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N6O%PRQRO%SRT�T�UAV�WYXZO�[%\^]`_aUb[*_dc^OdUbe�f<SgO%SRhihkjUbh`Ubemlon<SReaUbe"poUMpoPrq^q�sUmUbebl^O,sUbeaUbSRc1t
Um_Zedu,ea_mjUbT�Ube�p^]ved_aO%]`n<c�sUbe

N6OdPxwaUm_ZyZP,p^]iq

y"Sgf^f PROd_�poUMOdUb[�\oUmO%[%\^Uzq<{*|R}x~r��W���c^]vhvhvUm_�Vb}R}R�GW�~^V&f<SgQRUbe

���#�m�E�x�^�R�r��� \^]ieMf<Sgf UmO�f^OdPRf PreaUbe�SRq�U*t1_aUbq^ed]vPrq�PR�"_d\oUKT�c^hv_d]`�RUmO%ed]`Prq�_���P�f<\^SReaU�h`P1[d�:�
]iqoQ�f^OdPR_aP1[*Prh�l�[mSRhvh`Ubp��J�H�&|gN � l6�Z\^]v[�\¡Ubq^Sgn<h`UbeAcof�p^Sg_aU¢_aO%SRq^edSR[*_d]vPrq^e�_aP�c<eaU¢�RUmO%ed]`Prq<e
�"\^]vh`U£Qrc^SgO%SRq:_aUmUb]vqoQ�_d\oU¢eaUmO%]iSRhv]`¤bSgn<]vhi]`_�u�PR�"SRhihJ_aO�SRq^edSR[*_d]`Prq^eb¥ � \oU¢c^eaU�PR��_d\oUKf^OdPR_aP1[*Prh
]ieZOdUbed_aO%]v[*_aUbpD_aP�_aO�SRq^edSR[*_d]`Prq^ebl [mSRhih`Ubp�¦¨§�©kª�«*¬ª3®1«*¯^¬°§d«d±r²G_aO�SRq^edSR[*_d]`Prq^e"_d\^Sg_&[*Prq^ed]iea_ZPR�6_³�JP
[*Prq<eaUb[mco_d]`�RUGf<SgOd_deb´ZS��?O%]`_aU�f<SgOd_�[*Prq�_dSR]iq^]vqoQ�n PR_d\HOdUbSRp�SRq^pµ�?O�]`_aU�PRf UmO%Sg_d]vPrq^e"]iqDeaPrT�U
SgO%n<]`_aO%SgOdu�PRO%poUmObl�SRq^p¶SRq¶Sgn<c^ed]v�RUbh`u�[mSRhvhvUbp¡OdUbSRp¡f<SgOd_ml�[*Prq�_dSR]vq<]vqoQ�OdUbSRp¶PRf UmO%Sg_d]`Prq<eGPRO
�ZO%]`_aU·PRf UmO%Sg_d]vPrq^eZPrq�p^Sg_dSK]`_aUbTAe"SRh`O%UbSRpouHh`P1[d�RUbp�]vqD_d\oU��?O%]`_aU�f<SgOd_�PR�6_d\oU�_aO%SRq^edSR[*_d]`Prq$¥
¸¹]`_d\¡� �D�&|gN �6l¨O%UbSRp�PRf UmO%Sg_d]vPrq^eG]vqº_d\oUKOdUbSRp¡f<SgOd_Gc^eaUK�RUmO%ed]vPrq^eGSRq^pºOdUbSRp¶h`P1[d�1e�SR[��
» c^]`O%Ubp¶]vq�_d\oUH�?O%]`_aU�fBSgOd_A[mSRq¼n½UHOdUbh`UbSReaUbp�wac^ed_�n Um�7PROdUHUbq�_aUmO%]iqoQ�_d\oUHOdUbSRp¾fBSgOd_m¥¹¸�U
f<OdPE�RU¢_d\oU�[*PRO%OdUb[*_dqoUbedeAPR�"PrcoO�f<OdPR_aP,[*Prh¿lJSRq^p�e%\oPE�À_d\^Sg_£]`_de�]vT�f<hvUbT�Ubq�_dSg_d]vPrq�O%U » c^]vOdUbe
�RUmO%uH�3Um��[�\^SRqoQRUbe�_aP¢[mhvSRede%]v[mSRhÁ]vT�f<h`UbT�Ubq�_dSg_d]`Prq<eZPR� �D�&|gN �6¥�X"�7_aUmO&f<OdUbeaUbq:_d]vqoQ��xSgO%]vPrc^e
T�Um_d\oP,p<e&c^eaUbp�n,uµSgf<f<hv]v[mSg_d]`Prq�poUm�RUbhvPRf½UmO�e&_aPH]vT�fBh`UbT�Ubq:_�]iq�_aUmQRO%]v_�u�[%\oUb[%�,]vq^Qol���UAed\oP/�
\^PE�Â� �D�&|gN ��[mSRqKn U�U*Ã½Ub[*_d]v�RUbh`u�c<eaUbpK_aP�PRf^_d]vT�]v¤mU"_d\oU�f^O%P,[*Ubede%]vqoQ�PR�#cof�p^Sg_aU�_aO%SRq^e%SR[��
_d]vPrq^e?_d\^Sg_�f UmOd�3PRO%TÄ]vq:_aUmQRO%]`_³u�[%\oUb[%�,eb¥"ÅÁ]vq^SRhvhvuRl^f UmOd�7PRO�T�SRq^[*U�ed_dc^p^]`Ube"ed\oPE�Æ_d\oU�n½Ubq^U*Ç<_de
PR�#PrcoO?f<OdPR_aP,[*Prh�[*PrT�f<SgOdUbpH_aPASHÈkea_aO%]i[*_�É�_���P�f<\^SRedUMh`P,[%�,]iqoQ�f^OdPR_aP1[*Prh�¥
ÊDË�Ì ÍdÎGÏ �xÐ#�R�Ñ� O%SRq^edSR[*_d]`Prq<emlJ[*Prq^[mc^OdOdUbq^[*u¶[*Prq:_aOdPrh�l�]vq�_aUmQRO�]`_�u¶[%\^Ub[d�1]vqoQol�f½UmO%�7PRO%TASRq^[*U
SRq<SRh`u,e%]vem¥
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��Ë ���� �Ë ��� Um_�SgOd_d]v[mh`U�f^OdPRf PreaU�c^q�f^O%PR_aP,[*Prh`UGpoU�[*Prq�_aO��PrhvUGp^U�[*Prq^[mcoO%OdUbq^[*U�T�c^h`_d]v�RUmOa�
e%]`PrqASgf^f Ubh�sU�� �D��|gNJ�6¥ � UZf^OdPR_aP1[*Prh`U�f UmO%T�Um_ p��ìU*t sUb[mco_aUmO�U��£[mSR[*UbT�Ubq:_�poUbeJ_aO%SRq^edSR[*_d]`Prq<e
p	�³sUb[*O�]`_dcoOdU?fBSgOd_d]v[mc^hv]�jUmO%Ube6[*PrT�f Pre:sUmUbe�poUZpoUbc1tGf<SgOd_d]vUbem´�c^qoU�fBSgOd_d]`UZp��°sUb[*O%]v_dcoOdU » c^]^[*Prq:_d]`Ubq:_
p^Ube�PRf�sUmO%Sg_d]`Prq^e"p��³sUb[*O%]`_dcoOdU�Um_Zp^U�hvUb[*_dcoOdUMp^SRq^e�c<q£PRO�poOdU&SgOdn<]`_aO�SR]`OdU�Um_?c^qoU�f<SgOd_d]vU�p^U�hvUb[��
_dc^OdU » c<]¨[*Prq�_d]`Ubq:_�p^Ube&PRf�sUmO%Sg_d]`Prq^e�poU�h`Ub[*_dc^OdU�Um_��/Prc�p^Ube&PRf�sUmO%Sg_d]`Prq^e�p��°sUb[*O%]`_dc^OdUAedcoOMp^Ube
PRnowUm_de�pJsU°wEjSD�RUmOdOdPrc<]vhvh�sUbeMp^SRq<e·hvSHf<SgOd_d]`UAp	�³sUb[*O�]`_dcoOdU�poUAhvSH_aO%SRq^edSR[*_d]`Prq$¥ X"�RUb[£�J�H�&|gN � l
[*Ube·_aO%SRq^edSR[*_d]vPrq^e£ÈVEÉ&OdUbh��SR[%\^Ubq�_·hvUbcoO%e&�RUmOdO%Prc^eMpoUAhvUb[*_dcoOdUASE�xSRq:_�p��ìU*t sUb[mco_aUmO�h`UbcoO&f<SgO%_d]`U
p^U�h`Ub[*_dc^OdUGUm_�È�|rÉ"U*t sUb[mco_aUbq:_�h`Ube�PRf�sUmO%Sg_d]`Prq<eMpoUGh`Ub[*_dcoOdU�poUGhvS�f<SgOd_d]`UGpoU�h`Ub[*_dcoO%U�edc^O�p^Ube
�RUmO�ed]`Prq^eml1edSRq^e�f<OdUbq^poOdU�poU��RUmOdOdPrc^eb¥��"Prc^e�T�Prq:_aOdPrq^e�hvSG[*PROdO%Ub[*_d]`Prq¢poU&[*U�f^OdPR_aP1[*Prh`U&Um_�h`U
�kSR]`_ » coU&edSGT�]veaU�UbqKP:Ubc^�:OdU&qoU&q�sUb[*Ubede%]`_aU » coU&poU&h�sUmQ1jUmO%UbeZT�P1p^] ÇB[mSg_d]vPrq^e�poUbe�SRh`QRPRO%]`_d\<T�Ube
Um_�poUbe�ea_aO%c^[*_dcoO%UbeZpoU�poPrq^q�sUmUbe�co_d]vhv]ie:sUmUbe�f<SgO�h`UMf^OdPR_aP1[*Prh`UG[mhvSReded] » coUM�D�&|gN �6¥��"Prc^eZf<O,sU*�
edUbq�_aPrq^e£p^] ÃZsUmOdUbq�_aUbe�TºsUm_d\oP1poUbe£UbT�f<h`P/u6sUmUbe�f PrcoO��6sUmO%]`Ç<UmO£h��è]iq�_,sUmQRO%]`_,sU�poUbeAp^Prq^qJsUmUbe£p<SRq^e
hvUbeMSgf^f<hv]i[mSg_d]`Prq^e�poU�n<SRedUbeMpoUApoPrq<qJsUmUbeMUm_·T�Prq:_aOdPrq^e·[*PrT�T�Ubq:_�� �D�&|gN �¼PRf^_d]vT�]vedUG[*Ube
Sgf<f<hv]v[mSg_d]`Prq<em¥ �Jq1ÇBq�l#c^qoU�sUm_dc<poUKf<SgO�ed]vT�c^hvSg_d]`PrqºqoPrc^e�f UmO%T�Um_Gp��è]vhvhic^ea_aOdUmO·hvUbe�QrSR]iq^e�Ubq
f UmOd�3PRO%T�SRq<[*UbeZpoU�qoPR_aOdU·f<OdPR_aP,[*PrhvU�f<SgO�O%Sgf^f PROd_GjSAc^qHf^OdPR_aP1[*Prh`U�p^U·�RUmOdOdPrc<]vhvhvSgQRU�jS£poUbc1t
fB\^SReaUbem¥
�ÆÏ �E� Í �! �Ë ��� O�SRq^edSR[*_d]`Prq^ebl^[*Prq�_aO��PrhvU�poUM[*Prq^[mc^OdOdUbq^[*URl½[*Prq�_aO%SR]iq�_aU·p	�è]vq�_aUmQRO�]`_:sURl�sUm_dc^poU�poU
f UmOd�3PRO%T�SRq<[*UR¥
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�µc^h`_d]`�RUmO%e%]`Prq¼[*Prq<[mcoOdOdUbq^[*u¼[*Prq�_aOdPrh&e%[%\oUbT�UbeKU*t1f<h`Pr]v_A_d\oU�c^eaUµPR�M�RUmO%e%]`Prq^e�_aP¶]vq^[*OdUbSReaU
[*Prq^[mcoO%OdUbq^[*uAn Um_³�JUmUbqK_aO%SRq<edSR[*_d]`Prq^e�� ��������� �¿¥ � \^U�T�Prea_�f½PRfBc^hvSgO�ed[%\oUbT�UM]ve�_d\oU"!$#&% ªk©3¬
' «m§(��©��R¯�ªk¦)�"�B®,±*�m«+�(� ,-,G©kª$f^OdPR_aP1[*Prh�.�Èk�D��|gNJ�#É�lB�Z\^]v[�\¢Ubhv]vT�]iq^Sg_aUbe�n<h`P1[d�1]vqoQre�n Um_���UmUbq
§d«d±r²g¬/�g¯%10�_aO%SRq<edSR[*_d]`Prq^eAÈk]¿¥ìUR¥`l�_aO%SRq^edSR[*_d]`Prq<e&_d\^Sg_·poP�q^PR_M[%\^SRqoQRUA_d\oU�ea_dSg_aU�PR��_d\oU�p^Sg_dSx�
n<SReaU/É·SRq^p¡cof�p^Sg_aU£_aO%SRq^edSR[*_d]`Prq<em¥�2q�_d\^]ve�f^OdPR_aP1[*Prh�l O%UbSRp1�¿Prq^h`u�_aO%SRq<edSR[*_d]`Prq^eGSR[m[*UbedeGPrhvp
�RUmO%ed]vPrq^e?PR�6p^Sg_dS£]`_aUbT�e"�Z\oUmOdUbSRe"cof�p^Sg_aUM_aO%SRq<edSR[*_d]`Prq^e"OdUbSRpµSRq^p��?O�]`_aUM_d\oU�T�Prea_ZO%Ub[*Ubq�_
�RUmO%ed]vPrq^em¥���Ub[mSRc^eaU"OdUbSRp1�¿Prq^h`u�_aO%SRq^edSR[*_d]vPrq^e SR[m[*UbedeJS&f<SRea_6ed_dSg_aURl�_d\oUmu�qoUm�RUmO [*Prq
3B]v[*_¨�Z]`_d\
cof�p^Sg_aU�_aO%SRq^e%SR[*_d]`Prq^e?SRq^pK_d\^Umu�poP�q^PR_?qoUmUbp¢_aP�_dSg�RU·hvP,[%�,em¥^X�e?SGOdUbe%c^h`_ml1_d\oUmuKSgOdU·qoUm�RUmO
n<h`P1[d�RUbp$lgq^PRO6poP�_d\oUmu�nBh`P,[%��[*Prq^[mc^OdOdUbq:_Ác^f p<Sg_aUJ_aO%SRq<edSR[*_d]`Prq^em¥42qG[*Prq�_aO�SRea_ml�cof�p^Sg_aU�_aO%SRq1�
edSR[*_d]`Prq<e�TASbuD[*Prq
3B]v[*_��Z]`_d\DUbSR[%\�PR_d\oUmOMSRq^pDPRn Umu�_d\oU�ea_aO%]i[*_"_³�JPKf<\^SRedU�h`P1[d�1]vqoQ�f Prhv]v[*u
Èk\oUbq^[*Um�3PROd_d\�l65o|gNJ�#É�¥65,Um�RUmO%SRh f½UmO%�7PRO%TASRq^[*U�SRq^SRhvu,ed]ieZ\^SE�RUGe%\oPE�ZqD_d\oU��xSRhicoU·PR�6�D��|gNJ�
PE�RUmO�_d\oUMea_dSRq<p^SgO%p75o|gNJ� f^O%PR_aP,[*Prh È/� � �8�R�*�¿l9� � � }R|gS4�3É�¥<X�[d�1qoPE�"h`UbpoQr]vqoQ�]v_de��,]vOd_dcoUbeml^eaU*�
�RUmO%SRh"p^Sg_dSgn<SReaUD�RUbq^poPRO%e�\<Sb�RUD]iq^[*PROdf PRO%Sg_aUbp�p^]`Ã½UmOdUbq:_��gSgO%]vSRq:_de�PR�&�H�&|gN �Æ]vq:_aP _d\oUb]`O
f^OdP1p^c^[*_de(:E¥
�"PE��Um�RUmObl^_d\oU�n UbqoU*Ç<_de�PR� T�c^h`_d]`�RUmO�ed]`PrqA[*Prq<[mcoOdOdUbq^[*u�[*Prq�_aO%Prh �7PRO�[*Prq^[mcoO%OdUbq�_
cof�p^Sg_aU�_aO%SRq^e%SR[*_d]`Prq^e¨]ve¨ea_d]ihvh1[*Prq�_aOdP/�RUmO%ed]vSRh�� �;�<��= }4>*�¿¥ � \,c^emlRqoP&[*PrT�T�UmO%[m]iSRh?@���A5G]vT��
f<h`UbT�Ubq�_de#S"e%[%\oUbT�U�]vq·�Z\^]v[�\·cof�p^Sg_aU6_aO�SRq^edSR[*_d]`Prq^e#OdUbSRp�Prhvp·�RUmO%ed]`Prq^e �Z\^]ih`U¨Qrc^SgO%SRq:_aUmUb]vqoQ
eaUmO%]iSRhv]`¤bSgn<h`U�U*t1Ub[mco_d]`Prq^eCBg¥

2qµ_d\^]ve�f<Sgf UmObl½PrcoO&T�SR]vq�[*Prq�_aO�]`n<co_d]`Prqµ]ve�_aPKf^OdPRf PreaUGSRq�U*t,_aUbq<ed]`Prq�PR�6_d\oU��D��|gNJ�
f^OdPR_aP1[*Prh�l½[mSRhvh`Ubpµ� �D��|gNJ�6l½�Z\^]v[�\�Ubq^Sgn<hvUbe"cof�p^Sg_aU·_aO%SRq^edSR[*_d]`Prq<eZ_aPKc^eaU��RUmO%ed]`Prq^e"�Z\^]ih`U
Qrc^SgO%SRq:_aUmUb]vqoQ�_d\oUKeaUmO%]iSRhv]`¤bSgn<]vhi]`_�uDPR�ZSRhvhJ_aO%SRq^edSR[*_d]`Prq<em¥9�"PE��Um�RUmObl¨_d\oUKc^eaU£PR�?_d\oU�f^OdPR_aPg�
[*Prh�]veMOdUbed_aO%]v[*_aUbp�_aPµSDf<SgOd_d]v[mc<hvSgO·[mhvSRede�PR�?cof�p^Sg_aU£_aO%SRq^edSR[*_d]`Prq<e�[mSRhvhvUbp�¦¨§�©3ª�«m¬°ª3®1«m¯^¬°§a«%±r²
_aO%SRq^e%SR[*_d]`Prq^eKÈkqoPR_aUbp�¸ED y _aO%SRq^edSR[*_d]vPrq^e�É�¥ X _aO�SRq^edSR[*_d]`Prqº]vq _d\<]veM[mhvSRede�[*Prq^ed]iea_deMPR��_³�JP
[*Prq^eaUb[mc^_d]`�RU"fBSgOd_dem´�_d\^UZÇ<O�ea_6f<SgOd_&Èk[mSRhvh`UbpA_d\oU��?O%]`_aU?fBSgOd_�É6[*Prq:_dSR]vq^eJn PR_d\AO%UbSRp£SRq^p£�?O%]v_aU
PRf UmO%Sg_d]`Prq^e�]vqµeaPrT�U�SgOdnB]`_aO%SgOdu¢PRO%p^UmObl�SRq^pH_d\^UGedUb[*Prq^p�f<SgOd_�ÈkSgn<c^ed]v�RUbh`uH[mSRhvh`UbpD_d\oUGOdUbSRp
f<SgOd_�ÉÁPrq^h`u�[*Prq:_dSR]vq^e OdUbSRp�PRf UmO%Sg_d]vPrq^eÁPRO �?O�]`_aU�PRf UmO%Sg_d]`Prq^e¨PrqAp^Sg_dSM]`_aUbT�e SRh`OdUbSRpou�h`P1[d�RUbp
]vqG_d\oU?Ç<O%ea_¨f<SgO%_6PR�B_d\^U?_aO%SRq^edSR[*_d]vPrq�¥ � \,c^emlrqoP�qoUm���?O%]v_aU?h`P,[%��]ie6SR[ » c<]`OdUbp�]vqG_d\^UZeaUb[*Prq^p
f<SgOd_�PR�6_d\oU�_aO%SRq^e%SR[*_d]`Prq�¥F2°qDPrcoO�f^OdPR_aP1[*Prh�l½¸GD y _aO%SRq^edSR[*_d]`Prq<e"_dSg�RU�SRp^�xSRq:_dSRpoQRUGPR�6�RUmOa�
ed]`Prq<e�]vqK_���PA��Sbu1em´ Èk]7É�_d\oUmu£O%Ubh`UbSReaUM_d\oUb]vO�OdUbSRpHh`P1[d�1e�n Um�3PROdU&U*t,Ub[mc^_d]vqoQ�_d\oUb]`OZOdUbSRp¢f<SgOd_ml
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Sgf<f<hv]v[mSg_d]`PrqKqoUmUbp<em¥
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]ve&O%Ub[*Ub]`�RUbp�¥ � \^U�_aPR_dSRh » c^SRq:_d]`_�u�]vqdTWV$P�X3Z\[ LOP+I#Q ]veMcof�p^Sg_aUbp�SR[m[*PRO%p<]vqoQ�_aP�_d\^U 3<PE� PR�
]`_aUbT�eGÈk]vqµSRq^pDPrco_�É?]iq�UbSR[%\�]iq^p^]`�1]vp^c^SRh ea_aPRO%UR¥½¸�U�SRede%c^T�U·_d\<Sg_"_d\oUG[*Prq:_aUbq�_d]`Prq�]ieZ\^]`Qr\
Prq¢_d\oU·_���PA_dSgn<h`UbefTWV$PYX.Z\[ LOP�IAQ SRq^pKTWV$P�X3Z\[ `0ag[P�¥

X _aO%SRq^e%SR[*_d]`Prq f^OdPRQRO�SRT¢lWI#N'PYG�h V$G�H.I#G1l?]vq^edUmOd_deK_dcof<h`UbeH]vq�_aP¶O%UbhvSg_d]`Prq^eDEiG�H3I#G¶SRq^p
JeLjN�I#LOP+I#Q�¥ � \oUbq�l _d\oU�_aO%SRq^edSR[*_d]`Prqºf UmOd�3PRO%T�e�_���P�[%\oUb[%�,em¥¨ÅÁ]`O%ed_ml �3PRO�UbSR[�\¶]vq^eaUmO%_d]`Prq�]vq
JeLjN�I#LOP+I#Q�lR]`_#[*PrT�f<SgOdUbe#_d\oU » c^SRq�_d]v_�uMPRO%p^UmOdUbp·�"]`_d\·_d\^UJ_aPR_dSRh » c^SRq:_d]`_�u·SE�xSR]ihvSgn<h`U��7PRO#_d\^Sg_
]`_aUbT ]vqµOdUbhvSg_d]vPrqkTWV$P�X3Z\[ LOP+I#Q�¥�?�Umf Ubq^p^]vq^QAPrq�_d\oUG�gSRhvcoU�PR�6_aPR_dSRh » _³uRl$SKed\^]`f^fB]vqoQ�p^Sg_aU
]veZUbea_d]vT�Sg_aUbpDPRO"_d\^U·PRO%poUmO��3PRO"_d\^Sg_�]`_aUbT ]ve?OdUm�kc^eaUbp$¥ � \oUbq�l<_d\oU·_aO%SRq<edSR[*_d]`Prqµ[%\oUb[%�,e�_d\oU
_aPR_dSRhon<SRhiSRq^[*U?SRq^pG_d\oU?SRco_d\^PRO%]`¤mUbp�hv]vTA]`_ �3PRO¨_d\oU?[mc^ed_aPrT�UmO ]vqlTWV$P�X3Z\[ `0ag[P#SRq<p�[*PrT�f<SgOdUbe
]`_?�"]`_d\�_d\oU�_aPR_dSRhÁSRT�Prc^q:_ZPrqDPRO%poUmO�]vq¢_d\oU�_aO%SRq^edSR[*_d]`Prq$¥�2°�Á_d\oU�[�\oUb[d�µ]veZqoPR_�edc^[m[*Ubeded�3c^h¿l
_d\oU?_aO�SRq^edSR[*_d]`Prq�]ie6Sgn PROd_aUbp�¥r¸�UZe%cof^f PreaU�_d\^Sg_6_d\^U�_aO%SRq^edSR[*_d]`PrqAf UmOd�7PRO�T�e¨]vq^eaUmO%_d]`Prq^e#Ç<O%ed_
SRq^p¢_d\^Ubq�[%\oUb[%�,eb¥

51c^f^f PreaUJ_d\<Sg_¨_aO%SRq^edSR[*_d]`Prq<eÁO%c^qG]vqG]veaPrhvSg_d]vPrq�p^UmQROdUmU���SRq^pGPRn Umu·_d\oU?ed_aO%]v[*_Á_���P&f<\^SReaU
h`P1[d�1]vqoQ�f Prhv]v[*u � ���@�����*�¿¥�¸�\^UbqoUm�RUmO:I#N'PYG�h V�G�H.I#G�U*t,Ub[mco_aUbeblM[%\oUb[%�,e SgO%Uºf UmOd�3PRO%T�Ubp$l
m õF_hU¨ç�äz_hUò?â ø å�á�î`_*Uç	U îre å�á`U°ëùâdî¿æèå�ãxç$á¿åSXhkS_/ëV�?ø å�ëèëèåCe$ç�î`_*U¨æèã WEæèäaâ%î¿æèå�ã/ç$å�ø6J õ�{M�FqS��Tvé
n õF_hU°á`U¨ò�æVkS_mî$í4U¨å�ãhUÁç	Xxäj_�á`Uëôâdî¿æôå�ã@g4U°álkSU°åSk�á�â(g*_/æôäâ�ëoâdá`Uaâ�ç	Xxäj_&â%ç���ç�æôâ]nRðX/á¿å�g4USnhU°î¿ä
o � äxX/çkî¿å�ò^U°á¨äâ�ã�í4U�â�ëèëèå/eFU/W�î¿å ggâx��e$æìî`_xæèãGâ%ã�æèãmî`U°á`Y�â�ëoå�øBî¿æèò^UJø å�ëèëôå/e$æèã*k�î`_hU�W/â%î`U�âdîOe6_xæèäz_Mî`_*U

å�ájW]U°á`U/W�æìî`Uò�ç�_xâ/YZUÁí4UxUã WhUëèæVYZU°á`UxW�é

tlt ã �(s(q�}S�
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T2 T
4

T1 T3

insert into Order

read Totals_Cust

insert into Lineitem

read Totals_Item

ÅÁ]`QrcoOdU�Vg´ T R ]ve?edUmO%]vSRhv]`¤mUbpKSg�3_aUmOFT : SRq^p¢n Um�3PROdU�T . SRq<p T B ¥

�"\^]v[%\�SRT�Prc^q�_de·_aPHOdUbSRp PrqoUA]`_aUbT ]vqdTWV$PYX.Z\[ `0ag[P�SRq<p eaUm�RUmO%SRhJ]`_aUbT�eM]vqdT^V�P�X.Z_[ LjP�IAQ�¥
� \:c^ebl$U*t,Ub[mc^_d]`Prq^e�PR� I#N'PYG$h V$G�H3IAG�T�Sbu�n½U£[*Prq&3B]v[*_d]vq^Q��Z]`_d\�[*Prq^[mcoOdOdUbq:_·U*t1Ub[mco_d]`Prq<e·PR�
c^f p<Sg_aU£_aO%SRq<edSR[*_d]`Prq^eGPrqºn PR_d\:TWV$PYX.Z\[ LOP�IAQ SRq^p TWV$PYX.Z\[ `0ag[P·ed]vq^[*U�_d\oUmu�OdUbeaf Ub[*_d]`�RUbh`u
��SRq:_·_aPHO%UbSRp�SRq^p��ZO%]`_aU�_d\oUbeaU£OdUbhvSg_d]`Prq<em¥�¸�\^Ubq�SH[*Prq
3B]v[*_MP1[m[mcoO%e&n Um_³�JUmUbq�_���PD_aO�SRq1�
e%SR[*_d]`Prq^eml�PrqoUG_aO%SRq<edSR[*_d]`Prq ]ve�nBh`P,[%�RUbp�SRq^p���SR]`_de&_d\^Sg_&_d\oU�PR_d\^UmO&PrqoU�OdUbh`UbSReaUbe·]`_de&h`P1[d�1e
È3�"\oUbq¡[*PrT�T�]`_a_d]vq^QµPRO�Sgn PROd_d]iqoQ:É�¥ � \:c^ebl O%c<q^q^]vqoQµ]vq^ea_dSRq<[*Ube�PR��I#N'PYG�h V�G�H.I#G�SRcoQrT�Ubq:_
_d\^U�h`P,[%�µ[*Prq:_aUbq:_d]`Prq PrqdTWV$P�X3Z\[ LOP+I#Q SRq^pdTWV$PYX.Z\[ `0ag[P"SRq^p ]iT�f UbpoU�_d\^U�_aO%SRq^edSR[*_d]`Prq<SRh
_aO�S��£[M]vqK_d\oUMp<Sg_dSgn<SReaU�edu,ea_aUbT�¥

2°qH_d\^]ve?U*toSRT�f<hvURlBh`Um_�c^eZPRnBeaUmOd�RU�_d\^Sg_^IAN'P G�h V$G�H3I#G£]veZS£¸GD yÆ_aO%SRq<edSR[*_d]`Prq�¥���coO"n<Sx�
e%]v[GPRf^_d]vT�]v¤bSg_d]`Prq ]vpoUbSHSRhvh`PE�"eM_d\oU�O%UbSRp f<SgOd_·PR��e%c^[%\�_aO%SRq^edSR[*_d]`Prq<eM_aPHO%UbSRp �RUmO%ed]vPrq^eMPR�
p<Sg_dSgn<SReaU&]`_aUbT�eJU*t1SR[*_dhvu£SRe�OdUbSRp1�¿Prq^hvu�_aO%SRq^edSR[*_d]`Prq<e�p^P�]vqA_d\oU��H�&|gN ��f<OdPR_aP,[*Prh¿¥�2qA_d\<]ve
f<OdPR_aP,[*Prh¿l�_aO%SRq^e%SR[*_d]`Prq^e�SgOdUZUb]v_d\oUmO"§d«d±�²g¬x�R¯% 0�_aO%SRq^e%SR[*_d]`Prq^e�PRO #h�1²�±Rª�«�_aO%SRq^e%SR[*_d]`Prq^em¥,� SR[%\
O%UbSRp1�¿Prq^h`u�_aO%SRq<edSR[*_d]`Prq T ]ve�SReded]vQrqoUbp�Sµea_dSgOd_dcofº_d]vT�Ubed_dSRT�f [N È T�É&�Z\oUbq�]v_·n UmQr]vq^e·_aP
U*t1Ub[mco_aURl1SRq^p�UbSR[�\�c^f p<Sg_aU�_aO%SRq^edSR[*_d]`Prq T�]ie6SReded]`Qrq^Ubp�SM_d]vT�Ubea_dSRT�f PYN È T�É#�"\oUbq�]`_ [*PrT��
TA]`_dem¥ �"f�p^Sg_aUZ_aO�SRq^edSR[*_d]`Prq^e�SgOdU�eaUmO%]iSRhv]`¤mUbp�_aPRQRUm_d\oUmO�_d\^OdPrcoQr\£_d\oU�c<edc^SRh<ed_aO%]v[*_ _³�JPGf<\<SReaU
hvP,[%�,]vq^Qµf<OdPR_aP,[*Prh¿¥O2°q^ed_aUbSRp¡PR��ed]iT�f<h`u�c^f p<Sg_d]vqoQµ_d\oU�p^Sg_dS�]`_aUbT�ebl6cof�p^Sg_aUK_aO%SRq^edSR[*_d]`Prq<e
[*O%UbSg_aUDqoUm� ' «*§���©	�g¯
��PR��_d\oUHp<Sg_dS�]`_aUbT�eb¥ � \oUbeaUH�RUmO%ed]`Prq^eASgOdUH_d]vT�Ubea_dSRT�f Ubp¶�Z]`_d\�_d\oU
_d]iT�Ubea_dSRT�f P NDPR�$_d\oUb]`O�[*OdUbSg_aPROb¥�"Ubq^[*URloeaUm�RUmO%SRh½PRO%p^UmOdUbpA�RUmO�ed]`Prq^e�T�Sbu£U*t1]iea_ �3PRO�S�ed]iqoQrh`U
p<Sg_dS·]`_aUbT¢¥:¸�\^Ubq£S·OdUbSRpAPrq<h`uG_aO%SRq^edSR[*_d]`Prq£�Z]ve%\oUbe¨_aP�OdUbSRp£SRq£]`_aUbT¢l,]`_Jed]iT�f<h`u�OdUbSRp^eJ_d\oU
T�Prea_¨OdUb[*Ubq:_ �RUmO%ed]vPrq�\^Sb�1]vqoQMS&_d]iT�Ubea_dSRT�fAe%T�SRhvh`UmOÁ_d\^SRq�]v_de6ea_dSgOd_dcofA_d]vT�Ubea_dSRT�f�¥ � \:c<emlRS
O%UbSRp1�¿Prq^h`u£_aO%SRq^edSR[*_d]`Prq�OdUbSRp^e�Prq^hvuA�RUmO%ed]vPrq^e?[*OdUbSg_aUbpHn:uKcof�p^Sg_aU�_aO%SRq^edSR[*_d]vPrq^e�_d\^Sg_Z[*PrT��
TA]`_a_aUbp�n Um�3PROdUD]`_£ea_dSgOd_aUbp�¥ � \oUHTAS/wPROKSRpo�gSRq�_dSgQRU�PR�&_d\^]ve�f^OdPR_aP1[*Prh"]veA_d\^Sg_AO%UbSRp1�¿Prq^h`u
_aO�SRq^edSR[*_d]`Prq^eZpoP�qoPR_ZSR[ » c^]`OdUMhvP,[%�,em¥

� PrT�]vqoQ�n<SR[%��_aP?PrcoO$U*toSRT�f<h`URlbe%cof^f PreaUÁ_d\^Sg_$_d\oO%UmU6cof�p^Sg_aU¨_aO%SRq^edSR[*_d]vPrq^e�Prq�TWV$P�X3Z\[ LOP+I#Q�l
q^PR_aUbpdT . lgT : l�SRq^pDT B l½U*t1Ub[mco_aU�[*Prq^[mcoO%OdUbq�_dhvu��Z]`_d\�SRq�]vq^ea_dSRq<[*U�PR��I#N'PYG$h V$G�H3IAG1l q^PR_aUbp
T R ¥ � \oU�[*Prq<[mcoOdOdUbq:_�U*t1Ub[mco_d]`Prq�PR��_d\oUbedU�_aO%SRq^edSR[*_d]vPrq^eA]veAed\oPE�"q¶Prq¾ÅÁ]`QrcoO%U Vg¥ �$Um_Ac<e
Sgf<f<h`u�_d\oU�f<O%]vq^[m]`fBh`UMPR���H�&|gN �¾_aP¢_d\oU�OdUbSRp�f<SgO%_�PR�
T R ¥$yZUbhvSg_d]`PrqdTWV$P�X3Z\[ LOP+I#Q
]ie&qoPR_
hvP,[%�RUbp¶n:u T R ed]iq^[*U T R �Z]vhih OdUbSRp¶S��RUmO�ed]`Prq¡PR�WTWV$PYX.Z\[ LjP�IAQ _d\^Sg_�[*PROdOdUbeaf Prq^p<e�_aP�_d\oU
e%q^Sgf<ed\oPR_�O%Umf^OdUbeaUbq:_aUbp¾n,u¡_d\oUHpoPR_a_aUbp�hv]vq^UK]iq�ÅÁ]`QrcoOdU�Vg¥ � \,c^eml¨_d\oU�f Prede%]`n<h`U¢[*Prq&3B]i[*_de
Prq TWV$P�X3Z\[ LOP+I#Q T�Sbu Prq<h`u�P,[m[mcoO�n Um_���UmUbq:T . l T : lÁSRq^p>T B l SRq^p)T R ]ve·q^PR_�[mSgf<SgnBh`UAPR�nBh`P,[%�,]iqoQ�_d\oUbeaU�_aO%SRq^e%SR[*_d]`Prq^em¥#Å^coOd_d\oUmO�T�PROdURl#_d\oU£Sgn PE�RUKU*t1Ub[mco_d]`Prqº]ve·[*PRO%OdUb[*_�SRe·�kSgO�SRe
edUmO%]vSRhv]`¤bSg_d]vPrqµ]ie&[*Prq^[*UmO%qoUbp � ¥ � O%SRq^edSR[*_d]vPrq T : l��Z\<]v[%\�[*PrT�TA]`_de�n Um�7PROdU�_d\^U�O%UbSRp�f<SgOd_&PR�

� �#å%î`U¨î`_gâ%î������ ÜgÖ
	���Ú��Ö���� � Ú���� �^e åSX/ë|WMã/å�î9kSXgâdá�â�ãmî`UxU ç	U°á¿æôâ�ëèæV�aâ�í/æèëôæìîf�Må�ã&î`_xæèç9Uz[xâ%ò^gxëVU�é��¢æìî`_������ Ü��
Ö�	���Ú��Ö���� � Ú���� �*n�Uaâ%äz_��aXhU°á	��X/ç	Uç¨æìî¿ç çkî�âdá�î¨î¿æèò^U�â�çÁî¿æèò^Uçkî�â%ò^g:é:ñaX*g*gRå�ç	UJø å�á)U�[/â�ò^g/ë|U î`_gâdî õ � ò�åaW/æìø1�
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T4 T5

T5T4

read x in Totals_Item x

y

insert into Order

insert into Lineitem

insert into Lineitem

read y in Totals_item

read z in Totals_cust

update x, y in Totals_item

ÅÁ]`QrcoOdU·|,´ T R poP,Ube?qoPR_?eaUmU9T ] �èe?T�P,p^]`ÇB[mSg_d]`PrqKPrqSh�n<co_?eaUmUbeFT ] �èe"T�P,p<] ÇB[mSg_d]`Prq�Prq��^¥

T R ea_dSgO%_de�]veGeaUmO%]vSRhi]`¤mUbp�n Um�3PROdU T R ¥ � O%SRq^edSR[*_d]`Prq<e%T . SRq^p:T B l#�"\^]v[%\º[*PrT�T�]v_GSg�3_aUmO�_d\oU
OdUbSRp¢fBSgOd_?PR� T R ea_dSgO%_deZSgOdUMeaUmO�]vSRhv]`¤mUbp¢Sg�3_aUmOFT R n Ub[mSRc^eaU&_d\oUmu¢[*PrT�T�]v_?Sg�7_aUmO T R SR[ » c^]`OdUbpSRhvh�]`_deZh`P,[%�,eb¥

�"PE��Um�RUmOblÁ_d\oU£c<edSgQRUAPR���D��|gNJ�¼_aPµT�Prq^]`_aPRO�_d\oUAO%UbSRp f<SgOd_de·PR��¸GD y _aO%SRq<edSR[*_d]`Prq^e
[mSRqºO%SR]veaU�eaPrT�UKf^OdPRnBh`UbT�em¥�ÅÁ]`O�ea_ml qoPR_aUK_d\oUK]vT�f PROd_dSRq<[*UAPR�?PrcoOGSRededc<T�f^_d]`Prq�_d\^Sg_GPrq^h`u
qoUm�ÂO%UbSRpHh`P1[d�1eZSgOdU�SR[ » c^]vOdUbp�¥�51cof<f½PredU�_d\<Sg_fT R ]ve�[%\^SRq^QRUbpDSReZ�7PrhvhvPE�Zem¥ � \oU�Ç<O%ea_?[�\oUb[d�
PrqdTWV$P�X3Z\[ LOP+I#Q ]ve�f UmOd�7PRO�T�UbpDSg�3_aUmOMUbSR[�\ ]vq^eaUmO%_d]`Prq�PR��S£_dc^f<h`UG]vq�_aPSJMLON�I#LOP+I#Q SRq^pµ_d\oU
eaUb[*Prq^pD[%\oUb[%�H]ve�f UmOd�3PRO%T�UbpHSg_Z_d\oUMUbq<p¢PR�¨_d\oUM_aO%SRq<edSR[*_d]`Prq�¥ � \oUbq�lo_d\oU·�?O%]`_aUMfBSgOd_deZSRq^p
_d\oUµOdUbSRp�f<SgOd_de�PR�M_d\oUµ_aO%SRq^e%SR[*_d]`Prq SgOdU�]vq�_aUmO�h`UbSb�RUbp�¥ � \<]veAT�UbSRq<e£_d\<Sg_KSºqoUm� �?O%]v_aU*�
h`P1[d�¾[*Prc<hvp¾n UµSR[ » c^]vOdUbp¼Sg�3_aUmOK_d\oUDÇ<O%ea_£OdUbSRp�Prq T^V�P�X.Z_[ LjP�IAQ�¥ � \^UHf^OdPRnBh`UbT ]ie�_d\^Sg_
SHedUmO%]vSRhv]`¤bSg_d]vPrq �kSRc^h`_·T�]vQr\�_�P,[m[mcoOG]`��SH[*Prq<[mcoOdOdUbq:_·_aO%SRq<edSR[*_d]`Prq�lÁedSbu)T ] l�U*t1Ub[mco_aUbe�SRq^pcof�p^Sg_aUbe�n PR_d\ JMLON�I#LjP�IAQ SRq<p)TWV$P�X3Z\[ LOP+I#Q�l¨SRe�ed\^PE�ZqºPrq�Ç<QrcoOdU¢|,¥ � \oU£UbpoQRUbeGPR�Z_d\oU
eaUmO%]iSRhv]`¤bSg_d]`PrqKQRO%SgfB\��xl^hvSgn Ubhvh`Ubp£�Z]`_d\K_d\oU·]v_aUbT _d\^Sg_Z[mSRc^eaUbe"S�[*Prq&3B]v[*_ml^SgO%U·ed\oP/�Zq¢]vqK_d\^]ve
Ç<QrcoO%UR¥ � \:c^ebl#SRh`_d\^PrcoQr\¡_d\oU�eaUbT�SRq:_d]v[meGPR��_d\oUK_aO%SRq^edSR[*_d]vPrq�]veGc^q^[�\^SRqoQRUbp¡n,u�_d\oU�qoUm�
]vT�fBh`UbT�Ubq:_dSg_d]`PrqKPR� T R l^PrcoOZPRf^_d]vT�]`¤bSg_d]vPrqKPRf^f PROd_dc^q^]`_³u£]ve�hvPrea_m¥

� �RUbq¾]`��SRhvh�_d\oUµ[%\oUb[%�,e�SgOdUDf½UmO%�7PRO%T�Ubp¶Sg_A_d\oU�Ubq<p�PR��_d\oU�_aO%SRq<edSR[*_d]`Prq�lJ_d\oUHT�SR]vq
f^OdPRnBh`UbT T�SEuAea_d]vhvh1P1[m[mcoO��Z\oUbq£[*Prq^[mcoOdOdUbq:_ �ZO%]`_aU*�¿_d\oUbq1�¿O%UbSRp�_aO%SRq^e%SR[*_d]`Prq^e�SgOdUZU*t1Ub[mco_aUbp�¥
51cof<f½PredU���U·\^SE�RUM_���P£[*Prq<[mcoOdOdUbq:_?_aO%SRq^e%SR[*_d]`Prq^e�T . SRq^pKT : SReZpoUmfB]v[*_aUbpKPrq¢Ç<Qrc^OdU��,¥cT .OdUbSRp^e�S��RUmO�ed]`Prq�PR���¡[*O%UbSg_aUbp�n Um�3PROdU T : e%]vq^[*U T : [*PrT�TA]`_de·Sg�3_aUmOG_d\oUAOdUbSRp�f<SgOd_�PR�fT .ea_dSgOd_deb¥ ��ed]vqoQ�_d\oU�edSRT�U�SgO%Qrc^T�Ubq:_mlcT : OdUbSRp^eZSA�RUmO%ed]`PrqHPR� hK[*O%UbSg_aUbpHn Um�3PROdUiT . ea_dSgOd_aUbp�¥� \,c^e�_d\oUmOdU�]ve�S�[*u1[mh`U·]vqK_d\oUMedUmO%]vSRhv]`¤bSg_d]vPrqKQRO%Sgf<\�SRq^p�_d\oU&U*t,Ub[mc^_d]`PrqH]ve�q^PR_Z[*PROdOdUb[*_m¥
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¸�U�q^PE�¹f^OdUbeaUbq:_ Prc^O��6t,_aUbq<poUbp£�D�&|gN ��f^OdPR_aP1[*Prh�l1[mSRhvh`Ubp�� �D��|gNJ�6¥1ÅÁ]`QrcoOdUbeJ~�SRq<p
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� P�T�SR]iq�_dSR]vq�_d\oUiPYN �èeml1_d\oU � � c^eaUbe�S�T�PrqoPR_aPrq^]v[mSRhvhvuA]vq^[*OdUbSRe%]vqoQG[*Prc^q�_aUmOE¥M51]vq^[*U�¸
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ÅoPRO&_d\oU�UbSReaUGPR�6f^OdUbeaUbq:_dSg_d]`Prq�l ��U�p^UbqoPR_aU [AN È G��x� �3P]�3ÉZ_d\oU�_d]iT�Ubea_dSRT�f�c^eaUbpDn,uST�� _aP
edUbh`Ub[*_?�RUmO%ed]vPrq �3P:¥2°� G��Á]ve�U*t1Ub[mco_aUbpµ]vq¢SRq�y _aO%SRq^edSR[*_d]vPrq�_d\oUbq [N È G��/� ��3É�% [AN È T��kÉ�¥�2³� G��
]ie"U*t1Ub[mco_aUbp�]vqµ_d\oU�OdUbSRp�f<SgO%_�PR�JSK¸GD y _aO�SRq^edSR[*_d]`Prq�_d\oUbq>[N È G � � ��3ÉW% P N È T � É�¥�ÅoPRO·_d\oU
fBcoOdf PreaU�PR�?c^q^]v�7PRO%TA]`_�uRl$��UK[*Prq^ed]vpoUmO�SRe�]iq � X�5
�R}*�J_d\<Sg_�[N È G��/� ��3ÉY%����3PROGSRq�u PR_d\^UmO
O%UbSRp�PRf UmO%Sg_d]`Prq^e&ed]iq^[*U�_d\oUbeaU�O%UbSRp^eMc^eaU�hvP,[%�,eMSRq<p�SRh`��SEu,e�SR[m[*Ubede�_d\oU�hvSg_aUbea_M�RUmO�ed]`Prq�PR�
SRqH]`_aUbT¢¥��� Ë:Ï � Ë � ´ � \oUM� �D��|gNJ� f^O%PR_aP,[*Prh�Qrc^SgO%SRq:_aUmUbe"eaUmO�]vSRhv]`¤bSgn<]ihv]`_�u�PR�ÁSRhvh�_aO�SRq^edSR[*_d]`Prq^eb¥���
	�	� ´Q5o]vq^[*UAPrq<h`u�ea_aO%]v[*_G\^]vea_aPRO�]`Ube·SgOdUKSR[m[*Umf^_aUbp�lÁ��U�[*Prq<ed]vpoUmO�Prq^h`u [*PrT�T�]v_a_aUbp�_aO�SRq1�
e%SR[*_d]`Prq^em¥d��]v�RUbq�SRq¶\^]vea_aPRO%u 4�f^OdP1p^c^[*Ubpºn:uº_d\oU��J�H�&|gN � f^OdPR_aP1[*Prh�l¨�JUHf^OdPE�RU¢_d\<Sg_
�D��5��È��&É�]ve?SR[*u1[mhv]v[g¥^��Um_FP�[,È T � É�n UMpoU*Ç½qoUbp¢SRe?�3Prhvh`P/�Zem´
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]`� T��#]veZSRq y _aO�SRq^edSR[*_d]`Prq
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¸�U£ed\oPE� _d\<Sg_M�H��5��È��&É�]ve&SR[*u1[mhv]v[Gn,uDed\^PE�Z]vq^Q�_d\<Sg_&�7PROMUbSR[�\ PR��]`_de�UbpoQRUbe�T���I TB@rl
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SRq U*t1[mhvc<ed]`�RU*��h`P1[d�½¥�51]vq^[*U�PYN È T��¿É�SRq^p PYN È TB@xÉ�SgOdU�h`P1[d�,f Pr]vq�_debl��JU�\^SE�RU PYN È T��¿É � PYN È TB@xÉ
È3O%Ub[mSRhvh#_d\^Sg_&�Z]`_d\µ_d\oU+5o|gNJ�¡f½Prhi]v[*uRl½]v� T�� I TB@Rl ± %f%½h`P1[d�Hf Pr]vq:_de�PR�eT�� f^O%Ub[*UbpoU�± %f% h`P1[d�
f Pr]vq:_de�PR� TB@/É�¥ � \,c^e�]vqKn PR_d\�[mSReaUbeml P�[,È T���É � P+[,È TB@xÉ�¥
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_d\^Ubq>P�[,È T���É���SReMPRn<_dSR]vqoUbp�n Um�7PRO%U P�[,È TB@xÉ�SRq^p�]`_&�3Prhvh`P/�Ze&_d\^Sg_=P�[,È T��¿É � P�[,È TB@xÉ�¥�ÅÁ]vq^SRhvhvu
]v�8� @ � � @ � � 7 G � � �3P]�¿l _d\^Ubq¶�JUµT�c<ea_A\^SE�RU PYN È T @ É � [N È G � � ��Pa�3É�lJPR_d\oUmOd�Z]ieaU¢�JUD�JPrc<hvp
\<Sb�RU�PRn^_dSR]vqoUbpC� @c� �J@Z� �87 ` @ �87 G;�x� �J@S�#n Ub[mSRc^edU�_d\oU%`/! IA`/Q G�IAX.H��3c<q^[*_d]`Prq���Prc^hvpµ\^SE�RU
nBh`P,[%�RUbpKT � c<q�_d]vh T @ [*PrT�TA]`_dem¥
Èk]i]v]7ÉWT�� I TA@£]ie�SD�RUmO%ed]vPrq�PRO�poUmO�Ubp^QRU�n Ub[mSRc^edU£�3PRO�eaPrT�U ��SRq^p:T�P:l G P � �J@S� ) 4 SRq<p
�3� \Z^ �J@R¥M51]iq^[*U ��� \>^ � @RlcT��6SR[ » c^]vOdUbp�SRqDU*t1[mhvc<ed]`�RU*��h`P1[d�KPrq �Dn Um�3PROdUiTA@RlBedPA��U�\^SE�RU
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� h`UbSgO�h`uRl<� �D�&|gN �¶edc1Ã UmO%eZ�7OdPrT poUbSRp^hvP,[%�,e�ed]vq^[*U�]`_"c^edUbe 5o|gNJ���3PRO�eaUmO%]vSRhv]v¤b]vqoQG¸ _aO%SRq1�
edSR[*_d]`Prq<e�SRq<p£_d\^U"�?O�]`_aUZf<SgO%_deJPR��¸GD y _aO�SRq^edSR[*_d]`Prq^eb¥ �"PE��Um�RUmObloPrq^[*U&S�¸GD y _aO�SRq^edSR[*_d]`Prq
ea_dSgOd_de?U*t,Ub[mco_d]iqoQ�]`_de�OdUbSRpKf<SgOd_mlo]`_�T�SEu�q^PR_�n½U�]vq:�RPrh`�RUbp¢SRq:u,T�PRO%UM]vqKpoUbSRp^h`P1[d�1em¥ � \^]ve�]ve
UbSRed]vhvu�ed\^PE�Zq¢SReZ�7PrhvhvPE�Zem¥

51c^f^f PreaUMT��B]ie#S�¸ED y�_aO�SRq^edSR[*_d]`PrqG�Z\<]v[%\�U*t1Ub[mco_aUbe ]`_deÁO%UbSRpGf<SgOd_m¥ 2³_Á_d\,c^e¨\^SRe¨SRh`O%UbSRpou
PRn^_dSR]vq^Ubp ]`_de�PYN¨¥$X p^UbSRp^h`P1[d��]vT�f<hv]vUbe"S�[*u1[mh`UA]iq�_d\oU�_aO%SRq^edSR[*_d]vPrq ��SR]`_�¿�7PRO·QRO%Sgf<\F./.m¥'T �
]ve"]vq��RPrhv�RUbpD]vqDSApoUbSRp<h`P,[%��]`�¨]`_Zn Ubh`Prq^Qre?_aPKSA[*u1[mh`U�PRO�]`�¨]`_�]ve?��SR]`_d]vqoQA�7PRO�SA_aO�SRq^edSR[*_d]`Prq
�3OdPrT SM[*u1[mh`UR¥r¸�UZÇ<O%ea_6ed\^PE��_d\^Sg_eT � T�SEuGq^PR_6n Ubh`PrqoQ&_aP·SM[*u1[mh`UR¥���Um_ T � I T � H I T � m I.0.0.�T����6I T��on U S?[*u1[mh`UR¥�51]vq^[*U T��^]ve$��SR]`_d]vq^Q��7PRO T�� H lb_d\oUbq=T�� H \<SRe�SRhveaP"PRn^_dSR]vqoUbp�]`_de PYNASRq^pPYN È T��¿É	� PYN È T�� . É�È3Prq^h`u�]vq�_d\^]ve�[mSReaUM[*Prc^hvpS`/! IA`/Q G�IX3HA\^Sb�RUMnBh`P,[%�RUbp T��¿É�¥^Å^coO%_d\oUmO%T�PROdURlT�� . T�Sbu�qoPR_An½UDS�¸ _aO%SRq^edSR[*_d]vPrq�n Ub[mSRc^eaU�Prq<[*UDS ¸ _aO�SRq^edSR[*_d]`Prq¼\^SRe�PRn^_dSR]iqoUbp¾]`_de
PYNzÈk]�¥ìUR¥`lJ\^SRe�f<SRedeaUbp�]v_deAh`P1[d�,f Pr]vq�_�É�l6]v_AT�Sbu¶qoPR_An½U¢��SR]`_d]vq^Q��7PRO�SRqoPR_d\oUmOA_aO�SRq^edSR[*_d]`Prq
T � m ¥ � \:c<eml T � H ]veZSA¸GD y�_aO%SRq<edSR[*_d]`PrqD�Z\^]v[�\¢U*t,Ub[mc^_aUbe&]`_de?OdUbSRpDf<SgOd_m¥½XZf<f<h`u1]vqoQG_d\^]veZ�7PRO
Um�RUmOduAq^P,poU"PR��_d\oU�[*u,[mh`URl,��U"PRn^_dSR]iq�_d\^Sg_�SRhvhB_d\oU"qoP1poUbe�SgOdU"e%c^[%\£¸GD y¹_aO�SRq^edSR[*_d]`Prq^e�SRq^p
PYN È T��¿É	� PYN È T��¿É�l^�Z\<]v[%\¢]ve�SA[*Prq�_aO%SRp<]v[*_d]`Prq�¥

51c^f^f PreaUMqoPE�Æ_d\^Sg_ T��6poP,Ube�qoPR_Zn Ubh`PrqoQA_aP£SA[*u1[mh`UR¥M2³�Á_d\oUmO%U·��SRe"SAf<Sg_d\H�3OdPrT T��¨_aP
SG_aO%SRq^e%SR[*_d]`PrqKPR� S�[*u1[mh`URl^edSEu TA@glo_d\oUbq TA@��JPrc<hvpKSRhveaP�n U�SG¸ED y _aO%SRq<edSR[*_d]`Prq¢U*t1Ub[mco_d]vqoQ
]`_de�O%UbSRp¢f<SgOd_m¥ � \^]ve�]ve?]vT�f½Pre%ed]`n<h`U"ed]vq^[*UM]`_�n Ubh`Prq^Qre�_aPAS�[*u1[mh`U �"¥

� \<]ve&OdUbedc<h`_·]veMe%]`Qrq^] ÇB[mSRq:_m¥62q^poUmUbp�l ]vq�T�Pred_�p^Sg_dSgn<SRedU£Sgf^f<hi]v[mSg_d]`Prq^eml$p^UbSRp^h`P1[d�1e�SgOdU
Sb�RPr]ipoUbp�n,uºS�[mSgOdUm�3c<h?poUbed]`Qrq¡PR�&Sgf^fBhv]v[mSg_d]`Prq¡f^O%PRQRO%SRT�em¥6X [*PrT�T�Prq���SEu¶PR��SE�RPr]vp^]vqoQ
poUbSRp^hvP,[%�,e�]ve _aPGTASg�RU�_aO�SRq^edSR[*_d]`Prq^e�SR[m[*Ubede�_d\^U�p^Sg_dS�]vq£_d\oU�edSRT�U�PRO%poUmOb¥&�ZP/�JUm�RUmOEl^]vqASRq
SR[*_d]`�RUMp^Sg_dSgnBSReaUMeau1ea_aUbT¢l1O%c^h`Ube�SRq^p�_aO%SRq^e%SR[*_d]`Prq^e�SgOdU&c^edc<SRhvh`u�f^OdPRQRO�SRT�T�Ubp�n:u�p^] Ã UmOdUbq:_
f^OdPRQRO�SRT�T�UmO%em¥ � \oU�Sgf^f<hv]v[mSg_d]vPrq�f^OdPRQRO%SRTAT�UmO�]ie qoPR_�Sb��SgOdU�PR��SRhvh^_d\^UZO%c^hvUbem¥�X�eJS�OdUbedc^hv_ml
_d\oUMO%Ubedc^h`_d]vq^Q�_aO%SRq<edSR[*_d]`PrqHTASbu¢edc1Ã UmO��7O%PrT�S�f P:PRO?p^Ubed]`Qrq¢�Z]v_d\KOdUbeaf Ub[*_�_aPApoUbSRp^hvP,[%�,em¥
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X�h`_d\oPrcoQr\��J�H�&|gN �¼Qrc^SgO%SRq:_aUmUbe·eaUmO�]vSRhv]`¤bSgn<]ihv]`_�uRl ]`_&poP,UbeMqoPR_&f^O%UbeaUmOd�RUµ« Rrª�«*§�¯B± %;�(�g¯
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ª�«*¯M��0g¥ � \^Sg_�]vebl¨_d\oU¢PRO%poUmOA]iq¡�Z\^]v[�\¡_aO%SRq^edSR[*_d]`Prq<e�[*PrT�T�]`_�TASbu¶p^] Ã UmO��7O%PrT _d\oUb]`OAeaU*�
O%]vSRhi]`¤bSg_d]`Prq�PRO%poUmOb¥oÅoPROZU*t1SRT�fBh`URloedcof^f PreaU��JUM\<Sb�RUMSG_aO%SRq^e%SR[*_d]`Prq�«*¯Bªk§�0 �g§a²�«*§�l<SRe?]vq�_d\oU
U*toSRT�f<h`U�PR�65,Ub[*_d]`Prq�|,lrSRq^p�S�_aO%SRq<edSR[*_d]`PrqK§d« ��§a«Z�%® ©kª�«Z,�� �"\^]v[%\G]vq<[*OdUbSReaUbeÁ_d\oU » c^SRq:_d]`_�u�PR�
eaPrT�U?]v_aUbT n:uGeaPrT�U?q,c^T�n UmOb¥RX"e6e%\oPE�Zq�Prq�Å#]vQrcoOdU �:l�SRqH«m¯<ªk§�0 �g§a²�«*§¨_aO�SRq^edSR[*_d]`Prq�TA]`Qr\�_
n UM_aPrhvp¢_d\<Sg_Z_d\oUmOdU�]ve?qoPR_ZUbqoPrcoQr\H]v_aUbT�eZ]vqHea_aP,[%�¢�7PRO�]`_de?PRO�poUmO"SRh`_d\^PrcoQr\�S�_aO�SRq^edSR[*_d]`Prq
wdc^ea_ ]vq<[*OdUbSReaUbp�ÈkSRq^p£[*PrTAT�]`_a_aUbpBÉ¨_d\oU » c^SRq:_d]`_�uA]iq�ea_aP1[d���3PROJ_d\<Sg_�]`_aUbT eaP�_d\^Sg_ _d\oU�PRO%poUmO
[*Prc^hvp�\^Sb�RU�n UmUbq e%Sg_d]veÇ<Ubp�¥�5oc^[%\ [*Prq<ed]vea_aUbq^[*u ��kSRc^h`_de 	�SgO%U�hv]`�RUbh`uD_aPHP1[m[mcoO·]`�J_d\oU�OdUbSRp
f<SgOd_de?PR�#¸ED y _aO%SRq^edSR[*_d]`Prq<e?SgOdU·h`Prq^Qo¥

51\^Prc^hvpµU*t,_aUmO�q^SRh [*Prq^e%]vea_aUbq^[*uµn U�[*O%]`_d]v[mSRh�l$]v_MT�Sbu�\oUbh`f�_aPHed\oP/� _d\oU��gSRhvcoU�PR��_aO%SRq1�
edSR[*_d]`Prq�_d]vT�Ubea_dSRT�fBe�_aPAc^eaUmO�eml^]vq^ea_aUbSRp�PR�#ed\^PE�Z]vq^Q�_d\^UM_aO%SRq^edSR[*_d]vPrq�[*PrT�T�]`_�_d]iT�URl<ed]vq<[*U
_d]vT�Ubed_dSRT�f<eJOdUZ3<Ub[*_ _d\^U�eaUmO�]vSRhv]`¤bSg_d]`Prq�PRO%poUmOb¥�2°q:_dc^]`_d]`�RUbhvuRlr_d\oU�_d]vT�Ubea_dSRT�f£PR��SM¸ED y¹_aO%SRq1�
edSR[*_d]`Prq¶]iq^p^]v[mSg_aUbeGSg_G�Z\^]v[�\º_d]vT�UK_d\oU¢poUb[m]ved]vPrq�_aP [*PrT�TA]`_�PRO�Sgn PROd_G��SReG_dSg�RUbq È3Um�RUbq
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abort
time = 40

ts

commit

time = 10

time = 20

insert into Order

insert into LineItem

read Totals_cust

read x in Totals_item

update x in Totals_item

Å#]vQrcoOdU��:´M51[*Ubq<SgO%]`P��Z]`_d\¢SRq�U*t,_aUmO%q<SRh�[*Prq^ed]iea_aUbq^[*u��3SRc^hv_m¥

_d\^PrcoQr\�_d\oUGeau1ea_aUbT [*PrT�T�]`_a_aUbpDPRO�Sgn PROd_aUbpD_d\oU�_aO%SRq^edSR[*_d]`Prq<e"Sg_�eaPrT�UGhvSg_aUmO"_d]iT�U/É�¥BÅoPRO
U*toSRT�f<hvURl#_d\^U�_d]iT�Ubea_dSRT�f¡PR�Z_d\^U «m¯<ªk§S0 �g§a²�«m§�_aO�SRq^edSR[*_d]`Prq¡]vq¡ÅÁ]`QrcoOdU��D]vq^p^]i[mSg_aUbe�_d\<Sg_
_d\^UmOdUG��SReMq^PR_�Ubq^PrcoQr\�]`_aUbT�e&Sg_&_d]vT�UKVm�1l��"\^]vh`U�_d\oUG_d]vT�Ubea_dSRT�f�PR�Z§d« ��§a«Z�%® ©kª�«Z,���]iq^p^] �
[mSg_aUbe"_d\^Sg_?_d\^UM]vq^[*OdUbSReaU&��SReZ[*PrT�f<h`Um_aUbp�Sg_?_d]iT�U�|g�1¥
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� \oU��J�H�&|gN ��f^OdPR_aP1[*PrhoT�Sbu�c^eaU�_d\oU�edSRT�U�T�Ub[�\^SRq^]vedTAe#SRe¨�D�&|gN ��_aP&T�SR]iq�_dSR]vq�_d]vT�Ube�
_dSRT�f<e�SRq<p��RUmO%e%]`Prq^em¥ � \oUmOdUm�3PROdURl#�JUKT�SR]vq^hvuµp^]ied[mc^ede�\oUmOdUA_d\^U�]vT�f<h`UbT�Ubq:_dSg_d]`Prq PR�Z_d\oU
�m®1«C�]\ §a«%±r²	� ��
A�kc^q^[*_d]`Prq$¥$X"hvh _d\oUA]vq^�7PRO%TASg_d]`Prq qoUmUbpoUbp�n,u `/! IA`/Q G�IX3H½È�� É·SgOdUA�3Prc^q^p�]vq
_d\^U?h`P,[%��_dSgnBh`UR¥�2q^poUmUbp�lR[%\^Ub[d�1]vqoQ·]`�B_d\oUmOdU?]ve SRq�c^q^[*PrT�TA]`_a_aUbpG�RUmO%ed]`Prq�PR� �£Prq^h`u·O%U » c^]vOdUbe
_aP£[%\oUb[%�H]`��_d\^UmOdU·]ve?SRqHU*t1[mhic^ed]`�RUMh`P1[d�K_dSg�RUbqDPrq ��¥v2³� `/! I` Q G�IAX.HBÈ���É�T�c^ea_���SR]`_?�3PRO ���èe
[*O%UbSg_aPROM_aP¢[*PrT�T�]`_ml�]`_�ed]vT�fBh`u¢��SR]v_de"�3PRO&_d\oUGOdUbh`UbSRedU�PR�J_d\^]ve�h`P1[d�½¥½¸�U�e%\oPE� _d\^Sg_�_d\oUbedU
T�Ub[%\^SRq^]iedT�e�SgOdUMUbSRe%]vh`uK]vT�f<h`UbT�Ubq�_aUbp�Prq�_aPRfHPR�ÁSRq�U*t1]ved_d]vqoQ��D��|gNJ��h`P1[d�¢T�SRq^SgQRUmOE¥

¸�U�_dSg�RUAS¢h`P1[d�µT�SRq^SgQRUmO·ed]iT�]vhvSgO�_aP�_d\oUGPrqoU�poUbe%[*O%]`n Ubp�]vq �V��y"}4�*�¿¥$Å^PRO�ed]vT�f<hv]v[m]`_³u
��U�Prq^h`u�[*Prq^ed]vp^UmO¨U*t1[mhvc<ed]`�RU?h`P1[d�1eZÈkqoPR_aUbp�"��h`P1[d�^ÉÁSRq^p�ed\<SgOdUbp�h`P1[d�1e?ÈkqoPR_aUbp�5,��h`P,[%�oÉ�¥ � \oU
hvP,[%��T�SRq<SgQRUmO �èe?p^Sg_dS�ed_aO%c^[*_dcoOdUbe�SgO%U·edc^T�TASgO%]`¤mUbpK]vq¢ÅÁ]`QrcoOdU��,¥2°_de�_³�JP�nBSRed]v[�]vq:_aUmOd�3SR[*Ube
SgO%U % �a�]\�SRq^p$#1¯%��a�]\/¥ � \oU�Prq^hvu£[%\<SRqoQRUM]vqK_d\oU&h`P1[d�KT�SRq^SgQRUmO �èeZp^Sg_dS�ea_aO%c^[*_dc^OdUbe�[*Prq^ed]ved_de
PR��SRedeaP1[m]vSg_d]vqoQ¢_aP¢UbSR[�\�h`P1[d�µ\oUbSRpoUmOMS¢hv]iea_"PR��f^OdP1[*Ubede&]vp<emlBO%Um�7UmOdO%Ubp�_aP�SRe %ù©f��ª �B©�²g¥ � \^]ve
hi]vea_�]ve�c^eaUbp�_aPAea_aPROdUM_d\^U&f<]vp�Èke�ÉJPR�#¸ED y _aO%SRq<edSR[*_d]`Prq^e�nBh`P,[%�RUbp�n,u `/! IA`/Q G�IX3H<¥

��]`�RUbqG_d\^]vebl&�m®1«C�]\ §a«%±r²rÈ�� ÉÁf½UmO%�7PRO%TAe�_d\oU��3Prhvh`P/�Z]vqoQo¥*2³_¨h`P,PR�1e#Sg_¨_d\^U�hvP,[%�·\oUbSRpoUmO6SRededPg�
[m]iSg_aUbpK�Z]`_d\ �HSRq^pK[%\^Ub[d�1e?]`� �H]ie��"��h`P1[d�RUbp�¥
2°��uRUbeblo_d\oUmOdU&]ve�SRq¢c^q^[*PrT�TA]`_a_aUbp��RUmO%ed]`PrqKPR�
�KSRq^p ` ! IA`/Q G�IAX.HBÈ¿É6[%\oUb[%�,e�]`�½_d\oU"PE�ZqoUmO�PR��_d\^]ve h`P,[%��\^SRe�S9PYNHedT�SRhvhvUmO6_d\^SRq�_d\^U"[mSRhvh`UmO��èe
Prq^UR¥ 2q�_d\^Sg_�[mSReaURlc`/! I` Q G�IX3H½È¿É Sgf<f½Ubq<p^e _d\^U�[mSRhih`UmO �èe�f<]vp�]vq:_aP�_d\^U�hvP,[%�£\oUbSRpoUmO@% © �*ª �B©k²
SRq<p���SR]`_deM�7PROM_d\^U�OdUbh`UbSReaU�PR��_d\oU�"��h`P,[%�B¥ XZ�3_aUmO·]`_&��PR�RUAcof$l PRO·]v�J]`_���SReMqoPR_Mn<hvP,[%�RUbp�l
�m®1«C�]\ §a«%±r²GOdUm_dc^O%q^e�SRq�PR�HT�UbededSgQRUR¥ � \oUbeaU�PRf½UmO�Sg_d]`Prq^e�OdU » c^]`OdU·q^Ub]`_d\oUmO�_aPK_aO%Sb�RUmO%edU�_d\oU
hvP,[%�ºO%U » coUbed_ » coUbc^UHqoPRO�_aP�]iq^eaUmOd_�S q^Um�Äh`P1[d�¡OdU » coUbea_A]vq:_aP�_d\oUHhvP,[%�ºO%U » coUbed_ » c^UbcoUR¥
� �8����NJ}1V�� f^OdPRf PreaUbe&S¢T�Um_d\^P,p�_aPD[%\oUb[%��_d\^Sg_·SKf<SgQRU�Prq<h`uD[*Prq:_dSR]vq^e�[*PrT�T�]`_a_aUbp p<Sg_dS
¦¨©kª3® � #oª�©3¯
�`�o«(�bªk©3¯���ª3®1« %��a�]\Dª¿± �Z%v«*¥ � \^]veMT�Um_d\oP,p�[mSRq�QROdUbSg_dhvuµO%Ubp^c^[*U�_d\oU£h`P,[%�,]iqoQ�PE�RU*�
O�\oUbSRp�¥42°_6[mSRq�n U�c^eaUbp�]vqGPrc^O6f^OdPR_aP1[*Prh^SRe¨�3Prhvh`P/�Zem´v�*®o«C�6\ §d«d±�²rÈ�� É¨Ç<O%ea_6[�\oUb[d�1e ]v�B_d\oU�fBSgQRU
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Transaction 

Table

Exclusive semaphore

on lock queue

Queue of lock requests

Lock header

Exclusive semaphore on hash chain
Lock hash table
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]vq:�RPR�RUbp�n:u·Sgf<f<hv]v[mSg_d]`Prq·f^OdPRQRO%SRTAe��Z\^Ubq�qoUb[*Ube%edSgOduR¥ ��q·_d\^U�[*Prq:_aO%SgOduRlRSRp^p^]iqoQ�Èk[%\<SRqoQr]vqoQol
PRO�OdUbT�PE�1]vqoQ:ÉMSH[*Prq^ed_aO%SR]vq:_�]vq�Sgf^f<hv]v[mSg_d]vPrq�f^OdPRQRO%SRTAeMOdU » c^]`OdUbeM_aPµ[�\^SRqoQRU�U*t1]ved_d]vqoQHSgfo�
f<hv]i[mSg_d]`PrqK[*P,poUR¥oX�e�OdUmf PROd_aUbpK]vqA�V5���?&}4>*�¿l^SG[*Prq^edU » coUbq<[*U&�7PRO��RUmOduKhvSgOdQRUMSgf<f<hv]v[mSg_d]`Prq<eJ]ve
_d\^Sg_�_d\oU�q,c^T·n UmO�PR� ]vq:_aUmQRO%]`_³uD[�\oUb[d�1]vqoQ¢f^O%P,[*Ubp^c^OdUbe"]iq��RPR�RUbp��3OdPrT�edc^[m[*UmUbp<]vqoQ�OdUbh`UbSReaUbe
PR�"Sgf<f<hv]v[mSg_d]`Prq�f^OdPRQRO%SRTAe�c<eaUbe�_aP�]iq^[*OdUbSReaU¢T�PrqoPR_aPrq<]v[mSRhvh`uR¥ � SRhvhve·_aP�_d\oUbeaUKf^OdP1[*Ubp^coOdUbe
SgOdU�O%SgOdUbh`u�OdUbT�P/�RUbpH�3OdPrT�_aO�SRq^edSR[*_d]`Prq^ebl^_d\oPrcoQr\D]`_?_dcoO%q<e�Prco_?_d\^Sg_�[%\^SRq^QRUbe"]vq�_d\oU·p^Sg_dS
SR[ » c^]ved]`_d]vPrq�f^OdP1[*Ubede�\^Sb�RUKT�SRpoU�eaPrT�UK[*Prq�_aOdPrhie·PRn<edPrh`Um_aUR¥9?�]ve%[*PE�RUmO%]vq^Qµedc<[%\�e%]`_dc^Sg_d]`Prq^e
OdU » c^]`OdUbe�S£h`PR_�PR�ÁU*Ã½PRO%_"c^edc<SRhvh`uAqoPR_�[*Prq^ed]vp^UmOdUbp¢SReZpoUbedUmOd�,]iqoQ�]vq¢]vq^p<]`�,]ip^c^SRh½Sgf^f<hv]v[mSg_d]vPrq
f^OdPRQRO�SRT�em¥

5,Ub[*Prq<p�l^SRedeaUmOd_d]vPrq^e?SRq^pK_aO%]vQRQRUmO%e?SgOdU�§d«Z% ©k± �Z%v«?ed]iq^[*U�_d\oUmu�SgO%U·SRco_aPrT�Sg_d]v[mSRhih`u�]iq��RPR�RUbp
�Z\oUbq^Um�RUmO�SRq�Sgf^f^OdPRf<O%]vSg_aUZp^Sg_dS�T�P1p^] ÇB[mSg_d]`PrqA]ve ]ve%edcoUbp�n,u�S·_aO�SRq^edSR[*_d]`Prq�¥ � \^]ve6f^OdPE�1]vpoUbe
S edSg�3UH��Sbu¶_aP�Ubq^edcoO%U¢_d\^Sg_AUm�RUmOdu¶Sgf^fBhv]v[mSg_d]`Prq¶PRn Umu1eAeaf Ub[m] Ç½[�[*Prq<ea_aO%SR]vq:_deml O%UmQrSgO%p^h`Ubede
PR�?_d\oU�T�Um_d\oP1p�c<eaUbp�_aP�SR[m[*UbedeG_d\oU�p^Sg_dSgn<SReaUR¥ ��q�_d\oU�[*Prq�_aO%SgO%uRl#�"]`_d\ _d\oU�f^OdP1[*Ubp^coO�SRh
Sgf^f^O%PrSR[%\�l�_d\oU�[*PRO%OdUb[*_MUbqo�3PRO%[*UbT�Ubq:_MPR��[*Prq^ea_aO%SR]vq:_deM]ve�Qrc^SgO�SRq�_aUmUbp�Prq^h`uD]v� Um�RUmOdu�ed]vqoQrhvU
_aO%SRq^e%SR[*_d]`Prq�]vT�f<hvUbT�Ubq�_de�]`_&[*PROdO%Ub[*_dh`uR¥ � \^]ve�T�Sg�RUbeMp<Sg_dS » c^SRhi]`_�uHp^Umf½Ubq<poUbq�_�Prq�_d\oU�OdU*�
hv]vSgnB]vhv]`_³uDPR�"f^OdPRQRO%SRT�T�UmO%e�SRq<p�f<OdPRQRO%SRT�T�]iqoQDT�Um_d\^P,poPrhvPRQr]`UbeGSRq^p¡T�Sbu�n½U£_d\oUKOdUbSReaPrq
PR�¨eaUm�RUmOdU·]iq^[*Prq^ed]ved_aUbq^[m]`Ube�SRe�_aP£_d\oU&Ubqo�3PRO%[*Ubp�f Prhv]v[m]vUbem¥,X�eZq^PR_aUbp¢n:uA� � NJ�µ}R�*�¿lBed]vq^[*UMSRq
]vq^[*O%UbSRed]vqoQMq,c^T�n½UmO PR�$Sgf^f<hv]v[mSg_d]vPrq^e¨SgOdUZn Ub]vq^QMpoUm�RUbh`PRf Ubp�n,u�edT�SRhvh�lrSRc^_aPrqoPrT�Prc^eJQROdPrcof<e
PR��poUm�RUbhvPRf½UmO�e �Z]v_d\£q^SgO%OdPE���,]vUm�Ze PR��_d\oU"P/�RUmO%SRhvh½Ubq:_aUmOdf^O%]vedURl:_d\oU�Ubq:_aUmOdf^O%]vedU"]vqo�3PRO%T�Sg_d]vPrq
eau1ea_aUbTÄ]ie��RUmOduK�,c^hiqoUmO%Sgn<h`U�_aPA]vq:_aUmQRO%]`_³u£�1]`PrhvSg_d]vPrq^em¥

� \^UZT�SR]vq�SRp^�xSRq:_dSgQRU"PR� _d\oUZf^OdP1[*Ubp^coO%SRh^Sgf<f^OdPrSR[%\£]ve¨_d\^Sg_JPrqoUZ[mSRq£f^OdUb[m]vedUbh`u�[*Prq:_aOdPrh
SRq^p¾_dc^qoU�_d\oUDf UmOd�7PRO�T�SRq^[*U¢PR�M]vq:_aUmQRO%]`_³u¡[�\oUb[d�1e��Z]`_d\^]iq¡UbSR[%\¹]vq^p^]v�,]vp<c^SRh _aO�SRq^edSR[*_d]`Prq�¥
2q �V5���?&}4>*�¿l _d\oUDSRco_d\^PRO%eAed\^PE� _d\^Sg_A_d\^]ie�]veAS�T�S/waPROAOdUbSReaPrq¼�Z\:u¶SRq¾Sgf^f<hi]v[mSg_d]`Prq�]ve
c^edc<SRhvh`u�h`Ubede�U���[m]`Ubq�_&�"\oUbq�]`_&]ve&poUm�RUbh`PRf Ubp��Z]`_d\µ_d\oU�poUb[mhiSgO%Sg_d]`�RU�Sgf^f^O%PrSR[%\ ]vq<ea_aUbSRp�PR�
_d\oU�f^OdP1[*Ubp^coO�SRhBSgf^f<OdPrSR[%\�¥ � \^]ve�]ve�qoPR_�f½Pre%ed]`n<h`U"�Z]`_d\£_d\oU&poUb[mhvSgO%Sg_d]v�RUMSgf^f^OdPrSR[�\K�7PRO�_³�JP
T�SR]vq OdUbSReaPrq^em¥ Å#]vO%ea_ml$S¢_aO%]vQRQRUmO·PRO�SRq�SRedeaUmOd_d]vPrq ]veMpoU*Ç½qoUbp ]vq�SDc^q^] » coU���SEu��Z\^Sg_aUm�RUmO
]veG_d\oU¢_aO�SRq^edSR[*_d]`Prq¶_d\<Sg_��Z]vhvh�]vq:�RPR�RUH]`_m¥O2°_�]veG_d\oUmOdUm�3PROdU�qoPR_�f Prede%]`n<h`U�_aP�eaf Ub[m]vSRhv]v¤mU�SRq
]vq:_aUmQRO%]`_³u [%\oUb[%���3PRO�Sµeaf Ub[m] ÇB[�_aO�SRq^edSR[*_d]`Prq�¥ÁÅ^coO%_d\oUmO%T�PROdURl#�3PRO�_aO%]vQRQRUmO%eml�_d\^U�SR[*_d]`�gSg_d]`Prq
_d]vT�UHÈk]iT�T�Ubp^]vSg_aUAn½Um�3PROdU�PRO�Sg�7_aUmObl�PRO�poUm�3UmOdOdUbpBÉ�]ieMSRhveaP�poUm_aUmO�T�]vqoUbp�Prq<[*U��7PRO�SRhvh¨�Z\oUbq
_d\oU�_aO%]`QRQRUmO&]ve�poU*ÇBqoUbp$¥ � \oU �apoUm�3UmOdO%Sgn<h`U 	£T�P1poU·Qr]`�RUbe&e%hv]`Qr\:_dh`u¢T�PROdU�3BU*t1]`nB]vhv]`_³u�ed]iq^[*U�]`_
Ubq^Sgn<hvUbeJ_aP�[�\^SRqoQRU�_d\oU&SR[*_d]`�gSg_d]`PrqK_d]vT�U�PR��SRqKSRedeaUmOd_d]vPrq È3Ub]`_d\oUmO�]vT�T�Ubp<]vSg_aUZPRO?poUm�3UmOdOdUbp½É
]vq¡Sµf<SgOd_d]v[mc<hvSgOG_aO%SRq^edSR[*_d]`Prq$¥d5,Ub[*Prq^p�lÁ_d\oUKPRf^_d]vTA]`¤bSg_d]`PrqºPgÃ½UmO%Ubp¶n:u�_d\oU¢[%\oUb[%���¿n Um�3PROdU*�
�?O%]v_aUMT�Um_d\oP1p�[mSRq^qoPR_?n U&]vT�fBh`UbT�Ubq:_aUbp¢c^ed]vqoQG_d\oU�poUb[mhvSgO%Sg_d]`�RU�Sgf^f^OdPrSR[�\�¥<ÅoPRO�]vq^ea_dSRq^[*URl
]`_6]ve¨q^PR_6f Preded]`n<hvUJ_aP·edf½Ub[m]v�7u�_d\^Sg_ SRq�SRededUmOd_d]`Prq�PROJS&_aO%]`QRQRUmO T�c^ea_¨n U?SR[*_d]`�gSg_aUbpMwac^ed_ÁSg�3_aUmO
S �n UmQr]vq�_aO%SRq^edSR[*_d]vPrq�	�[*PrT�T�SRq^p¢SRq<p¢[%\oUb[%�RUbp�f^O%]vPRO�_aP�_d\^U�U*t1Ub[mco_d]`Prq�PR� cof�p^Sg_aUbe�_d\^Sg_
P1[m[mcoO�]iq�_d\oU�_aO%SRq^edSR[*_d]vPrq�¥�2T�T�Ubp<]vSg_aUZn Um�3PROdU*�¿_aO%]`QRQRUmO%e�SgOdU�_d\oU�Prq^h`uGU*t1[*Umf<_d]`Prq��7PRO�ed]vqoQrhvU
cof�p^Sg_aUMea_dSg_aUbT�Ubq�_dem¥

��PR_d\�_d\^U¢f^OdP1[*Ubp^coO%SRh�SRq^p¡_d\oU�p^Ub[mhvSgO%Sg_d]`�RU�Sgf^f<OdPrSR[%\oUbe£[mSRq¶n UbqoU*Ç<_G�3OdPrT _d\oU�c^eaU
PR�M� �D�&|gN �6l�SReKed\oP/�Zq�n,u � Sgn<h`U�VD_d\^Sg_Kedc^T�T�SgO�]`¤mUbe�_d\oUDf<Sg_a_aUmO%q^e�PR�&_aO%SRq<edSR[*_d]`Prq^e
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_³�JP�f<\^SReaU�h`P1[d�1]vqoQ��Z\^Ubq¡OdUbSRp1�¿Prq^h`uº_aO%SRq^e%SR[*_d]`Prq^e�U*t1Ub[mco_aUH[*Prq^[mc^OdOdUbq:_dh`u��"]`_d\¶cof�p^Sg_aU
_aO�SRq^edSR[*_d]`Prq^eb¥�2qµ_d\oU�[mSRedU�PR�J� �D��|gNJ�6l _d\oU�f^OdPRn<h`UbT ]ve�[*PrT�f<hv]i[mSg_aUbpDn,u�_d\oU��kSR[*_�_d\<Sg_
�ZO%]`_aU*�¿_d\oUbq1�¿O%UbSRp�_aO%SRq^edSR[*_d]vPrq^e6c^eaUZ�RUmO%ed]`Prq^e¨SRq<p�[*Prq&3B]v[*_ n½Um_³�JUmUbqAUbSR[%\£PR_d\oUmOb¥ � \:c^eblxPrc^O
ÇBO%ea_#PRn1wUb[*_d]v�RU?]veÁ_aP&SRq^SRh`u,¤mU?\oPE���J�H�&|gN �Hn½Ub\<Sb�RUbeÁ�Z]`_d\�OdUbedf½Ub[*_Á_aP&_d\oU?Sgn P/�RU�_aO%SRpoUmPgÃ
�3PROZp^]`Ã½UmOdUbq:_�_aO%SRq^e%SR[*_d]`Prq¢��PROd�,hvPrSRp^e�_d\^Sg_Z[*PrT�n<]vq^U&n½PR_d\�¸ SRq<pK¸GD y _aO%SRq^edSR[*_d]vPrq^em¥
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[�\oUb[d��T�Um_d\^P,p^e¨SgO%U?Sgf^f<hv]v[mSgnBh`UJ_aP&f<OdPRQRO%SRT�_aO%SRq^e%SR[*_d]`Prq^em¥rÅoPRO�]vq^ea_dSRq<[*URlg]iq+5,Ub[*_d]`Prq�|,lR��U
SRe%edc^T�UbpG_d\^Sg_6]iq�_aUmQRO%]v_�u�[�\oUb[d�1e6��UmOdU�f UmOd�3PRO%T�UbpGSg_¨_d\oU�Ubq^pGPR�B_aO%SRq^edSR[*_d]vPrq I#N'PYG�h V�G�H.I#G1l
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Prq E�G�H3IAGKSRq<p)JeLON�IALOP+I#Q SgOdU£]vq^poUmf Ubq^poUbq:_ml _d\oUA[�\oUb[d�:�¿n Um�7PROdU*�¿�ZO%]`_aU£T�Um_d\oP,p�[*Prc^hvp�n U
c<eaUbp�]vq<ea_aUbSRp�¥ X�e�ed\oPE�"q�n,u � SgnBh`UDVgl#_d\oU£[�\oUb[d�:�¿n Um�7PRO%U*�¿�?O%]`_aU¢T�Um_d\oP1p�u,]`Ubhip^eMy�D ¸ PRO
¸�_aO%SRq^edSR[*_d]vPrq^e��Z\^]v[�\£[mSRq<qoPR_�n½U�U*t1Ub[mco_aUbp�c^q^p^UmO��J�H�&|gN � ¥�ZUbq^[*URl1PrcoO�ÇBO%ea_�]vq�_aUmO%Ubea_
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È3f<OdP,[*Ubp<coO%SRh7É��?O%]`_aU*�¿_d\oUbqo��[%\oUb[%�¼T�Um_d\oP1p¼PRO�_d\^U¡ÈkpoUb[mhiSgO%Sg_d]`�RU/É£poUm�3UmOdOdUbp�[%\oUb[%�,]vq^Q ÈkedUmU
� Sgn<h`U¶VEÉ£[mSRqÂ[*Prc^q:_aUmOdn<SRhiSRq^[*U�_d\oU�PRf^_d]vT�]v¤bSg_d]`Prq�n^OdPrcoQr\:_Kn:u¼_d\oU [%\oUb[%���¿n Um�3PROdU*�¿�?O%]v_aU
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51c^f^f PreaU�qoPE� _d\^Sg_·��UASgOdU�]vq�_aUmO%Ubea_aUbp�]vq�edPrT�U£]vq:_aUmQRO%]`_³u�[%\oUb[%�,e�_d\^Sg_·Prq<h`uµ]iq��RPrh`�RU
p^Sg_dSgn<SRedUµO%UbSRp¾PRf UmO%Sg_d]`Prq<eml _d\oUbq¹SReK]vq^p<]v[mSg_aUbp�n,u � SgnBh`UºVgl&ÈkpoUb[mhvSgO�Sg_d]`�RU/É£]vT�T�Ubp^]iSg_aU
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�1±a�,« ©	� ±��(��«S�(�6]ve _d\oU"SRT�Prc^q�_ PR��2 � � _d]vT�UZSRededP,[m]vSg_aUbp£�Z]`_d\ASR[m[*Ubeded]vqoQ�S·p^Sg_dS·f<SgQRUZ�3OdPrT
_d\oU�p^]vea�½¥r¸�U&SRp^poUbpAPrqoU�edUmf<SgO%Sg_aU 2 � � eaUmOd�RUmO�poUbp^]i[mSg_aUbpA_aP�_d\oU"hvPRQMÇBh`UR¥ � \oU"f<SgO%SRT�Um_aUmO
%��C� ²g©f��\ ©	��OdUmf^O%UbeaUbq�_de�_d\oU�Ç^t1Ubp72 � � _d]vT�U�P/�RUmO%\oUbSRp�SRedeaP1[m]vSg_aUbp��Z]v_d\D]ve%edc^]vqoQA_d\oU-2 � ��¥
NÁSgO%SRT�Um_aUmO %��C� §a«(� ©�� ¦ ]ve�_d\oU�SRT�Prc<q�_¢PR��2 � � _d]vT�U�SRe%eaP,[m]iSg_aUbp �Z]`_d\¼�?O%]`_d]iqoQ�S¶h`PRQ
OdUb[*PRO%p�Prq¢_d\oUM�$PRQ£p^]vea��]vq¢eaU » coUbq�_d]iSRh PRO%poUmOb¥^NÁSgO%SRT�Um_aUmO �(�4,�,G©kª ����#�]ve�_d\^UMSRT�Prc^q:_?PR�
� N�� _d]iT�UASRedeaP1[m]vSg_aUbp��Z]`_d\�U*t,Ub[mco_d]iqoQ�_d\oU�[*PrT�T�]`_KÈ3OdUbh`UbSRed]vq^QHh`P1[d�1eml$Um_d[EÉ�¥¨NÁSgO%SRT�Um_aUmO
± �(�g§�ª �x��#M]ve _d\oUZSRT�Prc^q:_ PR� � N ��_d]vT�UZSRe%eaP,[m]iSg_aUbpA�Z]v_d\�U*t,Ub[mc^_d]vqoQM_d\oU�Sgn PROd_ ea_dSg_aUbT�Ubq:_

tlt ã �(s(q�}S�
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� �.� 6U(*;�)��'���34�/21 � ! M"!#� 6.5:4 E%$�!'& /=6U!B6�( ��K�$ (*)*)
+�,�-�� ./+0
 M"!1�O1+/GS � &�(*)35����'��606+/24�8D5 )+� �'(*)0E �2� SD/2<G<G/G6+���,(�4 E
+�,�-�� 354 ,6.7.8��979 :<;6= 1+/GSD� &�(�)35*�,�'� 6+6+/G4�8 5 X 5�8�� )6� SD/2<G<G/G6+���,(�4 E�6
> 48- ?@3A9 � 354 10/2SD� &�(�)./=606U;�/G4�8 5 :<;�= <2(*8D5*�,�,��606 )6� SD/2<G<G/G6+���,(�4 E�6
> 48- �<�7. 354 B :<;6= 1+/GSD� &�(�)36+�2C#;���4*10/G5�<2<G? -.)0/>10/24 8D� X 5�8�� (�4F<G(�8 EB/=6U! �LSD/2<G<2/=6+���'(*4 E�6
.74@�E�E3GF .H+�
 �,X�;F1+/GS � &�(*).��IB���,;B1+/G4�8 5D�'(*SDS /21 �2� SD/2<G<G/G6+���,(�4 E�6
,6�84J�KF ./+0
 �,X�;F1+/GS � &�(*).��IB���,;B1+/G4�8 5�4F5�$ (*)U1 �2� SD/2<G<G/G6+���,(�4 E�6
�<��9KF/,J�KF ?6� > ,@L )0��6U105�)U13EB��<G5�? (�& 5�4F5�$ (*)U10��EW1+)�5:4 605��'1+/G(�4 � SD/2<G<2/=6+���'(*4 E�6
.H+�
 .7. �<�7M�
���9KF �,X�;F1+/GS � &�(*)36U��)<N
/=�'/G4�8D(�4��L��� )+��C#;���6U1 �LSD/2<G<2/=6+���'(*4 E

� Sgn<h`U·|,´M5,u1ea_aUbT�NÁSgO%SRT�Um_aUmO%e ?�U*ÇBq<]`_d]`Prq^e�SRq^pK�6SRhicoUbe

È3U*t1Ub[mco_d]vq^Q·c^q^poP�PRf UmO%Sg_d]`Prq<emlROdUbh`UbSRed]iqoQ&h`P,[%�,e6Um_d[EÉ�¥ � Sgn<h`UMV?edc<T�T�SgO%]`¤mUbeÁ_d\^U�f<SgO%SRT�Um_aUmO%e
PR�#_d\oU·edu,ea_aUbTÄT�P,p^Ubh$SRq^pK_d\oUb]`OZ�xSRhvc^Ube��7PRO"_d\oU&U*t,f UmO%]iT�Ubq�_deb¥

��� � ��� ��� Ë � � �  �	3�r�o��	 Ï� �ÆÏ Ð Ë  
� \oUZp^Sg_dSgn<SRedU�[*Prq:_dSR]vq^e"¯#&, §d«C�J¸¹]ved[*Prq^e%]vq�n Ubq^[%\<T�SgOd�:��ed]`¤mUbp�O%Ub[*PRO%p^e�È/�V��O%Sr}1V��3É�¥:¸�]v_d\
5^|gN �6l&�R�MO%Ub[*PRO%p^e¨ÇB_J]vqAPrqoU"fBSgQRU�È3_d\^]ve�[*PROdOdUbedf½Prq<p^e¨_aP�f<SgQRUbe�PR�l� � [*Prq:_dSR]vq^]vq^Q·OdUb[*PRO%p<e
PR�&|R|��µn,u:_aUbe�É�¥6¸�]v_d\¶�H�&|gN � PROA� �D�&|gN �Â_d\^U¢OdUb[*PRO%p^e�SgO%U�SRededc^T�Ubp¡_aP�[*Prq�_dSR]vq¾SRq
SRp<p^]`_d]`Prq^SRh<� n:u,_aUbe�_aPºea_aPROdUD_d\oUH_d]vT�Ubea_dSRT�f¼SRq<p¶�RUmO%ed]`Prq¾f Pr]vq�_aUmOE¥6X"e�S�OdUbedc<h`_ml6Prq^h`u
�x~�O%Ub[*PRO%p^eGÇ<_�]iq�Prq^U¢f<SgQRURl6�Z\oPredU�¯#&, �%±c�*®1«%²�OdUb[*PRO�p^e�SgOdU�c^eaUbp¡_aP�[mSR[%\oU�f<OdUm�,]vPrc^e
�RUmO�ed]`Prq^em¥

� O%SRq<edSR[*_d]`Prq^e"SgOdU·Ub]`_d\^UmO"y�D ¸Æl½¸GD yÆPRO�¸Y_aO�SRq^edSR[*_d]`Prq^eb¥<¸�U��xSgOdu¢_d\^U·ea_aO%c^[*_dc^OdU·PR�
_d\^UbeaUZ_aO%SRq<edSR[*_d]`Prq^eml:]�¥ìUR¥`l�_d\oU�q:c<T·n UmO6PR� OdUbSRp�SRq^p��?O�]`_aU?PRf UmO%Sg_d]`Prq^eJSRq^p�_d\^U?f^OdPRn<SgnB]vhv]`_³u
PR�JU*t,Ub[mc^_d]vqoQ�SKOdPrhvhvn<SR[d�HSg_&_d\^U�Ubq^p�PR� _d\oU�O%UbSRp�f<SgOd_�PR��y-D ¸ SRq<p�¸GD yz_aO%SRq^edSR[*_d]`Prq<em¥
¸¹\oUbq·_d\oU OdUbSRp·f<SgOd_#[*Prq^ed]vea_de�PR�^]vq:_aUmQRO%]`_�u&[�\oUb[d�1emlg_d\^]ve�Ubq<Sgn<h`Ube$_aP�ed]vT�c^hvSg_aU¨_d\^UJpoUm_aUb[*_d]`Prq
PR�ÁSRqH]iq�_aUmQRO%]v_�u��,]`PrhiSg_d]`PrqK_d\^Sg_Zh`UbSRp<e�_aP�OdU°waUb[*_?_d\oUM_aO�SRq^edSR[*_d]`Prq�¥

X _aO%SRq^e%SR[*_d]`Prq��JPRO%�,h`PrSRp�[*Prq^e%]vea_de�PR�JSKT�] tDPR� _aO%SRq^e%SR[*_d]`Prq^e�PR� p^]`Ã½UmOdUbq:_��,]iq^p^em¥B¸�U
c<eaU _d\oUJ�7Prhih`PE�Z]iqoQ?f<SgO%SRT�Um_aUmO%em¥ � \oUmOdU SgO%U"¯#&, ª�«*§S,��$_aUmO%T�]vq^SRhie�U*t,Ub[mc^_d]vqoQ�_aO%SRq^edSR[*_d]`Prq<em¥
NÁSgO%SRT�Um_aUmOPO � ��§a±���]veM_d\oUA�7O%SR[*_d]vPrq PR��_aUmO%T�]iq^SRhve&U*t1Ub[mco_d]vqoQH¸GD y�È3PROGy�D ¸ÂÉ�_aO%SRq^e%SR[��
_d]vPrq^em¥¨NÁSgO%SRT�Um_aUmOQO ��©0D/«G]veG_d\oU�SE�RUmO%SgQRU�q:c^T�n UmOGPR�"PRf UmO%Sg_d]`Prq<eGU*t,Ub[mco_aUbp¾n:u�_d\oU¢¸
_aO�SRq^edSR[*_d]`Prq^e�SRq^p£n:u�_d\^U"�?O�]`_aUZf<SgO%_ PR�$¸ED y Èky�D ¸ÂÉ¨_aO�SRq^edSR[*_d]`Prq^eb¥,X�T�PrqoQ�_d\oUbeaU�PRf UmO%Sx�
_d]vPrq^eml��o«*§/��«m¯<ª ¦¨§�©3ª�« O
È �o«*§/��«m¯<ª ¦¨§�©3ª�« O	�?É�SgOdU��?O�]`_aUGPRf½UmO�Sg_d]`Prq^em¥$NÁSgO%SRT�Um_aUmO # [L �7I
O%Umf^OdUbeaUbq:_de _d\^U"q,c^T·n UmOJPR�$OdUbSRp£PRf½UmO�Sg_d]`Prq^eJU*t,Ub[mco_aUbp�n,u�_d\oU�¸GD y�_aO%SRq^e%SR[*_d]`Prq^e�]vq�_d\^Ub]`O
O%UbSRp¡f<SgOd_dem¥ � \oUbedU�fBSgO%SRT�Um_aUmO%e�SgO%UKe%c^T�T�SgO%]v¤mUbpº]iq � Sgn<h`U�|¡È3�Z\oUmO%U �_aO�SRq^edSR[*_d]`Prq�	�]ve
Sgn<n^OdUm�1]vSg_aUbp��_t 	�É�¥

y?UmQrSgO%p^]iqoQ _d\oUHT�UbSRedcoOdUbT�Ubq:_demlJUbSR[%\�ed]vT�c^hvSg_d]`Prq¶[*Prq^e%]vea_aUbp�PR��� _aP >�OdUmf Um_d]`_d]vPrq^eml
UbSR[�\�[*Prq^e%]vea_d]vqoQ�PR��|g�R�R�HeaUb[*Prq^p<e�PR��ed]iT�c^hiSg_d]`Prqµ_d]vT�UR¥ � \oUbedUGq,c^T�n UmO%e��JUmO%U�[%\oPreaUbq�]vq
PRO�poUmO?_aPASR[�\^]`Um�RU·T�PRO%UM_d\^SRqH}g��f UmO%[*Ubq:_Z[*Prq1Ç½poUbq^[*UM]vq:_aUmOd�gSRhve��3PRO?PrcoO?OdUbe%c^h`_dem¥
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4 5 6 73

       

    5.00

    15.00

    16.00

    14.00

    13.00

    12.00

    11.00

    10.00

    9.00

    8.00

    7.00

    6.00

17.00

t/s

S2PL

EMV2PL

    R_part_size

(�/28*;�)0�E�6��H
�A� �O1+)�5:4 605��'1+/G(�4 10��)0(�;�8*��X�;B1


���� M� ���A�	������DW �
� \oU�QRPrSRh<PR�B_d\<]veÁU*t,f UmO%]iT�Ubq�_6]ieÁ_aP·ed\oP/�¾_d\oU��gSRhvcoU�PR� � �D��|gNJ�H�3PRO Sgf^fBhv]v[mSg_d]`Prq^e¨[*Prq:_dSR] �
q^]vq^Q£¸ED y _aO%SRq^e%SR[*_d]`Prq^em¥ � \^U���PROd�1h`PrSRp�[*Prq�_dSR]iq^e&Prq^h`uH¸GD y _aO�SRq^edSR[*_d]`Prq^e·SRq^pµ_d\oUG�xSx�
O%]vSgnBh`UD]ve�_d\oU�ed]v¤mUDPR��_d\oU�_aO%SRq^edSR[*_d]`Prq<em¥ � \oU��?O%]`_aUDf<SgOd_¢SRq^p�_d\oU�OdUbSRp�f<SgOd_KPR�M¸ED y
_aO%SRq^e%SR[*_d]`Prq^e?[*Prq:_dSR]vq¢_d\oUMe%SRT�UMq:c<T·n UmO�PR�#PRf½UmO�Sg_d]`Prq^em¥&2qK_d\oU&�?O%]`_aU�f<SgO%_mlv>g�*) PR�#PRf½U*�
O%Sg_d]`Prq<e#SgO%UJ�?O�]`_aUJPRf UmO%Sg_d]vPrq^em¥x¸GD y¶_aO�SRq^edSR[*_d]`Prq^e#U*t1Ub[mco_aUbpG�Z]`_d\ 5o|gNJ� È3OdUbeaf$¥g� �D��|gNJ�#É
SgOdU·q^PR_aUbp¢¸GD y ? : " ! _aO%SRq^e%SR[*_d]`Prq^e·È3OdUbedf$¥o¸GD y � �,+(: " ! _aO%SRq^edSR[*_d]vPrq^e�É�¥
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sec

S2PL
    4.00

    3.50

    3.00

    2.50

    2.00

    1.50

    1.00

    0.50

    0.00

3 4 5 6 7

I/O

WAIT

CPU

R_part_size

EMV2PL

    3.00

    2.50

    2.00

    1.50

    1.00

    0.50

    0.00

3 4 5 6 7

I/O

WAIT

CPU

sec

R_part_size

(�/G8�;�)0� ��$��A� � 1 IF)+� 6UX�(�4 6U�J1+/GSD� ��� $�!�� ( (�/28*;�)+� ��)�HB�A� � 1<II)0��6+X (*4 6+� 10/2SD� ������� $J!�� (

t/s EMV2PL

t/s S2PL

    1.00

    1.10

    1.20

    1.30

    1.40

k=3

k=2

k=1

3 4 5 6 7 R_part_size

(�/G8�;�)0� �	� HB�A� � 1+)�5:4 605��'1+/G(�4I1+��)0(�; 8���X�;�1

Å#]vQrcoOdU?VRV6ed\^PE�Ze�_d\^U¨_d\oOdPrcoQr\ofBco_ PR�,¸ED y _aO�SRq^edSR[*_d]`Prq^eb¥ � \oU¨_d\oO%PrcoQr\of<co_ PR�,¸GD y � �,+(: " !_aO�SRq^edSR[*_d]`Prq^e�]ve�SRh`��Sbu1eJn Um_a_aUmO�_d\^SRq�_d\oU"_d\oOdPrcoQr\ofBco_ PR�$¸ED y ? : " ! _aO%SRq^edSR[*_d]vPrq^em¥ � \oU"hvPrq1�QRUmO�SgOdU?_d\oUZ¸GD y�_aO%SRq^e%SR[*_d]`Prq^emlr_d\^U?n<]`QRQRUmO ]ie¨_d\oU?QrSR]vq£]vqGf UmOd�3PRO%T�SRq^[*UR¥�ÅÁ]`Qrc^OdUMVb|AÈ3OdUbedf$¥
Va�rÉ�e%\oPE�Ze�_d\oUGOdUbedf½Prq<eaU·_d]vT�U�PR� ¸GD y _aO�SRq^edSR[*_d]`Prq^e&SRq<pµ\^PE� ]`_�]ve�eaf<hv]`_a_aUbpµ]vq:_aP � N ��l
��SR]`_GSRq^p�2 � �Ä_d]vT�UbeGc^q<poUmO 5^|gN � È3OdUbeaf$¥Á� �D�&|gN �#É�¥¨�J�H�&|gN �Âe%]`Qrq^] ÇB[mSRq:_dh`u�OdUbp^c<[*Ube
_d\^U���SR]`_�_d]vT�U�PR��¸ED y�_aO%SRq^e%SR[*_d]`Prq^eG�Z\^]ih`U£_d\^U�[*Prq�_aUbq:_d]`Prq¶Prq¶p^]iea��eaUmO%�RUmO%e�]vq^[*OdUbSRedUbe
n Ub[mSRc^edUM_aO%SRq^edSR[*_d]vPrq^eZU*t1Ub[mco_aU�PRf UmO%Sg_d]`Prq^e"Sg_"S��kSRea_aUmO�O%Sg_aUR¥ � \oU·q,c^T�n½UmO6Q¢PR�¨OdUbeaPrc^O%[*U
c<q^]`_de�]ve�_d\,c^e?SRq�]iT�f PROd_dSRq�_�fBSgO%SRT�Um_aUmOb¥

Å#]vQrcoOdUHV*~�ed\oP/�ZeM_d\oU£QrSR]vqº]vq�_d\oOdPrc^Qr\of<co_MPR��¸ED y _aO%SRq^edSR[*_d]vPrq^e·O%UbhvSg_d]`�RUA_aPA5o|gN �
�"]`_d\�PrqoURl _���PDPRO�_d\oOdUmUAO%UbeaPrcoO%[*UAc<q^]`_dem¥�2°_�ed\^PE�Ze·_d\^Sg_��J�H�&|gN �¹]veMT�PROdUAU��£[m]vUbq�_�SRe
_d\^UmOdUJSgOdU�T�PROdUJOdUbeaPrcoO�[*U�c^q<]`_de$ed]vq<[*U _d\oUJQrSR]vq�]iq·[*Prq^[mcoO%OdUbq^[*uM]ve h`Ubede#SxÃ½Ub[*_aUbp�n,u·SZ\^]vQr\oUmO
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EMV2PL

    20    10     15    5

    41.00

    42.00

    40.00

    43.00

    44.00

    39.00

    45.00

    46.00

    38.00

    48.00

    47.00

    t/s

S2PL

R_part_size     15     20    5     10

    1.50

    4.50

    3.00

    2.50

    2.00

    4.00

    3.50

    t/s

EMV2PL

S2PL

R_part_size

(�/28*;�)+� � �BHB� 1+)�5:4 605��'1+/G(�4 10��)0(�;�8*��X�;B1 ( /G8�; )+� ��� HB�A� �." ��� � 1+)�5:4 605��'1+/G(�4 10��)0(�;�8*��X�;B1

[*Prq:_aUbq�_d]`Prq£Prq�p^]vea��eaUmOd�RUmO%em¥�2°qA_d\^]ve6e%]vT�c<hvSg_d]`Prq�lg_d\oU�T�Sxt1]iT�c^TzSgn½PRO%_6O%Sg_aUZ��SRe�Vb| ) c^qo�
poUmOO5o|gN �KSRq^p��1¥ � )Â�Z]`_d\M�J�H�&|gN � l/�Z]v_d\&_aO%SRq^edSR[*_d]vPrq^e�PR�^e%]`¤mU"V*~o¥x� �D��|gNJ�KUbhv]vT�]vq<Sg_aUbe
T�Prea_"poUbSRp^h`P1[d�1em¥ � \oUbedU&OdUbedc^h`_de�SgO%U·SR[%\^]vUm�RUbp��Z]`_d\¢S��RUmOdu¢h`PE� ed_aPRO%SgQRU·P/�RUmO%\oUbSRp . ^R¥
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2qA_d\<]ve U*t1f UmO%]vT�Ubq:_ml���U�OdU*ÇBqoU"_d\oU�SRq<SRh`u,e%]ve6PR�$_d\^U"f^O%Um�,]`Prc<e6U*t1f½UmO�]vT�Ubq:_m¥ � \oU���PROd���
h`PrSRp�[*Prq^e%]vea_deÁPR�<¸ SRq^pG¸ED y�_aO%SRq<edSR[*_d]`Prq^em¥g¸ _aO%SRq^edSR[*_d]vPrq^e¨cof�p^Sg_aU�PrqoU�OdUb[*PRO%p�lrSRe¨p^P:Ube
_d\oU��?O�]`_aU�f<SgOd_ÁPR�B¸ED y�_aO�SRq^edSR[*_d]`Prq^eb¥R¸�U?�xSgO%u·_d\oU?h`Ubq^QR_d\GPR�B_d\oU�O%UbSRpGf<SgOd_¨PR�<¸ED y��3OdPrT
>&_aP�|g��PRf½UmO�Sg_d]`Prq^em¥ O � ��§a±���]veJeaUm_J_aP�|g� )�¥ � \^U?n<c1Ã UmOJed]v¤mU"]veJ\oUbhvp�Ç<t,Ubp£Sg_�Va>g��f<SgQRUbe
SRq^p¢_d\^UmOdUMSgOdU�|GO%UbeaPrcoO%[*UMc^q<]`_deMÈSQ�% |rÉ�¥

ÅÁ]`QrcoO%U·Va>AÈ3OdUbedf$¥<Vb�rÉ¨e%\oPE�Ze _d\oU?_d\oO%PrcoQr\of<co_¨PR� ¸ È3OdUbedf$¥r¸ED y�ÉÁ_aO�SRq^edSR[*_d]`Prq^eb¥ � \oUbeaU
Ç<QrcoO%Ube�]vhvhvc^ed_aO%Sg_aU"_d\^U&�JUbhvh`�¿�,qoP/�Zq�_aO%SRpoUmPgÃ�PR�#T�c^h`_d]v�RUmO%ed]`PrqK[*Prq^[mcoO%OdUbq^[*u£[*Prq:_aOdPrh�¥�5^|gN �
f^OdP/�,]ipoUbe QRP,P1pKf½UmO%�7PRO%TASRq^[*U"�3PRO�h`PrqoQ�¸GD yÂ_aO%SRq^edSR[*_d]`Prq<em´1_d\oU�edu,ea_aUbT O%UbeaPrcoO%[*Ube�SgOdU�hvSgOa�
QRUbh`u�poUm�RPR_aUbp�_aP&_d\oU�U*t1Ub[mco_d]`Prq�PR�B¸GD y¾_aO%SRq^edSR[*_d]vPrq^eÁ�Z\^]vhvU ¸ _aO%SRq^edSR[*_d]`Prq<e¨SgOdU�n<h`P1[d�RUbp�¥
� \oU�h`PrqoQRUmO¨SgOdU�¸ED y¶_aO%SRq^edSR[*_d]vPrq^emlx_d\oU�T�PROdU�¸ _aO%SRq^e%SR[*_d]`Prq^eÁ\^Sb�RU�_aP���SR]`_m¥ � \^]ve [*PROdOdUbe�
f Prq^p^e _aP"_d\^U�PRnBeaUmOd�gSg_d]`PrqGT�SRpoU�]vq�� � � }R|xnv�,�"\oUmOdU�h`PrqoQ�OdUbSRp1�¿Prq^h`u&_aO�SRq^edSR[*_d]`Prq^eÁU*t1Ub[mco_aU
[*Prq^[mcoO%OdUbq�_dhvu£�Z]v_d\¢ed\oPROd_�¸ _aO%SRq^e%SR[*_d]`Prq^em¥

2q�[*Prq:_aO%SRea_mlrn,u�[*PrT�f<h`Um_aUbh`u�Ubhv]vT�]iq^Sg_d]vqoQ�OdUbSRp1�¿�?O�]`_aU�n<h`P1[d�1]vqoQre#n Um_���UmUbq�¸ SRq^pG¸ED y
_aO%SRq^e%SR[*_d]`Prq^emlx� �D��|gNJ��SR[�\^]`Um�RUbe#SZ\^]vQr\M_d\oOdPrc^Qr\of<co_��3PRO�¸ _aO%SRq<edSR[*_d]`Prq^em¥ � Prq^eaU » coUbq:_dh`u
Hb` æèã�ø â�ä°î/n���� tµî�á�â%ãxç¿â%ä°î¿æèå�ã·â�ëèò�å�çkîÁâ�ë\e�âx�Eç á`UâSW�î`_*U6ò�å�çkî$á`Uä�UãmîQYZU°á¿ç�æèå�ãxçé4� å^YZU°á¿ç�æèå�ã@e â�ç9e�á¿æìî�î`Uã

ígâ%äzi î¿å î`_hU ��U°á¿ç�æèå�ã {1åmå�ë�bEî`_hU��;eMU°á`UÁâ%ëèë4Uëèæôò�æèãxâ%î`U/W;e6_/æôëVU æôã�î`_hU�gxâ�kSU�äaâ%äz_hUçFXxç�æèãhk)k�â%á¿íxâ�kSU äå�ëèëVUä°î¿æèå�ã

tlt ã �(s(q�}S�
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_d\^U�_d\oOdPrcoQr\^f<co_�PR��¸ _aO�SRq^edSR[*_d]`Prq^e�]ve&c^q^SxÃ Ub[*_aUbp�n:u�h`PrqoQRUmO�¸GD y � �,+(: " ! _aO%SRq^edSR[*_d]`Prq<em¥� \oUZ_d\oO%PrcoQr\of<co_¨PR��¸GD y � �,+(: " ! _aO%SRq^edSR[*_d]vPrq^e�]ve6n Ubh`P/�¾¸ED y ? : " ! n½Ub[mSRc<eaUZ_d\oU�p^]veafBco_aU?�3PROedu,ea_aUbT
OdUbeaPrcoO%[*Ube��Z]`_d\¡¸ _aO%SRq^edSR[*_d]vPrq^e�]ve�T�PRO%U�]vq�_aUbq<eaU�SRq^p�]vq¶SRp<p^]`_d]`Prq�l#_d\oUmu¡f UmOa�
�3PRO%TÀedhi]`Qr\�_dhvuAT�PROdU�2 � ��e��3PRO�OdUbSRp^]vqoQG�RUmO%e%]`Prq^em¥ � \oUbedU&�3SR[*_aPRO%eZ[*Prc^q�_aUmO%n<SRhvSRq^[*U&_d\oU&QrSR]iq
]iqµ[*Prq<[mcoOdOdUbq^[*u�SR[%\<]`Um�RUbp n,uµ�J�H�&|gN � ´��7PRO � �1±g§*ª ��©EDE«Y% Va>,l S¢¸GD y ? : " ! _aO%SRq^edSR[*_d]vPrqedf½Ubq<p^eGVg¥|�KeaUb[*Prq^p^eM]iq72 � ��eMSRq<p���SR]`_de·�1¥vV*~HeaUb[*Prq^p^eM�7PROMh`P1[d�1eml��Z\^UmOdUbSRe&S¢¸ED y � � +(: " !edf½Ubq<p^e��1¥|>�T�PROdUMedUb[*Prq^p^eZ]iq 2 � ��eZSRq^p��1¥vVMh`Ube%e?eaUb[*Prq^p^e?��SR]`_d]iqoQ��7PRO"h`P,[%�,eb¥
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2qM_d\<]ve�U*t1f½UmO�]vT�Ubq:_mlb�JUJUm�xSRhic^Sg_aUJ_d\^U U*Ã Ub[*_d]`�RUbqoUbede#PR�o� �D��|gNJ�¢]vq&��PROd�1h`PrSRp^e�[*Prq:_dSR]vq^]iqoQ
S��gSgOdu,]iqoQ·f^O%PRf½PRO%_d]`Prq�l � # 	gG�X.`xl�PR�$¸ SRq<pA¸ED yzÈ3PRO�y�D ¸ÂÉ¨_aO�SRq^edSR[*_d]`Prq^eb¥:¸�U&eaUbh`Ub[*_aUbp
fBSgO%SRT�Um_aUmO%e O �o±g§�ª ��©0D/«*l � �o±g§�ª ��©0D/«*lZ�^«*§/��«*¯Bª ¦¨§�©kª�« O ��l"O ��©EDE«*l/SRq^p �o«m§x��«*¯<ª ¦¨§�©3ª�« O
edP�_d\<Sg_&UbSR[%\�¸Æl�¸GD y·l�SRq^p�y�D ¸ _aO%SRq^edSR[*_d]`Prq U*t,Ub[mco_aUbe��A�ZO%]`_aUbe�SRq^p }£OdUbSRp^eml�SRT�Prq^Q
�"\^]v[%\���OdUbSRp^e?SgOdU�SRededc^T�UbpK_aP£T�P,p^Ubh�]vq�_aUmQRO�]`_�u¢[%\^Ub[d�1em¥ � \^U·�GOdUbSRp^e?SgO%UMUb]`_d\oUmO�f<hiSR[*Ubp
Sg_�_d\oU�n UmQr]vq^q^]vq^Q&PRO�Sg_�_d\oU�Ubq^p£PR��_d\oU"_aO�SRq^edSR[*_d]`Prq�l,u1]`Ubhvp^]vq^Q&OdUbeaf Ub[*_d]`�RUbh`u�y-D ¸ PRO�¸GD y
_aO�SRq^edSR[*_d]`Prq^ebl PROG]vq:_aUmO%h`UbSb�RUbpº�Z]v_d\��?O�]`_aU�PRf UmO%Sg_d]`Prq^ebl u1]`Ubhvp^]iqoQ¢¸ _aO%SRq^e%SR[*_d]`Prq^em¥��"e%]vqoQ
_d\^UbeaU SRededc<T�f^_d]`Prq^ebl�¸ED y _aO�SRq^edSR[*_d]`Prq^e T�P1poUbhRS?poUm�3UmOdOdUbp&[�\oUb[d�1]vqoQ?PRO#S��?O%]v_aU*�¿_d\oUbq1��[%\^Ub[d�
f Prhv]i[*uRl�y-D ¸ _aO�SRq^edSR[*_d]`Prq^eHT�P,p^Ubh&S¶[%\oUb[%���¿n Um�3PROdU*�¿�?O%]`_aU�f½Prhi]v[*uRl�SRq^p ¸ _aO%SRq^edSR[*_d]`Prq<e
T�P,poUbh�SRhih PR_d\oUmOZ]vq:_aUmQRO%]`_³u�[�\oUb[d�1]vqoQ�f Prhv]i[m]`Ube&Èk]vq^[mhvc^p<]vqoQ�]iT�T�Ubp^]vSg_aU&[�\oUb[d�1]vqoQol<SReZed\oPE�"q
n,u � Sgn<hvU�VEÉ�¥
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1+)�5:4 605��'1+/G(�4 10��)0(�;�8*��X�;B1 �5� � )0(�<G<2$ 5���! ( (�/28*;�)+� $���H
1+)�5:4 6+5*�71+/G(�4W1+��)0(�; 8���X�;�1�� �6� � ��� )0(�<G<G$ 5���! (

X���PROd�,hvPrSRp�PR� ¸ SRq^p�¸ED y�_aO%SRq^edSR[*_d]`Prq<e ]ve¨U*t1Ub[mco_aUbp�c^q^poUmOd5^|gN �¡Èk[mcoOd�RUZ¸ED y ? : " ! ÉSRq^p�� �D�&|gN � Èk[mc^Od�RU�¸GD y � �,+(: " ! É�l��Z\^]vh`U�S��JPROd�1h`PrSRp�PR�J¸ SRq^p�y-D ¸ _aO%SRq<edSR[*_d]`Prq^e&]ve
U*t1Ub[mco_aUbpHc^q<poUmO 5o|gN ��Prq^h`u�Èk[mcoOd�RU·y-D ¸ ? : " ! É�¥<¸�UM�xSgO%u O � ��§a±��?�3OdPrT��*) _aPDVm�R�*)�¥

ÅÁ]`QrcoO%U�V]��ed\^PE�Ze�_d\oU�_aPR_dSRh�_aO%SRq<edSR[*_d]`Prq�_d\oOdPrcoQr\^f<co_ : _?�"\oUbqKqoP�]vq�_aUmQRO�]`_�uA[�\oUb[d�¢[mSRq
]vede%coUZS�_aO%SRq^edSR[*_d]`Prq�OdPrhih`n<SR[d�½¥ � coOd�RU"y-D ¸ ? : " ! ed\oP/�Ze _d\<Sg_J�Z\^UbqQO � ��§±c��]vq^[*OdUbSRedUbeJ]�¥ìUR¥`lT�PROdU�SRq^p�T�PROdU·_aO%SRq^edSR[*_d]`Prq<e�U*t,Ub[mc^_aU·_d\oUb]`O"[%\oUb[%�,e"f^O%]`PRO�_aP£SRq�u¢cof�p^Sg_aURl^_d\^U&_d\oOdPrcoQr\1�
f<co_?]iq^[*OdUbSReaUbeZn½Ub[mSRc<eaUM_d\oUmOdU�SgOdU·�3Um�JUmO�h`P1[d�¢[*Prq&3B]v[*_deb¥ � \,c^eml^[%\^Ub[d�1]vqoQ£]iq�_aUmQRO%]v_�u¢Sg_Z_d\oU
n UmQr]vq^q^]iqoQMPR��_aO�SRq^edSR[*_d]`Prq^e�f<OdPE�1]vpoUbe�_d\oU&n Ubea_�f UmOd�7PRO�T�SRq^[*U�OdUbedc^h`_�c^q^p^UmO<5^|gN �6¥ ��q�_d\oU
[*Prq:_aO%SgOduRl [mc^Od�RU�¸GD y ? : " ! ed\oP/�Ze&_d\^Sg_·�Z\oUbq�T�PROdU�_aO�SRq^edSR[*_d]`Prq^e�[%\oUb[%��]vq�_aUmQRO�]`_�u�Sg_M_d\oU
Ubq^p�l _d\oUG_d\oO%PrcoQr\of<co_�poUb[*OdUbSRedUbeMp^coU�_aP�T�PROdU�h`P1[d�µ[*Prq&3B]v[*_deb¥ � \:c^ebl½[�\oUb[d�1]vqoQ�]vq:_aUmQRO%]`_³u
Sg_?_d\oU·Ubq^pKPR�Á_aO%SRq^edSR[*_d]`Prq<e�Qr]`�RUbe?_d\^UM�JPRO�ea_�f UmOd�7PRO�T�SRq^[*U&OdUbedc<h`_�c^q^poUmO 5o|gNJ�6¥

2q�_aUmO%Ubea_d]vqoQrh`uRl$[mc^Od�RU�¸GD y � �,+(: " ! ed\oPE�"e&_d\^Sg_M�Z]v_d\µ�J�H�&|gN � lJÈk]7É"�Z\^Ubq�T�PROdU�_aO%SRq1�
edSR[*_d]`Prq<e�[�\oUb[d��]iq�_aUmQRO%]v_�u Sg_�_d\oUAUbq^p$l$_d\oUA_aO�SRq^edSR[*_d]`Prq�_d\oOdPrcoQr\^f<co_·]vq<[*OdUbSReaUbeml#SRq^p¼Èk]v]3É
_d\oU�_d\oOdPrc^Qr\of<co_Á]ve#SRhvT�Prea_¨SRh`��Sbu1e6SReÁQRP,P,p�SReÁ_d\oU�_d\oO%PrcoQr\of<co_ �7PRO6y-D ¸ ? : " ! _aO%SRq<edSR[*_d]`Prq^em¥

¸�UGqoPE��ed\oP/� _d\oU�]vq&3Bc^Ubq^[*U&PR�¨_aO%SRq^edSR[*_d]vPrq�OdPrhvhvn<SR[d�1eml<[mSRc^edUbpHn,u�]vq:_aUmQRO%]`_�u¢[�\oUb[d�1em¥
2qÂS¶¸ _aO%SRq^edSR[*_d]vPrq�l?S¶OdPrhvhvn<SR[d�¹]ve�SRede%c^T�Ubp _aP�P1[m[mcoOHSg�3_aUmOHUm�RUmO%u ~¶PRf½UmO�Sg_d]`Prq^e�]vq
PRO%poUmO¢_aP�e%]vT�c<hvSg_aU�_d\oU�p^]vedeaUbTA]vq^Sg_d]`Prq¼PR��[�\oUb[d�1e��"]`_d\^]vq¼_d\oU�_aO%SRq^edSR[*_d]vPrq�¥^2°q Sº¸ED y
m�a æ`é U�é<î`_*U"ç	Xxò�å%øÁî`_*U � î�á�â�ã/ç¿â�ä°î¿æèå�ã�î`_/á¿å�X*kS_hg*XEî?â�ã*W�î`_hU ��� t u`å�á<t � ��y î�á�â�ã/ç¿â�ä°î¿æèå�ã£î`_/á¿åSXhkS_]p

g*XEîaé�ñEæèã/äxU�â%ëôëoî�á�â%ãxç¿â�ä³î¿æôå�ãxçO_xâCYSU î`_hU�ç¿â�ò^UJãaXxò�í4U³á#å%ø½å�g4U°á�â%î¿æèå�ã/ç6â�ã*WMî`_hUJç¿â%ò^U;g/á¿å�gRå�á�î¿æèå�ã�å�øve�á¿æìî`U
åSg4U³á�â%î¿æèå�ã/çxnmî`_*U�î¿å�î�â%ëgî`_/á¿åSXhkS_hg*X/îvUãxâ�í/ë|U°çMXxç<î¿å W/æìá`Uä°î¿ë\��ä°å�ò^ggâdá`U�î`_*U$æèò�ò^U/W/æôâ%î`U�n�WhU³ø U°á�á`U/W?â%ã W�äj_*Uäji�p
í4U°ø å�á`U�p e�á¿æìî`U6çkî�á�â%î`Uxk�æ|U°çé

tlt ã �(s(q�}S�



�R| �����O%ù©3§��d±Rª��
	����<©r, �g¯�����<��� ,��*§/���

È3PRO�y-D ¸ É�_aO�SRq^edSR[*_d]`Prq�l¨SµOdPrhvhvn<SR[d��[mSRq�Prq^h`u P1[m[mcoO�]vqº_d\oUKOdUbSRp¡f<SgOd_GSg�3_aUmO�Um�RUmOdu�_³�JP
O%UbSRp�PRf½UmO�Sg_d]`Prq^em¥M2³� UbSR[%\ [�\oUb[d��\^SRe�SKf^OdPRnBSgn<]vhv]`_³u�� _aP�O%Prhvh#n<SR[d�D_d\oUG_aO%SRq^edSR[*_d]`Prq$l�_d\oU
_aO�SRq^edSR[*_d]`Prq�\<SRe6S&_aPR_dSRh^f<OdPRn<Sgn<]vhi]`_�u&PR�¨V �DÈV � ��É B _aP·OdPrhvh1n<SR[%��SRq^pDÈV � � É B _aP·[*PrT�TA]`_m¥

Å#]vQrcoOdUDVa�µed\^PE�Ze�_d\oU�_aO%SRq^edSR[*_d]vPrq�_d\^OdPrcoQr\of<c^_M�Z\oUbq � % �J.è�g~olÁ_d\^Sg_�]veml�VRVg¥|> ) : .
PR�A_d\oU�_aO�SRq^edSR[*_d]`Prq^eµOdPrhihMn<SR[%�B¥&y�D ¸ ? : " ! _aO%SRq^edSR[*_d]`Prq<eµSgO%U¡q^PE� T�PROdUºU��£[m]`Ubq:_D_d\<SRq
¸ED y � � +�: " ! _aO%SRq<edSR[*_d]`Prq^eZn½Ub[mSRc<eaU&_d\oUmu¢poP�qoPR_?U*t1Ub[mco_aU·c<qoUb[*UbededSgOduKPRf UmO%Sg_d]`Prq<em¥

Å#]vQrcoOdUbe�Vb}ZSRq^pG|g��ed\oP/�º_d\^U OdUbedc<h`_de�PR�<_d\oU�e%SRT�U�e%]vT�c<hvSg_d]`Prq^e��"\oUbq·UbSR[�\G_aO%SRq^edSR[*_d]vPrq
U*t1Ub[mco_aUbe ��OdUbSRp^eml�SRT�PrqoQº�Z\^]v[�\¶~�O%Umf^OdUbeaUbq:_£]vq:_aUmQRO%]`_³u�[%\oUb[%�,ebl�SRq<p¾~��?O%]`_aUbem¥ � \,c^eml
�^«*§/��«*¯Bª ¦¨§�©kª�« O % �4� )�¥ � \oUKOdUbedc^h`_d]iqoQD[mcoO%�RUbe�\^Sb�RU¢_d\^U�edSRT�U�ed\^Sgf U¢SReGn Um�7PRO%U�nBco_
_d\^U�_d\^OdPrcoQr\of<c^_·PR�Z¸ED y � � +�: " ! ]ve�qoPE��\<]`Qr\oUmO�_d\^SRq¡_d\oU�_d\oOdPrcoQr\ofBco_�PR��y�D ¸ ? : " ! l#]¿¥ìUR¥`l[�\oUb[d�1]vqoQ�]vq�_aUmQRO�]`_�u�Sg_ _d\^U?Ubq^p�PR� _aO%SRq^e%SR[*_d]`Prq^e6c^q<poUmO � �D�&|gN �µ]ve¨n Um_a_aUmO6_d\^SRq£[%\oUb[%�,]vq^Q
]iq�_aUmQRO%]v_�u·Sg_#_d\oU�n½UmQr]iq^q^]vqoQZPR�^_aO%SRq^edSR[*_d]vPrq^eÁc^q^poUmOO5o|gN � ¥/¸¹]`_d\�S"hvSgO%QRUmO#�3O%SR[*_d]`Prq�PR�^�ZO%]`_aU
PRf UmO%Sg_d]vPrq^e¢È	�4� ) ]vq^ea_aUbSRpºPR��|4> )�É�l¨_d\oUmOdU¢SgOdU�T�PRO%UKhvP,[%��[*Prq&3B]i[*_dem¥ � \^]veGed]`Qrq^]`ÇB[mSRq�_dhvu
]iq^[*OdUbSReaUbe�_d\oUKf^OdPRf PROd_d]vPrq PR�"Sgn PROd_deGp^c^U£_aP�poUbSRp^hvP,[%�,e��3PROGy-D ¸ SRq^p � _aO%SRq^edSR[*_d]`Prq<e
c<q^poUmO 5o|gNJ�¼È	� )��7PROZy-D ¸ ? : " ! Sg_ O � ��§±�� % Vm�R�*)AÉ��Z\^]ih`U&� �D��|gNJ��Ubhv]iT�]vq^Sg_aUbe�T�Pred_
PR�<_d\oU�p^UbSRp^h`P1[d�1e :/: È�| ) �3PRO#¸ED y � � +�: " ! Sg_ O � ��§a±�� % Vm�R�*)�É�¥r�DPROdUmPE�RUmOblre%]vq^[*U _d\^UmOdU�SgO%U
T�PROdU�hvP,[%��[*Prq&3B]v[*_deml,_d\oU�eau1ea_aUbTzO%UbeaPrcoO%[*Ube�SgOdU�h`Ubede�co_d]vhv]v¤mUbp�¥ � \^]ie ed]`_dc<Sg_d]`Prq��kSb�RPrcoO�e�_d\oU
f UmOd�3PRO%T�SRq<[*U�PR�J¸GD y � �,+(: " ! _aO%SRq<edSR[*_d]`Prq^e&ed]iq^[*U�� �D��|gNJ��[*Prq^edc^T�Ube&T�PROdUGOdUbeaPrcoO�[*Ube : B
_d\<SRq85o|gNJ�¼ÈkX�_ O � ��§a±�� %ÀVm�R�*)�lB¸GD y � �,+(: " ! _aO%SRq^edSR[*_d]vPrq^eZeaf Ubq^pH�1¥ì~£h`UbedeZeaUb[*Prq^p^e"]vq
��SR]`_d]vq^Q�_d]iT�UM_d\^SRq¢¸ED y ? : " ! SRq<p�eaf Ubq^p�Prq^h`uK�1¥vVm�AT�PRO%UMeaUb[*Prq^p^e"]vq 2 � �&e�É�¥


&��� M� ���A�	������DW �

2qM_d\<]ve$U*t1f UmO%]vT�Ubq:_mlE��U OdU*Ç½qoU _d\oU�SRq^SRh`u1ed]ve�PR�o_d\oU f^O%Um�,]`Prc<e$U*t1f½UmO�]vT�Ubq:_m¥E¸�UJÇ^t O � ��§a±��
_aP�Vm�R�*)KlreaP&_d\^Sg_¨UbSR[%\��JPROd�1h`PrSRp�[*Prq^e%]vea_deÁUb]`_d\oUmO¨]vq�¸ED y�PRO6y-D ¸ _aO%SRq<edSR[*_d]`Prq^em¥R¸�U��RUmUmf
�^«*§/��«*¯Bª ¦¨§�©kª�« O � U » c<SRhr_aP >g�*)KlxSRq^p·�JUJ�xSgO%u O �o±g§�ª ��©EDE«�SRq^p�� �1±R§�ª ��©0D/«��3OdPrT ��_aP��:¥
� \:c^eblR¸GD y�_aO%SRq^e%SR[*_d]`Prq^e SR[m[*Ube%e
N¢O%Ub[*PRO%p^e ]iq�_d\oUb]`OJ�?O%]`_aU�f<SgO%_"È3�7O%PrT �&_aP �RÉÁ�Z\^PreaUZ\^SRh`�
Èk]iqµSE�RUmO%SgQRU/É&SgO%UGc^f p<Sg_aUbp�l½SRq<p�OdUbSRp N�O%Ub[*PRO%p^e&]vqµ_d\oUb]`O�OdUbSRp�fBSgOd_m¥�y�D ¸ _aO%SRq^edSR[*_d]`Prq<e
p^P�_d\oUMOdUm�RUmO%edUR¥

Å#]vQrcoOdUJ|1V�ed\oP/�Ze$_d\oUJ_d\oOdPrcoQr\^f<co_�PR�o¸ED y � � +(: " ! lE¸ED y ? : " ! lxSRq^p·y-D ¸ ? : " ! _aO%SRq^edSR[*_d]`Prq<e�"\oUbq·qoP"_aO%SRq^edSR[*_d]vPrq·OdPrhihve$n<SR[%�B¥ � \oUJ_d]vT�U�eaf Ubq�_ n:u&_aO%SRq<edSR[*_d]`Prq^e _aP"��SR]`_ �7PROÁeaPrT�U�h`P1[d�1e
SRq<p�_aP·f UmOd�3PRO%TG2 � ��e6]ve6OdUbeaf Ub[*_d]`�RUbh`u�ed\oP/�Zq�Prq£Å#]vQrcoOdU"|4�·SRq^pA|x~o¥ � h`UbSgO%h`uRlR¸ED y ? : " ! SgO%Ue%h`PE��UbpHpoP/�Zq�n,u¢h`P1[d��[*Prq&3B]i[*_de�ÈkeaUmU�Å#]vQrcoOdU�|4�rÉ?n Ub[mSRc^eaUM_d\oUb]vO?�?O%]`_aU�h`P,[%�,e"SgOdU�\^Ubhvp¢�3PRO
SKh`Prq^QRUmO&_d]vT�URl �Z\^]vhvU·_d\oUGOdUbSRp�f<SgO%_�]ie"U*t1Ub[mco_aUbp�¥6�"Ubq^[*URl$h`P1[d�µ[*Prq&3B]v[*_de�n Um_³�JUmUbq��ZO%]`_aU
PRf UmO%Sg_d]vPrq^e�SRq^p�[*Prq^[mc^OdOdUbq:_?OdUbSRp¢PRf UmO%Sg_d]`Prq<e?SgOdU·T�PRO%UMhv]`�RUbh`u£_aP�P,[m[mc^Ob¥2q¢[*PrT�f<SgO%]vedPrq�l
y-D ¸ ? : " ! _aO%SRq^edSR[*_d]vPrq^eÁ\oPrhvpM_d\^Ub]`O��?O�]`_aUJh`P1[d�1e Prq^h`uMp^coO�]vqoQ�_d\oUb]`O#�?O%]v_aU6f<SgOd_m´x_d\oUb]`O ��SR]`_d]iqoQ_d]iT�UM]ve�Sgn Prco_Z|R| )Àe%T�SRhvh`UmO�_d\^SRq�_d\oUM��SR]`_d]vqoQ�_d]vT�U&PR� ¸ED y ? : " ! _aO�SRq^edSR[*_d]`Prq^eb¥

Å#]vQrcoOdUM|4�Ged\oP/�Ze�_d\^Sg_?¸ED y � � +(: " ! _aO%SRq^edSR[*_d]vPrq^e?edc1Ã UmO?h`Ubede��3OdPrTÀh`P1[d�K[*Prq&3B]v[*_de�_d\<SRq
y-D ¸ ? : " ! ¥ � \^UGp<] Ã½UmO%Ubq^[*U�]vq^[*OdUbSReaUbe&SReM_d\oU�_aO%SRq^edSR[*_d]vPrq�]ve&h`PrqoQRUmO&n Ub[mSRc^eaUG_d\oU�U*Ã Ub[*_MPR�
O%Ubh`UbSRed]vqoQ�OdUbSRp¢h`P1[d�1e�UbSgO%hv]vUmO?SRq^pKSR[m[*Ubeded]vqoQ��RUmO�ed]`Prq^e�n Ub[*PrT�Ube?T�PRO%U�U*Ã Ub[*_d]`�RUR¥v�"PE��Um�RUmObl
SRe�ed\oP/�Zq�n,u¡Ç<QrcoO%UD|x~olJ_d\<]ve�QrSR]vq¼]veA[*PrT�f<h`Um_aUbh`u¡_aO%SRpoUbp¼PgÃÂn,u�S�\^]`Qr\^UmO£[*Prq:_aUbq�_d]`Prq
mzH w�� u�w������ �(}�y �
m	m ç	UxU¨ç	Uä³î¿æôå�ã �Eé }
m�� í4Uäaâ(Xxç	U¨å%øYZU°á¿ç�æèå�ã/ç

I ��t I �



����©3¯����<«*§���©	�g¯
�M©3¯���1²�±Rª�«��^§±g¯�*±��Eªk©��g¯� �4�


�������������� ���������
� Ü � 	³Ú Ö �%$dÕ'& Ó Ü � 	�Ú Ö �%$dÕ �Jî¿å<R
Ü/Õ�	 �³Õ � Ú " 	�� Ú7Õ � Ó ���# 
� Ó � 	 � � w/�S�! 

s2plW | R
    17.00

    16.00

    15.00

    14.00

    13.00

    12.00

    11.00

    10.00

    9.00

    8.00

    7.00

    6.00

    5.00

    4.00

    3     4     5     6     7

    t/s

R | W s2pl

W | R emv2pl

    R_part_size

s2plW | R

W | R emv2pl

    18.00

    17.00

    16.00

    15.00

    14.00

    13.00

    12.00

    11.00

    10.00

    9.00

    8.00

    7.00

    6.00

    5.00

    3     4     6     7    5

    t/s

R | W s2pl

    R_part_size

( /G8�; )+� $�*H���)�5:4 6+5*�71+/G(�4W1+��)0(�; 8���X�;�1�� ��� )+(*<2<G$ 5���! ( (�/G8�;�)0� $�$�H � )05�4 605��710/2(*4 1+� )+(*;�8���X ;B1 � �2� � )0(�<G<2$ 5*��! (

s2plW | R

W | R emv2pl

    3.20

    3.00

    2.80

    2.60

    2.40

    2.20

    2.00

    1.80

    1.60

    1.40

    1.20

    1.00

    0.80

    0.60

    0.40

    0.20

    0.00

    3     4     5     6     7

    sec

R | W s2pl

    R_part_size

s2plW | R

R | W s2pl

    1.70

    1.60

    1.50

    1.30

    1.40

    1.20

    1.10

    1.00

    0.90

    0.80

    3     4     5     6     7

    sec

W | R emv2pl

    R_part_size

( /G8�; )+� $J) H���)�5:4 6+5*�71+/G(�4I-95�/>1V10/2SD� ( /G8�; )+� $ � H���)�5:4 605��'1+/G(�4 :<;�= 10/2SD�

Prq�2 � ��OdUbeaPrcoO�[*Ube£Èk]vq^[mhic^p^]vqoQK_d\oU�SRp^p^]`_d]vPrq^SRhO2 � ��[*Prea_G]vq^[mc^OdOdUbp�n,u�_d\oUA�RUmO%e%]`Prq^e�É�¥#X"e
S�O%Ubedc^h`_ml$y-D ¸ ? : " ! _aO%SRq^edSR[*_d]`Prq<eMU*to\^]`n<]`_Me%hv]`Qr\:_dh`uHn Um_a_aUmO�f½UmO%�7PRO%TASRq^[*U�_d\^SRq�¸GD y � �,+(: " !ÈkeaUmUMÅÁ]`QrcoO%U�|1VEÉ�¥ �&q^h`u�h`PrqoQG¸ED y � � +(: " ! _aO%SRq^edSR[*_d]vPrq^eMÈ�� �1±g§*ª ��©EDE«�QROdUbSg_aUmO?_d\^SRq��rÉ Prco_�
f UmOd�3PRO%T y-D ¸ ? : " ! _aO%SRq^edSR[*_d]vPrq^e�n½Ub[mSRc<eaU�y-D ¸ ? : " ! _aO%SRq^e%SR[*_d]`Prq^e�ea_dSgOd_�n UmUb]vqoQ�SxÃ½Ub[*_aUbpKn,upoUbSRp^hvP,[%�,e·ÈVb| )AÉ�¥
¸�U�O%SRq�_d\oU�edSRT�U�U*t,f UmO%]iT�Ubq�_ �Z]`_d\�T�PROdU�OdUbeaPrcoO�[*U�c^q<]`_de�È3� %�~:É�´g¸¹]`_d\GS"hvPE��UmO¨OdUbeaPrcoO%[*U

tlt ã �(s(q�}S�



�x~ �����O%ù©3§��d±Rª��
	����<©r, �g¯�����<��� ,��*§/���

[*Prq:_aUbq:_d]`Prq�l$¸ED y � � +(: " ! _aO%SRq^e%SR[*_d]`Prq^e&U*to\^]`n<]v_�SRhvT�Prea_Med]vT�]ihvSgO"f UmOd�3PRO%T�SRq<[*U�SReMy�D ¸ ? : " !_aO�SRq^edSR[*_d]`Prq^e�Èk[mcoOd�RUbeZSgO%U·qoPR_?ed\oP/�ZqBÉ�¥
��SRea_mlgÅÁ]`QrcoOdU�|R|"e%\oPE�Ze _d\oU�_d\oOdPrcoQr\^f<co_�PR�o¸ED y�SRq^p�y�D ¸ _aO%SRq^edSR[*_d]`Prq<e �"\oUbqAVm�*) PR�

_d\^U"_aO%SRq<edSR[*_d]`Prq^e�OdPrhih<n<SR[%�B¥ � hvUbSgO%h`uRl1y�D ¸ ? : " ! _aO�SRq^edSR[*_d]`Prq^e�U*to\^]`n<]v_ n Um_a_aUmO�f½UmO%�7PRO%TASRq^[*U_d\<SRq�¸ED y � � +(: " ! _aO%SRq^e%SR[*_d]`Prq^eml:�Z\^]v[�\�eaPrT�Um_d]vT�Ube T�SEu�U*t,Ub[mco_aU�c^qoUb[*Ubede%SgOdu�cof�p^Sg_aU?PRf U*�O�Sg_d]`Prq^em¥

I ��t I �



����©3¯����<«*§���©	�g¯
�M©3¯���1²�±Rª�«��^§±g¯�*±��Eªk©��g¯� �4>


���� TW�3� � UX� �C
��A���	��� �

� ��Ï  � ��x� Ë  � Ì��MË �/�� � �MË �/��	 Ï  ` � Ë � � Ë �^Ð
�J�H�&|gN � \^SRe�eaPrT�U�ed]vT�]ihvSgO%]`_d]`Ube��"]`_d\��D��|gNJ�6¥92°q�SH��PROd�1h`PrSRp��Z\oUmOdU�¸ED y _aO%SRq1�

edSR[*_d]`Prq<eKU*t,Ub[mco_aU�[*Prq^[mc^OdOdUbq:_dh`u��Z]`_d\¹ed\^PROd_£¸ _aO%SRq^edSR[*_d]vPrq^eml�� �D��|gNJ� poO%SRT�Sg_d]i[mSRhvh`u
OdUbp^c<[*Ube�_d\oUMq,c^T·n UmO�PR�Áh`P,[%��[*Prq
3B]v[*_de�n Um_���UmUbq�¸ED y SRq<pK¸Y_aO�SRq^edSR[*_d]`Prq^eblo_d\oUmOdUmn,u£Ubq1�
Sgn<hv]iqoQ"S�\^]`Qr\�_d\oO%PrcoQr\of<co_ �7PRO¨¸ _aO%SRq^edSR[*_d]vPrq^e?È3_aP&_d\oU�poUm_aO%]vT�Ubq�_#PR�<¸ED y¶_aO%SRq^e%SR[*_d]`Prq^e�É�¥
Å^coO%_d\oUmO%T�PROdURl��Z]`_d\�OdUbeaf Ub[*_M_aPA5o|gN � l$� �D��|gNJ�¾O%Ubp^c^[*UbeM_d\^UA[*Prq&3B]v[*_de·SRq^p poUbSRp^hvP,[%�,e
n Um_���UmUbq�[*Prq^[mcoO%OdUbq�_�¸ED yÂ_aO%SRq<edSR[*_d]`Prq^em¥&2°��_d\oU&eau1ea_aUbT OdUbedPrcoO%[*Ube�SgOdUMedc �£[m]`Ubq:_dh`uAhvSgOdQRURl
_d\^]veÁQrSR]iq�]vq�[*Prq^[mcoOdO%Ubq^[*u�u1]`Ubhvp<e#S&e%]`Qrq^] ÇB[mSRq:_¨]vq^[*OdUbSRedU�PR�B¸ED y¾_aO�SRq^edSR[*_d]`Prq�_d\^OdPrcoQr\of<c^_ml
SRq^p�]v_?]ve�SR[%\^]vUm�RUbp��Z]`_d\¢SAedT�SRhvh�co_d]ihv]`¤bSg_d]`Prq�PR�Á�RUmO%ed]`Prq<em¥
� � � �  �	3�r�o��	 Ï  � Ï��  � Ë � � 	i� Ì � � Ë �#c�	  �

� Prq<ed]vpoUmO q^PE�¼]iq�_aUmQRO%]v_�u�[*Prq^ea_aO%SR]iq�_deml:�Z\^]v[�\�[mSRq�f Prede%]`n<h`u�_aO%]`QRQRUmOJS·_aO%SRq^edSR[*_d]vPrq�OdPrhvh`�
n<SR[%�K]v� S�[*Prq^ed_aO%SR]vq:_?]ve��,]vPrhvSg_aUbp�l^SRq^p¢�"\oPreaU&Ubqo�3PRO%[*UbT�Ubq:_?Prq^h`u£OdU » c^]`OdUbe�p^Sg_dSgnBSReaUMOdUbSRp
PRf UmO%Sg_d]`Prq^eb¥ � \oU�T�SR]iq�OdUbedc^hv_&PR��Prc^O·U*t1f½UmO�]vT�Ubq:_deM]ve&_aPHe%\oPE� _d\^Sg_m´ ]`��_d\oU�f<OdPRn<Sgn<]vhi]`_�u
_d\^Sg_�SM_aO%SRq^e%SR[*_d]`PrqA�1]`PrhvSg_aUbeJ]vq:_aUmQRO%]`_�u�]ie6edT�SRhvh È3n½UbhvPE� Vm�*)z]vqAPrcoO U*t1f UmO%]vT�Ubq:_de�É : Rglr_d\oUbq
[%\^Ub[d�1]vqoQ�]vq:_aUmQRO%]`_³u¶Sg_�_d\oU�Ubq^p�PR�"_aO%SRq<edSR[*_d]`Prq^eAO%c^q¶c^q^p^UmO�� �D��|gNJ�6l6PR�3_aUbq¾SR[�\^]`Um�RUbe
S�n Um_a_aUmOA_aPR_dSRh"_aO%SRq^e%SR[*_d]`Prq�_d\oO%PrcoQr\of<co_G_d\^SRq¼SRhvh�PR_d\oUmO�T�Um_d\oP1p^em¥ 2q¶_d\oU�PR_d\^UmO£[mSReaURl
[%\^Ub[d�1]vqoQ�]vq:_aUmQRO%]`_³uºSg_�_d\^U¢n½UmQr]iq^q^]vqoQDPR�"_aO�SRq^edSR[*_d]`Prq^eAc^q^poUmO 5o|gNJ�Â]ve�c^e%c^SRhvh`u n Um_a_aUmObl
�Z\^]i[%\·wac<ea_d] Ç<Ube�SGf Prea_aUmO%]`PRO�]B_d\^U�[�\oUb[d�:�¿n Um�7PRO%U*�¿�?O%]`_aU·T�Um_d\oP,pKPR�3_aUbq�c^edUbp£n,uKSgf^f<hv]v[mSg_d]vPrq
poUm�RUbh`PRf UmO%eb¥

X�e?PrcoO"U*t,f UmO%]iT�Ubq�_de"ed\oP/�Ml<� �D�&|gN �ºPRf^_d]vT�]v¤mUbe?_aO%SRq^e%SR[*_d]`Prq^e?_d\<Sg_"[%\^Ub[d�H]vq:_aUmQRO%]`_³u
Sg_�_d\oU�Ubq^pµn:u�Ubq<Sgn<hv]vqoQ£_d\oPreaUG[%\oUb[%�,eM_aPKc<eaU��RUmO�ed]`Prq^eml½n<co_�SRhveaP�n:uHOdUbh`UbSRed]vq^Q£_d\oU�OdUbSRp
h`P1[d�1eZ_dSg�RUbqDn,u¢_d\oU·_aO%SRq<edSR[*_d]`PrqDUbSgO%hv]`UmOb¥BÅoPRO�]iq^ea_dSRq^[*URl½]vq¢_d\oU�U*t,f UmO%]vT�Ubq�_ �,l � �D�&|gN �
Qr]`�RUbeMS¢\<]`Qr\�_d\oOdPrcoQr\^f<co_��Z\oUbqµ_d\oU��ZO%]`_aUGf<SgOd_�PR��_d\oU�_aO%SRq^edSR[*_d]vPrq^e&f UmOd�3PRO%T�SReMT�SRq:u
OdUbSRp�PRf UmO%Sg_d]`Prq^e�SRe�_d\oU�OdUbSRp�f<SgO%_m¥ � \^]ve�]ve ��PROd_d\¢qoPR_d]i[m]vqoQ·n Ub[mSRc^edU�_d\^U�O%UbSRp�hvP,[%�,e�T�SEu
n UKOdU » c<]`OdUbpºn:uº]vq:_aUmQRO%]`_�u¡[%\^Ub[d�1e�_d\^Sg_�]vq:�RPrh`�RU¢n PR_d\ºOdUbSRp�SRq^p¡�ZO%]`_aUKPRf UmO%Sg_d]`Prq^e¢È3UR¥ìQol
�a[mSRed[mSRpoU 	�]vT�T�Ubp^]vSg_aU�OdUm�3UmOdUbq�_d]iSRh$[*Prq^ea_aO%SR]iq�_de�É�¥BX"e?SA[*Prq^eaU » coUbq^[*UMPR�Á_d\oUMSgn PE�RU�OdUbedc^hv_ml
ÈkpoUb[mhvSgO�Sg_d]`�RU/É�poUm�3UmOdOdUbp�[%\oUb[%�,]iqoQ¢QRUbqoUmO%SRhvhvu�PgÃ½UmO�e&n Um_a_aUmO&f½UmO%�7PRO%TASRq^[*U�_d\<Sg_M]vT�T�Ubp^]iSg_aU
[%\^Ub[d�1]vqoQ��3PRO �OdUbSRp1�¿Prq<h`u 	¶]iq�_aUmQRO%]v_�u¹[%\oUb[%�,em¥ �ZP/�JUm�RUmOElZPrcoOHT�P,poUbhi]vqoQºPrq^h`u¼[*Prq<ed]vpoUmO%e
_d\oU h`P/� h`Um�RUbh�OdUbSRp SRq^p¹�ZO%]`_aUµPRf½UmO�Sg_d]`Prq^e¢]vq^[mc^OdOdUbp¼n:u�]vq�_aUmQRO�]`_�u¹[%\oUb[%�,eb¥?¸�U ]`QrqoPROdU
_d\oUMP/�RUmO%\oUbSRp�SRedeaP1[m]vSg_aUbpH�Z]`_d\�poUm�3UmOdOdUbpH[%\oUb[%�,]vq^QA_aPAO%Ub[*PRO%p�_d\oU·_dcof<h`Ube?SxÃ Ub[*_aUbpµn:uK_d\oU
cof�p^Sg_aUbe�]vq�_d\oU&�?O�]`_aU"fBSgOd_�PR��¸ED yÂ_aO%SRq^e%SR[*_d]`Prq^e : ]g¥o��]v�RUm�Z]veaURl1��U�]vQrqoPROdU�_d\oU&f Preded]`nB]vhv]`_³u
PR��QROdPrcof<]vq^Qºp^Sg_dSgnBSReaU�SR[m[*UbedeaUbeblZ[*PrT�T�Prq _aP�T�c^h`_d]vf<h`U�]vq�_aUmQRO�]`_�u�[%\oUb[%�,eml"Ubq^Sgn<h`Ubp�n,u
_d\oU�poUm�3UmOdOdUbp�[%\^Ub[d�1]vqoQ�T�Um_d\oP1p�¥ � \,c^eml SRh`_d\oPrcoQr\��J�H�&|gN �¶O%UbhvSRc^q^[�\oUbe�_d\oU�]vq:_aUmOdUbea_�PR�
poUm�3UmOdOdUbp�[%\oUb[%�,]iqoQol�poUmUmf UmO�f UmOd�3PRO%T�SRq<[*UDSRq^SRh`u1ed]ve�]ve�qoUmUbpoUbp�_aPºU*t,f<hvPROdUD_d\^UD_aO%SRp^UmPgÃ
n Um_���UmUbqHpoUm�3UmOdOdUbpHSRq^p¢]vT�T�Ubp<]vSg_aUM[%\oUb[%�,]iqoQo¥
m m � å�î`U�î`_gâdîBø å�áBî�á�â�ãxç¿â%ä°î¿æèå�ã<g/á¿åmä�Uç�ç�æèã*kJâ�g*g/ëèæôäâ%î¿æèå�ã/çxn�u�U�é k/éVnmæèã�î`_*U$ígâ%ã*ibæèã*k WEå�ò?â�æèã yzn�î`_*U�g4U³á¿äxUãmî�â�k�U

å�ø1æôãmî`Uxk%á¿æìîr� U°á�á¿å�á¿ç�æèç$á`U�gRå�á�î`U/W?î¿å�í4U¨í4Uëèå/e w  Zé
m\n õF_/æèç åCYZU°á`_*UâSW�æèç å�ãhU#å�ø�î`_*U�WhU°äëôâ%á`U/W�á`Uaâ%ç�å�ãxçFe6_��<W/â%î�â%ígâ�ç	U�g/á¿åaW]Xxä°î¿çMW/å6ãxå%î æèò^gxëVUò^UãmîMWhU°ø1U°á�á`U/W

äj_*UäjibæôãhkJî¿åaW/â/�mé

tlt ã �(s(q�}S�



�R� �����O%ù©3§��d±Rª��
	����<©r, �g¯�����<��� ,��*§/���

� � � � �?� ����� ����

X�qGU*t1_aUbq^ed]`�RUZhi]`_aUmO%Sg_dcoOdU�SRp^p^OdUbedeaUbe¨_d\^U�f^OdPRn<h`UbTÆPR��poUbed]vQrq^]vqoQ�[*Prq^[mcoOdO%Ubq^[*u�[*Prq:_aOdPrh<SRhvQRPg�
O�]`_d\^T�e¨_d\<Sg_�SRcoQrT�Ubq�_�_d\oU"f½UmO%�7PRO%TASRq^[*UZPR�$[*Prq^[mc^OdOdUbq:_J_aO%SRq<edSR[*_d]`Prq^em¥ ��coOJ�JPRO%��p^]`OdUb[*_dh`u
nBc^]vhvp^eÁPrq£f^OdUm�1]`Prc^e �JPRO%��Prq£�D��|gNJ��f^OdPR_aP1[*Prhve�È/� � ÅÁ��=Q�R|*�¿l�� �;������� �¿lF� X�5
�R}*�¿lF� X �·}1V��¿l
� � � }R|gS4�¿ll� �DNJ� }R|*�3É�lon<c^_�p^]`Ã½UmO%eJ�3OdPrT _d\oPreaU�n,uA�3P,[mc^e%]vqoQ�PrqK_d\oU&eaf Ub[m] ÇB[Z[mhiSRede�PR���?O�]`_aU*�
_d\^Ubq1�¿OdUbSRp�_aO%SRq^edSR[*_d]vPrq^em¥&2°qA� � � }R|gS�� SRq^pA� �µN �#}R|*�¿l1_d\oU&SRco_d\oPRO%e�f^OdPRf PreaU�_aUb[%\<q^] » coUbe�]vq
�"\^]v[%\�SRq¢cof�p^Sg_aU�_aO%SRq^edSR[*_d]vPrq¢poP:Ube�q^PR_�edu,ea_aUbTASg_d]v[mSRhvh`uA[*O%UbSg_aUMS�qoUm�¹�RUmO%ed]`Prq�PR� ]v_de�cofo�
p<Sg_aUbp�]v_aUbT�em¥ �ZUbq^[*URlRO%UbSRp1�¿Prq^h`uM_aO�SRq^edSR[*_d]`Prq^eÁpoP�qoPR_¨SR[m[*UbedeÁ�RUmO%e%]`Prq^e#�Z\^]v[�\�SgO%U�_d\^U�T�Pred_
c^fo�¿_aPg��p^Sg_aU?n Um�3PROdU�_d\oUb]`O6ea_dSgOd_d]iqoQ&_d]vT�UR¥ 2q^ea_aUbSRp�lR_d\oUmuGSRhvh1OdUbSRpAS�Qr]`�RUbq�PrhvpoUmO6ed_dSg_aU?�Z\^]v[�\
]ie�f½UmO�]`P,p<]v[mSRhvh`u�OdUm�3OdUbed\^Ubp�¥ � \oU&QRPrSRh�]ie�_aP�OdUbp^c^[*U·_d\oUMq:c<T·n UmO�PR�Á�RUmO%ed]`Prq<e�ea_aPROdUbpH]iqK_d\oU
p<Sg_dSgn<SReaUµÈkedUmU$� ��?&}R| ��SRq^p � �D¸ � }R| ���Z\oPHed_dc^p^]`Ubp�_d\^U£]vT�fBSR[*_·PR��_d\oUbeaU�_aUb[%\^q<] » c^Ube�É�¥
�"PE��Um�RUmObl6_d\<]ve�_aUb[%\^q^] » coUK[mSRq^qoPR_�n UKc^eaUbp¡]vq�PrcoO�f^OdPR_aP1[*Prh�n Ub[mSRc^eaUK_d\oUKOdUbSRp¡f<SgOd_GPR�
¸ED yÂ_aO�SRq^edSR[*_d]`Prq^eZT�c^ed_�SR[m[*Ube%e?_d\oUMT�Pred_?cofo�¿_aPg��p^Sg_aUM�RUmO�ed]`Prq^e�_d\^Sg_�f<OdUb[*UbpoU&_d\oUb]`O�ea_dSgOd�
_d]iqoQA_d]vT�UR¥ ��_d\oUmO%�Z]veaURlB_d\oU·OdUbSRpµf<SgO%_ZPR�6S£¸GD y�_aO%SRq<edSR[*_d]`Prq�T�SbuHOdUbSRpH�RUmO�ed]`Prq^e"Prco_�¿PR�
p<Sg_aU��Z]`_d\�OdUbedf½Ub[*_&_aPH_d\oU�PrqoU�OdUbSRp n:uµ_d\oU��?O%]v_aU�f<SgOd_ml$SRq^p�S�edUmO%]vSRhv]`¤bSg_d]vPrq��3SRc^hv_�TASbu
P1[m[mcoOb¥

5,P��3SgOElm_d\oU hvSgOdQRUbed_�n½P1pou"PR�,��PROd��Prq&_d\oU6Ubq^�7PRO%[*UbT�Ubq�_$PR�1eaUbT�SRq:_d]v[6]iq�_aUmQRO%]v_�u�[*Prq^ea_aO%SR]vq:_de
\<SReZ�3P,[mc<eaUbpHPrqµU��£[m]vUbq�_�SRh`QRPRO%]`_d\<T�eZ_aP¢poUm_aUb[*_&]`�¨SK[*Prq^ea_aO�SR]vq�_�]veZ�,]`PrhiSg_aUbp¡È3UR¥ìQol � � 2x�4> �¿l
� ��?&}4> �¿l�� � ¸ }g� �3É�¥ � \oU�f^O%PRn<h`UbT PR�MPRf^_d]vT�]v¤b]vqoQ�_d\^UµU*t1Ub[mco_d]`Prq¹PR��T�c^hv_d]`f<h`Uµ]vq�_aUmQRO�]`_�u
[�\oUb[d�1eJ�Z]`_d\^]vq�S·_aO%SRq^edSR[*_d]vPrqA\^SRe n½UmUbq�Ç<O%ea_6SRp<poOdUbedeaUbp£]vq � ��N;�g} �¿¥ � \^]ieÁf<Sgf UmO [*PrT�f<SgOdUbe
_d\^U�f½UmO%�7PRO%TASRq^[*U�PR�Bp^] Ã UmOdUbq:_6[*Prq^ea_aO%SR]iq�_¨[%\^Ub[d�1]vqoQMf Prhv]v[m]vUbe�Èk]vq<[mhvc^p^]vq^QZ_d\oU?[�\oUb[d�:�¿n Um�7PROdU*�
�ZO%]`_aUMSRq^p¢_d\^U&�?O%]`_aU*�¿_d\oUbqo��[%\oUb[%��T�Um_d\oP1p^e�É�SRq^p�e%\oPE� _d\^Sg_?_d\oU·[�\oUb[d�:�¿n Um�7PRO%U*�¿�?O%]`_aU·T�U*�
_d\^P,pµ]ve?_d\^U�T�Pred_"U��£[m]vUbq�_�Èk]vqD_aUmO%T�e�PR�¨_aO%SRq^edSR[*_d]vPrqDO%Ubeaf Prq^eaU·_d]iT�U/É�n Ub[mSRc^edU�]`_�Sb�RPr]vp^e
O%Ubp^c^q^p^SRq:_�[*PrT�f<co_dSg_d]`Prq<eMSRq^p�U*t1f Ubq^ed]`�RUGOdPrhvhvn<SR[d�1em¥��ZP/�JUm�RUmOEl SRhvhÁ_d\oUbedU��JPRO%�,eMp^P�qoPR_
[*Prq<ed]vpoUmO�_d\oU·f½Pre%ed]`n<h`U�[*Prq^[mcoO%OdUbq^[*u�n½Um_³�JUmUbqH_aO%SRq^edSR[*_d]vPrq^em¥

X��RUmOdu��3Um� OdUbeaUbSgO�[%\MfBSgf½UmO�e�\^Sb�RU SRp<poOdUbedeaUbpM_d\oU¨f^OdPRn<hvUbT¹PR�:PRf^_d]iT�]`¤b]vqoQ�_d\oU¨_d\^OdPrcoQr\1�
fBco_6PR��[*Prq^[mc^OdOdUbq:_ _aO%SRq^e%SR[*_d]`Prq^eJ_d\^Sg_Jf UmOd�3PRO%T ]vq�_aUmQRO�]`_�u�[�\oUb[d�1em¥ � \oU �O� ,-,�©kª � ���¾T�U*�
_d\^P,p�lgf^O%PRf½PredUbp�]iq�� �HPr\<}g�4�¿lr]ve¨c^eaUbp�ÈkSRT�Prq^QMPR_d\oUmO6_d\^]iqoQre�É�_aPMSb�RPr]vp�_dSg�,]vq^QMS&h`P,[%���"\oUbq
[�\oUb[d�1]vqoQ�SKO%Um�7UmOdUbq:_d]vSRh¨]vq:_aUmQRO%]`_³uµ[*Prq<ea_aO%SR]vq:_m¥$�HPRO%U�f^OdUb[m]veaUbhvuRl q^P�O%UbSRp h`P1[d�D]ie&SR[ » c^]vOdUbp
Prq�p^Sg_dSK]`_aUbTAe"]vq:�RPrh`�RUbp�]vqµS �aq^PKSR[*_d]vPrq�	�OdUm�7UmO%Ubq�_d]vSRh#]vq:_aUmQRO%]`_³uH[*Prq^ea_aO%SR]iq�_�: b ]`�ZÈk]7É?_d\oU
[*Prq<ea_aO%SR]vq:_¨]ve¨edSg_d]veÇBUbp�lRSRq^p�Èk]v]7É S�f^OdPRf UmOd_³uMPR�½_d\oU �O� ,-,G©3ª �����¶]ve#�RUmO%]`Ç<Ubp�¥ 2°q�[*Prq:_aO%SRea_ml
Prc^OJf^O%PRf½Pre%SRhB]ve�qoPR_�hv]vT�]v_aUbp�_aPGOdUm�3UmOdUbq�_d]iSRhB[*Prq^ed_aO%SR]vq:_de�È3�RUmO�] Ç<Ubp�PRO�qoPR_�É n<co_J[mSRq�n U�Sgfo�
fBhv]`Ubp�_aPASRq:uK]iq�_aUmQRO%]v_�uK[%\oUb[%��SReZh`PrqoQ�SRe"]`_?poP,Ube?qoPR_?O%U » c^]vOdU&qoUm�Â�?O%]v_aU�hvP,[%�,em¥��ZP/�JUm�RUmO
Prc^OZT�Um_d\oP1pKPrq^h`uKSgf^f<hv]vUbeJ_aP£¸GD y _aO%SRq^e%SR[*_d]`Prq^em¥

2°q�� ��Sg�	�R|*�¿l½_d\oU�SRc^_d\oPRO"f<OdPRf PreaUbeZ_aPKc^eaUGeaUbT�SRq:_d]v[�]vq:_aUmQRO%]`_�u�p^Umf½Ubq<poUbq^[m]`UbeZn½Um_³�JUmUbq
p<Sg_dSH]`_aUbT�e·_aPD]vT�f^OdPE�RUA_d\oU�U��£[m]`Ubq<[*uµPR�?[*Prq<ea_aO%SR]vq:_·[%\^Ub[d�1]vqoQo¥ � \oU�[%\^Ub[d�1]vqoQHPR�?p<Sg_dS1l
�"\^]v[%\ �apoUmf Ubq^p�	¢Prq�_d\oUAp^Sg_dSµ]`_aUbT�e�[mcoOdOdUbq:_dh`u�cof�p^Sg_aUbp�n,u�SH_aO%SRq^edSR[*_d]vPrq�l ]ve·poUbhvSbuRUbp
c<q�_d]vh:PR_d\oUmO¨PRf UmO%Sg_d]`Prq<e#SR[*_dc<SRhvh`u·qoUmUbp�_d\oUbT�¥ � \^]ve Qr]`�RUbeÁ_d\oU�f Preded]`n<]ihv]`_�u�_aP�f UmOd�7PRO�T _d\oUbedU
[�\oUb[d�1eG]vq fBSgO%SRhvh`Ubh�l�_d\^UmOdUmn:u ]iT�f^OdP/�,]vq^Q¢_d\oU£[*Prq^[mc^OdOdUbq^[*u�PR��_aO%SRq<edSR[*_d]`Prq^em¥�2°q�_d\oU�ÇBUbhvp
PR�ÁSR[*_d]`�RU�p^Sg_dSgn<SReaUbemlBS�OdUbhvSg_aUbp�]ipoUbS�\^SRe�n UmUbq¢f^O%PRf½PredUbp¢]vq � ?@�"�#}g�4�¿l^�Z\<]v[%\¢[*Prq^e%]vea_de�PR�
U*t1Ub[mco_d]vq^QD_aO%]vQRQRUmO%e�]vqºeaUmf<SgO%Sg_aUK_aO%SRq^e%SR[*_d]`Prq^eG�3OdPrT _d\oU£_aO�]`QRQRUmO%]vqoQµ_aO%SRq^e%SR[*_d]`Prq�¥Á¸�\^Ubq
S�_aO%]`QRQRUmO�]ieMpoU*ÇBqoUbp$l S�²�«C��� #h��%`«%²K[*Prcof<hv]iqoQ¢T�P,p^U�[mSRq n U�[%\oPredUbq�l ]vq<p^]v[mSg_d]vqoQ�_d\^Sg_�_d\oU
m_o æèò�ò^U/W/æôâdî`UÁå�á�WhU³ø U°á�á`U/W
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_aO%]`QRQRUmO?]ieJO�c^q£]iq£SGeaUmf<SgO�Sg_aU&_aO%SRq^edSR[*_d]`Prq$¥ � \^]ve�T�P,p^U�]ieJedc^n p<]`�,]ipoUbp�]vq:_aP�²�«z�o«m¯B²�«m¯<ªJ²�«m¬
�(�4#]�M%`«%²Z�"\oUmOdU?_d\oU�eaUmf<SgO%Sg_aU�_aO%SRq^e%SR[*_d]`PrqA]veJqoPR_Jedf<Sb�Zq^UbpAc^q^hvUbede¨_d\oU?_aO�]`QRQRUmO%]vqoQ·_aO%SRq^edSR[��
_d]`Prq�[*PrT�TA]`_demlrSRq^pK©3¯B²�«��o«*¯B²:«*¯<ª¨²�«(�(� #h��%v«d²gl:�Z\oUmOdU�_d\oU?edUmf<SgO%Sg_aU�_aO%SRq^e%SR[*_d]`Prq�]ve¨eafBSb�ZqoUbp
OdUmQrSgO%p<h`Ubede¨PR� ��UbSg_d\oUmOJ_d\^U?_aO%]`QRQRUmO%]iqoQM_aO%SRq^e%SR[*_d]`PrqA[*PrT�TA]`_dem¥�X�e ed\^PE�Zq�]iq � � �r�#}1VS�¿l�poU*Ç^�
q^]vq^QZ_aO%]`QRQRUmO�e#]iq�S�poUb[*Prcof<hvUbp�T�P1poU�T�Sbu�QROdUbSg_dh`u·]iT�f^OdP/�RUJ_d\oU�_d\oO%PrcoQr\of<co_ PR�<[*Prq^[mcoO%OdUbq�_
_aO%SRq^e%SR[*_d]`Prq^em¥6�"PE��Um�RUmObl�_d\^UbeaU�_���P�T�Um_d\oP1p^e�OdU » c^]`OdUGeaPrT�U�edUbT�SRq�_d]i[�SRq^SRh`u1ed]ve�]vq�PRO%poUmO
_aPHQrc<SgO%SRq�_aUmU�_d\^Sg_�qoPH_aO%SRq<edSR[*_d]`PrqºeaUmUbe�S�_aUbT�f PRO%SgOdu ]vq^[*Prq<ed]vea_aUbq:_Mp^Sg_dSgn<SReaUKea_dSg_aUR¥92°q
[*Prq^ea_aO�SRea_ml^PrcoOZedPrhvco_d]`PrqKf^O%UbeaUmOd�RUbe?_d\^U&�3c^hih½]ieaPrhvSg_d]`PrqKPR�¨SRhvh _aO%SRq<edSR[*_d]`Prq^em¥
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� �D�&|gN �H]ie#S&e%]vT�f<h`UJuRUm_¨U��£[m]`Ubq:_¨U*t,_aUbq<ed]`PrqGPR�B�D�&|gN ���"\^]v[%\�Ubq^SgnBh`Ube¨S�¸GD y¾_aO%SRq^edSR[��
_d]`Prq£_d\^Sg_�\^SRe SR[ » c^]`OdUbp�SRhvhB]`_de6�?O�]`_aU"h`P1[d�1eJ_aPKÈk]7É¨OdUbh`UbSReaU�]`_de OdUbSRp£hvP,[%�,eml1SRq^pµÈk]v]7ÉÁU*t1Ub[mco_aU
qoUm� OdUbSRpKPRf UmO%Sg_d]vPrq^e�PrqK�RUmO%ed]`Prq<eJ�"]`_d\oPrco_�_dSg�1]vqoQ�h`P1[d�1em¥1¸�UMf^OdP/�RUbpK_d\oUM[*PROdOdUb[*_dqoUbe%e�PR�
_d\^]ve�f^O%PR_aP,[*Prh�l^SRq<p¢ed\oPE��Ubp¢_d\^Sg_?]v_de�]vT�f<h`UbT�Ubq�_dSg_d]`PrqKPrq<h`u�OdU » c^]`OdUbe�SG�3Um� [%\<SRqoQRUbe��Z]`_d\
OdUbeaf Ub[*_�_aP�SRq�U*to]vea_d]vq^QD]vT�fBh`UbT�Ubq:_dSg_d]`Prq�PR�"�H�&|gN � ¥ÁN#UmOd�3PRO%T�SRq<[*U�ea_dc<p^]`Ube�ed\oPE� _d\^Sg_
�3PRO?�JPRO%�,h`PrSRp<e�[*Prq�_dSR]vq<]vqoQ�¸ED yÂ_aO%SRq^e%SR[*_d]`Prq^eml^�J�H�&|gN �º[mSRq�ed]`Qrq<] ÇB[mSRq:_dh`uA]vT�f<OdPE�RU&_d\oU
PE�RUmO�SRhvh^_d\oO%PrcoQr\of<co_¨PR� _aO%SRq<edSR[*_d]`Prq^e�Èk]�¥ìUR¥`l�¸ED yMl�SRq<p�¸ _aO%SRq^edSR[*_d]vPrq^e�É�l��"]`_d\�SMOdUbhiSg_d]`�RUbh`u
edT�SRhih�co_d]vhv]`¤bSg_d]vPrq£PR�Á�RUmO%e%]`Prq^em¥

¸�U�_d\oUbq�f<OdUbeaUbq:_aUbp�S�edf½Ub[m]`ÇB[glBuRUm_M]iT�f PROd_dSRq�_ml Sgf^f<hi]v[mSg_d]`PrqµPR� PrcoO�f^O%PR_aP,[*PrhÁ_aP¢_d\oU
f^OdPRnBh`UbT
PR��]vq�_aUmQRO�]`_�u¾[�\oUb[d�1]vqoQo¥�¸�U�poUbed[*O�]`n Ubp��gSgO%]`Prc^e£f Preded]`n<hvU�T�Um_d\oP1p^e��7PRO¢]vT�fBh`U*�
T�Ubq:_d]vqoQ�]vq:_aUmQRO%]`_³u�[�\oUb[d�1]vqoQo¥^ÅoPRO �OdUbSRp1�¿Prq^hvu 	G]vq:_aUmQRO%]`_³u�[�\oUb[d�1eml^��UMed\oP/�JUbp¢_d\<Sg_m´^]`��_d\oU
f^OdPRnBSgn<]vhv]`_³u£_d\<Sg_�SA_aO%SRq^edSR[*_d]`Prqµ�1]`PrhvSg_aUbe�]vq:_aUmQRO%]`_�u�]ie"edTASRhvh�l^_d\oUbqµ[%\^Ub[d�1]vqoQK]vq�_aUmQRO�]`_�u�Sg_
_d\oU�Ubq^pHPR�¨_aO�SRq^edSR[*_d]`Prq^e"O%c^qDc^q^poUmO"� �D��|gNJ�6l ]ve?_d\oUGT�Um_d\oP1p�_d\<Sg_"PR�3_aUbq�SR[%\^]`Um�RUbe�_d\oU
n Ubea_Z_aPR_dSRh#_aO%SRq<edSR[*_d]`PrqD_d\oOdPrcoQr\ofBco_m¥v�"Ubq^[*URlÁÈkp^Ub[mhvSgO%Sg_d]`�RU/É"poUm�3UmOdOdUbpD[%\oUb[%�,]vq^Q£QRUbqoUmO�SRhvh`u
PgÃ UmO%e�n Um_a_aUmO?f UmOd�3PRO%T�SRq^[*U�_d\^Sg_?]vTAT�Ubp^]vSg_aU&[%\^Ub[d�1]vqoQ��3PRO��OdUbSRp1�¿Prq^hvu 	�]vq:_aUmQRO%]`_³u£[�\oUb[d�1eml
�Z\^]i[%\�]vq�Prc^OM�,]vUm� OdUbhvSRc^q<[%\oUbe&_d\^UA]vq:_aUmOdUbea_&PR��]vT�f<hvUbT�Ubq�_d]iqoQ¢poUm�7UmO%OdUbp�SRedeaUmOd_d]vPrq^e·SRq^p
poUm�3UmOdOdUbp¢_aO�]`QRQRUmO%e?]vqKO%UbhvSg_d]`Prq^SRh�p^Sg_dSgnBSReaU·eau1ea_aUbT�em¥

¸�UK�3PROdUbeaUmU�_���P�p<]`OdUb[*_d]`Prq^e·PR���3c^_dcoOdUA��PROd�½¥��&qoU£]ve·_aPDU*t1_aUbq^pºPrcoOGed]vT�c^hvSg_d]`Prq U*t:�
f UmO%]vT�Ubq:_de"_aP�\^SRq<p^h`U�q^PrqDc^q<]`�7PRO�TÄh`P1[d�H[*Prq
3B]v[*_de�n Um_���UmUbqµp<Sg_dS�]v_aUbT�em¥ X"q�]vq:_aUmOdUbea_d]vq^Q
Sgf^f<hi]v[mSg_d]`Prq�PR�B_d\<]veÁ]veÁQr]`�RUbq�n,u �aedc<T�T�SgOdu�_dSgn<h`Ube 	1lr�"\^]v[%\G[*Prq^e%]vea_ÁPR�½TASg_aUmO%]vSRhv]`¤mUbpG�1]`Um�Ze
[*PrT�f<c^_aUbpA�3OdPrT nBSReaU"O%UbhvSg_d]`Prq^em¥:y?UbhvSg_d]`Prq<e-���Rª¿± % � ©kª�«Z, SRq<p ���Rª¿± % � ��# �*ª<]vqA_d\oUZU*toSRT�f<h`U
PR�95,Ub[*_d]vPrqK|�SgOdU�_���P�U*t1SRT�f<h`UbeJPR��edc^T�TASgOdu�_dSgn<h`Ubem¥ � \oUbedUZ_dSgn<h`Ube�SgOdU » c^]`_aUZ�3OdU » coUbq:_�]vq
poUb[m]ve%]`Prq¢edcof^f PROd_�Sgf^f<hi]v[mSg_d]`Prq^e�SRq^pK�3PROZ]vq:_aUmQRO%]`_³u¢[%\oUb[%�,]vq^Qo¥^¸�U·f<hiSRq£_aP£]vq��RUbed_d]`QrSg_aU·_d\oU
f UmOd�3PRO%T�SRq^[*U?PR���J�H�&|gN ��]vq�Sgf<f<hv]v[mSg_d]`PrqAed[*Ubq^SgO%]`Pre �Z\oUmOdU"edc^T�T�SgO%u�_dSgn<hvUbe SgOdU"OdUbSRpASg_
_d\oU�Ubq^pHPR�¨_aO�SRq^edSR[*_d]`Prq^eb¥BX�qoPR_d\oUmO�p^]`OdUb[*_d]`PrqH]ve?_aPK[*PrT�f<SgOdUGT�PROdU�]vqHp^Umf^_d\�_d\oU�f UmOd�7PROd�
T�SRq^[*U�PR�¨]vT�T�Ubp^]iSg_aU&�RUmO%edc^e"poUm�7UmO%OdUbp�[%\^Ub[d�1]vqoQAn,u¢_dSg�1]vqoQA]vq:_aPASR[m[*Prc^q:_�_d\oUMOdUbeaf Ub[*_d]`�RU
PE�RUmO�\oUbSRp^eZSRe%eaP,[m]iSg_aUbp��Z]`_d\K_d\^UbeaUM_���P£T�Um_d\oP,p<em¥

� ! �G����	 � �����i� �������

¸�U SgOdU�QRO%Sg_aUm�kc^h�_aP¶X"q:_d\oPrq:u � PrT�SRed]v[µ�3PROK\<]ve£p^Um_dSR]vh`Ubp¹[*PrT�T�Ubq:_de¢_d\^Sg_KUbq^Sgn<hvUbp¾_aP
]vT�f<OdPE�RUµ_d\^]ve�f<Sgf UmOb¥J¸�U SRhveaP¡_d\^SRqo�¾Å^O%SRq��[*Pr]veaU�Å^Sgn<OdUm_ml?X"q^QRUbhv]`�gS �&PR_a¤*�j?�]`_a_aO�]v[%\�l � ¥
�DPr\^SRq�l<SRq^p ?"Ubq<q^]ve�51\^SRe%\^S��7PRO�[*Prq^ea_aO%c^[*_d]v�RUMp^]ved[mc^e%ed]`Prq^e�Sgn Prco_�_d\oUMfBSgf½UmOE¥

tlt ã �(s(q�}S�



�4� �����O%ù©3§��d±Rª��
	����<©r, �g¯�����<��� ,��*§/���

� �JZE�������!¨���

� X � �����]� yM¥gXZQRO%SE��SRh¿lr��¥ô�^¥ � SgOdUmuRlRSRq^pG��¥R��]v�,q:uR¥ � Prq^[mcoOdO%Ubq^[*u·[*Prq:_aOdPrh,f½UmO%�7PRO%TASRq^[*U
T�P,p^Ubhv]vqoQo´�X�h`_aUmO%q<Sg_d]`�RUbeJSRq<p�]iT�f<hv]v[mSg_d]vPrq^em¥�� �6! �^§±g¯�*±��Eªk©��g¯���g¯ �O� , ��#1¬
ª�«*§���±g¯B²��v0*��ª�«�,���l Vb|oÈ3~:É�´ô�g�r}��,�4>x~oll?�Ub[*UbT�n UmO�Vb}4���:¥

� X ? � X·¥ �&PR_a¤*�j?�]`_a_aO�]v[%\�¥Jf^O%]`�gSg_aU&[*PrT�T�c^q^]v[mSg_d]`Prq$¥
� X �·}1VS� ?�¥�X"QRO%Sb��SRh&SRq^p���¥ �MO%]ved\^q<SRea��SRT�uR¥ �"e%]vqoQ¡T�c^hv_d]`�RUmO%ed]`Prq�p^Sg_dSº�3PROKq^Prq1�

]vq�_aUmO%�7UmO%]iqoQHU*t1Ub[mco_d]`Prq¡PR�?�ZO%]`_aU*�¿Prq^h`u�_aO%SRq^edSR[*_d]`Prq<em¥���§/�a� � � �6! � � F !�� �
��¯<ª � �O�g¯ ���^�g¯$!�±g¯B±a�,«Z,A«*¯<ª � � ��±Rª¿± ���G«*¯ ' «*§ � �O� % �R§±r²c�gl#|g�1´ô}4���BVm�c�:l¨�µSbu
Vb}R}1Vg¥

� X�5
�R}h� ?�¥ XZQRO%SE��SRh�SRq^p 5½¥Q5,UbqoQrcof^_dS1¥��DP1p^c^hvSgO·edu,q^[�\oOdPrq^]iedSg_d]`Prq�]vq T�c^h`_d]`�RUmO�ed]`Prq
p^Sg_dSgn<SReaUbem´ �¨UmO%ed]`Prq¶[*Prq:_aOdPrh?SRq^p¶[*Prq<[mcoOdOdUbq^[*u¡[*Prq:_aOdPrh�¥���§/�a� � � �6! � � F ¬
!�� � ��¯<ª � �O�g¯ ���Q�g¯ !�±g¯B±a�,«Z,A«*¯<ª;� � ��±Rª¿± ���<�R§�ª�%`±g¯B² ����§d«`���g¯^lof<SgQRUbe�~r�����
~^V]�:l Vb}4�R},¥

� ���<� = }4>h�-�·¥��UmOdUbq^edPrq�l^N#¥v��UmO%q^ea_aUb]vq$lo�^¥���O%SEuRlB�o¥^�DUbh`_aPrq�l^�Z¥ � � �ZUb]ih�loSRq^p¢N#¥ � � �"Ub]vh�¥
X [*O%]v_d] » c^U�PR��SRq^ed]¨e » h¨]vedPrhvSg_d]`Prq�h`Um�RUbhveb¥	��§x�]� �<� ��ª3®o« � �6! � � F !
� � ��¯<ª �
�O�g¯ �����g¯ ! ±g¯B±]�:«Z,A«m¯<ª�� � ��±rª¿± � �½±g¯��
�*�m« � �¨± %ù© ���g§�¯<©k±glJf<SgQRUbeHV� �,l��µSbu
Vb}R}4>,¥

� � � }R|gS*� N ¥$��¥l��PRn UmO·SRq^p ��¥��o¥ � SgOdUmuR¥ ��q�T�]`t1]vq^Q » coUmO%]`Ube&SRq<p�_aO%SRq^edSR[*_d]vPrq^e&�1]vS
T�c^hv_d]`�RUmO%ed]`Prq�hvP,[%�,]vq^Qo¥���§x�a� � ��¯<ª � �O�g¯ ���l�g¯ ��±Rª¿± 	�¯��R©3¯½«�«*§�©7¯�� �^�½«Z, �o« � ��§�©7¬
Da�g¯B±Rl<f<SgQRUbe >4�4>�� >x~c>,l½ÅoUmn<O%c^SgOdu�Vb}R}R|,¥

� � � }R|xn� N ¥$��¥l��PRn UmO·SRq^p ��¥��o¥ � SgOdUmuR¥ ��q�T�]`t1]vq^Q » coUmO%]`Ube&SRq<p�_aO%SRq^edSR[*_d]vPrq^e&�1]vS
T�c^hv_d]`�RUmO%ed]`Prq�hvP,[%�,]vq^Qo¥���§x�a� � ��¯<ª � �O�g¯ ���l�g¯ ��±Rª¿± 	�¯��R©3¯½«�«*§�©7¯�� �^�½«Z, �o« � ��§�©7¬
Da�g¯B±Rl<f<SgQRUbe >4�4>�� >x~c>,l½ÅoUmn<O%c^SgOdu�Vb}R}R|,¥

� ��?&}R|h� N ¥��PRn UmO?SRq^p ?�¥è��¥v?�]vSRem¥)5,_aPRO%SgQRU·[*Pred_?_aO%SRpoUmPgÃ�e��3PRO?T�c^hv_d]`�RUmO%ed]`PrqK[*Prq^[mc^Oa�
OdUbq^[*uA[*Prq:_aOdPrh�¥ � Ub[�\^q^]v[mSRh�yZUmf PROd_�y � Va�4�R���:l2x���ÑyZUbeaUbSgO%[%\ ?�]`�1]ved]vPrq�l � ¥ô�^¥
¸ Sg_deaPrqDyZUbeaUbSgO%[�\ � Ubq:_aUmOblB��c^h`uDVb}R}R|,¥

� ��?&}4>h� ��¥���Ubqo¤bSg�RUbq£SRq^p�X·¥�?�Prc^[*Um_m¥ � \�sUbT�]iem´RX¼p^Sg_dSgnBSReaU?f^OdPRQRO�SRT�T�]vqoQ�hvSRqoQrc<SgQRU
\^SRq^p^hv]iqoQ·]vq:_aUmQRO%]`_³u£[*Prq^ea_aO�SR]vq�_deb¥@��®1« ��¯<ª�«m§�¯B±rªk©��g¯½± %��
� #1§�¯B±4%l�g¯��B«*§S0 �$±g§	�:«
��±rª¿± �d±*�b«S��l<~<È	�rÉ�´ì~�}4��� >1Va�,l ��c^h`uHVb}R}4>,¥

� ���������]� N ¥èX�¥6��UmO%q^ea_aUb]iq�lB��¥��"SRp^¤b]vhvSR[*Preml�SRq^p ��¥���P:P1p^T�SRq$¥ �O�g¯���#1§�§a«m¯���0 �O�g¯<ªk§/� %
±g¯B² �?«C��� ' «m§�0º©3¯ ��±Rª¿± �%±*�m« �v0*��ª�«Z,���¥�X�p^p^]vedPrq1�¿¸�Ubedh`Umu¶N c^n<hv]ved\<]vqoQ � PrTG�
f<SRq�uRl Vb}4���:¥

� ��N��g}h� ?�¥��Á¥���SRp^SRh SRq<p ��¥ô�^¥ N#PRf Um�B¥ � Prea_�SRq^p f UmOd�3PRO%T�SRq^[*U£SRq^SRh`u1ed]ve&PR�?eaUbTASRq1�
_d]v[H]vq:_aUmQRO%]`_³u¶�xSRhi]vp^Sg_d]`Prq�T�Um_d\oP,p<em¥���§/�a� � � �6! � � F !�� � ��¯Bª � �O�g¯ �����g¯
,�±R¯B±a�:«�,A«*¯<ª^� ����±Rª¿± ��� �*��ª`�g¯ �O! ± �(� �ilof<SgQRUbe�Vm�r}��BVRVa>,lÁVb}��g},¥

� � Å#�9=Q�R|h�¾X·¥ � \^SRq�l 5½¥rÅ^Pbt l:¸Æ¥ ��¥:� ]vq�lRX�¥ �"PRO%]�l�SRq^p+?�¥èy·¥:y"]`Ubem¥ � \oU?]vT�fBh`UbT�Ubq:_dSg_d]`Prq
PR��SRq ]iq�_aUmQRO%Sg_aUbp�[*Prq^[mcoOdO%Ubq^[*uµ[*Prq:_aOdPrh6SRq<p�OdUb[*PE�RUmO%u ed[%\oUbT�UR¥���§/�a� � � �6!

I ��t I �



����©3¯����<«*§���©	�g¯
�M©3¯���1²�±Rª�«��^§±g¯�*±��Eªk©��g¯� �R}

� � F !
� � ��¯<ª � �O�g¯ �����g¯�!�±g¯B±a�,«Z,A«*¯<ª�� � ��±rª¿± � ��§S% ±R¯B²�� � �)% �g§�©�²r±glÁf<SgQRUbe
Va�x~ �BVb}1Vgl$�rc<qoU�Vb}4�R|,¥

� � ��� }1VS� ��¥ � ¥ � SgOdUmuRl y·¥ �rSRc<\^SgO%]�l$SRq^p���¥#��]`�1q�uR¥ ��q�_aO%SRq<edSR[*_d]`Prq�n½Prc<q^p^SgO%]`Ube�]vq
SR[*_d]`�RU�p^Sg_dSgn<SRedUbeH´ X f UmOd�3PRO%T�SRq<[*U¢f½UmO�eaf Ub[*_d]`�RUR¥ � 	�	 	 �o§a±g¯
�m±��bªk©	�g¯
� �g¯
��¯��R¦^%`«%²a�:«�±R¯B² ��±rª¿± 	�¯��R©3¯½«�«*§�©7¯��rl��oÈ	�rÉ�lF51Umf^_aUbT·n UmO·Vb}R}1Vg¥

� � �$�R�h� ��¥Z�o¥ � SgOdUmu�SRq^p�¸ ¥?X�¥��Dc<\^SRq^q^S1¥ � \oUDf UmOd�3PRO%T�SRq<[*UµPR��T�c<h`_d]`�RUmO%ed]vPrq
[*Prq^[mc^OdOdUbq^[*u�[*Prq�_aO%Prh SRh`QRPRO%]v_d\^T�em¥ � �6! �o§a±g¯
�m±��bªk©	�g¯
� �g¯ �O�4,��M#1ª�«m§(�K±g¯B²
�v0*�*ª�«Z,���lB~<È3~:É�´|�4�4��� ��� �,l	�ZP/�RUbT·n UmOGVb}4�R�,¥

� � P1[S� ��¥ � P1[%\^O%SRqoUR¥6f^O�]`�xSg_aU&[*PrT�T�c^q^]i[mSg_d]`Prq�¥
� � NJ�µ}R�h� y·¥ô�o¥ � P1[%\^O%SRqoURld��¥ NJ]`O%SR\oUbed\$l6SRq^p ��¥J�µSg_a_aPrem¥ 2q�_aUmQRO%Sg_d]iqoQ _aO%]`QRQRUmO�e£SRq^p

poUb[mhiSgO%Sg_d]`�RU [*Prq^ea_aO�SR]vq�_de ]iq e » h�p^Sg_dSgn<SRedUzeau1ea_aUbT�em¥ � Ub[%\<q^]v[mSRh�y?Umf PROd_
~c�R�1V��xy���}R}4�R},lF2���� X�hvT�SRpoUbq�l$Vb}R}R�,¥

� � ¸ }g�*� 5½¥ � UmO%]6SRq<pº�^¥�¸¹]vpoPrT¢¥ ?�UmO%]`�1]vqoQ�f<OdP,p<c^[*_d]`Prq�O%c<h`Ube&�3PRO�[*Prq^ed_aO%SR]vq:_�T�SR]vqo�
_aUbq^SRq<[*UR¥ ��§/�a��«%«d²R©7¯��4� � ��ª3®1«����gª3®���¯<ª ���O�g¯ �����g¯ �B«*§S0 �$±g§	�:« ��±Rª¿± �"± �m«S� �
�Z§�© ���d±g¯½« � � # ��ªk§a± % ©k±Rl<f<SgQRUbe >R�R��� >��4�:lÁVb}R}g�1¥

� ?@�"�#}g�*� ��¥c?�SburSRh�l,��¥��"edc$lrSRq^p�yM¥r� SRp^]vq�¥ ��OdQrSRq^]`¤b]iqoQ&h`PrqoQg�¿O%c^q<q^]vqoQ�SR[*_d]`�,]v_d]`Ube¨�Z]`_d\
_aO%]vQRQRUmO%e"SRq<p�_aO%SRq^e%SR[*_d]`Prq^em¥ ��§x�a� � � �6! � � F !�� � ��¯<ª � �O�R¯ � �d�g¯7! ±R¯B±a�:«m¬
,A«*¯Bª;� � ��±rª¿± � ��ª�%`±g¯<ªk©	� �#©3ª�0 � ��«*¦ �o«m§(�m± 0gl^f<SgQRUbe�|g�g~ �,|1V*~ol �µSbu�Vb}R}g�1¥

�V��y�}4�h� �^¥���O%SEu¾SRq^p¼X·¥�y?Ubco_aUmOb¥ �^§a±g¯
�*±c�bªk©	�g¯���§x�a��«S����©3¯��R¥ �DPROdQrSRq �MSRco�kT�SRq^q$l
Vb}R}4�,¥

�V��O%Sr}1VS� �^¥ ��O%SEuRl�Ubp^]`_aPROE¥^��®1«���«m¯��*®�,�±R§�\ V·±g¯½² �C�a�8\ ���g§ ��±Rª¿± �%±*�m«·±g¯B² �^§a±g¯
�*±c�bªk©	�g¯
��§x�a��«S����©3¯�����0*�*ª�«Z,���¥ �DPROdQrSRq �MSRc1Ã�T�SRq^q�l�Vb}R}1Vg¥

� ���J}1VS� � ¥Q�"PRn^n<e�SRq<p ��¥¨� qoQrhvSRq<p�¥ yZpon��/�,T�eblÁS�[*PrT�f<OdUb\oUbq^ed]v�RU�Qrc<]vpoUR¥ �·©��R©kª¿± %
�B§d«S����l#Vb}R}1Vg¥

� � 2x�4>h� X�¥
�"edc¢SRq<p � ¥&2°T�]vUbhv]vq^ea�1]�¥F2q�_aUmQRO%]v_�uK[%\oUb[%�,]vq^Q��7PRO?T�c^h`_d]`fBh`U"cof�p^Sg_aUbeb¥���§/�a� �
� ��ª3®1«���¯<ª � �O�g¯ � � �R¯�!�±g¯B±a�,«Z,A«*¯Bª;� � ��±rª¿± � � # ��ªk©3¯� �½«=R:±*��l<�µSbu Vb}4�4>,¥

� �"PRO�}R|h� ��¥è��¥ �"PROdPE�Z]v_a¤R¥ X O%c^q1�¿_d]iT�U�U*t,Ub[mc^_d]`Prq T�P1poUbh��3PROHOdUm�3UmOdUbq:_d]vSRhM]vq:_aUmQRO%]`_³u
T�SR]iq�_aUbq^SRq<[*UR¥ ��§/�a��«�«d²g©3¯�� � � �Gª3®o« 	�© �R®:ª ��¯<ª � �O�g¯ ���d�R¯ ��±Rª¿± 	�¯��R©3¯½«�«*§�©7¯�� �
�½«Z, �o« � ��§�©0D]�g¯B±gl½ÅoUmn^O%c^SgO%uµVb}R}R|,¥

� 2hvhi}x~ � 2hvhvc^ed_aO%SA2qo�7PRO�T�Sg_d]`Prq¼_aUb[%\^qoPrhvPRQr]`Ubeml ��Sg�,hiSRq^p�l � X·¥ ��%f%1# ��ªk§a±�# �m«m§�� ���4#1©�²�«*l
Vb}R}x~o¥

� ��Sg�	�R|h� ��¥è��¥B� Sg�3c^UR¥�5,UbT�SRq:_d]v[M]iq�_aUmQRO%]v_�u¢poUmf Ubq^poUbq^[m]vUbe�SRq^p�poUbhvSEuRUbpH]vq:_aUmQRO%]`_³u¢[%\oU*�
[%�,]vq^Qo¥ ��§/�a� � � ��ª3®1«	�rª3® ��¯<ª � �O�g¯ � �-�g¯ �<«*§S0��$±R§��,« ��±rª¿± �d±*�b« �v0*��ª�«Z,�� �
!�«=RR©	�(� �#©kª�0 �9!�«=Rr©����gl^f<SgQRUbe�|R}R|��,|R}R},l¨Vb}4�R|,¥

� �DUbhi}4�h� �^¥g�DUbh`_aPrq�lgUbp^]v_aPROb¥ ��� � ��
 � � � �%O �g§B\/©3¯�� �·§± �*ª 
���±Rª¿± �%±*�m« ��±g¯��4#^±a�,« �� ���R¥
��c^T�n½UmO?X ��5 2���� ��|/�³}g�x�¿~^Vb|KSRq^p 2C5 � ?@���$��� � �z�R���,¥BÅ^Umn^O%c^SgOdu�Vb}R}4�,¥

tlt ã �(s(q�}S�



~r� �����O%ù©3§��d±Rª��
	����<©r, �g¯�����<��� ,��*§/���

� �8����NJ}1VS� � ¥$�DPr\^SRq�l�?�¥l��SRpoUmO%hvURll��¥ ��¥���]iq^p^edSEuRl�SRq^p ��¥�N ]vO%SR\oUbed\�¥�X"O%]`Ubeb´$X _aO�SRq1�
edSR[*_d]`PrqµOdUb[*PE�RUmO%uDT�Um_d\oP1pµedcof^f PROd_d]vq^QGÇBqoU*�¿QRO%SRq,c^hvSgO%]v_�u¢h`P1[d�1]vqoQ£SRq<pHf<SgO%_d]vSRh
OdPrhvh`n<SR[%�,eJc^ed]vq^Q&�?O%]`_aU*��SR\oUbSRp�h`PRQRQr]vq^Qo¥ � �6! �o§a±g¯
�m±��bªk©	�g¯$�g¯ ��±Rª¿± �%±*�m« �v0*��¬
ª�«Z,���l�V]�1ÈVEÉ�´ô}x~ �BVb�R|,lJVb}R}1Vg¥

� �DPr\&� � ¥^�HPr\<SRq�¥6f^O%]v�xSg_aUM[*PrT�T�c^q^]i[mSg_d]`Prq�¥
� �DPr\<}g�*� � ¥o�HPr\^SRq$¥ � PrTAT�]`_ hiedq�´1S�qoPE�RUbh�SRq^p¢e%]vT�f<h`U�T�Um_d\oP1p��7PRO�OdUbp<c^[m]vqoQGh`P1[d�1]vqoQ

SRq^p¡hvSg_d[%\^]iqoQ�]vqº_aO%SRq^edSR[*_d]`Prq¡f<OdP,[*Ube%ed]vqoQ�eau1ea_aUbT�em¥���§/�a� �@� �¢ª3®1« ���gª3® ��¯<ª �
�O�g¯ �����g¯ �<«*§S0 ��±g§��,« ��±Rª¿± ��±*�m«Z� � �Z§�© ���d±g¯ « � � # �*ªk§± % ©�±glJfBSgQRUbe�~r�r����~^Va�,l
X"coQrc<ea_MVb}R}g�1¥

� �µN �#}R|h� � ¥^�HPr\<SRq�l�·¥^NJ]`O%SR\oUbe%\�loSRq^p�yM¥^��PRO%]`UR¥¨� ��[m]`Ubq�_?SRq<p�3<U*t1]vn<h`U&T�Um_d\oP1p^e��3PRO
_aO%SRq^ed]`Ubq:_#�RUmO%ed]`Prq^]iqoQZPR�^O%Ub[*PRO%p^e#_aP&Sb�RPr]vpGh`P1[d�1]vqoQ�n:u·OdUbSRp1�¿Prq^h`u·_aO%SRq^edSR[*_d]`Prq<em¥
��§/�a� � � �6! � � F !�� � ��¯<ª � �O�g¯ ���@�g¯�!�±g¯B±a�,«Z,A«*¯Bª"� ����±Rª¿± � �½±g¯ �·©�«j�c� �
�¨± %ù© ���g§�¯<©k±glBf<SgQRUbe·Vb|x~ �BVa�4�,l$��c^qoU�Vb}R}R|,¥

� �D¸ � }R|h�¹X·¥#�HUmO%[�\^SRq:_ml ��¥ ���6¥�¸ c$l#SRq^p���¥ ��5 ¥ � \oUbq$¥�N UmO%�7PRO%TASRq^[*U£SRq^SRhvu,ed]ieMPR�?pou:�
q^SRT�]v[�ÇBq<]`_aU��RUmO%ed]`Prq^]iqoQG�7PRO�[*Prq^[mcoOdOdUbq:_�_aO%SRq^e%SR[*_d]`PrqHSRq^p » coUmO%u��¿f^O%P,[*Ubede%]vqoQo¥
��§/�a� �d� � � �6! � � F ! 	"� � � � � ��¯Bª � �O�g¯ ���)�R¯7!�«d± ��#1§a«�,A«*¯<ª?±g¯½² ! �b²�«�%ù©3¯��
� � �O�4,��M#1ª�«m§ ��0h�*ª�«Z,�� � ��«*¦M�&�R§�ª�� �?® �b²�«M©f��%`±g¯B²glo|g�^ÈVEÉ�´vVm�����BVRV*~ol ��c^qoU·Vb}R}R|,¥

� NÁSgO��R}h� N#SgO%_^�g�R�x�¿�GVg¥è�1l ��O%SR[mh`U � PROdf$¥ � � 
 �� � ���m«m§�� � F #1©�²�«�±g¯B² �?« �b«*§d«*¯���« ���<«m§�¬
��©	�g¯ � � � l�Vb}4�R},¥

�V5o\^S*� ?�¥F51\^SRed\^S1¥¨f<O%]`�gSg_aU�[*PrTAT�c^q<]v[mSg_d]`Prq�¥
�V5 ��?&}4>h� �?¥�51]vT�Prq�SRq^p�X·¥ �&PR_a¤*�j?�]`_a_aO%]v[�\�¥½N OdPrT�]vedUbe¨SRq^p�OdUbSRhv]v_d]`UbeÁPR�½SR[*_d]v�RU"p^Sg_dSgn<SRedU

eau,ed_aUbT�em¥ ��§/�a� � � �·ª3®1«�� �*��ª ��¯<ª � �O�g¯ � � �R¯ �B«*§S0��$±g§	�:«�²r±Rª¿±	��±*�m«Z� ���l#,§�©	�*® �
�<¦¨©3ª D/«*§S% ±R¯B²gl½f<SgQRUbe"�x~�|��,�4>R|,l65,Umf^_aUbT�n UmO·Vb}R}4>,¥

�V5o�95,�&}4>h� ?�¥c51\<SRed\^S1lRÅ�¥g� hv]`OdnBSg_mlx�Z¥451]iT�Prq�lgSRq^pGN ¥R�6SRhip^coO%]`Um¤R¥ � O%SRq^edSR[*_d]vPrq�[%\oPRf^fB]vqoQo´
X"h`QRPRO�]`_d\^T�eGSRq^p¡f UmOd�3PRO%T�SRq^[*U�ed_dc^p^]`Ubem¥ � �6! �^§a±g¯
�*±c�bªk©	�g¯
�8�g¯ ��±Rª¿± �d± �m«
�v0*��ª�«Z,���lB|g�^È	�rÉ�lM?�Ub[*UbT�n UmO�Vb}R}4>,¥

�V5���� }g�*� 2°eaP �xSRq<ed]$e » hi|,¥¨��PROd�,]iqoQ�poO%Sg�3_ml ��[*_aPRn UmO·Vb}R}g�1¥
� � \^Sr}x~ � ��¥ � \^Sg�1coOb¥ � O%SRq^edSR[*_d]`Prq�T�P1poUbhveJ]vqA]vq:_aUmOdn<SRedUZ~o¥ ��§/�a� �9� ��ª3®1« � �g§�%`±g¯B² ��¯<ª �

�O�g¯ ���vlB��c^qoU�Vb}R}x~o¥
� � N � }4>h� � f�[�n Ubq^[�\^T�SgOd� %�� ?�¥�È�?�Ub[m]ved]vPrq�51cof^f PROd_�É�l65,_dSRq^p<SgO%p 5,f Ub[m] ÇB[mSg_d]`Prq$l½yZU*�

�,]ve%]`Prq�Vg¥è�1lB�µSbu Vb}R}4>,¥
� ¸ � }R�h� �o¥1¸�]ipoPrT SRq^p 5½¥ � UmO%]�¥ ���Eªk© ' « ��±Rª¿± �d±*�b« �v0*��ª�«Z,��	�<�o§�© �h�:«m§(�M±g¯B² ��#&%`«Z� ���g§

�Z² ' ±g¯���«d² ��±rª¿± �d±*�b« ��§x�]��«S����©3¯��R¥Á�DPROdQrSRq �MSRco�kT�SRq^q�l&51SRqKÅoO%SRq^ed]ied[*Pol½Vb}R}R�,¥

I ��t I �



����©3¯����<«*§���©	�g¯
�M©3¯���1²�±Rª�«��^§±g¯�*±��Eªk©��g¯� ~^V

� ���¢������� � �

� \oU&[*P1poU�PR��_d\oU9`/! IA`/Q G�IX3H��3c^q<[*_d]`Prq��7PrhvhvPE�Ze&ÈkeaUmU+�V��y�}4� ���3PRO?S�f<OdUb[m]veaU&poUbed[*O�]`f^_d]`Prq£PR�
_d\oU�p^Sg_dS�ea_aO%c^[*_dcoO%UbeJc^edUbp£\oUmO%U/É�¥,ÅoPRO�ed]iT�f<hv]v[m]v_�uRlRPrq^h`u�_d\^U�ed\<SgOdUbpµÈ`5<É¨SRq^p£U*t1[mhic^ed]`�RUGÈ �&É
T�P1poUbe?SgOdU�[*Prq^ed]vpoUmO%Ubp�¥

>�B��� �+���6> � ��=��"�	� �+�"��� # >�B�	� �]�@,Z�G�]�@,Z� '
�
>��� ( C6�6�	����	�� � ; �����6� �� * =]� 9 =�C6������� 	 ; �
>�B��� =6�"��� ; =6�"����� � ; �������	+���<	+ >����� =6�"���6����C�>�B��� ; �
>�B��� �+�����6� 9 	 ; �+���B��� 9 	�� � ; 	�=6� 9 >�B�	�A�����B�6� 9 	�C6>����� ; �
-X���@� 9��
	 ; ,Z���G/)�B-X���@� 9��	�#�' � � ; �������	+���<	+ �"�@>�>���� 7 9 	����@� 9 �@� 	+���� ��� 9 ���+����	��� ; �
C6�6����� 	��L>�B����=]� 9 = # �6�@,Z� ' � � ;�� � � =]� 9 =���=]�@��� ; �
� 9 ��, ( � 	 #�� >����� =]� 9 =�� C6�6�	����	�� 1 �

9 ��, ' � � ; ( � 	 9 ��, �@�6=6����F���� 	 ; �
=6�"����� >����� =6� 9 =�� C6������� 	�� 1 ��=6�@����� � ; 	���������� 9 � =]� 9 =���=6�@��� ; �
:0=���>�� #b# =6�"����� ����� � � '����.# =6�"���� "! �]�@,Z�#� � �]�@,Z� ' � ; :<� 	�=�	�=6� 9 �]�@,Z� ; �

� =������$� =6�"���� %! ��=6�@����� &'�
� ;)(+*�,�-/.0(21�3'.54�6�7�.5-5398;:<8;=?>@*�4�3@Ax; �
� * #�# =6�"����� �B�C� � � '
��� # =������D E! ,Z �6�F��� � 'b'

� � 9 �", ( � 	 #�� =������D B! � 9 ��, ' � � ; �@�����6���+� 9 �", �@��=6��+�G��;>�B�	�A=��������"� ; �
� 9 ��, ( � ��� #<� =6�"��� =6� 9 =�� C6������� 	�� 1 �

9 ��, ' � � ; ����>���� 9 � 9 ��, �@�6=6����G���>����� ��=]�@��� ; �
�����B�6� 9 	�� =6�"���� "!
�B���"��� � ; 	�=6� � � 9 	<�+�����6� 9 	<� 9 	+=6� ( �+�@��	���� ��6� ; �
� *b# �+���B��� 9 	� %! 	����@�G��� ,Z� '

��� 	+�6��� # � � ��H � H ' � � ;  � 	� :<�+� 	�� �@��� 	��", �@>��+�"����� � ��>�B�	�����;C � 	�=6� �"�@>�>��"� ; �
��> 9 �G� * # �����B�6� 9 	� "! 	����@�� %! 	��@I ,Z�J K! 	+� ' � ; 	�=6� �+�"���;, � 9 	 C5� ���">?������� #L ����� 	+���"�@>8�������9M ' ; �

� �@�6���"��� # ,Z�) %! �6� �DN =6�"���� "! �6� � >�� 9 	 ' �
� 9 ��, ( � ��� #<� =6�"���� B! � 9 ��, ' � � ; ����>���� 9 � 9 ��, �@�6=6����G���>����� =6�"��� ; �
: �@� 	 # ' � � ; : �@� 	 ; �
��� 	+�6��� # � � ��H � H ' �

&
��> 9 �

��� 	+�6��� # � � ��H � H ' �
&

&

tlt ã �(s(q�}S�



Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY

Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1

Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)

ISSN 0249-6399


