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@ A BCD CEF GHIJCD KLIMNIKOID BO HGCLIO PQG JOA CD OKLGDGMHOL R O CEHGMSTC BO GPQOSTC CLEIHOU

VW XY Z [ Z \ ] ^ _ ` a b KOLO HOMHC NCA C F O NCMDIBGLOA CD MO OMOcUIDG BCD K GLdC BCD eb f G g b hGIHO MC
NOKdHQUC OMHGLICL b KOLHIA CD BO KLGA IDDO PQG OD NCCLBGMOBOD Yi BCD K CMHCD CLEIHOID DTC LOdjGD BG
QA K CUIMkA IC BG lLOQ IlQOU OC K GLdC BC BO mLEIHO n

VW ` XY o Y p_ XY o Yq _ XY o Yr _ s s s XY o YW tq _ XY o YW tp_ XY o YW _
` YW o ^ YW tp u vW tqYW tq o vW trYW tr u s s s

o Xo e_W tq vqYq u Xo e_W tpv pY o Xo e_W vw Z xy z{|
CMBG OD hQMS}GD vi DTC OD hQMS} GD DIA RHLINOD GUGA GMHOLGD PQG GDHTC BILGHOA GMHG LGUONICMOBOD NCA
CD NCM~GNIBCD NC G�NIGMHGD BG �������� �� ��� �i BG hCLA O PQG �i ` Xo e_i vW ti xQA O ELGJG LGJIDTC O
LGDK GIHC BOD hQMS} GD DIA RHLINOD G BCD NCG�NIGMHGD BG ��� [� � o � �� ��� R OKLGDGMHOBO MC OK �MBING
� | z � CEHGMSTC BO GPQOSTC xy z{| R hQMBOA GMHOU KOLO K CBGLA CD ��� ���� OD mLEIHOD IDCK GLImBINOD b CQ
DGF O b OD mLEIHOD BG QA A GDA C K GLdCBC b K CID NCA C A CDHLOBC KOLO C K GLdCBC g z OMOUIDOBC MC NOKdHQUC
y b O OMcUIDG HLOBINICMOU LGDQUHO QA O � ����� BOD GPQOS} GD mLEIHOID IDCK GLImBINOD GA DCA GMHG QA O
MTC hOHCLcJGU z �CMHQBC BCID hOHCD EcDINCD DTC MGNGDDcLICD n O CEHGMSTC BCD NC G�NIGMHGD vi NCA C
hQMS}GD  MINOD G G¡NUQDIJOD BC KOL¢A GHLC ^ G BCD KOL¢A GHLCD BG NCMHLCUG [ G \ b G O CEHGMSTC BO
GPQOSTC KOLOA RHLINO PQG LGUONICMO C KOL¢A GHLC ^ NCA CD KOL¢A GHLCD [ G \ z
1 2£ ¤ �>;=¥¦§ ¨ ¦ © =ª¦;¦« 7�§

¬LIA GILOA GMHG KLGNIDOA CD LGDHLIMlIL MCDDO OMcUIDG OCD K GLdC BCD lGMQdMCD b GUIA IMOMBC CD K G
LdC BCD GDK LICD b NCA C C NODC BO BGDNCMDIBGLOSTC BC K GLdCBC e MO OMcUIDG BCD K GLdCBCD f G g z� KOLHIL BO GPQOSTC x® z®| K C BGA CD GDNLGJGL C DIDHGA O BG GPQOS} GD PQG BG�MGA O BIM¢A INO BG
QA NGLHC K GLdC BC ¯ b NCMDIBGLOMBC OD NCMBIS} GD BG NCMHCLMC K GLIm BINOD b Y w ` YW G K CL NCMDGPQ�MNIO
YW°i ` Yi b
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Y p ` [ o YqW u \YW tp Z
Yq ` [ o Yqp u \YW Z
Yr ` [ o Yqq u \Y p Z
Y� ` [ o Yqr u \Yq Zzzz Z
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W tp�
i�w Xo e_i � �W �i vW ti Z xy z{�|

CMBG vW � eb vW tp � ^ G CD NC G�NIGMHGD � �W �i BOBCD K GUO HOE GUO O DGlQIL n
�� ��� �� � ���	� � �
��� �	�	
�� � � � �
� �� � ���

¯ � �� � � ` f e
g � ` e Xe o \_� ` a X[ u \q u e_ u \

� ` g e
! � ` f Xe o \_� ` e X[ u \q u e_� ` a "Xe o \r _ u f[ Xe o \_# u \ Xe o \_

� ` ! e
� ` g Xe o \_

$ � ` f X[ u \q u e_� ` e "Xe o \r _ u f[ Xe o \_#� ` a "e u \q u \� u [ Xg o f\ u g\q _ u [q # u \ Xe u \q u [_ o \%q �q
� ` $ e
� ` ! Xe o \_

& � ` g X[ u \q u e_� ` f "Xe o \r _ u f[ Xe o \_#� ` e "e u \q u \� u [ Xg o f\ u g\q _ u [q #� ` a o\ Xe o \_ "%q �q u %q �r # o \ "%r �q u %r �r u f%r �� #uu g Xe o \_ [q u 'o! \r u !( [ o X\ o e_ '\q u \ u e(q

� HOE GUO ONIA O A CDHLO CD BGHGLA IMOMHGD BOD A OHLIjGD BG BIhGLGMSOD KOLO OUlQMD K GLdC BCD
KOLHINQUOLGD z !CHOA CD PQG G¡ IDHG QA O GDK RNIG BG ) �����*��� MGDHOD GPQOS} GD QA O JGj PQG CD
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NC G�NIGMHGD � �W �i KOLO QA BGHGLA IMOBC K GLdC BC ¯ DTC IlQOID O � �W° p�i° p KOLO e � � � ¯ o eb DGMBC
PQG C NC G�NIGMHG � �W �w ODDQA G QA O hCLA O K CUIMCA IOU MCJO OC OQA GMHOLA CD C K GLdCBC ¯ b MTC DGMBC
BILGHOA GMHG NCLLGUONICMOBC NCA C NCG�NIGMHG � �W° p�p z

&QHLC hOHC OKLGDGMHOBC MO �OE GUO R C DQLlIA GMHC BG BGNCA K CDIS}GD BCD NC G�NIGMHGD BG ! G% 
HCM z �OID BGNCA K CDIS} GD C NCLLGA K GUO KLIA GILO JGj MC BGHGLA IMOMHG BO A OHLIj BOD BIhGLGMSOD
KLIA GILOD KOLO C K GLdC BC $ b BG hOHC GDHOD BGNCA K CDIS} GD DQLlGA K GUO KLIA GILO JGj MO BIM¢A INO
BCD A CJIA GMHCD BG K GLdCBC ! BG QA O A OMGILO A OID D HIU z K CBGDG JGL IDHC NCMDIBGLOMBC OD DCA OD
�� b BOD K CH�MNIOD BCD K CMHCD CLEIHOID PQG b NCA C A CDHLOBC MC OK �MBING x� | b NCLLGUONICMOA CD
NC G�NIGMHGD �i z

Yqp ` [ o Yq u \YW Z
Yqq ` [ o Yr u \Y p Z
Yqr ` [ o Y � u \Yq Z
Yq� ` [ o Y � u \Yr Zzzz Z

YqW tr ` [ o YW tq u \YW t� Z
YqW tq ` [ o YW tp u \YW tr Z
YqW tp ` [ o YW u \YW tq Z

YqW ` [ o Y p u \YW tp s xy z®�|
! CHGA CD b OlCLO b PQG DG KLC NGBGLA CD � DCA O BCD BCID UOBCD BOD IlQOUBOBGD BOD GPQOS} GD BC

DIDHGA O xy z®�| ONIA O CEHGLGA CD C DGlQIMHG LGDQUHOBC n
W�

i� p Y qi ` ¯[ o
W�

i� p Yi u \
W�

i� p Y i Z
�q ` ¯[ o Xe o \_� p s xy z® {|


 A lGLOU b K C BGA CD CEHGL OD DCA OD �� NCMDIBGLOMBC C DIDHGA O xy z®�| b HCA OMBCDG QA O AQU
HIK UINOSTC BCD BCID UOBCD BO IlQOUBOBG BG NOBO QA O BOD GPQOS} GD z � GDHO hCLA O n

Y�p Yqp ` Y�p "[ o Yq u \YW # Z
Y�q Yqq ` Y�q "[ o Yr u \Y p# Z
Y�r Yqr ` Y�r "[ o Y� u \Yq # Z
Y�� Yq� ` Y�� "[ o Y � u \Yr # Zzzz Z

Y�W trYqW tr ` Y�W tr "[ o YW tq u \YW t� # Z
Y�W tqYqW tq ` Y�W tq "[ o YW tp u \YW tr # Z
Y�W tpYqW tp ` Y�W tp "[ o YW u \YW tq # Z

Y�W YqW ` Y�W "[ o Y p u \YW tp# s xy z®®|
�CA OMBCDG OD GPQOS}GD BG OAE CD CD UOBCD BO IlQOUBOBG CEHGA CD n

W�
i� p Yq°�i ` [

W�
i� p Y�i o

W�
i� p Y�i Y i° p u \

W�
i� p Y�i Y �W tp�°i Z
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��°q ` [�� o
W�

i� p Y�i Y i° p u \
W�

i� p Y�i Y �W tp�°i s


¡GA KUI�NOA CD NCA O DCA O �r n

�r ` [� p
W�

i� p Y iYi° p u \
W�

i� p YiY �W tp�°i s xy z®y|

�CNOA CD OlCLO MCDDO OHGMSTC MO DCA O W�i� p YiYi° p b PQG KOLO ¯ ` ! xK GLdCBC ! | HCLMODG n

��
i� p Y iYi° p ` Y pYq u YqYr u YrY� u Y �Y p s xy z®� |

�OU DCA O MTC DG NCMDHIHQ I MQA O hQMSTC DIA RHLINO b A OD DIA MQA O ��#� � ������ BGDHO z
� CDHLOA CD MOD HOE GUOD O DGlQIL HC BOD OD BGNCA K CDIS}GD BG hQMS} GD DIA RHLINOD PQG DQLlGA MCD

NODCD PQG ILGA CD GDHQBOL MCD NOKdHQUCD K CDHGLICLGD z
� � �� ������������ � �� ����� ��	
� vW tq

¯ �q
f �
g Y pYq u YqYr u YrY p
! %q �p ` Y pYq u YqYr u YrY� u Y �Y p

%q �q ` Y pYr u YqY�
$ %q �p ` Y pYq u YqYr u YrY � u Y�Y � u Y �Y p

%q �q ` Y pYr u YqY� u YrY � u Y�Y p u Y �Yq
& %q �p ` Y pYq u YqYr u YrY� u Y�Y � u Y �Y 	 u Y 	Y p

%q �q ` Y pYr u YqY � u YrY � u Y�Y 	 u Y �Y p u Y 	Yq
%q �r ` Y pY� u YqY � u YrY 	

� � �� ������������ � �� ����� ��	
� vW tr
¯ �r
f �
g Y pYqYr
! Y pYqYr u YqYrY� u YrY�Y p u Y �Y pYq
$ %r �p ` Y pYqYr u YqYrY� u YrY �Y � u Y �Y �Y p u Y �Y pYq

%r �q ` Y pYqY� u YqYrY � u YrY �Y p u Y �Y �Yq u Y �Y pYr
& %r �p ` Y pYqYr u YqYrY� u YrY�Y � u Y�Y �Y 	 u Y �Y 	Y p u Y 	Y pYq

%r �q ` Y pYqY� u YqYrY � u YrY�Y 	 u Y�Y �Y p u Y �Y 	Yq u Y 	Y pYr
%r �r ` Y pYqY � u YqYrY 	 u YrY�Y p u Y�Y �Yq u Y �Y 	Yr u Y 	Y pY �

%r �� ` Y pYrY � u YqY�Y 	
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� � �� ������������ � �� ����� ��	
� vW t�
¯ ��
f �
g �
! Y pYqYrY�
$ Y pYqYrY� u YqYrY�Y � u YrY�Y �Y p u Y�Y �Y pYq u Y �Y pYqYr
& %� �p ` Y pYqYrY � u YqYrY �Y � u YrY�Y �Y 	 u Y�Y �Y 	Y p u Y �Y 	Y pYq u Y 	Y pYqYr

%� �q ` Y pYqYrY � u YqYrY �Y 	 u YrY�Y �Y p u Y�Y �Y 	Yq u Y �Y 	Y pYr u Y 	Y pYqY�
%� �r ` Y pYqY �Y � u YqYrY �Y 	 u YrY�Y 	Y p

� �� �� � �����	
�� ��
  ������������
�CA C JIA CD b O KOLHIL BC K GLdC BC ! b O BIM¢A INO BC A OKO BG & RMCM NCMBQj OC DQLlIA GMHC BG

BGNCA K CDIS} GD BOD hQMS} GD DIA RHLINOD GUGA GMHOLGD b OD KOLNGUOD PQG DTC CLIlIMOBOD BGDHOD BGNCA 
K CDIS} GD DTC BG hOHC OD hQMS} GD PQG K GLA OMGNGA IMJOLIOMHGD hLGMHG � HLC NO NdNUINO b BG K GLdC BC ¯ bBCD dMBINGD z¬C BGA CD G¡GA KUI�NOL C A GNOMIDA C BGDHOD BGNCA K CDIS}GD KOLO C NC G�NIGMHG vW tq b MC NODC
KOLHINQUOL CMBG ¯ ` ! z

& A GNOMIDA C A CDHLOBC MO �lQLO xy z{| IUQDHLO C KLC NGDDC OUlRELINC BG DQLlIA GMHC BOD BG
NCA K CDIS} GD z �CMDIBGLOA CD NdLNQUCD NCMN�MHLINCD BGJIBC �D NCMBIS} GD K GLImBINOD BG NCMHCLMC z &A GNOMIDA C LGDQA GDG O lILCD BC NdLNQUC G¡HGLMC z � G hOHC HOU KLCNGDDC R lGLOU b DGMBC PQG KOLO
OD BGNCA K CDIS}GD PQG GMJCUJGA KLCBQHCD BG A OID BG BCID K CMHCD CLEIHOID b R MGNGDDcLIC NCMDIBG
LOL IlQOUA GMHG A OID BG BCID NdLNQUCD NCMN�MHLINCD b NCA C CD BO �lQLO xy z{| b NCA QA KLClLGDDIJC
OQA GMHC BG NCA KUG¡ IBOBG BG lILC BGDHGD z� D BGNCA K CDIS} GD %i �� K C BGA DGL G¡KLGDDOD OHLOJRD BG DCA OD NCA C b K CL G¡GA KUC b OD BGNCA 
K CDIS} GD BCD NCG�NIGMHGD vW tq ONIA O b DTC NCMDGlQIBOD NCMDIBGLOMBCDG O DCA O n

%q �i `
W�� � p Y� Y�°i s xy z®�|

¬C BGDG A CDHLOL PQG GDHOD BGNCA K CDIS} GD BG hQMS}GD DIA RHLINOD CNCLLGA GA HCBCD CD DIDHGA OD
BIM¢A INCD PQG K CBGA DGL G¡KLGDDCD K CL A OKOD BIDNLGHCD K CUIMCA IOD b NCMDHIHQ IMBC DG MOD ��������
� !� ����#�� � ���� ������ BGDHGD z
� �� �� �	
���� �	���� ��
 �������
	 !�


& DQLlIA GMHC BG BGNCA K CDIS}GD %i �� BCD NC G�NIGMHGD BG xvW ti | IA K }GA QA OQA GMHC BG GPQO
S} GD BC MCDDC DIDHGA O z �NLGDNGMHOA CD OD GPQOS} GD NCMDHIHQHIJOD n

vW ti `
"�

i� p %i �� xy z®�|
CMBG e # � # ¯ o eb DGMBC OIMBO MGNGDDcLIC NCMDIBGLOL C DIDHGA O UIMGOL n

^ %�
�i o � $%�� p Y� ` a xy z®�|
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(d)

� IlQLO y z{n & A GNOMIDA C BG DQLlIA GMHC BOD BGNCA K CDIS}GD BCD NCG�NIGMHGD BG $ ILOLB! G% HCM
KOLO C NODC BC NC G�NIGMHG �q z � GKLGDGMHOA CD GA xO| n Y qp u Yqq u Yqr u Yq� ` �q � GA xE | n Y pY � u
YqY p u YrYq u Y �Yr ` %q �p � GA xN| n Y pYr u YqY � u YrY p u Y �Yq ` f XY pYr u YqY � _ ` f%q �q � GA xB| n
Y pYq u YqYr u YrY� u Y �Y p ` %q �p z

¬C BGA CD G¡GA KUI�NOL O A CMHOlGA BC DIDHGA O UIMGOL MOD BGNCA K CDIS} GD b NCMDIBGLOMBC C K G
LdC BC ! z �GF O IM INIOUA GMHG C KLCBQHC %q �p^ n

^ %q �p ` XY p u Yq u Yr u Y� _ XY pYq u YqYr u YrY � u Y pY� _
` Y pqYq u Y pqY � u Y pYq q u Y pY� q u Yq qYr u YqYr q u Yr qY� u YrY � q

u f Y pYqYr u f Y pYqY � u f Y pYrY� u f YqYrY� xy z®�|
¬LCA CJGMBC C KLC NGDDC BG ����� � ���� �� � ��� b O GPQOSTC ONIA O K CBG DGL LGGDNLIHO NCA C n

^ %q �p ` fvp u ^ Xf[ u \q o f\ u e_ o f%q �q Xe o \_ o ![ Xe o \_ Z xy z®�|
CMBG %q �q ` Y pYr u YqY� R O CQHLO BGNCA K CDISTC BC NCG�NIGMHG v p BG A CBC PQG v p ` %q �p u %q �q z� GDHO hCLA O b JGA CD PQG OD BGNCA K CDIS}GD BOD hQMS} GD DIA RHLINOD GUGA GMHOLGD GDHTC NCLLGUO
NICMOBOD GMHLG DI z
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¬OLO NCMDIBGLOLA CD HC BOD OD hLCMHGILOD BCD BCA dMICD BG GDHOEIUIBOBG KOLO NOBO K GLdC BC ¯
KLGNIDOA CD NCMDIBGLOL O A OHLIj �ONCEIOMO b �W b F c NCMDIBGLOBO MC NOKdHQUC OMHGLICL z

�W ` � XYW _� XYW tp_� XYW tp_ s s s � XY p_ Z xy zy�|
CMBG n

� XY� _ ` � ofY� \e a � s xy zy {|
�GMBC PQG O GPQOSTC BG OQHCJOUCLGD R BOBO K CL n��W o � � � ` a s xy zy®|
¬GUO MOHQLGjO EIBIA GMDICMOU BC A OKO BG & RMCM b HGLGA CD QA O GPQOSTC NOLONHGLdDHINO PQOBLc

HINO b MC OQHCJOUCL b BOBO K CL n
�q u �	 u Xo\_W ` a Z xy zyy|

CMBG 	 ` �� X�W _ LGKLGDGMHO C HLOSC BO A OHLIj �W z �KLGDGMHOA CD OUlQMD NODCD KOLHINQUOLGD BC
HLOSC MO HOE GUO O DGlQIL n

�OE GUO y z{n �LOSC 	
¯ 	
f of 
\ u fY pYq�
g f 
XY p u Yq u Yr _\ u !Y pYqYr�
! of 
\q u f XY p u Yr _ XY q u Y� _\ u �Y pYqYrY ��
$ f 
XY p u Yq u Yr u Y� u Y � _\q

u! XY pYqYr u YqYrY� u YrY�Y � u Y �Y �Y p u Y �Y pYq _\ u e&Y pYqYrY �Y ��
& of 
\r u f XY p u Yr u Y � _ XY q u Y� u Y 	 _ \q

u� XY pYqYrY � u YqYrY �Y � u YrY�Y �Y 	 u Y�Y �Y 	Y p u Y �Y 	Y pYq u Y 	Y pYqYr _ \u gf Y pYqYrY�Y �Y 	�
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� GAELGA CD PQG b K CL DGL O GPQOSTC NOLONHGLdDHINO QA O GPQOSTC PQOBLcHINO b HGA CD PQG C HLOSC
x�| R DIA KUGDA GMHG O DCA O BCD OQHCJOUCLGD PQG NOLONHGLIjOA QA O mLEIHO z � GDDO hCLA O b OD NCM
BIS} GD BG GDHOEIUIBOBG K CBGA DGL GDNLIHOD GA HGLA CD BGDHO DCA O BG OQHCJOUCLGD �®® � b BG A OMGILO
PQG n

� DQLlIA GMHC BG A CJIA GMHCD GDHcJGID n 	 ` o Xe u Xo\_W _
� K GLBO BG GDHOEIUIBOBG BCD A CJIA GMHCD n 	 ` u Xe u Xo\_W _
%GA CD OIMBO PQG OD DCUQS} GD BGDHO GPQOSTC NOLONHGLdDHINO DTC BOBOD K CL n

�� ` 	
f � �	f � q

o Xo\_W s xy zy� |

! CHGA CD PQG O NCMBISTC BG BIDNLIA IMOMHG MQUC LGPQGL PQG HGM~OA CD n '�q (q ` Xo\_W
� GDHO

NCMBISTC DGKOLO OD LGlI} GD MOD PQOID HGA CD CD BCID OQHCJOUCLGD NCA KUG¡CD BO LGlITC CMBG GDHGD
DTC LGOID b DGMBC PQG MO DGKOLOHIj BGDHOD LGlI} GD b HGA CD CD BCID OQHCJOUCLGD IlQOID KOLO O mLEIHO DCE
OMcUIDG z �OU NCMBISTC OIMBO MCD IMhCLA O PQG b OK GMOD HGA CD A CJIA GMHCD BG K GLdC BCD dA KOLGD NCA
OQHCJOUCLGD NCA KUG¡CD KOLO O LGlITC BC GDKOSC BG KOL¢A GHLCD KOLO O PQOU \ # a � K CL CQHLC UOBC bKOLO A CJIA GMHCD BG K GLdCBC KOL HGLGA CD O G¡ IDH�MNIO BG A CJIA GMHCD NCA OQHCJOUCLGD NCA KUG¡CD
HOMHC KOLO OD LGlI} GD NCA \ # a NCA C KOLO OD LGlI} GD NCA \ � ez� DDIA DG 	 ` a HGA CD PQG �° ` o�t MGDHGD NODCD b �� ` ��o Xo\_W z � URA BIDHC CD BCID
OQHCJOUCLGD �° b �t GDHTC LGUONICMOBCD GMHLG DI BG A OMGILO PQG C DGQ KLC BQHC �° �t ` Xo\_W

� IDHC
G¡KUINIHO O DIHQOSTC BG HGLA CD QA OQHCJOUCL MQUC DG b G DCA GMHG DG b \ ` a z
1 2� 4 �9;;¦§� 9 « ¨	« � =� ¦«>;¦ 9 § � 9 «> 9 § 9;< =>� =§ ¦ 9 ��;
� ¦>;9 �

� NCLLGDK CMB�MNIO GMHLG CD K CMHCD CLEIHOID "Y #Wi� p G C KOL¢A GHLC ^ b MTC R NCA KUGHOA GMHG
BILGHO z � KLIMNIKOU BIhGLGMSO GDHc MC hOHC BG PQG QA O mLEIHO PQG KLCJ�A BG QA BCELOA GMHC BG
K GLdCBC K CDDQI QA JOUCL LGOU BG ^ KOLO PQOUPQGL K CMHC MC GDKOSC BG KOL¢A GHLCD b GA CK CDISTC
OCD DGQD K CMHCD CLEIHOID PQG MTC DTC LGOID OMHGD BO EIhQLNOSTC b HCLMOMBCDG LGOID OK GMOD OK mD O
EIhQLNOSTC z � G hOHC b OMHGD BC DGQ MODNIA GMHC b GDHO mLEIHO BG K GLdC BC ¯ K CDDQI QA NCMFQMHC BG
K CMHCD CLEIHOID NCA KUG¡CD HOU PQG "Yi #Wi� p ` "Y �i #Wi� p b CQ DGF O b CD K CMHCD BO mLEIHO DTC NCMF QlOBCD
GMHLG DI z ! C K CMHC BG EIhQLNOSTC b GDHO mLEIHO NCA KUG¡O BG K GLdCBC ¯ b NCIMNIBG NCA O mLEIHO LGOU
BG K GLdCBC Wq b PQG EIhQLNO MGDHG K CMHC b BOMBC CLIlGA � mLEIHO LGOU BG K GLdC BC ¯ b MQA KLC NGDDC
BG BCELOA GMHC BG K GLdCBC z! C GMHOMHC b MCD NODCD BG mLEIHOD PQG KLCJ�A BG EIhQLNOS} GD HOMlGMHGD b HGA DG QA O DIHQOSTC
BIhGLGMHG z � MHGD BG QA O EIhQLNOSTC HOMlGMHG b OD BQOD mLEIHOD PQG KLCJ�A BGDHO b  p G  q b K CDDQGA
K CMHCD CLEIHOID NCA KUG¡CD BG A OMGILO PQG  p ` "Yi #Wi� p G  q ` "Y �i #Wi� p DGMBC PQG  p `  �q bCQ DGF O b CD K CMHCD BOD mLEIHOD  p G  q DTC NCA KUG¡CD NCMF QlOBCD QMD OCD CQHLCD BG A CBC PQG
HOMHC O DCA O BCD K CMHCD BO mLEIHO  p b NCA C O DCA O ^q BCD K CMHCD BO mLEIHO  q b DTC IlQOUA GMHG
NCA KUG¡ OD NCMF QlOBOD z 
 DHOD BQOD mLEIHOD NCIMNIBGA MC K CMHC BG EIhQLNOSTC HOMlGMHG b HCLMOMBC
DG QA O A GDA O mLEIHO LGOU BG K GLdCBC ¯ b G NCMDGPQGMHGA GMHG K CDDQIMBC ^ p ` ^q z � K mD GDHG K CMHC
HGA CD MCJOA GMHG BQOD mLEIHOD  p G  q BIhGLGMHGD b K CDDQIMBC ^ p $̀ ^q b DGMBC NCMHQBC b OD BQOD
mLEIHOD LGOID z
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¬GUOD DGS}GD OMHGLICLGD K C BGA CD NCMNUQIL PQG G¡IDHGA HL�D GPQOS} GD hQMBOA GMHOID n
� O GPQOSTC CLEIHOU KOLOA GHLIjOBO VW XY Z [ Z \ ] ^ _ ` a
� O GPQOSTC KOLOA RHLINO �W X[ Z \ ] ^ _ ` a
� O GPQOSTC BG OQHCJOUCLGD KOLOA GHLIjOBO � W X[ Z \ Z ^ Z �_ ` �q u �	 W u Xo\_W ` a CMBG 	 W `	 W X[ Z \ ] ^ _ R C HLOSC BO A OHLIj BG OQHCJOUCLGD z
�OID GPQOS} GD DTC BIHOD hQMBOA GMHOID K CL NCMHGLGA HC BO O IMhCLA OSTC ONGLNO BO MOHQLGjO

OUlRELINO BG QA A CJIA GMHC BG QA BOBC K GLdCBC ¯ z & lLOQ GA ^ BO GPQOSTC KOLOA RHLINO
� W X[ Z \ ] ^ _ MCD IMhCLA O C M A GLC A c¡IA C BG mLEIHOD BIhGLGMHGD PQG QA BOBC K GLdCBC ¯ K CBG HGL z
�GMBC PQG b KOLO QA BOBC K CMHC X[ Z \_ MC GDKOSC BG KOL¢A GHLCD b G KOLO QA JOUCL BG ^ BGHGLA IMOBC
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!
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!
�^ u� p o��q X� p o^ _� x� z{E |

Yr ` e
!
�^ o� pu��q X� pu^ _� x� z{N|

Y � ` e
!
�^ u� pu��q X� p o^ _� x� z{B |

CMBG QDOA CD OD OELGJIOS}GD
� p � �^ q u ! Xe u \_q Z x� z®O|
�q � f �^ o f Xe o \_

^ � � p s x� z®E |



����� ��� 	 	 ��� ��� ���� ����� ��� �� ������ 	 � � 	 � 
 y�

¬OLO K GLdCBC ! b C GMHLGUOSOA GMHC BCD K CMHCD Yi R C DGlQIMHG n

�Y p
Y �� � �Yq

Y p� � �Yr
Yq� � �Y �

Yr� � �Y p
Y�� s x� zy|

�CA C F c NCA GMHOBC OMHGLICLA GMHG b MTC KLGNIDOA CD HGL MGNGDDOLIOA GMHG CD PQOHLC K CMHCD Y p b
Y q b Y r G Y� BIhGLGMHGD z ¬C BGA CD BLOA OHIjOL A OID IDDC NCMDIBGLOMBC n

Y p ` Yq � � p ` u e
f "��q X� p o ^ _ o ��q X� p o ^ _# Z

Yq ` Yr � � p ` u e
f "��q X� p o ^ _ u ��q X� p o ^ _# Z

Yr ` Y� � � p ` o e
f "��q X� p o ^ _ o ��q X� p o ^ _# Z

Y� ` Y p � � p ` o e
f "��q X� p o ^ _ u ��q X� p o ^ _# s x� z� |

�DHC CNCLLG PQOMBC �q q ^ q u ! � pr X� p o �q _ ` a b CQ DGF O b PQOMBC

[ ` e
!

'\q o \ u e( '\q u \ u e( Xe u \_q
\q o \ s x� z�|

& hOHC BG PQG \ � a IA KUINO [ � � b K GUO GPQOSTC x� z�| LG�GHG O IA K CDDIE IUIBOBG BG DG
HGL BQOD NCA K CMGMHGD IlQOID MQA O mLEIHO BG K GLdC BC KLIA IHIJC ¯ MC UIA IHG \ ` a b QA O JGj PQG
MGDHG UIA IHG b NCA C F c CEDGLJOBC b O BIM¢A INO BC A OKO BG & RMCM DG LGBQj � BIM¢A INO BC A OKO
PQOBLcHINC b G MGDHG UIA IHG OD GPQOS} GD OUlRELINOD DTC OE GUIOMOD ��� � z
, �� �� ������	��
 �� � 
��� 	�	����

@ A O JGj PQG K CDDQdA CD O GPQOSTC x� z�| b PQG NCMGNHO CD KOL¢A GHLCD BG NCMHLCUG BC DIDHGA O
X[ Z \_ NCA C KOL¢A GHLC ^ b K CBGA CD NOUNQUOL O LGDQUHOMHG GMHLG GDHO GPQOSTC G O GPQOSTC BG
OQHCJOUCLGD x� z® {| b GA LGUOSTC O ^ z ¬LC NGBGMBC BGDHO hCLA O NCMDGlQIA CD O JOLIGBOBG � � X[ Z \ Z � _ n

� � X[ Z \ Z � _ ` �	 [	 u �� [� u �� [� u �r [r u �q [q u � p [ u �w Z x� z�|
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� p ` a Z x� z�h |
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 DHO JOLIGBOBG K CDDQI lLOQ ef MC KOL¢A GHLC \ G lLOQ & GA [ G � z & hOHC BG HGLA CD QA
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lLOQ D�¡HINC MC OQHCJOUCL LG�GHG O MTC hOHCLOEIUIBOBG BO JOLIGBOBG � � X[ Z \ Z � _ DCELG CD M A GLCD
LONICMOID z �GAELGA CD PQG HGA CD QA M A GLC A c¡IA C BG g mLEIHOD BG K GLdC BC ! G PQG NOBO QA O
BGDHOD mLEIHOD K CDDQI BCID OQHCJOUCLGD C PQG MCD Bc QA A c¡IA C BG & OQHCJOUCLGD K CDDdJGID KOLO
QA BOBC K CMHC X[ Z \_ MC GDKOSC BG KOL¢A GHLCD z
��� ����� �� ���� � ` u e

�CA C JIA CD O JOLIGBOBG � � X[ Z \ Z �_ b GA lGLOU MTC R hOHCLcJGU DCELG CD M A GLCD LONICMOID bNCMHQBC G¡ IDHGA JOUCLGD KOLHINQUOLGD BG � KOLO CD PQOID QA O hOHCLOSTC R K CDDIJGU b QA BGDHGD
JOUCLGD R BOBC K CL � ` u ez ¬OLO � ` u e O 
 P z x� z�| DIA KUI�NODG EODHOMHG b K C BGMBC DGL GDNLIHO
NCA C QA KLC BQHC BG HL�D hOHCLGD DCELG CD LONICMOID n

� �� ` � �p��� � �q��� � �r��� Z x� z�|
CMBG
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u g� ��! X\ o e_q Xe u \_�
! Z x� z{� |

[ ` g X\ u e_q
!

u g� q ��! X\ o e_q Xe u \_�
! x� z{�|

CMBG � � o Xe o �� g_�f z� AEOD DCUQS}GD BO 
P z x� z{{| DTC

[ ` o e
! Xe u \_q �

�
f Xe o \q _ s x� z{�|

�OID DCUQS} GD DTC DGA KLG NCA KUG¡OD b NCA G¡NGSTC BCD UIA IHGD MTC BIDDIKOHIJCD n \ ` � ez� D DCUQS} GD KOLO � �p��� ` a b CQ DGF O b O NQLJO BGDNLIHO K GUO GPQOSTC x� z{®| b R F QDHOA GMHG O NQLJO
PQG BG�MG O hLCMHGILO BG A CJIA GMHCD BG K GLdC BC f LGOID GDHcJGID b IDHC R b O NQLJO x� z{®| BG�MG C
MODNIA GMHC BG K GLdC BC ! GDHcJGU b KLCJGMIGMHG BC BCELOA GMHC f � ! z ¬CL CQHLC UOBC O GPQOSTC
� �q��� ` a BG�MG C MODNIA GMHC BG mLEIHOD BG K GLdC BC ! PQG KLCJ�A BG EIhQLNOSTC HOMlGMHG b GDHO
JOLIGBOBG K CBG OIMBO DGL CEHIBO NCMDIBGLOMBC C BIDNLIA IMOMHG 	 X� � X[ Z \ Z ^ _ ] ^ _ z
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��� ����� �� ���� � ` o e
� D GPQOS} GD PQG BG�MGA O K GLBO BG GDHOEIUIBOBG BCD A CJIA GMHCD BG K GLdCBC ! DTC NCMDGlQIBOD

NCMDIBGLOMBCDG � ` o e MO GPQOSTC x� z�| z

� �� `
	�

i�w � i [ i Z x� z{�|
CMBG CD NC G�NIGMHGD

� i DTC BOBCD K CL n

�	 ` !a�& Z x� z{�O|
�� ` o!a�& Xg\q u f\ u g_Z x� z{�E |
�� ` f$& X!�\� u &�\r u g�\q u &�\ u !�_ Z x� z{�N|
�r ` of$& X!�\	 u &f\� o �g\� o f ef\r o �g\q u &f\ u !�\_ Z x� z{�B|
�q ` e& 'g e\� o &a\r o e�&\q o &a\ u g e( 'e�\� u ef\r o &\q u ef\ u e�( Z x� z{�G|
� p ` a Z x� z{�h |
�

w ` Xe�\� u ef\r o &\q u ef\ u e�_r Z x� z{�l |
GPQOSTC GDHO PQG MTC hOHCLO DCELG CD LONICMOID z
, �� �� ( ����	�����
 �� � 
�� � �� (��������


&EHIJGA CD MOD DGS} GD OMHGLICLGD OD NQLJOD OUlRELINOD PQG LGKLGDGMHOA C MODNIA GMHC BG A CJI
A GMHCD BG K GLdCBC ! x� �p��� ` a Z � �q��� ` a| b E GA NCA C O NQLJO PQG BGDNLGJG O K GLBO BG GDHOEIUIBOBG
BG HOID A CJIA GMHCD x� �� ` a| z �CMDIBGLOA CD GDHOD NQLJOD F QMHOA GMHG NCA OD NQLJOD PQG GDHLQ
HQLOA O NODNOHO BG BCELOA GMHC BG K GLdCBC e � f � ! b MO �lQLO � z{z
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� IlQLO � z{n �QLJOD BG EIhQLNOSTC KOLO K GLdCBC ! b f b ez & D M A GLCD IMBINOA K GLdC BCD G OD DGHOD
IMBINOA OD LGlI} GD BG GDHOEIUIBOBG BCD A CJIA GMHCD NCA HOID K GLdC BCD z
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� GDHONOA DG BQOD LGlI} GD BG G¡HLGA O IA K CLH¢MNIO MO �lQLO � z{b O KLIA GILO BGUOD C NCLLG
MO LGlITC ODDIMOUOBO K CL � MO �lQLO � z{b G LGhGLGDG � G¡IDH�MNIO BG QA O N DKIBG KLGDGMHG MO
NQLJO BG EIhQLNOSTC HOMlGMHG b DGMBC C K GLdCBC ! C K GLdC BC A OID EOI¡C b BC A OKO BG & RMCM bPQG OKLGDGMHO QA O GDHLQHQLO BGDHO GDK RNIG z 
 DHO GDHLQHQLO DGLc GDHQBOBO NCA A OID BGHOU~G MOD
DGNS} GD K CDHGLICLGD z � LGlITC ODDIMOUOBO K CL � b MO �lQLO � z{b A CDHLO O LGlITC NCAQA GMHGA GMHG
OE CLBOBO MO UIHGLOHQLO b QA O JGj PQG GDHO GDHc UIA IHOBO OC IMHGLJOUC o e � \ � e xCMBG G¡ IDHGA
A CJIA GMHCD GDHcJGID| z �LOHOLGA CD GA A OID BGHOU~G GDHO LGlITC O DGlQIL z
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(c)

� IlQLO � z® n �CA dMICD BG GDHOEIUIBOBG KOLO A CJIA GMHCD BG K GLdCBCD ! b g b f G ez 
A xO| G xE |BGHOU~GD BOD LGlI} GD BG AQUHIGDHOEIUIBOBG BG A CJIA GMHCD BG K GLdC BC ! NCA K GLdC BCD A GMCLGD z

A xN| OA KUIOSTC BO LGlITC ODDIMOUOBO GA xO| z

� CDHLOA CD MO �lQLO � z® QA O JIDTC BCD BCA dMICD BG GDHOEIUIBOBG BG HC BCD CD A CJIA GMHCD BG
K GLdCBC IMhGLICLGD CQ IlQOID O ! z !CHODG MGDHOD �lQLOD O KLGDGMSO BG BQOD NUODDGD BG AQUHIGDHO
EIUIBOBG BG A CJIA GMHCD GMJCUJGMBC mLEIHOD BG K GLdC BC ! b QA O BGDHOD R O GDHOEIUIBOBG DIAQUH¢MGO
BG A CJIA GMHCD BG K GLdC BC ! NCA A CJIA GMHCD BG K GLdCBC A GMCL PQG GDHG b OD LGlI} GD GA PQG C NCL
LGA GDHGD hGMkA GMCD DTC A CDHLOBOD MO �lQLO x� z®O| G x� z®E | z � NCG¡ IDH�MNIO BG OHLOHCLGD BG
K GLdCBCD BIhGLGMHGD CNCLLG K GUO KLIA GILO JGj NCA A CJIA GMHCD BG K GLdCBC g b PQG K CDDQI LGlI} GD BG
GDHOEIUIBOBG DIAQUH¢MGO NCA CD K GLdCBCD f G eb DGKOLOBOA GMHG b O CEHGMSTC BO UCNOUIjOSTC BGDHOD
LGlI} GD R BG G¡HLGA O IA K CLH¢MNIO GA GDHQBCD BG NCMHLCUG BG OHLOHCLGD �y� b y�� z � DGlQMBO NUODDG
BG AQUHIGDHOEIUIBOBG BGDHONOBO MO �lQLO x� z®O| G A CDHLOBO GA A OID BGHOU~G MO �lQLO x� z®N| bOKOLGNG K GUO KLIA GILO JGj GA A CJIA GMHCD BG K GLdC BC ! b GDHO LGlITC R C PQG N~OA OA CD BG QA O
LGlITC BG AQUHIGDHOEIUIBOBG BG A CJIA GMHCD BG K GLdC BC ! b CQ DGF O b QA O LGlITC BG AQUHIGDHOEIUIBOBG



����� ��� 	 	 ��� ��� ���� ����� ��� �� ������ 	 � � 	 � 
 ��
IDCK GLIm BINO z �OU LGlITC R NOLONHGLIjOBO K GUO NC G¡ IDH�MNIO DIAQUH¢MGO BG BCID OHLOHCLGD BIhGLGMHGD
BG K GLdCBC ! QA BGUGD LGUONICMOBC NCA O mLEIHO BG K GLdCBC ! PQG KLCJ�A BG QA BCELOA GMHC BG
K GLdCBC b G CQHLC LGUONICMOBC NCA O mLEIHO GDHcJGU PQG MODNG BO EIhQLNOSTC HOMlGMHG BG K GLdCBC ! z
� CDHLOA CD GDPQGA OHINOA GMHG O LGlITC BG GDHOEIUIBOBG IDCK GLImBINO MO �lQLO � zy z
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� IlQLO � zy n � IlQLO GDPQGA cHINO BO LGlITC BG AQUHIGDHOEIUIBOBG BG A CJIA GMHCD BG K GLdC BCD f G !
G BO LGlITC BG AQUHIGDHOEIUIBOBG BG BQOD mLEIHOD IDCK GLIm BINOD BG K GLdC BC ! z � D UGHLOD LCHQUOA
OD IMHGLDGNS} GD PQG BG�MGA CD BCA dMICD b G CD M A GLCD IMBINOA C lLOQ OUlRELINC BOD NC CLBGMOBOD
PQG BG�MGA OD IMHGLDGNS}GD z

� �lQLO � zy HLOj QA O LGKLGDGMHOSTC KINHmLINO BOD LGlI} GD BG AQUHIGDHOEIUIBOBG b BG hCLA O PQG
O LGlITC BG AQUHIGDHOEIUIBOBG BG BCID A CJIA GMHCD BG K GLdC BC ! b A CDHLOBO MO �lQLO x� z®N| b R
IUQDHLOBO NCA C O LGlITC BG�MIBO K GUCD JRLHINGD � b � b 
 G � z ! CHODG PQG HC BCD CD JRLHINGD BGDDO
LGlITC K CDDQGA lLOQD OUlRELINCD BIhGLGMHGD b NCMHQBC HC BCD GDHGD JRLHINGD K CDDQGA NC CLBGMOBOD
GA \ PQG DTC ����� �®� � b CQ DGF O LOIjGD BG GPQOS} GD OUlRELINOD LGNdKLCNOD b BGDHO hCLA O KOLO NOBO
NC CLBGMOBO GA \�

BG QA JRLHING BGDHOD LGlI} GD BG AQUHIGDHOEIUIBOBG xIDCK GLImBINO CQ MTC| G¡ IDHG
QA O NC CLBGMOBO \� ` e�\�

PQG IlQOUA GMHG R QA JRLHING BG IMHGLDGNSTC b NCMHQBC GDHG DG UC NOUIjOMBC
hCLO BC IMHGLJOUC BG GDHOEIUIBOBG z � G hOHC OD NCCLBGMOBOD GA [ BGDHOD IMHGLDGNS} GD DTC BGK GMBGMHGD
BOD NC CLBGMOBOD GA \ �y� � BG A OMGILO PQG [ ` �\ b CMBG \ R QA M A GLC NCA lLOQ BO A GHOBG BC
lLOQ OUlRELINC BG \ z
, �� �' � ��
� 	��

�CA C F c A GMNICMOA CD OMHGLICLA GMHG b C K GLdC BC ! R C KLIA GILC NODC GA PQG HGA CD C DQLlIA GMHC
BG QA O N DKIBG MO NQLJO BG EIhQLNOSTC HOMlGMHG b NCMHQBC lLOMBG KOLHG BGDHO GDHLQHQLO DG UC NOUIjO
MO LGlITC KOLO PQOU HGA CD \ � eb DGMBC PQG GA HOU LGlITC MTC ~c A CJIA GMHC GDHcJGU z ¬CLRA BGJIBC
O DIA KUINIBOBG BOD GPQOS}GD GMJCUJIBOD MGDHG NODC K CBGA CD NCMDIBGLOL QA O OMcUIDG OUlRELINO
BGHOU~OBO b K CID GDHLQHQLOD DGA GU~OMHGD G¡IDHGA KOLO CQHLCD K GLdCBCD b GA CQHLOD LGlI} GD BC GDKOSC
BG KOL¢A GHLCD b NCA C JGLGA CD K CDHGLICLA GMHG z

�CA C K C BGA CD JGL BO �lQLO � z� O N DKIBG b G¡ IDHGMHG MO NQLJO BG EIhQLNOSTC BG K GLdC BC ! HGA
QA O GDK RNIG BG ��� � �� �� ����� OC UCMlC BO UIM~O \ ` eb CMBG C A OKO BG & RMCM R MTC BIDDIKOHIJC bQA O JGj PQG MGDHO UIM~O GMNCMHLOA DG UC NOUIjOBC C K CMHC BG N DKIBG � NQF OD NC CLBGMOBOD DTC
X[� Z \� _ ` Xg Z e_ G C K CMHC � GA PQG ~c QA O OQHCIMHGLDGSTC BO JcLIGBOBG � �� ` a UC NOUIjOBC
GA X[� Z \� _ ` Xf u � e��f Z e_ b C K CMHC

�
R CQHLC K CMHC BG IMHGLDGSTC BGDHO JOLIGBOBG NCA O

UIM~O \ ` e G GDHc UC NOUIjOBC GA X[� Z \� _ ` Xf u � g�f Z e_ z & D CQHLCD BCID K CMHCD ODDIMOUOBCD
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� IlQLO � z� n � DKIBG G¡IDHGMHG MOD NQLJOD BG EIhQLNOSTC KOLO K GLdC BC ! z
MO �lQLO � z� DTC IMHGLDGNS} GD BO JOLIGBOBGD � �� ` a G � �q��� ` a UC NOUIjOBCD GA X[� Z \� _ �Xg sag&!&g!f Z a s���g� ea! e_ G X[�� Z \�� _ � Xg sa!&g e� e� Z esaa e&f$�! _ DGMBC OD NCCLBGMOBOD GA \LOdjGD BC K CUIMkA IC LGNdKLC NC BOBC K CL n

&�!� \pq u &&a�& \pp u eg�e&a \pw o ���& \� o ff�$�$ \
 o $�gfa \� u e&�g!! \	
o$�gfa \� o ff�$�$ \� o ���& \r u eg�e&a \q u &&a�& \ u &�!� ` a s x� z{�|


 DHQBOLGA CD OlCLO O UIM~O \ ` e GA BGHOU~G z %GLI�PQGA CD IMINIOUA GMHG PQG O GPQOSTC x� z�| bPQOMBC NCMDIBGLOA CD \ ` eb DG LGBQj O n

^ "^ q o ! X[ o g_# ` a s x� z®�|
�GMBC K CLHOMHC NCA C LOdjGD CD HL�D JOUCLGD BG ^ n

^ p ` a
^q ` u f�[ o g
^r ` of�[ o g s

� �lQLO � z� A CDHLO ^ GA hQMSTC BC KOL¢A GHLC [ KOLO OUlQMD JOUCLGD MO JIjIM~OMSO BG \ ` ez¬GUO �lQLO � z� JGA CD NCA C O DQK GLhdNIG � � X^ Z [ Z \_ ` a AQBO MO JIjIM~OMSO BO UIM~O \ ` eb BG
A OMGILO PQG CD JOUCLGD BG ^ PQG LGKLGDGMHOA O mLEIHO BG K GLdCBC ! PQG KLCJ�A BG BCELOA GMHC BG
K GLdCBC DG NCA K CLHOA BG A OMGILO BLcDHINOA GMHG BIhGLGMHG KOLO \ ` esaa e GA LGUOSTC O \ ` a s��� bHOU NCA K CLHOA GMHC HGA NCMDGP��MNIOD MO NCMG¡ TC G¡ IDHGMHG GMHLG OD mLEIHOD BG K GLdCBC ! b HOU
NCMG¡ TC K CBG OIMBO DGL JIDHO OHLOJRD BO GPQOSTC BG OQHCJOUCLGD x� z® {| OC UCMlC BO UIM~O \ ` en

�q u �o fg ^ � u �
g X! [ o g_ ^ q o e& [ X[ o ! _ o $a� � u e ` a x� z® {|

� GPQOSTC ONIA O OK GMOD HGA K CH�MNIOD KOLGD GA ^ b HOU KLCKLIGBOBG hOj NCA PQG OC UCMlC BO
UIM~O \ ` eb OD mLEIHOD NCA ^ ` ^q G ^ ` ^r b K CL BIhGLILGA OK GMOD BG QA DIMOU b K GUO GPQOSTC
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� IlQLO � z� n & D HL�D JOUCLGD BG ^ GA hQMSTC BC KOL¢A GHLC [ KOLO OUlQMD JOUCLGD �¡CD BG \ MO
JIjIM~OMSO BG \ ` ez 
A xO| \ ` a s��� b GA xE | \ ` e G GA xN| \ ` esaa ez � UIM~O JGLHINOU
HLONGF OBO GA xE | IMBINO C K CMHC BG N DKIBG GA [ ` g z
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