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M� ì @hi �?|ihit|i_ �? U)U*itc T@h|�U�*@h*) t�Lh| U)U*itc MiU@�ti |�i) _i}h@_i |�i TihuLh4@?Ui
Lu |�i �|ih@|��i _iUL_�?} @*}Lh�|�4 �ti_ uLh w#�� UL_it� A��t u@U| ��** Mi 4@_i i��_i?| �? |�i
_�tU�tt�L? Lu |�i �|ih@|��i _iUL_�?} @*}Lh�|�4�

�� w#�� �L_i #it�}? �TThL@U�it

�*i@h*)c |�i 4Lt| LM��L�t T@|� |L |�i UL?t|h�U|�L? Lu @? w#�� UL_i �t ��@ |�i UL?t|h�U|�L? Lu @
*L��_i?t�|) T@h�|)�U�iU! 4@|h� ��|� ThitUh�Mi_ ThLTih|�it� � *@h}i ?�4Mih Lu _it�}? |iU�?�^�it
i �t| �? |�i *�|ih@|�hic @?_ �i �?|hL_�Ui tL4i Lu |�i 4Lhi ThL4�?i?| L?it �? |��t tiU|�L?c @*Mi�|
@| @ t�Tih�U�@* *i�i*� A�i _it�}? @TThL@U�it |@h}i| _�gihi?| _it�}? Uh�|ih�@c �?U*�_�?} i�U�i?|
i?UL_�?} @?_ _iUL_�?}c ?i@h�U@T@U�|) TihuLh4@?Uic Lh *L��ihhLh h@|i �LLht� Ew�!i |�hML UL_itc
w�#� UL_it Lu|i? t�gih uhL4 *L��ihhLh h@|i �LLhtc L��?} ML|� |L TLLh _�t|@?Ui tTiU|h@ @?_
�i@!?ittit �? |�i �|ih@|��i _iUL_�?} @*}Lh�|�4��

���� B@**@}ih �L_it

A�i Lh�}�?@* w#�� UL_it _�i |L B@**@}ih d�o @hi hi}�*@h w#�� UL_it ��|� @? M 4@|h� Lu |�i
uLh4

M '

5
99997

M�

M2
���

M�S

6
::::8

��ihi |�i t�M4@|h�Uit M_ �@�i |�i uL**L��?} t|h�U|�hi� 6Lh @?) �?|i}iht > @?_ �o |�@? }hi@|ih
|�@? �c i@U� t�M4@|h� M_ �t >�>�o ��|� hL� �i�}�| �o @?_ UL*�4? �i�}�| �� A�i t�M4@|h� 



M� �@t |�i uL**L��?} tTiU��U uLh4G uLh � ' �c 2c ���c >c |�i ��|� hL� UL?|@�?t @** Lu �|t �o �<t �?
UL*�4?t E�����on� |L ��o� A�i L|�ih t�M4@|h�Uit @hi t�4T*) UL*�4? Tih4�|@|�L?t Lu M�� W| �t
i��_i?| |�@| M �t hi}�*@hc �@t _�4i?t�L? >�S�>�oc @?_ �@t hL� @?_ UL*�4? �i�}�|t �o @?_ �Sc
hitTiU|��i*)� A�i @Mti?Ui Lu *i?}|��e U)U*it �? M �t ?L| }�@h@?|ii_c M�| |�i) U@? Mi @�L�_i_ ��@
UL4T�|ih _it�}? Lu M� B@**@}ih t�L�i_ |�@| |�i i?ti4M*i Lu t�U� UL_it �@t i Ui**i?| _�t|@?Ui
ThLTih|�it ThL��_i_ �S � � @?_ �o : �S� 6�h|�ihc t�U� UL_it �@�i *L��UL4T*i �|) i?UL_iht
t�?Ui T@h�|) M�|t U@? Mi tL*�i_ uLh @t @ u�?U|�L? Lu |�i �tih M�|t ��@ |�i T@h�|)�U�iU! 4@|h� d�o�

B@**@}ih UL_it �ihi }i?ih@*�3i_ M) A@??ih �? �bH� d2o @?_ �ihi t|�_�i_ uLh @TT*�U@|�L? |L
UL_i�_���t�L? 4�*|�T*i�@UUitt UL44�?�U@|�L? U�@??i* �? dbo� B@**@}ih UL_it �ihi i |i?_i_ M)
�@Uk@) @?_ L|�iht d�oc deo�

��2� �@Uk@) �L_it

�@Uk@) �@_ �?_iTi?_i?|*) _�tUL�ihi_ |�i Mi?i�|t Lu _it�}?�?} M�?@h) UL_it ��|� tT@hti M
4@|h�Uit @?_ �@t |�i �ht| |L t�L� |�i @M�*�|) Lu |�iti UL_it |L TihuLh4 ?i@h U@T@U�|) *�4�|t d�oc
deo� �@Uk@) �@t @hU���i_ L? @ �iM T@}i d�fo @ *@h}i ?�4Mih Lu w�#� UL_it �i �@t _it�}?i_
uLh @TT*�U@|�L? |L _@|@ UL44�?�U@|�L? @?_ t|Lh@}ic 4Lt| Lu ���U� @hi hi}�*@h� Oi ThL��_i_ �?
deo @*}Lh�|�4t |L ti4��h@?_L4*) }i?ih@|i tT@hti M 4@|h�Uit� � ui� Lu |�iti @hi *�t|i_ Mi*L� �?
Lh_ih Lu �?Uhi@t�?} @*}Lh�|�4 UL4T*i �|) EM�| ?L| ?iUitt@h�*) �4ThL�i_ TihuLh4@?Ui��

�� M �t Uhi@|i_ M) h@?_L4*) }i?ih@|�?} �i�}�|��S UL*�4?t @?_ E@t ?i@h @t TLtt�M*i� �?�uLh4
hL� �i�}�|�

2� M �t Uhi@|i_ M) h@?_L4*) }i?ih@|�?} �i�}�|��S UL*�4?tc ���*i i?t�h�?} �i�}�|��o hL�tc
@?_ ?L |�L UL*�4?t �@��?} L�ih*@T }hi@|ih |�@? L?i�

�� M �t }i?ih@|i_ @t �? 2c T*�t t�Lh| U)U*it @hi @�L�_i_�

e� M �t }i?ih@|i_ @t �? �c T*�t M ' dM� M2o �t UL?t|h@�?i_ tL |�@| M2 �t �?�ih|�M*i ELh @|
*i@t| M �t u�** h@?!��

�?i _h@�M@U! Lu �@Uk@) UL_it �t |�@| |�i) *@U! t��U�i?| t|h�U|�hi |L i?@M*i *L��UL4T*i �|)
i?UL_�?}� ,?UL_�?} �t TihuLh4i_ M) T�||�?} M �? |�i uLh4 d� A Uo ��@ B@�tt�aLh_@? i*�4�?@|�L?c
uhL4 ���U� |�i }i?ih@|Lh 4@|h� U@? Mi T�| �? |�i t)t|i4@|�U uLh4 C ' dU � o� A�i ThLM*i4
��|� i?UL_�?} ��@ C �t |�@| |�i t�M4@|h� � �t }i?ih@**) ?L| tT@hti tL |�@|c uLh UL_it Lu *i?}|�
? ' �fff Lh 4Lhic i?UL_�?} UL4T*i �|) �t ��}�� �? i�U�i?| i?UL_�?} |iU�?�^�i i4T*L)�?} L?*)
|�i M 4@|h� �@t ThLTLti_ �? dSo�

���� Whhi}�*@h w#�� �L_it

+�U�@h_tL? i| @*� d.o @?_ w�M) i| @*� dHo _i�?i_ i?ti4M*it Lu �hhi}�*@h w#�� UL_it T@h@4i�
|ih�3i_ M) |�i _i}hii _�t|h�M�|�L? TL*)?L4�@*t bE%� @?_ 4E%� @?_ t�L�i_ �L� |L LT|�4�3i |�iti
TL*)?L4�@*t uLh @ �@h�i|) Lu U�@??i*t� �T|�4@*�|) �t �? |�i ti?ti |�@|c @tt�4�?} 4itt@}i�T@tt�?}
_iUL_�?} E_itUh�Mi_ Mi*L��c @ |)T�U@* UL_i �? |�i i?ti4M*i �@t U@T@M*i Lu hi*�@M*i UL44�?�U@�
|�L? �? �Lhti U�@??i* UL?_�|�L?t |�@? UL_it L�|t�_i |�i i?ti4M*i @hi� A�i �Lht|�U@ti U�@??i*
UL?_�|�L? �t U@**i_ |�i _iUL_�?} |�hit�L*_ @?_ |�i LT|�4�3@|�L? Lu bE%� @?_ 4E%� �t uL�?_ M) @
UL4M�?@|�L? Lu @ tL�U@**i_ _i?t�|) i�L*�|�L? @*}Lh�|�4 @?_ @? LT|�4�3@|�L? @*}Lh�|�4� #i?t�|)



i�L*�|�L? hiuiht |L |�i i�L*�|�L? Lu |�i ThLM@M�*�|) _i?t�|) u�?U|�L?t ET_u<t� Lu |�i �@h�L�t ^�@?�
|�|�it T@tti_ @hL�?_ |�i _iUL_ih<t A@??ih }h@T�� A�i _iUL_�?} |�hit�L*_ uLh @ }��i? bE%��4E%�
T@�h �t _i|ih4�?i_ M) i�@*�@|�L? |�i T_u<t Lu UL4T�|i_ *L}�*�!i*��LL_ h@|�Lt Etii |�i ?i | tiU|�L?�
Lu |�i UL_i M�|t� A�i tiT@h@|i LT|�4�3@|�L? @*}Lh�|�4 LT|�4�3it L�ih |�i bE%��4E%� T@�ht�

Nt�?} |��t @TThL@U� @? �hhi}�*@h w#�� UL_i �@t Mii? _it�}?i_ ��Lti t�4�*@|i_ TihuLh4@?Ui
�@t ��|��? f�feD _� Lu |�i U@T@U�|) *�4�| uLh @ M�?@h)��?T�| �̀ B� U�@??i* d��o� A��t UL_i
�@_ *i?}|� ? ' �f. @?_ h@|i - ' �*2� W| �t }i?ih@**) |h�i |�@| _it�}?t ��@ _i?t�|) i�L*�|�L? @hi
Mit| @TT*�i_ |L UL_it ��Lti h@|i �t ?L| |LL ��}� E- � �*e� @?_ ��Lti *i?}|� �t ?L| |LL t�Lh|
E? z Dfff�� A�i hi@tL? �t |�@| |�i _i?t�|) i�L*�|�L? _it�}? @*}Lh�|�4 @tt�4it ? $ 4 E�i?Uic
6 $ 4�c @?_ tL bE%��4E%� T@�ht ���U� @hi LT|�4@* uLh �ih) *L?} UL_itc ��** ?L| Mi LT|�4@*
uLh 4i_��4�*i?}|� @?_ t�Lh| UL_it� �t _�tU�tti_ �? d�2oc d��oc d�eoc d�Doc t�U� bE%��4E%� T@�ht
@TT*�i_ |L 4i_��4�*i?}|� @?_ t�Lh| UL_it }��it h�ti |L @ ��}� ihhLh�h@|i �LLh�

6�?@**)c �i hi4@h! |�@|c @t uLh |�i �@Uk@) UL_itc |�iti �hhi}�*@h UL_it _L ?L| �?|h�?t�U@**)
*i?_ |�i4ti*�it |L i�U�i?| i?UL_�?}� OL�i�ihc @t 4i?|�L?i_ @ML�ic +�U�@h_tL? @?_ NhM@?!i
dSo �@�i ThLTLti_ @*}Lh�|�4t uLh @U��i��?} *�?i@h�|�4i i?UL_�?} uLh |�iti UL_it�

��e� 6�?�|i BiL4i|h) �L_it

W? d�Soc d�.oc hi}�*@h w#�� UL_it @hi _it�}?i_ �t�?} L*_�u@t��L?i_ |i |MLL! d�Ho |iU�?�^�it M@ti_
L? �?�|i }iL4i|h�it� A�i hit�*|�?} w#�� UL_it u@** �?|L |�i U)U*�U @?_ ^�@t��U)U*�U U*@ttit Lu
M*LU! UL_it @?_ *i?_ |�i4ti*�it |L t�4T*i i?UL_ih �4T*i4i?|@|�L? ��@ t��u|�hi}�t|ih U�hU��|t�
A�i U)U*�U �?�|i }iL4i|h) UL_it |i?_ |L �@�i hi*@|��i*) *@h}i 4�?�4�4 _�t|@?Uitc M�| |�i ^�@t��
U)U*�U UL_it |i?_ |L �@�i tL4i��@| t4@** 4�?�4�4 _�t|@?Uit� �*tLc t�Lh| w#�� UL_it E? L?
|�i Lh_ih Lu 2ff M�|t� _it�}?i_ �t�?} |�iti |iU�?�^�it @hi }i?ih@**) Mi||ih |�@? t�Lh| w#��
UL_it _it�}?i_ �t�?} Tti�_L�h@?_L4 M 4@|h�Uit�

A�i U)U*�U �?�|i }iL4i|h) UL_it �@�i |�i _h@�M@U! |�@| |�i T@h�|)�U�iU! 4@|h� �ti_ �?
_iUL_�?} �t ?� ? �?t|i@_ Lu E? � &� � ?� EW| �t TLtt�M*i |L U�LLti @? E?� &�� ? t�M4@|h� Lu
|�i ?� ? 4@|h� |L _iUL_ic M�| |�i *Ltt �? TihuLh4@?Ui �t }i?ih@**) ?L?�?i}*�}�M*i�� A�i ?� ?
4@|h� �t U�hU�*@?|c ��|� �|t �ht| hL� i^�@* |L @ Uih|@�? �?U�_i?Ui �iU|Lh d�So� �?L|�ih _h@�M@U!
�t |�@| |�i �@*�it Lu �o @?_ �S @hi hi*@|��i*) *@h}i ���U� �t �?_it�h@M*i t�?Ui |�i UL4T*i �|)
Lu |�i �|ih@|��i 4itt@}i�T@tt�?} _iUL_ih �t ThLTLh|�L?@* |L |�iti �@*�it� �?i �?@* _h@�M@U! �t
|�@| |�ihi �t ?L| @ �i �M�*�|) �? |�i U�L�Ui Lu *i?}|� @?_ h@|ic @*|�L�}� |��t �tt�i U@? Mi _i@*|
��|� M) UL_i t�Lh|i?�?} @?_ T�?U|�h�?}�

��D� +�c W+�c @?_ iW+� �L_it

� |)Ti Lu UL_ic U@**i_ @ hiTi@|�@UU�4�*@|i E+�� UL_ic ���U� �@t |�i U�@h@U|ih�t|�Ut Lu ML|�
tih�@* |�hML UL_it @?_ w#�� UL_itc �@t ThLTLti_ �? d2fo� A�i i?UL_ih uLh @? +� UL_i �t t�L�?
�? 6�}� 2 ��ihi �| �t tii? |�@| �tih M�|t @hi hiTi@|i_ E2 Lh � |�4it �t |)T�U@*�c Tih4�|i_c @?_
|�i? ti?| |�hL�}� @? @UU�4�*@|Lh E_�gihi?|�@* i?UL_ih�� A�iti UL_it �@�i Mii? t�L�? |L Mi
U@T@M*i Lu LTih@|�L? ?i@h U@T@U�|) *�4�|tc M�| |�i) �@�i |�i _h@�M@U! |�@| |�i) @hi ?@|�h@**)
*L� h@|i Eh@|i �%2 Lh *L�ih��

A�i +� UL_it �ihi }i?ih@*�3i_ �? t�U� @ �@) |�@| tL4i M�|t �ihi hiTi@|i_ 4Lhi |�@? L|�iht
)�i*_�?} �hhi}�*@h hiTi@|�@UU�4�*@|i EW+�� UL_it d2�o� �t t�L�? �? 6�}� 2c |�i W+� i?UL_ih
UL4Th�tit @ *L��_i?t�|) }i?ih@|Lh 4@|h� c @ Tih4�|ihc @?_ @? @UU�4�*@|Lh� 5�U� UL_it @hi



U@T@M*i Lu LTih@|�L? i�i? U*Ltih |L |�iLhi|�U@* *�4�|t |�@? +� UL_itc @?_ |�i) Tih4�| ��}�ih
UL_i h@|it� � _h@�M@U! |L W+� UL_it �t |�@| |�i) @hi ?L4�?@**) ?L?�t)t|i4@|�U UL_itc @*|�L�}�
|�i) Mi T�| �? @ t)t|i4@|�U uLh4c M�| �| �t @| |�i i Ti?ti Lu }hi@|*) *L�ih�?} |�i h@|i @t _iT�U|i_
�? 6�}� 2�

v@?} @?_ +)@? d��oc d�eoc d�Do �@�i ThLTLti_ @ U*@tt Lu i�U�i?|*) i?UL_@M*i �hhi}�*@h w#��
UL_it ���U� 4�}�| Mi U@**i_ i |i?_i_ W+� EiW+�� UL_it� EA�iti UL_it �ihi �?_iTi?_i?|*)
ThLTLti_ �? d22o�� A�i iW+� i?UL_ih �t t�L�? �? 6�}� 2� �L|i |�@| |�i iW+� i?UL_ih �t
t)t|i4@|�U @?_ Tih4�|t ML|� *L� @?_ ��}� h@|it� 6�h|�ihc i?UL_�?} U@? Mi i�U�i?|*) TihuLh4i_
_�hiU|*) uhL4 |�i M 4@|h� ���U� TLttittit @? 6�6 t�M4@|h� ���U� u@U�*�|@|it UL4T�|@|�L?
Lu |�i T@h�|) M�|t uhL4 |�i �tih M�|t d22oc d�Do�

D⊕1
1u w

u

G Π

k x n
1 x n

IRA

D⊕1
1u p

u

 A Π

k x (n-k)
1 x (n-k)

eIRA

D⊕1
1u w

repeat Π
1 x n

RA

6�}� 2� ,?UL_iht uLh |�i hiTi@|�@UUU�4�*@|i E+��c |�i �hhi}�*@h +� EW+�� UL_ic @?_ |�i
i |i?_i_ W+� UL_i EiW+���

��S� �hh@) �L_it

6@? �@t t�L�? |�@| @ Uih|@�? U*@tt Lu UL_it U@**i_ @hh@) UL_it U@? Mi ��i�i_ @t w#�� UL_it
@?_ |��t U@? Mi _iUL_i_ ��|� @ 4itt@}i T@tt�?} @*}Lh�|�4 d2�oc d2eo� 5�Mti^�i?| |L 6@?<t �Lh!c
,*iu|�ih�L� @?_ ��*Uih d2Do ThLTLti_ @ 4L_��i_ @hh@) UL_i i4T*L)�?} |�i uL**L��?} M 4@|h� 
uLh4@|

M '

5
99999997

U U U � � � U U � � � U
f U k � � � k�32 k�3� � � � k&32

f f U � � � k2E�3�� k2E�32� � � � k2E&3��

���
���

���
� � �

���
��� � � � ���

f f � � � f U k�3� � � � kE�3��E&3��

6
:::::::8

E����

��ihi & @?_ � @hi |�L �?|i}iht t�U� |�@| &c � � R ��ihi R _i?L|it @ Th�4i ?�4Mih� U �t |�i
R� R �_i?|�|) 4@|h� c � |�i R� R ?�** 4@|h� c @?_ k @ R� R Tih4�|@|�L? 4@|h� hiThiti?|�?}



@ t�?}*i *iu|� Lh h�}�|�U)U*�U t��u|� A�i �TTih |h�@?}�*@h ?@|�hi Lu M }�@h@?|iit i?UL_�?} *�?i@h
�? |�i UL_i�Lh_ *i?}|� Ei?UL_�?} �t itti?|�@**) |�i t@4i @t uLh iW+� UL_it��

A�iti 4L_��i_ @hh@) UL_it �@�i �ih) *L� ihhLh h@|i �LLhtc @?_ ML|� *L�� @?_ ��}��h@|i
UL_it 4@) Mi _it�}?i_� OL�i�ihc @t �t U*i@h uhL4 |�i _itUh�T|�L? Lu M @ML�ic L?*) ti*iU|i_ UL_i
*i?}|�t @?_ h@|it @hi @�@�*@M*i�

��.� �L4M�?@|Lh�@* w#�� �L_it

W? ��i� Lu |�i u@U| |�@| w#�� UL_it 4@) Mi _it�}? M) UL?t|h@�?i_ h@?_L4 UL?t|h�U|�L? Lu M
4@|h�Uitc �| �t ?L| _��U�*| |L �4@}�?i |�@| }LL_ w#�� UL_it 4@) Mi _it�}?i_ ��@ |�i @TT*�U@|�L?
Lu UL4M�?@|Lh�@* 4@|�i4@|�Ut� A�@| �tc _it�}? UL?t|h@�?|t Et�U� @t ?L U)U*it Lu *i?}|� uL�h�
@TT*�i_ |L @? M 4@|h� Lu t�3i E?� &�� ? 4@) Mi U@t| @t @ ThLM*i4 �? UL4M�?@|Lh�Ut� 5i�ih@*
hiti@hU�iht �@�i t�UUittu�**) @TThL@U�i_ |��t ThLM*i4 ��@ t�U� UL4M�?@|Lh�@* LM�iU|t @t 5|i�?ih
t)t|i4tc k�h!4@? t)t|i4tc @?_ M@*@?Ui_ �?UL4T*i|i M*LU! _it�}?t d2Soc d2.oc d2Hoc d2boc d�So�

e� W|ih@|��i #iUL_�?} �*}Lh�|�4t

e��� ��ih��i�

W? @__�|�L? |L �?|hL_�U�?} w#�� UL_it �? ��t ti4�?@* �Lh! �? �bSf d�oc B@**@}ih @*tL ThL��_i_
@ _iUL_�?} @*}Lh�|�4 |�@| �t |)T�U@**) ?i@h LT|�4@*� 5�?Ui |�@| |�4ic L|�ih hiti@hU�iht �@�i
�?_iTi?_i?|*) _�tUL�ihi_ |�@| @*}Lh�|�4 @?_ hi*@|i_ @*}Lh�|�4tc @*Mi�| tL4i|�4it uLh _�gih�
i?| @TT*�U@|�L?t deoc d�fo� A�i @*}Lh�|�4 �|ih@|��i*) UL4T�|it |�i _�t|h�M�|�L?t Lu �@h�@M*it �?
}h@T��M@ti_ 4L_i*t @?_ UL4it �?_ih _�gihi?| ?@4itc _iTi?_�?} L? |�i UL?|i |� A�iti ?@4it
�?U*�_iG |�i t�4�ThL_�U| @*}Lh�|�4 E5���c |�i Mi*�iu ThLT@}@|�L? @*}Lh�|�4 E����c @?_ |�i
4itt@}i T@tt�?} @*}Lh�|�4 E����� A�i |ih4 R4itt@}i T@tt�?}� �t�@**) hiuiht |L @** t�U� �|ih@�
|��i @*}Lh�|�4tc �?U*�_�?} |�i 5�� E���� @?_ �|t @TThL �4@|�L?t�

��U� *�!i LT|�4@* E4@ �4�4 @ TLt|ih�Lh�c ���� t)4ML*�M)�t)4ML* _iUL_�?} Lu |hi**�t UL_itc
�i @hi �?|ihit|i_ �? UL4T�|�?} |�i @ TLt|ih�Lh� ThLM@M�*�|) E���� |�@| @ }��i? M�| �? |�i
|h@?t4�||i_ UL_i�Lh_ U ' dSf S� ��� S?3�o i^�@*t �c }��i? |�i hiUi��i_ �Lh_ ) ' d+f +� ��� +?3�o�
`�|�L�| *Ltt Lu }i?ih@*�|)c *i| �t uLU�t L? |�i _iUL_�?} Lu M�| S� tL |�@| �i @hi �?|ihit|i_ �?
UL4T�|�?} |�i ���

�hES� ' � m )�
Lh |�i ��� h@|�L E@*tL U@**i_ |�i *�!i*��LL_ h@|�Lc w+�

,ES�� ]
�hES� ' f m )�
�hES� ' � m )� �

w@|ih �i ��** i |i?_ |��t |L |�i 4Lhi ?�4ih�U@**) t|@M*i UL4T�|@|�L? Lu |�i *L}���� h@|�Lc @*tL
U@**i_ |�i *L}�*�!i*��LL_ h@|�L Eww+�G

uES�� ] *L}

#
�hES� ' f m )�
�hES� ' � m )�

$

��ihi �ihi @?_ �? |�i ti^�i* |�i ?@|�h@* *L}@h�|�4 �t @tt�4i_�



A�i ��� uLh |�i UL4T�|@|�L? Lu �hES� ' � m )�c ,ES��c Lh uES�� �t @? �|ih@|��i @*}Lh�|�4
���U� �t M@ti_ L? |�i UL_i<t A@??ih }h@T�� 5TiU��U@**)c �i �4@}�?i |�@| |�i ��?L_it hiThiti?|
ThLUittLht Lu L?i |)Tic U�?L_it hiThiti?| ThLUittLht Lu @?L|�ih |)Tic @?_ |�i i_}it hiThiti?|
4itt@}i T@|�t� W? L?i �@*u �|ih@|�L?c i@U� ��?L_i ThLUittit �|t �?T�| 4itt@}it @?_ T@ttit �|t
hit�*|�?} L�|T�| 4itt@}it �T |L ?i�}�MLh�?} U�?L_it E|�L ?L_it @hi t@�_ |L Mi ?i�}�MLht �u |�i)
@hi UL??iU|i_ M) @? i_}i�� A��t �t _iT�U|i_ �? 6�}� � uLh |�i 4itt@}i 6�f2 uhL4 ��?L_i Sf |L
U�?L_i s2 E|�i t�MtUh�T|i_ @hhL� �?_�U@|it |�i _�hiU|�L? Lu |�i 4itt@}ic !iiT�?} �? 4�?_ |�@|
L�h A@??ih }h@T� UL?�i?|�L? T*@Uit U�?L_it @ML�i ��?L_it�� A�i �?uLh4@|�L? T@tti_ UL?Uih?t
�hESf ' K m �?T�| 4itt@}it�c K 5 ifc �jc |�i h@|�L Lu t�U� ThLM@M�*�|�itc Lh |�i *L}@h�|�4 Lu |�i
h@|�L Lu t�U� ThLM@M�*�|�it� �L|i �? |�i �}�hi |�@| |�i �?uLh4@|�L? T@tti_ |L U�?L_i s2 �t @** |�i
�?uLh4@|�L? @�@�*@M*i |L ��?L_i Sf uhL4 |�i U�@??i* @?_ |�hL�}� �|t ?i�}�MLhtc i U*�_�?} U�?L_i
s2( |�@| �tc L?*) i |h�?t�U �?uLh4@|�L? �t T@tti_� 5�U� i |h�?t�U �?uLh4@|�L? 6��� �t UL4T�|i_
uLh i@U� UL??iU|i_ ��?L_i%U�?L_i T@�h S�*s� @| i@U� �@*u��|ih@|�L?�

y0 (channel sample)

f0 f1 f2

c0

6�}� �� 5�M}h@T� Lu @ A@??ih }h@T� ULhhitTL?_�?} |L @? M 4@|h� ��Lti 3ihL|� UL*�4? �t
d� � � f f ��� foA � A�i @hhL�t �?_�U@|i 4itt@}i T@tt�?} uhL4 ?L_i Sf |L ?L_i s2�

W? |�i L|�ih �@*u �|ih@|�L?c i@U� U�?L_i ThLUittit �|t �?T�| 4itt@}it @?_ T@ttit �|t hit�*|�?}
L�|T�| 4itt@}it _L�? |L �|t ?i�}�MLh�?} ��?L_it� A��t �t _iT�U|i_ �? 6�}� e uLh |�i 4itt@}i
6�fe uhL4 U�?L_i sf _L�? |L ��?L_i Se� A�i �?uLh4@|�L? T@tti_ UL?Uih?t �hEU�iU! i^�@|�L? sf
�t t@|�t�i_ m �?T�| 4itt@}it�c K 5 ifc �jc |�i h@|�L Lu t�U� ThLM@M�*�|�itc Lh |�i *L}@h�|�4 Lu |�i
h@|�L Lu t�U� ThLM@M�*�|�it� �L|ic @t uLh |�i Thi��L�t U@tic L?*) i |h�?t�U �?uLh4@|�L? �t T@tti_ |L
��?L_i Se� 5�U� i |h�?t�U �?uLh4@|�L? 6��� �t UL4T�|i_ uLh i@U� UL??iU|i_ U�?L_i%��?L_i T@�h
s�*S� @| i@U� �@*u��|ih@|�L?�

c0 c1 c2 c4

f0

6�}� e� 5�M}h@T� Lu @ A@??ih }h@T� ULhhitTL?_�?} |L @? M 4@|h� ��Lti 3ihL|� hL� �t
d� � � f � f f ��� foA � A�i @hhL�t �?_�U@|i 4itt@}i T@tt�?} uhL4 ?L_i sf |L ?L_i Se�



�u|ih @ ThitUh�Mi_ 4@ �4�4 ?�4Mih Lu �|ih@|�L?t Lh @u|ih tL4i t|LTT�?} Uh�|ih�L? �@t Mii?
4i|c |�i _iUL_ih UL4T�|it |�i ���c |�i w+c Lh |�i ww+ uhL4 ���U� _iU�t�L?t L? |�i M�|t S�
@hi 4@_i� �?i i @4T*i t|LTT�?} Uh�|ih�L? �t |L t|LT �|ih@|�?} ��i? 	UOA ' fc ��ihi 	U �t @
|i?|@|��i*) _iUL_i_ UL_i�Lh_�

A�i ��� @tt�4it |�@| |�i 4itt@}it T@tti_ @hi t|@|�t|�U@**) �?_iTi?_i?| |�hL�}�L�| |�i
_iUL_�?} ThLUitt� `�i? |�i +� @hi �?_iTi?_i?|c |��t �?_iTi?_i?Ui @tt�4T|�L? �L�*_ �L*_ |h�i
�u |�i A@??ih }h@T� TLttitti_ ?L U)U*it� 6�h|�ihc |�i ��� �L�*_ )�i*_ i @U| ���t ELh w+t Lh
ww+tc _iTi?_�?} L? |�i �iht�L? Lu |�i @*}Lh�|�4� �? |��t U@ti d�fo� OL�i�ihc uLh @ }h@T� Lu }�h|�
�c |�i �?_iTi?_i?Ui @tt�4T|�L? �t L?*) |h�i �T |L |�i �*2�|� �|ih@|�L?c @u|ih ���U� 4itt@}it
t|@h| |L *LLT M@U! L? |�i4ti*�it �? |�i }h@T�<t �@h�L�t U)U*it� 5|�**c t�4�*@|�L?t �@�i t�L�?
|�@| |�i 4itt@}i T@tt�?} @*}Lh�|�4 �t }i?ih@**) �ih) igiU|��i ThL��_i_ *i?}|��uL�h U)U*it @hi
@�L�_i_� w�? i| @*� d�bo t�L�i_ |�@| tL4i UL?�}�h@|�L?t Lu *i?}|��uL�h U)U*it @hi ?L| �@h4u�*�
W| �@t t�L�? �? d��o �L� |�i 4itt@}i�T@tt�?} tU�i_�*i _itUh�Mi_ @ML�i @?_ Mi*L� E|�i tL�U@**i_
�LL_�?} tU�i_�*i� 4@) Mi 4L_��i_ |L 4�|�}@|i |�i ?i}@|��i igiU|t Lu t�Lh| U)U*it�

W? |�i hi4@�?_ih Lu |��t tiU|�L? �i Thiti?| |�i RThLM@M�*�|) _L4@�?� �iht�L? Lu |�i 5��
E���U� UL4T�|it ���t� @?_ �|t *L}�_L4@�? �iht�L?c |�i *L}�5�� E���U� UL4T�|it ww+t�c @t
�i** @t Uih|@�? @TThL �4@|�L?t� ��h |hi@|4i?| UL?t�_iht |�i tTiU�@* U@tit Lu |�i M�?@h) ih@t�hi
U�@??i* E�,��c |�i M�?@h) t)44i|h�U U�@??i* E�5��c @?_ |�i M�?@h)��?T�| �̀ B� U�@??i*
E�W��̀ B����

e�2� �hLM@M�*�|)�#L4@�? 5�� #iUL_ih
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