
HAL Id: inria-00073273
https://inria.hal.science/inria-00073273

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Advanced Modelling and Verification Techniques
Applied to a Cluster File System

Charles Pecheur

To cite this version:
Charles Pecheur. Advanced Modelling and Verification Techniques Applied to a Cluster File System.
RR-3416, INRIA. 1998. �inria-00073273�

https://inria.hal.science/inria-00073273
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Advanced Modelling and Verification
Techniques Applied to a Cluster File System

Charles Pecheur

N ˚ 3416

May 1998
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X�bOha��{Ybd����i�hkmkbd}W`©��bOhkZFy���}Jhko@wW��bd��}�O0q�f��b�j��M l�Z�{Y�d��NHª

�0� º � ¾�� �F� ¾ �����f�S� ��`0�Wbd`aZFy$oQ}�b�wxmkov{YZF`k`;bq���dZF�xm|bx¦S{�odX��x��}x��}W��haUxZ"��Z�`jh0��ZFbqhacxmkZF`°oq�xFkq=IcM �¸�����d�2N
bq}Wy�FkIAm!M XMoQbQ�Q�ANÆª"s~{�oQ}W{�cWmamkZY}Jh=`©if`©haZFX ��`=yfZF`k{�mk����Z�y�bQ`�b�{�oQ����ZF{�ha��od}�oq��wxmaof{YZF`k`©Z�`���}JhaZFm©²
bd{�ha��}x�!�Ji¸mkZY}�yfZ��Y²H¤QodcW`Fª�T�UxZ,�DZYUWbS¤v��odcxm]oq��ZFbQ{|U¯wxmkof{�ZF`k`]��`$�Wcx����h�{�oQX,w�oJ`©��ha��od}Wbd����i!cW`a��}x�

�W� Ù2���2�#�



� %j78�����.��(�� ����7C��'s�

bq}gbd���QZY�xm|bzod�;odwDZYm|bOhaoQmk`,JÒ{|UxoQ��{YZd¦JwWbqm|bq����ZY��{YodX,wDoQ`a�®hk��oQ};¦§ªYªYª�K���ZFUWbS¤v��oQcxmk`­{Ybq}gX,bd}x��wxcx��bOhaZ
yxbOh|b@¤Sbd��cWZF`=bd}WygZYex{|UWbq}x�QZMhkUxZYX haUxmkodcW�dU�haUxZF��m���}JhaZYm|bd{�ha��od}W`Fª

T�Ux��`0maZFw�oQm©h�yfovZF`;}Woqh%bQ`a`acxX,Zn�ÒbdX,������bdma��hji]¬��®hkUbh�i\fjiWIB��maoQX�haUxZ"maZ�bdyfZFmF´�haUWZ­��ZF¬(��odmahaUW{YodX,��}W�
{YodX,X,ZY}JhaZ�y�h�i\fTidI�Z�ex{YZYmkwfhk`=`aUxoQcx��y��DZ�`aZY���«²HZYevwW��bd}WbOhkodmkidªBT0bd�x��Z�[�yfZF`k{�mk���DZF`�haUxZzX�bq��}�h�i\fjiWI
oQw�ZFmkbqhaoQmk`Fª%T0cfhkodmk��bd��`"��odmZh�ijfjidI]bqmkZzbS¤Sbd����bq�W��ZQ¦JZQª ��ªTM �����d�x¦xT°cxm|�d��NHª

���	��
 �
������������������������� �	��!#"%$'&)(*��+��',-�*�.��$��/���102��������35476
8:9<;>=@?BADCFE�G H �	���7$5�@���I!#�KJ������ 8ML 3N���1OM���1J ; ����O.$����������	���1JP���@��Q

(�"1�R!@S-3N!@$N� C ��� ?1L ���1���T������� ���K�@3 G &)!@���M��$.���%Q
U "M�7V�!@"M� U "M�W��!@0��1���1������!#�M3W��$�� U !#3N3N���M(*� 476

G�XZY\[]G%^ _ ����� ���2��3����/���1��$ G�X !@$ G%^	La` �M�*�5�1������$'O%!b��3�3N!#02��Q
���M�*�MJ�c1$�3d� 6

Y<eb[gf�h]G H S e �*3i�N$�"M�I���1���P������� �����@3 G 6
G�XZj@Yk81X�lbm�m#ld8�n	[ojpG%^ G�X �*� U ��$5�@(�(���( ` �/��� G%^	L 3dq%�M�7�%$�!#�1��r���Os!@�RJ#������3 8MX#L

6�6 6 L�8�n & j#j�j 02� �@�M3i�1!-3dqM�M�7�%$�!#�M�*r�������!#� Ltj�j 02���@�13
Su"1(�(F3dq%�1�5�M$�!@�1��r �����*!@��476

v1w�xby 81X�l�m�m#ld8�n w nzG 0p��+�����������!#�M32!@S G !#�]J�������3 81X#L 6 6�6 Lo8�n ���	�	�*3N���M(*�
S{$�!#0:���1��!@"M��3N�*OM�@6

y@|%w � }	"1������3N3dS~"1(�����$�02���������*!@�a6
G�X�h�h�G%^ G�X Su!#(�(�! ` � O��bq G	^%Li` �1��� G�X ����$�02����������323N"1������3N3dQ

Su"1(�(/qb6
G�XZYDh�G%^ _ ����� ���t�@3 G�X "M�	����(��������M��$ G�X ����$�02���1������3�!@$ G%^ U �7$NQ

Su!@$�023��/��3IcM$�3d���@�7���*!@�a�a���K���M�-(*���N���7$�� �@3N� G�X ��3�O%��3dQ
� ��$5OM� O�6

� Yk81X�l�m�m#ld8�nb[��\;�X�lbm�m@lk;���� � ��(*( U $�!b����3N3 � L�` �����-J������i�@�1O��@�@(�"1� U ��$5��02������$�3 8MX#L
6�6 6 L�8�n ����O ;�X#L 6�6 6 L%;�� 6

T%bq�x��Z,[d±n��bd��}!¢%£]TM£$tgodwDZYm|bOhkodm|`

T�UxZ�X,ovyxZY��JÒ�Öª Zdª�haUWZ�X,ZFbd}x��}W��K�od�­bPh�i\fjiWI�`©wDZF{Y�®¨�{FbOhk��oQ}¸��`�yfZ�¨W}WZFy�bQ`�haUWZ��dm|bqwWU�od�­bq���°��hk`
wDoQ`k`a���x��ZLbd{�ha��od}W`PJ«haZ�{|Ux}x��{Ybd����id¦%haUW��`�µJ��}Wy(od���QmkbdwxU(��`�{Ybd����ZFy(b��W��a����	�.�����C�:���C(�
	�[
 ��� /�12(��`��3�¦%odm
h=fjIq¦Q�Wcfh"¬�ZM¬������DµdZFZYw,hkUxZ�`a��X,wx��ZYm�¬�odm|yx`\�©X@ofyfZF���Mbd}Wy0�©�dm|bqwxU)����}�haUx��`�bqmaha��{���Z�K ªB�¸ofyfZF��`"{Ybd}L��Z
{YodX,wWbdmaZ�y�bd{F{�odm|yf��}x��hko�yf�.E§ZYmkZY}Jh]Z��Jcx��¤Obd��ZF}W{�Z,bq}Wy¯maZY¨W}xZFX@ZF}Jh${Yma��haZFma��bxª$·³}�haUx��`$`jhkcWyfid¦4¬�Z@cW`©Z
oQ�W`aZYmk¤Sbqha��od}Wbd�4ZF�Jcx��¤Obq��ZY}W{YZ@M �¸�����d��N0��odm=X,��}x��X@� �Fbqha��od};¦�haU�bOhM��`Y¦D¬�ZzmaZ�yfcW{�Z�X@ofyfZF��`M��}JhkoLX,��}x��X�bq�
oQ�W`aZYmk¤Sbqha��od}Wbd����i,ZF�Jcx��¤Obq��ZY}Jh=od}xZ�`Yª

h�ijfjidI,UWbQ`��DZYZF} bqwxwW����ZFy¡hko¯X�bq}vi({�odX,wx��Z�e `aiv`©haZFX�`�`acW{|U bd`�}xZ�hj¬�odmkµ�`aZYmk¤v��{YZF`�bq}Wy(wxmkoq²
hkof{�od��`@M ·©tW£]�d�x¦0¢���d��N"�Wcfh@bd��`ao�{�mkivwfhaoQ�dm|bqwxUx��{@wxmkoqhaof{Yod��`@M ¢��t]p�0�Q�2N"oQm�UWbdmkyx¬�bdmaZ�bqm|{|Ux��haZ�{ hacWmaZ�`
M ��À$�]���Q�2NHªns�}vcxX���ZFm�oq�;hkoJoQ��`�U�bS¤dZM�DZYZF}¸yfZY¤QZY��odwDZFy���oQmch�i\fTidIq¦x{�oO¤dZFma��}x��c�`©ZFm�}xZYZ�yx`���}!`©c�{|U
¤Obdma��odcW`�bdmaZ�bd`�bd`�Z�yf�®hk��oQ};¦x`a��X�cx��bqha��od};¦x{YodX,wx����bqha��od};¦vhkZF`©h=�dZF}xZYm|bOhk��oQ}�bq}�yg��oQmaX�bd�D¤QZYmk�®¨D{YbOhk��oQ};ª

�<�d�B� ä



���������	��
	��
�������������
 ��������
 ���!�#"$��%&��')(��*���,+-
	�.�0/�12(��*��3 �

vxw�� ���c|����	��
 ����
���� ������
���
 �b�t������|��
sM���°haUxZ�¬"oQmaµLmkZYwDodmahaZ�yg��}!haUW��`MmaZFw�oQm©h=UWbQ`��DZYZY}¸yfoQ}xZ�¬���haUx��}!haUWZz��mkbdX,ZY¬�odmkµ�oq��haUxZRoZp\q�U\g�rdm��
fTp\Ikh�ijfjidI=T0ovod��`©ZYh,MØÀ$bqm|�d��NÆ¦xbq}L¶M²�� ��}WyfoO¬=`"�Wbd`aZFy;¦Jc�`©ZFm©²H��ma��ZY}�yf��i,��}JhaZYma�Òbd{YZ=��Z�yfZYm|bOhk��}x�@`©ZF¤dZFmkbd�
{YodX,wx��ZYX,ZY}Jh|bqmki!h�i\fjiWI,haovod��`$��mkodX yf� E§ZYmkZY}Jh�`aodcWmk{YZF`Fª�s=} ��X,wDodmahkbq}Jh�wWbdm©h�oq��haUxZ6oZp\q�U\g�rdm��
fTp\I�hkovod��`©ZYh]��`RFZU\l\m J�F��,I�UWQjn�ORgBl �"!8UWQ=U\�  �ZY¤QZY��odwxX,ZY}Jh$lBbd{|µObq�QZ�K0M ¥%À ]p���d�f¦°À$#J�]������NH¦°b
��ZFbQyf��}x�,ZFyf�QZ�hkovod����oSegyfZ�yf��{YbOhkZFy�hao@hkUxZ$��odmkX�bq�4¤Obq����yWbOha��od}�oq�Byf��`jhkma���xcfhkZFy!`aiv`©haZFX�`Yª

FZU\lWm¡o�E§ZYm|`�bq} ��}JhaZF�dm|bOhaZ�y�`aZ�h�oq����cx}W{ hk��oQ}Wbq����ha��ZF`�m|bq}W�d��}x����maoQX ��}JhaZYm|bd{�ha��¤dZ�`a��X�cx��bqha��od}¡hao
ZYefUWbqcW`©ha��¤dZQ¦OX,ovyxZY��²H�WbQ`©Z�y�¤QZYmk�®¨D{YbOhk��oQ}�X,Z�hkUxofyx`F¦dbq}Wy@��}W{���cWyfZ�`B`©oQwxUx��`jhk��{FbOhkZFy@bqwxwxmkoQbQ{|UxZF`°haozyfZ�bq�
¬���haU¸��bqmk�dZ�{Fbd`aZ�²³`jhkcWyf��ZF`Fª�·³}�bdyxyf��ha��od}!hko h�i\fjiWIq¦W��h]bd��`aoL`acxwxwDodmahk`=��oO¬�ZYma²H��ZY¤QZY�D��odmkX�bq����`aX�`=`©c�{|U
bQ`�¨W}W�®hkZ@`©hkbqhaZ�X�bQ{|Ux��}WZF`]bq}Wy¸}WZ�hj¬�odmkµv`=oq�"{YodX,X�cx}W��{FbOha��}x�gbdcfhaoQX�bOhkbWªM·³}¸hkUx��`]{Fbd`aZ�`©hacWyfiQ¦§haUxZ
��oQ����oO¬���}x�^FZU\l\mghaovoQ��`�¬�ZYmkZ$cW`©Z�y4±

Y F��,I�U\Q�MØÀztf�&%2N�{�oQX,wx����ZF`%hkUxZ�{�oQ}QhkmaoQ�fwWbqmah�oq�4b h�ijfjidI­wxmaoQ�dm|bqX~��}Jhao$�®h|`%ham|bq}W`a��ha��od}@�dm|bqwxU;ª
T�UxZ�yWbOhkb�wWbqmah���`�hkmkbd}W`©��bOhkZFy(�vi�haUxZ�F��,I�UWQ('�U\l\f {YodX,wx����ZFmPMØÀ$bqm|�d��N���}Jhao�Z�efZF{Ycfhkbd�x��Z��
{�ofyfZQ¦x¬�Ux��{|U���`�cW`aZFyghaoL{YodX,wxcfhkZ�hkUxZz�dm|bqwWU;ª

Y Obg�l)�*!8U\Q=UW� M ¥xZYm|�d��N���`,b¯¤QZYmk�®¨D{YbOhk��oQ} haovoQ�"��oQm�{�odX,wWbdma��}x��odm@X@��}x��X,�.�F��}x�(�QmkbdwxUW`�¬���haU
maZ�`©wDZF{�h�hao�bq}viLod�%`aZY¤QZYm|bq�4`©��X�cW��bqha��od}!bq}Wy��x��`©��X�cx��bOhk��oQ}!maZF��bqha��od}W`Fª

Y �bmC�C�,+8F��,I�UWQ M À$bdmk�Q��N0��`=bq}!odwDZY}¸wWmaoQ�dm|bqX,X,��}x�@��}QhkZYma�Òbd{YZ�bq����oO¬���}x�@haoLZYefwx��oQmaZzb,�QmkbdwxU
��}�b {Yod}Jhamkod����Z�y ¬�bSiQª tvZF¤dZFmkbd�$FZU\lWm haovoQ��`F¦M`acW{|U bd`^e.-�S0/ZpjgBU)fji\Q�bq}�y�1R�C�j�8Q=U�fjiWQ
yfZF`k{�mk����Z�y ��ZF��oO¬z¦�bqmkZ!�Wbd`aZFy7oQ} haUx��`,haZ�{|Ux}xoQ��oQ�didª�T�UxZ F��,I�U\Q�{�oQX@wW����ZYmg{Fbq} wxmkofyfcW{�Z
�bmC�C�,+8F��,I�UWQ�{�ofyfZ�bq����oO¬���}x�=oQ}f²ÖhkUxZ�²�2Wi$Z�efZ�{�cfhk��oQ}zoq��bZh�ijfjidIn`awDZF{���¨�{FbOha��od}°ªdo43Wm5'V�bmC�8�
��`�bd}xoqhkUxZYmZ�bmC�C�,+CF��kI�U\Q¯{�ofyfZ�wxmaofyfc�{�ZYm�¦J�d��¤J��}x��bQ{Y{YZF`k`nhko�b�}WZ�hj¬�odmkµ�od�°X,ovyxZY��`­od�0{�oQX�²
X�cx}W��{FbOha��}x�,wxmkof{�ZF`k`aZF`Fª

Y e6-=S0/ZpjgBU)fTiWQ���`]bq}���}JhkZYm|bd{ hk��¤QZ�wxmkod�QmkbdX ��odm]Z�efwx��odmk��}x��haUWZ��DZYUWbS¤v��odcxm�oq�­b^h�i\fTidI�`©wDZ�²
{���¨�{Ybqha��od};ª�·Æh=bq����oO¬=`nhko�¬�bq��µ@haUxmkodcx�QULhkUxZzbq��haZYmk}Wbqha��¤dZM�Wmkbd}W{|UxZF`"oq�°haUxZ]�dm|bqwxU°¦Jc�`©��}x�@�Wbd{|µ
bq}Wy���oQm©hkU�`©haZFwf²H�viJ²³`jhkZYw�Z�efZF{Ycfha��od};ª

Y 1R�C�j�8Q=U�fjiWQ@w�ZFm©��oQmaX�`0bq}zZ�efUWbdcW`©ha��¤dZnZYevwW��oQmkbqha��od}zbq}Wy��dZY}WZYm|bOhaZ�`§haUWZ"{�oQX,wx��ZYhaZ"�dm|bqwxUzod�fb
X,ovyxZY�Hª0·Æh0haUvcW`;wW��bSif`°bM`©��X,����bqm0maoQ��Z­bQ` F��,I�U\Q@�xcxh%{Ybd}z��Z�bqwxwW����ZFy$hko=oqhkUxZYm-�bmC�C�,+8F��,I�UWQ
`©oQcxm|{�ZF`F¦f`©c�{|U!bQ`�}xZ�hj¬�odmkµf`­od�%wWmaof{�Z�`a`aZF`���}¸{�odX��x��}WbOhk��oQ}g¬���haU�o43\m)'V�bmC�C�Bª

Y ebfTgRM ��bOh|�d�2Nx��`Bb]wxmkod�dm|bqX,X�bq�W��Z­haZYX,wDodm|bq�v��od�d��{�{|UxZF{|µQZYm�¦O�Wbd`aZFy�od}@b]`awDZF{���bq��� �YZFy���cx}W{�ha��oq²
}Wbq�fwWmaoQ�dm|bqX,X,��}x�M��bd}x�dcWbd�dZnZ��Jcx��wWw�Z�y�¬���haU@wxmk��X,��ha��¤dZF`0��oQm%�QmkbdwxU�ZYevwW��oQmkbqha��od};ª% MZY¨W}x��ha��od}W`
oq�°`aZY¤QZYm|bq�x¬�ZY���®²Æµv}xoO¬�},haZFX,w�oQmkbd�W��od�d��{Y`"`©c�{|ULbd`tO0q�f=g�bq}Wy,hkUxZMX,ofyxbd�87§²³{Ybd��{Ycx��c�`­bqmkZ=wxmkoq²
¤v��yfZ�y4¦�bq}Wy }xZY¬.od}xZ�`�{Ybq} ZFbQ`©����i �DZ�bdyWyfZFy4ª7¥xcxmahaUWZYmLyfZYhkbq����`�bq�Dodcfh@ebfTg(bdmaZ��d��¤dZF} ��}
tvZF{�ha��od}!�Wª

T�UxZ oZp\q�U\g�rWmsfTp\I�hkoJoQ���DoSe7bd��`ao {�oQ}Jhkbq��}W`,hkUxZ!ORmC�CQ=i~yWbOhkb¡hjivwDZ¯wxmkZ�²Æwxmkof{�ZF`k`aodm6M l�Z�{Y�d��NHª
T�UW��`,{�oQX,wx����ZYm@wxmkoO¤v��yfZ�`�{Yod}v¤dZF}x��ZF}Jh@{�oQ}W{���`aZ�`aiJ}Jh|bOe(Z�evhaZF}W`©��od}�`���oQm,yxZF{���bqmk��}x��X�bq}vi {�oQX,X@oQ}
�ÒbdX,������Z�`�oq�Byxbqhkb,`jhkmac�{ hacWmaZ�`�`©cW{|U¸bQ`�maZ�{�odm|yx`F¦fZY}vcxX,ZYm|bOhk��oQ}W`F¦v`aZ�h|`Y¦W����`jh|`Y¦�bd`�¬�ZY���;bd`��QZY}xZFmkbd�4��¢4²
`©hjiv��Z�{�od}�`jhkmacW{�haoQm�yfZF{Y��bdmkbqha��od}W`Fª�ObmC�8Q�i hkmkbd}W`a��bqhaZF`zhaUxZ�`©Z�yfZF{Y��bdmkbqha��od}W`$��}Jhao¯`©hkbd}Wyxbqm|y�h�i\fjiWI

�W� Ù2���2�#�



� %j78�����.��(�� ����7C��'s�

hjivwDZ�yfZY¨W}x��ha��od}W`F¦DZF�Jcx��wxw�Z�y¸¬���haU¯bd���°haUxZ�cW`©c�bq�0bQ`a`aof{���bOhkZFy!odwDZYm|bOhk��oQ}W`$JÖ{�od}�`jhkmacW{�haoQmk`F¦W`aZY��ZF{ hkodm|`Y¦
Z��JcWbq���®hjiQ¦fZ�h|{qª K ª

� 8@/¡
�	"����	��$#0����� ��� 135 8

� w#v 
�}C|)��|�� ���,�s~#��� �x� 
	�	
&
 ������
 ��� �
ORQTSVUWI0M  ,X���yfl­�Q��N4��`�b@`©U�bqmkZFy�X,ZYX,oQmaiL`acxwxwDodmah�`aif`jhkZYX���X,wx��ZFX,ZY}JhaZ�ygbd`�bd}gZ�evhkZY}W`a��oQ}Loq�0haUxZ
ORS 37odwDZYm|bOhk��}x��`aif`jhkZYX!ª!·Æh�wxmkoO¤v��yxZF`zb¸¤v��m©hkcWbq�"X@ZFX,odmki�bqX,oQ}x��b¸`©ZYh�oq��X�bd{|UW��}xZ�`Y¦%��} `©c�{|U(b
¬�bSi�haUWbqhzbdwxwx����{FbOhk��oQ}W`�`aUWbdmaZ�b�cx}x���JcxZ,bdyxyfmkZF`k`]`©wWbQ{�ZQª$^MbOhaUWZYm]haUWbd}¯cW`a��}x��b�`©��}x�Q��Z@{�odUWZYmkZY}W{YZ
wWmaodhaof{�oQ�WhkUWbOh�¬"oQcx��yL�DZ]ZYefw�ZF}W`©��¤dZ$bq}�yLoO¤dZFma��i@maZ�`jhkma��{ hk��¤QZ=��odm�X,oQ`©h�bqwxwx����{YbOhk��oQ}W`F¦)ORQTSVUWI�bq����oO¬=`
`acW{|U7wxmkoqhaof{Yod��`�hko ��Z¸wW��cx�Q�dZ�y ��}Jhao(haUWZ�`©if`©haZYX bd`^(�;8�9��
 ��� 
��A���[
 ��� 3@����'s�.��(�bd{Y{Yodm|yf��}x�¯hko(haUxZ
}WZYZFyW`"od�%`aw�Z�{���¨�{$bqwxwW����{Ybqha��od}W`F¦vmaZ�`©cx��ha��}x�@��}��DZ�h©hkZYm�wDZYma��odmkX�bq}W{YZdªBT�UxZ$ObQTSVUdI=X,ZFX@oQmaiL`awWbQ{�Z]��`
{YodX,wDoQ`aZFy�oq�B¨xefZ�y¸`©� �YZ a��.���9D�( JÖ{Ybq����ZFy������=��(���}�ORQTSVUWIAK�haUWbqh]bdmaZ$hkUxZ�`aX�bq����Z�`jhMcW}x�®h|`Mod�n`©UWbdmaZ�y
bQ{Y{YZF`k`Yª

T�UxZP%d� ')(��*����+-
	�.�,/�12(��*��3 J*F,HsIAK M ¥Wbd`k�d��N���`nb�yf��`jhkma���xcfhkZFy@¨W��ZM`aif`jhkZYX3�Wcx����h"oQ}@haodw�od��ObQTSVUdIO¦
¬���haU�haUWZ=yfodcx�W��Z�wxcxmkwDoQ`aZ"od��¤Obq����yWbOha��}x��haUxZZORQTSVUWI"`aiv`©haZFX���hk`aZY���§bd}Wy�ZYevwDZYmk��X@ZF}Jha��}x�$¬��®hkU@yf��`©hamk�®²
�WcfhaZ�y�bdwxwx����{FbOha��od}�`;hkUWbOhBcW`aZ�`©UWbdmaZ�y$¨W��ZF`�bd`�b�wxmkod�dm|bqX,X,��}x�MwWbdmkbQyf���dX!ª°T�UxZ�mkZF`acx�®hk��}W�]`©hamkcW{ hkcxmkZ
��`%������cW`jhkmkbqhaZ�y���}@¥%���dcxmkZ][d¦q¬�UxZFmaZ"haUWZ�`aUWbQyfZFy@bqmkZFbQ`0bdmaZ�}xoqhB{�oO¤QZYmkZFyz�vizhkUxZch�i\fjiWI"`aw�Z�{���¨�{Ybqha��od};ª

wxmaodhaof{�oQ�
{�oQUxZYmkZY}W{Yi

>����

s�^�·js�t�{Fbq����`
maZ�bdy�nO¬�ma��haZ

��¥Bt�X,ZF`k`abd�dZF`
wxmkoqhaof{Yod�4{Ybd����`

�QZY}xZFma��{Mw�bqmah

¥0����Zz·:nd£

����� E ����� E

`aUWbqmkZFy�¤v��mahacWbd�4X,ZYX,odmkiL`©w�bd{�Z

��of{Ybd�;{�odwvi ��of{Ybd�;{�odwvi

��� �!� �

¥%���QcxmaZ,[Q±-ObQTSVUWI]bd}Wy�F,H)I

�<�d�B� ä



���������	��
	��
�������������
 ��������
 ���!�#"$��%&��')(��*���,+-
	�.�0/�12(��*��3 �

tvZF¤dZFmkbd�°¨W��Z�{�oQUxZYmkZY}W{Yi!wxmaodhaof{�oQ��`]{Ybd}�{Yoq²ÆZ�ef��`©hF¦4c�`©��}x�!yf� E§ZYmkZY}Jh�`aw�Z�{���bq���.��bOha��od}¯X@ofyfcW��Z�`Yª�·³}
wWmkbQ{ ha��{�ZQ¦q��oQcxm�{YodUxZFmaZF}W{�i�wxmkoqhaof{Yod��`nUWbS¤QZ���ZFZY}g��X,wx��ZYX,ZY}JhaZ�y���}�F,HsIOªnsMX@oQ}x�zhkUxZYX!¦JhaUxZb3b
 
��:���
�*����1 ;��:���`�������D��`nyxZF`a���Q}xZFy�hao$h|bqµdZ���cx����bQyf¤Obq}Jhkbd�dZ�oq�DhaUxZkObQTSVUWI�`aif`jhkZYX bq}Wy,`©hkbq}�yx`�odcfh­bq�«haZFmBhaUxZ
X�cx��ha��wx��ZM��ZF}W{|UxX�bqmkµf`nyfZF`k{�mk����Z�y,��}�M ¥WbQ`a�Q�2NHª�T�UxZM`awDZF{���¨�{FbOha��od}Lbd}Wy,¤dZFma��¨�{FbOha��od}@¬�odmkµ�wxmkZF`aZY}JhaZ�y
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�¸oJ`jhnyxbqhkb�hjivw�Z�`�UWbS¤dZ��DZYZY}�yfZY¨W}xZ�y�c�`©��}x�]haUxZcORmC�CQ=i�`©iv}Jhkbqe�Z�evhkZY}W`a��oQ}W`Fª���ZF`a��yxZF`�mkZFyfcW{Y��}W�
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od��yf��`k{�c�`a`a��oQ}W`L¬���haU haUxZ¡yfZF`a���Q}xZYm|`�¬�ZYmkZ¸}xZYZ�yfZFy hao mkZFbQ{|U haUxZ���ZF¤dZY��oq��bd{F{�cxm|bd{Yi }xZFZFyfZ�y7��odm
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