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¹9e���lq�q�"�rfbe�}begp)d�tzp"x�h)eg�"y�xwp"}kdkfk�"ygdklqh)e�xw�"}begfkhiegfCvre�}klqnVps�rfbx)y�e�v��rfbe��²xwf�t:yg�åtw}b}xu�¾p"xwp"}k�sx)xwdk|'v�Ç5p,tu��l~y�tu�ì}kÇ�}kdbeg�s}���p,tu�seg�qÇ�}kÇ�}kdbeg�s}�xu��ÀN�rf�d eZdoÇ5��e:��l�db|'t`�sx ½p"xwdbxwp"e��`�r�qdklqhVtu�q�"e�v`��tu�r�rlqprn:lqp`dk|"eC�²e�e�v��,twyRj1�,tudk|;�Ã�¾È"tu���r�~e�}�xu�,}k�"yb|�}kÇ�}kdbeg�s}lqp"yg�q�"vre:hVtufkl~xw�"}�yg�åtw}b}be�}�xu�Ã|5Ç5�rfkl~v�}kÇ�}kdbeg�s}���}k�"yb|-tw}�fbeg�åt�Ç�}kÇ�}kdbeg�s}��5�qlqp"e�tufMy�xw� ½�r�~eg�segp)dRtufklqdoÇ�}kÇ�}kdbeg�s}��)eg�~e�ygdkfkl~y�tu�Nyglqfbyg�rlqdb}���lqdk|8}k��lqdbyb|rlqprn�eg�~eg�segp)db}�tup,v�y�egfkdRtulqp�rl~e�y�e ½ ��l~}be�t��sp"e�}kÇ�}kdbeg�s}��ì�Mp"vregfÃdk|"e�tw}b}k�r���"dkl~xwp"}ìdk|,tud¾dk|"e�xw�"}begfkh)e�v`}kÇ�}kdbeg�Îl~}��eg�q�,��eg|,t�hie�v�tup"v�y�egfkdRtulqp�À;�'¼¾y�xwp"v�lqdkl~xwp"}�tufbe�}Rtudkl~}¸�,e�vN�)��e���lq�q�,�rfbx$hie�dk|,tud�dk|"e�rfbxw��xV}be�v�xw�"}begfkh)e«fR}�tufbeM��eg�q� ½ ��xV}be�vKõ¡lÆ� eV�¾dk|,tud�dk|"egfbeMe«È�l~}kdb}�tZ�rprl~Ð)�"ez}bxw�q�rdkl~xwp�dbxdk|"esxw�"}begfkh)egf
v�Ç5p,tu��l~y�}«ö«�¾tup"v9dk|,tud1dk|"e�xw�"}begfkhiegf�tw}kÇ5���rdbxwdkl~y�tu�q�qÇ�fbe�y�x�h)egfb}1dk|"e}kdRtudbe:xu�ìdk|"e:xw�"}begfkh)e�v8}kÇ�}kdbeg�.� { |"ezfbe�}k�r�qdb}�tufbezlq�q�q�"}kdkfRtudbe�v�xwp.tup�e«È���egfklq�segp5dRtu�y�tw}beZ}kdk�"v�Ç8xu�Ct�vrfklq��� ½ }kdkfbl�p"n�}begdk�r�;�
¹9eztu�~}bx1�rfbe�}begp)d�tZp"x$hieg��xw�"}begfkh)egf�vre�}klqnVp��rfbx)y�e�v��rfbeM�²xwf�t1yg�åtw}b}�xu�;�rl ½ �sx)v"tu��rl~e�y�e ½ ��l~}beZt��sp"eZ}kÇ�}kdbeg�s}��)lqp8��xwdk|.y�xwp)dklqp5�"xw�"}�tup"v8vrlq}bygfbegdbe:dklq�seV�¾¹ËeM�rfbxw�PxV}beÀN�"egp)�Pegfkniegf ½ doÇ5��e9xw�"}begfkhiegfb}��ztup"v vregfklqh)eK}k�Y��ygl~egp)d.y�xwp"v�lqdkl~xwp"}8�²xwf�dk|"eKxw�"}begf ½hVtudkl~xwp4egfkfbxwf�v�Ç5p,tu��l~y�}8dbxË�Pe'nV�qxw��tu���qÇ4tw}kÇ5���rdbxwdkl~y�tu�q�qÇ }kdRtu�r�~eV� { |"eKvregfklqh)e�vy�xwp"v�lqdkl~xwp"}�lq���r�qÇ�dk|,tud�dk|"e:}kÇ�}kdbeg�øv�Ç5p,tu��l~y�}�l~}�ygxwp5dklqp5�"xw�"}�x�h)egf�dk|"eZ}k��lqdbyb|rlqprn�r�åtup"eV��¹ |"egp�dk|,e�v�Ç5p,tu��l~y�}1l~}1v�l~}by�xwp)dklqp5�"xw�"}��ì��esvregfklqhiesy�xwp"v�lqdkl~xwp"}1dk|,tud1nV� ½tufRtup)dbe�e.dk|,tudsdk|"e�fbeg�åtudklqh)e.e�}kdklq��tudkl~xwp&egfkfRxwfs��lq�q����e-tw}kÇ5���rdbxwdkl~y�tu�q�qÇ!��xw�rp"vre�v��lqdk|Ëfbe�}k��e�ygd
dbx.dk|"es}kdRtudResxu��dk|"e�xw�"}begfkhie�vË}kÇ�}kdbeg�.� { |"es�rfbe�}begp5dbe�v9dk|"e�xwfkÇ�l~}lq�q�q�"}kdkfRtudbe�v.��lqdk|-}begh)egfRtu�ìtwy�twvreg��l~y`eRÈ"tu���"�qe�}:tup"v-tup-e«È���egfklq�segp5dRtu�Ãe«È"tu���r�~e
xu�t`�rl~e�y�eg��l~}beZ�qlqp"e�tuf��Pe�tu� ��lqdk|'t�xwp"e ½ }kl~vre�v-}k�rfklqprn"�
{ |"e�}be�y�xwp"v��,tufkdCxu�Pdk|"e�dk|"e�}kl~}Ã�²x)yg�"}be�}Cxwpsxwp�l~vregp5dkl��,y�tudkl~xwp��segdk|"x)vr}��²xwf¾|5Ç ½�rfkl~vr}Ã}kÇ�}kdbeg�s}¾tup"v
}kdRtufkdb}ì��lqdk|�tup�e«È���egfklq�segp5dRtu��y�tw}be�}kdk�"v�ÇZlqp
dk|"e�l~vregp)dkl��,y�tudkl~xwpxu��dk|"e�eg�~e�ygdkfbxwprl~y�y�xw���Pxwp"egp)d1�r�åtwy�eg�segp)d1�rfbx)y�e�}b}:lqp��rl~ybj ½ tup"v ½ �r�åtwy�e���twyb|rlqp"e�}���Mprlq�åtudbegfRtu��y�xwp)dRtwygd�tup"vË}Rtudk�rfRtudkl~xwpË�r|"egp"xw�segp,t.yR|,tufRtwygdbegfklq��e�dk|"esv�l~}bygfbegdbesv�Ç ½p,tu��l~y�}`xu��dk|"e�}kÇ�}kdbeg�.��ñr�rfkdk|"egfk�sxwfbeV�¾dk|"es�sx)vre�}k��lqdbyb|»y�tuprp"xwd
�Pe��se�tw}k�rfbe�v
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tup"v.l~vregp5dkl��,y�tudkl~xwp�tu�qnixwfklqdk|r�s}M�²xwf�|)Ç5�rfkl~v-}kÇ�}kdbeg�s}��rdk|,tud:tufbe
y�tu�,tu�r�~e1dbxsfbe�y�xwp ½}kdkfk�"ygdz�Pxwdk|'dk|"e
�sx)vre�}Ztup"v-dk|"e`}k��lqdbyR|rlqprn��åt��1�,�`�"}kdM�Pe�tu�r�r�ql~e�vN� � l~e�y�e ½ ¹ l~}be�M�rdbxV�MegnVfbe�}b}klqh)ezefe:xwniegp"xw�"}
õ � ¹K�z�9e1öC�sx)vreg�~}�����|rl~yR|.y�xwp"}kl~}kd�xu�¾t
p5�r�`��egf�xu��z�9e �sx5vre�}Zdbxwniegdk|"egfZ��lqdk|�dk|"e��,tufkdklqdkl~xwpËxu��dk|"e`fbegnVfbe�}b}bxwf1}k�,twy�e�lqp)dbx8fbegnVl~xwp"}��|"egfbe8e�twyR| �sx)v"e«��l~}`hVtu�ql~v tufRe�l~vregp5dkl��,e�v �"}klqprn�t'yg�q�"}kdbegfklqprn ½ �,tw}be�v �rfbx)y�e�v�� ½fbeV� { |"e`fbe�y�xwp"}kdkfk�"ygdbe�v��sx)vreg�~}1tufRe�tu�r�~e`dbx8y�tu�rdk�rfbe�dk|"e�fbeg�~eghVtup)d1v�Ç5p,tu��l~y�}Zxu�dk|"e
e«È��Pegfklq�segp)dRtu�¾}begdk�r�;� { |rl~}My�tw}be
}kdk�"v�Ç8Ç5l~eg�~vr}���tup5Ç��rfRtwygdkl~y�tu�Ãlqp"}klqnV|)db}Mlqp)dbx|5Ç5�rfkl~v9}kÇ�}kdbeg� l~vregp5dkl��,y�tudkl~xwp;��tup"v9|rlqnV|r�qlqnV|)db}
dk|"esp"e�e�vK�²xwf1lqp"y�xwfk��xwfRtudklqp"n-dk|"et�hVtulq�åtu�r�~e
t`�rfkl~xwfkl;j5p"x$���~e�v�nieZlqp5dbx�dk|"e:l~vregp5dkl��,y�tudkl~xwp-�rfbx5y�e�v��rfbeV��'xwdklqhVtudbe�v��)Çsdk|"eMp"e�e�vs�²xwf�lqp"y�xwfk��xwfRtudklqprn�t1�rfkl~xwfkl�j5p,x����~e�v�nieV�rt1p"x$hieg���rfbx ½y�e�v��rfbe¾�²xwf;dk|"e�l~vregp)dkl��,y�tudkl~xwp�xu��|)Ç5�rfkl~v1}kÇ�}kdbeg�s}NlqpZdk|"eCyg�åtw}b};xu� � ¹K�z�9e }kÇ�}kdbeg�s}l~}:vreghieg�~xw�Pe�vN� { |"e
�rfbe�}begp5dbe�v'�segdk|"x)v'�Ætwyglq��lqdRtudReg}:dk|"e`�"}be`xu��t�hVtulq�åtu�r�~e�ts�rfkl~xwfklj5p"x$���~e�v�nie�xwp�dk|"e�}kÇ�}kdbeg�Ádbxz�Pe�l~vregp)dkl��,e�vN�i�r�rd�y�tupstu�~}bxz�Pe��"}be�v�tw}CtM�r�åtwybj ½ �Px�È�segdk|"x5vN�M¹Ëe1dkfbe�tud:dk|"e
�rprj5p"x���pK�,tufRtu�segdbegfb}1tw}MfRtup"vrxw� hVtufklåtu�r�~e�}���vre�}bygfklq�Pe�v�5Ç-dk|"eglqf1�rfbxw�,tu�rlq�qlqdoÇ�vregp"}klqd¿Ç-�³�rp"ygdkl~xwp"}�� { |"e�l~vregp)dkl��,y�tudkl~xwpË�rfbxw�r�~eg��l~}Z��xV}be�vtw}Zdk|"e��rfbxw�r�~eg�0xu����t$È�lq��lq��lqprn-dk|"e�dbxwdRtu���rfbxw�,tu�rlq�qlqdoÇKdk|,tudZdk|"e�xw�,}be«fbhie�v�v"tudRtl~}�niegp"egfRtudbe�v&�)Ç!dk|"e.l~vregp5dkl��,e�v&�sx5vreg�²�ò� �,tufkdkl~yg�~e.�"�qdbegfklqprn»�segdk|"x)v&l~}��"}be�v�²xwf�dk|"e8p5�r�segfkl~y�tu��lq���r�~eg�segp)dRtudklåxwp&xu�zdk|"e8�rfbxw�PxV}be�v �rfbx)y�e�v��rfRew�!� �sx)v�l��,e�vh)egfb}kl~xwp!xu�:dk|"e8�
�r�qdkl ½ y�tudbegnixVfkÇ fbxw�r�"}kd��qlqp"e�tufs�rfbxwnVfRtu����lqprn õ³�'�MÀ � ö`yg�åtw}b}kl�� ½y�tudkl~xwp9�rfbx)y�e�v��rfbeV�;��|rl~yR|��"}be�}:dk|"e�lqp��²xwfk��tudkl~xwpËvregfklqh)e�vKlqpKdk|"e��rfbegh5l~xw�"}1}kdbeg�"}xu�:dk|"e8l~vregp5dkl��,y�tudkl~xwp tu�qnixwfklqdk|r�.��l~}��"}be�v»�²xwfse�}kdklq��tudklqprn9dk|"e8�,tufkdklqdkl~xwp xu�zdk|"e� ¹K�z�9eÎ��tu�;� { |"e:�rfbxw��xV}be�v��rfbx)y�e�v��rfbeZl~}�tu�r�r�ql~e�v8�²xwf�dk|"e:l~vregp5dkl��,y�tudkl~xwp'xu��ty�xw���Pxwp"egp)dM�r�åtwy�eg�segp5dM�rfbx)y�e�}b}�lqp.�rl~ybj ½ tup"v ½ �"�~twy�e
��twyb|rlqp"e�}��
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y�tup»��e�v�l~}kdklqprnV�rl~}k|"e�vN����|rlq�~e8v�lcbNegfbegp)d��åt���}`nix$hiegfkp»dk|"e8e«h)xw�q�rdkl~xwp!xu�dk|"eMy�xwp5dklqp)�"xw�"}�}kdRtudbe�lqp�e�twyR|8xu�Ndk|"eMv�l~}bygfbegdbeM�sx)v"eg}Zõ³y«�k�ì�"nV�rfbe`�V�q�$ö«���¾È"tu���r�~e�}xu�1|5Ç5�rfkl~v v�Ç5p,tu��l~y�}�y�tup �Pe.�²xw�rp"v&lqp ��tup)Ç!�,eg�~vr}.tup"v v�l~}byglq�r�qlqp"e�}��M}k�"yR|4tw}eg�
�Pe�vrvre�v8}kÇ�}kdbeg�s}��i�rfbx5y�e�}b}�y�xwp5dkfbxw�Æ�rtu�rdbxw��tudbe�v�dkfRt���y ½ ��tup,tunieg��egp5d�}kÇ�}kdbeg�s}��eg�~e�ygdkfkl~y�tu�1yglqfbyg�rlqdb}��M�se�yb|�tuprl~y�tu�`tup"v �rl~x ½ �se�yR|,tuprl~y�tu�
}kÇ�}kdbeg�s}����rl~xw�~xwnVl~y�tu�`tup"v�rl~x ½ �se�v�l~y�tu�Ã}kÇ�}kdbeg�s}�tup"v.e�y�xwp"xw��l~y�}���M�q�sxV}kd�tu�q�"�sx5vregfkp�y�xwp"}k�r�segf��rfbx)v��"ygdb}:õ³y�tufb}��i|"xw�seztu�r�r�qlåtup"y�e�}��5egp5dbegfkdRtulqp ½�segp)dì�rfbx5v��"ygdb}«ö;tufbeCy�xwp5dkfbxw�q�~e�v
�)ÇZeg�
�Pe�vrvre�v`}bxu�³d¿��tufbeV�¾�5xu�³do��tufbe�y�xwp5dkfbxw�)��tuj)eg}lqd���xV}b}klq�r�~e:�²xwf���tup5���Ætwygdk�rfbegfb}Mdbxsvre�}klqnVp'tup"v��rfbx)v��"y�e>�,e«È�lq�r�~e`tup"v.e�y�xwp"xw��l~y�tu��rfbx)v��"ygdb}���lqdk|�tz�
�r�qdklqdk�"vre�xu�,�³�rp"ygdkl~xwp"}�� { |"e�y�xwp)dkfbxw�q�~e�v��rfbx5y�e�}b}�õ¡dk|"e�y�tufCegprnVl ½p"eV�)dk|"eMdbeg���PegfRtudk�rfbe:lqp�dk|"eMfbe«�³fklqniegfRtudbxwf��5dk|"eM�sxwdbxwf�lqp�dk|"e ± Ä ± v�fklqhie$ö�l~}�dklq�sey�xwp)dklqp5�"xw�"}��"��|rlq�~eZdk|"e1y�xwp)dkfbxw�¾tu�qnixwfklqdk|r�.�"lq���r�~eg�segp)dbe�v-lqp.}bxu�³do��tufbeV�rdRtuj)e�}�dk|"e�²xwfk� xu�Ct
�"p"l�dRe1}kdRtudbe:��twyR|rlqp"eV�rfbegp"vregfklqprn�dk|"e1x�h)egfRtu�q�ìv�Ç5p,tu��l~y�}�|5Ç5�rfkl~vN��¾È"tu���r�~e�}
xu��|)Ç5�rfkl~v9v�Ç5p,tu��l~y�}1y�tup»tu�~}bx8�Pe`�²xw�rp"vKlqp9�se�yb|,tuprl~y�tu��}kÇ�}kdbeg�s}dk|,tud-v�l~}k�r�åt�Ç �`�r�qdkl ½ �sx)v"tu�`��eg|,t�h5l~xwf�� ñ"xwf-eRÈ"tu���"�qeV�:lqpò�se�yb|,tuprl~y�tu�`}kÇ�}kdbeg�s}
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mode 5

y(t)=g  (x(t),u(t),t)5

x(t)=f  (x(t),u(t),t)5
.

mode 4

y(t)=g  (x(t),u(t),t)4

4
.

mode 3

y(t)=g  (x(t),u(t),t)3

x(t)=f  (x(t),u(t),t)3
.

mode 2

y(t)=g  (x(t),u(t),t)2

x(t)=f  (x(t),u(t),t)2
.

x(t)=f  (x(t),u(t),t)

mode 1

y(t)=g  (x(t),u(t),t) 1

x(t)=f  (x(t),u(t),t)1
.
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��lqdk|8�³fkl~ygdkl~xwp�lqd�l~}��PxV}b}klq�r�~e:dbx`��tuj)eZt�yg�~e�tuf�v�l~}kdklqp"ygdkl~xwp.��egdo��egegp-}kdkl~yRj8tup"v�}k�qlq��r|,tw}be�}��»ÅMdk|"egfse«È"tu���r�~e�}�lqp"yg�q�"vre8�se�yb|�tuprl~y�tu�M}kÇ�}kdbeg�s}`��lqdk|�y�xwp)dRtwygdb}��C��|"egfbedk|"e1eghixw�q�rdkl~xwp'xu�¾dk|"eZ}kÇ�}kdbeg� vreg�Pegp"vr}Mxwp���|"egdk|"egf:t�y�xwp5dRtwygd�l~}Mtwygdklqhie1xwf�p"xwd��
NQP ü"û:-±+ �:�2²1�2²1� �z}�tupse«È"tu���r�~e�xu�Ntz|)Ç5�rfkl~v��se�yR|,tuprl~y�tu�,}kÇ�}kdbeg�ºdRtujie�dk|"e�}klq� ½�r�ql��,e�v�}byb|"eg�seMxu�Ndk|"e��sxw�rp5dklqprn
|,e�twv�xu�Ndk|"e��rl~ybj ½ tup"v ½ �r�åtwy�eM��twyR|rlqp"eV��vreg�rl~y«dRegvlqp��"nV�rfbe-�V� �9õ³µV�r�~xV}kj5l�egd`tu�Æ��õ²�V�V� Ì �;�Ã�V�V�u�V��ökö«� { |rl~}1e«È"tu���r�~e�xwfklqnVlqp,tudbe�}1�³fbxw�tupslqp"v��"}kdkfklåtu��y�tw}be�}kdk�"v�Ç)�ivrxwp"e��²xwfCdk|"e��rl~ybj ½ tup"v ½ �r�åtwy�eM��twyb|rlqp"e�}���tup)���Ætwygdk�rfbe�v�5Ç8�z}b}beg�
�r�~e�xwp;�"��lqp"v�|"x$hiegp;�{ |"e`�rl~yRj ½ tup"v ½ �r�åtwy�e���twyR|rlqp"e`��xwfkj�}Ztw}M�²xw�q�~x��M}�´�dk|"e`�rfklqp5dbe�vKyglqfbyg�rlqd:�Pxitufbvõ � ��¯�öMl~}:�r�åtwy�e�vKlqpKdk|"e���xwfkj5lqprn-tufbe�t8xu��dk|"e��sxw�rp)dklqprn.|"e�twvN� { |"e��sxw�rp)dklqprn|"e�twvN��y�tufkfkÇ5lqprnKtup eg�~e�ygdkfbxwprl~y�y�xw���Pxwp"egp)d.õ¡�"}klqprn"�ì�²xwf
lqp"}kdRtup"y�eV�Ct�hVtwyg�r�r�0�"l ½�Pegdkdbe$ö«�Nl~}zp,t�h5lqn)tudbe�vKdbx�dk|"e`�PxV}klqdkl~xwp���|"egfbe`db|"e�y�xw����xwp"egp5d
}k|"xw�r�~v'�Pe`�r�åtwy�e�vxwp�dk|"e � ��¯:�C·ze«È�d���dk|"e�y�xw���Pxwp"egp)d�l~}��r�åtwy�e�vN��fbeg�~e�tw}be�vN��tup"v!dk|"e8�rfbx5y�e�}b}�l~}fbeg�Pe�tudbe�v8�²xwf�dk|"eZp"e«È�dMygxw���Pxwp"egp5d��ñÃlqnV�rfbe
�V� �Zvreg�rl~ygdb}�dk|"e��sxw�rp5dklqprn
|"e�twv�y�tufbfkÇ5lqprn1dk|"eMe«�~e�ygdkfbxwprl~yzy�xw����xwp"egp5d���Px���egfbe�v.�)Ç�db|"e1eg�~egygdkfblqy1�sxwdbxwf�õå�²xwfby�e ~F

ö«�rdbxwniegdk|"egfM��lqdk|-}k�r�r�Pxwfkdklqprn�eg�~eg�segp5db}õ³}k�rfklqprn
c1
ö«�wtup"v1�³fkl~ygdkl~xwp"}�õ³v"tu���Pegf

d1
�uvrfkÇz�³fkl~ygdkl~xwp

f1
ö«� { |"eCdbxwdRtu�5�sx$h5l�p"nM��tw}b}l~}�vregp"xwdbe�v»�)Ç

M
� { |,e��~x���egf`�,tufkd�xu��dk|"es�"nV�rfbe8vreg�rl~ygdb}`dk|"e��rfklqp5dbe�v yglqfbyg�rlqd�Pxitufbv9õ � ��¯�ö«����|"egfbe:dk|"e:eg�åtw}kdkl~yglqdoÇ8tup"v�v"tu���rlqprnsxu�Ãdk|"e � ��¯ tufbe:fbeg�rfbe�}begp)dRegv�5Ç�dk|"eZ}k�rfklqprn

c2
tup"v8�³fkl~ygdkl~xwp.�r�~x)yRj�}

d2
tup"v

f2
��z}b}k�r�se
p"x��ºdk|,tudzdk|"e
|"e�twv'l~}Mlqp'dk|"e`�rfbxw��egf:��xV}klqdkl~xwp9tu��x$h)e
dk|"e
�r�åtwy�e�xwpdk|"e � ��¯:�ì��|"egfbesdk|,e�y�xw����xwp"egp5d�}k|"xw�r�~v9�Pes�r�åtwy�e�vN� { |"e�y�xw����xwp"egp5d�}k|"xw�r�~v�Pe��rfbe�}b}be�v tun)tulqp"}kd�dk|"e � ��¯:�C��lqdk| }k�Y��ygl~egp)d$���r�rd�p"xwd�e«Èry�e�}b}klqh)e8�²xwfby�eV��tup"v
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}k�r�"}be�Ð)�"egp)dk�qÇ8fbeg�~e�tw}be�vN���5eghiegfRtu�;�sx5vre�}�y�tup.�PeZv�l~}kdklqprnV�rl~}k|"e�vN´
• �³fbe�e:�sx5vre ½ ��|"egp.dk|"eZ�sxw�rp)dklqprn�|"e�twv�l~}�p"xwd�lqp.y�xwp5dRtwygd���lqdk|.dk|"e � ��¯
• lq���,twygd��sx5vre ½ dk|"eZ�sxw�rp)dklqprn�|"e�twv�l~}�lqp.y�xwp5dRtwygd���lqdk|.dk|"e � ��¯
• �r�r��egf1}Rtudk�rfRtudkl~xwp ½ dk|"e��sxw�rp)dklqprn.|"e�twvKy�tupKp"xwdZ�sx�h)e`�r�5��tufbvr}��;v��"e`dbx�r|5Ç�}kl~y�tu�;y�xwp"}kdkfRtulqp5db}
• �~x���egf�}Rtudk�rfRtudkl~xwp ½ dk|"e��sxw�rp5dklqprn
|"e�twv�y�tup�p"xwdC�sx$hieMvrx���p5��tufbvr}��5v��"e�dbx�r|5Ç�}kl~y�tu�;y�xwp"}kdkfRtulqp5db}

± �rfklqprn�p"xwfk��tu�Ãxw��egfRtudkl~xwpKxu�¾dk|"e1�rl~ybj ½ tup"v ½ �r�åtwy�e
��twyR|rlqp"e
xwpr�qÇ�}k��lqdbyb|rlqprn��Pegd ½��e�egp.�³fbe�e1tup"v�lq���,twygdM�sx5vre�}Mx)y�yg�rfb}���¼¿p.dk|"e1y�tw}be1xu�Ctup-egfkfbxwf`õå�²xwfMe«È"tu���r�~eV�"l��dk|"egfbeZl~}�p"x � ��¯ �rfbe�}begp5d��rp"vregf�dk|"e:|"e�twv,ö�}Rtudk�"fRtudkl~xwp"}���t�Ç8x5y�yg�rf��
¶MÇ5�rfkl~v��sx)v"e«�~}�y�tup�tu�~}bx:��e��"}be�v�dbxZvre�}bygfklq�Pe���tup)Ç�y�xw���r�~e«È�p"xwpr�qlqp"e�tuf��rfbx ½y�e�}b}be�}��P�5Ç'y�xw�`�rlqprlqprn-}begh)egfRtu�C}klq���r�~e��sx5vreg�~}Zdbxwniegdk|"egf1��lqdk|9�åt���}Zdk|,tud1nix�h)egfkpdk|"e�}k��lqdbyR|rlqprnz�Pegd¿��e�egp�dk|"e�}be��sx)vreg�~}��¾�Mp5ÇZp"xwpr�qlqp"e�tuf�v�Ç5p,tu��l~y�tu�r}kÇ�}kdbeg�Áy�tup���etu�r�rfbx�È�lq��tudbe�vN�;�r�Kdbx.tup9tufk�rlqdkfRtufkÇ�twy�yg�rfRtwygÇi�N��lqdk|Ët��rl~e�y�eg��l~}best��sp"e�}kÇ�}kdbeg�.�dk|,tudCy�xwp"}kl~}kdb}Cxu�P}begh)egfRtu�,t��sp"e�v�Ç5p,tu��l~y�}��5tup"vst:}kdRtudbe ½ vreg�Pegp"v"tup)d�}k��lqdbyR|rlqprnZ�åt��õÆ�5xwp)dRtun õ¸��� Í �$ökö«���z}1tupËe«È"tu���r�~eV�ìlqp ± eg�CÄCe�y�yR|rl~x.egd`tu�Æ��õ²�V�V� Ì özlqd1l~}1vreg�sxwp ½}kdkfRtudbe�v�dk|,tud�dk|"e�y�xw���r�~e«È�|)�r��tups�sxwdkl~xwp"}Cy�tups��e�vre�y�xw����xV}be�vslqp)dbx1t:}be�Ð)�"egp"y�exu��eg�~eg�segp)dRtufkÇ��r�rlq�~v�lqprns�r�~x5ybj�}��"e�twyb|.�Pegl�p"n�t`�qlqp"e�tufMv�Ç5p,tu��l~y�tu�Ã}kÇ�}kdbeg�s}��
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± �"e�dbx�dk|"eglqf1�r�rl~Ð)�rlqdoÇ9tup"v���tup)ÇK�Pxwdbegp)dklåtu��tu�r�r�ql~y�tudkl~xwp"}��Ã|5Ç5�rfkl~v9}kÇ�}kdbeg�s}tudkdkfRtwygdbe�vKt��~xwdzxu��tudkdbegp5dkl~xwp-lqp-dk|"e
y�xwp)dkfbxw�Ãy�xw���`�rprlqdoÇ�fbe�y�egp5dk�qÇËõ³�'xwfb}be1egd:tu�Æ�õ¸���V�V�iö~ÁÃ�Mp)db}Rtuj5�ql~}`tup"vË·zegfbx)vre'õ¸���V� Í ö~Áì�Mp5db}Rtuj5�ql~}�õ²�V�V�V�iökö«��·M�r�segfbxw�"}
fbe�}k�r�qdb}xwp»�sx5vreg�q�ql�p"n"��tup,tu�qÇ�}kl~}��Ãh)e«fbl ��y�tudblqxwp�tup"v y�xwp)dkfbxw��tu�r��e�tufbe�v»lqp»dk|"e��qlqdbegfRtudk�rfbeV��5egh)egfRtu�1}kdk�"v�l~e�}�xwp �³�rp"v"tu�segp5dRtu�1}kÇ�}kdbeg�Fdk|"e�xwfbegdkl~y��rfbxw�Pegfkdkl~e�}.}k�"yR|òtw}���eg�q� ½�PxV}be�v�p"e�}b}��,}kdRtu�rlq�qlqd¿Ç)�,y�xwp5dkfbxw�q�åtu�rlq�qlqd¿ÇKtup"v-xw�"}begfkhVtu�rlq�qlqd¿Ç-tu�~}bx�tu�r�Pe�tufbe�v-fbe�y�e«p5dk�qÇ�²xwf�}bxw�se1yg�åtw}b}be�}�xu�¾|)Ç5�rfkl~v.}kÇ�}kdbeg�s}���'xV}kdzxu��dk|"e�}be
vregh)eg�~xw�r�segp)db}:}kdRtufkdM��lqdk|KtupKtw}b}k�r���rdblqxwp'dk|,tudMdk|"e�twygyg�rf«tudbeÐ)�,tup5dklqdRtudklqhie.�sx)vreg�Mxu�Zdk|"e8|5Ç5�rfkl~v�}kÇ�}kdbeg� l~}�fbe�twv�lq�qÇ�t�hVtul��åtu�r�~eV��tup"v dk|,tud8tu�q�}kdRtudbe�}��Ny�xwp5dklqp)�"xw�"}
tup"v�v�l~}bygfbegdbeV�;y�tupK�Pe`�se�tw}k�rfbe�vN�`�Meg�åtudklqhieg�qÇ-�~e�}b}1tudkdbegp)dkl~xwp|,tw}��Pe�egp.�,tul~v�dbx�dk|"e:�²xw�q�~x���lqprn��rfbxw�r�~eg�s}�´
• Â «IFÃBL®nJfFH �Ä�FH �¡.FyJ¯¤c¦]D4¹2 fBL®�¿1FH°�© nVlqhiegp4t9|5Ç5�rfkl~v }kÇ�}kdbeg��dbxwniegdk|"egf8��lqdk|lqpr�r�rdgÉuxw�rdk�r�rd��se�tw}k�rfbeg�segp)db}�y�xwp"}kdkfk�"ygdCtup�eg}kdbl���tudRxwf«Éuxw�"}begfkhiegfC}k�"yb|`dk|,tuddk|"e1yg�rfkfbegp5dM}kdRtudbeZl~}�e�}kdklq��tudbe�v'tw}Mtwy�yg�rfRtudbeg�qÇ.tw}��PxV}b}klq�r�~e
• Â «IFµ¤1¡.FHDIE1¤�ÅI£f¸LE1¤1B�DÆ¹2 fBL®�¿1FH°�© nVlqhiegp!lqpr�r�rd ½ xw�rdk�r�rd�v"tudRt'niegp"egfRtudbe�v!�5Ç t|5Ç5�rfkl~v-}kÇ�}kdbeg�.�,y�xwp"}kdkfk�"ygd:t��sx5vreg�ì��lqdk|rlqp�t��rfbe ½ vre«�"p"e�v'yg�åtw}b}Mxu�C|)Ç5�rfkl~v�sx5vreg�~}��rdk|,tudMe«È��r�åtulqp"}�dk|"e1v"tudRtstw}Mtwy�yg�rfRtudbeg�qÇ.tw}��PxV}b}klq�r�~eV�
�)�"yR|Kxw�"}begfkhiegf:vre�}klqnVp�tup"v-l~vregp)dkl��,y�tudkl~xwp��rfbxw�r�~eg�s}:}k|"x$�Î�r�'lqpKts��l~vre
hVt ½fkl~egdoÇ.xu��}klqdk��tudkl~xwp"}zlqp-dk|"e
�rfRtwygdkl~y�e�xu��y�xwp5dkfbxw�Æ��fbxw��xwdkl~y�}��Py�xw���r�rdbegf:h5l~}kl~xwp;�Ptup"v��twyR|rlqp"e��~e�tufkprlqprn"�w��|"egp�twy�yg�rfRtudbe��sx)vreg�~}¾xu��t�y�xw���r�~e«È
�"|)Ç�}kl~y�tu�)�"fbx)y�e�}b}¾tufbe�xu� ½dbegp`lq���PxV}b}klq�r�~e�dbxzxw�"dRtulqp
�³fbxw�Î�"fb}kdÃ�rfklqp"yglq�r�~e�}Ctup"v,Éuxwf�xwpr�qÇ`t��qlq��lqdbe�v`p)�r�`��egf�xu�hVtufklåtu�r�~e�}�tufbe:�se�tw}k�rfbe�vN�C�Me�y�egp)dk�qÇ)�)�"p"v�lqprnse~bNe�ygdklqhieZ}bxw�q�rdkl~xwp"}�dbx�}kdRtudbe:e�}kdklq��t ½dkl~xwp.tup"v�l~vregp)dkl��,y�tudkl~xwp.�rfbxw�r�~eg�s}�xu�ì|)Ç5�rfkl~v8}kÇ�}kdbeg�s}�|,tw}��Pe�y�xw�seZtup�eghiegf��rfbe�} ½}klqprn�l~}b}k�"e
lqp'p5�r�segfbxw�"}Zeg�segfknVlqprn.tu�r�r�ql~y�tudkl~xwp"}Z}k�,yb|�tw}zfbe�y�xwnVprlqdkl~xwp9xu�C|5�r��tupn)tulqdb}
�³fbxw�Sh5l~vre�xr��}begnV�segp5dRtudkl~xwp!xu�zv�Ç5p,tu��l~y�dbe«È�dk�rfbe�}��¾�rl~e�y�eg��l~}be�tu�r�rfbx�È�lq��t ½dkl~xwp�xu��p"xwpr�qlqp"e�tuf1v�Ç5p,tu��l~y�}����Ætu�r�qd:vregdbe�ygdkl~xwp;�N�sx5vre�vregdbe�ygdkl~xwp�lqp�tu�rdbxwp"xw�sxw�,}p,t�h5lqn)tudkl~xwp'tup"v��
�r�qdkl ½ tuniegp5dM�~x5y�tu�qlq�$tudkl~xwp�tup"v8��tu�"�rlqprn"�{ |"egfbe«�²xwfbeV��lqp�dk|rl~}�dk|"e�}kl~}���eM��lq�q�Nv�l~}byg�"}b}��segdk|"x)vr}�dbx`}bxw�qhiezxw�"}begfkhiegf�vre�}klqnVptup"v�l~vregp)dkl��,y�tudkl~xVp-�rfbxw�r�~eg�s}��²xwf�y�egfkdRtulqp'yg�åtw}b}be�}�xu�¾|5Ç5�rfkl~v.}kÇ�}kdbeg�s}��

�9�_Ç È O�@�ÉÃ@SÊ»ObU;@ E»Ë G�@ºU�D
UÃT�@ìQ U
�ôhVtw}kd���tum¸xwfklqd¿Ç!xu�:fbe�}k�r�qdb}��qlqdbegfRtudk�rfbe-xwp�|)Ç5�rfkl~v�}kÇ�}kdbeg�s}�vre�tu�~}s��lqdk|�|)Ç5�rfkl~v}kÇ�}kdbeg�s}
��|"egfbe8y�xwp)dklqp5�"xw�"}�v�Ç5p,tu��l~y�}`lqp e�twyb|!xu��dk|"e��sx5vre�}`l~}`�qlqp"e�tuf�xwf�t�� ½p"eV�1���åtw}b}be�}:xu��}k��lqdbyb|"e�v'�qlqp"e�tufZ}kÇ�}kdbeg�s}Ztup"v-�rl~e�y�eg��l~}be�t��sp"e�õ � ¹K�ZöM}kÇ�}kdbeg�s}fbe�y�eglqh)e1}k��e�yglåtu�Ãtudkdbegp)dkl~xwp;�� l~e�y�eg��l~}be-t��sp"e�}kÇ�}kdbeg�s}�y�xw���rfkl~}be�}begh)egfRtu��t��sp"e.v�Ç5p,tu��l~y�}���tup"v�tK}kdRtudbevreg�Pegp"vregp)ds�sx)vre�}k��lqdbyR|rlqprn��åt��1�!��xwp)dklqp5�"xw�"}�dklq�se8�rl~e�y�eg��l~}be.t��sp"e�}kÇ�}kdbeg�s}
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|,t�h)e:dk|"e:�²xw�q�~x���lqprns�²xwfk�.´
ẋ(t) = Aix(t) + Biu(t) + ai

y(t) = Cix(t) + Diu(t) + ci,
�²xwf [

x(t)
u(t)

]

∈ Xi
õ¸�V�q�$ö

��|"egfbe
t ∈ R

+ tup"v
x(t) ∈ R

n l~}�dk|"e.}kdRtudbe�h)e�ygdbxwf�� u(t) ∈ R
p l~}sdk|"e�lqpr�r�rdhie�ygdbxwf�tup"v

y(t) ∈ R
m l~}
dk|"e��se�tw}k�rfbeg�segp)d�h)e�ygdbxwf��-�Ktudkfkl~y�e�}

Ai, Bi, Ci
tup"vhie�ygdbxwfb}

ai, ci
tufbeztw}b}k�r�se�v�dbx1�PeMxu�ìtu�r�rfbxw�rfklåtudbezv�lq�segp"}kl~xwp"}��rtup"vsdk|"e�lqp"vre«È�}begdxu���sx5vre�}�l~}�v"e«p,xwdbe�v���lqdk|

I
� {Xi}i∈I ⊆ R

n+p l~}�tz�,tufkdklqdkl~xwp�xu�
R

n+p }k�,twy�e�lqp5dbxt
�"prlqdbeZp5�r�
�PegfMxu��yg�~xV}be�v���xw�qÇ5|"e�v�fRtu�Ãy�eg�q�~}���lqdk|.�,tulqfk��l~}be1v�l~}²m¸xwlqp5d�lqp5dbegfkl~xwfb}��{ |"eM�qlqdbegfRtudk�"fbe:xwp8�rl~egy�eg��l~}be1t��sp"e:}kÇ�}kdbeg�s}�l~}��rfbxitwvN�rtup"v�|"egfbeM��eM�ql~}kd�xwpr�qÇt
�²eg�4fbe«�²egfbegp"y�e�}��C�Îp5�r�
�PegfMxu�¾dbe�yR|rprl~Ð)�"e�}ztufbeZvregh)eg�~xw��e�v��²xwf�´
• ��eg�q�ì�PxV}be�v�p"e�}b}ztup,tu�qÇ�}kl~}�õvÐ�tu���qlq��eg��tup"vK�5yb|5�r��twyR|"egf�õ²�V�V�V�iö«��¼¿�
�rfRt�tup"vhVtup.vregf:�5yR|,t$�³d
õ²�V�V�V�iökö«�
• }kdRtu�rlq�qlqd¿Ç1tup,tu�qÇ�}kl~}�õ³µixw|,tup"}b}bxwp`tup"v1�ztup)db��egf�õ¸���V� Í tiö«� ± e�y�tufk�~x�egdìtu�Æ�)õ²�V�V�V�iökö«�
• y�xwp)dkfbxw�q�åtu�rlq�ql~d¿ÇÁtup"vòxw�"}begfkhVtu�rlq�qlqdoÇòtup,tu�qÇ�}kl~}»õ³¯�eg����xwfRtwvÁegd'tu�Æ�
õ²�V�V�V�Vtiö~ÁÄzl~v"tu��egd�tu�Æ��õ²�V�V� Ì ��ö~ÁC¯�tu�,tVtu�qlMtup"v!��niegfb}kdbe�v�d'õ²�V�V�u�5ö~Á���xw�q�qlqp"}�tup"v hVtup�5yR|)�r�r�Pegp»õ²�V�V�u�5ökö«�
• y�xwp)dkfbxw�1õ³�ztup)dk��egf�tup"vËµixw|,tup"}b}bxwp4õ²�V�V�V�iö~ÁÃ�Mx5v�fklqnV�"e�}`egd�tu�Æ��õ²�V�V�V�iö~ÁÃ�Mx ½v�fklqnV�"e�}ztup"v.¶zx�� õ²�V�V���$ö~Á"¶ze�v��q�rp"v-tup"v.�ztup)dk��egf`õ²�V�V�V�iökö«�
• hiegfkl��,y�tudkl~xwp õ³¯�eg���PxwfRtwv.egdztu�Æ�;õ²�V�V�V�wy$ökö�tup"v
• tu�r�rfbx�È�l���tudblqxwp�xu�,p"xwpr�qlqp"e�tuf�}kÇ�}kdbeg�s}Ã��lqdk| � ¹K�&}kÇ�}kdbeg�s}�õ¡hVtup�¯�xwj5|"x$hiegpõ¸��� Í �$ö~Á"�Mprnieg�ql~}`õ²�V�V���$ökö«�

¼¿p»twvrv�lqdkl~xwp;�¾�rp"vregf
��lq�~v»tw}b}k�r���rdblqxwp,}`v�l~}bygfbegdbe ½ dklq�se � ¹K� }kÇ�}kdbeg�s}`tufbe�e�Ð)�rl ½hVtu�~egp)d�dbx�}beghiegfRtu�;xwdk|"egf�|)Ç5�rfkl~v8�sx5vreg�q�qlqprn��³xwfb��tu��l~}k�s}
õ³¶ze�eg�seg�~}�egd�tu�Æ�;õ²�V�V���$ökö«�}k�"yb|�tw};��l�Ère�v1�~xwnVl~y�v�Ç5p,tu��l~y�tu��}kÇ�}kdbeg�s}�õ³¯�e«���PxwfRtwv�tup"v
�'xwfRtufklPõ¸���V�V�iökö«�w�ql�p,e�tufy�xw���r�~eg�segp)dRtwfklqdoÇ'}kÇ�}kdbeg�s}�õ¡hVtupKvregf1��yb|,t$�³dZtup"v9�5yb|5�r��twyb|"egf�õ¸���V�V�iö~ÁP¶ze�eg�seg�~}õ¸���V�V�iö~Ái¶ze�eg�seg�q}�egdCtu�Æ�,õ²�V�V�V�iökö«�5tup"v���lqp ½ ��t$È ½ �r�q�"} ½ }by�tu�qlqprn`}kÇ�}kdbeg�s}�õ ± e��5yR|5�rd ½dbegf:tup"v.hVtup'vregp'¯�x)xw� õ²�V�V���$ökö«�,��|rl~yR|-��tuj)e�}�dk|,e1dkfRtup"}¸�²egfzxu��dbe�yb|"prl~Ð)�"e�}:tup"vdbx)xw�~}��³fbxw� xwp"e1yg�åtw}b}�dbxstup"xwdk|"egfM��xV}b}klq�r�~eV�¹9e���lq�q��}kdk�"v�Ç9xw�"}begfkh)egf�vre�}klqnVp!tup"v»lqv"e«p5dkl��,y�tudkl~xwp!dbe�yR|rprl~Ð)�"e�}`��tulqpr�qÇ9�²xwf}k�r��yg�åtw}b}be�}�xu� � ¹K�Á}kÇ�}kdbeg�s}��
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�9�GÒ Ó ��U;@NBCÔ�@NB H`@;U,O�ÕzG×ÖwACBÁ?�D&��BPO�H U�D
UÃT�@ìQ U
{ |"e��"fb}kd1dbxw�rl~y�db|,tud1��lq�q����esy�xwp"}kl~vregfbe�v9lqpËdk|rl~}1dk|"e�}kl~}1l~}Zdk|"e�xw�"}begfkhiegf
vre�}klqnVp�²xwf�|)Ç5�rfkl~v�}kÇ�}kdbeg�s}��ÃÀ;x5xV}beg�qÇs}k��e�tuj5lqprn"�)dk|"eMnixitu��xu�Ãtup�xw�"}begfkhiegf�l~}�dbx
xw�rdRtulqp�tupe�}kdklq��tudbe1xu�¾dk|"e1yg�rfkfbegp5dM}kdRtudbe1xu�¾dk|"eZ|)Ç5�rfkl~v.}kÇ�}kdbeg�.��nVlqhiegp.dk|"eZ�sx)vreg�¾tup"v8dk|"elqpr�r�rd ½ xw�rdk�r�rd:v"tudRt��{ |"e-}kdRtudbe-e�}kdklq��tudkl~xwp&�rfbxw�r�~eg���²xwfs|5Ç5�rfkl~v�}kÇ�}kdbeg�s}s|,tw}s�Pe�egp y�xwp"}kl~vregfbe�v�Pe«�²xwfbeV� ÅM�"}begfkh)egf8v"eg}klqnVp"}��²xwf8}k��lqdbyR|"e�v �qlqp"e�tuf.}kÇ�}kdbeg�s}���|"egp db|"e'yg�rfkfbegp5dk�qÇtwygdklqh)e��sx5vre8l~}�j5p"x���p!��egfbe8�rfbe�}begp)dRegv!lqp!�M�~e�}b}Rtup"v�fkl�tup"v&��xw�~egdkdRt!õ²�V�V����t�� �;��V�V� Ì ö~Á5¼¿�r�qlåt
¯�tuf«t1egd�tu�Æ�Põ²�V�V�V�iö~Ár�5yb|"l�p"jieg�Pegd�tu�Æ�Põ²�V�V� Ì ö«�¾¹9e���lq�q���rfkl~e~�"Çs�rfbe�}begp)dxwp"e1}k�"yb|-vre�}klqnVp.��eg�~x$�1��Á�sxwfbe1v�lc��yg�r�qdzy�tw}beV�r��|"egp.dk|"e1vrlq}bygfbegdbe1�sx)vre1l~}�p"xwd�j5p"x$��p.l~}��rfbe�}begp5dbe�vlqps¯�tu�q�q�"yb|rl,e«d�tu�Æ�"õ²�V�V�V�iö«�¾¼¿p�dk|,tud���xwfkj
dk|"e��rfbxw��xV}be�v�xw�"}begfkh)egfb}¾�"}be�v�l~}bygfbegdbe�lqp ½�r�rdb}�tup"v�xw�rdk�r�rdb}�xu�;dk|"ezv�l~}bygfbegdbe ½ dklq�sez|5Ç5�rfkl~vs�r�åtup5d��rtu�rnV�segp)dbe�v���lqdk|8v�l~}bygfbegdbe}klqnVp,tu�~}�vregfklqhie�v��³fbxw� dk|"e�y�xwp5dklqp5�"xw�"}C�se�tw}k�rfbeg�segp5db}C��|"egpsp"e�y�e�}b}RtufkÇ)�Vdbx1xw�rdRtulqptup8e�}kdklq��tudbe:xu�ìdk|"eM�sx)vreV���)�r�"}be�Ð)�"egp)dk�qÇ)�5dk|"eze�}kdklq��tudbe:xu�;dk|"e:y�xwp)dklqp5�"xw�"}�}kdRtudbey�tup��Pe�xw�rdRtulqp"e�vN�V�²xwfCe«È"tu���r�~eV�V�"}klqprnZdk|"e�dbe�yR|rprl~Ð)�"e�}Cxu�N�M�~e�}b}Rtup"v�fkl"tup"v���xw�~egdkdRtõ²�V�V����t�� �;�Ã�V�V� Ì ö~Á;¼¿�r�qlåt�¯�tufRt8egd`tu�Æ��õ²�V�V�V�iö«� { |"esvre�}klqnVp"e�v9xw�"}begfkh)egfb}1y�xwfkfbe�ygdk�qÇl~vregp5dkl��³Ç-dk|"e��sx)vre�xu��dk|"e��r�åtup5d
t$�³dbegf1t��"prlqdbe�p)�r�`��egf
xu��dklq�se�}kdbeg�"}��ìtup"v'dk|"ey�xwp5dklqp)�"xw�"}zxw�"}begfkhVtudkl~xwp-egfkfbxwfMe«È���xwp"egp5dklåtu�q�qÇ�y�xwp5hiegfknie�}�dbx�t`��xw�rp"vre�v-}begd���Mp"xwdk|"egf�tu�r�rfbxitwyR|;���,tw}be�v xwp!�sx�h5lqprn�|"xwfklq��xwp�e�}kdklq��tudkl~xwp���tw}��rfbe�}begp5dbe�vlqp9ñ"egfkfRtufkl ½¿{ fbe�y�tudbesegd
tu�Æ�Cõ²�V�V�V�iö«� { |rl~}
tu�r�rfbxitwyb|9l~}1tu�r�r�ql~y�tu�r�~e�dbx8dk|"e�niegp"egfRtu�yg�åtw}b}Mxu��v�l~}bygfbegdbe ½ dklq�se1�rl~e�y�eg��l~}be`t��sp"e1}kÇ�}kdbeg�s}����r�rd�lqd�l~}My�xw���r�rdRtudkl~xwp,tu�q�qÇ.vre ½��tup"v�lqprn"�5��|rl~yR|���t�Ç��Peztup�xw�"}kdRtwyg�~e��²xwf�lq���r�~eg�segp)dklqprn�lqd�lqp8tu�r�r�ql~y�tudkl~xwp"}���lqdk|�qlq��lqdbe�v-y�xw���r�rdRtudkl~xwp,tu�ìfbe�}bxw�rfby�e�}��ñ,xwf1dk|"esxw�"}begfkhiegf1dbx8�³�rp"ygdkl~xwp9�rfbxw�Pegfk�qÇi�ìdk|"e��rp"vregfk�qÇ5lqprn'}kÇ�}kdbeg� |,tw}Zdbx��Pe
BL®nJfFH �Ä�¸Y®�¿1F �CÅM�"}begfkhVtu�rlq�qlqd¿Ç
l~}ìdk|"e��rfbxw��egfkdoÇ
xu�,dk|"e�xw�"}begfkhie�v`}kÇ�}kdbeg�Îdk|,tud�egp"}k�rfbe�}dk|,tud`dk|"e�}kdRtudbe�xu��dk|"e�}kÇ�}kdbeg�0y�tup»��e��rprl~Ð)�"eg�qÇ�fbe�y�x$hiegfbe�v9�³fbxw�0dk|"e��se�tw}k�rfbe ½�segp5db}`xu��dk|"e�}kÇ�}kdbeg�¼d }
xw�rdk�r�rdb}��Ã�²xwf`tup5Ç�lqpr�r�rd`}klqnVp,tu�Æ� � fbe�ygl~}be�vre«�"prlqdkl~xwp"}�xu�xw�"}begfkhVtu�rlq�qlqdoÇ!tup"v fbe�}k�r�qdb}`�²xwf�}bxw�se�yg�åtw}b}be�}�xu�z�rl~e�y�eg��l~}be.t��sp"e-tup"v }k��l�dRyb|"e�v}kÇ�}kdbeg�s}�y�tup���e��²xw�rp"vslqp�¯�eg���PxwfRtwv�egd�tu�Æ��õ²�V�V�V�Vtiö«�"��xw�q�qlqp"}�tup"vshVtup��5yb|5�r�r��egpõ²�V�V�u�5ö«�,¯�tu�,tVtu�qlÃtup"v.�¾niegfb}kdRegvrd`õ²�V�V�u�5ö«�rÄzl~v"tu�ìegdMtu�Æ�ìõ²�V�V� Ì tiö«�¼¿p9dk|rl~}Zdk|"e�}kl~}Z��e���lq�q�C�rfbe�}begp)d
xw�"}begfkh)egf
vre�}klqnVp"}:�²xwf1d¿��x.yg�åtw}b}be�}1xu��|)Ç5�rfkl~v}kÇ�}kdbeg�s}��¾¹9e:��lq�q�P�"fb}kd�y�xwp"}kl~vregfM}kÇ�}kdbeg�s}�xu��ÀN�rf�d e:doÇ5��e:��lqdk|-t�}begd ½ hVtu�q�"e�v8p"xwp ½�qlqp"e�tufklqdoÇ�lqp-dk|"eZ�²e�e�v��,twyRj��,tudk|;���'e�yR|,tuprl~y�tu�¾}kÇ�}kdbeg�s}���lqdk|'v�fkÇ8�³fkl~ygdkl~xwpKtufbe�tuplq���PxwfkdRtup)d��rfRtwygdkl~y�tu��e«È"tu���r�~esdk|,tud`��eg�~xwprni}`dbx�dk|"lq}`yg�åtw}b}�� { |"e�}be�y�xwp"vËy�xwp"}kl ½vregfbe�v&yg�åtw}b}sl~}�t�yg�åtw}b}�xu�Z�rlq�sx)v"tu�M�rl~e�y�eg��l~}beKt��sp"e.}kÇ�}kdRe«�s}�� { |"e.v�Ç5p,tu��l~y�}xu�C}beghiegfRtu�;�rfRtwygdkl~y�tu�Ã}kÇ�}kdbeg�s}��r}k�"yR|'tw}�}k�"}k�Pegp"}kl~xwp.�rfkl~v�nie�}ztup"v��r�rlq�~v�lqprn�ygfRtup"e�}�Peg�~xwprni}1dbx8dk|rl~}
yg�åtw}b}���¹Ëe���lq�q��y�xwp"}kl~vregf1dk|"esy�tw}be���|"egpËdk|"e�v�l~}bygfbegdbe��sx5vre�l~}p"xwdZj5p"x���p;� { |"e�y�xwp"}kl~vregfbe�v�yg�åtw}b}Zxu��}kÇ�}kdbeg�s}z|,tw}
t��sxwfbe�fbe�}kdkfkl~ygdbe�v�}kdkfk�"ygdk� ½



§]¨ ØL¨¬Ù�®nJfFH �Ä�FH >¡.FyJ¯¤c¦]D¼º_B� �«]­0®� ¯¤1¡3J�­.J�EGFH°µJ �2�

fbe�dk|,tup9dk|"esyg�åtw}b}be�}
xu��|)Ç5�rfblqvË}kÇ�}kdbeg�s}1}kdk�"v�l~e�v�lqpË¯�tu�q�q�"yb|rl�egd`tu�Æ��õ²�V�V�V�iö1tup"vñ"egfkfRtufkl ½¿{ fbe�y�tudbe9egd.tu�Æ�1õ²�V�V�V�iö«� ¶zx$��egh)egf��M��eK�rfbxw��xV}beK�sxwfbeKv�lqfbe�ygd-tup"v �~e�}b}y�xw���r�rdRtudkl~xwp,tu�q�qÇ.vreg��tup"v�lqprn8tu�r�rfbxitwyR|.dbxs}kdRtudbeZe�}kdklq��tudkl~xwp;�¹ |"egp�dk|,e.v�l~}bygfbegdbe.�sx)v"e.xu�Zdk|"e.|5Ç5�rfkl~v�}kÇ�}kdbeg� l~}sj5p"x���p;��dk|"e-xw�"}begfkhiegfvre�}klqnVp�}klq���r�ql��,e�}�y�xwp"}kl~vregfRtu�r�qÇi����xwp"}kl~vregf�dk|"e:y�xwp)dklqp5�"xw�"} ½ dklq�se1}k��lqdbyb|"e�v8�ql�p,e�tuf}kÇ�}kdbeg�.´
ẋ(t) = Aσ(t)x(t) + Bσ(t)u(t)

y(t) = Cσ(t)x(t)
õ¸�V� �iö

�²xwf
t ≥ 0

��|"egfbe
x(t) ∈ R

n l~}Mdk|"e
}kdRtudbe1hie�ygdbxwf�� u(t) ∈ R
p l~}�dk|"e1lqpr�r�rdMh)e�ygdbxwf��

y(t) ∈ R
m l~}1dk|"es�se�tw}k�rfbeg�segp5d
h)e�ygdbxwf��¾tup"v

σ : [0,∞) 7→ {1, 2, . . . , N} l~}`t}k��lqdbyb|rlqprn9�³�rp"ygdkl~xwp&dk|,tud���tu�"}sdklq�se�lqp5dbxËtup&lqp"vre«È�}begd {1, 2, . . . , N} ����|"egfbe
N > 1

l~}
dk|"e�p)�r�`��egf�xu�M�sx)vre�}�� { |"e8}k��lqdbyb|rlqprn�}be�Ð)�"egp"y�e�l~}�tufk�rlqdkfRtufkÇ)���r�rd
½LDIBnÍ±D �rlÆ� eV��dk|"eZhVtu���,e

σ(t)
l~}Mt�hVtulq�åtu�r�~e
tudMe�twyb|.dklq�se

t
�� }k��lqdbyb|rlqprn.xw�"}begfkhiegfz�²xwfzdk|"e`}kÇ�}kdbeg� õ¸�V� �iöMy�tupK��e`dRtujiegpKlqp'dk|"e
�²xw�q�~x���lqprn�²xwfk�.´

˙̂x(t) = Aσ(t)x̂(t) + Bσ(t)u(t) + Lσ(t)(ŷ(t) − y(t)), t ≥ 0

ŷ(t) = Cσ(t)x̂(t)
õ¸�V� Ì ö

{ |"e-xw�"}begfkh)egf�vre�}klqnVp y�xwp"}kl~}kdb}slqp vregdbegfk��lqprlqprn!xw�"}begfkh)egf�n)tulqp"}
Li
�²xwf�lqp"v�l~y�e�}

i ∈ {1, 2, . . . , N} �{ |"ezv"eg}klqnVp�xu�ìdk|"ezxw�"}begfkh)egfZõ¸�V� Ì öCl~}�}kdkfRtulqnV|)d¸�²xwfk��tufbvN� { |"e:v�Ç5p,tu��l~y�}�xu�ìdk|"ee�}kdklq��tudkl~xwp-egfkfbxwf
e := x − x̂

l~}�nVlqhiegp.�)ÇP´
ė(t) = (Aσ(t) − Lσ(t)Cσ(t))e(t).

õ¸�V� �5ö
{ |"e`e�}kdklq��tudkl~xwpKegfkfbxwfzl~}Mnix$hiegfkp"e�v'�)Ç-t�}k��lqdbyb|"e�v'}kÇ�}kdbeg�.� { x�egp"}k�rfbe`}kdRtu�rlq�qlqd¿Çxu�ìdk|"eZegfkfbxwf�v�Ç5p,tu��l~y�}�lqd�l~}�p"xwd�}k�Y��ygl~egp5d�dbx�}kdRtu�rlq�qlq��eZe�twyb|.xu�Ãdk|"ez�sx5vre�}�}beg�,t ½fRtudbeg�qÇi�)tw}�dk|"e�}k��lqdbyb|rlqprn`tu�sxwprn1}begh)egfRtu�r}kdRtu�r�~e�}kÇ�}kdbeg�s}¾��t�Ç`}kdklq�q�rÇ5l~eg�~v��rp"}kdRtu�r�~e��eg|,t�h5l~xwf`õ³¯�fRtuprl~ybj5Ç9õ¸���V� Í ökö«�{ x�egp"}k�rfbe8}kdRtu�rlq�qlqdoÇË�rp"vregf�tufk�rlqdkfRtufkÇ }k��lqdbyR|rlqprn���e8}be�tufbyb| �²xwfst'y�xw���sxwpÐ)�,twv�fRtudkl~yZÀNÇ5tu�r�rp"x�h��³�rp"ygdkl~xwpËõå�²xwf�vregdRtulq�~}�}be�eZÀNlq��egfk��xwp-egdMtu�²�;õ¸���V�V�iö~Árµixw|,tup,} ½}bxwp-tup"v.�ztup)dk��egf`õ¸���V� Í tiökö�xu�¾dk|"ez�²xwfk�

V (e) = e>Pe,��|"egfbe
P = P> > 0

�r}k�"yb|.dk|,tud
V̇ (e(t)) < 0,tu�~xwprnsdk|"e:dkfRtum¸e�ygdbxwfkl~e�}Mxu�`õ¸�V� �5ög����|"egp

e 6= 0
� { |rl~}�Ç5l~eg�~vr}�dk|,ez�²xw�q�~x$��lqprns�rfbxw��x ½}klqdkl~xwp;´
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 � �í�2² ÿ ²1�ïî�ªQ¿1FyJHJ~¸�DI¡] ¯¤»¸�DI¡´ACB�¿1F�E¯E_¸Æî(¶Yðtðt§�¸�ñ¯ñ¼ACB�D,J¯¤1¡.FH 'E1«IF7J�­.J�EGFH°õ¸�V� �iö ¸�DI¡íE1«IF�BL®nJfFH �ÄnFH  õ¸�V� Ì ö ¨í�_º�E1«IFH fF#F¯òY¤�J�E7¸óJ�­Y°�°&F�E1 ¯¤1£'¹�B�J¯¤vE1¤vÄnF�¡.FHÅ.D.¤vEGF
°3¸LE1 ¯¤cò

P
¸�DI¡¼BL®nJfFH �Ä�FH �¦Y¸�¤�D,J

L1, . . . , LN
J�¢L£�«:E1«�¸LEH©

(Ai − LiCi)
>P + P (Ai − LiCi) < 0, i = 1, 2, . . . , N,

õ¸�V� Ïiö
E1«IFHDôE1«IFõFyJ�E1¤�°3¸LE1¤1B�DóFH ¯ fB�  õ¸�V� �5ö ¤�J»¦]¿1BL®]¸�¿�¿c­#¸�J�­Y°7¹�EGB�E1¤1£f¸�¿�¿c­¼J�E_¸Y®�¿1F�ö�¨
� fbxw�PxV}klqdkl~xwp �V� Ì �q�1nVlqh)e�}ztupKtup"}k��egfMdbxsdk|"e
Ð)�"e�}kdkl~xwp-|"x��Îdbx�vre�}klqnVp-dk|"e
xw� ½}begfkh)egfz��|"egpKdk|"e�yg�rfkfbegp)dZ�sx)vre�xu��dk|"e
|5Ç5�rfkl~vK}kÇ�}kdbeg� l~}zj5p"x���p;�1¯��rd���|"x$�ºdbxvre�}klqnVp dk|"e8xw�"}begfkhiegf���|"egp dk|"e8yg�rfkfbegp5d��sx5vre8xu�Mdk|"e8xw�"}begfkh)e�v»}kÇ�}kdbeg�Sl~}`p"xwdj5p"x$��p�÷{ x�n)tulqp�}bxw�se
lqp"}klqnV|5d:lqp)dbx�dk|rl~}z�rfbxw�r�~eg� ��e
��lq�q��y�xwp"}kl~vregf1ts�qlqp"e�tufZ}kÇ�}kdbeg�lqp5dbegfby�xwprp"e�ygdbe�v lqp tK�²e�e�v��,twyRj�y�xwp��"nV�rfRtudkl~xwp ��lqdk|4t9}kdRtudkl~y.p"xwpr�qlqp"e�tufklqd¿Çºõ³}be�e�"nV�rfbe9�V� Ì ö«� { |rl~}syg�åtw}b}sxu�Z}kÇ�}kdbeg�s}�l~}�j5p"x$��p&tw}sÀN�rf�d e-}kÇ�}kdbeg�s}.õ¡Äzl~v�Ç)tw}Rtun)tufõ¸���V� Ì ökö«�¹ËeM}kdRtufkd��5Çsy�xwp"}kl~vregfklqprn`dk|"ezy�tw}beM}kdk�"v�l~e�v�lqp��Mfby�tuj�tup"v3øMxwj)xwdbx�h5l�ù�õ²�V�V���$ö«���xwp"}kl~vregf�dk|"e ¿1B�£f¸�¿�¿c­¼ë
¤ ¹�Jf£�«.¤vE1ú p"xwpr�qlqp"e�tufz}kÇ�}kdbeg�.´

ẋ(t) = Ax(t) + Bu(t) + Gγ(Hx(t))

y(t) = Cx(t)
õ¸�V� �iö

��|"egfbe
x(t) ∈ R

n, y(t) ∈ R
m, u(t) ∈ R

p � H ∈ R
1×n tup"vKdk|"e�}kdRtudkl~y`p"xwpr�qlqp"e�tuf�³�rp"ygdkl~xwp

γ : R 7→ R
}Rtudkl~}¸�,e�}Mt J¯¿1Bf¹±F �Pxw�rp"v.y�xwp"v�lqdkl~xwp;´

0 ≤ γ(v) − γ(w)

v − w
≤ b, ∀v, w ∈ R, v 6= w.

õ¸�V� óVö
û1ücýyþ±ÿ��������	� 
�� ý��Ïýyü�
�� ý��nÿ��Yÿ���������
vý�
�� ����
_ÿ��	� � � 
������������ 
��! "� �#��ÿ��vÿ�
fÿHþ%$�&(')'�*)+
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,

-/.0

1
2�34

576879:733

;
<=;>

¥ ¤c¦2¢n fF7§]¨ ?Y©A@>FH¿�¸~­ J�­.J�EGFH°

ñ"xwf�dk|rl~}�}kÇ�}kdbeg�ôt�ÀN�"egp5��egfkniegf ½ d¿Ç5�Pe
xw�"}begfkhiegf`õ¸�V� �iö�xu�¾dk|"e:�²xwfk�.´
˙̂x(t) = Ax̂(t) + Bu(t) + L(ŷ(t) − y(t)) + Gγ(Hx̂(t) + K(ŷ(t) − y(t)))

ŷ(t) = Cx̂(t)
õ¸�V� Í ö

��tw}Myb|"xV}begp;�{ |"e`vre�}klqnVp�xu��tupKxw�"}begfkh)egf�õ¸�V� Í ö�y�xwp"}kl~}kdb}:xu�C�"p"v�lqprn8n)tul�p,}
L
tup"v

K
�P}k�"yb|dk|,tud�dk|"eze�}kdklq��tudkl~xwp8egfkfbxwf�v�Ç5p,tu��l~y�}

e = x− x̂
l~}�}kdRtu�r�~eV� { |"ez}bxw�q�rdkl~xwp�l~}CnVlqh)egp�)Ç�dk|"e:�²xw�q�~x���lqprn��rfbxw��xV}klqdkl~xwp;�

;1ý��2-C� ��
(��
 � �í�2² ÿ ²(� î�ªQ f£f¸�½3¸�DI¡CBõB�½.B�EGBnÄ�¤�Dsî(¶Yðtðt§~ñ¯ñ��_º�¸�°3¸LE1 ¯¤cò
P = P> > 0 E¸µ£�B�D,J�E_¸�DIE

ν > 0
¸�DI¡¼BL®nJfFH �Ä�FH �¦Y¸�¤�D,J

L
¸�DI¡

K
£f¸�D6®YFQº_B�¢nDI¡'J�¢L£�«:E1«�¸LEH©

[

(A + LC)>P + P (A + LC) + νI PG + (H + KC)>

G>P + (H + KC) −2/b

]

≤ 0
õ¸�V� �iö

E1«IFHDôE1«IF>FyJ�E1¤�°3¸LE1¤1B�D:FH ¯ fB� 9¤�J»¦]¿1BL®]¸�¿�¿c­ÃF¯ò�¹�B�DIFHDIE1¤�¸�¿�¿c­¼J�E_¸Y®�¿1F�¨
�5eghiegfRtu��yg�åtw}b}be�}1xu��|5Ç5�rfkl~v�}kÇ�}kdbeg�s}��;}k�"yb|»tw}:fRe«�åt�ÇK}kÇ�}kdbeg�s}�õå�"nV�rfbe.�V� �5ö«�;�ql�p,e�tufy�xw���r�~eg�segp)dRtwfklqdoÇ�}kÇ�}kdRe«�s}�tup"v�eg�~e�ygdkfkl~y�tu�Nyglqfbyg�rlqdb}���lqdk|8}k��lqdbyR|rlqprn�eg�~eg�segp5db}�y�tup��e�vre�}bygfklq��e�v!tw}`ÀN�rf�d e ½ doÇ5��e8}kÇ�}kdbeg�s}��Ã�r�rd`dk|"e�p"xwpr�qlqp"e�tufklqdkl~e�}�lqp»dk|"es�²e�egvr�,twybj�,tudk|.tufbezp"eglqdk|"egf�}k�sx5xwdk|;�5p"xwf��~x)y�tu�q�qÇ�ÀNlq�"}byR|rlqdk�i� { |rl~}��PxV}be�}�}begfkl~xw�"}��rfbxw�r�~eg�s}��tw}Ãegh)egp`dk|"e�e«È�l~}kdbegp"y�e�tup"v
�rprl~Ð)�"egp"e�}b}¾xu��}bxw�q�rdkl~xwp"}Ãl~}Ãp"xwdÃnV�,tufRtup5dbe�e�v�tup5Ç1�sxwfbeV�tup"v�dk|"e:�rfbxw�PxV}klqdkl~xwpË�V� Ì � ��vrx5e�}�p"xwdztu�r�r�qÇi�¶zx��òdbx�vre�}klqnVp.dk|"e1xw�"}begfkhiegf��²xwf�dk|"e�}be1yg�åtw}b}be�}�xu��}kÇ�}kdbeg�s}~÷�¼¿p)dk�rlqdklqh)eg�qÇi�"xwp"e��lqnV|)d�}begd

b = ∞ lqpºõ¸�V� �iö«��tup"v�dkfkÇ dbxËvre�}klqnVp�dk|"e-xw�"}begfkh)egfs�5Ç!}bxw�qh5l�p"n9dk|"efbe�}k�r�qdklqprns��tudkfkl�È�lqp"e�Ð)�,tu�qlqd¿Ç)��¹ lq�q�Ndk|rl~}Mtu�r�rfbxitwyR|-Ç5l~eg�~v.tup.�"}be�tu�r�~e1xw�"}begfkhiegf~÷
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{ |"estup"}k��egfZdbx8dk|"e��rfbegh5l~xw�"}1Ð)�"e�}kdkl~xwp�lq}�F²Â�e�}�GR�`¶zx$��egh)egf��Ndbx�e�}kdRtu�r�ql~}k|Ëtupxw�"}begfkh)egf1vre�}klqnVp9�rfbx)y�e�v��rfbe�tup"vK�²xwfk��tu�q�qÇ'�rfbx$hie�dk|,tud1lqdZl~}1y�xwfkfbe�ygd1��e�|,t�hie�dbxfbe�}bxwfkd
dbx.dk|"es�³fRtu�seg��xwfkjËxu��y�xwp5hie«È»tup,tu�qÇ�}kl~}8õ { Ç5fbeg�q����x5ybjVt$�²eg�q�åtuf8õ¸���iów�iö~Á { Ç ½fbeg�q���Mx)yRjVt$�²eg�q�åtuf�tup"vs¹9egdb}:õ¸���V� Í ököCtup"v�v�lcbNegfbegp)dklåtu��lqp"yg�q�"}kl~xwp"}:õ³�M�r�rlqp�tup"v8��eg� ½�qlqp,t�õ¸��� Í �5ö~Ái¯�fbeg��l~}�õ¸���ió Ì ökö«�¾¹9e���lq�q�ry�xwp"}kl~vregf�tu�"}bxw�q�rdbeg�qÇ�y�xwp)dklqp5�"xw�"}C}bxw�q�rdkl~xwp"}��tw}zdk|rl~}zl~}zdk|"e`}kdRtup"v"tufbvK}bxw�q�rdkl~xwp�y�xwp"y�eg�rd:�"}be�v-lqp'dk|"e
�qlqdbegfRtudk�rfbe�xwpKv�lcbNegfbegp5dkl ½tu�Clqp"yg�q�"}kl~xwp"}�� { |"e���tulqpË�rfbxw�r�~eg�s}�tufbe�dbx.yR|,tufRtwygdbegfklq��e�dk|"es}begd
xu��twv���l~}b}klq�r�~ep"xwpr�qlqp"e�tufklqdkl~e�}���dbxs�rfbx�h)eZdk|,tudMdk|,e1vre�}klqnVp"e�v'xw�"}begfkhiegfb}M|,t�h)e1}bxw�q�rdkl~xwp"}:tup"v.dk|,tud}bxw�q�rdkl~xwp"}1tufbe
�rprl~Ð)�"eV�Ntup"v-�"p,tu�q�qÇi��dk|,tud:dk|"e`xw�"}begfkh)egfb}Mlqp"vre�e�v'�rfbx$h5l~vre�tup�e�}kdkl ½��tudbe�xu��dk|"e�}kdRtudbesxu��db|"esxw�"}begfkh)e�vË}kÇ�}kdbeg�.� { |"e�}be��rfRxw�r�~e«�s}`��lq�q����e�}kdk�"v�l~e�v�³�rfkdk|"egf�lqp-yb|,tu�rdbegfz���{ x:}be�e�|"x��!dk|"e�fbe�}k�r�qd�xu���rfbxw�PxV}klqdkl~xwp.�V� Ì � �:y�tup��Pe�tu�r�r�ql~e�v`�²xwf�tup"xwdk|"egfCyg�åtw}b}xu�¾|5Ç5�rfkl~v�}kÇ�}kdbeg�s}��ry�xwp"}kl~vregf�dk|"e1y�tw}beZxu��}kÇ�}kdbeg�0õ¸�V� �iö���lqdk|;´
γ(Hx) = max(0, Hx).

{ |rl~}�p"xwpr�qlqp"e�tufklqdoÇ�}Rtudkl~}¸�,e�}:õ¸�V� óVöC��lqdk|
b = 1

� { |"egp8dk|"ez}kÇ�}kdbeg� õ¸�V� �iö�l~}�egÐ)�"l�hVt ½�~egp5d�dbxr´
ẋ(t) =

{

A1x(t) + Bu(t),
l��

Hx(t) ≤ 0

A2x(t) + Bu(t),
l��

Hx(t) > 0

y(t) = Cx(t),
õ¸�V�q���iö

��|"egfbe
A2 = A1 + GH

�"tup"v�dk|"e1xw�"}begfkhiegf`õ¸�V� Í ö���e�y�xw�se�}

˙̂x(t) =























A1x̂(t) + Bu(t) + L(ŷ(t) − y(t)),l��
Hx̂(t) + K(ŷ(t) − y(t)) ≤ 0

A2x̂(t) + Bu(t) + L(ŷ(t) − y(t)),l��
Hx̂(t) + K(ŷ(t) − y(t)) > 0

ŷ(t) = Cx̂(t)
õ¸�V�q�V�$ö

{ |"eM}kÇ�}kdbeg� õ¸�V�q���iö�l~}�tZ�rlq�sx)v"tu���rl~e�y�eg��l~}be��qlqp"e�tuf�}kÇ�}kdbeg�.�i��|"egfbe�dk|"e�hie�ygdbxwf�,eg�~v
dk|,tudÃnix$hiegfkp"}Ãdk|"e�egh)xw�q�rdkl~xwp�xu�"dk|"e�}kÇ�}kdbeg�Îl~}Ãy�xwp)dklqp5�"xw�"}¾x$hiegfÃdk|"e�}k��lqdbyR|rlqprn�r�åtup"e
Hx = 0

� { |"e�xw�"}begfkhiegf�õ¸�V�q�V�$öNl~}Ãt��rlq�sx)v"tu�5�rl~e�y�eg��l~}be��qlqp"e�tuf¾}kÇ�}kdbeg�.�u��lqdk|t1y�xwp5dklqp)�,xw�"}�hie�ygdbxwf��,eg�~vN���'xwfbe�x$hiegf��)dk|"ezxw�"}begfkh)egf:õ¸�V�q�V�$öCvrx5e�}�p"xwd�fbe�Ð)�rlqfbe�dk|"elqp��²xwfk��tudkl~xwp.tu��xw�rd�dk|"ezyg�rfkfbegp)dk�qÇ�twygdklqh)eM�qlqp"e�tuf�v�Ç5p,tu��l~y�}�xu�;dk|"ez}kÇ�}kdbeg� õ¸�V�q���iög�Ç)egd�lqd�l~}�}kdklq�q�Ãtu�r�~e:dbx�fbe�y�x�h)egf�dk|"eZ}kdRtudbe1xu�¾dk|"e1xw�"}begfkhie�v.}kÇ�}kdbeg�.�¶zx$�Ádbx�dkfRe�tud:dk|"e`�sxwfbe`niegp"egfRtu��y�tw}beV����|"egpKdk|"e�xw�"}begfkhie�vK}kÇ�}kdbeg� tup"v-dk|"evre�}klqnVp"e�v'xw�"}begfkhiegf:tufbe
v�l~}by�xwp)dklqp5�"xw�"}~÷ � fbxw��xV}klqdkl~xwp �V� Ì � ��vrx)e�}Mp"xwdM�rfbx�h5l~vre�tuptup"}k��egf�dbx�dk|rl~}�Ð)�"e�}kdkl~xwp;��¹Ëe:��lq�q�ìtwvrv�fReg}b}�dk|rl~}�Ð)�"e�}kdkl~xwp.lqp.yR|,tu�rdbegf Ì �
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�9��H I H`@;G�TVO(J3É;EZTVO�A�G�A<ÖK?�D&��BPO�H�U�D
UÃT�@ìQ U
�z}�v�l~}byg�"}b}be�v8lqp-}be�ygdkl~xwpË�V�q�Zdk|"e1}be�y�xwp"v���tulqp-�rfbxw�r�~eg� y�xwp"}kl~vregfbe�v�lqp.dk|rl~}�dk|"e ½}kl~}`lq}�dk|"e�l~vregp)dkl��,y�tudkl~xwp&xu�M|)Ç5�rfkl~v }kÇ�}kdbeg�s}�� { |"e�nixitu��xu�Ml~vregp)dkl��,y�tudkl~xVp!l~}`dbxy�xwp"}kdkfk�"ygd�t��sx)vreg��xu��dk|"e�}kÇ�}kdbeg����lqdk|rlqp!t�nVlqh)egpË�sx)vreg��yg�åtw}b}��Ã�,tw}be�vËxwpËdk|"elqpr�r�rd ½ xw�rdk�r�rdCv"tudRt��¾�Me�}be�tufbyb|�xwp`dk|"e�l~vregp)dkl��,y�tudkl~xwp�xu�"|5Ç5�rfkl~v�}kÇ�}kdbeg�s}ì|,tw}Ã�Pe�egp��tulqpr�qÇKy�xwp"y�egfkp"e�v���lqdk|�dk|"e�y�xwp"}kdkfk�"ygdkl~xwpËxu� � l~e�y�eg¹ l~}be��z�rdbxV�MegnVfbe�}b}kl�h)e�efe:x ½niegp"xw�"}
õ � ¹K�z�9e1ö��sx5vreg�~}��r��|rl~yb|��²xwfk�ôt�}k�r��yg�åtw}b}�xu�¾�rl~e�y�eg��l~}be
t��sp"e�õ � ¹K�Zö}kÇ�}kdbeg�s}���¼¿p�dk|rl~}Zdk|"e�}kl~}Z��e���lq�q��tu�~}bx8�Pe�y�xwp"y�egfkp"e�v9��lqdk|�dk|"e�l~vregp)dkl��,y�tudkl~xVp»xu�� ¹K�z�9eÎ�sx5vreg�~}���z}
��lq�q���Pe�v�l~}byg�"}b}be�v9lqp»dk|"e�}be�Ð)�"eg�Æ�¾dk|"e � ¹K�z�9eøl~vregp5dkl��,y�tudkl~xwp �rfbxw�r�~eg�y�tup��Pe�y�tw}kd�tw}Ctz�rfRxw�r�~e«� xu���rl~e�y�eg��l~}beMt��sp"e�fbegnVfbe�}b}kl~xwp;� { |"e��rfbxw�r�~eg� xu� � ¹K�fbegnVfbe�}b}kl~xwp9|,tw}Z��e�egpËy�xwp"}kl~vregfbe�v9��e«�²xwfbeV�;��tulqpr�qÇKlqp�dk|"e�p"eg�rfRtu�Cp"egdo��xwfkj�}
y�xw� ½�
�rprlqdoÇi��tup"v9dbx.v"tudbe�}begh)egfRtu��tu�r�rfbxitwyb|,eg}�e«È�l~}kd�õ³}be�es�Mxw�q��egd`tu�Æ��õ²�V�V�u�5öz�²xwf`tupx�h)egfkh5l~eg�zö«�C�z}��Pxwlqp)dbe�v-xw�rd�lqp.�Mxw�q�;egdztu�Æ�;õ²�V�V�u�5ö��sxV}kdMxu�¾dk|"e1e«È�l~}kdklqprn�tu�r�rfbxit ½yb|"e�}�y�tup�y�xwp"}kdbfk�"ygd�xwpr�qÇ
y�xwp5dklqp)�"xw�"}���tu�"}��w��|rlq�~e�dk|"e�tu�r�rfbxitwyb|"e�}�dk|,tudCtu�q�~x�� �²xwfv�l~}by�xwp)dklqp5�rlqdkl~e�}M}kdRtufkdRegv-tu�r�Pe�tufklqprn�xwpr�qÇ�fbe�y�egp5dk�qÇ9õ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe
egdztu�Æ�;õ²�V�V���V��V�V� Ì ö~Áì¯�eg����xwfRtwv»egd`tu�Æ��õ²�V�V� Ì ö~Á;Äzl~v"tu��egd�tu�Æ��õ²�V�V� Ì ��ökö«��¹Ëe�tufbes��tulqpr�qÇKlqp5dbe ½fbe�}kdbe�v8lqp.�segdk|"x)vr}Mdk|,tud�y�tup-y�xwp"}kdkfk�"ygdMv�l~}by�xwp5dklqp)�"xw�,}���tu�"}��� ¹K�z�9e �sx)vreg�~}8tufbe-tK|)Ç5�"fkl~v!niegp"egfRtu�qlq�$tudkl~xwp xu�Zyg�åtw}b}kl~y�tu�z�z�9eô�sx5vreg�~}��xw�rdRtulqp"e�v4��|"egp4dk|"eKfbegnVfbe�}b}bxwf.}k�,twy�eKl~}8�,tufkdklqdkl~xwp"e�v4lqp5dbx�t9�"prlqdbe�p)�r�`��egf-xu�y�xwp)h)e«È9��xw�qÇ5|"e�v�fRtu��fbegnVl~xwp"}���tup"v tup»�z�9e �sx5vreg��l~}`vre«�"p"e�v»x�h)egf`e�twyb| xu��dk|"efbegnVl~xwp"}��C� � ¹K�z�9eÎ�sx5vreg�;|,tw}�dk|"e:�²xwfk�.´

y(k) = f(x(k)) + e(k),
õ¸�V�q���iö

��|"egfbe
e(k)

l~}Mtup.�rpr�se�tw}k�rfbe�v.v�l~}kdk�rfk�,tup"y�e1dbegfk�.�,tup"v

f(x) =



































θ>1

[

x

1

] l��
x ∈ X1���

θ>s

[

x

1

] l��
x ∈ Xs

õk�V��� Ì ö

l~}Mt`�rl~e�y�e ½ ��l~}be
t��sp"e1��tu�;�,tup"v
x(k)

l~}Mt`h)e�ygdbxwfMxu�ÃfRe«nVfReg}b}bxwfR}��rvre«�"p"e�v-tw}
x(k) =

[

y(k − 1) . . . y(k − na), u(k − 1)> . . . u(k − nb)
>
]>

.õk�V���g�5ö¼¿p õ¸�V�q�g�5ö
y(k) ∈ R

tup"v
u(k) ∈ R

p fbeg�rfbe�}begp)d
dk|"es�se�tw}k�rfbe�vËxw�rdk�r�rd�tup"v9dk|"elqpr�r�rdzxu��dk|"e
}kÇ�}kdbeg�.�rfbe�}k�Pe�ygdklqhieg�qÇ)��¹ËeZ��lq�q�¾tw}b}k�r�se1dk|,tudMdk|"e1�sx)vreg�Ãxwfbvregfb}
na
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tup"v
nb
tufbe1nVlqh)egp;� { |,e`}begdb} Xi

tufbe�tw}b}k�r�se�v-dbx���e`y�xwp)h)e«È.�Pxw�qÇ5|"e�v�fbxwp"}�����lqdk|�`�rdk�,tu�q�qÇ8p"xwp ½ lqp)dbegfb}be�ygdklqp"n�lqp)dbegfkl~xwfb}��{ |"e1l~vregp)dkl��,y�tudkl~xwp'dRtw}kj�y�xwp"}kl~}kdb}�xu�Cvregdbegfk��lqprlqprn�dk|"eZ�rprj5p"x$��p-�,tufRtu�segdbegfb}xu��dk|"eZ�rl~e�y�eg��l~}be`t��sp"e1��tu�
f
õ¡lÆ� eV�

θ1, . . . , θs,X1, . . . ,Xs
ö«�rnVlqh)egp.dk|"e1v"tudRts}begd

{(x(k), y(k))}T
k=1

� { |5�"}��rdk|"e � ¹K�z�9eÁl~vregp5dkl��,y�tudkl~xwp'�rfbxw�r�~eg� y�xwlqp"ygl~vre�}M��lqdk|dk|"e � ¹K�ÎfbegnVfbe�}b}kl~xwp.�rfbxw�r�~eg�Sõ²ñ"egfkfRtufkl ½¿{ fbe�y�tudbe
egdztu�Æ�;õ²�V�V� Ì ökö«�
NQP ü"û:-±+ �:�2²�@0²1� �z}�tup.lq�q�q�"}kdkfRtudkl~xwp'ygxwp,}klqv"e«fMdk|"ez�²xw�q�~x$��lqprn � ¹K�Î��tu�;´

f(x) =























[

0.5 0.5
]

[

x

1

]

,
l��

x ≤ 0

[

−1 2
]

[

x

1

]

,
l��

x > 0.

õ¸�V�q��Ïiö

{ |"e���tu�Áõ¸�V�q��Ïiö`l~}svreg�rl~ygdbe�v�lqp �"nV�rfbe9�V� Ï�� { |"e.v"tudRt�}begd��²xwf�l~vregp5dkl��,y�tudkl~xwp;�y�xwp"}kl~}kdklqprn�xu�ì�,tulqfb}
(x(k), y(k))

�²xwf
k = 1, 2, . . . , 100

�5l~}�vreg�rl~ygdbe�v8lqp��"nV�rfbe��V� ���¼Æ����e�tw}b}k�r�se�dk|,tud�dk|"e�p)�"�
�Pegf�xu�P�sx)vre�}
s = 2

l~}�nVl�h)egp;�idk|"e�l~vregp5dkl��,y�tudkl~xwp�dRtw}kjl~}Cdbx1vregdbegfk��lqp"e��,tufRtu�segdbegfb}
θ1, θ2

tup"vsdbx1e�}kdklq��tudbe�dk|"e�fbegnVl~xwp"}�xu�Pdk|"e�fbegnVfbe�}b}bxwf}k�,twy�e X1,X2
�N��|"egfbe�e�twyb|Ëxu��dk|"es}k�r�r�sx)vreg�~}1l~}ZhVtu�ql~vN�s·zxwdbe�dk|,tud1lqp�dk|rl~}
y�tw}bedk|"e`fbegnVl~xwp�e�}kdklq��tudkl~xwp9tu�sxw�rp5db}zdbx��"p"v�lqprn.ts�Pxwl�p5d

x0 ∈ R
dk|,tudZ}beg�,tufRtudbe�} X1�³fbxw� X2

��¼¿p�dk|"e1xwfklqnVlqp,tu�;��tu�»õ¸�V�q��Ïiö
x0 = 0

�
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¼Æ��dk|"e`fbegnVl~xwp"} X1
tup"v X2

��egfbe�j5p"x$��p;�Pdk|"e�l~vregp5dkl��,y�tudkl~xwp9�rfbxw�r�~eg� ��xw�r�~v�Pxwlq��vrx$��pËdbx�d¿��x��qlqp"e�tuf
fbegnVfbe�}b}kl~xwpË�rfbxw�r�~eg�s}���¼¿pËxw�rf
e«È"tu���r�~eslqd1l~}1�PxV}b}klq�r�~edbx'vrx't-v�lqfbe�ygd�}be�tufbyR|Ë�²xwf
x0
�¾}bx'tw}`dbx.niegd�t�nix5x)v»�sx)vreg�Æ�¾�r�rd`dk|rl~}`��e�y�xw�se�}
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lqp��²e�tw}klq�r�~e1�²xwfM|rlqnV|"egfZv�lq�segp"}kl~xwp,tu�¾��tu�"}Ztup"v,Éuxwf:��tu�"}z��lqdk|'|rlqnV|"egfzp5�r�
�PegfZxu�}k�r�r�sx)vreg�~}���Mp"xwdk|"egfz�PxV}b}klq�r�~e`tu�r�rfbxitwyR|Kl~}Mdbx�dkfkÇ�dbx £H¿�¸�JHJ¯¤�º(­ dk|"e`v"tudRt��"fb}kd��,lÆ� eV�Mdbx8tw} ½}klqnVp�e�twyb|9v"tudRt��,tulqf
(x(k), y(k))

dbx�xwp"e�xu��dk|"e�}k�r�r�sx5vreg�~}��ìtup"v'dbx8vregdbegfk��lqp"edk|"e`�,tufRtu�segdbegfb}
θ1
tup"v

θ2
}k�r�"}be�Ð)�"egp)dk�qÇ)�Z¹ |"egpKdk|"e�yg�åtw}b}kl��,y�tudkl~xwp��rfbxw�r�~eg� l~}}bxw�qhie�vN��dk|"e.�rfbxw�r�~eg�Fxu�:fbegnVl~xwp e�}kdklq��tudkl~xwp&l~}sdbxK�"p,v!�Pxw�qÇ5|"e�v�fRtu�z}k�rf¸�Ætwy�e�}slqpdk|"e�fbegnVfbe�}b}bxwf
}k�,twy�e�dk|,tud
�
�rdk�,tu�q�qÇ9}beg�,tufRtudbe�v�lcbNegfbegp)d
nVfbxw�r�"}
xu��v"tudRt���xwlqp5db}��{ |"e`�åtudkdbegf:�rfbxw�r�~eg� |,tw}z�Pe�egp�}kdk�"v�l~e�vKe«È�dbegp"}klqhieg�qÇ.lqpKdk|"e`�,tudkdbegfkp�fbe�y�xwnVprlqdkl~xwpy�xw���
�rprlqdoÇi�Ntup"v-y�tup-��e
}bxw�qh)e�v��"}klqprn�dbe�yR|rprl~Ð)�"e�}z}k�"yb|Ktw}M}k�"�r��xwfkdMh)e�ygdbxwfM��t ½yb|rlqp"e�}1õÆ�)Ä:��öMõ¡Ä�tu�rprlqj'õ¸���V� Í ökö�xwf��`�r�qdkl ½ y�tudbegnixwfkÇ�fbxw�r�"}kd��qlqp"e�tuf��rfbxwnVfRtu����lqprnõ³�'�MÀ � öZõ³¯�egprp"egdztup"v���tuprn)tw}Rtufklåtup»õ¸���V�u�5ökö«�¼¿p�xw�rfse«È"tu���r�~eV����e8|,t�hie

s = 2
�sx)vre�}��

T = 100
v"tudRt'�Pxwlqp5db}�tup"v dk|"edbxwdRtu��p)�r�`��egf�xu���PxV}b}klq�r�~e�v"tudRt-yg�åtw}b}kl ��y�tudblqxwp,}
l~}

2100 = 1.26 · 1030 ��ñÃlqp"vrl�p"ndk|"e�xw�rdklq��tu�zyg�åtw}b}kl��,y�tudkl~xwp�l~}�lqp��sxV}kdsy�tw}be�}sy�xw���r�rdRtudkl~xwp,tw�q�qÇ!lqp��²e�tw}klq�r�~eV��tup"vdk|"egfbe«�²xwfbe:}k�r�Pxw�rdklq��tu�Ndbe�yR|rprl~Ð)�"e�}�|,t�hiezdbx`�Pe:ygxwp,}klqv"e«fRegv;�C¶zegfbeV�5��ez��lq�q�P�rfkl~e~�"Ç�rfbe�}begp)d
dk|rfbe�e�e«È�l~}kdklqprn.�rfbx5y�e�v��rfbe�}�´
dk|"e�yg�q�"}kdbegfklqprn ½ �,tw}be�vË�rfbx)y�e�v��rfbeKõ³ñ"egfkfRtufkl ½{ fbe�y�tudbe�egd`tu�Æ��õ²�V�V� Ì ökö«�Ãdk|"e�nVfbe�e�v�ÇK�rfbx5y�e�v��rfbe'õ³¯�eg���PxwfRtwvËegd`tu�Æ��õ²�V�V� Ì ökö1tup"vdk|"e1tu�qnieg�rfRtul~y1�rfbx5y�e�v��rfbe�õ¡Äzl~v"tu�;egdztu�Æ�;õ²�V�V� Ì ��ökö«�{ |"e8fRtudkl~xwp,tu�~e8�Peg|rlqp"v dk|"e £H¿v¢tJ�EGFH ¯¤�DY¦L¾¯®]¸�JfF�¡ó¹2 fBL£�F�¡2¢n fF l~}�dk|,tud�fbegnVfbe�}b}bxwfb}dk|,tud��ql~eZyg�~xV}beZdbx�e�twyR|-xwdk|"egf�lqp�db|"e:fbegnVfbe�}b}bxwfM}k�,twy�e
tufbe:�qlqj)eg�qÇ�dbx���eg�~xwprnsdbx�dk|"e}Rtu�se:fbegnVl~xwp;�,tup"v.y�xwp"}be�Ð)�"egp5dk�qÇ�dbx�dk|"e1}Rtu�seZ�z�9eÎ�sx)vreg�Æ��ñ"xwfMe�twyb|-v"tudRt��,tulqf
(x(k), y(k))

t��~x5y�tu��v"tudRt�}begd Ck
l~}ì�r�rlq�qd��Vy�xwp)dRtulqprlqprn

c > na+nb+1
p"e�tufbe�}kd¾v"tudRt��xwlqp5db}���ñ,xwf�e�twyb|.�~x)y�tu�;v"tud«t�}begd Ck

t`�,tufRtu�segdbegfMe�}kdklq��tudbe
θk y�tup��PeZxw�rdRtulqp"e�vN��"}klqprn�ew� n"�Z�~e�tw}kd:}bÐ)��tufbe�}:ygfklqdbegfkl~xwp;� � tufRtu�segdbegf
e�}kdklq��tudbe�}Zxw�rdRtulqp"e�v'�³fbxw� �~x5y�tu�v"tudRt�}begdb}zdk|,tud:��eg�~xwprn8dRx�dk|"e�}Rtu�se`�z�9e }k�r�r�sx)vreg����lq���¾�Pe�}kl���lq�åtuf��PlÆ� eV�:dk|"egÇ
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��lq�q�r�²xwfk� tZyg�q�"}kdbegf�lqpsdk|"e��,tufRtu�segdbegf�}k�,twy�eV���)�r��xw�rdklq��tu�Pyg�q�"}kdbegfklqprn
dbe�yb|rprl~Ð)�"e�}tufbe-}k�r�"}be�Ð)�"egp5dk�qÇ!�"}be�v�dbx9fbe�y�x$hiegf
s
yg�q�"}kdbegfb}�lqp&dk|"e.�,tufRtu�segdbegf�}k�,twy�eV� { |"e��tu�r�rlqprn�xu�¾dk|"e1v"tudRt���xwlqp5db}Mxwp)dbx�dk|"eZ�,tufRtu�segdbegfz}k�,twy�eZl~}��rl m¸e�ygdklqhieV� { |"e1v"tudRt�Pxwlqp)db}�dk|,tud���eg�~xwprnsdbx�dk|"eZ}Rtu�seZyg�q�"}kdbegfMtufbeZyg�åtw}b}kl��,e�v8dbx�dk|"eZ}Rtu�se:�sx)vreV� { |"eyg�q�"}kdbegfklqprn��rfbx)y�e�v��rfbe1��lq�q�;��eZdkfbe�tudbe�v�lqp.�sxwfbe1vregdRtulq�;lqp.}be�ygdkl~xwp.�"� Ì �¼¿p�dk|"e ¦] �FfF�¡t­\¹2 fB�£�F�¡2¢n fF tM��xw�rp"v
δ > 0

xwp�dk|"e��rfbe�v�l~ygdkl~xwpsegfkfbxwf�l~}¾}beg�~e�ygdbe�vN���twyR|-v"tudRt��,tulqf
(x(k), y(k))

}k|"xw�r�~v.}Rtudkl~}¸�³Ç
| y(k) − θ>i

[

x(k)> 1
]> |≤ δ, ∀k = 1, . . . , T,

õ¸�V�q���iö
�²xwfÃ}bxw�se

θi
� { |"e�}kÇ�}kdbeg�Áxu�"�qlqp"e�tufÃlqp"e�Ð)�,tu�qlqdkl~e�}�õ¸�V�q���iöNl~}ìlqp`niegp"egfRtu�5lqp��²e�tw}klq�r�~eC�²xwft�}klqprnV�~e
�,tufRtu�segdbegfZhie�ygdbxwf

θ
�,|"egp"y�eV�Plqd:}k|"xw�r�~v-��e`�,tufkdklqdkl~xwp"e�v'lqp'dk|"e`��lqprlq��tu�p5�r�
�Pegf
xu���²e�tw}klq�r�~es}k�r�"}kÇ�}kdbeg�s}

s̄
�Ãtup"v�dk|"e�y�xwfkfbe�}k�Pxwp"v�lqprn-�,tufRtu�segdbegf
h)e�ygdbxwfb}

{θi}s̄
i=1

}k|"xw�r�~v»�Pe�vregdbegfk��lqp"e�vN�9�Mp��²xwfkdk�rp,tudbeg�qÇ)��dk|"e��rfbxw�"�qeg� xu�M�,tufkdklqdkl~xwprlqprnõ¸�V�q���iö�lqp)dRxst`��lqprlq��tu�;p5�r�
�PegfMxu�ì�²e�tw}klq�r�~eZ}kÇ�}kdRe«�s}�xu�Ãlqp"e�Ð)�,tu�qlqdkl~e�}�l~}�· �¾½ |,tufbvN�tup"v�xwpr�qÇKt�}k�r�Pxw�rdklq��tu��tu�qnixwfklqdk|r���,tw}be�vKxwpKdk|,e«fb��tu��fbeg�åt$È"tudkl~xwp"}Zl~}z�rfbxw�PxV}be�vdbx�}bxw�qhieMlqd�� { |"e:xw�rdby�xw�se:l~}�dk|"e:}begd�xu�ì�,tufRtu�segdbegf�h)e�ygdbxwfb} {θi}s
i=1
� ± tudRt
�Pxwlqp)d

(x(k), y(k))
l~}�yg�åtw}b}kl��,e�v�dbx�dk|"e:�sx5vre

i
l��¾lqdM}Rtudkl~}¸�,e�}
õ¸�V�q���iö��²xwf

θi
�

NQP ü"û:-±+ �:�2²�@0²(� �z}b}k�r�se-dk|,tud8��e'l~vregp)dkl��,e�v dk|"e � ¹K����tu� �³fbxw� e«È"tu���r�~e�V� �"�q���"}klqprn8dk|"e�nVfbe�e�v�Ç-�rfbx5y�e�v��rfbe�xwp�dk|"e`nVlqh)e«p9v"tudRt�}begd��;tup,v'dk|,tudZdk|"e`�,tufRt ½�segdbegf�h)e�ygdbxwfb}
θ1
tup"v

θ2
��egfbe�e�}kdklq��tudbe�v���egf¸�²e�ygdk�qÇi�¾¼¿p�dk|"e��,nV�rfbe:�V� óM��e��r�~xwdkdbe�vdk|"e�v"tudRt.}begdZ�²xwf
dk|"e � ¹K� ��tu� õ¸�V�q��Ïiög�ìdbxwniegdk|"egf
��lqdk|Ëdb|"esyR|"xV}begpË��xw�rp"v»xwpdk|"e1�rfbe�v�l~ygdkl~xwpKegfkfbxwf

δ = 0.2
���'xV}kdMxu��db|"e1v"tud«t���xwlqp5db}z}Rtudkl~}¸�³ÇËõ¸�V�q���iö��²xwfMxwpr�qÇxwp"e��,tufRtu�segdbegf1h)e�ygdbxwf��`¶zx$��egh)egf:dk|"egfbestufbest��²eg�º�Pxwlqp)db}�õ²tufbxw�rp"v

(1, 1)
öMdk|,tud}Rtudkl~}¸�³Ç!õ¸�V�q���iöM�²xwfZ��xwdk|9�,tufRtu�segdbegf1h)e�ygdbxwfb}���¶zx$�ºdbx�yg�åtw}b}kl��³Ç-dk|"xV}be���xwlqp5db}~÷4¼Æ�lqp"y�xwfkfbe�ygdk�qÇ.yg�åtw}b}kl��,e�vN�rdk|"xV}beZv"tudRt���xwlqp5db}My�tup8�²xwlq�;dk|"e:fbegnVl~xwp'e�}kdklq��tudkl~xwp;�¼¿p!¯�eg���PxwfRtwv!egdstu�Æ��õ²�V�V� Ì ö`v"tudRt-�Pxwlqp)db}s}Rtudkl~}¸�³Ç5lqprn&õ¸�V�q���iö1�³xwf��sxwfbe8dk|,tupxwp"e

θi
tufbe�y�tu�q�~e�v ¢nDI¡.F�£H¤1¡Y¸Y®�¿1F �1�Mp"vre�ygl~v"tu�r�~e`��xwlqp5db}Ztufbe�v�l~}by�tufbvre�v'vr�rfklqprn�dk|"efbegnVl~xwp!eg}kdbl���tudblqxwpì�-¹ |rlq�~e�v�l~}by�tufbv�lqprnK�rp"vre�ygl~v"tu�r�~e��Pxwlqp)db}`l~}�tufknV�,tu�r�qÇ9�Pegdkdbegfdk|,tup1��fbxwprnV�qÇZyg�åtw}b}kl��³Ç5lqprn�dk|"eg�.�$��e�}kdklq�q�i�~x)xV}be�dk|"e¾lqp��²xwfk��tudkl~xwp
dk|,tud;dk|"xV}be¾�Pxwlqp)db}��t�Ç8y�tufkfkÇ)�

{ |"e ¸�¿c¦.F�®� ~¸�¤1£>¹2 fBL£�F�¡2¢n fF õ¡Äzl~v"tu��egd
tu�Æ�Cõ²�V�V� Ì ��ököZtu�r�rfbxitwyb|"e�}1dk|"e��rfbxw�r�~eg�xu��l~vregp)dkl��³Ç5lqprn't � ¹K�z�9e �sx5vreg��tw}
tupËtu�qnieg�rfRtul~ysnie�xw�segdkfkl~y��rfbxw�r�~eg�.�s¼¿pKdk|"e
DIB�¤�JfFH¿1FyJHJ�£f¸�JfF õ

e = 0
ö�dk|"e1v"tudRt`�,tulqf

(x(k), y(k))
}Rtudkl~}¸�,e�}�dk|"eZe�Ð)�,tu�qlqdoÇ

y(k) −
[

x(k)> 1
]>

θi = 0
õ¸�V�q�$óVö

�²xwf�xwp"e1xu�¾dk|"eZ�,tufRtu�segdbegfMhie�ygdbxwfb}
θi
�C¶zegp"y�eV��dk|"e1e�Ð)�,tu�qlqdoÇ

s
∏

i=1

(y(k) − θ>i
[

x(k)> 1
]>

) = 0,
õ¸�V�q� Í ö
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tu�q��t�Ç�}M|"xw�~vr}���¼¿p-Äzl~v"tu�¾egd:tu�Æ�Ãõ²�V�V� Ì ��ö�lqdMl~}z}k|"x���p'dk|,tudz�,tufRtu�segdbegfb}
θi
y�tup'��efbe�y�x�h)egfbe�vËtw}
t8}bxw�q�rdkl~xwpËxu��t8}kÇ�}kdRe«��xu����xw�qÇ5p"xw��låtu��e�Ð)�,tudkl~xwp"}Zfbe�}k�r�qdklqprn��³fbxw�õ¸�V�q� Í ög� ± tudRt��,tulqf

(x(k), y(k))
l~}Zyg�åtw}b}kl��,e�v'dbx�dk|"e�}k�r�r�sx5vreg�

µ
}Rtudkl~}¸�³Ç5lqprn�db|"efk�r�~eV´

µ(k) = arg min
1≤i≤s

(y(k) −
[

x(k)> 1
]>

θi)
2.

õk�V�����iö
NQP ü"û:-±+ �ó�2²�@0² ÿ ��xwp"}kl~vregf�tun)tul�psdk|"e�e«È"tu���r�~eZ�V� �"� �Ztup"vstw}b}k�r�se�dk|,tud��,tufRtu�se ½dbegfb}

θ1
tup"v

θ2
tufbe
l~vregp)dkl��,e�vK��egf¸�²e�ygdk�qÇ-�"}klqprn�dk|"e�tu�qnieg�rfRtul~y`�rfbx5y�e�v��rfbeV� { |"egp;�lqd�l~}��rfbxw�,tu�r�~eZdk|,tud�dk|"eZyg�åtw}b}kl��,y�tudkl~xwp�fk�r�~esõ¸�V�q���iö���lq�q�N��fbxwprnV�qÇ8yg�åtw}b}kl��³Ç�}bxw�seZxu�dk|"eQFÆ�rp"v"egygl~v"tu�r�åe�G1v,tudRt`�Pxwlqp)db}��Mõ³}be�e1·Ml~e�}b}be«p.egdztu�Æ�ìõ²�V�V�u�5ö��²xwf�vregdRtulq�~}«ö

¼Æ��p"xwl~}be�l~}Z�rfbe�}begp5dZlqp9dk|"e�l~vregp)dkl��,y�tudkl~xwp v"tudRt�}begd��Ndk|"egpË}bxw�qh5lqprn.dk|"e�}begd
xu���xw�qÇ5p"xw��låtu�Ne�Ð)�,tudkl~xwp"}Zõ¸�V�q� Í ö¾�³fbe�Ð)�"egp)dk�qÇsnVlqhie�}�y�xw���r�~e«È�p5�r�
�Pegfb}�tw}��,tufRtu�segdbegfhVtu�q�"e�}��Ãtup"v�dk|"e��rfbx5y�e�v��rfbe��Ætulq�~}����z}
t8y�xwp"}be�Ð)�"egp"y�eV�Ãdk|"e�tu�r�r�ql~y�tu�rlq�qlqd¿ÇËxu��dk|"etu�qnieg�rfRtul~yZ�"fbx)y�e�v��rfbe
}be�eg�s}�dbx��Pe:�qlq��lqdbe�v.lqp��rfRtwygdkl~y�tu�Ã}klqdk�,tudkl~xwp"}��¹9e���lq�q�r}kdRtufkd¾xw�"f¾}kdk�,v�Ç1lqp�|)Ç5�rfkl~v`l~vregp5dkl��,y�tudkl~xwp���lqdk|stup�e«È��Pegfklq�segp)dRtu�"y�tw}be}kdk�"v�Ç'lqpËyb|,tu�rdbegf
�"�s¹9e���l��q���"}be�dk|"esyg�q�"}kdbegfklqprn ½ �,tw}be�v9�rfbx5y�e�v��rfbesdbx�l~vregp)dkl��³Çdk|"e1�sx5vreg�¾xu�Cdk|"e`eg�~e�ygdkfbxwprl~y`y�xw���Pxwp"egp)d:�r�åtwy�eg�segp5d:�rfbx)y�e�}b}zlqp-�rl~yRj ½ tup"v-�r�åtwy�e��twyb|rlqp"e�}Kõ³y«�k���"nV�"fbeË�V� �iög� { |rl~}�e«È���egfklq�segp5dRtu�z��xwfkj ��lq�q�zvreg�sxwp"}kdkfRtudbe-dk|,tudl~vregp)dkl��,y�tudkl~xwp'l~}�lqp"vre�e�v't�h5låtu�r�~eZ��t�Ç�xu�Cxw�rdRtulqprlqprn�|5Ç5�rfkl~v��sx)vreg�~}Mlqp.�rfRtwygdkl~y�eV�tup"vs��lq�q�Ptu�q}bx
}k|"x��&dk|"e�p"e�e�v��²xwfClqp"y�xwfk�PxwfRtudklqprn`dk|"ezt:�rfkl~xwfkl�j5p"x����~e�v�nieMlqp)dbx1dk|"el~vregp)dkl��,y�tudkl~xwp'�rfbx)y�e�v��rfbe�}��
NQP ü"û:-±+ �ó�2²�@0²�@ ��xwp"}kl~vregfztun)tulqp��,nV�rfbes�V� ���C�M�qdk|"xw�rnV|.db|"e:�sx5vre1}k��lqdbyb|-vrx)e�}p"xwdZtu�q��t�Ç�}:x)y�yg�rf1tud1t��rÈre�v'|"egl�nV|5dZxu��dk|"e`|"e�twv!õ¡��e�y�tu�"}be�xu��dk|"e�v�Ç5p,tu��l~y�}Zxu�
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dk|"e � ��¯�ög�u��lqdk|�tzvregnVfbe�e�xu�Py�egfkdRtulqp)doÇ�v"tudRtM�Pxwlqp)db}���eg�~x$�SR�tzy�egfkdRtulqp�|"eglqnV|)d���t�Ç�PeMtudkdkfklq�r�rdbe�v�dbx1dk|"e��³fbe�e��sx)vreV��tup"v;�5tup,tu�~xwnixw�"}k�qÇsv"tudRtZ�Pxwlqp)db}�tu�Px�h)eMt1y�egfkdRtulqp|"eglqnV|5dZ��t�Ç'��estudkdkfklq�r�rdbe�v�dbx�dk|"e�lq���,twygdZ�sx5vreV� ± tudRt��Pxwlqp)db}Zdk|,tudZ��eg�~xwprn.dbx}Rtudk�rfRtudkl~xwp"}�y�tup.tu�~}bx
�Pezv�l~}kdklqprnV�rl~}k|"e�vN��¹ËeM��xw�r�~v��qlqjieMdbx`�"}beMdk|rl~}�lqp��²xwfk��tudkl~xwpxwp�dk|"e��sx5vre�}Cxu��dk|"e��r|5Ç�}kl~y�tu�r}kÇ�}kdbeg� tup"v�dbxz�²xwfby�e�dk|"e�l~vregp)dkl��,y�tudkl~xwp��rfbx)y�e�v��rfbedbxMl~vregp)dkl��³Ç1dk|"e��sx5vreg�5��|"egfbe��sx)vre�}¾y�tup`�Pe�lqp)dbegfk�rfbegdbe�v`lqp`dbegfk�s}¾xu�"�¡fRegeV�wlq���,twygdtup"v.}Rtudk�rfRtudkl~xwp.�sx5vre�}Mxu�¾dk|"e:�r|5Ç�}kl~y�tu�;}kÇ�}kdbeg�.�
·zxwp"e�xu��dk|"e�dk|rfbe�e��rfbx)y�e�v��rfbe�}C�rfbe�}begp5dbe�vstu��x$h)e�l~}�e�Ð)�rlq�r�Pe�v�dbx:lqp"yg�q�"vre�}k�"yR|fbe�Ð)�rlqfbeg�segp5db}���¼¿p-yb|,tu�rdbegf:Ï���e:��l��q�Ãvreghieg�~xw�Kt`p"x$hieg�;l~vregp5dkl��,y�tudkl~xwp'�rfbx)y�e�v��rfbeV�dk|,tud�l~}stu�r�~e8dbx'|,tup"v��~e8db|"e��rfbx$h5l~vre�v�t-�rfkl~xwfkl�j5p"x$���~e�v�nieV�»¼¿p!xw�rf��rfbx)y�e�v��rfbedk|"eK�rprj5p"x���p4��tufRtu�segdbegfb}-tufbeKdkfbe�tudbe�vòtw}8fRtup"vrxw� hVtufklåtu�r�~e�}��Ztup"v vre�}bygfklq�Pe�v��lqdk|!�rfbxw�,tu�rlq�qlqdoÇ!vregp"}klqd¿ÇË�³�rp"ygdkl~xwp"}�� { |"e.t�hVtulq�åtu�r�~e-t'�rfkl~xwfkl�j5p"x$���~e�v�nie8��t�Ç�Pes�²xwfk�
�r�åtudbe�v»�5Ç9yR|"x)xV}klqprnKdk|"e8t.�rfkl~xwfkl��"fbxw�,tu�rlq�qlqd¿Ç»vregp"}klqdoÇK�³�rp"ygdkl~xwp!xu��dk|"e�,tufRtu�segdbegf��s¹9e���l��q��yg�åtw}b}kl��³Ç'dk|"e�v"tudRt�xwp"e���xwlqp5d`tud
t�dklq�seV�Ãtup"v�fbe«�"p"e�dk|"e�t�rfkl~xwfkl¾lqp��²xwfk��tudkl~xwpK�"}klqprn8¯�t�Ç)e�}�d,fk�r�~eV�M¹9e
��lq�q��tu�~}bx��rfbx$h5l~vre�ts��t�Ç.dbx��"}be1dk|"e

FÆ�rp"vre�ygl~v"tu�r�~e�G
v"tudRt��Pxwlqp)db}��r��lqdk|"xw�rdzv�l~}by�tufbv�lqprn�dk|"eg�Sõ³y«�k��e«È"tu���r�~e�}
�V� �"� �stup"v�V� �"� Ì ö«�
�9�(T IKJMLK@NBPORQS@;GsTVU
{ x-�rfkl~v�nie�dk|"e�n)tu�»dk|,tud�e«È�l~}kdb}
�Pegd¿��e�egp»dk|"e�dk|,egxwfbÇËtup"v»�rfRtwygdkl~y�e���e�lqp"yg�q�"vredk|rfbe�eZe«È��Pegfklq�segp)dRtu�ìy�tw}beZ}kdk�"v�l~e�}�dbx�ygxw���"�qeg�segp5d�dk|"e:dk|"e�xwfbegdkl~y�tu�;fbe�}k�r�qdb}�xu�Ãdk|"edk|"e�}kl~}�� { |rl~}Z��lq�q��vreg�sxwp"}kdkfRtudbe�dk|"e�tu�r�r�ql~y�tu�rlq�qlqdoÇ�xu��dk|"e��rfbe�}begp5dbe�v�dk|"e�xwfbegdkl~y�tu�fbe�}k�r�qdb}��¼¿p»yb|,tu�"dbegf�����es��lq�q���rfbe�}begp)d�t.y�tw}be�}kdk�"v�Ç9xwp t.v�fklq�q� ½ }kdkfklqprnK}begdk�r�;� { |rl~}e«È��Pegfklq�segp)dRtu�r}begdk�r�`l~}ìfbe�tu�qlq��e�v�tudÃdk|"e ± Ç5p,tu��l~y�}�tup"v���xwp)dkfbxw� { e�yR|rp"xw�~xwnVÇ
�åtu��x ½fRtudbxwfkÇ�tud�dk|"ez�'e�yR|,tuprl~y�tu�N��prnVlqp"e�egfklqprn ± eg�,tufkdk�segp)d�xu�;dk|"ez��lqp"v�|"x$hiegp��Mprlqh)egf ½}klqdoÇ�xu� { e�yR|rp"xw�~xwnVÇi�M�ºp)�r�`��egf:xu���³fkl~ygdkl~xwp-lqp"vr�"y�egv�tup"v.h5lq�rfRtudkl~xwp'�r|"egp"xw�segp,ty�tup.��eZxw�"}begfkh)e�v8lqp�dk|"e1}begdk�r�;���Mp-twy�yg�rfRtudbeZ�sx5vreg�ìxu�Ãdk|"e1}begdk�r����tw}�xw�rd«tul�p,egv�5Ç��-lq|,tumo�~x�h5l�ùZegdMtu�Æ�Nõ²�V�V�u�5ö«��ñ"xwf�xw�rf��r�rfk��xV}be�}���e:��lq�q�N�"}beZt�}klq���r�ql��,e�v8�sx5vreg�lqp.dk|"e:�²xwfk�ôxu��ÀN�rf�d e
}kÇ�}kdbeg�ø��lqdk|'t�p"xwp ½ }k�sx)xwdk|'}begd ½ hVtu�q�"e�v��³fkl~ygdkl~xwp.�åt��1��ÅM�rf�sx5vreg�Cy�tupËvre�}bygfklq��es}bxw�se�xu��dk|"e��³fkl~ygdkl~xwp�lqp"v��"y�e�v��r|"egp"xw�segp,t��ì�sxV}kdZp"xwdRtu�r�qÇ�³fkl~ygdkl~xwp»lqp"v��"y�e�v»}k�qlq� ½ }kdkl~ybj9xV}byglq�q�åtudkl~xwp"}��K�)�qlq� ½ }kdkl~ybjËxV}byglq�q�åtudkl~xwp"}`|,t�h)e�t�|)Ç5�rfkl~vyR|,tufRtwygdbegf��Ptw}M}k�qlq�Ktup"v-}kdkl~ybj��sx)vre�}zy�tup-��e
yg�~e�tufk�qÇ.v�l~}kdklqprnV�rl~}k|"e�vN��¹9eZ��lq�q�Ãvre ½}klqnVp8tup"v�lq���r�~eg�segp5d�tup�xw�"}begfkh)egf�tup"vsvreg�sxwp"}kdkfRtudbeMdk|,tud�dk|"eMvre�}klqnVp"e�v�xw�"}begfkh)egfl~}:tu�r�~e
dbx�twy�yg�rfRtudbeg�qÇ-fbe�y�xwp"}kdkfk�"ygd:dk|"e1�rpr�se�tw}k�rfbe�vK}kdRtudbe�}zxu�Cdk|"e`}begdk�r�;�,�rp"vregfdk|"e�y�xwp"v�lqdkl~xwp"}�y�tu�rdk�rfbe�v»�5Ç�dk|"e��sx)vreg�Æ� � fRtwygdkl~y�tu��}kÇ�}kdbeg�s}
��lqdk|!}klq��lq�~tuf�v�Ç ½
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p,tu��l~y�}��,�²xwfZe«È"tu���r�~eV�;tufbe`vre�eg� ½ }be�t8xwlq� ½ v�fklq�q�ql�p"n.e�Ð)�rlq�r�segp)dZ��lqdk|9t�v�fklq�q� ½ }kdkfklqprn"�tup"v�fbxwdbxwf��segyR|,tuprl~y�tu�Ã}kÇ�}kdbeg�s}���lqdk|.vrfkÇ��³fkl~ygdkl~xwp;�¼¿p.yb|,tu�rdbegf Ì ��e:��lq�q�;vre�}klqnVp'tup.xw�"}begfkh)egf��²xwfMt`�rl~e�y�eg��l~}beZ�qlqp"e�tuf���e�tu� ��lqdk|t1xwp"e ½ }klqv"egv�}k�rfklqprn"� { |rl~}�e«È���egfklq�segp5dRtu�P}begdk�r��l~}�tu�~}bx1fbe�tu�qlq��e�v8tud�dk|"e ± Ç5p,tu��l~y�}tup"v9��xwp)dkfbxw� { e�yR|rp"xw�~xwnVÇ'�åtu��xwfRtudbxwfkÇ�tud:dk|"e��'e�yb|,tuprl~y�tu�C��prnVlqp"e�egfklqprn ± eg�,tufkd ½�segp)dMxu�¾��lqp"v�|"x$hiegp'�Mprlqhiegfb}klqdoÇ�xu� { e�yR|rp"xw�~xwnVÇi���)dRtufkdklqprn��³fbxw�ôt
�"prlqdbe1eg�~eg�segp)d�sx)vreg�Ztup"v��"}klqprnË�sx5vreg�Mfbe�v��"ygdkl~xwp dbe�yb|rprl~Ð)�"e�}�dk|"e.�sx)vreg�:xu�1dk|"e-}begdk�r�&��tw}xw�rdRtulqp"e�vKlqp�dk|"e`�³xwfb� xu��t��rlq�sx5v"tu���rl~e�y�eg��l~}be��qlqp"e�tuf1}kÇ�}kdRe«� ��lqdk|9y�xwp5dklqp)�"xw�"}v�Ç5p,tu��l~y�}���¹9e:��lq�q�ìvreg�sxwp"}kdkfRtudbe1dk|,tud�dk|"e1vre�}klqnVp"e�v.xw�"}begfkh)e«f�l~}Mtu�r�~eZdbx�fbe�y�xwp ½}kdkfk�"ygd`dk|"e�}kdRtudbe�xu�Mdk|"e�}kÇ�}kdbeg�0��lqdk| dk|"e8twy�yg�rfRtwygÇËdk|,tud`l~}�y�xw���se«p,}k�rfRtudbe�dbxdk|"e1twy�yg�rfRtwygÇ8xu�Ãdk|"e:�sx)vreg�Æ� � fRtwygdkl~y�tu�ì}kÇ�}kdbeg�s}���lqdk|.}klq��lq�åtufMv�Ç5p,tu��l~y�}�tufbeV���²xwfe«È"tu���r�~eV�"}k�"}k��egp"}kl~xwp.�rfkl~v�nie�}ztup"v��r�rlq�~v�lqprn�ygfRtup"e�}��¼¿p»yb|,tu�rdbegfb}`�Ktup"v Ï���es��lq�q��l~vregp)dkl��³Ç�dk|,es�rfbx5yge�}b}�xu��dk|"e�eg�~e�ygdkfbxwprl~y8y�xw� ½��xwp"egp5d��r�åtwy�eg�segp)dMlqp��rl~yRj ½ tup"v ½ �r�åtwy�e1��twyb|rlqp"e�}�� { |rl~}�e«È���egfklq�segp5dRtu�Ã}be«db�r����tw}fbe�tu�qlq��e�v tud�dk|"e'���~e�ygdkfkl~y�tu�Z��prnVlqp"e�egfklqprn ± eg�,tufkdk�segp5d�xu�1dk|"e'��lqp"v�|"x�h)egp �Mprl ½hiegfb}klqdoÇ-xu� { e�yb|rp"xw�~xwnVÇ)�Nlqp�y�xw�q�åtu��xwfRtudkl~xwp9��lqdk|Kdb|"e�y�xw���,tup)ÇK�z}b}beg�
�r�~e�xwp'�³fbxw���lqp"v�|"x�h)egp;�Ë�Mprlq�åtudbegfRtu��y�xwp"}kdkfRtulqp5db}stup"v }Rtudk�rf«tudkl~xwp �r|"egp"xw�segp,t�yb|�tufRtwygdbegfklq��edk|"ez|)Ç5�rfkl~v8v�Ç5p,tu��l~y�}�xu�ìdk|"ez�rfbx5yge�}b}��¾¹ËeM��lq�q�Nxw�rdRtulqp��sx)vreg�~}�xu�ìdk|"ez�rfbx5y�e�}b}�lqpdk|"e � ¹K�z�9e��²xwfk�.�w�"fb}kd¾��lqdk|�dk|"e�yg�q�"}kdbegfklqprn ½ �,tw}be�v��rfbx5y�e�v��rfbeMtup"v�}k�r�"}be�Ð)�"egp)d ½�qÇ���lqdk|�xw�rfzp"eg���qÇ-vregh)eg�~xw��e�v'l~vregp)dkl��,y�tudkl~xVpK�rfbx5y�e�v��rfbeV�z¹Ëe
��lq�q�¾vreg�sxwp"}kdkfRtudbedk|,tud � ¹K�z�9e �sx)vreg�~}�tufbe�tu�r�~e�dbxKy�tu�rdk�rfbe8dk|"e8v�Ç5p,tu��l~y�}�xu�Mdk|"e8}begdk�r�;��¹Ëe��lq�q�;tu�~}bx`vreg�sxwp"}kdkfRtudbe:|"x$� dbx`�"}beM�r|5Ç�}kl~y�tu�Pl�p,}kl�nV|5db}�tup"v8t
�rfkl~xwfklPj5p"x$���~e�v�niezlqpxwfbvregf�dbx�lq���rfbx$hieZdk|"eZfbe�}k�r�qdb}�xu�¾dk|"eZl~vregp)dbl ��y�tudblqxVp;�
�9�Xb Ó Ô�@NBCÔ�O�@SÊ
{ |"eC��tulqp`fbe�}k�r�qdb}Ãxu�"dk|rl~};db|"e�}klq}¾tufbe��rfbe�}begp)dbe�v
lqp1�²xw�rfÃyR|,tu�rdbegfb}��u��|rl~yR|�tufbeC�,tw}be�vxwp'�r�r�r�ql~}k|"e�vKxwf:}k�r�r��lqdkdbe�v'�,tu��egfb}��:¼¿p'yR|,tu�rdbegfZ�s��e
��lq�q�¾vre�}klqnVpKxw�,}be«fbhiegfb}:xu�ÀN�"egp)�PegfkniegfZd¿Ç5�PeZ�²xwfzdk|"e`yg�åtw}b}:xu��ÀN�rf�d e�}kÇ�}kdbeg�s}M��lqdk|K}begdzhVtu�q�"e�v-��tu�"}zlqp'dk|"e�²e�e�v��,twybj��,tudk|;��¹9eZ��lq�q�ì�rfbe�}begp)dMp"x�h)eg�;dk|"e�xwfbegdkl~y�tu��tup,tu�qÇ�}kl~}���|rl~yb|-�rfbx�h)e�}�dk|,tuddk|"e�vre�}klqnVp"e�v4xw�"}begfkh)egfb}.tufbeK��eg�q� ½ �PxV}be�v õ¡lÆ� eV� dk|,tud�dk|"egfbe�e«È�l~}kdb}�e«È"twygdk�qÇ xwp"e}bxw�q�rdkl~xwp�dbxZdk|"eMxw�"}begfkhiegf�v�Ç5p,tu��l~y�}«ö�tup"vsdk|,tud�dk|"egÇstw}kÇ5���rdbxwdkl~y�tu�q�qÇ�fbe�y�xwp"}kdkfk�"ygddk|"eK}kdRtudbe�xu�`dk|"eKxw�"}begfkh)e�v }kÇ�}kdRe«�.� ÅM�rf�fbe�}k�r�qdb}8��lq�q�Z�Pe'lq�q�q�"}kdkfRtudbe�vòxwp dk|"ee«È���egfklq�segp5dRtu�Ãy�tw}beZ}kdk�"v�Ç���lqdk|'t�v�fklq�q� ½ }kdkfklqprn�}begdk�r�;�¼¿p8yb|,tu�rdbegf Ì ��eM��lq�q�Ny�xwp"}kl~vregf�t`yg�åtw}b}�xu�ì�rlq�sx)v"tu�N�rl~e�y�eg��l~}beZt��sp"e:}kÇ�}kdbeg�s}��tup"v&�rfbxw�PxV}beKt9p"x$hieg�:y�xwp"}kdkfk�"ygdklqh)e'�rfbx)y�e�v��rfbe-�²xwf�dk|"e'vre�}klqnVp4xu�
ÀN�"egp5��egfkniegfd¿Ç5�Pesxw�"}begfkhiegfb}���¹ |"egpËdk|"esv�Ç5p,tu��l~y�}`xu��dk|"e�xw�"}begfkhie�vË}kÇ�}kdbeg� l~}
y�xwp5dklqp)�"xw�"}��dk|"e
�rfbxw�PxV}be�vKxw�"}begfkh)egfb}Ztufbe�tu�r�~e`dbx�tw}kÇ5���rdbxwdkl~y�tu�q�qÇ-fbe�y�xwp"}kdkfk�"ygd:dk|"e�}kdRtudbeV��lÆ� edk|"e1e�}kdklq��tudkl~xwp'egfkfbxwfMv�Ç5p,tu��l~y�}�l~}�nV�~xw�,tu�q�qÇ.tw}kÇ5���rdbxwdkl~y�tu�q�qÇ.}kdRtu�r�~eV��¼¿p�dk|"e1y�tw}be
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xu��v�l~}by�xwp)dklqp5�"xw�"}:v�Ç5p,tu��l~y�}Mdk|"e
xw�rdRtulqp"e�vKxw�"}begfkhiegfb}M|,t�h)e1��xw�rp"v"egvKe�}kdklq��tudkl~xwpegfkfbxwf���lqdk| fbe�}k�Pe�ygd�dbx'dk|"e�}kdRtudbe8xu�Mdk|"e�xw�"}begfkhie�v }kÇ�}kdbeg�.��¹Ëe���l��q��lq�q�q�"}kdkfRtudbexw�rf�fbe�}k�r�qdb}��5Çs}beghiegfRtu�Ntwy�twvreg��l~y:e«È"tu���r�~e�}���tup"v8tup8e«È���egfklq�segp5dRtu�Ne«È"tu���r�~ezxu�Ãt�rl~e�y�eg��l~}beZ�qlqp"e�tufM��e�tu� ��lqdk|'t�xwp"e1}kl~vre�v.}k�rfklqprn"�¼¿p8yb|,tu�rdbegf��`��eM�rfbe�}begp5d�tup8e«È���egfklq�segp5dRtu�N}kdk�"v�Çslqp�dk|"eMl~vregp)dkl��,y�tudkl~xwp.xu�¾tupeg�~e�ygdkfbxwprl~y�y�xw���Pxwp"egp)dC�r�åtwy�eg�segp)d��"fbx)y�e�}b}¾lqp��rl~ybj ½ tup"v ½ �r�åtwy�e���twyb|rlqp"e�}��Ã¹Ëe���lq�q�l~vregp5dkl��³Ç�|5Ç5�rfkl~v8�sx5vreg�~}Mxu�¾dk|"e:�rfbx5y�e�}b}����"}klqprnsdk|"e1yg�q�"}kdbegfklqprn ½ �,tw}be�v.�rfbx)y�e�v��rfbeV�¹Ëe.��lq�q�z}k|"x$�ôdk|,tud�dk|"e-l~vregp)dkl��,e�v �sx)vreg�~}�tufbeKtu�r�~e.dbx»y�tu�rdk�rfbe-dk|"e-fbeg�~e«hVtup5dv�Ç5p,tu��l~y�}:xu�Cdk|"e`e«È���egfklq�segp5dRtu��}begdk�r�;� { |rl~}zy�tw}be`}kdk�"v�Ç�Ç5l~eg�~vr}M��tup5Ç��rfRtwygdkl~y�tu�lqp"}klqnV|5db}�lqp)dRx�|5Ç5�rfkl~v�}kÇ�}kdbeg�øl~vregp)dkl��,y�tudkl~xwpì��tup"v8|rlqnV|r�qlqnV|5db}�dk|"e:p"e�e�v8�²xwf�lqp"y�xwf ½�PxwfRtudklqprnsdk|"e
t�hVtulq�åtu�r�~e`t`�rfkl~xwfkl;j5p"x$���~e�v�nieZlqp5dbx�dk|"eZl~vregp5dkl��,y�tudkl~xwp-�rfbx5yge�v��"fbeV�¼¿p�yR|,tu�rdbegf�ÏM��e���l��q�"vregh)eg�~xw��tMp"eg�!l~vregp)dkl��,y�tudkl~xwp��rfbx)y�e�v��rfbe�dk|,tud�l~}Ctu�r�~e�dbxlqp"yg�q�"vre`dk|"e
�rfbx�h5l~vre�vKts�rfkl~xwfklÃj5p"x$���~e�v�nieV�M¹9e
��lq�q�Ãdkfbe�tudzdk|"e
�rprj5p"x���p'�sx5vreg��,tufRtu�segdbegfb}stw}`fRtup"vrxw��hwtufbl~tu�"�qe�}���tup"v»vre�}bygfklq��e�dk|"eg�S��lqdk| dk|"eglqf`�rfbxw�,tu�rlq�qlqdoÇvregp"}klqdoÇ-�³�rp"ygdkl~xwp"}�� { |"e�t�hVtulq�åtu�r�~e�t8�rfkl~xwfklCj5p"x$���~e�v�nie���t�ÇK��e��²xwfk�`�r�åtudbe�v9�)ÇyR|"x)xV}klqprn�dk|,e�t'�rfkl~xwfkl��rfbxw�,tu�rlq�qlqdoÇ vregp"}klqdoÇ9�³�rp"ygdkl~xwp&xu�zdk|"e8�,tufRtu�segdbegf����)�r� ½}be�Ð)�"egp5dk�qÇi�Mdk|"eKl~vregp)dkl��,y�tudkl~xwpºtu��nixwfbl�db|r� ��lq�q�Z�rfbx5y�eg}b}�dk|"eK�rfbx�h5l~vre�v4v"tudRt }begdtup"v�fbe�yg�rfb}klqhieg�qÇ�y�xw���r�rdbeMdk|"e:tZ��xV}kdbegfkl~xwfkl��rfbxw�,tu�rlq�qlqdoÇ�vregp"}klqdoÇ��³�rp"ygdkl~xwp"}�xu�Ndk|"e�,tufRtu�segdbegfb}��"}klqprn`¯�t�Ç)e�}�difk�r�~eV�¾¹9e���lq�q���rfbe�}begp)d�tZ�sx5v�l��,y�tudkl~xwp�xu�;dk|"e��`�r�qdkl~y�t ½dbegnixwfkÇ�fbxw�r�"}kd
�qlqp"e�tuf`�rfbxwnVfRtu����lqprn'�rfbx5y�e�v��rfbeV�¾��|rl~yb|»�"}be�}1lqp��²xwfk��tudkl~xwpË�³fbxw�dk|"e�yg�åtw}b}kl��,y�tudkl~xwp��r|,tw}be�xu��dk|"estu�qnixwfklqdk|r�.�`¹Ëe`��lq�q��tu�~}bx8vreg�sxwp"}kdkfRtudbe�|"x$� dbxl~vregp5dkl��³Ç�dk|"eZ�sx5vreg�ìxu�¾dk|"e1eg�~e�ygdkfbxwprl~y
y�xw����xwp"egp5dM�r�åtwy�eg�segp5dM�rfbx)y�e�}b}��"}klqprn�dk|"ep"eg���qÇ�vregfklqhie�v��rfbx5y�e�v��rfbeV�¼¿p�yR|,tu�rdbegf��M��e�}k�r����tufklq��e�dk|"e���tulqp�fbe�}k�r�qdb}Ctup"v�y�xwp"yg�q�"}kl~xwp"}Cxu��dk|"e�dk|"e�}kl~}��¹Ëe1tu�~}bx�x�bNegfM}bxw�se:l~vre�tw}ztup"v�v�lqfbe�ygdkl~xwp"}��²xwf��³�rdk�rfbeZfbe�}be�tufRyb|;�
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¼¿p'dk|rl~}:�,tu�Pe«fZ��e`�rfbe�}begp)d1t�y�xwp"}kdkfk�"ygdklqh)e�xw�"}begfkh)egfZvre�}klqnVpK�rfbx5y�e�v��rfbe`�²xwfZtyg�åtw}b}Zxu��p"xwp"}k�sx)xwdk|Ëv�Ç5p,tu��l~y�tu��}kÇ�}kdbeg�s}��Pp,tu�seg�qÇK}kÇ�}kdbeg�s}Zxu��ÀN�rf�d e�doÇ5��e���lqdk|t8�sxwp"xwdbxwp"es�`�r�qdklqhVtu�q�"e�v9��tu�r�rlqprn'lqp9dk|"e��²e�e�v��,twyRjK�,tudk|;���¾È"tu���r�~e�}`xu��}k�"yb|}kÇ�}kdbeg�s}�lqp"yg�q�"vre'hVtufkl~xw�"}8yg�åtw}b}be�}�xu�
|)Ç5�rfkl~v }kÇ�}kdbeg�s}���}k�"yb|4tw}�fbeg�åt�Ç&}kÇ�}kdbeg�s}���qlqp"e�tuf`y�xw���r�~eg�segp)dRtwfklqdoÇ9}kÇ�}kdbeg�s}��ìeg�~e�ygdkfkl~y�tu��yglqfbyg�rlqdb}
��lqdk|Ë}k��lqdbyR|rlqprn'eg�~eg�segp)dR}tup"v8y�egfkdRtulqp8�rl~e�y�e ½ ��l~}beZt��sp"eZ}kÇ�}kdbeg�s}��¾�Mp"vregf�dk|"eZtw}b}k�r���rdkl~xwp8dk|,tud�dk|"e:xw�"}begf ½hie�v'}kÇ�}kdbeg� l~}M��eg�q�Ã�Peg|,t�h)e�vN����e
�rfbx$hie
dk|,tud:dk|"e
�rfbxw�PxV}be�v'xw�,}be«fbhiegfb}Ztufbe
��eg�q� ½��xV}be�v�õ¡lÆ� eV�Ãdk|,tud¾dk|"egfbe�e«È�l~}kdb}�tM�rprl~Ð)�"e�}bxw�q�rdkl~xwp�dbxzdk|,e�xw�"}begfkhiegf�v�Ç5p,tu��l~y�}«ö«�)tup"vdk|,tudzdk|"e`xw�"}begfkh)egfZtw}kÇ5���rdbxwdkl~y�tu�q�qÇ.fbe�y�x$hiegfb}zdk|"e�}kdRtudbe`xu�Cdk|"e`xw�"}begfkh)e�v'}kÇ�}kdbeg�.�{ |"eZfbe�}k�r�qdb}MtufbeZlq�q�q�"}kdkfRtudbe�v-xwp'tup.e«È��Pegfklq�segp)dRtu�¾y�tw}beZ}kdk�"v�Ç���lqdk|Kt�v�fklq�q� ½ }kdkfklqprn}begdk�r�;�{ |rl~}:yb|,tu�rdbegfZl~}M�,tw}be�v'xwp�µV�r�~xV}kj5l¾egdZtu�Æ�¾õ²�V�V�u�)tiö«� { |"e`e«È��Pegfklq�segp)dRtu����xwfkj�rfbe�}begp)dbe�v�lqp�}be�ygdkl~xwp�õ²��� Ïiö¾��tw}��rfbe«�²xwfk�se�v�dbxwniegdk|"egf���lqdk|�·`�)�-lq|,tumo�~x$h5l�ùV�5tup"v�l~}tu�~}bxst`�,tufkdMxu�¾|rl~} � | ± ��xwfkjP�
Çõ�y� I GsTwBÃA:Hxw�É�TVO�A�G
¼¿p9dk|rl~}1�,tu�Pegf�tup»xw�"}begfkhiegf`vre�}klqnVpË�rfbx5y�e�v��rfbes�²xwf
}kÇ�}kdbeg�s}
xu��ÀN�rf�d esdoÇ5��es��lqdk|��t$È�lq��tu���sxwp"xwdRxwp"e.�
�r�qdklqhVtu�q�"e�v&��tu�r�rlqprnËlqp�dk|"e8�²e�e�v��,twyRj �,tudk|ºõ³}be�e8�"nV�rfbe���q�$öMl~}1vregh)e«�~xw�Pe�vN�s� �`�r�qdklqhVtu�q�"e�v9xwf
}begd ½ hVtu�q�"e�vK��tu�r�rlqprn-l~}1t���tu�r�"l�p"n.dk|,tudtw}b}klqnVp"}�t�}begd�xu�Ã�PxV}b}klq�r�~e:hVtu�q�"e�}�dbx�lqdb}�lqpr�r�rdztufknV�r�segp5d��,tup"v8dk|"e1xw�rdk�r�rd�xu�¾dk|"e��tu�r�rlqprn.y�tupK�Pe�tup)Ç-hVtu�q�"e`lqpKdk|rl~}Z}begd�� { |"e`fbe�Ð)�rlqfbeg�segp5db}:dk|,tudZdk|"e`��tu�r�rlqprnl~}���t$È�lq��tu�¾tup"v.�sxwp"xwdbxwp"e
niegp"egfRtu�qlq��e
dk|"e1�"}k�,tu�q�qÇ�y�xwp"}kl~vregfbe�v'y�xwp"y�eg�rd:xu�Cy�xwp ½dklqp)�"xw�"}��C}be�ygdbxwf`��xw�rp"vre�v»p"xwpr�qlqp"e�tufklqdoÇ õ¡Äzl~v�Ç)tw}Rtun)tuf�õ¸���V� Ì ökö«�9�)Ç�}kdbeg�s}�xu��dk|"e
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y�xwp"}kl~vregfbe�vKdoÇ5��e`��t�ÇKtufkl~}be�tw}Zt�p,tudk�rfRtu�Cy�xwp"}be�Ð)�"egp"y�e�xu���sx)vreg�q�qlqprnËõ³eV� n"�Z�sx ½vreg�~}zxu�¾�³fkl~ygdkl~xwp'�r|"egp"xw�segp,t���lqv"e�tu�¾v�l~x)vre�}«ö«��xwfMdk|"e1�"}be�v-}bxw�q�rdkl~xwp'y�xwp"y�eg�rd�õ³eV� n"�ñÃlq�qlq�r�Px�h�}bxw�q�rdkl~xwp"}`õ³ñÃlq�qlq�r��x$h9õ¸��� ÍVÍ ökökö«�
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�¾È"tu���r�~e�}�xu�z}kÇ�}kdbeg�s}
xw�rdRtulqp"e�v»�)Ç9lqp)dbegfby�xwprp"e�ygdklqp"nK�qlqp"e�tuf�v�Ç5p,tu��l~y�}`lqp!t�²e�e�v��,twyRjËy�xwp��"nV�rf«tudkl~xwp!��lqdk| ��t$È�lq��tu���sxwp"xwdbxwp"e8��tu�r�rlqprn"��tw}`lqp»�"nV�rfbe����q�V�lqp"yg�q�"vre�hVtufkl~xw�"}Zyg�åtw}b}be�}Zxu��|)Ç5�rfkl~v�}kÇ�}kdbeg�s}�´zy�egfkdRtulqp��rl~e�y�e ½ ��l~}be��qlqp"e�tuf
}kÇ�}kdbeg�s}õÆ�5xwp5dRtunòõ¸��� Í �$ö~Á�µixw|,tup"}b}bxwpòtup"v �ztup5dk��egf�õ¸���V� Í ��ökö'õå�"n"� ��� �Vtiö«���qlqp"e�tuf8fbeg�åt�Ç}kÇ�}kdbeg�s};µixw|,tup"}b}bxwp`egdÃtu�Æ�)õ¸���V�V�iöCõå�"nV�rfbe���� �u��ö«�u�qlqp"e�tufìy�xw���r�~eg�segp5dRtufkl~d¿Ç
}kÇ�}kdbeg�s}õ³¶ze�eg�seg�~}�egd�tu�Æ�Nõ²�V�V�V�iö~Á5hVtup8vregfM�5yb|,t$�³d�tup"v.�5yb|5�r��twyb|"egf
õ¸���V� Í �N���V�V�iöközõå�"nV�rfbe��� �wy$ö«��tup"v!eg�~e�ygdkfkl~y�yglqfbyg�rlqdb}���lqdk|�}k��lqdbyR|rlqprn9eg�~eg�segp)db}-õ³eV� n"�Ël~vre�tu��v�l~x)vre�}����"n"���� �wyV�"��ÅZ��dkfRtup"}kl~}kdbxwfb}��ryR|,tufRtwygdbegfkl~}kdkl~y1lqp8�"n"����� �wv,ö«�{ ��x�xw�"}begfkhiegfZ}kdkfk�"ygdk�rfbe�}
tufbe`�rfbxw�PxV}be�v'lqpKdk|"e��,tu��egf��N��|rl~yb|Ëtufbe`�,tw}be�v�xwpfbegp"vregfklqprn�dk|"e1�qlqp"e�tufM�,tufkdzxu��dk|"e
egfkfbxwfzv�Ç5p,tu��l~y�}M}kdkfkl~ygdk�qÇ���xV}klqdklqh)eZfbe�tu��õÆ� � �:ö«��z}�dk|"eËy�xwp"}kl~vregfbe�vÎyg�åtw}b}.xu�s}kÇ�}kdbeg�s}-tup"v4dk|"e��rfbxw�PxV}be�vÎxw�"}begfkhiegfb}'tufbe�p"xwp ½}k�sx5xwdk|;��dbx5xw�~}8xu�1p"xwp"}k�sx5xwdk|òtup,tu�qÇ�}kl~}�tufbe-p"e�e�vre�v dbx9�²xwfk��tu�q�qÇ tup,tu�qÇ5��eKtup"v�rfbx$hie
dk|"eglqfz�rfbxw��egfkdkl~e�}��z�)lqp"y�e
dk|"e`y�xwp"}kl~vregfbe�v'}kÇ�}kdbeg�s}My�tup'�Pe1p"xwp ½ ÀNlq�"}byR|rlqdk�i�e«È�l~}kdbegp"y�eztup"vs�rprl~Ð)�"egp"e�}b}�xu�;}bxw�q�rdkl~xwp"}:õ¡lÆ� eV�Ã��eg�q� ½ ��xV}be�v�p"e�}b}«öCxu�Ndk|"e�}kÇ�}kdRe«� tup"vxw�"}begfkh)egf�l~}�p"xwd�nV�,tufRtup5dbe�e�vN���Mp"vregf�dk|"e1p,tudk�rfRtu�¾tw}b}k�r���rdkl~xwp-dk|,tudMdk|"egfbe1e«È�l~}kdb}t�}bxw�q�rdkl~xwp»xu��dk|"esxw�"}begfkh)e�v9}kÇ�}kdbeg�.�ìl�d
l~}Z�rfbx$h)e«pËdk|,tud
dk|"egfbese«È�l~}kdb}`t�}bxw�q�rdkl~xwpxu��dk|"e��rfbxw��xV}be�vËxw�"}begfkhiegf��Ãtup"v�dk|,tud1dk|rl~}1}bxw�q�rdkl~xwp9l~}Z�rprl~Ð)�"eV��¹Ëeg�q� ½ ��xV}be�v�p"e�}b}xu�Zdk|"e.}kÇ�}kdbeg� l~}�tup�lq����xwfbdRtup)d�dk|"e�xwfbegdkl~y�tu�:Ð)�"e�}kdkl~xwp;��tup"vN���³fbxw� tK�rfRtwygdkl~y�tu�}kdRtup"v��Pxwlqp)d��"l���tup-xw�"}begfkhiegfMl~}�dbx��PeZp)�r�segfkl~y�tu�q�qÇ�lq���r�~eg�segp5dbe�vN�,��eg�q� ½ �PxV}be�v�p"e�}b}l~}�p"e�y�e�}b}RtufkÇ�dbxsegp"}k�rfbeZdk|"e:�rfbxw�Pegf��Peg|,t�h5l~xwfMxu�¾dk|"eZlq���r�~eg�segp)dRtudbl~xwp;�ñ"fbxw� dk|"e'e«È�l~}kdbegp"y�e'xu�`}bxw�q�rdkl~xwp"}�dbxË��xwdk| dk|"e'xw�"}begfkh)e�v }kÇ�}kdbeg�Ftup"v&dk|"exw�"}begfkh)egf��$db|"e�e«È�l~}kdbegp"y�e�xu�"}bxw�q�rdkl~xwp"}ìdbx�dk|"e�egfkfbxwfÃv�Ç5p,tu��l~y�};�²xw�q�~x$��}��Ã¼¿d;l~}N�³�rfkdk|"egf
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}k|"x���p dk|,tud`dk|"e�xw�"}begfkh)egf`fbe�y�x�h)egfb}�tw}kÇ5���rdbxwdkl~y�tu�q�qÇËdk|"e�}kdRtudbe�xu��dk|"e8xw�"}begfkhie�v}kÇ�}kdbeg� õ¡lÆ� eV�ìdk|,tudìdk|"e�egfkfbxwfÃv�Ç5p,tu��l~y�}ìl~};nV�~xw�,tu�q�qÇ`tw}kÇ5���rdbxwdkl~y�tu�q�qÇ1}kdRtu�r�~e$ö«� { |"e�}befbe�}k�r�qdb}�tufbe�lq�q�q�"}kdkfRtudbe�v!xwp»dk|"e8e«È���egfklq�segp5dRtu��v�fklq�q� ½ }kdkfklqprn9}begdk�r�;�¾��lqdk| dk|"e�}begd ½hVtu�q�"e�v.v�fkÇ��³fkl~ygdkl~xwp.��lqdk|K�)dkfklq��e�yRj�e~bNe�ygd
õ³�-lq|,tumo�~x$h5l�ùZegdztu�Æ�;õ²�V�V�u�5ökö«��)dRtu�rlq�qlqd¿Ç xu�
ÀN�rf�d e-d¿Ç5�Pe-}kÇ�}kdbeg�s}���lqdk|ò� � � �qlqp"e�tuf��,tufkd�tup"v&dk|"e'v�l~}by�xwp ½dklqp)�"xw�"}�p,xwpr�ql�p,e�tufbl�doÇ»|,tw}���e�egp!}kdk�"v�l~e�v lqpËÂ�tuj5�r��x$h5l~yb|òõ¸���V�u�"�q���V�VÏiö«���r�rd�dk|"e�rfbxw�r�~eg� xu�Me«È�l~}kdbegp"y�e�tup"vË�rprl~Ð)�"egp"e�}b}�xu�z}bxw�q�rdkl~xwp"}
�²xwf`dk|rl~}�}kÇ�}kdbeg�s}
��tw}`p"xwdy�xwp"}kl~vregfbe�vN�C�¾È�l~}kdbegp"y�eZtup"v��rprl~Ð)�"egp"e�}b}�xu�Ã}bxw�q�rdkl~xwp"}��rtw}���eg�q�;tw}�}kdRtu�rlq�qlqdoÇ�xu�¾tu� ½dbxwp"xw�sxw�"}1ÀN�rf�d e�doÇ5��e�}kÇ�}kdbeg�s}:��lqdk|���t$È�lq��tu���sxwp"xwdbxwp"e�p"xwpr�qlqp"e�tuf1��tu�r�rlqprni}|,t�h)e��Pe�egpË}kdk�"v�l~e�v9lqp»¯�fbxwnV�qlåtudbx»õ²�V�V�u�5ö«� { |"es��tulqpËfbe�}k�r�qdb}1lqp9dk|rl~}1��tu��egf
nie ½p"egfRtu�qlq��esfbe�}k�r�qdb}:�³fbxw�0¯�fbxwnV�qlåtudbx»õ²�V�V�u�5ö:dbx8dk|"esy�tw}besxu��}kÇ�}kdbeg�s}:��lqdk|»e«È�dbegfkp,tu�lqpr�r�rdb}���Mp�xw�"}begfkh)e«f�vre�}klqnVp��segdk|"x)vrxw�~xwnVÇ��²xwf�ÀN�rf�d eMd¿Ç5�Pe�}kÇ�}kdbeg�s}���lqdk| ¿1BL£f¸�¿�¿c­'ë
¤ ¹I¾
Jf£G«.¤vE1ú }k�~xw��e8fbe�}kdkfkl~ygdbe�v p"xwpr�qlqp"e�tufklqdkl~e�}���tw}�}kdk�"v�l~e�v ��e«�²xwfbe8lqp!�Mfby�tuj tup"vÆøzx ½jixwdbx$h5l�ù�õ²�V�V���$ö«�z¶zx$��egh)egf���}klqp"y�e
p"xwp"}k�sx)xwdk|9tup"v-p"xwp ½ ÀNlq�"}byb|rlqdk��p"xwpr�qlqp"e�tufklqdkl~e�}tufbe�tu�q�~x$��e�vKlqp'dk|"e�}kÇ�}kdbeg� }kdk�"v�l~e�v'|"egfbeV�Pdk|"e`fbe�}k�r�qdb}:xu���Mfby�tuj'tup"v#øzxwjixwdbx$h5l�ùõ²�V�V���$öZtufbe�p"xwd
tu�r�r�ql~y�tu�r�~eV�¾tup"vK��e�|,t�h)e�dbx8fbe�}bxwfkdZdbx.t��³fRtu�seg��xwfkj�xu��y�xwp5hie«Ètup,tu�qÇ�}kl~}��Pdbx�e�}kdRtu�r�ql~}k|Ëtup9xw�"}begfkhiegf1vre�}klqnVp��rfbx5y�e�v��rfbe��²xwf:dk|"e�y�xwp"}kl~vregfbe�v9yg�åtw}b}xu��}kÇ�}kdbeg�s}��{ |"es�,tu�Pegf`l~}
}kdkfk�"ygdk�rfbe�v tw}1�²xw�q�~x���}��.¼¿pË}be�ygdkl~xwp!��� �.}bxw�ses�,tw}kl~y�y�xwp"y�eg�rdb}xu�¾y�xwp5hie«È.tup,tu�qÇ�}kl~}�tup"v�v�lcbNegfbegp5dklåtu�Nlqp"yg�q�"}kl~xwp"}ztufbe:nVlqhiegp;� { |"e:��tudbegfklåtu�;lqp8dk|rl~}



�,[ Ù�®nJfFH �ÄnFH SP\FyJ¯¤c¦]D¼º_B� 9ëC¢n Lì F>·]­.J�EGFH°µJõÍ±¤vE1«zy6¢n¿vE1¤vÄ�¸�¿v¢LF�¡7yó¸�¹.¹2¤�DY¦�J

}be�ygdkl~xwpËl~}
dRtujiegp9�³fbxw� { Ç5fbeg�q���Mx5ybjVt$�²eg�q�åtuf8õ¸���iów�iö~ÁÃ�M�r�rlqp tup"v ��eg�q�qlqp,t»õ¸��� Í �5ö~Á¯�fbeg��l~}1õ¸���ió Ì ö«�C¼¿p�}be�ygdkl~xwp.��� Ì dk|"e:xw�"}begfkh)egf�vre�}klqnVp8�rfbxw�r�~eg�øl~}��²xwfk��tu�q�qÇ�}kdRtudbe�vN��5e�ygdkl~xwp���� �zy�xwp5dRtulqp"}ìdk|"e���tulqp
fbe�}k�r�qdb}ìxu�rdk|"eC�,tu��egf�� { |"eCe«È��Pegfklq�segp)dRtu��e«È"tu���r�~exu�
dk|"e'v�fklq�q� ½ }kdkfklqprn!}kÇ�}kdbeg��l~}��rfbe�}begp5dbe�v&lqp }be�ygdkl~xwp4��� Ï��ztup"v y�xwp"yg�q�"}kl~xwp"}�tufbe�rfbe�}begp5dbe�v�lqp.}be�ygdkl~xwp'��� ���
Çõ�_Ç È BÃ@Y�bORQ ObG�E�BPO�@;U
¹ lqdk| L1

loc[0,∞)
tup"v L2

loc[0,∞)
��e'vregp"xwdbeKdk|"e'À;eg�Pe�}knV�"eK}k�,twy�e�}�xu�
�~x)y�tu�q�qÇlqp5dbegnVfRtu�r�~e`tup"v�}bÐ)�,tufbeZlqp)dbegnVfRtu�r�~eZ�³�rp"ygdkl~xwp"}Mvre«�"p"e�v.xwp

[0,∞)
�� ��tu�r�rlqprn

ρ : X → Y
�P��|"egfbe

X, Y ⊆ R
l �Pl~}:}Rtul~v'dbx��Pe °3¢n¿vE1¤vÄ�¸�¿v¢LF�¡ l���lqdtw}b}klqnVp"}Ãdbx:e�twyR|�eg�~eg�segp5d

x ∈ X
tM}k�r�"}begd

ρ(x) ⊂ Y
õ¡��|rl~yb|���t�Ç
��e�eg���rdoÇ"ö«� { |"evrxw��tulqp�xu��dk|"e`��tu�r�rlqprn

ρ(·) � dom ρ
l~}:vre«�"p"e�v�tw}

dom ρ = {x|x ∈ X, ρ(x) 6=
∅} �¾¹ËeZvre«�"p"eZdk|"eZnVfRtu�r|-xu�¾dk|"eZ��tu�r�rlqprn ρ

tw}�´
Graph ρ = {(x, x∗) | x∗ ∈ ρ(x)}. õ²���q�$ö

�Î�`�r�qdklqhVtu�q�"e�v���tu�r�rlqprn
ρ
l~}�}Rtul~v8dbx���e °&B�DIB�EGB�DIF �"l��

∀x1, x2 ∈ dom ρ, ∀x∗
1 ∈ ρ(x1)∀x∗

2 ∈ ρ(x2) 〈x∗
1 − x∗

2, x1 − x2〉 ≥ 0,
õ²��� �iö

��|"egfbe 〈·, ·〉 vregp"xwdbe�}�dk|"ezlqprp"egf��rfbx5v��"ygd��Cñ"xwf�e«È"tu���r�~eV��dk|"e:}begd ½ hVtu�q�"e�v���tu�r�rlqprnvreg�rl~ygdbe�v.lqp��"nV�rfbe
��� Ì l~}��sxwp"xwdbxwp"eV��¼¿d�l~}�e�tw}kÇ�dbxs}be�e:dk|,tud�dk|"e1y�xwp"v�lqdkl~xwp õ²��� �iöl~}�}Rtudkl~}¸�,e�v8�²xwf�eghiegfkÇ
x1, x2 ∈ R

�

1−

1

¥ ¤c¦2¢n fF�¶.¨ ØL©Ay:B�DIB�EGB�DIFÏ°3¸�¹.¹2¤�DY¦
�Î�`�r�qdklqhVtu�q�"e�v���tu�r�rlqprn

ρ
l~}�}Rtul~v8dbx���e °3¸�òY¤c°3¸�¿�¿c­ °&B�DIB�EGB�DIF l��¾lqdb}�nVfRtu�r|l~}1p"xwd`}kdkfkl~ygdk�qÇ�y�xwp5dRtulqp"e�vËlqp9dk|"esnVfRtu�r|»xu�Mtup5Ç�xwdk|"egf
�sxwp"xwdbxwp"e���tu�r�rlqprn"��¼¿pxwdk|"egf.��xwfbvr}��z��t$È�lq��tu�qlqdoÇ �se�tup"}.dk|,tud.p"eg�0eg�~eg�segp)db}'y�tupòp"xwd.�Pe9twvrvre�vòdbxdk|"e

Graph ρ
��lqdk|"xw�rd�h5l~xw�åtudklqprn»dk|"e.�sxwp"xwdbxwprl~yglqd¿Ç&xu�Zdk|,e���tu�r�rlqprn"�ò�M�q��dk|"e
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e«È"tu���r�~e�}8lqp&�"nV�rfbe9��� � tufbe-��t$È�lq��tu�Z�sxwp"xwdbxwp"eK��tu�r�rlqprni}�� { |"e'�sxwp"xwdbxwp"e��tu�r�rlqprn8vreg�rl~ygdbe�v'lqp'dk|"e1�"nV�rfbe���� Ì l~}Mp"xwdz��t$È�lq��tu�Æ�M·:tu�seg�qÇ)�,�)Ç'twvrv�lqprn�tup)Ç�,tulqf:xu��dk|"e1�²xwfk�
(0, a)

��|"egfbe −1 < a < 1
dbx�dk|"e`nVfRtu�r|Kxu��dk|rl~}z��tu�r�rlqprn"�P��ey�tup xw�rdRtulqp&t.�sxwp"xwdbxwp"e8��tu�r�rlqprnK��|"xV}be�nVfRtu�r|!}kdkfkl~ygdk�qÇËy�xwp)dRtulqp"}st-nVfRtu�r|!xu�dk|"e`��tu�r�rlqprn.v"e«�"lqygdbe�v�lqpKdk|"e
�"nV�rfbes��� Ì �
�Kt$È�lq��tu�q�qÇ-�sxwp"xwdbxwp"eCF¿y�xw���r�~egdkl~xwp�Gxu�¾dk|"e:��tu�r�rlqprns�³fbxw� �,nV�rfbe
��� Ì l~}�vreg�rl~ygdbe�v.lqp�dk|"e:�"nV�rfbe
��� �u�;�� ¡]¤���FH fFHD�E1¤�¸�¿�¤�DI£H¿v¢tJ¯¤1B�D õ ± ¼kö�l~}�nVlqh)egp��5Ç�tup.e«È��rfbe�}b}kl~xwp-xu�¾dk|"ez�²xwfk�

ẋ ∈ F (t, x)
õ²��� Ì ö

��|"egfbe
F
l~}CtZ}begd ½ hVtu�q�"e�v���tu�r�rlqprn"�)dk|,tud�tw}b}bx)yglåtudbe�}�dbxZdk|"e�}kdRtudbe

x
xu�Pdk|"e�}kÇ�}kdbeg�tup"v'dklq�se

t
dk|"e�}begdZxu��twv���l~}b}klq�r�~e`h)eg�~x)yglqdkl~e�}��
�Mp ¸Y®nJfB�¿v¢.EGFH¿c­6£�B�D�E1¤�DI¢LB�¢tJ õ³�M��ö�³�rp"ygdkl~xwp

x : R
+ 7→ R

n l~}�y�xwp"}kl~vregfbe�v8dbx`��eZt J�E1 fB�DY¦µJfB�¿v¢.E1¤1B�D xu�ìdk|,e ± ¼MõÆ��� Ì ö�l��õ²��� Ì öÃl~}�}Rtudkl~}¸�,e�v�tu�q�sxV}kdCegh)egfkÇ5��|"egfbeV�¾�&�Pxwlqp)d
x0
lq}�t ÅYò�F�¡�¹�B�¤�DIE�î1F[�.¢n¤�¿�¤_®� ¯¤v¢n°sñxu�¾dk|"e ± ¼:õ²��� Ì ö�l��k´

0 ∈ F (t, x0), ∀t
õ²��� �5ö

ñ"xwf�tup�e«È���xV}klqdkl~xwp�xwp�v�lcbNegfbegp5dklåtu��lqp"yg�q�"}kl~xwp"}¾}be�e�eV� n"�Ã�M�"�rlqp�tup"v���eg�q�qlqp,t�õ¸��� Í �5ö«��Mp�lq����xwfbdRtup)dMfbe�}k�r�qdMy�xwp"y�e«fbprlqprn�vrl b;e«fRe«p5dklåtu�ìlqp"yg�q�"}kl~xwp"}�xu�¾dk|"e:�²xwfk�
ẋ(t) ∈ −A(x(t)), x(0) ∈ dom A

õ²��� Ïiö
��|"egfbe

A
l~}CtM��t$È�lq��tu�"�sxwp"xwdbxwp"e���tu�"�rlqprnZl~}¾dk|,tud�dk|"egfbe�e«È�l~}kdb}CtM�rprl~Ð)�"e�}kdkfbxwprn}bxw�q�rdkl~xwp
x
��vre«�"p"e�v8xwp

[0,∞)
õ³¯�fbeg��l~}��P���ió Ì ��}be�ygdkl~xwp Ì �q�$ö«�Nõ³�M�r�rlqp.tup"v���eg�q�qlqp,t����� Í �"�"yb|,tu�rdbegf Ì ö«�{ x�niegp"egfRtu�qlq��eZdk|"ez�rfbegh5l~xw�"}�fbe�}k�r�qd�dbx�p"xwp,tu�rdbxwp"xw�sxw�"} ± ¼o}���e:y�xwp"}kl~vregf�dk|"e}kÇ�}kdbeg� xu�¾dk|"ez�²xwfk�.´

ẋ(t) ∈ −A(x(t)) + u(t), x(0) ∈ dom A
õ²��� �iö

��|"egfbe
A
l~}ìt��`�r�qdklqhVtu�q�"e�vZ��tu�r�rlqprn:tup"vZdk|"e�e«È�dbegfkp,tu�ilqpr�r�rdì}klqnVp,tu�

u ∈ L1
loc[0,∞)

�ñ"xw�q�~x$��lqprn&õ³¯�fbeg��l~}������ió Ì ��}be�ygdkl~xwp Ì � �iö1��e8vre«�"p"e�t'y�xwp5dklqp)�"xw�"}��³�rp"ygdkl~xwp
x
dbx��eKt ÍCFf¸�½OJfB�¿v¢.E1¤1B�D dbx õ²��� �iö�l��
dk|"egfbe'e«È�l~}kd8}be�Ð)�"egp"y�e�}

un ∈ L1
loc[0,∞)

tup"v
xn ∈ C[0,∞)

}k�"yR|�dk|,tud
xn
l~}Mt�}kdkfbxwprns}bxw�q�rdkl~xwp.dbx
ẋn ∈ −A(xn(t)) + un,

un → u
lqp L1

loc[0,∞)
}be«p,}be1tup"v

xn → x
�rprl��²xwfk���qÇ�xwp

[0,∞)
�

;1ý��2-C� ��
(��
 � �O�I²(�I²1�ïî��S fFHú�¤�J E §���NfØ E E1«IF�B� fFH° ØL¨ ?�ñ ¥ B� ÏE1«IFQ£f¸�JfFÏÍ±«IFHDÃE1«IFS°3¸�¹I¾
¹2¤�DY¦

A
¤�D õ²��� �iö ¤�Jõ°3¸�òY¤�°3¸�¿<°&B�DIB�EGB�DIFs°3¸�¹.¹2¤�DY¦´E1«IFH fF'F¯òY¤�J�EKJs¸ó¢nD.¤��.¢LF&Í�Ff¸�½

JfB�¿v¢.E1¤1B�D
x
EGB õ²��� �iö º_B� �F�ÄnF¯ ¯­

u ∈ L1
loc[0,∞)

¨
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{ |"es�rfbx)xu�Mxu��dk|"es�rfbxw��xV}klqdkl~xwp!��� ���q�sl~}Z�,tw}be�vËxwp�� B�J¯«.¤1¡Y¸ tu�r�rfbx�È�lq��tudkl~xwp"}õ³�M�r�rlqp tup"v»��eg�q�qlqp,tËõ¸��� Í �5ö~Áì¯�fbeg��l~}�õ¸���ió Ì ökö«�.ðzlqh)egp
λ > 0

tup"v�dk|"es��t$È�lq��tu��sxwp"xwdbxwp"e'�
�r�qdklqhVtu�q�"e�v ��tu�r�rlqprn
A
��Â�xV}k|rl~v"t»tu�r�rfbx�È�lq��tudkl~xwp

Aλ
l~}�nV�~xw�,tu�q�qÇÀNlq�"}byR|rlqdk� ö ��t$È�lq��tu�1�sxwp"xwdbxwp"e9}klqprnV�~e ½ hVtu�q�"e�v4��tu�;�z��lqdk|4dk|"e��rfbxw��egfkdoÇ dk|,tud

Aλ → A
lqpKtsy�egfkdRtulqp�}begp"}beV��tw}

λ → 0
��¼¿dMl~}��³�rfkdk|"egf:}k|"x���p'dk|,tud:}bxw�q�rdkl~xwp"}

xλxu�¾dk|"e ¡]¤���FH fFHD�E1¤�¸�¿CF[�.¢�¸LE1¤1B�D R
ẋλ = −Aλ(xλ) + u

�rprl��²xwfk���qÇ-y�xwp5hiegfknie`dbxsdk|"e
�rprl~Ð)�"e
��e�tuj.}bxw�q�rdkl~xwp�xu�Cdk|"e`v�lcbNegfbegp)dklåtu�¾lqp"yg�q�"}kl~xwpõ²��� �iög�"tw}
λ → 0

��&v�lcbNegfbegp"y�e���egdo��e�egps��e�tuj�tup"v�}kdkfbxwprnZ}bxw�q�rdkl~xwp"}�l~}¾dk|,tud�dk|"e���e�tuj�}bxw�q�rdkl~xwp;���|rlq�~e�y�xwp)dklqp5�"xw�"}��Ml~}�p"xwd8p"e�y�e�}b}Rtufklq�qÇ tu�"}bxw�q�rdbeg�qÇ y�xwp)dklqp5�"xw�"}�� ¶:x���eghiegf���dk|"e�²xw�q�~x$��lqprns|"xw�~vr}�´
;1ý��2-C� ��
(��
 � �O�I²(�I²(� î��S fFHú�¤�J E §���NfØ E ¹2 fBf¹�B�J¯¤vE1¤1B�D´ØL¨ ¶�ñ�© ¥ B� �E1«IF�£f¸�JfF'Í±«IFHD4E1«IF°3¸�¹.¹2¤�DY¦

A
¤�D õ²��� �iö ¤�J>¸s°3¸�òY¤�°3¸�¿�°&B�DIB�EGB�DIF>°3¸�¹.¹2¤�DY¦:Í�F�«�¸]Ä�F�E1«IFÏº_B�¿�¿1BtÍ±¤�DY¦

¹2 fBf¹±FH �E1¤1FyJ�©

• �_ºC¸7J�E1 fB�DY¦3JfB�¿v¢.E1¤1B�DôEGB õ²��� �iö F¯òY¤�J�EKJ E ¤vE±¤�Jõ¢nD.¤��.¢LF
• ªQD�­#ª7A4º�¢nDI£�E1¤1B�D x

Í±«.¤1£G«ó¤�J\¸�Í�Ff¸�½ÃJfB�¿v¢.E1¤1B�D4EGB õ²��� �iö ¤�J\¸�¿�JfB3¸'J�E1 fB�DY¦
JfB�¿v¢.E1¤1B�DôEGB õ²��� �iö ¨

ñ,xw�q�~x���lqprnKõ¡¹9egp;�;��� ÍVÍ �rdk|"e�xwfbeg�S�$ö«����eZy�tu�q�Ãt`�qlqp"e�tufz}kÇ�}kdbeg�
ẋ = Ax + Bu

y = Cx,

��|"egfbe
B
|,tw}¾�³�r�q�,y�xw�q�r��psfRtuprj.õ¡lÆ� eV�

Ker{B} = ∅ ö«�i}kdkfkl~ygdk�qÇ���xV}klqdklqh)e�fbe�tu�ÃõÆ� � �:öl��¾dk|"egfbe1e«È�l~}kdMt
P = P> > 0

tup"v-t
Q = Q> > 0

}k�"yR|�dk|,tud�´
PA + A>P = −Q

õ²��� ówtiö
B>P = C

õ²��� ó$��ö
û \Y� 
�`m��� �	���]`	� 
�����ý��	��
_ÿ��[


1/λUGÿ��Y
�`	���9ÿ��	�	� �	

Aλ

� �Z
�� ý��nÿ�� � �m��� �	���]`�� 
���
�`	�������Ký�� ��
�� ý��	�Z��W�� ��
�ÿ����ÏÿHþ����	�	� �[�	�
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Çõ�GÒ È BÃA��S��@ìQ UÃT)EZT�@ìQS@;G�T
��xwp"}kl~vregf�dk|"e1}kÇ�}kdbeg�ø��|"xV}be1}kdRtudbe1}k�,twy�eZe�Ð)�,tudkl~xwp"}ztufbeZnVlqh)egp��5Ç�dk|"e:�²xw�q�~x���lqprnv�lcbNegfbegp)dklåtu�ìlqp"yg�q�"}kl~xwp»õ³}be�ez�"nV�rfbe
���q�$ö«´

ẋ = Ax − Gw + Bu
õ²��� Í tiö

w ∈ %(Hx)
õ²��� Í ��ö

y = Cx
õ²��� Í y$ö

��|"egfbe
Hx(0) ∈ dom %

tup"v
A ∈ R

n×n � B ∈ R
n×m � G ∈ R

n×l l~}z�³�r�q�¾y�xw�q�r��pfRtuprjP�
H ∈ R

l×n tup"v C ∈ R
p×n � { |"e1��tu�r�rlqprn % : R

l → R
l l~}ztw}b}k�r�se�v�dbxs��e��t$È�lq��tu�q�qÇ8�sxwp"xwdbxwp"eV�

^ � û9ürý�` �I² ÿ ²1� ��egfkdRtulqpK�
�r�qdklqhVtu�q�"e�v'��tu�r�rlqprni}
%(·) dk|,tudZtufbe
p"xwd:�sxwp"xwdbxwp"eV�y�tup��Pe�dkfRtup"}¸�²xwfk�se�vKlqp5dbx8�sxwp"xwdbxwp,e���tu�r�rlqprni}1�)Ç'�"}klqprn��~x)xw�9dkfRtup"}¸�²xwfk��tudkl~xwpdbe�yb|rprl~Ð)�"e8õ³}be�eZ�²xwfMlqp"}kdRtup"y�e�õ¡Äzl~v�Ç5tw}Rtun)tuf��ì���V� Ì ��}be�ygdkl~xwpKÏ�� ��� �iökö1���Mp'e«È"tu���r�~exu��}k�"yR|-t���tu�r�rlqprn�l~}�nVlqh)egp.lqp��"nV�rfbe
��� Ï��,}be�ygdkl~xwp'��� Ï��C¹ lqdk|.�~x)xw�-dkfRtup"}¸�²xwfk��t ½dkl~xwp;�Pt�p"eg�Î��tu�r�rlqprn�l~}zvre«�"p"e�vN�Ptw}

%̃(z) = %(z) − Mz
�"��|"egfbe

M
l~}zt���tudkfkl�Èxu�¾tu�r�rfbxw�rfklåtudbe1v�lq�segp"}kl~xwp"}���yR|"xV}begp�}bx
dk|,tud�dk|"ez��tu�r�rlqprn

ρ̃(z)
l~}���t$È�lq��tu�N�sx ½p"xwdbxwp"eV�C¼Æ�ì��ezdk|"egp8fbeg�r�åtwy�eZdk|"e:}kÇ�}kdbeg� ��tudkfkl�È

A
lqp9õ²��� Í ö��)Ç

Ã = A−GMH
���e1xw�rdRtulqp't�}kÇ�}kdbeg�0õ²��� Í ö�dk|,tudM}Rtudkl~}¸�,e�}�dk|"e
tu��x$hieZ�segp)dkl~xwp"e�v'tw}b}k�r���rdkl~xwp"}��

¹9e
tw}b}k�r�se:dk|,tud��²xwf�dk|"e1}kÇ�}kdbeg��õ²��� Í ö�dk|"e:�²xw�q�~x$��lqprns|"xw�~vr}��
U'��� úÃû:- ��
 � �X��² ÿ ²�� ñ,xwf�tu�q��lqprlqdklåtu�P}kdRtudbe�}

x(0)
}k�"yb|�dk|,tud

Hx(0) ∈ dom ρ
tup"vlqpr�r�rdb}

u ∈ L1
loc[0,∞)

xu�:lqp5dbegfbe�}kd�����e-tw}b}k�r�se�dk|,tud�dk|"e.}kÇ�}kdbeg��õ²��� Í ö`|,tw}�t}kdkfbxwprns}bxw�q�rdblqxwpì�
ñ"xwf`t�nVlqh)egp9}kÇ�}kdbeg��õ²��� Í özxwp"esy�tup9yR|"e�ybj'dk|"ese«È�l~}kdbegp"y�e�xu��}bxw�q�rdkl~xwp"}Z�"}klqprn}bxw�sesxu��dk|"esnie«p,e«f«tu��fbe�}k�r�qdb}
dk|,tud�tufbe�t�hVtulq�åtu�r�~eslqpËdk|"es�qlqdbegfRtudk�rfbeKõ³�M�r�rlqp tup"v��eg�q�qlqp,t.õk��� Í �5ö~Á"¯�fbeg��l~}`õ¸���ió Ì ökö«���Me�}k�r�qdb}�xwp-e«È�l~}kdbegp"y�e
tup"v��rprl~Ð)�"egp"e�}b}Mxu��}bxw�q� ½dkl~xwp"}
dbx.�,tufkdkl~yg�r�åtuf`lqp"}kdRtup"y�e�}�xu�8õ²��� Í ösõ³eV� n"�.y�xw���r�~eg�segp)dRtwfklqdoÇË}kÇ�}kdbeg�s}��ìfbeg�åt�Ç}kÇ�}kdbeg�s}��r�rl~e�y�eg��l~}be
�qlqp"e�tuf:}kÇ�}kdbeg�s}«ö�y�tupKtu�~}bxs�PeZ�²xw�rp"v.lqp-dk|"e
�qlqdbegfRtudk�rfbe8õ³¶ze�e ½�seg�~}Megdztu�Æ�ìõ²�V�V�V�iö~Á � xwnVfbxw�s}kj5Ç.egdztu�Æ�ìõ²�V�V� Ì ö~Á,ñÃlq�qlq�r��x$h9õ¸��� ÍVÍ ö~Á"hVtup-vregf:��yb|,t$�³dtup"v �5yb|5�r��twyR|"egf�õ¸���V� Í �����V�V�iö~Á±Ð�tu���qlq�Peg��tup"v �5yb|5�r��twyb|"egf.õ²�V�V�V�iö~Á±Ð�tu����lq�Peg�egdMtu�Æ�ìõ²�V�V� Ì ökö«�{ |"e��"fb}kds�rfbxw��xV}be�v&xw�"}begfkh)egf'õ�FÆ�,tw}kl~y�G.xw�"}begfkhiegf�}byb|"eg�se$ö`�²xwfsdk|"e-}kÇ�}kdbeg�õ²��� Í ö�|,tw}�dk|"e:�²xw�q�~x���lqprn��²xwfk�.´

˙̂x = (A − LC)x̂ − Gŵ + Ly + Bu
õ²��� �Vtiö

ŵ ∈ %(Hx̂)
õ²��� �u��ö

ŷ = Cx̂
õ²��� �wy$ö
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��|"egfbe
L ∈ R

n×p tup"v Ĥx̂(0) ∈ dom %(·) �{ |"e�}be�y�xwp"v �rfbxw�PxV}be�v xw�,}be«fbhiegf9õ�F¿e«È�dbegp"vre�v G�xw�"}begfkhiegf�}byR|"eg�se$ö�|,tw}�dk|"e�²xw�q�~x$��lqprn��²xwfk�.´
˙̂x = (A − LC)x̂ − Gŵ + Ly + Bu

õ²���q���Vtiö
ŵ ∈ %((H − KC)x̂ + Ky)

õ²���q���u��ö
ŷ = Cx̂

õ²���q���wy$ö
��|"egfbe

K ∈ R
l×p tup"v x̂(0)

tufbe:}k�"yR|8dk|,tud
(H −KC)x̂(0) + Ky(0) ∈ dom %(·) �{ |"e��,tw}kl~y�xw�"}begfkh)egfCl~}�tZ}k�Pegyglåtu��y�tw}be�xu�Pdk|"e�e«È�dbegp"vre�v�xw�"}begfkhiegfC��lqdk|

K = 0
�{ |"eMfbe�tw}bxwp��²xwf�dkfbe�tudklqprn�dk|"e�}beMd¿��x`y�tw}be�}�}beg�,tufRtudbeg�qÇsl~}�dk|,tud�dk|"eM��eg�q� ½ �PxV}be�v�p"e�}b}y�xwp"v�lqdkl~xwp"}:�²xwf:dk|"e`do��x��rfbxw�PxV}be�v�xw�"}begfkhiegfb}sõ¡lÆ� eV�1y�xwp"v�lqdkl~xwp"}:�²xwf:dk|"e�e«È�l~}kdbegp"y�etup"vZ�rp"lqÐ)�,e«p,eg}b}Ãxu�r}bxw�q�rdkl~xwp"}«ö;tufbeC}bxw�seg��|,tudÃv�lcbNegfbegp)d��Ã�M�~}bxr�$dk|"e���eg�q� ½ �PxV}be�v�p"e�}b}�rfbx5xu�²}Mtufbe:�sxwfbeZfbe�twv"tu�r�~e1l��Ãdk|"e1y�tw}be�}Mtufbe:dkfbe�tudbe�v-}beg�,tufRtudbeg�qÇi���)dRtu�rlq�qlqdoÇ�xu�Ãdk|"eegfkfbxwf�v�Ç5p,tu��l~y�}���lq�q���PeMdkfbe�tudbe�v�xwpr�qÇ��²xwf�dk|"e:y�tw}bezxu�ìdk|"eze«È�dbegp"vre�v�xw�"}begfkhiegf��rtw}dk|"eZfbe�}k�r�qd��³xwf�dk|"e:�,tw}kl~y1xw�"}begfkhiegf��²xw�q�~x���}�dk|"egp.lq���se�v�låtudbeg�qÇi�

Çõ��H ¡ E�ObG BÃ@;U�w��$TVU
{ |"e��rfbxw�r�~eg� xu�zxw�"}begfkhiegf�vre�}klqnVp y�xwp"}kl~}kdb}�lqpË�"p"v�lqprn�dk|"e�n)tulqp

L
õ
L, K

��fbe�} ½�Pe�ygdklqhieg�qÇ"ö���|rl~yb|4��lq�q�:nV�,tufRtup5dbe�eKdk|�tud8dk|"egfbe�e«È�l~}kdb}�tË�rprl~Ð)�"e�}bxw���"dkl~xwp
x̂
�²xwfdk|"e9xw�"}begfkhiegf.v�Ç5p,tu��l~y�}-xwp

[0,∞)
�Ztup"v4dk|,tud

x̂(t) → x(t)
tw}

t → ∞ � ¼¿pdk|rl~}`}be�ygdkl~xwpË��es��lq�q���rfbx�h)esdk|,tud
l��
L
tup"v

K
tufbe�yR|"xV}begp»}k�"yR|9dk|,tud`dk|"esdkfklq�r�~e

(A − LC, G, H)
õ¡fbe�}k�Pe�ygdklqhieg�qÇ

(A − LC, G, H − KC)
öZl~}�� � � dk|"e�xw�rdRtulqp"e�vxw�"}begfkh)egfZõ²��� �iö:õkõ²���q���iög�)fbe�}k�Pe�ygdklqhieg�qÇ"öC��lq�q�N}Rtudkl~}¸�³Çsdk|"ez�segp)dkl~xwp"e�v8fbe�Ð)�rlqfbeg�segp5db}��¯�e«�²xwfbe���e��rfbx�h)e�dk|rl~}1��e���lq�q�C�"fb}kd1}k|"x$� |"x�� dk|"e�n)tulqp"}

L
tup"v

K
y�tup9��ey�xw���r�rdbe�v.}k�"yR|8dk|,tud

(A−LC, G, H −KC)
l~}M� � �
� { |rl~}�y�tup���e1twyb|rl~egh)e�v8�)Ç}bxw�qh5lqprnsdk|"e:��tudkfkl�È�lqp"e�Ð)�,tu�qlqdoÇP´

(A − LC)>P + P (A − LC) < 0
õ²���q�V��tiö

G>P = H − KC.
õ²���q�V�g��ö

¼¿p"e�Ð)�,tu�qlqdoÇ õ²���q�V�$ö1l~}�t.�qlqp"e�tuf���tudkfkl�È»lqp"e�Ð)�,tu�qlqdoÇ9lqp hVtufklåtu�r�~e�}
P
�
K
�
L>P

�Kñ,xwfp"e�y�e�}b}RtufkÇ�tup"v9}k�Y��ygl~egp)d
y�xwp"v�lqdkl~xwp"}Z�²xwfZdk|"e�e«È�l~}kdbegp"y�esxu��}bxw�q�rdkl~xwp"}:�²xwf�õ²���q�V�$ög�}be�ez�²xwf�lqp"}kdRtup"y�eV�,�Mfby�tuj�tup"v¼øMxwj)xwdbx�h5l�ù�õ²�V�V���$ö�tup"v�fbe«�²egfbegp"y�e�}�dk|"egfbeglqp;�{ x��rfbx�h)e8dk|,tudsdb|"e-� � �ô�rfbxw��egfkdoÇ!xu�
(A − LC, G, H − KC)

nV�,tufRtup5dbe�e�}dk|"e���eg�q� ½ ��xV}be�v�p"e�}b}�xu�:dk|"e-xw�"}begfkhiegf�����e.}kdRtufkd�xu�Z��lqdk|�do��x��~eg����tw}�xwp���eg�q� ½�PxV}be�v�p"e�}b}��¾·:xwdbeMdk|,tud���eg�q�P�PxV}be�v�p"e�}b}�xu�ìdk|"e:xw�"}begfkhiegfb}1õ²��� �iö�tup"v�õ²���q���iöCl~}�tu�~}bxe�}b}begp5dklåtu�Nlqp-egp"}k�rfklqprnsdk|"eZ�rfbxw��egf��Peg|,t�h5l~xwfMxu�Ct�p)�r�segfkl~y�tu�ìlq���r�~eg�segp5dRtudkl~xwp;�



¶.¨ ?Y¨¢yó¸�¤�D  fFyJ�¢n¿vEKJ ÿ �
" � ûËû9ü �I²�@0²1� ACB�D,J¯¤1¡.FH µE1«IF\J�­.J�EGFH° õ²��� Í ö ¢nDI¡.FH s¸�JHJ�¢n°7¹�E1¤1B�Dô¶.¨ ØL¨ ¶ E ¸�DI¡ôE1«IFBL®nJfFH �Ä�FH  õ²��� �iö ¨��_º<E1«IFõE1 ¯¤ ¹2¿1F

(A−LC, G, H)
¤�J9·LÌA@ E E1«IFHDóE1«IF�BL®nJfFH �ÄnFH Ï¡t­YD�¸n¾°�¤1£yJ õ²��� �iö «�¸�JÏ¸3¢nD.¤��.¢LF7ÍCFf¸�½&JfB�¿v¢.E1¤1B�DóB�D

[0,∞)
¨

Ì� fB�B�º¯© �)lqp"y�e
dk|"e1dkfklq�r�~e
(A − LC, G, H)

l~}Z� � � tup"v
G
|,tw}��³�r�q�Ãy�xw�q�r��pfRtuprj�dk|"egfbeZe«È�lq}kd

P, Q
dk|,tud�}Rtudkl~}¸�¡Ç�õ²��� óVög�¾¼¿p5dkfbx)v��,yge:dk|"eZyb|,tuprnieZxu�ÃhVtufklåtu�r�~e�}�lqpõ²��� �iög´

z = Rx̂
õ²���q���iö

��|"egfbe
RR = P

� { |"egp;�ìõ²��� �iö�dkfRtup"}¸�²xwfk�s}�lqp5dbxr´
ż = R(A − LC)R−1z − RGŵ + RBu + RLy

õ²���q� Ì tiö
ŵ ∈ %(HR−1z)

õ²���q� Ì ��ö
ŷ = CR−1z

õ²���q� Ì y$ö
�)lqp"y�e

Hx̂(0) ∈ dom %(·) �Ã��e�|,t�h)e HR−1z(0) ∈ dom %(·) � ± e«�"p,esdk|"e���tu� ½�rlqprn
f : R

n → R
n tw} f(z) = R−1H>%(HR−1z)

��·zxwdbe�dk|,tudZ�"}klqprn�dk|"e�� � �y�xwp"v�lqdkl~xwp»õÆ��� ó$�Pög�;õ²���q� Ì ö�y�tup.p"x��ò�Pe:��fklqdkdbegpKtw}�´
ż ∈ R(A − LC)R−1z − f(z) + RBu + RLy

õ²���q�g�5ö
��|"egfbe

z ∈ dom f(·) �
ñ"fbxw� dk|"e�� � � y�xwp"v�lqdkl~xwp&õ²��� ó$��öMlqdz�²xw�q�~x$��}:dk|,tud
H
tup"v

HR−1 |,t�hie.�³�r�q�Mfbx$� fRtuprjP�Mtup"v&dbxwniegdk|"egf8��lqdk| dk|"e.�Ætwygd�dk|,tud
%
l~}���t$È�lq��tu��sxwp"xwdbxwp"e���e`|,t�h)e`dk|,tud

f
l~}:��t$È�lq��tu�¾�sxwp,xwdbxwp"estw}z��eg�q��õ { Ç5fbeg�q���Mx5ybjVt$�²eg�q�åtuftup"v�¹9egdb}��N���V� Í �rdk|"e�xwfbeg�S����� � Ì ö«�ñrfbxw�ôdk|"e�� � �ºy�xwp"v�lqdkl~xwp õÆ��� ówtiö�lqd��²xw�q�~x$��}�dk|,tud

R(A − LC)R−1 + R(A −
LC>)R−1 l~}Cp"egn)tudklqh)eMvre«�"prlqdbeV��¶zegp"y�e�dk|"e���tu�r�rlqprn z → −R(A−LC)R−1z +
f(z)

l~}���t$È�lq��tu�Z�sxwp"xwdbxwp"e õ { Ç5fbeg�q�1�Mx5ybjVt$�²eg�q�åtuf-tup"v ¹Ëegdb}��:���V� Í �:y�xwfbxw�q�åtufkÇ����� �V�5ö«�&�)lqp"y�e8dk|"e�y�xwp5dkfbxw�M}klqnVp,tu�
u
�ql~e�}�lqp L1

loc[0,∞)
�C�)Ç!tw}b}k�r���rdkl~xwp&��� Ì � ���tup"v

y
l~}`�z�z�¾tup"vË|"egp"y�e

y ∈ L1
loc[0,∞)

��e«È�l~}kdbegp"y�e8tup"v»�rprl~Ð)�"egp"e�}b}�xu�M��e�tuj}bxw�q�rdkl~xwp"}�dbx-õ²���q�g�5ö�tup"vËõ²��� �iö��²xw�q�~x��4�³fbxw�ø�rfRxw��xV}klqdkl~xwpK��� ���q�V�
^ � û9ürý�` �I²�@0²(� { |"e`�rfbx5xu��xu���~eg����t8��� �"�q��e«È�dbegp"vr}:dk|"e`�rfbx)xu��xu���~eg����t'�`lqp¯�fbxwnV�qlåtudbx-õ²�V�V�u�5ö�dbx�dk|"eZp"xwp ½ tu�rdbxwp"xw�sxw�"}zy�tw}beV�
¼¿p!dk|"e��²xw�q�~x$��lqprn9�~eg����tK��e-twvrv�fbe�}b}�dk|"e.Ð)�"e�}kdkl~xwp"}sxu�:��eg�q� ½ �PxV}be�v�p"e�}b}�xu�:dk|"ee«È�dbegp"vre�v.xw�"}begfkh)e«fM}byR|"eg�seV�
" � ûËû9ü �I²�@0² ÿ ACB�D,J¯¤1¡.FH 7E1«IF�J�­.J�EGFH° õ²��� Í ö E ¢nDI¡.FH õ¸�JHJ�¢n°7¹�E1¤1B�DÃ¶.¨ ØL¨ ¶ E ¸�DI¡ÃE1«IFBL®nJfFH �Ä�FH  õÆ�������iö ¨ô�_º7E1«IF¼E1 ¯¤ ¹2¿1F

(A − LC, G, H − KC)
¤�J3·LÌA@ E E1«IF BL®nJfFH �Ä�FH ¡t­YD�¸�°�¤1£yJ õ²���q���iö «�¸�J�¸3¢nD.¤��.¢LF7Í�Ff¸�½ JfB�¿v¢.E1¤1B�DóB�D

[0,∞)
¨
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Ì� fB�B�º¯© �)lqp"y�e�dk|"e�dkfklq�r�~e
(A − LC, G, H − KC)

l~}`� � � tup"v
G
|,tw}:�³�r�q�y�xw�q�r��p fRtuprj!dk|"egfbe-e«È�l~}kd

P, Q
dk|,tud8}Rtudkl~}¸�³ÇÎõ²��� óVö«�4¼¿p5dkfbx)v��"y�e-dk|"e-yb|,tuprnie'xu�hVtufklåtu�r�~e�}�´
z = R(x̂ + g),

õ²���q��Ïiö
lqp»õ²���q���iög����|"egfbeV�,tw}��Pe«�²xwfbeV�

RR = P
tup"v.vre«�"p"e

g = (H − KC)>((H − KC)(H − KC)>)−1Ky.
õ²���q���iö

ñ"fbxw� dk|"e`� � �Áy�xwp"v�lqdkl~xwp-lqd��²xw�q�~x���}�dk|,tud
H − KC

|,tw}��³�r�q�Nfbx$�òfRtuprj9õ²tw}
H −

KC = G>P
ö«�Ntup"v'|"egp"y�e
dk|"e`lqp)h)egfb}be
lqp!õ²���q���iöMe«È�l~}kdb}��z·zxwdbe
dk|,tud:dk|"e
�,tufkdZxu�dk|"e�e«È��rfbe�}b}kl~xwp�xwp`dk|"e�fklqnV|5dÃ|,tup"v�}kl~vre�xu��õ²���q���iö;l~}�t��"}beg�"vrx ½ lqp)h)egfb}be�xu�

H−KC
�¼¿p�dk|"e1}Rtu�se:��t�Ç.tw}�lqp�dk|"eZ�rfbx)xu�Cxu�¾�~eg����t.õ²��� �"�q�$ög�;õÆ�������iö�dkfRtup"}¸�²xwfk�s}�lqp5dbxr´

ż ∈ R(A − LC)R−1z − f(z) + RBu + RLy + Rġ
õ²���q�$óVö

��|"egfbe
z(0) ∈ dom f(·) { |"e1�`�r�qdklqhVtu�q�"e�v-��tu�r�rlqprn −R(A − LC)R−1z + f(z)l~}z��t$È�lq��tu�¾�sxwp"xwdbxwp"e��5Ç-}klq��lq�åtufZtufbnV�r�segp)db}1tw}zlqpKdk|"e`�rfbx)xu��xu���~eg����t8��� �"�q�V�¯�Ç�tw}b}k�r���rdkl~xwp���e�|,t�h)e

u ∈ L1
loc[0,∞)

�
y ∈ L1

loc[0,∞)
���'xwfbe�x�h)egf��

y
l~}Z�z�tup"vsdk|5�"}ClqdC�²xw�q�~x���}�dk|,tud

ġ ∈ L1
loc[0,∞)

�¾¯�Ç�h5lqfkdk�"eMxu�N�rfbxw�PxV}klqdkl~xwp���� ���q�V�Põ²���q�$óVötup"v�|"egp"y�e�õ²���q���iö��PxV}b}be�}�t��rprl~Ð)�"eZ��e�tuj�}bxw�q�rdkl~xwp;�ñ"fbxw�F�~eg����tw}.��� �"�q��tup"v4��� �"� Ì lqd��²xw�q�~x���}8dk|,tud8��xwdk| �rfbxw�PxV}be�v xw�"}begfkh)egfb}|,t�hieV��tud
�~e�tw}kd��ì��e�tuj9}bxw�q�rdkl~xwp"}�� { x-egp"}k�rfbe�dk|"e�e«È�l~}kdbegp"y�e�xu��}kdkfbxwprn'}bxw�q�rdkl~xwp"}�sxwfbe`}kdkfklqprniegp5d:tw}b}k�r���rdkl~xwp"}z|,t�hie1dbxs�Pe1lq���PxV}be�v'xwp-dk|"e
xwfklqnVlqp,tu��}kÇ�}kdbeg� tup"v�rfbxw�PxV}be�v9xw�"}begfkh)egfb}��s¼Æ����e�y�xwp"}kl~vregf�tun)tulqp9dk|"e�lqp"yg�q�"}kl~xwp õ²���q�$óVög�ìy�xwp"}begfkhVtudklqhie}k�Y��ygl~egp5d
y�xwp"v�lqdkl~xwp"}Z�²xwf1e«È�l~}kdbegp"y�esxu��}kdkfbxwprn-}bxw�q�rdkl~xwp"}
tufbe�nVlqhiegp��²xwfZlqp"}kdRtup"y�elqp»õ³¯�fbeg��l~}��N���ió Ì �rdk|"e�xwfbeg� Ì � �iö«�r��|rl~yb|'}kdRtudbe:dk|,tud�´
• u ∈ Lloc

2 [0,∞)
�
ẏ ∈ Lloc

2 [0,∞)

• dk|"egfbe»e«È�l~}kdb}Kt!�rfbxw��egf�y�xwp)h)e«Èò�~x���egfK}beg��l~y�xwp)dklqp5�"xw�"}-�³�rp"ygdkl~xwp ξ
��lqdk|

ξ(z) ≥ δ
�5�²xwfztu���

z
tup"v�}bxw�se

δ
�r}k�"yb|.dk|,tud�´

−R(A − LC)R−1z + f(z) = ∂ξ(z)
õ²���q� Í ö

��|"egfbe
∂ξ
vregp"xwdbe�}�dk|"ez}k�r��v�lcbNegfbegp5dklåtu�Pxu�

ξ
õå�²xwf�vregdRtulq�~}�}be�eM¯�fbeg��l~}Zõ¸���ió Ì ö~Á{ Ç5fbeg�q�M�Mx)yRjVt$�²eg�q�~tuf'õ¸���iów�iö~Á { Ç5fbeg�q�M�Mx)yRjVt$�²eg�q�åtuf�tup"v!¹9egdb}-õ¸���V� Í ökö«�&ñ,xwfõ²���q� Í ö;dbxz|"xw�~vN�wlqdÃl~}Ãfbe�Ð)�rlqfbe�v`dk|,tudÃdk|"e���tu�r�rlqprn

z → −R(A−LC)R−1z+
f(z)

}Rtudkl~}¸�,e�}�t-�rfbxw��egfkdoÇ»y�tu�q�~e�v»��t$È�lq��tu��ygÇ�yg�qlqy��sxwp"xwdRxwprl~y«lqdoÇ)�9¼¿p xw�rfy�tw}bezdk|rl~}���xw�r�~v��se�tup8dk|,tud
R(A−LC)R−1 l~}�}kÇ5���segdkfkl~yz��xV}klqdklqh)e:}beg��l ½vre«�"prlqdbe�tw}`}k|"x���p»lqp õ { Ç5fbeg�q���Mx5ybjVt$�²eg�q�åtuf������iów���¾yR|,tu�rdbegf��u�5ö«�Ctup"v9dk|,tud

%
y�tup ��e-��fklqdkdbegpòtw}

% = ∂ϕ
�²xwf8}bxw�se-�rfbxw�Pegf��~x$��egf�}beg��l~y�xwp5dklqp)�"xw�"}�³�rp"ygdkl~xwp

ϕ
õ { Ç5fbeg�q�;�Mx5ybjVt$�²eg�q�åtuf��;���iów���rdk|"e�xwfbeg�s}z�u�"� Í �,�u�"� �iö«�
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¼¿d�l~}�xu�Plqp5dbegfbe�}kd�dbx:�³�rfkdk|"egf�e«È��r�~xwfbe�dk|"e�fbeg�åtudkl~xwp��Pegd¿��e�egp���e�tujstup"v�}kdkfbxwprn
}bxw�q� ½dkl~xwp"}�xu�Ãxw�"}begfkhiegfb}Zõ²��� �iö�tup"vKõ²���q���iög�¾¶:x���eghiegf��5��e:}begeMdk|"ezl~}b}k�"eMxu�ì��e�tujsh)egfb}k�"}}kdkfbxwprn`}bxw�q�rdkl~xwp"}�tw}��åtufknieg��Çsdbe�yb|rprl~y�tu�Æ�rtw}�dk|"eMxwpr�qÇ�twvrv�lqdkl~xwp,tu��fbe�Ð)�rlqfbeg�segp5d�dk|,tudp"e�e�vr}�dbx9��e.lq����xV}be�v xwp&��e�tuj�}bxw�q�rdkl~xwp"}�dbx9niegd�}kdkfbxwprn»}bxw�q�rdkl~xwp"}�l~}8tu�"}bxw�q� ½dbe8y�xwp5dklqp)�rlqdoÇi����|rl~yb|!l~}�p"e�e�vre�v dbxKegp"}k�rfbe8dk|,tud�dk|"e�}bxw�q�rdkl~xwp l~}�v�lcbNegfbegp5dklåtu�r�~etu�q�sxV}kdMeghiegfkÇ5��|"egfbeV� { |"egfbe«�²xwfbeV�"��eZ��tujieZdk|"ez�²xw�q�~x$��lqprn�tw}b}k�r���rdkl~xwp;�
U'��� úÃû:- ��
 � �X��²�@
²�@ ¹Ëe�tujË}bxw�q�rdkl~xwp"}
�²xwf�xw�"}begfkh)egfb}�õ²��� �iö`tup"v õÆ�������iö�tufbe��z�õ²tup"v�dk|)�"}��r��e�tuj�}bxw�q�rdkl~xwp"}Mtufbe1}kdkfbxwprn�}bxw�q�rdkl~xwp"}��5Ç��rfbxw�PxV}klqdkl~xwp'��� ��� �iö«�
ñ"xwfMdk|"e1e«È�dbegp"vre�v'xw�"}begfkhiegf�õ²���q���iö�dk|"e
xw�"}begfkhVtudkl~xwp'egfkfbxwf

e := x − x̂
v�Ç5p,t ½��l~y�}�y�tup.��e:�²xwfk�se�v-tw}�´

ė = (A − LC)e − G(w − ŵ)
õ²���q���Vtiö

w ∈ %(Hx)
õ²���q���u��ö

ŵ ∈ %(Hx̂ + K(y − ŷ))
õ²���q���wy$ö

·zxwdbezdk|,tud�dk|"e:��xwlqp5d
e0
l~}�t1�rÈre�v8��xwlqp5d
õ³e�Ð)�rlq�qlq�rfklq�r��ö�xu�¾}kÇ�}kdbeg� õ²���q���iö��²xwft`nVlqh)egp

x
½ dkfRtum¸e�ygdbxwfkÇ8l��¾lqd�}Rtudkl~}¸�,e�}�dk|"e:�²xw�q�~x$��lqprnslqp"yg�q�"}kl~xwp��²xwfMtu�q�

t > 0
´

0 ∈ (A − LC)e0 − G[%(Hx(t)) − %(Hx̂(t) + KCe0)]
õ²��� �V�iö

��|"egfbe
x̂(t) = x(t) − e0

� { |"e:�²xw�q�~x���lqprnsdk|"e�xwfbeg� }kdRtudbe�}�dk|"eZ��tulqp�fReg}k�"��dMxu�¾dk|"e�,tu��egf��
£ )�� �,ý � û �I²�@0²(�ïACB�D,J¯¤1¡.FH <E1«IFCBL®nJfFH �ÄnFf¡ÏJ�­.J�EGFH° õ²��� Í ö ¢nDI¡.FH ±¸�JHJ�¢n°7¹�E1¤1B�D7¶.¨ ØL¨ ¶ EE1«IFQF¯ò
EGFHDI¡.F�¡'BL®nJfFH �ÄnFH  õ²���q���iö E Í±«IFH fF>E1«IF�E1 ¯¤ ¹2¿1F (A−LC, G, H −KC)

¤�J»·YÌ�@ E¢nDI¡.FH  ¸�JHJ�¢n°7¹�E1¤1B�Dí¶.¨ ?Y¨ ? E ¸�DI¡íE1«IF�BL®nJfFH �Ä�¸LE1¤1B�D!FH ¯ fB� ¼¡]­YD�¸�°�¤1£HJ õ²���q���iö ¨ Â «IF¹�B�¤�DIE
e = 0

¤�JÃE1«IF:¢nD.¤��.¢LF ÅYò�F�¡6¹�B�¤�DIE'B�º'E1«IFÃBL®nJfFH �Ä�¸LE1¤1B�D FH ¯ fB� #¡t­YD�¸�°�¤1£yJõ²���q���iö ¸�DI¡'¤�J»¦]¿1BL®]¸�¿�¿c­ÃF¯ò�¹�B�DIFHDIE1¤�¸�¿�¿c­¼J�E_¸Y®�¿1F�¨
Ì� fB�B�º¯© ·zxwdbe1dk|,tud

e0 = 0
l~}Mlqp"vre�e�vKt��rÈre�v-��xwlqp5d:xu��õ²���q���iög��ñ"xwf

e0 = 0
�

x = x̂
�Ntup"vK}klqp"y�e
dk|"e�tufknV�r�segp5db}Zxu��dk|"e

%(·) ��tu�r�rlqprni}Zl�p�õ²���q���u��ög�~õ²���q���wy$ö:tufbedk|"e1}Rtu�se:lqd��²xw���~x$��}�dk|�tud
0 ∈ %(Hx(t)) − %(Hx̂(t) + KCe0)

�²xwfMtu�q�
t ≥ 0

�,tup"v|"egp"y�e
e0 = 0

}Rtudkl~}¸�,e�}�dk|"eZlqp"yg�q�"}kl~xwp»õ²��� �V�iög�·ze«È�d��,��e
}k|"x$�Ádk|,tud
e0 = 0

l~}Mdk|"e`xwpr�qÇ��rÈre�v-�Pxwlqp)d��zñ"fbxw�
(A − LC)e0 ∈

G(%(Hx) − %(Hx̂ + KCe0))
�²xwfstu�q�

t ≥ 0
lqd��²xw���~x$��}�dk|,tud

P (A − LC)e0 ∈
PG(%(Hx(t)) − %(Hx̂(t) + KCe0))

�²xwf�}bxw�se
t
� �z}klqprn9dk|"eK� � � y�xwp"v�lqdkl~xwpõ²��� ó$��ö���eZniegd�dk|"ez�²xw�q�~x$��lqprn�y�xwp"v�lqdkl~xwp.�²xwf�dk|"e:�rÈre�v8�Pxwlqp)d

e0
´

e>0 P (A − LC)e0 = ((H − KC)e0)
>(w − ŵ)
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��|"egfbe
w ∈ %(Hx(t))

tup"v
ŵ ∈ %(Hx̂(t) + KCe0)

�
ñ"fbxw� dk|"e�� � � y�xwp"v�lqdkl~xwpõ²��� ówtiöClqdC�²xw�q�~x$��}�dk|,tud
e>0 P (A−LC)e0 ≤ 0

�¾ñ"fbxw� dk|"eM�sxwp"xwdbxwprl~yglqd¿Ç�y�xwp"v�lqdkl~xwpõ²��� �iöC�²xwf
%(·) lqd��²xw�q�~x$��}�dk|,tud e>0 P (A−LC)e0 = ((H −KC)e0)

>(w − ŵ) ≥ 0
�¶zegp"y�eV�

e0 = 0
l~}�dk|"e1xwpr�qÇ8}bxw�q�rdkl~xwp-xu�¾dk|"eZlqp"yg�q�"}kl~xwp»õ²��� �V�iög�{ xË}k|"x$�ôdk|,tud�dk|"e.�rprl~Ð)�"e.�rÈre�v���xwlqp5d

e0 = 0
l~}�nV�~xw�,tu�q�qÇ�e«È��Pxwp"egp)dklåtu�q�qÇ}kdRtu�r�~e8y�xwp"}kl~vregf�dk|"e8ÀNÇ)tu�r�rp"x$h9�³�rp"ygdkl~xwp

V = 1
2e>Pe

�Ë�)lqp"y�e��5Ç»tw}b}k�r���rdkl~xwp��� Ì � �
x
l~}��z�z�"tup"v��5Ç�tw}b}k�r���rdkl~xwp'��� �"� �

x̂
l~}��z�&lqd��²xw�q�~x$��}�dk|,tud

e
l~}Mtu�~}bx��z�z�tup"v

ė
e«È�l~}kdb}ztu�q�sxV}kdzegh)egfkÇ5��|"egfbeV��¶zegp"y�eV�

V
l~}ztu�~}bx��M�z��tup"v.dk|"e
vregfklqhVtudklqhie

V̇e«È�l~}kdb}Mtu�q�sxV}kdMeghiegfkÇ5��|"egfbeV�
V̇
}Rtudkl~}¸�,e�}�´

V̇ = e>P ė

= e>P ((A − LC)e − G(w − ŵ))

= −1

2
e>Qe − e>(H − KC)>(w − ŵ) ≤ −1

2
e>Qe

�²xwf�}bxw�se
w, ŵ

}Rtudkl~}¸�³Ç5lqprn'õ²���q���u��ö��~õ²���q���wy$ög��ñ"fbxw�
V (t) ≤ V (0) − 1

2

∫ t

0
e>(τ)Qe(τ)dτ

lqd��²xw�q�qx$��}�dk|,tud�dk|"e1�z���³�rp"ygdkl~xwp-xu�¾dklq�se
V
l~}�p"xwprlqp"ygfbe�tw}klqprn"��tup"v

1

2
λmin(P )e>(t)e(t) ≤ V (0) − 1

2

∫ t

0
λmin(Q)e>(τ)e(τ)dτ

��|"egfbe
λmin(·) vregp"xwdbe�}�dk|"eM��lqprlq��tu�Neglqniegp5hVtu�q�"eV�Cñrfbxw� ðzfbxwp5��tu�q�vd }��~eg����t8õ¡Äzl ½v�Ç5tw}Rtun)tuf
õ¸���V� Ì ökö«´

1

2
λmin(P )e>(t)e(t) ≤ V (0) exp

(

−λmin(Q)

λmin(P )
t

)

.
õ²��� �V�iö

{ |rl~}��rfbx�h)e�}�dk|"e1eRÈ��Pxwp"egp5dklåtu�ìy�xwp5hiegfkniegp"y�e
xu�¾dk|"e1xw�"}begfkhVtudkl~xwp-egfkfbxwf��
^ � û9ürý�` �I²�@0²�[ �5xw�q�rdkl~xwp"}

x̂(·) xu�Pdk|"e�xw�"}begfkh)egfb}�õ²��� �iö¾tup"v.õ²���q���iö¾y�tup��Pe�xw�rdRtul ½p"e�v.�"}klqprn�}bxw�se
xu�Cdk|"e1p5�r�segfkl~y�tu�Ã�segdk|"x)v"}��²xwfz}bxw�qh5lqprn�v�lcbNegfbegp)dklåtu�Ãlqp"yg�q�"}kl~xwp"}���5e�e�eV� n"��dk|"e�}k�rfkh)egÇ9tufkdkl~yg�~e ± xwp5dbyb|"egh»tup"vËÀ;eg���rl~x õ¸���V�V�iö«� { x.nVlqh)e�xwp"esp)� ½�segfkl~y�tu���segdk|"x)vN����e�tulq�SdbxKtu�r�rfbx�È�lq��tudbe�dk|"e�}bxw�q�rdkl~xwp
x̂(·) xu��dk|"e ± ¼o}8õ²��� �iötup"v õ²���q���iöZ��lqdk|!t��rl~e�y�eg��l~}be�y�xwp"}kdRtup)d
�³�rp"ygdkl~xwp

η(·) �Ã��|"egfbe η(t) = η(tk)
�²xwf

t ∈ [tk, tk+1)
�
tk+1 − tk = h

���²xwfst'nVlqhiegp�}kdbeg��}klq��e
h
� ñrfbxw� dk|"e8�rfbx)xu�²}sxu��~eg����tw}z��� �"�q�
tup"v-��� �"� Ì l��Ã�²xw�q�~x���}�dk|,tud��Pxwdk|-xw�"}begfkhiegfb}ztufbeZxu�¾dk|"e:�²xwfk�.´

˙̂x ∈ −A(t, x̂)
õ²��� � Ì ö
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��|"egfbe
A(·, ·) l~}
t���t$È�lq��tu�C�sxwp"xwdbxwp"e���tu�r�rlqprn"��¼¿pK�,tufkdkl~yg�r�åtuf��N�²xwfZdk|rl~}Zyg�åtw}b}xu� ± ¼o}8dk|"e9tu�r�rfRx�È�lq��tudkl~xwp"}'xu�`dk|"e&õ¡�rprl~Ð)�"e$ö8}bxw�q�rdkl~xwpò��lqdk|ònix)x)v4p5�r�segfkl~y�tu��rfbxw��egfkdkl~e�}Zõ³eV� n"�¾p"x
yb|,tudbdbegfklqprn5öCy�tup��PeMy�xw���r�rdbe�v��"}klqprn
lq���r�ql~yglqd����rprnie ½ ø:�rdkdRt�segdk|"x)vr}Zõ1ø1tw}kdkp"egf ½ �Ktufbe�}byb|�õ¸���V���$ökög��ñ"xwf�lqp"}kdRtup"y�eV�5dk|"e ¤�°7¹2¿�¤1£H¤vE�°�¤1¡n¹�B�¤�DIE� �¢n¿1FdRtujie�}�dk|"e:�²xw�q�~x���lqprns�²xwfk�.´

η(tk+1) ∈ η(tk) − hA(tk +
1

2
h,

1

2
(η(tk) + η(tk+1))),

õ²��� �u�5ö
��|rl~yb|�|,tw}��"fb}kdsxwfbvregf�xu�Zy�xwp)h)egfkniegp"y�e-tw}�t-�³�rp"ygdkl~xwp&xu�

h
��xwp�dklq�se8lqp5dbegfkhVtu�~}��|"egfbe8dk|"e8}bxw�q�rdkl~xwp

x̂
l~}s�-dklq�se�}�y�xwp)dklqp5�"xw�"}k�qÇ v�lcbNegfbegp)dklåtu�r�~eV�!�5e�e ± xwp)dbyR|"eghtup"v�À;eg���rl~x-õ¸���V�V�iö~Á.ø1tw}kdkp"egf ½ �Ktufbe�}byR|Ëõ¸���V���$ö��²xwf��sxwfbeZvregdRtulq�~}Mtup"v8p5�r�segfkl~y�tu��segdk|"x)vr}���lqdk|.|rlqnV|"egfMxwfRvregfMxu�¾y�xwp5h)egfkniegp"y�ew�

Çõ�(T IKJML�@NBPORQS@;G�T)E���@PJ`E�QøLx��@
¼¿pKdk|rl~}1}be�ygdkl~xwp9��e���lq�q�C�rfbe�}begp)d`tup9e«È���egfklq�segp5dRtu��y�tw}be�}kdk�"v�ÇKxwpËt8v�fklq�q� ½ }kdkfklqprn}begdk�r�;� � fRtwygdkl~y�tu��}kÇ�}kdbeg�s}1��lqdk|Ë}klq��lq�åtuf`v�Ç5p,tu��l~y�}`tufbeV�;�²xwf
e«È"tu���r�~eV�¾vre�eg� ½ }be�txwlq� ½ v�fklq�q�qlqprn�e�Ð)�rlq�r�segp5dM��lqdk|'t�}kdkfklqprn"��tup"v�fbxwdbxwfM�se�yb|,tuprl~y�tu�¾}kÇ�}kdbeg�s}���lqdk|-v�fkÇ�³fkl~ygdkl~xwp;�{ |"e-e«È��Pegfklq�segp)dRtu�Z}begdk�r�&��lqdk| t9v�fklq�q� ½ }kdkfklqprn»��tw}�fbe�tu�qlq��e�v �)Ç��-lq|,tumo�~x�h5l�ùegd�tu�Æ�Põ²�V�V�u�5ög���ò}klq���r�ql��,e�v8}byb|,e«�se:xu�ìdk|"ez}begdk�r�8��lqdk|8l~}�vreg�rl~ygdbe�v8lqp��"nV�rfbeZ��� �"�{ |"e�}begdk�r�»y�xwp"}kl~}kdb}
xu�Mt��Px���egf�tu���r�ql��,egf��Ct ± �º�sxwdbxwf��Ãdo��x.fbxwdRtudkl~xwp,tu��v�l~}by�}õ¡�r�r��egf�tup"v»�~x$��egf«ö«��t-�~x��ø}kdklcbPp"e�}b}�}kdkfklqprn"��tup"v�tup!twv"v�lqdkl~xwp,tu��fk�r�r��egf��rfbe�tujP�tu�r�r�ql~e�vsdbxZdk|"e��~x���egf�v�l~}byV� { |"e�lqpr�r�"dCh)xw�qdRtunie

u
l~}¾�²e�v�dbx1dk|"e�dbx1dk|"e ± �»�sxwdbxwf��h5låt�dk|"e��Px���egf`tu���r�ql��,egf�� { |"e ± � ½ �sxwdbxwf
l~}1y�xwprp"e�ygdbe�vN�Ãh5låt�dk|"e�nie�tuf1�Px�ÈN�;dbxdk|"eZ�"�r��egfzv�l~}byV� { |"eZ�r�r�Pegf:tup"v.�~x���egfzv�l~}by�}ztufbe
ygxwp"p"e�y«dRegv-h5låt�t��~x��Á}kdklcbPp"e�}b}}kdbe�eg�r}kdkfklqprn"� { |"e�tuprnV�r�åtuf��PxV}klqdkl~xwp"}�xu��dk|"e��r�r��egf�tup"v`�~x$��egf�v�l~}by�}Ctufbe��se�tw}k�rfbe�v�"}klqprnzlqp"ygfbeg�segp)dRtu�"egp"y�x)v"e«fR}�� { |"e�tuprnV�r�åtuf¾hieg�~x5ygl�dblqe�}�xu�"�Pxwdk|�v�l~}by�}�tufbe�xw�rdRtulqp"e�v�)Ç.v�lcbNegfbegp)dklåtudkl~xwp�xu��dk|"e`tuprnV�r�åtufM�PxV}klqdkl~xwp"}:tup"v��"�qdbegfklqprn�dk|"e1fbe�}k�r�qdklqprn�}klqnVp,tu�~}�"}klqprn�dk|"eZ�~x�� ½ �,tw}b}��"�qdbegf���lqdk|'t�yg�rd ½ x�bK�³fbe�Ð)�"egp"ygÇ8xu�

200
¶M�V�¼¿p-�-lq|,tumo�~x$h5l�ù1egd:tu�Æ�Ãõ²�V�V�u�5ö�lqdM��tw}M}k|"x$��p.dk|,tudzdk|"e1vrÇ5p,tu��l~yg}zxu�Cdk|"e
e«È���e ½fklq�segp)dRtu�Ã}begdk�r�.y�tup.�Pe1twy�yg�rfRtudbeg�qÇ.vre�}bygfklq��e�v��5Ç�dk|"e:�²xw�q�~x���lqprns�sx5vreg�Æ´

ẋ1 = x2 − x3
õ²��� �VÏVtiö

ẋ2 =
km

Ju
u − kθ

Ju
x1 −

1

Ju
Tfru(x2)

õ²��� �VÏu��ö
ẋ3 ∈ kθ

Jl

x1 −
1

Jl

Tfrl(x3),
õ²��� �VÏwy$ö
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DC motor

drill
string
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��|"egfbe
x1
l~}�dk|"e:v�lcbNegfbegp"y�e:lqp.tuprnV�r�åtuf��PxV}klqdkl~xwp"}�xu�ìdk|"e:vrlq}by�}��

x2
l~}�dk|"eZtuprnV�r�åtufh)eg�~x)yglqdoÇ�xu��dk|"e��r�r�Pegf`v�l~}by�tup"v

x3
lq}1dk|"e�tuprnV�r�åtuf
hieg�~x5yglqd¿Ç9xu��dk|"es�~x���egf`v�l~}byV�{ |"eZ�se�tw}k�rfbe�v�hVtufklåtu�r�~eZl~}�dRtuj)egp�dbx���e

y = x1
�

Tfru(·) tup"v Tfrl(·)
vregp"xwdbe-dk|"e8�³fkl~ygdkl~xwp&�sxw�segp5db}8tudsdk|"e.�r�r�Pegf8tup"v!dk|"e�~x$��egfsv�l~}byV�Cfbe�}k�Pegygdklqh)eg�qÇi�

Tfru(·) l~}�vrxw��lqp,tudbe�v!�)ÇËdk|"e8h5l~}by�xw�"}`�³fkl~ygdkl~xwp;��tup"v�²xwf`}klq���r�ql~yglqd¿Ç)�Ãl~}1|"egfbe�dRtujiegp»dbx.��e�e�Ð)�,tu��dbx
bupx2

� { |"es�³fkl~ygdkl~xwpË�sxw�segp5d�tuddk|"e
�~x���egf:v�l~}by
Tfrl(·) l~}:t�v�fkÇ8�³fkl~ygdkl~xwp'��lqdk|'dk|"e��)dkfklq�Pe�ybj-e~bNe�ygd���lÆ� eV��p"egn)tudklqh)ev"tu���rlqprnKtu�r��e�tufb}`tud`t8y�egfkdRtulqpËfRtuprniesxu��tuprnV�r�åtuf
hieg�~x5yglqdkl~e�}�� { x.vre�}bygfklq�Pe�dk|rl~}�³fkl~ygdkl~xwp�dbxwfbÐ)�"e�t�}begd ½ hVtu�q�"e�vKyR|,tufRtwygdbegfkl~}kdkl~y��,tw}be�vKxwpKp"eg�rfRtu��p"egdo��xwfkj�}:l~}:�"}be�vlqp-�-lq|,tumo�~x�h5l�ù1egdMtu�Æ�ìõ²�V�V�u�5ö«´

Tfrl(x3) =























(Tstickl + T1(1 − 2
1+ew1|x3|

) + T2(1 − 2
1+ew2|x3|

)) sign(x3) + blx3�²xwf
x3 6= 0

[−Tstickl, Tstickl] �²xwf
x3 = 0 õ²��� �V�iö·M�r�segfkl~y�tu��hVtu�q�"e�}
xu��dk|"e��,tufRtu�segdbegfb}
lqp õ²��� �VÏiö1tup"v&õ²��� �V�iö1tufbe�nVlqh)egp9lqp9dRtu�r�~e���q�V� { |"ez}begd�hVtu�q�"e�vs�³fkl~ygdkl~xwp��åt�� õ²��� �V�iög�)��lqdk|���tufRtu�segdbegf�hVtu�q�"e�}C�³fbxw� dRtu�r�~e:���q�l~}�vreg�rl~ygdbe�v.lqp8�"nV�rfbe
��� Ï��ñ,xwf
dk|"es�r�rfk�PxV}be�xu��}klq�`�r�åtudkl~xwp»dk|"eslqpr�r�rd�}klqnVp,tu�

u
lqp õ²��� �VÏiö:l~}`yb|"xV}begp»dbx�Pe�t�y�xwp"}kdRtup)dZ}klqnVp,tu�Æ�

u = 2V
�:¼¿dzl~}:e�tw}kÇ.dbx�yR|"e�ybj-dk|,tudz�²xwfzdk|"e`yR|"xV}begpKlqpr�r�rd}klqnVp,tu�ìdk|"e`}kÇ�}kdbeg�Sõ²��� �VÏiö�}Rtudkl~}¸�,e�}�dk|"e
y�xwp"v�lqdkl~xwp"}:xu�zõ³ñÃlq�qlq�r��x$hP�Ã��� ÍVÍ �,dk|"e�xwfbeg���� ó5�q�$ö«�,tup"v�|"egp"y�eZ|,tw}Mt�}bxw�q�rdkl~xwp-xwp-t�tufk�rlqdkfRtufklq�qÇ8�~xwprnsdklq�se:lqp5dbegfkhVtu�N�²xwf�e«h)egfkÇlqprlqdklåtu�ìy�xwp"v�lqdkl~xwp

x0
��lÆ� eV�¾db|"eZ}kÇ�}kdbeg�0õ²��� �VÏiö�}Rtudkl~}¸�,e�}Mtw}b}k�r���rdkl~xwp'��� Ì � ���{ |"e��³fkl~ygdkl~xwp���tu�r�rlqprn1vreg�rl~ygdbe�v�lqp
�"nV�rfbe���� ÏMl~}Ãp"xwd¾�sxwp"xwdbxwp"eV�i�r�rd¾�)Ç
�"}klqprn



¶.¨ KL¨¢�±ò�¹�FH ¯¤�°&FHDIE_¸�¿CF¯ò2¸�°7¹2¿1F ÿIT

Ju 0.4765kgm2

rad Tstickl 0.1642Nm

Jl 0.0326kgm2

rad T1 0.0603Nm

km 3.9950Nm
V T2 −0.2267Nm

kθ 0.0727Nm
rad w1 5.7468

bup 2.2247kgm
rads w2 0.2941

bl 0.0109kgm
rads

Â ¸Y®.FH¿�¶.¨c§]©CÌ�¸� ~¸�°&F�EGFH 7Ä�¸�¿v¢LFyJ�B�º»E1«IFQ°&BL¡.FH¿ õ²��� �VÏiö E õ²��� �V�iö
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dk|"eZdbe�yb|rprl~Ð)�"e
vre�}bygfklq�Pe�v�lqp.fbeg��tufkj.��� Ì �q�V�,y�tup.�PeZdkfRtup"}¸�²xwfk�se�v�dbx�t��sxwp"xwdbxwp"exwp"eV� { |"e1p"eg�ò�³fkl~ygdkl~xwp-��tu�r�rlqprn�l~}Mvre«�"p"e�vKtw}
T̃frl(ω) = Tfrl(ω) − ηω

�"��|"egfbe
η = −0.02

l~}�dk|"e���t$È�lq��tu��p"egn)tudklqhie�}k�~xw��e8xu�zdk|"e�nVfRtu�r| lqp»�"nV�"fbe���� Ï�� { |"e}kÇ�}kdbeg�ø��tudkfkl�È
A
l~}�fbeg�r�åtwyge�v.�5Ç

Ã = A − ηGH
�¹9e���lq�q��vre�}klqnVp9dk|"esxw�"}begfkh)egf�õ²���q���iög�8ÅM�"}begfkh)egf
vre�}klqnVpËxu��dk|"e��²xwfk� õÆ�������iö�²xwf`}kÇ�}kdbeg�Fõ²��� �VÏiö
egp)dRtulq�~}
�"p"v�lqprnKn)tulqp"}

L
tup"v

K
}k�"yR|Ëdk|�tud`dk|"e�dkfklq�r�~e

(Ã −
LC, G, H −KC)

l~}z� � �
� { |"ez�²xw�q�~x���lqprnshVtu�q�"e�}��²xwf
P
�
Q
�
L
tup"v

K
tufbez�²xw�rp"vN´

P =





0.8044 0.0299 0.0660
0.0299 0.1104 −0.0000
0.0660 −0.0000 0.0326



 ,

Q =





0.5483 −0.0000 −0.0000
−0.0000 0.9706 −0.0361
−0.0000 −0.0361 0.0921



 ,
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L =
[

2.4768 5.1993 −26.2200
]>

, K = −2.0254.¹Ëe8��lq�q�z}k|"x��ô}klq�
�r�åtudkl~xwp"}s�²xwf�dk|"e�lqprlqdklåtu�z}kdRtudbe8�²xwf�dk|"e.}kÇ�}kdbeg� dRtujiegp tw}
x(0) = [0 0 0]>

tup"v.�²xwfzdk|"e`xw�"}begfkh)egfZtw}
x̂(0) = [3 3 3]>

� { |"e`}bxw�q�rdkl~xwp�xu�dk|"e�}kÇ�}kdbeg� õ²��� �VÏiöìl~}�y�xwp"}kdkfk�"ygdbe�v��"}klqprnZdk|"e�vre�v�l~y�tudbe�v�dbe�yR|rprl~Ð)�"e��²xwf�}klq�`�r�åtudklqprn�³fkl~ygdkl~xwp
�,tw}be�v
xwp
dk|"e�}k��lqdbyb|"e�v1�¡fblqygdkl~xwp`�sx)vreg�~}ì�rfbe�}begp5dbe�v1lqp`À;eglqp"e�egd¾tu�Æ�5õ¸���V� Í ö«�{ |"e1}bxw�q�rdkl~xwp.xu�¾dk|"eZxw�"}begfkh)egf
õ²���q���iö�l~}�y�xw���r�rdbe�v.�"}klqprn�dk|"e:lq���r�ql~yglqd���l~v��Pxwlqp)dfk�r�~e�õ²��� �u�5ög�{ |"e`}klq�
�"�~tudblqxwpKfbe�}k�r�qdb}:tufbe
v"e«�"lqygdbe�v'lqp-dk|"e1�"nV�rfbe���� ��tup"v-dk|"e`e�}kdklq��tudkl~xwpegfkfbxwf�l~}�vreg�rl~ygdbe�v�lqps�"nV�rfRe:��� ó5�Ã¹ |"egp�t
y�xwp"}kdRtup)d�lqpr�r�rd�h)xw�qdRtunieMl~}�tu�r�r�ql~e�vKõ¡lÆ� eV�t�y�xwp"}kdRtup5dZdbxwfbÐ)�"e`l~}1tu�r�r�ql~e�vKdbx�dk|"e`�r�r�Pegf1v�l~}by$öM}k�qlq� ½ }kdkl~ybj'xV}byglq�q�åtudkl~xwp"}ZlqpKdk|"etuprnV�r�åtuf�hieg�~x5yglqd¿Ç»xu�Mdk|"e�}be�y�xwp"v v�l~}by
x3
x5y�yg�rf�v��"e�dbx-dk|"e�p"egn)tudklqhie8v"tu���"l�p"nlqp�dk|"e`�³fkl~ygdkl~xwp9�åt�� õ²��� �V�iög� ± �rfklqprn.dk|rl~}1xV}byglq�q�åtudkl~xwp"}Zdk|"e�hieg�~x5yglqd¿ÇKxu��dk|"e�dk|rlqfbvv�l~}by.tu�qdbegfkp,tudbe�}��Pegd¿��e�egp

0
õ³}kdkl~ybj»�r|,tw}be$ö«��tup"v�t'��xV}klqdklqh)e8hVtu�q�"e�õ³}k�qlq�!�r|,tw}be$ö«��z}
nV�,tufRtup5dbe�e�v»�)Ç9dk|"e�dk|"e�xwfkÇi�¾dk|"e�vre�}klqnVp"e�v»xw�"}begfkh)egf`l~}�tu�r�~e�dbx-�rfbx�h5l~vre�dk|"ey�xwfkfbe�ygd`e�}kdklq��tudbe�xu��dk|"e�}kdRtudbeV���'xwfbe�x$h)e«f$�ì�,tw}be�v9xwp õ²��� �V�iö:��e�y�tup9�rfbx$h5l~vre�t�Pxw�rp"v�xwp.dk|"eZvre�ygfbe�tw}be1xu�Ãdk|"eZ}bÐ)��tufbe�v�e�}kdklq��tudkl~xwp-egfkfbxwf�� { |rl~}�l~}�lqp"v�l~y�tudbe�v.�)Çdk|"e�v"tw}k|"e�vs�ql�p,e�lqp��"nV�rfbeM��� ó5� { |"e�e�}kdklq��tudkl~xwp�egfkfbxwf�vrx5e�}�p"xwd�y�xwp)h)egfknie�dbxZ��egfbxr��r�rd�xV}byglq�q�åtudbe�}�tufbxw�rp"v!t-}k��tu�q��fbe�}kl~v��,tu��hVtu�q�"eKõ ≈ 10−3 ö«� { |rl~}`fbe�}kl~v��,tu��egfkfbxwfy�tup»�Pe�tudkdkfklq�r�"dbe�v»dbx.dk|"e�p5�r�segfkl~y�tu��egfkfbxwfb}�xu��dk|"e�}byb|"eg�se�}`dk|,tud�tufbe��"}be�vËdbx}klq�`�r�åtudbeZdk|"eZ}kÇ�}kdbeg�ôtup"v�dk|"e1xw�"}begfkhiegf��{ |"e�fbe�}k��xwp"}be�}Ãxu�"dk|"e�e«È���egfklq�segp5dRtu��}begdk�r�`��egfbe��se�tw}k�rfbe�v`tw}ì��eg���Æ�w�rp"vregfìdk|"e}Rtu�se1y�xwp"v�lqdkl~xwp"}Ztw}��²xwfM}klq�`�r�åtudkl~xwp"}���tup"v.dk|"e1vre�}klqnVp"e�v-xw�"}begfkh)egf�l~}ztu�r�r�ql~e�v��²xwfdk|"e�}kdRtudbe�e�}kdklq��tudkl~xwp;� { |"eCfbe�}k�r�qdb}Ãtufbe�vreg�rl~ygdbe�v
lqp1�"nV�rfbe���� Í � { |"e�e«È��Pegfklq�segp)dRtu�e�}kdklq��tudkl~xwpsegfkfbxwf�l~}�vreg�rl~ygdbe�v�lqp`�"nV�rfbe���� ���Vdbxwniegdk|"egf���lqdk|�dk|"e�dk|"e�xwfbegdkl~y�tu�r�Pxw�rp"võ²��� �V�iög��¾È��Pegfklq�segp)dRtu�¾fbe�}k�r�qdb}z}k|"x$�Îdk|,tudMdk|"e
vre�}klqnVp"e�v'xw�"}begfkhiegfzl~}ztu�r�~e
dbxs�rfbx�h5l~vretwy�yg�rfRtudbe�e�}kdklq��tudbe�xu��dk|"e�}kdRtudbe�}
xu��dk|"e�e«È���egfklq�segp5dRtu��}begdk�r�;� { |"e�e�}kdklq��tudkl~xwpegfkfbxwf1vrx5e�}:p"xwdZy�xwp5h)egfknie`dbx8��egfbxr�N�r�rdZxV}byglq�q�åtudbe�}
tufbxw�rp"vKdk|"e�hVtu�q�"e�xu� ≈ 10−1 �{ |rl~}�fbe�}kl~v��,tu�ìegfkfbxwfMy�tup��Pe1tudkdkfklq�r�rdbe�v.dbx��sx)vreg�ìegfkfbxwfR}��

Çõ�Xb ¤ A�G'É_��w�U,O�A�G`U
¼¿p dk|rl~}��,tu�Pe«fs��e�y�xwp"}kl~vregf�tup!xw�"}begfkh)egfsvre�}klqnVp �²xwf�ÀN�rf�d e�d¿Ç5�Pe8}kÇ�}kdbeg�s}���lqdk|��t$È�lq��tu�;�sxwp"xwdbxwp"eZ�
�r�qdklqhVtu�q�"e�v���tu�r�rlqprni}�lqp�dk|"ez�²e�e�v��,twybj��,tudk|;�C¼¿p.ygxwp5dkfRtw}kd��lqdk|8dk|"e:�rfbegh5l~xw�"}���xwfkj�xwp8p"xwpr�qlqp"e�tuf�xw�"}begfkhiegf�vre�}klqnVp;��dk|"e:y�xwp"}kl~vregfbe�v�yg�åtw}b}�xu�}kÇ�}kdbeg�s}
lqp»p"xwp"}k�sx5xwdk|!tup"v»dk|"e�}kdRtup"v"tufbvËdk|"e�xwfkÇ»vrx)e�}`p"xwd�tu�r�r�qÇ)�'��hiegp»dk|"ee«È�l~}kdbegp"y�e
tup"v��rprl~Ð)�"egp"e�}b}�xu��}bxw�q�rdkl~xwp"}�l~}�p"xwdMt��rfkl~xwfkl;nV�,tufRtup)dRege�vN�¹Ëes�rfbxw�PxV}be�vËd¿��x'xw�"}begfkhiegf�}kdkfk�"ygdk�rfbe�}��¾dbxwniegdk|"egf`��lqdk|!t-y�xwp"}kdkfk�"ygdklqhie�vre ½}klqnVp»�segdk|"x5vN� { |"e�tu�r�rfbxitwyb| dRtuj)egp»lqp»dk|"e��,tu��egf�l~}
��tw}begv xwp»fbegp"vregfklqprnKdk|"e
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max(0, ·) p"xwpr�ql ½p"e�tufklqd¿Çslqp�dk|"e��²e�e�v��,twybjs�,tudk|Kõ³}be�eV�i�²xwf�lqp"}kdRtup"y�eMÄzl~v�Ç5tw}Rtun)tuf:õ¸���V� Ì ökö«��Å��,}be«fbhiegfvre�}klqnVp'�²xwf:ÀN�rf�d e�d¿Ç5�Pe`}kÇ�}kdbeg�s}�����|"egpKdk|"e�}klqnVp,tu�¾dk|,tudZegp5dbegfb}:dk|"e
p"xwpr�qlqp"e�tufklqdoÇlqp'dk|"e1�²e�e�v��,twyRj.�,tudk|'l~}zp"xwdz�se�tw}k�rfbe�vN�Plq}z�rfbe�}begp5dbe�v-lqpK�Mfby�tuj'tup"v#øzxwjixwdbx$h5l�ùõ²�V�V���$ö«�C�Î�qlqprj�dbx�dk|rl~}�fbe�}k�r�qd���lq�q�;��e1e�}kdRtu�r�ql~}k|"e�vN�{ |"e�xw�"}begfkhiegfb}z��|rl~yR|K��e`y�xwp"}kl~vregf:|"egfbe�tufbe�vre�}klqnVp"e�v-�²xwf:}klqdk�,tudkl~xwp"}:��|"egfbedk|"e�}kdRtudbe�xu�Ndk|"e�}kÇ�}kdbeg�ôõ³y�xwp5dklqp)�"xw�"}�}kdRtudRe�xwf�v�l~}bygfbegdbe��sx5vre$öÃl~}�xu�Plqp"vreg�Pegp"vregp5dlqp)dbegfbe�}kd-õ³eV� n"���²xwf�v�låtunVp"xV}kdkl~y�}sxwf�v�l~}bygfbegdbe8�sx)vre�yR|,tuprnie�vregdbe�ygdkl~xwp�ö«�!ÅM�rdk�r�rd�²e�e�v��,twybj�y�xwp)dkfRxw���~egf�vre�}klqnVp9õ¡��|rl~yR|8lq���r�ql~yglqdk�qÇ�y�xwp"}kl~}kdb}�xu�¾tup�xw�"}begfkhiegf��,tufkd�tup"vt�}kdRtudbe¾�²e�e�v��,twyRjZ�,tufkd«öN��tw}ì�rfbe�}begp)dbe�v
lqp`�Mx)vrfklqnV�"e�}Ãegd¾tu�Æ�5õ²�V�V�V�iö;tup"v`�Mx)v�fklqnV�"e�}tup"v`¶zx��4õ²�V�V���$ö«�¾¼¿dìl~}ìp"xwd¾}kdkf«tul�nV|5d¸�²xwfk��tufbv`dbxMe«È�dkf«twy«d¾dk|"e�xw�"}begfkhiegf¾vre�}klqnVp
�³fbxw�dk|"e:�rfbxw�PxV}be�v.y�xwp5dkfbxw�;�segdk|"x5vrxw�~xwnVÇi�{ |"e:yb|,tu�rdRe«f�l~}�xwfkn)tuprlq��e�v.tw}��²xw�q�~x���}���¼¿p8}be�ygdkl~xwp Ì � Ì ��ezlqp)dkfbx5v��"y�e:dk|"e:y�xwp ½}kl~vregfbe�v.yg�åtw}b}�xu���rl ½ �sx)v"tu�Ã�rl~e�y�e«��lq}be`t��sp"e
}kÇ�}kdbeg�s}��C¼¿p.}be�ygdkl~xwp Ì � �s��eZ�rfbe�}begp5ddk|"eZxw�"}begfkhiegf�vre�}klqnVp��rfbx5y�e�v��rfbe�}����²xwf�y�xwp5dklqp)�"xw�"}ztup"v�v�l~}by�xwp5dklqp)�"xw�"}Mv�Ç5p,tu��l~y�}���)�ql~v�lqprn.�sx5vre�}��N�²xwfZdk|"esy�xwp)dbl�p5�"xw�"}
dklq�sesy�tw}beV�ìtufRestup,tu�qÇ5��e�v9lqp9}be�ygdkl~xwp Ì � Ï�� ¼¿p}be�ygdkl~xwp Ì � �M��e���lq�q���rfbe�}begp5dCtup�e«È��Pegfklq�segp)dRtu�,e«È"tu���r�~e���lqdk|�dk|"e��rl~e�y�eg��l~}be��ql�p,e�tuf��e�tu�.� { |"e�v�l~}bygfbegdbe�dklq�se�y�tw}besl~}`tup,tu�qÇ5��e�vËlqp»}be�ygdkl~xwp Ì � ó-tup"vËe«È"tu���r�~e�}�tufbenVlqhiegp.lqp.}be�ygdkl~xwp Ì � Í ����xwp"yg�q�"}kl~xwp"}ztufbeZ�rfbe�}begp)dbe�v.lqp.}be�ygdkl~xwp Ì � ���

Ò>�_Ç È BÃ@Y�bORQ ObG�E�BPO�@;UºE�G�HSG�AzT)EZTVO�A�G
� �]M���
(��
 � � ÿ ²(�I²1� � �¡�"p"ygdkl~xwp

x : R
+ → R

n l~}8}Rtul~v dbxË�Pe ®.B�¢nDI¡.F�¡ ®f­ ¸£�B�D,J�E_¸�D�E
xmax > 0

��l��
‖x(t)‖ ≤ xmax�²xwf�tu�q�

t > 0
�ulÆ� eV�

supt∈R+ ‖x(t)‖ ≤ xmax
�Ã� �³�rp"ygdkl~xwp

x
l~}¾}Rtul~v
dbxz��e F�Ä�FHDIE¯¢�¸�¿�¿c­

®YB�¢nDI¡.F�¡ó®f­
xmax

��l��Ã�²xwfMtu�q�
δ > 0

dk|"egfbe1e«È�l~}kdb}Mt
T0 > 0

}k�"yb|.dk|,tud
‖x(t)‖ ≤ xmax + δ,

�²xwfMtu�q�
t > T0

��lÆ� eV�
lim supt−→∞ ‖x(t)‖ ≤ xmax

�
� �]M���
(��
 � � ÿ ²(�I²(� { |"e1}be�Ð)�"egp"y�e

(x(0), x(1), x(2), . . .)
l~}�}Rtul~v�dbx��Pe ®YB�¢nDI¡.F�¡

®f­
xmax

l��
∀k ≥ 0 ‖x(k)‖ ≤ xmax.
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{ |"e�}be�Ð)�"egp"y�e
(x(0), x(1), x(2), . . .)

l~}¾}Rtul~v`dbx:��e F�ÄnFHD�E¯¢�¸�¿�¿c­¼®.B�¢nDI¡.F�¡3®f­
xmax

�l��
∀δ > 0 ∃k0 > 0 ∀k ≥ k0 ‖x(k)‖ ≤ xmax + δ.lÆ� eV�

lim supk→∞ ‖x(k)‖ ≤ xmax
�

M> vregp"xwdbe�}�dk|"e8dkfRtup"}k��xV}be8xu�zdk|"e���tudkfkl�È
M
�9ñ"xwfst'}bÐ)�,tufbe���tudkfkl�È

M
�

M > 0
�se�tup"}�dk|,tud

M
l~}M}kÇ5���segdkfkl~yZlÆ� e

M = M> tup"v.��xV}klqdklqh)e1vre«�"prlqdbeV� { |"exw�PegfRtudbxwfb}
ker M

tup"v
im M

vregp"xwdbe�dk|"esjiegfkp"eg��tup"v9dk|"eslq��tunie�xu��dk|"es��tudkfkl�È
M
�rfbe�}k��e�ygdklqh)eg��Ç)�{ |"e�xw�PegfRtudbxwf

col(·, ·) }kdRtwyRj�}1lqdb}
xw��egfRtup"v"}
lqp)dbx't.y�xw�q�r��pËh)e�ygdbxwf��ìlÆ� eV���²xwf
v1 ∈ R

n, v2 ∈ R
m

col(v1, v2) =

[

v1

v2

]

∈ R
n+m.

¼¿p&��tudkfkl~y�e�}���e-vregp"xwdbe'�)Ç
(∗) tud��PxV}klqdkl~xwp (i, j)

dk|"e.dkfRtup"}k�PxV}be�v&��tudkfkl�Èeg�~eg�segp5dztud���xV}klqdkl~xwp
(j, i)

�reV� n"�
[

A B
(∗) C

] �se�tup"} [

A B
B> C

]

.

Ò>�GÒ È BÃA��S��@ìQ UÃT)EZT�@ìQS@;GsT
¹ËeZy�xwp"}kl~vregf�dk|"e:�²xw�q�qx$��lqprn�}kÇ�}kdbeg�.´

ẋ(t) =

{

A1x(t) + Bu(t),
l��

H>x(t) < 0

A2x(t) + Bu(t),
l��

H>x(t) > 0

õ Ì �q��tiö
y(t) = Cx(t),

õ Ì �q�g��ö
��|"egfbe

x(t) ∈ R
n � y(t) ∈ R

p tup"v u(t) ∈ R
m tufbesdk|"e�}kdRtudbeV�¾xw�rdk�r�rd�tup"v9dk|"elqpr�r�rd�xu�Ãdk|"e:}kÇ�}kdbeg�.�)fbe�}k�Pe�ygdklqhieg�qÇ�lqp8dklq�se

t ∈ R
+ � { |"ezlqpr�r�rd u : R

+ → R
m l~}tw}b}k�r�se�v�dbx
��e:tup�lqp)dbegnVfRtu�r�~ez�¡�"p"ygdkl~xwp;�¾¹9eM��lq�q�Py�xwp"}kl~vregf�ñÃlq�qlq�r�Px�h�}bxw�q�rdkl~xwp"}�xu�dk|"e�}kÇ�}kdbeg�øõ Ì �q�$ö�õ³ñÃlq�qlq�r��x$h8õ¸��� ÍVÍ ökö«� { |"e���tudkfkl~y�e�}

A1, A2 ∈ R
n×n � B ∈ R

n×m �
C ∈ R

p×n tup"v H ∈ R
n � { |"es|5Ç5��egfk�r�åtup"e�vre«�"p"e�vË�)Ç kerH> }beg�,tufRtudbe�}
dk|"e}kdRtudbe�}k�,twy�e

R
n lqp)dbxKdk|"e8do��xK|,tu��� ½ }k�,twy�e�}�� { |"e�y�xwp"}kl~vregfbe�v�yg�åtw}b}�xu�z�rlq�sx5v"tu��rl~e�y�eg��l~}be��qlqp"e�tufÃ}kÇ�}kdbeg�s}N|,tw}ìl~vregp)dkl~y�tu�5lqpr�r�rdÃv�l~}kdkfklq�r�rdkl~xwp`��tudkfkl�È

B
tup"v
xw�rdk�r�rdv�l~}kdkfklq�r�rdkl~xwp-��tudkfkl�È

C
�²xwf��Pxwdk|.�sx)vre�}���Mp,tu�~xwnixw�"}k�qÇ)�5lqp8db|"e:v�l~}bygfbegdbezdklq�seZy�tw}bez��ez��lq�q�;y�xwp"}kl~vregf�dk|"ez�³xw�q�~x$��lqprns}kÇ�} ½dbeg�.´

x(k + 1) =

{

A1x(k) + Bu(k),
l��

H>x(k) < 0

A2x(k) + Bu(k),
l��

H>x(k) > 0

õ Ì � �Vtiö
y(k) = Cx(k),

õ Ì � �u��ö
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��|"egfbe�tu�q�¾��tudkfkl~y�e�}Z|,t�h)e`dk|"e�}Rtu�se`v�lq�segp"}kl~xwp"}
tw}z�Pe«�²xwfbeV�;tup"v
k ∈ N

vregp"xwdbe�}dk|"e:dklq�seZlqp"vre«ÈN�
^ � û9ürý�`!ÿ ² ÿ ²1� ¼¿dMl~}M�PxV}b}klq�r�~e
dbx�y�xwp"}kl~vregfZt�}bxw�seg��|,tud:�sxwfbe
niegp"egfRtu��yg�åtw}b}:xu��rlq�sx)v"tu�:�rl~e�y�eg��l~}be-�qlqp"e�tuf8}kÇ�}kdbeg�s}�����|"egfbe-dk|"e'xw�rdk�r�rd8v�l~}kdkfklq�r�rdkl~xwp ��tudkfkl~y�e�}��xw�r�~vò��e9v�lcbNegfbegp)d��²xwf-e�twyR|Îxu��dk|"e��sx)vre�}��1tup"v4dbx!v"e«fbl�h)e9xw�"}begfkhiegf-vre�}klqnVp�rfbx)y�e�v��rfbe.�²xw�q�~x$��lqprnËdk|"e.�rfbx5y�e�v��rfbe-�rfbe�}begp)dbe�v&|"egfbeV�Î�)dRtu�rlq�qlqd¿Ç��rfbxw��egfkdkl~e�}8xu�dk|"e�vre�}klqnVp"e�v»xw�"}begfkhiegfb}
fbeg��tulqp»dk|"e�}Rtu�se�tw}Z�²xwf
dk|"e�y«�åtw}b}`}kdk�"v�l~e�vË|"egfbeV�.ñ"xwffbe�tw}bxwp"}�xu��e�tw}be1xu�¾e«È��PxV}klqdkl~xwp;�r|"egfbeZ��eZdkfbe�tud�dk|"e1yg�åtw}b}be�}1õ Ì �q�$ö�tup"vËõ Ì � �iög�
± eg��egp"v�lqprn�xwp.dk|"e:hVtu�q�"e�}Mxu�

A1
tup"v

A2
��e1v�l~}kdklqprnV�rl~}k|.d¿��xs}klqdk�,tudkl~xwp"}�´

�V��dk|"e�h)e�ygdbxwf:�,eg�~v9xu��dk|"e�}kÇ�}kdbeg� l~}Zy�xwp5dklqp)�"xw�"}
x$h)egfZdk|"e�}k��lqdbyR|rlqprn��r�åtup"eV�lÆ� eV�
A1x = A2x

�r��|"egp
H>x = 0

��¼¿d�l~}�}kdkfRtulqnV|5d¸�²xwfk��tufbv.dbxs}k|"x$�òdk|,tudMlqpdk|rl~}�y�tw}beV´
A2 = A1 + GH> õ Ì � Ì ö

�²xwfs}bxw�se8h)egygdbxwf
G
xu�1tu�r�rfbxw�rfklåtudbe-v�lq�segp"}kl~xwp"}��!¼¿p!dk|rl~}�y�tw}be.e�Ð)�,tudkl~xwpõ Ì �q��tiö�y�tup.��eZfbeg��fklqdkdbegpKtw}�´

ẋ = A1x + G max(0, H>x) + Bu,

xwf��rlqp�dk|"e1v�l~}bygfbegdbeZdklq�se1y�tw}besõ Ì � �Vtiö
x(k + 1) = A1x(k) + G max(0, H>x(k)) + Bu(k).

�'xwfbe�x$hiegf����³fbxw� õ Ì � Ì öPlqdP�²xw�q�~x��M}Ndk|,tud;fRtuprj
(∆A) = 1

�$��|"egfbe
∆A

l~};vre«�"p"e�vtw}
∆A := A1 − A2.

����dk|"eChie�ygdbxwf;�,eg�~v
xu�rdk|"eC}kÇ�}kdbeg�òl~};p"xwdìy�xwp5dklqp)�,xw�"}Ãx�h)egf;dk|"e�}k��lqdbyb|rlqprnM�r�åtup"eV�lÆ� eV��t`�,tufRtu�segdkfklq�$tudkl~xVpKtw}�lqpËõ Ì � Ì ö�v"x)e�}�p"xwdMe«È�l~}kd��
{ |"e��rfbxw�r�~eg��tudZ|,tup"v�l~}1dbx�vre�}klqnVp»t�}kdRtudbe�e�}kdklq��tudkl~xwpË�rfbx5y�egvr�rfbeV�ì��|rl~yb|;�xwp dk|"e-�,tw}kl~}�xu�1dk|"e-j5p"x$��p }kÇ�}kdbeg���sx5vreg�Æ��lqpr�"�rd

u
�Mtup"v&�se�tw}k�rfbe�v xw�rdk�r�rd

y
�rfbx�h5l~vre�}`t8}kdRtudbese�}kdklq��tudbe

x̂
�N��lqdk|"xw�"d
v�lqfbe�ygdk�qÇK�se�tw}k�rfklqprn.dk|"e��sx5vresxu��dk|"e}kÇ�}kdbeg�.�

^ � û9ürý�`!ÿ ² ÿ ²(� ¼¿p��²xwfk��tudkl~xwp�xwp�dk|"eMyg�rfkfbegp)dk�qÇ�twygdklqhie��qlqp"e�tuf�v�Ç5p,tu��l~y�}���t�Ç���et�hVtulq�åtu�r�~e8dbx'dk|"e8xw�"}begfkh)egf�l��
H>x

y�tup �Pe�fbe�y�xwp"}kdkfk�"ygdbe�v»�³fbxw��dk|"e��se�tw}k�rfbe�vxw�rdk�r�rd��)lÆ� eV�
H ∈ imC> �¾¼¿psdk|rl~}�y�tw}be�dk|"e�fbe�}k�r�qdb}��³fbxw� �M�~e�}b}Rtup"v�fklPtup"v���xw�~egdkdRtõ²�V�V����t�� ��ö~Á,¼¿�r�qlåt�¯�tufRt�egdMtu�Æ�ìõ²�V�V�V�iö�tu�r�r�qÇ)�
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Ò>��H ¡ E�ObG BÃ@;U�w��$TVU¬ÖwACB TV?�@ ÉÃA�G�TVObGxw:Amw�U TVORQS@ É;E�U;@
�z}ztup'xw�"}begfkh)egf��²xwf�dk|"e
}kÇ�}kdbeg��õ Ì �q�$ö«�,��e1�rfbxw�PxV}be`tsy�xwp)dklqp5�"xw�"}zdklq�se1�rlq�sx5v"tu�}kÇ�}kdbeg�ø��lqdk|.dk|"e:�²xw�q�~x���lqprn�}kdkfk�"ygdk�rfbeV´

˙̂x =

{

A1x̂ + Bu + L1(y − ŷ),
l��

H>x̂ + K>(y − ŷ) < 0

A2x̂ + Bu + L2(y − ŷ),
l��

H>x̂ + K>(y − ŷ) > 0

õ Ì � �)tiö
ŷ = Cx̂,

õ Ì � �V��ö
��|"egfbe

x̂(t) ∈ R
n l~}`dk|"e8e�}kdklq��tudbe�v!}kdRtudbe�tud�dklq�se t

tup"v
L1, L2 ∈ R

n×p tup"v
K ∈ R

p �{ |"e:v�Ç5p,tu��l~y�}�xu�ìdk|"ez}kdRtudbeze�}kdklq��tudkl~xwp�egfkfbxwf��
e := x− x̂

�5l~}�dk|"egp�vre�}bygfklq��e�v�5Ç

ė =















(A1 − L1C)e, H>x < 0, H>x̂ + K>(y − ŷ) < 0
(A2 − L2C)e + ∆Ax, H>x < 0, H>x̂ + K>(y − ŷ) > 0
(A1 − L1C)e − ∆Ax, H>x > 0, H>x̂ + K>(y − ŷ) < 0
(A2 − L2C)e, H>x > 0, H>x̂ + K>(y − ŷ) > 0,

õ Ì � Ïiö

��|"egfbe
x
}Rtudkl~}¸�,e�}�õ Ì �q��tiöMtup"v

x̂
}Rtudkl~}¸�,e�}�õ Ì � �)tiög��¯�Ç.}k�r�"}kdklqdk�rdklqprn

x̂ = x − e
lqpõ Ì � Ïiög�5��e:}be�eMdk|,tud�dk|"ezfklqnV|5d ½ |,tup"v�}kl~vrezxu�ìdk|"e:}kdRtudbe:e�}kdklq��tudkl~xwp�egfkfbxwf�v�Ç5p,tu��l~y�}l~}��rl~e�y�eg��l~}beZ�qlqp"e�tufMl�p.dk|"eZhVtufklåtu�r�~e

col(e, x)
�·zxwdbezdk|,tud�dk|"e:egfkfbxwf�v�Ç5p,tu��l~y�}�lqp8dk|"e��"fb}kd�tup"v�dk|"eM�²xw�rfkdk|8�sx)vre:xu�1õ Ì � ÏiöCl~}vre�}bygfklq�Pe�v8�5Ç8tup

n
½ v�lq�segp"}kl~xwp,tu�Ãtu�rdbxwp"xw�sxw�"}M}kdRtudbeZe�Ð)�,tudkl~xwp;�r��|rlq�~e:lqp�dk|"e:do��xxwdk|"egf1�sx)vre�}1dk|"e�e«È�dbegfkp,tu�C}klqnVp,tu�

x
l~}Z�rfbe�}begp)d��;��|rl~yb|;�;�5Ç!õ Ì �q��tiög�;vreg�Pegp"vr}1xwpdk|"e�lqpr�r�rd

u
�¾ñ"xwfCnVlqh)egp'õ³xw�Pegp��~x)xw��ö¾lqpr�r�rd�}klqnVp,tu�~}

u : R
+ −→ R

m lqdCl~}C�PxV}b}klq�r�~edbx8y�xwp"}kl~vregfZdk|"e�eghixw�q�rdkl~xwp9xu��dk|"e�egfkfbxwf
e
lqp�õ Ì � Ïiö:tw}1t�dklq�se`hVtufkÇ5lqprn�}k��lqdbyR|"e�ve�Ð)�,tudkl~xwp-xu�¾dk|"e:�²xwfk�

de

dt
(t) = fi(t, e(t)), i = 1, 2, 3, 4.

õ Ì � �iö
¶zegp"y�eV��y�xwp"y�eg�rdb}�tup"v�fbe�}k�r�qdb}�xu�ìÀNÇ5tu�r�rp"x$h�}kdRtu�rlq�qlqdoÇsdk|"e�xwfkÇs�²xwf�|)Ç5�rfkl~v8}kÇ�}kdbeg�s}õ³}be�e��²xwf�lqp"}kdRtup"y�e:¯�fRtuprl~ybj5ÇKõ¸���V� Í ö~Á�µixw|,tup"}b}bxwp.tup"v8�ztup)dk��egf1õ¸���V� Í tiö~Á5Äzl~v�Ç5tw}Rt ½n)tuf`õ¸���V� Ì ökö�y�tup.p"x$�4�Pe1tu�r�r�ql~e�v.dbx�e�Ð)�,tudkl~xwp»õ Ì � �iög�{ |"eZ�rfbxw�r�~eg�s}Mxu��xw�"}begfkh)egf�vre�}klqnVp-y�tup.p"x��ò�Pez�²xwfk��tu�q�qÇ�}kdRtudbe�v.tw}�´
;1ý�� � + � û ÿ ²�@0²1� ± egdbegfk��lqp"e�dk|"e�xw�"}begfkhiegf`n)tulqp"}

L1, L2
tup"v

K
lqp4õ Ì � �5ö1}k�"yR|dk|,tud�nV�~xw�,tu�:tw}kÇ5���rdbxwdkl~y'}kdRtu�rlq�qlqd¿Ç�xu�Zdk|"e-e�}kdklq��tudkl~xwp egfkfbxwf�v�Ç5p,tu��l~y�}Kõ Ì � Ïiö�l~}twyR|rl~eghie�vN���²xwfstu�q���³�rp"ygdkl~xwp"}

x : R
+ −→ R

n �C}Rtudkl~}¸�³Ç5lqprn&õ Ì �q�$öZ�²xwf�}bxw�se�nVlqh)egp�~x5y�tu�q�qÇ�lqp5dbegnVfRtu�r�~e
u : R

+ −→ R
m �
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;1ý�� � + � û ÿ ²�@0²(� ± egdbegfk��lqp"e
η > 0

�Ptup"v
L1, L2

tup"v
K
lqp!õ Ì � �5ö�}k�"yR|-dk|,tudM�²xwftu�q�N�Pxw�rp"vre�v�dkfRtwmoe�ygdbxwfkl~e�}

x : R
+ −→ R

n lqd�|"xw�~vr}�dk|,tud
lim sup

t→∞
‖e(t)‖ ≤ η lim sup

t→∞
‖x(t)‖, õ Ì � óVö

��|rl~yb|-�se�tup"}Mdk|,tudMl��
x(t)

l~}`õ³eghiegp5dk�,tu�q�qÇ"ö��Pxw�rp"vre�v.�5Ç
xmax

�rdk|"egp
e(t)

}k|"xw�r�~v��e1eghiegp5dk�,tu�q�qÇ8��xw�rp"vre�v.�)Ç
ηxmax

�
{ |"esy�xwp"}kdRtup5d

η
y�tup9��es}be�egp»tw}
tup»tw}kÇ5���rdbxwdkl~ys�r�r��egf
��xw�rp"vËxu��dk|"ese�}kdkl ½��tudkl~xwpKegfkfbxwfzfbeg�åtudklqhie
dbxsdk|"e
}kdRtudbeV�Ptup"v-lqdMl~}zvre�}klqfRtu�r�~e1dbx�vre�}klqnVp-dk|"e`xw�"}begfkhiegf}bx�dk|,tud

η
l~}Mtw}�}k��tu�q�Ãtw}���xV}b}klq�r�~eV�

²"³O´�³�µ ¶¸·_¹�º)»]¹S¼Z·A¼¾½g¿YÀ%¹ÂÁÄÃÅ»(Æ�½
��xwp"}kl~vregfM}kÇ�}kdbeg�0õ Ì �q�$ög�rxw�"}begfkhiegf`õ Ì � �5ög�"tup"v�dk|"e1e«fbfbxwf�v�Ç5p�tu��lqy�}`õ Ì � Ïiög�
£ )�� �,ý � û ÿ ²�@0² ÿ Â «IF J�E_¸LEGF�FyJ�E1¤�°3¸LE1¤1B�D¬FH ¯ fB� �¡t­YD�¸�°�¤1£yJ õ Ì � Ïiö ¤�J�¦]¿1BL®]¸�¿�¿c­ ¸n¾J�­Y°7¹�EGB�E1¤1£f¸�¿�¿c­ÆJ�E_¸Y®�¿1Fµº_B� µ¸�¿�¿

x : R
+ −→ R

n î�¤�D E1«IFµJfFHD,JfF&B�ºÏëI­Y¸�¹�¢nDIBtÄ�ñ E ¤�ºE1«IFH fF7F¯òY¤�J�EC°3¸LE1 ¯¤1£�FyJ
P > 0 E L1, L2, K

¸�DI¡#£�B�D,J�E_¸�D�EKJ
λ1, λ2 ≥ 0 E µ > 0

J�¢L£�«
E1«�¸LE9E1«IF9º_B�¿�¿1BtÍ±¤�DY¦3JfF�ESB�º�°3¸LE1 ¯¤cò ¤�DIF[�.¢�¸�¿�¤vE1¤1FyJ9¤�J9J~¸LE1¤�J¯ÅIF�¡�©

[

(A2 − L2C)>P + P (A2 − L2C) + µI P∆A + λ1
1

2
(H − C>K)H>

∆A>P + λ1
1

2
H(H> − K>C) −λ1HH>

]

≤ 0
Ç �]i ¯��	È

[

(A1 − L1C)>P + P (A1 − L1C) + µI −P∆A + λ2
1

2
(H − C>K)H>

−∆A>P + λ2
1

2
H(H> − K>C) −λ2HH>

]

≤ 0
Ç �]i ¯�m È

^ � û9ürý�`!ÿ ²�@0²�@ { |"e
lqp"e�Ð)�,tu�qlqdkl~e�}�õ Ì � Í tiö ½ õ Ì � Í ��öztufbe
p"xwpr�qlqp"e�tufZ��tudkfkl�È'lqp"e�Ð)�,t ½�qlqdkl~e�}�lqp {P, L1, L2, λ1, λ2, µ} �)�r�rd�tufbez�ql�p,e�tuf�lqp {P, L>
1 P, L>

2 P, λ1, λ2, µ} �rtup"vdk|)�"}zy�tup-��e
e~��ygl~egp)dk�qÇ-}bxw�qhie�v��"}klqprn8t�hVtulq�åtu�r�~e
}bxu�³d¿��tufbe1�,twybjVtunie�}�õ³}k�"yb|Ktw}�dk|"e�³fbe�eZ}bxu�³do��tufbe1À;�'¼¿dbx)xw�¡ö«�
Ì� fB�B�º¯© ¼¿p'xwfbvregfzdbx�nV�,tufRtup)dbe�e`dk|,tudzdk|"e`}kÇ�}kdbeg��õ Ì � Ïiö�l~}MnV�~xw�,tu�q�qÇ'tw}kÇ5��� ½dbxwdkl~y�tu�q�qÇ�}kdRtu�r�~eZlqd�}k�Y��y�e�}�dbx�|,t�h)e1t�ÀNÇ)tu�r�rp"x$h��³�rp"ygdkl~xwp

V (e)
xu�¾dk|"e:�²xwfk�

V (e) = e>Pe,
õ Ì � �iö

��|"egfbe
P > 0

l~}�}k�"yR|�dk|,tud
V̇ ≤ −µe>e

õ Ì �q���iö
�²xwf�}bxw�se

µ > 0
�
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�Me�Ð)�rlqfbeg�segp5d`õ Ì �q���iö�Ç5l~eg�~vr}�dk|"e:�²xw�q�~x���lqprn�}begd�xu�¾lqp"e�Ð)�,tu�qlqdkl~e�}�´
e>{(A1 − L1C)>P + P (A1 − L1C) + µI}e ≤ 0,

õ Ì �q�V��tiö
�²xwf

H>x ≤ 0, H>(x − e) ≤ 0
�

[

e
x

]> [

(A2 − L2C)>P + P (A2 − L2C) + µI P∆A
∆A>P 0

] [

e
x

]

≤ 0,õ Ì �q�V�g��ö�²xwf
H>x ≤ 0, H>(x − e) > 0

�
[

e
x

]> [

(A1 − L1C)>P + P (A1 − L1C) + µI −P∆A
−∆A>P 0

] [

e
x

]

≤ 0,õ Ì �q�V��y$ö�²xwf
H>x > 0, H>(x − e) ≤ 0

�
e>{(A2 − L2C)>P + P (A2 − L2C) − µI}e ≤ 0,

õ Ì �q�V��v,ö
�²xwf

H>x > 0, H>(x − e) > 0
�·zxwdbe`dk|,tudzfbe�Ð)�rlqfbeg�segp5db}sõ Ì �q�V��tiö ½ õ Ì �q�V��v,özy�tup'p"xwd:��e�}Rtudkl~}¸�,e�v-lqpKdk|"e`y�xw� ½�r�~egdbe

(e, x)
}k�,twy�e:�rpr�~e�}b}

∆A = 0
��MegnVl~xwp"}ìxu�rdk|"e

(e, x)
}k�,twy�e���|"egfbeCdk|"eC}be�y�xwp"v
tup"v1dk|"e�dk|rlqfbvZ�qlqp"e�tufÃv�Ç5p,tu��l~y�}xu��dk|"e�egfkfbxwf�õ Ì � Ïiözl~}
twygdklqhiesy�tup��Pe�y�x�h)egfbe�v���lqdk|�dk|"esÐ)�,twv�fRtudkl~ysy�xwp"}kdkfRtulqp5d1lqpdk|"e:�²xw�q�~x���lqprn���t�ÇP´

[

e
x

]> [

0 −1
2(H − C>K)H>

−1
2H(H> − K>C) HH>

] [

e
x

]

≤ 0
õ Ì �q���iö

¼¿p"e�Ð)�,tu�qlqdoÇ�õ Ì �q���iö�l~}�vregfklqh)e�v��)Ç��`�r�qdklq�r�qÇ5lqprnsdk|"eZ�sx)vre
ygxwp,}kdkfRtulqp)db}�´
x>H(H>(x − e) + K>Ce) ≤ 0.{ |"e'Ð)�,twv�fRtudkl~y'y�xwp"}kdkfRtulqp5d�õ Ì �q���iö�l~}��5Ç�y�xwp"}kdkfk�"ygdkl~xwp p"egn)tudklqh)e-lqp&dk|"e-fbegnVl~xwpxu�`lqp5dbegfbe�}kd��

0
tud�dk|"eK��xw�rp"v"tufkl~e�}��1tup"v p"xwprp"egn)tudklqhie9eg�~}beg��|"egfbeV�ô��xw�
�rlqprlqprnõ Ì �q���iö���lqdk| õ Ì �q���iö«���"}klqprnËdk|"e

S
½ �rfbx)y�e�v��rfbe!õ³¯�x$Ç�v&egd8tu�Æ�:õ¸���V�u�5ö~Á�µixw|,tup"}b}bxwptup"v»�ztup)dk��egf�õ¸���V� Í tiökö«��Ç5l~eg�~vr}
dk|"eslqp"e�Ð)�,tu�qlqdkl~e�}.õ Ì � Í tiö ½ õ Ì � Í ��ög�.·zxwdbesdk|,tud`lqp"e ½Ð)�,tu�qlqdkl~e�}�õ Ì �q�V��tiö1tup"v&õ Ì �q�V��v,ö1tufbe�lq���r�ql~e�v��5Ç&õ Ì � Í tiöZtup"v&õ Ì � Í ��ö:fbe�}k��e�ygdklqh)eg�qÇi�tup"v�dk|"egfbe«�²xwfbe1y�tup.��e1xw��lqdkdbe�vN�·zxwdbe1dk|,tudzdk|"e1fbeg�åt$Ère�v-lqp"e�Ð)�,tu�qlqdkl~e�}�õ Ì � Í tiö«�~õ Ì � Í ��öMy�tup-�Pe
xwpr�qÇ�p"egn)tudklqhie`}be ½��l~vre«�"prlqdbe
�)Ç�y�xwp"}kdkfk�"ygdkl~xwp!õ¡��e�y�tu�"}be −λiHH> l~}�p"egn)tudklqh)e
}be«��l~vre«�"p"l�dRe�ög�"�r�rddk|,tudzvregfklqhVtudklqhie�}�õ Ì �q�V�g��ög�~õ Ì �q�V��y$ö�tufbe1nV�,tufRtup)dbe�e�v-dbxs��eZp"egn)tudklqh)e1��|"egp"eghiegfMdk|"etu�r�rfbxw�rfklåtudbesv�Ç5p,tu��l~y�}:l~}Ztwygdklqh)e�tup"v

e 6= 0
�Z¶zegp"y�eV�Pdk|"e�y�xw���r�rdbe�v9vregfklqhwtudbl�h)exu��dk|"e�y�tup"v�l~v"tudbe�ÀNÇ)tu�r�rp"x$h-�³�rp"ygdkl~xwp õ Ì � �iözl~}:p"egn)tudklqh)e�vre«�"prlqdbe�lqp

e
�ìtup"vKdk|"enV�~xw�,tu�Ãtw}kÇ5���rdbxwdkl~y1}kdRtu�rlq�qlqdoÇ8xu�¾dk|,eZegfkfbxwfMv�Ç5p,tu��l~y�}`õ Ì � Ïiö�l~}�nV�,tufRtup)dbe�e�vN�
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�)�r�r��xV}be'dk|,tud�t��²e�tw}klq�r�~e'}bxw�q�rdkl~xwp dbx õ Ì � Í tiö ½ õ Ì � Í ��ö�e«È�l~}kdb}��Î�z}b}k�r�se-dk|,tud
M > 0

l~}zt���tudkfkl�ÈN���)lqp"y�e
M ≤ 0

tup,v
z>Mz = 0

lq���r�qÇ8dk|,tud
z ∈ ker(M)

�"lqd�²xw�q�~x���}�dk|,tud
col(0, h) ∈ ker

[

(A2 − L2C)>P + P (A2 − L2C) + µI P∆A + λ1
1
2(H − C>K)H>

∆A>P + λ1
1
2H(H> − K>C) −λ1HH>

]

õ²tup"v�tup,tu�~xwnixw�"}k�qÇ1�²xwfÃdk|"e�lqp"e�Ð)�,tu�qlqdoÇ8õ Ì � Í ��öbö«�w��|"egfbe
h ∈ ker(HH>) = ker(H>)¶zegp"y�eV�r��eZ|,t�h)e:dk|,tud

ker(H>) ⊆ ker(P∆A) = ker∆A,}klqp"y�e
P > 0

��ñrfbxw�ødk|rl~}�lqp"yg�q�"}kl~xwp�lqd��²xw�q�~x���}�dk|,tud�dk|,e:}kdRtudbeZeghixw�q�rdkl~xwp���tudkfkl~y�e�}xu�¾dk|"e:do��x��sx5vre�}MtufbeZp"xwd�lqp"vreg��egp"vregp5d��"�r�rdztufbeZfbeg�åtudbe�v�h5låt�´
A2 = A1 + GH>

�²xwf�}bxw�se:hie�ygdbxwf
G
xu�Ctu�r�rfbxw�rfklåtudbe1vrl��segp"}kl~xwp"}�� { |rl~}�fbeg�åtudkl~xwp.lq���r�ql~e�}�dk|"e1y�xwp ½dklqp)�rlqdoÇ�xu�Pdk|"e�hie�ygdbxwf��,eg�~vr}Cx�h)egf�dk|"e�}k��lqdbyb|rlqprn1�r�åtup"eV�5tw}CvregdRtulq�~e�v�lqp�dk|"e�}be�ygdkl~xwpÌ � Ì �Z¶zegp"y�e�tupKe�Ð)�rlqhVtu�~egp5d:fbeg�rfbe�}begp)dRtudkl~xwp9xu��dk|"e�y�xwp5dklqp)�"xw�"}Z�rl ½ �sx)v"tu�C}kÇ�}kdbeg�õ Ì �q�$ö�l~}�´

ẋ = A1x + G max(0, z) + Bu
õ Ì �q� Ì tiö

z = H>x
õ Ì �q� Ì ��ö

y = Cx,
õ Ì �q� Ì y$ö

��|rl~yb|�l~}�t1ÀN�"f�d ez}kÇ�}kdbeg� õ¡Ä:lqvrÇ)tw}Rtun)tufZõ¸���V� Ì ökö«�5��lqdk|
max(0, ·) ∈ [0, 1]

p,xwpr�ql�p,e ½tufklqd¿Ç8lqp�dk|"e:�²e�e�v��,twybj8�,tudk|;�ÅM�"}begfkhiegf�vre�}klqnVp��²xwf�dk|rl~}�d¿Ç5�PeMxu�Ã}kÇ�}kdbeg�s}C��lqdk|�}k�~xw��eMfbe�}kdkfkl~ygdbe�v�p"xwpr�qlqp"e�tufkl ½dkl~e�}ì��tw}ì�rfbe�}begp)dbe�v
lqp`�Mfby�tuj
tup"v\øzxwjixwdbx$h5l�ùzõ²�V�V���$ö�õ³}be�e�tu�~}bx��rfbxw��xV}klqdkl~xwp8�V� Ì � �iö«�¶zegfbeZ��e1}k|"x$�òdk|,tudMdk|"e1xw�"}begfkh)egfMv"eg}klqnVp.�³fbxw� �Mfby�tuj.tup"v¼øzxwjixwdbx$h5l�ù�õ²�V�V���$ö�l~}tZ}k��e�yglåtu��y�tw}be�xu�;xw�rf�xw�"}begfkh)egf�vre�}klqnVp;�¾¹9e���lq�q�,}klq���r�ql��³Ç�xw�rf�xw�"}begfkhiegf�}kdbfk�"ygdk�rfbe�)Ç8tw}b}k�r��lqprn�dk|"eZ}Rtu�sezn)tulqp
L1 = L2 = L

�²xwf��Pxwdk|��sx)vre�}Mtup"v8dk|"eZ}Rtu�sez�`�r� ½dklq�r�ql~y�tudklqhie�y�xwp"}kdRtup)d
λ1 = λ2 = λ

�M�CÐ)�,tudkl~xwp!õ Ì � Í tiö�y�tup'dk|"egp'�Pe1dkfRtup"}¸�²xwfk�se�vlqp)dbx�e�Ð)�,tudkl~xwp õ Ì � Í ��ög�r�)Ç8�rfbe ½ �`�r�qdklq�r�qÇ5lqprn�lqd���lqdk|
Q> tup"v.��xV}kd ½ �`�r�qdklq�r�qÇ5lqprn�lqd��lqdk|

Q
����|"egfbe

Q =

[

I 0
I −I

]

.

�CÐ)�,tudkl~xwp»õ Ì � Í ��ö�y�tup.�Pe:fbeg�rfbe�}begp5dbe�v-tw}�´
T>

[

(A1 − LC)>P + P (A1 − LC) + µI PG + λ(H − C>K)
G>P + λ(H> − K>C) −2λI

]

T ≤ 0õ Ì ���g�5ö
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��|"egfbe
T =

[

I 0
0 H>

]

.

� fbe ½ tup"v.��xV}kd ½ �`�r�qdklq�r�ql~y�tudkl~xVp'��lqdk|Kt���tudkfkl�È
T
l�p5dkfbx5v��"y�e�}:t�j)egfkp"eg�ìlqp.dk|"e��tudkfkl�È�lqp"e�Ð)�,tu�qlqdoÇÁõ Ì �q�g�5ög���r�rd�vrx5e�}sp"xwd�yR|,tuprnie��²e�tw}klq�rlq�qlqdoÇ!y�xwp"v�lqdkl~xwp"}�� { |"ey�xwp"v�lqdkl~xwp õ Ì �q�g�5ö�l~}�dk|"egfbe«�²xwfbe'e�Ð)�rlqhVtu�~egp)d�dbxËdk|"e-À;�'¼�y�xwp"v�lqdkl~xwp4xw�rdRtulqp"e�v lqp�Mfby�tuj�tup"v¼øzxwjixwdbx$h5l�ùsõ²�V�V���$ö1õ¡�r��dbx�dk|"e1}by�tu�qlqprnsy�xwp"}kdRtup5d

λ
ö«�

²"³O´�³�É Ên»]½�Æ�·_¹�º)»�¹S¼Z·A¼¾½g¿YÀ%¹ÂÁÄÃÅ»(Æ�½
{ |"e�xwfbeg� Ì � �"� Ì nVlqh)e�}1}k�Y��ygl~egp5d
y�xwp"vrl�dblqxwp,}1�²xwfZdk|"e�}bxw�q�rdkl~xwpËxu���rfbxw�r�~eg� Ì � �"�q�V��ºv�fRt����,twyRj.xu�¾dk|"e
xw�rdRtulqp"e�v.fbe�}k�r�qd�l~}�dk|,tudzt�p"e�y�e�}b}RtufkÇ�y�xwp"v�lqdkl~xwp-�²xwf�dk|,e:�²e�t ½}klq�rlq�qlqdoÇ!xu�Kõ Ì � Í tiö ½ õ Ì � Í ��ö�l~}sdk|"e-y�xwp)dklqp5�rlqd¿Ç&xu�Zdk|"e��rl ½ �sx5v"tu�z�rl~e�yge ½ ��l~}beKt��sp"e}kÇ�}kdbeg�.�¼¿p�xwfbvregf:dbx�nVlqh)e�tup9tu�r�rfbxitwyb|��³xwfZv�l~}by�xwp5dklqp)�"xw�"}1}kÇ�}kdbeg�s}Ztw}:��eg�q����e`p"e�e�vdbx'y�xwp"}kl~vregf
dk|"e�fbeg�åt$Ère�vË�rfbxw�r�~eg� Ì � �"� ��� { |"es�²xw�q�~x���lqprn'dk|"e�xwfbeg���rfbx�h5l~vre�}�tuptup"}k��egf�dbx�dk|rl~}��rfbxw�r�~eg�S�
£ )�� �,ý � û ÿ ²�@0²(� Â «IF#J�E_¸LEGFóFyJ�E1¤�°3¸LE1¤1B�D FH ¯ fB� ó¡t­YD�¸�°�¤1£yJ õ Ì � Ïiö ¤�JÃF�ÄnFHD�E¯¢�¸�¿�¿c­®.B�¢nDI¡.F�¡!®�­í¸6£�B�D,J�E_¸�DIE

emax
î�¤�D E1«IF&JfFHD,JfF�B�ºs¡.FHÅ.D.¤vE1¤1B�D ØL¨ ¶.¨c§~ñ E ¢nDI¡.FH ÃE1«IF¸�JHJ�¢n°7¹�E1¤1B�D¬E1«�¸LE

x
¤�J3F�ÄnFHD�E¯¢�¸�¿�¿c­!®.B�¢nDI¡.F�¡í®f­

xmax E ¤�º7E1«IFH fF¼F¯òY¤�J�EÏ°3¸LE1 ¯¤1£�FyJ
P = P> > 0 E L1, L2

¸�DI¡�£�B�D,J�E_¸�DIEKJ
λ1, λ2, ε ≥ 0

¸�DI¡
µ, α > 0

J�¢L£G«6E1«�¸LEÏE1«IF
º_B�¿�¿1BtÍ±¤�DY¦3JfF�ESB�º�°3¸LE1 ¯¤cò ¤�DIF[�.¢�¸�¿�¤vE1¤1FyJ9¤�J9J~¸LE1¤�J¯ÅIF�¡�©






(A2 − L2C)>P
+P (A2 − L2C) + (µ + α)I

P∆A + λ1
2 (H − C>K)H>

∆A>P + λ1
λ1
2 H(H> − K>C) −λ1HH> − αε2I






< 0

õ Ì �q��ÏVtiö






(A1 − L1C)>P
+P (A1 − L1C) + (µ + α)I

−P∆A + λ2
2 (H − C>K)H>

−∆A>P + λ2
2 H(H> − K>C) −λ2HH> − αε2I






< 0

õ Ì �q��Ïu��ö
y:B� fF�BtÄ�FH  E ¤�º

γ1I ≤ P ≤ γ2I,
õ Ì �q���iö

E1«IFHD
emax ≤

√

γ2

γ1
εxmax.

õ Ì �q�$óVö



ØL¨ ?Y¨¢yó¸�¤�D  fFyJ�¢n¿vEKJ9ºvB� \E1«IF>£�B�DIE1¤�D�¢LB�¢tJ7E1¤�°&Fõ£f¸�JfF �I�

Ì� fB�B�º¯© ·zxwdbeMdb|,tud�dk|"ez��tudkfkl�È�lqp"e�Ð)�,tu�qlqdkl~eg}
õ Ì �q��Ïiö�tufbeMfbeg�åt$È"tudkl~xwp"}�xu�1õ Ì � Í ö�)Ç��"}klqprnsdk|"e
S
½ �rfbx5y�e�v��rfbe1��lqdk|.dk|"e1Ð)�,twv�fRtudkl~y1y�xwp"}kdkfRtulqp)d

‖e‖2 ≥ ε2‖x‖2,
õ Ì ��� Í ö

tup"v»dk|"e��
�r�qdklq�r�ql~y�tudkl~xVp�y�xwp"}kdRtup5d
α
õ³}be�e�¯�x$Ç�v»egdstu�Æ��õ¸���V�u�5ö~Á�µixw|,tup"}b}bxwp�tup"v�ztup)dk��egf�õk���V� Í tiökö«�:¶zegp"y�eV��dk|"egÇ�lq���r�qÇ.dk|,tud:dk|"e1�³�rp"ygdkl~xwp

V (e) = e>Pe
}Rtudkl~} ½�,e�}�´

V̇ (e) ≤ µe>e
��|"egp ‖e‖2 ≥ ε2‖x‖2

� ñ"xwfztup-tufk�rlqdkfRtufkÇ
δ > 0

�rvregp"xwdbe
V δ

max := sup
‖e‖≤εxmax+δ

V (e).

± e«�"p"eZdk|"e:�Pxw�rp"vre�v-}begd
Sδ
�5ÇP´

Sδ = {e ∈ R
n | V (e) < V δ

max}.
�)lqp"y�e

V̇ (e) < 0
�²xwf

e 6∈ Sδ
��lqd��²xw�q�~x��M}�dk|,tud

Sδ
l~}���xV}klqdklqh)eg�qÇ�lqp5hVtufklåtup)d�lÆ� eV��l��Ã�²xwf

T0 > 0

V (e(T0)) < V δ
max =⇒ V (e(t)) < V δ

max ∀t>T0 .�'xwfbe�x�h)egf��
Sδ
}Rtudkl~}¸�,e�}Mt�}kdkfbxwprn�hVtufklåtup5dMxu�CtudkdkfRtwygdklqh5lqd¿Ç8lqp.dk|"e1}begp"}be:dk|,tud

∃T0>0 V (T0) < V δ
max.

ñrfbxw�Sõ Ì �q���iö�lqd��²xw�q�~x���}�dk|,tud�´
V δ

max ≤ γ2[εxmax + δ]2

tup"v.y�xwp"}be�Ð)�"egp)dk�qÇ)�
∀δ>0∃T0>0∀t>T0 ‖e(t)‖ ≤

√

γ2

γ1
[εxmax + δ].

{ |rl~}��se�tup"}�dk|,tud
emax := lim sup

t→∞
‖e(t)‖ ≤

√

γ2

γ1
εxmax.
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^ � û9ürý�`!ÿ ²�@0²�[ ¼Æ�Ãdk|"egfbeZe«È�l~}kdb}�t1�²e�tw}klq�r�~eZ}bxw�q�rdkl~xwp8�²xwf�dk|"eZ}kÇ�}kdbeg�øxu�Ãlqp"e�Ð)�,tu�ql ½dkl~e�}
P > 0

õ Ì �q���Vtiö
(A1 − L1C)>P + P (A1 − L1C) + µI < 0

õ Ì �q���u��ö
(A2 − L2C)>P + P (A2 − L2C) + µI < 0

õ Ì �q���wy$ö
õ¡��|rl~yR|�lq���r�ql~e�}Zdk|,tud:dk|,e`�,tulqfb}

(A1, C)
tup"v

(A2, C)
tufbe�vregdbe�ygdRtu�r�~e$öZtup

ε
y�tuptu�q��t�Ç�}¾�Pe��²xw�rp"v�}k�"yR|�dk|,tudMõ Ì �q��ÏVtiö¾tup"v�õ Ì �q��Ïu��ö�tufbe��²e�tw}klq�r�~eV�C��xwp"v�lqdkl~xwp"}Mõ Ì �q���iötufbe1e«È"twygdk�qÇ�dk|"e1ygxwp,v�lqdkl~xwp"}�fbe�Ð)�rlqfbe�v8�²xwf�dk|"eZxw�"}begfkh)egf�vre�}klqnVp.lqp�dk|"e1y�tw}be:��|"egpdk|"e1yg�rfkfbegp)dM�sx)vreZl~}�j5p"x$��pËõ³�z�qe�}b}Rtup"vrfklìtup"v'��xw�~egdkdRt.õ²�V�V����t�� ��ökö«�

^ � û9ürý�`!ÿ ²�@0² T { |"e1e�Ð)�,tudkl~xwp
P ≥ I

õ Ì � �V�iö
y�tup���e-twvrvre�v!dbx&õ Ì �q��ÏVtiög�:õ Ì �q��Ïu��ö`��lqdk|"xw�rd�yb|,tuprnVlqprn9�²e�tw}klq�rlq�qlqd¿Ç)��·:tu�seg�qÇi��l��
{P, L1, L2, λ1, λ2, µ1, µ2, ε} l~}Zdk|"e��²e�tw}klq�r�~es}bxw�q�rdkl~xwpËxu��õ Ì �q��ÏVtiö���õ Ì �q��Ïu��ög�ì}bx8l~}dk|"e�}by�tu�~e�vË}begd { 1

γ1
P, L1, L2,

1
γ1λ1,

1
γ1λ2,

1
γ1µ1,

1
γ1µ2, ε} ��tup"v P ∗ = 1

γ1
P ≥ I

�{ |"e1}be�y�xwp"v��,tufkdMxu�¾dk|"eZvrxw�r�r�~e1lqp"e�Ð)�,tu�qlqd¿ÇËõ Ì �q���iö��²xw�q�~x$��}��³fbxw�.´
P − γ2I < 0.

õ Ì � ���$ö
^ � û9ürý�`!ÿ ²�@0²�À ��xwp"v�lqdkl~xwp-õ Ì �q� Í öìy�tup`�Pe�}kdRtudbe�v`lqp�t��sxwfbe�niegp"egfRtu�5�²xwfk�.�w��|"egp
‖·‖ l~}�fbeg�r�åtwyge�vs�)Ç ‖·‖Q

�Ã�Mp�lqp5dbegfbe�}kdklqprn
y�tw}be�l~}���|"egp ‖e‖ l~}�fbeg�r�åtwy�egvs�)Ç ‖e‖P
�{ |"egp;�inVlqh)egp�t:y�egfkdRtulqp

ηspec > 0
�ie«È�l~}kdbegp"y�e�xu�;tupsxw�"}begfkh)egfCdk|,tud�twyb|rl~egh)e�}��Pxw�rp"v

emax ≤ ηspecxmax
�²xw�q�~x���}M�³fbxw� dk|"e1�²e�tw}klq�rlq�qlqd¿Ç'xu�C�rlq�qlqp"e�tuf:��tudkfkl�È'lqp"e�Ð)�,tu�qlqdkl~e�}õ³¯��'¼kö�}klq��lq�åtufMlqp.�²xwfk� dbx'õ Ì �q��Ïiö�tup"v»õ Ì � �V�iö���lqdk|

ε = ηspec
� { |"e
v�fRt�����twybj�l~}dk|,tudM¯��'¼o}�y�tup.p"xwd���e1}bxw�qhie�v8lqp'tup-e~��y«l~egp5dM��t�Çi�

^ � û9ürý�`!ÿ ²�@0²�Z �CÐ)�,tudkl~xwp"}
õ Ì �q��Ïiö�tufbe:�rl ½ �qlqp"e�tuf�lqp�dk|"ezhVtufklåtu�r�~e�} {P, L1, L2, ε,
λ1, λ2, µ, α} �ì¹ |"egp ε

l~}¾�rÈre�vN�w��lqdk|�dk|"e�}Rtu�se�yb|,tuprnie�xu��hVtufklåtu�r�~e�}Ctw}�lqp�fbeg��tufkjÌ � �"� �s��e:niegdzt�}begd�xu�¾�qlqp"e�tufM��tudkfkl�È8lqp"e�Ð)�,tu�qlqdkl~e�}��
�Mp5Ç��²e�tw}klq�r�~e1}bxw�q�rdkl~xwp'xu��dk|"e1e�Ð)�,tudkl~xwp"}`õ Ì �q��Ïiög�ìõ Ì � �V�iö�tup"v»õ Ì � ���$ö�l~}zt�}bxw�q�rdkl~xwp�²xwf�dk|"eZ�rfbxw�r�~eg� �Vt��r��lqdk|

η =
√

γ2ε
���Mp.}k�r� ½ xw�rdklq��tu�¾tu�qnixwfklqdk|r�ôdk|�tudztulq�s}�dbx��lqprlq��lq��e�dk|"e`hVtu�q�"e�xu�

η
�²xw�q�qx$��}z�³fbxw� dk|"e�xwfbeg� Ì � �"� Ï��ìtup"v'fbeg��tufkj�} Ì � �"� ó8tup"vÌ � �"� ���C�Mp"vregf�dk|"e1y�xwp"v�lqdkl~xwp"}Mxu�¾fbeg��tufkj Ì � �"� �st`��lqprlq��tu�

ε
y�tup��Pez�²xw�rp"v���|"egpõ Ì �q��ÏVtiög��õ Ì �q��Ïu��ö1y�e�tw}besdbx.�Pe��²e�tw}klq�r�~eV�.ñ"xwf�t8�²e�tw}klq�r�~eshVtu�q�"e�xu�

ε
yg�~xV}besdbx.dk|"elqp��²e�tw}klq�r�~eZhVtu�q�"e1tup-xw�rdklq��lq�$tudkl~xwp-�rfbxw�r�~eg�.´

min γ2



ØL¨ KL¨O·�¿�¤1¡]¤�DY¦'°&BL¡.F>¸�D�¸�¿c­.J¯¤�J � ÿ

�rp"vregf`õ Ì �q��ÏVtiög�~õ Ì �q��Ïu��ög�~õ Ì � �V�iö��~õ Ì � ���$ö�l~}�}bxw�qhie�vN� { |"egp
emax <

√
γ2εxmax

��Mp"xwdk|"egf��rfbxw�r�~eg� dk|,tud�x)y�yg�rfb}�l~}sdk|,tud�dk|"e'tu��x$hie.��lqprlq��lq�$tudkl~xwp �rfbxw�r�~eg��³fbe�Ð)�"egp)dk�qÇ�nVlqh)eg}`xw�"}begfkhiegf
n)tulqp"}
L1, L2

xu�MtupË�rp,twy�y�eg�rdRtu�r�qÇ9|rlqnV|»��tunVprlqdk�"vreV�{ |"e�F¿}klq��e�G�xu�rdk|"e�n)tulqp"}ìy�tup
��e�lqp"v�lqfbe�ygdk�qÇZlqp"yg�q�"vre�v1lqpZdk|"eCxw�rdklq��lq�$tudkl~xwp`�rfbxw�r�~eg�.��)Ç�twvrv�lqprn�dk|"e:��tudkfkl�È�lqp"e�Ð)�,tu�qlqdkl~e�}��qlqj)eV´
L>

1 PL1 < ξ1I

L>
2 PL2 < ξ2I.

¶zegfbeV�
ξ1
tup"v

ξ2
tufbe
tu��È�lq�qlåtufkÇ�y�xwp"}kdRtup)db}��rdk|,tud��Pxw�rp"v�dk|"eZ��tunVprlqdk�"vre
xu�¾dbegfk�s}

L>
1 PL1

tup"v
L>

2 PL2
�;fbe�}k��e�ygdklqh)eg�qÇi�sÄ�tu�q�"e�}

ξ1
tup"v

ξ2
y�tup9�Pe�twvrvre�v�lqp5dbx�dk|"exw�rdklq��lq�$tudkl~xwpÎygfklqdbegfkl~xwp;�z��l�db|òtu�r�"fbxw�rfklåtudbe���eglqnV|5dklqprn!�²twygdbxwfR}�� { |"eK�rfbegh5l~xw�"}lqp"e�Ð)�,tu�qlqdkl~e�}My�tup.��eZdkfRtup"}¸�²xwfk�se�v�lqp)dbxsÀ;�'¼o}��"}klqprn���yb|5�rfMy�xw���r�~eg�segp)db}��

Ò>�(T Ë �bO�H:ObGõÕ�QSAZH`@ E�G�E��oD
U,ObU
�M�q��vregfklqhVtudkl~xwp"}�}bx.�Ætuf
��egfbe�vrxwp"e���lqdk|»dk|"e�lq���r�ql~yglqdstw}b}k�r���rdkl~xwp»dk|,tud�}k�ql~v�lqprn�sx)vre�}Zvrx�p,xwdZx)y�yg�rfZp"eglqdk|"egfZlqpKdk|"e�xwfklqnVlqp,tu�C}kÇ�}kdbeg�.��p"xwf:lqpKdk|"e�vre�}klqnVp"e�v�xw� ½}begfkhiegf��»¼¿p!dk|"e�v�l~}byg�"}b}kl~xwp dk|,tud��²xw���~x$��}���e8��lq�q��}k|"x$� dk|,tudsdk|"e8�rfbxw��egfkdkl~e�}�xu�dk|"e1vre�}klqnVp"e�v.xw�"}begfkh)egfb}MtufbeZfbegdRtulqp"e�vN�"�rp"vregf�dk|"eZ�rfbe�}begp"y�e1xu�C}k�ql~v�lqprns�sx)vre�}��rlqpdk|"e�}kÇ�}kdbeg��tup"vKlqpKdk|"e�vre�}klqnVp"e�v�xw�"}begfkhiegf��`·zxwdbe`dk|,tud1eghiegpKlqp�dk|"e�y�tw}be���|"egpdk|"e
}kÇ�}kdbeg�ôv�Ç5p,tu��l~y�}Ml~}zy�xwp)dklqp5�"xw�"}:}k�ql~v�lqprn��sx5vre�}M��t�Ç.e«È�l~}kd�lqp-dk|"e`vre�}klqnVp"e�vxw�"}begfkhiegf�� { |rl~}�l~}�dk|"e1}k�Pe�ygl~tu�ìy�tw}be1xu�¾dk|"ez�²xw�q�~x$��lqprn�tup,tu�qÇ�}kl~}��¹9e���lq�q�Py�xwp"}kl~vregf�}k�ql~v�lqprn`�sx)vre�}�tu�~xwprn
dk|"ez}k��lqdbyR|rlqprn�}k�rf¸�Ætwy�e`õ

H>x = 0
�²xwfdk|"eM}kÇ�}kdbeg� tup"v

H>x̂+K(ŷ− y) = 0
�²xwf�dk|"ezxw�"}begfkhiegf«ö��rp"vregf�dk|"e:tw}b}k�r���rdkl~xwpdk|,tud���e.|,t�hie-y�xwp"}kdkfk�"ygdbe�v tup xw�"}begfkhiegf�dk|,tud�}Rtudkl~}¸�,e�}�e�Ð)�,tudkl~xwp"}�õ Ì �q��Ïiög��tup"v��eZtufbeznixwlqprn�dbx`}k|"x$� dk|,tud�dk|"e:e�}kdklq��tudkl~xwp.egfkfbxwf�fbeg��tulqp"}�egh)egp)dk�,tu�q�qÇ��Pxw�rp"vre�vN�{ |"e��sx)vresxu��dk|"e�}kÇ�}kdbeg� ��|"egfbe

H>x < 0
õ

H>x > 0
öMl~}:fbe«�²egfkfbe�v�dbx�tw}Zdk|"e�"fb}kd��sx5vre�õ³}be�y�xwp"v��sx)vre$ö«�,tup"v�lqp'tup-tup,tu�~xwnixw�"}M��t�Ç��²xwf�dk|"e1xw�"}begfkhiegf��ñÃlqfb}kd���y�xwp"}kl~vregf�dk|"e-y�tw}be.��|,e«fRe-}k�ql~v�lqprn x)y�yg�rfb}�lqp&dk|"e'vre�}klqnVp"e�v xw�"}begfkhiegftu�~xwprn�dk|"eZ�r�åtup"e

H>x̂ = 0
� { |"egp;�rdk|"eZv�Ç5p,tu��l~y�}�xu�¾dk|"eZxw�"}begfkh)egf�l~}�nVlqh)egp��)Ç�ty�xwp)h)e«È�y�xw�`�rlqp,tudkl~xwp8xu�Pdk|"e�y�xwp"}kdklqdk�rdklqprn`�ql�p,e�tuf�v�Ç5p,tu��l~y�}zõ¡lÆ� eV�¾��e��"}be�ñÃlq�qlq�r��x$h}bxw�q�rdkl~xwp"}Mtw}�dk|"e:�²xwfk��tu�qlq�$tudkl~xwp'xu�¾dk|"e1}k�ql~v�lqprn�v�Ç5p,tu��l~y�}
õ³ñÃlq�qlq�r�Px�h9õ¸��� ÍVÍ ökökö«´

˙̂x = λ{A1x̂ + Bu + L1(y − ŷ)} +

(1 − λ){A2x̂ + Bu + L2(y − ŷ)},
ŷ = Cx̂,

õ Ì � �V�iö
��|"egfbe

λ ∈ [0, 1]
�C��xwp"}kl~vregf�p"e«È�d�dk|"e:}klqdk�,tudkl~xwp8��|"egfbezdk|"e:}kÇ�}kdbeg� l~}�lqp�dk|"eM�"fb}kd
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�sx5vreV� { |"egp.dk|"e1egfkfbxwfMv�Ç5p,tu��l~y�}�l~}�nVlqh)egp��5ÇP´
ė = ẋ − ˙̂x = λ{(A1 − L1C)e} +

(1 − λ){(A2 − L2C)e + ∆Ax}, õ Ì � � Ì ö
��|rl~yR|�l~}�t�y�xwp5hie«È�y�xw�
�rlqp,tudkl~xwp'xu�Ãdk|"e:�"fb}kd�tup"v8dk|"e1}begy�xwp"v��sx)vre1xu�Ãdk|"eZegfkfbxwfv�Ç5p,tu��l~y�}:õ Ì � Ïiög���)lqp"y�e

V̇ (e)
l~}�p"egn)tudklqhieM��|"egpKõ Ì �q� Í ö�|"xw�~vr}��i�²xwf���xwdk|��sx)vre�}��)lqdl~}�tu�~}bx1p"egn)tudklqhie��²xwf�dk|"eglqf�y�xwp5h)e«È�ygxw�`�rlqp,tudkl~xwp"}��rp"vregf:õ Ì �q� Í ög��¶zegp"y�eV�)dk|"eMegfkfbxwfl~}�e«h)egp5dk�,tu�q�qÇ���xw�rp"vre�vN��tw}C�rfbx�h)egpslqpsdk|"e�xwfbeg� Ì � �"� Ï��¾� }klq��lq�åtuf�tufknV�r�segp)d�|"xw�~vr}��|"egpËdk|"e�}kÇ�}kdbeg��l~}1lqpËdk|"e�}be�y�xwp"v9�sx)vreV��tup"v9dk|"e�xw�"}begfkhiegf
l~}1lqp9dk|"e�}k�ql~v�lqprn�sxwdkl~xwp;���xwp"}kl~vregf�p"x$�&dk|"e�y�tw}be���|"egp8tZ}k�ql~v�lqprn
�sx)vreMe«È�l~}kdb}�xwp�dk|"e�}k��lqdbyR|rlqprn
�r�åtup"exu�;dk|,eM}kÇ�}kdbeg�.� { |"egp;�)db|"eM}kÇ�}kdRe«� v�Ç5p,tu��l~y�}�l~}�nVlqhiegp��5Ç�t
y�xwp)h)e«È�y�xw�`�rlqp,tudkl~xwpxu�¾dk|"e1y�xwp"}kdklqdk�rdklqprn��qlqp"e�tufMv�Ç5p,tu��l~y�}�´

ẋ = µ{A1x + Bu} + (1 − µ){A2x + Bu}
y = Cx

õ Ì � �u�5ö
��|"egfbe

µ ∈ [0, 1]
�1¼Æ��dk|"e�xw�"}begfkhiegfZl~}zlqpKdk|"e`�"fb}kd:�sx)vreV�Ndk|"e�egfkfbxwf1v�Ç5p,tu��l~y�}:l~}nVlqh)egp��5ÇP´

ė = ẋ − ˙̂x = µ{(A1 − L1C)e} +

(1 − µ){(A1 − L1C)e − ∆Ax}, õ Ì � �VÏiö
��|rl~yR|�l~}1t�y�xwp5hie«È�y�xw�
�rlqp,tudkl~xwp»xu��dk|"e
�"fb}kd
tup"vKdk|"e�dk|rlqfbvK�sx)vre�xu��dk|"e�egfkfbxwfv�Ç5p,tu��l~y�}��`¶zegp"y�eV�

V̇ (e)
l~}:p"egn)tudklqhie���|"egp&õ Ì ��� Í öz|"xw�~vr}��`� }klq��lq�åtuf
tufknV�r�segp)d|"xw�~vr}��²xwf�dk|"e
y�tw}beZ��|"egp.dk|"e
}kÇ�}kdbeg�øl~}�lqp.dk|"e1}k�ql~v�lqprn��sx)vreV��tup"v.dk|"e1xw�"}begfkh)egfl~}�lqp.dk|"eZ}be�y�xwp"v��sx5vreV���xwp"}kl~vregf�p"x$� dk|"e�}klqdk�,tudkl~xwp!��|"egfbe�dk|"egfbe.tufbe�}k�ql~v�lqprnK�sx5vre�}�lqp �Pxwdk| dk|"e}kÇ�}kdbeg� tup"v�dk|"e�xw�"}begfkhiegf�� { |"egp�dk|"e�v�Ç5p,tu��l~y�}Cxu�Pdk|"e�}kÇ�}kdbeg�ºl~}¾nVlqh)egp��)Ç.õ Ì � �u�5ötup"v»dk|"e8v�Ç5p,tu��l~y�}�xu�Mdk|"e8xw�"}begfkh)egf�l~}`nVlqhiegp �5Ç õ Ì � �V�iög� { |"e8egfkfbxwf�v�Ç5p,tu��l~y�}�²xw�q�~x$��}�dk|"egp'tw}�´

ė = (µ − λ){(A2 − L2C)e + ∆Ax} +

(1 − µ){(A2 − L2C)e} + λ{(A1 − L1C)e},
l��

µ − λ ≥ 0
�,tup"v

ė = (λ − µ){(A1 − L1C)e − ∆Ax} +

(1 − λ){(A2 − L2C)e} +

µ{(A1 − L1C)e}, õ Ì � �V�iö
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l��
λ − µ ≥ 0

�K¹Ëe�}be�e�dk|,tud�dk|"e8egfkfbxwf�v�Ç5p,tu��l~y�}�l~}�tun)tulqp nVlqh)egp!tw}st-y�xwp5hie«Èy�xw�
�rlqp,tudkl~xwp»xu��dk|"e��sx)vre�}1xu��dk|"e�egfkfbxwf1v�Ç5p,tu��l~y�}�õ Ì � Ïiög�;tup"vKl~}��N�)ÇKt8}klq��lq�åtuftufknV�r�segp)d:tw}�lqp.dk|"e:�rfbegh5l~xw�"}My�tw}be�}��reghiegp5dk�,tu�q�qÇ8��xw�rp"vre�vN�{ x�}k�"����tufklq��e1dk|"e1tu��x$hie1tup,tu�qÇ�}kl~}�����eZy�xwp"yg�q�"vreZdk|,tud�dk|,eZe�}kdklq��tudkl~xwp-egfkfbxwf�rp"vregfM}k�ql~v�lqprns�sx)vre�}�l~}�eghiegp5dk�,tu�q�qÇ8��xw�rp"vre�vN�
Ò>�Xb IKJ`E�QøLx��@;U
¼¿p9dk|rl~}
}be�ygdkl~xwpËdk|"es�rfbe�}begp)dbe�vËdk|"e�xwfkÇK��lq�q���Pe�lq�q�q�"}kdkfRtudbe�vË�)Ç9tup»e«È���egfklq�segp5dRtu�e«È"tu���r�~e1xu�Ct`�rl~e�y�eg��l~}beZ�qlqp"e�tufM��e�tu� tup"v-tup-twy�twvreg��l~y
e«È"tu���r�~eV�
NQP ü"û:-±+ � ÿ ²�[
²1� ¼¿p9dk|rl~}
e«È"tu���r�~es��e���lq�q���rfbe�}begp5d`tup»e«È���egfklq�segp5dRtu��xw�"}begfkhiegfvre�}klqnVp��²xwf�tz�rl~e�y�eg��l~}be��qlqp"e�tufC�Pe�tu� ��lqdk|�t:xwp"e ½ }kl~vre�vs}k�rfklqprn�õ³ñ"egÇ�õ¸���V�V�iö~Ái¶ze�egf ½d²m¸e�}
õ¸���V�V�iökö«� � fRtwygdkl~y�tu�Ã}kÇ�}kdbeg�s}���lqdk|-}klq��lq�åtufMv�Ç5p,tu��l~y�}ztufbeV���²xwf�e«È"tu���r�~eV�,}k�"} ½��egp"}kl~xwp.�rfkl~v�nie�}ztup"v��r�rlq�~v�lqprn�ygfRtup"e�}��{ |"e�e«È��Pegfklq�segp)dRtu�"}begdk�r�`l~}¾vreg�rl~ygdbe�v�lqp
�"nV�rfbe Ì �q�V� { |"e�}byb|"eg��tudkl~y�fRe«�"fbe�}be«p ½dRtudkl~xwp8xu�;dk|"eM}begdk�r��l~}CnVlqh)egp�lqp��"nV�rfbe Ì � ��� { |"ez}begdk�r��y�xwp"}kl~}kdb}�xu�ÃtZ�segdRtu���Pe�tu���|rl~yb|'l~}M}k�r�r��xwfkdbe�vKtudM��xwdk|'egp"v"}��5Ç8�~e�t$��}k�rfklqprni}����ºxwp"e ½ }kl~vre�v'}k�rfklqprn8twygdb}�lqpdk|"e���l~vrv��~e�xu��dk|"e��Pe�tu�.�CÅMp"e ½ }kl~vre�vs}k�rfklqprn:fbe�tu�qlq��e�v���lqdk|�tup"xwdk|"egf��Pe�tu�.�V��|rl~yR|l~}1yg�åtu����e�v»tud1��xwdk|Ëegp"vr}`tup"v��r�åtwy�egv9lqp9�,tufRtu�q�~e«��dbx�dk|"e��"fb}kd1xwp"eV��¹ |"egp9dk|"e��l~vrv��~eZxu�Ãdk|"ez�Pe�tu�ø�sx�h)e�}�vrx$��p)��tufbvr}�lqd�l~}�lqp�y�xwp5dRtwygd���lqdk|�dk|"eZ}k�rfklqprn"����|"egplqd1�sx$hie�}1�r�5��tufbvr}
dk|"e�}k�rfklqprn.l~}1p"xwd�twygdklqhieV� { |"egfbe«�²xwfbeV�Ãd¿��x.v�Ç5p,tu��l~ys�sx5vre�}��t�Ç8��e1v�l~}kdklqprnV�rl~}k|"e�v�lqp.dk|"e:�sxwdkl~xwp'xu�¾dk|"e:�Pe�tu�.�

¥ ¤c¦2¢n fFõØL¨c§]©A�±ò�¹�FH ¯¤�°&FHDIE_¸�¿�JfF�E¯¢�¹
{ |"e`��e�tu� l~}:e«Èryglqdbe�v'�5Ç'ts�Pe«fblqx5v�l~y`�³xwfRyge

u
�Ntu�r�r�ql~e�v'lqpKdk|"e`��l~vrv��~e�xu��dk|"e��e�tu�.� { |"e-�²xwfby�e

u
l~}8�rfbx5v��"y�e�v �5Ç tËfbxwdRtudklqprn���tw}b}8�rp5�,tu�åtup"y�eV�z��|rl~yR|4l~}v�fklqhiegp-�5Ç.t�dRtwyR|"x ½ y�xwp)dkfbxw�q�~e�v-�sxwdbxwf��,dk|,tud:egp,tu�r�~e�}:tsy�xwp"}kdRtup)dzfbxwdRtudkl~xwp'}k�Pe�e�vN�{ |"e:�²xwfby�e

u
y�tup.��eZ�se�tw}k�rfbe�v���lqdk|'t`�rl~eg��x5eg�~e�ygdkfkl~yZ�²xwfby�eZdkfRtup"}bv��"y�egf��
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u
1my

2mymidq actq

nlk

¥ ¤c¦2¢n fFõØL¨ ¶.©S·,£G«IFH°3¸LE1¤1£Ï fF�¹2 fFyJfFHDIE_¸LE1¤1B�D:B�º»E1«IF>F¯ò�¹±FH ¯¤�°&FHD�E_¸�¿�JfF�E¯¢�¹

{ |"e���e�tu� l~}��sx)vreg�q�~e�v��"}klqprn�dk|"e��"prlqdbe.eg�~eg�segp5ds�segdk|"x)vÁõ³ñ¾�C��ö«�Ctup"v&t�sx5vreg�;��lqdk|Ë�V�V�ZvregnVfbe�e�}Mxu�Ã�³fbe�e�vrxw� ��tw}Mxw�rdRtulqp"e�vN�C�z}klqprn�t�y�xw����xwp"egp5dM�sx)vre}kÇ5p5dk|"e�}kl~}s�segdk|"x)v õå�²xwf�vregdRtulq�q}8}be�e-ñ"egÇÎõ¸���V�V�iö~Á�¶ze�egfkd²m¸e�}Kõ¸���V�V�iökö«�Mt�fbe�v��"y�e�v�sx5vreg����lqdk| Ì vregnVfbe�e�}�xu���³fbe�e�vrxw� õ Ì$½¿± ÅzñCöZ��tw}`xw�rdRtulqp"e�vN�Ctup"vË�"}be�v��²xwf
dk|"exw�"}begfkh)egf�vre�}klqnVp;�{ |"e Ì$½¿± Åzñ!�sx)vreg�Ãy�xwp5dRtulqp"}Md¿��x�lqp5dbegf¸�Ætwy�e ± Åzñ"}��
qmid

tup"v
qact

��|rl~yR|.fRe ½�rfbe�}begp5dÃ�r|5Ç�}kl~y�tu��v�l~}k�r�åtwy�eg�segp)db}Cxu�"dk|"e���l~vrv��~e�xu�,dk|"e��Pe�tu�.�itup"v�tudÃdk|"e��~x5y�tudblqxwpxu��dk|"e�twvrv�lqdkl~xwp,tu��twygdk�,tudbxwf��ifbe�}k�Pe�ygdklqhieg�qÇ)�¾ñr�rfkdk|"egfk�sxwfbeV�)dk|"e Ì$½¿± Åzñ'�sx5vreg�"y�xwp ½dRtulqp"}:xwp"e
niegp"egfRtu�qlq��e�v ± Åzñ��
qξ
�,dk|,tudZtwy�y�xw�rp5db}M�²xwfzdk|"e1�"fb}kdzeglqniegpr�sx5vre�xu�Cdk|"e�Pe�tu�.� ·zxwdbe�dk|,tud�twvrv�lqprnË�sxwfbe-eglqniegpr�sx)vre�}�dbx�dk|"e��sx5vreg����lqnV|5d���tujie�dk|"e�sx5vreg�;�sxwfbe
twy�yg�rfRtudbeV��tud�dk|"e1y�xV}kd�xu�¾lqp"ygfbe�tw}be�v��sx5vreg�ìy�xw���r�~e«È�lqd¿Ç)�{ |"eKe�Ð)�,tudkl~xwp"}8xu�
�sxwdkl~xwp �²xwf�dk|"e Ìw± Åzñ �sx)vreg�Zxu�
dk|"e-�rl~e�y�eg��l~}be'�qlqp"e�tuf�Pe�tu�ôy�tup��Pe:��fbl�dbdbegp'tw}�´

Mq̈ + Bq̇ + Kq + fnl(q) = hu,
õ Ì � �ióVö

��|"egfbe
q = [qmid qact qξ]

> �;tup"v h = [1 0 0]>
� { |"e`��tudkfblqy�e�}

M, B
tup"v

K
tufbe8��tw}b}���v"tu���rlqprn»tup"v }kdklcbPp"e�}b}`��tudkfkl~y�e�}���xw�rdRtulqp"e�v»�³fbxw��dk|"e�fbe�v��"ygdkl~xwp�segdk|"x5vN�,tup"v�|,t�hie:dk|"e:�²xw�q�~x$��lqprnsp)�r�segfkl~y�tu�ìhVtu�q�"e�}�´

M =





4.4935 −2.3259 0.8713
−2.3259 7.6177 2.2290
0.8713 2.2290 2.3738





B =





117.2507 −29.7689 41.5850
−29.7689 104.1515 31.4193
41.5850 31.4193 36.5486





�
K = 106





2.5282 −0.3453 1.0256
−0.3453 1.0507 0.2961
1.0256 0.2961 0.6135



 .



ØL¨ML]¨¢�±ò2¸�°7¹2¿1FyJ � T

{ |"e:�²xwfby�e
fnl

fbeg�rfbe�}begp)db}�dk|"e:�²xwfby�eZxu�¾dk|"e1xwp"e ½ }kl~vre�v.}k�rfklqprn"´
fnl(q) = knlh min(0, h>q) =

{

knlhh>q
l��

qmid < 0

0 ∈ R
3 l��

qmid ≥ 0,

õ Ì � � Í ö
��|"egfbe

knl = 1.98 · 105 ·M� −1 l~}sdk|"e�}kdklcbPp"e�}b}sxu�:dk|"e.xwp"e ½ }kl~vre�v&}k�rfklqprn"� { |"efbeg�åtudkl~xwp-�Pegd¿��e�egp-dk|"e
}kdRtudbe�}Mxu��dk|"e
ñ¾�C���sx)vreg�¾tup"v.dk|"e
}kdRtudbe�}Mxu��dk|"e Ì$½¿± Åzñ�sx)vreg�;l~}�nVlqh)egp��5Ç
p ≈ T · q, õ Ì � �V�iö

��|"egfbe
p
vregp"xwdbe�}1dk|,es}kdRtudbe�}
xu��dk|"e�ñ¾�C� �sx5vreg�²� { |"e���tudkfkl�È

T ∈ R
111×3 l~}xw�rdRtulqp"e�vZ�³fbxw�4dk|"e��sx5vreg�ifbe�v��"ygdkl~xwp
�rfbx)y�e�v��rfbe�tup"vZ|,tw};dk|"eÃ�²xw�q�~x$��lqprnM}kdkfk�"ygdk�rfbeV´

T = [t1 | t2 | · · · | t111]
>,

õ Ì � Ì �iö
��|"egfbe

ti ∈ R
3 �¼¿p-t�}kdRtudbe1}k�,twy�ez�²xwfk�`�r�åtudkl~xwp.dk|,e:�sx5vreg��õ Ì � �ióVö�|,tw}�dk|"e:�²xw�q�~x���lqprns�²xwfk�.´

ẋ(t) =

{

A1x(t) + Bu(t),
l��

H>x(t) < 0

A2x(t) + Bu(t),
l��

H>x(t) > 0,

õ Ì � Ì ��tiö
��|"egfbe

x = [q> q̇>]>
�
H = [h> 0 0 0]>

�"tup"v
A1 =

[

0 I
−M−1(K + knl) −M−1B

]

, A1 =

[

0 I
−M−1K −M−1B

]

,

B =

[

0
−M−1h

]

.

·zxwdbeCdb|,tudÃdk|"e��sx)vreg�;õ Ì � Ì �$öN|,tw}¾y�xwp)dklqp5�"xw�"}�v�Ç5p,tu��l~y�}¾x�h)egfìdk|"e�}k��l�dRyb|rlqprn:�r�åtup"e
H>x = 0

�¹9e��se�tw}k�rfbe�v»dk|"e8v�l~}k�r�åtwy�eg�segp5d�tud�d¿��x'��xV}klqdkl~xwp"}
m1

tup"v
m2

tu�~xwprnKdk|"e��e�tu�.���"}klqprn��qlqp"e�tufZv�l~}k�r�åtwy�e«�segp5d:dkfRtup"}bv��"y�egfb}1tw}z}begp"}bxwfb}�� { |"e °&Ff¸�J�¢n fF�¡#¡]¤�Jy¾
¹2¿�¸]£�FH°&FHD�EKJ tufbeZvregp"xwdbe�v.�)Ç

ym1
tup"v

ym2
��fbe�}k�Pe�ygdklqhieg�qÇ9õ³y«�k�Ã�"nV�rfbe Ì � �iö«�·zxwdbesdk|,tud
dk|"e�v�l~}k�r�åtwy�eg�segp)d�lqpËdk|"es��l~vrv��~e�xu��dk|"es��e�tu�

qmid
l~}1p"xwd
�se ½tw}k�rfbe�vN��¶zegp"y�eV�¾lqd�l~}`p"xwd���xV}b}klq�r�~e�dbx'vre�v��"y�e�dk|"e8yg�rfkfbegp5dk�qÇ twygdklqhie8v�Ç5p,tu��l~y�}õ¡�sx)vre$ö:xu��dk|"es}kÇ�}kdbeg��v�lqfbe�ygdk�qÇ'�³fbxw� dk|"e��se�tw}k�"fbeg�se«p5db}�� { x8lqp"y�xwfk�PxwfRtudbesdk|"e�se�tw}k�rfbeg�segp)db}�tudZ��xV}klqdkl~xwp

m1
tup"v

m2
lqp�dk|"e��sx)vreg�zõ Ì � Ì �$öz��e���lq�q��twvrv�d¿��xxw�rdk�r�rdMe�Ð)�,tudkl~xwp"}�´

y1 = C1x
õ Ì � Ì �g��ö

y2 = C2x
õ Ì � Ì ��y$ö
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��|"egfbeZdk|"eZ��tudkfkl~y�e�}
C1
tup"v

C2
|,t�hie:dk|"e:�²xw�q�~x$��lqprnsp)�r�segfkl~y�tu�ìhVtu�q�"e�}�´

C1 =
[

−0.9579 1.2165 −0.2642 0 0 0
]

,

C2 =
[

0.0801 −1.2013 −0.8670 0 0 0
]

.ñ,xwf�dk|"e1}kÇ�}kdbeg�0õ Ì � Ì �$ö���eZvre�}klqnVp.dk|"eZxw�"}begfkh)egfMxu�¾dk|"ez�²xw�q�~x$��lqprn��²xwfk�.´
˙̂x =

{

A1x̂ + Bu + L1(ym1 − ŷ1),
l �

H>x̂ < 0

A2x̂ + Bu + L2(ym1 − ŷ1),
l �

H>x̂ > 0

õ Ì � Ì �Vtiö
ŷ1 = C1x̂

õ Ì � Ì �u��ö
ŷ2 = C2x̂

õ Ì � Ì �wy$ö
·zxwdbe
dk|,tudz��e
�"}be
xwpr�qÇ�dk|"e
�se�tw}k�rfbeg�segp5d

ym1
lqp'dk|"e
xw�"}begfkh)egfze�Ð)�,tudkl~xwp;�z�'e ½tw}k�rfbeg�segp5d

ym2
��lq�q���Pe��"}be�v9dbx.h)egfkl��³Ç�dk|"e�xw�"}begfkh)egf��»õ Ì � Ì �Vtiög�.�'e�tw}k�rfbeg�segp5d�PxV}klqdkl~xwp

m1
l~}Myb|"xV}begp'}k�"yb|-dk|,tudM��xwdk|-�,tulqfb}

(A1, C1)
tup"v

(A2, C2)
tufbe
vregdbe�y ½dRtu�r�~e`õ³y«�k�ìfbeg��tufkj Ì � �"� �iö«�5tw}�xwdk|"egfk��l~}be�lqdCl~}�p"xwdC�PxV}b}klq�r�~e�dbx1vre�}klqnVpsdk|"e�xw�"}begfkh)egf�"}klqprn�dk|"e8�rfbe�}begp)dbe�v!dk|"e�xwfkÇi�!ÅM�"}begfkh)egfsvre�}klqnVpÎõå�"p"v�lqprn�n)tulqp"}

L1
tup"v

L2
ö1l~}�Pegf¸�²xwfk�se�v-�"}klqprn�dk|"e1�segdk|"x)vrxw�~xwnVÇ.�³fbxw� dk|,egxwfRe«� Ì � �"� Ì �Ptup,v.��e
xw�rdRtulqp"e�v-dk|"e�²xw�q�~x$��lqprnshVtu�q�"e�}�´

L1 = 104
[

0.0134 0.0145 −0.0353 0.5402 0.9448 −2.6460
]>

,

L2 = 104
[

0.0134 0.0145 −0.0353 0.7989 1.0893 −2.8705
]>

.¹Ëe���egf¸�²xwfk�se�v`e«È���egfklq�segp5db}¾tud;do��x��³fbe�Ð)�"egp"ygl~e�}ìxu�rdk|"eC�Pe«fblqx5v�l~y�eRÈryglqdRtudkl~xwp
u
´

15
¶M�:tup"v

35
¶M�i� { |"eMfReg}k�"��dR}�tufbezvreg�rl~ygdbe�v�lqp��"nV�rfbe�} Ì � Ì tup"v Ì � �"�)fbe�}k�Pe�ygdklqhieg�qÇ)�¼¿p �"nV�rfbe Ì � Ì tiö`��e8�r�~xwdkdbe�v�dk|"eËõ³xw��egp ½ �~x5xw��ö��rfbe�v�l~ygdkl~xwp xu�

y2
xw�rdRtulqp"e�v!�³fbxw�dk|"e1�sx5vreg��õ Ì � Ì �$ö�hiegfb}k�"}�dk|"e1�se�tw}k�rfbe�v-hVtu�q�"e

ym2
��¼¿p.�"nV�rfbe Ì � Ì ��ö���e1�r�~xwdkdbe�vdk|"e'�rfbe�v�l~ygdkl~xwp

ŷ2
xw�rdRtulqp"e�v �³fbxw� dk|,eKxw�"}begfkhiegf9õ Ì � Ì �iösh)egfb}k�"}�dk|"e'�se�tw}k�rfbe�vhVtu�q�"e

ym2
�4ñÃlqp,tu�q�qÇi��lqp��"nV�rfbe Ì � Ì y$ö���e.�r�~xwdkdbe�v&dk|"e.�sx5vreg�z�rfbe�v�l~ygdkl~xwp egfkfbxwf

em = y2 − ym2
tup"v-dk|"e�xw�"}begfkh)egfz�rfbe�v�l~ygdkl~xwp9egfkfbxwf

eo = ŷ2 − ym2
� { |"e�}Rtu�sehVtu�q�"e�}�tufbez�r�~xwdkdbe�v8lqp��"nV�rfbe�} Ì � �)t�� �;� y$ö«���²xwf�dk|"e:e«ÈryglqdRtudkl~xwp8�³fbe�Ð)�"egp"ygÇ�xu�

35
¶M�i�{ |"e8egfkfbxwf�lqp dk|"e�xw�"}begfkh)egf`�"fbe�v�l~y«dblqxwp�xu�

ym2
l~}��¾fbxw�rnV|r�qÇ)�

1%
fbeg�åtudklqh)e�dbxdk|"eM�Pe�tuj ½ dbx ½ ��e�tuj���tunVprlqdk�"vreZxu�

ym2
tud�dk|"eM�³fbe�Ð)�"egp"ygÇ�xu�

15
¶M�i��tup"v

6%
tud�dk|"e�³fbe�Ð)�"egp"ygÇ9xu�

35
¶M�i� { |rl~}
l~}1�rfbxw�,tu�r�qÇËy�tu�"}be�v9�)Ç�dk|"e��Ætwygd1dk|�tud
dk|"e�twy�yg�rfRtwygÇxu��dk|"es�sx5vreg��vregdbegfkl~xwfRtudbe�}�tw}1dk|,e��³fbe�Ð)�"egp"ygÇ9xu��dk|"e�e«ÈryglqdRtudkl~xwp

u
nVfbx$��}�� { |"eÐ)�,tu�qlqdoÇ�xu�Pdk|"e�}kdRtudbe�e�}kdklq��tudkl~xwp�ygfk�"yglåtu�q�qÇ�vreg�Pegp"vr}�xwpsdk|"e�Ð)�,tu�ql�doÇ�xu�Pdb|"e��sx5vreg�Æ�¼¿d`l~}`xu�Mlqp5dbegfbe�}kd`dbx'lqp)h)e�}kdklqn)tudbe�dk|"e���t�Ç�}
dbx'��tujie�dk|"e8xw�"}begfkhiegf��sxwfbe�fbxw�r�"}kd��lqdk|8fbe�}k�Pe�ygd�dbx
dk|"ez�sx5vreg�q�qlqprnsegfkfbxwfb}��5�PxV}b}klq�r�qÇs�)Ç���tuj5lqprnst1dkfRtwvre�x�b'��lqdk|8dk|"efRtudbe1xu��y�xwp)h)egfkniegp"y�eV�
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Excitation frequency 15Hz 

¥ ¤c¦2¢n fF9ØL¨ ØL©"�±ò�£H¤vE_¸LE1¤1B�D'º� fF[�.¢LFHDI£¯­3B�º±§	K�³Qú�¸�ñ%y:Ff¸�J�¢n fF�¡µ¡]¤�JG¹2¿�¸]£�FH°&FHD�E
ym2

Ä�FH y¾
J�¢tJQE1«IF»°&B�¡.FH¿,¹2 fF�¡]¤1£�E1¤1B�D

y2
®�ñ�y:Ff¸�J�¢n fF�¡3¡]¤�JG¹2¿�¸]£�FH°&FHD�E

ym2
ÄnFH HJ�¢tJQE1«
FQBL®nJfFH y¾

Ä�FH ±¹2 fF�¡]¤1£�E1¤1B�D
ŷ2
£¯ñÂy:B�¡.FH¿Y¹2 fF�¡]¤1£�E1¤1B�D¼FH ¯ fB� 

em
ÄnFH HJ�¢tJ9E1«IF9BL®nJfFH �Ä�FH ±¹2 fF�¡]¤1£�E1¤1B�D

FH ¯ fB� 
eo

NQP ü"û:-±+ � ÿ ²�[
²(� { x»vreg�sxwp"}kdkfRtudbe�tu�~}bxËdk|"e-dk|"e�xwfkÇ!�²xwf8v�l~}by�xwp)dklqp5�"xw�"}�h)e�ygdbxwf�,eg�~vr}�����e1ygxwp,}klqv"e«fMdk|"e:�rlq�sx5v"tu�ì}kÇ�}kdbeg�
ẋ =

{

A1x + Bu,
l��

H>x < 0

A2x + Bu,
l��

H>x > 0

õ Ì � ÌVÌ ö
y = Cx,��lqdk|;´

A1 =

[

−1 −0.2
0.2 −1

]

, A2 =

[

−1 0.2
−0.2 0.3

]

B =

[

1
0

]

, H =

[

1
0

]

, C =
[

0 1
]

.

¹9e:}be�eMdk|,tud�dk|"e:}k��lqdbyR|rlqprn�l~}�v�fklqhiegp8�5Çsdk|"eM�"fb}kd�}kdRtudbezhVtufklåtu�r�~e
x1
�5��|rlq�~e

x2
l~}�se�tw}k�rfbe�vN��¶zegp"y�eV�rdk|"eZv�l~}bygfbegdbeZ�sx5vre1y�tup.p"xwd���eZfbe�y�xwp"}kdkfk�"ygdbe�v-v�lqfbe�ygdk�qÇ��³fbxw�dk|"e:�se�tw}k�rfbeg�segp5db}`õ²yR�k��fbeg��tufkj Ì � Ì � �iö«�
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time [sec] 

Excitation frequency 35Hz  

¥ ¤c¦2¢n fF9ØL¨ ?Y©��±ò�£H¤KEG¸LE1¤1B�Dµº� fF[�.¢LFHDI£¯­&B�º�ØpK�³QúÏ¸�ñÂy:Ff¸�J�¢n fF�¡�¡]¤�JG¹2¿�¸]£�FH°&FHDIE
ym2

ÄnFH y¾
J�¢tJÏE1«IFS°&BL¡.FH¿,¹2 fF�¡]¤1£�E1¤1B�D

y2
®�ñ�y:Ff¸�J�¢n fF�¡'¡]¤�JG¹2¿�¸]£�FH°&FHDIE

ym2
Ä�FH HJ�¢tJÏE1«IFQBL®nJfFH y¾

ÄnFH �¹2 fF�¡]¤1£�E1¤1B�D
ŷ2
£¯ñÂy:BL¡.FH¿L¹2 fF�¡]¤1£�E1¤1B�D¼FH ¯ fB� 

em
Ä�FH HJ�¢tJ9E1«IF9BL®nJfFH �Ä�FH ±¹2 fF�¡]¤1£�E1¤1B�D

FH ¯ fB� 
eo

¹Ëe:��lq�q�ìvre�}klqnVp-tup-xw�"}begfkh)egf��²xwf�dk|"e1}kÇ�}kdbeg�0õ Ì � ÌVÌ ö�xu�¾dk|"e:�²xwfk�.´
˙̂x =

{

A1x̂ + Bu + L1(y − ŷ),
l��

H>x̂ < 0

A2x̂ + Bu + L2(y − ŷ),
l��

H>x̂ > 0

ŷ = Cx̂,

ÀNlqp"e�tuf���tudkfkl�È�lqp"e�Ð)�,tu�qlqdkl~e�}���e«fRe�}bxw�qhie�v��"}klqprn1dk|"e�À;�'¼¿dbx5xw�Ãõ³���Pðz|,twxw�rl�tup"v��xw���se�tu�&õ¸���V�V�iökö«�
ñ"xwf:dk|"e`hVtu�q�"e�xu�
ε = 0.1

�Pdk|"e
�²xw�q�~x���lqprn8�²e�tw}klq�r�~e�}bxw�q�rdkl~xwp��tw}�xw�rdRtulqp"e�vN´
L1 =

[

2.09
4.38

]

, L2 =

[

2.41
5.78

]

��lqdk|
γ2 = 1.3998

�"tup"v
ηxmax ≈ 0.12�Mp�lqpr�r�rd�}klqnVp,tu��dk|,tud�dRtuj)e�}�hVtu�q�"e�}�lqp {−1, 0, +1} �5��lqdk|.t1�Pegfkl~x)v�xu����}���tw}tu�r�r�ql~e�v-dbxsdk|"e
}kÇ�}kdbeg�.� { |"e1lqprlqdklåtu�¾y�xwp"v�lqdkl~xwp"}M�²xwf�dk|"e
}kÇ�}kdbeg�ô��egfbe
yR|"xV}begpKtw}

x(0) =
[

−1 −1
]> �Ntup"v.�²xwfzdk|"e`xw�"}begfkhiegfZtw}

x̂(0) =
[

1 1
]> �z·zxwdbe
dk|,tud



ØL¨ML]¨¢�±ò2¸�°7¹2¿1FyJ [
�

dk|"eM}kÇ�}kdbeg� tup"v�dk|"ezxw�"}begfkhiegf�}kdRtufkd�lqp8v�lcbNegfbegp)d��sx5vre�}�� { |"eM}klq�`�r�åtudkl~xwp�fbe�}k�r�qdb}tufbe�}k|"x$��p`lqp
�"nV�rfbe Ì � Ï:tup"v1�"nV�rfbe Ì � ���Ã¼¿p
�"nV�rfbe Ì � Ï���e�}be�e�dk|,tudCtM}k�ql~v�lqprnz�,tudbyR|e«È�l~}kdb}�lqp�dk|"e�lqp5dbegfkhVtu�
[4.5, 5.5]

�¾ñrfbxw� �"nV�rfbe Ì � ó:��eM}be�e�dk|,tud�dk|"e�xw�"}begfkh)egf�egfkfbxwffbeg��tulqp"}���lqdk|rlqp.dk|"e1vregdbegfk��lqp"e�v.��xw�rp"vr}��,tw}��rfbe�v�l~ygdbe�v.�5Ç�dk|"e1tup,tu�qÇ�}kl~}��
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¥ ¤c¦2¢n fF3ØL¨ON�©¸ÌõB� ¯° B�ºõE1«IF3FH ¯ fB�  ‖e‖ î�JfB�¿�¤1¡tñ[ÍSëI­.¸�¹�¢nDIBtÄ º�¢nDI£�E1¤1B�DOB�ºõE1«IF3FH ¯ fB� 
e>Pe

î1¡.B�E¯EGF�¡tñ\B�D ¿1B�¦3Jf£f¸�¿1F

Ò>��Î ¡ E�ObG BÃ@;U�w��$TVU¬ÖwACB TV?�@ H:ObU0É�BÃ@�T�@ TVORQS@ É;E�U;@
�z}�tup!xw�"}begfkhiegf`�²xwf�dk|"e�vrlq}bygfbegdbe8dklq�se � ¹K� }kÇ�}kdbeg� õ Ì � �iög����e��rfbxw�PxV}be�t.�"l ½�sx5v"tu�ì}kÇ�}kdbeg�ø��lqdk|.dk|"ez�²xw�q�~x$��lqprn�}kdkfk�"ygdk�rfbeV´

x̂(k + 1) =

{

A1x̂(k) + Bu(k) + L1(y(k) − ŷ(k)),
l��

H>x̂(k) < 0

A2x̂(k) + Bu(k) + L2(y(k) − ŷ(k)),
l��

H>x̂(k) > 0 õ Ì � Ì �)tiö
ŷ(k) = Cx̂(k)

õ Ì � Ì �V��ö
��|"egfbe

x̂(k) ∈ R
n l~}�dk|"e:e�}kdklq��tudbe�v8}kdRtudbeZtud�dklq�se k

tup"v
L1
tup"v

L2 ∈ R
n×p tufbe��tudkfkl~y�e�}��

^ � û9ürý�`!ÿ ² T ²1� ¹Ëe:��t�Ç�y�xwp"}kl~vregf�dk|"eZ}k��lqdbyR|rlqprn�}k�rf¸�Ætwy�e1xu�Ãdb|"ez�²xwfk�.´
H>x̂ + K(ŷ − y) = 0

�²xwf�dk|"e:xw�"}begfkhiegf1õ Ì � Ì �5ög��¼¿p8xwfbvregf�dbx�}klq���r�ql��³Çsdk|"e:e«È��PxV}kl�dblqxwp���e:yR|"xV}beMdbx`dkfbe�tuddk|"e1y�tw}be:��lqdk|
K = 0

� ± egfklqhVtudkl~xwp-xu�¾fbe�}k�r�qdb}��²xwf
K 6= 0

l~}�}kdkfRtulqnV|5d¸�²xwfk��tufRvN�



ØL¨ON�¨¢yó¸�¤�D  fFyJ�¢n¿vEKJ9ºvB� \E1«IF>¡]¤�Jf£H fF�EGF7E1¤�°&Fõ£f¸�JfF [ ÿ
{ |"e�v�Ç5p,tu��l~y�}:xu��dk|"e�}kdRtudbe`e�}kdklq��tudkl~xwp9egfkfbxwf

e = x − x̂
l~}zdk|"egpKvre�}bygfklq�Pe�v�)Ç

e(k + 1) =























(A1 − L1C)e(k), H>x(k) < 0, H>x̂(k) < 0

(A2 − L2C)e(k) + ∆Ax(k), H>x(k) < 0, H>x̂(k) > 0

(A1 − L1C)e(k) − ∆Ax(k), H>x(k) > 0, H>x̂(k) < 0

(A2 − L2C)e(k), H>x(k) > 0, H>x̂(k) > 0,õ Ì � Ì Ïiö��|"egfbe
x(k)

}Rtudkl~}¸�,e�}�õ Ì � �Vtiö1tup"v
x̂(k)

}Rtudkl~}¸�,e�}�õ Ì � Ì �)tiö���¯�Ç�}k�r�"}kdklqdk�rdbl�p"n
x̂ =

x − e
lqp õ Ì � Ì Ïiög�;��e�}be�e�dk|,tud1dk|"e�fklqnV|)d ½ |�tup"vË}kl~vre�xu��dk|"es}kdRtudbese�}kdklq��tudkl~xwp»egf ½fbxwfZv�Ç5p,tu��l~y�}Zl~}:�rl~e�y�e ½ ��l~}be��qlqp"e�tufZlqp�dk|"e`hVtufklåtu�r�~e

col(e, x)
� { |"e`�rfbxw�r�~eg�s}1xu�xw�"}begfkhiegfMvre�}klqnVp-y�tup��Pez�²xwfk��tu�q�qÇ�}kdRtudbe�v-tw}��²xw�q�~x���}�´

;1ý�� � + � û ÿ ² T ²(� ± egdbegfk��lqp"e�dk|"e�xw�"}begfkh)egfÃn)tulqp"}
L1, L2

lqp�õ Ì � Ì �5öÃ}k�"yb|�dk|,tud¾nV�~x ½�,tu�;tw}kÇ5���rdbxwdkl~yZ}kdRtu�rlq�qlqdoÇ�xu�Ãdk|"e:e�}kdklq��tudkl~xwp.egfkfbxwf�v�Ç5p,tu��l~y�}
õ Ì � Ì Ïiö�l~}�twyR|rl~eghie�vN��²xwf�tu�q��}be�Ð)�"egp"y�e�}
x(1), x(2), . . .

�w}Rtudblq}¸�³Ç5lqprnsõ Ì � �iöN�²xwf¾}bxw�se�nVlqhiegp�lqpr�r�rd¾}be�Ð)�"egp"y�e
u(1), u(2), . . .

�
;1ý�� � + � û ÿ ² T ² ÿ ± egdbegfk��lqp"e

η > 0
��tup"v

L1, L2
lqp õ Ì � Ì �5ös}k�"yb|&dk|,tud��²xwf8tu�q���xw�rp"vre�v-}be�Ð)�"egp"y�e�}

x(0), x(1), . . .
}Rtudkl~}¸�³Ç5lqprn'õ Ì � �iö�lqd�|"xw�~vr}�dk|,tud

lim sup
k→∞

‖e(k)‖ ≤ η lim sup
k→∞

‖x(k)‖, õ Ì � Ì �iö
��|rl~yb|8�se�tup"}�dk|,tud�l��ìdk|"e:}be�Ð)�"egp"y�e

x
l~}Zõ³eghiegp5dk�,tu�q�qÇ"öC��xw�rp,vre�v��5Ç

xmax
�)dk|"egp

e}k|"xw�r�~v���e1eghiegp5dk�,tu�q�qÇ��Pxw�rp"vre�v.�)Ç
ηxmax

�
²"³(Ï!³�µ ¶¸·_¹�º)»]¹S¼Z·A¼¾½g¿YÀ%¹ÂÁÄÃÅ»(Æ�½
¼¿p.xwfbvregf�dbxsxw�rdRtulqp-}kd«tu�r�~eZegfkfbxwfzv�Ç5p,tu��l~y�}���e1}be�tufbyb|��²xwfzt�ÀNÇ5tu�r�rp"x�h8�³�rp"ygdkl~xwpxu�¾dk|"ez�²xwfk�

V (x) = x>Px,
õ Ì � Ì óVö

��|"egfbe
P = P> > 0

�r}k�"yb|.dk|,tud�´
V (e(k + 1)) − V (e(k)) ≤ −µe(k)>e(k),

õ Ì � ÌVÍ ö
�²xwf

e(k) 6= 0
tup"v'}bxw�se

µ > 0
�z��xwp"}kl~vregfklqprn8dk|"eZ�"fb}kdZtup"v.dk|"e1�²xw�rfkdk|'�sx)vre`xu�egfkfbxwfMv�Ç5p,tu��l~y�}`õ Ì � Ì Ïiög�;õ Ì � ÌVÍ ö���e�y�xw�se�}�´

e>{(A1 − L1C)>P (A1 − L1C) − P + µI}e ≤ 0
õ Ì � Ì �Vtiö

e>{(A2 − L2C)>P (A2 − L2C) − P + µI}e ≤ 0
õ Ì � Ì �u��ö
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�²xwf�e�twyR|
e 6= 0

����xwp"}kl~vregfklqprn1dk|"e�}be�y�xwp"vstup"v`dk|rlqfbv��sx)vre�xu��dk|"e�egfkfbxwfCv�Ç5p,tu��l~y�}õ Ì � Ì Ïiö���e:niegd�dk|"e:�²xw�q�~x���lqprn�l�p,egÐ)��tu��lqdkl~e�}�´
[

e
x

]> [

(A2 − L2C)>P (A2 − L2C) − P + µI (∗)
∆A>P (A2 − L2C) ∆A>P∆A

] [

e
x

]

≤ 0õ Ì � Ì �wy$ö
[

e
x

]> [

(A1 − L1C)>P (A1 − L1C) − P + µI (∗)
−∆A>P (A1 − L1C) ∆A>P∆A

] [

e
x

]

≤ 0õ Ì � Ì �wv,ö·zxwdbe�dk|,tudMõ Ì � Ì �wy$ö��~õ Ì � Ì �wv,öÃy�tupsp"xwd���e�p"egn)tudklqh)e�vre«�"prlqdbe�l��
∆A 6= 0

�w�Pe�y�tu�"}bedk|"e8dbegfk��lqp dk|"e8�~x���egf�fklqnV|)dsy�xwfkp"egf�l~}�tu�q��t�Ç�}stud��~e�tw}kd���xV}klqdklqh)e ½ }beg��l~vre«�"prlqdbeV�¼¿p"e�Ð)�,tu�qlqdkl~e�}.õ Ì � Ì �Vtiö ½ õ Ì � Ì �wv,ö`vrx'p"xwd�p"e�e�v»dbx'|"xw�~v»lqp»dk|"e���|"xw�~e
(e, x)

}k�,twy�eV��r�rd1xwpr�qÇ-��|"egpKdk|"e�fbe�}k��e�ygdklqh)e`�sx5vre�}Zxu��dk|"e�egfkfbxwf1v�Ç5p,tu��l~y�}1tufbestwygdklqhieV� { |"e}be�y�xwp"v-tup"v�dk|"e:dk|rlqfbv��sx5vre1xu�`õ Ì � Ì Ïiö�tufbe1twygdklqh)eZxwp"��Ç8��|"egp;´
x>HH>(x − e) ≤ 0.

õ Ì � �)�iö
��xw�`�rlqprlqprn�õ Ì � �)�iö;��lqdk|.õ Ì � Ì �wy$ög�~õ Ì � Ì �wv,öìh5låt

S
½ �rfbx)y�e�v��rfbeV�5tup"v`dRtuj5lqprnzdk|"e��5yb|5�rfy�xw���r�~eg�segp5dzxu�¾dk|"e1xw�rdRtulqp"e�v���tudkfkl~y�e�}��~e�twvr}�dbx�dk|"e:�²xw�q�~x���lqprn�dk|"e�xwfbeg�.�

£ )�� �,ý � û ÿ ² T ²�@ Â «IF7J�EG¸LEGFµFyJ�E1¤�°3¸LE1¤1B�DOFH ¯ fB� µ¡t­YD�¸�°�¤1£yJ õ Ì � Ì Ïiö ¤�J>¦]¿1BL®]¸�¿�¿c­´¸n¾J�­Y°7¹�EGB�E1¤1£f¸�¿�¿c­7J�E_¸Y®�¿1F�¤�º0E1«IFH fF<F¯òY¤�J�E.°3¸LE1 ¯¤1£�FyJ
P > 0, L1, L2

£�B�D,J�E_¸�DIEKJ
λ1, λ2 ≥ 0¸�DI¡

µ > 0
J�¢L£�«:E1«�¸LE9E1«IFQº_B�¿�¿1BnÍ±¤�DY¦3JfF�E»B�º�°3¸LE1 ¯¤cò&¤�DIF[�.¢�¸�¿�¤vE1¤1FyJQ¤�J�J~¸LE1¤�J¯ÅIF�¡�©















P 0 (Ai − LiC)>P 0
0 P 0 (∗)

(∗) 0 P − µI (∗)

0 ∆A>P
−1

2λiHH>

−(−1)i∆A>P (Ai − LiC)
λiHH>















≥ 0
õ Ì � �"�$ö

º_B� 
i = 1, 2

¨
{ |"eZ�rfbegh5l~xw�"}�fbe�}k�r�qd�l~}Mtu�r�r�ql~y�tu�r�~e1xwpr�qÇ8dbx�}kÇ�}kdbeg�s}���lqdk|-y�xwp5dklqp)�"xw�"}���tu�,}��¼¿p"vre�e�vN�¾dk|,e�dbegfk�Slqp»dk|"e��~x$��egf�fklqnV|)d�y�xwfkp"egf�l~}
��xV}klqdklqh)e�}beg��l~vre«�"prlqdbe��5Ç9y�xwp ½}kdkfk�"ygdkl~xwp;��tup"v!xu�zfRtuprj!tud��sxV}kd.�V� { |"e��²xw�q�~x$��lqprn�lqp"yg�q�"}kl~xwp!�`�"}kd�|"xw�~vòõ³}be�ev�l~}byg�"}b}kl~xwp't$�³dbegf�dk|"e�xwfbeg� Ì � �"� Ì �²xwf�vregdRtulq�~}«ö«´

ker H> ⊆ ker ∆A��|rl~yR|.lq���r�ql~e�}�´
A2 = A1 + GH>

�²xwf�}bxw�se
G
xu��}k�rlqdRtu�r�~e1v�lq�segp"}kl~xwp"}��
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²"³(Ï!³�É Ên»]½�Æ�·_¹�º)»]¹S¼Z·A¼¾½Ð¿YÀ%¹ÂÁÄÃÅ»(Æ�½
¼¿p»xwfbvregf`dbx'xw�rdRtulqp fbe�}k�r�qdb}�tu�r�r�ql~y�tu�r�~e��²xwf`v�l~}by�xwp5dklqp)�"xw�"}���tu�"}`��e�}be�tufbyR|Ë�²xwftup"xwdk|"egf���t�Ç�dbx1fbeg�åt$Èsdk|"e�fbe�Ð)�rlqfbeg�segp5db}:õ Ì � Ì �Vtiö ½ õ Ì � Ì �wv,ög�C��xwp"v�lqdkl~xwp�õ Ì � ÌVÍ ö���lq�q���eZfbe�Ð)�rlqfbe�v���|"egp.dk|"e
tu�r�rfbxw�rfklåtudbe
v�Ç5p,tu��l~y�}�l~}Mtwygdklqh)e
tup"v

‖e‖2 ≥ ε2‖x‖2.
õ Ì � �)�iö

��xw�
�rlqprlqprn�õ Ì � �)�iö���l�db|Ëõ Ì � Ì �wy$ög�~õ Ì � Ì �wv,ö�tup"v9õ Ì � �)�iö���e:niegd�dk|"ez�²xw�q�~x$��lqprnsdk|"e�x ½fbeg�.´
£ )�� �,ý � û ÿ ² T ²(�ïACB�D,J¯¤1¡.FH ÃE1«IF&J�­.J�EGFH° õ Ì � �iö E BL®nJfFH �Ä�FH  õ Ì � Ì �5ö ¸�DI¡íE1«IF�FyJ�E1¤(¾°3¸LE1¤1B�D!FH ¯ fB�  ¡t­YD�¸�°�¤1£yJ õ Ì � Ì Ïiö ¨ Â «IF3J�E_¸LEGF¼FyJ�E1¤�°3¸LE1¤1B�D!FH ¯ fB�  e

¤�J F�Ä�FHDIE¯¢�¸�¿�¿c­
®YB�¢nDI¡.F�¡Ã®�­

emax E ¢nDI¡.FH õE1«IF�¸�JHJ�¢n°7¹�E1¤1B�D:E1«�¸LE x
¤�Jõ®.B�¢nDI¡.F�¡Ã®f­

xmax
¤�ºSE1«IFH fF

F¯òY¤�J�E9°3¸LE1 ¯¤1£�FyJ
P > 0 E L1 E L2 E ¸�DI¡6£�B�D,J�E_¸�DIEKJ λ1, λ2 ≥ 0

¸�DI¡
µ, α > 0

J�¢L£�«
E1«�¸LE9E1«IF9º_B�¿�¿1BtÍ±¤�DY¦3JfF�ESB�º�°3¸LE1 ¯¤cò ¤�DIF[�.¢�¸�¿�¤vE1¤1FyJ9¤�J9J~¸LE1¤�J¯ÅIF�¡�©















P 0 (Ai − LiC)>P 0
0 P 0 (∗)

(∗) 0 P − (µ + α)I (∗)

0 ∆A>P
−1

2λiHH>

−(−1)i∆A> P (Ai − LiC)
λiHH> + αεI















≥ 0

õ Ì � � Ì ö
º_B� 

i = 1, 2
¨�y:B� fF�BnÄnFH  E ¤�º

γ1I ≤ P ≤ γ2I
õ Ì � �V�5ö

E1«IFHD
emax ≤

√

γ2

γ1
εxmax.

õ Ì � �)Ïiö
{ |"e`�rfbx5xu��xu��dk|"e`�rfbegh5l~xw�"}:dk|"e�xwfbeg� l~}:}klq��lq�åtuf:dbx�dk|"e`�rfbx5xu��xu��y�xwp5dklqp)�"xw�"}dklq�se1y�tw}besõ¡dk|"e�xwfbeg� Ì � �"� Ì ö«��CÐ)�,tudkl~xwpKõ Ì � �)Ïiö¾e«È��r�ql~yglqdk�qÇ�nVlqhie�}�tup�eghiegp5dk�,tu�"�"�r��egf���xw�rp"v�xu�Pdk|"e�e�}kdklq��tudkl ½xwp�egfkfbxwf�� { |"eMxw�"}begfkhiegfCn)tulqp"}

L1
tup"v

L2
y�tups�Pe�vregdbegfk��lqp"e�v�}bx
tw}CdbxZ��lqprlq��lq��edk|rl~}��r�r��egf��Pxw�rp"vK����|rl~yb|-tu�sxw�rp5db}�dbx`��lqprlq��lq��lqprn

γ2/γ1
tup"v

ε
���rp"vregf1õ Ì � � Ì ög�¼Æ��lqd:l~}Z��xV}b}klq�r�~e�dbx�vre�}klqnVp9ÀN�"egp5��egfkniegf`xw�"}begfkhiegfb}:�²xwfZ��xwdk|9y�xwp"}kdklqdk�rdklqprn-�ql�p,e�tufv�Ç5p,tu��l~y�}Z��lqdk|9t8y�xw���sxwp9ÀNÇ5tu�r�rp"x�h-�³�rp"ygdkl~xwp9xu��dk|,e
�²xwfk��õ Ì � Ì óVög�Ne�Ð)�,tudkl~xwp"}õ Ì � � Ì ö�y�tup'tu�q��t�Ç�}���eZ��twvre:�²e�tw}klq�r�~ez�²xwf��åtufknie1egp"xw�rnV|

ε
õ²yR�k��fbeg��tufkj Ì � �"� �iö«�

Ò>��Ñ IKJ`E�QøLx��@;U
¹9e:�rfbe�}begp5dM}bxw�seZe«È"tu���r�~e�}Mxu��xw�"}begfkhiegfMvre�}klqnVp.dk|"e:�"}klqprn�vregh)eg�qxw�Pe�v�dk|"e�xwfkÇ)�
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NQP ü"û:-±+ � ÿ ²�À
²1� ��xwp"}kl~vregf�dk|"e1}kÇ�}kdbeg�

x(k + 1) =

{

A1x(k) + Bu(k),
l��

H>x(k) < 0

A2x(k) + Bu(k),
l��

H>x(k) > 0

õ Ì � �)�iö
y(k) = Cx(k),

��lqdk|.dk|"e:�²xw�q�~x���lqprn��,tufRtu�segdbegf�hVtu�q�"e�}�´
A1 =

[

cos(π
3 ) sin(π

3 )
− sin(π

3 ) cos(π
3 )

]

A2 =

[

cos(2π
3 ) sin(2π

3 )
− sin(2π

3 ) cos(2π
3 )

]

B =

[

1
0

]

, H =

[

1
0

]

, C =
[

0 1
]

,

��|rl~yR| l~}�v�l~}by�xwp)dklqp5�"xw�"}�x$hiegf`dk|"e8}k��lqdbyb|rlqprn��r�åtup"eV��·zxwdbe�dk|,tud�dk|"es�"fb}kd�}kdRtudbevregdbegfk��lqp"e�}¾dk|"e��sx)vreV�w��|rlq�~e�dk|"e�}be�y�xwp"v`}kdRtudbe�l~}ì�se�tw}k�rfbe�vN�¾¶zegp"y�eV�udk|"e�v�l~}bygfbegdbe�sx5vre�y�tup p"xwd`�Pe�vregdbegfk��lqp"e�v!v�lqfbe�ygdk�qÇ9�³fbxw�Sdk|"e��se�tw}k�rfbeg�segp5db}.õ³y«�k�-fbeg��tufkjÌ � Ì � �iö«�¹Ëe:��lq�q�ìvre�}klqnVp-tup-xw�"}begfkh)egf��²xwf�dk|"e1}kÇ�}kdbeg�0õ Ì � �)�iö�xu�¾dk|"e:�²xwfk�.´

x̂(k + 1) =

{

A1x̂(k) + Bu(k) + L1(y(k) − ŷ(k)),
l��

H>x̂(k) < 0

A2x̂(k) + Bu(k) + L2(y(k) − ŷ(k)),
l��

H>x̂(k) > 0

ŷ(k) = Cx̂(k)

�5xw�qh5lqprnËõ Ì � � Ì ö���lqdk|
ε = 0.1

��e`xw�rdRtulqpKdk|"e1�²xw�q�~x���lqprn8hVtu�q�"e�}M�²xwfMdk|"e
n)tulqp"}xu��xw�"}begfkh)egf
õ Ì � Ì �5ög´
L1 =

[

0.8662
0.5031

]

, L2 =

[

0.8662
0.4982

]

��lqdk|
emax ≤ 0.13xmax

õ³e�Ð)�,tudkl~xwp»õ Ì � �)Ïiöbö«�{ |"e8}klq�`�r�åtudkl~xwp!fbe�}k�r�qdb}�tufbe8vreg�rl~ygdbe�v lqp»�"nV�rfbe Ì � Í � { |"e�lqpr�r�rd�l~}�yb|"xV}begptw}�t`}begÐ)�,e«p,yge:xu�ìp"xwfk��tu�q�qÇ�v�l~}kdkfklq�r�rdbe�v8fRtup"vrxw� p5�r�
�Pegfb}��5��l�db|���egfbx`�se�tup.tup"vhVtufklåtup"y�e
1
� { |"e1lqprlqdklåtu�¾}kdRtudbe
xu��db|"e
}kÇ�}kdbeg�Sõ Ì � �iö�l~}

x(0) = [−1 − 1]>
��tup"vdk|"e
dk|"e
lqprlqdklåtu��}kdRtudbe`xu�Cdk|"e`xw�"}begfkh)egf�õ Ì � Ì �5ö�l~}

x̂(0) = [5 5]>
�M·zxwdbe
dk|,tudzdk|"e}kÇ�}kdbeg�ôtup"v�dk|"eZxw�"}begfkh)egfM}kdRtufkd�lqp-v�lcbNegfbegp)d��sx5vre�}��



ØL¨ ¥L¨¢�±ò2¸�°7¹2¿1FyJ [ T

0 5 10 15 20 25 30 35 40 45 50
−10

−5

0

5

10

t
x 1

0 5 10 15 20 25 30 35 40 45 50
−10

−5

0

5

10

t

x 2

¥ ¤c¦2¢n fFQØL¨ ¥L© Â «IFSJ�­.J�EGFH° î�JfB�¿�¤1¡tñ9¸�DI¡'BL®nJfFH �Ä�FH \î1¡Y¸�J¯«IF�¡tñS fFyJG¹±B�D,JfF\îv¢�¹.¹±FH �©�J�E_¸LEGF
x1 E ¿1BtÍ�FH �©CJ�E_¸LEGF x2

ñ

NQP ü"û:-±+ � ÿ ²�À
²(� ��xwp"}kl~vregfMdk|"eZ}kÇ�}kdbeg�

x(k + 1) =

{

A1x(k),
l��

H>x(k) < 0

A2x(k),
l��

H>x(k) > 0

õ Ì � �5óVö
y(k) = Cx(k),

��lqdk|.dk|"ez�²xw�q�~x$��lqprns�,tufRtu�segdbegfMhVtu�q�"e�}�´
A1 =

[

0.95 0.0475
−0.0475 0.95

]

A2 = A>
1

H =

[

1
0

]

, C =
[

0 1
]

.

{ |"e1}kÇ�}kdbeg�ôeghixw�q�rdkl~xwp'vreg�Pegp"vr}zxwpr�qÇ�xwp.dk|"eZlqprlqdklåtu�Ã}kdRtudbe
x(0)

��¯�xwdk|.�,tulqfb}
(A1, C)

�
(A2, C)

tufbe�xw�"}begfkhVtu�r�~eV�s��xwp,}klqvregf1do��x8lqprlqdklåtu��}kdRtudbe`h)e�ygdbxwfb}
x1(0) =

[a b]>
tup"v

x2(0) = [−a b]>
�P��|"egfbe

a ≥ 0
� { |"e�xw�rdk�r�rd1}begÐ)�,e«p,yge�}

y1 tup"v
y2 niegp"egfRtudbe�v��³fbxw� x1(0)

tup"v
x2(0)

�)fbe�}k�Pe�ygdklqhieg�qÇ)�rtufbezdk|"ez}Rtu�seM�²xwf�tup)Ç
k > 0

���|rlq�~e:dk|"eZ}kdRtudbezdkfRtum¸e�ygdbxwfkl~e�}Mtufbe:p"xwd�����|"egp
a 6= 0

��¼¿p�xwdk|"egf���xwfbvr}���dk|"eZ}kÇ�}kdbeg�l~}��rp"xw�"}begfkhVtu�r�~e
õ¡lqpsdk|"e�}begp"}be�dk|,tudC}kdRtudbe�y�tupsp"xwd��Pe��rprl~Ð)�"eg�qÇ�vregdbegfk��lqp"e�v��³fbxw�
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dk|"eZ�se�tw}k�rfbe�v.xw�rdk�r�rdM��|"egp"eghiegfMdk|"ez�"fb}kdMy�xw����xwp"egp5dzxu�¾dk|"e1}kdRtudbeZv�lcbNegfb}��³fbxw��iö«� �Mp.xw�"}begfkh)egf�xu�¾dk|"e:�²xwfk�

x̂(k + 1) =

{

A1x̂(k) + L1(y(k) − ŷ(k)),
l��

H>x̂(k) < 0

A2x̂(k) + L2(y(k) − ŷ(k)),
l��

H>x̂(k) > 0

ŷ(k) = Cx̂(k)

l~}Mvre�}klqnVp"e�vN�,�"}klqprnsdb|"eZ�segdk|"x5vrxw�~xwnVÇ-vre�}bygfklq��e�v-lqp.dk|"e�xwfbeg� õ Ì � ó5� Ïiög� { |"eZ�²xw�q�qx ½��lqprn�xw�"}begfkh)egf�n)tulqp"}���egfbe1xw�rdRtulqp"e�vN´

L1 =

[

−0.0495
0.8387

]

, L2 =

[

0.0455
0.7495

]

.

��|rlq�~e:dk|"e:�Pe�}kd��²xw�rp"v�egfkfbxwf��Pxw�rp"v8dk|,tud�y�tup���e:nV�,tufRtup5dbe�e�v�l~}
emax ≤ 24xmax

�{ |"e
}klq�
�r�åtudkl~xwp-l~}Mvreg�rl~ygdbe�v.lqp��"nV�rfbe Ì � ���r��lqdk|-lqprlqdklåtu�ì}kdRtudbe�}
x(0) = [0.2 4]>tup"v

x̂(0) = [−0.3 4]>
�¾¹Ëe:}be�e:dk|,tud�dk|"e1}kdRtudbeZe�}kdklq��tudbe

x̂
y�xwp)h)egfknie�}�dbx$��tufbvr}dk|"e�xwdk|"egf1�PxV}b}klq�r�~es}kdRtudbe�dkfRtum¸e�ygdbxwfkÇ)�Ã}kdRtufkdklqprn-lqp

[−0.2 4]>
�ìÇ5l~eg�~v�lqprn-dk|"es}Rt ½�se�xw�rdk�r�rd�� { |"e�xw�"}begfkh)egfz��tuj)e�}zdk|"e�xw�rdk�r�rdZl�pimoe�ygdkl~xwp9egfkfbxwf:��egfbxr�;tup"v'|"egp"y�efbe�y�x$hiegfb}Mxwp"eZy�xwfkfbe�}k�Pxwp"v�lqprn�}kdRtudbe:dkf«tum¸egygdbxwfbÇ�õ¡p"xwd�p"e�y�e�}b}Rtufklq�qÇ8dk|"e:fbe�tu�ìxwp"e$ö«�

0 10 20 30 40 50 60 70
−1.5

−1

−0.5

0

0.5

1

1.5

0 10 20 30 40 50 60 70
−1

0

1

2

3

4

¥ ¤c¦2¢n fF>ØL¨ ��©<·]­.J�EGFH° î�JfB�¿�¤1¡tñ�¸�DI¡&BL®nJfFH �ÄnFH sî1¡Y¸�J¯«IF�¡tñ9 fFyJG¹±B�D,JfF�îv¢�¹.¹�FH �©�J�E_¸LEGF
x1 E¿1BtÍ�FH �©�J�E_¸LEGF

x2
ñ
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Ò>��Ò ¤ A�G'É_��w�U,O�A�G`U
¹9e8|,t�hie8�rfbe�}begp5dbe�v�xw�"}begfkh)egfsvre�}klqnVp��rfbx)y�e�v��rfbe�}��²xwf�tKyg�åtw}b}sxu�:�rlq�sx5v"tu���rl~e ½y�eg��l~}be��qlqp"e�tuf
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xu�v�l~}by�xwp)dklqp5�"xw�"}��rlq�sx5v"tu�;�rl~e�y�eg��l~}be`t��sp"e1}kÇ�}kdbeg�.��Mxw�r�"}kdkp"e�}b}1xu��dk|"e�vre�}klqnVp"e�vËxw�"}begfkhiegfb}1��lqdk|Ëfbe�}k��e�ygd
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twygdklqh)eV���5eghiegfRtu�Cdbe�yR|rprl~Ð)�"e�}�²xwf
l~vregp5dkl��,y�tudkl~xwp!xu� � ¹K�z�9e }kÇ�}kdbeg�s}
|,t�h)es�Pe�egp»�rfbxw�PxV}be�v õ³ñ,egfkfRtufkl ½¿{ fbe�y�tudbeegd1tu�Æ��õ²�V�V� Ì ö~ÁN¯�eg����xwfRtwv9egd1tu�Æ��õ²�V�V�V�u�;�;�V�V� Ì ö~ÁPÄzl~v"tu��egd1tu�Æ��õ²�V�V� Ì ��ökö«�`¼¿p'dk|rl~}��xwfkj»dk|"e�tu�qnixwfklqdk|r��vregh)e«�~xw�Pe�v �5Ç»ñ"egfkfRtufkl ½¿{ fbe�y�tudbe.egd�tu�Æ��õ²�V�V� Ì ö
l~}stwvrxw�rdbe�vN�{ |"e
tu�qnixwfklqdk|r� l~}��rfkl~e~�"Ç�}k�r����tufklq��e�v.lqp'�5e�ygdkl~xwp-�"� Ì �{ |"e�l~vregp5dkl��,y�tudkl~xwp�xu�Ndk|"e�y�xw����xwp"egp5d��r�åtwy�eg�segp5d��rfbx5yge�}b}�tulq�s}�tudC�rfbx$h5lqvrl�p"n�sx)vreg�~}C�²xwf�tup,tu�qÇ�}klq}�tup"v�y�xwp)dkfbxw��v"eg}klqnVp;��¼¿ps�,tufkdkl~yg�r�åtuf����'x5vreg� � fbe�v�l~ygdklqh)eZ��xwp ½dkfbxw�ìõ³� � ��ö�tup"v�hiegfkl��,y�tudkl~xwp�tu�qnixwfklqdk|r�s}��²xwf � ¹K� tup"v��'À ± }kÇ�}kdbeg�s}�õ³¯�eg����x ½fRtwv�tup"v8�'xwfRtufklCõ¸���V�V�iökö«�;õ³¯�eg���PxwfRtwv�egd�tu�Æ�Nõ²�V�V�V�wy$ökö�y�tup8��e:}kdkfRtulqnV|5d¸�²xwfk��tufbv��qÇtu�r�r�ql~e�v'dbx�|)Ç5�rfkl~vK}kÇ�}kdbeg�s}zlqp'dk|"e � ¹K�z�9eº�²xwfk�.�
ð:egp"egfRtu�q�qÇ'}k��e�tuj5lqprn"�N� � �tup"v1hiegfkl��,y�tudkl~xwp�tu�qnixwfklqdk|r�s}ì�²xwf � ¹K� }kÇ�}kdbeg�s}ìy�tup
��eCfbe�y�tw}kdìlqp)dbx���l�Ère�v ½ lqp5dbegniegf�rfbxwnVfRtu����lqprnZ�rfbxw�r�~eg�s}���|"egfbe�dk|"e��rfbx)y�e�}b}Ã�sx5vreg�regp5dbegfb}¾dk|"e�y�xwp"}kdkfRtulqp5db}�� { |"e ½fbe«�²xwfbeV�5dk|"e:tu�r�r�ql~y�tudkl~xwp�xu�ìdk|"e�}beMdbe�yb|rp"lqÐ)�,eg}�l~}�}k�r�Pxwfbv�lqp,tudbe�v�dbx
dk|"eZt�hVtulq�åtu�rlq�qlqdoÇxu�Mv�Ç5p,tu��l~y��sx5vreg�~}�xu��dk|"e�}kÇ�}kdbeg�Sy�xwp"}kl~vregfbe�vN�'ñrfbxw��xwp"e�}kl~vreV�Ãlqd`l~}`xu��lqp5dbe ½fbe�}kd�dbxsxw�rdRtulqp.�sx5vreg�~}���lqdk|.dk|"eZ}k��tu�q�~e�}kd�p5�r�
�PegfMxu��}kdRtudbe�}Mtup,v8�sx5vre�}��,tw}�dk|"ey�xw���r�rdRtudkl~xwp,tu��y�xw���r�~e«È�lqd¿Ç.xu�Cy�xwp5dkfbxw��tup"v.hiegfkl��,y�tudkl~xwp'�segdk|"x)vr}z��t�Ç�lqp"ygfbe�tw}bev�fRtu��tudkl~y�tu�q�qÇ8��lqdk|��sx5vreg�ìy�xw���r�~eRÈ�lqdoÇ�õ³¯�eg���PxwfRtwv-tup"v��'xwf«tufkl�õ¸���V�V�iökö«�ìõ³¯�eg� ½��xwfRtwv'egd:tu�Æ�Ãõ²�V�V�V�wy$ökö«�zÅMp-dk|,e
xwdk|"egfM|,tup"vN�,lqdMl~}Mlq����xwfkdRtup5dzdbxsp"xwdbe1dk|,tud:}k�"yb|�segdk|"x)vr}Zfbe�Ð)�rlqfbe`dk|"e J¯¤�°3¢n¿�¸LE1¤1B�D xu��dk|"e`�rfbx)y�e�}b}Zx$hiegf:dk|"e`|"xwfklq��xwp9xu�
N
}kdbeg�"}����|"egfbe

N > 1
� { |"egfbe«�³xwfRew�Ã�sx)vreg�~}
xw�rdbl���lq��e�v9�²xwf1xwp"e ½ }kdbeg� ½ tu|"e�twvË�rfbe�v�l~ygdkl~xwp"}��t�Ç1p"xwdì�Pe�}Rtudkl~}¸�ÆtwygdbxwfkÇ
}klqp"y�e�tup�twy�yg�rfRtudbe�}klq�`�r�åtudkl~xwp`�Pegf¸�²xwfk��tup"y�e�l~}ìfbe�Ð)�rlqfbe�vN�{ |"eM�Ætwygd�dk|,tud��sx5vreg�~}�dRtulq�~xwfbe�v�dbx�xwp"e ½ }kdbeg� ½ tu|"e�twv��rfbe�v�l~ygdkl~xwp.��t�Ç��Pegf¸�²xwfk���x5xwfk�qÇ9lqp }klq�
�r�åtudkl~xwp l~}
��eg�q� ½ j5p"x���p lqp»dk|"e�y�xwp5dbe«È�d�xu�M�z�9e }kÇ�}kdbeg�s}8õ³Àrmo�rprnõ¸���V�V�iökö«�¾tup"v�lqd
y�tup9��e�y�xw�ses�sxwfbe�p"xwdkl~y�e�tu�r�~e��²xwf � ¹K�z�9e }kÇ�}kdbeg�s}��s¼¿p"vre�e�vN��rfbe�v�l~ygdkl~xwp»egfkfbxwfb}`v��"e�dbx�lq���Pe«fk�³e�ygd�eg}kdbl���tudReg}
lqp9�sx)v"e��,tufRtu�segdbegfb}�tup"v9fbegnVl ½xwp"}��"��t�Ç��~e�twv-dbx�t���fbxwprn8yR|"xwl~y�e`xu��db|"e1p"e«È�dM�sx5vreV��}bxsdkfklqnVniegfklqprn8�åtufknie ½ egfkfbxwf�rfbxw�,tun)tudkl~xwpK�r|"egp"xw�segp,t��1�)lqp"y�e�tu�q�Ãdk|"e`e«È�l~}kdklqprn�l~vregp)dkl��,y�tudkl~xwpËtu�qnixwfklqdk|r�s}z�²xwf|)Ç5�rfkl~v�}kÇ�}kdbeg�s}C}be�egj
�²xwf�xwp"e ½ }kdbeg� ½ tu|"e�twv��rfbe�v�l~ygdklqhie��sx5vreg�~}��ilqdCl~}�xu�P�,tufRtu�sxw�rp5dlq����xwfkdRtup"y�e1dbxsyb|"e�yRj�dk|"eZ�sx5vreg�ìÐ)�,tu�qlqd¿Ç8lqp.}klq�`�r�åtudkl~xwp;�¼¿p�}be�ygdkl~xwp"}��"� ��tup"v��"� ÏZdk|"eMl~vregp)dkl��,y�tudkl~xVp8fbe�}k�r�qdb}�tufbe��rfbe�}begp5dbe�vN���'x5vreg�~}�xu�lqp"ygfbe�tw}klqprnsy�xw���r�~e«È�lqd¿Ç�tufbeZy�xwp"}kl~vregfbe�v.tup"v�dk|"eglqf�}klq�
�"�~tudblqxwp.�rfbxw��egfkdkl~e�}�v�l~}byg�"} ½}be�vN�:¼¿dzl~}:}k|"x���pKdk|,tud:dk|"e`Ð)�,tu�qlqdoÇ-xu��dk|"e`}klq���r�~egf:�sx5vreg�~}��Py�tu�rdb�rfklqprn.t�}k�r�"}begdxu�¾dk|"e1}kÇ�}kdbeg�ø�sx)vre�}��rl~}�}Rtudkl~}¸�ÆtwygdbxwfkÇ)���'xwfbe�x$hiegf��"vre�}k�rlqdbeZdk|"eZ�"}beZxu�¾�r�åtwyRj ½ ��x�Ètu�qnixwfklqdk|r�s}`dk|,tud`vrx.p"xwd�e«È��r�~xwlqd�tup5ÇK�r|5Ç�}kl~y�tu��j5p"x$���~e�v�nie�xwp»dk|"e�}kÇ�}kdbeg�.�ìdk|"efbe�y�xwp"}kdkfk�"ygdbe�v`�sx5vre�}�twv���lqd�t��r|)Ç�}kl~y�tu�5lqp5dbegfk�rfbegdRtudkl~xwp;� { |"e��sxwfbe�y�xw���r�~e«È`�sx ½
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vreg�~}��rdk|,tud�dRtujieZlqp)dbx�twy�y�xw�rp5dztup.lqp"ygfbe�tw}klqprn�p)�r�`��egfzxu��}kÇ�}kdbeg�ø�sx)vre�}��,tufbeZ�~e�}b}}Rtudkl~}¸�ÆtwygdbxwfkÇ)� { |"eglqf�fbe�}k�Pxwp"}be�}��wdbxwniegdk|"egfC��lqdk|s}bxw�se��r|5Ç�}kl~y�tu��lqp"}klqnV|5dCxwp�dk|"e�}kÇ�} ½dbeg�.�rtu���~x$� dbx
}klqprnV�~eMxw�rd�dk|"e��sx5vreg�Peg�~eg�segp)db}�dk|,tud�tufbe�p"xwd�y�xwfkfbe�ygdk�qÇsl~vregp)dkl��,e�vN�¼¿pË�,tufkdkl~yg�r�åtuf��¾dk|rl~}1lqp��²xwfk��tudkl~xwp»��t�Ç���e�xu��|"eg�q�Ëlqp»vre�}klqnVprlqprn-p"eg� l~vregp)dkl��,y�t ½dkl~xwpKe«È���egfklq�segp5db}zxwfzvregh5l~}klqprn�p"eg�Ál~vregp)dkl��,y�tudkl~xwp�}kdkfRtudbegnVl~e�}��²xwfMlq���rfbx$h5lqprn�dk|"e�sx5vreg�ìÐ)�,tu�qlqd¿Ç)�
H>�_Ç IKJMLK@NBPORQS@;GsT)E��.U;@�TÄwCL
¼¿p�xwfbvregf�dbx
}kdk�"v�Ç�dk|"e��r�åtwy�eg�segp5d��rfbx)y�e�}b}��5tup�e«È���egfklq�segp5dRtu�P}begdk�r�s��tw}C��twvreztw}vreg�rl~ygdbe�v�lqp8�"nV�rfbeZ�"� �����Á}byb|"eg�se1xu�Ãdk|"eZ}begdk�r��l~}��rfbe�}begp)dbe�v�lqp8�"nV�rfbeZ�"� Ì � { |"e}begdk�r��y�xwp"}kl~}kdb}Cxu�Pdk|"e��sxw�rp5dklqprn
|"e�twvN�V�³fbxw� tup�twygdk�,tu�"�rl~yRj ½ tup"v ½ �r�åtwy�e���twyb|rlqp"eV���|rl~yR|�l~}��rÈre�v�tu��x$hie:dk|"e:lq���,twygdklqprns}k�rf¸�Ætwy�esõ¡dk|"e:}k��tu�q�;v�l~}byzlqp�dk|"eM�"nV�rfbe:�"� �iö«�{ |"e'lq���,twygdklqprn�}k�rf¸�Ætwy�e-l~}8l�p4y�xwp5dRtwygd8��lqdk| dk|"e'nVfbxw�rp"v h5låtËdk|"e'}k�rfklqprnòõ¡dk|"e}k�rfklqprn

c2
lqp��"nV�rfbeZ�"� Ì �r��lqdk|"l�p-dk|"e1xw�rdbegfMdk�r��e1lqp8�,nV�rfbeZ�"� �iö«� { |"e1�se�yb|,tuprl~y�tu�y�xwp"}kdkfk�"ygdkl~xwp��rp"vregf�dk|"e�lq���,twygdklqprn�}k�rf¸�Ætwy�e�l~}�}k�"yb|�dk|,tud�xwpr�qÇ�dk|"e��sx$hieg�segp5d�xwpdk|"e�hiegfkdkl~y�tu�Pt$È�l~}Cl~}�egp,tu�r�~e�v'õ¡lqprp"egf�dk�r�PeV�)��|rl~yb|�y�tup�}k�ql~vre�lqp"}kl~vre�dk|"eMxw�rdbegf�dk�r��elqp��"nV�rfbez�"� �iö«� { |rl~}�y�xwp"}kdkfk�"ygdkl~xwp�e«È�|rlq�rlqdb}��qlqp"e�tuf�tup"v�v�fkÇ��³fkl~ygdkl~xwp8�r|"egp"xw�segp,t��fbeg�rfbe�}begp5dbe�v»lqp9�,nV�rfbe��"� Ì �)Ç9dk|"e�v"tu����egf

d2
tup"vËdk|,e��r�~x)ybj

f2
�¾fbe�}k��e�ygdklqh)eg�qÇi�{ |"e�yR|"xV}begp�vre�}klqnVp�xu�,dk|"e�lq���,twygdklqprnZ}k�rf¸�Ætwy�e�}klq�
�r�åtudbe�}Ãdk|,e�e«�åtw}kdkl~yglqdoÇ1�rfbxw�Pegfkdkl~e�}xu�Pdk|"e � ��¯�tw}¾��eg�q�,tw}�|,tufbv��se�yb|,tuprl~y�tu��y�xwp"}kdkfRtulqp)db}�v��"e�dbxZ}Rtudk�rfRtudkl~xwp"}��¾¼¿d�tu�~}bxlqp5dkfbx)v��"y�e�}z}bxw�seZ}kl~vreZe~bNe�ygdb}��"}k�"yb|'tw}�v�fkÇ��³fkl~ygdkl~xwp;�{ |"e
�sxw�rp5dklqprn�|,e�twvKygxwp5dRtulqp"}�´�tshVtwyg�r�r� �rlq��egdkdbe`��|rl~yb|Ky�tup'�sx$hie`xwp-dk|"eh)egfkdkl~y�tu�"t$È�l~}�õ¡dk|"e���tw}b}

M
lqp`�"nV�"fbe��"� Ì ö¾tup"v`��|rl~yR|�l~}¾y�xwprp"e�ygdbe�v�h5låtMdk|"e�}k�rfklqprndbx�dk|"eZy�tw}klqprn'õ¡dk|"eZ}k�rfklqprn
c1
lqp8�"nV�rfbeZ�"� Ì ö~Á,tup.eg�~e�ygdkfkl~y�tu�ì�sxwdbxwf���|rl~yb|-egp,tu�r�~e�}dk|"e8�sx�h)eg�segp)d-õ¡fbeg�rfbe�}begp5dbe�v �5Ç9�²xwfby�e

F
lqp»�"nV�rfbe8�"� Ì ö~Á�tup"v�t-�qlqp"e�tufsxw�rdkl~y�tu�egp"y�x5vregf��Ã��|rl~yR|Ë�se�tw}k�rfbe�}`dk|"es��xV}klqdkl~xwp xu��dk|"es�rlq�PegdkdbeV�Ãfbeg�åtudklqh)esdbx.dk|"es�"�r��egffbegdkfRtwygdbe�v-�PxV}klqdkl~xwp;� { |"eZ�PxV}klqdkl~xwpKt$È�l~}�l~}��Pxwlqp)dbe�v'vrx$��p)��tufbvN�,lÆ� eV��dk|,eZhVtu�q�"e
xu�dk|"e���xV}klqdkl~xwp�lqp"ygfbe�tw}be�}C��|"egp�dk|"e��"l��Pegdkdbe��sx$hie�}�vrx$��p)��tufbvN� { |"e��sxwdkl~xwp�xu�Pdk|"e�rlq�Pegdkdbe�l~}�tu�~}bx'}k�r�rm¸e�ygd`dbx.�³fkl~ygdkl~xwp»�r|"egp"xw�segp,t!õ¡dk|"e�v"tu���Pegf

d1
tup"v»dk|"e�v�fkÇ�³fkl~ygdkl~xwp.�r�~x5ybj

f1
lqp8�"nV�rfbeZ�"� Ì ö«�{ |"e:v�Ç5p,tu��l~y�}�xu�Ãdk|"e:e«È���egfklq�segp5dRtu�;}begdk�r��e«È�|rlq�rlqdb}��5lqp�t1�"fb}kd�tu�r�rfbx�È�lq��tudkl ½xwp;���²xw�rf�v�lcbNegfbegp5d��sx)vre�}Mxu��xw�Pe«f«tudkl~xwp;´

ú�-�- � ý � ü � úìýuü ��
 � �AØ dk|"e1�rlq�Pe«dbdbe
l~}�lqp'dk|"e1�r�r�PegfMfbegdkfRtwygdbe�v'��xV}klqdkl~xwp!õ¡lÆ� eV��y�tupp"xwd��sx$hieZ�r�)��tufbvN�"v��"eZdbx�dk|,e:�r|5Ç�}kl~y�tu�;y�xwp"}kdkfRtulqp5db}«ö~Á
 ý ��� û:�
	 ��Ø dk|"ez�rlq�Pegdkdbezl~}�p"xwd�lqp�y�xwp5dRtwygd���lqdk|8dk|"ezlq���,twygdklqprn�}k�rf¸�Ætwy�eV�5�r�rd�l~}p"xwd�lqp.dk|"e:�r�r�PegfM}Rtudk�rfRtudkl~xwp0Á
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 û:-Ãü.� � û:�I	 ��Ø dk|"eZ�rlq�Pegdkdbe1l~}�lqp-y�xwp)dRtwygdM��lqdk|.dk|"eZlq���,twygdklqprn8}k�rf¸�Ætwy�eV�r�r�rd�l~}p"xwd�lqp��~x$��egfM}Rtudk�rfRtudkl~xwp0Á
+�� %7� ý � ü � úìýuü ��
 � �AØ dk|"e��rlq��egdkdbe�l~}:lqpKdk|"e��~x���egf1e«È�dbegp"vre�vK�PxV}klqdkl~xwp;��õ¡lÆ� eV�`y�tupp"xwd��sx�h)eZvrx$��p)��tufbv-v��"e:dbx�dk|"eZ�r|)Ç�}kl~y�tu�ìy�xwp"}kdkfRtulqp)db}«ö«�
{ |"e�y�xwp)dkfRxw��lqpr�r�rdZl~}:dk|,e`h)xw�qdRtuniestu�r�r�ql~e�v�dbx�dk|"e��sxwdbxwf��;��|rl~yb|9l~}Zy�xwp)h)egf ½dbe�v»�r� dbxKt-p"egnV�qlqnVlq�r�~e8dklq�se8y�xwp"}kdRtup5d�dbx'dk|"e��³xwfRyge

F
� { |"e�lqpr�r�rds}klqnVp,tu���³xwfdk|"e
l~vregp5dkl��,y�tudkl~xwp9e«È��Pegfklq�segp)d1}k|"xw�r�~v-�Pe`yR|"xV}begp'lqp�t���t�Ç.dk|,tudZtu�q�¾�sx)vre�}1tufbe}k�Y��ygl~egp)dk�qÇ e«Èryglqdbe�vN�9¶zx���eghiegf��Cy�xwp"v�lqdkl~xwp"}��²xwf`dk|"e8vre�}klqnVp!xu�z��egfb}kl~}kdbegp5dk�qÇ»eRÈ ½yglqdklqprn�lqpr�r�rdb}�tufbe8p"xwd�t�hVtulq�åtu�r�~e��²xwf�|)Ç5�rfkl~v �sx5vreg�~}�� { x�xw�rdRtulqp!dk|"e�v"tudRt'�²xwfl~vregp)dkl��,y�tudkl~xwpì�"dk|"eZl�p"�r�rdM}klqnVp,tu�

u(t)
l~}�yb|"xV}begp'tw}�´

u(t) = ak
��|,e«p

t ∈ [kT, (k + 1)T )
õ¡�"�q�$ö

��|"egfbe
T > 0

l~}P�rÈre�vN�wtup"vZdk|"e�tu���r�qlqdk�"vre
ak
l~}ìt�fRtup"vrxw�ÎhVtufklåtu�r�~eV�$��lqdk|1�rprl��²xwfk�v�l~}kdkfklq�r�rdkl~xwp�lqp�dk|"e�lqp5dbegfkhVtu�

[a, b]
�Ã¯�Ç��rfbxw��egfk�qÇ�yR|"x)xV}klqprn
dk|"e���xw�rp"v"tufkl~e�}�xu�Pdk|"elqp)dbegfkhVtu�

[a, b]
xwpr�qÇ!ygegfkd«tul�p �sx)vre�}�xu�Zdk|"e.}kÇ�}kdbeg� tufbe.e«Èryglqdbe�vN� ñ"xwf�l�p,}kdRtup"y�exwpr�qÇ �³fbe�eKtup"v&lq���,twygd8�sx)vre�}8y�tup �Pe'eRÈryglqdbe�vN����lqdk|"xw�rd8fbe�twyb|rlqprn �r�r�Pegf�tup"v�~x���egfM}Rtudk�rfRtudkl~xwp"}���5xw�se8�²e�tudk�rfbe�}�xu�Zdk|"e.v"tudRt9}be«dR}sxw�rdRtulqp"e�v!�²xwfsdk|"e�lqpr�r�rd�}klqnVp,tu��õ¡�"�q�$ö�tufbe}k|"x���p!lqp �"nV�rfbe��"� �"� ¼¿p»�"nV�rfbe8�"� �)tKdk|"e�e~bNe�ygdsxu�:v�fkÇË�³fkl~ygdkl~xwp�v"tu���rlqprnËy�tup��e'p"xwdkl~y�e�vN� ¼¿p&�"nV�rfbeK�"� �V�4}k��tu�q�Zyb|,tuprnie�}8lqp dk|"e'lqpr�r�rd�}klqnVp,tu�:�rfbx)v��,ygeKp"x
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yR|,tuprnieKlqp4�PxV}klqdkl~xwp;�z�Pe�y�tu�"}be�xu��dk|"e�v�fkÇ&�³fkl~ygdkl~xwp4lqpò}kdkl~yRj&�r|,tw}beV� ¼¿p �"nV�rfbe�"� �iy�dk|"e�}kÇ�}kdbeg� l~}�e«Èryglqdbe�vò}bx dk|,tud�dk|"e��~x���egf.}Rtudk�rfRtudkl~xwpòl~}�fbe�twyR|"e�vN� { |"e�~x$��egf�}Rtudk�rfRtudblqxwp.e~bNe�ygdklqh)eg��Ç8twygdb}�tw}�t
hieg�~x5y«lqdoÇ�fbe�}begd���tu�;�rtwygdklqh)ez��|"egp�y�egfkdRtulqp�PxV}klqdkl~xwp9l~}1fbe�twyb|"e�v õ ≈ 25
lqp��"nV�rfbe�}1�"� �iy�tup"v��"� �iv,ög��ñÃlqnV�rfbes�"� �iv9}k|"x$��}Zdk|"e}kÇ�}kdbeg� �Peg|,t�h5l~xwf1��|"egpË��xwdk|9�r�r�Pegf`tup"v��~x���egf
}Rtudk�rfRtudkl~xwp"}`tufbe�fbe�twyb|"e�vN� { |"e�Pxw�rp"yglqprnse~bNe�ygd�y�tup8��e:xw�"}begfkh)e�v���|"egp8fbe�twyb|rlqprn��r�r�Pegf�}Rtudk�rfRtudkl~xwp;�"v��"ezdbx
dk|"eeg�åtw}kdkl~yZlq���,twygd���lqdk|.dk|"eZ�se�yb|,tuprl~y�tu�Ãy�xwp"}kdkfRtulqp5db}��¹»t�h)e«�²xwfk�s}�lqp�dk|"e�e«È���egfklq�segp5dRtu�M}begdk�"�!��egfbe.}Rtu���r�~e�v&tud

4
j�¶M�i����xwp5dkfbxw�|,tufbv���tufbe�lqp!dk|"e��rl~ybj ½ tup"v ½ �r�åtwy�e.��twyb|rlqp"e�}�egp,tu�r�~e�}�}Rtu���r�qlqprn»tup"v!y�xwp5dkfbxw�ztud�`�"yb| �~x���egf��³fbe�Ð)�"egp"ygl~e�}��ò¶zegp"y�eV���sx5vreg�~}�xu�1dk|"e.�rfbx5y�e�}b}8tud��~x$��egf8}Rtu���r�qlqprn�³fbe�Ð)�"egp"ygl~e�}1tufbe�xu��lqp)dbegfbe�}kd�� ± tudRt��"}be�v-�²xwf:l~vregp)dkl��,y�tudkl~xwp»tufbe�xw�rdRtulqp"e�vK�5Ç.fRe ½}Rtu���r�qlqprn�dk|"e�xwfklqnVlqp,tu��}klqnVp,tu�~}1tud

50
¶M�V�`�M�q�¾�r�~xwdb}ZlqpKdk|"e��,tu�PegfZ|,t�h)e�}Rtu���r�~e�}tw}��rprlqdb}�xwp�dk|"e:dklq�se1t$È�l~}��¾Ä�tu�q�"e�}�xu�Ãdk|"e:�PxV}klqdkl~xwp'tufbe:nVlqhiegp�lqp.}by�tu�~e�v�egp"y�x5vregf�rprlqdb} ö �¾tup"v�dk|"eshVtu�q�"e�}
xu��lqpr�r�rd�tufbesnVlqhiegpËlqp9h)xw�qdb}���¼¿p»tu�q���r�~xwdb}1dk|"e�xwfklqnVlqp,tu�lqpr�r�rd�}klqnVp,tu�~}�tufbe��`�r�qdklq�r�ql~e�v��5Ç»dk|"e-}by�tu�qlqprn��Ætwygdbxwf −100

��lqp&xwfbvregf�dbx9}k|"x��dk|"eg��dbxwniegdk|"egf���lqdk|»dk|"e8}kÇ�}kdbeg�0fbe�}k��xwp"}be�}��K¶zx���eghiegf���xwfklqnVlqp,tu��lqpr�r�rd�}klqnVp,tu�~}tufbeZ�"}be�v8lqp.dk|"e:l~vregp5dkl��,y�tudkl~xwp'e«È��Pegfklq�segp)db}��¶:t�h5lqprnKt��r|5Ç�}kl~y�tu��fbeg�rfbe�}begp)dRtudkl~xwp!xu��dk|"e�}begdk�r�;�Ã�qlqjiesdk|"e�xwp"e�vreg�rl~ygdbe�v»lqp�"nV�rfbez�"� Ì ��xwp"ez��xw�r�~v��,}be:t1��|rlqdbe ½ ��x�È��sx5vreg�qlqprn�dbe�yR|rprl~Ð)�"eM�²xwf�l~vregp5dkl��³Ç5l�p"n`dk|"e
û�Ù_`	����W�ÿ���
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�`	�"�9ÿ��#��ü�ÿ���
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hVtu�q�"e-xu�1dk|"e.�r|5Ç�}kl~y�tu�M�,tufRtu�segdbegfb}�õ
c1
�

c2
��egdbyV� ö«�ò¶zx$��egh)egf�dk|"egfbeKtufbe.��tum¸xwfv�lc��yg�r�qdkl~e�}sdk|,tuds|,tu���Pegfsdk|rl~}snixitu�Æ��¼¿p�xwfbvregfsdbx�lq�q�q�"}kdkfRtudbe�dk|"eg�.��y�xwp"}kl~vregf�t}klq���r�ql��,e�v'fbeg�rfbe�}begp5dRtudkl~xwp9xu��db|"e`}kÇ�}kdRe«�.�Z¼Æ��}Rtudk�rfRtudkl~xwp"}1tufbe`p"xwd:fbe�twyR|"e�vN�Nv�fkÇ�³fkl~ygdkl~xwp9l~}
tu�"}begp)d`tup"vKdk|"es}k�rfklqprni}
tup"v9v"tu���Pegfb}1lqpK�"nV�rfbe��"� Ì tufbe��qlqp"e�tuf��;dk|"ee�Ð)�,tudkl~xwp"}�fbeg�~tudbl�p"nsdk|"e:�²xwfby�e

F
dbx�dk|"eZ��xV}klqdkl~xwp

y
xu�¾dk|"eZ|"e�twv-tufbeV´

ÿ = − c1

M
y − d1

M
ẏ +

c1ȳ1

M
+

F

M

õå�³fbe�eZ�sx)vre$ö
õ³�"� �Vtiö

ÿ = − c1 + c2

M + m
y − d1 + d2

M + m
ẏ +

c1ȳ1 + c2ȳ2

M + m
+

F

M + m

õ¡lq���,twygdM�sx)vre$ö
õ¡�"� �u��ö

��|"egfbe
y = 0

y�xwfkfbe�}k��xwp"vr}�dbxZdk|"e�|"e�twvsl�p�dk|"e��r�r�Pegf�fbegdkfRtwygdbe�vs�PxV}kl�dblqxwpì�i�PxV}klqdkl ½
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h)e��²xwfby�eg}�tufbeMv�lqfbe�ygdbe�v8vrx���p5��tufbvN��dk|"eM}k�rfklqprni}
c1
tup"v

c2
tufbeztud�fbe�}kdC�²xwf

y = ȳ1
�

y = ȳ2
�5fbe�}k�Pe�ygdklqhieg�qÇ)�rtup"v

m
l~}�dk|"ez��tw}b}�xu�Ãdk|"ezlq���,twygdklqprns}k�rfk�²twy�eV���)lqp"y�e:v"tudRttufbe1t�hVtulq�åtu�r�~e:lqp.v�l~}bygfbegdbe ½ dklq�seV�,xwp"e:��xw�r�~v8�qlqj)ezdbx�}Rtu���r�~e1}kÇ�}kdbeg��õ¡�"� �iö�tup"v8fRe ½�åtudbe�dk|"e`�,tufRtu�segdbegfb}1xu��dk|"e�v�l~}bygfbegdbe ½ dklq�se��sx)vreg��dbx�dk|"xV}be�xu���sx5vreg�Mõ¡�"� �iöztup"vdbx`dk|"e:}Rtu���r�qlqprn�dklq�seV���Mp��²xwfkdk�rp,tudbeg�qÇ)�"t1niegp"egfRtu�N�segdk|"x5vrxw�~xwnVÇ��²xwf�v�l~}bygfbegdklq��lqprny�xwp5dklqp)�"xw�"} ½ dklq�sez|5Ç5�rfkl~v�}kÇ�}kdbeg�s}Cl~}�p"xwd�t�hVtulq�åtu�r�~e�õvÐ�tu���qlq��eg�Negd�tu�Æ��õ²�V�V�V�iöbö«�)dk|"ej)egÇ8v�lc��yg�r�qdoÇ���eglqprn�dbx�twy�y�xw�rp5d��,lqp-v�l~}bygfbegdbe ½ dklq�seV�"�²xwf�dk|"e1e~bNe�ygdb}M�rfbx)v��"y�e�v-�)Ç�sx5vreZ}k��lqdbyb|"e�}�|,tu�r�Pegprlqprns��lqdk|rlqp�dk|"e:}Rtu���r�qlqprn�lqp5dbegfkhVtu�Æ�Cñ"xwf�dk|rl~}�fbe�tw}bxwp;�rxwp"efbe�}bxwfkdb}�dbx��r�åtwyRj ½ ��x�È�l~vregp)dbl ��y�tudblqxVp-�5Ç8y�xwp"}kl~vregfklqprn8tup-�M�rdbxV�MegnVfbe�}b}klqhieZefe:xwnie ½p"xw�"}`õ³�z�9e1öCfbeg�rfbe�}begp5dRtudkl~xwp.�²xwf�e�twyb|.�sx5vre

y(k) =θ1,1y(k − 1) + · · · + θ1,nay(k − na) + θ1,na+1F (k − 1) + · · ·+
+ θ1,na+nb

F (k − nb) + θ1,na+nb+1
õå�³fbe�e:�sx5vre$ö õ¡�"� Ì tiö

y(k) =θ2,1y(k − 1) + · · · + θ2,nay(k − na) + θ2,na+1F (k − 1) + · · ·+
+ θ2,na+nb

F (k − nb) + θ2,na+nb+1
õ¡lq���,twygd��sx5vre$ö õ¡�"� Ì ��ö

��h)egp1l��rdk|"eCfbeg�åtudkl~xwp"}ì��egdo��e�egp`dk|"e��,tufRtu�segdbegfb}Ãlqp�õ¡�"� Ì ö;tup"v1lqp�õ¡�"� �iö;tufbeC�rp"yg�~e�tuf��p"xwdbesdb|,tud
��xwdk|4õ¡�"� Ì ö1tup"v õ¡�"� �iö
tufbe�t��sp"es�sx5vreg�~}
lqp
y
tup"v

F
�8�'xwfbe�x$hiegf��Ãl��

na = 2
tup"v

nb = 1
�,e�Ð)�,tudkl~xwp"}�õ¡�"� Ì ö�y�tup-��e
xw�rdRtulqp"e�v-�)Ç.}Rtu���r�qlqprn�}beg�,tufRtudbeg�qÇe�twyR|.�sx)vre1xu�¾dk|"e1xwfklqnVlqp,tu�ì}kÇ�}kdbeg�.���xwp"}kl~vregf:p"x��ºdk|"e`}k��lqdbyb|rlqprn8�se�yb|,tuprl~}k�.�:À;egd

ỹ(t)
�Pe
dk|"e
��xV}klqdkl~xwp�xu�Cdk|"elq���,twygdklqprnZ}k�rf¸�Ætwy�eV�Ã¼¿p8õ¡�"� �iög�$dk|"e��sx5vre�}YF²�³fbe�e�G�tup"v�FÆlq���,twygd�G�tufbe�twygdklqhie�l��

ỹ(t) >
y(t)

tup"v
ỹ(t) = y(t)

��fbe�}k�Pe�ygdklqhieg�qÇ)�Z¶zx$��eghiegf��
ỹ(t)

l~}zp"xwd:�se�tw}k�rfbe�vN�ìtup"v'lqdzl~}p"xwdCeghiegp�tzy�xwp"}kdRtup)dC}klqnVp,tu�Æ�V�Pe�y�tu�"}be�xu��dk|"e�v�Ç5p,tu��l~y�}�xu��dk|"e�lq���,twygdklqprn
}k�rf¸�Ætwy�eV�{ |"e�}be��Ætwygdb}¾|,t�h)e�d¿��xz��tum¸xwf�y�xwp"}be�Ð)�"egp"y�e�}Cxwp�dk|"e�dk|"e�}k��lqdbyR|rlqprn:fk�r�~e�}Ã�²xwf�õ¡�"� Ì ög�ñÃlqfb}kd���lqd�l~}�lq����xV}b}klq�r�~e:dbxstw}b}bx)yglåtudbe ¸>¹2 ¯¤1B� ¯¤ t
�sx5vreZxu�¾xw�PegfRtudkl~xwp.dbx�e�twyb|.v"tudRt�Pxwlqp)d
(y(k), F (k))

� { |rl~}��åtwybj�xu��l�pr�³xwfb��tudkl~xwp'y�xwp"}kdklqdk�rdbe�}�dk|"eZj)egÇ8v�lc��yg�r�qd¿Ç.xu�|5Ç5�rfkl~v�}kÇ�}kdbeg�Ál~vregp5dkl��,y�tudkl~xwp'õ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe�egdCtu�Æ�rõ²�V�V� Ì ökö¾tup"v�xw�r�qlqnie�}�xwp"e�dbxtwvrxw�rdCtup�l~vregp5dkl��,y�tudkl~xwp�tu�qnixwfklqdk|r� dk|,tud¾l~}¾y�tu�,tu�r�~e�dbxzfbe�y�xwp"}kdkfk�"ygdCtu�q��dk|"e��sx)vre�}tud�dk|"ez}Rtu�sezdklq�seV���5e�y�xwp"vN�5dk|"e:}k��lqdbyb|rlqprn��se�yb|�tuprl~}k� |,tw}�dbx
�PeMfbe�y�xwp"}kdkfk�"ygdbe�v�³fbxw�
y
tup"v

F
xwpr�qÇ)�:ñ"xwfzdk|"e�}be`fbe�tw}bxwp"}��Pt��r�åtwybj ½ �Px�È�tu�r�rfbxitwyb|K�²xwfMdk|"e�}k��lqdbyb|fbe�y�xwp"}kdkfk�"ygdkl~xwp8l~}�twvrxw�rdbe�vN�5�)Çstw}b}k�"��l�p"n
dk|,tud�dk|"e��sx)vre�}:õ¡�"� Ì tiö�tup"v'õ¡�"� Ì ��öCtufbetwygdklqh)e:l��¾dk|"e:fbegnVfbe�}b}bxwfb}��ql~e:lqp X1

tup"v X2
��fbe�}k�Pe�ygdklqhieg�qÇ)����|,e«fRe:dk|"e1}begdb} X1

tup"v
X2
tufbe
v�l~}²m¸xwlqp5dM��xw�qÇ5|"e�v�fRtsdk|,tudz|,t�h)e1dbxs��e`eg}kdbl���tudRegv;���'x)vreg��õ¡�"� Ì ög�,egp"v"x���e�v��lqdk|8dk|rl~}�}k��lqdbyR|rlqprn��åt��
��vre«�"p"eZt � l~e�y�e ½ ¹ l~}be:�z�9e õ � ¹K�z�9e1öC}kÇ�}kdbeg�.�)��|,xV}bel~vregp5dkl��,y�tudkl~xwp9l~}:v�l~}byg�"}b}be�v'lqpKdk|"e�p"e«È�dZ}be�ygdkl~xwp;��ÅM�)h5l~xw�"}k�qÇ)�Nv�lcbNegfbegp"y�e�}:lqpKdk|"edkfk�"e�tup"v&fbe�y�xwp"}kdkfk�"ygdbe�v4}k��lqdbyb|rlqprn �se�yR|,tuprl~}k�F��t�Ç&y�xw���r�~egdbeg�qÇ vre�}kdkfbx�Ç�dk|"etup,tu�~xwnVÇ-�Pegd¿��e�egp&õ¡�"� �iöztup"v!õ¡�"� Ì öz}klqp"y�e`e�twyR|�xwp"e�xu��dk|"e`fbe�y�xwp"}kdkfk�"ygdbe�vK�sx)vre�}y�tups�PxV}b}klq�r�qÇ`fRe«�"fbe�}be«p5d�t:��l�È�dk�rfbe�xu�Ndk|"e�xwfklqnVlqp,tu�,�sx)vre�}�� { |"egp;�idk|"e���xV}b}klq�rlq�qlqdoÇxu�:tw}b}bx5yglåtudklqprnKdk|"e�e�}kdklq��tudbe�v �sx)vre�}�dbx-dk|"e�dkfk�"e8xwp"e�}��¾|,tw}�dbx-�Pe8tw}b}be�}b}be�v ¸
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^ � û9ürý�` @0²(�I²1� �Mp.tu�qdbegfkp,tudklqh)eZ��t�Çs�²xwf�fbe�y�xwp"}kdkfk�"ygdklqprn�dk|"eZ}kÇ�}kdbeg�øv�Ç5p,tu��l~y�}l~}
dbx'y�xwp"}kl~vregf�niegp"egfRtu��·zxwpr�qlqp"e�tuf��z�9eø�sx)vreg�~}�xu�Mdk|"e�d¿Ç5�Pe

y(k) = f(y(k −
1), . . . , y(k − na), F (k − 1), . . . , F (k − nb))

dk|,tudZy�tup���e�e�}kdklq��tudbe�vK�)Ç-fbe�}bxwf ½dklqprn�dbxKp"xwpr�qlqp"e�tuf�l~vregp)dkl��,y�tudkl~xwp&�rfbx5y�e�v��rfbe�}��!ñ,xwfsy�xwp)dkfbxw�Æ��p"xwpr�qlqp"e�tufs�sx5vreg�~}y�tup'��e`e«È��r�~xwlqdbe�v-lqpK� � �ò}byb|"eg�se�}�õ³�Kt�Ç5p"e
egdZtu�Æ�ÃõÆ�V�V�V�iökö���|"egfbe
dk|"e`xw�rdklq��tu�lqpr�r�rdzl~}:y�xw���r�rdbe�v'�5Ç.}bxw�qh5lqprn�t DIB�D.¿�¤�DIFf¸�  �rfbxwnVfRtu����lqprn��rfbxw�r�~eg�.�Z¶zx���eghiegf��lqd�l~}�lq���PxwfkdRtup)d�dbxKp"xwdbe8dk|,tud�v��"e8dbxKp"xwpr�qlqp"e�tufklqdkl~e�}���y�xwp5hiegfkniegp"y�e.dbxKdk|"e�xw� ½dklq��tu��}bxw�q�rdkl~xwp l~}`p"xwd`nV�,tufRtup5dbe�e�vN� { |rl~}`l~}
lqp }k|,tufk� y�xwp5dkfRtw}kd���lqdk| � � � �²xwf� ¹K� }kÇ�}kdbeg�s}��Vdk|,tudC|rlqprnie�}�xwp���l�Ère�v ½ lqp5dbegniegf��qlqp"e�tuf�xwf�Ð)�,twv�fRtudkl~y�xw�rdklq��lq�$tudkl~xwp�²xwf���|rl~yb|&dk|"e�xw�"dklq��tu�M}bxw�q�rdkl~xwp�l~}�tu�q��t�Ç�}�twyb|rl~egh)egvÁõ³¯�eg����xwfRtwv tup"v��'xwfRtufklõ¸���V�V�iökö«�
H>�GÒ I H`@;G�TVO(J3É;EZTVO�A�G E���Õ
ACBPO$TV?�Q
¼¿pÎdk|rl~}'}be�ygdkl~xwp;�1dk|"e»}kjieg�~egdbxwpºxu�sdk|"eËl~vregp)dkl��,y�tudkl~xwp tu�qnixwfklqdk|r���rfRxw��xV}be�vÎ�5Çñ"egfkfRtufkl ½¿{ fbe�y�tudbe
egdztu�Æ�;õ²�V�V� Ì ö�l~}�}k�"����tufklq��e�vN�� � ¹K�Î��tu�

f : X 7→ R
lq}�vre«�"p"e�v.�)Ç�dk|"e1e�Ð)�,tudkl~xwp"}

f(x) = fq(x)
l��

x ∈ X̄q
õ¡�"� �5ö

fq(x) =
[

x> 1
]

θ̄q
õ¡�"� Ïiö

��|"egfbe
X ⊂ R

n l~}Zt���xw�rp"vre�v���xw�qÇ5|"e�v�fbxwp;� {X̄q}s
q=1

l~}1t��Pxw�qÇ5|"e�v�fRtu���,tufkdklqdkl~xwpxu�
X
lqp

s
fbegnVl~xwp"}:tup"v

θ̄q ∈ R
n+1, q = 1, . . . , s

tufbe � tuf«tu�se«dRe«f:ÄCe�ygdbxwfb}`õ � Ä�}«ö«�{ |"egfbe«�²xwfbeV�ìt � ¹K� ��tu��l~}:y�xw���PxV}be�v�xu�
s
t��sp"e��sx5vre�}Zvre«�"p"e�vK�5Ç-dk|"e`�,tulqfb}

(θ̄q, X̄q)
� { |"e�v"tudRtK}begd N y�xw�q�~e�ygdb}�dk|"e�}Rtu���r�~e�}

(x(k), y(k))
�
k = 1, . . . , N

�niegp"egfRtudbe�v'twy�y�xwfbv�lqprnsdbx�dk|"e1e�Ð)�,tudkl~xwp
y(k) = f(x(k)) + η(k)

õ¡�"� �iö
��|"egfbe

η(·) fbeg�rfbe�}begp5db}�dk|"e��se�tw}k�rfbeg�segp5d�p"xwl~}beV�¾¼¿dCl~}�tw}b}k�r�se�v�dk|,tud�dk|"e�p)�r�`��egf
s
xu�N�sx)vre�}�l~}Cj5p"x$��p;� { |"eztulq� xu� � ¹K� fbegnVfbe�}b}kl~xwp�l~}�dbx1e�}kdklq��tudbe�dk|"e � Ä�}�tup"vdk|"e:fbegnVl~xwp"}��5Ç��"}klqprn�dk|"eZlqp��²xwfk��tudkl~xwp-�rfbx�h5l~vre�v��5Ç N �¹ |"egp�y�xwp"}kl~vregfklqprn:|5Ç5�rfkl~v`}kÇ�}kdbeg�s}��wtup`lqpr�r�rd«Éuxw�rdk�"�rd�vre�}bygfklq�rdkl~xwp�xu�Pt � ¹K�}kÇ�}kdbeg�º��lqdk|�lqpr�r�rdb}

u(k) ∈ R
m tup"v�xw�rdb�r�rdb} y(k) ∈ R

l~}¾�rfbx$h5l~vre�v��5Ç � ¹K�z�9e�sx)vreg�~}�dk|,tudMtufbe:vre«�"p"e�v��5Ç�e�Ð)�,tudkl~xwpËõ¡�"� �iöC��|"egfbe
k
l~}�dk|"ezdklq�sezlqp"vre«È�tup"v�dk|"ehie�ygdbxwfMxu�¾fbegnVfbe�}b}bxwfb}

x(k)
l~}�nVlqh)e«p.�5Ç

x(k) =
[

y(k − 1) y(k − 2) . . . y(k − na)
õ¡�"� óVö

u>(k − 1) u>(k − 2) . . . u>(k − nb)
]>

.
õ¡�"� Í ö
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¼¿dMl~}Ztu�r�,tufbegp)d:dk|,tud���l��Cdk|"e`xwfbvregfb}
na
tup"v

nb
tufbe
j5p"x���p;��dk|"e
l~vregp)dkl��,y�tudkl~xVp�xu�t � ¹K�z�9eÁ�sx)vreg�¾tu�sxw�rp)db}�dbx�t � ¹K�ÎfbegnVfbe�}b}kl~xwp.�rfbxw�r�~eg�.�{ |"e1eg}b}begp5dklåtu�N|5Ç5�rfkl~v��²e�tudk�rfbeZxu� � ¹K�z�9eÎ�sx)v"e«�~}�l~}�dk|"e1tu�rlq�qlqdoÇ�dbx�y�tu�rdk�rfbefbegnVfbe�}b}bxwf ½ vreg�Pegp"vregp5d��sx)vre�}k��lqdbyR|"e�}�� { |rl~}�}k��lqdbyb|s�se�yb|,tuprl~}k� l~}CÐ)�rlqdbe�niegp"egfRtu�Æ�ñ,xwfMlqp"}kdRtup"y�e
�z�9eº�sx)vreg�~}M��lqdk|'lqpr�r�rd«Éuxw�rdk�r�rd � ¹K� }kdRtudkl~y1p"xwpr�qlqp"e�tufklqdkl~e�}Ztufbe� ¹K�z�9e �sx)vreg�~}��.�'xwfbe�x�h)egf�� � ¹K�z�9e �sx5vreg�~}
�rfbx�h5l~vre8tupËlqpr�r�rd ½ xw�rdk�r�rd�vre ½}bygfklq�rdkl~xwp��²xwfMt
�Ætulqfk�qÇ��åtufknie1yg�åtw}b}�xu��v�l~}bygfbegdbe ½ dklq�se � ¹K�Á}kÇ�}kdRe«�s}���lqdk|"xw�rd��~xwnVl~y}kdRtudbe�}
õ¡Äzl~v"tu�ìegdztu�²�ìõ²�V�V� Ì ��ökö«�{ |"eZfbegnVfbe�}b}kl~xwp'tu�qnixwfklqdk|r�ôl~}�}kdkfk�"ygdk�rfbe�v�lqp.dk|rfbe�e1}kdbeg�"}��

�2² "C�
�iü,+ ^ ��� ý ������
 � �C² ñ,xwf
j = 1, . . . , N

t:À;x5y�tu� ± tudRtw}begdzõ³À ± ö Cj
l~}¾�²xwfk�se�vN�¼¿d�y�xw�q�~e�ygdb}

(x(j), y(j))
tup"vsdk|"ez}Rtu���r�~eg}

(x, y) ∈ N y�xwfkfbe�}k�Pxwp"v�lqprn�dbx1dk|"e
c− 1p"e�tufbe�}kd1p"eglqnV|5��xwfb}

x
dbx

x(j)
� { |"esy�tufbv�lqp,tu�qlqdoÇ

c
xu��tupËÀ ± l~}
t8�,tufRtu�segdbegf`xu�dk|"e�tu�qnixwfklqdk|r��}Rtudkl~}¸�³Ç5lqprn

c > n + 1
�ZÀ ± }Zy�xw�q�~e�ygdklqprn.xwpr�qÇ'v"tudRt���xwlqp5db}1tw}b}bx)ygl ½tudbe�v'dbx8t�}klqprnV�~e`�sx)vre�tufbe
fbe«�²egfkfbe�v'dbx8tw} ¹�¢n fF À ± }�� { |"e`fbeg��tulqprlqprn�À ± }Ztufbedbegfk�se�v °�¤cò�F�¡ �:À;l�p,e�tufZfbegnVfbe�}b}kl~xwp'l~}z�Pegf¸�²xwfk�se�vKxwpKe�twyR|KÀ ± Cj

dbx�xw�rdRtulqpKdk|"eÀ;x5y�tu� � tufRtu�segdbegf�ÄCe�ygdbxwfb}zõ³À � Ä�}«ö
θj
tup"v�dk|"eglqf�eg���rlqfkl~y�tu�,hVtufklåtup"y�e

Vj
� { |"e�À ±y�egp5dbegfb}

mj = 1
c

∑

(x,y)∈Cj
x
tufbe�tu�~}bx8y�xw���r�rdbe�v�dbxwniegdk|"egfZ��lqdk|�dk|"estw}b}bx)yglåtudbe�v}by�tudkdbegf
��tudkfkl�È

Qj =
∑

(x,y)∈Cj
(x − mj)(x − mj)

> � { |"e�lqp��²xwfk��tudkl~xwp tu�Pxw�rddk|"e
j
½ dk|8�~x)y�tu�N�sx)vreg�Nl~}�y�xw�q�~e�ygdbe�v8lqp8dk|"e:ñ"e�tudk�"fbezÄ�e�ygdbxwf1õ³ñÃÄ1ö

ξj = [θ>j , m>
j ]>

��z}��²xwf�dk|"e
À ± }��"ñÃÄ�}Mtufbe
eglqdk|"egfM�r�rfbe
xwfM��l�Ère�vN��ñÃÄ
ξj
tufbe1lqp)dbegfk�rfbegdbe�vKtw}�dk|"efbe�tu�qlq�$tudkl~xwp'xu�CtsðZtu�"}b}klåtup.fRtup"vrxw� hVtufklåtu�r�~eZ��lqdk|.hVtufklåtup"y�e

Rj =

[

Vj 0
0 Qj

] õ¡�"� �iö
¼¿p5dk�rlqdklqhieg�qÇ)�)��xwdk|

V −1
j

tup"v
Q−1

j

tufbeMfbeg�åtudbe�v�dbx1dk|"ezy�xwp��,vregp"y�e:xwp"eM}k|"xw�r�~v�|,t�h)exwpËdb|"e��Ætwygd
dk|,tud Cj
l~}
�r�rfbeV�.¼¿p9�Ætwygd��ÃlqpËdk|"esp"xwl~}beg�~e�}b}`y�tw}beV� ‖V −1

j ‖ �Pe�y�xw�se�}lqp��"prlqdbe`�²xwfz�r�rfbe�À ± }:��|rlq�~e`fbeg��tulqprlqprn8�"prlqdbe
�²xwfz��l�Ère�vKÀ ± }��Z�Mp,tu�~xwnixw�"}k�qÇi�Pl��
‖Q−1

j ‖ l~}�F¿}k��tu�q�MG�dk|rl~}
lqp"v�l~y�tudbe�}`dk|,tud`dk|"e�fbegnVfbe�}b}bxwfb}
lqp Cj
tufbe�}by�tudkdbegfbe�v tup"vdk|"egfbe«�²xwfbeZdk|"e1À ± l~}��qlqjieg�qÇ�dbx���eZ��l�Ère�vN�{ |"e�j)egÇ1�Pxwlqp)d�l~}¾dk|,tud��r�rfbe�ñÃÄC}Ctw}b}bx)yglåtudbe�v�dbxzdk|"e�}Rtu�se��sx5vre�tufbe�e«È��Pe�ygdbe�vdbx���e1}klq��lq�åtufMtup"v�dk|"egp.dbx`�²xwfk�

s
v�l~}kdklqp"ygdMtup"v.vregp"}be1yg�~xw�"vr}�lqp.dk|"eZñÃÄ ½ }k��twygeV�{ |5�"}���tw}`vregdRtulq�~e�vË��eg�~x$� lqp»}kdbeg�"}��-tup"v Ì �Ãdk|"es�rfbxw�r�~eg� xu���"p"v�lqprn'dk|"e�v"tudRt�Pxwlqp)db}�tw}b}bx)yglåtudbe�v�dbxZdk|"e�}Rtu�se��sx5vre�y�tup��Pe�fbe�y�tw}kdClqp5dbx:dk|,e��rfbxw�r�~eg� xu���"p"v�lqprn

s
vregp"}be�yg�~xw�"vr}�xu���r�rfbe�ñÃÄC}�� ¶zx$��egh)egf��zxwp"e�}k|"xw�r�~v �PeK��tufkp"e�vÎtu��xw�rd�dk|"e�rfbe�}begp"y�e1xu�Ã��l�Ère�v�ñÃÄ�}�dk|,tud�vrx�p"xwd�y�tufkfkÇ�tup5Ç��"}be«�³�r�Nlqp��²xwfk��tudkl~xwp-xwp�dk|"e:dkfk�"e�sx5vre�}Mtup"v8�²xwfk� t`�,tudkdbegfkp-xu�¾l~}bxw�åtudbe�v��Pxwlqp)db}�lqp.dk|"eZñÃÄ ½ }k�,twy�eV�

�I² 57+³ú ����� ý 
1���0² { |"eKñÃÄ�}�tufbe-�,tufkdklqdkl~xwp"e�v4lqp
s
nVfbxw�r�"} {D∗

q}s
q=1

dk|rfbxw�rnV|yg�q�"}kdbegfklqprn"��ñ,xwfMdk|rl~}M�r�rfk��xV}beV�Ptµø ½ �se�tup"}Ztu�qnixwfklqdk|r� õ ± �"v"t�tup"v'¶:tufkd�õ¸���ió Ì ökö
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�

l~}��"}be�v8lqp-xwfbvregf�dbx���lqprlq��lq��e1dk|"e1y�xV}kd��³�rp"ygdkl~xwp,tu�
J

(

{Dq}s
q=1, {µq}s

q=1

)

=
s

∑

i=1

∑

ξj∈Di

‖ξj − µq‖2
R−1

j

.
õ³�"�����iö

��|"egfbe {Dq}s
q=1

tufbezdk|"e:yg���,}kdbegfb}�tup"v {µq}s
q=1

tufbeMdk|"e:yg�q�"}kdbegf�y�egp)dbegfb}��C¼¿p��rfklqp ½yglq�r�~eV�ixwp"e���xw�r�~v���e�tu�r�~e�dbxZy�xw�q�~e�ygd�tu�q�r�r�rfbe�ñÃÄ�}¾yR|,tufRtwygdbegfklq��lqprn
dk|"e�}Rtu�se��sx5vrelqp�tM}klqprnV�~e�}begd Dq
�ì¶zx$��egh)egf��w}klqp"y�e���l�Ère�v
ñÃÄ�}ÃtufReCp"xwd�t��rfkl~xwfkl5j5p"x$��p;�udb|"egÇZ��lq�q���eMtw}b}klqnVp"e�vsdbx1}bxw�se�yg�q�"}kdbegf�tw}C��eg�q�Æ� { |"e���e�}kdCfbe�}k�r�qdb}�tufbe�e«È��Pe�ygdbe�vs��|"egpsdk|"egÇvrxsp"xwdz}k��xwlq�ìdk|"e�twy�y«�"fRtwygÇ�lqp'yg�q�"}kdbegfklqprn��r�rfbe
ñÃÄ�}�� { xsdk|rl~}:tulq�.�,��e1|rlqnV|r�ql�nV|5ddk|,tudMdk|"e
y�xwp��,vregp"y�e
�se�tw}k�rfbe�}

R−1
j

lqp õ¡�"�q���iöMtu�q�~x��Îdbx�tw}b}klqnVp-�~e�}b}�lqpY�"�"egp"y�e
dbx��l�Ère�v�ñÃÄ�}�dk|,tup�dbx
�r�rfbe:ñÃÄC}�� { |5�"}��)dk|"e��"p,tu�Nyg�q�"}kdbegfb}���lq�q����tulqpr�qÇ�vreg��egp"v8xwp�r�rfbe1ñÃÄC}��ÿ ²>N�����
 û9ü ��
 � � �  »��)�� û:�
	 ���t² ¯�Ç��"}klqprn�dk|"e:�rl m¸e�ygdklqh)e:��tu�"}
(x(j), y(j)) ↔

Cj ↔ ξj
�r}begdb} {Fi}s

q=1
xu��v"tudRt���xwlqp5db}MtufbeZ�r�rlq�qdztwy�y�xwfbv�lqprn�dbx�dk|"eZfk�r�~eV´
(x(j), y(j)) ∈ Fq ⇔ ξj ∈ D∗

q .{ |rl~}z�se�tup"}zdk|,tud:e�twyb|�}begd Fq
y�xw�q�~e�ygdb}Zv"tudRt�tw}b}bx5yglåtudbe�v-dbx�}klq��lq�åtufz�~x5y�tu�ì�²e�tudk� ½fbe�}�� { |"e�v"tudRt���xwlqp5db}1lqp»e�twyb|9�"p,tu��}begd Fq

tufbe�dk|"egpË�"}be�vK�²xwf`e�}kdklq��tudklqprn-dk|"e�sx)vre � Ä�}�dk|rfbxw�rnV|���eglqnV|)dbe�v��~e�tw}kd�}bÐ)�,tufbe�}�� { |"eMfbegnVl~xwp"}�tufbe�fbe�y�xwp"}kdkfk�"ygdbe�v8xwpdk|"e
�,tw}kl~}:xu��dk|"e1�"p,tu��}begdb}z�)Ç.fbe�}bxwfkdklqprn8dbx��`�r�qdkl~y�tudbegnixwfkÇ-�,tudkdbegfkp�fbe�y�xwnVprlqdkl~xwptu�qnixwfklqdk|r�s}:õ³¯�fbe�vregp"}kdbeglqp"egf�tup"vs¯�egprp"egdkd:õ¸���V�V�iököÃdk|,tudC�"p"v�dk|"e�|5Ç5��egfk�r�åtup"e�}�}be ½�,tufRtudklqprn {x : (x, y) ∈ Fq} tup"v {x : (x, y) ∈ Fq′}
�²xwfztu�q�ìlqp"vre«Ère�}

q 6= q′
� { |rl~}tu�q�~x���}�dbxZ�"p"vsdk|"eM��tudkfkl�È

Hq
tup"vsdk|"e�h)e�y«dRxwf

hq
�V�²xwf

q = 1, . . . , s
�ifbeg�rfbe�}begp5dklqprndk|"e:�Pxw�qÇ5|"e�v�fRt Xq

lqp.dbegfk�s}�xu�¾dk|"eZ�qlqp"e�tuf�lqp"e�Ð)�,tu�qlqdkl~e�}
Hqx ≤ hq

�ñ"xwfZdk|"e��rfRtwygdkl~y�tu�C�"}be�xu��dk|"estu�qnixwfklqdk|r�.�Ã}bxw�se`�Pxwdbegp)dklåtu�C�rlqd¸�Ætu�q�~}
tufbe�|rlqnV| ½�qlqnV|)dbe�vN��ñÃlqfb}kd��idk|"e��segdk|"x)vsl~}Ce«È��Pe�ygdbe�v�dbxZ�Pegf¸�²xwfk� �Px)xwfk�qÇ�l��Pdk|"e�fRtudkl~x1��egdo��e�egpdk|"e:p)�r�`��egfMxu�¾��l�Ère�v.tup"v8�r�rfbeZÀ ± }�l~}�|rlqnV|;�C·zxwdbe:dk|,tud�dk|"e:p5�r�
�PegfMxu�Ã��l�Ère�vÀ ± }�lqp"ygfbe�tw}be�}���lqdk|
c
� { |)�"}��)lqd�l~}�vre�}klqfRtu�r�~eMdbx1j)e�eg�

c
tw}�}k��tu�q�Ptw}���xV}b}klq�r�~eV��ÅMpdk|"eMxwdk|"egf�|,tup"vN�i�²xwfC|rlqnV|�p"xwl~}be��~egh)eg�~}C�åtufknie�hVtu�q�"e�}�xu�

c
��t�Ç��Pe�p"e�e�vre�v�lqp�xwfbvregfdbx��"�qdbegfzdk|"e1p"xwl~}be
y�xwfkfk�r�rdklqprn8�r�rfbe
À � Ä�}����Mp"xwdk|"egfzfbe�tw}bxwp.�²xwfzyb|"x5xV}klqprn��åtufkniehVtu�q�"e�}�xu�

c
l~}�dbxÚFot�h)egfRtunieZxw�rd�G:}k��tu�q�Np"xwpr�qlqp"e�tufklqdkl~e�}Mt�b;egygdklqprnsdk|"ez�sx5vre�}�� { |rl~}��xwlqp5d�l~}�lq�q�q�"}kdkfRtudbe�v�lqpK�5e�ygdkl~xwp.�"� �"��5e�y�xwp"vN���,twv!l~vregp)dkl��,y�tudkl~xVp&fbe�}k�r�qdb}sy�tup��Pe.tu�~}bx9xw�rdRtulqp"e�v!�Pe�y�tu�"}be.xu�:dk|"elqpr|"egfbegp)d:}k�r� ½ xw�rdklq��tu�qlqdoÇ.xu�<ø ½ �se�tup,}�õ ± �"v"t�tup"v-¶:tufkd`õ¸���ió Ì ökö�dk|,tudMl~}ztsy�xw� ½�r�rdRtudkl~xwp,tu�q�qÇ!yR|"e�tu�!�r�rd�tu�r�rfbx�È�lq��tudbe.�segdk|"x)v �²xwf���lqprlq��lq��lqprnËdk|"e�y�xV}kd

J
lqpõ¡�"�q���iög�9¼¿p4õ³ñ,egfkfRtufkl ½¿{ fbe�y�twdbe.egdstu�Æ��õ²�V�V� Ì ökö«��}bxw�se8}kdkfRtudbegnVl~e�}�dbx�tu�q�~egh5låtudbe�dk|rl~}�rfbxw�r�~eg� tufbeZnVlqhiegp;�ñÃlqp,tu�q�qÇi�ìv"tudRt8��xwlqp5db}1}k�"}k��e�ygdbe�v�dbx8�Pestudkdkfklq�r�rdbe�v�dbx�dk|"e���fbxwprn.�sx)vresy�tup��e:vregdbe�ygdbe�v�t1�PxV}kdbegfkl~xwfklPdk|rfbxw�rnV|8fbe�}kl~v��,tu�~}�tup,tu�qÇ�}kl~}�xwf�h5låt1dk|"ez�rfbx)y�e�v��rfbe:�rfbx ½��xV}be�v»�)ÇËñ"egfkfRtufkl ½¿{ fbe�y�tudbe.tup"v��5yb|rlqprj)eg�Zõ²�V�V� Ì ö«��� v�l~}byg�"}b}kl~xwp!tu��xw�rd�|"x$� dbx
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e«È��r�~xwlqdZdk|rl~}Zlqp��²xwfk��tudkl~xwp��²xwf:lq���rfbx$h5lqprn�dk|"e�l~vregp5dkl��,y�tudkl~xwpËfbe�}k�r�qdb}:l~}:�rfRx�h5l~vre�vlqp»õ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe`tup"v'�5yR|rlqprjieg��õ²�V�V� Ì ökö«�
H>��H I H`@;G�TVO(J3É;EZTVO�A�G Ê»O$TV? ÖgBÃ@�@ E�G�H0ORQøL8EÏÉ�T�QSA:H`@;U
¼¿p'xwfbvregfMdbx�}kdk�"v�Ç�dk|"e`tu�r�r�ql~y�tu�rlq�qlqd¿Ç'xu��dk|"e
vre�}bygfklq�Pe�v.l~vregp5dkl��,y�tudkl~xwpK�rfbx)y�e�v��rfbedbx:xw�rf¾e«È��Pegfklq�segp)dRtu�"}begdk�r��}beghiegfRtu��v"tudRtz}begdb}Ã|,t�hie��Pe�egp�y�xw�q�~e�ygdbe�vN� { |"egÇ`y�xwp"}kl~}kdxu�

750
}Rtu���r�~e�}�õ

15
}«ö«�iv�lqh5l~vre�v`lqp�d¿��x:x$hiegfk�åtu�r�rlqprn
}begdb}¾xu�NÏV�V�z��xwlqp5db}�� { |"e��"fb}kd}begdZl~}Z�"}be�v'�²xwfZl~vregp)dkl��,y�tudkl~xwpì�¾tup"vKdk|"es}be�y�xwp"v'�²xwfZhVtu�ql~v"tudkl~xwp9�r�rfk�PxV}be�}���·zxwdbedk|,tud��VÏV�1}Rtu���r�~e�}�tufbe��"}be�v��Pxwdk|s�²xwfChVtu�ql~v"tudkl~xwp�tup"v�l~vregp5dkl��,y�tudkl~xwp;� { |rl~}�tu�q�~x���}dbx.}k|"x��1�ìxwp9dk|"es}Rtu�se��rl~ygdk�rfbeV�;dk|"e��"dkdklqprnKtup"v�dk|"e�niegp"egfRtu�qlq�$tudklåxwpË�rfbxw�Pegfkdkl~e�}xu�¾dk|"eZfbe�y�xwp"}kdkfk�"ygdbe�v.�sx)vreg�~}��¼¿p'dk|"e1�"fR}kd:e«È���egfklq�segp5d:dk|"e
�,tufRtu�segdbegfb}

a
tup"v

b
yb|,tufRtwygdbegfklq��lqp"n�dk|"e
lqpr�r�rd}klqnVp,tu�Ctufbe�yR|"xV}begp�}bx�dk|,tud1xwpr�qÇ-dk|"e
�³fbe�e�tup"vKlq���,twygd:�sx5vre�}1tufbe�e«Èryglqdbe�vN� { |"el~vregp5dkl��,y�tudkl~xwp9tup"v.hVtu�ql~v"tudkl~xwpKv"tudRt�}begdb}ztufbe`vreg�rl~ygdbe�v-lqp.�"nV�rfbe
�"� Ï�� { |"e`eyb;egygdxu��dk|"e
v�fkÇ��³fkl~ygdkl~xwp-lqp'}kdkl~ybj8�r|,tw}be1l~}Myg�~e�tufk�qÇ�h5l~}klq�r�~eZlqp.�"nV�rfbe1�"� Ïu�'xwp.dk|,eZdklq�selqp5dbegfkhVtu�

(200, 300)
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¸]£�E�°&BL¡.FyJ À ÿ
� ¹K�z�9e �sx5vreg�~}Ã��lqdk|`d¿��x��sx5vre�}ì|�t�h)eC��e�egp`l~vregp5dkl��,e�vN�¾ñ,xwfìdk|"eC�"fb}kdì�sx)vreg�dk|"e
�,tufRtu�segdbegfb}

na = 2, nb = 1
tup"v

c = 80
|,t�h)e1�Pe�egp'�"}be�vN�:ÅMp"e ½ }kdbeg� ½ tu|"e�twv�rfbe�v�l~ygdkl~xwp"}ZxwpKhVtu�ql~v"tudkl~xwp�v"tudRt8tufbe�vreg�rl~ygdbe�vKlqp-�"nV�rfbe`�"� ��R
dbxwniegdk|"egfZ��lqdk|Kdk|"e�sx)vre�twygdklqhiestud
e�twyb|�dklq�se�lqp"}kdRtup)d�� { |"e�y�x5e~��ygl~egp)db}

θq
tup"vKdk|"e���tudkfkl~y�e�}

Hqtup"v
hq
vre«�"prlqprn-dk|"e�fbegnVl~xwp"}�tufbe�nVlqh)egp9lqp9dRtu�r�~es�"� ��� { |"e�v�lcbNegfbegp"y�es��egdo��e�egpdk|"e��rfbe�v�l~ygdbe�v�tup"vËdk|"e�twy«db�,tu��}kÇ�}kdbeg�Sfbe�}k��xwp"}be�l~}`}k��tu�q��tup"vËh5l~}klq�r�~e�xwpr�qÇËxwpy�egfkdRtulqp-dklq�seZlqp5dbegfkhVtu�~}`õ³eV� n"�

(200, 300)
ö«� { x���|,tudzy�xwp"y�egfkp"}Mdk|"eZfbe�y�xwp"}kdkfk�"ygdbe�v�sx)vre�}��5dk|"egÇ�y�tu�rdk�rfbezdk|"ezv�lcbNegfbegp)d��r|)Ç�}kl~y�tu���sx5vre�}�xu�ìxw��egfRtudkl~xwp;��¼¿ps�Ætwygd��i�³fbxw��"nV�rfbe`�"� ���Pxwp"e`y�tup�xw�"}begfkhie
dk|,tud:�sx)vre�}���tup"vK��tufbe�twygdklqhie`��|"egp'dk|,e`}kÇ�}kdbeg�l~}��qlqjieg�qÇ�dbx���eZlqp�dk|"eZlq���,twygdztup"v8�³fbe�e:�sx5vre�}��rfbe�}k��e�ygdklqh)eg�qÇi��Me�}k�r�qdb}�xu� J¯¤�°&¢n¿�¸LE1¤1B�D ��lqdk|�dk|"e:l~vregp5dkl��,e�v��sx5vreg�ìtufbeZ}k|"x$��p�lqp8�"nV�rfbeZ�"� ówt��{ |"e�fbe�}k��xwp"}be�l~}�}kdklq�q�r}klq��lq�åtuf�dbx:dk|"e�xwp"e�xu��dk|"e�fbe�tu�"}kÇ�}kdbeg�.�w�r�"d¾p"x$��v�lcbNegfbegp"y�e�}tufbe:h5l~}klq�r�~eV�
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na = 2 E nb = 1 E ¶µ°&B�¡,FHJ E c = 80
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� }be�y�xwp"v'�sx)vreg�Æ�;yR|,tufRtwygdbegfklq��e�vK�5Ç-�,tufRtu�segdbegfb}
na = 2, nb = 2

�
c = 80

l~}l~vregp5dkl��,e�vN�Ctup"v9lqdb}`}klq�`�r�åtudbe�vËfbe�}k��xwp"}besl~}`}k|"x$��pËlqp9�"nV�rfbe��"� ó$�;� ± e�}k�rlqdbesdk|"elqp"ygfbe�tw}be�v.xwfbvregf��"dk|"e:�r|5Ç�}kl~y�tu�N�Peg|,t�h5l~xwf�l~}�}kdklq�q�;p"xwd��Pegf¸�²e�ygdk�qÇ8fbeg�rfbe�}begp)dbe�vN�ñ"fbxw�0dk|"esfbe�}k�r�qdb}
}k|"x$��pËlqp9�"nV�rfbes�"� ó8lqd
l~}
yg�~e�tuf
dk|,tud
dk|"e�v�lcbNegfbegp"y�e�}�tufbe��tulqpr�qÇ.v��"e
dbx�dk|"e`e~bNe�ygdb}Mxu�Cdk|"e
v�fkÇ��³fkl~ygdkl~xwp;�,��|rl~yR|Ktufbe1p"xwdzy�tu�rdk�rfbe�v-�5Ç8dk|"e�sx5vreg�~}��¾ñ,xwf�lqp"}kdRtup"y�eV�)xwpsdk|"e�dklq�se�lqp5dbegfkhVtu�
(200, 300)

tz�qlqp"e�tuf�fbe�}k��xwp"}be�l~}��rfbe ½v�l~ygdbe�v'dbx�}k��tu�q�¾}kdbeg�Ke«ÈryglqdRtudkl~xwp"}�����|rlq�~e
lqp'dk|"e
�r|5Ç�}kl~y�tu�¾}kÇ�}kdbeg�ôp"x��sx$hieg�segp5dx5y�yg�rfb}�� { |"eZ�"fb}kdM�sx)vreg��twy�yg�rfRtudbeg�qÇ.}klq�`�r�åtudbe�}Mfbe�}k�Pxwp"}be�}�dbxs�åtufknie`}kdbeg�-e«ÈryglqdRt ½dkl~xwp"}��"��|rlq�~e
fbe�}k��xwp"}be�}Mdbxs}k��tu�q�Ã}kdbeg�'e«ÈryglqdRtudkl~xwp"}:tufbe1p"xwdzy�xwfkfbe�ygd�� { |"e
}be�y�xwp"v�sx5vreg�;tudkdbeg���rdb}�dbx
��tuj)eZt
y�xw���rfbxw��l~}be:�Pegd¿��e�egp.}k��tu���;tup"v��åtufknieZ}kdbeg�8e«ÈryglqdRt ½dkl~xwp"} ½ }k��tu�q�N}kdbeg��fbe�}k��xwp"}be�}�tufbeM�Pegdkdbegf�fbeg�rfbe�}begp5dbe�v��5Çsdk|"ez}be�y�xwp"v��sx5vreg�Æ�5�r�rd�åtufknie1}kdbeg�.fbe�}k��xwp"}be�}MtufbeZ��xwfR}bew�
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¥ ¤c¦2¢n fFá?Y¨ON�©<·�¤�°3¢n¿�¸LE1¤1B�DÃB�ºCE1«IFõ®�¤�°&B�¡Y¸�¿
Ìm±sªQ@Sä J�­.J�E�F¯°µJ�¸�ñ»°&B�¡.FH¿�Í±¤vE1«
na =

2 E nb = 1 E c = 80
®�ñ<°&BL¡.FH¿�Í±¤vE1«

na = 2 E nb = 2 E c = 80
î�JfB�¿�¤1¡�©0°&BL¡.FH¿
B�¢.E(¹�¢.E E¡Y¸�J¯«IF�¡�©�J�­.J�EGFH°?B�¢.E(¹�¢.E�ñ

{ |"e-�Pe�}kd��rlq�sx)v"tu� � ¹K�z�9e �sx5vreg�zfbe�Ð)�rlqfbe�}�dk|"e-�"}be-xu�
À ± }���lqdk| �åtufkniey�tufbv�lqp,tu�qlqdoÇi� ñ"xwf���l�p"l���tu��dk|"e�xwfbegdkl~y�tu��hVtu�q�"e�}�xu�
c
õ
c = 4

�Cfbe�}k�;�
c = 5

ö1dk|"exw�rdRtulqp"e�v��sx)vreg�~}Mtufbezp"xwd��"}Rtu�r�~eV����e�y�tu�"}be:dk|"e:}klq�`�r�åtudbe�v�xw�rdk�r�rd�l~}�y�xw���r�~egdbeg�qÇv�l~}b}klq��lq�åtufMdbxsdk|"e1�se�tw}k�rfbe�v-xwp"eV��¯�Ç8lqp"ygfbe�tw}klqprn
c
�"�sx)vreg�~}zxu��v�lcbNegfbegp)dzÐ)�,tu�qlqdoÇ



?Y¨ ?Y¨´�H¡.FHD�E1¤�ÅI£f¸LE1¤1B�D6Í±¤vE1«¼º� fF�F�¸�DI¡'¤�°7¹
¸]£�E�°&BL¡.FyJ À��

tufbe
xw�rdRtulqp"e�vN�Ntup"v.dk|"e1�Pe�}kdMfbe�}k�r�qdb}My�xwfkfbe�}k�Pxwp"v-dbx
c ≥ 40

��¼¿dMl~}�lqp5dbegfbe�}kdklqprn�dbxp"xwdbezdk|,tud�egh)e«p8�²xwf��åtufkniezhVtu�q�"e�}�xu�
c
õ¡lÆ� eV�

c = 90
�)�²xwf�t`v"tudRt�}begd�xu�

500
�Pxwlqp)db}«önix)x5v��sx)vreg�~}My�tup.��e1}kdklq�q�;xw�rdRtulqp"e�vN�� ��xV}b}klq�r�~e�e«È��r�åtup,tudkl~xwp9l~}:dk|"e`�²xw�q�~x���lqprn"��¯�e�y�tu�"}be�xu��dk|"e��rfbe�}begp"y�e�xu��v�fkÇ�³fkl~ygdkl~xwp õ³}be�e��"nV�rfbe�}
�"� �)t-tup"v9�"� �V��ö:fbe�}k�Pxwp"}be�}1lqpË��xwdk|»�sx)vre�}�tufbesp"xwpr�qlqp"e�tuf��{ |"egfbe«�²xwfbeV�)À ± }���lqdk|�}k��tu�q�

c
�rfbx)v��"y�eM}by�tudkdbegfbe�vsÀ � ÄC}��5tup"v�dk|"e�yg�q�"}kdbegfklqprn
}kdbeg�l~}�p"xwd�}k�"y�y�e�}b}¸�³�r��lqp�}beg�,tufRtudklqprn9ñÃÄ�}�tw}b}bx5yglåtudbe�v dbx'dk|"e�y�xwp5dRtwygd�tup"v dk|"e��³fbe�e�sx)vre�}��ËÅMp»dk|"e8xwdk|"egf�|,tup"vN�CÀ ± }�y�xw�q�~e�ygdklqprn9t-�åtufknie�p)�r�`��egf�xu�zv"tudRt-��xwlqp5db}�rfbx)v��"y�e.À � ÄC}sy�xwfkfbe�}k��xwp"vrl�p"n9dbxzFot�hiegfRtunie�v G8�qlqp"e�tufs�sx)vreg�~}��!�)�"yR|�e�}kdklq��tudbe�}�rfbx)v��"y�eMv�l~}kdklqp"ygd�yg�q�"}kdbegfb}Clqpsdk|"e��²e�tudk�rfbe�h)e�ygdbxwf�}k�,twy�eV�i�r�rd��"�qdbegfb}�xw�rdCdk|"e�e~bNe�ygdxu�Cdk|"e
v�fkÇ8�³fkl~ygdkl~xwp;� { |"e
e~bNe�ygd:xu��Fot�hiegfRtunVlqprn�G
l~}Mp"xwdkl~y�e�tu�r�~e`lqp.�"nV�rfbe
�"� ó$�;��xwpdklq�se�lqp5dbegfkhVtu�

(200, 300)
�N��|"egfbe�t8y�xw���rfbxw��l~}be�l~}Zfbe�twyb|"e�v9��egdo��e�egp9fbe�}k�Pxwp"}be�}dbx��åtufknie
tup"v.}k��tu�q�ì}kdbeg�.}klqnVp,tu�~}��{ |"e.�rfbegh5l~xw�"}8v�l~}byg�"}b}kl~xwp&�sxwdklqhVtudbe�}�db|"e'tudkdbeg���rd�dbx9l~vregp5dkl��³Ç&t � ¹K�z�9e�sx)vreg�,��lqdk|��sxwfbe��sx)vre�}��)Ç��"}klqprn1dk|"eM}Rtu�se�v"tudRt1}begd�� { |"eM}klq�`�r�åtudbe�vsfbe�}k��xwp"}bexu�Mdk|"e��sx)vreg����lqdk| �'�sx5vre�}��

na = 2
�
nb = 2

�
c = 70

l~}�vreg�rl~ygdbe�v»lqp»�"nV�rfbe�"� Í t��;tup"vKdk|"estwygdklqhie��sx)vre�}1v��rfklqprn�dk|"e�}klq�`�r�åtudkl~xwpËtufbe�}k|"x$��pKlqpK�"nV�rfbe��"� Í �;�ñrfbxw� �"nV�rfbe��"� Í �;��xwp"e�y�tup&xw�"}begfkhie8dk|,tuds�sx)vre�}���tup"v �9y�xwfkfbe�}k�Pxwp"v!dbxKdk|"e�³fbe�e9tup"v lq���,twygd.�sx)vre�}��zfbe�}k�Pe�ygdklqhieg�qÇi�:��|rlq�~eK�sx5vre�}9�9tup"v Ì fbeg�rfbe�}begp)d.dk|"e��eg|,t�h5l~xwf�xwp!dk|,e8�Pxw�rp"v"tufkl~e�}s�Pegd¿��e�egp!�³fbe�e-tup"v lq���,twygd��sx)vre�}�� { |"e.x�h)egfRtu�q��sx)vreg�:�Pegf¸�²xwfk��tup"y�eKlqp }klq�`�r�åtudkl~xwp l~}���egdkdbegf�lqp y�xw���,tufkl~}bxwp4dbxËdk|"e'�rlq�sx)v"tu�y�tw}beV�Ptudzdk|"e
�rfkl~y�e�xu�Clqp"ygfbe�tw}be�v'�sx)vreg��y�xw���r�~e«È�lqd¿Ç)�z¼ovregp5dkl��,y�tudkl~xwpK��lqdk|'|"l�nV|,e«f�sx)vreg��xwfbvregfb}�tup"vË��lqdk|»�sxwfbe��sx5vre�}�}k|"x���}`p"x'}klqnVprl��,y�tup)d�lq���rfbx�h)eg�segp)db}�xwpdk|"e:fbe�}k�Pxwp"}be1Ð)�,tu�qlqd¿Ç)�
^ � û9ürý�` @0²�@0²1� ñ"xwf1tw}b}be�}b}kl�p"n�dk|"e�Ð)�,tu�qlqd¿Ç-xu��fbe�}k�r�qdb}��P·zeg�rfRtu��·zegd¿��xwfkj�}�õ³·z·Zötufbe��"}be�v:�²xwfNl~vregp5dkl��³Ç5lqprn�db|"eC·z�z�9eË�sx5vreg�

y(k) = f(y(k−1), y(k−2), u(k−1))
�{ |"ez��e�}kd�fbe�}k�r�qdb}���egfbe:xw�rdRtulqp"e�v8�)Ç�y�xwp"}kl~vregfklqprn�t

2
½ �åt�Ç)egf�p"egd¿��xwfkj���lqdk|

4
p"eg� ½fbxwp"}�lqp db|"e-|rl~vrvregp �åt�Çiegf8|,t�h5lqprn |5Ç5��egfk�Pxw�ql~y'dRtuprniegp5db}.tw}�twy«dbl�hVtudkl~xwp �³�rp"ygdkl ½xwp"}�� { |"e�p"egd¿��xwfkj9��tw}
dkfRtulqp"e�v»�)Ç��"}klqprn�tup B�¢.E(¹�¢.E\FH ¯ fB�  tu�qnixwfklqdk|r� e«È��r�~xwl ½dklqprn»��eglqnV|5d�vre�y�t�Ç tup"v xw�rdklq��tu�Z�rfRtulqp4}k�rfknie�xwp4}kdkfRtudbegnVÇi���²xwf�t�hixwl~v�lqprn!x$hiegf ½�,tufRtu�segdkfklq�$tudkl~xwpì� { |"e`e«È���egfklq�segp5dz��tw}M��egf¸�²xwfk�se�v-�5Ç��"}klqprn�dk|"e`�Ktudk�åtu�-dbx5xw� ½��x�È-��fklqdkdbegpK�5Ç-·Qåwfkn)tVtufbv!õ¸���V�ióVö«� { |"e
fbe�}k�r�qdklqprn�·z· |,tw}

18
�,tufRtu�segdbegfb}
tup"vdk|"e1}klq�`�r�åtudkl~xwp-fbe�}k�r�qdb}ztufbe
tup,tu�~xwnixw�"}Mdbx�dk|"xV}be1xu�¾�"nV�rfbe1�"� ó ½ t��"lÆ� eV�Cdk|"e
·z�z�9e�sx)vreg�C}k�YbNegfb}M�³fbxw� dk|,e�}Rtu�se`�rfbxw�r�~eg�s}
tw}zdk|"e � ¹K�z�9e �sx)vreg����lqdk|

na = 2
�

nb = 1
tup"v

c = 80
���z}�v�l~}byg�"}b}be�v�lqpËõ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe
tup"v��-�"}beg�q�qlCõ²�V�V�V�iökö�dk|"e|rlqnV|8p5�r�
�Pegf�xu�¾·z·4�,tufRtu�segdbegfb}�l~}�p"e�e�vre�v��²xwf�tu�r�rfbx�È�lq��tudklqprns�sx)vreg�;v�l~}by�xwp5dkl ½p)�rlqdkl~e�}���lqdk|'t�y�xwp5dklqp)�"xw�"}z·z·`�
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na = 2 E nb = 2 E

c = 70
î�JfB�¿�¤1¡�©0°&B�¡.FH¿IB�¢.E(¹�¢,E E ¡Y¸�J¯«IF�¡�©�J�­.J�EGFH° B�¢.E(¹�¢.E�ñ�®�ñ<ªÏ£�E1¤vÄnF�°&BL¡.F»¸LE�Ff¸]£�«

E1¤�°&FQ¤�D,J�E_¸�DIE
H>�(T I H`@;G�TVO(J3É;EZTVO�A�G Ê»O$TV? UPEZTÄw�B;EZTVO�A�G`U
¼¿p�xwfbvregf�dbx
niegd�tZ�sx5vreg����|rl~yb|8l~}�hVtu�ql~vslqp���l~vregf�fRtuprniezxu�ìxw�PegfRtudklqprn�y�xwp"v�lqdkl~xwp"}t�p"eg�Îe«È��Pegfklq�segp)dzl~}��Pegf¸�²xwfk�se�vN� { |"eZlqpr�r�rdM��tw}�yR|"xV}begp-}bx�dk|,tud�lq���,twygdb}M��egd ½��e�egpKdk|"e�|"e�twv�tup"v'dk|"e�}k�rfklqprn�x5y�y«�"f1tup"vKdk|"e`�~x���egf1}Rtudk�rfRtudkl~xwp9xu��dk|"e�}k�rfklqprnl~}ZfRe�twyR|"e�vN� { |"esv"tudRt�}begd1��tw}
tun)tulqp»v�lqh5l~vre�v�lqp9do��x��,tufkdb}�õ³vreg�rl~ygdbe�v9lqp��"nV� ½fbe.�"�q���iö«����|"egfbe-dk|"e��"fb}kds�,tufkd�l~}s�"}be�v!�²xwfsl~vregp5dkl��,y�tudkl~xwp;�ztup"v�dk|"e-xwdk|"egfs�²xwfhVtu�ql~v"tudkl~xwp;�¼¿p
xwfbvregf;dbx�|rlqnV|r�qlqnV|)dìdk|"eCv�lc��yg�r�qdkl~e�}ìlqp1fbe�y�xwp"}kdkfk�"ygdklqprnMdk|"e��~x$��egfÃ}Rtudk�rfRtudkl~xwp;�y�xwp"}kl~vregfÃtun)tulqp1dk|"eC}byb|,e«�seCxu�5�"nV�rfbe��"� Ì �ÃÀ;x$��egfì}Rtudk�rfRtudkl~xwp`x)y�yg�rfb}ÃtudÃt��rÈre�v:�r�rd�rprj5p"x$��p8�PxV}klqdkl~xwp

ys
tup"v8fbe�}begdb}�dk|"ezh)eg�~x)yglqdoÇ�dbx`��egfbxr��¼¿p8�rfklqp"yglq�r�~eV�rxwp"ez��xw�r�~vegpr|,tup"y�e8dk|"e��sx5vreg�~}�xw�rdRtulqp"e�v lqp&�5e�ygdkl~xwp!�"� �K��lqdk|!dk|"e�twvrv�lqdkl~xwp,tu��v�Ç5p,tu��l~y�}

y(k) = ys
�,twygdklqhieZ��|"egp-eglqdk|"egf

x(k − 1) ∈ Xc
tup"v

yc(k) ≥ ys
õ¡�"�q�V�$ö

xwf
y(k − 1) = ys

tup"v
F (k − 1) ≥ −F̄ (k − 1)

õ¡�"�q���iö
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æ�ç�èMç�é�ê�ë�ê�èMì íÄî�ï�ê�ð

na = 2 ñ
nb = 1 ñU é�î]ï�ê�ì ñ
c = 80

θ1 =
[

1.4006 −0.6299 −34.4116 0.3031
]

> ñ
θ2 =

[

1.5872 −0.7682 −44.8641 −0.7184
]

> ñ

H1 =































−1.0778 0.26430 5.7984

1.0 0 0

0 −1.0 0

0 1.0 0

0 0 −1.0

0 0 1.0































ñ

H2 =































1.0778 −0.26430 −5.7984

−1.0 0 0

0 −1.0 0

0 1.0 0

0 0 −1.0

0 0 1.0































ñ

h1 =
[

−10.282 30.0 30.0 30.0 0.2 0.2
]

> ñ
h2 =

[

10.282 30.0 30.0 30.0 0.2 0.2
]

>

¥ ¤c¦2¢n fFm?Y¨ ��©CÌ�¸� ~¸�°&F�EGFH HJõB�º�¤1¡.FHDIE1¤�ÅIF�¡'°&BL¡.FH¿

��|"egfbe Xc
l~}Cdk|"e�fbegnVl~xwp�tw}b}bx)yglåtudbe�v�dbxZdk|"eMy�xwp5dRtwygd��sx5vreV�

yc(k)
l~}Cdk|"e��rfbe�v�l~ygdbe�v��xV}klqdkl~xwp8lqp8y�xwp)dRtwygd��sx5vre:tup"v

F̄ (k− 1)
l~}�dk|"eMfbe�twygdkl~xwp��²xwfby�ezxu�;dk|"eMlq���,twygdklqprn}k�rf¸�Ætwy�e
��|"egp

y = ys
�1��xwp"v�lqdkl~xwp&õ¡�"�q�V�$öMyb|,tufRtwygdbegfklq��e�}Zdk|"e�}k��lqdbyb|rlqprn���egdo��e�egpdk|"e:y�xwp5dRtwygd�tup,v��~x���egf�}Rtudk�"fRtudkl~xwp�����|"egfbe�tw}1õ¡�"�q���iö�y�tu�rdk�rfbe�}�dk|"ezfbe�Ð)�rlqfbeg�segp)db}�²xwf�}kdRt�Ç5lqprn
lqp�}Rtudk�rfRtudkl~xwp8tud�dk|"eMlqp"}kdRtup)db}

k−1
tup"v

k
�¾·zxwdbe�dk|,tud�lqdCl~}�tw}b}k�r�se�vdk|,tudì��|"egp`dk|"e�}Rtudk�rfRtudkl~xwp`l~};fbe�twyR|"e�vN�wdk|"eClq���,twygdklqprnZ}k�rf¸�Ætwy�eCfbeg��tulqp"}Ãlqp`y�xwp)dRtwygd��lqdk|'dk|"e`|"e�twvN�P}bx�p"egnV�~e�ygdklqprn8�Pxw�rp"yglqprn8�r|"egp"xw�segp,t8xu�Cdk|,e
lq���,twygdklqprn�}k�rf¸�Ætwy�exwp�dk|"eZ|"e�twvN�± e�}k�rlqdbezdb|"eM�Ætwygd�dk|,tud�dk|"e1tu��x$hieZv�Ç5p,tu��l~y�}�vre«�"p"e�}Mt � ¹K�z�9eÎ�sx)vreg�Æ��lqd�l~}p"xwdMegh5l~vregp5d�|"x$�òdbx�lqp"yg�q�"vre1lqd�lqp.dk|"e1l~vregp)dkl��,y�tudkl~xwp�tu�qnixwfklqdk|r�ô�²xwf�}begh)egfRtu�;fbe�t ½}bxwp"}��¾ñÃlqfb}kd���dk|"ezfbegnVl~xwp.vre«�"p"e�v��)Ç�õ¡�"�q�V�$ö�vreg�Pegp"vr}�xwp�dk|"ez�Pxw�qÇ5|"e�v�fbxwp Xc

dk|,tud|,tw}ìdbxM�Pe�eg}kdbl���tudRegv`�5ÇZlqdb}beg���k� { |"e�l~vregp)dkl��,y�tudkl~xwp��rfbx5y�e�v��rfbe�xu�P�5e�ygdkl~xwp��"� Ì vrx)e�}p"xwdMtu�q�~x$�òdbx�}k��e�ygl��³Ç8y�xwp"}kdkfRtulqp5db}���egdo��e�egp-v�lcbNegfbegp5d�fbegnVl~xwp"}����5e�y�xwp"vN�rdk|"eZfbe�twy ½dkl~xwp8�²xwfby�e
F̄ (k)

l~}�p"xwd��se�tw}k�rfbe�v-tup"v�lqd�|,tw}�dbx`�Pe:vre�v��"y�e�v8�³fbxw� dk|"e1t�hVtulq�åtu�r�~e}klqnVp,tu�~}�� { |rlqfbvN���²xwfz|,t�h5lqprn
y(k) = ys

tu�q��egp)dkfkl~e�}Zxu��dk|"e
dk|"e`�sx5vre`�,tufRtu�segdbegf��e«Èry�eg�rd�dk|"eZv�l~}k�r�åtwy�eg�segp)d��`�"}kd��PeZygxwp,}kdkfRtulqp"e�v8dbx���egfbxr� { |"e:lqp)dkfbx5v��"ygdkl~xwp-xu��t�,tufkdklåtu�q�qÇ�}k��e�ygl��,e�v8v�Ç5p,tu��l~y�}��Ætu�q�~}���lqdk|rlqp8dk|"e:vrxw��tulqp�xu� ¦] ~¸~­,¾¯®.Byò l~vregp5dkl��,y�tudkl ½xwp;�"t�dbxw�rl~yZdk|,tud���dRx�dk|"e
tu�rdk|"xwfb}�d�j5p,x����~e�v�nieV�r|�tw}�p"xwd��Pe�egp.Çiegd�y�xwp"}kl~vregfbe�v��²xwf|)Ç5�rfkl~v.}kÇ�}kdbeg�s}��{ |"egfbe«�²xwfbeV�Mxwp,yge'�sxwfbe'�r�åtwyRj ½ ��x�È&l~vregp5dkl��,y�tudkl~xwpÎtu�r�rfbxitwyR| l~}��"}be�v4tup"v tniegp"egfRtu� � ¹K�z�9e&�sx)vreg�"��lqdk| Ì �sx5vre�}�tup"v��,tufRtu�segdbegfb}
na = 2

�
nb = 2

�
c = 40l~}:l~vregp5dkl��,e�vN� { |"e�fbe�}k�Pxwp"}be�xu��dk|"e��sx5vreg�Clqp9}klq�
�r�åtudkl~xwp9l~}1vreg�rl~ygdbe�v�lqp��"nV�rfbe
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¥ ¤c¦2¢n fF%?Y¨c§tð]©Z�±ò�£H¤vE_¸LE1¤1B�D3B�º0E1«IF±º� fF�F E ¤�°7¹
¸]£�E0¸�DI¡�¿1BnÍCFH ±J~¸LE¯¢n ~¸LE1¤1B�Ds°&B�¡.FyJ�¨ZPõ¸LE_¸JfF�E�¢tJfF�¡¼º_B� \¸�ñ>¤1¡.FHDIE1¤�ÅI£f¸LE1¤1B�DX®�ñµÄ�¸�¿�¤1¡Y¸LE1¤1B�D!î�JfB�¿�¤1¡�©QJ�­.J�EGFH°? fFyJG¹�B�D2JfF E ¡Y¸�J¯«IF�¡�©Jf£f¸�¿1F�¡'¤�DL¹�¢.E�ñ

�"�q�V��t��itup"v1dk|"e�twygdklqh)eC�sx)vre�}�tufbe�}k|"x$��p
lqp1�"nV�rfbe��"�q�V�g�;� { |"eC�sx5vreg�5�,tufRtu�segdbegfb}tufbeMfbeg�Pxwfkdbe�v�lqp�dRtu�r�~eM�"�q������ñ"fbxw� �"nV�rfbeM�"�q�V�Mlqd�l~}��PxV}b}klq�r�~eMdbx
xw�"}begfkh)e�dk|,tud�dk|"edk|rlqfbv`�sx)vre�l~}ÃdkfklqnVniegfbe�v`�)Ç1dk|"e��~x���egf¾}Rtudk�rfRtudkl~xwp;�¾�Mp�tup,tu�qÇ�}kl~}Ãxu�"dk|"e��,tufRtu�segdbegfh)e�ygdbxwf
θ3
tup"v dk|"e'fbegnVl~xwp X3 = {x : H3x ≤ h3} fbeghie�tu�~}�dk|,tud8dk|"eÐFÆ�~x���egf}Rtudk�rfRtudkl~xwp�Gz�sx)vre:y�tup���eMlqp5dbegfk�rfbegdbe�v�tw}�tZ��l�È�dk�rfbe:xu�;dk|"eMdkfk�"ez}Rtudk�"fRtudkl~xwp�tup"vy�xwp5dRtwygd
õ¡lqp8�rfbx�È�lq��lqdoÇ�xu�¾}Rtudk�rfRtudkl~xwp�ö��sx)vre�}��Cñrfbxw�ødk|"e:v�Ç5p,tu��l~y�}�xu�Ãdk|"ezdk|rlqfbv�sx5vre8l~}���xV}b}klq�r�~e8dbx�y�xw���r�rdbe8dk|"e�e�}kdklq��tudbe�v�}Rtudk�rfRtudkl~xwp!hVtu�q�"e

ys
�!��xwp"}kl~vregfdk|"e`y�tw}be1��|"egfbe
dk|"e
}kÇ�}kdbeg�ôl~}�lqp'}Rtudk�rfRtudblqxwp9tudMdklq�se

k − 2
tup"v

k − 1
tup"v-dk|"ey�xwp"}kdRtup5d��²xwfby�e

F ∼ u
�,tu�åtup"y�e�}Mdk|"e1fbe�twygdkl~xwpKxu��dk|"eZlq���,twygdklqprn8}k�rf¸�Ætwy�eV� { |"egp;�dk|"eK}kÇ�}kdbeg����lq�q�:�Pe-lqp }Rtudk�rfRtudkl~xwpÎtu�~}bx tud�dklq�se

k
�º��y�y�xwfbv�lqprn dbxËdk|"eK�z�9ev�Ç5p,tu��l~y�}Mxu�¾�sx)vre Ì �

ys
tup"v

u
�`�"}kd�h)egfkl��³Ç�dk|"eZ�qlqp"e�tufMy�xwp"}kdkfRtulqp5db}

ys(1 − θ3,1 − θ3,2) = (θ3,3 + θ3,4)u + θ3,5
tup"v

H3[ys ys u u]> ≤ h3
õ¡�"�q� Ì ö

{ |"es��lqprlq��tu��tup"v9��t$È�lq��tu���rfbe�v�l~ygdbe�vËhVtu�q�"e�}
xu��}Rtudk�rfRtudkl~xwp y�tupË��e��²xw�rp"v9�)Ç}bxw�qh5lqprn:dk|,e��qlqp"e�tuf��rfbxwnVfRtu�s}
min ys

tup"v
max ys

�wfbe�}k�Pe�ygdklqhieg�qÇ)�Vlqp�dk|"e��rprj5p"x���p"}
ys
tup"v

u
}k�r�rm¸e�ygdÃdbxMdk|"e�y�xwp"}kdkfRtulqp)db}�õ¡�"�q� Ì ög�ì¹9eC�²xw�rp"v

min ys = 23.2
�
max ys =

24.2
�ì·zxwdbeCdk|,tudÃdk|"e��åtudkdbegfÃhVtu�q�"eC��tudbyR|"e�}ÃÐ)�rlqdbe���eg�q�5dk|"e�}Rtudb�rfRtudkl~xwp`�~eghieg�5h5l~}kl��"�qelqp��"nV�rfbeZ�"�q�V� ½ t��
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^ � û9ürý�` @0²(�I²1� ¼Æ�;dk|"e � ¹K�z�9e4�sx)vreg�P|,tw}�dbx
��eM�"}be�vs�²xwf�vre�}klqnVprlqprnstup8� � �y�xwp)dkfbxw�P}byb|"eg�seV��tZvregdRtulq�~e�vs�sx5vreg��xu�Ndk|"e��rfbx5y�e�}b}�xu�;egp)dbegfklqprn�tup"v��~e�t�h5lqprn
�~x���egf}Rtudk�rfRtudkl~xwp.l~}�p"xwd�p"e�y�e�}b}RtufkÇi�C¼¿p8�Ætwygd����5Ç�j5p"x���lqprn�xwpr�qÇ
ys
�rxwp"e1y�tup'twvrv8dbx�dk|"e� � �Á�rfbxw�r�~eg��dk|"esy�xwp"}kdkfRtulqp5db}

y(k) ≤ ys
tup"vKdk|"e�fbe�}k�r�qdklqprn'y�xwp)dkfbxw���åt�� ��lq�q�dRtujie1y�tufbe
xu��p"xwdMv�fklqh5lqprn�dk|"e
}kÇ�}kdbeg�ølqp'}Rtudk�rfRtudkl~xwp;� { |,e«fReR�²xwfbeV�"�²xwfM� � �z�"lqd�l~}xu�,�rfklq��tufkÇ
lq���PxwfkdRtup"y�e�dbxM|,t�h)e�tMfbeg��låtu�r�~e�vre�}bygfklq�rdkl~xwpsxu�,dk|"e�}kÇ�}kdbeg�Álqp
�³fbe�e�tup"vy�xwp)dRtwygdz�sx)vre�õ²tw}Mvrxwp"e1l~}:�5e�ygdkl~xwp-�"� �5ö�tup"v-y�xw���r�~eg�segp)d:lqd���lqdk|-dk|"e
e�}kdklq��tudbexu�

ys
vregfklqh)e�v���e«�²xwfbeV�"xwf��Pegdkdbegf��5Ç8y�xwp"v��"ygdklqprn ¸]¡µ«IBL£ e«È��Pegfklq�se«p5db}��

�'x)vre�}���tup"v���y�xwfkfbe�}k�Pxwp"vKdbx�p"xwp ½ }Rtudk�rfRtudbe�v��sx)vre�}:lqp�dk|"e�e«È���egfklq�segp5dRtu�}begdk�r�;� { |"e`��tum¸xwfklqdoÇ'xu��dk|,e`��xwlqp5db}1tw}b}bx)yglåtudbe�vKdbx�p"xwp ½ }Rtudk�rfRtudbe�vK�Peg|,t�h5l~xwfb}Zl~}tudkdkfklq�r�rdbe�v�dbxMdk|"e�}be�y�xwp"v`�sx)vreZõ¡dk|rl~}Ãlqp"yg�q�"vre�}�dk|"e��Pxwlqp)db}Ã�³fbxw�Á�Pxwdk|�dk|"e�lq���,twygdtup"vËdk|"e��³fbe�e��sx)vre�}«ö«�¾��|rlq�~e�dk|"e���xwlqp5db}�tw}b}bx5yglåtudbe�vËdbx.dk|"es�"fb}kd
�sx5vre���tulqpr�qÇyb|,tufRtwygdbegfklq��e�dk|"eslq���,twygd
�r|"egp"xw�segp,t�� { |"es�sx5vreg��xw�rdk�r�rd`l~}1�sxwfbe�}klq��lq�åtuf
dbxdk|"e�xw�rdk�r�rd
xu��dk|"e��r|)Ç�}kl~y�tu��}kÇ�}kdbeg� lqp9�,tufkdb}1xu��dk|"e�v"tudRt�}begdZdk|,tud
y�xwfkfbe�}k��xwp"vdbx�dk|"e1}Rtudk�rfRtudbe�v-tup"v�lq���,twygd��Peg|,t�h5l~xwfb}��
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¥ ¤c¦2¢n fFá?Y¨c§t§]©<¸�ñÏ·�¤�°3¢n¿�¸LE1¤1B�DÃB�ºCE1«IFõE1 ¯¤(¾�°&B�¡Y¸�¿0Ìm±sªQ@Sä!J�­.J�EGFH°
na = 2 E nb = 2 E

c = 40
î�JfB�¿�¤1¡�©±°&BL¡.FH¿� fFyJG¹�B�D,JfF E ¡Y¸�J¯«IF�¡�©CJ�­.J�EGFH°  fFyJG¹±B�D,JfF¯ñs®�ñÏª�£�E1¤vÄ�FQ°&B�¡.Fõ¸LE
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æ)ç�èMç�é�ê�ë�ê�èMì íÄî]ï�ê�ð

na = 2 ñ
nb = 2 ñò é�î�ï�ê�ì ñ
c = 40

θ1 =
[

1.3112 −0.60069 −32.820 −2.1941 1.2052
]

> ñ
θ2 =

[

1.4693 −0.73980 −36.712 −8.1766 0.12148
]

> ñ
θ3 =

[

0.68555 −0.097315 −25.474 17.555 8.3912
]

> ñ

H1 =
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

























−0.38975 −0.13906 −5.4530 16.011

4.3814 −0.72624 −40.376 −52.533

0 −1.0 0 0

0 1.0 0 0

0 0 −1.0 0

0 0 1.0 0

0 0 0 −1.0

0 0 0 1.0
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












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





ñ

H2 =













































0.38975 0.13906 5.4530 −16.011

4.7711 −0.58718 −34.923 −68.544
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0 1.0 0 0

0 0 −1.0 0

0 0 1.0 0

0 0 0 −1.0

0 0 0 1.0


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




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














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
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ñ

H3 =










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
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−4.3814 0.72624 40.376 52.533

−4.7711 0.58718 34.923 68.544
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0 1.0 0 0

0 0 −1.0 0
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
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









ñ

h1 =
[

−9.2035 98.496 30.0 30.0 0.2 0.2 0.2 0.2
]

> ñ
h2 =

[

9.2035 107.70 30.0 30.0 0.2 0.2 0.2 0.2
]

> ñ
h3 =

[

−98.496 −107.70 30.0 30.0 0.2 0.2 0.2 0.2
]

>

¥ ¤c¦2¢n fFm?Y¨c§�¶.©CÌ�¸� ~¸�°&F�EGFH HJõB�º�¤1¡.FHDIE1¤�ÅIF�¡'°&BL¡.FH¿

¼¿p1dk|"eC�åtw}kdìe«È���egfklq�segp5dì�,tufRtu�segdbegfb}¾xu��dk|"eClqpr�r�rdì��egfbe�yR|"xV}begp
}k�"yR|1dk|,tudì��xwdk|�r�r�Pegf¾tup"v1�~x���egfÃ}Rtudk�rfRtudkl~xwp"}¾tufbeCfbe�twyb|"e�vN� { |"e�v"tudRt�}begdb};�"}be�v:�²xwf;l~vregp5dkl��,y�tudkl~xwptup"v�hVtu�ql~v"tudkl~xwp'tufbeZfbeg�rfbe�}begp5dbe�v�lqp��"nV�rfbeZ�"�q� Ì �
� � ¹'�z�9e��sx5vreg����lqdk|��z�sx5vre�}Ctup"v`�,tufRtu�segdbegfb}

na = 2
�
nb = 3

�
c = 55

l~}fbe�y�xwp"}kdkfk�"ygdbe�vN� { |"e`y�xwfkfbe�}k�Pxwp"v�lqprn8fbe�}k��xwp"}be
lqp'}klq�`�r�åtudkl~xwp'l~}z}k|"x$��p-lqp-�"nV�rfbe�"�q�g�)t��"tup"v�dk|"eZtwygdklqhiez�sx5vre�}�tufbe:vreg�rl~ygdbe�v8lqp��"nV�rfbe:�"�q�g�V�;��ñ"fbxw� �"nV�rfbe�}��"�q�g�)ttup"vË�"�q�g�V� xwp"e�y�tup y�xwp"yg�q�"vre�dk|,tud`�sx)vre�} Ì tup"vË�Ky�xwfkfbe�}k��xwp"v»dbx-�r�r��egf�tup"v�~x$��egfZ}Rtudk�rfRtudkl~xwp"}:fbe�}k�Pe�ygdklqhieg�qÇ)�:�Kx)vre�}���tup"vK��y�xwfkfbe�}k��xwp"vKdbx�p"xwp ½ }Rtudk�rfRtudbe�v�Peg|,t�h5l~xwfb}�� �'xwfbe�x�h)egf��ztu�q�sxV}kd.tu�q�Zv"tudRtË�Pxwlqp)db}8lqp p"xwp ½ }Rtudk�rfRtudbe�v �sx)vre�}.tufbe
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¥ ¤c¦2¢n fFó?Y¨c§�ØL©ô�±ò�£H¤vE_¸LE1¤1B�D B�ºÏº� fF�F E ¤�°7¹
¸]£�E E ¿1BtÍ�FH 'J~¸LE¯¢n ~¸LE1¤1B�Dí¸�DI¡O¢�¹.¹±FH µJ~¸LE¯¢]¾ ~¸LE1¤1B�D6°&BL¡.FyJ�¨zPõ¸LE_¸:¢tJfF�¡Ãº_B� µ¸�ñs¤1¡.FHD�E1¤�ÅI£f¸LE1¤1B�D¬®�ñ Ä�¸�¿�¤1¡Y¸LE1¤1B�D î�JfB�¿�¤1¡�©�J�­.J�EGFH°
B�¢.E(¹�¢.E E ¡Y¸�J¯«IF�¡�©�Jf£f¸�¿1F�¡'¤�DL¹�¢.E�ñ

tudkdkfklq�r�rdbe�v9dbx8�sx5vre.�V�N��|"l��~es�sx)vre��8y�xwfkfbe�}k�Pxwp"vr}1dbx��åtufknie�p"egn)tudklqhies}kdbeg�"}Zlqpdk|"ezlqpr�r�rd�}klqnVp,tu�Æ��lÆ� eV��dbx`dk|"e:�åtufknie:dkfRtup"}kl~egp)db}�xu�Ãdk|"eZxw�rdk�r�rd�lqp8dk|"eZv�lqfbe�ygdkl~xwp-xu�dk|"e:�r�r�PegfM}Rtudk�rfRtudkl~xwp;��Áy�tufbe«�³�r�Ãtup,tu�qÇ�}kl~}�xu�Ã�"nV�rfbeZ�"�q�g�sfbeghie�tu�~}�dk|�tud�´
• �Me�}k��xwp"}be�}�l�p�db|"eM��xwfkdkl~xwp"}�xu�;dk|"ezv"tudRt`}begd�tw}b}bx5yglåtudbe�v�dbx
�sx)vre��:tufbeMp"xwd}Rtudkl~}¸�ÆtwygdbxwfkÇIÁPxwp"e`y�tupKy�xwp"yg�q�"vre
dk|,tud:dk|"e1�,tuf«tu�se«dRe«fZhie�ygdbxwf:xu�Cdk|"e
�sx5vre�:l~}��Px)xwfk�qÇ�e�}kdklq��tudbe�vN�
• �Me�}k��xwp"}be�}
lqpËdk|"es�Pxwfkdkl~xwp"}`xu��dk|"e�v"tudRt.}begd�tw}b}bx5yglåtudbe�v9��lqdk|»dk|"e��²xw�rfkdk|�sx)vre`tufbeZ}Rtudkl~}¸�ÆtwygdbxwfkÇ)�
• ¯�Ç&xw�"}begfkh5lqprn»dk|,tud8dk|"e-�sx5vreg�:fbe�}k��xwp"}be'l~}�nix5x)v lqp dk|"e'dklq�se'lqp"}kdRtup)db}��|"egp8tZ}k��lqdbyb|s�³fbxw� �³fbxw� �sx)vre
��dbxZ�sx5vre Ì tup"v��³fbxw�ô��dbxZ�
x5y�yg�rfb}�xwp"ey�tup8y�xwp"yg�q�"vrezdb|,tud�dk|"eM�Pxw�rp"v"tufkl~e�}���egdo��e�egp8dk|"ez�sx)vre�}:�$É Ì tup"v'�ZÉ$��tufbey�xwfkfbe�ygdk�qÇ8l~vregp5dkl��,e�vN�
• { |"e1�åtufknie1�rp"vregfb}k|"x5xwdb}�õ¡p"egn)tudklqh)e1�PxV}klqdkl~xwp-hVtu�q�"e�}��"��|rl~yR|Ktufbe1p"xwdM�r|5Ç�}kl ½
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¥ ¤c¦2¢n fF�?Y¨c§�?Y©C¸�ñ»·�¤�°3¢n¿�¸LE1¤1B�D B�º±E1«IFCº_B�¢n y¾�°&B�¡Y¸�¿2Ìm±sªQ@SäO°&B�¡.FH¿
na = 2 E nb = 3 E

c = 55
î�JfB�¿�¤1¡�©�°&B�¡.FH¿� fFyJG¹±B�D,JfF E ¡Y¸�J¯«IF�¡�©CJ�­.J�EGFH°  fFyJG¹�B�D,JfF¯ñs®�ñÏª�£�E1¤vÄ�FQ°&BL¡.F>¸LE

Ff¸]£�«ôE1¤�°&F9¤�D,J�E_¸�DIE

y�tu�q�qÇs�PxV}b}klq�r�~ezv��"ezdbx
dk|"eM�se�yb|,tuprl~y�tu�;y�xwp"}kdkfRtulqp5db}«ö�lqp8dklq�seMlqp"}kdRtup5db}�t$�³dbegf�sx5vre
}k��lqdbyb|.�³fbxw� ��dbx Ì õ³eV� n"��dbl��se1lqp"}kdRtup5db}ztufbxw�rp"vË�g�)��tup"v Ì �V�iö�tup"vdk|"e�lqp"y�xwfkfbe�ygdk�qÇË�rfbe�v�l~ygdbe�v»fbe�}k�Pxwp"}be8tufbxw�rp"v»dk|"e�dklq�seK���V�»õ¡�sx5vre�yR|,tup ½nie8��egdo��e�egp �Ktup"v»�5ö«��tu�q�~x$��}�dbxKy�xwp"yg�q�"vre�dk|,tud�p"eglqdk|"egfsdk|"e��,tufRtu�segdbegfh)e�ygdbxwf�lqp-�sx)vre`���rp"xwf�dk|"e1��xw�rp"v"tufkl~e�}z��egdo��e�egp-�sx5vre�}z�iÉ Ì tup"v-�iÉ$��tufbey�xwfkfbe�ygdk�qÇ�l~vregp)dkl��,e�vN�
• { |"es}klq�`�r�åtudbe�v�fbe�}k��xwp"}be�l~}Zy�xwfkfbe�ygd
lqp�dk|"e��Pegfkl~x)vr}`t$�³dbegf1�sx)vres}k��lqdbyb|,eg}�Pegd¿��e�egp»�1tup"v Ì õ³eV� n"��dklq�seZlqp5dbegfkhVtu�Ãtufbxw�rp"v'� Ì �iö«� { |"egfbe«�²xwfbe1dk|"e � Ä xu�dk|"e
dk|rlqfbv.�sx5vre
l~}ztwy�y�eg�rdRtu�r�~eV�MÀìtufknie
�rp"vregfb}k|"x5xwdb}Mlqp'�sx)vre Ì ��t$�³dbegfMdk|"e�sx5vreZyb|,tuprnie�}��³fbxw� �
dbx Ì õ³eV� n"�¾dklq�se:lqp"}kdRtup)db}�tufbxw�rp"v��g�)��tup"v Ì �V�iö�tufbev��"eZdbx�dk|"e:lqp"y�xwfkfbe�ygdze�}kdklq��tudkl~xwp'xu�¾dk|"e:�sx5vre
���
¯�tw}be�v�xwp��r|5Ç�}kl~y�tu��lqp"}klqnV|5db}�xwp"e���xw�r�~v�e«È��Pegygd�dk|,tudsdk|"e.v"tudRtK�Pxwlqp)db}�tufbeyg�åtw}b}kl��,e�v-lqp-dk|"eZ�²xw�rfM�sx5vre�}��,y�xwfkfReg}k�Pxwp"v�lqprn8dbxs�r�r��egf:}Rtudk�rfRtudkl~xwp;���~x���egf:}Rtudk� ½fRtudkl~xwp;�¾�³fbe�es�sx5vre8tup"vËlq���,twygd��sx)vreV� { |"e��rfbegh5l~xw�"}`fbeg��tufkj�}`|rlqnV|r�qlqnV|)d�dk|,tuddk|"eZ�sx5vre�}My�xwfkfbe�}k�Pxwp"v�lqprn�dbx�dk|"e
}Rtudk�rfRtudkl~xwp"}ztufbeZ��eg�q�;fbe�y�xwp"}kdkfk�"ygdbe�vN�,��|"egfbe�tw}
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�³fbe�eZtup"v8lq���,twygd��sx5vre�}Mtufbe:p"xwd�v�l~}kdklqprnV�rl~}k|"e�vN�Cñ"fbxw� �"nV�rfbe:�"�q� Ì t�xwp"eZy�tup-}be�edk|,tud1dk|"e�v"tud«t8}begd1�"}be�v'�²xwfZl~vregp5dkl��,y�tudkl~xwp»y�xwp5dRtulqp"}`t8}k��tu�q�Cp)�"�
�Pegf
xu����xwlqp5db}y�xwfkfbe�}k��xwp"v�lqprn�dbx
�³fbe�e1tup"v8lq���,twygd��sx5vre�}��ry�xw���,tufbe�v�dbx�dk|"e:p)�r�`��egfMxu�Ã��xwlqp5db}fbeg�rfbe�}begp)dklqprn8}Rtudk�rfRtudkl~xwp"}�� { |rl~}M}k�rnVnie�}kdb}�dk|,tudMlqp-xwfRvregf�dbxslq���rfbx�h)e1dk|"eZfbe�}k�r�qdb}p"eg�4l~vregp5dkl��,y�tudkl~xwp-e«È��Pegfklq�segp)dz}k|"xw�r�~v8��eZy�xwp"v��"ygdbe�v.dbxstwyb|rl~egh)e1t`��egdkdRe«fMe«Èrygl ½dRtudkl~xwp-xu�¾dk|"eZp"xwp ½ }Rtudk�rfRtudbe�v.�sx)vre�}��
H>�Xb ¤ A�G'É_��w�U,O�A�G
¼¿p»dk|rl~}`�,tu�Pegfstup!e«È���egfklq�segp5dRtu��}kdk�"v�Ç9lqp dk|"e�l~vregp)dkl��,y�tudkl~xwp&xu�Mdk|"e8eg�~e�ygdkfbxwprl~yy�xw����xwp"egp5d1�r�åtwy�eg�segp)d1�rfbx5y�e�}b}:lqp��rl~ybj ½ tup"v ½ �r�åtwy�es��twyb|rlqp"e�}Zl~}:�rfbe�}begp5dbe�vN���Mpe«È���egfklq�segp5dRtu�r}begdk�r����tw}Ã��twvreV�V�"}klqprnzdk|"e�y�xw���Pxwp"egp)d��r�åtwy�eg�segp)d�|"e�twv
�³fbxw�Ádk|"etwygdk�,tu�ì�rl~yRj ½ tup"v ½ �r�åtwy�e
��twyR|rlqp"e�tup"v.dk|"e1lq���,twygdklqprn8}k�rf¸�Ætwy�eV�,vre�}klqnVp"e�v'}bx�tw}�dbx��lq��l~y
dk|"e`eg�åtw}kdkl~yglqd¿Ç.�rfbxw�Pegfkdkl~e�}Zxu�Cdk|"e
fbe�tu� � ��¯:� � l~e�y�eg��l~}be��z�9e õ � ¹K�z�9e1ö�sx)vreg�~}1xu��dk|"e��rfbx)y�e�}b}Z|,t�h)e`��e�egp9xw�rdRtulqp"e�v��5Ç-�"}klqprn8dk|"e��segdk|"x)vrxw�~xwnVÇKlqp5dkfbx ½v��"y�e�v�lqpËõ³ñ,egfkfRtufkl ½¿{ fbe�y�twdbe
egdztu�Æ�;õ²�V�V� Ì ökö«�± e�}k�rlqdbe�dk|"e��Ætwygd¾dk|,tud¾dk|"e��sx)vreg�~}�tufbe�xw�rdklq��lq��e�v��²xwf¾xwp"e ½ }kdbeg� ½ tu|"e�twv��rfbe�v�l~y ½dkl~xwp'dk|"eglqfz�Pegf¸�²xwfk��tup"y�e`lqpK}klq�
�r�åtudkl~xwpKl~}z}Rtudkl~}¸�ÆtwygdbxwfkÇ)�,��|"egp'dk|"e1�³fbe�e�tup"v'y�xwp ½dRtwygdC�sx5vre�}�tufbeMe«Èryglqdbe�vN� { |5�"}��i�sx)vreg�~}�tufbeMtwvre�Ð)�,tudbeztu�~}bx:�²xwfC�sx5vreg� ½ �rfbe�v�l~ygdklqh)ey�xwp)dkfbxw��tup"v9hiegfkl��,y�tudkl~xwp;��¹ |"egp»tudkdbeg���rdklqprn'dbx�l~vregp)dkl��³Ç9tu�~}bx.}Rtudk�rfRtudkl~xwp"}
dk|"eÐ)�,tu�qlqd¿Ç�xu�ìdk|"ezfbe�}k�r�qdklqprn��sx)vreg�~}�vregdbegfkl~xwfRtudbe�}Mtup"v��qlq��lqdRtudkl~xwp"}�xu�ìdb|"eMl~vregp5dkl��,y�t ½dkl~xwp'tu�qnixwfklqdk|r�s}�Ç5l~eg�~v�lqprnsdbx��rp"}Rtudkl~}¸�ÆtwygdbxwfkÇ��Peg|,t�h5l~xwfb}ztufbeZ|rlqnV|r�qlqnV|)dbe�vN�¯�Ç�y�xw�`�rlqprlqprns�r|)Ç�}kl~y�tu�Nlqp"}klqnV|5db}�xwp�dk|"e:�rfbx)y�e�}b}�xw��egfRtudkl~xwp-��lqdk|�dk|"e:�sx)vreg�fbe�}k��xwp"}be�}Zlqd1l~}Z��xV}b}klq�r�~e�dbx�}klqprnV�~e�xw�rd1�sx5vreg���²e�tudk�rfbe�}�õ¡lÆ� eV���sx)vre��,tufRtu�segdbegfb}tup"v,Éuxwf:fbegnVl~xwp"}«ö���|rl~yR|9tufbe
lqp"y�xwfkfbe�ygdk�qÇ-fbe�y�xwp"}kdkfk�"ygdbe�vN� { |rl~}:l�pr�³xwfb��tudkl~xwpK��t�Ç��e1�"}be�v.lqp-xwfRvregfMdbx�vre�}klqnVp-dRtufkniegdbe�v.l~vregp5dkl��,y�tudkl~xwp�e«È���egfklq�segp5db}Mdk|,tud:tu�q�~x$�Îdbxfbe«�"p"e`dk|"e
fbe�}k�r�qdb}��:�'xwfbe�x$hiegf��;tup�twy�yg�rfRtudbestup,tu�qÇ�}kl~}:xu�Cdk|"e`�r|5Ç�}kl~y�tu�Ã��eg|,t�h5l~xwfb}lqp!}Rtudb�rfRtudkl~xwp�y�xwp"v�lqdkl~xwp"}s�rfbx�h5l~vre�}�t'fbeg�~eghVtup)d�tu�sxw�rp5d�xu� ¸&¹2 ¯¤1B� ¯¤ lqp��²xwfk��tudkl ½xwp;�Pp"egnV�~e�ygdbe�v��5Ç-dk|"e`�r�åtwyRj ½ ��x�ÈK�rfbx)y�e�v��rfbe�twvrxw�rdbe�vN�`¯�egdkdbegfZfbe�}k�r�qdb}1y�xw�r�~vK��etwyb|rl~egh)e�v-�5Ç-vregh5l~}klqprn�t ¦] ~¸~­,¾¯®.B~ò l~vregp)dbl ��y�tudblqxVp��rfbx)y�e�v��rfbe�y�tu�,tu�r�~e`dbx�e«È��r�~xwlqd}k�"yb|.j5p"x����~e�v�nieV�{ |"e-�PxV}b}klq�rlq�qlqd¿Ç&xu�`e«Èryglqdklqprn�tup lqp"ygfbe�tw}klqprn p)�r�`��egf�xu�
�sx)vre�}8��lqdk| v�lcbNe ½fbegp)dìe«È��Pegfklq�segp)db}ì}k�rnVnie�}kdb}Ãtu�~}bx�dbx�}kdk�"v�Ç ¤�DI£H fFH°&FHD�E_¸�¿ l~vregp5dkl��,y�tudkl~xwp�tu�qnixwfklqdk|r�s}��{ |"eM�,tw}kl~yMl~vre�t1��xw�r�~v���eMdbx
fbe�y�xwp"}kdkfk�"ygd��"fb}kd�dk|"eM�sx5vre�}�h5l~}klq�r�~eMlqp�dk|"ez}klq���r�~egfe«È���egfklq�segp5db}��¾tup"v�dk|"egpËegpr|,tup"y�esdk|"e��sx5vreg�C��lqdk| twvrv�lqdkl~xwp,tu����eg|,t�h5l~xwfb}`tu�r�Pe ½tufklqprn.lqp�fkl~yR|"egf
v"tudRt�}begdb}��N�5Ç'jie�eg�rlqprn��rÈre�v�dk|"esv�Ç5p,tu��l~y�}
tu�qfbe�twv�ÇKl~vregp5dkl��,e�vN�{ |rl~}�l~vre�t���lq�q�;��e1vreghieg�~xw�Pe�v�lqp��³�rdk�rfbe:fbe�}be�tufbyR|;�
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�ti h �K��uGoG�tqpo�}¯uGp ���
�ti z|{0oGw�q p x�p ����oGp w~r
�ti �¬s��tqtw�q2}Xqc��rGr
�ti ��{0oG��mrq wyx rvu���uGwyx�wy��u
�ti �¬«�o]mL���tuGp x>�#q,pcqtwy��uGp �L}y��uGp ���

�#q ����oGp u � x

�ti � {
��o_uGpc}Xq wS��q uGwyoGp �]�
���]�]oG�f�tp x>��uGp ���

�ti ­ {
��o_uGp uGp ���7w~rvuGp x>��uGp ���
�ti ¯ �
�]��x��rq w
�ti ° �K�]p uGpc�#q p ù~��uGp ���
�ti h�ú#�
�t�LwyoGp x�wy��u��#q,wH�]��x��rq w
�ti h�hzu�����}Xq o�r_p ����r

¼¿p�dk|rl~}Z�,tu�Pegf1��e��rfbe�}begp5d`t�p"x$h)eg���rfbx5y�e�v��rfbe��²xwfZdk|"e�l~vregp)dkl��,y�tudkl~xwp xu��|5Ç ½�rfkl~v�}kÇ�}kdbeg�s}�lqp�dk|"ezyg�åtw}b}�xu�;�rl~e�y�e ½ ��l~}bez�z�9eò}kÇ�}kdbeg�s}�� { |"eM�rfbe�}begp)dbe�v��segdk|"x)v�Ætwyglq�qlqdRtudbe�}Mdk|"e
�"}be
xu��t�hVtulq�åtu�r�~e�t��rfkl~xwfklÃj5p"x$���~e�v�nie`xwp-dk|"e`}kÇ�}kdbeg�ôdbxs��e
l~vregp ½dkl��,e�vN���r�rdZy�tup�tu�~}bx��Pe
�"}be�vKtw}Zts�r�åtwyRj ½ ��x�È-�segdk|"x5vN�z¹Ëe
dkfbe�tud:dk|"e
�rprj5p"x$��p�,tufRtu�segdbegfb}�tw}CfRtup"vrxw� hVtufklåtu�r�~e�}��5vre�}bygfklq��e�vs�5Ç�dk|"eglqf��rfbxw�,tu�rlq�qlqdoÇsvregp"}klqdoÇ`�³�rp"y ½dkl~xwp"}�� { |"e�l~vregp5dkl��,y�tudkl~xwp �rfbxw�r�~eg��l~}s��xV}be�v tw}sdk|"e��rfbxw�r�~eg� xu�Z��t$È�lq��lq��lqprndk|"esdRxwdRtu���rfRxw�,tu�rlq�ql�doÇËdk|,tud
dk|,e�xw�"}begfkh)e�vËv"tudRt.l~}
niegp"egfRtudbe�v»�5Ç�dk|"esl~vregp5dkl��,e�v�sx)vreg�Æ��� �,tufkdkl~yg�~e��"�qdbegfklqprn.�segdk|"x)v�l~}Z�"}be�v'�²xwf
t�p5�r�segfkl~y�tu�Clq���r�~eg�segp5dRtudkl~xwpxu�1dk|"e-�rfbxw��xV}be�v&�rfbx5y�e�v��rfbeV�Á� �sx5v�l��,e�v&h)egfb}kl~xwp xu�1dk|,e.�`�r�qdkl ½ y�tudbegnixwfkÇ&fbx ½�r�"}kd`�qlqp"e�tuf`�rfbxwnVfRtu����lqp"n�õ³�'�MÀ � ö
yg�åtw}b}kl ��y�tudblqxwp!�rfbx)y�e�v��rfbeV����|rl~yR| �"}be�}
dk|"elqp��²xwfk��tudkl~xwp9vregfklqhie�v'lqpKdk|"e`�rfbegh5l~xw�"}Z}kdbeg�"}:xu��db|"e
l~vregp5dkl��,y�tudkl~xwp»tu�qnixwfklqdk|r�.�Nl~}�"}be�v'�²xwf
e�}kdklq��tudklqprn.dk|"e��,tufkdklqdkl~xwp»xu��dk|"e � ¹K�z�9e ��tu�;� { |"e��rfbxw�PxV}be�v��rfbx ½y�e�v��rfbeZl~}�tu�r�r�ql~e�v8�²xwf�dk|"eZl~vregp)dkl��,y�tudkl~xwp'xu�Ct�y�xw����xwp"egp5dM�r�åtwy�eg�se«p5dM�rfbx)y�e�}b}�lqp�rl~ybj ½ tup"v ½ �r�åtwy�e1��twyR|rlqp"e�}��{ |rl~}�yb|,tu�rdbegf�l~}C�,tw}be�v�xwp�µV�r�~xV}kj5l�egd�tu�Æ��õ²�V�V�u�iy$öCtup"v�µV�r�~xV}kj5l�egd�tu�Æ��õ²�V�V�u�iv,ö«�
TÏ�y� I GsTwBÃA:Hxw�É�TVO�A�G
¼¿p9dk|rl~}1�,tu�Pegf
��es�rfbe�}begp)d�t�p"x�h)eg�C�rfbx5y�e�v��rfbes�²xwf1dk|"e�l~vregp5dkl��,y�tudkl~xwp xu��|5Ç5�rfkl~v}kÇ�}kdbeg�s}�lqp'dk|"e
yg�åtw}b}zxu� � l~e�y�e ½ ¹ l~}be`�M�rdbxV�MegnVfbe�}b}klqh)e
}kÇ�}kdbeg�s}���lqdk|Kefe:xwniegp"xw�"}lqpr�r�rdb}Zõ � ¹K�z�9eò}kÇ�}kdbeg�s}«ö«� � ¹K�z�9e4�sx)vreg�~}�tufbe:t1niegp"egfRtu�qlq�$tudkl~xwp.xu�;dk|"ezyg�åtw} ½}kl~y�tu�M�z�9e �sx)vreg�~}���lqp�dk|,tud�dk|"e�fbegnVfbe�}b}bxwf�}k�,twy�e�l~}s�,tufkdklqdkl~xwp"e�v�lqp5dbx»t'�"prlqdbe
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p5�r�
�Pegf�xu���Pxw�qÇ5|"e�v�fRtu��fbegnVl~xwp"}��Ã��|"egfbe�lqp»e�twyb|»fbegnVl~xwp»dk|"eslqpr�r�rd ½ xw�rdk�r�rd�fbeg�åt ½dkl~xwp»l~}
vre«�"p"e�vËdk|rfbxw�rnV|!tup»�z�9e ½ doÇ5��e��sx5vreg�Æ� � ¹K�z�9e �sx)vreg�~}
fRe«�"fbe�}be«p5d�t�rfbxitwv'yg�åtw}b}Mxu�C|5Ç5�rfkl~v-}kÇ�}kdbeg�s}��,tw}Mdk|"egÇ8�²xwfk� ts}k�r��yg�åtw}b}zxu� � l~e�y�e ½ ¹ lq}be`�9�sp,eõ � ¹K�ZöÃ�sx)vreg�~}:õÆ�5xwp)dRtun8õ¸��� Í �$ökö«�i��|rl~yR|�tufbe�lqpsdk�rfkp�e�Ð)�rlqhVtu�~egp5dCdbx1xwdk|"egfC|)Ç5�rfkl~v�sx5vreg�q�qlqprn9�²xwfk��tu�ql~}k�s}���}k�"yb| tw}��-l�Ère�v�À;xwnVl~y ± Ç5p,tu��l~y�}'õ³�'À ± ö.õ³¯�eg����xwfRtwvtup"v��'xwfRtufkl�õ¸���V�V�iökö�tup"v�ÀNlqp"e�tufz��xw���r�~eg�segp5dRtufklqdoÇ9õ³ÀÃ��ö��³fRtu�seg��xwfkj�}
õ¡hVtup�vregf�5yR|,t$�³d
tup"vË�5yR|)�r��twyR|"egf�õ¸���V�V�iö~Á;¶ze�eg�seg�~}1egd
tu�Æ�Cõ²�V�V�V���ì�V�V���$ökö«��� p)�r�`��egf
xu��segdk|"x5vr}:�²xwfZ}kdRtu�rlq�qlqd¿Ç�tup,tu�qÇ�}klq}��Nxw�"dklq��tu�Cy�xwp)dkfbxw��vre�}klqnVp9tup"vKhiegfkl��,y�tudkl~xwp9|,t�h)e�Pe�egp'vregh)eg�~xw��e�v.�²xwfMdk|"e`tu�Px�h)e1�segp5dkl~xwp"e�v'yg�åtw}b}be�}Mlqp-dk|"e1fbe�y�egp5dzÇie�tufb}���¼¿p-dk|rl~}�,tu�Pegf���eZ��lq�q�N�²x)yg�"}�xwp.dk|"e:l~vregp5dkl��,y�tudkl~xwp'xu�¾|5Ç5�rfkl~v.}kÇ�}kdbeg�s}�lqp.dk|rl~}�yg�åtw}b}��¯�tw}be�v»xwp»dk|"e8xw�"}begfkhie�v»v"tudRt-dk|"e�l~vregp)dkl��,y�tudkl~xwp!�rfbxw�r�~eg� tu�sxw�rp5db}`dbx'vre ½dbegfk��lqprlqprn�dk|"e:�,tufRtu�segdbegfb}Mxu�¾dk|"e1�z�9eÎ}k�"� ½ �sx)vreg�~}�dbxwniegdk|"egf���lqdk|.dk|"e:fbegnVl~xwp"}xu��dk|"eZfbegnVfbe�}b}bxwfM}k�,twy�eZ��|"egfbe1e�twyR|-xu�¾dk|"eZ�sx5vreg�~}�l~}�hVtu�ql~vN� { |"eZ��tulqp-�rfbxw�r�~eg�lqp�dk|"e:l~vregp5dkl��,y�tudkl~xwp'xu� � ¹K�z�9eÎ�sx)vreg�~}�l~}�dk|"e:�rfbxw�r�~eg�ôxu� ¡Y¸LE_¸'£H¿�¸�JHJ¯¤�ÅI£f¸LE1¤1B�D½ dk|,tud1l~}��Ndk|,e��rfbxw�r�~eg�0dbx.tw}b}klqnVp9e�twyR|Ëv"tudRt8��xwlqp5dZdRx�xwp"es}k��e�ygl��,ys}k�r� ½ �sx5vreg�Æ�¹ |"egp dk|"e�v"tudRt-|�tw}`�Pe�egp�yg�åtw}b}kl��,e�vN��dk|"e8�,tufRtu�segdbegfb}sxu�zdk|"e8}k�r� ½ �sx5vreg�~}�y�tup�Pe�vregdbegfk��lqp"e�vN��tup"vËdk|,e�fbegnVl~xwp"}`��|"egfbe8e�twyb| xu�Mdk|"e�}k�r� ½ �sx5vreg�q}�l~}
hVtu�ql~v»y�tup�Pe�e�}kdklq��tudbe�v��"}klqprn.dbe�yb|rprl~Ð)�"e�}Z�²xwf1v"tudRt�yg�åtw}b}kl��,y�tudkl~xwp õ²ñ"egfkfRtufkl ½¿{ fbe�y�tudbe�egd`tu�Æ�õ²�V�V� Ì ökö«�{ |"eM�rfbxw�r�~eg� xu�;dk|"e�l~vregp)dkl��,y�tudkl~xVp8xu� � ¹K�4tup"v � ¹K�z�9e �sx5vreg�~}�|,tw}���e�egpy�xwp"}kl~vregfbe�vK��e«�²xwfbeV�;tup"v'dbx�v"tudbe�}begh)egfRtu��tu�r�rfbxitwyb|"e�}1e«È�l~}kdM�²xwfzl~vregp5dkl��,y�tudkl~xwp9xu�dk|"xV}be��sx)v"e«�~}.õ³}be�e��Mxw�q��egd�tu�Æ��õ²�V�V�u�5ö`tup"vËdk|"e�fbe«�²egfbegp"y�e�}`dk|"egfbeglqp�ö«�K�z}
��xwlqp ½dbe�v xw�rd�lqp �Mxw�q��egdstu�Æ��õ²�V�V�u�5ö1�sxV}kd�xu�Mdk|"e8e«È�l~}kdklqprn9tu�r�rfbxitwyb|"e�}�tw}b}k�r�se�dk|,tuddk|"e1}kÇ�}kdbeg� v�Ç5p,tu��l~y�}�l~}�y�xwp5dklqp)�"xw�"}��"��|rlq�~eZdk|"e1tu�r�rfbxitwyR|"e�}�dk|,tudztu�q�~x$�4�²xwf�v�l~} ½y�xwp5dklqp)�rlqdkl~e�}�}kdRtufkdbe�v&tu�r��e�tufklqprn»xwpr�qÇËfbe�y�egp5dk�qÇòõ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe-egd�tu�Æ��õ²�V�V� Ì ö~Á¯�eg���PxwfRtwv'egd:tu�Æ�Ãõ²�V�V� Ì ö~Á"Äzl~v"tu�Ãegd:tu�Æ�Ãõ²�V�V� Ì ��ökö«� { |"e1l~vregp5dkl��,y�tudkl~xwpK�rfbx)y�e�v��rfbe�rfbxw�PxV}be�v�lqp�dk|rl~}��,tu��egfztu�q�~x$��}��²xwfMv�l~}by�xwp)dklqp5�"xw�"}M}kÇ�}kdbeg� v�Ç5p,tu��l~y�}ztw}���eg�q�Æ�¼¿p.dk|"e £H¿v¢tJ�EGFH ¯¤�DY¦L¾¯®]¸�JfF�¡'¹2 fB�£�F�¡2¢n fF õ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe`egdztu�Æ�ìõ²�V�V� Ì ökö�dk|"e1v"t ½dRt�yg�åtw}b}kl��,y�tudkl~xwp tup"v�dk|"e��,tufRtu�segdbegf�e�}kdklq��tudkl~xwp }kdRe«�,}�tufbe��Pegf¸�²xwfk�se�v&}klq�
�r� ½dRtup"e�xw�"}k�qÇ �)Ç }bxw�qh5lqprnËtK}k�rlqdRtu�r�qÇ vre«�"p"e�v�xw�rdklq��tu�Myg�q�"}kdbegfklqprn9�rfbxw�r�~eg� lqp!dk|"e�,tufRtu�segdbegf.}k�,twy�eV�Á¼¿p dk|"e ¦] fF�F�¡t­´¹2 fBL£fF�¡2¢t fF õ³¯�eg����xwfRtwv4egd�tu�Æ�:õ²�V�V� Ì ökösdk|"ev"tudRt�yg�åtw}b}kl��,y�tudkl~xwp9tup"v-dk|"e
�,tufRtu�segdbegfZe�}kdklq��tudkl~xwp�}kdbeg�"}Ztufbe�twy�y�xw���r�ql~}k|"e�vK�)Ç�,tufkdklqdkl~xwprlqprn�t�}k�rlqdRtu�r�qÇ�vre«�"p"e�v.lqp��²e�tw}klq�r�~e1}begdMxu�¾�qlqp"e�tufMlqp"e�Ð)�,tu�qlqdkl~e�}Mlqp)dbx�t`��l ½prlq��tu��p)�r�`��egf�xu���²e�tw}kl��"�qe�}k�r�"}begdb}���¼¿p9dk|"e ¸�¿c¦.F�®� ~¸�¤1£7¹2 fB�£�F�¡2¢n fF õ¡Äzl~v"tu��egd�tu�Æ�õ²�V�V� Ì ��ököZdk|"es�,tufRtu�segdbegf�e�}kdklq��tudkl~xwpËl~}�twy�y�xw���r�ql~}k|"e�vË�5Ç'�"p"v�lqprn'dk|"esfbx)xwdb}`xu�t'}k�rlqdRtu�r�qÇ»vre«�"p"e�v �Pxw��Ç5p,xw��l~tu�~}�����|rlq�~e�dk|"e8v"tudRt'��xwlqp5db}stufbe8yg�åtw}b}kl��,e�v»dbx'dk|"e}k�r� ½ �sx5vreg�ìdk|,tud�nVlqhie�}�dk|"e1}k��tu�q�~e�}kd��rfbe�v�l~ygdkl~xwpKegfkfbxwf���ñ,xwfzt�y�xw���,tufkl~}bxwp'xu�¾dk|"edk|rfbe�e
tu�Px�h)e:�segp5dkl~xwp"e�v.�rfbx)y�e�v��rfbe�}z}be�eZ·Ml~e�}b}begp.egdMtu�Æ�ìõ²�V�V�u�5ö«�¼¿p db|rl~}��,tu�Pegf8��e'dRtuj)eKt»¯�t�Ç)e�}klåtup4tu�r�rfbxitwyR|4dbxËdb|"e-�rfbxw�r�~eg� xu�
l~vregp5dkl ½�³Ç5lqprn � ¹K�z�9e �sx)vreg�~}�� �)�Pegygl��,y�tu�q�qÇ)����e8dkfbe�tudsdk|"e��rprj5p"x���p��,tufRtu�segdbegfb}�tw}
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fRtup"vrxw� hVtufklåtu�r�~e�}��"tup"v8vre�}bygfklq��e:dk|"eg� lqp8dbegfk�s}�xu�ìdk|"eglqf¾m¸xwlqp5d��rfbxw��tu�rlq��lqdoÇ8vregp ½}klqd¿Ç��³�rp"ygdkl~xwp!õ¡��v5�gö«� { |"e1�rfbxw�,tu�rlq�qlqd¿Ç-vregp"}klqdoÇ8�³�rp"ygdkl~xwp'y�xwp)d«tul�p,}Mdk|"e
y�xw���r�~egdbe}kdbx)yR|,tw}kdkl~y:lqp��²xwfk��tudkl~xwpKtu��xw�rd��,tufRtu�segdbegfb}���tup"v�v�lcbNegfbegp5d��,tufRtu�segdbegfze�}kdklq��tudbe�}y�tup��Pe1e�tw}klq��Ç8lqp��²egfkfbe�vN�¹9e�tw}b}k�r�se`dk|,tud1tup ¸7¹2 ¯¤1B� ¯¤ m¸xwlqp5d:�,tufRtu�segdbegfZ�Pv5��l~}znVlqh)egp;�1¼Æ�Cdk|"e�v,tudRt�l~}yg�åtw}b}kl��,e�v�dk|"e ¸õ¹±B�J�EGFH ¯¤1B� ¯¤ m¸xwl�p5d��,tufRtu�segdbegfz�Pv5����lq�q�ì��e
ygxw���"�rdbe�vN�,�"}klqprn�¯�t�Ç ½e�}�dNfk�r�~eV��ñr�rfkdk|"egfk�sxwfbeV�¾��esy�xw���r�rdbe�dk|"es�rfbxw�,tu�rlq�qlqdoÇ�dk|,tud`dk|"esxw�"}begfkh)e�vËv"tudRtl~}1niegp"egfRtudbe�vË�)ÇKdk|"esnVlqhiegp»yg�åtw}b}kl��,y�tudkl~xwp;�-Å�p,esv"tudRt.yg�åtw}b}kl��,y�tudkl~xwp»l~}
y�xwp"}kl~vre ½fbe�v ®YF�E¯EGFH  dk|,tup&tup"xwdk|"egf�l��Mlqd�|,tw}�t-|rlqnV|"egf��"fbxw�,tu�rlq�qlqd¿Ç)�9ñ,xw�q�~x���lqprn�dk|rl~}��qlqp"exu�:fbe�tw}bxwprlqprn"��dk|"e8l~vregp5dkl��,y�tudkl~xwp&�rfbxw�r�~eg�Ftu�sxw�rp)db}sdbxK�"p"v�lqprn E1«IFÃ®YFyJ�E v"tudRtyg�åtw}b}kl��,y�tudkl~xwp;� { |rl~}�tu�r�rfbxitwyb|8dbx1�sx)vreg�Py�xw���,tufblq}bxwp8l~}�}klq��lq�åtuf�dbx
dk|"eM¯�t�Çie�}klåtup�³fRtu�seg��xwfkj8��|rl~yR|.��tw}��"}be�v8lqp.��twyfø1t�Ç�õ¸���V�V�iö��²xwf�p"eg�rfRtu�;p"egdo��xwfkj�}��{ |"e�yg�åtw}b}kl��,y�tudkl~xwps�rfbxw�r�~eg� l~}Ct:y�xw�
�rlqp,tudbxwfklåtu��xw�rdklq��lq�$tudkl~xwp��rfbxw�r�~eg�.�i��|"e ½fbe�tu�q�i�PxV}b}klq�r�~e��sx5vre�}be�Ð)�"egp"y�e�};|,t�h)e�dbx��PeCe«È��r�~xwfbe�vN�ulqp
xwfbvregfìdbx��"p"v`tup
xw�rdklq��tu�}bxw�q�rdkl~xwp;� { x-fbe�v��"y�e8y�xw���r�~e«È�lqd¿ÇË��e�fbe�}bxwfkd`dbxKt.}be�Ð)�"egp5dklåtu��tu�r�rfbxitwyR|;����|"egfbee�twyb|8v"tudRt1�Pxwlqp)d�l~}�yg�åtw}b}kl��,e�vsdbx
dk|"eM��e�}kd��sx)vrez�,tw}be�v�xwp�dk|"eMlqp��²xwfk��tudkl~xwp.t�hVtul ½�åtu�r�~e�}bx'�Ætuf�� { |rl~}s}kdkfRtudbegnVÇ»l~}�j5p"x$��p!lqp!dk|"e�xw�rdklq��lq�$tudkl~xwp&�qlqdbegfRtudk�rfbe-tw}�dk|"e
¦] fF�F�¡t­#J�E1 ~¸LEGF¯¦t­ �Ptw}Mlqdz��tuj)e�}Mdk|"e
��e�}kdz�PxV}b}klq�r�~e1�~x5y�tu�¾vre�ygl~}kl~xwp'lqpKxwfbvregfzdbx8tu� ½�rfbxitwyb|&dk|"e.nV�~xw�,tu�zxw�rdklq�
�r�.� ¼¿p&xwfbvregf�dbx9y�tu�~yg�r�åtudbe-��lqdk|�fReg}k�"��dbl�p"n9�Pv5�²}s��e�rfbxw��xV}be
t��segdk|"x)v.xu�¾�,tufbdkl~y«�~e`tu�r�rfbx�È�lq��tudkl~xwp"}���MegnVl~xwp e�}kdklq��tudkl~xwp"}8tufbe-�,tw}be�v&xwp t��sx5v�l��,y�tudkl~xwp xu�1dk|"e-�-�r�qdkl ½ y�tudbegnixwfkÇ�Mxw�r�"}kdMÀNlqp"e�tuf � fbxwnVfRtu����lqprn8�rfbx)y�e�v��rfbe�õ³�'�MÀ � ö1õ³¯�egprp"egdZtup"v-�Ktuprn)tw}Rtufklåtupõ¸���V�u�5ökö«� { |"eZ�sx5v�l��,y�tudkl~xwpKy�xwp"}kl~}kdb}�lqp.lqp)dkfbx5v��"yglqprn�t�}k�rlqdRtu�r�qÇ�vre«�"p"e�v.�rfkl~yglqprn�³�rp"ygdkl~xwp;��dk|,tud�tw}b}klqnVp"}���eglqnV|5db}sdbxKdk|,e8��l~}byg�åtw}b}kl��,y�tudkl~xwp xu�Zv"tudRtK�Pxwlqp)db}��&�Mptwv�hVtup)dRtunie�xu���"}klqprn-�rfkl~yglqprn-�³�rp"ygdkl~xwp"}
l~}
dk|,tud
�sxwfbe�lqp��²xwfk��tudkl~xwp»l~}1�rfbe�}begfkh)e�v�²xwfk� dk|"e�yg�åtw}b}kl��,y�tudkl~xwpË�r|,tw}beV� { |rl~}Zl~}Zlq�q�q�"}kdkfRtudbe�v��)Ç'dk|"ese«È"tu���r�~e�lqp9}be�ygdkl~xwpÏ�� Í � ¯�Ç`yb|"x5xV}klqprn
tM�rfkl~xwfklr�,tufRtu�segdbegfC�rfbxw�,tu�rlq�qlqd¿Ç�vregp"}klqd¿Ç1�³�rp"ygdkl~xwp"}�dk|"e��"}begf�y�tup}k�r�r�r�qÇ�dk|"eZfbeg�~eghVtup5dzt`�rfkl~xwfklìj5p"x����~e�v�nie1dbx�dk|"eZl~vregp5dkl��,y�tudkl~xwp-�rfbx5y�e�v��rfbeV� { |rl~}l~}�t.��tum¸xwf�twv�hVtup5dRtunie8xu�Mdk|"e��³fRtu�seg��xwfkjË�rfbe�}begp)dbe�v |"egfbeV�K¼¿p"yg�q�"v�lqprn9t-�rfkl~xwfklj5p"x����~e�v�nie
l~}��`�"yb|'|,tufbvregfMlqp'xwdk|"egfzl~vregp)dkl��,y�tudkl~xwpK�segdk|"x5vr}���}k�"yb|Ktw}�dk|"e
xwp"e�}vre�}bygfklq��e�v�lqp�ñ,egfkfRtufkl ½¿{ fbe�y�tudRezegd�tu�Æ��õ²�V�V� Ì ö«�5¯�eg����xwfRtwv�egd�tu�Æ��õ²�V�V� Ì ö«��tup"vsÄzl~v"tu�egdMtu�Æ�ìõ²�V�V� Ì ��ö«�{ |"e`p"e�egv-�²xwfz�"}klqprn.ts�rfkl~xwfkl¾j5p"x����~e�v�nie���tw}:xw�"}begfkh)e�v-lqp�tup�e«È���egfklq�segp5dRtu�y�tw}bes}kdk�"v�Ç9xu�Mt�y�xw���Pxwp"egp)d`�r�åtwy�eg�segp5d`�rfbx)y�e�}b}
lqp»t��rl~ybj ½ tup"v ½ �r�åtwy�e���twyb|rlqp"eõ³µV�r�~xV}kj5l1egd-tu�Æ�1õ²�V�V� Ì �;�M�V�V�u�V��ökö«� { |"e9t»�rfkl~xwfklZj5p"x$���~e�v�nie���t�Ç }kdbeg�F�³fbxw��r|)Ç�}kl~y�tu��lqp"}klqnV|5d
lqpËdk|"e�}kÇ�}kdbeg�0xwf1�³fbxw�0�rfbegh5l~xw�"}
l~vregp5dkl��,y�tudkl~xwp e«È��Pegfklq�segp)db}��¯�Ç`yR|"x)xV}klqprn`tz�rfkl~xwfkl"�,tufRtu�segdbegf���v5�²}C}bxZtw}�dbxZy�xwfkfbe�}k�Pxwp"v�dbx:dk|"e��,tufRtu�segdbegfb}�xu�dk|"eM�sx)vre�}�xu�ìdk|"eM�r|)Ç�}kl~y�tu�P}kÇ�}kdbeg� dk|"eMl~vregp5dkl��,y�tudkl~xwp��rfbx)y�e�v��rfbez��t�Çs��e��²xwfby�e�vdbx�l~vregp)dkl��³Ç�t`�sx5vreg�Ndk|,tudMy�tup���e:lqp5dbegfk�rfbegdbe�v�lqp��"|)Ç�}kl~y�tu�Ndbegfk�s}����5e�y�xwp"v��qÇi�rdk|"e
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tu�r�rfbxitwyR|��rfbe�}begp5dbe�v!|"egfbe�y�tup���e8�"}be�v dbx�lq���rfbx�h)e8dk|"e��rfbegh5l~xw�"}k�qÇ»l~vregp)dkl��,e�v�sx5vreg�~}���lqdk|-dRtufkniegdbe�v.l~vregp5dkl��,y�tudkl~xwpKe«È��Pegfklq�segp)db}����M�~}bxr�r�sx)vreg�~}zxu��lqp"ygfbe�tw}klqprny�xw���r�~e«È�lqdoÇ�y�tup��Pez�r�rlq�qd��³fbxw�øt`}be«fblqe�}�xu�ìl~vregp)dkl��,y�tudkl~xwp-e«È���egfklq�segp5db}��5��|"egfbe:lqpe�twyR|�e«È���egfklq�segp5d�xwpr�qÇst1}k�r�"}begd�xu�Ndk|"e��sx)vre�}�xu�;dk|"e��r|)Ç�}kl~y�tu��}kÇ�}kdbeg� l~}�e«Èryglqdbe�vtup"v l~vregp)dkl��,e�vN�»¹9e��Peg�ql~eghie8dk|,tud�dk|rl~}stufbe�dk|"e8lq����xwfkdRtup5d�twv�hVtup)dRtunie�}�lqp�tup5Ç�rfRtwygdkl~y�tu�ìl~vregp)dkl��,y�tudkl~xwp-�rfbxw�r�~eg�.�C¹9e1tu�~}bx�v�l~}byg�"}b}�}bxw�se:��t�Ç�}�dbx�lqprlqdklåtu�qlq��eZdk|"e�rfbx5y�e�v��rfbe1��lqdk|"xw�rd��"}klqprnsdk|"e1t��rfkl~xwfkl;j5p"x����~e�v�nieV�{ |"e8fRe«��tulqp"v"e«f�xu�zdk|"e8�,tu�Pegf�l~}�xwfkn)tuprlq��e�v&tw}��²xw�q�~x���}�� � fbeg�qlq��lqp,tufkl~e�}�tufbenVlqh)egp�lqp9}be�ygdkl~xwpËÏ�� ��� { |"esyg�åtw}b}Zxu� � ¹'�:��e �sx5vreg�~}Zl~}Zlqp)dkfbx5v��"y�e�v�lqp9}be�ygdkl~xwpÏ�� Ì � { |"e:l~vregp5dkl��,y�tudkl~xwp-�rfbxw�r�~eg�ôl~}��²xwfk��tu�q�qÇ�}kdRtudbe�v8lqp.}be�ygdkl~xwp'Ï�� �"�C¼¿p.}be�ygdkl~xwp"}Ï�� Ï�tup"vKÏ�� ����e
vregfklqh)e
dk|"e
}k�r�Pxw�rdklq��tu�Ãl~vregp5dkl��,y�tudkl~xwp9tu�qnixwfklqdk|r�.�;tup"v-dk|"e1�,tuf ½dkl~yg�~eZ�"�qdbegfklqprn8tu�"�rfbxitwyb|;�Ptw}zt���t�Ç8dbxslq���r�~eg�segp)dzlqd���¼¿p-}be�ygdkl~xwpKÏ�� ó���e1�rfbe�}begp)d�sx5v�l��,e�v-�'�MÀ � �rfbx)y�e�v��rfbeV��¼¿p.}be�ygdkl~xwp'Ï�� Í ��eZnVlqhie
tup-e«È"tu���r�~e1dk|,tud�lq�q�q�"}kdkfRt ½dbe�}sdk|"e.�rfbe�}begp)dbe�v�l~vre�tw}�� ¼¿p&}be�ygdkl~xwp Ï�� �K��e.v�l~}byg�"}b}�}begh)egfRtu����t�Ç�}�dRx9xw�rdRtulqpdk|"e�t��rfkl~xwfkl¾�rfbxw�,tu�rlq�qlqd¿Ç'vregp"}klqd¿Ç��³�rp"ygdkl~xwp"}:xu�Cdk|"e1�sx5vreg�Ã�,tufRtu�segdbegfb}��P}bx8tw}Mdbxlqprlqdklåtu�qlq��e
dk|"eZ�rfbx5y�e�v��rfbeV� { |"e1y�xwprp"e�ygdkl~xwp'��lqdk|-dk|"e1yg�q�"}kdbegfklqprn��rfbx)y�e�v��rfbeV�Ptup"vdk|"e�lq���rfbx�h)eg�segp)d�dk|,tud�xw�rfC�segdk|"x)v�y�tup��rfbx$h5l~vreMtufbe�e«È��r�åtulqp"e�vslqps}be�ygdkl~xwp�Ï�� ��� ����Mp'e«È��Pegfklq�segp)dRtu��e«È"tu���r�~e
l~}MnVlqh)egp-lqpK}be�ygdkl~xwp�Ï��q�����:��xwp"yg�q�"}kl~xwp"}Ztufbe
nVlqhiegp'lqp}be�ygdkl~xwp'Ï��q�V�V�
TÏ�_Ç È BÃ@Y�bORQ ObG�E�BPO�@;U
�ºh)e�ygdbxwf:xu�CfRtup"vrxw� hVtufklåtu�r�~e�}

θi ∈ Θi ⊆ R
n y�tup'��e`vre�}bygfklq�Pe�v-��lqdk|�ts�rfbxw�,t ½�rlq�qlqdoÇ8vregp"}klqdoÇ��³�rp"ygdkl~xwp»õ¡�Pv5�«ö

pθi

��¼Æ�¾dk|"e:�Pv5�
pθi

dRtuj)e�}�dk|"e:�²xwfk�
pθi

(θ) = δ(θ − θ0
i ),

õ²Ï��q�$ö
��|"egfbe

δ
l~}:dk|"e ± lqfRtwy�vreg�qdRt8v�l~}kdkfklq�r�rdkl~xwp;�Ndk|"egp

θi = θ0
i

����lqdk|��rfbxw�,tu�rlq�qlqd¿ÇKxwp"eV���|rl~yR|.��lq�q�;�se�tup.dk|,tud�dk|"e:hVtu�q�"e1xu�
θ
l~}�j5p"x���pì�± lcbNegfbegp5d�e�}kdklq��tudbe�}�xu�

θi
y�tup���eMe�tw}klq�qÇ�xw�rdRtulqp"e�vs�²xwfk� dk|"e��rfbxw�,tu�rlq�qlqd¿Ç�vregp ½}klqdoÇs�³�rp"ygdkl~xwp;��ñ"xwf�lqp"}kdRtup"y�eV�rdk|"e F¯ò�¹�F�£�E_¸LE1¤1B�D xu�

θi
l~}�nVlqhiegp'tw}

θ̂E
i = E[θi] =

∫

Θi

θ pθi
(θ) dθ

õ²Ï�� �iö

tup"v�dk|"e °3¸�òY¤�°3¢n°?¸õ¹�B�J�EGFH ¯¤1B� ¯¤
¹2 fBL®]¸Y®�¤�¿�¤vE�­ õ³�'� � ö�e�}kdklq��tudbeZl~}�nVlqhiegp'tw}�´
θ̂MAP
i = arg max

θ
pθi

(θ).
õ²Ï�� Ì ö
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{ |"e1y�x�hVtufklåtup"y�e1��tudkfkl�È
Vi
�r��|rl~yb|-l~}Mt��se�tw}k�rfbe1xu��dk|"e1Ð)�,tu�qlqd¿Ç�xu�¾dk|,e1e�}kdklq��tudbe

θ̂E
i

��l~}�vre«�"p"e�v-tw}�´
V E

i =

∫

Θi

(θ − θ̂E
i )(θ − θ̂E

i )>pθi
(θ)dθ.

õÆÏ�� �5ö

V MAP
i

y�tup1��eCvre«�"p"e�v1lqp`tup`tup,tu�~xwnixw�"};��t�Çz�²xwf
θ̂MAP
i .

¹9eCvre«�"p"e�dk|"e ¡]¤�JG¹±FH HJ¯¤1B�Dxu��dk|"e�e�}kdklq��tudbe�}
θE
i

tup"v
θMAP
i

tw}¾dk|"e�}k��e�ygdkfRtu�rfRtwv�lq�"}Cxu��dk|"e�y�x�hVtufklåtup"y�e���tudkfkl�Èxu�¾dk|"eZe�}kdklq��tudbeV´
ρE

i = ρ(V E
i ) = λmax(V E

i ); ρMAP
i = ρ(V MAP

i ) = λmax(V MAP
i )

õ²Ï�� Ïiö
��|"egfbe

λmax(·) vregp"xwdbe�}`dk|"e���t$È�lq��tu��eglqniegp5hwtu�q�"eV�9·zxwdbe�dk|,tud ρE,MAP
i = 0

l��tup"v-xwp"��Ç.l���õ²Ï��q�$ö�|"xw�~vr}�� ± l~}k��egfb}kl~xwp'l~}M�"}be«�³�r�;�²xwfzy�xw���,tufkl~}bxwpKxu�Cdo��x�v�lcbNegfbegp5de�}kdklq��tudbe�}Mxu�
θi
�r��|"egfbeZdk|"eZ}k��tu�q�~egf�hVtu�q�"e1xu�

ρ
lqp"v�l~y�tudbe�}��PegdkdbegfMe�}kdklq��tudbeV�

TÏ�GÒ ¡ AZH`@Y�#É_�«E�U,U
¹9e:y�xwp"}kl~vregf��rl~e�y�e ½ ��l~}be1�M�rdbxV�MegnVfbe�}b}klqhie:efe:xwniegp"xw�"}
õ � ¹K�z�9e1öC�sx)vreg�~}�xu�Ãdk|"e�²xwfk�.´

y(k) = f(x(k)) + e(k)
õ²Ï�� �iö

��|"egfbe
k ≥ 0

�,tup"vN´

f(x) =



































θ>1

[

x

1

] l��
x ∈ X1���

θ>s

[

x

1

] l��
x ∈ Xs

õ²Ï�� óVö

l~}Mt`�rl~e�y�e ½ ��l~}be
t��sp"e1��tu�;�,tup"v
x(k)

l~}Mt`h)e�ygdbxwfMxu�ÃfRe«nVfReg}b}bxwfR}��rvre«�"p"e�v-tw}
x(k) = [y(k − 1) . . . y(k − na), u(k − 1) . . . u(k − nb)]

> .
õ²Ï�� Í ö

{ |"e:�,tufRtu�segdbegfb}
na
tup"v

nb
lqpËõ²Ï�� Í ö�tup"v8dk|"e:p5�r�
�Pegf�xu�Ã�sx5vre�}

s
tufbe1tw}b}k� ½�se�v�dbx��PeZj5p"x���p;� { |"egfbe«�²xwfbeV�

θi ∈ Θi ⊆ R
n+1 �r��|"egfbe n = na + nb

� { |"e1}begdb}
Xi
tufbe
tw}b}k�r�se�v8dbx���eZ��xw�rp"vre�v.��xw�qÇ5|"e�v�fbxwp"}��,vre�}bygfklq��e�v��5ÇP´

Xi = {x |Hix ≤ hi} õ²Ï�� �iö
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��|"egfbe
Hi
l~}�t�fbe�tu�5hVtu�q�"e�v`��tudkfkl�ÈN�

hi
l~}�t�fbe�tu�5hVtu�q�"e�v`hie�ygdbxwf��)tup"v
dk|"e�lqp"e�Ð)�,tu�qlqd¿Ç|"xw�~vr}-e«�~eg�segp5d ½ ��l~}beV� { |"e9}begd X =

⋃s
i=1 Xi

l~}-tw}b}k�r�se�v dbx �Pe9t»�Pxw�rp"vre�v�Pxw�qÇ5|"e�v�fbxwp;��tup"vË��e�tw}b}k�r�se�dk|,tud {Xi}s
i=1

l~}�t.�,tufkdklqdkl~xwp�xu� X õ¡dk|rl~}`lq���r�ql~e�}dk|,tud�dk|"eZlqp5dbegfkl~xwfb}Mxu� Xi
tup"v Xj

vrx�p"xwd�lqp)dbegfb}be�ygd��²xwf
i 6= j

ö ö ��¹Ëe1tu�~}bx�tw}b}k�r�sedk|,tud��,tufRtu�segdbegfMhie�ygdbxwfb}
θi
tup"v

θj
tufbe1v�lcbNegfbegp)dMx$hiegfMv�lcbNegfbegp)d�fbegnVl~xwp"}�´

U'��� úÃû:- ��
 � �X�I² ÿ ²1� ñ"xwf
i 6= j

�
θi 6= θj

�
U'��� úÃû:- ��
 � �X�I² ÿ ²(� { |"e�fbe�tu�qlq�$tudkl~xwp�xu�rdk|"e�twvrv�lqdklqhieCp"xwl~}be

e
lqp1dk|,e��sx)vreg�Põ²Ï�� �iöl~}�t
}be�Ð)�"egp"y�e:xu�ìlqp"vreg�Pegp"vregp)d��rl~vregp)dkl~y�tu�q�qÇ8v�l~}kdkfklq�r�rdbe�v�fRtup"vrxw�øhVtu�q�"e�}��5��lqdk|.tupt`�"fkl~xwfkl;j5p"x���p.�rfbxw�,tu�rlq�qlqd¿Ç.vregp"}klqd¿Ç��³�rp"ygdkl~xwp

pe
�

¹Ëe8vre«�"p"e8dk|"e °&BL¡.Fµº�¢nDI£�E1¤1B�D
µ : {1, . . . , T} → {1, . . . , s} dk|,tud�tw}b}klqnVp"}�sx5vre

µ(k)
dbxsdk|"e
v"tudRts�,tulqf

(x(k), y(k)), k = 1, . . . T
��¼ovre�tu�q�qÇi�,nVlqhiegp-fbegnVl~xwp"}

{Xi}s
i=1 µ(k)

�
µ
��xw�r�~v.}Rtudkl~}¸�³ÇP´

µ(k) := i
��|"egp"eghiegf

x(k) ∈ Xi.
õ²Ï��q���iö

¶zegp"y�eV�$�²xwfÃt�nVlqh)egp
v"tudRtM}begd {(x(k), y(k))}T
k=1

dk|"eC�,tufkdklqdkl~xwprlqprn {Xi}s
i=1

¤�DI¡2¢L£�FyJdk|"eZ�sx)vre:�³�rp"ygdkl~xwp
µ
�"tw}�nVlqh)egp.�)Ç9õ²Ï��q���iög�{ |"e
lqp5hiegfb}be1�"fbxw�r�~eg� l~}Mdk|"e  fF¯¦]¤1B�DôFyJ�E1¤�°3¸LE1¤1B�D �rfbxw�r�~eg�.�Ntup,v.fbe�twvr}Ztw}��²xw� ½�~x$��}���ðzlqhiegp

µ
�"p"v9fbegnVl~xwp"} {Xi}s

i=1
}k�"yR|9dk|,tud
��|"egp"eghiegf

µ(k) = i,
��e�|,t�hiedk|,tud

x(k) ∈ Xi
� { |"e�fbegnVl~xwp�e�}kdklq��tudkl~xwp��rfbxw�r�~eg� y�tups��e�}bxw�qh)e�v��"}klqprn
}kdRtup"v"tufbvdbe�yR|rprl~Ð)�"e�}��²xwf�v"tudRt�yg�åtw}b}kl��,y�tudkl~xwp-ñ"egfkf«tufkl ½¿{ fbe�y�tudbe
egdMtu�Æ�ìõ²�V�V� Ì ö«� { |"eZ�rfbxw�r�~eg�xu�CfbegnVl~xwp'e�}kdklq��tudkl~xwp'dk|"egfbe«�²xwfbe`y�tup;�,lqp-�rfklqp"yglq�r�~eV����e1fbeg�r�åtwy�e�v-�5Ç8dk|"e
�rfbxw�r�~eg�xu���sx5vre�e�}kdklq��tudkl~xwp��²xwfZe�twyb|Ëv"tudRt��,tulqf��
¹Ëe`��lq�q��fbe«�²egfZdbx�dk|"e��åtudkdbegf1�rfbxw�r�~eg�tw}�dk|"e £H¿�¸�JHJ¯¤�ÅI£f¸LE1¤1B�D3¹� fBL®�¿1FH° � { |"e�}be:�rfbxw�r�~eg�s}���lq�q�N��ez�²xwfk��tu�qlq��e�v8lqp�dk|"e:p"e«È�d}be�ygdkl~xwp;�

TÏ��H È BÃA��S��@ìQ UÃT)EZT�@ìQS@;GsT
{ |"e:l~vregp)dkl��,y�tudkl~xwp-�rfbxw�r�~eg� y�xwp"}kl~}kdb}�xu�Ãe�}kdklq��tudklqprnsdk|"ezhVtu�q�"e�}�xu�Ãdk|"ez�rp"j5p"x���p�,tufRtu�segdbegf1h)e�ygdbxwfb}

θi
���²xwf

i = 1 . . . s
�ìtup"v�dk|"e�fbegnVl~xwp"} {Xi}s

i=1
�Nvre�}bygfklq�Pe�v��)Çõ²Ï�� �iög��nVlqh)egp�dk|"e1v"tudRt��,tulqfb}

(x(k), y(k))
���²xwf

k = 1, . . . T
�¹ lqdk|

ϑ ∈ Θ ⊆ R
(n+1)s ��ez��lq�q�Nvregp"xwdbe1t
hie�ygdbxwf ϑ = col(θ1, . . . , θs)

�5��|"egfbedk|"e�xw�PegfRtudbxwf
col(·) }kdRtwybj�}Ãl�dR}Ãxw�PegfRtup"vr}Ãlqp5dbx:tMy�xw�q�r��p�h)e�ygdbxwf��Ã�z}b}k�r�se�dk|,tudÃdk|"em¸xwlqp5d�tM�rfkl~xwfkl��rfbxw�,tu�rlq�qlqd¿Ç�vregp"}klqdoÇZ�³�rp"ygdkl~xwp�xu�,dk|"e��,tufRtu�segdbegfb}�tup"v`dk|"e��,tufkdbl�dblqxwp

û]^#� �	���Iþ���
�� ý��	�
Xi

ÿHþ��¾��� ý����(������
����[�Â��������� 
�� ý)�Q$�ü[� ')+�� 
��9ÿ��%`nÿ��	�p���%
�`nÿX

Xi

ÿ����
Xj

��`nÿHþ��ÿ%��ý�����ý���ü�ÿ�����
(�ÄÙ ���]`��	� �¯ÿ�� � �[ß�
�`	�"�tý�� �[

x
ß�� ��� �	
Sý��S
�`	����`nÿHþ��(��ü�ÿ�����
Y\�ý��	� �á�p��� ý��	
Â
vý%�tý�
�`

Xi

ÿ����
Xj

��ýÚ���	��
�� ����
Y
�`	� �Y� �����	��ßtÿ��Y� 
Z`nÿ��Y��ýÂ��ý��	���(�[�	���	����ý��á
�`	����þ��������[
��(�Q��þvý[���(����þ����
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pϑ,{Xi}s
i=1

l~}ìnVlqh)egp;��ðzlqh)egp
dk|"e�v"tudRtM}begd {(x(k), y(k))}T
k=1

�udk|"e�t���xV}kdbegfkl~xwfklwm¸xwlqp)d��v5�¾xu�ì�,tufRtu�segdbegfb}Mtup"v��,tufkdklqdkl~xwp.y�tup;��lqp8�rfklqp"yglq�r�~eV���Pe:y�xw���r�rdbe�v8�"}klqprn�¯�t�Ç)e�}�dfk�r�~e
tw}�´
pϑ,{Xi}s

i=1
(ϑ, {Xi}s

i=1 | {(x(k), y(k))}T
k=1) =

=
p({(x(k), y(k))}T

k=1 | ϑ, {Xi}s
i=1) pϑ,{Xi}s

i=1
(ϑ, {Xi}s

i=1)
∫

Θ,{Xi}s
i=1

p({(x(k), y(k))}T
k=1 | ϑ, {Xi}s

i=1)×

×pϑ,{Xi}s
i=1

(ϑ, {Xi}s
i=1) dϑ d{Xi}s

i=1 õÆÏ����V�$ö
ðzlqhiegp

s
�
na
�
nb
tup"v9dk|"e�v"tudRt {(x(k), y(k))}T

k=1

�ìdk|"esl~vregp)dkl��,y�tudkl~xVp»�rfbxw�r�~eg�y�tupKp"x��º�Pe
�PxV}be�v�tw}zdk|"e`�rfbxw�r�~eg��xu�C�"p"v�lqprn8dk|"e`�sxV}kd:�qlqj)e«�qÇ-�,tufRtu�segdbegf
tup"v�,tufkdklqdkl~xwp.hVtu�q�"e�}�´
;1ý�� � + � û �I²�@0²1� õ³ñ"�r�q�;lqv"e«p5dkl��,y�tudkl~xwp-�rfRxw�r�~e«��ö

{ϑ, {Xi}s
i=1} = arg max pϑ,{Xi}s

i=1
(ϑ, {Xi}s

i=1 | {(x(k), y(k))}T
k=1)

õ²Ï��q���iö
��|"egfbe'dk|"e-��t$È�lq�`�r�Fl~}�dRtujiegp4x�h)egf�tu�q�z�PxV}b}klq�r�~e-�,tufRtu�segdbegfb}-tup"v&�,tufkdklqdkl~xwp"}}Rtudkl~}¸�³Ç5lqprn�dk|"e1tw}b}k�r���rdkl~xwp"}Mxwp.dk|"e:�sx5vreg��õ²Ï�� �iö��³fbxw� }be�ygdkl~xwp'Ï�� Ì �

� fbxw�r�~eg� Ï�� �"�q��lqp)h)xw�qhie�}�t�m¸xwlqp5d`xw�rdklq��lq�$tudkl~xwp x$h)egf1�,tufRtu�segdbegfb}�tup"vË�,tufkdkl ½dkl~xwp"}��Ptup"v-dk|"lq}zl~}:ts|,tufbv-p,xwp ½ y�xwp)h)e«È'xw�rdklq��lq�$tudkl~xwp��rfbxw�r�~eg� ��lqdk|'��tup)Ç.�~x5y�tu���lqprlq��t�� { |"egfbe«�²xwfbeV�ì��e���lq�q��y�xwp"}kl~vregf`t8fbeg�åt$È"tudkl~xwp»xu���rfbxw�r�~eg��Ï�� �"���V�ìlqp9dk|,tuddk|"e8xw�rdklq��lq�$tudkl~xwp�x$hiegf�fbegnVl~xwp"}stup"v x�h)egf`�,tufRtu�segdbegfb}���lq�q����e�dkfbe�tudbe�v!}beg�,tufRt ½dbeg�qÇi� { |rl~}1}kdbeg�Kl~}Zy�xw���sxwp�lqpKdk|"e�|)Ç5�rfkl~vKl~vregp5dkl��,y�tudkl~xwp9�qlqdbegfRtudk�rfbeV�Ãtup"v'nVlqh)e�}fkl~}beZdbx�t��,tufkdklqdkl~xwp�É$�sx5vre`e�}kdklq��tudkl~xwp'�rfbxw�r�~eg� xwp-xwp"e1|,tup"vN�Ptup"v-t��,tufRtu�segdbegfe�}kdklq��tudkl~xwp.�rfbxw�r�~eg� xwp�dk|"e1xwdk|"egf���z}b}k�r�se8dk|,tud�dk|"e-tK�rfkl~xwfkl�m¸xwlqp)ds�rfbxw�,tu�rlq�qlqdoÇ�vregp"}klqdoÇË�³�rp"ygdkl~xwp xu�Zdk|"e��,t ½fRtu�segdbegfb}
pϑ
l~}-nVlqh)egp;� { |"e»dbxwdRtu�`�rfbxw�,tu�rlq�qlqdoÇÎdk|,tud'dk|"e»xw�"}begfkh)e�vÁv"tudRt }begd

{(x(k), y(k))}T
k=1

��tw}�niegp"egfRtudbe�v.�)Ç�dk|,e:nVlqh)egp��,tufkdklqdkl~xwp {Xi}s
i=1

l~}�´
p({(x(k), y(k))}T

k=1 | {Xi}s
i=1) =

∫

Θ

p({(x(k), y(k))}T
k=1 | ϑ, {Xi}s

i=1) pϑ(ϑ) dϑ.
õ²Ï��q� Ì ö

�ò�,tufkdklqdkl~xwp {X 1
i }s

i=1
l~}�}Rtul~v8dbx`�Pe ®.F�E¯EGFH  dk|,tup�dk|"e:�,tufkdklqdkl~xwp {X 2

i }s
i=1

l��Ãlqd|,tw}�|rlqnV|"egf��rfbxw�,tu�rlq�qlqdoÇi�"lÆ� eV��l��k´
p({(x(k), y(k))}T

k=1 | {X 1
i }s

i=1) > p({(x(k), y(k))}T
k=1 | {X 2

i }s
i=1).
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ðzlqh)egp
s
�
na
�
nb
�ìdk|"esv"tudRt {(x(k), y(k))}T

k=1

tup"v�dk|"e�t8�rfkl~xwfkl��,tufRtu�segdbegf�Pv5�
pϑ
dk|"e ¹
¸� �E1¤vE1¤1B�DÆFyJ�E1¤�°3¸LE1¤1B�D�¹2 �BL®�¿1F¯° y�tupKp"x$�º��e
�²xwfk��tu�q�qÇ-}kdRtudbe�v�tw}zdk|"e�rfbxw�r�~eg� xu�Ã�"p"v�lqprnsdk|"eZ��e�}kd��,tufkdklqdkl~xwp;�rlÆ� eV�q´

;1ý�� � + � û �I²�@0²(� õ � tufkdklqdkl~xwp'e�}kdklq��tudkl~xwp-�rfbxw�r�~eg��ö
{Xi}s

i=1 = arg max p({(x(k), y(k))}T
k=1 | {Xi}s

i=1)
õ²Ï��q�g�5ö

��|"egfbe�dk|"e`��t$È�lq�`�r� l~}zdRtuj)egp�x$hiegf1tu�q�¾�PxV}b}klq�r�~e`�,tufkdklqdkl~xwp"} {Xi}s
i=1

}Rtudkl~}¸�³Ç5lqprndk|"e
tw}b}k�r���rdkl~xwp"}Mxwp�dk|"eZ�sx)vreg��õ²Ï�� �iö��³fbxw� }be�ygdkl~xwp'Ï�� Ì �
� fbxw�r�~eg� Ï�� �"� �:l~}Ctzp"xwp ½ y�xwp5hie«È��rfbxw�r�~eg�.�)��xV}be�v�lqp�dk|"e�fbegnVfbe�}b}bxwf�}k�,twy�e X xu�v�lq�segp"}kl~xwp

n
�z¼¿p"}kdbe�twv'xu��}bxw�qh5lqprn��rfbxw�r�~eg��Ï�� �"� ���Pxwp"e
��t�Ç-yb|"x5xV}be
dbx�e�}kdklq��tudbedk|"e��sx)vreM}be�Ð)�"egp"y�e {µ(k)}T

k=1

�5tup"v�dbx
}k�r�"}be�Ð)�"egp)dk�qÇ�fRegy�xwp"}kdbfk�"ygd�dk|"e��,tufkdbl�dblqxwp
{Xi}s

i=1
xwp8dk|"ez��tw}klq}�xu�Ãdk|"e:e�}kdklq��tudbe�v8�sx)vreZ}be�Ð)�"egp"y�eZtw}�v�l~}byg�"}b}be�v�lqp�}be�ygdkl~xwpÏ�� Ì �¾¼¿p�tup�tup,tu�~xwnixw�"}C��t�Ç�dbx�õ²Ï��q� Ì öÃ��e�y�xw���r�rdbe�dk|"e�dbxwdRtu�"�rfbxw�,tu�rlq�qlqd¿Ç�dk|,tudCdk|"exw�"}begfkh)e�v�v"tudRt�}begd���tw}�niegp"egfRtudbe�v.�5Ç�t`nVlqhiegp.�sx)vre:�³�rp"ygdkl~xwp

µ
´

p({(x(k), y(k))}T
k=1 | µ) =

∫

Θ

p({(x(k), y(k))}T
k=1 | ϑ, µ) pϑ(ϑ) dϑ

õ²Ï��q��Ïiö
�Mp"vregf�dk|"e1tw}b}k�"���rdkl~xwp'Ï�� Ì � ����eZ|,t�h)e

p({(x(k), y(k))}T
k=1 | ϑ, µ) =

T
∏

k=1

pe(y(k) − θµ(k)

[

x(k)> 1
]>

).
õ²Ï��q���iö

{ |"e1yg�åtw}b}kl��,y�tudkl~xwp.�"fbxw�r�~eg� p"x$�4dRtuj)e�}�dk|"e:�²xwfk�.´
;1ý�� � + � û �I²�@0² ÿ õÆ���åtw}b}kl��,y�tudkl~xwp.�rfbxw�r�~eg��ö

µ = arg max p({(x(k), y(k))}T
k=1 | µ)

õ²Ï��q�$óVö
��|"egfbeZdk|"eZ��t$È�lq�`�r� l~}�dRtujiegp-x�h)egfMtu�q�;��xV}b}klq�r�~eZ�sx)vre:�³�rp"ygdkl~xwp"}

µ
�

·zxwdbe�dk|,tudCdk|"e�xw�rdklq��tu�"�sx5vre��³�rp"ygdkl~xwp�xw�rdRtulqp"e�vs�5Ç�}bxw�qh5lqprnZ�rfbxw�r�~eg� Ï�� �"� Ì vrx5e�}p"xwd�y�xwlqp"ygl~vre�lqpsniegp"egfRtu�"��lqdk|sdk|"e��sx)vre�}be�Ð)�"egp"y�e�lqp"v��"y�e�v��5Ç�xw�rdklq��tu�"�,tufkdbl�dblqxwpxw�rdRtulqp"e�v.�³fbxw� �rfbxw�r�~eg� Ï�� �"� ��� { |rl~}�l~}b}k�"eZ��lq�q�ì��e:�³�rfkdb|"egfMv�l~}byg�"}b}be�v�lqp-}be�ygdkl~xwpÏ�� ó5� ðzlqh)egpZdk|"e�t��rfkl~xwfkl$m¸xwlqp)d;�,tufRtu�segdbegfì��v5�
pϑ
tup"vZdk|"e¾�,tufkdklqdkl~xwp {Xi}s

i=1
õ³xwfNdk|"e�sx5vre¾�³�rp"ygdkl~xwp

µ
ö,��eCy�tup
y�xw���r�rdbeCdk|,e�t���xV}kdbegfkl~xwfkl$m¸xwlqp)d;�Pv5�"xu��dk|"e��,tufRtu�segdbegfb}��
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�"}klqprns¯�t�Çie�}�fk�r�~eV´
pϑ(ϑ | {(x(k), y(k))}T

k=1, {Xi}s
i=1) =

p({(x(k), y(k))}T
k=1 | ϑ, {Xi}s

i=1) pϑ(ϑ)
∫

Θ

p({(x(k), y(k))}T
k=1 | ϑ, {Xi}s

i=1) pϑ(ϑ) dϑ

õÆÏ���� Í ö
{ |"eZ�,tufRtu�segdbegfze�}kdklq��tudkl~xwp.�rfbxw�r�~eg�ôdk|"egp�d«tujie�}�dk|"e:�²xwfk�.´

;1ý�� � + � û �I²�@0²�@ õ¡��t$È�lq�`�r� �qlqj)eg�qlq|"x)x5v��,tufRtu�segdbegfze�}kdklq��tudkl~xwp�ö
{θMAP

i }s
i=1 = arg max pϑ(ϑ | {(x(k), y(k))}T

k=1, {Xi}s
i=1)

õ²Ï��q���iö
��|"egfbeZdk|"eZ��t$È�lq�
�r� l~}�dRtuj)egp.x$hiegfztu�q�N�PxV}b}klq�r�~e:�,tufRtu�segdbegfMhVtu�q�"e�}��
xwf��"tu�qdbegfkp,tudklqh)eg�qÇi�
;1ý�� � + � û �I²�@0²(� õ³e«È��Pe�ygdbe�v��,tufRtu�segdbegfMhVtu�q�"e$ö

{θE
i }s

i=1 = E ϑ,
õ²Ï�� �V�iö

��|"egfbe
ϑ
|,tw}�dk|"eZ�rfbxw�,tu�rlq�qlqd¿Ç.vregp"}klqd¿Ç��³�rp"ygdkl~xwp»õ²Ï��q� Í ög�

ÅMp"y�e�dk|"eZm¸xwlqp5dZ�,tufRtu�segdbegf
�Pv5��õ²Ï��q� Í ö:l~}1y�xw���r�rdbe�v9�rfbxw�r�~eg�s}`Ï�� �"� �Ktup"vËÏ�� �"� Ïy�tup»�Pe�e�tw}klq�qÇË}bxw�qhie�vËp5�r�segfkl~y�tu�q�qÇi��¼¿p»dk|"e8}be�Ð)�"eg����e���lq�q���²x)yg�"}�xwp»�"fbxw�r�~eg�s}Ï�� �"� Ì õ³}be�ygdkl~xwp'Ï�� Ïiö�tup"v.Ï�� �"� �.õ³}be�ygdkl~xwp'Ï�� óVö«�
TÏ�(T Ë w\��AÃL'TVORQ�E���O�H`@;G�TVO(J3É;EZTVO�A�G E���Õ
ACBPO$TV?�Q
ÅM�rdklq��lq�$tudkl~xwp-�rfbxw�r�~eg� Ï�� �"� Ì l~}�t�y�xw�`�rlqp,tudbxwfklåtu�Ãxw�rdklq��lq�$tudkl~xwp-�rfbxw�r�~eg�.�"��|"egfbetu�q�5��xV}b}klq�r�~e��sx5vre�}begÐ)�,e«p,yge�}Ã|,t�hie�dbxM�Pe�e«È��r�~xwfbe�v`lqp�xwfbvregfÃdbxzxw�rdRtulqpstup�xw�rdklq��tu�}bxw�q�rdkl~xwp;�z�z}Mdk|"e`p)�r�`��egfZxu�Cdk|"e�y�xw�q�~e�y«dRegv�v"tudRts�,tulqfb}zlqp"ygfbe�tw}be�}:}k�"yR|�ts}be�tufbyR|Ð)�rl~ybj5�qÇ���e�y�xw�se�}�y�xw���r�rdRtudkl~xwp,tu�~�qÇ9lqp5dkfRtwygdRtu�r�~eV�-¶zegp"y�eV�Ã��e�|,t�h)esdbx.fbe�}bxwfkd
dbx}k�r��xw�rdklq��tu�ì��lqprlq��lq�$tudkl~xwpKtu�qnixwfklqdk|r�s}��¹9e���lq�q��y�xwp"}kl~vregf`dk|"e�v"tudRt.�Pxwlqp)db}�}be�Ð)�"egp5dklåtu���qÇ)�Ctup"vËdkfkÇ�dbx.�"p"vËdk|"e���e�}kd��xV}b}klq�r�~e�yg�åtw}b}kl��,y�tudkl~xwp»xu��dk|"e�v"tudRt��,tulqf

(x(k), y(k))
�ì��lqdk|Ëv,tudRt8�Pxwlqp)db}
�r�Ëdbx

k−1
tu�qfbe�twv�Ç�yg�~tw}b}kl��,e�vN� { |"eMvre�}bygfklq�Pe�v�xw�rdklq��lq�$tudkl~xwp�}kdkfRtudbegnVÇ�l~}�j5p"x���p�lqp�dk|"exw�rdklq��lq�$tudkl~xwp'�qlqdbegfRtudk�rfbe`tw}�dk|"e ¦] fF�F�¡t­ }kdkfRtudbegnVÇ ½ dk|"e
tu�qnixwfklqdk|r� dkfkl~e�}�dbx���tujiedk|"es�Pe�}kd
��xV}b}klq�r�~e��~x)y�tu��vre�ygl~}kl~xwp;�¾lqp»xwfbvregf`dbx'tu�r�rfbxitwyR|»dk|"esnV�~xw�,tu��xw�rdklq�`�r�.�À;egd

pθ(·, k)
vregp"xwdbezdk|"eM�Pv5�ìxu�ìdk|"eM�,tufRtu�segdbegf

θ
t$�³dbegf

k
}kdbeg�"}�xu�;dk|"eZtu��nixwfbl�db|r�.�À;egd

pθ(·, 0) vregp"xwdbe1dk|"e1t��rfkl~xwfkl;�,tufRtu�segdbegfM��v5�k��lÆ� eV� pθ(·, 0) = pθ(·) �
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¹Ëe:��lq�q�Ãtw}b}k�r�se:dk|,tud�dk|"e�m¸xwlqp)d���v5��xu�
θ1, . . . , θs

tudM}kdbeg�
k
dRtuj)e�}�dk|"ez�²xwfk�

pθ1,...,θs
(θ1, . . . , θs; k) =

s
∏

i=1

pθi
(θi; k),

õ²Ï�� ���$ö
{ |,tudCl~}��u�²xwf�tu�q�

i 6= j
tup"v`�²xwf�tu�q�

k
�,tufRtu�segdbegfb}

θi
tup"v

θj
tufbe�tw}b}k�r�se�v��`�rdk�,tu�q�qÇlqp"vreg�Pegp"vregp)dÃnVlqh)egp
v"tudRt��r�
dbx�dklq�se�}kdbeg�

k
�ì�Mp"vregfìdk|rl~}Ãtw}b}k�r���rdkl~xwp
��e�y�xwp"}kl~vregfdk|"e:�²xw�q�~x���lqprn��rfbxw�r�~eg�.´

;1ý�� � + � û �I²(�I²1� ñ"xwf
k = 1, . . . , T

�"p"v�dk|"e��sxV}kd��qlqj)eg�qÇ`�sx)v"e
µ(k)

xu�Pdk|"e�v"tudRt�,tulqf
(x(k), y(k))

�wnVl�h)egp`dk|"e�t��rfkl~xwfklwm¸xwlqp)dÃ�,tufRtu�segdbegf¾�Pv5�
pθ1,...,θs

(θ1, . . . , θs; k−
1)
tud�}kdbeg�

k − 1
��|rl~yb|.l~}�xu�¾dk|"e:�²xwfk�0õ²Ï�� ���$ög��lÆ� eV�
µ(k) = arg max

i
p((x(k), y(k)) | µ(k) = i).

õ²Ï�� �V�iö
¼¿pËõ²Ï�� �V�iö

p((x(k), y(k)) | µ(k) = i) =

∫

Θi

p((x(k), y(k)) | θ) pθi
(θ; k − 1) dθ.

õÆÏ�� � Ì ö
tup"v

p((x(k), y(k)) | θ) = pe(y(k) − θ
[

x(k)> 1
]>

)
õ²Ï�� �u�5ö

{ |"e��rfRxw�r�~e«�SÏ�� Ï��q��l~}Z}bxw�qh)e�vKlqpËt�}kdkfRtulqnV|5d¸�²xwfk��tufbv���t�Çi�N�5Ç'y�xw���r�rdklqprn!õ²Ï�� � Ì ö�²xwf
i = 1, . . . s

tup"v.yR|"x)xV}klqprn
µ(k)

�"twy�y�xwfbv�lqprn�dbx.õ²Ï�� �V�iög�¼Æ�
µ(k) = i

dk|"eztZ�PxV}kdbegfkl~xwfkl)m¸xwlqp5d��,tufRtu�segdbegf��Pv5�;l~}�y�xw���r�rdbe�v��"}klqprn`¯�t�Ç)e�}�dfk�r�~e
tw}�´
pθ1,...,θs

(θ1, . . . , θs; k) = pθµ(k)
(θµ(k); k)

s
∏

i=1
i6=µ(k)

pθi
(θi; k − 1).

õ²Ï�� �VÏiö
��|"egfbe

pθµ(k)
(θ; k) =

pe(y(k) − θ>
[

x(k)> 1
]>

) pθµ(k)
(θ; k − 1)

∫

Θi

pe(y(k) − θ>
[

x(k)> 1
]>

) pθµ(k)
(θ; k − 1) dθ

õ²Ï�� �V�iö
¶zegp"y�eV�"l���dk|"eZ�,tufRtu�segdbegfb}z��egfbe1lqp"vreg��egp"vregp5dZtudM}kdbeg�

k − 1
���³fbxw�Sõ²Ï�� �VÏiö�lqd��²xw� ½�~x$��}�dk|�tud�t$�³dbegf�yg�åtw}b}kl �³Ç5lqprn`dk|"e

k
½ dk|8v"tudRt
��xwlqp5d�dk|"egÇs��lq�q��fbeg��tulqp8lqp"vreg��egp"vregp5d��ñ"�rfkdk|"egfk�sxwfbeV�Ãdk|"e�t8�PxV}kdbegfkl~xwfklìm¸xwlqp)d
�,tufRtu�segdbegf
�Pv5��l~}1xw�rdRtulqp"e�vË�)ÇK�r��v"tudbl�p"ndk|"e:��v5�¾xu�Ãdk|"e:�,tufRtu�segdbegf�dk|,tud�niegp"egfRtudbe�v�dk|"eZv"tudRt`�,tulqf�����|rlq�~e:dk|"ez�Pv5�²}�xu�ìdk|"exwdk|"egf��,tufRtu�segdbegfb}Mfbeg��tulqp.�rp"yR|,tuprnie�vN�·zx$�1�"��e`tufbe1fbe�twv�Ç�dbx��²xwfk��tu�q�qÇ.}kdRtudbe1dk|"e`tu�qnixwfklqdk|r�ô�²xwfMyg�åtw}b}kl��,y�tudkl~xwp�tup"v�,tufRtu�segdbegfze�}kdklq��tudkl~xwp;�
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U + � �,ý 
(��) û �I²(�I²(�ÿþ ��+¡ü ����
(M �iü ��
 � � ü � 	X-Ãürýuü"û �]��� ý ������
 û9ü ��
 � ���
• ����� - �!Ø ÅM�rdRtulqp�dk|"e ¸s¹2 ¯¤1B� ¯¤ �rfbxw�,tu�rlq�qlqd¿ÇKvregp"}klqdoÇ.�³�rp"ygdkl~xwp"} pθi

(·; 0) �²xwf
i = 1, . . . s

Ár}begd
k = 1

�
• ����� - �_Ø �z}b}klqnVp'dk|"e�v"tudRt��,tulqf (x(k), y(k))

dbx�db|"e`�sx5vre
µ(k)

��lqdk|�dk|"e|rlqnV|"e�}kd��qlqjieg�qlq|"x5x)v.�"}klqprnKõ²Ï�� �V�iö
• ����� -Kÿ Ø ��xw���r�rdbe�dk|"e ¸<¹�B�J�EGFH ¯¤1B� ¯¤ ��v��"xu�rdk|"e��,tufRtu�segdbegf θµ(k)

�
pθµ(k)

(·; k)�"}klqprnKõ²Ï�� �V�iög��ñ,xwfMtu�q�
j 6= µ(k)

�r}begd
pθj

(·, k) = pθj
(·; k − 1)

�
• ����� - @YØ k = k + 1

Á�nixwdbxs}kdbeg�-���rp)dklq�
k > T ♦{ |"e�}byR|"eg��tudkl~y�fbeg�rfbe�}begp)dRtudblqxwpËxu��dk|"e�tu�qnixwfklqdk|r�SÏ�� Ï�� ���P�²xwfzdk|"e�y�tw}be

s = 2l~}�nVlqhiegp.lqp8�"nV�rfbe
Ï��q�V�

maximum
likelihood

decision logic

computation of
the a posteriori

p.d.f.

computation of
the a posteriori

p.d.f.

))(),(( kykx

),(1 kp ⋅θ

),(2 kp ⋅θ

)0,( :init 1 ⋅θp

)0,( :init 2 ⋅θp

¥ ¤c¦2¢n fF�KL¨c§]©S·,£�«IFH°3¸LE1¤1£Ï fF�¹2 fFyJfFHD�E_¸LE1¤1B�D:B�ºC¸�¿c¦.B� ¯¤vE1«.° Bf¹�FH ~¸LEK¤�B�D�º_B� õEGÍ�B\°&BL¡.FyJ
{ |"e�tu�qnixwfklqdk|r� Ï�� Ï�� ��l~}ìvregfklqhie�v1�5ÇZy�xwp"}kl~vregfklqprn:v"tudRt���xwlqp5db}Ãxwp"e�tudÃt�dklq�seV�Ã¼¿dl~}¾�PxV}b}kl��"�qeV�5tu�~xwprnZdk|"e�}Rtu�se��qlqp"e�}��VdbxZvregfklqhie�tM�Ætu��lq�qÇ`xu�N}k�r��xw�rdklq��tu��tu�qnixwfklqdk|r�s}��dk|,tudì��xw�r�~v`yg�åtw}b}kl��³Ç

m ≤ T
v"tudRt���xwlqp5db}ìlqp`e�twyR|`}kdbeg�;�Ã·zxwdbeCdk|,tud��itw}

m
lqp"ygfbe�tw}be�}dk|"e.y�xw���r�~e«È�lqd¿Ç�xu�Zdk|"e.y�xw�
�rlqp,tudbxwfklåtw�zxw�rdklq��lq�$tudkl~xwp �rfbxw�r�~eg��dk|,tud�|,tw}sdbx���e}bxw�qhie�v8lqp-e�twyb|-}kdbeg�.lqp"ygfbe�tw}be�}Me«È���xwp"egp5dklåtu�q�qÇi��tup"v��²xwf

m = T
dk|"e1xw�rdklq��lq�$tudkl~xwp�rfbxw�r�~eg� �Pe�y�xw�se�}�dk|"e1y«�åtw}b}kl��,y�tudkl~xwp-�rfbxw�r�~eg� Ï�� �"� Ì �

TÏ�Xb È E�B�TVO�É_��@§JC�$T�@NBPObGõÕ E�L`LsBÃA;J1ORQ�EZTVO�A�G
�Mp,tu�qÇ5dkl~y�tu�z}bxw�q�rdkl~xwp"}�dbx õ²Ï�� �V�iö�tup"vÁõ²Ï�� �V�iö�tufbe.lqp)dkfRtwygdRtu�r�~e-�²xwfsniegp"egfRtu�zp"xwl~}betup"v9�,tufRtu�segdbegf`�rfbxw�,tu�rlq�qlqd¿ÇËvregp"}klqd¿ÇK�³�rp"ygdkl~xwp"}�� { x�dk�rfkp tu�qnixwfklqdk|r� Ï�� Ï�� ��lqp5dbxt��²e�tw}klq�r�~esy�xw���r�rdRtudkl~xwp,tu��}byR|"eg�seV�;��e�xw�rdZ�²xwfZdk|,e��,tufkdkl~yg�~e��"�qdbegfklqprn'tu�r�"fbxitwyb|
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õ³�Mfk�r�åtu��tu�,tu�åtu��egd`tu�Æ��õ²�V�V�V�iökö«��¶zegfbe���e��rfbe�}begp5d
xwpr�qÇKdk|"e���tulqp9l~vre�t�xu��dk|rl~}tu�r�rfbxitwyR|;�9ñ,xwf�t'vregdRtulq�~e�v e«È��PxV}klqdkl~xwp!xwp lq���r�~eg�se«p5dklqprn"��dk�rprlqprn9tup"v y�xwp5hiegf ½niegp"y�e:fbe�}k�r�qdb}��³xwf��,tufkdkl~yg�~ez�"�qdbegfb}�}be�e:eV� n"���Mfk�r�åtu��tu�,tu�åtu�ôegd�tu�Æ�Nõ²�V�V�V�iö«� ± xw�"y�egdegdztu�Æ�;õ²�V�V���$ö«�P��fkl~}Rtup-tup"v ± xw�"y�egd`õ²�V�V�V�iö�tup"v�fbe«�²egfbegp"y�e�}�dk|"egfbeglqp;�{ |"e��rp"vregfk�qÇ5lqprn.l~vre�t8xu���,tufkdkl~yg�~e��"�qdbegfklqprn��segdk|"x5vr}Zl~}:dbx.tu�r�rfbx�È�lq��tudbe�dk|"e�Pv5�
pθi

(·; k)
vre«�"p"e�v x�h)egf�t9vregp"}be.}begd

Θi
��lqdk| t���v5�
}k�r�r��xwfkdbe�v&lqp tK�"prlqdbep5�r�
�Pegf�xu�Ã�Pxwlqp)db}

θl,k
i ∈ Θi, l = 1, . . . , N

y�tu�q�~e�v8�,tufkdkl~yg�~e�}�� { |"e:�Pv5�
pθi

(·; k)
l~}dk|"egp'tu�r�rfbx�È�lq��tudbe�v'tw}�´

pθi
(θ; k) ≈ p̂θi

(θ; k) :=
N

∑

l=1

wl,k
i δ(θ − θl,k

i ).
õ²Ï�� �ióVö

��|"egfbe
wl,k

i > 0
l~}Mt`��eglqnV|5dztw}b}bx5yglåtudbe�v���lqdk|�dk|,e:�,tufkdkl~yg�~e

θl,k
i

��M�qnixwfklqdk|r�s}Mdk|,tudM}Rtu���r�~eZ�,tufkdkl~yg�~e�}
θl,k
i

twy�y�xwfbv�lqprn�dbx�tup)Ç8nVlqhiegp.�rfbxw�,tu�rlq�qlqdoÇvregp"}klqdoÇ!�³�rp"ygdkl~xwp y�tup ��e.�²xw�rp,v&lqp dk|"e-�qlqdbegfRtudk�rfbe�õ¡lÆ� eV�Á�Ke«dbfbxw��xw�ql~} ½ ¶:tw}kdklqprni}tu�qnixwfklqdk|r�.�Pðzlq�r�"}�}Rtu���r�~egfMegdbyV�Mõ³ñÃl~}k|r��tup»õ¸���V�V�iökökö«��C}kdklq��tudbe�}�õ²Ï�� �iö;tup"v�õ²Ï�� �5öPy�tup
�PeCxw�rdRtulqp"e�vZ�³fbxw� õ²Ï�� �ióVöPlqp`t�}kdkfRtulqnV|5d¸�²xwfk��tufbv��t�Ç)����xw�
�rlqprlqprn�õ²Ï�� �ióVö:��lqdk| õ²Ï�� � Ì ö:��esxw�rdRtulqpËdk|"e��²xw�q�~x���lqprnKtu�r�"fbx�È�lq��tudkl~xwp�²xwf
õ²Ï�� � Ì ög´

p((x(k), y(k)) | µ(k) = i) ≈
N

∑

l=1

wl,k−1
i pe(y(k) − θl,k−1

i x(k))
õ²Ï�� � Í ö

{ x9y�xw���r�rdbe.dk|"e�fbe�yg�rfb}kl~xwpºõ²Ï�� �V�iö`��e��"}be.tK�sx5v�l��,y�tudkl~xwp xu�Zdk|"e'��tu���r�~e¼¿���PxwfkdRtup"y�e'�Me�}Rtu���r�qlqprn4õÆ�5¼o�:ö��,tufkdkl~yg�~e-�"�qdbegfklqprn�tu�qnixwfklqdk|r� õ³�Mfk�r�åtu��tu�,tu�åtu�egdztu�Æ�;õ²�V�V�V�iökö«� { |rl~}�fbe�}k�r�qdb}�l�p.dk|"e:�²xw�q�~x���lqprn�y�xw���r�rdRtudkl~xwp�tu�Ã}byR|"eg�sew´
U + � �,ý 
(��) û �I²�[
²1� þ ù � ^ -Ãürý ��
 ��+ �¼M + ��� ý 
1�����

• ñ¾Åz� l = 1
{ Å

N½ v�lqh)egfb}kl��³Ç��,tufkdkl~yg�~e�}�´
θl,k
i = θl,k−1

i + εl �r��|"egfbe εl ∼ N (0, Σε)½ y�xw���r�rdReZ��eglqnV|)db}
wl,k

i = p((x(k), y(k)) | θl,k
i )

�"}klqprnKõ²Ï�� �u�5ö
�C· ± ñÃÅz�

• p"xwfk��tu�qlq��eV´
wl,k

i :=
wl,k

i
∑N

l=1 wl,k
i

,

�²xwf
l = 1, . . . N
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• fbe�}Rtu���r�~e N
dklq�se�}��³fbxw��v�l~}kdkfklq�r�rdkl~xwpºõ²Ï�� �ióVö�dbx9xw�rdRtulqp&dk|"e�p"eg�ô}begd�xu��,tufkdkl~yg�~e�}

θl,k
i

�r��|"egfbe
wl,k

i = N−1 ♦
�M�qnixwfklqdk|r�s}
�²xwf
}Rtu���"��lqprnKv�l~}kdkfklq�r�"dkl~xwp"}�xu��dk|"e�d¿Ç5�Pe'õ²Ï�� �ióVö
tufbe�}kdRtup"v,tufbv õ³}be�e�²xwfzlqp"}kdRtup"y�e�õ³�Mfk�r�åtu��tu�,tu�åtu��egdZtu�Æ�q�P�V�V�V���;tu�qnixwfklqdk|r�0�iökö«�1�)lqp"y�e`��e�tufbe
�"}klqprndk|"e��5¼o� tu�qnixwfklqdk|r���²xwfZe�}kdklq��tudklqprn.dk|"e�y�xwp"}kdRtup)d1�,tufRtu�segdbegf1lqd:l~}Zp"e�y�e�}b}RtufkÇ-dbxv�lqhiegfb}kl��³Ç�dk|"eZ�,tufkdkl~yg�~e�}
õ³¯�egfk���rlqprlÃtup"v'ðzlq��j�}
õ²�V�V���$ökö«�Cñ,xwf�dk|rl~}��r�rfk�PxV}be:��e1twvrvdk|"e�p"xwfb��tu���qÇ v�l~}kdkfklq�r�rdbe�v»fRtup"vrxw� dbegfk�

εl dbxKe�twyb| �,tufkdkl~yg�~e8lqp»dk|"e��"fb}kd�}kdbeg�xu��dk|"e�tu�qnixwfklqdk|r��Ï�� ���q�V�sÄ�tufklåtup"y�es��tudkfkl�È
Σε
lq}1dk|"e�dk�rprlqprn.�,tufRtu�segdbegf
lqp9dk|"etu�qnixwfklqdk|r�.� { |rl~}`�segdk|"x5v xu�M�,tufkdkl~yg�~e8v�lqh)egfb}kl��,y�tudkl~xwp l~}�}klq���r�~eV�¾�r�"d`lqp"ygfbe�tw}be�}dk|"e�hVtufklåtup"y�ezxu�;dk|"eze�}kdklq��tudbe�}���ÅMdk|"egf��,tufkdkl~yg�~e��"�qdbegfklqprnstu�qnixwfklqdk|r�s}���lqdk|���egdkdRe«f}kdRtudkl~}kdkl~y�tu�M�rfbxw�Pegfkdkl~e�}��r�rd�|rlqnV|"egf�y�xw���r�rdRtudkl~xwp,tw�z�~xitwvN��y�tup ��e��²xw�rp"v�lqp&dk|"e�qlqdbegfRtudk�rfbe�õ³}be�ez�²xwf�lqp"}kdRtup"y�e1¯�egfk���rlqprlÃtup"v'ðzlq�qj�}
õ²�V�V���$ökö«�

TÏ��Î È E�B�TVO$TVO�A�G @;UÃTVORQ�EZTVO�A�G
ÅMp"y�e�dk|"esegp)dklqfbe�v"tudRt�}begdZ|,tw}1��e�egp9�,tw}b}be�v�dk|rfbxw�rnV|9dk|"e�tu�qnixwfklqdk|r��Ï�� Ï�� ���ìdk|"e�"p,tu����v5�²}�xu�ìdk|"eM�,tufRtu�segdbegfb}

pθi
(·; T )

tufbe:t�hVtulq�åtu�r�~eZtup"v8tu�q�Pv"tudRt1��xwlqp5db}�y�tup���etudkdkfklq�r�rdbe�vËdbx.dk|"es�sx)vre���lqdk|Ëdk|"es|rlqnV|"e�}kd
�qlqj)eg�qlq|"x)x)v;�Ã�"}klqprn!õ²Ï�� �V�iög�8¼¿p»xwdk|"egf��xwfbvr}��Pdk|"e
�sx5vre
�³�rp"ygdkl~xwp
µ
l~}zfbe ½ e�}kdklq��tudbe�vN�P�"}klqprn

pθ1,...,θs
(·; T )

��lqpKxwfbvregf:dbxxw�rdRtulqp.dk|"eZ�sxV}kd��qlqjieg�qÇ
µ
�����³dbegf�dk|rl~}�yg�åtw}b}kl��,y�tudkl~xwp;�,}kdRtup"v"tufbv.dbe�yb|rprl~Ð)�"e�}��³fbxw��,tudkdbegfkp�fbe�y�xwnVprlqdkl~xwp�y�tup���eMtu�r�r�ql~e�vsdbx1vregdbegfk��lqp"e�dk|,e�fbegnVl~xwp"} {Xi}s

i=1
õ³}be�e�eV� n"�¯�egprp"egdztup"v.�Ktuprn)tw}Rtufklåtup»õ¸���V�u�5ökö«�¶zx���eghiegf��,dk|,e1�segdk|"x5v'xu�C|rlqnV|"e�}kdz��lqj)eg�qlq|"x)x5v'yg�åtw}b}kl��,y�tudkl~xwp�vrx)e�}Mp"xwdzp"e�y�e�} ½}Rtufklq�qÇ
yg�åtw}b}kl��³Ç1dk|"e�v"tudRtM�Pxwl�p5db}¾dbxzdk|"e�y�xwfkfRegygd��sx5vreV� { |rl~}¾�rfbxw�r�~eg� l~}¾e�}k�Pe�yglåtu�q�qÇlq����xwfkdRtup5d���|"egp�dk|"eM|)Ç5�Pegfk�r�åtup"e�}�vre«�"p"e�v��5Ç�d¿��x
�,tufRtu�segdbegf�hie�ygdbxwfb}

θi
tup"v

θjlqp)dbegfb}be�ygd`x�h)egfZdk|"e�fbegnVl~xwp Xj
� { |"egp;�ìv"tudRt���xwlqp5db}1p"e�tuf1dk|rl~}Zlqp5dbegfb}be�ygdkl~xwpË��t�Ç��e���fbxwprnV�qÇËtudbdkfklq�r�rdbe�vËdbx-dk|"es�sx5vre

i
� { |rl~}
l~}b}k�"es��lq�q���Peslq�q�q�"}kdkfRtudbe�v»lqpËdk|"ee«È"tu���r�~e�lqp!}be�ygdkl~xwp&Ï�� Í ��¹�fbxwprnV�qÇ tudkdkfklq�r�rdbe�v�v"tudRt-�Pxwl�p5db}���t�ÇËl�p dk�rfbp �~e�twvdbxsegfkfbxwfb}Mlqp'vregdbegfk��lqprlqprn8}beg�,tufRtudklqprn�|5Ç5��egfk�r�åtup"e�}���¼¿p.dk|rl~}M}be�ygdkl~xwp-��eZ�rfbxw�PxV}bet��sx)v�l��,e�vËh)egfb}kl~xwp»xu��dk|"e��'�MÀ � tu�qnixwfklqdk|r�S�³fbxw�S¯�e«p"p"egd�tup"vË�Ktuprn)tw}Rtufklåtupõ¸���V�u�5ö�dk|,tudztulq�s}�dbx�tu�q�~egh5låtudbeZdk|rl~}��rfbxw�r�~eg�.�± e«�"p"eZdk|"e1}begd Di

tw}�´
Di = {x(k) | µ(k) = i} õ²Ï�� �V�iö

��|"egfbe
µ(k)

l~}�y�xw���r�rdbe�v.tw}�lqp�õ²Ï�� �V�iög�5��lqdk|
pθi

(·, T )
��¶zegp"y�eV� Di

y�xwp"}kl~}kdb}�xu�¾tu�q�v"tudRtZ�Pxwlqp)db}�dk|,tud�tufbeztudbdkfklq�r�rdbe�v�dbx1dk|"eM�sx)vre
i
xwp�dk|"e��,tw}kl~}�xu�Ndk|,eztZ��xV}kdbegfkl~xwfkl��v5�

pθi
(·; T )

�
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� �]M���
(��
 � �X�I² T ²1� õ³¯�egprp"egdstup"v»�Ktuprn)tw}Rtufklåtup4õ¸���V�u�5ökö { |"e�}begdb} {Di}s
i=1

tufbe
¹2¤1F�£�F�Í±¤�JfF~¾�¿�¤�DIFf¸� ¯¿�­6JfF�¹
¸� ~¸Y®�¿1F l���dk|"egfbe�e«È�l~}kd

wi ∈ R
n, γi ∈ R

�²xwf
i = 1, . . . , s}k�"yR|�dk|,tud�´

〈[

x
1

]

,

[

wi

γi

]〉

>

〈[

x
1

]

,

[

wj

γj

]〉 õ²Ï�� Ì �iö
�²xwf1tu�q�

x ∈ Di
tup"v

j 6= i
�`¶zegfbe 〈·, ·〉 vregp"xwdbe�}1dk|"e�}kdRtup"v"tufbvKlqprp"egfZ�rfbx5v��"ygdZlqp

R
n+1 �
ðzlqh)egp

wi, γi
dk|"eZ�sx)vre1xu�¾dk|"e1v"tudRt���xwlqp5d

x
y�tup.��e1e�}kdklq��tudbe�v-tw}�´

µ̃(x) = arg max
i

〈[

x
1

]

,

[

wi

γi

]〉

.
õ²Ï�� Ì �$ö

tup"v�dk|"eZ|)Ç5�Pegfk�r�åtup"eZdk|,tudM}beg�,tufRtudbe�}�fbegnVl~xwp"} Xi
tup"v Xj

l~}�nVlqh)egp��5ÇP´
{x ∈ R

n | (wi − wj) x = γi − γj}. õ²Ï�� Ì �iö
¼Æ�¾dk|"e
}begdb} Di

tufbe1�rl~e�y�eg��l~}be1�qlqp"e�tufk�qÇ.}beg�,tufRtu�r�~e1dk|"egp.dk|"e1��tudkfkl~y�e�}
Hi, hi

vre«� ½prlqprnsdk|"eZfbegnVl~xwp Xi
tw}�lqp»õ²Ï�� �iö�y�tup�dk|"egp.�Pez�²xwfk�se�v-tw}�´

Hi = colj((wi − wj)
>), hi = colj(γi − γj),

õ²Ï�� ÌVÌ ö
��|"egfbe

j = 1, . . . , s, j 6= i
�Ptup"v-dk|"e`xw��egfRtudbxwf

col(·) }kdRtwyRj�}Mlqdb}:tufknV�r�segp)db}:lqp5dbxt.y�xw�q�r��p»h)e�ygdbxwf��.·zxwdbesdk|,tud`xwpr�qÇ�fbegnVl~xwp"}`��lqdk|»�r�Ëdbx
s − 1

hiegfkdkl~y�e�}`y�tup»��evre�}bygfklq�Pe�v�lqp�dk|rl~}���t�Çi�¼Æ��dk|"e�}begdb} Di
tufbe�p"xwd:�rl~e�y�eg��l~}be��qlqp"e�tufk�qÇ'}beg�,tufRtu�r�~es}bxw�se�v"tudRt���xwlqp5db}1tufbenixwlqprn�dbx�h5l~xw�åtudbe8õ²Ï�� Ì �iög��¼Æ��dk|"e1fbegnVfbe�}b}bxwf

x ∈ Di
l~}Myg�åtw}b}kl��,e�v.dbxsdk|"e1fbegnVl~xwp Xjõ¡lÆ� eV��l��

µ̃(x) = j
ö�dk|"e Ä�¤1B�¿�¸LE1¤1B�D

ζij(x) : Di → R
lq}�nVlqh)egp'tw}

ζij(x) = (−x(wi − wj) + (γi − γj) + 1)+
õ²Ï�� Ì �5ö

��|"egfbe
q+ = max{q, 0} ���)dRtup"v"tufbv9�'�MÀ � tu�qnixwfklqdk|r� �"p"vr}

wi, γi
�5Ç-��lqprlq��l ½��lqprn�dk|"e`}k�r� xu��t�hiegfRtunie�v'h5l~xw�åtudkl~xwp"}�õ²Ï�� Ì �5ög�,dk|rfbxw�"nV|�t�}klqprnV�~e
�qlqp"e�tuf:�rfbxwnVfRtu�õ³¯�egprp"egdztup"v.�Ktuprn)tw}Rtufklåtup»õk���V�u�5ökö«�¼¿psxw�rf�y�tw}be���e���lq�q�"��eglqnV|5dCdk|"e�h5l~xw�åtudkl~xwp"}zõ²Ï�� Ì �5ö�twy�y�xwfbv�lqprn
dbxZdk|"e��²xw�q�~x$��lqprn�rfklqp"yglq�r�~eV´Cl��Ãdk|"eZ�rfbxw�,tu�rlq�qlqd¿Ç8dk|,tud�dk|"e:fbegnVfbe�}b}bxwf

x ∈ Di
�Peg�~xwprni}�dbx�dk|"eZ�sx)vre

il~}�tu�r�rfbx�È�lq��tudbeg�qÇse�Ð)�,tu�"dbxZdk|"e��rfbxw�,tu�rlq�qlqdoÇ�dk|,tudClqdC��eg�~xwprni}�dbxZ�sx)vre
j
�idk|"egpsdk|"ey�xwfkfbe�}k�Pxwp"v�lqprn�h5l~xw�åtudkl~xwp

ζij(x)
��l��z��xV}klqdklqh)eV�C}k|"xw�r�~v p"xwd���e8��egp,tu�qlq��e�v!|rlqnV|r�qÇi�¹ËeZvre«�"p"eZdk|"e Í�FH¤c¦]«IE1¤�DY¦'º�¢nDI£�E1¤1B�D

ξij : Di → R
tw}

ξij(x(k)) = log
p((x(k), y(k)) | µ(k) = i)

p((x(k), y(k)) | µ(k) = j)
.

õ²Ï�� Ì Ïiö
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�)lqp"y�e:�²xwfMtup)Ç
j 6= i

p((x(k), y(k)) | µ(k) = i) > p((x(k), y(k)) | µ(k) = j)

dk|"e
��eglqnV|)d�õ²Ï�� Ì Ïiö�l~}Ztu�q��t�Ç�}zp"xwprp"egn)tudklqhieV�ìtup"v'l~}:egÐ)��tu�Ãdbx���egfbx���|"egpKdk|"e`d¿��x�qlqjieg�qlq|"x5x)vr}ztufbe1e«È"twygdk�qÇ8e�Ð)�,tu�Æ�{ |"eM��eglqnV|)dklqprn`�³�rp"ygdkl~xwp9õ²Ï�� Ì Ïiö�dRtuj)e�}�lqp5dbx�twy�y�xw�rp5d�xwpr�qÇsdk|"eMfbeg�åtudklqh)ez}klq��ezxu�dk|"e��sx)vre��qlqj)eg�qlq|"x)x5vr}��¾¼Æ�Pxw�rdk�ql~egfb}�tufbe��rfbe�}begp)d�lqp�dk|"e�v"tudRt:}begd��w�sx5vre��qlqj)eg�qlq|"x)x5vr}��t�Ç'��e�p"egnV�qlqnVlq�r�~eV�;�r�rdZdk|"eglqfZfRtudkl~xr�P�²xwfk�se�v9tw}:lqp&õ²Ï�� Ì Ïiög�P��t�Ç'}kdklq�q����e�}klqnVprl�� ½y�tup)d����Mp,xwdk|"egf���xV}b}klq�r�~ezyR|"xwl~y�e:xu�;dk|"eM��eglqnV|)dklqprn`�³�rp"ygdkl~xwp
ξij
�)��|rl~yR|�dRtuj)e�}�lqp5dbxtwy�y�xw�rp)d:tu�~}bx�dk|"e
tu�"}bxw�q�rdbe1}klq��e�}�xu�¾�sx)vreZ�qlqj)eg�qlq|"x)x5vr}�l~}�´

ξij(x(k)) = p((x(k), y(k)) | µ(k) = i) −
−p((x(k), y(k)) | µ(k) = j).

õ²Ï�� Ì �iö
{ |"e1xw�rdklq��lq�$tudkl~xwp-�rfbxw�r�~eg� y�tup��PeZ}kdRtudbe�v-tw}�´

min
wi,γi

s
∑

i=1

s
∑

j=1
j 6=i

∑

x∈Di

ξij(x) ζij(x).
õ²Ï�� Ì óVö

� fbxw�r�~eg�Sõ²Ï�� Ì óVö�y�tup8�PeM�³�rfkdk|"egf�y�tw}kdMtw}�t`�qlqp"e�tuf��rfbxwnVfRtu�.�rlqp.t�}Rtu�sez��t�Ç8tw}�lqp¯�egprp"egdztup"v.�Ktuprn)tw}Rtufklåtup»õ¸���V�u�5ö«�¯�Çslqp5dkfbx)v��"yglqprns�rfkl~ygl�p"n`�³�rp"ygdkl~xwp"}��sxwfbezlqp��²xwfk��tudkl~xwp�l~}��rfbe�}begfkhie�v��³fbxw� dk|"eyg�åtw}b}kl��,y�tudkl~xwp��r|,tw}be�lqp�dk|"e�fbegnVl~xwpse�}kdklq��tudkl~xwp��r|,tw}beV� { |rl~}¾l~}Ctupstwv�hVtup)dRtunie�x$hiegfdk|"e�fbegnVl~xwp�e�}kdklq��tudkl~xwp�lqps�rfbx5y�e�v��rfbe�}��rfbe�}begp5dbe�vsl�p�¯�eg����xwfRtwv�egd�tu�Æ�,õ²�V�V� Ì öCtup"vÄzl~v"tu�;egdMtu�Æ�ìõ²�V�V� Ì ��ö«�C¹9e:��lq�q�;lq�q�q�"}kdkfRtudbeZdk|rl~}�l~}b}k�"e:��lqdk|'tup-twy�twvreg��l~y
e«È"tu���r�~elqp�dk|"eZp"e«È�d�}be�ygdkl~xwp;�
TÏ��Ñ IKJ`E�QøLx��@
À;egd8dk|"e�v"tudRt {(x(k), y(k))}100

k=1

��e'niegp"egfRtudbe�v4�)Ç&dk|"eK}kÇ�}kdbeg� xu�`d¿Ç5�Pe!õ²Ï�� �iö��|"egfbeV´

f(x) =























[

0.5 0.5
]

[

x

1

]

,
l��

x ∈ [−2.5, 0)

[

−1 2
]

[

x

1

]

,
l��

x ∈ [0, 2.5]

õÆÏ�� ÌVÍ ö

tup"v
e(k)

l~}1t�}be�Ð)�"egp"y�e�xu��p"xwfk��tu�q�qÇ�v�l~}kdkfklq�r�rdbe�vKfRtup"vrxw��p)�r�`��egfb}��;��lqdk|���egfbx�se�tup�tup"v`hVtufklåtup"y�e
σ2

e = 0.025
� { |"e�v"tudRtz}begd�xu�

T = 100
v"tudRtz��xwlqp5db}¾dbxwniegdk|"egf��lqdk|.dk|"e:dkfk�"eZ�sx5vreg�;l~}�}k|"x���p.lqp8�"nV�"fbe
Ï�� ���
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� �rfkl~xwfkl)��v5�²}¾tufbe�yb|"xV}begp�tw}
pθ1(θ1) = pθ2(θ2) = U([−2.5, 2.5]×[−2.5, 2.5])

�� �,tufkdkl~yg�~estu�r�rfbx�È�lq��tudkl~xwp9dbx�dk|rl~}:�Pv5�k�P��lqdk|
N = 200

�,tufkdkl~yg�~e�}:�²xwfZe�twyb|���v5�k�l~}:nVlqh)egp�lqpK�"nV�rfbesÏ�� Ì �N�~e«�³d�� { |"e��,tufkdkl~yg�~e��"�qdbegfklqprn'tu�qnixwfklqdk|r�SÏ�� ���q��l~}
tu�r�r�ql~e�vN���lqdk|
Σ2

ε = diag{0.001, 0.001} tup"v-dk|"e1�"p,tu�Ã�,tufkdkl~yg�~e�v�l~}kdkfklq�r�rdkl~xwp9tudzdk|"e`}kdbeg�
k = 100

l~}C}k|"x$��pslqps�"nV�rfbezÏ�� Ì �ifklqnV|5d�� { |"eMe�}kdklq��tudbe�}�xu�Ndk|"e��,tufRtu�segdbegf�hie�ygdbxwfb}tufbeV´

θE
1 =

[

0.4143
0.5340

]

, θE
2 =

[

−0.8467
1.8432

] õ²Ï�� Ì �iö

± tudRt-�Pxwlqp)db}stufbe8yg�åtw}b}kl��,e�v»�"}klqprn&õ²Ï�� �V�iög��tup"v»dk|"e�fbe�}k�r�qdb}stufbe8vreg�rl~ygdbe�v lqp�"nV�rfbe'Ï�� �)t�� �5eghiegfRtu�zv"tudRtK�Pxwl�p5db}sdk|,tuds�Peg�~xwprnËdbxK�sx5vre9�-tufbe-tudkdkfklq�r�rdbe�v&dbx�sx5vre-��� { |"e�}be���xwlqp5db}�tufbe�p"e�tufsdk|"e8h5lqfkdk�,tu��lqp5dbegfb}be�ygdkl~xwp&xu�:dk|"e�d¿��xK�r�åtup"e�}vre«�"p"e�v9�5ÇKdk|"e��,tufRtu�segdbegf`h)e�ygdbxwfb}���¼¿p��"nV�rfbe�Ï�� �V�9��eglqnV|)dklqprn-�³�rp"ygdkl~xwp õ²Ï�� Ì Ïiö�²xwf1��l~}byg�åtw}b}kl ��y�tudblqxwp»xu����xwlqp5db}1l~}1}k|"x���pì� { |"e���eglqnV|)d1�²xwfZ��l~}byg�åtw}b}kl��,y�tudkl~xwp»xu���fbxwprnV�qÇ�tudkdkfklq�r�rdbe�v`��xwlqp5db}Ãl~}Ã}k��tu�q�5lqp�y�xw���,tufkl~}bxwp�dbxMdk|"e���eglqnV|)dÃ�²xwfÃ��l~}byg�~tw}b}kl�� ½y�tudkl~xwp8xu�Ndk|"eMy�xwfkfbe�ygdk�qÇ�tudkdkfklq�r�rdbe�v���xwlqp5db}�� { |"e�fbegnVl~xwps�²xwf��sx)vre`��lq}�e�}kdklq��tudbe�vtw}
x ≥ 0.0228

��|rlq�~e.dk|,e.fbegnVl~xwp y�xwfkfbe�}k�Pxwp"v�lqprn»dbx9�sx5vre'��l~}�e�}kdklq��tudbe�v tw}
x < 0.0228

� { |"e8l~vregp)dkl��,e�v!�sx5vreg�Æ��dbxwniegdk|"egf���l�db|!dk|"e8dkfk�"e8�sx)vreg�ztup"v dk|"ev"tudRt�}begd�l~}�vreg�rl~ygdbe�v.lqp8�"nV�rfbe
Ï�� Ï��
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E1«IF0¹
¸� ~¸�°&F�EGFH HJ
θ1 E θ2

î� fF�¡'¡.B�EKJ�©I¹
¸� �E1¤1£H¿1FyJ9B�º
pθ1 E

®�¿v¢LFQ¡.B�EKJ�©I¹
¸� �E1¤1£H¿1FyJ9B�º
pθ2

ñ ý 
���)��pØ ¥ ¤�D�¸�¿.¹�¡�º
B�º»E1«IF»¹
¸� ~¸�°&F�EGFH HJ

θ1
î� fF�¡¼¡.B�EKJ�ñ E θ2

î_®�¿v¢LFõ¡.B�EKJ�ñ
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TÏ��Ò I G`O$TVO«E��bO���EZTVO�A�G
¼¿p'dk|rl~}:}be�ygdkl~xwpK��e
��lq�q��v�l~}byg�"}b}zlqpK�sxwfbe�vregdRtulq�¾dk|rfbe�e�v�lcbNegfbegp5d:��t�Ç�}zdbx�xw�rd«tul�pt`�rfkl~xwfkl;�rfbxw�,tu�rlq�qlqdoÇ�vregp"}klqdoÇ��³�rp"ygdkl~xwp"}

pθi
(·; 0) � i = 1, . . . , s

�
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¡:E1«IF�¡Y¸LE_¸3JfF�E¢tJfF�¡'º_B� �¤1¡.FHD�E1¤�ÅI£f¸LE1¤1B�D
�"³��Y³�µ �	¹%»�º)»]Á
	]»��!Á"º)»�·_¹ ¼¾½�»]¹�
�Ã ·�¿�����¹�·���	��!¿�
��
¼Æ�

m > n + 1
v"tud«t8�,tulqfb}

(x(k1), y(k1)), . . . (x(km), y(km))
tufbe�tudkdkfklq�r�rdbe�vËdbxdk|"e
�sx5vre

i
�,dk|"e
�~e�tw}kd:}bÐ)�,tufbe�}ze�}kdklq��tudbe`xu��dk|"e
hVtu�q�"e
xu��dk|"e
�,tufRtu�segdbegf:hie�ygdbxwf

θLS
i

��t�Ç��PeZxw�rdRtulqp"e�v'tw}�´
θLS
i = (Φ>

i Φi)
−1Φ>

i yi,
õ²Ï�� �)�iö

Φi =

[

x(k1) x(k2) · · · x(km),
1 1 · · · 1

]>

yi =
[

y(k1) y(k2) · · · y(km)
]>

.{ |"e:eg���rlqfkl~y�tu�;y�x$hVtufklåtup"y�ez��tudkfkl�È8xu�
θLS
i

y�tup8��e:y�xw���r�rdbe�v.tw}Zõ³Àrmo�rprn-õ¸���V�V�iökö«´
Vi =

SSRi

m − (n + 1)
(Φ>

i Φi)
−1,

õ²Ï�� �"�$ö
SSRi = y>i (I − Φi(Φ

>
i Φi)

−1Φ>
i )yi{ |rl~}�lqp��²xwfk��tudkl~xwp l~}8}k�Y��ygl~egp)d8dbx»vre�}bygfklq�Pe-dk|"e'�,tufRtu�segdbegf

θi
tw}�t9p"xwfk��tu�q�qÇv�l~}kdkfklq�r�rdbe�v.fRtup"vrxw� hVtufklåtu�r�~eV´

pθi
(·; 0) = N (θLS

i , Vi)
õ²Ï�� �)�iö

��tu���r�~e�}Z�³fbxw� dk|"e�p"xwfk��tu��v�l~}kdkfklq�r�rdkl~xwp»y�tup��Pe�e�tw}klq�qÇKxw�rdRtulqp"e�v9��lqdk|Ë}bxw�se�xu�dk|"e��segp)dkl~xwp"e�v!tu�qnixwfklqdk|r�s}
�²xwf`}Rtu���r�qlqprn-�³fbxw�0niegp"egfRtu���`�r�qdkl~v�lq�se«p,}klqxwp�tu��v�l~} ½dkfklq�r�rdkl~xwp"}�õ³xwf��"}klqprns�r�rlq�qd ½ lqp-�'� { À;�z¯&�³�rp"ygdkl~xwp"}«ö«�
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�"³��Y³�É �	¹%»�º)»�Á
	�»���Á"º)»�·_¹��_»�Á Æ�	)¼¾½�º�����»]¹�
�����·�Æ �!¿S¼!� �
¼¿p-dk|rl~}z}be�ygdkl~xwp'��e
��lq�q�¾}k|"x��Ádk|,tud:xw�rfM�rfbx5y�e�v��rfbe�y�tup-�Pe1lqprlqdklåtu�qlq��e�v'�"}klqprn�dk|"el~vre�tw}M�³fbxw� dk|,e`yg�q�"}kdbegfklqprn8�rfbx5y�e�v��rfbe.õ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe�egdZtu�Æ��õ²�V�V� Ì ökö«�Zñ,xwfzdk|"e}RtujieMxu�ìy�xw���r�~egdbegp"e�}b}���ezv�l~}byg�"}b}�fbeg�~eghVtup)d�}kdRe«�,}C�²xwfk� dk|"ezyg�q�"}kdbegfklqprn`�rfbx5y�e�v��rfbe�rfkl~e~�"Çi�Cñ,xwf�dk|"e1vregdRtulq�~e�v.e«È��PxV}klqdkl~xwp-}be�eZñ"egfkfRtufkl ½¿{ fbe�y�tudbe
egdztu�Æ�ìõ²�V�V� Ì ö«�ñ"xwf8e�twyb| fbegnVfbe�}b}bxwf

x(l)
lqp dk|"e'v"tudRtË}begd�����e'y�xw�q�~e�ygd

c > n + 1
p"e�tufbe�}kdfbegnVfbe�}b}bxwfb}��itup"v
�²xwfk� t ¿1B�£f¸�¿�¡.¸LE_¸QJfF�E õ³À ± ö Cl

� { |"e�l~vre�tM��eg|rlqp"v�dk|rl~}Ã�rfbx5y�e�v��rfbel~}�dk|,tud�fbegnVfbe�}b}bxwfb}�dk|,tud�tufbe:yg�~xV}bezlqp8dk|"ezfbegnVfbe�}b}bxwf�}k�,twy�e:tufbez�qlqj)eg�qÇsdbx`�Peg�~xwprn�dbxdk|"e�}Rtu�se��,tufkdklqdkl~xwp0Á;��e�v�l~}kdklqprnV�rl~}k|�d¿��x�doÇ5�Peg}Zxu��À ± } ½ ¹�¢n fF À ± } ½ ��|"egpËtu�q�dk|"eZfbegnVfbe�}b}bxwfb}My�xw�q�~e�ygdbe�v.lqp-xwp"e1À ± lqp"vre�e�v.�Peg�~xwprnsdbx�dk|"e
}Rtu�se:�,tufbdklqdkl~xwp;��tup"v
°�¤cò�F�¡ À ± }��5��|"egp�dk|"egÇ�vrx
p"xwd���ñ"xwf�dk|"eM�rfbx)y�e�v��rfbe:dbx1��xwfkjs�rfbxw��egfk�qÇ�dk|"eMfRtudkl~x��egdo��e�egp-dk|"e:p5�r�`��egfMxu�¾�r�rfbe
tup"v���l�Ère�v.À ± }�}k|"xw�r�~v���eZ|rlqnV|;�ñrfbxw�Îe�twyR|
À ± ��e�y�tup
xw�rdRtulqp�tup
e�}kdklq��tudbe

θl �$�"}klqprn�õ²Ï�� �)�iög�wtup"vZdk|"e�hVtufklåtup"y�e
V l xu��dk|,e�e�}kdklq��tudbe θl �w�"}klqprn�õ²Ï�� �"�$ög� { xZe�twyR|se�}kdklq��tudbe�dk|"e��²xw�q�~x���lqprn
y�xwp��,vregp"y�e�se�tw}k�rfbeZl~}Mtw}b}klqnVp"e�vN´

wl =
1

√

(2π)n+1 det(V l)
.

õÆÏ�� � Ì ö
¼ovre�tu�q�qÇi���r�rfbe:À ± }���lq�q�N�rfbx)v��"y�e:nix5x)v�e�}kdklq��tudbe�}�����lqdk|�|rlqnV|8hVtu�q�"e�}�xu�

wl ����|rlq�~e�²xwfN��l�Ère�v1À ± }
wl ��lq�q�i�Pe¾�~x$�1�ì�C}kdklq��tudbe�}ìxw�rdRtulqp"e�vZ�³fbxw�4�r�rfbeCÀ ± }ìtufbeCe«È��Pe�y«dRegvdbxM�²xwfk�ºnVfbxw�r�"}�õ³yg�q�"}kdbegfb}«ö;lqp�dk|"e��,tufRtu�segdbegf�}k�,twy�eV�w��|rlq�~e�e�}kdklq��tudbe�}Ã�³fbxw�º��l�Ère�vÀ ± }���lq�q�;��eZl~}bxw�åtudbe�v���xwlqp5db}��{ |"e�p"e«È�d1}kdbeg��l~}:dbx��²xwfk�

s
yg�q�"}kdbegfb} {Di}s

i=1
lqp�dk|"e���tufRtu�segdbegf
}k�,twy�eV�N�5Ç}bxw�qh5lqprn�dk|"e:�²xw�q�~x���lqprn�xw�rdklq��lq�$tudkl~xwp-�rfbxw�r�~eg�.´

min
{Di}s

i=1,{mi}s
i=1

J({Di}s
i=1, {mi}s

i=1),
õ²Ï�� �V�5ö

��|"egfbeZdk|"e1yg�q�"}kdbegfklqprn��³�rp"ygdkl~xwp,tu�
J
l~}�nVlqhiegp'tw}�´

J({Di}s
i=1, {mi}s

i=1) =
s

∑

i=1

∑

θl∈Di

‖θl − mi‖2
V l−1

õÆÏ�� �)Ïiö
��|"egfbe

mi
l~}Ãdk|"e�ygegp5dbegf�xu�,dk|"e�yg�q�"}kdbegf Di

��ÅM�rdklq��lq�$tudkl~xwp��rfbxw�r�~eg�ôõ²Ï�� �V�5ö;l~}¾y�xw� ½�r�rdRtudkl~xwp,tu�q�qÇ9|,tufbvN�ì�r�rd
dk|"egfbe�e«È�l~}kd
e~��ygl~egp)d�tu�qnixwfklqdk|r�s}�tu�"�qesdbx.�rfbx�h5l~vre�}k�r� ½xw�rdklq��tu��}bxw�q�rdkl~xwp"}���eV� n"�
K
½ �se�tup"}�tu�qnixwfklqdk|r� õ³ñ"egfkfRtufkl ½¿{ fbe�y�tudbe�egd�tu�Æ��õ²�V�V� Ì ökö«�¹9eglqnV|5d

V l lqp-õ²Ï�� �)Ïiöìl~}¾�"}be�v`dbx:��lqprlq��lq��e�dk|"e�lqpY�"�"egp"y�e�xu� θl dk|,tudCy�xwfkfbe�}k�Pxwp"v�dbx��l�Ère�v�À ± }��)��|rl~yR|�lqp�dk�rfkp���t�Ç��~e�twv�dbx1��fbxwprn�tw}b}klqnVpr�segp5d�xu�;dk|"xV}beM�,tufRtu�segdbegfhie�ygdbxwfb}��
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� xwlqp)db}�tudkdkfbl��"�rdbe�vËdbx
i
½ dk|»yg�q�"}kdbegf��

θl ∈ Di
�ìdbxwniegdk|"egf`��lqdk|Ëdk|"e�tw}b}bx)yglåtudbe�v��eglqnV|)db}

wl y�tup���eM�"}be�vsdbxZ�²xwfk� tZ�"fbxw�,tu�rlq�qlqd¿Ç�vregp"}klqdoÇ��³�rp"ygdkl~xwp8xu�;d¿Ç5�Pe`õ²Ï�� �ióVög´
pθi

(θ) = q−1
∑

θl∈Di

wl δ(θ − θl)
õ²Ï�� �)�iö

��|"egfbe
q
l~}Mt�p"xwfk��tu�qlq��l�p"n�y�xwp"}kdRtup)d�´

q =
∑

θl∈Di

wl.
õ²Ï�� �5óVö

¼¿p�dk|"e1yg�q�"}kdbegfklqprns�rfbx5y�e�v��rfbeV��t$�³dbegf�dk|"e1yg�q�"}kdbegfklqprn�}kdbeg�;�r�rl m¸e�ygdklqhieZfbeg�åtudkl~xwp
(x(l), y(l)) ↔ Cl ↔ θl ∈ Di

l~}ì�"}be�v1dbxMyg�åtw}b}kl��³ÇZv"tudRt��,tulqfb}ìdbx��sx5vre�}�� ± tudRt��,tulqfb}
(x(l), y(l))

dk|,tud¾y�xwfkfbe�}k��xwp"vdbx
��l�Ère�v8À ± }���t�Çs��ez��fbxwprnV�qÇ�yg�åtw}b}kl��,e�vN��¼¿p8xw�rf��rfbx5y�e�v��rfbeV����l�Ère�v�À ± }�Ç5l~eg�~vt
��xwlqp5d���lqdk|8�~x$� ��egl�nV|5d�lqp�dk|"e:v�l~}bygfbegdbe1tu�r�rfbx�È�lq��tudkl~xwp-xu�ìdk|"ez�,tufRtu�segdbegf��Pv5�k�{ |rl~}C�Pxwlqp)d���lq�q�"�Pe�v�l~}by�tufbvre�vslqpsdk|"ez�5¼o���,tufkdkl~yg�~e��"�qdbegfklqprn�tu�qnixwfklqdk|r�øÏ�� ���q�V�5tup"v��lq�q�;|,t�h)e:p"xstwv�h)egfb}beZy�xwp"}be�Ð)�"egp"y�e�}�xwp.dk|"eZyg�åtw}b}kl��,y�tudkl~xwp-xu�¾dk|"e1ygxwfbfbe�}k��xwp"v�lqprnv"tudRt��,tulqf��
�"³��Y³�² "#�_¼�º���$X·
��Æ � »]¹%»�º)»]Á
	�»��!Á"º)»�·_¹
� tufRtu�segdbegfb}

θi
y�tup���e�e�}kdklq��tudbe�v�lqp&tup�xw�rdklq��tu����t�Ç!tw}�dk|"e.}bxw�q�rdkl~xwp&xu�zdk|"e�²xw�q�~x$��lqprns�rfbxw�r�~eg�.´

{θi}s
i=1 = arg min

θi

T
∑

k=1

‖y(k) − θµ(k)

[

x> 1
]> ‖2 õ²Ï�� � Í ö

¹ |"egp.dk|"e1}be�Ð)�"egp"y�e
µ(k), k = 1, . . . T

l~}�j5p"x$��p.�rfbxw�r�~eg�Sõ²Ï�� � Í ö�l~}Mtup.xwfbv�lqp,t ½fkÇ��~e�tw}kdz}bÐ)�,tufbe�}��rfbxw�r�~eg�.�M¼¿p-xw�rfzy�tw}beV��}klqp"y�e1�sx)vre�}Ztufbe1p"xwdMj5p"x$��p;�,�rfbxw�r�~eg�õ²Ï�� � Í ö�l~}ztsy�xw�
�rlqp,tudbxwfklåtw�¾xw�rdklq��lq�$tudkl~xwp'�rfbxw�r�~eg�.�,��|"egfbe�tu�q�;�PxV}b}klq�r�~eZ�sx5vre
}be ½Ð)�"egp"y�e�}Ã�`�"}kdÃ��e�e«È��r�~xwfbe�vN�itup"v`lq}¾y�xw���r�rdRtudkl~xwp,tw�q�qÇ
lqp5dkfRtwygdRtu�r�~e��²xwfÃ�åtuniegf¾hVtu�q�"e�}xu�
T
�¼¿psxwfbvregfCdbxZxw�rdRtulqp�tzfbxw�rnV|se�}kdklq��tudbe�xu�Pdk|"e��,tufRtu�segdbegf�hVtu�q�"e�}C}k��tu�q�"egp"xw�rnV|}k�r�"}begd�xu�ìdk|"e:y�xw���r�~egdbe:v"tudRt`}begd

(x(k), y(k))
�
k = 1, . . . T

y�tup8�Pezyb|"xV}begp;�"tup"vdk|"eKy�xw���r�rdRtudkl~xwp�tu�q�qÇ dkfRtwygdRtu�r�~eK�rfbxw�r�~eg� xu�`d¿Ç5�Pe!õ²Ï�� � Í ö�y�tup �Pe-�²xwfk�`�r�åtudbe�vN��5xw�q�rdkl~xwp�xu��dk|rl~}M�rfbxw�r�~eg� nVlqh)e�}Mdk|"e`e�}kdklq��tudbe�}Zxu�Cdk|"e
�,tufRtu�segdbegfZhVtu�q�"e�}
θ̂i
�,dbx ½niegdk|"egfz��lqdk|'dk|"e1hVtufklåtup"y�e�}zxu�Cdk|"e
e�}kdklq��tudbe�}

Vi
� { |rl~}Mlqp��²xwfk��tudkl~xwpKl~}M}k�Y��ygl~egp5ddbxsvre�}bygfklq��eZdk|"eZ�,tufRtu�segdbegfb}ztw}

θi ∼ N (θ̂i, Vi)
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¼¿p�xwfbv"e«f�dbx�vreg�sxwp"}kdkfRtudbe1dk|"e:�rfbxw�PxV}be�v�l~vregp)dkl��,y�tudkl~xwp-�rfbx5y�e�v��rfbeZ��e1tu�r�r�ql~e�v�lqddbxMdk|"e�v"tudRtMy�xw�q�~e�ygdbe�v
�³fbxw�Ádk|"e�e«È��Pegfklq�segp)dRtu�"}begdk�r�`��twvre�tufbxw�"p"v
dk|"e��sxw�rp5dklqprn|"e�twvs�²xwfk� dk|"eM�rl~yRj ½ tup"v ½ �r�åtwy�ez��twyR|rlqp"eV� { |"eM�r�rfk��xV}be:xu�;dk|"ez}begdk�r��l~}�dbx`}kdk�"v�Çdk|"ezy�xw����xwp"egp5d��r�åtwy�eg�segp)d��"fbx)y�e�}b}�xwp�dk|"eM�rfklqp5dbe�v�yglqfbyg�rlqd���xitufRvKõ � ��¯�ö�lqp�dk|"ey�xwp)dkfbxw�q�~e�vKy�xwp"v�lqdkl~xwp"}��Z��tu�se�e«È���egfklq�segp5dRtu��}begdk�r�-��tw}M�rfbegh5l~xw�"}k�qÇ-}k�"y�y�e�}b}¸�³�r�q�qÇl~vregp)dkl��,e�v��"}klqprn`dk|"eMyg�q�"}kdbegfklqprn��rfbx)y�e�v��rfbe�õ³ñ,egfkfRtufkl ½¿{ fbe�y�twdbe:egd�tu�Æ��õ²�V�V� Ì ökö«� { |"ee«È���egfklq�segp5dRtu�C}be«db�r��tup"v'dk|"e
l~vregp5dkl��,y�tudkl~xwp�fbe�}k�r�qdb}z��lqdk|Kdk|"e�yg�q�"}kdbegfklqprn8�rfbx)y�e ½v��rfbe
tufbeZvre�}bygfklq�Pe�v�lqp.�sxwfbe1vregdRtulq�;lqp.µV�r�~xV}kj5lìegdMtu�Æ�ìõ²�V�V� Ì �;�,�V�V�u�V��ö«��ò�r|"xwdbx�tup"v8db|"eZ}byb|"eg��tudkl~yZfbeg�rfbe�}begp5dRtudkl~xwp-xu�¾dk|"eZe«È��Pegfklq�segp)dRtu�Ã}begdk�r�-tufbenVlqhiegp�lqp��,nV�rfbe:Ï�� ��� { |"e:}begdk�r�8y�xwp"}kl~}kdb}�xu�ìdk|"eM�sxw�rp5dklqprn�|"e�twvN�)�³fbxw�øtup�twygdk�,tu��rl~ybj ½ tup"v ½ �r�åtwy�e���twyR|rlqp"eV�u��|rl~yb|
l~}N�rÈre�v
tu��x$hieCdk|"e�lq���,twygdklqprn:}k�rf¸�Ætwy�eMõ¡dk|"eC}k��tu�q�v�l~}byMlqp��"nV�rfbeZÏ�� �Vtiö«� { |"eMlq���,twygdklqprns}k�rf¸�Ætwy�ezl~}�lqp8y�xwp5dRtwygd���lqdk|8dk|"eznVfbxw�rp"v8h5l~tdk|"eM}k�rfklqprn8õ¡dk|"ez}k�rfklqprn

c2
lqps�"nV�rfbe:Ï�� �u��ö«�)��lqdk|rlqp�dk|"eMxw�rdbegf�dk�r��eMlqps�"nV�rfbe:Ï�� �Vt��{ |"e
�se�yb|,tuprl~y�tu�Cy�xwp"}kdkfk�"ygdkl~xwpK�rp"vregf:dk|"e
lq���,twygdklqprn�}k�rf¸�Ætwy�e1l~}:}k�"yb|'dk|,tud:xwpr�qÇdk|"e��sx�h)eg�segp)d�xwp»dk|"e�hiegfkdkl~y�tu��t$È�l~}
l~}`egp,tu�r�~e�v4õ¡lqprp"egf�dk�r�Pew����|rl~yb|!y�tup }k�ql~vrelqp"}kl~vre�dk|"e�xw�rdbegf1dk�r��e�lqpK�"nV�rfbesÏ�� �Vtiö«� { |rl~}Zy�xwp"}kdkfk�"ygdkl~xwpËe«È�|rlq�rlqdb}Z�qlqp"e�tuf
tup"vv�fkÇ`�³fkl~ygdkl~xwps�r|"egp"xw�segp,t��5fbeg�rfbe�}begp)dbe�v�lqp��"nV�rfbezÏ�� �u���5Ç`dk|"eMv"tu����egf

d2
tup"v�dk|"e�r�~x)yRj

f2
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Ï�� ���ñrfbxw� �"nV�rfbesÏ�� Í t���e�}be�e�dk|,tudZdk|"e`l~vregp5dkl��,y�tudkl~xwp9�rfbx5y�e�v��rfbes}beg�,tufRtudbe�vKdk|"ev"tudRtË��xwlqp5db}8lqp)dbx»do��x»nVfbxw�r�"}���dk|,tud�y�xwfkfbe�}k�Pxwp"v dbx»lq���,twygd-tup"v&�³fbe�e-�sx5vre�}��ñrfbxw�F�"nV�rfbe9Ï�� Í � ��eK}be�e'dk|,tud�dk|"eKe�}kdklq��tudbe�}.xu�`dk|"e'�,tufRtu�segdbegfb}��:vre�}bygfklq��e�v�)ÇËdk|"e�}k�Pe�ygdkfRtu��fRtwv�lql�xu�zdk|"e�y�x�hVtufklåtup"y�e���tudkfkl~y�e�}-õ²Ï�� Ïiög��lq���rfRx�h)e�v��rfklqprn�dk|"elqdbegfRtudkl~xwp"}Mxu�¾dk|"e
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lqp"}kdRtup"y�e�xwp�tzdbl��se�lqp5dbegfkhVtu��tufbxw�rp"v
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�V��|"egfbe�}k��tu�q�,yb|,tuprnie�}Clqpsdk|"e�lqpr�r�rd�}klqn ½p,tu�,�rfbx)v��"y�eMp"x
yb|,tuprnieMlqpsdk|"e��se�tw}k�rfbe�v�xw�rdk�r�rd��)��e�y�tu�"}beMdk|"eMv�fkÇ`�³fkl~ygdkl~xwp�l~}Clqp}kdkl~ybj��r|,tw}beV���)lqp"y�e�dk|"e�lq���,twygd�tup"vsdk|"e��³fbe�e��sx)vre�}�tufbe�v"eg}bygfklq�Pe�vs�5Ç�xwp"e��ql�p,e�tuf�sx)vreg��e�twyR|;�Pdk|"e`e~bNe�ygdb}Zxu��dk|"e`v�fkÇ��³fkl~ygdkl~xwp�y�tupKp"xwd:��e`�rfbxw��egfk�qÇ'vre�}bygfklq�Pe�v'lqpdk|"e�l~vregp5dkl��,e�v9�sx5vreg�Æ�8ñ"xwf1lqp"}kd«tup"y�ew�Ãdk|"esvrlq}bygfbeg�,tup,y«Ç��Pegd¿��e�egpËdk|"e�}klq�
�r�åtudbe�vtup"v.�se�tw}k�rfRegv'fbe�}k��xwp"}be
lqp.�"nV�rfbe�Ï�� ��xwp-dk|"e
dklq�se
lqp)dbegfkhVtu��tufbxw�rp"v
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l~}zv��"edbx`dk|rl~}�e~bNe�ygd���¹ |rlq�~ezdk|"eZv�fkÇs�³fkl~ygdkl~xwp�l~}�lqp8dk|"eZ}kdkl~ybj��r|,tw}be:lqp8dk|"e:fbe�tu�;}kÇ�}kdbeg�.�tup"v�p"xZyR|,tuprnie�lqp�dk|"e���xV}klqdkl~xwpsl~}�h5l~}kl��"�qeV�idk|"e�l~vregp)dkl��,e�vs�sx)vreg�"�rfbe�v�l~ygdb}�tz�ql�p,e�tuf}kdbeg��fbe�}k�Pxwp"}beV�
�"³�µ�'Z³�É �r¿���¹�º)»�*SÆ Á"º)»�·_¹+�¸»�º-,.	�·��/���Ð½pÁ"ºr¼!� Á"º)»�·_¹
{ |"e�v"tudRtZ}begdC�"}be�v`�²xwfCl~vregp)dkl��,y�tudkl~xwp�l~}Cvreg�rl~ygdbe�vslqp��"nV�rfbeMÏ��q����� � xwfkdkl~xwp"}�xu�Pdk|"ev"tudRtw}begd:dk|,tud1tufbe`�"}be�v-�²xwfzlqprlqdklåtu�qlq�$tudkl~xwpËxu�C�³fbe�eV��lq���,twygd
tup"v'�~x���egfZ}Rtudk�rfRtudkl~xwp�sx)vre1tufbe:��tufkj)e�v���lqdk| × � ◦ tup"v +
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�,tufkdkl~yg�~e�}����'x5vreg�~}1��lqdk|
s = 3, na = 2, nb = 2

tufbe�l~vregp5dkl��,e�vN� { |"e�rfbx)y�e�}b}.xu�`�,tufRtu�segdbegf-e�}kdklq��tudkl~xwpÁtup"v4yg�åtw}b}kl��,y�tudkl~xwpòdbx)xwj
79, 6

}be�y�xwp"vr}��zxwp� egp5dklq�r�
4 2
ðz|r�-y�xw���r�rdbegf�����lqdk|

512
�-��xu�:�seg�sxwfkÇòõ¡p"x9}k��tu�r�rlqprn9dRx�v�l~}byx)y�yg�rfkfbe�v,ö«� �Me«nVl~xwp4e�}kdklq��tudkl~xwp4dbx)xwj tufbxw�rp"v4�Ë��lqp)�rdbe�}��M�"}klqprn»dk|"e9� � À;��e}bxu�³d¿��tufbeV�rxwp.dk|"e1}Rtu�seZy�xw���r�rdbegf��ñÃlqp,tu��yg�~tw}b}kl��,y�tudkl~xwp!xu�Mv"tudRt.��xwlqp5db}
l~}`vreg�rl~ygdbe�vËlqpË�"nV�rfbe8Ï��q�V��t��-¼¿p9�"nV�rfbe
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��lqdk|Ëdk|"es�sx)vre�}twygdklqh)e�v��rfklqprn'dk|"e�}klq�
�r�åtudkl~xwp»l~}`vreg�rl~ygdbe�vËlqp9�"nV�rfbe�Ï��q����� { |"es�,tufRtu�segdbegfb}�xu�dk|"eZl~vregp)dkl��,e�v.�sx5vreg�Ãtufbe:nVlqh)egp.l�p.dk|"e:�"nV�rfbe
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}Rtudk�rfRtudkl~xwp-�~egh)eg�
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θ1 =
[

1.5234 −0.7407 −35.5370 −5.9786 −0.2236
]

> ñ
θ2 =

[

1.3163 −0.6682 −31.1894 −10.5764 1.5656
]

> ñ
θ3 =

[

−0.1161 0.0647 2.1464 −1.2081 25.9239
]

> ñ

H1 =































0.039677 0.012028 −14.109 −17.308
99.531 −57.568 −3159.7 −121.09
−1 0 0 0
1 0 0 0
0 −1 0 0
0 1 0 0
0 0 −1 0
0 0 1 0
0 0 0 −1
0 0 0 1































ñ

H2 =



























−0.039677 −0.012028 14.109 17.308
99.491 −57.58 −3145.6 −103.79
−1 0 0 0
1 0 0 0
0 −1 0 0
0 1 0 0
0 0 −1 0
0 0 1 0
0 0 0 −1



























ñ

H3 =



























−99.531 57.568 3159.7 121.09
−99.491 57.58 3145.6 103.79

1 0 0 0
0 −1 0 0
0 1 0 0
0 0 −1 0
0 0 1 0
0 0 0 −1
0 0 0 1



























ñ

h1 =
[

2.8771 1588.4132 40 40 40 40 0.3 0.3 0.3 0.3
]

> ñ
h2 =

[

−2.8771 1585.5631 40 40 40 40 0.3 0.3 0.3
]

> ñ
h3 =

[

−1588.4132 −1585.5631 40 40 40 0.3 0.3 0.3 0.3
]

>
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s = 3, na = 2, nb = 2

}Rtudk�rfRtudkl~xwp9tudzdklq�se
k − 2

tup"v
k − 1

õ¡lÆ� eV�
y(k − 2) = y(k − 1) = ys

öMtup"v-dk|"ehVtu�q�"e�xu�zdk|"e8lqpr�r�rd�l~}�y�xwp"}kdRtup)d�lqp!dk|"e8dklq�se8lqp"}kdRtup)db}
k − 2

�
k − 1

tup"v!}k�"yb|dk|,tud1}kÇ�}kdbeg� }kdRt�Ç�}:lqp�}Rtudk�rfRtudkl~xwpËtu�~}bx�tudZdk|"e`dklq�se�lqp"}kdRtup5d
k
õ¡lÆ� eV�

y(k) = ys
ö«���y�y�xwfbv�lqprnsdbx�dk|"eZ�z�9eÁv�Ç5p,tu��l~y�}�xu�¾�sx5vre Ì �

ys
tup"v

u
�`�"}kd�hiegfkl��³Ç�dk|"e:�qlqp"e�tufy�xwp"}kdkfRtulqp5db}�´

ys(1 − θ3,1 − θ3,2) = (θ3,3 + θ3,4)u + θ3,5
tup"v

H3[ys ys u u]> ≤ h3
õ²Ï�� ÏV�iö

{ |"e'��lqprlq��tu�1tup"v ��t$È�lq��tu�:hVtu�q�"e�}�db|,tud�dk|"eKxw�rdk�r�rd
y
y�tup |,t�h)e-�rp"vregf8dk|"e�rfbegh5l~xw�"}k�qÇ-}kdRtudbe�vKtw}b}k�r���rdkl~xwp"}:y�tupK��e1�²xw�rp"v-�5Ç.}bxw�qh5lqprn�dk|"e
�qlqp"e�tuf:�rfbxwnVfRtu�s}

min ys
tup"v

max ys
�¾fbe�}k�Pe�ygdklqhieg�qÇ)�¾lqp dk|"e��rprj5p"x���p"}

ys
tup,v

u
}k�r�rm¸e�ygd�dbx-dk|"ey�xwp"}kdkfRtulqp5db}8õ²Ï�� ÏV�iög��¹Ëe��²xw�rp"v

min ys = 24.3903
�

max ys = 24.5047
� { |"e�}behVtu�q�"e�}�h)e«fbÇ��rfbe�ygl~}beg�qÇ8y�xwfkfbe�}k�Pxwp"v�dbx�dk|"e:hVtu�q�"e�}�dk|,tud�dk|"eZ�se�tw}k�rfbe�v.xw�rdk�r�rd�dRt ½j)e�}���|rlq�~e
lqp'}Rtudk�rfRtudkl~xwp;�M¼¿p'µV�r�~xV}kj5l¾egd:tu�Æ�Ãõ²�V�V�u�V��ö�dk|"e1��lqprlq��tu��tup"v-��t$È�lq��tu�hVtu�q�"e�}
xu�

ys
�rp"vregf
dk|"es}Rtu�se�tw}b}k�r���rdkl~xwp"}1��egfbe�vregdbegfk��lqp"e�v9�¡fRxw��dk|"e��sx5vreg�l~vregp5dkl��,e�v'�"}klqprn8dk|"e`yg�q�"}kdbegfklqprn8�rfbx5y�e�v��rfbeV�;tup"v'dk|"e
�²xw�q�qx$��lqprn8hVtu�q�"e�}z��egfbe`xw� ½dRtulqp"e�vN´

min ys = 23.2
�
max ys = 24.2

� { |"e1y�xw���r�rdbe�v.��lqprlq��tu�¾tup"v.��t$È�lq��tu�hVtu�q�"e�}Mxu�
ys
l~vregp)dkl��,e�v.�"}klqprn�xw�rf��rfbx)y�e�v��rfbe`tufbeZ�`�"yb|-dklqnV|)dbegfMdk|,tup.dk|"eZhVtu�q�"e�}
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l~vregp)dkl��,e�v.��lqdk|.dk|"e1yg�q�"}kdbegfklqprns�rfbx5y�egvr�rfbeV�
TÏ�y�9� ¤ A�G'É_��w�U,O�A�G`U
¼¿p&dk|rl~}��,tu�Pegf���e-|,t�h)e-�rfbe�}begp)dbe�v4t9p"x�h)eg�z�segdk|"x)v&�²xwf�dk|"e-l~vregp5dkl��,y�tudkl~xwpòxu�|)Ç5�rfkl~v�}kÇ�}kdbeg�s}Clqp � ¹K�z�9e �²xwfk�.� { |"eM�rfbe�}begp5dbe�v��segdk|"x)vs�Ætwyglq�qlqdRtudbe�}�dbx
l�p,ygxwf ½��xwfRtudbe1t�hVtulq�åtu�r�~e1t
�rfkl~xwfklNlqp��²xwfk��tudkl~xwp-xwp8dk|"eZ}kÇ�}kdbeg� dbx���e:l~vregp)dkl��,e�vN�r�r�rd�y�tuptu�~}bx��Pe:lqprlqdklåtu�qlq��e�v'tup"v��"}be�v.tw}Mt��r�åtwybj ½ �Px�È��segdk|"x)vN��Mprj5p"x���pË�sx5vreg���,tufRtu�segdbegfb}stufbe�dkfbe�tudbe�v!tw}
fRtup"vrxw��hVtufklåtu�r�~e�}�vre�}bygfklq��e�v�)Ç�dk|"eglqf��rfbxw�,tu�rlq�qlqdoÇ�vregp"}klqd¿Ç��³�rp"ygdkl~xwp"}`õ¡��v5�gö«�¾¹Ëe:vre«�"p"eZdk|"eZxw�rdklq��tu�qlqdoÇ�ygfklqdbe ½fkl~xwp��²xwf�dk|"eZl~vregp)dkl��,e�v.�sx5vreg�Ãtw}�dk|"eZdbxwdRtu�;�rfbxw�,tu�rlq�qlqdoÇ�dk|,tud�dk|"eZxw�"}begfkh)e�v.v"tudRtl~}1niegp"egfRtudbe�v»�)Ç�dk|"es�sx5vreg�Æ��tup"v»vregfklqhie�tup!tu�qnixwfklqdk|r�Sdk|,tud`nVlqhie�}`}k�r��xw�rdklq��tu�}bxw�q�rdkl~xwp"}¾��lqdk|�fbe�}k�Pe�ygd¾dbx:dk|"e�vre«�"p"e�v�ygfklqdbegfkl~xwp;�����sx)v�l��,e�vs�'�MÀ � �rfbx5y�e�v��rfbeV��,tw}be�v.xwp��rfkl~yglqprns�³�rp"ygdkl~xwp"}�l~}��"}be�v8�²xwf�dk|"e1e�}kdklq��tudkl~xwp'xu�¾dk|"eZfbegnVl~xwp"}�� � fkl~yglqprn�³�rp"ygdkl~xwp"}��rfbe�}begfkh)ezdk|,ezhVtu�q�,tu�r�~e:lqp��²xwfk��tudkl~xwp��³fbxw� dk|"eZyg�åtw}b}kl��,y�tudkl~xwp��r|,tw}bez�²xwfdk|"eCfRe«nVl~xwp�e�}kdklq��tudkl~xwp;� { |"e�tu�r�r�ql~y�tu�rlq��lqdoÇ�tup"v
dk|"e�e~bNe�ygdklqh)egp"e�}b}Ãxu�"dk|"e��rfbxw�PxV}begvtu�qnixwfklqdk|r�ôl~}�lq�q�q�"}kdkfRtudbe�v.�5Ç�tup-twy�twvreg��l~y`tup"v.e«È���egfklq�segp5dRtu�ìe«È"tu���r�~eV�{ |"e�}k�r�Pxw�rdklq��tu��tu�r�rfbxitwyR|�dRtuj)e«p�lqpKdk|"e�vregfklqhVtudkl~xwp9xu��dk|"e`�rfbxw�PxV}be�v9tu�qnix ½fklqdk|r� l~}Mdbx�y�xwp"}kl~vregf:xwp"e`v"tudRts�,tulqfzlqpKe�twyb|K}kdbeg�Kxu�Cdk|"e�tu�qnixwfklqdk|r� õ³}be�Ð)�"egp5dklåtu��rfbx)y�e�}b}klqprn5ö«��tup"v!dbx9vregdbegfk��lqp"e-dk|"e.xw�rdklq��tu�zyg�åtw}b}kl��,y�tudkl~xwp xu�Zdk|"e.y�xwp"}kl~vregfbe�vv"tudRt'�,tulqf���tw}b}k�r��lqprn�dk|,tud�tu�q���rfbegh5l~xw�"}k�qÇ y�xwp"}kl~vregfbe�v�v"tudRt'l~}��rfbx5y�e�}b}be�v!xw�rdkl ½��tu�q�qÇi��¼¿p�xwdk|"egf���xwfbvr}��)dk|"eM�rfbxw��xV}be�v8tu�qnixwfklqdk|r� tulq�s}�dbx1�"p"vsdk|"eM��e�}kd���xV}b}klq�r�~e�~x)y�tu�Mvre�ygl~}kl~xwp;����lqdk|�dk|"e8�r�rfk��xV}be�dbx9tu�r�rfbxitwyR|�dk|"e8nV�~xw�,tu�Mxw�rdklq�`�r�.�!¼¿p!dk|"exw�rdklq��lq�$tudkl~xwp��qlqdbegfRtudk�rfbeMdk|rl~}�tu�r�rfbxitwyb|�dbx1xw�rdklq��lq�$tudkl~xwp8lq}Cj5p"x$��p�tw}Cdk|"e�nVfbe�e�v�Çtu�r�rfbxitwyb|;��Mp"xwdk|"egfM��xV}b}klq�r�~e
}k�r��xw�rdklq��tu��tu�r�rfbxitwyb|-�²xwfM}bxw�qh5lqprnsdk|"e
yg�åtw}b}kl ��y�tudblqxwp'�rfbx ½�r�~eg� ��xw�r�~vs�Pe�dbxZ�"fb}kd�yg�åtw}b}kl��³Çstu�q��xu�ìt�hVtulq�åtu�r�~eMv,tudRt1xwp�dk|"e��,tw}kl~}�xu�Ndk|"ezt�hVtulq�åt ½�r�~e�t��rfkl~xwfkl¾j5p"x$���~e�v�nie�õ¡�,tudbyR| ½ ��l~}be`�rfbx5y�e�}b}klqprn5ö«�;tup"v�t$�³dbegfzdk|,tudZy�xw���r�rdbe�dk|"et���xV}kdbegfkl~xwfkl��,tufRtu�segdbegf���v��³}`xwpËdk|"e��,tw}kl~}
xu�ztu�q��v"tudRt.�Pxwl�p5db}
db|,tud�tufbe�yg�åtw}b}kl ½�,e�v.dbxsdk|"e1fbe�}k�Pe�ygdklqhie
�sx)vre8õ³xwfze�}kdklq��tudbe
dk|"e1�,tufRtu�segdbegfb}zlqp'}bxw�se
xwdk|"egfz��t�Çi�eV� n"���"}klqprnK�~e�tw}kd�}bÐ)�,tufbe�}��Ctw}�lqp }be�ygdkl~xwp&Ï�� ���q�$ö«�»��xwp"y�eg�rdk�,tu�q�qÇ!}k��e�tuj5lqprn"��dk|rl~}tu�r�rfbxitwyb|8��xw�r�~v�nVlqh)e�nix)x5v�fbe�}k�r�qdb}�l��;dk|"eztZ�rfkl~xwfkl�j5p"x$���~e�v�niezxwp�dk|"eM�,tufRtu�segdbegfhVtu�q�"e�}Cl~}��rfbe�ygl~}beMegp"xw�rnV|�dbx1egp,tu�r�~e�nix)x5vsyg�åtw}b}kl��,y�tudkl~xwp;�C¯��rd��il��Pdk|rl~}Cl~}Cdk|"e�y�tw}beV�}be�Ð)�"egp)dklåtu�;�rfbx5y�e�}b}klqprnsl~}�e«È��Pe�ygdbe�v�dbx���egf¸�²xwfk�ôe�Ð)�,tu�q�qÇ8��eg�q�Æ�¹9e1�"}be1�,tufkdkl~yg�~e
�"�qdbegfklqprn�tu�r�rfbx�È�lq��tudkl~xwp"}zdbxsfbeg�rfbe�}begp5dZtup"v-y�xw���r�rdbe`��lqdk|dk|"e-niegp"egfRtu�:�rfbxw�,tu�rlq�qlqd¿Ç vregp"}klqd¿Ç!�³�rp"ygdkl~xwp"}��Á¶zx$��egh)egf�lqp }bxw�se'}k�Pegyglåtu�Zy�tw}be�}õ³}k�"yb|òtw}��rprl��²xwfk� xwf8p"xwfk��tu�Zv�l~}kdkfklq�r�rdkl~xwp"}8�²xwf

e
tup"v,Éuxwf8�,tufRtu�segdbegfb}«ö�e«È"twygdy�xw���r�rdRtudkl~xwp"}
��t�Ç'�Pe��PxV}b}klq�r�~eV��¼¿p9}k�"yR|9y�tw}be�}Zdk|"es}k��e�ygl��,y��rfbxw�Pegfkdkl~e�}
xu��dk|"etu�qnixwfklqdk|r����t�Ç'��e�lqp��²egfkfbe�v'�³fbxw� dk|"ese«È��r�ql~yglqd1e«È��rfReg}b}kl~xwp"}1xu��dk|"e��r�Pv"tudbe�fk�r�~e
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�²xwf`vregdbegfk��lqprlqprn9t���xV}kdbegfkl~xwfkl�v�l~}kdkfklq�r�rdkl~xwp"}`lqp»�M�qnixwfklqdk|r� Ï�� Ï�� ��� { |rl~}
��lq�q���Pelqp5hie�}kdklqn)tudbe�v�lqp��³�rdk�rfbeZfbe�}be�tufbyb|;�ñ"�rfkdk|"egfzfbe�}be�tufbyb|'��lq�q�¾tu�~}bx��²x5yg�"}zxwp-dk|"e1lqp5hie�}kdklqn)tudkl~xwpKxu�C�rfbxw�Pegfkdkl~e�}:xu��dk|"e�rfbe�}begp5dbe�v��segdk|,x)vN´Ãdk|"e�lqpY�"�"egp"y�e�xu�Pdk|"e�Ð)�,tu�qlqdoÇ`xu�Pdk|"e�t�hVtulq�åtu�r�~e�tz�rfkl~xwfkl"j5p"x�� ½�~e�v�nieV�)dk|"eMy�xwp5h)egfkniegp"y�eM�rfbxw��egfkdkl~e�}�xu�Ndk|"e��rfbxw�PxV}be�v�tu�qnixwfklqdk|r�øtup"v�dk|"e�fbeg�åtudkl~xwp�Pegd¿��e�egp-xw�rdRtulqp"e�v-}k�r� ½ xw�rdklq��tu�Ã}bxw�q�rdkl~xwp"}Mtup"v�dk|"e1xw�rdklq��tu�ìxwp"e�}��
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�]i h «�o]x�x>��oGlõ���
}H����uGoGp mrotuGp ����r
�]i z �<m�r_wyoG��wyo�qtw~r_p ���\����o

� lnm]oGpcq7r_ltrvuGwyx>r
�]i � �vqtwy��uGp �L}y��uGp ���7��� � ltmtoGp�q

r_ltrvuGwyx>r
�]i � �%otu�q �n�43

¼¿p�dk|rl~}�dk|"e�}kl~}���eMlqp5hie�}kdklqn)tudbe�v�xw�"}begfkhiegf�vre�}klqnVp.tup"v�l~vregp)dkl��,y�tudkl~xVp��segdk|"x5vr}�²xwf�y�egfkdRtulqp'yg�åtw}b}be�}�xu�¾|5Ç5�rfkl~v.}kÇ�}kdbeg�s}���¹9eZ��lq�q�;p"x��ònVlqh)e
tup.x$hiegfkh5l~eg�Îxu����tulqpfbe�}k�r�qdb}�tup"v�y�xwp5dkfklq�r�rdkl~xwp"}ztup"v�v�l~}byg�"}b}�xw�Pegp��rfbxw�r�~eg�s}Mtup"v8�PxV}b}klq�r�~e:v�lqfbe�ygdkl~xwp"}tup"v.}kdRtufkdklqprns��xwlqp5db}��²xwf��³�rdk�rfbeZfbe�}be�tufbyR|;�
bQ�y� Ë w�Q Q�E�B"D A<Ö6ÉìA�GsTwBPO��Cw1TVO�A�G`U
{ |"eZ��tulqp-y�xwp)dkfklq�r�rdkl~xwp"}zxu�¾dk|"eZdk|"e�}kl~}MtufbeV´

• �Mp9xw�"}begfkhiegf1vre�}klqnVp9�se«db|"x)vK�²xwf1ÀN�rf�d e�}kÇ�}kdbeg�s}:��lqdk|9�
�r�qdklqhVtu�q�"e�v9��tu� ½�rlqprni}��rlqp"yg�q�"v�lqprn�t�p"x�h)eg�Ndk|"e�xwfbegdkl~y�tu�¾tup,tu�qÇ�}kl~}��
• �&p"eg��xw�"}begfkh)egfCv"eg}klqnVps�rfbx5y�e�v��rfbe��²xwf�tZyg�åtw}b}Cxu���rlq�sx5v"tu�"�rl~e�y�eg��l~}bezt��sp"e}kÇ�}kdbeg�s}�� { |"e�v�l~}kdklqprnV�rl~}k|rlqprn��²e�tudk�rfbe�xu��dk|"e�vre�}klqnVp"e�v9xw�"}begfkhiegfb}Zl~}:dk|,tuddk|"egÇ8vrx�p"xwd�fbe�Ð)�rlqfbeZdk|"eZlqp��²xwfk��tudkl~xwp-xwp.dk|"eZyg�rfkfbegp5dk�qÇ.twygdklqhie1v�Ç5p,tu��l~y�}��
• �ºp"x$hieg��õ³¯�t�Çie�}klåtup�öMtu�r�rfbxitwyR|'dbx�l~vregp5dkl��,y�tudkl~xwp�xu��|)Ç5�rfkl~v'}kÇ�}kdbeg�s}��,dk|,tud�Ætwyglq�qlqdRtudbe�}�dk|"eZ�"}beZxu�Ct`�rfkl~xwfkl;j5p"x$���~e�v�nieV�
• { ��xze«È���egfklq�segp5dRtu�ry�tw}be�}kdk�"v�l~e�}Ãl��q�q�"}kdkf«tudbe�dk|"e�xw�"}begfkhiegf¾vre�}klqnVp"}��Vtup"v`}k|"x��dk|"e
tu�r�r�ql~y�tu�rlq�qlqd¿Ç.xu�¾dk|"eZ�rfbe�}begp)dbe�v�db|"e�xwfkÇi�
• �Mp�e«È���egfklq�segp5dRtu�,y�tw}be�}kdk�"v�Ç
lqp�|5Ç5�rfkl~v`l~vregp5dkl��,y�tudkl~xwp;�idk|�tud�vreg�sxwp"}kdkfRtudbe�}dk|"e:�rfRtwygdkl~y�tu�Ãtu�"�r�qlqy�tu�rlq�qlqdoÇ�xu�¾dk|"eZyg�q�"}kdbegfklqprn ½ �,tw}be�v'tup"v�¯�t�Çie�}klåtup��rfbx)y�e ½v��rfbe�}�� { |rl~}�y�tw}beK}kdk�"v�Ç�l~}��"}be�v4tw}.t9�Pegp"yb|r��tufkj e«È"tu���r�~eKlqp |5Ç5�rfkl~vl~vregp5dkl��,y�tudkl~xwp õ³·Ml~e�}b}begp.egdztu�Æ�;õ²�V�V�u�5ö~Á"¯�eg���PxwfRtwv-egdMtu�Æ�ìõ²�V�V�u�5ökö«�
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bQ�_Ç Ó ��U;@NBCÔ�@NB H`@;U,O�ÕzG×ÖwACBÁ?�D&��BPO�H U�D
UÃT�@ìQ U
5Y³�É�³�µ Ê6�_º[ÁÄ»)	��!¿ ·��
���7�_»��!� ·!$kÆ�·_¹�º8��»89Â¼�º)»�·_¹%½
¼¿p.yR|,tu�rdbegfz�`��eZy�xwp"}kl~vregfbe�v-ÀN�rf�d e1}kÇ�}kdbeg�s}�xu�¾dk|"ez�²xwfk�.´

ẋ = Ax − Gw + Bu
õ²���q�$ö

w ∈ %(Hx)

y = Cx,

��|"egfbe
%
l~}:t���t$È�lq��tu�Ã�sxwp"xwdbxwp"e�}begd ½ hVtu�q�"e�v-��tu�r�rlqprn"�M¹Ëe
y�xwp"}kl~vregfZtup�tu�"}bx ½�q�rdbeg�qÇ'y�xwp)dklqp5�"xw�"}z�³�rp"ygdkl~xwp

x
t�}bxw�q�rdkl~xwp�xu��t�v�lcbNegfbegp5dklåtu��l�p,y«�q�"}kl~xwp&õ²���q�$ög��l���lqd}Rtudkl~}¸�,e�}sõ²��� Ì ö:tu�q�sxV}kd1egh)egfkÇ5��|"egfbeV�`�z}:��e�}Rt��1�N}begh)egfRtu��yg�åtw}b}be�}Zxu��|5Ç5�rfkl~v�}kÇ�} ½dbeg�s}Cy�tups�Pe�vre�}bygfklq��e�v�tw}Ctupslqp)dbegfby�xwprp"e�ygdbl~xwp�xu�P�qlqp"e�tuf�v�Ç5p,tu��l~y�}�lqp�tM�²e�e�v��,twybjy�xwp��"nV�rfRtudkl~xwp���lqdk|.t1��t$È�lq��tu�P�sxwp"xwdbxwp"ez��tu�r�rlqprn"�r}k�"yb|�tw}:´Ã�qlqp"e�tuf�fbeg�åt�Ç�}kÇ�} ½dbeg�s}��Py�e«fbdRtulqp'�rl~e�y�eg��l~}be`�qlqp"e�tuf:}kÇ�}kdbeg�s}��"�qlqp"e�tufZy�xw���r�~eg�segp)dRtwfklqdoÇ'}kÇ�}kdbeg�s}ztup"veg�~e�ygdkfkl~y
yglqfbyg�rlqdb}���lqdk|.}k��lqdbyR|rlqprn�eg�~eg�segp5db}��¹Ëe��rfbxw�PxV}begv�d¿��x:À;�"egp)�Pegfkniegf ½ d¿Ç5�Pe�xw�"}begfkh)egf�}kdkfk�"ygdk�rfbe�}�� { |"e��sxV}kd�niegp"egfRtu�xw�"}begfkh)egf�}kdkfk�"ygdk�rfbeZ|�twv8dk|"e:�²xwfk�.´

˙̂x = (A − LC)x̂ − Gŵ + Ly + Bu
õ²��� �iö

ŵ ∈ %((H − KC)x̂ + Ky)

ŷ = Cx̂.

{ |"e1y�xwp"}kl~vregfbe�v-yg�åtw}b}�xu�C}kÇ�}kdbeg�s}�tup"v��rfRxw��xV}be�v-xw�"}begfkhiegfb}My�tup-��eZp"xwp ½ }k�sx)xwdk|tup"v�p"xwp ½ ÀNlq�"}byR|rlqdk�i��tup"v�|"egp"y�eV�)eghiegp�dk|"e�e«È�l~}kdbegp"y�e�tup"v��rprl~Ð)�"egp"e�}b}Cxu�P}bxw�q�rdkl~xwp"}l~}�p"xwd�nV�,tufRtup)dbe�e�vN�{ |"e�xw�"}begfkh)egf`vre�}klqnVp"}�tufbes�,tw}be�v9xwpËfbegp"vregfklqprn'dk|"es�qlqp"e�tuf`�,tufkd`xu��dk|"e�xw� ½}begfkh)egf�egfkfbxwfsv�Ç5p,tu��l~y�}s}kdkfkl~ygdk�qÇË�PxV}kl�dbl�h)e8fbe�tu�²� { |rl~}sy�tup!��e.twy�y�xw���r�ql~}k|"e�v!�)Ç}bxw�qh5lqprn�t�}k�rlqdRtu�r�qÇ8vre«�"p"e�v-}begd�xu�¾�qlqp"e�tuf���tudkfkl�È�lqp"e�Ð)�,tu�qlqdkl~e�}���Mp"vregfCdk|"eMtw}b}k�r���rdkl~xwpsdk|,tud�tZ}bxw���"dkl~xwp�xu�Pdk|"e�}kÇ�}kdRe«�ôõ²���q�$ö�eRÈ�l~}kdb}Mõ¡��t�Ç`p"xwd�Pe��rprl~Ð)�"eV�wnVlqh)e«p�dk|"e�lqprlqdklåtu�"y�xwp"v�lqdkl~xwp�ö«�V��e��rfbx�h)e�v`dk|,tud¾dk|"e�vre�}klqnVp"e�v�xw�"}begfkh)egfb}tufbeZ��eg�q� ½ ��xV}be�v»õ¡lÆ� eV��}bxw�q�rdkl~xwp.dbx�dk|"e1xw�"}begfkh)egfMv�Ç5p,tu��l~y�}Me«È�l~}kdb}Mtup"v�l~}��rprl~Ð)�"e$ö«�¹Ëeg�q� ½ ��xV}be�v�p"e�}b}
l~}
ygfk�"yglåtu��lqp»egp"}k�rfklqprn-dk|"es�rfbxw��egf`��eg|,t�h5l~xwf`xu��dk|"esp)�r�segfkl~y�tu�lq���r�~eg�segp5dRtudkl~xwp&xu�zdk|"e�xw�"}begfkhiegf��Ë¹9e�tu�~}bx'�rfbx$h)egv dk|,tud�dk|"e8e�}kdklq��tudbe�v�}kdRtudbee«È��Pxwp"egp)dklåtu�q�qÇ y�xwp5hiegfknie�}�dbxËdk|"e-dkfk�"e'}kdRtudbe'xu�1db|"e'}kÇ�}kdbeg�.� { |"e-fbe�}k�r�qdb}8tufbelq�q�q�"}kdkfRtudbe�v-xwp-tup-e«È���egfklq�segp5dRtu�Ãy�tw}beZ}kdk�"v�Ç���lqdk|'t�v�fklq�q� ½ }kdkfklqprn�}begdk�r�;�¼¿p9yb|,tu�rdbegf Ì ��e�y�xwp"}kl~vregfbe�v9t8yg�åtw}b}Zxu���rlq�sx5v"tu�C�rl~e�y�eg��l~}be��qlqp"e�tuf1}kÇ�}kdRe«�s}��lqp �Pxwdk|�y�xwp)dklqp5�"xw�"}�tup"v!v�l~}bygfbegdbe�dklq�seV� { |"e8y�xwp"}kl~vregfbe�v�yg�åtw}b}�xu�z}kÇ�}kdbeg�s}�lqp
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y�xwp)dklqp5�"xw�"}�dklq�seZ|,tw}�dk|"e:�²xwfk�.´
ẋ =

{

A1x + Bu,
l��

H>x < 0

A2x + Bu,
l��

H>x > 0

õ²��� Ì ö
y = Cx,tup"v���eZ�rfbxw��xV}be�v.ÀN�"egp5��egfkniegf ½ d¿Ç5�Pe
xw�"}begfkh)egfb}�xu�¾dk|"ez�²xwfk�.´

˙̂x =

{

A1x̂ + Bu + L1(y − ŷ),
l��

H>x̂ + K(y − ŷ) < 0

A2x̂ + Bu + L2(y − ŷ),
l��

H>x̂ + K(y − ŷ) > 0

õ²��� �5ö
ŷ = Cx̂.{ |"e1yR|,tufRtwygdbegfkl~}kdkl~yZ�²e�tudk�rfbe
xu�¾dk|"eZ�rfbxw�PxV}be�v-xw�"}begfkhiegfb}�l~}�dk|,tudMdk|"eZlqp��²xwfk��tudkl~xwpxwpsdk|"e�yg�rfkfbegp)dk�qÇ�twygdklqhie�v�Ç5p,tu��l~y�}�xu�Ndk|"e�xw�"}begfkhie�vs}kÇ�}kdbeg� l~}�p"xwdCp"e�e�vre�vN�)��|rlq�~e}beghiegfRtu��xwdk|"egf�tu�r�rfbxitwyR|"e�}sfbe�Ð)�rlqfbe8dk|,tud�dk|"e8�sx5vre8l~}�j5p"x$��pÎõ³�M�~e�}b}Rtup"v�fklMtup"v��xw�~egdkdRt.õ²�V�V����t�� �;���V�V� Ì ö~Á"¼¿�r�qlåt�¯�tufRt�egdztu�Æ�;õ²�V�V�V�iö~ÁP�5yb|rlqprj)eg�ìegdMtu�Æ�ìõ²�V�V� Ì ökö«�¹9e`vregfklqhie�vKtsy�xwp"}kdkfb�"ygdklqhie
�rfbx5y�e�v��rfbe
�²xwfzvregdbegfk��lqprlqprn8dk|"e`xw�"}begfkh)egfMn)tulqp"}

L1, L2
tup"v

K
���5Ç8}bxw�qh5lqprn�t�}k�rlqdRtu�r�qÇ�vre«�"p"e�v-}kÇ�}kdbeg� xu�¾�qlqp"e�tufM��tudkfkl�È�lqp"e�Ð)�,t ½�qlqdkl~e�}�� { |"e`�rfbxw�PxV}be�v�vre�}klqnVpK�rfbx5y�e�v��rfbe�Ç5l~eg�~vr}:nV�~xw�,tu�q�qÇ�tw}kÇ5���rdbxwdkl~y�tu�q�qÇK}kdRtu�r�~exw�"}begfkhiegfb}��`¶zx���eghiegf��Nlqd:dk�rfkp"e�v9xw�rd:dk|,tudZdk|rl~}
tu�r�rfbxitwyb|9l~}Zxwpr�qÇ.�²e�tw}klq�r�~e���|"egpdk|"e:}kÇ�}kdbeg� v�Ç5p,tu��l~y�}�l~}�y�xwp5dklqp)�,xw�"}�x$hiegf�dk|"e:}k��lqdbyR|rlqprn��r�åtup"eV�C¼¿p�dk|rl~}�y�tw}bez��efbe�y�x�h)egfbe�vKdk|"e�xw�"}begfkh)egfZvre�}klqnVp��rfbx)y�e�v��rfbe��rfbxw��xV}be�vK�5Ç'�Mfby�tujKtup"vÃøzxwjixwdbx$h5l�ùõ²�V�V���$ö;�²xwf�ÀN�rf�d e�}kÇ�}kdbeg�s}Ã��lqdk|s}k�~xw�Pe ½ ��xw�rp"vre�vsp"xwpr�qlqp"e�tufklqdkl~e�}��5tw}Ct:}k��e�yglåtu�"y�tw}beV�¼¿p.dk|"e
y�tw}be
xu�Cv�l~}by�xwp)dklqp5�"xw�"}zhie�ygdbxwf¸�,eg�~v-��e
xw�rdRtulqp"e�v'xw�"}begfkh)egfb}�dk|,tudM|,t�hie��xw�rp"vre�v`fbeg�åtudklqh)e�e�}kdklq��tudkl~xwp�egfkfbxwf��w��lqdk|`fbe�}k�Pe�ygdÃdbxMdk|"e�}kdRtudbe�xu�"dk|"e�xwfklqnVlqp,tu�r}kÇ ½}kdbeg�.�Ã¹9e�|,t�hie�}k�"y�y�e�}b}¸�³�r�q�qÇ�tu�r�r�ql~e�vsdk|"e�vreghieg�~xw�Pe�v�dk|"e�xwfkÇ�xwp�tup�e«È���egfklq�segp5dRtu�y�tw}beZ}kdk�"v�Ç8xu�Ct`�"lqe�y�eg��l~}be1�qlqp"e�tuf���e�tu� ��lqdk|'t�xwp"e ½ }kl~vre�v.}k�rfklqprn"�

5Y³�É�³�É Ên»]½�Æ_¼¾½�½�»�·_¹§ÁÄ¹�¿:� �!Æ�·_ÃÅÃ:��¹�¿�Á"º)»�·_¹%½
¯�xwdk| xw�"}begfkhiegf8vre�}klqnVp"}�tufbe-�,tw}be�v xwp }kdRtu�rlq�qlq�$tudkl~xwpòxu�1dk|"e'xw�"}begfkhVtudkl~xwp4egfkfbxwfv�Ç5p,tu��l~y�}��u�)ÇZ�"}klqprnzÐ)�,twv�fRtudkl~y�ÀNÇ5tu�r�rp"x�hZ�³�rp"ygdkl~xwp"}��Ã¼¿p
y�egfkdRtulqp�y�tw}be�};dk|"eCnV�~xw�,tu�tw}kÇ5���rdbxwdkl~y�}kdRtu�rlq�qlqd¿Ç xu�zdk|"e�xw�"}begfkhVtudkl~xwp&e«fbfbxwf���t�Ç }kdklq�q���Pe�twyR|rl~eghie�v!lqp dk|rl~}��t�Çi��¶zx���eghiegf��"�²xwf�dk|"e`y�xwp"}kl~vregfbe�v'yg�åtw}b}Mxu�C�rl ½ �sx)v"tu�¾�rl~e�y�eg��l~}be�t��sp"e
}kÇ�}kdbeg�s}��|"egp»dk|"e8v�Ç5p,tu��l~y�}`l~}`v�l~}by�xwp5dklqp)�"xw�"}�xw�rf�vre�}klqnVp»�rfbx)y�e�v��rfbe8nV�,tufRtup)dbe�e�}�xwpr�qÇdk|,tud�dk|"e:e�}kdklq��tudkl~xwp�egfkfbxwf���lq�q�P��eM�Pxw�rp"vre�vN��fbeg�åtudklqhiezdbx
dk|"eM��xw�"p"v�xu�ìdk|"ez}kdRtudbeõ¡lÆ� eV�Mfbeg�åtudklqhie
dbx�dk|"e
�Pxw�rp"v'xu�Cdk|"e`v�l~}kdk�rfk�,tup,yge`dbegfk��ö«�:¼¿dMfbeg��tulqp"}Ztw}:tupKxw�Pegp�rfbxw�r�~eg� ��|"egdk|"egfZlqdzl~}z�PxV}b}klq�r�~e
dbx�twyb|rl~egh)e`nV�~xw�,tu�Ctw}kÇ5���rdbxwdkl~y�}kdRtu�rlq�qlqd¿Ç'xu��dk|"exw�"}begfkhVtudkl~xwp-egfkfbxwfMv�Ç5p,tu��l~y�}��²xwf�dk|rl~}�yg�åtw}b}�xu��}kÇ�}kdbeg�s}���¾È��r�ql~yglqd�tu�qnieg�rfRtul~y��²e�tw}klq�rlq�qlqd¿Ç�y�xwp"v�lqdkl~xwp"}��²xwf¾dk|"e�vre�}klqnVp�xu�Pxw�"}begfkh)egfb}�xu��doÇ5��eõ²��� �iöMy�tup���e�xw�rdRtulqp"e�v�lqpKdk|"e�}Rtu�se`��t�ÇKtw}:dk|"e�e«È��r�ql~yglqd:�²e�tw}klq�rlq�qlqd¿Ç'y�xwp"v�lqdkl~xwp"}
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�²xwfMxw�"}begfkhiegfMvre�}klqnVp"}��rfbe�}begp5dbe�v�lqp-�Mfby�tuj.tup"v¼øMxwj)xwdbx�h5l�ù�õÆ�V�V���$ö«���¾È��r�ql~yglqd��²e�t ½}klq�rlq�qlqdoÇ�y�xwp"v�lqdkl~xwp"}��²xwf�dk|"e:xw�"}begfkh)egf�vre�}klqnVp"}1õ²��� �5ö�tufbezp"xwd�j5p"x���p;�C�z}�xw�"}begfkh)egfvre�}klqnVp"}��³fbxw� �Mfby�tuj-tup"v�øMxwj)xwdbx$h5l�ù�õ²�V�V���$öMtufbe`ts}k��e�yglåtu�Ãy�tw}be
xu�Cdk|"e
xw�"}begfkh)egfõ²��� �5ö;�²xwf¾db|"e�yg�åtw}b}�õ²��� Ì öì��lqdk|sy�xwp5dklqp)�"xw�,}Cv�Ç5p,tu��l~y�}��w�²e�tw}klq�rlq�qlqdoÇ`y�xwp"v�lqdkl~xwp"}��³fbxw��Mfby�tuj.tup"v¼øzxwjixwdbx$h5l�ù�õ²�V�V���$ö�tufbe
t�nix5x)v-}kdRtufkdklqprns�Pxwlqp)d��²xwf�lqp)h)e�}kdklqn)tudklqprn�dk|rl~}l~}b}k�"eV�ÅM�rf�xw�"}begfkh)egf`vre�}klqnVp»�rfbx)y�e�v��rfbe��²xwf�t-yg�åtw}b}8õ²��� Ì öZ��lqdk|»v�l~}by�xwp5dklqp)�"xw�,}�v�Ç ½p,tu��l~y�}z��t�Ç��PeZ�²e�tw}klq�r�~e`eghiegp'lqp-dk|,e
y�tw}be
��|"egp'dk|"e
�rp"vregfk�qÇ5lqprn8}kÇ�}kdbeg�ôl~}Mp"xwdxw�"}begfkhVtu�r�~eV��¶zx$��egh)egf��"dk|"e
vre�}klqnVp"e�v-xw�"}begfkh)e«fMl~}�p,xwd��"}be�tu�r�~e
��e�y�tu�"}be1dk|"e1nV�,t ½fRtup5dbe�e�vsegfkfbxwf��Pxw�rp"v�l~}¾�`�"yb|s�åtufkniegf�dk|,tupsdk|"e��Pxw�rp"vsxu��dk|"e�}kdRtudbeV� { |rl~}�fbe~�,e�ygdb}dk|"e`�ÆtwygdZdk|,tudZdk|"e�}kdRtudbe�y�tup�p"xwdZ�Pe��rprl~Ð)�"eg�qÇKvregdbegfk��lqp"e�vK�³fbxw� dk|"e��se�tw}k�rfbe�vxw�rdk�r�rdb}��¾¼¿d¾l~}¾xu�,lqp5dbegfbe�}kd¾dbx:e«È��r�~xwfbe�dk|"e�y�xwprp"e�ygdkl~xwp"}��Pegd¿��e�egp�dk|"e�xw�"}begfkhVtu�rlq�qlqd¿Çy�xwp"v�lqdkl~xwp"}��rfbe�}begp5dbe�v�lqp��qlqdbegfRtudk�rfbesõ³¯�eg����xwfRtwv�egd�tu�Æ�Põ²�V�V�V�Vtiö~Á,��xw�q�qlqp"}�tup"v�hVtup�5yR|)�r�r�Pegpòõ²�V�V�u�5ö~ÁÃ¯�tu�,tVtu�ql�tup"v»��niegfb}kdbe�v�d.õ²�V�V�u�5ö~ÁìÄzl~v"tu��egd�tu�Æ��õ²�V�V� Ì tiökö
tup"vdk|"e��²e�tw}klq�rlq�qlqdoÇ�xu�Pdk|"e��rfbe�}begp5dbe�vsxw�"}begfkh)egf�vre�}klqnVp"}�tup"v�twyR|rl~eghVtu�r�~e�egfkfbxwf���xw�rp"vr}��{ |"e.�rfbxw�r�~eg� xu�:�"}klqprnËdk|"e.vre�}klqnVp"e�v&xw�"}begfkhiegfb}��²xwf�xw�rdk�r�rd ½ �,tw}be�v&y�xwp5dkfbxw�xu��dk|"e�y�xwp"}kl~vregfbe�vKyg�åtw}b}be�}:xu��}kÇ�}kdbeg�s}zl~}:xu��nVfbe�tud:dk|"e�xwfbegdkl~y�tu��tup"v'�rfRtwygdkl~y�tu�¾lqp ½dbegfbe�}kd��»�z}`dk|"e�vre�}klqnVp"e�v!xw�"}begfkh)egfb}stwyb|rl~egh)e8lqpr�r�rd ½ dbx�}kdRtudbe�}kdRtu�rlq�qlqd¿Ç4õ³¼k�r�rö
xu�dk|"e�xw�"}begfkh)egf1egfkfbxwfZ��lqdk|�fbe�}k�Pe�ygdZdbx8dk|"e�}kdRtudbe�xu��dk|"e�xw�"}begfkhie�v�}kÇ�}kdbeg�.�ìt��PxV} ½}klq�r�~e�tu�r�rfbxitwyR|!dbxKxw�rdk�r�rd ½ �,tw}be�v�y�xwp)dkfbxw��vre�}klqnVp!��t�ÇË�Pe��,tw}be�v xwp fbegp"vregfklqprndk|"eMy�xwp5dkfbxw�q�~e�v�}kÇ�}kdbeg� xw�"}begfkhVtudkl~xwp�egfkfbxwf ½ dbx ½ }kdRtudbe:}kdRtu�r�~eV�)�)Çsyb|"x5xV}klqprn
dk|"ez}k�rlqd ½tu�r�~e�y�xwp5dkfbxw�q�~egf��K�Me�}k�r�qdb}1�³fbxw��¼o}kl~vrxwfklZõ¸���V�V�iö«��µVlåtuprn�egd�tu�Æ��õ¸���V�u�5ö`tup"v»µVlåtuprnegdztu�Æ�Ãõ¸���V�V�iö�dk|,tudMe�}kdRtu�r�ql~}k|'y�xwp"v�lqdkl~xwp"}��²xwfM}kdRtu�rlq�qlqd¿Ç.xu��dk|"e:�²e�e�v��,twybj�lqp)dbegfby�xwp ½p"e�ygdkl~xwp!��egdo��e�egp!do��x'lqpr�r�rd ½ dbx�}kdRtudbe8}kdRtu�r�~e8}kÇ�}kdbeg�s}`��t�ÇË�~e�twv»dbxK}kdRtu�rlq�qlq��lqprnxw�rdk�r�rd ½ �,tw}be�v-y�xwp5dkfbxw�q�~egfb}���z}�vreg�sxwp"}kdkfRtudbe�v»�5ÇËe«È���egfklq�segp5dRtu��y�tw}be�}kdk�"v�l~e�}`dk|"e8Ð)�,tu�qlqd¿ÇËxu�Mdk|"e8}kdRtudbee�}kdklq��tudkl~xwpKvreg�Pegp"vr}:xwp-dk|"e
Ð)�,tu�qlqdoÇ.xu�Cdk|"e1�sx5vreg�¾xu��dk|"e
�rp"vregfk�qÇ5lqprn��r�åtup5d���¼¿p�rfRtwygdkl~y�tu�¾}klqdk�,tudkl~xwp"}zlqd�l~}z}bxw�segdklq�se�}M|,tufbv-dbxsniegdMdk|"e`twy�yg�rfRtudbe�tup"v-}klq���r�~e
egp ½xw�rnV|9�sx5vreg��xu��dk|"es}kÇ�}kdbeg��õ³eV� n"�sdk|"ese«È���egfklq�segp5dRtu��}begdk�r�9��lqdk|9dk|"e��rl~e�y�eg��l~}be�qlqp"e�tuf1��e�tu��ö«��¼¿d:l~}1vre�}klqfbe�vKdk|,tud1dk|"e�xw�"}begfkhiegfZ�Pegf¸�²xwfk��tup"y�esvregdbegfkl~xwfRtudbe�}1nVfRt ½ygl~xw�"}k�qÇ1��lqdk|�fbe�}k��e�ygd¾dbxMdk|"e��sx)vreg�q�qlqprn1egfkfbxwf��wlÆ� eV�ìdk|"e�xw�"}begfkhiegf¾}k|"xw�r�~v`��e  fBL®Y¢tJ�E�1�,f��"d��,dk|"e1�sx5vreg�q�qlqprn�egfkfbxwf�� { x�tu�r�rfbxitwyR|Kdk|"e1fbxw�r�"}kdkp"e�}b}z�rfbxw�r�~eg� Ð)�,tup5dklqdRt ½dklqh)eg�qÇi��dk|"eZ�sx)vreg�q�qlqprn�egfkfbxwfMy�tup��Pe:dkfbe�tudbe�v-tw}Mtup-twvrv�lqdkl~xwp,tu�Ãe«È�dbegfkp,tu�;lqpr�r�rd�dbxdk|"eZxw�"}begfkh)e�v�}kÇ�}kdbeg�.�5��lqdk|'tup��rprj5p"x���p-}kdkfk�"ygdk�rfbeV���r�rd���lqdk|-t`��xw�rp"vre�v���tun ½prlqdk�"vreV� { |"e`�sx)vreg�q�qlqprn-egfkfbxwfZdk|"egp�egp5dbegfb}:dk|"e�xw�"}begfkhVtudkl~xwp9egfkfbxwf1v�Ç5p,tu��l~y�}1tw}tup'twvrv�lqdkl~xwp,tu�Ãe«È�dbegfkp,tu�;lqpr�r�rd���lqdk|��Pxw�rp"vre�v���tunVprlqdk�,vreV� { |"eZxw�"}begfkh)egf�vre�}klqnVpy�tupsp"x$����e��,tw}be�vsxwp�}kdRtu�rlq�qlq��lqprn
dk|"e�p"xw��lqp,tu��xw�"}begfkhVtudkl~xwp�egfkfbxwf�v�Ç5p,tu��l~y�}zõ¡lÆ� eV���lqdk|"xw�rd�dk|"es�sx5vreg�q�qlqprn�egfkfbxwf«ö
tup"vËfbegp"vregfklqprnKdk|"esn)tulqpË�³fbxw�Sdk|"e�v�l~}kdk�rfb�,tup"y�edbx�dk|"e`e�}kdklq��tudkl~xwp�egfkfbxwf:}k��tu�q�Æ� { fRtwvre�x�bN}z��egdo��e�egpKdk|rl~}zn)tulqp�tup"v'y�xwp5hiegfkniegp"y�e}k�Pe�e�v8��t�Ç��Pe:p"e�y�e�}b}RtufkÇ)�
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¼¿p9yb|,tu�rdbegf
�.��e��rfbe�}begp)dbe�v»tup9e«È��Pegfklq�segp)dRtu��y�tw}bes}kdk�"v�Ç'lqp9dk|"e�l~vregp)dkl��,y�tudkl~xwpxu��dk|"e�eg�~e�ygdkfbxwprl~y�y�xw���Pxwp"egp)d1�r�åtwy�eg�segp)d1�rfbx)y�e�}b}:lqp��rl~ybj ½ tup"v ½ �r�åtwy�e���twyb|rlqp"e�}��¹9e��"}be�v�dk|"e�yg�q�"}kdbegfklqprn ½ �,tw}be�v��rfbx5y�e�v��rfbe
õ³ñ,egfkfRtufkl ½¿{ fbe�y�tudbeMegd�tu�Æ�"õ²�V�V���V�)�V�V� Ì ökö«�tup"v.xw�rdRtulqp"e�v��sx5vreg�~}Mxu�Ãdb|"eZ}kÇ�}kdbeg�ølqp�db|"e � ¹K�z�9eÎ�²xwfk�.�¹9ezvreg�sxwp"}kdkfRtudbe�v�dk|,tud�dk|"ezxw�rdRtulqp"e�v � ¹'�z�9e4�sx5vreg�~}�tufbe:tu�r�~eMdbx
y�tu�rdk�rfbedk|"e:fbeg�~eghVtup)dMv�Ç5p,tu��l~y�}�xu�Ãdk|"eZe«È��Pe«fbl��segp5dRtu�ì}begdk�r�;�"tup"v�|,t�h)e:}Rtudkl~}¸�ÆtwygdbxwfkÇ8xwp"e ½}kdbeg� ½ tu|"e�twv��rfbe�v�l~ygdkl~xwp.tup"v�}klq�`�r�åtudkl~xwp���egf¸�²xwfk��tup"y�eV�C¶zegp"y�eV�5��eMy�xwp"yg�q�"vrezdk|,tuddk|"e�xw�rdRtulqp"e�v��sx)vreg�~}Z�²xwf:lqp"}kdRtup"y�eV�ìy�tup���e��"}be�v'�²xwfZ�sx)vreg�C�rfbe�v�l~ygdklqhiesy�xwp)dkfbxw�tup"v�hiegfkl��,y�tudkl~xwp;�± �rfklqprn�dk|rl~}Ze«È��Pegfklq�segp)dRtu�C��xwfkj-��e�xw�"}begfkh)e�v'dk|"e�p"e�e�v'�²xwfZ}k�r�r�r�qÇ5lqprn-tup"v�"}klqprn`t�hVtulq�åtu�r�~eztz�rfkl~xwfkl,j5p"x����~e�v�nie�lqpsdk|"e�l~vregp)dkl��,y�tudkl~xVp��rfbx5y�e�v��rfbeV�)lqp�xwfbvregfCdbxn)tulqp��sxwfbezy�xwp5dkfbxw�Px�h)egf�dk|"e�l~vregp5dkl��,y�tudkl~xwp8�rfbx5y�eg}b}�tup"vsdbx1lq���rfbx$h)e�dk|"eMl~vregp)dkl�� ½y�tudkl~xwp.fbe�}k�r�qdb}��C�Î�rfkl~xwfklìj5p"x����~e�v�nie1��t�Ç�}kdbeg� �³fbxw� �r|5Ç�}kl~y�tu�Nlqp"}klqnV|5db}�lqp5dbx�dk|"e}kÇ�}kdbeg� xwfC�³fbxw� �rfbegh5l~xw�"}�l~vregp5dkl��,y�tudkl~xwp�e«È���egfklq�segp5db}�� { |"eze«È�l~}kdklqprn
�rfbx)y�e�v��rfbe�}�²xwfÃdk|"e�l~vregp)dkl��,y�tudkl~xVpsxu� � ¹K�z�9e&}kÇ�}kdbeg�s}�õ³ñ,egfkfRtufkl ½¿{ fbe�y�twdbe�egdCtu�Æ��õ²�V�V� Ì ö~ÁV¯�eg� ½��xwfRtwvKegd1tu�Æ�¾õ²�V�V�V�u�;�;�V�V� Ì ö~Á�Äzl~v"tu�¾egd1tu�Æ�¾õ²�V�V� Ì ��öböztufbe�yg�rfkfbegp)dk�qÇ-p"xwd:�rfbxw�Pegfk�qÇe�Ð)�rlq�r��e�v8�²xwf�|,tup"v��qlqprnsdk|"e
t`�rfkl~xwfkl;j5p"x$���~e�v�nieV�¼¿p4yR|,tu�rdbegf-Ï»��eK�rfbe�}begp)dbe�vÎtËp"x$hieg�Z�rfbx5y�e�v��rfbeK�²xwf8dk|"eKl~vregp5dkl��,y�tudkl~xwpÁxu�|)Ç5�rfkl~v�}kÇ�}kdbeg�s}�dk|,tud��Ætwyglq�qlqdRtudbe�}�dk|"e��,}beMxu�;dk|"e:t�hVtulq�åtu�r�~e:t1�rfkl~xwfkl�j5p"x$���~e�v�niezxwpdk|"eC}kÇ�}kdbeg�4dbx��Pe¾l~vregp5dkl��,e�vN� { |"e¾�"prj5p"x���p1�,tufRtu�segdbegfb}ì��egfbe�dkfbe�tudbe�v
tw}NfRtup"vrxw�hVtufklåtu�r�~e�}`tup"vËvre�}bygfklq��e�v9��lqdk|Ëdk|"eglqf
�rfbxw�,tu�rlq�qlqd¿ÇËvregp"}klqd¿Ç'�³�rp"ygdkl~xwp"}8õ¡��v5�²}«ö
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�¯�Ç.yb|"x5xV}klqprn�dk|"e�ts�rfkl~xwfklÃ�,tufRtu�segdbegf:�Pv5�²}Mdk|"e
�"}begfzl~}Mp"x�� tu�"�qe`dbx�}k�r�r�r�qÇ.dk|"efbeg�~eghVtup)dzt��rfkl~xwfkl;j5p"x����~e�v�nie1dbx�dk|"eZl~vregp)dkl��,y�tudkl~xVp-�rfbx)y�e�v��rfbeV�{ |"e8l~vregp)dkl��,y�tudkl~xwp��rfRxw�r�~e«� l~}���xV}be�v�tw}�dk|"e��rfbxw�r�~eg��xu�z��t$È�l���lq��lqprn9dk|"edbxwdRtu���rfRxw�,tu�rlq�ql�doÇKdk|,tud1dk|"e�xw�"}begfkh)e�v�v"tudRt8l~}Zniegp"egfRtudbe�v��5Ç-dk|,e�l~vregp)dkl��,e�v9�sx ½vreg�Æ�;nVlqh)egp�dk|"e�t8�rfkl~xwfklC�rfbxw�,tu�rlq�qlqdoÇ�v�l~}kdkfklq�r�rdkl~xwp"}`xu���sx5vreg�C�,tufRtu�segdbegfb}�� { |rl~}xw�rdklq��lq�$tudkl~xwp»�rfbxw�r�~eg�Sl~}`t.y�xw�
�rlqp,tudbxwfklåtu��xw�rdklq��lq�$tudkl~xwp»�rfbxw�r�~eg�.�Ctup"v»tw}1dk|"ep)�r�`��egfzxu�Ãdk|"e1y�xwp"}kl~vregfbe�v.v"tudRt���xwlqp5db}�lqp"ygfbe�tw}be�}��5�"p"v�lqprnsdk|"e1xw�rdklq�`�r�ôÐ)�rl~ybj ½�qÇ��Pe�y�xw�se�}My�xw���r�rdRtudkl~xwp,tw�q�qÇ�lqp5dkfRtwygdRtu�r�~eV��¶zegp"y�eV�"��e1vregh)eg�qxw�Pe�v't�}k�r��xw�rdklq��tu�xw�rdklq��lq�$tudkl~xwp8tu�qnixwfklqdk|r� �,tw}be�vsxwp�t:nVfbe�e�v�Ç�}kdkfRtudbegnVÇi�i��|rl~yR|�y�xwp"}kl~vregfb}�xwp"e�v"tudRt��xwlqp5d�tud�tzdklq�seV�5tup"v�dkfkl~e�}�dbx:��tuj)e�dk|"e���e�}kd��PxV}b}klq�r�~e��~x)y�tu�,vre�ygl~}kl~xwp;�ilqpsxwfbvregf�dbxtu�r�rfbxitwyb|�dk|"eznV�~xw�,tu�;xw�rdklq�
�r�.�C�z}�tup,tu�qÇ5dkl~y�tu�;y�xw���r�rdRtudkl~xwp�l~}�p"xwd��PxV}b}klq�r�~eM�²xwfniegp"egfRtu�Cp"xwl~}bestup"v��,tufRtu�segdbegf
�rfbxw�,tu�rlq�qlqd¿Ç9vregp"}klqd¿Ç-�³�rp"ygdkl~xwp"}1��e��"}be�vK�,tufkdkl~yg�~e�"�qdbegfklqprn�tu�r�rfbx�È�lq��tudkl~xwp-dbx�lq���r�~eg�segp5dMdk|"eZ�rfbxw��xV}be�v-tu�qnixwfklqdk|r�.�¹9e8tu�~}bx-�rfbxw��xV}be�v!t�p"x$hieg���sx5v�l��,y�tudkl~xwp!xu�Mdk|"e��'�MÀ � �rfbx5y�e�v��rfbeV���,tw}be�vxwp&�rfkl~yglqprn9�³�rp"ygdkl~xwp"}����²xwfsdk|,e.e�}kdklq��tudkl~xwp xu�Zdk|"e.fbegnVl~xwp"}�� � fkl~yglqprnË�³�rp"ygdkl~xwp"}
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�rfbe�}begfkh)e�dk|"e8hVtu�q�,tu�r�~e8lqp��²xwfk��tudkl~xwp �³fbxw� dk|"e8yg�åtw}b}kl��,y�tudkl~xwp!�r|,tw}be��²xwf�dk|"e�fRe ½nVl~xwp9e�}kdklq��tudkl~xwp;� { |"e�xw��egfRtudkl~xwpËxu��dk|"e��rfbxw��xV}be�vËtu�qnixwfklqdk|r��l~}:lq�q�q�"}kdkfRtudbe�v��)Çtup»twy�twvreg��l~y�e«È"tu���r�~eV�s¹Ëe�}k�"y�y�e�}b}¸�³�r�q�qÇ�tu�r�r�ql~e�v9dk|"e��rfbxw�PxV}be�v��rfbx5y�e�v��rfbe��²xwfdk|"e
l~vregp)dkl��,y�tudkl~xwp�xu�Cdk|"e
e«È��Pegfklq�segp)dRtu��e«È"tu���r�~e`xu�Cdk|"e
y�xw����xwp"egp5d:�r�åtwy�eg�segp)d�rfbx5y�e�}b}�lqp.�rl~ybj ½ tup"v ½ �r�åtwy�e1��twyR|rlqp"e�}��
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¶:t�h5lqprn�dk|"estu�rlq�qlqdoÇ'dbx8|,tup"v��~e�t��rfkl~xwfklCj5p"x$���~e�v�nie�tu��xw�rd1dk|"e��"|)Ç�}kl~y�tu�C}kÇ�}kdbeg�l~}�t
��tum¸xwfMtwv�hVtup)d«tunieZxu�Ãdk|"ez�rfbe�}begp5dbe�v8l~vregp5dkl��,y�tudkl~xwp.�rfbx5yge�v��"fbeV�C¯�Ç�yb|"x5xV}klqprnt.�rfkl~xwfkl��,tufRtu�segdbegf��Pv5�²}�}bxKtw}`dbx'y�xwfkfbe�}k�Pxwp"v»dbx'dk|"e��,tufRtu�segdbegfb}sxu�Mdk|"e��sx ½vre�}8xu�
dk|"e-�r|5Ç�}kl~y�tu�Z}kÇ�}kdbeg��dk|"e-l~vregp5dkl��,y�tudkl~xwp4�rfbx5y�e�v��rfbe'��t�Ç���e.�²xwfby�e�v dbxl~vregp5dkl��³Ç»t.�sx5vreg��dk|,tud�y�tup»�Pe�lqp5dbegfk�rfbegdbe�v lqp»�r|5Ç�}kl~y�tu��dbegfk�s}��Ë�5e�y�xwp"v��qÇi��dk|"etu�r�rfbxitwyR|��rfbe�}begp5dbe�v!|"egfbe�y�tup���e8�"}be�v dbx�lq���rfbx�h)e8dk|"e��rfbegh5l~xw�"}k�qÇ»l~vregp)dkl��,e�v�sx5vreg�~}���lqdk|-dRtufkniegdbe�v.l~vregp5dkl��,y�tudkl~xwpKe«È��Pegfklq�segp)db}����M�~}bxr�r�sx)vreg�~}zxu��lqp"ygfbe�tw}klqprny�xw���r�~e«È�lqdoÇ�y�tup��Pez�r�rlq�qd��³fbxw�øt`}be«fblqe�}�xu�ìl~vregp)dkl��,y�tudkl~xwp-e«È���egfklq�segp5db}��5��|"egfbe:lqpe�twyR|�e«È���egfklq�segp5d�xwpr�qÇst1}k�r�"}begd�xu�Ndk|"e��sx)vre�}�xu�;dk|"e��r|)Ç�}kl~y�tu��}kÇ�}kdbeg� l~}�e«Èryglqdbe�vtup"v»l~vregp5dkl��,e�vN�»ñr�rfkdk|"egfs}kdk�"v�Ç9lqp5dbx'�"}klqprn�dk|"e�t-�rfkl~xwfkl�j5p"x$���~e�v�nie8lqp |)Ç5�rfkl~vl~vregp5dkl��,y�tudkl~xwp-l~}�xu�¾nVfbe�tud��rfRtwygdkl~y�tu�ìlq����xwfkdRtup"y�eV�
�Mp"xwdk|"egf1lq����xwfkdRtup5d1fbe�}be�tufbyb|9dbxw�rl~y�l~}:dk|"e�dk|"e�xwfbegdkl~y�tu�Clqp5h)eg}kdbl�n)tudblqxwpËxu��dk|"e�rfbxw�Pegfkdkl~e�}�xu�`dk|"eKvreghieg�~xw�Pe�v l~vregp5dkl��,y�tudkl~xwpÁtu�qnixwfklqdk|r�.´Ëdk|"e'lqpY�"�"egp"y�e�xu�
dk|"eÐ)�,tu�qlqdoÇsxu�Ndk|"ezt�hVtulq�åtu�r�~eztZ�rfkl~xwfkl�j5p"x����~e�v�nieV�5dk|"eMy�xwp5hiegfkniegp"y�ez�rfbxw��egfkdkl~e�}�xu�Ndk|"e�rfbxw�PxV}be�v�tu�qnixwfklqdk|r� tup"v
dk|"e�fRe«�åtudkl~xwp"}¾�Pegd¿��e�egp�dk|"e�xw�rdRtulqp"e�v�}k�r� ½ xw�rdklq��tu�"}bxw�q� ½dkl~xwp"}�tup"v�dk|"e�xw�rdklq��tu�,xwp"e�}���;M�"e�}kdkl~xwp"}�xu���sx5vreg�"}kdkfk�"ygdk�rfbe�}beg�~e�ygdkl~xwp;�il~vregp)dkl���t ½�rlq�qlqdoÇ�tup"vs�Pegfb}kl~}kdbegp"y�ezxu�;e«ÈryglqdRtudkl~xwp�tufbe:tu�~}bx
xu�NnVfRe�tud��rfRtwygdkl~y�tu�;tup"vsdk|"e�xwfbegdkl~y�tu�lq���PxwfkdRtup"y�eV�C�Me�}k�r�qdb}��³fbxw�ø}kdRtudkl~}kdkl~y�tu�N�~e�tufkprlqprn�dk|"e�xwfkÇKõ³}be�eMÄ�tu�rprlqjKõ¸���V� Í ö�tup"vfbe«�²egfbegp"y�e�}�dk|"egfbeglqp�ö���t�Ç��rfbx$h5l~vre
t`nix5x)v.}kdRtufkdklqprns�Pxwlqp)d��²xwf�dk|rl~}�lqp)h)e�}kdklqn)tudkl~xwp;�
{ |"esl~vre�tw}
vregh)eg�~xw��e�v9lqpËyR|,tu�rdbegf�Ï.tufbesp"xwd1�qlq��lqdbe�v9dbx�dk|,e � ¹K�z�9e yg�åtw}b}xu��|5Ç5�rfkl~vK�sx)vreg�~}����¾È�dbegp"}kl~xwp�dbx�xwdk|"egf1yg�åtw}b}be�}Zxu��|)Ç5�rfkl~v�}kÇ�}kdbeg�s}:l~}:��xV}b}klq�r�~eV�ñ,xwfMe«È"tu���r�~eV�,lqp'xw�'vregp'¯��rl m¸}Megd:tu�Æ�Ãõ²�V�V�u�5ö�dk|"e
v�Ç5p,tu��l~y�}zxu��dk|"e1lqp5dbegfby�eg�q�q�r�åtuf�³fbe�e8y�tu�~yglq�r� lqp»dk|"e�lqp5dRtwygd�l~}bxw�åtudbe�v fRtud�|,tufkd���tw}�y�xwp"}kl~vregfbe�vN�Ëñ"xw�q�~x$��lqprnKdk|"el~vre�tw}Zxu��dk|"e�¯�t�Çie�}klåtup9tu�r�rfbxitwyb|;�N��e�vregfklqhie�v�tupKl~vregp5dkl��,y�tudkl~xwpËtu�qnixwfklqdk|r�0tup"v}k�"y�y�e�}b}¸�³�r�q�qÇ�l~vregp)dkl��,e�v dk|"e'�rprj5p"x���p �,tufRtu�segdbegfb}�lqp dk|"eK}k��lqdbyb|"e�v p"xwpr�qlqp"e�tuf�sx5vreg�Æ��ÅM�rfMtu�r�rfbxitwyb|�l~}��sxwfbe:fbxw�r�"}kd���lqdk|8fbe�}k�Pe�ygd�dbx`dk|"ez�se�tw}k�rfbeg�segp)d�p"xwl~}betup"v�y�xw���r�rdRtudkl~xwp,tu�q�qÇK�~e�}b}:vreg��tup"v�lqprn"�ìy�xw���,tufbe�v�dbx8xwdk|"egf1tu�r�rfRxitwyb|"e�}ZlqpKdk|"e�r|5Ç�}kl~xw�~xwnVl~y�tu�C�qlqdbegfRtudk�rfbe-õ¡hVtup9��l~eg�Ctup"v�hVtup�vregf1Ä��"}b}be�õ²�V�V�V�iö~ÁNhVtup9��l~eg�Ce«d`tu�Æ�õ²�V�V� Ì ökö«� { |rl~}:e«È"tu���r�~estu�qfbe�twv�Ç'}k|"x$��}zdk|"e`�Pxwdbegp)dklåtu�¾�²xwfz�³�rfkdk|"egf:niegp"egfRtu�qlq�$tudkl ½xwp"}�� { |rl~}�l~}Mtup�lq���PxwfkdRtup5d��³�rdk�rfbeZfbe�}be�tufbyR|.dbxw�rl~yV�
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{ |"e8dk|"e�xwfbegdkl~y�tu�Mfbe�}k�r�qdb}��rfbe�}begp)dRegv!lqp�dk|rl~}�dk|"e�}kl~}���egfbe8lq�q�q�"}kdkfRtudbe�v��)Ç }beghiegfRtu�e«È���egfklq�segp5dRtu�Me«È"tu���r�~e�}��Ë¹ |"egp�tu�r�r�qÇ5lqprn9dk|"e8vregh)eg�~xw��e�v!dk|"e�xwfkÇ»l�p!�rfRtwygdkl~y�eV�dk|"eMp"e�egv"}C�²xwfC�³�rfkdk|"egf�dk|"e�xwfbegdkl~y�tu�Nvregh)eg�~xw�r�segp)db}���e�y�tu�sezlq���se�v�låtudbeg�qÇ�xw�)h5l~xw�"}��ñ"xwfze«È"tu���r�~eV��dk|"e
e«È��Pegfklq�segp)dRtu��e«È"tu���r�~e`xu��t�v�fklq�q�Ã}kdkfklqprn8}kÇ�}kdbeg�ô}k�r�rfkfbe�v-dk|"e}be�tufbyb|»�²xwf
p5�r�segfkl~y�tu��}byR|"eg�se�}`dk|,tud�y�tup fbeg�qlåtu�r�qÇ9�rfbx$h5l~vre�dk|"e8}bxw�q�rdkl~xwp xu�Mdk|"ev�lcbNegfbegp)dklåtu��lqp"yg�q�"}kl~xwp;�5dk|"eMe«È��Pegfklq�segp)dRtu�Pe«È"tu���r�~ezxu�Ndb|"e��rl~e�y�eg��l~}be��qlqp"e�tuf��Pe�tu���tujie�}�xw�5h5l~xw�"}�dk|"ezp"e�e�v��²xwf�fbxw�r�"}kdkl��,y�tudkl~xwp.xu�Ãdk|"e:vregh)eg�~xw��e�v�xw�"}begfkh)egfb}�lqp8dk|"e�Ætwy�e
xu�C�sx5vreg�Ã�rp"y�egfkdRtulqp)doÇi�;tup"v.dk|"e`e«È���egfklq�segp5dRtu��e«È"tu���r�~e`xu�Cdk|"e`y�xw����xwp"egp5d�r�åtwy�eg�segp)d��rfbx5y�eg}b}s�rfbxw���rdbe�v!db|"e8lqp5hie�}kdklqn)tudkl~xwp&xu�:��t�Ç�}�dbxKlqp"y�xwfk�PxwfRtudbe'tup"v|,tup"v��~eZdk|"e
t`�rfkl~xwfkl;j5p"x$���~e�v�nieZlqp.dk|"e:|5Ç5�rfkl~v�l~vregp)dkl��,y�tudkl~xwp;�{ |rfbxw�rnV|�dk|"e�}beMe«È���egfklq�segp5dRtu��y�tw}be�}kdk�"v�l~e�}C��tup5Ç�p"eg� tup"v�lqp5dbegfbe�}kdklqprn
l~vre�tw}tup"v!lqp"}klqnV|5db}s��egfbe�niegp"egfRtudbe�vN�4�z}�dk|"e8�,eg�~v&xu�Z|)Ç5�rfkl~v&}kÇ�}kdbeg�s}�l~}�e«È�dkfbeg�seg�qÇ�rfbxitwv»tup"vËv�lqh)egfb}beV�¾tup"vË}bx8�Ætuf1p"x-}k�"y�y�e�}b}¸�³�r�C�rprl��³Ç5lqprn-dk|"e�xwfkÇ9e«È�l~}kdb}��;dk|"e�tu� ½dk|"xwfZ�Peg�ql~eghie�}Zdk|,tud1dk|"estwv�hVtup"y�e�}1lqp�dk|"e�}kdk�"v�ÇKxu��|5Ç5�rfkl~v�}kÇ�}kdbeg�s}:lqp�dk|"e�p"e�tuf�³�rdk�rfbe'}k|,tu�q�Ztup"v&��lq�q�z�Pe'v�fklqh)egp �rfklq��tufklq�qÇ&�)Ç��rfRtwygdkl~y�tu�:p"e�e�vr}�tup"v&dk|rfbxw�rnV|e«È���egfklq�segp5dRtu�¾tup"v8lqp"v��"}kdkfklåtu�¾tu�r�r�ql~y�tudkl~xwp"}��
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�M�~e�}b}Rtup"v�fklÆ�)�`�q�5��xw�~egdkdRt�� � �q���V�V����t�� ± e�}klqnVp�xu�;ÀN�"egp)�Pegfkniegf�xw�"}begfkh)egfb}¾�²xwf�tZyg�åtw}b}xu��|5Ç5�rfkl~v��qlqp"e�tuf`}kÇ�}kdbeg�s}��;¼¿p;´ ± l�¯�egp"e�vregdkdbxr���»�q�¾��tuprnVl~x$hVtuprprl ½ Äzlqp"y�egp5dbeg�q�qlÆ��`�;õ³�Cvr}�� ö«� � fbx5yV�rxu��¶MÇ5�rfkl~v.�)Ç�}kdbeg�s}�´���xw���r�rdRtudkl~xwpKtup"v-��xwp5dkfbxw�Æ�rÄCxw�Æ�"�V� Ì �xu��À;e�ygdk�rfbe
·zxwdbe�}�lqp'��xw���r�rdbegfZ�5ygl~egp"y�eV�P�)�rfklqprniegf��"�Mxw�seV�r�r�;��ó�Ê,� Í �
�M�~e�}b}Rtup"v�fklÆ�N�`�q�ì��xw�~egdkdRt�� � �q�;�V�V���g�ì�ì�)��lqdbyb|rlqprn-xw�"}begfkhiegfb}z�²xwfZy�xwp5dklqp)�"xw�"} ½ dklq�setup"v.v�l~}bygfbegdbe ½ dklq�seZ�qlqp"e�tufM}kÇ�}kdbeg�s}���¼¿p;´ � fbx5yV�"xu�¾dk|"eZ�M�segfkl~y�tupK��xwp5dkfbxw�¾��xwp ½�²egfbegp"y�eV�r�r�;�,�VÏ����$Ê5�VÏV���V�
�M�~e�}b}Rtup"v�fklÆ���`�q�;��xw�~egdkdRt�� � �q�N�V�V� Ì � ± e�}klqnVpKxu��xw�"}begfkhiegfb}M�²xwfz}k��lqdbyR|"e�vKv�l~}bygfbegdbe ½dklq�seM�qlqp"e�tuf�}kÇ�}kdbeg�s}��)¼¿p;´ � fbx)y�e�e�v�lqprni}�xu�;dk|"ez�M�segfkl~y�tup.��xwp5dkfbxw�;��xwp��²egfbegp"y�eV�± egp5hiegf�����xw�~xwfRtwvrxr�,�Z�5�`���r�;�"�ió Í Ï$Ê5�iów�V���
�Mprnieg�ql~}��Nð���>Ã�q�P�V�V���V�;�)Ç�}kdbeg� tup,tu�qÇ�}kl~}��,�sx)vreg�qlqprn.tup"v'y�xwp5dkfbxw�¾��lqdk|'��xw�qÇ5dbxw�rl~y�qlqp"e�tuf��sx5vreg�~}�� � |;� ± �rdk|"e�}kl~}��r��lqp"v�|"x$hiegp'�Mprlqhiegfb}klqdoÇ8xu� { e�yR|rp"xw�~xwnVÇi�
�Mp)db}Rtuj5�ql~}�� � �;õ³�CvN� ö«�,�V�V�V��� � fRx)y�e�e�v�lqprni}Mxu�¾dk|"eZ¼o�C�C��´,�)�Pe�yglåtu�ì¼o}b}k�"ezxwp.¶MÇ5�rfkl~v�)Ç�}kdbeg�s}���Ä�xw�Æ� ÍVÍ �
�Mp)db}Rtuj5�ql~}�� � �q��·zegfbx)vreV���`�zõ³�Cvr}�� ö«�1���V� Í ��¼o�C�C� { fRtup"}Rtwygdkl~xwp"}8xwp �M�rdbxw��tudkl~y��xwp5dkfbxw�Æ´��)�Pe�yglåtu�;l~}b}k�"eZxwp60g¶MÇ5�rfkl~v-��xwp5dkfbxw�¾�)Ç�}kdbeg�s}40w��Ä�xw�Æ��� Ì �
�Mfby�tujP�z� ����øzxwjixwdbx$h5l�ùV� � �q�Z�V�V���V�zÅM�"}begfkhiegf.�,tw}be�v4y�xwp5dkfbxw�
xu��}kÇ�}kdbeg�s}8��lqdk|}k�~xw�Pe ½ fbe�}kdkfkl~ygdbe�v9p"xwpr�qlqp"e�tufklqdkl~e�}��ì¼o�C�C� { fRtup"}Rtwygdkl~xwp"}`xwpË�M�rdbxw��tudkl~y8��xwp)dkfbxw��)�.õÆóVö«�N�V�g�)�$Ê,�V��ÏV���
�Mfk�r�åtu��tu�,tu�åtu�.���»�q�"�Ktw}kjieg�q�Æ�����q��ð:xwfbvrxwp;�,·`�q�����åtu�r�;� { �q�,�V�V�V���,�Îdk�rdbxwfklåtu�Ãxwp�,tufkdkl~yg�~e1�"�qdbegfb}��²xwfzxwpr�qlqp"e1p"xwpr�qlqp"e�tuf«É$p"xwp ½ n5tu�"}b}klåtup'�,t�Çie�}klåtup-dkfRtwybj5lqprn"�,¼o�C�C�{ fRtup"}Rtwygdkl~xwp"}MxwpK�)lqnVp,tu� � fbx)y�e�}b}klqprn�ÏV���;�$ó$�wÊ,� ÍVÍ �
�z}b}beg�
�r�~e�xwp;�,�V�V�V���r��eg�.}klqdbeV´@?�?�?�A�B�C�C1DFE�GIH�D�JLKMAONPJFEP�
�M�r�rlqp;��µ"�q�"��eg�q��lqp,t��r�`�q����� Í �"� ± lcbNegfbegp)dbl~tu�N¼¿p"yg�q�"}kl~xwp"}��"�)�rfklqprniegf¸ÊiÄCegfk�åtun"�"¯�egfk�qlqp;�
¯�tu�,tVtu�qlÆ�N�»�q����niegfb}kdbe�v�d��N�»�q�N�V�V�u�"�;ÅM�"}begfkhVtu�rlq�qlqd¿Ç'xu��}k��lqdbyb|"e�v'�qlqp"e�tufZ}kÇ�}kdbeg�s}��¼¿p;´K�M�q�rf����
�q� � tu�r�,tw}��zð��zõ³�Cvr}�� ö«� � fbx5yV��ó$dk| ¼¿p5dbegfkp,tudkl~xwp,tu�:¹9xwfkj�}k|"xw� xwp¶MÇ5�rfkl~v8�)Ç�}kdbeg�s}�´C��xw���r�rdRtudkl~xwp.tup"v8��xwp5dkfbxw�Æ�)ÄCxw�Æ�5�V�V� Ì xu�;À;e�ygdk�rfbez·zxwdReg}�lqp��xw���r�rdbegfZ�5ygl~egp"y�eV���5�rfklqprniegf ½ ÄCegfk�åtun"�"�r�;�r� Í Ê5� Ì �
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¯�tu�q�q�"yR|rlÆ�;�`�q�P¯�egp5hiegp5�rdklÆ�NÀC�q� ± l¾¯�egp"e�vregdkdbxr�ì�»�q�;��tuprnVl~x$hVtuprprl ½ Äzlqp"y�egp5dbeg�q�qlÆ�ì�`�q��V�V�V��� ± e�}klqnVpsxu�Pxw�Pe�}kfkhiegfb}¾�²xwf�|)Ç5�rfkl~v�}kÇ�}kdbeg�s}��w¼¿p;´ � fbx)yV�ixu�P¶MÇ5�rfkl~v��)Ç�}kdbeg�s}�´��xw���r�rdRtudkl~xwpKtup"v'��xwp)dkfbxw�Æ´��V�V�V�����)�rfklqprniegf ½ ÄCegfk�åtun,�,¯�egfk�qlqp;�r�r�;��ów�$Ê Í ���
¯�eg���PxwfRtwvN���`�q��ñ"egfkfRtufkl ½¿{ fbe�y�tudbeV�:ð��q���'xwfRtufklÆ���»�q���V�V�V�Vt���ÅM�"}begfkhVtu�rlq�qlqdoÇ&tup"vy�xwp)dkfbxw�q�åtu�rlq�qlqdoÇ-xu�C�rl~egy�eg��l~}be�t��sp"e�tup"v.|)Ç5�rfkl~v'}kÇ�}kdbeg�s}��"¼o�C�C� { fRtup"}Rtwygdkl~xwp"}xwp.�M�rdbxw��tudkl~y���xwp)dkfbxw�Æ�ì� Í �u�wÊ,� Í ów���
¯�eg���PxwfRtwvN�Ã�`�q�ÃðZtufk�r�q�qlÆ�Ã�`�q� � twxw�~egdkdklÆ�C���q�;Äzl~y«lqp"xr�Ã�`�q�ì�V�V� Ì �;� nVfbe�e�v�Ç9tu�r�rfbx ½twyb| dbx»l~vregp5dkl��,y�tudkl~xwpÎxu�`�rl~e�y�eg��l~}be�t��sp"eK�sx5vreg�~}���¼¿p;´»�Ktu�~egf��:Å`�q� � p5�"eg��lÆ��`�Ãõ³�Cvr}�� ö«��¶MÇ5�rfkl~v��)Ç�}kdbeg�s}�´���xw���r�rdRtudkl~xwp9tup"v���xwp5dkfbxw���V�V� Ì �,Ä�xw�Æ���V�V� Ì xu�À;e�ygdk�rfbeZ·zxwdbe�}�lqp'��xw���r�rdbegf:�5ygl~egp"y�eV� � fRtunV�"eV������e�yR|.�Meg�r�r�r�ql~yV���r�;�"�ió�Ê,�V�����
¯�eg���PxwfRtwvN�r�`�q�"ðZtufk�r�q�qlÆ���`�q� � twxw�~egdkdklÆ�,���q�5Äzl~yglqp"xr�r�`�q���V�V�u�"� ± tudRt`yg�åtw}b}kl��,y�tudkl~xwptup"vs�,tufRtu�segdbegf�e�}kdklq��tudkl~xwp��²xwf�dk|"eMl~vregp5dkl��,y�tudkl~xwp�xu�;�rl~e�y�eg��l~}be:t��sp"ez�sx)vreg�~}��¼¿p;´ � fbx)yV�,xu�C��xwp��²egfbegp"y�e
xwp ± e�y«l~}kl~xwp'tup"v'��xwp5dkfbxw�Æ� { xstu�r�Pe�tuf��
¯�eg���PxwfRtwvN���`�q�)�'xwfRtufklÆ�5�»�q�,���V�V���r��xwp)dkfbxw�Pxu�;}kÇ�}kdbeg�s}Clqp5dbegnVfRtudklqprn`�~xwnVl~yV��v�Ç5p,t ½��l~y�}Mtup"v.y�xwp"}kdkfRtulqp)db}��"�M�rdbxw��tudkl~y�t Ì Ï.õ Ì ö«���)�ió�Êi�)�ió5�
¯�eg���PxwfRtwvN���`�q�s��xw�q�Æ�sµ"�q�sÀrmo�rp"n"�sÀC�q���V�V�V�u�;�
¼ovregp)dbl ��y�tudblqxwp xu�8|5Ç5�rfkl~v }kÇ�} ½dbeg�s}�h5låt:��l�Ère�v ½ lqp)dbegniegf��rfbxwnVfRtu����lqprn,� { e�yb|;�i�Meg�;�i��� { �V� ½ � Í �)� { ¶:>,�rfkl~yR|;�
Q�R�R�SMT�U�U NPJLK�R�VIJ�H�A�DLR�Q�WXAON4Q��

¯�eg���PxwfRtwvN�i�`�q� { xwfkfkl~}klÆ�Vñ��q�V�KxwfRtufklÆ�V�»�q�i�V�V�V�wyV�)ÅM�rdklq��lq�$tudkl~xwp ½ ¯�tV}be�v�Ä�egfkl��,y�tudkl ½xwpstup"v��)dRtu�rlq�qlqd¿Çs��|,tufRtwygdbegfklq�$twdkl~xwp�xu� � l~e�y�eg��l~}be��9�sp"e�tup"v�¶MÇ5�rfkl~vs�)Ç�}kdbeg�s}��¼¿p;´¾ÀNÇ5p"yb|;�r·`�q�Yø:fbxwnV|;�r¯:�Põ³�Cvr}�� ö«� � fbx)y�e�e�v�lqprn)} Ì fbv8¼¿p)dbegfkp,tudkl~xwp,tu�N¹Ëxwfkj�}k|"xw�xwpK¶MÇ5�rfkl~v9�)Ç�}kdbeg�s}�� � lqdkdb}k�r�rfknV|;� � �`���Z�5���,ÄCxw�Æ�¾�$ów�V��xu��À;e�ygdk�rfbe�·zxwdbe�}:lqp��xw���r�rdbegf:�5ygl~egp"y�eV�"�r�;�r�)Ï$Ê5Ï Í �
¯�egprp"egd���ø��q�,�Ktuprn)tw}Rtufklåtup;�NÅ`�q�ì���V�u�"�,�'�r�qdkl~y�tudRe«nixwfbÇ.v�l~}bygfklq��lqp,tudkl~xwpKh5låt��qlqp"e�tuf�rfbxwnVfRtu����lqprn"�PÅM�rdklq��lq�$tudkl~xwpK�'egdk|"x)vr}ztup"v-�5xu�³do��tufbe:�"�,�ió�Ê Ì ���
¯�egfk���rlqprlÆ�)�z�q�Vðzlq�qj�}��$¹º�q�w�V�V���V�u�M���5�z� � À;� ½ ��Å�Ä:�-�"�qdbegfklqprnz��lqdk|`ygfbxV}b} ½ �sx5vreg�mo�r���"}���¼¿p;´ ± xw�"y�egd��1�`�q�1vre9ñ"fbeglqdRtw}��Z·����`ð:xwfbvrxwp;�1·`�
õ³�Cvr}�� ö«�`�5e�Ð)�"egp5dklåtu��'xwp)dbe ½ ��tufk�~x��'egdk|"x)vr}�lqp � fRtwygdkl~y�eV�P�)�rfklqprniegf��P��|;�,�����r�;�;�V�$ó�Ê,� ÌVÍ �
¯�x$Ç�vN�¾���q�ì����ðz|,twxw�rlÆ�ÃÀC�q�ìñ,egfbxwp;�Ã�����Ã¯�tu�åtuj5fkl~}k|rp,tup;�ìÄ��q�����V�u�"�ìÀNlqp"e�tuf`�Ktudkfkl�È¼¿p"e�Ð)�,tu�qlqdkl~e�}�lqp���xwp5dkfbxw� { |"e�xwfkÇi�VÄCxw�Æ�r��Ï:xu�;�)dk�"v�l~e�}�lqps�M�r�r�ql~e�vs�Ktudk|"eg��tudkl~y�}���5¼o�z�»�
¯�fRtuprl~yRj5Çi�5�»�q�����V� Í �5�-�r�qdklq�r�~eM�qÇ)tu�r�rp"x$h��³�rp"ygdkl~xwp"}�tup"v�xwdk|"egf�tup,tu�qÇ�}kl~}�dbx5xw�~}C�²xwf}k��lqdbyb|"e�v tup"vË|)Ç5�rfkl~v»}kÇ�}kdbeg�s}��;¼o�C�C� { fRtup,}Rtwy«dblqxwp,}�xwp»�M�rdbxw��tudkl~y���xwp5dkfbxw�� Ì ���5ówÏ$Êi� Í ���
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¯�fbe�vregp"}kdbeglqp"egf��C���Ãµ"�q�C¯�egprp"egdkd��Cø�� � �q�����V�V���¾�-�r�qdkl~y�tudbegnixwfkÇ»yg�åtw}b}kl��,y�tudkl~xwp �5Ç}k�r�r�Pxwfkd�h)e�y«dRxwf���twyb|rlqp"e�}�����xw���r�rdRtudkl~xwp,tu��ÅM�rdklq��lq�$tudkl~xwp"}ztup"v��M�r�r�ql~y�tudkl~xwp"}�����,Ï Ì Ê�ów���
¯�fbeg��l~}�� ¶`�q� ���ió Ì � ÅM��egfRtudbeg�rfb} �Kt$È�lq��tu��È �'xwp"xwdbxwp"e�}�� ·zxwfkdk| ½¶zxw�q�åtup"v,Éu�M�segfkl~y�tup'���~}begh5l~egf��"�M�s}kdbegfbv"tu�.�
¯�fbxwnV�qlåtudbxr�ì¯:�q�ì�V�V�u�"�N�M�"}bxw�q�rdbe�}kdRtu�rlq�qlqdoÇ�tup"vKdk|"e�ÀìtunVfRtuprnie ½¿± lqfkl~yR|r�~egd
dk|"e�xwfbeg���lqdk|4�sxwp"xwdbxwp"eK�`�r�qdklqhwtu�q�"e�v4��tu�r�rlqprni}��M�)Ç�}kdbeg� tup"vò��xwp)dkfbxw�1À;egdkdbegfb}-Ï��V�Ì � Ì Ê Ì Ï Ì �
Ð�tu���qlq��eg�Æ���»�q��¶ze�eg�seg�~}��¾¹º�q���5yb|5�r��twyb|"egf���µ"�q���V�V�V���C��xwp"}kl~}kdbegp"ygÇ»xu�zt-dklq�se ½}kdbeg�r�rlqprn.�segdk|"x5vK�²xwf
t8yg�åtw}b}1xu���rl~e�y�eg��l~}be ½ �qlqp"e�tuf
p"egdo��xwfkj�}��;¼o�C�C� { fRtup"}Rtwy ½dkl~xwp"}`xwp!��lqfbyg�rlqdb}�tup"v �)Ç�}kdbeg�s}¸Ê)¼«´;ñ"�rp"v"tu�segp)dRtu� { |"e�xwfkÇËtup"vË�M�r�r�ql~y�tudkl~xwp"}�)�.õ Ì ö«� Ì �)�$Ê Ì Ïió5�
Ð�tu���qlq��eg�Æ�,�»�q�r¶ze�eg�seg�~}���¹º�q��hVtup.vregfz�5yR|,t$�³d��r�`�q�,�5yb|5�r��twyR|"egf��"µ"�q�,�V�V� Ì ���)��lqd ½yR|"e�vKp"egdo��xwfkj�}
tup"v�y�xw���r�~eg�segp5dRtufklqdoÇi�ì¼o�C�C� { fRtup"}Rtwygdkl~xwp"}
xwpË��l�fRy«�"l�dR}
tup"v�)Ç�}kdbeg�s}�¼«´rñ"�rp"v"tu�segp)dRtu� { |"e�xwfkÇ.tup"v.�M�r�r�ql~y�tudkl~xwp"}zÏV���;��� Ì �`Ê�Y ���u�)���
Ð�tu���qlq��eg�Æ�ì�»�q�ì��yb|5�r��twyb|"egf��ìµ"�q�ì�V�V�V���N�¾È�l~}kdbegp"y�e�tup"v'�rprl~Ð)�"egp"e�}b}1xu��}bxw�q�rdkl~xwp"}�²xwf1t�yg�åtw}b}:xu���rl~egy�eg��l~}be��qlqp"e�tuf1v�Ç5p,tu��l~y�tu�C}kÇ�}kdbeg�s}���ÀNlqp"e�tuf1�M�qnieg�rfRt8tup"vKlqdb}�M�r�r�ql~y�tudkl~xwp"} Ì Ï��V�;�g�5ó�Ê,� Í �"�
��xw�q�qlqp"}�� � �q�"hVtup��5yb|5�r�r��egp;�Pµ"�q���V�V�u�"�NÅM�"}begfkhVtu�rlq��lqdoÇ.xu�C�rl~egy�eg��l~}be�t��sp"e1|5Ç5�rfkl~v}kÇ�}kdbeg�s}��N¼¿p;´:�M�q�rf��ì�
�q� � tu�r�,tw}���ð��Cõ³�Cvr}�� ö«� � fbx)yV�Ãó$dk|Ë¼¿p)dbegfkp,tudkl~xwp,tu��¹Ëxwfkj ½}k|"xw�.xwp�¶MÇ5�rfkl~v.�)Ç�}kdbeg�s}�´���xw���r�rdRtudkl~xwp'tup"v-��xwp5dkfbxw�Æ��Ä�xw�Æ�r�V�V� Ì xu�¾À;e�ygdk�rfbe·zxwdbe�}�lqpK��xw���r�rdbegfZ�5ygl~egp"y�ew�P�)�rfklqprniegf ½ Ä�egfk�åtun"�"�r�;�,�V�u�wÊ5�iów���
��fkl~}Rtup;� ± �q� ± xw�"y�egd��r�`�q���V�V�V�����ò}k�rfkh)egÇ�xu�Ãy�xwp)h)egfkniegp"y�ezfbe�}k�r�qdb}�xwp8�,tufkdkl~yg�~eM�"� ½dbegfklqprn��segdk|"x5vr}��²xwf��rfRtwygdklqdkl~xwp"egfb}��"¼o�C�C� { fRtup"}Rtwygdkl~xwp"}�xwp-�)lqnVp,tu� � fbx)y�e�}b}klqprnÏV����ó Ì �`Ê8ó$�)���
± eZ�5yR|)�rdkdbegf��r¯:�q�5hVtup8vregp�¯�x)xw�.� { �q�r�V�V���V���'x5vreg�P�rfbe�v�l~ygdklqhie:y�xwp5dkfbxw���²xwf���t$È ½�r�q�"} ½ �qlqp"e�tufzv�l~}bygfbegdbe1eghiegp5d�}kÇ�}kdbeg�s}��r�M�rdbxw��tudkl~y�t Ì ó5�;���u�)�$Ê,���VÏV���
± e�y�tufk�~xr���
�q��¯�fRtuprl~ybj5Ç)���»�q� � e«dbdbegfb}b}bxwp;�����q��À;egprp,tufkdb}bxwp;��¯:�q���V�V�V��� � egfb}k��e�y ½dklqh)e�}�tup"v fbe�}k�r�qdb}8xwp dk|"eK}kdRtu�rlq�qlqd¿Ç tup"v }kdRtu�rlq�qlq�$tu�rlq�qlqdoÇ xu�`|)Ç5�rfkl~v }kÇ�}kdbeg�s}��� fbx5y�e�e�v�lqprni}zxu�¾dk|"eZ¼o�C�C� ÍVÍ �N���V�V�`Ê-��� Í ���
± eg�zÄCe�y�yR|rl~xr� ± �q���-�rfkfRt�Çi���
�q� � egfbxwp,t�� � �q�M�V�V� Ì � ± e�y�xw���PxV}klqdkl~xwp4xu�
|)�r��tup�sxwdkl~xwpKlqp)dbx�v�Ç5p,tu��l~y ½ �,tw}be�vK�rfklq��lqdklqhie�}z��lqdk|�tu�r�r�ql~y�tudkl~xwp�dbx�v�fRt���lqprn8dRtw}kj�}���M�rdbxw��tudkl~y�t Ì ���"�V� Í Ï$Ê5�V�V� Í �
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± xwp5dbyb|"eghP�N�`�q�PÀ;eg���rl~xr�Nñ��q�¾���V�V��� ± lcbNegfbegp"y�e`�segdk|,x)vr}z�²xwf:v�lcbNegfbegp5dklåtu�¾lqp"yg�q�"}kl ½xwp"}��,�5¼o�z��fbegh5l~eg� Ì �'õ²�iö«�,�V� Ì Ê5�V�u�"�
± xw�"y�egd����`�q�5vreMñ"fbeglqdRtw}��5·`�q�rð:xwfbvrxwp;�5·`��õ³�Cvr}�� ö«�r�V�V���V�r�5e�Ð)�"egp5dklåtu�P�'xwp)dbeZ��tufk�~x�'egdk|"x)vr}�lqp � fRtwygdkl~y�eV�P�)�rfklqprniegf��
± �"v"t��"�
�q�r¶:tufkd�� � �q�;���ió Ì � � tudkdbegfkp'yg�åtw}b}kl��,y�tudkl~xwp'tup,v�}by�egp"e
tup,tu�qÇ�}kl~}���¹ lq�~egÇi�
���;ðz|,twxw�rlÆ�5ÀC�q�r��xw���se�tu�;��µ"�q�����V�V���5À;�'¼ { ÅZÅzÀC´�tZ�,twybjVtunie��²xwf�À;�'¼¾xw�rdklq��lq�$t ½dkl~xwp1lqp���y«lq�åtu�
�"}begf�d };nV�rl~vreV� ¹Ëeg�`}klqdbeV´N|)dkdb�;´ ÉVÉ$fbxw��xwdkl~y�}�� e�e�y�}�� ��egfbjieg�~egÇ)� e�v���É�eg�qn ½|,twxw�rl¡É$�q��lqdbx)xw�¡Éu�q��lqdbx5xw�Æ� |)dk�s�Æ�
ñ,egfkfRtufkl ½¿{ fbe�y�tudbei�Mð��q���-lqnVp"xwp"eV� ± �����'xwfRtufklÆ���»�q���V�V�V�����'x$h5lqprn9|"xwfklq��xwp e�}kdkl ½��tulqdkl~xwp��²xwf�|)Ç5�rfkl~v8}kÇ�}kdbeg�s}��5¼o�C�C� { fRtup"}Rtwygdkl~xwp"}�xwp��M�rdbxw��tudkl~y1��xwp5dkfbxw�P�5ó5����V� Ì Ê,���iów���
ñ,egfkfRtufkl ½¿{ fbe�y�tudbei��ð��q�r�-�"}beg�q�qlÆ�r�»�q�r�V�V�V���r�Îp"eg�4�~e�tufkprlqprn��segdk|"x5v8�³xwf��rl~e�y�eg��l~}be�qlqp"e�tuf�fbegnVfbe�}b}kl~xwp;�5¼¿p;´Ã�Mfkdkl��,yglåtu�P·zeg�rfRtu��·zegd¿��xwfkj�} ½ ¼k���z·z·4�V�V�V��´¾¼¿p5dbegfkp,tudkl ½xwp,tu�¾��xwp��²egfbegp"y�eV���Ktwv�fkl~vN�P�)�,tulqp;�"Ä�xw�Æ�,�u�"��Ïsxu��À;e�ygdk�rfbe`·zxwdbe�}�lqpK��xw���r�rdbegf�5ygl~egp"y�ew�P�)�rfklqprniegfMÄCegfk�åtun"�r�r�;�r�V�V�wÊi�V�)���
ñ,egfkfRtufkl ½¿{ fbe�y�tudbei�rð��q�)�-�"}beg�q�qlÆ�5�»�q�iÀ;l��PegfRtudklÆ� ± �q�)�'xwfRtufklÆ�)�»�q�5�V�V���V�)� yg�q�"}kdbegfklqprndbe�yb|rprl~Ð)�"eM�²xwf�dk|"ezl~vregp)dkl��,y�tudkl~xVp.xu�ì�rl~e�y�eg��l~}beZt��sp"e:}kÇ�}kdbeg�s}��)¼¿p;´¾¯�egp"e�vregdkdbxr��»� ± �q�;��tuprnVl~x$hVtuprprl ½ Äzlqp"y�egp5dbeg�q�qlÆ�;�`�¾õ³�Cvr}�� ö«� � fbx5yV���Vdk|K¼¿p5dbegfkp,tudkl~xwp,tu�¾¹Ëxwfkj ½}k|"xw��xwp.¶MÇ5�rfkl~v.�)Ç�}kdbeg�s}�´���xw���r�rdRtudkl~xwp'tup"v-��xwp)dkfbxw�Æ�rÄCxw�Æ�"�V� Ì ��xu�¾À;e�ygdk�rfbe·zxwdbe�}�lqp'��xw���r�rdbegfZ�5ygl~egp"y�eV���5�rfklqprniegf ½ ÄCegfk�åtun"�"�r�;�,��� Í Ê5� Ì �V�
ñ,egfkfRtufkl ½¿{ fbe�y�tudbei�rð��q�)�-�"}beg�q�qlÆ�5�»�q�iÀ;l��PegfRtudklÆ� ± �q�)�'xwfRtufklÆ�)�»�q�5�V�V� Ì �)� yg�q�"}kdbegfklqprndbe�yb|rprl~Ð)�"e.�²xwfsdk|"e.l~vregp5dkl��,y�tudkl~xwp4xu�Z�rl~e�y�eg��l~}beKt��sp"e-}kÇ�}kdbeg�s}��C�M�"dbxw��tudkl~y�tÌ ��õ²�iö«�,�V�VÏ$Ê5���$ó5�
ñ,egfkfRtufkl ½¿{ fbe�y�tudbei�ìð��q�N�5yR|rlqprjieg�Æ�N�»�q�P�V�V� Ì �N��xwp"v�lqdkl~xwp"}Zxu��xw�rdklq��tu��yg�åtw}b}kl��,y�tudkl~xwp�²xwf��rl~e�y�eg��l~}be`t��sp"eZfbegnVfbe�}b}kl~xwp;�,¼¿p;´��Ktu�~egf��PÅ`�q� � p)�"eg�qlÆ�,�`�ìõ³�Cvr}�� ö«� � fbx5yV�,�udk|¼¿p)dbegfkp,tudkl~xwp,tu��¹9xwfkj�}k|"xw� xwp!¶MÇ5�rfkl~v!�)Ç�}kdbeg�s}�´���xw���r�rdRtudkl~xwp&tup,v!��xwp5dkfbxw�Æ�ÄCxw�Æ�V�V�V� Ì xu��À;e�ygdk�rfRe�·zxwdbe�}¾lqp���xw���r�rdbegf��5ygl~e«p,ygeV�5�)�rfklqprniegf ½ ÄCegfk�åtun,�i�r�;��� ÍVÍ Ê�V�V���
ñ,egÇi�P�
�q�¾���V�V���;�)dbe�twv�Ç ½ }kd«tudbe`��eg|,t�h5l~xw�rfZxu��fbe�v��"y�e�vKv�Ç5p,tu��l~y�}kÇ�}kdbeg�s}M��lqdk|��qx ½y�tu�;p"xwpr�qlqp"e�tufklqdkl~e�}�� � |;� ± �"dk|"e�}kl~}��"��lqp"v�|"x$hiegp'�Mprlqh)egfb}klqd¿Ç�xu� { e�yb|rp"xw�~xwnVÇ)� { |"e·zegdk|"egfk�åtup"vr}��
ñÃlq�qlq�r�Px�hP�r�`�q����� ÍVÍ � ± lcbNegfbegp5dklåtu�N�CÐ)�,tudkl~xwp"}���lqdk| ± l~}by�xwp5dklqp)�"xw�"}���lqnV|)dk|,tup"v.�5l ½vre�}��;�Ktudk|"eg��tudkl~y�}�tup"v9lqdb}
�M�r�r�ql~y�tudkl~xwp"}���ø:�q�5��egf�� ± xwfbv�fbe�yb|5d�� { |"e�·zegdk|"egf ½�åtup"vr}��
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ñÃl~}k|r��tup;��ð��q�����V�V���ì�Kxwp)dbe8��tufk�~xr´���xwp"y�eg�rdb}��¾�M�qnixwfklqdk|r�s}�tup"vË�M�r�r�ql~y�tudkl~xwp"}���)�rfklqprniegf��
¶ze�v��q�rp"vN�����q�C�ztup5dk��egf��C�`�q�C�V�V�V���C��xwp5h)e«È»v�Ç5p,tu��l~y��rfbxwnVfRtu����lqp"nK�²xwf`|5Ç5�rfkl~v}kÇ�}kdbeg�s}��r¼o�C�C� { fRtup"}Rtwygdkl~xwp"}Mxwp.�M�rdbxw��tudkl~y���xwp)dkfbxw�ì�5ó5�N��Ï Ì �LY`��Ïu�)���
¶ze�eg�seg�~}��M¹º�q�`���V�V����ÀNlqp"e�tuf.y�xw���r�~eg�segp5dRtufkl~d¿Ç4}kÇ�}kdbeg�s}�´»�0}kdk�"v�Ç&lqp |5Ç5�rfkl~vv�Ç5p,tuprl~y�}�� � |;� ± �rdk|"e�}kl~}��r��lqp"v�|"x$hiegp'�Mprlqh)egfb}klqd¿Ç8xu� { e�yR|rp"xw�~xwnVÇi�
¶ze�eg�seg�~}��;¹º�q� ± e��5yR|)�rdkdRe«f$�Ã¯:�q�ì¯�eg����xwfRtwvN�Ã�`�q�Ã�V�V���V�ì��Ð)�"l�hVtu�~egp"y�e�xu��|5Ç5�rfkl~vv�Ç5p,tu��l~y�tu�ì�sx)vreg�~}��"�M�rdbxw��tudkl~y�t Ì ó5�N��� Í Ï$Ê,���V���V�
¶ze�eg�seg�~}���¹º�q���5yR|5�r��twyb|"egf���µ"�q��¹9eglq�åtup"vN�����q���V�V�V���CÀNlqp"e�tuf�y�xw���r�~eg�segp5dRtufklqdoÇ}kÇ�}kdbeg�s}��,�5¼o�z�0µixw�rfkp,tu�Ãxwp-�M�r�r�ql~egp"v.�Ktudk|"eg��tudkl~y�}z�V���
¶ze�egfkd²m¸e�}��P�»�q�����V�V���;��xwp5dkfbxw�q�~e�v�}kdRtu�rlq�qlq�$tudkl~xwp9xu���~xwprn ½ dbegfk��}bxw�q�rdkl~xwp"}:lqp9t��rl~e ½y�eg��l~}be��qlqp"e�tuf���e�tu� }kÇ�}kdbeg�.� � |;� ± �)dk|"e�}kl~}��)��lqp"v�|"x$hiegp8�Mprlqh)egfb}klqd¿Çsxu� { e�yb|rp"x ½�~xwnVÇ)� { |"e1·zegdk|"egfk�åtup"vr}��
¼¿�
�rfRt���µ"�q�ChVtup!vregf��5yR|,t$�³d��C�`�q���V�V�V������|,tufRtwygdbegfklq�$tudkl~xwp xu�z��eg�q� ½ �PxV}be�v�p"e�}b}sxu��rl~e�y�eg��l~}be ½ �qlqp"e�tuf-}kÇ�}kdbeg�s}���¼o�C�C� { fRtup"}Rtwygdkl~xwp"}-xwp4�M�rdbxw��tudkl~yË��xwp5dkfbxw�Z�)Ï�����V�V�`Ê-���������
¼o}kl~vrxwfklÆ�r�`�q�N���V�V���"·zxwpr�qlqp"e�tufzy�xwp)dkfbxw�Ã}kÇ�}kdbeg�s}�¼k¼«�,�)�rfklqprniegf��
¼¿�r�qlåt`¯�tufRt��"ð��q� ± tVt$�²xw�r�i�rµ"�q�Yø:fRtudk�i�rñ��q��¼¿�rprn"�,�z�q�r�V�V�V���"�)d«tudbe:e�}kdklq��tudkl~xwp8�²xwf�tyg�åtw}b}ìxu�"|)Ç5�rfkl~v
}kÇ�}kdbeg�s}���¼¿p;´ � fbx)yV�uxu�r�Vdk|`¼¿p5d��u��xwp��k��xwp`�M�rdbxw��tudkl~xwp�xu�"�'l Ère�v� fbx5y�e�}b}be�}�´�¶MÇ5�rfkl~v ± Ç5p,tu��l~y`�)Ç�}kdbeg�s}�� ± xwfkdk�
�rp"vN�Pð:egfk��tup5Çi�r�r�;� Ì � Ì Ê Ì �����
µVlåtuprn"�
>ì�q�"�Ktufbe�eg�q}��r¼«�q��¹Ëtuprn"�5Â��q�N���V�V���r�ò�qÇ5tu�r�rp"x�h��²xwfk�`�r�åtudkl~xwp.xu�¾dk|"e:p"xwpr�ql ½p"e�tuf�}k��tu�q�5n)tulqp�dk|"e�xwfbeg�Á�²xwfÃlqp)dbegfby�xwprp"e�ygdbe�v�l~}b}Ã}kÇ�}kdbeg�s}��$�M�rdbxw��tudkl~y�t Ì �`õ Í ö«������V�«Ê,������Ï��
µVlåtuprn"��>Ã�q� { e�eg�Æ�P�`�q� � fRtu�qÇi�NÀC�q�����V�u�"�;�)��tu�q� ½ n)tulqpKdk|,egxwfRe«� �²xwfzl~}b}:}kÇ�}kdbeg�s}:tup"vtu�r�r�ql~y�tudkl~xwp"}��,�Ktudk|"eg��tudkl~y�}Mxu����xwp5dkfbxw�Æ���)lqnVp,tu�~}[Z �)Ç�}kdbeg�s}zó5�"�VÏ$Ê,���V���
µixw|,tup"}b}bxwp;�nø��q�u�ztup5dk��egf��u�`�q�u�z}kdkfbxw�.��ø��q�����V�V���$ñ,tw}kdì}k��lqdbyR|"e�};lqp
fbeg�åt�Ç:�²e�egvr�,twybj}kÇ�}kdbeg�s}��r�M�rdbxw��tudkl~y�t Ì Ï��,Ï Ì �$Ê5ÏVÏV���
µixw|,tup"}b}bxwp;�
�»�q�1�ztup)dk��egf��
�`�q�s���V� Í t��Z��xw���r�rdRtudkl~xwp xu���"lqe�y�eg��l~}be»Ð)�,twv�fRtudkl~y�qÇ5tu�r�rp"x�h»�³�rp"ygdkl~xwp"}s�²xwf�|5Ç5�rfkl~v�}kÇ�}kdbeg�s}���¼o�C�C� { fRtup"}Rtwygdkl~xwp"}�xwp �M�rdbxw��t ½dkl~y`��xwp)dkfbxw�ì� Ì õ¡�5ö«�,ÏVÏVÏ$Ê5ÏVÏV���
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µixw|,tup"}b}bxwp;���»�q�,�ztup5dk��egf��,�`�q�ì���V� Í �;�N��xw���r�rdRtudkl~xwp�xu���rl~e�y�eg��l~}be`Ð)�"v�fRtudkl~y1�qÇ5t ½�r�rp"x�h �³�rp"ygdkl~xwp"}.�²xwf.|5Ç5�rfkl~vÎ}kÇ�}kdbeg�s}���¼o�C�C� { fRtup"}Rtwygdkl~xwp"}KxwpÁ�M�rdbxw��tudkl~y��xwp)dkfbxw�ì� Ì õ¡�5ö«�,ÏVÏVÏ$Ê5ÏVÏV���
µV�r�~xV}kj5lÆ�N�`�q�N¶ze�eg�seg�~}��P¹º�q�P¯�x5egfb}���Â��q��Ä�egfb}byb|5�rfbeV�Nñ��q�;�V�V� Ì t�� { ��x�tu�r�rfbxitwyR|"e�}dbx9}kdRtudbe.e�}kdklq��tudkl~xwp��²xwf�t9yg�åtw}b}sxu�Z�rl~e�y�eg��l~}be't��sp"e-}kÇ�}kdbeg�s}��C¼¿p;´ � fbx5yV��xu���xwp��²egfbegp"y�e1xwp ± e�ygl~}kl~xwp-tup,v-��xwp5dkfbxw�Ã�V�V� Ì �"�Ktu�rlÆ�"¶:t���tulqlÆ�"�Z�5�`�
µV�r�~xV}kj5lÆ��������¶ze�eg�seg�~}��C¹º�q��¯�fbxwnV�qlåtudbxr��¯:�q���V�V�u�)t���ÅM�"}begfkhiegfsvre�}klqnVp �²xwfsÀN�rf�d e}kÇ�}kdbeg�s}���lqdk|.�
�r�qdklqhVtu�q�"e�v.��tu�r�rlqprni}��P�)�r�r��lqdkdbe�v8�²xwf��r�r�r�ql~y�tudkl~xwp;�
µV�r�~xV}kj5lÆ���`�q��¶ze�eg�seg�~}���¹º�q��ñ,egfkfRtufkl ½¿{ fbe�y�tudbeV�:ð��q���V�V� Ì �;��¼ovregp)dkl��,y�tudkl~xwp4xu�`tupe«È���egfklq�segp5dRtu��|5Ç5�rfkl~vË}kÇ�}kdbeg�.�ì¼¿p;´ � fbx5yV�Ãxu�M¼oñ��M� �)Ç5����xV}klq�r��xwp �Mp,tu�qÇ�}kl~}tup"v ± e�}klqnVp-xu��¶MÇ5�rfkl~v-�)Ç�}kdbeg�s}��,��tulqp5dM�Ktu�~xr�rñ"fRtup"y�eV�
µV�r�~xV}kj5lÆ�:�`�q�:¶ze�eg�seg�~}��z¹º�q�:ñ"egfkfRtufkl ½¿{ fbe�y�tudbeV�`ð��q�Z�V�V�u�V�;� ± tudRt ½ �,tw}be�v4|)Ç5�rfkl~v�sx)vreg�q�qlqprn:xu�"dk|"e�y�xw����xwp"egp5dÃ�r�åtwy�eg�segp5dÃ�rfbx5y�eg}b}ìlqp
�rl~yRj ½ tup"v ½ �r�åtwy�e���twyR|rlqp"e�}����xwp)dkfbxw�Ã�¾p"nVl�p,egegfklqp"n � fRtwygdkl~y�e������N���u�"�«Ê,���VÏV���
µV�r�~xV}kj5lÆ�;�`�q�N¶:egeg�seg�~}��N¹º�q�N¹9eglq�åtup"vN�¾���q�ì�V�V�V���ìÅM�"}begfkhiegf1vre�}klqnVpK�²xwf1t8yg�åtw}b}Zxu��rl~e�y�e«��lq}be
t��sp"e:}kÇ�}kdbeg�s}���¼¿p;´ � fbx5yV�rxu�C��xwp��²egfbegp"y�eZxwp ± e�ygl~}kl~xwp-tup"v.��xwp5dkfbxw��V�V�V���"Àìtw}�Ä�egn)tw}��r�Z�5�`���r�;�,�V�V�V�$Ê5�V���V�V�
µV�r�~xV}kj5lÆ�"�`�q��¹Ëeglq�åtup"vN�����q�"¶ze�eg�seg�~}��r¹º�q�"�V�V�u�iyV�,�Á¯�t�Ç)e�}klåtup-tu�r�rfbxitwyR|.dbx�l~vregp ½dkl��,y�tudkl~xwp�xu�M|5Ç5�rfkl~v }kÇ�}kdbeg�s}��Ã¼¿p;´ � fbx)y�e�e�v�lqprn)}sxu�Mdk|"e�� Ì fbv&��xwp��²egfbegp"y�e�xwp± e�yglq}kl~xwp'tup"v'��xwp5dkfbxw�Æ� � tufRtwv�l~}be1¼o}k�åtup"vN�r¯�tu|,tu��tw}��rdbx�tu�r��e�tuf��
µV�r�~xV}kj5lÆ�r�`�q��¹9eglq�åtup"vN�����q�r¶ze�eg�seg�~}��5¹º�q�"�V�V�u�ivN�"�Î¯�t�Ç)e�}klåtup.tu�r�rfbxitwyR|�dbx�l~vregp ½dkl��,y�tudkl~xwp-xu�¾|5Ç5�rfkl~v.}kÇ�}kdbeg�s}��"�)�r�r��lqdkdbe�v��²xwf��r�r�r�ql~y�tudkl~xwp;�
ø1tw}kdkp"egf ½ �Ktufbe�}byR|;���`�q�����V���V��¼¿���r�ql~yglqds���rprnie ½ ø:�rdkdRtK�segdk|"x5vr}��²xwf�v�lcbNegfbegp5dklåtu�lqp"yg�q�"}kl~xwp"}��"·M�r�segfkl~y�tu�N�³�"ygdkl~xwp,tu�Ãtup,tu�qÇ�}kl~}Mtup"v-tu�r�r�ql~y�tudkl~xwp"}���� Ì ó�Ê5�VÏ Í �
À;eglqp"eV���
�ì¼«�q�ÃhVtup���tu����egp;� ± �ì¶`�q�¾vre3ø:fRtujiegf����`�q�ÃhVtup»vregp��)dbe�egp;��ÀC�q�����V� Í ��)dkl~ybj ½ }k�qlq�Ëh5lq�rfRtudkl~xwp"}`lqp"v��"y�e�vË�)ÇËtu�qdbegfkp,tudbes�³fkl~ygdkl~xwpË�sx5vreg�~}��ì·zxwpr�qlqp"e�tuf�v�Ç ½p,tu��l~y�}1�����r�"�«Ê5Ïu�"�
ÀNlq�Pegfk��xwp;� ± �q��¶ze�}k�,tupr|,t��Pµ"�q���'xwfb}beV���`�q�Ã���V�V���N�)dRtu�rlq�qlqdoÇ-xu��}k��lqdbyb|"e�v'}kÇ�}kdRe«�s}�´t�ÀNl~e ½ tu�qnieg�rfRtul~y
y�xwp"vrl�dblqxwpì���)Ç�}kdbeg�s}\Z ��xwp)dkfRxw�ìÀ;egdkdbegfb} Ì ó5�;�V�$ó�Ê,���V���
Àrmo�rprn"�"ÀC�q�;���V�V�����)Ç�}kdbeg� ¼ovregp5dkl��,y�tudkl~xwp ½�{ |"e�xwfkÇ��²xwf�dk|"e1�z}begf�� � fbegp)dkl~y�e
¶:tu�q�Æ�
�Ktwy�ø1t�Çi� ± �q�1���V�V����¯�t�Çie�}klåtup �segdk|"x)vr}��²xwf�twv"tu�rdklqhie'�sx)v��~eg�~}�� � |ì� ± ��dk|"e�}kl~}����tu�ql��²xwfkprlåt�¼¿p"}kdklqdk�rdbe1xu� { e�yR|rp"xw�~xwnVÇi�
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�Kt�Ç5p"eV� ± �q���zt����qlqprni}���µ"�q���ztwxr���z�q���5y�xwjVtwegfkd�� � �q���V�V�V������xwp"}kdkfRtulqp"e�v��sx)vreg��rfbe�v�l~ygdklqh)e1y�xwp5dkfbxw�Æ´C}kdRtu�rlq�qlqdoÇ�tup"v.xw�rdklq��tu�qlqd¿Ç)�"�M�"dbxw��tudkl~y�t Ì ����ó Í �$Ê Í �g�"�
�-lq|,tumo�~x�h5l�ùV�C·`�q�ÃhVtup»Ä�egnVnieg�Æ���`�Ã�`�q�¾hVtup vre�¹Ëxw�)�1�C·`�q��·Ml mo�segl m¸egf���¶`�q�C�V�V�u�"��Mp,tu�qÇ�}kl~}sxu�:�³fkl~ygdkl~xwp ½ lqp"v��"y�e�v��qlq��lqd�}kÇ�}k�qlqprn�lqp tup&e«È���egfklq�segp5dRtu�zv�fklq�q� ½ }kdkfklqprn}kÇ�}kdbeg�.� { fRtup"}Rtwygdkl~xwp"}M�Z�5�'��� { x�tu�r�Pe�tuf��
�'xwfb}beV�P���q� � tup)dbeg�ql~vre�}��;�z�q�N��tw}kdkfkÇ)�N���q�N�5yb|5�r��twyb|"egf��Nµ"�Ãõ³�Cvr}�� ö«�¾���V�V�����M�rdbxw��t ½dkl~y�t�´C}k�Pe�yglåtu�Nl~}b}k�"eZxwp.|5Ç5�rfkl~v�}kÇ�}kdbeg�s}���ÄCxw�Æ� Ì Ï��
·Ml~e�}b}begp;�;¶`�q�;µV�r�~xV}kj5lÆ�ì�`�q�;ñ,e«fbfRtufkl ½¿{ fbe�y�tudbeV�Cð��q�;¶ze�eg�seg�~}��;¹º�q�ì�V�V�u�"�Ã��xw���,tufkl ½}bxwp�xu��dk|rfbe�e`�rfbx5y�e�v��rfbe�}z�²xwf:dk|"e`l~vregp)dkl��,y�tudkl~xVp9xu��|5Ç5�rfkl~vK}kÇ�}kdbeg�s}���¼¿p;´ � fbx ½y�e�e�v�lqprni}Mxu�¾dk|"e`��xwp��²egfbegp"y�e1xwpK��xwp5dkfbxw�ì�M�r�r�ql~y�tudkl~xwp"}�� { tulq��eglÆ� { tulq��tup;�
·Qåwfkn)tVtufbvN� �»�q� ���V�ió5� ·zeg�rfRtu�0p"egdo��xwfbj�} �,tw}be�v7}kÇ�}kdbeg� l~vregp)dkl��,y�tudkl~xwpdbx5xw�q��x�ÈN� { e�yR|;� �Meg�;� �ió ½ � ½oÍ Ï��V� { e�yR|rprl~y�tu� �Mprlqhiegfb}klqdoÇ=xu� ± egpr��tufkjP�|5dkdk�;´ ÉVÉ$�����1� låtu�;� v�dk�;� v�j"É$fRe�}be�tufbyR|�Éuy�xwp5dkfbxV�¡É$prp"}kÇ�}kl~vN� |5dk���Æ�
xw��vregp�¯��"l m¸}��)µ"�q�)µV�r�~xV}kj5lÆ�5�`�q�i¼¿hVtuprl~y�}�� { �q�)ÀNlqniegdklÆ�5ÀC�q�)hVtup�vregfCÄC�"}b}beV�5ð��iµ"�q�ihVtup��l~eg�Æ�V·`�w�`�$¹º�q�i�V�V�u�"�w¼ovregp5dkl��,y�tudkl~xwpsxu�NtM}k��lqdbyR|rlqprn:�sx5vreg�"xu��y�tu�~yglq�r� ygÇ�yg�qlqprnlqp�l~}bxw�åtudbe�v�fRtudC|"e�tufkdb}��V¼¿p;´ � fbx5yw�)xu�;�V�udk|s¼o�C�C�Ë��prnVlqp"e�egfklqprn`lqps�'e�v�l~yglqp"eMtup"v¯�l~xw�~xwnVÇ)�r¼o�C�C���P��tup-ñrfRtup"ygl~}by�xr�����`�
� xwnVfbxw�s}kj5Ç)�r�`�q�r¶ze�eg�seg�~}���¹º�q�r·Ml mo�segl m¸egf��r¶`�q�r�V�V� Ì ��ÅMp.}bxw�q�rdkl~xwp.y�xwp"y�eg�rdb}ztup"v��eg�q� ½ ��xV}be�v�p"e�}b}Mxu�¾�qlqp"e�tuf�fbeg�åt�Ç8}kÇ�}kdbeg�s}��r�M�rdbxw��tudkl~y�t Ì ���"��� Ì �$Ê5���g�5ó5�
�ztup)dk��egf��w�`�q�uµixw|,tup"}b}bxwp;�w�»�q�w�V�V�V��� � l~e�y�eg��l~}beC�qlqp"e�tuf¾Ð)�,twv�fRtudkl~y�xw�rdklq��tu��y�xwp)dkfbxw�Æ�¼o�C�C� { fRtup"}Rtwygdkl~xwp"}Mxwp-�M�rdbxw��tudkl~y`��xwp5dkfbxw�;�)Ï��,�V�V�`Ê�� Ì ó5�
�Mx)v�fklqnV�"e�}��ÃÀC�q�ì¶:tw}b}klq�rlÆ�;�`�q�ì¶zx$�1�ìµ"�q�Ã�V�V�V���ÃÅM�rdk�r�rd1�²e�e�v��,twybj�y�xwp5dkfbxw�q�~egf`}kÇ5p ½dk|"e�}kl~}��²xwf��rl~e�y�eg��l~}be ½ t��sp"e-}kÇ�}kdbeg�s}���lqdk|!�`�r�qdklq�r�~e.e�Ð)�rlq�qlq�rfklåt��C¼¿p;´ � fRx)yV�Cxu��M�segfkl~y�tupK��xwp5dkfbxw�¾��xwp��²egfbegp"y�e`�V�V�V���r�r�;�;�$ó Í �wÊ,�$ó Í ���
�Mx)v�fklqnV�"e�}��rÀC�q��¶zx$�1��µ"���"�V�V���V�"ÅM�"}begfkh)egf ½ �,tw}be�v8y�xwp5dkfbxw�Nxu�Ã�rl~e�ygeg��l~}be1t��sp"e:}kÇ�} ½dbeg�s}��"¼¿p;´ � fbx)yV�,xu����xwp��²egfbegp"y�e1xwp ± e�ygl~}kl~xwp'tup"v-��xwp5dkfbxw�Ã�V�V���V�
�Mxw�q�Æ��µ"�q��¯�eg���PxwfRtwvN���`�q��Àrmo�rprn"��ÀC�q���V�V�u�"�C¼ovregp5dkl��,y�tudkl~xwp xu�:�rl~e�y�eg��l~}be't��sp"e}kÇ�}kdbeg�s}�h5låt`��l�Ère�v8lqp5dbegniegf��rfbxwnVfRtu����lqprn,�,�M�rdbxw��tudkl~y�t��)��� Ì ó�Ê5ÏV���
�5yb|rlqprj)eg�Æ�ì�»�q�;¶ze�eg�seg�~}��;¹º�q�ìµV�r�~xV}kj5lÆ�ì�`�q�ì�V�V� Ì �Ã�)dRtudbese�}kdklq��tudkl~xwp��²xwf1}kÇ�}kdbeg�s}��lqdk|-hVtufkÇ5lqprn�}Rtu���r�qlqprn�fRtudbeV�,¼¿p;´ � fbx5y�ege�v�lqp"ni}zxu���)�up"vK��xwp��²egfbegp"y�e
xwp ± e�ygl ½}kl~xwp-tup,v-��xwp5dkfbxw�Æ�"�Ktu�rlÆ�"¶:t���tulqlÆ�"�Z�5�`�
�5xwp)dRtun"����� ± �q�5�M�rfklq�ì��� Í �V�5·zxwpr�qlqp"e�tuf�fbegnV�r�åtudkl~xwp;´ { |"e��rl~e�y�eg��l~}beM�qlqp"e�tuf�tu�r�rfRx ½twyR|;�"¼o���C� { fRtup"}��"�M�rdbxw�.����xwp)dkfRxw�Ã�V��õ²�iö«� Ì �)�$Ê Ì Ï Í �
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�5xwp5dRtun"�i��� ± �q�i�V�V�V��� { |"e�l~}b}¾�r|rlq�~xV}bxw�r|)Ç�tw}�tM�rprl��³Ç5lqprnz�³fRtu�seg��xwfkj1�²xwf�}kdRtu�rlq�qlqd¿Ç ½�qlqjie��Peg|,t�h5l~xwf���¼¿p;´�¼o}kl~vrxwfklÆ�C�`�q�CÀìtu��p,tu�r|rl ½ ÀÃtun)twfkfklqnV�"ei��ñ��q�C�Me�}k�Pxwp"vregjP��¹º�õ³�Cvr}�� ö«�r·zxwpr�qlqp"e�tufz��xwp)dkfbxw�;lqp8dk|"eMÂ�e�tuf��V�V�V���rÀ;e�ygdk�rfbeZ·zxwdbe�}�lqp'��xwp)dkfbxw�ìtup"v¼¿p��²xwfk��tudkl~xwpK�5ygl~egp"y�e�}����)�rfklqprniegf ½ Ä�e«fb�~tun,�"�r�;�r�V� Ì Êi�)� Í �
{ Ç5fbeg�q���Mx)yRjVt$�²eg�q�åtuf��¾�
�q�����iów���¾��xwp5hie«ÈË�Mp,tu�qÇ�}kl~}�� � fklqp"y�e«dRxwp �Mprlqh)egfb}klqd¿Ç � fbe�}b}��� fklqp"y�egdbxwp;�,·zeg�òµiegfb}begÇ)�
{ Ç5fbeg�q�,�Mx)yRjVt$�²eg�q�åtuf��)�
�q�V¹9egdb}��)�
�q�"���V� Í �iÄ�tufklåtudkl~xwp,tu�Ptup,tu�qÇ�}kl~}��5�)�rfklqprniegf��5¯�egfk�qlqp;�
hVtup.¯�xwj5|"x$hiegp;�r¹º�q�N��� Í �V� � l~e�y�eg��l~}be1�qlqp"e�tuf��sx)vreg�q�qlqprn8tup"v-tup,tu�qÇ�}kl~}��.ø:�q�rh)egf��
hVtupòvregfK�5yR|,t$�³d��:�`�q�1�5yR|)�r��twyR|"egf��1µ"�q�����V� Í �z��xw���r�~eg�segp5dRtufklqdoÇ4�sx)vreg�qlqprn xu�|)Ç5�rfkl~v.}kÇ�}kdbeg�s}���¼o�C�C� { fRtup"}Rtwygdkl~xwp"}Mxwp-�M�rdbxw��tudkl~y���xwp)dkfbxw�;� Ì �r� ÍVÌ Ê��)�V���
hVtup
vregf��5yb|,t$�³d��w�`��µ"�q�V�5yR|5�r��twyb|"egf��Vµ"�$�»�q�)���V�V��� { |"e�y�xw���r�~eg�segp5dRtufkÇ ½ }k�åtwyRj5p"e�}b}yg�åtw}b}:xu��|)Ç5�rfkl~vK}kÇ�}kdbeg�s}����Ktudb|"eg��tudkl~yg}1xu����xwp)dkfbxw�Æ�Ã�)lqnVp,tu�~}
tup"v9�)Ç�}kdbeg�s}1����V�V�$Ê Ì ���V�
hVtups��l~eg�Æ�V·`�w�`�w¹º�q�V¼¿hVtuprl~y�}�� { �q�iÀNlqniegdklÆ�)ÀC�q�VhVtup�vregf�ÄC�"}b}beV�)ð��wµ"�q�)�V�V� Ì �5�)Ç�}kdbeg�l~vregp)dkl��,y�tudkl~xwp9dbx�tup,tu�qÇ�}be`yR|,tuprnie�vKj5lqp"egdkl~y�}Zxu��}begfby�t�lqp'lqp5dRtwygdZfRtudz|,e�tufbd��P¼¿p;´� fbx)yV�ixu�;Ïudk|�¼oñ��M�»y�xwp��²egfbegp"y�e��'x5vreg�qlqprn`tup"v�y�xwp5dkfbxw�"lqps�rl~xw�se�v�l~y�tu�,}kÇ�}kdRe«�s}��¼oñ��M�z�r�'eg�q��xw�rfkp"eV�,�M�"}kdkfRtu�qlåt��r�r�;�;��� Ì Ê,��� Í �
hVtup9��l~eg�Æ�;·`�P�`�P¹º�q�NhVtup9vregfZÄ��"}b}beV�Ãð��Pµ"�q�Ã�V�V�V���ì��xw���r�rdRtudkl~xwp�tu��tup,tu�qÇ�}kl~}Zxu�y�tu�~y«lq�r� dkf«tup"}kl~e«p5db}zlqp'dk|"e
lqp5dRtwygd:fRtudz|"e�tufkd�ÁP�sx)vreg�¾l~vregp)dkl��,y�tudkl~xwpì�P¼¿p;´ � fbx5yV�xu�¾�"��}kd�¼o�C�C� ��xwp��²egfbegp"y�e
xwp ± e�ygl~}kl~xwp'tup"v'��xwp)dkfbxw�Æ�,¼o�C�C���"Àìtw}�ÄCegn)tw}��"·z����r�;�"�VÏ Ì �$Ê5�VÏ Ì ó5�
Ä�tu�rprlqjP��Ä��q�N���V� Í ���)dRtudkl~}kdkl~y�tu�ì�~e�tufkprlqprnsdk|"e�xwfkÇ)�"µixw|rp.¹ lq�~egÇi�
Äzl~v"tu�Æ�ì�
�q�¾��|rlq�"}bxr�ì�`�q�¾�5xitudkdbxr�����q�¾��tw}kdkfkÇ)�Ã���q�¾�V�V� Ì t��ÃÅM�"}begfkhVtu�rlq�qlqdoÇ�xu���qlqp"e�tuf|)Ç5�rfkl~v'}kÇ�}kdbeg�s}��,¼¿p;´��Ktu�~egf��NÅ`�q� � p5�"eg�qlÆ�P���Ãõ³�Cvr}�� ö«� � fbx5yV�P�udb|K¼¿p)dbegfkp,tudkl~xwp,tu�¹9xwfkj�}k|"xw�&xwp&¶MÇ5�rfkl~v �)Ç�}kdbeg�s}�´'��xw���r�rdRtudkl~xwp4tup"v ��xwp)dkfbxw�Æ�CÄ�xw�Æ���V�V� Ì xu�À;e�ygdk�rfbe1·zxwdbe�}�lqpK��xw���r�rdbegfZ�5ygl~egp"y�eV���)�rfklqprniegf ½ Ä�egfk�åtun"�"�r�;�,ÏV�V�$Ê5Ï Ì ���
Äzl~v"tu�Æ�z�
�q�z�5xitudkdbxr�Z�P���z�Kt���Â��q�:��tw}kdkfkÇi�Z���q�z�V�V� Ì �;���Mp4tu�qnieg�rfRtul~yKnie�xw�segdkfkl~ytu�r�rfbxitwyb|.dbx`dk|"ezl~vregp5dkl��,y�tudkl~xwp-xu��t`yg�åtw}b}�xu�Ã�qlqp"e�tuf�|)Ç5�rfkl~v�}kÇ�}kdbeg�s}��5¼¿p;´ � fbx ½y�e�egvrl�p"ni}�xu�:�)�up"v�¼o�C�C�ø��xwp��²egfbegp"y�e-xwp ± egygl~}kl~xwp tup"v ��xwp)dkfbxw�Æ���Ktu�rlÆ��¶z¼«��Z�5�`���r�;�N���ió�Ê,�$ów���
Äzl~v�Ç5tw}Rtun)tuf��w�»�q�5���V� Ì �u·zxwpr�qlqp"e�tufC�)Ç�}kdbeg�s}ì�Mp,tu�qÇ�}kl~}�� � fbegp)dkl~y�e�¶:tu�q�Æ�u��prnieg�q��x)x5v���qlcbN}��r·zeg�òµiegfb}begÇ)�
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¹9egp;�:µ"�q����� ÍVÍ � { lq�se9vrxw��tulqpÁtup"v �³fbe�Ð)�"egp"ygÇ vrxw��tulqpÎy�xwp"v�lqdkl~xwp"}��²xwf.}kdkfkl~ygd�PxV}klqdklqhieZfbe�tu�qp"e�}b}��"¼o�C�C� { fRtup"}Rtwygdkl~xwp"}Mxwp-�M�rdbxw��tudkl~y���xwp)dkfbxw� ÌVÌ õ¸���iö«�,� ÍVÍ Ê�V�V���
Â�tuj5�r�Px�h5l~yR|;�"Â��"�`�q�Ã���V�u�"�q���V�VÏ�� { |"e
��tudkfkl�È-l�p,egÐ)��tu��lqdoÇ.�segdk|"x)v-lqp-db|"e1dk|"e�xwfkÇxu�ìdk|"ez}kdRtu�rlq�qlqdoÇ�xu�ìp"xwpr�qlqp"e�tuf�y�xwp5dkfbxw�N}kÇ�}kdbeg�s}��)�,tufkd�¼«� ¼b¼«� ¼k¼b¼«�VdkfRtup"}k�åtudkl~xwp��³fbxw�fk�"}b}klåtup;�"�ìh5dbxw��tudklqjVt`l { eg�~eg�segj5|,tuprlqjVt��VÏ�� �V���
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ö %�Ö'�!(xh~j)�1���K��< ���  

{ |rl~}:dk|"e�}kl~}:�rfbe�}begp5db}:�,tufkd1xu��dk|"e�fbe�}k�r�qdb}Zxu��dk|"e`�²xw�rf:Ç)e�tufb}Zxu��fbe�}be�tufbyb|9xwp�dk|"e�rfbxwm¸e�ygd]0g�Mp,tu�qÇ�}kl~}�tup"v �)Ç5p)dk|,eg}kl~}�xu�1���
�Pe�vrvre�v �)Ç�}kdbeg�s}s��lqdk| ± l~}bygfbegdbe-tup"v��xwp)dklqp5�"xw�"}���xwp5dkfbxw�)0w�w��|rl~yb|
��tw}N�"p,tup"yglåtu�q�qÇ
}k�r�r��xwfkdbe�v1�5Ç:dk|"eCnVfRtup)dÃ�C����� Ï��$ó Ìxu��dk|"e ± �rdbyb|'dbe�yb|rp"xw�~xwnVÇ.�²xw�rp"v"tudkl~xwp9� { ¹òÉ � ��ÅZð:�M���r���N��xw���,tuprl~e�} � |rlq�ql��,}��ñ { tup"v.�z}b}beg�`�r�~e�xwp8�²xwfk�ô��lqp"v�|"x�h)egp.�,tufkdblqyglq�,tudbe�v-lqp�dk|"eZ�rfbxwm¸e�ygd��{ |"egfbe1tufbe:��tup)Ç���e�xw�r�~eZ��|"x�|"eg�q��e�v8�se1tup"v8dbx`dk|"eg� ¼�x$��e:�`Ç�nVfRtudklqdk�"vreV�± f��C�Ktu�rfkl~y�e-¶ze�eg�seg�~}����
Ç!y�x ½ �rfbxw�sxwdbxwf$��lqp)h)e�}kdbe�v&tK�~xwd�xu�Zdklq�seV��egp"egfknVÇtup"v��,tudkl~egp"y�e'lqp&�`Ç ��xwfkj�v��rfklqprn»dk|"e-�,tw}kds�²xw�rf�Ç)e�tufb}�� ¹Ëxwfkj5lqprnË��lqdk| |rlq���tw}st.�rp"lqÐ)�,e�tup"v egprfkl~yb|rlqprn9e«È��Pegfkl~egp"y�eV��}bxw�segdklq�se�}�p"xwp ½ }k�sx)xwdk|;���r�rd�p"eghiegf�sxwp"xwdbxwp"eV��¶:twv lqdsp"xwd��Pe�egp!�²xwf�|rlq�.��¼`tu��}k�rfbe8dk|,tuds�
Ç'm¸xw�rfkp"egÇ dbx���tufbvr}dk|"e � | ± vregnVfbe�e���xw�r�~v!|,t�h)e��Pe�egp!�`�"yb|�v�lcbNegfbegp5d���tup"v!y�egfkdRtulqpr�qÇ �
�"yR|!�~e�}b}e~��ygl~egp)d��¼Ãtu� nVfRtudbe«�³�r�"dbx:�
Ç
�"fb}kd¾�rfRxw�sxwdbxwf�� � fbxu�k� � tu�r�rhVtupsvregps¯�xV}byR|;�w�²xwf¾|rl~}Cy�xwp ½dklqp)�"xw�"}M}k�r�r�Pxwfkdztup"v8dk|"e:�³fbe�e�vrxw� |"e:n)t�h)e:�se:lqp.�
Ç8��xwfkjP�C¼¿p�dk|"e:�PegnVlqprprlqprn"�|rl~}:dkfk�"}kd:lqp��se�tup"vK�
ÇKtu�rlq�qlqdkl~e�}Z|"eg�q�Pe�vK�se`dbx8fbegn)tulqp�dk|"e`dkfk�"}kdZlqpK�
Ç�}beg���k�
¼��xw�r�~vKtu�~}bxs�qlqjie1dbxsdk|�tuprj � fbxu�k�,¶zegprj.·Ml mo�segl m¸egf��"��|"x�j5lqp"v��qÇ.tunVfbe�e�v-dbxs�Pe1�`Ç}be�y�xwp"v9�rfbxw�sxwdbxwfstup"v9�rfbx$h5l~vre�v t��~xwd`xu�M}k�rnVnie�}kdkl~xwp"}1�²xwf
lq���rfbx�h5lqprn'dk|"es�"p,tu�hiegfb}kl~xwp-xu�¾dk|"e:dk|"e�}kl~}��± f����)l~eg�»¹9eglq�åtup"v»|"eg�q��e�v»�se���tup)Ç9dklq�se�}`dbx'}k|,tu��e��`ÇK�³�r����Ç9l~vre�tw}
lqp5dbx�rfbe�ygl~}beK��tudk|"eg��tudkl~y�tu�1�²xwfk�
�r�åtudkl~xwp"}��ø¼¿pòxw�rf8�"fb}kd�v�l~}byg�"}b}kl~xwp;�z|rl~}8h)egfkÇ��"fb}kd��xwfbvr}���egfbeV´"F¿¼¾vrx
p"xwd�|,t�hieMdbx)x
�
�"yR|�dklq�seV��}bx1�r�~e�tw}beV�)p"x1p"xwp"}begp"}beV� G�¼¿p���tup)Ç�se�egdklqprni}�dk|,tud��²xw�q�~x���e�v.¼�dkfkl~e�v�dbx�jie�eg�.dbx�dk|"eZ}Rtu�seZ�rfklqp"yglq�r�~eV��tup"v.v�l~}by�x�h)egfbe�vdk|,tudz�Pe�xw�r�~e
��lq�q�¾�ql~}kdbegp'l���¼�|,t�h)e
}bxw�segdk|rlqprn�}begp"}klq�r�~e
dbx�}Rt�Çi�z¼���xw�r�~vKtu�~}bx��qlqjiedbx�dk|,tuprj ± f���¹Ëeglq�åtup"v8�²xwf�dRtuj5lqprns�,tufkd�lqp��`Ç��rfbxw�sxwdkl~xwp'y�xw����lqdkdbe�eV�¼�}k�Pegp)d�do��x»�sxwp)dk|"}��M�M�rnV�"}kd�tup"v4�5eg�rdbeg�`��egf-�V�V� Ì tud8¼o·z�M¼o� lqp � tufkl~}����lqdk| ± f���ðzlåtup"y�tufk�~x ñ"egfkfRtufkl ½¿{ fbe�y�tudbeV� ± l~}byg�"}b}kl~xwp"}���e-|,twv }begfkhie�v tw}8tup lqp ½}k�rlqfRtudkl~xwpË�²xwf
dk|"e�vregh)eg�~xw�r�segp)d�xu��dk|"e�¯�t�Ç)e�}klåtupË�segdk|"x5v9�²xwf`l~vregp)dkl��,y�tudkl~xwp�xu�|)Ç5�rfkl~v'}kÇ�}kdbeg�s}��,��|rl~yb|Kl~}M�rfbe�}begp5dbe�v-lqpKyb|,tu�rdbegf1Ï��z¼���xw�r�~v�tu�~}bxs�qlqj)e1dbx�dk|,tuprj± f���ñ"egfkfRtufkl ½¿{ fbe�y�tudbeK�²xwf��Peglqprn dk|"eK�se«�`�Pe«f.xu�`dk|"eKy�xwfbeKy�xw����lqdkdbe�eK�²xwf�dk|rl~}dk|"e�}kl~}��¼,��xw�r�~v`tu�~}bx��qlqjie�dbx�dk|,tuprj � fbxu�k���Mf²mktup1hVtup
vregf��5yb|,t$�³d;�²xwfN�PeglqprnMdk|"e��seg�`��egfxu�¾dk|"eZy�xwfbe1y�xw����lqdkdbe�eZ�²xwf�dk|"eZdk|"e�}kl~}���¾È���egfklq�segp5dRtu�Mfbe�}k�r�qdb}s�rfbe�}begp5dbe�v!lqp&yR|,tu�rdbegfb}��9tup"v Ì xu�Zdk|"e�dk|"e�}kl~}���egfbexw�rdRtulqp"e�v�dbxwniegdk|"egf���lqdk|8·zegp,twv��-lq|,tumo�~x�h5l�ùztup"v��M��xV}kdbxw�~xV} ± xwfkl~}��¾¯�egp��)�se�egdb}���²xwfk�segfk�qÇ`�³fbxw� �z}b}beg�
�r�~e�xwp;�5��lqp"v�|"x�h)egp��rfbx�h5l~vre�vsdk|"e�e«È��Pegfklq�segp)dRtu�P}begdk�r�s��lqdk|
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dk|"e��sxw�rp)dklqprn.|"e�twvN�;v�l~}byg�"}b}be�v'lqp9yb|,tu�rdbegfb}Z�-tup"v�Ï��
¹ lq�q��¶zegp"v�fkl�È'��twvre�dk|"e
FÆlq���,twygdklqprnK}k�rf¸�Ætwy�e�G��²xwf1dk|"es}Rtu�se�}begdk�r�;�ì��lqdk|Ë�rprlqp)dbegp5dkl~xwp,tu���se�yb|,tuprl~y�tu��lq� ½�Pegf¸�²e�ygdkl~xwp"}sdk|,tud���twvre�dk|"e�l~vregp)dkl��,y�tudkl~xwp&fbe�}k�r�qdb}s}bxK�`�"yb|��sxwfbe�lqp5dbegfbe�}kdklqprn"�{ |"e�}be�e«È��Pegfklq�segp)dRtu��fbe�}k�r�qdb}�twvrv dk|"e8p"eg� v�lq�segp"}kl~xwp�dbxKdk|"e8��xwfkjË�rfbe�}begp5dbe�v|"egfbeV�·M�r�segfbxw�"}�v�l~}byg�"}b}kl~xwp"}���lqdk| � l~egdbegf����rl mo��egfb}�� ± f��V�-l~yb|"eg�,�Megprl~egfb}�tup"v � fbxu�k�µ)tup�ñ"fkl~}bxZð:fbx)xwdbe�tu�Pxw�rd"FÆ�rfkl~v�nVlqprnZdk|"e�n)tu��G���egdo��e�egp�dk|"e�y�xw���r�rdbegfC}bygl~egp"y�e�tup"vy�xwp5dkfbxw�"dk|"e�xwfkÇ�|"eg�q�Pe�v��se�yR|"x)xV}be��`Ç`fbe�}be�tufbyb|�v�lqfbe�ygdkl~xwp"}Clqpsdk|"e�e�tufk�qÇ�}kdRtunie�}Cxu�dk|"e
�rfbxwm¸e�ygd��z¼���xw�r�~v-�qlqj)e1dbx�dk|,tuprj-��fklqjKðZtVtu�¾tup"v'�Mfkp"x�vre
ÄCegd��³fbxw� � |rlq�qlq�"}��ñ { �²xwf�dk|"eglqf��,tufkdkl~yglq�,tudkl~xwp8l�p8xw�rf��rfbxwm¸e�ygd��se�egdklqprni}��rtup"v��²xwf�dk|"eglqf�}bxw�segdklq�se�}ygfklqdkl~y�tu�Æ�"�r�rdMtu�q��t�Ç�}My�xwp"}kdkfk�"ygdklqhieZfbeg��tufkj�}ztup"v.y�xw���segp)db}��¼1|,twv�t-�~xwdsxu�z�r�~e�tw}k�rfbe8��xwfkj5lqprn���lqdk|!¶Ztup"}�·Ml~e�}b}begp;�C�
Ç9�²xwfk�segf���tw}kdbegf}kdk�"vregp5d��:¼�|"xw�Pe`dk|,tudz|"e`�~e�tufbp"e�v-�³fbxw� �se�tw}z�
�"yR|9tw}z¼��~e�tufkp"e�v-�³fbxw� |rlq�.�:¼|,twv t.�~xwd�xu�M�r�~e�tw}k�rfbe8tup"v9�³�rp»��xwfkj5lqprn'��lqdk|»�`ÇK�²xwfk�segf�x���y�eg��tudbe8µixwfkp!xw�vregp-¯��rl m¸}�� { x�|rlq�.�"¼���l~}k|�nix5x)v��q�"ybj.tup"v.}k�"y�y�e�}b}�lqp.|rl~}��³�rdk�rfbe1}kdk�"v�l~e�}��¯�tufkd
�)dbxw�rdbegpK��xwlqp5dbe�v'�se
dbx�dk|"e
�PegnVlqprprlqprn�xu��dk|"e
�rfbe�twvrygfk�r�`��dkfRtulq�Ãdk|,tud�~e�v8dbx��`Çs�,fb}kd��,tu�Pegf��C¼C|,twv���tup)Ç�lqp5dbegfbe�}kdklqprn�tup"v8lqp"}k�rlqfklqprn�v�l~}byg�"}b}kl~xwp"}���lqdk|± f��"·:tudRtu�NhVtup.��l~eg�Ãtup"v ± f���ÂC�"y�tul@>,|)�;�¯�tufk�,tufRt�tup"v��zvrx�|"eg�q��e�v��seZ��tup5Ç�dklq�se�}�dbx���tuj)e:dk|rlqprni}�fk�rp-}k�sx)xwdk|r�qÇ)�� tudkfkl~yglåt'��tw}stu�q��t�Ç�}`dk|"egfbe8��|"egp!¼Zp"e�e�vre�v }bxw�se�xwp"e8dbx-d«tu��jËdbxr��¼Z��xw�r�~v�qlqj)eMdbx
dk|,tuprj��
Ç��²eg�q�~x�� � | ± }kdk�"vregp)db}���À;e�xr�r�-lqfby�e�t����KtufkjP�5�KtVtufkdbegp;�r�Mp"v�fbe¸mg�·zeg�ql~}��N�-l~yR|rl~eg�Æ�N¶:e«l~y�x.tup"v�µixw|rpËtup"v-�²xwfk�segf � | ± }kdk�"vregp)db}��;�Ktufkl~xr�N�Mprp"eg�ql~e�}���Mp"v�fbeglÆ� � tudkfkl~yRjP�¾�Ktudk|rl~eg� tup"vË¶:tufbv�Ç'�²xwf
ygfbe�tudklqprn�t��³fkl~egp"v��qÇËtudk�sxV}k�r|"egfbe�lqpdk|"eZnVfbxw�r�;�¼���xw�r�~v��qlqjie:dRx�dk|,tuprj ± l mktup,t`��|"x��rfbxw�rnV|5dMy�xw�~xwfb}�lqp)dbx��
Ç8�ql��³eV�¼8tu� egdbegfkp,tu�q�qÇ lqp"vreg�rdbe�vòdbx �
Ç �sxwdk|"egf��ZÀrmolq� mktup,t��M�²xwf-tu�q�1|"egf��~x$hie9tup"v}k�r�r�Pxwfkd�v��rfklqprn�dk|"ezÇie�tufb}�xu�ì�
Ç�}kdk�"v�l~e�}�� { |rl~}�dk|"e�}kl~}�l~}�dk|"egfbe«�²xwfbe:vre�v�l~y�tudbe�v8dbx|"egf��

�M�~egj�}Rtup"v"tuf�µV�r�~xV}kj5l��lqp"v�|"x$hiegp;���V�V�u�
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z a�t�cfu�e�o�csc7_icI{�g&cfe�o)klc7_�aPc7_ z
{ e�yR|rprl~egjiegp�h)x)xwf:��tVtufkp"eg�segfb}1egpKl~vregp)dkl��,y�tudkl~e�hVtupKegprj)eg�~e`j5�~tw}b}begpKhVtup'|5Ç ½�rfkl~vre`}kÇ�}kdbeg�segp'��xwfbvregpKnie-|²p)dkfbx5v��"y�e�egfbvN�1¶MÇ5�rfkl~vre`}kÇ�}kdbeg�segp'�gl mop'prl~egd ½ �qlqp"e�tulqfbev�Ç5p,tu��l~}byb|"e�}kÇ�}kdbeg�segp��segdCe�egp�}kdbegfkjie�lqp)dbegfRtwygdkl~e�dk�"}b}begpsv�l~}bygfbe�egdCegp�dkl m¸vry�xwp5dklqp)�nie�v�fRtun"��Ä�x)xwfk�Pe�eg�~vregp.hVtup.v�lqd�doÇ5��eZ}kÇ�}kdbeg�segp���l mop�dbeZh5lqp"vregp.xw��h)eg�~e:nieg�rl~e�vregp;���xitu�~}�eg�`��e�vrvre�v }kÇ�}kdbeg�segp;���rfbx5yge�}kfbegnieg�qlqprn"�ztu�rdbxw��tudkl~}byb|"e-h)egfkjie�egfb}b}kÇ�}kdbeg�segp;�eg�~egj5dkfkl~}byb|"e'yglqfbyg�rlqdb}����se�yR|,tuprl~}byb|"eV���rl~xw�se�yR|,tuprl~}byb|"eV�M�rl~xw�~xwnVlq}byR|"eKegp&�rl~xw�se�v�l ½}byb|"e1}kÇ�}kdbeg�segp.egp�lqp-vreZe�y�xwp"xw��l~eV�¹ l m¾�rfbe�}begp)dbegfbegp8e�egp�prl~eg�)��eMxwp5d¿��egfk�r�rfbx)y�e�v��rfbezhix5xwfC��tVtufkp"eg�segfb}�h)x)xwf�e�egpj5�åtw}b}be�hVtupÁprl~egd ½ nV�åtwvrvre v�Ç5p,tu��l~}byb|"e»}kÇ�}kdbeg�segp;�1p,tu�seg�ql mojÎ}kÇ�}kdbeg�se«pÁhVtupÎ|"egdÀN�rf�d eMd¿Ç5�Pe��segd�e�egp��sxwp"xwdbxwp"ez�se�egfk��tVtufbv�lqnieZt$�³�Pe�eg�~v�lqprn`hVtup�|"egd�dbegfk�rnVjixw�r�Peg� ½�,twvN��ÄCx5xwfk��e�eg�~vregp ��l mop»fbeg�åtulq}b}kÇ�}kdRe«�segp;�¾�qlqp"e�tulqfbe�y�xw���r�~eg�segp)dRtwfklqdbeglqdb}kÇ�}kdbeg�segp;�eg�~egj5dkfkl~}byb|"e�yglqfbyg�rlqdb}:�segd1}byb|,tuj)eg�~egp"vre�y�xw����xwp"egp5dbegpËe«p9}bxw����lqnie�}kdk�rj�}knieg��l mo��et��sp"e�}kÇ�}kdbeg�segp;�Ã¹9e����r�q�~egp��Peg��l mo��egpsv"tud�vre�hix5xwfknie�}kdbeg�qv"e���tVtufkp"eg�segfb}Cj5�rprp"egp��xwfbvregp»�Pegfbegjiegp"v»egp e�egpË�rprl~egj)e�xw�r�~xV}b}klqprn'|"eg�r��egp!egp»v"tud`v"es��tVtufkp"eg�segf�vredbx)e�}kdRtup"v�hVtup.|"egd���tVtufkniegp"xw�segp'}kÇ�}kdbe�eg�ôtw}kÇ5���rdbxwdkl~}byR|-}byb|,tud��¹9eM�rfbe�}begp)dbegfbegp�x5xwj�e�egp�prl~eg�)��ezxwp5d¿��egfk�r�rfbx5y�e�v��rfbe:hix5xwf���tVtufkp"eg�segfb}�h)x)xwfe�egp8j5�åtw}b}beMhVtup�}kdk�rj�}knieg��l mo��eZt��sp"eZ}kÇ�}kdbeg�segp��segd�d¿��e�ez�sx5vre�}��5��x$��eg�Ndkl m¸v8y�xwp ½dklqp)�"e�tu�~}1dkl m¸vrv�l~}bygfbe�egd���¹Ëe��"fbe�}be«p5dbegfbegp»ÀN�"egp5��egfkn'��tVtufkp"eg�segfb}`egp9�~egl~vregpËhixw� ½vrx)egp"vre�h)x)xwfk��tVtufbvregp�t$�,xw��v"tud¾vre��²xw�rdÃv�Ç5p,tu��l~y�t�nV�~xw�,tVtu�Æ�itw}kÇ5���rdbxwdkl~}byb|�}kdRtu�rl~eg�l~}:hix5xwf:|"egdZnieghVtu��v"tud1vre�}kÇ�}kdbe�eg� v�Ç5p,tu��l~y�t8y�xwp)dklqp5��l~}Zx$hiegfZ|"egdZ}byR|,tuj)e«�qh5�åtujP�¹Ëtuprp"e�egf�vreZ}kÇ�}kdbe�e«�svrÇ5p,tu��l~y�t�v�l~}bygfbe�egd�l~}��~egl~vregp���e:y�xwp"v�lqdkl~e�}Mt$�¾v�l~ezn)tufRtup"vre ½fbegpsv"tudCvre�fbeg�åtudkl~egh)e�}byR|,tudkdklqprni}¸�²xw�rd�tw}kÇ5���rdbxwdkl~}byR|���egnVfbegp"}bv�l~}¾dbegpsxw�r��l~yb|5dbe�hVtupvre�dbx)e�}kdRtup"v�hVtupK|"egdZ��tVtufkniegp"xw�segpË}kÇ�}kdbe�eg�.� ± e`dk|"e�xwfkl~e���xwfbv�d1nie-|²�q�q�"}kdkfbe�egfbv�segdMegprjieg�~e
twy�twvreg��l~}byb|"e1h)x)xwfk�Pe�e«�~vregp'egp-e�egp.e«È��Pegfklq�segp)dbeg�~e
xw�,}kdbeg���qlqprn"�¹9e��rfbe�}begp)dbegfbegpÁe�egpÎe«È��Pegfklq�se«p5dbeg�~eË}kdk�"v�l~e�hVtupÎvre�lqv"e«p5dkl��,y�tudkl~e9hVtupò|"egd�r�åtVtudb}klqprni}k�rfbx)y�e�}�lqp�e�egp��rl~ybj ½ tup,v ½ �r�åtwy�eZ��twyb|rlqp"eV�C�Cegpr��l m¸v�lqn�y�xwp5dRtwygd�egp8h)egfk�$t ½v�lqnVlqprn`��e�}byR|rfkl mohiegp�|"egd�|)Ç5�rfkl~vreMjVtufRtuj5dbegf��¾�Cegp�h)egfRtup"vregfklqprn`hVtup��sx)vreMjVtup�prl~egd��xwfbvregp'nieg�segdbegpK��x)v"tudzl~vregp5dkl��,y�tudkl~e�tu�qnixwfklqdk�segpKhix5xwfM|)Ç5�rfblqv"e
}kÇ�}kdbeg�segp-�sx5e ½dbegp���xwfbvregp.dbx)egnieg�,tw}kd�� � ¹K�z�9eÁ�sx)vreg�q�~egp;�,v�l~e:��e�}kdRtVtup.�rlqd�}kdk�rj�}knieg��l m¸}��z�9e�sx)vreg�q�~egpK�segdze�egpKxwp"vregfkh)egfbvreg�qlqprn8hwtupKvre1fbegnVfbe�}b}bxwfzfk�rlq�
dbeV����xwfbvregpKnie-|Ævregp)dkl ½�,y�e�egfbv-�segd:��eg|5�r�q�'hVtupKe�egpKyg�q�"}kdbegfklqprn8dbe�yb|rprl~egjP� ± e
nieghixwp"vregpK�sx)vreg�q�~egpK��l moplqp'}kdRtVtudzvreZfRe«�~eghVtup5dbe`v�Ç5p,tu��l~y�t�hVtup'vre
e«È���egfklq�segp5dbeg�~e`xw�"}kdbeg�q�qlqprn�dbe
}byb|,tudbdbegp;�



± eg��e�}kdk�"vrlqe�|"e�e«�³d`hie�eg��lqpr��l~yR|)d�xw�rnieg�~egh)egfbv»lqp vre�eglqniegp"}byR|,tu�r��egp!hVtup»|)Ç5�rfkl~vrel~vregp5dkl��,y�tudkl~e1egp���egj5�~eg�`dbx)xwp5dMvre:p"x)x5v��$tVtuj8xw�ôt ½ �rfkl~xwfkl;jiegprprl~}�dbe:nieg�rfk�rlqjiegp.lqpvreZl~vregp)dkl��,y�tudkl~eg�"fbx)y�e�v��rfbei�± ezp"x)x)vr��tVtuj�t ½ �rfkl~xwfklPlqp��²xwfk��tudkl~ezdbeznieg�rfk�rlqjiegp8|"e�e«�³d�nieg�~egl~v�dbxwd�e�egp8prl~eg�)��e�segdk|"x5vre1h)x)xwfMvreZl~vregp5dkl��,y�tudkl~e
hVtup-vreZj5�åtw}b}be:hVtup.|5Ç5�rfkl~vre � ¹'�:��eº�sx)vreg�q�~egp;�± e��segdk|"x)vres}kdRtVtudZ|"egdZnieg�rfk�rlqj'hVtup9vreg��est�t ½ �rfkl~xwfkl�lqp��²xwfk��tudkl~e�dbx5e���tVtufZjVtupx5xwj»��xwp"vregf�vreg��e�lqp��²xwfk��tudkl~e'tu�~}��r�åtwyRj ½ ��x�È!�segdk|"x5vre.��xwfbvregp&dbx)egnieg�,tw}kd�� ± exwp5��egj)egp"vre��,tufRtu�segdbegfb}���xwfbvregp&tu�~}`fRtup"vrxw��hVtufklåtu�Peg�~egp �segd��Peg|)�r�q� hVtup |)�rpjVtup"}bv�l~yR|)dk|"egl~vr}¸�³�rp"ygdkl~e'�Pe�}byb|rfbegh)egp;�Á¼ovregp5dkl��,y�tudkl~e'��xwfbv�d8p)� nie«�²xwfk�`�r�~e�egfbv4tu�~}|"egd���t$È�lq��tu�ql~}begfbegp hVtup&vre.��tVtufb}byR|rl mopr�ql moj5|"egl~v&v"tud�vre.nieg�segdbegp v"tudRtËt$�³j)xw� ½}kdklqn���l mop-hVtup-|"egdznie-|Ævregp)dkl��,y�e�e�fbvre`�sx)v"e«�Æ�M�Cegp'�,tufkdklqj)eg�;�"�qdbegfzl~}Mnieg�rfk�rlqj5dzhix5xwfvre�p)�r�segfkl~egj)e�lq���r�~eg�segp5dRtudkl~eV� �Cegp tVtuprnieg�,tw}kdbe.hiegfb}kl~e8hVtup&vre�xw�&e�egp��se�egf ½y�tudbegnixwfkl~e�°gp fbxw�r�r�"}kd`�qlqp"e�tulqf��rfbxwnVfRtu���segfbegpòõ³�K��À � öZnieg�,tw}be�egfbvre8yg�åtw}b}kl��,y�tudkl~e�segdk|"x5vre�l~}�nieg�rfk�rlqj5dCh)x)xwfC|"egd�}byb|,tudkdbegpshVtup�vre � ¹K�z�9e&nieg�rl~e�vregp;� ± e�h)x)xwfknie ½}kdbeg�~vre:�segdk|"x)vreZl~}�dbx5egnieg�,tw}kd�h)x)xwf�vrezl~vregp5dkl��,y�tudkl~eZhVtup�vreZy�xw����xwp"egp5d��r�åtVtudb}begfhVtup.e�egp.�rl~yRj ½ tup"v ½ �r�åtwy�e1��twyb|rlqp"eV�
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