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��q^k m�fr�Hl|{rwi�^j[��l's 	Ow��OwxjOk ��y[z#v'�Houm�z�wO��e�{^j 	Ow fryYl~yrfro���o�wxjYk�frw�� j��bk-wxj[l'�^wxj[o�j��^ybqrl
�!��m�wxfr��w jOfr�6wxfr�Omnfrw�wxk-mnfr���^qrl�j[ou��y l|{rw��^k-yr��w����9y[z�ouwxjOk�frmnfr��mul��!w�otz��9��{rmu��w��^�^wxk-muwxfr��w���ybqrou�
fryYl�{^j 	Ow�w��rmu��l�w�����mul|{rybqrl ��ybfOl	k-m �^qrl�muybfr��z�k-ybv�j frq^v!�^wxk�y�z�� w�yb�rouw��

p9mnk-�!l~jOfr��z�yrk-wxv6yO��l�e"�Jm��	{ l�y�l|{^jOf$#Hv'� j[� 	bmu��yrk�� h=k-y[zQw�����ybk'}�mu� {^jOk �	%&�'% q^k�k!jx�
zQybk�w 	Ywxk-�bl	{rm�fr�i{rw {^j[���^ybfrw'zQybk�v6w���(Jmu���^w 	YyOl�muybf jYfr� wxfrwxk-�Ow�l!m�� jO�^�^k ybj[��{il�y �!yOo�	bmnfr�
�^k y)�rouwxv6�x���^wxk-��mu��l!wxfr��w mnfil�w���{^frmu�xj[o9w��b��w�ououwxfr��wO� jYfr�"j[� 	OwxfYl|q^k-yrqr���|�rmnk-mul(mnf � wxkgzQybk�v6mnfr�
k w���wxjOk-��{'zQybk�j*��mu�^w(k�jOfr�Ow y[z�l�yb�rmu���x�^{^j[��mnfr�|�rmnk-w�� v'� y+��f6�^w��^mu�xj[l�muybf,��e9jOvFw��|�^w���mnj[ouou�
l	{^jOf$#[z�qro�zQybk�{rmu�(wxfOl|{rqr��mnj[�|v-��{rwxfil|{rwxk w(m��(j6�^mu����y�	Owxk-�O�4q^fr�^wxk-��l|jOfr�^mnfr�.��{rwxf l|{rwxk-w(mu�
oumul�l�ouw��^k-yY�bk-w����x�rjOfr��l|{rw 	rmu��muybf�y[z�l|{rw/�rmu�O�Owxk��rmu��l|q^k-w��=e�f�k-w���wxjOk-��{��rmul mu��w��rl|k-wxv w�o�� wxj[���
zQybkJybfrw6l�y j[ououy+��ybfrw���w�o�z�l�y �Yw�l(l|k�jO�^� w�� jYfr�"ouyO�!l(m�f l|{rw �^k-yb��w��!�(y[z �^q^k-�	qrm�fr���^w�l|j[muou�0�
�J{rw��bqrmu��jOfr��w�{rw(�^k-y�	rm��^w�� jYfr� �^qrw���l�muybfr��{rw(j[�1#�w�� {^j 	Ow�k w����xqrw�� v6wJz k-yrv z�j[ouo�mnfr��mnfOl�y
l	{rm��=l|k�jO�6frq^v6wxk-ybqr�9l!m�v w��0�9� ��mu�^w�z k ybv l|{rw�l�w���{^frmu�xj[o���yrfOl|k m2�^qrl!m�yrf��b}�mu��{^jOk-�'3 ���rouwxfOl!mtz�qro
k w���ybq^k-��w��(j[ou��y {rw�on�^w�� j��rk-wxj[l��^wxj[o9mnfHj[ououy+��mnfr�"k-w���wxjYk-� {4��mul|{rybqrl�{^j[�!��ouw jYfr����ybk�k-muw��0�
e5��mu�|{�l�y j[ou��y�l|{^jOf$#�h�k-y[zQw�����yrk-�76���}/�'6�j 	[j[onj[�x��}/� � ��p9onj[�rjOf�� �/�,8!� � jOqr�b{rw��O� jYfr�
p��:9�� � � � qro�mu��#�zQybkJl|j�#Ym�fr��l|{rw�mnk l�mnv6w6l�y;� w v�� h={,� ���^��ybv v6mul�l�w�w jOfr� y=<)wxk m�fr��l|{rw�mnk
	[j[onq^j��rouw6��ybv v6wxfYl��0�

�J{rwxk-w jOk-w j[ou��y j frq^v!�^wxk y[z(zQw�o�ouy+�<��l|qr�^wxfYl��x�=��ybv w"fry+��zQybk�v wxk6��l|qr�^wxfYl��x�>��{ry
{^j 	Ow ��ybfYl|k-m �^qrl�w��il�y v'�?� yrk�#'�^m�k w���l�ou� ybk=mnfr�^mnk-w���l�ou����}�j@< j[w�ououy ��3 �(fr��k-wxj6jOfr� }�y)� wxk-l
A=wx{^f$#[wxf {rw�o�� w�� v w�q^fr�^wxk-��l|jYfr� l|{rw��^k-mnfr��mn�ro�w�� jOfr�6l|k-mu�B#Y��mnf6w��^�^wxk m�v wxfOl|j�l�muybf jOfr� l	{rw
jYk-l�y�z �^k-y)�rouwxv<��yYo 	rmnfr�C����{rw��H{^j 	Ow6l|jOqr�b{Yl�v6w j��bk-wxj�l��^wxj[oDmnf v j�#Ymnfr�il|{rmnfr�O�/��ybk�#:�
e l�mu�(w��|�^w���mnj[ouou�H�bk�j[l!mtzQ�rm�fr����{rwxf�w�� � wxk-mnv6wxfOl	j[o�k w��|qroul�����yrk�k-w�onj[l�w/��w�ouoD�Jm�l	{il|{rw(l|{rw�yrk-�FE
eG��ybqrou�"j[ou��y oum #[w'l�y l|{^jOf$# � ��m�zH8({^j[onj�#?��{ry��^qrmuo�l(l	{rw z j[��muoumul-�"j[��{rmu� �$I }�p��^k-y�J-w���l0�

� qr�^mn�rl�y � q^k ��}�y)�^wxk l�A�wx{^f$#�wxf���jOfr�K%"mu��{rmuw�o 	[jOfML�muwxqN����l|j[�^li{^j 	Owi��ybfYl|k-m �^qrl�w��
v6qr��{il�yiv'��#bfry+��ouw��^�Ow6y[z���yrv �^qrl�wxk-�0� e�f�l|k�jYfr��mul�muybfrmnfr�il|{rw6o�yr�xj[oD��ybv �^qrl�wxk(frw�lO��ybk�#
�!�b��l!wxv j[��v6mnfrmu��l|k!j[l�muybf4JZy)���/l|{rw�� {^j 	Ow l	jOqr�b{Yl�jOfr� �^wxv ybfr��l|k�j�l�w�� l�y v6wi�^k-yr��w���q^k-w��
jYfr� mu���|qrw���mnf����r��l�wxv j���v6mnfrm��!l|k�j[l�muybf��Dj[ouybfr���Jm�l	{	#rfry+��ouw��^�Ow mnf ��yrv �^qrl�wxk({^jOk-�$��jOk w
jYfr� ��y[zQlO� jYk-w�� ��{rw w��^�^wxk-muwxfr��w {^j[�'��l|k-wxfr�Yl|{rwxfrw�� v'�P�^j[�B#Y�bk-yrq^fr� jOfr� j[�^�^w�� l�y v'�
�^m�	Owxk ��mulZ���

� yrv6w�y[zDl|{rw/��ybk�#��^k-w���wxfYl�w��imnfil|{rmu� l|{rw���mu��mu��j k-w��|qroul�y�z���yOouonj�� ybk�j[l�muybf4��mul|{�yOl|{rwxk
� w�yb�rouw�� egfi�^jOk-l�mu�xqronjOk�eQ�Jm��	{�l�y6l|{^jOf$# �9ybfr�!R jYfr��zQybk=l|{rw ��yOouonj��^ybk!j[l�muybfiyrf l|{rw/�rouw�w��
	[j[o�	Ow��^jOk l y[z�l|{rw>��ybk�#:� eS� yrqro���j[ou��y(oum2#�w�l�y(l|{^jOf$# � wxjOf!(�q^v!� wxk-lx�O� ��k-muwxf^frw/A�yrq^k-� qrwO�
jYfr��9 	 jYf ���|jYfr��zQybk�l	{rw�m�k {rw�on�imnfiyT�rl|j[mnfrmnfr� ��j[l	j'z k ybv@w�� � wxk-mnv6wxfOl!�0�

�J{rwxk-w jYk-w j[ou��y"� w�yb�rouw.��{rybv<�!ybv6w6y[z�qr��l|jN#[w6zQybk �bk�jOfYl�w��H��ybv w�l�mnv6w��0�i��{rw lO��y
� w�yb�rouwU� {rybv eS��mu�|{ l�y(l|{^jOf$#'��mnfr��wxk-w�ou�ijOk-w � {^jYk�v j[mnfrwUA=y[�b� m�f � ybfYl|k-yYo jOfr� �(� f^jOv �
mu�xj[o � �b�!l�wxv6� jOfr�V% jYk-mnj�8 yrwx�^wxk'mnfV%"w���{^jOfrmu�xj[o�9�fr�Ym�frw�wxk m�fr�:�"��{rw�� {^j 	Yw {rw�on�^w�� mnf
��yrq^fOl�ouw���� yr���xj[��muybfr� l�y ��ybv �rouw�l�w'l|{rw~j���v6mnfrm��!l|k�j[l�m�	Ow � jOfr�i��yrv6w�l�mnv6w�� w 	Owxf � wxk-��ybf^j[oWEt�
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k-w��^qrw���l��@�"e"��ybqrou� j[ou��yHo�m #[wil!y l|{^jOf$# 8(j[l|{Y� A�q$�^j[�	{ m�f � {rwxv6mu�xj[o�9=fr�Omnfrw�wxk-mnfr� jOfr�
�bj��B#Ymuw�A=wxjOk-�imnf.%Hw���{^jOfrmu�xj[o 9�fr�Omnfrw�wxk-mnfr��zQybk=l|{rw�mnk�{rw�on�,�

� qrl���mu�^wiy[z � j[oul�w���{���e"��mu�|{ l�y�l|{^jOf$# h=k-y[zQw�����ybk��OmnvEh9j[��q^jOfry4���Yyb{^f h=k-yOl��O�9jOfr�
�Oyr{^f � {rm�z k ybv %&�te �t�/�n�Dh�k-y[zQw�����yrk �#k-l!8(k-wxfrwxk�z k ybv I � ��j 	rmu�x�D6�ybf��xj[ouy }�w��O� � ��yOl!l
� yr�^w�onjOfr����jOfr�i�(fr��k���wOJ7A�jOf^j����xq$# z k ybv I frm�l!w��"�/w�� {^fryOouyO�Ym�w���} w���wxjOk-��{ � wxfYl�wxk��4h�k-y��
zQw�����ybk � hDw�l	jOk 8 y)#�yOl�y�	bm
	� jOfr� eQ�Oybk*%Hw���mu�O� %Hmu��{^j[w�o
��jOk-��wxf��=jOfr� ��jOf�p�ybfYl|j[mnfrw z k-yrv
I � � jOfOl	j�A�jOk �^jOk�j^�rh�k-y[zQw�����yrk %Hmnk-yO��onj 	;8(k-��l!m�	��z�k-ybv I � � jOf �(muw��Oy��^jOfr�.(��!m�f �Z{r�!m�q^fr�
R jYfr�(z�k-ybv I frm 	Ywxk-��mul-�~y�zF% jOk-�ronjOfr���[zQybk9l	{rw ��yrfr��wxk
	 j�l�muybfr��jOfr� yb�^� ybk-l|q^frmul�muw���l�y/��ybk�#
l�yY�Ow�l|{rwxk�� I ��w	z�qro mnfr��mu�b{Yl���jOfr�H�xq^k�k-wxfYl(jOfr�iz�qrl|q^k-w'�^m�k w���l�muybfr�~{^j 	Ow6k-w��|qroul�w���z k ybv �^mu�
�
�xqr���!m�yrfr�U��mul|{ l|{rwxv.�

�#fr� onj[�!l �^qrl~fryOl'o�wxj���lx� e5��ybqrou� oum #[w l�yil|{^jYf$#"v wxv�� wxk-��y�z v'�iz�jOv6muou����%H� ��m�z�w
��w�yrf���y4� v'�6z�j[l|{rwxk 8 wxf^frw�l|{ �9wxq^fr���^jOfr�iv'� v yOl|{rwxk %HyOouo�� �9wxq^fr�6z�yrk9l|{rw�mnk��^j[l�muwxfr��w
jOfr���|q^�^�^yrk-l���q^k-mnfr�il|{rw'�OwxjOk-�0�=��{rw�� {^j 	Ow(� {rw�wxk w�����mul|{�v6w�l|{^k ybqr�b{�l|{rw(�Oyryr� l�mnv6w��
jOfr�iwxfr��yrq^k�j[�Ow��Hv6w(l|{^k-ybqr�r{�l|{rw �^j[� l!m�v w��0�
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�J{rw~�!l|qr�^�iy[z���ybv �^k w�����ybkJmnfr��l|j��rmuoumul�muw�� mnf �rj[��l	q^k��rmnfrw wxfr�Omnfrw���{^j[��k-w���w�m�	Ow�� v6qr��{ j[l �
l!wxfOl�muybf�mnfHk-w���wxfYl(�OwxjOk-�0�'e�fH�^jOk-l�mu�xqronjOk��Dk-yOl|j�l�mnfr� ��l	j[ouo�jOfr�H�|q^k �Ow jOk-w v j+J-ybk��xjYqr��w��(y[z
�^k y)�rouwxv6� k�jYfr�Omnfr�(z�k-ybv ��ybv � ybfrwxfYl���l|k w�����jOfr� oum�z�w��	�^jOf k w���qr��l�muybf l!y(wxfr�Omnfrw�w��^�rouyO��muybf,�
egf6l|{rmu��l|{rw���mu�x�rv6yb�^w�oumnfr� jOfr� ��ybfOl	k-yOory[z k-yOl|j[l!m�fr�(�!l|j[ouo�jOfr� �|q^k �Ow�qr��mnfr���rouw�w�� 	[j[o�	Ow#jYfr�
j�m�k m�f@J-w���l�muybf m�� ��l|qr�^muw��HjOfr� 	 j[oumu��j[l�w��Hybfij o�y+� �	�^w�w����^��mnfr�Oouw6��l|j��OwO�^j+�bmnj[o���ybv �^k-w�����ybk
j�l � j[oul�w�� {,�

A=ouw�w�� 	 j[o�	Ow���yrfOl|k yOoOy[z���l|j[ouo^mu��j[��{rm�w 	Yw�� ybfrou�!��{rwxf'l|{rw���ybv �^k-w����!ybkD� {^jYk�j[��l�wxk-mu��l!m���mu�
j���l|q^j[l�w�������qrw�l�y l|{rw�z j[�!l��bk-y+��l|{ k�j[l!w9y[z�l|{rw��!l|j[ouoO��w�ouo^��ybv �^jOk w���l�y�l	{rw k�j[l!w9o�mnv6mul9y[z�l	{rw
	[j[o�	Ow��'p�q^k-l|{rwxk!v6ybk-wO�4w�� � wxk-mnv6wxfYl|j[o k w��|qroul��(�|{ry+��l|{^j[l l|{rw j[��l|q^j[l!ybk�k!j[l�w~k w�� qrmnk-wxv6wxfYl
zQybk ��l|j[ouo ��ybfYl|k-yOo�mu� k-w���qr��w�� �O� j z j���l�ybk y[z(z�yrq^k-l�w�wxf 	bmnj���ybv �^k-w��!��ybk � {^jOk!j[��l�wxk-mu��l�mu�
j���l|q^j[l�muybf,� �(f^j[ou�rl�mu�xj[o�w��^�^k-w����!m�yrfr���^j[��w�� ybf o�y+��yrk-�^wxk v6yr�^w�ou� � ��������l|j�l�w��|�6jOfr� j
{rmu�b{ s��^w�oumul-� ��mnv6qronj[l�muybf � ���H��l|j[l!w��|�6l�yryOo�jOk w �^w 	Ow�ouyb� w�� l�y w���l!m�v j[l�w l	{rw v m�frmnv6q^v
k!j[l�wik-w�� qrmnk-wxv wxfOl y�z�j �rouw�w�� 	[j[o�	OwizQybk'��ybfYl|k-yOo=y[z#�!l|j[ouoW� � ��ybv �^jYk-mu��ybf y[z�l	{rwil�ybyYo��
l!y w��^�^wxk-mnv6wxfYl����|{ry+� j �Oyryr� �^q^j[oumul|j[l�m�	Ow j[�bk-w�wxv6wxfYlx�5��mul|{ m�fr�xk wxj[��mnfr��� q^jOfYl�mul|j[l!m 	Yw
j����xq^k�j[���ij[��l|{rw(��ybv �ro�w��rmul-�iy[z�l	{rw�q^fr�^wxk-ou�bmnfr� v6yr�^w�o�mnfr�xk-wxj[��w��@�

� mnk=m�f@J-w���l�muybf ��ybfYl|k-yOo^y[z���l	j[ouo�jOfr� �	q^k-�Ow�mu� j�o��!y�mnf 	Yw���l�mu�bj[l�w��'� � m�v6qroul|jOfrw�yrqr� ��yrfOl|k yOo
y�z���l|j[ouo�jOfr� �|q^k-�Ow�mu� j[� {rmuw 	Ow���qr��mnfr� j+�bmu���^v v6w�l	k-mu� j[mnk�mnf@J-w���l�muybf,� ��{^k-w�w��xj[��w��!��mul|{
�^m <�wxk-wxfYl�m�f@J-w���l�ybk>�^j[��# �^k-w��!�|q^k-w(jOk-w ��l|qr�^muw��'� � q^k-�Ow ��ybfYl|k-yOo 	bmnj!�rmnf^jOk-�ij[mnk=m�f@J-w���l�muybf�mu�
j�� {rmuw 	Ow��imnf j�o�o�l|{^k w�w(�xj[��w��0� � mnv6qroul|jOfrw�ybqr�J��l|j[ouo jOfr���|q^k-�Yw(��ybfOl	k-yOo�mu��j�� {rmuw 	Ow�� z�ybk=lO��y
y�z l	{rw �xj[�!w��x�D�^qrl6mu� fryOl~j[��{rmuw 	Ow�� zQybk(l|{rw o�y+��w���l6jOqrl|{rybk-mul-�H�xj[��w�� �J{rm��6mu� ��ybfr�!m��!l�wxfOl
�Jm�l	{"�^k w 	bmuybqr��k-w��	qro�l!� z�ybkJ��ybfYl|k-yOo/y[z���l|j[ouoQ��mul|{Hj+�rm��!� v v w�l|k-mu� j[mnk m�f@J-w���l�muybf �Jm�l	{rybqrl#j
�rouwxfrq^v j�l�l|j[��{rw��'�

LJybf�� j=�bmu���^v v6w�l|k m��6j[mnk�mnf@JZw���l!m�yrfi��ybfYl|k-yOo4y[z9��l|j[ouo�jOfr�i�|q^k-�Yw(m��(j[ou��y �!l|qr�^muw��'����{^k-w�w
w��rmu��l�mnfr����ybfOl	k-yOo�j�o��Yybk-mul|{^v6��zQybq^fr��m�f�oumul�wxk�j�l|q^k-w~jYk-w�v6yr�^w�o�w��HjOfr� jOf^j[ou����w��'��� l|{^k-w�w��
�!l|j[l�w v6yr�^w�o�mu�iy)�rl|j�m�frw�� z�yrk6wxj[��{ j[ou�Oybk m�l	{^v.��p�ybk l ��y �xj���w��x�=��ybfr�^mul�muybfr��z�yrk oumnfrwxjOk
�!l|j��rmuoum�l-� jOfr�P�rm�z q^k �xj[l�muybfH�xk-mul�mu�xj[oumul-� ybf���ybfYl|k-yOoDy[z k-yYl|j[l�mnfr�i��l|j�o�o9jOk-w6�^wxk-m�	Ow�� jOfr�Hw�� �
�^k w�����w�� mnf l�wxk�v6��y�z�m�v �ro�wxv wxfOl|j�l�muybf��bybk-muwxfYl�w�� 	 jOk m�jN�ro�w��(�	qr� {ij[�(frq^v�� wxk�y�z�mnf@J-w���l�ybk-�0�
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�^j[�!��w��~j[mnk'mnfOl!y l|{rw ��yrv��^qr�!l�ybk�� p�qrw�o�mu�~j[�^�^w�� l�y"jYfr� ji��{rwxv6mu�xj[o�k-wxj[��l�muybf m�frmul�mnj[l!w��
mnfil	{rw(��ybv!�^qr��l�muybf���{^jOv!�^wxk���jYfr�il|{rw(w�� �^jYfr�^w��"j[mnk�mu��l|{rwxf�qr��w��il�y ��k m 	Yw(l|{rw(l|q^k��rmnfrw
��{rmu��{H�^k-y�	bmu�^w�� l|{rw~� y���wxk z�yrk�l|{rw~j�m�k �xk�j�zQl�jOfr� l	{rw���ybv �^k w�����ybk�����{rw �^y+��wxk�k-w��^qrmnk-w��
l�y ��k-m�	OwHl|{rwH��ybv �^k w�����ybk mu�io�y+��wxk�l|{^jOf l|{^j[l�w��bl	k�j[��l�w�� z�k-ybv l|{rwHl|q^k �rm�frwO�(jOfr��l|{rw
�^m <�wxk-wxfr��wH�Om�	Ow�� k-mu��w�l�y l|{^k!qr��l6zQybk6l|{rw j[mnk-�xk!j�z�l � ����{rw k�j[l!m�y�y[z#l	{rw"�^k-w����	q^k-w j[l l|{rw
��ybv �^k-w�����ybk ybqrl�ouw�l�l!y l|{^j[l�j�l�l|{rw�mnfrouw�l(mu�(�^w	s�frw��Hl�y;�^w'l|{rw���yrv �^k-w�����muybf�k�j[l�muy ��� � � �
� yrv �^k-w�����yrk-�U�Jm�l	{iouy+����ybv �^k-w����!m�yrf"k!j[l�muyO� � ��ouyO�!w~l!y � � jOk-w'y[zQl�wxf k-w	zQwxk�k-w��Hl�y�j[���!o�y+�
�|� w�w��	� ��yrv �^k-w�����yrk-��mnf.��{rmu��{il|{rw�j�m�k �|�^w�w��Hmu��l-� �rmu�xj[ouou� �	q$�r��ybfrmu���

� ��mnv �roum�s�w�� 	Ywxk-��muybf�y[z�l|{rw�j[mnk-�xk!j�z�l�wxfr�Omnfrw(�^w���mu�bfi�^k yb��w���q^k-w'mu� �^w��!�xk-m �^w��Hmnf?% j�l
�
l�mnfr�Oou� w�l j[oW� 2 )87 5 �"} w�� qrmnk-wxv6wxfYl����|qr��{ j[�6��ybk!k-w���l�w�� v j[��� 
�y��'�9l|{^k�qr��l���jYfr� �|� w���m�s��
z�qrw�o���ybfr�	q^v �rl�muybf�y[z�l|{rw wxfr�Omnfrw�
Oj[mnk-�xk!j�z�l6jOk-w �	�^w���m�s�w��'�"�J{rw �^w���mu�bf �^yOmnfYl�� � jOfr� l|{rw
jO�^�^k yb�^k-mnj[l�w'l|{rwxk�v6yr�^� f^jYv6mu�~���r��ouw��|� y[z9l|{rw6��ybv �^k-w��!��ybk��^��yrv��^qr�!l�ybk���jYfr� l|q^k��rmnfrw jOk-w
l|{rwxf �|� w���mts�w��Hmnf ybk-�^wxk=l�y(z�qro�s�ouo�k-w��^qrmnk-wxv6wxfYl���y[z l|{rw wxfr�Omnfrw�� � < �b�^w���mu�bfi� wxkgzQybk�v jOfr��w
jOf^j�o��r��mu�6mu���xjOk�k m�w���ybqrl�l�y �^k y 	rmu�^w q^�^��j�l�w��(zQybk l|{rw �^w�l	j[muo�w�� �^w��!m��rfH��l|j[�Yw��6��zQl�wxk �^w �
l|j�m�ouw����^w���mu�bfr��y�z�l|{rw'��ybv � ybfrwxfOl!��jOk-w�j 	 j�m�onj��rouwO�4l|{rw~�^k yOl�yOl-�^�^w m�� l|{rwxfiv jYfbqYz�j[��l|q^k-w��
jOfr� l�w���l!w��'�ip�q^k-l	{rwxk�v6yr�^m�s��xj[l�muybfr� jOk w �|�^w���m�s�w���j�z�l!wxk l|{rw �^k yOl�yOl-�^�^w mu�6l�w���l�w����9jOfr�
l|{rw �^w���mu�bf��bl�w���l'ouybyb��mu��mul�wxk�j�l�w�� q^fYl�muo�l|{rw k w��|qroul��~jOk w �|j[l�mu�-z�j[��l�yrk-��� ��{rw6s�f^j[o=�^w���mu�bf
����{rwxv j[l!m���� jYk-wHl|{rwxf�qr��w���m�f �^k-yb��qr��l!m�yrf���z�k-ybv ��{rmu��{ z�w�w��C�^j��B# m��i�^wxk m 	Yw���z�yrk l|{rw
�xq^k�k wxfOl�yrk�frw��blJ�Owxfrwxk�j[l�muybf�y�z�l|{rw'wxfr�Omnfrw � �!w�w(p9m��rq^k-w � ���O���

��zQl�wxkDl|{rw �^w���mu�bf yb�^wxk�j�l�mnfr�~�^yYm�fYl�y�z/j���ybv �^k-w��!��ybkDmu���|�^w���m�s�w�����j��^w�l|j[muouw��i�^w���mu�bf mu�
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frw�w��^w��'����mnk-�xk�j z�lDwxfr�Omnfrw�� jOk w w��^�^yY��w��6l�y#j"�Jm��^w 	 jOk-muw�l-�(y[z��^m��!l|q^k��^jOfr��w��x�T�^yOl	{�mnfYl�wxk�f^j[o
jYfr� w��bl!wxk�f^j[o=2 )O� 5 �9� k�j��^m�l!m�yrf^j[ouo��O� l|{rw��^mu��l|q^k��^jYfr��w�� jYk-w��xj[l�w��Yybk-m ��w�� jYfr� ��m ��w�� mnf l�wxk�v6�
y�z)��yrv �^k-w�����yrk9�^wxkgzQybk�v jYfr��w 	 jOk m�jN�ro�w��J�|qr� { j[����ybk!k-w���l�w�� v j����A
�y+� jYfr� �^k-w����|q^k w#k�j�l�muyC�
�J{rw���w�w�ouwxv6wxfYl���jOk-w�l|{rwxf ��ybv!�rm�frw�� j��^�^m�l!m 	Yw�o�� l�y��Om�	OwJl|{rw���l|j�o�o 
[�	q^k-�Ow(v jOk-�Omnf k w�� qrmnk-w �
v wxfOl����^z�k-ybv � {rm���{�l|{rw �^wxj�#i� wxkgzQybk�v jOfr��w6y[z�l	{rw���ybv �^k w�����ybkJmu�(�^wxk-m�	Ow��'� � �rm���l!ybk-mnj[o
	rmuw�� y[z�l|{rw��xj[l!w��Oybk-m �xj[l�muybf jOfr� ��m ��mnfr�6y[z�l|{rw��!w�w�ouwxv6wxfOl!� jOk-wJ�|q^v v jOk m ��w�� m�f p9mu�bq^k-w � � �
� {rm���{�mu����ybv w�l�mnv6w���k-w	zQwxk�k-w�� l!y j[�#j��!l|j��rmuoum�l-����l|j[��#@2*)O� 5 �(�(w�l	j[muo�w��H�^w���mu�bf �bqrmu�^w�o�mnfrw��
�	qr� {Hj[��frq^v!�^wxk(y�z ��l|j��Ow��x�,�ro�j��^w��x� jOfr��w�� ��muwxfr��� jOk-w'l|{rwxfH�^wxk-m�	Ow�� j�����ybk-�^mnfr� l�yil	{rw
k w�� qrmnk-wxv6wxfYl��0�

egf k-w���wxjYk-� { z j���m�oumul�muw��x�9jOf�jO�^�^k-y+�bmnv j�l�muybf�y[z jOfiwxfr�Ym�frw m��(y�z�l�wxfHqr��w�� � p9mu�bq^k w � � 
r���
� l|{^k yOl�l�ouw mu��l-�^�rmu�xj[ouo�� qr��w�� j[��l	{rw ouybj[� y[z�l|{rw ���b�!l�wxv ��{rmu��{ ��yrfOl|k yOou��l|{rw �^k w����|q^k-w
k m��!w j[�xk-yO�!��l|{rw6���r��l�wxv4��� �ro�wxfrq^v7mnfr��wxk-l�w��	� w�lO� w�wxf l|{rw6��ybv �^k-w����!ybk ybqrl�ouw�l�jOfr� l	{rw
l	{^k-yOl�l�ouwi��mnv6qronj[l�w�� j���ybv!�^qr��l�muybf � {^jOv!� wxk 	OyYo�q^v w"jOfr��j[ouo�y+���imnf 	Ow���l�mu�bj�l�muybf y[z�l	{rw
w <�w���l��(y�z ��yrv �roum�jYfr��w�� �J{rw �^k-w����|q^k w k�j[l�muy�m��'y[zQl�wxf k-wx�ronj[��w��&�O����mnv �rou� l|{rw �^k w����|q^k-w
k m��!w j[�xk-yO�!��l|{rw ��yrv �^k-w�����yrk�� jOfr����ybk�k-w���l�w�� v j[����
�y+� �Y� j+�rm�j�o 	Ow�ouyr��m�l-� j[l'l|{rw k-yOl!ybk
z�j[��w����J{rw���w��^q^jOfYl�mul�muw��#jOk w�frybfr�^mnv6wxfr��muybf^j[oum ��w�� �!y l|{^j[l��^m <�wxk-wxfOl ��ybv �^k w�����ybk-�J�xjOf.�^w
��yrv �^jOk-w��iybf�l	{rw��|jOv w �^j[��mu�0����{rw�
�y+� ��ybw�����m�wxfYl 	 �  �� ' � mu���^w	s�frw�� j[��l	{rw�j+�bmnj[o
	Yw�o�yr��mul-�  �� j�l�l|{rw ��ybv �^k-w��!��ybkDz�j[��w(frybfr�^mnv6wxfr��muybf^j[oum ��w��	�Y�6l|{rw#v wxjOf�� {rw�w�o��	�^w�w�� � �jYfr� �^k-w����|q^k w k-mu��w���yrw�� ��muwxfOl ( �
	�J ' , � . l|{rw l�yOl	j[o �bl�y��b�!l|j[l�mu� �^k-w����|q^k w k-mu��wij[�xk-yO���l	{rw ��ybv �^k-w��!��ybk�	1J frybfr�^mnv6wxfr�!m�yrf^j[oum ��w��M�O��l|{rw �^wxfr��mul-� y[z�j[mnk , jOfr� l|{rw �!� q^jOk w y[z
l	{rw�v6wxjOf?��{rw�w�oD�|�^w�w��'�
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Surge:    large axisymmetric oscillation of flow

Stall:      non-axisymmetric flow disturbance
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1. Attached boundary layer

2. Rear separation

3. Leading-edge separation

Lift
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inviscid flow
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angle-of-attack
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� �Owxfrwxk�j[or�^w����xk-mn�rl�muybf~z�ybkDk-yOl	j[l�mnfr���!l|j[ouobmu��j(frybf��^j+�bmu���^v v6w�l	k-mu�9
�y+� �^wxk-l	q^k��^j[l�muybf'l|{^j[l
l	k�j 	Ow�ou��jOk-ybq^fr�il	{rw~jOf^frqronqr��y[z�j6��ybv �^k-w�����ybk ��jOfr� �	q^k-�Ow�k-wx�^k-w��!wxfOl�� j onjOk-�Yw�j+�bmnj[oL
�y��
yY����muo�onj[l!m�yrf,��p9mu�bq^k-w � �*('�|{ry+����l	{rw(m�fr�!l|j��rmuoum�l!m�w��6�rmu��l�ybk-mnj[ouou���

} yOl|j[l�mnfr�H��l|j�o�o�mnf���ybv �^k-w����!ybk-�6mu� k w�o�j�l�w�� l!y"l	{rw j[wxk y[z�yYm�o=��l|j[ouo��^{rwxfrybv6wxfrybf,� � f
j�wxk-y[zQyOmuo������!l|j[ouo(yb���xq^k � � {rwxf j �xk-mul�mu�xj[o~jYfr�Oouw��by[z � j[l�l|j��B# mu� k-wxj[��{rw�� j[l.��{rmu��{ �^yYm�fYl
�!wx�^jOk�j[l�muybf�yr���xq^k-�0����{rw6j[wxk-y[zQyOmuo��|qN<�wxk-��j��^wxkgzQybk�v jYfr��w(o�yY����mnf l�wxk�v6��y�z�j6�^w��xk wxj[��w�mnf
oum�zQl#jOfr�HjOfimnfr�xk-wxj���w6m�f���k�j��C��p9mu�bq^k w � �*) �|{ry+����j��rm���l	q^k-wO�4z�yrq^fr� mnf�8��q � {rwxv jYf^fY2 � � 5Z�
y�z�ouwxj[�^mnfr�"jYfr� l|k�j�m�oumnfr�iw��^�Ow'��l|j[ouo�ybf�jOf j�wxk-y[zQyOmuo jOfr� l	{rw���ybk�k w��|�^ybfr�^mnfr�ioum�z�l(�xq^k 	Ow~j[�
j~z q^fr��l�muybf y[z�jOfr�Yo�w��ry[z �^j[l�l|j[��#:�

p4ybk��xj[�!�xj[�^w���y[z �ronj[�^w�� mnfi��ybv �^k-w�����ybk �x�^j���yrv �^k-w�����yrk�� {^jYk�j[��l�wxk-mu��l!m��(�xq^k 	Ow � ��ybv w �
l!m�v w�� k-w	zQwxk�k-w���l!y�j[� j��	�^w�w��6oum�frwx�/mu��qr�!w���l�y���{^jOk�j���l�wxk-m ��w�l|{rw9�!l�wxj[�^���b��l|j[l!w��^wxkgzQybk�v jYfr��w
y�z ji��yrv �^k-w�����muybf ���b�!l�wxv.� �J{rw �^k-w���wxfr��w�y[z k yOl|j[l�mnfr�i��l	j[ouo�mnf j+�rmnj[oA
�y+����ybv �^k w�����ybk-�
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y[zQl�wxf�ouwxj[�^� l�y j {Y�r��l�wxk-w���mu� w <�w���l � p9mu�bq^k-w � � �O���D� ��l|{rw 
�y�� � k�j[l�w mu�#k w���qr��w�����l|{rw 
�y+�
�^mu��l|q^k �^jOfr��w(mnf�l|{rw����r��l�wxv@�bk-y+����j�� l	{rw#�^k-w��!�|q^k-w(k-mu��w�mu��mnfr�xk-wxj[��w�� � �^j[l|{ � ���)� {rwxf l|{rw
���r��l�wxv<jY�^�^k-ybj[��{rw���l	{rw~�!l|j[ouo�� yOmnfOl � �^yYm�fYl(�(����l	{rw �^k w����|q^k-w k-mu��w6��k-yb�r��jN�^k�q^�rl�ou�O� jOfr�
l|{rw6���r��l�wxv �Yybw�� mnfOl�yi�!l|j[ouo � �^yYm�fYl A����4mtz�l|{rw 
�y+�	� k!j[l�w(mu��l|{rwxf�mnfr�xk-wxj[�!w�����l|{rw6���r��l�wxv
�^yrw��#fryYl J q^v ���^j[��#�l�y � yOmnfOl � �^qrlJzQyOouo�y+���(�^j[l|{i� ��jOfr� w 	YwxfOl|q^j�o�ou���Oybw��Jybqrl�y[z���l	j[ouo
jOfr�!J-yOmnfr�(�^j[l|{ � �

� q^k-�Ow��xjYf�yr���xq^k/m�f'��w 	Ywxk�j[oT� j��r�0��}�w���wxjYk-� {rwxk �;2 � ( 5 �	�^w��xqronj[l�w�l	{^j[l�ybfrw�y[z��|qr��{/��j��r�
mu�(l|{^k-yrqr�b{�l|{rw~�^k-w��!wxfr��w y[z k-yOl	j[l�mnfr� �!l|j[ouoW�(��q^k-mnfr�i��l�wxj[�^��yb�^wxk!j[l�muybf��4l|{rw �^k-w����|q^k-w6mnf
l|{rw'ybqrl�ouw�l���qr��l mu��l|{rw'�|jOv6w�j���l|{^j[l�mnf l|{rw~�rouwxfrq^v.�>R {rwxfil|{rw'���b�!l�wxv mu���!l|j[ououw�����l|{rw
�^k-w��!�|q^k-w�mnf�l|{rw'ybqrl�ouw�l���qr��l��	qr�^�^wxfro����^w��xk-wxj[��w��@����{rw�k-w��|qroul�mnfr�i�^m <�wxk-wxfr��w�mnf��^k-w����|q^k-w
�xjOqr�!w�� l|{rwij[mnk�l!y8
�y+� �^j[�B# z�k-ybv<l	{rw �rouwxfrq^v?q^��mnfOl�y�l|{rw yrqrl�ouw�l~��qr��l@�H��� l	{rw j[mnk
mu�(l|k�j 	Ow�oumnfr�.�^j[�B#N��jOk-�^�x� l|{rw6���b�!l�wxv��Yybw�� ybqrl y[z��!l|j[ouoQ��jOfr�Hl|{rw~�^k-w��!�|q^k-w6mnf l	{rw�ybqrl�ouw�l
��qr��l�mu��l|{bqr��mnfr�xk-wxj[�!w����^j[�B#'l�y'l|{rw ybk-mu�Omnf^j[o�ouw 	Ow�oQ��{rwxfr��w#�^qr�	{rm�fr� l|{rw#j�m�k>�^j[��#'mnfOl�y6l|{rw
�rouwxfrq^v.��� ��l	{rw#j[mnk=l|k�j 	Ow�ou�=m�fYl�y6l|{rw��rouwxfrq^vi�^l|{rw �^mu��l|q^k��^jYfr��w(m�f l|{rw#
�qrmu�i�bk-y+���9l�y!�^w
onjOk-�Yw�wxfrybqr�r{6zQybk9�!l|j[ouo�l�y'yb���xq^k � jYfr� l|{rw �^k-yb��w��!� k wx�^wxj[l���mul���w�o�z��Yz�ybk!v6mnfr� jYf6yO����muouonj[l�ybk-�
�y+� �Dp9mu�bq^k-w � �t�'�^mu�|�ronjx�r� l|{rw�mu�^wxj��rm���l!ybk-mnj[ouou���

����� � �J��������������� ����
�� ��$>A^2�2/&�
=2�*��-��.?0@:D������
 ��������
����!2

��qrw'l�y l|{rw��^k-w��!wxfr��w~y�z���ybv �^k-w�����ybk m�fr�!l|j��rmuoum�l!m�w�����wxfr�Omnfrw�wxk-�(y[zQl�wxf��^w���mu�bf���ybv �^k-w�����ybk �
qr��w��6mnf5JZw�l/wxfr�Omnfrw�� ��mul|{6j��|j�zQw�l-�#v jYk-�Omnf(l�y(j 	OyOmu�~� yO����m �rouw���l|j[ouo^jOfr���	q^k-�Ow � p9m��rq^k-w � � �O���
��{rmu�9v jOk-�Ym�f/� w�lO� w�wxf l	{rw���l|j�o�o 
[�	q^k-�Ow9mnfr��wx�rl�muybf6�^yOmnfYl�jYfr�(l|{rw�j[��l|q^j[oYyb�^wxk�j�l�mnfr���^yOmnfYl mu�
��{^jOk�j[��l!wxk-m ��w�� �Y� j6�!l|j��rmuoum�l-�i��l	j[�B#:�D��oul|{ryrqr�b{il|{rw�j���l|q^j[o�yb� wxk�j[l�mnfr� � yOmnfOl mu��frybk�v j[ouo��
�^w���mu�bfrw�� l�y {^j 	Ow jH{rm��r{ w�� ��muwxfr���O��l|{rwi��l	j[ouo 
��|q^k-�Ow v jYk-�Omnf k-wx�^k-w���wxfYl�� ��yrv �^k-w�����muybf
�xjO�^jN�rm�oumul-�O��jOfr� {rwxfr��w ��w�mu�b{Ylx�^l|{^j�l mu�(fryOl�qr��w��'�

����l�m�	Ow6��ybfYl|k-yYo y[z k yOl|j[l�mnfr����l|j[ouo�jOfr�H�|q^k �Ow6�xjOf�o�wxj��"l!y jOf�m�fr�xk wxj[��w6mnfHl|{rw6��l|j��rmuo �
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mul-�	
[yb�^wxk!j��rmuo�mul-�Hy[z j���ybv �^k w�����ybk j[�bj[mnfr��l 	 jYk-muybqr���^mu��l|q^k �^jOfr��w����|qr��{Hj[� l|{rwxk�v j[oDl|k�jYf �
�!m�wxfYl��x�rmnfrouw�l��^mu��l�ybk l�muybfr�x�bjYfr� � y���wxk�l|k�jOfr��muwxfYl��0�D� � j'k-w��|qroulx�^j'��ybv �^k-w��!��ybk �Jm�l	{ j[��l!m 	Yw
��yrfOl|k yOou�(�xjOf�yb�^wxk�j�l�w6��o�yY��wxk l�yil|{rw6�xq^k�k-wxfYl(��l|j�o�o 
[�	q^k-�Ow6oum�frwO�Dmnv �rou�rm�fr� jik-w���qr��l!m�yrfHy[z
l	{rw �!l|j[ouo 
[�|q^k-�Ow�v jYk-�Omnf!��mul|{rybqrl9��yrv �^k-ybv6mu��mnfr�'�|j�zQw�lZ��jYfr� 
[ybk9�^wxkZz�ybk!v jOfr��w���q^k-mnfr��ybf��
�^w��!m��rf yb� wxk�j[l�muybf,�Dp4ybk9jO�^�roumu�xj[l�muybfr��ybf ��ybv6w�j�m�k �xk�j�zQl�� � w�� �C�/��m�	bmuoumnjOfil|k!jOfr�|�^yrk-l��|�S��{rwxk-w
��yY��l�mu��mnv �^yrk-l|jOfYlx��j k w��b�^w���mu�bfiy�z�l|{rw(��yrv �^k-w�����yrk>��mul|{ij[��l�m�	Ow'��ybfYl|k-yOou����l	k�j[l�w��Omuw����xjYf
j�o�ouy+� l|{rwik-w���qr��l�muybf y[z�l	{rw ��l	j[ouo 
��|q^k-�Owiv jOk-�Ym�f�l�y �^w k-wxj[oum ��w�� mnf jHfbq^v!�^wxk'y[z"� j��r�
�	qr� {�j[�=z�w���wxk=fbq^v!�^wxk y[z���l|j[�Ow��%
��ronj[�^w����^wxk���l	j[�Ow�� �J{rw/� w�mu�b{Yl�k-w���qr��l�muybf �xjOf�l|{rwxf?�^w
l	k�jOfr��onj[l�w��HmnfYl�y � wxfrw	s�l��6�|qr� {�j[�(ouy���wxk l|jN#[w��by+< �rk-yO���/��w�mu�b{Yl�jOfr� ouy+� wxk �	�^w���m�s���z qrw�o
��yrfr�|q^v �rl�muybf,� p�yrk�yOl	{rwxk�j[mnk-�xk!j�z�l � w�� �:�=s��b{Ol!wxk�j[mnk-�xk!j�z�l	��jOfr����l|j[l!m�yrf^jOk-� �^y+��wxk �ro�jYfOl��
� {rwxk-w��^wxkZz�ybk!v jOfr��w�jOfr� �|j z�w�l-�~jYk-w�m�v �^ybk-l	jOfOl��[l|{rw�mnfr�xk-wxj[��w�����l|jN�rm�oumul-� 
�yb�^wxk�jN�rm�oumul-� �xjYf
�^k y 	rmu�^w�l|{rw j��rmuoumul-�~l!y#k�q^f6j[l9{rmu�b{rwxkD�xjO�^j[��mul-��yrk��|� w�w����bk-w��	qro�l!m�fr�(mnf6mnfr�xk-wxj���w�� �^yOmnfYl��9y[z
w�����m�wxfr���O�4{rm��r{rwxk��^wxkgzQybk�v jOfr��wO��jOfr� 
[yrk9��l|jN�rm�oumul-� 
�yb�^wxk�jN�rm�oumul-�iwxf^{^jOfr��wxv6wxfYl�mnfiv jOfrwxq �
	Ywxk-�0�D9G� jYv �rouw����xjOf!�^w z�ybq^fr�6mnf jJ��w�l9y[z�k-wx�^ybk l����^k wx�^jOk-w��;�Y�~h=k�j[l�l9jOfr�!R {rm�l	frw�� 2 
S) 5Z�
6�wxfrwxk�j[o$99ouw���l|k-mu� ��mnk-�xk!j�z�l 9�fr�Ym�frw�� 2t�O� 5Z�OjOfr�6� ouo�mu��yrf;6'j[��� q^k �rm�frw 2t� � 5^z�yrk�l|{rw�L j[l�muybf^j[o
�/w���{^frm��xj�o�e�fYzQybk�v j[l!m�yrf � wxk 	bmu��w6y[z�l|{rw I � � ���(wx�^jYk-l|v6wxfYl�y�z � ybv v6wxk ��w�ybf�jOf�w 	 j[onq^j �
l!m�yrfHy[z ��yrfOl|k yOo9��ybfr��wx�rl��6jO�^�roum�w�� l�yi�bj��(l|q^k��rmnfrw wxfr�Ym�frw�yb� wxk�j[l�muybfr��z�ybk/� yOl|{H��m�	rmuo�mnjOf
jYfr� v6muo�mul|jYk-� j[mnk-�xk�j�zQl��0�

%Hyr�^wxk�f��bj[��l|q^k �rm�frw'wxfr�Omnfrw��#{^j 	Ow ��wxk-l|j�m�f���yrfOl|k yOo�jOfr�i����{rw���qro�mnfr���xjO�^j��rmuoumul�muw�� 	bmnj
z�qrouo�jOqrl|{rybk m�l-�i�^mu�Omul|j[oDwxfr�Omnfrw ��ybfYl|k-yYo�ouwxk-� � p^��� 9 � � ���^� ��l�m�	Ow6��ybfYl|k-yOo�y�z k-yOl|j[l!m�fr����l|j�o�o
jYfr� �|q^k-�OwO�^{ry+��w 	Owxk��[mu����l�muouo�m�f�j6�^k-yry[z �ry[z �r��ybfr��wx�rl�
[w 	[j[onq^j[l�muybf6��l	j[�Ow�� � frw�y�z)l	{rw#v6yY��l



�

mnv � ybk-l|jOfYl mu���|qrw���mu� l	{rwi� {ryOmu��wHjOfr� j 	 j[muonj��rmuoum�l-� y[z#�!wxfr��ybk-� jYfr� j[��l|q^j[l�yrk-�0� � wxfr��mnfr�
mu� y[zQl�wxf��^m � �xqroul �Om�	Owxf l|{rw {rmu�b{rou� 	bm �^k�j[l!ybk-� jOfr� {ryO��l!m�ouw�wxf 	rmnk-ybf^v6wxfYl'z�ybq^fr� mnf �bj��
l|q^k �rm�frw��@�H9G�bmu��l�mnfr� j���l|q^j[l�muybf�v6w���{^jOfrmu�|v6��ybf���yrv �^k-w�����yrk-��jOk-w lZ�^�rmu�xj[ouou�io�y+��mnf.�^jOfr� �
��mu�^l|{ ��{rmuo�wi�^k-yb� yO��w�� j���l�m�	Ow ��ybfYl|k-yOoD����{rwxv6w��~jYk-w �|� w��xqro�j�l�w�� l!y k-w�� qrmnk-w�{rm��r{P�^jOfr� �
��mu�^l|{Hj[��l	q^j[l�ybk-� 2 �8) 5 ����{rw'm��!�|qrw6y[z v j[mnfYl�wxf^jOfr��w jOfr����w�mu�b{Yl�y�z�l|{rw j[��l	q^j[l�ybk-��mu��j[ou��y
mnv � ybk-l|jOfYl9z�k-ybv@j��^k�j���l�mu�xj[oum�l-�i�^yOmnfYl�y[z 	bmuw�� 2t� � �b�Y�^� 
S) 5 �D� ou��y��^k-w��^w���mu�bfrmnfr� jOf wxfr�Omnfrw
mu�~j ouybfr�"jYfr�"w��^�^wxfr�!m 	Yw �^k-yr��w����0�!(�wxfr��wO�/��y[zQl ��jOk w(� {^jOfr�Yw���jOk-w v6qr� {Hv6ybk w���w�ou��ybv6w
l|{^jYf {^jOk-�$��jOk w�ybfrw��@� e�z j {^jOk �$� jYk-w���{^jOfr�Ow'mu��mnv v6mnfrwxfYlx��k-w�l|k-y[s�l!l�mnfr� jOfiwxfr�Ym�frw!��mul|{
l|{rw ouwxj[��l�fbq^v!�^wxk=y[z�w�ouwxv6wxfYl���mu���Y�6z�jOkDl|{rw(v6yO��l��^k-w	zQwxk�j��rouwU��j���l!y�mnfr��ybk�� ybk�j[l�w(j[��l�m�	Ow
��ybfYl|k-yYo ��l	k�j[l�w��Omuw��0�'� ��jik-w��|qroulx��l	{rw~mu���	qrw y[z�fbq^v!� wxk(jOfr� jOqrl|{ryrk-mulZ��y[z j[��l|q^j�l�ybk-�x��yrk
v6yrk-w �Owxfrwxk�j�o�ou�O��j���l|q^j[l�ybk oumnv6mul��x�9frw�w��^�6l�y �^wij[�^��k-w�����w��'� ��j[onq^j��rouwil�yryOou�(zQybk ��ybfYl|k-yYo
y[z���ybv �^k-w��!��ybk mnfr��l|j��rmuoumul�muw�� l|{rqr��mnfr��onqr�^w mul�wxv ���|qr��{ j[���^k-w��^mu��l�m�	Ow�l�yryOou� z�yrk(j[��l|q^j[l�yrk
k-w��^qrmnk-wxv6wxfYl�jOfr� v6w�l	{ryb�^��l�y6ouy+� wxk=l|{rw��!w�k-w�� qrmnk-wxv wxfOl����^mnfij[�^�^mul�muybfil�y'��ybq^fr� v6yr�^w�ou�
jOfr�i��yrfOl|k yOo��^w���mu�bf,�

��{rw w <�w���l���y[z(l|{rw 	 jOk-muybqr��w�ouwxv6wxfYl��imnf l	{rw ��l|jN�rm�oumul-� ��l	j[�B# jOk-wHj[ou��y m�v �^ybk-l	jOfOl@�
� mnfr��wil|{rw v yOl�m�	 j[l!m�yrfHzQybk(mnv �rouwxv6wxfYl�mnfr� j[��l!m 	Yw ��ybfYl|k-yYo9��l|k�j[l!w��Omuw���mu�6l�yimnfr�xk-wxj[��wi��l	j �
�rmuoumulZ�	
[yb� wxk�j��rmuoumulZ��y[z l|{rw wxfr�Omnfrw(mnf�l|{rw(�^k-w���wxfr��w(y[z w�ouwxv6wxfYl���l	{^j[l�mnfr��qr��w�mnfr��l	j��rmuo�mul�muw��x�
��{^jOk�j[��l!wxk-m �xj[l�muybf y[z#jYfr� k-yT�^qr��l|frw����6y[z���yrfOl|k yOo���l	k�j[l�w��Omuw��!��mul|{ k-w��	�^w���l l�y�l|{rw���wiw�ouw �
v6wxfYl���jYk-w(mnv �^ybk l|jOfYl�mu���|qrw��0�

����� � 
�
 ������&�2�� ��
��

��{rw6�xq^k�k wxfOl ��l|j[l!w��by[z �bl|{rw�� jOk l j���l|q^j[l�ybk �#qr��w���zQybkJ��ybfOl	k-yOo�y[z k yOl|j[l�mnfr����l|j[ouo9jOfr�H�|q^k-�Ow
mnfr��onqr�^w j[��l|q^j�l�w�� mnfrouw�l(�bqrmu�^w 	 jOfrw�� � e 6 �(���C�rouw�w�� 	 j[o�	Ow�����j[mnkJmnf@JZw���l�muybf���jYfr�"��yrv��rmnf^j �
l�muybfr�6y[z�l|{rwxv4� �J{rw;��ybk�# mnf l|{rw��!w jOk wxj[�~{^j 	Ow;� w�wxf j ��ybv!�rmnf^j[l�muybf�y[z�w�� � wxk-mnv6wxfOl!�x�
��mnv6qronj[l�muybfr�x��j[�>��w�ouo j[��l|{rw�ybk-���Q%HyO��l�y[z9l|{rw(�^k-w 	rm�yrqr�U��ybk�#~z�yr�xqr��w���ybf �^wxv6ybfr�!l|k�j[l�muybf
y[z9��ybfYl|k-yOoW�

A�ouw�w�� 	 j�o 	Yw��im��ijOf w��bmu��l�mnfr� l�w�� {^fryYo�yY�O� ybf �xq^k!k-wxfOl��bj[� l|q^k��rmnfrwHwxfr�Omnfrw��0����{rw��
jOk w �^k-mnv jOk-muou� ouy�� �^jOfr�$��mu�^l|{�jOfr� qr��w�� z�ybk'��ybfYl|k-yYo y�z � ybq^fr��jOk-� onjx�Ywxk-�x�=��ybyOoumnfr� y[z
��ybv!�^qr��l!ybk�jOfr�(l|q^k �rm�frw�yb� wxk�j[l�muybfr�C2*)87 5Z��jOfr�~k-w��rqro�j�l�muybf(y[z^��ybv �^k w�����ybk'� wx{^j 	bmuybk/��q^k-mnfr�
wxfr�Omnfrw6��l|jYk-l � q^� . 2 ) � 5 �

%"yr�^w�oumnfr� jOfr�ij[��l�m�	Ow ��ybfOl	k-yOo�y�z/k yOl|j[l�mnfr�'��l|j[ouo�jOfr���|q^k-�Ow({^j[���^w�wxf�mnf 	Ow���l�mu�bj[l!w�� �Y�
j(frq^v!�^wxk9y�z)k-w���wxjYk-� {rwxk �0�D� ��mnv �roum�s�w�� v6yr�^w�oC��j[�D�^wxk-m�	Ow�� �Y� %Hyrybk-w�jOfr�;6'k-w�mul���wxkC2 � �r�
)8( 5 zQybk j ��ybv �^k-w�����muybfH�!�b��l!wxv�l|{^j�l�w��^{rm �rm�l!�~k-yOl	j[l�mnfr� �!l|j[ouo�jOfr� �	q^k-�Ow�� A�j[��w��Hybf�l|{rmu�
v6yr�^w�oQ� ��mnj0� jYfr� �7� w�� 2 (�
�5 jOfr�P8(k-��l�m
	�6w�l6j[oW� 2 
 � 5��^wxk-m�	Ow�� ��ybfOl	k-yOoDo�j@����qr�!m�fr�P�rouw�w��
	[j[o�	Ow��6zQybk6k-yOl|j[l!m�fr�H��l	j[ouo �&9 	Ow0#[wxk'w�l j[oW�C2t��
�5�mu� l|{rw�s�k ��l6�bk-ybq^��l�y k-wx�^yrk-l �|qr����w���� z qro
w��^�^wxk-mnv6wxfYl|j[o9mnv �rouwxv6wxfYl|j[l!m�yrfHy[z j?�rouw�w�� 	[j[o�	Ow6��ybfYl|k-yOououwxk�����{rw�mnk'k-w��|qroul��(mnfr�^mu�xj[l�w fry
�|q$�rl!o�w�l!m�w��(yrk v j+J-ybk=�^m ���xqro�l!m�w��@�

����mu�^w6z�k-ybv �rouw�w�� 	 j�o 	Yw��x� 	 jOk m�yrqr�(m�v �ro�wxv wxfOl|j�l�muybfr��y[z�j[mnk mnf@JZw���l�muybf"z�ybkJ��ybfYl|k-yOo/y[z
k-yYl|j[l�mnfr� ��l	j[ouo {^j 	Ow�j[ou��y;� w�wxf �!l|qr�^muw�� 2 
��A)b� � �^� � (r� �47^� �O�r� � � � � (r� � )�5O��e�f��^jOk-l�mu�xqronjOk��
A=wx{^f$#[wxfX2 
�5 jOfr��p�k-w�wxv jYfHw�l~j[oW� 2 �47�5 {^j 	Ow mnv �rouwxv6wxfYl�w�� j=�bmu���^v v6w�l|k m��ij[mnk(mnf@J-w���l�muybf
��mul|{ 	 jYk-muybqr�6m�f@J-w���l�muybf ��ybfYs��rq^k�j[l�muybf jOfr� y)�rl|j[mnfrw�� �|qr����w����6zQybk(��yrfOl|k yOo9y[z���l|j[ouoQ��jOfr�
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R�w�m��Yo�2 � ( 5��^k-w���wxfYl�w�� �!ybv6wi�^k-w�oum�v m�f^jYk-� ��ybk�# ybf �!m�v6qroul|jOfrw�yrqr� ��ybfYl|k-yYo y�z���l|j[ouo�jYfr�
�	q^k-�OwO�rl|{rybqr�b{?�Jm�l	{rybqrl��	qr����w����0�

� ��mu�^w z k-yrv jOf j=�bmu���^v v6w�l|k m�� m�v �ro�wxv wxfOl|j�l�muybf���j[mnk(mnf@J-w���l�muybf��xjOf j�o��!y �^w�qr��w�� mnf
j�frybf�� j=�bmu���^v v6w�l|k m���z j��|{rmuybf,�UA=wx{^f$#[wxf 2 
�5Z�,A=wx{^f$#[wxf�w�l#j[oW�!2*) 5Z�4��3 �#fr��k wxj6w�l#j�o �!2 � � 5Z�
��j��Y2 � (65-�'6(�r��oum�fr�HjOfr�	6'k-w�mul���wxk 2 �O� 5Z� �9yY2 � � 5Z�,R w�mu�Oo;2 � (65-�,R w�mu�Oo�w�l�j[oW� 2 � )65 {^j 	Ow6mnv �
�rouwxv6wxfYl�w�� frybf�� j+�rmu���^v v6w�l|k-mu� j�m�k'mnf@J-w���l�muybf mnf 	 jOk m�yrqr���^m <�wxk-wxfOl'zQybk�v6��jYfr� y)�rl|j[mnfrw��
�	qr����w�����z�yrk�w��bl�wxfr�^mnfr� ��l|j��rmuoumulZ� jOfr� 
�ybk yr�^wxk�j��rmuoumul-� y[z�l|{rw q^fr�^wxk-ou�rm�fr����ybv �^k-w�����muybf
�!�b��l!wxv6���^w��Oybfr��l|{rw�mnk�k w��|�^w���l�m�	Ow6frybv6mnf^j[o��!l|j[ouo�mnfr��wx�rl�muybfH�^yOmnfYl��0�

egf �^jOk-l!m��xqronjOk � �9yY2 � � 5Z�,R w�mu�Oo;2 � (65-��jOfr� R w�mu�Oo9w�l�j�o � 2 � ) 5�v jN#[w qr��w6y[z {rmu�b{P�^jOfr� �
�Jm��^l	{����^k yb�^ybk l�muybf^j[oQ�9v6yOl�ybk �b��k-m�	Owxf 	 j[o�	Ow��6l�y�w��bwxk l��rm �b�^mnk-w���l�muybf^j[o�{^jOk!v6ybfrmu� ��yrfOl|k yOo
zQybk�k-yOl	j[l�mnfr�6��l|j[ouoW� �J{rw�j[��l|q^j[l�muybf�w��!��wxfOl!m�j�o�ou� ���xjYfr��w�o���� l|{rw(��l|j�o�o/��w�o�o9jOfr�iw��rl�wxfr�^��oumnf �
wxjYk���l|j��rmuoumul-������{rw~jOf^j�o��r��mu��jOfr����� fYl|{rw���mu�(v6w�l|{ryr�^��zQybq^fr��m�f �9y 2 � � 5Z�$R w�mu�Oo32 � (�5Z��jYfr�
R�w�m��Yo�w�l�j[oW��2 � )659j[����yr��mnj[l�w��.��mul|{ l|{rmu��jO�^�^k-ybj�� {ijOk w��^k-mnv jOk-muou� oumnfrwxjOk�� � ybv6w(w <�ybk-l!� mnf
v yb�^w�oumnfr� {^j 	YwU�^w�wxf �xjOk�k-muw�� yrqrlH�Y��6(�r��oumnfr� jOfr�;6�k w�m�l ��wxk;2 �O� 5Z�Ymnf���{rmu��{6l|{rw�v j[��� jYfr�
v ybv6wxfYl|q^v@w <)w���l!��y[z�j[mnk�mnf@JZw���l�muybfHjOk w(l|j�#[wxf�mnfYl�y j[����ybq^fYl�mnf j o�mnfrwxjOkJ��ybfYl�w��rl0�

egf	A=wx{^f$#[wxf#2 
�5-� A=wx{^f$#[wxf�w�l~j�o ��2*)�5Z�DjOfr� ��3 �#fr��k wxjiw�l~j�o ��2 � � 5Z�9{rmu�b{V�^jOfr�$��mu�^l|{��
�rmnf^jOk �O� �!yOouwxfryOmu� �b��k-m�	Owxf 	 j[o�	Ow�� jOk-w qr��w���l�yimnv �rouwxv6wxfOl�j��^m��!�xk-w�l�wO�9frybfroumnfrwxjOk��9�^qrou��w��
j�o��Yybk-mul|{^v z�yrk(��ybfYl|k-yOo=y[z���l|j[ouoW� e�f�l|{rmu� �xj[�!wO� l	{rw frybv m�f^j�o�ou� {Y�b�!l�wxk-w�l�mu�O�9j��^k�q^�rl6��l|j�o�o
� wx{^j 	bmuybk mu�(��{^jOfr�Ow�� l�yi�^k-yO�rk-w�����m�	Ow'��l|j[ouo ��mul|{Hfry {Y�b��l!wxk-w���mu�x��mW� w���yb� wxk�j��rmuoum�l-�P�^qrl������
�!l|j��rmuoum�l-�O�Jm���w��rl�wxfr�^w��'� ��{rwHjOf^j[ou�r��mu� jO�^�^k ybj[��{ j[�6zQybq^fr� m�fMA=wx{^f$#[wxf$2 
�5Z��A=wx{^f$#[wxf
w�l�j�o ��2*) 5Z��jOfr� ��3 �#fr��k-wxj�w�l�j�o ��2 � � 5�mu���rm�z�q^k-�xj[l�muybf��bl	{rw�ybk-w�l�mu� 	rmnj j�ouy+�	�bybk-�^wxk(v yb�^w�oW�
� mnv6muonjOk�l�y 6(�r��oumnfr�~jOfr��6�k w�m�l ��wxkC2 �O� 5Z�[l|{rw�v j[�!��jOfr� v6ybv6wxfYl|q^v w <�w���l��Dy[z)j[mnkDmnf@J-w���l�muybf
jYk-w6l|j�#[wxfHmnfYl�y"j�����ybq^fOl(mnfVA=wx{^f$#[wxf 2 
�5��^qrl�mnf jifrybfroum�frwxjYk6��ybfYl�w��bl@�6�#f j�l�l�wxv �rl(l�y
j�����ybq^fOl z�ybk=l|{rw'��ybv �^k-w��!��ybk��^wxkgzQybk�v jOfr��w���{^jOfr�Ow(��qrw'l�y j[mnk�mnf@JZw���l�muybf�mu�(j[ou��y v j[�^w��

�J{rw qroul�mnv j�l�w k-yYo�w�y[z�j[��l�m�	Ow=��ybfYl|k-yOoOmu�9l�yJm�v �^k-y�	Ow�l|{rw=yb�^wxk!j��rmuo�mul-�6y[z^l|{rw���ybv �^k-w�����ybk
mnf6l	{rw yr���xj[��muybf^j�o��^k-w���wxfr��w y[z��^mu��l|q^k��^jOfr��w���l|{^j�l�v j��6k-wxfr�^wxkDl|{rw���ybv �^k-w�����ybk � jOfr� l|{bqr�
l	{rw(wxfr�OmnfrwO��mnfryb� wxk�j��rouw�� � frw��|qr��{�w��^jOv �rouw�mu� m�frouw�l(�^mu��l|q^k �^jOfr��w��0�

9G�bl!wxk�f^j[o^l�yOl	j[o �^k w����|q^k-w��^mu��l	q^k��^jOfr��w���j[l9l|{rw���ybv �^k w�����ybk�m�frouw�l=��ybv �^k-mu��w y[z)j(v j+J-ybk
� ybk-l�muybf�y[z�l|{rw��|q^k-�Yw�l�yOouwxk�jYfr��w v jOk-�Omnf(y�z�j[wxk-yrwxfr�Omnfrw���j[� �^wx�rmu��l�w�� m�f'p9mu�bq^k-w � � �$����{rwxk-w
jYk-w6l|{^k-w�w v j�m�f ��ybq^k-��w��(y[z�mnfrouw�l6�^m��!l|q^k��^jOfr��w����'�ro�jYf^jOk/��j 	Ow��x����l	j[l�mu�6�^m��!l�ybk-l�muybfr����jYfr�
k yOl|j[l�mnfr�i�^mu��l�yrk-l�muybfr�0� � m�fr��w j��!m��rfrmts��xjYfOl �^yrk-l�muybf�y[z l|{rw �|q^k-�Ow v jOk-�OmnfHmu���^w 	YyOl�w�� l�y
j 	OyYm��^mnfr� ��l|j[ouo(jOfr���|q^k-�Ow�y[z�wxfr�Omnfrw�� ��qrwHl�y��^m��!l�ybk-l�muybfr����l|{rw��|q$�TJ-w���liy[z�l|{rw w <�w���l��
y�z#mnfrouw�li�^mu��l|q^k��^jOfr��w�� jYfr� ��{^jOk�j[��l�wxk m �xj�l�muybf l|{rwxk w�y[z~{^j[� f^j[l	q^k�j[ouou� k-w���w�m�	Ow�� jHouyOl�y[z
j�l�l�wxfYl�muybf y�	Owxk l|{rw(�OwxjOk-�@�

��jYk-muybqr��j[�|� w���l���y[z l|{rw w <�w���l���y[z ��l	j[l�mu�#jYfr� k-yOl|j[l!m�fr�'l�yOl|j�o��^k-w����	q^k-w��^mu��l!ybk-l�muybfr��yrf
j=�bmnj[oD��ybv �^k-w��!��ybk-�({^j 	Ow��^w�wxfH��l	qr�^m�w��V�O� k-w��!wxjOk-��{ �rk-ybq^�r� m�f l|{rw �^j[��lx�4mnfr��o�qr�^mnfr�	�^qrl
fryYl(o�mnv6mul�w�� l�y ��qr�xj[�'w�l�j[oW� 2*(O� 5Z��l|{rw � �/9 � � � ) ��ybv v6mul�l�w�wD2t� � ���O��5-� � {bqrw6w�l�j[oW� 2 � 5Z�
(J�^frw���w�l�j[oW��2 
V(65-� ��ybfr�Oouw�� jOfr��6'k-w�mul���wxk 2*(4)65-� ��ybfr�Oouw��iw�l�j�o ��2*( � 5Z�$6�k-w�mul���wxk w�l�j[oW��2 �8) 5Z�
� l!wxf^frm�fr�Y2��O� 5Z��jOfr��% j ���xj0�J� 2*) � 5 � � ybv6w6k-w��|qroul��Jz�ybk ��ybfOl	k-yOo�mnfil	{rw~�^k-w���wxfr��w6y[z9��l|j�l�mu�
�^mu��l!ybk-l�muybfi{^j 	Ow � w�wxf j[��{rmuw 	Ow�� �Y� � � {^j�o2#N���$# w�l j[oW��2 �^� 5 jOfr� � �^j�#[y�	r���0#O� w�l�j[oW�=2�� � 5 �

����� � ������
�� � &(������� ��� � &(
�
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�J{rw���ybk #i�^w����xk-m � w�� mnfHl|{rmu�'l|{rw���mu�(��wxk
	Ow��(l!y �^k-y�	bmu�^w j.� w�l�l�wxk(q^fr�^wxk-��l	jOfr�^mnfr� ybfHl	{rw
v yb�^w�oumnfr��� qr�	j[�OwO��jOfr�H�|q$�rl�ouw�l�muw��'y[zH�rouw�w�� 	[j[o�	Ow jOfr� j[mnk m�f@J-w���l�muybf���ybfYl|k-yOo�y�z k-yOl	j[l�mnfr�



� 7

��l	j[ouo�jOfr���|q^k-�Ow��=}�y)�^qr��l|frw��!� y�z/fryrf�� j+�rm��!� v v w�l|k-mu��j[mnk=m�f@J-w���l�muybf�l�y'��l|j[l!m�� �^mu��l�ybk l�muybf mu�
j[ou��y w�� �rouybk-w��'�

9 	Ow0#[wxk=w�l(j[oW��2t��
�5 mu��l	{rw(s�k-��l��bk ybq^��l�y k-wx� ybk-l��	qr����w����-z�qro�w�� � wxk-mnv6wxfYl|j[oDm�v �ro�wxv wxf �
l|j�l�muybf�y[z j.�rouw�w�� 	[j[o�	Ow6��ybfOl	k-yOououwxk��~egf �^jOk-l!m��xqronjOk ��l|{rw��rouw�w�� 	 j�o 	Yw j[��l|q^j[l!m�yrf"v w�l|{ryb�
l�w��!l�w��P�O� 9 	Ow0#[wxk w�l�j�o � 2���
�5�wxv �rouy �r��ji�8(.( � � z qrouo9yb� wxf	
�z�qro�o=��ouyO��wx�/�rouw�w�� 	[j[o�	Ow jOfr�
k-wx� ybk-l�� k-w��|qroul���ybf�j'��ybv �^k-w����!ybk�j[l�k-yOl!ybk�z k-w��^qrwxfr��muw�� �^w�lO��w�wxfi�O�$�*(6jOfr�H�8)$� �!( ���9p�yrk
mnfr��qr��l|k m�j�o jY�^�ro�mu�xj[l!m�yrfr�;��{rwxk w l|{rw ��ybv �^k-w����!ybk-�~v jx�P� w ��mu�bfrm�s��xjOfYl�ou� v6ybk w �^y+��wxkgz�qro
� {rmu�b{rwxk 
�y+� jOfr�"�^k-w��!�|q^k-w�k-mu��wO��{rmu�b{rwxk k-yOl!ybk�z k-w��^qrwxfr���O�4w�l����t�'l|{^jOfik-w��!wxjOk-��{���ybv �^k-w��
�
��yrk-�x�^y)�r�!l|j[��ouw����|qr��{ j[�J��ybfOl	k-yOo�j[��l|q^j[l!ybk�v j[�rfrm�l	qr�^w~jOfr� k�j�l�w(�|j[l|q^k!j[l�muybf��xjOf.� w���ybv6w
�xk�qr��mnj[o9mnf�l|{rw���w6j[��l�m�	Ow6��ybfYl|k-yOo�v6w�l	{ryb�^�0� ��yryOou�(l|{^j[l �^k-w��^mu��l~jOfr�Hk-w���qr��w6l|{rw~k�j�l�w~k-w �
�^qrmnk-wxv6wxfYl���y�z�j[��l	q^j[l�ybk-�=zQybk��^q^k��^yY��w���y�z���ybfYl|k-yYo�y�z�k-yYl|j[l�mnfr�6��l|j[ouo�mnf ��ybv �^k-w����!ybk-���xjOf
� w 	[j[onq^j��rouw mnf��^w���mu�bfrmnfr�"j���l|q^j[l�ybk ��jOfr�H��mnk-�xq^v 	OwxfOl!m�fr� � yO����m �rouw j[��l	q^j[l�ybk v j[�bfrmul|qr�^w
jOfr� k!j[l�w(oumnv6mul|j[l�muybfr�(l|{^j�l v jx�i�^k-w 	OwxfYl��|qr����w��!�-z qroDj[��l�m�	Ow(��ybfYl|k-yOo�mnv �rouwxv6wxfYl|j[l�muybfr�@�

��{rw(�Oybj[ou��y[z l	{rw �ro�w�w�� 	 j[o�	Ow'��l|qr�^�ijOk-w l�y6�^wxv6ybfr��l	k�j[l�w ��ybfYl|k-yOo�y[z �!l|j[ouo�jOfr�i�|q^k-�Ow
jOfr�Hmnf 	Ow���l�mu�bj[l!w~l	{rw�w <�w���l��(y[z j[��l	q^j[l�ybk�oumnv6mul��0�6��{rw�ybk w�l�mu�xj[o�jYfr�"�!m�v6qronj[l�muybf l�ybyYo��(jOk-w
�^w 	Ow�ouyb� w���z�ybkJj[����w����!m�fr� w <)w���l!��y[z�j[��l|q^j[l�yrk�oumnv6mul��(ybf.�rouw�w�� 	 j�o 	Yw���ybfYl|k-yOo�y[z9��l|j�o�oW�=�#f
mnf 	Ow���l�mu�bj[l!m�yrf�y�z�l|{rw�l|k�j[�^w��by=<�� w�lO� w�wxf6j[��l	q^j[l�muybf'y[z�l|{rw���ybv �^k w�����ybk/� {^jYk�j[��l�wxk-mu��l!m���jOfr�
l|{rw �rouw�w�� 	 j�o 	Yw~k�j[l!w�k-w�� qrmnk-wxv wxfOl�mu� �xjOk�k-muw���ybqrlx�T��mul|{il	{rw z�yOououy+��mnfr� �Yybj[ou���
� ��eQ�^wxfYl�m�z�� �^yY����m �rouw�z q^fr��l�muybf^j�o �^wx� wxfr�^wxfr��wHy[z�l|{rw k!j[l�w oumnv6mul y[z#j��rouw�w�� 	 j�o 	Yw mnf
��ybfYl|k-yOo�y[z�k yOl|j[l�mnfr� �!l|j[ouo�ybf�l|{rw(�	{^jO�^w'y[z l|{rw'��ybv �^k-w����!ybk=� {^jOk!j[��l�wxk-mu��l�mu���

�$� ��j[oumu��j[l�w~�^k yb�^yO�!w�� l�yryOou�0�
�$��h�k-y�	rmu�^w j � yO����m �rouw k-ybqrl�w l�yi��mnk-�xq^v 	OwxfOl��rouw�w�� 	 j[o�	Owik�j[l�w o�mnv6mul|j�l�muybf �Ym 	Ywxf l|{rw
�xjO�^j��rmuoumulZ�iy�z�j[��l	q^j[l�muybf�ybk�v yb�^m�s��xj[l�muybf y[z9l|{rw(��ybv �^k-w��!��ybk���{^jOk�j[��l!wxk-mu��l�mu���


C��h�k-y�	rmu�^w~mnfr��mu�b{Yl�� zQybk �^w���mu�bfrmnfr�"j���yrv �^k-w�����yrk � �rouw�w�� �^j[mnk zQybk��^q^k!�^yO��w��(y�z ��l|jN�rm �
oum �xj�l�muybfiy[z�k-yOl	j[l�mnfr� ��l|j�o�oW�

A�wx{^f$#�wxf 2 
�5-�xp�k-w�wxv jOf�w�l�j[oW�V2 �87 5Z�[jOfr� R�w�m��Yo02 � (65^�^wxv6ybfr�!l|k�j[l�w9��yrfOl|k yOoOy[z���l	j[ouobqr��mnfr�
j+�rmu���^v v6w�l|k-mu�(j[mnk=m�f@J-w���l�muybf 	bmnj'��oumu�b{Ol!o����^m <�wxk-wxfOl�mnv �rouwxv6wxfYl|j[l�muybfr�@� � ybv6w(�^k-w�oumnv6mnf^jOk-�
��ybk�# yrf�j+�rmu��� v v6w�l|k-mu��j[mnkDmnf@JZw���l�muybf ��ybfOl	k-yOoOy[z��!l|j[ouo�jOfr���	q^k-�Ow�mu��k-wx�^ybk l�w��6m�f'�(�^�^wxfr�^m �
� mnf?R w�mu�Oo 2 � ( 5 �9��{rw�k-w��|qroul���mnf@2 � ( 5��|{ry+� l	{^j[l���l|j[ouo�mu���!l|j��rmuoum ��w�� �^qrl�l|{rw(���r��l�wxv��Yybw��
mnfYl�y ��onj[����mu�6�|q^k-�Yw��

� v6ybk-wJl|{rybk-ybqr�r{ mnf 	Ow���l�mu�bj[l!m�yrf mnfYl�y6��mnv~qroul|jYfrw�ybqr����l|jN�rm�oum �xj[l�muybf y[z���l|j[ouo�jOfr���|q^k-�Ow
��mul|{�j+�rm��!� v v w�l|k-mu�~j[mnkJmnf@JZw���l�muybf�mu� �xjOk�k-muw�� yrqrl�mnfil|{rmu� l|{rw���mu�0��e`z9�|qr����w���� z qroQ��frw����^yO�
�
��m �rmuoumul�muw��~�	qr� {�j[� 	 jYk-muybqr����yrv��rmnf^j[l!m�yrfr��y[z�j[��l|q^j�l�muybf v6w���{^jOfrmu�|v6�JzQybk���ybfYl|k-yOo�y[z9��ybv �
�^k-w��!��ybk(mnfr��l	j��rmuo�mul�muw����Jm�ouo��^w �xk-wxj[l�w��'� � ybv �^jOk m��!ybfHjOfr� l|k�j��^w��by+< ��l|qr�^muw��(zQybk 	[jOk-muybqr�
j[��l	q^j[l�muybfHv6w���{^jOfrmu�|v6���xjYfHl|{rwxf �^w � wxkgzQybk�v6w��'�6� ou��y��'�Jm�l	{ jiv6qro�l!m �$�ro�yr��#"k wx�^k-w���wxf �
l|j�l�muybf y[z(l|{rw ��ybv �^k-w�����ybk ��{rwxk-w j[��l|q^j�l�muybf mu�i�^yO���!m2�rouw�zQybk6wxj[��{&�rouyb��#��Jl|{rwimu���|qrw�y[z
j[��l	q^j[l�ybk�j[ououyb�xj�l�muybfi�xjOf�j[ou��y;� w~j[�^��k-w��!��w�� jOfr�izQybk�v6qronj[l�w��'�

��{rw��Yybj[ou��y[z l|{rw(j+�rm��!� v v w�l|k-mu��j[mnk=m�f@J-w���l�muybf ��l|qr�^� jOk w�l�y �^k-y�	rmu�^w�j(��mnv �rouw~v yb�^w�o
y[z j=�bmu���^v v6w�l|k m���j[mnk m�f@J-w���l�muybf jYfr� j l|{rw�ybk w�l�mu�xj[o �^j[��mu� zQybk���yrfOl|k yOo y�z���l|j[ouo�jOfr�H�|q^k-�Yw��
��{rw�mu�^wxj[�9jOk-w=l|{rwxf 	 j[oumu��j[l�w�� j[�bj�m�fr�!l l|{rw�w��^�^wxk-mnv6wxfYl��x�OjYfr����mnv6qroul|jOfrw�ybqr�9��l	j��rmuo�m �xj[l!m�yrf
y[zD��l|j[ouo�jOfr�i�|q^k-�Yw 	rmnj j+�rm��!� v v w�l|k-mu��j[mnk�mnf@JZw���l!m�yrfimu����ybv �^jYk-w�� l!y~yYl|{rwxk=��ybv!�rm�f^j�l�muybfr�
y[z�j[��l|q^j�l�ybk-�0�
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p4ybkifrybf�� j=�bmu���^v v6w�l|k m�� j[mnk�m�f@J-w���l�muybf���k w���wxjOk-��{rwxk-�imnfr��onqr�^m�fr� �^qrl fryOlioum�v m�l!w�� l�y
A=wx{^f$#[wxf 2 
�5Z�:A�wx{^f$#�wxfiw�l(j[oW��2*)�5Z� ��3 �#fr��k wxj6w�l�j[oW�!2 � � 5Z�^��j��@2 � ( 5Z�^p�k-w�wxv jOf�w�l(j[oW��2 �87 5Z�
6��b�!o�mnfr��jOfr��6'k-w�mul���wxkC2 �O� 5Z� �9yJ2 � � 5Z�@R w�mu�Oo�2 � ( 5Z�[jOfr�!R w�mu�Oo^w�l9j[oW�'2 � ) 5�{^j 	Yw�mnv �rouwxv6wxfYl�w��
j�m�kJmnf@JZw���l!m�yrfHmnf 	[jOk-muybqr� �^m <)wxk wxfOl zQybk�v6� jOfr� y)�rl	j[mnfrw��"�	qr����w���� z�yrk�w��rl�wxfr�^mnfr�i��l|j��rmuoumul-�
jYfr� 
[ybk yb� wxk�j��rmuoum�l-� y[z l	{rw q^fr�^wxk-ou�bmnfr� ��yrv �^k-w�����muybf ���b�!l�wxv6��� w��Oybfr� l	{rw�m�k6k-w��	�^w���l�m�	Ow
fryrv6mnf^j[o���l|j�o�o/m�fr��wx�rl!m�yrf"� yOmnfOl!�0�

�(w��	�rm�l!w j�o�oDy[z�l|{rw6k-wx�^yrk-l�w�� �	qr����w����x��jOf�q^fr�^wxk-��l|jOfr�^mnfr��y[z�l	{rw~w <�w���l��Jy[z j[mnk�mnf@J-w�� �
l!m�yrf ybf ��yrv �^k-w�����muybf����r��l�wxv6� jOfr� w��^�ronjOf^j[l�muybf y�z���wxk-l|j[mnf y)�r�!wxk
	Ow�� �^{rwxfrybv6wxf^j jOk w
�!l�muo�o�v m��!��mnfr�C�(p�yrk�mnfr��l|jYfr��wO��l|{rw6�bj@� w <�w���l�� y[z�mnf@JZw���l!m�yrfHybf���ybv �^k-w��!��ybk �^wxkgzQybk�v jYfr��w
k wx�^ybk-l!w�� mnf A=wx{^f$#[wxf#2 
�5Z� A=wx{^f$#[wxf w�l j[oW�;2*) 5Z����3 �#fr��k wxj w�l j[oW�;2 � � 5Z��jOfr�VR w�mu�Oo�2 � (65
{^j 	Ow(fryOl>�^w�wxfiw��^�ronj[mnfrw��'��p�q^k-l|{rwxk�v ybk-wO�r��ouyO��w�� �bouyryb����ybfYl|k-yOo�k-w��|qroul���l|{^j[l��^m <�wxk��^q^jOf �
l!m�l	j[l�m�	Ow�ou� j�����w�ouo�j[�6� q^j�o�mul|j�l�m�	Ow�ou� {^j 	Yw � w�wxf k-wx�^ybk l�w�� mnf ��3 �#fr��k wxj w�l j[oW�C2 � � 5JjYfr�
R�w�m��Yo=2 � ( 5Z�N��{rwxk-w��^m <�wxk-wxfYl�mnv �rouwxv6wxfYl|j[l�muybfr�Jy[z�l|{rw���������q^fr�^wxk-ou�bmnfr� j���l|q^j[l�muybf v w�� { �
jYfrm��	vi��f^jOv6w�ou�O��j[mnk�mnf@JZw���l!m�yrf���jOk w�qr��w��'�

� yrv6w v6yr�^w�oumnfr�(w <)yrk-l����|qr��{�j���l|{ryO��w>�O�/6(�r��oumnfr��jOfr��6'k-w�mul���wxk�2 �O� 5 jOfr�!A�wx{^f$#�wxf 2 
�5
�xjYf � wHzQybq^fr� mnf�l|{rwHoumul�wxk�j[l|q^k w�� � ybfr��mu�^wxk�j[l!m�yrfr� y[z6o�yY����w�� jOfr� mnfr��mu�^wxfr��w jOfr�Oouw mnf
�xj����xj[�^w��^wxkgzQybk�v jOfr��w��xjOf6j[ou��y �^w�zQybq^fr�6mnf6l|{rw�oumul�wxk�j[l|q^k wO�O�|qr��{6j[�9l|{^j[l �O�!(�yrk-ouyb��#J2 
 � 5
mnf�l|{rw�(47[�x�bj��H��w�ouo j[��l|{^j�lH�Y� p�k 	w���{rw�l�l�w�2�� � 5)mnf�k-w���wxfOl��OwxjYk-�0�9e�fi�^jOk l�mu�xqro�jYk��^p�k�	w���{rw�l�l�w
j��^��k-w�����w��(ouyO���!w��x���^w 	rmnj[l�muybf��Dl�mnv6w onj[�O����w�l�����mnf l|{rw6��ybfYl�w��rl(y[z v yb�^w�oumnfr�Hl|{rw frybv6mnf^j[o
��yrv �^k-w�����yrk6�xj[���xj[�^w���l|j��rmuoumul-� jOfr���^wxkgzQybk�v jYfr��wO��jOfr� ��l|j[ouo�mnfr��wx�rl�muybf�mnf�{rmu�b{��b�|� w�w��
v j[� {rmnfrw��0�

�J{rwxk-w"{^j[�.�^w�wxf�fry j[����ybq^fYlx��{ry���w 	Owxk ��ybf l|{rw ��{^jOfr�Ow�� m�f ouyO���!w�� jOfr� mnfr��m��^wxfr��w
jYfr�Oouw mnf l|{rw ��ybv �^k-w����!m�yrf ���r��l�wxv7j[��j k w��|qroul~y�z j[mnk(mnf@J-w���l�muybf,� egf l|{rw �xq^k�k-wxfYl ��ybk�#4�
jiv w�l|{ryb�Hy[z�v6yr�^w�o�mnfr� j[mnk mnf@JZw���l!m�yrf mnf j+�rmnj[o`
�y+� ��yrv �^k-w�����yrk-�(l|{^j[l(mu��v6yOl!m 	[j[l�w��	�Y�
� yOl|{ q^frw��^�ronj[mnfrw�� y)�r��wxk
	[j[l�muybfr�6j[� ��w�ouo j[� 	[jOk-muybqr�6��ybfYl|k-yOo9k-w��|qroul��6mu�~�^k yb�^yO�!w��'� ��{rw
w <�w���l��'y[z#j[mnk'mnf@JZw���l!m�yrf ybfH�xj����xj[�^w �^wxkZz�ybk!v jOfr��w�m�� v6yr�^w�ouw�� j[�'mnfr��m��^wxfr��w jOfr�Yo�w jYfr�
ouyO�!��w���v jOf^j[�Owxv6wxfYl0�D��{rw�ouyO���!w��Dz k-yrv�l|{rw fryrv6mnf^j[o^��ybv �^k-w��!��ybk�mu���^jOk�jYv6w�l�wxk-m ��w����O�(l	{rw
mnfr��mu�^wxfr��w jOfr�Oouw��6��{rw k-w��|qroul�mnfr� �^w��!�xk-mn�rl�muybf mu�'l|{rwxfHqr��w�� l�yi��ybv �^qrl�w6l|{rw frw���o�yY����w��
zQybk�j �Om�	Owxf�j[mnk�mnf@JZw���l�muybf ��ybfYs��bq^k!j[l�muybf,��� �^jOk�j[ououw�o���ybv �^k-w�����ybk�jO�^�^k-yrj[� {$2 
V(b�;) � 5
mu�ij[�^yb�rl�w�� l�y �|q^v?jYfr� j 	Owxk�j[�Ywil|{rw"�^jOk l�����mul|{ jOfr�M��mul|{rybqrlij[mnk mnf@J-w���l�muybf l�y �Om�	Ow
l	{rw ���|{rm�zQl�w��	�6��ybv �^k-w����!ybk9��{^jOk�j[��l!wxk-mu��l�mu���9��{rw��	{rmtzQl�w���� {^jYk�j[��l�wxk-mu��l!m�� mu��l|{rwxf ��yrv��rmnfrw��
�Jm�l	{�l	{rw v j[���9jOfr� v6ybv6wxfYl|q^v j[�^�^mul�muybf6l�y(�Om�	Ow�l|{rw�k-w��	qro�l!m�fr� �|j[�O�rk-w��bj[l�w ����ybv �^k-w�����ybk
��{^jOk�j���l�wxk-mu��l�mu���

�J{rw �Oybj�o y�z#l|{rw fryrf�� j+�rm��!� v v w�l|k-mu�"j[mnk mnf@JZw���l�muybf ��l	qr�^� mu��l�y �^k-y�	rm��^wHjH��mnv �rouwO�
��yrfOl|k yOo �bybk-muwxfYl�w��~v6yr�^w�ory[z�j[mnk�mnf@J-w���l�muybf6l|{^j�l�mu�9�^wxk-m�	Ow��'z k-yrv 
�qrmu� v6w���{^jOfrmu� �^k m�fr��mn�rouw��0�
�J{rw��^k-yb� yO��w�� v6yr�^w�o^w��^�ro�j�m�fr�Jl|{rw��bj@� jOfr�Oouw�w <�w���l���jOfr� w��^{rm �rmul���l|{rw��^k-yb� wxk � wx{^j 	rmuybk
� {rwxf ��ybfYl|k-yOo�onj@��� k-wx� ybk-l�w�� mnf o�mul�wxk!j[l|q^k-wHjOk-wi�|q$�r��l!m�l	qrl�w��'� � ybfr�^mul�muybfr� � �^wx�^wxfr�^wxfYl
yrf �Omnv �rouwxv6wxfYl|j[l�muybf��rybk-muwxfOl!w��	� 	 jYk-mnj��rouw����|qr��{Hj[�#frq^v!�^wxk y[z�mnf@JZw���l�yrk-�|�Jy[z oumnfrwxjOk�jYfr�
�rm�z�q^k-�xj[l�muybf'�^k-yb� wxk-l�muw���zQybk�w��rmu��l�mnfr� ��ybfOl	k-yOo[onj0�J� jOk-w9y)�rl	j[mnfrw��'� � l	k�j[�^w��by+<6��l|qr�^� mu��j[ou��y
�xjYk�k-muw�� ybqrl(l�y�mnf 	Ow��!l�mu�bj[l�w6w <�w���l���y�z �^jOk�jYv6w�l�wxk-�(�|qr��{ j[�6fbq^v!� wxk�
+��mu�^l|{Hy�z mnf@JZw���l!ybk-�
jYfr�"v j+�rmnv6q^v�mnf@J-w���l�w�� 	Ow�ouyb��mul-� ybf�oumnfrwxjOk(jOfr�P�rm�z�q^k-�xj[l�muybf��^k-yb�^wxk l�muw��(y[z�l|{rw��!�b��l!wxv.�
egf j��^�^m�l!m�yrf�l�y6l|{rw�l	{rw�ybk-w�l�mu�xj[o4��ybv �^jOk-mu��yrf�� j'��mnv6qronj[l�muybf�l�yryOo,�^j[��w���ybf j6{rmu�b{ s��^w�oum�l-�
v yb�^w�o��^k-yr�^yO��w��P�Y��% jOfr��yrqT� w�l�j[oW� 2*( � 5Z��k wxj[oum��!l�mu� �^� f^jYv6mu���~�^k-yb� yO��w��	�Y� ( j�� frw��(w�l
j�o ��2 � � 5Z�^jOfr�"j�m�k m�f@J-w���l�muybf�w <�w���l����^w 	Ow�ouyb� w�� mnfil	{rm�� l|{rw���mu� mu�7�^qrmuoul#jYfr� 	 j�o�mu��j[l!w��'�

� yrv6w v6yb�^w�oumnfr��� ��{^jOk�j[��l�wxk m �xj�l�muybf��(j[�;��w�ouo(j[�i��ybfYl|k-yOo�k w��|qroul��i�xjOfM�^w�zQybq^fr� z�ybk
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��l	j[l�mu�6�^m��!l�ybk-l�muybf 2 � � �8)r� 
S(^� (8)^� ) � ��� � ���O�r��� �r���Y�^� � � 5 �(��{rw6w <�w���l��(y[z 	 jYk-muybqr�(��l|j[l!m��
�^mu��l�yrk-l�muybfi�^j[l�l!wxk�fr��ybf�l|{rw � j[oul�w���{ z j[��muoumul-� jOk-w(w��^�ro�yrk-w��iw�� � wxk-mnv6wxfYl|j[ouou�����#f�w��rmu��l�mnfr�
v6yr�^w�oDzQybq^fr�Hm�f o�mul�wxk!j[l|q^k-w 2 � � 
V(65�mu� 	 j[oumu��j[l�w�� j��bj[mnfr��l(l|{rw6w��^�^wxk-mnv6wxfYl��0�6}�y)�^qr��l	frw����
y[z���ybfYl|k-yYo^y[z���l	j[ouo 	rm�j'j�frybf��^j+�bmu���^v v6w�l	k-mu��j[mnk=m�f@J-w���l�muybf ��ybfYl|k-yOououwxk=l�y(��l|j[l!m��J�^m��!l�ybk-l�muybf
mu�(j[ou��y w 	 j�o�q^j�l�w�� w��^�^wxk-mnv6wxfYl|j[ouou���
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��{rmu�9l|{rw��!m��9mu�9ybqrl!o�mnfrw�� j���zQyOououy��J�0� � {^jO�rl�wxkD���^w��!�xk-m �^w�� jJ��yOououw���l�muybf6y[z�v yb�^w�oumnfr��w <�ybk-l!�
l|{^j�l�jOk-w qr��w�� j[� �^j[�!w���y[z�k-w��|qroul��6�^k-w���wxfYl�w�� mnf�l|{rmu�~l	{rw���mu�0� ��{rmu��l�ybk �"y�zJv yb�^w�ou�'z�yrk
k-yYl|j[l�mnfr�(��l|j�o�o�jOfr� �|q^k �Ow�mu���Om�	Owxf��YzQyOououy���w��;�Y� j�k-w 	rmuw�� y[z j ouy+� ybk �^wxk�v6yr�^w�o��^k-yr�^yO��w��
�Y�.%Hybybk w~jOfr� 6�k-w�mul���wxk 2 ���b� )8( 5�jOfr� j {rmu�b{ s��^w�oumulZ�Hv6yr�^w�o��^k-yb�^yY��w�� �Y�.% jOfr��ybqT�iw�l
j[oW�;2 ( � 5 � ��{rw ��{^jO�rl�wxk'wxfr�^�?��mul|{ jH�^w����xk-mn�rl�muybf y[z(j v6yr�^w�o�z�yrk~j�m�k mnf@JZw���l!m�yrf mnf l|{rw
��ybfYl�w��rl�y[z l	{rw %Hybyrk-w�� 6�k w�m�l ��wxk v yb�^w�oW�

� {^jO�rl�wxk	�'�^w����xk-m �^w��"��ybk�#6j[���!yb��mnj[l�w��.�Jm�l	{ ��{^jOk�j[��l!wxk-m �xj[l�muybfijOfr� 	 j[oumu��j[l�muybf y[z l|{rw
�^k-yr�^yO��w�� v6yr�^w�ou�0���J{rw~w��^�^wxk m�v wxfOl|j�o�jO�^�^jYk�j[l|qr�(j[l � j�o�l!w�� {Hj[ouybfr�?��mul|{il	{rw � wx{^j 	bmuybk
y[z�frybv6mnf^j[o/yb�^wxk�j�l�muybf�mu���^w����xk m2� w���s�k-��l0���J{rw(l|{rw�ybk-�ijOfr� k-w��|qroul��JzQybk�jOf�mu�^wxfOl�m�s��xj[l!m�yrf
j[ou�Oyrk-mul|{^vEqr��mnfr� �|q^k �Owi���b��ouw�� �^k yb�^yO�!w�� �O�&A=wx{^f$#[wxf#2 
�5�mu� �^w����xk-m � w�� jYfr� �^m��!�xqr����w��
frw��rl0� ��j[oumu��j[l�muybf�y[z9l|{rw�j[mnk�mnf@J-w���l�muybfHv6yr�^w�o�mu��l|{rwxfi�^k w���wxfOl!w��'�

� {^jO�rl�wxk-� 
��S( � jYfr� )��^w����xk-m �^w/��ybk�#6j[�!��yb��mnj[l!w��;��mul|{ ��ybfYl|k-yOou�0� � {^jY�rl�wxk 
~�^k-w���wxfYl��
��ybfYl|k-yYo�y[z k-yOl	j[l�mnfr����l	j[ouo)jYfr� �|q^k �Ow�qr��mnfr�;�rouw�w�� 	 j�o 	Yw��0�9�(wxv6ybfr�!l|k�j[l�muybf y[z ��ouyO��w�� �bouyryb�
��ybfYl|k-yYo�y[z k-yOl	j[l�mnfr����l	j[ouo�jOfr���|q^k-�Ow mu���^w����xk-m � w���s�k-��lx�YzQyOouo�y+��w��.�O� j���ybv �^jOk m��!ybf �!l|qr�^�
� w�l ��w�wxf6l	{rw�ybk-�O�[��mnv6qronj[l�muybf��^jOfr�6w�� � wxk-mnv6wxfYl�� j[mnv6w�� l�y(mnf 	Ow��!l�mu�bj[l�w�w <�w���l��9y[z�j[��l|q^j[l�yrk
k�j�l�w(oum�v m�l!�0�

��mnk=mnf@JZw���l�muybf���yrfOl|k yOo�y[zD��l|j[ouo�jYfr� �|q^k �Ow�mu���^mu���xqr����w���mnf � {^jO�rl�wxk-�C(6jOfr� ) ��} w��|qroul��
��mul|{ j+�rm��!� v v w�l|k-mu� j[����w�ouo#j[��frybf�� j+�rmu��� v v6w�l|k-mu�Hmnv �rouwxv6wxfOl	j[l�muybfr� jOk-wi�Ym 	Ywxf,� p�yrk
j+�rmu���^v v6w�l|k-mu�6j[mnk�mnf@J-w���l�muybf���l|{rw�ybk-w�l!m��xj�oCJ�qr��l�m�s��xj[l�muybf z�yrk���ybfYl|k-yYo�y�z k-yOl|j[l!m�fr� ��l|j[ouo jOfr�
�|q^k �Ow�m����^k w���wxfOl!w�� mnf � {^jO�rl�wxk!($� 9 �^�^wxk m�v wxfOl|j�o�k-w��|qroul���jOk-w��^k-w��!wxfOl�w���jOfr� j��^mu���xqr���!m�yrf
y[z�l|{rw y)�r�!wxk
	 j[l!m�yrfr�(�Om�	Owxf,� � ybv w �^k w�o�mnv6mnf^jOk �P��ybk�#iyrf"j�����ybq^fOl!m�fr� z�yrk l|{rw6w <)w���l!�(y[z
j[��l	q^j[l�ybk=k�j[l�w(jOfr�iv j[�bfrmul|qr�^w(oumnv6mul��Jz�ybk�j+�rmu���^v v6w�l|k-mu��j[mnk=mnf@JZw���l!m�yrfimu��j[ou��y �^k-w���wxfYl�w��'�

� {^jO�rl�wxk�)��^w��!�xk-m �^w�� l|{rw#k w��|qroul��=z�ybk�frybf��^j+�bmu���^v v6w�l	k-mu�#j[mnk=mnf@JZw���l!m�yrf,� ��{^k w�w(w��bmu��l
�
mnfr� ��ybfOl	k-yOoOjO�^�^k-ybj�� {rw��/z�yrq^fr�(m�f'oumul�wxk�j[l	q^k-w jOk w�v6yb�^w�ouw��6mnf ��mnv �rouwxv6wxfYl|j[l!m�yrf��bybk-muwxfYl�w��	�
	[jOk-mnj��rouw��x�[�|qr��{�j[�Dfbq^v!�^wxk/jOfr�~jOqrl	{rybk-mul-��y[z^l|{rw�mnf@J-w���l�ybk-�x�[qr��mnfr� l|{rw�j[mnk�mnf@JZw���l!m�yrf~v yb�^w�o
�^k-yr�^yO��w���mnf � {^jO�rl!wxk � � ��mnfrwxjOk jOfr���rm�z q^k-�xj�l�muybf �^k-yr�^wxk-l�muw��(jOk-w(w��^�rouybk-w��izQybk�wxj�� {ijO� �
�^k-yrj[� {,� �Bl	{rw�ybk-w�l�mu�xj[o=��ybv �^jOk-mu��yrf mu�6l|{rwxf �^wxkgzQybk�v6w�� mnf l	{rw ��ybfYl�w��rl�y[z�yb� wxk�j��rmuoumulZ�
l�y�mnf 	Ow��!l�mu�bj[l�w�l|{rw �^k-yY� jYfr� ��ybfr�6y[z�l|{rw���ybfOl	k-yOououwxk-�0� egf j[�^�^mul�muybf l!y l|{rw l	{rw�ybk-w�l�mu�xj[o
��ybv �^jOk-mu��ybf��rj ��mnv~qronj[l!m�yrf6l�yryOoOzQybk9j(frybf��^j+�bmu���^v v6w�l	k-mu���^qrou��w�� j�m�kDmnf@J-w���l�muybf�j[ou�Oybk-mul|{^v
mu� �^w 	Ow�ouyb�^w�� jOfr� 	[j[oum���j�l�w�� j[�bj[mnfr��l�w��^�^wxk m�v wxfOl��@�

e�f�j[�^�^mul�muybf�l�y!��ybk�#'mnf q^fr�^mu��l�yrk-l�w��)
�y+���bv yb�^w�oumnfr� jYfr� ��ybfYl|k-yYo�mnf l	{rw��^k-w���wxfr��w y[z
��l	j[l�mu���^m��!l�ybk-l�muybf m���j[ou��y�mnf 	Ow���l�mu�bj�l�w�� mnf � {^jO�rl!wxk �$�/p9m 	Yw���l|j[l!m����^mu��l�yrk-l�muybf �^j[l!l�wxk�fr��jOk-w
l�w��!l�w�� mnf6yb� wxf�� j�� � w�ouo�j[�9��ouyO��w�� �bouyryb���T��mul|{ j(fryrf�� j+�rm��!� v v w�l|k-mu���^qrou��w�� j[mnk9mnf@J-w���l�muybf
��ybfYl|k-yYo)j���l�m�	Ow z�yrk�l|{rw(onj[l�l�wxk �

� ��w�l�y[z���ybfr��onqr��muybfr�(jOk-w ��k�j@��f'z�k-ybv@l|{rw w <)yrk-l jOfr�i�^k-w���wxfYl�w��imnf � {^jO�rl!wxk��$��hDyY�
�
��m �rouw'z qrl	q^k-w~j 	Owxfrqrw���y�z�k-w��!wxjOk-��{ijOk-w~j�o��!y �^mu���xqr����w��'�Jp�q^fr�^mnfr��z�yrk�l|{rw ��ybk # �^k-w��!wxfOl�w��
mnfil	{rm�� l|{rw���mu�"��j[���^k-y�	bmu�^w�� mnf��^jOk-lU�Y� � p � � }��bk�jOfYl�p 
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egf�l|{rmu����{^jO�rl�wxk � j ��yOouo�w���l!m�yrf y�z�v6yr�^w�o�mnfr�iw <�ybk-l!� mu���^k w���wxfOl!w��'��� �^k-muw	z�j�����ybq^fOlJy[z�l	{rw
{rmu��l!ybk-�Hy[z#v6yr�^w�ou�'z�ybk���l|j[ouo�mu�6�Om�	Owxf mnf � w���l�muybf �$� � �i��ouy+� ybk-�^wxk6�^{rwxfrybv wxfryOouyO�Omu�xj[o
v yb�^w�o��^k-yb�^yY��w�� �Y��%Hyrybk-w�jOfr�?6�k-w�mul���wxk 2 � �r�V)8(�5)jYfr� j6{rm��r{rwxk9s��^w�oumul-� ��yrq^fOl�wxk!�^jOk-lH�Y�
% jOfr�!ybqT�iw�l�j[oW�=2 ( � 5 jOk-w��^w��!�xk-m �^w�� m�f � w���l�muybfr���$�t��jOfr� �$� ��k-w��|� w���l�m�	Ow�ou���~��{rw'zQybk�v6wxk
v yb�^w�o^mu��qr��w�� j[�9l|{rw��^j[�!m��DzQybk)z q^k l|{rwxk9v6yr�^w�o�mnfr�'w <)yrk-l��x�[jOf^j[ou�r��mu�x�bjOfr�6��ybfYl|k-yYo���jYfr�~l	{rw
onj[l!l�wxk�zQybkJ��mnv6qro�j�l�muybfr�0� ��mnk mnf@J-w���l�muybfHmnf�l|{rw6��ybfOl!w��bl y[z�l|{rw*%"yrybk-w��$6�k-w�mul���wxk v6yr�^w�o mu�
l	{rwxf��^w��!�xk-m �^w�� mnf � w���l�muybf6�$� 
��0� {rwxk-w�l|{rw v j����x�Ov6ybv wxfOl|q^v � jOfr�6�xj[�!�xj[�^w��^wxkgzQybk�v jYfr��w
w <�w���l��J��qrw�l�y j[mnk�mnf@J-w���l�muybfHjOk-w�v6yr�^w�ouw��'�
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%Hyr�^w�ou��jOk-w6w�����wxfYl�mnj[o/z�ybk jOf^j[ou�r��mu�~jOfr�H��ybfYl|k-yYo����^fOl|{rw��!m��@�/R {rm�ouw j����xq^k�j[l�w v6yr�^w�ou� z�ybk
l	{rw#k-yYl|j[l�mnfr���!l|j[ouo�jOfr�i�|q^k-�Ow mnfij+�rm�j�o,
�y+� ��ybv �^k-w����!ybk-���^y6w��bmu��lx� l|{rw�� l�wxfr��l�y��^w�{rmu�b{
�^mnv6wxfr�!m�yrf^j[o � w�� �C����yrv �^qrl|j[l�muybf^j�o`
�qrm�� �^�^f^jOv6mu�xj[o�v6yr�^w�ou� 2 �O� � � �r� � 
���� � 5Z��l-�^�rm��xj�o�ou�
{^j 	rmnfr� �bk wxj[l�wxk6l|{^jYf � 7��i�!l|j[l�w��|� � p4ybk v6yr�^w�ou�iy[z#�	qr� { ��m ��wO��frq^v6wxk-mu�xj[o ��mnv6qronj[l�muybfr�
�xjYf �^w � wxkgz�yrk�v6w���ybfrou� j[li{rmu�b{ w�� � wxfr��wO�(jOfr� �^{Y�r��mu�xj[o(mnfr��mu�b{Ol!� jOk-w y�z�l�wxf �^m � �xqroul
l!y"yT�rl|j[mnf,� e�f oum��r{Ol�y[z(l|{rmu�x��l	{rw qr��w y[z(��mnv �roum�s�w�����ouy+��ybk-�^wxk v6yb�^w�ou� z�yrk6y)�rl|j[mnfrmnfr�
�^q^j[oumul|j[l�m�	Ow'l|k-wxfr�^��jYfr�im�fr�!m��r{Ol�� mu��y�z�l�wxfij�����wx�rl�w��"j[� j~k wxj[��ybf^j��rouw6jO�^�^k-ybj[��{,�

�)y��@ybk-�^wxk(v6yr�^w�oumnfr�"y�z k-yOl	j[l�mnfr�i��l|j[ouo�jOfr���|q^k-�Ow {^j[� � w�wxf jOf ybf��b�OyOmnfr� k-w��!wxjOk-��{
l!yb�rmu��� %"yr�^w�ou�6zQybk6k-yOl|j[l!m�fr����l|j[ouo�jOfr� �|q^k �Ow k!jOfr�Ow z k-yrv<ybfrw��;�^j���w�� yrf ��ybk!k-w�onj[l�muybfr�
l!y ybfrw�� �^j���w��Hybf �^{Y�b�!m����@���(w�l|j�m�ouw�� j[����ybq^fYl��(�xjOf � w�zQybq^fr�HmnfP6�k w�m�l ��wxk�2 � 
 � �4(65 jYfr�
�)ybfr�Oouw��Y2*(8( 5 �

�J{rw qr��w�y[z�wxv �rmnk-mu�xj[o�k-w�onj[l�muybfr�6mu� j � yb�^qronjOk6jO�^�^k-ybj[��{,� � ybk�k w�o�j�l�muybfr�6y[z���l|j[ouo�mnf �
��wx�rl!m�yrf l�y��^jYk�jOv6w�l�wxk ���|qr��{ j[��}�w�� fryYo��^� fbq^v!�^wxk�2*(87 5Z�Yl�mn� ��ouwxjOk�jYfr��w�ouw 	Ow�ou��jOfr� j[�	�^w���l
k!j[l�muyO�J2t�O�r�!)O�r� �8(r� �4)65-� j�onq^v �^w�� �^jYk�jOv6w�l�wxk(k w	z�wxk�k w�� l�y j[�'l|{rw �^m < qr��muybfHz�j[��l�yrk � � �
z�j[��l�yrk�� 2*( � �'(O�^���87 5Z�4jOfr� j'zQw�� yOl|{rwxk-� z�ybq^fr�imnf�(�ybk o�yr��#@2 
b� 5 {^j 	Yw �^w�wxf k wx�^ybk-l!w��'�

�J{rw�wxjOk o�muw���l��^{Y�b�!m���� � �^j[��w���oum�frwxjYk v yb�^w�o4zQybk9k-yOl|j�l�mnfr����l|j�o�o^��j�l�w��H�^j[��#6l�y 9=v v6ybfr�
w�lij[oW� 2t�87 5(mnf ��� (8($� }�yOl|j[l!m�fr� �!l|j[ouo�mu� v6yr�^w�ouw�� j[�ij-
�y+� ��wx�^jOk�j�l�muybf��^{rwxfrybv6wxfrybf
yrf l|{rwi�	qr��l�muybf ��mu�^w y[z l|{rw �ronj[�^w����Oy�	Owxk�frw��&�Y� jOfr�Yo�w��ry[z �^j[l�l|j[��#:� p9mu�bq^k-w � � � �|{ry+���
jH�rmu��l|q^k-w�y[z�l|{rw�mu�^wxj$� ��{rw k-yOl!ybk �ronj[�^w��ijOk-wijO�^�^k-y+�rm�v j[l�w��V��mul|{ 
�j[l �ronj[l�w�� mnf l	{rw
�rmu��l|q^k w�����{rw~jYf^fbqronqr��mu� �|q^fN��k�jY�^�^w��	�i��yik-yOl|j�l�muybf�y[z�l|{rw��ronj[�^w���jO�^� wxjOk-��j[� 	Owxk-l�mu�xj[o
v yOl�muybfimnf�l|{rw6�rm���l	q^k-w���R�mul|{Hj k-w���qr��l�muybf y[z�l	{rw~j+�rmnj[o 	Yw�o�yr��mul-�O��l|k-mu�O�Owxk-w�� �O� j ��l|j�l�mu�
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�^mu��l�yrk-l�muybf zQybk=m�fr�!l|jOfr��wO�^l|{rw�jYfr�Oouw(y[z�j�l�l|j[��#'ybf.�ronj[�^w��6mu��mnfr�xk-wxj[��w��'�=p9ouy+� �!wx�^jOk�j[l�muybf
yr���xq^k-� ybfil|{rw6�|qr��l!m�yrfi��mu�^w6y[zH�ronj[�^w � jYfr�"j 
�y+� �ro�yr��#xj[�Ow6mu�Jz�ybk!v6w��'����{rw'mnfr��ybv6mnfr�
�y+��mu� k w��^m�k w���l�w����O� l|{rw�
�y+� �rouyb��#xj��Ow��	qr� {�l|{^j�lH�ronj[�^w � 
 �'{^j[��j(ouy+��wxk�
O{rmu�b{rwxk�jOfr�Yo�w
y[z j�l�l|j[��#��4l|{rqr�#v j�#Omnfr���ronj[�^w � 
 � ouw����%
Ov6ybk-w'oum2#�w�o���l�y �!l|j[ouoW����{rw 
�y+� �rouyr�B#�j[�Ow l|{rwxf
v6y�	Ow��Jz�k-ybv �ronj[�^w ��l�y �^��mnv �rou�rm�fr� k-yYl|j[l�muybf4��{rwxfHl|{rw jOf^frqronqr��mu� ��� k�jO�^�^w��	�:����{rmu�
k-yYl|j[l�mnfr���rouyb��#xj��Ow mu����yrv6w�l�mnv6w��~k w	z�wxk�k w�� l�y j[��jik-yYl|j[l�mnfr�i��l|j�o�o9��w�ouoW�i}�wxj[�^wxk-�'�|{rybqrou�
fryOl!w�l|{^j[lD��l|j�o�oYm�fr��wx�rl!m�yrf6�Oy�	Owxk�frw��!�O�(yOl	{rwxk �^k-yr��w�����w���{^j 	Ow � w�wxf k-wx� ybk-l�w����[�|qr��{�j�� ybfrw
��qrw�l�y��!w���ybfr��jOk-��
�y+� frwxjOk/l|{rw=l�mn��k-w��Omuybf�y[z�l|{rw=��ybv �^k-w����!ybk'�Y� 6(yOl�y 2 �Y�65O���(wxk-m�	 j�l�muybfr�
��mnv6muonjOk=l�y'l|{rw�ybfrw�mnf�9=v v6ybfr�=w�l j[oW�A2t�87 5��xjOf j[ou��y!�^wJz�yrq^fr� mnf ��q^f^{^jOv 2 � � 5Z�T9�v v6yrfr�
w�l�j�o ��2 �x� 5Z�^p�j��^k-m 2t�8(r���8) 5Z�^jOfr��L�wxf^frm9jOfr� ��qr�N��mu� 2*)��65O�

����mu�^w z k-yrvEjHoumnfrwxjOk jY�^�^k-ybj[��{��9zQybk�v6qronj[l�muybf y�z�frybfroumnfrwxjOkiv6yr�^w�ou� {^j�� j[ou��yV�^w�wxf
k-wx� ybk-l�w�� m�f ����jOv ����� # 2 � 5Z�[��j���w�l�j�o �A2 � ) 5Z��6'k-w�mul���wxk;2 ���65-�+%"yrfr�Oybv6wxk-��jYfr�;A�k�jOq^fD2*)��65-�
%Hyrybk-w;2*)�
�5Z�@%Hybyrk-w�jOfr��6'k-w�mul���wxk�2 � �r��)8(�5-� � k�frwxkC2 �87 5Z��h9jOfr�^yOo�s jOfr� � yOonj[�|q^k �^yU2 ���65-� jOfr�
�Dj�#xj�l|j(jOfr�;L j[�bjOfry 2t� � 5 �9egf �^jOk-l�mu�xqronjOk��Yybfrw�l|{^j�l�k-w���w�m�	Ow�� � wxk�{^jO�r��l	{rw�v6yO��l�j�l�l�wxfYl�muybf
mnf�k-w���wxfYl �OwxjOk-� m��i��qrw�l�yP%Hyrybk-w jOfr�M6�k-w�mul���wxkQ2 � �r�3)8( 5 � e l mu� j �^{rwxfrybv6wxfryYo�yY�Omu�xj[o
v6yr�^w�oQ���^wxk-m�	Ow��V�^j[��w��Hybf 
�qrmu� v6w���{^jOfrmu� �^k-mnfr��mn�ro�w���jO�^�roum�w�� ybfHjOfHjO�^�^k-y+�rmnv j[l�muybf y[z
jH�rj[�6l|q^k��rmnfrwHwxfr�OmnfrwO��l|{^j[l6w�� {rm �rmul��il|{rwi�^q^j[oumul|j[l�m�	Ow �^wx{^j 	rm�yrk y[z�k-yOl	j[l�mnfr�H��l|j[ouo�jOfr�
�|q^k �Ow�ybf�j+�rm�j�o�
�y+� ��ybv �^k-w�����ybk �0��� v ybk-w��^w�l|j�m�ouw����^w����xk-mn�rl�muybf�y[z�l|{rw"%Hybyrk-w�� 6�k w�m�l ��wxk
v6yr�^w�o jOfr��mul���{rmu�b{�s��^w�oumul-� ��ybq^fYl�wxk��^jYk-l�m�� �Om�	Owxf�mnf � w���l!m�yrfr�#�$��� jOfr� �$� � �
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egfHl|{rmu����w���l!m�yrf�� ji�^{rwxfrybv6wxfryYo�yY�Omu�xj[o v6yr�^w�o9�^wxk-m�	Ow��	�Y� %Hybybk w~jOfr�	6'k-w�mul���wxk 2 � �r��)8( 5
mu�(k-w 	bmuw���w��'����{rw�v6yr�^w�oD��ybfOl	j[mnfr��l|{rw�w��!��wxfOl!m�j�o �^{O�r��mu���(y[z�k-yOl|j�l�mnfr�~�!l|j[ouo jOfr���|q^k-�Ow(mnf
j+�rmnj[o�
�y+� ��ybv �^k-w�����ybk �0�

�<��mnv �roumts�w�� 	rm�w��7y[z~j���ybv �^k-w����!m�yrf �!�b��l!wxvEmnf jOf j[mnk-�xk�j�zQl�wxfr�Omnfrw mu�i�|{ry+��f mnf
p9mu�bq^k-w��$�t�$�(� ���|q^v m�fr�H�^yOl!wxfOl�mnj[o`
�y+� q^�r��l	k-wxjOv y[z�l|{rw mnfrouw�l~�rqrm��^w 	 jOfrw�� � e 6 �#�(jOfr�
jO�^�rou�rmnfr� A=wxk�fryrqro�oumW3 �=w�� q^j[l!m�yrf��Ol|{rw�l�yOl	j[o �bl�y��b�!l|j[l�mu���^k-w����	q^k-w�k-mu��w�q^�r��l|k wxjOv y[z�l|{rw���ybv �
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�^k w�����ybk��xjYf.�^w � k-mul�l�wxfij[�

X � T X��, � . � T � .� T :DC % 	% 1 T � V��� 1 )

� {rwxk-w X � �^wxfryOl!w��(l|{rw6��l|j[l�mu� �^k-w����	q^k-w j[l��!l|j[l�muybf-��� X�� l|{rw6l�yYl|j[o �^k-w��!�|q^k-w j[l�jOv!�rmuwxfOl
��yrfr�^m�l!m�yrf�� , l|{rw��^wxfr��mul-��y[z�j[mnk�� � l|{rw�v6wxjOf6k-yOl!ybk��|� w�w�����:HC9l|{rw�frybfr�^mnv6wxfr��muybf^j�o�ouwxfr�Ol|{y�z mnfrouw�l ��qr��lx��	 �  �� ' � l|{rwifrybfr�^mnv6wxfr��muybf^j[o�v6wxjYf j+�rm�j�o 	Ow�ouyr��m�l-� ��{rwxk-w  �� mu�~l	{rw
v wxjOf j=�bmnj[o 	Yw�o�yr��mul-�O� V�� l|{rw�frybfr�^mnv6wxfr�!m�yrf^j[o�j=�bmnj[o 	Ow�ouyr��m�l-�i�^wxk-l	q^k��^j[l�muybf�� � � 	 $ V��l	{rw~frybfr�^mnv6wxfr��muybf^j�o�j+�bmnj[o 	Ow�ouyr��m�l-�O��jOfr� 1 � ^ � ' < l|{rw~fryrfr�^m�v wxfr��muybf^j[o9l�mnv6w!��{rwxk-w ^
mu��l	{rw�l�mnv6w�jOfr� < l|{rw�v6wxjOfik yOl�ybk�k�j[�^mnqr�0�

�J{rw���ybv �^k w�����ybk=mu�#v yb�^w�ouw�� j[��j6��wxv6m � j���l|q^j[l�ybk �^m��!���|qr��{�l|{^j[l

X . T X �, � . ��� � � � T � � �
� 0 T  � �

� 1 )

� {rwxk-w�� � � ���^wxfryOl�w��(j6frybfroumnfrwxjOk(�^k-w����|q^k w�k-mu��w~v jY� z�ybk l|{rw(��ybv �^k-w��!��ybk�j[��j'z�q^fr��l�muybfy�z�l|{rw~j+�rmnj[oQ
�y��'� � l	{rw k yOl�ybk�mnfrwxk-l!m�ji�^jYk�jOv6w�l�wxk � 0 l|{rw6��mnk-�xq^v'zQwxk-wxfOl!m�j�o�jOfr�OouwO��jOfr�  
l	{rw�
�qrm��Hmnfrwxk-l�mnj��^jOk�jOv w�l�wxk��

� ���|q^v m�fr�'l|{^j[l9l|{rw��^k-w��!�|q^k-w��^wxk-l	q^k��^j[l�muybf jY�^�^k-y+�bmnv j[l!w�o��'�|j[l�mu�-s�w�� ��jO�ronj[��w�3 �9w��^q^j �
l!m�yrf��^l|{rw(�^y+��fr��l|k wxjOv@�^� f^jOv m���� w 	 j�o�q^j�l�w�l�y

X���TYX ., � . � T : E % 	%�1 T � I T � � � V��� 1 )
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� k-mul�l�wxfij[�

, : G �  � $ V  � � � $ , V : !  "! � , : G �  � $ V  � � � )
� {rwxk-w V  �� [ �^wxfryOl�w�� l|{rw j+�bmnj[o 	Ow�ouyb��mul-�"� wxk-l|q^k��^j[l!m�yrf"j�l���l	j[l�muybfY��� V : ! l|{rw'�^m��!l|jOfr��w6y[zyr�^wxfrmnfr� y[z�l|{rw mnf@J-w���l�ybk mnfHl|{rw �ronjOfrw�frybk�v j[oDl�yil|{rw j+�rmnj[o9�^mnk-w���l�muybf��  ! l|{rw6mnf@J-w���l�w��
	Yw�o�yr��mul-�O� jYfr�U: G l|{rw�k!j[�^mnj[o��^mu��l|jYfr��w�y[z jOf^frqronqr�0� LJybfr�^mnv6wxfr��muybf^j[oum ��m fr��mnf l|{rwJ��l|jOfr��jOk �
��j�� k-w��	qro�l!��mnfil	{rw z�yOououy+��mnfr�C�

V�� . � V�� � $ V : !:DG 	 ! ) � �$� (O�

� {rwxk-w 	 ! �  "!5' � �^wxfryOl�w���frybfr�^mnv6wxfr��muybf^j�o9m�f@J-w���l�w�� 	Yw�o�yr��mul-�"jOfr� V�� � � V  � [ ' � l	{rwfryrfr�^m�v wxfr��muybf^j[oQ
�y�� �^wxk-l|q^k �^j[l�muybf j�l �!l|j[l�muybfY� �
�J{rw~v j[�xk yO����yb�rmu��j+�rmnj[o v6ybv wxfOl|q^v �^j[onjOfr��w~j[�xk yO������l|j[l!m�yrfr� � jOfr� �6�Ym 	Yw��

: G � J $ V�X � � $ , : G �  � $ V  � � � . $ , V : !� .��� �;: G � J $ V�X . �'$ , : G �  � $ V  � � � . )
� {rwxk-w J �^wxfryOl�w���l	{rw(��l|j[l�mu���^k-w��!�|q^k-wO� V�X � l|{rw(��l|j�l�mu�#�^k-w��!�|q^k-w~� wxk-l|q^k��^j�l�muybfij[l���l|j[l!m�yrf�!� jYfr�  ���� l|{rwHv j[�bfrmul|qr�^w�y[z�j=�bmnj[o���yrv �^ybfrwxfYl y[z(mnf@JZw���l!w�� 	Yw�o�yr��mul-��� ��{rmu�ik-w�onj[l�muybf
�!m�v �ro�m�s�w���jOfr�Hfrybfr�^mnv6wxfr��muybf^j[oum ��w���l!y

V X �, � . $ � 	 V�� � $ V�� � . $ V : !:DG 	 .� ! � V�X ., � . $ � 	 V�� . $ V�� . . )
� {rwxk-w 	 � ! �  ��� ' � �^wxfryOl�w���l|{rw frybfr�^mnv6wxfr��muybf^j[o�mnf@J-w���l�w�� 	Ow�ouyr��m�l-� mnf�l|{rw j+�bmnj[o��^mnk-w�� �
l!m�yrf,�9p�ybk���l|j[l!m�yrfU�!�Ol|{rw�k-w�onj[l!m�yrf;� w�l ��w�wxf�l�yYl|j[o�jOfr�i��l	j[l�mu�#�^k w����|q^k-w(�^wxk-l	q^k��^j[l�muybfr���xjYf
� w ��k m�l!l�wxfij[�

V X ZD[, � . � V�X �, � . $ 	 V�� � $ �
� V�� .� )

� {rwxk-w V�X�ZD[ �^wxfryYl�w���l|{rwJl�yOl|j[o^�^k-w����	q^k-w#� wxk-l|q^k��^j�l�muybf,�9��{rmu� k w�o�j�l�muybf6�xjOf�� w��	q$�r��l�mul|qrl�w��
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mnfYl�y l|{rw6v6ybv6wxfYl|q^v �^j[onjOfr��w�l!y �Om�	Ow

V X Z � T V�X�Z �, � . � V : !:DG � 	 .� ! T � 	 $ V�� � � 	 ! � T �
� � V : !:DG 	 !�� . � � � �*)O�

��yO�Yw�l|{rwxk!��mul|{ w�� q^j[l!m�yrf � �$� 
b���=l|{rw l!yOl|j[o �bl�y �b��l|j[l!m��i�^k-w����	q^k-w � w�l ��w�wxf ��l	j[l�muybfr� �
jOfr� � �xjOfil|{rwxf.� w�w��^�^k-w�����w��Hj[�

X���TYX Z �, � . � �( � � � . ) 	 ! � T � � � .
� 0 T  � � .

� 1 $ V : !:DG � 	 .� ! T � 	 $ V�� � � 	 ! � T �� � V : !:DG 	 ! � . �
� � � �O�

��{rw l�wxk�v ����� �
���
� 	 .� ! T � 	 $ V�� � � 	 ! � T �. � �	� ���� 	 ! � . k-wx�^k w���wxfOl�l|{rw v6ybv6wxfYl|q^v j��^�^m�l!m�yrf;�Y�

l|{rw6j[mnk�mnf@JZw���l!m�yrf,� I ��mnfr� w��^q^j[l�muybf � �$� �O�=mnf �ronj[��w6y[z9mul���jOf^j�o�yY� mnfil	{rw %Hybyrk-w�� 6�k w�m�l ��wxk
v6yr�^w�o32 ���b�A)8(�5Z�rl|{rw zQyOououy��Jm�fr�ih9� 9 mu��y)�rl	j[mnfrw��S�
( � �( � � � . ) 	 ! � T : � % 	% 1 T � � V�� .

� 0 T  � V�� .
� 1 T I � V�� .� 1 $ V : !:HG � 	 .� ! T � 	 $ V�� � � 	 ! �

T �� � V : !:DG 	 ! � . � � � �t�O�

� z�w���k-wxv jOk #O�(jOk-w'm�f�ybk �^wxk���p9mnk-��l�ou�O��l|{rw'o�j��O��j[����yr��mnj[l�w�����mul|{�l|{rw 	[jOk-muybqr�(l�wxk�v �
frw�w��Hl�y;� w��^mu��l�mnfr�bqrmu�|{rw��'� p4ybk�mnfr��l|jOfr��wO�4m�z q^fr��l!wxj[�^� ouyO�!���^�^f^jOv6mu���(mu��l!y;�^w'm�fr��onqr�^w��
zQybk��^q^k�� yO��w��9�|qr��{�j�� ��mnv6qronj[l�muybfr� � w�� �C�	m�f 2 
K5���ybk�v yb��j[oY��l|j��rmuoumulZ�'��ybfr��mu�^wxk�j[l!m�yrf��O�xjOqrl�muybf
v6qr��l � w~l	j�#[wxf�l�y�wxfr�|q^k-w l|{^j�l�l|{rw�v6ybv6wxfYl|q^v+l�wxk�v6��jOk w���ybfr��mu�^wxk-w�� ��wx�^jOk!j[l�w�ou�"jOfr�
� � ��onj[�Y�Ow�� �Y� l|{rw(q^fr��l�wxj��^� ouyO�����^� f^jYv6mu����l�mnv6w ��ybfr��l|jOfYlH�^qrl"�O�6ybfrw�j[�!��yb��mnj[l!w��;��mul|{
v6yrv6wxfOl	q^v�l|k�jOfr�	�^ybk-l/o�j���zQybk�l|{rw�j[��l|q^j[l!m�yrf � � � w���ybfr�^ou�O�[zQybk�fryrf�� j+�rm��!� v v w�l|k-mu����ybfYl|k-yYo
y[z���l	j[ouo��Dl|{rw o�yr�xj[o?
�y�� j[l(l|{rw���ybv �^k-w��!��ybk mnfrouw�l � . � 	 $ V�� � $ ��� �

� �
	 ! ��ybfYl|j[mnfr��l|{rw

v6yr��j[o v yb�^m�s��xj[l�muybf l|{^j[l�mu��k w�o�w 	[jOfYl�zQybk�l|{rw(mnv �rouwxv6wxfYl|j[l!m�yrfiy[z9mnfOl�wxk w���l0�
��ou��y���w�� q^j[l!m�yrf � �$�t�O��mu�~�^wxk m 	Yw�� �Y� ��ybfr��mu�^wxk-mnfr� j[mnk6mnf@JZw���l�muybf j�� jYf m�fr�^wx� wxfr�^wxfOl

�rouyr�B#Jz�k-ybv�l	{rw9��ybv �^k-w����!ybk���p4ybk���mnv �roumu��mul-�O�Oybfrw�v j��"��mu�|{(l!y�w��bl!wxfr��l|{rw9��wxv m �^j[��l|q^j[l�yrk
�^mu��� jY�^�^k-y+�bmnv j[l!m�yrf z�k-ybv ybfrou� l	{rw"��yrv �^k-w�����yrk � mW� w����!l|j[l�muybf � l�y � mnf p9mu�bq^k-w �$� �Y�
l�y l	{rw j�m�k mnf@JZw���l�muybf ��mul|{ l|{rw ��yrv �^k-w�����yrk � mW� w�����l|j[l!m�yrf � l!y � mnf p9m��rq^k-w �$� �O���@e�f
yOl	{rwxk���ybk-�^����l|{rw v j[���ijOfr� v ybv6wxfYl|q^vEw <�w���l����xjOfM�^wHonq^v � w�� l�yO�Ow�l	{rwxk���mul|{ l|{rw
�xj[�!�xj[�^w �^wxkgzQybk�v jYfr��w"�	{rmtzQl�mnfr� w <�w���l�� jOfr� m�fr��yrk��^ybk!j[l�w���mnfOl�y l	{rw v yb�^w�o(j[�i�^jOk-l�y[z
l|{rw �|j[�Y�bk-w��bj[l!w �(��ybv �^k-w����!ybk9��{^jOk�j[��l!wxk-mu��l�mu��� R {rmuo�w(l	{rm�� jO�^�^k-ybj[��{6mu��jO�^� wxj[oumnfr�6z k ybv j
��ybv �ro�w��rmul-� � yOmnfOl9y�z 	bmuw����Yl|{rw 	 jOk-muybqr�9w <�w���l��9jOk-w�fryOlD�^mu��l�mnfr�bqrmu�|{rw�� jOfr�6{rwxfr��w�l|{rw�onj[�O�
j[�!��yb��mnj[l!w�����mul|{�l|{rw(��yrk�k-w��|� ybfr�^mnfr�il�wxk�v6�>��muouo�fryYlU�^w'l|j�#[wxf mnfOl�yij[����ybq^fYl��^k-yr�^wxk-ou���

')(+*,(�' B C	<=F
>A2 8�

������� 4���<=F
>��.8;4 8;4�� 0!2�F 0!56<�� <���
#8��A:�0!4 F <
��jOk m�yrqr��jO�^�^k-y+�bmnv j�l�muybfr� y�z l|{rw=� q^j���m �b��l|j[l!m����^k-w��!�|q^k-w k m��!w y�z jJ�xj[���xj[�^w=y[zF�ronj[�^w��9�xjOf*�^w
zQybq^fr� mnf l|{rw�oumul�wxk�j[l	q^k-w���p4ybk�mnfr��l|jYfr��wO�F(Jybk-ouyr�B#Q2 
 � 59�^wxk-m�	Ow���l	{rw(� q^j[�!m �r��l|j[l�mu�6�^k-w����|q^k-w
k-mu��w JSP @ l�y �^wx�^wxfr� ybf�l|{rw�m�frouw�l jOfr� yrqrl�ouw�l"j[mnk1
�y+� jOfr�Yo�w���ybf�l|{rwP�ronj[�^w��0�<��{rw
��� � � � � M	� � � � � M K @ ��� MON ��� M K N � M � � � 
 @ � 
 M � � @ K � K � N M � � ����� M K N � M � � M 
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w��^�^k-w����!m�yrfimu���Ym 	Ywxf.�O�
JQP @
�. ,  .� �

J K @BMONUTWV X � � @B@�. ,  .� � � � T ��yO� . �
��yY� . ��� � T V�X � � @B@�. ,  .� ) � �$� � �

� {rwxk-w J�K @BMON �^wxfryOl!w���l|{rw(mu��wxfYl|k-yr�rm��6�^k-w����|q^k w~k-mu��w6j[�xk-yO����l|{rw'�xj[���xj[�^wO�  �� l|{rw(mnfro�w�l�j�m�k	Yw�o�yr��mul-�O� � l|{rw�mnfrouw�l�j[mnk�
�y+� jYfr�OouwO� � � l|{rw=ybqrl�ouw�l9j[mnk�
�y+� jOfr�Yo�wO�OjYfr� V�X � � @B@ l|{rw �^k w����|q^k-wouyO�!��l|{^k ybqr�b{�l|{rw��xj����xj[�^w�� � ��mnv6muonjOk(jO�^�^k y��rmnv j[l�muybf�mu� zQybq^fr� mnfHp�k 	w���{rw�l�l�wJ2t� � 5O����{rw
��yrv v6ybf'zQwxj[l|q^k wU�^w�lO��w�wxf l	{rw�lO� y6jO�^�^k-ybj�� {rw��=m���jOf m��!wxfOl|k yb�rmu���^k-w����|q^k-w(k-mu��w J K @BMON jYfr�l	{rw~ouyO�!��w�� V�X � � @B@ ��� ���|q^v6mnfr��l|{^j[l l|{rw6� {^jOfr�Yw~mnf � � mu�(�|v j[ouoQ��l|{rw6mu��wxfYl|k-yb�rmu� �^k w����|q^k-w
k m��!w J K @BMON mu� �Ym 	Ywxf;�Y��J K @BMON �  �� ) � ���D6�m�	Owxf j'�^q^j[��m �b��l	j[l�mu���^k-w����	q^k-w#k m��!w JQP @ �  �� ) � ���Ol	{rwouyO�!��w�� V�X � � @B@ �xjOfil	{rwxf.�^w(zQybq^fr�Hj[� V�X � � @B@ �  �� ) � � � p9m��rq^k-w��$� 
b� �

� mnkDmnf@JZw���l�muybf �xjOf � w�v6yr�^w�o�w����Y� 	Ow�ouyr��mulZ�'�^mnj[�bk�jOv ��j[�D�|{ry+��f�m�f'p9mu�bq^k-w��$� ($�����9l	{rw
�rmu��l|q^k w��(�|{ry+����j[mnkJm�f@J-w���l�muybf��xjOfHj[oul�wxkJl|{rw�mnfrouw�l�
�y+�,jYfr�Oouw � ��l|{rw'w <�w���l�m�	Ow j+�bmnj[oL
�y�� #� ��jOfr�il|{rw�w <�w���l�m�	Ow6k-yOl�yrk jYfr�bqronjOk 	Yw�o�yr��mul-� " � egf�l|{rw(�xj[��w'y[z��!l|k�j[mu�b{Yl �bybf�mnf@J-w���l�muybf��
l	{rw�v j[�bfrmul|qr�^w(y[zDl|{rw�j+�rm�j�o 	Yw�o�yr��mul-� mu�(jOqr�bv6wxfYl�w���l�y  � � �4jOfr� l	{rw(m�frouw�l#
�y+� jYfr�Oouw �
mu��k-w���qr��w�� l�y � � �6��{rw frw�� mu��wxfYl|k-yr�rm����^k-w����|q^k-w k-mu��w m��'l|{rqr���Om�	Owxf �O�-J�K @BMON �  �� � ) � � ���jYfr� l|{rw6ouyO����w��/�Y� V�X � � @B@ �  �� � ) � � � ��k-w��	qro�l!m�fr�imnfHj�frw���� q^j[�!m �r��l|j[l�mu�6�^k-w����|q^k-w k-mu��w v jY�JQP @ �  �� � ) � � �A� J K @BMON �  �� � ) � � � T)V X � � @B@ �  �� � ) � � ���9��{rw(jOk-�bq^v wxfOl9�xjOf?�^w(jO�^�roumuw��il�y�l	{rw
jYfr�Oouw�� mnf@JZw���l!m�yrfi�xj[��w�� jOf^j[ouyO�Oybqr�!o����

�/y j[���xq^k!j[l�w�ou� v6yr�^w�o�l|{rw(��{^jOfr�Ow(mnf � ��qrw(l�y ��l|k�j[mu�b{Yl �byrf ybkJjOfr�Oouw�� j[mnk�mnf@J-w���l�muybf��
l	{rw~w 	YyOonqrl�muybf y�z jOf�y)�roumu� qrw*J-w�l(m�f j z�k-w�w��b��l|k wxjOv j���j�z�q^fr��l�muybfHy[z�l|{rw j+�rmnj[o ��� �(jYfr�
� wxk��^wxfr�^mu�xqronjOk ��� � �^mnk-w���l!m�yrfr� frw�w��^�il�y�� w j[�^��k-w�����w��'� p9mu�bq^k-wH�$�*)H�	{ry��J� l|{rw���w�l|q^�
�rmu��l�yrk-mnj[ouo��O�Q��{rwxk w � _ jOfr� ��� �^wxfryOl�w l|{rw6mnfrmul�mnj[o 	Ow�ouyb��mul-�Hy[z l	{rw y)�roumu� qrw*JZw�l�jYfr�Hz k w�w
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�!l|k-wxjOv 	Ow�ouyr��m�l-�ik-w��|� w���l�m�	Ow�ou�O� % l|{rw �^m�jYv6w�l�wxk�y[z9l|{rw ��mnk-�xqronjOk J-w�lx� � l|{rw>J-w�l � j=�bmu�x� � l	{rw
�xk yO��� �b�!w���l�muybf^j[o v6wxjYf 	Ow�ouyb��mul-� y[z9l|{rw5JZw�l�j�o�yrfr�U���^j+�bmu�x� � � l|{rw6v6wxjOfij+�rmnj[o 	Ow�ouyb��mul-�iy[z
J-w�lx� � l|{rwik�j[�^mnqr� y�z �^w�
�w���l!w�� JZw�l frybk�v j[o�l�y ��� j+�rmu�x� ��� l|{rwik�j[�^mnqr� y�z l	{rw J-w�l6m�f l	{rw
� �b�^mnk-w���l�muybf��=jOfr� 0 _ jYfr� 0 � l|{rwijOfr�Oouw�y[z�l|{rw*JZw�l6mnfrmul�mnj[ouo�� jYfr� j[l'��ybv6w��^y+��fr��l|k wxjOv
ouyr�xj[l�muybf�k-w��|�^w���l!m 	Yw�o����

�(f�j[����ybq^fYl�y[z j�frq^v!�^wxk=y[z�v6yb�^w�oumnfr� jO�^�^k ybj[��{rw��9zQybk9y)�roumu�^qrw>JZw�l��=mnf j#z k-w�w ��l|k wxjOv
jYfr� w��^�^wxk-mnv6wxfYl|j[o�k-w��	qro�l!�~�xjYf	� w zQybq^fr� mnf }Jj+J�jOk�j[l|f^jYv 2 � � 5 �H��{rw ��yrv v6ybf�zQwxj[l|q^k w
jYv6ybfr� l|{rw�jY�^�^k-ybj[��{rw���mu� l�y;� yby)# � #[w�wx� l|{rw�v j[�!��jOfr�"v ybv6wxfYl|q^v w <�w���l�� ��q^k-mnfr� �^w �
�w���l!m�yrf6y[z�l	{rwDJ-w�l`
�y+� �D9G� jYv �rouw���y[z��|qr� { v6yb�^w�ou�=l|{^j[lDl|j�#[w�l|{rw�w <�w���l��9y[z�wxfOl|k!j[mnf^v6wxfOl
mnfYl�y j[����ybq^fYl��xjOf;� w�zQybq^fr�imnfih9onj[l!l�wxf jYfr� 8 w <�wxk 2 ��
�5 jOfr�.(�ybqroul�jOfr�?R w�muo32 
 � 5 � � yrf �
�!m��^wxkDl	{rw �!w�l|q^�6�|{ry+��f�m�f p9m��rq^k-w��$�*)$�De�f h�o�j�l�l�wxf�jYfr�;8 w <�wxk��[l|{rw�v j[���9jOfr� v6ybv wxfOl|q^v
�^j�o�jYfr��w��#jOk w/��k-mul�l�wxfij[�

%% � � 	 � � � , $*��� ) %% � � 	�� . ��mnf 0 � ���#7 )
%% � � 	�� . ��yO� 0 � � � $*� � � � )

��� � 	 � � � T ��� ��yO� 0 � � $ 	 . ��� � ��yO� 0 � T ��yO� 0 _ � ) � � � � 7O�
� {rwxk-w 	 � $ �^jOfr� � �^wxfryOl�w l|{rw��xk yO��� �b�!w���l�muybf^j[o�jYk-wxj^�O��mnk-�xq^v~z�wxk-wxfr��wO�4jOfr� v wxjOf 	Yw�o�yr��mul-�
y�z l|{rw JZw�l�frybk�v j[o�l�y'l|{rw ��� j=�bmu�x� � � l|{rw(wxfOl	k�j[mnf^v6wxfYl 	Yw�o�yr��mul-�O��jOfr� 	 � l	{rw(wxfOl|k!j[mnf^v6wxfOl



��


��yrw�� ��muwxfOl!��z�ybk
��� � ) �$� ��{rwis�k ��l w��^q^j[l�muybf j�����ybq^fOl!�6z�yrk6l|{rw"v j[��� j[��j k-w��|qroul�y[z
wxfYl|k�j[mnf^v6wxfYl0� ��{rwi��w���ybfr� jOfr� l	{rm�k � �^yry)#��$#[w�wx� l|{rw v6ybv wxfOl|q^v7mnf l	{rw � � jOfr� � �
�^mnk-w���l�muybfHk-w��	�^w���l�m�	Ow�ou���

99�^q^j[l�muybf � �$� � 7O�=�xjOf.�^w6fbq^v wxk-mu�xj[ouo��HmnfYl�w��bk�j[l!w��.��mul|{�l|{rw~jY�^�^k-yb�^k-mnj[l�w(mnfrmul�mnj[o9��ybf �
�^mul�muybfr�(l�y ��mnv~qronj[l!w~yT�ro�mu�^qrw/J-w�l�mnf"j?�^j[��#O�rk-ybq^fr�Y
�y+� ��h9onj[l!l�wxf jOfr� 8 w <�wxk�2 � 
�5Ds�l�l�w��
l|{rw(wxfYl|k�j�m�f^v wxfOl���yrw�� ��muwxfYl�� 	 � zQybk"�S� � ) �'l�y v j[l���{ w��^�^wxk m�v wxfOl|j�o���j[l|j'y)�rl|j�m�frw�� z�yrk
	[jOk-muybqr� 	[j[onqrw���y[z 0 _ jOfr� � _ ' ��� �9��{rmu���^jOk-l!m��xqronjOk=jO�^�^k-ybj�� {'�^yrw�� fryOl9l|jN#[w�m�fYl�y�j[����yrq^fOl
y[z9l|{rw 	 jOk m�j�l�muybfiy[z 	 jOfr� $ j�o�yrfr� l|{rw ��� j=�bmu�U�^qrl�j����|q^v6w���#rfry��Jo�w��^�Yw�y[z l	{rwxv.����{rwxk-w
mu�(j[ou��y fry j[����yrq^fOl�y�z�wxfYl|k�j[mnf^v6wxfYl�mnfil	{rw � �b�^mnk-w���l!m�yrf,�

� ��mnv6muonjOk�jO�^�^k-yrj[� { �xjOf;� w�zQybq^fr�imnf?(�ybqroul�jOfr�?R w�muo32 
 � 5 �9��{rw(v j[�!� jOfr�iv6ybv6wxf �
l|q^v �^j[onjOfr��w��#jYk-w/��k-mul�l�wxfij��

%% � � � . � � � � � �� � )
� . � . % 0 �% � � T ��� ��mnf 0 � %% � � � . � � )%% � � � . � . � � ��� ��yY� 0 � %% � � � . � � )

���� � 	 ��� � T �
� ��yO� 0 ��� $ 	 � � ��� ��mnf 0 ��� ) � �$� �O� �
��{rwxk w � mu�(l|{rw k�j[�^mnqr�(y[z�l|{rw6�^w�
�w���l�w��.J-w�l(frybk�v j[oDl�y�l|{rw � � j+�rm���� ���� l	{rw~wxfYl|k�j�m�f^v wxfOl
	Ow�ouyr��mulZ�O��jOfr� 	 � wxfOl	k�j[mnf^v6wxfYl���ybw�����m�wxfYl��Jz�yrk �`� � ) �$�

� m�v m�onjOk/l�y�h�onj[l�l�wxf(jOfr�!8 w <�wxk 2 ��
�5Z��l|{rw9wxfYl|k�j[mnf^v6wxfYl ��yrw�� ��muwxfYl���jYk-wDs�l�l�w��(l�y v j[l���{
l|{rw'w�� � wxk-mnv6wxfYl���mnf�(�ybqroul(jOfr��R�w�m�o�2 
 � 5 �=��oul|{rybqr�r{iw��^q^j[l�muybf � �$� �O� �=l|k-muw���l�y l|j�#[w(l|{rw
	[jOk-mnj[l�muybf�y[z�l|{rw �xk-yO�!� �b��w���l�muybf^j�o�jOk-wxj6jOfr��wxfYl|k�j[mnf^v6wxfYl�m�f l|{rw(�^mnk-w���l�muybfifryrk�v j[o4l�y�l|{rw
J-w�l�j+�rm��(mnfYl�y j[����ybq^fYlx��fry�w�� �ronjOf^j[l!m�yrf ��j[���Ym 	Ywxf�z�yrk���k m�l!m�fr��l|{rw6��w���ybfr� w��^q^j[l�muybf�mnf
l|{rw/��j����|{ry+��f mnf � �$� �O� �1�

A�����ybv!�rm�frmnfr� l|{rwilO��y"jO�^�^k-yrj[� {rw����9l|{rwiv j[��� jOfr� v6yrv6wxfOl	q^v �^j[onjOfr��w����xjOfV�^w
��k m�l!l�wxfij[��l|{rw zQyOououy+��mnfr�C�

%% � � � . � � � � � \��� )
%% � � � . � . ��mnf 0 � � � 7 )
%% � � � . � . ��yO� 0 � � � � � �
� � 	 � � � T ��� ��yO� 0 � � $ 	 . ��� � ��yO� 0 � T ��yO� 0 _ ��� )\��� � 	 � � � T �
� ��yY� 0 � � $ 	 . �
� � ��yO� 0 � T ��yY� 0 _ � $	 � ��� ��mnf 0 � ) � �$� � �O�

��{rwxk w�l|{rw(w��^�roum���mul(�^wx� wxfr�^wxfr��w y[z � � � �^jOfr� 0 � ybf 1 {^j[�U�^w�wxf ��k-yb�^� w�� zQybk=��mnv �roumu��mulZ���
��{rw's�k-�!l�w�� q^j�l�muybfHj[����ybq^fYl���zQybk�l	{rw~v j[�!�0����{rw'��w���ybfr� jOfr��l|{rmnk-�Hw�� q^j[l!m�yrfr�#j[����yrq^fOl
zQybk'l|{rwiv6ybv6wxfYl|q^v7mnf l|{rw � � jOfr� � �r�^m�k w���l�muybf k-w��	�^w���l�m�	Ow�ou��� ���!�|q^v6mnfr� l|{^j[l 	 � jOk-w
�Om�	Owxf z�yrk��`� � ) � ) �^�Ow��^q^j[l�muybf � �$� � �Y���xjYf��^w frq^v6wxk-mu�xj[ouou�Hm�fYl�w��bk!j[l�w��il�y yT�rl|j[mnf�l|{rw � �� �rjOfr� 0 � j�l jYfO�6�^w���mnk-w��i�^y+��fr��l	k-wxjOv�ouyr�xj[l�muybf,���J{rw�mnfYzQybk�v j[l!m�yrf �xjOf l|{rwxf.� w#qr��w��il!y
w���l!m�v j[l�w(l|{rw(�|{rm�zQl�w�� ��yrv �^k-w�����yrk�� {^jYk�j[��l�wxk-mu��l!m����
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egf �^k�j[��l!m���wO�ry[zQl�wxf'ybfrou� �^jOk-l9y[z�l|{rw���ybv �^k-w��!��ybkD�xj[���xj��^w�mu� j@<�w���l�w����Y�~j[mnk9mnf@J-w���l�muybf,�
egf�l|{rmu���xj[��wO��j��^jOk�j�o�ouw�o=��ybv �^k-w����!ybk�jY�^�^k-ybj[��{Y2 
V(b��) � 5��xjYf � w j[�^yb�rl�w��Hl�yiy)�rl	j[mnf l	{rw
�xj����xj[�^w~� wxkgzQybk�v jOfr��w��J�(wxfryOl�mnfr�il|{rw�z k�j���l�muybfiy[z��xj����xj[�^w j@<�w���l�w�� �Y� j[mnkJm�f@J-w���l�muybfP�Y�
! � l|{rw�frybv6mnf^j[o�mnfr��mu�^wxfr��w jOfr�Yo�w6jOfr� j+�rmnj[o�
�y+� � jOfr�  �� k-w��|� w���l�m�	Ow�ou�O��jOfr�il|{^j[l>��mul|{
j�m�k m�f@J-w���l�muybf �� jOfr� � �� k w��|�^w���l�m�	Ow�ou�O��l|{rw(�^q^j[��m �b�!l|j[l�mu���^k-w����	q^k-w~k-mu��w(��{^jOk�j���l�wxk-mu��l�mu���xjYf
� w�w��^�^k-w�����w��Hj[�

JSP @ ��� � T ! �  �� $ ! � �� � � � � T ! � � J K @BMON �  �� ) � � T V�X � � @B@ �  #� ) � ���
$ !�� J�K @BMON � � �� ) �� � TWV�X � � @B@ � � �� ) �� ��� �

��j�o�mu��j[l!m�yrf y�z�l|{rw��^k yb�^yO�!w��"v6yr�^w�o�mu���^k-w���wxfYl�w���m�f � w���l�muybf � � 
C�
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egf l|{rmu�i� {^jO�rl!wxk���l|{rwHw�� � wxk-mnv6wxfYl|j[oJz j[��muoumul-� j�l � j�o�l!w�� { m��i�^w��!�xk-m �^w�� mnf � w���l�muybf �$� � �
��j�l|j(��ybk!k-w��|�^yrfr�^m�fr� l�y���l	j��rouwO�^��l|j[ououw�����jOfr���|q^k-�Ym�fr�6yb� wxk�j[l�muybf�mu���^k-w���wxfYl�w��imnf � w���l�muybf
� �t�$� �J{rw�k-w��|qroul���y[z�l|{rw�jY�^�ro�mu�xj[l!m�yrfiy[z l	{rw�mu�^wxfYl�m�s��xj[l�muybf j�o��Yybk-mul|{^v qr��mnfr� �|q^k-�Yw(���b��ouw��
�^k yb�^yO�!w�� �Y��A=wx{^f$#[wxf$2 
�5Z��j[����w�ouo#j�� l|{ryO��wi��yrk�k-w��|� ybfr�^mnfr� l�y l|{rw j[l!l�wxv �rl�� y�z#mnv �
�^k y 	Ywxv6wxfOl!�x�bjOk w��^k-w���wxfYl�w��imnf � w���l�muybf �$� �$�9��{rw�k-w��|qroul���y�z 	 j[oumu��j[l�mnfr�il|{rw(j[mnk�mnf@J-w���l�muybf
v yb�^w�o�jOk-w �^w����xk m2� w�� mnf � w���l�muybf � � 
C� �J{rw � {^jYk�j[��l�wxk-m �xj[l!m�yrf y[z�mnfrouw�l6�^m��!l|q^k��^jOfr��w�� yrf
l	{rw � j[oul�w���{ z j[��muoumul-�"�^k-w���wxfYl�w��imnf � w���l!m�yrf �$�*( wxfr�^��l|{rw(��{^jO�rl�wxk �

� �%� $ 1�I�
9
��	5<
������J� �(
9��&�I

�J{rw � j[oul�w���{���ybv �^k-w����!ybk�k-mu� mu��j6�!m�fr�Yo�w'��l|j[�YwO�bouy+� �|� w�w�����j=�bmnj[oR
�y+� ��ybv �^k w�����ybk ��mul|{
�!wxfr��mnfr� jOfr� j���l|q^j[l�muybf��xjO�^jN�rm�oumul�muw�� � p9mu�bq^k-w � � � ���/p9m��rq^k-w �$���Oj(�|{ry+��� j���k!j0�Jm�fr� y[z�l	{rw
k m���jOfr� �$�t���ij v j[�bfrm�s�w�� 	rmuw�� y�z l|{rw��!wxfr��ybk�jOfr�imnf@J-w���l�muybfHj[��l|q^j[l!ybk�k-mnfr�C�

�J{rw ��ybv �^k-w�����ybk mu� j�ouy+� �|� w�w����9��mnfr�Oouw �!l|j[�OwO�Dj+�bmnj[o9��yrv �^k-w�����yrk �Y�"�/�rouw � ybk��^y �
k!j[l�muybf���v6yb�^w�o�� � )O�87^� ��mul|{ � 
 �ronj[�^w�����j�l�mn�"k!j[�^mnqr�(y[z �$�*( �xvi��jOfr� ji{bq$�Hk�j[�^mnqr�(y[z )
�xv4�"��{rw.�ronj[�^w���l|j[�O�Ywxk�jOfr�Oouw 	 jOk m�w�� z k-yrv �87�� j[l�l|{rw�l�mn��l�y ( � �*)�� j[l'l|{rwi{bq$����jYfr�
l	{rw~k-yOl!ybk�l�y���l|j[l!ybk��^mu��l|jOfr��w6mu��jO�^�^k-y+�rmnv j[l�w�ou� � �6�xv � � � 
�k-yOl�ybkJk�j[�^mumn���/9 �^�^wxk-mnv6wxfYl��
jYk-w k�q^fV��mul|{ jHk-yOl�yrk z�k-w�� qrwxfr����y[z � 787�(
�O���Om�	bmnfr� j�l�mn� % j�� { fbq^v!� wxk�y�z 7$� � � � e�f
l	{rwi��ybfYs��bq^k�j[l!m�yrf �|{ry+��f mnf p9mu�bq^k-w �$���^��k-yOl	j[l�mnfr�H��l|j[ouo�mu� y)�r�!wxk
	Ow�� l�yHyr���xq^k���mul|{ j
z�k-w��^qrwxfr��� y[z�jO�^�^k-y+�rm�v j[l�w�ou� ) �.( ���UR�mul|{Hj � �t� � v � �rouwxfbq^v7j[l�l|j[��{rw��"j�l�l|{rw6ybqrl!o�w�l
� z�ybk���ybv �roumnjOfr��wiw <�w���l��|���D�|q^k �Ow yr���xq^k-� j[l jO�^�^k-y+�rmnv j[l�w�ou� � ����( ��� ��j[l	jil|j�#�wxfHzQybk�j
�!l|j[ouo�l|k!jOfr��mul�muybf w 	OwxfYl��|qr�Y�Ow���l��6l|{^j[l'l|{rw���l|j[ouo���w�ouo �rk-y+���(z�k-ybv l|{rw fryYm��!wio�w 	Yw�o l!y"mul��
z�qrouou� �^w 	Ow�ouyb� w�� ��m ��w�m�f jY�^�^k-y+�bmnv j[l!w�o�� �87Hv6��w�� � ��k-yOl�ybk'k-w 	OyOonqrl�muybfr�	��� ��l6l|{rw���l|j�o�o
mnfr��wx�rl�muybf � yOmnfOl�� l	{rw 	Ow�ouyb��mul-� y[z�l|{rw1
�y���l	{^k-ybqr�b{Hl	{rw ��ybv �^k-w��!��ybk(mu� jO�^�^k-y+�rmnv j[l�w�ou�
� )~v 
[��w����

� m �H��l|j�l�mu� �^k w����|q^k-w6l|k�jYfr����qr��wxk-�"��mul|{ � 78787?(
���^jOfr�$�Jm��^l	{ jOk-w'w 	Owxfrou�"�^mu��l	k-m �^qrl�w��
j�o�yrfr�~l	{rw�jOf^fbqronqr� y[z l|{rw(��yrv �^k-w�����yrk j�l jY�^�^k-y+�bmnv j[l!w�o�� ($� �'�xv � � � � k-yOl!ybk�k�j��^m�mn�=z�k-ybv
l	{rw"k-yOl!ybk6z�j[��w�� A=� � wxkgz�yrk�v6mnfr� j �^mu���xk w�l�w p�yrq^k-muwxk l|k!jOfr�-zQybk�v ybf l|{rwH��mu�bf^j�o���z�k-ybv
l	{rwil|k�jOfr����qr��wxk �x��l|{rw jOv �roumul|qr�^w jOfr���^{^j[��w y�z#l|{rw�s�k ��l jOfr� ��w���ybfr� p4ybq^k-muwxk v6yr�^w��
y�z l	{rw �^k-w����|q^k w � wxk-l|q^k��^j[l!m�yrf y[z�j�frybf�� j+�rmu��� v v6w�l|k-mu���^m��!l|q^k��^jOfr��wi�xjOf �^w�y)�rl|j[mnfrw��'�
�J{rw �^m <)wxk wxfr��w��^w�lO��w�wxfHl|{rwi�^k-w����|q^k-w y)�rl|j[mnfrw���z k-yrv<ybfrw �!l|j[l�mu� �^k-w��!�|q^k-w�l|k�jOfr����qr��wxk
v ybq^fOl!w�� j�lil|{rw �rm�w���yY��l|j[l�mu� k-mnfr� j[lil|{rw mnfrouw�l jOfr��l|{^j[l�z�k-ybv�l|{rw �rmuw���yO��l	j[l�mu� k-mnfr�
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�^y+��fr��l	k-wxjOv<frwxjOk l|{rw ybqrl�ouw�l�y[z�l|{rw ���r��l�wxv mu�'��ybv �^qrl�w�� j[�(l|{rw �^k w����|q^k-w k m��!w j[�xk-yO�!�
l|{rw6��ybv �^k-w�����ybk ��p�yrk�l|{rw 	Ow�ouyb��mul-� y�z�l|{rw6���b�!l�wxvi��j {ryOlO��mnk-w6jOfrwxv6ybv w�l�wxk�mu��v6yrq^fOl�w��
jO�^�^k y��rmnv j[l�w�ou� � �$� 
(�xv � � � )(k-yOl�ybkDk�j[�^mumn��q^�r��l|k-wxjYv�y[z�l|{rw�k-yOl!ybk/z j���w�� � ouo�y[z�l|{rwJ��wxfr��ybk
��mu�bf^j�o���jOk w�s�oul�wxk-w���l|{^k-yrqr�b{ j 
Yl|{6ybk-�^wxk A=w�����w�o�ouy����^j[���=s�oul�wxk ��mul|{ j'�xqrl�y+<�z�k-w�� qrwxfr���
y[z � 78747�( � �^w	zQybk-w'l|{rw(��mu�bf^j[oD�^k-yb��w��!��mnfr� �^{^j[�!w�mnfil|{rw(�!y[z�lO��jOk-w��

�,{rmu�b{ �|�^w�w��HjOfr�"j6ouy+� �|� w�w�� �rouw�w�� 	 j[o�	Ow6jOk-w�j 	 j�m�onj��rouw6ybf�l|{rw � j[oul�w�� {�k-mu�C����{rw
{rmu�b{ �|�^w�w����rouw�w�� 	[j[o�	OwO��qr��w��H�^k-mnv jOk-muou��zQybk=��l|j[ouo���ybfYl|k-yOoQ�^{^j[��j v j[�rfrm�l	qr�^w(�|j[l|q^k�j�l�muybf
y[z � ��� � ��yrk�k-w��|� ybfr�^mnfr��l�y(jOf jOk wxj�y[z �O� � 
 �xv . �Dy[z�l|{rw"
�y+� j[l9l|{rw���l	j[ouobmnfr��wx�rl�muybfi� yOmnfOl
jOfr�6mu��jO�^�^k-y+�rmnv j[l�w�ou���8)J�xv � �$� � k-yOl�ybk/k�j[�^mumn�D�^y�� fr��l|k-wxjOv y[z�l|{rw�k-yYl�ybk�����{rw�ouy+� �	�^w�w��
	[j[o�	OwO��qr��w�� �^k-mnv jOk-muou�HzQybk(�	q^k-�Ow���ybfOl	k-yOo�jOfr� l	{^k-yOl�l�ouw �^mu��l	q^k��^jOfr��wi�Owxfrwxk�j�l�muybf��9{^j[�~j
v j��bfrmul|qr�^w6�|j[l|q^k�j�l�muybfiy[z �47�� y[z�l|{rw 
�y+� y[z�l|{rw��!�b��l!wxv j[l l|{rw'��l|j[ouoDm�fr��wx�rl!m�yrf � yOmnfOl
jOfr� mu� w���l�mnv j�l�w�� l!y"{^j 	Ow j��|v j�o�o=��mu�bf^j[o ��� (�� jOfr�Oouw v6yr��qro�j�l�muybf^�!�^jOfr�$��mu�^l|{ y[z (47
( � jOfr� j�onjOk �Ow6��mu�bf^j[o ��� � 7 � jYfr�Oouw v6yr��qro�j�l�muybf^� �^jOfr�$�Jm��^l	{ y[z � (.( ��� eQl(mu��ouyr�xj[l�w��
jO�^�^k y��rmnv j[l�w�ou� �8(6�xv �^y+��fr�!l|k-wxjOv@y[z9l|{rw~k yOl�ybk��

��{rw~j[mnkJmnf@JZw���l�yrk-��jOk-w'ybf��by+< l-� � w�mnf@J-w���l�ybk-� ��k-m�	Owxf �O�i�!yOouwxfryOmu� 	 j[o�	Ow��@��p�yrk�jO�^�roum �
�xj[l!m�yrfr�(ybfil|{rw � j[oul�w���{���ybv �^k-w����!ybk�k m��4��l|{rw'mnf@JZw���l�yrk-��jOk-w�z�w�� ��mul|{�j �^k-w��!�|q^k-w6��ybq^k-��w
�|q^�^�rou�rmnfr� j[mnk(j[l�jiv j+�rmnv6q^v �^k-w����	q^k-w y[z��87i�r��mu�C� ��{rw mnf@J-w���l�ybk-�6jOk-w6ouyb�xj�l�w�� j[l�jO� �
�^k-y+�rmnv j[l�w�ou� � 7$� 
 �xv � � �t��k-yOl�ybk k�j[�^mumn�iq^�r��l|k-wxjOv y[z�l|{rwHk-yOl�yrk�����qrw l�y ��mu�bfrm�s��xjOfYl
ouyO���!w�� j[�xk-yO�!��l|{rw���yOouwxfryOmu� 	[j[o�	Ow�� jOfr� �^w�lO��w�wxf�l|{rw 	 j[o�	Ow�� jOfr� l	{rw �^k-w��!�|q^k-w���ybq^k-��wO�
l|{rw'mnf@JZw���l�yrkU�^j[��#i�^k-w����	q^k-w~k-wxj��^m�fr���^yrw��#fryOl(k-wx�^k-w��!wxfOl(jOfij[���xq^k�j�l�w�mnfr�^mu�xj[l�muybfHy�z�l|{rw
j[��l	q^j[o 	Yw�o�yr��mul-�"y�z�l|{rw6m�f@J-w���l�w�� j[mnk ybfil	{rw k yOl�ybk z j���w�� I �!m�fr�Hj {ryYl �Jm�k w jYfrwxv6ybv6w�l�wxk �
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l|{rw(v j+�rmnv6q^v 	Yw�o�yr��mul-� y[zDl|{rw 	Yw�o�yr��mul-� �^k-y�s�o�w��^k yb��qr��w����Y� l|{rw mnf@JZw���l�w��Hj[mnk�v6wxj[�|q^k-w��
j[l6ji�^mu��l|jYfr��w w��^qrm�	 j[ouwxfYl l�y l	{rw k-yOl�yrk �bmnf@JZw���l!ybk �^mu��l|jOfr��w z�yrk�(87�jOfr� )87��r��mu�"mnf@J-w���l�ybk
�^j[��#i�^k-w����	q^k-w jOk-w~v wxj[�|q^k-w��Hl�y.�^w jO�^�^k-y+�rmnv j[l�w�ou� �87$��� jOfr� � �$�t� v 
[��w�� k-w��|� w���l�m�	Ow�ou���
��l(l	{rw ��l|j[ouo9mnfr��wx�rl�muybf �^yOmnfYlx��wxj�� {Hmnf@J-w���l�ybk��xjOfHj[�^� jO�^�^k-y+�rmnv j[l�w�ou� � � ��� v j[�!��
�qT���
�$� 
 � v6yrv6wxfOl	q^v 
�qT���^jOfr� � � � ��wxfrwxk-�O� 
�qT� l�y'l|{rw ���b�!l�wxv ��{rwxf�l|q^k�frw���ybf ��ybfOl!m�frq �
ybqr�!o�� j[l )87(�r��mu�'m�f@J-w���l�ybk �^j��B#'�^k-w����|q^k-w��=��{rw��^jOfr�$��mu�^l|{ j[�!��yb��mnj[l!w�����mul|{'l|{rw�mnf@J-w���l�ybk-�
mu� jO�^�^k-y+�rm�v j[l�w�ou� �8787.( � j[l�(87�� ��qrl-�H���r��o�w��i��{rw�jOfr�Oouw y�z mnf@JZw���l!m�yrf��9mnf@JZw���l�yrk �^j[��#
�^k-w��!�|q^k-wO�4l|{rw�j+�rm�j�o�ouyb�xj[l!m�yrf y�z�l|{rw(mnf@J-w���l�ybk-����jOfr�il	{rw~k�j[�^mnj[o/o�yr�xj[l�muybf y[z9l|{rw�mnf@J-w���l�ybk-�
�xjOfij�o�o �^w 	[jOk-muw��'�

��ouo�w��^�^wxk m�v wxfOl��HjOk-w k�q^f�mnf k-wxj[o l�mnv6w qr��mnfr��l|{rw � �^jOk�k y�� k wxj[o �bl�mnv6w yb� wxk�j[l�mnfr�
���r��l�wxvR2*)8) 5D��mul|{ij6�	jOv �roumnfr� z�k-w��^qrwxfr���iy[z��478787!(
�'ybfij hDwxfYl�mnq^v � 787*%P( ��h � �

� � � �+�(5<�	����� � I 
�
)� �������

egf l|{rmu����w���l�muybf��rl|{rw"�^wx{^j 	bmuybk=y[z�l|{rw � j[oul�w���{6��ybv �^k-w��!��ybkDz�j[��muoumulZ� m�fifryrv6mnf^j[o�yb� wxk�j[l�muybf
mu� �^w����xk-m �^w��'�

�,( ')(.- �E8����
R�mul|{Hl|{rw��ro�wxfrq^v �^w�l|j�� {rw����/l|{rw ��yrv �roum�jYfr��w mnf�l|{rw ���r��l�wxv7j[ouybfrw mu� fryOl(wxfrybqr�b{ z�yrk
l|{rw(v j[��{rmnfrw�l!y�w��^{rm2�rmul �|q^k-�Ow��9��{rw/6�k w�m�l ��wxk O��^jYk�jOv6w�l�wxk�mu� mnf�l|{rw k�jOfr�Ow y[z=7$� � �'7$�t�8(^�
��{rwxk wxj[��j 	[j[onqrw~y�z�jO�^�^k-y+�rm�v j[l�w�ou� 7$�t�'�xjOf.� w~j[��{rmuw 	Ow�����mul|{ l|{rw��rouwxfbq^v4�

R mul|{ryrqrl�l|{rw(�rouwxfbq^vi� ybfrou� k-yYl|j[l�mnfr���!l|j[ouo�mu��y)�r�!wxk
	Ow��'�Dp9mu�bq^k-w �$� �(�	{ry��J��w��^qrm�oum �^k-mnj
y[z fryrv6mnf^j[o9yb�^wxk!j[l�muybfimnfHl	{rw 
�y+�	� �^k-w��!�|q^k-w~�ronjOfrwO�DjOfr� l!m�v w~l	k�j[��w�� y[z �^k-w����|q^k wO�R
�y��'�
jOfr��s�k ��l�jOfr����w���ybfr�i��l|j�o�oD{^jOk�v6ybfrmu��� mnf j6l|k!jOfr��mul�muybf��bl�y �b��l|j[ouo�w 	OwxfYl0�
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� (�')( ' � ����� �
R�mul|{ l|{rwi�rouwxfbq^v�j[l�l	j[� {rw�����l|{rwi���r��l�wxv7w�� {rm �rmul��ijHv6m �bw�� ��l|j[ouo �b�|q^k-�Yw �^{rwxfrybv6wxfrybf
w��^�^wxk m�v wxfOl|j�o�ou������{rw 6'k-w�mul���wxk OB�^jYk�jOv6w�l�wxk=mu�(jO�^�^k-y+�bmnv j�l�w�ou� 7$���$�

egf l|{rmu� ��ybfYs��rq^k�j[l�muybf���k-yYl|j[l�mnfr� ��l	j[ouo�jOfr� �	q^k-�Ow"jYk-w��^yOl	{ y)�r��wxk 	Ow��'��p9mu�bq^k-w � � 

�	{ry��J��l�mnv6w(l|k�j���w���y[z �^k-w����	q^k-wO� 
�y+����jOfr� s�k-��l�jYfr�i��w���ybfr� �!l|j[ouo {^jOk�v ybfrmu����mnfHj6�|q^k-�Yw
w 	YwxfOl0� } wxj[�^wxk-�i�|{rybqrou� fryOl�w�l|{^j[l�l|{rw �!�b��l!wxvEw��^{rm �rm�l!� lO��y �^m <)wxk wxfOl���w�l���y[z��|q^k-�Yw
���r��ouw��0�

� � � A^$~
 ������� :9��������� &�2��	���E�'&(
���
7� 3�:9��
�2

egf6l|{rmu�9��w���l�muybf��rjOf6mu�^wxfYl�m�s��xj[l�muybf�j[ou�Oybk-mul|{^v��^k-yr�^yO��w����Y��A�wx{^f$#�wxfD2 
�5�mu� �^k-w���wxfYl�w�� jYfr�
� yO����m �rouw�mnv �^k-y�	Owxv wxfOl��D�^mu���xqr����w��'����{rw�k-w��|qroul��9y�z�l|{rw�ybk-mu�Omnf^j[o^j[ou�Oybk-mul|{^v�jOk w �^k-w���wxfYl�w��
s�k ��lx�Yz�yYo�ouy+��w�� �Y� l	{ryO��w(y)�rl|j�m�frw�����mul|{�l|{rw��^k-yr�^yO��w���mnv �^k-y�	Owxv6wxfYl��0�

� ( �,(�- ������� ��460
	 ��	��)8���� >��6: 
 *
�
��qrw l�y l|{rw�q^fr��l|j��rouwif^j[l|q^k-w y�z l|{rwi�^ybk l�muybfHy[z�l|{rw ��yrv �^k-w�����yrk(��{^jOk�j[��l�wxk m��!l�mu� l�y l	{rw
ouw	zQl�y�z�mul��(�^wxj�#4��j[� {rmuw 	[j��rouw~�!l|j[ouo �Oz k w�w~�^wxkZz�ybk!v jOfr��w�y�z�j �Om�	Owxfi��yrv �^k-w�����yrk�{^j[��j[o ��j��b�
� w�wxfHq^fr��wxk-l|j[mnf,�(eQ�^wxfYl�m�s��xj[l�muybfHy�z�l|{rw6��ybv �^k-w�����ybk � {^jOk!j[��l�wxk-mu��l�mu� jOfr��l|{rw �^jOk�jOv6w�l!wxk-�
mnf�l|{rw/%Hyrybk-w�� 6'k-w�mul���wxk�v6yr�^w�o {^j[���^w�wxf�jOf�ybf��b�OyYm�fr� k-w��!wxjOk-��{�l�yb�rmu������{rw(��ybv �ro�w��rmul-�
y�z l|{rw6mu�^wxfOl!mts��xj�l�muybf �^k yb��w�����{^j��(w 	OyOo�	Ow��Hz�k-ybv<jOfHj[�!�|q^v �rl�muybf �^j[��w���ybf�w�� � wxk-muwxfr��wO�
f^jYv6w�ou� j��!m�v �ro�m�s�w��P%Hyrybk-w�� 6'k-w�mul���wxk�l-�^�^w(�xq$�rmu�D2 � �r�
)8( 5 y[z9l|{rw zQybk�v

( � � 	J�3�#( �-. $ *�� � $ �
��� 	� T ��� T ���� 	� T ��� ��� )

� {rwxk-w ( �-. ��* �^jOfr� � jOk-w s�l�l�mnfr�6��yrw�� ��muwxfOl�����l�y jOf mul�wxk�j[l!m 	Yw(��mnv~qronj[l!m�yrf��bw�� � wxk-mnv6wxfYl
v j[l���{rm�fr�i�^k-yr��w���q^k-w!��{rmu� {�k-w��|qroul�� m�fH�rmuw���w���mu��w���ybfYl�mnfbqrybqr�(�^yYo��^frybv6mnj[ou� 2*( � 5 ��R {rmuouw
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l|{rw mul�wxk�j[l!m 	Yw#jO�^�^k ybj[��{6�Om�	Ow���� q^jYfOl�mul|j�l�m�	Ow�ou� k-w�oumnj��rouw���l|j�o�o4mnfr��wx�rl�muybfik-w��|qroul��>��{rwxf�qr��w��
mnf ��mnv~qronj[l!m�yrfr�x�^j ���b�!l�wxv j[l�mu��v w�l|{ryb� l|{^j[l�k-w���qr��w���l|{rw�q^fr��wxk l|j[mnfOl-� jOfr� w <�ybk lx�OjOfr� mnf �
�xk-wxj���w���l|{rw�j[���xq^k�j[���(jOfr���^k-w���mu��muybf'y[z^l|{rw9mu�^wxfOl!mts�w�� �^jOk!jOv6w�l�wxk-��mu�Dw��bl|k wxv6w�ou�(�^w���mnk�j��rouw��
� frw(�|qr��{�mu�^wxfOl!mts��xj�l�muybf j[ou�Oyrk-mul|{^v 	rm�j6j'oumnfrwxjOk�ouwxj[�!l �!� q^jOk w���s�l�y[z�j6v6yr�^mts�w�� 	Owxk-��muybf
y[zDl|{rwU%Hyrybk-w�� 6'k-w�mul���wxk9w��^q^j[l�muybfr��qr��mnfr� �	q^k-�Ow ���b��ouw(��j[l|j�mu� �^k yb�^yO�!w����O�;A=wx{^f$#[wxfQ2 
�5O�

I ��mnfr�iv6yr��j[o �^w���yrv �^yO�!m�l!m�yrf jOfr� 6'j[ouwxk�#Ym�fH�^k-yNJZw���l!m�yrf���l|{rw*%Hybybk w�� 6�k-w�mul���wxk h9� 9
� w��^q^j[l�muybf � �$� � �g� �xjOfP� w �^k-y�J-w���l�w��HybfYl�yil|{rw v6yr�^w���y[z�mnfOl�wxk w���l0�6� ��jOf�w�� jOv �ro�wO�Dl|{rw
ybfrw��^v6yb�^w/%Hyrybk-w�� 6'k-w�mul���wxk�v6yr�^w�o � w��^q^j[l�muybf � �$���O����mu��k wx�^wxj[l�w��H{rwxk-w(mnf j'��oumu�b{Yl�ou�i�^mtz �
zQwxk-wxfYl�z�yrk�v.�
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 � . ( � � 	J�� 	 . � )
�� � � �

I $  � � �
� ( � � 	J�
� 	 $ � . �� � � ( � � 	��� 	 � ��� � � � � �

��{rw��^j[�!m�� �|q^k-�Ow6v6yb�^w�oDmu�(w�� q^j�l�muybf � �$� � ����mul|{ � � ��w�l(l�y 7$�(��{rw6w��^�^jOfr�^w��H�|q^k-�Ow
v6yr�^w�o�l	j�#[w���mnfYl�y~j�����ybq^fOl=l|{rw(jOv �roumul|qr�^w(y[z�l	{rw#k-yYl|j[l�mnfr�(��l|j�o�o4mnf l|{rw �|q^k-�Yw����b��ouw/��mul|{ �
ybqrl/��ybfr��mu�^wxk-mnfr��l|{rw9��yrk�k-w��|� ybfr�^mnfr�(l�mnv6w k�j�l�w9y[z^� {^jOfr�Yw�� p�q^k-l|{rwxk�v ybk-wO�	zQybk�jO�^�roumu�xj[l�muybfr�
ybf���j[l	jij[����yr��mnj[l�w�� ��mul|{���� � � ����� ��� wxk-l|q^k��^j�l�muybf���ji� j��rouybk w�� �^jYfr��muybfH�xjOfP� w qr��w�� l!y
w��^�^k-w�����l|{rwi��l|j�o�o jOv �roumul|qr�^w�� j[����yr��mnj[l�w��K��mul|{ �^k-w��!�|q^k-w"� wxk-l|q^k��^j�l�muybf l�yHl|{ryY��w���mul|{
�y+���^wxk-l|q^k �^j[l�muybf,� p�ybk m�fr�!l|jOfr��w � z�k-ybv 2 
�5����4l|{rw(s�k-�!l#v6yr�^w j[����yr��mnj[l�w�����mul|{H�^k-w����|q^k-w
� wxk-l|q^k��^j[l!m�yrf �� � m��J�Om�	Owxf��Y�

�� � � � � � 	 $ �
I $  � (	� � � 	��'$ ��. �� (	�
�
�� � 	�� ��� . $ �] � . �

��y�� yO��w=l|{rw �^k-yT�ro�wxv mnf'j�oumnfrwxjOkDouwxj[��lD���^q^jOk-w���zQybk�vi����ybfr��mu�^wxk9j�� yOou� fryrv6mnj[o^�^w����xk-mn� �
l�muybf�y[z�( � � 	��J�Om�	Owxf �Y� ( � � 	J����
 ���� _ 	 � 	 � ��{rwxk-w � mu��jOf�m�fYl�w��Owxk �~��{rw'z�q^fr��l�muybf^j[o
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mu�^wxfYl�m�s�w��Hz�k-ybv+l|{rw �+ w�� q^j[l!m�yrf mu��q^fr�|j�l�mu�-z��rmnfr�C� � frw6�xjOf�y)�rl|j[mnf j 	[j[onqrw'z�ybk  wxj[��muou�




S7

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0.2

0.25

0.3

0.35

0.4
Simulation vs. experiment: stall transition

Φ

simulation

experiment

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0.2

0.25

0.3

0.35

0.4

time (sec)

Ψ

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0

0.1

0.2

0.3

0.4

time (sec)

A
1

��� �"!$#&% � )+' � ,[-5/ K43 B&PQ8:9 ��R G 8��[1"8:EM-5/28:<[P B&3 PQE BD<4RM-5PM-5OL< PMO RQP BD303 8 �?8:<[P G

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Ψ

Model Identification with converted flow perturbation: combined

Φ

surge eqn
Jdot eqn

� � �
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Ψ

Model Identification with converted flow perturbation: combined

Φ

surge eqn
Jdot eqn

� ���

��� �*!X#&% � ) ' � � O?/ 1"B&EM-5RQO?<�ODU N:OL/ 14EQ8:RMRQO?E N �*BDE BDN:PM8:EQ-5RMPM-5N:R�U EMO?/�RMK4EQ>?8 8 	[K*B��
PM-5O?<4R]BD<49 ���8 	[K*B&PQ-5O?<	� H B?c � -5P � B&<49�H �"c � -0P��4O?KAP ��@1*8 B � 948:PM8=N:PM-5O?<JG



� �

−6 −5 −4 −3 −2 −1 0

15

20

25

30

35

40

45

50
−30 deg. injector angle

y (cm)

ax
ia

l v
el

. (
m

/s
ec

)

� � �
−6 −4 −2 0 2 4 6 8

15

20

25

30

35

40

45

50

55

60

65
Velocity profile of jet at rotor face: 16.7 m/sec mean flow
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[ouyO�!��jOfr��l|{rw�v6yrv6wxfOl	q^v
j[�^�^mul�muybf�j[���^w����xk m2� w��Hm�f w�� q^j�l�muybf � � �*)O� �
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jYk-w�j[�^�^w�� l!y l|{rw�q^f^j[��l|q^j�l�w�� ��{^jOk�j[��l!wxk-mu��l�mu�(zQybk�l|{rw��^jYk-l���y[z9l|{rw'��ybv �^k-w����!ybk>��mul|{rybqrl
j�m�k/mnf@JZw���l!m�yrf,����{rw�k-w��|qroul9mu�9l|{rwxf6j 	Owxk�j[�Ow��(y�	Owxk/l|{rw���
���yrv �^k-w�����yrk-� l!y��Om�	Ow�jOf'w���l�mnv j[l!w
l!y l|{rw~j���l|q^j[l�w���� q^j[�!m �r��l|j[l�mu�'� {^jOk!j[��l�wxk-mu��l�mu���J��ouoD��ybv �^qrl|j[l!m�yrfr��mnf 	OyOo�	bmnfr�i��y�	Owxk�j��Ow(y[z
l	{rw(y)�roum��^qrw"JZw�l jOk-w�k-ybq^fr�^w���y+<"l!y l|{rw�frwxjOk-w��!l��^jOk�j[ououw�o���ybv �^k-w�����ybk �

� (�*,( � � 8;:�� 0 � �.2�8;4 > 8 � 5 <=4?> ��� < 5 � � 0 � 0 F
>A<����.2 >��.F 2
�J{rwim�f@J-w���l�ybk6jOfr�Yo�wimu����w�l j[l 	 j[onqrw��6z�k-ybv T �87 � l�y �87 � mnfr��onqr��m�	Ow�ou� j[lJ( � mnfr�xk-wxv6wxfYlx��^k yb��qr��mnfr� � �H�!w�l�� y�z#��j[l	j^� �Jm�l	{ j�frw��bj[l�m�	Ow 	 j[onqrw�z�yrk l|{rwimnf@J-w���l�ybkijOfr�Yo�w��^wxfryOl�mnfr�
l	{^j[l�l|{rw(mnf@J-w���l�ybk-��jOk w#� yO��mul�muybfrw�� mnf�l|{rw �^mnk-w���l�muybf�yb�^� yO��mul�w(l�y6l|{^j�l�y[z l	{rw���ybv �^k-w�����ybk
k yOl�ybk'k-yOl|j[l!m�yrf,� ��{rw �!l|j��rouwi��mu�^w j[����w�ouo�j[�6�|q^k-�Ow����b��ouw���j[l|jHjOk-w�y)�rl|j[mnfrw�� zQybk'wxj[��{
�xj���wO�bjOfr��l|{rw �|q^k-�OwJ���b��ouw���mu�^wxfYl�m�s��xj[l�muybf j�o��Yybk-mul|{^v�mu��jY�^�ro�muw��il�y'y)�rl|j[mnf�j(��ybv �^k-w�����ybk
��{^jOk�j���l�wxk-mu��l�mu���9p9mu�bq^k-w � � � )'�|{ry+����l|{rw�k w��|qroul�mnfr� � � � {^jOk!j[��l�wxk-mu��l�mu���0�

�J{rw���w6� {^jOk!j[��l�wxk-mu��l�mu���(jOk-w6qr��w��Hl�y 	[j[oumu��j[l�w6l|{rw~�^k yb�^yO�!w�� v yb�^w�oumnfr�"v6w�l	{ryb�'�Jp9m�� �
q^k w �$� � ���|{ry+����l|{^j[l�k-w��|qroul���y�z l|{rw(w���l�mnv j�l�w��i� {^jYk�j[��l�wxk-mu��l!m���qr�!m�fr� l|{rw�v6wxjOf 	 j[onqrw�� y[z
� 	 � ) 	 . ) 	 � ���D��{rw�q^�^�^wxk �bouw	zQl �rouyOl9�^mu�|�ronj��b��j�l-�^�rmu�xj[o^��ybv �^jOk m��!ybf!�^w�lO��w�wxf�l	{rw mu�^wxfYl�m�s�w��
��{^jOk�j���l�wxk-mu��l�mu� l�y�l|{rw w���l!m�v j[l�w�� ybfrwO�9j[ouybfr����mul|{Hl|{rw�q^fr�^wxk-ou�bmnfr� frybv m�f^j�o���{^jOk�j[��l�wxk �
mu��l!m��O� j[l jOf mnf@JZw���l�yrkijOfr�Oouw y[z T �47���mnf l	{rm�� �^jYk-l�mu�xqronjOk �xj���w�� ��{rwHq^�^�^wxk �^k-mu�b{Ol jYfr�
ouy+��wxk �bouw	zQl �rouyOl����|{ry+� j���ybv �^jOk m��!ybf y[z�l	{rwY
�y+� 	 � jOfr� �^k-w��!�|q^k-w ( � k-w��|� w���l�m�	Ow�ou�O�
� {rwxk-w�l|{rw�j���l�wxk-mu�1#�k-wx�^k-w���wxfYl�� l|{rw�q^fr�^wxk-ou�rm�fr��� q^jYfOl�mul-�ij[l�l|{rw�� wxj�#��4y[z9l|{rw�mu�^wxfYl�m�s�w��
jYfr� �^k-w��^mu��l�w��i��{^jOk�j���l�wxk-mu��l�mu����j[l�wxj�� { mnf@JZw���l�yrk jYfr�Oouw�����{rw o�y+��wxk � k m��r{Ol��ro�yYl �	{ry��J� l	{rw
� � frybk�v ���^q^jOk-wJy[z�l|{rw�wxk!k-ybk �^w�lO��w�wxf l|{rw�mu�^wxfOl!mts�w��HjOfr� �^k-w��^mu��l�w��i��{^jOk�j���l�wxk-mu��l�mu����y�	Owxk
j k�jOfr�Ow(y[z9v6wxjOf1
�y+� ��yrw�� ��muwxfOl 	 j[onqrw�� � w�l ��w�wxfD7$���~jYfr� 7$�*( �

� �9l|{rw��rouyOl��9�|{ry+���[l	{rwxk-w�m��9�!ybv6w��^mu���xk wx�^jOfr���;�^w�lO��w�wxf'l|{rw��^k-w��^mu��l�w�� jOfr�6l|{rw�v6wxj �
�	q^k-w��i� {^jYk�j[��l�wxk-mu��l!m����Jm�f�j[ouo�y[z l	{rw(�xj[��w��0���J{rw(wxk�k-ybk=y[z l	{rw��^k-w��^mu��l�w�� l�y l|{rw�v6wxj[�|q^k w��
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� wxj�#6�^k-w����|q^k w#k-mu��w ( � k�jYfr�Ow��Dz k ybv 7$����� l�y � ��� ��mul|{ jOf j 	Ywxk�j[�Ow�y[z �$� � �i�[l|{^j[l�z�ybk 	 �
z�k-ybv 7 � ��� l�y��O� � ��mul|{ jYf j 	Owxk�j[�Ow�y[z�($�t��� �OjOfr� l	{^j[lDz�yrkDl|{rw���� fryrk�v����^q^jOk-w�� w�l ��w�wxf
l	{rw �^k-w��^mu��l�w�� jOfr� v6wxj[�|q^k w�� ��{^jOk�j[��l�wxk m��!l�mu���6z k ybv 7$�*7 
"l!y 7 �t� � ��mul|{ jYf j 	Ywxk�j[�Ow�y[z
7 �t�8)$�=p�ybk l|{rw��xj[�!w�y[z T �87 � �|{ry+��fimnf�p9mu�bq^k-w � � � �^�^l	{rw�wxk�k-yrk=z�yrk ( ��m�� �$� � �i�^l|{^j[l z�ybk
	 � �$� 
 �i�^jOfr� l	{^j[l=z�ybk l|{rw���� frybk!v �!� q^jOk w�7$�*78($�

� oul|{rybqr�b{ l	{rw l�w�� {^frmu�^qrw �|{ry+���H�Oyryr��� q^j[oumul|j[l!m 	Yw jOfr� k-wxj[��yrf^j��rouw � q^jOfYl�mul|j[l!m 	Yw
j��bk-w�wxv6wxfYl;�Jm�l	{ l	{rw"mu�^wxfYl�m�s�w�� ��{^jOk�j���l�wxk-mu��l�mu���x�Jl|{rwHw���l�mnv j[l�muybfr�i�!w�wxv�l�y �!l|jOk-l z j�m�o �
mnfr� mnf�v j[l���{rmnfr� � q^jYfOl�mul|j�l�m�	Ow�ou� j[�Jl|{rw�j[mnk�mnf@JZw���l!m�yrf jOfr�Oouw'�^w 	bmnj[l�w�� z k-yrv 7 � � � zQw�� y[z
l	{rw z j[��l!ybk-��j@<�w���l�mnfr� l|{rw6j[���xq^k�j[����y[z9l|{rw(w���l�mnv j[l!m�yrf�m�f �Owxfrwxk�j[oDjOk-w �

�
o�j��B#�y[z9l|{rw(ybqrl!o�w�l j[mnk"
�y+� jOfr�Oouw�mnfYzQybk�v j�l�muybf��

�
j[���|q^v �rl!m�yrfiy[z9mnk�k-yOl|j�l�muybf^j[oR
�y+� q^�r�!l|k-wxjOv y�z�l|{rw�k yOl�ybk��

�
��mnv �roumts�w����Ow�ybv6w�l|k � y[zDl|{rw�mnf@J-w���l�w�� 	Ow�ouyr��mulZ� �^k y[s�ouwO�

�
q^fr��wxk-l|j[mnfYlZ� j�����yr��m�j�l�w��.��mul|{il	{rw(m��^wxfYl�m�s��xj[l�muybfHk-w��	qro�l!�x��jOfr�

�
j[���|q^v �rl!m�yrfil|{^j[l�q^fr��l!wxj[�^�iouyO�����^�^f^jOv6mu��� m��(fryOl���{^jOfr�Ow����Y�ij[mnk�mnf@J-w���l�muybf,�

p4ybkDjO�^�roum��xj�l�muybfr��ybf'{rmu�b{'�|�^w�w�� 
[l	k�jOfr��ybfrmu��v j[� {rmnfrw��9mnf6j[��l|q^j[oY�bj[�Dl|q^k��rmnfrw��x�[z�j[��l�yrk-�
�	qr� {�j[����yrv �^k-w�����m �rmuoumulZ�O�4mnfOl!wxk � �ronj[�^w(�|{ryr�B#*��j 	Ow��x�Y� {^jOfr�Ym�fr�6�Ow�yrv6w�l|k-� jOfr�1
�y+� �^j[l|{r�
jYk-w6y[z���ybfr��wxk�f,� egf l	{rm��'�xj[��wO��jiv6yrk-w6��yb�^{rmu��l�mu�xj[l�w�� v6w�l|{ryr�"y�z ouyO����w����^k w��^m���l!m�yrfP��muouo
� w~frw�w��^w��'�
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A�j[�!w�� ybf l|{rw�%Hyrybk-w�� 6'k-w�mul���wxk v6yr�^w�oU2 � �r�3)8(�5��^w��!�xk-m �^w�� mnf � w���l�muybf � �t�^� ��mnj0� jYfr�
�/�^w�� 2 (�
�5��^wxk-m�	Ow�� jH��ybfYl|k-yYo�onj@� qr�!m�fr� j �rouw�w�� 	 j�o 	Yw�z�ybk6k-yYl|j[l�mnfr�H��l|j[ouoW�&9 	Ow0#�wxk�w�l
j�o ��2t��
�5H��j[�'l|{rw s�k-��l��rk-ybq^�Hl�yHk-wx�^yrk-l��|qr����w��!�-z qro�w��^�^wxk-mnv6wxfYl|j[o�mnv �rouwxv6wxfYl|j[l�muybf y�zJj
�rouw�w�� 	[j[o�	Owi��ybfYl|k-yOououwxk�� e�f �^jYk-l�mu�xqronjOk��=l|{rw �rouw�w�� 	[j[o�	Ow j[��l|q^j[l!m�yrf v6w�l	{ryb� l�w��!l�w����Y�
9 	Ow0#[wxk�w�l~j[oW�32���
�5 wxv �rouy[�Ow�� j �8(�(
� � z qrouo�yb�^wxf	
 z qrouo���ouyO��wx�!�rouw�w�� 	[j[o�	Ow jOfr� k-wx� ybk-l��
k w��|qroul��9ybf6j ��ybv �^k-w��!��ybkQ��mul|{6j(k-yOl!ybk�z�k-w��^qrwxfr�����^w�lO��w�wxf~�Y�$�*( jOfr� �8)$� �U( ���Dp�ybk/mnfr��qr�
�
l	k-mnj[o�jO�^�roumu�xj[l�muybfr����{rwxk w�l|{rwJ��ybv �^k-w����!ybk-� v jx�!�^w ��mu�bfrm�s��xjOfYl�ou� v6yrk-w��^y+��wxkgz�qro � {rmu�b{rwxk
�y+� jYfr� �^k-w����|q^k-w6k-mu��wO��{rm��r{rwxk�k-yYl�ybk�z k w�� qrwxfr���O�4w�l����t� l|{^jOfik-w��!wxjOk-��{���ybv �^k-w����!ybk-�x�^yT� �
�!l|j[��ouw����	qr� {�j[����yrfOl|k yOo j[��l|q^j�l�ybk�v j[�bfrmul|qr�^w jOfr�Hk�j[l�w(�	j[l|q^k�j[l!m�yrfi�xjOf��^w���ybv6w'�xk�qr��mnj[o
mnf l|{rw��!w j[��l�m�	Owi��ybfYl|k-yOo�v6w�l|{ryr�^�0� �/yryOou� l|{^j[l �^k-w��^mu��lijOfr� k-w���qr��wil|{rw k�j�l�w k w�� qrmnk-w �
v wxfOl��'y[z j���l|q^j[l�ybk � z�ybk'�^q^k��^yY��w��6y[z ��ybfYl|k-yYo9y[z�k-yOl|j[l!m�fr�i�!l|j[ouo�mnf���ybv �^k-w����!ybk-���xjYfP�^w
	[j[onq^j��rouw(mnf �^w���mu�bfrmnfr�ij[��l|q^j[l!ybk-��jOfr� ��mnk-�xq^v 	OwxfYl�mnfr� � yO����m �rouw�j[��l|q^j[l!ybk9v j[�bfrmul|qr�^w�jYfr�
k!j[l�w o�mnv6mul|j�l�muybfr�(l|{^j[l�v j��i�^k-w 	OwxfYl��|qr����w����-z�qro j[��l!m 	Yw���ybfYl|k-yOo�mnv �rouwxv6wxfYl|j[l�muybfr�@�

�Jl�l�wxv �rl��=l�y���yrfOl|k yOo�k-yOl|j�l�mnfr����l|j�o�o4ybf�j(��mnfr�Oouw��b��l	j[�OwO�rouy�� �b�|�^w�w��ij+�rmnj[o���ybv �^k-w�����ybk
j�l � j[oul�w���{ ��wxk-w �xjOk�k m�w���ybqrl�mnfrmul�mnj[ouou�&��mul|{ ji{rmu�b{��|�^w�w��&�rouw�w�� j[��l|q^j[l�yrk�jOfr� k-w��|qroul��
��wxk-w�q^fr�|qr����w����-z�qro���qrw l�y�l|{rw z j[�!l(�bk-y+��l|{ k!j[l�w6y[z�l|{rw���l|j[ouo���w�ouo�k-w�onj[l�m�	Ow�l�y�l|{rw k�j[l!w
oumnv6mul�y[zDl|{rw 	[j[o�	OwJ2 � 74765O��e l�{^j[���^w�wxf��|{ry+��f?�O� ��3 �#fr��k wxj(w�l�j[oW� 2 � � 5�l|{^j[l j�m�k=mnf@J-w���l�muybf
�xjYf�� w�v6yr�^w�ouw�� j[��j �|{rm�zQl9y[z�l|{rw���ybv �^k-w�����ybkD��{^jOk�j���l�wxk-mu��l�mu��� A=�~j[�^�^mnfr����yrfOl�mnfrqrybqr� j�m�k
mnf@J-w���l�muybf��Dl|{rw6��ybv �^k-w��!��ybk ��{^jOk�j[��l�wxk m��!l�mu� mu���|{rm�zQl�w��Hz�j 	Yybk�j��rou�izQybk/�rouw�w�� 	 j[o�	Ow ��yrfOl|k yOo
y�z�k-yOl|j�l�mnfr� ��l|j[ouo�jOfr�i�^wxv6yrfr��l|k�j[l!m�yrf�y[z���yrfOl|k yOo�m�� j[� {rmuw 	Ow���ybfrou�.��mul|{�l|{rw(��ybv �^k-w�����ybk
��{^jOk�j���l�wxk-mu��l�mu� j[��l|q^j[l!m�yrf 2 � 787Y� � 7 � 5 � � fHl|{rw � j[oul�w���{ k-mu���/l|{rw jOv6ybq^fYl y[z ��ybv �^k-w�����ybk
��{^jOk�j���l�wxk-mu��l�mu�H�|{rm�z�l!m�fr� �xjOf � w 	 jOk m�w�� �O��v6yb�^m�zQ�bmnfr� l|{rw �Ow�ybv w�l|k-mu��z�wxj[l	q^k-w��iy[z~l	{rw
mnf@J-w���l�muybf j[��l|q^j[l�yrk�3 � ��w�l|q^� 2*( 5Z���^k y 	rmu�^mnfr� j z�jOv6muou�Hy[z���ybv �^k-w��!��ybk ��{^jOk�j[��l�wxk m��!l�mu���0� e�f
l	{rm��i��{^jO�rl�wxk ��mnf 	Yw���l�mu�bj[l�muybf y[z6l|{rwHl|k�j[�^w��ry+< �^w�lO��w�wxf j���l|q^j[l�muybf y[z�l|{rwH��ybv �^k-w�����ybk
��{^jOk�j���l�wxk-mu��l�mu��jOfr� l|{rwU�rouw�w�� 	[j[o�	Ow(k�j[l�w�k-w��^qrmnk-wxv6wxfYl mu�=�xjOk�k-muw�� ybqrl�����mul|{6l	{rw�z�yYo�ouy+��mnfr�
�Yybj[ou���
� ��eQ�^wxfYl�m�z�� �^yO�!��m �ro�w z q^fr��l!m�yrf^j[o��^wx�^wxfr�^wxfr��w y�z�l|{rwik�j[l�w oumnv6mul y[z�j �rouw�w�� 	 j[o�	Owimnf
��ybfOl	k-yOo�y[z�k-yOl|j[l!m�fr�6��l	j[ouo�ybf�l|{rw'�|{^jO�^w(y�z�l|{rw(��yrv �^k-w�����yrk�� {^jYk�j[��l�wxk-mu��l!m����

� ��h�k-y�	rm��^wij � yO����m �rouw k-ybqrl!w~l!y ��mnk-�xq^v 	OwxfYl��rouw�w�� 	 j[o�	Owik�j[l!w~oumnv6mul|j[l!m�yrf �Om�	Owxf l	{rw
�xjO�^j��rmuoum�l-��y[z�j���l|q^j[l�muybf�ybk�v6yr�^m�s��xj[l�muybf�y[z9l|{rw(��ybv �^k w�����ybk=��{^jOk�j[��l�wxk m��!l�mu���

� ��h�k-y�	rm��^w m�fr�!m��r{Ol�� zQybkJ�^w���mu�bfrmnfr� j ��ybv �^k-w�����ybk � �rouw�w�� �^j[mnkJz�yrk��^q^k�� yO��w��'y[z���l|j��rm �
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oum �xj�l�muybfiy[z�k-yOl	j[l�mnfr� ��l|j�o�oW�
��{rmu� ��{^jO�rl�wxk�mu� yrk-�bjOfrm ��w�� j[��z�yOououy+���0� � w���l�muybf 
C� � �^w����xk-m �^w�� l|{rw�v6yr�^w�oumnfr� y[z �rouw�w��

j[��l	q^j[l�muybfHjOfr�H��ybfYl�mnfbqrybqr�6j[mnk mnf@JZw���l�muybf m��'mnfOl|k yb��qr��w�� j��#jiv6yr��qronj[l�muybfHy�z l|{rw6l|{^k-yYl
�
l�ouw 2*(�
�5#jOfr� ��ybv �^k-w�����ybk � {^jOk!j[��l�wxk-mu��l�mu�Y2 � �65(k-w��|�^w���l!m 	Yw�o���� �J{rw k-w�ouw 	 jOfYl ��yrfOl|k yOo�o�j@�
��muouoH� w �Ym 	Ywxf�z�yrk l|{rw��ro�w�w�� 	 j�o 	Yw�� �(f^j[ou�bl�mu�xj[o�z�yrk�v6qro�j���jOk-w �^k-w���wxfYl�w�� j[�(l	{rw�ybk-w�l�mu�xj[o
l�yryOou��qr��w�� z�yrk �^k w��^m���l!m�fr�il	{rw�v6mnfrm�v6q^v+�bj[mnf�mnfil|{rw'��ybfYl|k-yOo4o�j@� jYfr� k�j[l�w(oumnv6mul�y�z�l|{rw
�rouw�w�� 	[j[o�	Ow k-w�� qrmnk-w�� z�ybkJ��l|jN�rm�oum �xj[l�muybf,� � w���l�muybf 
C�t� �^k-w���wxfYl��(l|{rw~k w��|qroul��(y[z���ybfYl|k-yOo/y[z
k-yYl|j[l�mnfr����l|j[ouo9qr��mnfr� �rouw�w�� 	 j�o 	Yw��Jm�l	{H��ybfYl�mnfbqrybqr��j�m�kJmnf@JZw���l!m�yrf,���@��ybv �^jOk-mu��yrf �!l|qr�^�
��ybk!k-w�onj[l�mnfr�6l|{rw�l|{rw�ybk �O�O��mnv6qronj[l�muybf��^jOfr� w��^�^wxk-mnv6wxfYl�mnf l�wxk!v6��y[z�l|{rw 	 j[onqrw���y[z�l|{rw��bj�m�f
jOfr� k!j[l�w jOfr� l|{rw 	 jOk m�yrqr�6z�wxj�l|q^k-w�� y[z(l|{rwi��ybv �^k-w�����ybk � {^jOk!j[��l�wxk-mu��l�mu�imu��m�fr��onqr�^w�� l!y
	[j[oum���j�l�w�l|{rw(l	{rw�ybk-w�l�mu�xj[o�jOfr�i��mnv6qronj[l�muybf l�ybyYo��@� p9mnf^j[ouou�O�:� w(�	q^v v jOk-m ��w(l|{rw s�fr�^mnfr�O�Jy[z
l|{rw(mnf 	Ow���l�mu�bj�l�muybfimnf � w���l!m�yrf 
C� � �
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egfil|{rmu� ��w���l�muybf���v6yr�^w�oumnfr�iy[z �rouw�w�� j[��l|q^j[l�muybf�mnf l|{rw/%Hybybk w�� 6�k-w�mul���wxkJv6yb�^w�oB�
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mu�imnfOl	k-yb��qr��w�� jOfr��j k w 	bmuw��<y[z�j ��yrfOl|k yOo�onj@�8�^k-yr�^yO��w��M�O� �)m�j@�<jOfr���7� w�� 2*(�
�5#mu�
�Om�	Owxf,� 9 �^�^k-w�����muybfr�=zQybk9l|{rw(v6mnfrmnv6q^v �rj[mnf jOfr�ik�j[l!w�k-w��^qrm�k w�� zQybk�� wxj�#6��l	j��rmuo�m �xj[l!m�yrf�y[z
k-yYl|j[l�mnfr�6��l|j[ouo jYk-w��^k-w���wxfYl�w��'�

p�ybkJ��l|j[ouoD��ybfYl|k-yOoQ� ��mnj0� jYfr�"�/�^w��X2*(�
�5��^k yb�^yO�!w�� j ��ybfYl|k-yOoDonj@� l|{^j�l#v6yr�^m�s�w���l|{rw
l|{^k yOl�l�ouw(��{^jOk�j[��l�wxk m��!l�mu� �

	
�
� ((� � � � $ � � � ( )
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��{rmu�9��ybfYl|k-yYobonj@� �xjYf�� w�k-wxj[oum ��w�� w��^�^wxk-mnv6wxfYl|j[ouou�6l|{^k-ybqr�r{�l	{rw qr�!w y�z�jU�rouw�w�� 	[j[o�	Ow��9p�yrk
j'onjOk-�OwJwxfrybqr�b{ 	 j�o�qrw(y�zQ/1032^�rl|{rw(frybv6mnf^j[ouou�iq^fr��l|j��rouw �^k�jOfr��{ y[z�w�� qrmuoum �^k-mnq�v+��yOonqrl�muybf
�xk-wxj�l�w�� j[l � � � � �1�^wxfr�^�9y�	Owxk��(jOfr�'w�o�mnv6mnf^j[l!w���l|{rw�{Y�b��l!wxk-w���mu�9ouybyb���[mW� w���l|{rw��|q$� �xk-mul�mu�xj[o
f^j[l	q^k-w(y[z9l|{rw(l|k�jOfr�!�xk-mul�mu�xj[oD�rm�z q^k �xj[l�muybfimu� � {^jYfr�Ow�� l�y6�|q^� wxk-�xk-mul�mu�xj[o � p9mu�bq^k w 
C� � ���

A�� �|q$�r��l�mul|qrl�mnfr� l	{rw���l	j[ouo���ybfYl|k-yOo4onj0� jOfr����ybv �^qrl!m�fr� l|{rw��^q^jOfYl�mul-�����
���
j�l�l|{rw(��l	j[ouo

mnfr��wx�rl�muybf�l|{^k-yYl�l�ouw(��ybw�����m�wxfYl � � � l|{rw�v6mnfrmnv~q^v �rj[mnf frw�w��^w��izQybk�l	{rm��(�^{rwxfrybv6wxfryrf l!y
yr���xq^k'�xjOf	� w zQybq^fr�&�O� j[�!��wxk-l�mnfr�Hl|{rw ��ybfr�^mul�muybf l	{^j[l ���

��� � � � ���	� 7 � ��w�w p9mu�bq^k w 
C� � ���
��{rw'w�� �^k w�����muybf�zQybk=l|{rw�v6mnfrmnv6q^v �bj[mnfik-w��^qrmnk-w���z�ybk�� wxj�#���l|j��rmuoum �xj[l�muybf�mu���Om�	Owxf��O�
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� {rm���{ �^wx�^wxfr�^��ybf l|{rw �|{^jY�^wHy[z�l|{rwH��ybv �^k w�����ybk � {^jYk�j[��l�wxk-mu��l!m���� � mnfr��w l|{rw���w���ybfr�
l!wxk�v�mu��j[o ��j��b�(frybf�� frw��rj[l�m�	Ow jOk-ybq^fr��l|{rw �^wxj�#4��l|{rw6onjOk-�OwxkJl|{rw 	 j�o�qrw y[z ( �
� �� � 	 �|����l	{rw
�	v j[ououwxk�/�0`2 
 � K N � }�ybqr�b{rou� �|�^wxjN#Omnfr���=l|{rmu� jOv6yrq^fOl��6l�yHjH��ybv �^k w�����ybk�� {^jOk!j[��l�wxk-mu��l�mu�
� {rm���{ mu� v6ybk w �-s�ououw�� yrqrl��Hl�yHl|{rw ouw	zQl y[z�l	{rw �^wxj�#:� ��{rmu� w��^�^k-w����!m�yrf ��wxk
	Ow�� j[� yrfrw
y�z�l|{rw6l|{rw�ybk-w�l�mu�xj[o9l!ybyOou�Jz�yrk��^k-w��^mu��l�mnfr�Hl|{rw��rouw�w�� 	 j�o 	Yw k-w��^qrm�k wxv6wxfOl�frw�w��^w�� z�ybk �^wxjN#
�!l|j��rmuoum �xj�l�muybf,�

egfHj[�^�^mul�muybf�l�y l|{rw6v6mnfrm�v6q^v �bj�m�f��4l|{rw6k-w�� qrmnk-wxv wxfOl ybfil	{rw���{^jOk�j[��l�wxk m��!l�mu����y[z�l	{rw
�rouw�w���j[��l|q^j[l�yrk zQybk(��ybfYl|k-yYo�y[z��!l|j[ouo��xjOf j�o��!y	�^w jOf^j�o�����w��'� �J{rw �^w�l|j�m�ouw�� l|{rw�ybk-w�l�mu�xj[o
jYf^j[ou�b��mu�=zQybk9l|{rw w <�w���l���y[z j[��l|q^j[l!ybk9oumnv6mul����xjOf?�^wJzQybq^fr� mnf?R jYfr�~jOfr�?% q^k�k�j��D2 � � 5 �9e�f
l	{rw�z�yYo�ouy+��mnfr�6l|{rw m��^wxj�� jYk-w��1#[w�l!� {rw�� �^q^j[oumul|j[l�m�	Ow�ou�ijOfr��l|{rw�v j[mnf�k-w��|qroul��=l|{^j[l jYk-w�qr��w��
zQybk=��ybv �^jYk-mu��ybfr� m�f onj[l�wxk���w���l!m�yrfr��jOk-w��^k-w��!wxfOl�w��'�

���!l|qr�^�iy[z9l|{rw�w <�w���l�� y[z�j[��l|q^j[l�yrk�v j[�bfrmul|qr�^w6jOfr�"k!j[l�w(�|j[l	q^k�j[l�muybfr���xjYf��^w v6yYl�m �
	[j[l�w�� qr��mnfr� p9mu�bq^k w 
C�t�$�/p9m��rq^k-w 
C�t� � jO�9�|{ry+����l|{rw(w <�w���l���y[zDl|{rw ��mnj@�	�b�/�^w��i��ybfYl|k-yOououwxk
�Jm�l	{6s�frmul�w(v j[�bfrmul|qr�^w �|j[l	q^k�j[l�muybf jYfr� mnfYs�frm�l!w �^jOfr�$��mu�^l|{,����{rwU�rouw�w�� 	 j[o�	Ow ��ybfYl|k-yOououwxk
z�j[muou�6l�yi��l|j��rmuoum ��wi��l|j[ouo ��{rwxf l	{rw v j[�bfrmul|qr�^w��|j[l	q^k�j[l�muybf�mu� k-wxj[��{rw�����jYfr� l|{rqr���xjOf^fryOl
w�oumnv6mnf^j[l�w l|{rw {O�r��l�wxk-w��!m��(ouyryb�P� w��Oybfr� ��� �(p�q^k-l|{rwxk�v6yrk-wO��jYfO�HjOk��rmul|k�jOk m�ou���|v j[ouo�fryOmu��w
y�zL+ ��muouo��rk-y+� l�y z qrouou� �^w 	Ow�ouyb� w�� k-yOl|j�l�mnfr�(��l|j[ouo�fry~v j[l�l�wxk9{ry+� �rmu��l|{rwJ��ybfOl	k-yOououwxk9�bj[mnf
mu�6m�z#l	{rw l|{^k yOl�l�ouw mu� yb� wxk�j[l�w�� j[l � � � �_ �"e l~�xjYf j[ou��yP� w ��w�wxf l	{^j[l�l|{rwik-w��Omuybf�l|{^j[l
� wxfrw	s�l��Jz k-yrv l	{rw(��ybfOl	k-yOououwxk�mu��v6qr� {��|v j[ouo�wxkJl|{^jOf�l	{rw�q^fr�|j[l|q^k�j�l�w�� �xj���w � p9mu�bq^k-w 
C� � �
m�z9l|{rw~v j[�bfrmul|qr�^w(�|j[l	q^k�j[l�muybf�mu� ��w 	Owxk-w��

� q^�^� yO��w�fry+� l|{^j�l l|{rw�k�j�l�w�oumnv6mul�m��Ds�frmul�wJm�f j[�^�^mul�muybf6l�y l|{rw�v j[�bfrmul|qr�^wJ�|j[l|q^k�j�l�muybf,�
�J{rwxf l	{rw~k-w��Omuybf�l|{^j�lU�^wxfrw	s�l���z k ybv l|{rw��rouw�w�� 	 j�o 	Yw~��yrfOl|k yOo�mu�(w 	Owxfi�	v j[ououwxk � �|{^j[�^w��
k w��Omuybf mnf�p9mu�bq^k-w 
C�t� � �^�����D}�ybqr�b{rou���|�^wxj�#Ymnfr���^l|{rw�k w��Omuybf y�z�j[l�l|k!j[��l�muybf6y[z�l|{rw(yr�^wxk�j��rouw
w��^qrmuoum2�^k m�j m��'�^w��xk-wxj[��w�� j[��l|{rw k�j�l�w6o�mnv6mul6y[z�l|{rw j[��l|q^j�l�ybkJ�^w��xk-wxj[��w��0� ����j�k-w��|qroul�l	{rw
w��rl�wxfr�^w���yb�^wxk�jN�ro�w6k-w��Omuybf m�� z q^k-l	{rwxk�k-w���l|k!j[mnfrw��'�

�J{rw�fryOmu��w�ouw 	Ow�o)z�ybk=j6k-wxj[o���ybv �^k-w��!��muybf �!�b��l!wxv mu��fryOl�jOk��rmul|k!jOk-muou� �|v j[ouo �GR {rwxf�l	{rw
fryYm��!w�ouw 	Ow�o�mu��y[zDs�frmul�w~jYv �roum�l	qr�^wO��l|{rw(yr�^wxfiouyryb�i�!�b��l!wxv �Jm�ouoD�Oy6l�y k-yYl|j[l�mnfr�6��l|j[ouo j�l j
l	{^k-yOl�l�ouw���yrw�� ��muwxfOl>��{rmu��{6mu��onjOk-�Owxk�l|{^jOf � � �9egf l|{rmu�=�xj[��wO�Ok-w��Omuybf��^wxfrw	s�l�w���z�k-ybv�j[��l!m 	Yw
��yrfOl|k yOo'�^w���ybv6w��(w 	Ywxfi�|v j�o�ouwxk��(egfil|{rw�z�yOououy+��mnfr�.��w��Om�	Ow6jOf jO�^�^k y��rmnv j[l�w6jOf^j[ou�r��mu��l�y
w 	[j[onq^j[l�w'l|{rw(�|{^j[�^w��Hk-w��Omuybf�mnfip9mu�bq^k-w 
C�t�$�

� ybfr��mu�^wxk(l|{rw�%"yrybk-w��$6�k-w�mul���wxk(v6yr�^w�o9�Om�	OwxfHmnfHw��^q^j[l�muybf � �$�t�O�!�'��{rmu��{Hmu�~k-wx� wxj[l�w��
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� q^�^� yO��w�l|{rw>6�k-w�mul���wxk O �^jOk�jOv6w�l!wxk�mu�9�|q � ��muwxfYl�ou���|v j[ouo��Y�|qr��{�l	{^j[l�l|{rw��|q^k-�Yw��^�^f^jOv6mu���
mu��w��^�^ybfrwxfYl�mnj[ouou� ��l	j��rouwO� jYfr�il|{rw(��ybv �^k-w��!��ybk=� {^jYk�j[��l�wxk-mu��l!m�� mu���|v6yryOl|{,�=��{rw�l	k�jOfr���xk-mul
�
mu�xj[o �rm�z�q^k-�xj[l�muybf�zQybkJl|{rw q^fr��ybfYl|k-yOououw�� ���r��l�wxv j[l � � mnv �roum�w��6l|{rw6w��rmu��l�wxfr��w y[z�j ��wxfYl�wxk
v jYfrmtzQyOou� frwxjOk=l|{rw(l|k!jOfr���xk-mul�mu�xj[o'�rm�z q^k �xj[l�muybfi�^yYm�fYl0� A=� 	rmuw���mnfr� l	{rw���ybfYl|k-yYo�mnf^�^qrl � j[�
j �^jYk�jOv6w�l�wxk �b�!�b��l!wxv � �$�t�Y���xjYf.�^w~k w���qr��w�� l�y l	{rw(��wxfOl�wxkJv jOfrm�z�yYo�����{rwxfil	{rw(l|{^k-yOl�l!o�w
mu� yb�^wxk�j�l�w�� frwxjOk�l|{rw(�!l|j[ouo�m�fr��wx�rl!m�yrf"� yOmnfOl � �@����{rw(�^�^f^jOv6mu��� ybf�l|{rw(��wxfYl�wxk�v jYfrmtzQyOou�
mu� �Om�	Owxf��Y� l	{rw z�yOououy+��mnfr� yrfrw��b�^mnv6wxfr��muybf^j[oD���r��l�wxvY�
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jYfr� j�o�o=l|{rw6�^wxk-m�	 j[l!m 	Yw�� jYk-w6w 	 j[onq^j[l�w�� j[l(l|{rw � wxj�#�y[z l|{rw ��ybv �^k-w����!ybk � {^jYk�j[��l�wxk-mu��l!m����
�/y�j[����ybq^fYl9zQybkDl|{rw v j[�bfrmul|qr�^w(jOfr� k�j�l�w�o�mnv6mul��Jy[z�l|{rwJ��ybfOl	k-yOo^mnf^�^qrl � ����w�j����|q^v6w�l|{^j[l
l	{rw~j[��l|q^j�l�ybk�yb� wxfr��j[����ybk-�^mnfr��l�y�l|{rw~k�j�l�w�oumnv6mul�jOfr� �	j[l|q^k�j[l!w�� � ��w�w6p9mu�bq^k-w 
C� �O������{rw
�!�b��l!wxv l|{rwxfi{^j[��l	{rw z�yOououy+��mnfr� � ybq^fr��jOk-�i��yrfr�^m�l!m�yrfr���

+ � 7O�A� � ) � � 7Y�A� 7 )+ � � ������ 
���� M ���;+ � � T � �� . � ������� $ V � ) � � � ������ 
���� M �A� ������� ) � 
C� �O�

� {rwxk-w � mu� l|{rw�fryOmu��w'o�w 	Yw�o�y[z9l|{rw(���r��l�wxv.�
�J{rw jOf^j�o��rl�mu�xj[o���yOonqrl�muybf l!y w��^q^j[l�muybf � 
C�t�O� �xjYf	� wi�^m ���xqro�l l�y y)�rl	j[mnf,� (Jy+� w 	Ywxk��

jYf"jY�^�^k-y+�bmnv j[l!m�yrfil�yil|{rw6��yYo�qrl!m�yrf y�z l|{rmu�(lO��y�� �^yYm�fYl/�^ybq^fr��jOk � 	 j�o�qrw����r��l�wxv+�xjOf �^w
yT�rl|j[mnfrw��'� ��{rw k�j�l�w6o�mnv6mul k-w��^qrmnk-wxv6wxfYl(zQybk��!l|j[ouo9��l|j��rmuoum �xj[l�muybf mnf j����r��l�wxv y�z j��Om�	Owxf
fryYm��!w�ouw 	Ow�o��xjOf l|{rwxf.�^w�z�yrq^fr�Y2 � ��5 � ��w�l
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l|{rwxf�w��^q^j[l�muybf � 
C�t�O�G��mul|{�mnfrm�l!m�j�o�jOfr��s�f^j�o���yrfr�^m�l!m�yrfr� � 
:� �O�9�xjYf.�^w/��k-mul�l!wxfij[�=z�yOououy+�����
& � � � 	 T � T � � � & $ & . )& � 7O� � � )& � �� � � � $ � T 	 �

��{rw jO�^�^k y��rmnv j[l�muybf�l�y l|{rw���yYo�qrl!m�yrf6y[z & � �� �/�xjOf!�^w�y)�rl|j�m�frw�� j[�/zQyOouo�y+���@��� �^�^m�l!m�yrf^j[o
� ybq^fr��jOk-� ��yrfr�^m�l!m�yrfr�~��{^jOk�j���l�wxk-m ��mnfr�"�^wxk m 	[j[l�m�	Ow�� j[l(l|{rw?�^ybq^fr��jOk m�w�� �xjOfP�^w y)�rl|j[mnfrw��
z�k-ybv & � � � z�ybk!v7z�yrk�l	{rw�z q^fr��l�muybf & mu� l|{rwxf j[���|q^v w��&��{rmuo�w��|j[l�mu�-zQ�rm�fr��l|{rwi�^w���mnk-w��
� ybq^fr��jOk-�H��ybfr�^mul�muybfr�0� p�ybkJmnfr��l|jOfr��wO� �Y� ouw�l�l�mnfr� & � � ���|j�l�mu�-z���l|{rw6zQyOououy��Jm�fr� �^ybq^fr��jYk-�
��ybfr�^mul�muybfr���

& � 7O�A� � ) & � �� �9� � $ � T 	 ) & � � 7O�3� 	 ) & � � �� �A� 7 )
��w(y)�rl|j�m�f

T � . � 	 �� �
� T � . � 	 � �� �

� ����� �
� $	�
 � �� . jOk ��l|jOf � �

�
� �� � � 
:� 
b�

j�zQl�wxk=j[ou�Ow0�^k�j[mu�(v jOfrmn�^qronj[l�muybfr�x�$� {rwxk-w 	 � �^wxfryYl�w���l|{rw�w��rl�wxfr��muybf y[z�yb�^wxk�jN�ro�w�k w��Omuybf j[�
j��^wxk-��wxfYl|j[�Yw~y�z � �@�UA=���|�^w���m�zQ�bmnfr� 	 � � ��l|{rw 	 j[onqrw y�z ��
���� M k-w��^qrmnk-w��H�xjOf �^w6y)�rl|j[mnfrw��'�
��{rmu� 	 j[onqrw'y[z � 
�� � M mu��k w	z�wxk�k w�� l�y j[� < � ��� M � 
 � �9� oul�wxk�f^j[l!m 	Yw�o��O�

T � . � 	 �.� �
� � ����� � T .

� jYk-��l|jOf � �
�
� �� �

� T �� � �
.
� jOk-��l|jOf � �

�
� �� � � 
:�*(O�

mu��y)�rl|j[mnfrw�� m�z j(�!o�mu�b{Yl�ou� �^m <�wxk-wxfYl���w�l=y[z � ybq^fr��jOk-� ��yrfr�^m�l!m�yrfr� mu�=� {ryO�!wxf � �!w�wHR jOfr�~jOfr�
% q^k�k�j�� 2 � � 5�zQybk=�^w�l|j[muou�|����� 	[j[onqrw(zQybk < � ��� M � 
 � �xjYf;� w�y)�rl|j�m�frw��i�!m�v m�onjOkJl�y'l|{rw(wxjOk-oumuwxk
�xj[�!w�����{rw���w �^m <)wxk wxfOl��^yrq^fr��jOk-� ��ybfr�^mul�muybfr�Jw�����wxfYl�mnj[ouo���l|k�jYfr��onj[l�w�l�y6�^m <�wxk-wxfYl 	[j[onqrw���y[z
l|{rw(�rk-y+��l|{	
[�^w��xj�� j[�Jl|{rw(l|k�j=JZw���l�yrk-� y[z�+ �!l|jOk-l���jOfr�iwxfr�^� � ��w�w(p9mu�bq^k w 
C� 
r���
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p4ybk�v6qronj[� � 
C� 
r��jOfr� � 
C�*(Y��jOk-w(qr��w��il�y6��ybv �^jOk-w"��mul|{ik-w��|qroul��=z�k-ybv@��mnv6qro�j�l�muybfr��y[z�j
{rmu�b{ s��^w�oum�l-� v6yr�^w�o jOfr��w�� � wxk-mnv6wxfYl��0�

� ��� ��
�2/&��-��2

egfil|{rmu���!w���l�muybf���l	{rw�k-w��|qroul��Jz�ybk�j+�rmu���^v v6w�l|k-mu�!�ro�w�w�� ��mul|{���yrfOl�mnfrqrybqr�(j[mnk�mnf@JZw���l�muybfHjOk w
�^k w���wxfOl!w��'� � ybfOl	k-yOo�y[z k-yOl|j�l�mnfr� ��l|j[ouo(mu�i�^wxv6ybfr�!l|k�j[l�w�� s�k-��l0� �<�^w����xk m��rl!m�yrf�y[z~l	{rw
�^k yb��w���q^k-w'ouwxj[�^mnfr� l�y l|{rw(��ybv �^jOk m��!ybfi��l	qr�^� mu� l|{rwxf��Om�	Owxf��rzQyOououy���w�� �O��l|{rw�k-w��|qroul��@�

* (�')(�- � <=: 8;462 >��A0 >��.8;4�8 
 � 8;4;>��A8 	
�Jl ��wxk l|j[mnf�mnf@JZw���l�yrk�jOfr�Oouw��(jOfr�iouyb�xj[l!m�yrfr�x�^�^m <�wxk-wxfOlJm�f@J-w���l�ybk5�^j[�B#��^k-w����	q^k-w(�xjOfik-w���qr��w
l	{rw ��m ��w y[z�l|{rw yb� wxf��bouybyb� {Y�b��l!wxk-w���mu��ouyryb�P�Y�"�^m <�wxk-wxfYl~jOv ybq^fOl!�(ybf�l|{rw � j[oul�w���{ k-mu�C�
� �^�^mul�muybf y[z���yrfOl�mnfrqrybqr� j[mnk'mnf@JZw���l!m�yrf m�� ��ybf@JZw���l	q^k-w�� l�y"k w���qr��w k�j[l�wijOfr� v j[�bfrmul|qr�^w
k w�� qrmnk-wxv6wxfYl���z�ybk/�rouw�w�� 	 j[o�	Ow ��ybfOl	k-yOou�(y[z k yOl|j[l�mnfr�i��l	j[ouo �O�H��{^jOfr�Omnfr� l|{rw6��ybv �^k-w�����ybk
��{^jOk�j���l�wxk-mu��l�mu���

�/y 	 j[oumu��j[l�w=l|{rw���ybf@J-w���l|q^k-wO�[l	{rw�j[mnk�mnf@J-w���l�ybkDjOfr�Oouw�mu�D��w�l j[l ��� � � ��mul|{'�^yO��mul�m�	Ow�jOfr�Oouw��
mnv �rou�rmnfr� ��ybq^fYl�wxk �r��ybv �^k-w����!ybk � k-yYl|j[l�muybf^�(jOfr� )47"�r�!m���m�f@J-w���l�ybk!�^j[��# �^k-w����|q^k-w�� R�mul|{
l	{rw �rouwxfrq^v?j[l!l|j[��{rw����9�|q^k-�Ow����r��o�w���j[l|j m�� l|j�#[wxf jOfr� l|{rw j[ou�Oyrk-mul|{^v z�ybk'mu�^wxfYl�m�z��rmnfr�
l	{rw q^fr�!l|j��rouw �^jOk-liy�z�l|{rw ��ybv �^k w�����ybk � {^jYk�j[��l�wxk-mu��l!m�� j[�i�^w����xk-m �^w�� �Y� A=wx{^f$#[wxf 2 
�5 �
p9mu�bq^k w 
C�*('�|{ry+����l|{rw�k w��|qroul��0�

�J{rw mu�^wxfYl�m�s�w�� ��ybv �^k-w����!ybk(��{^jOk�j[��l!wxk-mu��l�mu� mu� v6ybk w �-s�ououw�� ybqrl��iybf�l|{rw ouw	zQl~y�z l	{rw
� wxj�#:�~��{rw6�xk-yY����w��(mnfHp9mu�bq^k-w 
:�*( jYk-w6w�� � wxk-mnv6wxfOl	j[o9��j[l|ji� yOmnfOl��(y�z l|{rw6��l|jN�ro�w ��mu�^w y[z
l	{rw���ybv �^k-w��!��ybk9��{^jOk�j���l�wxk-mu��l�mu����mul|{ ��ybfYl�mnfbqryrqr� j[mnk9mnf@J-w���l�muybf��^l|{rw k-mu�b{Ol=��yOoumu� �xq^k 	Ow�l	{rw
� yOou� fryrv6mnj[o�s�l6y[z(l|{rw w��^�^wxk m�v wxfOl|j�o���j[l|jH�^yYm�fYl��x�=l|{rwiouw	zQl ��yOoumu� �xq^k
	Owil|{rwimu�^wxfYl�m�s�w��
q^fr�!l|j��rouw �^jYk-l(y[z�l|{rw ��{^jOk�j[��l!wxk-mu��l�mu� mnf l	{rw �^k-w���wxfr��wiy[z���ybfYl�mnfbqrybqr� j[mnk�m�f@J-w���l�muybf��9l	{rw
��j��|{rw���l|{rw���ybv �^k-w�����ybk)� {^jOk!j[��l�wxk-mu��l�mu�>��mul|{'fry#j[mnk/mnf@JZw���l�muybf��rjOfr��l	{rw �	{^j[�^w��~k-w��Ym�yrf�l	{rw
w��^�^wxk m�v wxfOl|j�o �|q^k �Ow����r��ouw~��j�l|j'zQybk�( � � 	J��mnfil|{rw6�^k-w���wxfr��w6y[z�j[mnk�mnf@J-w���l�muybf,��� ���	{ry�� f
mnf�l|{rwJs��bq^k-wO�rl|{rw �|{^jO� w�y�z l|{rw ��ybv �^k-w����!ybk9��{^jOk�j[��l!wxk-mu��l�mu��mu���	{rmtzQl�w���mnf�l|{rw#�^k w���wxfr��w(y[z
��yrfOl�mnfrqrybqr��j[mnkJmnf@JZw���l�muybf,�

�J{rw �|{rm�zQl�mnfr� y[z#l	{rwi��ybv �^k-w����!ybk6��{^jOk�j[��l�wxk m��!l�mu� ��wxk
	Yw�� l�y k-w���qr��w l|{rw �^jOfr�$��mu�^l|{
jYfr� k�j[l�wik-w��^qrm�k wxv6wxfOl�y[z�l	{rw��ro�w�w�� 	[j[o�	Ow�z�yrk���yrfOl|k yOo�y[z�k yOl|j[l�mnfr�H��l|j�o�oW� �/y y)�r��wxk
	Yw
l	{rm����^{rwxfryrv6wxfrybf��Dw�� q^j�l�muybf � 
C� � �J�xjOf���wxk
	Yw j���jOf�m�frmul�mnj[o�l�yryOoW�!99�^q^j[l�muybf � 
C� � ���Om�	Ow��
j zQybk�v6qronj�l�yHl|{rw v6mnfrmnv~q^v �bj[mnf k-w��^qrmnk-w�� zQybk'��l|jN�rm�oum �xj[l�muybf y[z#k-yYl|j[l�mnfr�H��l|j[ouo�j�l~l	{rw
� wxj�#'y[z�l|{rw ��ybv �^k-w����!ybkD� {^jYk�j[��l�wxk-mu��l!m������ 
Yl|{6ybk-�^wxk=�^yOou�^frybv6mnj[o4s�l�l!y�l|{rw(q^f^j[��l|q^j[l!w��
��yrv �^k-w�����yrk���{^jOk�j���l�wxk-mu��l�mu��mnf p9m��rq^k-w 
C�*(6�Ym 	Yw��

( � � 	��A� 7 � � � T � 7 �*( � 	 $X)87 �t�87 	 . T � �8) � � � 	 � $ � � � 
b� 	 � )
�Jm�l	{ l	{rw � wxj�#Hj[l � 	 ) ((�"� � 7 � �O� ) 7 � �8(O���^jOfr�Hl|{rw6��w���yrfr� jOfr�Hl|{rmnk-� �^wxk-m�	[j[l�m�	Ow 	 j[onqrw��
y�z � � 
:� �O� jYfr� � � � 
S(�k-w��	�^w���l�m�	Ow�ou����� ��mnv6muo�jYkJs�l�l�y6l|{rw~j���l|q^j[l�w��i��{^jOk�j[��l!wxk-mu��l�mu�(�Om�	Ow��

( � � 	��A� 7 � �O� T � �t�Y� 	 $ 
 � � 
 � 	 . T � 7�
 � � � 	 ��$ ��
 � � � � � 	 � )
�Jm�l	{(l|{rw��^wxj�#'j[l � 	 ) ((�3� � 7 � �8( ) 7 � �Y�O���|jYfr��l|{rw=��w���ybfr� jOfr��l	{rm�k �~�^wxk m 	[j[l�m�	Ow 	 j�o�qrw��9y�z �
� �$�*7 ��jYfr� � ( � � � k-w��|�^w���l!m 	Yw�o���� 99�^q^j[l�muybf � 
C� � � jO�^�roumuw�� l�y l|{rw�q^f^j[��l|q^j�l�w��6� {^jOk!j[��l�wxk-mu��l�mu�
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Model Identification for new configuration: compressor characteristic fit
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High speed bleed with Liaw−Abed on Caltech rig with air injection
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2nd injector hole
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A1 thresh=0.15
A1 gain=1000

 : open−loop
 : closed−loop
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�Ym 	Yw��U/�0`2 � � K N � � N � � � � 
 � 787HjOfr� l�yHl|{rw j[��l|q^j�l�w�� �xj[��wi�Om�	Ow��)/�032 � � K N � � � � �7� � � )
�/1032 � � K N � � N � � � �R�mul|{�l|{rmu�(w 	rm��^wxfr��wO�Dj �^w�l	j[muo�w��Hw��^�^wxk-mnv6wxfYl�mu� �xjOk�k-muw��Hybqrl"��mul|{�l|{rw�mnf@J-w���l�ybk/�^j[��#

�^k w����|q^k-w ��w�l�j[l (4(��r��mu�C�9p9mu�bq^k w 
C�*)(�	{ry��J��l|{rw yb�^wxf�� jOfr����ouyO��w�� �bouyryb��� wx{^j 	bmuybk=y[z l	{rw
�!�b��l!wxv mnfil|{rw 	 ��(��ro�jYfrw~jOfr�il|{rw � � + �ronjOfrw k-w��|� w���l�m�	Ow�ou���

�J{rw ��ouyO��w�� �ro�yryb�V�^wx{^j 	rm�yrk��	{ry��J�~fry"{Y�r��l�wxk-w���mu�6ouybyr� ybf p9m��rq^k-w 
:�*)^� j���w��^�^w���l�w��
z�k-ybv l	{rw~l	{rw�ybk-���6� ��p9mu�bq^k-w 
:�*) �	{ry��J�x� j�zQl�wxk l|{rw��rouw�w�� 	 j[o�	Ow��|j[l|q^k!j[l�w��x�4l|{rw ���r��l�wxv
k w�l|q^k�fr��l�y l|{rw�ybk m��Ym�f^j�o���l|j[ououw��Hw�� qrmuoum �^k-mnj$���J{rw � � + �rouyOl mnfip9mu�bq^k-w 
C�*)6mu� w�� � w���l�w�� l�y
�	{ry�� l	{rw �	jOv6w�y)�r��wxk
	[j[l�muybf,�9��{rw�v m��	v j[l���{6j[l9ouy�� 	[j[onqrw���y[z � mu�=��qrw�l�y(l|{rw=zQybk�v j[l!m�yrf
y�z�l|{rw���w���yrfr� v yb�^w6y[z���l	j[ouo mnf�l|{rw6yb�^wxf��ro�yryb���xj[��w�� p4ybk�l|{rw6yb� wxf��bouybyb�����r��l�wxv ��mul|{
��yrfOl�mnfrqrybqr� j[mnk6mnf@J-w���l�muybf���l|{rwi��w���yrfr� v6yr�^wiy[z#k-yYl|j[l�mnfr� ��l	j[ouo�zQybk�v � j�l j 	 j[onqrw y�z �
�	v j[ououwxk(l|{^jOf�l|{^j�l z�ybkJl|{rw6zQybk�v j[l�muybfiy�z l|{rw's�k-��l�v yb�^w��6��l � � 7 � 
S( ybfHp9mu�bq^k-w 
C� )^�
l	{rw���w���ybfr�iv6yr�^w�zQybk�v6��jOfr�;� w���ybv6w����^ybv6mnf^jOfYlx�^jOfr� l|{rw(jOv �roumul|qr�^w(y[z�l|{rw s�k-��l v yb�^w
mu���^w��xk wxj[��w��'�=p�q^k-l|{rwxk=�^w��xk-wxj���w�mnf � ouwxj[�^� l�y j'z�q^k-l|{rwxk�k-w���qr��l�muybf mnfil|{rw�jOv �ro�mul|qr�^w'y[z
l	{rw s�k-��l�v6yr�^w��9��l jOk-ybq^fr� � � 7 � ���^�Ol|{rw'l|{^k-yOl!l�ouw�mu�(j[onv6yO��l�z�qrouou�i��o�yY��w��"jOfr��l|{rw s�k-��l
v yb�^w.�^w���ybv w�� �^ybv6mnf^jOfYl j[�bj[mnf,� e�f l	{rw ��ouyO��w�� �ro�yryb� �xj[�!wO�9l|{rmu� �^{rwxfrybv6wxfrybf mu� fryOl
yT�r��wxk
	Ow��i��mnfr��w6l|{rw�{rmu�b{ �|�^w�w�� �ro�w�w�� 	[j[o�	Ow��|j�l|q^k�j[l�w���jOfr�Hk-wxv j[mnfr� yb�^wxf,�����(j k-w��|qroulx�
l	{rw#v j�m�f1
�y+� ouw 	Ow�o�mu�(fryOl�o�y+��wxfrybqr�b{ zQybk=l|{rw(��w���yrfr� v6yb�^w(y�z�k-yOl|j�l�mnfr�~�!l|j[ouo�l�y'z�ybk!v.�

� ��ybv!�rmnfrw�� �|q^k �Ow�jOfr� �!l|j[ouo���ybfOl	k-yOo�j[ou�Oybk-mul|{^v m��Jm�v �ro�wxv wxfOl�w��P�Y� qr�!m�fr��l|{rw�{rmu�b{
�	�^w�w����rouw�w�� 	 j[o�	Ow>��mul|{'��ybfYl�mnfrqrybqr��j[mnk�mnf@J-w���l�muybf'zQybk/��l|j[ouo^jOfr��l|{rw���ouy+�&�ro�w�w�� 	 j[o�	Ow � �^mu�
�
l	q^k��^jOfr��w �rouw�w�����zQybk=�|q^k-�Yw�����{rw(�|q^k-�Yw(��ybfOl	k-yOououwxk�mu��mnv �rouwxv6wxfYl�w����Jm�l	{ j6�^k-yb� ybk-l�muybf^j[o
zQw�w��C�^j[��#�ybf �	/�~�J{rm��'��ybfYl|k-yOoDonj0��mu�6�^k-yb�^yY��w��	�Y� A�j[��v6qr�(w�l�j[oW�32t� 5 �6��{rw ��yrv��rmnfrw��
��yrfOl|k yOo�o�j@��zQybk�k-yOl	j[l�mnfr� ��l|j�o�o�jOfr���|q^k-�Ow(l	j�#[w���l|{rw(zQybk�v

	
�
� ((�A� � � $ / 032 + $ / 2 �	�� � ( )

� {rwxk-wW/�032�mu� l|{rw��bj[mnf z�yrk k-yYl|j[l�mnfr� ��l|j[ouo ��ybfOl	k-yOo(jOfr� /)2 l|{^j[l z�yrk �|q^k �Ow ��ybfYl|k-yYo �
p9mu�bq^k w 
:� � �	{ry��J���ro�yYl��(y[z l	{rw~�^�^f^jOv6mu�ik-w��|� ybfr��w6y[z l	{rw~�!�b��l!wxv.� � ybfOl	k-yOo�mu��mnfrmul�mnj[ouou�
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l|q^k!frw�� y+< jYfr� l|{rw����b�!l�wxv<mu�6�|q^k-�Omnfr�C� � ybfYl|k-yOo9mu�6l|{rwxf j[��l�m�	 j[l!w�� j[l6jO�^�^k-y+�rm�v j[l�w�ou�
)8747876k-yOl�ybk�k-w 	YyOonqrl�muybfr�#jYfr�il|{rw(���r��l�wxv mu� ��l|j��rouw��

*,( ')(�' � �A8,F <=5 @"�A< 
#8�� � 8;:�� 0 � �.2�8;4 �)>A@65��
R w6fry+� ��ybv �^jOk w(l|{rw~k�j�l�w��^k-w��^mu��l�muybfr�(�^wxk-m�	Ow��Hmnf � w���l�muybf 
C���!��mul|{il	{rw�w��^�^wxk-mnv6wxfYl|j[o
k-w��	qro�l!�0� ��{rw j[mnk'mnf@JZw���l�yrk-�;�^j[��# �^k-w����	q^k-w jYfr� jOfr�Oouw jOk-w 	 jOk m�w�� l!y"�^k-yr��qr��w"j ��w�l6y[z
����wxf^jYk-muyO�0����j[l	jHmu�il|j�#[wxf�jOfr� jOf^j[ou����w���l�y yT�rl|j[mnf l|{rwHl|{rw�ybk-w�l�mu�xj[o(jOfr����mnv6qronj[l�muybf
�^k-w��^mu��l�muybfr����j[����w�ouo j�� l|{rwiw��^�^wxk-mnv6wxfYl|j[o 	[j[onqrw�� zQybk'l|{rw k�j�l�w oumnv6mulik-w�� qrmnk-wxv wxfOl z�yrk
��l	j��rmuo�m �xj[l!m�yrf y�z���l	j[ouo �

��{rw v j[�bfrmul|qr�^wiy�z#l|{rwiw <�w���l��6y[z(j[mnk6mnf@JZw���l�muybf ybf�l|{rwi���r��l�wxv �xjOf&�^w 	[jOk-muw�� �Y�
v6yr�^m�z��rmnfr� 	 jOk-muybqr�6�Ow�yrv6w�l|k-mu�xj[o9��{^jOk�j[��l!wxk-mu��l�mu����y[z�l|{rw m�f@J-w���l�ybk'ouyr�xj[l�muybf jOfr� ��ybfYs��bq �
k�j�l�muybf 2*( 5 � p�ybk�l|{rmu����l|qr�^�O�Dl|{rw m�f@J-w���l�ybk'jOfr�Oouwik-w�onj[l�m�	Ow l�y�l|{rw j+�rmnj[oA
�y+���^mnk-w���l�muybf mu�



� �

	[jOk-muw�� � w�lO� w�wxf�� � � jOfr� 
V7 � mnfil|{rw'yb�^�^yO�!m�l!w��^mnk-w���l�muybf�y[z9l|{rw�k-yOl!ybk�k-yOl	j[l�muybf��^jOfr� l	{rw
�^j��B#'�^k-w����|q^k-wJy[z�l|{rw�mnf@J-w���l�ybk-�9mu� 	[jOk-muw��;� w�l ��w�wxf 
V7 l�y )47(�r��mu���b�^k-yr��qr��mnfr� j l�yOl|j[oYy[z � )
�^m <�wxk-wxfYl�����wxf^jOk m�yY��jOfr�il|{rw�frybv m�f^j�o�yb�^wxf��ro�yryb� ���b�!l�wxv ��mul|{rybqrl j[mnk�mnf@JZw���l�muybf,�=��l�l	{rw
	[jOk-muybqr�(mnf@J-w���l�muybf �!w�l�l�mnfr�O�x��w��^�^wxk-mnv6wxfYl��6jOk-w6�xjOk�k-muw�� yrqrl(l�y yT�rl|j[mnf�l|{rw �bj[mnfHjOfr� k�j[l!w
	[j[onqrw��#k w�� qrmnk-w�� z�ybk�� wxj�# �!l|j��rmuoum �xj�l�muybf,��p4ybk�l|{rmu���!l|qr�^�O���^wxjN# ��l	j��rmuo�m �xj[l!m�yrfimu�#j�� {rmuw 	Ow��
m�z9l|{rw(zQyOououy+��mnfr� ��ybfr�^mul�muybfr�(jOk-w�v w�l���q^k-mnfr� l	{rw(w�� � wxk-mnv6wxfOl �

	 � 7 � � 	 � )� � 7 �*( � N � � )
� {rwxk-w 	 mu��l|{rw�j+�rmnj[o 	Ow�ouyb��mul-� jOfr� � mu��l|{rw(jOv �roumul|qr�^w(y[z l|{rwJs�k-��l=p�ybq^k m�wxk�v6yr�^wO��	���mu�
l	{rwA
�y+� j[lD��l|j[ouoOmnfr��wx�rl�muybf��rjOfr� � N � � mu�Dl|{rw jYv �roum�l	qr�^w�y[zrz qrouou�6�^w 	Ow�ouyb�^w��6��l|j�o�oT��mul|{rybqrl
�rouw�w�� 	 j�o 	Yw(��ybfOl	k-yOoW��eQl �|{rybqrou� �^w~fryYl�w��il|{^j[l 	 � mu� l|j�#[wxf�w��^�^wxk-mnv6wxfYl|j[ouou�"j�l�l|{rw(��l|j�o�o
mnfr��wx�rl�muybfH� yOmnfOl�zQybk�wxj�� {�y[z9l|{rw(�xj[�!w�y[z l	{rw�mnf@JZw���l!m�yrfi��w�l�l!m�fr��q^fr�^wxk���ybfr�!m��^wxk!j[l�muybf,�

�J{rw k!j[l�wHoum�v m�l!�"jOk-w��^w�l�wxk�v6mnfrw�� yrf l	{rw"w��^�^wxk m�v wxfOlHj[� zQyOououy+���0��� z q^fr��l�muybf mu�
� k-mul�l�wxf l�y mnfr�xk-wxv wxfOl�l|{rwi�bj[mnf q^fYl�muo�l	{rwi��ybfr�^mul�muybfr� y�z�� wxj�# ��l|j��rmuoum �xj[l�muybf jOk-w v6w�l0�
�(f jYf^j[ouyO�Oybqr��z�q^fr��l�muybf mu�.��k-mul�l�wxf z�ybk l|{rw k�j[l!w�� ��{rwH�bj[mnf	
Ok�j[l!w"k-w��^qrmnk-w���zQybk �^wxjN#
�!l|j��rmuoum �xj�l�muybf mu�(l|{rwxf y)�rl|j[mnfrw��	�Y�is�k-�!l(��w�l�l�mnfr�il|{rw �!�b��l!wxv�yb� wxk�j[l�mnfr�H�^yOmnfYl�l�y���l|j��rouw
�^qrl frwxjYk���l|j[ouo(mnfr��wx�rl�muybf,� R�mul|{ l|{rw k�j[l!w�
[�bj[mnf sC�rw���� mnf@JZw���l�muybf jOfr��l|{rwH��ybfYl|k-yOououwxk
mu��l|{rwxf�j[��l�m�	 j�l�w�� ��mul|{ l|{rw��bj[mnf	
Ok�j�l�wi��w�l�l�y ��wxk-yC� �J{rw"ouybj�� y[z�l|{rw���ybv �^k-w��!��ybk6mu�
l	{rwxf6mnfr�xk-wxj[��w��.�O�'� {^jYfr�Omnfr��l|{rw�l	{^k-yOl�l�ouw��!w�l�l�mnfr��q^fOl!m�o�j�frybv m�f^j�o�ou� q^fr�!l|j��rouw�yb� wxk�j[l�mnfr�
� yOmnfOlJm���k-wxj�� {rw��'���J{rw(�bj[mnf	
Ok�j[l!w�mnfr�xk-wxv6wxfYl�mnfr� z�q^fr��l�muybf�l|{rwxf�mnfr�xk-wxv6wxfYl���l	{rw 	[jOk-mnj��rouw
y�z)mnfYl�wxk-w���l�q^fYl�muo��^wxj�#6�!l|j��rmuoum �xj�l�muybf�mu� j�� {rmuw 	Ow��'���J{rw��bj�m�f�jOfr�ik�j[l�wJy)�rl|j[mnfrw���z�k-ybv�l	{rw
w��^�^wxk m�v wxfOl��(jOk-w�k w	z�wxk�k w��il�y j[��/ M�� � � jOfr� < M	� � � k-w��|�^w���l!m 	Yw�o����

�(v6ybfr�il	{rw � � mnf@J-w���l�muybfH��w�l�l!m�fr�Y�x���^wxj�# ��l|j��rmuoum �xj[l�muybfHmu��j[��{rmuw 	Ow�� mnf �O� �xj[��w���jYfr�
l	{rw fryrv6mnf^j[ouo��6��l	j��rouw���mu�^w�y[z�l|{rw���ybv �^k-w�����ybkD��{^jOk�j���l�wxk-mu��l�mu��mu�9w�� � wxk-mnv6wxfOl	j[ouo���k-w���ybk-�^w��
j�l wxj[��{6y[z�l	{rw �O� ��w�l�l�mnfr�O�0�9��{rw�q^fr��l	j��rouw���mu�^w���z�ybk/wxj[��{'y[z�l|{rw��!w��xj[��w���jOk w mu�^wxfYl�m�s�w�� �Y�
qr�!m�fr�'�|q^k-�OwJ���b��ouw ��j[l|j"��mul|{�jOf6j[ou�Oybk-mul|{^v@�^k-yb� yO��w��;�Y��A�wx{^f$#�wxf 2 
K5 ��p4ybkDl|{rmu����l|qr�^�O�bj
zQybq^k-l	{�ybk-�^wxk �^yOou�^frybv6mnj[o9mu��qr��w�� l!y jO�^�^k y��rmnv j[l�w(l	{rw �rmuw���w���mu��w ��ybfOl!m�frqrybqr� �xq^k
	Ow�z�ybk
wxj�� { �xj[�!w�� p9mu�bq^k w 
C�t�Yj��	{ry��J��l|{rw9s�l!l�w��(��ybv �^k-w��!��ybk���{^jOk�j[��l!wxk-mu��l�mu���0�9��{rw���w��^yOou�^frybv6mnj[o
��yrv �^k-w�����yrk���{^jOk�j���l�wxk-mu��l�mu����jOk w�l|{rwxfiqr�!w�����mul|{ik-wxj�o�mu��l!m�� 	 j[onqrw�� y[z 	[jOk-muybqr�(�^jOk�jOv6w�l!wxk-�
� w�� �C��fryYm��!w~ouw 	Ow�o9mnf����r��l�wxv � m�f�jOf^j[ou�bl!m��xj�o�k-w�onj[l!m�yrfr� / ��� M � 
 � � < � ��� M � 
 � ��jOfr� < � ��� M � 
 � �jYfr� mnf6��mnv6qro�j�l�muybfr��l|{^j[l9w���l�mnv j�l�w�l|{rw��bj[mnf�/ @ K � � jOfr� k�j�l�w < @ K � � k-w��^qrm�k wxv6wxfOl!��ybf6l	{rw�rouw�w�� 	 j[o�	Ow zQybk=��l|j[ouo���l|jN�rm�oum �xj[l�muybf,�=� o�oD{rm��r{ s��^w�o�mul-�i��mnv6qronj[l�muybfr�(jOk-w �xjOk�k-muw��iybqrl�qr��mnfr�
j'��yOououyr�xj[l�w��"v yb�^w�o��^w��!�xk-m �^w�� mnf � w���l�muybf �$� �/��mul|{iq^fr��l!wxj[�^� ouyO�!���^� f^jYv6mu���U2 � � 5 jOfr� j
� �b��l|j[l!w#v6yr�^w�o�zQybk=l|{rw��rouw�w��Hj[��l|q^j[l�yrk��^�^f^jOv6mu���0�

�J{rwxk-w�mu�(q^fr��wxk-l|j[mnfYlZ� j�����yr��m�j�l�w�����mul|{ l|{rw���yrv �^qrl|j[l�muybf�y�z�l|{rw'l|{rw�ybk-w�l!m��xj�o �^k-w��^mu� �
l!m�yrfr� jYfr� l|{rw w��^�^wxk m�v wxfOl|j�o���j[l|j$�H��qrwiv j[mnfrou� l�yHl|{rwiq^fr��l�wxj[�^mnfrw�����y[z�l	{rw�
�qrmu� mnf
l	{rw(���b�!l�wxvi�^l|{rwxk w(m��(q^fr��wxk-l|j�m�fYl-� mnf�wxj[��{�y[z9l|{rw(mu�^wxfOl�m�s�w�� ��yrv �^k-w�����yrk���{^jOk�j���l�wxk-mu��l�mu���
z�k-ybv l|{rw � �6��w�l!l�mnfr�O�0��}�w��|qroul��(��ybv �^qrl!w�� qr��mnfr�il|{rw���w���{^jOk�j���l�wxk-mu��l�mu����l|{rqr� m�f^{rwxk m�l(l	{rw
q^fr��wxk l|j[mnfOl-� ��{rmu��{ frw�w��^�6l�y��^w j�����ybq^fOl!w��Hz�yrk�� ��{rw w��^�^wxk-mnv6wxfYl6�bj[mnf jOfr� k�j[l�w6��j[l|j
j�o��!y {^j[�~q^fr��wxk-l	j[mnfOl-� j[����yr��mnj[l�w��P�Jm�l	{Hmul~j[�bj�m�f���qrwi�^k-mnv jOk-muou�Hl�y"q^fr�!l�wxj[�^mnfrw�����y�z l	{rw
�!�b��l!wxv.�

�/y6�^w�l�wxk�v6mnfrw l|{rw o�w 	Yw�o�y[z q^fr��wxk-l|j�m�fYl-� j[���!yb��mnj[l�w��?��mul|{6l	{rw�l|{rw�yrk-w�l�mu�xj[o��^k w��^m���l!m�yrfr�
jYfr� l|{rw'w�� � wxk-mnv6wxfOl!�x��jOfimnf 	Ow���l�mu�bj�l�muybf�m��(�xjYk�k-muw��Hybqrl�ybf � y[z�l	{rw �O� �^yOmnfYl��x��f^jOv6w�ou�O�
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w��^�^wxk-mnv6wxfYl(fbq^v!�^wxk � � w��^�rl|�O� �L( � w�� �rl (O���^jOfr� � � w��^�rl �O� � ��w�w(p9mu�bq^k-w 
C�����^���Dp�ybk wxj[� {
y[z9l|{rw���w(�!w�l�l�mnfr�O�x�^l!wxf��^m <�wxk-wxfYl���w��rv6wxfOl!��y[z l|{rw(�	q^k-�Ow(���r��o�w6��j[l	j~jYk-w�qr��w��il�y mu�^wxfYl�m�z��
l|{rw q^fr��l	j��rouw"�!m��^w�y[z�l|{rwH��ybv �^k-w��!��ybk � {^jOk!j[��l�wxk-mu��l�mu������{rw k-w��|qroul�mnfr� � {^jOk!j[��l�wxk-mu��l�mu���
jOk w"l	{rwxf qr�!w�� l!y ��ybv �^qrl�wHl|{rwHl|{rw�ybk-w�l�mu�xj[o(�^k-w��^mu��l�muybfr�x�'jOfr� � (�� ��ybfYs��^wxfr��w wxk�k-yrk
�^jOk � � j��+J qr��l!w�����mul|{ 
 �b��l|j�l�mu��l�mu���|��jOk w�y)�rl|j�m�frw���zQybk�/ ��� M � 
 � � < � ��� M � 
 � ��jOfr� < � ��� M � 
 � �� mnv6muonjOk-ou�O��zQybk�l	{rw~q^fr��wxk-l|j�m�fYl-� j�����yr��m�j�l�w�����mul|{ l|{rw�w��^�^wxk m�v wxfOl|j�o �bj�m�f�jOfr�"k!j[l�w(��j[l|j �
l�wxf w��^�^wxk-mnv6wxfYl���jOk w��xjOk!k-muw�� ybqrl=zQybk9w��^�rl|�^�rw��^�rl (^�rjOfr� w��^�rl �^�rl�y'�Om�	Ow � (��@��ybfYs��^wxfr��w
wxk�k ybk��^jOk-��ybf / M	� � � jYfr� < M�� � � �
*,( ')( � � 8;:��60+����2�8;4 � >A@65 �
A�j[��w��6ybf'l|{rw=z�q^fr��l�muybf^j[o^�^wx� wxfr�^wxfr��w�y[z�l	{rw jYf^j[ou�bl�mu�xj[o�k w�o�j�l�muybfr�Dz�yrk�l|{rw�v6mnfrmnv6q^v��bj�m�f
jOfr�ik�j[l!w#k-w��^qrmnk-wxv6wxfYl�ybf ( �
�� � 	 � ��jOfr� ( �
�
�� � 	 � ���bjOf w��^jOv6mnf^j[l�muybf�y[zDp9m��rq^k-w 
:�t����� yrqro��
mnfr�^mu�xj[l�w�l|{^j[l�w��^�^wxk m�v wxfOlD(��|{rybqrou� k-w��^qrm�k wil|{rw ouwxj[�!l �bj[mnf	
Ok�j�l�w���{rmuouw w��^�^wxk-mnv6wxfYl �
�|{ryrqro��Hk-w��^qrm�k w�l|{rw�v6yY��l0����{rw(l	{rw�ybk-�ijOfr�i��mnv6qro�j�l�muybfr�#jYk-w(w�� � w���l�w�� l!y �|{ry+� j[l�ouwxj[��l
j6�^q^j[oumul|j[l�m�	Ow'l|k-wxfr�.��mul|{�k-w��|� w���l�l�y6l|{rw(w��^�^wxk m�v wxfOl0�

��{rw 	 j[onqrw��iy[z(l|{rwi�bj�m�f �^k-w��^mu��l�w�� �O� l|{rw�l|{rw�ybk-� jOk-w �rouyOl�l!w�� j[�bj[mnfr��l l	{rw �bj[mnfr�
y)�rl	j[mnfrw�� ybf l|{rw w��^�^wxk-mnv6wxfYl���mnf p9mu�bq^k w 
C� � � e�f j[ouo�y[z�l|{rw �rouyOl��i�^k-w���wxfYl�w�� m�f l|{rmu�
��w���l!m�yrf���l|{rwi��j[�|{rw�� o�mnfrw k-wx�^k-w��!wxfOl�� l|{rwiybfrw��bl�y �bybfrwioumnfrw � w�lO� w�wxf l	{rw l|{rw�ybk w�l�mu�xj[ouo��
jOfr��w�� � wxk-mnv6wxfYl|j[ouou�"yT�rl|j[mnfrw�� 	 j[onqrw��0�J��� �|{ry+��f�mnf�l|{rw(s��bq^k wO��l|{rw
/ ��� M � 
 � w��!l�mnv j[l�w��jOk w fryOl6�^q^jOfYl�mul|j[l�m�	Ow�ou� k-w�oum�jN�ro�wP�^qrl6�^y �^k-w��!wxfOl6l|{rwi�^q^j[oumul|j[l�m�	Ow v6yrfryOl�ybfrmu�il|k-wxfr� j[�
w��^�^w���l�w��'� �J{rw v j[mnf�z j���l�ybkJ��ybfOl	k-m �^qrl�mnfr� l�y�l|{rw6� q^jYfOl�mul|j�l�m�	Ow6�^m��	j[�bk-w�wxv6wxfYl�� w�lO� w�wxf/ ��� M � 
 � jOfr� l	{rw�w�� � wxk-mnv6wxfYl mu��l|{rw�onj[��#'y[z)j���l|q^j[l�ybkD�^�^f^jOv6mu����mnf l	{rw��^wxk-m�	 j[l!m�yrf y[z�l|{rw
jOf^j�o��rl�mu�xj[orw�� �^k w�����muybf,����{rw>�rouw�w�� 	[j[o�	Ow�mu��j[�!�|q^v6w��6l�yU� w�mu�^wxj[o$��mul|{�m�fYs�frmul�w"�^jOfr�$��mu�^l|{
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jOfr� v j[�rfrm�l	qr�^w �|j�l|q^k�j[l�muybf�mnf�l|{rw jYf^j[ou�b��mu�!��{rmuouw j[��l|q^j[l!ybk oum�v m�l!� jYk-w �^k-w���wxfYl6mnf l|{rw
w��^�^wxk-mnv6wxfYl��0�MLJw 	Owxk-l|{rw�ouw����x��w��^�^wxk m�v wxfOl (Hmu�i�^k-w��^mu��l�w�� jYfr� 	Owxk-m�s�w�� l�y k-w��^qrmnk-w l|{rw
ouwxj[��lJ�bj[mnf���jYfr�iw�� � wxk-mnv6wxfOl �6l|{rw�v yO��l0�

��{rw 	 j�o�qrw��6y[z�l|{rw�k�j[l�w �^k w��^m���l!w�� �O�Hl|{rw lO��y jOf^j[ou�rl�mu�xj[o k w�o�j�l�muybfr�x� < � ��� M � 
 � jOfr�< � ��� M � 
 � �4jOk-w��rouyOl�l�w�� j��bj[mnfr��l�l|{rw6k�j[l�w���y)�rl	j[mnfrw�� ybf�l|{rw'w�� � wxk-mnv6wxfYl���mnf p9m��rq^k-w 
C� � 7$�
p9mnk-��lDy[z�j[ouoQ�Omul9�|{ryrqro��?�^w��^yOmnfYl�w��6ybqrl9l|{^j[l/l|{rw�w�� � wxk-mnv6wxfOl!���|{ry+� l|{^j[l�l|{rw�k�j�l�w k-w��^qrmnk-w �
v6wxfYl zQybk(�^wxj�#���l	j��rmuo�m �xj[l!m�yrf mu� k-w���qr��w��Hz�k-ybv<jO�^�^k y��rmnv j[l�w�ou� � �8747 �xv . 
���w�� l�y.�^w�ouy+�
� �47 �xv . 
���w�� � ��mul|{Hj v j[�bfrmul|qr�^w �|j�l|q^k�j[l�muybf�j[l �O� � 
��xv . �"�O� 	 jOk-�rmnfr�il|{rw jOv6ybq^fYl y[z
��ybv �^k-w�����ybk/��{^jOk�j[��l�wxk m��!l�mu��j[��l|q^j[l!m�yrf,� }�w��bjYk-�^mnfr��l|{rw�l|{rw�ybk w�l�mu�xj[obl!ybyOou��qr��w��'zQybk9�^k-w��^mu� �
l�muybf��4ybfrw6�xjOf ��w�w'z k-yrv l|{rw(s��rq^k-w6l|{^j[l < � ��� M � 
 � �^k-w��^mu��l��(l|{rw6k�j[l�w6k-w�� qrmnk-wxv wxfOl(v6ybk-wj[���xq^k!j[l�w�ou��l|{^jYf < � ��� M � 
 � � p�q^k-l|{rwxk�v ybk-wO� < � ��� M � 
 � ��w�wxv6�9l�y/�^w�v ybk-w j����xq^k�j[l�w�j[l9v6ybk-w
��w 	Ywxk-w�k�j[l!w�oum�v m�l 	[j[onqrw��0� �J{rw�v j[mnf �^m <�wxk-wxfr��w/�^w�lO��w�wxf l|{rw�lO��y(w�� �^k-w��!��muybfr��ybk-mu�Omnf^j[l�w��
z�k-ybv l|{rw �^m <�wxk-wxfYl!� j��r�~jOf jO�^�^k-y+�rmnv j[l�muybf�l�y l	{rw ��yYo�qrl!m�yrf l�y l|{rw�ybfrw��b�^mnv6wxfr�!m�yrf^j[o
��wxfYl�wxk�v jYfrmtzQyOou� � w��^q^j[l�muybf � 
C���O�-��y[z9l|{rw/%Hybybk w�� 6�k-w�mul���wxk w�� q^j[l!m�yrfr��mu�#v j��^w��9�(w��|�rmul�w
l|{rw�mnk � q^jYfOl�mul|j�l�m�	Ow �^m <�wxk-wxfr��w��x� j v6ybfryOl!ybfrmu� l|k-wxfr� ��mnv6muonjOk�l�y l|{^j�l y)�r��wxk
	Yw�� m�f l|{rw
l|{rw�yrk-w�l�mu�xj[o��bj�m�f���yrv �^jOk-mu��ybf mu��j[�bj[mnf �^m��	�ro�j��Ow��'�

��{rw 	[j[onqrw�� y[z��bj[mnf jOfr� k�j[l!w �^k-w��^mu��l�w�� �Y� {rmu�b{�s��^w�oum�l-� ��mnv6qro�j�l�muybfr� jOk-wi�rouyOl�l�w��
j[�rj[mnfr��l l	{rw w��^�^wxk-mnv6wxfYl|j[o 	[j[onqrw�� mnf p9m��rq^k-w 
C� �O� � ��{rwH�bj[mnf jOfr� k�j[l�wiw���l!m�v j[l�w���y[z
l|{rw ��mnv~qronj[l!m�yrfr� v j[l���{ ��mul|{Hl|{rw w�� � wxk-mnv6wxfOl	j[ouo�� y)�rl|j�m�frw�� ��ybq^fYl�wxk��^jOk l�v6ybk-w ��ouyO�!w�o��
l|{^jYf l	{rw l|{rw�ybk-w�l!m��xj�o��^k-w��^mu��l�muybfr�0�;(Jy+��w 	Owxk���l|{rwxk-w jOk w jifrq^v!�^wxk�y[z�z�j[��l�ybk �#j@<�w���l�mnfr�
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l	{rw k-wxv j[mnfrmnfr�H�^m <)wxk wxfr��w��i� �^yY����m �rouwiw�� �ronjOf^j[l!m�yrfHzQybk(l	{rm��6�^{rwxfrybv6wxfrybf�mu�6l|{^j[l�l	{rw
yrfro�� �^m <)wxk wxfr��w mnf l|{rw �O� ��mnv6qronj[l�muybfr�"jYk-wHl|{rwH��ybv �^k-w����!ybk ��{^jOk�j���l�wxk-mu��l�mu��� jOfr� l	{rw
w <�w���l�m�	Ow o�wxfr�Yl|{ �^jOk�jYv6w�l�wxk mnf l	{rw v6yr�^w�o : � � �J{rw w <�w���l���y[z���ybfYl�mnfbqrybqr�6j[mnk(mnf@J-w���l�muybf
yrfil|{rw'���b�!l�wxv mnf���wxk-l|j[mnf��xj[��w��(v j�� k w�� qrmnk-w v6yr�^m�z��rmnfr� v6ybk-w6�^jOk�jOv6w�l!wxk-��mnf�ybk-�^wxk�l�y
j����xq^k�j[l�w�ou� �xjY�rl|q^k-w6l|{rw k-wxj[oumul-���(�Bv6yrk-w6�xjOk-w	z�qro mu�^wxfYl�m�s��xj[l�muybf�y[z�l|{rw6���r��l�wxv j[l(wxj[��{
� yOmnfOlJ�|{rybqrou� �^k-w���wxfYl�j v6ybk w#k-w�oumnj��rouw ��mnv6qronj[l�muybf,�

p�k-ybv l	{rw / ��� M � 
 � w��^�^k-w�����muybf��

/ ��� M � 
 � � T 	 � ( �
�
�� � 	����
� � � ( � (	� �� � 	 � � T � � ( �
�� � 	��|�

� ( � )

mul(�xjOf � w~�!w�wxf l	{^j[l / ��� M � 
 � �^wx�^wxfr�^�'o�mnfrwxjOk o��Hybf ( �
�
�� � 	�� jOfr� frybfroum�frwxjYk-ou� ybf ( �
�� � 	J���
�@��mnv6muonjOk(��ybfr��onqr��muybf��xjOf �^w6��k�j@��f zQybk < � ��� M � 
 � jOfr� < � ��� M � 
 � ��mul|{Hj���ouyO��wxk w��^jOv6m �
f^j�l�muybf y�z)l	{rw�w��^�^k-w�����muybfr�@����{rw 	 j�o�qrw��Jy[z�l|{rw��rj[mnfr��z�k-ybvFl|{rw l|{rw�ybk-�O�r��mnv6qronj[l�muybfr�x��jYfr�
w��^�^wxk m�v wxfOl��(jOk-w��rouyOl!l�w�� j[�bj[mnfr��l ( �
�� � 	���jOfr� ( �
�
�� � 	��=mnfip9mu�bq^k-w 
C� � �$�

�J{rw jOf^j�o�yY�Oybqr���rouyOl��'zQybk l|{rw k�j�l�w w��^�^k-w�����muybfr�6jOk-w �|{ry+��f m�f�p9mu�bq^k-w 
:� � �$� e l~�xjYf
� w6��w�wxf�z�k-ybv �^yOl	{ �rouyOl��(l|{^j�l�l|{rw6�bj[mnf jYfr� k!j[l�w 	 j�o�qrw��'y)�rl|j[mnfrw���z�k-ybv l|{rw�yrk-�O���!m�v6q �
onj[l!m�yrfr�x��jOfr�Hw�� � wxk-mnv6wxfYl����|{^jYk-w6l|{rw6�|jOv6w6l|k-wxfr�Hybf�l|{rw�mnk �^wx� wxfr�^wxfr��wiybf ( �
�� � 	��(jYfr�
( �
� �� � 	���� � mnfr��w l	{rw 	 j�o�qrw��'y[z�l|{rw'�^wxk-m�	 j[l�m�	Ow��'�xjOf^fryOl/�^w6y)�rl|j�m�frw�� ��mul|{ryrqrl�mu�^wxfYl�m�z��rmnfr�
l	{rw q^fr��l	j��rouw �^jOk-l6y[z ( � � 	�� � mul mu�6l|{rqr� j"f^j�l|q^k�j[o=��ybfr��onqr��muybf l|{^j�l~l	{rw �|{^jY�^wiy[z�l	{rw
q^fr�!l|j��rouw��^jOk-l=y[z ( � ��yrfOl|j�m�fr�=mnfYz�ybk!v j[l�muybf'zQybkDl|{rwJ�bj[mnf jOfr� k!j[l�w�k-w��^qrmnk-wxv6wxfYl���y�z �rouw�w��
	[j[o�	Ow���yrfOl|k yOo�y[z ��l|j�o�oW�

�@s�f^j[o�k-wxv jOk #imu�6l|{^j[l(l|{rw k w���qr��l�muybf y�z l	{rw;�rouw�w�� j[��l	q^j[l�ybk(k-w��^qrmnk-wxv6wxfYl 	rmnj"j�m�k



)�


−12 −11 −10 −9 −8 −7 −6
0

50

100

150

Ψ
c
’’

ga
in

s

Gains vs. 2nd derivative of Ψ
c

MG3
Simulation
Expt

−30 −25 −20 −15 −10 −5 0
0

50

100

150

Gains vs. 3rd derivative of Ψ
c

Ψ
c
’’’

ga
in

s

MG3
Simulation
Expt

��� �*!X#&% � ) ' � \ 8:1"8:<49A8:<4N:8�ODU�� ��� M � 
 � O?< ������ H � c�B&<A9 ��� ���� H � c �J8��[1*8:EQ-5/ 8:<[P
H � �[14PFc � >�BD-0< UYEQO?/TP��48:OLEMS HY` � �?c �&BD<49 RM-5/ K43 B&PQ-0OL< G4b �A8 8:EMEQO?E �*B&EQR -5< P �48
��94-5EM8:N:PQ-5O?<�-0<A94-5N B&PQ8WP��48 8:EMEQO?E�-5<�N:O?/214K4PQ-0<A> P �48 948=EM-��?B&PQ- �L8:R H P��4EMOLK4> �
-09A8:<[PM-7UYS[-5<4> P��48 K4<ARMP B �4358 ODU ���&H � c�K4RM-5<4>(RMK4EQ>?8 N=S�N=30829*B&PFB?c �XP �48 8:EQEMOLE
�*B&EQR -0< P��48 � 94-5EM8=N:PM-5O?< -5<494-5N BDPM8 P �A8�8:EMEQO?E -5< N:O?/214K4PQ-0<A> �&O �4P BD-5<4-5<4> P �48
14EM8:9A-0N=PM-5O?<4R �&8��[1"8:EM-5/28:<[P B&3 �?BD35K48:R G

−12 −11 −10 −9 −8 −7 −6
0

500

1000

1500

2000

2500

3000

3500

Rate vs. 2nd derivative of Ψ
c

Ψ
c
’’

ra
te

 (
cm

2 /s
ec

)

1D
1

1D
2

Simulation
Expt

−30 −25 −20 −15 −10 −5 0
0

500

1000

1500

2000

2500

3000

3500

Rate vs. 3rd derivative of Ψ
c

Ψ
c
’’’

ra
te

 (
cm

2 /s
ec

)

1D
1

1D
2

Simulation
Expt

��� �*!X#&% � ) ' � \ 8:1*8=<4948:<4N=8WODU�� ��� M � 
 � 8��[14EQ8:RMRQ-0OL<4R O?< ������ H � c B&<49 �������� H � c �
8��[1*8:EQ-5/ 8:<[P]H � �[14P c�B&<49 EFB&PQ8]8��[14EQ8:RMRQ-0OL<	� UYEQO?/ P �48=O?EMS@H+aM\ � c:GJb �48]8:E �
EMO?E �*BDEMR�-0< P��48 �294-5EQ8:N:PM-5OL< -5<494-5N BDPM8 P �A8�8=EMEMOLE -5< N:OL/ 14KAPM-5<4>�P��48]948=EM-��?B �
PM-��?8:R�H+P �4EQO?K4> �T-5948:<[PM-7UYS[-5<4>�P �A8�K4<ARMP B �4358�ODU ���&H � c2K4RM-5<4>�RMK4EQ>?8�N:S[N:358
9*B&PFB?c �AP �48�8:EMEQO?E �*B&EQR]-5< P �48�� 9A-0EQ8:N:PQ-0OL<@-5<494-5N BDPM8 P �48^8:EQEMO?E -5<�N=O?/ 1AK4P �
-0<A> �&O �4P BD-5<4-5<4> P �48�1AEM8:94-5N:PQ-5O?<4R �&8��[1"8:EM-5/ 8=<�PFB&3 �?BD30KA8:R G



� �

mnf@J-w���l�muybf mu� �^wxv6ybfr�!l|k�j[l�w���ybf l	{rw � j�o�l!w�� { k-mu��z�ybk���ybf 	Owxfrmuwxfr��w ybfrou��� � l|{rwxk6k-wxj[oum �xj �
l!m�yrfr�(y[z���ybv �^k-w��!��ybkJ� {^jOk!j[��l�wxk-mu��l�mu� j[��l|q^j�l�muybf�l|{^j[l(k-w��|qroul(mnf�z j 	Oyrk�j��rouw��|{rm�zQl�mnfr�iy[z l	{rw
��{^jOk�j���l�wxk-mu��l�mu�H�xjOf mnf �^k-mnfr��mn�ro�w ��wxk
	Yw"l!y k-w���qr��w�l|{rw j[��l|q^j[l�yrk k-w��^qrm�k wxv6wxfOlHj[�?� w�ouoW�
� yrv6w#� yO����m �rouw~v w�� {^jOfrmu�|v � mnfr��onqr�^w~j�m�k m�f@J-w���l�muybfij[l=l|{rw l�mn��y[z�l|{rw�k-yOl�yrk��[�xj[��mnfr� l|k wxj[l
�
v wxfOl�� 2 ��
�5Z�Y��ybv �rouw�l�w ybk��^jOk l�mnj[o��bqrmu�^w 	 jOfrw���l|{^j�l k-w��^mnk-w���l�l|{rw�j�m�k?
�y+���r{bq$�6�^mu��l!ybk-l�muybf
yrf l!m����ro�yrj[�^w�� ��ybv �^k w�����ybk-� 2*(O� 5Z��jYfr� v6mu��l|q^frmnfr� 2 � � 5 �/%Hybk-w6mnfYz�yrk�v j[l�muybf�ybfH� yO����m �rouw
mnv �rouwxv6wxfYl|j[l!m�yrfr��mu� �^w����xk-m �^w��HmnfY2 �Y� 5O�

� � � � ����:9�	&�2��!�(��2

� ybfOl	k-yOoDy[z ��l	j[ouo�jOfr� �|q^k-�Yw��Jm�l	{ j��rouw�w�� 	 j[o�	Ow mu�'��l|qr�^muw��'�ieQl(mu�'z�ybq^fr��l|{^j[l l|{rw ��l|j�o�o
��w�ouo��bk-y+��l	{ k�j[l�wJm��=z�j[��l=��ybv �^jOk-w���l�y'l|{rw#j���l|q^j[l�ybk9k!j[l�w�oumnv6mul�jOfr��l|{rqr��zQybk�v � j � yOl�l�ouw �
frw���# z�yrk �|qr����w����-z�qro���ybfYl|k-yYo mnv �rouwxv6wxfYl|j[l�muybf�m�z�ybfrou�"l	{rw;�rouw�w�� j[��l	q^j[l�ybkJmu�~wxv �ro�y[�Ow��'�
�(wxv ybfr��l|k�j�l�muybf6y[z ��yrfOl|k yOo�y[z ��l|j�o�o�mu��j[��{rmuw 	Ow��iybfrou�?��{rwxf�l|{rw(��ybv �^k w�����ybk=��{^jOk�j[��l�wxk m�� �
l!m��6mu�~j���l|q^j[l�w�����mnfHl|{rmu�(�xj[�!wO� 	rm�j��!l�wxj[�^�"j�m�k mnf@J-w���l�muybf,� � mnv6qro�l	jOfrw�ybqr�6��ybfYl|k-yOo�y�z ��l|j�o�o
jYfr�i�|q^k-�Ow(mu�(j[ou��y j[��{rmuw 	Ow��'�

�J{rw�ybk-w�l�mu�xj[o(jOfr� �!m�v6qronj[l�muybf l�yryOou�i{^j 	Yw �^w�wxf �^w 	Ow�ouyb� w�� l�y jYf^j[ou� ��wP�rouw�w�� 	 j[o�	Ow
k w�� qrmnk-wxv6wxfYl��Jz�yrk���ybfYl|k-yOo�y�z k-yOl|j[l!m�fr� ��l|j[ouo jOfr� 	 j[oumu��j[l�w�� j[�bj[mnfr��l�w��^�^wxk m�v wxfOl��@� � ybv �
�^k w�����ybkJ� {^jYk�j[��l�wxk-mu��l!m��6j[��l|q^j[l!m�yrf 	rmnj j�m�k mnf@J-w���l�muybf�mu� z�ybq^fr�Hl�yik-w���qr��w6l|{rw!�ro�w�w�� 	 j[o�	Ow
k!j[l�w k-w��^qrmnk-wxv6wxfYl6zQybk(��l	j[ouo���ybfYl|k-yOoW��� � ��� l|{rw���l|j��rouwijOfr� q^fr��l|j��rouwi��mu�^wiy[z�l	{rw ��ybv �
�^k w�����ybkJ� {^jYk�j[��l�wxk-mu��l!m�� jOk w���{^jOfr�Ow��P�O�il	{rw j��^�^m�l!m�yrfHy[z j[mnk mnf@JZw���l!m�yrf"jYfr� zQybq^fr�Hl�y.�^w
�xk!qr��m�j�o�mnf jOf^j[ou����mnfr�il|{rw(��ouyO��w�� �bouyryb�i���r��l�wxv4�

p4ybk/l|{rw � j�o�l!w�� {'��ybv �^k w�����muybf'���r��l�wxvi��l|{rw���yrv �^k-w�����yrk���{^jOk�j[��l!wxk-mu��l�mu��mu��v6ybk w �-s�ououw��
yrqrl�� ybf�l|{rw'ouw	z�l y[z9l|{rw~� wxj�#�mnf l	{rw��^k-w���wxfr��w6y[z�j[mnk�mnf@J-w���l�muybf���jOfr� l	{rw��^wxj�#�ouyr�xj[l�muybf��
�!w���ybfr����jOfr��l|{rmnk-� �^wxk-m�	[j[l�m�	Ow j[l�l|{rw~� wxj�#ijOk-w(�^m <�wxk-wxfYl�l	{^jOf�l|{ryO��w(y�z�l|{rw6q^f^j[��l|q^j[l!w��
��{^jOk�j���l�wxk-mu��l�mu��� ��{rmu��� {^jYfr�Owiy[z(���b�!l�wxv ��{^jOk�j[��l�wxk m��!l�mu��� k-w���qr��w���l|{rw��^jOfr�$�Jm��^l	{ jYfr�
v j[�bfrmul|qr�^wik-w�� qrmnk-wxv wxfOl��6y[z�j��ro�w�w�� j���l|q^j[l�ybk mnf �^wxkgzQybk�v m�fr�P�rouw�w�� 	 j�o 	Yw ��ybfYl|k-yYo��'y[z
k yOl|j[l�mnfr� �!l|j[ouoW�>R mul|{�j ��yrv �^k-w�����yrk�k-yOl�yrk9z�k-w��^qrwxfr��� y[z � 787�(
�O��j[��l�m�	Ow'��ybfOl	k-yOo�y[z9��l|j�o�o
�Jm�l	{ j6{rm��r{ �|� w�w�� �rouw�w�� 	[j[o�	Ow�mu��j[��{rmuw 	Ow�� �������	�
� � � ��� ��� � � � � � � � � �
��� � � ��� � � ��� � ������� �
��� � � � � ���N�9p�q^k-l	{rwxk�v6ybk-wO�Yl|{rw w�� � wxk-mnv6wxfOl!���|{ry+��l|{^j[l�l	{rw7�rouw�w�� 	 j�o 	Yw�k�j[l�w�k w�� qrmnk-wxv6wxfYl
mu��k-w���qr��w�� z k-yrv jO�^�^k y��rmnv j[l�w�ou� � �4787��xv . 
[��w���l!y7� w�o�y+� � �47��xv . 
���w��>��{rwxf'l|{rw jOv ybq^fOl
y�z ��ybv �^k w�����ybk ��{^jOk�j[��l!wxk-mu��l�mu� j[��l|q^j�l�muybf�m��6mnfr�xk-wxj[�!w��'� ��{rmu�~j���l|q^j[l�muybfHmu�'�xjO�rl|q^k-w��	�Y�
j���{^jOfr�OwHy[z�l|{rwH�|{^jO� w jOfr� j �|{rm�zQlimnf�l|{rw �^wxj�# y[z�l|{rwH��ybv �^k w�����ybk � {^jYk�j[��l�wxk-mu��l!m����
�J{rw�ybk-w�l�mu�xj[o�l�yryOou�H�^j[�!w��iybf j�ouy���ybk �^wxk v yb�^w�o � ��� �(��l|j�l�w��|�9jOfr�i��mnv6qronj[l�muybfr���^j[��w��iyrf
j k-w���qr��w��Hybk-�^wxk��^mu��l|k m2�^qrl!w�� v yb�^w�o � � �6�!l|j[l�w��|��{^j 	Ow � w�wxf �^w 	Yw�o�yr�^w��Hl�y w���l!m�v j[l�w�l	{rw
�rj[mnf jOfr� k�j�l�w k-w�� qrmnk-wxv wxfOl��'y[z l	{rw;�rouw�w�� ��ybfYl|k-yYo�ouwxk�� ��ouo=y[z�l|{rw �^k-yb�^yY��w�� jYf^j[ou�bl�mu�xj[o
zQybk�v6qronj[��jOfr� �!m�v6qronj[l�muybfr���|{^jYk-w�l	{rw��|jOv6w �^q^j[oum�l	j[l�m�	Ow l|k-wxfr�^�>��mul|{�k-w��|�^w���l�l�y ( �
�� ��( �
� �� �
jYfr�~l	{rw�w�� � wxk-mnv6wxfYl0�9��{rw�j[�bk w�wxv6wxfOl9mnv �roumuw���l|{^j[l �rouw�w�� 	[j[o�	Ow���ybfYl|k-yOory[z�k-yOl|j[l!m�fr� ��l|j�o�o
�^wx� wxfr�^���xk�qr��mnj[ouou�iybf l|{rw�k�j[l!w�oumnv6mul�y[z�l|{rw/�rouw�w�� 	 j[o�	Ow/��{rmu��{ mnf�l|q^k!f �^wx� wxfr�^��ybf�� � ���
l	{rw(��l|j��rouw~jYfr�il|{rw � � � � ����� ���^jOk l y�z�l|{rw(��yrv �^k-w�����yrk�� {^jYk�j[��l�wxk-mu��l!m����

�J{rw�w <�w���l���y[z�j[mnk�mnf@J-w���l�muybfHjOk-w�j[����ybq^fYl�w���zQybk 	rmnj j6�|{rm�zQl�y[z9l|{rw(��ybv �^k-w�����ybk � {^jOk �
j���l�wxk-mu��l�mu��mnf�l|{rmu���^jO� wxk��C� {rwxk-wxj[� l|{rw~j[��l	q^j[o�w <�w���l���jOk w~v6qr� {�v6ybk-w(�!yb�^{rmu��l�mu�xj[l�w��'� �
v ybk-w��^w�l|j�m�ouw��)
�qrmu�i�^�^f^jOv6mu��v6yr�^w�o�y[z�l|{rw w <�w���l���y[z9j[mnk9mnf@JZw���l!m�yrf�ybf ��yrv �^k-w�����yrk-� ��muouo
�^k y 	rmu�^w~j6v6ybk w�j[���xq^k�j[l�w �^j���mu��zQybk=l|{rw�ybk-w�l!m��xj�o jOf^j[ou�r��mu�#j[�5� w�ouo j�����mnv6qro�j�l�muybfr�0�

� ��mu�^w z�k-ybv k!j[l�w�oum�v m�l��C�^jOfr�$��mu�^l|{ijOfr���^w�onj�� jOk-w�j�o��!y~�^jOk-l!��y[z j[��l|q^j�l�ybkD�^�^f^jOv6mu���0�



)8)

� ��ybv �^jOk m��!ybf ��l|qr�^�&�^w�lO��w�wxf l|{rw�l|{rw�ybk-�O�=��mnv6qro�j�l�muybf�� jYfr� w�� � wxk-mnv6wxfOl!� ybf 	[jOk-muybqr�
zQwxj[l|q^k-w��(y�zJj���l|q^j[l�ybkJoumnv6mul|j[l�muybfr�!��muouo�fryOl(ybfrou� 	 j[oumu��j[l�w�l|{rw v6yr�^w�o jYfr� l|{rw jOf^j�o��r��mu�x�
�^qrl�j[ou��yHj[ououy�� jiv ybk-w���yrv �rouw�l�w �rmu��l|q^k-w y�z {ry+����ybfYl|k-yOoDmnv �rouwxv6wxfOl	j[l�muybfHmu�~j�<)w���l!w��'�
��{rw�k w��|qroul�mnfr� ��wxfr�!m�l!m 	rmul-� jOf^j[ou�b�!m��J�xjOf.�^w�qr��w�� j���j'�^w���mu�bfi�bqrmu�^w�oumnfrw'z�ybk=��ybv �^k-w�����ybk �
�rouw�w�� �^j[mnk���ybfr��l	k�qr��l�muybf.�Jm�l	{�m�fYl�wxfYl�y�z�j[��l�m�	Ow'��ybfOl	k-yOo�y[z ��l	j[ouo�mnv �rouwxv6wxfOl	j[l�muybfr�0�



� �

�������V�>�����

� �
�8���V� � �*���^����� ��� 
 ��� ���U�������

� ��mu�^w(z�k-ybv �rouw�w�� 	[j[o�	Ow��x�^�!l|j[l�w��by�z �bl	{rw�� jOk-l�j[��l|q^j[l�muybf�v6w���{^jOfrmu�|v6�(qr��w���zQybk���ybfYl|k-yOo4y[z
k yOl|j[l�mnfr�'��l|j[ouo�jYfr� �|q^k �Ow�ybf�j+�rm�j�o�
�y+� ��ybv �^k-w�����ybk � j[ou��y6mnfr��onqr�^w�mnfrouw�l��bqrmu�^w 	 jOfrw�� 2 � � �
� � 5(jOfr� j[mnk mnf@J-w���l�muybf,��e�f �^jYk-l�mu�xqronjOk���j[mnk6mnf@J-w���l�muybf {^j[�ik-w���w�m�	Ow���v~qr��{ j[l�l!wxfOl�muybf mnf
k w���wxfOl��OwxjOk-�@� }�w��!wxjOk-��{rwxk-� mnfr��onqr�^mnfr� �^qrlifryOl�o�mnv6mul�w���l�yVA�wx{^f$#�wxfP2 
�5Z�>A�wx{^f$#�wxf w�l
j�o �A2*)�5Z�Y��3 �(fr��k-wxj(w�l�j[oW�
2 � � 5Z�O��j��D2 � ( 5Z�Yp�k-w�wxv jYf w�l�j[oW�
2 �87 5Z�)6��b��oumnfr� jOfr�.6�k w�m�l ��wxk;2 �O� 5Z�
�9y@2 � � 5Z�:R w�mu�Oo;2 � (65-��jOfr� R w�mu�OoDw�l�j[oW�!2 � ) 5�{^j 	Ow'mnv �rouwxv6wxfOl!w�� j[mnk mnf@JZw���l�muybf m�f 	[jOk-muybqr�
zQybk�v � jYfr�iy)�rl|j[mnfrw�� �	qr����w�����zQybk=w��rl�wxfr�^mnfr� ��l	j��rmuo�mul-� jOfr� 
[yrk�yb�^wxk!j��rmuo�mul-�iy[z9l|{rw�q^fr�^wxk �
ou�rmnfr� ��ybv �^k-w�����muybf ���b�!l�wxv6�U� w��Oybfr�il|{rw�mnk k-w��|�^w���l!m 	Yw~frybv6mnf^j[oD��l|j�o�o�mnfr��wx�rl�muybfH�^yYm�fYl��0�

� mnk�mnf@J-w���l�muybf���ybfYl|k-yOo�y[z �!l|j[ouo��xjOf.� w~k-wxj[oum ��w��Hmnf jOfij+�rmu���^v v6w�l|k-mu�6j[����w�ouo j[��frybf��
j=�bmu���^v v6w�l|k m�� mnv �rouwxv6wxfYl|j[l�muybf,�7p�ybk mnfr��l|jOfr��wO� k-w��!wxjOk-��{rwxk-� mnfr��onqr�^mnfr� A=wx{^f$#[wxf 2 
�5Z�
p�k-w�wxv jOf w�lij[oW� 2 �87 5Z��jOfr� R w�mu�Oo 2 � ( 5#{^j 	Owi�^wxv ybfr��l|k�j�l�w�� ��ybfYl|k-yOo�y�z#��l	j[ouo�qr��mnfr� j+� �
mu���^v v6w�l	k-mu�~j[mnk�mnf@J-w���l�muybf��,��{rmuouw�A=wx{^f$#[wxf 2 
�5Z�^��3 �(fr��k-wxj'w�l(j[oW��2 � � 5Z�$6(�r��oumnfr� jYfr� 6�k w �
mul���wxk@2 �O� 5Z� �9y 2 � � 5Z�>R w�mu�OoJ2 � ( 5Z��jYfr� R�w�m��Yo�w�lij[oW� 2 � )�5�{^j 	Yw k-wx�^ybk l�w����|qr����w���� qr��mnfr�
fryrf�� j+�rm��!� v v w�l|k-mu�(mnv �rouwxv6wxfOl	j[l�muybfr�0�

� ybfOl	k-yOo[y[z^�|q^k-�Ow ��mul|{(jJ���b� �^qro��!w�� j�m�k)m�f@J-w���l�muybf*��j[��k-wx�^yrk-l�w��(l�y�z�j[muoOmnf A=wx{^f$#[wxfF2 
�5 �
egf!R w�mu�Oo�2 � (65-�[��ybv6w��^k-w�oumnv6mnf^jOk-����ybk #(ybf'��mnv6qroul|jOfrw�ybqr�=��ybfOl	k-yOory[z���l	j[ouo�jOfr�6�|q^k-�Ow>��mul|{
j=�bmu���^v v6w�l|k m��(j[mnk=mnf@JZw���l�muybf�mu��k wx�^ybk-l!w����bl	{rybqr�b{!��mul|{ryrqrl �	qr����w����0����{rw(�^q^k�� yO��w(y[z�l|{rmu�
�^jYk-l�y[zDl|{rwU��ybk #�mu��l�y �^k-y�	rm��^w(j6v6ybk-w l|{rybk ybqr�b{6mnf 	Ow���l�mu�bj[l!m�yrf�m�fYl�y6��mnv6qroul|jOfrw�ybqr����ybf �
l	k-yOo�y�z ��l|j[ouo�jOfr�i�|q^k �OwU�Jm�l	{ij+�bmu���^v v6w�l	k-mu�#j[mnk�mnf@J-w���l�muybf,����{rmu��� {^jY�rl�wxk=m��Jybk-�bjOfrm ��w�� j[�
zQyOououy+���0� �@�^w����xk-mn�rl�muybf y[z�l|{rw l|{rw�yrk-w�l�mu�xj[o,J�qr��l�m�s��xj[l�muybf�y[z �!m�v6qroul|jOfrw�yrqr�~�!l|j��rmuoum �xj�l�muybf
y�z �!l|j[ouo�jOfr� �	q^k-�Owiqr��mnfr� j+�rm��!� v v w�l|k-mu� j[mnk'm�f@J-w���l�muybf m�f � w���l!m�yrf ($� � � �J{rw k-w��|qroul��6y[z
��yrfOl|k yOo�y[z���l|j[ouo9ybfrou�O���|q^k-�Yw~yrfro��O�DjOfr�H��mnv6qro�l	jOfrw�ybqr���!l|j[ouo�jOfr�H�|q^k-�Ow jOk w~�^k-w���wxfYl�w�� mnf
� w���l!m�yrf ($�t� � � yrv6w(��ybfr��onqr��muybfr�(�Om�	Owxf m�f � w���l�muybf ( � �'wxfr�^��l|{rw(��{^jO�rl�wxk �

� �%� � .�
=��
�3

egf�l|{rmu�(��w���l�muybf���l	{rw�l|{rw�ybk w�l�mu�xj[oDz�yrq^fr��j[l�muybf�y[z���ybfYl|k-yOo/y[z ��l	j[ouo � ouy+� O��(jOfr�H��l|j�o�o�jYfr�
�	q^k-�Ow � {rmu�b{QO���mu�(�^k-w���wxfYl�w��'�

� (.-;(�- �E8�� �
�)m�frwxjYk ��l|j��rmuoumulZ��mu�(m�f 	Ow���l!m��rj[l�w���s�k-��lJz�yrk���ybfYl|k-yYo�y[z���l|j�o�oW� �"�bmu���^v v6w�l|k m���j[mnk�mnf@J-w���l�muybf
�xjYf � w v6yr�^w�ouw�� j[��j��	{rmtzQl(y[z�l|{rw6��ybv �^k-w����!ybk � {^jYk�j[��l�wxk-mu��l!m����6��{rw ��yrfOl|k yOo onj@� qr��mnfr�



)O�

j+�rmu���^v v6w�l|k-mu�Hj[mnk mnf@J-w���l�muybf m��iv6yr�^w�ouw�� j�� j �	{rmtzQl�m�f l|{rw ��yrv �^k-w�����yrk6� {^jYk�j[��l�wxk-mu��l!m��
��mul|{�j'zQw�w��C�^j[�B# ybfY+ �Om�	Owxf��O��l|{rw zQyOououy��Jm�fr�R�

( � � 	��A�#( � 
 N � � � 	��'$ / + ( � 
 � K 
 � 	�� ) � ( � � �
��{rwxk w /7mu��l|{rw��rj[mnf,����{rw�v6yr�^w�o�l|j�#�w���l|{rw zQyOouo�y+��mnfr� z�yrk�v j�z�l!wxk��|q$�r��l�mul|qrl!m�yrf��
�	 � �: � � ( � 
 N � � � 	�� $ /-+ ( � 
 � K 
 � 	�� T ( $ +



� . ( � 
 N � � � 	J�

� 	 . $ /-+ .


��. ( � 
 � K 
 � 	��
� 	 . � )

�( � �

 : � O . � 	 T 	

�
� ((��� )

�+ � �
I $  + �

� ( � 
 N � � � 	J�
� 	 $ /-+ � ( � 
 � K 
 � 	��

� 	 $ +
�
� � ( � 
 N � � � 	��

� 	 � $
/-+ .
�
� � ( � 
 � K 
 � 	��
� 	 � ��� � ( �t�O�

��mnfrwxjOk m �xj�l�muybfiy[zDl|{rw(��ouyO��w�� �bouyryb� �+ w��^q^j[l�muybfij�l jYfr� l�y6l|{rw ouw	z�lJy[z l|{rw(�^wxj�# y[z ( � 
 N � �j�� ybqrl�+�� 7��Om�	Ow�� �
� Z � V +D�
� 7Hj[l6jOfr��� 7 l�yHl|{rw�o�w	zQl6y[z�l|{rwi�^wxjN#��9mnv �rou�rmnfr� l|{^j�l

l|{rwJ��l|j[ouo �Oz�k-w�w���yOonqrl�muybf y[z�l|{rw���ouyO��w�� �bouyryb� ���b�!l�wxv�mu� j���� v �rl�yOl�mu�xj[ouou�6��l|j��rouw(j[l9l|{rw�� wxj�#
jOfr� q^fr�!l|j��rouw6l�y6l|{rw(ouw	z�l y[z9l|{rw��^wxj�#:�

L�w��rl;��wH�|{ry+� l|{^k-ybqr�b{ j&�rm�z q^k-�xj�l�muybf �^m�j��bk�jOv�l|{^j�l j��|{rm�z�limnf�l	{rw"��yrv �^k-w�����yrk
��{^jOk�j[��l!wxk-mu��l�mu�6o�wxj��^��l�y�w�oumnv6mnf^j[l�muybfHy[z�l	{rw~{Y�b��l!wxk-w���mu�(ouybyb�,� ��{rw��^w�l	j[muo��'�xjOf�� w'z�ybq^fr�
mnf ��3 �(fr��k-wxjHw�lij[oW� 2 � �65O� ��y muo�onqr��l	k�j[l�wO� �Ok-� ybk-�^wxk��^yYo��^frybv6mnj[ou�HjOk-w qr��w���l�y v yb�^w�o
jifrybv m�f^j�o���ybv �^k w�����ybk ��{^jOk�j[��l!wxk-mu��l�mu� ( � 
 N � � jOfr��l|{rw j[�^�^mul�muybf ( � 
 � K 
 ��qrw l�yil|{rw j[mnk
mnf@J-w���l�muybf,�

( � 
 N � � � 	�� � 	 _ $ 	 � 	%$ 	 . 	 . $ 	 � 	 � )( � 
 � K 
 � 	�� � � _ $ � � 	 $ � . 	 . $ �
�
	 � �

��{rw frw�� w��^qrm�oum �^k-mnj �xjOf��^wJzQybq^fr�;�Y�~�!yOo�	bmnfr�'z�yrkDl|{rw���l�wxj��^�~�!l|j[l�w���yOonqrl�muybf � 	 ) ( ) + �Dl!y
l|{rw(�Yy 	Ywxk�frmnfr�~w��^q^j[l�muybfr�@����{rw(v6mnfrm�v6q^v �rj[mnfY/ k-w��^qrmnk-w�� l�y'w�oum�v m�f^j�l�w�l|{rw�{Y�r��l�wxk-w���mu�
ouyryb�i�xjOf.� w(zQybq^fr� �Y����ybv �^qrl�mnfr��l|{rw(��ouyb�^w ���

��� � � � � � jOfr�Hk-w��^qrm�k m�fr� ���
� � � � � � � � 7$����{rw

k-w��	qro�l!m�fr��w��^�^k-w�����muybf z�ybk#/ � K N m��(�^k-w���wxfYl�w�� {rwxk-w*��mul|{rybqrl�l	{rw�j[ou�Ow0�^k�j��
/ � K N � T � � �

�
( � �� 
 N � � . � 	 � � $�� �� ( �
�
�� 
 N � � � 	 � �� 	 � ( � � 
 � K 
 � 	 � � $ � � .*( � 
 � K 
 (	�
�� 
 N � � � 	 � � � � ( � �O�

p9m��rq^k-w ($� � �|{ry+�����	jOv �rouw#fryrv6mnf^j[o�jOfr� �|{rm�zQl�w��i��ybv �^k-w��!��ybkD��{^jOk�j[��l�wxk m��!l�mu��� jYfr� l|{rw
ouyr�xj[l�muybfHy[z�l	{rw~frw���w��^qrm�oum �^k-mnj ��mul|{@O � 7 � � jOfr�-/ � � �^�,�^yOl	{imnfHl|{rw � 	 ) ((���ronjOfrw
jOfr�il	{rw � � ) +D���ronjOfrw��

e�f j[�^�^mul�muybf l�yHl|{rwi�bj[mnf ��ybv �^qrl	j[l�muybf���jOf^j[ou�b�!m�� ybf k�j[l�w�oumnv6mul�� �xjYf j[ou��y	�^w � wxk �
zQybk�v6w��'�?R jYfr� jYfr�P% q^k�k�j�� 2 � �r� � 
�5��^k-w���wxfYl�w�� j�v6w�l|{ryr� y�zJj�����ybq^fOl!m�fr��zQybk ���r��l�wxv
jOfr��j[��l|q^j[l!m�yrf o�mnv6mul���ybfK�ro�w�w�� 	[j[o�	Ow ��ybfYl|k-yYo y�z#��l	j[ouo 	rmnj �^�^f^jOv6mu�xj[o ���r��l�wxv6� l�ybyYo��@�
� ybv w �^k w�o�mnv6mnf^jOk �P��ybk�#i{^j[� � w�wxfH�^ybfrw6l�y jO�^�rou�Hl|{rw6l�w���{^frm��^qrw l�yij+�rmu��� v v6w�l|k-mu� j[mnk
mnf@J-w���l�muybf���ybfOl	k-yOo�y[z ��l	j[ouo �



� �

0.2 0.3 0.4 0.5 0.6
0.2

0.3

0.4

0.5
Linear controllabililty of surge along controlled equilibria

Φ
Ψ

shifted

nominal

0.6 0.7 0.8 0.9
0

0.02

0.04

0.06

γ

J

��� �"!$#&% � )+'�� O?/2-0<"B&3 �XR �4-7UYPQ8:9TN:OL/ 14EQ8:RMRQO?E2N �"B&E BDN:PM8=EM-5RMPQ-0N=R�� B&<49 P �A8@<48��
8 	�KA-035- �4EQ-CB � -5P � B �[-5RMS[/ /28:PMEQ-0N]BD-5E -5<#"F8=N:PM-5O?< N:OL<[PMEMOL35308=E�UYO?E�RMPFB&353 G

�(f jO�^�^k ybj[��{(��mnv6muonjOk9l!y(l|{rw�ybfrw��^k-yb�^yY��w����O�*R jOfr��jOfr�!% q^k�k�j��J2 � �r� � 
�5^mu� jO�^�roumuw��
l!y�w��^q^j[l�muybf � ($���O� ����yryO��w�ou�6�|�^wxjN#Omnfr���rv j[�bfrmul|qr�^w�oumnv6mul���ybf'l|{rw�j[��l	q^j[l�muybf6�^k-yb{rm �rmul���l	{rw
yr�^wxk�j��rouw(k-w��Omuybf � l!y��^w w��rl�wxfr�^w�� l!y � � 7 �bjOfr��l|{rw�k�j�l�w�oumnv6mul|j[l�muybf �xqrl���l|{rw�w��rl�wxfr��muybf
z�q^k-l|{rwxk �^y�� f,� p9mu�bq^k w 
C�t�'muouonqr��l|k�j[l!w���l|{rw!�^j[��mu�(mu�^wxj[�0�

� ���|q^v m�fr�@O mu�(�|v j[ouo��!yil|{rw6�|q^k-�Ow6�^�^f^jOv6mu���6�xjOf �^w mu�bfrybk w���� jOf jY�^�^k-y+�bmnv j[l!m�yrf
l!y~l	{rw���wxfYl�wxk�v jOfrm�zQyOou� y[z9w��^q^j[l�muybf � ($���O�=m�� y)�rl|j�m�frw�� j����

�+ � � � V + $ � � $ � � � + $ � . + . )
� {rwxk-w

V � � T � � ) � � � � � ( � ( �
�� 
 N � � � 	 � �I $  )

� . � ( �
�
�� 
 N � � � 	 � �

 � I $  � $ � � ( �
�� 
 N � � . � 	 � �


 � I $  � � ( �
)

� � /-+�( � 
 � K 
 � ��( �
�� 
 N � � � 	��	�� I $  � � ( �
) � � �;/-+�( � � 
 � K 
 �

I $  )

�Jm�l	{ � � �^wxfryOl�mnfr� � ��z�ybk � 
�� 	 ) ( ) � �b��w 	 j[onq^j[l!w�� j[l'l|{rw �^wxj�#�y[z ( � 
 N � � � e�f �^jOk �
l!m��xqronjOk �9l|{rwil�wxk�v � � jOfr� � � jOk-wij[����yr��mnj[l�w��V��mul|{ l|{rwi�^k-w����|q^k w k-mu��w jYfr� ��ybv �^k-w�����ybk
��{^jOk�j���l�wxk-mu��l�mu� ��ouyb�^w ��ybfYl|k-m �^qrl�muybf z�k-ybv j�m�k�mnf@JZw���l�muybf�k-w��|� w���l�m�	Ow�ou��� ��w�l \� � � � � �

� � jOfr� �
��� � M 
���� � M 
 M � K � N � � N � M ��� � ���
� � � � � @"@ � ��� � 
 � 
 M=M � ��� @ ����� � 
 @ � ��� ��� ��� M 
�� � K N � � � K N � @ � @B@ � � K ��� M �

� K ��� @ � � M 
 � 
 K � K � ��� � K � � 
 � ��� K � N � � 
 @ � ��� � '



�87

l�y�� w(l|{rw(���xj[ouw�� ��yrfOl|k yOo�w <�ybk-l�jOfr�il	{rw#fryOmu��w'ouw 	Ow�o�y[z l	{rw(���b�!l�wxv k-w��|�^w���l!m 	Yw�o����=�(w	s�frw
z�q^k-l|{rwxk6v j[�rfrm�l	qr�^w oumnv6mul�� � ��� � jYfr� � � 
 ��� � ��jYfr� k�j�l�w oumnv6mul�� � 
�� � M jOfr� � � 
 
���� M z�yrk �jOfr� � � k-w��|� w���l�m�	Ow�ou� �|qr��{il|{^j�l

� � � � 
���� M 1 m�z37 � 1
�
1 . �

� ����� m�z 1 � 1 . �
��{rwxk w � 
 � � ) � � �b� 1 l|{rw�frybfr�^mnv6wxfr��muybf^j�o�l�mnv6w�jYfr� 1 . � � ��� � ' � 
�� � M l|{rw�k-w�ouw 	 jOfYl�l�mnv6wzQybk9l	{rw�k�j[l�w�oumnv6mul0����{rmu��m�� qr��w�� j�� l	{rw���mnv �roum�s�w��H��ybv �^k-w��!��ybk9��{^jOk�j���l�wxk-mu��l�mu�(j[��l|q^j[l�muybf
�^�^f^jOv6mu��� � ��w�w(p9mu�bq^k-w 
C� �O���

��{rw�k-w���qr��w�� �!�b��l!wxv�jOfr� l	{rw(��ybk�k-w��|� ybfr�^mnfr� � ybq^fr��jOk-�i��yrfr�^m�l!m�yrfr��l|{rwxf��^w���ybv w
�+ � � � � V $ \� � + $ � . + . )+ � 7O� � � )\� � 7O� � 7 )

+ � 1 . � � T � �� . � \������� $ V � )\� � 1 . � � \� � ��� ) � ( � 
b�
��{rwxk w � mu�6l|{rw ouw 	Ow�o�y[z�fryOmu��wimnf q^frmul�� y[z
�C�9��{rw z�yrk�v<y[z�w��^q^j[l�muybf � ($� 
r� m��6mu�^wxfYl�mu�xj[o
l�y l|{rw~�^q^k-w k�j�l�w(oum�v m�l(�xj���w(zQybk��rouw�w�� 	[j[o�	Ow��#�^k w���wxfOl!w�� mnf�R jOfr�ijOfr��% q^k�k�j�� 2 � �^� � 
�5
jOfr�iw��^q^j[l�muybfr� � 
C�t�O�=jOfr� � 
C� �O�=m�f � w���l!m�yrf 
C� � ��} w��xj[ouo�mnf � w���l�muybf 
C� � jYfr�Y2 � �^� � 
�5 l|{^j�l
l|{rw�ybfrw��b�^mnv6wxfr��muybf^j�o(���b�!l�wxvEmu� jO�^�^k y��rmnv j[l�w���jOfr� j zQybk�v6qronjHzQybk6l|{rwHw��rl�wxfr��muybf y[z
yb� wxk�j��rouw k-w��Ym�yrfi�xjOf �^w'zQybq^fr�'�(��{rw(zQybk�v6qronj m���k wx�^wxj[l�w�� {rwxk-wO�,�Jm�l	{ j�k-wxv6mnfr�^wxk(l|{^j�l
l|{rw�j���l|q^j[l�muybf \� mnfil|{rmu���xj���w�k-w	zQwxk�k-mnfr� l!y~��yrv �^k-w�����yrk�� {^jYk�j[��l�wxk-mu��l!m��6j[��l|q^j[l!m�yrf��
\	 � � \�������

� $
� � \� �� ��� � T ( �
�� � � � ( � ( �
� �� $ � � ( �
�� . �

� ) � I $  � . \� .
���� M jOk ��l|jOf
� � � ( � \� � ��� � T ( �
�� �� � I $  � \��
���� M �

) � ( �*(O�

��{rwxk w \	 � � � � ����� �
� � jYfr� 	 � mu�(l|{rw w��bl�wxfr�!m�yrf y�z yb� wxk�j��rouw k-w��OmuybfHj[��j��^wxk ��wxfOl|j��Ow6y[z

� �@�

�)(�-;(�' � ����� �
p4ybk'l|{rwi�|q^k-�Ow �^jYk-lx��j�oumnfrwxjOk-m �xj[l�muybf�j[ouybfr� l	{rwi��ybfOl	k-yOououw�� w�� qrmuoum �^k-mnj �|{ry+���6l|{^j[l6l|{rw
�|q^k �Ow�w��^q^j[l�muybfr� � �	 jOfr� �((�=jOk-w���yrfOl|k yOouo�jN�ro�w��=��{rw�oumnfrwxjOk-m �xj[l�muybf�y[z�w��^q^j[l�muybf � ($�t�O�Q��mul|{
� ( � � �=l|j�#[w���l|{rw zQybk�v �

%% ^ � V � �A� �� � $ �O � )



���

� {rwxk-w � � � 	 ) ( ) + � �
�� � � � � � . �

� ���M P � K � K � 
 K ���
�O � � � 7 � � �

jYfr�

� � �
����
�
������ N � � � � � ������ � K 
 �	�
�� ��� �
���� N � � � � � ����� ���� � K 
��

� �� �� �
� � ��� � K 
 ��� �
���� N � �
 ��� � � � ���� � K 
�

� �


����
�
�
)

� . � � �
� � ��� � � �
 � � � ��� � 7�� )

�
�

� � �
� � 7 �

� �
� )

�
� � � � + � ( �
�� 
 N � � $ /-+�( �
�� 
 � K 
 �I $  )

�
� �

� � � ( � � 
 N � � $ /-+�( � � 
 � K 
 �I $  $ + � ( �
�
�� 
 N � � $ /-+�( �
�
�� 
 � K 
 �

 � I $  �

$ � + � / ( � � 
 � K 
 $ ���
� ���� N � �
 $ � � ���
� ���� � K 

�

�
I $  �

��frq^v6wxk-mu�xj[o=w 	 j[onq^j[l�muybf�y[z�l|{rw k�jOf$#�y[z l	{rw v j[l|k-m � 2 �O ) �� �O ) ���. �O 5Z�4zQybk l|{rw 	 j[onqrw��
y�z � l	{^j[l�l|{rw'��ybfOl	k-yOououw��"�!l|j[ouo w��^qrmuoum2�^k m�j�w��rmu��lx�4�|{ry+����l|{^j[l l|{rw6v j[l|k-m � {^j[�(k�jOf$# �~z�ybk
l	{rw�k�jOfr�Ow(y[z`
�y+��y[z�mnfYl�wxk-w���l��^mnv �rou�bmnfr�i��ybfYl|k-yOouonj��rmuoumulZ� � p9mu�bq^k-w�($���O���

� ��� ��
�2/&��-��2

egf�l|{rmu����w���l�muybf��^l|{rw�k w��|qroul��=z�ybk=l|{rw ouy+� jOfr�i{rm��r{DO��xj[��w�� jOk-w(�^k-w���wxfYl�w��'�9p�yrk9l|{rw�{rmu�b{
O@�xj[�!wO��l|{rw6k-w��|qroul��(y)�rl	j[mnfrw�� 	rm�j ybf��by=<�jYfr�"j ��mnv~qronj[l!w�� �^k yb�^ybk l�muybf^j[o j+�rmu���^v v6w�l|k-mu�
j�m�k=mnf@J-w���l�muybf���j��H��w�ouo�j[���rmnf^jOk-�ij+�bmu���^v v6w�l	k-mu�#j[mnk�mnf@J-w���l�muybf zQybk=��l|j[ouo�jOfr�ij��rouw�w�� 	 j[o�	Ow
zQybk=�|q^k-�Yw�jOk-w(��ybv �^jYk-w��'�

� (�')(�- �E8�� �
� �^k-w�oum�v m�f^jYk-�i��l|qr�^� y�z ��ybfYl|k-yOo4y[z ��l|j�o�o,��mul|{�j+�rmu��� v v6w�l|k-mu��j[mnk=mnf@JZw���l�muybf mu� � wxkgzQybk�v6w��
�Y��A=wx{^f$#[wxf 2 
�5 ��e�f 2 
�5Z� l|{rw�w��^�^wxk-mnv6wxfYl|j[o9mnv �rouwxv6wxfYl|j[l!m�yrf y�z�l|{rw~j[ou�Oyrk-mul|{^v���yrfOl|j�m�fr�
j � 787.( � �xjYk�k-muwxk/��j 	Ow jOfr� jOf q^�^�^wxk jOfr� ouy+� wxk�oum�v m�l ybfHl|{rw s�k-��l6v6yb�^w�jOv �roumul|qr�^w
�	qr� {�l|{^j[lx�Dm�z(l|{rw �!l|j[ouo���w�o�o���m ��wimu�;� w�l ��w�wxf�l|{rwioumnv6mul��x���^k-yb�^yrk-l�muybf^j[o�j[mnk�mnf@J-w���l�muybf mnf
l!wxk�v6�6y[z�l|{rwimnf@J-w���l�muybf ��qrl-� ���b��ouw�m�� ��ybv v jOfr�^w��'� }�w��	qro�l!� �|{ry+���6l|{^j�l w�oum�v m�f^j�l�muybf
y�z#{O�r��l�wxk w���mu� ouybyb� mu� j[��{rm�w 	Yw�� zQybk'l|{rwi�xj[��w.��{rwxk wil|{rwxk-wimu� fry y�	Owxk-onjO�V�^w�lO��w�wxf l	{rw
{Y�r��l�wxk-w���mu� ouybyb��y[z�l	{rw q^f^j���l|q^j[l�w��Hyb� wxf��bouybyb���xj[�!w~jOfr�Hl|{rw6�xj[��w*��mul|{���ybfYl�mnfbqrybqr��j�m�k
mnf@J-w���l�muybf,��e�z�l|{rwxk-w(mu��jOf�y�	Owxk-onjO���4l|{rwxf l|{rw(���r��l�wxv+��l|j[ouou�x��j[l�l|{rw(��l	j[ouo mnfr��wx�rl�muybfH�^yYm�fYl
y�z�l|{rw�q^f^j���l|q^j[l�w��iyb� wxf��bouybyr� �xj���wO�^l�y6l|{rw'o�y+��wxk��^k�jYfr� {�y[z9l|{rw�{Y�b�!l�wxk-w���mu� o�yryb� y[z�l	{rw
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��ybfYl�mnfrqrybqr�#j�m�kJmnf@JZw���l!m�yrf �xj���wO��jOfr�Hq^fr��l|j[ouou��j[l�l|{rw6�^yOmnfYl�y�z�q^fr��l	j[ouo y[z9l|{rw'��ybfOl!m�frqrybqr�
j[mnk�mnf@J-w���l�muybf��xj[��w(l�y l|{rw(��l|j��rouw!�^k�jOfr��{�y[z�l	{rw�q^f^j[��l|q^j[l�w��iyr�^wxf��bouyryb���xj[��w��

��{rw(s�k-�!l#j[l!l�wxv �rl m�fHk-wx�roumu�xj[l�mnfr��l|{rw k-w��|qroul��(mnf 2 
�5�qr��w���jYf j[ou�Oybk m�l	{^v ��{rwxk-w6ybfrou�
�rmnf^jOk-� j�m�k m�f@J-w���l�muybf mu� j[ououy+� w��'� ��{^k-w�w �xj���w�����mul|{ �^m <�wxk-wxfYl mnf@JZw���l�yrk;�^j[��# �^k-w����|q^k-w
j[l �8( �r�!m��4��(47 �r��mu���9jOfr� )47 �r��mu� jOk-w �!l|qr�^muw��'� � l|{^k-w��	{ryOou� zQybk(l	{rw ��l|j[ouo�jOv �roumul|qr�^wO�
� w�o�y+� ��{rmu��{Hfryi��ybfOl	k-yOo�w <�ybk-lJm��(��yrv v jOfr�^w�����mu��qr��w��'�(��{rw6��ouyO��w�� �bouyryb�P� wx{^j 	rmuybkJy[z
l|{rw(�!�b��l!wxv@z�yrk�l	{rw(l|{^k-w�w��xj���w���jOk-w �|{ry+��f�mnfip9mu�bq^k w�($� �*��mul|{il	{rw�{O�r��l�wxk-w��!m��Jo�yryb�r�Jz�yrk
l|{rw�q^f^j[��l|q^j[l�w��Hyb� wxf��bouybyr� jOfr� ��mul|{ ��ybfOl!m�frqrybqr�6j[mnk m�f@J-w���l�muybf��xj[��w��(�|{ry+��f zQybk ��ybv �
�^jOk m��!ybf,�~} wxj[�^wxk-���	{rybqrou� fryOl�w6l|{^j[l l|{rw {Y�b��l!wxk-w���mu��ouyryb� z�ybk l	{rw~��yrfOl�mnfrqrybqr��mnf@J-w���l�muybf
�xj[�!w���mu��w�oumnv6mnf^j[l�w�� mnfHl|{rw )87i�r��mu� �xj[�!wO�'��{rmuouw l	{rw {O�r��l�wxk w���mu��ouybyr�r��y�	Owxk-onjO�P� w�lO� w�wxf
l|{rw q^f^j[��l	q^j[l�w��Hyb�^wxf��ro�yryb�H�xj���w jOfr�Hl|{rw��xj[�!w��Jm�l	{ �4(i�r��mu�i��ybfOl!m�frqrybqr��j[mnk mnf@J-w���l�muybf,�
� mnv6muonjOk(l!y l|{rw k-w��	qro�l!��k-wx�^ybk l�w��Hm�f 2 
�5Z��j[��l�m�	Ow'��ybfOl	k-yOoDy[z���l|j[ouo9mu��fryOl(j[��{rm�w 	Yw��Hz�yrk�l|{rw
�xj[�!w/��{rwxk-w�l	{rwxk-w(mu�#jOf�y�	Owxk o�jY�^�rm�fr��k-w��Omuybf�� w�lO� w�wxf�l	{rw~{Y�b��l!wxk-w���mu��ouybyr��zQybk=l|{rw~q^f^j[� �
l|q^j�l�w��Hyb�^wxf��bouyryb���xj[��w jOfr�Hl|{rw'�xj[��w!��mul|{ �8(��r��mu�i��ybfOl!m�frqrybqr��j[mnk mnf@J-w���l�muybf,� � ybfOl	k-yOo
y[z9��l|j�o�o/m�� j[� {rmuw 	Ow�� z�yrk�l|{rw�(87 �r�!m��ijOfr� )87 �r��mu� �xj[��w���� {rwxk-w�l|{rwxk w(m��(fry y�	Owxk-onjO�,�

�(w��|�rmul�w l	{rwiy)�r��wxk
	Ow�� w 	rm��^wxfr��w�ybf�l|{rw mnv � ybk-l|jYfr��wiy[z�y�	Owxk-onjO�^�rmnfr� y[z�{Y�b�!l�wxk-w���w��
ybf ��yrfOl|k yOo 	rmnj j+�rm��!� v v w�l|k-mu� j[mnk6mnf@JZw���l!m�yrf���l|{rwi�|jOv6w���ybfr��onqr��muybf m��ifryOl j[l j[ouo���ouwxjOk
z�k-ybv l	{rw�v6yb�^w�oW�>R {rwxfil	{rw(��ybfOl	k-yOo��bj[mnf8/ m�f w�� q^j�l�muybf � ( � � �=mu��onjOk-�Ywxk�l|{^jOfY/ � K N mnfw��^q^j[l�muybf � ($� �O�	��l|{rw6�xk-mul�mu�xj[oumul-� y[z�l|{rw��rm�z�q^k-�xj[l�muybf�mu����{^jOfr�Ow�� jOfr�Hl|{rw {Y�b��l!wxk-w���mu�(ouybyb�
mu�(w�oumnv6mnf^j[l�w��'� � mnfr��w / �xjOf�� w~��{ryO��wxf�jOk��rmul|k�jYk-muo��ionjOk �OwO��l	{rw~frybv6mnf^j[o9{Y�b��l!wxk-w���mu�(ouybyb�
�xjOfij�o ��j��r�U�^w'w�o�mnv6mnf^j[l!w�� k w��bjOk-�^ouw�����y�z ��{rw�l	{rwxk�l|{rwxk-w'm��Jy 	Ywxk-onjO�^�rmnfr�C�

(�y+��w 	Owxk��/l|{rwxk-w mu� fry j[����ybq^fYl(zQybk�j[��l	q^j[l�muybfHoumnv6mul�� �|qr��{ j[�~v j��bfrmul|qr�^w jYfr� k�j�l�w
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Control of Stall with 1D Air Injection: 35 psig
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�|j�l|q^k�j[l�muybfr�Jm�f�l|{rw v6yr�^w�oW����qrw'l�y fryYm��!w�ybf l|{rw�w��^�^wxk-mnv6wxfYlx��j l|{^k-w��|{ryYo��Hybf +&�^w�ouy+�
��{rmu��{'��ybfOl	k-yOoOmu��fryOl9j[��l�m�	 j�l�w���mu�9mnv �rouwxv6wxfYl�w��'� �J{rm��Dl|{^k-w��	{ryOou���bj[ouybfr�"��mul|{6v j[�bfrmul|qr�^w
�|j�l|q^k�j[l�muybf��D��ouwxjOk-ou� oumnv6mul���l|{rw onjOk �Ow���l�/>l|{^j�l~�xjYf	� wi� {ryO�!wxf ��mnfr��wil|{rwionjOk-�Ow���l6�bj�m�f
� w���ybv6w�� � ' + ��� 
 M�@ � ��� o��!y��)�^jOfr�$�Jm��^l	{ jOfr� k�j�l�w�o�mnv6mul��=ybf6l|{rw�j[��l	q^j[l�muybf6jOk-w�w�����wxfYl�mnj[o^mnf
�^w�l�wxk!v6mnfrm�fr�!��{rw�l	{rwxkDl|{rw���ybfOl	k-yOor�xjOf ���xj[l���{ ��l	{rw �!�b��l!wxvi�OjOfr� jOk-w=z�q^k-l|{rwxkD��ybfr��l	k�j[mnfOl!�
��{rwxf ��ybq^�rouw�����mul|{�v j[�bfrmul|qr�^w'�|j[l|q^k!j[l�muybfr�0�

p�ybk�l|{rw k-w��|qroul�� k-wx� ybk-l�w�� mnf l|{rmu� l|{rw��!m����9l|{rwik�j[l�w�oum�v m�l�mu� ��ybf@J-w���l|q^k-w�� l�yP�^wil|{rw
oumnv6mul�mnfr��z j���l�ybk=mnf�l|{rw(y�	Owxk-onjO�^�rmnfr� {Y�r��l�wxk-w���w����xj[�!w�� R {rwxf�l|{rw(���r��l�wxv@mu��yb� wxk�j[l�mnfr� j�l
l|{rw ��l|j[ouoDm�fr��wx�rl!m�yrf � yOmnfOlx�/l|{rw k-w��	qro�l!��y[z�l|{rw�j[��l|q^j[l�muybfHv6qr��l � w6z j���l�wxfryrqr�b{Hl�yil|k!jO�
l|{rw���l|j�l�w���y[z l|{rw �!�b��l!wxv<mnf l|{rwik-w��Omuybf�y[z�j[l�l|k�j���l�muybfHy[z�l	{rw ��ybfYl|k-yYo�ouw�� w�� qrmuoum �^k-mnq�v.�
� l|{rwxk ��mu��wHl|{rw ���r��l�wxv ��l|j[ouou� jYfr� l|{rw���ybfOl	k-yOo�mu� ��ybv v jOfr�^w���l�y	� wiz�qro�ou� ybf,���#fr�
��mnfr��w'l|{rw�{O�r��l�wxk w���w���y�	Owxk-onjO���rl|{rw(���r��l�wxv-� yrqro�� k wxv j[mnf���l|j[ououw�� yrf�l|{rw(��l|j[ououw�� �^k!jOfr� {
y[z�l|{rw j[��l|q^j[l!w��"��{^jOk�j���l�wxk-mu��l�mu�O� jYfr� q^fr��l|j[ouou�~j�l(l|{rw �^yOmnfYl�y[z�q^fr��l|j[ouo9y[z�l|{rw j[��l|q^j[l�w��
��{^jOk�j[��l!wxk-mu��l�mu���

e�f l|{rw�frybf��by�	Owxk o�jY�^�rm�fr� {Y�b�!l�wxk-w���w��=�xj[��wO�b{ry+��w 	Owxk��Ok!j[l�w�oumnv6mul�m�� � � �^y[z�mnv �^yrk-l|jOfr��w��
� mnfr��w l|{rw6{O�r��l�wxk w���w����^yifryOl�y�	Owxk o�jY����l|{rw'� {^jYk�j[��l�wxk-mu��l!m��6�xjOf��^w6�|{rm�zQl�w�� ��� � � ��l|{rw��!�b�
�
l�wxv m�� ��l|j[ououw�� jOfr� l|{rwi���r��l�wxv ��muo�o k-w�l|q^k�f l�yH��l	j[ouo �Yz k-w�wiyr�^wxk�j[l!m�yrf ybf l|{rwij[��l|q^j[l�w��
��{^jOk�j[��l!wxk-mu��l�mu��� ��{rmu� mu� jOf^j[ouyO�Yybqr��l�yHl|{rw��xj[��w zQybk!�ro�w�w�� 	[j[o�	Owi��ybfYl|k-yOo=mnfV��{rmu� { l|{rw
�rouw�w�� 	 j[o�	Ow6v j[�bfrmul|qr�^w(oumnv6mul(mu��wxfryrqr�b{�l�y ��ouwxjOkJl|{rw�{Y�b��l!wxk-w���mu��ouybyr�,�

��{rw9��mnv6qro�j�l�muybf'l�ybyYo mu�Dl|{rwxf(jOqr�bv wxfOl�w��*��mul|{/�^jOfr�$��mu�^l|{6jOfr��k!j[l�w9oumnv6mul9�xjO�^j��rmuoum�l!m�w��
zQybk l|{rw6��ybv �^k w�����ybkJ� {^jYk�j[��l�wxk-mu��l!m���j[��l|q^j[l�muybf,�6��{rw��rm�z q^k �xj[l�muybfH�^mnj[�bk!jOv6�(mnfHl|{rw 	 � (
jOfr�
+ � � �ronjOfrw��/z�ybk)l|{rw�frybf��by�	Owxk-onjO�^�rmnfr�(jOfr�(y�	Owxk-onjO�^�rmnfr�({O�r��l�wxk-w��!w�� jOk-w9�|{ry+��f���ybf l|{rw
ouw	zQl�jOfr� k-mu�b{Ol�k w��|�^w���l�m�	Ow�ou�O�rmnf'p9m��rq^k-w ($� 
4�0��mul|{'l|{rw���yYo�mu� jYfr�~��j��|{rw��6o�mnfrw���k-wx�^k-w���wxfYl�mnfr�
l|{rw q^fr��ybfYl|k-yYo�ouw�� q^f^j[��l|q^j�l�w�� jOfr� q^fr��ybfOl	k-yOououw�� j���l|q^j[l�w��H�xj[��w��(k-w��|� w���l�m�	Ow�ou�O� jOfr�Hl|{rw
�xk-yY����w���l|{rw(w��^qrmuoum2�^k m�j4��mul|{i��yrfOl|k yOoW�

p�ybk�l|{rw �xj���w;� {rwxk-w l	{rw {Y�b�!l�wxk-w���mu� ouyryb�r�6m�f l	{rw j[��l	q^j[l�w�� jOfr� q^f^j���l|q^j[l�w�� �xj[��w��
{^j 	Ow jOfHy�	Owxk o�jY�^�rm�fr�Hk-w��Omuybf��/l|{rw j[��l|q^j[l�muybf m��6k�j[l�w6oumnv6mul�w��V��mul|{Hl|{rw �	jOv6w k�j[l�w6oumnv6mul
mnv � yO��w��iybf l|{rw�frybf��by�	Owxk o�jY�^�rm�fr� {Y�b�!l�wxk-w���w����xj[��w . �=��{rw���w(k-w��|qroul���jOk w���ybfr��mu��l�wxfYl���mul|{
l|{rw�mnk w�� � wxk-mnv6wxfYl|j[o���ybq^fYl�wxk��^jYk-l�� k-wx� ybk-l�w�� mnfKA�wx{^f$#�wxf 2 
�5 � p4ybk'��ybv �^jOk m��!ybf l�y l|{rw
l|{rw�yrk-�O�9ouw���� k�j�l�w oumnv6mul�m�� m�v �^yO��w�� ybf�l|{rwiy�	Owxk-onjO�^�rmnfr� {Y�b��l!wxk-w���w��6�xj[��w q^fYl�muo��^jOk-l!m�j�o
w�oumnv6mnf^j[l�muybf�y[z9l|{rw~{Y�r��l�wxk-w���mu��mu�(j[��{rm�w 	Yw�� � p9mu�bq^k-w�( �*(O���

p�ybk�l|{rw���yrv �^k-w�����yrk���{^jOk�j���l�wxk-mu��l�mu����qr��w���m�f�l	{rw���mnv6qronj[l�muybfr�x� l|{rw#k!j[l�w�k-w��^qrmnk-wxv6wxfYl
� mW� w�� \� ��� � ' \� 
���� M m�f � w���l�muybfY($� � � � �Jy)�rl|j[mnfrw��Hz�k-ybv %P6 ����mnv6qronj[l�muybfr�(zQybk(jOfH�$� ��� w�� �
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 � § y�sIu § � T Am¨V¨ T � R uVx�r § � T Am¨ 0 T � T T [ 6 y�sIu § 0 ¨ A ��� n T + 
 � � R T � T A



� � �

6 A ��� n T + 
 � � R T � T [  $# A �B� n T + 
 � y�sIu § � T A�¨ � R uVx�r § � T Am¨ � T T j � H
	)�Z E  6 # ; � T / ' Z � " 


5 ± ��� Z n / + 
 � � R Z § y�s�u § � T Am¨8¨ Z 0mT^uVx�r § � T Am¨ � T [" ± ;:y�s�u § 0 ¨ A �B� T#n Z + 
 � � R T § y�sIu § � T Am¨V¨ Z � T T [" ± ; A ��� T n Z + 
 � � R T y�sIu § � T Am¨ � T T A � 6 ��� Z n / + 
 � § y�s�u § � T Am¨8¨ T � R T 0�T�� T T A 5 ± ��� Z n Z + 
 � � R Z 0mT^uVx�r § � T Am¨ � T A" ± ;:y�s�u § 0 ¨ A � � T#nKT + 
 � � R T § y�sIu § � T Am¨V¨ T � T T A" ± ; A ��� T n Z + 
 � § y�sIu § � T A�¨V¨ T � R uVx�r § � T A�¨ � T Z A" ± ; A ��� T n T + 
 � § y�sIu § � T A�¨V¨ T � T / A" ± ;:y�s�u § 0 ¨ A �B� T#n Z + 
 � � R T^y�sIu § � T Am¨ � T T [ " ±2; A �B� T8nKT + 
 � � R T § y�sIu § � T Am¨V¨ T � T T [" ± ; A � � T#n + 
 � y�sIu § � T A�¨ � T / [ 5 ± � � Z n + 
 � y�sIu § � T Am¨ 0�T�� T / [" ± ;:y�s�u § 0 ¨ A �B� T n T + 
 � � R T � T T [ " ± ;0y�sIu § 0 ¨ A ��� T n + 
 � � R uVx�r § � T Am¨ � T Z [# ; 6 A ��� T#nKT + 
 � y�sIu § � T Am¨ � R u8x�r § � T A�¨ � T Z [" ± ;:y�s�u § 0 ¨ A �B� T n T + 
 � § y�sIu § � T Am¨V¨ T � T / A 6 ��� Z n / + 
 � § y�sIu § � T A�¨V¨ / 0�TB� T / [ ± 5 § y�sIu § 0 ¨V¨ T A T ��� nKT + 
 � § y�sIu § � T A�¨V¨ T � T / [± 5 A T � � n�T + 
 � � R T 0�T § y�sIu § � T A�¨V¨ T � T T [±  # ��� Z n Z + 
 � y�sIu § � T A�¨ � R T 0 T � T T [ ; § y�sIu § 0 ¨V¨ Z A Z � T / A � 6 ��� Z n¯T + 
 � § y�s�u § � T Am¨8¨ T 0mTB� T / A± 5 A T ��� n T + 
 � � R T § y�sIu § 0 ¨V¨ T § y�sIu § � T Am¨V¨ T � T T A±  # � � Z n Z + 
 � § y�s�u § � T Am¨8¨ Z � R T 0 T � T T [ ± 5 A T � � n T + 
 � � R T § y�s�u § � T A�¨V¨ T � T T [
5 ± ��� Z n Z + 
 � § y�sIu § � T A�¨V¨ Z 0 T � T / A ± 5 A T ��� n T + 
 � � R T � T T [ � 6 y�s�u § 0 ¨ A �B� T#n Z + 
 � � R Z uVx�r § � T Am¨ � T [�2; A T ��� n T + 
 � y�sIu § � T Am¨ � R u8x�r § � T A�¨ 0 T � T Z A � 6 A ��� T#n Z + 
 � � R Z uVx�r § � T Am¨ � T [  � 6 ��� Z nKT + 
 � � R T 0�T § y�sIu § � T A�¨V¨ T � T T [±2;Uy�sIu § 0 ¨ A Z � T / [ 5 ± � � Z n / + 
 � � R Z y�s�u § � T A�¨ 0�T+u8x�r § � T Am¨ � T A�2; § y�s�u § 0 ¨V¨ T A T ��� n T + 
 � y�sIu § � T Am¨ � R uVx�r § � T A�¨ � T Z A± 5 A T ��� n�T + 
 � § y�sIu § � T A�¨V¨ T 0�TB� T / [  � 6 ��� Z n / + 
 � § y�sIu § � T Am¨8¨ / � R T 0mTB� T T A" ± ; A ��� T n T + 
 � � R T � T T [ � 6 A ��� T#n Z + 
 � � R Z uVx�r § � T Am¨�§ y�s�u § � T A�¨V¨ T � T [" ± ;:y�s�u § 0 ¨ A �B� T n Z + 
 � § y�sIu § � T Am¨V¨ T � R uVx�r § � T A�¨ � T Z A# ; 6 y�s�u § 0 ¨ A �B� T n T + 
 � y�sIu § � T A�¨ � R uVx�r § � T A�¨ � T Z [  � 6 y�sIu § 0 ¨ A ��� T � T / A± 5 A T ��� 0 T � T / A ± 6 A Z � T / A ± 5 A T ��� � T / A  6 �B� Z 0 T � T / A � 6 A ��� TB� T / A  � 6 y�sIu § 0 ¨ A ��� T#n Z + 
 � � R Z uVx�r § � T A�¨ § y�sIu § � T Am¨8¨ T � T A±  # � � Z n Z + 
 � § y�s�u § � T Am¨8¨ T � R uVx�r § � T Am¨ 0mT�� T Z [± 5 A T ��� n T + 
 � � R T § y�sIu § 0 ¨V¨ T � T T A" ± ; A ��� T#n Z + 
 � � R T § y�sIu § � T Am¨8¨ Z � T T [±  # ��� Z n T + 
 � � R u8x�r § � T A�¨ y�sIu § � T Am¨ 0 T � T Z A" ± ;:y�s�u § 0 ¨ A �B� T#n + 
 � y�s�u § � T A�¨ � T / A  6 ��� Z n / + 
 � � R / 0�T § y�sIu § � T A�¨V¨ / A



 $" ±
 6 ��� Z n / + 
 � � R / 0 T [ �2; A T �B� n + 
 � y�sIu § � T Am¨ 0 T � T / [± 6 A Z n + 
 � y�sIu § � T Am¨ � T / [ ± 5 § y�sIu § 0 ¨V¨ T A T ��� � T / A�2; A T ��� n + 
 � � R uVx�r § � T A�¨ 0�T�� T Z [ ; § y�sIu § 0 ¨V¨ Z A Z n + 
 � � R uVx�r § � T A�¨ � T Z A± 5 A T � � nKT + 
 � � R T 0mTB� T T [ �2; A T � � n + 
 � y�sIu § � T Am¨ � T / A± 6 A Z n + 
 � � R uVx�r § � T Am¨ � T Z A " ±2; A �B� T n + 
 � � R uVx�r § � T A�¨ � T Z [�2; § y�sIu § 0 ¨8¨ T A T ��� n + 
 � � R uVx�r § � T A�¨ � T Z [ ±2;Uy�sIu § 0 ¨ A Z n + 
 � � R u8x�r § � T A�¨ � T Z A±2;0y�s�u § 0 ¨ A Z n + 
 � y�sIu § � T A�¨ � T / A �2; A T �B� n + 
 � � R uVx�r § � T A�¨ � T Z [
5 ± ��� Z n / + 
 � § y�sIu § � T Am¨8¨ Z � R uVx�r § � T A�¨ 0�TB� T Z ["�# � � Z n / + 
 � � R / 0�T § y�sIu § � T A�¨V¨ T A; § y�s�u § 0 ¨V¨ Z A Z n + 
 � y�sIu § � T A�¨ � T / A �2; § y�sIu § 0 ¨V¨ T A T �B� n + 
 � y�sIu § � T Am¨ � T / A
5 ± ��� Z n + 
 � � R uVx�r § � T Am¨ 0 T � T Z [ �2; A T ��� n T + 
 � y�sIu § � T A�¨ � R uVx�r § � T A�¨ � T Z A � 6 ��� Z n T + 
 � � R T 0 T � T T A  � 6 y�s�u § 0 ¨ A �B� T n Z + 
 � § y�sIu § � T Am¨V¨ Z � T / A± 5 A T � � nKT + 
 � § y�sIu § � T Am¨V¨ T � T / [
5 ± ��� Z n Z + 
 � � R Z 0 T u8x�r § � T A�¨ § y�sIu § � T Am¨8¨ T � T [ � 6 A �B� T n Z + 
 � § y�sIu § � T Am¨V¨ Z � T / ��� H) / E " ��� $# � T T ' Z � � � 0mT�� T T [ ± � 0�T0� T T [ ;F� T T A�A�� � n¯T + 
 � � R T 0mT § y�sIu § � T Am¨V¨ T [
; � T A n + 
 � � R u8x�r § � T A�¨¬A ;0y�sIu § 0 ¨ A n + 
 � � R uVx�r § � T Am¨ � T [;0y�sIu § 0 ¨ A n + 
 � y�sIu § � T Am¨ � T T A ;0y�sIu § 0 ¨ A � T T A ± � n + 
 � y�sIu § � T Am¨ 0mT�� T T [��� n T + 
 � § y�sIu § � T Am¨8¨ T 0 T � T T A ± ��� n T + 
 � y�sIu § � T Am¨ � R uVx�r § � T Am¨ 0 T � T [��� nKT + 
 � � R T 0�T [ ± � n + 
 � � R uVx�r § � T A�¨ 0mT�� T A ;F� T T A n + 
 � y�s�u § � T A�¨ � H1 R E  ±�� T ' Z � " � � � T A " � � n + 
 � � R uVx�r § � T A�¨¬A ± A � T ' Z [ " � � � T y�sIu § 0 ¨VA" ��� � T y�sIu § 0 ¨ n + 
 � y�sIu § � T Am¨�[ " ��� � T n + 
 � y�s�u § � T A�¨®[" � � y�sIu § 0 ¨ n + 
 � � R uVx�r § � T Am¨ � H1 T E [  6 � T T ' Z � " ��� 
 [<A n + 
 � y�sIu § � T Am¨�§ y�sIu § 0 ¨V¨ T � T T A
;0y�sIu § 0 ¨���� n + 
 � � R uVx�r § � T Am¨ � T A; �B� n + 
 � y�sIu § � T A�¨ � T T A ±Uy�sIu § 0 ¨���� nKT + 
 � § y�s�u § � T A�¨V¨ T � T T A±Uy�sIu § 0 ¨���� � T T [ ;0y�s�u § 0 ¨���� n + 
 � y�sIu § � T A�¨ � T T A; �B� nKT + 
 � y�sIu § � T Am¨ � R uVx�r § � T Am¨ � T [ ± ��� � T T AA n + 
 � y�sIu § � T A�¨ 0�T�� T T A.A n + 
 � � R uVx�r § � T A�¨ § y�sIu § 0 ¨8¨ T � T [± �B� n T + 
 � § y�sIu § � T Am¨8¨ T � T T AAO§ y�sIu § 0 ¨V¨ T � T T [ A n + 
 � � R uVx�r § � T A�¨ 0 T � T [ ; ��� n + 
 � � R uVx�r § � T A�¨ � T A±Uy�sIu § 0 ¨���� n T + 
 � � R T [
±Uy�sIu § 0 ¨�� � nKT + 
 � � R T § y�sIu § � T A�¨V¨ T [ ± � � nKT + 
 � � R T A± �B� n T + 
 � � R T § y�s�u § � T A�¨V¨ T [;0y�sIu § 0 ¨���� nKT + 
 � y�sIu § � T Am¨ � R uVx�r § � T A�¨ � T [ A 0mT�� T T [



� ���

� T A n + 
 � � R uVx�r § � T A�¨¬A� T T A n + 
 � y�sIu § � T A�¨ [ � T T A j � H1 Z E   ;�; � T Z ' Z �  ± " � � Z � T Z A � " � � T A � T Z A ±2; " � � y�sIu § 0 ¨ A TVn + 
 � y�sIu § � T Am¨ � T Z [ 6 " ��� T A n + 
 � y�s�u § � T A�¨ 0 T � T Z A  6 " ��� T A n + 
 � y�sIu § � T Am¨�§ y�s�u § 0 ¨V¨ T � T Z [� " ��� T AO§ y�sIu § 0 ¨V¨ T � T Z [ "�# " ��� Z nKT + 
 � � R T § y�sIu § � T Am¨8¨ T � T A ± " � � Z y�sIu § 0 ¨ n Z + 
 � § y�s�u § � T A�¨V¨ Z � T Z A 6 " ��� T A n T + 
 � y�sIu § � T Am¨ � R uVx�r § � T A�¨ § y�sIu § 0 ¨8¨ T � T T A� " ��� T A n T + 
 � � R T § y�sIu § 0 ¨V¨ T § y�sIu § � T A�¨V¨ T � T [� " ��� T A nKT + 
 � � R T 0�T § y�sIu § � T A�¨V¨ T � T A � " ��� T A nKT + 
 � § y�sIu § � T Am¨8¨ T 0mT�� T Z ["�# " � � Z n Z + 
 � y�s�u § � T A�¨ � R TB� T A " # " � � Z y�sIu § 0 ¨ n Z + 
 � y�s�u § � T A�¨ � R TB� T [ ± " ��� Z n Z + 
 � § y�sIu § � T A�¨V¨ Z � T Z A"�# " ��� Z n Z + 
 � § y�sIu § � T A�¨V¨ T � R uVx�r § � T A�¨ � T T A � " ��� T A nKT + 
 � � R T 0mTB� T A 6 A Z � T Z ' Z ["�# " ��� Z y�sIu § 0 ¨ n�T + 
 � � R TB� T A  6 " �B� T A n + 
 � � R uVx�r § � T A�¨ 0mTB� T T [
5 ± " � � Z nKT + 
 � y�s�u § � T A�¨ � R uVx�r § � T Am¨ � T T [ 6 " ��� T A n T + 
 � y�sIu § � T Am¨ � R uVx�r § � T A�¨ 0 T � T T A"�# " ��� Z y�sIu § 0 ¨ n�T + 
 � � R T § y�s�u § � T A�¨V¨ T � T A"�# " ��� Z y�sIu § 0 ¨ n + 
 � y�sIu § � T Am¨ � T Z A ± " � � Z y�sIu § 0 ¨ n Z + 
 � � R Z uVx�r § � T A�¨ § y�sIu § � T Am¨V¨ T ["�# " ��� Z y�sIu § 0 ¨ n T + 
 � § y�s�u § � T A�¨V¨ T � T Z A " # " ��� Z n T + 
 � § y�s�u § � T Am¨8¨ T � T Z A
5 ± " ��� Z y�sIu § 0 ¨ n�T + 
 � y�sIu § � T A�¨ � R uVx�r § � T A�¨ � T T [ ± " ��� Z y�sIu § 0 ¨ n Z + 
 � � R Z uVx�r § � T A�¨5A ± " ��� Z n Z + 
 � � R Z u8x�r § � T A�¨®[ "�# " ��� Z y�sIu § 0 ¨ n + 
 � � R uVx�r § � T Am¨ � T T [� " � � T A nKT + 
 � � R T § y�sIu § 0 ¨V¨ T � T ["�# " ��� Z y�sIu § 0 ¨ n Z + 
 � § y�s�u § � T A�¨V¨ T � R uVx�r § � T Am¨ � T T [ 6 " ��� T A n�T + 
 � y�sIu § � T Am¨ � R uVx�r § � T A�¨ � T T A� " ��� T A n T + 
 � § y�sIu § � T Am¨8¨ T � T Z [ � " ��� T A n T + 
 � � R T § y�s�u § � T A�¨V¨ T � T A� " ��� T A nKT + 
 � � R TB� T [ ± " ��� Z y�sIu § 0 ¨ � T Z [ ± 6 " ����A T n + 
 � y�s�u § � T A�¨ � T Z [ 6 " ��� T A n + 
 � y�s�u § � T A�¨ � T Z A± 6 " ����A T n + 
 � � R uVx�r § � T Am¨ � T T A  6 " �B� T A n + 
 � � R uVx�r § � T A�¨ � T T A± 6 " ����A TB� T Z A"�# " � � Z nKT + 
 � � R TB� T A � " � � T A 0�TB� T Z [ ±2; " � � y�sIu § 0 ¨ A T�� T Z A"�# " ��� Z n + 
 � � R uVx�r § � T Am¨ � T T [ ± " ��� Z n Z + 
 � � R Z u8x�r § � T A�¨ § y�sIu § � T Am¨8¨ T ["�# " ��� Z y�sIu § 0 ¨ n Z + 
 � § y�s�u § � T A�¨V¨ Z � R T � T A"�# " ��� Z n Z + 
 � § y�sIu § � T A�¨V¨ Z � R T�� T A ;;" ���:§ y�sIu § 0 ¨8¨ Z A T#n + 
 � y�sIu § � T Am¨ � T Z [



 $" ;
 6 " ��� T A n + 
 � � R uVx�r § � T Am¨�§ y�s�u § 0 ¨V¨ T � T T [� " ��� T A n T + 
 � § y�sIu § � T Am¨V¨ T § y�sIu § 0 ¨8¨ T � T Z [" # " ��� Z n + 
 � y�sIu § � T A�¨ � T Z [ ;;" ����§ y�sIu § 0 ¨8¨ Z A TB� T Z [; " � � § y�sIu § 0 ¨V¨ Z A T#n + 
 � � R uVx�r § � T Am¨ � T T [± ;;" ��� y�sIu § 0 ¨ A T n + 
 � � R uVx�r § � T Am¨ � T T � H

	1 ? E [  ± � T ' Z � " i [ � T A y�sIu § 0 ¨ � T [ n + 
 � � R uVx�r § � T Am¨®[ y�sIu § 0 ¨ n + 
 � y�sIu § � T Am¨ � T A
n + 
 � y�s�u § � T Am¨ � T A y�sIu § 0 ¨ n + 
 � � R uVx�r § � T A�¨Vj�� H

	1 R E  6 � T T ' Z � " i A n + 
 � � R u8x�r § � T A�¨ � T A�A � T T [ A n + 
 � y�sIu § � T Am¨ � T T A6 y�sIu § 0 ¨���� n + 
 � y�sIu § � T Am¨ � T T A 6 y�sIu § 0 ¨���� nKT + 
 � y�sIu § � T Am¨ � R u8x�r § � T A�¨ � T [6 y�sIu § 0 ¨�� � n + 
 � � R uVx�r § � T Am¨ � T A.A n + 
 � � R uVx�r § � T Am¨ 0�TB� T A; y�sIu § 0 ¨���� n T + 
 � � R T § y�sIu § � T A�¨V¨ T [; y�sIu § 0 ¨���� nKT + 
 � � R T [ A n + 
 � y�sIu § � T A�¨ 0mT�� T T A ; ��� nKT + 
 � � R T [; ��� n T + 
 � � R T § y�s�u § � T A�¨V¨ T A�A 0 T � T T [G§ y�sIu § 0 ¨V¨ T A � T T [6 ��� nKT + 
 � y�sIu § � T A�¨ � R uVx�r § � T Am¨ � T A ; ��� n�T + 
 � § y�sIu § � T Am¨V¨ T � T T A§ y�sIu § 0 ¨8¨ T A n + 
 � y�sIu § � T Am¨ � T T [ § y�sIu § 0 ¨V¨ T A n + 
 � � R uVx�r § � T Am¨ � T A6 ��� n + 
 � � R uVx�r § � T A�¨ � T [ 6 ��� n + 
 � y�sIu § � T A�¨ � T T A ; ��� � T T [
; y�sIu § 0 ¨���� � T T [ ;0y�s�u § 0 ¨���� nKT + 
 � § y�s�u § � T A�¨V¨ T � T T ��� H

	1 T E  
5 ±�� T Z ' Z � " i � ����A 0 T � T Z A  6 ��� T � T Z [ 6 y�s�u § 0 ¨ n Z + 
 � � R Z ��� T u8x�r § � T A�¨®[  6 n Z + 
 � � R Z ��� T uVx�r § � T A�¨ § y�sIu § � T A�¨V¨ T [± § y�s�u § 0 ¨V¨ Z n + 
 � � R uVx�r § � T A�¨ A TB� T T [ �2;Uy�sIu § 0 ¨���� T#n + 
 � � R uVx�r § � T Am¨ � T T A± § y�s�u § 0 ¨V¨ Z n + 
 � y�s�u § � T A�¨ A T � T Z A 6 y�s�u § 0 ¨ n Z + 
 � � R Z ��� T+u8x�r § � T A�¨ § y�sIu § � T Am¨8¨ T [� A �B� n T + 
 � � R T 0 T § y�sIu § � T A�¨V¨ T � T [ � § y�sIu § 0 ¨V¨ T A ��� n T + 
 � § y�sIu § � T A�¨V¨ T � T Z [� A �B� n T + 
 � � R T § y�sIu § 0 ¨V¨ T � T A �2; �B� T n + 
 � � R uVx�r § � T A�¨ � T T A 6 n Z + 
 � � R Z ��� T uVx�r § � T A�¨®[ � § y�sIu § 0 ¨8¨ T ����A � T Z [ 6 § y�sIu § 0 ¨V¨ T ��� A n + 
 � � R uVx�r § � T Am¨ � T T A �2;0y�sIu § 0 ¨��B� T#n + 
 � y�s�u § � T A�¨ � T Z [� ;:y�s�u § 0 ¨�� � T#nKT + 
 � § y�sIu § � T A�¨V¨ T � T Z A 6 ����A n + 
 � � R uVx�r § � T Am¨ 0 T � T T [  ±�y�sIu § 0 ¨ n + 
 � � R uVx�r § � T A�¨ A T � T T [ 6 ����A n + 
 � y�s�u § � T A�¨ 0�T�� T Z A  6 § y�sIu § 0 ¨8¨ T ����A n + 
 � y�sIu § � T Am¨ � T Z A ±Yy�s�u § 0 ¨ n + 
 � y�s�u § � T A�¨ A T � T Z A � A ��� n T + 
 � � R T 0 T � T A� ;:y�s�u § 0 ¨���� T#nKT + 
 � � R T § y�sIu § � T A�¨V¨ T � T [ �2;Uy�sIu § 0 ¨���� T#nKT + 
 � � R TB� T [ � 6 � � T8nKT + 
 � y�s�u § � T A�¨ � R uVx�r § � T Am¨ � T T A � 6 y�sIu § 0 ¨���� T n T + 
 � y�sIu § � T A�¨ � R uVx�r § � T A�¨ � T T [� ;:y�s�u § 0 ¨ n Z + 
 � § y�sIu § � T Am¨V¨ Z �B� T � R T � T [� ;:y�s�u § 0 ¨ n Z + 
 � § y�sIu § � T Am¨V¨ T �B� T � R uVx�r § � T Am¨ � T T [� ; � � T n T + 
 � � R T § y�s�u § � T A�¨V¨ T � T [  ±Uy�sIu § 0 ¨ A T � T Z A



� ���
 6 y�sIu § 0 ¨ n Z + 
 � § y�sIu § � T Am¨8¨ Z ��� T � T Z A�2;�n Z + 
 � § y�sIu § � T Am¨V¨ T �B� T � R uVx�r § � T A�¨ � T T A �2; �B� T n T + 
 � § y�sIu § � T Am¨V¨ T � T Z A�2; ��� T#nKT + 
 � � R T�� T A �2;Uy�sIu § 0 ¨ n Z + 
 � y�sIu § � T A�¨���� TB� R TB� T A�2;�n Z + 
 � § y�sIu § � T Am¨V¨ Z � � TB� R T�� T [�2;�n Z + 
 � y�sIu § � T Am¨���� T � R T � T [  6 A ��� n T + 
 � � R uVx�r § � T A�¨ y�sIu § � T A�¨ 0 T � T T A 6 § y�sIu § 0 ¨V¨ T A �B� n¯T + 
 � � R u8x�r § � T A�¨ y�sIu § � T Am¨ � T T A� A ��� n T + 
 � § y�sIu § � T Am¨V¨ T 0 T � T Z [ ± § y�s�u § 0 ¨V¨ Z A T � T Z A� A ��� n�T + 
 � � R T § y�sIu § 0 ¨8¨ T § y�s�u § � T Am¨8¨ T � T [ 6 n Z + 
 � § y�sIu § � T Am¨V¨ Z � � TB� T Z [ �2; � � T#n + 
 � y�sIu § � T A�¨ � T Z [ 6 y�sIu § 0 ¨���� T � T Z A � A �B� � T Z A � A ��� n T + 
 � § y�sIu § � T A�¨V¨ T � T Z [� A ��� n T + 
 � � R T § y�sIu § � T A�¨V¨ T � T [  6 A �B� n + 
 � y�sIu § � T A�¨ � T Z A ; A T � T Z A  ; A T n + 
 � � R u8x�r § � T A�¨ � T T A  6 A ��� n + 
 � � R uVx�r § � T Am¨ � T T [ ; A T8n + 
 � y�sIu § � T Am¨ � T Z A � A � � nKT + 
 � � R TB� T [ 6 A �B� n T + 
 � y�sIu § � T Am¨ � R uVx�r § � T Am¨ � T T j � H

	1#Z E  � 5 # � T / ' Z � " i  � 6 A ��� T n Z + 
 � � R T y�s�u § � T A�¨ � T T [ � 6 A ��� T n Z + 
 � § y�sIu § � T Am¨8¨ T � R uVx�r § � T A�¨ � T Z [ � 6 A ��� T#nKT + 
 � § y�sIu § � T Am¨8¨ T � T / A � 6 A ��� T n T + 
 � � R T § y�s�u § � T Am¨8¨ T � T T A � 6 A � � T n + 
 � y�sIu § � T A�¨ � T / A ±  $# A � � T n T + 
 � y�sIu § � T Am¨ � R uVx�r § � T Am¨ � T Z A � ± A T ��� n T + 
 � � R T § y�sIu § � T A�¨V¨ T � T T [ � ± A T ��� nKT + 
 � � R TB� T T [ "�# A ��� T#n Z + 
 � � R Z u8x�r § � T Am¨ � T [ � 6 A ��� T n T + 
 � � R T � T T A " # A ��� T n Z + 
 � � R Z uVx�r § � T A�¨ § y�sIu § � T Am¨V¨ T � T [ ± A Z � T / [   ± A T �B� � T / [ "�# A ��� T�� T / [  � 6 A ��� T#n Z + 
 � � R T § y�sIu § � T A�¨V¨ Z � T T A ± A Z n + 
 � y�sIu § � T Am¨ � T / A ±I±2; A T � � n + 
 � y�sIu § � T A�¨ � T / [ ± A Z n + 
 � � R uVx�r § � T A�¨ � T Z [  � 6 A ��� T n + 
 � � R uVx�r § � T Am¨ � T Z [±I± ; A T ��� n + 
 � � R uVx�r § � T Am¨ � T Z A ±I±2; A T ��� nKT + 
 � y�s�u § � T A�¨ � R u8x�r § � T Am¨ � T Z [ � ± A T ��� n T + 
 � § y�sIu § � T A�¨V¨ T � T / A "�# A ��� T n Z + 
 � § y�s�u § � T A�¨V¨ Z � T / [ ; 6 ��� Z � T / [� A Z 0mTB� T / [ "�# A ��� T 0�T�� T / [ ; 6 n / + 
 � � R / ��� Z A " § y�s�u § 0 ¨V¨ / A Z � T / A; 6 y�sIu § 0 ¨���� Z � T / [  �I±�y�sIu § 0 ¨���� Z n Z + 
 � � R Z uVx�r § � T A�¨ § y�sIu § � T Am¨V¨ T � T [ � 6 A ��� T n T + 
 � � R T 0 T � T T A  � 6 A �B� T n T + 
 � � R T 0 T § y�sIu § � T Am¨8¨ T � T T [ � 6 A ��� T n T + 
 � § y�sIu § � T Am¨8¨ T 0 T � T / A  ��± ��� Z n + 
 � y�sIu § � T A�¨ � T / [� § y�sIu § 0 ¨V¨ T A Z n + 
 � y�sIu § � T Am¨ � T / A  $# § y�sIu § 0 ¨V¨ Z A T ��� � T / A ��±®n / + 
 � § y�sIu § � T Am¨8¨ Z � � Z � R uVx�r § � T Am¨ � T Z [� 5 # ��� Z n Z + 
 � § y�s�u § � T A�¨V¨ T � R uVx�r § � T Am¨ � T Z A ��± ��� Z n Z + 
 � � R Z uVx�r § � T A�¨ § y�sIu § � T Am¨V¨ T � T [ ��±®n / + 
 � § y�sIu § � T Am¨8¨ Z ��� Z � R Z uVx�r § � T Am¨ � T A ��±®n / + 
 � y�sIu § � T Am¨��B� Z � R Z uVx�r § � T Am¨ � T [  �I± ��� Z n Z + 
 � � R Z uVx�r § � T Am¨ � T A



 $" #
� 5�# y�sIu § 0 ¨���� Z n Z + 
 � § y�s�u § � T A�¨V¨ Z � R T � T T [" # A ��� T n Z + 
 � � R Z § y�sIu § 0 ¨V¨ T uVx�r § � T Am¨�§ y�sIu § � T A�¨V¨ T � T A" # A ��� T#n Z + 
 � � R Z 0�T+u8x�r § � T A�¨ § y�sIu § � T Am¨8¨ T � T [" # A � � T#n Z + 
 � � R Z 0�T+u8x�r § � T A�¨ � T A  � 6 A � � T#n Z + 
 � � R T^y�sIu § � T Am¨ 0mT�� T T A # § y�sIu § 0 ¨V¨ Z n T + 
 � § y�sIu § � T Am¨8¨ T A T ��� � T / A # § y�sIu § 0 ¨V¨ Z nKT + 
 � � R T A T ��� � T T A � # y�sIu § 0 ¨ nKT + 
 � � R T A T ��� � T T [ # § y�sIu § 0 ¨V¨ Z n T + 
 � � R T A T ����§ y�sIu § � T A�¨V¨ T � T T A "�# § y�s�u § 0 ¨V¨ T A ��� T � T / A� 5�# ��� Z n Z + 
 � y�s�u § � T A�¨ � R TB� T T [� 5�# y�sIu § 0 ¨�� � Z nKT + 
 � y�sIu § � T A�¨ � R uVx�r § � T A�¨ � T Z A �I±�y�sIu § 0 ¨ n / + 
 � § y�sIu § � T Am¨8¨ Z ��� Z � R Z uVx�r § � T Am¨ � T [ �I±�y�sIu § 0 ¨ n / + 
 � § y�sIu § � T Am¨8¨ Z ��� Z � R uVx�r § � T Am¨ � T Z A± 676 y�sIu § 0 ¨���� Z n T + 
 � § y�s�u § � T A�¨V¨ T � T / A � 6 A � � TVn + 
 � y�s�u § � T A�¨ 0�T�� T / [  �I±Uy�sIu § 0 ¨�� � Z n + 
 � y�sIu § � T A�¨ � T / A� # y�s�u § 0 ¨ A T ��� � T / A  � 6 A �B� T n Z + 
 � � R T § y�sIu § � T Am¨V¨ Z § y�sIu § 0 ¨8¨ T � T T [� # y�s�u § 0 ¨ nkT + 
 � � R T A T �B� § y�sIu § � T Am¨8¨ T � T T [� 5�# y�sIu § 0 ¨���� Z n Z + 
 � y�sIu § � T A�¨ � R T � T T A� 5�# y�sIu § 0 ¨���� Z n Z + 
 � § y�s�u § � T A�¨V¨ T � R uVx�r § � T Am¨ � T Z [" ± § y�sIu § 0 ¨V¨ Z nKT + 
 � y�sIu § � T Am¨ A T � � � R uVx�r § � T A�¨ � T Z A � 6 § y�sIu § 0 ¨V¨ T A �B� T n Z + 
 � § y�sIu § � T A�¨V¨ T � R uVx�r § � T Am¨ � T Z [±  $# § y�sIu § 0 ¨V¨ T A �B� T#nKT + 
 � y�sIu § � T Am¨ � R uVx�r § � T A�¨ � T Z [ � 6 A ��� T n Z + 
 � � R T y�sIu § � T Am¨�§ y�sIu § 0 ¨V¨ T � T T [� A Z n + 
 � � R uVx�r § � T A�¨ 0 T � T Z [ ; 6 n / + 
 � § y�sIu § � T Am¨8¨ / � � Z � T / [� 5�# ��� Z n Z + 
 � § y�sIu § � T A�¨V¨ Z � R T � T T A� 5�# ��� Z nKT + 
 � y�s�u § � T A�¨ � R uVx�r § � T Am¨ � T Z A ± 676 y�sIu § 0 ¨���� Z nKT + 
 � � R TB� T T A� # y�s�u § 0 ¨ n T + 
 � § y�sIu § � T Am¨V¨ T A T ��� � T / A ; 6 y�sIu § 0 ¨ n / + 
 � § y�s�u § � T A�¨V¨ / ��� Z � T / A±  $# A ��� TVn�T + 
 � y�sIu § � T Am¨ � R uVx�r § � T A�¨ 0�T�� T Z A � 6 § y�sIu § 0 ¨V¨ T A � � T#nKT + 
 � § y�sIu § � T A�¨V¨ T � T / [ �I±�y�sIu § 0 ¨ A T ��� n + 
 � y�s�u § � T A�¨ � T / [ ± 676 ��� Z n T + 
 � § y�sIu § � T A�¨V¨ T � T / [± 676 ��� Z nKT 
 � � R TB� T T [ ± 676 y�sIu § 0 ¨���� Z nKT + 
 � � R T § y�sIu § � T Am¨8¨ T � T T [± 676 y�sIu § 0 ¨ n / + 
 � § y�sIu § � T Am¨8¨ / ��� Z � R T � T T [± 676 n / + 
 � § y�sIu § � T Am¨V¨ T �B� Z � R T�� T T A � § y�sIu § 0 ¨V¨ T A Z n + 
 � � R u8x�r § � T A�¨ � T Z A" § y�s�u § 0 ¨V¨ / A Z n + 
 � � R uVx�r § � T A�¨ � T Z [  ��± ��� Z n + 
 � � R uVx�r § � T Am¨ � T Z [ � 6 A ��� T n + 
 � � R uVx�r § � T A�¨ 0 T � T Z [  � 6 § y�sIu § 0 ¨8¨ T A ��� T n + 
 � y�sIu § � T A�¨ � T / A� A Z n + 
 � y�sIu § � T Am¨ 0 T � T / A ; 6 y�sIu § 0 ¨ n / + 
 � � R / ��� Z A; 6 y�s�u § 0 ¨ n / + 
 � � R / ��� Z § y�sIu § � T A�¨V¨ / A� # n / + 
 � � R / � � Z § y�s�u § � T A�¨V¨ T [ " ± § y�s�u § 0 ¨V¨ Z A T � � n + 
 � y�sIu § � T A�¨ � T / A" ± § y�sIu § 0 ¨V¨ Z A T ��� n + 
 � � R uVx�r § � T A�¨ � T Z [ �I±�y�sIu § 0 ¨ n / + 
 � y�sIu § � T Am¨��B� Z � R Z uVx�r § � T Am¨ � T A



� ���
± 6(6 ��� Z n T + 
 � � R T § y�s�u § � T A�¨V¨ T � T T A � § y�sIu § 0 ¨V¨ T A Z � T / A± 6(6 y�sIu § 0 ¨ n / + 
 � § y�sIu § � T A�¨V¨ T �B� Z � R T � T T A ��±Uy�sIu § 0 ¨���� Z n Z + 
 � � R Z u8x�r § � T A�¨ � T A  �I±Uy�sIu § 0 ¨ A T ��� n + 
 � � R uVx�r § � T Am¨ � T Z [" § y�sIu § 0 ¨V¨ / A Z n + 
 � y�sIu § � T Am¨ � T / A  �I±Uy�s�u § 0 ¨�� � Z n + 
 � � R uVx�r § � T A�¨ � T Z [ � 6 A ��� T n Z + 
 � � R T § y�s�u § � T Am¨8¨ Z 0 T � T T A � 6 § y�sIu § 0 ¨V¨ T A ��� T8n + 
 � � R uVx�r § � T Am¨ � T Z A"�# A �B� T n Z + 
 � � R Z § y�sIu § 0 ¨8¨ T uVx�r § � T A�¨ � T A ± 6(6 n / + 
 � § y�sIu § � T A�¨V¨ / ��� Z � R T � T T [ � 6 A ��� T#n Z + 
 � § y�sIu § � T Am¨8¨ T � R uVx�r § � T A�¨ 0�TB� T Z A"�# A � � TVn Z + 
 � § y�sIu § � T Am¨V¨ Z 0�T�� T / A  � 6 A � � T#nKT + 
 � � R T § y�sIu § 0 ¨8¨ T � T T [ � 6 A ��� T n T + 
 � � R T § y�s�u § 0 ¨V¨ T § y�sIu § � T A�¨V¨ T � T T ["�# § y�sIu § 0 ¨V¨ T A �B� T n Z + 
 � § y�sIu § � T Am¨V¨ Z � T / A ��± ��� Z n Z + 
 � § y�s�u § � T A�¨V¨ Z � T / [ ��±Uy�sIu § 0 ¨ n�T + 
 � y�sIu § � T Am¨ A T � � � R uVx�r § � T Am¨ � T Z [ ��±Uy�sIu § 0 ¨���� Z n Z + 
 � § y�sIu § � T A�¨V¨ Z � T / [ ; 6 n / + 
 � � R / ��� Z § y�sIu § � T A�¨V¨ / [� # y�sIu § 0 ¨ n / + 
 � � R / ��� Z § y�s�u § � T A�¨V¨ T ��� H13/ E [  6 � T T ' Z � " ��� i [ ;0y�sIu § 0 ¨�� � T T A ; � � T T [
± ��� � T T A ±Uy�s�u § 0 ¨���� n T + 
 � � R T § y�s�u § � T A�¨V¨ T [ ± ��� n T + 
 � � R T § y�sIu § � T A�¨V¨ T AA n + 
 � � R u8x�r § � T Am¨ 0 T � T [ ; ��� n T + 
 � y�s�u § � T A�¨ � R u8x�r § � T A�¨ � T [A n + 
 � y�sIu § � T Am¨ 0 T � T T [A n + 
 � � R u8x�r § � T Am¨�§ y�sIu § 0 ¨V¨ T � T A ± ��� nKT + 
 � § y�s�u § � T A�¨V¨ T � T T [±Uy�s�u § 0 ¨�� � nKT + 
 � � R T A ;0y�sIu § 0 ¨�� � nKT + 
 � y�sIu § � T Am¨ � R u8x�r § � T A�¨ � T [±Uy�s�u § 0 ¨���� n T + 
 � § y�s�u § � T A�¨V¨ T � T T A±Uy�s�u § 0 ¨���� � T T [ AO§ y�sIu § 0 ¨V¨ T � T T A ± ��� nKT + 
 � � R T AA n + 
 � y�sIu § � T Am¨�§ y�s�u § 0 ¨V¨ T � T T AA 0mTB� T T A ;�n + 
 � � R uVx�r § � T Am¨�� � T [ ;�n + 
 � y�s�u § � T A�¨�� � T T [;0y�s�u § 0 ¨ n + 
 � � R uVx�r § � T A�¨�� � T A ;0y�sIu § 0 ¨ n + 
 � y�sIu § � T Am¨�� � T T A� T A n + 
 � � R uVx�r § � T A�¨®[� T T A n + 
 � y�sIu § � T A�¨�A � T T A j � 9
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