
���������	�
�	�	����
���������� ��������� �

�! �"$#&%'#&%)(+*,".-/")0.-/132

4&5�687:9<;=;
>?7@
4&5<A=5&687:9<;=;
>?7CB&>EDGFH9<7:>?IJ>?KGLNMO P'Q/RTS/UWVYX[Z]\YR�^E_`Xa\bRNcdRNe?fdgihj\kflQ/RTfY\YX[mjmWRN\dVYn?VbflR�copX[V'flQ/R�VbRNq[RNZ�flX[hje�hjgHRNrWRNe?flV'hWg.X[eEfYRN\bRNVbftsiVbRNR�PHUjS/q[R �juvxw X[flQ�U'Q/X[mjQ

y
VbflUWS/qaR

y
UWe/z w R�qaq

{
_/e/z/R�\YVbflh?h?z|R�}dZNX[RNe/Z�n~ w Q/X[q[R�\YR��lRNZ�flX[e/m�S/UWZ��EmW\YhW_/e/z�RNrWRNe?flV�UWe/z��jR�RN�/X[e/m�pfYQ/R�fYhjflUWqWR�rjR�eEf.\YUWflR�_/e`z/RN\ ���W�����E��� f)z`RNVbXamWe�qa_/cdX {� e/hWVYX[f�n

y
S=RNUWc

{
X[e/z/_/Z�RNz�S`UjZ��?mj\bhj_/e`zT\YUWflRNV�Uj\bR�f�n?�/X

{�pZ�Ujq[qanJUWS
hW_/f �j� � ��� R�UjZ�Q�gihW\�hje/R]hW\�cdhW\YR]fl\bUjZ��?V� X[e,flQ/R�z`\YX[gifTZ�Q/Ujc�S
R�\ w X[flQ��E��� � �j��¡ R�¢¤£¦¥]hW\TUjf@¨§pq[RNUWVYfChWe/R�© ¡«ª ZNq[_/VYfYRN\ w XafYQ­¬®� ���W��¡ R�¢ � ©�g {@¯@±°/Z�XaR�e/ZNn
y
z`XaUWmje/hWVYfYXaZ

y
UWe/z²S/UjZ��?mj\bhj_`e/z«Vbfl_`z/XaR�VC\bR

{@¨O ^?_/X[\YR³�/\bRNVbZNUWqaR�z�VbUjcd�/q[RNVThWg�Vb�=RNZNX[Ujq�RNrjR�e?f�f�n?�=RNV
y@¨opVb_/Z�Q�UjV8flQ`hjVbR�giUjX[q[Xae/m�flQ/R�fl\bX[mjmjR�\�VbRNq[RNZNfYXahWeCZN\bX[flRN\bX[U
y@ v UWe/z&\bUje`z/hjc´S=RNUWc´ZN\bhjVbVbXae/mWV �@ ~ P'Q/R�fYhjflUWqWfY\YX[mjmWRN\�R�}dZNX[RNe/Z�n�X[VH\YR�^E_`Xa\bRNz�fYh�RNµ?Z�RNRNz@¨�p¶W¶=·JgihW\)UWqaq
¸ ¸«RNrjR�e?flV.UWe/z�Ujf)qaR�UjVbf�¶j¹º·�gihW\.Z�hje?flX[e
{@ � _/_`c»RNrWRNe?flV �G¼ RNVbV�VYfY\YX[e/mjR�e?f)\bRN^?_/X[\YR�cdRNe?flV¤Uj�`�/qan�flh@¨�phWflQ/R�\'RNrjR�e?f'f�nE�=RNV

y.½	¾ ¿?¾iÀ/Á`ÂHÁHÃ
R�rjR�eEfYVÄVbQ/hj_/q[z�Q/UÅrjR@¨�pU�¶ � {

¶W¹=·ÆfY\YX[mjmWRN\¤RN}dZNX[RNe`ZNn
y
z/RN�=RNe`z/Xae`m�hje�flQ/R'Vb�
R

{O¯§ Z�Xa°/Z
Á`Ç

z/R�ZNUÅn�Z�Q/UWe/e/R�qaV �O[@ P'Q/RÄfY\YX[mjmWRN\�Vbn?VYfYRNcÈc�_/Vbf�S=R�\bhjS`_/VYf�Uje/z�É/R�µ?XaS/q[RO¯OpX[e$hW\Yz/R�\&fYh«gi_`e/ZNfYXahWe�R�rjRNe�_/e/z/R�\]RNµ?fl\bRNcdRÊS/UjZ��
{O¯o mW\YhW_/e/ztVbXafY_/UjfYXahWe/V ��Ë f¤c�_`VYfHUjq[VYh�S=R8UWS/q[R8fYh|hW�
R�\YUWflRO v X[e&UWe&R�e?rEX[\bhje/cdRNe?f w X[flQ]z/RNUWz&hW\3e/hjX[VYnkRNq[RNZNfY\YhWe/X[ZNVO ~ Z�Q/UWe/e/R�qaV � P'Q/R�fY\YX[mjmWRN\'VbQ/hj_`qazTZ�hje?fl\bXaS`_/flR�e/h�cdhW\YRO¯�pfYQ/Uje � ·»flhdz/RNUWz&fYXacdR �O �

4&5<Ì=5&687:9<;=;
>?7CÍ&Î`>?7:ÎG9<>?ÏO¯� P'Q/R�fl\bXamWmjRN\8X[V8X[cd�/q[RNcdRNe?flR�z&UWV3U�f w h
{
qaR�rjR�q
Q/X[RN\

{O¯� UW\YZ�Q?n
y
flQ/R ¼ RNrWRNq � s ¼8�ju X[eJQ/UW\Yz w Uj\bR�gihjq[qah w RNz³S?no¯§pfYQ/R ¼ R�rjRNq�Ð!s ¼ Ð u Xae²Vbhjgif w Uj\bR �ÆË fCX[VCz/R�VYX[mje`RNzÆflho[@±UWZNZNhWcdc�h?z/UWflR'_/��fYhtflR�eCflX[cdRNVÑflQ/R|RNµ?�
R�ZNfYRNz�Ò�©ÑÒ

{o¯O ËYË S/UWZ��EmW\YhW_/e/zÓ\YUWflRNV�UWf�z`RNVbXamWeÓq[_/cdXae`hjVbXaf�n�UWe/zÊflho¯opz/R�mj\bUjz/R�Vbqah w q[nCgihW\ÄS/UjZ��?mW\YhW_/e/z/V'UWS
hÅrWR�fYQ/Ujf�qaR�rjRNq �o vxÔ R�z/_/e/z`Uje/Z�nTXaV�S/_/X[q[f�Xae?flh�flQ`R�Vbn?VYfYRNcÕfYh&cdRNUWVY_`\YRo ~ UWe/z&cdhWe/XafYhj\'fY\YX[mjmWRN\3RN}dZNX[RNe`ZNX[RNV �o¯� Ö|_`\YX[e/mCe/hW\YcdUWq�hj�=RN\bUjfYXahWe
y
fYQ/R ¼8� XaV|ZNhje`°/mj_/\bRNzo � fYh�Q`UÅrjRdUjeÊhj_/fY�/_/f�\bUjfYR�hWgÑf�n?�/X[ZNUWqaq[n � � ���?� P)\bX[m {o¯�pmWRN\bV�Uj\bR8f�n?�/X[ZNUWqaq[n��`\Yh?z/_/Z�RNz w X[flQ/X[e�U�°/µ?RNz�q[UjfYRNe/Z�no¯� w X[e/z/h w hWg �j� { � �¤×

V�UWgiflRN\dfYQ/RÓØ
Â
Ø
Ã
Z�hjq[qaX[VYX[hje

y
Uje/zv §

z/RNq[XarWRN\bRNz�fYh�flQ`R�Ù`UWVYf ª hje?fl\bhjq
Uje/z�P'X[cdXae/m�Ú/n?VYfYRNcv @ siÙ ª P'Ú ul� Ö|UWflU�_`VYR�zJflh�gihW\YcxflQ/R&fl\bXamWmjR�\tz/RNZ�XaVbX[hje
v O Uj\bR��`\YR�VYR�\YrWRNz w X[flQ�RNUWZ�Q&R�rjR�eEf3gihW\'RN}dZNX[RNe/Z�nCVbfl_/z

{v o XaR�V �vav P'Q/R ¼ Ð�\bRNVb�
hWe/z/V|flhCfYQ/RtRNe?fYXa\bR ¼8� hW_/fl�`_/f y
�=RN\
{v[~ gihj\bc�V�U�VbRNZ�hje/z]VbflUWmjR�\YUWflR�\bRNz/_/Z�flX[hje�gihj\ÄfYQ/R�cdUjX[e

v � �/Q?nEVbX[ZNV�VYhW_/\bZNRNV
y
Uje/zÓXaz/R�e?flX[°/RNV�Uje`z�É/UWmjV�flQ/R�VY�=R

{v[� ZNX[Ujq�ZNUjfYRNmWhj\bXaR�V�hjg�R�rjR�eEfYVÓe`RNRNz`RNz»gihW\Óq[_/cdXae`hjVbXaf�n
v � z/RNfYRN\bc�X[e/UWflX[hje

y
z/X[UjmWe/hjVbflX[Z

y
Uje`z�Z�Ujq[XaS`\YUWflX[hje��/_/\

{v � �
hWVYR�V ��� f�z/R�VYX[mjeÓqa_/cdX[e/hjVbX[f�n y
flQ`R ¼ Ð&°`qafYRN\�UjZ�ZNRN� {~ § flUje`ZNR�gihW\k�/Q?n?VYX[ZNV&XaVÊÛ3¶ �¤��� y
w Q/X[qaR«Û3Ð �¤��� ZNhje {~ @ flUjX[e�fYQ/R�hjflQ`RN\�VY�=RNZ�XaUWqÑR�rjRNe?f�ZNUjfYRNmWhj\bXaR�V � P'Q/R ¼ Ð~ O Ujq[mjhj\bX[flQ/cdVdZNhWc��`qan w X[flQÆflQ/R]VbUjcdR�VYhWgif w UW\YR&ZNhje

{~ o rjRNe?fYXahWe/V�Uje/z³VbflUWe/z/Uj\bz/V�_/VbRNz³X[e³Ujq[q�hjfYQ/RN\�Ü.ÝºÜ)ÝWÞ~¯v VYhWgif w UW\YR
y
fYQ/RN\bRNS?n�VbX[c��`qaX[gin?Xae/mÓXafYV�z/R�VYX[mje

y
fYRNVbflX[e/m

y~a~ Uje/z]cdUjX[e?flRNe`Uje/Z�R �~ �
4k5<ß=5]à�>?Î`>?á3AJ687	9â;
;=>?7�ã)äGM	LN>?I~a� P'Q/R ¼3� fl\bXamWmjRN\]z/R�ZNX[VYX[hje,X[VTS/UjVbRNz�hje,Z�Q/UW\YmWRNz~ � fl\bUjZ��?V3Xae&flQ/R�Ö ªH� UjS=hÅrjR�U��/\bRNVbRNf8fl\bUje/VbrjR�\YVbR�cdh {~ � c�R�e?fl_/c

y
VbQ/h w RN\bVTXae�fYQ/R�© ¡«ª y

Uje`z�fl\bUjZ��?VTz/R
{�a§ flRNZ�flR�z­X[e­flQ`R Ë Ù Ô � PH\YX[mjmWRN\�z`UjflU�Uj\bR��/\bh?ZNRNVbVbRNz�å@ SEn&flQ/\bRNR�VY�=RNZ�XaUWqaX � R�z�Q`Uj\bz w UW\YR��/\bh?ZNRNVbVbhj\bV �H� VÄz/R {�aO VYZ�\YX[S
R�z�S=RNq[h w

y
flQ/R�z/\bXagif�Z�Q/Ujc�S
R�\�fY\YX[mjmWRN\�sæÖ ª P u�ao Uje/z�RNq[RNZ�fl\bhjcdUjmWe/RNfYXaZÓZNUjq[hj\bX[c�R�flR�\&fY\YX[mjmWRN\Jsi© ¡ P u� v P)UWS/qaR �ª \YhWVYVdVbRNZNfYXahWe/V y
�/\bhEz`_/ZNfYXahWe�Uje`z«fY\YX[mjmWRN\�\YUWflRNVdgihW\flQ/R|�/\YX[e/Z�Xa�/UWq`�/Q?n?VbXaZ�V��/\bh?ZNRNVbVbRNV�Ujf ���º� ¹Wç|è8R�¢�gihj\ÑUqa_/cdX[e/hjVbX[f�n�hWg�Ð]é ���WêYê ZNc Ã�ë

V
Ã)ì �

P'Q`RkØ
Â
Ø
Ã
ZN\bhjVbVVYR�ZNflX[hje&\YR�giRN\bVÑfYh�R�rjRNe?fYV w X[flQ&RNX[flQ/R�\3flQ/R�Ø

Â y
Ø
Ã y
hW\S
hWflQ]Xae`VYX[z/R�flQ`R�© ¡«ª z/RNfYRNZNfYXahWe]rjhjq[_/cdR �

í.î:ï�ð¦ñ ò=ó�ô	õ�õ ö�ó�ôÅ÷EøEùbñ�ú¯ô�ð û
ï�î:ï�üHýñâþjÿ�ï õ�ï�ù�ñ�ú ô�ð ����ñ�ï������
	 �ºó�ú
���	ïbó��ð���	 ���lñ�ï�������	� � ý�� ý ���
� ���
�ô	ñ��Wï�ó�� � ��� � ý �!�
� ý"�!� ý
#�$%#!& ')( � ý (�* ý (�+, $ , & ý��
� ��� ( ��� ý
- $ - & �!� * ���
. ��� �



� ���t����� �����]���	�=���	����
����?���	�
S
hWflQÕVbUjfYXaVbgin UWqaqTfY\YX[mjmWRN\!\bRN^?_/X[\YR�c�R�e?flV!X[e/z/RN�=RNe

{� ~ z/RNe?fYqan w X[flQ�Q/X[mjQJR�}dZNX[RNe/Z�n
y
Uje/zJfYQ/RN\bRNS?nÓ�/\YhÅr?X[z/R�a� UTQ/X[mjQÊz/RNmW\YR�R�hWgÑ\bRNz`_/e/z/UWe/ZNn � P'Q`R�Xae/Vbfl\b_/cdRNe?fYRNz� � É/_/µ�\bRNfY_/\be$fl\bX[mjmjR�\³s Ë Ù¤P u XaV]_/VbRNz�gihj\]fl\bX[mjmjR�\YX[e/m�a� × Â × Ã

Uje/z�ZNhWVYcdX[ZÑ\bUÅn?V
y
cdhjVbflq[n�gihj\�z`XaUWmje/hWVYfYXaZ8�/_/\

{�a� �
hWVYR�V �� § P'Q/R�hÅrjR�\YUWqaqGVbfl\b_/ZNfY_/\bRthjg¤flQ`R ¼8� fY\YX[mjmWRN\ÄX[VÄX[qaq[_/V {� @ fl\bUjfYRNzÊXaeÊÙ¤XamW_/\YR �j� ©�UjZ�QÓhjg�fYQ/RdflQ/\bRNR ¼3� fY\YX[mjmWRN\� O �/\bhEZ�RNVbVYhW\YV8mjR�e/RN\bUjfYRNV8fl\bXamWmjR�\�/�0214351467148
½�9by
Vb_/cdcdUj\bn� o z/UjfYU�hWe�flQ/R��
hWVYX[flX[hje�UWe/zCR�e/RN\bmjn�hjgº�/UW\YfYXaZ�qaR�V

y
flQ/UWf�¯v Uj\bR�VbRNe?f�fYh�fYQ/R�mWqahWS/Ujq
fl\bXamWmjRN\�slè ¼ P u RNrWRN\bn � Ð�:�e/V ��a~ P'Q/RdÖ ª P Uje/zÊ© ¡ P»�/\bXacdX[flX[rjRNV�VbRNe?f�flh�flQ/R�è ¼ P� � Uj\bR<;

=
3?>2/

9 ���
eÊXae/z`Xar?X[z/_/Ujq);

{
c�UW��Z�hje/VbXaVbflV�hjgÑUje�a�A@

{
S/X[f w hj\bz!\YR��/\bRNVbRNe?flX[e/mJU��/UW\YfYXaZ�_/q[Uj\k�`UjflfYRN\be!hjg� �A6B021
¿	¿�½

0�CEDGF
½IH

6
9
UjV'z`XaVbfl\bXaS`_/flR�zTXae]°/µ?RNz

{
w X[z/flQJ;�\YR

{� � mjX[hje/VÑgi\YhWc � flh ��K8�)� fY\YX[mjmWRN\�hWS?�lRNZ�f�X[V�U�^?_/UWe?flX[f�n�a§ Xae`z/XaZ�UjfYXae/m�flQ/R��`\YR�VYR�e/ZNRThWg|U��`Uj\bflX[ZNq[R
y
VY_/Z�Q!UWVCU�å@Õz/\bXagifdZ�Q/UWc�S=RN\�fY\YUWZ��³hj\�U�ZNUWqahW\YX[cdRNfYRN\�R�e/RN\bmjnÊz/R

{�aO �
hWVYX[f � P'Q`R Ë Ù¤P´�/\bX[c�X[flX[rjR�X[V�UÊflQ/\bRNR
{
S`Xaf��/UjfYflRN\be�ao \YR��/\bRNVbRNe?flX[e/m²flQ/R�Q/Xaf�flhj�=hjq[hjmWn�X[e�flQ/R Ë Ù Ô � P'Q/R� v cdRNUje`Xae/m�hjg�flQ/R�r	UW\YX[hj_`VCfl\bXamWmjR�\��/\YX[cdXafYXarWR�X[e/�/_/fYV� ~ flh�fYQ/Rkè ¼ P�UW\YR�Vb_/cdc�UW\YX � R�z&X[e]P)UWS/q[R �º��a� P'Q/R,è ¼ P �/\bh?ZNRNVbVbRNVÊUjq[q�fl\bXamWmjRN\Ê�/\bXacdX[flX[rjR�VÊfYh� � gihj\bc VY�=RNZ�Xa°/Zkfl\bXamWmjRN\bVtUWe/z�flQ`RNe�z/R�qaX[rjR�\YV�flQ/R�cxfYh�a� flQ/R«Ù ª P'Ú � P'Q/R�Ù ª P'Ú�Z�Uje,hj�`flX[hje/UWqaq[n$cdUjVb�$hW\�a� �/\bRNVbZNUjq[RCUWeEnÓhjg3flQ`RNVbRkfl\bX[mjmjR�\YV �kË g'UTr	UWqaX[z�fY\YX[mjmWRN\�a§ \YR�cdUjX[e/V

y
U ¼8��� ZNZ�RN�/f�XaV�XaVbVb_/RNz�fYh�X[e/X[flX[UjflR�RNrWRNe?f�å@Õ\YR�Ujz/hW_/f � P'Q/Rtfl\bX[mjmjR�\3z/RN°/e`XafYXahWeTqahWmjX[Z y

cdUjVb�?V
y
UWe/z�aO �/\bRNVbZNUjq[R�r	UWqa_`RNV�Uj\bR�Ujq[q�ZNhje`°/mj_/\bUjS`qaR�hjeÊU&�=RN\�\b_/e�ao S/UjVbX[V �� v P'Q/R ¼8� Q/Uj\bz w Uj\bRTXaV&Q/hj_`VYR�z�Xae$°/rjRÓ¶�L±¢ ¡ ©� ~ ZN\bUjfYRNV � P'Q/R ¼8� fY\YX[mjmWRN\Thj�=RN\bUjfYRNV�X[e�U�Z�hje?flX[e?_ {�a� hj_/VdVbUjcd�/q[Xae`mÓcdh?z/R

y
mjRNe`RN\bUjflX[e/mÓfl\bXamWmjRN\�Xae`gihj\bc�U

{� � flX[hjeÆUjfd\bRNmj_`qaUW\
y
°/µ?R�z«fYXacdR]Xae?fYRN\br	UWqaV � P'Q/R�Ö ªH��a� Ù¤©�©�VÑUje/zkflQ/R|© ¡«ªNM @ 6B021

¿	¿?½
0
½IO

/
½
0
9
C @ >�P
1467Q

H
>E0

O�9�a� s4L|Ò ª V u VYR�e/z,\YU w z`UjflU²fYh!flQ/RJÖ ª PpUWe/z,© ¡ P@¨§a§ UjS=hj_/f �¤× V�UWgiflR�\�flQ`R$Ø Â
Ø
Ã
ZNhjq[q[XaVbXahWe � P'Q/R«Ö ª P@¨§å@ Uje/zÓ© ¡ P�R�rjR�eEf|�/\bhEZ�RNVbVYX[e/mCfYXacdR�V�UW\YR�:

R
¹ × V y

gihjq
{@¨§aO qah w RNzkSEn�UWe/hjfYQ/RN\�Û3Ð × VÑhjg��/\bh?ZNR�VYVbXae`m�X[ekflQ`Rdè ¼ P@¨§ao flhÊXaVbVb_/R&U ¼8� fl\bXamWmjR�\ � P'Q/R ¼8� fl\bXamWmjRN\�flUW�jR�V�UW� {@¨§ v �/\bhÅµEX[cdUjfYRNq[n �
× VÑflht�`\YhW�/UjmWUjflR'fYQ/\bhj_/mWQ�flQ/R|Ù ª P'Ú@¨§ ~ Uje/z�flQ/RS0

½
>
O
C M 6T3?C

O M
P
½�9
s Ô�U ¡ V u fYh�X[e/X[flX[UjflR8RNrWRNe?f@¨§a� \YR�Ujz/hW_/f � P'Q/R�VYR�VbflRN�`V8UW\YR�Ujq[qºUjZ�ZNhjcd�/q[X[VYQ/R�z w X[flQ/X[e@¨§ � flQ/R � �=� ç × V3Ù¤©�©²S/_WV=RN\ÄZ�Uj�/UWZNX[f�n�qaX[cdXaf �@¨§a� P'Q/R�Ö ª P y

© ¡ PÊUje`z�è ¼ P³R�UjZ�Q�cdUjX[eEfYUjX[e�U'gihj_/\ {@¨§a� RNrWRNe?fCS/_WV=RN\&flh�Q`hjq[z!Xae/gihW\YcdUWflX[hje²\YR�VY_`qafYXae/m�gi\YhWc@¯@ § flQ/Rdr:Uj\bX[hj_/V�VYfYUjmWRNV�hjg�fYQ/R ¼8� fl\bXamWmjR�\ � P'Q/R�VYR�z/UWflU@¯@a@ Uj\bRt\bRNUjzThW_/f�S?n�flQ/R�e/hj\bcdUjq)z/UjfYUCUjZ�^E_`XaVbXafYXahWeTVYn?V
{@¯@ O

[1]
Trigger (GLT)
Global Level 1

Discriminator (PTD)

IFR Muon Trigger

Drift Chamber Binary
Link Tracker (BLT)

[1]

Synch Board (IFS)
[1]

[8]

FastOR

Drift Chamber PT

IFR FEE

134 ns

Fast Control

3 bits/134 ns

DCH FEE

EMC ROM

320 bits/134 ns

176x16 bits/269 ns

32 bits/134 ns 16 bits/134 ns

24 bits/67 ns

90 bits/

Segment Finder (TSF)
Drift Chamber Track

Processor Board (TPB)
[10]

[24]

Calorimeter Trigger

Ù¤X[mj_/\bR �j� Ú/X[c��`qaX[°/RNz ¼3� fY\YX[mjmWRN\�VYZ�Q`RNcdUjfYXaZ �tË e/z`X {Z�UjfYRNz�hje�fYQ/R'°/mW_/\YR8Uj\bR�fYQ/R3e?_/c�S=RN\�hWg`ZNhWcd�
hWe/RNe?flVsæXae�VY^?_/UW\YRdS/\bUjZ��WRNflV u y
Uje/zJfYQ/RCfY\YUWe/VYcdX[VYVbX[hjeÊ\YUWflRNVS=RNf w RNR�eCZNhWcd�
hWe/RNe?flVÑXaekflRN\bcdVÑhWgºflhjfYUjq=VYX[mje`Ujq`S`XafYV �

fYRNc �@¯@¨o
4&5<ß=5<A=5&àÑ>?Î`>?á3AYX&7:9[Z�L]\]^`_`Iba�>?7C687:9<;=;
>?7@¯@ v P'Q/R�Xae`�/_/f�z/UjfYU&fYh&fYQ/R�Ö ª P»Z�hje/VbX[VYf�hjg�hWe/R�S/Xaf@¯@ ~ gihW\kR�UjZ�Q²hjg�flQ`Rdc � � :³Ö ªH� ZNRNq[q[V

y
_/�=z/UWflRNz!R�rjR�\Yn@¯@¨� �Ee ¶�e`V � P'Q/R�VYR�S/X[flV�Z�hje?rjR�nÊfYXacdR]X[e/gihj\bcdUjflX[hje�z/R {@¯@ � \bX[rjRNzdgi\bhjc flQ/RÄVbRNe`VYR w X[\YR'VbX[mje/UWq/gihj\�fYQ/Ujf�ZNRNq[q � P'Q/R@¯@¨� Ö ª P hj_/fY�/_/f��/\bXacdX[flX[rjR�V�UW\YRdZ�Uje/z/X[z/UWflRdfl\bUjZ��?V�RNe

{@¯@¨� Z�h?z/RNzCX[e�flR�\YcdV8hjgºflQ`\YR�R �2e {
S/X[ff;

{
c�UW�/V�UWV�q[XaVbflR�zCX[e@¨O¯§ PHUjS`qaR �º�@¨O[@ P'Q/R�Ö ª P UWqamWhj\bXafYQ/cdV�Uj\bR�RNµ?R�ZN_/fYRNz X[e´flQ/\bRNR@¨O¯O f�n?�=RNV'hWg.cdh?z/_/q[RNV�gih�j � Ù¤X[\YVbf y

fl\bUjZ���VbRNmWcdRNe?flV
y
flQ/R�Xa\@¨O¯ok;��=hjVbXafYXahWe/V�Uje`z�z`\YX[gif�flX[cdRÄRNVbflX[cdUjflR�V�Uj\bR3gihj_/e`z�_`V

{@¨O v X[e/m�U�VbRNf�hjg � :�PH\YUWZ���Ú/RNmWc�R�e?f�ÙHX[e/z/R�\|siP'Ú`Ù u cdh?z {@¨O ~ _`qaR�Vlg � j � P'Q/RNVbRÑz`UjflU|Uj\bRÑfYQ/RNe��/UjVbVbRNz�fYh|fYQ/R�m8X[e/UW\Yn@¨O¯� ¼ Xae`��P)\bUjZ��WRN\ds4m ¼ P u c�h?z/_`qaRng � j y
w Q/RN\bR�VYR�mjcdRNe?flV@¨O � UW\YR�qaX[e/�jR�z�Xae?fYhtZNhWc��`qaR�flR�fY\YUWZ��?V ��Ë eC�/Uj\bUjq[q[RNq y

flQ`R�;@¨O¯� X[e/gihW\YcdUjfYXahWe�gihj\ÑVYR�mjcdRNe?flV�gihj_/e/zkXae�UWµEX[Ujq
VY_`�
R�\Yq[UÅn
{@¨O¯� R�\YV'X[V'fl\bUje`VYcdX[flflR�z&fYhdRNX[mjQ?f3fl\bUje/VbrjR�\YVbR�cdhjcdR�eEfY_/c@¨o¯§ z`XaVbZN\bXacdX[e/UjfYhj\³siÒ�P'Ö u c�h?z/_`qaR�VJg Ð�j

y
w Q/X[Z�Q�VbRNUj\bZ�Q@¨o[@ÕgihW\'fl\bUjZ��?V'UjS=hÅrjR�UdVYR�f8�E�ÑflQ/\bRNVbQ/hjq[z �@¨o¯O



���������	�
�	�	����
���������� ��������� Ð
PHUjS/q[R �PH\YX[mjmWRN\��`\YX[cdXafYXarWRNV�gihW\�fYQ/R|Ö ª P!Uje`zC© ¡ P �¦¡ hjVbf�R�e/RN\bmjn�flQ/\bRNVbQ/hWqaz/V8Uj\bR'UjzÅ�l_/VYfYUjS/q[RpoWfYQ/hjVbR�q[XaVbflR�zCUj\bRÄf�n?�/X[ZNUWqr:Ujq[_/R�V � Ö|R�VYZ�\YX[�/flX[hje U \YX[mjX[e q�h � hWg)S`XafYV P'Q/\bRNVbQ/hjq[zm Ú/Q/hj\bf'fl\bUjZ���\bRNUWZ�Q/X[e/m�Ö ªH� Vb_/�
R�\Yq[UÅnjR�\3¹ m ¼ P �2e � �j��¡ R�¢¤£Å¥� ¼ hje`m�fY\YUWZ���\YR�UjZ�Q/X[e/m�Ö ªH� VY_/�=RN\bq[UÅnjRN\ ��� m ¼ P �2e � ç ��¡ R�¢¤£Å¥�sr � X[mjQ&�E�8fl\bUjZ�� Ò�P'Ö �2e ç �j��¡ R�¢¤£Å¥¡ � q[q {ut ¡�Ë

Ò!RNe/R�\YmWn P'Ò�m �j� � �j��¡ R�¢è � q[q {ut
Xae?flR�\YcdR�z/XaUWflR�R�e/RN\bmjn P'Ò�m �j� � ¹ ��¡ R�¢© � q[q {ut
Q/XamWQ]RNe/R�\YmWn P'Ò�m �j� c �j��¡ R�¢v Ù`hj\ w Uj\bzkRNe`z/ZNUW� ¡�Ë Ò P'Ò�m �j� � �j��¡ R�¢w m8UWZ�� w UW\Yz&S/Uj\b\YR�qºQ/XamWQ&R�e/RN\bmjn P'Ò�m ��� � è8R�¢

©�UWZ�Q�hjg|flQ/RTfYQ/\YR�R&Ö ª P c�h?z/_`qaR�V�siP'Ú/Ù
y
m ¼ P y@ o¯opUWe/z�Ò�P'Ö u \YR�qaX[RNV�Q/R�UÅrEX[q[n�hWe�c�_/qafYXa�`qaR�Ù¤Ò�è �?x Vyg :�j@ o vxw Q/X[Z�Q��=RN\bgihj\bc fYQ/R�ZNhje?fY\YhWq.Uje`z�Ujq[mjhW\YX[flQ/cdX[Ztgi_/e/Z

{@ o ~ fYXahWe/V �G� q[qjZNUWS/q[Xae/m'X[V.Q`Uje/z/q[RNz�S?n|U'VYcdUjq[q
s e L u S/UjZ�� {@ o¯�phWg
{
Z�\YUWflR�Xae?flR�\YgiUWZNR�S=RNQ/X[e/z]RNUWZ�Q&cdUjX[e]S
hWUj\bz �@ o �
6Ñ7z_W{z|²ãH>E;=IJ>?KGL5}'9âK`~H>?7@ o¯� P'Q/R�P'Ú/Ù cdh?z/_/q[RNV!Uj\bR�\YR�VY�=hje/VbX[S/qaR�gihj\²°/e`z

{@ o¯�pX[e/m�fl\bUjZ��kVYR�mjcdRNe?flV�Xae � c�c e hÅrWRN\bqaUW�/�/X[e/m�R�XamWQ?f {
ZNRNq[q@ v § /�148�CE6

¿
0 C M / 9 �]�

�`XarWhjftmW\YhW_/�JXaV�U�ZNhWe?flX[mj_/hW_/VtVbRNf@ v @±hWg�ZNR�qaq[VtfYQ/UjftVb�/UWeÓUWqaq�gihW_/\�q[UÅnjRN\bV w XafYQ/X[eJUTVY_/�=RN\
{@ v O q[UÅnjR�\ � P'Q/R&�`XarWhjf�mW\YhW_/��VbQ/Uj�=R�XaV�VY_`Z�Q�flQ`Ujf�hje/q[n@ v op\bRNUWVYhWe/UjS/q[n²VYfY\YUWXamWQ?f&fY\YUWZ��EV]hW\YX[mjX[e/UjfYXae`m«gi\bhjc fYQ/R@ v¯v X[e?flRN\bUjZ�flX[hje��=hjX[e?f&Z�Uje��/\Yh?z/_`ZNRÊU«r:Ujq[X[z�VbRNmWc�R�e?f �@ va~ Ù¤X[mj_/\bR � VbQ/h w V�fYQ/RTUj\b\YUWe/mjR�cdRNe?f�hWg|Z�RNq[qaV w X[flQ`Xae@ v �pU!�/X[rjhWfTmj\bhj_/� � ª RNq[q�:!X[V�ZNUWqaq[RNz,fYQ/R�/�148�C�6

H�½
P4P
o@ va� fYQ/R�P'Ú/Ù³UWqamWhj\bXafYQ/c­X[VÑhW�/flX[cdX � RNzCfYh�°/e`zCfl\bUjZ���VYR�m {@ v � cdRNe?fYV'flQ/UWff/�148�C�6ºUWS
hW_/f3flQ/X[VÄZ�RNq[q �@ v � P'Q/RÆÖ ªH� VbXamWe/Ujq[VÊUj\bR«VbUjcd�/q[RNz RNrjR�\Yn �Ee ¶�e`V �@ ~ § P'Q/R'�`UjVbVYUWmjR8hjg=U�VbX[e/mjq[R'�/Uj\bflX[ZNq[R3flQ/\bhj_`mjQ�flQ/RÄÖ ªH�@ ~ @ w X[qaq��/\bh?z/_/ZNR�XahWe/X � UjfYXahWe!flQ/UWf&z/\bX[giflV�flh�fYQ/RÓVbRNe`VYR@ ~ O w X[\YR�V³Xae f�n?�/XaZ�Ujq[qan�e`h�cdhj\bRÆflQ/UWe gihW_/\³hjgkfYQ/RNVbR@ ~ o Z�qah?Z���flX[Z��EV � ©�UWZ�QCZNR�qaq=XaV3UWVYVbh?ZNX[UjflR�z w XafYQ&U�f w h {
S`Xaf@ ~ v Z�hj_/e?flR�\)fYQ/Ujf¤X[V¤Xae/Z�\YR�cdRNe?flR�z�Ujf¤R�rjRN\bn�ZNq[h?Z���fYXaZ���gihj\@ ~¯~ w Q/X[Z�Q�U�VbX[mje/UWqjX[V)�/\bRNVbRNe?f �GË etfYQ/XaV w UÅn y

UÄVbQ/hj\bf.fYXacdR@ ~ � Q/X[Vbflhj\bn�hWg8R�UjZ�QÊZNR�qaqÑXaVt�`\YR�VYR�\YrWRNz � Ù
hj\tR�UjZ�Q³ZNq[h?Z��@ ~¯� fYXaZ��
y
flQ/R�Z�hjq[qaR�ZNfYXahWeÆhWg|f w h

{
S/X[f�ZNhW_/e?flRN\bV�gihj\kRNUjZ�Q@ ~ � �/X[rjhWf'mj\bhj_/�]gihW\YcdV�U ��e {

S/X[fÄr:Ujq[_/Rt_/VbRNzTfYh�Ujz/z/\bRNVbV@ ~ �pU�q[h?hj�
{
_`�
{
fYUjS/q[R � P'Q/X[V�q[hEhW� {

_/�
{
fYUjS/q[R'ZNhWeEfYUjX[e/V�f w h

{@ �¯§pS/X[f w RNX[mjQ?flV�X[e/z/X[ZNUWflX[e/m w Q/R�flQ/R�\�flQ`RN\bR'XaVÑe/h�UjZ�ZNRN�`f
{@ �[@ UWS/qaR�VYR�mjcdRNe?f

y
U�q[h w

{
^E_`Ujq[Xaf�n|VYR�mjcdRNe?f

y
U�fYQ/\bRNR

{
q[UÅnjRN\@ �¯OpVbRNmWc�R�e?f�siUjq[q[h w Xae/m'gihW\.Z�RNq[qjX[e/RN}dZNX[RNe`ZNX[RNV u y

hj\.UÄgihj_/\
{@ �¯opq[UÅnjR�\�VbRNmWc�R�e?f ��� Q/RNe²UjeÆUjZ�ZNR��/flUWS/qaR]VbRNmWc�R�e?f�X[V@ � v

Track

6 2
4

5 1
7 3 0

Pivot cell layerSuper
layer

8 Cell Template

ÙHX[mj_`\YR �=� PH\bUjZ���Ú/R�mjcdRNe?f3Ù¤Xae/z`RN\Ä�/X[rjhWf3mj\bhj_/� �
gihj_/e/z

y
fYQ/Ujf��`XarWhjf�mj\bhj_`��X[V�R�µEUWcdXae/R�zdflh�z/R�flRN\bcdXae`R@¨� ~ w Q/XaZ�QdhWg
fYQ/\YR�R3VY_/S`VYR�^E_`RNe?f�ZNq[h?Z��tflX[Z��?V��/\Yh?z/_`ZNR'flQ`R@¨�a� Q/XamWQ/RNVbf w RNX[mjQ?f3hj\�D

½�9
6=�/UWflfYRN\be �@¨� � P'Q/R³q[h?hj�

{
_`�
{
fYUjS/q[R�UWqaVbh�Z�hje?flUWXae`V&�=hjVbXafYXahWe$UWe/z@¨�a� flX[c�R'X[e/gihW\YcdUjfYXahWe w Q/X[Z�Q

y
Ujq[hje/m w XafYQ�U�Vb_/cdcdUj\bn�hjg@¨�a� ZNRNq[q�h?ZNZ�_/�/UWe/ZNX[RNV

y
gihj\bcdV�flQ/R�S/UWVYX[V�hjgÑz/UjfYU]VYR�eEf�fYh@ � § flQ/R5m ¼ P�UWe/zTÒ�P'Ö � P'Q/R�P'Ú/Ù²UWqamWhj\bXafYQ/c _/VbRNV�flQ`R@ � @ÕflX[c�R

{
r:UW\YX[UjfYXahWekhjg)flQ/R�q[h?hj�

{
_`�
{
fYUjS/q[R w R�XamWQEfYVÑfYhd\YR

{@ � O °/e/R�S=hjfYQkfYQ/R�R�rjRNe?f�fYXacdR�Uje/z�X[flV8_/e/Z�RN\bflUWXae?f�n
y
flQ?_/V@ � o RNe/UWS/qaX[e/m�X[fCfYh�hj_/fY�/_/f&\YR�VY_/q[flVkflh�fYQ/Rbm ¼ P RNrjR�\Yn@ �¯v � Ð�:�e/V �@ �a~ P'Q/Rk�
hWVYX[flX[hje³\bRNVbhjq[_/flX[hjeÊUjVtcdR�UjVb_/\YR�z³gi\YhWc flQ`R@ � � z/UjfYU�UjgiflR�\�Z�Ujq[XaS/\bUjfYXahWe

y
X[V�f�n?�/X[ZNUjq[q[nÓÛ ej�W�¤× c gihj\|U@ �a� gihj_/\

{
q[UÅnjR�\�VbRNmjcdR�eEf�Uje/z�Û3¶ �j�¤× c gihj\ÑUtflQ/\bRNR

{
q[UÅnjR�\@ � � VYR�mjcdRNe?f � Ù`hj\|fl\bUjZ��?V�hW\YX[mjX[e/UWflX[e/m�gi\YhWc fYQ/R Ë Ò y
flQ`R@ � � RN}dZNX[RNe/Z�nJgihj\�Ujq[q3P'Ú/Ù�VYR�mjcdRNe?fYV�X[V�¶�cj·

y
Uje`z�flQ`R@¨�a§ RN}dZNX[RNe/Z�n�gihj\HQ/XamWQ

{
^E_`Ujq[Xaf�n�flQ/\bRNR

{
q[UÅnjR�\�hj\)gihj_/\

{
qaUÅnWRN\@¨�å@ÕP'Ú/Ù�VbRNmWc�R�e?flV'X[VÄ¶�:º· �@¨�aO
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��9âK`_/7:ä«à�9<K�|�687z_W{z|`>?7@¨�ao P'Q/R�m ¼ PJ\YR�ZNR�XarWRNV�VbRNmWc�R�e?f�Q/X[f.X[e/gihj\bcdUjflX[hje�gi\YhWc@¨� v Ujq[q � :�P'Ú/Ù x V&UjfCUJ\bUjfYR�hjg�Ð �j� S/X[flV&RNrjR�\Yn � ÐE:�e/V@¨� ~ Uje/z!q[X[e/�?VCflQ/R�c X[e?flhJZNhWcd�/qaR�flR�fY\YUWZ��?V � P'Q/RTVbRNm {@¨�a� cdRNe?f�Q/X[flVÑUj\bR'cdUj�/�=RNz�hWeEfYh�flQ/R|Ö ªH� mjRNhWcdRNfl\bn�X[e@¨� � flR�\YcdV8hjgGÐ �W� 9 M

/
½
0
H�½

P4P
9Yy
X[eCÐ � VYR�ZNflhW\YVÑXaeb;�UWe/zCfYRNe@¨�a� \YUWz/X[Ujq¤VY_`�
R�\Yq[UÅnjR�\YV � ©�UjZ�QÓS/X[f�X[e/z/X[ZNUWflR�V w Q`RNflQ`RN\�U@¨�a� VYR�mjcdRNe?f�XaV�gihW_/e/z«XaeÆflQ/UWfdVY_/�=RN\bZNR�qaq3hW\�e`hjf � P'Q/R@¨�a§ m ¼ P$X[e/�/_/f3z/UWflU�UW\YR�ZNhWc�S/X[e/R�zk_/VbXae`m�U�qahWmjX[ZNUjq U8Ô@¨�å@ w XafYQ³U��`\YhWmj\bUjcdcdUjS/q[R�cdUjVb�T�/UWflflR�\Ye � P'Q/RdcdUjVb� {@¨�aO Xae`mkUjq[q[h w V�flQ`R�VbnEVbflR�c flhkUWZNfYXar:UjfYRtfl\bUjZ���VbRNmjcdR�eEfYV@¨�ao ZNhW\Y\bRNVb�
hWe/z/X[e/m�fYh|z`RNUjz�hj\HQ/X[mjQ/q[n�Xae`RN}dZNX[RNe?fHZNRNq[q[VHfYh@¨� v �/\bRNrjR�e?f'RN}dZNX[RNe/Z�n&z`RNmj\bUjz`UjflX[hje � P'Q/R�q[Xae/�?X[e/mCUWqamWh {@¨� ~ \YX[flQ`c�_`VYR�V�Uje�R�µEfYRNe/VbX[hje�hjg?UÄcdR�flQ/h?z�z/R�rjRNq[hj�=RNz�gihW\@¨�a� flQ/R ªH¼ © U

{ ËlË
fl\bX[mjmjR�\�g ¹�j �)Ë fÑVbflUW\YfYVÑgi\bhjc fYQ/R�Xae`e/RN\

{@¨� � cdhjVbf)Vb_/�=RN\bqaUÅnWRN\
y �d� y

UWe/z�cdhÅrjR�V)\bUjz`XaUWqaq[n�hj_/f w Uj\bz �@¨�a� � fY\YUWZ���XaV�gihj_/e/z�X[g
fYQ/RN\bR'XaV�U�VbRNmWc�R�e?fHX[e�Ujf�q[RNUjVbf@¨�a� RNX[mjQ?f3VY_`�
R�\Yq[UÅnjR�\YV8Uje/z�X[g)fYQ/R�VYR�mjcdRNe?flV3X[e]f w h�ZNhWe
{O¯§a§ VYR�ZN_/fYXarWR|Vb_/�=RN\bqaUÅnWRN\bV�giUWqaqºU � Xac�_/flQ`Ujq[qan w X[flQ/X[ekfYQ/\YR�RO¯§å@ flh�°/rjR�VY_/�=RN\bZNR�qaq[V8hjgGRNUWZ�QChjfYQ/RN\�siz/R��
R�e/z/X[e/m�hjeCfYQ/RO¯§aO VY_`�
R�\Yq[UÅnjR�\8f�n?�=R uY� P'Q/X[V'Ujq[qah w V'gihW\'fl\bUjZ��CZ�_/\br	UWfl_/\bRO¯§ao Uje/zJz`Xa�JUWe/mjq[RCr:Uj\bXaUWflX[hje/V � PH\bUjZ��?V�flQ/UWft\bRNUjZ�Q³fYQ/RO¯§ v hj_/fYRN\�q[UÅnjR�\�hjgºflQ`RÄÖ ªH� siVb_/�
R�\Yq[UÅnjR�\ ��� �=u Uj\bR3ZNq[UjV {O¯§ ~ VYX[°/R�z$UjV�f�n?�
R ��� PH\YUWZ��?VkflQ`Ujf�\YR�UjZ�Q�fYQ/RÓcdX[z/z/q[RO¯§a� qaUÅnWRN\'siVb_/�=RN\bqaUÅnWRN\�L�¹ u Uj\bR8ZNq[UjVbVYX[°/RNz�UjV¤f�n?�
R)m � P'Q/RO¯§ � z/UjfYU�UW\YRCZ�hjcd�/\bRNVbVYR�zJUje/z�hj_/fY�/_/f�fYh�fYQ/R³è ¼ P X[eO¯§a� flQ/R�gihj\bc hjg�f w h ��e {

S/Xaf�;
{
cdUj�/V

y
hWe/R]RNUWZ�Q«gihW\ �O¯§a� Uje/z�m�fY\YUWZ��?V �O[@ §

��6�X�9<M�{j7:9<IJ9âK`_`L��=7O[@a@ P'Q/R�RNX[mjQ?fÄÒÑP'Ö­cdh?z/_/q[RNV�\bRNZ�RNX[rjR];]Xae`gihj\bc�UWflX[hjeO[@ O hjg�Q`XamWQC^?_/Ujq[Xaf�ndfY\YUWZ���VbRNmWc�R�e?flV8Xae&flQ/R|Ujµ?XaUWq
Vb_/�=RN\
{O[@ o qaUÅnWRN\bVÑs �d� y �

:
y �

c�Uje/z �d���ºu y
Uje/z�z/RNfYRN\bc�X[e/R�X[g/fYQ/RO[@ v VYR�mjcdRNe?fYV�Uj\bR�Z�hje/VbX[VYfYRNe?f w X[flQ²U³fl\bUjZ��J�E��mW\YR�UjfYRN\O[@ ~ flQ/UWe�UtZNhWe/°/mW_/\YUWS/q[R8cdX[e/X[c�_/c r:Ujq[_/R �)� e�R�e?rjRNq[hj�=RO[@ � gihj\3fl\bUjZ��?V3UjS=hÅrjR|flQ/R�cdX[e/Xac�_/cÈ�?��XaV'z`RN°/e/R�z&_`VYX[e/mO[@ � flQ/R Ë Ò y

Uje`z�U�fY\YUWZ��tVbRNmjcdR�eEf��=hjVbX[flX[hje�X[e�hWe/R'hjgºfYQ/RO[@ �
9�½b½IO

Vb_/�=RN\bqaUÅnWRN\bV
y �

cÑhW\ �d���º�G� Q/X[mjQ�� � ZNUje`z/Xaz`UjflR yO[@ � z/RNe`hjflR�z�UWV � r y
X[V�Xaz`RNe?flX[°/RNz w Q/RNeÓVY_`}�Z�XaR�e?f|fY\YUWZ��O¯Oa§ VYR�mjcdRNe?fYV w XafYQÆUWZNZ�_/\YUWflR�;�X[e/gihj\bcdUjflX[hjeÆgi\bhjc fYQ/RO¯Oå@ÕhjfYQ/RN\'UWµEX[UjqGVb_/�=RN\bqaUÅnWRN\bVÑq[X[R w XafYQ/Xae]fYQ/XaV�RNe?rjR�qahW�
R �O¯OaO ©�UjZ�Q�Ò�P'Ö cdh?z/_/q[R�VYR�Uj\bZ�Q/RNV�gihj\�VbRNRNzÊVbRNmjcdR�eEfYVO¯Oao Xae Vb_/�
R�\Yq[UÅnjR�\YV � c«Uje`z ��� � y

Uje`z w X[flQ/X[e U�:j¹
{O¯O v z/RNmW\YR�R|U � X[c�_/fYQ/Ujq w RNz/mWR|hWg.fYQ/R�Ö ªH�d� P'Q/XaV'VbRNUW\YZ�QO¯O ~ \YR�mjX[hjeTVb�/Uje`V�RNX[mjQ?fÄVb_/�=RN\bZNR�qaq[V

y
Uje`z�flQ/R��/\bhEZ�RNVbVYX[e/mO¯Oa� gihj\HRNUWZ�Q�VY_/�=RN\bZNR�qaqEX[V)�=RN\bgihj\bcdRNz�S?n�XafYV)h w et�`\Yh?ZNR�VYV

{O¯O � Xae`mÄRNe/mWXae`R�hje�fYQ/R�Ò�P'Ö � P'Q`R��/\bXae/Z�Xa�`UjqjZ�hjcd�=hje/R�eEfYVO¯Oa�
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Ù¤X[mj_/\bRtÐ � Ö ª P�fl\bUjZ��&RN}dZNX[RNe/Z�n&rWRN\bVY_`V'fl\bUje/VbrjR�\YVbRcdhWc�R�e?fl_/c gihW\ � y
m
y
Uje/z �sr fl\bUjZ��?V � P'Q/R �srfYQ/\bRNVbQ/hjq[z&X[VÄVbRNf'fYh�ç �j��¡ R�¢H£j¥ �

X[eJRNUWZ�Q³RNe/mWXae/R�UW\YRdUWeÊUWqamWhj\bXafYQ/cdXaZd�/\bh?ZNR�VYVbhj\�Uje`zO¯O¯� q[h?hj�
{
_/�
{
flUjS`qaR�V�ZNhWe?flUjX[e/X[e/mTflQ`R&q[XacdX[flV�gihj\�RNUjZ�QJX[e

{O¯o¯§ z`Xar?X[z/_/Ujq)VYR�RNz]�=hjVbXafYXahWe � P'Q/RtZ�hje?flR�e?flV'hjgHflQ`Rtqah?hW� {O¯o[@ _`�
{
fYUjS/q[RNV3Vb�
R�ZNX[ginCflQ`R|UWqaq[h w R�zCfl\bUjZ��dVbRNmWc�R�e?fÑ�=hjVbX

{O¯o¯O fYXahWe/V3gihj\8RNUWZ�QChjgGfYQ/R|fYQ/\bRNR�hjflQ`RN\8Ujµ?XaUWq`Vb_/�=RN\bqaUÅnWRN\bVO¯o¯o UWe/zÊZNhje`VYR�^E_`RNe?flq[nTz/RN°`e/R�fYQ/R�R�V=RNZ�flX[rjR��E�|z/XaVbZN\bX[c
{O¯o v X[e/UWflX[hje�fYQ/\YR�VYQ`hjq[z � P'Q/R�\bRNVb_/q[flX[e/md�?�'flQ/\bRNVbQ/hjq[zTgihj\O¯o ~ fYQ/R�Ò�P'Ö �sr fY\YUWZ��EV3X[V'VYQ`h w e&X[e]ÙHX[mj_`\YR�ÐdflhWmjRNfYQ/RN\O¯o¯� w X[flQ]fYQ/RSm ¼ P � y

m�fl\bUjZ��kRN}dZNX[RNe/Z�n �O¯o �
4&5<ß=5<Ì=5&àÑ>?Î`>?á3AY\?_`á[�=7	9âIJ>?LN>?7�6Ñ7:9â;
;=>?7O¯o¯� Ù`hW\�fl\bXamWmjRN\|�/_/\b�
hWVYR�V

y
fYQ/R�© ¡«ª X[V�z`Xar?X[z/RNzÓXae?flhO¯o¯� � ç � flh w RN\bV y

cdé�: � s t
é�; uY� ©�UjZ�QÓhjgÑflQ/R�S/UW\Y\bRNq x VO v § � : � flh w RN\bVdXaV�Z�hjcd�=hjVbRNzÆhjg � :ÊZN\bnEVbflUWqaV�X[e²U³çÊéO v @ÕÐ!s

t
éY; u Uj\b\YUÅn � P'Q`R&R�e/z/ZNUW��X[Vdz/Xar?X[z/RNz«Xae?fYh�: �O v O fYh w R�\YV
y
R�UjZ�Q�gihW\YcdX[e/mtU w RNz`mjR'X[en;�ZNhWeEfYUjX[e/X[e/m � ¶ RO v o �W� ZN\bn?VYfYUjq[V � Ù`hj\�RNUWZ�QJflh w RN\ y

UWqaq8ZN\bn?VYfYUjq�R�e/RN\bmjX[RNVO v¯v UWS
hÅrWR�U�fYQ/\bRNVbQ/hjq[z�hjg �W��¡ R�¢ÆUj\bR�VY_`c�cdR�ztUje/z�VYR�eEfO va~ fYh�flQ/R�© ¡ P$R�rjR�\Yn �Ee ¶�e/V �O v � P'Q/R|ZNhje?rWRN\bVYX[hjedhjgGfYQ/R�flh w RN\�z/UWflU�Xae?flh�flQ/Rdè ¼ PO va� ;
{
cdUj�/VÊXaVÊ�=RN\bgihj\bc�R�z�S?n�fYRNe»PH\bXamWmjRN\�Ò�\bhEZ�RNVbVYhW\O v ��m3hWUj\bz/V�siP'Ò�m8V ul� P'Q/R�P'Ò�m3VCz/RNfYRN\bcdXae/RTR�e/RN\bmjX[RNVO v � X[e]flQ/RS: � ;&VYR�ZNfYhj\bV

y
Vb_/cdc�X[e/m�hÅrWRN\3r:Uj\bXahW_/V3\YUWe/mjR�VO ~ §



���������	�
�	�	����
���������� ��������� ¹
hWg

t y
Z�hjcd�/UW\YR]flQ`RNVbR�RNe/R�\YmWXaR�VCUjmWUjX[e/Vbf�fYQ/\bRNVbQ/hjq[z/VO ~ @±gihW\�R�UjZ�Q�hWg�fYQ/R]fl\bXamWmjRN\��/\bXacdX[flX[rjR�VTsæVYR�R]P)UWS/qaR �=u yO ~ O R�VYfYXacdUjfYR�flQ`R�flX[cdR�hWg�RNe/R�\YmWn�z/R��
hWVYX[flX[hje

y
ZNhj\b\bRNZNfO ~ opgihW\ÄflX[cdXae/mt�lXafYflR�\

y
Uje/zTfYQ/RNeTfY\YUWe/Vbc�X[fÄfYQ/R�\bRNVb_/q[f'flhO ~ v fYQ/RCè ¼ P �O ~¯~ ©�UWZ�Q�P'Ò�m²\YR�ZNR�XarWRNV8z/UjfYU�gi\bhjc � ç�flh w RN\bV y

ZNhW\Y\bR
{O ~ �pVb�
hWe/z/X[e/m�flh�Uje�Uj\b\YUÅn�hjg)c�é?:�X[e

t
é�;

y
hj\3gihW_/\�;

=O ~¯�
9�½IH

67C�0
9 �
©�UWZ�Q�hWg
fYQ/Rf: � ;

{
VbRNZNfYhj\bV�XaV�VY_/cdcdRNz�X[e/z/R

{O ~ �p�=RNe/z`RNe?flq[n � PHh�X[z/RNe?flX[gin�RNe/R�\YmWn�z/RN�=hjVbXafYVÄflQ`UjfÄVb�/UjeO ~ �pf w hdUjz:�lUWZNRNe?fS;
{
VYR�ZNflhW\YV

y
fYQ/RtRNe`RN\bmjnChWgHR�UjZ�Q�VYR�ZNfYhj\Oa�¯§ X[V'Ujq[VYhdcdUjz`R�UÅr:UWXaq[UjS/q[R�flhdflQ`R�VY_/cdcdX[e/m�ZNX[\YZ�_/X[f'gihj\Oa�[@±UÊVYX[e/mWqaR&Ujz:�lhWXae/X[e/mÊVYR�ZNfYhj\dXae«VY_`Z�Q«U w UÅn³fYQ/UjfdUjq[qOa�¯O �=hjVbVYX[S/q[R��/UWXa\bV�hWg�Ujz:�lUWZNR�eEf5;

{
VbRNZ�flhj\bV�UW\YR�VY_`c�cdR�z �Oa�¯opP'Q/R�VYR�R�e/RN\bmjn�Vb_/cdVÄUj\bR�ZNhjcd�/UW\YR�zkUWmjUjX[e/Vbf3flQ/\bRNVbQ

{Oa� v hWqaz/V)flh�gihj\bc,fl\bXamWmjRN\)hjS?�lR�ZNfYV � ©�UjZ�Q�Vb_/c�X[V)UWqaVbhÄVbRNe?fOa� ~ fYh�Uje�RNX[mjQ?f
{
fYUj�d°/e/X[flRÄX[cd�/_/q[VYR�\YR�VY�=hje/VbR�siÙ Ë Ô u z/X[m {Oa�¯�pX[flUWq|°/q[flR�\ w Q`XaZ�Q�X[V�_/VYR�z�flh«RNVbflX[cdUjflRÓflQ/RÓRNe/R�\YmWnOa� � z/R��
hWVYX[flX[hjekflX[c�R �H� qah?hj� {

_/�
{
flUWS/qaR�XaV3_/VbRNz&flh�c�UW�jROa�¯� UWe�RNe/R�\YmWn

{
z/R��
R�e/z/R�eEf�RNVbflX[cdUjflR&hjgÄfYQ/R�flX[c�X[e/mk�lXaf

{Oa�¯�pfYRN\ w Q/X[Z�Q
y
Ujq[hje/m w X[flQ�fYQ/RtÙ Ë Ô hW_/fl�/_`f

y
XaVÄ_`VYR�zTflhO � § fYXacdR�fYQ/R�fY\YUWe/Vbc�X[VbVYX[hje�hWgEUWe?n�fY\YX[mjmWRN\�hWS?�lRNZ�flV)flh�fYQ/RO � @ è ¼ P � Ò�UWXa\bV'hjg);

{
VYR�ZNflhW\YV�Uj\bR U8Ô RNzTflhkgihj\bc �j� {

S`XafO � O�;
{
c�UW�/V'gihj\�flQ/R ¡ y

è
y
©
y
Uje/z v �/\bX[c�X[flX[rjR�V

y
w Q/Xaq[RO � o gihW\�flQ/R w �/\bX[c�X[flX[rjR

y
mW\YhW_/�/V�hjgÑgihj_/\�Uj\bR U8Ô RNzÊflhO � v gihW\Yc U ��� {

S`XafS;
{
c�UW� � P'Q/R�ZNhWc��`qaR�flRtUWqamWhj\bXafYQ/c X[VO �¯~ X[cd�/qaR�cdRNe?flR�z�X[e�hje`R�Ù¤Ò�è � g�c2j¤gihj\�RNUWZ�Q�;

{
VbRNZ�flhj\

yO � � w X[flQdgihj_`\�Xaz`RNe?flX[ZNUWq/ZNhWc��=hje`RNe?flV��=RN\�P'Ò�m � Ù`_/\bflQ/R�\O �¯� z/R�flUWXaq[V'hjg)flQ/R�© ¡ P�Vbn?VYfYRNc´Z�Uje�S
R�gihW_/e/z]X[eYg e j �O � � P'Q/R�S/UWVYX[Z��
R�\YgihW\YcdUje`ZNR�hjgHflQ/R�© ¡ P�ZNUje�S=RtRNµ {O � � �/\bRNVbVbRNzTX[e�flR�\YcdV�hjg�fYQ/R�RN}dZNX[RNe/Z�n]Uje/zÓflX[c�X[e/m��lXaf
{Oa�¯§pfYRN\�hjgtfYQ/R³fl\bXamWmjRN\&�/\bXacdX[flX[rjRNV � P'Q/RÊRN}dZNX[RNe`ZNn!hjgOa�[@ fYQ/R��/\bX[c�X[flX[rjR�V�Z�UjeCS=R�cdRNUWVY_`\YR�z�SEn�flQ`R|e?_/c�S
R�\�hjgOa�¯OpfYXacdRNV�UCfY\YX[mjmWRN\ÄS/X[f�XaV�VYR�fÄgihj\�UCVb�
R�ZNX[°/Z�R�e/RN\bmjn�\bR
{Oa�¯opZ�hje/Vbfl\b_/ZNfYRNz�h��dX[e/R�Xae]R�rjRNe?fYVÄgi\YhWc´U�\bUje/z/hWc´fl\bX[m
{Oa� v mWRN\ � Ù¤XamW_/\YR�:JVbQ/h w V�fYQ/XaV&RN}dZNX[RNe`ZNnÆgihj\CR�e/RN\bmjX[RNVOa� ~ e/R�Uj\�fYQ/R ¡ flQ/\bRNVbQ/hjq[z � P'Q/R�RN}dZNX[RNe/Z�n,Z�Q/Uje/mWRNVOa�¯�pgi\bhjc ��� ·!flh�¶ � ·!X[eCflQ/R|\YUWe/mjR'hWg �j� � flh � :j¹ ¡ R�¢ yOa� � UWe/zd\YR�UjZ�Q/R�V�¶j¶=·!Ujf � ç ��¡ R�¢ y

Z�qahWVYR'fYh�flQ/RÄUÅrWRN\bUjmWROa�¯�pR�e/RN\bmjn�z/RN�=hjVbX[flX[hjekhWg�U�c�X[e/X[c�_/c X[hje`X � Xae/m��/UW\YfYXaZ�qaROa�¯� UWf8e`hj\bc�UWqGXae`ZNX[z/RNe/Z�R �Oa�¯§ P'Q/R�© ¡ P�fYXacdR.�lXafYflRN\¤X[V¤c�R�UjVb_/\bRNz�S?n�ZNhWc��`Uj\bXae/mOa�[@±fYQ/R�flX[cdR�Z�RNe?fl\bhjX[z�hjg�;
{
VYfY\YX[� ¡ Q/X[flV)Xae × Â × Ã

RNrjR�e?flVOa�¯O w X[flQ�flQ/R'Ö ªH� fl\bUjZ���VbflUW\Yf¤flX[cdR yz�"� �
P'Q/R3z/X�V=RN\bRNe`ZNROa�¯opQ/UWVCUje!\bcdV w X[z/flQ$hjg�¶ � e`V w XafYQ»�'¶j¶ � ¶º·ÕhWg�fYQ/ROa� v cdUjfYZ�Q/X[e/m ¡ Q/X[flV w XafYQ/XaeTU��3¹ �j� e/V w X[e/z/h w �Oa� ~

EMC Cluster Energy (GeV)
�

E
M

T
 E

ff
ic

ie
nc

y

0.0
0

0.25

0.5

0.75

1

0.05 0.1 0.15 0.2

ÙHX[mj_`\YRn: � © ¡ P ¡ R�}�Z�XaR�e/ZNn²r?V � © ¡«ª ZNq[_/VbflR�\RNe/R�\YmWnCgihj\'UWe ¡ flQ`\YR�VYQ/hWqaz�VbRNflfYXae`m�hjg � �j��¡ R�¢ �
4k5<ß=5<ß=5�à�>?Î`>?á3AY��}'B 6Ñ7:9â;
;=>?7O¯�a� P'Q/R Ë Ù¤P XaV�_`VYR�zÆgihW\�fl\bXamWmjR�\YX[e/m�hWe × Â × Ã

UWe/zO¯� � ZNhjVbcdXaZ�\YUÅn?V � Ù`hW\�fYQ/Rt�/_/\b�=hjVbRNVÄhWgHfYQ/R�fY\YX[mjmWRN\ y
flQ`RO¯�a� Ë Ù Ô X[VCz/X[r?Xaz/R�z²Xae?flhJfYRNe²VbRNZNfYhj\bV

y
e/UjcdR�qan�fYQ/RTVbXaµO¯�a� S/Uj\b\YR�q�VbRNµ?flUWeEfYV'Uje/zTfYQ/RtgihW_/\ÄQ/UWqag¤RNe`z�z`hEhW\YV � P'Q`Ro¯§a§ Xae/�`_/flV�fYh&fYQ/R Ë ÙHP­Uj\bR�flQ`R]��>

9
65�T �VbX[mje/UWqaV�hjg�UWqaqo¯§å@¡;J\YR�Ujz/hW_/f�Vbfl\bXa�`V�X[e�RNX[mjQ?f�VYR�qaR�ZNflR�z�q[UÅnjRN\bVtX[e�R�UjZ�Qo¯§aO VYR�ZNflhW\ �o¯§ao � cdU¦�lhj\bXaf�nTq[hjmWXaZdUjq[mjhW\YX[flQ`c±z/RN°`e/RNVtfY\YX[mjmWRN\�hjS

{o¯§ v �lRNZNfYV3gihj\8RNrjR�\YndVbRNZ�flhj\ÑXae w Q/X[Z�QCUjf8qaR�UjVbf�gihW_/\ÑhWg�flQ`Ro¯§ ~ RNX[mjQ?f�fl\bXamWmjRN\�q[UÅnjR�\YV�Q/UÅrWR�Q/X[flV w X[flQ`Xae³U]flX[cdR w Xae
{o¯§a� z/h w hWg � Ð�:�e/V � P'Q/R Ë Ù Ô fl\bXamWmjRN\�Vbn?e/Z�Q/\bhje/X � UWflX[hjeo¯§ � c�h?z/_`qaRÄ�`\Yh?ZNR�VYVbRNV�fYQ/R'fl\bX[mjmjR�\�hjS?�lR�ZNfYV�gi\YhWc­fYQ/RÄflR�eo¯§a� VYR�ZNflhW\YV�Uje/zJmWRNe/R�\YUWflR�VtflQ/R&flQ/\bRNR

{
S`XaftfY\YX[mjmWRN\ w hj\bzo¯§a� s4L u RNe`ZNh?z/X[e/m�VbRNrWRNe�R�µEZ�qa_`VYX[rjRCfY\YX[mjmWRN\�ZNhje`z/XafYXahWe/V yo[@ § UjVtz/R�°/e/R�zJXae³PHUjS/q[R�Ð � P'Q/R�fl\bXamWmjR�\SL5¢3¹

y
gihj\tR�µ

{o[@a@ Ujcd�/q[R
y
Z�hÅrjRN\bV8Ujq[q × Â × Ã

flhj�=hjq[hjmWXaR�V3hjg.X[e?flR�\YR�VYf �o[@ O P'Q/R�RN}dZNX[RNe/Z�n|hWg?flQ/R Ë Ù¤P³Q/UWV�S
R�RNe�R�r	UWqa_`UjflR�z�_/V {o[@ o Xae/m�Z�hjVbcdXaZ�\bUÅn?V8fY\YX[mjmWRN\bRNz&SEn&flQ/R�Ö ª P�Uje/z]Z�\YhWVYV {o[@ v Xae/m�flQ`R|z/R�flR�ZNflhW\3ZNq[hjVbR�flh�flQ`R Ë Ò � Ù`hW\ÑfYQ/RNVbR�RNrjR�e?flV yo[@ ~ ¶jç=· w RN\bR�fY\YX[mjmWRN\bRNz!S?n²flQ/R Ë Ù¤P±UjV�RNrWRNe?flV w XafYQo[@ � Ujf�qaR�UjVbf�hje`R&fY\YUWZ��
y
UWe/z�c Ð=· UjV�RNrWRNe?flV w XafYQ�f w ho[@ � fl\bUjZ��?V

y
X[e/VbXaz/RdfYQ/R�mWRNhWc�R�fl\bXaZ�UjqH\YR�mjX[hje�hWg�flQ`R Ë Ù Ô �o[@ � ¡ hjVbfChjg�flQ`R Ë Ù¤P X[e/R�}�Z�XaR�e/ZNn«XaV&ZNhWe/ZNR�eEfY\YUWflR�z«UWfo[@ �



e ���t����� �����]���	�=���	����
����?���	�
P)UWS/q[R�Ð
Ë Ù Ô fl\bXamWmjR�\��/UjfYflRN\be�s4L u z/R�°/e/X[flX[hje y

w Q/RN\bR × \YR�giRN\bVflh�UdVbXamWe/Ujq w X[flQ/X[e]UdVYR�ZNflhW\ �L P)\bX[mjmjR�\3ZNhje`z/XafYXahWe
� ¢ ��× fYhj�=hjq[hjmjX[RNV3hWflQ/R�\'flQ/UWe�L]£8¹

{
c

� ��× X[e]S/UjZ�� w Uj\bzkRNe`z/ZNUW�Ð ��× X[e]gihj\ w UW\Yz&RNe/z/Z�Uj�: ��× X[e]S/Uj\b\YR�q¹ � S/UjZ�� {
S/UjZ�� ×�x VÄX[e&S/UW\Y\bRNq�¤ � gihj\ w UW\Yz ×e ��× X[e]S/Uj\b\YR�q�¤ � gihj\ w Uj\bz ×c � S/UjZ�� {
S/UjZ�� ×�x VÄX[e&S/UW\Y\bRNq

flQ/R�S=hj_`e/z/Uj\bX[RNV'S=RNf w RNRNe]VbRNZ�flhj\bV �o¯Oa§
4k5âß
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5�¦Tá[��a`_`á8687:9<;=;
>?7o¯Oå@ P'Q/RÓè ¼ PÈ\YR�ZNR�XarWRNV�flQ`RkRNX[mjQ?f�fY\YX[mjmWRN\t�/\bX[c�X[flX[rjR�Vo¯OaO XaeÊflQ`R�gihW\YcÕhWgf;

{
cdUj�`V�UWV|q[X[VYfYRNzÊXaeÓP)UWS/qaR � UWqahWe/mo¯Oao w XafYQ&X[e/gihW\YcdUjfYXahWekgi\bhjc fYQ/R Ë Ù¤PÈsiPHUjS/q[R|Ð u fYhdgihj\bco¯O v VY�=RNZ�Xa°`Z8fY\YX[mjmWRN\bV.fYQ/UjfHUj\bRÑfYQ/RNe��/UjVbVbRNz�fYh|fYQ/R8Ù ª P'Úo¯O ~ gihj\8flQ/R�°/e/UWqºfl\bXamWmjRN\�z/RNZ�XaVbXahWe � Ö|_`R|fYh�flQ`R|z/X�V=RN\bRNe?fo¯Oa� qaUWflR�e/ZNX[RNV|UjVbVYh?ZNX[UjfYRNz w XafYQTflQ/R��/\Yh?z/_`ZNflX[hje]hWg)fYQ/RNVbRo¯O � �/\bXacdX[flX[rjRNV

y
flQ`R«è ¼ P gihW\YcdV&UJflX[c�R�Ujq[XamWe/cdRNe?f�hjgo¯Oa� flQ/R�VYR�X[e/�/_`fÄz/UjfYUd_/VYX[e/mdZNhWe/°/mW_/\YUWS/q[R|z/R�qaUÅn?V �o¯Oa� P'Q/R�è ¼ P�fYQ/RNe�gihj\bcdV)VbhjcdR�UWz/z/X[flX[hje/UWq?ZNhjc�S/X[e/RNzo¯oa§ ;

{
cdUj�`V&gi\bhjc®flQ`R�Ö ª P±Uje/z!© ¡ PÕz/UWflU � P'Q/RNVbRo¯oå@ÕcdUj�/V|Xae/Z�qa_`z/R�cdUjfYZ�Q/RNzThWS?�lRNZ�flVÄVb_/Z�QTUWVsm ¡ gihj\fmo¯oaO fl\bUjZ��?VHc�UWflZ�Q/R�ztflh|Uje ¡ ZNq[_/VbflRN\¤X[e§;

y
S/UWZ��

{
flh
{
S`UjZ��o¯oao hjS?�lR�ZNfYV

y
m�¨kUje/z ¡ ¨

y
w Q/X[Z�Q!\bRN^?_/X[\YR�U��/UjX[\Chjg©;o¯o v S/X[flV�VbRN�/UW\YUWflR�z�S?ntU�ZNhWe/°/mj_`\YUWS/qaRÑUje/mWqaR3hWg`f�n?�/X[ZNUjq[q[no¯o ~ Û � �j��ª y

Uje`z&UWek© ¡ ¨ hjS?�lR�ZNf3gihj\3S/UWZ��
{
flh
{
S`UjZ��d© ¡o¯oa� �/UjX[\bV �o¯o � � q[q ��e ;

{
c�UW�/VdUj\bRCflQ`RNeÆ_/VYR�z�fYh�Ujz`z/\YR�VYV�X[e/z/X

{o¯oa� r?Xaz/_`Ujq)è ¼ PÆqah?hW� {
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{
flUWS/q[RNV w Q/X[Z�Qd\YR�fl_/\be�fYQ/\bRNR

{
S/X[fo¯oa� ZNhW_/e?flV�hWg3fl\bXamWmjRN\�hjS?�lR�ZNflV�ZNhWeEfYUjX[e/RNz w X[flQ`Xae�fYQ/hjVbRo v § cdUj�/V
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R � m � y

flQ/R�eE_`c�S=RN\�hWg«m�fY\YUWZ��EV'hW\Äe?_/c�S=RN\|hjgo v @ ¡ Z�qa_`VYfYRN\bV � PHh�ZNhj_`eEf�UjV�z/X[VbflX[e/ZNf�fl\bX[mjmjR�\|hWS?�lRNZ�flV yo v O flQ/R�cdUj��S/X[flV8Uj\bRÄf�n?�/X[ZNUWqaq[n�\bRN^?_/X[\bRNzdflh�Q/UÅrjR'U�VYR��
{o v o Uj\bUjfYXahWeChjg)c�hW\YR|flQ/UWe&hWe/R�;kS/Xae � P'Q/R|\bRNVb_/q[flX[e/m �2eo vav ZNhW_/e?flV��/q[_/V�fYQ/R Ë Ù¤P�Q/X[f��/UjfYflR�\YedUj\bR8flQ/R�e�fYRNVbflR�z�X[eo v[~ qahWmjX[ZNUWqWhW�
R�\YUWflX[hje/V � P'Q/R8�=RN\bc�X[VbVYX[S/q[RÑhW�
R�\YUWflX[hje/VHXae {o v � ZNq[_/z/R%¬.UWq w UÅn?V
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y
hj\®­ uo v[� w XafYQ³U&Z�hje/°/mW_/\bUjS/q[R�VbRNq[RNZ�flX[hjeÓ�/Uj\bUjcdRNfYRN\ ��� fl\bXam

{o v � mjR�\�q[Xae/R|XaVÑflQ/R�eCVbRNf�UWV�flQ`R�q[hjmjX[ZNUWq � q|Ö�hWgGflQ/R�VYR � co v � hj�=RN\bUjfYXahWe/V � P'Q/X[V'�/\bh?ZNRNVbV8XaV'�=RN\bgihj\bcdRNzkgihW\3RNUjZ�Q&hjgo ~ § flQ/R � :dfl\bXamWmjRN\3q[Xae`RNV �o ~ @ P'Q/Rkè ¼ P,z/RN\bXarWRNVÄfYQ/R ¼3� fl\bXamWmjR�\'flX[c�R�gi\YhWc fYQ/Ro ~ O

fYXacdX[e/mÆXae/gihW\YcdUWflX[hje�hWgtflQ/RÓQ/X[mjQ/R�VYf��/\bXahW\YX[f�n«fY\YX[m
{o ~ o mWRN\ � P'Q/X[VtfYXacdRCX[Vtz/R�\YX[rjR�zÊgi\bhjcpUTZNR�eEfY\YhWXaz³S/UWVYR�zo ~ v hWe«X[flV � Ð�:�e`V�X[e?flRN\br:Ujq'fYXacdR]�/\bhj°/q[R&hÅrWRN\dUÊ�
R�\YX[h?zo ~¯~ hWg �=× V � U flQ/R�\Tfl\bXamWmjRN\]VbXamWe/Ujq[V]ZNhWc��`UjflX[S/q[R w XafYQo ~ � fYQ/X[V�flX[cdRkUW\YRd\bRNflUWXae`RNz³Uje/zJZ�UjZ�Q/R�z � P'Q`RCUÅrjR�\YUWmjRo ~¯� fYXacdRÓXaV�ZNUWqaZ�_/qaUWflR�z!flh�fYQ/R�e/R�Uj\bRNVbf e cGe/VCUje`z�flQ/Ro ~ � � : {

S/X[f³è ¼ P±hW_/fl�`_/f&VbX[mje/UWq|X[V]VYR�eEf�flhÆflQ`RÓÙ ª P'Úo ~ � R�rjR�\Yn e cGe/V � P'Q/R�UjZ�Q/X[RNrWRNz�fYXacdX[e/mÊ\YR�VYhWqa_/fYXahWe�gihj\o¯�¯§ Q`Ujz/\bhje/X[ZCR�rjRNe?fYV�Q/UWV�UWe�\YcdV w Xaz/fYQ�hWg'¹ � e/V�o�Uje`zo¯�[@Õ¶W¶=·,hWg)fYQ/R�RNrWRNe?flV'UW\YR w X[flQ/X[e�c�cºe`V �o¯�¯O P'Q/RÈè ¼ P Q/Uj\bz w Uj\bRÆZ�hje/VbX[VYfYV�hjg]U»VbX[e/mjq[R�¶�Lo¯�¯o ¢ ¡ ©´cdh?z/_/q[R �$¡ hjVbfChWg�fYQ/R�q[hjmWXaZ y
X[e/ZNq[_/z/X[e/m�z`X

{o¯� v UWmje/hWVYfYXaZ³UWe/z�Ö ��¯ cdRNcdhj\bX[RNV
y
UW\YRÊX[c��`qaR�c�R�e?flRNzo¯� ~ X[e³Ù¤Ò�è �?x V<g :�j � P'Q/Rdq[hEhW� {

_/�
{
fYUjS/q[RdVYR�ZNflX[hjeÊX[VtXac

{o¯�¯� �`qaR�c�R�e?flRNz³UWV�Uje³Uj\b\YUÅn]hWg ��e cdRNcdhW\Yn�Z�Q`Xa�/V w XafYQo¯� � ç ¡ S?nEfYRNV'hWg)Z�hje/°/mW_/\bUjflX[hje&z/UjfYU �o¯�¯�
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hWe/q[n
y
cdXaµ?R�z�Uje/z��/\bRNVbZNUWqaR�z,fl\bXamWmjRN\bV

yo � O UWXacdR�z�e/hjf�hWe/qan�gihj\�cdUWµEX[c�_`c­RN}dZ�XaR�e/ZNn�Uje/zdS/UWZ��
{o � o mW\YhW_/e/z]Vb_/�/�/\bRNVbVYX[hje

y
S/_/fÄUWqaVbh�gihj\�flQ/RtZ�hje?rjR�e/X[RNe/Z�Ro � v hWg)fY\YX[mjmWRN\3RN}dZ�XaR�e/ZNnCz`RNflR�\YcdX[e/UjfYXahWe �o �¯~ � q[flQ`hj_/mWQ�cdhjVbf.fY\YX[mjmWRN\bV�flUW\YmWRNf.U�VY�=RNZ�Xa°/Z8�/Q?n?VYX[ZNVo � � Vbhj_`\YZ�R

y
fYQ/RNn�hjgifYRNe�Ujq[Vbh�VbRNq[RNZ�f�hjfYQ/RN\��/\Yh?Z�RNVbVYR�V � Ù`hj\o �¯� R�µ?Ujcd�/q[R
y
f w h

{
fl\bUjZ���fY\YX[mjmWRN\bV'Uj\bR�e/hjfÄhWe/q[nkRN}dZ�XaR�eEfo � � gihW\«m8Q`UjS/Q/U

y × Â × Ã�y
UWe/z
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R�rjRNe?fYV

y
S/_`f�Uj\bR�Ujq[Vbho � � _`VYR�gi_/q|gihW\CVbRNq[RNZNfYXae`m]�lRNf

{
q[Xa�WRTQ/Ujz`\YhWe/XaZTR�rjR�eEfYVCUje`zo¯�¯§ VbhjcdR�\bUj\bR�¸�z/R�ZNUÅn?V �o¯�[@ P'Q/R8RN}dZNX[RNe`ZNX[RNVHUje/zt\bUjfYRNV)hjg�VbRNq[RNZNfYRNz ¼3� fY\YX[mjmWRN\bVo¯�¯O gihW\�r:Uj\bXahW_/V��/Q?n?VYX[ZNV��`\Yh?ZNR�VYVbRNV�UW\YR3q[XaVbflR�zdXae�PHUjS/q[R): �o¯�¯o � qafYQ/hj_`mjQ�fY\YX[mjmWRN\bXae/mdhWeTmjRNe`RN\bXaZ�¸ ¸»RNrWRNe?flV|XaV|\YR�q

{o¯� v UWflX[rjR�qandRNUWVYn
y
X[f8XaV3RNVbVbRNe?flX[Ujq
flh�RNe/Vb_/\bR�Q/X[mjQCR�}dZNX[RNe

{o¯� ~ Z�XaR�VÑgihW\�fYQ/R�X[cd�
hW\YfYUje?f�\bUj\bR'qah w
{
c�_`qafYXa�/q[X[ZNX[f�n&¸�z/R

{o¯�¯� Z�UÅn?V � Ù
hj\�fYQ/X[V|\bRNUWVYhWe y
R�}�Z�XaR�e/ZNX[RNV|gihj\�¸ �©¶·K¸�2K¸�o¯� � UWe/z³¸

Ã ¶ ÁHÃ ¹
UW\YR�Ujq[Vbh�q[X[VYfYRNz]Xae]PHUjS/q[R�: �o¯�¯� P'Q/R]RN}dZ�XaR�e/ZNX[RNVdq[XaVbflR�z«gihW\�fYQ/R]Q/Ujz`\YhWe/XaZ�RNrWRNe?flVo¯�¯� UW\YR�UWS/Vbhjq[_/flR�UWe/zTXae`ZNq[_/z/RtUWZNZNR��/flUWe/ZNR�q[hjVbVbRNVÄS/UWVYR�zo¯�¯§ hWe ¡ hWe?flR ª UW\Yq[htVbXac�_/q[UjflX[hje y

UWe/zCq[h?ZNUjq=X[e/RN}dZNX[RNe`ZNno¯�[@ R�V
R�ZNfYV � P'Q/R�RN}dZ�XaR�e/ZNX[RNVÆgihj\
Á {
�/UWXa\«RNrWRNe?flV«Uj\bRo¯�¯O gihW\)º
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RNrjR�e?flV w XafYQÓf w h�hj\�cdhj\bRo¯�¯o fY\YUWZ��?V w XafYQ]�E�|� ���W��¡ R�¢¤£¦¥ÄUWe/zT�
hWqaUW\�UWe/mjq[R t
flho¯� v \bRNUWZ�Q�Ujf�q[RNUjVbf�Ö ªH� Vb_/�
R�\Yq[UÅnjR�\sL|¹ � P'Q/R?m3Q/UjS/Q`Uo¯� ~ UWe/z × {

�/UjX[\CR�}�Z�XaR�e/ZNX[RNV&Uj\bR�z/R�flRN\bcdXae`RNz�gi\bhjc flQ/Ro¯�¯� z`UjflU
y
gihW\�RNrWRNe?flV w XafYQ�f w h�Q`XamWQTc�hWcdRNe?fl_/c �/UW\YfYX

{o¯� � Z�qaR�V
y
S/UWZ��

{
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{
S`UjZ��CX[e�Ø
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Ø
Ã
ZNR�eEfYRN\|hjg¤cdUjVbV�gi\bUjcdR

yo¯�¯� UWe/z w X[flQ`Xae�flQ/R8© ¡Æª °/z/_/Z�XaUWqWrWhjq[_/cdR � P'Q/RÑz`UjflU�X[eo¯�¯�
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PHUjS/q[R�:
¼ RNrjR�q � PH\YX[mjmWRN\8RN}dZNX[RNe/Z�XaR�Vtsl· u Uje/z&\YUWflR�V�s ���Eu UWfÑU�q[_/cdXae/hWVYX[f�n�hjg �¼» � é � �jêbê ZNc Ã�ë
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gihj\3VYR�qaR�ZNfYRNzkfY\YX[mjmWRN\bVUW�/�/q[XaR�z&fYh�r	UW\YX[hj_`V8�`QEn?VbXaZ�V'�/\bhEZ�RNVbVYR�V � P'Q/R�Vbn?c�S=hjq[V'\YR�giRN\'flhdfYQ/R�ZNhW_/e?flV'gihj\'R�UjZ�Q�hjS?�lR�ZNf �
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� ¢3Ð]ËÌm�¨l¢ � ¶�c �[� eEe=� : ç �j� ç çjç � ¶ ç �j�[� Í Í � c � c � ç �� ¢ � ËÌm�¨l¢ � Ë �sr ¢ � ¶j¹ � � e Ð � � çWÐ � � çj¶ � � çW¹ � � ¶jç � e ¶j¶ �a� c�¶ � ¶ : ���ª hjc�S/Xae`RNz�Ö ª P s U8Ô R�z u ¶j¶ �[� c ¶ � c ¶ �=� � ¶j¹ � Ð ¶ �=� e ¶jç � ¶ ¶j¶ �a� ç �=� e ¹ ej�¡ ¢3Ð]Ë ¡ ¨f¢ � ¶j¶ � c ¶Wç � e ¶WÐ � c ¶jç � ¹ ¶E: � c Í Í ¹jÐ � c ��ej�© ¡ ¨f¢ � c �j� : ¶E: � ¶ ¹W¹ � ¹ c�c �a� c ¶ � ¹ ¶�c � ç Í e ¹ � ç � ¹ �ª hjc�S/Xae`RNz�© ¡ PÈs U8Ô R�z u ¶j¶ � ç ¶W¶ � � ¶W¹ � ¹ ¶jç � ç ¶W¹ � e ¶j¶ � � Í c�c � e ÐE: �mS¢3Ð5Ë � ¢ � Ë ¡ ¢ � ¶j¶ � : ç �j� � ¶ �=� Ð ¶�: � ç ç�c � ç Í Í � ¶ � c � c �¡ ¨l¢ � Ë � ¢ � Ë �sr ¢ � ¶j¹ �[� e ç � ç çWÐ � c ¶ �º�a� ç�c � � ¶�c � ç ¶j¹ � ¶ c�ç � � � ¹ �©®¢ � ËÌmS¢ � Ë � ¢ � c �=�[� ¶ �=� : eW�=� � c�c � c c ¶ � � ¶j¶ � Ð Í c �=� ç � : �¡ ¨ ¢ � ËÌL?¢3¹�s × {

�/UjX[\ u Í Í Í Í Í Í ej�º� Ð Í c �ª hjc�S/Xae`RNz ¼ RNrWRNq � fl\bX[mjmjR�\YV �'¶j¶ � ¶ ¶W¶ � ç ¶W¶ � c ¶j¶ � ¶ ¶Wç � � �'¶j¶ � ¶ ¶j¶ � e ¶�: � ¹ ¶�c �

PHUjS/q[Rs:�z/RNcdhWe/VYfY\YUWflR|flQ/UWfÑfYQ/R|Ö ª P�UWe/zkfYQ/R|Z�hjc {v §¯§ S/X[e/R�z�© ¡ PlÎ Ë Ù¤P��/\YhÅr?X[z/Rtgi_/q[q[nTRN}dZNX[RNe?f y
X[e/z/R��
R�e

{v §[@±z/R�e?fHfY\YX[mjmWRN\bV.gihW\�c�hWVYfH�/Q?n?VYX[ZNV¤�/\bh?ZNR�VYVbRNV
y
Ujq[flQ/hW_/mjQv §¯OpX[e/z/R��
R�e/z/RNe?f8fl\bXamWmjR�\YV�gihW\ × Â × Ã

Uje/z
Á`Â¤ÁHÃ

UW\YRÄe`hjfv §¯o X[e/z/X[r?Xaz/_`Ujq[qan�gi_`qaq[n�RN}dZ�XaR�eEf � P'Q/R]RN}dZNX[RNe/Z�XaR�V��/\bR {v § v z/X[ZNfYRNz�S?n�flQ/R ¡ hWeEfYR ª Uj\bq[h�VYX[c�_/q[UjfYXahWe�Uj\bRtmWRNe/R�\ {v § ~ UWqaq[n�X[edmjh?h?z�UWmj\bRNR�c�R�e?f w X[flQ�z`UjflU w Q`RNe�flR�VYfYRNz�_/V
{v §¯� X[e/mdRNrWRNe?flV'�/UWVYVbX[e/mdf�nE�`XaZ�Ujq�UWe/Ujq[n?VYX[V3VYR�qaR�ZNflX[hje`V'Uje/zv § � S/UWVYR�z�hWeÓhW\YfYQ/hjmWhje/UWq)fY\YX[mjmWRN\bV � Ò�\bRNVbZNUWqaR�z�fl\bXamWmjR�\YVv §¯� w X[flQ!U�rWRN\bn�hW�
R�e�UjZ�ZNRN�`flUje`ZNRThjg��/Q?n?VbXaZ�VkRNrWRNe?flV
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y
S
R�Ujc ZN_`\Y\bRNe?flV

yv @ � UWe/zÈhj\bS/XafYV � P'Q/R�\YR!UW\YR!h?ZNZ�UjVbXahWe/Ujq�S`UjZ��?mj\bhj_/e`zv @¨�pVb�/X[�jRNV w Q/X[Z�Q�Z�Uje�z/hW_/S/q[R&fYQ/R ¼8� \YUWflR ��� h w R�rjR�\ yv @¨� z/_`RkflhÓflQ/R � � ��� ZNUj�`UjS/X[qaX[f�nÊhjg'flQ`R&z/UWflU�UWZN^?_/X[VYX {v O¯§pfYXahWe
y
flQ`RNVbR�Vb�/X[�jR�V�z/h&e`hjf�X[e/z/_/Z�R�VbX[mje/X[°/ZNUWe?f�z`RNUjzv O[@±fYXacdR �v O¯O Ù`hW\�U²f�n?�/X[ZNUWq ¼8� \YUWflRÊhjg � � ��� y

m3Q/UWS/Q/UÆUje/zv O¯opUWe/e/X[Q/Xaq[UjfYXahWe��/Q?n?VYX[ZNVdR�rjRNe?fYV�UWc�hW_/e?f�fYhÆÛ � Ð �¤���?�v O v P'Q/R�\YR�UW\YR�Ujq[Vbh � �j�¤��� hWg)Z�hjVbcdXaZ�\bUÅn�Uje/z �W����� hjgv O ~ \bUje/z`hjc S
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�
gihj\'UWqaq ¼8� fY\YUWZ��EV y

\YR�ZNhje
{VYfY\Y_/Z�flR�z�S?n ¼ Ð �

S/_/flX[hjeÊhjgÑVYX[e/mWqaR�fl\bUjZ��JÓ
�
r	UWqa_`RNV�UjV�\bRNZNhWe/Vbfl\b_/ZNfYRNzv Oa� SEn ¼ ÐJgihW\kUWqaq ¼3� fl\bXamWmjR�\YV�X[VkVbQ/h w e²Xae!Ù¤X[mj_/\bRT¹ �v oa§ P'Q/R]c�hWVYf��/\bhjcdXae`RNe?f��=RNUW�?V�UWf<Ó�£�� �j� Z�cpZ�hj\

{v oå@Õ\YR�VY�=hje/z�flh�UkÉ/UWe/mjR�hjg�flQ`R�S=RNUWcÕ�/Xa�=R � P'Q/R��
R�Uj�v oaO Ujf�Ó
�

£ Í ¹W¹�ZNc Z�hj\b\YR�VY�=hje/z`VÑfYh�UdVbflR��&X[e&fYQ/R�VbnEe
{v oao Z�Q/\YhWfl\bhje&c�UWVY� �v o v
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P'Q/R ¼3� fl\bX[mjmjR�\kQ/UW\Yz w UW\YR�hW�
R�\YUWflX[hje�Q`UjV�S
R�RNev o ~ rjR�\YntVbflUWS/q[R � Ù`hj\�fYQ/R'°/\bVYf¤hWe/R3Uje/zdQ/UWqag
njRNUW\YV¤hWg
hW� {v oa� RN\bUjfYXahWe

y
fYQ/RN\bR�Q/UÅrjR�S=RNR�eThje/q[nkgihW_/\�Q`Uj\bz w UW\YR�giUjX[q

{v o � _/\bRNV�X[eÊfYQ/R ¼8� VbnEVbflR�c y
cdUjX[e/qanÓUj_/µ?X[qaX[Uj\bn]hj\�Z�hjc

{v oa� c�_/e`XaZ�UjflX[hje�S
hWUj\bz/V � U ZNZNUWVYX[hje`Ujq�UWz:�l_/VbflcdRNe?fYV�fYhv oa� flQ/R]© ¡ P´flh w RN\�cdUjVb� w R�\YR&_/VYR�z�fYhÓfYRNcd�
hW\YUW\YX[q[nv¯v § VY_`�/�/\bRNVbV'e/hjX[VYnkZ�Q/Uje/e`RNq[V'Xae]flQ`R�© ¡«ª RNq[RNZNfY\YhWe/X[ZNV �v¯v @
4k5BÔ
5]à�>?Î
>Eá3ßJ687:9<;=;
>?7�ãHäGM�L�>EIv¯v O P'Q/R ¼ Ð�fl\bXamWmjR�\�VYhWgif w UW\YR'Z�hjcd�/\bXaVbRNV�RNrjR�e?f�\bRNZNhWe {v¯v o VYfY\Y_`ZNflX[hjeJUWe/z³ZNq[UjVbVYX[°/Z�UjflX[hje

y
UTVbRNfthWg8R�rjR�eEf�VbRNq[RNZ

{v¯vav flX[hje�°`qafYRN\bV
y
Uje`zJc�hWe/X[flhj\bX[e/m � P'Q/X[V�Vbhjgif w Uj\bR�\Y_`e/Vv¯v[~ hje�fYQ/RÄhje`qaX[e/RÄZ�hjcd�/_/fYRN\�giUW\Yc � P'Q/RÄ°/q[flR�\YVÑQ/UÅrjR3UjZ {v¯v � ZNR�VYV|flhCfYQ/RtZNhWcd�/qaR�flRtR�rjR�eEf'z`UjflUkgihj\ÄcdUj�?X[e/m�flQ`RNX[\v¯v[� z/RNZ�XaVbX[hje

y
X[e/Z�qa_/z`Xae/mÊflQ`R�hW_/fl�`_/f�hWgÄflQ`R ¼3� fY\YX[mjmWRN\v¯v � �/\bhEZ�RNVbVYhW\YV�UWe/z�Ù ª P'Ú�fY\YX[mjmWRN\�VbZNUWqaR�\YV �G¼ Ð�hj�=RN\bUjflR�Vv¯v � S?n�\YR�°/e/X[e/m�UWe/zÆUj_/mWc�R�e?flX[e/m�fYQ/R]VYR�qaR�ZNflX[hje«cdRNflQ

{va~ § h?z/V�_/VbRNzTX[e ¼8�W� Ù
hj\�R�µ?Ujcd�/q[R y
S=RNfYflRN\|Ö ªH� fl\bUjZ��

{va~ @ Xae`mksirjR�\YfYRNµt\bRNVbhjq[_/fYXahWe u UWe/zd© ¡«ª ZNq[_/VbflRN\bX[e/m�°/qafYRN\bVva~ O Ujq[qah w gihj\�mj\bRNUWflRN\�\bR��lR�ZNfYXahWeÊhWg3S
R�UjcxS/UjZ��?mj\bhj_`e/z/Vva~ o Uje/z�m3Q/UWS/Q/UdRNrWRNe?flV �va~¯v P'Q/R ¼ Ð�VbnEVbflR�c \Y_`e/V w X[flQ`Xae«flQ/R U e/q[Xae`Rk©�rWRNe?fva~a~ Ò�\bh?ZNRNVbVbXae/m»s U ©�Ò u gi\bUjcdR w hW\Y� sæVYR�RJÚ/RNZ�flX[hjeÕh!h uY�va~ � U ©�Ò z/RNq[XarWRN\bV&R�rjR�eEfYV]flh ¼ Ð y
flQ/R�e��`\YR�VYZ�Ujq[RNVkUWe/zva~a� qahWmjV'fYQ/hjVbR w Q/XaZ�Q]�/UWVYV'fYQ/R ¼ ÐdVbRNq[RNZ�flX[hje�ZN\bXafYRN\bXaU �va~ � P)h,�/\bhÅr?Xaz/R²hW�/flX[c�_/c É/RNµ?X[S/X[qaX[f�n­_/e`z/RN\Jz/X�V=RN\

{va~ � RNe?f�\b_/e/e`Xae/m&ZNhWe/z/X[flX[hje/V
y ¼
ÐCX[V|z/R�VYX[mje`RNzTUjZ�ZNhW\Yz/X[e/mv �a§ flhÓU�mjR�e/RN\bUjq�q[hjmWXaZkc�h?z/R�q�fYQ/Ujf�ZNUjeJS=RkZ�hje/°`mj_/\bRNzv �å@ÕflhÆVY_`�/�
hW\Yf&Uje�_/e/q[XacdX[flRNz�r:Uj\bXaR�f�nÆhWgtRNrWRNe?fkVbRNq[RNZ

{v �aO flX[hjeÓc�R�Z�Q/Uje`XaVbcdV � P'Q/X[V|�/\bhÅr?Xaz`RNV�gihW\|U&e?_/c�S=RN\�hjgv �ao z/X�V
R�\YR�eEf
y
X[e/z/R��
R�e/z/RNe?f�Z�qaUWVYVbXa°`ZNUjfYXahWe�flR�VYfYV

y
ZNUWqaq[RNzv � v
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9by
fYQ/UjfHUj\bR�R�µER�ZN_/fYRNz�Xae/z`RN�=RNe/z/R�e?flq[n

y
fYhjmjR�flQ/R�\v � ~ w XafYQ�UCcdRNZ�Q`Uje/X[VYc gihj\|ZNhWc�S/X[e/X[e/mCflQ`RNVbRtflR�VYfYV�X[eEfYhv �a� flQ/R�°`e/Ujq�VbRNf'hWg.Z�qaUWVYVbXa°`ZNUjfYXahWekz/R�ZNX[VYX[hje`V �v � � P'Q/R ¼ ÐÓfY\YX[mjmWRN\�Q`UjV�flQ/\bRNR��/Q/UWVYR�V ��Ë e�fYQ/R&°`\YVbfv �a� �/Q/UWVYR

y
RNrWRNe?flV�UW\YR�ZNq[UjVbVbXa°/R�zÓS?nÓz/RN°/e`Xae/m ¼ Ð�X[e/�/_`fv �a� qaX[e/R�V
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w Q/X[Z�Q�Uj\bR�S/UWVYR�z�hWe�UÄq[hjmjX[ZNUWq U8Ô hjg?UWeEn|e?_/c

{va� § S
R�\'hjg)flQ/R�Ð � Ù ª P'Ú�hj_/fY�/_/f3q[Xae/R�V �)� eEnkeE_`c�S=RN\3hjgva� @ ¼ Ð�X[e/�/_/f'q[X[e/RNVÄcdUÅn�S=R�z/RN°`e/RNz �va� O P'Q/R VbRNZ�hje/z �/Q/UjVbR ZNhjcd�/\bX[VYR�V UpeE_`c�S=RN\Èhjgva� o VYZ�\YX[�/fYV � ©�UWZ�Q�VbZN\bX[�/f�RNµ?RNZ�_/flR�V�X[g=X[flVÑVYX[e/mWqaR ¼ Ð�X[e/�/_`fva�¯v qaX[e/RÓXaV&fl\b_/R�Uje`z!VY_/S`VYR�^E_`RNe?flq[n«�`\Yh?z/_/Z�RNVCU�VYX[e/mjq[Rva�a~ �/UjVbV R giUjX[q=hj_/fY�/_/f8É/Ujm �.Ë e?fYRN\be/Ujq[qan y
U�VbZN\bXa�/f8cdUÅndRNµ

{va� � RNZ�_/flRÑhje/R�hW\�S=hjflQ�hjg?flQ/RÑÖ ªH� hj\)© ¡«ª Ujq[mjhW\YX[flQ`c�V yva�a� gihjq[qah w RNz³S?nÊhje/R�hW\tcdhj\bR�°/qafYRN\bV � P'Q/RkUjq[mjhj\bX[flQ/cdVva� � ZNhWe/VYfY\Y_`ZNf�^?_/UWe?flX[flX[RNV�hWg'Xae?fYRN\bRNVbf
y
w Q/X[qaRCfYQ/R�°/qafYRN\bVva� � z/RNfYRN\bcdXae/R w Q/R�flQ/R�\�hj\Ñe/hjfÑflQ/hWVYR|^?_/Uje?flX[flX[RNV8VbUjflX[Vbginv �a§ flQ/R�Vb�=RNZNX[°/Z�VbRNq[RNZ�flX[hje�ZN\bXafYRN\bXaU �v �å@

Ë eÈflQ/R$°/e/Ujq��`Q/UjVbR
y
fYQ/R ¼ Ð,hW_/fl�/_`fJqaX[e/RNV�Uj\bRv �¯O gihW\YcdR�z � ©ÑUjZ�QJhW_/fl�/_`f�q[Xae`RkX[V�z/R�°/e/R�z�UjV�flQ`Rkq[hjm {v �¯o X[ZNUWq U8Ô hjgdVbRNq[RNZ�flRNz,VbZN\bXa�`fTÉ/UjmWV �±¼ Ð!ZNUWe�fl\bRNUWfv � v VbZN\bX[�/f¤É/UjmWV�UjV¤rjR�flh?RNV

y
flQ`RN\bRNS?nt\bR��lRNZ�flX[e/m

y
gihj\�RNµ?UWc

{v � ~ �`qaR
y
ZNUW\YR�gi_/qaq[n�VYR�qaR�ZNfYRNz�m3Q/UWS/Q/U|RNrjR�e?flV w Q/XaZ�Q�cdXamWQEfv �¯� hWflQ/R�\ w X[VbR�VbUjfYXaVbginCfYQ/R�VYR�qaR�ZNfYXahWe&Z�\YX[flR�\YX[U �v � � ¼ Ð�_/flX[q[X � RNVÊflQ/R«VYfYUje/z/UW\Yz�R�rjR�eEf�z/UjfYU�Uje/UWqan?VbXaVv �¯� gi\bUjcdR w hW\Y�tUWe/z�z/R��
R�e/z/V8ZN\b_/ZNX[Ujq[qan�hje�VbRNrWRN\bUjq�hjgºX[flVv �¯� UWVY�=RNZ�flV �H� e?nCZ�hEz`R�Xae�flQ/R�gihW\Yc hjgf35C
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Rv �¯§ X[e/Z�qa_/z`RNz]Uje/z&ZNhWe/°/mj_`\YR�zkUjf3\b_/ekfYXacdR �H� VYR�^E_`RNe/Z�Rv �[@ hWg)fYQ/RNVbR�Vbhjgif w Uj\bR|cdh?z/_/q[RNVÄZ�hjcd�=hjVbR�U�VbZN\bX[�/f � P'Q/Rv �¯O VbUjcdR�X[e/VbflUWe/ZNRThWg�UJcdh?z/_/q[R�cdUÅn�S=R�X[e/Z�qa_/z`RNz!X[ev �¯o c�_/q[flX[�/qaR�VbZN\bXa�`flV8njRNfÑXaf8X[V8R�µ?RNZN_`flRNzkhje/q[ndhje/Z�R
y
flQ?_/Vv � v UÅrWhjX[z/X[e/m�VbX[mje/X[°/ZNUWe?f8UWz/z/X[flX[hje/UWq ª Ò�L,hÅrjR�\YQ`RNUjz �v � ~

4&5[Ô=5<A=5&àÑ>?Î`>?á)ß�X�7:9[Z�Ls\]^�_/Iba�>?7�687z_W{z|G9<KH;�Ökái²v �¯� ;��=7	9âL�^HIv � � ¡ UWeEnÆRNrWRNe?flV w Q/X[Z�Q��/UjVbV ¼3� S/_/f&c�_/VbfkS=R�\bR {v �¯� �lR�ZNfYRNz�S?n ¼ Ð�UW\YRkS
R�Ujc {
X[e/z/_`ZNRNz�Z�Q/Uj\bmjR�zÊ�`Uj\bflX[ZNq[Rv �¯� S`UjZ��?mj\bhj_/e`zJflQ/UWf�UW\YRC�`\Yh?z/_/Z�RNz�X[e�cdUWflRN\bX[Ujq8ZNq[hjVbR~ §¯§ fYh³flQ/R Ë Ò �)¼8� z/h?RNVde/hWfdZN_/\b\YR�e?flq[nÊQ`UÅrjR�VY_/}dZ�XaR�eEf~ §[@ fY\YUWZ��?Xae/m]\bRNVbhjq[_/flX[hje³fYhTXaz/R�e?flX[ginÓfYQ/RNVbR�S/UjZ��?mW\YhW_/e/z~ §¯O fY\YUWZ��?V � P'Q`RCÖ ªH� {

S`UjVbRNz³Ujq[mjhW\YX[flQ/c
y ¼
ÐjÖ�Z�Q

y
�
R�\
{~ §¯o gihW\YcdV�giUWVYf¤�/UWflfYRN\be�\bRNZ�hjmWe/XafYXahWe�sæfl\bUjZ��t°/e`z/Xae`m u Uje`z~ § v fY\YUWZ��|°`flflX[e/m

y
w Q/XaZ�Q�z/RNfYRN\bc�X[e/R�V)fYQ/RÑ°`rjR�Q/R�qaX[µ�fl\bUjZ��~ § ~ �`Uj\bUjcdRNfYRN\bV�gihW\�fY\YUWZ��EV w X[flQJ� � UjS=hÅrjR � ¹ ��¡ R�¢¤£¦¥ �~ §¯� PHh�Vb�=RNRNz«_/��fYQ/R&�`\Yh?ZNR�VYV�hjg'�/UWflfYRN\be�\YR�ZNhWmje/X[flX[hje

y~ § � ¼ ÐjÖ�Z�Q«VbflUW\YfYV w XafYQ«fYQ/R]fl\bUjZ��JVbRNmjcdR�eEfYVdgi\YhWc flQ/R~ §¯� P'Ú`ÙÊVbn?VYfYRNc Uje/z�X[cd�/\YhÅrWRNV�fYQ/RÄ\bRNVbhjq[_/flX[hjedS?n�cdUW�
{~ §¯� X[e/m�_/VbR�hjgHflQ/R�UWZNfY_/UjqGÖ ªH� Xae`gihj\bc�UWflX[hje �~ @¨§ Ù`hW\ÑfYQ/hjVbRÄP'Ú/ÙJVbRNmWcdRNe?flVÑflQ/UWf�Q/UÅrWRÄU�VbXacd�/q[R�Vbh
{~ @¯@Õq[_/fYXahWe$flh«flQ/RÓqaR�gif

{
\YX[mjQ?f&Ujc�S`XamW_/Xaf�n

y
U�fY\YUWZ��

�"�
XaV~ @¨O z`RNflR�\YcdX[e/RNz � P'Q`R �"�

r:Ujq[_/R�V�gihj\ÑRNUjZ�QdVbRNmWc�R�e?f�Xae�UWe~ @¨o R�rjR�eEf)Uj\bR�S/X[e/e/R�ztUje`z�flQ`R�cdRNUWe��/\bh?z/_/ZNR�ztgi\bhjc,flQ/R~ @ v r:UWqa_/R�V�X[eJflQ/R&cdhjVbft�
hW�/_/q[UjfYRNzJS/X[eJXaV�_/VbRNzJUjV�flQ/R~ @ ~ R�VYfYXacdUWflRNz�RNrWRNe?f
�"� ���

qaq?RNrWRNe?flV w Q/X[Z�Qt�/UWVYV ¼8� f�nE�`X {~ @¨� Z�Ujq[qan�Q/UÅrjRÑRNe/hW_/mjQ�VYR�mjcdRNe?fYVHfYh�gihj\bc�U
�"�
R�VYfYXacdUjfYR �~ @ � P'Q`R�cdRNUWVY_`\YR�zT\YcdV�\YR�VYhWqa_/fYXahWe�hje�flQ/X[V�RNVbflX[c�UWflR�XaV~ @¨� �W� ç�e/V�gihW\sm3Q/UjS`Q/UkR�rjRNe?fYV�Uje`zTÐ � ç�e`V|gihW\�Q/UWz/\YhWe/X[Z~ @¨� R�rjR�eEfYV �~ O¯§ P'Q/R3�/UWflflR�\Ye�\YR�ZNhWmje/X[flX[hje�gihj\ ¼ ÐWÖ|Z�Q�XaV¤z/hWe/R w XafYQ~ O[@ÕUdq[h?hj�

{
_`�
{
fYUjS/q[R � Ù
hj\3flQ/X[VÄfY\YUWZ���flUjS`qaR y

flQ/R�Ö ªH� XaV~ O¯O z`Xar?X[z/RNzJX[e?flh ���W� ;
{
VYR�ZNfYhj\bV

y
ZNhj\b\bRNVb�
hWe/z/X[e/m&fYhTflQ/R~ O¯o e?_/c�S
R�\)hWg�ZNR�qaq[V)X[e�fYQ/R�X[e/e/R�\YcdhWVYf)qaUÅnWRN\bV � P'Q/RÑfl\bUjZ��~ O v fYUjS/q[R�X[V��=hj�`_/qaUWflR�z w XafYQCflQ`R�Q/X[fÑ�`UjflfYRN\be/V�hWg ¡ hje?flR~ O ~ ª UW\Yq[h�mWRNe/R�\YUWflR�z�fl\bUjZ��?V w XafYQ�U��E�.UjS=hÅrjR � ¹ ��¡ R�¢H£j¥~ O¯� UWe/z�hW\YX[mjX[e/UjfYXae`m w XafYQ/Xae � ZNc hjg�fYQ/R Ë Ò�X[e�fYQ/RS×

R�Ø~ O � �`qaUWe/R
y
UWe/z w X[flQ`Xae ��� Z�c Xae�Ó � P'Q`R��`UjflfYRN\be&\bRNZ�hjm {~ O¯�
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{� v � °/ZNX[RNe`ZNn�cdhje/X[flhW\YV8flQ`R|q[_/cdXae`hjVbXaf�n �.� Ujz/\bhje`XaZ|°/qafYRN\bV� v[� gihj\ÑVYR�qaR�ZNflX[hjedhWg=Z�hje?flX[e?_/_/c Uje/zT¸ ¸
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RNe/\bX[Z�Q/RNzdVbUjc

{� v � �/q[RNV�cdhje/X[flhW\�flQ/R3R�e/RN\bmjn�VbZNUWqaR � P'Q/R3q[UjfYflRN\¤f w h�ZNUjf {� v � RNmWhj\bXaR�V�Uj\bRÄz/X[VYfYXae`mj_/X[VYQ`RNzCS?n�Uje�RNrWRNe?f�VbQ/UW�
RÄVbRNq[RNZ
{� ~ § flX[hje«_/VYX[e/mÊU�\bUjfYXahÓhjg'Ù`hÅµ

{ �
hWqagi\bUjcxcdhjcdRNe?fYV�gih�j �� ~ @ P'Q/Rk\bUjfYXahThWg'flQ/R�¸ ¸

{
R�e/\YX[Z�Q/R�zÊVbUjcd�/q[RCfYh�flQ/R&qa_

{� ~ O cdXae/hWVYX[f�nJX[V�UÓVbRNe/VbX[flX[rjR�c�R�UjVb_/\bRkhjg�\YR�qaUWflX[rjR��
hWVYX
{� ~ o flX[hjeChWedflQ/Rfê�s4:¼ë u �
R�Uj��Uje/z�fYQ/RN\bRNS?n�c�hWe/X[flhj\bV�fYQ/R� ~¯v

PHUjS`qaR eª hWcd�
hWVYX[flX[hjeThWg)fYQ/R ¼ Ð�hj_/fY�/_/fÄUWfÄUCq[_/cdXae/hWVYX[f�nkhWg�º� e é ���WêYê ZNc Ã/ë
V
Ã.ì �©ÑrjR�eEf3f�n?�=R Ô UjfYR�s ���?u� Ujz/\bhje`V yjÁ�ÁHy
Uje/z ×G× �2eU fYQ/RN\ ¯ ©ÑÖ y � {
�`Q/hjfYhje�RNrjR�e?flV � ÐL|e/X[z/RNe?flX[°/R�z�m8Q`UjS/Q/UdS/UWZ��?mj\bhj_/e/z`V � çS=RNUWc
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X[e/z/_/Z�RNz]S/UWZ��EmW\YhW_/e/z/V ��ePHhjfYUjqG�/Q?n?VbXaZ�V'UjZNZ�RN�/f ì ß
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Ô Ujz/X[UjfYXarWR�m8Q`UjS/Q/UWVts�Ø
Â
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Ã¼é u ���Ô Uje/z/hWc´fl\bX[mjmjR�\YV3UWe/z]ZNhjVbcdXaZ�\bUÅn?V �¼3� y ¼

Ðd�/UWVYV'fYQ/\YhW_/mjQ&z/X[Ujmje`hjVbflX[ZNV cPHhjfYUjqGZ�Ujq[XaS/\bUjfYXahWeWÎjz`XaUWmje/hWVYfYXaZ�V ¥�í
S=RNUWc R�e/RN\bmjX[RNV �� ~¯~
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fYQ/R3flhjfYUjq� � � hW_/fl�`_/f w Q/X[qaR�fYQ/R�ZNUWqaX[S/\bUjflX[hje&Uje/z�z/X[UjmWe/hjVbflX[Z�VYUWc
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V
Ã.ì �
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y Ë
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y
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