
Trinity University
Digital Commons @ Trinity

Mathematics Faculty Research Mathematics Department

7-17-2003

Haplotyping and Minimum Diversity Graphs
C Davis

Allen G. Holder
Trinity University, aholder@trinity.edu

Follow this and additional works at: https://digitalcommons.trinity.edu/math_faculty
Part of the Mathematics Commons

This Post-Print is brought to you for free and open access by the Mathematics Department at Digital Commons @ Trinity. It has been accepted for
inclusion in Mathematics Faculty Research by an authorized administrator of Digital Commons @ Trinity. For more information, please contact
jcostanz@trinity.edu.

Repository Citation
Davis, C and Holder, Allen G., "Haplotyping and Minimum Diversity Graphs" (2003). Mathematics Faculty Research. 48.
https://digitalcommons.trinity.edu/math_faculty/48

https://digitalcommons.trinity.edu/?utm_source=digitalcommons.trinity.edu%2Fmath_faculty%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.trinity.edu/math_faculty?utm_source=digitalcommons.trinity.edu%2Fmath_faculty%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.trinity.edu/math?utm_source=digitalcommons.trinity.edu%2Fmath_faculty%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.trinity.edu/math_faculty?utm_source=digitalcommons.trinity.edu%2Fmath_faculty%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/174?utm_source=digitalcommons.trinity.edu%2Fmath_faculty%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.trinity.edu/math_faculty/48?utm_source=digitalcommons.trinity.edu%2Fmath_faculty%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:jcostanz@trinity.edu


����������	�
������������������������� ������! #"$�	�
�%& '�(��)�"

*�+-,/.103254768.:9';=<>+-?�@BAC;'DFE7G
H:I A5JLKNM3O-P:Q:QBR

SUTBVXWXY�Z1[\W
]!^`_FacbedCfg_ihkjFlmhknodqpFrs_FtqbvuXr�nwn�b`xytqr�uXb\jFnzdwtq{iu�dqhkjilmdqpFr|l\r�jir�dqhku}hkjFx~betq�o^edqhkb\j��gb\ji^edqr��>�vf�^m_Ftqhkbet

l`rXjir�t�^edqhkb\j>dqb�x~b`tq��^�u�{FtwtqrXjvdU_�b\_F{iac^edqhkb\j���]�^`_Fakb`dCfg_FhcjFlmhknohc��_�betwd�^`jvdo��rXu�^e{inwr}h�d8^`akakb��-nU{in�dqb
nzdq{i�gf�pib���dwt�^eh�dqn�^etqrU_1^enwnwr��mx�tqb`��b`jirUl\rXjFr�t�^edqhkb\j�dqb}^`jFb`dqpFr�t����-pihku�p�hkjmdq{Ftqj�^eakacb��-n�{Fn(dqb|�ij1�
l`rXjir�dqhcu��o^etq�7r�tqn�dqp1^edy�FrXnwu�tqhk��r�^UuX{Ftwtqr�j�d�_�b\_i{Fac^edqhkb\j�� n�nw{FnwuXrX_Fdqhk�Fhcakh�dCfsdqb��Fhknwr�^enwrXnX�U�!{Ft�l\b7^ea3hkn�dqb
nzdq{i�gf�dqpFr!{Fj1�Fr�tqakfghkjil�l`t�^e_ipodqpirXbetwfo_Ftqb`�iakrX�|�g^`ji�o��r�nzdq{1��f�dqpir��ihk_1^�twdqhkdqr�l`t�^e_ipinX�Fu�^eacakr��8�Fhk�7r�tqnwh�d5f
let�^`_FpinX��dqp1^�d8�FrXnwu�tqhk��rspi^`_iakbedCfg_ihkjilg�¡ 5j>_i^etwdqhkuX{iac^�t��¢��r}hcj��7r�nzdqhcl\^edqr|dqpFrs_Ftqb\�FakrX�£b`xy�ij1�FhkjFl�dqpir
��hkjFhc�({i�Lj�{F����r�t-bex3pi^`_FacbedCfg_�rXn-dqp1^�d!u�^ej|tqrXuXb`jinzdwtq{iu�dy^�_�b\_F{iac^edqhkb`j��Nu�^eacakr��|dqpFr(¤�{Ftqr�¤#^�tqnwhc��b`jvf
_gtqb\�Facr��|��¥'pir¢l`t�^e_ipodqpirXbetwf�tqrX_Ftqr�nwrXjvd�^edqhkb\jU_Ftqb���hc�FrXn'nwhkl`jih��1u�^ejvd�hkjinwhkl\pvd�h�x�dqpir!j�{F����r�t$b`x:�o^edqrXn3hkn
tqr�nzdwtqhcu�dqr����

¦8§g¨�©�ª Ye«BV\¬ ]!^`_iakbedCfg_ihkjilg�F¤#^etqnwhk��b\jvfv�F�hk�7r�tqnwh�dCf�®�t�^`_Fp��i¯�b`jil\r�nzd!¤#^�dqpinX�1�!_Fdqhk��hk°�^edqhkb`j
±-² jFhc�\r�tqnwh�dCfUb`x ² d�^`p��F!rX_1^�twdq��rXjvd�b`x3³|^�dqpirX�o^�dqhcu�nX��´g^`a�d�¯:^`�\r�µ�hkd5fv� ² ¥!�² ´F¶��g·¢rXnwr�^�tqu�p|u�b\j1�g{iu�dqrX��^ed�¥�tqhkjFhkd5f ² jihk�7r�tqnwhkd5fv�¸ ¥�tqhkjih�dCf ² jihk�7r�tqnwh�dCf�³|^�dqpirX�o^�dqhcu�nX��´g^`js¶¢j�dqb`jihkbF�F¥'¹�� ² ´F¶��



� �������	��
�����������

� hkdqp(dqpir�nw{iu�uXrXnwnwrXn$b`xNdqpir�p�{F�o^`j�l\rXjFb\��r�_Ftqb��zr�u�d���{iji�Fr�tqnzd�^ej1�FhkjFl�pib�� dqpir�l\r�jir�dqhku-uXb\��_�b`nwh�dqhcb`j�b`x
^�_�b\_F{iac^edqhkb`j8hkn�x�b`tq��r���x�tqb`� ^�_gtqhkb`t�l`rXjir�t�^�dqhkb\j�hkn'��r�uXb\��hkjil�hkjiu�tqrX^`nwhkjil`akfUhk��_�b`twd�^ejvd��# Cji�FrXr��N�vdqpir
nwrX^etqu�pox�b`t-l`rXjir�dqhku¢�o^etq�7r�tqn3dqp1^�d'hkj1�ghku�^edqr!^`johkj1�Fhk��hc�F{i^`a � n'nw{inwuXr�_Fdqhk�ihkakh�dCf�dqb��Fhknwr�^enwrXn-^`ji��dqpFr!�grXnwhkl\j
bex-_1^�dqhcr�j�d�� nw_�rXu�hk�iuo�gtq{Fl\n��FrX_�r�j1��b`j�dqpiro^e�ihkakh�dCf�dqb|tqrXuXb\jFnzdwtq{iu�d�l`rXjir�dqhkuohkjFx�b`tq�o^edqhkb`j/�Fb`j1^edqrX���vf
_gtqhkb`tyl`rXjir�t�^�dqhkb\jinX��¥'pihkn�tqrXuXb`jinzdwtq{iu�dqhcb`j�hknyu�^eacakr���p1^e_iakb`d5fF_FhkjilF�:^`ji�}dqpFr�_gtqb\�iakrX� hcn�dqbUnzd�^etwdy�-h�dqp
l`rXjibedCfg_ihkuohkjFx�b`tq�o^edqhkb`jmx�tqb\��^suX{Ftwtqr�j�d�_�b`_i{iac^�dqhcb`j ^`j1���ij1�m^|u�b\akakrXu�dqhkb\j b`x¢p1^e_iakb`d5fg_�rXn�� l`rXjir�dqhcu
�gb\ji^edqhkb\jFn-x tqb\�LdqpFry_FtqrX��hkb\{Fn�l\rXjFr�t�^edqhkb\j���dqpi^ed-r��g_Fa ^ehkj�dqpir�u�{FtwtqrXjvd-_�b\_F{iac^edqhkb`j��
®!r�jirXn-^�tqryachkjFr�^et¢nwr��v{ir�jiuXrXn�bex��Fr�b���f�tqhk��b\j�{iu�acr�hcu�^`uXhc� � "!!¶"�$dqpi^ed-uXb��gr!dqpir!l\rXjFb`dCfg_�r�bex#rX�7r�twf

akhk��hkjil|betql7^`jFhknw�|�8 5j/�Fhk_Facb`hc��b`tql\^`jihknw��nX�#nw{Fu�p�^`n�p�{i�o^`jFnX�:l`rXjir�n(^�tqro_1^`h�tqr���dqbs�FrXnwu�tqhc��r�_FpvfFnwhku�^ea
dwt�^eh�dqnX�y¥'pir(�ihkj1^�twf}^`ak_Fp1^`��r�d$#&%('*),+�hkn!{Fnwr��|dqb��grXnwu�tqhk��r�l\rXjFrXnX��^`j1�snwb8^�l\rXjFr�hkny^�nwr��v{irXjFuXr�achk�7r
%-).%-).)$%���¥'pir�_�b\nwh�dqhkb\jFn�^�tqr�nwhkjil\akroj�{iuXakrXbedqhc�Fr�_�b\a�fg��b`tq_Fpihknw��n/� ´0!�¤�n1���#^`ji��x~bet�dqpihkn�r��F^`��_iakr
dqpFr��itqnzd�´2!�¤�hkn�^`j%��#dqpironwrXuXb`j1�/hkn�^3)��$^`ji�mnwb�b`j��� 5x�dqpFhkn(l`rXjirUhkn�_1^eh�tqr����-h�dqp4%-%�%-).)$)o�
dqpFr!tqrXnw{FakdqhkjFl�_ipvfgnwhcuX^`a�dwt�^eh�d!hkn5%-63%-).)(6��F�-pir�tqr�^ej7% hkj1�ghcuX^edqrXn¢dqp1^ed¢��bedqp}´2!!¤$n¢^etqr�^ej7%��i^8)
hk��_FachkrXn�dqpi^ed���b`dqp}´0!�¤�n�^�tqr�^8)���^ej1�|^ej96 ��r�^`jFn�dqp1^ed�b\jFr(´2!�¤ hkn!^ej7% ^`ji�8dqpirybedqpir�t�hkn!^8)��
¶¢j8hkji�Fhk��h �g{1^ea � n¢l\rXjFb`d5fF_�r!hcn¢^�nwr:��{FrXjiu�ryb`x#_i^`h�tqr���l`rXjirXnX�
¤�pvfgnwhcuX^`a#dwt�^`h�dqny^�tqr�x~betq��r����vf|dqpFr(_i^etqrXjvdqnX���Fb`j1^�dqr���l`rXjir�nX�:^ej1��^8pi^`_iakbedCfg_�r(hkn�dqpFr�nwr��v{ir�jiuXr

bexyl\r�jirXnU�Fb`j1^�dqr��>�vf�^�nwhkjil\akr}_1^�tqrXjvd���nwrXr7;Bhkl\{gtqr=<\�¡®!rXjibedCfg_ihkjFlm^�_�b`_i{iac^�dqhcb`j hknodqpFr|_Ftqbvu�rXnwn
bex�u�b\akakrXu�dqhkjil�l\rXjFr�nwr��v{FrXjiuXr�n8x�tqb`� hkj1�ghk�ghc�g{1^`akn|hkj dqpir�_�b\_F{iac^edqhkb`j�� ´�bF�¢�-pirXj ^/_�b\_i{Fac^edqhkb\j�hkn
l`rXjibedCfg_�r��N��^�nwr��v{ir�jiuXr�b`x�_i^`h�tqr��|l`rXjirXn�r��g_FtqrXnwnwrX�|be�\r�t�dqpFr�^`ak_ipi^`��r�d>#&%('*)8'�6�+�hkn�uXb`akacr�u�dqr��sx�tqb\�
rX^`u�pshcji�Fhk��hc�F{1^ea �- 5d�hcn�hk��_�b`twd�^`jvd-dqbojibedqr�dqpi^ed¢�'r(�Fb@?:ª W b`�Fd�^`hkj|dqpFr�pi^`_FacbedCfg_�rXn��Fb`j1^edqrX�|��f8dqpir
_i^etqrXjvdqnBA>h � r`�c�v��r!�gbyjibed'��jib�� dqpir-l\rXjFr�dqhku!�gb\ji^edqhkb\jFn��o^\�gr-��f�dqpir-_i^etqrXjvdqn3dqpi^ed$x~betq� dqpFr¢_FpvfFnwhku�^ea
dwt�^eh�dqnX�'¥'pFryp1^`_Fakb`dCfg_FhcjFl�_Ftqb`�iakrX� hkn-dqb�uXb\jFnzdwtq{iu�d�^�nwr�d¢bex�p1^`_Fakb`dCfg_�rXn�dqpi^ed¢u�^`j���ry_1^`h�tqr��Udqb�x~b`tq�
dqpFr�l\r�jib`d5fg_�rXn�b`x#dqpFr�nq^`��_FacrX�8_�b\_F{iac^edqhkb`j���µ�ac^etq��C D�E��Ftqnzd-hcjvdwtqb��g{iuXr��odqpiry_gtqb\�iakrX�L^`j1�8nw{il\l`rXnzdqr��
dqpFr(x�b\akakb��-hkjFlsp1^`_Fakb`dCfg_FhcjFlUdqr�u�pFjihF�v{ir\����jib��-j�^`n�µ�ac^etq��� n�·�{Facr`��´�rXakrXu�d�^Ul\rXjFb`dCfg_�r�^`j1�}uXb`jinzdwtq{iu�d
d5�'b/pi^`_iakbedCfg_�rXn�dqp1^�d8x�b`tq�£dqpir}l\r�jib`d5fg_�r\� ·¢rX_�r�^�dqr��Fa�f�nwrXakrXu�d|b`jir}b`xydqpFrstqrX�o^`hkjihkjFlml\rXjFb`d5fF_�r�n
^ej1� uXb\jFnzdwtq{iu�dUjir�� pi^`_FacbedCfg_�rXnob\jFa�f�h�xydqpFr|l\rXjFb`d5fF_�rsuX^`jijFb`dU��r|x~betq��r����vf _1^eh�tqhcjFl/_FtqrX��hkb\{Fnwa�f
u�b\jinzdwtq{Fu�dqr��Up1^`_Fakb`dCfg_�rXnX�
´�hkjiuXr�µ�ac^etq��� n�betqhkl\hkj1^ea���b`tq����nwrX�7r�t�^ea#tqrXnwr�^etqu�pir�tqnyp1^��7r�nw{il\l`rXnzdqr���b`dqpir�t�dqrXu�pijihF�v{ir�n�^`ji�s�\^�tqh ^��

dqhkb`jinyb\j�dqpir(_Ftqb\�FakrX�GC Hg�JIg�LKi�NM��JOF��<:PF��<Q<7��<�H��R<:Ig��<:KF�R<�Dg��<�SF��<�M&E ��¥'pir�_Ftqb\�FakrX� �'ro^`�i��tqrXnwnyhkn
uX^`akakr��|dqpir(¤${gtqr�¤#^�tqnwhc��b`jvfs_Ftqb`�iakrX�|�1�-pFhcu�p}��r�^`jFn¢��r�^�tqr�nwr�^�tqu�pFhkjilox~b`t!dqpir�nw�o^`akakrXnzdyj�{i�(��r�t¢b`x
pi^`_FacbedCfg_�rXn!dqpi^ed�u�^ej���r�_i^`h�tqr��}dqb8x~betq� b\{gt�uXb\akakrXu�dqhkb\j/bex�l\r�jib`d5fg_�rXnX��¥'pFhcn(!!¤�� ]�^�t���_gtqb\�Facr�� hkn
nw{Fl\l`rXnzdqr���hkj3C S&EN^`ji��hcn$�itqnzd�hcj��7r�nzdqhcl\^edqr���hkj3C TUE��vf�®!{inz�1r�a �N�� Cj�dqpFhcn3ac^`nzd���b`tq���F®!{inz�irXac��hkj�dwtqb��g{iuXr�n
^ej/hkj�dqr�l\r�t�_Ftqb\let�^`����hkjil8x~b`tq�({iac^edqhkb`j�^ej1�/�grXnwu�tqhk��rXn(dqr�u�pFjihF�v{irXn�dqb|tqr��F{FuXr�dqpiro_Ftqb`�iakrX��nwbsdqp1^ed
�Fhkb\akb\l`hcuX^`aka�f/tqrXakrX�\^ejvd(_gtqb\�Facr���n(u�^ej/��ronwb\ak�7r��N���!{Ft�hkjvdqr�tqrXnzd(hcn��FhWVNr�tqrXjvd�hkjmdqp1^�d���r8rX�F_Fakb`tqr�dqpir
let�^`_Fpin!dqpi^edyr��g_Fa ^ehkj}dqpFr�¤�{Ftqr�¤#^etqnwhk��b\jvf}_Ftqb`�iakrX�|�y 5j�´grXu�dqhkb`j�H��'r�hkjvdwtqb��F{FuXr(dqpFr(u�b\jiu�rX_Fdybex�^
Y&Z\[U]X^X_*Z\`ba�cU^edXfhg ^`j1�(rXnzd�^`�Fachknwp�nwrX�\r�t�^`aFb`x�h�dqn$_gtqb\_�r�twdqhkrXnX�� 5jo´gr�u�dqhkb\j8I!��r¢nzdq{i�gf�dqpir-¤�{Ftqr¢¤#^�tqnwhc��b`jvf
_gtqb\�Facr�� �-h�dqp/^8tqrXnzdwtqhku�dqr����o^edqhkjil8nzdwtq{iu�dq{gtqr\�U¥'pir���b`nzd�hc��_�betwd�^`jvdytqrXnw{Fakd�bex'dqpihkn�nwrXu�dqhkb\j�nwpib��-n
dqpi^ed-^�tqrXnzdwtqhku�dqr��ox~b`tq� bex:dqpFry¤${gtqry¤#^etqnwhk��b`j�fo_gtqb\�Facr��Lu�^`j8��r!nwb`ac�\r��8�vfU�Fr�uXb\��_�b`nwhcjFl(dqpFr!l`t�^e_ip
hkjvdqb�u�fFu�acr�n�^ej1��akb`jil\r�nzd�_i^edqpFnX�

i jk�8��l,�������nm opl8q����krts(q��=u:��q

¯�r�d7v ��r�dqpFr}nwr�dsb`x�l`rXjibedCfg_�rXn|uXb`akacr�u�dqr�� x�tqb\� ^/_�b\_i{Fac^edqhkb\j ^`ji�xw ��r�^�nwr�d|b`x(p1^e_iakb`d5fg_�rXnX�
¥'pgtqb\{Fl\pib`{Fd3dqpihkn�_i^`_�r�t�yUhkn�^yp1^e_iakb`d5fg_�r!^ej1�,z�hkn�^�l`rXjibedCfg_�r\�7�-pFr�tqr"y|{ }�hkn�´0!�¤�~Bb`jop1^`_Fakb`dCfg_�r-y {
^ej1�@zU{}�hkn�´2!!¤�~�b\j�l\rXjFb`dCfg_�r�z { � jibedqr!dqp1^�d¢hkxBb\jia�fUb\jFryp1^e_iakb`d5fF_�r!b`t-l\r�jib`d5fg_�ryhcn-uXb`jinwhc�Fr�tqr����gdqpir
nw{F_�r�tqnwu�tqhk_Fd	�8hkn��FhknztqrXl\^et��FrX�����"��r�^`nwnw{F��r�dqpi^ed!r�^`u�p�pi^`_FacbedCfg_�r(^`j1�sl`rXjibedCfg_�r�pi^`n"��´0!�¤�nX�(;ibet
_i^etqrXjvd-pi^`_iakbedCfg_�rXn�yJ��^`ji��y��y^ej1�8b&VNnw_Ftqhkjil�l\rXjFb`dCfg_�r"z����'rypi^��7r!dqpir�x~b\akakb��-hkjilU^ed¢r�^eu�p}´0!�¤	�
� z }�� ¶ h�x5��^`ji�8b`jia�f�h�x5��yJ�} � y��} � ¶��
� z }���� h�xC�1^`j1�Ub\jFakfUh�xC��yJ�} � y��} ��� �
� z } � ¹¡h�x5��^`ji�8b`jia�f�h�x5�irXh�dqpFr�t-y �} � ¶ ^`ji��y �} ��� �Fb`t-y �} ��� ^`ji�9y �} � ¶��

��r�nq^Xf�dqp1^�d@yJ����y�� � z/_Ftqb���hc�Fr��/dqp1^�d@yJ���	y��`��^`ji��z�^`�FpFr�tqr8dqb�dqpirXnwr�tq{FakrXnX�x;ibetor��F^`��_Facr`�
akr�d/yJ� � %-%�)$%�%-) ^`ji��y�� � %�)$)$%�)$)o��¥'pirXj���yL�	��y�� � z � %-69).%563)o�m 5d(hcn�r�^`nzf/dqb
nwr�rodqpi^ed,� hcn(^|�ihkji^etwf�b\_�r�t�^�dqhcb`j/�-hkdqpmdqpFr�_Ftqb`_�r�twdCf�dqp1^ed.y } �xy { � y } �xy���hk��_FachkrXn$y { � y��v�
¤#^�tqrXjvd�^`a3p1^`_Fakb`dCfg_�rXnydqpi^ed(uXb\jvdwtqhk�i{gdqr�l\rXjFr�dqhkuUhkjgx~b`tq�o^�dqhkb\jmdqb�dqpFrUnq^e��r�bUVNnw_gtqhcjFlF� n�l`rXjibedCfg_�ro^etqr
uX^`akakr���� dU`�]X_ ��¥'pi^ed-hknX�gh�x�y � ��y � � z��v��r!nq^Xfodqp1^ed	y � �o^edqr�n��-h�dqp�y � dqb(x~betq��z���;i{gtwdqpir�tq��betqr\�v�'r
nq^Xfodqp1^�d-y � ^*]X_X�Q� [U]X_ zUh�x�y � �y � � z�x�b`t�nwb\��r(y � �3¥'pihkn-uXb`jiuXrX_gd¢hcn¢r���dqrXji�Fr��odqb�nwr�dqnX�i^`j1�U�'rynq^Xf
dqpi^ed5w tqrXnwb`ak�7rXn�v¡hkx#x�b`t¢r�^eu�p�z@�9v(�FdqpFr�tqryhkn¢^`j3yJ�¢^ej1��y���hcj�w nw{iu�p8dqp1^�d5yJ����y�� � z��

�



Genotype
Representation

Paired Gene
Representation

BBAABA          BBA

Paired Gene
Representation

Genotype
Representation

Paired Gene
Representation

Genotype
Representation

ABA
AAA

ABABBA          ABA

Physical Trait

Mother

BBAABA
BBBAAB

BBA
BAA

AXA

Father

Mother’s Donation

Child

Haplotype

Haplotype

ABABBA
AAABBB

AXABBX

BBXAXX

SNP 2

BXA

ABABBA          ABA

XBAXBA          XBA

BBAABA          BBA

Physical TraitPhysical Trait

Physical Trait

Father’s Donation

SNP 7 SNP 2 SNP 7

���������
	 ������ 	������ � 	�������������� � 	��� ! � ��"�#����%$&"'	(���������)�*����!,+����.-�����	/�)�0�1���)�2�%34�5" � $&!)�6+���#7�)�8�����
!9�*�:� � 	
+ � �*#*�7;=<?>A@CB����'�ED.���
	 � �*� � #*��� � �)	��F-&$5����! � 	G��#��*��	�!�;

¥'pgtqb\{Fl\pib`{Fd'��r�^enwnw{i��r�^�x~^`��hkakh ^�tqh�dCf��-h�dqp8let�^`_FpUdqpFrXb`twfv��^ej1���'r�nw{il\l`rXnzd>CW<:E�^en�^�tqr�x~r�tqrXjFuXr\�3¶
Y&Z\[U]X^X_*Z\`ba/cU^�d1fhg hkn�^��Fhc_i^etwdqh�dqr�l`t�^e_ips�-h�dqp��\r�twdqr��8nwr�dqn"w�^`ji�7v ^`ji���-h�dqp�h�dqn¢r��Fl`r(nwr�dy�Fr��1jirX���vf
dqpFr��o^edqhkjFl�nzdwtq{iu�dq{Ftqr\�$¥'pFr��Fr��ijih�dqhkb\j�hkn¢�1^enwr��8b`j�dqpir�b`_�r�t�^edqhkb`j�� ^`j1�8hcn-�Fhcb`akb\l\hku�^eakakf|�1^`nwrX���
HU§JI�?LK W K ª�?NMPORQ Z f2dU^1`bZ\`�]�cU^edXfhg�S � � w9'*v.'UT$� Z\_>d YUZ\[U]X^1_*Z\`ba.cU^�dXf2g3Z V
� v Z _XW���W ] � f `ba�Y
� ]�d[Z1g�c|])W��U`ba1fh]$Z6W v Z _�^*]X_X�Q� [U]�Y Q a8_X� � ]"ghd1f�� �U`ba1fh]$Z6W w YRd�W�Y
� T ghdU_$` g ]-f�^e�Xfh]X^1`ba9` ghdU`�Z V � y � 'ezh�-�FT Y�` g ])W ` g ]X^*]@]]\UZ\_*`b_,d�W y � ��w _%^�Z1g7` ghd&` � y � 'ezh�5��T
d�W�Y y � �y � � z'_

¥'pFhkny�Fr��ijih�dqhkb\j��Fbvr�n!jibed�tqr��v{ih�tqr�dqp1^�dy^ol\rXjFb`dCfg_�r���r(u�b\jijFrXu�dqr��|dqbUrX�7r�twf�_�b\nwnwhk�iakr�_i^`h�t�bex�pi^`_Facb&�
d5fg_�rXnX�i�F{Fd-h�d!�FbvrXn-tqr��v{ih�tqr�dqp1^�d¢rX�7r�twf8l\rXjFb`d5fF_�ry��ryu�b\jijFrXu�dqr���dqb�^ed�acrX^`nzd�b\jir�_i^`h�t!bex��o^edqrXnX��¥'pir
jFrXhkl\p���b`tqpFbvb��|b`x3^�l\r�jib`d5fg_�r"z�hkn4` �\zh� � #&y���� yJ'�zh�	�5T.+7��^`ji��dqpir��grXl`tqrXr�b`x�z��1�FrXjFb`dqr��.a�b�z �\zh���
hkn!dqpFr�j�{i�(��r�t�b`x'rX�Fl\r�nyrX�o^`ji^edqhkjilox�tqb`� z���¥'pir�dqpFh�t��}u�b\j1�gh�dqhcb`j�hkj}dqpir��gr��1jFh�dqhcb`j�bex'^8�Fhk�7r�tqnwh�d5f
let�^`_Fp�l\{i^et�^ej�dqr�rXn¢dqpi^edca�b:z �\zh�3hkn-rX�7rXjUx~bet�rX^`u�p|l\rXjFb`d5fF_�r`�
¶=�ihk_i^etwdqh�dqr�l`t�^e_ip�hkn(^U�Fhk�7r�tqnwhkd5f}l`t�^e_ip�h�x3�'r�u�^ej�ac^`��r�a$dqpFr��7r�twdqhkuXr�nynwb8dqp1^�d�dqpir�r��Fl`rXn�tqrX_FtqrX�

nwr�j�dqn�^8�`^`akhc���o^edqhkjFl8nzdwtq{Fu�dq{Ftqr\��´gbg��dqpFr��ihk_i^etwdqh�dqr�l`t�^e_ip4��dR'Ue '%T$��hkn�^|�Fhk�7r�tqnwhkd5f}l`t�^e_ip�h�x3�'r�<��
ac^e��rXa#r�^`u�p}jib��gr(hkjFd �-h�dqp�^onwr��v{ir�jiuXr�b`xR� ´2!!¤$n�b��7r�t!dqpFr�^`ak_ipi^`��r�d.#�%$'*),+v�JHU�¢ac^`��r�aBdqpir�jib��Fr�n
hkj�e �-h�dqp�nwr��v{irXjFuXrXn�bex���´2!!¤$n!be�\r�t�dqpir(^`ak_Fp1^`��r�d,#&%$'�)@'�67+v�:^`j1�7IQ�!l\{1^�t�^`jvdqrXr�dqp1^ed!dqpir�rX�Fl\r
nwr�d!nq^�dqhcnz�irXn�dqpFr�a ^enzd!d5�'b�uXb`j1�Fh�dqhkb\jFn!bex3!r��1jFhkdqhkb`j�<\�5;ibet!r��F^e��_iakr\�1u�b\jinwhc�gr�t!dqpFr��Fhk_1^etwdqh�dqr�l`t�^e_ipFn
��#gf � '%f � + '�#ih � +|'X#|�jf � ']h � �X':�jf � ']h � �*+U��^`ji� ��#if � ']f � + 'X#ih � +|'�#|�jf � ']h � �*+U����¥'pir��itqnzd¢let�^`_ipshkn�^��Fhk�7r�t��
nwh�d5fml`t�^e_ip���rXu�^e{inwrU�'rUu�^`j�ac^`��rXakf � �lf � �3^`ji�Eh � �-h�dqp�^ej�%����-pihku�p u�acrX^etqa�f�u�tqr�^�dqrXn�^}�Fhk�7r�tqnwh�d5f
let�^`_Fp���¥'pirUnwrXuXb`j1�mlet�^`_ip�hkn�jFb`d�^}�Fhk�7r�tqnwh�dCf�l`t�^e_ip���rXu�^e{inwrUh�d��gbvrXn�jFb`d(p1^��7rorXjib`{il`p/r��Fl`rXn(dqb
nq^�dqhknzx�fUdqpir�dqpih�t��UuXb\ji�Fh�dqhkb\j|bex#�r��ijih�dqhkb\j <`�
¥'pFr�tqr'^�tqr�let�^`_ipFn:�-h�dqpydqpir�_gtqb\_�r�twd5f!dqpi^ed#rX�\r�twf�jFb��Fr�pi^`nBr��7rXj��FrXletqrXr��F{Fd�dqp1^�d�^etqr3jib`dB�Fhk�7r�tqnwh�d5f

let�^`_FpinX��¶�jsr��F^e��_iakr�hcnXm�� H0'XHU�$�~dqpir�uXb`��_iakr�dqr��ihk_i^etwdqh�dqr(let�^`_Fp}�-h�dqp}��b`dqps�\r�twdqr��|nwr�dqn!uXb`j�d�^ehkjihkjil
d5�'b|jFb��FrXn1�����-pihku�pmp1^en�dqpFr�_Ftqb`_�r�twdCf}dqpi^ed(^`aka$jib��Fr�n�hkjne p1^��7r��grXl`tqrXr HU�i{FdydqpFr�jib��grXn�u�^`jFjibed
��r(ac^`��rXakr��}nwb8dqpi^ed�dqpFr�r��gl\r�nwr�dynq^edqhknz�1r�n,�(�� 5jsx ^`u�d��#^`jvfslet�^`_Fp�uXb`jvd�^`hkjihkjilom�� H0'XHU��u�^`jFjibedy��r�^
�ghk�7r�tqnwh�dCf�let�^`_FpUx�b`t�dqpir¢nq^`��r¢tqr�^`nwb`j��F^`ji�UpFrXjiu�r\��m��jp�'��J�3hkn�jFb`d�^(�Fhk�7r�tqnwh�d5f�l`t�^e_ipUhkxqp ^`j1�@�}^etqr
^�d-akr�^`nzd"H��

B



¥'pFr�nwr�d�bex�^eaka#_�b\nwnwhk�iakr�p1^`_Fakb`dCfg_�rXn¢�-h�dqp3��´2!!¤$n¢hkn��|��^`ji����hkn�dqpFr�ac^�tql\rXnzdyrX�Fl\r�nwr�d���r�dC��rXrXj� ^ej1��v dqp1^ed-hkn-^eacakb��'rX�|��f�dqpFr!dqpih�t��ouXb\ji�Fh�dqhkb\j|bexB�r��1jih�dqhkb\j�<\�3¶�nw{i�Fdqakr�u�b\j��7rXjvdqhkb\j8hcn'dqpi^ed-h�x�^
l`rXjibedCfg_�r�pi^`n¢jibo´0!�¤�n-�-h�dqps^��`^`ak{Fryb`x�6t� ^`ji��pir�jiuXr�^�pi^`_FacbedCfg_�ry�o^edqr�n-�-h�dqp|h�dqnwrXa�x#dqb�x�b`tq� dqpir
l`rXjibedCfg_�r����`�'r¢hcjFuXak{1�gr-dqpFr-r��Fl`r¢��r�dC�'r�rXj�dqpir-p1^e_iakb`d5fg_�r�^ej1��l`rXjibedCfg_�r�dC�-hkuXr\�3´�bF�7x�b`t�dqpFr-l\rXjFb`dCfg_�r
%-).)$%�)$)��vdqpir�r��gl\rynwr�d¢uXb`jvd�^`hkjin(� %�)$)$%�)$)@'e%�)$).%-).).�$dC�-hkuXr`�
¥'pFr�¤�{Ftqr8¤#^etqnwhk��b`j�fm_Ftqb\�FakrX���o^Xf���r8nzd�^�dqr���^`n��ij1�FhkjFl}^�nw{F�il`t�^e_ip�b`x.���9'1v.'��N�y�-h�dqp�dqpir

x�b\akakb��-hcjFl/_Ftqb`_�r�twdqhkrXn:�=<��8v hknU^��7r�twdqr���nwr�d��5HU�(dqpir|nw{F�il`t�^e_ip�hcno^��Fhk�7r�tqnwh�dCf�let�^`_Fp��-^ej1� IQ�(dqpir
nw{F��uXb\akakrXu�dqhkb`j bex���hkn�^`n(nw�o^`aka�^en�_�b\nwnwhk�Facr`�m¶¢j�f�nw{i�Fl`t�^e_ipm�-h�dqp/dqpirXnwro_Ftqb`_�r�twdqhkrXn�hkn�nq^ehc�/dqbs��r
b`_Fdqhk�o^`a-^ej1��hkno�FrXjFb`dqr��x� w��U'1v.'%T�������¥'pir�tqrs^�tqr�dCfg_FhcuX^`aka�f�nwrX�7r�t�^ea¢b`_Fdqhk�o^`a�nw{F�ilet�^`_ipFnX�'r�^eu�p�b`x
�-pFhku�p8p1^`n�dqpFry_Ftqb\_�r�twdCf�dqp1^�d-dqpir!x�r��'rXnzd�j�{i�(��r�t�b`xBp1^`_Fakb`dCfg_�rXn�tqr��v{FhktqrX�Udqb�tqrXnwb`ak�7r$v hcn
	 w � 	 �
¶>´2!!¤�hkn d �/Q Z c�^ ��^2_ h�x�h�d3pi^`n$^!�`^`ak{ir�bex�6���^ej1�(^!l\rXjFr�hkn3^e���Fhcl`{ib`{in�h�xN^ed$akr�^`nzd$dC��b�b`x1hkdqn�´2!!¤$n

^�tqr�^`�(�ihkl\{Fb\{FnX��!!b`jh�5^`�(�ihkl\{Fb\{FnBl\rXjFb`d5fF_�r�n�^etqr�nw_�rXuXhc^eaF��rXuX^`{inwr'dqpFr�f�^etqr3tqrXnwb\ak�7r��(��f�^¢{ijFh �v{Fr�_1^eh�t
bex�p1^`_Fakb`dCfg_�rXnX��;ib`t�r��F^`��_iakr\�`dqpir-l\r�jib`d5fg_�r-%-).%-).%��7hkn�{FjihF�v{irXa�f�tqrXnwb\ak�7rX�U^en�%-).%-).%3�3%-).%-).%
^ej1�odqpir�l`rXjibedCfg_�r>%-69).)$%�hkn-{ijFhF��{FrXa�f�tqrXnwb\ak�7rX�|^`n5%�)$)$).% �%-%�)$).%��# 5x����hcn�dqpFr�j�{i����r�t�b`x
^e���Fhcl`{ib`{in�´2!�¤�n�b`jol\rXjFb`dCfg_�r�z��7dqpir�tqr!^�tqr�^ed���b\nzd�H����yp1^e_iakb`d5fg_�rXn3dqpi^ed'uX^`j�tqrXnwb\ak�7r5z��$´gbg��hkj8^ejvf
�ghk�7r�tqnwh�dCf�l`t�^`_Fp��'r¢p1^��7r�x~bet�rX�7r�twf�l\r�jib`d5fg_�r-dqpi^ed a�b:z �\zh��� H ��� ��¥'pFhkn���b\{Fj1��hkn3dqhkl`p�d3x~bet"���9'Xv.'��N���
¥'pFrXb`tqr��G<�nwpib��-n�dqp1^ed�bet��Fr�tqhkjFl�dqpir�rXakrX��r�j�dqnybex�� akr��ghcu�b\l`t�^e_ipFhcuX^`aka�f/_Ftqb���hc�FrXn�^�u�b\j��7rXjFhcr�j�d

�'^Xf|dqboachknzd�dqpFr.H����J�y_1^eh�tqn!b`x3p1^e_iakb`d5fg_�rXn�dqpi^ed��o^�dqrydqbUx�b`tq� dqpFr�l\rXjFb`dCfg_�r�dqp1^�d�hkny^`�(�ihkl\{Fb\{Fn!^�d
r��7r�twf�´0!�¤B�N¥'pihkn!tqr�nw{ia�dyhkn�{inwrX��hkj�¯�rX���o^9<�dqb8nwpFb�� dqp1^�dy^`jvf}�Fhc_i^etwdqh�dqr�l`t�^`_Fp��-h�dqp�jibUhknwb\ac^edqr��
jFb��FrXn�uX^`j|��ryr���dqrXji�Fr���dqb�^��ghk�7r�tqnwh�dCfUl`t�^e_ip���
� §�ª Y §�� M�� V@` g ]7]��F] � ])W `b_�� V � dU^*]9�F]]\UZ1Z*�*cU^�d1fhg0Z1Z*dQ�\� a��U^�Y ]X^*]�Y �"!�g ]X^�] %$# )&% Y
!�]@ghd&[U]�V:�U^
<����'� H � ` ghdU` y { �y)( �+*,� {.- �0/ � 696213131 6n_4 Y ªNª65 ¬ ¯�hknzd'dqpir-pi^`_iakbedCfg_�rXn�akr��ghkuXb`l`t�^`_Fpihku�^eaca�fUnwbydqp1^�d	y { #4y {7- � � nwb$y � � %-%
13131 %"���$µ3tqr�^�dqr�^
nwr�uXb\ji��akhknzd$b`xidqpFr�pi^`_iakbedCfg_�rXn#�vfyr��gu�p1^`jFl\hkjil�rX�7r�twf�¶ ^`ji� � �U!�b`dqhkuXr�dqpi^ed#hkj�dqpihknBjir���achknzdRy {�8 y {7- �
x�b`t�^`aka��F�'´�bF�gdqpir�nwr�uXb\ji��akhcnzd¢hkn-dqpir!tqrX�\r�tqnwryb`xBdqpFr��itqnzd-akhknzd��
;BhW�.����r�d5�'rXr�j�<!^`ji��H � �$¯�r�d:9U��r!^`jvfU´0!�¤/nw{iu�pUdqpi^ed�y { � � %��3´gbg�ghkx��'r�nzd�^etwd¢^ed	y �� � % ^ej1�dwt�^��7r�a#�Fb��-j}dqpir��itqnzd�akhknzd5��pi^`_iakbedCfg_�rXnX���'r(l\r�dy^`j�¶ ^�d>y { � �y·�r�u�^`akaBdqp1^�d!tqr�^`�FhkjilUdqpir��itqnzd!achknzdyhkjtqr��7r�tqnwr�b`t��gr�t!hkn¢dqpir�nq^`��r�^`n¢tqr�^\�ghkjil�dqpir�nwrXuXb`j1�|akhknzd!dqb`_}�Fb��-j��-]�rXjiuXr`����b��ghkjFl�{i_ ��p1^e_iakb`d5fF_�r�n

x tqb\� y��+*� � )=hcjodqpir��itqnzd�akhknzd¢hcn'dqpFr!nq^e��ry^`n���b���hkjil(�Fb��-j8dqpFr!nwrXuXb`j1�Uachknzd���p1^e_iakb`d5fg_�rXnX�F^`j1�odqpiru�b\jinzdwtq{Fu�dqhkb\j8b`xBdqpFr!nwrXuXb`j1��akhknzd¢l\{i^et�^`jvdqrXr�n'dqp1^ed���rynzdqb\_�^ed¢^,)��$¥'pihkn-��r�^ejin�y ( �+*6� {.- �0/� � )��3´gbg�
��r�p1^��7r(dqp1^ed.y|{ � � % hkx5��^`ji��b`jia�f�hkx5��y ( �+*,� {7- �0/� � )��o]!rXjFuXr\��y|{ � � y ( �+*;� {.- �0/� � 6��U¶ nwhk��hcac^�t
^�tql\{F��rXjvd'�'betq�gn-h�xRy|{ � � )��
¶¢n#^`j�r��F^`��_Fakr\��x~b`t�� � I¢dqpir$�itqnzd#akhknzd�hkn#akr��ghcu�b\l`t�^e_ipFhcuX^`aka�f�bet��Fr�tqr��yx�tqb`� dqb\_�dqb���bedwdqb\� ^ej1�ydqpir

nwr�uXb\ji��akhcnzd3hkn$x�b`tq��r����vf�r��gu�p1^`jFl\hkjil�¶�� n3^ej1� � � nX��  x��'r¢^`_F_ia�f/� u�b\��_�b\jFrXjvdC�-hknwr\�vrX^`u�p�^`_F_iakhku�^edqhkb\j
_gtqb��F{FuXrXn	69696�� <

==========>

%-%�%
%-%�)
%-).%
%-).)
)$%�%
)$%�)
)$)$%
)$)$)

?7@@@@@@@@@@A
�

<
==========>

)$).)
)$).%
)$%�)
)$%�%
%�)$)
%�)$%
%�%-)
%�%-%

?7@@@@@@@@@@A
�

<
==========>

69696
69696
69696
69696
69696
69696
69696
69696

?7@@@@@@@@@@A
�

¥'pFr(jFr���d�¯�rX���o^�nwpib��-n¢dqp1^ed!�ihk_1^�twdqh�dqr(let�^`_ipFn!�-h�dqp}jibohknwb\ac^edqr��}�7r�twdqhkuXr�n!u�^ej���r�r���dqrXji�Fr���dqb
^(�Fhk�7r�tqnwh�d5f8let�^`_Fp��i^`j1�Uh�d-_Ftqb���h �grXn-^(dqhkl\pvd-{F_i_�r�t-��b`{ij1�ob\jUdqpir�j�{F����r�t�b`x�jib��grXn'dqp1^�d-jirXrX�Udqb���r
^`�i�gr����3µ�b`jinwhc�Fr�t-dqpFr��ihk_1^�twdqh�dqryl`t�^`_Fp ��dR'%e�']T.���F^ej1�8akr�dXd ��r�dqpir��\r�twdqr��onwr�d-dqp1^�d��'ryr���dqrXji��^ej1�
e ��r(dqpFr�nwr�dydqpi^ed�tqr��o^`hkjin�{Fjiu�p1^ejil\rX��� nwb�d ^ej1�Fe ��rXu�b\��r(dqpFr�pi^`_iakbedCfg_�r�^ej1�}l\rXjFb`dCfg_�r(nwr�d��
tqr�nw_�rXu�dqhk�7rXa�fv�F^ex dqr�t!ac^e��rXakhcjFl|����;ib`tch �0e �F�gr��1jFrB$�jh"� �DCE,F+GH E C ` �jh"�JI.`��jhLK\��E �
´�bF��B$�jh"��hkn�dqpiryuXb`akacr�u�dqhkb\jsb`x�jFb��FrXn-hkj�dqpFr�jirXhkl`pg��betqpibvb��|bex h dqpi^ed�^etqr�^eacnwb�hkj�dqpFryjirXhkl`pg��betqpibvb��
bex�^`jFb`dqpFr�t¢jib��Fr!hcj0e �R;ib`t¢^ejvfUtqrX^`a:j�{F����r�tNM ��r��Fr��ijir&M - �vfM - �PO P h�xQMR#4PM h�xQMRS4Pg�

T



^

V(w)
^

N(w)
−

^N(w)

V

w

N(w)

T(w)

F(w)

W

���������)	�B ��� 	�����	��)�
�*+��
	�"��
	�!)	�� �
���)�*���F���l� � 	/	��&�
	���!)������!�;
��r�r���dqrXji��dqpFr�jir�hcl`p���b`tqpibvb���b`x�r�^eu�p�h nwb�dqpi^edydqpFr�j�{i����r�t�b`x'_�b\hkjvdqnyhcjE` �jh"����B$�jh"�!_Fac{Fn�dqpir
j�{F����r�t3b`x:_�b\hkjvdqn�hcjodqpir!r���dqrXjinwhkb\jUhkn�r��F^`u�dqa�fodqpir�j�{i����r�t�bexB_�b\hkjvdqn�hkj B$�jh�����r��guXrX_Fd�x~b`t¢^�nw_�rXuXh��1u
uX^`nwr\��¯�r�d��d@�jh��y��r�^snwr�d�b`x�u�^et��ghcji^`akh�dCfx� H�	 B.�jh�� 		� 	 ` �jh�� 	 � - �3^`ji�makr�d
�`��jh�� � ` �jh�����d@�jh����
!�b`dqhkuXr!dqpi^ed�h�xRH�	 B.�jh�� 	 ��	 ` �jh�� 	 �&` �jh���hkn�jibed-r���dqrXj1�gr�����¥'pFhkn�acrX^\�Fn�dqb(_Ftqb\�FakrX��n'��rXu�^e{inwr 	��` �jh�� 	
uX^`j}��r(b��F���"��r�tqr���r��gf8dqpihkn!�vfsr���dqrXji�Fhkjil �` �jh��-�-h�dqp ��/�jh"�����-pFhku�p}hkn�rX��_gdCf|h�x�	 �`��jh"� 	ihkn�r��7rXj
^ej1�UuXb\jvd�^`hkjFn�^(nwhcjFl\akr�jib��gr�h�xN	��`��jh�� 	vhkn�b��F���R;ibetq�o^`aka�fv�Fakr�d� � #ih �,	��`��jh"� 	 � H���� <�x~bet�� � <U'XH0'*I0'�1 1 1W+
^ej1� ��� �jh�� �PO <U' h � �

P0' h��� � �
��ronwr�d�	���/�jh�� 	 � ��� �jh"��� ² jihkb\j��d/�jh"��^`ji����/�jh"���-h�dqp rX^`u�p h�jirXhkl\p���betqpibvb��/nwb�dqpi^ed�dqpirojir��jFrXhkl\p���b`tqpFbvb���b`xBr�^`u�p�h¡hkn�` �jh�� � ` �jh"��� �d8�jh"�!���/�jh�� � �` �jh"�!���/�jh����
¥'pFr�r���dqrXji�Fr��U�7r�twdqr��Unwr�d¢hkn

�d � d"��# CE�$&% �d/�jh��(')��# CE�$*% ��,�jh��('>�
!�b`dqhkuXr�dqp1^�d�^�x�dqr�t�dqpFr�jib��Fr�n!p1^��7r���rXr�j�ac^e��rXakr�������r(uXb`jinwhc�Fr�t9fUdqbo��r(^�p1^`_Fakb`dCfg_�r�^`ji�0h¡dqbo��r�^
l`rXjibedCfg_�r\�\^`ji��pirXjFuXr���r��o^�f�^e_i_Fakf�dqpFr�b\_�r�t�^�dqhcb`j@�>dqb�dqpFr�jib��Fr�nX�# 5x?a�b:z �jh�� � <\�vh�d$hkn�_�b\nwnwhk�iakr�x~bet
h dqb(��r!tqrXnwb\ak�7rX�8�vfU^(nwhkjil`akr9fo^ex�dqr�t�ac^e��rXakhcjFl�h�x:��ryhcjFuXak{1�gr�^`j�^\�F�Fh�dqhkb\j1^ea�rX�Fl\r!nwb�dqp1^�dkf-��f � h��
¥'pFhkn¢nwh�dq{i^edqhkb\j�tqr:��{Fh�tqrXn¢^��Fb`{i�iakryr��gl\r\�i^`ji�U��ryacr�d+�T8�jh�����r�dqpir��({ia�dqhknwr�d

#0�jf�'%h��X'��jf�']h����Ga�b:z �jh"� � <Q' f@��` �jh���� B$�jh"�*+ 1
¥'pFr�r��g_1^ej1�gr��8r��gl\rynwr�d¢hkn �T � T,�9#0�jf�']h����[f8� �` �jh��*+-�.�T8�jh����
!�b`dqr�dqpi^ed�dqpgtqb\{Fl\pib`{Fdy��r�p1^��7r��grXjibedqr���^ej�r���dqrXjFnwhkb\j��-h�dqp�dqpFr � jibed�^edqhkb\j�^`j1��^`j�r���dqrXj1�gr���nwr�d�-h�dqpUdqpir � jib`d�^�dqhkb\j���´�rXr>;Bhkl\{gtqr,H�x~b`t�^�l`rXb\��r�dwtqhcu��grX_ihku�dqhkb`j|b`xBdqpFr��Fr��ijih�dqhkb\jFnX�/$§�� � Z MPO W a Q Z f2dU^1`bZ\`�]>cU^edXfhg ��d�'Ue '%T$� !�Z\` goW��@Z\_X�Q� dU`�]�Y(W���Y|]X_AZ*d�W Q ].]]\U`�])W�Y|]�Y3d�W�Y � d Q ]��F]�Y ` �

0



Q ]]Z*� � ]$d�Y&Z\[U]X^X_*Z\`ba,cU^edXfhg Q a d Y YUZ6W|c�W�� � �U^*]>` ghd�W
�E�$&% ��� �jh���� �E�$*% � H�	 B.�jh�� 	 � 	 ` �jh�� 	 � -

W���Y|]X_@` � d(_ � W�f2d&^X`bZ1Z
^2� dU^UY � �d8'%e�' �T.� Z\_ d�W�]]\U`�])Wh_*Z ��W�� V ��dR'Ue ']T$� !�Z\` g=` g0Z\_�W ^ �/Q ]X^�� V(W���Y|]X_
dQY Y|]�Y@` � d ` ghdU` Z*d�W Q ](� d Q ]��F]*Y8` � Q ]]Z*� � ],d@YUZ\[U]X^1_1Z `ba/cU^edXfhg _4 Y ªNª65 ¬ ¥'pir�_gtqbvb`x'x�b\akakb��-n��vf�hcji�F{Fu�dqhkb\j�b`j 	 e 	 �U¯�r�d���d�'Ue ']T$�!��ro^��ihk_i^etwdqh�dqr�l`t�^e_ip��-h�dqp
jFb�hknwb`a ^�dqr���jFb��FrXn�nw{iu�p dqpi^ed 	 e 	 � <\� ´gbg�ke � #ih"+v�4!!b`dqhkuXrUdqp1^�d'B$�jh"� � �d8�jh"� ��� ��^ej1��`��jh"� � ` �jh�����¥'pFr�tqr�^etqr�dqpgtqrXryu�^enwrXn¢dqb(uXb\jFnwhc�Fr�t��
��Z1V §�M ¬ ´g{F_i_�b`nwr/a�b�z �jh�� � <\�}¥'pFrXj��N	 �d8�jh"� 	 � � H�	 B$�jh"� 	 � 	 `��jh"� 	 � - � � P���<�� - � Pg�}´ghkjiuXra�b:z �jh"� � <`� � � �jh�� � 	���/�jh�� 	 � P��3´gbF� �` �jh�� � ` �jh�� � �d �jh�� �"��/�jh�� � ` �jh�� � #gfh+v�#]�rXjiu�r\��d � d ^`j1� 	 �d 	 � 	 d 	 � P � ��� �jh"� �x� H�	 B$�jh"� 	�� 	 ` �jh�� 	 � - �

;Ftqb`� �T@�jh�� � #0�jf�'%h��X'��jf�']h��*+-�'r�nwrXr�dqpi^ed �T � T �)�T/�jh"� � �T8�jh"����¯�^`��rXa�h ^ej1��f��vf�nwr�dwdqhkjil
h � f � %��Fnwb�dqp1^�dcf"�:f � h���� h�dqp8dqpFhcn-ac^`��r�achkjFlF��� �d/'Ue ' �T$����rXuXb`��rXn¢^��Fhk�7r�tqnwhkd5fUl`t�^`_Fp����Z1V §�� ¬ ´g{F_i_�b`nwr5a�b:z �jh�� � H ��x�b`t�nwb\��r � ����� ¥'pirXj�� 	 �d8�jh"� 	 � � H�	 B.�jh�� 	 �P	 ` �jh"� 	 � - �� �-H���� - � Pg�7!�b`dqhkuXr�dqp1^�d�nwhkjiu�r ��� �jh"� � Pg� �` �jh�� � �d � d��}¯�hk�7r��-hknwr\� �T8�jh�� ��� �3^ej1��T � T����mr!jib���p1^��7r!dqpi^ed

� �d/'Ue ' �T(� � ��dR'%e�' T$� ^`ji� 	 �d 	�� 	 d 	 � P � ��� �jh����x� H�	 B$�jh�� 	 � 	 `��jh"� 	 � - �
¯�r�d����	� ��r�nw{iu�p8dqpi^ed-H��2� H � �3´gr�dch�dqb���r�^(nwr��v{ir�jiuXr�bex�6|n-b`xBacr�jil`dqp��#��¯�r�d�dqpir!jib��Fr�n
hkj0` �jh��-��rybet��Fr�tqrX�8x�tqb`� f � dqb f ��
 �'´gr�dcf �} � %�x~b`t!^`akaB´2!�¤�n�~w��;ibet	�'� � ��<\�iakr�dXf {7- � ��r
dqpir�jirX�gd!akb���rXnzd�_�r�tq�({Fd�^edqhkb`j�akr��ghkuXb`l`t�^`_Fpihku�^eaca�f�^ex dqr�t,f { ���-pFr�tqr/% # )��(;ibet5� 8 ��{inwr�dqpir
akr��ghkuXb\let�^`_ipFhkuUbet��Fr�tqhkjFl|rXnzd�^`�FakhcnwpFr��mhkjm¥'pFrXb`tqrX�t<���f�nwr�dwdqhkjFl�f2��
 � {.- �ydqb|��r�dqpir�p1^`_Fakb`dCfg_�r
H � �3� ��<yx tqb\� ¥'pirXbetqrX� <`�Nnwb�dqp1^ed¢�'r�pi^��\rAf { �:f6( ��
�� {.- �0/ � 6962131 1 6��-!!b��y��r��7r�twf8jib��Fr
hkj0` �jh��'�o^edqrXn'�-h�dqps^ejib`dqpFr�t-dqb�x~betq� h��i^`ji��� �d/'Ue ' �T(�'hkn¢ac^e��rXakr������Z1V §�� ¬ ´g{F_i_�b`nwr a�b:z �jh"� � H�� ��<�x~b`t$nwb`��r � � H|'1I2' 1.1 1 �#¥'pirXj��,	 �d@�jh�� 	 � � H�	 B$�jh�� 	 ��	 ` �jh�� 	 � - �� �(� H�� �<���� - � P�^`ji� ��� �jh�� � <\��´gbg� �`��jh�� � �d � d"���/�jh����3´gbg�	 �d 	 � 	 d 	 � < � ��� �jh"� �x� H�	 B$�jh"� 	�� 	 ` �jh�� 	 � - �
¶�aknwbynwhkjiu�r,�T@�jh�� �� �\��r-p1^��7r�dqpi^ed �T � T���!�b`dqr'dqpi^edN	 �d 	 � H��:�$´�b!�'r��o^Xf�{inwr'dqpFr'ac^`��rXakhkjil
nwu�pirX��r!x tqb\� µ'^`nwr$H�dqb�nwrXrydqp1^�d(� �d8'Ue ' �T.�'�o^Xfo��r�ac^`��r�acrX���

¶¢nwnw{i��r�dqpi^ed3h�x 	 e 	 � 9��7dqpir'tqrXnw{Fa�d�pFb\ac�FnX��¯�r�d-��dR'Ue '%T$�B��r-^��ihk_1^�twdqhkdqr-let�^`_ip��-h�dqp�jFbyhknwb\ac^edqr��
jFb��FrXn3nw{iu�p�dqp1^ed 	 e 	 � 9 �<`�3´grXakrXu�d h � �0e ��^ej1�oacr�d"��d � '%e � ']T � �$��r-dqpir!nw{F�ilet�^`_ipobex���dR'%e�']T.��-h�dqp�h � ^`ji��hkdqn�r��Fl`rXn�^`ji�UjFrXhkl\p���b`tqhkjFl(�7r�twdqhcu�rXn3tqrX��b��7rX��������dqrXj1��^ej1�oa ^e��rXa���d � '%e � ']T � �3nwb�dqp1^edS � � � �d � 'Ue � ' �T � �¢��rXuXb`��rXn�^8�ghc�\r�tqnwh�dCf|let�^`_Fp��!¯�r�d�� � ��r�dqpir�j�{i�(��r�t¢b`x'´2!�¤�n¢hcjsdqpFr(ac^`��r�achkjFlF�^ej1�Uacr�d �

� � �E�$*%�� � � �jh"�!� �E�$&%�� � H�	 B.�jh�� 	�� 	 ` �jh�� 	 � - �
!�b`dqhkuXrydqp1^�d-dqpiry�o^edqhkjFl�nzdwtq{iu�dq{gtqr�hcn¢{ijFu�pi^`jFl\r���h�x#��r�akrXjFl`dqpFrXj�dqpir�j�{i�(��r�t�bex3´2!�¤�n-x~b`t�r�^eu�p

h � e � ^ej1� fx� �d � �vf ^`nwnwhkl\jFhkjil�dqpFr|nq^`��r8�\^eac{Frs^edor��7r�twf ^\�F�Fh�dqhkb\ji^`a!´2!�¤B�R;ibetohkjinzd�^`jFuXr\��h�xf�����f2� � %-).)��).%-) � 6963) � h��g^\�F�Fhkjil�dC�'b,%�n�^�d'dqpir�rXj1�o_Ftqb���hc�FrXn�f��L�Ff2� � %�)$).%-%��
)$%�)$%�% � 6963)$%�% � h����3^eu�pUb`x�dqpir-x~b`akacb��-hkjil�uX^`nwrXn'akrXjFl`dqpFrXjin�dqpFr�j�{F����r�t3b`xB´2!!¤$n$dqb.� � � �hkjUdqpihkn�x ^`nwpFhkb\j��
��Z1V §�M ¬ ´g{F_i_�b`nwr�	 ` �jh � � 	 � <o^`ji��B$�jh � � ��� �U¥'pFrXj 	 �d@�jh � � 	 � � H�	 B$�jh � � 	*� 	 ` �jh � � 	 � - � P��¥'pir�tqr�x~betqr\�J	 �` �jh$�X� 	 � <�^`ji� ��� �jh(�1� � Pg�$¥'p�{inX� �`��jh(�1� � ` �jh(�X���e�-pihku�p���r�^`jFn �d � �d � �Xd��´gbg�F��ryp1^��7r!dqpFr�x~b`acakb��-hkjil2�	 �d 	 � 	 d 	

�
�
� �P �=P� �E�$*% � ��� �jh"�!� �E�$&% � � H�	 B.�jh�� 	 � 	 ` �jh�� 	 � - ��� ��� �jh � �!��� H�	 B$�jh � � 	 � 	 ` �jh � � 	 � -��

� �E�$*% ��� �jh��!� �E�$*% � H�	 B$�jh"� 	 � 	 ` �jh�� 	 � - �
�



´ghkjFuXr �T/�jh � � � #0�jf�']h � �X'��jf�']h � �*+v���'r(p1^��7r(dqpi^ed �T � T+���T8�jh � ���( CjFu�tqr�^enwr�dqpir(jg{F����r�t!b`x
´2!!¤$n�hkj�dqpFr(jFb��FrXn�hkjFe � ^ej1� �d � �vf|^\�i�ghkjil�´2!�¤ � � ��<(uXb\jvd�^`hkjFhcjFl�^ej % dqborX�7r�twfsjib��gr\�¯�hk�7r��-hcnwr`��akr�d�dqpFryj�{i����r�t-b`x3´2!!¤$n-hkj0h(�!^ej1�of��5� ` �jh(�X�'��r(� � � <\�1^`j1�8acr�dXf��} � h(�} � )x~bet¢^`akaL~q��!�b`dqhkuXr¢dqp1^ed h$�-^ej1��f��-^etqr!{ijihF�v{ir¢nwhkjiuXr�dqpir�fo�ghknq^`l`tqr�r��-hkdqpUrX�7r�twfojib��Fr�hkj�e � ^ej1��d � ^�d�´0!�¤� � �x<`�'´�hkjiuXr�f����:f2� � h��F��rynwrXr�dqp1^�d(� �d8'%e�' �T.��hkn-ac^`��rXakr��N���Z1V §�� ¬ ´g{F_i_�b`nwr 	 ` �jh � � 	 � <�^`ji� B$�jh � �+�� � � ´gbg� B$�jh � � � ` �jh � ��� ¥'pir�j�� 	 �d@�jh � � 	 �
� H�	 B$�jh � � 	 � 	 ` �jh � � 	 � - � <`�!�-pFhcu�p���r�^`jFn 	��` �jh � � 	 � H�^`ji� ��� �jh � � � Pg� ¥'pFr�tqr�x~betqr\��`��jh(�1� � �`��jh(�1� � ` �jh$�X�!� �d8�jh(�1��^`j1� �d � �d � �od,� �d/�jh$�X������ryjib���p1^��7r!dqpi^ed	 �d 	 � 	 d 	

�
�
� �P � <� �E�$*%�� ��� �jh"�!� �E�$&%�� � H�	 B.�jh�� 	 � 	 ` �jh�� 	 � - � � ��� �jh � �!��� H�	 B$�jh � � 	 � 	 ` �jh � � 	 � - �

� �E�$*% ��� �jh��!� �E�$*% � H�	 B$�jh"� 	 � 	 ` �jh�� 	 � - �
 Cj(dqpihkn3uX^`nwr\�v��r�nwrXr�dqpi^ed �T@�jh � � �� ^`j1� �T � T �$#0�jf�']h � ���Gf@� �d8�jh � �*+v��¯�r�d�#gf � + � ` �jh � �
^`ji��#gf � + � �d8�jh � ���(¯�rXjFl`dqpir�j}dqpFr�j�{i�(��r�t�b`x-´0!�¤�n�hkj}r�^`u�p�jFb��Fr�hkj�e ^ej1� �dL�vf}^\�F�Fhkjil
^`j % ^�d(´2!!¤�� � ��<\�o´�hkjiuXr f���hcnyhkj �d � ��hkd�hkn�^eaktqrX^\�gf�ac^`��r�acrX��dqpFtqb`{il\p}dqpir(�itqnzd>� � ´0!�¤�nX�´gbsakr�dAf �} � f �} � h �} hkjmrX�7r�twf/´0!�¤ ~ �� � � � <\��´�r�dAf �� � - � � ) ^ej1��h �� � - � � 6��9!�b��f � � f � � h � ��´ghkjiu�r��'ro^eaktqrX^\�gf���jib�� dqpi^ed@� �d � '%e � ' �T � �!p1^en���r�rXj�ac^e��rXakr����B��r�p1^��7r(dqp1^ed� �d/'Ue ' �T(�'hcn-ac^`��r�acrX�����Z1V §�� ¬ ´g{F_i_�b`nwr�	 ` �jh(�X� 	 � H���x~bet�nwb\��r����	�m^`j1� B$�jh(�1� � � ��¥'pir�j�� H�	 B$�jh(�1� 	 �'	 `��jh$��� 	 � - � P^`ji� 	 �` �jh � � 	 � H����'´�bF� ��� �jh � � � P�^`j1� �` �jh � � � d���]!rXjFuXr\� �d � �d � ��d=^`ji�	 �d 	 � 	 d 	

�
�
� �P� �E�$*% � ��� �jh"�!� �E�$&% � � H�	 B.�jh�� 	 � 	 ` �jh�� 	 � - � � ��� �jh � �!��� H�	 B$�jh � � 	 � 	 ` �jh � � 	 � - �

� �E�$*% ��� �jh��!� �E�$*% � H�	 B$�jh"� 	 � 	 ` �jh�� 	 � - �
¶�aknwbg�inwhkjiu�r �T@�jh(�1� �� � �T � T��� CjFu�tqr�^`nwr�dqpFr�j�{i�(��r�t'bex$´2!!¤$n�hkj8dqpFr�jib��grXn-hkj0e ^ej1� �d dqb
� � � ���$;ib`tyr��7r�twf0h��:e � ^`ji�5f7� �d � ��acr�d9h }�� f }�� % x�b`t(� � # ~N� � � � �:�$;ibetyrX�7r�twff@� ` �jh � ���iakr�d=f } � )=x~bet�� � #4~ � � � � �:�R!!r���d��Facr�d4h �} � 6 x�b`t$<
��~ �4� � ^`ji�oh �} � )x~bet�� � #�~ ��� � � �:�$��t��Fr�t$dqpFr�jib��grXn3hkj�` �jh � �Bx�tqb\� f � dqb9f ��
 ��^`ji��nwr�d f �} � %�x�b`t'^`akaN´2!!¤$n
~w��;ib`t�� �)� �x<`�#akr�dAf {.- � ��r�dqpir�jFr���dyakb��'rXnzd(akr��ghcu�b\l`t�^e_ipFhcuo_�r�tq�({Fd�^�dqhcb`jm^�x�dqr�tAf { ���-pir�tqr
% # )o�$;Fb`t5��S ��{inwr�dqpir�acrX�FhkuXb`l`t�^e_ipihku�bet��Fr�tqhkjilox�tqb`� ¥'pir�b`tqrX� <(�vfsnwr�dwdqhkjil(f2��
�� {.- ��dqb
��r�dqpFr�¥'pir�b`tqrX�|� ny�`^`ak{ir�x�b`t$y �+*,� {7- � ��¥'pir�j��'r�p1^��7r(dqpi^ed9f { � f6( ��
�� {7- �0/ � 696213131 6���^ej1�
� �d/'Ue ' �T(�'hcn-ac^`��r�acrX�����Z1V § � ¬ ´g{F_i_�b`nwr 	 ` �jh � � 	 � H � � <�x~bet � � H|'1I2' 1�1 1�^ej1� B.�jh � � � � � ´�hcjFuXr � H�	 B$�jh � � 	!�	 ` �jh(�:� 	 � - � Pg���'r�pi^��7r!dqp1^�d �d8�jh$�1� �� �R;Ftqb`��dqpir�^`nwnw{i��_gdqhkb\jodqp1^ed 	 �`��jh(�X� 	 � H � �=<\�g�'rnwrXr�dqp1^�d ��� �jh � � � <\�¢¥'p�{FnX� �` �jh � � � ` �jh � ��� ��,�jh � �-^`ji� �d � �d � �0d"� ��,�jh � ������r�jFb��p1^��7r�dqp1^ed	 �d 	 � 	 d 	

�
�
� � <-�=P� �E�$*% � ��� �jh"�!� �E�$&% � � H�	 B.�jh�� 	 � 	 ` �jh�� 	 � - ��� ��� �jh � �!��� H�	 B$�jh � � 	 � 	 ` �jh � � 	 � -��

� �E�$*% ��� �jh��!� �E�$*% � H�	 B$�jh"� 	 � 	 ` �jh�� 	 � - �
 Cj�dqpFhkn3u�^enwr\� �T � T �$#|�jf�'%h � ����f � ��/�jh � �*+v��!!bedqhkuXr�dqp1^ed$�-h�dqp�dqpir�r���dqrXjFnwhcb`j��;	 �`��jh � � 	 � H �:�
¥'p�{inX�g�'ryu�^ej|{inwr�dqpFr�ac^`��rXakhkjil�nwu�pir���ry�FrXnwu�tqhc��rX��hkj8dqpiry_gtqrX��hkb\{in�uX^`nwrydqb�ac^`��rXaR� �d/'Ue ' �T(�����Z1V §�� ¬ ´g{F_i_�b`nwr 	 ` �jh(�X� 	 � � x�b`t � � H|'*I2'�1.1 1�^`ji� B$�jh$�1� �� � �m¯�r�d �d8�jh$�*��p1^��7rou�^�t��Fhkj1^eakhkd5f
� H�	 B$�jh(�X� 	 � 	 ` �jh(�X� 	 � - ��^`ji��r���dqrXji�UdqpiryjFrXhkl\p���b`tqpFbvb��|b`x7h(�¢��fUnwr�dwdqhkjFl �`��jh$�1� � `��jh$�X�!��d8�jh$�X��� � fUr��F^e��hcjFhkjil(dqpFr�x~b`acakb��-hkjilou�^enwrXnX�i��rynwrXrydqp1^ed
	 �`��jh(�1� 	�hcn¢^eak�'^XfFn¢rX�7r�j��

�



��ZiV § K ¬ ´�{i_F_�b\nwr �� �=^ej1��H�	 B.�jh � � 	�S)���� 5x 	 �d@�jh � � 	 � � H�	 B$�jh � � 	*� 	 ` �jh � � 	 � - hkn�rX�7rXj��dqpir�j�	 ` �jh � � 	�hkn3r��7rXj��7^`ji�(pir�jiuXr&	��`��jh � � 	 � � � 	 �d/�jh � � 	�hkn3rX�\rXj��#´ghk��hka ^�tqa�fv�7h�x 	 �d �jh � � 	 �
� H�	 B$�jh(�X� 	 � 	 `��jh$�X� 	 � - hcn-b��F���gdqpirXj�� � 	 ` �jh(��� 	vhcn¢b��i�8^`ji� 	��` �jh$�X� 	 � � � 	 �d8�jh$�X� 	�hknrX�7r�j��� Cj8rXh�dqpir�t¢u�^enwr ��� �jh(�X� � P��1^ej1� �`��jh$�X� � �` �jh(�X����]!rXjFuXr\��	 �`��jh$�X� 	�hkn¢r��7rXj���´ghkjiuXr�d � �d � �od,� �d8�jh$�1���gdqpiryb��7r�t�^`aka�rX�gdqr�jinwhkb\j|nq^�dqhknz�1rXnX�	 �d 	�� 	 d 	
�

�
� �P �x� H�	 B$�jh � � 	�� 	 ` �jh � � 	 � -

� �E�$&% � ��� �jh���� �E�$*% � � H�	 B$�jh�� 	�� 	 `��jh"� 	 � - � � ��� �jh � ���x� H�	 B$�jh � � 	�� 	 ` �jh � � 	 � - �
� �E�$&% ��� �jh"� � �E�$&% � H�	 B$�jh�� 	 � 	 ` �jh"� 	 � - �

´ghkjFuXr �T8�jh$�1� � � �g�'rypi^��\r�hkj�dqpihkn�u�^enwr�dqpi^ed �T � T �3#|�jf�']h$�X����f � �d8�jh$�X�*+7���ZiV § K6K ¬ ´g{i_F_�b\nwr ��hknyrX�7rXj�^ej1��H�	 B$�jh � � 	;#,�:�(¥'pFrXj���	 �d �jh � � 	 � Pg��^`ji� 	��`��jh � � 	1hknyrX�7rXj��
¥'pir�tqr�x~betqr\� ��� �jh(�1� � P�^`ji� 	 �`��jh$�*� 	ghkn-rX�7rXj��$¥'p�{inX� �d � �d � ��d=^`j1�	 �d 	�� 	 d 	
�

�
� �P �P� �E�$&%�� ��� �jh���� �E�$*%�� � H�	 B$�jh�� 	�� 	 `��jh"� 	 � - � � ��� �jh � ���x� H�	 B$�jh � � 	�� 	 ` �jh � � 	 � - �

� �E�$&% ��� �jh"� � �E�$&% � H�	 B$�jh�� 	 � 	 ` �jh"� 	 � - �
´ghkjFuXr �T8�jh � � � � �gdqpir�rX�gdqr�j1�FrX�8r��gl\rynwr�d¢hkn �T � T����ZiV § K6K6K3��´�{i_F_�b\nwr���hkn�b��i�}^ej1��H�	 B$�jh$�X� 	,# �:��¥'pFrXj�� 	 �d8�jh$�X� 	 � Pg��^`ji� 	 �`��jh(�1� 	1hkn�b��i�N�
´gbg� 	 ��/�jh � � 	 � � � �jh � � � <\���-pFhcu�psl\hk�7r�n!{in¢dqp1^�d'	 �`��jh � � 	 � 	��`��jh � � 	�� � � �jh � �¢hkn�rX�7rXj��]!r�jiuXr �d � �d � �.d"���/�jh � ���F^`ji��nwb	 �d 	�� 	 d 	
�

�
� � <��P� �E�$&%�� ��� �jh���� �E�$*%�� � H�	 B$�jh�� 	�� 	 `��jh"� 	 � - � � ��� �jh � ���x� H�	 B$�jh � � 	�� 	 ` �jh � � 	 � -��

� �E�$&% � � �jh"� � �E�$&% � H�	 B$�jh�� 	 � 	 ` �jh"� 	 � - �
´ghkjFuXr �T8�jh � � � � �g�'rypi^��\r!dqp1^�d �T � T,�9#0�jf�']h � ���[f8� ��/�jh � �*+v�

;Ftqb`� dqpFrXnwr!u�^enwrXn���r!nwrXr-dqp1^�d�dqpir¢nwhk°Xr!bex�dqpFr�rX�gdqr�j1�FrX��jirXhkl\p���betqpibvb��ohcn3rX�7rXjU^ej1��dqpir-r���dqrXj2�
nwhkb\jFn��o^�dqu�podqpiryj�{i�(��r�t'nw_�r�uXh��1r���hkj�dqpFr�akrX���o^�nzd�^edqrX��rXjvd��
¯�r�d�rX�7r�twf�jib��gr�hkj �d ^`j1�(e p1^��7r5� � � ��´2!!¤$nX��!�b`dqr-dqp1^edke � ^`ji� �d � pi^��7r��`^`ak{FrXn'^enwnwhcl`jir��dqb�´2!!¤$n8<�dqpgtqb\{Fl\p�� � �vf�^`nwnw{i��_gdqhkb\j��8 Cj:e � ^ej1� �d � �#akr�d�´0!�¤�n(� � � <�dqpFtqb\{Fl\p�� � � �^`aka#uXb`jvd�^`hkj %¢nX�y¯�r�d�h �} � 6�x~bet�^`aka$´0!�¤�n�~w��^`j1�|jFb`dqr�dqp1^edXh � hkn!{ijFhF��{Fr�x tqb\� rX�7r�twf�b`dqpir�t
l\r�jib`d5fg_�r\� ¶�aknwbF�3jibedqhkuXr8dqpi^ed�r�^eu�p f � B$�jh � �(hkn�^`a�tqr�^`�gf�ac^`��rXakr��N�4;ib`t�r��7r�twf:f � B$�jh � ���
ac^`��rXa3^.f K � �`��jh$�1����B$�jh$�1�!nw{Fu�p}dqp1^�d9f$� f K � h$����¥'pihkn�fghkrXac�Fn�^8�`^`ak{Fr(x~betAf K dqpi^ed��gh VNr�tqn
x�tqb`� rX�7r�twf8b`dqpFr�t!jFb��Fryhkj �d � nwhkjiu�r�´0!�¤�n�� � � <ydqpFtqb`{il\p�� � � �sb`x7f � ��{Fnzd-uXb\jvd�^ehcj7)�n-�vfuXb`jinzdwtq{iu�dqhcb`j��o  x�H�	 B$�jh � � 	�S)�:��dqpir�tqr�^�tqr�jib8{ijiac^e��rXakr���jib��grXn�tqrX�o^ehcjFhkjil�hkj �`��jh � ���o´ghkjiuXr��� �jh � � � P�hkj�dqpihkn¢u�^`nwr\�i�'r�p1^��7ryac^`��r�acrX�� �d/'Ue ' �T$����]!b��'rX�\r�t���h�x H�	 B$�jh � � 	�# �:�FdqpirXjU�-pihkakrrX�7r�twfsjib��gr�hkj �d@�jh � ��hkn�ac^`��r�acrX���q` �jh � ��nzdqhkaca�uXb`jvd�^`hkjin�{Fjiac^`��r�acrX�}jFb��FrXnX��¯�r�d ��,�jh � �¢��r�dqpir
nwr�d(b`x�tqrX�o^ehkjihkjils{Fjiac^`��rXakr���jib��Fr�nX�$^`j1��jib`dqhkuXr�dqpi^ed 	 ��/�jh$�X� 	�hcn�rX�7r�j��vf�u�b\jinzdwtq{Fu�dqhkb\j��s¯�r�d	 ��/�jh � � 	 � H��m^`ji��bet��Fr�t�dqpir�jib��Fr�nyhcj ��/�jh � ��x�tqb\� f � dqbof ��� �@;ib`t,f � dqpgtqb\{Fl\p�f � ��akr�d�dqpir
�itqnzd-� � �x<(´2!!¤$n¢uXb\jvd�^ehcj�)�n!^ej1�|akr�d�´2!!¤ � � �4H���r(^ej7%���µ�b`jg�\r�tqnwrXa�fv�1x~bet�f � - � dqpgtqb\{Fl\pf2����akr�d'dqpFr��itqnzd�� � ��<�´0!�¤�n'uXb`j�d�^ehkj�%¢n�^`ji�Uakr�d�´0!�¤�� � ��H���r�^.)o�$´�bF� ��/�jh(�X�3akbvb\��n�akhc�\r\�

D



# ����� �k�c� ��� ¶�� � 1 1.1 �>'
����� �k�c� ��� ¶�� � 1 1.1 �>'

���
����� �k�c� ��� ¶�� � 1 1.1 �>'
¶�¶!¶��c�k� ¶!¶ � � ��1 1�1 �>'
¶�¶!¶��c�k� ¶!¶ � � ��1 1�1 �>'

���
¶�¶!¶��c�k� ¶!¶ � � � 1 1 1 � +v�

¯�rX�FhkuXb`l`t�^e_ipihku�^eakakf�^`nwnwhkl\jU´0!�¤�nR� � ��I¢dqpFtqb\{Fl\p.� � � ��b\j f��#dqpgtqb\{il`p f2���y^`n$�Fr���b\jinzdwt�^�dqr��(hkjµ'^`nwr>Hybex:dqpFr��i^`nwr¢u�^`nwr\�g�F{Fd�^ea�dqr�t'dqpir¢hkj1�ghcu�rXn'nwb�dqp1^ed�f { � f2��� � {.- � � h(���-pFr�tqr$< � �'� H����
¥'p�{inX��h�xkf��,� ��/�jh(�X�����'r�pi^��\r(x~betAf2��� � {.- �,� ��/�jh(�X�¢dqpi^ed,f��R� f2��� � {7- � � h(�X�o¥'pFr�tqr�x~betqr\�
� �d/'Ue ' �T(�'hcn-ac^`��r�acrX���
;Bhkl`{Ftqr3I��FrX��b`jinzdwt�^edqr�n�dqpir8r���dqrXjinwhkb\j b`x�^�let�^`_ip ��dR'Ue ']T$���-pFr�tqr 	 e 	 � H��&	 ` �jh � � 	 � Dv�	 ` �jh���� 	 � H��1^`ji� 	 B$�jh$�X� 	 � 	 B$�jh"��� 	 � H��'´ghkjiuXr$H�	 B.�jh(�1� 	�# 	 ` �jh(��� 	��g�'r�pi^��\r!dqp1^�d 	 �d8�jh$�X� 	 � P��

^ej1�onwhkjiuXr 	��`��jh(�X� 	 � I��F��r�nwrXr�dqp1^�d ��� �jh(�X� � <\��´gbg�gdqpFr�jir�hcl`p���b`tqpibvb��Ub`x h(��hkn-r���dqrXj1�gr����vfob\jirjFb��Fr���hc^ ��,�jh � ��� ;ib`t=h � �F��ryp1^��7r�dqp1^�d�	 `��jh � � 	 � 	 B$�jh � � 	 � H��inwb 	 �d8�jh � � 	 � H�^`ji� � � �jh � � � P��]�rXjiu�r\�1dqpir�jir�hcl`p���b`tqpibvb��}b`x h � hkn�r���dqrXji�Fr��|�vf|dqpFr�d5�'bUjib��grXn�hkj�d@�jh � ������r(��r�j�dqhkb`j}dqpi^ed!jib`d
^eaka$bex�dqpFr�r���dqrXji�Fr��sjib��grXny^�tqr�tqr��v{ih�tqr��}��rXu�^e{inwr�h�d�hkn�_�b`nwnwhc�Fakr�dqb8ac^`��r�a$b`jir�bex h(�yb`t�h"���-h�dqp�^`aka
6�n!^ej1�|rXakhk��hkj1^edqrydqpFryjirXr���x�b`t �d@�jh � ������r�jFb��¡nwpFb�� dqp1^�d�^ej�f8�ihk_i^etwdqh�dqr�l`t�^`_Fp���hkjFuXak{1�FhkjFl�dqpib\nwr
�-h�dqpshknwb\ac^�dqr��sjib��Fr�nX�Nu�^`js��r�r���dqrXji�Fr��|^ej1�|ac^`��r�acrX��dqbU��r�uXb\��r�^��Fhk�7r�tqnwhkd5f|let�^`_ip��¢¥'pirytqrXnw{Fakd�hkn�^
nwhk��_Facr!r���dqrXjinwhkb\j�b`x�¯�rX���o^@<`��
� §�ª Y §�� � O Wha Q Z f2dU^X`bZ `�]8cU^�dXfhg ��dR'Ue ']T$� Z*d�W Q ]9]]\U`�])W�Y|]�Y=d�W�Y�� d Q ]��F]�Y�` � Q ]]Z*� � ]�d YUZ [U]X^X_*Z\`ba
cU^edXfhg Q a d Y YUZ*W0c�W�� � �U^*]>` ghd�W� �E�$*% ��� �jh���� �E�$*% � H�	 B$�jh"� 	�� 	 ` �jh�� 	 � -�� � ����� ��� % � - '!�g ]X^�] ��� d�W�Y � % dU^�]$` g ]9W ^ �/Q ]X^.� V"Z\_X�Q� dU`�]�Y/W���Y|]X_>Z6W d d�W�Y e Y�^*]X_ fh]]Z�`bZ\[U]�� a _4 Y ªNª65 ¬ ¯�r�d ��dR'Ue ' T.����ro^��Fhk_1^etwdqh�dqrol`t�^e_ip���^`ji��akr�d d	�U^ej1��e
����r�uXb\akakrXu�dqhkb`jin�bex-hknwb\ac^edqr��
jFb��FrXn'x tqb\� d=^`ji��e ��tqrXnw_�rXu�dqhc�\rXa�fv�$¶�aknwbF�iacr�d(��d K 'Ue K '%T$����r!dqpir!nw{i�ilet�^`_Fp|b`x	��d�'Ue ']T$�3�-h�dqp�dqpir
hknwb`a ^�dqr���jFb��FrXn�tqrX��b��7r���� ����dqrXji��^ej1�sac^`��rXa���d K ')e K ']T.��^`n�hkj�¯�rX���o^9<(nwbUdqpi^ed8� �d K '%e�' �T K ��hkny^�ghk�7r�tqnwh�dCfUl`t�^e_ip��$¥'pihkn�rX�gdqr�jinwhkb\jUtqr��v{ih�tqrXn¢^\�F�Fhkjil

�E�$*%'F ��� �jh���� �E�$*%'F � H�	 B$�jh�� 	 � 	 `��jh"� 	 � - �e<��

jFb��FrXn-dqb(d K ��;Fb`t�rX�7r�twf8jib��gr�hkj5e � ��r�pi^��7rydqp1^ed ��� �jh"� � � H�	 B$�jh"� 	 � 	 ` �jh�� 	 � - � Pg�1nwbo��r�u�^`j��tqh�dqr8�e<��-^en �E�$*% ��� �jh���� �E�$*% � H�	 B$�jh"� 	�� 	 ` �jh�� 	 � - � � HU�

¯�r�d5� K ��r�dqpFr�jg{F����r�t-bex3´2!!¤$n¢{inwr��|hkj}¯�rX���o^ <�^ej1� �d � ��r(^�nwr�d!bex3uX^et��Fhkji^`akh�dCf=����� ��� % � - �¶¢aknwb�akr�d �d � � d � �.�d � ^`ji� jFb`dqhkuXrUdqp1^ed2	 �d � 	�S 	 e � 	 � ¶!�i� 	 �d � 	�´0!�¤�n�nwb�dqpi^ed�rX�7r�twf/jFb��FrUp1^en
� K � 	 �d	� 	i´0!�¤�nX��;Fb`t¢r�^`u�p|jFb��Fryhkj �d K ^`ji��e �Fac^`��rXaB´2!!¤$n	� K � <�dqpFtqb`{il\p�� K � 	 �d	� 	��-h�dqps^ej3%¡nwb
dqpi^ed(� �d K '%e�' �T K ��hkn-nzdqhcaka:^��Fhk�7r�tqnwh�d5f8let�^`_Fp��
;Fb`t#r�^eu�p�jFb��Fr�hkj �d � ^ej1� e � �eac^`��rXaF´2!!¤9� K � 	 �d � 	��-hkdqp(^5)o�#��t��Fr�t�dqpir$jib��Fr�nBhkj e � ^`ji� �d � x�tqb\�

h(��dqb9h���L^`j1� f���dqb9f���� -������� � �R;ibet�´0!�¤�n5<�dqpgtqb\{il`p8� K � 	 �d � 	 �3<\�vac^e��rXaidqpir-jFb��FrXn$hkj(e � ^`j1� �d �
akr��ghkuXb`l`t�^`_Fpihku�^eaca�fv��´gb,h � � f � � %�%&131 1 %-)o��h � � f � � %�%&131 1 )$)o�g^ej1��nwb�b\j��3´�hkjiuXr�	 �d	� 	7hcn'^ed'akr�^enzd
^en3ac^�tql\r�^`nL	 e�� 	 �7dqpihkn�ac^`��rXakhkjil�nwu�pirX��r�uXb`jvdqhcj�{FrXn$dqb!a ^e��rXa�^eacagdqpir-jib��grXn�hkj �d	�-b`jiuXr�dqpFr�jib��Fr�n3hkj(e
�
^�tqr�ac^`��rXakr��N� ����dqrXj1� �T K dqb(dqpir��({ia�dqhknwr�d �T nw{iu�pUdqpi^ed �T � �T K ��#0�jf�']h��X'��jf�']h����[f-�:f � h�� e � +7�´�r�dwdqhkjil �d � �d K � �d � �F��rynwrXr�dqp1^�d$� �d/'%e�' �T.��hkn-ac^`��rXakr��s^ej1�8^`j1�odqp1^�d�d hkn�rX�gdqr�j1�FrX�U�vf� �E�$*% ��� �jh���� �E�$*% � H�	 B$�jh"� 	�� 	 ` �jh�� 	 � - � � ��� % ������� - �
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