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Application Program Code

Delayline

Library Routines

Application program bound with library routines

UNIX Kernel

System Call Entry Routines
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�9�1¶B�-·>±�²�¥Y¸�¥1¢B£
l Q1K_F�JPTUN-K_F�JDX�F�GBKLTUNBV>H�M�F-]^]DH�VIF�ZBKLr9Fk]DOBSIJDX�FuH�N9p�p9F-]LKLTUN9H�KLTYO9N'r9O/]LKD]�H�JDFup9F�K_F�J_M'TUN9F�p�H�N9pKLr9F�N9F�Kac�O9J_v>F�MkSIdYH�KLTYO9N'M�H�G�T1]PJDF�QLF�JDF�N9X�F�pkK_O>p9F�K_F�J_M'TUN9F�KLr9F�GIH�JDH�M�F�K_F�J^] K_O'qIF

µ

H�G9G9dUTYF�pkK_O3]LS/X�r'M�F-]^]DH�VIF-]�t�� O9J�F�sIH�M'G9dYF�ZBKLr9F�GIH�JDH�M�F�K_F�J^]PQLO9J�H�GIH�JLKLTYX�SIdYH�JPdUTUNBv�M�H�`qIFk�-¹ºG9JDOBqIH�q9TUdUT Ka`�O9Q�M�F-]^]DH�VIF�dYO/]^]DZ9N9O9J_M�H�dUd `�pBT1]LKLJ_T qBS9K_F�p'M�F-]^]DH�VIFup9F�dYH�`I] c'T KLr'M�F�H�N�B»9»BM>]�H�N9p>]LK_H�N9p9H�JDp�p9F�\9TYH�KLTYO9N	g�»9»BM>]�tBePr9Fup9F�X�T1]_TYO9N�H-] K_O'c'r9H�KPH�X�KLTYO9N>]_r9OBSIdYpkqIFK_H�vIF�N'QLO9J�H�GIH�JLKLTYX�SIdYH�JPM�F-]^]DH�VIF�ZIFBt V�t-dYO/]DF�M�F-]^]DH�VIFuO9J�p9F�dYH�`'M�F-]^]DH�VIF�qB`'µI»9»BM>]DZ9T1]M�H�p9F�qB`kS�]_TUNBV3]LK_H�KLT1]LKLTYX�H�d9Q1SIN9X�KLTYO9NI] qIH-]DF�p�O9NkKLr9F�V9T \IF�N'GIH�JDH�M�F�K_F�J^]�tBePr9F�G9JDOBK_OIX�O9dQLO9J KLr9FuX�O9M'MkSINBTYX�H�KLTYO9N�H�d1]DO>H�QaQLF�X�KD] KLr9FuH�X�KLTYO9NkK_O'qIFuX�H�J_J_TYF�p�OBS9K_Z9QLO9J�F�sIH�M'G9dYF�ZM�F-]^]DH�VIF-] S�]_TUNBV'KLr9F�JDF�dUTYH�q9dYFue�R�o	G9JDOBK_OIX�O9dIH�JDF�N9F�\IF�JPdYO/]LK^t
�9�1¼B��½�©9£I¥ ³�§9¾Y©/ªY¥1¢B£

ePr9FuH�TUMyO9Q/KLr9F�E�F�dYH�`BdUTUN9Fk]L`I]LK_F�M�T1] K_O�M'TUM'TYX�ZIH-]�X�dYO/]DF�d `�H-]PGIO/]^]_T q9dYF�ZBKLr9FTUN-K_F�J_G9JDOIX�F-]^]�X�O9M'MkSINBTYX�H�KLTYO9N'GIF�J_QLO9J_M�H�N9X�FuO9Q/KLr9Fup9F-]_TUJDF�pkc'TYp9F�{_H�JDF�H�N9F�Kac�O9J_v�tBe�OH�X�rBTYF�\IF�KLrBT1]PVIOIH�dBKLr9Fk]L`I]LK_F�M�T1]�H�q9dYF�K_O�TUN-KLJDOIp-S/X�F�M�F-]^]DH�VIF�dYO/]^]�H�N9p�p9F�dYH�`'TUNkK_O'KLr9FX�O9M'MkSINBTYX�H�KLTYO9NI]�tBePr9F�M�H�TUN�X�O9NI]LKLJDH�TUN-K TUN'GIF�J_QLO9J_M'TUNBV'KLrBT1]PM�H�NBTUGBSIdYH�KLTYO9N'T1] KLr9FJDF��-SITUJDF�M�F�N-K�KLr9H�K�KLr9Fk]DF�M�H�N-KLTYX-]�O9Q/KLr9Fk]LK_H�N9p9H�JDp>]DOIX�vIF�K TUN-K_F�J_QLH�X�F�MkS�]LK�qIF�G9JDF-]DF�JL\IF�p/tePr9F�QLO9dUdYOBc'TUNBV3]DF�X�KLTYO9NI]�p9F-]DX�J_T qIF�KLr9F�K_F�X�rBNBTY�-S/F-] KLr9H�KPH�JDF�S�]DF�pkqB`kE�F�dYH�`BdUTUN9F�K_OG9JDOB\9TYp9F�KLr9F�JDF��-SITUJDF�p'M�F-]^]DH�VIF�M�H�NBTUGBSIdYH�KLTYO9N/t
¿I}IÀu�3�IÁaÂ �1�a�I�	��Ã�Äy������Â9ÅP��Æ��9���

l ]�]LK_H�K_F�p'G9JDF�\9TYOBS�]_d `9ZIO9N9FuO9Q/KLr9F�G9J_TUM�H�JL`�pBTUQaQLF�JDF�N9X�F-] qIF�Kac�F�F�N'dYOIX�H�dIH�N9pkc'TYp9F�{_H�JDF�HN9F�Kac�O9J_v>X�O9M'MkSINBTYX�H�KLTYO9NI]PT1]�H�rBTUV9r9F�JPG9JDOBqIH�q9TUdUT Ka`�O9Q�M�F-]^]DH�VIF�dYO/]^]�t�E�F�dYH�`BdUTUN9FH�X�rBTYF�\IF-]PM�F-]^]DH�VIF�dYO/]^]�F�MkSIdYH�KLTYO9NkqB`'M�H�NBTUGBSIdYH�KLTUNBV'KLr9FuH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�M�´ ]TUN-\IOIX�H�KLTYO9NI]�O9Q/KLr9Fk]DF�N9pBTUNBV3]L`I]LK_F�MyX�H�dUd1]�tBR�O9NI]_TYp9F�J KLr9FuR¬dYH�NBVBS/H�VIF�G9JDOBK_OBKa`BGIFuO9Q/KLr9F
Ç È�É�Ê ]L`I]LK_F�MyX�H�dUdLn

Ë^Ì�Í<Î�Ï^Ì^Ð�Ñ1Ë^Ì�Í<Î^Ò�Ó�Ô�Õ_ÐBÖ�Ó^×�Ø�Ù3ÚDÛ�Ü�Õ�Õ�Ö�Ë^Ì�Í3Ì^Û�Ý�Í�Ï�Î�Ö�Ë^Ì�Í	Õ^Þ�Ø^ß�ÎBà
ePr9F�QaTUJ^]LK GIH�JDH�M�F�K_F�JPTUN9pBTYX�H�K_F-] KLr9Fk]DOIX�vIF�KPp9F-]DX�J_TUGBK_O9J K_O'S�]DF�ZBKLr9FuH�p9pBJDF-]^]�O9Q/KLr9Fp9H�K_H�K_O'qIFk]DF�N-K T1]�]_GIF�X�TUQaTYF�pkqB`'á�â�ãPãIZIH�N9pkKLr9F�dYF�NBVBKLr�O9Q/KLr9Fup9H�K_H�T1]PV9T \IF�N'TUN

É á�äPå È�Ç tBePr9F�QaTUN9H�dIH�J_VBSIM�F�N-K_ZPã æ çPè Ç ZIH�dUdYOBc>]�X�F�JLK_H�TUNkKLJDH�NI]_M'T1]^]_TYO9N�O9GBKLTYO9NI] K_O'qIF]DF�K^tBePr9FuX�H�dUd9JDF�KaSIJ_NI] KLr9F�N-SIMkqIF�J�O9Q/qB`-K_F-] KLr9H�K r9H�\IF�qIF�F�NkKLJDH�NI]_M'T KaK_F�p/tePr9F�r9F�H�p9F�JPQaTUdYF-]PG9JDOB\9TYp9F�pkqB`kE�F�dYH�`BdUTUN9F�JDF�p9F�QaTUN9FuH�dUdIH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�MTUNI]LK_H�N9X�F-]�O9Q/KLr9Fk]L`I]LK_F�MyX�H�dUd1] S�]DF�p'QLO9J�]DF�N9pBTUNBV>p9H�K_Hu­_FBt V�t Ç È�É�Ê Z Ç È�É�Ê å é ZIF�K_XBt ® K_OE�F�dYH�`BdUTUN9F�\IF�J^]_TYO9NI]�­_FBt V�t Ê æ9ê Ç È�É�Ê Z Ê æ9ê Ç È�É�Ê å é ZIF�K_XBt ®�tBePr9FuX�OIp9Fk]DF�V9M�F�N-K�qIF�dYOBcTUdUd S�]LKLJDH�K_F-]DZ9TUN�Hk]_TUM'G9dUT1]LKLTYX�QLH-]_rBTYO9N9Z9r9OBc�M�F-]^]DH�VIF�dYO/]^]PT1]PTUM'G9dYF�M�F�N-K_F�p'TUNkKLr9FE�F�dYH�`BdUTUN9Fk]DF�N9pBTUNBV�JDOBS9KLTUN9F-]�t
Ë^Ì�Í>Ð�ÞLëBÎ�Ï^Ì^Ð�Ñ1Ë^Ì�Í>Ð�ÞLëBÎ^Ò�Ó�Ô�Õ_ÐBÖ�Ó^×�Ø�Ù3ÚDÐ�ÞLë�Û�Ü�Õ�Õ�Ö�Ë^Ì�Í>Ð�ÞLë-Ì^Û�Ý�Í�Ï�Î�Ö�Ë^Ì�Í>Ð�ÞLë9Õ^Þ�Ø^ß�ÎBàì í�í�í

Ë�Õ¬Ñ1Ø�Ó^Í�Ë^Ò�Ì>î�î<ï�ð�ñ^ò_ë�ó�ò�ñ�ñLô-õ�ò9àÙ�Ï^Í�Ü�Ù^Ì/ÑUÐ�ÞLë-Ì^Û�Ý�Í�Ï�ÎBàDöÏ�Þ�Î�Ï Ù�Ï^Í�Ü�Ù^Ì/Ñ�Î�Ï^Ì^Ð�ÑUÐ�ÞLëBÎ^Ò�Ó�Ô�Õ_ÐBÖkÐ�ÞLë�Û�Ü�Õ�Õ�ÖkÐ�ÞLë-Ì^Û�Ý�Í�Ï�Î�ÖkÐ�ÞLë9Õ^Þ�Ø^ß�ÎBà3àDö÷
ePr9FuH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�M�JDF�X�F�T \IF-] KLr9FuF�s9GIF�X�K_F�p'JDF�KaSIJ_Nk\IH�d S/F�qBS9K�KLr9FuH�X�KaS/H�d

Ç È�É�Ê T1]PN9OBK GIF�J_QLO9J_M�F�p/tBePr9F�JDF-]LSId K T1]�]DF�M�H�N-KLTYX�H�dUd `�F��-SIT \IH�dYF�N-K�K_O'KLr9F�M�F-]^]DH�VIF�qIF�TUNBVdYO/]LKPp-SIJ_TUNBV�T KD]9wDOBSIJ_N9F�`'QaJDO9M�]DOBSIJDX�F�K_O>p9F-]LKLTUN9H�KLTYO9N/t l ]_dUTUV9r-KPH�p9pBT KLTYO9N9H�dIX�O9M'G9dYF�s9T Ka`H�J_T1]DF-]PQaJDO9M@KLr9F�S�]DFuO9Q/KLr9F�ø�ù�ú å È�û Z�ù È ç Ê û Z Ç È�É�Ê/üuÇ è<H�N9p3ù ÈPý�û�üuÇ è	]L`I]LK_F�MX�H�dUd1] c'rBTYX�rkS�]DFk]DX�H�KaK_F�JLþaVIH�KLr9F�J qBSIQaQLF�J^] K_O�G9JDOB\9TYp9F�KLr9FuH�q9TUdUT Ka`kK_O�JDF�H�p'TUN-K_O>O9J c'J_T K_FQaJDO9M�N9O9N9{_X�O9N-KLTUVBS/OBS�] qBSIQaQLF�J^]�t�� O9J KLr9F-]DF�JDOBS9KLTUN9F-]DZBKLr9F�K_OBK_H�d9N-SIMkqIF�J�O9Q/qB`-K_F-]PTUN�F�H�X�rO9Q/KLr9F�qBSIQaQLF�J^]PT1]�X�H�dYX�SIdYH�K_F�p�H�N9p'JDF�KaSIJ_N9F�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�M3t

�

ÿI}IÀu�3�IÁaÂ �1�1�9Å3~����B���-ÂI�-�-��Æ�Â �1�-���_�
z_N-KLJDOIp-S/X�TUNBV�dYH�K_F�N9X�`'TUN-K_O�TUN-K_F�J_G9JDOIX�F-]^]�X�O9M'MkSINBTYX�H�KLTYO9N'TUN�Hk]DF�M�H�N-KLTYX�H�dUd `�X�O9J_JDF�X�KM�H�NBN9F�JPT1]�]DO9M�F�c'r9H�K r9H�JDp9F�J K_O>H�X�rBTYF�\IF�KLr9H�NkKLr9FuF�MkSIdYH�KLTYO9N�O9Q�M�F-]^]DH�VIF�dYO/]^]�tR�O9NI]_TYp9F�J Kac�O>X�O9M'MkSINBTYX�H�KLTUNBV�G9JDOIX�F-]^]DF-]DZ l H�N9p m tBePr9FupBTYH�V9JDH�M�TUNk��TUVBSIJDFu¯>]_r9OBc>]KLr9Fk]_T KaS/H�KLTYO9Nkc'r9F�JDF�G9JDOIX�F-]^] l T1]�H�KaK_F�M'GBKLTUNBV'K_O3]DF�N9p�H�M�F-]^]DH�VIF�K_O�G9JDOIX�F-]^] m t

----

----

----

----

----

send(...)

---- ----

recv(...)

----
LAN Link

WAN Link

---- ----
= application code

Process A Process B

T
IM

E

bl
oc

ki
ng

��TUVBSIJDFu¯�n-z_N-K_F�J_G9JDOIX�F-]^]�X�O9M'MkSINBTYX�H�KLTYO9N
�5r9F�N'G9JDOIX�F-]^] l F�sIF�X�S9K_F-] KLr9F Ç È�É�Ê ]L`I]LK_F�MyX�H�dUdYZBKLr9Fup9H�K_H�K_O'qIFk]DF�N-K T1]�X�O9G9TYF�pTUN-K_O�vIF�J_N9F�dBqBSIQaQLF�J�]_GIH�X�FuH�N9p��-S/F�S/F�pkK_O'qIFk]DF�N-K^t l K�KLrBT1]PGIO9TUN-K_ZBKLr9F�vIF�J_N9F�d9JDF�KaSIJ_NI]X�O9N-KLJDO9dBK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�M�ZIH�dUdYOBc'TUNBV�T K�K_O>X�O9N-KLTUN-S/FBt��5r9F�N'G9JDOIX�F-]^] mF�sIF�X�S9K_F-] KLr9F'ù ÈPý�û X�H�dUdIX�O9N-KLJDO9d9T1]PGIH-]^]DF�pkK_O'KLr9F�vIF�J_N9F�dIH�N9p9ZBSIN9p9F�JPN9O9J_M�H�dX�TUJDX�SIM>]LK_H�N9X�F-]DZBKLr9FuH�G9G9dUTYX�H�KLTYO9N'T1] q9dYOIX�vIF�pkSIN-KLTUdBKLr9Fup9H�K_HuH�J_J_T \IF-]DZIH�K�c'rBTYX�r'GIO9TUN-K�KLr9Fp9H�K_H�JDF�X�F�T \IF�p'T1]PGIH-]^]DF�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N�H�N9p�X�O9N-KLJDO9d9T1]PJDF�KaSIJ_N9F�p/tePr9F�KLTUM�F�K_H�vIF�N'QLO9J KLr9F�M�F-]^]DH�VIF�K_O'KLJDH�\IF�d9QaJDO9M�G9JDOIX�F-]^] l K_O�G9JDOIX�F-]^] m T1]TUNBQad S/F�N9X�F�pkqB`�H�N-SIMkqIF�J�O9Q�QLH�X�K_O9J^]PTUN9X�d S/pBTUNBV'KLr9F�TUNBGBS9KaþLOBS9KLGBS9K�]DX�r9F�p-SIdUTUNBV�GIO9dUTYX�`�O9QKLr9FuO9GIF�JDH�KLTUNBV3]L`I]LK_F�M3t�x�OBc�F�\IF�JDZBKLr9F�G9J_TUM�H�JL`�p9F�GIF�N9p9F�N9X�`'T1] KLr9F�Ka`BGIFuO9QX�O9M'MkSINBTYX�H�KLTYO9N'dUTUNBv>X�O9NBN9F�X�KLTUNBV'KLr9F�Kac�O�r9O/]LKD]�t-z_Q/KLr9F�Kac�O�G9JDOIX�F-]^]DF-]�H�JDF�JLSINBNBTUNBV>O9Nr9O/]LKD]�X�O9NBN9F�X�K_F�pkqB`�H�« l b>ZBKLr9FuX�O9M'MkSINBTYX�H�KLTYO9Nkc'TUdUdBKa`BG9TYX�H�dUd `kqIF�\IF�JL`'QLH-]LK_Z9TUNkKLr9FO9JDp9F�J�O9Q�M'TUdUdUTY{D]DF�X�O9N9pI]�­_p9OBKaK_F�p'dUTUN9F�TUN�pBTYH�V9JDH�M'®DZBc'rBTUdYFuH�c'TYp9FuH�JDF�HuX�O9NBN9F�X�KLTYO9NX�OBSIdYp'JDF-]LSId K TUN�H�MkS/X�r>]_dYOBc�F�J�p9F�dUT \IF�JL`9ZBKa`BG9TYX�H�dUd `'TUNkKLr9FuO9JDp9F�J�O9QP]DF�X�O9N9pI]�t-z_N�O9JDp9F�JK_O>F�MkSIdYH�K_F�c'TYp9FuH�JDF�HuX�O9M'MkSINBTYX�H�KLTYO9NI]DZBKLrBT1]PTUN9X�JDF�H-]DF�p�X�O9M'MkSINBTYX�H�KLTYO9N�p9F�dYH�`'MkS�]LKqIF�TUNI]DF�JLK_F�pkqB`kKLr9F�E�F�dYH�`BdUTUN9Fk]DO9Q1Kac�H�JDF�ZBc'rBTUd1]LK G9JDF-]DF�JL\9TUNBV'KLr9FuX�O9J_JDF�X�K�]DF�M�H�N-KLTYX-]�O9QKLr9F m F�J_vIF�dYF�`>]DOIX�vIF�K TUN-K_F�J_QLH�X�FBtz_NkKLr9FuX�SIJ_JDF�N-K�\IF�J^]_TYO9N�O9Q/KLr9F�E�F�dYH�`BdUTUN9Fk]DO9Q1Kac�H�JDF�Z9dYH�K_F�N9X�`'T1]PTUN-KLJDOIp-S/X�F�pkqB`TUN-K_F�JDX�F�GBKLTUNBV�M�F-]^]DH�VIF-]�H�K�qIOBKLrkKLr9Fk]DF�N9pBTUNBV>H�N9p'JDF�X�F�T \9TUNBV�G9r9H-]DF-]�O9Q/KLr9F�TUN-K_F�J_G9JDOIX�F-]^]X�O9M'MkSINBTYX�H�KLTYO9N/t l ]PM�F-]^]DH�VIF-] K_O'qIFk]DF�N-KPH�JDF�TUN-K_F�JDX�F�GBK_F�pkqB`kE�F�dYH�`BdUTUN9F�ZBKLr9F�`�H�JDF¸�¥ ¦/£I±��>TUN9pBTYX�H�KLTUNBV'KLr9H�K�KLr9F�`>]_r9OBSIdYpkqIFup9F�dYH�`9F�p�O9N'JDF�X�F�GBKLTYO9N/tBePr9F�G9JDOIX�F-]^]�O9QP]_TUV9NBTUNBVKLr9F�M�F-]^]DH�VIF-]PTUN-\IO9d \IF-]PG9JDF�GIF�N9pBTUNBV'KLr9F�M�F-]^]DH�VIF-] c'T KLr�H�QaT sIF�p'dYF�NBVBKLr'r9F�H�p9F�JX�O9N-K_H�TUNBTUNBV>H�·>±�¾Y©���¾1¥Y£I±�¸�¥ ¦/£9©/ªY§B¨�±kH�N9pkKLr9F�JDF��-SITUJDF�p�p9F�dYH�`'TUN'M'TUdUdUT1]DF�X�O9N9pI]�tBePr9FJDF�\9T1]DF�pkqBSIQaQLF�JPT1]�]DF�N-K�K_O�T KD]�p9F-]LKLTUN9H�KLTYO9NkS�]_TUNBV'KLr9FuH�G9G9JDO9G9J_TYH�K_Fk]L`I]LK_F�MyX�H�dUdBc'T KLrM�OIpBTUQaTYF�p'GIH�JDH�M�F�K_F�J^]DZ9TUN9pBTYX�H�KLTUNBV'KLr9FupBTUQaQLF�J_TUNBV3]_T��-FuO9Q/KLr9F�qBSIQaQLF�J�tBePr9F�JDF�KaSIJ_Nk\IH�d S/FQaJDO9M@KLr9Fk]L`I]LK_F�MyX�H�dUd9T1]PM�OIpBTUQaTYF�pkK_O'K_H�vIF�TUNkK_O>H�X�X�OBSIN-K�KLr9FuH�p9pBT KLTYO9N9H�d9r9F�H�p9F�J qIF�QLO9JDF

�

qIF�TUNBV�GIH-]^]DF�pkqIH�X�v'K_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�M3tBePrBT1] K_F�X�rBNBTY�-S/FuH�dUdYOBc>]�H]DF�M�H�N-KLTYX�H�dUd `�X�O9J_JDF�X�K QadYOBcyO9Q X�O9N-KLJDO9d9TUNkKLr9Fk]DF�N9p9F�J�H-]�X�O9N-KLJDO9dIX�H�NkqIF�JDF�KaSIJ_N9F�pkK_O'KLr9FH�G9G9dUTYX�H�KLTYO9N�H-]�]DOIO9N�H-] KLr9Fk]DF�N9pBTUNBV3]L`I]LK_F�MyX�H�dUd9JDF�KaSIJ_NI]PQaJDO9M@KLr9F�vIF�J_N9F�datBePr9F-]DFX�O9N-KLJDO9d9QadYOBc�]DF�M�H�N-KLTYX-]�H�JDFup9F-]DX�J_T qIF�p'Q1SIJLKLr9F�JPdYH�K_F�J�tePr9Fk]L`I]LK_F�MyX�H�dUd1]PQLO9JPJDF�X�F�T \9TUNBV>p9H�K_H�KLrBJDOBSIV9r>]DOIX�vIF�KD]�H�JDFuH�d1]DO�JDF�M�H�G9GIF�pkK_OE�F�dYH�`BdUTUN9F�Q1SIN9X�KLTYO9NI]�]DO>H-] K_O>H�dUdYOBc@KLr9FuF�sIH�M'TUN9H�KLTYO9N�H�N9p'JDF�M�OB\IH�dIO9Q/KLr9F�G9JDF�GIF�N9p9F�p]_TUV9N9H�KaSIJDF-] qIF�QLO9JDF�GIH-]^]_TUNBV>p9H�K_H�K_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�M3t��5r9F�NkKLr9F-]DFuX�H�dUd1]�H�JDFF�sIF�X�S9K_F�pkqB`�H�N�H�G9G9dUTYX�H�KLTYO9N9ZIX�O9N-KLJDO9d9T1]PGIH-]^]DF�pkK_O'KLr9F�vIF�J_N9F�dIH�N9pkKLr9FuH�G9G9dUTYX�H�KLTYO9N'T1]q9dYOIX�vIF�pkSIN-KLTUdBKLr9Fup9H�K_HuH�J_J_T \IF-]�O9NkKLr9Fk]DOIX�vIF�KP­aKLr9F�JDFuH�JDFuF�sIX�F�GBKLTYO9NI] K_O'KLr9F-]DF]DF�M�H�N-KLTYX-] c'rBTYX�r�H�JDFupBT1]DX�S�]^]DF�p'TUN3WIF�X�KLTYO9N>�It �9®�t�5r9F�N�p9H�K_H�T1]PJDF�X�F�T \IF�p�OB\IF�J KLr9Fk]DOIX�vIF�K�KLr9F�QaTUJ^]LK�]LK_H�VIFuO9Q�G9JDOIX�F-]^]_TUNBV�T1] K_O>X�r9F�X�vc'r9F�KLr9F�J KLr9Fup9H�K_H�JDF�X�F�T \IF�p�O9J_TUV9TUN9H�K_F�p'QaJDO9MyH�G9JDOIX�F-]^]PJLSINBNBTUNBV'KLr9F�E�F�dYH�`BdUTUN9F]DO9Q1Kac�H�JDFBtBePrBT1]�X�r9F�X�v'c�H-]�H�N9F�X�F-]^]DH�JL`'TUN9X�d S�]_TYO9N>]DO>H-]PN9OBK�K_O>F�sIX�d S/p9F�KLr9F�GIO/]^]_T q9TUdUT Ka`O9Q X�O9M'MkSINBTYX�H�KLTYO9Nkc'T KLrkqIOBKLr'G9JDOIX�F-]^]DF-] KLr9H�KPH�JDF�JLSINBNBTUNBV'E�F�dYH�`BdUTUN9FuH�N9pkKLr9O/]DF�KLr9H�KH�JDF�N9OBK^t��5T KLrkKLrBT1]�H-]^]LSIM'GBKLTYO9N'TUN'M'TUN9p'T K�c�H-]PN9F�X�F-]^]DH�JL`kK_O'qIFuH�q9dYF�K_O>X�r9F�X�v�QLO9J KLr9FF�s9T1]LK_F�N9X�FuO9Q Hk]_TUV9N9H�KaSIJDF�c'T KLr9OBS9KPH�QaQLF�X�KLTUNBV'KLr9Fup9H�K_H�TUNkKLr9FuX�H-]DF-] c'r9F�JDFuHk]_TUV9N9H�KaSIJDFc�H-]PN9OBK QLOBSIN9p/tBePr9Fk]_TUV9N9H�KaSIJDFuX�r9F�X�v9TUNBV'c�H-]�H�X�rBTYF�\IF�pkqB`'GIF�J_QLO9J_M'TUNBV>H�VIF�N9F�J_TYXJDF�X�F�T \IF�QaJDO9M@KLr9Fk]DOIX�vIF�K�S�]_TUNBV>H�N�H�p9pBT KLTYO9N9H�dIO9GBKLTYO9N'QadYH�VIZ9v9N9OBc'N�H-]��
	��/ê�
������PZc'rBTYX�r�H�dUdYOBc>]�p9H�K_H�K_O'qIF�JDF�H�p'QaJDO9M@KLr9Fk]DOIX�vIF�K�c'T KLr9OBS9K JDF�M�OB\9TUNBV'KLr9FuX�O9N-K_F�N-KD]PQaJDO9MKLr9F�vIF�J_N9F�dBqBSIQaQLF�J�t-z_Q Hk]_TUV9N9H�KaSIJDF�T1]PQLOBSIN9p'TUN�H�JDF�X�F�T \IF�p'M�F-]^]DH�VIF�ZBKLr9Fup9F�dYH�`kKLTUM�F�T1]F�sBKLJDH�X�K_F�p�H�N9pkKLr9F�qBSIQaQLF�JPT1]�]LKLJ_TUG9GIF�p�O9Q/KLr9Fk]_TUV9N9H�KaSIJDF��_t-z_NI]LK_F�H�p�O9Q�JDF�KaSIJ_NBTUNBV'KLrBT1]JDF�X�F�T \IF�p�p9H�K_HupBTUJDF�X�KLd `kK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N9ZBKLr9Fk]_GIF�X�TUQaTYF�p�p9F�dYH�`'T1]PTUN-KLJDOIp-S/X�F�p�H�K�KLrBT1]]LK_H�VIF�qIF�QLO9JDFuX�O9N-KLJDO9d9T1]PJDF�KaSIJ_N9F�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N/tBePrBT1] K_F�X�rBNBTY�-S/F�G9JDOB\9TYp9F-]�H�VIOIOIpF�MkSIdYH�KLTYO9N�O9Q H�dYH�K_F�JPM�F-]^]DH�VIFuH�J_J_T \IH�dBKLr9H�N�H�X�KaS/H�dUd `�OIX�X�SIJ_JDF�p/tBePrBT1]PG9JDOIX�F-]^]_TUNBV�T1]TUdUd S�]LKLJDH�K_F�p'TUNkKLr9FupBTYH�V9JDH�M�TUNk��TUVBSIJDF�µ�t

----

send(...)

----

recv(...)

---- ----

send(...)

desired
latency

= application code

= Delayline code

Process A Process B

bl
oc

ki
ng

sign

----

----

----

checksig
recv(...)
sleep

without Delayline

emulated communication

��TUVBSIJDF�µ n�f�MkSIdYH�KLTUNBV�TUN9X�JDF�H-]DF�p'dYH�K_F�N9X�`
l ]_TUM'G9dYF�JPM�F�KLr9OIp�O9Q F�MkSIdYH�KLTUNBV�TUN9X�JDF�H-]DF�p'dYH�K_F�N9X�`kc�OBSIdYpkqIF�K_O�TUN-KLJDOIp-S/X�F�KLr9FN9F�X�F-]^]DH�JL`�p9F�dYH�`'TUNkKLr9Fk]DF�N9pBTUNBV�G9r9H-]DFuO9Q/KLr9FuX�O9M'MkSINBTYX�H�KLTYO9N9ZBKLr9H�K T1]DZ/]_dYF�F�G9TUNBV�QLO9JKLr9Fup9F-]_TUJDF�pkKLTUM�F�qIF�QLO9JDF�GIH-]^]_TUNBV'KLr9F�M�F-]^]DH�VIF�K_O'KLr9F�vIF�J_N9F�dBK_O'qIF�KLJDH�NI]_M'T KaK_F�p/tz_N9p9F�F�p9Z9QaJDO9M@KLr9F�GIO9TUN-KPO9Q/\9TYF�cyO9Q/KLr9F�JDF�X�F�T \9TUNBV�G9JDOIX�F-]^]DZBKLrBT1]�H�G9G9JDOIH�X�rkc�OBSIdYp'r9H�\IF

����������� �����! "�#��� ��$!�%��� &�"'��"'����(*)%+-,���. ��+�. � ����/�0��!#��! ���1"'��� ���� ������� 2-0�. ������� "�2-0� � /��* ���! 1�  1� �13��!# +�"���. � 4'��. +�5 /�#�����/���6 ,���. ��+�. � ���0%#�/%$������' /��%�!���!#��! ����27���������%��$�/��� ��� ��� ���� ����,���. ��+�. � ������� �����! "�#���8%�  1(%/%���1��/� '0%#�/�3�� (%��� ��9�9�: � "'$�$���������"'��#����� ����;

h

KLr9Fk]DH�M�FuF�QaQLF�X�K TUNkK_F�J_M>]�O9Q X�JDF�H�KLTUNBV'KLr9F�TUdUd S�]_TYO9N�O9Q�TUN9X�JDF�H-]DF�pkKLJDH�NI]_M'T1]^]_TYO9N'dYH�K_F�N9X�`/tzLK�c�OBSIdYp'r9H�\IF�KLr9FuH�p-\IH�N-K_H�VIFuO9Q�N9OBK JDF��-SITUJ_TUNBV�TUN-K_F�JDX�F�GBKLTYO9N�O9Q/KLr9FuH�G9G9dUTYX�H�KLTYO9N�X�H�dUd1]QLO9JPJDF�X�F�T \9TUNBV�M�F-]^]DH�VIF-]�H�N9p�X�O9NI]DF��-S/F�N-KLd `kKLr9FuX�O9NI]LKLJLS/X�KLTYO9N�O9Q/KLr9F�E�F�dYH�`BdUTUN9F]_TUV9N9H�KaSIJDF-] c�OBSIdYp�H�d1]DO�N9OBK�qIF�JDF��-SITUJDF�p�p-SIJ_TUNBV'KLr9Fk]DF�N9pBTUNBV�G9r9H-]DFBt�x�OBc�F�\IF�JDZBKLrBT1]H�G9G9JDOIH�X�rkc�H-]PN9OBK�S�]DF�p�H-]PT K�q9JDF�H�v/] KLr9Fk]DF�M�H�N-KLTYX-]�O9Q/KLr9F m F�J_vIF�dYF�`>]DOIX�vIF�K TUN-K_F�J_QLH�X�FBtePr9F�G9JDOBq9dYF�M�T1] KLr9H�K�qB`'TUN-KLJDOIp-S/X�TUNBV'KLr9Fup9F�dYH�`'TUNkKLr9Fk]DF�N9pBTUNBV�JDOBS9KLTUN9F-]DZIX�O9N-KLJDO9d9QadYOBcT1]Pr9F�dYp'TUNkKLr9F�E�F�dYH�`BdUTUN9Fk]L`I]LK_F�M�QLO9J KLr9Fup-SIJDH�KLTYO9N�O9Q/KLr9Fk]_dYF�F�GIZ9JDH�KLr9F�J KLr9H�NkqIF�TUNBVJDF�KaSIJ_N9F�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N�H-]�]DOIO9N�H-] KLr9Fup9H�K_H�T1]�X�O9G9TYF�p'TUN-K_O�vIF�J_N9F�dBqBSIQaQLF�J�]_GIH�X�FBt[>]_TUNBV'KLr9FuH�p9O9GBK_F�p�H�G9G9JDOIH�X�r9ZBKLr9F�SIN-c�H�N-K_F�p'dYH�K_F�N9X�`'TUNkKLr9Fk]DF�N9pBTUNBV�G9JDOIX�F-]^]PT1]JDF�p-S/X�F�pkK_O'KLr9F�KLTUM�F�K_H�vIF�N'QLO9J E�F�dYH�`BdUTUN9F�K_O>p9F�X�TYp9F�KLr9F�QLH�K_FuO9Q/KLr9F�M�F-]^]DH�VIFuH�N9pkK_OH�p9pkKLr9F�JDF��-SITUJDF�p>]_TUV9N9H�KaSIJDFBt
</}*=��/���L�1�a�I�/Â/Á�>k�I�@?�ÁL��A��L�1�a���

l d KLr9OBSIV9rkKLr9F�K_F�X�rBNBTY�-S/Fup9F-]DX�J_T qIF�p'TUNkKLr9F�G9JDF�\9TYOBS�]�]DF�X�KLTYO9Nkc�H-]PQLOBSIN9pkK_O'qIFuH�VIOIOIpM�F�X�r9H�NBT1]_M�QLO9JPTUN-KLJDOIp-S/X�TUNBV'KLr9FuH�p9pBT KLTYO9N9H�dIX�O9M'MkSINBTYX�H�KLTYO9N'dYH�K_F�N9X�`9ZBKLr9F m F�J_vIF�dYF�`]DOIX�vIF�K TUN-K_F�J_QLH�X�F�G9JDOB\9TYp9F-]�H�p9pBT KLTYO9N9H�d9Q1SIN9X�KLTYO9N9H�dUT Ka`kKLr9H�KPX�H�S�]DF-]�X�O9M'G9dUTYX�H�KLTYO9NI]PQLO9JE�F�dYH�`BdUTUN9FBtBePr9F�M�O/]LK�]_TUV9NBTUQaTYX�H�N-KPO9Q/KLr9F-]DF�T1] KLr9F Ç È æ ÈPý å	]L`I]LK_F�MyX�H�dUdBc'rBTYX�r�X�H�NkqIFS�]DF�pkK_O�MkSId KLTUG9dYF�s�TUNBGBS9KaþLOBS9KLGBS9K JDF��-S/F-]LKD]�H�M�O9NBV�MkSId KLTUG9dYFk]DOIX�vIF�KD]�O9JPQaTUdYF-]�t
B9�a -�-CI±�¾1±�²-ª

R�F�JLK_H�TUN�H�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�M>]DZBKa`BG9TYX�H�dUd `>]DF�JL\IF�JPG9JDO9V9JDH�M>]DZ9JDF��-SITUJDFX�O9M'MkSINBTYX�H�KLTYO9N�OB\IF�J�H�N-SIMkqIF�J�O9QP]DOIX�vIF�KD]�t-z^]^]LSITUNBV>H�JDF�X�F�T \IFuX�H�dUdIO9N�O9N9FuO9Q/KLr9F]DOIX�vIF�KD] Ka`BG9TYX�H�dUd `kc'TUdUdIX�H�S�]DF�KLr9F�G9JDOIX�F-]^] K_O'q9dYOIX�v>F�\IF�NkKLr9OBSIV9rkKLr9F�JDF�M�H�`kqIFup9H�K_Hc�H�T KLTUNBV'K_O'qIFk]DF�JL\9TYX�F�p�O9N�O9N9FuO9Q/KLr9FuOBKLr9F�J�]DOIX�vIF�KD]�tBePr9F�JDFuH�JDFuH�N-SIMkqIF�J�O9QK_F�X�rBNBTY�-S/F-] KLr9H�K M�H�`kqIF�S�]DF�pkK_O�G9JDO9V9JDH�M@KLrBT1]�]DX�F�N9H�J_TYOIZ9TUN9X�d S/pBTUNBV�N9O9N9{aq9dYOIX�v9TUNBV]DOIX�vIF�KD]DZIH�N9p�H-]L`BN9X�rBJDO9N9OBS�]PTUNBGBS9KaþLOBS9KLGBS9K_ZBqIOBKLr�O9Q/c'rBTYX�r�H�JDFupBT1]DX�S�]^]DF�p'TUN]LS9q/]DF��-S/F�N-K�]DF�X�KLTYO9NI]�tBePr9F�M�O/]LKPX�O9N-\IF�NBTYF�N-KPH�G9G9JDOIH�X�rkK_O�TUM'G9dYF�M�F�N-KLTUNBV3]LS/X�r�H�NH�G9G9dUTYX�H�KLTYO9N'T1] K_O'S�]DF�KLr9F Ç È æ ÈPý å	]L`I]LK_F�MyX�H�dUdYZBc'rBTYX�r�H�dUdYOBc>] KLr9F�G9JDO9V9JDH�M'M�F�J K_O]_GIF�X�TUQ1`�H�N-SIMkqIF�J�O9Q p9F-]DX�J_TUGBK_O9J^]�­_F�T KLr9F�J�]DOIX�vIF�KD]�O9JPQaTUdYF-]_® K_OED�©/ªY²�F>QLO9J�H�X�KLT \9T Ka`/t�5r9F�N�p9H�K_H�T1]�p9F�K_F�X�K_F�p�O9N�H�N-`�O9Q/KLr9F-]DFup9F-]DX�J_TUGBK_O9J^]DZBKLr9FuX�H�dUd9JDF�KaSIJ_NI]PTUN9pBTYX�H�KLTUNBV'KLr9FH�X�KLT \IFup9F-]DX�J_TUGBK_O9J�tBePr9F�G9JDOBK_OBKa`BGIF�QLO9J KLr9F Ç È æ ÈPý å<X�H�dUd9T1]�]_r9OBc'NkqIF�dYOBc<n
Ë^Ì�Í<Î�Ï�Þ�Ï�Ó^Í/Ñ1Ë^Ì�ÍHGBËDÐ�Í�×-Ö>Õ_ÐDëBÎ�Ï^Í<Ú�Ù�Ï�ØDÐ-Õ_Ð�Î�Ö�Ú%GBÙ�Ë^Í�Ï�Õ_Ð�Î�ÖÚ�Ï'I�Ó�Ï'J�Í�Õ_Ð�Î�Ö�Î^Í�Ù^Ü�Ó^Í3Í�Ë'K�Ï'L�Ø�Þ>Í�Ë'K�Ï^Ò�Ü�Í9à

ePr9F>ã Ê ê Ç È å<H�J_VBSIM�F�N-KD]PJDF�G9JDF-]DF�N-K�KLr9Fk]DF�KD]�O9Q p9F-]DX�J_TUGBK_O9J^]�O9Q�TUN-K_F�JDF-]LK^tBePr9F-]DFuH�JDFpBT \9TYp9F�p'TUN-K_O'KLrBJDF�FuX�dYH-]^]DF-]DZ�ù È ç Ê ã Ê�Ç TYp9F�N-KLTUQaTYF-] KLr9Fup9F-]DX�J_TUGBK_O9J^]�O9Nkc'rBTYX�rkKLr9FuX�H�dUdYF�Jc'T1]_r9F-] K_O'qIFuH�q9dYF�K_O�JDF�X�F�T \IFup9H�K_H�Z9ø�ù�ú å È ã Ê�Ç TYp9F�N-KLTUQaTYF-] KLr9Fup9F-]DX�J_TUGBK_O9J^] K_O'c'rBTYX�rp9H�K_H�T1] K_O'qIF�c'J_T KaK_F�N�H�N9pkKLr9F�KLrBTUJDp>]DF�K T1]PQLO9J�p9F-]DX�J_TUGBK_O9J^]PQLO9J c'rBTYX�r�F�sIX�F�GBKLTYO9N9H�dX�O9N9pBT KLTYO9NI]�H�JDF�GIF�N9pBTUNBV�tBePr9FuX�H�dUd9JDF�KaSIJ_NI] KLr9F�N-SIMkqIF�J�O9Q H�X�KLT \IFup9F-]DX�J_TUGBK_O9J^]�H�N9pM�OIpBTUQaTYF-] KLr9Fup9H�K_Hk]DF�KD] K_O�TUN9pBTYX�H�K_F�KLr9Fup9F-]DX�J_TUGBK_O9J^] KLr9H�KPH�JDF�JDF�H�p-`'QLO9JPG9JDOIX�F-]^]_TUNBV�tePr9F'å�ú ü�È é â�å3GIH�JDH�M�F�K_F�JPT1] S�]DF�pkK_O3]_GIF�X�TUQ1`kKLr9F�KLTUM�FuH�Q1K_F�J c'rBTYX�rkKLr9FuX�H�dUd/]_r9OBSIdYpJDF�KaSIJ_N'TUQ�N9O>H�X�KLT \9T Ka`'T1]�p9F�K_F�X�K_F�p/t��5r9F�N�H Ç È æ ÈPý å<X�H�dUd9JDF�KaSIJ_NI]�H�N9p'TUN9pBTYX�H�K_F-] KLr9H�Kp9H�K_H�T1]�H�\IH�TUdYH�q9dYF�K_O'qIF�JDF�H�p'QaJDO9MyH�GIH�JLKLTYX�SIdYH�J�p9F-]DX�J_TUGBK_O9J KLr9F�NkKLr9FuH�G9G9dUTYX�H�KLTYO9N�X�H�NTUN-\IO9vIFuH�JDF�X�F�T \IFuX�H�dUd9v9N9OBc'TUNBV'KLr9H�K T K�c'TUdUd9N9OBK�qIF�q9dYOIX�vIF�p/tz_N�O9JDp9F�JPQLO9J E�F�dYH�`BdUTUN9F�K_O�M�H�TUN-K_H�TUNkKLr9FuX�O9J_JDF�X�K�]DF�M�H�N-KLTYX-]�O9Q/KLr9F m F�J_vIF�dYF�`>]DOIX�vIF�KTUN-K_F�J_QLH�X�F�c'r9F�N'TUN-KLJDOIp-S/X�TUNBV�dYH�K_F�N9X�`'TUN-K_O>X�O9M'MkSINBTYX�H�KLTYO9NI]DZIH�G9G9dUTYX�H�KLTYO9N'G9JDO9V9JDH�MTUN-\IOIX�H�KLTYO9NI]�O9Q/KLr9Fk]DF�dYF�X�KPX�H�dUdIH�JDFuH�d1]DO�TUN-K_F�JDX�F�GBK_F�p/tBePr9F�E�F�dYH�`BdUTUN9Fk]DF�dYF�X�K JDOBS9KLTUN9F­ Ê æ9ê Ç È æ ÈPý å/®PTUN-\IO9vIF-] KLr9Fk]LK_H�N9p9H�JDp Ç È æ ÈPý å	]L`I]LK_F�MyX�H�dUdBc'T KLrkKLr9Fk]DH�M�FGIH�JDH�M�F�K_F�J^] KLr9H�K T K r9H-]PJDF�X�F�T \IF�p/t-z_QLZBSIGIO9N'JDF�KaSIJ_N9ZBKLr9Fk]L`I]LK_F�MyX�H�dUd9TUN9pBTYX�H�K_F-] KLr9H�KPH

M

]DOIX�vIF�K r9H-]�p9H�K_H�JDF�H�p-`kKLr9F�N�H�QLF�c@qB`-K_F-]�O9Q p9H�K_HuH�JDF�JDF�H�p'QaJDO9M@KLr9Fk]DOIX�vIF�K_ZBc'T KLr9OBS9KJDF�M�OB\9TUNBV'KLr9Fup9H�K_H�QaJDO9M@KLr9F�vIF�J_N9F�dY´ ] qBSIQaQLF�J�tBePrBT1]�p9H�K_H�T1]�F�sIH�M'TUN9F�pkK_O>p9F�K_F�J_M'TUN9Fc'r9F�KLr9F�J KLr9F�M�F-]^]DH�VIFuO9J_TUV9TUN9H�K_F�p'QaJDO9MyH�E�F�dYH�`BdUTUN9F�G9JDOIX�F-]^]�H�N9p'TUQP]DO'c'r9H�K dYH�K_F�N9X�`'T1]JDF��-SITUJDF�pkK_O'qIF�TUN^wDF�X�K_F�p/t-z_Q/KLr9F�M�F-]^]DH�VIFup9OIF-]�X�O9N-K_H�TUN�H�E�F�dYH�`BdUTUN9Fk]_TUV9N9H�KaSIJDF�ZBKLr9F�NkKLr9FdYH�K_F�N9X�`'T1]PTUN-KLJDOIp-S/X�F�p'TUNkKLr9Fk]DF�dYF�X�K JDH�KLr9F�J KLr9H�N'TUNkKLr9F�JDF�X�F�T \IFuX�H�dUdat-z_N�O9JDp9F�J K_O�JDF�X�O9JDpKLrBT1]PQLH�X�K_ZBE�F�dYH�`BdUTUN9F�M�H�TUN-K_H�TUNI]�Hup9F-]DX�J_TUGBK_O9J�]DF�K_Z/]_TUM'TUdYH�JPTUN�O9GIF�JDH�KLTYO9NkK_O'KLr9Fk]DF�KD]G9JDF�\9TYOBS�]_d `�p9F-]DX�J_T qIF�p/t��5r9F�N�H�M�F-]^]DH�VIF�T1]PM�H�NBTUGBSIdYH�K_F�p'TUNkKLr9Fk]DF�dYF�X�KPX�H�dUdYZBKLr9FX�O9J_JDF-]_GIO9N9pBTUNBV3]DOIX�vIF�K T1]PM�H�J_vIF�p'TUNkKLr9Fk]DF�K^tBePrBT1]�X�H�NkqIFuF�sIH�M'TUN9F�pkqB`'dYH�K_F�JTUN-\IOIX�H�KLTYO9NI]�O9Q F�T KLr9F�JPJDF�X�F�T \IFuX�H�dUd1]�O9JPQ1SIJLKLr9F�J�]DF�dYF�X�KPX�H�dUd1]�t l Q1K_F�J KLr9F�M�F-]^]DH�VIF�r9H-]qIF�F�N'M�H�p9F�\9T1]_T q9dYF�qB`kE�F�dYH�`BdUTUN9F�ZBKLr9F�JDF�dYF�\IH�N-K�]DOIX�vIF�K T1] SINBM�H�J_vIF�p/tePr9FuH�X�KLTYO9NkK_O'qIF�GIF�J_QLO9J_M�F�p�O9N'M�F-]^]DH�VIF-]PTUN-K_F�JDX�F�GBK_F�p�p-SIJ_TUNBV'KLr9Fk]DF�dYF�X�KPX�H�dUdp9F�GIF�N9pI]�O9NkKLr9F�JDF�dYH�KLTYO9NI]_rBTUG'qIF�Kac�F�F�NkKLrBJDF�F�KLTUM�F�\IH�d S/F-]DZ9N9H�M�F�d `�H�® KLr9Fup9F�dYH�`kK_O'qIFTUN-KLJDOIp-S/X�F�p9ZIe (%��. ��+ ZBq9® KLr9F�KLTUM�F�OBS9K�\IH�d S/Fk]LSIG9G9dUTYF�pkK_O'KLr9F Ç È æ ÈPý å<X�H�dUdYZIe  � 27��/�"% ZIH�N9pX�® KLr9FuF�dYH�G/]DF�pkKLTUM�F�qIF�Kac�F�F�NkKLr9F Ç È æ ÈPý å<X�H�dUdBqIF�TUNBV�TUN-\IO9vIF�p�H�N9pkKLr9F�M�F-]^]DH�VIFH�J_J_T \9TUNBVIZIe ��. ��0�����( tBePr9F�JDFuH�JDF�KLrBJDF�FupBTUQaQLF�JDF�N-K�KLTUM'TUNBV3]DX�F�N9H�J_TYO/] K_O'qIFuX�O9NI]_TYp9F�JDF�p9Z9dUT1]LK_F�pqIF�dYOBc<n
•
e  � 27��/�"% �N TUN9p9F�QaTUNBT K_F9nePr9Fup9F�dYH�`�X�H�NkqIF�TUN-KLJDOIp-S/X�F�p�H�Q1K_F�J KLr9F Ç È æ ÈPý å	]L`I]LK_F�MyX�H�dUd9JDF�KaSIJ_NI]�H�N9pqIF�QLO9JDFuX�O9N-KLJDO9d9T1]PGIH-]^]DF�pkqIH�X�v'K_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N/tBePr9Fk]DOIX�vIF�K T1]PM�H�J_vIF�p>]DOKLr9H�K N9O�Q1SIJLKLr9F�J�p9F�dYH�`kc'TUdUdBqIF�TUN-KLJDOIp-S/X�F�p�p-SIJ_TUNBV'KLr9F�JDF�X�F�T \IFuX�H�dUdat

•
e (%��. ��+�O ­_e  � 27��/�"% {Pe ��. ��0�����( ®�no JDOIX�F-]^]DF�p'TUNkKLr9Fk]DH�M�F�M�H�NBN9F�J�H-]PQLO9J KLr9F�TUNBQaTUNBT K_F�KLTUM�F�OBS9KPX�H-]DFBt

•
e (%��. ��+�P ­_e  � 27��/�"% {Pe ��. ��0�����( ®�nePrBT1]�]DX�F�N9H�J_TYO�JDF�QadYF�X�KD] KLr9Fk]_T KaS/H�KLTYO9Nkc'r9F�JDF�N9O�M�F-]^]DH�VIF-]Pr9H�\IFuH�J_J_T \IF�pkc'T KLrBTUNKLr9Fk]_GIF�X�TUQaTYF�pkKLTUM�F�OBS9K GIF�J_TYOIp/t-z_N�O9JDp9F�J K_O>F�MkSIdYH�K_F�KLrBT1]DZBE�F�dYH�`BdUTUN9F�c�H�T KD] SIN-KLTUdKLr9F�KLTUM�F�OBS9KPF�s9G9TUJDF-]�H�N9pkKLr9F�N'JDF�KaSIJ_NI] K_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N'TUN9pBTYX�H�KLTUNBV'KLr9H�K N9OH�X�KLT \9T Ka`'r9H-] qIF�F�N�p9F�K_F�X�K_F�p9ZBKLrBT1]PTUN-\IO9d \IF-]�]_GIF�X�TUQ1`BTUNBV>H�JDF�KaSIJ_Nk\IH�d S/FuO9Q��-F�JDO>H�N9pM�H-]^]DH�V9TUNBV'KLr9Fup9F-]DX�J_TUGBK_O9J�]DF�KD]�t l K�KLr9Fk]DH�M�F�KLTUM�F�KLr9FuF�MkSIdYH�K_F�p�H�J_J_T \IH�dBKLTUM�FuO9QKLr9F�M�F-]^]DH�VIF�T1]�p9F�K_F�J_M'TUN9F�p9ZBc'rBTYX�r'T1]Pv9N9OBc'NkK_O'qIFue (%��. ��+ KLTUM�F�SINBT KD]�H�Q1K_F�J KLr9FM�F-]^]DH�VIF�c�H-]�p9F�K_F�X�K_F�pkK_O�r9H�\IFuH�J_J_T \IF�p/tBePrBT1]PT1] KLr9F�KLTUM�FuH�Q1K_F�J c'rBTYX�rkKLr9FM�F-]^]DH�VIF�T1] K_O'qIF�M�H�p9F�\9T1]_T q9dYF�K_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N/t�E�F�dYH�`BdUTUN9F�M�H�TUN-K_H�TUNI]�H�dUT1]LKPO9QKLr9F-]DF�\9T1]_T q9TUdUT Ka`kKLTUM�F-]PQLO9J�F�H�X�r�O9Q/KLr9FuH�X�KLT \IFk]DOIX�vIF�KD]PTUN�H�N�H�G9G9dUTYX�H�KLTYO9N/tl Q1K_F�J�H�N�H�G9G9dUTYX�H�KLTYO9N'r9H-]PJDF�KaSIJ_N9F�p'QaJDO9M Ç È æ ÈPý å<p-S/F�K_O'KLTUM�F�OBS9KPF�s9G9TUJL`9Z9T K�c'TUdUdKa`BG9TYX�H�dUd `'TUN-\IO9vIF Ç È æ ÈPý å<H�VIH�TUN>]DOIO9N�H�Q1K_F�JLc�H�JDpI]�t-z_Q/KLr9F�E�F�dYH�`BdUTUN9Fk]DF�dYF�X�K JDOBS9KLTUN9FTUN-K_F�JDX�F�GBKD]�H�M�F-]^]DH�VIFuOB\IF�J�Hk]DOIX�vIF�K�KLr9H�K r9H-]�H�dUJDF�H�p-`kqIF�F�N'M�H�J_vIF�p�H-]PG9JDOIX�F-]^]DF�p'TUNKLr9F�QaTUdYFup9F-]DX�J_TUGBK_O9J�]DF�K_ZBKLr9F�NkKLr9F�\9T1]_T q9TUdUT Ka`kKLTUM�F�K_H�q9dYF�T1]PJDF�QLF�JDF�N9X�F�pkK_O>p9F�K_F�J_M'TUN9Fc'r9F�KLr9F�J KLrBT1]PGIH�JLKLTYX�SIdYH�JPM�F-]^]DH�VIFk]_r9OBSIdYpkqIF�N9OBc�GIH-]^]DF�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N�O9JPN9OBK^t�5r9F�NkKLr9F�E�F�dYH�`BdUTUN9F�JDF�X�F�T \IF�JDOBS9KLTUN9F-]PTUN-K_F�JDX�F�GBKPH�M�F-]^]DH�VIF�ZBKLr9FuX�O9J_JDF-]_GIO9N9pBTUNBV]DOIX�vIF�K T1]PJDF�QLF�JDF�N9X�F�p�H�VIH�TUNI]LK�KLr9F�QaTUdYFup9F-]DX�J_TUGBK_O9J�]DF�K�K_O>p9F�K_F�J_M'TUN9F�c'r9F�KLr9F�J KLr9FJDF�X�F�T \IFuX�H�dUdBc�H-]PG9JDF�X�F�p9F�pkqB`�H Ç È æ ÈPý å<X�H�dUdYZ9TUQP]DOIZBKLr9F�\9T1]_T q9TUdUT Ka`kKLTUM�F�K_H�q9dYF�T1]JDF�QLF�JDF�N9X�F�pkK_O>p9F�K_F�J_M'TUN9F�KLr9FuF�sBKLJDHup9F�dYH�`9Z9TUQ H�N-`9ZBKLr9H�K T1]PJDF��-SITUJDF�pkqIF�QLO9JDF�KLr9F�M�F-]^]DH�VIFT1]PGIH-]^]DF�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N/t l K�KLrBT1]PGIO9TUN-K�KLr9Fk]DOIX�vIF�K T1]PJDF�M�OB\IF�p'QaJDO9M@KLr9F�QaTUdYFp9F-]DX�J_TUGBK_O9J�]DF�K^t
B9�Y�9�*Qk¢B£7R'SB¾1¢9²�T-¥Y£-¦UCI¢9²�T-±-ªU¸

zLK�c�H-]PG9JDF�\9TYOBS�]_d `>]LK_H�K_F�pkKLr9H�K�c'r9F�N�H�G9JDOIX�F-]^]PTUN-\IO9vIF-]�H�JDF�X�F�T \IFk]L`I]LK_F�MyX�H�dUdIOB\IF�J�H]DOIX�vIF�K�KLr9F�N9O9J_M�H�dBqIF�r9H�\9TYOBSIJPT1]PQLO9J KLr9F�G9JDOIX�F-]^] K_O'q9dYOIX�v'SIN-KLTUdIp9H�K_HuH�J_J_T \IF-]�O9NkKLr9H�K]DOIX�vIF�K^t�x�OBc�F�\IF�JDZB[ub�z_�@G9JDOB\9TYp9F-]�H�M�F�X�r9H�NBT1]_M@K_O>OB\IF�J_J_TYp9F�KLrBT1] qIF�r9H�\9TYOBSIJ�]DO>H-] K_O

�

H�dUdYOBc�G9JDO9V9JDH�M>] K_O�GIO9dUd/]DOIX�vIF�KD]PJDH�KLr9F�J KLr9H�Nkq9dYOIX�v>H�c�H�T KLTUNBV>p9H�K_HBtBePr9F�T1]�H�X�rBTYF�\IF�pkqB`S�]_TUNBV'KLr9F>ã ý�É å�æ3O9J�ú�é ý å�æ<]L`I]LK_F�MyX�H�dUd1] K_O>H�G9G9d `kKLr9FWV7X@Y��[Z7\^]
­LQLO9Juã ý�É å�æI®�O9J
V[_a`�X[b�_a`	­LQLO9J�ú�é ý å�æI®�O9GBKLTYO9NI] K_O'KLr9F�JDF��-SITUJDF�p>]DOIX�vIF�KD]�tB�uN9X�FuH�G9G9dUTYF�p9ZIH�NTUNBGBS9KaþLOBS9KLGBS9K JDF��-S/F-]LK�KLr9H�KPX�H�NBN9OBKPX�O9M'G9dYF�K_FuOB\IF�J�]LS/X�r�H�N9O9N9{aq9dYOIX�v9TUNBV3]DOIX�vIF�K T1]PN9OBKp9O9N9FBt-z_NI]LK_F�H�p9Z9JDF�KaSIJ_N'T1]PM�H�p9F�K_O'KLr9FuX�H�dUdYF�JPTUM'M�F�pBTYH�K_F�d `�H�N9pkKLr9F�V9dYOBqIH�d È ùPù É é<T1]]DF�K�K_Oc��d@`�e@Z�Y�b[Z�`�f���tb>H�KaSIJDH�dUd `9ZIH�dUdYOBc'TUNBV'E�F�dYH�`BdUTUN9F�K_O�TUN-KLJDOIp-S/X�FuH�JLq9T KLJDH�JL`�p9F�dYH�`I]PTUN-K_O�JDF�X�F�T \IFO9GIF�JDH�KLTYO9NI]�OB\IF�JPN9O9N9{aq9dYOIX�v9TUNBV3]DOIX�vIF�KD] c�OBSIdYpkq9JDF�H�v'KLr9Fk]DF�M�H�N-KLTYX-]�O9Q/KLr9F m F�J_vIF�dYF�`TUN-K_F�J_QLH�X�FBtBe�O>OB\IF�JDX�O9M�F�KLrBT1]PG9JDOBq9dYF�M�ZIHk]DX�r9F�M�F�T1]PG9JDO9GIO/]DF�pkc'rBTYX�rkS�]DF-] KLr9F\9T1]_T q9TUdUT Ka`kKLTUM�F�K_H�q9dYF�KLr9H�K�c�H-]PTUN-KLJDOIp-S/X�F�p�p-SIJ_TUNBV'KLr9FupBT1]DX�S�]^]_TYO9N�O9Q/KLr9Fk]DF�dYF�X�KPX�H�dUdat�5r9F�N�H�M�F-]^]DH�VIF�KLr9H�K T1] K_O'qIFup9F�dYH�`9F�p�H�J_J_T \IF-]�O9N�H�N9O9N9{aq9dYOIX�v9TUNBV3]DOIX�vIF�K�KLr9F\9T1]_T q9TUdUT Ka`kKLTUM�F�T1]�X�H�dYX�SIdYH�K_F�p�H�N9pkKLr9FuX�H�dUd9JDF�KaSIJ_NI]PTUN9pBTYX�H�KLTUNBV'KLr9H�K�KLr9FuO9GIF�JDH�KLTYO9Nkc�OBSIdYpq9dYOIX�v�t��/SIJLKLr9F�JPTUN-\IOIX�H�KLTYO9NI]PJDF�QLF�JDF�N9X�F�KLr9F�\9T1]_T q9TUdUT Ka`kKLTUM�F�K_H�q9dYF�K_O>p9F�K_F�J_M'TUN9F�c'r9F�KLr9F�JO9JPN9OBK�KLr9F�M�F-]^]DH�VIFk]_r9OBSIdYpkqIF�M�H�p9FuH�\IH�TUdYH�q9dYF�K_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N�O9JPN9OBK^t

B9�1¶B��g�¸��/£I²�F9¨�¢B£I¢9§B¸P°^£D³�§Iª h'iu§Iª ³�§Iª
l dUdIO9Q/KLr9F�G9JDF�\9TYOBS�]�pBT1]DX�S�]^]_TYO9N�H�qIOBS9K�]DOIX�vIF�KPX�O9M'MkSINBTYX�H�KLTYO9N'r9H-]�H-]^]LSIM�F�p]L`BN9X�rBJDO9N9OBS�]PzLþL��t-zLK T1]�H�d1]DO�GIO/]^]_T q9dYF�K_O�G9JDO9V9JDH�M�TUN-K_F�J_G9JDOIX�F-]^]�X�O9M'MkSINBTYX�H�KLTYO9NH�G9G9dUTYX�H�KLTYO9NI] S�]_TUNBV>H-]L`BN9X�rBJDO9N9OBS�]PzLþL�kZBKLrBT1]�H�dUdYOBc>]�H�G9JDOIX�F-]^] K_O�TUNI]LKLJLS/X�K�KLr9F�vIF�J_N9F�dBK_ON9OBKLTUQ1`'T K�c'r9F�N�Hk]_GIF�X�TUQaTYF�p�p9F-]DX�J_TUGBK_O9JPT1]PJDF�H�p-`'QLO9JPzLþL��t-z_N�O9JDp9F�J K_O>H�X�rBTYF�\IF�KLrBT1]�HG9JDOIX�F-]^]PMkS�]LK GIF�J_QLO9J_MyH�N-SIMkqIF�J�O9QP]LK_F�G/]�t[>]_TUNBV3]_TUV9N9H�dY{_pBJ_T \IF�N'zLþL�kZIH�N�H�G9G9dUTYX�H�KLTYO9N'T1]�H�q9dYF�K_O�GIF�J_QLO9J_MyH�JDF�X�F�T \IFuO9GIF�JDH�KLTYO9NO9N�Hk]DOIX�vIF�K v9N9OBc'TUNBV'KLr9H�KPp9H�K_H�T1]PJDF�H�p-`kK_O'qIF�JDF�H�p/t l VIH�TUN9Z9dUTUvIF�TUNkKLr9F Ç È æ ÈPý åX�H-]DF�ZBE�F�dYH�`BdUTUN9Fk]_r9OBSIdYp'N9OBK TUN-KLJDOIp-S/X�Fup9F�dYH�`I]PTUN-K_O3]LS/X�r'JDF�X�F�T \IFuX�H�dUd1]�H-] KLrBT1] c�OBSIdYpq9JDF�H�v'KLr9Fk]DF�M�H�N-KLTYX-]�O9Q/KLr9FuH-]L`BN9X�rBJDO9N9OBS�]PzLþL��tzDp9F�H�dUd `9ZBKLrBT1]PG9JDOBq9dYF�MyX�OBSIdYpkqIFk]DO9d \IF�pkqB`�X�JDF�H�KLTUNBV>H�d K_F�J_N9H�KLT \IFk]_TUV9N9H�d9r9H�N9pBdYF�J^]c'T KLrBTUNkKLr9F�E�F�dYH�`BdUTUN9Fk]L`I]LK_F�M@K_O�TUN-K_F�JDX�F�GBK�KLr9FH	@_a�^_a`
]_TUV9N9H�d1]�tBePr9F-]DF�r9H�N9pBdYF�J^]�X�OBSIdYpM�H-]_v'KLr9Fk]_TUV9N9H�d9QaJDO9M@KLr9FuH�G9G9dUTYX�H�KLTYO9N'QLO9J�H-]PdYO9NBV>H-]PJDF��-SITUJDF�p/t�['NBQLO9JLKaSIN9H�K_F�d `9ZB[ub�z_�p9OIF-]PN9OBKPH�dUdYOBc@KLr9F�N9F-]LKLTUNBV>O9QP]_TUV9N9H�d9r9H�N9pBdYF�J^] KLr9H�K�c�OBSIdYpkqIF�JDF��-SITUJDF�pkK_O�TUM'G9dYF�M�F�N-KKLrBT1]�]DX�r9F�M�FuH�N9p�H�K G9JDF-]DF�N-K�E�F�dYH�`BdUTUN9Fup9OIF-]PN9OBK G9JDOB\9TYp9FuH�M�F�X�r9H�NBT1]_M@K_O3]LSIT K_H�q9d `X�H�K_F�JPQLO9J KLrBT1]�]DX�F�N9H�J_TYO�t

B9�1¼B��½5±�¸^¸^©-¦�±@j�±�R_¢B¨1�I±�¨�¥Y£-¦
ePr9FuX�SIJ_JDF�N-K G9JDOBK_OBKa`BGIF�TUM'G9dYF�M�F�N-K_H�KLTYO9N�O9Q/E�F�dYH�`BdUTUN9F�r9H-]�H�dUTUM'T K_H�KLTYO9N�X�O9N9X�F�J_NBTUNBV'KLr9FJDF�{_O9JDp9F�J_TUNBV>O9Q�M�F-]^]DH�VIF-]�tBR�O9NI]_TYp9F�J KLr9F�QLO9dUdYOBc'TUNBV3]_T KaS/H�KLTYO9Nkc'r9F�JDF�KLrBJDF�F�r9O/]LKD]DZ l Z mH�N9p�R�ZIX�O9NBN9F�X�K_F�pkqB`kKLr9Fk]DH�M�F�dYOIX�H�dIH�JDF�H�N9F�Kac�O9J_vIZIH�JDFuX�OI{_O9GIF�JDH�KLTUNBV�TUN�H�NH�G9G9dUTYX�H�KLTYO9N/tB�uN'r9O/]LK l ZIH�Ka`BG9TYX�H�d/]DF�JL\IF�JPG9JDOIX�F-]^]DZBo H Z9T1]PdUT1]LK_F�NBTUNBV>O9N�H@D�±�¾1¾�R%T�£I¢*D�£GIO9JLK QLO9J�X�dUTYF�N-K JDF��-S/F-]LKD]DZIH�Q1K_F�JPJDF�X�F�T \9TUNBV>H�N'TUNBT KLTYH�d9M�F-]^]DH�VIF�KLr9Fk]DF�JL\IF�J�X�JDF�H�K_F-]H�N9OBKLr9F�JPG9JDOIX�F-]^] K_O>p9F�H�dBc'T KLrkKLr9F�JDF��-S/F-]LKPH�N9pkKLr9F�N�X�O9N-KLTUN-S/F-]PdUT1]LK_F�NBTUNBV>O9NkKLr9F�c�F�dUdY{v9N9OBc'N'GIO9JLK^t l KPF�H�X�r�O9Q/KLr9F�r9O/]LKD] m H�N9p�R�Z9G9JDOIX�F-]^]DF-]DZBo q H�N9pko X F�s9T1]LK�c'rBTYX�r�H�JDFJDF��-SITUJDF�pkK_O'S9KLTUdUT1]DF�KLr9Fk]DF�JL\9TYX�F�G9JDOB\9TYp9F�pkqB` l tE�F�dYH�`BdUTUN9F�T1] qIF�TUNBV'S�]DF�pkc'T KLrkKLrBT1]�H�G9G9dUTYX�H�KLTYO9NkK_O>F�MkSIdYH�K_F�KLr9Fk]DX�F�N9H�J_TYO'c'r9F�JDFr9O/]LKPR¬T1]PG9r-`I]_TYX�H�dUd `'JDF�M�OBK_F�QaJDO9M@KLr9FuOBKLr9F�J Kac�O�r9O/]LKD]�t-z_NkKLrBT1]�]_T KaS/H�KLTYO9N9Z9T K T1]F�s9GIF�X�K_F�pkKLr9H�K M�F-]^]DH�VIF-]PQaJDO9M@o X K_O'o H c�OBSIdYp>]LSIQaQLF�JPQaJDO9MyH�V9JDF�H�K_F�JPdYH�K_F�N9X�`X�O9M'GIH�JDF�pkK_O'KLr9O/]DF�QaJDO9M@o q K_O'o H t�� O9J KLr9Fk]DH�vIFuO9Q�TUdUd S�]LKLJDH�KLTYO9N>]DH�`kKLr9H�K�E�F�dYH�`BdUTUN9F]LS9q�wDF�X�KD]�H�dUd9M�F-]^]DH�VIF-]PQaJDO9M@o X K_O'o H K_O>H�QaT sIF�p�p9F�dYH�`�O9Q�g�»kSINBT KD]DZBc'rBTUdYF�M�F-]^]DH�VIF-]QaJDO9M@o q K_O'o H H�JDF�dYF�Q1K�SIN-K_OBS/X�r9F�p/t l K�]DO9M�F�GIO9TUN-K TUNkKLr9FuH�G9G9dUTYX�H�KLTYO9N9´ ]�O9GIF�JDH�KLTYO9N>]DH�`o X ]DF�N9pI]�H�M�F-]^]DH�VIFu­ � X ® K_O'o H H�N9p>]_r9O9JLKLd `�H�Q1K_F�JLc�H�JDpI] o q H�d1]DO3]DF�N9pI]�H�M�F-]^]DH�VIF

g�»

­ � q ® K_O'o H t��5r9F�Nko H JDF�X�F�T \IF-] � X ZBE�F�dYH�`BdUTUN9F�TUN-KLJDOIp-S/X�F-] KLr9F�JDF��-SITUJDF�p�p9F�dYH�`�O9Q�g�»SINBT KD] qIF�QLO9JDF�GIH-]^]_TUNBV'KLr9F�M�F-]^]DH�VIF�K_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N/t�EkSIJ_TUNBV'KLrBT1]�p9F�dYH�`'GIF�J_TYOIpM�F-]^]DH�VIF � q H�J_J_T \IF-]�O9NkKLr9Fk]DH�M�F�c�F�dUdY{Lv9N9OBc'N'GIO9JLK�KLr9H�K�o H r9H-]9wLS�]LK JDF�X�F�T \IF�p � X tePrBT1]PM�F-]^]DH�VIFk]_r9OBSIdYpkqIF�GIH-]^]DF�p�pBTUJDF�X�KLd `kK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N9Z9r9OBc�F�\IF�JDZ/]_TUN9X�FE�F�dYH�`BdUTUN9F�T1]�X�SIJ_JDF�N-KLd `'G9JDOIX�F-]^]_TUNBV � X ZBKLr9F�N � q T1]PN9OBK JDF�H�p'QaJDO9M@KLr9Fk]DOIX�vIF�K�SIN-KLTUd
� X r9H-] qIF�F�N'GIH-]^]DF�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N/t-zLK T1]�H�G9GIH�JDF�N-K�KLr9H�K�KLr9F�JDFuH�G9JDOBq9dYF�MyH�J_T1]DF-]PTUNKLrBT1]�]_T KaS/H�KLTYO9N9ZIH�d KLr9OBSIV9r � X H�J_J_T \IF�p�H�K�o H qIF�QLO9JDF � q ZBKLr9F�M�F-]^]DH�VIF-]�]_r9OBSIdYpkqIFGIH-]^]DF�pkK_O'KLr9FuH�G9G9dUTYX�H�KLTYO9N'TUNkKLr9F�JDF�\IF�J^]DFuO9JDp9F�J�tePrBT1]PG9JDOBq9dYF�M@c'TUdUdIH�d1]DO>OIX�X�SIJPTUN�X�F�JLK_H�TUN>]_T KaS/H�KLTYO9NI] c'r9F�NkS�]_TUNBV Ç È æ ÈPý å>c'T KLrE�F�dYH�`BdUTUN9FuF�MkSIdYH�KLTYO9N/tBePrBT1]PT1]�H�G9JDOBq9dYF�M@KLr9H�KPX�H�NkqIFk]DO9d \IF�p�H�N9p�H�N'TUM'G9dYF�M�F�N-K_H�KLTYO9N'T1]qIF�TUNBV�G9JDF�GIH�JDF�p'QLO9J KLr9F�N9F�sBK�\IF�J^]_TYO9N�O9Q/KLr9F�E�F�dYH�`BdUTUN9Fk]L`I]LK_F�M3t

k9}-l3�9�U�k�/��mEn�Â����1�L�1�a�I���1�9Å
o JDOB\9TYpBTUNBV>H�N�F�QaQaTYX�TYF�N-KPH�N9p�H�X�X�SIJDH�K_FuF�MkSIdYH�KLTYO9N�O9Q�N9F�Kac�O9J_v�GIH�JLKLT KLTYO9NBTUNBV�T1]PM�O9JDFpBTUQaQaTYX�SId K�K_O>H�X�rBTYF�\IF�KLr9H�NkKLr9FuOBKLr9F�J c'TYp9F�{_H�JDF�H�N9F�Kac�O9J_v>X�r9H�JDH�X�K_F�J_T1]LKLTYX-]PG9JDF�\9TYOBS�]_d `p9F-]DX�J_T qIF�p/tBePr9F�qIH-]_TYX�TUdUd S�]_TYO9NkKLr9H�KPO9N9F�r9O/]LK T1]PGIH�JLKLT KLTYO9N9F�p'QaJDO9MyH�N9OBKLr9F�JPr9O/]LK T1]dYO9V9TYX�H�dUd `>]LKLJDH�TUV9r-K_{LQLO9JLc�H�JDpkK_O>X�JDF�H�K_FuH�N9p�X�OBSIdYpkqIF�TUM'G9dYF�M�F�N-K_F�pkqB`'dYO/]_TUNBV>H�dUdM�F-]^]DH�VIF-]�]DF�N-K�qIF�Kac�F�F�N'r9O/]LKD]�O9N�O9G9GIO/]_T K_Fk]_TYp9F-]�O9Q/KLr9FuF�MkSIdYH�K_F�p'GIH�JLKLT KLTYO9N/tePr9F�M�HLwDO9J�pBTUQaQaTYX�SId Ka`'T1]�p-S/F�K_O'KLr9F�JDF��-SITUJDF�M�F�N-K�KLr9H�KPH�dUdIO9Q/KLr9F�G9JDOIX�F-]^]DF-]PTUNkKLr9FpBT1]LKLJ_T qBS9K_F�p�H�G9G9dUTYX�H�KLTYO9N'MkS�]LK r9H�\IFuHuX�O9NI]_T1]LK_F�N-K�\9TYF�cyO9Q/KLr9FuF�MkSIdYH�K_F�p'N9F�Kac�O9J_v�t-z_Q HGIH�JLKLT KLTYO9N�OIX�X�SIJ^]PTUN�H�JDF�H�d9N9F�Kac�O9J_vIZ/]DF�GIH�JDH�KLTUNBV>O9N9F�V9JDOBSIG>O9Q�r9O/]LKD]PQaJDO9MyH�N9OBKLr9F�JDZKLr9F�NkKa`BG9TYX�H�dUd `�H�dUdIO9Q/KLr9F�G9JDOIX�F-]^]DF-] c'TUdUdBqIFuH�QaQLF�X�K_F�pkqB`kKLrBT1]PGIH�JLKLT KLTYO9Nkc'r9F�N'TUN-K_F�JD{V9JDOBSIG>X�O9M'MkSINBTYX�H�KLTYO9N'T1]�H�KaK_F�M'GBK_F�p/tBePr9FuF�MkSIdYH�KLTYO9N�O9Q�TUN9X�JDF�H-]DF�p'dYH�K_F�N9X�`�H�N9pM�F-]^]DH�VIF�dYO/]^]�O9NBd `'JDF��-SITUJDF-] KLr9H�KPH�dUdIO9Q/KLr9F�G9JDOIX�F-]^]DF-]Pr9H�\IF�KLr9Fk]DH�M�Fk]DF�KPO9QX�O9NBQaTUVBSIJDH�KLTYO9N'GIH�JDH�M�F�K_F�J^]DZBc'r9F�JDF�H-]�F�MkSIdYH�KLTUNBV>H�N9F�Kac�O9J_v�GIH�JLKLT KLTYO9N'JDF��-SITUJDF-]�HK_F�X�rBNBTY�-S/F�qB`kc'rBTYX�r�HuX�r9H�NBVIFuO9Q�N9F�Kac�O9J_v3]LK_H�K_FuX�H�NkqIF�G9JDO9GIH�VIH�K_F�pkK_O>H�dUdIO9Q/KLr9FH�G9G9dUTYX�H�KLTYO9N'G9JDOIX�F-]^]DF-]�H�KPHk]_GIF�X�TUQaTYF�pkKLTUM�FBtl dUdYOBc'TUNBV>F�QaQLF�X�KLT \IF�GIH�JLKLT KLTYO9N�F�MkSIdYH�KLTYO9N'JDF��-SITUJDF-] KLr9H�K�E�F�dYH�`BdUTUN9F�T1]�H�c�H�JDFuO9Q/KLr9FX�O9NBN9F�X�KLT \9T Ka`�O9Q/KLr9FuF�MkSIdYH�K_F�p'N9F�Kac�O9J_vIZBKLr9H�K T1]DZBKLr9F�E�F�dYH�`BdUTUN9F�V9JDOBSIG/] KLr9H�K�c�OBSIdYpkqIFH�QaQLF�X�K_F�p'TUQ/KLr9F�N9F�Kac�O9J_v�GIH�JLKLT KLTYO9N9F�p�H�KPH�GIH�JLKLTYX�SIdYH�JPGIO9TUN-K^t�E�F-]DX�J_T q9TUNBV'KLrBT1]X�O9NBN9F�X�KLT \9T Ka`'JDF��-SITUJDF-] KLr9H�K�KLr9FuX�SIJ_JDF�N-KPX�O9NBQaTUVBSIJDH�KLTYO9N'TUNBQLO9J_M�H�KLTYO9N'T1]�H�SIV9M�F�N-K_F�pkqB`GIH�JDH�M�F�K_F�J^]PTUN9pBTYX�H�KLTUNBV'KLr9FuF�QaQLF�X�KPO9Q/KLr9F�\IH�J_TYOBS�]PGIH�JLKLT KLTYO9N'GIO/]^]_T q9TUdUT KLTYF-]�t l p9pBT KLTYO9N9H�dUd `9ZKLr9FuX�O9NBQaTUVBSIJDH�KLTYO9N>]L`I]LK_F�M�MkS�]LKPH�dUdYOBcyp9F-]DX�J_TUGBKLTYO9N�O9Q/KLr9F�G9JDOBqIH�q9TUdUT KLTYF-]�O9Q/KLr9F�\IH�J_TYOBS�]GIH�JLKLT KLTYO9NI]PQLO9J_M'TUNBV>H-] c�F�dUdIH-]�pBT1]LKLJ_T qBS9KLTYO9NI]�O9Q/KLr9F�TUJPJDF�X�OB\IF�JL`kKLTUM�F-]�tePr9FuX�SIJ_JDF�N-K�\IF�J^]_TYO9N�O9Q/E�F�dYH�`BdUTUN9Fup9OIF-]PN9OBK�]LSIG9GIO9JLK N9F�Kac�O9J_v�GIH�JLKLT KLTYO9N�F�MkSIdYH�KLTYO9N/tl M�O9JDFup9F�K_H�TUdYF�p>]LKaS/p-`�O9Q/KLr9F�G9JDOBq9dYF�M�T1]�X�SIJ_JDF�N-KLd `kqIF�TUNBV>X�H�J_J_TYF�p�OBS9KPH�N9p'T K T1]Pr9O9GIF�pKLr9H�K�KLrBT1]�H�p9pBT KLTYO9N9H�d9Q1SIN9X�KLTYO9N9H�dUT Ka`kc'TUdUdBqIF�TUN9X�O9J_GIO9JDH�K_F�p'TUN-K_O�Q1S9KaSIJDF�JDF�dYF�H-]DF-]�t

o�}IÀu�BÂ/ÁL�IÂ �1�a�I�
E�F�dYH�`BdUTUN9F�GIF�J_QLO9J_M�H�N9X�FuX�H�NkqIFuF�\IH�d S/H�K_F�p'TUNkKac�O'c�H�`I]�tB�uQ�G9J_TUM�H�JL`'TUM'GIO9JLK_H�N9X�F�T1]KLr9FuH�X�X�SIJDH�X�`�O9Q/KLr9FuF�MkSIdYH�KLTYO9N/t�x�OBc�F�\IF�JDZIF�\IF�N�H�GIF�J_QLF�X�KPF�MkSIdYH�KLTYO9Nkc�OBSIdYp'N9OBK�qIFH�X�X�F�GBK_H�q9dYF�TUQ/E�F�dYH�`BdUTUN9F�TUM'GIO/]DF�pkK_OIO�dYH�J_VIFuH5G9JDOIX�F-]^]_TUNBV>OB\IF�J_r9F�H�p�O9NkKLr9FH�G9G9dUTYX�H�KLTYO9N/tBePr9F-]DF�Kac�O�QLH�X�K_O9J^]�H�JDFupBT1]DX�S�]^]DF�p'TUNkKLr9F�JDF�M�H�TUN9p9F�J�O9Q/KLrBT1]�]DF�X�KLTYO9N/t

p��a -�*q^r'§9¾Y©/ªY¥1¢B£
gu²�²�§B¨^©I²%�
z_N�O9JDp9F�J K_O'K_F-]LK�KLr9FuO9GIF�JDH�KLTYO9N�O9Q/E�F�dYH�`BdUTUN9F�ZIHk]_M�H�dUdBS9KLTUdUT Ka`'G9JDO9V9JDH�M@c�H-]�p9F�\IF�dYO9GIF�pc'rBTYX�r'T1]�H�q9dYF�K_O�G9JDOIp-S/X�F�JDOBSIN9p9{aKLJ_TUG'KLTUM�Fk]LK_H�KLT1]LKLTYX-] qIF�Kac�F�F�NkKac�O�r9O/]LKD]�tBePrBT1]G9JDO9V9JDH�MyO9GIF�JDH�K_F-]PTUNkKac�O�M�OIp9F-]^�I]DF�JL\IF�J�O9J�X�dUTYF�N-K M�OIp9FBt-z_N>]DF�JL\IF�JPM�OIp9F�ZBKLr9F

g9g

G9JDO9V9JDH�M�dUT1]LK_F�NI]PQLO9JPM�F-]^]DH�VIF-]�O9N�Hk]_GIF�X�TUQaTYF�p'GIO9JLKPH�N9p�F�X�r9OIF-] KLr9F�M@qIH�X�v'K_O'KLr9FO9J_TUV9TUN9H�K_O9JPTUM'M�F�pBTYH�K_F�d `/t-z_N�X�dUTYF�N-K M�OIp9F�ZBKLr9F�G9JDO9V9JDH�M�M�F�H-]LSIJDF-] KLr9F�KLTUM�F�K_H�vIF�NqIF�Kac�F�F�N>]DF�N9pBTUNBV>H�M�F-]^]DH�VIF�K_O>Hk]_GIF�X�TUQaTYF�p>]DF�JL\IF�J�H�N9p'JDF�X�F�T \9TUNBV'KLr9F�JDF�G9d `/tBePr9FG9JDO9V9JDH�MyX�H�N>]DF�N9pkKLr9F�M�F-]^]DH�VIF-] S�]_TUNBV>F�T KLr9F�J [kEko
O9J�e�R�o	G9JDOBK_OIX�O9d1]�tz_N�O9JDp9F�J K_O>F�\IH�d S/H�K_F�KLr9FuF�MkSIdYH�KLTYO9N�H�q9TUdUT KLTYF-]�O9Q/E�F�dYH�`BdUTUN9F�ZIH�N�F�s9GIF�J_TUM�F�N-K�c�H-]X�H�J_J_TYF�p�OBS9K�K_O>H�KaK_F�M'GBK�K_O�M�H�vIF�Kac�O�dYOIX�H�dUd `�X�O9NBN9F�X�K_F�p'r9O/]LKD]�H�G9GIF�H�J�H-]PTUQ/KLr9F�`kc�F�JDFG9r-`I]_TYX�H�dUd `'dYOIX�H�K_F�p�O9N�O9G9GIO/]_T K_Fk]_TYp9F-]�O9Q/KLr9F�c�O9J_dYp9Z/]_GIF�X�TUQaTYX�H�dUd `9ZIO9N9F�TUNub>F�c�X�H-]LKLdYF�Zf�NBV9dYH�N9p�H�N9p�O9N9F�TUN l p9F�dYH�TYp9F�Z l S�]LKLJDH�dUTYHBt�5r9F�NkE�F�dYH�`BdUTUN9F�T1] S�]DF�pkK_O>F�MkSIdYH�K_F�KLr9FuX�O9M'MkSINBTYX�H�KLTYO9N�X�r9H�JDH�X�K_F�J_T1]LKLTYX-]�O9Q HGIH�JLKLTYX�SIdYH�J c'TYp9FuH�JDF�H�N9F�Kac�O9J_v>X�O9NBN9F�X�KLTYO9N9Z/]DO9M�F�TUNBQLO9J_M�H�KLTYO9N'T1]PJDF��-SITUJDF�p�H�qIOBS9K�KLr9FGIF�J_QLO9J_M�H�N9X�FuO9Q/KLr9FuX�O9NBN9F�X�KLTYO9NkK_O'qIFuF�MkSIdYH�K_F�p/t-z_N>]DO9M�FuX�TUJDX�SIM>]LK_H�N9X�F-]PT K M�H�`kqIFGIO/]^]_T q9dYF�ZBqB`kS�]_TUNBV>H�G9JDO9V9JDH�M ]LS/X�r�H-] KLr9F�KLTUM�F�J S9KLTUdUT Ka`9ZBK_O�M�F�H-]LSIJDF�KLr9FuH�X�KaS/H�dGIF�J_QLO9J_M�H�N9X�FBt�x�OBc�F�\IF�JDZBKLr9F�JDFuH�JDFuOBKLr9F�J�]_T KaS/H�KLTYO9NI] c'r9F�JDF�T K T1]PTUM'G9JDH�X�KLTYX�H�dIO9J�F�\IF�NTUM'GIO/]^]_T q9dYF�K_O>OBqBK_H�TUN'JDF�H�dYZ9M�F�H-]LSIJDF�p'GIF�J_QLO9J_M�H�N9X�F�QaTUVBSIJDF-]�t-z_NkKLr9F-]DFuX�H-]DF-]DZIH�NH�G9G9JDOBs9TUM�H�KLTYO9N'T1]PJDF��-SITUJDF�p/t�� O9J KLrBT1]�F�s9GIF�J_TUM�F�N-K�KLr9F�[ub�z_�ts�ú É è3G9JDO9V9JDH�My­aoPH�X�vIF�Kz_N-K_F�Jab>F�K�uuJDO9GIF�J_® c�H-] S�]DF�pkK_O>p9F�K_F�J_M'TUN9FuH�N�H�G9G9JDOBs9TUM�H�KLTYO9N�O9Q/KLr9FuX�O9M'MkSINBTYX�H�KLTYO9NX�r9H�JDH�X�K_F�J_T1]LKLTYX-]�O9Q/KLr9FuX�O9NBN9F�X�KLTYO9NkqIF�Kac�F�F�Nub>F�c�X�H-]LKLdYFuH�N9p l p9F�dYH�TYp9FBtBePr9F�s�ú É èG9JDO9V9JDH�M@S�]DF-] KLr9F�z_N-K_F�J_N9F�KPR�O9N-KLJDO9d � F-]^]DH�VIF�o JDOBK_OIX�O9dI­LzDR � o ®��%MB��K_O3]DF�N9p�F�X�r9OJDF��-S/F-]LK M�F-]^]DH�VIF-] K_O>Hk]_GIF�X�TUQaTYF�p'r9O/]LKPH�N9pkc�H�T KD]PQLO9J�H�JDF�G9d `/t-zDR � o	M�F-]^]DH�VIF-]�H�JDFF�N9X�H�G/]LSIdYH�K_F�p'TUN'zLo
p9H�K_H�V9JDH�M>]�H�N9pkKLr9F�JDF�QLO9JDFup9O�N9OBK JDF�d `�O9NkSIG9GIF�JPdYH�`9F�JPG9JDOBK_OIX�O9d1]�tx�OBc�F�\IF�JDZ-s�ú É è	]LK_H�KLT1]LKLTYX-]PV9T \IFuH�JDF�H-]DO9N9H�q9dYF�TUN9pBTYX�H�KLTYO9N�O9Q/KLr9F�GIF�J_QLO9J_M�H�N9X�FH�X�rBTYF�\IH�q9dYF�S�]_TUNBV'[kEko
O9J�e�R�o�tePr9F�s�ú É è3G9JDO9V9JDH�M@c�H-] S�]DF�pkK_O3]DF�N9p>�B»9»9»kK_F-]LK M�F-]^]DH�VIF-]PQaJDO9M b>F�c�X�H-]LKLdYF�K_Ol p9F�dYH�TYp9F�ZBKLr9F�JDF-]LSId KLTUNBV3]LK_H�KLT1]LKLTYX-]PG9JDOIp-S/X�F�p�H�JDFk]_r9OBc'NkqIF�dYOBc<n
v�v�v�v Ó�Ù^Ü�Î�Ô�Ë^Í í Ø�Ø�Ù^Ì�Ï^Í í ÏDÐ�Ü í Ø^Üxw1y'z�õ<ñ^Í�Ø^Í�Ë�Î^Í�Ë�Ó�Î v�v�v�v{�|�|�|HJ�Ø�Ó�Ô�Ï^Í�Î>Í�Ù�Ø^Ì�Î'K�Ë^Í�Í�ÏDÐBÖW}�|1{�|HJ�Ø�Ó�Ô�Ï^Í�Î3Ù�Ï�Ó�Ï�Ë'L�ÏDÐBÖW~��'�WJ�Ø�Ó�Ô�Ï^Í<Þ^Ò�Î�ÎÙ^Ò�Ü�Ì^Ð v Í�Ù�Ë'J Ñ�K�ÎBà�K�Ë^Ì���Ø'L�ß��'K�Ø'I3îx~�~�}�����~�{���}����1{�}��

ePr9FuX�O9J_JDF-]_GIO9N9pBTUNBV3]LK_H�KLT1]LKLTYX-] qIF�Kac�F�F�NkKLr9F�Kac�O�dYOIX�H�dUd `�X�O9NBN9F�X�K_F�p'r9O/]LKD]�H�JDF]_r9OBc'NkqIF�dYOBc<n
v�v�v�v ß�Þ^Ò�Ù^Ò�Ù�Ø^Ì í Ì�Ó�Þ í Ø�Ó í Ü�Ô�w1y'z�õ<ñ^Í�Ø^Í�Ë�Î^Í�Ë�Ó�Î v�v�v�v��|�|�|HJ�Ø�Ó�Ô�Ï^Í�Î>Í�Ù�Ø^Ì�Î'K�Ë^Í�Í�ÏDÐBÖW��|�|�|HJ�Ø�Ó�Ô�Ï^Í�Î3Ù�Ï�Ó�Ï�Ë'L�ÏDÐBÖc|1�WJ�Ø�Ó�Ô�Ï^Í<Þ^Ò�Î�ÎÙ^Ò�Ü�Ì^Ð v Í�Ù�Ë'J Ñ�K�ÎBà�K�Ë^Ì���Ø'L�ß��'K�Ø'I3îx����������|

R�O9M'GIH�J_TUNBV'KLr9F�Kac�O3]DF�KD]�O9Q�JDF-]LSId KD]�]_r9OBc>] KLr9H�KPX�O9M'MkSINBTYX�H�KLTYO9NI] qIF�Kac�F�F�NkKLr9FKac�O�dYOIX�H�d9M�H�X�rBTUN9F-]PT1]DZIH-]�F�s9GIF�X�K_F�p9Z9QLH-]LKP­_H�\IF�JDH�VIF�JDOBSIN9p9{aKLJ_TUG'KLTUM�FuO9Q ¯BM>]_®�H�N9pk\IF�JL`JDF�dUTYH�q9dYFu­_»B¹ºGIH�X�vIF�K dYO/]^]_®�tBR�O9M'MkSINBTYX�H�KLTYO9NkqIF�Kac�F�F�Nub>F�c�X�H-]LKLdYFuH�N9p l p9F�dYH�TYp9F�T1]X�O9NI]_TYp9F�JDH�q9d `>]_dYOBc�F�J�­_H�\IF�JDH�VIF�JDOBSIN9p9{aKLJ_TUG'KLTUM�FuO9Q�g��-�9µ9M>]_®�H�N9p'dYF-]^]PJDF�dUTYH�q9dYFu­�g��B¹GIH�X�vIF�K dYO/]^]_®�t�[>]_TUNBV'KLr9F'åPùPç ýPÈ ù é â�å È G9JDO9V9JDH�M�ZBK_O>F�sIH�M'TUN9F�KLr9F�JDOBS9K_F�K_H�vIF�N9Z]_r9OBc>] KLr9H�K�KLr9F�GIH�X�vIF�KD]PGIH-]^] KLrBJDOBSIV9r�H�K_OBK_H�dIO9Q/KLrBTUJLK_F�F�N'r9O9G/]�F�N9{LJDOBS9K_F�QaJDO9M�]DOBSIJDX�FK_O>p9F-]LKLTUN9H�KLTYO9N9ZBKLJDH�\IF�dUdUTUNBV'\9TYH l M�F�J_TYX�H�K_O�JDF�H�X�rkKLr9F�TUJ�p9F-]LKLTUN9H�KLTYO9N'TUN l p9F�dYH�TYp9FBtePr9F�TUN9pBT \9TYp-S/H�d9JDOBSIN9pkKLJ_TUG'KLTUM�F-]DZ9G9JDOIp-S/X�F�pkqB`Hs�ú É è�ZBqIF�Kac�F�F�Nub>F�c�X�H-]LKLdYFuH�N9pl p9F�dYH�TYp9F�c�F�JDF�r9H�d \IF�pkK_O�G9JDOB\9TYp9FuH�N�H�G9G9JDOBs9TUM�H�KLTYO9NkK_O'KLr9FuO9N9F�{ac�H�`kKLTUM�F-]�tBePr9F-]DFJDF-]LSId KD] c�F�JDFuH�N9H�d `I]DF�p�H�N9p�HupBT1]LKLJ_T qBS9KLTYO9N�O9Q/KLr9F�JDF-]LSId KD]PTUN>]_r9OBc'N'TUNk��TUVBSIJDFk�Itl d KLr9OBSIV9rkKLr9F�JDOBS9K_F-] K_H�vIF�NkqB`kKLr9F�M�F-]^]DH�VIF-]�O9NkKLr9F�TUJPJDF�KaSIJ_N'JDOBS9K_F�M�H�`'N9OBKN9F�X�F-]^]DH�J_TUd `kqIF�KLr9Fk]DH�M�FuH-] KLr9FuOBS9KLVIO9TUNBV�JDOBS9K_F�Z9T K T1] KLr9OBSIV9r-K�KLr9H�KPH-]^]LSIM'TUNBVH�G9G9JDOBs9TUM�H�K_F�d `�F��-S/H�d9GIF�J_QLO9J_M�H�N9X�F�c�H-]PJDF�H-]DO9N9H�q9dYFBt

g��

Time (ms)

Fr
eq

ue
nc

y

0

200

400

600

800

1000

1200

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

75
0

80
0

85
0

90
0

95
0

10
00

10
50

11
00

11
50

12
00

12
50

13
00

13
50

14
00

14
50

>
 1

50
0

��TUVBSIJDFk�/nB��q/]DF�JL\IF�pub>F�c�X�H-]LKLdYF�K_O l p9F�dYH�TYp9FuePTUM'TUNBV/]
ePr9F�GIH�JDH�M�F�K_F�J^]PQLO9J KLr9FupBT1]LKLJ_T qBS9KLTYO9N�H�JDF�V9T \IF�N'TUNkKLr9F���TUVBSIJDF
�/t l N-SIMkqIF�J�O9QpBT1]LKLJ_T qBS9KLTYO9N'Q1SIN9X�KLTYO9NI] c�F�JDF�S�]DF�pkc'T KLrkKLr9F-]DF�GIH�JDH�M�F�K_F�J^] K_O�QaTUN9pkKLr9FuO9GBKLTUMkSIMF�MkSIdYH�KLTYO9N�O9Q/KLr9FuOBq/]DF�JL\IF�p�pBT1]LKLJ_T qBS9KLTYO9N/tBePr9F�qIF-]LKPF�MkSIdYH�KLTYO9N'JDF-]LSId KD] c�F�JDF�G9JDOIp-S/X�F�pS�]_TUNBV'KLr9F�Kac�OI{D]_TYp9F�p'VIH�M'M�HupBT1]LKLJ_T qBS9KLTYO9N'G9JDOB\9TYp9F�pkqB`kE�F�dYH�`BdUTUN9FBtIWBK_H�N9p9H�JDp>]LK_H�KLT1]LKLTYX�H�dK_F�X�rBNBTY�-S/F-] c�F�JDF�S�]DF�pkK_O>X�H�dYX�SIdYH�K_F�KLr9F�JDF��-SITUJDF�p'GIH�JDH�M�F�K_F�J^]PQLO9J KLr9FupBT1]LKLJ_T qBS9KLTYO9N/t

� F�H�N h-�B��t ¯BµWBK_H�N9p9H�JDpkE�F�\9TYH�KLTYO9N �I»9¯/t »9�
�'H�J_TYH�N9X�F µPg��9µ/�It �
� TUNBTUMkSIM@\IH�d S/F �Bh g-tU�
� H�s9TUMkSIM@\IH�d S/F ¯B�Ih9¯/tU�

��TUVBSIJDF
��n�b>F�c�X�H-]LKLdYF�K_O l p9F�dYH�TYp9F�E'T1]LKLJ_T qBS9KLTYO9NkoPH�JDH�M�F�K_F�J^]
E�F�dYH�`BdUTUN9F�c�H-]�X�O9NBQaTUVBSIJDF�p>]DO'KLr9H�KPX�O9M'MkSINBTYX�H�KLTYO9NkqIF�Kac�F�F�NkKLr9F�Kac�O�dYOIX�H�d9r9O/]LKD]c�H-]�]LS9q�wDF�X�K_F�pkK_O>�/tU�-¹ºM�F-]^]DH�VIF�dYO/]^]�H�N9p'M�F-]^]DH�VIFup9F�dYH�`I]�pBT1]LKLJ_T qBS9K_F�pkc'T KLrkKLr9FH�QLO9JDF�M�F�N-KLTYO9N9F�p'VIH�M'M�HupBT1]LKLJ_T qBS9KLTYO9N/te c�O'\IF�J^]_TYO9NI]�O9Q/KLr9F�KLTUM�F�JPG9JDO9V9JDH�M@c�F�JDFup9F�\IF�dYO9GIF�p9ZIO9N9FuX�O9M'G9TUdYF�pkc'T KLr9OBS9KE�F�dYH�`BdUTUN9FuH�N9p�O9N9F�c'T KLr/tBePr9F-]DF�Kac�O'\IF�J^]_TYO9NI] c�F�JDF�S�]DF�pkK_O'KLTUM�F��I»9»9»'JDOBSIN9p9{aKLJ_TUG/]qIF�Kac�F�F�NkKLr9F�Kac�O�dYOIX�H�dUd `�X�O9NBN9F�X�K_F�p'r9O/]LKD] S�]_TUNBV'[kEko�tBePr9Fk]LSIM'M�H�JL`'JDF-]LSId KD]G9JDOIp-S/X�F�pkqB`kKLr9F�\IF�J^]_TYO9N�O9Q/KLr9F�KLTUM�F�J�X�O9M'G9TUdYF�pkc'T KLr9OBS9K�E�F�dYH�`BdUTUN9FuH�JDFk]_r9OBc'NqIF�dYOBc<n
��|�|�|>Ù^Ò�Ü�Ì^Ð�Í�Ù�Ë'J�Î<Õ^Ù^Ò1K<ß�Þ^Ò�Ù^Ò�Ù�Ø^Ì í Ì�Ó�Þ í Ø�Ó í Ü�Ô>×�Ø'L�Ï�Û�Ï�Ï^Ì<Ø^Ì�Ø�Þ^Ý�Î�ÏDÐ íó-Ë^Ì>îx~WK�Î�Ö�Ø'L�ß>îx~WK�Î�ÖEK�Ø'I3îx}�|HK�Î í

ePr9FuX�O9J_JDF-]_GIO9N9pBTUNBV�JDF-]LSId KD]PQaJDO9M@KLr9F�KLTUM�F�J�X�O9M'G9TUdYF�pkc'T KLrkE�F�dYH�`BdUTUN9FuH�JDFk]_r9OBc'NqIF�dYOBc<n
��|�|�|>Ù^Ò�Ü�Ì^Ð�Í�Ù�Ë'J�Î<Õ^Ù^Ò1K<ß�Þ^Ò�Ù^Ò�Ù�Ø^Ì í Ì�Ó�Þ í Ø�Ó í Ü�Ô>×�Ø'L�Ï�Û�Ï�Ï^Ì<Ø^Ì�Ø�Þ^Ý�Î�ÏDÐ íó-Ë^Ì>îx~�~���|HK�Î�Ö�Ø'L�ß>îx~�{�}�~WK�Î�ÖEK�Ø'I3îx������|HK�Î í

l ] c'T KLrkKLr9F�s�ú É è	]LK_H�KLT1]LKLTYX-] qIF�Kac�F�F�Nub>F�c�X�H-]LKLdYFuH�N9p l p9F�dYH�TYp9F�ZBKLr9F�TUN9pBT \9TYp-S/H�dJDOBSIN9p9{aKLJ_TUG'KLTUM�F-] c�F�JDF�r9H�d \IF�pkK_O�VIF�KPH�N�H�G9G9JDOBs9TUM�H�KLTYO9N�O9Q O9N9F�{ac�H�`kKLTUM�F-]�tBePr9F-]DFJDF-]LSId KD] c�F�JDFuH�N9H�d `I]DF�p�H�N9p�HupBT1]LKLJ_T qBS9KLTYO9N�O9Q/KLr9F�JDF-]LSId KD]PT1]�]_r9OBc'N'TUNk��TUVBSIJDFuh/t

g�¯

Time (ms)

Fr
eq

ue
nc

y

0

50

100

150

200

250

300

350

400

450

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

75
0

80
0

85
0

90
0

95
0

10
00

10
50

11
00

11
50

12
00

12
50

13
00

13
50

14
00

14
50

>
 1

50
0

��TUVBSIJDFuh�n�f�MkSIdYH�K_F�pub>F�c�X�H-]LKLdYF�K_O l p9F�dYH�TYp9FuePTUM'TUNBV/]
zLKPX�H�NkqIFk]DF�F�NkKLr9H�K�KLr9FuF�MkSIdYH�K_F�p�pBT1]LKLJ_T qBS9KLTYO9N'T1]�HuX�dYO/]DFuH�G9G9JDOBs9TUM�H�KLTYO9NkK_O'KLr9FH�X�KaS/H�dIpBT1]LKLJ_T qBS9KLTYO9N>]_r9OBc'N'TUNk��TUVBSIJDFk�ItBePrBT1] \IH�dUTYp9H�K_F-] KLr9F�r-`BGIOBKLr9F-]_T1] KLr9H�K�E�F�dYH�`BdUTUN9FX�H�NkqIF�S�]DF�pkK_O>F�QaQLF�X�KLT \IF�d `�F�MkSIdYH�K_F�c'TYp9FuH�JDF�H�N9F�Kac�O9J_v9TUNBV�GIF�J_QLO9J_M�H�N9X�F�S�]_TUNBV>H�dYOIX�H�dH�JDF�H�N9F�Kac�O9J_v�t

p��Y�9�-·>±�¾Y©���¾1¥Y£I±Ei
��±�¨1FI±�©-�
f�H�X�rkKLTUM�FuH�M�F-]^]DH�VIF�T1]PTUN-K_F�JDX�F�GBK_F�p9Z9G9JDOIX�F-]^]_TUNBV�T1]�X�H�J_J_TYF�p�OBS9K�K_O>p9F�K_F�J_M'TUN9F�c'r9H�KH�X�KLTYO9N9Z9TUQ H�N-`9Z/]_r9OBSIdYpkqIF�GIF�J_QLO9J_M�F�p/tBePrBT1]PG9JDOIX�F-]^]_TUNBV�N9H�KaSIJDH�dUd `'TUN-KLJDOIp-S/X�F-]�H�NOB\IF�J_r9F�H�p9ZIF�\IF�Nkc'r9F�N'N9O�M�F-]^]DH�VIF�M�H�NBTUGBSIdYH�KLTYO9N'T1]PJDF��-SITUJDF�p/t�E�F�dYH�`BdUTUN9F�S�]DF-]�HN-SIMkqIF�J�O9Q/K_F�X�rBNBTY�-S/F-]DZ9TUN9X�d S/pBTUNBV>X�H�X�rBTUNBVIZBK_O�M'TUNBTUM'T1]DF�KLrBT1]�OB\IF�J_r9F�H�p/tz_N�O9JDp9F�J K_O>�-S/H�N-KLTUQ1`kKLr9F�SIN-c�H�N-K_F�p'dYH�K_F�N9X�`'TUN-KLJDOIp-S/X�F�pkqB`kKLr9Fk]L`I]LK_F�M�ZBKLr9F\IF�J^]_TYO9N�O9Q/KLr9F�KLTUM�F�JPG9JDO9V9JDH�MyX�O9M'G9TUdYF�pkc'T KLrkE�F�dYH�`BdUTUN9F�ZIp9F-]DX�J_T qIF�p�F�H�J_dUTYF�JDZBc�H-] S�]DF�pc'T KLr�X�O9NBQaTUVBSIJDH�KLTYO9N>]DF�KaKLTUNBV/]PTUN9pBTYX�H�KLTUNBV�N9O�M�F-]^]DH�VIF�dYO/]^]�H�N9p'N9O>H�p9pBT KLTYO9N9H�dIp9F�dYH�`I]�tePr9F�G9JDO9V9JDH�M@c�H-]�H�VIH�TUN'JLSINkqIF�Kac�F�F�NkKLr9F�Kac�O�dYOIX�H�dBc�O9J_v/]LK_H�KLTYO9NI]�H�N9pkKLr9F�JDF-]LSId KD]H�JDFk]_r9OBc'NkqIF�dYOBc<n

��|�|�|>Ù^Ò�Ü�Ì^Ð�Í�Ù�Ë'J�Î<Õ^Ù^Ò1K<ß�Þ^Ò�Ù^Ò�Ù�Ø^Ì í Ì�Ó�Þ í Ø�Ó í Ü�Ô>×�Ø'L�Ï�Û�Ï�Ï^Ì<Ø^Ì�Ø�Þ^Ý�Î�ÏDÐ íó-Ë^Ì>îx�WK�Î�Ö�Ø'L�ß>îx�WK�Î�ÖEK�Ø'I3îx~����WK�Î í
ePr9F�M�H�s9TUMkSIM@\IH�d S/FuO9Q�g��I¯BM>]PT1]�p-S/F�K_O'KLr9F�G9JDOIX�F-]^]_TUNBV�JDF��-SITUJDF�pkK_O>X�O9N-K_H�X�K�KLr9FX�O9NBQaTUVBSIJDH�KLTYO9N>]DF�JL\IF�J KLr9F�QaTUJ^]LK�KLTUM�F�KLr9F�G9JDOIX�F-]^]�F�sIF�X�S9K_F-]�H�E�F�dYH�`BdUTUN9F�JDOBS9KLTUN9FBtBePr9FJDF�M�H�TUNBTUNBV'\IH�d S/F-]�H�JDFuH�dUd9dYOIX�H�K_F�p�X�dYO/]DF�K_O'KLr9F�M�F�H�N�O9Q��9M>]�tBR�O9M'GIH�J_TUNBV'KLr9F-]DF�JDF-]LSId KD]K_O'KLr9O/]DF�G9JDOIp-S/X�F�pkqB`kKLr9F�\IF�J^]_TYO9N�O9Q/KLr9F�KLTUM�F�J�X�O9M'G9TUdYF�pkc'T KLr9OBS9K�E�F�dYH�`BdUTUN9FTUN9pBTYX�H�K_F-]�H�N�H�\IF�JDH�VIF�JDOBSIN9p9{aKLJ_TUG>OB\IF�J_r9F�H�p�O9Q�g�M>]�tBePrBT1]�F��-S/H�K_F-] K_O>H�N�OB\IF�J_r9F�H�p�O9Q

�B»9»
µ
]PGIF�JPM�F-]^]DH�VIF�TUN-K_F�JDX�F�GBKLTYO9N/tBePrBT1]�H�p9pBT KLTYO9N9H�dIOB\IF�J_r9F�H�p'TUN9X�SIJ_JDF�p'T1] KLr9OBSIV9r-K�K_OqIFk]_M�H�dUdIF�N9OBSIV9r'N9OBK�K_O>H�p-\IF�J^]DF�d `�F�QaQLF�X�K�KLr9F�GIF�J_QLO9J_M�H�N9X�FuO9Q/KLr9FuH�G9G9dUTYX�H�KLTYO9NkqIF�TUNBVK_F-]LK_F�p/t
�/}�>k�I���-ÁL�9�-�a�I�I�

ePrBT1]PGIH�GIF�JPr9H-]�]_r9OBc'NkKLr9H�K�E�F�dYH�`BdUTUN9F�r9H-] KLr9FuH�q9TUdUT Ka`kK_O>X�r9H�NBVIF�KLr9FuX�r9H�JDH�X�K_F�J_T1]LKLTYX-]�O9QKLr9F�SIN9p9F�J_d `BTUNBV�N9F�Kac�O9J_v3]LSIG9GIO9JLKLTUNBV>HupBT1]LKLJ_T qBS9K_F�p�H�G9G9dUTYX�H�KLTYO9N/t�f�s9GIF�J_TYF�N9X�F�TUNkS�]_TUNBV

g�µ

E�F�dYH�`BdUTUN9F�c'T KLr'dYH�J_VIFupBT1]LKLJ_T qBS9K_F�p>]L`I]LK_F�M>]Pr9H-]�]_r9OBc'NkKLr9F�S�]DF�Q1SIdUN9F-]^]�O9QP]LS/X�r�HK_F�X�rBNBTY�-S/F�QLO9J KaSINBTUNBV>H�G9G9dUTYX�H�KLTYO9NI] K_O�JLSIN'TUN�H�c'TYp9FuH�JDF�H�N9F�Kac�O9J_v>F�N-\9TUJDO9NBM�F�N-K^tePr9F�JDFuH�JDFuH�N-SIMkqIF�J�O9Q OBKLr9F�J�]L`I]LK_F�M>]�H�\IH�TUdYH�q9dYF�KLr9H�KPH�JDF�dYOIO/]DF�d `�p9F-]DX�J_T qIF�p�H-]N9F�Kac�O9J_v>F�MkSIdYH�KLTYO9NkK_OIO9d1]�t�b>F-]LK��1�I� T1]�H�K_OIO9d9QLO9JPG9JDOBK_OBKa`BG9TUNBV>pBT1]LKLJ_T qBS9K_F�p�H�dUVIO9J_T KLrBM>]H�N9p>]L`I]LK_F�M>]�t�b>F-]LK G9JDOB\9TYp9F-]PT KD]�OBc'N�X�O9M'MkSINBTYX�H�KLTYO9NI]PTUN-K_F�J_QLH�X�F�c'rBTYX�r'T1] S�]DF�pkK_OX�O9NI]LKLJLS/X�K G9JDOBK_OBKa`BGIFupBT1]LKLJ_T qBS9K_F�p�H�G9G9dUTYX�H�KLTYO9NI]�tBePr9Fk]L`I]LK_F�M�G9JDOB\9TYp9F-]�Hk]_TUMkSIdYH�KLTYO9N�O9QKLr9FuF�N-KLTUJDFupBT1]LKLJ_T qBS9K_F�p�H�G9G9dUTYX�H�KLTYO9Nkc'T KLrBTUN�Hk]_TUNBV9dYF�G9JDOIX�F-]^]�t�b'f�e��^g�� G9JDOB\9TYp9F-]�H]DO9Q1Kac�H�JDFk]_TUMkSIdYH�KLTYO9N�O9Q HuX�O9M'GBS9K_F�JPN9F�Kac�O9J_v'KLr9H�KPH�dUdYOBc>]�pBT1]LKLJ_T qBS9K_F�p�H�G9G9dUTYX�H�KLTYO9NI] K_OqIF�M�OIp9F�dUdYF�p�H-]�H�N-SIMkqIF�J�O9Q�G9JDOIX�F-]^]DF-] KLr9H�KPF�sIF�X�S9K_FuO9N�Hk]_TUNBV9dYF�r9O/]LK^tIWB`I]LK_F�M>]PdUTUvIFb>F�Kac�O9J_v�z_z�tU�>�^g9g��PH�N9p3WBK_H�J_dUT K_F'���9�PH�dUdYOBc�]_TUMkSIdYH�KLTYO9NI]�O9Q pBT1]LKLJ_T qBS9K_F�p�X�O9M'GBS9K_F�J]L`I]LK_F�M>] K_O'qIFuX�H�J_J_TYF�p�OBS9K�qB`'G9JDOB\9TYpBTUNBV�M�OIp-SIdYF-]PQLO9JPJDF�G9JDF-]DF�N-KLTUNBV>p9F�\9TYX�F-]�]LS/X�r�H-]X�dYOIX�v/]DZIpBT1]_v/]�H�N9p'N9F�Kac�O9J_v/]�t�E�F�dYH�`BdUTUN9FupBTUQaQLF�J^]PQaJDO9MyH�dUdIO9Q/KLr9F-]DFk]_TUMkSIdYH�KLTYO9NkK_OIO9d1]PTUNKLr9H�K T KPO9GIF�JDH�K_F-] c'T KLr'JDF�H�dIpBT1]LKLJ_T qBS9K_F�p�H�G9G9dUTYX�H�KLTYO9NI]DZ9JDH�KLr9F�J KLr9H�N'G9JDOB\9TYpBTUNBV>H]_TUMkSIdYH�KLTYO9N�O9Q HupBT1]LKLJ_T qBS9K_F�p>]L`I]LK_F�M3tePr9F�M�O/]LKPX�r9H�dUdYF�NBV9TUNBV>H-]_GIF�X�KPO9Q/E�F�dYH�`BdUTUN9F�TUM'G9dYF�M�F�N-K_H�KLTYO9Nkc�H-]PG9JDOB\9TYpBTUNBV'KLr9FM�F-]^]DH�VIF�M�H�NBTUGBSIdYH�KLTYO9NkK_F�X�rBNBTY�-S/F-]PJDF��-SITUJDF�pkK_O>OBqBK_H�TUN�H�VIOIOIp�F�MkSIdYH�KLTYO9Nkc'rBTUdYFM�H�TUN-K_H�TUNBTUNBVIZIH-]�X�dYO/]DF�d `�H-]PGIO/]^]_T q9dYF�ZBKLr9FuX�O9J_JDF�X�K�]DF�M�H�N-KLTYX-]�O9Q/KLr9Fk]DOIX�vIF�KG9JDO9V9JDH�M'M'TUNBV�TUN-K_F�J_QLH�X�FBtBePr9FuX�SIJ_JDF�N-K�\IF�J^]_TYO9N�O9Q/E�F�dYH�`BdUTUN9F�TUN9X�O9J_GIO9JDH�K_F-]Q1SIN9X�KLTYO9N9H�dUT Ka`kKLr9H�KPH�X�rBTYF�\IF-] KLrBT1]�]LS/X�X�F-]^]_Q1SIdUd `'TUN'M�O/]LKPX�H-]DF-]DZ9r9OBc�F�\IF�JDZ9Q1SIJLKLr9F�J c�O9J_vT1]PJDF��-SITUJDF�pkK_O>F�QaQLF�X�KLT \IF�d `'r9H�N9pBdYFuH-]L`BN9X�rBJDO9N9OBS�]PzLþL�5S�]_TUNBV3]_TUV9N9H�d1]�tl JDF�H-]�O9Q�Q1SIJLKLr9F�J c�O9J_v�TUN9X�d S/p9FuF�s9GIF�J_TUM�F�N-K_H�KLTYO9Nkc'T KLrkKLr9FuOBKLr9F�JPGIO/]^]_T q9dYF�M�F�KLr9OIpI]O9Q�M�F-]^]DH�VIF�TUN-K_F�JDX�F�GBKLTYO9N�OBS9KLdUTUN9F�p'TUN3WIF�X�KLTYO9N'��t ��t�[>]_TUNBV>H�d K_F�J_N9H�KLT \IFk]_r9H�JDF�p'dUT q9JDH�J_TYF-]K_O�G9JDOB\9TYp9F�KLr9FuF�N-KLJL`'GIO9TUN-KD]PTUN-K_O'KLr9F�E�F�dYH�`BdUTUN9Fk]DO9Q1Kac�H�JDF�c�OBSIdYp�H�dUdYOBc@KLr9Fk]L`I]LK_F�M@K_OqIF�S�]DF�pkc'T KLr�H�G9G9dUTYX�H�KLTYO9NI]PQLO9J c'rBTYX�rkKLr9Fk]DOBSIJDX�FuX�OIp9F�T1]PN9OBK JDF�H�pBTUd `�H�\IH�TUdYH�q9dYFBtePr9F�N9F�Kac�O9J_v�GIH�JLKLT KLTYO9NBTUNBV>F�MkSIdYH�KLTYO9N9Z9TUN-KLJDOIp-S/X�F�p'TUN3WIF�X�KLTYO9NW�9Z9JDF��-SITUJDF-]PQ1SIJLKLr9F�Jc�O9J_v�TUNkKac�O>H�JDF�H-]^�BQaTUJ^]LKLd `9ZIH�N'TUN-\IF-]LKLTUVIH�KLTYO9N�O9Q/KLr9F�Ka`BGIF-]�O9Q�GIH�JLKLT KLTYO9NBTUNBV�G9JDOBq9dYF�M>]KLr9H�KPH�JDF�\9T1]_T q9dYF�TUN'JDF�H�dBc'TYp9F�{_H�JDF�H�N9F�Kac�O9J_v/]PMkS�]LK�qIFuX�O9M'G9dYF�K_F�p>]DO>H-] K_O�G9JDOB\9TYp9F�KLr9FqIH-]_T1]PQLO9J�H�X�X�SIJDH�K_FuF�MkSIdYH�KLTYO9N9ZIH�N9p>]DF�X�O9N9pBd `9Z9Q1SIJLKLr9F�J KLr9OBSIV9r-K T1]PJDF��-SITUJDF�p�H-] K_O�r9OBcK_O>F�QaQLF�X�KLT \IF�d `'TUN-K_F�V9JDH�K_F�GIH�JLKLT KLTYO9N�F�MkSIdYH�KLTYO9N'TUNkK_O'KLr9F�E�F�dYH�`BdUTUN9Fk]DO9Q1Kac�H�JDFBtl N9OBKLr9F�J��-SIT K_FupBTUQaQLF�JDF�N-KPp9F�\IF�dYO9G9M�F�N-K�c�OBSIdYpkqIF�K_O'S�]DF�KLr9F�E�F�dYH�`BdUTUN9FTUNBQaJDH-]LKLJLS/X�KaSIJDF�K_O�G9JDOB\9TYp9FuH�QLH�SId K TUN^wDF�X�KLTYO9N'QLH�X�TUdUT Ka`'QLO9J�pBT1]LKLJ_T qBS9K_F�p�H�G9G9dUTYX�H�KLTYO9NI]�tR�SIJ_JDF�N-KLd `9ZBE�F�dYH�`BdUTUN9F�GIH�`I]PN9O�JDF�VIH�JDpkK_O'KLr9FuX�O9N-K_F�N-KPO9Q/KLr9F�M�F-]^]DH�VIF-] KLr9H�KPH�JDFTUN-K_F�JDX�F�GBK_F�p/t l ]DX�r9F�M�F�T1] \9T1]LS/H�dUT1]DF�pkKLr9H�KPX�OBSIdYpkS�]DF�KLr9FuF�s9T1]LKLTUNBV'K_F�X�rBNBTY�-S/F-]PG9JDOB\9TYp9F�pqB`kE�F�dYH�`BdUTUN9FuH�N9p�F�sBK_F�N9pkKLr9F�M@K_O�GIF�J_QLO9J_M@S�]DF�JD{_p9F�QaTUN9F�p�H�X�KLTYO9NI] qIH-]DF�pkSIGIO9NkKLr9FX�O9N-K_F�N-KPO9Q/KLr9F�TUN-K_F�JDX�F�GBK_F�p'M�F-]^]DH�VIF-]�t�[>]_TUNBV'KLrBT1]�H�G9G9JDOIH�X�r'T K�c�OBSIdYpkqIF�GIO/]^]_T q9dYF�K_OKLJDH�NI]_GIH�JDF�N-KLd `'TUN^wDF�X�K QLH�SId KD]PTUN-K_O>HupBT1]LKLJ_T qBS9K_F�p>]L`I]LK_F�MyH�KPHuX�F�JLK_H�TUN'GIO9TUN-K TUNkKLr9FX�O9M'MkSINBTYX�H�KLTYO9NI]�t�� O9J�F�sIH�M'G9dYF�ZIH�r9O/]LKPX�OBSIdYpkqIF�M�H�p9F�K_O>H�G9GIF�H�J�H-]PTUQ�T K r9H�pX�JDH-]_r9F�p9Z9QaJDO9M@KLr9F�GIO9TUN-KPO9Q/\9TYF�cyO9Q/KLr9FuOBKLr9F�JPN9OIp9F-]PTUNkKLr9Fk]L`I]LK_F�M�ZBqB`'M�H-]_v9TUNBV>H�dUdQ1SIJLKLr9F�J�X�O9M'MkSINBTYX�H�KLTYO9NI]�H�KPHuX�F�JLK_H�TUNkS�]DF�JD{_p9F�QaTUN9F�p>]LK_H�VIF�TUNkKLr9F�G9JDOIX�F-]^]_TUNBV�t
|7�9}*=>�*mB���9�uÁL�-�9ÅP�-�3�-� �U�

ePrBT1] c�O9J_v�r9H-] qIF�F�N>]LSIG9GIO9JLK_F�p'TUN'GIH�JLK�qB`'V9JDH�N-KD]PQaJDO9M@KLr9F�[kj � ��EyH�N9pkKLr9FWIX�TYF�N9X�FuH�N9pkf�NBV9TUN9F�F�J_TUNBV'iuF-]DF�H�JDX�r�R�OBSIN9X�TUdI­�uuJDH�N-K N-SIMkqIF�J[u�i�þ1xcM�g�»9h7M-®DZIH�N9pfuWBo�i�zDe	qIH-]_TYX�JDF-]DF�H�JDX�r'G9JDO�wDF�X�K��9¯-�9»�­ m iu� l E�R l WIeP®�t�E'T1]DX�S�]^]_TYO9NI] c'T KLr'z^]_T
� T KLJDH�NBT9r9H�\IF�qIF�F�N'r9F�dUG9Q1SId9QLO9J KLr9Fk]LK_H�KLT1]LKLTYX�H�dIH-]_GIF�X�KD]�O9Q/E�F�dYH�`BdUTUN9FBt � H�J_v'«�T KaKLdYFG9JDOB\9TYp9F�p>]DO9M�F�S�]DF�Q1SId/]LSIV9VIF-]LKLTYO9NI]�p-SIJ_TUNBV'KLr9F�TUM'G9dYF�M�F�N-K_H�KLTYO9N�O9Q/KLr9F Ç È æ ÈPý åJDOBS9KLTUN9F-]�t

g��

|/|B}7�k�YÃI�B���-���B���
�^g�� j>t m H�X�dYH�c>]_v9Tat l b>F�Kac�O9J_v'f�MkSIdYH�KLTYO9N�e�OIO9dat-z_N���¨�¢9²�±�±��I¥Y£-¦/¸�¢a¤>ª�FI±

C��ar ³�¢B¸�¥1§�r�¢B£3ª�FI±�CI¥!r'§9¾Y©/ªY¥1¢B£>¢a¤>¡�¢�r ³�§IªY±�¨�Qk±-ª D�¢B¨1T�¸�Z9G9G�tag��7MB{L�I»-�9Z l SIVBS�]LKg��7MBh/t�1�I� E3t���t m H�X�O9N9Z l t�EkSIGBS9`9Z-��tIWIX�r-c�H�JLK%�kH�N9pH�>t*�'F�M'TUNBTat�b>F-]LK�n l b>F�Kac�O9J_vW9TUMkSIdYH�KLTYO9N�H�N9pko JDOBK_OBKa`BG9TUNBV>e�OIO9dat-z m � e�t*��t�� H�KD]DO9N9ZPg��7M-MIt�a¯9� ��t�o�t m dYH�X�vIZB«�t���t � H�J^]_r9H�dUdIH�N9p m t�iuH�N9p9F�dUdatBePr9F l JDX�rBT K_F�X�KaSIJDFuO9Q/[ub�z_�['NBT K_F�p/t-z_N�°�q[q[q�CD³�±�²�¥Y©I¾B°^¸^¸�§9±u¢B£k·>¥Y¸�ªU¨�¥�SB§IªY±��k·�©/ªU©aS-©9¸�±�C��/¸�ªY±�rk¸�Z9G9G�t h9»9�9{h g�MBZPg��7MBh/t�1µI� E3t�i't m JDOBc'N-q9J_TYpBVIF�ZB«�t���t � H�J^]_r9H�dUdIH�N9p m t�iuH�N9p9F�dUdatBePr9F�b>F�c�X�H-]LKLdYFR�O9NBN9F�X�KLTYO9N�O9J [ub�z_�'F-]�O9Q/KLr9F�� O9J_dYpk['NBT K_F7�*CI¢a¤Iª D�©9¨�±@��¨^©I²-ªY¥1²�±�©9£-�
q@�L³�±�¨�¥1±�£I²�±-ZPg��I­�g��9®�nag9g�µIh9{�g9g��B��t�L�B� E3t�futBR�O9M�F�J�t�°^£/ªY±�¨^£I±-ª D�¢B¨1T-¥Y£-¦cD�¥aª�Fx�I¡���h1°��
��³�¨�¥Y£I²�¥ ³�¾1±�¸1�^³�¨�¢IªY¢9²�¢9¾Y¸1�I©9£-�©9¨�²�FI¥aªY±�²-ªY§B¨�±9t�o JDF�N-KLTYX�F�{ax�H�dUdYZPg��7M-MIt���9� i't�o�tBR�OIO9v�tIWBK_H�JL«�T K_F9n l b>F�Kac�O9J_vI{^WIO9Q1Kac�H�JDF�ZBo JDOBK_OBKa`BG9TUNBV'f�N-\9TUJDO9NBM�F�N-K^t-z_N
��¨�¢9²�±�±��I¥Y£-¦/¸�¢a¤>ª�FI±�C��ar ³�¢B¸�¥1§�r�¢B£3ª�FI±�CI¥!r'§9¾Y©/ªY¥1¢B£>¢a¤>¡�¢�r ³�§IªY±�¨�Qk±-ª D�¢B¨1T�¸�ZG9G�t�g�h7MB{�g�M-µIZ l SIVBS�]LK�g��7MBh/t�ah9� E3t m t-z_NBV9r9H�M3t�·>±�¾Y©���¾1¥Y£I±
R7g��'¥!�I±[g�¨�±�©EQk±-ª D�¢B¨1T
CI¥!r'§9¾Y©/ªY¥1¢B£x�9¢9¢9¾_t � tYWIXBtKLr9F-]_T1]DZB['NBT \IF�J^]_T Ka`�O9QIb>F�c�X�H-]LKLdYF�SIGIO9N�e `BN9F�Z�WIF�GBK_F�MkqIF�Jug��9�B��t�%MB� ��t m t�oPO/]LK_F�dat-z_N-K_F�J_N9F�KPR�O9N-KLJDO9d � F-]^]DH�VIF�o JDOBK_OIX�O9datBe�F�X�rBNBTYX�H�dBiuF�GIO9JLKi�� R�h-�B�IZ-b>F�Kac�O9J_v�z_NBQLO9J_M�H�KLTYO9N�R�F�N-K_F�JDZ�WBi�zPz_N-K_F�J_N9H�KLTYO9N9H�dYZ�WIF�GBK_F�MkqIF�Jg��7M�g-t�a�9� W�t�j>tIW9rBJ_T \IH-]LK_H�\IH�Z7u�t�b<t�E'T sIO9N�H�N9pWu�t�E3t�oPH�J_J_TUNBVBK_O9N/t l N���\IF�JL\9TYF�cyO9Q/KLr9Fl JUwLSIN9H�E'T1]LKLJ_T qBS9K_F�pko JDO9V9JDH�M'M'TUNBV<WB`I]LK_F�M�Z9zLf�f�f WIO9Q1Kac�H�JDF�Z9G9G�t �-�9{_h9¯9Z
��H�N-S/H�JL`	g��9� g-t�^g�»9� ��t�i'tIWBK_F�\IF�NI]�ta��Q�°%��Qk±-ª D�¢B¨1T^��¨�¢�¦/¨^©-rEr'¥Y£-¦�t�o JDF�N-KLTYX�F�x�H�dUdYZPg��9�9»/t�^g9g�� R l R�z o JDOIp-S/X�KD]�R�O9M'GIH�N-`/t7�!gt�u§9¥1²�T^��¢9¢�Tu©/ª*Qk±-ª D�¢B¨1T�°_°��!BIZ��ug��9�9¯/t

g��


