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1325476*8:9<;>=@?'ACB�DFEFGIHJ9K8�LNM�8:OQP-RTS�9VU�2XW�Y[Z�\]6*9K^5S:Y_=

W�YT9"`-^XM�S:a�b�cdM�8

e 6*RTW�2X^�W%Y*9K8�9<P-8:9"RTM<S:Y*P]RT4d9KZf2XR[W%Y*9"g�P]W�Ph9KZiW%25OQP]W�9<`]9�W%U�9�9KRj2XW�9K8�P]W�25MKRTZik*25RTgJ2XS�P]W�25RT4QW�YTP]W
W�YT9"OQ9�W%Y*MKglYTP-Z�S�MKR*m79�8:4d9KghW�MVP]Rn25RTS�MK8�8�9KS�WFZ�M�^56TW%25M�RocdMK8

p 6*RTW�2X^�Pq^X25OQ25WFM�RjW%Y*9"RT6TOQ`-9K8rMKL325W�9K8�P]W�2XM�RTZ�25Zf8:9�P]S�YT9�gs=

tuRTL&MK8�W%6*RTP]W�9K^5v7kwW%Y*2XZxOQ9KW�YTM�gyg�MK9�ZlR*MKWVP]^5U�P]vdZ[S�MKRTmd9K8�479jW%MjW�YT9jS:M�8:8�9KS�WzZ�M�^X6*W%25MKR_=y{�YT9
8�9KP]ZiMKRq25Z|W%Y*P]W39�8:8�MK8�ZF2XRQW%Y*9r9�Z�W�2XOQP-W%9�ZwMKL}W%Y*9rgJP]W�P<W%9�RTgzW%M~`]9rZi9K^5LN�&8�9K25RTL&MK8�S:25RT4*=CEF8�8�MK8�Zw25RhW�YT9
g�P-W%Pn9�Z�W�2XOQP-W%9�H�8�MKg�6*S:9qPnZi6T`]ZiW%25W�6TW�2XM�R�Z�254dRTP]^oW�YTP-W�W�9KRTgJZzW%MqH�8�MKg�6*S:9qW�YTP-W�Z�P-OQ9Q9�8:8�MKR*9KMK6*Z
9KZiW�2XOQP-W%9<U�Y*9KRng�9KOQM�g�6*^XP-W%9�gs=s{3YT9<9�8:8�MK8�ZuS�MK8�8:9�S:W�9Kg�P]W#9KP]S�Yn25W%9�8:P-W%25MKRnOQ6TZiWFHJ8:M�g�6TS�9(PqR*9KU
Z�6*`]ZiW%25W%6*W%25MKRjZ�2547RTP-^oW�YTP]Ww8�9KZi6T^XW�Zu2XR�Plg�25LNL&9K8�9KR*WwgJP]W�Px9KZiW�2XOQP-W%9zMKR�W�YT9�RT9��7WF2XW�9K8�P]W�25MKR�MK8�W�YT9
g�P-W%Pq9�Z�W�25OQP]W%9"YTP]ZfS:M�RTm79�8:4d9Kg�=
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1325476*8:9<;>= �>BsDFEFGI`-MK6TR*g�Z�P-ZuPqL&6TR*S:W�25MKRjMKL�Z�\]6*9K^5S:Y[W�YT8:9�Z�Y*MK^5gs=

�&� b*6TZi2XR*4uW%Y*9|LNP-g�9Kgz8�9KS�9K25m79�g<Zi2547RTP-^ �&  b¡=T{3YT25Z¢9�Z�W�2XOQP-W%9|MKL}W%Y*9rW�8:P-RTZiOQ2XW�W%9�gVg�P-W%P<OQP-vfS�MKR*W%P-2XR
9K8�8�MK8�Zqg�6T9hW%M�W�YT9lP-g�g�25W�2Xmd9hRTMK25Zi9[P-RTg�W%Y*9lLNP-g�25RT4d�N25RTgJ6TS�9Kg�S�8:M�Z�ZiW%P]^5a�2XR*W%9�8:L&9K8�9�RTS:9�`]9KW�U�9�9KR
W�YT9lZi6T`]S�YTP-RTRT9�^XZd="£�R¥¤�1�¦�§¨OQM�g�6*^XP-W%M�8 � 2XR*m79�8:Zi9[¦�13{3b¢S:P-RyW�YT9KRy`]9Q6TZ�9�g�W%M�HJ8:M�g�6TS�9xP-R
9KZiW�2XOQP-W%9<M�L3W�YT9zW�8�P]RTZiOQ2XW�W%9�g�Z�254dRTP]^ � ;]b3LN8�MKO©W�YT9"25RT25W%25P]^3gJP]W�Pq9KZiW%25OQP]W�9 �&� b¡=3ª�MK8�W%25MKR*Z�MKL3W�YT25Z
9KZiW�2XOQP-W%9zMKL�W%Y*9zW�8:P]R*Z�OQ25W�W%9�g[Zi2X4dRTP]^ � + b3S:P-R�W�YT9KR�`-9zZ�6T`-Z�W�2XW�6TW�9Kgh25RTW�M�W�YT9VLNP-g�9�gxHJMK8�W%25MKR*ZfM�L
W�YT9f8�9KS�9K25m79�ghZ�254dRTP]^TW%MuLNM�8:O«PqS:M�OQH�M�Z�25W%9fZ�254dRTP]^ � , b�=�{�YT9uR*9KU¬S�MKOQHJMKZi2XW�9fZ�2547RTP-^�S:P-Rl`]9f6*Z�9Kg
W�MVOQP]a}9uP]RTM�W%Y*9K8r9KZiW%25OQP]W�9<MKL�W%Y*9<gJP]W�PC=3C25RTS�9<W%Y*9<S�MKOQHJMKZi2XW�9zZ�2547R*P]^�YTP-Z�L&9�U�9K8rLNP-g�9KZikTW�YT9�8:9
Z�Y*MK6*^Xg®`]9l^59KZiZhS:8�MKZiZ�W�P]^5ay25RTW�9K8�LN9�8:9�RTS�9nP-RTg�W%Y*2XZ�ZiYTM�6T^5g�8:9�Z�6*^XW<25R¯P�Zi9KS�MKR*g�gJP]W�P�9KZiW%25OQP]W�9
U�25W%Y[L&9KU�9�8�9�8:8�MK8�Z7=

°�L#W�YT25ZVZ�9�S�MKRTg±gJP]W�Pn9KZiW%25OQP]W�9qYTP-Z(L&9KU�9�8<9K8�8:M�8:ZikoW�YT9�R�PnOQMK8�9hP]S�S:6*8:P-W%9Q9�Z�W�2XOQP-W%9�MKL²W�YT9
^5MKZiW � L&P]gJ9KgJb_Zi2X4dRTP]^�ZiP]OQHJ^X9�Z�S�P]R[`]9zOQP-g�9�=�{�YT9<H�8�9KS�9KgJ2XR*4(ZiW%9�H�Z�P]8�9zW�YT9�Rn8:9�H�9�P]W�9KgQ6TRTW�2X^

³ W�YT9�8:9VP]8�9�RTM(OQMK8�9�9K8�8:M�8:Z � g�9�W%9�8:OQ25RT9�g[`-vhP]R±9K8�8:M�8ug�9KW�9KS�W�2XR*4hS:M�g�9(9�OQ`]9�g�g�9�gnU�25W%YT25R
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1�2X4d6T8�9V;>= , BsDFEFGIHJ9K8�LNM�8:OqP]RTS�9"U�25W�Y�£�Ç~È�=

ÉsÊ É Ë<ÌJÍ]ÎÐÏ�Î
ÑTÒyÓFÌJÌ�Ô3Õ�ÖTÍ]×�Ø�ÑTÙ�Ù Ì�Í-ÚÛÎ
ÑTÒ

£�ZÜ9K�dH�^5P]25RT9�gV2XRzÈ#YTP]HJW%9�8ÞÝ]kJL&P]gJ2XR*4�S:P-6TZi9KZF2XR*W%9�8:L&9K8�9�RTS:9|`-9KW�U�9K9�RzW�YT9|¤~13¦�§ßZ�6*`]S�YTP]R*RT9�^XZd=7£
RT9�UàOQ9KW�YTM�g<Y*P]ZÜ`-9K9KR(gJ9Km79�^5MKH�9�gVW�M|8�9KgJ6TS�9wW�YT25Z²2XR*W%9�8:L&9K8�9�RTS:9J=C{�YT9¢OQ9KW�YTMKg"6TZi9KZ#PfS:M�8:8�9KS�W%25MKR
Z�254dRTP]^oW�YTP-W|25Z"479KR*9K8�P]W�9Kg[L&8:M�OáW�YT9V8:9�S:9�2Xmd9Kg[g�P]W�PxâxPlH�8�MKS�9KZiZVZi2XOQ25^5P]8�W%M(g�9�S:25Zi2XM�R±LN9�9KgJ`]P]S�a
9K\-6TP]^525ãäP-W%25MKR[âhP]R*g�25ZfW�YT9K8�9KL&M�8:9<S�P]^5^X9�gqåTæ�ç:è&é�èNê�ë�ì¡æ�æ:å*í]î�ç�ïQç�êKð�ð�æ:ç�ñòè&êKë � ¦�13ÈFb¡=

ÉsÊ ÉsÊôó Ë"Ì�ÏKÍ-Ù Î
õ3ÚÛÎ
ÑTÒ®Ñ*ö#Ú�÷oÌlø±ÌJÚÛ÷_ÑTÔ

1325476*8:9z;C=ô?]?VZ�YTM�U�Z<PxùTM�U�S:Y*P]8�W¢MKLÜW%Y*9zZ�254dRTP]^oHJ8:M�S:9�Z�Zi2XR*4hZ�W�9KH�ZuU�YT25^X9(1325476*8:9z;C=ô?äúl4725m79�ZVP-R
9K�dP]OQHJ^X9±MKL�W�YT9±U�P-m79�LNM�8:OQZ[P]W�W%Y*9±g�25LNL&9K8�9KR*WqZ�W�9�H�Z[MKLuW�YT9±¦�13ÈûH�8�MKS�9KZiZ�25RT4*=ü{3YT9±¤�13¦�§
OQMKgJ6T^5P]W�MK8xS�MKR*m79�8:W�Z[W�YT9±M�8:254725RTP-^ug�P-W%P � ?äk�1325476*8:9�;>=@?'ú]bf25RTW�M�P]R¬¤�13¦�§ Zi2X4dRTP]^ � ú-b�=ü{�YT9
9KR*m79�^XM�H�9�M�L²W%Y*9l8�9KS�9K25m79�g�Zi2X4dRTP]^ � Ý]b²LNP-g�9KZ�P]R*g�MKS�S:P-Z�25MKR*P]^5^XvnL&P]^5^5Z(`-9K^5MKU«P�¦�13ÈýW�YT8�9KZiYTMK^5gs=
{3Y*9(þ*8:ZiW²ZiW%9�Hl25R�W�YT9z¦~13ÈIH�8�MKS�9KZiZu2XZfW�MVOQP]a�9VP]R�25RT25W%25P]^39�Z�W�25OQP]W%9zM�L3W�YT9zW�8�P]RTZiOQ2XW�W%9�gxg�P]W�P
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132X4d6T8�9<;C= + BsDFE#GI`]MK6*RTg�Z~P]ZfPqLN6*RTS�W%25MKRjM�L}£�Ç�ÈàW%Y*8:9�Z�YTM�^Xg�=

W�YTMKZi9rH�M�8:W�25MKRTZwMKL>W�YT9�MK6*W%HJ6TW_W%Y*P]W3P-8:9�OQMKZiW_RTM�2XZivT=�tuRTL&MK8�W%6*RTP]W�9K^5v7k]W�YT9fP-g�gJ2XW�2XM�RTP]^�g�25ZiW%M�8:W�2XM�R
g�6*9VW�M"9�^X25OQ25RTP]W�2XR*4(W�YT9"Z�2547R*P]^�P]^5Z�MV25RTS�8�9KP]Zi9KZrW�YT9"S�8:M�Z�ZiW%P-^Xa�2XR*W%9�8:L&9K8�9KR*S:9V`]9KW�U�9�9KR[Z�6*`]S�YTP]R*�
RT9�^XZd=fC\]6*9K^5S:Y�S:M�6T^5gj25OQH�8�MKmd9hW%Y*9hHJ9K8�LNM�8:OqP]RTS�9QMKLÜ¤�13¦�§ 25LFW�YT9Q8�9Kg�6*S:W�25MKR�25R�R*MK25Z�9qH�M�U�9K8
S�MK6T^5ghMKL&LNZi9KWFW%Y*9<25RTS�8�9KP]Zi9z25R[S:8�MKZiZ�W�P]^5al25RTW�9K8�LN9�8:9�RTS�9�=

{3YT9zZ�\-6T9K^5S�Y�W�YT8�9KZiYTM�^Xg�25Z<W�YT9�°¡1à+*uG `]9K^5MKU U�YT25S:Y�W�YT9Q8:9�S:9�2Xmd9K8fMK6*W%HJ6TW~25Z<Zi9KWwW�MQã'9K8�M�=
{3Y*9�`-MK6*RTg�ZwLNM�8²^5P]8�479rP-RTgqZiOQP]^5^}`]^5MKS�aQZ�25ãä9�ZwU�9�8:9f9�m7P]^56TP-W%9�gzLNM�8²mdP]8�2XM�6TZwZ�\]6*9K^5S:YlW�YT8�9KZiYTM�^XgJZ
W�M�25RTmd9KZiW%2547P-W%9QW�YT9�9�LNL&9KS�WwM�L#W�YT9�W�YT8�9KZiYTMK^5gnM�R�W�YT9�DFE#G�=�{3Y*9(8�9KZi6T^5W%Zik3ZiYTMKU~R�25R±1325476T8�9(;>= �-k
25RTg�25S�P]W%9�W�YTP]WVZi\]6*9K^5S:Y¬U�25W%YIP¥W%Y*8:9�Z�Y*MK^5g¥M�L�P]`]M�6TWzA¥g�D«°¡1 +*uGûOQ2547YTWzH�8�MKg�6*S:9�P¥Z�OqP]^X^
25OQH�8�MKm79�OQ9KR*W²25RnDFE#GàH�9�8:L&M�8:OQP]R*S:9J=

132X4d6T8�9u;C=ô?äA�Z�Y*MKU�ZrW%Y*9<D#EFGà8�9KZi6T^5W%Z�M�LsPqZi25OQ6T^5P]W%25M�R[6*Z�25RT4qPqZ�\-6T9�^XS�YlW%Y*8:9�Z�Y*MK^5ghP]W#Aqg�D
+*uGr=i£�ZuH�8�9Kg�25S�W%9�g�`-vqW�YT9V`]MK6*RTg�Z�M�R[W�YT9VDFEFGIL&MK8~^XP-8:4d9<`]^5MKS�a[Z�25ã'9KZik>W�YT9V6TZi9"M�LoZ�\-6T9K^5S�YnP-W
Aqg�D¯,*uGIH�8�MKmd2XgJ9KZ�PqZ�OQP]^5^�25OQH�8�MKmd9KOQ9�RTWi=



-�.�/�0�1	2�34�5�6�7�0�3�8�9�:�;�<!="2�3$>%8&3$7'/�;)?�2 +  

Z�254dRTP]^�@&ú>?�k@ú +BA =
£�ZjgJ9KZiS:8�2X`-9Kgà25R ÈFY*P]HJW%9�8lÝ]kfP]OQHJ^X25W%6*g�9�m7P-8:25P]W�25MKRTZn25R W�YT9�8�9KS�9K25m79�g¯`]P-Z�9�`]P]R*gI¤�13¦�§

Z�254dRTP]^uS�P]6TZi9�S�8�MKZ�ZiW�P]^5a¬`]9KW�U�9�9KR W%Y*9±Z�6*`]S�YTP]R*RT9K^5Zd= {�YT9�6*Z�9�MKL~£�Ç~ÈßOQ2547YTWq8�9KgJ6TS�9�W�YT25Z
S�8:M�Z�ZiW%P]^5a3=

£ H�8�MK`-^X9�O U�25W%Yy6*Z�25RT4h£rÇ�È MKR¥P�L&P]g�25RT4�S:Y*P]RTR*9K^²2XZlW�YTP-W"W�YT9[8�9KS�9K25m79�8DC ZQM�6TW�H�6TWfRTMK25Zi9
^59Kmd9K^¢2XR*S:8�9KP-Z�9�ZxP-ZhW�YT9(£�Ç�È P-OQH�^52Xþ*9K8q47P-2XRy2XR*S:8�9KP-Z�9KZQW%MjS�MKOQHJ9KRTZiP]W�9xLNM�8qLNP-g�25RT4T=j¤�13¦�§
P]md9K8�P]4d9KZqW�YT9[RTM�2XZi9xH�MKU~9K8(8�9KS�9K25m79�g�g�6*8:25RT4�W�YT9[`]^5MKS�ayP-RTg�W�YT6TZh9�m79�R¥P�Z�Y*MK8�W"25RTS�8�9KP]Zi9[2XR
RTM�2XZi9uH�M�U�9K8wS�P]R�8:9�Z�6T^5WÜ25RlP(Zi2547RT25þTS�P]R*WoS:M�RTW�8:25`]6*W%25MKRxW%M�W�YT9fP-m79K8�P]4d9fRTMK25Zi9"HJMKU�9�8 =>{3YT9f47P-2XR
MKLTW%Y*9#£�Ç~È�P]OQH�^525þT9K8FOQ6TZiW_W�YT9K8�9KL&M�8:9r`]9�^X25OQ25W%9�g�W�M�H�8�9Kmd9KRTW�^5P]8�479rR*MK25Z�9�S�MKR*W%8�25`]6TW�2XM�RTZ²U�YT9�R
W�YT9[8:9�S:9�2Xmd9Kg�Z�2547RTP-^²6*RTg�9�8:4dMK9�ZhgJ9K9KH�L&P]gJ9KZd=[{3Y*2XZQ47P-2XR¯^52XOQ25Wf8�9Kg�6*S:9�ZQW�YT9[`]P]Zi9K`-P]RTg�RTMK25Zi9
MK6*W%HJ6TWÜgJ6T8�2XR*4(gJ9K9�HlL&P]gJ9KZr`-6TWÜ25RTS�8:9�P]Zi9KZrW�YT9f25RTW�9K8�L&9K8�9KRTS�9"`]9�W%U�9�9KR[Zi6T`]S�YTP-RTRT9�^XZr`]9�S:P-6TZ�9fM�L
^52XOQ25W%9�g�S�MK8�8:9�S:W�2XM�RjM�L3W�YT9VLNP-g�25RT4T=s{3Y*2XZ�W�MKH�25S�Y*P]Zr`]9K9�RjZ�W�6TgJ2X9�g�LNM�8�W�YT9"¤�1�¦�§FEò>CDIS�YTP-RTRT9�^
@¡? A =

{3YT9f£rÇ�È W%Y*8:9�Z�Y*MK^5g�2XZzW�YT9Q+*uG `]9K^5MKU U~YT25S:Y�W�YT9u£�Ç�È¬47P]25R�2XZzþ*�79�gs=f{3Y*9�`-MK6*RTg�ZVL&MK8
^5P]8�479qP-RTg�Z�OQP]^5^Ü`-^XM�S:a�Z�25ãä9�Z � Zi9K9�È#YTP]HJW%9�8   bFU�9�8:9�S�MKOQH�6*W%9�gjLNM�8VmdP]8�2XM�6TZ~£�Ç�È W�YT8�9KZiYTM�^XgJZ
W�M�25RTmd9KZiW%2547P-W%9QW�YT9�9�LNL&9KS�WwM�L#W�YT9�W�YT8�9KZiYTMK^5gnM�R�W�YT9�DFE#G�=�{3Y*9(8�9KZi6T^5W%Zik3ZiYTMKU~R�25R±1325476T8�9(;>= + k
25RTg�25S�P]W%9VW�YTP-W�£�Ç~È¯U�MK6*^XglRTM�W#Z�2547R*2Xþ*S:P-RTW%^5v(25OQH�8�MKmd9<W%Y*9zDFE#GàH�9�8:L&M�8:OQP]R*S:9VM�L3W�YT25Z�Z�vdZ�W�9KO�=

{3YT9fDFEFGIH�9�8:L&M�8:OQP]R*S:9uMKL�W%Y*9z¤�13¦�§'Eò13§áZiv7ZiW%9�O U�25W�Y�£�Ç~È¯U�P]Z�9KmdP]^56TP-W%9�ghU�2XW�Y[Z�25OQ6T�
^5P]W�2XM�RTZ7=J£�Ç�È�W�YT8:9�Z�Y*MK^5g�Z|MKL�Azg�D¥,*uG®P]RTgj?-?�g�Dy+*uG®U�9K8�9fW%9�Z�W�9Kg�=C{3YT9f8:9�Z�6*^XW�Z�k�ZiYTM�U�Rx2XR
1325476*8:9q;>= , k�Z�Y*MKU Plg�9K4d8:P-g�P]W�25MKR�MKLÜZ�9�m79K8�P]^ÞgJDüU~2XW�Y�P-Rl£�Ç~È W�YT8:9�Z�Y*MK^5gnP-W~AxgJD +*uG P]RTg
RT9�47^52X4d25`]^59V25OQH�8�MKm79�OQ9KR*W#U~2XW�Y�PqW�YT8:9�Z�Y*MK^5glP]W�?-?fgJD¯+*uG�=

ÉsÊ G HJI�KoÌ�L Í]÷

{3Y*9(8�9KS�9K25m79�8DC ZuZ�\]6*9K^5S:YjS:258:S�6T25Ww25Z<gJ9KZi2X4dRT9�gxW�M�ZiYT6TWwMKL&LoW�YT9VP]6TgJ2XM�M�6TW�H�6TW¢U�YT9�R�RTM<Z�2547RTP-^o25Z
`]9�2XR*4�8�9KS�9K25m79�gs=�C\-6T9�^XS�Y¥2XZQRTM�8:OQP-^X^5v�6*Z�9Kg�P-ZqP�S�MKR*m79�RT259KRTS�9�LNM�8QW�YT9�6TZ�9�8�P-RTg�W%M�8�9Kg�6*S:9
H�M�U�9K8~S�MKR*Z�6TOQHJW%25MKR_=

C\]6*9K^5S:Y�8:9�g�6TS�9KZ(W�YT9lP-m79K8�P]4d9lRTMK25Zi9�H�M�U�9K8(M�6TW�H�6TWrM�L|W�YT9Q8�9KS�9K25m79�8z`]9KS�P]6*Z�9l25Wf8:9�OQMKmd9KZ



M�N�O�P�Q	R�ST�U�V�W�P�S�X�Y�Z�[�\!]"R�S$^%X&S$W'O�[)_�R + Ý

W�YTP]Wu`]^5MKS�ay25RTW�9K8�^X9�P]md2XR*4�25RTS�8:9�P]Zi9KZ�W%Y*9nS�MK8�8�9KS�W%9�g�`]25W"9K8�8:M�8(8:P-W%9lMKLwW�YT9[GFIS�MKgJ9x`]v�P�m79�8:v
Z�OqP]^X^sP]OQMK6*RTWi=�{3YT25Zf25ZfU�YTP]W#U�M�6T^5gx`-9<9��7H�9�S:W�9Kg�25L_W�YT9z9�8:8�MK8�ZrU�9K8�9<P-^X8�9KP-g�vqP]H�HJ8:M��725OQP]W�9K^5v
8�P]RTgJMKOQ^5v"gJ2XZiW%8�25`]6TW�9KgzU�25W%Y*2XRQW�YT9�¤�13¦�§©`]^5MKS�a3=�{3Y*9�Zi6T`-�N`-^XM�S:a(^59KRT4dW%YhU�P]Z²S�YTM�Z�9�RlW%M~`]9rW�YT9
Z�OqP]^X^59�Z�WF25RTW�9K4d9K8�4d8:9�P]W�9K8~W�YTP]RjW�YT9"Zi\]6TP-8:9V8�MKMKWÜMKL�W%Y*9<R*6TOQ`]9�8�M�L3`-2XW�Zr25RnW�YT9VS:M�g�9<U�MK8�gs=
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N=1024

N=4096

RS with interleaving
RS

BCH
No FEC

132X4d6T8�9<;C= ;CBsDFE#GIH�9K8�L&MK8�OQP]RTS�9"U~2XW�Y�13EFÈàS:M�g�25RT4T=

ÉsÊ a bcKoÚ�Ñed�Ö*ÚÛÎ
Ígf<ÖTÎ
ÒyØ�ÑTÒ_ÚÛÙ�ÑeL

{3Y*9<H�6T8�H�M�Z�9<MKL�P]R�P]6*W%M�OQP]W�2XS|47P]25RnS:M�RTW�8:M�^ � £�Ç�È#b_S:258:S�6T25WF2XZ�W%MV25RTS�8:9�P]Zi9zW�YT9"8�9KS�9K25m79�8DC Z�47P-2XR
g�6*8:25RT4zL&P]g�9�Zr25RlMK8�g�9K8wW�M"a�9K9KHQW�YT9f8�9KS�9K25m79�8~M�6TW�H�6TWÞ^X9�m79�^CS:M�RTZ�W�P]R*W�=�£rÇ�È¥25Zr25OQH�^59�OQ9KRTW�9KghP-Z
P]R±P]OQHJ^X25þT9�8uU�YTM�Z�9(4dP]25R�25Z<S�MKR*W%8�MK^5^59Kgj`]vQW%Y*9�8:9�S:9�2Xmd9Kg[Z�2547RTP-^o^59Kmd9K^�=_£�Ç�È 25Z"RTMKWwRTMK8�OQP]^5^5v
8�9K\]6*2X8�9Kg±`]v[13§ 8�9KS�9K25m79�8:Z�`-9KS�P]6TZi9KkÞP]Z�Z�YTM�U�R®`-vnW�YT9l,* S:6*8:md9KZ � 1325476*8:9 � = , kÞHs= � Ý]b&k#W�YT9
MK6*W%HJ6TWrZ�2547R*P]^Ü^X9�m79�^Ü25ZzS�MKR*Z�W�P]RTW�U�YT9�R®W�YT9Q°�1à,*uGý2XZzP-`]M�m79QW�YT8�9KZiYTMK^5gs=ih"MKU�9�m79K8�k*£�Ç�È 25Z
8�9K\]6*2X8�9KgàLNM�8�C>D«8:9�S:9�H�W�2XM�R¬M�L�LNP-g�25RT4�Z�254dRTP]^5ZnW�Mj8:9�g�6TS�9�W�YT9±gJ2XZiW%M�8:W�2XM�RüMKL�W�YT9j`]P]Zi9K`-P]RTg



j�k�l�m�n	o�pq�r�s�t�m�p�u�v�w�x�y!z"o�p${%u&p$t'l�x)|�o + ú

0. 20 40. 60. 80 100. 120 140
Number of Bits Corrected

0. 0.1 0.2
10

10

10

10

10

-4

-3

-2

-1

0
W

or
d 

E
rr

or
 R

at
e

Fraction of Bits in Word Corrected

N=4096 (Tfd=10.24)
Word Size: 512 bits}

10dB

Simulation

15dB

MC Integration

20dB

25dB

1325476*8:9<;C= � B�~±EFGàP]ZfLN6*RTS�W%25MKRxMKL3S�MK8�8�9KS�W%9�gl9�8:8�MK8�Z�L&M�8�`-^XM�S:a[Zi2Xã'9<M�L   A-�];qZ�P]OQHJ^X9�Z7=

13MK8¢P(`-^XM�S:aQZ�25ã'9uM�L#?äA]ú   W�YT9"DFÈ�hýS�MKg�9rYTP-Z~P(U�M�8:gQZ�25ãä9rM�L � ?]?r`]25W%Z|P]RTg�6TZ�9�Z|ú � ú�HJP]8:25W�v
`]25W�ZzW%M(S:M�8:8�9KS�Wr6THnW%M(ú , `]25W�9K8�8:M�8:Z��'=r{3Y*9qGF®S�MKgJ9qYTP]Z<PnU�M�8:g�Zi25ãä9�MKLÜ;]Ýn;-�N`-2XW~gJ2X4d2XW�Z � Ý +-,
`]25W�Z�b#P]RTg�6TZi9KZVÝ]ú[H�P]8�25W%v�g�254725W%Z(W�MQS�MK8�8:9�S:W|6TH�W%Mj?ä;ngJ2X4d2XW�ZVS�MKR*W%P-2XR*2XR*4[9�8:8�MK8�Z7=F£�47P-2XR*kÞ`-MKW�Y
S�MKg�9�Zw4725m79~P-H�HJ8:M��725OQP]W�9K^5v"W%Y*9rZiP]OQ9�HJ9K8�LNM�8:OqP]RTS�9�=>{�YT9Kvu8�9KgJ6TS�9�W�YT9�8:9�\]6T258�9Kgz+*uG�`-vfP]`]M�6TW
úxgJDüP-W~PxD#EFG¬M�L|?äA+���¡k�úC= � g�D¬P]W<?äA)����k�P]RTgnÝlg�D P]W<?äA)����=o£�Zu`]9KL&M�8:9�ksW�YT9�S�MKgJ2XR*4h47P]25R�25Z
P]`-MK6TWFÝqgJD¯^X9�Z�Zd=

DF^XM�S:an25RTW�9K8�^59KP]md2XR*4Q2XZfPxOQ9�W%Y*MKgl6*Z�9KgxMKR�`]6T8�ZiW%�&9K8�8:M�8�S�YTP]R*RT9�^XZuW�M�HJ8:M�g�6TS�9(PhOQMK8�9z9�m79�R
g�25ZiW%8�2X`-6TW�2XM�R MKL�9�8:8�MK8�ZxU�25W�YT25R¬P®`-^XM�S:a�=à{3Y*9�`-^XM�S:aI25Zl^XM�4725S:P-^X^5v®gJ2Xmd2XgJ9Kg¥25RTW�MjP¥R*6TOQ`]9�8�M�L
Z�6*`]�&`]^5MKS�a}Zd=¥°¡RTZ�W�9KP-g¥MKL�W�8�P]RTZiOQ2XW�W%25RT4±W%Y*9±`]25W%Zl25R W�YT9�`-^XM�S:aàZi9K\-6T9KR*W%25P]^5^5v7k�W�YT9jþT8�Z�W(`-2XWVM�L
9KP-S:YàMKL�Zi6T`-�N`-^XM�S:a¥2XZlW�8�P]RTZiOQ2XW�W%9�g�kwL&M�^X^5MKU�9�gy`]v±W%Y*9[Z�9�S:M�RTgy`-2XWVMKL~9KP-S:Y¯Zi6T`-�N`-^XM�S:a�k|P-RTg�Z�M
MKR_=�{3YT25ZfHJ8:M�S:9�g�6T8�9uYT9�^XHJZ�W�MVZ�HJ8:9�P]gh9�8:8�MK8~`]6*8:ZiW%ZrP]OQM�RT4qW�YT9"Zi6T`]�&`]^5MKS�a}Zd=�1�2X4d6T8�9V;>= ;qZiYTMKU~Z

���)���������%�������e�J�����������%�����+�����%�%�����%�,�D�����%�%� �%�)�%��¡D�D¢£�¤���,�¥�¦¢¨§����¥�£©«ª¬��e����®°¯���±�²�³����¥¢¨�´©¶µD¢¨�%��·
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Fraction of Bits in Word Corrected

N=1024 (Tfd=2.56)Ë
Word Size: 128 bits}

10dB

Simulation

15 dB MC Integration

20 dB

25 dB

1325476*8:9<;C=   B�~±EFGàP]ZfLN6*RTS�W%25MKRxMKL3S�MK8�8�9KS�W%9�gl9�8:8�MK8�Z�L&M�8�`-^XM�S:a[Zi2Xã'9<M�L¢?äA-ú   Z�P]OQHJ^X9�Z7=

P]R*g�W�YT9Vg�9�S:M�g�9K8wMK6*W%HJ6TW%Z�W�YT9V`]25W%Z�P]ZfW%Y*9KvzU�9�8:9z8�9KS�9K25m79�gs=
132X4d6T8�9<;C= ;�Z�Y*MKU�ZuW�YT9"9�LNL&9KS�WwM�RjW%Y*9zDFE#GIH�9K8�L&MK8�OQP]RTS�9VMKLo6*Z�25RT4q8�P]W%9ÍÌÎfG# � `]6*8:ZiW%�&9K8�8:M�8:b

P]R*gxDFÈ�h � 8�P]RTgJMKOQ�&9K8�8:M�8:b�S:M�g�9�Z"U�25W�Y�¤�13¦�§ `-^XM�S:a[Zi2Xã'9KZuM�L|?äA]ú   ZiP]OQHJ^X9�Z �ÐÏÒÑÔÓÖÕ ú>= � ;]k � ?äú
`]25W�Z�b_P-RTg   A]�-;QZiP]OQHJ^X9�Z �Ð×ÙØ�ÚÜÛ ?äAC= ú   k>ú]A   , `-2XW�Z�b¡=

13MK8zP�`-^XM�S:a�Z�25ã'9xM�L   A]�-;�W%Y*9lDFÈ�h S�MKg�9lYTP]ZqP�U�MK8�g±Z�25ãä9lMKLwú-A   + `-2XW�ZqP-RTg�6*Z�9KZ�?'A]ú]Ý
H�P-8:25W%vu`]25W%Z¢W�M�S:M�8:8�9KS�W�6*H�W�M��]Ý"`]25W39K8�8:M�8:Z�Ý'=C{3Y*9�G#�S:M�g�9rYTP]Z¢P<U�MK8�gzZ�25ã'9rMKL>ú �]�V� , �N`-2XW�b>`-v7W�9KZ
� ú]A   Aj`-2XW�Z�b#P]R*g�6*Z�9KZl?'ú , H�P]8�25W%v�`]v7W�9KZzW�MQS:M�8:8�9KS�Wr6THnW%MQ;   `]vdW%9�Z(S�MKR*W%P]25RT25RT4h9K8�8:M�8:Zd=<D#MKW�Y
S�MKg�9�Zw4725m79~P-H�HJ8:M��725OQP]W�9K^5v"W%Y*9rZiP]OQ9�HJ9K8�LNM�8:OqP]RTS�9�=>{�YT9Kvu8�9KgJ6TS�9�W�YT9�8:9�\]6T258�9Kgz+*uG�`-vfP]`]M�6TW
úqg�D¯P-WFPhDFEFG¥MKL¢?'A+Þàß¡kTÝqg�D¯P-W�?'A+á�â�k}P-RTg   gJD¯P]W�?'A+ã�ä�=s{3Y*9u25OQH�8�MKm79�OQ9KR*W²25RnEÙå�æ�*èç � W%Y*9
S�MKg�25RT4h4dP]25RTbo25Z<Ýhg�D U~MK8�Z�9zW�YTP]R�W�YT9�Z�9zm7P-^X6*9KZ"`-9KS�P]6TZi9zW%Y*9�S:M�g�25RT4hP]HJH�8�MK�d2XOQP-W%9�^XvQg�M�6T`-^X9�Z
W�YT9"9KR*9K8�47vqH�9K8~25RTL&MK8�OQP]W�2XM�R[`]25W�=

éëê)ì�í�î�ï�ð%ñ�î�ò�óeôJõ�ï�ö�÷�í�ð%ì�î�ð+ï�ö�ø%ø%í�ï�ð%ù)ñ�úÙð%ö�û�ü«í�ø%ø%ö�ø%ù+ú�ø%ö ý�î�ýDò¨þ�ø%í�ÿ�ñ��¨ø%í�ù��¬í��,í�øJú�î�ø��¨ð´þ¶ý��¨ð´ù��
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Fraction of Bits in Word Corrected

N=256 (Tfd=0.64)Ë
Word Size: 32 bits}

10 dB

Simulation
15 dB MC Integration

20 dB

25 dB

1325476T8�9<;C= ÝCB�~±E#G¯P-ZrL&6TRTS�W%25M�R�M�L3S�MK8�8:9�S:W�9Kg�9K8�8�MK8�Z�L&MK8~`]^5MKS�a[Z�25ã'9<MKL�ú � ;QZiP]OQHJ^X9�Z7=

ÉsÊ 2sÊ 3 46587:9|Ì�Ù�ö%ÑTÙ�d�ÖTÒoÍ-ÌhÑTö;4 LòÑTÍ-×�Ø~ÑTÔ3Ì�Ï

£�OQM�RT4VW�YT9"OQMKZiWÞH�MKHJ6T^5P]8|13EFÈy`]^5MKS�alS�MKgJ9KZ�P-8:9"W�YT9f`-2XR*P]8�v(DFMKZi9K�&ÈFYTP-6TgJYT6T8�2X�%h<M�S:\-6T9KR*47Y*9KO
� DFÈ�h<b²P-RTg�G#9K9�g��&CMK^5MKOQM�R � GFCb²S�MKg�9�Z'@&;]� A =w£û`]25RTP]8�vxDFÈ�h `]^5MKS�a±S�MKgJ9�6*Z�9KZVS�MKgJ9KU�M�8:gJZ(M�L<>=@?BA `]25W%Zd=V{}MqP]^5^XM�U S:M�8:8�9KS�W�2XM�R�M�L²6TH�W�MDCw9K8�8�MK8�Z�k_P]WrOQM�Z�W)EGF²MKL²W�YT9�Z�9h`-2XW�ZzP]8�9Q6TZ�9�g±L&MK8
H�P-8:25W%v�P]R*g<W%Y*9¢8�9KOQP]25RTgJ9K8#S�P]R�`-9¢6TZ�9�gVLNM�8Üg�P]W�PC=-£¥GF9K9�g��&CM�^XM�OQMKR � GFCb�S�MKg�9~6*Z�9�Z#S:M�g�9�U�MK8�g�Z
MKLIH>J@KBLNMV�&`]25W|gJ2X4d2XW�Zd=u{}MzP]^5^XM�U S�MK8�8:9�S:W�25MKR�MKLÜ6THjW�MDOFg�254725W%ZikQP>RFMKLÜW%Y*9�g�254725W%Z(P-8:9�6*Z�9KgjL&MK8
H�P-8:25W%v*=�GF¥S:M�g�9KZqP]8�9lMKL&W�9KR�6*Z�9�g�LNM�8V`-6T8:ZiWf9K8�8:M�8(S:Y*P]RTR*9K^5Z(`]9�S:P-6TZ�9lW�YT9�vnS:P-RyS�MK8�8:9�S:WfP]RTv
RT6*OQ`]9�8�M�L3`-2XW²9K8�8�MK8�Z�25Rn9�P]S�Yng�254725Wi=

{3YT9f9KL&LN9�S:WÜM�L�6TZ�25RT4z13EFÈyMKRx¤�13¦�§áU~P]Z�W�9KZiW%9�gQ6*Z�25RT4(W�YT9f9�\]6*2XmdP]^59KRTWÜ`]P]Zi9K`-P]RTgQS�YTP-RTRT9�^
Z�25OQ6T^5P]W�25MKRo=T13M�8_Z�25OQH�^52XS�25W%vdkdW�YT9²8:9�S:9�2Xmd9Kgfg�P-W%Pr`]25W�ZÜU~9K8�9¢S:M�8:8�9KS�W%9�gf`-v~S�MKOQHJP]8�2XR*4~W%Y*9KO W%M²W�YT9
W�8:P]R*Z�OQ25W�W%9�g�gJP]W�P(25RTZiW%9�P]g(MKLT2XOQHJ^X9�OQ9KR*W%25RT4"W�YT9�P]S�W%6*P]^TS�MKgJ9K8�ZwP]RTg�g�9KS�MKgJ9K8�Z7=C{3Y*2XZ²P]H�HJ8:M�P]S�Y
P]ZiZ�6*OQ9KZ�W%Y*P]W�U~YT9KR�P]Ry6TRTS�M�8:8�9KS�W%P-`]^59h9K8�8:M�8V25Z�g�9KW�9KS�W�9Kg�RTM�9�8:8�MK8<S:M�8:8�9KS�W�2XM�R®25ZqP-W%W�9KOQHJW%9�g



S�TU�V�W�X�Y�Z�[�\�]�V�Y�^!_#`%a'b)c*X�Y,d-^.Y,]/U#a1e�X ;-�

H�P-W%W�9K8�RTZ�2XR*W%8�MKgJ6TS�9Kgl`-vzW%Y*9zS�YTP]R*RT9�^%=C13EFÈàYTP]Zr`]9�9KRx6TZi9Kg�LNM�8�OQM�`]25^X9<8�P]gJ2XMugJP]W%P�S:M�OQOQ6TRT25�
S�P]W%25M�Rn`]9�S:P-6TZ�9"W%Y*9"H�8�MK`]P-`]25^X25W�v�W%Y*P]W²9K8�8�MK8�Z�U�25^5^�MKS�S:6*8�25RnPq^5MKR*4QgJP]W�PqW%8�P]R*Z�OQ25Z�Zi2XM�Rj25Zr\-6T25W%9
YT2547Y @&; ,àA =

ÉsÊ 2sÊôó f�ÌJÏKÚ�ÎÐÒhgxÚ�÷oÌji:Ò_Ô3Ì�õ3ÌJÒoÔ3ÌJÒoÚ65|Ù Ù�ÑTÙ bwÏKÏ�K d�õ3ÚÛÎ
ÑTÒ

{}MuHJ8:9�g�25S:WÜW%Y*9fH�9�8:L&MK8�OQP]R*S:9VM�LsP-Rn13E#È¯`]^5MKS�alS�MKgJ9u2XW#25ZrYT9�^XHJLN6*^�W%Mua}RTM�U¬W�YT9"g�25Z�W�8:25`]6*W%25MKR[M�L
W�YT9fR*6TOQ`]9�8~MKL�`]25WÞ9�8:8�MK8�Z~H�9�8wS:M�g�9uU~MK8�gs=�°�R�ÈFYTP-H�W%9�8 � 2XWÞU~P]Z�Z�Y*MKU�RhW%Y*P]WÜW%Y*9f2XR*g�9�H�9KR*g�9�RTW
9K8�8�MK8uP]ZiZ�6TOQHJW%25M�R�S�MK6T^5gn`]9h6*Z�9�g�W�MQHJ8:9�g�25S:WwW%Y*9 ~±EFG¬L&M�8V¤�13¦�§'Eò13§®=�°¡R±W%Y*2XZ<Z�9�S:W�2XM�R�25Wr25Z
Z�Y*MKU�R�W%Y*P]W²W�YT9�25RTg�9�H�9�RTg�9�RTW¢9K8�8:M�8�P]ZiZ�6*OQH�W�2XM�R�S�P]R±`]9z6*Z�9�glW�M�HJ8:9�g�25S:W²W�YT9�gJ2XZiW%8�2X`-6TW�2XM�R�M�L
W�YT9"RT6TOq`]9K8rMKL�9K8�8:M�8:ZrH�9�8�U�M�8:gQP]RTglW%Y*6TZrW�YT9zHJ9K8�LNM�8:OqP]RTS�9"M�L3P]R[13EFÈ¯`-^XM�S:a[S�MKgJ9�=

°�L"`-2XWQ9�8:8�MK8�Zn2XR PIS�MKgJ9�U�MK8�g MKLlky`-2XW�Z�MKS�S�6T8x2XR*g�9�H�9KR*g�9�RTW�^Xv¯U�25W�Y HJ8:M�`]P]`-2X^525W%vnmdkuW�YT9
H�8�MK`-P]`]25^52XW�v�MKLpo|9�8:8�MK8�Z�krqtsvu�w�x&k}25Zf`]25RTM�OQ2XP-^X^5v(g�25Z�W�8:25`]6*W%9�gsB

y{z'|�}>~������ �>���������;���1�������>� �������>�
°¡Ws2XZ²RT9KS�9KZiZ�P-8:vrW%M~P]m79�8:P-479|MKmd9K8ÜW�YT9�`]^5MKS�azDFE#GFZ¢W�M�HJ8:9�g�25S:W�W%Y*9|P]m79�8:P-479rgJ2XZiW%8�25`]6TW�25MKR�`]9�S:P-6TZi9
W�YT9zD#EFG ��� b_U�25^X^�`-9zg�25LNL&9K8�9KR*WwL&M�8�9KP-S:Y�`]^5MKS�a3=Ü{3Y*2XZfU~P]Z"gJMKRT9V`-vhP]md9K8�P]4725RT4D t¡v¢�£�¤_6TZ�25RT4G¥�C Z
479�RT9�8:P-W%9�glU�25W%Y[W�YT9"§nMKR*W%9��NÈ#P]8:^5MV2XR*W%9�478�P]W�2XM�RnH�8�MK4d8:P-O�=

£yZi25OQ6T^5P]W%25M�RVU�P]ZoW�YT9�R(8�6TR<P]R*g�W�YT9²P]S�W%6*P]^-gJ2XZiW%8�25`]6TW�25MKRzM�L]W�YT9²RT6TOQ`-9K8�MKL�9�8:8�MK8�Z_H�9K8_U�MK8�g
U�P]ZqOQ9KP]Zi6T8�9Kg±W%M�m79�8:25L&v�W%Y*9l8:9�Z�6*^XW�Z(MK`]W�P]25RT9�g�U�25W�YyW%Y*9n`-2XR*MKOQ25P]^FgJ2XZiW%8�2X`-6TW�2XM�RyH�8�9KgJ2XS�W�2XM�Ro=
{3Y*9<Z�25OQ6T^5P]W�2XM�RxH�8�MK478�P]O©479KR*9K8�P]W�9KgQPqþT^59<MKL�9K8�8:M�8:�&L&8:9�9<8�6TRx^59KRT4dW%Y*Z�P]RTghPqZ�9�S�MKRTg�H�8�MK478�P]O
W�YT9KR[S:M�OQH�6TW�9Kg�W�YT9"g�25Z�W�8:25`]6*W%25MKRjMKL�W%Y*9<R*6TOQ`]9�8~MKL�9K8�8:M�8:Zr2XRj9KP]S�YnU�M�8:g�=

132X4d6T8�9KZ(;C= Ý]k#;C=   P]RTg±;C= � S:M�OQH�P-8:9�W�YT9�OQ9KP]Zi6T8�9Kg±P]RTg�S�MKOQHJ6TW�9Kg�g�25Z�W�8:25`]6*W%25MKR*Z7=Q{3Y*9KZi9
478�P]HJYTZxZ�YTM�U�ZxW�YT9±8�9KZi6T^XW�ZxLNM�8�`]^5MKS�aàZ�25ã'9KZnMKL�ú � ;]kV?äA]ú   k~P-RTg   A-�];®ZiP]OQH�^59�Z � RTM�8:OQP-^X25ã'9Kg
g�6*8:P-W%25MKR*Z�kt¦I§#¨�k}M�L3AC= ;   k�úC= � ;�P]RTgn?äAC= ú   b�=s°�R�9KP-S:YlS:P-Z�9"W�YT9f`-2XW�Zr25RlW%Y*9"`]^5MKS�ahU~9K8�9<Z�HJ^52XWÜ2XR*W%M
L&MK6T8VU~MK8�g�Z7=q{3YT9lZ�25OQ6T^5P]W�2XM�R®^59KR*47W�Y®U�P]Zj?äk   +   k � ;]A�`-2XW�ZqL&M�8V9KP-S:Yy¤�13¦�§ `]^5MKS�a�Z�25ãä9J=q{�YT9
g�25ZiW%8�2X`-6TW�2XM�RTZ~M�`]W�P]25RT9�g�L&8�MKO«W%Y*9fZ�25OQ6T^5P]W�2XM�RTZwP]8�9fm79�8:v"S�^XM�Z�9fW�MfW�YTM�Z�9rM�`]W�P]25RT9�gQ`]v"P]ZiZ�6TOQ25RT4
25RTg�9�H�9�RTg�9�RTWF9�8:8�MK8�Z�U~2XW�YT25R[P�`-^XM�S:a�=
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1325476*8:9u;>= ú>BsDFEFGIHJ9K8�LNM�8:OqP]RTS�9VU�25W%Y[P]RTghU�25W�YTMK6*W²Z�U�25W%S�YT25RT4�gJ2Xmd9K8�Z�25W�vT=�¼#½6¾¥ú-A h<ã]=

CU�25W%S�YT25RT4rg�25m79�8:Zi2XW�v�P]^5Z�Mw25OQH�8�MKm79�Z²W�YT9²DFEFG�HJ9K8�LNM�8:OqP]RTS�9|M�L�13À¿¯Z�vdZ�W�9KOQZ#`]6*W�W�YT9|HJYTP]Zi9
W�8:P]R*Z�259KR*W"gJ6T9xW�MlZiU�25W%S�YT25RT4ÂÁ%S�P]6TZi9KZqP�YT2547Yy9�8:8�MK8qH�8�MK`-P]`]25^52XW�v�L&M�8(P�`]25Wf8�9KS�9K25m79�g�g�6*8:25RT4�P
Z�U~2XW�S:Y1Ã�@&; +�A =�£�ZrZ�YTM�U�Rx`]v�W�YT9"8:9�Z�6*^XW�Z�25Rn1�2X4d6T8�9V;>= ú-k}¤~13¦�§FE 13§ gJMK9�Z�RTMKW#Zi6TL&L&9K8~LN8�MKOßW�YT25Z
H�8�MK`-^X9�O�=_13MK8rPhú]A h<ãu¦�M�H�HJ^X9�8r8�P]W%9zP-RTgxPhZ�U�25W�S:Y*2XR*4�W%Y*8:9�Z�YTM�^XglM�L|?äAhgJD¯`]9K^5MKU W�YT9VOQ9KP]R*k
9K\-6TP]W�25MKR�úC=   4725m79�ZuPx^59Kmd9K^_S�8:M�Z�Zi2XR*4h8:P-W%9zMKLÜP]`-MK6TWu?   h<ã<U�YT25S:Y�S�MK8�8:9�Z�H�M�RTgJZ"W�M�M�RT9�ZiU�25W%S�Y
9Kmd9K8�v<ú , A(`]25W%Z�P]WÞW%Y*9   A-A]A(`]HJZ|`]25W#8:P-W%9J=]£ YT2547Y�`]25WÞ9�8:8�MK8wHJ8:M�`]P]`-2X^525W%vVP]WÞ9KP-S:YlZ�U�25W�S:Y[U~MK6T^5g
YTP-m79"8�9KZi6T^XW�9�gl2XR[PhOQ6TS�YnY*2X4dYT9K8~D#EFGILNM�8~W%Y*9<¤~13¦�§FE 13§ Ziv7ZiW%9�O�=

ÉsÊ 2 ÓFÑ*Ù'ÄQÖTÙ�Ôn5|Ù�Ù Ñ*ÙzØ�ÑTÙ�Ù ÌJÍ]ÚÛÎ
ÑTÒ®Ø�Ñ*Ô3Î
Ò�g
13M�8:U�P-8:gn9�8:8�MK8uS�MK8�8:9�S:W�2XM�R � 1�EFÈFbÜS�MKgJ2XR*4h2XZz6*Z�9�g[2XR±OQP-RTvlgJ2X4d2XW�P]^_S�MKOQOQ6TR*2XS�P]W�2XM�R�Ziv7ZiW%9�OQZ7=
13EFÈ«S�MKgJ2XR*4�P]gJg�ZlHJP]8:25W�v±`]25W�ZxW�MjW�YT9�gJP]W�P®W�MjP]^5^5MKU W%Y*9�8�9KS�9K25m79�8hW�MjS:M�8:8�9KS�W<S�9K8�W%P]25R 9�8:8�MK8
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g�25ZiS:M�RTW%25RT6*2XW�v"S�8�9KP]W�9KZFP(RTM�2XZi9~2XOQHJ6T^5Z�9~25RhW�YT9�8:9�S:M�m79�8:9�g(`]P]Zi9K`-P]RTgVZi2X4dRTP]^}M�L>P]Rh1�§©8�9KS�9K25m79�8 =
CU�25W�S:Y*2XRT4�g�25m79�8:Zi25W%v�25ZhU�9�^X^|Zi6T25W%9�g�W%MxP�OQMK`]25^59n8:P-g�25M[Ziv7ZiW%9�O 6TZ�25RT4�¤�1�¦�§ Z�25RTS�9[¤�13¦�§
S�P]R[P]md9K8�P]479fM�6TW#W�YT25Z�25OQH�6T^5Zi2Xmd9"RTM�2XZi9�=C{3YT9<9�LNL&9KS�WÜMKL�6*Z�25RT4(ZiU�2XW�S�YT25RT4zgJ2Xmd9K8�Z�25W�v�M�R[W�YT9"DFE#G
H�9�8:L&M�8:OQP]R*S:9�M�L|¤~13¦�§FE 13§ U�P]Z(9K�dP]OQ25RT9Kg�`]vnZi25OQ6T^5P]W%25RT4nP�ZiU�25W%S�YT25RT4jg�25m79K8�Zi2XW�vj8�9KS�9K25m79�8 =
{TU�M�6TRTS�M�8:8�9K^5P]W�9KgjLNP-g�25RT4[U~P]m79�LNM�8:OQZzU~9K8�9h479�RT9K8�P]W�9KgjP]R*g�W�YT9Q8:9�S:9�2Xmd9K8"Z�U�25W�S:Y*9Kg�`]9KW�U�9�9KR
W�YT9"Z�2547R*P]^5ZuU�Y*9KRxW�YT9zZi2547RTP-^�^X9�m79�^�MKRxW�YT9zS�6T8�8:9�RTWÜP]R*W%9�RTRTPhg�8�MKHJH�9�g�`]9�^XM�U PhW%Y*8:9�Z�YTM�^Xg�=

{3YT9f9KL&LN9�S:WFMKL�Z�U�25W�S:Y*2XR*4�`]9KW�U�9�9KRjP]RTW�9KR*RTP]Z�U�P]Z�Z�25OQ6T^5P]W�9Kg�`]vz`-^XP-RTa}25RT4QM�6TW#M�RT9"Z�P-OQH�^59
9KP-S:Y W�2XOQ9jW%Y*9�P-RTW%9�RTR*P®U�P-Z[Z�U~2XW�S:Y*9Kg�=y{3Y*2XZ[25Zl8:9�P]Z�M�RTP-`]^59�`-9KS�P]6TZi9�P¥8�9KS�9K25m79�8hS�MK6T^5g¥`-9
g�9�Z�2547R*9Kg�W�M[`]^5P]R*a � Zi9KW<W%Mxãä9�8:M�b|W%Y*9[P]6TgJ2XM[M�6TW�H�6TW<gJ6T8:25RT4�P-RTW%9�RTR*P�Z�U�25W%S�YT25RT4*=�{3YT9�8:9�LNM�8:9
ã'9K8�M±25ZlW�YT9�U~MK8�Z�W��NS�P]Zi9jP]OQH�^525W%6*g�9�M�L�W%Y*9�RTM�2XZi9�25OQH�6T^5Zi9�=¥C25RTS�9�ZiMK^52XgJ�NZiW�P]W%9jZ�U�25W%S�YT9�ZxS�P]R
Z�U~2XW�S:Yj`-9KW�U�9K9�R�P-RTW%9�RTR*P]Zf2XRjP�L&8:P-S:W�25MKRjMKLoPhOQ2XS�8:M�Z�9�S:M�RTg @&;]; A kTW�YT9VGF1®ZiU�2XW�S�YT25RT4QW%25OQ9zS�P]R
`]9[OQP]gJ9jRT9�47^52X4d2X`-^X9J=h£�Z�P�8�9KZi6T^XW�k²W�YT9jg�6T8�P]W�2XM�R¯MKL~W%Y*9nHJYTP]Zi9ngJ2XZiS:M�RTW�2XR*6T25W%v � P-RTgyW%Y*6TZhM�L
W�YT9�RTM�2XZi9q2XOQHJ6T^5Z�9�b#P]L&W�9K8VW�YT9�°¡1àþT^5W�9K8"U�25^X^Þ`]9�g�9KW�9K8�OQ25RT9Kgj`-vlW%Y*9h°¡1à`]P]R*g�U�25g�W�YTk3W�v7HJ2XS�P]^5^5v
? � aJh<ã-=h£ßZ�25RT47^59nZ�P]OQHJ^X9 � ?äú �ÙØ Z�b~25ZhW�YT6*Zx^525a}9K^5vjW�Mj`]9lW%Y*9[U�MK8�Z�W��NS�P]Zi9[gJ6T8:P-W%25MKR¯L&M�8QW�YT9
Z�U~2XW�S:Y*2XR*4�g�25Z�S�MKR*W%25RT6*2XW�vT=

{3YT9r^59Kmd9K^CMKL>W�YT9�Z�U�25W%S�YT25RT4VW%Y*8:9�Z�Y*MK^5gq25ZrPzS:M�OQH�8�MKOQ25Z�9r`]9�W%U�9�9KR�W%Y*9"g�9K4d8:P-g�P]W�25MKR�S�P]6TZi9Kg
`]vQ9K�7S�9KZiZ�25md9(Z�U�25W%S�YT25RT4�2XLÞW�YT9VW%Y*8:9�Z�YTM�^Xg[2XZ"W�MKM�YT2547Y�P]RTglW%Y*9�g�9K4d8:P-g�P]W�25MKR�S�P]6TZi9Kgn`]vQPx^XM�U
Z�254dRTP]^~^X9�m79�^r2XL�W%Y*9�W�YT8�9KZiYTMK^5gy2XZ[W�MKM�^5MKUV=à°¡R 4d9KR*9K8�P]^5k|W%Y*9�MKHJW%25OQ6TO Z�U�25W%S�YT25RT4�W�YT8:9�Z�Y*MK^5g
25ZqP�LN6*RTS�W%25MKR®MKLwW�YT9l°¡1¬+*fG P-RTg�W�YT9lR*6TOQ`]9�8(M�L²g�25m79�8:Zi2XW�vj`-8:P]R*S:Y*9KZd=Q13MK8z13À¿«P]RTg�W�U�M��
`]8�P]R*S:Y¥g�25m79K8�Zi2XW�v�P�W%Y*8:9�Z�YTM�^Xg�MKLw`]9�W%U�9�9KR ? , g�D � ?'Ý�gJD °¡1 ,*uGFb&k#P]R*g�ú]A�gJD � ú]A�g�D °�1
+*uG#b#`]9K^5MKU W%Y*9hOQ9�P]R±Zi2X4dRTP]^ÜHJMKU�9�8uU�P]ZVL&MK6TR*g[W%MQ4d2Xmd9q`-9KZ�W|H�9K8�L&MK8�OQP]RTS�9g@&; +�A =h<MKU�9�m79�8:k
Z�25RTS�9f¤�13¦�§'Eò13§á25ZrOQM�8:9fW�MK^59�8:P]R*W#M�LsP-RTW�9KRTR*PqZ�U�25W�S:Y*2XR*47k�W�YT9"MKHJW%25OQ6TOßW�YT8�9KZiYTM�^Xg�OQ2X4dYTWÜ`-9
9K�dH�9�S:W�9KgVW�M�`]9rZiMKOQ9�U�YTP-W_YT2547Y*9K8�=]£üW�YT8:9�Z�Y*MK^5gzZ�9�W3P-W²?'Azg�D�`-9K^5MKU¯W�YT9�OQ9KP]RQU�P]Zw6TZi9Kg�=>{�YT9
Z�U~2XW�S:Y�ZiW%P-v7Z"MKR�9KP-S:Y�P-RTW%9�RTR*PxLNM�8VPlOQ2XR*2XOQ6*O M�L#L&M�6T8"ZiP]OQH�^59�Z(`]9KL&M�8:9qZiU�2XW�S�YT25RT4T=r{�YT25Zz25Z
g�M�RT9"W�MVP]mdMK25g�S:M�RTW�2XR*6TM�6TZ�Z�U�25W�S:Y*2XR*4�U�YT9�Rj`]M�W%YxZ�2547R*P]^5ZuP-8:9"`]9�^XM�U W%Y*8:9�Z�YTM�^Xg�=

132X4d6T8�9w;>= ú<Z�Y*MKU�ZFW%Y*9|DFEFG�H�9�8:L&MK8�OQP]R*S:9�U~2XW�YTM�6TWsgJ2Xmd9K8�Z�25W�v�P]RTgzU�25W%Y�Z�U~2XW�S:Y*2XR*4fg�25m79�8:Zi25W%v
L&MK8~W%Y*9zS�P]Zi9"MKL3W�U�M<P]R*W%9�RTRTP-Z7=
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ÉsÊ 3 HíÄQÎ
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Ò�gnË"Î�î*Ì�Ù Ï�ÎÐÚ�ï
CHJP]S�9ng�25m79�8:Zi2XW�v�2XZQ6TZi9Kg®MKR¥OQP]RTv±L&P]gJ2XR*4±S�YTP]R*RT9�^XZqW%Mj8�9KgJ6TS�9xW%Y*9[g�9KHJW%Y¥P]RTg�g�6*8:P-W%25MKR¯M�L
L&P]g�9�Z7=®CHJP]S�9�gJ2Xmd9K8�Z�25W�v�25RTm7M�^Xmd9KZx6TZi2XR*4�W�U�M�MK8QOQM�8:9jP]RTW�9KR*RTP]Z[Z�HJP]S�9KgyL&P]8Q9KRTM�6T4dY¬P]H�P-8:W
� OQMK8�9±W%Y*P]RIP-`]MK6*W(M�RT9K�&YTP-^XLuU�P]md9K^59KR*47W�YILNM�8xOQMK`-2X^59�8�9KS�9K25m79�8�Z�bfZiM�W�YTP-W�W�YT9jLNP-g�25RT4®P]WzW�YT9
P]R*W%9�RTRTP-Zf2XZ"RTM�W¢Y*2X4dYT^5vQS:M�8:8�9K^5P]W�9Kg�= ~±YT9�R�M�RT9�P-RTW%9�RTR*P�25Zf2XRjPxLNP-g�9VP]RTM�W�YT9K8rMKR*9zOQP-vQZ�W�2X^5^
`]9l8�9KS�9K25m725RT4jP�ZiW%8�MKR*4�Z�254dRTP]^�=l{3Y*9xZi9Kmd9K8�2XW�v�M�LwW%Y*9lLNP-g�25RT4jS�P]Rà`]9l8�9Kg�6*S:9�g�`]v�P-g�gJ2XRT4jW�YT9
Z�254dRTP]^5ZzLN8�MKO W�YT9Qg�25LNL&9�8:9�RTW~P-RTW%9�RTR*P]ZzMK8u`]v[Z�U�25W�S:Y*2XR*4l`]9�W%U�9�9KR�W�YT9KO�=u{�25OQ9(g�25m79�8:Zi2XW�vxP]RTg
L&8:9�\]6T9�RTS�v�g�25m79K8�Zi2XW�v�P]8�9nP-^XZiM[S�MKOQOQM�RTk¢`]6*W<Z�H�P-S:9xg�25m79K8�Zi2XW�v�YTP]ZhW�YT9[P]gJm7P]R*W%P-479KZhMKL~`]9K25RT4
25RTZ�9�RTZi2XW�25m79"W%MVW�YT9"L&P]gJ2XR*4�8�P]W%9"P]RTglMKL3R*MKW#8�9K\-6T258:25RT4�9��7W�8:Pq`-P]RTgJU�25g�W�Yo=

{3YT9�8:9zP]8�9�Z�9�m79K8�P]^3OQ9KW�YTM�g�Z"MKLÜS:M�OQ`]25RT25RT4�W�YT9�Zi2X4dRTP]^5ZfLN8�MKO W�YT9Vg�25LNL&9K8�9KR*W~P]R*W%9�RTRTP-Zè@&Ý A =
£ S�MKOQOQM�R P-RTg¯2XR*9K�dH�9KR*Z�25m79�W�v7HJ9�M�L"ZiH�P]S�9�g�25m79�8:Zi25W%v®25Z�Z�U~2XW�S:Y*2XR*4yg�25m79�8:Zi25W%v*= CU�25W�S:Y*2XRT4
g�25m79�8:Zi25W%vV25RTmdMK^5m79�Z�Z�U~2XW�S:Y*2XR*4z`-9KW�U�9K9�R[P]RTW�9KR*RTP]Z|U�YT9�RT9�m79�8|W%Y*9"8:9�S:9�2Xmd9Kg�Z�2547R*P]^>^59Kmd9K^CM�R[W�YT9
P]R*W%9�RTRTPl2XR�6TZ�9(gJ8:M�H�Zz`]9�^XM�U PnZ�HJ9KS�2Xþ*9KgnW%Y*8:9�Z�YTM�^Xg�=�CU�25W�S:Y*2XRT4lg�25m79�8:Zi2XW�v�25Z<^59KZiZ(9��7HJ9KRTZi25m79
W�MQ2XOQHJ^X9�OQ9KR*W�W�YTP]R�MKW�YT9�8uW%vdH�9KZ<MKLFZ�H�P-S:9(g�25m79�8:Zi2XW�vx`]9KS�P]6*Z�9�MKR*^XvxMKR*9�8�9KS�9K25m79�8<25Zz8:9�\]6*2X8�9Kg�=
1325476*8:9<;C=ô?fZ�Y*MKU�ZrP�`-^XM�S:a�g�25P]478�P]O M�L3PhZ�U�25W%S�YT25RT4�gJ2Xmd9K8�Z�25W�v�8�9KS�9K25m79�8�=
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{3Y*2XZ"S�YTP]HJW%9�8"9��7P]OQ25RT9�ZVLNM�6T8�OQ9KW�YTM�g�ZVW%Y*P]WwOQ2X4dYTWw`-9q6*Z�9KgjW�M�25OQH�8�MKmd9qW�YT9�HJ9K8�LNM�8:OQP-RTS�9�M�L
¤�13¦�§'Eò13§®=

{3YT9fþT8�Z�WÜOQ9�W%Y*MKgh25ZrZiU�25W%S�YT25RT4�gJ2Xmd9K8�Z�25W%vdk}PqW�v7HJ9<MKL�ZiH�P]S�9"gJ2Xmd9K8�Z�25W%v*=sCU�25W�S:Y*2XRT4zg�25m79�8:Zi25W%v
25Z~U~2XgJ9K^5vV6TZi9Kg(`]6TW_25WÞU�MK8�a}Z|9KZiH�9KS�25P]^5^Xv<U�9�^X^*U�25W%Yl¤~13¦�§©`]9KS�P]6*Z�9f¤�13¦�§ 2XZ²8:9�Z�25Z�W�P]RTWÞW%M�W�YT9
W�8:P]R*Z�259KR*W%Z�S:P-6TZ�9�g�`-vqZiU�25W%S�YT25RT4�`-9KW�U�9K9�R[P]RTW�9KR*RTP]Zd=

{3YT9lZ�9�S:M�RTgyOQ9�W%Y*MKg�k²LNM�8:U~P]8�g®9K8�8:M�8QS�MK8�8�9KS�W%25MKR � 1�EFÈFb~S�MKgJ2XR*47k²2XZQP]^5Z�MjU�25g�9�^Xv�6*Z�9�gs=�°¡W
25Z�Z�Y*MKU�R W�YTP]W(W�YT9�g�25Z�W�8:25`]6*W%25MKR¬M�L"W�YT9±R*6TOQ`]9�8jM�L"9�8:8�MK8�Zn2XR P]R¬13EFÈ S:M�g�9�U�M�8:g S�P]R¬`-9
H�8�9KgJ2XS�W�9Kg(`-v<P-Z�Zi6TOQ25RT4"W�YTP]W�`]25WÞ9�8:8�MK8�ZwM�S:S�6T8F2XR*g�9�H�9KR*g�9�RTW�^XvfU�2XW�YT25Rl9�P]S�Yh¤�13¦�§©`]^5MKS�a3=>{�YT9
DFEFGIHJ9K8�LNM�8:OqP]RTS�9"M�L3W�U�M<DFÈ�h P]R*g�G#9K9�g��&CMK^5MKOQM�Rn8:P-W%9÷öø�S�MKgJ9KZ�P]8�9"P]^5Z�MV4d2Xmd9KRo=

C\]6*9K^5S:YnP]RTgV£�Ç�È¯U~9K8�9zg�9KZiS:8�25`]9Kg�25RnÈFY*P]HJW%9�8fÝC=3°¡R�W�YT25Z�S:Y*P]H�W�9K8�W�YT9"DFE#GI`]MK6*RTg[S�MKOQ�
H�6*W%P-W%25MKR*Z¢P]8�9r6*Z�9�g�W�M�þTRTg(W%Y*9rM�H�W�2XOQ6*O Z�\]6*9K^5S:YQP]RTg�£�Ç�È�W�YT8�9KZiYTM�^XgJZ¢LNM�8²^5P]8�479r`-^XM�S:a(Z�25ãä9�Z7=
°¡W_25Z¢ZiYTMKU~R�25RhW�YT25Z|S�YTP-H�W�9K8²W�YTP]W�RT9�2XW�YT9�8²W�9KS�YTR*2X\-6T9�Z�2547R*2Xþ*S:P-RTW%^5v<2XOQHJ8:M�m79�Z²W�YT9fHJ9K8�LNM�8:OQP-RTS�9
MKL�W%Y*9"¤�13¦�§FE 13§ Z�vdZ�W�9KO ZiW%6*g�259Kg�=

{3YT9rþTR*P]^>Zi9KS�W%25M�R[g�9�Z�S�8:25`]9�Z|PzRTMKmd9K^>Zi2X4dRTP]^TH�8�MKS�9KZiZ�25RT4<W�9KS�YTRT25\]6*9Kk�g�9�S:25Zi2XM�RnL&9�9Kg�`-P]S�ahS�MK8��
8�9KS�W%25MKR � ¦~13ÈFb&kwW%Y*P]W(8:9�g�6TS�9KZjW�YT9±S�8�MKZ�ZiW�P]^5a `]9�W%U�9�9KRüW%Y*9�¤�1�¦�§ Zi6T`]S�YTP-RTRT9�^XZnS�P]6TZi9Kg¯`]v
L&P]g�25RT4*=_¦�1�ÈI478�9KP]W�^5v�25OQH�8�MKm79�ZuW%Y*9"H�9K8�L&MK8�OQP]RTS�9VMKLo¤~13¦�§FE 13§ U~YT9KRn^XP-8:4d9<`]^5MKS�a[Z�25ã'9KZuP-8:9
6TZi9Kg�=
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EF\]6*2XHJOQ9KRTW¢P-RTg�W�9KS�YTR*2X\-6T9KZ"U�9K8�9�g�9Kmd9K^5MKHJ9KgnW%M(OQ9KP-Z�6T8�9QW%Y*9�+* S�6T8�m79�Z�ksP]R*gnW%Y*9hDFE#G
P]R*g ~±EFG[H�9�8:L&M�8:OQP]R*S:9²M�L]¤�1�¦�§FEò1�§ûMKmd9K8�P�R*MKR*�NL&8:9�\]6*9KRTS�v7�&Zi9K^59KS�W%25m79FG#P]v7^59K254dYT�&LNP-g�25RT4�S�YTP-RT�
RT9�^%=_{�YT9z9K�7HJ9K8�25OQ9KRTW�P]^sU�M�8:a[g�9KOQM�RTZiW%8�P]W�9KglW�YT9VRT9K9�ghW�M�S�MKR*Z�25g�9�8�W�YT9VH�8�P]S:W�25S:P-^�^52XOQ25W%P-W%25MKR*Z
MKLw13§ W�8:P]R*Z�OQ25W�W%9�8:ZqZ�6*S:YyP]Z�S:^52XHJH�25RT4dk¢`-P]RTgJU�2XgJW%Y¥8�9KZiW%8�2XS�W�2XM�RTZik²H�8�9K9�OQH�Y*P]Z�25Z�EògJ9K9�OQH�YTP-Z�25Z�k
P]R*g�W�YT9V`]P]Zi9K`-P]RTgqRTMK25Zi9VZ�HJ9KS�W%8�6TO�=

£�^XW�YTM�6T4dY�`-2XW�9K8�8�MK8�Z(P]8�9QRTMKW�2XR*g�9�H�9KR*g�9�RTW�ko2XW�U�P]Z(Z�YTM�U�R®W�YTP-W�6TZ�9hMKL²W�YT9Q2XR*g�9�H�9KR*g�9�RTW
9K8�8�MK8uP]ZiZ�6TOQHJW%25M�R�4725m79�ZVPx4dMKM�gxP]H�HJ8:M��725OQP]W�2XM�R±W�M�W�YT9�OQ9�P]Zi6T8:9�g ~±EFG�=]°¡W|U�P-Z"P]^5Z�M(Z�Y*MKU�R
W�YTP]W²8�P]R*g�MKO 13§ Z�Y*MK6*^XgQR*MKW²`]9"PqZ�2547RT25þTS�P]R*W²HJ8:M�`]^59KO�=

ª39K8�L&MK8�OQP]RTS�9(OQ9KP-Z�6*8:9�OQ9KRTW�ZVU�9�8:9�OQP]gJ9(MKRT^5v�M�R�MKR*9�W�8:P]R*Z�OQ25W�W%9�8"P-RTgn8:9�S:9�2Xmd9K8fS�MKOQ`-2X�
RTP-W%25MKR_=w¤�W%Y*9K8�6TRT25W�ZzM�8�OQMKgJ9K^5Z<OQP-vlY*P]md9�g�25LNL&9K8�9KR*WwHJ9K8�LNM�8:OqP]RTS�9�=Ò*uDF1�§ 9K\-6T25H�OQ9�RTW~W�YTP]W
YTP-Z~`]9�9KR�OQMKgJ2Xþ*9KgzMK8wg�9�Z�2547R*9KgzLNM�8wg�254725W�P]^TW�8:P]R*Z�OQ25Z�Zi25MKR�`-v<OQMKgJ2XL&vd2XR*4<W%Y*9fP]6*g�25MfH�8�MKS�9KZiZ�25RT4
Z�W�P]4d9KZrZiYTMK6*^XgqYTP]md9"`]9KW�W�9K8~HJ9K8�LNM�8:OQP-RTS�9�=�{3YT6*Z�k}P-^XW�YTM�6T47YxW�YT9"9��7H�9�8:25OQ9�RTW%P-^COQ9KP-Z�6*8:9�OQ9KRTW�Z
g�M<R*MKW²Z�Y*MKU W�YT9z8�P]R*479VMKL�H�9�8:L&MK8�OQP]R*S:9VW�YTP]WFS:P-R�`]9"P]S�YT259Kmd9KglU�25W�Y�¤�13¦�§FE 13§nkTW%Y*9<9��7HJ9K8�2X�
OQ9KR*W%P-^�8:9�Z�6*^XW�Z�YT9�^XH�W�MVm79�8:25L&v(W%Y*9zP]R*P]^5v7Zi2XZ�P]RTghgJ9KOQM�RTZ�W�8:P-W%9VW�YT9"L&9KP]Zi25`]25^X25W%v�M�L3¤�1�¦�§FEò1�§®=
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1325476*8:9 � =ô? � Z�Y*MKU�ZrH�^5MKW�Z�MKL�W%Y*9<8�9KS�9K25m79�ghS�MKOQHJ^X9���g�P-W%PqmdP]^56T9KZ�LNM�8~LNM�6T8w°�1�+*uG#Z7=�{3Y*9<H�^5MKW�Z
Z�Y*MKU W�YT9Q9KL&LN9�S:WrMKLÜW%Y*9lP]gJg�25W%25m79hP-RTg�S:8�MKZiZ�W�P]^5a±RTM�2XZi9�=<{3YT9hR*MK25Z�9qg�25Z�W�8:25`]6*W%25MKR®2XZzS�258:S�6T^5P]8�^Xv
Z�vdOQOQ9KW�8�2XSrP-ZrU�MK6*^Xgh`-9z9K�dH�9�S:W�9KgQL&8:M�O W�U�M<25RTg�9�H�9�RTg�9�RTWFP-RTgh9K\]6*P]^5�NHJMKU�9�8rS�MKOQHJMKR*9KRTW�Z7=
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{3Y*9uOQ9KP-Z�6*8:9�OQ9KRTW�Z�g�9�Z�S�8:25`]9�gQ2XRlW�YT25Z�S�YTP]HJW%9�8|U~9K8�9ugJ9KZi2X4dRT9�g�W�M"OQ9�P]Zi6T8�9<W�YT9�+*ýS:6*8:m79�ZrM�L
PnW%vdH�25S:P-^ *uD#13§ 8�P]g�25MqS:Y*P]RTR*9K^5koW%M�md9K8�2XL&vx9K�7HJ9K8�25OQ9KRTW�P]^5^5vxW%Y*9hDFE#G P-RTg ~±EFG 8�9KZi6T^5W%Z(M�`]�
W�P]25RT9KgqW%Y*8:M�6T47Y�RT6*OQ9K8�2XS�P]^>OQ9�W%Y*MKg�Zik*P]RTg�W%M�S�YT9KS�a�L&MK8wHJMKZiZ�25`]^59u6TRTL&MK8�9KZi9K9�Rx2XOQHJ^X9�OQ9KR*W%P]W�25MKR
H�8�MK`-^X9�OQZ7=
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W�YT9l`-P]Z�9�`]P-RTg±,*uGýW%M�P]`-MK6TWrú-AC= � gJD�=T>2XR*S:9hW%Y*9l^X25OQ25W%25RT4n`-P]Zi9K`]P-RTg�+*uGýg�6*9[W�M�S:^525H�H�25RT4
g�6*8:25RT4fW%Y*9|DFEFG�OQ9�P]Zi6T8�9KOQ9�RTW%ZFU�P]Zr? + = � g�D#k]8�P]R*g�MKO 13§©R*MK25Z�9~Z�Y*MK6*^XguRTMKW3`-9~PuZi2547RT25þTS�P]R*W
H�8�MK`-^X9�O©L&MK8~¤�13¦�§'Eò13§ U�25W%Y[Z�ª3{¿ �&  �\ZÜ£�§nb3Zi6T`]S�YTP-RTRT9�^sOQM�g�6T^5P]W�25MKRo=
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£�R®P-Z�Zi6TOQH�W�25MKR�OQP]g�9q2XR�ÈFYTP-H�W�9K8zÝn25ZzW�YTP]W�W�YT9QS:8�MKZiZ�W�P]^5a±25RTW�9K8�LN9�8:9�RTS�9l`]9�W%U�9�9KR�Z�6*`]S�YTP]R*�
RT9�^XZ(gJ6T9qW%MqLNP-g�25RT4[25ZzRTM�8:OQP-^X^5vxgJ2XZiW%8�2X`-6TW�9Kg�=f{3Y*9�gJ2XZiW%8�25`]6TW�25MKR�MKLÜW%Y*2XZ(S�8:M�Z�ZiW%P]^5a±R*MK25Z�9qU�P]Z
OQ9KP-Z�6*8:9�g�W�M(S:M�RTþT8�O W%Y*2XZ<P]Z�Zi6TOQHJW%25MKR_=²£ Z�25OQ6T^5P]W�25MKR�U�P]ZVHJ9K8�LNM�8:OQ9�gn25R�U�YT25S�Y�Px`]^5MKS�a±M�L
  A-�];qZ�P]OQHJ^X9�Z�U�P-Z�Z�9�RTW²MKmd9K8~W%Y*9"LNP-g�25RT4�S�YTP-RTRT9�^C`-6TWFRTMuRTM�2XZi9VU~P]Z�P]gJg�9�gs=s{�YT9<H�8�MK`-P]`]25^52XW�v
g�25ZiW%8�2X`-6TW�2XM�R � P�Y*2XZiW%M�478�P]OQbwMKLFW%Y*9lRTM�2XZi9xg�6T9hW%M�W�YT9lS�8:M�Z�ZiW%P-^Xa�25RTW�9K8�LN9�8:9�RTS�9lU�P]ZQOQ9�P]Zi6T8�9Kg
P]R*gnRTMK8�OQP]^525ãä9�g�`-vhg�25m725g�25RT4lW�YT9�OQ9�P]Zi6T8�9KgnR*MK25Z�9qm7P-^X6*9KZ"`]vlW�YT9�ZiW%P-RTg�P-8:g[g�9�m725P]W�2XM�Ro=�{3Y*2XZ
RTM�8:OQP-^X25ã'9KgàgJ2XZiW%8�2X`-6TW�2XM�R¬2XZ[H�^5MKW�W�9Kg¯25R¬1325476T8�9 � =@?   =ü{3Y*2XZ[þT4d6T8�9�P]^5Z�M�Z�Y*MKU�ZxW�YT9±R*MK8�OQP]^
H�8�MK`-P]`]25^52XW�v�gJ2XZiW%8�25`]6TW�25MKR � 6TR*2XWrm7P-8:25P]RTS�9lP-RTg�ã'9K8�M�OQ9KP]R*b�=q{3YT9lOQ9KP]Zi6T8�9Kg±g�25Z�W�8:25`]6*W%25MKRyP-H��
H�8�MK�d2XOQP-W%9�Z�W�YT9"RTM�8:OQP-^�gJ2XZiW%8�25`]6TW�25MKRo=

£�Zxg�9KZiS:8�25`]9Kg¥2XR¬ú]k�W%Y*9�H�8�MK`-P]`]25^52XW�vygJ2XZiW%8�2X`-6TW�2XM�R M�L"W�YT9j`]P]Zi9K`-P]RTg¥RTMK25Zi9�MK6TW�H�6*WqMKL�P-R
13§ g�25ZiS:8�2XOQ25RTP-W%M�8l2XZ�R*MKW�Ç~P]6TZiZ�25P]R_= h"MKU�9�m79K8�kuW�YT9±P-m79K8�P]4d2XR*4�gJMKRT9�`]vyW�YT9±¦�13{ 2XR¬W�YT9
¤�13¦�§ g�9�OQMKg�6*^XP-W%25MKRlH�8�MKS�9KZiZ~H�8�MKgJ6TS:9�Z�R*MK25Z�9u25RlW%Y*9"LN8�9K\-6T9KR*S:v<g�MKOQP-2XRxU�Y*MKZi9ug�25Z�W�8:25`]6*W%25MKR
25ZqP-H�HJ8:M��725OQP]W�9K^5v�R*MK8�OQP]^�=f£ Z�9�S:M�RTg±OQ9�P]Zi6T8:9�OQ9KR*WuMKLwW�YT9lHJ8:M�`]P]`-2X^525W%v[gJ2XZiW%8�2X`-6TW�2XM�RyMKLwW�YT9
RTM�2XZi9jP-LNW�9K8qW�YT9�¤~13¦�§ g�9�OQMKg�6*^XP-W%25MKRàU�P]Z�OQP]gJ9jW%MjS�MKR*þT8�O W%Y*2XZ�P-Z�Zi6TOQH�W�25MKRo=h£ Zi9KS�MKR*g
Z�25OQ6T^5P]W�25MKR�U�P]ZVgJMKRT9Q25R�U~YT25S:Y�W%Y*9K8�9hU�P]ZVR*MQL&P]gJ2XR*4[`]6TW|2XOQHJ6T^5Z�9qRTM�2XZi9qU�P]ZVP]gJg�9�g�W�MQW�YT9
¤�13¦�§ Zi2547RTP-^%=3{3Y*9(25OQH�6*^XZi9VR*MK25Z�9<6TZi9Kg�U�P]Z�S:M�OQH�M�Z�9�gxMKL3R*MK25Z�9<Z�P-OQH�^59KZuMKL�W%Y*9zZiP]OQ9V^59Kmd9K^
U�25W%YyP-R�9K\-6TP]^FHJ8:M�`]P]`-2X^525W%v � A>= A � b²MKLwM�S:S�6T8�8:9�RTS�9�P]W�9KP]S�YyZ�P]OQHJ^X9 � Zi9K9xC9�S:W�2XM�R   = � = Ý-b�=Q{3Y*2XZ
25OQH�6T^5Zi9�RTM�2XZi9�U�P]md9KL&MK8�O¨25ZnR*MKWVOQ9KP]R*WzW%M�Z�25OQ6T^5P]W�9�P®8�9KP-^X25ZiW%25SxZ�M�6T8:S�9�M�L�2XOQHJ6T^5Z�9�R*MK25Z�9�k
`]6*WwM�RT^5vQW�M�md9K8�2XL&vqW%Y*P]W²W�YT9�P]md9K8�P]4d2XR*4qM�LoW%Y*9�`]P]Zi9K`-P]RTg�R*MK25Z�9(`-vhW%Y*9z¤�1�¦�§ gJ9KOQM�g�6T^5P]W�2XM�R
H�8�MKS�9KZiZÜH�8�MKgJ6TS�9KZÜRTM�2XZi9wU�25W%YzPfg�25Z�W�8:25`]6*W%25MKRVW%Y*P]W�2XZÞP-H�H�8�MK�d2XOQP-W%9�^Xv�Ç�P-6TZiZ�25P]Ro=C{3Y*9wOQ9�P]Zi6T8�9Kg
g�25ZiW%8�2X`-6TW�2XM�R U�P-ZjRTMK8�OQP]^525ãä9�g P-Zn`-9KL&MK8�9®P-RTg¯25Z�P]^5Z�M�ZiYTM�U�R 2XR¬1325476*8:9 � =@?   =¯£�4dP]25RTk"W�YT9
OQ9KP-Z�6*8:9�gugJ2XZiW%8�2X`-6TW�2XM�R"P]H�HJ8:M��725OQP]W�9KZÞW%Y*9#Ç�P]6TZiZ�25P]R<gJ2XZiW%8�25`]6TW�25MKRzP-RTgrS:M�RTþ*8:OQZÜW�YT9#Ç�P-6TZiZ�25P]R
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GFP-RTg�M�O 13§ P-g�g�Z²PuRTM�2XZi9~S:M�OQH�MKR*9KR*WsW%Y*P]W325RTS�8:9�P]Zi9KZFU~2XW�Y�W%Y*9|¦�MKHJH�^59K8#8:P-W%9~P-RTg<25ZF25RTgJ9KH�9�RT�
g�9�RTWwMKLoW�YT9z°¡1à+*uGr=ä£�WwY*2X4dY±¦�M�H�H�^59K8f8�P]W�9KZuW�YT9�8�P]RTgJMKO©13§ RTM�2XZi9(H�M�U�9K8rOQ2X4dYTWw^525OQ2XW|W�YT9
P]S�YT259KmdP]`]^59�`]P]Zi9K`-P]RTg(+*uG�=Û£|mdP]25^XP-`]^59¢W%Y*9KMK8�9KW�25S:P-^TP]R*P]^5v7Zi9KZ~MKL>W�YT9f`-P]Zi9K`]P-RTg(RTMK25Zi9�H�8�MKgJ6TS:9�g
`]v�8�P]R*g�MKO 13§ @&Ý-k   ,�A S�P]RTR*MKWu`]9l6TZi9Kg®Z�25RTS�9lW%Y*9Kv�g�MnR*MKW�W%P-a}9x2XR*W%MxP]S�S:M�6TR*WuW%Y*9n9�L&LN9�S:WuM�L
g�9�9KOQHJYTP]Zi25Z7=

{3YT9F`-P]Z�9�`]P-RTg�+*uGjP-WTP~Y*2X4dY � RTM�OQ2XR*P]^5^Xv + � gJDFb-°�1Q+*fGjU�P]ZoOQ9KP-Z�6T8�9KgrU~YT25^X9²W�YT9#S�P]8�8:259K8
U�P]ZÜLNP-g�25RT4�W�M²Z�9�9w2XL]8:P-RTg�M�O 13§«Y*P]guPrZ�254dRT25þTS:P-RTW�9�LNL&9KS�Wi=>{3Y*9w^59Kmd9K^7MKL�W�YT9²OQMKg�6*^XP-W%25RT4�Z�2547R*P]^
U�P]Z~8:9�g�6TS�9KgqZ�MuW�YTP-WoW%Y*9<R*MK25Z�9rg�6T9uW�M"8�P]RTgJMKO«13§ S:M�6T^5gq`]9fOQ9KP-Z�6T8�9KghP-`]M�m79�W%Y*9"RTMK25Zi9�g�6*9
W�M±S�^X25H�HJ2XR*4T=ü{3Y*9�OQM�g�6*^XP-W%25RT4�Z�2547RTP-^�^59Kmd9K^rU�P]Zx8:9�g�6*S:9�gI`]v�Ý>= � gJDûZiM�W%Y*P]W(W%Y*9�^52XOQ25W�2XR*4
`]P-Z�9�`]P]R*gl,*uGI2XR*S:8�9KP-Z�9�gxW�MVú   = úhgJD�=7132X4d6T8�9 � =@?'ÝhZ�YTM�U�Z�W�YT9VOQ9KP-Z�6T8�9Kgl8�P]RTgJMKO©13§ RTMK25Zi9
H�M�U�9K8~P-ZuPqL&6TR*S:W�25MKRjMKL�¦�MKHJH�^59K8|8:P-W%9J=

0. 20. 40. 60. 80 100. 120�-26

-24

-22

-20

-18

-16

Doppler frequency (Hz)

ra
nd

om
 F

M
 n

oi
se

 p
ow

er
 (

dB
 r

el
at

iv
e 

to
 s

ig
na

l p
ow

er
)

s

noise level due to clipping at normal modulation level

noise level due to clipping at reduced modulation level

1325476*8:9 � =ô?äÝ>B3GFP-RTgJMKO 13§ RTM�2XZi9VHJMKU�9�8~m79K8�Zi6TZr¦�MKHJH�^59K8�8:P-W%9J=

£�W�Pu¦�M�H�H�^59K8Þ8�P]W�9¢MKL3?äú]A�h<ã � MKmd9K8�?   Afa�O EòYqP-WC�]A]Au§ h<ãäb�W�YT9|8�P]RTgJMKO 1�§ßR*MK25Z�9w8�9KgJ6TS�9Kg
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f�Ì�Ï�Ú²ö�ÑTÙ i:ÒoÔ�Ì�õ3ÌJÒoÔ3ÌJÒoÍ]Ì
{3Y*9<P]Z�Zi6TOQHJW%25MKR[W�YTP]W²9�8:8�MK8�ZrMKS�S:6*8�25RTgJ9KH�9�RTgJ9KRTW�^5v(M�L39KP-S:Y[MKW�YT9K8~25ZfMKL&W%9�Rn6*Z�9�glU�Y*9KRx9KmdP]^56T�
P]W�25RT4qW�YT9z9�L&LN9�S:W�2Xmd9KR*9KZiZfM�L3m7P-8:25MK6*Z�9K8�8:M�8�S:M�8:8�9KS�W�2XM�RjOQ9�W%Y*MKg�Zd=}£ ~nP]^5g��%~xMK^5L&MKU�25W%ã�Z�W�P]W�2XZiW%25S:P-^
W�9KZiW<L&M�8(W%Y*9n25RTgJ9KHJ9KRTgJ9KR*S:9lMKL~9K8�8:M�8:ZqU~P]Z�H�9K8�L&MK8�OQ9Kg±MKR¥W%Y*9n`-2XWu9K8�8:M�8(H�P]W�W%9�8:R¥W%MxW%9�Z�W"W�YT9
25RTg�9�H�9�RTg�9�RTS�9zMKL�9K8�8:M�8:Z @&;-úJk@;]Ý7k@;   k�; � A =_{�YT25Z<W�9KZiW¢25Zf`]P-Z�9�glMKRjW�YT9V9K�7HJ9KS�W%9�g[RT6*OQ`]9�8�MKL�8:6*RTZ
� S:M�RTW�2XR*6TMK6*ZQZi9K\-6T9KR*S:9�ZhMKLw`-2XW�ZqU~2XW�Y¯M�8(U�2XW�YTM�6TW�9K8�8:M�8:Zib~L&MK8(P�4d2Xmd9KR¥`]25W�9K8�8:M�8(8:P-W%9J=x13M�8qP
^5P]8�479rRT6*OQ`]9�8²M�L>8:6*RTZwW%Y*9rgJ2XZiW%8�25`]6TW�25MKRQMKL>W�YT9�RT6TOq`]9K8FMKLT8:6*RTZ �!� b>W�9KR*g�Z¢W�M�PVÇ~P]6TZiZ�25P]RhU�25W%Y
OQ9KP-R[4725m79�Rj`]vF@&;]Ý A B

E����������F�����+������ �����¡ £¢
P]R*g�Phm7P-8:25P]R*S:9"4725m79�Rj`-v

¤�¥¦.§©¨�ª+«�¬�¯®!°�±+²�³�´¶µ.·¹¸º+»¯¼!½)¾�¿�À Á�Â�ÃÅÄÇÆ
U�YT9�8:9ÉÈ+Ê#25Z|W%Y*9fRT6*OQ`]9�8�M�L�`]25W%Z|U�25W%Yl9�8:8�MK8�Z�k¹Ë+Ì#25Z|W%Y*9<R*6TOQ`]9�8wM�Ls`-2XW�Z|U�2XW�YTM�6TWo9K8�8:M�8:ZrP]R*gÎÍ
25ZfW%Y*9<W�MKW�P]^sR*6TOQ`]9�8~MKL3`-2XW�Z7=

{3YT9zW%9�Z�W²LNM�8�25RTgJ9KH�9�RTgJ9KRTS�9zMKR�W�YT9�¤�1�¦�§ `-2XW²9K8�8�MK8uH�P-W%W�9K8�RTZfU�P-Z"g�M�RT9(`]vhR*MK8�OQP]^52Xã'2XR*4
W�YT9[RT6TOq`]9K8qM�L�8�6TRTZq2XRà9KP-S:Y¯¤~13¦�§ `]^5MKS�ay`-v�6*Z�25RT4�W�YT9[P]`-MKmd9[9K�dH�8�9KZiZ�25MKRàLNM�8qW%Y*9nOQ9�P]R
P]R*g¥m7P-8:25P]R*S:9jP]RTgyW%Y*9±OQ9KP]Zi6T8�9Kgym7P-^X6*9KZlM�LÐÏ+Ñ(P]RTgÓÒ+Ô�L&M�8�9KP-S:Y `]^5MKS�a3=¥{3Y*2XZlR*MK8�OQP]^52Xã'9Kg
S�MK6TR*WÞMKLTW%Y*9rR*6TOQ`]9�8wMKLT8:6*RTZwU�P]ZwP]m79�8:P-479�gqMKm79�8²Zi9Kmd9K8�P]^*YT6TR*g�8�9Kg�`]^5MKS�a}Z|P-RTgzU�P]Z�8�9KHJ9KP]W�9Kg
L&MK8qZ�9�m79�8:P-^~`-^XM�S:a®Z�25ãä9�Z�P-RTg¥,*uGFZ7=�¤�RT^5v±`]^5MKS�a}ZQU�25W%Y ?'A�M�8QOQM�8:9[8:6*RTZ�U�9�8:9[S:M�RTZ�25g�9�8:9�g
Z�MzW�YTP]WwW�YT9zR*6TOQ`]9�8uMKLo8�6TR*Z"U�M�6T^5gn`]9zP-H�HJ8:M��725OQP]W�9K^5vlRTM�8:OQP-^X^5vqg�25ZiW%8�2X`-6TW�9Kgs=²{3Y*2XZ"P]md9K8�P]4d9
RTM�8:OQP-^X25ã'9Kg�RT6TOQ`-9K8~MKL�8:6*RTZ�U~P]Z�Z�2547RT25þTS�P]R*W%^5v � P]W#W%Y*9"AC= � � S�MKRTþ*g�9�RTS:9"^X9�m79�^Xb�RT9K4dP]W�2Xmd9 � ^59KZiZ
W�YTP]R®ã'9K8�MKb#9��7S�9KH�WrL&M�8VW�YT9lW�U�MqW�9KZiW%ZqL&M�8V+*uG#ZzM�L²ú � gJDýL&M�8V`]^5MKS�a�Z�25ãä9�Z(M�Lf?äA]ú   P-RTg   A]�];
Z�P-OQH�^59KZ � W%Y*9�¦�MKHJH�^59K8|8:P-W%9rU�P-Z|ú-A h<ãäb¡=�{�YT9KZi9�8�9KZi6T^5W%Zw25RTg�25S�P]W%9�W�YTP]WoW�YT9�8:9fU~9K8�9rLN9�U�9�8w8:6*RTZ
W�YTP]RjU~MK6T^5ghYTP-m79"`]9�9KRj9��7HJ9KS�W%9�gl25LsW%Y*9z9K8�8�MK8�Z�Y*P]ghMKS�S:6*8:8�9Kgh2XR*g�9KHJ9KR*g�9KR*W%^5vT=
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