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T8UWVYX[ZJ\^]JV%V[UK\&_a`cbedgfKhi]JV
jlk `Dmn]�XoV%p�qsruti]v]-Xvw#`DrKX k qsdxrKX[]PV

y qsziz@` k X>t8] k ]P{}|i] k {}|i]~r+�K�s�u�D�����chidxr��D�D�K�v���D�&zaqs�D]PV

�F���J�-���i�D�D��� k qc{�] k Vvz k `��Kdgt8]^huV[] k Vv�%d�Xo|�huVY]-��hib�dxr8��` k \)q�Xode`cr�qD_a`ch8X�z k `c� k qs\]-�W]P{�h8Xode`cruVJ�) ¡r
Xo|idgV k ]-z@` k XJ¢£�	]#z k `cza`KVY]	q#¤nX k qD{�] k t k dx�D] kY¥ ¢J� k `D\~qvVYdxri�cbe]lX k qD{�] k ¢£deX¦z k `��Wdgt8]JV�q>z@`��#] k ��hubc� k `DrKX[§;]Jrut
��` k \+hibeX[dxzibx]>t8UWruqs\^dg{%qsruqDbeU8V[dxV�Xo`K`cbxVJ¢s�%|idxbx]%bedx\^d�Xoderi�¨Xo|i]%`��D] k |u]JqDt+`s�aX[|i]
X k qc{�]
�D]Jri] k q�Xode`cr©� � |i]
X k qc{�] k t k de�c] k {-qDrª_a]^huV[]Jtª_a`DX[|SVYUWru{}| k `Dru`DhuV[beU�qsrut«qDV[UWru{}| k `Dri`chuVYbxUD� � |i] k ]Jbe]J�£qDrKX¬]��8]P{�h8Xode`cr
]J�D]JrcX}V$q k ]�VYz@]J{-d�a]Jt�_WU¯®u]-�Wdx_ibx]«]J�D]JrcX�zuq�X[X[] k ruV�qDrut�q°bxq k �c]ª��q k de]-XnU¯`D��X k qD{-]«tiqsXoq°{-qsrH_a]
�cde�c]-r�]Jd�Xo|i] k VYU8VYX[]J\^qsX[dg{-qDbebxU�` k ¤Y`Dr«t8]-\)qsrat ¥ � � |i]±z k `cza`KVY]Pt�X k qD{-] k t k dx�D] k |uqcV²_@]-]Jr<t8]JV[dx�Dri]Pt
qDrut�]��8z@] k de\^]-rKXo]Jt�dxr�X[|i]+{-`DrKX[]-�WX>`s��{�`cruVnX k qDderKX%bx`D�Ddg{¨z k `D� k qD\±\^dxri�u¢8�%deX[|uder«³¨´¬µ%§ j�k `Dbx`D�u�# ¶XoV
z k dxru{�dxzibx]JV±q k ]D¢�|i`��	]-�c] k ¢�dxrut8]Jza]Jrut8]-rKX)`s�%Xo|i]$X k qD{�]PtSz k `D� k qs\^\^dxri��bxqDri�Dhaqs�D]c�<·¦�8z@] k de\^]JrcX}qsb
\^]PqDV[h k ]PV�V[|i`��¸X[|uqsXlXo|i]>®u]-�8de_idxbxd�XnU)qsrat)za`��	] k `s�¹Xo|i]¬t8]PV[{ k dx_@]Jtºq k {}|ideX[]P{0Xoh k ]>q k ]¬qsbgVY`�Xo|i]v_uqDV[dxV
`D� k ]JqcVY`cruqs_ibx]vza] k ��` k \)qsra{�]JVJ�
»�¼K½C¾o¿+À ��Á��D� TW`s�ÂXn�
q k ]¦·�ri�cderi]J] k deru�u¢�Ã²]J_ihi�c�Ddxri��¢£·¦�8]J{�hiX[dx`Dr+Ä�`crideX[` k dxri�u¢P·¦�8]J{-h8X[dx`Dr � k qc{�dxri�u¢
·��W]P{�h8Xode`cr�Å²dgVYhuqDbedxÆJqsX[dx`Dr j�k `c� k qs\^\^deru�&·�rW�Wd k `cri\^]-rKXJ¢aw#`cruVnX k qDderKX>p©`c�Ddg{ jlk `c� k qs\^\^deri�
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 � p©]JV>X k qD{-]-h k V
��`Dh k ridgVoVY]JrcX²qDh8��h8X[dxbedgVoq�X[]Jh k V²t8]PV>dxr8��` k \)q�X[dx`DraV%h8X[dxbx]JVvVYh k be]PV>]-���P{�h8§
Xode`cruV�t8]^z k `D� k qD\±\^]PV-�+ÃvqsraVv{-] k qDziza` k XP¢¹ri`DhaV¨z k `cza`KVY`cruV¬hir��ºzidxbx`sX[])t8]±X k qc{�]-h k�� ¢���zuq k Xod k
t�� hir&\��-\^]	X k qD{�]Jh k ¢PdxbK��`Dh k rideX�hur&zihudxVoV[qDrKX2� k `DrKXY§¶]-rut��¬ti]#\&hib�Xodezube]PV�qDruqsbxU8VY]PV�tiUKraqs\^dxfKhi]PV-¢£Xo`Dh8X
]JrSbedx\^d�X}qsrKX�be]ºV[h k §¶{-`��8X�t8]Fbxq����Jr�� k q�Xode`cr�ti])bxq�X k qc{�]D�ºp2])zidxbe`DX[]ºt8]^X k qc{�]-h k za]Jh8X ��X k ])hiX[dxbedgV!�
�$bgq)��`DdgV¨t8]^\)qsridxZ k ]&V[UWru{}| k `Dri]&]�X�qDV[UKra{}| k `cri]D��p2]JV"�-�#�-ri]J\±]JrKXoVvt$� ]-�%�J{�hiX[dx`Dr<z@] k X[dxri]JrcX}V�VY`crKX
V[z&�J{�de'�PV�zaq k t8]JV�\^`sXod��ÛV�®u]-�8de_ibx]JV¦t�� �J���-ru]-\^]-rKXoV�]�X¦hiru]	� k qDrut8]#�£q k d(��X)�	ti]	t8`crir��J]JV�t8]	X k qD{-]lz@]-h8X
�-X k ]±��`Dh k ridx]^V[`DdeX+V[UWVYX*�J\)q�X[dgfKhi]-\^]JrcX�t8`cd�X ��bgq�t8]-\)qsrat8]D�Fp2]^zidebx`sXo]ºt8]^X k qD{-]-h k z k `Dz@`cV*�)q+��X*�
{-`Dr',-h«]-X�]��8z-� k dx\^]-rKX*�)tiqDruV¨bx]º{�`DrKXo]��WX[]^t8])bgq$z k `c� k qs\^\)q�X[dx`Dr<be`c�Ddgfchu]&zuq k {�`DrKX k qDderKX[]PV-¢©tuqsruV
³¨´¬µ%§ j�k `Dbx`D�u� T8]JV±z k deru{-dez@]JV)V[`DrKX){�]Jza]JrutiqsrKX^derat%�-z@]-rutuqsrKXoV)t8h°bxqDri�cqD�D]FX k qD{��c� t8]PV&\^]PVYh k ]JV
]-�8z-� k dx\^]-rKXoqDbe]PV�\^`DrKX k ]-rKX
fchu]²bgq¨®u]��8dx_idxbedeX*�v]�X
bxq�zihidgV[Voqsru{-]¬t8]¬b.� q k {}|ideX[]P{0X[h k ]²t��J{ k deX[]¬V[`DrKX
qshuVoVYd
bgq k qDdxV[`Dr�t8]�z@] k ��` k \^qDru{�]PV k qDdxV[`Driraqs_ibx]JVJ�
/!À �P� ¾ ��0 
 � ³"�Jride]Fbe`c�Ddg{�dx]-b;¢�t%�J_a`c�cqs�c]D¢�VYhiz@] k �WdxV[dx`Dr�t$� ]��%�J{-h8X[dx`DruVJ¢�X k qD{�]ºt�� ]-���P{�h8Xode`cruVJ¢2�WdxV[h8§
qDbedgVoq�X[dx`Dr«t$� ]-�%�J{�hiX[dx`DruVJ¢C]-rW�Wd k `Driru]-\^]-rKXvti]&z k `D� k qD\^\^qsX[dx`Dr©¢az k `D� k qs\^\)q�Xode`cr�be`c�DdgfKhi]+zuq k {-`Dr8§
X k qDderKXo]JV
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Ã¬UWruqs\^dg{�z k `D� k qs\�qDruqsbxU8VYdgV^{�`cruVYdgVYXoV)dxr qsruqDbeUWÆ-dxri�Sz k `D� k qD\ ]-�8]J{�hiX[dx`DruVJ�� ¶XºdgV)�D]Jri] k qsbxbeU°qD{0§
/ ri`��%bx]Jti�D]JtºX[|uqsX¬t8UWruqD\±dg{¨qsruqDbeU8V[dxV
dgV>{-`D\^zibx]-\^]-rKXoq k U^Xo`ºVnX}q�Xodx{�qDruqsbxU8VYdgV-¢8V[]-]¨��` k ]��iqs\^zibx]¨X[|i]
tidxVo{�huVoV[de`cr°`D�10
qsbxb!2Ö�43¶�HÃ¬UKraqs\^dx{<qsruqDbeU8V[dxV&X[`W`cbxV)dxru{-behuti]D¢
der zaq k X[dg{�hibgq k ¢�X k qc{�] k VJ¢#t8]J_ihi�D�c] k V-¢
\^`crid�Xo` k V
qsrut��WdxV[huqDbedxÆ-] k VJ�

Analysis 1 (e.g. a tracer)

Analysis 2 (e.g. a monitor)

Analysis n (e.g. a visualizer)

Development of ad hoc

instrumentation parts
...

5 dx�Dh k ]��76 � |i]>huV[huqDbu{-qcVY]�6�qsbxbut8UWruqD\^dx{%qDruqsbxU8VYdgV�X[`W`DbgV¦dx\^zibe]J\^]-rKX#q�t8]Pt8dx{Jq�Xo]Jt±deraVnX k hi\^]JrcX}q�Xode`cr
zaq k X

 ¡rS` k t8] k X[`�_@]ºqs_ibx]±X[`ªqsraqsbxUKÆJ]^]��8]J{-h8X[dx`DruVJ¢2V[`D\^]ºtiqsXoq�\+huVYX�_@])�cq�Xo|i] k ]Jt�qsrat�V[`D\^])V[` k X
`D�©deraVnX k hi\^]JrcX}q�Xode`crº\^]J{}|uqDridxV[\)Vl\&huVYX	_@]¬dx\^zibx]-\^]-rKX[]Pt¹� � |i]vVnX}q�X[]-§;`D�Â§MXo|i]�§¶z k qD{�X[dg{�]D¢cdebxbxhuVnX k qsX[]Pt
_WU 5 dx�u�2�D¢udgV
Xo` k ]-§;dx\^zibx]-\^]-rKX%X[|u]�deraVnX k hi\^]JrcX}q�Xode`cr$��` k ]Jqc{}|$ru]-�~t8UWruqs\^dg{�qsruqDbeU8V[dxV	Xo`W`Db;� � |i]
qct8��qsrKXoqD�D]PV�q k ]D¢� k VnXobeUc¢�X[|uqsX&Xo|i]FdxruVYX k hi\^]-rKXoqsX[dx`Dr�dgV+ruqsX[h k qsbxbxU�qDrutSX[dx�D|ubeU�{�`criri]P{0X[]PtSX[`<X[|i]
qDruqsbxU8VYdgVJ¢WqDrut�VY]P{�`Drat8beUc¢KX[|uqsX
deX>dgV%VYz@]J{-dxqDbedxÆ-]Ptº��` k Xo|i]¨Xoq k �c]�Xo]JtFqDruqsbxU8VYdgV	qsrut$z k `Wtihu{�]PV k ]Jbe]J�£qDrKX
dxr8��` k \)q�Xode`cr©� � |i]²t k q£�%_uqD{ / ¢�|i`��	]-�c] k ¢sdgV¦X[|aq�X�Xo|idxVlde\^zibx]-\^]JrcX}q�Xode`cr k ]Pfchud k ]JVJ¢Ddxr)�D]Jri] k qsb;¢s\+ha{}|
Xo]Jt8dx`DhaV
�#` k / qDrut�t8dxVo{�`ch k qs�D]PVlz@]-`czibx]¬Xo`ºt8]-�c]-bx`Dz�t8UWruqs\^dg{¨qsruqDbeU8V[dxV#X[`W`cbxVJ�

8�9:8 ;=<#>�?A@�BC>EDF>�GIHJBK>ML�NPORQS@TG:@�BKUVL�WIXZY\[]?�>�B_^�U'`7L�>�a'bcBKUVLd?eL�GfNVU�`

basic tracer

Analysis 1 (e.g. a standard tracer)

Analysis 2 (e.g. a monitor)

Analysis n (e.g. a visualizer)

trace

...

5 dx�Dh k ]±��6 � |i]�¤Y�D]-ru] k q�X[]-§¶qDrutW§¡t8hi\^z ¥ qszuz k `KqD{}|C6
Xo|i]^deraVnX k hi\^]JrcX}q�Xode`cr<zuq k XvdxV�V[|uq k ]Jtª_ih8X¨X[|i]
qD\^`DhirKX%`s��tiq�X}q&dgV%|Whi�c]

 ¡r�X[|udxV�q k Xodx{-be]±�#])V[hi�D�c]JVYX¬Xo|uq�X+VYXoqDrutiq k tªX k qD{�] k Vv{-qDr«_@]^huV[]Jt«X[`��Ddx�D]±dxr8��` k \)q�X[dx`Dr�qs_@`Dh8X
]-�8]J{�hiX[dx`DruV&X[`�V[]-�c] k qsb
t8UWruqs\^dg{�qDruqsbxU8VYdgV&X[`W`DbgVJ�° ¡ruti]-]Jt©¢Vg²q k[k `Dbgt ]-Xºqsb;�°|uq£�c]�V[|i`��%r X[|uqsX)q

ì�ì àAhji�k4l�l
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basic tracer
with a tracer driver

Analysis 1 (e.g. a standard tracer)

Analysis 2 (e.g. a monitor)

Analysis n (e.g. a visualizer)

requests

...

relevant trace

5 dx�Dh k ] , 6	�¬h k V[hiz@] k �WdxV[]Jt��c]-ri] k qsX[dx`Drªqszuz k `KqD{}|C6	�%deX[|«qºX k qD{-] k t k dx�D] k `DrubeU$X[|i] k ]-bx]-��qsrKX²zuq k X
`D�2Xo|i]�]��8]J{-h8X[dx`Dr�dxr8��` k \)q�X[dx`Dr�dgV%�D]Jri] k q�Xo]Jt

X k qc{�]¨VYz@]J{�X k hi\�¢u{�`cruV[dxVYX[dxri�±`s�2Xo|i]�VY]PfKhi]-ru{-]¨`s��z k `c� k qs\'VnX}q�Xo]-\^]-rKXoV	X k q£�c] k VY]PtºqDV	Xo|i]¨z k `D� k qs\
]-�8]J{�hiX[]JVJ¢%VYhu_uVYhu\±]PVºqSrWhi\+_@] k `s��derKXo] k ]JVYX[dxri��`sXo|i] k V[z@]J{0X k q�V[hu{}| qDV)X[|i]<V[]�Xº`D��{�`Drat8d�Xode`cruqsb
_ k qDru{}|i]JV²` k X[|i]^V[]�X¬`D�lzuqsX[|uV 2e�c��3¶�&g>`��	]-�D] k ¢uX[|i]^V[]-zuq k qsX[dx`Dr�`s�lX[|i]±]��WX k qD{�X[dx`Dr�zuq k X¬� k `c\/X[|i]
qDruqsbxU8VYdgV�zaq k X&{-qDriri`sX±_a]�t8`cri]F�%deX[|i`ch8X±{Jq k ]D�« ¡rut8]-]Pt¹¢�qDV&dxbebxhuVYX k q�X[]Pt�_WU 5 dx�u�¦�8¢¦de�>]��8]P{�h8Xode`cr
dxr8��` k \)q�Xode`crSdxV&VYU8VYX[]-\)qsX[dg{-qsbxbxU<�D]Jri] k q�Xo]JtSqsrat�t8hi\^za]PtSX[`ªX[|i]�qsruqDbeU8V[dxV¨Xo`W`DbgV-¢�X[|i]$qs\^`DhirKX+`D�
dxr8��` k \)q�Xode`crºXo|uq�X
®u`��>V	� k `D\�Xo|i]¨X k qD{-] k X[`±X[|i]�qDruqsbxU8VYdgV#\±`8t8hube]PV%{-qsr�_@]v|Whi�c]D¢8ruqD\^]-bxUFVY]J�D] k qDb
�cde�Kqs_WUKX[]PVl��` k q±��]-� V[]J{�`crutiV%`D��]-�8]J{�hiX[dx`Dr©��
 |i]�Xo|i] k Xo|i]�dxr8��` k \)q�Xode`crFX k qDruVYdeX%X[| k `chi�D|�q±ubx]D¢uq
zudez@]D¢K` k ]-�D]Jr)\)qsdxr)\±]J\^` k UD¢K� k deX[dxri�+V[hu{}|ºqsrºqD\^`DhirKXl`D�Cdxr8��` k \)q�Xode`cr^Xoq / ]JV#VY`�\&hu{}|)Xode\^]>Xo|uq�X
Xo|i]¨X[`W`cbxV>q k ]¨ri`DX%huV[qD_ibx]�derKX[] k qc{0Xode�c]-bxUD�¦ ¶X>dgV%]JV[za]P{�dgqsbxbeU${ k d�Xodx{Jqsb¹��` k t8]-_ihu�D�Ddxri�a¢8]-�D]Jr��%|i]-r�deX>dxV
qDh8X[`c\)q�X[]Pt¹¢8_@]J{-qDhuV[]vhaVY] k V
ri]J]JtFX[`)dxrKX[] k qD{�X%der k ]Pqsbe§MXode\^]¨�%deX[|�X[|i]¨Xo`W`DbgV-�
y ]JdxVoV^qsrut y ]-rude] k dgV±z k `cza`KVY]FX[`�]-ru{-`8t8]�qDrut¯{�`D\^zuqc{0X&X[|i]�X k qD{-]$dxr8��` k \)q�Xode`crF2x��j3¶� � |i]Jd k

qDziz k `cqc{}|$dgV%huV[]Jt�dxrªqº{�`crKX[]��WX>�%|i] k ]�\&hibeX[dxzibe]+X k qD{-deri�)V[`Dh k {�]PV>V[]-rut�dxr8��` k \)q�Xode`cr$Xo`^X[|i]±V[qD\^]
qDruqsbxU8VYdgV#\±`8t8hube]c�� ¡r$X[|udxV
q k X[dg{�bx]D¢W�	]¬z k `cza`KVY]vqsri`DX[|i] k qDziz k `cqD{}|2¢D\^` k ]vqc{-{-h k qsX[]>�%|u]-r�q&V[deru�Dbx]
V[`Dh k {-]^V[]-ratiV�dxr8��` k \)q�X[dx`Dr�Xo`���z@`cVoVYdx_ibxU��¨VY]J�D] k qsb�qDruqsbxU8VYdgV¨\^`8t8hibx]JVJ���¬V�debxbxhuVnX k qsX[]PtS_KU 5 de�a� , ¢
�	]²|aq£�D]¬ti]JV[de�cri]Jt)�%|aq�X
�#]v{-qsbxb¹q¬¤nX k qD{-] k t k dx�D] kn¥ ¢c�%|u`cV[]²z k de\)q k U±��hiru{�X[dx`Dr$dxV#X[`+ubeX[] k Xo|i]vtuq�Xoq
`cr Xo|i]F®aU qD{-{-` k t8dxri�ªXo` k ]JfKhi]PVnX}V&V[]-rKX^_KUSXo|i]�qsruqDbeU8V[dxV&\^`Wtihibe]PV-���¬rubeUSXo|i]$ru]J{�]PV[Voq k U�X k qD{-]
dxr8��` k \)q�Xode`cr�dxV>qc{0XohuqsbxbeU$�D]Jri] k q�Xo]Jt¹� � |idgV%`s�ÂXo]-rªt k qDVYX[dg{-qDbebxU k ]Jt8ha{�]JV%X[|i]+qD\^`DhirKX>`s��X k qc{�]�tiq�X}qi¢
qDrut�VYdx�Dridea{JqsrKX[bxUºdx\±z k `��c]JV#X[|i]�z@] k ��` k \)qsru{-]D�
� |i] k ]-��` k ]D¢KX[|u]�deruVYX k hi\^]-rKX}q�X[dx`Dr$\^`Wtihibe]¨dgV%VY|aq k ]JtFqD\^`Dri�^VY]J�D] k qDb@qDruqsbxU8VYdgV#X[`W`DbgV
qsrutFX[|i] k ]

dgV��D] k U�bxd�X[X[bx]%VYbx`��>t8`��%r+{-`D\^zuq k ]Jt�X[`¬X[|i]%V[`Dbxh8X[dx`Dr&�%|i] k ]#]PqD{}|±qsruqDbeU8V[dxV�|uqDV�deXoV¦t8]Pt8dg{-q�Xo]Jt+deruVYX k h8§
\^]JrcX}q�Xode`cr©� 5uk `c\ q�V[dxri�Dbx]%X k qD{-] k ¢�X[|u]>X k qD{-] k t k dx�D] k z k `��Wdgt8]JVlq¨za`��	] k ��hibi� k `DrKX[§;]Jrut&��` k \&hib�Xodezube]
tiUKraqs\^dx{
qDruqsbxU8VYdgV�X[`W`DbgV��%|idxbe]²bedx\^d�Xoderi�¨Xo|i]%`��D] k |u]JqDt+`s�@X[|i]
X k qc{�]
�D]Jri] k q�Xode`cr©� � |u]>{�`DraVY]Pfchu]-ru{-]
dgV¦Xo|uq�X
VYz@]J{-d���UWdxri�+qDrut^de\^zibx]-\^]JrcXoderu�&t8UWruqD\±dg{>qDruqsbxU8VYdgV�X[`W`cbxVldxVl\+hu{}|º]PqDV[de] k ¢D�%d�Xo|i`Dh8X	ri]-�Kq�Xode�c]
dx\^zuqD{�X%`Dr�X[|i]�]JrutW§¶huV[] k �

8�9�� <#>�?A@�BC>E?AU�� ; U�?�WfX��TBC>�` ^ UJL�BC>�?�@(L�G:NJU�`
 ¡r^Xo|i]%��`cbebx`��%deru�u¢D�	]>{-qDbebW¤YqDruqsbxUWÆ-] kn¥ q¨\±`8t8hube]>�%|udx{}|)dgVl{-`Driri]P{0Xo]Jt±X[`&qvX k qD{�] k �� ¡rºdeXoVlV[dx\±zubedgVnXodx{
��` k \ Xo|i]�qsruqDbeUWÆ-] k dgV±`DribxU�X[|i]�VYXoqDrutiq k t�`ch8X[zihiX±` k qªubx]�dxr �%|udx{}| X k qD{�]PV&q k ]$� k deXYXo]-r¯_WUSq
z k dx\^d�Xode�c]�X k qD{-] k � 5 ` k VnX}qsrutiq k t�X k qc{�dxri�)Xo`K`cbxVJ¢@X[|i]^qsraqsbxUKÆJ] k |uqsrutibe]PV>Xo|i]+dxrKX[] k qD{�X[dx`Drª`cru{�]+X[|i]
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]-�8]J{�hiX[dx`Dr�dxV>VYX[`cziz@]Jt�q�X>dxrKX[] k ]JVYX[dxri�^z@`DdxrcX}V �Û{Jqsbxbe]Pt^¤Y_ k ]Jq / z@`DdxrKXoV ¥ ���� ¶X²VY|i`��>V%V[`D\^]vX k qD{-]¨der8��` k §
\)qsX[dx`DrSqsrut k ]PqD{�XoV¨`Dr�huV[] k V �¹{-`D\^\)qsrutiVJ�)Ä�` k ])VY`czi|idgVnXodx{Jq�Xo]Jt�t8]-_ihu�D�Ddxri�$X[`W`DbgV¨]��8|idx_ideX�\^` k ]
V[`Dzu|idxVYX[dg{-qsX[]Pt)qsruqDbeUWÆ-] k VJ� ��X k qD{-]²fKhi] k UWderi��\^]P{}|uqsridgV[\ �%deX[|$q�tiq�X}qs_uqcVY]>®aq£�D` k {-qsr)_@]vzibehu�D�D]Pt
Xo`�qªX k qc{�] k qDrut bx]�X)huV[] k V±derW�c]JVYX[dx�cq�Xo]$]-�8]J{�hiX[dx`DruV±dxr¸q«\^` k ]FXo|i` k `Dhu�D| �
q£UD� � |idgV^|uqDV^_@]-]Jr
ti`Dri]¬��` k ]��iqD\±zube]v��` k w der$X[|i]+w#`8{-q+X[`W`cbM2 ��3;� � k ]Jqsb¹tiqsXoqD_uqDV[]v{Jqsr$]-�D]JrF_@]¨huVY]PtFde��`crFXo|i]v®uU
z@] k ��` k \)qsru{-]ldgV�ri`sX�q¬_idx�vdgVoVYhi]c� � |idgV�|uqcV�_@]-]Jr±ti`Dri]	��` k qvt8dgVnX k dx_ih8Xo]Jt±VYU8VYX[]-\!der g>U � 2Ö�43¶��Äª`Dr8§
deX[` k dxri�^Xo`K`cbxV¬{-qDr�_a]±{�`Druri]J{�X[]Jt�X[`)X k qc{�] k V%dxrª` k t8] k X[`FV[hiz@] k �WdxV[]�]��8]P{�h8Xode`cruV²qDrut�{�`cbebx]J{�X¬tiq�X}qi�
5 ` k ]��iqs\^zibx]D¢DX[|i]¬·lÄªÄ� ¦Xo`W`Db;¢D��` k  n{�`cr©¢KdxV#qs_ibx]%X[`±t8]�Xo]J{�X	V[`D\^]>z k `D� k qD\±\^dxri�¨\^dxVYXoq / ]JV�2e� , 3¶� �
rWhi\&_a] k `s���WdxV[huqsbxdxÆJq�Xode`crºXo`K`cbxV
haVY]¨X k qc{�]JV#Xo`)�D]-ru] k q�X[]v� k qszu|idx{JqsbC�Wde]J�>V-� �²r�]-�iqs\^zibx]�dxV%Ã ���¬Å
�%|udx{}|^`��C] k V¦� k qDzi|idg{-qsbi{-bedx]-rKX}V¦de\^zibx]-\^]JrcXoderu�+t8d��@] k ]JrcX��Wdx]-�>V¦`D�¹|ide�c|^za] k ��` k \)qsra{�] 5 ` k X k qDrR2x�J��3;�
� |i]^dxrKX[] k qD{�X[dx`Drª\^`8t8]PV¬_@]�Xn�	]-]JrªXo|i]±X k qD{�] k qDrut�Xo|i]^qsruqDbeUWÆ-] k V¬]��8|idx_ideX[]Pt<_WU�X[|i]^z k ]-�Wdx`DhuV

]-�iqs\^zibx]JV¨q k ])qsbxb�t8d��C] k ]-rKX�qsrat«V[za]P{�dea{s� 5 ` k z k de\^deX[dx�D]±X k qD{-] k V¨qsrut�VYdx\^zibx]±�WdgVYhaqsbxdeÆPq�X[dx`Dr2¢¹X[|i]
X k qc{�] k V[de\^zibxU�`Dh8Xozih8X}V²X k qc{�]&der8��` k \)qsX[dx`DrªdxrKX[`$qF�Ddx�D]Jr<{}|uqsruri]-b;� � |i] k ]+dgVvri`$V[UWru{}| k `DridxÆJqsX[dx`Dr
_@]�Xn�	]-]Jr±X[|i]
X k qc{�] k qDrut&X[|i]>qDruqsbxUWÆ-] k ��TKXoqDrutiq k t+X k qD{�] k V¦qDrut+X k qD{�]>fKhi] k U&VYU8VYX[]-\)V�`ch8X[zihiX�X k qD{-]
dxr8��` k \)q�Xode`crFqsrat)�D]-X#huV[] k	k ]PfKhi]JVYXoV#der�q�Xo`sXoqDbebxU)VYUWru{}| k `crideÆJ]Jt^�
q£UD��Ä�`Drud�Xo` k Vlz k `8{�]PV[V�X[|i]¬X k qD{-]
dxr8��` k \)q�Xode`cr<`crªX[|u]&®aUªderSqF��hibebxU<V[UWru{}| k `DridxÆ-]Ptª�
q£UD� �	X�z k ]JV[]-rKXJ¢©qDbeb�Xo|i]JV[]±X[`W`DbgV¨q k ]±t8dgVÛmn`DdxrcX
qDrut^t8d��){-hibeX�X[`�\^] k �c]D� � |u] k ]���` k ]D¢s��h k Xo|i] k \±]P{}|uqsrudxV[\)V�q k ] k ]Pfchud k ]Jt±dxr)` k t8] k Xo`�VY|uq k ]%qvX k qc{�] k
qD\^`Dri�^qsruqDbeUWÆJ] k V#`D��t8d��C] k ]-rKX%XnUWza]PV-�

�¬h k X k qD{-] k §¶t k dx�D] k dera{�bxhut8]JV¨V[hu{}|ª\^]J{}|aqsridgVY\)VJ�¨ ¶Xv]Jruqs_ibx]JVvt8d��@] k ]JrKXvdxrKX[] k qD{�X[dx`Dr�\^`8t8]JVv_@]�§
Xn�	]-]Jr&q¬X k qD{-] k qsrut±qsraqsbxUKÆJ] k V©Xo`¨_a]
dxrcXo]-� k qsX[]Jt+der±`Dru]
V[dxri�Dbx]lXo`W`Db;� � |idgV�|uqDV¦V[]-�c] k qsbWqDt8��qDrcX}qs�c]JVJ�
5 d k VYX[bxUD¢KhuV[] k V�t8`�ru`sXlri]J]Jt^Xo`+V[�%d�X}{}|^X[`W`DbuX[`+qc{}|ide]J�D]>t8d��C] k ]-rKX	qDde\)VJ� � |i]JU&haVY]vq¨hiridgfchu]>X[`W`cbiX[`
X k qc{�]c¢ct8]J_ihi�u¢W\^`Drud�Xo` k qDrut)�WdgVYhuqDbedxÆ-]²]��8]J{-h8X[dx`DruVJ�¦TW]J{-`Drut8bxUD¢KdxrcXo]-� k qsX[dxri�+qsbxbaX[|i]¬za`KV[V[de_ube]>haV[qD�D]JV
k ]JV[hibeXoV	dxr�q&\^` k ]¨za`��	] k ��hib@X[`W`DbCXo|uqsr$X[|u]�\±] k ]#mnh8�WXoqDza`KVYdeX[dx`Dr�`s�¦t8d��@] k ]JrKX	Xo`W`DbgV-� 5 ` k ]��iqs\^zibx]D¢
`cri]>{-qDr©¢Ddxr^zuq k qsbxbx]-b;¢D{}|i]J{ / ��` k / ri`��%r^_ihi��zaq�XYXo] k ruVJ¢cqsrat±{-`Dbxbe]P{0XltiqsXoqv��` k �WdxV[huqsbxdxÆJq�Xode`cr©� 
 |u]-r8§
]J�D] k q�_ihi��dgV�]Jru{�`chirKX[] k ]Jt&Xo|i]%X[`W`cba{-qDr)VY�%deXo{}|^Xo`�q�VYUWru{}| k `crideÆJ]Jt±t8]-_uhi�D�cderi��V[]JVoV[de`cr©¢shuV[deru��X[|i]
qDb k ]Jqct8UF{-`Dbxbe]P{0X[]Pt��KdgV[huqsbxdeÆPq�Xode`cr�tiqsXoqu� � |i]��WdgVYhaqsbxdeÆPq�X[dx`Dr$X[`W`cb�{-qDr�qsbgVY`){}|uqDri�D]¨Xo|i]�� k qsrWhibgq k deXnU
`D�2Xo|i]�{�`cbebx]J{�X[]Jt�tiqsXoq)t8]Jza]Jrut8dxri�^`Dr�X[|i]�{-h kok ]JrcX%{�`crKX[]��WXP�
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	 � NJUVLd> G�'a]L�GfNJU'`
� |u]>{�`DrKX k dx_ih8Xode`cruV¦`s�CXo|idxV#q k X[dg{�bx]>q k ]	X[| k ]-]-��`Dbgt¹� 5 d k VnXobeUc¢DdeX©mnhuVYX[deu]JV�X[|i]>ru]-]Jt±��` k qvX k qD{-] k t k dx�D] k
dxr¯` k t8] k X[`�_a]�qD_ibe]$X[`�]��º{-de]JrcXobeU derKX[]J� k q�Xo]$V[]-�D] k qDb	tiUKraqs\^dx{�qsraqsbxUWV[]JV&�%deX[|idxr¯q�V[deri�cbe]$X[`W`cbM�
 ¡r«zuq k X[dg{�hubxq k ¢¹deX�]-\^zi|uqcVYdxÆ-]PV>Xo|uq�X�_@`sX[|SV[UKra{}| k `cri`DhaV²qsrat«qcVYUWru{}| k `Dru`DhuV¬{�`D\^\&hiridg{-q�Xode`cruVvq k ]
k ]JfKhid k ]Jt^_@]�Xn�	]-]-rºX[|i]²X k qD{�] k qDrut±X[|i]¨qsraqsbxUKÆJ] k ��TW]P{�`crut8bxUD¢Kd�X%t8]JVo{ k dx_a]PV�dxrº_ k ]JqDt8X[|FqDrut^der�VY`c\^]
ti]-z8Xo|FXo|i]�\^]J{}|uqDridxV[\)V	ri]-]Pt8]JtFX[`^dx\±zube]J\±]JrKX²VYhu{}|�q&X k qD{�] k t k dx�D] k 6	� �lXo|i]¨zuq�X[X[] k ruV	Xo`^V[z@]J{�de��U
�%|aq�X²X k qc{�]&der8��` k \)qsX[dx`DrªdgV²ru]-]Jti]Jt¹¢2� �
X[|u]&bgqsri�chuqs�c]�`s�#derKX[] k qc{0Xode`cr�_a]-Xn�#]J]-rªXo|i]&X k qD{�] k t k dx�D] k
qDrut«X[|i]ºqDruqsbxUWÆ-] k V�qDrut , �¬X[|u]º\^]J{}|uqDridxV[\)VvX[`�]��){-de]JrKX[bxUªubeX[] k X k qD{-])der8��` k \)qsX[dx`Dr�`Dr�X[|i]º®uUD�
p�qDVYX[bxUD¢K]��8z@] k de\^]-rKX}qsbC\^]JqDV[h k ]-\^]-rKX}VlV[|i`��¸X[|uqsX#Xo|idgV%q k {}|id�Xo]J{�X[h k ]>dxru{ k ]JqcVY]PV¦X[|u]¬X k qc{�]vqD{-{-h k qD{�U
qDrut�VYz@]-]PtiV%hiz�X k qD{-]¬�c]-ri] k qsX[dx`Dr�qsrut�{�`c\^\+hiridg{-qsX[dx`Dr©�

 ¡r�X[|u]&��`cbebx`��%dxri�u¢2TW]P{0Xode`crS�$�Ddx�D]PV¬qDr«`��c] k �Wde]J�~`s�lXo|i]±X k qD{-] k t k de�c] k qsrut«dxr«zuq k Xodx{-hibgq k X[|i]
dxrKX[] k qc{0X[dx`DraV²deX�]-ruqD_ibe]PV²_@]�Xn�	]-]Jr�qºX k qD{-] k qsrut�qsr�qsruqDbeUWÆ-] k ��TW]P{0Xode`cr , VYz@]J{-d�u]PV¬X[|i]^ruqsX[h k ]&`D�
zaq�XYXo] k ruVJ�¦T8]J{0Xode`cr � bxdgVnX}V
X[|i] k ]JfKhi]PVnX}V	X[|uqsX>qsr�qsruqDbeUWÆJ] k {-qDr�V[]-rut$Xo`±`ch k X k qD{-] k qsrat$|u`���X[|u]-U
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q k ]vX}q / ]Jr$dxrKX[`ºqc{-{�`chirKXJ�lTW]P{0Xode`cr��^ti]JVo{ k de_@]JV
dxrªt8]�X}qsdxb©`Dh k ub�Xo] k deru�±\^]P{}|uqsridgV[\.qsrat$deXoV>de\^zibx]�§
\^]JrcX}q�Xode`cr©�ºTW]J{�X[dx`Dr���t8dxVo{�haV[V[]JVvXo|i] k ]PfKhid k ]-\^]JrcX}Vv`Dr�X[|i]^X k qc{�] k ��` k X[|i])`��c] k qsbxb�q k {}|ud�Xo]J{0Xoh k ]
Xo`�_a])]��){-de]JrKXJ�FTW]P{0X[dx`Dr��F�Ddx�D]PVv]��8za] k dx\^]-rKXoqDb k ]PVYhub�X}V�qsrutSV[|i`��>V¬X[|i])]��){-de]Jru{�U«`s�#X[|i]^X k qc{�] k
t k dx�D] k \^]P{}|uqsridgV[\���TW]P{0Xode`cr��^t8dgVo{�huVoVY]PV k ]JbxqsX[]PtF�	` k / �
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� |udxV�V[]J{�X[dx`Dr�z k ]JV[]-rKX}V�qsr�`��D] k �Wdx]-� `D�
X[|i])X k qc{�] k t k dx�D] k q k {}|ideX[]J{�X[h k ]ºqsrat¹¢�dxr�zuq k Xodx{-hibxq k ¢2X[|i]
dxrKX[] k qc{0X[dx`DraV¦d�X#]-ruqD_ibe]PV�_@]�Xn�	]-]Jrºq¨X k qD{-] k qDrut)qsruqDbeUWÆJ] k V-� � |i]%X k qD{-] k qDrut±X[|u]¬qsraqsbxUKÆJ] k V¦q k ] k hur
qsX
X[|i]�Voqs\^]vX[dx\^]D�

�¬V²qsb k ]JqDtiUº\^]-rKX[dx`Dri]Pt�der�Xo|i]�dxrcX k `8t8ha{0X[dx`Dr2¢i_a`DX[|ªV[UWru{}| k `Dri`chuV
qsrut�qDV[UWru{}| k `Dri`chuV	derKXo] k qD{0§
Xode`cruV+q k ]Fri]J{-]JVoV[q k U«_a]-Xn�#]J]-r�Xo|i]FX k qc{�] k qsrut�X[|i]�qsruqDbeUWÆ-] k VJ� �¬r�Xo|i]F`cri]F|uqDrut¹¢�de�¬qsruqDbeUWÆJ] k V
ru]-]Jt�Xo`º�D]-X¬{�`c\^zibe]J\^]-rKXoV²`s�¦deri��` k \^qsX[dx`DrªqsX¬VY`c\^]�]-�c]-rKXoVJ¢udeX²dgV>dx\±z@` k XoqDrKX>X[|uqsX²Xo|i]�]��8]P{�h8Xode`cr
ti`K]PV²ru`sX¨z k `8{-]-]JtªhirKX[dxb�Xo|i]^qsruqDbeUWÆ-] k V²|uq£�D]±t8]J{-dxti]Jt<V[`u� �¬r�Xo|i]^`sXo|i] k |uqsrat¹¢Cd��#X[|i]^qsruqDbeUWÆJ] k V
`cribxUº�	qDrKX	Xo`){�`Dbxbx]J{0X%dxr8��` k \)q�Xode`crFXo|i] k ]�dxV
ru`±ru]-]Jt$Xo`)_ibe`8{ / Xo|i]¨]��8]J{-h8X[dx`Dr2�

�²rH]-�W]P{�h8Xode`cr X k qD{-]«dgV�q V[]JfKhi]Jru{�]�`s�+`c_uV[] k �D]Jt¸]-�8]J{�hiX[dx`Dr ]J�D]JrcX}VºXo|uq�X�|uq£�c]«q�X[X k de_uh8X[]PV-�
� |u]&qsraqsbxUKÆJ] k V>V[za]P{�de��U�X[|i]±]-�c]-rKXoV>X[`F_@]±`D_uV[] k �D]Pt�_KU�Xo|i]+\^]JqDruV¬`s� �	���	���	����� � �	����+ � �>rª]J�D]JrcX
zaq�XYXo] k r«dgV�q�{�`crut8deX[dx`Dr�`Dr«X[|i]ºqsXYX k dx_ih8Xo]JV�`D�	qsrS]J�D]-rKX �ÛV[]-])t8]-XoqDdebgV¨der TW]P{0Xode`cr , �0� � |i]±X k qc{�] k
t k dx�D] k \)qsruqD�D]PV+qª_aqDV[]F`s�²qc{0Xode�c]F]-�c]-rKX&zaq�XYXo] k ruVJ�«·lqc{}| ]��8]P{�h8Xode`cr ]-�c]-rKX&dgV±{}|i]J{ / ]Jt�qs�KqsdxruVYX
Xo|i]$V[]�X±`s�>qD{�X[dx�D]ºzaq�XYXo] k ruVJ� �>r ]J�D]JrcX&\^qsXo{}|i]PV+qDr�]-�D]JrKX&zuqsXYX[] k r�de�²qsrat�`DribxU�d��%Xo|i]FzuqsXYXo] k r
{-`Drutid�Xode`cr$dgV>Voq�X[dgVYu]Jt$_WU)X[|i]�qsXYX k dx_ih8Xo]JV
`s��X[|udxV%]J�D]JrcXP�
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d�����(� �d+������ � �	��� V[za]P{�deu]JV�X[|uqsXJ¢Wq�Xl\)qsXo{}|idxri�¨X k qD{-]%]-�c]-rKXoVJ¢cV[`D\^]
X k qD{-]²tiqsXoq�q k ]
X[`
_@]>V[]-rKX¦X[`�qDruqsbxUWÆ-] k V��%d�Xo|i`DhiX¦� k ]J]-Æ-dxri�¨Xo|i]%]��8]J{-h8X[dx`Dr2� � +� ��(��
d�����(� �d+��� � �I�	��� VYz@]J{-d�a]JV�Xo|uq�XP¢cq�X
\)qsXo{}|idxri�&X k qD{�]v]-�c]-rKXoVJ¢8VY`c\^]¬X k qc{�]¨tiq�X}q&q k ]¬X[`^_@]�VY]JrcX
Xo`^qDruqsbxUWÆ-] k VJ� � |i]¨]-�W]P{�h8Xode`cr$dgV	� k `DÆ-]Jr
hurcXodeb©X[|i]�qsraqsbxUKÆJ] k V	` k t8] k X[|u]�]��8]J{-h8X[dx`Dr$X[` k ]JV[hi\^]D� �>r �	���	����
�� �(�d) �	� dxV%q±z k `8{�]Jtih k ]�t8]-uri]Pt
dxr�qsr�qsruqDbeUWÆJ] k ¢cXo|uq�X>dgV%{-qDbebx]Jt$�%|i]Jr�q±\)q�X}{}|idxri�^]-�D]JrKX
dgV%]Jru{�`chirKX[] k ]Jt©�

5 dx�u� � debxbxhuVnX k qsX[]PVlXo|i]¨X k ]JqsX[\^]-rKX%`s��X[|i]vXn�	`+XnUWz@]JV%`D��zuqsXYXo] k ruV-� � |i]¨]-�W]P{�h8Xode`cr$dgV
z k ]JV[]-rKX[]Pt
qcV�qvV[]JfKhi]Jru{�]
`D�a]-bx]-\^]JrcX}q k U�_ibx`8{ / V ��X[|i]%]-�W]P{�h8Xode`cr&]J�D]JrcX}V ��� �²r±qDruqsbxUWÆ-] k \^]Pt8dxqsX[` k �cq�Xo|i] k V�X[|i]
zaq�XYXo] k ruV k ]JfKhi]JVYX[]PtF_WU)Xo|i]�qsraqsbxUKÆJ] k V
qsrut�t8dgVYzuqsXo{}|i]PV	X[|i] k ]JV[hibeX>VY]JrcX%_WUºXo|i]¨X k qD{-] k t k de�c] k �ÛV[]-]
ti]�XoqDdebx]Jt�ti]JVo{ k dez8Xode`cr<TW]J{�X[dx`Dr � �0� �	X¬]PqD{}|�X k qD{-]�]-�c]-rKXJ¢uX[|i]+X k qD{-] k t k dx�D] k dxV¬{-qsbxbx]Jt�X[`ºub�Xo] k X[|i]
]J�D]JrcXP�2 ¶�@X[|i]>{-h kok ]JrcX¦]J�D]-rKX�t8`W]JV�ru`sX�\)q�X}{}|±qDrKU+`s�@X[|i]>qc{0X[dx�D]
V[za]P{�deu]Jt±zuqsXYX[] k raV-¢�Xo|i]%]��8]P{�h8Xode`cr
�c`W]JV
`Dr �Û]-�D]JrKXoV��}¢������c¢������i¢������u¢������ �0�# ¶��X[|i]�{-h k[k ]-rKX>]J�D]-rKX%\)q�X}{}|i]JV>qDr�qD{0Xode�c]¨zuq�X[X[] k r©¢
V[`D\^]FX k qD{�]�tiqsXoq<q k ]�VY]JrKX&Xo`«Xo|i]�qsruqDbeUWÆ-] k \^]Pt8dxqsX[` k �Û]-�D]JrKXoV���� �i¢!���#" ���� ¶�²Xo|i]$\)qsXo{}|i]Pt
zaq�XYXo] k r�dxVvqDV[UWru{}| k `Dri`chuV	X[|u]&tiqsXoq)dgV²z k `8{�]PV[V[]Jt�_WU$X[|i] k ]Jbe]J��qsrKX¬qsraqsbxUKÆJ] k dxr<qDr<qDV[UWru{}| k `Dri`chuV
�
q£U ��]J�D]-rKX��$�%���0�¦ ¶��X[|i]¨zuqsXYX[] k r�dgV%VYUWru{}| k `Dru`DhuVlX[|i]¨]-�W]P{�h8Xode`cr$dgV#� k `cÆ-]Jr©¢8�	qDd�Xoderu�+��` k q^fKhi] k U
`D�lXo|i]ºqsruqDbeUWÆJ] k ��]J�D]-rKX����&" �0� � |u]^qDruqsbxUWÆ-] k z k `8{�]PV[V[]JV¬Xo|i]FV[]-rKX�tiq�X}q�qDrutS{-qDr�qcV / ��` k \^` k ]
tuq�Xoq^qD_a`ch8X%X[|i]&VnX}q�X[]�`D��Xo|i]�]-�W]P{�h8Xode`cr©� � |i]¨X k qc{�] k t k dx�D] k {-qDr k ]�X k dx]-�c]¬haVY]-��hib�tiqsXoq)qD_a`ch8X%X[|i]
]-�8]J{�hiX[dx`Dr�VnX}q�X[]�qDrut$V[]-ratFXo|i]-\ X[`±X[|u]�qsruqDbeUWÆ-] k ¤n`cr$t8]J\^qDrut ¥ � � |i]�qsruqDbeUWÆJ] k {-qDr�qDbxV[` k ]Pfchu]JVYX
V[`D\^]>\^`8t8dea{-qsX[dx`DruVl`s�¹Xo|i]¬qc{0X[dx�D]²zuq�X[X[] k ruVj6�qctit)ri]J� zuq�X[X[] k ruVl` k#k ]J\±`��c]%]��8dgVnXoderi�+`Dri]PV-� 
 |i]-r
ru`+qsruqDbeUWÆJ] k |aqDVlqDrWU+��h k X[|u] k	k ]Pfchu]JVYX�X[`&\^q / ]²qD_a`ch8XlXo|i]¬{-h kok ]JrcX#]-�D]JrKXJ¢cX[|i]¨qsruqDbeUWÆJ] k \^]JtidxqsX[` k
V[]-ratiV
X[|u] k ]PVYhi\^dxri�º{�`c\^\^qDrut$X[`^Xo|i]�X k qD{-] k t k de�c] k �('*)^{�`c\^\^qDrut ��� � |i]¨X k qc{�] k Xo|i]-r k ]JV[hi\^]JV
Xo|i]�]��8]P{�h8Xode`cr$hirKXodeb¹Xo|i]�ri]-�KX>\)qsXo{}|idxri�^]-�c]-rKXJ�

þ�î�ì©þÂó



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

Event Filtering

Trace data

...

Execution
Observed
by tracer

Tracer
Driver

Go!

Event i

Event i+1

Event i+2

Event i+3

Event i+4

Event i+5

Event i+6

Retrieving
Data

Event patterns

Synchronous

Handler

Asynchronous

Handler

Send more data!

Modify patterns!

Trace and synchr. data

Additional Trace Data

Analyzer Mediator

5 dx�Dh k ] � 6 �²V[UWru{}| k `Dri`chuV%qsrut�V[UWru{}| k `Dri`chuV
dxrcXo] k qD{�X[dx`DruV%_@]�Xn�	]-]Jr�X[|i]�X k qD{�] k qsratFXo|i]&qDruqsbxUWÆ-] k
\^]Pt8dxqsX[` k

� |i]�q k {}|ideX[]P{0X[h k ]$]-ruqD_ibe]PV�Xo|i]�\^qDruqs�c]-\^]-rKX±`s�¬V[]-�c] k qsb#qc{0Xode�c]FzuqsXYX[] k raV-�S·lqc{}| zuq�X[X[] k r°dxV
dgt8]JrcXod�a]Jtª_WU�qºbgqs_@]-b;� �!�cde�c]-rª]-�8]J{�hiX[dx`Drª]J�D]-rKX¨\)q£U$\)q�X}{}|«V[]-�c] k qsb2zaq�XYXo] k ruVJ�	
 |i]Jr«V[]-rutideri�
Xo|i]�X k qD{-]$tiqsXoq<X[|i]�bxdxVYX)`s� �ÛbxqD_a]JbxV^`D� �&\^qsXo{}|i]Pt zuqsXYXo] k ruV±dxV^qDtut8]Jt X[`«X[|i]�X k qc{�]D� � |i]-r©¢lX[|i]
qDruqsbxUWÆ-] k \^]JtidxqsX[` k {JqsbxbxV%q±VYz@]J{-d�@{¬|aqsrut8bx] k ��` k ]JqD{}|$\)q�Xo{}|u]Jt$zuq�X[X[] k r�qsrut�t8dgVYzuqsXo{}|i]PV k ]Jbe]J�£qDrKX

ì�ì àAhji�k4l�l
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X k qc{�]>tiqsXoqvXo`�d�XP�� ¶�©qsXlbe]PqDVYX�`Dri]%\)qsXo{}|i]Pt^zuq�X[X[] k r^dxVlVYUWru{}| k `Dru`DhuVJ¢�X[|u]²qsruqDbeUWÆJ] k \^]Jt8dgq�Xo` k �
qsdeXoV
��` k ]J�D] k U)V[UKra{}| k `cri`DhaVl|uqDrut8bx] k X[`&uridgVY|�_@]���` k ]¨VY]Jrut8dxri�+Xo|i] k ]PVYhi\^dxri�^{�`D\^\)qsrat)X[`&X[|u]²X k qc{�] k
t k dx�D] k � 5ik `D\�Xo|i]�za`cderKX%`s���Kdx]-�H`s��q+�cde�c]-rF]J�D]JrcX
|uqDrut8bx] k ¢WX[|i]�qD{�X[dx��q�X[dx`Dr$`s��`sX[|u] k |uqsrat8be] k V	`cr
Xo|i]�Voqs\^]¨]��8]J{-h8X[dx`Dr�]-�c]-rKX%dxV	X k qDruVYzaq k ]-rKXJ�
� |idgV²q k Xodx{-be]+]-\^zi|uqcVYdxÆ-]PV%\^` k ]¨X[|i]+X k qD{�] k t k de�c] k Xo|uqsr�Xo|i]+qDruqsbxUWÆ-] k \^]Pt8dxqsX[` k ���¬r�X[|u]�`Dri]

|aqsrut¹¢cX[|u]vt8]PVYdx�DrºqDrut)dx\^zibe]J\^]-rKXoqsX[dx`Drº`D�¹X[|i]²X k qD{�] k t k dx�D] k dxV	{ k deX[dg{-qsba�%d�Xo| k ]JV[za]P{0XlXo` k ]JV[za`cruV[]
Xode\^]c�  ¡rut8]J]Jt¯deXFdxVF{-qsbxbx]Jt¸q�Xº]PqD{}|¯]-�D]JrKXFqsrut¯]��8]P{�h8Xode`cruV^`s��VY]J�D] k qDb%\±dxbxbedx`DruVº`s�¨]-�D]JrKXoV �ÛV[]-]
V[]J{�X[dx`Dr � �>q k ]��D] k U�{�`D\^\^`Dr2�	·l�D] k UF`��c] k |i]Jqct¹¢8]-�c]-r�Xo|i]�Xoderidx]JVYXJ¢@dgV%X[|u] k ]���` k ]�{ k deX[dg{-qsb;���¬r�X[|i]
`DX[|i] k |uqDrut¹¢uX[|i]&de\^zibx]-\^]-rKX}q�X[dx`Dr�`D�¦X[|i]&qsruqDbeUWÆ-] k \^]Jt8dgq�Xo` k dxV²\+hu{}|�bx]JVoV²{ k deX[dg{-qDb©_a]P{-qDhuVY]+d�XvdxV
{Jqsbxbe]PtF`cribxUº`Dr�\)q�Xo{}|uderi�^]J�D]-rKX}V-� 5 h k Xo|i] k \^` k ]D¢8deXoV%dx\^zibe]J\^]-rKXoqsX[dx`Dr�dxV%\&hu{}|�]JqDV[dx] k �

� � ���%�&�����¨�©���
���$1

�¬V¦qsb k ]PqDt8U+\±]JrKX[dx`Dri]Pt¹¢Dqsr±]-�c]-rKX�zuqsXYX[] k r±dgV¦q�{�`Drat8d�Xode`cr&`cr+Xo|i]>q�X[X k de_uh8X[]PV¦`s�@]-�D]JrKXoVJ�� ¶Xl{-`DruV[dxVYXoV
`D�¬q� k VYX±` k ti] k ��` k \&hibgq<{�`c\+_idxridxri��]-bx]-\^]-rKXoq k US{�`crut8deX[dx`DruV±`cr�X[|i]�qsXYX k dx_ih8X[]PV-� � |udxV±VY]P{0Xode`cr
V[hi\^\)q k deÆJ]JV¬X[|u]^��` k \^qsX�`s�#X[|i]^X k qc{�]^]-�c]-rKXoVJ¢2V[za]P{�deu]JV¨Xo|i]^��` k \)q�X�`s�	X[|u])]-�D]JrKX¨zaq�XYXo] k ruV�qsrat
�cde�c]JV	]��iqD\±zube]PV
`s��zaq�XYXo] k ruVJ�

	\9:8 <#>�?A@�B BTHJBKUVL�`
� |u]$qD{�X[huqDb���` k \)q�X±`s�%Xo|i]ºX k qc{�]º]J�D]-rKX}V�|uqcV ��� ���� ��������� `Dr X[|i]FX k qD{�] k t k dx�D] k \^]J{}|uqDridxV[\)V-�
� |u]�de\^z@` k XoqDrcX¬dxVoVYhu]�dxV>X[|uqsX¬]-�c]-rKXoV>|uq£�D]�qsXYX k dx_ih8X[]PV²qDrut�X[|uqsX¬V[`D\^]+q�X[X k de_uh8X[]PV²q k ]�V[za]P{�dea{¨X[`
Xo|i]±XnUWza]^`s�	]-�c]-rKXoVJ� � |u]&X k qc{�]&��` k \)q�X¨X[|uqsX��#]^huV[]^dxV¨t8]Pt8dx{Jq�Xo]Jt<X[`�{�`cruVnX k qDderKX¨z k `D� k qs\^\^dxri�
`��c] k urideX[]�ti`D\)qsdxruVJ¢8_ih8X%X[|u]�zuq�X[X[] k r�bxqDri�DhuqD�D]vdxV ����7� ���	�(����� �]���1�(
���� ����� ��� ) ��� � ��� �����
� |idgV¨VY]P{0Xode`cr<VYhu\±\)q k dxÆ-]PV%X[|u]+��` k \)q�XP�¬ ¶X}V¨qsdx\ dgV²X[`�|i]-bxz�X[|u] k ]Jqct8] k V>�%|i`$�#`chibgt��	qDrKX²X[`

hurut8] k VYXoqsratºXo|i]�t8]�X}qsdxbxV
`D��Xo|i]�]��iqD\±zube]PV#dxr�X[|i] k ]-\)qDderidxri�^`s��X[|i]�q k Xodx{-be]c�

� {�`cruVnX k qDderKX+z k `c� k qs\ \)qDridezuhibxqsX[]PV+��q k dgqs_ibx]JV&qsrut {-`DruVYX k qsdxrKXoV+`DrSX[|u]JV[]$��q k dgqs_ibx]JVJ�ª·lqc{}|
��q k dgqs_ibx]²|aqDV%q �7��" ���� ¢aq+urideX[]�V[]�X%`s��za`KV[V[de_ube]v��qsbxhi]JVJ� � |i]�qsdx\�`s��q&{-`DruVYX k qsdxrKX	z k `D� k qD\ dgV	X[`
arut+q¬��qsbxhuq�Xode`cr ��` k X[|i]	_a]PVnX¦��qsbxhuqsX[dx`Dr©¢��cde�c]-r+qDr+`D_imn]J{0Xode�c]l��huru{0Xode`cr ��`s�iXo|i]
�£q k dgqs_ube]PV�V[hu{}|�Xo|uq�X
]J�D] k U<{-`DruVYX k qsdxrKXvdgV�Voq�XodxVYu]Jt©� � `ªti`ªVY`a¢�{�`cruVYX k qsdxrcX�V[`Dbx�D] k Vvdx\±zube]J\±]JrKX�rKhu\±] k `chuV�qsbx�D` k deX[|u\^V
{-`D\^dxri��� k `D\���q k de`chuV k ]JV[]Jq k {}|ºq k ]PqDVJ¢cV[hu{}|FqcVl`cza] k qsX[dx`Dr k ]JV[]Jq k {}|©� � |i] k ]¬q k ]&� � z@`cVoV[de_ibx]²]J�D]JrcX
XnUWz@]JVvdxrªX[|u]&X k qc{�] k �	]&huV[]D��·#qD{}|<]J�D]JrcX¨|uqcV¬{-`D\^\^`Dr«qDrut<V[z@]J{�dea{±q�X[X k de_ihiX[]JVJ� � |i]){�`c\^\±`cr
qsXYX k dx_ih8Xo]JV
q k ]76�X[|u]v]J�D]JrcX	XnUWza]c¢iq^{}| k `cri`Dbx`D�cdx{Jqsba]-�D]JrKX	rWhi\&_a] k ¢WXo|i]�t8]-z8Xo|$`D�2Xo|i]�{�h kok ]JrKX	ri`8t8]
dxr�X[|u]+VY]Pq k {}|8§;X k ]-]D¢WXo|i]&V[`Dbx�D] k VnX}q�Xo] �Ût8`c\)qsdxruV-¢a{�`DraVnX k qDderKX²VYX[` k ]�qsrat�z k `czuqs�Kq�Xode`cr�fKhi]Jhi] ��¢aqsrat
Xo|i] �d+��	� � �" � V[za]JrcX%V[deru{-]²Xo|i]¨_a]J�Ddxriridxri�±`s�©Xo|i]¨]��8]J{-h8X[dx`Dr©� � |i]¨V[za]P{�dea{¬qsXYX k dx_ih8Xo]JV
t8]-z@]-ratF`cr
Xo|i]vza` k XP� � |i]-Uºq k ]¬ri`sX%t8]�X}qsdxbe]PtF|u] k ]D� 
 |i]-ri]J�D] k Xo|i]-UF�%debxbC_a]¨huV[]JtFderFX[|i]v��`Dbxbx`��%deri�+X[|i]JUº�%dxbeb
_@]�zuq k qDzi| k qDV[]Jt¹�

5 dx�u�8��z k ]JV[]-rKXoV�X[|i]¬_a]J�Ddxriridxri�+`D�©q�X k qD{-]>`s�2q�X[`�U^z k `D� k qs\ derF` k t8] k Xo`+dxbebxhuVYX k q�Xo]%X[|i]v]-�c]-rKXoV
ti]JVo{ k de_@]Jt�qs_@`��D]c� � |udxV
z k `D� k qD\�¢
���
	������������������������� ���"!�#$�&%�'(�)�"%�*�+,�.-/%�*�+��0' ¢©VYz@]J{-d�u]PVvX[|uqsX % dgV�q$urideX[]ºt8`c\^qDder���q k dxqD_ibx]
�%|udx{}|�dgV�dxr21 �
3 "
354�6ºqDrut � dgV�Xo|i]Fdxrut8]-��`D�%X[|i]F�£qDbehu]F`s� % der X[|idgV�bxdxVYX�7l\±` k ]J`��D] k % dgV�]Jd�Xo|i] k
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����
������ �!�����������	�	���! 	"��!"	"�# $������%!&'��(')	�!
�*�!),+��.-	/�0��!����1����!)32��4���65!���758"7589�#:5�����#�;�<�!��/�=�+��>+��.�������?�658�758 �#A@!�����75������	�	���! 	"��!"	"�#"B�!��/�=�+��>+��.�!�������758"7589�#A@!�������	�658 ����:58�758�����	�	���! 	"��!"	"	#�C(�=�(�D����!/E+��
5 de�ch k ]���6 � za` k Xode`cr$`D��X k qc{�]

FHG�I�IKJ'L'M NON PRQTS�U�V�QXWZY\[^]3_`J'a	IXbcFHG�I�IKJ'L'Med'FHbgf�h�M:i�j6LkdlG�i�I�m�d�M6bon mTf�I
d'FHbgf�h�M:i�j6Lkd NON Pqpsrut.psrwv�x�ys_sz�[^{!r
G�i�I�m8d�M|bon m4f�I}NON P~G�i�I�m�d�M���G�i�I�m8d�M6bgn m4f�I�tAG�i�I�m8d�M
G�i�I�m8d�M NON Pqz|��{�{!]3_:�|��n m4f�IXb�dk�kb�G�I�I�L�m8���6IKJ'f!��t�z��7�T�k�KF7Lkd	i'J*���6L*J��
J'a	IXbcFHG�I�IKJ'L�M NON P�J'a	IXbcFHG�I�IKJ'L'M�r7{�J'a	IXbcFHG�I�IKJ'L'M �'�3�

t^J'a	IXbcFHG�I�IKJ'L�M��7_sp�J'a	IXbcFHG�I�IKJ'L�M �*�:�
t3_^r7��J'a	IXbcFHG�I�IKJ'L�M �*�:�
t���J'a	IXbcFHG�I�IKJ'L�M,� �?���
t�i�d�M:��mTI�m8d�M �*�:�

i�d�M:��m4I�m�d�M�NON P�S:�*�K����U�� ��V¡d'F£¢¥¤£S7QO�¦V¡t§d'F�¨s��S:�*�K���*U�� ��V��©t���{���]
d'F7¢ NON P�ª«t�¬�t£lt£®��t�¬\lt7¯ª�t3°4_`t£_^r£�	°�_

tHz�r�_:���7°4_sx�t3_^r7��z�r�_:���7°�_^x
d'F�¨ NON Pq°4x	±��:²A]Hp

5 dx�Dh k ]���6�³ k qs\^\)q k `s��]-�c]-rKX%zuq�X[X[] k ruV

]PfKhuqsb¹Xo` � ` k ]PfKhuqsb¹Xo`$�8� � |u]+VY]P{�`crut�qsbeX[] k ruqsX[dx�D]¨dgV>Xo|i]�`DrubeU$��]JqcVYdx_ibx]�`Dri]c� � |i]�X k qD{-]+{-qDr�_a]
k ]JqctFqcVl��`cbebx`��>VJ� � |u]¬ k VYX
Xn�#`±]-�c]-rKXoV%q k ] k ]JbxqsX[]Pt)X[`±Xo|i]¨derKX k `8t8hu{�X[dx`Dr�`s�2Xn�	`±�£q k dgqs_ube]PV´³*��qsrat
³ �i¢W{-` kok ]PVYz@`Drat8deru� k ]JV[za]P{0X[dx�D]JbeU±Xo` � qDrut % �8 ¡r�³vrKhi§ j�k `Dbx`D�a¢W�£q k dgqs_ube]PV#q k ]vqsbx�	q£U8V	{ k ]Jq�Xo]Jt)�%deX[|
Xo|i]v\^qs�8de\&hi\�t8`D\)qDder ��� k `c\���Xo` �Hµ'¶Z· ��0� � |i]JrºX[|u]² k VYX
{-`DruVYX k qsdxrKXldxV
{ k ]Pq�X[]PtT6 ���
	�������������
�Û]-�c]-rKX¹¸ , ��� � |idxV	{�`cruVYX k qsdxrcX#\^q / ]PV¦Xn�	`&t8`c\^qDder k ]Pt8hu{0Xode`cruV��Û]-�c]-rKXoV¹¸ � qsratA¸±� ��6�Xo|i]¬t8`c\)qsdxr
`D�#Xo|i]) k VYX��£q k dgqs_ube] � � �v_@]J{-`D\^]JV 1 ��3���3 �
6^qDrut«X[|i]$t8`D\)qsdxr�`s� % _@]J{-`D\^]JV 1 ��3�"�354�6c¢CXo|i])`DribxU
{-`DruV[dgVnXo]-rKX¦�£qDbehu]JV¦V[`¬�Ûq k � �%�ÂXo] k Xo|i]JV[] k ]Jt8hu{�X[dx`DruVJ¢�Xo|i]>{�`cruVnX k qDderKX¦dgV¦VYhuV[z@]-rut8]Pt ��]-�c]-rKXº¸&� ��� � |i]
]-�8]J{�hiX[dx`Dr�{�`crcXoderWhi]PV+qDrut«urutiV�X[|i]�VY`cbeh8Xode`cr � %�+�� ¢ � +¼» �¬Xo| k `Dhi�c| , ��`sXo|i] k ]-�D]JrKXoV�ri`DX&V[|i`��%r
|u] k ]D�

	\9�� ½ ?eLdL�BC>�U�`

�]±huVY]&zuq�X[X[] k ruV¨V[de\^dxbxq k Xo`ºXo|i]&zaq�X[| k hube]PV²`D�V0 k hi]J�D�c]+qsrut g>dx_i_uq k tM2 � 3¶� 5 de�a�@�$z k ]JV[]-rKXoV²X[|i]
� k qD\^\^q k `s��zaq�XYXo] k ruVJ� � zuq�X[X[] k r<{-`DrKXoqDderaV%��`Dh k zuq k X}V	6%qFbxqD_a]JbM¢¹qsr<]-�D]JrKX¬zuqsXYX[] k r2¢Cq$VYUWru{}| k `D§
rudeÆPq�X[dx`Dr�`cza] k qsX[` k qsrut qªbxdxVYX&`D�²qD{0Xode`cruVJ� �>r ]J�D]JrcX±zuq�X[X[] k r dgV+q«{�`c\±z@`cV[deX[dx`Dr�`s�>]Jbe]J\^]-rKXoq k U
{-`Drutid�Xode`cruV
huV[deri�)bx`D�cdx{Jqsb©{-`Dr�mnhira{0X[dx`Dr2¢ut8dgV�mnhira{0X[dx`Dr�qDrut�ri]-�Kq�X[dx`Dr2�� ¶X²VYz@]J{-d�a]JV>q){-bxqcV[V
`D��]-�W]P{�h8§
Xode`cr«]J�D]JrcXP���'VYUWru{}| k `DrudeÆPq�X[dx`Dr«`Dz@] k q�Xo` k X[]-bxbgV��%|i]�Xo|i] k Xo|i])zuqsXYX[] k rSdgV�qDV[UWru{}| k `Dri`chuV � Á À �v` k
V[UWru{}| k `Dri`chuV � Á À¿¾ � ½ À ��Á�� À �0���>r�qD{�X[dx`DrSVYz@]J{-d�a]JV¨]-deX[|u] k Xo`�qcV / X[|i]^X k qc{�] k t k dx�D] k Xo`�{�`Dbxbx]J{0X

ì�ì àAhji�k4l�l
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5 de�ch k ] ��6�·¦�iqs\^zibx]JV%`D��zuqsXYX[] k raV	��` k �WdxV[huqDbedxÆJqsX[dx`Dr�qsrut$\^`DrideX[` k dxri�

qsXYX k dx_ih8Xo])�£qDbehu]JV � �����P� ¼7À ��� )  +���� �&���#� � � ����	��� ��+�� ��¢�` k X[`ªqcV / X[|i]ºqDruqsbxUWÆ-] k Xo`ª{-qDbeb�q�z k `8{�]Pt8h k ]
�c��0 0�� �����j� � ��������� �#´²`sX[]�X[|uqsX%X[|i]�z k `8{�]Pt8h k ]¨dxV%� k deXYX[]Jr�derªq^bgqsri�chuqs�c]²Xo|uq�X²X[|i]+qDruqsbxUWÆ-] k dgV>qD_ibe]
Xo`«]-�8]J{�hiX[]D� � |idxV±bgqsri�chuqs�c]FdgV±deruti]-z@]-rut8]JrKX^`D�>X[|u]$X k qc{�] k t k dx�D] k � �>r¯]-bx]-\^]-rKX}q k US{-`Drutid�Xode`cr
{-`Dru{-] k ruV
qsr�q�X[X k de_ihiX[]�`s��X[|u]�{�h kok ]JrKX	]J�D]-rKXP�
� |i] k ]&q k ]�VY]J�D] k qsb / dxrutiV²`s��q�X[X k de_ihiX[]JVJ�
·lqD{}| / dxrut�|uqcV²q)V[za]P{�dea{�V[]�X¬`D�¦`Dz@] k q�X[` k V#Xo`º_ihidxbxt

]Jbe]J\^]-rKXoq k U�{�`Drat8d�Xode`cruVJ� 5 ` k ]��iqs\^zibx]D¢�\^`cVYX+`s�
Xo|i]${-`D\^\^`Dr�q�X[X k de_ihiX[]JV±q k ])dxrcXo]-�c] k �M{}| k `cri`u¢
ti]-z8Xo|©¢�ri`8t8]ºbgqs_@]-b �0�<w#bxqcV[V[dg{-qsbl`Dz@] k q�X[` k V¨{Jqsr�_@]ºhuV[]JtS�%deX[|�Xo|i`cV[]ºq�X[X k de_ihiX[]JVj6+]PfKhuqsbxd�XnUc¢�tidxV[]�§
fKhuqDbedeXnU ��� �0¢�dxri]JfKhuqDbedeX[dx]JV ��!�¢#"�¢#$'qsrut&%���� � |i] ������� qsXYX k dx_ih8X[]FdxV+X[|i]ºXnUKz@]F`D�
X[|i]�{�h kok ]JrKX
]J�D]JrcXP�¨ ¶X¨|aqDVvq$V[\)qsbxb�V[]�X¨`s�lz@`cVoV[de_ibx]±�£qDbehu]JVJ� � |u]+��`cbebx`��%deru�F`Dz@] k q�Xo` k V²{Jqsr<_@]±huVY]Ptª�%deX[|«X[|i]
z@` k X+q�X[X k de_uh8X[]�6+]JfKhuqDbedeXnU<qDrut�t8dgVY]Pfchaqsbxd�XnU��  qDrut'� �¨qsrat<Xn�	`ªV[]�X�`Dz@] k q�Xo` k V-¢)( À qDrut À�À � ( À �
w#`cruVYX k qsdxrcXvVY`cbe�c] k V%\)qsridxzihibgq�Xo]&qºbx`sX¨`s�l{-`DruVYX k qsdxrKXoV¬qsrut���q k dgqs_ibx]JVJ� �²�ÂXo]-r©¢©qºX k qD{�]&qsruqDbeU8V[dxV²dxV
`cribxUºderKXo] k ]JVYX[]Jt$dxr�q^V[\)qsbxb©VYhi_aVY]-X>`s�2Xo|i]-\�� �¬z@] k q�Xo` k V*( À qsrut À�À � ( À ¢iqszizubedx]JtFX[`)dgt8]-rKXod�u] k V
`D�
]JrKX[deX[dx]JV¨` k ruqD\^]&`D�lX[|u])�£q k dgqs_ube]PV-¢¹{-qDr�V[z@]J{�de��U<V[hu{}|SVYhi_aVY]-XoVJ� �¬z@] k q�X[` k V � ÀsÀ �J� ( À � qsrut À�À � ¾
� À^À �P� ( À � q k ]�huV[]Jt�X[`$]��8z k ]JVoV>{�`crut8deX[dx`DruV¬`Drªti`D\)qsdxruVJ� � |idgV¬V[]�X²`D��`Dz@] k q�Xo` k V%dxV¬t8]Jtidx{Jq�X[]Pt�X[`
Xo|i]¬XnUKz@]¨`s�2]-�8]J{�hiX[dx`DrF�	]¬X k qD{�]c�� ¶X
{-`Dhibgtº_@]¨]��WX[]Jrut8]JtFX[`^{�`cza]v�%deX[|�`sX[|u] k XnUWza]PV#`D��q�X[X k de_uh8X[]PV-�

	\9
	 O,+\?Ab.-'WfB ` N0/1-'? LdL�BC>�U'`
5 dx�u� �±z k ]JV[]-rKXoV>X[| k ]-]&zuq�X[X[] k ruV²X[|aq�Xv{Jqsrª_@]&qc{0Xode��q�Xo]Jt�dxrªzuq k qDbebx]-b;� � |i]+ k VnX¬Xn�#`ºzaq�XYXo] k ruVvq k ]
�WdgVYhaqsbxdeÆPq�X[dx`Dr«` k de]JrKX[]JtC6¬Xo|i]^ k VnX�`cri] k ]Pfchu]JVYXoV¬X[|i]^X k qc{�]^`s�	]Jqc{}|�{-`DruVYX k qsdxrKXY§¶za`KVnXoderi���%deX[|�X[|i]
dgt8]JrcXod�a] k `s�©Xo|i]v{-`DruVYX k qsdxrKX	�Ûq+hiridgfKhi]¬dxrKX[]J�D] k �0¢WdeXoV k ]Jz k ]JV[]-rKXoqsX[dx`Dr �ÂXo|i]vruqs\^]v`s�¹X[|u]v{-`DruVYX k qsdxrKX
�%deX[|+d�X}V2zuq k qD\^]�X[] k V �CqsratvX[|i]	bedgVYX2`s�8Xo|i]ldxrW�D`Dbx�D]Ptv�£q k dgqs_ube]PV � ������� �0� 5 de�a�P�%�cde�c]JV©Xn�#`>Vo{ k ]-]JruVY|u`sXoV
`D���WdgVYhuqDbedxÆJqsX[dx`DruV	�%|idg{}|�q k ]¬_uhidebeX²huV[dxri�)VYhu{}|�zuqsXYX[] k raV�2��
� |i]�V[]J{-`DrutFzuq�X[X[] k r k ]PfKhi]JVYXoV#X[|u]¨X k qD{�]v`s��qsbxbCX[|i]�ti`D\)qsdxr k ]Jt8ha{0X[dx`DraV
\^qct8]¨_WUº{�`DraVnX k qDderKXoV

Xo|uq�X�t8`>ri`DX�{-`D\^]¦� k `D\ X[|i]	qDVoVYdx�Dru\±]JrKX2z k `W{-]Jt8h k ]lqDrutvX[|aq�X�ti`²ri`DX k ]-\^`��D]�Xo|i]l\)q��8dx\)qsbDdxrKX[]J�D] k
3 Ò©Ó£ß¦á£ÔÖë¡âMç£ÙÛßYÕ�Ý}ÙMß �0ßnà£ßnÙMÝoâ;ßnè�Þ�åvöiÝ ��Ø}â�Ý�â;Ø-Ø0ä8è£ß
��ßnäÖØ0áDßnè�Ýoâ2þ�î�ì2þÂó«ì2Ø-ë�4JçPßYàPëYØ0çPÙÛâYû
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5 de�ch k ]¨��6 � �	`±X k qD{-]�§¶_uqDV[]Jt)�Wdx]-�>V
_uqcVY]PtF`cr�X[|i]¨ k VYX
zaq�XYXo] k r$`D� 5 dx�Dh k ] �W�

��qDbehi]c�l ¶X²VYX[` k ]PV	X[|i] k ]Jtihu{�dxri�º{�`cruVYX k qsdxrcX>qDrut$X[|i] k ]Jt8ha{�]Jt���q k dgqs_ibx]JVJ� � |i`KVY]�tiqsXoq^{-qDr�_a]�haVY]Pt
Xo`�{-`D\^zih8Xo])VY`c\±]±VnX}q�XodxVYX[dg{-V�qDrut�Xo`$�WdgVYhuqDbedxÆ-]&X[|u]±dx\^zuqD{�Xv`D�#]PqD{}|<{-`DruVYX k qsdxrKX¬`Dr�deXoVv��q k dxqD_ibe]PV-�
� |u`cV[]>Xn�	`+zuqsXYX[] k raV#q k ]²qcVYUWru{}| k `cri`DhuVj6©Xo|i] k ]Pfchu]JVYX[]JtFtiq�X}q+q k ]²V[h �º{�dx]-rKX	��` k X[|i]v�WdxV[huqsbxdxÆJq�Xode`cr
qDrutFX[|i]�zuqsXYXo] k ruV%t8`^ri`sX>|aq£�D]¬X[`)_@]�\±`8t8deu]Pt¹�
� |i])bgqDVYX�zuqsXYX[] k rSdgV�\^` k ]^\±`crideX[` k dxri�s§¶` k de]JrKX[]JtC6vdeX�� k ]-]JÆ-]JVvXo|i])]��8]P{�h8Xode`crSqsX�]Jqc{}|�t8`c\)qsdxr

k ]Jtihu{0Xode`cr�\^qct8]º_WUSqªVYUW\&_a`cbedg{){�`cruVnX k qDderKX&V[hu{}| qcV ��) ��" ��� � ��`cr ��q k dxqD_ibe]PV �v` k ��� ����� )  � � |udxV
zaq�XYXo] k r�qDbebx`��>V#X[|i]�\^`crid�Xo` k deru�±`D�2Xo|i]¨ubeX[] k dxri�)qsbx�D` k deX[|i\)V	huV[]Jt$��` k Xo|i]JV[]¨Xn�#`^{�`cruVYX k qsdxrcX}V-�

� �/�$����(��	�
�*,� �$���������

� |u]�qsruqDbeUWÆ-] k \^]Jt8dgq�Xo` k z k `8{�]PV[V[]JV	Xo|i]�X k qD{-]76�deX¬V[za]P{�deu]JV%X[`^X[|u]�X k qD{-] k t k dx�D] k �%|aq�X>]-�c]-rKXoV²q k ]
ru]-]Jti]JtFqDrut)\)q£U^]��8]J{-h8X[]¨V[za]P{�dea{²qc{0X[dx`DraV���` k ]PqD{}|F{-bxqcV[V#`s� k ]-bx]-��qDrcX#]-�D]JrKXoVJ� � |u]¬\^]JtidxqsX[` k {-qDr
V[hiz@] k �WdxV[])VY]J�D] k qsb�qDruqsbxU8VY]PV¨q�X+q�X[dx\^]D�$·lqD{}|�qsraqsbxUWV[dgV¨|uqDV�deXoV�`��%r�zuh k z@`cV[])qsrut�huV[]JV+VYz@]J{-d�a{
zude]P{�]JV�`s�uX k qD{�]
tiqsXoqi� � |i]	deruti]-z@]-rut8]Jru{�]	`s�uX[|i]%{�`cru{�h k[k ]-rKX�qDruqsbxU8VY]PV©dgV�]JruV[h k ]Pt�_WUvX[|i]
\^]JtidxqsX[` k
Xo|uq�Xv{�]-rKX k qDbedxÆ-]PV	X[|i]+{-`D\^\+huridx{Jq�Xode`cr��%deX[|�Xo|i]�X k qc{�] k t k dx�D] k qsrut�t8dgV[zuq�X}{}|i]JV
Xo|i]�X k qc{�]�tiqsXoq±X[`
Xo|i]�`Dru�D`Ddxri�^qsruqDbeU8V[]JVJ�


 |i]Jr�X k qD{-] k t k dx�D] k qsrutS\^]JtidxqsX[` k q k ]ºVYUWru{}| k `DrudeÆJ]Jt¹¢2X[|i] k ]JfKhi]PVnX}V¨X[|aq�X&qDr qsruqDbeUWÆ-] k {-qDr
V[]-rat^X[`+X[|i]vt k dx�D] k q k ]>`D�¹X[| k ]-] / derutuV-� 5 d k VYX[bxUD¢cX[|i]vqsruqDbeUWÆ-] k {JqsrºqDV / ��` k qDtit8deX[dx`DraqsbCtiq�X}q�qs_@`Dh8X
Xo|i]^{�h kok ]JrKXv]J�D]-rKXP�+TW]J{-`Drut8bxUD¢CXo|i]^qsruqDbeUWÆ-] k {Jqsr«\±`8t8de��U�X[|u]±]J�D]JrcX¨zuqsXYX[] k raV²Xo`$_@]^{}|i]J{ / ]Jt�_WU
Xo|i]±X k qD{-] k t k de�c] k � � |i]PVY]^zuqsXYX[] k raV�q k ]±{Jqsbxbe]Pt ����� ���� der�Xo|i]±��`Dbxbe`��%dxri�u� � |id k tibeUc¢¹X[|i]ºqDruqsbxUWÆ-] k
{Jqsr�ri`sXod���UFX[|i]�]Jrut$`s�¦q±V[UWru{}| k `Dri`chuV
VY]PV[V[dx`Dr©�
j�k dx\±deX[dx�D]����
	�	 ����� V[z@]J{�deu]PV	q&bxdxVYX%`s�2]J�D]-rKX%q�X[X k de_ihiX[]JV#Xo` k ]�X k dx]-�c]²dxrºXo|i]�{�h kok ]JrKX#]��8]P{�h8Xode`cr

]J�D]JrcXP� � |i]�X k qc{�] k%k ]-X k de]J�D]JV	Xo|i] k ]JfKhi]JVYX[]Pt�zide]P{�]PV%`s�¦tiq�X}qi�# ¶X¬VY]JrutiV
Xo|i]+tiqsXoq^qDV²q^bedgVnX¬`s��zuqsd k V

ì�ì àAhji�k4l�l
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5 dx�Dh k ] � 6� ¡\^zibe]J\^]-rKXoqsX[dx`Dr�`s��Xn�#`±X k qD{-deru�^{-`D\^\)qsrutuV

"$#&%'%'( ��)+* %�, 3�- #�. * ,�/ � 	 �10���� t8]Jbe]-X[]JV#qsbxb8X[|u]¬qD{�X[dx�D]%]J�D]-rKX�zuqsXYXo] k ruVlqDrut±X[|i]Jd k bxqD_a]JbxVJ� j�k dx\±deX[dx�D]
	 ���3254�� t8]Jbe]-X[]JV	Xo|i]�qD{�X[dx�D]vzuq�X[X[] k ruV	�%|i`KVY]vbgqs_@]-bgV%q k ]vV[za]P{�deu]Jt$dxrFXo|i]�zuq k qs\^]-X[] k � j�k dx\±deX[dx�D]
6 ��� deruV[] k XoV�dxr�X[|u]	qc{0X[dx�D]lzuq�X[X[] k ruVJ¢£X[|i]	]-�c]-rKX�zaq�XYXo] k ruV�VYz@]J{-d�u]Pt�dxr�X[|u]#zuq k qD\^]�X[] k ¢J��`Dbxbx`��%deri�²X[|i]
� k qD\^\^q k t8]JVo{ k dx_a]Pt^der 5 dx�Dh k ]²�i� j�k dx\^d�Xode�c]87 2 ru`sX[deu]PV¦X[|u]%X k qD{-] k t k dx�D] k X[|uqsX#q�V[UKra{}| k `cri`DhaV
V[]JVoV[de`crFdgV
uridgVY|u]Jt¹� � |i]vX k qc{�]Jt$]��8]P{�h8Xode`cr$�%dxbeb2_a] k ]JV[hi\^]Jt¹�

5 dx�u� � debxbehaVnX k qsX[]JV¬Xo|i]&haVY]^`s�lX[|i]^z k de\^deX[dx�D]PV²Xo`$dx\^zibx]-\^]-rKX�Xn�	`ºX k qD{-deru��{-`D\^\)qsrutiVJ�±w#`c\&§
\)qDrut 0 �
��9 ]-ruqD_ibx]JV	X[`^�c`+Xo`&Xo|i]��D] k U)ru]��WX>]-�c]-rKXJ�� ¶X²V[de\^zibxU k ]JV[]�XoV
qDbeb¹zuqsXYXo] k ruV%qsrut�qDtutiV
`Dri]
�%|udx{}|��%dxbeb�\)q�X}{}|ªqsrWUF]J�D]-rKX¬qDrut�{-qDbeb;¢@derªqºV[UWru{}| k `Dri`chuV
�
q£UD¢iXo|i]�X k qc{�] k X[`czibe]J�D]JbM�²w#`D\^\)qsrat
0�:3;�90	 	 ��� � � �3;
2��30 ]-ruqD_ibe]PVvX[`�V / dxz«X[|i]ºt8]-XoqDdebgV¨`s�	�£q k dgqs_ube]^t8`D\)qDder k ]Pt8hu{�X[dx`DruV¨�%|i]JrS]-ru{-`Dhir8§
Xo] k deru�+Xo|i]�q£�	q / ]-ruderi�+`s��q±{�`cruVYX k qsdxrcXP�� ¶X	 k VYX
{}|u]J{ / V#X[|i]�{�h k[k ]-rKX#z@` k XJ¢8de��deX>dgV=<�>�<
?�@
deX%qcV / V#X[`
�c`^X[`FX[|i]±VYhuV[z@]-ruV[de`cr�`s��X[|udxVv{�`cruVnX k qDderKXP� � |u] k ]D¢aX[|i]&huVY] k �%dxbeb;¢a��` k ]-�iqs\^zibx]D¢u_@]&qD_ibx]�X[`�{}|i]J{ /
Xo|i]±�£qDbehu]+`s�lX[|i]^t8`D\)qDderuV¬q��ÂXo] k qsbxb2Xo|i] k ]Pt8hu{0Xode`cruVJ�¬ ¶��Xo|i]^{�`D\^\)qsrat�dxVv{-qDbebx]Jtª`Dr«qDrª]-�c]-rKX¬`D�
`DX[|i] k XnUWza]¨deX²VYdx\^zibeU�qD{�XoV%qDV 0 �
��9 �

A B �-�}���
�����DCð*,�%�	��������1�*

� |udxV�VY]P{0X[dx`Dr�t8]PV[{ k dx_@]JV¹dxr�t8]�X}qsdxbsXo|i]l{ k deX[dg{-qsbcdxVoV[hi]¦`s�WX[|u]¦ubeX[] k dxri�>\^]J{}|uqDridgVY\�� �	X2]PqD{}|¨]��8]P{�h8Xode`cr
]J�D]JrcXP¢�d�X�dgV�{Jqsbxbe]Pt¨X[`¬X[]PVnX�X[|u] k ]-bx]-��qsra{�]l`D�iX[|u]#]J�D]-rKX��%d�Xo| k ]JV[za]P{0X�X[`²X[|i]%qD{�X[dx�D]#zuq�X[X[] k ruVJ��´²`sX[dg{�]
Xo|uq�X¨Xo|i]^]��8]J{-h8X[dx`Dr«`s�#q$z k `D� k qs\/�%deX[|S{�`cruVnX k qDderKX}V¬{Jqsr<bx]Jqct�Xo`�V[]-�c] k qsb�\±dxbxbedx`DruV¨`D�l]��8]P{�h8Xode`cr
]J�D]JrcX}V
za] k VY]P{�`crut¹� � |i] k ]���` k ]c¢WX[|i]¨]��){-de]Jru{�U$`s��X[|i]�]J�D]-rKX
ubeX[] k dxri�)dgV%q / ]-UºdgVoVYhi]c�
 ¡rSXo|i]^��`Dbxbe`��%dxri�a¢2�	]& k VYX+t8]JVo{ k dx_a]^Xo|i]ºqsbx�D` k deX[|i\ `s�	X[|i])X k qc{�] k t k dx�D] k � � |u]-rS�#]ºV[z@]J{�de��U

Xo|i]�qshiX[`D\)qsXoq±�%|idg{}|�t k dx�D]vX[|u]�\)q�Xo{}|uderi�^`D��]J�D]-rKX}V%qs�cqDderaVnX>qD{�X[dx�D]¨zuqsXYX[] k raV-� 
�]�t8dgV[{-huVoV>VY`c\^]
V[z@]J{�dgqsbxdgV[qsX[dx`Dr¸dxVoV[hi]JVJ� 
�]<�Ddx�D]«VY`c\±]«t8]�X}qsdxbxV�qs_@`Dh8XFX[|i]«deru{ k ]J\^]-rKXoqDb²|uqDrut8bxderi�°`s��zuqsXYX[] k raV-�
p�qDVYX[bxUD¢8�	]¨]��8zibgqsdxrFXo|uq�X>]J�D]-rKX>q�X[X k de_uh8X[]PV>q k ]v{-`D\^zih8Xo]Jt�`DrubeUºhuza`cr�ti]-\)qsrut©�

þ�î�ì©þÂó



���������	��
�������	�����������������������	����
! �����"#$�&%'�(��)* �+���+ � ,

������������	���
������� ³ 
�����������
�������	����� ³ 
���	�����
�������� �!�"�"�#%$'& (
�����)
�	��%*)+-,.�0/��
��21�	����%*3�4+5�6��*�
��  �!�"�"�#%$'&  �!�"�"�#%$87:9<;>=

���/?�����@ & 9�A�#%B�C5#�DE <#%$�F�$�!� G!IHJ;IKML�; ,ONQP�R�R�S%T =
��
���/ F ����	���
 F /�	���	U� @�VMW !�XY# W HZ G!�"�"�#�$�K �
�� DY[�\I]Y^�A�_�\>_�CID�HZ �!�"�"�#%$�K `a ( ��*�
��
�b�������c�� D%[�\I]Y^bA�_�\I_�CID�HZ G!�"�"�#%$�K �
��
���
�	��A�#%B�C5#�DY d& ��
���
� ³ 
 F �����Y1e	���	�f�c�g�
��U�h�

�i�
��%j���
U� A�#%B�C5#�DE �

j������f A�#%B�C5#�DE lknmpo

���/���


���/n�������
5 de�ch k ]^�P��6 �>bx�D` k deX[|i\ `s��X[|i] � k qc{�] k Ã k de�c] k

q\9:8 <#>�?A@�BC> �]> GIHJBC> ?AWsr�N�> GIL�[�b

 |u]-r�qsr¯]��8]P{�h8Xode`cr¯]J�D]JrcXº`8{J{�h k V-¢#X[|u]�X k qD{-] k dxV${-qDbebx]Jt¹� � |i]�X k qD{-] k {�`cbebx]J{�XoVºV[`D\^]�tiqsXoq�X[`
\)qDderKXoqDder°d�X}V±`��%r°tiqsXoq�VnX k hu{�X[h k ]JV^qDrut�Xo|i]-r¸{-qDbebgV&X[|i]�X k qD{-] k t k de�c] k � � |i]�qsbx�D` k deX[|i\ `s�¬X[|i]
X k qc{�] k t k dx�D] k dxV��cde�c]-r�der 5 dx�u���P�i� � |i]^ab�Xo] k deri��\^]J{}|aqsridgVY\ {-qDr«|uqDrut8bx]ºVY]J�D] k qDb�qc{0Xode�c]±]J�D]JrcX
zaq�XYXo] k ruVJ� 5 ` k ]Jqc{}|$zuqsXYXo] k r©¢ude��X[|i]�{-h k[k ]-rKX>]J�D]-rKX%\)q�X}{}|i]JV
Xo|i]�zuqsXYXo] k r$Xo|i]�bgq�XYXo] k dgV
X}qs�D�c]Jt�qDV
qc{0Xode��q�Xo]Jt¹� 
 |uqsX[]-�c] k X[|i] ��\)q�X}{}|idxri��� k ]PVYhibeX¬dgVJ¢aXo|i]+ru]��WXvzaq�XYXo] k rªdgV¬{}|i]P{ / ]Pt¹��
 |i]Jr<ri`$\^` k ]
zaq�XYXo] k ruV&|uq£�D]FX[`<_@]�{}|i]J{ / ]Jt¹¢�Xo|i]FX}qs�c�D]JtSzaq�XYXo] k ruV^q k ]ºz k `8{�]JVoV[]Jt¹� � |i]�hiridx`Dr `D� k ]JfKhi]JVYX[]Pt
zude]P{�]JV¨`D�	tiqsXoq�dgV�VY]JrcX�qcVvX k qD{�]^tiqsXoq��%d�Xo|�X[|i]^bgqs_@]-bgV¨`s�lXo|i]^XoqD�D�c]Jtªzaq�XYXo] k ruVJ�± ¶�
q�X�bx]JqcVnX¨`Dri]
V[UWru{}| k `Dri`chuV>zaq�XYXo] k r<dgVvXoqD�D�D]Pt¹¢¹q$V[dx�DruqDb�dgV�VY]JrKX¬Xo`FXo|i])qsruqDbeUWÆ-] k qDrut�Xo|i]±X k qD{-] k t k dx�D] k �
qsdeXoV
��` k%k ]PfKhi]JVYXoV>{-`D\^dxri�±� k `c\�X[|u]+qsruqDbeUWÆJ] k qsrut�z k `8{�]PV[V[]JV	Xo|i]-\.hirKX[dxb©X[|u]Otvu�z k dx\^d�Xode�c]�dxV>V[]-rKX>_WU
Xo|i]�qsraqsbxUKÆJ] k �

q\9�� ½ ?eLdL�BC>�UZ?Aa\L�NJbc?eLd?
� |u]	\)qsXo{}|idxri�v`s�@qDr+]J�D]-rKX¦qs�KqsdxruVnX¦q¬zuq�X[X[] k r±dxV�t k de�c]-r&_KU&qsr&qDh8X[`c\)q�X[`cr+�%|i] k ]	]Jqc{}|&VYXoqsX[]
dxV�bgq�§
_@]-bx]Jt�_KU¨qsr+]-bx]-\^]-rKXoq k U¨{�`crut8deX[dx`Dr��%deX[|�Xn�	`>z@`cVoVYdx_ibx]�X k qDruVYdeX[dx`DraV	6CX k hi]l` k �ÛqDbxV[]D� � |i]#qDh8X[`c\)q�X[`cr
|aqDVlXn�#`+uruqsb¹VYXoqsX[]JVJ¢pw�x�y{z)qsrut}|G~>�4��za�� ¶�©Xo|i]�w�x�y{z)VnX}q�X[]vdgV k ]Jqc{}|i]Jt¹¢cX[|u]v]J�D]JrcX	dxV
Voqsdgt^X[`±\)q�X}{}|
Xo|i]�zuqsXYX[] k r2�¦·lqD{}|�qsh8Xo`D\)q�Xo`Dr k ]PVYhub�X}V
`s��X[|i]�{-`D\^zidxbxqsX[dx`Dr�`s�¦qsr�]-�D]JrKX
zaq�XYXo] k r©� � |idgV>{�`c\^zidebgq�§
Xode`cr&dgV�VYz@]J{-d�a]Jt&_KU�X[|i]%q�X[X k de_uh8X[]Pt+� k qD\±\)q k `s� 5 de�a�8�D�D� � |i]#uruqsbiqDh8X[`c\)q�X[`cr+`D�iX[|i]%]-�8z k ]PV[V[dx`Dr
dgV	q&{-`D\^za`KVYdeX[dx`DrF`s�2V[hi_8§¡qsh8Xo`D\)q�X}q�X[|aq�X
]��8z k ]JVoVlV[hi_8§¶]��8z k ]JVoVYdx`DruVJ� � |u]vqsXYX k dx_ih8X[]PV	`s�¹X[|u]v� k qD\±§
\)q k q k ] ,�� %'(�� ��X[|i]
]-rKX k U¨z@`DdxrcX�`s�uX[|i]%qshiX[`D\)qsX[`Dr2¢P` k `D�aqvVYhi_i§¶qDh8X[`c\^qsX[`cr �0¢ �s��� ( * , �ÂX k qDruV[d�Xode`cr
de��X k hi] �>qsrut �s�U� #�.���, ��X k qsruV[d�Xode`cr�d��¦�ÛqDbxV[] ��� ,�� %'(�� dxV>V[UWrKX[|i]PVYdxÆ-]Pt¹¢ �s��� ( * , qsrut �s�U� #�.���, q k ]�dxr8§
|u] k d�Xo]Jt¹��w�x�y{zºqDrut�|G~>�4��zºq k ]vX[|i]¨Xn�	`+aruqsb2VYXoqsX[]PV-� � |idgV%� k qs\^\)q k dgV%deraVYzid k ]Jt$_KUºX[|i]�� k qD\±\)q k
Xo`+]J�£qDbehaq�X[]v_@`K`cbe]Pqsrº]-�8z k ]PV[V[dx`DruVlder$de\^z@] k q�X[dx�D]¬bxqDri�Dhaqs�D]PV-�� ¶X	\^dxridx\±dxÆ-]PV#X[|i]vrWhi\+_@] k `s��{�`Drat8d�§
Xode`cruV
Xo`º{}|i]J{ / 2Ö�s��3;� �	X>]Jbe]J\^]-rKXoq k UF{-`Drutid�Xode`cruV-¢>�I�������>�p�I� "�� 3E��� ����� ( * , 3h��� ���U� #�.G��,�/ { k ]JqsX[]JV
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5 de�ch k ]±�c�76 �	XYX k dx_ih8Xo]Jt�� k qs\^\)q k Xo`±�c]-ri] k qsX[]vzuq�X[X[] k r�qshiX[`D\)qsXoq

q�ri`8t8]>�%|i] k ]%Xo|i]¬{-`Drutid�Xode`cr)�%debxba_@]¬{}|u]J{ / ]Pt¹�� ¶�CdeX#dgVlX k hi]>deXoV �<��� ( * , {-`DrKX[dxrWhuq�Xode`cr^�%debxba_@]¬{-`Dr8§
ru]J{0Xo]JtºX[`&X[|i] �s��� ( * , {�`crcXoderWhuqsX[dx`Drº`D�©X[|u]vz k ]J�Kdx`DhaV�ri`8t8]c¢8`sX[|u] k �%dxV[]²deXoV �s�U� #�.���, {-`DrKX[dxrWhuq�Xode`cr
�%dxbxb¹_a]�{�`criri]P{0X[]Pt)Xo`&Xo|i] �s�U� #&.G��, {-`DrKX[dxrWhuq�Xode`crF`s��X[|i]¨z k ]-�Wdx`DhuV#ri`8t8]c�¦·¦�iqs\^zibx]JV	`s��qsh8Xo`D\)q�X}q
q k ]v�Ddx�D]Jr$dxr�VY]P{0Xode`cr��i� � �

q\9
	 Y#-&BK@TGf?AW�G �T?eL�GfNJU L�[�?AU"5\` L�NPL�[�B -&NJ>�L
�¬VlV[]-]Jr)derFTW]P{0Xode`cr , ¢sXo|i]²z@` k XldgVlq�V[za]P{�dgqsb@q�XYX k dx_ih8Xo]²V[deru{-]>deX#t8]-ru`sX[]PV¦Xo|i] �  ��� `s�CXo|i]>]��8]P{�h8Xode`cr
]J�D]JrcX	_a]Jderu�&X k qc{�]Pt¹� � z@` k X
{-` kok ]PVYz@`DratiV¦Xo`^V[z@]J{�dea{¬zuq k XoV#`s��X[|i]¨V[`Dbx�D] k {�`8t8]v�%|i] k ]¨q+{JqsbxbaXo`±q
��huru{0Xode`cr�`D��Xo|i]�X k qc{�] k |aqDV
_@]-]-r�|i`W` / ]Jt©� 5 ` k ]��iqs\^zibx]D¢idxr<w#`8t8]-dxri]D¢iX[|i] k ]�q k ] � |i`W` / V	��` k X[|i]
6 @*7)8�9+@�z@` k XJ¢�]-\&_a]Ptit8]Jt«dxrcXo` � V[z@]J{�dea{±��hira{0X[dx`DraVvX[|uqsX�\^q / ])t8`c\^qDder k ]Pt8hu{�X[dx`Dr�der � t8d��@] k ]JrcX
�
q£U8V-� 5 h k X[|i] k \^` k ]c¢#V[za]P{�dea{�q�XYX k dx_ih8Xo]JV^t8]Jza]Jrut¯`Dr°X[|i]�z@` k XJ� �²V)qS{�`cruVY]PfKhi]-ru{-]D¢¦Xo|i]�za` k X
dgV�{-]-rKX k qsb�dxrSX[|u]ºzuq�X[X[] k r�V[za]P{�dea{-qsX[dx`Dr©� 5 ` k \^`cVYX�`s�
X[|i]J\�¢�qª{-`Drutid�Xode`cr�`cr�X[|i]ºz@` k X+�%dxbeb#_a]
]-�8zibedg{�deXJ� 
 |i]JrFqsrF]-�D]JrKXl`8{-{�h k VJ¢cdeX#dgV#huVY]Jbe]PV[V�X[`±{-qsbxbaX[|i]²X k qD{�] k t k dx�D] k d��2ru`�zuq�X[X[] k rºdgV k ]Jbe]J�£qDrKX
��` k X[|i]�z@` k X>`s��X[|udxV%]J�D]JrcXP� � |i] k ]-��` k ]D¢K��` k ]PqD{}|�za` k XP¢uq&®aqs�^dgV%|uq k t�{�`8t8]PtFdxr�X[|u] k ]JbxqsX[]Jt�{�`8t8]
|u`K` / V�dxr±` k t8] k X[`¨dxrut8dg{-qsX[]
�%|i]�Xo|i] k Xo|i]%z@` k X�dgV¦{�`cru{�] k ru]Jt�_WU+qsX¦be]PqDVYX�`cri]
zuq�X[X[] k r©� � |idgV¦VYdx\^zibe]
\^]P{}|uqsridgV[\ q£�D`cdxtiV	huV[]-bx]JVoV
{-qDbebgV	X[`^Xo|i]¨X k qD{-] k t k de�c] k �

q\9;: O,+\?Ab.-'WfB ` N0/1-'? LdL�BC>�U ?Aa]LdNVbP?eL�?
5 dx�u�¨�P� VY|u`��>VºXo|i]«dxrKX[] k ruqDb k ]Jz k ]PVY]JrKXoq�Xode`cr `s�±� zuqsXYX[] k raVFdxru{�bxhut8dxri�°X[|i]S`cri]JV$z k ]JV[]-rKX[]Pt�dxr
T8]J{0Xode`cr , � , � � |i]^� � z@` k XoV%q k ] k ]Jz k ]JV[]-rKX[]Ptº`Dr�Xo|i]�be]-�ÂXY§¶|uqsrat�V[dgt8]D� � |i]¨d k[k ]-bx]-��qDrcX%z@` k XoV%q k ]¨dxr
deXoqDbedg{s� � |u] k ]Jbe]J�£qDrKX¨z@` k XoV�q k ]^bxder / ]Jt«Xo`$Xo|i]-d k {-` kok ]PVYz@`Drutideri��zuqsXYX[] k raV-� �¬ribxU�Xn�	`�qsh8Xo`D\)q�X}q
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current
cstr

var

cstr
cstrRep

varC(cstr)
current

current
port
node

depth

[268435455]       delta

backTo
solution
failure
post
reduce

suspend
awake

entail
reject
schedule
newConstraint
newVariable

choicePoint

time

current
depth
port

node

Ports

Asynchronous

Asynchronous

Asynchronous

cstrType=’fd_element_var’ Yes

YescstrType=’fd_exactly’
No

Fail
No

Synchronous

Synchronous

Fail

cstrType=’assign’isNamed(var)

No

Yes

Yes
No

No

Yes

endOfTrace

visu_tree

visu_cstr

visu_prop

symbolic

leaf

5 de�ch k ]^�£��6� ¡rKX[] k ruqDb k ]Jz k ]PVY]JrKXoq�Xode`crF`D���±VYdx\+hub�X}qsri]J`DhuV
zuqsXYXo] k ruV

q k ]�ru]J{�]PV[Voq k U$V[dxru{�]�Xo| k ]-]�zuqsXYXo] k ruV²{}|i]P{ / Xo|i]+z@` k X²`DrubeUc� �!V[]�X²`D�lqD{0Xode`cruV%dgV²qcV[V[de�cri]Jt�Xo`º]Jqc{}|
qDh8X[`c\)q�X[`cr©� � |idgV�V[]�X+dgV�qsXYXoqc{}|i]Jt«Xo`F¤YV[UWru{}| k `Dri`chuV ¥ ` k ¤[qDV[UKra{}| k `cri`DhaV ¥ qDrut«X[|i]ºbgqs_@]-bl`s�
X[|i]
zaq�XYXo] k r©�

q\9�q ^ U�@�>�B bPB UJL�?AW�½R?eLdL�BC>�U�� ?AU]? r�BKbcBKUVL
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{-`D\^zih8Xo]±qDrWU$X k qc{�]^q�X[X k de_ihiX[]±�%|idebx]±ri`Dri]±dgV¬ru]-]Jti]Jt¹� 
 |u]-rSq$V[za]P{�dea{±q�XYX k dx_ih8Xo]&dgVvri]-]Pt8]Jt©¢©d�X
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 |u]-rªX k qc{�dxri�FqFz k `c� k qs\�¢aV[`D\^]+X[dx\±]±dgV¬V[za]JrKXvdxrªXo|i]&z k `c� k qs\ ]-�8]J{�hiX[dx`Dr��4�	��
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� |i]v\^]Jt8dgq�Xo` k dxV	q+V[de\^zibx]¨VY�%deXo{}|©� � |i]²X[dx\^]²X}q / ]Jrº_WU^d�X}Vl]-�W]P{�h8Xode`crºdgV#ru]-�Dbxdx�Ddx_ibe]¬{�`D\^zuq k ]Pt
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X[`)t8dgV[{-huV[V
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{-qDr$_@]�qD{}|idx]-�c]JtFder k ]JqDV[`Draqs_ibx]>Xode\^]¨_ih8X
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��` k X[|i]Jd k V[de�crid�@{-qsrKX�]��8]J{-h8X[dx`Dr+X[dx\^]>qsrut���` k X[|i]
��q k dx]�XnU�`s�@{�`DraVnX k qDderKXoV2X[|u]-U�dxrW�D`Dbx�D]c� 5 `ch k `sXo|i] k
z k `c� k qs\)V	|uq£�D]¨_@]-]-rªqctit8]Pt�X[`º{�`��c] k \^` k ]�VYz@]J{-d�@{�qDV[za]P{0X}V%`s��X[|i]&VY`cbe�c] k \^]J{}|uqDridgVY\)Vj6 j qDVo{-qsb
Å�qDr g>]-rKXo]-r k U8{ / � V¨_ k dxti�D]^z k `D_ibx]-\ �Û�D] k V[de`cr«`D� 2 ��3 � 7�Xn�	`�deruVYXoqDru{�]PV¨`s�	X[|i] � §¡fKhi]-]JruV¨z k `D_ibx]-\ 7
qDrut^¤nz k `Dzaqs� ¥ ¢cX[|i]�z k `W`s��`s��der8��]PqDV[de_udebxd�XnUF`s��� "rq�3 � " 4 , ,$,$, ,$, ,is q ! � s � !tq��
� |i]�_@]-ru{}|i\)q k / z k `D� k qs\)V)|aq£�D]ª]-�W]P{�h8Xode`cruV$bxq k �c]ª]-ri`chi�D|���` k Xo|i]�\±]PqDV[h k ]-\^]-rKXoVºX[`¯_a]

\^]Pqsridxri�s��hubM� � |i]JU k qsri�c]^� k `c\ �D�D�u¢ �c�D�$]-�D]JrKXoV¨Xo`«qs_@`DhiX � �c�$\^dxbebxdx`DruV+]-�D]JrKXoVJ� 5 h k X[|i] k \^` k ]D¢
Xo|i]-U k ]Jz k ]JV[]-rKX
q±�%dgt8] k qsri�c]¬`D�¦w	p j � 5 Ã �%z k `c� k qs\)VJ�
� |i]«X[|ud k t�{�`cbehu\±rH�Ddx�D]PV)X[|u]�V[deÆJ]<`D��X[|i]«X k qD{-]JVº`D��X[|u]<_@]-ru{}|i\)q k / ]Jt z k `D� k qD\)V^��` k X[|i]

ti]��Ûqshub�X¬X k qD{�]�\^`8t8]JbM���²beb�]��8]P{�h8Xode`cruV>_ihiX²X[|u]&V[\^qDbebx]JVYX²`cri]�]��8|idx_ideX¬\^` k ]¨X[|aqsr<q)�cde�Kqs_WUKX[]c¢8��` k
]-�8]J{�hiX[dx`DruV¨V[`D\^]�Xode\^]JV¨bx]JVoVvX[|aqsrSq�V[]J{-`Drut©�& ¶X�dgVvX[|i] k ]-��` k ]&ru`sX+{�`cru{�]Jde��qD_ibe]&X[`�V[U8VnXo]-\)q�Xodx{JqsbxbeU
u Ò©Ó£ßnÔÖÙ©Õ;Ø0ç£ÙÛënß�ëYØ-è£ß�ÔÖÕ2Ý��}Ý}ÔÖäãÝ}Þ£äÖß�Ýoâ2Ó-âÛâ;ácù ú0úoëYØ0à�âMÙ;Ý}ÔÖà�â;ßnÕYû ÔÖà£ÙMÔãÝPû üeÙ;ú/.näãÝ}à	�0ß
�PÔÖàsúoënØ-è£ßnÔÖà£ß[úoÞsß[à£ë;Ó�õ>Ý}ÙMÚ-Õ
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�c]-ri] k qsX[]�V[hu{}|<qDrªqs\^`DhirKX²`D��deri��` k \^qsX[dx`Dr©� �¬V¬qº\^qsXYXo] k `s���ÛqD{�X¬\^]JqcVYh k dxri�)X[|u]JV[]+VYdxÆ-]+X[`W` / huV
|u`Dh k V¬qDrut¹¢CdxrªX[|u]&bgqDVYX¬Xo| k ]-]&{JqDV[]JVJ¢C]��8|uqshaVnXo]Jt�`ch k zaq�X[dx]-ra{�]���´²`sX[]&X[|aq�XvX[|i]^VYdxÆ-]±`s�lX[|i]&X k qD{-]
dgV	ri`sX>VYX k dx{�X[bxU)z k `Dz@` k X[dx`DruqDbuXo`+Xo|i]¨rKhu\+_@] k `s��]-�D]JrKXoV	_a]P{-qDhuVY]¬X[|u]¨qsXYX k dx_ih8Xo]JV
{�`cbebx]J{�X[]Jt$q�X%]Jqc{}|
XnUWz@]^`s�#]J�D]JrcX}V¨q k ]±t8d��C] k ]-rKXJ� 5 ` k ]��iqs\^zibx]D¢¹��` k t8`D\)qDder k ]Pt8hu{0Xode`cruVJ¢2VY]J�D] k qDb�qsXYX k dx_ih8X[]PV�qs_@`Dh8X
��q k dgqs_ibx]JVJ¢D{-`DrKX k qsdxrKXoV�qsrut^t8`c\)qsdxruV�q k ]%{�`cbebx]J{�X[]Jt±�%|idxbx]%`sX[|u] k XnUWz@]JV¦`D�@]J�D]-rKX}V¦VYdx\^zibeU^{�`cbebx]J{�X¦X[|i]
raqs\^]¨`s��X[|i]�{-` kok ]PVYz@`Drutideri�±{�`crcX k qDderKXP�
� |i]���`Dh k X[|�{�`cbehu\±r��cde�c]JV � ��
��!� ¢iX[|u]�]��8]J{-h8X[dx`Dr�Xode\^]�dxr � � `s��X[|i]+z k `c� k qs\�V[de\^zibxU k hir�_WU

`cbed�§ jlk `cbe`c�u� � |i]vi�ÂX[|ª{-`Dbxhi\^r�V[|i`��>V	Xo|i]�q£�D] k qD�D]>Xode\^]�`D��]-�W]P{�h8Xode`cr$z@] k ]-�D]JrKX��  �����
	
�������
����� � ¶X^dgV&_@]�Xn�	]-]Jr � � ruV^qsrat � � � ruV±z@] k ]-�c]-rKXJ� 5 ` k \^`cVYX&`s�²X[|i]�V[hid�Xo]��ªdgV^q k `Dhirat �s�DruV-� � |i]
Xo| k ]-] k ]J\)q k / qD_ibx]¬]-�8{-]-z8Xode`cruV%q k ] �(������� � ���  � �&ruV �0¢�� ��� �	��+��
�����! ���  ��� , ruV �
qsrut ��� ) ��" �!"
�#�  � � �±ruV �0� � |i]�bx`��$�±dxV%t8hu]¬Xo`^X[|i]¨]��){-de]Jru{�UF`s��X[|i]¨z k `DzuqD�cqsX[dx`Dr$VYXoqD�D]¬��` k Xo|i]�{�`DraVnX k qDderKXoV
dxrW�D`cbe�c]Jt�dxr<Xo|idxV¨{-`D\^zih8X}q�X[dx`Dr2� � |i]&bgq k �D]%�sVvq k ]±t8hi]&X[`�qFbx`��	] k z k `cza` k Xode`crª`s��¤nuri]-§;� k qDderu]Jt ¥
]J�D]JrcX}V-�

� 9;: <#>�?A@�BC>EN HJBC>�[�BC? �
� qs_ube]^��qsbgV[`&�cde�c]JV	X[|u] k ]PVYhibeXoV
`D��Xo|i]�\^]JqcVYh k ]-\^]JrcX}V
`s��X[|i]�`��c] k |i]Jqct)`s��X[|u]�{�` k ]vX k qD{-] k \^]J{}|8§
qDridgVY\)VJ� � |u]�\±]PqDV[h k ]¬`D�

� ��
�������
+%e� ��
��!� �(�����!
� � ��
�������

dgV
Xo|i]�]��8]J{-h8X[dx`Dr$X[dx\^]�`s��X[|u]�z k `c� k qs\ k hir�_WU)X[|i]�X k qD{�] k �%d�Xo|i`Dh8X²qDrWUFzuqsXYX[] k r�qD{�X[dx��q�X[]Pt¹� � |i]
X k qc{�] k \)qDderKXoqDderaV�deXoV�`��%r±tiqsXoq²��` k qDbeb8]J�D]-rKX}V-��g>`��	]-�c] k ¢Pru`¨qsXYX k dx_ih8Xo]%dxV¦{Jqsbg{�hibgq�Xo]Jt±qsrut&ri`vX k qD{-]
dgV
�D]Jri] k q�Xo]Jt¹� � |i]�V[d��WXo|�{-`Dbxhi\^r��Ddx�D]JV#Xo|i] k qsX[dx`

& ��
�')������
)(  �+* �
,)-/.0�
�1�)�2	
�
�

� |u]¨V[]-�c]-rKX[|�{�`cbehu\±r��cde�c]JV#X[|i]�\)qs�Wdx\+hu\ t8]-�Wdgq�Xode`crF��` k �	��
���&qsrut}� ��
�������
��

3 À � ¼ �J�£�u� ¼ � � ¼ ��Á�� À ( � � �^�D� À � ¼54l¼ � � � À�¼7À � 0 ½ �i�s� (#6 �8� ¼ Á 5 ` k qsbxb©Xo|i]+\^]PqDV[h k ]Pt�]��8]�§
{-h8X[dx`DraV & ��
������

dgV¦bx]JVoV�X[|uqDr , � m~der±Xo|i]>�	` k VnX�{-qcVY]c¢Dqsrat&bx]JVoV�X[|aqsrF�'m ��` k u�c]
X k qD{-]Jt&z k `c� k qs\)VJ�
� |i] k ]JV[hib�X}V���` k7& ��
�������
$q k ]F�D] k U�za`KVYdeX[dx�D]c¢�X[|i]JU�\±]Pqsr�Xo|uq�X±X[|u]${�` k ]$\^]J{}|uqDridxV[\)V�`D�>X[|i]

X k qc{�] k {-qsrS_@]FV[UWVYX[]J\)q�X[dg{-qDbebxU<qc{0X[dx��q�Xo]Jt¹��µ²V[] k V��%dxbeb#|uq k t8bxUªri`sXodx{-])X[|u]º`��D] k |i]PqDt¹� � |u] k ]���` k ]D¢
�%|udebx]�t8]-�c]-bx`Dzizuderi�±z k `D� k qD\^VJ¢WhuV[] k V%{-qsr�t8d k ]P{0XobeU$�#` k / dxrº¤¡X k qc{�]Jt ¥ \^`Wti]D¢8Xo|i]-U�t8`^ri`sX>ri]J]Jt$X[`
V[�%deXo{}|�� k `c\�hirKX k qD{-]Jt$X[`^X k qc{�]PtF]JrK�Wd k `cri\^]-rKXoVJ� � |idgV%dgV>q^� k ]JqsX%{-`Dr8��` k XP� �²V¬VY`W`Dr�qDV	Xo|i]-U��%dxbeb
ru]-]JtFX[`^X k qc{�]vX[|u]-UF{Jqsr�de\^\^]JtidxqsX[]-bxUº�c]�X>dxr8��` k \)q�X[dx`Dr2�

� 9�q <#>�?A@�BC> �]> GIHJBC> NKHVBC>�[]BK? �
� |u]v\^]PqDV[h k ]¨`D�

� �
�������
 %e� ��
��!� �(�����!
� � ��
�������(���
*�)����
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+ �
� � 6¦zuqsXYXo] k ruV¨�Jqu¢u�sqi¢ , q±qDrut � q^qD{�X[dx�£qsX[]PtFdxr�zuq k qsbxbe]JbM�

5 dx�Dh k ]&� , 6 j q�X[X[] k ruV%haVY]PtºXo`)\±]PqDV[h k ]²Xo|i]¨X k qD{-] k t k de�c] k `��D] k |i]PqDt

dgV�Xo|i]²]-�W]P{�h8Xode`cr±X[dx\±]²`s�CX[|i]²z k `c� k qs\ k hir)_WU�Xo|i]%X k qc{�] k �%d�Xo|^X[|i]%ab�Xo] k deri��z k `8{�]Pt8h k ]>qD{�X[dx�£qsX[]Pt
��` k �c]-ri] k dg{
zuq�X[X[] k ruVJ� �¬ribxU+Xo|i]¬qsXYX k dx_ih8X[]PV�ri]P{�]PV[Voq k U���` k X[|u] k ]JfKhi]JVYX[]Pt^zuq�X[X[] k ruV#q k ]²{-qDbx{-hibgq�X[]Pt
qsX k ]Jbe]J�D]-rKX�]-�c]-rKXoVJ�^ ¡r«` k ti] k ��` k � �����* X[`�_@])Æ-] k `u¢©X[|i])zuqsXYXo] k ruV�q k ]±ti]JV[de�cri]Jt�VYha{}|<Xo|uq�X�ri`
]J�D]JrcX�\)qsXo{}|i]PV¨X[|i]J\�� �¬ru] k hir�dgV�t8`cri]ºz@] k zaq�XYXo] k r©� � |i]ºzuqsXYX[] k raV�q k ])bedgVYX[]JtSdxr 5 de�ch k ]�� , �
j qsXYX[] k r � � dxV	{}|i]J{ / ]Jt^`cr)��]-��]J�D]JrcX}V#qDrut)`crº`Dri]v{�`KVnXobeU)q�X[X k de_uh8X[]¬`DribxUD� j q�X[X[] k r � � dgV#{}|u]J{ / ]Pt
`crªrWhi\^] k `DhuV²]-�c]-rKXoVvqsrutª`Dr�Xn�	`${-`cVYX[bxU�qsXYX k dx_ih8X[]PV-� j q�X[X[] k r � � dgV¬{}|u]J{ / ]Pt�`Dr�qsbxb�]J�D]-rKX}V²qsrat
`cr `Dru]${}|i]Pqsz qsXYX k dx_ih8X[]c� j qsXYXo] k r � � dxV±{}|i]P{ / ]JtS`cr qsbxb
]-�c]-rKXoV&qsrut°VYU8VYX[]-\)qsX[dg{-qsbxbxU«`cr�X[| k ]-]
qsXYX k dx_ih8Xo]JVJ�

� ���i� ¼ �ºÁ�� (#6 ¼ � À 6 ¼ �|Á ¼ �uÁ ( �+�i�c� ¼�4 �P�8� 0 ¼ 5 dx�Dh k ]�� � �cde�c]JV¦Xo|i] k ]PVYhibeXoV#`s�¹Xo|i]v\±]PqDV[h k ]-\^]-rKXoV
`D��X[|u])`��D] k |i]PqDt�`s�#X[|i]±X k qc{�] k t k de�c] k ��` k qDbeb�X[|u]±_@]-ra{}|i\)q k / z k `c� k qs\)V²qDrut<��` k u�D]±zuqsXYX[] k raV-�
� |u]¬a�Dh k ]�t k q£�>V

& �
�������
  ��� ��� �)./�
�1�)�2	
�
¢

{-`D\^zuq k ]Pt)X[`^Xo|i]�q£�D] k qD�D]%Xode\^]�z@] k ]J�D]JrcX �#� �#��` k X[|i]+�&zuqsXYXo] k ruV-�
5 ` k qsbxb©_ihiX>`Dri]¨z k `D� k qD\�¢ & �
*�)����
 dgV%ri]J�Dbxde�cde_ibx]v��` k Xo|i]��D] k UºV[de\^zibx]�zuqsXYX[] k raV%qsrut�bx]JVoV	X[|uqDr

, � �¬��` k zuqsXYX[] k r � � �%|idg{}|)dxV�X[|i]v{�`c\+_idxruq�Xode`cr^`s� � zuq�X[X[] k ruVJ� 5 ` k z k `D� k qs\)V��%deX[|Fq¨bgq k �D] �8¢D]J�D]Jr
V[]Jq k {}|uderi����` k zuq�X[X[] k r � � dgV	ri]-�cbedx�Ddx_ibx]D�� ¡rºX[|u]¬�	` k VnX
{-qcVY]c¢KqDrF`��D] k |u]JqDt±`D����dgV
VnXodebxb¹qD{-{-]-z8X}qs_ibx]D�

!�À«À 6 ¼ �|Á ¼ �iÁ#" À � 4 �8����0 0 ¼ 0�� ¼ �8����Á À " 4 �8�-� ¼ � À � 
 |i]Jr � zuqsXYXo] k ruV#q k ]v{}|i]J{ / ]Jt^dxrFzuq k qDbebx]-b
Xo|i]-U�qsb k ]PqDt8UºVoq£�D]
"4� ·�� / � ��
������
 {�`D\^zuq k ]PtªXo`�X[|i]ºV[]Jq k {}|«der�V[]JfKhi]-ra{�]^�%|idg{}| k ]JfKhid k ]PV¬X[`�]��8]J{-h8X[]PV � Xode\^]PV¨X[|i]
z k `c� k qs\�deraVnXo]JqDt�`D��`Dru]¬Xode\^]c� 5 de�ch k ]^� � ��h k X[|u] k V[|i`��>V#X[|uqsX

�%$ ��
��)����
 �(� µ ��
��)����
 �(�'& ��
��)����
 �(�)( ��
��)����
 $�� ' $+* µ * &�* ( ( ��
�������
 �
�¬V
q+\)q�X[X[] k `D�©�ÛqD{�XJ¢WX[|u]v{-h k �c]�, &  & $ � & µ � & & � & ( · �i¢KX[|uqsX
qctitiV#X[|u]¬`��c] k |i]JqctiV�`D�©X[|i]��`ch k V[]-zuq k qsX[]Jt«zuqsXYX[] k raV-¢�dxV�qD_a`��c]+Xo|i]º{�h k �c]±`D� &�- ��
�������
 � � |idgV�\^]JqDruV¨X[|aq�X�ri`DX�`DribxUªdgV¨X[|i] k ]
ru`F`��D] k |u]JqDt�dxrªXo|i]±ubeX[] k dxri�F\^]J{}|aqsridgVY\dxrut8ha{�]Jt<_WU�X[|i]±zuq k qsbxbx]-b�VY]Pq k {}|©¢a_uh8X¬Xo|i] k ]±dxVv]-�c]-r<q
\^dxri` k �Kqsdxr©�
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5 de�ch k ]^� � 6lw#`cVYX%`s�2Xo|i]¨X k qD{-] k t k dx�D] k \^]J{}|aqsridgVY\)V%{-`D\^zuq k ]JtºX[` �

� ���i� ¼ ��Á2� (#6 ¼ � À 6 ¼ �|Á ¼ �uÁ ( � 4 � ¼ Á ( �D�J�8� 0 ¼ � |i])\^]JqDV[h k ]Jt<za`cderKXoV¨`D� 5 dx�Dh k ]$� � {-qsr«_a])dxr8§
Xo] k za`cbxqsX[]PtF�%deX[|�{�h k �c]JV	`s��X[|i]¨��` k \

& �
��)����
  # � )�� �8�

5 dx�Dh k ]��P� k ]J{JqsbxbxVvXo|i]º{�h k �D]^��` k zuq�X[X[] k r � � qsrut��Ddx�D]PVvX[|i]FrKhu\+_@] k `D�	]J�D]-rKX}V-�º ¶X±VY|i`��>VvXo|uq�X
Xo|i] k ]¨dxV>ri`){�` kok ]-bgq�X[dx`DrF_a]-Xn�#]J]-r�X[|i]�V[dxÆ-]¨`s��X[|i]vX k qc{�]�qsrut$Xo|i]¨X k qD{-] k t k de�c] k `��D] k |i]PqDt¹�
� |i`KVY] k ]JV[hib�X}V+\^]Pqsr°X[|uqsX&Xo|i]�X k qD{�] k qDrut�X k qc{�] k t k dx�D] k `��D] k |i]PqDtiV+za] k ]-�D]JrKX^{Jqsr _@]�qsz8§

z k `£�8dx\^qsX[]Pt)X[`){-`DruVYXoqDrcX}V
t8]-z@]-rutideri�)`crFXo|i]¨zuq�X[X[] k ruV%qDrut ��(�7� �������7��� � �&�&�(
��&� ������� � �(��� � ����" �
 ¡rat8]-]Pt¹¢Cbe]-X¬huVvqDVoVYhu\±]�X[|uqsX²X[|aq�X � ���*
� � ��
������  ���� ���!
� � ��
������ qsrut � �
�������
  ���� �
*�)����
 �%|u] k ]
� dgV±X[|i]�rWhi\&_a] k `s�¬]J�D]JrcX}V^`s�¨qsr¯]��8]J{-h8X[dx`Dr©¢ � ���*
� � ��
������ qsrut � �
��)����
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t8]JVo{ k dx_a]Pt+_WU� k VYX�` k t8] k ��` k \+hib���dxrK�c`Dbx�Wderi�v\^`cVYX¦`s�iXo|i]>tiq�X}q>Xo|i]
X k qD{-] k {-qDr
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qc{-{-]JVoV-�%TWz@]J{�dea{�z k dx\^d�Xode�c]JV>]Jruqs_ube]¨Xo|i] k ]�X k dx]-��qsb2`s�¦bxq k �c]¨zide]P{�]PV>`s��tiqsXoq+¤Y`Dr�t8]J\)qsrut ¥ qDrut�X[|i]
qctiqsziXoq�Xode`crº`s��X[|i]v]-�c]-rKX
zuq�X[X[] k ruV#X[`±Xo|i]¬]J�D`cbe�Wdxri�+ri]J]JtiV
`D�©X[|u]¬X k qc{�]vqsruqDbeUWÆ-] k � � |i] k ]-��` k ]D¢KX[|i]
z k `8t8hu{-]Jt�X k qD{�]#dxV�qc{-{�h k qsX[]76©X k qD{�]#�D]Jri] k q�Xode`cr©¢PX k qD{�]
{�`c\^\+hiridg{-qsX[dx`Dr+qDrut�X k qc{�]	za`KVnX[§;z k `8{�]PV[V[dxri�
q k ]
V[za]J]Jt8]Pt&huz©� � |u]
X k qD{�] k t k dx�D] k z k `��Wdgt8]JV�qvz@`��#] k ��hibW� k `DrKX[§;]Jrut���` k {�`c\±zube]-�&t8]-_uhi�D�cderi�¬X[`W`cbxV
_aqDV[]Jt$`Dr$X k qD{�]�tiqsXoqu�
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2e�	3�Ä ���²hi�DhuVYX[`cr©¢iw¬�c�c]��C] k UD¢WqsrutºTC�Wµ>rat8] k �#`W`8t¹� � � k qs\^]-�	` k / ��` k qshiX[`D\)qsX[dg{>t8]-_uhi�D�cderi�a�C ¡r

~�2·�\^\±] k dg{}|Sqsrut«Ã+� 
 dxbx]D¢©]Pt8d�Xo` k V-¢�L ���j� � � ���� ��+ �����(
�� �:M	�(
ON����I��������� $���(� )\���������	���	�(� �
� � %'���I��" ���I� �QP��&� � � � ���!R ���7��(� �	������5� %IP:RTS � �  ¢uzaqs�D]PV%�8���U8�c�D�8�c ¡·�·�· j�k ]JVoVJ¢u�s�D�K�8�

2 ��3 � �T0
qsbxb;� � |i]±{�`cru{�]Jz8X¬`D�#t8UWruqs\^dg{+qDruqsbxU8VYdgV-�¬ ¡r �&�C´>dx] k VnX k qcVYÆ+qDrutªÄ��¹p2]-\^`Ddxri]D¢C]Pt8d�Xo` k V-¢
R�P:R �WVXP1NJY�P�Z "1� "%P:R ¢¦�c`Dbxhi\^]«�P�D� ��`s� � � �	� ����� �����I��+ �� ����" �(���I���[PT��$�	�(� � ¢lzuqD�D]JV
�i�J�\U8� , �D�8TWz k deru�D] k ¢C� �3�H� �

2 , 3 j �uw¬��0
qsX[]JVJ�¹Ã²]J_ihi�c�Ddxri��|i]-X[] k `D�c]-ri]J`DhuVlt8dxVYX k dx_ih8X[]PtºV[UWVYX[]J\)V¦huV[deri�&]-�c]-rKXY§¶_uqDV[]Jt±\^`8t8]-bgV�`D�
_@]-|aq£�Kdx` k � % �<] ����� ��+	�7�	� $� ��+���� ����" �(���I���IP( �+ �I�	"�+ ¢¹� , �n���6x�BU , �D¢ 5 ]J_©�©� �3� �i�

2 � 3&0v� 0 k hi]J�D�D]�qDrut j � g>dx_i_uq k t¹� ³v]-ri] k qDbedxÆ-]Pt¯zuq�Xo| ]��8z k ]JVoVYdx`DruVj6 �|idx�D|i§;bx]-�c]-b>t8]J_ihi�D�cderu�
\^]P{}|uqsridgV[\�� ��
��A^�����������) �&��P  �+��I��" +����(�_P��&� � � � ��� ¢ , 6Ö�s�c�.U8�����i¢a� � � , ��·�bgVY]J�Wde] k �

2 ��3�Ä �aw#`DruV[]-ruVJ¢iÄ���g¬qDVoqsr©¢8qsrat ���aÄ�]-ruti]-bxÆ-`Dr2��Å¬dxV[huqsbxdxÆ-dxri�±qDrut�fchu] k UKdxri�±t8dxVYX k dx_ih8X[]PtF]J�D]JrcX
X k qc{�]PV
�%d�Xo|Rg²Ua`&�¦ ¡r�
~�up2d�Xn�%dxr�qDrut � � y dgV[{}|©¢8]Pt8deX[` k VJ¢ % � ��) $� ��� $����+ ���]
#���I� � ��+	��+ 	 "��� +��
N����I��������� $������)C������������������� ¢Dzaqs�D]PVl�£� , U@� � �D�JT8z k dxri�c] k ¢sp©]J{�X[h k ]
´>`sXo]JV�dxr)w#`c\^zih8X[] k T8{�dx]-ru{-]D¢
Å¦`cbM�a�i� � ¢C� �H� � �

2 � 3�Ã&�DÃ¬dxqDÆD� `Tbdcºz k `cbe`c�u¢sq¬� k ]J]
z k `cbe`c�v{-`D\^zidxbe] k �%d�Xo|^{-`DruVYX k qsdxrKX�V[`Dbx�Wderu�¬`��c] k urideX[]>t8`c\)qsdxruV-¢
�D�D� , ��|cX[X[zC6U^�^��Dz k `Dbx`D�a� V[`Dh k {-]���` k �D]c� ru]�X�^¬Ã¬dxVYX k dx_ih8X[]Pt�hirut8] k X[|i]+³¨´¬µ bedg{�]JruV[]D�

2 ��3�Ä �aÃ¬hu{-qcV[V*�D�#w#`8{-q�6 �>r�qshiX[`D\)qsX[]Jt�t8]J_ihi�c�D] k ��` k w¬�� ¡reL ���4� ��� � ���� + ���&�(
��%� ��+ �%N����I�������\f
� $������)V�A� �����	���	�(� � � �gPT��� � � �����IR ���7��(� �	������ ¢uzuqD�D]PV
�D� � U8�8� , � �²w	Ä jlk ]PV[VJ¢iÄªq£Uª� �H�H� �

2 � 3�Ä �£Ã¬hu{JqDVoV!�c� �¬zidxhi\ 6 �²r+]��WXo]-rutiqD_ibx]�X k qD{-]#qDruqsbxU8VY] k ��` k�j�k `Dbx`D�a� ��
��h^d� �����(� )��&� � � � $��(���Jf
�7��� " "#���� ¢ ,3� 6x�� ��U8�c� , ¢a� �H�H� �	TWz@]J{-dxqDb2dgV[V[hi]�`cr<TWUWrcXo|i]JV[dgV-¢ � k qsruVY��` k \)q�Xode`cr�qDrut �>ruqDbeU8V[dxV
`D��p2`D�cdx{ j�k `D� k qs\)VJ¢ ����0	`cVoV[d©qsrutji&�uÃ¬]-�Wdxbebx] ��]PtiV �0�

2 � 3¨ 0�u³v]JrKX%qDrut � � 
SqsbgV[|©�¦w
T j p©dx_C6�q±_a]Jru{}|i\)q k / bxde_ k q k U±��` k {�`cruVYX k qsdxrcX}V-� � ]P{}|iridg{-qDb k ]-z@` k XJ¢
� ]J{}|uridx{Jqsb k ]-z@` k X � j ·#TK§¡� � §o� �H�H� ¢u� �H�H� � ���£qDdebgqs_ube]¬� k `c\'|KXYX[zK6�^'^�{-V[zibxde_2� {JV-� VnX k qsX[|©� qD{D� h / ^8���
V[|i` k Xo] k �D] k V[dx`Dr$qDziz@]Jq k V	der�Xo|i] j�k `W{-]-]Pt8deru�cV	`s�lw j § �H� �

2x�J� 3�T¹�4g¬qD{ / VnX}qDtWX2qDrut ���PÄªqsbx`DrWUc�sÃ ���¬Å�6PÃ²dgVnX k dx_ih8Xo]Jt � k[k q£U �¬hi] k Uvqsrut¨Å¬dxV[huqDbedxÆJqsX[dx`Dr 5ik qs\^]�§
�	` k / � �$
�� �����	� $� � )J����" �(���I���IPT��$�	�(� � ¢©� � � �Y�BU8� ��6Ö�s� � U , ��8¢ �>z k �©� �3� �u�
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2x�D�	3¨Ä �K�a� g¬q kok `cbxt©¢K³±� y `sXo|i] k \^]-b;¢ y ��
�h©¢8qsrutºpl�*ivdM� �>rº]J\±zud k dx{JqsbaderW�D]PVnXode�Kq�Xode`cr±`D�©z k `D� k qs\
V[z@]J{0X k qu�> ¡r L ���j� � � ������ +#�&���(
�� ����� � % �<] P:N\Y L � % �!fGP:N\Y�P�Z "1� � ������+ 
���� ��� L ��� � ����"
� �(� )  �+� + �����&+	��� � � �������I�4��) +������ �	���7��(� �	������ ¢izuqs�c]JV%� , U � �i� �²w	Ä jlk ]PV[VJ¢©� �3� �u�

2x�P��3v·²�u�cqD|idx] k qsrut�Ä��iÃ¬hu{JqDVoV!�c�¦³v]Jri] k dg{¬z k `c� k qs\�\^`DrideX[` k dxri�±_KUºX k qD{�]�qDruqsbxU8VYdgV-� ��
�� ���� � �(�
L ���7�	� $� � ��� � � � $� L ��� �7����"#" �� � ¢@��� � §¡� ��6 �i�c�BUW� � , ¢D�DhubeUK§nTW]-z8Xo]-\&_a] k �s�D�K�8�

2x� , 3�w¬�C�c]��C] k U�qDrut y �¹³ k dxV[�#`cbxt©���~� k qs\^]-�	` k / ��` k ]-�W]P{�h8Xode`crª\^`DrideX[` k dxri�ºdxrªdg{�`cr©� PT��� � � �����
f
L ���7�	� $� � ����� R � ������$�	�(� � ¢a� � �n�c� ��6x�J�K�D�.U@�J� � � ¢s´>`��D]J\+_@] k � �3� � �

2x� � 3¨�a� �����D`cri]JVJ¢©Ä��2�a�Cg²q k[k `Dbgt¹¢¹qsrut��a�2TKXoqcV / `u�+Å¬dxV[huqDbedxÆJqsX[dx`Dr�`s�lXo]JVYX�der8��` k \)qsX[dx`Dr«X[`�qDVoVYdgVYX
�ÛqDhibeX�bx`8{-qsbxdxÆJq�Xode`cr©�~ ¡r L ���j� � � ������ + ��� � 
�� �����(
 N�� � �	���(� � $� �(��) ���������	���	�(� � ���WP��&� � � � ���
R ���7��(� ������ � ¢azuqs�c]JV � � ��U � � �8� �²w	Ä j�k ]JVoV-¢u�D�D�K�8�

2x�P��3¨pl�¦p2qsru�D]-�Wdxri]D¢¦Ä��¦Ã¬hu{-qcV[V*�D¢�qDrut j �¦Ã²] k qDruVoq k XJ� � z k `DzuqD�cq�Xode`crSX k qD{-] k ��` k ³vrWh8§ j�k `Dbx`D� 6
� k `D\/��` k \)qDb�t8]-urideX[dx`DrªXo`F]��){-de]JrKXvdx\^zibe]J\^]-rKXoqsX[dx`Dr©�v ¡rSw¬� j qsbgqs\^dgt8]JVoVYd;¢@]Jt8deX[` k ¢�L ���4���V�&�
�(
������ �(
QN���� ��������� �T�� � � �7$� L ��� � ����"#" �� � �WTWz k deri�c] k §;Å¦] k bgqs�a¢sp©]P{0X[h k ]²´²`sXo]JV¦dxr$w#`D\^zih8Xo] k
Ti{�dx]-ru{-]+� � �P�i¢8Ã¬]J{�]J\+_@] k �D�D� , �

2x�J� 3 y � �¬bgVoVY`cr©¢ y ��w k q£�
��` k t¹¢£qsrut 
~��g>`a�KÃvqsbx] / 6 �¯³¨´²µ+¢Pdx\^z k `��D]Jt¨z k `c� k qs\^\)qs_ibx]¦t8]-_ihu�D�D] k �
 ¡r_L ���4� ��� � ���� +\�&� � 
���P ��"#" �	� � ��� ����P:R �hN	�P���������	���	�(� ��
 ^ ���(� ���� ����	 � ��� � ¢czuqs�c]JV��D�8�2U
� , �i¢¹� �H� �i�

2x���3�T¹� y ]-dgV[VSqDrut Ä � y ]-ridx] k dgV-�é·�ra{�`8t8dxri� z k `c� k qs\�]��8]J{-h8X[dx`DraV-�í ¡r�Ä�� §¶�a�&g²q k[k `Dbgt qsrat

~�CT8{}|��s��] k ¢K]Pt8deX[` k VJ¢7L ���4��� � ���� ��+ �&�1� 
�� ��� ���QN�� � �	���(� � $� �(� )����������	���	�(� � ���eP���� � � ������R �7f
�7��(� �	������ ¢uzuqD�D]PV
�c�8�2U8� , �i�c ¡·�·�· j�k ]JVoVJ¢u�s�D�u�D�

2x�J� 3 ���)T8`D\^`D�cUKd�qsrut 5 � g²]-rut8] k V[`Dr2� � |i] de\^zibx]-\^]-rKX}q�X[dx`Dr�X[]J{}|uri`Dbx`D�cU `D��X[|i] Ä�] k {�h k U
ti]-_ihi�c�D] k �  ¡r L ���j� � � ���� ��+ ��� �(
��_� ��� � 
�� ������+ 
�� � ��� � � � $� L ��� �7����"#"#���� R ���4������7f
" �	��� + ¢W�c`Dbxhi\^] , � � � �0�K·�bx]-�Wde] k ¢W·�bx]J{�X k `Dridg{v´>`sXo]JV	dxr � |i]J` k ]�X[dg{-qDb¹w#`c\^zih8X[] k Ti{�dx]-ru{-]D¢¹� �3�H� �
|KX[X[zC6U^�^��%�%��� ]JbxV[]-�Wdx] k � rib@^�{JqDV�^PX k ]J] ^�VYX[` k ]�^PX}{-V�^P� k ]-] ^£]-rKXo{JV�^£VYX[` k ]�^PXo{JV , �'^�{-`P�c] k � V[hi_©� VY|KXP�

2x� � 3 y �
TW`KVYdg{�qsrat Ã+� �>_ k qs\)V[`Dr©�~³vhuq k tT6 � k ]-bgq�Xode�c]ªt8]-_ihu�D�D] k � P��&� � � � ��� f L ������� $� � � �(�
R � ���	��$������� ¢@��� �;� ��6x�J�K��Ui�s�D�u¢i� �3� �8�

2Ö�s� 3 y � 
 dxbx|i]-bx\Üqsrat Ã+�¦ÄªqDh k ] k � ����" �(�) �	� �7��+� � � � �%tit8dgVY`cr8§ 
�]JV[bx]-UD¢%� �H� �8�< YT�0	´�6¦��§n�s�i�-§
� �D� � ��§n�8�

2Ö�8�	3 �+� �@]-bxbx] k qsrut y ��g²debgt8]J_ k qDrutWXP��T8de\^zibxd���UWdxri��qsrutªdxV[`Dbgq�Xoderi�F�Ûqsdxbeh k ]-§;dxrut8hu{-deru�Fdxrizih8XP� NCR%R%R
����� ��+	�7�	� $� ��+ � �OP��&� � � � ���!R ���7��(� �	������ ¢a�s� �M� ��6e�P� , U8�s�c�i¢c�D�D�K�8�

ì�ì àAhji�k4l�l



�D� � � ��� ���4��(��� 
!��� ��+�+��

�!�+�+���%�+��1

��� À �J� À Á ���s� ( ÀsÀ �
�c�e� � � k qD{�] k Ã k de�c] k Xo`±· �){-dx{-]-rKX[bxU�T8|uq k ]¨ ¡ruVnX k hu\±]JrKXoq�Xode`cruVª�¨�����¨���¨���¨�����v��� ,
�c� � � k qD{�] k qsrut �>raqsbxUKÆJ] k V	 ¡rcXo] k qD{�X[dx`DruV �¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �
�c� , w#`crKX k de_ihiX[dx`DruV��¨�����¨���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �

��� 6 ¼ � 6 ( ¼K¿ À "%��Á ¼ �-���i� ¼ �$Á�� (/6 ¼ � �

��� 6 ¼7À � 4 �8�-� ¼ � À � �
, �e� � k qD{�]¨]J�D]-rKX}V¬���¨�����¨���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �
, � � j qsXYX[] k raVS���v���¨�����¨���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �
, � , ·��8qD\^zibe]PV%`s��zuq�X[X[] k ruV&���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �P�

� � À ��0 ½	�D¼ ��� ¼ Á ( �i� À � � �

� � ( 0�� ¼ � ( À�� � ¼ ��Á�� À ( � � � �
�i�e� � k qD{�] k t k dx�D] k qsbx�D` k deX[|i\ ���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� � ,
�i� � j qsXYX[] k r�qDh8X[`c\^qsXoq^���¨���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� � ,
�i� , T8za]P{�dgqsbxdeÆPq�X[dx`Dr$X[|aqsr / V	X[`^Xo|i]�z@` k X����¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� � �
�i� � ·��8qD\^zibe]PV%`s��zuq�X[X[] k r�qsh8Xo`D\)q�X}q �v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� � �
�i� �  ¡ra{ k ]-\^]-rKXoqDb j q�XYXo] k r�Ä<qsruqD�D]-\^]JrcX����¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �£�

� � � À � À � ½ 4#¼ � � 4 0 ¼ � ¼7À �J�i� ( ÀsÀ � �


 ��� 4l¼ � ( � ¼7À �J�'0 	F¼ � � 0Û�J� � �
�8�e� Äª]�X[|u`Wti`Dbx`D�DU)`D��Xo|i]�·¦�8z@] k de\^]-rKX}V.���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �P�
�8� � ·��Wz@] k dx\±]JrKXoqsb�VY]-XYX[dxri� ���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� � �
�8� , 0	]Jru{}|i\)q k / z k `D� k qs\)Vv���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� � �
�8� � � k qD{�] k `��D] k |i]PqDt������¨���¨���¨�����v���¨���¨�����¨���¨���v���¨�����¨���¨���¨�����v��� �P�
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