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ødù�ødù0û NPOSXv�{]Pý����\þ��R����üQ�{�3VSX
D ? 5 *-,MB~8;>'>J8C) 1 ?-��,/�	<Y,W. 1 :�,/? 5�3 { 5 *-, 3 H :=,M) 1 Q_,/N H ?PQU T Ö � 798Z:=:�L-? 1 7 H 5^1 8;? 3�3 ] 3�5 ,/: 1 ?
�!,C7 5^1 8Z?¾� %F�_%J& H ?PQ¾:�L-> 501 < H 5 *ì7h* H ?-?�,/>i:�8	Q_,/> 1 ? �!,C7 5^1 8Z? $	%'& H .^,�L 3 ,CQ %o� ,½798;? 3�1 Q_,W.
H 7�* 1 < ��3 ]	?P7�*�.^8;?�8;L 3 :�L-> 501 < H 5 *ö7h* H ?-?-,/> { )+*-,/.^, 5 *-,�7�* 1 <öNY8ZL-?PQ H .^] 143 H 3^3 L-:=,CQ 5 8�NP,
R	?-8C)+? H 5�5 *-,+.^,p79, 1 A!,W. % ÖV8Z.^,/8CA!,/. { 5 *-,dQ_,/> H ]�8KB , H 7h*�:¢L�> 5^1 < H 5 *�798;:=<P8Z?-,/? 5�143 L�? 1 B~8Z.^:=>J]
Q 1[3�5 . 1 N-L 5 ,CQ¤8CA!,/.�n £	t G $ ÕKq 7�* 1 < 3 % � *-,/.0,9B~8;.0, { 5 *-,O.^8!8 5 :=, H ? 3 ¼!L H .^,pb × ÖS� d A H >JL-,�8KB

�;�



. H ?PQ_8Z: Q	,/> H ]ö798ZL->4QöNP,�7 H >479L-> H 5 ,CQON_]pb $_% G dh% � 3 H .^, 3 L-> 5 { <�� � E �_w Õ 7h* 1 < 3 % D ?on GCq {
8;L 5 Q_8!8Z.|:=, H 3 L-.0,/:=,/? 5�3 8CB H ) 1 Q_,/N H ?PQU T Ö � 7�* H ?-?-,W>2Q_,/:�8;? 3�5 . H 5 , 365 * H 5 H 3 : H ?	] H 3
5 *�.^,/,=.0, 3 8Z>'A H N�>',�:¢L�> 5^1 < H 5 *O7@8;:=<P8;?�,/? 5�3 NP, 3�1 Q_, 3�5 *-, 3�5 .^8Z?-�;, 3�5 :¢L-> 5^1 < H 5 *O798Z:=<P8;?-,W? 5
,/� 143�5 H ?PQ 5 *-, 3�1 �Z? H >I<P8K)I,/. 3 8CB 5 *-, 3 ,C798Z?PQ { 5 * 1 .�Q H ?PQSB~8ZL-. 5 * 3�5 .^8;?��;, 3�5 < H 5 * 3 H .0,¿8Z?
H A!,/. H �;, «v$;Ó ¸ {�« Õ Ó ¸ H ?gQ « E Ó ¸ NP,/>J8C) 5 *-, 3�5 .^8Z?-�;, 3�5 :¢L 501 < H 5 * 798;:=<P8Z?-,/? 5 % � *-,
,/�	<P8;?-,/? 5^1 H >J>']�Q_,C7 H ] 1 ?-��:¢L-> 5^1 < H 5 * 1 ? 5 ,/? 3�1J5 ]¢<-.08KzP>J,�b�Ö D }�d � 1 A!,/?�N_]�b $	%'&�d 1[3 H <-<-> 1 ,CQ 5 8
7 H >479L-> H 5 ,CQ 5 *�,M798;.0.^, 3 <P8;?PQ 1 ?-��:=, H ?¢8CB�. H ?PQ	8;: 5 ,/:=<P8;. H >2Q	,/> H ]�8KB , H 7�*=< H 5 * H 7/798;.�Q 1 ?��
5 8 1'5�3 .0,/> H 5^1 A!, H A!,W. H �Z, 3�1 �;? H > �l5 8 � ?-8 143 ,=. H 5^1 8 % � *�,�7 H >[79L-> H 5 ,pQV.^, 3 L-> 5�143 > 1[3�5 ,pQ 1 ? � H N->J,
$_% G % �-8Z. 5 *-, 3�1 :=<-> 1 7 1J5 ]�8KB�,/A H >JL H 501 ?-��.^,p79, 1 A!,W.+<Y,W.�B~8;.0: H ?g79, { )6,�L 3 , 5 *-,�Q_, 5 ,/.^: 1 ? 143�5^1 7

} H 5 * � :=<�> 1'5 LPQ_, T ,/> H ] 3 <-.0, H Q 1 ?�7h* 1 < 3
& 3�5 £_%�£ Q � £
G ?PQ � $_%F£ Q � E �
� .hQ � Õ %F£ Q � � E
� 5 * � E %F£ Q � � �

� H N->J, $_% G ��ÖVL-> 5^1 < H 5 *�Q_,/> H ]�<-.^8CzP>',|8ZN 5 H 1 ?-,pQ°B~.^8Z:å) 1 Q_,/N H ?PQ¿U T Ö � :�, H 3 L-.^,/:�,/? 5h3 n G/q

:�L-> 501 < H 5 * 1 ? 5 ,/? 3�1'5 ]�<-.^8CzP>', %

�i,/.0, { )6,v798;?P7@,/? 5 . H 5 ,CQ�8;?=.0,C79, 1 A!,/. 5 *-.0, 3 *-8Z>4Q 3 Q_, 3�1 �;?�� G 1 ?��!,C7 5^1 8Z?¢� %F�	% G { 1 % , { :=8	Q �
,/. H 5 ,§798;:=<�>',/� 1'5 ] H ?PQ=<Y,W.�B~8;.0: H ?g79,+)+*-,/.0, 5 *-,v?-8;: 1 ? H >�<-.^8ZN H N 1 > 1J5 ]�8CB�: 143^3 ,CQ�Q_, 5 ,C7 501 8;?
`
²
� £_w�£;£_&Z% D ? H 7 5 L H >�) 1 Q_,/N H ?PQSU T Ö � 3 ] 3�5 ,/: 3 { .0,C79, 1 A!,/.+* H 3 ?-8�R	?-8C)+>',CQ	�;,�8KB 5 *-,

� ¦|× 8CB�, H 7h* 5 . H ? 3 : 1'5^5 ,CQ 3�1 �;? H > % � *-,W.^,9B~8Z.^, { 5 *�,|*_]	<P8 5 *-, 3�1[3�5 , 3�5^1 ?�� 5 *�.^, 3 *-8;>[Q 3 7 H ?=?-8 5
NP,�Q_, 3�1 �Z?-,CQ 5 8¢8Z< 5^1 : H >J>']�Q_, 5 ,p7 5 H >'> 5 *-,�L 3 ,/. 3�1 �;? H > 3+1 ? 5 *-, 3 ] 3�5 ,/: % �i,W.^,M)6,�798;? 3�1 Q_,W.

&/£Z£



5 )68�.^,C7@, 1 A!,/.IQ_, 3�1 �Z? 3 �I>'8C)÷� ¦|× .^,C79, 1 A!,/.�Q_, 3�1 �;? H ?PQ�* 1 �Z*S� ¦|× .0,C79, 1 A!,/.IQ_, 3�1 �;? % D ?�>'8C)
� ¦|× .0,C79, 1 A!,/.�Q_, 3�1 �Z? { 5 *-,vQ_,C7 1[3�1 8;? 5 *�.^, 3 *-8;>[Q 3 H .^,vQ_, 3�1 �;?-,pQ 5 8s8Z< 5^1 : H >J>']�Q_, 5 ,C7 5 H 3�1 �;? H >
) 1'5 * «v$ Q � � ¦|× )+* 1 >', 1 ?S* 1 �;*¾� ¦|× .^,C7@, 1 A!,/.dQ	, 3�1 �;? { 5 *-,�Q_,C7 1[3�1 8;? 5 *-.0, 3 8Z>4Q 3 H .^,�Q_, �
3�1 �;?-,pQ 5 8=8Z< 5^1 : H >J>']�Q_, 5 ,C7 5 H * 1 �;*-,W.s� ¦v× 3�1 �Z? H >�8CB $ Q �|% � ¦v× ,W?_A 1 .08;?-:=,W? 5�3 . H ?-� 1 ?-�
B~.^8Z: «�&W£ Q � 5 8 &/$ Q � ) 1J5 * 5 *�, 3�5 ,/< 3�1a` ,|8KB $ Q � H .^,�,/A H >'L H 5 ,pQ %

ødù�ødù%M ���Q��X_���\Odý%�4
 üQ�\�dý^þdÿ��
� *-, 3�5 , H Q_] ��3�5 H 5 ,d798;:=<�L 5 H 5^1 8Z?�798;:�<->',/� 1'5 ] 3 H A 1 ?�� 3 8CB 5 *�,6<-.08;<P8 3 ,CQ=798	Q_, H 7/¼!L 143�1'5^1 8;? H > �
�;8Z. 1J5 *-: 1 ?�) 1 Q	,/N H ?gQ¿U T Ö � :¢L�> 5^1 < H 5 *�7�* H ?-?-,W> 3�1[3 Q_, 5 ,/.0: 1 ?-,pQ�NY8 5 *�N_]�ÖV8;? 5 ,MU H .0>'8
3�1 :¢L�> H 501 8Z? H ?PQ�?_L-:�,/. 1 7 H >	7 H >479L�> H 501 8Z? % ÖV8Z? 5 ,iU H .0>'8 3�1 :¢L�> H 501 8Z? 143 <Y,W.�B~8;.0:=,CQMN_]�798;L-? 5��
1 ?�� 5 *�,|?_L�:¢NP,/.�8CB 5 , 3�5 ,CQ 5 .^,/,d?-8	Q_, 3 )+*�,/?=:�L-> 501�� L 3 ,/. :¢L-> 5^1 < H 5 * 3�1 �Z? H > 3 H .0,|<-.^, 3 ,/? 5 H 5
5 *�,|.^,C7@, 1 A!,/. 1 ?-<-L 5 % � *-,/.0,9B~8;.0, { 5 *-,|�Z,/?-,/. H 5 ,pQ=Q 143 79.^, 5 , �l5^1 :=,iU T Ö � 3�1 �;? H > 1 ?-<-L 5I5 8 5 *-,
.^,p79, 1 A!,W. 1 ?�8;?-, 3 ]	:�NY8Z> 1 ? 5 ,/.^A H > 143 �

" b%� d��
r~¶� c  r���k  r bdc'� k�¥d¨�c b�� «�&�cJ� k�d\o'$ b%� d b $	%F� E d

)+*-,/.0, bic'� k 1[3�5 *�, H :=<-> 1'5 LgQ_,+8KB L 3 ,W.+ª H ?PQ=< H 5 *¢® { H ?PQ ¨�c b�� «�&�cJ� kcd 1[3�5 *-, }�¦ 798	Q_,�7h* 1 <
A H >JL-,M8KB�L 3 ,/.dª H B 5 ,/. H &�cJ� k 7 1 .�79L-> H . 3 * 1 B 5�3 H 5d5^1 :�, 1 ?PQ_,/��� %

� 8�A!,/. 1 B~] 5 *�,�ÖV8Z? 5 ,�U H .0>'8 3�1 :¢L-> H 501 8;?�.^, 3 L-> 5h3 { 5 *-,M?	L-:=,/. 1 7 H > H ? H >'] 3�143 Q	, 3 79. 1 NP,CQ 1 ?
�!,C7 5^1 8Z? $	% G 143 <P,/.�B~8;.0:=,CQ % U�8	Q_, 5 .^,W, ( ¶ 143 zP. 3�5 798Z? 3�5 .^LP7 5 ,CQ H 7/798Z.hQ 1 ?-� 5 8�798	Q_,�NY8!8ZR
¨ ¶ ) 1J5 * 3�1�` ,�8CB G $ Õ £¢¥ G $ Õ { )+*-,W.^, G $ Õ <P8 3^3�1 N->', 3 * 1 B 5h3 8KB }�¦ 798	Q	, 3 8CB &/£ L 3 ,/. 3 H .0,
3�5 8;.0,CQ % ÖVL-> 5^1 < H 5 *�798;:=<P8Z?-,/? 5h3 8CB &/£ L 3 ,/. 3 ) 1J5 *��¿< H 5 * 3 <P,/.ML 3 ,/. H .^, 3�5 8Z.^,CQ 1 ?�7@8	Q_,
NP8!8;R ¨+r ) 1'5 * 3�1�` ,�8KB�� £s¥ G $ Õ % U�8	Q	, 5 .^,/, (P¶ 1[3 > H NP,/>'>J,CQ H 7/798;.�Q 1 ?�� 5 8 ¨+r B~8;>J>'8C)6,CQVN	]
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< H 5 *�79> H 3^3�1 zµ7 H 5^1 8Z? %�� B 5 ,/.�Q	, 5 ,/.0: 1 ? 1 ?-� 5 *-, 5 . H ? 3�1'5^1 8;? 3�5 H �;,_�3b%  d H ?PQ H 303�1 �;? 1 ?-� 5 *-,+< H 5 *
1 Q	,/? 501 zP,W.  1 ? 1 ?P79.^, H 3�1 ?-��8;.�Q_,/.M8KB)�¡b�  d�{ )6,�> 1[3�5|5 *-,¢< H 5 *�79> H 3^3�1 zµ7 H 5^1 8Z?S.0, 3 L�> 5|1 ? � H N->J,
$_%��_% � *-,�8CA!,/. H >'> 798;:=<�>',/� 1'5 ]=8CB 5 *�,�.^,C79, 1 A!,/. 143i5 *-, 3 L-:=: H 5^1 8;?�8KB 5 *-,�798Z:=<->',W� 1J5^1 , 3 8KB
, H 7�*�< H 5 * 5 ]	<P, % �i,W.^, { )6, H > 3 8�� 1 A!, H Q_, 5 H 1 >J,CQ 3 L-:=: H .^]�8CB 5 *-, H ? H >'] 3�1[3 <-.08	79,CQ_L�.^,!�

} H 5 * 5 ]	<P,|> 5 . H ? 3�1J5^1 8Z? 3�5 H �;,�A+b~> d ?_L�:¢NP,/.I8KB < H 5 * 3
& � �_&/�
G $ �_&;&
� Õ E &/$
� E $;£;$
$ � G � Õ
Õ � &/� Õ
E &W£ &/£ �
� &Z& � Õ
� & G �	&
&W£ &W� �
&Z& & � �
& G &W$ G

� H N->J, $	%F� � } H 5 *½79> H 3^3�1 zµ7 H 5^1 8Z?V.0, 3 L-> 5 8KB 5 *-, 3�1 :¢L-> H 5 ,CQ°) 1 Q_,/N H ?PQU T Ö � 3 ] 3�5 ,/: 3 ) 1'5 *
&/£ L 3 ,/. 3 H ?PQ=��< H 5 * 3 <Y,W.+L 3 ,/.

&;% D ? 1J5^1 H > 1a` H 501 8;? �|8;.^� H ? 1a` , 5 *-,=7@8	Q_, 5 .0,/, ( ¶ H 7/798Z.hQ 1 ?-� 5 8�798	Q_,�NY8!8ZR ¨ ¶ { 1 ? 1J5^1 H > 1a` ,
*	]_<P8 5 *-, 3�143M5 ]	<P,¢A H >'L-, H ?PQ�< H 5 * 5 ]_<P,�A H >'L-,�) 1'5 * 1 ?�, H 7�* 5 .^,/,�?�8	Q_, 5 8 £_{ )+* 1 7�*

&/£ G



798Z.^.0, 3 <P8;?gQ 3�5 8�± ¶ *	]_<P8 5 *-, 3 , 3 > H NP,/> H ?PQ 5 *-,�< H 5 * 5 ]_<P,�) 1'5 * H >J>a± ¶ > H NY,W> 3 { .^, �
3 <Y,p7 5^1 A!,/>'] %�~ ,/?�,/. H 5 ,�798	Q_,�NP8!8ZR ¨+r )+* 1 7�*�798Z.^.0, 3 <P8;?gQ 3|5 8 5 *-,�:�L-> 5^1 < H 5 * 3�1 �;? H >
H 5i5 *-,M.^,C79, 1 A!,/. 1 ?-<-L 5

G % � . H A!,/. 3 , 5 .0,/, (Y¶ H 7W798;.�Q 1 ?-� 5 8¬798	Q_,�NP8!8;R ¨+r H ?gQÚ.^,W> H NP,/>+, H 7h* 5 .^,/,�?-8	Q	, 5 * H 5
3�1 �;? H >2< H 5 *V�Z8!, 3i5 *-.^8ZL-�;*�) 1'5 * 5 *-,M> H NP,/>�± r

�_% � . H A!,/. 3 ,�798	Q_, 5 .0,/, (P¶ H 7/7@8;.hQ 1 ?-� 5 8�798	Q_,WNY8!8ZR ¨�¶C% T , 5 ,/.0: 1 ?-, 5 *-, 3�5 H �Z,=)+*-,/.0,
5 *-,|zP. 3�5 ± ¶ > H NY,W> H <-<P, H . 3 { �3b%  dh% �-8Z.+< H 5 * 3 ) 1J5 * H >J>�± r > H NP,/> 3 { �3b%  d��¢�,o &

� % U�> H 3^3�1 B~] H >'> 5 *-,M< H 5 * 3 H 7/798Z.hQ 1 ?-� 5 8 1 ?P7@.^, H 3�1 ?���8;.hQ	,/.+8KB 5 . H ? 3�1J5^1 8Z? 3�5 H �;,£�¡b�  d H ?PQ
H 3^3�1 �;?�< H 5 * 1 Q	,/? 501 zP,W.� 2B~8;.d, H 7h*�< H 5 *

$_% � . H A!,/. 3 , 5 *-,�*	]	<Y8 5 *-, 3 , 3 > H NP,/>J>',CQ�798	Q_, 5 .^,/, �( H ?PQ H Q-QV< H 5 * 5 ]_<P, 1 ?_B~8;.0: H 501 8Z?9 
5 8 H >'>�± ¶ > H NP,/>J>',CQ 5 .^,W,|?-8	Q_, 3

Õ % � . H A!,/. 3 , 5 *-, 5 .^,/, H ?gQ�B~8Z.^: 5 *-, 3 L�N 5 .0,/, ( r 8CB 798	Q_, 5 .^,/, �( B~8Z.6< H 5 * 5 ]_<P,_  % U�8ZL-? 5
5 *-, 5 .0,/,|?-8	Q	,s8CB 3 L-N 5 .^,W, ( r 1 ? 5 .^,W,MQ_,/< 5 *=>',WA!,/>L¤ H ?PQ=.^,C7@8;.hQ 1'561 ?=: H 5 . 1 ��¥µnl  q n¦¤ q

E % U H >479L-> H 5 , 5 *-,M<-.^8ZN H N 1 > 1J5 ]=8KB\798;? 5^1 ?_L 1 ?-� H 5|3�5 H �Z,§¤ 8KB�< H 5 * 5 ]	<P,v  H ?PQ�.^,C7@8;.hQ 1J5
1 ? " nl  q n¦¤ q

�_% U H >479L-> H 5 , 3�5 , H Q_] ��3�5 H 5 ,�798Z:=<-L 5 H 501 8;?·798;:=<�>',/� 1'5 ] 1 ?�:¢L-> 5^1 < H 5 *=7h* H ?�?-,/> 3 N	]�b $_%F$1d

ødù�ødù%¨ ü+ý�ÿaþ)�	�����)���|ý^þdý^þdÿª©§�����
ÖV8;? 5 ,�U H .0>'8 3�1 :�L-> H 5^1 8Z?=8KB 3�1 �;? H > 798;:�N 1 ? 1 ?-��>'8 303i1 ?�:¢L�> 5^1 < H 5 *�7h* H ?-?�,/> 3+143 <P,/.�B~8Z.^:=,CQ
8;? 5 *-,�.0,C79, 1 A!,CQ 3�1 �;? H >�b $	%F� E d N	]¤:=, H 3 L-. 1 ?-� 5 *-,�<-.^8ZN H N 1 > 1J5 ]ì8KB°Q_, 5 ,p7 5^1 8;?¾B~8;.�,/A!,/.0]

&/£Z�



3�1 �;? H >�< H 5 * 3 8CBI, H 7h*�L 3 ,W. % � 8=A!,/. 1 B~] 5 *-, 3�1 :¢L�> H 501 8Z?=.^, 3 L-> 5�3 { H ? H >J] 3�143i1[3 ?�,C79, 303 H .0] %|� 3
,/�	<-> H 1 ?-,pQS, H .0> 1 ,/. { NP,C7 H L 3 ,�798Z:=<->J,/� 1J5 ]V8KB 5 *�, H ? H >J] 3�143�143 ,/�	<P8;?-,W? 501 H > 1 ? 5 *�,¿?	L-:�NP,/.
8KBIL 3 ,/. 3 H ?gQ.0, 3 8Z>'A H N->J,�:�L-> 501 < H 5 * 3 <P,/.|L 3 ,/. { )6,�798;? 3�1 Q_,W. H B~,W)6,/.dL 3 ,W. 3 H ?PQV< H 5 * 3 B~8Z.
H ? H >'] 3�1[3 <-L-.0<Y8 3 , 3 %

�i,/.0, { )6, H <-<->']�8;L�. H ? H >'] 3�143 :=, 5 *-8	Q 5 8 H U T Ö � 3 ] 3�5 ,/: ) 1'5 * � L 3 ,W. 3 H ?gQ·��< H 5 * 3
<P,/.�L 3 ,/. % � *-,�:¢L�> 5^1 < H 5 *ì7�* H ?-?-,/>+<�.^8Kzg>', 1[3¢5 *�, 3 H :=, H 3¢5 * H 5 Q_, 3 7@. 1 NP,CQ 1 ?º�!,C7 501 8;?
$_%�$_%J&;% � 1 ?P79, � � �_t9�©� � { 5 *-,/.^, H .0, H > 5 8;�;, 5 *-,/. G¬«® � � G rlu � � £Z� Õ »^8 1 ? 5 ,/A!,W? 5�3 %��
N-. 1 ,9B Q_, 3 79. 1 < 501 8;?�8CB 5 *-, H ? H >J] 3�143 <-.08	79,CQ_L-.0, 143 � 1 A!,/? H 3 B~8;>J>'8C) 3 �

&;%~ ,/?-,W. H 5 ,d798	Q_,dNP8!8;R ¨+r )+* 1 7�*�798Z.^.0, 3 <P8;?gQ 3�5 8 5 *-,+:�L-> 501 <->J,�L 3 ,W.�:�L-> 5^1 < H 5 * 3�1 �;? H >
H 5i5 *-,M.^,C79, 1 A!,/. 1 ?-<-L 5

G % U�8ZL-? 5�5 *�,6?	L-:¢NP,/.µ8KB 3�5 H �Z, 3 NP,9B~8;.0,6, H 7�*M<P8 303�1 N->',+< H 1 .�8KBP< H 5 * 3 Q 1 A!,W.^�;, H ?PQs.0,C798;.�Q
1 ? H : H 5 . 1 � Ác$ n � ¥i� q n � ¥d� q

�_% U H >479L-> H 5 , 5 *-,�<-.^8ZN H N 1 > 1J5 ]O8KB�Q	, 5 ,C7 5^1 8Z? H ?gQÚ: 1[3^3 ,pQOQ_, 5 ,C7 5^1 8;?ö8KB§, H 7h*ö< H 5 * H 3��
3 L-: 1 ?�� 5 * H 5 ?-8�8 5 *-,/.+< H 5 * 3 H .0,s<�.^, 3 ,/? 5 N	]=?	L-:=,/. 1 7 H > 1 ? 5 ,W�;. H 5^1 8;? 3�1 : 1 > H . 5 8 5 *-,
3�1 ?-�Z>',M< H 5 *�7 H 3 , H ?gQ¿.^,p798;.�Q 1 ? ` r n G ¥i� ¥i� q

� % U H >479L-> H 5 , 5 *-,�<-.^8ZN H N 1 > 1J5^1 , 3 8KBd< H 1 .0) 143 ,¢,/A!,W? 5�3 H 7/798;.�Q 1 ?�� 5 8 5 *-,=7 H 3 ,�8KB 5 )68 1 ? �
Q_,W<Y,W?PQ_,/? 5 < H 5 * H ?PQ 5 )68�Q	,/<P,/?PQ_,/? 5 < H 5 * 3 % �-8;. 5 *�,�7 H 3 ,�8KB 1 ?PQ_,/<P,/?PQ	,/? 5 < H 5 * 3 {
` u n ª q n ® q � ` r n ª q ¥ ` r n ® q % �-8;.�Q_,/<P,/?PQ	,/? 5 7 H 3 ,=8KBd< H 5 *ìª H ?PQO< H 5 *�® { )6,=L 3 , 5 *-,
?	L-:=,/. 1 7 H >�blÖV8;? 5 , � U H .0>'8 d H <�<-.^8 H 7h*¾Q	, 3 79. 1 NP,CQ 1 ?¾� ,C7 5^1 8;? $_%��_% G % � *-,=<�.^8;N H N 1 > 1��
501 , 3 8CB�< H 1 .^) 1[3 ,+,/A!,/? 5h3 H .^,d8;N 5 H 1 ?-,CQ�N_] &W£;£Z£_{F£Z£;£ 5 8 &W£_{�£;£;£	{F£Z£;£ ÖV8;? 5 ,|U H .0>'8 5 . 1 H >

&/£ �



5 8 H 7h* 1 ,/A!, 5 *�,V7@8;?_zµQ	,/?P79, 1 ? 5 ,/.^A H >68KBv>', 3^3�5 * H ? &/£ � 8CA!,/. 5 *-,=. H ?-�Z,V8KB H 7 5 L H >
<-.08;N H N 1 > 1'501 , 3 8KB�< H 1 .0) 143 ,M,/A!,W? 5�3 %

$_%dÙ ?	L-:=,/. H 5 , H >J>�:¢L�> 5^1 < H 5 *�.^, 3 L-> 5�3§1 ? 1 ?PQ 1 7 H 5 8;.v: H 5 . 1 ��¯gn G 7E8 q n ��� q H ?PQ�7 H >[79L-> H 5 ,
5 *-,�L-<-<P,/.�NY8ZL-?PQ¾<-.08;N H N 1 > 1'5 ]�8KBM, H 7�*ö:�L-> 501 < H 5 *öQ	, 5 ,C7 5^1 8Z?ö.^, 3 L-> 5 H 7/798;.�Q 1 ?�� 5 8
T , � U H ,/?2X 3 >'8C)6,W.�L-? 1 8;?�NY8ZL-?PQ�b $	%'&W�fd H ?PQ T , � ÖV8;.^� H ?2X 3 m H ) 1 ?�b $	%'&W�fd H ?PQ¢.0,C798;.�Q
1 ? `G°²±�° � ¡ n G 7E8 q

Õ % U H >479L-> H 5 , 5 *-,|� ¦v× H 5 5 *-,dÖ × U�8;L 5 <-L 5 N	]�b $_%��fd H ?gQ¢7 H >479L�> H 5 , 5 *-,d798;.0.^, 3 <P8;?PQ 1 ?-�
3�1 �;? H >�798Z:¢N 1 ? 1 ?-��>'8 3^3 798;:�< H .0,CQ 5 8��-L->'> � �!, H .h7h* � Ö × U ×d�|ØMÙ .0,C79, 1 A!,/. H ?PQ:�L-> �
501 < H 5 *�Q 1 A!,/. 3�1'5 ]M� H 1 ?�798Z:=< H .^,CQ 5 8 ×i�|ØMÙ .0,C79, 1 A!,/.�,/:=<->J8K] 1 ?�� 3 ,/>',C7 5^1 8Z?=Q 1 A!,/. 3�1'5 ] %

ødù�ødù~ú NPOSXv�{]Pý����\þ���³p�´�¡VS�%�R�¶µ�U VS�%��ý�X_�·�3¸ ���	�R�¶¹
� 1 . 3�5 { )6,�798;? 3�1 Q_,W. 5 * H 5�5 *-, 5 , 3�5M5 *-.0, 3 *�8;>4Q 3 H .^,=A H . 1 ,pQ 5 8¿8Z< 5^1 : H >J>']½Q_, 5 ,p7 5M3�1 �;? H > 3 8KB
� ¦|× 3 b � &/£	{ � $_{F£	{F$	{'&/£	{'&W$fd Q � H 3�1 ?��!,C7 501 8Z?�� %F�	% � *-,v798;:=<�>',/� 1'5 ] 3 H A 1 ?�� 3 H ?PQ 3�1 �Z? H >µ798Z: �
N 1 ? 1 ?-�d>'8 3^3 <P,/.�B~8Z.^: H ?P79, 1 ?�:�L-> 501 < H 5 *M7h* H ?�?-,/> 3 H .^,�798;:=< H .^,pQ 5 8 3�1 �Z? H >	< H 5 *�7h* H ?�?-,/> 3�1 ?
� 1 �;L-.0, 3 $_% � {	$_%�$_% � 8 5 *�ÖV8;? 5 ,dU H .0>'8 3�1 :¢L-> H 501 8;? H ?PQ°?	L-:=,W. 1 7 H >	7 H >479L-> H 501 8;?�.^, 3 L-> 5�3�3 *�8K)
5 * H 5�5 *-,+798Z:=<->J,/� 1J5 ] 1[3 >J, 3^325 * H ? 5 * H 5 <-.0,CQ 1 7 5 ,CQ|B~8;. 5 *-, 3�1 ?-�Z>',6< H 5 *�7 H 3 ,+)+* 1 >', 5 *-, 3�1 �;? H >
798Z:¢N 1 ? 1 ?���>'8 303a1[3 H > 1'505 >J,s> H .0�;,/. % � *-,�:¢L�> 5^1 <->',dL 3 ,/.|:�L-> 501 < H 5 * 3�1 �;? H > 3 <-.^, 3 ,/? 5 H 5i5 *-,
.^,p79, 1 A!,W. 1 ?-<-L 5 79.0, H 5 , 5 *-,�B H > 3 , H > H .^:Ä< H 5 * 3 { .0, 3 L-> 5^1 ?-� 1 ? H Q�Q 1'501 8;? H > H 7/¼!L 143�1'5^1 8;?�798Z: �
<->J,/� 1J5 ] % D ? H Q�Q 1'501 8;? { :�L-> 501 <->J, H 7/7@, 3^3�1 ? 5 ,/.�B~,/.0,/?P79,�blÖ � D d H ?PQ 1 ? 5 ,/.0< H 5 * 1 ? 5 ,/.�B~,/.^,W?P79,
b D } D d Q_,C79.0, H 3 , 5 *�,¿<�.^8;N H N 1 > 1'5 ]�8KB�Q	, 5 ,C7 5^1 8Z?O8KB§:¢L-> 5^1 < H 5 *O798Z:=<P8;?-,W? 5�3 { )+* 1 7�*ö>'8C)I,/. 3
� ¦|×M%

&/£Z$



× ,@B~,/.^. 1 ?-� 5 8�� 1 �;L-.0, 3 $_% Õ {P$_% E { )I,|,/� H : 1 ?-, 5 *-, 1 :=< H 7 5h3 8CB 5 , 3�5 Q	, 3�1 �;?�: 143 : H 5 7�*�8Z?
3 ] 3�5 ,/: <P,/.�B~8Z.^: H ?P79, % D ?�� 1 �;L�.^, $	% Õ { 5 *-,�.0, 3 L�> 5 8CB+7@8;:=<->J,/� 1'5 ] 3 H A 1 ?-� 3 8CBI>'8C) � ¦|× .^, �
79, 1 A!,/.�be?�8;: 1 ? H > «v$ Q �zd H ?PQ�* 1 �;*=� ¦v× b~?-8;: 1 ? H > o|$ Q �zd .0,C79, 1 A!,/. H .^,+<->J8 505 ,CQ { 8;N 5 H 1 ?�,CQ
5 *�.^8;L��;*�NP8 5 *�?_L-:�,/. 1 7 H > 7 H >[79L-> H 5^1 8;? 3 H 3 Q 143 79L 303 ,CQ 1 ?¢� ,C7 5^1 8;? $_% G H 3 )6,W>'> H 3 ÖV8;? 5 ,+U H .0>'8
3�1 :¢L�> H 501 8Z? % � *-,v798;.0.^, 3 <P8;?PQ 1 ?-� 3�1 �;? H >P798;:�N 1 ? 1 ?-�d>'8 3^3�5 *-.^8ZL-�;*�ÖV8;? 5 ,|U H .^>J8 3�1 :�L-> H 5^1 8;?
143 <->J8 5^5 ,CQ 1 ?�� 1 �ZL-.^, $_% E %+× ,9B~,/.^. 1 ?-� 5 8�� 1 �;L-.0, 3 $	% Õ H ?PQ $	% E { 5 *-,|B~8;>'>J8C) 1 ?-��8;N 3 ,/.^A H 5^1 8Z? 3
H .0,M: H Q_, �

&;%d� 3 ,/�	<P,C7 5 ,pQ { 5 *�,�798Z:=<-L 5 H 5^1 8;?ì798Z:=<->',W� 1J5 ]�8CB 5 *-,�>'8C)ò� ¦|× .0,C79, 1 A!,/. 1[3 * 1 �;*-,W.
5 * H ? 5 * H 5 8CB�* 1 �;*O� ¦|× .^,C79, 1 A!,/.I)+* 1 >J, 5 *�, 3�1 �;? H >�7@8;:�N 1 ? 1 ?-��>'8 3^3+143d3 : H >'>J,/. % �-8Z.
1 ? 3�5 H ?P79, { zP� 1 ?-� 5 *-,S� ¦v× 8CB 5 *�, 3�5 .^8Z?-�;, 3�5 < H 5 * 5 8 £ Q � H ?PQ¾.^,@B~,/.^. 1 ?-� 5 8 5 *-,
798Z:=<->J,/� 1J5 ] 3 H A 1 ?�� 3 H ?PQ 3�1 �Z? H >�7@8;:�N 1 ? 1 ?-��>'8 3^3 79L-.0A!, 3 8KB 5 *-,�>J8C) H ?PQV* 1 �;*O� ¦|×
.0,C79, 1 A!,/. 3 { )I,�8;N 3 ,/.^A!, 5 * H 5 E � � A 3 �Z� � 7@8;:=<->J,/� 1'5 ] 3 H A 1 ?-� 3 H ?gQ &;%�� Q � A 3 �_%��
Q � 3�1 �;? H >2798Z:¢N 1 ? 1 ?��|>'8 3^3 % � * 143 Q_,/:=8Z? 3�5 . H 5 , 3 H 5 . H Q_, � 8¬º�NP, 5 )6,/,/?�.^,p79, 1 A!,W.�798Z: �
<->J,/� 1'5 ] H ?PQ 3�1 �;? H >�Q_, 5 ,p7 5^1 8;?�<P,/.�B~8Z.^: H ?P79, %

G % � *-,d7@8;:=<->J,/� 1'5 ] 3 H A 1 ?-� 3 79L-.0A!, 3 .^, H 7�* H : 1 ? 1 :�L-:¹)+*�,/.^,+?-8 5 , 3�5 Q	, 3�1 �;?�: 1[3 : H 5 7h*
8	7/7@L-. 3 % �!<P,C7 1 zµ7 H >J>'] { 5 *�,�798;:=<�>',/� 1'5 ] 3 H A 1 ?-� 3 8KB 5 *-,�>'8C) � ¦|× .^,C7@, 1 A!,/.+.0, H 7h*-, 3 H
: 1 ? 1 :�L�: )+*-,/.0, 5 *-,ö� ¦|× 8KB 5 *-, 3�5 .08;?-�Z, 3�5 < H 5 * 1[3 «|$ Q � )+* 1 >J,�798;:�<->',/� 1'5 ]
3 H A 1 ?�� 3 8KB 5 *-,�* 1 �Z*¾� ¦|× .^,C7@, 1 A!,/.d.^, H 7h*-, 3 H : 1 ? 1 :�L-: )+*-,/.^,�� ¦|× 8CB 3�5 .^8Z?-�;, 3�5
< H 5 * 143 $ Q �|% � * 1[3 .0, 3 L-> 5�143 ,/�	<Y,p7 5 ,CQONP,C7 H L 3 , 1 B 5 *-,�� ¦|× >',WA!,/>68CB 5 *-, 3�1 �;? H >
1[3 ,/� H 7 5 >'] 5 *-, 3 H :=, H 3·5 *-,�?-8Z: 1 ? H >|� ¦|× 5 * H 5=5 *-,�*	]	<Y8 5 *-, 3�143�143 Q_, 3�1 �Z?-,CQ 5 8
8Z< 5^1 : H >J>']�Q_, 5 ,C7 5 { 5 *-, 5 , 3�5 ) 1 >'>�.0, H 7h* H > H 5 ,W. 3�5 H �;, 1 ?�798Z:=< H . 143 8;? 5 8 3�1 �;? H > 3 ) 1'5 *

&/£ Õ



8 5 *-,/.|� ¦|× 3 { .^, 3 L-> 501 ?-� 1 ?�> H .0�;,/.+.0,C79, 1 A!,/.I798;:�<->',/� 1'5 ] %

�_% � 1 ? H >J>'] { 5 *-,V?	L-:=,W. 1 7 H > H ? H >'] 3�1[3 .0, 3 L-> 5h3 H �Z.^,/, 3�3�5 .^8Z?-�;>J]¾) 1'5 * 5 *-,½ÖV8;? 5 ,�U H .0>'8
3�1 :�L-> H 5^1 8Z?¢.0, 3 L�> 5h3 %

ødù�ødù�ø » þS���W
S��ý��¼³p�e�¡V)�W�R�½��¾åü�ý�ÿ+þS���Y���)�Z�vý�þaý�þaÿ ©§���R� µ�U VS�%��ý%¿
X�E�3¸6¹

D ? 5 *-,�<-.^,/A 1 8ZL 3 ,/�	<P,/. 1 :=,/? 5 ) 1J5 * 5 *�, 3 ] 3�5 ,/: 8CB &/£ L 3 ,W. 3 H ?PQö�S< H 5 * 3 <P,/.�L 3 ,/. { )I,
Q 1 Q_?2X 5 8;N 5 H 1 ? 5 *�,�?_L-:�,/. 1 7 H > H ? H >'] 3�143 .0, 3 L-> 5 8KB 3�1 �;? H >�798;:�N 1 ? 1 ?-��>'8 3^3 NP,C7 H L 3 , 1 ? 3 LP7h*
H > H .0�;, 3 ] 3�5 ,W: 5 *-,�?	L-:�NP,/.68CBµ»^8 1 ? 5 ,/A!,/? 5h3�143 G r~¶  � � &/£ rlu %d� 7/7@8;.hQ 1 ?-� 5 8 5 *-,M<-.0,/A 1 8;L 3
?	L-:=,/. 1 7 H >27 H >479L-> H 501 8;?�,/�	<Y,W. 1 ,W?P79, { 1J5 ) 1 >'> 5 H R!, 3 ,/A!,/. H >�]!, H . 3+5 8·7 H >[79L-> H 5 ,MN	]V7@8;:=<-L 5 ,/.
<-.08;�;. H : 3 ,/A!,/?�L 3�1 ?-� 5 *-,�:=8 3�5 , À 7 1 ,/? 5 UQÀZU o@o > H ?-�ZL H �Z, % � *�,/.^,9B~8Z.^, { )I,=) 1 >J>�L 3 , H
3 : H >'>J,/. 3 ] 3�5 ,/: ) 1'5 * � L 3 ,/. 3 H ?PQ¿��< H 5 * 3 <P,/.+L 3 ,W. %

× ,@B~,/.^. 1 ?-� 5 8�� 1 �ZL-.^, 3 $	%F�_{µ$_%��_{ )I,�798;:=< H .^, 5 *-,�?_L�:=,/. 1 7 H >J>¯]�7 H >[79L-> H 5 ,CQ 3�1 �;? H >�798Z: �
N 1 ? 1 ?-��>J8 3^3 >J8K)I,/.MNP8;L-?PQ 5 8 3�1 �;? H >+798Z:¢N 1 ? 1 ?��¢>J8 3^3 N	]�ÖV8;? 5 ,�U H .0>'8 3�1 :¢L-> H 501 8;? 1 ?�>'8C)
� ¦|× be?-8Z: 1 ? H > «|$ Q �zd H ?PQ¿* 1 �;*�� ¦|× be?�8;: 1 ? H > o|$ Q �zd .^,C79, 1 A!,/. 3 { .^, 3 <P,C7 5^1 A!,/>'] % �-.^8;:
8;N 3 ,/.0A H 5^1 8;? 3 { )I,�7 H ?¤798Z?P79>JLPQ_, 5 * H 5 8;L�. 3�1 �;? H >v798;:�N 1 ? 1 ?-��>J8 3^3 >'8C)I,/.�NP8;L-?PQ 1[3 A!,W.^]
79>J8 3 , 5 8 H 7 5 L H > 3�1 �;? H >�798;:�N 1 ? 1 ?-��>J8 303 % ÖV8;.^,�<�.^,C7 1[3 ,/>J] { 5 *�,�� H <�NP, 5 )6,/,W? H 7 5 L H > 3�1 �;? H >
798Z:¢N 1 ? 1 ?��s>J8 303 H ?PQ 3�1 �;? H >�798Z:¢N 1 ? 1 ?���>'8 3^3 >J8K)I,/.+NP8;L-?gQ 143 7@8;? 3�143�5 ,/? 5 >']�>', 3^365 * H ? & Q �|%

� 1 �ZL-.^, 3 $_%J&/£	{�$_%'&Z& 1 >'>'L 3�5 . H 5 , 5 *-,=:�L-> 501 < H 5 *�Q 1 A!,/. 3�1'5 ]�� H 1 ? H ?PQO7@8;.^.0, 3 <P8Z?PQ 1 ?���?_L �
:=,/. 1 7 H >;L-<�<Y,W.�NP8;L-?PQ %�� ,I8;N 3 ,/.^A!, 5 * H 5 H 3�5 *-,i� ¦|× 8KB 5 *-, 3�5 .^8;?��;, 3�5 < H 5 * 1 ?P7@.^, H 3 , 3 { 5 *-,
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numerical (no multipath)
simulation (no multipath)
numerical ( multipath )
simulation ( multipath )

� 1 �;L-.0, $_% ����U�8Z:=<->',W� 1J5 ]£be:�L-> 501 < H 5 * d � Ø
�
&/£ L 3 ,W. 3 {-�O� �s< H 5 * 3 <P,/.�L 3 ,/. H ?PQ°?�8;: 1 ? H >
B H > 3 , H > H .0:å<-.08;N H N 1 > 1'5 ] ` 0 �©£_%F£Z£;£	& H ?PQ=?-8Z: 1 ? H >P: 14303 ,CQ�Q_, 5 ,p7 5^1 8;?=<-.08;N H N 1 > 1'5 ] `
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numerical (no multipath)
simulation (no multipath)
simulation ( multipath )

� 1 �;L-.0, $_%�$ ��� 1 �Z? H >P7@8;:�N 1 ? 1 ?-�+>'8 3^3 b~:¢L�> 5^1 < H 5 * d � Ø��º&W£ L 3 ,/. 3 {_�¬� �|< H 5 * 3 <P,/.�L 3 ,/. H ?PQ
?-8Z: 1 ? H >KB H > 3 , H > H .^:©<-.^8ZN H N 1 > 1J5 ] ` 0 �ì£_%�£;£;£	& H ?gQs?-8Z: 1 ? H >;: 1[3^3 ,CQ|Q_, 5 ,C7 501 8;?M<-.08;N H N 1 > 1'5 ]
`
²
�
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simulation ( −5 dB )
numerical ( −5 dB )
simulation ( 5 dB )
numerical ( 5 dB )

� 1 �;L-.0, $	% Õ �6U�8Z:=<->J,/� 1J5 ] 3 H A 1 ?-� 3 ) 1'5 * 5 , 3�5 Q_, 3�1 �;?�: 1[3 : H 5 7h*�b~:¢L�> 5^1 < H 5 * d � Ø��o&W£ L 3 ,/. 3 {
�ö� �¢< H 5 * 3 <Y,W.iL 3 ,/. H ?PQV?-8Z: 1 ? H >YB H > 3 , H > H .0: <�.^8;N H N 1 > 1'5 ] ` 0 � £_%F£Z£;£	& H ?PQ¿?�8;: 1 ? H >
: 1[3^3 ,pQ=Q_, 5 ,C7 5^1 8;?=<�.^8;N H N 1 > 1'5 ] `
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simulation ( −5 dB )
simulation ( 5 dB )

� 1 �;L-.0, $_% E �S� 1 �;? H >v798;:�N 1 ? 1 ?-��>'8 303 ) 1J5 * 5 , 3�5 Q_, 3�1 �Z?¾: 1[3 : H 5 7h*,b~:¢L�> 5^1 < H 5 * d � Ø�� &/£
L 3 ,/. 3 {6� � ��< H 5 * 3 <P,/.�L 3 ,/. H ?PQO?-8;: 1 ? H >\B H > 3 , H > H .0:æ<�.^8;N H N 1 > 1'5 ] ` 0 � £_%F£Z£;£	& H ?PQ
?-8Z: 1 ? H >�: 1[3^3 ,CQ=Q_, 5 ,C7 501 8;?�<-.^8ZN H N 1 > 1J5 ] `
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simulation
analysis lower bound

� 1 �;L-.0, $_%F� �6� 1 �Z? H >µ798Z:¢N 1 ? 1 ?-�i>J8 303 b~:¢L�> 5^1 < H 5 * d � Ø �¤� L 3 ,W. 3 H ?PQ m � ��< H 5 * 3 { ?�8;: 1 ? H >
<-.08;N H N 1 > 1'5 ]V8CBdQ_, 5 ,C7 501 8;? ` 0 � £_%F£Z£;£	& H ?gQS?-8;: 1 ? H >�: 14303 ,CQ�Q_, 5 ,C7 5^1 8;?�<-.08;N H N 1 > 1'5 ] `
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simulation
analysis lower bound

� 1 �;L-.0, $	%F� �S� 1 �Z? H >v798Z:¢N 1 ? 1 ?��V>'8 3^3 be:�L-> 501 < H 5 * d � Ø�� � L 3 ,/. 3 H ?PQ m � ��< H 5 * 3 H ?PQ
?-8Z: 1 ? H >KB H > 3 , H > H .^:©<-.^8ZN H N 1 > 1J5 ] ` 0 �ì£_%�£;£;£	& H ?gQs?-8Z: 1 ? H >;: 1[3^3 ,CQ|Q_, 5 ,C7 501 8;?M<-.08;N H N 1 > 1'5 ]
`
²
�
£_%F£Z£_&Z{ ?-8Z: 1 ? H >�� ¦|× �o$ Q �

&;&W�



:�L-> 501 < H 5 *�Q 1 A!,/. 3�1'5 ]�� H 1 ? 1 ?P7@.^, H 3 , 3 % � * 143+5 .^,W?PQ 3 L-�;�Z, 3�5�3§5 * H 5d1 ?�* 1 �Z*-,/.M� ¦|× ,/A	? 1 .08;? �
:=,/? 5 { :=8;.0,�:�L-> 501 < H 5 *d) 1 >'>ZNP, H A H 1 > H N->',�B~8;.�zg�_,CQ|*	]_<P8 5 *-, 3�143�5 , 3�501 ?-� 5 *-.0, 3 *�8;>4Q 3 { 5 *-,/.0,/N	] {
:=8Z.^,|:�L-> 501 < H 5 *�Q 1 A!,W. 3�1J5 ]�� H 1 ? 1[3 H 7h* 1 ,/A!,pQ %

ødù�ødù%Á NPOSXv�{]Pý����\þ���³p�´�¡VS�%�R�p��¾Â��]3��[+��ý�[\���Â³p»�ÃZN ³p�´[\��ýW���\]
D ? 5 * 1[3�3 ,C7 5^1 8;? { ÖV8Z? 5 ,+U H .^>J8 3�1 :�L-> H 5^1 8;? 1[3 <Y,W.�B~8;.0:=,CQ 5 8 1 ?_A!, 3�5^1 � H 5 , 5 *-, 3�1 �Z? H >�Q_, 5 ,C7 501 8;?
<P,/.�B~8Z.^: H ?P79,�8CB-<�. H 7 5^1 7 H > ×d�|ØMÙ .0,C79, 1 A!,/. % � *-, 3 H :=,6U T Ö � 3 ] 3�5 ,/: H ?PQ|.^,C7@, 1 A!,/.µQ_, 3�1 �Z?
1 ?ì�!,C7 501 8;? $_%F$	% � H .^,�L 3 ,pQ % � 1 �;? H >d798;:�N 1 ? 1 ?-��>'8 303 8KBv<-. H 7 5^1 7 H > ×i�vØsÙ .^,C7@, 1 A!,/. 3 ) 1'5 *
7h* H ?-?�,/>�, 3�5^1 : H 5^1 8;? 143 798Z:=< H .^,CQ 5 8 5 *-,�798Z.^.^, 3 <P8;?PQ 1 ?-��.^,p79, 1 A!,W. 3 ) 1'5 *�<P,/.�B~,C7 5 7h* H ?-?-,/>
R	?-8C)+>',CQ_�Z, % � 1 ?P79,+8Z?->']�8;?-,d< 1 >'8 5I3 ]_:�NP8;> 143 L 3 ,pQ 5 8s, 3�5^1 : H 5 , 5 *-, 1 ? 3�5 H ? 5 H ?-,/8ZL 3 7h* H ?-?-,/>
3�5 H 5 , 1 ?_B~8;.0: H 501 8;?�b�U+� D d�% Ö H 5 7�*-,pQ¿zP> 5 ,/.|8;L 5 <-L 5�3 � 1 A!,�7�* H ?-?-,W> 5 H <S)I, 1 �Z* 5�3 , 3�501 : H 5 , 3 %
D 5�143 H 3 <Y,p7 1 H >�7 H 3 ,d8KB � ÖS� � 7�* H ?-?-,/>P, 3�5^1 : H 5 8;.�N	] 3 , 505^1 ?-� �zw|�
&;t9� �o& H ?PQ � ¶ �o&Z%

D ?�� 1 �;L�.^, $	%'& G {Z$_%'&W�_{ )I,I798;:=< H .^, 5 *-, 3�1 �Z? H >�798Z:¢N 1 ? 1 ?��6>'8 3^3 <P,/.�B~8Z.^: H ?P79,�8CB } � Ö�� � �
Ö × U ×i�vØsÙ .0,C79, 1 A!,/. 5 8�Ö�� � � Ö × U ×d�|ØMÙ .0,C79, 1 A!,/. 1 ?�>J8C) � ¦|× .^,C79, 1 A!,/.6b6?�8;: 1 ? H >
� $ Q � � ¦|×d H ?PQ* 1 �;*ö� ¦|× .0,C79, 1 A!,/.6b+?-8;: 1 ? H > $ Q � � ¦|×dh{ .0, 3 <P,C7 501 A!,/>J] % � *-, 3�1 �;? H >
798Z:¢N 1 ? 1 ?���>J8 303 8KB } � ��� � Ö × U ×i�|ØMÙ .^,C79, 1 A!,/. 1[3 H > 3 8+<->J8 5^5 ,CQ 5 8+� 1 A!, 1 ? 3�1 �;* 5�1 ? 5 8d7h* H ?-?-,/>
, 3�5^1 : H 5^1 8;?�,/.^.08;. % �-.08;: 5 *�, 3 ,6zP�ZL-.^, 3 { )I,d7 H ?�8;N 3 ,/.0A!, 5 * H 5�5 *�, 3�1 �;? H >µ798;:�N 1 ? 1 ?-�d>'8 3^3 8KB
} � Ö�� � � Ö × U ×d�|ØMÙ .^,C79, 1 A!,/.�Q_, 3 7@.^, H 3 , 3 H 3|5 *�,¢� ¦|× 8KB 3�5 .^8Z?-�;, 3�5 < H 5 * 1 ?g79.^, H 3 , H ?PQ
1'5v143|3 > 1 �Z* 5 >']�* 1 �;*-,/. 5 * H ?¬Ö�� � � Ö × U ×i�vØsÙ .^,p79, 1 A!,W. H ?PQ 5 *-,�Q 1 º�,W.^,/?P7@,�798Z:=, 3 B~.^8;:
5 *�,M7�* H ?-?-,W>Y, 3�5^1 : H 501 8Z?�,/.^.08;. % �-.08;: 5 *�, 5 . 1 H ?��;L-> H . � > H NP,/>'>J,CQ=79L-.0A!, { )I,|7 H ? 3 ,W, 5 * H 565 *-,
3�1 �;? H >d798;:�N 1 ? 1 ?-��>'8 3^3 8KB } � ��� � Ö × U ×i�|ØMÙ .^,C79, 1 A!,/. 1 ?g79.^, H 3 , 3�3 :=8!8 5 *->'] H 3 � ¦|× 8KB
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simulation
analysis upper bound

� 1 �;L-.0, $_%J&/£ �IÖVL-> 5^1 < H 5 *·Q 1 A!,/. 3�1J5 ]�� H 1 ?2� Ø � � L 3 ,/. 3 H ?PQ m � ��< H 5 * 3 { ?-8;: 1 ? H >P<-.08;N H �
N 1 > 1'5 ]|8CB Q_, 5 ,p7 5^1 8;? ` 0 �¤£	%F£Z£;£_& H ?PQ°?�8;: 1 ? H >!: 1[3^3 ,CQ�Q_, 5 ,C7 501 8Z?�<-.08;N H N 1 > 1'5 ] `

²
� £_%�£;£	&;{

?-8Z: 1 ? H >�� ¦v× � � $ Q �

&;&W$
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simulation
analysis upper bound

� 1 �;L-.0, $	%'&;& ��ÖVL-> 5^1 < H 5 *=Q 1 A!,/. 3�1'5 ]M� H 1 ?2� Ø�� � L 3 ,/. 3 H ?gQ m � ��< H 5 * 3 H ?PQ�?-8;: 1 ? H >	B H > 3 ,
H > H .0:÷<-.08;N H N 1 > 1'5 ] ` 0 � £_%F£Z£;£	& H ?gQ°?-8Z: 1 ? H >	: 14303 ,CQ�Q_, 5 ,p7 5^1 8;?�<�.^8;N H N 1 > 1'5 ] ` ² � £_%�£;£	&;{
?-8Z: 1 ? H >�� ¦v× �o$ Q �

&;& Õ



3�5 .^8Z?-�;, 3�5 < H 5 * 1 ?P79.0, H 3 , 3 % D 5i1[3 ,/�	<-> H 1 ?-,CQ=N	] 5 *-,sB H 7 5|5 * H 5|1 ?V* 1 �;*O� ¦|× ,/?	A 1 .^8Z?-:=,/? 5 {
� ¦|× , 3�501 : H 5^1 8Z? 1[3 >', 303 H 7/7@L-. H 5 , { .^, 3 L-> 501 ?-� 1 ?ö>', 3^3 H 7W79L-. H 5 ,�7h* H ?-?�,/>6, 3�5^1 : H 501 8;? %S� 3
H .^, 3 L-> 5 { :=8Z.^,=<P,/.�B~8;.0: H ?P7@,=>'8 3^3�143 8;N 3 ,/.^A!,CQö798Z:=< H .^,CQ 5 8 5 *-,�.^,C7@, 1 A!,/.M) 1J5 *¾<P,/.�B~,C7 5
7h* H ?-?�,/>�R	?-8C)+>',CQ	�;, %

¦ ,/� 5 { )I,�,/� H : 1 ?-, 5 *-, 1 :=< H 7 5 8CB+8;N 3 ,/.0A H 5^1 8;?O) 1 ?PQ_8C) 3�1�` ,�B~8;.�7�* H ?-?-,W>�, 3�501 : H 5^1 8;?
8;?ö<P,/.�B~8;.^: H ?P79,�8KBM<-. H 7 501 7 H >+Ö�� � � Ö × U ×d�|ØMÙ .^,p79, 1 A!,W. % �-.^8Z: � 1 �;L-.0, 3 $	%'& � {+$_%J&/$	{
)6,�8ZN 3 ,/.0A!, 5 * H 5 7h* H ?�?-,/>6, 3�5^1 : H 501 8Z? 143�1 :=<-.^8CA!,CQ�)+*-,/? 5 *-,�?	L-:�NY,W.�8KBv< 1 >'8 5�3 ]_:�NP8;>
1 ?g79.^, H 3 , 3 B~.^8;: & 5 8 � 5 8 &/£ H ?PQ 5 *�, 3�1 �Z? H >I798Z:¢N 1 ? 1 ?-��>'8 3^3 A 3 � ¦|× 8CB 3�5 .08;?-�Z, 3�5 < H 5 *
79L-.0A!, 3 NP,C798Z:=, 3 :�8;.^, H ?PQ¾:=8Z.^,�7@>'8 3 ,/. 5 8 5 * H 5 8KB�Ö�� � � Ö × U ×i�|ØMÙ .^,C79, 1 A!,/.M) 1'5 *
7h* H ?-?�,/> 3�5 H 5 , 1 ?_B~8Z.^: H 5^1 8Z? % � * 143 H �;.0,/, 3 ) 1'5 * 5 *-,+�Z,/?-,/. H >P7@8;? 3 ,/? 3 L 3�5 * H 5 H 3�5 *-,+?	L-:�NP,/.
8KB 3 H :�<->', 3M1 ?P7@.^, H 3 , 3 { 5 *-,�U�. H :�, � × H 8�>J8C)6,/.�NP8;L�?PQÚ8CB�7�* H ?-?-,W>+, 3�501 : H 5^1 8Z?O,/.0.^8;.�) 1 >'>
Q_,C7@.^, H 3 , H ?PQ H 3 ]_:=<P8 5 8 501 7 H >'>J]��;8!, 3i5 8 ` ,/.08 %

�=Û�Ä õ ô�áv�Vó�Ü|ÝÆÅ9��à à á�Ý�è

D ? 5 * 143 7h* H < 5 ,/. { )6,�* H A!,�<�.^, 3 ,/? 5 ,CQ H Q	, 5 H 1 >',pQ H ? H >'] 3�143 8CB 5 *�,S<P,/.�B~8;.^: H ?P79,�8CB 5 *-,
<-.08;<P8 3 ,CQ�798	Q_, H 7W¼(L 1[3�1J5^1 8Z? H >'�Z8;. 1'5 *�: 1 ?�) 1 Q	,/N H ?gQ½U T Ö � :�L-> 5^1 < H 5 *�7h* H ?-?�,/> 3 %

� 1 . 3�5 { 5 *-,=,W�_<P8;?�,/? 501 H >6Q	,/> H ] 1 ?-��:¢L-> 5^1 < H 5 *�Q_,/> H ]�<-.^8CzP>',}b�Ö D }�d <-.08KA 1 Q	, 3 H :=8	Q_,/>
B~8;. 5 *-,�) 1 Q	,/N H ?gQ�U T Ö � :�L-> 501 < H 5 *�7h* H ?-?�,/> 3 % � * 143 :�8	Q_,/> H �;.^,W, 3M3�5 .08;?-�Z>']�) 1'5 * 5 *-,
8;L 5 Q_8!8Z.|) 1 Q_,WN H ?PQVU T Ö � 7h* H ?�?-,/> 3 8ZL-?PQ 1 ?-��.^, 3 L-> 5�361 ?¬n GCq %

�!,C798Z?PQ_>J] { 5 *-, 3�5 , H Q_] ��3�5 H 5 ,�798;:�<-L 5 H 5^1 8;?�798Z:=<->',W� 1J5 ] 3 H A 1 ?-� H ?PQ 3�1 �Z? H >I798Z:¢N 1 ? 1 ?-�
>'8 3^3 8KB 5 *-,d<-.^8Z<Y8 3 ,CQ 5 .^,/, ��3�5 .^LP7 5 L-.0,CQ�Ö�� � � Ö × U ×d�|ØMÙ .^,C7@, 1 A!,/. 1 ?�:�L-> 5^1 < H 5 *�7h* H ?-?-,/>
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MHT−MRC  
P−MHT−MRC
P−FS−MRC 

� 1 �;L-.0, $_%J& G �§� 1 �;? H > 798;:�N 1 ? 1 ?-��>J8 3^3d1 ?V<�. H 7 5^1 7 H > ×d�|ØMÙ .^,C79, 1 A!,/.W� Ø�� &/£ L 3 ,/. 3 {2�¾� �
< H 5 * 3 <P,/.+L 3 ,/. H ?gQ·?�8;: 1 ? H >PB H > 3 , H > H .0: <-.^8ZN H N 1 > 1J5 ] ` 0 �o£	%F£;£Z£_& H ?PQ=?-8Z: 1 ? H >�: 143^3 ,CQ
Q_, 5 ,C7 501 8;?M<-.08;N H N 1 > 1'5 ] `

²
�ì£_%�£;£	&;{ 5 , 3�5�1[3 Q	, 3�1 �;?-,CQ 5 8vQ_, 5 ,C7 5�3�1 �;? H >-) 1'5 * -��9.º�o«v$;Ó ¸
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MHT−MRC  
P−MHT−MRC
P−FS−MRC 

� 1 �;L-.0, $_%J&/� �§� 1 �;? H > 798;:�N 1 ? 1 ?-��>J8 3^3d1 ?V<�. H 7 5^1 7 H > ×d�|ØMÙ .^,C79, 1 A!,/.W� Ø�� &/£ L 3 ,/. 3 {2�¾� �
< H 5 * 3 <P,/.+L 3 ,/. H ?gQ·?�8;: 1 ? H >PB H > 3 , H > H .0: <-.^8ZN H N 1 > 1J5 ] ` 0 �o£	%F£;£Z£_& H ?PQ=?-8Z: 1 ? H >�: 143^3 ,CQ
Q_, 5 ,C7 501 8;?�<-.08;N H N 1 > 1'5 ] `

²
�o£	%F£Z£_&;{ 5 , 3�5I143 Q_, 3�1 �;?-,pQ 5 8�Q_, 5 ,C7 5�3�1 �;? H >�) 1'5 * -��9. � $;Ó ¸
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MHT−MRC                    
P−MHT−MRC (1 pilot symbol) 
P−MHT−MRC(3 pilot symbols) 
P−MHT−MRC(10 pilot symbols)

� 1 �;L-.0, $_%J& ���§� 1 �;? H > 798;:�N 1 ? 1 ?-��>J8 3^3d1 ?V<�. H 7 5^1 7 H > ×d�|ØMÙ .^,C79, 1 A!,/.W� Ø�� &/£ L 3 ,/. 3 {2�¾� �
< H 5 * 3 <P,/.+L 3 ,/. H ?gQ·?�8;: 1 ? H >PB H > 3 , H > H .0: <-.^8ZN H N 1 > 1J5 ] ` 0 �o£	%F£;£Z£_& H ?PQ=?-8Z: 1 ? H >�: 143^3 ,CQ
Q_, 5 ,C7 501 8;?v<-.^8ZN H N 1 > 1J5 ] `

²
��£_%F£Z£_&Z{ 5 , 3�521[3 Q_, 3�1 �;?-,pQ 5 8dQ_, 5 ,C7 523�1 �Z? H >!) 1J5 * -��9. �©«|$ZÓ ¸ %

� N 3 ,W.^A H 501 8;?�) 1 ?PQ	8K) 3�1a` , � ^ �©&;t��_t/&W£ H .0,�7@8;:=< H .^,CQ %
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MHT−MRC                    
P−MHT−MRC (1 pilot symbol) 
P−MHT−MRC(3 pilot symbols) 
P−MHT−MRC(10 pilot symbols)

� 1 �;L-.0, $_%J&/$ �§� 1 �;? H > 798;:�N 1 ? 1 ?-��>J8 3^3d1 ?V<�. H 7 5^1 7 H > ×d�|ØMÙ .^,C79, 1 A!,/.W� Ø�� &/£ L 3 ,/. 3 {2�¾� �
< H 5 * 3 <P,/.vL 3 ,/. { ?-8Z: 1 ? H >2<-.^8ZN H N 1 > 1J5 ]¿8CB�B H > 3 , H > H .0: ` 0 � £_%F£Z£;£	& H ?PQV?-8Z: 1 ? H >�: 143^3 ,CQ
Q_, 5 ,C7 501 8;?�<�.^8;N H N 1 > 1'5 ] `

²
�º£	%F£Z£_&;{ 5 , 3�5�143 Q_, 3�1 �;?�,CQ 5 8�Q_, 5 ,C7 5\3�1 �Z? H >µ) 1'5 * -��9.º�º$ZÓ ¸ %

� N 3 ,W.^A H 501 8;?�) 1 ?PQ	8K) 3�1a` , �_^�©&;t��_t/&W£ H .0,�7@8;:=< H .^,CQ %

& G &



143 H ? H >'] 5^1 7 H >J>']vQ_, 5 ,/.^: 1 ?-,CQ % � *-, H ? H >'] 3�1432143 N H 3 ,CQM8;? 5 *-, H 3^3 L-:=< 501 8;? 5 * H 5 7h* H ?-?-,/> 3�5 H 5 ,
1 ?	B~8;.^: H 5^1 8;? 143 H A H 1 > H N->', H 5�5 *�,6.^,p79, 1 A!,W. % � *-,d7@8;:=<->J,/� 1'5 ] 3 H A 1 ?-� 3�1 ?�:�L-> 501 < H 5 *�7h* H ?-?�,/> 3
143 H ? H >'] ` ,CQöN_] 5 *-,�:=, 5 *�8	QÚ8KB§> H NP,/>J> 1 ?-� 5 *-,�7@8	Q_, 5 .^,/,�) 1'5 *¹± r H ?gQ ± ¶ *_]	<P8 5 *-, 3 , 3
H 7W798;.�Q 1 ?-� 5 8 5 *-,�:¢L-> 5^1 < H 5 *V7@8;:=<P8;?�,/? 5�3 H 5|5 *-,�.0,C79, 1 A!,/. 1 ?-<-L 5 % � *-, 3�1 �;? H >�798Z:¢N 1 ? 1 ?-�
>'8 3^3�1[3 H ? H >'] ` ,CQ|N_]d,/?	L-:=,/. H 501 ?-� 5 *�, 3�1 �Z? H >!<P8C)6,/.28CB H >J> 5 *-,�<Y8 3^3�1 N->J,�:�L-> 5^1 < H 5 *vQ_, 5 ,C7 501 8;?
.^, 3 L-> 5h3 )6, 1 �;* 5 ,CQ=N	] 5 *-,�7@8;.^.0, 3 <P8Z?PQ 1 ?��=<-.^8ZN H N 1 > 1J5 ]=8KB�Q_, 5 ,C7 501 8;? % � *-,�L�<-<P,/.iNP8ZL-?PQ�8KB
5 *�,+<-.^8ZN H N 1 > 1J5 ] 5 * H 5 , H 7h*�Q_, 5 ,C7 501 8;?�.^, 3 L-> 5 8	7/79L�. 3�1[3 � 1 A!,/?�N	] H <-<->J] 1 ?-� T , � U H ,/?2X 3 L-? 1 8Z?
NP8;L-?gQ 5 8�.^,pQ_LP79, H ? H >J] 3�143 798;:�<->',/� 1'5 ] %

� * 1 .�Q_>'] { 5 *-,�,/�	<P,/. 1 :=,/? 5 H >2.0, 3 L�> 5h3 8;N 5 H 1 ?�,CQNP8 5 *ON	]�ÖV8Z? 5 ,=U H .^>J8 3�1 :�L-> H 5^1 8Z? H ?PQ
N	]�?	L-:=,/. 1 7 H > H ? H >J] 3�143�3 *-8C) 3�5 * H 5�5 *-,d<-.^8Z<Y8 3 ,CQ H >'�Z8;. 1'5 *�: 7 H ? { H 5�5 *-,d,/�_<P,/? 3 ,+8KB 3 : H >J>
3�1 �;? H >I798;:�N 1 ? 1 ?-��>'8 3^3 { 3�1 �;? 1 zµ7 H ? 5 >J]V.0,CQ_LP79, 5 *�,�798;:=<�>',/� 1'5 ] % D ?�798;:=< H . 1[3 8Z? 5 8 3�1 ?-�Z>', �
< H 5 *�7 H 3 , { H > 1J5^5 >', 1 ?P79.0, H 3 , 1 ?�798;:=<�>',/� 1'5 ] H ?PQ 3�1 �Z? H > 798;:�N 1 ? 1 ?-� 143 8;N 3 ,/.0A!,CQ % ÖV8Z.^,/8CA!,/. {
5 *�, 1 :=< H 7 5 8CB 5 , 3�5 Q_, 3�1 �;?�: 143 : H 5 7�*�8Z? 3 ] 3�5 ,/: <P,/.�B~8;.0: H ?P7@, 1[3 H > 3 8 1 ?	A!, 3�501 � H 5 ,CQ % � *-,
,/�	<P,/. 1 :=,/? 5 H > .^, 3 L-> 5�3 * H A!, 3 *-8C)+? 5 * H 5�5 *-,�798Z:=<->J,/� 1J5 ] 3 H A 1 ?-� 3 .0, H 7h*ö: 1 ? 1 :�L-: H 5 H
3 <P,C7 1 zµ7�� ¦|× )+*-,/.0,M?-8 5 , 3�5 Q	, 3�1 �;?V: 143 : H 5 7^*�8	7/79L�. 3 %

� 1 ? H >'>J] { )6,|,WA H >'L H 5 , 5 *-,M<P,/.�B~8Z.^: H ?P79,d8KB 5 *-,|<�.^8;<P8 3 ,CQ�Ö�� � � Ö × U ×i�vØsÙ .0,C79, 1 A!,/.
) 1'5 *-8;L 5 <P,/.�B~,C7 5 7h* H ?�?-,/>+R	?-8C)+>',CQ_�Z, %¹� , H <-<->J]¾< 1 >'8 5���3 ]_:�NP8;> � H 1 Q_,CQO)I, 1 �Z* 5 ,CQO:¢L-> 5^1¯�
3 >J8 5 H A!,/. H � 1 ?���b } � � � � ÖS� �@d 5 ,C7h*-? 1 ¼(L�, 5 8�, 3�501 : H 5 ,v7�* H ?-?-,W> 5 H <�)I, 1 �Z* 5�3 8KB�<�.^8;<P8 3 ,CQ
Ö�� � � Ö × U ×i�vØsÙ .0,C79, 1 A!,/. % � *�,s,|º�,p7 5 8CB�7h* H ?�?-,/>�, 3�5^1 : H 501 8Z?¢8Z? 5 *-, 3�1 �;? H >�Q_, 5 ,C7 501 8;?
<P,/.�B~8Z.^: H ?P79, 1[3 ,/� H : 1 ?-,CQ % � *�,VÖV8Z? 5 ,VU H .0>'8 3�1 :¢L-> H 501 8;?�.^, 3 L-> 5h3�3 *�8K) 5 * H 5�5 *-,�<P,/. �
B~8;.0: H ?g79,¢>J8 303 Q_L-, 5 8�7h* H ?-?�,/>�, 3�501 : H 5^1 8Z?S,W.^.^8Z. 1[3�3 : H >'> )+* 1 >J, 3�1 �;? 1 zµ7 H ? 5 798;:�<->',/� 1'5 ]
3 H A 1 ?-� 3 H .^, 3�5^1 >'>�: H 1 ? 5 H 1 ?�,CQ %M� 3|5 *�,�?_L-:�NP,/.+8KB�< 1 >J8 5M3 ]_:�NP8;> 3i1 ?P7@.^, H 3 , 3 { 5 *-,�7h* H ?-?-,/>

& GZG



, 3�5^1 : H 5^1 8;?=<P,/.�B~8;.0: H ?P7@,|NP,C798;:�, 3 NP, 505 ,/. %
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Ç ÈÊÉ�ËZÌ�Í9Î Ï

Ç ÐÒÑÊÓ�ÔRÕÊÖ6×ØÐÒÑZÖ ÉuÑÊÙ ÚÊÕÛÌ§ÕÊÎ§Í Ü Ð'Î§Ý

��Þ�ßáàEâãÞ>ä¬å�æ®ç�èEà�éØêRëÂë�ä¬è®ß ` çìà¡æ�ÞRçQë�ä »�í è�â í êØæ®è�ß�îRï�æ�ß í ê3à\ß�ê§æ®Þ�ß²à\æ�Þ�çìà�ß²à�ä¬ê3ð�å�è®ç�à�ç!êØæñàeå í à�à�ß�î�òaç
ó ï�æ®ï�è�çvðØßaè�ç�âcæ®ß í ê3à	ôQÞ�ßáâãÞ�â í ï�ò²ðÂî3ç6ç � æ�ç�ê3à�ß í ê3à í ó æ®Þ�ç6è�ç�à�ç�ä¬èñâãÞ�ô í è�õöß�ê�æ�Þ�ßáà�æ�Þ�çìà�ß²à|÷

Ä�Û�ø Å9��à à á�Ý�è

��Þ�ßáàeæ�Þ�çìà�ß²à´Þ3ä4àEß�ê#ù1ç�à�æ�ß � ä¬æ®ç�ð@ò í ô � â í ëÂå�ò�ç � ßaæ�éSôQß²ð#ç�î3ä¬ê>ðûú�ü Ö � è®ç�âcç�ßaù1ç�è\ð#ç�à�ß � ê3àEß�ê§ë�ï�ò �
æ�ßaå3ä¬æ®Þ�â�Þ3ä�ê�ê�ç�òáà { ôQÞ�ç!è�ç§æ�ÞRçÂâ í ð#çÂäýâ ¼ ïRß²à�ßaæ�ß í ê {2×d�|ØMÙ â í ë�î�ß�êRß�ê � ä¬ê3ð�â�Þ3ä¬ê�êRç�òEç�à�æ�ß�ëûä �
æ�ß í ê'ä�è�ç�â í ë�î�ß�ê�çìð+÷ � çÂâ í ê3à�ß²ðØç�èvæ�Þ�çöà�é#ê3â�Þ�è í ê í ï>à�ú�ü Ö � ïRå�ò�ßaê�õ�ôQß�æ®Þ�æ�ßaëÂç§ùýä¬è�é#ß�ê �
ë�ï�ò�æ®ß�å3ä�æ�Þ3à|÷���Þ�ç í î » ç�âcæ®ß�ù1ç í ó æ®Þ�ß²àô í è�õ�ß²àæ í å�è í å í à�ç�äÂê�ç�ôZè�ç�â|ç�ß�ù1ç�è_ä¬èñâãÞRß�æ�çìâcæ�ï�è®ç�æ í
à�ß � ê�ß z â�ä�êØæ®ò�éÂè®ç�ðØï3âcç6æ®Þ�ç�è®ç�âcç�ßaù1ç�èQâ í ëÂå�òaç � ßaæ�é§ôQß�æ�Þ}à�òaß � Þ#æ_à�ß � ê3ä¬ò�ðØç�æ®ç�âcæ®ß í ê�å3ç�è ó í è�ëûä¬ê3âcç
æ�èñä4ðØç � í�º ß�ê�â í ëöå3ä¬è®ß²à í ê�æ í æ�Þ�ç í åRæ�ß�ëûä¬ò ó ïRò�ò � à�çìä¬è�â�ÞÂè®ç�âcç�ßaù1ç�è�÷

� ç z è�à�æQðØç�ù1ç!ò í å3ç�ð�ä�â í ðØç6ä4â ¼ ï�ßáà�ßaæ�ß í êÂä�ò �ýí è�ßaæ�Þ�ë ó í èþà�ß � ê3ä�ò � å3ä¬æ®Þ9â�Þ3ä�ê�ê�ç�òáà	ä�ê3ð�ä¬ê3ä �
ò�é ` ç�ð§æ�ÞRç�à�æ�ç�äýðØé � à�æ�ä¬æ®çvâ í ëÂåRï�æ�ä�æ�ß í ê�â í ëÂå�ò�ç � ßaæ�évä�ê3ð9à�ß � ê>ä¬ò\â í ë�î�ß�ê�ßaê � ò í à�à�ß�ê�ú�Þ3ä�å�æ�ç!è

ÿ�� �



� ÷ � à®à�ï�ëÂßaê � õ#ê í ôQò�çìð � ç í ó ï3à�ç�èñà��3à�å�è�ç�äýðØß�ê � à�ç ¼ ïRç�ê3âcç�à { ô�ç ó í è�ë�ï�ò²ä�æ�ç_â í ðØç£ä4â ¼ ï�ß²à�ß�æ®ß í ê
ß�ê�æ�ç!è�ë�à í ó ë�ï�òaæ�ßaå�ò�ç6Þ#éØå í æ®Þ�ç�à�ß²àæ�ç�à�æ�ßaê � ó í èvä¬òaò	æ®Þ�ç�å í à�à�ß�î�òaçÂà�Þ z æ�à í ó ä¬ò�ò }�¦ â í ðØçìà�ßaê
� ç�â|æ�ß í ê � ÷ � ÷���Þ�ç�è�çìâcç�ß�ù1ç!èç�ëÂå�ò í é�àæ�è®ï�ê3â�ä�æ�ç�ð�à�ç ¼ ï�ç�ê#æ�ßáä¬ò�ðØç�âcßáà�ß í ê � ë�ä¬õ#ß�ê � ßaê � ç�âcæ®ß í ê
� ÷ � äýà�ô�ç�òaò\äýà)æ®è�ç�çvà�æ®è�ï3â|æ�ï�è®ç�ð »�í ß�ê#æQÞ#éØå í æ®Þ�ç�à�ß²à�æ�çìà�æ�ßaê � ß�ê � çìâcæ�ß í ê � ÷��Ø÷ � ÷

� í ç � æ®ç�ê3ð§æ�Þ�çè®ç�à�ïRò�æ�à�ô�ç í î�æ�ä�ß�ê�çìð�ß�ê�à�ß�ê � ò�ç � å3ä�æ�Þ�à�é�à�æ�ç�ë�àEæ í æ�Þ�ç_â�ä4à�ç í ó ë�ï�ò�æ®ß�å3ä�æ�Þ
à�éRà�æ®ç�ë { ô�ç � ç�ê�ç�èñä¬ò�ß ` ç�æ�Þ�çSä�ê3ä¬òaé�à�ß²à�ä¬åRå�è í ä4â�Þ\÷��%ê � ç�âcæ®ß í ê��Ø÷ � { æ�Þ�çSâ í ëÂå�òaç � ß�æ�éà®ä�ùØßaê � àeßaê
ë�ï�ò�æ®ß�å3ä�æ�Þ§â�Þ3ä�ê�ê�ç�òáàeß²à�ä¬ê>ä¬ò�é ` ç�ð§î#é�æ�ÞRçzëÂç!æ�Þ í ð í ó ò²ä�î3ç�ò�ßaê � æ�Þ�çSâ í ð#çæ�è®ç�çQîØé ± r ä�ê3ð ± ¶
Þ#éØå í æ®Þ�ç�à�ç�àc÷ � é}à�ç�æ®æ�ß�ê � å3ä�è�æ�ßáâcï�òáä¬è6å3ä¬èñä¬ëÂç!æ�ç�èñà { æ®Þ�ç�ëöç�æ�Þ í ð í ó ä¬ê3ä�ò�éRà�ßáà@ß�ê�ë�ï�ò�æ®ß�å3ä�æ�Þ
â�Þ3ä¬ê�êRç�ò²àSðØç � ç�ê�ç�èñä¬æ�çìàzæ í æ®Þ3ä¬æ_ß�ê�à�ß�ê � ò�ç � å3ä�æ�Þ\÷ � é�ç�ê#ï�ëÂç�èñä¬æ®ß�ê � æ®Þ�ç�à�ß � ê3ä�òEå í ô�ç�è í ó ä�ò�ò
æ�ÞRçÂå í à�à�ß�î�òaç�ë�ï�òaæ�ßaå3ä¬æ®Þ�ðØç!æ�ç�âcæ®ß í ê è®ç�à�ï�òaæ�à�ô�ç�ß � ÞØæ®ç�ð î#é�æ�Þ�ç�â í è�è®ç�à�å í ê3ðØß�ê � å�è í î3ä�î�ß�òaß�æ�é
í ó ðØç�æ®ç�âcæ®ß í ê { ä¬ê,ç � å�òaß²âcßaæ ó í è�ë í ó à�ß � ê3ä¬òSâ í ë�î�ß�ê�ßaê � ò í à�à§ß�ê'å�è í ù#ß²ðØçìð+÷�� í è�ç�ð#ï3âcçÂæ®Þ�ç
â í ëÂå�ò�ç � ßaæ�é í ó ä¬ê3ä�ò�éRà�ß²à { üzç � ú�ä�ç�ê	� à�ï�ê�ß í êpî í ï�ê3ðpß²à§ï3à�ç�ð,æ í ä�å�å�è íK� ß�ëûä¬æ�ç�æ®Þ�ç�à�ß � ê3ä�ò
ðØç�æ®ç�âcæ®ß í êöå¡ç!è ó í è®ë�ä¬ê>âcç1÷

� í è®ç�ò²ä � æ�Þ�çSäýà�à�ïRëÂå�æ�ß í ê§æ®Þ3ä¬æþâãÞ3ä�ê�ê�ç�ò>à�æ�ä�æ�çSß�ê ó í è�ë�ä�æ�ß í ê�ßáà�äìùýä�ß�ò²ä�î�ò�çSä�æ�æ�Þ�çQè®ç�âcç�ßaù1ç�è
ß�êÒæ�Þ�ç}ä¬î í ù1ç�ä¬ê3ä�ò�éRà�ßáà { ô�ç}ä¬ò²à í â í ë�î�ßaê�çÂæ®Þ�ç�â�Þ3ä¬êRê�ç�òSç�à�æ®ß�ë�ä�æ�ß í ê'ôQß�æ�ÞÒæ�Þ�ç�åRè í å í à�ç�ð
è�çìâcç�ß�ù1ç!è�÷���Þ�ç6ë�ä¬æñâãÞRç�ð z ò�æ�ç!è í ïRæ�å�ï�æñà í ó à�ï�è�ù#ß�ù í è ×d�|ØMÙ z ê � ç!è�àSä¬è�çvä�ù1ç�èñä � çìð í ù1ç�è�æ®Þ�ç
í î>à�ç�è®ù4ä�æ�ß í ê9ôQßaê3ð í ôSàQæ í�� ç!ê�ç�è�ä�æ�ç6æ�ÞRç@çìà�æ�ßaë�ä¬æ®ç�ðÂâ�Þ3ä¬êRê�ç�ò+æñä¬å�ô�ç�ß � Þ#æ�àc÷

Ä�Û�
 ����ó	��Ý�Ü  ë�Ý��

� òaæ�Þ í ï � Þ6æ�ÞRß²à+æ�ÞRç�à�ßáà+Þ3ä4à\ß�ê#ù1ç�à�æ®ß � ä¬æ�çìðzæ�Þ�ç�å�è í î�òaç�ë í ó »�í ß�ê#æ´â í ðØçQäýâ ¼ ï�ß²à�ß�æ�ß í ê6ä�ê3ð�â�Þ3ä�ê�ê�ç�ò
ç�à�æ�ß�ëûä¬æ�ß í ê�î#éPï>à�ß�ê � æ�è®ç�ç§à�ç�ä¬èñâãÞ { æ�ÞRç�è�ç£ä¬è�ç£à�ç�ù1ç!è�ä¬ò\ßáà�à�ï�ç�àzæ®Þ3ä¬æè®ç�ë�ä�ß�ê�æ í î3çvç � åRò í è®ç�ð+÷
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�%ê�æ�Þ�ßáàQà�ç�âcæ®ß í ê { ô�ç�ð#ß²à�â|ï3à�àSà�ç�ù1ç!è�ä¬òLß�ëÂå í è�æ�ä�êØæþä¬è®ç�ä4àQôQÞ�ß²â�Þ�è�ç ¼ ï�ßaè�ç ó ï�è®æ�Þ�ç!èQà�æ®ï3ðØé1÷
� çQï>à�çQæ�ÞRçâ�Þ�ß�å£à�é#ê3â�Þ�è í ê í ï3àEë�ï�ò�æ®ß�å3ä�æ�Þvâ�Þ3ä¬ê�êRç�ò�ë í ðØç!òØßaê í ï�è�à�æ�ï3ð#é1÷���Þ�ß²à�ä4à�à�ï�ëÂå �

æ�ß í ê�ä4à®à�ï�è®ç�àQæ�Þ3ä�æzæ®Þ�çvðØç�ò²ä�é�ç�à�æ®ß�ë�ä�æ�ß í ê�â í ï�ò²ðÂî3ç§â!ä4à�æ®ç�ðÂß�ê�ë�ï�ò�æ®ß�å�òaçQÞØé#å í æ�ÞRç�à�ßáà�æ�ç�à�æ�ß�ê �
ó è�ä�ëÂç�ô í è�õL÷�� í�� ß�ù1ç�ä�êBë í è�çöä4â!âcï�è�ä�æ�çÂå3ç�è ó í è®ë�ä¬ê3â|ç�ä¬ê3ä�ò�éRà�ßáà@ß�ê'è®ç�ä¬òaß²à�æ®ß²â�à�éRà�æ®ç�ë�à { ßaæ
ß²àSê�ç�âcç�à®à�ä�è�é�æ í ç � æ®ç�ê3ð í ïRèè�ç�à�ç�ä¬èñâãÞ�è�ç�à�ï�ò�æñàzæ í âãÞ�ßaå � ä4à�é#ê3â�Þ�è í ê í ï>àzç�ê#ùØßaè í êRëÂç�ê#æ�ôQÞ�ç�è®ç
æ�ÞRçÂå�è�äýâcæ�ß í ê3ä�òQå í è�æ®ß í ê í ó§}�¦ â�Þ�ß�å í�º à�ç�æñà í ó ë�ï�ò�æ®ß�å3ä�æ�Þ�å�è í å3ä � ä¬æ®ß í ê ä¬è®ç9â í ê3à�ß²ðØç�è®ç�ð+÷
�%ê n �;� q n �Z£ q { ßaæzßáàzà�Þ í ôQê�æ�Þ3ä�æäýà�é#ê3âãÞRè í ê í ï3àç�ê#ùØßaè í ê�ëÂç�ê#æ�â�ä¬ê�î¡ç§ç � å�è®ç�à�à�ç�ð�ä4àä�ò�ß�êRç�ä¬è
â í ë�î�ßaê3ä¬æ®ß í ê í ó æ�ô í ä4ð » äýâcç�ê#æà�Þ�ß ó æ®ç�ðÂù1ç�è�à�ß í ê í ó ï3à�ç!èSà�å�è®ç�ä4ðØßaê � â í ðØç�à|÷ � ê3ðÂß�ê n ÿ4ÿ q { ä�ê
ä4à�éØê>âãÞ�è í ê í ï3à)ú�ü Ö � ðØß²à®âcè�ç�æ®ç � æ�ß�ëöç�à�ß � ê3ä¬òLä¬ê>ð�à�é�à�æ�ç�ë ë í ðØç�ò�ßáàeå�è í ù#ß²ð#ç�ð ó í è�æ�ÞRçà�æ�ï3ðØé
í ó ë�ï�òaæ�ß�ï>à�ç�èSðØç!æ�ç�âcæ®ß í ê�ä�ê3ð�ä¬è®è�ä�é�å�è í âcç�à�à�ß�ê � ÷��%ævâ í ï�ò²ð�ä¬òáà í î3ç�ï�æ�ßaò�ß ` ç�ð9ß�ê�æ�ÞRçÂðØçìà�ß � ê
ä¬ê>ð,å¡ç!è ó í è®ë�ä¬ê>âcç�ä�ê3ä¬òaé�à�ß²à í ó í ï�èÂå�è í å í à�ç�ðpè�ç�âcç!ß�ù1ç�è�à�æ�è�ï>âcæ�ï�è®ç9ßaê�âãÞ�ßaå � ä4à�é#ê3â�Þ�è í ê í ï>à
à�éRà�æ®ç�ë�à { ôQÞ�ßáâãÞÂêRç�ç�ð�à�ßaê3âcß²à�ß�ù1çSß�ê#ù1ç�à�æ®ß � ä¬æ�ß í ê3à|÷

�%ê í ï�è�è�ç�âcç!ß�ù1ç�è�ðØçìà�ß � ê¢ä�ê3ðpå¡ç!è ó í è®ë�ä¬ê>âcç�ä¬ê3ä�ò�éRà�ßáàc÷�ô�ç�ï3à�ç æ®Þ�ç�ôQß²ð#ç�ò�é ä4â�âcç!å�æ�ç�ð
~ ï3ä4à®à�ßáä¬ê�ä�å�å�è íK� ß�ëûä¬æ�ß í êÂæ í ë í ðØç�ò3æ®Þ�çvà�æ�ä�æ�ßáà�æ�ßáâ í ó æ�ÞRç@ßaêØæ®ç�è ó ç!è�ç�ê3â|ç1÷2��Þ�ç6ç � å3ç�è�ßaëÂç�ê#æ�ä¬ò
è�çìà�ï�òaæ�àzßaê � çìâcæ�ß í ê��Ø÷��Ø÷ � à�Þ í ô¶æ®Þ3ä¬æ6æ�ÞRç�å3ç�è ó í è�ëûä¬ê3âcçvß�ê�ë�ïRò�æ�ßaå3ä¬æ®Þ�âãÞ3ä�ê�ê�ç�òáàzß²àßaê ó ç�è�ß í è
æ í æ�Þ>ä¬æ�ß�êÒà�ßaê � òaç � å>ä¬æ�Þ âãÞ>ä¬ê�ê�ç!ò²àc÷ Ö ï�òaæ�ß�åRò�ç�äýâ�âcç�à®à ßaêØæ®ç�è ó ç�è®ç�ê3âcç b�Ö � � d ä¬ê3ð,ßaêØæ®ç�è�å>ä¬æ�Þ
ß�ê#æ�ç!è ó ç�è®ç�ê3âcç b � } � d ðØç�æ®ç�è�ß í è�ä�æ�çQæ®Þ�ç�å3ç�è ó í è�ëûä¬ê3âcç?÷���ÞRç�è�ç ó í è�ç { ë í è®ç�äýâ�âcï�èñä¬æ®çQë í ðØç�òaò�ß�ê �Qí ó
ß�ê#æ�ç!è ó ç�è®ç�ê3âcç´ß²à\ê�ç�ç�ð#ç�ð+÷�� ó ßaæ\ß²à´â í ë�î�ß�êRç�ð)ôQßaæ�Þ »�í ß�ê#æ\ë�ï�ò�æ®ß�ï3à�ç�èLðØç�æ�çìâcæ�ß í êvä¬ê3ð6ß�ê#æ�ç�è ó ç�è�ç!ê3âcç
â�ä�ê3âcç�òýæ�ç�â�Þ�ê�ß ¼ ï�çìà { æ®Þ�ç�å3ç�è ó í è�ë�ä�ê3âcçEôQßaò�ò4î3ç�ß�ëÂå�è í ù1ç�ð { ôQÞ�ß²â�Þ6â í ï�ò²ðî3ç�ä ó ïRè�æ�ïRè�ç�è�ç�à�ç�ä¬èñâãÞ
æ í å�ß²âý÷
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�%ê í ï�èQæ�ÞRç�à�ßáà�ô í è®õ { ô�çvä4ðRðØè�ç�à®àQâ í ðØçvä4â ¼ ï�ßáà�ßaæ�ß í êÂß�ê�å�ßaò í æQâ�Þ3ä¬ê�êRç�ò²à { ôQÞ�ç�è®ç6æ�Þ�çæ®è�ä�ê �
ëÂßaæ�æ�çìðÂà�å�è®ç�ä4ð�à�å3ç�âcæ�è®ï�ëTà�ß � ê3ä�òeßáà)ê í æ6ð�ä�æ�ä�ë í ð#ï�ò²ä�æ�ç�ð+÷��WæQÞ>ä4àzò í ô�à�å3ç�âcæ®ï�ëªç À â|ß�ç�ê3â|é
à�ßaê3âcçSå�ß�ò í æ�à�é#ë�î í ò²à�ðØßáðØê	�¦æ�æ®è�ä¬ê>à ó ç�èþð�ä¬æñä�ß�ê ó í è�ë�ä�æ�ß í ê�ôQÞRß�ò�çSæ�ÞRç�é�à�æ®ß�ò�ò í â�â|ï�åØé ó è®ç ¼ ï�ç�ê3âcç
î3ä�ê3ðØôQß²ð#æ�Þ í è_æ�ß�ëöç6à�ò í æ�÷d��Þ�ç!è�ç ó í è�ç { ß�æSôQß�òaò\î¡ç§î3ç�êRß z âcßáä¬ò\æ í ç � æ�ç�ê3ð í ï�èå�è í å í à�ç�ð â í ðØç
ä4â ¼ ï�ßáà�ßaæ�ß í ê�ä¬ò �ýí è®ß�æ�ÞRë;æ í ð�ä�æ�ä�âãÞ>ä¬ê�ê�ç!ò²à { ôQÞRç�è�çvð�ä�æ�ä§ë í ðØï�òáä¬æ�ß í ê í â!âcï�è�à|÷

Ä�Û�� õ ë¢â�ãdç���é�êWë¢â
��Þ�ç�å�è í å í à�ç�ð¢à�ç ¼ ïRç�êØæ®ß²ä�ò�� ¦ â í ðØç�ä4â ¼ ï�ßáà�ß�æ®ß í ê�ä¬ò �ýí è®ß�æ�ÞRë ß�ê â í ê » ï�ê3âcæ®ß í ê�ôQß�æ®Þ,æ®è�ç�ç �
à�çìä¬è�â�Þpð#ç�æ�ç�â|æ í èöà�ß � ê�ß��Lâ�ä�êØæ®ò�é'è�ç�ð#ï3âcç�à§è�ç�â|ç�ß�ù1ç�è£â í ëöå�ò�ç � ß�æ�é1÷ � í æ®ÞpêØïRëÂç�è�ßáâ�ä¬òþä¬ê3ä�ò�éRà�ßáà
ä¬ê>ð Ö9í ê#æ�ç�ú�ä�è�ò í à�ßaë�ï�òáä¬æ®ß í ê�è®ç�à�ï�òaæ�àQß�ê}à�ß�ê � ò�ç � å3ä�æ�Þ�â�Þ3ä¬êRê�ç�ò²àQÞ3ä�ù1ç§à�Þ í ôQê�æ�Þ3ä�æ6ä�òáä¬è � ç
â í ëÂå�ò�ç � ßaæ�é�è�çìðØï3âcæ®ß í ê�ß²àäýâãÞRß�ç�ù1ç�ðÂôQßaæ�Þ í ê�ò�é}ä�ë í ðØç!è�ä¬æ®ç§ðØç � è�äýð�ä¬æ®ß í ê ßaê í ïRæ�å�ï�æ � ¦v× ÷
� å3ç�âcß��Lâ�ä�ò�ò�é��{ë í è�ç§æ®Þ3ä¬ê ��� � â í ëÂåRò�ç � ß�æ�é�à®äìù#ß�ê � à�ß²à í î�æ�ä�ß�ê�ç�ð�ôQß�æ�Þ í ê�òaé òaç�à�àæ�Þ>ä¬ê ÿ ÷ �
ð � à�ß � ê3ä�òâ í ë�îRß�ê�ßaê � ò í à®à ßaê � ¦|× í ó ë í è®çÂæ�Þ>ä¬ê���ð � í è�Þ�ß � Þ�ç!è�÷ � Þ�ç�êÒæ�Þ�ç�ðØçìà�ß � ê
å3ä�è�ä¬ëöç�æ�ç�è��

²
ß�ê3â|è�ç�äýà�ç�à �fò í ô�ç�èþâ í ëÂåRò�ç � ß�æ�évä¬ê3ð�ò²ä¬æ®ç�ê3âcé�ß²à í î�æ�ä�ß�ê�ç�ðÂôQÞ�ßaò�ç í ê�òaéÂä§à�ë�ä¬òaò

ß�ê>âcè�ç�äýà�ç6ß�êûà�ß � ê3ä¬ò�â í ë�î�ßaê�ß�ê � ò í à®àzäýà)å3ç�è ó í è�ëûä¬ê3âcç_æ�è�äýðØç í�º ÷
� ê3ä�ò�é#æ�ß²âvä¬å�åRè í äýâãÞ í ó å3ç�è ó í è�ë�ä�ê3âcç§ä�ê3ä¬òaé�à�ß²àzßaê�à�ßaê � òaç � å>ä¬æ�Þ�â�Þ3ä¬ê�êRç�ò²àzßáàä¬òáà í�� ç!ê�ç�è �

ä¬òaß ` çìð æ í æ�Þ3ä�æQß�êÂë�ï�ò�æ®ß�å3ä�æ�ÞöâãÞ>ä¬ê�ê�ç!ò²àc÷!�%æ�Þ3äýà�î¡ç!ç�ê�ðØç�ë í ê3à�æ®è�ä¬æ®ç�ð§æ�Þ3ä�æSä§à�ò�ß � Þ#æ�ßaê3âcè�çìä4à�ç
ß�êûâ í ëÂåRò�ç � ß�æ�é§ä�ê3ð�à�ß � ê3ä�ò´â í ë�î�ß�êRß�ê � ò í à®à í â�âcï�èñà�ß�ê�â í ëÂå3ä�è�ß²à í ê�æ í æ�Þ í à�ç6ß�ê�à�ß�ê � ò�ç � å3ä¬æ®Þ
â�Þ3ä¬ê�êRç�ò²à|÷���Þ�ç�è®ç�à�ï�òaæ í ó æ�ç�à�æð#ç�à�ß � ê�ëÂß²à�ë�ä¬æñâãÞ§Þ>ä4àSà�Þ í ôQê�æ�Þ>ä¬æQæ�ÞRç§â í ëÂå�ò�ç � ßaæ�é£à�ä�ù#ß�ê � à
è�çìä4â�Þ�ç�à�ëÂßaê�ß�ë§ï�ë ôQÞ�ç�è®ç@ê í æ�ç�à�æðØçìà�ß � ê�ëÂß²à�ë�ä¬æñâãÞ í â�â|ï�è�à|÷

� àÂä�êAç � æ�ç!ê3à�ß í ê	�Sæ�Þ�ç�å3ç�è ó í è�ëûä¬ê3âcç í ó æ�Þ�ç�â í ð#ç�äýâ ¼ ïRß²à�ßaæ�ß í êpß�ê�â í ê » ï�ê>âcæ�ß í êpôQß�æ®Þ
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â�Þ3ä¬ê�êRç�ò�ç�à�æ®ß�ë�ä�æ�ß í ê�ß²à6ä¬òáà í ß�ê#ù1ç�à�æ®ß � ä�æ�ç�ð9æ®Þ�è í ï � Þuà�ß�ë�ï�òáä¬æ�ß í ê\÷ � ðRðØß�æ®ß í ê>ä¬ò � ß � ê3ä¬ò�â í ë �
î�ßaê�ß�ê � ò í à®à í ó òaç�à�à�æ®Þ3ä¬ê ÿ ÷ £ ð � ßáà í î3à�ç�è�ù1ç�ð�ß�ê�â í ëöå3ä¬è®ß²à í ê�æ í æ�ÞRç@è®ç�âcç�ßaù1ç�è�ôQß�æ®ÞPå3ç�è ó ç�âcæ
â�Þ3ä¬ê�êRç�ò�õ#ê í ôQò�ç�ð � ç1÷ � ÞRç�ê�æ®Þ�ç í î>à�ç�è®ù4ä�æ�ß í êÂôQßaê3ð í ôpà�ß ` çQßaê3âcè�çìä4à�çìà��4æ®Þ�çà�ß � ê3ä¬òLðØç�æ®ç�âcæ®ß í ê
å3ç�è ó í è�ë�ä�ê3âcç6â í ê#ù1ç�è � ç�à�æ í æ®Þ�ç6è�ç�âcç!ß�ù1ç�è�ôQß�æ®Þ�å¡ç!è ó ç�âcæSâ�Þ3ä�ê�ê�ç�òLõØê í ôQòaç�ð � ç?÷
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) �kZT* ��ï�ç�ævä¬ò�÷��¬� � ê'â�Þ3ä¬êRê�ç�ò�ë í ðØç�ò�å3ä¬èñä¬ëÂç�æ®ç�è�à ó í è@ëöß²âcè í âcç�ò�òaï�ò²ä�è@ú�ü0«p�Yà�é�à�æ�ç�ë�àK�4�

1������´�E5KD�/�?AD�;�36<>7�/�?�7�/�·�I�hU<>;�hU:�F�D�5m��IK;�hU/E7GF�7�B�bT�lù í ò [ �4�3å�å � {G� S � ÿ4ÿ � ÿAZGZ �
) � {T* ��÷ ± ÷C« í ò�ß²à®âãÞ§����P1æñä¬æ�ßáà�æ®ß²â�ä�ò1å�è í å¡ç!è�æ�ßaç�à í ó æ�Þ�ç�è�ëûà+ðØç�òáä�éà�å�è�ç�äýð í ó ë í îRß�ò�ç´è�äýðØß í â�Þ3ä¬ê4S

ê�ç�òáàeôQß�æ®Þ�ßaê3ðØç�å3ç�ê3ð#ç�êØæ ¶ äìé#ò�ç!ß�R4Þ$S ó äýðØß�êER_å3ä¬æ®Þ3à��$�¢1K�����Ñ�E5KD�/�?AD�;�36<>7�/�?�7�/²·WI�hU<>;ahU:�F�D�5

�WIK;ahU/E7GF�7�B�b9�¦ù í ò [ �4�3å�å �G{#ÿ S �G{ �$� ÿ�ZkZG�
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) � �T* ü�÷ ðØçú�ä¬ç�ê§�Î���'ò í ô�ç!èeî í ïRê3ð í ê§æ�Þ�ç�å�è í î3ä¬îRß�ò�ßaæ�é í ó äzï�ê�ß í êW�$�¢qd<j?A;�5aI�3JI�s�DG3>hWI NODG3=<>;�? �

ÿ��kZ b ÿ�ZGZ �4d �Øÿ � S �G�k{
) � | * � ÷jP1ÞRß�ê	� » ÷ ~ ÷��3ç�ç��$��zzæ®ß�ò�ß ` ä¬æ®ß í ê í ó ë�ïRò�æ�ßaå3ä¬æ®Þ3à ó í è´à�å�è®ç�ä4ð�S�P1å3ç�â|æ�è�ïRëZâ í ðØçþä4â � ï�ß²à�ß�æ®ß í ê
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) � [G* ��÷ ~ Þ>ä¬è�R?ä�ù1ç�� ¶ ÷Cµ�÷��e÷ ± ß�R4ïRç�ß�è®ç�ð í ��\÷C®Eò�æ í ó æ��O�u�½ðØç�æ�çìâcæ�ß í êpä�ò�R í è�ßaæ�Þ�ë ó í è�æ�Þ�çp+¬S
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) � � * �3ç�ß�� ç�ß6�	��Vzç�ä�è í å�æ®ß�ë�ï�ë¶æ®è�ç�ç S�à�ç�ä¬èñâãÞöðØç�æ®ç�âcæ�ß í ê�à®âãÞRç�ëÂç�à ó í è�î�ßaæ�SWà�é#ê3â�Þ�è í ê í ï3à�ë�ï�ò�S
æ�ßaï3à�ç!è�ú�üt«p�¶à�é�à�æ�ç�ëûà í ù1ç�è ~ ä¬ï3à®à�ß²ä�ê�ä�ê3ð�æ�ô í S�å3ä¬æ®Þ ¶ ä�é#ò�ç�ß�R4Þ4S ó ä4ð#ß�êER�â�Þ3ä�ê�ê�ç�òáà¬�$�
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) �k� * «�÷ ~ ç!êØæ®Þ�ß�ê	� » ÷ » ä�ëÂëÂç|é1ç�è �Y���%ê � ï�ç�ê>âcç í ó âãÞ3ä�ê�ê�ç�òLç�à�æ®ß�ë�ä�æ�ß í ê í ê�æ�Þ�ç6å3ç�è ó í è�ëûä¬ê3âcç
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) �  T* ~ ÷Øú�Þ�ç�ê§�Gá§÷,X�ï	�W�¦�ð�ä�å�æ�ßaù1çQâ�Þ3ä¬ê�êRç�òØçìà�æ�ßaë�ä¬æ®ß í ê�ä�ê3ð�ðØç�ðØßáâ�ä¬æ®ç�ð@å�ßaò í æEå í ô�ç�è�äýð���ï3à�æJS

ëÂç�ê#æQî3äýà�ç�ð í ê�æ�Þ�ç ó ä4ðØßaêERTS�è�ä�æ�ç§ëÂç�äýà�ï�è®ç�ëÂç�ê#æ ó í è6ä�å�ß�ò í æ�SWä¬ßáðØç�ð�ú�üt«p�¶à�é�à�æ�ç�ë�àK�4�
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) � ZT* «�÷ ~ ç!êØæ®Þ�ß�ê	� » ÷ » ä¬ëÂëÂç!é4ç�èA�d�u�zê3ä�ò�éRà�ßáà í ó ä'à�ßaëÂå�ò�ç�à�ï3â�âcç�à®à�ßaù1ç9ß�ê#æ�ç!è ó ç�è®ç�ê3âcç}â�ä¬ê4S
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)  k{T* ��ç�ßd¾3Þ>ä4�¬P1æ®ç�ù1ç�ê ~ ò í à�æ®ç�ß�ê	����P í ó æ�SWüzç�âcßáà�ß í êàP1ï>â�âcç�à®à�ß�ù1çu�%ê#æ�ç�è ó ç�è�ç�ê>âcçPú�ä�ê3âcç�òaò²ä�æ�ß í ê

ú�üt«p� ¶ ç�âcç�ßaù1ç�èQôQß�æ®Þ��zëÂå�òaß�æ®ï3ðØç��zù1ç�èñäTR4ßaêERöä¬ê3ð ¶ í î�ï3à�æ@æ í \�ß�ëÂßaêERH®Eè�è í è�àK�4��1a/

ÃEÄ�Ä��m��F�7�n�DGF��WI�F�IK;�7�NONO:$/E<>;�DG36<>7�/&o�7�/ae9Ia5aI /E;�I��+ú�ü¹S ¶ � «

ÿ | Z


