
Universidade do Minho

Departamento de Informática
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F�GkIlK<M1OQP+RnmoU À�V HdM6VNO?M6RmGIRSBCGYAEXgVWO�ovGIA�HdM6V DLO?GIRQD4A�T�V ACGJPE ]X�^HdM x
p BCMw\�D4AnD4A�GIACBCPzTmBETmP!D4A�\QG<\QD4\mM6A�ACG � D4V O�P!Xv LD4\QD4A5q
p BCMw\�D4A�D4A�M4O?GJP!Dc^HLKM4GIAnÁwTmG<AJKDLM�O~|T � ogXZHJD4A�AEG � D4V \QGd��RQXg\QD4A�GIV GIAEOcGIHJXv��HJDc^HLKM4GIA\mG<XgRSBCGJPEh D4HdGYACGJO�DLP!D4\�D4A�G<R,KDLM�XZVNO�ogXgHJXgBED4VNGIR[BCG~O?GIovMNHdM6VNO?M6RmGIRSBCG#q
p BCMw\�D4A�D4A�PEGJh�GJPI¹GIRQHJXgD4A�ACG � D4VÄhiGIXgBED4A�HdM6VÄM6A�BEXvO?M6A:\QM6A�AEGJPE wXC^HdM6A:G~R,KDLMU\QXvPEGIH jBED4VNGIRSBCGfDLM6AnHdM6VWOcM6RQGIR[BCGIA&ÁSTmG{M6A&HdM6RQHdPEGJBEXv�ID4V3q
p BCMw\�D4A©D4A©PEGJh�GJPI¹GIRQHJXgD4A³D M6TmBCPEM6A©HdM6VNO?M6RmGIRSBCGIAJs&ACM � PEGJBETQ\mM ACG}RtKDLM h�M4PEGIVHdM6RQACBED4RSBCGIAUGuO�TQ\mGJPEGIV�Gd�]XgAEBEXvPFV�D4XgAYP!GJhiGJPI¹GIRQHJXZD4AfO�DLP!D�GIovGIAIs�ACG � D4V h�GIXvBED4ADLBCP!DI �|GIA~\mG<\mGJO?GIRQ\,¹GIRQHJXgD4A�Gd�wBCGJP!R�D4A�Gd�]O�ol|Y HJXvBED4A x
� �_Xvb6TmP!D � x N�DLOQPEGIACGIRSBED
TQV�HdM6VWOcM6RQGIR[BCGaÁwTmGuHdM6RQHdP!GJBEXv�ID
TQV�ACGJP! wX�^HdM
\mG�cT]�wMW\QG<\QD4\mM6AJsQogXZVWXvBED4RQ\mMLj-AEG~D�XgVNOQP!XZVWXvP:M6A&\QD4\mM6A x
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·�D4\QD�\mGJO?GIRQ\,¹GIR�HJXgDNGd�]BCGJP!RQD�|GFDLOQPEGIACGIRSBED4\QD©HdM6VNM³TQV ACGJPE ]X�^HdM©\mMuHdM6VNO?M6RmGIRSBCG4sÁwTmGFO?GJP!VWXvBCGFÁSTmGFMaACGJPE ]X�^HdM©PEGJhiGJPzXg\mM©OcM4P�GIAEAED³\mGJO?GIRQ\,¹GIR�HJXgDuAEG � D³D4ovBCGJP!D4\QM x 
:A�jBCG©ACGJPE ]X�^HdM�|G�GIAEOcGIHJXv��HJD4\mM�O?M4P{¡Q±���±4¯��]±L¯o���0� �_Xvb6TmP!D � x �%� G)|GuHdM6RQAEBEXvBETt|Y \mMaO?M4PM4O?GJP!Dc^HLKM4GIAnO�DLP!DWVWMw\QXv��HJDLP�GYHdM6RQAETQogBEDLP�M�ACGJPE ]X�^HdMWD4ov 4Mu\QDNogXvb6Dc^HLKDLM x� TmBEXgogXg�IDc^HLKDLM©\mGURmM6VNGIA~O�DLP!D�M6A~V |GJBCM]\mM6A<ACGJb6T�RQ\mM³DuRmM4PzVWDu\QGd��RQXg\QD�O�DLP!DHdM6VWOcM6RQGIR[BCGIA{pmqSrwq����Qq��N� %��mTQR . 4 � 2ls�RQGIACBCGfHJD4ACM©\mGYTQV�DLBCP!X � TQBCMWVNMw\�X���H,|DL 4GIo sh DL�<HdM6V�ÁwTmG<D4A�\�TQD4A�XgRmh�P!DkjlGIACBCP!TQBETmP!D4A�O?M6AEAED4V ACGJP&HdM6VNO�DLBEX � XZogXv�ID4\QD4A�HdM6V h D4HJX�joZXg\QD4\mG x� �_Xvb6TQP!D � x �uDLOQPEGIAEGIR[BEDuTQV HdM6VNO?M6RmGIRSBCGfAEXZVNO�ovGIA�HdM6V�TQV�ACGJP! wX�^HdM�GYTQVWD\QGJOcGIR�\?¹GIRQHJXgD©Gd�wBCGJPzRQD�HdM6VNM�HJDLP!D4HdBCGJP0|Y ACBEXgHJD4A x 
$ACBCG�HdM6VNO?M6RmGIRSBCGNO?Mw\QGUAEGJPYTQAEDkj\QM©HdM6VNMaTQV�HdM6VNO?M6RmGIRSBCGFÁwTmGUR,KDLM³D4ovBCGJP!D³TQV���T]�]Mu\mGU\QD4\mM6A~TQRQXZ\QXvPEGIHJHJXvM6R�D4o sM6T�HdM6VNM TQV HdM6VWOcM6RQGIR[BCG�ÁwTmGWXgRS 4GJPEBCG�T�V���T]�]M�\mGW\QD4\mM6A � Xg\QXvPEGIHJHJXgM6RQD4o s,\mGdjVWM6RQACBCP!D4RQ\QM�D ��Gd�]X � XgogXg\�D4\mGN\QD�XZRmhiPzDkjlGIACBCP!TmBETmPzD�\mG³HdM6VNO?M6RmGIR[BCGIAUDLM}O?GJP!VWXvBEXvP
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TQBEXgogXv�IDLP�DfVNGIA!VWDUXgR[BCGJP!h�D4HdG~ACGIVNOQP!G�ÁwTmG�OcM6A!AI|Y  4GIo sSOcM4P�M4O?M6AEX�^HLKDLMUDUTQVWDFHJD4VWD4\QD\QGNOQPEM4BCM]HdM6ovM�BCP!D4\QXZHJXvM6RQD4oyM6RQ\mGNM�BCM4O?M�\mGWT�VWDaHJD4VWD4\QD�A�|M�O?Mw\mGNACGJPfogXvb6D4\mM�`D� D4ACG�\mG�M6TmBCP!D~Gn wXgHdGdjl 4GJPzAED]s[GIV � M4P!D{D<ACGIV�¹D4RSBEXgHJD<\QM{BCM4OcM{G�\�D � D4ACG4sSRwTQV ��Tm�wM� Xg\QXvPEGIHJHJXgM6RQD4o�AEG � DNGIAEBCP!XvBED4VNGIRSBCGfXg\,¹GIRSBEXgHJD x
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� �_Xvb6TQP!D � x �%�zx·�M6VNM D�HdM6RQHdPEGJBEXv�IDc^HLKDLM
\mGIACBCG©ACGJPE ]X�^HdM¾|Gu\QD�Gd�]HJogT�AEXv LD³PEGIACO?M6RQAED � XZogXg\QD4\mGU\mMHdM6VWOcM6RQGIR[BCG4sQO?M]\mG{ACGJPnGJh�GIHdBETQD4\QD�\mG{ �|DLPzXvM6A�VNM]\mM6AJÅ

p O?M4P<HdM6VNO�DLP!Dc^HLKM4GIAfAETQHdGIAEAEXg kD4AJstÁwTQD4RQ\QM¸|GWTQV
R~|T�VNGJPEM©�Q�]M©GNP!GI\QTm�IXg\mM³\mG
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p DLP!VWDL�JGIRQD4R�\mM�M6AuO�DLPEGIAuGJBEXgÁwTmGJBEDkj-HJDLP!D4HdBCGJP |Y AEBEXgHJD)RSTQVÂBED � GIogD]s�ÁSTQD4R�\mM�|GTQV R~|T�VNGJPEMUb4P!D4RQ\mG{M6T� kDLP!X |DL 4GIot\mGYHJDLP!D4HdBCGJPzXgACBEXgHJD4AJs�HdM6VNM�|GYTmBEXZogXv�ID4\mMNRmMHdM6VNO?M6RmGIRSBCGYD � ACBCP!D4HdBCM��w±4¯�±6²����6®w¦0°��Q¦4¯�±L¯m£Lq
p TQV HdM6V � XgRQDc^HLKDLM�\QGIACBED4A�GIACBCP!DLBw|GJb6XgD4AJs?RmM6VNGID4\�D4VNGIR[BCGYOcM4P�GIACO?GIHJXgD4oZXv�IDc^HLKM4GIAAETQHdGIAEA!Xv kD4A�OcM4P��QGJP!D4R_^HJD x
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Q¢ �L£ �[±[²��m±[²^� �_Xvb6TQP!D � xg¨4¨)�zx � RmM4BEX��QjHJDc^HLKDLM |GNhiGIXvBEDaDLBCPzDI �|GIAF\mMaACGJPE ]X�^HdMa\mGIAEHdPzXvBCMaRQD �_Xvb6TmP!D � xg¨�� sy\mGIA � ogMwÁwTQD4RQ\mM©BCMLj\�D4A�M6A�HJogXvGIRSBCGIA�GIVeGIACO?GJP!DNAI|Y RQHdPEM6RQDfG<RmM4BEX���HJD4R�\mMUBCMw\mM6A�M6A�HJogXvGIRSBCGIA�GIV GIACO?GJP!DD4A!AI|Y RQHdPEM6R�D xÀ&V HJoZXvGIR[BCGYOcM]\mG~GIACO?GJP!DLPnÁwTmG<TQV�DNHdM6RQ\QX�^HLKDLMWACG � DN 4GJP!\�D4\mGIXvP!D]Å
p TmBEXgogXg�ID4RQ\mMUMuV |GJBCM]\mMu\QG<GIACO?GJP!DWAI|Y RQHdPEM6RmMWÁwTmG � ogMwÁwTmGIXgDUD�D4HdBEXg wXg\�D4\mG<DLBS|G
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FHGJILKNM1OQP+RTSLSDUXW GIAEHdP!XC^HLKDLMu\mG<ACGJP! wX�^HdM6A�O�DLP!DUGIACO?GJP!DNAI|Y RQHdPEM6RQDUM6T�D4A!AI|Y RQHdPEM6R�D x
�������������! #"%$�&�'#(��)$���75c1 a�:9���(��:" �#���?$) #"A/

����
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E C

FHGJILKNM�O�P+R S8mfUXW GIA!HdP!X�^HLKDLMu\QG<ACGJPE ]X�^HdMWO�DLP!DNHJoZXvGIR[BCG<\QG{GIACO?GJP!DND4AEAI|Y R�HdPEM6RQD x
DWHdM6RQ\QXC^HLKDLM�ACGJP� 4GJP!\�D4\mGIXvP!Daq

p HdM6RQHdPEGJBEXv�ID4R�\mM³M³AEGJPE wXC^HdM©\mGIA!HdP!XvBCM³RQD �yXgb6TmP!D � xg¨�� GUPEGJb6XgACBED4R�\mMLj-ACGNTmBEXgogXvj�ID4RQ\mMWM6AnV |GJBCMw\mM6A&O�DLP!DUGIAEOcGJPzDND4AEAI|Y RQHdP!M6RQD x|� GIR[BJKDLMf\QXgACO?M6RQX � XgogXv�ID4\mM�TQV�HdM6R � TQRSBCM{\mG�HdM6VNO?M6RmGIR[BCGIA:TmBEXgogXvBQ|DLPzXvM6A�ÁwTmG�HdM6R]jHdP!GJBEXv�ID4V GIACBCGIA&ACGJPE ]X�^HdM6AJÅ
p TQV HdM6VNO?M6RmGIRSBCGYHdM4PEP!GIACO?M6RQ\mGIRSBCG<DWTQVWDNHdM6RQ\�X�^HLKDLM�DLBQ|M6VWXgHJD�ÁSTmG
|GfRmM4BEX��QjHJD4\QDW\mM�Gd�wBCGJP!XgM4P?q
p HdM6VNO?M6RmGIRSBCGIA�ÁwTmGnHdM6R�HdPEGJBEXv�ID4VeD4A:M4O?GJP!Dc^HLKM4GIA�oI|M4b6XZHJD4A$\mG&HdM6R � T�R_^HLKDLMfG�\QXgA�j� T�R_^HLKDLM�ACM � P!G<TQV ÁST�D4ogÁSTQGJP�HdM6R � T�R[BCM�\QG{M6TmBCPEM6AnHdM6VWOcM6RQGIR[BCGIA5q
p TQV�HdM6VNO?M6RmGIRSBCG�ÁwTmGNHdM6RQHdPEGJBEXv�ID�DaHdM6R�\QX�^HLKDLM�\mGWTQV�D©V�D4XvM4P!XgD©GIRSBCPEGWTQVHdM6R � TQR[BCMu\mG<ÁST�D4XgAEÁwTmGJP�M6TmBCPEM6A&HdM6VNO?M6RmGIR[BCGIAnACGJPn 4GJP!\�D4\mG x

� ACBCGIA�HdM6VNO?M6RmGIRSBCGIA�O?Mw\QGIV GIRSBJKDLM�ACGJP�HdM6V � XgR�D4\mM6A�O�DLP!DUGJh�GIHdBETQDLPnHdM6RQA!TQovBED4A�\mGP!GJOQPEGIACGIRSBEDc^HLKM4GIA&\QG<�QXgACBQ|M4P!XZD4A x
')(�º_(iº � ¿ @�� / 
5��014¿ = 5
� ACBJKDLM�D4XgR�\QDN\QXgACO?M6Rt|Y  4GIXgA$\QM6XgA�HdM6VNO?M6RmGIRSBCGIAnÁwTmG{O?Mw\mGIV AEGJPnTQAED4\mM6A�O�DLP!D]Å
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E C

F�GkIlK<M1OQP+R S ��UXW GIA!HdP!X�^HLKDLM�\mMuACGJPE ]X�^HdMNO�DLP!DNRmM4BEXv��HJDc^HLKDLM x
p GJBEXgÁwTmGJBEDLP<TQVWD©ÁST�D4ogÁSTQGJP�HdM6RQ\�X�^HLKDLM©HdM6V�T�V�M �m� GIHdBCMms�ÁwTmGFO?Mw\mGFACGJP{HdM6R]jAEXg\mGJPzD4\QD³D�Xg\mGIRSBEX���HJDc^HLKDLM�\mM �CHJT�ovO�D4\mM �³O?M4P<DaHdM6RQ\QXC^HLKDLM HdM4PEPEGIACO?M6RQ\QGIR[BCGACGJP�h D4ogAEDaq
p PEGITQRQXgP�XgRQhiM4P!V�Dc^HLKDLMUAEM � PEG{ÁST�D4XgA�M6A�HJTQovO�D4\mM6A�\mM � ogMwÁwTmGIXvMF\mG{D4HdBEXv wXZ\QD4\mGIA x

� ACBCGIA�|TQovBEXgVNM6A:AJKDLMFT�AED4\mM6AJsSOcM4P$Gd�wGIVWO�ovMmswO�DLP!DYDfDI 4GJP!Xgb6TQDc^HLKDLMN\mG&HdM6RQ\�X�^HLKM4GIA$ÁwTmGogGJ kD4V DLM � ovM]ÁwTmGIXvM�\mG�D4HdBEXg wXg\�D4\mGIAY\mG�GIR[BCPEGJb6D}\mG�VWGIRQAEDLb4GIRQAYGuHdM6RQACGIÁwTmGIRSBCGdjVWGIR[BCGYD�\mGIACO?M6ovGJBEDLP�VFTQ\QD4R_^HJD4A&\mG{ wXZACBED x
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� 0! " 	 ������� � �x��z �
� ACBCGaHJDLO�|Y BETQogM�DLOQPEGIAEGIR[BED´D4ovb6T�RQAYh�P!DLb6VNGIRSBCM6AN\mGaH,|M6\QXvb4M
ÁwTmGaXgogTQACBCPzD4V�D
TmBEXgogXvj�IDc^HLKDLM \QM������	��

��O�DLP!D}\QXvh TQAJKDLM}\mG³VNGIRQAEDLb4GIRQANHdM6V \�Xv 4GJP!AED4AFÁST�D4ogXg\QD4\mGIAF\mGAEGJPE wXC^HdM x�� KDLM�RmMaGIR[BED4RSBCM�DLO?GIRQD4A~Gd�]O�ovM4PzD4\QD4A{D4ovb6TQVWD4AY\QD4A{O?M6AEAEX � XgogXg\QD4\QGIA�\mM6AHJDLP!PEGJb6D4\mM4PEGIA�b4GIR�|GJP!XgHdM6AIswR,KDLMFACGIRQ\mMfO?M4PEBED4R[BCMfBCM6VWD4\QDYGIV HdM6RQA!Xg\mGJP!Dc^HLKDLMFD<O?M6AEA�j� XgogXg\QD4\QG&\mG<GIA!HdP!XvBEDN\mG<HJDLPEP!b6D4\mM4PEGIA&GIACO?GIH4|Y ��HdM6A x

� V BCM]\mM6A$GIACBCGIA�Gd�wGIVWO�ovM6A:D4A!AETQVNGdj-ACG�ÁSTQG&D< LDLP!XI|DL 4GIo�� ­WPEGJO�PEGIACGIRSBEDfTQV ACGJPCj ]X�^HdM{\mG$��T]�]M�\QG�\QD4\QM6A8HdM4PEPEGIACO?M]\mGIRQ\mGIRSBCG�D~TQV�DnO�XZog�QD�\mG�OQP!M4BCMwHdM6ovM6A8DLO�PEM4OQP!XgDkj\�D x ·�M6RQA!Xg\mGJP!Dkj-ACGfD4XgRQ\QDuD�Gd�mXgACBJ¹GIRQHJXgD©\mGFTQVWDu kDLP!X |DL 4GIo2XgRSBCGIXvP!D �uÁSTQGYh TQRQHJXvM6RQDHdM6VWM�TQV HdM6RSBED4\mM4PuG�T�VWD´HdM6ovGIHw^HLKDLM ���6±4§)ÁSTmGaGIRwTQVNGJPzD´M6ANOQPEM]HdGIAEACM6A�\mGIACBEX�jR�DLBQ|DLP!XvM6AW\QD4A�VNGIRQAEDLb4GIRQAWGIR[ ]XgD4\QD4A x �  kDLPzXI|DL 4GIoX�]¢6£m¢ HdM6RSBS|GIVÂM´M �]� GIHdBCM ÁwTmGHdM6R�ACBEXvBETQX,DWVWGIRQAEDLb4GIV�D�ACGJPn\QXvh TQRQ\�Xg\QD x
� 0$1 ��y z�� y��\y � z � s
À�V HJDLPEPEGJb6D4\mM4PN\QD�HJD4VWD4\QD}\mGN��D � XZogXg\QD4\mGNGIAEOcGIHJXv��HJD�HdM6VNM}O�DLPk¹D4VNGJBCP!M6AJs8PEGIA�jO?GIHdBEXv LD4VNGIRSBCG4Å

p TQV HJDLPEP!GJb6D4\mM4PnO�DLPzDNDWHJD4VWD4\QDWXZRmhiGJPzXvM4P��:q
p TQVWDNXg\QGIR[BEX��cHJDc^HLKDLMWO�DLP!DNDWVWGIRQAEDLb4GIVbq
p TQVWDNHdM6R]��P!VWDc^HLKDLM�\QDWPEGIHdGJO8^HLKDLMu\QG{M6TmBCP!D4A�VNGIR�AEDLb4GIRQA5q
p TQVWDNHdM6RQ\�X�^HLKDLM�\mG{GIRSBCPEGJb6Daq
p TQVWDNHdM6RQ\�X�^HLKDLM�\mG{BCGJP!V�XgRQDc^HLKDLM x
����������� �"!
�"!$#%�"&('*)"+(,-� .#0/�01%!
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F�GkIlK<M1O	
vR SDU À�VWDWVNGIR�AEDLb4GIV�RwTQV HJD4RQD4o2XgRQAEXgAEBCGIR[BCG x
� 2%$) #"^�:4��� �$). =? %$ � 2%$) �"�; -��54 
� �$?.^=5 �$�[�$��o;\�5i�i8B1BVC
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 �:48BVC
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FHGJILKNM�O	
vRnmoU À�VWDNVNGIR�AEDLb4GIV�\mGYGIR[BCPEGJb6D�DLBQ|M6VWXgHJDWG<�&|DL 4GIo x
� �yXgb6TmP!D.6 xg¨ DLOQPEGIACGIRSBEDFDY\QXvh TQAJKDLMf\mG&TQV�DYVNGIRQA!DLb4GIV RwTQV HJD4R�D4o�XgR�AEXgACBCGIR]jBCG�
 x�Ã GIACBCG³HJD4ACMms�HJD4\QD�VNGIRQAEDLb4GIV BCGIV HdM6VNM}XZ\mGIR[BEXv��HJDc^HLKDLM BCM]\QD D�ACGIÁwT?¹GIRQHJXgD\QGUVWGIRQAEDLb4GIRQA~OQP!Mw\QTQ�IXg\QD4A&OcGIogM©VNGIA!VNM³OQPEM]HdGIAEACM x ·�D4\QD³VNGIRQAEDLb4GIV HdM6Rm��P!VWDD4XZRQ\QDYDfPEGIHdGJO8^HLKDLMW\QG&BCM]\QD4A�D4A�AETQD4A$OQPEGI\mGIHdGIAEAEM4P!D4AJs]MNÁSTmG�RQDfOQP�|DLBEXgHJDfBCGJP!VWXgR�DYDA!TQDUPEGJBCP!D4RQA!VWXgAEAJKDLM x� �yXgb6TmP!D.6 x � DLOQPEGIACGIRSBEDFDf\QXgh�TQAIKDLMY\mG&T�VWD<VNGIRQA!DLb4GIV ��|DL 4GIo�G~DLBQ|M6VWXgHJD]s]M6TAEG � D]scXgR[ ]XvBQ|DL 4GIogVWGIR[BCGfGIR[BCPEGJb6TQGfDWBCM]\mM6A&M6A�OQP!MwHdGIAEAEM6A&HdM4PEP!GIHdBCM6A�AEG<hiM4P�GIRSBCPEGJb6TmGO?M4P³D4ovb6TQV�OQPEM]HdGIAEACMms&HdM4PEPEGIHdBCM�M6T�R,KDLM x � DLP!D M GJh�GIXvBCM |G
GIACO?GIHJX���HJD4\QD HdM6VNMHdM6R�\QX�^HLKDLM OQP]|GJ ]XgD�`D GIR[BCPEGJb6D]s&D´PEGITQRQXlKDLM \mG TQVWD´V�D4XvM4P!XgD´\mG�HdM6R]��P!VWDc^HLKM4GIA©\mGP!GIHdGJO8^HLKDLM x

� 0�� � ��� s:%
µ�HJDLPEP!GJb6D4\mM4P�HdM4PEPEGIAEOcM6R�\mGIR[BCG�`D
HJD4VWD4\QD´\QG©GIRSBCPEGJb6D´M4Pz\mGIRQD4\QD�PEGIHdG � G�HdM6VNMO�DLPk¹D4VNGJBCPEM6AJs�PEGIACO?GIHdBEXv LD4VNGIR[BCG4Å

p TQV HJDLPEPEGJb6D4\QM4P�O�DLP!DUDNHJD4VWD4\QDNXZRmhiGJPzXvM4P$P!GIACO?M6RQAQ|DL 4GIo?O?GIogDfGIR[BCPEGJb6DN�&|DL 4GIo q
��� 1Q,��31%#�.#0/�"����S ��S ��S
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FHGJILKNM�O	
vR��fU µ~P!\mGIV ��� �yµ x
��� � 75"%(14#- �%�1-)��(#�
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FHGJIlK<M1O	
vR���U µ�P!\QGIV HJD4TQAED4o x
p TQV HdM6R � TQRSBCM¸\mG´h�P!DLb6VNGIRSBCM6A�\QG �QXgACBQ|M4P!XZD)h�TmBETQP!D]s&O�DLP!D�M4P!\mGIR�Dc^HLKDLM¸GIVPEGIogDc^HLKDLMuM6TmBCP!D4A�GIRSBCPEGJb6D4A5q
p TQV hiPzDLb6VNGIR[BCM<\QG��QXZACBQ|M4P!XgD&ovMwHJD4o]HdM4PEP!GIACO?M6RQ\mGIRQ\mMN`D~Xg\mGIRSBEX���HJDc^HLKDLM{\QD~VNGIR]jAEDLb4GIVbq
p TQV�HdM6R � TQRSBCM�\QG�h�P!DLb6VNGIRSBCM6Af\mG©�QXgACBQ|M4PzXgDaovM]HJD4o s2O�DLP!D�M4P!\QGIRQDc^HLKDLM�GIV�PEGdjogDc^HLKDLM}`DW\�Xvh�T�AJKDLM x
� \QXvh TQAJKDLM \mG´TQVWD VNGIRQAEDLb4GIV HdM6V�M4P!\mGIRQDc^HLKDLM ��� �2µ |G´DLOQPEGIACGIRSBED4\QD�RQD

�_Xvb6TQP!DL6 x �wxaÃ GIACBCG³HJD4ACMms8R,KDLM |G©TmBEXgogXg�ID4\QDaRmGIRQ�wTQVWD�\QGJOcGIR�\?¹GIRQHJXgD³GIV PEGIogDc^HLKDLMD©M6TmBCPzD³GIR[BCPEGJb6D]s2DLOcGIR�D4A{TQV
\mGJO?GIRQ\?¹GIRQHJXgD©GIV
PEGIogDc^HLKDLM�D©BCM]\QD4A{D4A{VNGIRQA!DLb4GIRQAO�Pw|GJ wXgD4VWGIR[BCG<GIV�XvBEXg\QD4A�O?GIovMWVNGIA!VNMNOQPEM]HdGIAEACM x� M4P!\mGIRQDc^HLKDLM
HJD4TQAED4o s_DLOQPEGIAEGIR[BED4\QD}RQD �yXgb6TmP!DL6 x � XgVNO�ogXZHJD©ÁwTmG©D Xg\mGIRSBEX��QjHJDc^HLKDLMf\mG�BCMw\�D4A8D4A�VNGIRQAEDLb4GIR�AJs6BED4RSBCMY\QXvh TQRQ\QXZD4A�HdM6VNM{GIRSBCPEGJb6TmGIA�AEG � D~PEGIT�RQXg\QD]sLMÁwTmG |G~hiGIXvBCMUGIV ¢4¯]£m±�¬ x�� A!ACG�HdM6R � TQRSBCMN\mG~hiPzDLb6VNGIR[BCM6A�\QG~��XgACBQ|M4P!XgDfovM]HJD4on|G~GIRSBJKDLMTQBEXgogXv�ID4\mMNHdM6VNMu\mGJO?GIRQ\?¹GIRQHJXgDN\mG{M4Pz\mGIV O�DLP!DND�VNGIRQAEDLb4GIV�\QXvh TQRQ\QXg\�D x
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FHGJILKNM�O 
jR �fU µ�P!\mGIVeBCM4BED4o x
�yXZRQD4ogVNGIRSBCG4s�D �yXgb6TmP!Db6 x � s?DLOQPEGIACGIRSBEDuDu\QXvh TQAJKDLM�\QGYTQVWDWVWGIRQAEDLb4GIV�BCM4BED4o�jVWGIR[BCGNM4P!\QGIRQD4\QD x � DLPzD³MaGJhiGIXvBCMms~|GuTmBEXgogXv�ID4\QM©HdM6VNMaO�DLPk¹D4VNGJBCPEM�TQV�h�P!DLb6VNGIRSBCM\QGF�QXZACBQ|M4P!XgDNh TmBETmPzDuHdP!XZD4\mMuHdM6V�TQV�Xg\mGIRSBEX���HJD4\QM4P�DLP � XvBCP�|DLP!XvM�GUT�V� LD4ovM4P~oI|M4b6XgHdM 4GJPz\QD4\mGIXvPEM x

� 0	� � s�{ � �z � ������� � u �

µ�HJDLPEPEGJb6D4\mM4P_HdM4PEPEGIAEOcM6R�\mGIR[BCG{`D�HJD4VWD4\QD�VWD4RwTmBCGIR_^HLKDLM�\QD� ]XgACBED�\QM�b4P!TmO?M�PEGIHdG � GHdM6VWMWO�DLPk¹D4VNGJBCP!M6AJsQPEGIACO?GIHdBEXv LD4VNGIRSBCG4Å
p TQV�HJDLPEPEGJb6D4\mM4P{O�DLPzD�D©HJD4VWD4\QD³XgRmh�GJP!XvM4P�P!GIACO?M6RQAQ|DL 4GIo2OcGIoZDWGIRSBCPEGJb6D©M4P!\mGdjRQD4\QDaq
p \mGJO?GIRQ\,¹GIRQHJXgD4An\mG<\QXvh TQAJKDLMUG<GIRSBCPEGJb6D�DND4\�XgHJXvM6RQDLP?q
p \mGJO?GIRQ\,¹GIRQHJXgD4An\mG<\QXvh TQAJKDLMUG<GIRSBCPEGJb6D�DUP!GIVNM  4GJP?q
p TQVWDUhL|D � P!XgHJDUO�DLP!DNTQV HJDLPEP!GJb6D4\mM4P&\mG<RQM4BEX���HJDc^HLKDLM x
À&VWD�\�Xvh�T�AJKDLM \QG TQVWD)VNGIRQAEDLb4GIV GIV AEXgRQHdPEM6R�XgAEVNM  wXgPEBETQD4o~AEXvb6RQXv��HJD ÁwTmGGIA!AEDuVWGIRQAEDLb4GIV�ACGJP�|DuGIR[BCPEGJb6TQGFRQD©VNGIAEV�DW ]XgACBEDWGIV�ÁwTmGfh�M6X�\�Xvh�T�RQ\QXg\QDFM6T�OQPEGdj ]XgD4VNGIRSBCG
GIR[BCP!GJb6TmG4s~BED4o�HdM6VWMÄ|G
DLO�PEGIACGIRSBED4\mM�RQD �_Xvb6TmP!D 6 x�4wx � TQBEXgogXv�IDc^HLKDLM\QG³\QGJOcGIR�\?¹GIRQHJXgD4AU\mG³GIR[BCP!GJb6D D
Rt|Y  4GIo�\QD
HJD4VWD4\QD´\mG³ ]XgACBED4ANXgVWO�ogXgHJD�ÁSTmGaACG � DXZRQHJogTt|Y \�DYTQVWDN\QGJOcGIR�\?¹GIRQHJXgDN\mG{M4P!\QGIV HdM4PEPEGIACO?M6RQ\QGIR[BCG xÀ&VWDWM6TmBCP!DWHdM6R]��b6TmP!Dc^HLKDLMWO?M6AEAI|Y  4GIo,DLOQPEGIACGIRSBED4\QDWRQD �yXgb6TmP!D!6 x 0 |G<PEGIAEBCP!XgRmb6XvPD4A�\mGJO?GIRQ\,¹GIRQHJXZD4A&\mGf wXZACBED�DLO?GIRQD4AN`DuV�D4RSTmBCGIR8^HLKDLM©\mM³VNGIAEVWMuol|Y \QGJPn\QDu wXgAEBED�\mG\�Xvh�T�AJKDLM x2Ã GIACBCG�HJD4ACMms[RtKDLM |G�RmGIHdGIA!AQ|DLP!XgD�ÁST�D4ogÁSTQGJP_VWMw\QXv��HJDc^HLKDLM�R�D4Ay\QGJOcGIR�\?¹GIRQHJXgD4A\QG{M4P!\mGIV x
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F�GkIlK<M1O	
vR	�LU � R[BCPEGJb6DWb6DLP!D4R[BEXZ\QDWRwTQVWDU ]XgACBEDNHdM6V MuVNGIAEVNMWogXZ\mGJP�\QDW\QXvh TQAJKDLM x
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µ OQPEM � ogGIVWD{\mMYHdM6RQAEGIRQACMms[BED4ocHdM6VNMF\mGIAEHdP!XvBCMfRQD � GIHw^HLKDLM �wx � s:|G�TQVWD{h�M4P!VFTQogDc^HLKDLMD � ACBCP!D4HdBED�\QMNOQPEM � ovGIV�DF\QG<D4HdM4P!\mM�GIV�AEXgACBCGIVWD4An\QXgACBCP!X � Tt|Y \mM6A xµ �����	��

�WTQAED©TQVWD©D4ovb4M4P!XvBEVWMu\mGUHdM6RQACGIRQAEM � D4AEGID4\mM³GIV�\�Xvh�T�AJKDLM % � Hz� .1032ÁwTmGWRQDaD4T�Ad¹GIRQHJXgD�\mGNh D4og�QD4A<OcGJPzVWXvBCGNH!�mGJb6DLPFD�TQVWDa\QGIHJXgAJKDLM HdM6V DLO?GIRQD4AY\QTQD4ABCP!MwHJD4A&\mG<VNGIRQAEDLb4GIR�A x� \QXZHJXvM6RQD4ogVNGIRSBCG4s,GIACBED�HdM6R�HdPEGJBEXv�IDc^HLKDLM
D4AEAETQVNGNÁwTmGNBCM]\mM6A{M6A{OQP!MwHdGIAEAEM6A<HdM4PCjP!GIHdBCM6A�GJh�GIHdBETQD4V TQV R�|TQVNGJPEM{XgoZXgVWXvBED4\mM~\mG�XvBCGJPzDc^HLKM4GIA:\mM<D4ovb4M4PzXvBEVNM<\mG�HdM6RQAEGIRQACMmsHJT�VNOQP!XgR�\mM�D³GIACO?GIHJX���HJDc^HLKDLMa\mMaACGJP! wX�^HdMa\mGNHdM6RQAEGIRQACMaD4AEAETQV�Xg\QD©HdM6VNMaO�DLPEBCGN\mMVWMw\mGIogMWRQD � GIHw^HLKDLM �wx �wx�4wx
� V � M4PzD�GIACBED�O?M6AEAEX � XZogXg\QD4\mGUR,KDLM�BCGIRQ�QD}AEXg\mM�Gd�]O�ovM4PzD4\QD]s_BED4o$HdM6VNM
D4HdM6RSBCGdjHdGFHdM6V�M6AnPEGIAEBED4R[BCGIA&OQPEM4BCM]HdM6ovM6A�\mGIAEHdP!XvBCM6A�RmM©·�DLO�|Y BETQovM 0NGIACBED©HdM6RQHdPEGJBEXv�IDc^HLKDLM¾|GO�DLP!D4VNGJBCP!Xv�t|DL 4GIolswO?M6XgA�M6A�HJDLPEP!GJb6D4\mM4PEGIA�TmBEXZogXv�ID4\mM6A$\mGJO?GIRQ\mGIVÄBCMw\QM6A�\QMUHJDLP!PEGJb6Dkj\QM4P~TQBEXgogXv�ID4\mMuO?M4P�HJD4\QD©OQP!MwHdGIAEAEM©O�DLP!D�h DL�JGJP<D©OQPEM4O?M6ACBED©XgRQXgHJXZD4o s�ÁwTmGFOcM]\mGUACGJP\QGd��RQXg\mMFO?GIogDNDLO�ogXZHJDc^HLKDLM x

� 0$1 � �H{oujs � s�y ���

µ��mM6ACO?GI\mGIXvPEMUO�DLPzDND4HdM4P!\mM+� �_Xvb6TmPzD�· xg¨)� \QXgAEOcM6R�X � XgogXg�ID<ACGJPE ]X�^HdM6A�O�DLPzD]Å
p Xg\mGIRSBEX���HJDLPnÁwTQD4o,MuHdM6R � T�R[BCM�\QG<OQPEM]HdGIAEACM6A�ÁwTmG<O�DLPEBEXgHJXvO�DND4HdBET�D4ogVNGIRSBCGfRmMOQPEM � ogGIVWDaq
p M�Xg\mGIRSBEX���HJD4\QM4P�\mMNOQPEM]HdGIAEACM�HdM4P!PEGIACO?M6RQ\mGIRSBCG<DLM��mM6ACO?GI\mGIXgPEM�q
p MuR~|T�VNGJPEM�Xg\QGIR[BEX��cHJD4\mM4P&\QD�PEM6RQ\QD]s�MuÁwTmG<O?GJP!VWXgBCG<O?M4PnGd�]GIVNO�ovM�HJD4oZHJTQogDLPÁST�D4o,MWHdMSM4Pz\mGIRQD4\mM4P�HdM4PEPEGIACO?M6RQ\mGIRSBCG#q
p GIACBEXgVWDLBEXg kD
D4HdBETQD4o�O?M4PFO�DLPEBCGa\mM
OQPEM]HdGIAEACMms�XgR�HJogTt|Y RQ\QM ÁST�D4o$D}PEM6RQ\�D G³MOQPEM]HdGIAEACM�ÁwTmG<DUGIACBED � GIovGIHdGJPzD4Vbq
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H ¢�R
%���S �'&�( � (;3 � q
� S � P q
� S )�q
�0¯ �8� �6¢u·�MSM4P!\QGIRQD4\mM4P�� L � q
�0¯ �8� �6¢ � TQACO?GIXvBED4A)� L � q±�¬?��±6²m¢ �Q¦[² ; %�- � ; � ; . P\q±4¯]£w²]±�K]¢ & 2FT>.U� � %�� � q

H �I°
F�GkIlK<M1O#I RnmoU ·�M6VNO?M6RmGIR[BCG$HJDLPEPEGJb6D4\mM4PyO�DLP!D&XgRQXgHJXgDLP,TQV�D�XvBCGJP!Dc^HLKDLM~\mMnHdM6RQAEGIRQACM x

p HdM6R � TQR[BCM6A�O�DLP!D�PEGITQXgR�XvPyXZRmhiM4PzVWDc^HLKDLM~PEGIogDLBEXv LD~DLM<GIACBED4\mM<\mM6A_P!GIACBED4R[BCGIA:OQPEMLjHdGIAEACM6A5q
p XgRmh�M4P!VWDc^HLKDLM�AEM � PEG<DNXvBCGJP!Dc^HLKDLM©\mMNOQPEM � GIovGIV�Daq
p TQV ACGJP! wX�^HdMNO�DLP!DNHdM6RQAETQogBEDN\mGYTQV \mGJBCGIHdBCM4P~\mG{h D4og�QD4A x

V 0�� V z ���fs ��z �����fs�{

À�VWD{XvBCGJPzDc^HLKDLM<\mG�HdM6RQACGIRQAEM�|G�XZRQXgHJXgD4\QD&O?GIogD&GIVWXgAEAJKDLM~O?M4P�HJD4\QD{TQV�\QM6A_OQPEM]HdGIAEACM6AO�DLPEBEXgHJXvO�D4RSBCGIAt\mG�T�V HJDLPEPEGJb6D4\mM4Py\QD�OQPEM4O?M6ACBED�O�DLP!D�MnACGITY�mM6ACO?GI\mGIXvPEM�ovM]HJD4o x � ACBCGHJDLP!PEGJb6D4\mM4P � �_Xvb6TQP!D�· x �%� D4HdM6VNO�D4RQ�QDNBCM]\mMWM�\QGIACGIRmPEM6ogDLP�\�DNXvBCGJP!Dc^HLKDLMmÅ
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F�GkIlK<M1O IjR���U ·�M6VNO?M6RmGIRSBCGWHJDLPEPEGJb6D4\mM4PfO�DLP!Da\mGIACGIVWOcGIR��QDLP{M�O�DLO?GIo8\mGWHdMwM4PCj\QGIRQD4\mM4P x

p GIACBED � GIovGIHdGIRQ\mM©D�GIAEBEXgVWDLBEXv LD�XgR�XgHJXgD4o smMub4P!TmO?M�\mGfOQPEM]HdGIAEACM6A�O�DLPEBEXgHJXvO�D4RSBCGIAGYDWXg\QGIR[BEX��cHJDc^HLKDLMW\mMWOQPEM]HdGIAEACMWogMwHJD4o q
p XgRQXgHJXZD4RQ\mMfT�VWDUD4HdBEXv wXZ\QD4\mG~O�DLP!D4ovGIoZDfO�DLP!DN\mGIACGIVNO?GIRQ��DLP�MUO�DLO?GIo,\mG{HdMwM4PCj\mGIRQD4\mM4P)q
p XgRQXgHJXZD4RQ\mM~M6TmBCP!D<D4HdBEXg wXg\�D4\mG�O�DLP!D4ogGIogD{O�DLP!D< wXvb6XZDLP�Mf\mGJBCGIHdBCM4P�\mG�h D4og�QD4AIsS\mGVNM]\mMWDNGIVWXvBEXgP�AETQACO?GIXvBED4A5q
p GIACO?GJP!D4RQ\mMuÁSTmGfACG � D�HdM6RQ�mGIHJXg\QD�TQVWDW\mGIHJXZAJKDLMms�ÁwTmG<GIRSBCPEGJb6D´`D�HJD4VWD4\QDuAET]jO?GJP!XvM4P x
� RQÁwTQD4RSBCM<R,KDLM}|GnDLBEXgRmb6XZ\QD{TQVWD~\mGIHJXgAIKDLMms[MYHJDLPEP!GJb6D4\mM4P$HdMwM4P!\mGIRQD4\QM4P��
�_Xvb6TmP!D· x �%� GIACO?GJP!D©O?GIogD4A~PEM6RQ\QD4A~GIV ÁSTQGFM OQPEM]HdGIAEACM�ovM]HJD4o8\mGJ 4G�D4AEA!TQVWXvP~MaO�DLO?GIo8\mGHdMwM4P!\mGIR�D4\mM4PIsQHJD4ACMuGIV ÁSTQG4Å
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