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EGF JM_aLyH
rI]@r8P�T[poû�PX_I]�cUPXgOP[H\L kUFaP[g ]�cfLyH\NI]@x�cUROV�]@øaNaxy]@TMd
QSRUT(_aRUWXPýra_aR@JMRqH�þ�`�_aP�TMPý]@TMPBLÙV&xy]UHMH\P[H
R@Q cfLyH\NI]@xK�UP�dqú
û�RUT^gaH�p�P[]UV^_BH\Naø�gOL cfLygOP[gôL FqJMR h ú N H\Naø�V&xy]UHMH\P[H�þ j P�FIV&P
JM_aP�TMPÙ]@TMP h@t gOLyHKJML FIV¥Jýxy]@ø8P�xyHnL FÏJMR@J^]@x/ÿ¬`·]@øax P i �¥þ ó P
NIH\P[gXJM_aP
efE(��w x P[]@TMFaL Fak/]@x kURUTML JM_aW ]UH�gOP[HMV&TML ø8P[g-]@ø8R�cUP
JMRnx P[]@TMFýJM_aP[H\P h@t V&xy]UHMH\P[H�R@Q0cfLyH\NI]@x-�UP�dfû�RUT^gaH�QSTMRUW u�Y�N
xy]@ø8P�x P[gýL Wn]@kUP<TMP�kUL RUFIH�V&TMRUrar8P[g-QSTMRUWZ_aRUWXP<ra_aR@JMRqH�þ
`�_aPÊP&êOr8P�TML WXP�FqJ^]@x8TMP[H\Nax J^H�H\_aR�û+F-_aP�TMP´]@TMPÊøI]UH\P[gnRUF

h"MqvUv kUP�FfNaL FaP(Q¬]@WXL x d�ra_aR@JMRqH´raTMR�cfLygOP[g�øfd�]�V&RUx x P[]@kUNaPUp
l�T[þ<;UP[]@FOút#�NIV4#�P�øaTMNaF�pqû+_aR(JMT^]�cUP�xyH�QSTMP��qNaP�FqJMx dUþ�ó P QSR@ú
V&NIH0RUF-]UV¥JMNI]@xa_aRUWXP ra_aR@JMRqH"L FIHKJMP[]Ug�R@Q�JM_aPÊWXRUTMP+kUP�FaP�T\ú
]@x L G�P[g/L Wn]@kUP+V&RUx x P[V¥JML RUFIH�x L �UP���RUTMP�xOL Wn]@kUP[H�ø8P[V�]@NIH\P�RUNaT
TMP[H\P[]@T^V^_�]@L WnH·JMR(V&TMP[]�JMP�NIH\P&QSNax8]@FIgX]@NOJMRUWn]�JMLyV�JMRfRUxyH�QSRUT
Wn]UHMH´V&RUFIH\NaWXP�T^HÊJMR�RUTMkq]@FaL G�P�]@FIg TMP&JMTML P�cUP(JM_aP�L T
_aRUWXP
ra_aR@JMRqH�þ�Z·L kUNaTMP N gOLyH\raxy]�dOH4JKdfraLyV�]@xqra_aR@JMRqHoL F(JM_aLyH·V&RUx x P[V¥ú
JML RUFý]@FIg6Z·L kUNaTMP t H\_aR�û H�H\RUWXPÊR@Q�JM_aP´ra_aR@JMRqH�û+L JM_ýøI]Ug
�qNI]@x L JKd ÿSPUþ kIþ+Q¬]UgOP[g4p8R�cUP�T\ú>P&êOr8RqH\P[g4pOøax NaTMTMP[g4p8ga]@T(��P&J^V��¥þ
ó P gOLygXFaR@J�TMP�WXR�cUP�JM_aP[H\P+øI]Ug;�qNI]@x L JKd/ra_aR@JMRqH�QSTMRUW RUNaT
JMP[HKJ"V&RUx x P[V¥JML RUF/L F�RUT^gOP�ToJMR<TMP
�IP[V¥J·JM_aP+V&RUWXrax P&êOL JKd
R@QIJM_aP
RUTML kUL FI]@x4ga]�J^]aþ
`�_aP´ra_aR@JMRqH�V&RUWXP´L F�gOL ÷�P�TMP�FqJ�RUTML P�FqJ^]�JML RUFIH�pqFI]@WXP�x d

xy]@FIgaHMV�]@r8P�ÿ u L M � h N@t �<]@FIg r8RUT\JMT^]@L J-ÿ h N@t � u L M �´xy]�dqú
RUNOJ^H�þ0`�_aPÊL FIgOP&êOL Fak�raTMROV&P[HMH�]@NOJMRUWn]�JMLyV�]@x x dngOP&JMP[V¥J^H�JM_aP
xy]�dURUNOJo]@FIg(]@rarax L P[H�JM_aP�V&RUTMTMP[H\r8RUFIgOL Fak�JMP[HMH\P�x xy]�JML RUF<JMP�W�ú
raxy]�JMPUþ�`�_aP H\rI]�JMLy]@xOJMP[HMH\P�x xy]�JML RUF�ÿ Q �)b
��]UgORUrOJMP[g/QSRUT TWV �LyH�H\_aR�û+FXL F6Z·L kIþ Y þ0`�_aP TMP�xy]�JML cUP+û�P�L kU_qJ � ÿ Q �)b
�·QSRUT"JM_aPN JMP[HMH\P�x xy]�JML RUFIH/NIH\P[g�L F û�P�L kU_qJMP[g�H\L WXL xy]@TML JKd Wn]�J^V^_aL Fak
ÿ¬z �qNI]�JML RUFôÿ i"Y � �
]@TMPý]@xyH\R�kUL cUP�F�þ�`�_aP�V&P�FqJMP�T
JMP[HMH\P�x xy]�ú
JML RUF-LyH�kUL cUP�Fý]/_aL kU_aP�T�û�P�L kU_qJ�]UH�L J�LyH�NIH\NI]@x x d�JM_aPÊQSROV&NIH
R@Q0]Xra_aR@JMR-V&RUFqJMP�FqJ[þ�w F�P��qNaL c�]@x P�FqJ+JMP[HMH\P�x xy]�JML RUF�LyHÊ]@xyH\R
gOP[H\L kUFaP[g-QSRUT+L Wn]@kUP[H�û+L JM_�r8RUT\JMT^]@L J+xy]�dURUNOJ[þ

ω  = 1 ω  = 1 ω  = 3 ω  = 1 ω  = 1

Z·L kUNaTMP Y {0`oP[HMH\P�x xy]�JML RUF�]@FIgýû�P�L kU_qJ�QSRUT �qNaP�TMdnøfd-cfLyH\NI]@x
P&êa]@WXrax P
ó PngOP
�IFaP[g iON H\P�Wn]@FqJMLyV;�qNaP�TML P[H´]@FIgÙJM_aP�L T<kUTMRUNaFIg

JMTMNOJM_IH/ÿU!�þ `<þ � ]@WXRUFakXJM_aP h"MqvUv ra_aR@JMRqH/ÿ¬`·]@øax P h �¥þ ZaRUT
P[]UV^_[�qNaP�TMdUp+û�PÙH\P�x P[V¥JMP[g u TMP�x P�c�]@FqJýra_aR@JMRqHý]UHB�qNaP�TMd
P&êa]@WXrax P[H·QSRUT. ÊNaP�TMd�
�d�z0êa]@WXrax P(ÿ  �
�z��·P&êOr8P�TML WXP�FqJ^H�þ
ó P V&RUWXrI]@TMPBRUNaT raTMRUr8RqH\P[g
cfLyH\NI]@x �UP�dfû�RUT^g
_aLyHKú

JMRUkUT^]@W WXP&JM_aROg:ÿ¬gOP�FaR@JMP[g ]UH>=�*´m j = � û+L JM_ V&RUx RUT´_aLyHKú
JMRUkUT^]@WõR@Q�P�x P�cUP�F �UP�d V&RUx RUT^HXÿSTMP[g4pokUTMP�P�F�p�øax NaPUpoøaxy]UV���p
kUTMP�dUpfû+_aL JMPUpaRUT^]@FakUPUpfdUP�x x R�û
pOøaTMR�û+F�pOraL F�����L F�JM_aP j e�*
V&RUx RUT�H\rI]UV&PUpU]UH�]UgORUrOJMP[g(øfd
JM_aP+RUTML kUL FI]@xm�"LyV j NaFqJMP�T0H\dOHKú
JMP�W�� M"� ÿ¬gOP�FaR@JMP[g�]UH?= j e�*@= �¥þ
`·]@øax P u x LyHKJ^H�JM_aP
]�cUP�T^]@kUPÊraTMP[V&LyH\L RUFIH�R@Q·TMP&JMTML P�c�]@x8QSRUT

JM_aP iON �qNaP�TML P[H´kUL cUP�F L Fü`·]@øax P h NIH\L Fak�JM_aP�JKû�R�WXP&JM_Oú
ROgaH�þ�`·]@øax P M H\_aR�û H·JM_aP´]�cUP�T^]@kUP�raTMP[V&LyH\L RUFIH ÿSR�cUP�T�]@x x iON



Z·L kUNaTMP N {"`�dfraLyV�]@x4_aRUWXP<ra_aR@JMRqH�NIH\P[g�L F�RUNaT�P&êOr8P�TML WXP�FqJ

Z·L kUNaTMP t {�efRUWXP<_aRUWXP
ra_aR@JMRqH�R@Q·L FOQSP�TML RUT �qNI]@x L JKd

`·]@øax P h {0`�_aP iON �qNaP�TML P[H�NIH\P[gýQSRUT+ø8P�FIV^_aWn]@T(�fL Fak
 ÊNaP�TMd �ÊP[HMV&TML rOJML RUF !�þ `<þ
 vai L FIgORfRUT sUs�M
 vqh RUNOJ^gORfRUT i�hOi L
 vUu FaL kU_qJ+RUT ga]@T(�ýHMV&P�FaP i[vai
 v�M r8P�RUrax P<L FIgORfRUT L Mqv
 v N L FqJMP�TML RUT�RUT+RUøDCKP[V¥J i[u�M
 vUt V&L JKdýHMV&P�FaP tUs�Y
 v�Y FI]�JMNaTMP
HMV&P�FaP NUhOi
 v L ]�J ]XH\û+L WXWXL Faknr8RfRUx NUh
 vUs HKJMTMP�P&J+RUT+TMRq]UgýH\LygOP t�M�N
 i[v ]@x RUFak�û�]�JMP�T^H\LygOP iON@v
 iUi L F�]�rI]@T(�nRUT+kq]@T^gOP�F uUvUu
 i�h ]�J+WXRUNaFqJ^]@L F�]@TMP[] t�Y
 i[u r8P�RUrax P
V&x RqH\P<Nar h Y Y
 i1M xy]@TMkUP´kUTMRUNar�pfL FIgORfRUT M�N
 iON xy]@TMkUP´kUTMRUNar�pfRUNOJ^gORfRUT u�M

�qNaP�TML P[H��<]@WXRUFak�JM_aPnJMRUr i[v p h@v p uUv p·]@FIg N@v TMP&JMTML P�cUP[g
ra_aR@JMRqH�QSRUT�JM_aP<JKû�RXWXP&JM_aROgaH V&RUWXrI]@TMP[g4þ

ZaTMRUW `·]@øax P u pqû�P RUøIH\P�TMcUP�JM_I]�J�JM_aP�*´m j ]@raraTMRq]UV^_
RUNOJMr8P�T\QSRUTMWnHÊJM_aP j e�* ]@raraTMRq]UV^_ÙL F ]@x xK�qNaP�TML P[HÊP&êaV&P�rOJ
QSRUTH�qNaP�TML P[H1 vUt ]@FIg  vUs þ�EGF(rI]@T\JMLyV&Naxy]@T[p�H\L kUFaL �8V�]@FqJ�L W�ú
raTMR�cUP�WXP�FqJ^H�ÿSL|þ PUþ N@v�� RUT0WXRUTMPO�·V�]@F�ø8P H\P�P�F/QSRUTK�qNaP�TML P[H
 vUu p) v N p) v�Y p) v Lap) i�h p) i[u p) i1M pO]@FIg5 iON þ�wÊH ]
û+_aRUx PUp�JM_aP *´m j WXP&JM_aROg/]�J\J^]@L FaP[g(] uUs�� L WXraTMR�cUP�WXP�FqJ
L F�JMP�TMWnH�R@Q0]�cUP�T^]@kUPÊraTMP[V&LyH\L RUFýR�cUP�T�JM_aP j e�* WXP&JM_aROg4þ
EGF
raT^]UV¥JMLyV&PUpXraTMP[V&LyH\L RUF c�]@x NaP[H ]�J TMP�xy]�JML cUP�x d H\Wn]@x x

FfNaW/ø8P�T´R@Q"TMP&JMTML P�cUP[g�L Wn]@kUP[HÊ]@TMP(WXRUTMP(L WXr8RUT\J^]@FqJ<]UH´]
NIH\P�T�û�RUNaxyg
x L �UP�JMR��IFIg/TMP�x P�c�]@FqJ·L Wn]@kUP[H�JMRÊJM_aP�L T,�qNaP�TML P[H
û+L JM_aL F JM_aP9�IT^HKJ/V&RUNarax PnR@Q�rI]@kUP[H<R@Q�JM_fNaW/øaFI]@L xyH
R@Q�TMP&ú
JMTML P�cUP[g L Wn]@kUP[H�þ�óô_aP�F û�PXx RfR � ]�J<JM_aP-]�cUP�T^]@kUP(raTMP[V&L ú
H\L RUFIH/R@Q NarüJMR��IT^HKJ N@v TMP&JMTML P�cUP[g L Wn]@kUP[H/]UH�H\_aR�û+FüL F
`·]@øax P M pUû�PÊV&RUFIV&x NIgOP�JM_I]�J0JM_aP *´m j WXP&JM_aROgXLyH"]@øax P�JMR
gOLyH\raxy]�dý]�J+x P[]UHKJ uUv�� ÿSL|þ PUþ uai�� JMR Mqt�� �"WXRUTMP<TMP�x P�c�]@FqJ
L Wn]@kUP[H+JM_I]@F�JM_aP j e�* WXP&JM_aROg�JMRý]-NIH\P�T[þ EGF V&RUFIV&TMP&JMP
JMP�TMWnH�poJM_aP[H\PXJMT^]@FIH\xy]�JMP�JMR h þ u p M þ h p N þ i p·]@FIg t þ v WXRUTMP
TMP�x P�c�]@FqJXL Wn]@kUP[HX]�JXJMRUr i[v p h@v p uUv p�]@FIg N@v TMP&JMTML P�cUP[g
L Wn]@kUP[H�TMP[H\r8P[V¥JML cUP�x d-RUFýJM_aP(]�cUP�T^]@kUPUþ

��� ï î � T ñ·�[ò¬ï î ��� î ð��oño�[ño� S U ïI�OW��
EGFýJM_aLyH�rI]@r8P�T[pfû�P´_I]�cUPÊraTMP[H\P�FqJMP[gý]/FaR�cUP�x�V&RUFqJMP�FqJ�TMP�rOú
TMP[H\P�FqJ^]�JML RUF V�]@x x P[g�cfLyH\NI]@x��UP�dfû�RUT^g _aLyHKJMRUkUT^]@W�]@FIg ]@F
]UHMH\ROV&Ly]�JMP[g
raTMROV&P[HMH\L Fak´]@T^V^_aL JMP[V¥JMNaTMP"JMRÊJMT^]@FIHKQSRUTMW L Wn]@kUP
TMP�raTMP[H\P�FqJ^]�JML RUFÙL F x R�û�ú>x P�cUP�x�QSP[]�JMNaTMPXH\rI]UV&P(JMR�H\P�Wn]@FqJMLyV
H\rI]UV&P�H\rI]@FaFaP[g<øfd<cfLyH\NI]@x �UP�dfû�RUT^gaH�þ4EGF(RUNaT1 �
�z�P&êOr8P�T\ú
L WXP�FqJ�RUF h"MqvUv _aRUWXP+ra_aR@JMRqH0û+L JM_ iON H\P�Wn]@FqJMLyVX�qNaP�TML P[H�p

`·]@øax P u {"w cUP�T^]@kUP´raTMP[V&LyH\L RUFIH�QSRUT+P[]UV^_�]@FIg�]@x x��qNaP�TML P[H
w cfkIþ'�"TMP[V@þ j e�* *´m j
 vai v þ tUv v þ Y@h
 vqh v þ tai v þ tUu
 vUu v þ v L v þ uUu
 v�M v þ N Y v þ Y Y
 v N v þ i�h v þ h"M
 vUt v þ Mqt v þ MIi
 v�Y v þ h N v þ uUs
 v L v þ i[u v þ h@u
 vUs v þ Mqu v þ uai
 i[v v þ iON v þ i[s
 iUi v þ M�N v þ MDY
 i�h v þ v N v þ h L
 i[u v þ i[u v þ h@t
 i1M v þ i[v v þ u�Y
 iON v þ i�h v þ hUh
� cUP�T^]@x x v þ h L v þ uUs

`·]@øax P M {0w cUP�T^]@kUP´raTMP[V&LyH\L RUFIH�]�J+JMRUr�L Wn]@kUP[H
w cfkIþ$�"TMP[V@þ j e�* *´m j EGWXraTMR�cUP�WXP�FqJ
w�J i[v ra_aR@JMRqH v þ N@v v þ Y�u Mqt��
w�J h@v ra_aR@JMRqH v þ Mqt v þ t�Y Mqt��
w�J uUv ra_aR@JMRqH v þ Mfh v þ N@s Mqv��
w�J N@v ra_aR@JMRqH v þ uUs v þ NOi uai��

û�P"]UV^_aL P�cUP[g´cUP�TMdÊraTMRUWXLyH\L Fak+TMP[H\Nax J^H�NIH\L Fak+RUNaToraTMRUr8RqH\P[g
FaP�û HMV^_aP�WXP´QSRUT+L Wn]@kUP<L FIgOP&êOL Fak-]@FIgýTMP&JMTML P�c�]@x|þ
EGFýJM_aLyH�rI]@r8P�T[pfû�P<]UgORUrOJMP[g�efE(��w ]UH�JM_aP
H\Nar8P�TMcfLyH\P[g

rI]�J\JMP�TMF-V&xy]UHMH\L �IP�T0JMR/x P[]@TMFncfLyH\NI]@x �UP�dfû�RUT^gaH"]UH"L J�]@x x R�û H
T^]@raLyg L FIV&TMP�WXP�FqJ^]@x"x P[]@TMFaL FakIþ *ÊLyH\NI]@x �UP�dfû�RUT^gaH�p·û+_aLyV^_
]@TMP�TMP&QSP�TMP�FIV&P�cUP[V¥JMRUT^H´L F JM_aP�QSP[]�JMNaTMPnH\rI]UV&P�JMR�TMP�kULyHKJMP�T
x ROV�]@x�L Wn]@kUP
TMP�kUL RUFIH�L F�JM_aP/FaP�û rI]�J\JMP�TMFÙH\rI]UV&PUp8V�]@F�ø8P
kUP�FaP�T^]@x L G�P[gÏ]UH6�UP�TMFaP�xyH � i[sO� QSRUT�ø8P&J\JMP�T�kUP�FaP�T^]@x L G[]�JML RUF
r8R�û�P�T[þK��NaTMTMP�FqJMx dXû�P<]@TMPÊP&êOr8P�TML WXP�FqJML Fak�û+L JM_�H\Narar8RUT\J
cUP[V¥JMRUTÊWn]UV^_aL FaP[HÊ]UH JM_aP�rI]�J\JMP�TMF V&xy]UHMH\L �IP�T QSRUT´x P[]@TMFaL Fak
JM_aP
cfLyH\NI]@xA�UP�dfû�RUT^gaH�þ
#o]UHKJ0øaNOJ�FaR@J"x P[]UHKJ[p@JM_aP H\rI]�JMLy]@xI]@kUkUTMP�kq]�JML RUF(WXP&JM_aROg

ÿ¬z �qNI]�JML RUF ÿ i[u �´]@FIg Z·L kIþ Y � NIH\P[g LyH<H\L WXrax LyHKJMLyV@þ�l�RUTMP
H\RUra_aLyHMV�]�JMP[gýrI]�J\JMP�TMF�WXROgOP�x L FaknJMP[V^_aFaL �qNaP[H+x L �UP
kUT^]@ra_aL ú
V�]@x4WXROgOP�xyH V�]@F�ø8P(NIH\P&QSNax4JMR-V�]@rOJMNaTMP
V&RUFqJMP&êfJMNI]@x4L FOQSRUT\ú
Wn]�JML RUFýQSTMRUWùP&êa]@WXrax P[H�þ
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