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a�b-cedgfQhjikd
l7monLpQq�rDpQsgtvujtewEtesgw(xzy@q_{HpQ|�pe}z~7pe�k|,�#teteq pSqLxzn��#y@�Ew�pSqkwv�j�Ey@�k}zten�r�y@�-rDpSset@�

te�k�o�Etg|E|(xzy@q pQqju��@te|EwEmj�Et,�Etesgy@�@qkxzw(xzy@qU�7�7{oy?mo�?{�qkmjn�te�Ey?mo|�pSwEwEten��jwE|-{#pe�?t,�#teteq
n�pQujt�wEy_ujtewEtesew�pSqou}zyks�p�}�xz�et_rDpSsete|e�XwE{otg|Et_pS�o�j�EykpSs�{jte|�{#pe�?t�nLpQujt_pS|E|Emon����
w(xzy@qj|vwE{HpQw0�Ete|EwE�(xzsew7wE{ot�xz�vtg�kwEteqo|(xzy?q:wEy�n�y@�Et��?teqjte��p�}XsSpS|Ete|e���t�xzujteqkw(x�r���wE{HpQw
wE{ot:�?te��rDpSsewEy@��xzqVp�?teqjte�(xzs�pSqouT�Ey?�omj|Ew_|E�k|EwEtgn�xz|_wE{HpQw�yQr�mj|(xzqo��p}�pQ�E�?t
pQn�y?moqkw yQr�xznLpQ�@t�te�@xzujteqjset@���Et�}�pQwEteuVpSqou��Et�xzqkr�y@�EsetguT�k��n�ykuot�}��kqoyS~,}zteuj�@t
wE{o�Ey?mo�?{�p��j�Ey@�HpQ�kx�}�xz|Ew(x�s_r���pQn�te~0y@�E�#���(q�wE{�xz|��HpQ�#te�e�X~,t��j�Ey@�Hy@|Et pLr�t�pQwEmj�Et��
�#pS|Eteu�p�}z�?y@�(xzwE{jn�r�y@�7uotgwEtesew(xzqj�Lr pQsete|7wE{HpQw7xz|�|Emk¡�s�xzteqkw(}z�:�?teqotg�(xzs�pQqju_xz|�pe}z|Ey
tSpQ|(x�}z��te�kwEteqj|(xz��}zt�wEy�sgy@�#t�~,xzwE{n�y?�Et�uotgn�pQqju�xzqj�:�?pQ�(x�pSw(xzy@qj|�ySr,wE{jt�xzn�pQ�Sxzqo�
sey@qju�xzw(xzy?qo|e�¢�v{jt:pe}z�@y?�(xzwE{on£uotgwEtesewE|�r�t�pQwEmj�Et_�#ySxzqkwE|Lr��Ey@n¤wE{ot�xzn�pQ�?t:mo|(xzqj�
|E�#pSw(x�p�}�¥o}zwEte�E|�pQqju��@�Ey@mj�j|�wE{oten¦xzqkwEy�rDpSset�s�pQqju�xzuHpQwEte|�mo|(xzqj�_�?tey@n�tgwE�(xzs_pSqou
�@��pe��}zte�?t�}Xsey@qj|EwE��p�xzqkwE|e�0§T�o�Ey?�#pS��x�}�x�|Ew(xzs�r���pSn�te~,y?�E�¨xz|,wE{jteq�mj|Eteu�wEy��Et�xzqkr�y?�Eset
�o�Ey?�#pS��x�}�x�w(xzte|�pQqju�wEy�te�?p�}zmHpQwEt�wE{jt,}�xz�@t�}�xz{jyoyku:ySrXwE{ot�sSpQqju�xzuHpQwEt�pS|7pvrDpSset@�-��t
�o�EyS�@xzujtv�Etg|Em�}zwE|�wEy�|Emj�o�Hy@�Ew-wE{jt,�?p�}�xzukxzw(��ySr#wE{jt7pQ�j�j�EykpQs�{�pSqou�uotgn�y@qj|EwE��pQwEt,xzwE|
sSpQ�HpQ�kx�}�xzw(�:wEy�ujtewEtesew-rDpSsete|,mjqoujte�,ukx�©Ute�Etgqkwv|Es�p�}zt@�jy@�(xztgqkw�pQw(xzy@q�pSqou��@xzte~7�#ySxzqkwe�

ª « �I� 	j"n�O�$� �p!#"$�
¬ &(?@+n?@+1=I6<8Qe<65'X =sk�=#'l?�&('� ,/k�B _ ?A=#>�65'C8n6 _ ?A,<k�6i?@=U8 ` f ` ?@=sk `?® ,/'1=M& ` ` =#DF8l,/k `@_ >E¯
B1>@& ` =U8I?A,�°C'C8 `A_ A+ ` f ` ?@=#k ` 65B-B1D(&�s65;1D(=p?@,�kK65'lf�el& `A_ 65D/? 6 `�±l` &('�, _ >p8165&(D(fM6j ?@&(el&E?A&(= `?²
^M_ ?A,<kK65?@= 8 ` f ` ?@=#k ` ,<'
B1>A,Q8 _  ?@&(,/' D(&('1= ` &(' ` BC=@ ?�0<,l,18 ` h ,<>p, _ >7 ,/' `@_ k�B1?A&E,/' ® 6i'C8
DF6 4�¯ =#'Qh ,<>e =#k�=s'.?I6i0<=#'X &E= `I_1` =� ,<k�B _ ?@=#> ` f ` ?A=#k ` ?@, ` =U6i>gA+ 8165? 65;C6 ` = ` ,5h�°C'10<=s>E¯
B1>@&('l?�>@=@ ,<> 8 `?²v³ & `@_ 6iD `@_ >Ae<=#&(D(DF65'X = ,ih `  =#'1= `@® e.& `A_ 65D�h =s=U8l;C6o ± h ,<>� ,/'.?A>@,/D ® =s?g ²�® 6iD(D
+C6 e<=�B�,<?A=#'l?@&F65D 6iB1B1D(&�#65?A&E,/' ` h ,<>M6 _ ?@,/k�65?A=U8�el& `@_ 6iD ` f ` ?A=#k `@²
´ '1=I65>A=U6I?A+C65? +C6 ` 0<>@,54�' ` &(0<'-&z°-#65'l?@D(f�&('�&(k�B�,<>A? 65'. =�,5e<=#>�?A+1=�BC6 ` ? 8Q=?#6<8Q=I& `

?@+C6i?3,ih0 ,<knB _ ?A=#>ph 6o =MB1>A,U = `@` &('10
&('
e.& `A_ 65D `  =#'1= `?² 9�= ` =U65>eA+1=#> ` 65?A?@=#knB1?p?@,�?@=U6o@+
?@+1=� ,/k�B _ ?A=#>]?@,�>@=? ,<0<'-&�µs= 6i'C8�65'C6iDEf#µ#= + _ k�65':h 6j = ` h >@,/k7&(k�6i0<= `�` ,�6 ` ?@,�B1>A,Q8 _  =
65'
=U6 ` f
65'C8: ,<'le<=#'-&E=s'.? B1DF65?gh ,<>@k h ,<>p&('.?A=#> 6o ?@&(,/'
;C=#?g4 =#=#'n+ _ k�6i' 65'C8: ,<k�B _ ?@=#> `?²
¶ 6 4�¯g=#'lh ,/>g =sk�=#'l?�#65'K;�= &(knB1>@,5e/=U8�;lf�6 _ ?@,<kK65?A&�s65D(D(f >A=? ,/0<'1&�µ#&('10� >A&(k�&('C65D ` h >A,<k
6 0<>A, _ B ,5h `@_1` BC=@ ? `@² rl=? _ >@&(?gfA#65' 65D ` , ;�=W>@=s&E'Qh ,<>e =U8 ;lf &F8l=#'l?@& h fl&('10 ?@+C6i?
?@+1=
6 _ ?A+1,<>A&�µ#=U8 B�=#> ` ,<' & ` B1+lf ` &�#65D(D(f B1>@= ` =#'l? ²¸· ,<>A=#,5e<=#> ® + _ k�65' h 6j &t6iD�=e¹1B1>@= `@` &(,/' `
#65' ;�=�65'�65D(f#µ#=U8O?@,W8l&(>@=? ?I>@,/;C,/? kn,<?A&E,/'K?@,KBC=s>gh ,/>@kº =#>@? 65&(' ` =? ,<'C816i>@f ® ,/>�=#e<=#'
B1>@&(kK65>@f ® ? 6 `�±l` &E'n, _ >�>A, _ ?A&('1=�43,/> ± >A=?» _ &(>@=#kn=#'l? `@²

a



�g'W?A+1= 816 _ 'l?@&('10�? 6 `�± ,ih3+ _ k�6i'
h 6o =IB1>A,U = `@` &('10 ® h 6j = 8l=#?A=? ?@&(,/' & ` ,/'1=I,ih3?@+1=
k�, ` ?�&(k�B�,<>@? 65'l?�B1>A,<;1D(=#k ?@,K;C= ` ,<D(e<= 8 ² �g?I& ` 6nB1>A=e¯g>@=?» _ & ` &(?A=
h ,/> 6 _ ?@,/k�6i?@&�:h 6j =
>@=? ,<0<'-&E?A&(,<' 6i'C8�=e¹1B1>A= `@` &E,/'�65'C6iD(f ` & `?²�· , ` ?p6 _ ?A,<k�6i?@&��hg6j = >@=? ,<0<'-&E?A&(,<' 6iDE0/,<>A&E?A+1k `
+C6 e<=O=#&(?@+1=#>W6 `@`@_ k�=U8 ?A+C65?n?@+1=Oh 6o =W+C6 ` ;�=#=#'� >A,<B1B�=U8 h >@,/k�?@+1=W&(kK650<=��g) > 6 4
�����	��
��� c�� ® q _ > ± 65'�8 w =#'l?@DF6i'C8 ���� ��� ® ,<>p?A+1=#fI+C6 e/= 6 `@`A_ k�=U8 ` ,/k�=� ,<' ` ?@> 6i&('.? ` 65;�, _ ?
?@+1=:h 6j =M65'C8��i,<>p;C6o ± 0/>@, _ 'C8 `A_ A+�?A+C65?�?A+1= h 6o =M8l=#?A=? ?@&(,/'
B1>@,U = `A` ;C=@ ,<kn= ` ?@>A&(e.&F6iD
� ) +1,54 65'�8 ¶ &  � ��� ²

q�+1& ` ? 6 `�± & `  =s>@? 6i&('1D(f�'-,<?M?A>@&(el&F65D 4�+-=#'W?@+-=I;C6j ± 0<>A, _ '�8K& `  ,/k�B1D(=e¹ ® ?@+-= &(D(D _ ¯
k�&('C6i?@&(,<'�& ` e<65>A&(=U8 ® 6i'C8�?@+1=�B�, ` =M,ih ?A+1= h 6j =�'1,<?,°4¹Q= 8 ² q�+-, _ 0/+
k�65'lfI65B-B1>@,l6jA+1= `
+C6 e<=�;C=#=s' 65?@?A=#k�B-?@=U8K?A,54 6i> 8 ` h 6j = 8l=s?@=? ?A&(,<' 65'C8KD(,U#6iDE&�µU6i?@&(,<' ® ?@+-= 6 `A`@_ knB1?@&(,<' `
65'C8 ?@+1=� ,<' ` ?@> 65&('l? ` k�6/8l=p&('I?@+1= ` =M65B-B1>@,l6jA+1= ` 65>@= ` ?A&(DED/?@,l,M>A= ` ?A>@&� ?A&Ee/= ® k�6 ± &('10 ?@+1=
65D(0<,/>@&(?@+-k�&('Xs65BC6i;1D(=M,5h =�¹Q?A=#' ` &E,/'K?@,�k�,<>A=�0<=#'-=#> 6iD0#6 ` = `@²�^M` `@_ @+ ® h 6o = 8l=s?@=? ?A&(,<'
` ?A&ED(D]>A=#k�6i&E' ` DF65>A0<=#D(f�6i' _ ' ` ,/DEe/=U8nB1>@,/;1D(=#k ²

� � ���#��������� "�	! 

q�+1=#>A=*6i>@=K6nh =#4 8Q& ` ?@&('X ?�65B1B1>A,.6o@+-= ` ?A,Whg6j =K8l=#?@=@ ?@&(,<' ² q�+1=n?@,<B ¯ 8l,54�' kn,18l=#D ¯
;C6 ` =U8K65B1B->@,.6oA+�6 `A`@_ kn= ` 6I8l&#" =s>@=#'l? h 6o =Mkn,Q8Q=#DC65?�8l&#"]=#>@=#'l?� ,l65> ` =e¯g?@,�¯D°C'-= ` #65D(= `@²
$1,/>�=�%  &(=#'X f ® ?@+1=
&(k�6i0<=�& `�` =U6i>gA+1=U8 65?I?A+1=� ,.65> ` = ` ? ` #65D(=_°C> ` ? ²�´ 'X =�6nkK65?gA+
& ` h , _ 'C8 ® ?@+1=
&(k�6i0<=I& `�` = 65>gA+1= 8 6i?I?@+-=
'1=e¹1?�°C'1=s> ` #65D(= _ 'l?@&(D�?A+1=_°C'1= ` ? ` #6iDE=n& `
>@=U6oA+1=U8 ² rl,/k�=�,ih ?A+1=W4 ,<> ± _-` &('10 ?@+-& ` 6iB1B1>A,.6jA+ 4 =#>@=W>A=#B�,<>@?A=U8 ;.f 2�65'10 6i'C8
& _ 6i'10 �� v�� ® 65'C8T¶ 65'1&(?A& ` �����	�'
#�( a � � ² �g' 0/=#'1=#> 65D ® ,<'-DEfO,<'1=nk�,18l=#Dp& ` 6 `A`@_ kn=U8 &('
=U6jA+ ` #65D(=)� _-`@_ 6iDED(f
&('K?@+1=�h >A,<'l?@,�¯ B�65> 6iD(DE=sDCel&(=#4*��65'�8�?A+ _1` &(?�& ` 8l&#%  _ D(?�?A, =e¹1?A=#'C8
?@+1& ` 6iB1B1>@,l6jA+K?@,
k _ D(?A&EB-DE= el&(=#4 `?²

q�+1=
;�,<?A?@,<k ¯ _ BWh = 65? _ >@=e¯g;C6 ` =U8 6iB1B1>A,.6jA+ ` =U65>e@+-= ` ?@+1=
&(kK650<=�h ,/> 6 ` =#?�,5h h 6@¯
 &F65Dph =U65? _ >@= ` 65'C8O0<>A, _ B ` ?A+1=#k�&('.?A,
h 6o =�#6i'C8l&F8165?A= ` ;C6 ` =U8 ,<' ?@+-=#&(>I0<=#,/k�=#?A>@&�#6iD
>@=#DF6i?@&(,<' ` +1&(B ² ¶]= _ '-0 �+���	�'
#�, a � � ® r _ k�&l65'C8 ´ +.? 6  v<c�� ® 6i'C8 23,54 65'C8�) &EB�,<D(DF6 ���� �Q>A=e¯
BC,/>@?A=U8n43,/> ±
_1` &E'-0I?@+1& ` 65B1B->@,.6oA+ ² q�+1, _ 0<+
?@+-& ` 65B-B1>@,l6jA+ #6i'�;�=�=U6 ` &ED(f�=e¹1?@=#'�8l=U8
?@,Kk _ D(?@&(B1D(=�e.&(=#4 `@® &E?�& ` _ 'C65;1D(=I?A,�4 ,<> ± 4 =#D(D _ 'C8l=s> 8Q&�"]=#>A=#'l? &(kK650<&('10: ,/'C8l&(?@&(,<' `
;C=@#6 _1` =I?@+-= &(kK650<= ` ?@> _  ? _ >@=I,ih�?@+-=Mhg6j &F65D-h =U6i? _ >A= ` e<65>Af
?@,l,�k _ A+
?@,�;C=�>@,/; _1` ?@D(f
8l=#?A=? ?@= 8W;lf�?A+1=�h = 65? _ >@=I8l=#?A=? ?@,/> `@²

^ ?@=e¹1? _ >@=e¯g;C6 ` =U8W6iB1B1>@,l6jA+�4�6 ` >@=sBC,/>@?@= 8�;lf�m�65& �+�-�	��
��.�/ � ² $�6j = ` 65>@=�8l=#?A=? ?@= 8
;lfI=e¹C65kn&E'-&E'-0�?@+1= ` BC65?A&t6iD18l& ` ?@>A&(; _ ?@&(,/' ,ihC?@+1=�0/> 6 fo¯gDE=se<=#Dl&('lh ,/>@k�6i?@&(,<'�&('I?A+1= `@_ ;-&Ek ¯
650/=(� _1` &('10MrlBC6o =10 > 6 f�¶]=se<=#D1m�=#B�=#'C8l=#'. f2� r30�¶ m4��k�6i?@>A&� = ` B1>A,<B�, ` =U8�;lf5&�65> 6iD(&� ±
 a � �	� ² q�+1& ` & ` 650l65&('
'1,/?�=U6 ` &ED(f
=e¹1?A=#' ` &(;1D(=I?A,
k _ D(?@&(B1D(=�el&(=#4�BC,/&('.? `?²

q�+1=�'1= _ > 65D]'1=#?g4 ,<> ± 6iB1B1>@,l6jA+�8Q=#?@=? ? ` hg6j = ` ;lf `@_ ; ` 65knB1D(&('10I8l&#" =#>A=#'l?�>@=#0/&(,<' `
,5h ?A+1=�&EkK650/=�?@,
6 ` ? 65'C8-65> 8H¯ ` &�µs=U8 `@_ ;1&(kK650<=�65'�8�?@+1=#'KBC6 `@` &E'-0I&(?�?@+1>A, _ 0/+�6�'-= _ > 6iD
'1=#?g4 ,<> ± °CD(?@=s> ² 9�=@ =#'l?�43,/> ± 4�6 ` >@=#B�,<>A?@=U8*;.f
r _ '-0 6i'C8�w ,<0/0<&(,  v76�� ® 65'C8n9�,54�D(=#f
�����	��
��* v-a8� ² q�+-=�65D(0/,<>@&(?A+1k B�=#>gh ,<>@kn=U8 e<=s>@f 43=#D(D h ,<> h >@,/'.?A,k¯gBC65> 65D(D(=#Dph 6o = ` ; _ ?�& `
8l&#%  _ D(?�?@,�;�=I=e¹1?@=#'�8l=U8K?A,�8l&#" =#>A=#'l?Mel&(=#4 ` ,5hp?@+1= h 6j = ²

q�+1=� ,<D(, _ >E¯g;C6 ` =U8 6iB1B1>@,l6jA+ DF65;�=#D ` = 6jA+ B1& ¹1=#D�6jS ,<> 8Q&E'-0 ?A,W&(? `�` &(k�&(DF65>A&E?gfK?A,
`�± &('  ,/D(, _ > ® 65'C8 `@_ ; ` =?» _ =#'l?@D(f Dt6i;C=sD ` =U6jA+ `@_ ;->@=#0/&E,/' 6 ` 6nhg6j =K& hM&(?  ,<'l? 65&(' ` 6
DF65>@0/=�;1D(,/; ,ih `�± &('  ,/DE, _ >IB1& ¹1=#D ` �g) +1=#' �+���	�'
#�*�� � ® m 6i&365'�8:9M6 ± 6i'1,  6��	� ² �g? #65' ,<B�=�4�&(?@+�8Q&�"]=#>A=#'l?�e.&(=#4�B�,<&('l?�,ih]h 6j = ` � ) +1=#' �+�-�;�'
��<�� ��� ; _ ? &(?�& `3` =#' ` &E?A&(e<=�?@, `�± &(' ,<D(, _ >M65'C8n?A+1=�h 6j = ` +C65B�= ²

v



· ,/?@&(,<'#¯g;C6 ` =U8n65B1B1>A,.6o@+-= `�_1` =�&(k�6i0<= `@_ ;-?@> 6o ?@&(,/'�?A, =�¹Q?A> 6o ?�?@+1=�kn,5e.&('10�h ,/>@=e¯
0<>A, _ 'C8$h >A,<k ?@+1= ` ? 6i?@&��;C6j ± 0<>A, _ '�8 ² q�+1=�h 6o =I& ` ?@+-=#'WD(,U#65?A=U8n;.fn=e¹C65kn&E'-&E'-0I?@+1=
` &(D(+1, _ =#?@?A=2� qp>@=s4 �����	�'
#�  v / �	� ,<>�?A+1=  ,/D(, _ >�,5h�?@+1=�8l&#" =#>A=#'X = 8W&(k�6i0<= � rUA+1&(=#D(= 6i'C8
) >@,54�D(=#f  v����	� ² q�+1& ` 65B1B->@,.6oA+�4�&(D(DC'1,/?34 ,<> ± 43=sDED�4�+1=#'K?A+1=#>@=I6i>@= 6�D(,<? ,5h kn,5e.&('10
,<;�� =@ ? ` &E'K?A+1=�&EkK650/= ²

� ��� "$�
� « ���	� ��
��!#�K�������

rl,�4�+�65?�s65'W4 =ID(=U65>A'nh >@,/k ?A+1= 6i?@?A=#k�B1? ` ,5h�?@+-= ` =
e<6i>@&(, _1` >A= ` = 65>gA+1=s> `�� ¶ 65'-&E?A& `
�����	��
���� ` 65B1B1>A,.6o@+
& ` 65;-DE= ?@,�D(,U#65?A= h 6j = ` e<=s>@f�43=#D(Dl;�=?#6 _-` =M?A+1=#f�k�6 ± = _1` =�,5h]0<> 6 fj¯
D(=#e<=#D/&(k�650/= B1>A,k°CD(=p&('I6<818l&(?A&E,/'M?A,�=U8l0<= &E'Qh ,<>Ak�65?A&(,<' &E'�?A+1=#&(> ` ? 65?A& ` ?@&�#6iD ` +C65B�=�k�,18l=sD
� 6o ?@&(e<= ` +C6iBC=Ikn,18l=#D.¯ ) ,l,<?A= ` �+���	�'
#�  ����� ,ih�?@+1=�hg6j = ² r _ '10�65'C8Kw ,<0/0<&(, � ` k�=#?A+1,18
43,/> ±l` e<=s>@f 4 =#D(D�?@,l, ;C=@#6 _1` = 6iD(k�, ` ?�=#e<=#>Af B1& ¹Q=sD�&E' 6 a b@¹ aUb `@_ ;1&(k�650/=
& `
_1` =U8
?@,n=#e<65D _ 6i?@=�?@+1=�, _ ?@B _ ? ® 6i'C8Kk�6i'lf
,5h�?@+1= ` =�B1& ¹Q=sD ` =#'X ,18l= ` B�65?@&F6iD�65'�8�0/> 6 fo¯gDE=se<=#D
&('lh ,<>Ak�6i?@&(,<' ² &�,54 =#e/=#> ® ?@+1= ` =�kn=#?@+-,Q8 ` 6i?�B1>@= ` =#'l? 6i>@=�D(&Ekn&(?@=U8n?@,nh >A,<'l?@,�¯ B�65> 6iD(DE=sD
el&E=s4 `?² ¶]= _ '-0 �+�-�;�'
���� ` h = 65? _ >@=e¯g;C6 ` =U8 65B1B->@,.6oA+ ` =#=#k ` ?A, 0/&Ee/=�?A+1=��C=�¹Q&(;1&(D(&(?gf ,ih
=e¹1?@=#' ` &(,<' &('l?@, 8l&#"]=#>@=#'l?
el&(=#4�B�,<&('l? `?® ; _ ?
?A+1=KDt6o ± ,5h =se.&F8l=s'.?A&F65D `@_ B1BC,/>@?n&E' ?@+1=
h =U6i? _ >A= 8l=#?A=? ?@&(,/'WB1>@,U = `@`  _ >A;C=U8*&E? `�`@_ Q = `@`@²
´ '
?@+1=�,/?@+1=s>3+C6i'C8 ® 43=�s65' ` =s=M4�+lf�¶ = _ '10 �����	�'
#��� `?® r _ k�&16i'C8 ´ +l? 6 � ` k�=#?A+1,18

8l&F8W'-,<?�BC=s>gh ,/>@k�6 ` 4 =#D(D ² q�+1= ` f ` ?@=#k�& ` 8l=#B�=#'C8l=#'l?I,/' ?A,l,�h =#4 &EkK650/=Mh =U65? _ >@= `@®
4�+1&�A+¢#6i'1'1,/?M;�= =e¹1?A> 6j ?@=U8 >@,<; _1` ?ADEfW8 _ = ?A,�&(k�6i0<=�'1,<& ` = ,/>M'1,/& ` = &('W?A+1=�h =U65? _ >@=
8l=#?A=? ?@,/> ² ¶]= _ '10 �����	�'
#� _1` =M?A+1=�>@= ` BC,/' ` =�h >@,<k 6 ` =#?�,5h ` ?@=#=s> 65;-DE=�¯ ` #65DF65;-DE=�°CD(?A=#> ` ?A,
°C'C8 h 6j &F6iD1h = 65? _ >@= `@® 65'C8nr _ k�&�65'C8 ´ +l? 6 _1` =�?A=#k�B1DF6i?@=�k�6i?gA+1&('10�?@,�&t8Q=#'l?@& h f�=#f<= `@²
�g'K;C,/?@+W?A+1= ` =_#6 ` = ` ?A+1=I=#el&F8l=#'X =�h ,<>M6�h =U65? _ >@=�?@,
;�=IB1>A= ` =s'.?� ,<kn= ` DF65>A0<=#D(f�h >A,<k
?@+1=�>@= ` B�,<' ` = ,ih3?@+1=L°CD(?@=#>�,<>M?A+1=  ,/>@>A=#DF65?@&(,/'W, _ ?AB _ ? ²�^M` 6
>@= `@_ D(? ® ?A+1=#>@=�& ` 6�DF6j ±
,5h3=se.&F8l=s'X =
?@, `A_ B1B�,<>@?�?A+1= +lflB�,<?@+-= ` & ` ,ih 6�h 6o =
65'C8K?A+1=#>A= h ,<>A=
?@+1=
B�=#> h ,<>Ak�65'. =
,5h�?@+-= 6iD(0<,<>A&(?@+1k & ` 6 "]=? ?A=U8 ²

& _ k�65'
el& ` &(,/'�& ` e/=#>@fn>@,/; _1` ?�;C=@#6 _1` =I4 = kK6<8l= _-` =I,ihj6�Dt6i>@0/= 6ik�, _ 'l?�,5hp=#el&z¯
8l=#'X =�h >A,<k ?@+-=3el& `@_ 6iD1&(k�6i0<=p?@+C6i?p& ` h ,<>Ak�=U8 &E'�, _ > >@=s?@&('C6 ² rQ,<k�=p,ih ?A+1= ` =�=se.&F8l=s'X =
&('X D _ 8l=
=U8Q0<= `@®  ,/>@'1=s> `?® D(&E'-= `?® ;�65> `@® ;-DE,/; `?® &E'l?A=#' ` &(?gf ®]` +�65B�= ® ?@=e¹1? _ >@= ®  ,/DE, _ > 6i'C8
=#e<=s' k�,/?@&(,<' ² q�+1= ` =O?gf.B�= ` ,5h =se.&F8l=s'X = 6i>@=K43=sDED ¯ _1` = 8 ;lf e.& ` &E,/' >A= ` =U6i>gA+1=#> ` &('
?@+1=s&E>�e<65>@&(, _1` 65B1B1>A,.6o@+-= `?²�^ '-,<?@+-=#>�h ,/>@k ,ih =se.&F8l=s'X =
?@+�65?�& ` D(= `@` 4 =#D(Dz¯g=e¹1B1D(,<&(?A=U8
& ` ?@+C6i?3,ih  ,/'.?A=e¹1? _ 6iD =#el&F8l=#'. = ® & ² = ² ?A+1= ± '-,54�DE= 8l0<=�?@+�65?� =#>@? 65&('nh =U6i? _ >A= ` ,US _ >M&('
?@+1=
el&� &('1&(?gf�,ih3,<?A+1=#>�h =U65? _ >@= `@² $-,<>�=e¹C65knB1D(= ® 4 = ± '-,54 ?@+C6i? =sf<= ` ,US _ >I&('WBC6i&E> `?²
rl, ® 4�+1=s' 4 =�°�'C8W65'O=#f<=�&('W?@+1=�&(k�6i0<= ® ?A+1= =�¹Q& ` ?@=#'X =
,5h3?A+1& ` =#f/= & ` =se.&F8l=s'X =�h ,/>
?@+1=�=e¹1& ` ?@=#'. = ,ih�?A+1=�,<?@+-=#>M=#f/= ²

�g'K?@+1& ` BC6iBC=s> ® 43=I6/8l,<B1?�6�;C,/?@?A,<k:¯ _ B�h = 65? _ >@=e¯g;C6 ` =U8 65B1B1>A,.6o@+K4�+1&�A+K+C6 ` ?@+1=
�C=e¹1&(;1&(D(&E?gf�?@,�;C=�=e¹1?@=#'�8l=U8
?A, 8l&#"]=#>@=#'l? ` #65D(= ® ,/>@&(=#'l? 6i?@&(,<'
65'�8Iel&(=#4�B�,<&('l?�,ihChg6j = ` &('
?@+1=
&(kK650<= ²�^ Dt6i>@0/= 65kn, _ 'l?�,5h 0<=#,/k�=#?A>@&� ®�` BC6i?@&F65D�6i'C8K0<> 6 fo¯ D(=#e/=#Dpk�=U6 `@_ >A=#k�=#'l? `
65>A= _1` =U8Oh ,<>�>@,/; _1` ?A'1= `A`?² m _ = ?A,�?A+1= _1` =
,5h3kK65'lfW8l&#" =#>A=#'l?I?gflBC= ` ,5h�&(k�650/=�=#el&z¯
8l=#'X = ® 4 =�#6i'�>A=U8 _  =�?@+1= ` ?@>A&� ?@'1= `@` ,ih ?@+1=�>A=?» _ &(>@=#kn=#'l?3&('
=U6o@+nB1&(=? =�,5h =se.&F8l=s'X =
� = ² 0 ² ?A+1>@= ` +1,<DF8 D(=#e<=sD�,5h = 8l0<=W8l=#?A=? ?A&E,/'2°CD(?@=s>
>@= ` BC,/' ` = ® =#?g ² � ² q�+1& ` k�6 ± = ` ?@+1=
65D(0<,/>@&(?@+-k k�,/>@=M>A,<; _-` ?M?A,
'1,<& ` = 65'C8n,US D _1` &(,<' ® 4�&E?A+1, _ ?� >@=U6i?@&('10
?A,.,
kK65'lf�h 6iD ` =
BC, ` &(?@&(e/=Ls65'C8l&F816i?@=�h 6o = `?²
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¬ =�65D(4�6 f ` '1=s=U8 6nk�,18l=sD�,5h�?@+1=
,/;�� =? ?�&(' 6i'lf ,/;�� =? ?I>A=? ,/0<'1&(?@&(,/' ? 6 `�±-² ¶ = _ '10
�����	��
��� a � �Ckn,18l=#Dl?@+1= hg6j =�6 ` 6 ` ? 65?A& ` ?@&�#6iD10<> 65B1+: ,/' ` & ` ?A&('10�,5h �MB�,<&('l? `@® 'C6ik�=#D(f�?@+1=
=#f<= `?® '1, ` ?@>A&ED ` 65'C8n'1, ` =I?A&EB ² q�+1= 6/8le<65'l? 650<= ` ,5h�A+1,l, ` &('10
?A+1= ` = B�,<&('l? ` 6i>@=  D(=U6i>��
?@+1= ` =
B�,<&('l? ` 65>A=	�A&E'l?A=#>@&(,<>�
�B�,<&('l? ` ,<' ?@+1=�h 6j = �g6 ` ,<B1B�, ` =U8O?@,��@=e¹1?A=#>@&(,<>�
KBC,/&E'l? `
D(f.&('10�,<'K?A+1=�h 6o =�;C, _ 'C816i>@f�4�+-&�A+W65>A=�=U6 ` &ED(fn&E' � _ =#'X =U8K;lf�;C6o ± 0/>@, _ 'C8� D _ ?@?A=#> � ²
q�+1= ` =�B�,<&('l? ` 6i>@=
65D ` ,��@>A&(0<&F8
 ® & ² = ² ?A+1=
&('.?A=#>E¯ h =U6i? _ >A=�0/=#,<kn=#?@>Af�& ` '-,<?�=U6 ` &(DEf 8l=e¯
h ,<>Ak�=U8�;lf 8l&#"]=#>@=#'l? h 6j &t6iDl=e¹1B1>@= `A` &(,<'n,<>�8l&#"]=#>@=#'l? BC=s> ` ,/'C65D�&F8l=#'l?@&(?gf ² &�,54 =#e/=#> ® ?@+1=
8l& ` 6/8le<65'l? 6i0<=�,5h _1` &('10
?@+1= ` =�BC,/&E'l? ` 65>@=�?@+C6i?M?@+-=#f ` BC6i'W,<'1D(f�6 ` k�6iD(D 6i>@=U6$,<'K?@+1=
h 6j =2� ?A+ _-` 6�Dt6i>@0/=Mk�6i>@0/&E'
,ih�=#>A>@,/> � ²

^ kn,Q8Q=#Dp,5h 65' ,/;�� =? ?�&(' ?A=#>@k ` ,5hMD(,54 DE=se<=#D�&(kK650<=�h =U6i? _ >A= ` � `@_ @+ 6 ` = 8l0<= `@®
 ,<>A'1=#> `?® =s?g ² ��& ` 6iDE4�6 f ` e<=#>Af 8l&#%  _ DE?p?A, _-` =M;�=?#6 _1` =�?@+1=�&(kK650<= ` ?@> _  ? _ >@=�A+C65'-0<= `
e<=#>Af�8l> 6 ` ?A&�s65D(D(f &('�8l&#"]=#>@=#'l? &(k�650/= ` 8 _ =�?@, A+C6i'10<= ` &(' ` #65D(= ® &(k�650/=3'-,<& ` = ® » _ 65'l?A&z¯
µU65?A&(,<'�'-,<& ` =�65'C8�&(D(D _ k�&('C6i?@& ,/'Ie<65>A&F65?@&(,/' `?²]^�`3`A_ A+ ® kn,18l=#D ` ,5h =e¹1B1D(&� &(? ` +C65B�= � = ² 0 ²
8l= h ,/>@kK65;1D(=�?@=#knB1DF65?A= kn,18l=#D ` ¯ 2 _ &(D(D(= �����	�'
#� �� ���	� ® ,<'1D(fn43,/> ± 4 =#D(Dp&('�+-&E0/+K>@= ` ,<D _ ¯
?@&(,<'K65'C8n>A=#DF65?@&(e/=#D(f
'1,<& ` =�¯ h >A=#=�&(k�650/= `?² &�,54 =#e/=#> ® 6�kn,Q8Q=#DC,ih�?A+1=�,<;�� =? ? 8l= `  >@&(;�=U8
&('�?@=s>@k ` ,5hp+1&(0<+1=s>3D(=#e/=#D�h =U6i? _ >A= ` � `A_ A+ 6 ` 6�hg6j =�8l= `  >@&(;C= 8K&('�?@=s>@k ` ,5hp=#f<= `?® '-, ` =
65'C8nkn, _ ?A+,� ® & `�_1`@_ 6iD(DEf�» _ &(?A= ` ? 6i;1D(= 6i'C8n>@,/; _1` ? ²
¬ =p?@+1=s>@= h ,/>@=�kn,18l=#D5?@+-=ph 6j =j6 ` 6 B1DF6i'1=p4�&E?A+Ic ,<>@&(=#'l?A=U8�h 6o &F65D h =U6i? _ >A= ` � 'C65kn=#D(f ®

?@+1=�=#f<=#;->@,54 `?® ?A+1=I=#f/= `?® '1, ` = 6i'C8nk�, _ ?@+,� ² �g'*6/818l&(?@&(,/' ® ?@+1=��gA+1=#= ± 

>A=#0<&(,<' ` � >A=e¯
0<&(,<' `�_ 'C8l=#>�?A+1=I=#f/= ` 6i'C8K?@,
?A+1=ID(= h ?�,<>�>A&E0/+l?�,5h�?@+1=�'1, ` = 6i'C8nk�, _ ?@+�B�, ` &(?@&(,<' ` � ®
k _1` ? ;C=�>A=#DF65?A&Ee/=#D(f�h =U6i? _ >A=e¯ h >@=#=M6i'C8�=U8l0<=�¯ h >A=#= ² q�+1& ` h 6o =�k�,18l=#D/+C6 ` ?@+1=�6<8le<6i'l? 650/=
,5h _-` &('10��@&('l?@=s>@&(,<>�

BC,/&E'l? `M`@_ @+ 6 ` ¶ = _ '10 �����	��
�� � `  a � � ® 65'C8nf/=#?M&(? ` BC65' ` 6�DF65>A0<=#>
65>A=U6�,5e<=#>�?A+1= 6o ? _ 6iD�h 6j = ® ?A+ _-` k�6 ± &('10I?A+1=I8l=#?A=? ?@&(,/'Wk�,/>@=M>A,<; _-` ? 6i'C8
>A=#D(&F65;1D(= ²
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BC=s>g =#B-? _ 6iD�0<>A, _ B1&('10
65'�8
=#el&F8l=#'X = B1>A,<BC6i0.6i?@&(,<' ²
�g'�,<> 8Q=#> h ,<> h =U6i? _ >A= 8Q=#?@=? ?@&(,<'
?A, ;�=�>@,/; _1` ?�4 = +C6 e<= ?@, _1` =3&(k�6i0<= h =U6i? _ >A= ` ?A+C65?

65>A=�&('le<65>@&F6i'.?�?A,�A+C65'10/= ` &E' ` #65D(=K65'C8 &(D(D _ k�&('C6i?@& ,/'K&E'l?A=#' ` &(?gf ² ¬ =
,<; ` =#>@e/=�?A+C65?
65?�D(,54 >A= ` ,/D _ ?@&(,<' `@® 65D(Dp?@+-=�c
hg6j &F65D h = 65? _ >@= ` 4�&(D(D�65B1B�=U6i>I,<'1D(fW6 ` 816i> ± =#D(,<'10l65?A=U8
;1D(,<; ` 650.6i&(' ` ?p?@+-=MD(&(0<+l?p;C6j ± 0<>A, _ 'C8�,ih ?A+1= h 6o = ²p^ '�8 ` &('X =�=U8l0<= ` 6i>@=�&(D(D _ k�&('C65?A&(,5'
&('.e<6i>@&F65'l?�?@,W6
DF65>A0<=�=e¹1?@=#'l? ® 4 = kn,18l=#Dp?@+1=
c$h 6j &t6iD]h = 65? _ >@= ` 6 ` BC6i&E> ` ,5h3,/>@&(=#'l?@=U8
=U8l0/= ` 6 `�` +1,54�' &('�°C0 ² v ² q�+1=
&(kK650<=�& `M` k�,l,<?A+1=U8O;C= h ,<>A= ?A+1=�h =U6i? _ >A= 8l=s?@=? ?A&(,<'
B1>@,U = `@`W` , ?A+C65?K65'lf +1&(0<+#¯g>@= ` ,<D _ ?A&(,<' h =U6i? _ >A= ` 4�&(D(DM? 6 ± =W?A+1=Oh ,<>Ak ,ih ?@+1= D(,543=s>
>@= ` ,<D _ ?A&E,/'W,<'-= `?² q�+1=�e<=s>@?@&�#6iDp=U8l0<= ` &('K?@+1=I=sf<= 6i'C8n'1, ` =Ik�,18l=#D 6i>@=I,/'1D(f _1` = 8W?A,
B1>@,5el&F8l=�=#el&F8l=#'X = &('�DF6i;C=#D(D(&('10I?A+1=�h 6o &F65D�h =U6i? _ >A=I65'C8n& ` '1,<?M6i'K&EknBC,/>@? 65'l?� >A&E?A=#>@&F6
&('�?A+1=I8l=#?A=? ?@&(,/'W,5hp?@+1=�h =U65? _ >@= ²
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qp>@&(= ` k�65'  v<b��C6iD ` ,MB1>A,<B�, ` =U8
6�?g4 , ` ? 6i0<= k�,18l=#D/,5hCB�=#>e =#B1?A&E,/' ² q�+-=7°C> ` ? ` ? 650/= ®
4�+1&�A+�& ` 8l= `  >A&E;�=U8 6 ` B1>A=e¯@65?@?A=#'l?@&(e<=�BC=#>e =#B1?A&(,<' ® =e¹1?@> 6j ? ` &EkK650/=�&E'Qh ,<>Ak�65?A&(,<'�&E'l?A,
BC,/&('.? ` 6i'C8W>A=#0<&(,/' ` ,ih3&('.?A=#>@= ` ? ® 4�+1&�@+ 8l&(>@=? ? ` ?@+1=
65?A?@=#'l?@&(,/'W,5h3B->@,U = `A` &('10K=�"],<>@? `
,5hI?@+-=W'1=e¹1? ` ? 6i0<= ² q�+1= ` =? ,/'C8 ` ? 6i0<=W,ih B�=#>e =#B1?A&E,/' ® ?A+1= 65?A?@=#'l?A&Ee/= ` ? 650/= ® 4�&(D(D
BC=s>gh ,/>@k 0/>@, _ B1&('10 ®  ,<k�B�65>@& ` ,<' ® =se<65D _ 65?A&(,<'
65'C8�>A=U6 ` ,<'1&('10
6j ?A&(e.&(?A&E= ` ;C6 ` =U8
,/'
?@+1=
8l=#?A=? ?@&(,/' 65'C8n&F8l=#'l?A&z°-#65?A&E,/'�,ih�k�= 65'1&('10ih _ D�,<;�� =? ?�0<>@, _ B ` &E'n?@+1=�&(k�6i0<= ²
¬ =�4�&ED(D�kn,18l=#Dp, _ > h 6j =�8Q=#?@=? ?@&(,<' B1>@,U = `A` 6 ` 6*?g43, ` ? 6i0<=
k�,18l=sD�,ihMBC=s>g =#B ¯

?@&(,<' ;�6 ` = 8 ,<' qp>@&(= ` k�65' ² q�+-=_°C> ` ? ` ? 650/=
,<B�=#> 6i?@= ` ,<' ?@+-=�> 6 4 &(k�650/= 816i? 6W6i'C8
B1>@,18 _  = 6ODE& ` ?I,5h�&E'l?A=#>@= ` ?�B�,<&('l? ` h >@,/k�?@+1=K&(k�6i0<= ® &('C8l&�#65?A&('10WD(& ± =#D(f DE,U#6i?@&(,<' ,ih
h 6j &t6iDlh =U6i? _ >A= `?² q�+1= ` =@ ,<'C8 ` ? 650/=�4�&(DED-=e¹C65k�&('1= ?@+-= ` =�&E'l?A=#>@= ` ?3B�,<&('l? `@® 0/>@, _ B
?@+1=sk
;C6 ` =U8O,<' 0�= ` ? 6iD(?MB1>A&E'. &(B1D(= ` 65'C8KDF6i;C=#Dp?A+1=#k 6jQ ,<> 8l&('10<D(fK?@, ± '-,54�DE= 8l0<= 6oS» _ &(>@=U8
h >@,/k ?@> 65&('1&('10�816i? 6 ² q�+-=IDF65;�=#D(DE= 8nh =U6i? _ >A= ` 65>A=Ih _ >@?A+1=#>�0<>A, _ B�=U8O;C6 ` =U8W,/'Wk�,18l=sD
± '1,54�D(=U8l0<=�,ih�4�+1=#>A=I?@+-=#f ` +1, _ DF8
,US _ >�4�&(?@+K>@= ` BC=@ ?�?@,
=U6o@+K,/?@+1=#> ²
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q�+1=WB1>A=U65?A?@=#'l?A&Ee/=nh =U65? _ >@= ` =#D(=? ?A&(,<' & ` BC=#> h ,<>Ak�=U8 &(' ?g4 , ` ?@=sB `?² $ &(> ` ? ® 6 D(& ` ? ,ih
&('.?A=#>@= ` ?�BC,/&E'l? ` & ` h , _ 'C8*h >A,<k ?A+1=�&(kK650<= _1` &('10 ` B�65?@&F6iD�°�DE?A=#>@&('10 ²
^M` 4 = B�,<&('l?@=U8
, _ ?p=U6i>@D(&(=#> ® 65?�6� ,l65> ` = ` #6iDE=�?A+1=�c h 6o &F65D/h =U6i? _ >A= ` =U6jA+
>@= ` =#k
;1D(= ` 6�8165> ± =#D(,<'10l65?A=U8
;C65>�,<' 6KD(&E0/+l?M;C6o ± 0/>@, _ 'C8 ² &:=#'X = ® ?A+1= ` =
h =U6i? _ >A= ` #65' ;�=�h , _ 'C8W;lf ` k�,l,<?A+1&('10
?@+1=
&('1B _ ?M&(k�6i0<=I65'�8K?@+1=s'�°CD(?A=#>@&('10K?@+-= &(k�6i0<= _1` &E'-0�6
kK65?e@+-=U8K;C6i'C8lBC6 `@` °CD(?A=#> ²
^ `@_ &E? 65;1D(=�°CD(?@=#>�4�&(D(Dp;C=
?A+C65?�,5hM6 ` =? ,<'C8 8l=s>@&(e<65?A&Ee/= 0�6 _1`A` &F65' ® =#D(,/'10.6i?@=U8 6i? 6i'
6 ` BC=? ?I> 6i?@&(,�,ih � �(a2� 23,54 65'�8W) &(BC,/DEDF6 ��'� �	� ² ¶ , s65D�kK6@¹1&(k�6�&('W?@+1=�>@= ` B�,<' ` =�4�&(D(D
&('C8l&�#65?A=�?@+1=IB->@= ` =#'X =
65'C8n?A+1=�DE,U#6i?@&(,<'n,5h `@_ @+ ` ?@> _  ? _ >A= ` &('�?A+1=�&(k�650/= ²

9�=�¹Q? ® ?@+1=I= 8l0<= ` 6i>@, _ 'C8K=U6o@+O&E'l?A=#>@= ` ?IB�,<&('l?M65>@=�=e¹C65k�&('1= 8 ² o�8l0<= ` 6i>@=ID(&(' ± =U8
;C6 ` =U8�,<'�?@+-=#&(>�B1>@,@¹1&(k�&(?gf ® 65'C8 ` &(kn&EDF6i>@&(?gf�&('I,<>A&E=s'.? 65?A&E,/' 6i'C8 ` ?@>A=#'10/?@+ ²p^ ` ? 65'C8-65> 8
;C, _ 'C816i>@fW65D(0/,<>@&(?A+1k � `@_ A+ 6 ` ?@+C6i?M0<&(e/=#'K&E' u36iDEDF6i> 8K65'C8Ou�>A,54�'  a8�	� 4�&(DED `@_ %  = ²
^M`A`@_ kn&E'-0�?A+C65?�?@+1=�h 6o =�& ` e<=s>@?@&�#6iD ® 4 =
D(,., ± h ,/> 65D(k�, ` ?�+1,<>A&�µs,<'l? 6iD�=U8l0/= ` 6i;C,5e/=
65'C8O;�=#D(,54 ?@+-=�h =U65? _ >@=
B�,<&('l? ² � h�?@+1=
,/>@&(=#'l? 6i?@&(,<'O& ` '1,/? ± '1,54�' ® 4 =:#65' D(,., ± h ,/>
?@+1=
=�¹Q& ` ?@=#'X =�,ih ?g4 ,K>@, _ 0<+1D(fKBC6i> 65D(D(=#D�= 8l0<= ` =#0<kn=#'l? ` 4�&(?@+ ,<B-BC, ` &(?@=�BC,/DF65>@&(?gfW,/'
;C,/?@+ ` &F8l= ` ,ih ?@+1=�&('l?@=s>@= ` ?3B�,<&('l? ² � h `@_ A+K6MB�,<&('l?�& ` h , _ 'C8 ® 43= � 650/0<=U8�&(?36 ` 6 h 6j &F6iD
h =U6i? _ >A= B�,<&('l? ² ¬ =�h _ >@?A+1=#>I8l=e°�'1=
?@+1=�=e¹1?@=#'l?�,5h3?A+1=�h =U65? _ >@=�>@=s0<&(,<'K;lfW8l> 6 4�&('10K6
;C,@¹W65>A, _ 'C8n?A+1=�?g43,
=U8Q0<= `@² $ &(0 ² � &ED(D _1` ?@> 6i?@= ` ?A+1& ` B1>@,U = `@`?²
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k�=U6i'�e/=? ?@,/>��������	� 65'C8� ,5e<6i>@&F65'. =�k�65?A>@& ¹�
������	� 4�+1&�A+*8Q=e°C'1=I?A+1=  DF6 `@` ,5h�e<6iDE&F8
�@=#f/=#;1>A,54!
�h =U65? _ >@=�e<=? ?@,<> ` &(' 6�4¯@8l&(k�=s' ` &(,<'�65D ` B�6j = ® 4�+1=#>A=� & ` ?@+-= ' _ k
;�=#>M,ih
 ,<knBC,/'1=#'l? ` 8Q=e°C'1&('10
?A+1=�h =U65? _ >@=�e<=? ?A,<>�� ²

^ h 6j &F6iD�h = 65? _ >@=�#6i'C8l&F816i?@=�� & ` 6Oe<65D(&F8Oh 6o &F65D h =U65? _ >@=�� & h�?@+1= · 6i+C65DF65'-,<;1& `
8l& ` ? 65'X =���� ��,ih�?@+-=�h =U6i? _ >A=Ie<=? ?@,<>����3& ` 4�&(?@+-&E'K65'W6<8Qk�& `@` &E,/'
?@+1>A= ` +-,<DF8��	��h >A,<k
?@+1=_ DF6 `@` kn=U65'���� ® & ² = ²
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q�+1& ` & ` >@=#B�=U65?A=U8nh ,/>365D(D�?@+1= �  DF6 `A` = ` ,5h]h 6o &F65Dlh =U65? _ >@= `@® 'C6ik�=#D(f ® =#f<=#;->@,54 ® =#f/= ®

'1, ` = ® 6i'C8�k�, _ ?@+ ² � h�?A+1=�h 6o &F65D-h =U6i? _ >A= 8l,l= ` '1,/?�;�=#D(,<'10�?@,
65'lf�,5h ?@+-= �  DF6 `@` = `?® &(?
& ` 8l& ` #6i> 8l=U8�h >@,/k ?@+1=�DE& ` ? ²

q�+1=#>A=W& ` 6 ` &(0<'1& ° #6i'l? 6/8le<65'l? 6i0<=n&E' _1` &('10 ?A+1= · 65+�65DF65'1,/;1& ` 8Q& ` ? 6i'X = ² q�+1=
· 65+�65DF65'1,/;1& ` 8Q& ` ? 6i'X =�? 6 ± = ` &('l?@,
6jQ , _ 'l?�?@+1=Ie<6i>@&F65'. =I,5h�?A+1=I&('C8l&(el&F8 _ 65D�BC6i> 65k ¯
=#?@=s> ` &('W?A+1=Ih =U65? _ >@=�e<=? ?@,<> ² � h34 = _1` =
o _  DE&F8l= 65' 8l& ` ? 6i'X = ® 65'C8K4�+-=#' ,/'1=I,ih3?@+1=
BC65> 65kn=#?@=#> ` +C6 ` 6�DF6i>@0<=�e<6i>@&F65'X = ® ?@+1=Io _  D(&t8Q=U65'W8l& ` ? 65'X =I,5hpe<65D(&F8
k�=sk
;C=#> ` h >A,<k
?@+1=: DF6 `A` k�=U6i'�4�&(D(D ;�=�Dt6i>@0/= ² � h3?@+-= · 6i+C65DF6i'1,<;1& ` 8l& ` ? 65'. = & `�_1` =U8 &(' ` ?@=U6/8 ® ?@+1& `
4�&(DED�'1,/?�;C=�?@+-=Ls6 ` =�;C=?s6 _1` =I?@+1=�=�"]=? ?�8 _ =�?@,�?@+�65?�BC6i> 65kn=#?@=s>3& ` ` #6iDE= 8W8l,54�'�;lf
&(? ` ,54�'We<65>A&F65'X = ² q�+1& ` & ` 8l= ` &E> 65;1D(=�;C=@#6 _1` =
?@+1=�=�"]=? ? ` ,5h3?A+1=I,/?@+1=#>�BC6i> 6ik�=#?A=#> `
4�&(DED ?@+1=#' '1,<?�;C= `A_ ; `@_ k�=U8 ;lf ?@+1=n,<'1=
4�&(?@+ DF6i>@0<=
e<6i>@&F65'. = ® DE= 6<8l&('10K?@, 6KDF65>@0/=
>@=U8 _  ?@&(,/'W&('�?@+-=I' _ k
;C=s>3,ih h 6iD ` =�BC, ` &(?@&(e<= `?²
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^ h ?A=#>�,<;1? 65&('1&('10
6 ` =#?�,ih�h =U65? _ >@=�BC,/&('.? ` 65'C8*?@+1= 6 `@` ,  &t6i?@=U8�h =U65? _ >@=�>@=s0<&(,<' ® ?@+1= ` =
h =U6i? _ >A=�>@=#0/&E,/' ` 65>A=�?@+1=#'�6o ?@&(e/=#D(f 0/>@, _ BC= 8 _1` &('10�, _ >�kn,18l=#D ± '1,54�D(=U8l0<= ,5h]?@+1= h 6o = ²
rl&('10<D(= h = 65? _ >@= ` 6i>@=M0/>@, _ BC= 8
&('l?@,Ie/=#>@?A&�s65D]65'C8$+1,<>A&�µs,<'l? 6iD1BC65&(> `?® BC65&(> ` 65>A=M0/>@, _ BC=U8
&('.?A,MBC6i>@?A&t6iD/h 6j = 0<>A, _ B `?® 6i'C8�BC6i>@?@&F6iD<hg6j = 0<>A, _ B ` 6i>@= 0<>@, _ B�=U8I&('l?@,:h 6j =�#6i'C8l&F816i?@= `
��°C0 ² � � ²

formed new region
formed

new region
formed

new region
formed

new region

face candidatefeature region feature pair partial face group

$ &(0 _ >A= � � ^ ?@?A=#'l?@&(e<=�h = 65? _ >@=I0/>@, _ B1&('10 B->@,U = `A`?²
$-,<> =U6jA+WD(=#e/=#D:9n,5h�0/>@, _ B1&('10 ® 6 ` =#?M,ih;�<�k�= 6 `@_ >@=#kn=#'l? ` & ` kK6<8l=�,5h�?@+-=  ,<k ¯

BC,/'1=#'l?�h =U65? _ >@= ` 6i'C8 ` ?A,<>@= 8 &('l?@,W6��<Q¯@8l&(k�=s' ` &(,<'�65Dpe<=? ?@,<> ² q�+1& ` e/=? ?A,<>�& ` ?@+1=#'
B1>@, � =? ?A=U8W&('l?@,�&(? ` �<@¯@8l&(k�=#' ` &(,<'C6iDX DF6 `A`�` BC6o = ® 4�+1&�@+K4�6 ` 8l=#?A=#>@kn&E'-=U8$h >@,/k k�=U6P¯
`@_ >A=#k�=s'.? ` ,/;1? 6i&('1=U8�h >A,<k hg6j = ` &E'
?A> 6i&E'-&E'-0 8-65? 6 ² q�+-= · 65+C6iDF65'1,/;1& ` 8Q& ` ? 6i'X ==�����
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,5h3?A+1& ` h =U65? _ >@=�e<=@ ?@,/>I& ` ?@+-=#' =se<65D _ 65?A=U8 65'C8 _-` =U8 ?A,�8l=#?A=#>@kn&('1=I&(? ` k�=sk
;C=#> ` +1&(B
&('�?A+1=� DF6 `A`?²

q�+1& ` 0/>@, _ B1&('10IB1>A,  = `@` & ` =�" =@ ?@&(e<=�&('�>A=#k�,5el&('10�h 6iD ` =�BC, ` &(?@&(e/= ` ;�=?#6 _1` =I6�DF65>@0/=
' _ k
;C=s>
,5hI0<=#,/k�=#?A>@&�K65'C8 0/> 6 fo¯ D(=#e/=#D�k�= 6 `@_ >@=#kn=#'l? ` 65>A= _1` =U8 ?@, 8Q=#?@=#>Ak�&('1=K&(? `
e<65D(&F8l&(?gf ² �g' BC6i>@?A&� _ DF65> ® ?A+1= = 8l0<=�6i'C8 ` B�65?@&F6iD�&('lh ,<>@kK65?A&E,/'�6i;C, _ ?M?A+1=
'1=#4 >@=#0/&E,/'
h ,<>Ak�=U8*?@+C6i?M& ` '1,<?�BC6i>@?M,ih3?@+-=� ,<knBC,/'1=#'l? ` &E? ` =#D h*� °C0 ² � ��B1>@,5e/= ?A,�;�= ?A+1=
k�, ` ?
=�"]=? ?@&(e/= ² q�+1=�=�" =@ ?@&(e<=s'1= `@` ,5h�?A+1& ` 0<>A, _ B-&E'-0�B1>A,  = `@` &('K'1,/? 8l=#?A=? ?A&E'-0�?A,l,�k�6i'lf
h 65D ` =�BC, ` &(?@&(e/= ` & ` 8 _ = k�65&('1D(f ?@,�?@+1=�=�¹-6ik�&('C6i?@&(,<'�,ihQ= 8l0<=36i'C8�&('l?@=#' ` &(?gfM&('lh ,/>@kK65?@&(,/'
&('�?A+1= ` = ` BC6i?@&F65D]>A=#0<&(,/' `?²
´ '1=K&(k�B�,<>@? 65'l? 6/8le<65'l? 6i0<=
,ih ?@+-& ` ;�,<?A?@,/k:¯ _ B 65B1B->@,.6oA+ & ` ?@+C6i?
?@+1, _ 0<+ ?@+1=

` BC6i?@&F65D->@=#0/&E,/' ?A,I;�=M65'C6iDEf#µ#= 8I0/=#? ` DF6i>@0<=s>365?p+1&(0<+-=#>�D(=#e<=sD `@® ?@+-=#>@=�65>@= h =#43=s>�,5h]?@+1= ` =
>@=#0/&(,<' ` ?@,KB1>A,  = `@`@² ^�` 6K>A= `@_ D(? ® ?@+1=nB1>@,U = `A` &('10 ?@&(k�=�& `�± =#B1? ` kK65D(D ?A+1>@, _ 0<+-, _ ?
?@+1=�4�+1,<D(= 6iD(0<,<>A&(?@+1k ²

$-,<>�=U6o@+ 6<8-8l&(?@&(,<'C6iD]B1&(=? =�,5h3=se.&F8l=s'X = ` , _ 0<+l?�h >A,<k ?A+1=I&(k�6i0<= ® 6i' 6<818Q&E?A&(,<'C6iD
8l&(k�=#' ` &(,<' & ` _1` =U8 &(' ?@+1=$h =U65? _ >@=Ke/=? ?@,/>Ih ,<>: DF6 `@` & ° #65?A&(,<' ² q�+1=�kn,<>@=
=se.&F8l=s'X =
43= _1` =�h >@,/k ?@+1=
&(k�6i0<= ® ?@+1=�DF65>A0<=#>�?@+-=�8l&(k�=#' ` &(,<'K,5h3?A+1=�h =U6i? _ >A= e/=? ?A,<> ² �g' ?@+1=
'1= _ > 65D1'-=#?g43,/> ± 6iB1B1>A,.6jA+ _-` =U8�;lfIr _ '10�65'C8�w ,<0/0<&(,  v76�� ® 65D(k�, ` ?]=#e/=#>@f ` &('10<D(=�B1& ¹1=#D
&(' 6Wa b@¹ aUb `A_ ;1&(k�6i0<=�& `M_1` =U8 ® D(=U6/8l&('10
?@,K6�v /�� ¯@8l&(k�=#' ` &(,<'C6iD ` BC6j = ² q�+1, _ 0<+K?@+1& `
=#'X ,18l= ` 6ODt6i>@0/=�65k�, _ 'l?�,5h &(kK650<=�=#el&F8l=#'X = ® ?@+1=� DF6 `@`�` B�6j =K,US _ B-&E= 8 ;lf e<6iDE&F8
k�=#k
;�=#> ` #6i' ;�= +-&E0/+1D(f�'1,/'X ,/'.e/=e¹ ® D(=U6<8Q&E'-0�?@,n0<>A=U65?I8l&#%  _ D(?gfK&(' ` =sDE=@ ?@&('10W?A> _ =
#65'�8l&F8165?A= `?²
¬ =M?A+1=#>A= h ,<>A=I+C6 e/=M?@,�A+1,l, ` =�k�=U6 `@_ >A=#k�=s'.? ` ;�6 ` = 8�,/'K4�+1&�@+$h =U6i? _ >A= ` 6i>@= ` &(0k¯

'1& ° #6i'.?�&('W?@+1=�&(k�6i0<= ² u�fW=�¹-6ik�&('1&('10I?A+1=�h =U65? _ >@= ` &(' 6$DF65>@0/=I' _ k
;�=#>�,5h3&(kK650<= `?®
?@+1=�k�=U6 `@_ >A=#k�=#'l? ` ?A+C65?M6i>@=�h , _ 'C8n?@,
;�= ` &(0<'1& ° #6i'l?3&('X D _ 8Q=\�
a ² ?A+1=�> 6i?@&(,I,5h h =U6i? _ >A=MD(=#'10/?@+ ` � ,<;1? 65&('1=U8 h >@,/k�= 8l0<=�D(&(' ± &E'-0 � ?@,�?@+1= ` &�µs=M,5hp?@+1=
&(kK650<= ²

v ² ?A+1=I> 65?@&(,�,5h h =U65? _ >@=�DE=s'10<?A+ ` ?@,
,/?@+1=#> h =U65? _ >@=ID(=#'-0<?@+ `?²
� ² ?A+1= 6 ` B�=? ?M> 65?A&E,�,5h�6�h =U6i? _ >A=I>@=#0/&(,<' ²
� ² ?A+1=I> 65?@&(,�,5hp&E'l?A=#>E¯ h =U6i? _ >A= 8l& ` ? 65'X = `?²
� ² ?A+1= 8l&#"]=#>@=s'X =I&('K,<>A&E=s'.? 65?A&E,/'�;�=#?g4 =#=#'Kh = 65? _ >@= `@²
c ² ?A+1=�' _ k
;C=s>�,5h�8l&(>A=? ?@&(,/'C65D]=U8Q0<=#D ` &('�6I>A=#0<&(,/' � '-,<>@kK65D(&�µ#=U8�?@,�?@+1= ` &�µs=M,5hp?@+1=
>A=#0<&(,/',� ²

6 ² ?A+1=�> 6i?@&(,I,5hp=U8l0/= ` ?@>A=#'10<?A+ ` ,5hp=U8l0/=#D ` &E'�6�>@=s0<&(,<'n?@,�=U8l0<= ` ?@>@=s'10<?A+ ` ,5h h 6j &F6iD
h =U65? _ >@= `@²

/ ² ?A+1=Ikn=U65'
0/> 6 f�D(=#e/=#D],5h36�>@=#0/&(,<'�� '1,/>@kK65D(&�µ#=U8�?@,
&('l?@=s' ` &(?gf�8Q& ` ?@>A&E; _ ?@&(,<' � ²
b ² ?A+1=Ie<6i>@&F65'X =M&('K?@+1=�0<> 6 fo¯ D(=#e/=#D 8l& ` ?A>@&(; _ ?A&E,/'K,5hj6�>@=s0<&(,<' ²

/



� � 	j" � � � ! �#!#� �p!#���
	�������� "I	. 

q�+1=�B�=#>g =sB1? _ 6iDC0/>@, _ B1&('10�h > 6ik�=#4 ,<> ± =#'�65;1D(= `�_-` ?@,�>@= � =? ?�0/>@, `@` D(fI&('X ,<>@>A=? ? 0<>A, _ B#¯
&('10 ` ,5h]h 6o =�#65'�8l&F8165?A= `?² rl?A&(DED ® 43=�+C6 e<=�?@, 8Q=U65D]4�&(?@+K6I>A=U6 ` ,<'C6i;1D(=M' _ k
;�=#>�,ih h 6iD ` =
BC, ` &(?@&(e/= h 6j = ` 4�+1&�A+�#6i'1'1,/?�;C=�=+" =? ?@&(e<=#D(f
>A=#k�,5e/=U8�;lf _-` &('10I8l=#?A=? ?@&(,/'
?@+1>A= ` +1,/DF8 `
&(' ?@+1=
B1>A=#el&(, _1`�` =? ?@&(,<' ² ¬ =
?@+ _1` B1>@,/BC, ` =�6*B1>@,/;C65;1&(D(& ` ?A&� h > 65k�=s43,/> ± ?@, 6 `@` &E0/'
65'C8nB1>A,<BC6i0.6i?@=MB->@,<;�65;1&(D(&(?@&(= ` 65k�,/'10I?A+1=�h 6j &F6iD1h = 65? _ >@= ` 65'C8 h 6j &F6iD]0<>@, _ B `�` , ?A+C65?
43=�4�&(D(D 6jA+1&(=#e/= 6�+-&E0/+  ,/'#° 8l=s'X =�> 65?A=�h ,<> ?@> _ =IB�, ` &(?A&Ee/=�h 6j = `?²

u 6 f<= ` &t6i' '1=s?g43,/> ±l`?® 4�+1&�@+ 65>A=*6iD ` , ± '1,54�' 6 ` ;C=#D(&(= h�'1=#?g4 ,<> ±l`@® 6i>@=K8l&(>@=? ?A=U8
6j fU D(&�n0<> 65B1+ `@® 4�&(?@+ '1,18l= ` >A=#B1>@= ` =#'l?@&('10 > 6i'C8l,<k e<65>@&F6i;1D(= ` 6i'C8 6i>g `
` &(0<'1& h fl&('10
 ,<'�8l&(?@&(,<'C6iD38l=#B�=#'C8Q=#'X &(= `n` B�=? & °C=U8 ;.fT ,/'C8l&(?@&(,<'�65D�B1>A,<;C6i;1&(D(&E?A&(= `?² u 6 f<= ` &F65' '1=s?E¯
43,/> ±l` 8l,�'1,<?�6 `A`@_ kn=�&('C8l=#B�=#'C8l=s'X =
65k�,/'10�h =U6i? _ >A= `?® ?@+1=#fn=#'X ,18l=�?A+1=I8l=#B�=#'C8l=#' ¯
 &(= ` 6ik�,/'10�h =U6i? _ >A= ` �g9 _1`A` =#D(Dp65'C8 9�,<>Ael&E0  v � ��� ²

^ ' =e¹C65k�B-DE=K,ih 6 ;C=#D(&(= h '-=#?g43,/> ± & `n` +1,54�' &('2°�0 ² � �g67� ² q�+1=W'1,18l= ` 4�&E?A+
65>A>@,54 ` B�,<&('l?@&('10
6 4�6 f�h >@,/k ?A+1=#k 65>@=�?@+1=IB�65>@=s'.? ` ,ihj?A+1, ` =I4�+1&�A+K?@+1= 6i>@>A,54 ` 65>@=
BC,/&('.?A&('10�?A, ² q�+1& ` =s'X ,18l= ` ?A+1=�8l=#B�=#'C8Q=#'X f ;C=s?g43=#=s' ?@+1=�'1,18l= `@² o�6o@+ '1,18l=:#65'
? 6 ± =
=#&(?@+-=#>I,5hMvKe<6iD _ = `?® qp> _ =
,<> $�65D ` = ® 65'�8W+C6 ` 6� ,<'�8l&(?@&(,<'C6iD�B1>A,<;C6i;1&(DE&(?gfK? 6i;1D(=
� )�wpq*��6 `A` ,U &F65?A=U8n4�&E?A+K&E?���°�0 ² � � ;,� � ²
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$ &(0 _ >A=	�"� � 67� ^ ;�=#D(&(= h�'1=#?g4 ,<> ± ² � ;,��) ,<'�8l&(?@&(,<'C6iDCB->@,<;�65;1&(D(&(?gf
? 65;-DE= � )�wpq*� ²
q�+1=�=#'l?@>@&(= ` &('n?@+1=�)�wpq78l= `  >@&(;�=I?@+-=L ,<'C8l&(?A&E,/'C65D-B1>@,/;C65;1&(D(&(?gf ,ih =U6jA+Ke<65D _ =�,ih

?@+1=�e<6i>@&F65;1D(= ® 0<&(e/=#'�=U6oA+�B�, `A` &(;1D(=� ,<k
;1&('C6i?@&(,<'�,5hp?@+1=�e<65D _ = ` ,ih ?@+1=�BC6i>@=#'l?�'1,18l= `@²
q�+1= ` = ` =#?�,5h�=#'l?@>A&E= ` s65'W;�= = ` ?@&(kK65?@= 8�8Q&E>A=? ?ADEfK;lf _-` &('10�?A+1= ` ? 65?A& ` ?@&� ` ,ihj?A+1= ` =#?
,5h3=�¹-6ik�B1D(= ` �g9 _1`A` =#D(D �+�-�	��
��  v/v���� ² q�+1=: > _  &F65Dpe<65D _ =�&('W?@+-= ;�=#D(&(= h3'1=#?g4 ,<> ± & ` ?@+1=
B1>@&(,/>�B->@,<;�65;1&(D(&(?gf ,ihC?@+-=�>@,l,<?p'1,18l=�� ?A+1=��gh 6o =0
�'1,18l=�&('I?@+1& ` #6 ` = � ® 65'C8�?@+1& ` & ` ,ih ?@=#'
+C65> 8K?@,
= ` ?@&(kK65?@= ² ) =s>@? 6i&('1D(f ® ?A+1= A+1,<&� =�,5h365'W65B-B1>@,/B1>@&F65?A=IB1>A&E,/>M8l=#B�=#'C8 ` ,<'K?@+1=
 ,<knB1D(=#?@= ` BC6j =�,5h�+lflB�,<?@+-= ` & `?² ¬ =MkK6 f 6 `@`@_ k�= 6i' _ '1& h ,<>Ak B1>A&E,/> h ,<> , _ >�#6 ` = ²

�g'�, _ >�B1>A=#el&E, _1` 65B-B1>@,l6jA+1= ` �  ��� � ®  ��� �	� ® 4 = _-` =U8W6�;�=#D(&E= h�'1=#?g4 ,<> ±  ,/k�B1>A& ` &('10
,5h � A+1&(DF8�'-,Q8Q= `?® ,<'-=�h ,<>�= 6jA+W,5h�?A+1= � B�65>@?A&F65D�h 6o =I0<>A, _ B ` ��°�0 ² � � 6�� � ² q�+1& ` 4 6 `
` +1,54�'n?@,�;C=�+1&(0/+1D(fI=�"]=? ?@&(e/=Mh ,<> h >@,/'.?A,k¯gBC65> 65D(D(=#D1el&(=#4 ,ih]h 6j = ` ;C=?s6 _1` = 6iD(D � w $ 0 `#65' ;C=K8l=#?A=? ?@= 8 &(' ?@+1& ` el&(=#4 ® 0<&(el&('10W6KDF65>A0<=�65kn, _ 'l?�,5hM=#el&F8l=#'X =�h ,<>I?A> _ =$h 6j =
#65'�8l&F8165?A= `?² &�,54 =#e<=#> ® h ,<> B1>@,�°CD(=Mel&(=#4 `?® ?A+1=MB1>A,<;C6i;1&(D(&E?gf�,5h ?A+1=�hg6j =�>@=#kK65&('1=U8�D(,54
;C=@#6 _1` = ,/'1D(f
,<'1=Iw $<0 #65'K;�=Mh , _ 'C8n&('�?A+1=I&(k�6i0<= ²

qp,M,5e/=#>g ,/k�=�?A+1& `?® 4 = B1>@,/BC, ` =M6�'1=#4 ;C=#D(&(= h]'1=#?g4 ,<> ±I` ?A> _  ? _ >@= ®1_1` &E'-0M?@+-= h 6j &F6iD
h =U6i? _ >A= ` 6 ` A+1&(DF8W'1,18l= ` &(' ` ?A=U6<8 ,ih ?A+1=�w $ 0 ` ��°C0 ² c7� ² q�+1=
;�=#D(&(= h '-=#?g43,/> ± '1,54

b



+C6 ` c�A+1&(DF8K'1,18l= ` &(' ` ?@=U6/8W,ih � ² wp>@,�°CD(= el&(=#4 ,5h�h 6o = ` 4�&(D(D ?A+ _1` +C6 e/= � B1&(=? = ` ,ih
=#el&F8l=#'X = �Fh 6o &F65D-h =U65? _ >@= ` ��, _ ? ,5hjc ® &(' ` ?@=U6/8n,5h a �Fhg6j =�0<>@, _ B,� , _ ?3,ih � B1>@=se.&(, _1` D(f ²
q�+1& ` D(=U6<8 ` ?A,�6I;�=#?A?@=#>�#6iBC65;1&(D(&(?gf ,ih38l=#?@=@ ?@&('10nB1>@,�°CD(= el&(=#4 ` ,ih h 6o = `?²

Face

Leftbrow Rightbrow Lefteye Righteye Nose Mouth

$ &(0 _ >@=Ic"� q�+1=I;�=#D(&(= h�'-=#?g43,/> ±K_1` =U8n&E'K, _ >M65B1B->@,.6oA+ ²
rl,�+1,54 8l,M4 = _ B]816i?@=�65'C8�&(knB1>@,5e/=�?A+1= B1>@,/;C65;1&(D(&(?@&(= ` ,ihC?@+1= ` =�A+1&(DF8�'1,18l= `p_1` &E'-0

k�,18l=#D ± '1,54�D(=U8l0/= � ^M` k�=#'l?A&E,/'1=U8K= 65>@D(&(=#> ® ,<'1= ` , _ >g =
,5h�=#el&t8Q=#'X =
?A+C65?�& ` ,ih ?@=#'
,5e<=#>AD(,., ± =U8O& ` ?@+1=�B1>@= ` =#'X =�,ih 6n'1=#&(0<+l;�, _ >A&('10
h = 65? _ >@= � = ² 0 ² B1>A= ` =s'X =K,5h 6i'1,<?A+1=#>
=#f<=�'1=�¹Q? ?@,
65'
=sf<=�#65'�8l&F8165?A= � ² qp,I+C6i>@'1= `@` ?@+-& ` =e¹1?@> 6�B-&E=@ =M,ih =#el&t8Q=#'X = ® 43=�; _ &(DF8
6 ` =? ,<'�8W;�=#D(&(= h3'1=#?g4 ,<> ± ��°C0 ² 6 �g67� �:?@,n>@=#&('lh ,/>g =�?@+-=I;C=sDE&(= h ,5h3=U6oA+Kh =U6i? _ >A= ;C6 ` =U8
,<'K?@+-=IB1>@= ` =#'X = ,ih�'1=#&(0/+.;�, _ >@&('10�h =U65? _ >@= `?²

TopPFG BottomPFG LeftPFG RightPFG

Hpair1 Hpair2 Vpair1 Vpair2 Vpair3
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$ &(0 _ >A= 6�� � 6���9�=#&('lh ,/>g =sk�=#'l? ;C=#D(&(= h�'1=#?g4 ,<> ±-² � ;,� ³ &E>A? _ 6iD]'1,18l= `@²
¬ +1=s'�=se.&F8l=s'X =�h ,<>M6 h 6j &F6iD�h =U65? _ >@=�;C=? ,<k�= ` 6 e<65&(DF65;-DE= ® 6�el&(>@? _ 65D '1,18l=I& `  >A=e¯

65?A=U8 � ?@+-=-�@=se.&F8l=s'X =0

'1,18l= �36i'C8
&(' ` ? 65'l?A&t6i?@=U8 ® 65D(D(,54�&E'-0M?@+-= =se.&F8l=s'X = ®l` BC=? &z°�=U8K&('
?@+1= h ,<>Ak ,ih 6�B->@,<;�65;1&(D(&(?gf ® ?@,
B1>A,<BC6i0.6i?@=�?@+1>A, _ 0/+W?@+-=I=#'l?@&(>@=�'1=#?g4 ,<> ± 6i'C8 _ B 8-65?@=
65D(D�?A+1=�,/?@+1=#>�'1,18l= ` ��°�0 ² 6 � ; � � ² q�+-=�>@= `@_ D(?@&('10O=�" =@ ?
& ` 6KDF65>A0<=
&('X >A=U6 ` =�&(' ?@+1=
B1>@,/;C65;-&ED(&(?@&(= ` ,5h�?A+1=�h =U65? _ >@=_#65'C8Q&t8-65?@= ` 4�+1&�@+W6i>@=�?@> _ =�h 6o &F65D-h =U65? _ >@= `?²
¬ = _1` = 6 B1>A,<BC6i0.6i?@&(,<'76iD(0<,<>A&(?@+1k h ,<> ` &('10/DEfA ,/'1'1=? ?@=U8 '1=#?g4 ,<> ±l` 0<&(e/=#'7;lf

w =U65>AD  aUb�� 4�+1&�@+ 8Q,.= ` '1,<?�kK6 ± =
65'lf _ 'lh , _ 'C8l=U8 6 `A`@_ knB1?@&(,<' ,5h�?@+-=� ,<'C8Q&E?A&(,<'C6iD
&('C8l=#B�=#'C8l=s'X =�,5h�?A+1= ` f ` ?A=#k ² �g'Kw =U65>AD � ` 65D(0<,/>@&(?@+-k ® =U6oA+�'-,Q8Q= 4�+-=#'K&E' ` ? 6i'l?@&F65?A=U8
4�&(?@+76 B1&(=? =W,5hI=#el&F8l=#'X = 4�&(D(D�k�,18l& h f &(? ` B�65>@=s'.?n,<>�A+1&(DF8 '1,18l= ` ;lf ` =s'C8l&('10 �
,<>�� k�= `A` 650/= ` ?A,W?@+1=sk ² �g' 6<818l&(?A&E,/' ® =U6oA+ '1,18l=n+C6 ` 6 � 65'�8 6�� e<65D _ =
4�+1&�A+
65>A=Wk�,18l& °C=U8 ;lf ?@+-= ` = � 6i'C8�� k�= `A` 6i0<= `@² q�+1=WkK65&(' 8l&#"]=#>@=#'. = ;C=s?g43=#=s' ?@+1& `
B1>@,/BC650l65?A&E,/' 65D(0<,/>@&(?@+-k 65'�8 ?@+1=n,<'1=$h ,<>I?A>@=#= ` � _-` =U8 &E' , _ >�B1>@=#el&(, _-` 4 ,<> ± ��7� � ®

a �



��'� �	� & ` ?A+C65?p'1,18l= ` &('
6 ` &('10<D(f� ,<'-'1=? ?A=U8�'1=#?g4 ,<> ± #6i' +�6 e<=�kn,<>@= ?@+C6i' ,/'1=3B�65>@=s'.? ²´�_ >M;�=#D(&(= h�'1=#?g4 ,<> ±n` ?A> _  ? _ >@=�&(':°C0 ² 6 �g67�� D(=U65>ADEfn>@=?» _ &(>A= ` ?A+1& `?²
r _ B-BC, ` =
6�'1,18l= u +C6 ` ?g4 ,
BC65>A=#'l? `�^ 6i'C8Wm ® 6i'C8W6 ` =#?�,5h�A+1&(DF8�'-,Q8Q= `�� ��� �

4�+1=#>A=�=U6o@+VA+1&(DF8K'1,18l=�) & ` 6nk�=#k
;�=#>�,5h�?@+-= ` =#? � ��� � ®����	� ��� � ²$^ D ` , ® D(=#?Iu
+C6 e<=�9�B�, `A` &(;1D(=�e<65D _ = `�
 � ® � * a ®X²�²�® 9 ² q�+1= _ B 8-65?@= 8�B1>@,/;C65;1&(D(&(?gf����� 
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BC,/&('.? ` ?A, ` =U65>eA+ h ,<>�h 6j &F6iD�h = 65? _ >@= `@² ¬ =
?A+1=#' BC=s>gh ,/>@k�=U8Q0<=W8l=#?A=? ?@&(,/' _-` &('10 6
)�65'1'lf =U8l0/=�°�'C8l=#>�4�&(?@+ +lf ` ?@=s>@= ` & ` ?@+1>A= ` +-,<DF8 ` =#? ?A,�µs=#>@, ² q�+1& ` 4�&ED(D�, _ ?@B _ ? 6iD(D
=U8l0/=#D ` 65'�8�4�&(D(D�=#' `@_ >@=IkK6@¹1&(k _ k >@,/; _1` ?A'1= `A` 6i0.6i&E' ` ? &ED(D _ kn&E'�65?@& ,<'�e<65>A&t6i?@&(,<' `?²

^ D(,U#6iD 4�&('C8Q,54 65>@, _ 'C8 ?@+1= &('l?@=#>A= ` ?WB�,<&('l?�& ` ?@+-=#' ` =U65>eA+1=U8 h ,/>�= 8l0<=#D ` &('
?@+1=O=e¹1BC=? ?@=U8 ,<>A&E=s'.? 65?A&E,/' 6i'C8 B�,<DF65>A&(?gf ² q�+-= ` &�µ#=W,5h�?@+1= ` =U65>e@+ 4�&E'�8l,54 & ` ?@+1=
` 6ik�= 6 ` ?A+1= ` &�µ#=�,5h�?A+1=50�6 _1`A` &F65'K8l=#>@&(e<6i?@&(e<=¨°CD(?@=#> _1` = 8�&('n?@+1=�B1>@=U6i?@?A=#'l?@&(e<= ` ? 650/= ²
q�+1= ` = =U8l0<=sD ` 65>A= ?A+1=#' DE&(' ± =U8 ?@, h ,<>Ak A+C6i&E' `?² ¬ = _-` = 6 ;�, _ 'C8-65>@f h ,/D(DE,54�&('10
65D(0<,/>@&(?@+-k 0<&(e<=#'
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w $ 0 65'�8I6�D(= h ?pw $ 0 65>@=
h , _ 'C8 ® 43=_ ,<k
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´�_ >I65D(0<,/>@&(?@+1k & ` &(k�B-DE=sk�=#'l?@= 8
,<' 6�r1d�9MrlBC6i>g#v � 4 ,<> ±.` ? 6i?@&(,<' ² q�+1=I&(kK650<= ` 65>@=
? 6 ± =#' h >A,<k `@_ ;�� =? ? `n` &(?@?A&('10 &(' h >@,/'.?�,5h 6O4 ,<> ±l` ? 65?A&(,<' kn, _ 'l?A=U8 4�&(?@+ 6 w _ D('1& ¹
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¬ =�+C6 e<=�B1>A,<B�, ` = 8 6�h = 65? _ >@=e¯g;C6 ` =U8nh 6o = 8l=s?@=? ?A&(,<'Kh > 65kn=#43,/> ± 4�+1&�A+K=e¹1?@> 6j ? ` &('#¯
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