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pO»�� �����r���ë¥ `�a d#sCprl�u � protond[� � vOmton¢©v[zYl~dLu¹¢£p �{Ï sCprlxy{m�y�u{y�pO»Ýu � vOs Ï yL¡��{wxlxsCu{mnprlxybvOlx�ky�u{v�u{mtprlxy�¢bmtu a prl~d
p � e�p � d��$otv�u�»Sp � e�y[¥=?WvOs a u � vOmtl�u � v[¤Od � y�d[yWu a dblxdLu¹¢£p �{Ï »=pro�onp:¢bm�l~q�v4qronpO|$vOo�y{s a d[�xwxond.¢ a mts a �xdCÔ�l~d[y
v¨u{mte�dLu{v�|$ondÊvOlx� v � prw~u�d¦sCprlxy{mty{u{mtl~qÎpO»4y�u{v�u{mnprlxyL¥ `ba d � vOmton¢©v[z\sCprl�u � proby�z�y�u�d[e*sCpre�e�wxlxm�sLv�u�d[y
¢bmnu a u � vOmtl$y�¤�mtv v\e�pO|$m�ond¦¢bmt�xd�v � d[v l~dLuË¢Wp �{Ï�� 5k§ $ ��� ¥   u�e�wxy�u�d[lxy{w � dku a v�u�u � vOmtlxy��~p l~pOu
sCprototm��~d¦vOlx� u a v�u½u a dLz � d[y���d[sCu�vOy½e�wxs a vOy���pry{y{mt|$ondYu a d[m � y{s a d[�$wxondO¥   u½e½v[z e�v Ï dEu � v[¤Od[o�otmtl~q
e�p � d�sCpre�»=p � u{v�|$ond�|@z�v[¤Oprmt�xm�l~q#v�| � wx�xu�s a vOlxqOd[yWmtl
u � vOmtl�y���dLd[�xyL¥   l�vO�x�xmtu{mnprl�¡Ou a dbsCprl¸u � pro%y�z�y�u�d[e
e�wxy�u�� � pU¤@m��~d.u a dby�u{v�u�d�e�prlxmnu�p � mtl~qªpO»�u a d�u � vOmtlxyÝprl½u a d � vOmtot¢£v:z
lxdLu¹¢£p �{Ï vOlx��d&��d[sLw~u�d�sCp �{� d[sCu{mn¤Od
vOsCu{mnprlxy7prl\u � vOmtl y{s a d[�$wxond[y#mt»©lxdLd[�~d[��¥ `�a d½u�pO��pronpOqOz¨pO»�u a d � vOmton¢©v[z!lxdLu¹¢£p �{Ï e�v:zÍs a vOlxqOdÈ»Sp �
d&�~vOe��$ondY¤�mtvku a dYvO�$�xmnu{mnprl pO»bu � vOs Ï y[¥ ` � vOmtlxy
e�v:zÍ|�dÊ�~z@l$vOe�mtsLvOotonz¨mtl¸u � p��xwxsCd[� p ��� d[e�pU¤Od[� v�u
y�u{v�u{mnprl$y©pO»Qu a d � vOmton¢©v[zÈl~dLu¹¢£p �{Ï ¥£h�d[l~d � vOo�onz½y���d[v Ï mtl~q~¡�e�pry�u©�$v � vOe�dLu�d � y©pO»Éu a d � vOmtot¢£v:z½l~dLu¹¢£p �{Ï
sLvOl¦¤�v � zY�xw � m�l~q7u a d�d&�@d[sLwxu{mnprlÊpO»Ýu a d�sCprl¸u � proÉy�z�y�u�d[eÊ¥

§¨d a v[¤OdkvO�x�xd[� prl~d¦vOy{y{wxe��xu{mnprl\u�p!u a dÊ� � pO|$ond[e �~dCÔ�lxmtu{mnprl��½¢£d � d[}@wxm � d�»Sp � d[vOs a u � vOmtlÐv
�~dLu{vOmtotd[��y{s a d[�xwxotd#¢ a m�s a �xdCÔ�l~d[y�mnu{ybu{m�e�dLu{v�|$ond�vOlx��mtu{y � prwxu�d7qrmn¤�mtl~qE²�Å=Å$u a d7��otvOsCd[y�u a v�u�mtu�e�wxy�u
u � v:¤Od � y�dO¡�·��S´	�4u � vOs Ï y[¡���w$lxsCu{mnprlxy�vOlx�E�$otv�u�»Sp � e�yL¥ `�a mty�y	s a d[�xw$ond�m�y��~dCÔ%l~d[�Ep ��Ù¹otm�l~dO¥ 0�w � mtl~qÈ� � p�Ù
q � vOe d&��d[sLw~u{mnprlQ¡$v
u � vOmtlÊy{s a d[�xwxotdªe½v[zY|�dªy	w~|���d[sCu.u�p½sCp �{� d[sCu{mn¤Od7vOsCu{mnprlxy.|@zÈu a d�sCprl�u � pro�y�z�y�u�d[eÊ¥
§�mnu a � dLqrv � �½u�p
u a d � d[}@wxm � d[e�d[l¸u{y£�~dCÔ�l~d[�Èmtl½u a d�sLvOy�d4y�u{wx�xz!� �"���r�#�ë¡@u a dªy�protw~u{mnprl½¢Wd�� � d[y{d[l�u©vO��Ù
� � d[y	y�d[y�v�u�v a mnq a Ù¹ondL¤Od[o�pO»%v�|�y�u � vOsCu{mnprl�e�pry�u � d[}@wxm � d[e�d[l¸u{yÝd&�~sCdL�xu�»Sp � u a d.»±vOwxonu;Ùëu�prond � vOl$sCd�vOy���d[sCu{yL¥
  l�u a d�y{pO»=uË¢£v � d�v � s a mnu�d[sCu{w � d�¢Wd�� � pO��pry�d�l~d&��uL¡¸u a d�»Sw$lxsCu{mnprlxvOotmtu{mnd[yÝpO»�u a d � vOmtot¢£v:z
sCprl¸u � pro%y�z�y�u�d[e
v � d½�$mty�u � mn|�w~u�d[��vOe�prl~qkmnu{y�sCpre��%prlxd[l�u{y7mtl¨v¦e�vOlxlxd � u a v�u�� � pre�pOu�d[y � d[vOoÚÙëu{m�e�d � d[y���prlxy{mt¤Od[l~d[y{yL¥
§¨dÊ�~pÎl~pOu7�xm�y{sLwxy{y a d � d�u a d�m�e��$ond[e�d[l¸u{v�u{mnprl �~dLu{vOmtoty7pO»�u a dYy�z�y�u�d[e sCpre��%prlxd[l�u{yL¥   u�mty7¢£p � u a
l~pOu{mtsLm�l~q�u a v�uÝm�l�v�� � pOq � vOe�e�mtlxq�d[l¸¤@m � prlxe�d[l¸u�¢�mnu a v4y{dL�$v � v�u�d.�~dCÔ�lxmtu{mnprl#pO»�u a d.y�z�y�u�d[e�v � s a mnu�d[s×Ù
u{w � dªvOlx�Èu a dªsCpre���prl~d[l�u©sCp��~d[y � ´$� Ò �Wmtl�Û£prl%Û£p¸p � � � ¡¸d[vOs a sCpre���prl~d[l¸u£sCp��~dªsLvOlY|%d�d&�@� � d[y{y�d[��mtl
u a d�� � pOq � vOe½e�mtl~q#o�vOl~qrwxv�qOd�¢ a mts a |�dLu�u�d � y{wxmnu{yWmnu{y�»±wxlxsCu{mtprlxvOotmnuËzO¡�»Sp � mtl$y�u{vOlxsCd � d[vOoÚÙëu{mte�d�vOy���d[sCu{yL¥

`�a d��$v���d � mty4y�u � w$sCu{w � d[�!vOy#»=prototp:¢byL¥&%Ým � y�uL¡Q¢£d½mtl~»Sp � e�vOototzk�xmty{sLw$y{yªprw � �~d[y	mnqrlÎ� � pO��pry{vOoÝ»Sp �
u a d � vOmtot¢£v:zksCprl�u � pro�y�z@y{u�d[e � 1�d[sCu{mnprl!f � ¥41@d[sCprlx�Q¡%¢£d
»=p � e�vOotonz¦�~dCÔ%l~d7u a d�y�uËz@otd�pO»Wu a d
y�pO»=uË¢£v � d
v � s a mnu�d[sCu{w � d
pO»�u a d
sCprl¸u � proÝy�z�y�u�d[e3wxy{m�l~q�q � v�� a q � vOe½e�v � yªvOlx�E¢Wd
�~d[y{s � mn|�d#u a d
�~z�lxvOe�mts#dL¤Op�Ù
otw~u{mtprl¦pO»�u a d�v � s a mtu�d[sCu{w � d
mtl¦u�d � e½y�pO»�sCp@p � �xm�lxv�u{mnprl � wxond[y � 1�d[sCu{mnprlE� � ¥ `�a m � ��¡x¢£d�mte��$ond[e�d[l¸ubv
sCp@p � �xmtlxv�u{mtprl � wxond4mtlkÛ£prl%Û£p¸p � �'� <bpro�� 3 � � 1@d[sCu{mnprl¦� � ¥(%0m�lxvOotonzO¡�¢£d#�xmty{sLw$y{y©u a d�otmte½mnu{v�u{mnprlxy£pO»0prw �
v��x� � prvOs a m�lYu�d � e�y.pO»Ýd[vOy�d�pO»�wxy{d�vOlx�Yd&�@� � d[y{y{mn¤Od[lxd[y{yL¥
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Û£pre���ond&� y�z@y{u�d[e sLvOl |�d�y�dLd[l2vOyYvÍy�dLu�pO»#mtl$�xmn¤�mt�xwxvOo£sCpre���prl~d[l¸u{y�vOl$� vOl2v � s a mtu�d[sCu{w � dÎ�~dCÔxÙ
lxmtlxq�u a d[m � otm�l Ï y.vOl$�¦mtl¸u�d � vOsCu{mnprlxyL¥ $ l¦d&���$otmtsLmnu.�~d[y	s � mn�xu{mnprl¦pO»Ýv½y�z@y{u�d[e v � s a mnu�d[sCu{w � d�� � pU¤@mt�xd[ybv
qronpO|$vOo a mnq a Ù¹ondL¤Od[o$¤�mndL¢2pO»Qu a dªy�z�y�u�d[eÖ¢ a mts a »±vOsLmtotmnu{v�u�d[y£u a dª�xm���d � d[l¸u�� a vOy{d[yWpO»Qy{pO»=uË¢£v � d4d[lxqrmtl~dLdCÙ
� mtlxq-�öhªv � �/.�¡ 1xh4�/.#�ë¥8<bd � dO¡%¢£d7� � d[y�d[l�u�u a d�Ô � y�ub�~d[y	mnqrl¦� a vOy�d#pO»�v � vOmton¢©v[zÊsCprl¸u � proÝy�z�y�u�d[e!�©u a d
mtl~»Sp � e�vOo��~dCÔ%lxmnu{mnprlÈpO»0mtu{y.sCpre���prl~d[l�u{ybvOlx�Êmnu{y.y�pO»Su¹¢©v � d#v � s a mnu�d[sCu{w � dO¥�§¨d�� � pO��pry�d4v�y�pro�w~u{mnprlYmtl
¢ a m�s a sCprl�u � pro~pO»$u a d � vOmton¢©v[z7m�yÉÔ � y�u��xmty�u � mn|$w~u�d[�7vOe�prl~q�onp�sLvOo~sCprl�u � protond � y�sCprlxlxd[sCu�d[��mtl
v4l~dLu¹¢£p �{Ï
vOlx�Êu a d[l¦sCd[l�u � vOotmty�d[�¦w$y{mtl~q
v�sCprl¸u � pro a mtd � v � s a z � y�dLd�%Ýmnqrw � d�� � ¥

0£ã �r� ,  7ã � �:� ã , , ß �I�/1 §¨dÈ�xdCÔ�l~d½v¦otp@sLvOo�sCprl¸u � prototd � »Sp � d[vOs a u � vOs Ï ¡��{wxlxsCu{mnprl!vOl$�!�$otv�u�»Sp � e3pO»
u a d � vOmton¢©v[z�l~dLuË¢Wp �	Ï-� µÃ®2�3%0mtqrw � d7� � mnq a u � ¥ $ onp�sLvOo$sCprl¸u � protond � »=p � v � vOmton¢©v[z��~dL¤�mtsCdbsCpre�e�wxlxm�sLv�u�d[y
mtl � d[vOoÚÙëu{mte�d�¢bmnu a u a d�u � vOmtlxy�sLw �{� d[l¸u{onz¦v�uªu a d
�~dL¤�mtsCd7vOlx�Ee�v:z�e�p��xmn»SzYu a d[m � �~dLu{vOmtond[��y{s a d[�$wxondO¥
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%Ýmnqrw � d�� � $ � s a mnu�d[sCu{w � d�pO»Ýu a d � vOmton¢©v[zkÛ£prl¸u � pro�1@z�y�u�d[e

$ u � vOs Ï sCprl¸u � protond � e�v[z�e�p��xmn»Sz#u a d�y{�%dLd[��pO»�u � vOm�lxy�sLw �{� d[l�u{onz7prl�u a d�u � vOs Ï Ç@v£�{wxlxsCu{mtprl�sCprl�u � pro�ond �
e�v:z � d[�xm � d[sCu.u � vOm�lxy.u a � prwxq a u a d©�{wxlxsCu{mnprlYu�p � d[y�pron¤Od4��pOu�d[l¸u{mtvOoQsCprototm�y{mnprlxyLÇ~v���otv�u�»=p � e sCprl�u � pro�ond �
e�v:zY�xd[otv[z�u � vOmtlxy.vOl$� a vOlx�xotd[y©u a d�vO�x�xmnu{mtprl�vOl$� � d[e�pU¤IvOoÉpO»�u � vOm�lxy.mtlYu a d � vOm�on¢£v:z�lxdLu¹¢£p �{Ï ¥W§¨d
�~p�l~pOu©� � pU¤@m��~d�otp@sLvOo�sCprl¸u � protond � yW»Sp � y�u{v�u{mnprl$yLÇxv�u � vOmtlYv�u�v
y�u{v�u{mnprl¦mty©e�vOl$v�qOd[�Y|¸zÈu a d4sCprl�u � pro�ond �
pO»xu a d.y�u{v�u{mtprl7��otv�u�»=p � e ¢ a d � d£mtu�mtyL¥0§ a d[l~dL¤Od � ��pry{y{mn|$otdO¡Iy{s a d[�xwxotdWsCprlxy�u � vOmtl�u{yÝv � d.y�prot¤Od[�7|@z#onp�sLvOo
sCprl¸u � protond � y£mtl�p � �~d � u�p7� � pre�pOu�d � d[vOoÚÙëu{m�e�d � d[y���prlxy	mn¤Od[l~d[y{yL¥ `�a m�y��xmty{u � mn|$w~u{mtprl7pO»QsCprl¸u � pro�|�dLu¹¢£dLd[l
onp�sLvOo.sCprl�u � protond � y�� � p:¤�mt�~d[y�e�d[vOl$y
»=p � sCprl$sLw �{� d[lxsCz vOlx� u a wxy�lxv�u{w � vOotonz otd[vO�xy
u�pÍv¨�xmty{u � mn|$w~u�d[�
d&��d[sLw~u{mnprl¦pO»Ýonp�sLvOoQsCprl¸u � protond � y�prl¦v�sCpre��$wxu�d � l~dLu¹¢£p �{Ï ¥

�kß � â�ã ��� ã � 0Wã ��� ,  7ã � �:� ã , , ß �I�/1 �Qp�sLvOo0sCprl�u � pro�ond � y a v[¤Od�v½¤�mndL¢¿pO»�u a d7y{z@y�u�d[eÕy�u{v�u�d�¢ a m�s a
mty
otmte½mnu�d[�Íu�pÎu a dÊu � vOmtlxy
sLw �{� d[l¸u{onzÍv�u
u a d¦�xdL¤@mtsCdYu a dLz\sCprl�u � proÃ¥   l\p � �~d � u�p¨�~d[sLmt�~dÊsCp �{� d[sCu{mn¤Od
vOsCu{mnprlxy�prl¨y{s a d[�$wxond[yL¡QvYonp�sLvOo�sCprl�u � protond � e�v:z � d[}@wxm � d�mtlx»=p � e½v�u{mnprlÎv�|%prwxu�u a d�u � vOmtlxy4onp�sLv�u�d[�¨v�u
l~d[mnq a |�prw � mtlxq½�~dL¤�mtsCd[yL¥ `�a wxyL¡�mnuªe�v[zEmtl�u�d � vOsCu�¢�mnu a u a d
sCprl¸u � prototd � yªe�vOlxv�qrmtl~qYmnu{yªl~d[mnq a |�prw � mtlxq
�~dL¤�mtsCd[yL¥ $ u � vOs Ï sCprl¸u � protond � sCpre�e7w$lxmtsLv�u�d[y�¢�mnu a u¹¢£p.�{wxlxsCu{mnprl�sCprl¸u � prototd � yL¡ruË¢Wp7�$otv�u�»Sp � e�sCprl�u � proÚÙ
ond � ybp � v4��w$lxsCu{mnprl¦vOlx��v½��otv�u�»=p � eÜsCprl�u � protond � ¥ $ �{wxlxsCu{mnprlksCprl�u � pro�ond � m�l�u�d � vOsCu{y�¢bmnu a u a � dLd7u � vOs Ï
sCprl¸u � protond � y[¥ %~p � y{mte��$o�mtsLmnu¹zO¡�¢Wd�prlxonz¨sCprlxy	mt�~d � �{wxlxsCu{mtprlxy�otmtl Ï mtlxqÊu a � dLd½u � vOs Ï y7¢ a mts a sLvOl y{d � ¤Od
u�p�e�p��~d[or��wxl$sCu{mnprlxy©otmtl Ï mtl~q7e�p � dªu a vOl�u a � dLdªu � vOs Ï yL¥ $ �$otv�u�»Sp � e¼sCprl¸u � protond � sCpre�e�wxlxm�sLv�u�d[y©¢bmnu a
prl~d�p � uË¢Wp\u � vOs Ï sCprl�u � pro�ond � yL¥ `�a dkmtl¸u�d � vOsCu{mnprlxyÈ|�dLu¹¢£dLd[l2otp@sLvOo�sCprl�u � pro�ond � y½�xdCÔ�l~dkv y�pO»=uË¢£v � d
v � s a mnu�d[sCu{w � d#¢ a mts a e�mte�mtsLy©u a d4u�pO�%protpOqOz�pO»Ýu a d � vOmton¢©v[zYl~dLu¹¢£p �{Ï ¥

 7ã � �:� ã ,���� ß �I�x�I��� à 1 0�wxdÊu�pEu a d[m � otmte�mnu�d[� ¤�mndL¢¼pO»bu a dÊy�z�y�u�d[e y�u{v�u�dO¡©onp�sLvOo£sCprl¸u � prototd � y�v � d
l~pOukv�|�ond¨u�p � d[y�prot¤Od!vOoto�sCprlxy�u � vOmtl�u{y¦prl u a d!u � vOm�lxyÊy{s a d[�xwxond[yL¥ 5�p � dLpU¤Od � ¡�u a dÍe�prlxmnu�p � mtlxq\pO»
u a dÎy�z�y�u�d[e vOoty�p � d[}¸wxm � d[yÈv\e�p � dEsCd[l�u � vOotmty�d[�2¤�mndL¢ pO»�u a dEy�z�y�u�d[e y�u{v�u�dO¥ %~p � u a d[y�d � d[vOy{prlxyL¡
¢£dÈy{w~��d � m�e���pry�d�v a mtd � v � s a zÎpO» � dLqrmnprlxvOo£vOlx� a mnq a Ù¹ondL¤Od[oWsCprl�u � protond � y#p:¤Od � u a d�l~dLu¹¢£p �{Ï pO»�onp�sLvOo
sCprl¸u � protond � y � µÃ®2� %Ýmnqrw � db�WondL»Su � ¥ %Ým � y�uL¡I¢£d��$v � u{mtu{mnprl�u a d � vOmton¢©v[z�l~dLuË¢Wp �	Ï mtl�u�p � dLqrmnprlxy�sCprlxl~d[sCu�d[�7|¸z
u � vOs Ï yL¥ $ � dLqrmnprl$vOo�sCprl¸u � protond � sCd[l�u � vOo�mty�d[yÉy{u{v�u�d£mtlx»=p � e½v�u{mnprl�vOlx��sCprl¸u � proty0�~d[sLmty	mnprlxyQsCp �{� d[y���prlx�xmtl~q
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onp�sLvOo�sCprl�u � protond � mtlYu a d � vOmton¢©v[zYsCprl�u � proÉy�z�y�u�d[eÜsCpre�e�wxlxm�sLv�u�d[y.¢bmnu a v�y	mtl~qrond � dLqrmnprl$vOo�sCprl�u � pro�ond � ¥
1@d[sCprlx�Q¡£¢£d��xdL¤Od[onpO� prl u�pO� pO»ªu a d � dLqrmnprlxvOo�sCprl�u � protond � yÈv a mnd � v � s a z pO» a mnq a Ù¹ondL¤Od[o�sCprl¸u � prototd � y
mtl\¢ a m�s a sCprl�u � pro�ond � y�v�u�sCprlxy�d[sLw~u{mt¤Od¦ondL¤Od[oty
mtl¸u�d � vOsCu�mtl\u a dÊy{vOe�dY¢©v[z\u a v�u�onp@sLvOo©vOlx� � dLqrmnprlxvOo
sCprl¸u � protond � y©�~p~¥   »�v
onp�sLvOo�sCprl�u � protond � sLvOlxl~pOu � d[y�prot¤Odªv
sCprlxy{u � vOmtl¸uL¡~u a mty©mtyW� � pO�$v�qrv�u�d[�¦wx�¸¢©v � �xy£mtl
u a d�sCprl¸u � pro a mnd � v � s a z
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� d[}@w~d[y�uL¡.»Sp � d&�~vOe��$ondO¡�v e�p��xmÚÔ�sLv�u{mnprl prl u a d�u�pO��pronpOqOzÐpO»4u a d � vOm�on¢£v:z l~dLu¹¢£p �{Ï ¡�y{wxs a vOyÈu a d
vO�x�xmtu{mnprlÊpO»�v���otv�u�»=p � e prl�vOl�d&�~mty�u{mtl~q�u � vOs Ï ¥ `�a d#l@wxe7|�d � pO»�ondL¤Od[otybpO»�u a d a mtd � v � s a zÊmtybs � mnu{mtsLvOo
»Sp � u a dYy�z�y�u�d[e �%d � »=p � e½vOlxsCdO¥   u{y#¤�vOotw~d�v�u�y�z�y�u�d[e1y�u{v � u;Ù¹w~�Ð�~dL��d[lx�$y4prlÍu a d�mtl$mnu{mtvOotonz�»=p � d[y�dLd[l
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¤Od � mÚÔ%sLv�u{mnprl pO»�vOl2mte��$otd[e�d[l�u{v�u{mtprlÐpO»4u a d � vOmton¢©v[zÐsCprl�u � pro�y�z�y�u�d[eÊÇ�vÍ»Sp � e�vOob�~dCÔ�lxmnu{mtprlÐpO»�mnu{y
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e�v:z |�d�wxy{d[� u�pÐ�~d � mt¤Od�vOl�mte��$otd[e�d[l�u{v�u{mtprl pO»�u a d � vOmtot¢£v:z sCprl�u � pro�y{z@y�u�d[e¦¥   l 1@d[sCu{mnprl �@¥t��¡
¢£d�mtl¸u � p��xwxsCd#v½»=p � e�vOoQ» � vOe�dL¢£p �{Ï »Sp � u a d
�~dCÔ�l$mnu{mnprlYpO»�y�pO»Su¹¢©v � d
v � s a mnu�d[sCu{w � d[y�|$vOy�d[��prl¦q � v�� a
q � vOe�e½v � yL¥0§¨d.qOd[l~d � vOotmty{d£mnu0u�p4vªl~pOu{mnprl�pO»ÉÂ
º�ÅÆ¯±· Ó�Åt´bÄ:·ë´C°Ý«©pO»$vªy�pO»=uË¢£v � d�v � s a mtu�d[sCu{w � dO¥�Ñ�y	mtl~q�u a mty
» � vOe�dL¢£p �{Ï ¡�¢Wd��~dCÔ�l~d�m�l�1@d[sCu{mnprlE�@¥ f�u a d7l~dLu¹¢£p �{Ï pO»�onp�sLvOoQsCprl¸u � protond � y[¡$u a d#sCprl¸u � pro a mnd � v � s a z�pO»
u a d � vOm�on¢£v:z7sCprl¸u � proxy�z�y�u�d[e vOl$�
u a d � d[otv�u{mnprl
pO»%u a d[y�d.uË¢Wp#¤@mndL¢�yL¥ %Ýmtl$vOotonzO¡Ou a d��~z�lxvOe�m�s�dL¤Oprotwxu{mnprl
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wxy{m�l~q
q � v�� a q � vOe½e�v � yL¥

)��I�B+=� �Èß +�� ß � ß � �U�~��� ã � 1 1@pO»Su¹¢©v � d7v � s a mnu�d[sCu{w � d[y�v � d7sCpre�e�prlxonzY�~dCÔ�lxd[�¦vOy�q � v�� a ybmtlYp � �~d �
u�pY»=p � e�vOotmty�d#u a d>=;|�p���vOlx�Îotmtl~d$?½� � v[¢�mtl~qry�» � d[}@w~d[l¸u{onz¦wxy�d[�Emtl�mtl~»Sp � e�vOoÉ�xd[y{s � mn�xu{mtprlxyL¥ � p@�xd[y�pO»
y{wxs a v�q � v�� a y�u{vOlx� »Sp � y{z@y�u�d[e sCpre��%prlxd[l�u{y�vOlx�\d[�~qOd[y � dL� � d[y�d[l¸u�m�l�u�d � vOsCu{mtprlxy
|�dLu¹¢£dLd[lÐsCpre
Ù
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u a d#v��~mnpreÜm�y.e�v �{Ï d[�¦¢�mnu a u a d�y�z�e#|�pro�
�� �n¥ ` d � e½mtlxvOoty©vOlx�¦lxprl�Ùëu�d � e�mtl$vOoty©v � d�pO|@¤@mnprw$y.» � pre u a d
� � p��xwxsCu{mtprl � wxond[yL¥

1�m�lxsCdª¢Wd#sCprl$y{mt�~d � sCprl¸u�d&�@u;Ùë» � dLd�q � vOe�e�v � y.¢bmnu a ¤�v � mtv�|$otd[yL¡~� � p��xwxsCu{mnprl � w$ond[y.v � d4pO»Ýu a d4»Sp � e
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¤@mndL¢ pO»�u a d�e�wxonu{mt�$ond�¤@mndL¢ v � s a mnu�d[sCu{w � d
y�uËz@ondO¥

���-, .*% �0/ #&%2143 � 6 �5/
� �6187Q�
� # % ��9;: � � !.�1�5/<7Q�-� #
$ yb�xmty	sLwxy{y�d[�Êmtl 1@d[sCu{mnprl�f@¡%u a d#y{pO»=uË¢£v � d
v � s a mnu�d[sCu{w � d#pO»�u a d � vOmtot¢£v:zYsCprl¸u � pro0y�z�y�u�d[e sCprlxy	mty�u{y�pO»
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otp@sLvOo�sCprl¸u � prototd � vOlx� u a d!u¹z@��d!pO»
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vOlx�
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�½áL �:��, ß � ¡ �O�:��, ¡ � 0�á � � ß¸ß , � � � � ¥

$ y{y{wxe½mtl~q�u a v�u � ���Í|�d[onprl~qry©u�p � � B �����  ��� � ��. D$F . R � � u a d[lÊvOoto%u�d � e�y�pO» � ��� qOd[l~d � v�u�d[�Ê|¸z
|�pOu a . D vOlx� . R v � d�u a dÈy{vOe�d½mtlÎu a d�u¹¢£pk¤�mndL¢by4vOlx�!u a d�u¹¢£pk¤�mndL¢by4sLvOlÍ|�d3=;qrotw~d[� ?YprlÍu a d[m �
sCpre�e�prl$y�u�d � e�y[¥   l!prw � sLvOy�dO¡�sCpre�e�prlÍu�d � e�y�v � d½u�d � e�mtlxvOoty � dL� � d[y�d[l¸u{mtl~qk�QÙ¹sCprl�u � protond � y � u a v�u
mtyL¡�lxvOe�d[y�pO» � d[otv�u{mnprlxy�mtl � D ' � R � ¥ `�a d � dL»=p � d�u a d
sCp a d � d[lxsCd
pO»�u a d7uË¢Wp � d[o�v�u�d[�k¤�mndL¢by�vOlx�Eu a d
� � pO��d � uËz�pO»Ýh � vOe�e�v ��. R d[lxy{w � d[y£u a v�u©d[vOs a �QÙ¹sCprl�u � pro�ond � mty©otmtl Ï d[�Èu�p
d&��vOsCu{otzÈprl~d � Ù¹sCprl�u � pro�ond � ¥

��� � �
��� �,�-!.�
� � � �M� 1��,%7:;���Q(*����+,� !.���/!10,�1%6/ : +�% �,� ���
  lÍu a m�y7y{wx|$y�d[sCu{mnprl�¡�¢£dY�~dCÔ�l~dYv�y{dLu�pO»�sCp¸p � �$mtlxv�u{mnprl � wxond[y7qOp:¤Od � lxmtl~qÎ�~z�lxvOe�mtsÈs a vOl~qOd[y
pO»�u a d
l~dLuË¢Wp �{Ï pO»Ý��Ù¹sCprl¸u � protond � y©vOlx�Yu a d�sCprl�u � pro a mnd � v � s a zO¥£Û©p �{� d[sCu{l~d[y{y©pO»�u a d[y�d � w$ond[y£¢bmnu a � d[y���d[sCu©u�p
u a d�u¹¢£p
q � vOe�e�v � yWd[lxy{w � d[y�� � d[y�d � ¤�v�u{mnprlÈpO»�u a d�y{u¹z�ond��xdCÔ�l~d[��|@z ��. DSF . R � ¥ `�a d � dL»Sp � d�� � pO��d � u{mnd[y
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v � <�mnq a Ù¹ondL¤Od[o�sCprl�u � protond � y � ��
 � mty.vOlkmtl¸u�dLqOd � sCprlxy{u{vOl�u �
�
�~³{´	´ � D ��º � �~³{´	´ �CB$�

�$º�� �x³�´�´ �CB$� � R � �
�Ý¯±³×Å �CB2�

�$º�� �x³�´�´ �CB$� � 0 � 0�áL �:��, ß � �CB$� F ����+ ß ��G��S� ß��CBEFJB � � F
��º � �~³{´	´ �CB � � F � ��
 ��� � � � � � � � ·=Á�� �CB$�

� � � � ·=Á�� �CB$� � � ����+ ß ��G��=� ß �CB FJB � � F ��º � �~³{´	´ �CB � �

� � � � ·=Á�� �CB$� � � � 0�á � � ß@ß ,�� � � �CB$�

| �.� dLqrmnprlxvOoÉsCprl�u � pro�ond � y � ��
 � � mty.vOl¦m�l�u�dLqOd � sCprlxy�u{vOl¸u �
� �L�Ý¯±³�Å �CB$� � � �½áL �:��, ß � �CB$� F �r�:��, �CB F � � F�� �
�Ý¯±³×Å � � � F

� ��
 � ��� � � �>� � � ·SÁ�� �CB$�

� � � ·SÁ�� �CB$� ��� �r�:��, �CB F � � F�� �L�Ý¯±³�Å � � �

� � � ·SÁ�� �CB$� � � �½á � � ß@ß , � � � �CB2�

� �L�Ý¯±³�Å � � � �
	 P ,=�x� � ã ��� D	� � �

� �L�Ý¯±³�Å � � � � D�� P ,=�x� � ã ��� R � � �

� �L�Ý¯±³�Å � � � � D D � � � �r��� ã � � � �

� �L�Ý¯±³�Å � � � �<D R 	 �I�x� � � � �

H H
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H
H
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H

1 max-1...
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R
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L
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R

1 max’-1...
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%Ýmnqrw � d#�3�£h � vOe½e�v �:. R »Sp � u a d <�mnd � v � s a m�s4Û©prl�u � pro-1@u � wxsCu{w � d

¢ a m�s a � d[otzEprl u a d�y�u¹z�ondÈy{u{mtoto a prot� v�»=u�d � �~z�lxvOe�mts�e�p@�xmnÔ�sLv�u{mnprlxy4u a � prw~q a sCp �	� d[sCu�sCp@p � �xm�lxv�u{mnprl
� wxotd[yL¥

$ 1 $ 1 
  ��� � � � � �Í��� ß � �,� , â � à 	 ã + ã , ã � à � à � � � �=��� , , à
  l %Ýmnqrw � dª��¢£d�y a pU¢�u a d�sCp¸p � �xmtlxv�u{mnprl � wxotd[yWqOpU¤Od � lxmtlxq�u a dª�xz@lxvOe½mts�s a vOl~qOd[y.u�p�u a dªlxdLu¹¢£p �{Ï pO»
��Ù¹sCprl¸u � prototd � y � ·��S´	�Èm�lxy�d � u{mnprl'�Ud[otmte�mtl$v�u{mnprl¦pO».sCprl¸u � protond � y � ¢ a mts a e�mte�m�s7u � vOlxy�»Sp � e�v�u{mnprlxyªprlÍu a d
�~dL¤�mtsCd[y�pO»�u a d � vOmtot¢£v:z¦u�pO��pronpOqOzO¥   lkp � �xd � u�pÊe�v Ï d�sCp@p � �xmtl$v�u{mnprl � wxond[y�e�p � d � d[vO�xv�|$otdO¡%¢£d
¢bmtoto
�~d[l~pOu�dÊu a d¦otmtl Ï mtl~q�pO»�vÎu � vOs Ï sCprl¸u � prototd � � u�p¨uË¢WpÍsCprl¸u � prototd � y ��D vOlx� � R |¸z 	 �U�$��� � � � ��D F � R 	 �

�����B� �
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v � sCp �{� d[sCu�mtl¸u � p��xwxsCu{mnprl � wxotd[y
	 �U�x� � � � � � D$F � R 	 � + D P ,=�x� � ã ��� R ��� � F 	 �I�x��� 	 � D � � D$F � 	 F � R � � F � R 	 �
	 �U�x� � � � � � D$F � R 	 � + R � � � �r��� ã � 	 ��D$F � R �1F

	 �I�x� � 	 � D � � D$F ��D 	 F � � D � ��D$F � R 	 F � � R � �.D$F � R 	 F � R � � R F � R 	 �
P ,S�~� � ã ��� D	��� � + 0 P ,=�x� � ã ��� R ��� � F 	 �I�x��� � � � � F �
� 	 � F P ,S�~� � ã ��� D	��� � �
P ,S�~� � ã ��� D 	 � D$F � R F �+0�F � � � �
	 �U�x� � 	 � � � D$F � R 	 F � � � � 0�F � � 	 � + � � � � �r��� ã � 	 ��D$F � R �1F 	 �I�x��� � � � � � ��D$F � R 	 �

	 �I�x� � 	 � D � � D F � D 	 F � R � � D F � R 	 F � � D � � 0 F �$R 	 F � � R � �$R�F � � 	 �
| � sCp �{� d[sCubd[otmte½mtlxv�u{mnprl � wxond[y

	 �I�x��� 	 � D � � D$F ��D 	 F � R � � R F � R 	 F � � D � � 01F ��D 	 F � � R � � R F � � 	 �
� � � �O��� ã � 	 ��D$F � R �1F 	 �U�$��� � � � � � �.DIF � R 	 �

+ � 	 �U�x� � 	 � � � D$F � R 	 F � � � � 0�F � � 	 �

P ,S�~� � ã ��� R 	 � DHF � R �1F 	 �I�x� � � � � � � 0EF � 	 � �
P ,S�~� � ã ��� R ��� 0	� F � � � �O��� ã � ���3� F
	 �I�x��� 	 � D � � DHF � 	 F � R � �1F � R 	 F � � � � �1F �+0 	 �

+ � P ,S�~� � ã ��� D	���+0$� F
	 �U�x� � � � � � DHF � R 	 �

s � uË¢Wp�mtlxsCp �{� d[sCu � wxond[y
	 �U�x� � � � � � D$F � R 	 � +����
	 �U�x� � 	 � � � D$F � R 	 F � � � � 0�F � � 	 � +�� � � � �r��� ã � 	 ��D$F � R �1F 	 �I�x��� � � � � � ��D$F � R 	 �

	 �I�x� � 	 � D � � D$F �.D 	 F � R � �.D$F � R 	 F � � D � �+0�F � R 	 F � � R � � R F � � 	 �

%Ýmnqrw � d4� �£Û©p¸p � �$mtlxv�u{mnprl � w$ond[y©»=p � u a d � dLu¹¢£p �{Ï pO»0�Ép@sLvOo0Û£prl�u � protond � y

mtlxy{u�d[vO�¨pO»Wu a d½l~pOu{v�u{mnprl 	 �I�x� � � � � ¡ � ã �-� ß �O��� ã � � � F �.D � ¡ � ã ��� ß �O��� ã � � � F � R	� ¥:1~mte�mtotv � y{mte��$otmÚÔ�sLvIÙ
u{mnprlxy�¢bmtoto�|�d�v��x�$otmnd[�YmtlYu a d4q � v�� a mtsLy.m�lYp � �~d � u�p½e½v Ï d�u a d[e e�p � d�mtl¸u{wxmnu{mn¤Od/�Ý¢£d#y a vOoto�lxp�e�p � d
d&���$otmtsLmnu{otz � dL� � d[y�d[l¸u©u � vOs Ï sCprl�u � protond � yL¥ ?��@� � d[y{y�d[�YmtlÈq � v�� a m�sLvOo�»Sp � eÊ¡�u a d4sCp@p � �xmtl$v�u{mnprl � wxond[y©v � d
}@wxmnu�d�d[vOy�zÊu�p�wxlx�~d � y�u{vOlx��¥ %Ýmnqrw � d .�ondL»=u�y a pU¢by�u a d7q � v�� a m�sLvOo � dL� � d[y{d[l�u{v�u{mnprlkpO» � wxotd[y��½vOlx� 3@¥
� w$ond4� � d[o�v�u�d[ybuË¢WpÈu � vOs Ï y � d[vOs a u � vOs Ï ��prmtl~d[�ku¹¢£p½�$o�v�u�»=p � e½y � wxy{m�l~q�u¹¢£p��{wxlxsCu{mtprlxyL¥ � wxond�3½�~d[y;Ù
u � pUz@y4v�sCprlxl~d[sCu{mnprlE|�dLu¹¢£dLd[lÎu a � dLd��$otv�u�»Sp � e�y�|@z � d[e�p:¤�mtl~qYv���wxl$sCu{mnprl�¥ `ba d�sCp@p � �xm�lxv�u{mnprl � wxond[y
pO»�%Ýmnqrw � d.�rv�¡ |È� � d[y�d � ¤Odbu a d�y�u¹z�ondby{�%d[sLmnÔ$d[�
|¸z�h � vOe½e�v �). D Ç¸u a mty�sLvOl½|%d.� � p:¤Od[l¦«×¯ë²O¯±·Ãµ	²�ÅSÅÆÀ
w$y{mtl~q
u a dbvOotqOp � mnu a e��~dCÔ%l~d[��mtl � %=5Î� 3 �ë¥ `�a d � dL»Sp � d�u a d[y�dbsCp@p � �xmtlxv�u{mtprl � wxond[yÝ� � d[y�d � ¤Od�u a d�sCprlxl~d[sCu{mn¤�mnu¹z
� � pO��d � u{mtd[y�pO»Qh � vOe½e�v � . D ¥ ?�otm�e�mtlxv�u{mnprl � wxond 3@¡r»Sp � mtlxy{u{vOlxsCdO¡ � d[e�pU¤Od[y�vª�$v�u a |�dLuË¢WdLd[l�u a d.�$otv�u;Ù
»Sp � e �+0 vOlx���$otv�u�»Sp � e�y � D vOlx� � R |$w~u�d[lxy	w � d[yÝu a v�u �+0£� d[e�vOmtlxy�sCprlxl~d[sCu�d[��u�p�vOl~pOu a d � ��v � u�pO»�u a d
l~dLuË¢Wp �{Ï � u a � prw~q a � � ¥ � pOu�d#u a v�ub¢ a d[l¦v � wxond4s a vOlxqOd[ybu a d7l¸wxe7|�d � pO»�sCprlxl~d[sCu{mnprl$y.pO»Ýd[ond[e�d[l¸u{yL¡
mnu#m�lx�xmtsLv�u�d[y#u a dÈs a vOl~qOd�d&�@�$o�mtsLmnu{onzEwxy{mtl~q¦�$m��%d � d[l�u�u�d � e�mtlxvOoty � µÃ®2� � w$ondÈ�Ê¢ a d � d P ,S�~� � ã ��� D mty
s a vOl~qOd[�kmtl¸u�p P ,S�~� � ã ��� R$� ¥

`�a d � dÈv � dÊe�vOl¸z � ��pry{y{mn|�onz¨}¸wxmtu�dÈlxv�u{w � vOo � ·SÁ�µ	­O³�³{´{µ:¯4³�º�Åt´×«Y¢ a pry�d�v��x�$otm�sLv�u{mnprl �xd[y�u � p:z�y�u a d
wxlx�xd � onz�mtl~q�y�uËz@ondO¥WÛ©prlxy{mt�~d � ¡�»Sp � mtl$y�u{vOlxsCdO¡@u a d � wxond[yWpO» %Ýmnqrw � d��rs�¥ � wxotdª�#e�v[z�pO|@¤�mnprwxy{onz��$mty{sCprl�Ù
l~d[sCu.v���Ù¹sCprl¸u � prototd � |@z � d[e�p:¤�mtl~q
u a d4otvOy�u©u � vOs Ï sCprl$l~d[sCu�d[�Yu�p�mnu©vOlx�Yu a w$y£�xp¸d[y.l~pOu©� � d[y�d � ¤Odªu a d
y�uËz@ondª�~dCÔ�lxd[�½|@zÈh � vOe�e½v � . D ¥ � wxond 9#m�y�u � m�s Ï mnd � ¥ $ l$vOonpOqOprwxy£u�p � wxond��~¡~mnuWsCprlxlxd[sCu{y©u¹¢£p�u � vOs Ï y
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p1 p2

p3 p4

4

p1

p3 p4

...leading to an incorrect network
with respect to Grammar G1
by addition of

p1 p2

e
t’

e
t’

p1 p2

p3 p4

an incorrect introduction rule...a correct introduction rule

8

p2

a correct elimination rule

6

p2

p3

p1 t1 t2

t’’

t

p3

t t1 t2

t’’

t’ t’1 t’2

%Ýmnqrw � d .3�£h � v�� a mtsLvOo � dL� � d[y�d[l¸u{v�u{mnprlÊpO»�Û£p �{� d[sCu�vOlx�   l$sCp �{� d[sCu�Û£p@p � �xm�lxv�u{mnprl � w$ond[y

|@zÈmtl¸u � p��xwxsLmtl~q�u¹¢£pª�{wxlxsCu{mnprl$y � µë® ��%Ýmnqrw � d . � mnq a u � ¡ a pU¢WdL¤Od � mnu.sLvOlÊ|�dªv��$�$otmnd[��mtlYe7w$s a ond[y	y � d[y;Ù
u � mtsCu�d[�ÊsCprl¸u�d&��u{y�vOlx�ÊsLvOl¦|%d4wxy{d[��¡�»=p � mtl$y�u{vOlxsCdO¡~u�p�s � d[v�u�d7u a d4l~dLu¹¢£p �{Ï y a pU¢blÊmtl %Ýmnqrw � d . � mnq a u
¢ a m�s a �~p@d[y�l~pOu�|�d[onprlxq4u�p�u a dby�uËz@otdb�~dCÔ�l~d[�
|@z½h � vOe�e½v � . D ¥ `�a d.uË¢Wp�mtlxsCp �{� d[sCu � wxond[y � �ªvOl$�29 �
v � d � dÿ�;d[sCu�d[�k|¸z�u a d�¤Od � mnÔ�sLv�u{mnprl¦vOonqOp � mnu a eÊ¥

`�a d�sCp �{� d[sCu{l~d[y{yªpO» � wxond[y�� � 3�¢bmnu a � d[y���d[sCuªu�pkh � vOe�e�v � . D qrwxv � vOl�u�dLd[yªu a v�uª¢£d�e�dLdLu4u a d
� d[}@wxm � d[e�d[l�u{y.y�dLub|¸z�u a d4q � prwxl$�ÊondL¤Od[o�pO»Ýu a d�v � s a mnu�d[sCu{w � dO¡�lxvOe�d[onz�u a d�sCprlxl~d[sCu{mt¤@mnuËzÈ� � pO��d � u{mnd[yL¥
§¨dÊv � dYl~p:¢¼mtl¸u�d � d[y�u�d[� mtl!¤Od � mn»=z�mtl~q�vOl~pOu a d � mte���p � u{vOl¸u#� � pO��d � uËz"�
d[vOs a ��Ù¹sCprl¸u � protond � e7w$y�u7|�d
sCprl¸u � protond[� |¸z¨d&�~vOsCu{onz!prlxd � Ù¹sCprl¸u � prototd � ¥   l!prw � �~d[y{mtqrl�¡�u a mty � d[}@wxm � d[e�d[l�u��~dL��d[lx�xy4prl u a d�y�dCÙ
sCprlx�¨v � s a mnu�d[sCu{w � vOo�¤�mndL¢�¡�u a d a mtd � v � s a zkpO»£sCprl�u � protond � yL¥ 1�p � wxond[y
� � 3Ye�wxy�u�|%d
sCpre��$otdLu�d[�Î¢bmnu a
u�d � e�m�lxvOoty�pO»Wh � vOe�e�v � . R ¢ a d[l¦u a dLz a v[¤Od�vOlEmte��$vOsCu�prlku a d�sCprl¸u � pro a mnd � v � s a zO¥ªÛ£prlxy	mt�~d � »Sp �
mtlxy{u{vOlxsCd � wxond��7pO»(%0mtqrw � d�� �¦u a d
mtlxy�d � u{mnprlkpO»WvÈ��otv�u�»=p � e prlÎvOlEd&��m�y�u{mtl~qÈu � vOs Ï ¥�§¨d�vOw~qre�d[l¸u
u a mty � wxond4¢bmtu a mtl~»Sp � e�v�u{mtprlÊv�|%prwxubsCprl�u � protond � ybpO»�u a d a mtd � v � s a zY|¸zÊotm�l Ï m�l~q7d[vOs a ��Ù¹sCprl¸u � protond � ybu�p
vOl � Ù¹sCprl�u � pro�ond � ¡xz�mnd[ot�xm�l~q7u a d � wxond�� � y a p:¢blÊmtl,%0mtqrw � d 3@¥

`�a mtybl~dL¢ � wxotd#e7w$y�ub|�d7s a d[s Ï d[�Î¢�mnu a � d[y{�%d[sCu�u�pÊh � vOe�e�v � y . D vOlx� . R ¥ªÛ£p �{� d[sCu{l~d[y{y�¢bmnu a
� d[y���d[sCu�u�p�u a d�h � vOe�e�v � . D y�u{m�oto a prot�xy�|%d[sLvOw$y�d�u a d � d[y�u � mtsCu{mtprl�pO» � wxotd�� � u�p#u a d . D Ùë¤@mtdL¢ z�mnd[ot�xy
u a d�mtlxmnu{mtvOo � wxondO¥   l½p � �~d � u�p#d[lxy{w � d�u a d�sCp �{� d[sCu{l~d[y{y£¢bmtu a � d[y���d[sCu�u�p7u a db¢ a prondbv � s a mnu�d[sCu{w � dO¡�mtu�mty
u a d � dL»Sp � dby	w	�ÈsLmnd[l¸u�u�p7s a d[s Ï u a d�vOw~qre�d[l¸u�d[� � wxotdª� � v�qrvOm�lxy�u£h � vOe�e�v � . R ¥Ý§�mnu a �~d[sCpre��%pry	mnu{mnprl
mtl¸u�p4v � s a mtu�d[sCu{w � vOo~¤�mndL¢byL¡O¢£d�sLvOl��~dCÔ%l~d � mts a d � vOl$� � mts a d � sCp@p � �xm�lxv�u{mnprl � wxotd[yL¡Oy�u�dL��|@z7y�u�dL�Q¡�¢ a mtond
d[lxy{w � mtl~q�u a d[m � sCp �	� d[sCu{l~d[y{y�y�dL�$v � v�u�d[onzY¢bmtu a � d[y���d[sCu.u�p�d[vOs a ¤�mndL¢�¥

$ 1 $ 1 � DFG ã , �É��� ã � ã � ��� ß  7ã � �:� ã , ��� ß �I�x�I��� à
%Ýmnqrw � d���y a pU¢by�vªy�dLuÝpO» � wxotd[y�p ��d � mtlxq�»±vOsLmtotmnu{mtd[yÉu�p � dLp � qrvOlxmnÌLd©u a d©u � dLd©pO»�sCprl¸u � protond � y��~z@l$vOe�mtsLvOotonzO¥
$ lÐp:¤Od � otprvO�~d[� <���Ù¹sCprl¸u � protond � sLvOlÐ|�d¦y��$otmnu
wxy{m�l~qÎu a dYÔ � y�u � w$ondY¢ a mts a mtl�u � p@�xw$sCd[y�v¨l~dL¢ <���Ù
sCprl¸u � protond � ¢bmnu a v�u�ond[vOy�u�prl~d�y	w~|~Ù¹sCprl¸u � protond � u�pYy{w~��d � ¤�mty�dO¥ `�a d7y�d[sCprlx� � wxond�mty�wxy�dL»±wxo�u�pÈu � vOlxy�»Sd �
y{w~|xÙ¹sCprl�u � pro�ond � y�» � pre+vOl <���Ù¹sCprl¸u � protond � u�p7prl~d�pO»Qmtu{yWy{mt|$otmtl~qry[¥Q§¨d�qrw$v � vOl�u�dLdªu a v�u£u a d�u � vOlxy�»Sd � pO»
vÊy{w~|xÙ¹sCprl�u � pro�ond � �~p@d[y�l~pOu�ond[v:¤Od½vOl�<���Ù¹sCprl¸u � protond � ¢�mnu a prw~u4y{w~|xÙ¹sCprl�u � pro�ond � y�u�pky{w~��d � ¤�mty�d � ¥ `�a d
u a m � � � wxondÈmty#u a d½pO�x��pry{mnu�dÈpO».u a dÈÔ � y�u�prlxd/��mnu7�~d[y{u � p:z�y
vksCprl¸u � protond � u � vOlxy�»Sd �{� m�l~qkmnu{y�otvOy�u�y{w~|~Ù
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��� �����=� , � � , ß���� � , ß 
 ã �#% ��� ��� ß � � � ß E +�� � ä ß ä � ã �����

	 �U�x� � � � � F
� ã �-� ß �O��� ã � 	 � � F � D � F	� � F � R �=�

+ D 	 �I�x��� � � D � F P ,=�x� � ã ��� R ��� � F 	 �I�x� � � � R � F
� ã ��� ß �O��� ã � 	 � � D$F � D � F	� � DIF � � F	� � R F � � F	� � R F � R �=�

t
e2e1 p

t1 t2
e2e1

1

� ��� � ß � � ß ä � � , ß

�½áL �:��, ß � �CB$� F �O�:��, 	 �CBEF � D2� F	�CB F � R �=� �
�O�:��, �CB F � � F f � ��á � � ß@ß , � � � �CB2�
	 �U�$��� � � � F
� ã ��� ß �r��� ã � 	 � � F � D � F	� � F � R �=�

+ D � �O�:��, 	 �CB F � D � F	�CB F � � F	�CB F � R �=�1F
	 �U�$��� � � D � F P ,S�~� � ã ��� R ����� F 	 �I�x��� � � R � F
� ã ��� ß �r��� ã � 	 � � D$F � D � F	� � DEF � � F	� � R F ��� F	� � R F � R �=�

p

t t1 t2

ctrl

e2 e2e1e1

c c

1’

R R

ctrl ctrl
ctrl ctrl

ctrl
ctrl

ctrl

%0mtqrw � d�33�J?���vOe���ondªpO»Ýv½sCp¸p � �$mtlxv�u{mnprl � w$ond4vOlx�¦mnu{y.vOw~qre�d[l�u�d[��¤Od � y{mnprl
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1@�$otmtu2�0s � d[v�u{mtprl¦pO»Ýv�l~dL¢ <���Ù¹sCprl¸u � protond � ¢bmnu a v�ubotd[vOy�u.prl~d#y{wx|~Ù¹sCprl�u � protond � u�p½y{wx�%d � ¤@mty{d/�
� 0�áL �:��, ß � �CB$� F ����+ ß ��G��S� ß��CB FJB � D � F � 0�áL �:��, ß � �CB � D � F ����+ ß ��G��=� ß �CB � D FJB � �D � �
� 0�á � � ß¸ß , � � � �CB$� F
����+ ß ��G��S� ß �CB � D FJB � �R �

+ D ����+ ß ��G��S� ß��CBEFJB � R � F � 0�áL �:��, ß � �CB � R � F
����+ ß ��G��S� ß��CB�� R FJB � �R � F � 0�á � � ß@ß ,�� � � �CB�� D � F
� ��
 ��� � � � � 0�á � � ß¸ß , � � � �CB � R �

` � vOlxy�»Sd � pO»Ýv½y{w~|~Ù¹sCprl¸u � protond � » � preÜv <���Ù¹sCprl¸u � prototd � u�p½v�s a mtot�
�
� 0�áL �:��, ß � 	IB FJB�� D FJB�� R �1F ����+ ß ��G��S� ß
	 �CB FJB�� D � F	�CB FJB�� R � F	�CB�� D FJB�� �D �=� �
����+ ß ��G��S� ß��CB � D FJB � �R � F � 0�á � � ß¸ß , � � � �CB � R � + R � 0�á � � ß@ß ,�� � � �CB � D � F ����+ ß ��G��S� ß��CB � R FJB � �R �

5kd � qOd/�W�~d[y�u � wxsCu{mnprlYpO»�v <��QÙ¹sCprl�u � protond � v�»Su�d � u � vOlxy�»Sd � pO»Ýmtu{y�otvOy�u�y{wx|~Ù¹sCprl�u � protond � u�p½v�y	mn|$otmtlxq �
� 0�áL �:��, ß � 	IB � D FJB � R �1F ����+ ß ��G��S� ß�	 �CB FJB � D � F	�CB FJB � R �=� �
� 0�á � � ß¸ß , � � � �CB � D � F ����+ ß ��G��S� ß��CB � R FJB � � � F

� 0�áL �:��, ß � �CB�� R � F
� ��
 � � � � � � 0�á � � ß@ß , � � � �CB � R �

+10 ����+ ß ��G��=� ß �CB � D FJB � � �

�Émn»Su{mtl~q �
� 0�áL �:��, ß � 	IB FJB����1F ����+ ß ��G��S� ß�	 �CB FJB�� � F	�CB � FJB � �D �=� �
� 0�á � � ß@ß , � � � �CB2� F ����+ ß ��G��S� ß��CB � FJB � �R � + � ����+ ß ��G��=� ß �CB FJB � �R � F � 0�á � � ß@ß , � � � �CB � �

0�dLdL�%d[l$mtl~q �
� 0�áL �:��, ß � 	IB FJB � D �1F ����+ ß ��G��S� ß �CB FJB � D � �
����+ ß ��G��S� ß��CB FJB � R � F � 0�á � � ß@ß ,�� � � �CB � D � + � � 0�á � � ß@ß ,�� � � �CB$� F ����+ ß ��G��S� ß �CB � D FJB � R �

%Ýmnqrw � d7� �£Û£p@p � �xmtlxv�u{mtprl � wxond[y©»Sp � u a d <�mnd � v � s a zÈpO»�Û£prl¸u � prototd � y

sCprl¸u � protond � u�pEvOl~pOu a d � <���Ù¹sCprl¸u � prototd � ¥ `�a d�otvOy�u4u¹¢£p � wxond[y4v � d�»Sp � e�p:¤�mtl~q¦vOl�<���Ù¹sCprl¸u � protond � w~�
p � �~pU¢bl�¥ � pOu�d�u a v�u.u a d[y�d � w$ond[y£prlxonzÈlxdLd[�Yu�p�|%d�¤Od � mÚÔ�d[�Y»=p � u a d4y�uËz@otd��~dCÔ�l~d[��|@zYh � vOe½e�v ��. R
|�d[sLvOwxy�dÎu a d � d[y{u � mtsCu{mnprl2u�pÐu a d¨u�d � e½mtlxvOotyÈpO»�h � vOe�e�v �&. D z�mnd[ot�xyÈu a d � w$ond�� + �\¢ a m�s a mty
pO|@¤@mnprw$y{onzÈsCp �	� d[sCuL¥

� � & ,��{��&���
����£���{��
���
 �2��
È�����b���

`�a d©»Sp � e�vOo�y���d[sLmÚÔ�sLv�u{mtprl7pO»�u a d � vOmton¢©v[z�sCprl�u � pro~y�z@y{u�d[e��~dL¤Od[onpO��d[��mtl7u a d.� � dL¤�mnprwxy0y�d[sCu{mnprl�y�d � ¤Od[y
vOyÝvb|�vOy{mtyQu�pª�~d � mt¤OdWvOl
mte��$otd[e�d[l�u{v�u{mtprl�pO»~u a d©sCprl�u � pro@y{z@y�u�d[e¦¥   l#u a mtyÉy�d[sCu{mtprl�¡O¢Wd©mte���ond[e�d[l¸uQu a d
Ô � y{uÉsCp¸p � �xmtlxv�u{mnprl � wxond�pO»�%Ýmnqrw � d��ªmtl7mnu{y�vOwxqre�d[l�u�d[��¤Od � y	mnprl�¢ a mts a mtyÉ�~d[lxpOu�d[� � wxondb� � mtl�%Ýmnqrw � d&3
vOlx�¨e�p��~d[oty�u a d�vO�$�xmnu{mnprlEpO»©vY�$otv�u�»Sp � eÕu�p¦vOl¨d&�~mty�u{mtl~q�u � vOs Ï m�l¨v � vOmton¢©v[z � dLqrmnprl�¥   lÎp � �~d � u�p
� d[e�vOm�l�v�u�u a dby	vOe�dbv�|$y�u � vOsCu{mnprl½ondL¤Od[o�vOy�u a dbq � v�� a q � vOe½e�v � yL¡¸¢Wdbw$y�d�Û£prl�Û©p¸p � � �öy�µ	­[­�³�¾�·SÁ�²O¯±·Ã­�Á
Ån²�Á Ò ºx² Ò ´ ��Û�Û©� � <�pro�� 3��ë¥ `�a mty4vOototp:¢by�w$yªu�pkd&��� � d[y{y4u a d½e�p��xmÚÔ�sLv�u{mnprl$yªpO»Wu a dÈsCprl�u � proWl~dLu¹¢£p �{Ï
vOlx� a mnd � v � s a zÊ�~d[y	s � mn|�d[�Êmtl � wxond�� ��� dL»Sd �{� mtlxq�y�prond[onz�u�p½u a d7mtl�u�d � »SvOsCd[y�pO»�u a d#mtl¸¤Opron¤Od[��onp@sLvOo�vOlx�
� dLqrmnprl$vOo�sCprl�u � protond � y � u a d[y{dkmtl¸u�d � »SvOsCd[yÈv��x��d[v � mtl u a d¦lxd&�@u�y�d[sCu{mtprl � ¥ `�a d¦m�e��$ond[e�d[l¸u{v�u{mnprlxy
pO»
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?�vOs a sCprl�u � protond � mte��$otd[e�d[l�u{v�u{mtprlksLvOlÎ|�d#¢ � mnu�u�d[l�m�l�v��xm���d � d[l¸u
µ�­�Â�Ó�º~¯ë²O¯±·±­OÁ\Ån²�Á Ò ºx² Ò ´�¢ a mts a mty
v�y�d[}@w~d[l¸u{mtvOoQotvOlxqrwxv�qOd4¢bmnu a v�»SdL¢ d&��u�d[lxy{mnprl$y.»=p � sCpre�e7w$lxmtsLv�u{mnprl�¥
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  l�Û£prl�Û£p@p � �
vªy�z@y{u�d[e�sCpre���prl~d[l�u�mty0vOl�mtlxy{u{vOlxsCdWpO»%v�u¹z@�%d.sLvOototd[� �����b
��	
��c
"� ¢ a pry{d£mtl¸u�d � »±vOsCd
e�v:z �~d[sLotv � dEqOd[lxd � mtsÎvOlx��mtlxmnu{m�vOotmty{v�u{mnprl �$v � vOe�dLu�d � y[¡���p � u{yYvOlx��y�u{v�u�d[yL¥ )ªl~dEqrmn¤Od[yY¤�vOotw~d[y�u�p
qOd[l~d � m�s¦vOlx� mtl$mnu{mtvOotmty	v�u{mnprl\�$v � vOe�dLu�d � y½¢ a d[l m�lxy�u{vOl¸u{mtv�u{mtl~q!v!sCpre��%prlxd[l�uL¥ $ |�pU¤OdO¡.¢Wdk�xd[sLotv � d
vÊqOd[l~d � mts��$v � vOe�dLu�d � � ���&��� ��� m�l # % � '�) �&' ¢ a mts a vOototp:¢by�w$y4u�pk�$v � vOe�dLu�d � mty�d½u a d�|�d a v[¤�mnprw � pO»
mtlxy{u{vOlxsCd[y�pO» # %&�('�) �&' |@z�u a d�u¹z@��d�pO»��~dL¤@m�sCd�u�p�|�d�sCprl¸u � protond[� � ·��S´	��u � vOs Ï ¡~�$o�v�u�»=p � e+p � ��w$lxsCu{mnprl � ¥
%~p � mtlxy�u{vOlxsCdO¡ª¢£d!�~d[l~pOu�dÍvÐotp@sLvOo4u � vOs Ï sCprl�u � protond � |@z # % �('�) ��'����('�O��/a�! ¥ $ onp�sLvOo4sCprl�u � pro�ond �
mty�mtl$mnu{mtvOotmty{d[�!¢bmnu a vÍwxlxmt}@w~dYmt�~d[l¸u{mÚÔ$d � �	� ¡Wu a d¦l@wxe#|�d � pO»ªmnu{y�l~d[mnq a |�prw � mtlxqE�~dL¤�mtsCd[y � - -��"�/3 4 �
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