP�µLCFP<R8K¬bXj¢p¬bHR8CFS·CFS[E-KQ\<}
mnE-KQKQPiTiCFS[E-KQ\ CFE¸P�µLCFPiR]K¬bHj�pQbXR8C]S[CFS[E-KQ\�TiE-K¢CFR]S[fQNgC]P¥C]E¸C]�QP¥bXoqEXNQK¢C+EHl«T<EXoqo�NgKQSUT<bHCFS[E-KQ\<�
f�PiT�bXNQ\8P§CF�QP�^®R]PipQR]Pi\]P<K¢C�SUKxltE-R]oqbHCFS[E-Kt�QE³� f%PiC_��P<P<K»eQSGF�P<R8P<K¢C¤pQR8ExTiP<\]\8E-R]\i}º¦2�QSU\kSUeQP<b S[\
SUjUj[NQ\8C]RFbHC]P<e�E-K¤à¬d-NgR]P£Þx}ßÜg}»a|P<R8C]P�µ�KwNQo�f%P<R4Þ(�¬bX\2C_�nEqP�µLCFPiR]K¬bHj�PieQd-Pi\<�´fQNgCvCF�gPi^�bXR8PAC]E�C]�QP
\FbXo�P"P�µxC]P<R8K¬bXj�pQbXR8C]S[CFS[E-K
}4rxEQ��PiI-PiK§CF�QE-Ngd-�cCF�gP�d-RFbHpQ�«T<EXKwCFbXSUKg\�C_��EmÎÏ´·Ð}«�ªÆõ�©�«�ª�¨-²�«�Ð�p¬bHC]�Q\
ltR]E-o�p¬bXR6CFS·CFSUEXK¹��C]E«p¬bXR6CFS[C]SUE-K¯½-��S[KgltE-R]oqbHC]SUE-KÂbXf%E-NgC£CF�QP±\6CWbHC]P±EXl2IXP<R8C]P�µ ÞcKQP<PieQ\�CFE«f%P
CFRFbHKQ\]o�S[C8CFP<e(E�IXP<R�bO\]SUKgd-jUP ô�´�ÎÍÎÍÃ}¤2£�ô�¨-²�£�´�¤kp¬bHC]�qf%PiC_��P<PiKqC]�QP<\8PZpQbXR8C]S[CFS[E-KQ\i}ª¦2�QPiR]P�ltE-R]PvCF�QS[\
p¬bXR8C]S[C]SUE-KQS[KQd"EXfLû8P<T�CFS[IXP£R8P��¬PiTiC]\ZC]�QPAT<E-o�o�NQKQS[T�bHC]SUE-Kkp¬bHC]C]P<R8K�S[K�b©egSU\8C]R]S[fQNgCFPie¤\]SUo"NQj�bHC]SUE-KÁ}
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Partition 2Partition 1
4

3

7

1

h SUdXNQR]PAÞL}ÝÜgy�MORFbHpQ�¤p¬bXR8C]S[C]SUE-KQS[KQd�E-fwû8P<TiC]S[IXP
¦2�QPD��P<S[d-�¢CF\>EHl�C]�QP4IXP<R8C]SUTiP<\v�¬b�I-PDC]E�f�POegPiCFPiR]o�SUKQPiekltR]EXoÅC]�QPO\]S[o�NQj�b¶CFSUEXKqo�ExegP<jJ}ª¦2�QP

�nPiSUd-�¢C
wv

EXl4P�bXTW� I-PiR8CFP�µ
v
SU\(eQP�CFPiR]o�SUKQPie+f¢^�CF�gP¤��P<S[d-�¢C�EXl4C]�QP¤T<E-R8R]P<\8p�EXKQeQS[KQd¨KgExeQPHy

wv = wn

} s K�C]�QSU\>C]�QP<\8SU\vCF�QP�eQSU\6CFR8SUfQNgC]P<e¤P�µxPiT<NgC]SUE-K�SU\veQE-KQPA�vS[C]��TiE-pQS[P<\vEXl?f%E-R8eQP<RvKQELeQP<\i�bXKQe§\8^LKQTW�gR]E-KQS[\FbHC]SUE-K§ELT<TiNQR]\��v�QP<K�b±f%E-R]egP<R4KgExeQP"R]P<TiP<S·I-P<\Abqp¬bXTWVXP�C�}£rxEQ�%CF�QP�bXoqEXNQK¢CDEXl
T<E-o�o�NQKQS[T�bHC]SUE-Kg\<�¬�v�QSUTW��bqKQExegP�SUK¢CFR8ExegNQT<Pi\4SUK«bkeQSU\6CFR8SUfQNgC]P<e«\8SUo�Ngj�bHC]SUE-K¤eQPip�PiKQeQ\OE-KcC]�QP
bXoqEXNQK¢CvEXl�eQbHCWb(S[C>R]P<TiP<S·I-P<\i�´SJ} PX}?CF�gP�eQbHCWb�CF�QbHCvS[C]\>KQP<S[d-�wf�EXNQR]\v\]PiKQe�SUK�CF�QPOKgPiC_��E-R]V´}�Ä4KQe
\]SUKgT<PnC]�QP��vS[R]P<j[P<\8\�o�P<eQS[NQo��¬bX\�b�fQR8E¢bXeQT<bX\8C�K¬bHCFNgR]PX�-bXjUjwe¬bHCFb��¬bH\ªCFE�f�P�CWbXVHP<K(S[KwC]EDbXTiT<E-NgKwC<�
bXKQe±KQEHC>E-KQj·^©p¬bXTWVHPiCF\i�QeQPi\8CFS[KQP<eqCFE"C]�QSU\�KQELeQPX} h E-R�P�µgbXo�pQj[PX�LSUKqàQd-NQR]PDÞx}ßÜg�xS·l
KQELeQP4á£\]PiKQeQ\bcp¬bXTWVHPiC(CFE§â�E-R"ðg��CF�gP<K¹KQELeQP¤Þ¤SU\"bXjU\8E«b>F�P<T�CFP<eÁ}«¦2�QP<R8PiltE-R8P�bXj[j|C]�QPkeQbHCWb�C]�¬bHC"KQExegP±á
\]P<KgeQ\£S[K«CF�QP(KgPiC_��E-R]V«�QbX\DCFE�f%P�CWbXVHP<K�SUK¢C]E¤bXT<TiE-NQK¢C��²f¢^«TiE-oqpgNgCFS[KQd±CF�QP���P<S[d-�¢CAEXl�KQELeQP
Þx}§��E��A��j[PiC"C]�QP�bXo�E-NQK¢C"EXlve¬bHCFb�CF�¬b¶C(bcKQELeQP

i
\]PiKQeQ\(SUK¨CF�QP±KgPiC_��E-R]V¨f�P

Di

�|bXKQe C]�QP
KQP<S[d-�wf�E-NgR]\ZEXl|b©KQExegP

n
f�P�CF�QP�KQELeQP<\ZSUK

Vn

}2¦2�QPiKcCF�gP���P<S[d-�¢C
wn

EXl�KQExegP
n
SU\vCF�QP�\]Ngo

EXl?e¬b¶CWb©bXo�E-NQK¢CF\>C]�¬bHCvS[C]\2KQP<S[d-�wf�EXNQR]\v\]PiKQecS[K±CF�QPAKQP�C_�nEXR]V´y

wn =
∑

i∈Vn

Di

¦2�QP£\]S[o�NQj�b¶CFSUEXK�PiKQd-S[KQP"T<bXKc�¬bHR]eQj·^�egPiCFPiR]o�SUKQPACF�gP�bXo�E-NQK¢C�EXl�e¬bHCFb
Di

ltEXR�P<bXTW�§KQELeQP
f�P�ltE-R]POCF�gP£\8SUo�NQjUbHCFS[E-K
�xbXKQe¤CF�QPiR]P�ltE-R]P�S[CvPi\8CFS[okb¶CFP<\2S·C�} s TiE-KQ\8SUeQPiRvC]�QP�KQPiC_��E-R]V¤bH\�b©d-R8E-NQpEXlZjUE-d-S[T�bXj�jUS[KQVw\"f%PiC_��P<PiK�KQP�C_�nE-R8V¹KQELeQP<\©bHKQe bX\]\8NQo�P±CF�¬bHC(bXjUj�jUE-dXSUT�bHj�j[SUKQVw\(bHR]P±NgC]SUj[SU\]Pie
�vS[CF��bXK¤P<¡wN¬bHj²bXoqEXNQK¢CvEXl�eQbHCWbg}�¦2�gP<R]P�ltE-R]P s Ng\]P

Di = 1

ltE-RkP�bXTW�e¬bHCFb¹jUS[KQV´} h EXR±P�µgbXo�pQjUPH�2CF�QP«��P<S[d-�¢C�EXl�KQELeQP�Þ E-K®à¬d-NgR]P�Þx}ßÜg�Zf¬bX\8P<eE-KbXoqEXNQK¢CF\vEXlªe¬bHCWb
Di

�¬S[\2d-S[IXP<K�f¢^±CF�QPAP�µgpgR]P<\8\]S[E-K
y
w5 = D3 + D4 + D6 + D7 = 4

��µgbXo�pQjUPvd-R]bXpQ�kpQbXR8C]S[CFS[E-KQ\i�¢E-fgCWbHSUKQPiekf¢^©CF�QP4a�NQj·CFSUj[PiIXP<j´V-Gí�nb�^�p¬bHR8CFS·CFS[E-KQSUKgdAbXjUd-EXR]S[C]�Qo
bXKQe¨C]�QP<\8Pk��P<SUdX�wC£\]P�C]C]SUKQd-\£bXR8Pq\8�QE��vK¹E-K¨àQd-NQR]Pi\�ÞL}ßÛcbXKQe�ÞL}ÚÞx}k¦2�QPqà¬R8\8C�à¬d-NQR8Pk\8�QE��v\�b
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b�_vrxS[o�NQj�b¶CFE-R�½ f`_vrxS[o�NQjUbHCFE-R>�
h S[d-NQR8P�Þx}ÚÞLy�MAR]bXpQ�¤p¬bXR6CF\>ltE-R>C_��Ek\8SUo�NQjUbHCFEXR]\

p¬bXR8C]S[C]SUE-K�EXl?b�dXRFbXpQ�Á��bHKQe�C]�QP£\8P<TiE-KQe«E-KgP�\8�QE��v\4p¬bHR8CF\ZEXlªCF�QP�d-RFbHpQ�
�¬CF�¬b¶C4bHR]P�eQP<eQS[T�bHC]P<e
CFE�C_�nE¤eQS�FÁPiR]PiKwC�\8SUo�NQjUbHCFEXR]\<}£��EHCFP(CF�¬b¶COCF�QP(o�PiC]�QExe§ltE-R4T<E-pQS[P<\AEXl�f%E-R]eQPiRAKQExegP<\OSU\ONg\]P<e
�QP<R8PX�´bXKQe¤CF�gP<R]P�ltE-R]PAP<bXTW��\8SUo�Ngj�bHC]E-R>\]S[o�NQjUbHCFPi\2bXjU\8E(CF�QPAf%E-R]eQPiR2KQELeQP<\vEXl�CF�QPAEXC]�QP<RvE-KgPX}
�Hú[ó	ú[ã ý¤Ù¼þiÓ�Ô¶Ù;�ª×�Ó�çLÖt����çLØ¢×�Ó³ÙtÕ�Ò
¦2�QP©R]P�bHjUSU�<bHCFS[E-KcEHl>b�eQS[\8CFR8SUfQNxCFP<e�P�µgPiT<NgC]SUE-KÂSU\�CF�QP©\]PiT<E-Kge \8CFbXd-P(EXl�CF�gP(SUo�pQjUPioqPiKwCFbHCFS[E-K
�
bXKQe¥�QP<R8P s P�µxpQj�bXS[K»S·C¤SUK¥eQPiCFbXSUj�} h SUR8\8C s ltE-j[jUE��CF�QPÂeQP<\8SUd-K»bXKQe»SUo�pQjUPioqPiK¢C±CF�QPÂSUegP�b
ltE-R�o"NQj[C]SUpQj[PDSUKQ\6CWbXKgT<P<\4EXl�f%E-R]eQPiR�KgExeQPi\<}Z¦2�QP<K s P�µLCFPiKQecCF�gP"E�I-PiR8ILSUP���EHl?CF�QP£oqELeQNQj[POltE-ReQSU\6CFR]S[fQNgC]P<e�\]SUo"NQj�bHC]SUE-KÁ��d-S[IXP<K�SUK�\]P<T�CFS[E-K(Þx}Ý�x} s eQPi\]T<R8SUf%P�C]�QPnbHjUd-E-R8S[C]�Qo»EHlgCF�gPn\]TW�gP<eQNQj[P<R�ltE-R
b�TiE-KQ\]PiR8IHbHC]S[I-P�\8^LKQTW�gR]E-KQS[\FbHC]SUE-KÁ�´bXKQecP�µxpQj�bXS[K¤f¬bX\]S[TAE-p�PiRFbHC]SUE-Kg\2SUK¤eQSU\6CFR8SUfQNgC]P<e�\]S[o�NQj�b¶CFSUEXK
O \8P<KQeQS[KQd�bXKQe R]P<TiP<S·IxS[KQdcEHlvoqPi\]\FbHd-P<\(bHKQe�bXegIHbXKgT<SUKgd«\]S[o�NQj�b¶CFSUEXK�C]SUo�PX} h SUKQbXjUj·^ s d-S·I-P\]E-o�POR]PiokbXR8Vw\ZEXK�j[ExEXVHbH�QP�bXe�P�µLCFRFbHTiCFS[E-K�bXKQe¤R]Pip�P<bHCWbXfgSUjUS·C_^kEHl�eQS[\8C]R]SUfgNgCFPie�\8SUo�Ngj�bHC]SUE-KQ\i}
Ñ<Ò�þiÓ�å¬Ò�Ø-çLþZÕ´ÿ´³�Õ´ÔHÖ²çwÔBá�Õ
Ö�çLþ ��bHTW��jUE-dXSUT�bHj-pQR]ELT<Pi\]\ªR]NQKQ\�bXjUj¢KgExeQPi\�S[K"S[C]\²E³�vK"p¬bXR8C]S[C]SUE-K
�bXKQe£bXjU\8EvbXjUj-KgP<SUdX�Lf%E-NQR8SUKQd2KgExeQPi\�ltR]E-oÀEHCF�QPiR�p¬bXR8C]S[C]SUE-KQ\i}²¦2�QSU\²o�P�bXKQ\
C]�¬bHC²CF�gP�KgExeQPi\²E-K�C]�QP
f�E-R8eQP<R4�¬b�I-P©o�NQj·CFSUpgjUP�SUKQ\6CWbXKQTiP<\ASUK§egSGF�P<R]PiK¢CA\]SUo"NQj�bHC]E-R]\i}A¦2�QP(R]Pi¡LNgSUR]PioqPiK¢COltE-ROb�T<E-R8R]PiTiC
\]SUo"NQj�bHC]SUE-K�SU\DC]E�bHTW�QSUP�I-P(CF�QPÁÀ·¨-ÎÏ«vò�«�°4¨-Ñ'£�´�Ã/©qEXl>bHjUj�S[KQ\8CFbXKQTiP<\AEXl�CF�QP©\FbHoqP(f%E-R]egP<ROKQELeQP
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SUKÂbXjUjª\]S[o�NQj�b¶CFE-R8\<} s KÂEXR]eQPiRDCFE¤\8^LKQTW�QR8E-KQS[\]P(CF�QP©f%P<�¬b�ILSUEXNQROEXl�bXjUjªSUKQ\6CWbXKgT<P<\AEXl�b�KQP�C_�nE-R8V
KQExegPX� s T<E-KQ\8SUeQPiR©S[C�bX\qb«à¬KQS[C]P�bXNgCFEXokbHC]E-K
} ¦2�QP�SUKQpgNgC�\]SUdXK¬bXjU\(EHl�C]�QSU\�bXNgC]E-oqbHCFE-K¯bXR8P
p¬bXTWVXP�CF\i�²C]�¬bHCDC]�QP�KQELeQP�R8P<TiP<S[IXP<\DltR8E-o�CF�QP(KQP�C_�nEXR]V´}A¦2�QP(E-NgC]pQNgCF\4EXl�CF�QP©bHNgCFE-oqbHC]E-K«bXR8P
p¬bXTWVXP�CF\ACF�¬b¶COCF�QP(KQELeQP(\8P<KQeQ\�SUK«C]�QP(KQP�C_�nE-R8V´}�rxSUKQTiP�CF�QP(o�ELeQP<jªEXlnKg\6G6�kS[\OeQPiC]P<R8oqS[KQSU\6CFSUT
bXKQe�R8P<p%P�bHCFbXfQjUP�E-KQPH�HCF�gP2bXNgC]E-okb¶CFE-KQ\p^tSUKQ\6CWbXKQTiP<\?EHl¬KQELeQP<\�_ªT�bXK"�¬b�I-P2bXK"P<¡wN¬bXjLSUKQS·CFSUbXj-\8CFbHCFPH}
rxEQ�¢S[lgCF�QPiSUR�S[KQpQNgC?\]SUdXK¬bXjU\ªbXKQe�C]�QP<S[R�\6CFELTW�¬bX\8C]SUT>f%P<�Qb�ILS[E-NQR�bXR8Pn\6^xKgTW�QR]E-KgSU\]Pie
�¢CF�QP�^"�vS[jUjL�¬b�I-P
CF�QPA\FbHoqPAf%P<�¬b�ILSUE-NgRvbXKQe�pQR]ELeQNQTiPAC]�QPA\FbXo�POE-NgC]pQNgC]\<}
rxEg�-�v�QP<KkbAf%E-R8eQP<R|KQELeQPvR]PiT<P<S·I-Pi\nbOp¬bXTWVHPiCnSUK©E-KQP2j[E-d-SUT<bXjgpgR]ELT<P<\8\<�wCF�QPv\8SUo�NQjUbHCFEXR�\]PiKQeQ\

oqPi\]\FbHd-P<\OCFE¤bHjUj�EHCF�QPiROò²z|\i��CF�¬bHCDokbXS[K¢CWbXS[K«bXK�SUKg\8CWbHKQT<P(EXl|C]�QP(\FbXo�P�f%E-R]egP<ROKQELeQPX}"��EXC]P
CF�¬bHC�CF�gSU\�\8^LKQTW�QR8E-KQSU\]bHCFS[E-K�S[\©KQEXCkbXj[�nb�^x\�KQPiT<P<\8\FbXR6^-�2�v�QPiK�CF�QP�\]PiKQeQP<RqSU\�bXj[\]E¨b¨f%E-R]eQPiR
KQExegPX} ] NgCnCF�QPiR]PObXR8P4\8p�PiT<S�bHjÁT�bH\]P<\i�g�v�QS[TW��R]P<¡wNQS[R]PZCF�QS[\nR]PieQNQKQeQbXKQTi^X}�¦2�gP<\]PD�vS[jUj´f%PD\]�QE��vK
SUK�CF�QPAP�µgp%P<R8SUo�P<K¢CWbHj�p¬bXR8CvEHlªC]�QPO�nE-R8V�^¼\8P<T�CFSUEXKcág}ßÜg}·½�_�}
rxS[KQT<P§C]�QP�oqELeQP<jOEHl"KQ\~G6��T<E-K¢CFbXSUKQ\�RFbHKQeQE-o KwNQo"f�PiR]\<�DC]�QP�\8C]ExTW�¬bH\8CFS[T�f�Pi�¬b�IxS[E-NQR¤EXl

o�NQj[C]SUpQj[P2SUKQ\6CWbXKgT<P<\�EXl�CF�QPZ\FbXo�PZKQPiC_��E-R]V©KQELeQPZ\]�QEXNQjUe�f�P�bXj[\]E�\8^LKQTW�QR8E-KQSU\8P<e
} h E-R�P�µQbHoqpQj[PKQPiC_��E-R]V KQExegP<\�S[K KQ\~G6�cNQ\8P±RFbXKgeQE-o�IXbHR]S�bHfQjUPi\�C]E«oqELeQPijnbcpgR]E-f¬bHfQSUj[S[C_^«ltE-R�CFR]bXKQ\]o�SU\8\]S[E-K
P<R]R8E-R]\i} ¦2�QP<KÁ�kS[lqE-KQP¯SUKg\8CWbHKQT<P+EXl�b¥KQExegP+eQELP<\ÂKQEXC¨R]PiT<PiS[I-P�b¥pQbXTWVXP�C�f�PiT�bXNg\]P�EHl�b
CFRFbHKQ\]o�SU\8\]SUEXKOP<R]R8E-R<�³EXC]�QP<R²S[KQ\8CFbXKQT<Pi\�\]�QEXNQjUe�bXj[\]EvKQEXC�R8P<TiP<S[IXP�S·C�SUKOEXR]eQPiR
CFEZbXTW�QS[PiI-P�C]�QP|\FbXo�P
f�Pi�¬b�IxS[E-NQRi}q¦2�QP�KQ\~G6��SUo�pQjUPioqPiKwCFbHCFS[E-KcNg\]P<\"b�\8SUKQdXjUP�R]bXKQeQE-o KLNgo�f�PiR£dXP<KQPiRFbHC]E-R�^�úZ�DM¶_
ltE-R(bXj[j�R]bXKQeQE-o�IHbXR]SUbXfQj[P<\"S[K CF�gP�P<K¢CFS[R]P±o�ExegP<jJ} s K�EXR]eQPiR"CFE§\6^xKgTW�QR]E-KgSU\]P�C]�QP�\8C]ExTW�¬bH\8CFS[Tf�Pi�¬b�IxS[E-NQRDEHl�o"NQj[C]SUpQj[P�S[KQ\8CFbXKQTiP<\OEXl|f%E-R]egP<RDKQELeQPi\ s SUK¢CFR8ExeQNgT<P(b±\8P<p¬bXR]bHCFP�ú��4MÃltE-R�P�bXTW�KQExegPX}�¦2�QPiK s S[KQS[C]S�bXj[SU\]P�CF�QP�úZ�DMO\�EHl
o�NQj·CFS[pQjUP>S[KQ\8CFbXKQTiP<\�EXlÁC]�QP�\]bXo�PZKgExeQPv�vS[C]��C]�QPZ\FbXo�P
\]P<Pie
�´\]E©CF�¬b¶C2CF�QP�^¤pQR]ELeQNQTiP�Pi¡wN¬bXj�RFbHKQeQE-o$KwNQo"f�PiRZ\6CFR8P�bXo�\<}
Ä�KQEXCF�gP<R|SU\8\]NQPvCF�¬b¶C��QbX\�CFE�f�P2CWbHVXP<KqSUK¢CFE�bXTiT<E-NgKwC�SU\�C]�QPvd-P<KQPiRFbHC]SUE-K�EXlÁb��gSU\8C]E-R8^�EXl�C]�QP

KQPiC_��E-R]V¤ltR]EXo$CF�QP�oqELeQPijJ}2rLSUKQTiP£o�Ngj[CFS[pQjUP4SUKQ\6CWbXKQTiP<\�EXl?CF�gP£\]bXoqP�KQELeQP�P�µxP<TiNgCFP"C]�QP�\FbXo�P
PiI-PiK¢CF\<�´CF�gP<R]PAS[\2R]P<egNQKQe¬bXK¢C�SUKgltEXR]oqbHCFS[E-K±bHC2C]�QPAP<KQeÁ}�¦�E�b�I-E-S[e�R8P<eQNgKQe¬bXKQT�^ s C]NQR]K¤E-F«C]�QP
d-P<KQPiRFbHC]SUE-KqEXl��QS[\8C]E-R8^©E-K�CF�QP�T<E-pgSUP<\�EXl�f%E-R8eQP<R�KQELeQP<\i}|��E��E-KQj·^©E-KQPZSUKQ\6CWbXKQTiP4EXl�b£f%E-R]eQPiR
KQExegP(d-P<KQPiRFbHC]P<\A�QS[\8CFEXR8^9O CF�QS[\DSU\DC]�QP(SUKg\8CWbHKQT<P�EXK�C]�QP©ò²z¥�v�QS[TW�§CF�QP(KQELeQP(S[\DE-R]S[d-SUKQbXjUj·^
bX\]\8SUd-KQPie�C]E(ltR]E-o¾C]�QPAp¬bXR6CFS[C]SUE-KgSUKQdQ}

÷�Ø���çLÖ�×ªè¼Ù¼Ò�ë ù ètë´Õ%Ô¶Ù Ó���æ ¦2�QP�ltE-jUj[E³�vS[KQd eQS[\]TiNQ\]\8SUE-K ltExTiNQ\]Pi\ EXK C]�QP�eQSU\6CFR]S[fQNgC]P<e
P�µxP<TiNgCFS[E-KkEXl�CF�QPZ\]S[o�NQjUbHCFS[E-K�o�ExeQPijJ}�rxP<T�CFS[E-K±�L}[½ZSUj[jUNQ\6CFRFb¶CFP<e�C]�QP�bXjUd-EXR]S[C]�Qo¸EXl�bA\]Pi¡LNgP<K¢CFSUbXj
eQSU\8T<R]P�CFP�G_PiIXP<K¢C§\8SUo�NQjUbHCFEXR<}Ã¦2�QP¨bXjUd-EXR]S[C]�Qo EHl(b eQSU\6CFR]S[fQNgC]P<e»uD��r¥�vS[C]�ñb T<E-Kg\]P<R6IHbHCFS·I-P
\8^LKQTW�QR8E-KQSU\]bHCFS[E-K��¬bH\±bXK�bXeQeQS·CFSUEXK¬bXj2T<EXoqp%E-KQPiKwCqltE-R��¬bXKQeQj[SUKQdÂo�P<\]\]bXd-Pi\±bXKQe�pQR]ELT<Pi\]\]S[KQd
PiI-PiK¢CF\�SUKDCFS[oqP�G_\6CWbXo�pDE-R8eQP<Ri}��ZP<R]PH� s eQPi\]TiR]SUf%P�CF�QP|bHjUd-E-R8S[C]�Qo®EXlLCF�QP�TiE-KQ\]PiR8IHbHC]S[I-P�\8TW�QP<egNQjUPiR<�NQ\]PieqS[K"CF�QS[\�CF�gP<\]S[\<} s C?SU\?bHeQE-pgC]P<e(ltR]E-o�z|uD�Dr��Ýâ>���X�v�QS[TW��S[\?bXj[\]EObDTiE-KQ\8P<R8IHbHC]S[IXP2eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]E-R<�xNQ\]S[KQdµ�4<��;(��7,d����Û��J}
¦2�QP\8TW�QP<eQNgjUP<Ri�cNQ\8P<eÃltE-R b eQSU\6CFR]S[fQNgC]P<eÃ\]S[o�NQj�b¶CFSUEXK°SU\�S[oqpQj[P<o�P<K¢CFPieºSUKºCF�gP¥Tij�bX\8\

¶ *7./*�n/5�k4*+(4:�t2*7.�ij�7*�n´�´�v�QSUTW��S[KQ�QPiR]S[C]\�C]�QP4Tij�bX\8\S(4:�t2*7.�ij�7*�nqSUKqKQ\6G~�x}�Ä4j[d-E-R]S·CF�QoºÞx}[½�\]�QE��v\
CF�QP«oqbXS[K+��E-R]VwSUKgd¹Ti^LT<j[P«EXlOC]�QP ¶ *7.4*�n/5lk4*}(4:�t;*7.�ij�7*�n´}°Ä>CkC]�QP«f%P<d-S[KQKQSUKgd S[CqCWbXVHP<\kC]�QP
KQP�µLC�P<bXR]j[SUP<\6CÂPiI-PiK¢C *�bXKQe�R8P<¡wNQPi\8CF\¹C]EÀbXexIXbHKQT<P+S[CF\�CFS[oqP NQp�CFE»C]�QP+C]SUo�P EXl�*¬} s l
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CF�QPiR]P«bHR]PcKgE PiIXP<K¢CF\�S[K+C]�QPc¡wNQPiNQPX�2CF�gPc\]TW�gP<eQNQj[P<R±R8P<¡wNQPi\8CF\qCFE¹bHegIHbXKQT<P�S[C]\�C]SUo�P�NQp¯CFE
��543{k&·+*7=4*>,�k%�©�v�gSUTW� SU\§b�pgR]P<TiE-Kgà¬dXNQR]Pie�jUbXR]d-PÂCFS[oqPÂltE-RcCF�gP�P<KQe¸EXl�\]S[o�NQj�b¶CFSUEXK
}/¦2�QP
E-p�PiRFbHC]SUE-Kó84*�¸li;*;3{k�BA<·D2*C?+.�=45-,A:-*¹SU\(S[oqpQj[P<o�P<K¢CFPie fw^ CF�QP¹|&m�D+D�i+,�<+:-5lkA<�m�,~}E,�k4*�ng�/54:-*
bXKQeº�/<��;(��7,��%�nbHKQe �vSUj[j|f�P±egP<\]TiR]S[f�Pie�SUK¹eQP�CWbXS[j�jUbHCFPiR<}�Ä�l CFPiR"CF�gSU\"EXp�PiRFbHC]SUE-KÂCF�QP±TiE-K¢CFR8E-j
R]PiC]NQR]Kg\�f¬bHTWVkCFE©CF�QPA\8TW�QP<eQNgjUP<Ri�¬�v�QSUTW��R]P<TiP<S·I-P<\�bXK�bXjUj[E��>bXKgT<PDCFE�SUKgT<R]P<bX\]PAS·CF\>CFS[oqPDC]EÍB�} s l
B�SU\2Pi¡LNQbXj�CFEµ��543{k&·+*7=4*>,�k%�%C]�QSU\vo�P�bXKQ\2C]�¬bHCvCF�QPiR]P�bXR8P�KgEqo�E-R]POP�I-PiKwC]\�ltE-R2C]�QSU\2\8SUo�NQjUbHCFEXR
SUK�CF�QP�\8^L\8C]P<o{bXKQe¨S[C�T�bHK \8C]E-p
}¤B4C]�QP<R6�vSU\]P©CF�gPk\]S[o�NQjUbHCFE-R4T<E-K¢CFS[KwNQP<\�CFE�P�µxP<TiNgCFP±P�I-PiKwC]\<}
��E��nP�I-PiRDCF�QP�dXRFbXK¢CFPie«CFS[oqPéBcS[\4KQEHCDKQPiT<P<\8\FbXR6^§P<¡wN¬bHjªCFEqCF�QP"C]SUo�P£EHl|PiI-PiK¢C *�bXKge«T�bXK§f%P
\]oqbXjUj[P<R<}£¦2�QSU\AS[\Of�PiT�bXNQ\8P©eQNQR]S[KQd�CF�QP©E-p%P<R]bHCFS[E-K§EXl�CFS[oqP(bHegIHbXKQT<P©S·CASU\Op%E-\]\8SUfQj[P"CF�¬b¶C�C]�QP
T<E-o�o�NQKQS[T�bHC]SUE-K�oqS[eQeQj[Pi�nbXR]P?egP<jUS·I-PiR]\
KQP��¹o�P<\8\FbXd-Pi\�bXKQeASUKQ\8P<R6CF\�PiIXP<K¢CF\�SUKDC]�QP�¡wNQP<NgP�f%PiltEXR]P
*¬} ] NxC�bHl CFPiRDd-S[ILS[KQd±bkC]SUo�P�bXegIHbXKgT<P(d-R]bXK¢C��ÁC]�QP�T<EXoqo�NgKQSUT<bHCFS[E-Kco�SUeQegjUPi�nbXR8P"d-N¬bHRFbXK¢CFPiP<\
CF�¬bHCZCF�gP<R]P£SU\�bHC�jUP�bH\8CZE-KQP£PiI-PiK¢CDCF�¬b¶C4T<bXK«f%P£pQR8ExTiP<\8\]P<eÁ}4¦2�QPiR]PiltEXR]PX�ÁbHl CFPiRZC]�QSU\ZE-p%P<R]bHCFS[E-K
CF�QPZ\]TW�QPieQNQj[P<RnCFbXVXPi\>bXd¢bHSUK©CF�QPZKQP�µLC2P<bXR]j[SUPi\8C�PiIXP<K¢Cì*¼»��gbXKgekP�µxPiT<NgC]P<\2S[C<} s C�SU\�p�EX\]\]S[fQjUP2C]�¬bHCCF�QP±P�I-PiKwCÁ*¼»"b�FÁPiTiCF\(pQbXR8C]\(EXlvCF�QP�o�ExegP<jJ��bX\]\8SUd-KgP<e�CFE§EXC]�QP<R"\]SUo"NQj�bHC]E-R]\£SUK C]�QP�\8^L\6CFP<o�}
s K C]�QP<\8P¤T�bX\8P<\�S[C(\8P<KQeQ\(C]�QP<o b§o�P<\8\FbXd-P±C]E�SUKgltE-R8o{C]�QP<o bXf�EXNgC�CF�gP�TW�QbXKQd-PH} h E-R�CF�QS[\pQNQR]p%E-\8P�S·CvNQ\]Pi\ZC]�QPAE-p%P<RFb¶CFSUEXK¬(+*>,/.C0;*43+37576/*kEXlªCF�QPAT<EXoqo�NgKQSUT<bHCFS[E-K±o�SUeQeQj[Pi�nbXR]PH}�Ä�l C]P<R
CF�QPAT<EXKwC]R]E-j�TiE-o�P<\2f¬bXTWV±C]E(CF�QPA\]TW�gP<eQNQj[P<RZS[C2TiE-K¢CFS[KLNgP<\v�vS[CF��C]�QPAKQP�µLCZPiIXP<K¢CDS[K¤C]�QPAjUS[\8C�}
�ZP�µLC�� s P�µxpQjUbXSUK CF�gP E-p%P<R]bHCFS[E-KQ\ (+*>,4.C02*43+3-5764*Q� 8;*�¸li;*43�k B�<·D2*C?+.�=45>,�:-* bXKQe

8;*4:-*;<'=;*Ë02*43+3-5764*kS[K¤eQPiCFbXSUj�}

÷ÁçLÒªÖ ^�çLþ�þ<åQë´ç h S[d-NQR8P�Þx}ßá«\]�QE��v\�b§eQS�bHd-RFbXo�EXl�b«\8SUo�NQjUbHCFEXR<�?\8P<KQeQS[KQd�b§oqPi\]\]bXd-PCFE®bXKgEXCF�QPiRc\8SUo�NQjUbHCFEXR<} h SUR8\8C ¶ *7./*�n/5�k4*+(4:�t2*7.�ij�7*�n P�µgPiT<NgC]P<\ÂbXKÀP�I-PiKwC<��f¢^ñT<bXjUj[SUKQd¯S[C]\
½ 5>,/.z�7*�n´} s lvCF�QS[\�PiIXP<K¢C�SU\(bHC£CF�QP�j[E��nPi\8C(KQP�C_�nEXR]V¹jUb�^XP<R�S·C�oqb�^ \8P<KQe¯b«KQP�C_�nE-R8V¹p¬bXTWVHPiC
CFE�C]�QP¿¾�<�n/*d�7*43}3a|lt;5>,},;*d�x} ¦2�QSU\cSU\§b�Tij�bX\8\«CF�¬b¶C«o�ExeQPijU\�CF�QP�R]bXeQSUE+TW�¬bXKQKgP<j(SUKñKQ\6G~�x�
bXKQef¬bX\8SUT�bHjUj[^¯CFR]bXKQ\6ltP<R]\�KQP�C_�nE-R8V®p¬bXTWVHPiCF\�f%PiC_��P<P<KñKQExegP<\<} s �¬b�I-P�P�µLCFPiKQeQPieÀS[C�C]E C]�QP
¾s<{n/*d�7*;3+3a|lt;5-,+,;*d� ¶ *7.´�£�v�gSUTW�CWbXVHP<\�SUK¢CFE¯bXTiT<E-NQK¢C¤CF�QbHC�\]E-o�P§KQELeQP<\�bXR8PÂ\8SUo�Ngj�bHC]P<e®E-KEXCF�QPiR>�QE-\6CF\2bHKQe�d-P<KgP<RFb¶CFP<\2o�P<\8\FbXdXP<\>ltE-R�CF�QPio ltR]EXoÃC]�QPDKQ\~G6�"p¬bHTWVXPiC]\<}���E���PiI-PiR<�´KQP�C_�nE-R8V
p¬bXTWVXP�CF\OS[K«KQ\6G~�±bXR]P£KQEXCOR8P<pQR8P<\8P<K¢CFPie bX\�\]Pi¡LNgP<KQTiP<\�EXl|f¢^LC]P<\i��fQNgCAbXR8P"TiE-oqpgjUP�µ�\6CFR]NgTiCFNgR]P<\
�vS[CF� p%E-SUK¢C]P<R]\i} ¦2�QP<R8PiltE-R8P¤C]�QPÀ¾�<�n/*d�7*43}3a|lt;5>,},;*d� ¶ *�.�KQP<PieQ\�C]E§CFRFbHKQ\8ltE-R8o KQ\~G6�«p¬bXTWVHPiCF\SUK¢CFE�\]Pi¡LNgP<KQTiP<\OEXl�fw^wC]P<\Df%PiltE-R8PAS[CvCF�¬b¶C4T<bXKc\8P<KQecC]�QP<o$C]�QR]EXNQd-�«b�R]P<bXj²KQPiC_��E-R]V´} h E-R2CF�QS[\
R]P�bH\]E-K�S[CANg\]P<\ACF�gP(T<j�bH\]\ (+*�n`<>5d��Á;54:{�4*lkÂC]E�CFRFbHKQ\8ltE-R8o KQ\~G6�±p¬bXTWVHPiC]\"SUK¢C]E�\]P<R8S�bXj�oqPi\]\FbHd-P<\
bXKQe¤R]P�I-P<R8\]PH}
ÄZl CFPiR CF�QP KQ\6G~� p¬bXTWVXP�C SU\ C]RFbXKg\8ltE-R8oqPie SUK¢CFE b \]P<¡wNQPiKQT<P EXl f¢^wCFPi\ C]�QP

¾s<{n/*d�7*;3+3a|lt;5-,+,;*d� ¶ *7.�p¬bX\8\]P<\vS·CnCFE�C]�QPÂ|&m'D}D�i+,�<�:75lkA<�m�,Ã}E,�k4*�n��/54:-*Q} s CvNQ\]Pi\vC]�QP!�/<��;(��7,��
oqS[eQeQjUP��>bHR]P£bXKQe§NQp%e¬bHC]P<\4C]�QP(bHC8CFR]S[fQNgC]P<\4EHl�bkeQSU\6CFR8SUfQNgC]P<e«EXfLû8P<T�C�}O¦2�QP�o�SUegeQjUP��>bXR8P£C]�QP<K
eQP<TiSUeQPi\�CFEq�v�QSUTW�«EHCF�QPiR4\]S[o�NQjUbHCFE-R8\2CFE±\8P<KQecC]�QP�p¬bHTWVXPiCDf¬bX\]Pie§E-K«bqpQNQfQj[SU\]�gP<R�&¶\]NQfQ\8T<R8SUf%P<R
SUKgltE-R8okb¶CFSUEXK¤bXf�EXNgC4C]�QP"eQS[\8C]R]SUfgNgCFPiecE-fLû8PiTiC<}4¦2�QP�egSU\8C]R]S[fQNgCFPiecE-fwû8P<TiC4SU\4bqp¬bXR6CDEXl��vSUR]PijUPi\]\
oqPieQSUNQo���\]S[C]N¬bHC]P<eºSUK�CF�QP®E�I-PiR]jUbXpQpQS[KQd�bXR8P�bÀf%PiC_��P<P<KÃC_��E¸EXR o�E-R]P�\8SUo�Ngj�bHC]E-R]\i} Ä4j[j
\]SUo"NQj�bHC]E-R]\�CF�¬b¶CÂbXT<TiP<\]\�CF�gSU\§p¬bXR6CÂEXl©CF�QP��vSUR8P<j[P<\]\�o�P<eQS[NQo eQP<Tij�bXR8P C]Ex�4<��;(��7,d��C]�QP<S[R
SUK¢CFPiKwC]SUE-K�CFEÀo�ExegS[l ^ S[CË^¼pQNgfQjUS[\]�°S[KgltE-R]oqbHC]SUE-K`_�} ¦2�QPi^°bXjU\8EÀ\8CFbHCFP®bñ�vS[\]�°C]EÀR]PiT<P<S·I-P



ÞXð Û � V10 � ÊpV�Ê�È(É;I4É � Ç2È¾ÇS�ñÉUT�Ê®Ë � V ��� I4É � Ç2È�Ëàâ|Ë�ÉªÊpV

ù è¼ë´Õ´Ô¶ÙtÓ���æ �	ú¼Ð mnE-Kg\]P<R6IHbHCFS·I-P�\8^LKQTW�QR8E-KQSU\]bHCFS[E-K�bXjUd-EXR]S[C]�Qo

Ä�Å ÆhÇ�È ÉOÊ Å Ë{Ì¼Ì�Ë�Ê�ÄOÊ�Ë{Í�Î�Ï

Ð Î�Ñ�Î�Å Ò�ÎjÓ�Å ÆÔÎÖÕz×�É�Ì�Ê�Ó

Ð Î�Ø�Ç_Î�ÄOÊ�Ó�Å Æ´Î¦Ù�Ï_Ò�É�Ì�Ñ�Î´ÚFÈ É�ÄBÊXÛ�ÎOÒ�Î�Ì�ÊEÜ

Ý Ê�Ë�ÍÔÄ_Å ÆhÇ�È ÉOÊ Å Ë�Ì
Ý Å ÆhÇ�È ÉOÊ Å Ë{ÌÔÎ�Ì�Ï

ÎÖÎOÞaÅ ÄOÊ�ÄÎÖÏ®Ë�Î�Ä´Ì�Ë_ÊlÎBÞ�Å ÄBÊ

Ð Î�Ø�Ç_Î�ÄOÊ�Ó�Å ÆÔÎ¦Ù�Ï_Ò�É�Ì�Ñ�Î´ÚJÎ�Ü

Îhß!à�É_× È Å Î�ÄOÊ�ÎOÒ�Î�Ì�Ê

Ý Å ÆhÇ�È ÉBÊEÅ Ë�ÌÔÄBÊ)É_×FÊ

à�Þ�Î�Ñ�Ç�Ê�ÎÖÎOÒ�Î_Ì�Ê�Î�á

Î_á5ß�à�É�× È Å Î�ÄOÊ�ÎOÒ�Î�Ì�Ê
ÓãâÂÈ É�ÄOÊJÛ�ÎBÒ�Î�Ì�Ê

ÓãäjßÂÈ É�ÄOÊJÛ�ÎBÒ�Î�Ì�Ê

Ä�Å ÆhÇ�È ÉOÊ Å Ë{ÌÔÄOÊ�Ë{Í�Î�Ï
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å�æOç�è�ç®éEêOë:ç�ì�í®î�ç�è�ï�ð ç®é

å�ñgê�ò_è�ð ç_é

å�ì�ç®éKó ê�ð ô_ê�í®õOç�ëå�ö÷ó é:ç®ð ç�ø�ø�ùgî®ê_ò�ò�ç®ð æ'ç�è

å�ùlú�ûüûüï�ò�ó í�êBë ó ú�ò�ýò�ë:ç_éFþ ê�í�ç®ÿ����aý å��{ó ûhç��{éEê_ò�ø®ð êOë:ú�é

å���ó øBëKéKó ��ï�ë:ç�è��	��
 ç�í�ë

î_ê_ò_è�ð ç���gå���ú�ó è

ø�ç®ò_è����gå��_ú{ó è

ì�ç_éKó ê_ð ó ��ç����gå��_ú{ó è
ø�ç®ò_è���®ê�í®õOç�ë����gå���ú�ó è

��éEê�ò_ø®ð êOë:ç����
� �_è�êBë:ç���ë)ëKéKó ��ï�ë:ç�ø���

h SUd-NgR]P�Þx}ßágy�BDp�PiRFbHC]SUE-K³(+*>,/.C0;*43+37576/*

oqELeQS[àQT�bHC]SUE-KQ\«ltR8E-o EXC]�QP<R¨\]SUo"NQj�bHC]E-R]\ ^t\]NQfg\]T<R8SUf%P+ltE-RÂS[C�_�} s K�C]�QSU\��nb�^¸CF�gP �/<��;(��7,��
oqS[eQeQjUP��>bHR]PD�¬bH\vC]�QPAVwKQE��vjUP<egd-POCFE�eQP<j[S[I-PiR2NQp%e¬bHCFPAo�P<\8\FbXd-Pi\2CFE©SUK¢CFPiR]Pi\8CFPiec\8SUo�NQjUbHCFEXR]\<}

ù ÖH�Qå¬Ò�Ø-çT�"Ù¼æ ç�å¬Ò�ÖÃô±çLØ-çxÙ¥�%ç ^�çxþ<þ<åQë´çLþ ¦2�QPi\]P¤C_�nE¨E-p�PiRFbHC]SUE-Kg\©bXR]P¤T<EXo�fQSUKgP<eCFE-d-P�CF�QPiR<�²f%P<T�bHNQ\]Pqb�TiE-KQ\8P<R8IHbHC]S[IXPq\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK bXj[d-E-R8S[CF�go bXexIXbHKQT<Pi\£\8SUo�NQjUbHCFS[E-KcC]SUo�P
CFE©b"ltNgC]NQR]POo�E-o�P<K¢C>E-Kgj[^��v�QP<K�S[Cn�¬bX\2R]PiT<PiS[I-Pie�bXjUj�oqPi\]\FbHd-P<\2NQK¢C]SUj�C]�¬bHC2o�E-o�P<K¢C2S[KkCFS[oqPH}
s K�C]�QSU\²SUo�pQj[P<o�P<K¢CWbHC]SUE-KZCF�QP �/<��2(��7,��AjUS[fQRFbXR6^DTiE-K¢CFR]EXjU\
CF�gP�C]SUo�P<j[^¢GíE-R]eQPiR]PieK�¬E���EXlxoqPi\]\FbHd-P<\
bXKQe egPiCFPiR]o�SUKQPi\£Ngp CFE��v�¬bHC�CFSUo�P�b�\8SUo�NQjUbHCFEXROT�bXK bXegIHbXKQTiPkS[C]\£j[ExT<bXj�T<j[ExTWV´} h S[d-NQR8P±Þx}Ýâ\]�QE��v\�b©pgR]ELT<P<\8\�EHlªC]SUo�PObXegIHbXKQTiP�bXKQe�R]P<TiP<pgC]SUE-K¤EXl�oqPi\]\]bXd-P<\i}
ï�gP<K�C]�QP�\]TW�QPieQNQjUPiR�KgP<P<eg\�CFEqbXegIHbXKgT<PA\]S[o�NQj�b¶CFSUEXK±CFSUo�PDS[K�E-R8eQP<R2C]EqP�µgPiT<NgC]P�b(ltNgCFNgR]P

jUELT�bXjZPiIXP<K¢C��DS·C��¬bX\±C]E�okbHVXP§\]NgR]P«CF�QbHC¤KQE�o�P<\]\]bXd-Pi\¤�vS[jUj�bXR]R8S[IXP«NQK¢CFS[j4CF�¬b¶C±CFS[oqPH}�rLEQ�
S[C�dXS[I-Pi\(CF�QP�TiE-K¢CFR]EXjnCFE |&m'D+Ddi+,�<�:-5�kA<�m�,~}',�k4*�ng�454:-*Q�Z�v�gSUTW��CFR8SUP<\£CFEÂbXegIHbXKQTiP�\]S[o�NQj�b¶CFSUEXK
CFSUo�PX�|NQ\8SUKQd§C]�QP¤pQR]S[oqS·CFS[IXP<\�EHl �/<��;(��7,���} s C©à¬R]\6C�eQP<Tij�bXR8P<\�b§R]P<¡wNQPi\8C�ltE-R�CFS[oqP±bXegIHbXKQTiPX�
bXKQe�CF�QPiK T<E-K¢CFS[KwNQE-NQ\8j[^¹p%E-j[jU\(bXKge �nbXS·CF\�ltE-R(b«C]SUo�P±bXegIHbXKgT<P¤d-RFbHKwC<} s lZCF�QP�o�SUegeQjUP��>bXR8PVLKgE³�v\�ltR]E-o bkpgR]PiILS[E-NQ\4TiE-o�pQNgCWb¶CFSUEXK�EXl?\FbHltP��vSUKQeQE��v\4C]�¬bHCZCF�QP£R]Pi¡LNgP<\8C]P<e§CFS[oqP£bXegIHbXKgT<P
SU\£bXjUj[E³��P<eÁ�?S[C£R]P�CFNQR8KQ\�SUo�o�P<eQSUbHCFPij[^cbXKQe�d-S·I-P<\"bXK�bXexIXbHKQT<P±dXRFbXK¢C�} ] NgC�S[l>C]�QPkR8P<¡wNQP<\6CFPieCFSUo�P¨bXegIHbXKQTiP�SU\«KQEHC§SUKñC]�QP¹\]bHltP¹�vSUKQegE³�A�p�/<��;(��7,���SUKQS·CFSUbHCFPi\�b�KgPi� T<E-o�pQNgCFbHCFS[E-KÀEXl
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\FbHltP¹�vS[KQeQE��v\<} ÄZl CFPiR«CF�QS[\«E-p%P<RFb¶CFSUEXKÀT<E-o�pQj[PiCFPi\<� �/<��;(���,���egP<jUS·I-PiR]\§KQP�� o�P<\]\]bXd-Pi\�bHC
CF�QP¥KQP�µLC¯p%E-jUjkILSUb�C]�QP¥oqP�CF�QELe¯8;*��z�7*4:�k}?�kgk�nA<��gi�k4*��45d�{i;*;3��� L} ¦2�QS[\¯S[\ b¸T<bXjUj[f¬bXTWV
ltNQKQTiC]SUE-K¨EXl>C]�QPÀ|&m'D+Ddi+,�<�:-5�kA<�m�,~}',�k4*�ng�454:-*Q} s C£R]PiT<PiS[I-Pi\(b�o�P<\8\FbXdXPX��bXKge¨CF�gP<K¹T<bXjUj[\AC]�QP
¾s<{n/*d�7*;3+3a|lt;5-,+,;*d� ¶ *7.¤CFE©d-PiKQP<R]bHCFPOKQ\~G6�"KQP�C_�nEXR]V±p¬bHTWVXPiC]\ZltR8E-oÅS[C2bHKQe¤SUKQ\8P<R8CnCF�QPio$SUKkC]�QPjUELT�bXj>P�I-PiKwCk¡wNQP<NQPH} h SUK¬bXj[j[^X�|bHl CFPiR�egP<jUS·I-PiR]SUKgd�bXjUj>p%E-\8\]SUfgjUP�o�P<\]\]bXd-Pi\qNQK¢C]SUj2b�oqEXoqPiKwC©S[K
CF�QP±ltNgC]NQR]PH���4<��;(��7,d� dXRFbXK¢CF\©bcC]SUo�P±bXexIXbHKQT<P±C]E«CF�QP |&m'D+Ddi+,�<�:-5�kA<�m�,~}',�k4*�ng�454:-*Q�2�v�QSUTW�
ltE-R8�nbXR]eg\ZC]�QPOd-RFbHKwCvC]E©C]�QPA\]TW�QPieQNQj[P<R<}
¦2�QPs�/<��;(��7,�� o�SUeQeQj[Pi�nbXR]PkNQ\]Pi\qbQ©�«�Ð-Ã2ô�²Ä£�´�¤1ò�¨�À'«�Ð�bXj[d-E-R8S[CF�go���bXKQe¯NQ\]Pi\zô�´�¤AÐ-£¥²�£�´�¤A¨-ª

£¥¤�>E´�©�Îb¨-²�£�´�¤cC]E�TiE-o�pQNgCFPA\]bHltPO�vSUKQeQE��v\i} s KgS[CFSUbXjUj·^�P�bXTW��\]S[o�NQj�b¶CFE-R>\8PiC]\ZS·CF\2\]bHltPO�vSUKQeQE��»CFE
SUKgà¬KgS[C_^-}2¦2�gP<K«S·C�TiE-KQeQS·CFS[E-K¬bXj[j[^qd-N¬bXR]bXK¢CFP<Pi\�C]�¬bHC�S[Cv�vSUj[j�KQEXC�\]P<Kge§bXK¢^�oqPi\]\FbHd-P<\�NQK¢CFSUj
C]�QP
CFSUo�PXy

Tcond = T ime(EarliestEvent) + Lookahead¦2�QS[\co�P�bXKg\�CF�QbHC«b+\]SUo"NQj�bHC]E-R��vSUj[jOKQEXC«\8P<KQe bHKw^»o�P<\]\]bXd-Pi\<�A�vS[CF�¥CFS[oqPi\8CWbHoqp¥jUPi\]\
CF�¬bXK

Tcond

�³Ã}¤AÐ}«�©Q²¥°2«Ëô�´�¤AÐ-£¥²Ä£�´�¤°C]�¬bHC¨S[CÂeQELP<\ KgEXCÂR]P<TiP<S·I-P®bXK¢^ KQP�� oqPi\]\]bXd-P<\¨NQK¢CFS[j
CF�QP�C]SUo�P

T ime(EarliestEvent)
} ¦2�QS[\¹SU\ f�PiT�bXNQ\8P�CF�QPiR]PbXR8P�KQEÀP�I-PiKwC]\ f�P�ltE-R]P�C]�QP

CFSUo�P EXl±C]�QP+P<bXR]j[SUPi\8C¨PiI-PiK¢C�} ¦2�QP�o�SUeQegjUPi�nbXR8P¯Ng\]P<\¨T<E-KgeQS[C]SUE-K¬bHj(d-N¬bXR]bXK¢CFP<Pi\¨ltR8E-o bXjUj
\]SUo"NQj�bHC]E-R]\i�ÁS[KgltE-R]oqbHC]SUE-K�bXf%E-NgCDC]�QP�TiE-KQKQPiTiCFS[E-KQ\Of%PiC_��P<PiK�C]�QP<o��
p%E-\]\8SUfQj[P"o�P<\8\FbXd-P§�QE³�v\i�
bXKQe�S[KgltE-R8okbHC]SUE-K bHf�E-NxC�C]RFbXKg\]SUPiK¢Cqo�P<\8\FbXdXP<\qC]E¨TiE-o�pQNgCFP¤CF�gP�\]bHltP��vS[KQeQE��v\<}�¦ªR]bXKQ\]S[P<K¢C
oqPi\]\FbHd-P<\�bXR8P(oqPi\]\FbHd-P<\OCF�QbHCAbXR8P(\]P<K¢C<��fgNgCAKQEXCO^XPiC�R]PiT<P<S·I-Pie bHC4CF�QPiSURDeQPi\8C]SUK¬bHC]SUE-KÁ}£¦2�QP�^
bXR]PkbXK S[\]\]NgPkf¢^ÂT<E-o�pQNgC]SUKQd�\FbHltP��vSUKQegE³�v\£SUK¨eQSU\6CFR]S[fQNgC]P<e \8SUo�Ngj�bHC]SUE-KH� ½�ðE��}�¦2�gP �/<��2(��7,��
oqS[eQeQjUP��>bHR]P¬©�«�Ð-Ã2ô�«�ÀkC]�QP±\]bHltPk�vSUKgeQE��v\�NQK¢CFS[j�S·C"S[\"KQEXC"p�EX\]\]S[fQjUP©CF�QbHC(bc\8SUo�Ngj�bHC]E-RASUK¨C]�QP
\8^L\8C]P<o{R]P<TiP<S·I-P<\"b�o�P<\8\FbXdXP��vS·CF�QS[KÂS·CF\A\Fb¶ltP��vS[KQeQE��A}±¦2�QPiK S[C�d-S·I-Pi\�C]SUo�P©bXegIHbXKQTiPqd-R]bXK¢C
NQK¢CFSUj
C]�QPAP<KQe�EXl�CF�QPA\]bHltPO�vSUKQeQE��ñEXl�P<bXTW��\]SUo"NQj�bHC]E-R<}
( Õ
Õ´öxå2��çwå¬Ö ���
Ó�Ô¶åQØXÓ³Ù¼Õ%Ò ò²ELE-V¶bX�QP<bXe�S[K°bñegSU\8C]R]S[fQNgCFPie�\8SUo�NQjUbHCFS[E-K eQP<p%P<KgeQ\�E-K�C]�QP
oqELeQP<j��ÁbHKQe§�¬bX\4C]E±f%P)«�:7²Ä©¡¨}ô�²�«�ÐcltR]E-o S[C<�ÁNQ\8SUKQdkoqELeQP<j�\]p%P<TiS[à¬T"VLKgE³�vj[P<eQdXPX}AÄ4K§S[KwC]NQS[C]S[IXP
\]E-NQR8T<P�EXl?j[ExEXVHbH�QP�bXe�S[K�b�KQP�C_�nEXR]V�\]S[o�NQjUbHCFS[E-K±SU\>C]�QP�KQPiC_��E-R]V�pgR]E-p¬bHd¢bHCFS[E-K�eQPij�b�^-}|¦2�QS[\ZS[\
CF�QPkC]SUo�P(CF�¬bHC"E-KQPqfQS[C�ltR]E-o/C]�QPk\8SUd-KQbXj»�íCFR]b�IXP<j[\j�©CF�gR]E-NQdX� CF�QPqoqPieQSUNgo�}¤¦2�QPiR]PiltEXR]P±S·C£S[\
d-N¬bXR]bXK¢CFP<PiecCF�QbHCDbHKcPiIXP<K¢CASUK�E-KQP�KQELeQP"T<bXKcKgEXCDb�FÁPiTiCObHKcPiIXP<K¢COS[K«bXKQEHCF�QPiR�KQELeQPH��f%PiltE-R8P
bqKQP�C_�nE-R8V¤pQR]E-pQbXd¢bHC]SUE-K�CFS[oqPAS[K�C]�QP�ltNxCFNQR8PX}ZrxEQ�´S·CvT�bXK�f�P�NQ\]Pie§bX\�b�ô�´�¤4À�²�¨-¤2²pª¢´'´=<-¨�°2«�¨�ÐX}
��E��nP�I-PiR<��pQR8E-p¬bXd¢b¶CFSUEXK�eQPij�b�^L\4S[K��vSUR8P<j[P<\]\�KQPiC_��E-R8VL\AbHR]P"S[K�C]�QP"R]bXKQd-P

[1...1500ns]
�%�v�QS[TW�

SU\2CFELE(\]�QEXR8CvCFE©pQR8E-oqS[\]POjUbXR]d-P4\FbHltPO�vSUKgeQE��v\�bHKQecb(d-ELELe�\8p�PiP<eQNgp
}
B4CF�gP<R"pgR]E-p%P<R6CFSUPi\�EXl2C]�QP±o�ExeQPij�bXjU\8E«P�µxSU\6C��?C]�¬bHC�T<bXK�f%PkNQ\8P<e�CFE«P�µLCFRFbHTiC(j[ExE-V¶bX�gP�bXe
}

¦2�QP<\8PAbXR]PvltE-RnP�µgbXoqpgjUPZpQR]E-p%P<R6CFS[P<\�E-KkCF�gP4e¬bHCFb£j[SUKQV�jUb�^-P<R�SUKkb£�vSUR8P<jUPi\]\�KQPiC_��E-R8V%}|Ä�KQEXCF�gP<R
\]E-NQR8T<Pi\�EXlxjUELE-V¶bX�QP<bXe�bXR]P�pQR8E-p%P<R8C]SUPi\�EHlxC]�QP�R8P�bXj GíC]SUo�P�T<EXoqo�NgKQSUT<bHCFS[E-KDpQR8EXCFELT<E-j���NQ\]Pie"S[KAC]�QP
T<E-K¢CFP�µLCDEXl?C]�QPACF�QPi\]SU\i}ZrxSUKgT<P�S[CZNQ\]Pi\Db(CFS[oqPAeQS·IxS[\]S[E-K�bXT<TiP<\]\�CFE©CF�QP�oqPieQSUNgo$S[CZSU\Zp%E-\]\8SUfQj[P
CFE pgR]P<egSUTiCqbXK+P�bXR8jUS[P<\8C©o�E-o�P<K¢C�SUK ltNgCFNgR]P�SUK��v�QSUTW��b¨KQELeQP�okb�^�\8P<KQe�SUK�CF�QP�o�P<eQS[NQo�}
Y�\]S[KQdkC]�QP<\8P�C_�nE�\8E-NQR]TiP<\DEHl|jUELE-V¶bX�QP�bHe
�´S[CDS[\�p%E-\8\]SUfgjUP£C]E±eQP�CFP<R8oqS[KQP�j�bXR8d-P<RZjUELE-V¶bX�QP<bXeQ\4S[K
CF�QP�RFbXKgd-P

[1...30ms]
}k��E���PiI-PiR<��C]�QP<\8P±bXR8P)ÐÈ%>¤A¨-ÎÍ£�ôvª¢´'´=<-¨�°2«�¨�Ð�À���S�}ßPH}�C]�QPi^ÂbHR]P�f¬bX\]Pie E-K

b«T<NQR8R]P<K¢C�\8CFbHCFPkEXlvCF�QP�o�ExegP<j�bXKQe TW�¬bXKQdXP¤bX\"CF�gP�oqELeQP<j�PiIXE-j[IXP<\©SUK¹C]SUo�PX}�YZ\]SUKgd«CF�QPi\]P
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jUELE-V¶bX�QP�bHeQ\AR]P<¡wNQS[R]Pi\"b¤oqP�CF�QELe§ltE-RAeg^LK¬bXo�SUT<bXjUj·^cTW�¬bHKQd-SUKgd�j[ExEXVHbH�QP�bXe�S[KÂC]�QP©eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-KÁ}
] NxCDCF�QP(Ng\]P<eÂSUK¢C]P<R8l¼bHT<P"C]E±CF�QP �/<��;(��7,��§j[SUfQR]bXR8^�SUKcS[CF\4T<NQR8R]P<K¢CAI-PiR]\8SUE-K�½-}·½�Ü±eQELP<\OKgEXC

pQR]E�ILSUeQP�pQR8SUo�S[CFS·I-Pi\"CFEÂeg^LK¬bXo�SUT<bXjUj·^ TW�¬bHKQd-P�jUELE-V¶bX�QP�bHe¯egNQR]S[KQd�\]SUo"NQj�bHC]SUE-KÁ}¹¦2�QP<R8PiltE-R8P s
T�bXK±KgEXCnNg\]P�C]�QP<\8PDj�bHR]d-PvjUELE-V¶bX�QP<bXeQ\|SUK©CF�gP4T<NgR]R]PiK¢C>SUo�pQj[P<o�P<K¢CWbHC]SUE-KÁ}�Ä�K±P�µLC]P<KQ\8SUE-KkC]E�C]�QP
�4<��;(��7,d�¤j[SUfQR]bXR8^qSU\2KgP<P<egP<ecS[K�E-R]egP<R>CFE©NQ\8POCF�QPAj�bHR]d-PiR>fQNgCZeg^LK¬bXo�SUT4jUELE-V¶bX�QP�bHeQ\2b�IHbXSUjUbXfQjUP
SUK�CF�QPA\8SUo�NQjUbHCFS[E-K±o�ExegP<jJ}�¦2�QSU\2P�µxC]P<KQ\8SUE-K�R]PiokbXS[KQ\2b(pQR8E-fQjUPio$EXl�ltNgCFNgR]PASUK¢I-Pi\8C]SUd¢bHC]SUE-Kg\<}

ô±ç+��çLåxÓ�å �ªÙ�è¼ÙtÓ�ø úvP<p%P�bHCFbXfQS[jUS[C_^"EXl
egSU\8C]R]S[fQNgCFPieq\8SUo�Ngj�bHC]SUE-KQ\�S[\�bXKQEXC]�QP<R�p�EXSUK¢C��-C]�¬bHC��¬bX\|CFE
f�P"CFbXVXPiK�SUK¢CFE�bHT<T<EXNQK¢CAfw^�CF�QP"SUo�pQjUPioqPiKwCFbHCFS[E-K
}�ò�SUVXP"PiI-PiR8^§EHCF�QPiRD\]TiSUP<K¢C]S[à¬T�P�µxp�PiR]SUo�P<K¢C<�
eQSU\6CFR]S[fQNgC]P<e \]S[o�NQj�b¶CFSUEXKQ\"bHjU\]Ec�¬b�I-P�CFE�f%P�R]P<p%P�b¶CWbXfQj[PX�|bXKge¯pgR]ELeQNQT<P±C]�QP�\FbHoqP�R8P<\]Ngj[CF\(S[K
o�NQj[C]SUpQj[P§P�µxP<TiNgCFS[E-KQ\i}Ä p�EX\]\]S[fQSUj[S[C_^¯ltE-R�KQE-KxGíR]P<p%P�b¶CWbXfQj[P�\]SUo"NQj�bHC]SUE-Kg\�SU\�SUK¢CFR8ExeQNgT<P<e»f¢^
oqPi\]\FbHd-P<\��vS[CF�¯CF�QP�\FbXo�P¤CFSUo�P<\6CWbXo�p
} s K�E-R]egP<R©CFE f%P�R]P<p%P�b¶CWbXfQj[Pcb�\]S[o�NQjUbHCFS[E-K �¬bX\©CFE
d-N¬bXR]bXK¢CFP<P©CF�QbHC"S·CAP�µxP<TiNgCFPi\�jUELT�bHj�PiI-PiK¢CF\Ï£¥¤Q²¥°2«NÀ·¨-ÎÏ«9´�©¡Ð}«�©z£¥¤ «�¨}ô�°m©�Ã}¤¬}k¦2�gPkE-R8eQP<RAEXl
P�µxP<TiNgCFS[E-K±EXl�P�I-PiKwC]\>�vS[C]�qeQS�FÁPiR]PiKwC�CFS[oqPi\8CWbHoqpQ\|S[\|àxµgPie�f¢^�C]�QP4\8SUo�Ngj�bHC]SUE-K©bXj[d-E-R8S[CF�go��-fgNgC
CF�QP2E-R8eQP<R�EXl%PiI-PiK¢CF\��vS[C]�¬«�Â·Ã;¨-ª/²Ä£¥ÎÏ«�À�²�¨-Î�¦±S[\?KQEXC<} s K(\8P<¡wNQP<K¢C]S�bXjQ\8SUo�Ngj�bHC]SUE-KQ\i�¶C]�QSU\�pQR]E-fgjUP<o
T�bXK�f�PAP�bH\]SUj·^±\8E-j[IXP<e�fw^¤P�µxP<T<NxCFSUKgdqTiE-KQT<NgR]R]PiK¢CDPiIXP<K¢CF\�SUK�b h�s~h B�oqbXKQKQPiR<}���E���PiI-PiR<�´CF�QS[\SU\(KQEXC�b§\8E-jUNgC]SUE-K�S[K b§eQSU\6CFR]S[fQNgC]P<e \]S[o�NQj�b¶CFSUEXK
�?f%P<T�bHNQ\]P¤o�P<\]\]bXd-Pi\qbHR]P�CFR]bXKQ\]o�S[C8CFPie bXKQe
eQP<jUb�^XP<e�CF�QR8E-NQd-��b(KQPiC_��E-R]V´}>mnE-KQ\]S[eQP<R2C]�¬bHCvC_�nE�\]S[o�NQjUbHCFE-R8\>\]PiKQe�C_��E�oqPi\]\FbHd-P<\v�vS[C]�¤C]�QP
\FbXo�P"CFS[oqPi\8CFbXoqp�CFE�bkC]�QSUR8e«E-KQPH} s K«CF�QS[\4T<bX\]P©b h�s~h B°E-R8eQP<R8SUKQd±EHl�CF�QP�o�P<\8\FbXdXP<\Of¢^�C]�QPCF�QS[R]e \8SUo�Ngj�bHC]E-ROSU\�KQEXC"bXpQpQR8E-pQR8S�bHC]PX}�¦2�QS[\"SU\Af%P<T<bXNQ\]PkSUK egSGF�P<R]PiK¢C"P�µgPiT<NgC]SUE-Kg\"CF�QPi\]P�C_�nE
oqPi\]\FbHd-P<\Zokb�^�f%P�eQP<jUb�^XP<e�eQSGF�P<R8P<K¢C�bXoqEXNQK¢CF\vEXl�CFSUo�PDCF�gR]E-NQdX��C]�QP£KgPiC_��E-R]V´��bXKQe�okb�^�f%P
R]P<TiP<S·I-P<e�SUK�b(eQSGF�P<R8P<K¢CZE-R]egP<R<}
¦2�QPiR]P2bHR]P>VwKQE��vK(CFPiTW�QKQSU¡wNQPi\?ltE-R�fgR]P�bHVLS[KQd4C]SUP<\ªSUK�egSU\8C]R]S[fQNgCFPie�\]S[o�NQjUbHCFS[E-KQ\<�³PH}ßdQ}��QSUeQegP<K

CFSUo�PO\8CFbXo�p�à¬PijUeQ\i�¬pQR]S[E-R]S·C_^kKwNQo"f�PiR]\<�´E-RvR8P<T<PiS[IXP<RZ\]p%P<T<S·à¬P<e�E-R]egP<R]S[KQd2� ½�ð���} s K�C]�QSU\>C]�QP<\8SU\<� sbXo/NQ\8SUKQd�CF�gP�C]�QSUR8eÂEXKQPX�²f¢^�bXeQegS[CFS[E-K¬bXj[j[^�T<EXKQ\]S[eQP<R8SUKQd�CF�gP s u�\£EXl�CF�gP�\8SUo�Ngj�bHC]E-R]\Df¢^«C]�QPE-R]eQPiR£EHl>PiIXP<K¢CF\£SUK¨b�j[ExT<bXj?¡wNQPiNQPX} s C�d-NQbXRFbXK¢C]P<P<\ACF�QbHC�eQSU\6CFR]S[fQNgC]P<eÂ\]SUo"NQj�bHC]SUE-Kg\4�vS[C]��C]�QP
\FbXo�P±KwNQo�f%P<R£EXlv\]S[o�NQj�b¶CFE-R8\£pQR8ExegNQT<PkC]�QP±\]bXoqPqR]Pi\]NQj·CF\"ltR8E-o�E-KQPkR8NQK¹CFE«bXKQEXC]�QP<Ri}«¦2�QP
\]TW�QPieQNQjUPiRqKgE³� NQ\8P<\�b§T<E-o�p�EX\]S[C]PkCFS[oqPi\8CFbXoqpÁ�?T<R8P�bHC]P<e ltR]E-o{CF�QP±C]SUo�PkEXl4bXK PiIXP<K¢C��nbXKQe
CF�QP s u¾EXlvbc\8SUo�Ngj�bHC]E-R<���v�QS[TW�¹�¬bX\�E-R]S[d-SUKQbHCFPieÂC]�QSU\�PiIXP<K¢C�} s l>C_�nE§P�I-PiKwC]\��¬b�I-PqCF�QPq\FbXo�P
CFSUo�P<\6CWbXo�p
�nC]�QP<K+CF�QP�PiI-PiK¢C�ltR]E-o C]�QPc\8SUo�NQjUbHCFEXR©�vS·CF��b \]oqbXjUj[P<R s u/S[\qpQR8ExTiP<\8\]P<e�àQR]\8C<}
s lnCF�gP<\]P©C_��EcPiIXP<K¢CF\"bXR]P(R8P<TiP<S[IXP<eÂltR]E-o C]�QP©\FbXo�P©\]S[o�NQj�b¶CFE-Ri��CF�gP<K¨C]�QPi^§bXR]P©pQR8ExTiP<\]\8P<e¹S[K
b h�s~h B E-R8eQP<Ri}®¦2�QP h�s~h B E-R8eQP<R8SUKQdÂT�bHK�KQEXCqR]Pi\]NQj·CkS[K�bXo"fQSUd-NgS[CFS[P<\��gP<R]PH�2f�PiT�bXNg\]P�C]�QPT<E-o�o�NQKQS[T�bHC]SUE-K¤pQR8EXCFELT<EXj�¦Zm>z®pQR8E�IxS[eQP<\�E-R]egP<R]Pie«eQPijUS[IXP<R6^¤EXl�o�P<\]\]bXd-Pi\<}Z¦2�QSU\Zd-N¬bXR]bXK¢CFPiP<\
CF�¬bHC�S[lxC_�nEDo�P<\8\FbXdXP<\�TiE-o�P�ltR8E-oÀCF�QP�\FbXo�P�\]SUo"NQj�bHC]E-R<�¶bXKge��¬b�I-PnC]�QP�\FbXo�P�C]SUo�P<\8CFbXo�p
��CF�QP�^
�vSUjUj|f%PkpQR8ExTiP<\8\]P<e S[K CF�QPqE-R]egP<R£�v�gSUTW�¹CF�gPi^Â�nPiR]P±\8P<KQe
}cÄ4KQe�\8SUKQTiPkCF�QPqoqELeQPij�P�µxP<T<NxCFP<\
SUK¹b�eQPiC]P<R]o�SUKgSU\8C]SUT(�nb�^X��bc\8SUo�NQjUbHCFEXRD�vSUjUj�bXj·�>b�^L\"pgR]ELeQNQT<PqoqPi\]\]bXd-P<\"SUK¨C]�QPk\]bXo�PkE-R8eQP<Ri�
pQR]E�ILSUeQPie�C]�¬bHCZS[C>pQR]ELT<Pi\]\]Pi\4S[KQpQNgCvo�P<\8\FbXd-Pi\ZbXjU\8E�S[K�b©egPiCFPiR]o�SUKQS[\8C]SUT4�nb�^-}
¦2�QP�SUK¢CFPiR8l¼bXTiP�C]EÂC]�QP �/<��;(���,��¯jUS[fQRFbHR8^-��NQ\]Pie�SUK CF�gSU\(CF�QPi\]S[\<�2pQR8E³ILS[eQP<\�p�EX\]\]S[fQSUj[S[C_^¨CFE

E-p�PiRFbHC]P�E-KQj·^ �vS[C]��CFSUo�P<\6CWbXo�pQ\i��T<E-K¢CWbHSUKQS[KQd�b§\]SUKgd-jUPkàQP<jUeÁ�|�v�gSUTW�¯SU\"C]�QP�CFSUo�PkltR8E-o{C]�QP
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oqELeQP<j�}+¦2�gP«bXeQegS[CFS[E-K¬bXjnE-R]eQPiR]S[KQd�EXlO\]S[o�NQj·CWbXKQPiE-NQ\(P�I-P<K¢C]\±f¢^+\8SUo�Ngj�bHC]E-R s u4\��¬bX\qC]E¨f%P
SUo�pQjUPioqPiKwC]P<e E-K¯CFE-p+EXlÀ�/<��;(��7,���} s K�EXR]eQPiR�C]E¨TiE-R]R8P<TiC]j[^ eQEÂCF�QS[\<��CF�QP (;:�t;*7.�i¦�7*�n¯�¬bX\
CFE�VwKQE�� bHjUj£b�IHbXS[j�bXfgjUP�PiIXP<K¢CF\§�vS[C]� b�KQP�µLC§C]SUo�P<\8CFbXo�p

Te = Tearliest

f�P�ltE-R]P \8CWbHR8CFS[KQd
CFEÂpQR]ELT<Pi\]\qC]�QP�à¬R]\6CkEXKQPX} s SUo�pQjUPioqPiKwC"CF�QS[\©ltP<bHCFNgR]P�SUK CF�QP¹|&m�D+D�i+,�<+:-5lkA<�m�,~}E,�k4*�ng�/54:-*
CFRFbHKQ\]p¬bHR]P<K¢C]j[^ ltR]E-o C]�QP¬(;:�t;*7.�i¦�7*�n´�4bHKQe+ltR8E-o �/<��;(��7,���S[K+CF�gP�ltE-j[jUE��vSUKQd«�nb�^-}ï�QP<K
CF�QPq\]TW�QPieQNQjUPiR(R]Pi¡LNgP<\8C]\©b�C]SUo�PkbXexIXbHKQT<P±Ngp CFEcC]SUo�P

Te

��CF�gPµ|&m�D+D�i+,�<+:-5lkA<�m�,~}E,�k4*�ng�/54:-*
R]P<¡wNQPi\8C]\�ltR8E-o �/<��;(��7,��¨b±CFSUo�P(bXexIXbHKQT<P©d-R]bXK¢CAEXl

Te + ∆t
^
∆t
S[\Ob�\8okbHjUjªC]SUo�P'_�}£ï�QPiK

S[CDR8P<TiP<S[IXP<\OCF�gSU\Dd-R]bXK¢COS[C4oqP<bXKQ\4C]�¬bHCAbHjUj�oqPi\]\FbHd-P<\ONQK¢C]SUjªC]SUo�P
Te + ∆t

bXR8P�VwKQE��vKÂC]E±CF�QP
(;:�t;*7.�i¦�7*�n´�
bXKgecS[Cv�QbX\�EXR]eQPiR]P<e�CF�QPio�SUK�S[CF\vj[ExT<bXj
¡wNQP<NgP"f¬bX\8P<e«EXK�C]�QP<S[RZ\8P<KQegP<R s u£}Á�ZE³�
CF�QP�|&m'D}D�i+,�<�:75lkA<�m�,Ã}E,�k4*�n��/54:-*cd-RFbHKwC]\ZC]�QPOCFS[oqP

Te

CFE©CF�QP%(4:�t2*7.�ij�7*�n´��bXKQe�S[CvT�bHK�\]bHltP<j·^
\8CWbHR8C2CFE©pQR8ExTiP<\8\ZC]�QPOà¬R]\6C�P�I-PiKwC4SUK±C]�QPAR]E��ÀEXlªPiIXP<K¢CF\Z�vS[C]��b¶C2CFSUo�P

Te

}
�ZEXCFP2C]�¬bHC|�v�QP<K�CF�QP�mnE-o�o�NQKgSUT�b¶CFSUEXK s K¢CFP<R6l¼bXT<PnR]P<¡wNQPi\8C]\>bOCFSUo�P

Te +∆t
ltR8E-o �/<��;(���,��

S[C§TiE-KQeQS·CFSUEXK¬bXjUj·^d-N¬bXR]bXK¢CFPiP<\§CF�¬b¶C§CF�QP \]S[o�NQjUbHCFE-R��vSUj[j"KQEXC�\8P<KQe�bXK¢^Ào�P<\8\FbXd-Pi\Â�vS·CF� b
CFSUo�P<\6CWbXo�p�jUPi\]\£C]�¬bXK

Te + ∆t + Lookahead
} ] NgC"S[C�SU\�p%E-\]\8SUfQj[P©C]�¬bHC"bXK¹P�I-P<K¢C©b¶C£C]SUo�P

Te

d-P<KgP<RFb¶CFP<\�b�o�P<\]\]bXd-Pk�vS·CF�ÂCFSUo�P<\6CWbXo�p
Te + Lookahead

�v�QSUTW� �vS[jUj|KQEXC"f�PkbXT<TiP<pgC]P<e
fw^£CF�QP2\6^LKQTW�QR]EXKQSU\]bHCFS[E-K©oqPiTW�¬bXKQS[\]o�}�¦2�QPiR]PiltEXR]P2CF�QP |&m'D+D�i},�<�:-5lk�<�m�,~}E,dk4*�ng�/5;:-*©eQP<TiR]P�bH\]P<\
CF�QP�jUELE-V¶bX�QP�bHekbHC

Lookahead−∆t
SUKqE-R]eQPiR�C]E"P<Kg\]NQR8P4CF�QP�T<E-R8R]PiTiC2E-p%P<R]bHCFS[E-K�EXl �4<��;(��7,d�%}

¦2�gSU\�o�P�bX\8NQR]PkKQP<PieQ\©b�ltNQR6CF�QPiR�R]P�à¬KQP<o�P<K¢C<�|�v�gP<K S[C"SU\�bHpQpQjUS[P<e¨SUK¹pQR]bXTiC]SUTiPX��f%P<T�bHNQ\]P
EXlð�¬E¢b¶CFSUKgdqp%E-SUK¢C�R]E-NgKQeQE-FÂP<R8R]E-R8\<}Z¦2�QSU\ZSU\Zf%P<T�bHNQ\]P"C]�QP"o�ELeQP<j²T<EXoqpQNxCFP<\ZCF�QP�CFS[oqPAEXl?C]�QP
KQP�µLCZPiIXP<K¢CDf¢^%y

Tnext = Te + Lookahead

bHKQe�C]�QP �4<��;(��7,d�¤TiE-o�pQNgCFPi\4b©T<EXKQeQS[C]SUE-KQbXjÁd-NQbXRFbXK¢C]P<POltE-RvKQE�oqPi\]\FbHd-P<\i�%\8P<K¢C�NQK¢CFSUj
C]�QP
CFSUo�PXy

Tguarantee = (Te + ∆t) + (Lookahead − ∆t)

s C�SU\Zp%E-\]\8SUfQj[PAC]�¬bHC
Tnext < Tguarantee

eQNgP£CFEv�¬E¢b¶CFSUKgdqR8E-NQKQeQE>F¨PiR]R8E-R]\i}2¦2�QP<R8PiltE-R8PX��C]�QP
mnE-oqo"NQKQSUT<bHCFS[E-K s K¢CFPiR8l¼bXTiP4ltNQR6CF�QPiRZegP<T<R8P�bX\8P<\ZCF�QPAjUELE-V¶bX�QP<bXe¤bHC

Lookahead − 2 ∗ ∆t
}|¦2�QP

TW�QE-SUTiP"ltE-R
∆t = 1e−12

S[\D\]N/�qTiSUPiKwC]j[^cfQSUdkC]E�T<E-o�p%P<KQ\]bHCFP(R8E-NQKQeQE>F¹P<R8R]E-R8\ObXKQe�d-NQbXRFbXK¢C]P<P
CF�¬bHC

Tnext > Tguarantee

}"BDK�C]�QP�EXC]�QP<RO�QbXKQe�S[C4SU\D\8N4��T<SUPiK¢CFj[^c\]oqbXjUj�^6½(pgSUT<EX\]P<TiE-KQe`_��²bXKQe
eQExPi\vKQEXCv�¬b�I-P£b(\]S[d-KQS[àQT�bXK¢CvSUo�p¬bXT�C2E-K¤CF�QPAp%P<R6ltE-R]oqbXKQTiPOEXl�egSU\8C]R]S[fQNgCFPie¤\]SUo"NQj�bHC]SUE-KÁ}

�Hú[ó	ú[ó * Õ%þiÓE�ªÔ³Õ�Ø-çLþ�þ�Ù¼Ò²ë Õ´ÿvô±çLþ�×ªè Ó³þ
Ä�l CFPiR"CF�gP±eQSU\6CFR8SUfQNgC]P<e�\8SUo�NQjUbHCFS[E-KÂ�¬bX\"à¬KgSU\]�gP<e
�|P�bHTW�¯\8SUo�Ngj�bHC]E-R£pgR]E�ILSUeQPi\��QSU\6CFE-R6^ EHlZC]�QP
\]NQfxGíoqELeQPijD�v�QSUTW�ÀS·C��¬bX\�\]SUo"NQj�bHC]P<e
} s CcS[\�S[Kñb ltE-R]o EHl(b¯C]P�µLCcàQjUPX���v�QP<R8P¹P�bXTW�»jUS[KQPT<E-K¢CWbHSUKQ\¤SUKxltE-R]oqbHCFS[E-K�bHf�E-NxCcbHK»P�I-P<K¢C<�OPX} dQ}¯�~b�KQExegPÂ�QbX\�\8P<K¢Ccb pQbXTWVXP�C§bHC�C]SUo�P

T1

�F�
E-R[�~b�KQELeQPqR]P<TiP<S·I-P<e¯b�p¬bXTWVXP�C�bHC�CFSUo�P

T2

�F}�¦2�gP±PiIXP<K¢CF\i�|�vR8S[C8CFP<K SUK P<bXTW� bXR8Pk\]EXR8CFPie¹f¢^
CF�QPiSUR>CFS[oqPi\8CFbXoqpg\<}
¦2�gP<K
�QC]�QPOCWbX\8V±EXl²CF�QPAo�ExegNQjUPZltE-R2p�EX\8CFpgR]ELT<P<\8\]S[KQd©SU\ªû8NQ\6C2CFE©oqPiR]d-PDC]�QP<\8PA�QSU\6CFE-R6^kà¬j[P<\

SUK¢CFE¤b�\]S[KQd-j[P"�QS[\8CFEXR8^càQjUP(EXl|CF�gP��v�QE-jUP(o�ELeQP<j�} s CANQ\8P<\ACF�QP�C]SUo�P<\6CWbXo�pQ\4EHl�C]�QP(PiIXP<K¢CF\ACFE
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E-R]eQPiR�C]�QP<oÃSUK�CF�QPZà¬K¬bXj%R]Pi\]NQj·C�}��?IXP<K¢CF\>C]�¬bHC��¬b�I-P4C]�QP4\]bXoqPvCFS[oqPi\8CFbXoqpÁ�¢fQNgC2bHR]P4P�µxP<T<NxCFP<e
E-K�egSGF�P<R]PiK¢C�\8SUo�Ngj�bHC]E-R]\nbXR]POltNQR6CF�QPiRZEXR]eQPiR]P<e�f¢^±CF�gP<SUR2\8SUo�Ngj�bHC]E-R s u"}

á�iÔÓ MN¼U½
Ì~ã�½ðo/|jl
n¾lRuvo/w�q K7ä ÚKÌ~q�äåqHnpo/½ðo4|~l
n
¦2�QSU\(\8P<TiC]SUE-K�TiE-KQTijUNQeQPi\�CF�QPkeQP<\8T<R]S[pgCFS[E-K¹EXlvC]�QP±SUo�pQj[P<o�P<K¢CWbHC]SUE-KÂEXlvCF�gSU\£C]�QP<\8SU\i} h SUR]\6C�� s
\]NQo�okbHR]SU\8P�C]�QPcS[oqpQj[P<o�P<K¢CWb¶CFSUEXK�bXKge�eQSU\8T<NQ\8\�S[C]\qoqbXSUK�bXegIHbXK¢CWbHd-P<\�bHKQe®eQSU\]bXegIHbXK¢CWbHd-P<\i}
¦2�QP<K
� s TiE-KQTijUNQeQPACF�gSU\v\]PiTiCFS[E-K�fw^�bHK�P�IXbHjUN¬bHC]SUE-K�EHl�CF�gP£S[oqpQj[P<o�P<K¢CWb¶CFSUEXK
�xTiE-KQ\8SUeQPiR]SUKgd©C]�QP
d-E¢bXj
EHlªC]�QPOCF�QPi\]SU\2C]EkbXTW�gSUPiIXP�b©p%E-\8S[CFS·I-PO\8p�PiP<eQNQpÁ}

Ñ<æ��ªètçxæ¨çxÒ%Ó�ågÓ³ÙtÕ%Ò ÷�×�æ¹æ ågÔ³ø ¦2�QP S[oqpgjUP<o�P<K¢CFbHCFS[E-K EHlC]�QP p¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<e
\]SUo"NQj�bHC]SUE-KO\6^L\8CFPio�ltE-R
�vSUR8P<jUPi\]\�KQPiC_��E-R8VL\ªSU\�bXK�P�µLCFPiKQ\]S[E-K£C]EZC]�QP|KQPiC_��E-R8V�\8SUo�Ngj�bHC]E-R
KQ\~G6�4� î>��}
s C��QbX\ZbXeQeQPie�C]�QPOltE-jUj[E³�vS[KQd�KQP��ÀTiE-oqp%E-KQPiK¢CF\<y

•
��P�C_�nEXR]V�d-R]bXpQ�
¦2�QSU\�T<E-o�p%E-KQP<K¢CnSU\�R]P<\8p�EXKQ\]S[fQjUPZCFE�R8P<pQR8P<\]PiK¢C>CF�QP4KQPiC_��E-R]V�o�ExeQPij´EXl²KQ\6G~�£bX\nb"d-R]bXpQ�
bXKQe�p¬bHR8CFS·CFS[E-K S·C"ltE-R"C]�QP±eQS[\8C]R]SUfgNgCFPie�\]SUo"NQj�bHC]SUE-KÁ} s C(pQR8E�IxS[eQP<\©bHK�SUK¢CFPiR8l¼bXTiPkCFEcC]�QP
0;*�kA<�3©jUS[fQRFbHR8^��ÝÞE��}

•
rxS[o�NQj�b¶CFE-R�\]TW�QPieQNQjUPiR
¦2�QSU\�S[\�bD\]S[o�NQjUbHCFE-Rª\]TW�QPieQNQj[P<R<�¢C]�¬bHC�S[\�b��>bXR8PvEXl´CF�QP2p¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<e�\]S[o�NQjUbHCFS[E-K
�
bXKQe�NQ\]Pi\4b(TiE-KQ\]PiR8IHbHC]S[I-P£bXj[d-E-R]S·CF�QoºC]E�TiE-K¢CFR8E-j�S[C]\2P�µxP<TiNgCFS[E-K
}

•
mnE-o�o�NQKQS[T�bHC]SUE-KkSUK¢CFPiR8l¼bXTiP
¦2�QSU\ o�ExegNQjUP°pgR]E�ILSUeQPi\¸\8P<R6IxS[T<Pi\¸C]EP�µxTW�¬bXKQd-PÅo�P<\]\]bXd-Pi\�bHKQe�\8^LKQTW�QR8E-KQSU\8PÅC]�QP
P�µxP<TiNgCFS[E-K¤EXl²CF�QP4oqELeQP<j%�vS[C]��EXCF�QPiR>\]S[o�NQjUbHCFE-R8\nS[KkCF�QPO\6^L\8CFPio�} s C2Ng\]P<\>C]�QP��/<��2(��7,��
jUS[fQRFbXR6^q�v�gSUTW��SUo�pQjUPioqPiKwC]\>o�E-\8CvEXl�CF�gP<\]P�\]PiR8ILSUTiP<\·� Û7��}

s K£E-R8eQP<R�C]E�R8P<T<EXKQ\8C]R]NQT�CªC]�QP|KQ\6G~�2\8SUo�Ngj�bHC]E-RÁltR]EXoÀbv\]P<¡wNQPiK¢CFS�bHjwC]EZbZeQS[\8C]R]SUfgNgCFPie�EXKQPX�¶\]E-o�P�EXl
S[CF\|TiE-oqp%E-KQPiK¢CF\��¬b�I-P4f%P<PiKko�ExegS[à¬Pie
}�¦2�QPi\]P�oqELeQS[àQT�bHC]SUE-KQ\��¬b�I-PDbAoqbXK¬bXd-PioqPiK¢C�ltNQKQTiC]SUE-KÁ�
bXKQeeQE KQEXC�TW�QbXKQd-P§CF�gP§\]P<oqbXK¢CFS[T<\±EHl£C]�QP§oqELeQPijJ} ¦2�QPi^®bXR]P«oqbXS[KQj[^¯SUK�C]�QP«ltE-j[jUE��vSUKQd
T<E-o�p�EXKQP<K¢CF\iy

•
ïSUR8P<j[P<\]\vKQP�C_�nEXR]V
¦2�QP<\8P4o�ExegS[à¬T<bHCFS[E-KQ\|bXR8PZKgP<P<egP<ekC]E£VHP<P<pqCF�QPZSUK¢CFPid-R]S·C_^(EXl�CF�QPvKQP�C_�nE-R8V©oqELeQP<j´bHT<R]EX\]\
o�NQj·CFSUpgjUP�\]S[o�NQjUbHCFE-R8\<}�Ä>C�CF�QP�p�EXSUK¢CF\��v�QPiR]P�C]�QP�KQPiC_��E-R]V�SU\s�_T<NgCj�|ltR]E-oñC]�QP�\]P<pQbXRFbHC]SUE-KÁ�
CF�QP"SUK¢CFPiRFbXT�CFSUEXKQ\�f%PiC_��P<PiK§oqELeQPijªTiE-oqp%E-KQPiK¢CF\4�Qb�IXP"CFEqf�P£R]PipQj�bXTiP<e«f¢^�P�µxTW�¬bXKgd-P�EXl
oqPi\]\]bXd-P<\�bXo�E-KQd�C]�QPA\]SUo"NQj�bHC]E-R]\i}
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•
úZbXKQeQE-o KwNQo�f%P<Rvd-P<KgP<RFb¶CFSUEXK
¦2�QP<\8P�o�ExeQS·à¬T�b¶CFSUEXKQ\§bXj[jUE��;C]�QP+R8P<pQj[SUT<bHCFPie�\]S[o�NQjUbHCFS[E-K�EXl�f%E-R]egP<RÂKQExegP<\<} ¦2�QP�^
d-N¬bXR]bXK¢CFPiP C]�¬bHCÂo�NQj·CFS[pQjUP¹S[KQ\8CFbXKQTiP<\ÂEXl±f%E-R]egP<R�KQELeQP<\Â�¬b�I-P CF�QP¯\FbHoqP \8C]ExTW�QbX\8C]SUT
f�Pi�¬b�ILSUE-NQRi}

•
¦2SUo�PDo�ExegNQjUP
¦2�QSU\�SU\nb"\8C]R]NQT�CFNQR8PDCF�¬bHCnR]PipQR]Pi\]P<K¢C]\vC]SUo�P�S[KkCF�gPD\]S[o�NQj�b¶CFSUEXK�\6^L\8CFPio�} s C2S[\�KgP<P<egP<e�CFE
P<KQ\8NQR]P�R]Pip�P<bHCWbHfQSUj[S[C_^�EXlªeQSU\6CFR]S[fQNgC]P<e¤\]S[o�NQj�b¶CFSUEXKQ\<}

¦2�QPvE³�vK�SUo�pQj[P<o�P<K¢CWbHC]SUE-K"bXo�E-NQK¢CF\�bXR8E-NQKQe©Û¢¿-¿X¿g�¢jUS[KQP<\?EHlÁTiExeQPvS[Kkm`_a_¥bXKQekBO¦�T<j�}�¦2�QR8P<P
CF�QS[R]eQ\�ltR]EXo»CF�gP<o bXR8P�S[oqpgjUP<o�P<K¢CFbHCFS[E-KDEXlgKQPi��TiE-o�p�E-KgP<K¢CF\i�XbXKge�C]�QP�R8P<\6C�bHR]P|oqELeQS·à¬T�bHC]SUE-Kg\
EXlªC]�QPAKQ\6G~�"CFE©okbHK¬bXd-PDC]�QPAp¬bXRFbHjUjUPij¥&HegSU\8C]R]S[fQNgCFPiek\8SUo�NQjUbHCFS[E-K
}
ù ÖH�Qå¬Ò%Ó�åQë´çLþ

•
a�ELeQNQjUbXR s o�pQjUPioqPiKwCFbHCFS[E-K
¦2�QP�SUo�pQj[P<o�P<K¢CWbHC]SUE-K�ltE-j[jUE��nPie CF�gP�eQP<\8SUd-K bXKge��¬bX\©bXj[\]E§b«o�ExegNQj�bXR�K¬bHC]NQR]PH}¨¦2�gSU\
bXjUj[E��v\ÁCFEvTW�¬bXKgd-P|\]E-o�P�p¬bXR6CF\²EXlLCF�QP�\6^x\6CFPio �vS·CF�QEXNgC²b>F�P<T�CFSUKgdZEHCF�QPiR�SUo�pQjUPioqPiKwCFbHCFS[E-K
}
h E-R(P�µgbXo�pQjUPH��CF�QP�\8^LKQTW�QR8E-KQS[\FbHC]SUE-K¯bXj[d-E-R]S·CF�Qo{T�bHK+f%P¤R]P<pgj�bXTiP<e �vS[CF�¯bXKgEXCF�QPiR©E-KQP
�v�QSUTW��P�µLC]RFbXT�CF\|�QSUdX�QP<R�j[ExE-V¶bX�gP�bXeQ\?ltR8E-o�C]�QPvoqELeQPij¬bXKQe©pQR8E-oqS[\]Pi\|b��QS[d-�QPiR�\]p%P<P<egNQp
}
¦2�QSU\ T<bXK f%P¥eQE-KQP®�vS[C]�QE-NgC¯TW�¬bHKQd-SUKgd¸C]�QPp¬bXR8C]S[C]SUE-KQS[KQdQ�kC]�QP¥bXjUdXE-R]S·CF�Qo EXlcC]�QP
\]TW�QPieQNQj[P<R<�¬C]�QPAE-p�PiRFbHC]SUE-Kg\nltE-R2\]PiKQeQS[KQdkbHKQe�R8P<TiP<S[ILS[KQd©oqPi\]\FbHd-P<\i}

•
úvP<p%P�bHCFbXfQSUj[S[C_^
¦2�QP{SUo�pQjUPioqPiKwCFbHCFS[E-K SUK¢C]R]ELeQNQT<Pi\ TiE-o�p�E-\8S[C]P�C]SUo�P<\6CWbXo�pQ\�CFE d-N¬bXR]bXK¢CFPiP{C]�¬bHC
eQSU\6CFR8SUfQNgC]P<e©\]S[o�NQjUbHCFS[E-KQ\ªbXR]PvR]Pip�P<bHCWbHfQjUPH}�¦2�QPZNQ\]Pieqo�PiC]�QELe©ltEXR�R]P<p%P�b¶CWbXfQS[jUS·C_^£S[\�P�bX\6^
CFE�SUo�pQjUPioqPiK¢CZbXKQec�QbX\4b©KQPid-jUS[d-SUfQj[PDT<EX\8C�}ZmnEXoqp%E-\]S·CFPDC]SUo�P<\8CFbXo�pQ\2�nPiR]P"S[K¢CFR]ELeQNQTiP<e
SUK®KQ\~G6�¨�vS·CF�QE-NxC¤oqELeQS[àQT�bHC]SUE-KQ\�EXlACF�gP§\]SUo"NQj�bHC]SUE-K+oqELeQPijU\<�vNQ\8SUKQd E-fwû8P<TiC6G_E-R8SUPiKwC]P<e
pQR]EXd-RFbXo�o�SUKQd�CFP<TW�gKQSU¡wNQPi\<}

ý�Ù¼þ<å¬ÖH�QåQÒ�Ó�åQë´çLþ
•
ò�E��>G_R]PipQR]Pi\]PiKwCFbHCFS·I-P"MAR]bXpQ��z�bHRFbXo�PiC]P<R]\
¦2�QP d-RFbHpQ��CF�¬bHC�R8P<pQR8P<\8P<K¢CF\ÂCF�QP KQ\~G6��KQPiC_��E-R8V�eQExPi\�KQEXC�R]P��¬P<T�C�CF�QP¯bXo�E-NQK¢C�EXl
T<E-o�pQNgCFbHCFS[E-KQ\vCF�¬b¶CAbXR]P"KQP<PieQP<e§CFEk\]SUo"NQj�bHC]P�bkKgPiC_��E-R]V�KQExegPX}A¦2�QP�NQ\8P<e�o�ExeQPijU\�SUK
CF�QP�T<E-K¢C]P�µLC|EXl¬CF�gPnCF�QPi\]S[\?NQ\]PnT<E-o�o�NQKQS[T�bHC]SUE-K�pQR8EXCFELT<E-j[\<�¶�v�QP<R8P>KQELeQP<\?�Qb�IXP2eQSGF�P<R8P<K¢C
R]E-j[P<\£bXKQe�KQPiP<e�eQS�FÁPiR]PiKwC�bXo�E-NQK¢C�EXl>pQR]ELT<Pi\]\]S[KQd§p%E³��P<R"R]P<\8p�PiTiC]S[I-Pij[^X}«¦2�QP±R8E-jUPi\"EXl
CF�QPAKQP�C_�nEXR]V¤KQELeQP<\ZbXR8P�egPiCFPiR]o�SUKQPiecb¶C�R8NQKxGJCFSUo�PX�QbXKQe¤CF�QPiR]PiltEXR]P�bXR]PAKQEHC�TiE-KQ\8SUeQPiR]P<e
f¢^±CF�QPOpQbXR8C]S[CFS[E-KQS[KQdQ�w�v�QSUTW�¤ELT<T<NgR]\vf�P�ltE-R]PO\8SUo�Ngj�bHC]SUE-K
} s lªC]�QP�bXo�E-NQK¢C2EXlªpQR]ELT<Pi\]\8SUKQdp�E���P<RD�nbX\AT<E-Kg\]SUegP<R]Pie¨f¢^�CF�QP(p¬bHR8CFS·CFS[E-KQSUKgdqCF�gSU\4��E-NQj[eÂR8P<\8NQj[CAS[K�b±f�P�C]CFPiROf¬bXjUbXKQT<PH}
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Ä4K�bXj·CFP<R8K¬bHC]S[I-P4bXpQpQR8E¢bXTW�±��E-NQj[e�f%P4C]E(\8CWbHR8Cvb�\8P<¡wNQP<K¢C]S�bXj
\8SUo�Ngj�bHC]SUE-K©ltE-R2b��v�QS[jUPX�LjUP�C
CF�QPAKQELeQPi\�eQP�CFPiR]o�SUKQPDC]�QP<S[R2R]E-j[P<\<�QC]�QP<K�p¬bXR6CFS·CFSUEXK±CF�QPA\]S[o�NQjUbHCFS[E-K�bXKQe�T<EXKwC]SUKwNQPAS[CvS[K
b�eQSU\6CFR]S[fQNgC]P<e§�>b�^X}�¦2�QSU\�bXpgpQR]E¢bHTW����E-NQj[eÂbXjU\8E�jUP�bHe«CFE�b�f�P�C]CFPiROP<\6CFSUoqbHC]SUE-K«EHl�C]�QP
T<E-o�o�NQKgSUT�b¶CFSUEXKkp¬bHC8CFPiR]KQ\2f%PiC_��P<PiK�KQP�C_�nEXR]V±KQELeQPi\<}|¦2�QSU\>bXpQpQR8E¢bXTW���nEXNQjUe¤bXj[\]E(f%POb
KQP�µLC�\8C]P<p�SUK¤oqE�ILSUKgd�CFE��>bHR]eQ\ZoqEXfQSUj[S[C_^�SUK�eQS[\8C]R]SUfgNgCFPie�\8SUo�Ngj�bHC]SUE-KQ\i}

•
rxoqbXjUjÁò�ExE-V¶bX�gP�bXeQ\
¦2�QP±j[ExE-V¶bX�gP�bXeQ\i��C]�¬bHC�bXR]P�NQ\]Pie¹ltE-R�eQSU\6CFR]S[fQNgC]P<e \8SUo�Ngj�bHC]SUE-K�SUo�pQj·^«I-PiR8^¨\]�QE-R6C"\]bHltP
�vSUKQegE³�v\"bXKQeÂeQELP<\�KQEXC£pQR]E-o�SU\8P©b�p¬bHRFbXj[jUP<j[SU\8o�}(�?IXP<K¹CF�gE-NQd-��CF�QP�o�ExeQPij�pQR]E�ILSUegP<\
VwKQE��vjUP<egd-P�C]E�P�µLCFR]bXTiC�d-R8P�bHC]P<R©jUELE-V¶bX�QP<bXeQ\<��C]�QPi^�T<bXK¯KQEXC©f%P�Ng\]P<e�bHC(CF�gP�TiNQR]R8P<K¢C
\8CFbXd-PO�vS[C]�¤C]�QP÷�/<��;(��7,��¤oqS[eQeQjUP��>bHR]PX}

���Qå¬è¼×²ågÓ³ÙtÕ�Ò ¦2�QP�\8E-jUNgC]SUE-K¸EXl�C]�QSU\�CF�QPi\]S[\¨CWbH\]V pQR]E�ILSUegP<\¹b»p¬bXRFbHjUjUPij©bXKQe�eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]E-R«ltE-R§�vSUR8P<j[P<\]\ÂbXeLG_�QELT KQPiC_��E-R]Vw\i} s �¬b�I-P+\]E-j·I-P<e¸CF�QP CWbH\]VÀCFECFR]bXKQ\6ltE-R]o C]�QP\]SUo"NQj�bHC]E-R¤KQ\6G~�¯ltR]EXo b¯\]Pi¡LNgP<K¢CFSUbXj"E-KgP CFE�b�p¬bXR]bXjUj[P<j¥&¶eQSU\6CFR]S[fQNgC]P<e®E-KQPH} Ä eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-K�KQE��»pQR]ELeQNQTiP<\>CF�gPD\FbXo�PDR8P<\]Ngj[CF\>bX\2b�\]Pi¡wNQP<K¢CFSUbXj
E-KgPX}�¦2�QPDltE-j[jUE��vSUKgd£pQR8E-fQj[P<o�\
bXR]Pv\8C]SUj[jgjUP�l C�CFE�f�Pv\8E-j[IXP<e�SUK©E-R]egP<R�CFE�bXTW�QS[PiIXP�\8p�PiP<eQNQpqSUK©\]S[o�NQjUbHCFS[E-K�EXl%�vSUR8P<jUPi\]\|KQP�C_�nE-R8Vw\<y

•
u�^LK¬bXo�SUTAò�ELE-V¶bX�QP<bXe
Ä¾o�PiC]�QExe¨ltE-R"eg^LK¬bHoqS[T�bXj[j[^«TW�QbXKQd-S[KQdcCF�gPkjUELE-V¶bX�QP<bXe S[K¹eQS[\8CFR8SUfQNxCFP<e¨\]S[o�NQj�b¶CFSUEXKÂS[\
KQP<PieQP<ecSUK¤E-R]egP<R2CFE�bXTW�QS[PiIXP"b©p�EX\]S[C]S[IXPO\]p%P<P<egNQp
}n¦2�gSU\v\8C]P<p�T�bXK�f�PAS[oqpQj[P<o�P<K¢CFPie�bX\
b�pQbXR8C£EXlnC]�QPp�`<��;(��7,�� j[SUfQR]bXR8^�� Û>�J�²�v�QSUTW�¨R]Pi¡LNgSUR]Pi\"b�I-PiR8^Âd-ELExeÂNQKQegP<R]\6CWbXKgeQSUKQd�EXl
S[C]\2E-p�PiRFbHC]SUE-KÁ}

•
u�^LK¬bXo�SUTAúvP<pQbXR8C]S[CFS[E-KQS[KQd
u�^LK¬bXo�SUT�R8P<p¬bXR6CFS·CFSUEXKQSUKQd�EXlLCF�QP|\]S[o�NQjUbHCFS[E-K4o�ExegP<jXT<bXK�P<K¬bXfgjUP�o�E-fQSUj[S[C_^vS[KOeQSU\6CFR]S[fQNgC]P<e
\]S[o�NQj�b¶CFSUEXKQ\"EXlv�vS[R]P<j[P<\8\(KQPiC_��E-R]Vw\i}¯¦2�gP�oqbXS[K�TW�¬bXjUj[P<KQdXP±�QP<R8P¤SU\"C]�QP¤oqS[d-RFbHC]SUE-KÂEXl
KQELeQP<\vSUK�C]�QPA\]SUo"NQj�bHC]SUE-KkoqELeQP<j�ltR]E-o E-KQPA\]S[o�NQj�b¶CFE-R�CFE�bXKQEXC]�QP<Ri}

Äñ\]EXjUNgC]SUE-K©EXl
C]�QP<\8P�C_��E"pQR8E-fQj[P<o�\��vS[jUjQj[P�bXe�CFE£b�ltNQj[j[^�ltNQKgTiCFS[E-K¬bXj¬pQbXRFbXj[jUPij¬bXKQeqeQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]E-RnltE-R2o�E-fQS[jUP4bXexG_�gExTOKQP�C_�nEXR]Vw\<}



b ced /§Ï>� � Y ÏvÎ©���éM c \D�¶M $ �A� � Í£Î
¦2�QSU\>TW�QbXpgCFPiRveQP<\8T<R]S[f�Pi\2P�µxp%P<R]S[oqPiK¢CF\<�xCF�¬bHCnI-P<R8S[l ^±bXKQe�PiIHbXj[N¬bHC]P4CF�QPOS[oqpgjUP<o�P<K¢C]P<e±p¬bHRFbXj[jUP<j
bXKQe�eQSU\6CFR]S[fQNgC]P<eA\]S[o�NQj�b¶CFSUEXKO\8^L\8C]P<o�} h S[R]\8C<�³SUK�ág}·½�S·C²pQR]Pi\]P<K¢C]\ªCF�gP�dXE¢bXjU\�EHlgCF�gP�P�µxp�PiR]SUo�P<K¢CFbXj
\8CFNgeg^ÂbXKQe�P�µxp%P<T�CWbHC]SUE-KQ\AltE-RDC]�QP©R]P<\8NQj[C]\<�²f¬bX\8P<e¨E-KÂC]�QP©eQP<\8SUd-KÂbXKgeÂC]�QP©SUo�pQjUPioqPiKwCFbHCFS[E-K
}
¦2�QP<K
�c\]P<T�CFS[E-K$ág}Ý�¸egP<\]TiR]S[f�Pi\+CF�gPñ\8C]RFbHC]P<dX^ÃltE-R R8P�bXj[SU\Fb¶CFSUEXKÅEHl«CF�QP»P�µxp%P<R]S[oqPiK¢CF\<�cbXKQe
CF�QP�\8C]R]NQT�CFNQR8P¨EHl"CF�gP<SUR�egP<\]TiR]S[pgCFS[E-K
} rxP<T�CFS[E-KQ\�ág}ßÜ+bXKgeñág} Û eQP<\8T<R8SUf%PÂC]�QP�R]P�bHjUSU\]bHCFS[E-K®EXl
CF�QP«P�µxp�PiR]SUo�P<K¢C]\¤bXKQe®pQR8P<\]PiK¢C�C]�QP«R8P<\]Ngj[CF\i}°rLP<TiC]SUE-Káx}ÝÜ¹d-R8E-NQpQ\kP�µxp�PiR]S[oqPiKwC]\±CF�¬b¶C±CFPi\8C
P<o�pQSUR8SUT�bHjUj[^¨CF�QP�T<E-R8R]PiTiC�E-p%P<R]bHCFS[E-K¯EXlOCF�QPceQSU\6CFR]S[fQNgC]P<e�\8SUo�Ngj�bHC]SUE-K¯\8^L\8C]P<o�} rxPiTiCFS[E-K®ág} Û
pQR]Pi\]P<K¢C]\OP�µxp�PiR]S[oqPiKwC]\4CF�QbHCOo�P�bX\8NQR]P�CF�QP�\8p�PiP<eQNgp
��d¢bXS[KQP<ecltR8E-o p¬bXR]bXjUj[P<j²\]S[o�NQj�b¶CFSUEXK
�´bXKQe
P<\8C]SUoqbHCFP�CF�QP�p%E-\8\]SUfgjUPk\8p�PiP<eQNgp¯ltR8E-o pQbXRFbXj[jUPij�bHKQe eQSU\6CFR]S[fQNgC]P<e¹\8SUo�NQjUbHCFS[E-K
}«Ä�KQe¹à¬K¬bHjUj[^
\]P<T�CFS[E-K¸ág}ÚÞ�\8NQoqoqbXR8SU\]Pi\cCF�gP�R]P<\8NQj[C]\�EXl©CF�QP P�µxp%P<R8SUo�P<K¢CWbXj"\8CFNgeg^-�©bXKge¸P�IHbXjUN¬b¶CFP<\«C]�QP<S[R
T<E-K¢CFR8SUfQNxCFSUEXKQ\2CFE±bHTW�QSUP�I-P"S·CF\vd-E¢bHjU\<} s C4TiE-KQTijUNQeQPi\�C]�QSU\Z\]PiTiCFS[E-K��vS·CF��eQSUR8P<T�CFSUEXKQ\ZltEXRvltNgR8CF�gP<R
P�µxp�PiR]S[oqPiKwCFbXj
\6CFNQeQS[P<\i}
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¦2�QP|oqEX\8C²SUo�p%E-R8CFbXK¢C
R]Pi¡wNQSUR8P<o�P<K¢C²CFEZbXK¢^OT<EXoqpQNxCFP<R²pQR8E-d-R]bXoñS[\
CF�¬bHC²S·C²E-p%P<RFb¶CFP<\²bH\�S·C
SU\�CF�QE-Ngd-�¢C>CFEQ}�¦2�gP<R]P�ltE-R]PH�gCF�gP4à¬R]\6Cvd-E¢bXj%EXl²CF�gPDP�µxp%P<R]S[oqPiK¢CF\>S[\nCFE�pgR]E�I-PAP<o�pQS[R]SUT<bXjUj·^
CF�QP�TiE-R]R8P<TiC�E-p%P<R]bHCFS[E-KEXl"C]�QP¨egSU\8C]R]S[fQNgCFPie\]SUo"NQj�bHC]SUE-K®\6^L\8CFPio��OegPiI-PijUE-p%P<e»SUKCF�QS[\
CF�QPi\]S[\<}�¦2�QP�pQR]ELEXl��QPiR]PDS[\�EXKQj[^�P<o�pQS[R]SUT<bXjJ�Xf�PiT�bXNQ\8POb"eQS[\8C]R]SUfgNgCFPiek\]S[o�NQjUbHCFS[E-K©\8^L\8C]P<o
SU\vb(�QS[d-�Qj[^qT<EXoqpQj[P�µ±\8^L\8C]P<obXKQe¤S[CvT<bXK�f�PO�¬bHR]eQj·^¤bXK¬bXj·^wCFSUT<bXjUj·^(CFPi\8CFPie
}

�x}�rx�QE��ÀegP<p%P<KQeQPiKQTi^¤ltR8E-o¾j[ExE-V¶bX�gP�bXe
Ä¾\8SUd-KQS·à¬T�bHKwC"eQRFb��vf¬bHTWV¨EXl2C]�QP±S[oqpQj[P<o�P<K¢CWb¶CFSUEXKÂEHl2CF�QS[\£CF�gP<\]S[\"S[\£CF�gP±NQ\]PkEXlv\]�QEXR8C
jUELE-V¶bX�QP<bXeQ\<�-�v�gSUTW�±eQE£KQEXC�pQR8E-oqS[\]PZb£p%E-\8S[CFS·I-Pv\]p%P<PieQNQp
}|¦2�QPiR]P�ltE-R]PH�LC]�QP4\8P<T<EXKQe±d-E¢bHj
EXlgC]�QP�P�µxp�PiR]S[oqPiKwCFbXjw\8C]NQeg^�SU\�CFE�\]�QE���C]�¬bHC�S[lxCF�QP�jUELE-V¶bX�QP<bXe��nbX\��QSUdX�QP<Ri�¶C]�QPn\8p�PiP<eQNQp
�nEXNQjUe¤f%P�p%E-\8S[CFS·I-PH}

���H��çLØXÓ�ågÓ³ÙtÕ%Òªþ ] bH\]P<e+E-K CF�QP�eQP<\8SUd-K�bXKQe¯CF�QP�SUo�pQjUPioqPiK¢CWbHC]SUE-K¹EHl4CF�gSU\(CF�QPi\]S[\±bXKQe¯E-KpQR]PijUSUo�SUKQbXR8^(C]P<\8Cv\8SUo�Ngj�bHC]SUE-KqR]NQKQ\i� s T�bXK¤oqbXVXPDC]�QPDltE-jUj[E��vSUKQd£P�µxp�PiTiCFbHCFS[E-KQ\>ltE-R>C]�QPOR]Pi\]NQj·CF\
ltR]E-oÅCF�QPAP�µxp%P<R8SUo�P<K¢CF\iy
½-}Zu4SU\6CFR8SUfQNgC]P<e¤\]S[o�NQjUbHCFS[E-KQ\nEXp�PiRFbHC]P�TiE-R]R8P<T�CFj[^
u4SU\6CFR8SUfQNgC]P<e \8SUo�Ngj�bHC]SUE-K eQELP<\ KgEXC S[KwC]R]ELeQNQTiP bXK¢^ bXeQeQS·CFSUEXK¬bXjÃoqELeQPij·G_R8P<jUbHCFPie
T<E-o�pQNgCFbHCFS[E-KQ\i�xf%P<T<bXNQ\]POEHl�CF�QPDR8P<eQNgKQe¬bXK¢Cv\]S[o�NQjUbHCFS[E-KqEHlªf%E-R8eQP<R�KQExegP<\<} s CvbHjUjUE��v\|CFENQ\]P�oqP�CF�QELeQ\�EXl
C]�QP4\8P<¡wNQP<K¢C]S�bXj%\]S[o�NQj�b¶CFE-R�CFE£T<E-o�pQNgC]P�S[K¢CFP<R]bXTiC]SUE-Kg\�f%PiC_��P<PiK�E-fLû8P<T�CF\
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SUKkb"eQSU\6CFR8SUfQNgC]P<eq\]SUo"NQj�bHC]E-R<} h E-R�P�µgbXo�pQjUPv�v�QP<K¤b�KQELeQP4\8P<KQeQ\>b"p¬bXTWVHPiC>�v�QS[TW�±KQPiP<eQ\
CFE�f%P�\8^LKQTW�QR8E-KQSU\8P<e
�nbXjUj�KQELeQP<\(CF�QbHC(oqb�^ R]PiT<P<S·I-P�CF�gP�p¬bXTWVXP�C±bHR]P¤b�IHbXSUjUbXfQjUP�SUK¹C]�QP
\FbXo�P�\]S[o�NQj�b¶CFE-Ri}º¦2�QP<KñC]�QP�oqELeQPij·G_R8P<jUbHCFPie®p¬bXRFbHoqP�CFP<R8\¤EXl£C]�QP�CFRFbHKQ\]o�SU\8\]SUEXK¥j[SUVHP
R]PiT<P<pxCFSUEXK¨p%E��nPiR<��pQR]E-pQbXd¢bHC]SUE-K«egP<j�b�^�bHR]P(T<EXoqpQNxCFP<eÂjUELT�bHjUj[^X�ÁNQ\8SUKQd�C]�QP©oqP�CF�QELeQ\OEXl
CF�QP�\]Pi¡LNgP<K¢CFSUbXj�\8SUo�Ngj�bHC]E-R<}ª¦2�QSU\�R]Pi\]NQj·CF\nS[Kq\8TW�QP<egNQjUS[KQd"EXl
E-KQP4P�I-PiKwCnltE-R�P<bXTW�±R8P<T<PiS[IXP<R
KQELeQP(SUK§b±\8P<KQ\8SUKQd�R]bXKQd-PH}AÄ4KQe�S[l|EXKQP�EXl�C]�QP(R]PiT<P<S·I-PiROKQExegP<\OSU\4b±f�EXR]eQPiRDKQELeQPX�ÁC]�QP
T<E-R8R]Pi\]p%E-KQeQS[KQd"P�I-P<K¢C2�QbX\²û8NQ\6CnC]E£f%P�C]RFbXKQ\8oqS·C]C]P<e©CF�QR8E-NQd-�kb£KQP�C_�nE-R8VkbHKQek\8TW�QP<eQNgjUP<e
R]PioqEXC]P<j·^-}§¦2�QPiR]PiltEXR]PX� s P�µxp%P<T�C(CF�¬bHC�eQSU\6CFR]S[fQNgC]P<e¹\8SUo�NQjUbHCFS[E-K egExPi\�KQEXC(TW�QbXKQd-PkC]�QP
\]PiokbXK¢C]SUT<\vEXl�CF�gP�o�ELeQP<j
S[K�bXK¢^±�>b�^X��bHKQe¤S[CvpQR8ExeQNgT<P<\2C]�QPA\FbXo�PAR]P<\8NQj[C]\<}
Ä4KQEHCF�QPiRÂ\8E-NQR8T<P¯EXlkTiE-Kgà¬egP<KQTiP�SU\«C]�QP NQ\]P¯EXl�CF�QP �/<��;(��7,�� jUS[fQRFbHR8^¥ltE-R§oqPi\]\]bXd-P
P�µxTW�¬bXKgd-P�bXKgec\8^LKQTW�gR]E-KQS[\FbHC]SUE-K	� Û-��} s C��QbX\�pgR]E�I-Pie«S[C]\2T<E-R8R]P<T�CFKQPi\]\DS[K¤EXCF�QPiR�pgR]E¶û8PiTiCF\i�
bXKQeÅpQR]E�ILSUegP<\+b TiE-R]R8P<T�C�S[KwC]P<R6l¼bXT<P®ltE-R¹C]�QP<\8P¥C]P<TW�QKQS[T�bXj¤bH\]p%P<TiC]\+EHl«p¬bXR]bXjUj[P<jkbXKQe
eQSU\6CFR8SUfQNgC]P<e¤\]S[o�NQjUbHCFS[E-K
}

�x}v��S[d-�QP<R2j[ExEXVHbH�QP�bXe�R8P<\8NQj[C]\ZS[K�b©�gSUd-�QPiR2\]p%P<PieQNQp
Äº�QSUdX�QP<R�jUELE-V¶bX�QP�bHe«SUK�b±TiE-KQ\]PiR8IHbHC]S[I-P(\8SUo�Ngj�bHC]SUE-K�R]P<\8NQj[C]\DSUK§j[E-KQd-PiR4\]bHltP��vSUKQegE³�v\i�
bXKQe�CF�QPiR]PiltEXR]P�p�E-\8\]S[fQj[^¤o�E-R]PAP�I-P<K¢C]\<��C]�¬bHC�T�bXK�f�P�P�µxPiT<NgC]P<e«S[K�p¬bHRFbXj[jUP<j�}�¦2�gP<R]P�ltE-R]PH�
s bXo \8NQR]P¤CF�QbHC©CF�QP�NQ\]P�EXl�CF�QP¤�QS[d-�QP<R©fQNxCqex^xKQbXoqS[T¤jUELE-V¶bX�QP�bHe
��b�IHbXS[j�bXfgjUP±S[K C]�QPoqELeQPijJ�x��E-NQj[e�R8P<\8NQj[CvS[K�b(�QS[d-�QPiR2\]p%P<P<egNQp
}
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½
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¦2�QP£P�µxp�PiR]SUo�P<K¢C]\ZS[K�CF�QS[\2\8CFNgeg^�bXR]POEXR]d¢bXKgSU\]Pie¤SUK�CF�QPOltE-j[jUE��vSUKgd�okbHKQKQP<Riy
* ×²Ô���Õ�þiç�Õ%ÿp���H��çwÔ¶Ù�æ¨çxÒ%Ó ¦2�QSU\�SU\�CF�gP�à¬R8\8C�p¬bXR8C�EXl�P<bXTW�±P�µgp%P<R8SUo�P<K¢C�} s Cn\6CWbHC]P<\��v�QbHCnS[\CF�QPZP�µxp%P<R]S[oqPiK¢C�C]R8^LSUKQdACFE£bXTW�QS[PiIXPX�LSUK©CF�QPZT<E-K¢C]P�µLCnEHlÁCF�gP�d-E-bXjU\�EXl�CF�QPZP�µxp%P<R8SUo�P<K¢CWbXj´\6CFNQeg^X}
���H��çwÔ¶Ù�æ çLÒ�Ó�å¬èF�nåQþ<ö ¦2�gP4\]PiT<E-Kge±p¬bXR6C�EHl�bXKqP�µxp�PiR]S[oqPiKwC�eQPi\]TiR]SUf%P<\��v�QSUTW��CWbX\8Vw\>bXR8P�f%P
eQE-KQPASUK¤E-R8eQP<R2C]EqbHTW�QSUP�I-PACF�QPAd-E¢bHj
EXl�CF�QPAP�µxp%P<R8SUo�P<K¢C�}
���H��çLØXÓ�çLÖÀô±çLþ�×�ètÓ³þ s K§CF�gSU\Op¬bXR6C�� s d-S[IXP(o"^«p%P<R8\]E-K¬bHj?P�µxp%P<TiCFbHCFS[E-KQ\�bXf%E-NgCOC]�QP(R]Pi\]NQj·CF\EXlZbXK P�µxp�PiR]SUo�P<K¢C<}�¦2�QP�^�bXR8PqfQbX\]Pie�E-K¹o"^§ILSUP��ÃEXl2CF�gPkeQP�I-P<j[E-p%P<e¹p¬bHRFbXj[jUP<jµ&HeQS[\8CFR8SUfQNxCFP<e
\]SUo"NQj�bHC]SUE-Kk\8^L\8C]P<obXKQe�CF�gP�TiE-K¢CFP�µxC�EXlªP�bXTW��P�µxp%P<R8SUo�P<K¢C�}
�nå¬þ<ö°÷ÁÕ�è¼×�Ó³Ù¼Õ%Ò ¦2�QSU\£p¬bXR8C"eQP<\8T<R8SUf%P<\"C]�QP±\]EXjUNgC]SUE-KÂEXl2CF�gP±P�µxp%P<R]S[oqPiK¢CWbXj|CWbX\8V´��bXKQe C]�QP
R]P�bHjUSU\]bHCFS[E-K±EXl�CF�gP�P�µxp�PiR]SUo�P<K¢C<}
ý�Ù¼þ�Ø¢×�þ�þ�ÙtÕ%Ò�Õ´ÿ¹ôkçxþ<×ªè Ó³þ ��PiR]P s pQR]Pi\]P<K¢C<��TiE-o�oqPiKwC§bXKQe P�µxpQjUbXSUKÀC]�QP�R]Pi\]NQj·CF\§EXlkbXKP�µxp�PiR]S[oqPiKwC<}
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z�bHRFbXo�PiC]P<R ��NQo�f%P<RvEXl���ELeQPi\ u4PiKQ\]S·C_^

[nodes/km2]ò²E�� �ZSUd-� ò�E�� ��S[d-�
a�bXjUNQP ½�¿-¿ Û¢¿-¿ ½�¿ �X¿
¦�bHfQjUPAág}·½-y|zªbXRFbXo�PiC]P<R8\vltEXR2T<E-R8R]P<T�CFKQPi\]\vCFPi\8C

�"Õ%Ò�Ø¢è�×�þ�ÙtÕ%Ò s K±CF�gPDj�bX\6CnpQbXR8CnEXl�bXK±P�µgp%P<R8SUo�P<K¢C�� s PiIHbXj[N¬bHCFPZCF�QP�oqP<bXKQS[KQd"EXl�C]�QPDR8P<\]Ngj[CF\i�
bXKQe±CF�gPDT<E-K¢C]R]SUfgNgCFS[E-KkEXl�C]�QPOP�µxp%P<R8SUo�P<K¢CnC]E©bXTW�QSUP�I-P4C]�QPOd-E¢bHjU\�EXl�CF�QP4P�µxp�PiR]S[oqPiKwCFbXjÁ\6CFNQex^-}
+ìi�É kml»¿4¿;qHâ`o/n�qH{}{tx§qH{�o/{
¦2�QSU\�\]PiTiCFS[E-K¹eQPi\]TiR]SUf%P<\£P�µxp%P<R]S[oqPiK¢CF\£C]�¬bHC£P<o�pQSUR8SUT<bXjUj·^�C]P<\8C£CF�QP�T<EXR]R]PiTiC"E-p�PiRFbHC]SUE-KÂEXl>C]�QP
eQPiIXP<jUEXp�PieÂegSU\8C]R]S[fQNgCFPie§\]S[o�NQj�b¶CFSUEXKc\8^L\6CFP<o�}�¦2�QP�àQR]\8CAP�µxp�PiR]SUo�P<K¢CAS[K�ág}ÝÜx}[½�C]P<\8C]\O�v�QPiC]�QP<R
b�eQSU\6CFR8SUfQNgC]P<eÀ\8SUo�Ngj�bHC]SUE-K¥pQR]ELeQNQTiP<\cC]�QP¹\]bXoqP R]P<\8NQj[C]\«bX\«b�\]Pi¡LNgP<K¢CFSUbXj�E-KQPH}�Ä4KQeÀC]�QP
\]P<TiE-KQe(E-KgPnSUK"ág}ßÜg}Ú�vCFP<\6CF\��v�gPiCF�gP<R?eQS[\8C]R]SUfgNgCFPie�\]S[o�NQj�b¶CFSUEXKQ\²bXR]P�R]Pip�P<bHCWbXfgjUPnNgKQeQP<R�TW�¬bXKQd-S[KQd
KQPiC_��E-R]V�TiE-KQeQS·CFS[E-KQ\<}
�Hú[ó	ú¼Ð ÷
Ù�æ�×�è¼åxÓ³Ù¼Õ%Ò ô±çLþ�×�ètÓ³þ���çxþ�Ó
* ×²Ô���Õ�þiç®Õ%ÿ����H��çwÔ¶Ù�æ¨çxÒ%Ó ¦2�QP�pQNQR]p%E-\8P�EHl�C]�QSU\(P�µgp%P<R8SUo�P<K¢C©SU\�C]E�P<o�pQSUR8SUT�bHjUj[^�pgR]E�I-PCF�¬bHCZb(eQS[\8C]R]SUfgNgCFPie�\8SUo�Ngj�bHC]SUE-K±pgR]ELeQNQT<Pi\ZC]�QPA\FbXo�POR]Pi\]NQj·CF\ZbX\Zb(\]Pi¡LNgP<K¢CFSUbXj²E-KQPX}
���H��çwÔ¶Ù�æ çLÒ�Ó�å¬è��nå¬þiö ¦2�QP�CWbX\8V�SU\vCFE�R]NQKcKQPiC_��E-R]V¤o�ExegP<jU\vS[Kcb�\]P<¡wNQPiK¢CFS�bHjª\8SUo�NQjUbHCFS[E-K
�
bXKQe�S[K�bÂeQSU\6CFR]S[fQNgC]P<e�\8SUo�Ngj�bHC]SUE-K�E-K�o�NQj[C]SUpQj[P�T<E-o�pQNgC]P<R8\kbXKge�CFE¨T<E-o�p¬bXR8P�C]�QPcR8P<\]Ngj[CF\i}
¦2�QP<\8P�oqELeQP<j[\�\8�QE-NQj[eÀf%P R]NgKñ�vS[C]�ÀeQSGF�P<R8P<K¢C«pQbXRFbXo�PiC]P<R8\cjUS[VXP¨KLNgo�f�PiRcEXl©KgExeQPi\<�£bXKQe
eQP<KQ\8S[C_^X}Z¦2�gP"R]Pi\]NQj·CF\4bXR]PAà¬jUPi\�C]�¬bHC�T<E-K¢CWbHSUKcS[KgltE-R8okbHC]SUE-K¤bHf�E-NxC�P�I-PiKwC]\<���¬bHpQp�PiKQP<eceQNQR]S[KQd
CF�QP>\8SUo�Ngj�bHC]SUE-K
}²¦2�QPi\]P2à¬j[P<\?�¬b�IXPvC]EOf�PnT<E-o�p¬bXR8P<e(f¢^wCFP�GJ�vSU\8PZS[K�E-R8eQP<R�C]EO\]PiPZP�I-PiR8^(p%E-\]\8SUfQj[P
eQSGF�P<R8P<KQTiPX}
���H��çLØXÓ�çLÖÀô±çLþ�×�ètÓ³þ z�R]PijUS[oqS[K¬bXR8^�\]S[o�NQjUbHCFS[E-KcCFPi\8C]\£\8�QE��°CF�¬b¶C£egSU\8C]R]S[fQNgCFPie¨\8SUo�Ngj�bHC]SUE-KQ\pQR]ELeQNQTiP4CF�QP4\FbXo�PDR]Pi\]NQj·CF\2bH\n\]Pi¡wNQP<K¢CFSUbXj
E-KgP<\>�v�QPiK�NQ\]S[KQd��£\]S[o�NQjUbHCFE-R8\<}ª¦2�QP<R8PiltE-R8PX� s bXj[\]E
P�µxp�PiTiCZCF�QPA\]bXoqPO\8SUo�Ngj�bHC]SUE-K±R8P<\8NQj[C]\2SUK¤\]S[o�NQj�b¶CFSUEXKQ\��vS·CF��oqE-R8P4CF�QbXK«��TiE-oqpgNgCFPiR]\<}
�nå¬þ<ö�÷ÁÕ�è¼×�Ó³Ù¼Õ%Ò h EXRnCF�QS[\>eQS[\8CFR8SUfQNxCFP<e�\8SUo�Ngj�bHC]SUE-K s NQ\8P�b"àgµxP<e�KLNgo�f�PiR2EXl�Û©T<E-o�pQNgC]P<R]\i�
�v�QSUTW�®S[\±TW�QE-\8P<K®CFE�f%P«j�bHR]d-PiRqCF�QbXKb \]S[oqpgjUP<RqT�bX\8P«�vS[C]�� T<E-o�pQNgC]P<R8\<}¸��E���PiI-PiR<�4C]�QP
KLNgo�f�PiR2SU\�KQEXCv�QS[d-�QP<R�CF�¬bXK�Û(f%P<T<bXNQ\8P£b¶C>CF�QPOTiNQR]R8P<K¢Cv\8CFbXd-PDC]�QP<R8POSU\>KQE(TiP<K¢CFR]bXj�T<EXKwC]R]E-j[jUPiR
EXlnC]�QPkeQS[\8C]R]SUfgNgCFPie¨\8SUo�NQjUbHCFS[E-K
�²bXKge \]S[o�NQjUbHCFE-R8\O�¬b�I-P�CFEcf%P�\8CWbHR8CFPie f¢^Â�¬bXKQeÁ}�¦2�QP<K
�ªltE-R
CF�QPOKwNQo�f%P<RvEXlªKQELeQP<\ZbXKge�egP<KQ\8S[C_^ s TW�QExEX\]P£�"IXbHjUNQPi\2R]P<\8p�PiTiC]S[I-Pij[^X�¬E-KQPAEXl²CF�QPio$R]Pij�bHC]S[IXP<j[^jUE��A�¬bXKQe¤CF�gP�EHCF�QPiR2R]P<jUbHCFS·I-Pij[^±�gSUd-�m^t\]P<PACWbHfQjUPAág}·½�_�}
�ZEXCFP¤CF�QbHC

20 nodes/km2
SU\©KQEXCqb��QSUdX�+eQPiKQ\]S·C_^ SUK+bÂR8P�bXj>�vS[R]PijUP<\8\qKgPiC_��E-R]V´�2fQNgCqb

\]N4��T<S[P<K¢CFj·^¤�QSUdX��S[K�b�eQS[\8C]R]SUfgNgCFPie�\8SUo�NQjUbHCFS[E-K
}�¦2�QS[\vSU\vf�PiT�bXNg\]PACF�QP�\]PiKQ\]S[KQdkR]bXKQd-PASUK¤KQ\~G6�
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h njilk�inmpo^mnqsr1t^inq ·gvpud·10/?�| uguguvr1wno^q^inipw
ugu�u
xzy ilk�inmpo^mnqsr1t^inq ·gvpud·10/?�| |�w��{r1wno^q^inipw
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\8^L\8C]P<o�\<��SUK¢CFPiRFbXT�CFS[KQd�C]�QR]E-Ngd-�$b�TiE-o�o�NQKQS[T�bHC]SUE-KÅoqPieQSUNgo�} ¦2�QPÀoqbXS[K TiE-KQT<PiR]K bXR8P
À�£¥ÎÍÃ/ªÆ²�¨-¤s«�´�Ã+À§ÎÏ«�À�À·¨'Ò}«�À³^¼bXjU\8E�T�bXj[jUP<ecT<E-KQTiNQR]R8P<K¢CAo�P<\]\]bXd-Pi\�_���C]�¬bHCAbXR8P�o�P<\]\]bXd-Pi\D�vS[CF�«C]�QP
\FbXo�P�\8SUo�Ngj�bHC]SUE-K¹C]SUo�PX}¯¦2�QP<\8Pco�P<\]\]bXd-Pi\koqb�^�bXR]R8S[I-P�SUK¯eQS�FÁPiR]P<K¢CqE-R]egP<R<��eQP<p%P<KgeQSUKQd¨E-K
eQP<jUb�^L\DC]�QR]E-Ngd-�«CF�QP(TiE-o�o�NQKQS[T�bHC]SUE-K�\8^L\8C]P<o��²bXKQe§S·l�CF�QP(E-R8eQP<R4EXl|CF�QPiSUR4pgR]ELT<P<\8\]S[KQd�SU\DKgEXC
eQPià¬KgP<e
��C]�QPi^ÂT<bXK¹jUP<bXe�CFE�KQE-KQeQP�CFPiR]o�SUKQS[\8CFS[T©\]SUo"NQj�bHC]SUE-Kg\<} s K¨CF�gSU\ACF�QPi\]SU\ s S[oqpQj[P<o�P<K¢CFPieb¯o�PiC]�QExeCFE PiKQ\]NQR8P¹b�eQP�CFP<R8oqS[KQSU\6CFS[T§f�Pi�¬b�IxS[E-NQR�EXl£CF�QP�\8SUo�NQjUbHCFEXR]\�SUK®C]�QP�eQSU\6CFR]S[fQNgC]P<e
\8^L\8C]P<o���NQKgeQP<RvKQE-KgeQPiC]P<R]o�SUKgSU\8C]SUTOKQP�C_�nEXR]V�T<EXKQeQS[C]SUE-Kg\<}�rxEQ�QC]�QP£dXE¢bXj
EXlªCF�QS[\2P�µxp%P<R]S[oqPiK¢C�S[\
CFE�\]�gE³�¸CF�QbHC4C]�QP(eQPiIXP<j[E-p�Pie§eQSU\6CFR8SUfQNgC]P<e«\8SUo�Ngj�bHC]SUE-K�\8^L\8C]P<o/EXp�PiRFbHC]P<\DS[K§b±eQPiC]P<R8oqS[KQSU\6CFSUT
�>b�^-�´R8P<d¢bXR8eQjUPi\]\vEXl�CF�QPATW�¬bHKQd-SUKgd�KgPiC_��E-R]V�TiE-KQeQS·CFSUEXKQ\<}
���H��çwÔ¶Ù�æ çLÒ�Ó�å¬èi��å¬þ<ö ¦2�QP�CFbX\]VOEXlxCF�QS[\ªP�µxp�PiR]SUo�P<K¢C�SU\²à¬R8\8C�CFEvà¬KQe�bHK�bXpQpgR]E-pQR8S�bHC]P�oqELeQPij
�v�QSUTW��T<bXKkCFPi\8C>C]�QP4R8P<p%P�bHCFbXfQS[jUS[C_^©EHl
CF�QP4\]SUo"NQj�bHC]SUE-K©\6^x\6CFPio�}�Ä�pQpQR]EXpQR]SUbHCFP�oqP<bXKQ\>b�oqELeQPij
CF�¬bHC©S[K¢CFR]ELeQNQTiP<\�o�P<\8\FbXdXP<\��vS[C]�¹CF�QP�\]bXo�PkCFS[oqPi\8CWbHoqpQ\£f�P�C_�nPiP<K+\]SUo"NQj�bHC]E-R]\i}§¦2�QP<KÁ�|C]�QP
\]P<TiE-KQeÀ\6CFPipÀSU\�CFE¯R]NgK¥C]�QSU\¤o�ExeQPijONQKQeQPiRceQS�FÁPiR]PiKwC�KQP�C_�nEXR]VT<E-KgeQS[C]SUE-KQ\��vS·CF�¥eQSGF�P<R8P<K¢C
T<E-o�o�NQKQS[T�bHC]SUE-KqeQP<jUb�^x\i}�u4NQR]S[KQd�CF�gP<\]PA\8SUo�NQjUbHCFS[E-KkR8NQKQ\i�¬bXK¤E-fQ\8P<R8IXP<Rv�¬bX\>C]E(VXPiP<p¤CFRFbHTWVkEXl
CF�QPAP�µxPiT<NgC]SUE-K�EXlªC]�QPA\]S[o�NQj�b¶CFSUEXK
}
¦2�QS[\nCWbH\]V�R]P<¡wNQS[R]Pi\vbXjU\8E"\]S[o�NQjUbHCFS[E-KqR8NQKQ\>�vS·CF�kC]�QPDR]Pip�P<bHCWbHfQSUj[S[C_^(ltP�b¶CFNQR8P4CFNQR8KQP<e¤E-Fª�gS[K

E-R]eQPiR>CFE(\8P<POCF�QPOp%E-\8\]SUfgjUPDeQS�FÁPiR]PiKwC>f�Pi�¬b�IxS[E-NQR2NQKgeQP<R2eQS�FÁPiR]PiKwCvKgPiC_��E-R]V±TiE-KQeQS·CFS[E-KQ\nS[K±CF�QS[\
T�bX\8PX}
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���H��çLØXÓ�çLÖ ô±çLþ�×�ètÓ³þ ¦2�QP C]P<TW�QKgSU¡wNQP ltE-R R]P<p%P�b¶CWbXfQS[jUS·C_^-�/NQ\8P<e SUK CF�QS[\;�nEXR]V S[\\8CFR]bXSUdX�wC8ltE-R8�nbXR8e
�DbXKge¥fQbX\]PieñE-K\]S[oqpgjUP«oqbHCF�gP<oqbHCFS[T�bXj4bXKQejUE-dXSUT�bHj4R]NgjUP<\i}º¦2�QPÂSUeQP<b S[\
CFEAR]Pi¡LNgP<\8C�ltR]E-o¸CF�QPv\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXKqjUb�^XP<R�bOCFSUo�P2bXexIXbHKQT<P

∆T
bHl C]P<R�CF�QP2C]SUo�P2EXl�C]�QPvKQP�µLC

\]SUo"NQj�bHC]SUE-K�PiIXP<K¢C
Te

} s K«CF�gSU\DT<bX\]P�C]�QP�\8^LKQTW�gR]E-KQS[\FbHC]SUE-K§o�SUegeQjUP��>bXR8P"eQPijUS·I-P<R8\ObXj[jªp%E-\]\8SUfQj[P
oqPi\]\FbHd-P<\��vS·CF��bcC]SUo�P<\8CFbXo�p¹jUPi\]\"C]�¬bXK

Te + ∆T
�|�v�gSUTW��o�P�bXKQ\�bXjU\8E�bXjUj�oqPi\]\]bXd-P<\��vS·CF�

CFSUo�P<\6CWbXo�p
Te

}�¦2�gP<R]P�ltE-R]PH�
bXj[j²PiI-PiK¢CF\D�vS[C]��C]SUo�P<\8CFbXo�p
Te

bXR]P£VLKgE³�vK�bHKQe«E-R8eQP<R8P<e«f¬bH\]P<e
E-KcCF�gP<SURZ\]PiKQeQPiR s u"�Áf%PiltEXR]P£C]�QP"à¬R8\8C4PiI-PiK¢CASUK�C]�QP"R8E���S[\�P�µxP<T<NxCFP<eÁ}�rxSUKQTiP£C]�QSU\ZCFP<TW�gKQSU¡wNQP
SU\(\]S[oqpgjUP¤bXKQe¯P�bH\8^�CFEÂSUo�pQj[P<o�P<K¢C�� s P�µxp�PiTiC�b§R8P<p%P�bHCFbXfQjUP¤E-p%P<R]bHCFS[E-K EXl4C]�QP¤\]S[o�NQj�b¶CFSUEXK
\8^L\8C]P<o�}

�nå¬þ<ö°÷ÁÕ�è¼×�Ó³Ù¼Õ%Ò ¦2�QP±\]S[oqpgjUP<\6C"\8T<PiK¬bXR]S[E«CFEcC]P<\6C�CF�QPkR]P<p%P�b¶CWbXfQS[jUS·C_^�bXR]PqC_�nE§\8SUo�NQjUbHCFEXR]\<�
�v�QSUTW��\8P<KQe¤o�P<\]\]bXd-Pi\>�vS[CF�qCF�QPO\]bXoqPZCFS[oqPi\8CWbHoqp�CFE©b"CF�gSUR]ekE-KQPX} s K�EXR]eQPiRnCFE©bXTW�gSUPiIXPDCF�QS[\
f�Pi�¬b�IxS[E-NQRi� s T<R]P<bHCFPDC]�QPDltE-j[jUE��vSUKQd£KQPiC_��E-R8V±oqELeQPij»^¼\8P<PDà¬dXNQR]PAág}ßÜ�_�}?¦2�QPAoqELeQPijÁSU\neQS[ILSUegP<eSUK¢CFE�CF�QR8P<POp¬bXR6CF\i�x�v�QPiR]PDKQELeQPi\2¿�bXKQe§½4f�PijUE-KQd£CFE�p¬bHR8CFS·CFS[E-K�½X�xKQELeQPi\v��bXKQe�Ü�CFE�p¬bHR8CFS·CFS[E-K
KLNgo�f�PiR��x�|bXKQe�C]�QP±KQELeQP<\(ÛÂbXKge¯Þ�CFE«CF�gP±CF�QS[R]e�p¬bXR6CFS·CFSUEXK
}��|bXTW� KQPiC_��E-R]V p¬bXR8C]S[C]SUE-K¹S[\
bX\]\8SUd-KQPieÂC]Ecb�\]Pip¬bXRFb¶CFP�\]SUo"NQj�bHC]E-R<}�rLSUKQTiP�C]�QPqo�PiC]�QELe¨EXl�CF�gPqf%E-R]egP<R�KQExegP<\�SU\ANQ\]Pie
�ªC]�QP
KQP<S[d-�wf�E-NgR]SUKgdDKQELeQP<\?S[K�CF�QPnoqS[eQeQjUP�½-�w�x�-bXKQe(ÛAbXR8P2\]SUo"NQj�bHC]P<e£fw^�bXjUjx\]S[o�NQj�b¶CFE-R8\<}²¦2�QP<KÁ�wC]�QP
\]SUo"NQj�bHC]E-R]\|P�µgTW�QbXKQd-PDo�P<\8\FbXdXP<\n�v�QPiK±CF�QP�KQELeQP<\n¿g�gÜx�gbXKge¤Þ£\]PiKQe�p¬bXTWVHPiC]\>SUK�CF�QP�KQPiC_��E-R]V´}
s K�E-R]eQPiR�C]E(bXTW�QS[PiI-POo�P<\8\FbXdXP<\2bHC�CF�QP4\FbXo�P�C]SUo�P<\8CFbXo�p
�¢CF�QPDegSU\8CFbXKQTiP<\>f%PiC_��P<PiK�C]�QP4KQELeQPi\<�
0 → 1

�
3 → 2

�?bXKQe
5 → 4

bXR8P�C]�QPk\]bXoqPH}�¦2�QP<\8P±P<¡wN¬bHj�eQS[\8CFbXKQT<Pi\"d-NQbXRFbXK¢C]P<PqC]�QP�\FbXo�P
pQR]E-pQbXd¢bHC]SUE-K§eQPij�b�^L\�bXKQeÂS[l�CF�QP©KQELeQP<\£¿g��Üg��bXKQe Þ±\]PiKQe p¬bHTWVXPiC]\"S[K�C]�QP©\FbXo�P©\]S[o�NQj�b¶CFSUEXK
CFSUo�PX��C]�QSU\A�vSUj[j�R]P<\8NQj[C£SUK�CF�gR]P<PqoqPi\]\]bXd-P<\��vS[C]�ÂC]�QPk\]bXoqP©CFS[oqPi\8CFbXoqpÁ} s K EXR]eQPiR�C]EcSUKgT<S[C]P
CF�QPi\]POCF�QR8P<POKQELeQPi\>CFE(\]PiKQe�SUK¢CFE�C]�QPOKQPiC_��E-R8V�bHC>C]�QPA\FbXo�P4CFS[oqPH� s \8CFbXR8CZbHK¤bXpQpQj[SUT�b¶CFSUEXKkE-KP�bXTW�¨KQExegPX�²�v�QSUTW�¨\]P<KgeQ\"E-KgPqp¬bHTWVXPiC"p�PiRA\]P<TiE-KQe
�ª\8CFbXR8C]SUKQd�bHCACFS[oqP©¿�^�¿g��½-�ª�x��}[}·} _�}k¦2�gSU\
bXpQpQj[SUT�b¶CFSUEXK(f�Pi�¬b�IxS[E-NQR��vSUjUjgKQEXC>R8P<\8NQj[C�SUK�\]S[o�NQj[CFbXKQPiE-NQ\�oqPi\]\FbHd-P<\�P�bXTW�±\8P<TiE-KQe
�xf�PiT�bXNQ\8PDEXl
CF�QPOR]bXKQeQE-o f¬bXTWVHE-FÂbXT<TiP<\8\Zo�PiC]�QELe¤C]E�CF�QPD�vS[R]PijUP<\8\2oqPieQSUNgo�} ] NgC2�v�QP<K¤CF�gSU\>o�ExegP<jÁR8NQKQ\jUE-KQd§PiKQE-NQdX��^~½�¿-¿-¿-¿X¿«\]P<TiE-KQeQ\©ltE-R(P�µQbHoqpQj[P'_���S·C(SU\(I-PiR8^ j[SUVXPij[^ÂCF�¬b¶C(CF�QPi\]P�\]SUo"NQj[CFbXKQP<EXNQ\
oqPi\]\FbHd-P<\vELT<T<NgR<}
¦2�gSU\4o�ELeQP<j²SU\ZCF�QPiK«R]NgK«SUKcbkeQSU\6CFR8SUfQNgC]P<e�\]SUo"NQj�bHC]SUE-K¤E-K�CF�QR8P<P�TiE-oqpgNgCFPiR]\<��T<E-KgKQP<T�CFP<e

fw^�b h bX\6CD�?C]�QP<R8KQPiCOKgPiC_��E-R]V´} s KcE-R]eQPiR�C]EkSUK¢C]R]ELeQNQT<P£eQSGF�P<R8P<K¢CDKgPiC_��E-R]V�T<E-KgeQS[C]SUE-KQ\i� s NQ\]P
bq\]p%P<TiS�bXj�¡wNQP<NgP<SUKgd±eQSU\8T<S[pQjUS[KQPAE-K�C]�QP"KQP�C_�nEXR]VcS[K¢CFP<R6l¼bXT<P�EXl�\8SUo�Ngj�bHC]E-RA½-}v¦2�QSU\�SU\�bk¦ªEXVXP<K
] NQTWVXP�C h S[j[CFPiR�^¼¦ ]>h _A¡wNQP<NQPiSUKQdceQSU\8T<SUpgjUSUKgP©�vS·CF�¨okb¶µxS[o�NQo/e¬b¶CWb�R]bHCFPqEXlO½�¿-a ] S[C�&H\<��bXKQej�bHC]P<KQT�^«EXlZ½�¿-¿Hoq\·�ßð��J} s KÂb�KQE-R8okbHj�E-p%P<R]bHCFS[E-K«\]S[o�NQjUbHCFE-R£½(\]PiKQeQ\�e¬bHCWb�S[KwC]E±CF�QP©�?C]�QP<R8KQPiC
KQPiC_��E-R]V§�vS·CF�¹b�\]p%P<Pie¹EXlvbXR8E-NQKQe+½�Ü¢a ] S[C�&¶\<}±¦2�QS[\£¡wNQPiNQP<S[KQd«eQS[\]TiSUpQj[SUKQP(\8jUE��v\"eQE��vK C]�QP\]P<KgeQSUKQd�\8p�PiP<e¨bXKQe§S[KwC]R]ELeQNQTiP<\AbXK�bXegeQS[C]SUE-K¬bHj�jUbHCFPiKQTi^��v�QSUTW��T<bXK§eQP<jUb�^«o�P<\]\]bXd-Pi\OeQNQR]S[KQd
\]SUo"NQj�bHC]SUE-KÁ}�rLSUo�NQjUbHCFEXR?KwNQo�f%P<RZ½4�¬bX\|CF�gP�\8okbXj[jUPi\8C s u"�xbXKQe©CF�QPiR]P�ltE-R]PZCF�QPZ�QSUdX�QP<\6CnpQR8SUE-R8S[C_^
oqPi\]\FbHd-P<\i�>�v�QP<K�C]�QPi^+T<E-K¢CFbXSUK¯CF�QP�\FbXo�P�C]SUo�P<\8CFbXo�p
}®¦2�QSU\q¡wNQP<NQPiSUKQd eQSU\8T<SUpgjUSUKgP�egP<j�b�^L\
oqPi\]\FbHd-P<\i�OT<E-o�SUKQd¹ltR8E-o \8SUo�NQjUbHCFEXR«½-�ObXKgeñSUKgT<R]P<bX\]Pi\�C]�QP�pQR]EXf¬bXfQS[jUS[C_^+ltE-R�E-NgC�EXl"E-R]egP<R
pQR]ELT<Pi\]\]S[KQd�EXl�\8SUo�Ngj[CWbHKQP<E-Ng\>PiIXP<K¢CF\i}
u�NQR]S[KQdcCF�gPk\]S[o�NQjUbHCFS[E-KQ\�bXK EXfQ\]PiR8I-PiR�CFR]bXTWVw\�oqPi\]\]bXd-P<\i��SUKÂCF�QP±EXR]eQPiR£�v�QS[TW� CF�QP�^¹bHR]P
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h SUd-NQR8POág}ßÜgy|��P�C_�nEXR]V�o�ExeQPijÁltE-R2R8P<p%P�bHCFbXfQSUj[S[C_^�CFPi\8C
hªs~h B¸E-R]eQPiR u4P�CFPiR]o�SUKQS[\8CFS[TDE-R8eQP<R

rxSUo�½ rLSUok� rxS[okÜ rxSUo�½ rxSUok� rLSUoqÜ
BDNgCZEXl�EXR]eQPiR2oqPi\]\FbHd-P<\ �wÑ%� �x}ßÜ ÛQ}ßî �x}[½ ½�¿g}ßð ð-îg}ßá ½-½-}ßÜ

BONxCvEXl�EXR]eQPiRZP�µLCFP<R8K¬bXj�P�I-P<K¢C]\§�|Ñ§� �x}ßÜ ÛQ}ßî �x}[½ ¿ ¿ ¿
¦�bXfgjUPAág}Ý�xy|úvP<p%P�bHCFbXfQSUj[S[C_^�CFPi\8CPO \8^Lo�oqP�CFR]S[TOKQPiC_��E-R8V

R]P<TiP<S·I-P<eÁ}�Ä2egeQS[C]SUE-K¬bHjUj[^X�´S[CZltE-jUj[E³�v\vCF�gP�E-R]egP<RDEXl|P�µxP<T<NxCFSUEXK§EXl�CF�QP"T<E-R8R]P<\8p�EXKQeQSUKgd�«�:7²~«�©�¤A¨-ª
«�Ñ-«�¤2²ÔÀ��"¦2�QP(dXE¢bXj�EHl�C]�QSU\4oqE-KgS[CFEXR]SUKgdkSU\�CFE�\]PiP��v�QPiC]�QP<RAE-NxCOEXl�E-R]egP<ROo�P<\]\]bXd-Pi\OR]P<\8NQj[CAS[K
E-NgCZEXlªE-R]eQPiRvPiI-PiK¢CF\<}
¦2�QPi\]PA\]S[o�NQjUbHCFS[E-KQ\�bXR]PObHjU\]E(R8NQK��vS[C]�±CF�QPOR8P<p%P�bHCFbXfQSUj[S[C_^(ltP<bHCFNQR8PDCFNQR8KQP<e¤E-FcSUK�E-R8eQP<R�CFE

\]P<PACF�gP�egSGF�P<R]PiK¢C�f%P<�Qb�ILS[E-NQR2f¢^�b(pQNQR]P h�s~h B E-R]eQPiR]S[KQd©EXl�\8SUo�Ngj[CWbHKQP<E-Ng\>oqPi\]\]bXd-P<\i}

ý�Ù¼þ�Ø¢×�þ�þ�ÙtÕ%Ò°Õ%ÿqô±çLþ�×�ètÓ³þ ¦2�QP¤R8P<\]Ngj[CF\(ltR8E-o C]�QSU\(P�µgp%P<R8SUo�P<K¢C�bXR8P�\8�QE��vK+S[K�CWbXfQj[P<\©ág}Ý�bXKQeÂág}ßÜg}"¦ªbXfQj[P(ág}Ý�k\]�QE��v\�R]P<\8NQj[C]\DltR]E-o bXK�P�µxp%P<R8SUo�P<K¢CANQKQeQPiROKQE-R8okbXjªT<E-KgeQS[C]SUE-KQ\i�
SJ} PX}£b
\8^Loqo�PiC]R]S[T"KQP�C_�nE-R8V´}O¦�bXfgjUP�áx}ÝÜkpgR]P<\8P<K¢CF\OR8P<\8NQj[C]\4ltR]E-o�C]�QP(bX\6^xo�o�PiCFR8SUT�KQPiC_��E-R8V%�ÁSJ} PX}�C]�QP
KQPiC_��E-R]Vq�vS[CF�¤b�¡wNQPiNQP<S[KQd(eQS[\]T<S[pQjUS[KQPZE-K¤\]SUo"NQj�bHC]E-Rv½-} s K¤P�bXTW�¤KQP�C_�nEXR]V s R]NgK¤b�\]SUo"NQj�bHC]SUE-K
�vS[CF�¹b h�s~h B¾E-R8eQP<R8SUKQdQ�ªbXKQe¹b�\]S[o�NQjUbHCFS[E-K§�vS[CF�¨eQPiC]P<R8oqS[KQSU\6CFSUT(EXR]eQPiR]SUKgdcEXl2\8SUo�Ngj[CWbHKQP<E-Ng\PiI-PiK¢CF\<}�¦2�QP<KÁ�´ltEXR2P�bXTW��\]SUo"NQj�bHC]E-R s oqP<bX\]NgR]PDCF�gP�p%P<R8T<PiKwCFbXd-P�EXl�bXjUjpô�´�¤sô�Ã}©�©�«�¤2²RÎÏ«�À�À·¨'Ò}«�À��CF�¬bHCqS[C©R8P<TiP<S[IXP<\qE-NgCqEXlDE-R8eQP<Ri}��|bXTW�+P�µLCFPiR]K¬bXjZo�P<\]\]bXd-P�SUK CF�QS[\©\]T<PiK¬bXR8SUEÂR]P<\8NQj[C]\qS[K+EXKQP
P�µLCFPiR]K¬bXjZPiIXP<K¢C±S[K�CF�QP�\]S[o�NQj�b¶CFE-R�¡wNQPiNQPX}+¦2�QP<R8PiltE-R8PX� s bXjU\8EÂo�P�bH\]NQR8P¤C]�QP�p�PiR]T<PiK¢CWbXd-P�EXlbXjUj
ô�´�¤sô�Ã/©�©�«�¤2²P«�:7²~«�©�¤A¨-ªU«�Ñ-«�¤2²¥À��xC]�¬bHCZbXR8POP�µxP<TiNgCFPie ´�Ã}²�´�> ´�©�Ð}«�©"bXT<TiE-R]egSUKQd(CFE�C]�QPOeQP�à¬KQP<e
E-R]eQPiR]S[KQd©KQEXCWb¶CFSUEXK
}�¦2�QS[\vj�bX\6C2oqP<bX\]NgR]PO\]�gE³�v\v�v�QP�CF�QPiRvC]�QPO\]S[o�NQjUbHCFS[E-KkS[\2eQPiC]P<R]o�SUKgSU\8C]SUT�E-R
KQEXC�}
Ä�\�P�µxp�PiTiCFPie
��C]�QP¤T<E-o�o�NQKgSUT�b¶CFSUEXK¹\8^L\8C]P<o eQELP<\(KgEXC(ltE-jUj[E��ÅC]�QP¤\]PiokbXK¢C]SUT<\�ltEXR(E-R]eQPiR

EXlD\8SUo�NQj·CWbXKgP<E-NQ\(o�P<\8\FbXdXP<\<�neQPià¬KgP<e�S[K C]�QP�\]SUo"NQj�bHC]SUE-K \8^L\8C]P<o�}�¦2�QP�R]P<\8NQj[C]\q\8�QE��$CF�QbHC



(���Ç Ël�ð�·�! AÞ��®É����E�Ä� â-Þ

hªs~h B E-R]egP<R u�PiCFPiR]o�SUKQS[\8C]SUTDE-R8eQP<R
rxSUo�½ rxSUok� rLSUoqÜ rxSUo�½ rxSUok� rLSUoqÜ

BDNgCvEXlªE-R]eQPiRvoqPi\]\FbHd-P<\¶�|Ñ§� Üg}ßð î-ðg} Û î-ðg}ßá Üg}ßá î-ðg} Û î-ðg}ßð
BDNgCZEXl�EXR]eQPiR2P�µLCFPiR]K¬bXj²P�I-P<K¢C]\§�|Ñ§� Üg}ßð î-ðg} Û î-ðg}ßá ¿ ¿ ¿

¦�bXfgjUPAág}ßÜgy|úvP<p%P�bHCFbXfQSUj[S[C_^�CFPi\8CPO bX\8^Lo�oqP�CFR8SUTDKQP�C_�nEXR]V
PiI-PiKcb(\6^xo�o�PiCFR8SUTDKgPiC_��E-R]V±S[K¢CFR]ELeQNQTiP<\vE-NgC>EXl�EXR]eQPiR2oqPi\]\FbHd-P<\ ^¼\8P<POCWbHfQjUPOáx}Ú�7_�}�a�E-R8P<E�I-PiR<�
CF�QP�p�PiR]TiP<K¢CWbXdXP"EXl�E-NgCZEXl?EXR]eQPiR�o�P<\8\FbXd-Pi\�IHbXR8SUP<\vf¢^�CF�gP£eQS�FÁPiR]PiKwC�\]S[o�NQjUbHCFS[E-K�R]NQKg\<�´�v�QSUTW�
\]�QE��v\2CF�¬b¶C2CF�QPAE-R8eQP<R2EXlªo�P<\]\]bXd-Pi\ZS[\2KQE-KQegPiCFPiR]o�SUKQS[\8C]SUTX}ªÄ4j[jÁCF�QPi\]PAo�P<\]\]bXd-Pi\ZR8P<\8NQj[CvS[K�E-NgC
EXlZE-R]eQPiR(P�µxP<TiNgCFS[E-K EXl�PiI-PiK¢CF\<��f¢^¹CF�QP hªs~h B E-R]egP<R]S[KQdQ} ] NgC(C]�QP�eQPiC]P<R8oqS[KQSU\6CFSUTqE-R]egP<R]S[KQd
okbXKQbXd-P<\>C]�QPANQKQE-R8eQP<R8P<e�oqPi\]\]bXd-P<\i�%bXKQe¤P�µxP<TiNgCFPi\DbXj[j
P�µLC]P<R]KQbXj�PiIXP<K¢CF\�SUK¤E-R]egP<R<}
¦2�gP©bX\8^Lo�oqP�CFR8^�S[KcCF�QP"KQPiC_��E-R]V�SUKcC]�QP�\8P<T<EXKQe�\]P<R8SUPi\OEXl|\]S[o�NQj�b¶CFSUEXKQ\vR]P<\8NQj[C]\DSUKcoqE-R8P

oqPi\]\FbHd-P<\i��R8P<TiP<S[IXP<e E-NgC�EXlZE-R]eQPiRN^¼\8P<P±CFbXfQjUPkág}ßÜ�_�}�¦2�QS[\�SU\�f%P<T<bXNQ\8P±CF�QP��QS[d-�QPi\8C(pQR8SUE-R8S[C_^
oqPi\]\FbHd-P<\¤ltR]E-o \]S[o�NQj�b¶CFE-R«½ÂbXR8P�KQE���eQP<jUb�^-P<e»f¢^�CF�QPÂKQP�C_�nE-R8V´}¾¦2�QPiR]PiltEXR]PX�DC]�QP�EXCF�gP<R
C_�nE�\8SUo�NQjUbHCFEXR]\ZR]P<TiP<S·I-P©bXj[oqE-\6CDbHjUj²EXl|CF�QP"T<E-KQTiNQR]R8P<K¢CAo�P<\]\]bXd-Pi\DE-NgCOEHl|E-R]eQPiR<}O¦2�QP hªs~h B
E-R]eQPiR]S[KQdñbHd¢bXSUK VHP<P<pg\ CF�QP¯E-R8eQP<RÂEXl±C]�QP+o�P<\8\FbXdXP<\¨bX\¨S·CÂSU\<��bXKge�P�µxPiT<NgC]P<\�bXj[oqEX\8CÂbXj[j
T<E-KQTiNQR]R8P<K¢CvP�µLC]P<R]KQbXjÁP�I-P<K¢C]\ZEXNgC>EXl²EXR]eQPiR<} ] NgCnCF�QP�eQPiC]P<R]o�SUKgSU\8C]SUTZE-R]egP<R]S[KQd�S[\>b��>bHR]PDEXl�C]�QPl¼bXTiC2C]�¬bHCZoqPi\]\]bXd-P<\ZT�bHK�f%PAeQP<jUb�^XP<e¤CF�QR8E-NQd-�¤CF�gP�TiE-o�o�NQKQS[T�bHC]SUE-K±\6^L\8CFPio�} s K�\8pQS[C]POEXl�C]�QP
�QSUd-��pQR8E-p�EXR8CFS[E-K¤EXl�NQKgE-R]eQPiR]Pie«oqPi\]\]bXd-P<\i��S·CZP�µxP<TiNgCFPi\ObXjUj�P�µLCFP<R8K¬bXj�PiIXP<K¢CF\OS[Kcb�R]P<p%P�b¶CWbXfQj[P
l¼bX\]�QS[E-K
}
�"Õ%Ò�Ø¢è�×�þ�ÙtÕ%Ò ¦2�QS[\nP�µxp%P<R8SUo�P<K¢C>\8�QE��v\nCF�¬b¶C�C]�QP4\8SUo�NQjUbHCFS[E-K©\8^L\8C]P<o P�µxP<TiNgCFPi\vbXjUj¬P�µxC]P<R8K¬bXj
T<E-KQTiNQR]R8P<K¢C>P�I-PiKwC]\2SUKqb£eQP�CFPiR]o�SUKQS[\8CFS[T2E-R]egP<R<}�¦2�gP4EXC]�QP<R�PiIXP<K¢CF\i�g�v�QSUTW�±bXR]PZKQEXC�T<E-KgT<NQR8R]P<K¢C
bXjU\8E �¬b�I-P�CF�QPiSURk\6CFR8SUTiCkE-R]egP<R<�2egPià¬KQPie®f¢^+C]�QP«\8^LKQTW�gR]E-KQS[\FbHC]SUE-K�bXjUd-EXR]S[C]�Qo�}®¦2�QSU\qoqP<bXKQ\
CF�¬bHC"bXj[j�PiI-PiK¢CF\(SUKÂP�bHTW�¹\]S[o�NQj�b¶CFE-RAbXR8PkP�µgPiT<NgC]P<e�S[K¨CF�gPq\]bXoqPqE-R]egP<RAltR]E-o�E-KgPkP�µxPiT<NgC]SUE-K
CFE�bXKgEXCF�QPiR<} ¦2�gP<R]P�ltE-R]PH��bH\]\]NgoqS[KQd¾CF�QbHCÀP�I-P<K¢C TiE-oqpgNgCWbHC]SUE-Kg\ÀbXR8P�R]Pip�P<bHCWbHfQjUPH� C]�QP
eQSU\6CFR]S[fQNgC]P<e\]S[o�NQj�b¶CFSUEXK�\8^L\8C]P<o pQR8ExegNQT<Pi\�R8P<p%P�bHCFbXfQjUP§R8P<\8NQj[C]\<�4�v�QS[TW�»S[\�bXKQEXC]�QP<R¤bX\8p�PiTiC
EXl�S·CF\2TiE-R]R8P<TiC]KQP<\8\<}

+ìiÔÓ æ�Ú qHq-,�ãÎÚ�x§qH{�o/{
¦2�QSU\¨\]P<T�CFS[E-K�d-R8E-NQpQ\¨P�µxp%P<R]S[oqPiK¢CF\ C]�¬bHCÂCFP<\6C¹CF�gP�\]p%P<PieQNQp°ltR8E-o p¬bXRFbHjUjUPij(\]S[o�NQj�b¶CFSUEXKQ\<}
rxP<T�CFSUEXKÀág} ÛQ}·½ pQR8P<\]PiK¢CF\�bXK»P�µxp�PiR]S[oqPiKwC�CF�¬b¶Cco�P�bX\8NQR]Pi\c\8p�PiP<eQNQpÁ��bXKQe¥CF�QP¨SUK4�QNQP<KQTiP¹EXl
jUELE-V¶bX�QP�bHecSUK«bkp¬bXR]bXjUj[P<j²\]S[o�NQj�b¶CFSUEXK
}�rxP<T�CFSUEXK�ág}ßÛg}Ú�©P<\8C]SUoqbHCFPi\4CF�gP�p�EX\]\]S[fQjUP�\]p%P<PieQNQp§ltR]EXo
p¬bXRFbHjUjUPijÁ\8SUo�NQjUbHCFS[E-K
�wS[lªeg^LK¬bXo�SUT4jUELE-V¶bX�QP�bHe¤�nbX\vNQ\8P<e
}
�Hú ü�ú¼Ð ÷s��çwçxÖ�×��X^�çwå¬þ�×²Ô³çLæ çLÒ�Ó
¦2�QSU\2\8P<TiC]SUE-K�eQPi\]T<R8SUf%P<\�bXK¤P�µxp%P<R]S[oqPiK¢CZC]�¬bHCvo�P�bX\8NQR]Pi\v\]p%P<P<egNQpcS[K�pQbXRFbXj[jUPijÁ\]S[o�NQjUbHCFS[E-K
}
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* ×²Ô���Õ�þiç�Õ´ÿp���H��çwÔ¶Ù�æ çLÒ�Ó rLSUKQTiP�CF�gP4jUELE-V¶bX�QP<bXeQ\i�LNg\]P<e�S[KqC]�QP4TiNQR]R8P<K¢C2SUo�pQj[P<o�P<K¢CWbHC]SUE-KEXl´CF�QP2\8SUo�NQjUbHCFS[E-K"\6^L\8CFPioºbXR8P>\]oqbXjUj��XS·C?T�bHK��QbXR]eQj·^£bXTW�QSUP�I-PZbDp%E-\]S·CFS[IXP>\]p%P<PieQNQp
}�¦2�gP<R]P�ltE-R]PH�
CF�QP«pgNQR]p%E-\]P§EHlOCF�QS[\kP�µxp%P<R8SUo�P<K¢C±S[\kCFE¹\8�QE�� CF�¬bHC�b �QSUdX�QP<RNÀ�¦2«�«�Ð-Ã�¦»SU\qp�EX\]\]S[fQjUPH�2S[lDC]�QP
jUELE-V¶bX�QP�bHeQ\>�nPiR]P��QSUdX�QP<Ri}
���H��çwÔ¶Ù�æ çLÒ�Ó�å¬èB�nå¬þ<ö s K EXR]eQPiR�C]E«bXTW�QS[PiIXPqCF�gPqd-E-bXj|EXlnC]�QPkP�µgp%P<R8SUo�P<K¢C��²CF�gPqltE-j[jUE��vSUKQd
CWbX\8VL\Z�¬b�I-PACFE©f%PAeQE-KQPHy
½-}ZmnE-KQ\6CFR]NgTiCAeQS�FÁPiR]P<K¢CO\8SUo�Ngj�bHC]SUE-K�oqELeQPijU\<�´�v�QS[TW�§pQR]E�ILSUeQP"eQSGF�P<R8P<K¢COjUELE-V¶bX�QP<bXeQ\i}OBDKQP
EXlÂCF�QPi\]P�o�ExeQPijU\�\8�QE-NQj[e pQR]E�ILSUeQPÀbÃoqb¶µxSUo"NQo jUELE-V¶bX�QP�bHe
�§p�EX\]\]S[fQjUP»ltR]E-o CF�QS[\
p¬bXR]bXjUj[P<j¥&¶eQSU\6CFR]S[fQNgC]P<ek\8SUo�Ngj�bHC]SUE-K±\6^L\8CFPio�}

�x}vúZNgK®P�bXTW�o�ExeQPij4S[K®b¹\]Pi¡LNgP<K¢CFSUbXjJ��bXKQe®S[K®b¹p¬bXR]bXjUj[P<j¥&¶eQSU\6CFR]S[fQNgC]P<e \]S[o�NQj�b¶CFE-Ri�vbXKQe
T<E-o�pQNgC]POCF�QPA\]p%P<PieQNQp�ltE-R2P�bXTW��o�ExeQPijJ}

Üg}ZmnE-o�p¬bXR]P»CF�QPÀegSGF�P<R]PiK¢C�\]p%P<PieQNQpQ\¥bXKge�P<\8C]SUoqbHCFP¥CF�QPñp�E-\8\]S[fQjUP»\]p%P<P<egNQp
��S[l«C]�QP
jUELE-V¶bX�QP<bXe±�>bH\��QS[d-�QPiR<}

���H��çLØXÓ�çLÖ�ô±çLþ�×ªè Ó³þ ¦2�QP�jUELE-V¶bX�QP<bXeQ\i��S[K�CF�QP§TiNQR]R8P<K¢C�SUo�pQjUPioqPiKwCFbHCFS[E-K�bHR]P§f¬bX\8P<e¥E-KpQR]E-pQbXd¢bHC]SUE-K�eQPij�b�^L\<�ªbXKQe¨C]�QP<R8PiltE-R8P�bXR]P©I-PiR8^�\]oqbXj[jS^
[1...1500ns]

_�}�¦2�QS[\£R8P<\]Ngj[CF\AS[K¨\8�QE-R8C
\FbHltP4�vS[KQeQE��v\<�QbXKQe�\]oqbXj[jUP<R�KwNQo�f%P<R>EHl²PiI-PiK¢CF\2�v�QSUTW�¤b£\]SUo"NQj�bHC]E-R|P�µxP<TiNgCFPi\veQNQR]S[KQd�S·CF\n\]bHltP
�vSUKQeQE��A}?¦2�gP2\]�QE-R6CFPiR?CF�QP2\]bHltPn�vSUKgeQE��A�-CF�QP2o�E-R]PnEXl CFPiK�CF�QP>\8SUo�Ngj�bHC]E-R]\ª�¬b�I-P2CFED\6CFE-p©P�I-P<K¢C
pQR]ELT<Pi\]\]S[KQd«bHKQe eQE�\8^LKQTW�QR8E-KQS[\FbHC]SUE-K
}k¦2�QP<R8PiltE-R8PX� s P�µxp�PiTiC£CF�¬bHC"b¤\]SUo"NQj�bHC]SUE-K«�vS·CF�ÂCF�QPi\]PjUELE-V¶bX�QP�bHeQ\>�vSUj[jÁR]Pi\]NQj·CZSUK¤b©KQP<d¢b¶CFS[IXPO\]p%P<PieQNQp
}
BDK�C]�QP"EHCF�QPiR4�¬bXKge
��\8p�PiT<SUbXjªT<bX\]Pi\DP�µxS[\8C��´�v�QPiR]P"C]�QP"j[ExE-V¶bX�gP�bXe�T�bXK�f�P£\]P�C4CFEqSUKgàQKQS[C_^X}

¦2�QSU\�SU\vltE-R�P�µgbXoqpgjUPA�v�QP<KcC_��E±\8NQfQKQP�C_�nE-R8Vw\£bHR]P�\]S[C]N¬bHC]P<e«b¶CDb©I-P<R6^cfgSUdkegSU\8CFbXKQTiP"bXKge«eQE
KQEXCZb>F�P<T�C�P<bXTW��EXCF�QPiRvbHCZbXj[jJ} s K�C]�QP<\8P£T<bX\]Pi\ s P�µxp%P<T�CDb�oqb¶µxSUo�Ngo p%E-\]S·CFS·I-PD\8p�PiP<eQNQp�ltR]E-oCF�QPA\]S[o�NQjUbHCFS[E-K
�Lf�PiT�bXNQ\8P�C]�QP<R8P�bXR]PApQR]bXTiC]SUT�bHjUj[^�KQE�\8^LKQTW�gR]E-KQS[\FbHC]SUE-Kg\<}
�nå¬þ<ö§÷
Õ%è¼×²Ó�Ù¼Õ%Ò s K�E-R8eQP<R²CFEZ�¬b�I-P�bZTiE-K¢CFR8E-jwE³IXP<R²CF�QP�jUELE-V¶bX�QP<bXe
� s TW�gExE-\8P�C]E�\8SUo�Ngj�bHC]P?C_�nE
\]NQfQKgPiC_��E-R]Vw\<�¢�vS·CF��b2IHbXR]SUbXfQj[P�eQSU\6CWbXKQTiPnf%PiC_��P<PiK"CF�QPio�}?rxSUKgT<P|CF�QP�jUELE-V¶bX�QP<bXe£S[\²eQPiC]P<R]o�SUKgP<e
fw^»CF�QP�o�SUKgSUo�NQo pQR]E-pQbXd¢bHC]SUE-KÀegP<j�b�^»f�P�C_�nPiP<K CF�QPi\]P�\8NQfQKQP�C_�nE-R8Vw\<�©b��QS[d-�QP<RceQSU\6CWbXKQTiP
R]P<\8NQj[C]\(SUK b§�QS[d-�QP<R"jUELE-V¶bX�QP�bHe
}�Ä4KQe��v�QPiK¯C]�QP�eQSU\6CWbXKgT<P�SU\"oqE-R8PkCF�QbXK+Þ-ÞX¿Xo����v�QS[TW�¯S[\
CF�QP�\8P<KQ\8SUKQd§R]bXKQd-P±S[K¹CF�QPkKQ\6G~�x�?CF�QP±C_��E�\]NQfgKQPiC_��E-R]Vw\qbXR]PkT<E-o�pQjUP�CFPij[^ÂSUKQegP<p%P<KQeQPiK¢C�bXKQe
CF�QPiK�CF�gP�j[ExEXVHbH�QP�bXe�T<bXK¤f�PA\8PiCvCFE�SUKgàQKQS[C_^X}
rxEg� s dXP<KQPiRFbHC]POeQSGF�P<R8P<K¢CvoqELeQPijU\>EXlªKQP�C_�nE-R8Vw\<�¬�v�QSUTW�¤TiE-KQ\]S[\8CvEXl�C_��E�\8NQfQKQP�C_�nEXR]Vw\��vS·CF�

b©IHbXR8S�bXfQj[P4eQS[\8CFbXKQT<PAf%PiC_��P<PiKcCF�QPio ^6½�¿-¿Xo��¬�X¿-¿Ho��xÛ¢¿-¿Xo��QbXKgecá-¿X¿XoÁ_�} s bHjU\]E(Ng\]P�eQSGF�P<R8P<K¢CKLNgo�f�PiR]\vEXl�KQP�C_�nE-R8V±KQELeQP<\>ltEXRnCF�QPi\]POo�ExegP<jU\[^6½�¿-¿x�gÛ¢¿-¿x�¬âX¿-¿x�QbXKQe§½�¿-¿-¿�_�}?¦2�QSU\2T<bXK¤d-S[IXPOb
ltP<P<j[SUKQdg�Q�QE��ñC]�QPAKLNgo�f�PiRvEXl�KgExeQPi\vSUK�CF�QPAKQP�C_�nEXR]V�SUK/�¬NQP<KgT<P<\vCF�gP�\8p�PiP<eQNgp
}
¦2�QPi\]P§o�ExegP<jU\©��P<R]P§R8NQK®SUK�b p¬bXR]bXjUj[P<jv\]S[o�NQjUbHCFS[E-K+EXK®b¨C_��EHG_pQR8ExTiP<\8\]E-R¤z�P<K¢CFS[NQo s8s]sokbXTW�gSUKQPD�vS·CF��b(ltR8P<¡wNQPiKQTi^¤EXlªÛwÞX¿-ac���H}
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ý�Ù¼þ�Ø¢×�þ�þ�ÙtÕ%Ò¾Õ´ÿcô±çLþ�×�ètÓ�þ h SUd-NQR8P«ág} Û�\]�gE³�v\�C]�QP§R]Pi\]NQj·CF\±ltR]EXo C]�QSU\�P�µgp%P<R8SUo�P<K¢C�}¸¦2�QPà¬R]\6CkR8P<\]Ngj[C�CFEÂf�P�KQEXC]SUT<Pie+S[\(CF�¬bHC�CF�gP�o�ExegP<jU\(�vS·CF�¯\]oqbXjUj>j[ExEXVHbH�QP�bXeg\
[300ns...1200ns]bXTW�QSUP�I-Pcb¨KQPid¢bHCFS·I-P�\]p%P<PieQNQp
}Ä4\qP�µxp%P<TiC]P<e
�>C]�QSU\�T<EXoqPi\�ltR8E-o \]�QEXR8Cq\FbHltP¤�vSUKQegE³�v\kbXKQe

\]oqbXjUj
KwNQo"f�PiR4EXl�PiI-PiK¢CF\<�ÁP�µxP<TiNgCFPie§SUK�p¬bXRFbHjUjUPijJ}n��IXP<Kc�v�gP<KcC]�QP"j[ExE-V¶bX�gP�bXe¤SU\ZSUKgT<R]P<bX\]PiecÛ
CFSUo�P<\�ltR8E-o Ü-¿-¿XKg\�C]E"½³�X¿X¿XKQ\<�HoqP<bXKQS[KQd�p%E-\8\]SUfgj[^OÛZCFSUo�P<\²o�E-R]P�PiIXP<K¢CF\�pQR]ELT<Pi\]\]Pie(SUK£p¬bXRFbHjUjUPijJ�
CF�QPA\]p%P<PieQNQp�SUKQTiR]P�bH\]P<\vE-Kgj[^kIXP<R6^�ltPi�A}
ò�P�CF\AT<E-Kg\]SUegP<ROC_�nE�eQSGF�P<R8P<K¢COCFPi\8C£R]NQKg\<}qBDKQP©SU\Of¢^�jUELE-V¶bX�QP<bXe�Ü-¿-¿XKg\<��bXKQe¯½�¿-¿±KQELeQPi\<�

bXKQe�CF�QP©EXC]�QP<RASU\Ab¶C£j[ExEXVHbH�QP�bXe�½��X¿-¿XKQ\�bXKge+½�¿X¿-¿±KQELeQP<\i}q¦2�QP�\]PiT<E-Kge¨CFPi\8C£�¬bX\©½�¿±CFS[oqPi\
oqE-R8PvKQExegP<\<�w�v�QS[TW�kSUo�pQj[SUP<\?bXR]E-NgKQec½�¿OCFS[oqPi\|oqE-R8PvPiI-PiK¢CF\n�vS·CF�QS[K�C]�QP�\8SUo�Ngj�bHC]SUE-K
�X\]E£C]�QP<S[R
eQSU\6CFR]S[fQNgC]SUE-K¤SUK�CF�QP�CFS[oqPA\]T<bXjUP�SU\�½�¿©CFSUo�P<\Zo�E-R]PAltR]Pi¡LNgP<K¢C�}�¦2�QP"\8P<T<EXKQe«CFPi\8CD�QbX\DbXj[\]EqbqÛ
CFSUo�P<\�j�bXR8d-P<RnjUELE-V¶bX�QP�bHe
�L�v�gSUTW�¤SUo�pQjUS[P<\�bXR]EXNQKQe�Û�CFS[oqPi\>j�bHR]d-PiRn\Fb¶ltPD�vSUKQeQE��A}�¦2�QPi\]P�oqP<bXK
CF�¬bHC�eQNgR]SUKgdAC]�QPZ\]P<TiE-KQeq\]SUo"NQj�bHC]SUE-K(R8NQK©CF�QPiR]Pv�nPiR]P�bXR]E-NgKQekÛ¢¿DC]SUo�P<\|oqEXR]P2PiIXP<K¢CF\�p�PiR�\]bHltP
�vSUKQeQE��ÃCF�QbXK¹SUK¨CF�QPkàQR]\8C�E-KQPX}��ZPiIXP<R8C]�QP<j[P<\8\<�|CF�QP±S[KQT<R8P�bX\8P±SUK¨CF�QP±\8p�PiP<eQNgp¯S[\"E-Kgj[^¨¿g}·½-}
¦2�QSU\£oqP<bXKQ\ACF�¬bHC�CF�gPk�nEXR]V´�?eQE-KgPkE-K¨\8^LKQTW�QR8E-KQSU\]bHCFS[E-K CFbXVXPi\�o�NQTW�¹o�E-R8P�C]SUo�P©C]�¬bXK C]�QP
�nE-R8V´�geQE-KgP4E-KqpQR]ELT<Pi\]\]S[KQd�EXl
PiI-PiK¢CF\<}�¦2�QPiR]PiltEXR]PX�LCF�QPi\]PDR8P<\8NQj[C]\nSUKgeQNQT<P4bXKQEXC]�QP<R�SUK¢CFPiR]Pi\8CFS[KQd
¡LNgP<\8C]SUE-KÁ}���E��¯okbHKw^£CFS[oqPi\�o�E-R]P>P�I-PiKwC]\�p%P<R�\FbHltP>�vS[KQeQE��+bXR]P2KQPiP<eQPieqS[K�E-R8eQP<R?C]EOSUKQTiR]P�bH\]P
CF�QP�\8p�PiP<eQNgpÂ�vS·CF��½-��bHKQe�okbXVHP�S[C4SUK«C]�QP(SUK¢CFPiR8IHbXj

[1.4...1.5] � ¦2�QS[\DoqS[d-�¢CDf%P©b±¡wNQP<\6CFSUEXKltE-RvbXK�bXeQeQS·CFS[E-K¬bXj�P�µxp�PiR]S[oqPiKwCFbXj
\6CFNQeg^X}
Ä�KQEXC]�QP<R¤R]Pi\]NQj·C�ltR]E-o CF�QS[\�P�µxp%P<R]S[oqPiK¢C�S[\±CF�¬b¶C��v�QP<KCF�QP�j[ExE-V¶bX�gP�bXe®S[\�SUKgà¬KgS[C_^�C]�QP

\]p%P<P<egNQp®SU\�p�EX\]S[C]S[IXPX}®¦2�QS[\kR]Pi\]NQj·CkdXS[I-Pi\qC]�QPcoqb¶µxSUo�Ngo p�EX\]\]S[fQjUP�\]p%P<PieQNQp
�2C]�¬bHCqT�bXK�f%P
bXTW�QSUP�I-Pie
}>¦2�QPiE-R]P�CFSUT<bXjUj·^±CF�gP�\8p�PiP<eQNgp«SUK¤CF�QS[\vT�bX\8P"SU\vPi¡LNQbXj�CFE©CF�QP�KwNQo�f%P<RZEXl?pQR8ExTiP<\8\]E-R8\<�
SUK¹CF�gSU\(T�bH\]Pc�x�|f�PiT�bXNQ\8P�C]�QPi^ egEÂKgEXC©SUK¢CFPiRFbXT�C©eQNQR8SUKQd§CF�gP�\8SUo�Ngj�bHC]SUE-K
} ] NgC�S[K�pQRFbXT�CFS[T<P
CF�QPiR]PAbXR8PDl¼bXTiC]E-R]\>C]�¬bHCvR]PieQNQTiPAC]�QSU\n\]p%P<P<egNQp
} s K¤C]�QSU\2S[oqpgjUP<o�P<K¢CFbHCFS[E-KkbHjUjÁ\8SUo�Ngj�bHC]E-R]\�\8CWbHR8C\]SUo"NQj�bHC]SUE-KD�vS·CF��CF�QP|�v�QE-j[P�o�ExegP<jJ}��|bXTW��\8SUo�Ngj�bHC]E-R�SUK¢CFPiR]pQR8PiC]\?bXKQe£\]Pip¬bXRFb¶CFP<\�S[C�E-K"S·CF\²E��vK
�
bXKQeqC]�QP<K±bXTiC]S[IHbHCFPi\�EXKQj[^©E-KgP4p¬bXR6CnEHl�S[C<�w�v�gSUTW�±S·C�C]�QP<K�\8SUo�Ngj�bHC]P<\<}ª¦2�QSU\|��E-R]V�SU\�eQE-KQPvltR]EXo
f�EXC]��\]SUo"NQj�bHC]E-R]\i��\]E�S[CAeQELP<\AKQEHC£TiE-K¢CFR8SUfQNgC]P(CFE¤p¬bXR]bXjUj[P<j?pQR8ExTiP<\8\]SUKgdcbXKgeÂC]E¤C]�QP�\]p%P<P<egNQp
}
] NgCvCF�QPAR8P<\]Ngj[CF\v\8�QE��ÀCF�¬b¶CZ�v�gP<K�C]�QPApQNQR8P£\8SUo�NQjUbHCFS[E-Kk��E-R]VkSUKQTiR]P�bH\]P<\�½�¿�CFS[oqPi\>ltR]E-o ½�¿-¿
CFE±½�¿X¿-¿"KQELeQP<\i�QS[C�T<EXoqp%P<KQ\]bHCFPi\>CF�QS[\neQNgpQjUS[T�bHC]P<ek��E-R]VkbHCnC]�QPDf%P<d-S[KQKQS[KQd�bXKge�SUKQTiR]P�bH\]P<\>C]�QP
\]p%P<P<egNQp��vS·CF��bXR]EXNQKQe�¿g}ÚÞL}
�"Õ%Ò�Ø¢è�×�þ�ÙtÕ%Ò ¦2�QS[\ZP�µxp�PiR]SUo�P<K¢CZd-S·I-P<\ZbXK�P<\6CFS[okbHC]SUE-KkEXlªC]�QPAokb³µgS[o�NQo p�E-\8\]S[fQjUPO\8p�PiP<eQNQp
ltR]E-o�b�p¬bXR]bXjUj[P<j
\8SUo�NQjUbHCFS[E-K
} s C4\8�QE��v\4CF�QbHC�C]�QSU\voqb¶µxSUo�Ngo$\]p%P<PieQNQp«S[\�p%E-\]S·CFS·I-P�bXKQe�T<jUEX\]P
CFE©CF�QPOCF�gP<E-R8PiCFS[T�bXj�oqb¶µxSUo"NQo�}�rxEg�¬S[Cv\]�gE³�v\ZCF�¬b¶C4b©\]p%P<PieQNQpc�vS·CF�¤CF�QS[\v\]SUo"NQj�bHC]SUE-Kk\8^L\8C]P<o
SU\±¦2´'À�À�£�ò·ª¢«��¢S[l%CF�gPZj[ExEXVHbH�QP�bXe(�nbX\��QSUd-�gP<R<}���E���PiI-PiR<�LCF�QS[\�P�µxp�PiR]SUo�P<K¢C�eQELP<\|KQEXC�bXKg\8��P<Rn�gE³�
jUE-KQdXP<R"C]�QP¤jUELE-V¶bX�QP�bHe¹KQP<PieQ\©CFE�f�P�S[K�E-R]egP<R(CFEÂbXTW�QS[PiIXP�b§p%E-\]S·CFS·I-P±\8p�PiP<eQNQpÁ}¯Ä�jU\8EÂ�gE³�
o�NQTW��\]p%P<P<egNQpcS[\2p�E-\8\]S[fQjUPD�vS·CF��CF�QPAeg^LK¬bHoqS[TOjUELE-V¶bX�QP�bHe�SUK�CF�QPA\8SUo�NQjUbHCFS[E-Kko�ELeQP<j �
�Hú ü�ú[ã ÷s��çwçxÖ�×��C�DþiÓ³Ù¼æ ågÓ³ÙtÕ%Ò
¦2�QSU\2\8P<TiC]SUE-K¤pQR8P<\8P<K¢CF\ZbXK¤P�µxp%P<R8SUo�P<K¢C2CF�¬b¶C%«�À�²Ä£¥Îb¨-²�«�ÀACF�gPOp�E-\8\]S[fQjUPD\8p�PiP<eQNgp�ltR8E-o¾p¬bHRFbXj[jUP<j
\]SUo"NQj�bHC]SUE-KÁ�LS·lªC]�QPAjUELE-V¶bX�QP<bXe±�>bH\Z�gSUd-�QPiR<}
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h SUd-NgR]PAág} ÛQy�rxp%P<PieQNQp�eQP<p%P<KQegSUKQd�E-K�jUELE-V¶bX�QP�bHe
* ×²Ô���Õ�þiç�Õ´ÿð�ç�H��çwÔHÙ¼æ çLÒ�Ó ¦2�gP2pQNQR]p%E-\8P>EXl¬CF�gSU\�P�µxp�PiR]SUo�P<K¢C�S[\ªC]EObXKQ\6�nPiR?CF�QP>¡wNQPi\8C]SUE-KQ\i�CF�¬bHCvC]�QPApQR]P�IxS[E-NQ\vP�µxp%P<R8SUo�P<K¢CvfQR]EXNQd-�¢CZNQp
y
½-}v��E��o�NQTW��j[ExEXVHbH�QP�bXe+SU\qKQP<PieQP<e®S[K�E-R8eQP<RkC]E¹bXTW�gSUPiIXP§b p%E-\]S·CFS·I-Pc\8p�PiP<eQNgp®SUK+C]�QP
KQE-KxGJCFR8S[ILS�bXj�T�bX\8PO�v�QP<K�jUELE-V¶bX�QP�bHe�SU\2KQEXCvS[Kgà¬KQS·C_^ �

�x} s \2CF�QS[\Zj[ExEXVHbH�QP�bXe¤b�IHbXS[j�bXfQj[P4S[K¤C]�QPO\]S[o�NQjUbHCFS[E-K±o�ExeQPij �
���H��çwÔ¶Ù�æ çLÒ�Ó�å¬è»�nå¬þ<ö ¦2�QP�à¬R]\6C4CWbH\]V¤EXl?C]�QSU\ZP�µxp%P<R]S[oqPiK¢CDSU\2C]E�¨-©�²Ä£ &Pô�£�¨-ª¥ª�%�£¥¤sô�©�«�¨�À'«AC]�QP
jUELE-V¶bX�QP�bHe¥S[K��vSUR8P<jUPi\]\¤KQP�C_�nE-R8V®\]S[o�NQj�b¶CFSUEXKQ\q�vS·CF�KQ\6G~�x�DbHKQe¥C]E oqP<bX\]NQR8P§CF�QP�R]Pi\]NQj·CFS[KQd
\]p%P<P<egNQp
} ¦2�gP jUELE-V¶bX�QP<bXe¥SU\¤CFE�f%P S[KQT<R8P�bX\8P<eÀNgKwC]SUjAS[C�R8P<\]Ngj[CF\�SUK»b�p%E-\]S·CFS[IXP�\]p%P<P<egNQp
}
¦2�QP<K
�DC]�QP�\]PiT<E-KQe¥CWbX\8V�SU\±C]E P<\8C]SUoqbHCFP«C]�QP�p�EX\]\]S[fQjUP§ex^xKQbXoqS[T§jUELE-V¶bX�QP<bXe
��b�IHbXS[j�bXfgjUPcS[K
CF�QPA\]S[o�NQjUbHCFS[E-K±o�ExeQPijJ}
���H��çLØXÓ�çLÖ�ô±çLþ�×�ètÓ³þ ¦2�QP�pQR8PiILSUE-Ng\ZP�µxp�PiR]SUo�P<K¢CZ\]�gE³��P<e�CF�¬bHC�b©\]�QEXR8CZjUELE-V¶bX�QP<bXe�R]Pi\]NQj·CF\SUK bc\8p�PiP<eQNQp¯EXlZbXR8E-NQKQe ¿x}ÚÞx�|bHKQe b«jUELE-V¶bX�QP<bXe EXlZS[Kgà¬KQS·C_^¨S[K�bXR8E-NQKQe®½-}Ýâx}§¦2�QPiR]P�ltE-R]PH� sP�µxp�PiTiC�CF�¬bHCvC]�QP<R8P£S[\vb©IHbXj[NQPAEXlªC]�QP�jUELE-V¶bX�QP�bHe¤C]�¬bHCZT�bHNQ\]Pi\ZC]�QP£\8p�PiP<eQNgpcCFE©f%P"b©p�EX\]S[C]S[IXP
KLNgo�f�PiRZbXR]E-NgKQe¨½X}|��E��nP�I-PiR<�´CF�QS[\>IXbHjUNQPOT<bXK�f%PA�¬bXR8eQj[^kP<\8C]SUoqbHCFPie¤f�P�ltE-R]Pi�¬bXKQe
}
h E-R²CF�QPnp�E-\8\]S[fQjUP�eg^LK¬bXo�SUT�jUELE-V¶bX�QP�bHe
� s P�µgp%P<T�C?IHbXjUNgP<\�S[K"CF�gPnRFbHKQd-P

[1...30ms]
�-f%P<T<bXNQ\]P

EXl�C]�QPOE-p%P<RFb¶CFSUEXK�EHlª�vS[R]P<j[P<\8\2KQPiC_��E-R]Vw\�SUK�CF�QPATiE-K¢CFP�µLC�EXl�CF�QS[\>CF�QPi\]SU\ ^t\]P<PA\8P<TiC]SUE-Kc�x}ÝÞ7_�}
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Õ%è¼×²Ó³ÙtÕ%Ò ¦2�QP�T<NQR8R]PiKwC]j[^�NQ\8P<e�jUELE-V¶bX�QP<bXe©SUKqp¬bXRFbHjUjUPij¬bXKQekeQSU\6CFR]S[fQNgC]P<ek\8SUo�Ngj�bHC]SUE-KQ\
SU\�àgµxPiekbXKge(f¬bX\]PieqEXK(pQR]E-pQbXd¢bHC]SUE-K�egP<j�b�^X}�¦2�QPiR]PiltEXR]PX�¢C]�QP2E-KQj·^£�nb�^�CFEb¨-©�²�£ &Pô�£�¨-ª¥ª�%¶£¥¤sô�©�«�¨�À'«
CF�QPDj[ExEXVHbH�QP�bXeqSU\�CFE(TW�¬bXKgd-P4CF�gPDpQR]EXp¬bXd¢bHC]SUE-KqeQP<jUb�^-}�¦2�QPOpQR8E-p¬bXd-bHCFS[E-KkeQPij�b�^qf�P�C_�nPiP<K�C_�nE
KQPiC_��E-R]V�KgExeQPi\

A
bHKQe

B
S[K¤KQ\6G~�(S[\2T�bXj[T<NQjUbHCFPie¤fw^kCF�QPOltE-R8o�NQj�bxy

Propagation Delay =
Distance(A, B)

Speed of Light

¦2�gP<R]P�ltE-R]PH�²SUK«E-R8eQP<RDC]E�SUKQTiR]P<bX\]P�C]�QP(pQR]EXp¬bXd¢bHC]SUE-KceQP<jUb�^cE-KQP�KgP<P<eg\�PiS[C]�QP<RDC]E�SUKQTiR]P�bH\]P
CF�QP«egSU\8CFbXKQTiPcf%PiC_��P<P<KKQELeQPi\<�ZE-RqC]E¹eQP<TiR]P<bX\]P«C]�QPc\8p�PiP<eEXlAjUS[d-�¢CkS[K+C]�QP«o�ExeQPijJ}ñrxSUKgT<P
CF�QP£okb¶µxS[o�NQo$p%E-\]\8SUfQj[P£egSU\8CFbXKQTiPÁ^

550m
_v\6CFSUj[j�R]Pi\]NQj·CF\4S[K«b©I-P<R6^c\8okbHjUj�pQR8E-p¬bXd¢b¶CFSUEXK�eQPij�b�^

^
1.8µs

_��¢CF�QPDEXKQj[^(�nb�^qC]E"ltNQR8C]�QP<R�SUKQTiR]P<bX\]PZCF�QP�pQR]E-pQbXd¢bHC]SUE-K�eQP<jUb�^qS[\�C]E9Ð}«�ô�©�«�¨�À'«K²¥°2«ìÀ�¦2«�«�Ð
´�>[ªÆ£�Ò�°}²p£¥¤z²¥°2«¶ÎÏ´·Ð}«�ª } h E-RnC]�QSU\vP�µxp%P<R8SUo�P<K¢C s TW�QELE-\8P"b(\]p%P<PiecEXlªjUS[d-�¢C2EXl

100km/s
�Q�v�QS[TW�

R]P<\8NQj[C]\£S[K b�pQR]EXp¬bXd¢bHC]SUE-K�eQPij�b�^�EXl
1ms

bHC£b�eQS[\8CFbXKQT<P�EXl
100m

}k¦2�QPkKQP�C_�nEXR]V�CFE-p%E-jUEXdX^
SU\DbHd¢bXSUK�C_�nE�\8NQfQKQP�C_�nE-R8Vw\��vS·CF��bqIHbXR8S�bXfQj[P£egSU\8CFbXKQTiP(f�P�C_�nPiP<K�CF�QPio���jUSUVHP"S[KcCF�QP(pgR]PiILS[E-NQ\
P�µxp�PiR]S[oqPiKwC<}D¦2�QP�KgPiC_��E-R]V�KQExegP<\DR8NQK�bkR]P<bXj·GJCFS[oqPAT<EXoqo�NgKQSUT<bHCFS[E-K�pgR]EXC]ExTiE-jJ�´NQ\8P<e�SUKcC]�QP
T<E-K¢CFP�µLC>EXl
C]�QSU\|CF�gP<\]S[\K^t\]PiPD\]PiTiCFS[E-K��L}ÚÞ7_�}?¦2�QP�P�µxp�PiR]S[oqPiKwC]\�\6CWbXR6Cn�vS·CF�qb£eQS[\8CWbHKQT<P�EXl

100m
}

¦2�gP£p%E-\]\8SUfQj[PAeg^LK¬bXo�SUTAjUELE-V¶bX�QP<bXe¤SU\2CF�QPiE-R]P�CFS[T�bXj[j[^qP<\8C]SUoqbHCFPie�S[K�C]�QP�RFbXKQdXP
[1...30ms]

�
fQNgC|S[C�eQP<p%P<KgeQ\|E-K�CF�QP2ex^xKQbXoqS[T<\�EXl´C]�QP2KQPiC_��E-R8V%} s K(EXR]eQPiR?CFEOP<\6CFS[okbHC]P>SUK(o�E-R8PnpQR8P<T<S[\]Pij[^ soqP<bX\]NQR8P2CF�QP2CFS[oqPnSUK¢CFPiR8IHbXjU\�S[K©\]SUo"NQj�bHC]SUE-K£CFSUo�P>S[K©�v�gSUTW�©CF�QPv\]S[o�NQjUbHCFE-R8\?\]PiKQeko�P<\8\FbXdXP<\�CFE
P�bXTW�«EHCF�QPiR<}>¦2�QPi\]P"C]SUo�POSUK¢CFPiR8IHbXj[\ZegP<p%P<KQe«EXK�CF�gP£f%P<�¬b�ILSUEXNQR�EXK�CF�gP£KQELeQPi\4SUK¤CF�gP£f%E-R]egP<R
bXR]P<bX\vEXlªC]�QPAKQPiC_��E-R8V%}
ý�Ù¼þ�Ø¢×�þ�þ�ÙtÕ%Ò Õ´ÿ�ô±çLþ�×ªè Ó³þ h S[d-NQR8P ág}ÝÞ¯\8�QE��v\cCF�gP \]p%P<PieQNQp�EXl"CF�QS[\�\8SUo�NQjUbHCFS[E-K��vS[C]�ÀbeQSU\6CWbXKQTiP4f%PiC_��P<PiK¤C]�QPDKQP�C_�nEXR]Vw\

100m
�QbXKge�b"jUELE-V¶bX�QP<bXekEHl

1ms
}?¦2�QS[\>\]p%P<PieQNQp�SU\�T<j[P�bXR8j[^

p�E-\8S[C]S[I-PH�¢�v�QSUTW�qoqP<bXKQ\�CF�¬b¶C>bAjUELE-V¶bX�QP<bXe©EXl
1ms

SU\|P<KQEXNQd-�qC]E�bXTW�gSUPiIXP4b�p�EX\]S[C]S[IXPZ\8p�PiP<eQNgp
SUK�p¬bXRFbHjUjUPij�\]S[o�NQj�b¶CFSUEXK
} h S[d-NQR8P£áx}Ýá�\]�QE��v\4C]�QP"EXC]�QP<RZR]Pi\]NQj·C�ltR8E-o$CF�gSU\ZP�µxp�PiR]S[oqPiKwC<} s CDSU\ZbeQSU\6CFR]S[fQNgC]SUE-K�EXl
C]�QP�C]SUo�P�S[KwC]P<R6IXbHjU\�SUKk\8SUo�Ngj�bHC]SUE-K(CFS[oqPvf%PiC_��P<PiK¤C_��E(T<EXKQ\]PiT<NgC]S[I-P4oqPi\]\FbHd-P<\
\]P<Kge�fw^�CF�gPDò²z�\>SUK�CF�QS[\�p¬bHRFbXj[jUP<j¬\8SUo�Ngj�bHC]SUE-K
}�¦2�QPDdXRFbXpQ�gSUTZ\]�QE��v\nC]�¬bHCnC]�QP<\8PDSUK¢C]P<R8IHbXj[\nbHR]P
SUK�KQP�bXR8j[^£î-¿¾ÑñEHlQCF�QP�T�bX\8P<\?S[K�C]�QPnR]bXKQd-P

[0...30ms]
}ª¦2�QS[\?bZR]E-NQdX�"P<\6CFS[okbHC]P�EHlQCF�QP�eg^LK¬bXo�SUT

jUELE-V¶bX�QP�bHe
�-b�IHbXSUjUbXfQj[P�S[K"CF�gP2\]SUo"NQj�bHC]SUE-K�o�ExeQPijJ�Hf�PiT�bXNQ\8P2S[C�SU\?bDR8P<\8NQj[C?ltR8E-o¸E-KQP>\8SUo�NQjUbHCFS[E-K
�
bXKQe�KQEXCnltR]E-o bXK¬bXj·^wCFSUT<bXj%PiIHbXjUNQbHCFS[E-KkEXl²C]�QPOoqELeQPijJ} s K¤E-R8eQP<R�CFE(f%PDNQ\]Pie�S[K�b�T<EXKQ\]PiR8IHbHCFS·I-P
\]SUo"NQj�bHC]SUE-KÁ�
CF�QPi\]Pkj[ExEXVHbH�QP�bXeg\£�¬b�IXPqCFE�f�PkbXK¬bXj·^wCFSUT<bXjUj·^cpgR]E�I-Pie
} s C£SU\�p%E-\]\8SUfQj[P�C]�¬bHC£E-KQj[^p¬bXR8C]\kEXlOC]�QSU\qeg^LK¬bXo�SUT�jUELE-V¶bX�QP�bHe�T�bHK�f�PcpQR]E�I-PiebXKQe®NQ\8P<e�ltE-Rq\8^LKQTW�QR8E-KQS[\FbHC]SUE-K
} ] NgC
KQPiIXP<R8C]�QP<j[P<\8\<��C]�QPqoqbXd-KgS[CFNgeQP(EXlnC]�QP�b�IXbHSUj�bHfQjUP�j[ExEXVHbH�QP�bXe�S[\��gSUd-�QPiRDCF�¬bHK¨CF�gP�j[ExEXVHbH�QP�bXeÁ�
KQP<PieQP<e�ltE-R£bcp%E-\]S·CFS[IXPk\8p�PiP<eQNQp S[K¨CF�gSU\"T<bX\]PH}§¦2�QP<R8PiltE-R8PX��S·C�d-S·I-P<\"bcd-ELExe¨pQR]EXoqS[\]PqltEXR"b
p�E-\8S[C]S[I-P�\]p%P<PieQNQp®P�I-P<K®S[K�eQS[\8C]R]SUfgNgCFPie�\]S[o�NQjUbHCFS[E-KQ\<�|�v�QPiR]P«\6^xKgTW�QR]E-KgSU\Fb¶CFSUEXK+CWbHVXP<\koqE-R8P
CFSUo�PX}
�"Õ%Ò�Ø¢è�×�þ�ÙtÕ%Ò ¦2�QS[\�P�µxp�PiR]S[oqPiKwC²\8�QE��v\�C]�¬bHC�C]�QP�jUELE-V¶bX�QP<bXe
��KQPiP<eQPie�ltE-R²b>p%E-\8S[CFS·I-P�\8p�PiP<eQNQp
SUK�b�p¬bXRFbHjUjUPijw\]SUo"NQj�bHC]SUE-KÁ�¶S[\?b�IHbXSUjUbXfQj[P�S[K£C]�QP>\]S[o�NQjUbHCFS[E-KAoqELeQP<j�}ª¦2�gP2b�IXbHSUj�bHfQjUP|jUELE-V¶bX�QP<bXe"S[\
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PiI-PiKk�vS[C]�qoqbXd-KgS[CFNgeQP<\|�QS[d-�QP<Ri�-�v�QSUTW�kbXjU\8E£dXS[I-Pi\nbApQR8E-oqS[\]P2ltE-R|b�\]p%P<P<egNQp±SUK�b�eQSU\6CFR]S[fQNgC]P<e
\]SUo"NQj�bHC]SUE-KÁ}�¦2�gP<\]PDbXR]P�SUo�p�E-R6CWbXK¢C|TiE-KQT<j[NQ\]S[E-KQ\i�LC]�¬bHC�T<E-K¢CFR8SUfQNxCFP�C]E£C]�QP4d-E-bXj´EXl
CF�gSU\|CF�QPi\]SU\i}
¦2�QPi^�\]�gE³� C]�¬bHC�S[l�bHeQeQS[C]SUE-KQbXj
P�F�E-R6CF\4P�µLCFRFbHTiCOb��QSUdX�QP<RvjUELE-V¶bX�QP<bXe
�%bv¦2´'À�£¥²�£¥Ñ-«£\]p%P<PieQNQp§EXl
�vSUR]PijUPi\]\2KQP�C_�nE-R8V¤\]SUo"NQj�bHC]SUE-Kg\nSU\�¦2´'À�À�£�ò·ª¢«�}

+ìi�á K7npo/q	¿CÚ�¿;qso/½ðo/|~lRn�lRu�Ý qH{}ã�ÌÙo/{
¦2�QSU\O\8P<TiC]SUE-K�P�IXbHjUN¬bHC]P<\DC]�QP�bXTW�QSUP�I-PioqPiKwC]\£EHl�C]�QP©P�µxp%P<R]S[oqPiK¢CWbXj?R8P<\8NQj[C]\OSUK§CF�QP(TiE-K¢CFP�µxC£EXl
CF�QPOd-E-bXjU\>EHlªC]�QPAP�µxp�PiR]S[oqPiKwC]\<}�¦2�QPiKcS·C2d-S[IXP<\2p%E-\]\8SUfQj[POeQSUR8P<T�CFSUEXKQ\nltE-R>ltNgC]NQR]POP�µxp�PiR]SUo�P<K¢CFbXj
CFP<\6CF\i}
���Qå¬è¼×²ågÓ³ÙtÕ�Ò Õ´ÿ»ô±çLþ�×ªè Ó³þ ¦2�QPi\]P�P�µgp%P<R8SUo�P<K¢CF\�\]�QE���P<e�CF�¬b¶C�eQS[\8CFR8SUfQNxCFP<e \]S[o�NQj�b¶CFSUEXKT<E-R8R]P<T�CFj·^�C]RFbXKg\]j�b¶CFP<\�SUK¢CFPiRFbXT�CFS[E-KQ\Zf�P�C_�nPiP<K�p¬bXR6CF\DEXl�bk\]Pi¡LNgP<K¢CFSUbXj�o�ExegP<j�SUK¢CFEqSUK¢CFPiRFbXT�CFSUEXKQ\
f�P�C_�nPiP<K"\8SUo�Ngj�bHC]E-R]\�SUKAb2eQSU\6CFR8SUfQNgC]P<eOo�ExegP<jJ}�¦2�gP�Ng\]P<eACFPiTW�QKQS[¡LNgP�ltE-RÁR]P<pgjUSUT<bHCFPieO\]S[o�NQj�b¶CFSUEXK
EXl
f%E-R]egP<R�R]P<dXSUE-KQ\�VXPiP<pQ\�CF�QPZoqELeQPij·G_R8P<jUbHCFPie(p¬bXRFbHoqP�CFP<R8\�EHlÁCF�gP<\]P4SUK¢CFPiRFbXT�CFSUEXKQ\|T<E-R8R]P<T�C��xbXKQe
R]P<\8NQj[C]\¤SUKT<E-R8R]PiTiC�eQSU\6CFR8SUfQNgC]P<e\]S[o�NQjUbHCFS[E-KQ\<}°��E��nP�I-PiR<�A\]E-o�P§\]p%P<TiS�bXjO\8S[C]N¬bHCFS[E-KQ\�S[KC]�QP
KQPiC_��E-R]V¯o�ExeQPijU\©\]�gE³��C]�¬bHC�CF�QS[\�C]P<TW�QKgSU¡wNQPcS[\qKgEXCkTiE-o�pQjUP�CFP<j·^�pQR8P<T<S[\]P�SUK¯SUKgltE-R8oqS[KQd�bXj[j
SUK¢CFPiR]P<\6CFPie«\]S[o�NQj�b¶CFE-R8\�bHf�E-NxCDbXK�SUK¢CFPiRFbXT�CFS[E-K�S[K�C]�QP"o�ExegP<jJ}n¦2�QP£C]P<TW�QKQS[¡wNQP"ltE-RZR]PipQjUS[T�bHC]P<e
\]SUo"NQj�bHC]SUE-Kg\�KQPiP<eQ\OC]E�f�P©bXegeQS[C]SUE-K¬bHjUj[^±R]PiILS[\]P<e�S[K§E-R]eQPiRDCFE�pQR8ExegNQT<P(TiE-R]R8P<TiCAR8P<\8NQj[C]\OSUK�bXj[j
T�bX\8P<\<}
Ä�KQEXC]�QP<R�T<E-K¢C]R]SUfgNgCFS[E-KÂC]E�C]�QPkTiE-R]R8P<T�CFKQPi\]\"EHl2eQSU\6CFR8SUfQNgC]P<eÂ\]S[o�NQj�b¶CFSUEXKQ\DSU\ACF�gPqpQR8ExEHl>EXl

CF�QPiSURvR]Pip�P<bHCWbXfgSUjUS·C_^-}�¦2�QP£P�µxp%P<R]S[oqPiK¢CF\v\]�QE���P<e«C]�¬bHCZeQSU\6CFR8SUfQNgC]P<e�\]S[o�NQj�b¶CFSUEXK±E-p%P<RFb¶CFP<\ZSUK�b
eQPiC]P<R]o�SUKgSU\8C]SUT"�nb�^�NQKQeQPiR"b�KQEXKQeQPiC]P<R8oqS[KQSU\6CFSUT"f�Pi�¬b�IxS[E-NQRAEXl�CF�QP©T<EXoqo�NgKQSUT<bHCFS[E-K«\8^L\6CFP<o�}
¦2�QSU\qoqP<bXKQ\qC]�¬bHCkeQSU\6CFR]S[fQNgC]P<e�\8SUo�Ngj�bHC]SUE-KQ\(pgR]ELeQNQT<P�CF�QP�\FbXo�PcR8P<\]Ngj[CF\�ltR]E-o E-KgPcR]NgK�CFE
bXKQEXC]�QP<Ri�2bXKQe+T�bXK+f�P�NQ\]Pie�CFE¨T<E-R8R]P<T�CFj·^�CFP<\6C�bXKge+ltE-j[jUE��¾PiR]R8E-R]\qSUK+b¨\]S[o�NQjUbHCFS[E-K�oqELeQPij
eQNQR]S[KQd©S[C]\2eQPiIXP<jUEXpQoqPiK¢C�}
¦2�gPOP�µxp�PiR]S[oqPiKwC]\2bXj[\]E�\8�QE��nPie�C]�¬bHC>C]�QPDNQ\8POEXl²\]�QEXR8C2j[ExE-V¶bX�gP�bXeQ\�R]Pi\]NQj·CF\>S[K�b�KQP<d-bHCFS·I-P

\]p%P<P<egNQp
�>P�I-P<K�SUK p¬bXR]bXjUj[P<j>\8SUo�NQjUbHCFS[E-KQ\i�?�v�QP<R8Pc\8^LKQTW�gR]E-KQS[\FbHC]SUE-K¯SU\©o�NgTW�¯l¼bX\6CFPiR�C]�¬bXK¯SUK
eQSU\6CFR]S[fQNgC]P<e�\]SUo"NQj�bHC]SUE-Kg\<}�¦2�QSU\ZoqP<bXKQ\vCF�¬b¶CDbXegeQS[C]SUE-K¬bHjÁo�ExeQPij·GíR]P<jUbHCFPie¤SUKgltE-R8okb¶CFSUEXK±�¬bX\vCFE
f�PDNg\]P<e¤S[K�E-R]eQPiRnCFE©bHTW�QSUP�I-POjUEXKQd-P<R�jUELE-V¶bX�QP<bXeQ\>bHKQe¤b��QSUdX�QP<R�\]p%P<P<egNQp
} h NgR8CF�gP<R]o�E-R8PX�xC]�QPP�µxp�PiR]S[oqPiKwC]\�\8�QE��nPiekCF�QbHC|CF�QPZNQ\]PZEXl�CF�QS[\�S[KgltE-R8okbHC]SUE-K£�nE-NgjUekR8P<\8NQj[C�SUKqbAp�E-\8S[C]S[I-Pv\8p�PiP<eQNQp
SUK¤p¬bXR]bXjUj[P<j%\]SUo"NQj�bHC]SUE-KÁ}
ä�×�Ó³×²Ô³ç ���	��çLÔ¶Ù¼æ çLÒ�Ó�å¬èT�nçLþiÓ³þ Ä ¡wNQPi\8CFS[E-K ltE-R�ltNgC]NQR]P P�µxp%P<R8SUo�P<K¢CWbXj�CFP<\6CF\SU\�C]�QP\]p%P<P<egNQp S[K¨eQS[\8C]R]SUfgNgCFPieÂ\8SUo�Ngj�bHC]SUE-K«EXK¨o�Ngj[CFS[pQjUP"T<E-o�pQNgC]P<R]\O�vS·CF�QS[KÂEXKQPqKgPiC_��E-R]V´}k¦2�gP<\]P
P�µxp�PiR]S[oqPiKwC]\�R8P<¡wNQS[R]PvCF�QPZeQPiIXP<j[E-pQo�P<K¢CnEHl�bOCFP<\6CFS[KQd£PiK¢IxS[R]E-KgoqPiKwC<�gbHKQe±bAT<PiKwC]RFbXj%T<EXKwC]R]E-j[jUPiR
CFE©okbHSUK¢CWbXS[KkCF�gP�P�µxP<T<NxCFSUEXK�EXlªP�µxp%P<R8SUo�P<K¢CF\ZbXKQe�d¢bHC]�QP<R>C]�QPAR]Pi\]NQj·CF\<}
Ä�K s K¢C]P<R]Pi\8C]SUKQdZP�µxp%P<R]S[oqPiK¢CWbXj¢¡wNQPi\8CFS[E-K�SU\
ltE-R�P�µQbHoqpQj[P?CF�QP|eQPip�PiKQeQPiKQT<P�EXlg\8p�PiP<eQNgp£ltR]EXo

eQSGF�P<R8P<K¢C>l¼bXT�CFE-R8\2SUKkC]�QPOKQPiC_��E-R8V±oqELeQPijJ}�¦2�gP<\]PAT<bXK¤f�POeQPiKQ\]S·C_^±EXl²C]�QPOKQPiC_��E-R8V%�¬\6CFR8NQTiC]NQR]P
EXl?CF�gP"KQP�C_�nE-R8VQ^tT<jUNg\8CFPiR]Pie«E-R4NgKQS[ltE-R8oqj·^±eQS[\8C]R]SUfgNgCFPie«KQELeQP<\�_�}4Ä�KQEXC]�QP<RZl¼bXTiC]E-RZC]�¬bHC4oqS[d-�¢C
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SUK4�¬NgP<KQTiP�\8p�PiP<eQNQpkSU\?CF�gP�f%P<�¬b�ILSUEXNQR|EXl�C]�QP�bXpQpQj[SUT�b¶CFSUEXKQ\<�-S�}ßPH}ªC]�QPvp¬bXR8C�EXlÁSUK¢CFR]b¶G_TijUNQ\6CFPiR|bXKQe
SUK¢CFPiR6G_TijUNQ\6CFPiRZTiE-o�o�NQKQS[T�bHC]SUE-KQ\i}|Ä4KQEXC]�QP<RvpQR]bXTiC]SUT<bXjUj·^±R]Pij�bHC]P<e�p¬bXR]bXoqP�CFPiR2SU\2CF�QP�KwNQo�f%P<RvEXl
pQR]ELT<Pi\]\]EXR]\4S[Kcb�eQSU\6CFR8SUfQNgC]P<e�\]S[o�NQj�b¶CFSUEXK
} s CZ��E-NQj[ecf%P£S[K¢CFP<R8P<\6CFSUKgd�C]Eq\8P<P"�gE³�ñCF�QP�KwNQo�f%P<R
EXl?pQR8ExTiP<\8\]E-R8\�S[K4�¬NQPiKQT<POCF�gP�\8p�PiP<eQNgp
�ÁbHKQe��v�QbHCZSU\>CF�gP�EXpgCFS[okbXj�KwNQo�f%P<RvEXlªpQR]ELT<Pi\]\]EXR]\vltE-R
bqd-S·I-P<Kc\]SUo"NQj�bHC]SUE-K�\8T<PiK¬bXR]S[EQ}2¦2�QPi\]P�P�µgp%P<R8SUo�P<K¢CF\ZR]Pi¡wNQSUR8P£CF�gP£NQ\8P"EXl?eg^LK¬bXo�SUTAjUELE-V¶bX�QP<bXe
SUK¤E-R]egP<R2CFE©pQR8E-oqS[\]PAb(p%E-\]S·CFS[IXPO\]p%P<PieQNQp
}
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¦2�QSU\Dà¬KQbXj�\]PiTiCFS[E-KÂ\]NQo�okbHR]SU\8P<\4C]�QP©okbHSUK�bX\8p�PiTiCF\�EXl�CF�QP(C]�QP<\8SU\<��C]�QP©jUP<\8\]E-Kg\AltR8E-o/S·CAbXKQe
d-S[IXP<\veQSUR8P<T�CFSUEXKQ\>ltE-R>ltNgC]NQR]POR8P<\]P<bXR]TW�Á}
÷�×�æ¹æ åQÔ�ø ¦2�QS[\�CF�gP<\]S[\4��E-R]V�SU\ZoqEHCFS[IHbHC]P<e�fw^�CF�gP£CFS[oqP�G_TiE-KQ\]NgoqS[KQdq\8SUo�Ngj�bHC]SUE-KQ\2EHl|E-KQP
p¬bXR8C]SUTiNQj�bXRnKQPiC_��E-R]V�\8SUo�Ngj�bHC]E-RRO CF�gP£KQ\~G6�4� î���}�¦2�QP<\8P"jUEXKQdHG_R8NQKQKQS[KQd�\8SUo�NQjUbHCFS[E-KQ\>egP<j�b�^±C]�QP
eQPiIXP<jUEXpQoqPiK¢C�Ti^LTijUP±EXl>T<E-o�o�NQKQS[T�bHC]SUE-KÂpQR8EXCFELT<E-j[\�ltEXR��vS[R]P<j[P<\8\"KQP�C_�nE-R8Vw\<}§¦2�QPiR]PiltEXR]PX�?C]�QP
d-E¢bXj�EXl�CF�gSU\�C]�QP<\8SU\4��E-R8VcSU\ZCFE±R8P<eQNgT<P�CF�gP�R]NQKgKQSUKQdqCFSUo�P�EXl|�vSUR]PijUPi\]\4KgPiC_��E-R]V«\8SUo�Ngj�bHC]SUE-KQ\
�vS[CF�kKQ\6G~�£f¢^kNQ\8SUKQd"o�NQj[C]SUpQj[PvpQR]ELT<Pi\]\]S[KQd�NQKgS[CF\�CFE�TiE-oqpgjUPiC]P4b£\]SUKgd-jUPZ\]S[o�NQj�b¶CFSUEXK�CFbX\]V´}�¦2�QP
CWbX\8V«EXl�CF�QP(CF�gP<\]S[\<��bXR8SU\]S[KQd±ltR]EXo CF�QS[\Od-E¢bXj��
SU\DC]E�P�µLCFP<Kge¨CF�gP�Kg\6G6�kC]E�R8NQKÂ\]SUo"NQj�bHC]SUE-Kg\4E-K
o�NQj[C]SUpQj[P2T<E-o�pQNgC]P<R8\n�vS[C]�QSUKqE-KQP4KgPiC_��E-R]V´}|¦2�QPDoqbXSUK�TW�¬bXj[jUPiKQd-P4EHl
CF�QS[\�CFbX\]V�SU\|CFE�VHP<Pip¤C]�QP
P<K¢CFS[R]PiC_^(bXKQe�T<E-R8R]P<T�CnP�µxP<T<NxCFSUEXKqEXl�CF�QPv\8SUo�NQjUbHCFS[E-K�o�ExegP<jQeQNgR]SUKgd£bAeQS[\8CFR8SUfQNxCFP<e©\8SUo�NQjUbHCFS[E-K
}
u4NQPvCFE£C]�QPZj�bXR8d-P2\]T<bXjUPZEXlÁC]�QPZNQ\]Pie±oqELeQPijU\ì^6½�¿-¿g}·}[}·½�¿-¿-¿OKQELeQPi\�_��xb£KgP<T<Pi\]\]bXR8^�pQR8P<pQR8ExTiP<\]\8SUKQd
\8CFPip¹SU\OC]E«bXNgC]E-oqbHCFS[T�bXj[j[^�eQS[ILS[eQP�C]�QP�KQPiC_��E-R]VÂo�ExeQPij�SUK¢CFE�o�NQj·CFS[pQjUP(p¬bHR8CF\i��\8NQS[CFbXfQjUP(ltE-R�b
eQSU\6CFR]S[fQNgC]P<e¤P�µxP<TiNgCFS[E-K
}
ïS·CF�QS[K�CF�gSU\¹CF�gP<\]S[\ s �Qb�IXPeQP<\8SUd-KQPieÅbXKQeÃSUo�pQjUPioqPiK¢CFP<e°b egSU\8C]R]S[fQNgCFPieº\]S[o�NQj�b¶CFSUEXKltRFbXo�Pi��E-R]V�SUK®CF�QPÂKQP�C_�nE-R8V®\]S[o�NQj�b¶CFE-R±Kg\6G6�L} s CcbXjUj[E��v\±CFE¯bXNgC]E-okb¶CFSUT<bXjUj·^¯\]P<pQbXRFbHC]PÂC]�QP\]SUo"NQj�bHC]SUE-K o�ExegP<jJ�2Ng\]SUKgd�b d-R]bXpQ��p¬bHR8CFS·CFS[E-KQSUKgdÂC]P<TW�QKQS[¡wNQPX} ¦2�QP«Ng\]P<e¥bXj[d-E-R8S[CF�go¬�ß�Xá·�DS[\
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