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Desired Acceleration Profile for Vehicle Simulations
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Control Activity in Second Car − Original Switching Rule
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Control Activity in Second Car − Modified Switching Rule
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Fluid Capacity of Red Car Used in Controller Design

g\o#p7qsrut]å�5wv�Á^lxruy�Æzt{g�Â#q<o¦Ã§éXy¢Ä|yT�}o�~ ��éxqsr��7t����ut�Ã��
�7r�éx�z�d~uru��Â
Â#t�r�k�t���o�p7�
Ç/�



Ì�y¢Â�~��s�7q<p7��~��<t���y¢Å�t{�7t�yzr�yz��Ã~Å���Ãst�Â½ÎJÊVyT�����7qs��~�o��sp��
�7r�~u�st��FÂ#o#p7��~��/yzr�o�y/~�o��7�<��o#�~u�st���t�r�t�Â�y/~uo#�7�s���<o¦Äs�B5ãX�stx��o¦Å�Ä�Â�t}��~ä�}�7��~�ru�¢Â<�G���st�Å�tX�
�7r�~��<tx�sruy�ÆztX���2��~�t�ÅºÊ��z�E���zqsru��t�Êzo#�\~u���ut}��Ã��7q<~y]Ãst}��o#rut�Ã:Äsrut}�u��qsrutk����ÅpÅ�yz��Ã�~���~��st�yT�9~�q|y�~��7rnyz��Ã���o¦ÅpÄ�Â���o�p7�<�7rute~��<t��<r�y�Æ/t�Â�o��<tÃ����sy�Å�oI�}�B5 ê q���� y���~�ruy/~�t}pz���ut}t�Å��¡��qs�H��Ä<~uo¦Å�y¢ÂH��o#����tmo�~n¢¡�7q�Â¦Ã���Â�t�yzr�Â���o#�d~uru��Ãsq��}tq<��Ãst���o�r�t�ÃìÂ�yzp��Mt9~ ¢xt}t��£~u�st y?�}~�qsy¢Â¡yz��ÃìÃ<t���o#rut�Ã¤�sruy�Æzt�Äsrut}�u��qsrut}�B5/ãX�st�r�t�o#��y/�t9�7t}�¥p7rut�y/~�t}r�r�t�yz���7�T�<�z~N~��F~�y�Æ/t¦~u�<o���y�Ä�Ä<ru��yT����Ê��s�6¢xt9�7t�r�5§k�qsr�o#�sp¨p7t��st}r�y¢ÂÅ�yz�<t�q<�zt�ru��o��©ymÄ�Â�y�~��2�7�²Ê^~��stN�sruy�Æzt/Äsrut}�u��qsrut}� rut}ªdq<o�r�t�Ã«y/rutNp7t��<t�r�y�Â¦Â��Fr�y/~u�st�r��Å�y¢Â¦Â�¬��st��:��tK~��st§îs�­¢®r�y�~�t�Ê QP:Ê�rut}�uq�Â�~uo#�sp¯�
ru��Å ~u�st���t¦��ÄMt}�±Â#�2��Ä ����Å�Å�yz��Ãs�o#�Ny¢Â#�u�Fªdq<o�~�t_�aÅ�y¢Â
Âa5@l¡tB��y/qs�ut_�z�{~��stK�sy/~�qsr�tK�z�{~��st§î|q�o�Ã³��y�ÄsyT�}o�~ �È��q<r��7t_o#�gCo�p7q<rut�å�5°v�ÊC~u�st ������~�t�Å±~u�st�r�t}�
�7r�t�t�i<��o��<o�~��³Â��7�<p~Ãst�Â�y��2���Ht}~ ¢¡t�t}�¤~��st�~uo¦Å�t�~��<t�<r�y�Æ/tRÄ<rut����uqsr�tKo��¡����Å�Å�yz��Ãst�ÃOyz��Ã«~��<t²~uo¦Å�tK~u�|y/~³��q<0��}o#t���~�îsq<o�Ã4�|yz�³�Ht�t}�Ã�o���Ä�Â�y?��t�Ã´~u�Ù�}rut�y/~�t�y�Äsr�t��u��qsrut�y/~�~��stN¢m�st�t�Âa5�ãX�st}�ut~Ã<t�Â�y6�2� o#�L�<r�y�Æ�o#�sp���yz�t�i<yT��t}ru�|y/~utN��¢eo�~����<o#�spRÄsru�7��Â�t�Å����Ht}~ ¢¡t�t}�©�sruy�Æztµyz��Ã¤~��sr��z~u~�Â�t*�}�7��~�ru�¢Âmyz��Ã²Ênyz��<�z~�t�Ã¨���¯¶�t}raÃst}��yz��Ã;ú�t�Ãsr�o#·¤ÆæÌ�¸�575EÍs¹¬ÎJÊ}Â�t�y�Ã¯~��MÄHt�r��
�zraÅ�yz�s·}t³·��7�s��~�ruy/o���~u���z�~u�st�yzq<~���Å�y�~�t�Ã��7t}�<o#·�Â#tT5 ê ��Å�tm�
�7raÅ`�/�CÂ#t�y�Ã�·���ÅpÄHt��s�uy/~uo#�7�²Êd~��<t�rut9�
�7rut¢Ê2o#�n·�Â#t�yzrFÂ#�r�t�ªdq<o#rut�Ã�5lxt9�
�7rut~Äsrut}�ut���~�o��spFyº�aÄHt�·}o
Ë|·K·}�7��~�ru�¢Â¦Â#t�r©Ã<t���o#p7�«·�y�Ä|yz��Â#t²�z��yz·��<o#t}�do��<pF~u�<o#�·}��ÅpÄMt}�s��y�~uo#�7�²Ê»~u�st¼ªdqst���~uo#�7�_�z�^�
t�t�Ãs�|yz·¤Æ��u�s�7q�Â�ÃK�Ht�y�Ã�Ã<rut����ut�Ã�5]ç �²~��st¼r�t���q�Â#~u�~u�|y/~N�
��Â
Â��6¢]Ê�¢¡t¦yz�u��q�Å�tº~u�|y/~³�
t�t�Ãs�|yz·¤Æ½·}��Å�t��N�
ru��Å ~��st_¢m�st�t�Â.Äsrut}�u�uq<rut�Ê����~u�|y/~�~��st�·��7��~�r���Â¡�7�<¾¿t�·9~uo��7tEo#���
�7r�ACBF~u��~�ruyz·¤Æ_�u��Å�t©Ãst}��o#rut�Ã�Äsru��Ë�Â�t¢Ê>ACB<À�Á�Â�Ì
Ã�Î�5Ä �st�rut�yz�u�7���
�7r�~u�<o���o���~��|y�~��
t�t�Ãs�|yz·¤Æ��z�Å~u�st��z��Â�q�Å�t�rut�ªdq<o#rut}�¿Å�t�yz��qsrut�Å�t}��~��z�~u�stEy/·}~�qsy/~��7r���~uru��Æ/t�ÊÅ¢m�<o#·��¯o��¼�<�z~¼y��/y/o
Â�y/��Â�t �7�£~��<t¨Äsr�t��ut}��~����2��~ut�Å¡5_hÅ�7t��¯o��o�~E¢¡t�r�t�Êm~�r�y/·¤Ædo#�spFyÕÃst}��o#rut�Ã½�z��Â#q�Å�t²¢x�7q�Â�Ã½�s�z~ t��s·�Â��z�utK~��st��
qs�s·}~�o��z�½ACB�Ì�P|Îo#�Æ~u�st½�
t�t�Ã<�|yz·¤Æ Â��2��Ä²Êµ�u�Çt�r�ru�7r��¨o#�Æ~u�<o��F�
qs�s·9~uo#�7�Æ¢¡�7q�Â¦ÃÈr�t��uq�Â#~¨o��Æt�r�ru�7r��o#�`�sruy�Æ�o��<p�5 gÉ�¢Â¦Â#�6¢eo��spO~��<o#��Â�o��<tL�z�E~u�s�7qspz�d~�Ê�~u�st©�<r�y�Æ/tL~��7r�ªdqst©¢¡�7q�Â¦Ã,�Mt~u�st�o¦Ãst�y�Â��
t}t�Ãs�|y/·¤Æ?Ê���o#�s·}t²o#~�¢x�7q�Â�Ã½y¢Â#�u�ºo��s·�Â�q�Ãst²~��st�qs�s·�t}r�~�y/o��«p7y/o���ÊmÊ�Ë�Êeo#�~u�stµ·��7��~�r���Â�Â��2��Ä�5½���<�
�7r�~uqs�|y/~ut�Â���ÊX��t��s���7ru� ·�y�Ä|y/��Â�t��z��~u�<o#�¨Å�t�yz��qsrut�Å�t���~µyzrutÄ<ru�7�<o#�<o�~uo��7t�Â#�Kt�i�ÄMt}�s��o��7t�yz��ÃK�z��~ut��K�|y��zt�~uru�7q<��Â�tUÅ�t�yz�uq<r�o#�spµyz·�·}qsr�y/~ut�Â��Ky/~¶Â��6¢~u�7ruªdqst}�B5�Ì½�<o
Â�tpÂ��6¢XÍ�·��7��~{~u�7ruªdqst�Å�t�yz��qsrut�Å�t���~�~ut�·��s�<o#ªdqst���yzrut�yz�ºyz·9~uo��7t�yzrut�y�/��rut}�ut�y/ru·��kÌ-ú�qsr�~�o�p½Î9Ï�¹zÐ�Ñ�Ê�¸65z5�ås¬_È\t}rur��7�s�st©Î9Ï¼¹zÐ�Ñ�Ê�¸6575¢å¯Î�ÊfÄ<rut����uqsr�t��
t�t�Ãs�|yz·¤Æ·}qsrur�t���~aÂ��Nrut�Äsrut}�ut}�d~u��~u�st]Å��z��~�rut�y¢Â#o#��~�o�·{�u�¢Â�q<~�o��z��5ê o#�s·}tR~u�stèÄ�Â�yz��~±Ã<�2�|y�Å�o#·��«~��st}rut9�
�7rutkÃst}�u·�r�o��HtÒyûË|ru��~�Í��7raÃst}r�Ê_�s�7��Â#o#�st�y/r���2��~�t�ÅºÊ¥¢xtÓ·��s�2�7��tÈ~��stÓ�s�z��Â#o#�st�yzr Ãst���o�pz� ~ut�·��s��o�ªdqst§�z�½��Â�o¦Ã<o��<p±·}�7��~�r���Âa5k�o#�u·}qs�u��o��z�£�z�n~��<o#��~�t}·��s�<o#ªdqst ·�yz�º�Ht¼�
�7qs��Ã_o#� ê Â��/~uo#�st�yz��Ã¦ÔVo{Ì�¸65z5<¸OÎ�ÊV~u�s�7qspz�~u�st{Ãst}�zt�Â#��Ä�Å�t���~x�st�r�tmo#�>ªdq<o�~�t���~�ruy/o#p7��~u�
�7r�¢Xyzr�Ã�yz��Ã�rut�ªdq<o#rut}�lÂ�o�~u~aÂ#tm�|yz·¤Ædp7r��7qs��Ã�5
Ç/5



����o#�sp�~��st�~�t}raÅ�o#�s��Â#�7pz�³�z�\��Â�o¦Ã<o��<p ·��z�d~uru��Â�Ê6Ãst�Ë|�st�yz�Nt�rur��7rm�uqsr��Õyz·�t�~u���Ht�ÁÖ Ëj=OA]BsÀ¿Á�Â\D¯ACB Ì�å:5 å¯Îy/��Ã���t}~m~��<t.Ã<t���o#rut�Ã~Ã<�2�|y¢Å�o#·����z�\~��<o#�mt�rur��7rX~����HtQÖ Ëj=ÒD�×|Ë Ö Ë Ì�å:5ïÍ�Î
ê qs�s��~�o#~uq<~uo#�sp�~��st{yz·9~�q|y¢Â²Ã<�2�|y�Å�o�·}���do#t�Â¦Ãs�QACBµ= QA]BsÀ¿Á�ÂCD¨×ÉË Ö Ë Ì�å:5°.EÎ¢m�<t�rut QACBN=ÙØ ACBØ P SVUXW�Y Z"ACÚ\[CD¯ACBnZ Ì�å:5-Û�Î
ç��»h>ªdq|y/~uo#�7�:å�5-Û�¢¡t�r�t�¢¡t�Â
Â�Í�Ãst�Ës�st�ÃEt9�7t}r��d¢m�st�r�t�Ê<o�~^·��zq�Â�Ã��Ht�q<�ut�Ã�o���·��z�z¾¿qs�s·9~uo#�7�¢eo�~��_h>ªdq|y/~�o��z�§å�5w.�~��©Ã<t}~�t}raÅ�o#�st�~��<t|Ãst���o�r�t�ÃK�/y¢Â#qst��z�>~u�st�·}�7��~�r���Â\o#��Äsq�~DÊ�A]Új[65���<�
�7r�~�qs�|y�~�t�Â���Ê<�Mt}·�yzqs��t��z�\~u�st��|y/~uqsrut��/�C~u�st�¢m�st}t�Â]·�y¢Ä|yz·}o�~�y/�s·�t�o#�Ng\o�pzqsrut¿å�5wv�ÊÜ9Ý�ÞÜ}ß o��e�<�z~{Ãst�Ës�st�Ã�qs��~uo
Â�~��st�o#�<o�~uo�y¢Âäî|�6¢T~u�¼~��st�·�y�Â#o¦ÄMt}re��·}·�qsr��B5^ú�t}�s·�t¢ÊÉy���~�r�o�·9~y¢Ä�Ä�Â�o�·�y/~uo#�7�N�z�C�uqs·��µy¼·}�7��~�ru�¢Â���~ur�y/~ut�pz�¨Å�y¢Æzt��m�s����t��s��tT5lç��>Ês�s�6¢¡t}�7t}r�Ê|~��<t��/y¢Â�q<t�/� Ü9Ý�ÞÜ9ß o��
Â�o�Å�o�~�t�Ãµo��N~��<t{·}�7��~�r���Â¦Â#t�r�Ês~��<o#�{Äsru�z��Â�t�ÅÓ·�yz�µ�Ht�rut�����Â��7t�Ãu5����Ãst�r��uqs·��_y��u·��<t�Å�t�Ê²Ã<t�Ë|�st¼y�Â#�­¢¡t�r�Â#o¦Å�o#~��7� Ü}Ý ÞÜ9ß o��µ~��st�·��7��~�r���Â
Â�t}r�~����Mtà yz��ÃE~u�st¿Äsrut}�u��qsrut{yz��Ã³�z��Â�q�Å�t{y/~x¢m�<o�·�� Ü9Ý ÞÜ9ß = à ~u���Mt�ACá�yz��ÃµP|á�5_ãX�st��³~��<tÅ�yz��~�t}rÅ·}�¯Â�o���Ã<t�rÉÄsr�t��u��qsrutm·}��ÅpÅ�y/��Ãst�Ã�·�yz���Mt¡pzo��7t�������~u�stx�
��Â
Â#�­¢eo#�sp���~�r�qs·}~uqsrut¢ÁQACBsÀ¿Á�ÂxJ«×|ËJÌ�A]BEDFACB<À¿Á�ÂFÎãâ A]Új[Å=TACB�äÙå QACB<À�Á�Â\D¨×|Ë?Ì�ACB DFACB<À�Á�ÂFÎæ�Ý Þæ�ß UXW çnèÌ�å:5°�EÎQACBsÀ¿Á�Âxé«×|ËJÌ�A]BEDFACB<À¿Á�ÂFÎãâ A]Új[Å=TACB Dêå QA]BsÀ¿Á�ÂCD¨×ÉË�Ì�ACB³DFA]BsÀ¿Á�ÂFÎæ�Ý Þæ�ß UXW ç èÌ�å:5°5EÎ¢m�<t�rut ë ACBë P =ê? Ü9Ý ÞÜ9ß A]BKJ´ACáà �/~��st}r�¢eo#�ut Ì�å�5�¸6ìEÎí��z~�t�~��|y/~���o#�s·�t¼¢¡t�yzr�t�~�y/îdo#�spNA]B£y/��~��st��
t�t�ï<�|yz·�îÉðV~��<o#��o#���7�zñ��7t}�{¢mr�o#~�o��sp æ�Ý�Þæ�ßy/��y��
qs�s·9~uo#�7���z�ÅACB_y/�sï��s�/~�P�¬d¾¿q<��~uo�ò|·�y/~uo#�7���
�zrm~u�<o#��o#��ó<rut���t���~�t}ï�o#��~��<t��st�i2~��t�·9~uo#�7��5vç �©ósr�y/·}~uo#·�t/ðXACá³·�yz�¨�Mtµ·��s�7��t��¨~��¦�MtN�Ht}ñ#�­¢Ù~��stµósqs���s�7q<~�ósrut}�u��qsrut/ðAHG�ô�ðMy/~�¢m�<o#·��_�sr�y/îdo#�sp³·}�7õ�õ�t}�s·�t}�B5�Ô��2�7�ut9ñ#���uóHt�yzî�o#�spsð»~u�st�r�t}�
�7r�tzð»¢¡t�yzr�t��7��ñ#�o#��~�t}rut���~�t}ï4o#�½ósrut}�u�uq<rut���yz�H�6�7t_A\á�yz�sï´~u�stK·��7��~uru�zñ�ñ�t}rE�
qs�s·9~uo#�7�s�Nyz�Ny¤��ñ#o#ï<o#�sp

vzì



·}�7��~�r��zñ#ñ#t�r�yz�M�6�zt¼A\á�5eú�t��s·}tzð»~u�st�õ��2ï<o�ò|t�ïK·}�7��~�ru�/ñ#ñ#t�r����s�7q<ñ#ïKósr��­�do#ïst�~ur�yz·�î�o#�spt�i<yz·}~�ñ#�Ny/�my���ñ#o#ï<o#�sp�·��7��~�r��zñ�ñ�t}rXo��N�7qsrer�t�pzo#�7�N�z�]o#�d~ut�r�t���~B5VãX��o��eo#�d~uq<o�~uo��7t��
t�t}ñ�o#�spy/�M�7q�~e~��st�·��z�d~uru�zñ�ñ#t�rmóMt}r��
�7r�õ�yz�s·�t�¢eo�ñ#ñ]�Ht�õ�y/ïst�r�o#p7�7ru�zqs�Xo��N~��<t{�<t9i2~��ut�·9~uo#�7��5Ì«o�~��<o#�´~��<t²·��7��~ut9i2~N�z���sruyzî�o��sp¯·}�7��~�r��zñ��
�7r yz�«yzq�~��7õ�y/~ut�ï«�<o#p7��¢Xy��zð��7�<t�/~��st}r�õ��2ï<o�ò|·�y/~�o��z�L�u�<�7q<ñ#ïL�Ht��s�/~�t�ïu5 ê o#�s·}t�~��<tµ�zt��<o#·}ñ#t�·}�7��~�ru�/ñ�¢eo�ñ�ñm·��7�s��o���~�/��y/ñ�~�t�r��|y/~utºóHt�r�o��2ïs�µ�z�¼~��<ru�z~�~uñ#tº·}�7��~�ru�/ñ¼yz�<ïT�sruyzîztº·��7��~�r��zñ�ð�y©��¢eo�~�·��¥�
r��7õ~u�sru�/~u~uñ#t¦öÕ¢eo�~��©ACB<À�Á�Â�=÷ì7ø¼~u�_�sr�yzî/t�·}�7��~�r��zñ�y/~�Ã =Iì_t}��~�y/o�ñ���yK��¢eo�~�·��L�
r��7õA]BsÀ¿Á�Â�ö�ì2ùMø�=úì�~u�KACB<À�Á�Â�ö�ì7û�ø�=§A�ö�ì7ø�üÈAHG�ôB5�ý���y�r�t��uq�ñ#~�ðÅ~��st QA]BsÀ¿Á�Â�~ut�ruõ÷o#�~u�stEy/�M�6�7t�t�ªdq|y/~�o��z�s��o#�����7õ�t}¢m�|y/~�yzõ��<o#p7qs�zqs�B5/ãX�<o#�¼ï<o�0�·�q<ñ�~ �ºo#���syz�sï<ñ#t�ï¤���y/�u�uq<õ�o#�spµ~��|y/~{A]BsÀ¿Á�Â�ö�ì ù ø�=@A�ö�ì�ø�o#�_~��st�·��z�d~uru�zñ�ñ#t�r�¬]o#�º�z~u�st�r�¢¡�7ruï<��ðCy/ñ�ñ��6¢eo#�sp~u�st�·}�7��~�ru�/ñ#ñ#t�rn~��_þ���t�t}ÿ¼~��st�o#�<o�~uo�y/ñH~�r�y/·�îdo#�sp�t}ruru�zr�ð<�<q<~X�s�/~my/~u~ut�õ�ó<~�o��sp�~���~ur�yz·�îy�ï<o���·��7��~�o��dqs�7q<�m~ur�y/¾¿t}·}~u�7r��T5^ãX��o��Xõ��2ï<o�ò|·�y/~�o��z�Eo��ey/�u�uq<õ�t}ï³o��E~u�st�óHt�r��
�zruõ�yz�s·}tpzq|yzr�y/�d~ut�t}��~u�|y/~e�
�zñ�ñ��6¢&5
ð���� ���.õ��
	:õ�� 
��§ó�� � ��
���
����������
�X�<t¼·��7��~uru�zñ�ñ�t}r���~�ruq<·}~�q<rut¼ósr�t���t���~�t}ïºy/�M�6�7t{o���rut9ñ�y/~�o#�zt}ñ��²��o�õ�ó<ñ#tzðV�<q<~�r�t�ªdq<o#rut���yõ��2ï<o�ò|·�y/~�o��z�¨~u�ºy/·�·��zqs��~��
�zr¼~��st³o#�<o#~�o�y�ñ��Éy/~��<t��u���z��~��st��|q�o�ï¨·�yzósyz·}o�~ �F·�qsr��7t?5g|qsr�~��st}ruõ��7r�tzð|qs�s·}t�r�~�y/o#��~uo#t���·�yz��yzr�o#�ut�o��N~��<t{õ��2ïst}ñ�ð|ó|yzr�~uo#·�q<ñ�yzr�ñ#�³¢eo�~��µrut}p�yzruï<�~u�L·�y/ñ#o#óHt�r�îd�s�2·�îd�|yz·�î§5®Ì½��o#ñ#tºo#��~�q<o�~uo#�7�f�uq<p7p7t���~����uqs·��¥o#�u��qst��²~u�L�Htºõ�o#�s�7r�ð~u�stµt9i<yz·}~�·��z�d~uru�zñ�ñ#t�r��Mt}�|y��2o#�7r�o��¨~��stµósr�t��ut}�s·�t��z��y�ñ#ñ��z��~��st}�utN�Õyz·}~u�7ru��o����s�z~o#õ�õ�t�ï<o�y/~�t9ñ#�¨�7���do#�7qs�B5©l¡�Ft�i<ó�ñ��zo�~uo#�sp¦~��st³ò|r���~�Í��7ruï<t�r�ñ#o#�st�yzr�ï<�2�|yzõ�o�·}� �z��~��<t��ñ#o#ï<o#�sp²·}�7��~�ru�/ñ#ñ#t�r}ðÅ�s�6¢xt9�7t}r�ð^óMt}r��
�7r�õ�yz�s·�t�p7q|yzruyz��~�t}t���·�yz�¤�Ht�õ�yzï<t�o#�¯yµ�zt�r����~�ruy/o�pz�d~��
�7r�¢xyzr�ï�õ�yz�s�<t�rB5lxt9�
�7rut½õ�yzî�o#�sp`yz���,��~�y/~ut�õ�t���~u�Lrut}p�yzr�ï<o��<pR~u�st4·��7��~�r��zñ�ñ�t}r¨óHt�r��
�7ruõ�yz�<·�tzð�<�­¢¡t}�zt�r}ð²¢xt¥�Ht�p/o��ê¢eo#~u�Óyz�Èy/�u�uq<õ�ó�~uo#�7�Ó�7�Æ~u�stT·9ñ�y/�u�L�/�K�sr�y/îztTó<rut����uqsr�t~ur�y/¾¿t}·}~u�7r�o#t��m¢xt�o#��~�t��<ï�~���~ur�yz·�î��
 �!"!$#&%('*),+.-0/214365879!$+.:,79;=<>:,?A@�7�B�:C79!$!"#*:,7DB�:,-FEHG.7AI2JLK Î M2ÎONQPSR�ÎTM U"R�¹CV�ÎW R�ÎONONQX9R�Î W ROY[Z^Ð�ÎO\^]*_sÀ¿Á�Â9ö
Ã�øO\`N�¹zÏaPbN.ZXÎON�Ï K Î�c$Y�Ð�ÐbYCd`PSegfihQR�P�Ï¿ÎQR�PÕ¹kj

l Ñm]*_<À�Á�Â}ö
Ã�ømPbNnM2Î.Z�e»ÎTM�¹
e0M�M
P o�ÎQR�ÎQe|ÏaPÕ¹kU�Ð�Î�YCepNqYCr Î�PSe|Ï¿ÎQR�s�¹zÐut ìwvuÃyx"z�Ñ{ Ñm]*_<À�Á�Â}ö
Ã�øxü|]~}�ô���]Cá �HÃ��4t"ì�vuÃyx"z� Ñm]*_<À�Á�Â}ö�ì�ø�� �]�ö�ì�ø� Ñ��]*_<À�Á�Â}ö
Ã�ø�� ��]�_<À¿Á�Â �HÃ��=t ìwvuÃyx"z
v�¸



�X�<t�ò|r���~¼·}r�o�~�t}r�o#�7�¯õ�t�rut9ñ#�ºt��<�uqsr�t���~u�|y/~{~��st�·��7��~�r��zñ�ñ�t}r¼ïst���o�pz�«öÕo#�s·��zruóH�7r�y/~�o��<p�]^_sÀ¿Á�Â�ø�o��C¢xt9ñ#ñ Í ïst9ò|�st}ï�5��X�stX·9ñ��7��t�ï¼o#��~�t�r��/y/ñ*t ìwvuÃyx$zdo#�Åqs�ut}ï¼~���rut��st�·}~j~��stn�Õyz·}~\~��|y/~òs�<o#~ut^óMt}r�o#��ïs�]�z���sruyzî�o��spmt�i�o#��~�¬7~��st>õ�y/~u�st�õ�y/~�o�·}�\�<�zñ�ï»ð/�s�6¢¡t}�zt�r�ð/�
�7rV~�ruy/¾¿t�·9~��7r�o�t}�ï<t}ò|�st}ïº�z��t ìwv���zm5��X�st��ut�·}�7�sïºyz�sïK~���o�r�ïºy/rut�rut9ñ�y�~�t�ïK~u�µó<�d�2��o�·�y/ñ^·��7�<��~�ruy/o#�d~u��/��~��stµósr��7�<ñ#t�õ¡5��¡ñ#t�y/r�ñ��7ðXo���~��st�ïst���o�r�t�ï«ósr�t����uqsr�t�o���ñ�t}�u��~��|yz�©~��stµósqs����Í �7q�~ó<rut����uqsr�tzð��<�¯�sr�yzî�o#�spF��·}·�qsr��Nyz�sï«~��<t²~�r�y�¾¿t�·}~u�7r��©o��³õ�t�yz�<o#�spzñ#t��u�µyz�Ny¤�<r�yzî/t~ur�y/¾¿t}·}~u�7r��T5��do�õ�o�ñ�yzr�ñ#�zðs¢xt�·��<���7��t�]\á�é�]0}�ôX�u��~��sy/~X~��<t�·��7��~�r��zñ�ñ�t}rm¢eo�ñ�ñV�
qs�s·9~uo#�7�y/��ïst}��o#rut}ï¤�
�7r�y�ñ#ñ�]*_<À¿Á�Â>��]0}9ô�5i�X�st ·}�7�s��~�r�y�o���~¼�z�º~��<t�o#�<o#~�o�y�ñn�/y/ñ#qst��z��]*_<À¿Á�Âo#�{yN�Õy�o�r�ñ#�²ñ#�2�7�ut/ð]o#õ�ó<ñ��2o#�sp��7�<ñ��²~��|y�~{~u�<o#���/y/ñ#qst�o����H�7qs�sï<t�ï�5��X�<o#��ósr�t���t���~���y�zt�r��Kõ�o#ñ#ï¦yz�u��qsõ�ó<~uo#�7�¦�7�K~��st¼~u�sru�z~�~uñ#tq�/�<r�yzî/t���¢eo�~�·��<o#�spNñ��7p/o�·¼¢m�<o#·��¦�s�zñ#ïs��ð�o#�ósyzr�~�o�·}q<ñ�y/r�ðs�
�7rX~u�st���¢eo�~�·��<o#�sp ·}�7��~�r��zñ]ïst}�zt}ñ#�7óHt�ï�o#�³~��st��st�i�~�·��|yzó�~�t�r�5�X�st¦·��z�s��~ur�y/o#��~��z�½~u�st_õ�yzp7�<o�~�qsï<tº�z� �]*_<À¿Á�Â�o#�N�7�<ñ��«�st}t�ïst}ïOñ�y/~�t}r�ð�¢m�st}�q<�s·�t}r�~�y�o���~ �¨o���·��7�<��o#ïst�r�t�ï�52��y��do��<p¤�u�7õ�tµ�M�zqs�sï´�7�¨~��<o#���zy�ñ�qst�y/ñ�ñ��6¢m��qs��~u��H�7qs�<ï¼~��stx~ur�yz·�î�o#�sp�t�r�ru�7rCo��¼~u�stXt}�zt���~n�z�Éqs�s·}t�r�~�y/o#��~ �K5��¡ñ#t�yzr�ñ#�zðdo��Éï<o#�u·}�7��~uo#�2q<�7qs�·��syz�sp7t}�mo#�8]*_<À�Á�Â¡y/rut�y/ñ�ñ��6¢¡t�ïVðs~�o�õ�t�ïs�zõ�y�o��³~�ruyz·�î�o��<p��H�7qs�sï<�myzrut�õ�t�y/�<o��<pzñ�t}�u��5�X��o��_y/ñ#�u�´yzósó<ñ�o�t}�²~��´��ñ#o#ï<o#�sp«·��z�d~uru�zñ�ñ#t�ru�²¢eo�~��fp7y/o��Tqs�s·�t}r�~�y/o���~ �O�
�zñ#ñ#�6¢eo��<p½y~ur�y/¾¿t}·}~u�7r��E¢m��o�·���óM�7���ut}�u�ut}��yz�Nqs�d�H�7qs�sïst}ïVðÉ·��7��~�o��dqs�7q<��ïst}r�o��/y/~uo��7t?5� ��y/ïsï<o�~uo#�7��~u��~��<tn~ur�y/¾¿t}·}~��zr��7ð/~��stn�z~��<t�r]�Õyz·}~u�7ru�Co����7�/ñ#�zt�ï¼o#��~��<o#�\yz�|y/ñ��2��o#�>yzrut~u�st��|q<o#ï ·�y/ó|yz·}o�~ ��·�q<r��7t��z��gCo�p7q<rutm��5°v{yz�sï�~��<tm�|�6¢«·}��tQ��·}o#t���~�ðw���B5`�>���2��o#·�y/ñ�ñ#�zð~u�st���tº�Õyz·9~��7r���õ�qs��~���y�~uo#�����4·�t}r�~�y�o��O·��7�s��~�ruy/o���~u�²ïsqst_~��F~��st¦�|y/~uqsrutº�z�¼�<r�yzî/t���2��~�t}õ��B5��X�<o#�xós���2��o#·�y/ñHo#�d~uq<o�~uo#�7��o#�¡·�yzó<~uqsrut}ï õ�y/~��<t�õ�y/~uo#·�y�ñ#ñ����d��~u�ste�
�zñ�ñ��6¢eo#�spy/�u�uq<õ�ó�~uo#�7�L�
 �!"!$#&%('*),+.-0/|��3[<>:C?w@07 �u¡¢!�)q79% B�:,-�'`7g:,)q+a79!CI£JLK Î¥¤�YCd hOY6Î.¦�hQP�ÎQe|Ï.\§����\N�¹zÏaPbN.ZXÎONm�����´ìsÑ JLK Î�U"R�¹CV�Î`¤�X9PaM8hu¹ W ¹9hQP�Ïa¨ihQX9R�szÎO\&]*_\öª©¼ø«\HN�¹zÏaPbN.ZXÎON
l Ñn]*_\öª©¼ø`¬Oì ��©��£©|ô
{ Ñn]*_\öª©¼ø��´ì ��©��|©|ô

c$YCR�NqYCr Î�s
Y�Ð­X9r Î�©|ô6Ñ�®^X9R�Ï K ÎQR�rpYCR�ÎO\¯c$YCR�©��|©|ôQ\�]*_jöª©�ø�PbNm¹°N9ÏaRQP±h9ÏÕÐ­¨�PSeuhQR�Îu¹CNQPSegf²\M
P o�ÎQR�ÎQe|ÏaPÕ¹kU�Ð�Î`c�X9euh9Ï³P±YCe(Y[c�Ï K Î´M
PbN W Ð�¹9h�ÎTMµs
Y�Ð­X9r ÎO\&©¶\`PÕÑÕÎ�Ñ
Ø ]^_Ø © �´ì �¶©·��©Éô

lxt}·�yzq<�ut��z�M~u�<o#�xyz���uqsõ�ó<~�o��z�Vð�¢xt�·�yz��~���o��sî��z�L]^_Åö±©�ø>yz�^y��
qs�s·9~uo#�7�Vð�]*_\öª©¹¸©|ô�ø�ðdïst}ò|�<t�ï��
�7r�©@ü£©|ô�ðdy/�sï y����<o#��~¡y/ñ#�7�sp�~u�stn©Ry­i�o#��ðdïst}�s�z~ut�ï ���µ©|ôB5`��qs·��Ey/�o#��~�t}ruósr�t}~�y�~uo#�7��o#�mó|yzr�~�o�·}q<ñ�yzr�ñ��³qs��t}�
q<ñ]�
�7reïst�y/ñ�o��sp�¢eo�~��N~��st{õ���ïst9ñ]qs�s·}t�r�~�y/o#�d~�o�t}�
v¯º



ï�o���·�qs���ut�ïºo��¹��t�·9~uo#�7�»��5°vb5¼ºb5�ý�ïsï<o�~uo#�7�|y/ñ�ñ��7ð]��o#�s·�t Ü9Ý ÞÜ9ß ½¬êìE�
�7r�©¾�¿©|ô�ð�¢xt�·�yz�ï<t}ò|�st�yz�³o#�d�zt�r��ut��
q<�s·}~�o��7�À] ùFÁ ��qs·���~u�|y/~n©�¸�©|ô�¬2] ùFÁ ö±]*_VøXyz�sïN¢mr�o�~�t
Ø ]^_Ø © öª©Â¸Ã©|ô�ø�¬êØ ]^_Ø © Ä ] ùFÁ ö±]^_�ø[Å ö³��5�¸7¸­ø

�X�dqs�K¢¡tF·�yz�@ö
¢eo#~u�Ç�7��ñ#�T��ñ�o�p7��~¦yz�<qs�ut¯�z���s�/~�y/~�o��7�|ø�¢mr�o�~�t Ü9Ý�ÞÜ9ß ö±]^_Vø�ð�¢m�<o#·��t}�|yz�<ñ#t��mqs�X~u�¼o�õ�ó<ñ#t�õ�t}�d~�~��<t�·��7��~�r��zñV��~�r�qs·}~uqsrut��z�\h>ªdq|y/~uo#�7�s����5w��~��<ru�7qspz����5#¸�ì¢eo�~��<�7q<~�õ�t�yz��qsr�o#�sp�~u�st��7�zñ#qsõ�tT5
Æ�Ç[ÈmÇTÉ Ê Ë0Ë�Ì�Ë£Í�ÎÐÏ°Ñ�ÒÔÓÖÕ*×Ì«o�~��³~u�st�ós���2��o#·����z�]~��st����2��~ut�õÈ�s�6¢Oósru�zóMt}r�ñ��E·��|yzruyz·}~ut�r�obØ}t�ïµ�d� õ�y/~��st}õ�y/~uo#·��}ð~u�stµ���2��~ut�õ óMt}r��
�7r�õ�y/�s·�t�õ�y��F�Ht�t�isy/õ�o#�st}ï´r�o#p7�7r��7qs��ñ��K5´Ìºt��Ht�p/o��¨¢eo#~u�©~��<tï����syzõ�o�·}���z�C~��<t�~ur�yz·�î�o#�sp t}rur��7rX¢m�st��µ~��st�������~�t}õÓõ��2ïst9ñ�o���yz�u��qsõ�t�ï�î2�<�­¢m�u5
B�:,-�'`-~!"+.),+.-0/£1Ã3[ÙÐ:,:,-0:µ5�¡^/^?F%Ú+aÛk!CIÜ^e0M2ÎQR³Ï K ÎÝhOYCe|Ï³R«Y�Ð�N9ÏaR�X�h9ÏaX�R�ÎÀPSe�Þ�ß"X<¹zÏ³P±YCewN � Ñáà£Ï K R«YCX
f K � Ñ lkâ d`P�Ï K ]CáÚh K YqN6ÎQeNQXFh K Ï K ¹zÏ ]\á�é=]~}�ôP cEÏ K ÎDM2ÎONQPSR�ÎTM W R�ÎONONQX9R�Î W ROY[Z^Ð�Î�N�¹zÏ³PbN.ZXÎONµãÐNONQX9r W Ï³P±YCe l ¹
e0M¦Ï K ÎDU"Ru¹CV�ÎpNQ¨,N9Ï ÎQrN�¹zÏaPbN.ZXÎON�ã�NONQX�r W ÏaP±YCe { \�Ï K Î�ÏaRu¹9hOVCPSegf_ÎQRQR«YCRµU9Î³f¯PSewN�¹
e¨ÎÖä W YCe»ÎQe|Ï³PÕ¹zÐHM2ÎOhu¹
¨�¹Öc�Ï ÎQR¹nZ�eFP�Ï Î�ÏaPSr ÎO\]Ã�Â�Ñ

B�:,-L-�å �C�_�ut}tE~��<o#��ðn·��z�s��o#ïst�r¼~u�st³��~�y/~�t³t}ªdq|y/~uo#�7�¯�
�7r¼�<r�yzî/tæ�|q<o#ï�7�zñ#qsõ�t{¢m��o#ñ#t{~u�st�¢m�st�t9ñCósrut}�u�uq<rutzð0]^_jð<o#�m�Mt9ñ��6¢ç]Cá�öÕom5 tT5�©��£©Éá}øQ�
�©è¬ ¸à»é �]*_<À�Á�Â&¸¨×|ËHö±]*_p¸�]*_<À�Á�Â�ø6ê öa��5�¸,º7ø

¢m�st��D]*_8¬4ìµö±©·�£©|ô�ø�ð<~���o�����o#õ�ó<ñ#o�ò|t}��~��w�
�©è¬ ¸à(é �]^_sÀ¿Á�Â»äL×|Ë6]*_<À�Á�Â ê öa��5�¸6v�ø

�X�st�r�t�y/rut�~��dqs�e~u�srut}t���~�y/p7t��m�z�C�7óHt�ruy/~uo#�7�E�
�7rX~u�st�·��7��~uru�zñ�ñ�t}r"�>¢m�st}�]*_|¬§ì<ðÅ¢m�st}�©ì¤éë]*_Â�ì]\á�yz�sï¤¢m�st}�4]^_füÔ]Cá�5 � �¤~u�<o��¼òs�|y/ñ��~�y/p7tzð�~��<t¨ï����syzõ�o�·}�£��y�~uo#�����Òh>ªdq|y/~uo#�7����5¼í½yz�sï»ð��<t��s·}tzð�t9i��<o#�<o#~t9i�óM�z�st���~uo�y/ñ�t�r�ru�7rµ·��7���zt�rupzt��s·}tT5¾�X�st£ósr����/���z��~u�<o#��ósr��7óM�z��o�~uo#�7�Vð
vzv



~��st}rut}�
�zrutzðeo#���7�zñ��7t}�µ���s�6¢eo��<pF~u�|y/~�~��st²���2��~�t}õ ¢eo�ñ#ñ�rut�yz·��£]\áNo��«yò|�<o�~�t�~uo#õ�t��
�zrmyz���µyzïsõ�o�����o#�<ñ#t�ïst}��o#rut}ï�~�ruy/¾¿t�·9~��7r��K5lxt}�
�7r�t t}�s�7qsp7� �|q<o#ï �|�6¢m� o#�d~u� ~��<t ·�y�ñ#o#óMt}r®~u� ósr���ïsq<·�t y�sr�yzî/t_ósrut}�u�uq<rut¦r�o#�utzð�~��st��sq<o�ï4t}�z�zñ#q<~uo#�7�½o��Npzo��7t}�O���´o#��~�t�pzr�y/~�o��sph^ªdq|y�~uo#�7�À�:5#¸6v��
© öÕÃ�ø�¬ ¸à´î¶ïð �]*_<À¿Á�Â[ñ7Ã�ä ×ÉËà�î¶ïð ]^_sÀ¿Á�Âyñ7Ã öa��5�¸$�døk�t��s�z~�o��<p�~u�st�~uo#õ�t�y�~�¢m��o�·���©è¬2©Éôm���³Ã Á �

© ö
Ã Á ø¹ò¬Â©|ô�¬ ¸à î ïôóð �]^_sÀ¿Á�Âyñ7Ã�ä ×ÉËà î ïôóð ]*_sÀ¿Á�Âyñ7Ã öa��5�¸,í7ø
õÉr��7õ ý��u�uq<õ�ó�~uo#�7�´¸7ð]¢xt�·�yz�ºïst}~ut�r�õ�o#�st�õ�o#�<o#õ�qsõ÷�/y/ñ#qst����
�7r�~��st~ ¢x��~�t}ruõ���y/�M�6�7t/ð|�|yzõ�t}ñ��

î ï óð �]*_sÀ¿Á�ÂÖñ7Ã¡ü|]~}�ô`¸ö�]�ö�ì�ø öa��5�¸q÷�øyz�sï
î�ïôóð ]*_<À�Á�ÂÖñ7Ã¡ü|]~}�ô�Ã Á öa��5�¸­Û7ø�u��~��|y/~ ©|ômü ¸à é ]0}9ôø¸ö�]�ö�ì�ø6êÅä ×ÉËà ]0}9ô¿Ã Á öa��5�¸6��øyz�sï Ã Á � ©|ô à ä é �]�ö�ì�ø&¸�]0}9ô ê×|Ë6]~}�ô ò¬ �Ã Á öa��5�¸qù�ø

�2o�õ�o�ñ�y/r�ñ��7ðHqs��o#�spEh>ªdq|y/~�o��z����5�¸,º�ðÉyz�sï�ïst}òs�<o��<p�Ã è ~u���Ht{~u�st�~uo#õ�t�y/~¢m�<o�·���©ç¬�©Éá,�
©�ö
Ã è ø ò¬�©Éá�¬�©ÉôCä ¸à>î�ïûúïôó

�]*_sÀ¿Á�ÂÖñ7ÃVä ×|Ëà4î¶ïûúïôó
ö±]^_sÀ¿Á�Â*¸�]*_»øÖñ7Ã½öa��5üºzì�ø

ý�p�y/o#�Vðsq<��o#�sp ý��u�uq<õ�ó�~uo#�7�£¸{yz�sïN~��<t��Õy/·}~e~��sy/~n]*_Ý�|]Cá�ð
©|á�ü£©|ôCä ¸à»é ]~}�ô`¸ �]�ö�ì�ø ê ä ×|Ëà ö±]0}9ô`¸Ú]\á�ø}öÕÃ è ¸£Ã Á ø öa��5üº�¸­ø

v²�



�X�<o��mo#�d~uru�2ïsqs·}t����u�7õ�t�·��7�<�ut�r��/y/~uo��do���õµðH�sq<~mo�ñ#ñ#qs��~�r�y�~�t��m~��sy/~
Ã è � �Ã Á ä ö±©Éá�¸Ã©Éô�ø à ä é �]�ö�ì�øø¸Ú]~}�ô ê×|Ë�ö³]~}�ô`¸�]\á}ø öa��5üº¯º7ø

�X�2q<��ð��
�7rµyz���4yzïsõ�o#�u��o#�<ñ#t£~�ruy/¾¿t�·9~��7r��7ð�~u�st¦�z�zñ#qsõ�tº¢eo�ñ#ñ{t�ªdq|y�ñ>©|áo��fò|�<o�~�t¯~�o�õ�tzð¼Ã�Â4¬ Ã è ð�y/��~�t}r�¢m�<o#·��Ç~u�stFï<�2�|yzõ�o�·}�_��y/~�o������¥~��stt9i�óM�z�st���~uo�y/ñCïst}·�y��³¢eo#~u��ruy/~�t{×|Ënïst}ò|�<t�ï����µh>ªdq|y/~�o��7�8��5üíb5�ý
Æ�Ç[ÈmÇ[þ ÿ2Ì�����×��FÏ��H×w×�X�<t�rutxyzrut/ðz�z�s·��7qsr��ut/ðzñ#o#õ�o#~�y/~uo#�7�s�jyz�]~����<�­¢¨y/·�·�q<r�y/~ut}ñ��{~u�stx�<r�yzî/tx���2��~�t�õÒ·�y/�¼�Mtõ��2ïst}ñ#t�ï»ð2ñ#t�yzï�o��sp{~��{ó|yzruyzõ�t}~�r�o�·�qs�s·}t�r�~�y/o#��~uo#t��xo#�p���}ðA©|ônyz�sï�~��st��|q<o#ïE·�yzó|yz·9o#~ �·}qsr��ztD]^_\öª©¼øª5 Ä ��~u�st���tN�/y/ñ#qst}��ð�©|ô¼o#��ósyzr�~�o�·}q<ñ�y/r�ñ��¯�uqs��¾¿t�·}~�~��K�/yzr�o�y/~�o��z�©y/��yr�t���q<ñ#~¼�z�m·�y/ñ�o#óMt}r¼îd�s��·�îd�|y/·�î]5_k�q<r�o#�sp²ïsr�o#�do#�spsðÅ~��<t �/yzr�o#�7qs�{�7t���o�·9ñ�t³�do��<r�y/~�o��7�<�·�yzqs��t¼~��st¼�<r�yzî/t�·�y/ñ�o�óHt�r���~��E�Ht_þ�îd�s�2·�îzt}ïº�syz·�îdÿNyzru�<o�~�ruyzr���ï<o#��~�yz�s·�t}���
ru�7õÓ~��<tï�o���·��B5��X�<o#�n�Mt}�|y��2o#�7r¡rut���q<ñ�~��¡o#��y��|q�o�ïE·�yzó|yz·9o#~ ��·}qsr��zt�~u�|y/~no��n�u�<o���~�t}ïEy/ñ#�7�sp�~��<t�z�zñ#qsõ�t�y�i2o��¡�7r�ð�yz�|y�ñ��7pz�7qs��ñ��7ð<yz� t}rur��7r¡o#��©|ôw5`�X�st�yz�M�6�zt�ósr��7óM�z��o�~uo#�7�Vð2�s�6¢xt9�7t�r}ð·�yz�µ�Mt�p7t}�st�ruy/ñ#oôØ�t}ï��
�7rX~u�<o#��q<�s·�t}r�~�y�o��µ·�yz��tT5õ\o#ru��~�ð­¢xt^õ�yzî/t¡���7õ�t¡y/�u�uq<õ�ó�~uo#�7�s�Crut�p7yzruï<o#�sp��M�zqs�sïs�]�7��~��<tnõ��2ïst}ñ�o#�sp�t}rur��7rB5
 �!"!$#&%('*),+.-0/	��
 PSszÎQe�¹9h9ÏaXs¹zÐ W ¹
R�¹
r Î9Ï¿ÎQRms�¹zÐ­X|ÎONO\¢©|ôQ\L����¹
e0M°]*_\ö±©Ã¸À©Éô�øO\Å¹
e0MÏ K ÎihOYCR�R�ÎON W YCe0M
PSegf�rpY"M2Î9Ð�ÎTMDs�¹zÐ­X|ÎONO\�©Éô�Ú�\�����Úú¹
e0Mæ]^_<Ú�öª©�¸|©|ô�ÚXøO\�d K ÎQR�Î�Ï K ÎrpY"M2Î9Ð�ÎTM>s�¹zÐ­X|ÎON�¹zÐüNqY�N�¹zÏaPbN.c�¨�ãÐNONQX9r W Ï³P±YCe { \�M2Î.Z�e»Î�]\á¿Ú�\*©|á�Ú�\n¹
e0M�©Éá�NQX�h K Ï K ¹zÏ

Ø ]^_<ÚØ © ö±]Cá�ÚXø ¬ à]*_�Ú�öª©|á�ÚXø ¬ ]\á¿Ú]^_Åö±©Éá}ø ¬ ]\á¿Ú
JLK Î´M
PbNqhQR�Î W ¹
euhQP�ÎON�U9Î9ÏadxÎ�ÎQeKÏ K Î�NQ¨qN9Ï ÎQr§¹
e0M�rpY"M2Î9Ð0N K YCX�ÐûMEÏ K ÎQR�Î.c$YCR�Î°N�¹zÏaPbN.c�¨ Ï K Îc$Y�Ð�ÐbYCd`PSegfgj
l Ñ
� ©|ô`¸�©Éô�Ú��g���©|ô
{ Ñ
� ©|á�¸Ã©|á�Ú��g���©Éá
� Ñ�� ùFÁ� � �������� ��� �

v¯í



� Ñ�� ùFÁÝ|ß � ��� Þ����� Ý Þ! �"� Þ#����$� Ý Þ% ��� Ý|ß �u]*__ü|]\á¿Ú
c$YCRÐNqYCr Î&�©|ôQ\'�]Cá$\(� � ¹
e0M�� Ý|ß �*)�d`P�Ï K � � v+� Ý|ß �¥¸dÑ�X�st��M�7q<�sïs�¡o#�Kö�v�ø¡yz�<ï²ö³��ø¡yz�H�6�7t�y/rut���~�y/~ut�ï o#� ~ut�ruõ��X�/�V~��st�r�y/~�o����Mt9~ ¢xt}t��y/·}~�qsy/ñ�yz�<ï³õ��2ïst9ñ�t}ïµósyzr�yzõ�t9~�t�r��eõ�t�rut9ñ#���
�7rx~u�st���y/îzt��z�C�s�z~�y/~uo#�7��5>ý��X�s�z~ut�ï³o#��dñ��z~�o��<t yz�<ï£ÔVo�ö�¸qù
ù<¸­ø9ð]�H�7qs�sï<���7�¦�u�zõ�t��/yzr�o�yz�<ñ#t-,«�/�x~��<t��
�7r�õIì_é.,VÚ0/21 �,¹�3,VÚ\á54{·�y/�³t�yz��o#ñ�� �Ht�~ur�yz�s��ñ�y�~�t�ïEo#��~����H�7qs�sï³�/��~��st��
�zruõêyz�H�­�zt��7� ~u�st�r�y�~uo#�66 � 5>í��z~ut�~u�|y/~¡qs�s·�t}r�~�y/o���~ ��o���~��st�~��st���ñ#�7óHt��z�V~u�st��|q<o#ïE·�yzósyz·}o�~ � ·}qsr��zt�o#�x�7��ñ#���óMt}·}o�ò|t�ïFy/�M�6�7t y�·�t}r�~�y/o��ºñ�t9�7t}ñx�z�Xó<rut����uqsr�tz¬n�Mt9ñ��6¢,~u�<o���ñ�t9�7t}ñ�ð>yz���ºyzõ��7qs��~��z�q<�s·�t}r�~�y�o���~ �No���y/ñ�ñ��6¢xyz�<ñ#t öÕ�uqs��¾¿t�·}~��z�Å·}�7qsr��ut�~���ý��u��qsõ�ó<~uo#�7� ºzø�5��X�<o���ósr��7óMt}r�~ �o#�Xt�i�~urut}õ�t9ñ#� ósr�y/·}~uo#·�y�ñ�ðs��o��<·�t�·}�7�s·�r�t}~ut���~�y�~�t�õ�t}�d~u�myz�H�7q<~x~u�st���ñ��7óHt�y�~x�7t}r���ñ��6¢ó<rut����uqsr�t���yzrut��st�yzr�ñ��³o#õ�óH�7����o#�<ñ�t�~���õ�yzî/t{�
r��7õÙt�i<óHt�r�o�õ�t}�d~�y/ñ\ï|y/~�yb5Ì«o�~�� ~���o��@·}ñ�yz���ê�/�Oq<�s·�t}r�~�y�o���~uo#t��}ðf~��stÓ������~�t}õ óMt}r��
�7r�õ�y/�s·�túrut}õ�y/o��<�r�t}ñ�y/~uo��7t9ñ#�Nq<�s·��|yz�spzt�ïVðHy/ñ�~��s�zqsp7�µóMt}r��
t�·9~m~�r�y/·�îdo#�sp�o����s��ñ#�7�sp7t}r�óH�7����o#�<ñ�t²�B�:,-�'`-~!"+.),+.-0/��=387æ-:9ø#*!�),/^79!$!¶-0å�ÙÐ:,:,-�:p5�¡^/^?F%Ú+aÛk!CI Ü*e0M2ÎQRã�NONQX9r W Ï³P±YCewN l ¹
e0M { ¹
e0MFÏ K Î¹hOYCe|ÏaR«Y�Ð�Ð�ÎQRiN9ÏaR�X�h9ÏaX�R�Î8f¯PSszÎQeÂU"¨ Þ�ß"X<¹zÏ³P±YCewN � ÑáàÏ6Y � Ñ lkâ \�d`P�Ï K ]\á¿Ú§h K YqN6ÎQe�Ï[Y�N�¹zÏaPbN.c�¨]Cá�Ú½é�]0}�ôÏ K ÎNÏaR�¹9hOVCPSegf¨ÎQR�ROYCR8U9Î³f¯PSewNµ¹
e4ÎÖä W YCe»ÎQe|ÏaPÕ¹zÐ�M2ÎOhu¹
¨_Ï[Y£¹¹UQYCX�e0M�¹
R�¨_Ð�¹
¨dÎQRµ¹
R«YCX9e0M; ÎQR«Y�PSe°Z�eFP�Ï¿Î�ÏaPSr Î�ÎQszÎQe8PSeNÏ K Î W R�ÎON6ÎQeuh�Î�Y[c W ¹
R�¹
r Î9Ï³R�P±hmX9euh�ÎQR�Ï�¹
PSe|ÏaP�ÎON�N�¹zÏ³PbN.c�¨CPSegfã�NONQX9r W Ï³P±YCe � ÑB�:,-L-�å �X�<t�ósr����/�Co#�m��o#õ�o#ñ�yzrm~���~��|y�~m�z�H�>r��7óM�z��o�~uo#�7�º¸zð<o��N~��sy/~e~��stò|ru��~ ~�y/�uîFo���~��¤���s�6¢§~u�|y/~ qs�sïst}rEyz���Lyzïsõ�o�����o#�<ñ#t²~�r�y�¾¿t�·}~u�7r��zðX~��stósrut}�u�uq<rut�¢eo#ñ�ñ^rut�yz·��»]\á¿Ú¥o#�_òs�<o#~ut¼~uo#õ�tT5¼í��z~�t¼~u�|y/~��
�7rÐ]*_Ã�¿]Cá�Ú�ð~��st¼��~�y/~ut�t�ªdq|y/~�o��z�_�
�zr��sr�y/îzt>�|q<o#ï²�7�/ñ�qsõ�t���y�~uo#��ò|t}��yEr�t}ñ�y/~uo#�7�s���<o#óyz�|y/ñ#�7p7�7q<�X~���h>ª2qsy/~uo#�7�D�:5#¸,º9�

�©ç¬ �������Ú ¸à é �]*_<À¿Á�Â&¸¯×ÉË�ö³]*_æ¸�]^_sÀ¿Á�Â�øªê öa��5üºzv�ø
�X�2q<�½~u�stT~�o�õ�tf�H�7qs�sïs�´o#�§h>ª2qsy/~uo#�7�s����5�¸qù,yz�<ïÔ��5¼º
º õ�y��Ù�Mt·��7õ�ósq<~ut�ï�o#�Ky���o#õ�o�ñ�yzr�õ�yz�s�<t�rB5=<mt}¢mr�o�~uo#�sp o#��~ut�r�õ����z�Å~��<t�õ��2ïst}ñó|yzr�y/õ�t9~�t}ru��yz�sïµ�M�zqs�sïs�}ðs~��<o#��p/o#�zt��

Ã Á � öª©|ô�Ú_ä>�©Éô�ø5� � à ä é �]�ö�ì�øø¸�]0}�ôyê×|Ë6]~}�ô ò¬ �Ã Á öa��5üº²�dø
v
÷



Ã è � �Ã Á ä öª©|á�Ú ¸ ©Éô�Ú_ä?�©|á^ä>�©|ô�ø8� � à ä é �]�ö�ì�øø¸ ]0}9ô[ê×ÉË�ö³]~}�ô`¸�]\á¿ÚXø öa��5üº¯í7ø�u��~��st����2��~�t�õÓr�t�yz·��<t��n]\á¿Ú«o��Nò|�<o�~�t�~uo#õ�tT5ýX~¡~u�<o��nóH�zo���~�ð2~u�st�õ�yz��~�t}r¡·9�2ñ�o#�sïst�r¡ósrut}�u��qsrut�o#�n·��s�7�ut}�³yz·}·��7r�ï<o��<p�~��
@BA � ]CÚ0C&¸Ú]*_D�²¬ �]*_<À�Á�Â&¸¨×|Ë�ö±]^_æ¸�]^_sÀ¿Á�Â�øÜ}Ý Þ#�Ü9ß ����Ú öa��5üº
÷�øyz�sï³~��st{yz·9~�q|y�ñ]ósrut}�u�uq<rut�ï����syzõ�o�·}���uy/~uo#�����
�]^_8¬ Ü9Ý ÞÜ9ßÜ9Ý�Þ#�Ü9ß �������Ú é �]^_sÀ¿Á�Âø¸¯×ÉË�ö³]*_æ¸�]^_sÀ¿Á�Â�øªê öa��5üº7Û7ø

�X�<o��}ð|o��³~�q<ru�Vð|ósr���ï<qs·�t}��t}ruru�zreï<�2�|yzõ�o�·}��pzo��7t}�����
�Ö Ëø¬�¸FE Ü9Ý ÞÜ}ßÜ9Ý Þ#�Ü}ß �������Ú ç ×|Ë Ö ËMäGE Ü}Ý ÞÜ9ßÜ9Ý Þ#�Ü9ß �������Ú ¸«¸ ç �]^_sÀ¿Á�Â öa��5üºz��ø

�X�st���t�ï����syzõ�o�·}��r�t�ósr�t��ut}��~�y/�¦t�i�óM�7�<t���~uo�y/ñ^·��z�d�zt�r�p7t��s·}t�¢eo�~��_ruy/~�t×µ¢m�st�r�t � ùFÁ� � ùFÁÝ|ß ×|Ë��4×À�H� � � Ý|ß ×|Ë öa��5üº
ù�ø~���y��M�7q<�sï|yzr��Eñ�y��zt�r
� Ö ËI�g�KJ½¢eo�~��
J£� öL� � � Ý|ß ¸«¸­ø×ÉË ��]°_<À¿Á�Â öa��5wv7ì�ø¢m�<o�·���ósru�6�zt��m~��st�ósr��7óM�z��o�~uo#�7��5mýí��z~�tm~��|y�~¡¢¡t�o#õ�ó<ñ#o#·}o�~uñ���yz�u��qsõ�t��st}rut�~u�|y/~x×|Ë\o#�x·��s�7��t��E��qs·��E~��sy/~�]\áMä&J4é]0}�ôx�u�¼~u�|y/~¡o#�*]^_sÀ¿Á�Â�öÕÃ�ønrut�õ�y/o#�s�ey/�M�6�7t�]0}�ô}ð2~��st}�i]*_�rut�õ�y/o#�s�myz�H�6�7t°]Cá�y/�sï ~��<t���2��~�t}õÓóMt}r��
�7r�õ�yz�s·�t�o#��q<�|yNMMt�·}~ut�ï��d� ~��st�ñ�o�õ�o�~��z� Ü9Ý ÞÜ}ß 5

Æ�Ç[ÈmÇ6È Ê ×%�FÓTÒ ÑO�FÓÖÏ�PRQTSÌ½��o#ñ#t�õ�y�~��st}õ�y�~uo#·�y/ñ�ñ#�²��y/~�o������2o#�spsðCy³p7q|y/r�yz��~�t}t¼~��|y�~�~��st��sruyzîzt�·}�7��~�ru�/ñ#ñ#t�r�¢eo�ñ#ñ�Ht�p/o��N~���~�ruyz·�îEo��Nò|�<o�~�t�~uo#õ�t�ïs��t}���<�z~�õ�t�yz�µõ�qs·���~u��y�ó|y/�u�ut}�sp7t}r�¢xy/o#~�o��<p��
�7r�<r�yzî�o#�sp�~���·��7õ�õ�t��<·�tT5���~>¢¡�7q<ñ#ï��HtX�ÕyzrÅ�Ht}~�~�t}r^o��H~��ste�H�7qs�sï<�n�z��~u�stX~uo#õ�t�yz�M�6�zt¢¡t�r�t���qw��·}o#t���~uñ��F~uo#p7��~�~��_·��zõ�ó<q<~�t�yKrut�y/�u�7�|y/�<ñ�tNt}��~uo#õ�y/~�tN�7�F~���o���~uo#õ�tT5¯ý��¢mr�o#~�~�t}�Vð7~��st}�ute�H�7qs�sï<�>·�yz���Hteqs�ut}ï��
�7r\~u�<o��>ó<qsruóH�7�ut/ð��sq<~>ó<q<~u~�o��sp{yz��y/ïsï<o�~uo#�7�|y/ñy/�u�uq<õ�ó�~uo#�7�£�7�K~u�st��sr�yzî/t�~ur�y/¾¿t}·}~u�7r��_y�ñ#ñ#�6¢m���
�zr�yz�ºt9�7t}�£�Ht}~u~ut�r�t���~uo#õ�y/~uo#�7�¦�z�~u�st�óMt}r��
�7r�õ�yz�s·�t?5
v7Û



T

 

Time

D
es

ire
d 

P
re

ss
ur

e

P(0)

Ppo

õCo�p7q<rut���5 �A���Cruy/¾¿t�·9~��7r��i�>ru�2ïsqs·9o��spVU�y�i2o#õ�qsõÓÃ�Â
 �!"!$#&%('*),+.-0/XW23ZY"/*+.)q+a?FGaGS¡\[À-~/*;^7�Û¯:,7g?F!$+a/^]`_�:,?!a"79Û
)q-�:q¡øIÂJLK ÎM2ÎONQPSR�ÎTM�U"R�¹CV�Î W R�ÎONONQX9R�Î W R«Y[Z^Ð�ÎÀPbNÀeuYCe0M2ÎOhQR�Îu¹CNQPSegfÚPSe4Ï K Î�Z�eFP�Ï¿Î W ÎQR�P±Y"M�Y[cµÏaPSr ÎU9Î.c$YCR�Î�ÏaR�¹9hOVCPSegf³¹CN�¹µN9Ð­PaM
PSegf8hOYCe|ÏaR«Y�Ð�Ð�ÎQR´hOYCr�r ÎQeuh�ÎON�Ñ

�X�st{rut�yz�u�z�N�
�zrX~��<o#��yz�u��qsõ�ó<~uo#�7��o#�e~���rut}õ��­�zt{~u�stætq�]�ö�ì7ø&¸�]~}�ô[z�~�t�r�õ��m�
r��7õ~u�st²t}��~uo#õ�y/~�tK�z�´~��st�~�o�õ�t?5��X�<t��utK~ut�ruõ��Nyzr�o���t��
ru�zõ �Ht��|y��do#�7r³�uqs·��4yz��~��|y/~o�ñ�ñ�qs��~�ruy/~�t}ï�o#�ÀõCo�p7q<rut���5 �sð<¢m�st}rut�~��st�ïst}��o#rut�ï��sr�y/îzt{ósrut}�u�uq<rut�o��mpzo��7t}�����
]^_sÀ¿Á�ÂH¬ ö±]�ö�ì�ø*¸ ]~}�ô�øcb ù ïedgf ä4]0}9ô ö³��5wv<¸­ø

�2o#�s·�t�~��<t{ï<t�r�o��/y/~uo��7t{�z�C~��<o#�m�
qs�s·}~�o��z�µo#�
�]^_sÀ¿Á�Â`¬è¸ ¸h ö±]�ö�ì�øø¸Ú]~}�ô�øib ù ïedgf ö³��5wvkº7ø~u�st^·��7��~uru�zñ�ñ�t}r]�ut�t}��~��st>o#�<o#~�o�y�ñdt�rur��7rVo#��~u�st^ïst���o�r�t�ï{¢m�st�t9ñdósrut}�u�uq<rutzðz�sq<~�o#�\y�ñ����m�
t}ïy��<t�p�y/~�o#�ztX�/y/ñ�q<tX�z� �]*_<À�Á�Â65`�2o#�s·�te~u�stxo#�d~ut�p7ruy/ñ|�z�|~u�steïst}��o#rut�ï�ósr�t����uqsr�tm~ur�y/¾¿t}·}~u�7r��·}�7��~�r�o��sq�~�t��m~���~u�st�ï<o���ó<ñ�yz·�t}ï��7�/ñ�qsõ�t/ðs~��<o#�e~�t�r�õÙ~�t}�sïs�m~���ïst}·�rut�yz�ut�~��<t��7�zñ#qsõ�tï�o���ó<ñ�y/·�t�ïu5 Ä �»·��7qsr��ut/ð2~u�st�r�t�o#�xy�ñ�o�õ�o�~x�7���s�6¢´ñ#�6¢´~��st�ïst}��o#rut�ï ósrut}�u�uq<rut�·�yz���Õy�ñ#ñq<�sïst�r�ý��u��qsõ�ó<~uo#�7�F¸7ðV���E~��<o#��o���~ut�p7ruy/ñÅ·�yz�_·�yzqs��t��7�<ñ��²y òs�<o#~ut¼o��<·�rut�yz�ut¼o#�²~��<t

vz�



~�o�õ�t�r�t�ªdq<o#rut�ï¦~��³r�t�yz·��(]\á�5>�X�<o#��ñ#o#õ�o#~�o#��pzo��7t��¦���²~��<tDtq�]�ö�ì�ø`¸�]0}�ôÖzÅ~ut�ruõ���o#�~u�st�~uo#õ�t�t���~uo#õ�y�~�t�¢m�<o#·���r�t��|t}·}~e~u�st�ñ#o#õ�o#~�o��<p�·�yz�ut�y/��h4â ì�o#�Nh>ªdq|y/~uo#�7�i��5wv<¸K5Ì«o�~��<o#�F~��stN·��z�d~ut9i2~��z���sr�yzî�o#�spsðn~��<o#��o���yKr�y�~��st}r�y/r�~uo�ò|·9o�y/ñx~�r�y�¾¿t�·}~u�7r��T5 � �pzt��st}r�y/ñ�ðxo���~��stµ�sruyzîzt�ósrut}�u�uq<rut��syz���<�z~ r�t�yz·��<t�ï�]0}9ô}ðx~��<t�ïst}��o#rut}ï«yzõ��7qs��~��z��<r�yzî�o#�spº¢eo�ñ#ñ��s�/~ ïst}·�r�t�yz��tT5|�X�<o#���/��·��7q<ru�ut�yz���uqsõ�t���~��|y/~�~u�stµ~�o�õ�tµrut}ª2q�o�r�t�ï~u���Ht�pzo#�º~ur�yz·�î�o#�sp�o#����õ�y�ñ#ñ�ðjr�t}ñ�y/~uo��7t ~u��~u�st��
r�t�ªdqst}�s·}�º�z�eïst}��o#rut}ïFyz·�·}t}ñ#t�r�y�~uo#�7���o�pz�|y/ñ#�B5ÅÌºt�¢eo�ñ#ñM~��st}rut}�
�zrut�y/·�·�t}ó<~eý��u�uq<õ�ó�~uo#�7���sð2·�y/ñ#·�q<ñ�y/~ut�~��st��M�zqs�sïE�7��~uo#õ�t~u�|y/~�rut}�uq<ñ�~���yz�sï²·��st}·�îµ~u� ��t�t�o��Å~u�<o���yz�u��qsõ�ó<~uo#�7��o#��r�t�yz���7�|yz��ñ�t{o��µ~��st{·��7��~ut9i2~�/��~��st�ósru�z�<ñ�t}õ¡54Ì½�<o�ñ#t�~��<o#� õ�y��¨�ut}t�õ �u�7õ�t}¢m�sy/~³·}o#ru·}q<ñ�yzr�ðX~u�<o�� yz�|y/ñ��2��o#� o#�o#��~�t}�sïst�ï yz�^y�rut�yz�u�z�|yz�<ñ#t¼ÎON9Ï³PSr�¹zÏ Î\�z�M~u�stX~uo#õ�terut}ª2q�o�r�t�ï�~u��~�ruyz�s��o�~uo#�7��~�����ñ#o#ï<o#�sp·}�7��~�r��zñ�¬s~u�st��M�zqs�sïµ�z�H�>r��7óM�z��o�~uo#�7�º¸���~uo�ñ#ñ]�s�/ñ�ïs�e�
�7rX~u�st�p7t��<t�r�y�ñ]·�yz��tT5
B�:,-�'`-~!"+.),+.-0/j��3[Ù°!�),+a%¹?w)$78-�å Ã�Â I Ü^e0M2ÎQRÃãÐNONQX9r W Ï³P±YCewN l ¹
e0M � \L¹
e0MÇÏ K ÎhOYCe|ÏaR«Y�Ð�Ð�ÎQRpN9Ï³R�XFh9Ï³X9R�ÎÀPSeÃÞmß"X<¹zÏaP±YCewN � Ñáà¤Ï[Y � Ñ lkâ \�Ï K ÎµÏ³PSr Î8R�ÎTß"X9PSR�ÎTMµc$YCRæN9Ð­PaM
PSegfhOYCe|ÏaR«Y�ÐVÏ6Y8hOYCr�r ÎQeuh�ÎÐPbN�UQYCX9e0M2ÎTM�U"¨¯j

Ã�� ©|ô à×ÉË[]�ö�ì�ø ä öª©|á�¸Ã©|ô�ø à×|Ë�ö±]�ö�ì�ø*¸�]\á}ø
B�:,-L-�å ý���õ�t���~uo#�7�st}ïKyz�H�6�7tzðÉ~��<t{õ�y/o#��ó<qsruóH�7�ut{�z�jý��u��qsõ�ó<~uo#�7���o���~u�Lt9ñ#o#õ�o��|y�~�t¤~��<t£tq�]�ö�ì�ø�¸è]0}9ôyz�~ut�r�õ���5 � �sïst}t�ïVð{o#�µ]^_sÀ¿Á�Â�öÕÃ�ø³o���s�7�sïst}·�r�t�yz��o��sp<ðÉ~u�st��u�

î¶ïð �]*_<À¿Á�Âyñ�Ã¡ü½ì öa��5wv7v�øh^ªdq|y�~uo#�7�À�:5#¸qù��Ht�·}�7õ�t��
Ã Á � ©|ô à×ÉË6]�ö�ì7ø ò¬ �Ã Á öa��5wv
�dø

yz�sïµh>ª2qsy/~uo#�7�D�:5¼º¯º¼�Ht�·}�7õ�t��
Ã è � �Ã Á ä öª©|á�¸Ã©|ô�ø à×ÉË�ö±]�ö�ì�ø&¸�]Cá}ø öa��5wvkí7ø

¢m�<o�·���ósru�6�zt��m~��st�ósr��7óM�z��o�~uo#�7��5mýýf��o�õ�o�ñ�yzrmr�t��uq�ñ#~��s�zñ#ïs�e�
�7rx~u�st�qs�s·}t�r�~�y/o#��·�yz�ut?5¡í��z~�t�~u�|y/~m���³·�y/ñ�·}q<ñ�y/~uo#�sp�Ã è¢eo�~���~��<t���õ�y/ñ#ñ#t���~xóH�7����o#�<ñ�tmósr�t����uqsr�t�ï<oeM»t}rut}�s·�t��Mt9ñ��6¢�]\á�ð��|yzõ�t}ñ��µ]~}�ôA¸�]Cá/ð7~u�<o#�
v
ù



�H�7qs�<ï�o#����~uo�ñ#ñ\�7�N~��st{·��7�<�ut�r��/y/~uo��7t¼��o�ï<tT5mhÅ�/y/ñ�qsy/~uo#�sp�~u�st���t��H�7qs�sï<��o#��~�t}ruõ����z�~u�st ó<�d�2��o�·�y/ñe���2��~�t�õ±ó|yzruyzõ�t}~ut�ru�Eö��ut}ti��t}·}~uo#�7�Ú�:5¼í7ø�ðj�s�6¢¡t}�zt�r�ð^pzo��7t}��Ã Á � ÷zõ��y/�sïEÃ è �f¸$�7vzõ��B5��X�stµþ�ó<qsrut}ÿ�~�o�õ�t�ïst9ñ�y���o��N���2��~�t�õÙrut���óM�z�s�ut�o#�x~��st}rut9�
�7rut��7��ñ#�÷¦õ�o#ñ�ñ#o#�ut}·��7�<ïs� ¢m�<o�ñ�tµ~��st¦¸$��v¦õ�o#ñ�ñ#o#�ut}·��7�<ï´ò|p7qsr�t�ªdq|yz��~�o#ò|t}� ~��<tµ~u�st�tkM»t}·}~ �z�ñ�o#õ�o�~uo#�sp Ü9Ý�ÞÜ9ß �7�K�7q<r�yz�<o�ñ�o#~ ��~��Eõ�yzî/t�óMt}r��
�7r�õ�y/�s·�t¼pzq|yzr�y/�d~ut�t}�B5��]r�yz·�î�o#�spNõ�y���Ht{ö�yz�<ïVð7o���ósruyz·}~�o�·}tzð�o���øj�7t�r���p7�2��ï�ïsq<r�o#�sp{~u�<o#�nóHt�r�o��2ïVðd�sq<~>~u�st�yz�<o�ñ#o�~ ��~���õ�yzî/tï<t}ò|�<o�~uo��7t¦��~�y/~�t}õ�t���~��³o#�Eñ#o#õ�o#~ut�ï�5 Ä �«~��<t²~uo#õ�tK��·�y/ñ#tK�z��p7t��<t�r�y�ñ�yzq<~u�7õ�y/~�t}ï��o�p7��¢xy��Lõ�yz�st}q<�7t}ru�}ð��s�6¢¡t}�zt�r�ð{¸$��v_õ�o#ñ�ñ�o���t�·��z�sïs�Eo#�Ey¦�zt�r��L���s�7r�~ óMt}r�o#��ïTöÕ�
�7r�
q<r�~��<t�r^¾¿qs��~�o#ò|·�y/~uo#�7���z�Å~���o��}ðH��t�t{~��st{��o#õ�q<ñ�y/~�o��7�<��o��N~��<t��
�zñ�ñ��6¢eo#�sp ·��syzó<~�t}r�ø�ðM���~u�<o#�mñ�o#õ�o�~�y�~uo#�7�µo#�mªdq<o#~ut�õ�o#�s�7r�5
l���l mÀ
´������
´����n m&oqpInrpC�ts uÔ	æ�p����	voqo"���
�do��s·}t�~��st�ïst}��o#rut}ï¦¢m�st}t}ñ^ósr�t����uqsr�t�õ�qs��~�y/ñ�¢Xy��2���Mt�pzrut�y�~�t�r�~��|yz�K~u�st�ósqs����Í �7q�~ó<rut����uqsr�tzðC~��st¼o#�<o�~uo�y/ñ^t�r�ru�7r���t�t��º���²~��st���ñ#o#ï<o#�sp�·}�7��~�ru�/ñ#ñ#t�r�o#��òs�<o#~utT5�� �s·}rut�yz��o#�sp×|Ë�~u��r�t�¾¿t�·9~¼t}ruru�zru��o��¦~��st�ó|yzr�y/õ�t9~�t}ru��ðC~��st}rut9�
�7rut/ðÅ·�yz�ºósru�2ïsqs·}tEyNñ�yzr�p7t�o��<o�~uo�y/ñ·}�7��~�r��zñ>yz·9~uo��do#~ �T5��X��o���p7r��6¢m��~��E�Ht�yz�Kt9�7t��_p7r�t�y/~ut�r�ó<ru�7�<ñ#t�õú¢m�st}�¦���2��~ut�r�t}~uo#·��¢eo#~u·��<o#�sp¼o��¡t�õ�ó<ñ#�6�7t�ïµyz�<ï ~��st�ò|ru��~X�sruyzîzt�ósrut}�u��qsrut�·}�7õ�õ�y/�sïst�ï³õ�qs��~x�Mt�t}�zt��pzrut�y�~�t�rm~��syz�D]0}�ôB5�� ��·�yz��t���¢m�<t�rut{�uq<·��K�<o�pz�µñ#t}�zt}ñ#���z�Å·}�7��~�r��zñ\yzrut{qs�sïst}��o#r�yz��ñ�t/ðy��uy/~�qsruy/~�t}ï���ñ#o#ï<o#�sp õ��2ïst�·��7��~uru�zñ�ñ�t}rm·�yz�µ�Mt�q<�ut�ïu5� �{~��<o#�C�
�zruõ�q�ñ�y/~�o��z�Vð�~u�stnrut�y/·��<o��<p�ós�|y/�utx�/��~u�st¡��ñ#o#ï<o#�sp�·}�7��~�r��zñ#ñ#t�r]o#�\p7�6�zt�ru�<t�ï���0� �Ö ËH¬è¸�Ê²�uy/~xw Ö ËJzy ö³��5wv¯÷�øy/�e�7ósóH�7�ut}ïN~u�
{>ª2qsy/~uo#�7�i��5üíb5��X�st���y�~�qsruy/~uo#�7�³�
qs�s·9~uo#�7�Vðs�uy/~6ö�ø9ð<o#�Xïst9ò|�st�ïN~����Ht
�

�uy/~ w Ö ËJ y ¬.|~}��� Ö Ë���Jì �/~��st}r�¢eo#�ut ö³��5wv�Û7ø
����o#�sp�~u�st��uyzõ�t�ñ�o�õ�o�~X�7� Ü}Ý ÞÜ9ß yz�¡o#�i��t}·}~uo#�7�æ�:5¼º�ög{>ªdq|y/~uo#�7�æ�:5#¸6ì7ø9ðd~��st�t�ªdq|y/~�o��7�<��
�zrX~��st�·��zõ�õ�yz�<ïst�ï�õ�y/��~�t}rm·}�dñ#o#�sïst}r�ó<rut����uqsr�t¼yzr�t�pzo��7t������~�

�]*_<À�Á�Â��«×|Ë�ö³]*_�¸�]^_sÀ¿Á�Â�ø ¬^� ]]ÚBCø¬Â]^_�ä��� �]*_<À�Á�Â&¸FÊ²�uy/~ Ä }��� Åæ�Ý Þæ�ß ��� �� è ö³��5wv7��ø
�]*_<À�Á�Âxé«×|Ë�ö³]*_�¸�]^_sÀ¿Á�Â�ø ¬^� ]]ÚBCø¬Â]^_æ¸>�� �]^_sÀ¿Á�Â*¸FÊ²��y/~ Ä }��� Åæ�Ý Þæ�ß ��� �� è ö³��5wv¯ù�ø

�7ì



©Éô�¬4ì ò º
ºe·}õ-� ]\á�¬T�kíxî9�jy ����¬Ç¸ ò �kùX·}õ-�k�/��� î9�jy©Éá�¬Ç¸ ò �dÛx·�õ�� ]~}�ô�¬Ç¸z¸,íxî9�jy à ¬R¸6v�Û/î9�jy!��·�õ
�
�\yz��ñ�t���5�¸¯�O�xruyzîzt����2ïsruyzq<ñ�o�·��jyzruyzõ�t}~ut�ru������t�ïNo��D�2o#õ�q<ñ�y/~�o��7�<�

Ì«o�~��<o#�@~��st½�H�7qs�sï|y/r�� ñ�y��7t}r©ïst9~�t}ruõ�o��<t�ïÙ����� Ö ËT�(� J�ðE~u�st½·��7��~�r��zñ�ñ�t}r�
q<�s·}~�o��7�<��tk�<yz·9~uñ��¥y/��~��<t£·��z�d~uru�zñ�ñ#t�r�o#�T~u�stºó<rut}�do#�7qs�²��t�·9~uo#�7��5 Ä q<~u��o#ïstº~u�<o#��H�7qs�<ï|yzr��Tñ�y��7t}r�ð��s�6¢¡t}�7t}r�ð�~��stF��y�~�qsruy/~uo#�7�R�
qs�s·}~�o��z�Çõ�o#�<o�õ�oôØ�t}�º~��<t©y/õ��zqs��~�/�K·��7��~uru�zñ�yz·9~uo��2o�~ �K5 �X�<o#�L·��syz�sp7t4o��È��~�r�qs·}~uqsrutOïs��t}�Ly�ñ#~ut�r©~u�st4·��7��~�r��zñ�ñ�t}róHt�r��
�7ruõ�yz�<·�tzðn�u�zõ�t9¢m�|y/~�ðx�sq<~�~u�st³t����ut}�d~�o�y�ñ�óHt�r��
�7ruõ�yz�<·�tNp7q|yzruyz��~�t}t���rut}õ�y�o���5� �<ïst�t}ïVðNrut���q<ñ�~��Fyz�|y�ñ��7pz�7qs�£~u�ç�^r��7óH�7��o�~uo#�7�s�«¸´~u�Rv¥·�yz�@�Ht´õ�yzïst´�
�7r£~u�<o#�·}�7��~�r��zñ#ñ#t�r�5°�2o#�s·}t�~��<t�ñ#o#�st�yzr���ñ#o#ï<o#�spE·��z�d~uru�zñ�ñ#t�r��z����t�·9~uo#�7�Ý��5üº�òs~u��õ��7rut�·}ñ#�7�ut9ñ#�¢eo�~��_~��<t¼�7t���o�·9ñ�t�·��7��~uru�zñ>�
ruyzõ�t}¢¡�7ruî²ó<rut���t���~�t}ïºo#�K~��st��
�zñ�ñ��6¢eo#�spN·��|yzó<~ut�r���yz�<ï~u�st¼o#�<o#~�o�y�ñ>·��7��~uru�zñnyz·9~uo��do#~ �K·�yz�_�Mt¼ñ�o#õ�o�~�t}ïº���E¾¿q<ï<o�·9o��zqs��·��s�zo#·�t��z��]\á­ðV¢xt�¢eo�ñ#ñq<�ut�~��st�ñ�o��<t�yzre�
�7r�õÙo��N~��<t{r�t�õ�y/o#�sïst}r��/�\~u�st�~��st}��o#�B5
l��k� mzp,� �*o"
´��p"	�� � ������oQ���
�X��o��>��t�·}~�o��z��ó<ru�6�do�ïst}�^y�p7r�y/ós�<o#·�y/ñ�o���~�t}ruósr�t}~�y/~uo#�7���z�É~��<tX·��7��~uru�zñ�ñ�t}rÅóHt�r��
�zruõ�yz�s·}t����o�ñ#ñ#qs��~�r�y�~uo#�sp���o�õ�q<ñ�y�~uo#�7� r�t��uq�ñ#~u�x�z�H~��st�·}ñ#�7��t�ï�Í�ñ��2�7ó��sr�yzî/t�·}�7��~�r��zñ#ñ#t�r�5`� ��~u�st���t��o�õ�q<ñ�y/~uo#�7�s�}ðÉ~u�st��sr�y/îzt��|q<o#ï�·�yzó|yz·9o#~ �N·}qsr��zt�qs��t�ïµ¢Xyz�
]*_\öª©¼ø`¬ | ¸{¸ ò ìz�kíz�k© � ä4í7Û ò Ûzv�Û¯© è ¸ º ò ºC�gº�¸,©«ä¨ì ò ì¯º�¸­Û7Û ©��|©|ôì ©��£©Éô ö³��5 ��ì�ø

¢m��o�·�� rut}ósrut}�ut}�d~u�@y óH�zñ#�2�s�zõ�o�y/ñ©òs~ ~u� tk��óHt�r�o�õ�t���~�y/ñ½ï|y/~�y:5 ý�ïsï<o�~uo#�7�|y/ñósyzr�yzõ�t9~�t�r��^yzrutx�u�s�6¢m��o��µ�Cyz�<ñ#t���5�¸K5H�X�stm��o�õ�q<ñ�y�~uo#�7�s�>¢xt}rutmy/ñ�ñsóHt�r��
�7ruõ�t}ï�q<��o#�spyN�
�7qsr�~���Í��7ruïst}r�<�qs�<p7t9ÍZ��q�~u~�yNo���~ut�p7ruy/~uo#�7�¤y�ñ�p7�zr�o�~��sõ ¢eo�~��¯yNò���t�ï¤��~�t}ó¤��oôØ�t��z�¸�õ�o#ñ�ñ#o#�ut}·��7�<ï�5°õ\o#p7qsr�t���5üí����s�6¢m��~��st�·��7��~uru�zñ�ñ�t}r�óHt�r��
�7ruõ�yz�s·}t�¢m�<o�ñ#t�~�ruyz·�î�o��spEy��o��dqs���zo#ï|y/ñx~ur�y/¾¿t}·}~u�7r��T5�ý��{~��st���ñ�o�ï�o��spK·}�7��~�r��zñ#ñ#t�r{�
�7ruõ�q<ñ�y/~uo#�7�¤p7qsyzr�yz��~ut�t��}ðj~��<t~ur�yz·�î�o#�sp�t}rur��7r�y���~�t�r�~u�st�o#�<o�~uo�y/ñnósrut}�u��qsrut�r�o#�ut�o#�{�u�zñ#t}ñ��K~��st�rut}�uq<ñ�~¼�/�x~��<t�ò|��o#~ut�uyzõ�ó<ñ�o��sp�~uo#õ�t{o#�³~��st���o�õ�q<ñ�y�~uo#�7��5� �¨~��stµtk��óHt�r�o#õ�t���~�y�ñ�������~�t}õµðe�<�­¢¡t}�zt�r}ðX~��stµ·��7��~uru�zñ�ñ�t}r��uyzõ�ó<ñ�o��sp¦~uo#õ�tzðxÃ8C�ðruyz�sp7t}�¡�Ht}~ ¢¡t�t}�8í�yz�<ï�¸6ì�õ�o#ñ�ñ#o#�ut}·��7�<ïs�eyz�sï�~��st��/y/ñ�q<t��z� �]*_<À�Á�Âjo��¡yzósó<ru�T�2o�õ�y/~ut�ï�
�zrÇ·�y/ñ�·}q<ñ�y/~uo#�7� ósq<ruóH�7�ut}� ��� � Ý ÞT�g���
ï��
5 õ\o�pzqsrut§��5 ÷®�u�<�­¢m�Ç~��stÆ·��7��~�r��zñ�ñ�t}r
�<¸



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

100

200

300

400

500

600

700

800

900

1000

Time (seconds)

P
re

ss
ur

e 
at

 C
al

ip
er

 (
kP

a)

Tracking Performance of Controller − 414 kPa (60 psi) sinusoid
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Tracking Performance of Controller − 138 kPa (20 psi) sinusoid

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

200

400

600

800

Time (seconds)

P
re

ss
ur

e 
at

 C
al

ip
er

 (
kP

a)

Tracking Performance of Controller − 276 kPa (40 psi) sinusoid
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Tracking Performance of Controller − 414 kPa (60 psi) sinusoid
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Control Activity for 414 kPa (60 psi) sinusoid
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Tracking Performance of Controller with Cqm + 20% − 414 kPa (60 psi) sinusoid
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Tracking Performance of Controller with Cqm − 20% − 414 kPa (60 psi) sinusoid
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Tracking Performance of Controller − 138 kPa (20 psi) sinusoid
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Tracking Performance of Controller − 276 kPa (40 psi) sinusoid
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Tracking Performance of Controller − 414 kPa (60 psi) sinusoid
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Control Activity for 414 kPa (60 psi) sinusoid
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