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zdBEo å BOBEK¿�S�n�C�ao W ¢ �n�C�Hx%K%;:=nx B8kQACDXx BO\OG
��Bar�B Z	uæWCZ esBOM�ì knB =tx%B Z ;XBl\ uæWCZ o	?%BaB � rdB Z ;LesBEKto&\

M W =yx%esBEKto&BOM�;XK�o	?%;>\�r ACrdB Z RÖB � ACes;XK%;LK { o	?%BsB B�Bl=�o&\
WSu Aqo	o Z ;Xz%x%o	B Z BOM%x =�o&; W K \ER {nZ	W x%r Z BlM�x =yo	; W K \ORa\	}tK%�
=@? Z	W K%;LçOAqo&; W K Z BlM�x =yo	; W K \OR�ASK M�AH= W eaz%;LK Aqo&; W K WSu ACDXD
o	?%B W r�o	;Les;XçlAqo&; W K \fr Z&W r W \	BOMÖG���B Z ASK o å`W op}tr�BO\
WSu B � rdB Z ;LesBEKto&\OG ~ WCZ o&?%B�ì Z \mo uæW x Z B � rdB Z ;LesBEKto&ACD
\mBEo	x%r \OR å B-ì � BOM¿o	?%BsASe W x%Kto WCu M%Aqo@A´Aqo�BOAn=@?�\	;�o&B
èÇM�;Lk+;LM�;LK { o&?%B� �es;XDLDL; W KÍo	x%r%DLBO\ WSu o	?%B�Y�� v � Z BE�
DLASo	; W KÏBD=tx ACDXDL}�ASe W K { BE; { ?to-\m;Xo	Bl\&ê�ACK M�kQA Z ;LBOM�o	? B
Ktx eaz�B Z$WSu \m;Xo	Bl\"r A Z o&;L=E;XrdAqo	;LK { ;LK8o&?%B =tx%B Z }nG"��B6x \	B
o	?%;>\wB � rdB Z ;LesBEKto&ACDd\	Byo	x rfo W BOkqASDLx Aqo&B
o	? B
;Xesr An=�o WSu
o	?%BfkqA Z ; W x \�;LK M�;Lk+;LM�xdASD W r%o	;Le�;LçOASo	; W K \OGf~ WnZ o	?%Bsì%�
K ASD.B � r�B Z ;XesBEKto W KÍo	?%B�= W eaz%;LK%BOM W r�o&;Xes;LçOAqo&; W K \OR
å B�x \	BOM uæW x Z \	;�o&BO\9ASKdM´kqA Z ;LBOMfo&?%B8ASe W x Kno WSu M%Aqo@A
W KÏBOAn=@?�\	;�o&BCG�~ WCZ BlAC=@?ÏM%Aqo@Air W ;XKtolR å Bfe�BlAC\	x Z BOM
ì kCB8B � Bl=yx�o&; W K \ WSu A =nx B Z }´ASK M�x \	BOM´o	? B-AQkCB Z A { BCG

�ÖÚ+�ÖÚ ��ÝEÝOÞQã��$á�Ý��b�f�+à�á$âSÝlãÇß�Ü
Y W o	Bl\po<o&?%B B B2BO=yo WSu Aqomo Z ;Lz%x�o&B Z BlM�x =yo	; W K"R å B

x \mBlMaA =nx B Z }!o&? Aqo�= W Kto&AS;LK \�o å6W ��:¿h.[n\OR#� � ��ACK M
� � �SG Y9? B�D Wqå =EA Z M%;XK ACDX;Xop}ÏB � r�B Z ;XesBEKtofx \	BO\Ho	? B:>�Mv���ASomo Z ;Lz%x�o&BCR å ?%;L=@?<?dAC\!� | �n�Hx K%; =tx%BHkqASDLx%BO\
ACDXD
r Z Bl\mBOKtosASosBlAC=@? \m;Xo	BnGi� � �´M�BEr�BEK M \ W K o&?%B 4�
 �
= W esr%x%o	BOMÒ;XK o	?%B�z AC\	By��kqASDLx%BO\ Z BODLASo	; W K"R�ASKdM � � �
M�BEr�BEK M \ W K�o&?%Bu4�
 �´= W esr%x%o	BOM�z+} �v� �qGwU`BO=OASx \	B
WSu o	? BO\	B�M�BOrdBOK M�BEKd=y;LBO\OR1K W = W ASDLBO\&=y;LK { ;>\-r W \&\	;Xz%DLBCG
��B.M W K W o`ASr r%DX} {CZ&W x r Z BlM�x =�o&; W K WCZ \	}+K =@? Z&W K%;LçOAS�
o	; W K Z BlM�x =yo	; W K�;XK�o	? ;L\�B � rdB Z ;LesBEKtoOG
ä K�o	? BHì Z \mo-\mBEo WCu B � r�B Z ;Le�BOKto&\OR å B�o&BO\mo8o	?%BsB u �

u BO=�o WSu Aqo	o Z ;Xz%x%o	B Z BOM�xd=�o	; W K�G$~$; { x Z B
� è�Anê�\	? Wqå \�o	? B
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Data Transferred (high cardinality)
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~$; { x Z B8�%��I`omo Z ;Lz%x�o&Ba��BlM�x =�o&; W Kbp!x%B Z }

B � BO=Ex�o	; W KÒo	;LesB WCu o	? B�?%; { ? =EA Z M�;LK ACDX;Xop} Aqomo Z ;Lz%x�o&B
Z BlM�x =yo	; W K =tx%B Z }�AC\�o&?%B K+x%eaz�B Z¿WCu \	;�o&BO\<;>\ikqA Z �
;XBlMÖG�� ;Xo	?´BO; { ?to`\	;�o&BO\OR+ASomo Z ;Lz%x�o&B Z BOM�xd=�o	; W K Z BlM�x =yBl\
=tx%B Z } BEkqACDXx ASo	; W KÔo	;LesB zt} � �?}´G�Y9?%;>\<;Le�r Z	W knBy�
esBEKto!;>\
D>A Z&{ BODX}´M%x%B-o W A Z BlM�x =yo	; W K<;LKio	?%BHk W DLx%esB
WSu M%Aqo@A o Z ACK \ u B Z	Z BOM"G4I!\<\m? Wqå K ;XK�~$; { x Z B��dèæzdêyR
Aqo	o Z ;Xz%x%o	B Z BOM%x =�o&; W K Z BlM�x =yBl\fo&?%B�k W DLx%esB WSu M%ASo&A
o Z ASK \ u B Z&Z BOMÏz+} �C�M}´G¿��B´K W o	B´o	? ASo�ASomo Z ;Lz%x�o	B Z BE�
M�x =yo	; W K�An=@?%;LBEkCBl\�o&?%;L\`;Lesr Z	W knBEesBEKtow;LK�\	r%;Xo	B WSu o&?%B
u AC=yo
o	? ASo!AsD>A Z&{ B�r WnZ o&; W K WSu = W e�r x�o	BlM�A {C{nZ B { Aqo&BO\
A Z B�x \mBlM�;XK<\	x%z \	BD=tx%BEKto�BEkqACDXx ASo	; W K Z	W x%K M%\OG
��Bi=EACK z Z BOACJ�o	?%B =tx%B Z } BEkqACDXx ASo	; W K o&;XesBi;LKno W

o	? Z BEB8= W esr W K%BEKto@\E��\	;�o&B�= W esr%x�o@Aqo&; W K´o&;XesBfèæBOkQACDXx%�
Aqo&;XK { o	? B1��:�h![ =tx%B Z ;LBO\@ê�R"= WtWnZ M%;XK ASo WnZ = W esr%x�o&AS�
o	; W Kfo&;XesB�èæBEkqACDXx ASo	;LK { o&?%Bj\	}tKd=@? Z	W K%;LçOAqo&; W K =nx B Z }�êyR
ASK MÍM%ASo&A = W eseax%K ;L=OAqo	; W K o&;XesBCG ä K ~�; { x Z B ¢ è�AnêyR
å B9\	? Wqå o	?%;>\$z Z BOASJ�M Wqå K uæWnZ o	?%B9Aqo	o Z ;Xz%x%o	By� Z BOM�x =EBOM
?%; { ?�=EA Z M�;LK ASDL;Xop} =tx%B Z }nGÐ� ?%;LDXB�o	? BÏ\	;Xo	B = W e�r x��
o&ASo	; W K�o	;Le�B Z BEefAS;LK \!K%BOA Z DL}¿= W K \mo&ASKtolR2o	?%Bf= W+WnZ M�;X�
K Aqo WCZ = W esr%x�o&ASo	; W K�o	;LesBsACK M�o	?%Bf= W eseax%K%;>=EASo	; W K
o	;LesBa;LK = Z BOAn\mB�=tx AnM Z ASo	;>=EACDXDL}CG9Y9?%;>\
o Z BOK Mi;L\!M�x%B8o W
o	?%B�B � o Z BOe�B�\mBEo	x%r WSu o	? B´B � r�B Z ;XesBOKnol�so	?%B�K+x%e��
zdB ZjWCu�{nZ	W x%r \9;>\
D>A Z&{ B8ASKdMi;XK = Z BlAC\	BO\9DL;XK BOA Z DL} å ;Xo	?
K+x%eaz�B Z¿WCu \	;�o&BO\ è�AC\�o	? B {CZ&W x%r \iA Z BÏr A Z o&;�o&; W K%BOM
ASe W K { o	?%B´\	;Xo	BO\@ê�G�Y9?%B´= W eseax%K ;L=OAqo	; W K W kCB Z ? BOACM
;XKd= Z BOAC\	BO\ =tx AnM Z Aqo	;>=EACDXDL} z�BO=EACx \	BÏo	?%B DL;XK BOA Z DL} ;XK%�
= Z BOAn\m;LK { K+x%eaz�B Z�WSu+{CZ&W x%r \2eHx \mo�zdB6= W eseHx%K%;>=EAqo&BOM
å ;�o&? A�DX;LK%BOA Z DL}Ï;XKd= Z BOAC\	;LK { K+x%eaz�B Z�WSu \	;Xo	BO\OGÏY9?%B

\	;Xo	BO\ Z BEo	x Z K A =tx ACM Z Aqo&;L=�K+x%eHzdB Z-WSu�{CZ&W x r \8=EACx \p�
;LK { A�=nxdACM Z Aqo&;L=!;XKd= Z BOAC\	Bj;LKi= W+WCZ M�;LK Aqo WCZ = W esr%x%o&Aq�
o&; W K�o&;XesBnG�Y9?%BsD Wqå =EA Z M%;XK ACDX;Xop}<B � r�B Z ;XesBOKnofèÇ~$; { �
x Z B ¢ èæz�êmê
\	? Wqå \
A´M�;FB2B Z BEKto!o Z BEK MÖR2AC\
o	?%BHK+x%eaz�B Z
WCud{nZ	W x%r \$;L\$e W M�B Z Aqo&B�ASK MHM W BO\�K W o�;LK = Z BlAC\	Bweaxd=@?
å ;Xo	? ACK�;LK = Z BOAn\m;LK { K+x%eaz�B Z8WCu \	;�o&BO\OGsY9? Bs= W+WCZ M�;��
KdAqo WnZ = W esr%x%o&Aqo&; W K�;>\�K%B { DL; { ;Xz%DLBCR2o&?%B�\	;�o&B�= W esr%x��
o@Aqo&; W Kf;L\wK%BOA Z DL}H= W K \mo&ACKnolRnACK M�o	?%B!= W eseHx%K%;>=EAqo&; W K
W knB Z ?%BOAnM�;>\�\mefACDXD�ACK M�DX;LK%BOA Z DL}�;LK = Z BOAn\m;LK { G

�"Ú ��Ú8C�Þqßdá��j�f�+à$á�âCÝOãÇß�Ü
Y W o&BO\mo�o	?%BfB B�Bl=�o WSu`{CZ&W x%r Z BlM�x =�o&; W K"R å BHxd\mBlM

A =tx%B Z } å ;�o&?�o å`W ��:¿h.[n\ORs� � � ASK M-� � � G2�v� �
M%BEr�BEK M%\ W K<ASK¿A {C{nZ B { Aqo&B WCu o&?%B {CZ&W x r"R ASKdM-�v� �
M%BEr�BEK M%\ W K ASK�A {C{CZ B { Aqo&B WCu � � � G ��B�\	Byo�o	?%B
r Z BlM�;L=OAqo&BO\ WSu � � � ACK M�� � � \ W o&? Aqoso	? BE} ? AQknB
çOB Z&W = W x%Kto&\ ;LK ¢M| } WSu o&?%B {CZ&W x r \EG ��B x \mB
o s71�{�z-;7�#� 3X?�09;7��AC\´o	?%B {CZ&W x%r ;XK { Aqomo Z ;Lz%x�o&BCG ��B
ACr%r%DL}.ASomo Z ;Lz%x�o&B Z BlM�x =yo	; W K�z%x�o�K W o�\	}+K =@? Z&W K%;LçOASo	; W K
Z BOM%x =�o&; W K"G
ä K�o	? B =yx Z&Z BOKto ;Xesr%DLBEesBEKto@Aqo	; W K WCu b+JqACDXD>A%R

o&?%B e�BEo&AnM%Aqo@AÐ;XKdM�;L=OAqo&BO\ W K%DL} å ?%;L=@?éAqomo Z ;Lz%x�o&BO\
WCu A Z BODLASo	; W K A Z B x \mBlM uæWCZ rdA Z o	;Xo	; W K%;LK { R
z x�o ;Xo M W Bl\(K W o \	r�BO=y; u } o	?%B�r Z BOM�;>=EASo	B xd\mBlM
uæWnZ rdA Z o	;Xo	; W K%;LK { G Y9?%B Z B uæWnZ BnR å B r�B Z	uæWCZ e�BlM
M%;L\mo Z ;Xz x�o	; W K���;LK M�BEr�BEKdM�BEKto {CZ&W x r Z BOM�xd=�o	; W K5z%x�o
K W ojM�;>\po Z ;Lz%x�o&; W K���A å A Z B {CZ&W x%r Z BlM�x =yo	; W K"G
~$; { x Z BO\ | èÇAnêÍACK M | èÇzdê M�BOr%;L=yo {CZ ASr%?d\ \m? Wqå �
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Query Evaluation Time Breakdown (high cardinality)
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Query Evaluation Time Breakdown (low cardinality)
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~$; { x Z B ¢ ��p!x%B Z }´�wkQACDXxdAqo	; W K�Y9;XesB-U Z BOASJ�M Wqå K uæWCZ I`o	o Z ;Xz%x%o	B-��BlM�x =�o&; W K

;LK { o	?%B =tx%B Z }�BEkqASDLx Aqo&; W K�o&;XesB¿è�~�; { x Z B | èÇAnê	ê.ASK M
o&?%BaASe W x%Kto WSu M%ASo&Aso Z ACK \ u B Z&Z BlM�è�~$; { x Z B | èÇzdêmê uæWCZ
M�;>\mo Z ;Xz%x%o	; W K���;XKdM�BEr�BEK M%BEKto {CZ&W x%r�� Z BOM�x =EBOM ACK M o&?%B
K W K {nZ	W x%r�� Z BlM�x =yBlMÏkCB Z \	; W K \ WCu o	? B {nZ	W x%r Z BOM�xd=��
o&; W K =nx B Z }CG
Y9?%B�\mBEo WSu K W K {CZ&W x%r%� Z BOM�xd=yBOM�=yx Z knBO\
\	? Wqå \´A =tx ACM Z ASo	;>=<;XKd= Z BOAC\	B�;LK =tx%B Z }ÍBOkQACDXxdAqo	; W K
o&;XesB9ASK M8;LK-o&?%B`Ktx eaz�B Z�WSu z+}to	Bl\"o Z ACK \ u B Z&Z BlMÖG�Y9?%;>\
z�BE? AQk+; WCZ ;>\1M�x%B9o W A�DL;XK%BlA Z DX}a;XK = Z BlAC\	;XK { K+x%eHzdB Z1WSu
{nZ	W x%r \�z�BE;LK { \	BEKto1o W A8DX;LK%BlA Z DX}H;XK = Z BlAC\	;XK { Ktx eaz�B Z
WCu \m;Xo	Bl\ >.o	?+x \´o	? B�= W eseax%K ;L=OAqo	; W K W knB Z ?%BOAnMÍASK M
\	}+K =@? Z&W K%;LçOASo	; W K W kCB Z ?%BlACM-;LK = Z BlAC\	BO\)=tx AnM Z ASo	;>=EACDXDL}CG
� ?%BOK {CZ&W x%r Z BlM�x =yo	; W K ;L\ ACr%r%DL;XBlMÖR¿o&?%B =yx Z knBO\
A Z Bi\po&;XDLD =tx ACM Z ASo	;>=SR1z%x%ofo W A�DXBl\	\	B Z M�B {CZ BEBCG Y9?%B
M�;>\mo Z ;Xz%x%o	; W K���;XKdM�BEr�BEK M%BEKtojèæ;�G BnGXRt\m;Xo	B�\	;LM%Blê {CZ&W x r Z By�
M�xd=�o	; W K�\ W DXknBO\6? ASD u�WCu o	?%B�;LK%B @�=E;XBOK =y}nR+An\6o	?%B�\m;Xo	Bl\
\	BEK MiAfDL;LK%BOA Z ASe W x Kno WSu M%Aqo@A�o W o&?%Ba= WtWnZ M%;XK ASo WnZ R
z%x%o�o	?%B8= W+WnZ M�;LK ASo WCZ \	BEK M \�A�=tx AnM Z Aqo	;>=.ASe W x%Kto WSu
M%ASo&AÒo W o	? B \m;Xo	Bl\EG hj;>\mo Z ;Xz%x%o	; W K���A å A Z B èæ;�G BnGXR8= W �
WnZ M�;LK ASo WCZ \	;LM�BQê {CZ&W x%r Z BlM�x =yo	; W K å6W x%DLM�efASJnBHo&?%B
=Ex Z knBO\`DL;XK%BlA Z G
Y W \	BEBÍo&?%;>\ER å B r�B Z	uæWCZ e ACKÐASK ACDX}�\	;L\ WCu o&?%B

K+x%eHzdB Z.WCu z+}to	Bl\!o Z ASK \ u B Z&Z BlMÖGs^"Byo�o&?%BsKtx eaz�B Z8WSu
{nZ	W x%r \ Z Bl\m;>M�;LK {ÏW KÍA�\	;LK { DLB�\	;Xo	B<z�B��2R6o	?%BiK+x%e��
z�B Z
WCu \m;Xo	Bl\�zdB l�RdASKdM´o&?%B uæZ AC=yo	; W K WSu \	;�o&BO\ � {CZ&W x%r
A {C{CZ B { Aqo&BO\�x%r2M%Aqo&BOMØM�x Z ;LK { o	? B BEkqASDLx ASo	; W K WSu A
{nZ	W x%r%;LK { kqA Z ;LACz%DXB�zdB � G ä K o&?%B¿ì Z \mo Z&W x%KdMÖR l��
{nZ	W x%r \sA Z B<\mBOKno uæZ&W e o	?%B¿\	;Xo	BO\fo W o	? B¿= W+WCZ M�;LK Aq�
o WCZ G � ;Xo	? W x�o {CZ&W x%r Z BOM�xd=�o	; W K�RIl � � {CZ&W x r \´A Z B

\mBOKno uæZ&W e o	? B�= WtWnZ M%;XK ASo WnZ o W o	? Bi\	;Xo	BO\ORwACK M l � �
{CZ&W x%r \�A Z B�\	BEKto�z AC=@J2G$� ;�o&? {nZ	W x%r Z BOM%x =�o&; W K"R W K%DX}
� l�� {CZ&W x%r \!A Z B Z Byo&x Z K BOMÖG8Y9?%B Z B uæWCZ BCR�o	?%B�r Z&W r WCZ �
o	; W K WCuj{CZ&W x r \8o Z ACK \ u B Z	Z BOM å ;�o&? {CZ&W x r Z BlM�x =�o&; W K
kCB Z \	x \ å ;�o&? W x�o {nZ	W x%r Z BOM�x =yo	; W K ;L\iè\l��2è�� � 1 � 1
��l�êmê ��è\l��2è ¢ l71 � êmê)b è�� � 1 ��l71 � ê ��è ¢ l71 � êyG�Y9? B
Ktx eaz�B ZiWSu z+}to	Bl\´o Z ACK \ u B Z&Z BlMÍ;L\ Z	W x { ? DX}Ír Z&W r WCZ �
o	; W K ACD1o W o	?%B�K+x%eHzdB ZaWCu9{nZ	W x%r \�o Z ACK \ u B Z&Z BlMÖR�ACK M
;XK u AC=�o`o	? ;L\ uæWCZ eax DLAaesASo&=@?%Bl\6o	?%B.B � r�B Z ;XesBEKto@ASD Z BE�
\mx%DXo&\�o Wså ;�o&?%;LK | }´G

�ÖÚ���Úf�Hß �"���r�OânãÇÜ �
Y W o	Bl\po9o	? B8B B2BO=�o WCu = W ACDXBl\	=E;XK { R å B�x \	B-A�=tx%B Z }

å ;�o&?�A�\	;XK { DXBU��:�h![-� � � ASKdM<= W esr%x%o	BaA o p n"?�:
ASK M ASKE4�
 ��AQkCB Z A { BÏ;XK � � � ACK M ASD>\ W uæWCZ o	? B
{CZ&W x%r"G Y9? B Z B uæWCZ BCR`= W ASDLBO\&=y;LK {�Z BOM%x =yBl\so	?%B =tx%B Z }
uæZ	W e o å`W-Z&W x%KdM%\�o WaW K B Z&W x%K M"G$Y9?%B!D Wqå =OA Z M�;LK ASDX�
;�op}�B � r�B Z ;XesBEKto
x \	BO\�o	?%Bu:��Mv��fAqo	o Z ;Xz%x%o	BCG6��Bax \mBlM
Aqomo Z ;Lz%x�o&B Z BOM%x =�o&; W K<;XK<o&?%BO\	BaB � rdB Z ;LesBEKto&\OR2z%x�o!K W
\m}+K =@? Z&W K ;XçlAqo	; W K Z BlM�x =yo	; W K WCZ�{CZ&W x r Z BOM�x =yo	; W K"G
~$; { x Z B¿  è�Anê�\m? Wqå \�o	?%B<BOkQACDXxdAqo	; W K o	;LesB WSu o	? B

= W ACDXBl\	=EBOMsASKdMfK W K�= W ACDXBl\	=EBOM =tx%B Z } uæWnZ ?%; { ?�=OA Z M�;X�
K ASDL;�op}HM%Aqo@A%R å ?%;LDXB�~$; { x Z B` dèæzdê$\	? Wqå \�o	?%B Z BO\	x%D�o@\ WSu
o	?%B`\	ACe�B =nx B Z ;XBl\ W kCB Z D Wqå =EA Z M%;XK ACDX;Xop} WCu M%Aqo@A%G�Y9? B
K W K�= W ACDXBl\	=EBOMf=Ex Z knB
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\m? Wqå \�A =tx ACM Z Aqo&;L=�;LK = Z BlAC\	B�;XK8B � Bl=yx�o&; W K�o	;LesBCG�Y9? B
= W ACDXBl\	=EBOM<��:¿h.[ =yx Z kCB�;>\fDX;LK%BlA Z GÍY9? B Z B�;>\ W K%DX}
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\	BEK M�o	? BE; Z
Z Bl\mx D�o@\9o W o&?%B-= W+WCZ M�;LK Aqo WCZ R�\ W o&?%B
k W DXx%esB WCu M%ASo&A!o Z ASKd\ u B Z	Z BOMH;XKd= Z BOAC\	BO\�DL;LK%BOA Z DL} å ;Xo	?
o	?%B9K+x%eHzdB Z$WCu \	;�o&BO\OG$~ WCZ o	?%B`D Wqå =EA Z M�;LK ACDX;Xop} =nx B Z }
o	?%BfM�; B2B Z BEK =EBH;>\.DXBl\	\�M Z ASefAqo&;L=CG-�1knBEK<o&? W x { ?¿o&?%B
ASe W x Kno WSu M%ASo&A o Z ASK \ u B Z&Z BlMÍ;L\�\	esACDXD�Rj= W ASDLBO\&=y;LK {
Z BlM�x =EBO\ =tx%B Z }�BOkqASDLx Aqo&; W K�o&;XesB-z+}��C�M}´R�r Z ;LesA Z ;LDL}
M�x%B�o W A Z BOM%x =�o&; W K�;LK�o	?%B-\	;�o&B-= W e�r x�o&ASo	; W K�o	;Le�BnG
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Y W o	BO\mowo&?%B.B B2BO=�o WSu \m}+K =@? Z&W K ;XçlAqo	; W K Z BOM%x =�o&; W K"R

å B�x \	B�A6=tx%B Z } å ;�o&?ÔA \	;LK { DLB ��:¿h.[ � � � ~ WnZ
o	?%B<D Wqå =OA Z M�;LK ASDL;�op} B � rdB Z ;LesBEKto å Bix \	BOM�?"0?{Ow�z�u
ASK M @��"0�u"& AC\ o	?%B {CZ&W x%r ;XK { ASomo Z ;Lz%x�o&BO\ èÇ�t� | �
x%K%;:=tx%B kqASDLx%B r AC; Z \&êyG � ;Xo	? W x�o�\	}tKd=@? Z	W K%;LçOAqo&; W K"R
o å6WÏZ&W x%KdM%\fA Z B Z BD=tx%; Z BOMÖR6z%x�o å ;Xo	?Í\m}+K =@? Z&W K ;XçlAq�
o	; W K Z BOM�xd=�o	; W K W K%DL} W K B Z	W x%K MÍ;>\ Z B	=tx%; Z BOM"GÔ��B
x \	BOM´ASomo Z ;Lz%x�o&B Z BOM�x =yo	; W K�z x�o6K W o {nZ	W x%r Z BOM�x =yo	; W K
uæWCZ o&?%BO\	B�B � r�B Z ;XesBEKto@\EG
��BÒo	BO\mo�o&?%B B B2BO=�o WSu \	}+K =@? Z&W K%;LçOASo	; W K Z BOM�x =y�

o	; W K å ;Xo	? W x�o´= W ASDLBO\&=y;LK { G ~$; { x Z B¿�%èÇAtêH\	? Wqå \�o&?%B
=tx%B Z }ÏBEkqASDLx Aqo&; W KÏo	;LesB WCu o	?%B¿F.^�I!� =tx%B Z }ÏBEkqASDX�
x Aqo&BOM å ;Xo	?ÔASK M å ;Xo	? W x�o�\	}+K =@? Z&W K%;LçOASo	; W K Z BOM�x =y�
o	; W K uæWCZ o	? B�?%; { ? =EA Z M�;LK ACDX;Xop}ÏkCB Z \	; W K"R å ?%;LDXB<~$; { �
x Z B���èæz�ê { ;LkCBl\.o	?%BfD Wqå =OA Z M�;LK ASDL;�op}�kCB Z \	; W K WCu o&?%B
=tx%B Z }CG � ;�o&? W x%o�\m}+K =@? Z&W K ;XçlAqo	; W K Z BlM�x =�o&; W K ;LK
o	?%B´?%; { ? =EA Z M�;LK ACDX;Xop} =tx%B Z }CR�o	?%B =nx B Z }�BEkqACDXx ASo	; W K
o	;LesB<;L\ =tx AnM Z ASo	;>= å ;Xo	?ÍASK ;LK = Z BOAn\m;LK { Ktx eaz�B ZsWSu
\m;Xo	Bl\EG6� ;�o&?�\	}tKd=@? Z	W K%;LçOAqo&; W K Z BOM�xd=�o	; W K�R�o	?%B0=nx B Z }

;>\HBEkqASDLx Aqo&BOM ;LKÒA¿\	;LK { DLB Z&W x%KdMÖR�ASK M \	? Wqå \HA<DX;LK��
BlA Z1{nZ	Wqå o&?H;LKsBEkqASDLx ASo	; W K�o	;LesB-èÇM�x%B
o W o	? B
DX;LK%BlA Z DX}
;LK = Z BlAC\	;XK { \m;LçEB WSu o&?%B W x�o&r%x�o�ê�G�Y9?txd\ERS\	}+K =@? Z&W K%;LçOAS�
o&; W K Z BlM�x =yo	; W K Z BOe W knBO\.o&?%Bf;XK B @�=y;LBEK =E;XBl\�èÇM%x%Bfo W
ASomo Z ;Lz%x�o&B6r A Z o&;�o&; W K%;LK { êÖ\	BEBOK-;LK8o	?%B`r Z BEk+; W x \�B � rdB Z �
;LesBEKto&\OG ~ WnZ o&?%B´D Wqå =EA Z M�;LK ACDX;Xop}(=tx%B Z }nR1\m}+K =@? Z	W �
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=tx%B Z }�BOkQACDXxdAqo	; W K-o	;Le�BnRSz%x�o�K W o�o W o&?%B`\&ASesB`M�B {nZ BOB
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;>\fK%BlA Z DX} o	?%B�\&ASesBnR`ACK M o	?%B¿M�; B2B Z BEK =EB<;XK =tx%B Z }
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\	;Xo	BO\OG���B.\mo&A Z o å ;�o&?´o&?%B8M%Aqo@AH\	Byo9x \	BOM´;XK�o	?%B�r Z By�
k+; W x \�B � rdB Z ;LesBEKto&\�ASKdM�;LK = Z BOAn\mB�;Xo&\8\	;XçOBHz+}¿x%r�o W
A u An=�o WnZ�WSuwuæW x Z Ga��B�M�BEknBED W r�BOM�A =tx%B Z } uæWnZ o&BO\mom�
;LK { o&?%B¿A {n{CZ B { ASo	B�B B2BO=�o WCu ACDXD Z BOM%x =�o&; W K \EG Y9? ;L\
=tx%B Z }�? AC\!o	? Z BOB {nZ	W x%r%;LK { kQA Z ;>ASz DXBl\ER � � �qR�� � �SR
ACK M � � � G �v� � ;L\ar AC\&\p� Z BOM�x =E;Xz DXBso W o	?%B {CZ&W x%r%�
uæWnZ es;LK { r An\	\OG � � � M�BOrdBOK M%\ W KÏACK A {C{nZ B { ASo	B WCu�v� � Rwz%x%os;>\s\m}+K =@? Z	W K%;XçlAqo&; W K�� Z BOM%x =y;Lz%DLBfo W � � � G�v� � M�BEr�BEKdM%\ W K´ACK�A {C{nZ B { ASo	B WSu �v� � z%x�o9;L\6K W o
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~$; { x Z B8 %� v6W ACDXBl\	=E;XK { p!x%B Z }

\	}+K =@? Z&W K%;LçOASo	; W K�� Z BlM�x =E;Xz%DLB8o W � � � GH��BfM�BO\	; { K%BOM
o&?%Bjr Z BOM%;L=OAqo	B WSu � � � \ W o	? ASo9ASo`ASK+}f\	;�o&BCR+;�o9? An\6AK W K���çEB Z&W = W x%Kto
;LK ¢M| } WCu o&?%B {CZ&W x r \EG
��Bfxd\mBlM¿o&?%B�Aqo	o Z ;Xz%x%o	BO\c?�0?{Tw�z�u<ACK M *��xw8v�6"0�{"�

An\fo	? B {nZ	W x%r%;LK { Aqo	o Z ;Xz%x%o	BO\�è å ;Xo	?� n�%R �n�C�Ïx%K%;:=tx%B
kqASDLx%Bl\ WSu o	?%B�r AC; Z \@ê�G�Y9?%BO\	B {CZ&W x%r \�A Z B9r A Z o&;�o&; W K%BOM
ACe W K { o	?%B`\m;Xo	Bl\ERlz%x�o�o	?%B6Aqomo Z ;Lz%x�o&B * �xw�v�6"0?{"�9ASD W K%B
;>\9K W ojA�r A Z o&;�o&; W K�ASomo Z ;Lz%x�o&BCG
ä K W x Z ì Z \poa\	Byo WCu B � r�B Z ;Le�BOKto&\OR"o	? BfKtx eaz�B Z8WSu

{nZ	W x%r \�;LK = Z BOAn\mBlM�DL;XK BOA Z DL} å ;Xo	?Ïo	? B´M%Aqo@A<\mBEoa\m;LçEBnG
Y9?%B {nZ ACr%?�;XK<~$; { x Z Bc� èÇAtê9\m? Wqå \`o	?%B�=tx%B Z }�BEkqASDLx��
ASo	; W K�o	;Le�B å ? BEK�o	?%B W r�o	;Les;XçlAqo	; W Kd\�A Z B!o&x Z K%BOM W K
WnZjW B�G ä K¿z W o	?�=EAC\	BO\
o	?%B Z BH;L\�AfDL;LK%BOA Z ;LK = Z BOAn\mBa;XK
=tx%B Z } BEkqASDLx Aqo&; W K o	;Le�B å ;�o&? ;XKd= Z BOAC\	;LK { M%Aqo@ASz An\mB
\	;XçOBCG | \	;XK { o	?%B W r�o&;Xes;LçOAqo&; W K \�;Lesr Z	W knBOMHo	? B =tx%B Z }
BOkQACDXxdAqo	; W K o	;LesB¿z+} K%BlA Z DX} ?dASD u GÔY9?%B<z A Zf{CZ ASr%?
WCu ~$; { x Z B3�dèæzdê-z Z BOASJ�\HM Wqå KÏo	?%B�BEkqASDLx ASo	; W K o&;XesB
WCu o	? B W r�o&;Xes;LçEBOM =tx%B Z }�;LKto W o	? B-\m;Xo	B-= W esr%x�o@Aqo	; W K
o&;XesBCRS= W+WCZ M�;XKdAqo WnZ = W esr%x�o@Aqo	; W K-o	;Le�BnRSASK MH= W e�eHx��
K%;>=EASo	; W K W kCB Z ?%BlACMÖR+\	? Wqå ;XK { DL;XK BOA Z�{nZ	Wqå o&?´;LKiBOAC=@?
= W esr W K%BEKtolG6��B Z ASK�o	? Ba\	ACesBa\mBEo WSu B � r�B Z ;Le�BOKto&\
x \	;LK { AjM Aqo&A!\mBEo�;LK å ?%;>=@?8o&?%B6K+x%eHzdB Z�WCu%{CZ&W x%rd\ Z By�
efAS;LK \
= W K \mo&ACKto å ;Xo	?¿ACKi;XK = Z BlAC\	;XK { M Aqo&ACz AC\	B8\m;LçEBnR
ACK M W z�o&AC;XK BOM�= W esr A Z ACz%DLB Z BO\	x%DXo&\OG

�"Ú �"Ú ��á � �Y��Þ �
~ WnZ efASK+} =tx%B Z ;LBO\HèæBnG { GXR å ;�o&?�Afe W M�B Z Aqo&B-K+x%e��

z�B ZfWCu.{nZ	W x%r \@ê�R9M�;L\mo Z ;Lz%x�o	BlM�F.^�I!� BOkqASDLx Aqo&; W K ;>\

B B2BO=�o&;XknB
ASK M�\&=EASD>ASz DXB8èÇ\	BEBnRCBnG { GXRC~$; { x Z B�  è�AnêmêyG$Y9? B
W r�o&;Xes;LçOAqo&; W K \�M�;>\	=Ex \&\mBlMH;LKHo	?%;>\�r ACrdB Z A Z B6B B�Bl=�o&;XknB
;XK Z BOM�xd=y;LK { =tx%B Z }aBOkQACDXxdAqo	; W K�o&;XesB
z+}HA�D>A Z&{ B uæZ AC=y�
o	; W K èÇ\	BEBnR%BCG { GLR%~$; { x Z Bu�dèÇAnê	ê�G
h!;L\mo Z ;Lz%x�o	BlMÒF.^�I!� u An=yBl\8A�\&=EACDLACz%;LDX;Xop}¿r Z&W z%DLBEe

å ?%BEK Air A Z o&;�o&; W K Aqomo Z ;Lz%x�o&Bf;L\-x \mBlM AC\ W K%B WSu o	? B
{CZ&W x%r%;LK { Aqo	o Z ;Xz x�o	Bl\ER�DLBOACM%;XK { o W A�=tx AnM Z Aqo	;>=�;XK��
= Z BOAC\	B<;LK =tx%B Z } BOkqASDLx Aqo&; W K o&;XesB å ;�o&?�A DL;XK%BlA Z DX}
;XK = Z BlAC\	;XK { Ktx eaz�B Z-WCu \	;Xo	BO\OGi: W \mo WSu o&?%B å`WCZ J¿;L\
å An\po&BOM AC\ao	? B�\	;�o&BO\aM W K W oa? AQkCB�o	x%r%DLBO\ uæWCZ e W \mo
WSu o&?%B {CZ&W x%r \�\	BEKtoio W o	?%BOe�G Y å6W WSu o	?%B W r�o&;��
e�;LçOASo	; W K \ å B<? AQknB<= W Kd\m;>M�B Z BOM ;LKÍo	?%;>\fr ACrdB Z A Z B
B B2BO=�o&;XknB¿;LK BODX;Les;XKdAqo	;LK { o&?%;>\f;XK B @�=y;LBEK =E}CG�� Z	W x%r
Z BlM�x =�o&; W KÐèæz W o	?ØASo<o	?%B = WtWnZ M%;XK ASo WnZ ACK M�Aqo<o	? B
\m;Xo	Bl\&ê Z BOM%x =yBl\$o	?%B
M%ASo&A.o Z A1@f=�è�ASK MHo	?+x \�o	?%B =tx%B Z }
BEkqASDLx Aqo&; W K�o&;XesBQê!~ Z	W e =tx ACM Z Aqo&;L=ao W DL;XK BOA Z GHb+}+K��
=@? Z	W K%;LçOAqo&; W K Z BOM%x =�o&; W K u x Z o&?%B Z o@ASJnBO\�ACM%kQACKto&A { B WSu
o	?%B`r A Z o	;Xo	; W K�Aqo	o Z ;Xz%x%o	B`zt}�BODX;Les;XK ASo	;LK { eax =@? WCu o	? B
M%Aqo@Aao Z A1@�=8ASDXo WC{ Byo&?%B Z G

�"Úf�HßdÜ$â���áW�lãÇß�Ü��
ä K(o	?%;>\ r ASr�B Z R å BÔ? AQkCB�M%BEkCBOD W rdBlMøA uæZ ASesBE�

å6WnZ J uæWnZ BEkqASDLx Aqo&;XK { = W esr%DLB � F.^�Ij� =nx B Z ;XBl\ W K
M�;L\mo Z ;Lz%x�o	BlM M Aqo&A å A Z BO? W xd\mBl\EG���B�z%x%;LD>MÒB @f=E;XBOKto
=nx B Z }!r%D>ASKd\"x \	;XK { ��:¿h![!B � r Z BO\&\	; W K \ER å ?%;>=@?-ASDLD Wqå
o	?%B
\	x =E=E;XKd=�o�B � r Z BO\&\m; W K WSu A!D>A Z&{ B`=yD>AC\&\ WSu = W esr%DLB �
eax%DXo	;X� Z&W x K MÔF.^�I!� =tx%B Z ;LBO\OG ä K W x Z M�;L\mo Z ;Lz%x�o	BlM
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Query Evaluation Time  (low cardinality)
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~$; { x Z Ba�+�wb+}+K =@? Z	W K%;XçlAqo&; W K���BlM�x =�o&; W KCp!x B Z }

F.^�I!�ÔA Z =@?%;Xo	Bl=�o&x Z BnR"A�= W+WCZ M�;XKdAqo WnZ efACK A { BO\OR2= W DX�
DXBl=�o@\�ASKdM8= WCZ&Z BED>Aqo	Bl\ÖA {n{CZ B { ASo	B Z Bl\mx D�o@\ uæZ&W e o&?%B6M%;L\m�
o Z ;Xz x�o	BlM å A Z BO? W x \	B!\	;Xo	BO\OG
Y9?%B x \	B WSu ��:¿h![ B � r Z BO\&\m; W Kd\�ACDXD Wqå \Ïx \Ïo W

AQk W ;LM8= W esr%DLB � M�;L\mo Z ;Lz%x�o	BlM9� W ;LK W r�o	;Les;XçlAqo	; W K8r Z	W z��
DXBOef\EG1T Wqå BOkCB Z R =tx%B Z }fr%D>ASK \9;LK+k W DLk+;XK { ��:¿h.[ W r��
B Z Aqo WCZ \
ASD>\ W´Z B	=nx ; Z B W r%o	;Le�;LçOASo	; W K uæWnZ z�BO\mo!r�B Z	uæWCZ �
efASK =EBCG ��B \m? Wqå A = W DXDLBO=yo	; W K WSu K W kCBODU��:¿h.[
o Z ASK \ uæWCZ efAqo&; W K \ å ?%;>=@?ÒASDLD Wqå x \ao W es;XK%;Les;XçOB�o&?%B
= W \po WSu = W esr%x�o&ASo	; W K ACK M WSu = W eseax K%;L=OAqo&; W K zdBE�
o å BOBEK�o	? B-\m;Xo	Bl\�ASK M�o	? B-= W+WCZ M�;LK Aqo WCZ G
��B�z%x%;LD�o¿b+JqASDLDLA R
AÒM�;>\mo Z ;Xz%x%o	BOM�F.^�Ij�(\m}�\mo	BEe

å ?%;>=@? ;Xesr%DLBEesBEKto@\�o&?%B�M�;>\po Z ;Lz%x�o&BOM�F.^�Ij�øA Z =@?%;X�
o	Bl=�o	x Z BnGwb+JqASDLDLAsASD>\ W ;Lesr%DXBOesBEKto&\9e W \mo WSu o	?%B W r%o	;X�
es;XçlAqo	; W Kd\!M�;>\&=yx \&\mBlMi;XK¿o	?%;>\.r ASr�B Z G
��B Z ASK¿A´= W DX�
DXBl=�o&; W K WSu B � r�B Z ;Le�BOKto&\ORjASK M uæW x%K M o	? ASo´o	? B W r��
o	;Les;XçlAqo	; W Kd\�DXBlACM�o W Ai\	=OASD>ASz%DLBHM�;>\mo Z ;Xz%x%o	BOM F.^�Ij�
\m}�\mo	BOe�G
Y9?%B Z BO\	x%D�o@\ å B�r Z BO\	BEKto´;LK o&?%;L\�r ACrdB Z A Z B<o&?%B

ì Z \poj\mo	BOr \9;XK�o&?%B�B � r%D WCZ Aqo	; W K WSu�Z Bl\mBlA Z =@?�;>\	\	x%BO\9;LK
o	?%B�;Le�r WCZ o&ACKto.A Z BOA WSu M�;>\po Z ;Lz%x�o&BOMÏF.^�Ij��G2~%x%o	x Z B
Z Bl\mBlA Z =@?�o W r%;>=E\9;LK =yDLx M�Bn�


 á��æÝOã �	Ýlã��tÞD�Hß"ß Þqà$ãÇÜ���ÝOßdÞ ��Þqâ �$ãæÝ��+âCÝOá�Þc� � Y9?%B
= W+WCZ M�;XKdAqo WnZ A Z =@?%;Xo	BO=yo	x Z B�x \	BOMi;LKio	?%;>\
r ACrdB Z
å`WCZ J�\ å BODXD uæWnZ As\mefACDXDÖo W e W M%B Z Aqo	B�K+x%eHzdB Z
WCu M Aqo&A å A Z BE? W x \	B�\	;�o&BO\OG Ij\<o	?%B K+x%eHzdB Z
WCu \m;Xo	Bl\<;XKd= Z BOAC\	BO\OR8kqA Z ; W x \ W r%o	; W K \¿=OASKØz�B

B � ACe�;LK%BlMao W r A Z ASDLDLBEDL;XçOB6o&?%B W rdB Z ASo	; W K WSu o	?%B
= W+WnZ M�;LK ASo WCZ ;XK \mo&ACK =yBl\EGwF!K%B W r�o&; W K�;L\wo WHZ x K
o	? B-= W+WCZ M�;LK Aqo WCZ`W K<A�eax%DXo	;Lr Z&W =EBO\&\ WnZ \mB Z knB Z G
Fjo	? B ZaW r�o	; W Kd\aA Z Bfo W x \	B�A¿M�;>\mo Z ;Xz%x%o	BOMÒ= W �
WCZ M�;LK Aqo WCZ R¿A Z&Z ACK { BlMø;LK�A4?%;XB Z A Z =@?+} WnZ A
esBO\	?"G

� áW�tÞ � �
��Ýlã�� ã 	���ÝlãÇß�Ü � ��B
?dAQkCB
\	? Wqå KfA8= W DLDLBO=��
o	; W K WSu \	;Xesr%DLB W r�o	;Les;XçlAqo	; W K \mo Z Aqo&B { ;XBl\ uæWCZ
��:¿h.[n\<o	? ASo�ASDLe W \mo�ASD å AQ}�\ Z Bl\mx D�o¿;LKØ;Xe��
r Z&W kCBlMar�B Z	uæWCZ efASK =EBCG�~ x�o	x Z B å`WCZ J-;>\�K%BOBOM�BlM
o W B � r ACK Mso&?%B Z ACK { B WCu�W r%o	;Le�;LçOASo	; W K�\po Z ASo	By�
{ ;LBO\�ACK M´o W M�BOkCBED W riA =tx%B Z } W r%o	;Le�;LçEB Z G

� ßO�ÇãH�EÝlãÇâ �8�%� Þ���� �%Ý��r� � ��B`?dAQkCB W x�o	DL;LK%BOM�AjK+x%e��
z�B ZØWSuÍW r%o	;Le�;LçOASo	; W K \	=@? BEesBO\�o&? Aqo = W x%D>M
z�B�x \	BOM o W esACJCB�r Z An=�o&;L=OASz%DLB�ACK M W r%o	;Le�;LçEB
M�;>\po Z ;Lz%x�o&BOM�BEkqACDXx ASo	; W K WSu K W K%��M�;>\mo Z ;Xz%x%o	;LkCBCR
? W DX;>\po&;L=8A {C{nZ B { Aqo&BO\OG�~ x Z o&?%B Zjå6WnZ Jf;>\�K%BOBOM�BlM
o W M�BEo&AC;XDÖASKdM´B � rdASK M´x%r W K´o&?%B Z ASK { B WSu$W r��
o	;Les;XçlAqo&; W K \EG

�3� � �o�8� �b�R���
� G b2G9I { A Z&å ACD�R��8G9I {nZ A å ASD�R���G6: G9h!BO\	?%r ASKdM�BCR

IaG?�.x%r�o@A%Rn[dGC~`GC�!ASx { ?no W K"Rn�8Gn�
ACefASJ Z ;>\	?%K ASK�R
ACK M�bÖGnb�A Z A å A { ;�G�F!K�o	?%B
= W esr%x�o@Aqo&; W K WCu eax D��
o&;LM�;LesBEK \	; W K ACD2A {C{nZ B { Aqo&BO\OG ä K7S��:��& � �)$o#E��,!Q2�"# �



�C�

Query Evaluation Time

0

100

200

300

400

500

600

700

800

900

1000

0 1 2 3 4 5

Database Size

S
ec

o
n

d
s

not optimized
optimized

�Lñ � � ýQûpú#� *+"@ñ��cýqñ&ò#�cï
� � ��8�û

Query Evaluation Time Breakdown

0

100

200

300

400

500

600

1 2 3 4

Database Size

S
ec

o
n

d
s

Communication
Client Compute
Server Compute

� ! � � ýQûpú#� *+"@ñ��cýqñ&ò#�cï
� � ��8�û � ú�ûmñ�� �Qï	ð��

~$; { x Z Bu� � v6W eaz ;XK%BlM��
BOM�x =yo	; W K \�p!x B Z }


 ����$ � ����� ,'���b�%	��HL?,3N*	�#l	?��	 � , � R9r A { BO\ | �C Q�
| � � R � �n�C %G

�%G : G%FHGnI
J+;LK M�BnG v6W esr%DXB � ACK Mfh!;L\mo Z ;Xz x�o	BlM�F!K��
DX;LK%BiI
K ACDX}to&;L=OASD�� Z&W =yBO\&\	;XK { �1?"G haG�Y9?%Bl\m;>\OR�o W
zdB8r x%z%DL;L\	?%BOM"Rd�S�n�n��G

� G : G�FHG$I
J+;LK M�BCR�ACK M : G�TaG�U�VW ? DXBOK"G7�.BOK%B Z ASDX�
;XçOBOM :�h
�L� W ;LK \O�s�wkqASDLx Aqo&; W K ASK M Z BOM%x =�o&; W KÏo W
b"p.^1G ä KKNa	�#.	���	 � , �4� � � ,'�g,�&���0a0*��� � &�	�# � ��� � QIQyR
r A { BO\ | �l�+ +�+R�b+BEr%oOGd�C�C� � G

¢ G haGiU`;�o	o W K"R T-GiU WnZ ACD�RÏhHG�[dG�h!BE� ;XomolR ASK M
�ØG �sG�� ;LDXJ+;LK \ W K"G1��A Z ASDLDLBEDÖASD {CWnZ ;Xo	?%ef\ uæWCZ o&?%B
B � BO=Ex�o	; W Kd\ WSu6Z BED>Aqo&; W K ASD�M%ASo&ACz AC\	B W r�B Z Aqo	; W Kd\EG
� 
 L � �)N � �dèÇ�tê�� �n� ¢ ��� | � R � ���C� G

| G T-G U WCZ ASD�R �ØG IjDXB � ACK M�B Z R ^1G v D>AQ}CR
��G v6W r�BED>ASKdMÖR b2GÒh.ASK uæWnZ o&?"R : GÒ~ Z ACK%J+DX;LK"R
U.G1TjA Z oOR`: Gwb+es;Xo	?"R9ASK M ��G�_1ASD>M�x Z ;LBEçCG � Z&W �
o W op}tr ;XK { U`x%z%zdA%R8AÒ? ; { ?%DX}�r A Z ASDLDXBOD8M%Aqo@ASz An\mB
\m}�\mo	BOe�G�Q *k*k* ��� N * � è � ê�R :¿A Z =@? � �n�C�

  G �8G v��An=yB Z Bl\ER �aG h!x @fBED>MÖR*I-G ~%BED>M�efASK K"R
[ GÔ~ Z ;XBlM�efASK%K"R I-G
� Z BEBOK+zdB Z	{ Rø�8G � Z BEB Z R
Y�Gq[ W ?%K \ W K"R v Gq�8ASDLefASK%BOJ�RqU.Gq� Z ;>\	?%K ASeHx Z o	?+}CR
haG�^�AQkCBODXDLBCR���G�:<;>\m? Z A%R��sG"�sG��
ASefACJ Z ;>\m?%KdASK"R
[ G���B �tuæWnZ M"R�~`G�Y Z x%BnR�ACK M [dG�kqACKÒM�B Z :<B Z&å BCG
:<BOAn\mx Z BOe�BOKto!ASK M�ASK ACDX}�\	;L\ WSu1ä � K Byo å`WCZ J�x \m�
A { B ACK M z�BE?dAQkt; WCZ G Q *k*k* 
 ��0a0*��� � &�	�# � ��� �Lb	'LM	 /'� �O,ER�:�AQ}´�S�C�n�%G

��G b2G v B Z ;6ASK M_��G���BODLA { Aqo	o	;�GFSG� � �T& � eT�g, � �)$cN ��� �
#H� � �'��#., 5 Na	�#.	���	 � , � G�:¿=8� Z A å T
;LDXD�R2�
B å��1WnZ J2R

� � R � ��� ¢ G�%G hHG v ? Aqo&çE;>ASKto W K%; W x"G�I!M ? W =�F.^�Ij�
�$� � r Z BO\m�
\	; W K�ACK M BEkqACDXx ASo	; W K"G ä K
SG�:�8& � �)$N#E��,7Q *k*2*
Q2�"# � 
 ����$ � ���3Na	�#.	 * �rL � �T,�,2� � �rLSR � �C�n�%G

�%G hHG v ? Aqo&çE;>ASKto W K%; W x"R�: G1FHG�I
J+;LK M�BnR1Y�G$[ W ?%K%�
\ W K�R ASK M¿bÖGd��;Le�G`Y9?%Ba:¿hj�L� W ;LK"�6IjK W r�B Z Aqo WnZ
uæWnZ = W e�r DXB � F.^�I!�
G ä KVS��:��& � �I$4#+�",�Q *k*k* Q��"# �

 ����$ � ���+Na	�#.	 * �rL � �T,�,'� � �MLCRd�C�C� � G

� �%G"hHG v ? Aqo&çE;>ASKto W K%; W xÒACK MÒ�sG�I-G�� W \	\OGYp!x%B Z }t�
;LK { eax D�o&;Xr%DLB u BOASo	x Z BO\ WCu!{CZ&W x r \a;LK Z BODLASo	; W K ACD
M Aqo&ACz AC\	BO\OG ä KFSG�:�8& � �I$ #E��,�Q��"# ��
 ����$ � ���	� ,'���
�W	��9L?,nN*	�#l	?��	 � , � R%rdA { Bl\
�S� | �+�n�C  R � �n�C  G

�C� G�bÖG v ? ACx M�?+x Z ;HASKdM | G.h.AQ}nACD�G�I
K W knB Z kt;LB å
WCu M%ASo&A å A Z BE? W x \m;LK { ASK M F.^�I!� o&BO=@?%K W D Wn{ }nG
� Q'JML_�)N�
�,�&���� 5 Rd�C  è � ê��   | �%� ¢ Rn:¿A Z G � �C�+�+G

� ��G"�-G+�wDXefAn\ Z ;dACK M´b2G+U.G+�!AQkqAqo	? BCG dx��� 5 	�01,'�"#.	�� �
�I$3Na	�#.	���	 � , � � � #.,20 � G U`BEKq�mACe�;LK qnv x%ese�;LK { \
�wx%z%DL;L\	?%B Z \OR%\mBl= W K M´BlM�;Xo	; W K"R � �C� ¢ G

� �%G"IaG ~ BED>M�efASK%K"R I-G � Z BOBEK+zdB Z	{ R v G ^�x%K MÖR
�aGw��BO;XK {nW D>MÖR9[ G1��B �+uæWCZ MÖR`ACK MÍ~`GwY Z x%BnGÍh!By�
Z ;Lkt;LK { o Z AA@�=jM�BOefASK M%\ uæWCZ9W rdB Z ASo	; W K ACD ä � K Byom�
å`WCZ J�\E�":¿Byo	? W M W D WC{ }�ASKdM8B � r�B Z ;XBOK =yBnG ä KaSG����& �
�I$ � 
 L � Q'J 
 �ML LiR��S�C�n�%G

�E¢ G"^wG ~%B { A Z An\`ACK MihaGd:¿AS;LB Z G6F!r�o	;Les;XçO;XK { F!z��pBO=yo
p!x B Z ;XBl\ | \	;XK { ASK �)B�Bl=�o	;LkCB v ASD>=yx%DLx \OG � 
 L
� �)N � R �S dè ¢ ê�� ¢M| �l� |%�  %RthjBl=SGd�C�C�n�%G

�8| G%��G�� Z ASB u BCR | G%~dAQ}t}tACMÖR+ASKdM´b2G v ? ACx M�?+x Z ;�G1F!K
o&?%B<B @�=E;XBOKno { Aqo&?%B Z ;XK {�WCu \	x @�=y;LBEKto´\mo&Aqo&;L\mo	;>=E\



� ¢

uæWCZ =EDLAn\	\	;Xìd=EASo	; W K uæZ	W e D>A Z&{ B¿b"p.^ M Aqo&ACz AC\	BO\OG
ä K@SG�:�8& � �I$oQ2�"# � 
 ����$ � ��� � �O�  �g, 5 LM,PN ��� &���n��
,2���f	�� 5 N*	�#l	KL � � � �MLCR r A { BO\
�C� ¢ ���S�#�%R � �C�#�%G

�   G"[ G"� Z AQ}CR b2G v ? ASx M%?tx Z ;�R%I-G U W \ å`WCZ o	?"R�IaG ^�AQ}t�
esACK"R�haG$��BE;>=@? A Z olR$: G$_�BEK JQASo Z A W R�~`G$��BODXD Wqå R
ASK MÔT-G��1; Z AC?%BO\	?"G h!ASo&AC=Ex%z�B �ÒI Z BED>Aqo	; W KdASD
A {C{nZ B { ASo	; W K W r�B Z Aqo WCZ�{ BEK%B Z ACDX;LçE;LK { {nZ	W x%r���z+}CR
= Z&W \&\p��o&ACz"R�ASK M \mx%z%��o W o&ACDL\OG�N*	�#l	VL � � � �rLh	�� 5
� �T�  �g, 5 LM,\N ��� &���n�,'���qR � è � êy� �C�Q� | �%R � �n�t�+G

� ��G"�8Gr� Z BEB Z G�h.AQ}no W K A8ACK Mso&?%B uæW x Z o&?�� { BEK B Z Aqo	; W K
DLACK { x A { B v }teHz ASD�G ä K7SG����& � �)$J#E��, � 
 L � Q JG�L@�)N 
 ���8$ � ���GLb	��T	'LM,201,2� #U�)$KN*	�#l	SR$rdA { Bl\
| � | � | �S %R � �n�C�%G

� � G"Y�G�[ W ?%Kd\ W K¿ASK M¿hHG v ? Aqo&çE;>ASKto W K%; W x"Gj� � o	BEKdM+�
;XK { = W e�r DXB � ACMf? W =�F.^�Ij�jG ä KFSG�:�8& � �I$ 
 ����$ �
���VQ��8$2����01	�# � ���A	�� 5 � �T�  �g, 5 LM,nLb	��T	'LM,201,2� #�R
� �C�n�%G

� � G"�8Gl��;LeazdASDLD�G � �", 5 	�#l	  	��:,������ � ,�#.�8��� P � #�G�[ W ?%K
� ;XDLBE}nR � �n�C %G

�S� G"haG8� W \&\	esACK Y9?%BÍ\po@Aqo&B WSu o	?%BÍA Z o�;LK M%;L\m�
o Z ;Xz%x%o	BOM =tx%B Z }¿r Z	W =yBl\	\	;LK { GV� 
 L 
 ��0!eT��# � �rL
� ����n�,2� � R �t�%è ¢ ê�� ¢ �n�l� ¢  C� Rn�S�n�C�%G

� � G"�8G���;XeHz ASDLD.ACK M��sG
bto Z BO?%D W G4� ?+}Íh!BO=E;L\	; W K
b+x%r%r WCZ o�~dAS;LDL\�ACK M�T Wqå Y W ~�; ��ä olG � Q'JML_�)N

�,�&���� 5 Rd� ¢ èÇ�nêy� �t�l���t�+Rt:¿A Z G � �n� | G

�C�%G": G$Y�G VF!çO\	x ASKdM ��G�_1ACDLM�x Z ;LBEçnG SG� � �O& � eO� , � �)$N ��� #9� � �2��#., 5 Na	�#.	���	 � , � � � #.,20 � G6� Z BOKno&;L=EB8TjASDLD�R
� �C� � G

�S� G"�sGtIaGt� W \	\6ASK M´haG%b Z ;XkqAn\po@AQkQA G�~dAC\mo`= W esr%x�o&AS�
o	; W K WSu \mrdA Z \mB8M%ASo&AC=Ex%z�BO\OG ä KNSG�:�8& � �)$m#E��,oQ�� # �

 ����$ � ����� ,'���A�W	��9L?,3N*	�#l	?��	 � , � R9r A { BO\ �C�  Q�
� � | R � �C�+�+G

� ¢ G"�sGlIaGQ� W \&\ERqhHGQb Z ;LkQAn\po@AQkqA%RqASK MahaG v ? Aqo&çE;>ASKto W �
K%; W x"G v6W esr%DXB � A {C{CZ B { Aqo&; W K´Aqo
eHx%D�o&;Xr DXB {nZ ACK��
x%DLA Z ;Xo	;LBO\OG ä K SG����& � �)$F#+�",fQ2�"# � 
 ���8$ � ��� * `��
#l,'� 5 � �MLKN*	�#l	?��	 � , � ,�&����O��� �:L��qR r A { Bl\
�S C�q���t�C�+R
� �C�#�%G

� | G"I-Gjb+? ASo&M%ACD8ASK M�[ G�~`G
�jACx { ?to W K"GøI!M%ASr�o&;XknB
r A Z ASDLDXBOD`A {C{nZ B { Aqo&; W K�ACD {nWCZ ;�o&?%ef\EG ä K<S��:��& � �)$
#+�",�� 
 L � Q'JML_�5N 
 ����$ � ��� Lb	��O	'LM,'0-,'�"#��)$
N*	�#l	SR%r A { BO\ � � ¢ � �C�E¢ R � �C� | G

�S  G v G9Y�G � x"R��sG v G!�.x%?�R!ASKdM I-G�^1G���G v ?%BEK�G
I
K�;XKto	B {CZ Aqo&BOM-ACD {nWCZ ;�o&?%e uæWCZ M�;>\po Z ;Lz%x�o&BOM�=nx B Z }
r Z	W =EBO\&\m;LK { G ä K*S��:��& � �)$ #E��,KQ�d�Q:S 
 ����$ � ���uN ��� �
#H� � �'��#l, 5 SG�:�8&�, ����� �MLCR � �#�t�+G

��Úg	�Þqß"ß��l�
��ÚÇÙ�Ú � �W�R
 ß�Ü�ß�ãÇàA�Hß,� ��Þ����W�+Ü��Oã�ßdÜ7�*���ÇânáW��áW�
~ WnZ o	?%B r x Z r W \	BO\ WCu o&?%BÏr Z	W+WCu ;LK�o&?%B uæW DLD Wqå �

;LK { \	BO=yo	; W K"R å B å ;XDLD"z�B8esACJ+;XK { x \	B WSu o	?%B101���T� � 5
&���0!eT�:,��",2� ��� ���b&�	��g&'���B� � G ä K�o	?%B uæW DXD Wqå ;LK { R å B�r Z&W �
k+;>M�B´A�z Z ;XB u`W knB Z k+;XB å WSu o	? Bfe W K W ;>MÏ= W e�r Z BO?%BEK��
\	; W K¿=EACDL=Ex%DLx \ER W es;Xomo&;XK { o	? W \mBHAC\	rdBl=�o&\jK W o!x \mBlM<;LK
o&?%;>\9r ASr�B Z G���B8\	? ASDLD2z AC\	B W x Z r Z Bl\mBOKto&Aqo&; W K WSu o	?%B
=OASD>=yx%DLx \ W Ki~ B { A Z AC\`ASK Mi:¿AC;XB Z � �O¢ ��G
p!x%B Z ;LBO\i;LK�o	?%B e W K W ;>M�= W esr Z BE? BEK \	; W K�=OASD>=yx��

DLx \�A Z B.B � r Z BO\&\mBlMf;LK´o&B Z es\ WCu e W K W ;LM�= W e�r Z BO?%BEK��
\	; W K"G ä K uæWnZ efASDLDL}CR6A�e W K W ;>M = W esr Z BE?%BOK \m; W K W kCB Z
o&?%BÒe W K W ;>M � o@ASJnBO\�o	? B uæWCZ e � d 5���� � _ p p p<_�� � knGY9? Bfe�B Z	{ B u x%K =�o&; W K � ;>\-=EACDXDLBOM�o&?%Bb	�&�&'��0*���g	�#l���
WCu o	?%B�= W esr Z BE? BEK \	; W K"R�o	?%B�B � r Z Bl\	\	; W K 5�;>\a=OASDLDXBlM
o&?%B(��,�	 5 WSu o	?%B = W esr Z BE?%BOK \m; W K�G �wAn=@?�o&B Z e ;LK
���'_ p p p<_�� ��è å ?%B Z B l � �tê`;L\
=OASDLDXBlMiA7�'�"	�� � X ,'��RdASKdM
=OASKÍz�B¿BE;Xo	?%B Z AYLM,2�T,2��	�#.��� W K o	? B uæWCZ e��	� 5��ÇR
å ? B Z B
�a;L\1Aa�:	��MLM, nc	�� � 	��'�g,1ACK M�5 � ;L\�ACK�B � r Z Bl\	\	; W K
o&? Aqoa= W K \mo Z x =yo&\�A�= W DLDXBl=�o&; W K"R WCZ A X ��#l,'�1�sR å ? B Z B� ;L\iA r Z BlM�;L=OAqo&BCGø� � ACe�r DXBl\ WSu e W K W ;>M%\ å`W x%D>M
z�B 1R_(a _�	M_��`G¿: W K W ;LM \-DL;XJnB�1 ASK M aØA Z B�=OASDLDXBlM
eT� � 0 � # � n�,-0-���O� � 5 � z�BO=EACx \	B8o	?%BO}<= W Kd\po Z x =yo
kqASDLx%BO\
WCu AHr Z ;Xes;Xo	;LkCB!op}tr�BCG2	ÒASK M
� A Z B�=EACDXDLBOM�= W DLDLBO=�o&; W K
e W K W ;>M%\D>8	Ô= W DLDLBO=�o@\.kQACDXx BO\�;LKno W A�\	ByolR å ?%B Z BlAC\��
= W DLDXBl=�o@\9kQACDXx BO\�;LKto W A�z A { G
: WnZ B uæWCZ efASDLDX}nR+o	?%B8e W K W ;>M�= W esr Z BE?%BOK \	; W K�=EACD��

=Ex%DLx \1= W K \	;L\mo&\ WCu A�K+x%eaz�B Z�WCu \	}+Kto&AC=yo	;>= uæWCZ es\$o&? Aqo
W rdB Z ASo	B W knB Z e W K W ;>M.op}+rdBl\EG$Y9?%BO\	Bw\	}tKto@AC=�o&;L= uæWCZ es\
=OASK z�B�= W esr W \mBlM�o W = W K \mo Z x =�o-}nByoae WnZ B�= W esr%DL;��
=OAqo&BOM�o	B Z ef\OG
DF� � Ü$ãæÝlãÇß�Ü � � �",U01���T� � 5 &���0!eT�:,���,'� ��� ���_&�	��g&'���
��� � &���� ����� # � �)$Y#+�", � ���"#.	�&'# � &f$2����0 �Y� � � 	?�2�g,<Z �
 �",2��, � ��� 	N0-���O� � 5 � 5>_ 5 � _ p p p _ 5 � 	��:,7#.,'��0 �f� �
#E��,!0-���O� � 5 &�	��g&'���B� ��� � ��� 	Jn�	�� � 	?�2� , � W ��� 	J01���T� � 5
#9��e", � 	�� 5 ���9_ p p p _�� � 	���,
�'�"	�� � X ,2� � �)$�#E��,b$2����0
��� 57��� 5 �
ä K�o	? B e W K W ;LMØ= W esr Z BE?%BOK \m; W K�=EACDL=Ex%DLx \ER Z BED>Aq�

o&; W K \aACK M�o&ACz%DLBO\a= WCZ&Z Bl\mr W KdM�o W \	Byo&\HASK MÏzdA { B � �
r Z Bl\	\	; W K \ORnASKdMf=EASKsz�B!= W DLDXBl=�o	BlM�x \m;LK { o&?%B1	ÏACK M��
e W K W ;>M%\ Z BO\	rdBl=�o&;XknBEDL}CG´Y9?+x \ å B�=EACK å�Z ;Xo	B�Air Z&W �
�pBl=�o&; W K _ � q4� T An\E�
� d Y'p q�� Y�� TRk
Y9? B z A { = W DLDLBO=�o&; W K4e W K W ;>MÐ= W DXDLBO=yo&\Ïo&?%B o&x%r%DLBO\
{ BEK%B Z ASo	BlM z+} Y�� THR�ACK M4= W K uæWCZ ef\�o	?%BOe o W



� |

?(nsrGr K+x%DLD"kqASDLx%B
� = W K \mo&ACKto
� kqA Z ;>ASz%DLB
5>p q Z BO= WCZ M�r Z&W �pBl=�o&; W K
� q � b 5��'_ p p p<_oqI�gb 5���� Z BO= WCZ M´= W K \mo Z x =�o&; W K
5 � W r 5 � å ? B Z B W ri;L\�A�r Z ;Xes;X�

o&;XknB8z%;LK A Z } u x%K =yo	; W K"R
\	x =@?iAC\ 1R_ bR_ fu_��

� d 5�� � � _ p p p _�� � k = W esr Z BE?%BOK \	; W K
Y$ASz%DLB �
: W K W ;>M�= W esr Z BE? BEK \	; W K�=OASD>=yx%DLx \9BEDLBEesBOKno@\

Z BO= WCZ M r Z&W �pBO=yo	; W K Y'p qaG ä�u�å B å ASKto	BlM o W x�o&;XDL;LçEB
AiM�x%r DX;>=EASo	By��BEDL;Le�;LK ASo	;LK { r Z&W �pBl=�o	; W K�R å B å`W x DLM�;LK��
\mo	BlACM�? AQkCB.x \	BOM�o	?%B-\	Byo
= W DLDXBl=�o	; W K�e W K W ;LM"R 	`G
b+;Le�;LD>A Z DX}nRSA.\	;Le�r DXB
\	BEDLBO=yo	; W K � � �o��è�T8ê�=EACKHz�B�B � �r Z BO\&\	BOM´An\E�

� d Y��<Y � TR_��Kk
Y9?%Bwe W K W ;>M-= W esr Z BO?%BEKd\m; W K-=OASD>=yx%DLx \�=OASK-z�B`r%x�o

;LKto W A =OASK W K%;L=OASD uæWCZ e z+}�A Ktx eaz�B ZiWSu B @�=y;LBEKto
Z B å�Z ;�o&B Z x DXBl\EG�Y9?%B uæW DLD Wqå ;XK { ;>\8o&?%B�r Z ;LesA Z } Z x DXB
x \	BOM�;LK W x Z r Z&W+WSu G
� d 5 � ���_���� � d 5 � � �Y>k#_ ���k ^ {

� d 5 � ���_ �Y�_ ��� 5 � _ ���k è � ê
Y9?%;>\øK WCZ esACDX;LçOASo	; W K Z x%DXB ;L\ esBOASK ;XK { r Z Bl\mB Z kt�
;LK { � �O¢ ��G
Y9?%Bw\	? WCZ o	?dASK M.K W o&Aqo&; W K ��� �H;L\ å�Z ;Xomo&BEK�o W
Z BOr��

Z BO\	BEKtojo&?%B�z%;XKdM�;XK {�WCu o	?%BskqA Z ;>ASz%DLB ��o W o	?%B�kqASDLx%B
�$GwY9?%B-esBlASK%;LK {fWSu o	? ;L\!= W Kd\po Z x =yo
;L\ { ;LkCBEKiz+}�o&?%B
uæW DXD Wqå ;XK {HZ x%DLBC�
� d 5 � �Y#_���� � _ �� k6^`{ � d 5 � � � ��� � �Y>_ �� � � �����^k è��Cê
5 � � ������;L\.o&?%BsB � r Z BO\&\m; W K25 å ;Xo	? � \mx z \po&;�o&x�o	BlM uæWCZ
ACDXD2o&?%B uæZ BOB W =O=yx Z&Z BEK =EBO\ WSu ��G
��Ú��"ÚK	�Þqß"ß �
ß � � ���tßdÞ����	�
	�Þqß"ß � � Y9?%B WCZ BEe | ;>\8A�\mo Z AS; { ?to uæWCZ&å A Z M¿\	r�BO=y;>ASDX�
;LçOASo	; W K o W o&?%B�M%;L\mo Z ;Xz x�o	BlMÔ=OAC\	B WSu o	?%B uæW DLD Wqå ;LK {
{ BEK%B Z ACDdo Z ACK \ uæWCZ esASo	; W K Z x%DLB uæWCZ ��:¿h.[t\E�
�&% K�')( % * @ � �¿èjtg_`TK_lè � �9_ p p p<_ � ! ê _lèZQ#�'_ p p p<_aQ ! êmê.b
b �+% K�')( % * @ � �¿è � X '-, . L0L0L .qX )+, tg_oTK_è � �'_ p p p _ � ! ê _Oè�Q#�'_ p p p _aQ ! ê	ê

Y9?%B e T\[!]ge � � =nx B Z } AC\&\mx e�Bl\Ïo	?dAqo o	? B Z B
B � ;L\mo&\ A � � = W Kto&AS;LK%;LK { A o p n"?�:�ACK M o	? ASo Q � f
d Q � _ p p p _aQ ! ks\	x =@?�o	? ASocQ � � Q � h èZQ � � p p p �!Q ! ê�G
ä Kno&x%;Xo	;LkCBEDL}CRÖ; u Q � 
 èjSEê b ��0���1�� uæWnZ A�o	x%r%DLB
SPf t�R
o	?%BOK�;Xo uæW DLD Wqå \wo	? ASo�K W A {C{nZ B { Aqo&B u x%K =yo	; W K \ WCu o	? B
o	x%r%DLB�S å ;LDXD!zdB�= W esr%x%o	BOM uæWnZ o	? B�A {n{CZ B { ASo	B�DX;>\mo
� ��>�;�G BnGXR.ASDLD.A {C{CZ B { Aqo&BO\s;LK � � WSu S å ;LDXD.? AQknB<o	?%BO; Z
;XK%;Xo	;>ASD6kqASDLx%BO\OG ä�u A�o	x r%DXB+S�K%BE;Xo	?%B Z8u x%DXì DLDL\PQ��-
 WnZQ��)
 WCZ p p p WCZ Q ! 

R�o	?%BOK�;Xo uæW DXD Wqå \�o&? Aqo.o	? Bao&x%r%DLBS å ;XDLD6K W oa? AQknB´ASK+}�A {C{nZ B { ASo	BO\8= W esr%x�o&BOM ASoHASDLD#>
;�G BCGLR � �¿è^S9_`TK_lè � �9_ p p p<_ � ! ê _lèZQ#�'_ p p p<_aQ ! êmê.b S1a+[ c�G
v6W K \m;>M�B Z o	?%B-o	?%B WCZ BEe uæWnZ Af\	;XK { DXB�o&x%r%DLBRSnf!t�G

Y9?%B6B	=tx%;XkqACDXBOK =yB WSu o	? B`Y9?%B WCZ BEe�o	? BEKH= WCZ&Z Bl\mr W KdM%\
o W \mo&Aqo&;XK { o&? Aqo�o&?%;>\�BD=tx ASo	; W K"�

d �#p qP_��#p � lIW � � � 	 d S9p qc_ � lIW6� 1 d Y'p � �y� �Y�� TK_aQ��Xk�� S � t
k>_ � lIW � �"k èÇ�tê
;L\�B	=tx%;XkqACDXBOKno9o W o	?%B uæW DXD Wqå ;XK { B	=nxdAqo	; W K��

d �#p qP_��#p � lIW � � � 	 d � p qc_ � lIW9��1 d Y'p � ��� � Y�� TK_
Q��ak � � � 	 d S � S � tg_aQ�� 
 k#k#_ � lIW
� ��kéè ¢ ê

� =tx Aqo&; W K ¢ =OASK�o	?%BOK�z�B Z BOM�x =EBOMiAC\ uæW DXD Wqå \O�

d �#p qP_��#p � lIW � � � 	 d � p qc_ � lIW9��1 d Y'p � ��� � Y�� TK_ è | ê
Q � k�� S � tg_����rS9_`Q �0
 k�k#_ � lIW��Í��k

uæZ	W e è � ê
d �#p qP_��#p � lIW � � � 	 d S9p qc_ � lIW6� 1 d Y'p � �y� � Y�� TK_ èÇ tê

Q � k�� S � tg_`Q � 
 k#k#_ � lIW
�Í��k
uæZ	W e è��nê

d �#p qP_��#p � lIW � � � 	 d S9p qc_ � lIW6� 1 d Y'p � �y� � Y�� TK_ è��Cê
Q��� _aQ��0
 k � S
� t8_aQ�� 
 k#k#_ � lIW�� �"k

%Y 9 �3Q���bBQ��� h3Q��0


v6W K \	;LM%B Z o	? B�o å6W B � r Z BO\&\	; W K \
	 d S9p qc_ � lIW6� 1 d Y'p � �y� � Y�� TK_aQ �� _`Q�� 
�k �

S � tg_`Q�� 
�k�k
ASK M
	 d S9p qc_ � lIW6� 1 d Y'p � �y� � Y�� TK_aQ �� _`Q � 
 k � S
� tgk�k
��BO=OASDLD!o&? Aqo U>WXWXY�èZQ��0
9ê �~��R å ? ;L=@?Ô;Xesr%DL;XBl\�o	? ASo
�ISuf t�R � lIW bØ�f; u Q�� 
rb ��0���1���G ä ojo	?+x \ uæW DLD Wqå \
o	? ASo�o	?%B�r Z BlM�;>=EAqo&B Q��0
øM%;L\&=EA Z M%\´A�o	x%r%DLB S f t�R
;FB�o	? ASo�\&ASesBio	x r%DXB å6W x%D>M ASD>\ W z�B�M�;>\&=EA Z M�BlM z+}
� lIW �Í�%G �


