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TO �k��U¢ C�MOM7T�EUEt?\£a{ º Y3C>vFX)SUG0TO�UT7«ak��UT�©+EHSUT�Cg�iM7¢lMV�;T�E²« �Uk%  SUG0T
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SUG0T��0�Vk¦ª%I�EµI;k�v'k>«#k�vJ�;¢.X"jFCmv0AlE�k>«¬��k>u#§ajJI;S�I;v9SVTO�H�;T�C�ª%T�X' �TO 
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��Cz&JI�SH¢C>S¤�UTsy\T�M7S¡I�k%v«ak��#S7C�EHA0E#u+I;SUG��Fk9E\I�S¡I�ª%T3��Cz&JI;SH¢�Pa3>I; ¥DJ�_CmSHI;k�v·�UT�EHDJ�;S�EiEHG0k>u SUGFCmS�{1{ Cg�;Q�k��HI;SUG0 ,E#T'&0GJI;jJI�S
SUG0T¥jFT�E¡S3�FTO�¡« k��V @C>vFM7T¥«ak��iS�C�E¡A�UTsyHT�M7SHI;k�v·«ak��3C,Q>I;ª�TOv'T'&FC> ��J�;T,k>«*S7C�EHA�M7k% ��0D0S�C>SHI;k�v C>vFXt�_C=&9I;SH¢�P n k��iSUG0T
k�SUG0TO��M7�HI;SUTO�HI�C0©0SUG0T]n ¸ n63@Cg�;Q�k%�HI;SUG0 ��UT�EHDJ�;S�E I;vSUG0T���C>�VQ�T�EHS#vJD0 ¥jFTO��k>«Í�VTsy\T�M7SUT�XtS�C�EHA0E¬u+I;SUG�Lk9EµI;SHI;ª�T��_C=&9I;SH¢�©
u#GJI�;TSUG0T� �n Cg�;Q�k%�HI;SUG0  �UT�EHDJ�;S�E²I;vÚSUG0T"Q%�UT�C>SUT�EHS���Cz&JI;S\¢ÚCmS¨�VTsy\T�M7SHI;k�vWP ¸ ^6\�D0SHI�I;¯�C>SHI;k�v C>�0�LT�C>��E¥SUk jFT
EµI; ¥I��C>�¤« k��¤SUG0T� �n+©;O¬£i£¥© ¹ {�C>vFX {1{�Cg�;Q�k��HI;SUG0 @E¤C>vFX
« k%�#SUG0T]n ¸ n63²CmvFX13vkNn Cg�;Q�k%�HI;SUG0 @EOP
´Bv Q|-$3vR�cOj,TB©K-¤k�DW© 3�GJI�vW©�TOS�P�Cg�BP��0�Uk%�Fk9EHT,C,�;k9C�X'E¡GFC>�HI;v0Q�Cg�;Q�k%�HI;SUG0  «ak��i�UT�Cg�;§aSHI; �T"C>�0�J�I�MOC>SHI;k�vFE�u#GJI�MVG

S�C>A%T�E I�vJSUk�C�MOM7k�D0vJS�SVG0T#T7±WT�M7S�k>«Z«aD0SUD0�UT�S�C�EHA¥C>�U�HI;ª¦C¦�_E¬k�v²��k0MOC>SHI;v0Q�SVG0T#jFT�EHS+�UT�M7T7I;ª�TO�¬«ak���T�C%MUG�D0v0§aQ%DFC>��C>vJSUTOT�X
S�C�E¡A"I;vÚC"G0TOSUTO�Vk�Q�TOv0TOk�DFE¥X%I�EHSU�HI;j0D0SUT�X TOvJª%I��Vk�v0 �TOvJS�P�+GJI�E¥u+k��UAtI�E3T'&0SUTOvFXJT�X I;v Q|-a3vR%½YTB©�u#GJI�MUG C�X0XJ�UT�EVEHT�E
SUG0Ti�0�Uk%jJ��TO  k>«ÍC¦�³�;k0MOC>SHI;v0Q·?\C�EVEµI;Q�vJI;v0Q@C>vFXEVMUG0T�XJDJ�I;v0Q0Y#�FTO�¡I�k0X%I�M�S�C�EHA� 
klXJDJ�;T�E�SUk¥�0�Uk0M7T�EUEµI;v0Q,v0klXJT�E�?D^wj�E7Y
I;v�X%I�EHSV�HI;j0D0SUT�X �UT�Cg�;§aSHI; �T"EH¢0EHSUTO @E�EHD0j�yHT�M7S3SUk�S�C�EHA·�0�UT�M7T�XJTOvFM7TC>vFX®SHI; ¥I;v0Q®M7k%vFEHSU��CgI;vJS�EOP"�+G0TO¢'�0�Vk��Fk9E¡T@C
 �k0XJDJ�;T²C¦�³�;k0MOC>SHI;k�v'Cg�;Q�k��¡I�SVG0 .?D{ º�º Y+SUk�+FvFX·C>v 0Òk��0SHI; @C¦�G2ZCg��;klMOCmSHI;k�v·SUGFC>S� @Cz&JI� ²I�¯OT�E�SVG0T3�0�Uk�jFCmjJI³�I;SH¢·k>«
 �TOTOSHI;v0QiS�C%EHA3XJT�C�X%�I;v0T�EcDFEµI;v0Q3SVG0T�j0��C>vFMVG0§BC>vFXJ§ajLk�D0vFX�SVT�MUG0vJI�)%D0T�P��+G0T+S�C�EHAiEH¢0EHSUTO  u+I;SUGJI;v�C��J��C>v0vJI;v0Q¨M7¢0MV�;T
I�E�+F��E¡Sc �klXJT7�;T�X,u+I;SUG,C�S�C�EHA$UFk¦u Q���C>�0G,?\� ¹ YWu#GJI�MVG@XJT�EUM7�HI;jFT�E¤M7k� ��0D0S�C>S¡I�k%v@C>vFX�M7k� 
 ¨D0vJI�MOC>S¡I�k%v� �k0XJDJ��T�E
C�E¬u+T7��ÍC�E¬SUG0Ti�0�UT�M7T�XJTOvFM7T¥M7k�vFEHSU��C¦I�vJS�E#Cm �k�v0Q¥SUG0TO Pc� k¥I;vFM7k��U�Fk%��C>SUTijLk�SUG"SHI; ¥I;v0Q@C>vFX
�;k�QmI_MOC¦�ÍM7k��U�UT�M7SVv0T�EUE
I;v9SVk3 �k0XJDJ�;T|Cg��;k0MOC>SHI;k�vW©0SUG0T¤�0�Uk�jFC>jJI�I;S\¢
k>«W �TOTOSHI;v0Q¥S�C�EHA�XJT�C�X%�I;v0T�E¬I�E¬DFEHT�X�C�E�SUG0TNk%j�y\T�M7S¡I�ª%T+« D0vFM7S¡I�k%vWP��+G0T
{ ºNº I�E�SVG0TOvyC>�0�J�I;T�X,SUk�+FvFX,C>v�k��0S¡I� ,Cg�rCg��;klMOC>S¡I�k%v"k>«rS�C%EHA¥ �klXJDJ�;T�E�I;vyC�X%I�EHSU�HI;j0D0SUT�X,EH¢0EHSUTO Pc�+G0T#S¡I� ²I�v0Q
C�EH�LT�M7S�E�TO ¥jFT�X0XJT�X²I;v�SUG0T#k�j~y\T�M7SHI;ª�T¬«aD0vFM7SHI;k�v@XJ�HI;ª�T¤SUG0T%{ º�º v0k�Sck�vJ�;¢¥SUkiC�EUEµI;Q�v�S7C�EHAi �k0XJDJ�;T�E�SVk]^wj�EO©>j0D0S
Cg��EHk�SUk3DFEHTiCi 
klXJDJ�;TiEUMUG0T�XJDJ�I;v0Q"Cg�;Q�k��HI;SUG0  ?D{ 3 º Y¬?Bu+I;SUG��Lk>�;¢9v0k� ²I_C¦��S¡I� 
T|M7k� 
�J��T'&JI;SH¢FY�«ak��*EUMVG0T�XJDJ�I;v0Q@Cg��
 �k0XJDJ�;T�ENC�EVEµI;Q�v0T�X"SUk¥T�C�MVG�^wj EHk�SVGFC>SNCg��~S�C%EHAlE¬ @Cg¢�jLT¨M7k� 
�J��TOSVT�X,I;vSHI; �T�P`3�TOª�TO��Cg�~vJD0 �TO�HI�MOCg��T'& C> 
�J��T�E
C>�UT��0�UT�EHTOvJSUT�XtSUk@XJTO �k�vFE¡SU��C>SUT�SUG0TiT7±WT�M7SHI;ª�TOv0T�EUE�C>vFXt�0��C�M7SHI�MOCg�I;SH¢"k>«~SUG0T��0�Uk��FkJEHT�X"Cg�;Q�k��HI;SUG0 ,EOP

Real-Time Scheduling

Uniprocessor Multiprocessor/Distributed

Static
{Rate Monotonic}
[LL73], 
[SLR86],...

Priority
Inversion
[MT92],
[RSL88]...

Dynamic

EDF/MLF
[ZRS87b],
[DM89],...

Resource
Sharing
     [Jef92],..

MUF
[SK91]

Cycle Stealing/
Overloads
[RSL87], 
[BKM+92],
[KSH93],...

Scheduling
Aperiodics

[SLS88],
[SSL89]...

Imprecise
Computations
[LLN87],
[DB88], [SL92]...

Graph
Theoretic
[ZRS87b]

Approximate
[ZSA91]

Enumerative
[BS91b]

Heuristic
[RSZ89]

Queueing
Theoretic
[GK68],
[KSC86]

Probabilistic
[HS91b],
[HS92]

(suboptimal
if dynamic
    [MD78])

n I;Q�D0�VT cNo º EµI; ��J�;T3S7Cz&lk%v0k� ¥¢�k>«�EHk� �Tik>«�SUG0T¨EUMVG0T�XJDJ�I;v0QCg�;Q�k��HI;SUG0 @E¤X%I_EVM7DFEUEHT�X�G0TO�UT�P

n I;Q�D0�UTmc"�0�UT�EHTOvJS�E�C'MV��C�EVEµI/+rMOC>SHI;k�v k>«iSUG0TEHk� �T�k>«NSUG0T·EUMVG0T�XJDJ�³I;v0Q �I;SUTO��C>SVD0�UT�0�UT�E¡TOv9SUT�X�I;vÚSUGJI�E,EHD0�U§
ª�TO¢�P139MVG0T�XJDJ�I;v0Q¶C>�0�0�Uk9C%MUG0T�E¥MOC>v'jLT"�Uk�D0Q�GJ�;¢¶X%I;ª%I�XJT�X I�vJSUk·D0vJI;�0�Uk0M7T�EUEHk���C>vFX  ¥DJ��S¡I��0�VklM7T�EUE¡k���EUMUG0T�XJDJ�I;v0Q
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Cg�;Q�k��¡I�SVG0 @EO©Ju+I;SUG" ¥DJ�;SHI;�0�UklM7T�EVEHk��iC>�0�0�Uk9C�MVG0T�E¬k>«aSUTOv"jFT7I;v0Q,DFEHT�X,I;vX%I�EHSU�HI;j0D0SUT�X��UT�C¦��§aS¡I� 
T3EUMUG0T�XJDJ�I;v0Q·?\Cg«aSUTO�
�0�Uk��LTO�*M7k�vFE\I_XJTO�7C>SHI;k�v,k>«~M7k� � ¥D0vJI�MOC>SHI;k�v@EUMVG0T�XJDJ�I;v0Q0Y�P+�+G0T|°¤C>SUTO§W{�k�v0k�SUk%vJI_M¤C>�0�0�Uk9C�MVG¥u#C�EcSUG0T¤k�vJ�;¢²E¡S�C>SHI�M
D0vJI;�0�Uk0M7T�EUEHk���Cg�;Q�k%�HI;SUG0  u+T+X%I_EVM7DFEUEHT�XZP º  �k�v0Q�SUG0T*XJ¢JvFC> ¥I�M+C>�0�0�UkJC�MUG0T�Es©>u*T¬ �TOvJSHI;k�v0T�X�O�C>�H�I;T�EHSU§B£�T�C%X%�³I;v0TO§
n I;��EHS�©�CmvFXiI;S�E�ª¦C>�¡I_Cmv9S�ELoK{tI;vJI� ¥D0  WCz&JI�SH¢�n I;��EHS�C>vFX�{·Cz&JI; ¨D0 �\¤�UQ�TOvFM7¢�n I;��EHSgP�5'TNC¦�_E¡k3X%I_EVM7DFEUEHT�X
u*k%�UAik�v
I; ��0�UT�MVI�EHT3M7k� 
�0D0S�C>SHI;k�v�q º vJ¢9SHI; �TiCg�;Q�k��¡I�SVG0 @E�I�v"SVG0TND0vJI;�0�Uk0M7T�EUEHk���XJk� @CgI;vWPc´µv" ¨DJ�;SHI;�0�Uk0M7T�EUEHk%�NEUMVG0T�XJDJ�³I;v0QF©
u+T# �TOvJSHI;k�v0T�X"EHk� 
T|C>�0�0�Vk9C�MVG0T�E�SVk¨XJT�Cg�Wu+I;SUG,k>ª�TO�H�;k9C�X0E¤?\EHk% �T#k>«~SVG0T�EHT|Cm�0�0�Uk9C�MVG0T�E+C>�UTiCg��EHk�C>�0�J�I_MOCmjJ��T�I;v
D0vJI;�0�Uk0M7T�EUEHk��NE¡¢lEHSVTO @E7Y�©0C>vFX,SUG0TOvX%I�EUM7DFEVEHT�X·EHk� �TiEHSU��CmSUTOQ>I;T�E+k>«ÍX%I�EHSV�HI;j0D0SUT�X��UT�Cg�;§aSHI; �T3EUMVG0T�XJDJ�I�v0QL©WC>vFX,SUG0T
EHSU�VDFM7SUD0�UT�k>«NX%I�EHSU�¡I�j0D0SVT�X¶EUMVG0T�XJDJ�;TO��EOP·£�¢9vFCm ¥I�M� ¥DJ�;SHI;�0�Uk0M7T�EUEHk����UT�Cg�;§aSHI; �TEUMVG0T�XJDJ�;TO��E¥C>�UT�jJ¢·vFC>SUD0�UT"EHD0j0§
k��0SHI; @C¦� P¬�+G0T3Cg�;Q�k��HI;SUG0 ,E#MVI;SUT�X,G0TO�UT3 ,C�¢
jFTi�Uk�D0Q%GJ��¢"MV��C�EUEµI/+FT�XtI;v9SVk�Q���C>�0G0§aSVG0TOk��UTOSHI�M>©;)%D0TOD0T7I;v0Q�§aSUG0TOk��UTOS¡I_M>©
TOvJD0 �TO��C>SHI;ª�T�©cC>�0�0�Vk*&JI; @C>SUT�© �0�Uk�jFC>jJI�I�EHSHI�MCmvFX·G0TOD0�HI�EHSHI�M"C>�0�0�UkJC�MUG0T�EsP 5 T@�0�Uk>ª%I�XJT@T'&FC> ��J�;T�E�k>«#T�C�MVG¶C>�0§
�0�Uk9C%MUG
I;v +FQ�D0�UT c�P
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� >P��8�F E�� H�>KJ�C�A�F JSM ¸ D0�U�UTOvJS~C>vFX|« D0SUD0�VTcu*k%�UA#I;v��UT�Cg�;§aSHI; �T*EVMUG0T�XJDJ�I;v0Q3 ¥DFEHS~C%X0XJ�UT�EUEZSUG0T¬GJI;Q�GJ�;¢¨XJ¢JvFC> ¥I�M>©
M7k� ��J�;T'&'TOvJª�I;�Uk�v0 
TOv9S�E�k>« M7D0�V�UTOv9S¥C>vFX�«aD0SUD0�UT���C>�UQ�TO§BEVMOCg�;T@�UT�C¦��§aS¡I� 
T@EH¢0EHSUTO @EO©�EHDFMVG¶C�E�vFC>SHI;k�vFC¦��v0TOS\u+k��VAlE
MOC>�U�V¢�I;v0QiSHI; �TO§BM7k�vFE¡SU��CgI;v0T�X�M7k� 
 ¨D0vJI�MOC>S¡I�k%vFE+?BT�PRQLP;©� ¥DJ�;SHI;§a �T�X%I�C¥C>�0�J�I�MOC>SHI;k�vFE��I�A%T#�UT�Cg�;§aSHI; �T#ª%I�XJTOk¨M7k� 
�0�UT�EH§
EµI;k�v"C>vFX
SU��C>vFEH ²I_EVEµI;k�v�Qe5¶Cg��R�c>© ¹ C¦�?R~c¦©0�#� ¸ {1R�½�TaY7©�k��+M7k>��_CmjFk���CmSHI;k�vEH¢0EHSUTO @E�Q ¹ �UT�¿�¿%©�u -¤´DR%»0©vn �i°#°9R�»YTB©Jk��
SUG0T�C>SVTO��jFC>SUS¡��T¤ @C>vFC>Q�TO 
TOv9S+EH¢lE¡SUTO @E�Q|{ 3vR�»%C�TB©%k��*X%I�EHSU�¡I�j0D0SVT�X,�UT�Cg�;§aSHI; �TiEµI; ¨DJ��C>S¡I�k%vFE�Q ¹ n63vR%»�CYTBPP{·C>vJ¢¨k%�FTOv
I�EUEHD0T�E²I;vÚSUG0T·C>�UT�C�k>«i�UT�Cg�;§aSHI; �T'EUMVG0T�XJDJ�³I;v0QÚC>�VTXJD0TSUk'SVG0Tv0k>ª�T7�NMUGFCm��C�M7SUTO�HI�EHS¡I_MOE,EHDFMVG «aD0SUD0�UT"�UT�C¦��§aS¡I� 
T
C>�0�J�I�MOC>SHI;k�vFEO©ÍI�vFMV�;DFX%I;v0Q SUG0T��0�UT�EHTOvFM7T,k>«i?	c>Y# ¥DJ�;SHI;�J�;T"S�C�EHA'C>vFX M7k� � ¥D0vJI�MOC>SHI;k�v Q���C>vJDJ��C>�HI;SHI;T�E¥C�EUEHk0MVI�C>SUT�X
u+I;SUGW©�?\½lY# ¨DJ�;SHI;�J�;T,S�C�EHAC>vFX M7k� � ¥D0vJI�MOC>SHI;k�v' �k0XJT7��EO©c?H»JY*ª>C>�U¢%I;v0QSHI; ¥I;v0Q�E¡TO @C>vJSHI�MOEiDFEHT�XtI;v�Cm�0�J�³I�MOC>S¡I�k%v
�0�Uk�Q%��C> @EO©�? X0Y�I;vFM7�UT�C%EHT�X EH¢0EHSUTO .M7k�v,+FQ�D0�7C>jJI�³I;SH¢�©�C>vFX�?DgJYNXJ¢JvFC> ¥I�M@E¡¢lEHSVTO .C�X0C>�0S�C>jJI�I;SH¢'SUkX%I±WTO�UTOv9S�k��0§
TO��C>S¡I�v0Q,TOvJª�I;�Uk�v0 
TOv9S�E�C>vFXtDFEHTO�N�VT*)�D0T�EHS7EOP º E�C
�UT�EHDJ�;S�©L�UT�EHT�C>��MVG0TO��E#Cm�UT3v0k>u �0�HI; @C>�HI�;¢�C�X0XJ�VT�EUEµI;v0Q@k%v0§Ñ�³I;v0T
EUMVG0T�XJDJ�I�v0QL©rEUMVG0T�XJDJ�I;v0Q,« k��+�FC>�7Cg���T7��C>vFX"X%I�EHSU�¡I�j0D0SVT�XEH¢0EHSUTO @Es©lCmvFX,SUG0T3EHTO @C>vJSHI�MOE+k>«cSHI; ¥I;v0Q@M7k�vFE¡SU��CgI;vJS�E+SUk
jFT,TOvJ«ak���M7T�X®I�vÚE¡DFMUG « D0SVD0�UTyE¡¢lEHSVTO @E
?BT�PRQFP;© GFC>��X XJT�C�X%�I;v0T�E@C>�VT@EµI; ��J�;¢¶v0T7I;SUG0TO�
v0TOT�XJT�X v0k���« T�C�E\I�jJ�;TC�E�C
«ak��U ¥DJ��C>SHI;k�v"k>«~S¡I� ²I�v0Q"M7k�vFEHSV��CgI;v9S7E¬I;v ¥DJ�;SHI;§a �T�X%I�C"C>�0�J�I_MOCmSHI;k�vFE�Q|u¬D0  R�»L©;{1u4R�»zTaY�P

� �IB�<�E���AmH �84�Ax� 9 <�EG� 2�M#°+T�EHT�C>��MVG0TO��E+C>�UT�Cg��EHk�C�X0XJ�UT�EUEµI;v0Q¥SUG0TiC�M7SUDFCg�Zk>ª�TO�UG0T�C�X0E�T'&l�LTO�HI;TOvFM7T�X"jJ¢¨k%v0§Ñ�³I;v0T
EUMVG0T�XJDJ�I�v0Q¥Cg�;Q�k��HI;SUG0 ,E�Q ��3 ¹ R�½J©,3	�IR�½zTB©�C>vFX�TOª�TOv¥�FTO�¡« k��V ¥I;v0QiSUG0T#C�M7SUDFCg�FEUMVG0T�XJDJ�³I;v0Q�I;v¥GFC>��XJu#C>�UTaQ|j�°�3 } R�»zTBP
�+GJI�E¤I�Ei�UT�E¡DJ��S¡I�v0QtI;v� 
k��UT�C>SUSUTOvJSHI;k�v�jFT7I;v0Q�FCgI�X·SVkEUMUG0T�XJDJ�I;v0Q�C¦��Q%k��HI;SUG0 .C>vFX'EVMUG0T�XJDJ�;TO�iI; ��J�;TO �TOvJS�C>S¡I�k%v
��C>SVG0TO�@SUGFCmv M7k�vFEµI�XJTO��CmSHI;k�vFE"k>«�Cg�;Q�k��HI;SUG0 �k��0SHI; @C¦�³I;SH¢ C>vFX M7k� ��J�;T'&JI�SH¢ ?BSUG0T���C>SUSUTO�,k�vJ�;¢ MOC>�0SUD0�UT�E,u+k���E¡S
MOC�EHTi�LTO�H«ak��U @C>vFM7T�©Lu#G0TO�UT�C%E#u+T3C>�UT�k>«aSUTOv"I;vJSUTO�UT�EHSUT�XyI;v®Cgª�TO�7C>Q�TiMOC�EHT3�LTO�H«ak��U @C>vFM7T�I;v®C%M7SUDFCg�ÍEH¢0EHSUTO ,E7Y�P¬´Bv
C�X0X%I;SHI;k�vW© v0TOu SUk��JI�MOE¤�I;A�T��UT7�I�C>jJI�I�SH¢¶M7k�D0�J�;T�X u+I;SUG·SHI; �T7�I�v0T�EVE¥ ¥DFEHSNjLT�T'&0�J��k%�UT�X�«ak�����C>�UQ�TO§BEUMOC¦��T,EH¢lE¡SUTO @EOP
�+G0TiSUk%�JI_M�k>«ÍEHkm« SNXJT�C%X%�³I;v0T�EO©WCmvFX"Cg�;SUTO�UvFC>SHI;ª�Tiv0k%SHI;k�vFE+«ak��#XJT�C�X%�I;v0T�E3Cg��EHk
v0TOT�X0E+«aD0�USUG0TO�+I;vJª�T�EHSHI;Q9CmSHI;k�vWP

H���4�A���9�<iA�:xzF ��<iA�F A��;C�8�C*E ���PM º v0k�SUG0TO�¤I� 
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EH�LT�MVI[+rMOCmSHI;k�v"«ak��NC¥M7k� ��FC%M7S#�UD0vJSHI; �T3EHD0�0�Fk%�US#TOvJª�I;�Uk�v0 
TOv9S+«ak�� º X0C¥S�C%EHA�I;v0QFP WC%M7TiI�E#C>v,I;vJSUTO�H«BC�M7T3EH�FT�MVI/+F§
MOC>SHI;k�vt« k%�|C
�;k>u �;TOª�T7�*C%X0C>�0S�C>jJ�;T�M7k� � �k%vT'&0T�M7D0SHI;ª�T�SUGFC>S¤I; ��J�;TO �TOvJS�E3C
 �k0XJT7�Ík>«+�UT�Cg�;§aSHI; �T�©L�I;Q�GJS\u+T7I;Q�GJS
S�C�E¡AlEOP ¸ k% ��JI��T�X º X0C¥S�C�E¡AlE+C>vFXt�0�Uk�Q���Cm @E¬�UT*)�D0T�E¡S ¸ k���E¡TOSNC>vFX WC�M7T¥EHTO�Uª%I�M7T�E#ª%I�C�v0k��V @Cg� º X0C²�0�UklM7T�XJD0�VT
MOCg���EOP
¸ k��7EHTOSNGJI�XJT�EiXJTOS�C¦I³��E�k>«�SUG0T¥�UD0vJSHI; �T¨EHD0�0�Lk��USiTOvJª�I;�Uk%v0 �TOv9S¥?H°�3vO+Y¬« �Vk�  SVG0T¨M7k� ��JI�;TO��P� C�M7T�©LI;v'SUD0�UvW©

GJI�XJT�E�SUG0T*XJTOS7CgI�_E�km«F�0�UklM7T�EVEHk��~Cg��;k0MOC>SHI;k�v¥«a�Uk�  SVG0T º X0CN°�3vO¤P¦� GJI_E��LTO�U ¥I;S�E S�CgI�;k��HI;v0QiSUG0T+X%I_E¡�FC>S�MVGJI�v0Q��Fk>�I�M7¢
SUk4+FS�SUG0T+C>�0�J�I_MOCmSHI;k�vWPc´Bv¥C�X0X%I;SHI;k�v¥SUk¤I�vJ«ak��U ,C>SHI;k�v3GJI�X%I;v0QF©�WC�M7T*C¦�_E¡k|EHD0�0�Lk��US�E  ¥DJ�;SHI;�0�Uk�Q���Cm � ¥I;v0QNkm«rEµI; ��J�;T
º X0Ci�0�Uk0M7T�XJD0�UT�Ecu I�SVG0k�D0ScI;vJª�k>�;ª�TO �TOvJS�k>«WSUG0T º X0C�°�3vO#©%SUG0TO�UTOjJ¢¨T7�I; ¥I;vFC>SHI;v0Q�D0v0v0T�M7T�EVEUC>�U¢¥I;v0T'(yMVI;TOvFM7¢"C>vFX
D0v0�0�UT�X%I�M7S�C>jJI�I;SH¢�P 3�DFMVG  ¥DJ�;SHI;�0�Uk�Q���Cm � �T�X �0�UklM7T�XJD0�VT�E�MOC>v jFT,T'&0T�M7D0SUT�XÚEµI; ¥DJ�;S�C>v0TOk�DFE\��¢ jJ¢'k�SUG0TO�¥S�C�E¡AlE
SUGFC>S
 @C>A�T�DFEHT·k>«|SVG0T«aDJ�� º X0C °�3vO¤P*�+G0TO�VT7« k��VT�©+I;S�I�E,T�C�E¡¢ SUk�M7k%vFEHSU�UDFM7S,G9¢Jj0�HI�X EH¢0EHSUTO @EOP�O�&lT�M7D0S¡I�k%v
SHI; ¥I;v0Q �UTO @C¦I�vFE
D0vFXJTO�M7k�vJSU�Uk>��k>«3SUG0T  C�M7T�X%I�EH�FC>S7MUG0TO��P WC%M7T®XJkJT�E
v0k�S@�0�Vk¦ª%I�XJT'X%I��VT�M7SH�;¢ «ak���I;vJSUTO�US�C%EHA
M7k� � ¥D0vJI�MOC>SHI;k�v k��� �TO 
k��U¢  @C>vFC>Q�TO 
TOv9S�P 3�DFMVG EHTO�Uª%I�M7T�E"C>�UT"�0�Uk>ª%I�XJT�XÚEHTO�FC>�7C>SUT7�;¢�©+�Fk9EVEµI;jJ��¢ DFEµI;v0Q SUG0T
WC�M7Tik%�FTO��C>S¡I�k%vFEOP��+G0T ¸ k���EHTOS¬I;vJSUTO�H«BC�M7T¨C>vFX,SVG0T�WC�M7TiI;vJSUTO�H«BC�M7T3C>�UT3XJT�EVM7�HI;jFT�XtI;v�XJTOS�CgI��I;vhQ|u4k�¿,Z�TBP
º X0X%I�S¡I�k%vFCg�~u+k��UA�k�vyX%I�EHSV�HI;j0D0SUT�X º X0C��UD0vJSHI; �TiEH¢0EHSUTO @EÍ« k0M7DFEUEHT�E¬k�v�k%v0§Ñ�³I;v0T¥EHD0�0�Fk��VS�«ak��¬�0�Uk�Q���Cm   �k�v0§

I;SUk��HI;v0Q'C>vFX �;k9C�X jFCg��C>vFMVI;v0Q C>S�-¤k�v0TO¢Ju*T7��WQ|{ 39¿�½ST*C>vFX ��C>v0Q%DFC>Q�TO§ajFC�EHT�X E¡D0�0�Fk��US�«ak��¥k�v0§Ñ�I;v0T�C�XzyHDFEHSU �TOvJS�E
SUk�S7C�EHAEUMVG0T�XJDJ�I�v0Q·C>Si�#°�5 Q|{ 3vR�»�CzTBP�u�k%SUG�EHDFMVGT7±Wk��VS�E#C>�UT�C>SVSUTO ��0SHI;v0Q,SUk@C�X0XJ�UT�EVE�SUG0Ti«aD0SUD0�UT�©ZXJ¢9vFCm ¥I�M
T'&0T�M7D0SHI;k�v�TOvJª�I;�Uk�v0 
TOv9S�E��0�UT�EHTOvJSUT�X
j9¢��_Cm�UQ�TO§BEUMOCg�;T��UT�Cg�;§aSHI; �TiC>�0�J�I�MOC>SHI;k�vFE��I�A%TNSUG0T�CmSUTO�cjFC>SUSH�;T# ,C>vFC>Q�TO �TOvJS�©
X%I�EHSU�HI;j0D0SUT�X�EµI; ¥DJ�_CmSHI;k�vW©Fk%�NX%I�EHSU�HI;j0D0SUT�XtI;v9SVTO��C�M7SHI;ª�Ti @Cmv9DJ«BC�M7SUD0�HI;v0Q@M7k%v9SU�Vk>�~EH¢lE¡SUTO @EOP
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u+C�EµI�M+C>SUSU�¡I�j0D0SVT�EWk>«F ,C>v9¢i�VT�Cg�;§aSHI; �T#k��LTO��C>SHI;v0QiEH¢lE¡SUTO @E k��ÍE¡¢lEHSVTO  A�TO�Vv0T7�_E¬C>�UT¤?	c>YFSUG0T+�0�Uk>ª%I�EµI;k�v¥k>«0« D0vFM7S¡I�k%v0§
Cg�I;SH¢,« k��¤I; ��J�;TO �TOvJS�C>SHI;k�v·k>«��UT�C¦��§aS¡I� 
T¨�VT*)�DJI;�UTO �TOvJS�E¤k>«*C>�0�J�I�MOC>SHI;k�v'�0�Vk�Q���C> ,E+u+I;SUG'?H½JY�k��LTO��C>SHI;v0QEH¢0EHSUTO 
M7k�vFEHSV�UDFM7S�E�SUGFC>S�Cm�UT#jFk%SUG�T'(yMVI;TOvJS CmvFX¥k>±WTO��M7k�vFEµI�EHSUTOvJS+k��c�0�UT�X%I�M7S�C>jJ�;Ti�LTO�H« k%�U @C>vFM7T�PP\¤vJ« k��VSUD0vFC>SUT7�;¢�©J @C>vJ¢
k��0SHI; ¥I;¯�C>S¡I�k%v@SUT�MVG0vJI�)�D0T�E¤SUGFC>S¬TOv0GFC>vFM7Ti�FTO�¡« k��V @C>vFM7T¤I�v"v0k%v0§a�UT�Cg�;§aSHI; �T3EH¢0EHSUTO @E��UT�XJDFM7TiSHI; ¥I;v0Q��0�UT�X%I�M7S�CmjJI³�;§
I;SH¢yC>vFXt ¥DFEHS#SUG0TO�UT7«ak��UT�©LjFT�T7I;SUG0TO�NT7�I; ¥I;vFC>SUT�X®k��#DFEHT�X·EH�FC>�¡I�v0Qm��¢,I;v·�UT�Cg�;§aSHI; �T�k��FTO�7C>SHI;v0QyE¡¢lEHSVTO @E]Q °+T�CNR�¼zTBP
O�&FC> ��J�;T�E I;vFMV��DFXJT"MOC�MVGJI;v0QC>vFX"ª%I;�USUDFCg�c �TO �k��V¢.Q|j�j$3vR�c'TB© ��C>¯O¢TOª>Cg�;DFC>SHI;k�v'C>vFXt��C>¯O¢�M7k��J¢%I�v0Q�Q º �#¿,Z�TB©ZC>vFX
n�´Dn _#§W)%D0TOD0T7I�v0QL©�I;vFEHSU�UDFM7SHI;k�v0§a�JI;�LT7�;I;vJI�v0QF©#C>vFX XJT7��C�¢0E¥C�EUEHk0MVI�C>SUT�X u+I;SUG ��k0MVAlE�Q �%jN°9R�¼>j�TBP 5 G0TOv EHDFMVG¶SUT�MVG0§
vJI�)�D0T�E�C>�UT�DFEHT�X,I;v��UT�Cg�;§aSHI; �T�EH¢0EHSUTO @EO©LEH¢lE¡SUTO ��0�UT�X%I�M7S�C>jJI�I;SH¢� ¥DFEHS¤jFT3T'&0�J�I�MVI�S¡��¢ �0�UT�EHTO�Uª�T�Xtj9¢"EHTO�FC>�7C>SHI;v0Q
SHI; �TO§BM7�HI;SHI�MOCg�¬« �Vk�  k�SUG0TO�¥C>�0�J�I_MOCmSHI;k�v�M7k0XJT�©W�LTO�UGFC>�FE�DFEµI;v0QSVG0T¥��C�¢%TO�HI;v0QSUT�MVG0vJI�)�D0T�E¥EHD0Q�Q%T�EHSUT�X�I;v Q/39°9R�¼YTBP
�+G0TijFC�E\I_M|I�XJT�C�k>«cSUGJI�E¤SUT�MUG0vJI�)%D0TiI�E¤SUGFC>SNC 0 GJI�Q%G0TO�+��C�¢%TO�*2FMOC>v"jLTiI; ��J�;TO �TOvJSUT�X�SUk�jFT��0�UT�X%I�M7S�C>jJ�;T�I«*Cg��WI;S�E
�;k>u*TO����C�¢%TO��E3C>�VT@�0�UT�X%I�M7S�CmjJ��T�Pm3��LT�MVI/+rMOCg���¢�©¤k�vFM7T,SUG0T@u+k��7EHS3MOC�EHT"M7k� ��0D0S�CmSHI;k�v'SHI; �T�E�k>«#�;k>u+TO�i��Cg¢�TO��E�C>�UT
AJv0k¦u¤vW©9u+k��7EHS#MOC�EHT3M7k� ��0D0S7C>SHI;k�v"SHI; �T�E�MOC>v"jFT¥M7k� ��0D0SUT�Xy« k%�*GJI;Q�G0TO�¤��Cg¢�TO��EO©FC%E+u+T7�³�BP
�+G0T��UTO @CgI;vFXJTO�ik>«�SUGJI�E�EHT�M7SHI;k�v·�0�UT�EHTOvJS�E+SVG0T²XJT�E\I�Q%vk>«*C²« TOu u+T7���§aAJv0k>u#v�VT�Cg�;§aSHI; �T¥A�TO�Uv0T7��EOP#´µS|E¡G0k�DJ��X

EHTO�Uª%TiSUk¥I���DFE¡SU��C>SUT¥SUG0T�SUT�MVG0vJI?)%D0T�E�DFEHT�XtSUk@C�MVGJI;TOª�T¥T'(yMVI;TOv9SiC>vFX"�0�VT�X%I_M7S7C>jJ�;T��UT�Cg�;§aSHI; �T�T'&lT�M7D0SHI;k�v�I;v�E¡k� �T
k>«~SVG0T3u+T7���§aAJv0k>u#v�VT�Cg�;§aSHI; �T¨EH¢0EHSUTO ,E�SVklX0Cg¢�P
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5 GJI��T¥°+´�3 ¸ C>��MVGJI�SVT�M7SUD0�UT�E¬I;vFM7�UT�C�E¡T3SUG0T�2��ge�fH2��%e#T'&0T�M7D0SHI;k�v"��C>SUT�E¤?BjJ¢
I�vFE¡SU�UDFM7SHI;k�v"�JI;�FT7�I;v0I;v0QF© u+I;SUG"�0�Uk0M7T�EH§
EHk��3MOC%MUG0T�EO© j9¢·DFEµI;v0Q·EH�FT�MVI�Cg�#k�v0§ajLk9C>��X UFk9C>S¡I�v0Q%§a�Fk>I;vJS²M7k%§a�0�UklM7T�EVEHk���EO© DFEµI;v0Q"��C>SUTOvFM7¢J§aGJI�X%I;v0Q'SUT�MVG0vJI?)%D0T�E�I;v
 �TO �k%�U¢3k��LTO��C>SHI;k�vFE¬k�����C>�VQ�T|E¡TOS�Eck>«W�UTOQmI_E¡SUTO��EO©%TOS�M>PiQ ¸ Cmv;R�c�TaY7©�SUG0TO¢�Cg��EHk�I;v9SV�UklXJDFM7T�D0vFM7TO�US�C¦I�vJSHI;T�E�I;v@�0�Uk%Q���C> 
I;vFEHSU�UDFM7S¡I�k%v@T'&0T�M7D0SHI;k�v"SHI; �T�EOP�´BvFM7k��U�VT�M7S*j0�7C>vFMUG0§a�0�VT�X%I_M7S¡I�k%v @Cg¢¥�UT�EHDJ�;S+I;v�UFDFEHGJI;v0Q�k>«~�JI;�FT7�I;v0T�E�?\°+´r3 ¸ �0�Uk�§
M7T�EUEHk%��EZk>«aSUTOv3GFCgª�T+EHTOª�TO��C¦�9�JI;�FT7�I;v0T�EO©JT�C�MUG�u+I;SUG�EHTOª�TO��C¦�lEHS�C>Q%T�E7Y�PW�+GJI�E �;T�C�X0E SUk|XJT7��Cg¢0E~XJD0T+SUk#SVG0TcI;vFEHSU�UDFM7S¡I�k%v
MOC�MVG0TNjLT7I;v0Q��UT'+0��;T�XZP%n0D0�USUG0TO�V �k��UT�©%�UTOQ>I�EHSUTO�U§BM7k%v,U0I_M7S7E+ @Cg¢�k0MOM7D0��I«�I�XJTOv9SHI�MOCg���UT�EHk�D0��M7T�E+C>�VTN�UT*)%DJI;�UT�X,jJ¢¥I;v0§
EHSU�VDFM7SHI;k�vFE�MV�;k9EHT·SUk�Q%TOSUG0TO�¥I;v C �JI;�FT7�I;v0T QÒ� G0kvR�¼J© ¸ C>v;R~c�TBP 3>I� ²I³��C>�¡��¢�©�u#GJI�;T·�UTOQ>I�EHSUTO�,u+I;vFXJk>uNE,EH�FTOT�X D0�
EHD0j0�Uk%D0SHI;v0TiI;v9ª%klMOC>S¡I�k%vW©rEUCgª%I;v0QyCg��ck>«cSUG0T3u+I;vFXJk>uNE�C>SNC�M7k%v9SUT'&0SNEHu I�S7MUG·MOC>vjLT�)%DJI�SVT¨S¡I� 
TO§BM7k�vFEHD0 ¥I;v0QFP¤´Bv
C�X0X%I;SHI;k�vW© �;k>u#§Ñ�;TOª�T7� XJTOS�C¦I³��E��I;A�T¥I;vFEHSU�UDFM7S¡I�k%v¶T'&0T�M7D0SHI;k�v SHI; �T�E¥?\CmvFX·G0TOvFM7T�©�SUG0T¥u*k%��EHSU§BMOC�E¡T¨T'&0T�M7D0SHI;k�v SHI; �T
k>«3C¶M7k0XJT�E¡TOQ� �TOvJSOY¨MVGFC>v0Q�Tu I�SVGÚT�C�MVG I; ��J�;TO �TOvJS�C>SHI;k�v k>«¨CmvÚC>��MVGJI�SVT�M7SUD0�UT�P�3�k� �T�k>«3SUG0T�EHTtI�EUEHD0T�E,C>�UT
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k��0SHI; ¥I�EHS¡I_M��FC>��C�X%I;Q�  60G0k>u*TOª%TO��©JSUG0TO¢@GFCgª�TiQ%TOv0TO��Cg��;¢"jFTOTOv"I;v�v0k�v0§a�UT�Cg�;§aSHI; �T�XJk� @C¦I�vFEsP
�+G0TiT�EUE¡TOv9SHI�Cg���0�Uk�jJ�;TO �u+I;SUG"k��0S¡I� ²I_E¡SHI�M�fHe�2���H`a8 �¥e�EµI; ¨DJ��C>S¡I�k%v"I�E+SUGFC>S+SUG0T3E\I� ¥DJ��C>SUk%�# @Cg¢�GFCgª�T�SUk 0ÒA�TOTO�

D0��2%?aI;v�SUTO�U @E k>«F�UT�C¦��§aS¡I� 
T>YWu+I;SUG�C>v¥T'&lSUTO�VvFCg� XJTOª%I�M7T#k��cGJD0 @C>v��FTO��EHk%v@?HC�EZI;v�GFCm��XJu#C>�UTO§ÑI;v0§aSUG0TO§Ñ�;k9k%��k��� @C>v0§
I;v0§aSUG0TO§Ñ�;k9k%�®E\I� ¥DJ��C>SHI;k�vFE Y�P*� GJI_E�MOC>v�jFT3SVG0T3MOC�EHT3u¤GJI³�;T¥TOª¦C¦��DFCmSHI;v0Q@SUG0T��FTO�H«ak��U ,C>vFM7Tik>«�C¥�UT�Cg�;§aSHI; �T�EH¢0EHSUTO 
SUkJk;o�M7TO�US7CgI;v®M7k% ��Fk�v0TOvJS�E¤ ¥I;Q�GJSNjLT 0 �UT�Cg�W2;©0u#GJI�;T�SUG0T��FTO�H«ak��U ,C>vFM7T3k>«cSUG0T¥k�SUG0TO�$0RI;vFM7k� ��J�;TOSUTN2WM7k� ��Lk�v0TOvJS�E
 ¥I;Q�GJSiGFCgª�T3SUk"jLT@EµI; ¥DJ��C>SUT�X��FC>�USH�;¢·k��¤« DJ��;¢�©cC>vFX�SUG0T¥�FTO�H«ak��U ,C>vFM7T�k>«�SUG0T,EH¢lE¡SUTO  TOª>Cg�;DFC>SUT�X'C%EiC,u#G0k>�;T�P
°+T�M7TOvJSH�;¢�©F�VT�EHT�C>��MVG0TO��EaQ ¹ n63vR�»�C%© ¹ n63vR�»mjr© ¹ ^wn63vR�»zTZGFCgª�T3XJTO�HI;ª�T�XtSUG0T3M7k�vFX%I;SHI;k�vFE¤D0vFXJTO�Nu#GJI�MVGk��0S¡I� ²I_E¡SHI�M
�UT�Cg�;§aSHI; �T¥EµI; ¥DJ�_CmSHI;k�v"I�E¤�Fk9EUE\I�jJ�;T�©ZC>vFX"GFCgª�T��UTO�Lk��USUT�XtSUG0Ti�0�UT7�I; ¥I;vFC>�U¢�LTO�H«ak��U @C>vFM7Tikm«�EHDFMVG�C¥EµI; ¥DJ��C>SUk��gP

����� ��� � 	! � +�"#��$ � � *�$ �F��/ � � 	� �(� � �� +�"#.0� ����/ +���.0/

{·C>vJ¢iI�EUEHD0T�E¬�UTO @C¦I�v,M7k�vFM7TO�UvJI;v0Q�SUG0T#TOª>Cg�;DFC>SHI;k�v,k>«W�UT�Cg�;§aSHI; �TiEH¢0EHSUTO @EO©gI;v,�FC>�US¬jFT�MOC>DFEHTiEHDFMVG@EH¢0EHSUTO @E���C>v0Q�T
I;v�M7k% ��J�;T'&9I;SH¢·«a�Uk�  E\I�v0Qm��TO§ ¸ ^w\ TO ¨jLT�X0XJT�X¶Cm��MUGJI;SUT�M7SVD0�UT�E�I�v EµI; ��J�;T"�Uk�jLk�S�E�k��3 @Cmv9DJ«BC�M7SUD0�HI;v0Q� @C�MVGJI�v0T�E
SUk,��C>�UQ%TO§BEUMOCg�;T@X%I�EHSU�HI;j0D0SUT�X EH¢0EHSUTO @EiE¡�FC>v0vJI;v0Q�TOvJSHI;�UT@MVI;SHI;T�E
?BT�PRQLP;©FSV��Cz(yM¥M7k�vJSU�Uk>�B© ª�I�XJTOkk%v¶XJTO @C>vFXZ© TOS�M>PY�©
 @C>vJDJ«BC�M7SUD0�HI;v0Q��J�_Cmv9S�Es©�k���TOª�TOv¥TOv9S¡I��VT M7k%D0v9SU�¡I�T�E¬?µT�PRQFP;©>CgI;�cSU��Cz("M�M7k�vJSU�Uk>�B©�EUCmSUT7��³I;SUT�X0C>S�C�C�M�)�DJI�EµI;SHI;k�v,C>vFX¥X%I_E¡§
SU�HI;j0D0SHI;k�vW©JTOS�M>P�Y�P~�+G0TO�VT7« k��VT�©�u+TNM7k�vFMV�;DFXJTiSUGJI�E+EHT�M7SHI;k�v�jJ¢¥�I�EHSHI;v0Q�EHk� �T¤k>«WSUG0TNC>SUSV�HI;j0D0SUT�Eck>«Wv0T'&0S�Q�TOv0TO�7C>SHI;k�v
�UT�Cg�;§aSHI; �T¥EH¢0EHSUTO @E¬SUGFC>S�EHG0k�DJ��X"jLT¨C�X0XJ�UT�EVEHT�X"jJ¢�«aD0SUD0�UTi�VT�Cg�;§aSHI; �T3jLTOvFMUG0 @Cm�UAlEsPwu¬TOvFMUG0 @Cm�UAlE�EHG0k�DJ��X�o

p MOC>�0SVD0�UT3k>«c�UT�Cg�;§aSHI; �T�ªlEsP�jFC�E\I_M��LTO�H« k%�U @C>vFM7Ti�0�Uk%�FTO�USHI;T�E�k>«���C>�UQ�TO§BEVMOCg�;T¨X%I�EHSU�HI;j0D0SUT�X�k��¤�FC>��Cg��;T7�*C>�0�J�I;§
MOC>S¡I�k%vFEO©FEHDFMVG�C�E+EH¢0EHSUTO  �0�UT�X%I�M7S�C>jJI�I�SH¢'C>vFX,SHI; �T7�I;v0T�EUEO©

p TOª>Cg�;DFC>SUT'SUG0T  �T�MUGFCmvJI_E¡ @E"k>±WTO�UT�X jJ¢ EH¢0EHSUTO ,E,SUk  @CgI;vJS�CgI;v GJI;Q�G �;TOª�T7��E�k>«¨�0�VT�X%I_M7S7C>jJI�³I;SH¢ C>vFX�q�k��
�LTO�H« k%�U @C>vFM7T
« k%�¨EH�LT�MVI[+rM�C>�0�J�I�MOC>SHI;k�v �0�Uk�Q%��C> @EO©cEHDFMVG C�Ei �T�MVGFC>vJI�EH @E�«ak���EH¢0EHSUTO . 
k�vJI;SUk��HI;v0Q'C>vFX
M7k�v,+FQ%D0��C>SHI;k�vW©�E¡D0�0�Fk��US�«ak��¥ ¥DJ��S¡I��J�;T"SHI; ¥I;v0Q¶E¡TO @C>vJSHI�MOEO©cS�C�E¡A®CmvFX¶M7k� 
 ¨D0vJI�MOC>S¡I�k%v  �klXJT7��EO©+EH¢0EHSUTO 
C�X0Cm�0S�C>jJI�I�SH¢�©ZC>vFX
«BC>DJ�;SNSUkm��TO�7C>vFM7T�©

p C�X0XJ�VT�EUE¥EH¢lE¡SUTO  EHD0�0�Fk��VS3«ak���XJT�Cg�I;v0Q'u+I;SUG T'&0SUTO�UvFCg�#XJTOª�I�M7T�EO©+EHDFMVGÚC�E�v0TOSHu*k%�UAlEs©WGJI;Q�G �FTO�¡« k��V @C>vFM7T
´rqN_ XJTOª%I�M7T�ENC>vFX�EHTOvFEHk��7EO©0C>vFX

p TOª>Cg�;DFC>SUT�C@E¡¢lEHSVTO �2ÒE#C>jJI�I;SH¢SUk,TOª�k>�;ª�T�©Lu#GJI�MUG� @Cg¢"jFT�SUT�EHSUT�XyI�v·�FC>�VSNjJ¢EH¢0EHSUTO  M7k�v,+FQ%D0��C>jJI�I�SH¢·v0k�S
k�vJ�;¢"SUk²I� 
�0�Uk>ª�Ti�FTO�H«ak��U ,C>vFM7Tij0D0SNCg��EHk�SVk@XJT�Cg�~u+I;SUGtI�EUEHD0T�E¤k>«ÍEH¢0EHSUTO �I;vJSUTO�Uk��LTO��C>jJI�I;S\¢�P

K ��� Ë�ÂHÕ�ÂHËOÌWÈHÉ7Ê*ÔgÎ�ÌBÃVÌÑÐÒÉ�Ë�Ê#Ã �%�>Â�ÐÒË�ÈHÉ7ÅaÅaÂ\ÈHÌ�ÐRÓFÌaÙ>ÃUÌWÂHÕ7ÂHËOÌ��WÃUÆWÂs�OÂHÈHÎ�ÌaÂHÄiÔ�ÅaÂHÊ#ÃVÌaÎ�ÅaÂµÖ �7×

XNX



� � � � �4
 � ���	� � � � ��� ��� � � ����� �����

�+GJI�E
�UTOª�I;TOu GFC�E,EHD0 � @C>�¡I�¯OT�X M7D0�U�VTOv9S@CmvFX �UT�M7TOvJS@�VT�EHT�C>��MVG I;v �UT�Cg�;§aSHI; �T�k��FTO��CmSHI;v0Q�EH¢0EHSUTO ,EOP 5'TGFCgª�T
EHT7�;T�M7SUT�X·M7TO�US�C¦I�v·A�TO¢"�VT�EHT�C>��MVG�EH¢0EHSUTO ,E+«ak��iXJTOS�CgI�;T�X·�UTOª%I�TOu�©Z��C>SUG0TO�#SVGFC>v'EµI; ��J�;¢"�I�EHSHI;v0QSUG0T���C>�UQ�T¥vJD0 ¨jLTO�
k>«#T'&JI_E¡SHI;v0Q�k%�3�FC�EHSg©~�VT�EHT�C>��MVG¶C>vFX®I;vFXJDFEHSU�HI�Cg�#�UT�Cg�;§aSHI; �T"EH¢0EHSUTO @EsP º E¥C"�UT�E¡DJ��Sg©~SVGJI_E¥EHD0�Vª�TO¢·I�E�v0T�M7T�EUEUC>�HI�;¢
I;vFM7k� ��J�;TOSUT�P
´BS+EHG0k�DJ��X¥jLTNC>�0�FC>�UTOvJS�«a�Uk�  SUGJI�E�EHD0�Uª%TO¢�©�G0k>u+TOª�TO��©gSUGFC>Sc ¥DFMUG¥�UT�E¡T�C>��MVG@EHSHI��F�UTO @CgI;vFE�SUkijFTNXJk%v0T+I;v��UT�Cg�;§

SHI; �T�k��FTO��CmSHI;v0Q@EH¢0EHSUTO @EOP93��FT�MVI/+rMOCg��;¢�©�u+TijFT7�I;TOª�T�SUGFC>S « D0SUD0�VTiu*k%�UA@ ¥DFEHS�C�X0XJ�UT�EUE¤SUG0TiSUk��JI�MOE¤k>«*XJ¢JvFC> ¥I�M>©
�0GJ¢lEµI�MOCg��;¢ X%I�EHSV�HI;j0D0SUT�XZ©iC>vFX ��C>�UQ%TO§BEUMOCg�;T·T'&lT�M7D0SHI;k�v TOvJª�I;�Uk%v0 �TOv9S7EO©+k>«aSUTOvÚTO ��J�;k>¢%I�v0Q GJI;Q�GJ�;¢ �FC>��Cg��;T7�¨C>vFX
G0TOSUTO�Uk%Q�TOv0TOk�DFE¥M7k� ��0D0S�CmSHI;k�vFCg�#v0klXJT�EsP ¸ ��T�Cm�H�;¢�©*EHDFMVGÚEH¢0EHSUTO @E¥C>�VTyCg�;�UT�C%XJ¢¶jLT7I�v0Q C�X0XJ�UT�EVEHT�X j9¢ �UT�EHT�C>��MVG
I;v' @C>vJ¢C>�UT�C%E�k>« ¸ k� ��0D0S¡I�v0QLP¨�+G0T
�UT�Cg�;§aSHI; �T@M7k� 
 ¨D0vJI;SH¢ ¥DFEHS¤«aklM7DFE�k�v·SUG0T 0Ò�UT�Cg�;§aSHI; �TN2ZvFC>SVD0�UT¥k>« EHDFMVG
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