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ªBmo_�HEhjH,LÒm�cIL^w M]\CH,[^\"�j�E�jaWMn�eZQJKF�øThjcI[C[^Z;|UO;HEcIiU\^p,cIwTH,[bcIJ�\CaUHEhjMk\C\^H,LCJK[~Z;J

¨b�6_�H�_bZ;OQOKp,LCH"MP\CH`ø][^iU|U[^H,\C[n�¹¨ ��º ¨}� º'»'»%»$º ¨F¼Ur½eviUhUhjcI[CH�\^aWMk\N�jü�cPm�\CaUH�hWMP\C\CHXLCJU[Z;J9¨ MkL^H Z;J9¨fübmBcIL�²[¬ { º%»�»�»�º øjr	D«eec6w H��jü�w1MnRl|WHl÷Ur®Y ªBmg_-HqôeJUH,_�\^aWMk\]�MkhKhUO;ZQHXS@\^còMòhWMk\^\CH,L^J(ZQJ¾¨ LCH,[^iUO;\CH,SðZQJ	\CaKH�¿n�ö\^a(cIiU\^p,cIwTH D=\^aWMk\EZ;[n��_-HqôeJUH,_\CajMk\b\CaKHghjMk\C\^H,LCJ�_�MP[bZQJ�¨�ÀIYX�e\CaUHEiKJUp,H,L^\NMkZ;Je\�R1MP|Wc6iU\bZ;\C[bp,O=MP[C[b_-cIiUO;S |jHI 
ª D«¨�À6Y½¬®i¯ ü9± D«²$³ ¨�ÀkYeO;cIF � ± D«²$³ ¨�ÀkY

MkJKS�\CaKH@AC5836£�7n?B9=<I>�ZQJ(iKJUp,H,L^\NMkZ;Je\�R�D=|jH,R6cIJUSðô�JKck_bZQJKF*cIJUO;R	\CaWMP\`\^aUH hjMk\C\^H,LCJ_bMk[bZ;JT¨oY-_-cIiKOQST|WH6 
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Þ z ßfà~á�âbãoäoå�æIç�è�äbßféCêeé,ë-ì�ãoå~ä}äoê

ª D�¨oY� ª D«¨ À Y
Á§m�pXcIiUL^[CHq_-H`p"MPJUJUc6\g[8MnR*\CajMk\�\CaUH]\CHX[C\E� ZQ[�F6iWMkL8MkJe\CH,HXS¢MPOQ_bMnRe[~\^c1hKLCceSUiUp,H\CajMk\`MPw cIiKJ�\bcPm�L^H,SUiUpX\CZ;cIJðZQJ	iUJUpXH,LC\8MkZ;Je\�R@|jH,p"MPiU[CHT_�HqSUc6J2� \�ô�JKck_î\CajMk\�\CaUHLCHX[CiUO;\ocPm�\^aUHb\CH,[^\�_bZ;O;Oe|WHb\^aUH;¿n�ö\^aqcIiU\^p,cIwTHIr��-iU\o_-Hbp"MkJqH,[^\CZ;w1MP\CH-\CaUHE¦6¥"5nAC¦'ÂI5iUJUpXH,LC\8MkZ;Je\�R ck�IHXL~MkO;O�\CaUH�¨ À �e|�R� 

Ã k ª\Ä D«¨oYÅo©¬ ¯ À�± D«¨�ÀkY ª D«¨�ÀkY

_baUH,L^HE|eR ª\Ä D«¨oY-_-HEw HnMkJ \^aUH`Mn�6H,LNMPFIH�iUJUp,HXLC\NMPZ;J�\�RlMnm�\^H,L~hjH,LÒm�cIL^w Z;JUF]\CH,[^\~�cIJl\^aUHEhWMP\C\CHXLCJU[�ZQJi¨b� ± D«¨�ÀkY§ZQ[b\^aUHEhUL^cI|WMP|UZ;O;ZQ\�R]\CajMk\b\CaKHE\CH,[^\~aWMP[~c6iU\Cp,c6w H�¿v�MkJKS*\CaUHd[CiUw Z;[~\NMPôIH,Jòm�LCc6w%{�\^c1ø�r-2~FeMkZ;J��e_-HESUc6J2� \bô�JKck_ \CaUHEhKLCcI|jMk|UZ;O;Z;\CZ;H,[
± D�¨ À Y,��|KiU\�_�H]p"MkJ	iU[^Hq[NMkwThUO;HE�IMkO;iUHX["r � aUH]H,[C\^Z;w1Mk\^H9·± D�¨ À Y�ckm ± D«¨ À Y�Z;[oó8iU[^\\CaKHbJ�iKwq|WH,L}ckm�\CaUc6[CHbhWMP\C\CHXLCJU[-Z;J�¨*\^aWMk\oajMn�IHbcIiK\Cp,c6w H3¿gSUZ;�eZ;SUH,Sq|eRE\CaKH~\Cc6\NMPOJeiUwq|jH,Lockm�hWMP\C\CHXLCJU[bZ;J�¨br � aUHE¦I¥n5nAC¦%Â65-LCH,SKiUp,\CZ;c6J Z;JqiUJUp,HXLC\NMPZ;J�\�R MPp8aUZ;H,�IH,Sq|eR\CHX[C\~��D�MPhUhUO;Z;H,S \^cqhWMk\^\CH,L^JU[~Z;J�¨oY-Z;[b\CaUH,Jy 

Æ�Ä D«¨oYF¬ ª D«¨oY� Ã k ª\Ä D�¨oY�o
2~JlZ;w hjcIL^\NMkJe\ymöMPw Z;O;RgcPm¨SUHXp,Z;[CZ;cIJT\CLCHXHEO;H"MkL^JUZ;JUF�MPO;FIcIL^Z;\CaUwT[�[CHXOQHXp,\C[§m�cIL-\CaUHLCcec6\ockm�\CaUH�\CL^H,H~\^aWMk\f\CHX[C\-\CaWMP\oFIZ;�IHX[ow1MPu�Z;w]iUw LCH,SUiKp,\CZ;cIJqcPm�iKJUp,H,L^\NMkZ;Je\�Re��MPJUS\CaKH,J�MkhUhKOQZ;H,[d\CaUZ;[�p,LCZ;\^H,LCZ;cIJ(L^H,p,iUL^[CZ;�IHXOQR(iKJ�\^Z;Oo[Cc6w HE\^H,LCwTZQJjMk\CZ;c6J*p,cIJKSUZ;\CZ;cIJ	Z;[w HX\`D=_baKZQp8a	_�H][CajMkO;OfSUZ;[Cp,iU[^[EZ;J@wTcIL^HESUH,\8MkZ;OfOMP\CH,L8Y,r � aUHqiUJUp,HXLC\NMPZ;J�\�R�p"MkO;p,ie�O=Mk\^ZQc6JU[`MPLCH hjMkLC\^Z;p,iUO=MkL^OQR	[CZ;wThUO;Hq_baUH,J�\^aUH \^H,[C\^[ aWMn�6Hq|UZ;JWMkL^R(cIiU\^p,cIwTH,[`MPJUS_baUH,J�\^aUH*Mk\C\^LCZ;|UiU\^H,[qaWMn�6H |UZ;JWMPLCR(�IMkO;iUHX["r(s(H� O;OoF6ZQ�6H1M�[CZ;w hKOQHqHXuvMPw hUO;Hq\^cZ;O;OQiK[C\CL8Mk\^HgaKck_�\CaUHd\CH,[^\~[CHXOQHXp,\CZ;cIJlwTH,p8aWMkJUZ;[^w�_�c6LCôe[bZ;J \^aWMk\bp"MP[CHIr
eeiUhUhjcI[^Hl_�Hq_bMkJe\E\^c*iU[CHl\^aUHqiUJUp,HXLC\NMPZ;J�\�R6��LCH,SKiUp,\CZ;c6JúwTH,\CaKc�S	\Cc	|UiUZ;O;S(MSUH,pXZQ[^Z;cIJl\CL^H,HE\CcqpXOMP[C[^Z mBRq\CaUH�mBcIO;O;ck_bZQJKFghjMk\C\^H,LCJK[" 
hWMP\C\^H,LCJ p,O=Mk[^[D�÷K�U÷U�W÷6Y ÷D�÷K�U÷U��{nY ÷D�÷K��{I�W÷6Y ÷D�÷K��{I��{nY ÷DC{6�U÷U�W÷6Y ÷DC{6�U÷U��{nY {DC{6��{I�W÷6Y ÷DC{6��{I��{nY {
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æIç,DKç êFE¨â}äoåHG�éCêUäoèJI�äfá�åbì~é�ìLK�ëNMOE�ì�é%Geá�åbé�á~ãoä	è�äbßféCêeé,ë-ì�ãoå�äoäoêUÞ �

x1

x2

x3

The test x1

xyZ;FIiUL^HEzUr,jU f�fZ;FIae\Nf¨MP\C\^H,LCJU[�\Ccq|jH�h-O=Mk[^[CZ�VWH,Sl|eR Mqí�H,p,Z;[CZ;cIJ � LCHXH

s�aWMP\�[^Z;JUFIO;Hb\CHX[C\"�7� � ��� � �ec6L¶�ÈÇI�e[^aUcIiUO;ST|WH�hjH,L�m�c6LCwTH,S]VWLC[^\´É � aUH~Z;O;O;iU[C\^LNMP\CZ;cIJZ;J1xyZ;FWrozKr jdFIZ;�6H,[�F6H,cIwTH,\CL^Z;pgZ;Je\CiKZQ\^Z;cIJ Mk|jcIiK\b\CaUH�hUL^cI|UO;H,w	r
� aUHEZ;JUZ;\CZ=MPOWiUJKp,H,LC\8MkZ;Je\�Rqm�c6L�\^aUHE[^H,\"�7¨b�ep,cIJe\8MkZ;JUZ;JUFqMkO;O�H,Z;FIae\-hWc6ZQJe\^[bZQ[n 

ª D«¨oYF¬®ED�zÊ Þ YeO;c6F � DBzÊ Þ Y��D © Ê Þ YeO;c6F � D © Ê Þ YF¬ ÷ » Þ {
�~HXu�\n�f_�HqpnMkO;p,iUO=Mk\^Hq\CaUHTiUJUp,HXLC\NMPZ;J�\�R	LCHXSUiUp,\^ZQc6J�Z�mb_�HqhjH,L�mBcILCwË� � VWLC[^\"r � aUHO;H8m�\Ò�öaWMPJUS*|UL8MkJUp8a	aWMk[�c6JUO;R hWMP\C\CHXLCJU[E|jH,O;cIJKFIZ;JUF \^c p,O=MP[C[E÷*DG_�H]p"MkO;Of\CaKH,wñ\CaUH[CHX\�¨FÌ=Y,�UMkJKS \CaKHgL^Z;FIae\���aWMkJKSe�ö|KLNMkJKpNa*D�¨FÍ"Y-aWMP[�\�_-cEhWMP\C\^H,LCJU[bZ;JTH"Mkp8a pXOMP[C[nrHeecj�\CaKHgiKJUp,H,L^\NMkZ;Je\�Rlckmf\CaUHEO;H8mB\���aWMkJUST|ULNMPJUp8alZQ[n 

ªLÎÏ D«¨FÌ�YF¬®ED ï Ê ï YeO;c6F � D ï Ê ï Y�úDB÷Ê ï YeO;cIF � D�÷1Ê ï YF¬ ÷
2~JKS1\^aUHEiUJKp,H,LC\8MkZ;Je\�R cPm¨\CaKHELCZ;FIae\Ò�öaWMPJUS |KLNMkJKpNalZ;[" 

ªLÎ1Ï D�¨FÍ"Y*¬®ED © Ê ï YvOQc6F � D © Ê ï Y�úD © Ê ï YeO;cIF � D © Ê ï Y½¬ {
Ð MPO�m~ckm~\CaKH hWMP\C\CHXLCJU[¾�^FIc*O;H8m�\��@MkJKS�aWMPO m��^FIc*L^Z;FIae\��*c6J(\CH,[^\�� � r � aeiU[n�f\CaUHMn�IHXLNMkF6H�iUJUp,H,L^\NMPZQJe\�RlMnm�\^H,LbhWHXL�m�c6LCw Z;JUF]\CaKHÑ� � \CH,[^\~Z;[" 

{'Ê ©1ªLÎÏ D«¨ÒÌY�Ó�{'Ê ©ªLÎ1Ï D«¨FÍnY*¬�÷ » j
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ÞIÞ ßfà~á�âbãoäoå�æIç�è�äbßféCêeé,ë-ì�ãoå~ä}äoê
� aUH,L^H8m�c6LCHE\^aUHEiUJUpXH,LC\8MkZ;Je\�R LCHXSUiUp,\^ZQc6J*cIJ�¨�Mkp8aUZ;H,�IHXS1|eR�� � Z;[" 

Æ�ÎÏ D�¨oY*¬ ÷ » Þ {3¢÷ » j@¬ ÷ » �U{
��Rd[CZ;w Z;O=MkLUpnMkO;p,iUO=Mk\^Z;cIJU[n�"_-H-[CH,H-\CaWMP\�\^aUH�\^H,[C\*� Ç MPp8aUZ;H,�IH,[fH,uUMPp,\CO;R�\CaUH-[NMPw HiUJUpXH,LC\8MkZ;Je\�RqLCH,SUiKp,\CZ;cIJy�e|UiU\N�W��Mkp8aUZ;H,�IHX[�JUcdLCH,SUiKp,\CZ;cIJl_baWMP\C[^c�HX�IH,Lnr � a�iK["�ecIiKL

�CF6LCH,HXSUR��¢MPOQF6cIL^ZQ\^aUw m�c6LE[CH,O;H,pX\CZ;JUF(MTVWLC[^\`\^H,[C\]_-cIiUO;S([CHXOQHXp,\`HXZQ\^aUH,L�� � cIL�� Ç reeiUhKhWc6[CH�� � Z;[~[CHXOQHXp,\CH,Syr � aKHEiUJUp,HXLC\NMPZ;J�\�R6��LCH,SKiUp,\CZ;c6J(hULCcep,H,SKiULCHq_-cIiUO;S*[^H,O;H,p,\� Ç Mk[q\^aUH*JUH,ue\T\CH,[^\"r � aUH*SUHXp,Z;[CZ;cIJ�\CL^H,H	\CaWMP\q\CaUZ;[qhUL^c�pXH,SUiUL^H@p,L^H"Mk\^H,[*\^a�iK[Z;w hUO;H,wTH,Je\C[f\CaKHE��cec6OQHnMkJTm�iUJUpX\CZ;cIJ� FÔ�¬p� � � Ç rÕ§Ö4Ö× Ø7Ù	Ú Û	Ü,Ý�ÛßÞ ��à�á	â Þã Ö4ä4å4æ ��ç�è.é$êÝ�Û é å�ë>Ö êÖ4ì Ý�íFî	Ü Ö$æ tNuwvHu«ï ðJ�*��ñóò¾~����F��� ôõ}�}���~�ö�¢N}�z2�
ªBmo\CaUH]Mk\C\^LCZ;|UiU\^H,[gMPLCHEJKcIJe��|UZ;JWMkL^R��6_-HEp"MkJl[^\CZ;O;O�iU[^HE\CaUHdiUJUp,H,L^\NMPZQJe\�R6��LCH,SUiKp,\CZ;cIJ\CHXpNaKJUZ�¥�iKH~\Ccd[CH,O;H,p,\b\^H,[C\^["r}��iU\-JUck_E�kZ;J MPSUSUZ;\CZ;cIJ]\Ccd[CH,O;H,p,\^Z;JUF�MPJ Mk\^\CLCZ;|UiK\CHI�e_-HwqiU[^\~[CHXOQHXp,\�MT\^H,[C\]cIJ	\CaWMP\EMk\C\^LCZ;|UiU\^HIr�eeiUhUhjcI[^H]m�cIL�H,uUMkwThUO;HE\CajMk\E\^aUHq�IMkO;iUHckmgMPJ�Mk\^\CLCZ;|UiK\CH Z;[`M�LCHnMkO-J�iKwq|WH,L]MkJUS(\^aWMk\]\CaUHT\CH,[^\`\^c@|jH hjH,LÒm�cIL^w H,S(Z;[E\^c[CHX\1M(\^aULCHX[CaUc6OQS MkJUS�\Cc(\^H,[C\l\^c([CH,H	Z�m�\^aUH*JeiUwq|jH,LqZ;[qFIL^H"Mk\^H,L \^aWMkJ�c6LqO;H,[C[\CajMkJ	\CaWMP\E\CaUL^H,[CaKcIO;S�r]ª�J(hULCZ;JUpXZQhKOQH6��FIZ;�IHXJ¢MT[CHX\Eckm�O=MP|WH,O;H,S(hjMk\C\^H,LCJK["�y_�Hqp"MPJw HnMk[CiKLCH]\CaUH]iUJUp,HXLC\NMPZ;J�\�R�LCH,SUiKp,\CZ;cIJ	mBcIL�H"Mkp8a	\CH,[^\E\CajMk\�Z;[gMkp8aUZ;H,�6H,S(|eRlH,�IH,L^RhjcI[C[^Z;|UO;Hq\CaUL^H,[CaUc6O;S�D=\CaKH,LCHlMkLCHqc6JUO;R@M/VWJUZ;\CHqJeiUwq|jH,L�ckmb\CaUL^H,[CaUc6O;SU[`\^aWMk\dFIZ;�IHSUZ���H,LCH,Je\b\^H,[C\�LCH,[^iUO;\C[bZ�m¨\^aUH,LCH]MkLCH�c6JUO;R�M�VWJUZ;\CH�JeiUwq|jH,L-ckm¨\^LNMPZQJKZQJKFEhWMk\^\CH,L^JU[NYXr
eeZ;w Z;O=MkL^O;RI�nZ m¨MPJ1MP\C\CL^Z;|UiU\CH�Z;[�p"MP\CH,F6cIL^ZQpnMkOfD=_bZ;\CalM�VWJKZQ\^H~JeiUwq|jH,LocPm�p"Mk\^H,FIc6LCZ;H,[NYX�\CaKH,LCH�MkLCH�cIJUO;R`MgVWJUZ;\CHbJeiUwq|jH,Lfckm�wqiU\^iWMkO;O;R~HXu�pXOQiK[CZ;�IH�MkJUSqH,ueaWMPiU[C\^Z;�IHb[CiK|U[CH,\^[Z;Je\Ccl_baUZ;p8a@\^aUHq�IMkO;iUH,[�cPm�\^aUH Mk\^\CLCZ;|UiK\CHqp"MPJ(|WHq[^hUO;ZQ\nr]s(H`p"MPJ(p"MkO;p,iKOMP\CH]\CaUHiUJUpXH,LC\8MkZ;Je\�R LCHXSUiUp,\^ZQc6Jlm�c6L�H"MPp8a*[ChUO;Z;\"r

� �$÷ ø $�+�ù4.LU*úT0 û�ü°R*)	V�ZLý"$d'`+ñ+o. #%$@a�)"0})".q'þcÿU}$g$�0
eeZ;JUp,HdiUJUZ;�IMkL^ZMP\CH��-c�c6O;H"MkJlSUH,pXZQ[^Z;cIJ*\^LCH,H,[EMPLCHEZ;w hKOQHXw H,Je\NMP\CZ;cIJK[¨cPm�í~��x m�iUJUp8�\CZ;c6JU["�y\CaUHXR¢MPLCH1MPO;[CclH	¥eiUZ;�IMkO;H,Je\�\Cc*\�_-ck��O=MnRIH,Ln�jm�H,HXSem�cIL^_�MPLCS(JUHXiULNMPO�JUHX\�_�c6LCôe["rs(H~[^aUck_�MPJ1HXuvMPw hUO;HbZ;J1xyZ;FWrfzUr®zKr � aUH�SUHXp,Z;[CZ;cIJT\CLCHXH`Mk\-\CaUH�O;H8m�\bcPm�\CaUH�VWF6iULCHZ;w hUO;H,wTH,Je\C[f\CaKHg[8MkwTH-m�iUJUp,\^Z;cIJ1MP[b\CaUH�JUHX\�_�c6LCô Mk\-\CaKHgL^Z;FIae\�cPm¨\^aUH�VWFIiUL^HIr*Á§mp,c6iULC[^HI�f_baUH,J(Z;w hKOQHXwqH,Je\CH,S@MP[EM JKH,\�_�c6LCô��fMkO;Ofckmb\CaUH]m�HnMk\CiKLCH,[`MPLCHqH,�IMPO;iWMk\^H,SZ;JlhWMkL8MkO;O;H,Ojm�cILbMkJeRTZQJKhUiU\bhWMP\C\CHXLCJ��K_baUH,LCHnMk[�_baUH,JlZ;w hUO;H,wTH,Je\CH,S MP[~M]SUH,p,Z;[^ZQc6J\CL^H,HEc6JUO;R \CaKcI[CH�m�H"Mk\^iULCHX[~cIJl\^aUHE|UL8MkJUp8al\CL8Mn�IH,O;H,S*SKck_bJ |eR \^aUHEZ;JUhUiU\bhjMk\C\^H,LCJJUH,HXSq\Cc~|jHbH,�IMPOQijMk\CHXS�r � aUHbSUHXp,Z;[CZ;cIJe��\CL^H,HbZ;JUSUiUpX\CZ;cIJEwTH,\CaKc�SK[�SUZ;[CpXiU[C[^H,S Z;JE\^aUZ;[p8aWMkhK\CH,L-p"MkJq\^aeiU[o|jHb\CaUc6iUFIae\fckm¨MP[¨hjMkLC\^Z;p,iUO=MkLo_bMnRe[f\CcEH,[^\NMP|UO;ZQ[^aq\CaUHb[^\CL^iUp,\CiKLCHMkJKS1\^aUH�_�HXZQF6ae\b�IMkO;iUH,[}m�cILbJKH,\�_�c6LCôe["r
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æIç��Kç�ë[G}äoå�Myé,ãbãfé�ì�K á�ìgè ä�Gvá[INEyá~ãfé,ë-ì Þ n

X

x1

x2

x3

x4

terms

-1

+1

disjunction

x3x2

x3x4x1

+1

-1

+1

f

1.5

0.5

x3

x2 x4

x1

10

1

1

0 0

0

1

x3x2
x3x2

x3x4

x3x4x1 x3x4x1

f = x3x2 + x3x4x1

1

0
0

1
0

xyZ;FIiUL^H�zKr®zU y2�s~JUZ;�IMkL^Z=Mk\CH�í�H,p,Z;[CZ;cIJ � LCHXH`MkJUSTZ;\C[~�F¥eiUZ;�IMkO;H,Je\-�~H,\�_-cIL^ô

� iUO;\CZ;�IMPLCZ=Mk\^H*SUH,p,Z;[^ZQc6J \CL^H,H,[*_bZ;\Ca O;Z;JUH"MkL^O;Rú[^H,hWMPLNMk|KOQH	mBiUJUp,\^ZQc6JU[*Mk\lH"MPpNaJUceSUHbp"MPJ MkO;[Ccd|WHbZ;w hKOQHXw H,Je\CHXSE|eR�m�H,H,Svm�cIL^_�MPLCSqJUH,\�_-cIL^ôe[���Z;Jq\CaUZ;[op"MP[CH�\CaUL^H,H8�O=MnRIH,L}cIJUH,[nrfs(H~[^aUck_�MkJ HXuvMPw hUO;H-Z;J x�Z;Fjr¨zKr ��ZQJq_baKZQp8aq\^aUH�OQZ;JUHnMkLCO;RE[^H,hWMPLNMk|KOQHm�iUJKp,\CZ;cIJK["�fH"MPpNaðZ;w hUO;H,wTH,Je\CH,S	|eR¢M � ù s`�oMPLCH Z;JUSKZQpnMk\CHXS(|�R�� �%º �}� º � Ç �oMPJUS�f�er�2�F�MPZQJy�k\CaUH§VWJWMPOWO=MnRIHXL¨ajMk[}VWueH,Sq_�HXZQF6ae\C["�6|UiU\}\CaUH�_�H,Z;F6a�\^[oZ;Jq\CaUH§VWLC[^\o\�_-cO=MnRIH,L^[EwqiU[^\~|jHq\CLNMPZ;JUH,S�rlí�Z ��H,L^H,Je\`MkhUhKLCc�MPp8aUH,[E\^c*\CL8MkZ;JUZ;JUF hKLCcep,H,SUiKLCH,[qaWMn�6H|jH,H,J�SKZQ[^p,iU[^[CH,S�|eR9k ��L^H,Je\"�y{%nn6÷>oC��|eROk �6cIaUJy��{%nn1j>oC�¨MPJUSúDm�cIL]Ml[ChjH,p,Z=MkO-p"MP[CH"Y|eR¸k � MPLCp8aWMkJKS��	��cIO;H"MU��{'nn6�>oÒr

� ��
 � V�$@Uf&*+f+-)k'T] Z]'TW ûJV�ZLý�R�Z�+-)".q'
tNu�Nu�x ���Hz�����}�}�~����
ª�JE[^iUhWHXLC�eZ;[CH,SqO;H"MPLCJUZ;JUFj�,_-HowqiU[C\�p8aUcec6[CHbM-m�iUJKp,\CZ;cIJ�\^cbVW\y\CaUH-\CL8MkZ;JUZ;JUFb[CHX\�mBLCcIwMkwTcIJUF]M][CH,\�ckm¨aeRehjcI\CaKH,[CH,[nr-s(HgajMn�IHEMkO;LCHnMkSURq[^aUck_�HXS*\CaWMP\bFIH,JKH,LNMPOQZ;ý"MP\CZ;cIJTZ;[Z;w hjcI[^[CZ;|UO;H~_bZ;\CaKcIiU\�|UZ=Mk["r-s�aKH,J*_-HEôeJUck_ M/hULCZ;c6LCZ�\^aWMk\�\CaUH�m�iUJUp,\^Z;cIJ*_-H`MkL^H\CL^ReZQJKF@\^c@F6iUH,[C[q|jH,O;cIJKFI[]\Cc(M*[^w1MkO;Oo[^iU|U[^H,\ cPmgMkO;O�hjcI[^[CZ;|UO;HTm�iUJUpX\CZ;cIJU[n�o\^aUH,J��H,�6H,J _bZ;\Ca MPJqZ;JUp,cIwThUO;H,\CH-[CHX\�cPm�\CLNMPZ;JUZ;JUF�[NMkwThUO;H,["�PZQ\}ZQ[}hWc6[C[CZ;|UO;Hb\^cELCH,SKiUp,H�\CaUH[CiK|U[CH,\�cPmom�iUJUpX\CZ;cIJU[�\CaWMP\gMPLCHEp,c6JU[CZ;[^\CH,Je\�_bZ;\Ca*\^aUHE\CL8MkZ;JUZ;JUFq[^H,\�[Ci�� p,Z;H,Je\^OQRl\^cw1MPôIHEiK[CH8m�iKOoFIiUHX[C[CHX[�MP|Wc6iU\�\CaUHq�IMPOQiKHEckmb\CaUH]mBiUJUp,\^ZQc6Jlm�c6LgZ;JUhKiU\C[EJKcI\�Z;J*\CaUH\CL8MkZ;JUZ;JUF�[CHX\"rf2~JKS��e\CaUHbO=MPLCFIHXLo\CaUH�\CL8MkZ;JUZ;JUF�[CH,\n�e\CaUH�w c6LCH-OQZ;ô6H,O;REZ;\¨Z;[o\^aWMk\}H,�IH,JMTLNMPJUSUcIwTO;R [CHXOQHXp,\CH,S(pXcIJU[^ZQ[^\CH,Je\dm�iUJUpX\CZ;cIJ*_bZ;O;OfaWMn�IHqMkhKhULCc6hULCZ=Mk\^H`c6iU\ChKiU\C[�m�c6L
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xyZ;FIiUL^HEzUr,�U y2 � iUO;\CZ;�IMPLCZ=Mk\^Hgí�H,p,Z;[CZ;c6J � LCH,H]MkJUSlZ;\C[~�F¥eiUZ;�IMPOQHXJ�\-�~HX\�_�c6LCô
hWMP\C\CHXLCJU[�JUcI\bR6H,\b[CH,HXJ�r

Ð ck_-H,�IHXL"�eH,�6H,Jq_bZ;\Caq|UZ=Mk[n�IZ�m�\CaUH�\CL8MkZ;JUZ;JUF�[CH,\-Z;[oJUc6\o[Ci�� pXZQHXJ�\^O;R`O=MkL^FIH-p,cIw/�hWMPLCH,Sð_bZQ\^a�\^aUH [^ZQýXH ckm~\^aUHlaeR�hjcI\^aUH,[^ZQ[][ChjMkp,HI�}\CaUHXLCHl_bZ;OQO}[C\CZ;O;O-|WHT\Ccec@wlMkJeRp,c6JU[CZ;[C\^H,Je\�m�iUJUp,\^Z;cIJU[§m�cILbiU[�\CcTw1Mkô6H~iU[^H8m�iUOfF6iUH,[C[^H,["�yMkJUS*F6H,JUH,L8MkO;Z;ý"Mk\^Z;cIJlhWHXL��m�c6LCw1MPJUp,Hl_bZ;O;O~|jH@hjcecIL"r�s aUH,J�\^aUH,LCH�MPLCH	\Ccec�wlMkJeR(aeRehWc6\CaUH,[^H,[*\^aWMk\*MkL^Hp,c6JU[CZ;[C\^H,Je\`_bZ;\^a@\^aUH \^LNMkZ;JUZ;JUFT[CH,\n�f_�Hq[8MnR@\^aWMk\�_-H MkL^H*<I¥n5"A��}?�?B9=>Â/\CaUHq\^LNMkZ;Je�Z;JUF*SWMP\NMKr¸Á��IH,LÒVW\C\^Z;JUF*Z;[�MòhULCc6|UO;H,w \CaWMP\`_-H wqiU[^\EMkSUSUL^H,[C[]mBcIL`MPOQO-O;H"MkL^JUZ;JUFw HX\CaUceSU[nr
eeZ;JUp,HEMdSUH,p,Z;[CZ;c6J1\^LCH,Hdckm�[Ci�� p,Z;H,Je\b[CZ;ý,H�p"MkJlZ;w hKOQHXw H,Je\b¦I>U¬��-c�c6O;H"MkJ/m�iUJUp8�\CZ;c6J1\^aUH,L^HEZ;[gM]SWMPJUFIH,LbcPmock�IH,LÒVW\C\^ZQJKFk��H,[ChjH,p,Z=MPOQO;RTZ mf\CaUHd\CLNMPZ;JUZ;JUF`[^H,\�Z;[b[Cw1MPO;Oör� aWMP\bZQ[n�eH,�IHXJ*Z�m¨\CaKHESUH,p,Z;[^ZQc6Jl\CLCHXH`Z;[-[CReJe\CaUH,[^Z;ý,H,S	\Ccqp,O=Mk[^[CZ�m�RlMkO;O�\CaUH�wTH,wq|WHXLC[ckmf\CaUHd\CLNMPZ;JUZ;JUFE[CHX\~p,c6LCLCHXp,\CO;Re�UZ;\�wTZ;FIae\ohjH,L�m�c6LCw hWcec6LCO;RqcIJlJUH,_ hWMP\C\CHXLCJU[�\CaWMP\_-H,LCH�JUc6\oiU[CHXS1\^c`|KiUZ;OQSq\^aUH~SKH,p,Z;[CZ;cIJT\CL^H,HIrHevH,�IH,L8MkO�\^H,p8aUJUZ�¥eiUH,[baWMn�6Hb|WH,HXJ1hKLCck�hjcI[CHXS*\Cc Mn�6cIZ;S ck�6H,L�VW\^\CZ;JUFj�UMkJUSl_-Hg[^aWMkO;OyH,uUMkw Z;JUH�[Cc6w H~cPm¨\^aUH,wñaUH,L^HIr � aUH,Rw1MPôIHEiK[CHqckmbw HX\CaUceSU[�m�c6LgHX[C\CZ;wlMk\CZ;JUFqaKck_î_-H,O;O�MTFIZ;�IH,J	SUH,pXZQ[^Z;cIJ	\CLCHXH w Z;F6a�\FIHXJUH,LNMPO;ZQýXH8��w H,\^aUceSU[b_�H�[^aWMkO;O�SUH,[^p,LCZ;|jHEJUH,ue\nr

tNu�Nu4v �i�F{�~�¡���}�~��*��� z�}����N¡��
� aUH-w c6[C\�[C\^LNMPZQF6ae\�m�c6LC_bMkLCS]_bMnR~\Cc�H,[^\CZ;w1MP\CHoaKck_(_�H,O;OUMbaeRehjcI\CaKH,[CZ;ý,H,S]mBiUJUp,\^ZQc6JD=[^iUp8a�Mk[qM	SUH,pXZQ[^Z;cIJ�\^LCH,HnYqhjH,L�m�c6LCwT[`c6JõM�\CHX[C\ [^H,\qZ;[q\Cc	\CH,[^\ Z;\]cIJ�\CaUHl\^H,[C\[CHX\�� �-iU\"�§Z m�_�H	MkLCH�p,cIwThWMkL^ZQJKF@[^H,�IH,L8MkO�O;H"MkL^JUZ;JUF([CRe[^\CH,wT[*D;m�c6L H,uUMkwThUO;HI�oZ�m_-HòMPLCHlp,c6w hWMPLCZ;JUFlSUZ���HXLCH,Je\ SKH,p,Z;[CZ;cIJð\CL^H,H,[NY/[Cc(\^aWMk\q_-H p"MPJ�[CH,O;H,p,\T\CaUHlc6JUH
ÿ��������	��
�	������������������������������������������� "!$#%#'&�(*),+.-�/102(3),+.-4-45	67098*+,+;:4).<>=?4-@:�A$-4A�:�B'A$C�0



æIç��Kç�ë[G}äoå�Myé,ãbãfé�ì�K á�ìgè ä�Gvá[INEyá~ãfé,ë-ì nK{
\CajMk\-hWH,LÒm�cIL^w [-\CaUH�|jH,[C\�cIJT\CaUH�\CHX[C\b[CHX\"�U\^aUH,Jl[CiKpNa*Mdp,cIwThWMkL^Z;[CcIJ MPw c6iUJe\C[o\^c
�C\^LNMPZQJKZQJKF1c6J@\^aUH \^H,[C\]SWMP\NMUr � � LCiUH6��\^LNMkZ;JUZ;JUFlc6J(\CaUHq\^H,[C\]SWMk\8MlH,JUO=MPLCFIHX[E\CaUH\CL8MkZ;JUZ;JUFb[^H,\"�k_bZ;\^a`M-p,cIJK[CH	¥eiUH,Je\oHXu�hjH,p,\^H,SqZ;w hUL^ck�IH,wqHXJ�\jZ;J�FIH,JUHXLNMkO;Z;ý"MP\CZ;cIJ��n|UiK\\CaKH,LCH]Z;[b[C\CZ;O;O�\^aUHESWMPJUFIHXL~ckmock�6H,L�VW\^\CZ;JUFqZ�mo_�H]MkLCHdp,cIwThWMkL^ZQJKF`[^H,�IH,L8MkOfSUZ���H,LCH,Je\O;H"MkL^JUZ;JUF~[^Re[C\CHXw ["ry2~JKcI\CaKH,Lf\CH,p8aUJUZ�¥eiUH-Z;[�\Cc�[ChUO;Z;\�\^aUH-\CLNMPZ;JUZ;JUFb[CH,\Ò��iU[CZ;JUFqD=[8MnRUY\�_-ck��\CaUZ;LCSK[]m�cILq\^LNMkZ;JUZ;JUF(MkJKSú\^aUH*c6\CaUH,LT\CaUZ;L^S�mBcILqH,[^\CZ;w1MP\CZ;JUF	FIH,JUHXLNMkO;Z;ý"MP\CZ;cIJhjH,L�m�c6LCwlMkJUp,H6rf��iU\b[^hUO;Z;\C\CZ;JUFdLCH,SUiKp,H,[~\^aUH�[CZ;ý,H�ckmf\CaUH�\^LNMkZ;JUZ;JUFd[CH,\�MkJUST\CaUH,L^H,|eRZ;JUp,L^H"Mk[^H,[q\CaUHThWc6[C[^ZQ|KZQO;Z;\�R*cPm�ck�6H,L�VW\^\CZ;JUFjrls(H`JUHXu�\]SUH,[^p,LCZ;|jHl[CcIwTH`�IMPO;ZQSjMk\CZ;c6J\CHXpNaKJUZ�¥�iKH,[~\^aWMk\~MP\C\CHXw hU\-\Cc Mn�6cIZ;S \^aUH,[CHdhULCc6|UO;H,w [nr
���! #"$"&%&'�(*),+.-/(*0$+, 21
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C 5N¦6¥"5D3C<I>K5E3C<6£�?j�IMPOQZ;SWMP\CZ;cIJ]Z;[o\CaKH~[NMPw H~MP[�p,L^cI[^[��IMPOQZ;SWMP\CZ;cIJdm�c6Lo\CaUH�[ChjH,p,Z=MkO�pnMk[CHZ;J*_baUZ;p8aF4 H	¥eiWMPO;[~\CaKH`JeiUwq|jH,Lbckm-hWMk\^\CH,L^JU[�ZQJõ¨b�WMPJUS*H"MPpNa¾¨fü-p,cIJK[CZ;[C\^[gcPm�M[CZ;JUF6O;H`hWMP\C\^H,LCJ�rTs�aUHXJ(\CH,[^\CZ;JUF*c6J(H"Mkp8a9¨ ü �y_-Hq[CZ;w hUO;RTJUcI\^Hq_baUH,\CaKH,L`c6LEJUc6\MlwTZQ[^\NMPôIHE_bMk[EwlMkSUH6rqs(H`pXcIiUJe\]\CaUHq\^cI\NMPOoJeiUwq|jH,LEckmbw Z;[^\NMkô6H,[EMkJUS	SUZ;�eZ;SUH|eR�4 \CcqF6H,\b\CaKHEH,[C\^Z;w1Mk\^H,S HXLCLCc6L~L8Mk\CH6r � aKZQ[-\�RehWHdckm¨�IMPO;ZQSjMk\CZ;c6JqZQ[n�UcPm¨p,c6iULC[^HI�w c6LCH-H,uehWHXJU[CZ;�IH�p,cIwThUiU\8Mk\CZ;c6JWMkO;O;R��8|KiU\oiU[^H8m�iUOj_baUH,JlM~wTcIL^H�MPp,p,iUL8Mk\CH�H,[^\CZ;w1MP\CHckmf\CaUHdH,LCL^cIL~L8Mk\^H~mBcIL~Mdp,O=Mk[C[^Z�VWH,L~Z;[bJUHXH,SUH,S�r G Ö ã ä ê Ú H ÖI H é	é å ã å ê Ý�î&Jî	Ú ÛDK?L;Ý�Ü ã é× M è.ê�é Û�Þ �wà�á ��ç ætNu�Nu«ï ôN�H�3~�¡�~��N�O���Hz2����}�}�~��N�g~���P�z2|�~���~��*���L��z�z2�
�~HnMkLb\CaKH~\CZ;hU[-ckmoM�SUH,pXZQ[^Z;cIJl\CL^H,H�\CaUH,L^H�w1MnRE|jH�cIJUO;RqM�m�HX_�hWMk\^\CH,L^JU[bhjH,LbJUceSUHIrxKcILb\CaKH,[CHEJKc�SKH,["�K_�H`MPLCH�[CHXOQHXp,\CZ;JUFlM]\CH,[^\~|WMP[CH,SlcIJ*M]�6H,LCRT[Cw1MPO;OW[8Mkw hKOQH6��MPJUS\CaeiU[-_-HgMkL^H�OQZ;ô6H,O;RE\Cc]|WH�ck�IH,LÒVW\C\^Z;JUFWr � aUZ;[ohKLCcI|KOQHXw�p"MkJT|WH�SUH"MPOQ\-_bZ;\CaT|�R]\CHXL��w Z;JWMP\CZ;JUFo\^aUHo\^H,[C\Ò�öF6H,JUH,L8Mk\CZ;JUF�hULCcep,HXSUiULCHb|jH8m�c6LCH�MPO;OkhWMk\^\CH,L^JU[oMkLCH}hWH,LÒm�H,p,\^O;Rg[^hUO;Z;\Z;Je\Ccl\CaUHXZQLd[CH,hWMPLNMP\CH pnMk\CHXFIcIL^Z;H,["r � aWMP\EZ;["�fMTOQHnMnmbJUceSUH wlMnR p,c6J�\8MkZ;J(hWMP\C\CHXLCJU[ckm-w cIL^HE\CajMkJ	cIJUH]p,O=Mk[^["�y|UiU\�_�H]p"MPJ@SUHXp,Z;SUHqZ;J*möMn�6cIL�ckm�\^aUHqw c6[C\~JeiUwTH,LCc6iU[p,O=Mk[^["r � aUZ;[ohKLCcep,H,SUiKLCHE_bZ;O;OULCHX[CiUO;\-ZQJlM�m�H,_�H,L^LCc6LC[b|UiU\-ckmB\CH,JlMkp,p,HXhU\CZ;JUFqM�[CwlMkO;OJeiUwq|jH,Lockm�HXLCLCc6LC[bc6J \CaKH~\CL8MkZ;JUZ;JUFE[^H,\bLCHX[CiUO;\C[bZ;J]m�HX_�H,L-H,L^LCcIL^[bcIJlM�\CH,[^\CZ;JUFq[^H,\"r
� aUZ;[b|WHXaWMn�eZQc6LbZ;[�Z;O;O;iU[C\^LNMk\^H,SlZ;JòxyZ;FWrfzUr Þ r
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(From Weiss, S., and Kulikowski, C., Computer Systems that Learn,
Morgan Kaufmann, 1991)
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xyZQF6iULCHEzKr Þ  ¨í�H,\^H,LCwTZ;JUZ;JUFEs�aUHXJ°Á��6H,L�VW\^\CZ;JUFT��H,F6Z;JU[

Á�JUHbp"MkJ]iU[^H�p,L^cI[^[����IMkO;Z;SWMk\^ZQc6JE\CHXpNaKJUZ�¥�iKH,[o\Cc�SUH,\^H,LCwTZQJKH�_baUHXJ`\^cg[^\Cc6h`[^hUO;ZQ\Ò�\CZ;JUF�JUceSUH,[nrfªBmW\CaUHbpXLCcI[^[f�IMkO;Z;SWMk\^ZQc6J�H,LCL^cILfZ;JUp,LCHnMk[CHX[�MP[�M§p,cIJK[CH	¥eiUH,JKp,H~cPm�M�JUceSUH[ChKOQZ;\n�U\CaKH,J*SUc6J2� \~[ChKOQZ;\nr¶Á�JUHdaWMk[�\Ccq|jH`p"MPLCH8mBiUOoMk|jcIiU\b_baUHXJ*\CcT[C\Cc6h��j\CaUc6iUFIay�|jH,p"MkiK[CH*iUJKSUH,L�Vj\C\CZ;JUFðiU[CijMkO;O;R@O;H"MPSU[q\Cc(wTcILCHqHXLCLCc6LC[TcIJ�\CH,[^\ [^H,\C[T\CaWMPJ�SUceH,[ck�IHXL�VW\^\CZ;JUFWr � aKH,LCHEZ;[bM]FIH,JKH,LNMPO�LCiKOQH�\CaWMP\b\CaUHdOQck_-H,[^\�H,L^LCc6L���LNMk\^H`Mk\^\NMPZQJjMk|UO;H~|eRM�[^iU|e��\CLCHXHgcPm¨M�mBiUO;OQRdH,uehWMkJUSKH,S \^LCH,H�p"MPJ |jH~JUcEO;H,[^[�\^aWMkJ	{�Q © ckm�\^aUH~H,L^LCc6L�L8Mk\CHckmf\CaUH�m�iUO;O;R`H,uehWMPJUSUH,S�\CLCHXH�k s(H,Z;[C[R�	S�iUO;Z;ôIck_b[^ôeZö�K{%nnK{k�UhWMPFIHq{ © z'oCr
q~MP\CaUH,Lq\^aWMkJ�[^\CcIhKhUZ;JUF(\CaUH�FILCck_b\^a�cPmdM�SUH,pXZQ[^Z;cIJ�\CL^H,HI�bc6JUH*w Z;F6a�\�F6LCck_Z;\�\Cc�Z;\C[õm�iUO;Ol[CZ;ý,H MPJUS \CaUH,J hULCiKJUHîMn_�MnR�OQHnMnm(JUceSUH,[�MPJUSñ\CaUHXZQL MkJUp,HX[��\Cc6LC[liUJe\CZ;O�p,LCc6[C[����IMkO;Z;SWMP\CZ;cIJ�MkpXp,iULNMPp,R�JUcðO;cIJUF6H,L Z;JUp,L^H"Mk[^H,["r � aKZQ[T\CH,p8aUJKZ�¥eiUHZ;[lp"MkO;O;H,S�¦v<P:�?T3�¦�AX£�>K9=>Â6rVU-MkLCZ;c6iU[ \^H,p8aUJUZ�¥eiUH,[�m�cILThULCiUJKZQJKFõMPLCH(SUZ;[^p,iU[C[^H,S Z;J

k s(H,Z;[C[R�WS�iUO;Z;ôIck_b[^ô�Z��j{%n1nU{�oCr

tNu�Nu, � ~���~YXg¢ZXlñ[P�z2��|���~4�N}�~��*�]\�z��N�*}��O�Ëz�}����N¡��
2~J�Z;w hjcIL^\NMkJe\ \^LCH,H8��FIL^ck_bZ;JUF�MkJUS�hKLCiUJUZ;JUF \^H,p8aUJUZ�¥eiUHñZ;[î|WMP[CH,S�c6J�\CaUH¡]9=>U9=¡]£e¡^3C365,:,7nA,9 ¦�?B9=<6>�3�¤Q5n>Â6?`_ba,ced C2f hKLCZ;JUp,Z;hUO;HIr�D � í�ù	Z;[~MkJlZ;w hjcIL^\NMkJe\oZ;SUHnM\CajMk\�H,ue\CH,JKSU[E|jH,RIc6JUS@SKH,p,Z;[CZ;cIJv�ö\^LCH,HqwTH,\CaUceSU[Lk,qbZ;[C[8MkJUH,Jy��{%n� Þ oCr Y � aUHqZ;SUH"M/Z;[\CajMk\~\^aUH][CZ;w hUO;H,[^\bSUH,p,Z;[^ZQc6J*\CL^H,H]\CaWMP\gpnMkJ*hUL^H,SUZ;p,\�\CaKHEp,O=Mk[^[CH,[EcPmo\CaUH]\CL8MkZ;JUZ;JUFhWMP\C\CHXLCJU[TZQ[]\CaKH1|jH,[^\qcIJUHIrOh-cIJK[CZ;SUH,L]\CaUHlhUL^cI|UO;H,w ckmg\^LNMPJU[CwTZQ\^\CZ;JUF`ó�iU[C\]\CaUH
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æIç��Kç�ë[G}äoå�Myé,ãbãfé�ì�K á�ìgè ä�Gvá[INEyá~ãfé,ë-ì n6�
O=Mk|jH,O;[~cPm}M]\^LNMPZQJKZQJKFq[CH,\�ckmohWMP\C\^H,LCJU[8Mk[^[CiUwTZQJKF \CajMk\~\^aUHEL^H,p,H,Z;�IHXLEckmo\CaKZQ[�Z;Jem�cILÒ�w1MP\CZ;cIJ	MkO;LCH"MPSUR	aWMk[E\^aUH c6LCSUHXLCH,Sð[CH,\]ckm~hWMP\C\^H,LCJU[nr*ªBm~\^aUH,LCHlMkL^H�g hWMP\C\^H,LCJU[n�H"MPpNa	O=Mk|jH,O;H,S	|�Rlc6JUH`cPm Æ p,O=MP[C[CHX["��c6JUH`pXcIiUO;S	\CLNMPJU[CwTZ;\~M O;Z;[C\�ckmhg Æ ���IMkO;iUH,SJeiUwq|jH,LC[nrq2~[^[CiUwTZQJKF H	¥eiWMPOQO;R*hKLCcI|jMk|UO;H]p,O=Mk[C[^H,["�f\^aUZ;[�\CLNMPJU[CwTZ;[C[CZ;c6J@_-cIiUO;S*L^H8�
¥eiUZ;LCH5g�O;cIF � Æ |UZ;\C[nr Á�Ln��cIJUH]p,c6iUO;S@\^LNMkJK[Cw Z;\�MqSUH,pXZQ[^Z;cIJ(\CL^H,Hq\CajMk\�p,cIL^LCH,pX\CO;RO=Mk|jH,O;O;H,S`MkO;OkcPmW\CaUH}hWMk\^\CH,L^JU["r � aUH-JeiUwq|jH,L�ckmW|KZQ\^[�\^aWMk\y\CaUZ;[�\^LNMPJU[CwTZQ[^[CZ;cIJ�_-cIiUO;SLCH>¥�iKZQL^HbSUH,hjH,JUSU[}cIJ]\CaUHb\^H,p8aUJUZ�¥eiUH-m�cILyH,JUp,ceSUZ;JUF�SUHXp,Z;[CZ;cIJq\^LCH,H,[-MkJUS]cIJ]\CaUH-[CZ;ý,Hckmj\CaUHb\^LCH,HIrfªBm�\CaKH�\^LCH,H�ZQ[y[CwlMkO;O�MPJUS�MPp,p,iUL8Mk\^H,O;R`p,O=MP[C[CZ�VWHX[�MPO;O�cPmW\CaKHbhWMk\^\CH,L^JU["�6Z;\w Z;F6a�\f|jH�w cIL^H~H,pXcIJUc6w Z;p"MkOK\Ccq\CL8MkJU[^w Z;\o\^aUH�\CLCHXHg\^aWMkJl\^c`\^LNMkJK[Cw Z;\o\^aUH�O=Mk|jH,O;[SUZ;LCHXp,\CO;Rerfª�J |jH,\�_�HXH,Jl\CaUH,[^HEH,ue\CL^H,w HX["�e_-H~w Z;F6a�\f\^LNMkJK[Cw Z;\�Md\CL^H,H�hUO;iU[bMEO;Z;[C\-ckmO=Mk|jH,O;[bckmoMkO;O�\CaUH�hWMP\C\^H,LCJU[�\CaWMP\b\CaUHd\CLCHXHEw Z;[CpXOMP[C[^Z VjH,["r
ª�J@F6H,JUH,L8MkO��j\CaUH]JeiUwq|jH,L~cPm�|UZ;\C[qD=c6L~SUHX[Cp,L^ZQhK\CZ;cIJ	O;H,JUFI\^a@cPm�\CaKH`|UZ;JWMPLCRlH,Je�p,ceSUH,S(wTH,[C[8MkF6H"Y�ZQ[Zi*Ókjj��_baUH,L^Hli�Z;[�\CaKH`O;H,JUF6\Ca(cPm�\CaUHqwTH,[C[8MkF6H`L^H	¥eiUZ;LCH,S(\^c\CL8MkJU[^w Z;\b\CaKHE\CL^H,HI��MPJUSmj Z;[b\^aUH`O;H,JKFI\Ca�ckmo\CaUHdw H,[^[NMkF6HELCH>¥�iKZQL^H,S*\^c \CL8MkJU[^w Z;\\CaKH~O=Mk|jH,O;[�cPm�\CaUH�hWMP\C\^H,LCJU[bwTZ;[Cp,O=Mk[^[CZ�VWH,Sq|eR]\CaUH�\^LCH,HIr}ª�J ME[^H,JU[^HI�U\^aWMk\-\CL^H,HEMk[��[Ccep,Z=MP\CH,Sq_bZ;\Ca]\CaKH~[CwlMkO;O;H,[C\y�IMkO;iUH-ckm2i�Óej~Z;[o\^aUHb|jH,[C\oc6Low c6[C\yH,p,cIJKcIw Z;p"MPOe\CLCHXHIr� aUH � í�ù	w HX\CaUceS Z;[bc6JUH�_�MnRqcPm�MkSKaUH,LCZ;JUFq\^cq\CaUH�Á�p,p"MPw¸� [-LNMkýXcIL~hKLCZ;JUp,Z;hUO;HIr
m�iUZ;JUO=MkJ MkJKSTqbZ;�6H,[C\@k,m~iKZQJKOMPJn�lqbZ;�IH,[^\"��{'n Þ n>o�aWMn�6H~hUL^cIhjcI[CHXS1\^H,p8aUJUZ�¥eiUH,[m�c6L�H,JKp,ceSUZ;JUF SUHXp,Z;[CZ;cIJl\CL^H,H,[�MkJUSlO;Z;[C\C[-ckmoH,uep,HXhU\CZ;cIJlO=Mk|jH,O;[~MkJKSqm�c6Lbp"MkO;p,iUO=MP\CZ;JUF\CaKHESUH,[^p,LCZ;hU\^ZQc6J*O;H,JUF6\Ca(Doi½ÓpjeY-ckmo\CaKH,[CH]\CL^H,H,[EMkJUSlO=Mk|jH,O;["r � aUH,Rl\CaKH,J*iU[^HE\CaUHSUH,[^p,LCZ;hU\^Z;cIJ*O;H,JUF6\CalMk[~M]w HnMk[CiKLCH�ckmF¥�ijMkO;Z;\�R`cPm}Md\CL^H,HEZ;Jl\�_�c]_bMnR�[n 
{6r-ª�JúF6LCck_bZ;JUF�M	\^LCH,HI��\CaKH,R�iU[CH*\^aUH*L^H,SUiUp,\^Z;cIJ�Z;J�SUH,[^p,LCZ;hU\^ZQc6J�O;H,JKFI\Ca�\^c[CH,O;H,p,\�\CH,[^\C[]D=Z;JU[C\^H"MkS�ckm¨L^H,SUiUpX\CZ;cIJ*Z;JTiUJUp,H,L^\NMPZQJe\�RUY,r
© r-ª�J(hULCiUJKZQJKFòMT\^LCH,HlMnm�\^H,LEZ;\EaWMP[E|WHXH,J(FIL^ck_bJ(\Cclý,H,L^c@H,L^LCc6L"�f\CaKH,R@hKLCiUJUHMn_�MnR]\CaUc6[CH�JUceSUH,[ED=[^\NMPLC\CZ;JUFqMk\-\CaKH~\CZ;hU[8Yo\^aWMk\bMkp8aUZ;H,�6HgMdSUH,p,L^H"Mk[^HEZ;Jq\CaUHSUH,[CpXLCZ;hU\CZ;c6J1O;H,JKFI\Cayr

� aUH,[^H�\^H,p8aUJUZ�¥eiUH,[yp,cIwThWMkL^H�m�Mn�IcIL8Mk|UO;R-_bZ;\Ca�\CaUH}iUJUp,H,L^\NMPZQJe\�R6��LCH,SUiKp,\CZ;cIJdw H,\^aUceS��MkO;\^aUcIiUF6a \^aUH,R1MPLCH�¥eiUZ;\^Hg[^H,JU[^ZQ\^Z;�IH�\Ccq\^aUH�p,ceSUZ;JUFq[Cp8aUH,wTH,[biU[^H,S�r

tNu�Nu.q ðJ�*~���zJ~��OP���}��
�~c6Z;[CH*Z;J�\CaUH�SWMk\8M(w HnMkJU[]\CaWMP\ c6JUH*wqiU[^\qZQJKH,�eZQ\8Mk|UO;R�MPp,p,H,hU\l[^cIw HlJeiUwq|jH,LckmbH,L^LCcIL^[���SUH,hjH,JUSKZQJKF*cIJ	\CaUHqJKcIZ;[CH]O;H,�IH,O�r�qbH�m�iU[NMPOf\Ccl\Cc6OQHXLNMk\^HqH,LCL^cIL^[EcIJ	\CaUH\CL8MkZ;JUZ;JUFE[^H,\~_baKH,Jl\CaUH,L^H�ZQ[bJKcIZ;[CH�OQHnMkSU[b\^c`\^aUH�hULCc6|UO;H,w�ckm@��VW\^\CZ;JUF]\CaUH�JUc6Z;[CHIr �í�H"MkO;Z;JUFq_bZ;\Ca�JUcIZ;[CH6��\CaUHXJ��jLCH	¥eiUZ;LCHX[`Mkp,pXH,hU\CZ;JUFl[^cIw HdH,LCL^cILC[EMP\~\CaKH`O;H"M�m�JUceSUH,[ó8iU[^\oMk[fSUceH,[o\^aUH-möMkpX\¨\^aWMk\f\^aUH,LCH~MPLCHbM�[Cw1MPO;OIJeiUwq|jH,L�cPmWhWMk\^\CH,L^JU[�MP\¨O;H"M�m�JKc�SKH,["r
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� �&r cOs1$utgUo.wv¤ý"$^x .L^zy $@Sõýk)%a�Z�+o$@W Q�R�vl+*Uo$�$�0
í�H,p,Z;[CZ;c6J(\CLCHXH,[ MkL^HqJUcI\E\^aUH wTcI[^\gHXp,cIJUc6w Z;p"MPO¨wTH"MkJK[EckmbZ;w hUO;H,wTH,Je\CZ;JUFq[Cc6w H�-c�c6O;H"MkJ�m�iUJUpX\CZ;cIJU[nr�h-cIJU[^Z;SUH,L"� m�c6L~H,uUMkwThUO;HI�j\CaUHdm�iUJKp,\CZ;cIJõÔ¾¬ � � �j�HÓ�� Ç �K�Ir2 SUH,p,Z;[CZ;c6J \CL^H,H�m�c6Lo\CaKZQ[}m�iUJKp,\CZ;cIJTZ;[�[^aUck_bJ Z;J xyZ;FWrozUr,nKr��~c6\CZ;p,H�\CaUH�LCH,hKOQZ;p"MP\CH,S[CiK|U\CL^H,H,[q[CaKck_bJ(p,Z;LCp,O;H,S�r � aUH í��gx �Bm�cIL^w H	¥eiUZ;�IMPOQHXJ�\�\^c*\CaUH]mBiUJUp,\^ZQc6J(Z;w hUO;H8�w HXJ�\^H,Sl|eR \CaKZQ[bSKH,p,Z;[CZ;cIJl\^LCH,H]Z;[�ÔT¬J� � �j�*Ó9� � �W�	� Ç �K�HÓ � � � Ç �U�6r � aUZ;[~í��gxm�c6LCw Z;[�JUc6Je�öwTZ;JUZ;w1MnOoD=Z;J(\^aUHqJeiUwq|WHXLgcPm�SKZQ[;ó8iUJUpX\CZ;cIJU[8YEMkJKS(ZQ[�H	¥eiUZ;�IMPOQHXJ�\�\^c
Ô�¬J� � �W�3Óÿ� Ç �K�Ir
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xyZ;FIiUL^H�zKr,nU y2îí~HXp,Z;[CZ;cIJ � L^H,HE_bZ;\Ca�eeiU|U\^LCH,H�qbHXhUO;ZQpnMk\CZ;c6J
� aUHlJUH,H,Sðm�c6L`L^H,hUO;Z;p"Mk\^Z;cIJ�wTH"MkJK[E\CaWMP\`Z;\]\NMPôIH,[qO;cIJKFIH,L]\Cc	O;H"MkL^J�\CaKH1\^LCH,HMkJKS \CajMk\-[CiU|U\^LCH,HX[~LCHXhUO;ZQpnMk\CHXSqm�iUL^\CaUHXLbSUck_bJq\CaUH�\^LCH,H�wqiU[^\o|WH�O;H"MkL^JUH,SliU[CZ;JUF]M[CwlMkO;O;H,Lj\CLNMPZ;JUZ;JUFb[CiU|K[CH,\nr � aUZ;[�hUL^cI|UO;H,w Z;[�[^cIwTH,\CZ;w HX[Wp"MPO;OQHXSE\CaUH/{,AC¦'ÂI¡]5">K?�¦6?�9=<6>

¦�A^<I«X¤Q5n¡`r
eeH,�6H,LNMPO MkhUhUL^c�MPpNaKH,[(w Z;FIae\l|jH�[CiKFIFIHX[C\CHXSîmBcIL	SUH"MkO;Z;JUF�_bZ;\Ca m�LNMPFIw HXJ�\8Mn�\CZ;c6J�r Á�JUH�Z;[(\CcîMP\C\CHXw hU\	\Cc |UiKZQO;S�M�3I587"9:�9G<I>gÂ6AC¦§¦�_ Z;JU[C\^H"MkS�cPm�M \^LCH,H

k,Á�OQZ;�6H,L"�Uí�ck_-HI�*� s�MPOQO=MPp,HI�j{%nn © �*S�cIajMn��Z���{'nn ï oCrb2 SUH,p,Z;[^ZQc6J*FIL8MkhUa�\CaWMP\~Z;wq�hUO;H,wTH,Je\C[f\CaUHb[8MkwTH�SUHXp,Z;[CZ;cIJU[-Mk[o\^aWMk\fckm�\CaKH~SUH,pXZQ[^Z;cIJ]\CLCHXH~ckm�xyZ;FWrfzUr,nbZ;[o[^aUck_bJZ;J1xyZ;FWrozKrQ{n÷Ur
2~JUc6\CaUHXL�MPhUhULCceMkp8aqZ;[o\CcdiU[CH�wqiUO;\CZ;�IMkL^ZMP\CHbD=L8Mk\^aUH,L-\CaWMPJqiUJUZ;�IMkL^ZMP\CHb\^H,[C\^[�MP\H"MPpNa	JUceSUH"YXr~ª�J�cIiUL�H,uUMkw hKOQH�ckm�O;H"MPLCJUZ;JUF�Ôõ¬�� � �j�*ÓO� Ç �K�I�jZ mo_-HEaWMPS@Mq\^H,[C\
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x�Z;F6iULCHEzUr;{n÷U y2îí~HXp,Z;[CZ;cIJm��L8MkhUa

m�c6L�� � �W�TMkJUS�Ml\^H,[C\dm�c6L�� Ç �U�I�f\^aUH SKH,p,Z;[CZ;cIJ(\^LCH,HTp,cIiKOQS(|jH wqiKpNa	[CZ;wThUO;Z VjH,S��Mk[][CaKck_bJ(ZQJ�xyZ;FWr	zUr;{I{6rTevH,�IH,L8MkObL^H,[CH"MPLCp8aUH,L^[laWMn�IHqhUL^cIhjcI[^H,S�\^H,p8aUJUZ�¥eiUH,[]m�c6LO;H"MkL^JUZ;JUF~SKH,p,Z;[CZ;cIJq\^LCH,HX[�Z;JE_baUZ;p8a]\CaUHb\^H,[C\^[�Mk\fH"MPpNaqJKc�SKH~MkLCH-O;Z;JUH"MkL^O;Rg[^H,hWMPLNMk|KOQHm�iUJKp,\CZ;cIJK["rlk �IcIaKJ���{'nnj>o�FIZ;�IHX[ M(JUZ;p,H*ck�6H,LC�eZ;H,_ D=_bZ;\Ca [CH,�6H,LNMPOgpXZQ\8Mk\^ZQc6JU[NY/ckmO;H"MkL^JUZ;JUF([CiKpNa ¤Q9=>U58¦6A1369;:,7"AX9=¡`9G>U¦I>U?]?BAC585,:`MPJUS�hULCHX[CH,Je\C[	M	w H,\^aUceS�|WMP[CH,S�c6J
�C[^ckm�\bHXJ�\^LCc6h�Rer �
2�\CaKZQL^S`wTH,\CaKc�Sdm�c6L¨SKH"MkO;Z;JUF~_bZ;\^a`\^aUHbLCH,hKOQZ;p"MP\CH,Sq[^iU|U\^LCH,H�hULCc6|UO;H,wîZ;Je�Ic6OQ�6H,[H,ue\CL8Mkp,\^Z;JUF`hKLCcIhjcI[^Z;\CZ;cIJWMPOH�^LCiUO;H,[��EmBLCcIw�\^aUH~SUHXp,Z;[CZ;cIJT\CLCHXHIr � aUH�LCiUO;H,[b_bZ;O;OUaWMn�6HMk[EMPJ�\^H,p,H,SKH,Je\C[q\CaKHqp,cIJ"ó�iUJUp,\^ZQc6JU[�\CaWMP\EO;H"MkS	SUck_bJ	\Ccl\CaKHqOQHnMnm�JUceSUHX["�oMkJKS¢MP[p,c6JU[CH	¥eiUHXJ�\^[E\CaKH`JWMPw H�ckmo\^aUH`pXOMP[C[EMk\�\CaUH]p,c6LCLCHX[ChjcIJUSUZ;JUFlO;H"M�m�JKc�SKHIr~2�J@HXuI�MkwThUO;H~L^iUO;H~mBLCcIw \CaKHE\CL^H,H`_bZ;\^a1\^aUHEL^H,hWHnMk\CZ;JUFq[^iU|U\^LCH,HqcPm¨cIiKL~H,uUMkwThUO;H~_-cIiUO;S|jHI �� ����� �W� � � Ç � �U�b�ñ{Ir¸m�iUZ;JUO=MPJ�k m�iUZ;JUO=MPJ��W{'n Þ �'obSUZ;[Cp,iU[^[CH,[qwTH,\CaKc�SK[m�c6L~LCHXSUiUp,Z;JUF*Mq[^H,\EcPm�LCiUO;H,[�\^c1Mq[^Z;w hUO;H,Lb[^H,\E|eR({"YbHXOQZ;wTZQJjMk\CZ;JUFdm�L^cIw \CaUHqMkJe�\CHXp,H,SUH,Je\bcPm�H"Mkp8a L^iUO;HgMPJ�R �CiUJUJKH,p,H,[^[NMkL^R��qp,cIJ"ó�iUJUp,\^["�WMPJUSq\CaKH,J © YfH,O;Z;w Z;JWMk\^Z;JUF

�CiKJUJUH,p,HX[C[NMPLCR��	LCiUO;H,[nr 2�pXcIJ"ó8iKJUp,\Ec6LgL^iUO;HqZ;[ESUH,\^H,LCwTZQJKH,S@\^c*|jHqiUJUJUH,pXH,[C[8MkLCRZ�m¨Z;\C[bHXOQZ;wTZQJjMk\CZ;c6J`aWMP[bO;ZQ\^\CO;H~H���H,pX\gc6Jlp,O=Mk[C[^Z�VWp"Mk\^Z;cIJ1MPp,p,iUL8Mkp,R6��Mk[�SUH,\^H,LCwTZQJKH,S|eR MEp8aUZ���[�¥eiWMPLCH�\CH,[^\"�vm�cIL-H,uUMkwThUO;HIr�2§m�\CHXL~MEL^iUO;H~[CHX\~Z;[�hKLCcep,H,[^[CH,S��jZ;\-w Z;FIae\f|WH\CaKH~p"MP[CHb\CajMk\owTcILCH-\CajMkJqcIJKH~LCiKOQHbZ;[��8Mkp,\^Z;�IH	��m�c6L�MkJeREF6ZQ�6H,JqhWMP\C\CHXLCJ��eMkJUSqpnMkLCHwqiU[^\b|WHE\8Mkô6H,J*\CajMk\b\CaKH�MPp,\CZ;�IH�L^iUO;H,[�SUcqJUcI\�p,cIJ��WZ;p,\~Z;Jl\CaUHXZQL�SUH,p,Z;[^ZQc6J@Mk|jcIiK\\CaKHgpXOMP[C[�ckm�M]hjMk\C\^H,LCJyr
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