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Architectures parallèles,
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 réseaux et systèmes distribués
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NPORQTSTOVU*W(WYX,Z\[ ]�O_^_`badcRXe^fchgBOhXeiPjkUeO_U*lmlonXplmXeifqKrkUTi4Xei/s<Xts<QTubuwvXpXeifqbOBvXeixXyU*gbz
Xpc�i4{bi4cpnXpW(Xyi|s<a}ixchORadrbgwvXei

NPOhQT~4Xpc�����N
��U*jbjkQTORc.s<X.OhXy^�`bXO_^_`bX�u��kZp���T��[ W�U*OVi!Zp�T����[ �T�,jkUeSTXei

�Y���f�y�*�B�T������O_U�^fX�s<Oham��Xpu�i4adW�gbl�UechadQ�u�a}i�U0�|Xplml|�KubQe�/u�chXe^_`buba} �gbX,¡¢QTO,jkXpO4¡¢QTOR£
W$U*uk^fX¤Xp��U*ldg¥U*chamQTu�Q*¡¦ixaduBSTldX.jbORQK^fXeiRixQTO\^fQTW(jBgbchXpOVif§�¨�Qe�|Xp��XpOq<cRO_UT^©X�sKOhad��Xu�ixamW(£
gBl�U*cRadQ�u,aduKchOhQKsKgk^fXeiPsKa�ixcRQTORchadQ�ukiP�/`bXpu,gki4Xes�chQ�i4adW�gbl�UechXPW�gbldcRadjbORQK^fXeiRixQTO�U*OV^�`BadchXy^f£
cRgbOhXyif§@ªPz<Xy^fgbchamQTu�s<ORad��XpuYixamW«gbl}U*cRadQTuYa�i�cR`bX.QTublm{(chXy^�`buBa� �gbX�cR`kU*c�STam��Xei|U�^p^fgbOVU*cRX
i4adW�gbl�UechamQTu¬ORXeixgblmc_i�¡¢QTO�W«gBldchamjbOhQK^©Xeihi4QTO�U*OV^�`BadchXy^fchgbORXeicR`bQTgBST`®adc�a�i�s<a°¯�^fgBldc,chQ
amW(jblmXpW«Xu<c§
�|`ba}i!jkU*jkXpO�jbOhXei4XpuKc_i��KN6]¤±¬q�U�i4adW�gbl�UechadQ�u���XpORubXplMch`kUec,i4adW(jblma³²kXyi&cR`bX�^fQTuB£

i4chORgk^fchamQTu�Q*¡�XpzKXe^fgbcRadQ�u(s<ORad��Xpu$ixadW�gbl}U*chQ�O_i�¡¢QTO�i4`kU*ORXes(W(XpW(Q�Oh{�W«gblmchamjbOhQK^fXyihixQ�O_i©§
�|`BX(��XpOhuBXplPjbORQ*�Ka�sKXei�U�chO_U�^faduBS�chQ�Q�l�U*uks�U�ixXpc�Q*¡�jbORadW(amchad��Xyi&�/`ba}^�`´U*lmldQe�µch`BX
Xz<Xe^©gbchamQTu�q�chOVUT^famubS�U*u¥s¶i4adW�gbl�UechamQTu�Q*¡¦ix`kUeOhXes(W(XpWYQTOh{�jkU*OVU*lmldXplHU*jbjblma�^pUechamQTuki@QTu
UYixaduBSTldX.jbORQK^fXeiRixQTO\^fQTW(jBgbchXpO§/�|`bX�j·XOx¡¢QTORW�U*u¥^fX.Q*¡�ch`bX���XpOhuBXpl�UeldldQe��i/ch`bXtixamW(£
gBl�U*cRadQ�u¶Qe¡@OhXyU*lMixam¸pXes«j¥U*O_UeldlmXplMU*jbjBlda�^U*chamQTuki|amu�U�OhXeU�ixQTuBukU*rblmX�cRadW(X�§
¹�º�»�¼R½�¾·�e¿M�T��XpzKXe^fgBchadQ�uÀs<Oham��XpuÀixadW�gbl}U*chamQTu�qPj¥U*O_UeldlmXpl�UTsbsKOhXeiRi«chOVUT^fXei©q|i4`kU*ORXes
WYXpW(QTOR{�W�gbldcRadjbORQK^fXeiRixQTOVi
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��º<������º�� ��U0i4adW�gbl�UechadQ�uÀnU¶jkUeOhcRadO,sKX«cRO_UT^©Xei�s��ÖUTs<ORXeihi4XeiXyixc�gBubX(chXy^�`buBa� �gbX
^©l�UTiRixa} �gbX�jkQTgbO@l��RvXp��U*lmgkU*cRadQTuts<Xei�jkXpO4¡¢QTORW�U*uk^©Xei�sKXei�W(Q�ubQTjbORQK^fXeiRixXpgbOVif§���QTgBchXf¡¢Q�a�ifq
l��ÚUejbjblda}^pU*cRadQ�u�sKX,^fXpcRchX�chXe^_`buba} �gbX�nU«l��RvXpchgksKX�sKXei!U*OV^�`BadchXy^fchgbORXei|W�gbldcRadjbORQK^fXeihi4XpgbOVi
sKQTububX�s<Xyi�ObvXei4gbldcVU*c_i�amW(jbOBvXe^fa�i©§���XpgBldX(l}U0ixadW�gbl}U*chamQTu´^fQ�QTOVs<QTuBu/vXpX�nU�l�� Xpz�vXe^fgBchadQ�u
�������������� "!�#%$�&� "'(��#*)+ ",-�/.102�� "!�#/3 s<QTuBubX(sKXei!ObvXei4gbldcVU*c_i.jbOBvXy^fa�i�jkQ�gbO,^fX�c4{<jkXYs��ÚUeOh£
^_`bamchXe^fcRgbOhX�W�Uea�i�Xyixc�s<a°¯�^famldXtnU�WYXpchcROhX�Xpu54gB�<ORX�§
�KN ]!± Xeixc@gbu�ubQe{KU*gYs<X¤ixamW«gbl}U*cRadQTut �gBakixamW(jblda°²kX@l�U.^fQ�ukixcROhgk^fcRadQ�u(s<X¤ixamW«gBl�U*£

cRXpgbOVi|s<X!W�gblmchadjBOhQK^fXeiRixXpgBO_i/nU�W vXW(QTamOhX|j¥U*OhcVU*S�vXpX�§b�6X¤ubQe{KU*g�jbOhQ�jkQ�ixX.gbuYQTgbcRadl�sKX
cRO_U76^pU*S�X!Ueaduki4a6 �g8� gbu,Xpuki4XpW«rBldX�s<X�jbOhamW(adcRad�TXyi6j·XOhW(XpcRc_Ueu<cMl�� Xpz�vXy^fgbchamQTu�qplmX/chOVU96^pUeSTX
Xc,l�U�ixadW�gbl}U*chamQTu´s��ÚUejbjblma�^pUechadQ�uki,jkU*OVU*ldlonXpldXyi(nU0W®vXpW(Q�adOhX,j¥U*OhcVU*S�vXpX0i4gbO«gBubX�W�Ue£
^_`bamubX.W(QTubQ�jbOhQK^©Xeihi4XpgbOp§ �6Xei�jkXpO4¡¢QTORW�U*uk^©Xei/s<g0ubQe{KU*g�sKX,ixamW«gBl�U*cRadQ�u�ixQ�u<c!cRXpldlmXei
 �g8� XpldlmXei ORXpuks<Xu<cPjkQ ihixamrbldX¤l�U.ixamW«gbl}U*cRadQTuts��ÚUejbjblma�^pUechadQ�ukiPjkU*OVU*lml8nXplmXei�OBvXyU*lda}ixcRXeiPsbUeuki
gBu¶cRXpW(jki@O_Uea�ixQ�ubukUerbldX�§
: ¾b�e�f¼V��;2�º�� ixadW�gbl}U*chamQTu"^fQ�QTOVs<QTubuwvXpX�nU(l�� Xpz�vXy^fgbchamQTu�qbcRO_U�^fXei.s��ÚU�s<OhXyihixXyisKX,jbOhQ�£
S�O_UeW(W(XeiPjkUeO_U*lml n lmXeifqKW«gblmchamjbOhQK^fXyihixXgbO_i¤nU�W®vXpW(Q�adOhX/j¥U*OhcVU*S�vXpX
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� adW�gbl�UechadQ�u�a}i\Q�ubX(Qe¡�ch`bX�W(Q�i4c!�/a�sKXpld{�gkixXes�chXe^_`buba} �gbXyi&¡¢QTO.jkXpOx¡¢Q�OhW�Ueuk^fX�Xp��U*£
lmgkU*cRadQ�u0Q*¡�^©QTW(jbgBchXpO�i4{bi4chXpW�i©§��8u0cR`bX,XeU*ORld{�s<Xei4adS�u¬i4c_U*S�X�q�i4adW�gbl�UechadQ�u�jbOhQe�Ka�s<Xei
U�^�`BXeU*j(�wUp{«cRQ,^fQ�W(jkU*ORX!^©QTW(jkXpcRadubS�s<Xei4adS�u�ixQ�ldgbcRadQTu¥i|UTi|��Xpldl U�i�ch`BX!rkXp`kUp�<amQTgbO
Qe¡wU�S�ad��Xpu"s<XeixamSTu�gbuks<XpO¤�TUeOh{KadubS��|Q�Oh�KldQ UTsbi©§���adW�gbl}U*chamQTu(a}i&j¥U*OhcRa�^fgBl�U*ORld{(g¥ixXf¡¢gbl
¡¢Q�O,i4`kU*ORXes�W(XpWYQTOh{�W�gbldcRadjbORQK^fXeiRixQTOVi��/`bQ ixX(jkXpO4¡¢QTOhW$U*uk^fX,`BXeUp�<amld{0sKXpjkXpuksbi.QTu
cRaduK{«amu<cRXpO_U�^fchamQTuki|�/amch`bamu(ch`BXWYXpW(QTOR{�ix{BixcRXpW Q*¡�ch`BX�UeO_^_`badcRXe^fcRgbOhX�§
�|`bXt^fl�U�ihi4a�^pUel�amW(jbldXW«X©u<cVU*cRadQTuYQ*¡�Ueu�U*O_^_`bamchXe^fcRgbO_Uel�i4adW�gbl�UechQTO/g¥ixXei�UTi�amubjbgbc

cRQ«cR`bX,UeO_^_`badcRXe^fcRgbO_Uel6W(QKs<XlMU*u0U�sbs<ORXeihi/chOVUT^fXt^fQTlmldXe^fcRXes(s<gBOhaduBS(U,jbOhX�<amQTgki/XpzKXp£
^©gbchamQTu(Qe¡�U�jbOhQ�STO_UeW0§K�|`ba�i@chOVUT^fX.sKOhad��Xu(i4adW�gbl�UechadQ�u,chXe^_`buba} �gBX/`kUTi|rkXpXpuY�/a�s<Xplm{
g¥ixXes¶¡¢Q�O!ch`bX�i4chgksK{�Q*¡&^pUT^_`bX�W(XpW(Q�OhadXi�Q�u¬i4adubS�ldX�jbOhQK^fXyihixQ�O�ix{BixchXW�if§ ¨�Qe�|Xp��XO
cRO_U�^fX�s<Oham��Xpu�ixamW«gBl�U*cRadQ�u«a}i|ubQTc��|Xplml�i4gbadcRXes(chQ�ch`bX�ixamW«gBl�U*cRadQ�u«Qe¡@jkU*OVU*lmldXplHU*jbjblmad£
^U*chamQTuki�OhgbubuBadubS�QTu0W�gbldcRadjbORQK^fXeiRixQTO�UeO_^_`badcRXe^fcRgbOhXei|rkXe^U*gki4X,ch`bX�Xpz<Xy^fgbchamQTu�jkUech`
cR`bOhQ�gbST`Àch`bX$U*jbjblma�^pUechamQTu�q�U*uks�`bXpuk^fX�ch`BX�U�sbs<ORXeihi�cRO_UT^©X¶cRQ0rkX�i4adW�gbl�UechXes q�s<Xp£
jkXpu¥sbi!QTu¬cR`bX,c_UeOhSTXc,U*OV^�`BadchXy^fchgbORX�§ ª¦zKXe^fgBchadQ�u�s<Oham��Xpu�ixamW«gBl�U*cRadQ�u0^fQ�OhOhXy^fc_i�cR`ba�i
sKO_Up�/rkUT^_�.r<{¤aduKchXpORldXeUp�KadubS�ch`bX�Xpz<Xy^fgbchamQTu�U*u¥s�chO_U�^faduBS�Qe¡kch`bX�jkU*OVU*lmldXplKUejbjblda}^pU*cRadQ�u
�/amch`�adcVii4adW�gbl�UechamQTu�§ ªPz<Xe^©gbchamQTu�s<ORad��Xpu�i4adW�gbl�UechadQ�u0^fQ�u<cROhQ�l�i!ch`bXYUTsBs<OhXeiRicRO_UT^©X
S�XpubXpOVU*cRadQTu�cRQ�Xpu¥ixgbORX¶cR`kU*c,cR`bX�chOVUT^fX�^fQ�OhOhXyixjkQTuksBi�cRQ�cR`bX�QTubX�ch`¥U*c��|QTgBl�s¬rkX
Q�rbc_UeadubXys$a°¡PcR`kU*c�Uejbjblma�^pUechadQ�u��/UTi�UT^©chgkUeldld{�XpzKXe^fgbcRXes«Q�u¶cR`bX�U*OV^�`bamchXe^©chgbORX!rkXpadubS
i4adW�gbl�UechXes §���u<¡¢Q�OhchgBukU*cRXpld{�qKXpzKXe^fgbcRadQTu$s<Oham��Xpu(i4adW�gbl�UechamQTu�a�i|W�gk^�`,WYQTOhX\^fQTW(jBldad£
^U*chXys cRQ0adW(jBldXpW�XpuKc!ch`kUeu�chO_U�^fX�s<Oham��Xpu�i4adW�gbl�UechadQ�u�rkXe^U*gki4X¶Qe¡!cR`bX�ubXe^fXyihihUeOh{
amu<cRXpO_U�^fchamQTuki@rkXpc4�|XpXpu�cR`bX�ixadW�gbl}U*chQ�O�U*uks�ch`bX�ixamW«gBl�U*cRXes�U*jbjblma�^pUechamQTu�§
�KN ]!± a�i/U,ixamW«gBl�U*cRadQ�u«��XpORubXplHU*uks(chOVUT^famubS�chQ�QTl��/`Ba�^_`¶ORXpldamXp��Xei@U*OV^�`BadchXy^fchgbORX

sKXeixamSTubXpOVi&¡¢OhQ�W ch`bX,rBgbO_s<Xu0Q*¡/amW(jblmXpW«Xu<cRa³uBS�U¶^©QTW(jblmXpchX.XpzKXe^fgBchadQ�u�s<Oham��Xpu0i4ad£
W�gbl}U*chQ�Op§]�ldQ�ubS��/amch`tU�i4adW(jblmX�j¥U*O_UeldlmXpl�jbOhQ�STOVU*W(W(amubS/W(QKs<Xl*¡¢QTO¦ix`kUeOhXes.W(XpW(Q�Oh{
Uejbjblma�^pUechadQ�ukifqP�KN ]!± Q�� XpOVi�U�i4Xpc.Q*¡�jbORadW(amcham�TXei|cRQ�OhXchOhamXp��X�cR`bXYUTsbs<ORXeihi.chOVUT^fXei
¡¢ORQTW ch`BX�Uejbjblma�^pUechadQ�u�jbOhQK^fXyihixXyi!U*uks�chQ�Xpu<¡¢Q�O_^fX.ch`BX�^©QTOhORXe^fc/XpzKXe^fgBchadQ�u�QTO_sKXpO�Qe¡
cR`bX�U*jbjBlda�^U*chamQTu�gbuksKXpO�ixamW«gbl}U*cRadQTuH§
�|`bX0ORXpW�Ueaduks<XO,Q*¡�ch`ba}i�j¥U*jkXpO�a�i,QTORS�U*uBa�ixXys U�i�¡¢QTlmldQe��if§��|`bX0ubXpzKcYixXe^fcRadQ�u

XzbUeW(adubXyi\cR`bX(¡¢gbuksbUeW(XpuKc_Uel|jbORQTrblmXpW�iQe¡�ixamW«gBl�U*cRadubS�i4`kU*ORXes W(XW(QTOR{0jkU*OVU*ldlmXpl
UeO_^_`badcRXe^fcRgbOhXei@Ueuks«aduKchORQKs<gk^fXyi�ch`BX!XpzKXe^fgbcRadQTuYs<ORad��XpuYixamW«gbl}U*cRadQTu,cRXe^_`buba� �gbX�§K��Xe^f£
cRadQ�u��«jbOhXyixXpuKc_i/ch`bX�jbOhQ�STOVU*W(W(amubS,W(QKs<XlPi4gbjbjkQTORchXes�rK{�ch`bX�i4adW�gbl�UechadQ�u���XpOhubXl
Ueuks0ixXy^fchamQTu���s<XeiR^fOhamrkXei&`BQ*� U*u0XpzKXe^fgbcRadQ�u�sKOhad��Xu�ixamW«gbl}U*cRQTO�^pUeu�rkX�^fQTu¥ixchORgk^f£
cRXes��/amch`®�KN6]¤±¬§��MadukUeldld{ q�i4Xe^fcRadQTu��0s<Xpc_Ueadl}ich`BX�^fgbOROhXpuKc�amW(jbldXW«Xpu�cVU*cRadQTu�Ueuks
jkXpO4¡¢QTORW�U*uk^©X!Q*¡@cR`bX.chOVUT^famubS,chQ�Q�lPUeuks�i4adW�gbl�UechadQ�u«��XOhubXplo§
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sKXpjkXpuks<XpuKc�^fQTWYj·Q�ubXpuKc_i0/<Ueu�UTsBs<OhXeiRi�S�XpubXpOVU*chQ�O/Ueuks(UWYXpW(QTOR{21ubXpc4�|Q�Oh�.chamW(aduBS
i4adW�gbl�UechQ�Op§��|`bX�jbgbORjkQ�ixX�Qe¡�ch`bX�U�sbs<ORXeihi.STXpubXO_U*cRQTO�a�icRQ�jbORQKs<gk^fX$U�ixcROhXeUeW�Qe¡
Xz<Xe^©gbchamQTu¬Xp��Xu<cVifq6W(Q ixcRld{´UTsbs<ORXeihi4XeifqM�/`ba�^_`�UeOhX�Q*¡¤aduKchXpORXeixc.cRQ�cR`bX�ixamW«gBl�U*cRQTO§
�|`BX.ixamW«gbl}U*cRQTOPcR`bXpu�XpW«gBl�U*cRXei�cR`bX�cVU*ORSTXpcwU*O_^_`bamchXe^fcRgbOhX/cRQ,XeixcRadW�UechX�ch`bX!cRadW(X�c_Ue£
��Xu«cRQjkXpO4¡¢QTORW XeU�^�`�Xp��XpuKcPQ�u(ch`bX¤U*OV^�`BadchXy^fchgbORX/gbuks<XO|i4chgksK{�§K�|`ba�i@jkU*ORchadcRadQ�ubadubS
amu<cRQ�c4�|Q�sKa�ixcRaduk^©c/^fQ�W(jkQTubXpuKc_i�U*lmldQe��i�cR`bX.gkixX�U�Q*¡��/a�sKX!��U*OhamXpc4{«Qe¡@U�sbs<ORXeihi/^fQ�ld£
lmXe^fcRadQTu�W(XpcR`bQKsbif§k]¤i!U(ixa}s<X�X �6Xy^fcpqkch`bXtihUeW(X,U�sbs<OhXyihi�cRO_UT^©X,^pUeu0r·X,g¥ixXes��/`bXu
i4adW�gbl�UechamubS�Q�ch`bXOP`kU*OVs<�/UeOhX¤^fQTuK²kSTgbOVU*cRadQTu¥i�QTO@cRQ�i4chgksK{,ch`bX/amu
3kgbXpu¥^fX/Q*¡H�TUeOh{KadubS
j¥U*O_UeW(XpcRXpO_i©§

4 &�0�� � $�&� "'(��# )+ ",-��. 02�� "!�# STad��Xyi6UT^^fgbO_UechX�OhXei4gbldcVi6�/`bXpu�ixcRgks<{KadubS�gbubamjbOhQK^fXyihixQ�O
UeO_^_`badcRXe^fcRgbOhXei6rkXe^U*gki4X|ch`BX/UTsBs<OhXeiRi�chOVUT^fX�Q*¡HU/gbubadjBOhQK^fXeiRixQ�O@U*jbjBlda�^U*chamQTuts<Q�Xei�ubQ�c
sKXpjkXpuks¶Q�u�ch`bXtixadW�gbl}U*chXys«UeO_^_`badcRXe^fchgBOhX�§K] STam��Xpu�gbubadjBOhQK^fXeiRixQ�O�cRO_UT^©X�^U*u�`BXpuk^fX
rkX.gki4Xes¶cRQ(i4adW�gbl�UechX¤U*uK{(gbubamjbOhQK^fXyihixQ�O!UeO_^_`badcRXe^fcRgbOhX�§K�|`ba}i&a}i|QTrK�<amQTgki4ld{�ubQTc�ch`BX
^UTixX,¡¢QTO.W�gbldcRadjbORQK^fXeiRixQTO¤U*OV^�`BadchXy^fchgbORXei/r·Xy^pU*gki4X«cR`bX,XpzKXe^fgbcRadQ�u0jkU*cR`�cR`bOhQ�gbST`�U
j¥U*O_UeldlmXpl@jbOhQ�STO_UeW a�iuBQTc�uBXe^fXeiRihU*ORadlm{�cR`bX�ihUeW(X�QTu�c4�|Q0sKa � XpOhXu<c�U*OV^�`BadchXy^fchgbORXei
Ueuks0^pUeu�Xp��Xpu���U*Oh{(¡¢ORQTW QTubX,Xz<Xe^©gbchamQTu�chQ�UeubQTcR`bXpO!Q�u0ch`bXtihUeW(X�U*O_^_`bamchXe^fcRgbOhX §
�|`BX�XpzKXe^fgBchadQ�u,jkU*cR`«cR`bOhQ�gbST`$U\j¥U*O_UeldlmXplbjbORQTSTOVU*W a�iPsKXpchXpORW(aduBXesrK{�cR`bX�Q�O_s<XO�Qe¡
cR`bX/U�^p^fXeiRixXei�chQ\ix{Kuk^�`BOhQTuBad¸eUechadQ�u�Q�rb~4Xe^fc_i©§e�|`ba�iMQTO_sKXpO�Qe¡HUT^p^fXyihixXyi�s<Xj·Xuksbi�QTu,ch`BX
ORXpl�Uecham��X�i4jkXpXesbi!Q*¡�cR`bX,jbOhQK^©Xeihi4Xei.^fQTuki4chamchgbcRadubS(cR`bX,jbORQTSTOVU*W �/`ba}^�`�UeOhX,amu0chgbORu
sKXpchXpORW(aduBXes¶rK{�cR`bXY^�`kUeO_U�^fchXpORa�i4cha�^i\Qe¡�ch`bXYU*OV^�`BadchXy^fchgbORX«Q�u¬�/`ba}^�`�ch`bXYjkU*OVU*ldlmXpl
jBOhQTS�O_UeW�a�i/XpzKXe^fgbcRXes6§k��aduk^©XcR`bX,U�sbs<ORXeihi�cRO_U�^fXei/Q*¡@cR`bX,s<a � XpOhXpuKc/jbORQK^fXeihi4Xei�Qe¡/U
j¥U*O_UeldlmXpl<jBOhQTS�O_UeW UeOhX�s<XpcRXpOhWYadubXes!rK{.ch`bX/XpzKXe^fgBchadQ�u�jkUech`�ch`bORQTgbS�`«cR`bX�jbOhQ�STO_UeW0q
sKa � XpOhXu<c�Xpz<Xy^fgbchamQTuki|S�XpubXpOVU*cRX�sKa � XpOhXu<cwUTsbs<ORXeihi/chOVUT^fXyif§
¨�Xuk^fX�qKU�jkUeO_U*lmldXplHUTsbsKOhXeiRi&cRO_UT^©X.^fQTlmldXe^©chXes«Q�u�U�STad��Xu�U*OV^�`bamchXe^©chgbORX�W�Up{,ubQ�c

ORX53kXe^©c/ch`bX,XpzKXe^fgBchadQ�u�jkU*cR`0ch`kUec.ix`bQ�gbl�s�rkX�QTrki4XpOh��Xes��/`bXpu0XpzKXe^fgBchaduBS,ch`bX�jbOhQ�£
S�O_UeW QTu´U(s<a � XpORXpuKc.U*OV^�`bamchXe^©chgbORX�§�6�gbORadubS�ch`BX�ixadW�gbl}U*chamQTu�qbcR`ba�i�chO_U�^fX,W�Up{�STXpc
Q�gbc,Q*¡\jb`kUTi4X��/adch`�cR`bX(XpzKXe^fgbcRadQ�u¬ch`kUec«��QTgbl}s�rkX�Q�rkixXpOR��Xes�Q�u cR`bX�ixamW«gbl}U*cRXes
UeO_^_`badcRXe^fcRgbOhX�§ �|`ba}i ��&�0�� �87 )'9  :��� "#<; jb`bXpuBQTW(XpuBQTu>=?6�gbrkQTa�i � � 02. �-@��BA�^pUeu¬`bXeUp�Kadld{
jkXpORchgbORrkU*cRX.ch`bX�ixamW«gBl�U*cRadQ�u(OhXei4gbldcVif§

��amSTgbORX¬Z�jbOhXyixXpuKc_i�U�i4adW(jBldX(XpzBU*WYjbldX(Qe¡.chOVUT^fX£8i4`ba³¡¢cRadubSB§|�|`bX�²kO_i4c«jBOhQK^fXeiRi
Xu<cRXpOhamubS(ch`BX(^fORadcRa�^pUelPi4Xe^fchamQTu�XpzKXe^fgbcRXei�^©QKs<X(i4Xe �gbXpuk^fX�C�Z��/`bXpORXeUTi!ch`BX(i4Xe^fQTu¥s
Xz<Xe^©gbchXei�^fQKs<X�ixXy �gbXuk^fXDC��<§
]!iRixgbWYX�ch`¥U*c.jbOhQK^©Xeihi�N&Z,XpzKXe^fgBchXei%C�Z�U*uks�jBOhQK^fXeiRi.N��(XpzKXe^fgBchXeiEC��(�/`bXu

cR`bX�chO_U�^fX!a}i�^©QTldlmXe^fcRXes6§GF�Qe�ÀldXpc@gki�UTihi4gbW(X�ch`kUec|cR`ba�i@chO_U�^fX�a�iPgkixXys«chQtixadW�gbl}U*chX�U
i4`kU*ORXes�W(XpWYQTOh{�W�gbldcRadjbORQK^fXeihi4QTO��/`bXOhX/XeU�^�`�jbOhQK^fXyihixQ�O@`kUTi@U�jbORad��U*cRX/^pU�^�`BX�§T�|`BX
i4ad¸pXwU*uks,ch`BX/OhXpjbl}UT^fXW(XpuKc6jkQTlma�^f{�Q*¡ ch`bX�^UT^_`bXeiP^pUeu�^�`¥U*ubS�X/ch`bX/ORXpl�Uechad��X�i4j·XXes�Qe¡
cR`bX.c4�|Q,jbORQK^fXeihi4XeifqbcR`kU*c/a}i|ch`bX�i4j·XXes�U*c��/`ba�^_`(ch`BXpadOwUTsbs<ORXeihi/chOVUT^fXyi/U*OhX�^fQ�ukixgB£
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��amSTgbORX�Z /kªPzbUeW(jblmX!Q*¡�aduksKXpchXpORW(aduBa�ixW adu�U,jkU*OVU*ldlmXpl�Uejbjblma�^pUechadQ�u

WYXes�rK{¬ch`bX�i4adW�gbl�UechQTO§P��Qbq�s<gbORadubS�ch`bX�i4adW�gbl�UechadQ�u�q�ch`bX�Xp��Xu<ct^fQTOROhXei4j·Q�uks<amubS
cRQ,ch`bX.lmQK^��KadubS�QTjkXpOVU*chamQTu�adu�ch`bX¤chO_U�^fX.Q*¡�jbOhQK^©Xeihi�N@��W�Up{«rkX�^fQTu¥ixgbW(Xys«r<{�ch`BX
i4adW�gbl�UechQ�O�rkXf¡¢Q�OhX/adc�`kUTi@^fQ�ukixgbWYXescR`bX�^fQTOROhXei4jkQTuks<amubS�X��Xpu<c�amu,ch`bX�chOVUT^fX/Qe¡ jbOhQ�£
^©Xeihi@N/ZT§ �Î¡ ch`ba}i¦jBOhQTS�O_UeWµ�/UTi�UT^fcRgkU*lmld{�Xpz<Xy^fgbchXysQTuYch`bX�i4adW�gbl�UechXes�U*O_^_`bamchXe^fcRgbOhX q
jBOhQK^fXeiRi,�0ix`bQ�gbl�s¬XpzKXe^fgBchX C�Z(�/`bXOhXeU�i�adc_i.chOVUT^fX�^©QTuKc_U*amuki�ch`BX(Xp��XpuKc_i.OhXpl}U*cham��X
cRQ«cR`bX.XpzKXe^fgbcRadQTu�Qe¡!C��<§BA�r<�KadQ�gkixlm{�q<cR`bX�cRO_UT^©Xa}i|ubQTc\^fQTOROhXe^fc|¡¢Q�O�cR`bX�ixamW«gbl}U*cRXes
UeO_^_`badcRXe^fcRgbOhX�§H�|`ba�i�jbORQTrblmXpW ^pU*uÀU*l}ixQ0QK^p^©gbO�¡¢QTO,jbORQK^fXeiRixXei,^fQ�W(W�gbuba�^©U*cRadubSYr<{
i4`kU*ORXes¶WYXpW(QTOR{�Q�O�rK{«WYXeihiRU*STX.jkU�ihi4adubSB§
��Q�W(X0chOVUT^fX�sKOhad��Xu=ixadW�gbl}U*chQ�O_i«cROh{ÀchQÀixQ�ld��X0ch`Ba�i(jbOhQ�rbldXW rK{®STXpubXO_U*cRadubS

cR`bX�UTsBs<OhXeiRi!chO_U�^fXei!^©QTOhORXeixjkQ�uks<aduBS¶cRQ�U*ldlMch`BX,j·Q ihi4adrblmX,Xpz<Xy^fgbchamQTuki�Q*¡wU(jkU*OVU*ldlmXpl
jBOhQTS�O_UeW$= ¨�QTlmlda}sbUp{DCµªPldlma�i��T�BAo§�6�gbOhamubS(i4adW�gbl�UechamQTu�q�ch`BX,ixamW«gBl�U*cRQTOw^�`bQ�Q ixXei/ch`BX
U�sbs<ORXeihi.chO_U�^fX�chQ�rkX(gkixXys6§BE|Xe^pUegkixX�Q*¡wch`bX�jkQTcRXpu<cRa�Ueldld{�gbuKr·Q�gbuks<Xys�u<gBW«rkXpO!Qe¡
sKa � XpOhXu<c.XpzKXe^fgbcRadQ�ukifq���XpOR{�¡¢Xp�µjbOhQ�STOVU*W�i�^pU*u¬rkX(cRO_U�^fXes��/amch`¬cR`ba�i.chXe^_`buba} �gbX §
]�ubQTcR`bXpO�U*lmchXpORukU*cRad��X|a}iPchQ.jkXpOx¡¢Q�OhWµch`BX!i4adW�gbl�UechadQ�u��/amch`�U�i4XpcPQe¡�ixXe �gbXpuKcha}U*lKjbOhQ�£
S�O_UeW�iPch`kUec|sKQuBQTc|amu<cRXpO_U�^fcP�/amch`�XeUT^_`,QTcR`bXpO = C@`ba}U*ubSFC ��Q�`ba �T�BAo§K�|`ba�i@ixQ�ldgbcRadQ�u
jBOhXe^flmgks<Xei@ch`bX ��&�0�� �'7 )'9  :��� "# ; jb`BXpubQTWYXpukU�rkXe^pUegkixX.XeU�^�`(Xz<Xe^©gbchamQTu�i4chOhXyU*W a}i|adub£
sKXpjkXpuks<XpuKc!rbgBcamc!a�i!amW(jkQ�ihi4adrblmX�cRQ�i4chgksK{0ch`bX,rkXp`kUp�KadQ�gbO.Q*¡/j¥U*O_UeldlmXplPjbORQTSTOVU*W�i
Q�u�jkUeO_UeldldXl�U*OV^�`BadchXy^fchgbORXei��/amch`�ch`Ba�i|chXy^�`buBa� �gbX�§

�� � G.H%�-�-(�,��+.�" ����� �!��" # �'& (�* �-,�� .�"
 �����+�/�� "!�# $�&  "'(� # )+ ",-�/.102�� "!�# = C@Qe�KadubS�chQTu � � 02. ��@ @ A@a�i!U�ixamW«gBl�U*cRadQ�u�chXy^�`buBa� �gbX
cR`kU*c�^fQ�OhORXe^fc_i(cR`bX�s<O_Up�/rkU�^��Bi(Q*¡�cRO_UT^©X�s<Oham��Xpu=ixamW«gbl}U*cRadQTu�¡¢QTO�jkUeO_U*lmldXpl\U*jbjblmad£
^U*chamQTuki©§@�|`bX�r¥UTixa}^(a�s<XeU0Q*¡\Xpz<Xy^fgbchamQTu�sKOhad��Xu�ixamW«gbl}U*cRadQTu´a�i�chQ�aduKchXOhldXyUy��X�ch`BX
Xz<Xe^©gbchamQTu�Ueuks¬chO_U�^faduBS0Q*¡¤ch`bX�Uejbjblma�^pUechadQ�u��/adch`�cR`bX�ixamW«gBl�U*cRadQ�u�Qe¡!cR`bX�c_U*ORSTXpc
UeO_^_`badcRXe^fcRgbOhX�§b��amuk^fX.ch`BXXz<Xe^©gbchamQTu(Qe¡@ch`bX�Uejbjblda}^pU*cRadQ�u¶a}i�^©QTuKchOhQ�ldXes�r<{(amc_i/i4adW�gb£
l}U*cRadQTuHq�cR`bX¤UTsbs<ORXeihi@chOVUT^fX¤ixamW«gbl}U*cRXesa}i¦XzbU�^fchlm{�ch`BX�Q�ubX!ch`¥U*c|��QTgbl}s�rkX�QTrki4XpOh��Xys
a°¡PcR`bX�U*jbjBlda�^U*chamQTu��/U�i/UT^fcRgkU*lmld{(Xz<Xe^©gbchXes�QTu�cR`bX�ixamW«gbl}U*cRXes�W$UT^_`badubX §
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�|`bX�XpzKXe^fgbcRadQTu�Q�O_s<XpO�Q*¡U�jkU*OVU*lmldXpl�Uejbjblda}^pU*cRadQ�u�a�i�s<XpcRXpOhWYadubXes0rK{ cR`bX�QTOR£
sKXpOhamubS�Q*¡/cR`bX�QTjkXpO_UechamQTuki��/`ba}^�`�^U*u�W(QKs<a³¡¢{�ch`bX�XpzKXe^fgbcRadQ�u0jkU*cR`¬ch`bORQTgbS�`¬ch`BX
jBOhQTS�O_UeW0§e�|`bX@STlmQTrkUeldld{¤�<a}ixadrBldXMXp��XpuKc_i6UeOhX@c4{<jBa�^pUeldld{�U�^p^fXeiRixXei6cRQ!i4`kU*ORXes!��U*Oha}U*rblmXeifq
WYXeihiRU*STX,j¥UTihi4adubS�QTOtix{Kuk^�`BOhQTuBad¸eUechadQ�u0QTjkXpOVU*chamQTuki©§P�|`bX�QTOVs<XpO.Q*¡�cR`bXei4X,STldQ�rkU*lmld{
�Ka�i4adrblmX!Xp��XpuKc_i@W«g¥ixc/OhX03kXe^fc/cR`bX.r·X`kUp�<amQTgbO�Q*¡@cR`bX�U*jbjBlda�^U*chamQTu�jbOhQK^fXyihixXyi&Q�u�ch`BX
i4adW�gbl�UechXes,UeO_^_`badcRXe^fcRgbOhX¤U*uks(W�gkixc@cR`bXpOhX©¡¢QTOhX�rkX�^fQTW(jBgbchXes,rK{«cR`bX.ixamW«gBl�U*cRQTO§��8u
Xz<Xe^©gbchamQTu0sKOhad��Xu0ixamW«gBl�U*cRadQ�u�q<cR`bX,XpzKXe^fgbcRadQTu�Q*¡�ch`BX�U*jbjblma�^pUechamQTu�U*u¥s�ch`bX,S�XpubXp£
OVU*cRadQTu�Qe¡!cR`bX�UTsBs<OhXeiRi�cRO_U�^fXei�UeOhX�^pUeOhOhamXes�Q�gbc�ixamW«gblmc_UeubXpQTg¥ixld{0�/amch`¬cR`bX�i4adW�gb£
l}U*cRadQTu´Q*¡¤ch`bX�c_UeOhS�Xpc,UeO_^_`badcRXe^fchgBOhXY�|`bX�Xpz<Xy^fgbchamQTu�Q*¡¤ch`bX$U*jbjblma�^pUechamQTu�a�i.gbuks<XpO
cR`bX,^©QTuKchOhQ�lPQ*¡�cR`bX�ixamW«gbl}U*cRQTOp§B]!i!i4Q�QTu´UTi.U*u�Uejbjblda}^pU*cRadQ�u�jbORQK^fXeihi.UechchXW(jbc_i/chQ
Xz<Xe^©gbchX.U�S�ldQ�rkU*lmld{(�Ka�i4adrblmX!QTjkXpOVU*chamQTu�qbcR`bX.XpzKXe^fgbcRadQTu�Qe¡PcR`ba�i|jbORQK^fXeiRi&a}i/ixchQ�jbjkXes
Ueuks(ch`bX¤jbOhQK^fXyihi|�/UeadcVi¦¡¢QTO�Ueu�UT^_�<ubQe�/lmXes<STXW(XpuKc�¡¢OhQ�W cR`bX.ixamW«gBl�U*cRQTO@chQ,ORXeixgBW(X
amc_i|XpzKXe^fgBchadQ�u�§
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lock(v)
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i := i+1
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i := i+1
if  i=1 then
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��adS�gbOhX.� /6ªPzKXe^fgbcRadQ�u�s<Oham��Xpu���amW«gBl�U*cRadQ�u



���������	�
� �/. �� �� &�! � ��) )+!�&� ���������� "!�#���&� "'(��# �  ",-��. 02�� "!�#�� ��& #7� . �

��amSTgbORX��«i4`bQe��i&cR`bX.Xpz<Xy^fgbchamQTu�sKOhad��Xu�ixamW«gbl}U*cRadQTuYQ*¡�ch`bX.jbORXp�<amQTgki/XpzBU*W(jBldX�§
�|`BX�i4adW�gbl�UechamQTu�^pUeu�ldQTS�a�^pUeldlm{«rkX�s<ad�Ka�sKXes(aduKchQ¡¢Q�gbO�jb`kUTi4Xei5/
Z�§��|`bX«c4��Q¶jBOhQK^fXeiRixXei.STXpuBXpO_UechX�ch`bXpamO!chOVUT^fXyi\gBu<cRadlPcR`bXp{0Xpuk^©QTgbuKchXpO¤ch`bX . ! ���
QTjkXpO_UechamQTu�§!E|QTch`�jbORQK^fXeihi4Xei|i4chQ�j(ch`bXadO@XpzKXe^fgbcRadQTu�Uec|cR`ba�iPjkQTamu<c§<�|`BX!i4adW�gb£
l�U*cRQTO¤ixcVU*OhcVi!^fQ�ukixgbWYadubS,cR`bX�cRO_UT^©Xei&�/amch`�OhXei4j·Xy^fc�cRQ«cR`bX�cRadW(amubS,^_`kUeO_UT^©chXp£
Oha�i4cha}^pi�Qe¡@ch`bX�i4adW�gbl�UechXes�U*OV^�`bamchXe^©chgbORX�§

�K§��®`bXpu�ch`bX�i4adW�gbl�UechQTO�²kuksBi¦cR`bX/²kO_i4c .1!(��� Q�j·XO_U*cRadQ�u(adu,Q�ubX�Qe¡�cR`bX/chOVUT^fXei©qTadc
ixadW�gbl}U*chXyi·ch`BX|QTjkXpOVU*cRadQTu�Ueuks�OhXyixgbW(Xyi6ch`bX@XpzKXe^fgbcRadQ�u�Q*¡¥ch`bXw^fQTOROhXei4j·Q�uks<amubS
jbOhQK^fXyihi � N/Z(amu¬QTgbO,XzbUeW(jbldX 3 §��|`ba}i�jbOhQK^©Xeihi�cR`bXpu�STXpuBXpO_UechXei.ch`bX ��# . ! ���
QTjkXpO_UechamQTu0Ueuks¶cR`bX.chOVUT^fX�^fQ�OhOhXyixjkQTuksKadubS�chQ�ch`bX.XpzKXe^fgBchadQ�u(Q*¡ C�ZT§

�K§��®`bXpu�ch`bX�i4adW�gbl�UechQTO\^fQTuki4gbW(Xei/ch`BX ��# . ! ��� Q�jkXpO_UechadQ�u�¡¢OhQ�W ch`bX,cRO_U�^fX«Qe¡
jbOhQK^fXyihi�N&Z�qPadc,ORXeixgbWYXeicR`bX�Xpz<Xy^fgbchamQTu¬Qe¡!jBOhQK^fXeiRi«N@�0�/`ba�^_`�XpuKchXpOVich`BX
^fOhamcha�^U*l ixXe^©chadQ�u�U*uks(STXubXpO_UechXei/ch`BX!chOVUT^fX�^fQ�OhOhXyixjkQTuksKadubS�chQ,cR`bX.Xpz<Xy^fgbchamQTu
Q*¡ C��<§

�B§��|`bX�ixadW�gbl}U*chQ�O�²kuBa�ix`BXei|ch`bX�^fQ�ukixgBW(jbchamQTu�Q*¡�ch`BXc4��Q,chO_U�^fXei©§
]¤i�jbOhXyixXpuKchXes�adu0cR`bX�²kSTgBOhX�q6cR`bX,^©QTOhORXe^fc!Xz<Xe^©gbchamQTu�Q�O_s<XO!Q*¡�ch`BX�U*jbjblma�^pUechamQTu0a�i
Xu<¡¢QTOV^fXes6§B±�QTOhXQ*��XOpqTcR`bX.�/U*amchamubS�cRadW(XeiPQ�u¶cR`bX.i4{<uk^_`bORQTubam¸eU*cRadQTuYQTjkXpO_UechamQTuki�U*ORX
ORXeixjkXe^©chXes6§

�!i4gkU*lmld{�q©ch`bX@amW(jbldXW«Xpu�cVU*cRadQTu�Q*¡BXpzKXe^fgbcRadQ�u.s<Oham��Xpu.i4adW�gbl�UechadQ�u!gki4Xei�ixamW«gbl}U*cRXes
^©ldQK^_�bi©§6ª@UT^_`0jbORQK^fXeihi!Qe¡/U(jkUeO_UeldldXlPUejbjblda}^pU*cRadQ�u0Q*�/u¥iUYixadW�gbl}U*chXys¶^©ldQK^_���/`ba}^�`
ORXpjbORXeixXpuKc_iPamc_i�Xl�U*j¥ixXes«cRadW(X�i4aduk^©X!ch`bX¤r·XSTaduBubadubS�Q*¡�ch`bX¤Xpz<Xy^fgbchamQTu�QTu�ch`BX!i4adW�gb£
l}U*cRXes�UeO_^_`badcRXe^fcRgbOhX�§ �|`bXYixamW«gbl}U*cRQTO�a�i!gkixXys cRQ�gbj sbUechX�ch`bXei4X(i4adW�gbl�UechXes�^fldQK^_�Bifq
Xadch`BXpO/r<{$U«i4adW(jblmX�amuk^fORXpW(XpuKc@QTO�r<{(jkXpO4¡¢QTORW(adubS�U,W(Q�OhX.s<Xc_U*amldXes(XpW�gbl}U*chamQTu(Qe¡
cR`bX�c_U*ORSTXpc�UeO_^_`badcRXe^fchgBOhX�§��®`BXpu¬U(jbORQK^fXeiRia�iRixgbXyiU�STlmQTrkUeldld{0�Ka�i4adrblmX�Q�j·XO_U*cRadQ�u�q
cR`ba�i/jbORQK^fXeihi�ixcRQTjki¤U*uks��wU*adcVi&gBu<cRadl�adc/a}i&amc_i/chgbORu�cRQ«jkXpO4¡¢QTOhW cR`bX�Q�j·XO_U*cRadQ�u�UT^f£
^©QTO_sKadubS,cRQ,ch`bX.��U*lmgbXei�Qe¡PcR`bX�s<a � XpORXpuKc/^flmQK^��Bif§B]!i�cR`bX�U*jbjblma�^pUechamQTu�^fQ�u<cRaduKgbXei@adc_i
Xz<Xe^©gbchamQTu�q�ch`BX�^fQTOROhXe^©cQ�O_s<XOhaduBS0Q*¡�jbORQTSTOVU*W X��Xpu<cVi.^pU*u¬rkX�Xpuki4gbOhXys¬ixamuk^fXYU*ldl
cR`bX�ixamW«gbl}U*cRadQTu�chamW(Xei�U*OhX.�KubQe�/u�§
�|`bX�gbj sbU*cRX,Q*¡@cR`bX,i4adW�gbl�UechXesY^fldQK^_�bi/a�i�s<XpcRXpOhWYadubXes,rK{¶cR`bX�X��Xpu<cVi|i4XpldXe^©chXes

cRQ«rkX�ixamW«gBl�U*cRXes�U*uks�adu
3kgBXpuk^fXei@ch`bX�U�^p^fgbOVUT^f{(Qe¡@ch`BX�i4adW�gbl�UechamQTu�r·Xy^pU*gki4X��/`bXu
Ueu�X��Xpu<c/a}i�ubQ�c�i4adW�gbl�UechXes q<ch`BX�^fldQK^_��W«gki4c�rkX,gbj sbUechXes0�/adcR`�U*u�UejbjbOhQezKadW�UechX
��UeldgbX�§�]���XpOR{�sKXpc_UeadldXys�ixamW«gBl�U*cRadQ�u �/amldl¤^fQTu¥ixa�sKXpO�U*lml�cR`bX0W(XpWYQTOh{�OhX©¡¢XpOhXpu¥^fXei
Ueuks0ix{Kuk^_`bOhQ�ubad¸yU*chamQTu�QTjkXpOVU*cRadQTu¥if§�] ixchg¥s<{�ch`kUec�a}i&ubQ�c.^fQ�uk^fXpORubXes(�/adcR`�jbORad��U*cRX
sBU*c_U(ORXf¡¢XpOhXuk^fXei|Q�O!�/`bQ�i4X(U�^p^fXeiRi&cRadW(X.cRQ(jbOham��U*chX�sBU*c_U�a�i��KubQe�/u�^fQTgBl�s�^_`bQ�Q ixX
cRQ�^fQTuki4a�s<XOQ�ubld{0cR`bX�UT^^fXeihi4Xei!chQ�ix`¥U*OhXys¬sbU*cVU�U*uks�cRQ�ix{Kuk^�`BOhQTuBad¸eUechadQ�u�Q�jkXpO_Ue£
cRadQ�ukif§BA�ubX,l�U�ixc�QTjbcRadQTu0a}i�chQ$ixadW�gbl}U*chX¤QTublm{¶cR`bX�ix{Kuk^_`bOhQ�ubad¸yU*chamQTu�QTjkXpO_UechamQTuki!QTO
cR`bX!W(XyihihUeSTX.^©QTW(W�gbubam^pUechadQ�ukif§ �|`bXeixX\ixQTlmgbchamQTuki/^©QTuki4chadcRgbchX\UchOVUTs<X£ÎQ ��r·Xcx��XpXpu
U�^p^fgbOVUT^f{$U*uks�ixadW�gbl}U*chamQTuYixjkXpXes §
��Q�W(X/XpzKXe^fgbcRadQ�u(s<ORad��Xpu�i4adW�gbl�UechQ�O_i�`kUp��X�rkXpXpu�adW(jblmXpW�Xpu<cRXps § �Ìu$��UeubSTQ =?6!Ue£

�Ka�i � � 02. �B�<Z0A8qB^fQTW(jBadldXys,U*jbjblma�^pUechamQTu�jbOhQK^fXyihixXyi/U*OhX�W�gbldcRadjblmXpz<Xys\cRQ,OhgbuYaduYU�/Up{
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cR`kU*c�jbORXeixXpOR��Xei�cR`bX!Q�O_s<XpORadubSYU*u¥s$cRadW(amubS�Qe¡PcR`bX.Xp��XpuKc_i@Q*¡�aduKchXpORXeixc��/adch`�ORXeixjkXe^fc
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XldXe^fcVi6ch`bX/jBOhQK^fXeiRi��/`bQ ixX�^flmQK^��.��U*lmgbX/a�i�ch`bX�i4W�U*lmldXei4cpq©ch`Kgki�Xpu<¡¢Q�O_^famubS�ch`bX�^fQ�OhORXe^fc
Q�O_s<XOhaduBS«Qe¡@ch`bX.Xp��Xu<cVif§b�|`BX,s<a �6XOhXpuKc�^fldQK^_�Bi|OhXpjbORXeixXu<c/cR`bX�ixadW�gbl}U*chXys«chamW(X�¡¢QTO
XyUT^_`0jbOhQK^fXyihif§M]�u�QTjBchadQ�u¬UeldlmQ*��i!cR`bX(i4XpldXy^fchamQTu�Qe¡�U�ixXpc!Qe¡/Q�j·XO_U*cRadQ�u¬c4{<jkXei�¡¢QTO
�/`Ba�^_`�UT^p^fgBO_U*cRX�S�ldQ�rkU*l QTO_sKXpOhamubS.a�iPXpuki4gbOhXes §<��adu¥^fX!U!jbORQK^fXeiRi�XpzKXe^fgbcRadQ�u,r·Xcx��XpXpu
X��Xpu<cViQe¡!amu<cRXpOhXei4c�a}i,UTihi4gbW(Xes¬ubQ�c«cRQ0rkX0U � Xe^©chXes¬rK{¬Ueu<{¬Q�ch`bXO«jbORQK^fXeiRifqPch`BX
X��Xpu<cViPU*ORX.^fQ�OhOhXy^fchlm{�QTOVs<XpORXes�rK{�ix�/amc_^_`baduBSjBOhQK^fXeiRixXei|amW(W�Xes<a�UechXpl°{.rkXf¡¢QTORX�cR`bXei4X
X��Xpu<cVif§��|`BX.�&a}^fX¤NPU*OVU*ldlmXpl NPOhQK^fXei4adubSt� XyixchrkXes = C@Qe�<amubSTcRQTu � � 02. ��@ @ A6jbORQTjkQ�i4Xei�U
i4adW(aml�UeOMixQTlmgbchamQTu,rbgBc@^fQTu¥ixa�sKXpO_i�ch`kUecPch`BX�^fldQK^_��^pU*u,rkX|gBj6sBU*chXys��/amch`�U*u,XyixchamW�U*cRX
��UeldgbXYUTi.ldQTuBS0UTi�U(jbOhQK^fXyihi�sKQ�Xei�ubQTc.amu<cRXpO_U�^fc.�/adch`´U*uBQTch`BXpO�jbORQK^fXeiRif§ �®`bXpu�U
jBOhQK^fXeiRi�amu<cRXpO_U�^fchamQTu�QK^p^fgbOVifq<cR`bX�jbOhQK^fXyihi|a�i@i4gkixjkXpuksKXes(gbu<cRadlkch`BX�Xei4chamW�U*cRXes�chamW(X
Ueuks«cR`bX!chamW(X|Qe¡Mch`bX\^fQTW(W�gbuba}^fUechamQTu�X�TUeldgkUechXes�r<{,cR`bX.ixamW«gBl�U*cRQTOP`¥Uy��X�Xpl}U*jki4Xes6§
ªPzKXe^fgbcRadQTu"s<Oham��Xpu�ixamW«gbl}U*cRadQTuY`kUTi!i4Xp��XpOVU*lMUTsK�TUeu<cVU*S�Xei!Q*��XO/chO_U�^fX,sKOhad��Xu�i4ad£

W�gbl}U*chamQTu�§K�|`bX.W(Q ixc�adW(jkQTORc_Ueu<c/a}i|ch`bX.UerkixXuk^fX.Q*¡�sKa�ixcRQTORchadQ�u�adu�ch`bX�i4adW�gbl�UechadQ�u
ORXeixgBldc_i|�/`Ba�^_`bXp��XpO@ch`BX.U*OV^�`bamchXe^©chgbORX.U*uks�Uejbjblda}^pU*cRadQ�u�i4adW�gbl�UechXes�ixamuk^fX!cR`bX.i4adW�gb£
l}U*cRQTO@Xpuki4gbOhXeiPcR`kU*c�ch`bX�XpzKXe^fgbcRadQTu,Qe¡�cR`bX!Uejbjblma�^pUechadQ�u�^fQTuK¡¢QTOhW$i¦cRQ.ch`bX¤ixamW«gbl}U*cRXes
UeO_^_`badcRXe^fcRgbOhX�§KªPzKXe^fgbcRadQTu$s<Oham��Xpu(i4adW�gbl�UechamQTuYU*l�i4Q�Up��QTa�sBi�ch`BXuBXpXes«cRQ�ixchQ�OhX.l�UeOhS�X
U�sbs<ORXeihi/chOVUT^fX!²klmXeif§���adukUeldlm{�qbi4aduk^fX¤ch`bX�ixamW«gBl�U*cRQTOws<Oham��Xei�cR`bX.Xpz<Xy^fgbchamQTu�Ueuks¶cRO_Ue£
^©adubS�Q*¡kcR`bX/Uejbjblma�^pUechadQ�u�jbORQK^fXeiRixXei©q�U*uK{.W«gblmchamjbOhQK^fXyihixQ�OMix{BixcRXpW ^pUeu,r·XwixamW«gbl}U*cRXes
Q�u0U,i4adubS�ldX.jbOhQK^©Xeihi4QTO¤ix{BixchXW0§
�|`bX�jbORadW�UeOh{´s<O_Up�/rkU�^��´Q*¡¤ch`ba}i�chXe^_`buba} �gbX�a�i�cR`kU*c�adc�OhXe �gbamOhXei�U*u�X©¯�^famXpuKc

cRO_U�^fX,STXpuBXpO_UechQTO.cRQ¶jBOhQe�<a}s<X�UT^^fXpjbcVU*rblmX�ixadW�gbl}U*chamQTu�j·XOx¡¢QTORW�U*u¥^fX,i4aduk^fX,cR`bX�U*jB£
jBlda�^U*chamQTu�jbOhQK^©Xeihi4Xei|UeOhX�chO_U�^fXes�s<gbORadubS�XeUT^_`(i4adW�gbl�UechamQTu�§��|`bX.i4Xe^fQTu¥s�jbORQTrblmXpWµa�i
cR`kU*c�Ueu(XpzKXe^fgbcRadQTuts<Oham��Xpu�ixamW«gBl�U*cRQTOMa�iPW�gk^�`�W(QTORX/^fQ�W(jblmXpz.chQ.adW(jBldXpW�XpuKc6ch`¥U*u
U�cRO_U�^fX�s<ORad��Xpu´ixamW«gbl}U*cRQTO.s<gBX¶cRQ�cR`bX(ubXe^©XeihiRU*Oh{´ix{Kuk^_`bOhQ�ubad¸yU*chamQTu¬WYXe^�`¥U*uba}ixW�i
rkXpc4��XpXpu(cR`bX�ixadW�gbl}U*chQ�OpqKchO_U�^fX!S�XpubXpOVU*chQ�O!Ueuks�Uejbjblma�^pUechadQ�u�jbOhQK^fXyihixXyif§
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�|`Ba�i!i4Xe^fchamQTu�jbOhXyixXpuKc_i�cR`bX,jbORQTSTOVU*W(WYadubS�W(QKs<XplMgki4Xes�r<{�ch`bX,j¥U*O_UeldlmXpl@U*jBjblda}^pU*£
cRadQ�uki��/`bQ�i4X�UTsbs<ORXeihi4Xei�chOVUT^fXyi,U*OhX�i4adW�gbl�UechXes6§ �Ìu´ch`ba}ijbORQTSTOVU*W(WYadubS�W(QKs<Xploq�U
j¥U*O_UeldlmXpl�Uejbjblda}^pU*cRadQ�u¶a}i|W�UTsKX�gbj�Q*¡¦U,ixXpc/Qe¡@jbORQK^fXeihi4Xei/^fQ�W(W«gBuba�^pUecha°ubS.ch`BOhQTgBST`
i4`kU*ORXes�W(XpWYQTOh{ §��|`BX�U*jbjblma�^pUechamQTu®jbORQK^fXeihi4Xei(UeOhX�s<{KukU*WYa�^pUeldld{´^fORXeU*cRXes rK{ÀU*u
amubadcRa�Uel|QTO�jkUeOhXpuKc,jbOhQK^©Xeihi,�/`ba�^_`ÀU*l}ixQ�j·XOx¡¢QTORW�i�ch`BX¶amubadcRa�Ueldad¸yU*chamQTu¬j¥U*Ohc,Qe¡.ch`BX
Uejbjblma�^pUechadQ�u�§k�|`bX�ix{Kuk^_`bOhQ�ubad¸yU*chamQTu�ixcROhgk^©chgbORXei|gkixXys¶UeOhX.ldQK^_�Bi/U*uks�rkU*OROhadXO_if§
�|`bXtU*jbjBlda�^U*chamQTuki�U*ORX��/ORadchcRXpu�amu C=Ueuks¶g¥ixX,ch`BXj¥U*OhW$UT^pi/W�UT^©OhQ�i�¡¢ORQTW ch`BX

]�OhSTQ�ububX F!U*cRadQTu¥U*lB��U*rkQTOVU*chQ�Oh{ = �6gkix��C A���XpOhrkXpX�%@
	 A�¡¢QTOMW�U*ukUeSTamubS!i4`kU*ORXesWYXp£
WYQTOh{ q�ix{Kuk^_`bOhQ�ubad¸eUechamQTu�Ueuks«jbORQK^fXeihi/^©OhXeUechadQ�u�§ �8u«jkUeOhcRa�^fgbl}U*Oq<ch`Ba�iPjbOhQ�STOVU*W(W(amubS
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WYQKs<XplPa}i�gkixXys rK{0ch`bX��KN@��]�K¨ � ��c_Ueuks�¡¢Q�O_s¬NPUeO_UeldldXl@]�jbjblma�^pUechamQTuki&¡¢Q�O«��`¥U*OhXys
±�XW(QTOR{ 3 rkXpuk^_`bW�UeOh�´ixgbamchX = ��amubST` � ��02. ���<Z0A8§|�KN@��]�K¨ a�i,U�ixXpc,Qe¡�ih^©adXpuKcha°² ^
j¥U*O_UeldlmXplPUejbjblma�^pUechadQ�uki|¡¢QTO!gki4X�amu0ch`bXts<XeixamSTu"U*uks�Xp��UeldgkUechadQ�u0Q*¡wix`¥U*OhXys�W(XpW(Q�Oh{
W�gblmchadjBOhQK^fXeiRixamubS�ix{BixcRXpW�if§��|`bXei4X|W�U�^fOhQ iPU*ORX�Up�TUeadl}U*rblmX�¡¢QTO@��U*ORadQ�gkiPU*OV^�`BadchXy^fchgbORXei
Ueuks0ixamW«gBl�U*cRQTOVi/U*ldlmQe�/adubS�ch`bXtihUeW(X�U*jbjblma�^pUechamQTuki/chQ�Ohgbu0Q�u0s<a � XpOhXpuKc�jbl�Uecx¡¢QTORW�i
�/amch`bQ�gbc¤U*uK{(W(QKs<a°² ^pU*cRadQ�ukif§
]Àix`bQ�Ohc@s<Xyih^fORadjbcRadQTu�Q*¡kcR`bX�Up��U*adl}U*rblmX@W�UT^fORQ�i�a�i�STam��Xpu�amu�c_UerbldX¤Z|Ueuks,U!i4adW(jblmX

j¥U*O_UeldlmXpl�jBOhQTS�O_UeW�ch`¥U*c.s<XW(QTuki4chOVU*chXyi&cR`bX�gki4X,Q*¡@cR`bXei4X�^fQTuki4chORgk^fc_i/a�i�jbOhXei4XpuKchXes
amu(²kSTgbORX��<§
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cR`bOhQ�gbST`0cR`bX,jkUeO_U*lmldXplMUejbjblma�^pUechadQ�u�§ �®`bXpu�ixg¥^�`"U*u0QTjkXpOVU*cRadQTu0a}i&a}ihi4gbXes6qkadcVi�XpzKXp£
^©gbchamQTu(a}i�sKXpl�Up{�Xes,gbuKchadlkcR`bX.ixamW«gBl�U*cRQTOP`¥UTi/^fQ�ukixgbWYXes«Ueldlkch`BX!jbOhX�<amQTgki@Xp��XpuKc_i�amu
cR`bX!cRO_UT^©X!Q*¡McR`bX!jbORQK^fXeihi©§ �®`bXu(ch`bX\ixadW�gbl}U*chamQTu,`kU�i|OhXeU�^�`BXes�cR`bX.iRU*W(X�jkQTaduKc/U�i
cR`bX.XpzKXe^fgbcRadQTuHq<ch`BXjBOhQK^fXeiRi�^U*u�OhXei4gbW(X!amc_i|XpzKXe^fgBchadQ�u�§

�®amch`®ch`Ba�i,jbOhQ�STO_UeW(W(amubS�WYQKs<Xpl8qPcR`bXpORX0U*ORX0c4�|Q�cx{KjkXei«Qe¡�S�ldQ�rkU*lmld{��<a}ixamrbldX
Q�jkXpO_UechadQ�uki5/�UT^p^©Xeihi4XeicRQ�i4`kU*ORXes���U*ORa�UerbldXei�U*uks´ix{Kuk^�`BOhQTuBad¸eUechadQ�u�Q�jkXpO_UechadQ�ukif§ �8u
Q�gbO.adW(jBldXpW�XpuKc_U*cRa°QTu�qbcR`bX,QTublm{0STlmQTrkUeldld{��<a}ixamrbldX�QTjkXpO_UechamQTuki�^fQTuki4a�s<XOhXes0UeOhX,ch`BX
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��QTgbl}s!QTch`BXpOh�/a}ixX|rkX@ubXe^©XeihiRU*Oh{.cRQ/a�s<XpuKcha°¡¢{!UeldlKU�^p^fXeiRixXei6cRQ!i4`kU*ORXes��U*ORa�UerbldXei��/`ba}^�`
a}i/U���XOh{�chadWYX!^fQ�ukixgBW(adubS�c_U�ix� §
]!i.U�^fQTuki4Xe �gbXpuk^fX q�U*u�Uejbjblma�^pUechadQ�u¬^U*ububQ�c�gki4X(i4`kU*ORXes���U*ORa�UerbldXei!cRQ�adWYjbldXp£
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�|`BX�ORXeUTi4QTu�a�iPch`kUec@ch`bX¤ixamW«gbl}U*cRQTO�^pU*ubuBQTc|Xu<¡¢QTOV^fX/ch`bX¤^fQ�OhOhXy^fcPQTOVs<XpO@Q*¡ UT^p^©XeihiPchQ
i4`kU*ORXes���U*ORa�U*rBldXei�QTgbcVixa}s<X�^fOhamcha}^pU*lKi4Xe^fchamQTukiMixamuk^fX�ch`bX�jbOhQK^fXyihixXyiP^pU*u�U�^p^fXeiRi�i4`kU*ORXes
��UeOha�UerbldXyi&�/amch`bQ�gbc!i4chQ�jbjbaduBS(ch`bXadO/XpzKXe^fgbcRadQ�u�§b�|`ba}i&ORXeixcROha}^fchamQTu�a�i|amu0UT^^fQTOVsbU*uk^©X
�/amch`�U,�|XeUe�<lm{(^fQ�ukixa}ixcRXpu<c�i4`kU*ORXes(W(XpW(Q�Oh{�i4XpW�U*uKcha}^pi�=?F�amch¸prkXpOROhSFC �6Q��KZ5A8§
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�|`BX(�KN6]!±���XpOhubXl�a}i�W�UTsKXgBj0Q*¡/c4��Q(jkU*ORc_i0/�U«chOVUT^famubS(cRQ�QTl�U*uks0U�i4adW�gbl�UechadQ�u
lmadrbOVU*OR{�§P�|`bX�cRO_UT^©adubS0cRQ�QTl�STXpubXO_U*cRXei,ch`bX�U�sbs<ORXeihi,chOVUT^fXei�U*u¥s i4{<u¥^�`bORQTubam¸eU*cRadQ�u
X��Xpu<cVi|Q*¡wch`bX�jbOhQK^fXyihixXyi\Qe¡�ch`bX�jkU*OVU*ldlmXpl�U*jbjblma�^pUechamQTu0gbuksKXpO.ixamW«gBl�U*cRadQ�u�§b�|`bX�i4ad£
W�gbl}U*chamQTu�ldamrbO_UeOh{ÀU*lmldQe��i«cR`bX0i4adW�gbl�UechQTO,cRQ¬OhXchOhamXp��X�ch`bX�Xp��XpuKc_i�ORX53kXe^fcRadubS�ch`BX
U�^fcham�<amc4{,Q*¡�ch`bX!jBOhQK^fXeiRixXei/Ueuks(chQ�i4{<uk^_`bORQTubam¸pX�cR`bXpamO|XpzKXe^fgbcRadQ�u�UT^p^©QTO_sKadubS�chQ,ch`BX
Xz<Xe^©gbchamQTu�s<ORad��Xpu$ixadW�gbl}U*chamQTu(cRXe^_`buba� �gbX�§

�8u�cR`ba�i¤ixXe^fcRadQ�u�qb�|X.²kO_i4c.s<XeiR^fOhamr·X�ch`bX�jbOhQK^©Xeihi�X��Xpu<cVi/s<Xplmad��XpORXes«rK{¶cR`bX�cRO_Ue£
^©adubS�chQ�Q�l�cRQ(ch`BX,ixamW«gBl�U*cRQTO�Ueuks�ch`bX�i4adW�gbl�UechamQTu�ldamrbO_UeOh{�§ ��X�cR`bXpu�s<XpWYQTuki4chO_UechX
`BQ*� ch`BX�i4adW�gbl�UechamQTu�ldadrBO_U*OR{¬^U*u�rkX�gki4Xes¬chQ0adWYjbldXpW�XpuKc.U*u�XpzKXe^fgBchadQ�u�s<ORad��Xpu
i4adW�gbl�UechQ�Op§
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^U*chamQTu�U*u¥s¶UeOhX�s<Xplmad��XpORXes�chQ,cR`bX�ixamW«gbl}U*cRQTO�UTi|cR`bX.Xpz<Xy^fgbchamQTu(Qe¡PcR`bX.Uejbjblda}^pU*cRadQ�u
jBOhQK^fXpXysbif§k�|`bX.jbORQK^fXeiRi&Xp��Xu<cVi|U*ORX.lda�i4chXes(amu¶cVU*rblmX��<§

�bQTO�ch`bX¤W(XpW(Q�Oh{�UT^p^©Xeihi4Xeifq�¡¢QTgbO�cx{KjkXei�Qe¡MW(XpW(Q�Oh{�ixXSTW(XpuKc_i@UeOhX.^fQ�ukixa}s<XpORXes�/
cRXpzKc.ixXpS�W(XpuKc_i©qksbU*cVU�ixXSTW(XpuKc_i©qkixcVUT^_�0ixXSTW(XpuKc_i�U*u¥s Q�ubX(i4`kU*ORXes0W(XpW(Q�Oh{YixXpS�£
WYXpu<c§�]�u´UTsbsKOhXeiRi�a�i�Ueu�Q��HixXpc.¡¢OhQ�W�cR`bX(rkXpSTamububamubS0Q*¡�cR`bX(W(XpWYQTOh{�i4XpSTW(Xu<c§
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uBad¸eUechadQ�u�Q�jkXpO_UechadQ�ukifqMch`bX�a�sKXpu<cRadc4{�Q*¡�cR`bX(i4{<u¥^�`bORQTubam¸eU*cRadQ�u�Q�rb~4Xe^fc.a�i.s<Xplmad��XpORXes6§
�®`BXpu0U,jbOhQK^©Xeihi�^pU*lml�i/U(i4{<u¥^�`bORQTubam¸eU*cRadQ�u¶Q�jkXpO_UechadQ�u�qkadc�s<Xplmad��XpOVi�cR`bX,^fQ�OhORXeixjkQTuB£
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�|`Ba�i/ixXy^fchamQTu(jbORXeixXu<cVi|ch`bX.i4Xpc/Q*¡�jbORadW(amchad��Xi�ubXy^fXeihiRU*OR{(chQ,amW(jbldXW«XpuKc�U*u�Xz<Xe^©gb£
cRadQ�u�sKOhad��Xu�ixamW«gbl}U*cRQTOp§B�|`bXei4XjBOhadWYadcham�TXei@UeOhX.jbOhXyixXpuKchXes�adu�c_UerbldX��<§
�|`bX ) � 0�, 	 !(!2� jBOhadWYadcham��X.a�i.^pU*lmldXes�U*c�ch`bX�rkXpSTamububamubS�Qe¡�ch`bX�i4adW�gbl�UechamQTu0chQ

i4c_UeOhc/ch`BXj¥U*O_UeldlmXpl�Uejbjblda}^pU*cRadQ�u�§b�|`bX.jkUeOhXpuKc/jbORQK^fXeihi|cR`bXpu�ixcVU*ORc_i/chQ,XpzKXe^fgbcRX!Ueuks
jBOhQKs<gk^©Xei�Ueu X��Xpu<c\ixchORXeU*W"§��|`bX�i4adW�gbl�UechQTO¤OhXpcROhadX��Xei�ch`BX(jbOhQK^©Xeihi�Xp��Xu<cVi��/adcR`
cR`bX ) � 0�, ; � � #7��� � ��'(��# � jbORadW(amchad��X § �®`bXpu´U('*),+ � Xp��Xu<c�a�i.s<Xplmad��XpORXes(chQ�ch`BX
i4adW�gbl�UechQ�OpqTcR`bX!i4adW�gbl�UechQ�OP`kUTi@chQ�XpW«gBl�U*cRX|cR`bX!QTjkXpOVU*cRadQTuH§b�/XpW(XpW,rkXpOMch`kUec|�/`bXu
cR`ba�i|X��Xpu<c@a}i/^fQTuki4gbW(Xes�r<{(cR`bX�ixamW«gbl}U*cRQTOpq�cR`bX!XpzKXe^fgbcRadQ�u(Q*¡@cR`bX.jbOhQK^©Xeihi|a}i/ixgki4£
jkXpu¥s<Xes6§k�|`bX ) � 0�, . ! ��� jbORadW(amcham��X/OhXei4gbW(XeiPch`BXXz<Xe^©gbchamQTu(Qe¡PcR`bX.jbOhQK^fXyihi/a³¡Mch`BX
XW«gbl}U*cRXeslmQK^��,a}i�¡¢ORXpX�q�QTcR`bXpOR�/a�ixX�ch`BX�jbORQK^fXeiRi�`kU�i|chQ.�/Ueadc|gBu<cRadlkUeubQTcR`bXpO|jBOhQK^fXeiRi
ORXpldXyUTixXyi¦cR`bX!lmQK^�� § �®`bXpu$U*u.-/0'1)&+ � Xp��XpuKcPa}i¦a}ihi4gbXes6q�ch`BX.ixamW«gbl}U*cRQTOPXpW�gbl}U*chXyi
cR`bX,QTjkXpOVU*cRadQTu´�/adch`0cR`bX ) � 0�, � # .1!(��� jbOhamW(adcRad��X�§b�|`bX,²kOVixc.jbOhQK^©Xeihi!�/UeadcRadubS(¡¢QTO
cR`ba�i,ldQK^_��OhXei4gbW(Xei�amc_i,XpzKXe^fgbcRadQTu U*uks�Xu<cRXpO_i�cR`bX�^fOhamcha}^pU*lwixXe^fcRadQ�u�§32 �045456  4
X��Xpu<cVi�UeOhX�chORXeU*cRXes«i4adW(aml�UeOhld{ §p]�jbORQK^fXeihiPrblmQK^��KaduBSQ�u(U!rkUeOhORadXpO@i4gkixjkXpu¥sbi�amc_iPXpzKXp£
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�MU*rblmX��
/6�KN ]!± jBOhadWYadcham�TXei

^©gbchamQTu�Ueuks¶S�XpubXpOVU*chXyi|ch`bX.^©QTOhORXeixjkQ�uks<aduBS«Xp��Xu<c§ �®`BXpu(ch`BX�i4adW�gbl�UechQ�O¦²¥uksbi|ch`BX
2 �045456  4�Xp��XpuKcpq�adc�XpW�gbl�UechXei�cR`bX!Q�j·XO_U*cRadQ�u¶�/amch`�ch`BX ) � 0�, 	 0�& &� ��& jbORadW(amcham��XT§
�Î¡�ch`Ba�i�jbORQK^fXeiRi��/U�i\cR`bX,l�U�ixc!cRQ�rbldQK^_��QTu�ch`bX,rkUeOhORadXpOq·cR`bX,XpzKXe^fgbcRadQTu�Q*¡&U*ldlMch`BX
jBOhQK^fXeiRixXei|rBldQK^_��Xes«QTu�ch`bX¤rkU*OROhadXO/a�i|OhXyixgbW(Xys�Q�ch`bXpOR�/a�i4XcR`bX.^pUeldlmadubS�jbOhQK^fXyihi/OhXp£
W$U*adu¥i|rbldQK^_��Xes6§B�|`bX ) � 0�, ��# $ jBOhadWYadcham��X/a�i/gkixXys¶chQ$s<XpchXy^fc/ch`bX.cRXpOhW(amukU*cRadQ�u¶Qe¡
cR`bX�U*jbjBlda�^U*chamQTu�§

� (S # �'& (E* �-,�. �>�4H%� &� *+�
��Q�adldlmgkixcRO_UechXPcR`bX@gkixX�Q*¡Bch`bX�ixamW«gBl�U*cRadQ�u!ldamrbO_UeOh{�q©�|X@ubQe��S�ad��X�U/ixamW(jblmX�XpzBU*WYjbldXPQe¡
U�ixamW«gbl}U*cRQTO � ²kSTgbORX � 3 §b�|`ba}i|i4adW�gbl�UechQTO¦ixadWYjbld{�^fQ�ukixgbWYXei@U*ldlkcR`bX!Xp��XpuKc_i�^fQTW(amubS
¡¢ORQTW jbOhQK^fXyihixXyi!U*uks�^fQ�gbu<cVi�ch`BX�uKgbW«rkXpO/Qe¡�W(XpW(Q�Oh{�OhXf¡¢XpORXpuk^fXyif§k�|`ba}i�XpzBU*W(jblmX
^U*u¡¢Q�OhW cR`bX/^©QTOhX@Qe¡ U�W(Q�OhX@^fQ�W(jblmXpz�ixamW«gbl}U*cRQTO�adu.�/`ba}^�`.W(XW(QTOR{/l�U*cRXpuk^famXei6Ueuks
^©QTuKchXpuKchamQTuki�rkXpc4��XpXpu,jbORQK^fXeihi4QTOVi/^pU*u�rkX�W(QKsKXpldXes §T]&¡¢cRXpO@i4c_U*ORchamubS.ch`bX¤ixamW«gbl}U*cRXes
Uejbjblma�^pUechadQ�u�qkch`bX�i4adW�gbl�UechQTO�XpuKchXpOVi�U(lmQ�QTj�adu0�/`ba}^�`�adc!ORXpchORXpad��Xei|jBOhQK^fXeiRi!Xp��XpuKc_i
Ueuks�Xpu¥ixgbORXei�^fQ�OhORXe^fc�ix{Kuk^_`bOhQ�ubad¸eUechamQTu�Q*¡�ch`BX«XpzKXe^fgBchadQ�u�Qe¡/cR`bX(jbORQK^fXeihi4XeigBu<cRadl
cR`bX�U*jbjBlda�^U*chamQTu�XpuksBif§
��amuk^fX�ubQ�chamW(adubS�ubQTO�aduKchXO_UT^©chadQ�uÀU*OhX�W(QKs<XplmXes�amu cR`ba�i,XpzBU*W(jBldX�q�ch`BX0ix{Kub£

^_`bORQTubam¸eU*cRadQTu´jbOhamW(adcRad�TXyi�UeOhX�XpzKXe^fgbcRXes0UTi,i4Q�QTu®U�icR`bX�^fQ�OhOhXyixjkQTuksKadubS�Xp��XpuKc!a�i
ORXpchORadXp��Xys¶rK{�ch`BX�ixadW�gbl}U*chQ�Op§���`bQ�gbl�s�U�ix`kUeOhXes�rBgki!r·X�W(QKs<XldXes6qkch`BX,Xpz<Xy^fgbchamQTu
Qe¡�U�ix{Kuk^�`BOhQTuBad¸eUechadQ�u�jBOhadWYadch��X.��QTgbl}s rkX�s<Xl�Up{�Xes¶gBu<cRadlPcR`bX«rBgkia}i\S�O_Ueu<cRXes�chQ
cR`bX�^pU*lmldamubS�jbORQK^fXeiRixQTOq·cR`<g¥i&ORXeixgblmchamubS�amu�U,jkQ�iRixadrBld{�s<a � XpOhXpuKc/XpzKXe^fgbcRadQ�u(QTOVs<XpOp§
��amuk^fX!cR`bX.i4adW�gbl�UechQTO�`kUTi/^©QTW(jblmXpchX�^©QTuKchOhQ�l�Qe��XpO@ch`bX.XpzKXe^fgbcRadQ�u(Q*¡�ch`bX\U*jbjblmad£

^U*chamQTu,jbORQK^fXeiRixXei©q*cR`bX/adW(j¥UT^fc�Qe¡6W�gblmchadjBOhQTS�O_UeW(W«a°ubS�QTOPjBOhQK^fXeiRiPW(adS�O_U*cRadQ�u�^©QTgbl}s
cROham�<a}U*ldlm{,rkX,ixcRgks<amXes(r<{�iR^�`BXes<gblmadubS�Uejbjblda}^pU*cRadQ�u¶jBOhQK^fXeiRixXei/chQ�jbORQK^fXeihi4QTOVi&Q�u�ch`BX
i4adW�gbl�UechXes�U*OV^�`BadchXy^fchgbORX�§
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