
HAL Id: inria-00072544
https://inria.hal.science/inria-00072544

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.

Efficient Matching Algorithms for Publish and Subscribe
Systems

Françoise Fabret, François Llirbat, Arno Jacobsen, Joâo Pereira, Kenneth
Ross, Dennis Shasha

To cite this version:
Françoise Fabret, François Llirbat, Arno Jacobsen, Joâo Pereira, Kenneth Ross, et al.. Efficient
Matching Algorithms for Publish and Subscribe Systems. [Research Report] RR-4089, INRIA. 2000.
�inria-00072544�

https://inria.hal.science/inria-00072544
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

89
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Efficient Matching Algorithms for Publish and
Subscribe Systems

Françoise Fabret — François Llirbat — Arno Jacobsen — João Pereira — Kenneth Ross —

Dennis Shasha

N° 4089

December 2000





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

���������
	���
�����������	���������� ���!���#"%$'&(� ��)+*�,#����$-�.��	�/102*3,#$-�4���5,6�
0872$9���:"%$

;=<?>A@�BDCFEHGJIK;L>AM�<NIPOKQL;=<?>A@�BDCFEHGSR
TUEH<NM�>VO#Q=W�<N@�CYXF>AZDCFM�GNID@[QLXACF\AC^]_I`<JI`EU<?>aQ=bcI`@�@�IPO?d
eSCFGNGKQLf�ID@�@�EUG�g-d=>AGNd�>

hjilk�m8n�oqpsrut`vwnJxzyD{5vz|~}Dt3il}Dm�m8n��Hm2yP{!i�|~tlnD�
|�m2y��DnJ�J���l}Ptltl�JnJ�J�l{�}Dtlt�y�|��z�wyPt�{�nN�

�Lxz}���n�v���yPxzy?�Dn��
�:yP�l�V}Dx�v:��n xznJ{!i�n�x!{!iln+tA���`�P�P�6ps�_nJ{�n�m��VnJx_���D�P��p�oP����y��DnJ�

 3¡�¢J£�¤(¥l¦P£P§ �L¨l�l��|���iA©Pª�¨l���z{�xz|��Vn�|��_vwi�nq��yPxzyD��|~�Dm�|�tK«
il|�{!iK¨��wn�x!�_n�¬��lxznJ�z�:��}Ptl�P�Uvzn�xzm�|�t`vwn�xznJ��vz�
­�® �w¨l���z{�xz|���vw|�}Pt���¯�°8y�t����w}Pm8nKn�¬`vzn�xzt�y��_y��PnJt`v ­ �An�xzi�y��V�S}�vziln�x3¨���nJxz�!° ® �l¨l�l��|���ilnN�u¯KnJ�Pn�t`v!� ­ nD± �V±~�
}P²AnJxz�!°5±�hjiln9��}P�q}�³��L¨l�l��|���iA©Pª�¨l���z{�xz|��Vn´�w}�³µv�«jy�xzn�|��¶vw}·�wn�tV��n��PnJt`vz�9vz}
vwi�nL}(«
tln�x!�9}P³��w¨l���z{�xz|���vw|�}Pt��
�zy(vz|���¸�nN����¹3vwil}`��n nJ�Pn�t`v!��±�ºl}Px·n�¬ly�m8�l��nP�Ay8¨���nJx·�w¨l���z{�xz|~��vz|~}Dt#m8y?¹�{�}Dt���|���vj}P³Ly�t#|~t`vzn�xznJ��v:|~tKyPt
yP|~xz�l��y�tln3}�³·y»{�n�xwvzyP|~t¼v�¹��AnP�Lt�}�vqvz}»n�¬�{�n�nN�½y»{�n�xwvzy�|�t½�lxz|�{�nP±¿¾'��¨l�l��|��wilnJ�^n��Dn�t`v�m2y?¹¼{�}Dt���|���v
}P³_y�tÀ}�²Fn�x8}P³_y�tÁy�|�xw����yPtln3«
|~vwiÁ{�nJx�v!y�|�t^�lxz}P�An�xwvw|�nJ��|�t�{���¨���|�tl�Â�lxw|�{�nD±Y¾Ã�w¨l���z{�xz|~��vz|~}DtY{��~}`��nJ�~¹
xznJ�wn�m��l��nJ��yKvzxw|��P�Dn�x�|~tYvwi�y�v2|Äv2|��2y»��}Ptl�P�H��|��PnJ�^{�}PtV��|Ävz|~}Dt�y��
Å`¨lnJxw¹½yD�w�w}�{�|�y(vwnN�¼«
|~vwiÁy�tÁyP{5vz|~}Dt
­ ¨��w¨�y����~¹D�·|�t�³Æ}Pxzm8|~t��^vziln¼��¨l�V�w{�xw|��VnJx!°�±'Ç:}(«�n��Dn�xN�:|Ävc|����~nN�w���PnJtln�x!y��_vwiVy�tÈy^vwxz|��P�PnJx��w}Yt�}(�Pn��
��y(vzy���vzxw¨V{5vw¨�xwnN��yPt��S|�m8�l��n�m8n�t`vzy�vw|�}Pt��4m2y?¹2n�t�yP�l��n:vwi�n�{�xwnNy(vz|~}DtS}�³��z{�yP��yP�l��nP�`il|~�Di3�An�xw³Æ}Pxzm2y�t�{�n
��¨l�l��|��wi��u��¨l�V�w{�xw|��Vnc�w¹���vzn�m2��±�hjil|��8��yP�VnJxS��nJ�z{�xz|~�AnJ�2yPtÀy�v�vzn�m8��v3y(v2vzilnc{�}Dt���vzxw¨V{5vw|�}PtÀ}�³���¨V{!i
yP�~�D}Pxz|Ävzilm2�qyPt��¼|~vz��|~m8�l��n�m8n�t`v!y(vw|�}Pt-±ÂÉ_��|�tl�6y6{�}Dmq�l|�t�y(vz|~}Dt½}�³·��y(vzy6��vzxw¨V{5vw¨�xwnN���=y����l�~|�{�y�vw|�}Pt��
�w�AnJ{�|~¸V{�{�yP{!i�|~tl�»�V}D�~|�{�|�nJ�J�´y�tV�½y��l���~|�{�y�vw|�}Pt��u���AnJ{�|Ä¸A{SÅ`¨ln�xz¹¿�lxw}�{�nJ�z��|�tl�c}P¨�x��w¹���vzn�mÊ{�yPt½i�y�tV���~n
Ë �P�cnJ�PnJtDv!�q�An�x8�wnJ{�}Dt��¼}Dt Ë m8|��~��|~}DtY�w¨l���z{�xz|~�lvw|�}Pt���{�}Dt���|���vw|�tl�K}�³�{�}Pt���¨lt�{5vz|~}Dt���}�³ ­ y(v�vzxw|��l¨�vznP�
{�}Pm8��yPxw|���}Dt3}D�VnJxzy�vw}PxN�`�?yP�~¨�nN°��lxznJ��|�{�y�vwnN��±
ÌcÍ`ÎFÏzÐqÑ ¤(Ò�¢P§ �´¨l�l��|��wiA©�ª�¨l���z{�xz|~�An���¹���vwnJm���¸V�Ävzn�xz|~tl�SyP�~�D}Pxz|Ävzilm#��n��PnJt`vJ�l�w¨l���z{�xz|~��vz|~}Dt



�Ã����� ���!���#"%�
$'/����#�!�-������� �j���������
$��6��*�� /��
$'$¶72$¶���:"%�
$ /��
�#*3,#�������������q	 ��� $���*�$��´������������	

�	� ¢�

� � § � �´¨l�l��|~nJx�n�v��w}P¨V�w{�xw|�xwn � ­ �l¨l�l��|���iA©���¨����w{�xw|��An2n�t¼y�tl�D��yP|��!°�nJ��v�¨lt¼��yPxzyD��|��Pm8n���y�t��
��nJÅ`¨lnJ���lnJ��¨�vw|��~|��zy(vwnJ¨lx!��n�¬��lxz|�m�nJt`v���n�¨lx!�q�w¨(��n�v!����� |�t`vw��x���v ­ ��nN� � ��}D¨��z{�xz|~��vz|~}Dt�� � °�n�v8��nJ��y��Dn�t`vz�
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«
|Ävzi2vwiln
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n�m8n�xz�PnJt�{�nj}P³F{!ilnNy��8{�}Dm���¨�vwnJxz��i�y?��|�tl���Pn�xz¹���y�xz�Pn�xzyPt���}Dm yP{J{�nJ�z��m8n�m8}Pxz¹P��m8}Dxwn
y�tV�
m8}DxwnSyP�~�D}Pxz|Ävzilm2��«
|~���4xz¨lt¿|�t½m2y�|�tÂm8nJm�}Dxw¹6«
|Ävzil}P¨lv�y�t�¹ÂyP{�{�nJ�z��vw}K�wnJ{�}Pt���y�xz¹»m8n�m8}Pxz¹[? vJ�&AH±
Ç·}(«4nJ�PnJxJ�J���6�lxz}�{�nJ�z��}Dxz�9��vw|����Di�y?�DnL��m2yP�~�`{�yP{!i�nLm8n�m8}Pxz|~nN��I9�´xw}�{�nN�w�w}Px¶{JyP{!iln´m�nJm8}Pxz|~nN�-y�xznL��vzy(vz|�{
�·¾c8'm8nJm�}Dxw|�nJ�-«
il|�{!iqil}D������y(vzy:vwi�y�v�«�n�xzn´xznJ{�n�t`vw��¹�xwn�³Æn�xzn�t�{�nJ����¹ xz¨ltltl|�tl�·��xw}D�Px!y�m2��±9rutV��|���n4y
{JyP{!iln_m8n�m8}Pxz¹P�`m8n�m8}Pxz¹8xwn�³Æn�xzn�t�{�nJ��{�y�t3�Vn��lxz}�{�nJ�z��nN�Sy(vj�lxz}�{�nJ�z�w}Px´�w�VnJnJ�9±L�:n�³Æn�xzn�tV{�nJ�´vwiVy(v
y�xzn
t�}�v�³Æ}P¨ltV�q|�tqvziln:{�yD{!ilnP��{Jy����~nN�qm8|��w�wnJ�J��xznJÅ`¨l|�xwn´vwilnj³Æn�vz{!i�}�³Vvwiln:{�}PxzxwnN���A}Pt��l|~tl��{�yD{!iln4���~}�{�B�³Æxz}Pm
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��xw}�{�nN�w�w}Px�|�� ­ tl}Dxwm2y�����¹�°·|����~n2¨�tDvz|~��vziln8³Æn�v!{!i¿|����An�xw³Æ}Pxzm8nJ�9±2ª�}c{�yD{!iln�m8|��w�wnJ� �wn��Dn�xzn���¹#|~m8�AnJ��n
��xw}D�Px!y�m �An�xw³Æ}Pxzm2y�t�{�nP±¿ºl}Dxqvzil|���xznJyD��}Dt¶��m8yP|~tYm8n�m8}Pxz¹ÂyP�~�D}Pxz|Ävzilm �VnJx�³Æ}Dxwm2yPt�{�nS|���tl}�v�}Ptl��¹
�wn�tV��|~vw|��Pn·vw}�vwiln�t�¨lmq�An�xj}�³�|~t���vwxz¨�{�vw|�}Pt��´vwilnJ¹S�An�xw³Æ}Pxzm��`�l¨�v:yP���w}�vz}�{JyP{!iln_�VnJi�y?��|~}DxJ±~8c}Pxzn�}(�Dn�xN�
vziln�m2y�|�t�vwxzn�t����·y�xzn I ­ vN°��:¾c8Ê�w|F��n�y�tV�#�lxw}�{�nJ�z��}Dxj�w�An�nJ�#�Dxw}(«Èn�¬��A}PtlnJtDvz|�yP�~��¹S«
|~vwil|�tcvziln�tln�¬`v
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¹DnJyPxz��� ­ �D°_�Lxw}�{�nJ�z��}Dx�{JyP{!iln8�w|E�Jn8�l}`nN��tl}�v�|�t�{�xwnNyP�wn�m8}Pxzn�vwi�yPtÂ��|�tlnJyPxw��¹P±8hji�¨�����m2y�|�t6m8n�m8}Dxw¹
yP�~�D}Pxz|Ävzilm2��«
|~���¶�AnJ{�}Dm8n�m8}Dxwn y�tV�3m8}Pxzn ��nJt��w|Ävz|~�Dn_vz}8�lxw}�{�nJ�z��}Dxj{JyP{!iln��An�i�y?��|�}PxN±
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�w}PtV�z°�±�Ç·}(«4nJ�PnJxJ�`m8}��ln�xzt���xw}�{�nN�w�w}Px!�L��xw}(��|���n�tl}(«�vwi�n �´� �´º
�´h·��Ç {�}Pm8m2y�t��3vwiVy(v:�An�xzm�|~vz�
y
xz¨ltlt�|~tl�3�lxw}D�Px!y�m vz}S³Æ}Dxz{�n vwilnq³Æn�v!{!iK}�³LyS{JyP{!iln����~}�{�B�³Æxw}Dm�yS�w�AnJ{�|~¸�nN�c�V}`��|~vw|�}Pt»|~t#vziln��:¾�8¼±
hji�|��:{�}Pm8m2y�t���|��
n�¬�nJ{�¨�vwnN�3|�tc��yPxzyP�~��n��F«
|~vwic�lxz}P�DxzyPm[|�t���vwxz¨�{5vz|~}Dt��J±Lhji`¨V���l|~³�vwiln���xw}D�Px!y�m {�yPt
��xwnN��|�{�v2|~t�yP�l�?yPt�{�n#«
il|�{!iÁ{�yP{!i�n��l��}�{�B½|~vS«
|~���:tlnJnJ�^vw}¼xznJyP�¶�´|~v3{�y�tÁy?�P}D|��^y¼{�yP{!i�n�m8|��w�8��¹
��xwn�³Æn�vz{!i�|~tl�qvwiln {JyP{!iln_�l�~}�{�B�³Æn�« |~t���vwxz¨�{�vw|�}Pt����An�³Æ}PxznP±=¾·tl}�vziln�xj«jy?¹qvz}���|~m8|~v:{�yP{!i�n·m8|��z�wnJ�4|��4vw}
�lnJ�w|~�Dt�y����P}Dxw|~vwi�m8�-vwiVy(vLy�xzn�y?«jy�xzn´}P³�vzn�m8�V}DxzyP��y�t������Vy(vw|�y�����}�{�y���|~v�¹P±�ª���y(vz|�yP�`��}�{�yP�~|~v�¹�|���yD{!il|�n��PnN�
«
i�n�t»�ly�vzy8vzi�y(v�y�xzn�¨��wnJ�K{�}Pt��wnJ{�¨�vw|��PnJ�~¹��`¹�vwi�n�y����P}Dxw|~vwi�m�yPxwn �l��yP{�nJ�#|�t»{�}Dt��wnJ{�¨lvw|��Pn�m8n�m8}Dxw¹
yD�l��xznJ�z��nN��±�h�n�m8�V}DxzyP�F�~}�{�yP�~|~v�¹S|��
yP{!il|�n��DnJ�3«
iln�t�vwi�n��zy�m8n �ly�vzy�|��jm2yPtl|~��¨l��y�vwnN�3|�tc{�}PtV��nN{�¨�vz|~�Dn
|�t���vwxz¨�{5vz|~}Dt��J±
rut2vzil|��´��yP�VnJx´«�n:�lxz}P�A}D�wn:y m2y(v!{!il|~t��qy����P}Dxw|~vwilm «
il|�{!i2|������AnJ{�|Ä¸A{�y�����¹���nN��|��Pt�nJ��vw}q�Vn�{�yP{!i�n

{�}Pt��z{�|�}P¨V��±�¾ ��}�v�}�³¶m2y(v!{!il|~t��qy����P}Dxw|~vwilm2�´i�y?�Pn:�An�nJtS�lxz}P�A}D�wnJ�8|�t2vwi�n_��|Ävzn�x!y(vz¨lxwn#? 
`� v��`��� vN���`��AH±
D·n��Dn�xwvwilnJ�~nN�w�J�`vw}2}P¨�x*B�tl}(«
��nJ�l�PnP��t�}Ptln�}�³�vwi�n�m |��
y?«jy�xzn_}P³-vwi�n�{�yP{!i�n��An�iVy?�`|�}PxN±
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hji�n´y����P}Dxw|~vwilmÈ�ly(v!y:��vzxw¨V{5vw¨�xwnN�¶y�xznL��n���|�{�vwnJ��|�t�º�|~�D¨lxzn vP±��:nJ{�yP�~��vwi�y�v�y:�w¨l���z{�xz|~��vz|~}Dt kL|��-��n�¸�tlnN�
��¹�yPtq|���n�t`vw|~¸�nJx�yPt���y_�wn�v�}�³���xwnN��|�{Jy(vznJ��}�³lvziln�³Æ}Pxzm l y(vwvwxz|~��¨�vwnD�P{�}Dm��Vy�xz|��w}Pt�}D�VnJxzy�vw}DxJ�N�(y���¨ln q ±
¾·t#n��PnJt`vj|��
y8��n�v:}�³ l y(vwvwxz|~�l¨lvwnP���(yP�~¨ln q ��yP|~x!�J±
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hjiln�y����P}Dxw|~vwilm�¨��wnJ�·y3��n�v_}�³=|�t���n�¬�nN���Fy��������	� 
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��q�l|Äv��PnN{5vw}Dx·y�tV�cy2�PnN{5vw}Dx:}�³Lxzn�³ÆnJxwnJt�{�nN�jvw}
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i�|�{!iÂy�xzn
xzn���n��(yPtDv_³Æ}Px_vwiln�n��Dn�t`vJ± �´yD{!i»|�t���n�¬�nN�c�lxznJ��|�{�y�vwn�vzi�y(v�}�{�{�¨lxz�_|�t»}Pt�nq}Px�m8}Pxznq�w¨l���z{�xz|~��vz|~}Dt��_|��
yD�w�w}�{�|�y(vznJ�8«
|~vwi�y��w|~tl�D�~n_n�t`vwxz¹8|~t3vwiln��lxznJ��|�{�y�vwn_�l|Ävj�PnN{5vz}PxN±�hjil|��4n�t`vwxz¹S��nJxw�DnJ�Lvw}qxzn���xwnN��nJtDv4vwiln
xznJ�w¨l�~v�}P³¶vwi�n���xwnN��|�{Jy(vzn_nJ�?yP�~¨Vy(vw|�}Pt-±�r v
|��j��n�v�vz} v�|~³-vwi�n���xwnN��|�{Jy(vzn_|��j�wy�vw|���¸�nN�S��¹8vwi�n�nJ�PnJtDv
y�tV�
��}PvwilnJxw«
|���nD±
¾ �lxznJ��|�{�y�vwn��6m8y?¹#y����w}S�Vn�yP�z��}�{�|�y�vwnJ��«
|~vwiÂy2xwn�³Æn�xzn�t�{�n vw}�y2��|���v�}P³L��¨l�V�w{�xw|���vw|�}Pt6{���¨���vzn�x!��±

rut#�w¨�{!i�{JyP�wnP��«�n �wy?¹8vzi�y(v��#|��
y�t � ������"�"�� �C� �����s�����
³Æ}Px:yP�~�¶�w¨l���z{�xz|~�lvw|�}Pt���|�t�vziln�{���¨���vwnJxz�j��|���vJ±L¾
��xwnN��|�{Jy(vzn!�»{�yPtc�Vn�y�tKyP{J{�nN�w�
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��|���v
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|~���jm8y�vz{!iÀy�t^nJ�PnJtDv8|~³�y�tV�½}Pt��~¹¼|~³�yP�~���l|~v8�DnJ{�vw}Px
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h�y����~n�v I=�=yPxzyPm�n�vwnJxj�ln�¸�tl|~vw|�}PtV�
y�t���x!y�tl�Dn_�(y���¨lnN��±h�}_nJ�(y���¨�y(vzn�yPt��q{�}Pm8��y�xzn=vzilnj�VnJx�³Æ}Dxwm2y�tV{�n´}P³lvwi�n���|~²Fn�xzn�t`v�yP�~�D}Pxz|Ävzilm2�-«�n�¨���n4vwi�n´³Æ}D�~��}(«
|~t��
m8n�vwxz|�{J��I�}(�PnJxzyP�~�j��¹���vwnJm vwilxz}P¨l�Dil�l¨�vN�´m8n�m8}Dxw¹½�w|E�JnP��y�t��À��¹���vwnJm ¨l�F�ly(vzn�vz|~m8nD±Àhjiln#}(�Dn�x!y����
�w¹���vzn�m vwilxz}P¨��Pil�l¨lvqm8nJyP�w¨lxznJ��vziln3t�¨lm��VnJxq}�³
nJ�Pn�t`v!� �lxz}�{�nJ�z��nN�Â�VnJxq¨ltl|~v�}P³jvw|�m�n3³Æ}Px��(yPxw|�}P¨��
{�}Pt�¸V�P¨lx!y(vz|~}Dt���}�³
vziln3�w¹���vwnJm#±Khjiln3m8n�m8}Dxw¹Â��|F��n3{Jy���vz¨lxznJ� vziln3xznJ�w|���n�t`vqm8n�m8}Dxw¹Â��|F��nS}P³
vwiln
��¨l�l��|��wiA©(�w¨l���z{�xz|��Vnj��¹���vwnJm �lxz}�{�nJ�z�����wn��Vy�x!y(vwnJ�~¹�³Æ}Dx�vwiln:��|~²Fn�xzn�t`vLy����P}Pxz|~vwilm2�J��y(vL��|~²AnJxwnJtDvL�w¹���vzn�m
��vzy�vwnN��±2ª�¹���vzn�m ¨��A�ly�vwn�vw|�m8n2m8nJyP�w¨lxznJ�·vwiln8vz|~m8n8|~v vzy�BDnJ�_vw}c�w¨l�lm8|~v�¨l�A��y(vwnN� ­ |�t��wn�xwvw|�}Pt���y�tV�
�ln���n�vw|�}PtV�z°´vw}8vziln �l¨l���~|���iF©(�w¨l���z{�xz|~�An ��¹���vwn�m#±
hj|�m8|~tl�`�qyPxwn8v!y�BPnJt¿|~t¼m8|��~�~� �wnJ{�}Pt���� «
|Ävzil|�t¿vwiln�«4}DxCB���}DyP�»�PnJtln�x!y(vz|~tl�c��xw}�{�nN�w�J�l��¨V��vq�An�³Æ}Dxwn

nJ�PnJtDv!��}Pxq�w¨l���z{�xz|���vw|�}Pt���iVy?�Pn8�VnJn�t½�w¨l�lm8|~v�vwnN�Âvw}#vzilnS�l¨l���~|���iF©(�w¨l���z{�xz|~�AnS��¹���vwnJm �lxz}�{�nJ�z� y�tV�
xz|��Pi`v�y�³µvwn�x_vwi�n��w¹���vzn�m xznJ�w�V}Dt��l�J±�hjiln8�w¹���vwnJmÃxwnN���A}Pt����:vz}�nJ�Pn�t`v���¨l��m�|��z��|�}Pt��_«
|~vwiKvziln�tl}�vz|Ä�
¸A{�y(vz|~}Dt��
vzi�y(v�{�}DtDv!y�|�t#vwiln�r����·}P³Lm8y�vz{!ilnN�c��¨����w{�xw|���vz|~}Dt���±_hjiln�vz|~m8|�tl�D�·vwilnJxwn�³Æ}Pxzn�|�t�{���¨���n�vwiln
|�t`vwnJxw�lxz}�{�nN�w��{�}Dm�m�¨ltl|�{�y�vw|�}Ptcvz|~m8nJ� yPt��K|�t���|���|��l¨�y���vz|~m8|�tl�D��yP{J{�}D¨lt`v_³Æ}Dx_vziln8�lxz}�{�nJ�z��|�tl��}�³4yPt
nJt`vw|�xwn���y�vz{!i�}�³=��¨l�V�w{�xw|���vw|�}PtV�4}Dx
n��Dn�t`vz�
�w¨l�lm8|~v�vwnN�9±

9Ân�x!y�t#��nJ�Pn�x!y��Fn�¬��An�xz|�m�nJt`vz�
m�¨l�Ävz|~���~n vz|~m8nN�:y�t��#��|��#tl}Pv:tl}�vz|�{�n�y��w|��Ptl|~¸V{�yPt`v·��|Ä²Fn�xzn�tV{�n |�t
vziln3xznJ�w¨l�~vz�J± 96nD��vwilnJxwn�³Æ}PxznP����}Ktl}PvqxwnJ�V}Dx�v��?yPxw|�y�tV{�nJ��|~t½}D¨lx ¸��D¨lxznJ�J��«
il|�{!i½«�n�xzn2�~}(«�n�x�vwi�yPt
��± v&%3��³Æ}Pxjvwi�n n�¬��VnJxw|�m8n�t`vzyP�9xw¨�t��jxwnJ�VnNy(vznJ�9±
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rutÂvzil|�� �wn�xz|�nJ��}�³�n�¬��An�xz|~m8n�t`v!� «4n2yD�w�w¨lm8n�vwi�y�v vwiln8�l¨l���~|���iF©(�w¨l���z{�xz|~�An2��¹���vwn�m |�� �w¨l����nN{5v vz}#y
��y�xz�Pnqt`¨�mq�An�x�}�³´�w¨l���z{�xz|~��vz|~}Dt��J�Vvzi�y(v_vwilnN��n8�w¨l���z{�xz|~��vz|~}Dt��·��vzy?¹#|�tKvziln��w¹���vzn�m�³Æ}Px�yS��}Pt��2vw|�m8nP�
yPt��6vwi�y�v vwiln���¹���vwn�m mq¨���vqi�yPt�����nSy#il|��Pi¿xzy�vwn2}P³�nJ�Pn�t`v!��±3hji�nJ�wnSy�xzn�vzilnS��yD��|�{2yP�z�w¨lm8��vw|�}Pt��
¨��V}Dt�«
i�|�{!i�«4n:�lnJ�w|~�DtlnJ�qvwiln
m2y�vz{!il|�tl��y����P}Dxw|~vwi�m8�J±-hjil|��LyP���w}�xwnJ�lxwnN��nJt`vz��vwiln BDn�¹�xznJÅ`¨l|�xzn�m8n�t`vz�
¨�t���n�x
«
i�|�{!i¶��«4n yP�z�w¨lm8nP��}P¨�x:��¹���vwn�m «
|~���¶i�y?�Dn·vz}�}D�VnJxzy�vwnD±

9Ân ��n�m8}PtV��vzxzy�vwn:vziln_vw}�v!y��9�w¹���vwnJm vwilxz}P¨��Pil�l¨lv4³Æ}Dx�y��P|��PnJtSt�¨lmq�An�xj}�³���¨l�V�w{�xw|���vw|�}PtV�4yD{�xz}D�z�
yP�~�Fy����P}Dxw|~vwi�m8�J±^96n�y�����}�n��(y���¨�y�vwn:vziln��w{Jy���y��l|��~|~v�¹8{!i�y�x!yP{�vwn�xz|���vz|�{J�L}�³¶}D¨lxj��¹���vwn�m#��|H± nD±~��|~vz���VnJx�³Æ}Dx��
m2yPt�{�n�|�t3vzn�xzm8�j}P³�nJ�Pn�t`v�vwilxz}P¨��Pil�l¨lvj«
|~vwicyPt�|�t�{�xznJyD��|�tl��t`¨�mq�An�x
}�³���¨����w{�xw|���vz|~}Dt��4vw}8�lxz}�{�nJ�z��±
9Ân#³Æ¨lxwvwilnJxSm8nJyD��¨lxzn�vwilncm8nJm�}Dxw¹^¨�vw|��~|F�Jy�vw|�}Pt�y�tV�^vziln#vw|�m8nc|Äv3vzy�BDnJ��vz}¼�lxw}�{�nJ�z��y¼{�}Pt���vzyPt`v
t�¨lm��VnJx
}�³=��¨����w{�xw|���vz|~}Dt����`¹Svwiln��w¹���vzn�m ­ |U± nP±����w¹���vzn�m'¨l�F�ly�vwn�vw|�m8nN°�±
º�|��P¨lxznSo ­ y`° {�}Dm��Vy�xznJ��}(�PnJxzyP�~�=�w¹���vzn�m vzilxz}P¨l�Dil�l¨�vqyD{�xz}D�z��yP�~��y����P}Dxw|~vwilm2�J±3hjiln8³Æ}D�~��}(«
|~t��

«�}PxsB��~}`yP�c�w�VnN{�|~¸V{�y�vw|�}PtÂ«�yD�·¨V��nN��I(9a� t ­ R ) n W 
l��R � n��»­ �S¸�¬�nN�9�-yP�~�=nNÅD¨Vy���|Äv�¹l°5��R � n W 

­ y����-¸�¬�nN��°5�F�(y���¨ln���}Pm2y�|�t I ­ � n ND��� n3W�� ° ­ tl}��LBDn�«:�!°5�#R 6�� n N � C ��� �l��R�� � n N � �D° ­ vwiln8�wyPm8n
«�}PxsB��~}`yP�3|��
¨V��nN��|�tcº�|~�D¨lxwnN�:o ­ {J°jyPt��#o ­ �V°�°5±�¾·�
n�¬��VnN{5vwnN�9�lvzilnq��¹�t�yPm8|�{ yP�~�D}Pxz|Ävzilm �wil}(«:��vwiln
�AnJ��v:�An�xw³Æ}Pxzm8yPt�{�nD��«
il|��~n vziln�{�}D¨lt`vw|�tl�Sy����P}Dxw|~vwi�m'|��
vwiln ��nJyD��v:�An�xw³Æ}Pxzm2y�t�{�nP±Lhjiln �An�xw³Æ}Pxzm2y�t�{�n
}P³-vziln �lxz}P��yP�Dy(vz|~}Dt3y����P}Dxw|~vwi�m8����|~nN�
|�t��An�v�«�n�nJt�vzilnJ�wn�v�«4}V±=hjiln �lxzn�³Æn�v!{!il|�tl��vwnJ{!i�tl|�Å`¨ln yP�l�l��|~nN�
|�t�vwiln |�m8�l�~nJm8n�t`vzy�vw|�}Pt�}�³�}Dtln�}�³-vziln �lxz}P��yP�Dy�vw|�}PtSy����P}Dxw|~vwi�m8��|�m8�lxw}(�DnJ�4|Äv!�
�An�xw³Æ}Pxzm8yPt�{�n�yP�l�l|Ä�
vz|~}Dt�y�����¹K��¹»y�³ yP{5vz}Px }P³rvD± �S³Æ}Px ��y�xz�Pn�t�¨lmq�An�x!��}�³
��¨����w{�xw|���vz|~}Dt���±2º�}Px |�t���v!y�t�{�nP�¶m2y�vz{!il|�tl� vJ�D�
nJ�PnJtDv!�qyP�Dy�|�t���v Ë ± �P�D�l± �P�D���w¨l���z{�xz|���vw|�}Pt���vzy BPnJ�q}Pt¿vziln�y?�Dn�x!y��Dn8�D�Po 
 
3m2� ­ {�}P¨�tDvz|~t��`°5�L�D���Km2�
­ �lxz}P��yP�Dy(vz|~}DtV°5� ���D�cm2� ­ �lxz}P��yP�Dy(vz|~}Dt¿«
|Ävzi^�lxzn�³Æn�vz{!il|�tl�`°qy�t��Fv ËPË m8� ­ �l¹`tVy�m8|�{N°5±¿¾'tl}PvzyP�l�~n
³ÆnNy(vz¨lxwn3}�³
vwi�n���¹�t�yPm8|�{SyP�~�D}Pxz|Ävzilm |��qvwiln3³ yP{�vqvwiVy(vqvziln�m8y�vz{!il|�tl�cvz|~m8n�|��#BPnJ��v�|�t���nJ�VnJt���n�t`v
³Æxz}Pm vwiln2t�¨lm��VnJx�}�³
�w¨l���z{�xz|~��vz|~}Dt��J±3hjil|���tl|�{�n2�An�i�y?��|�}Px |�� n�tV��¨lxznJ�Â��¹6�l¹`tVy�m8|�{Jy����~¹6{�xznJy(vz|~t��
t�n�« iVyP�wil|~t���v!y��l��nJ��«
ilnJtÂvwiln2�w|E�Jn�}P³j{��~¨V��vzn�x!�_�AnJ{�}Pm8nJ��vz}�}���y�xz�PnD±#9ÂnSy�����}�x!y�t»n�¬��VnJxw|�m8n�t`vz�
vz}6{�}Pm8��y�xzn8vwi�n���¹�t�yPm8|�{SyP�~�D}Pxz|Ävzilm «
|Ävzi¼vwiln#��vzy(vz|�{�y����P}Dxw|~vwilm#±»ª`v!y(vz|�{�y����P}Dxw|~vwilm �lxz}��l¨�{�nN�
{��~¨V��vzn�xz|~tl�#|�t���vzy�tV{�nJ� vwi�y�v�«4nJxwn8�PnJxw¹6��|�m8|~��y�x vz}#vwil}`��n8}D��vzyP|~tlnN�Â�`¹»vwiln���¹�t�y�m8|�{ ­ }Ptln2}Dx v�«�}
yD�l��|~vw|�}Pt�yP�li�yD��il|�tl��v!y��l��nJ�!°=y�tV�2��|��8t�}�v4�w|~�Dtl|~¸V{�yPtDvz�~¹��VnNy(vLvziln·��¹�t�yPm8|�{:yP�~�D}Pxz|Ävzilm ­ ³Æn�«Ám2�L�An�x
vN�P�#nJ�Pn�t`v!�z°�±»hjil|����wil}(«:��vzi�y(v�vwiln�m�n�vwxz|�{J�q¨V��nN�¼|~t½vwiln���¹�t�y�m8|�{Sy����P}Dxw|~vwilm �lxz}(��|���nSy»�P}�}��
yP�l�lxz}?¬�|~m2y(vz|~}DtS}�³={���¨���vwnJxw|�tl�8�VnJtln�¸�vz�J±
¾·�~�¶yP�~�D}Pxz|Ävzilm2�L«�n_|�m8�l�~nJm8n�t`vwnN�3«�}PxsB�|�t�v�«4}��li�yP�wnJ�J±=hjiln_¸�xz��v4��i�yP�wn�{�}Pt��w|���v!�´|�t3vz}��ln�vwnJx��

m8|�tl|�tl�3y����-��xwnN��|�{Jy(vznJ�
m2y(v!{!ilnJ����¹#y�tcn��Dn�t`vJ��vwiln���nN{�}PtV�#�li�yP�wn�{�}Dt��w|���vz�
|�tcvz}S��n�vzn�xzm�|�tl|�tl�3yP�~�
m2y�vz{!ilnN����¨����w{�xw|���vz|~}Dtq��yD��nN� }Ptqvwiln�|~tl³Æ}Pxzm8y�vw|�}Pt��`y�|�tlnJ�q|~tqvwiln4¸�x!��v��li�yD��nD±-�LxznJ�l|�{Jy(vwn�m2y(v!{!il|~t��
|�����}Pt�n���¹cvziln��zy�m8n�³Æ¨lt�{�vw|�}Pt6³Æ}Px y����Ly����P}Dxw|~vwilm2�J± �Lxz}P��yP�Dy(vz|~}DtKy�t��Â��¹�t�yPm�|�{�y����P}Pxz|~vwilm2��y�xzn
�lnJ�w|~�DtlnJ�»vw}c}D��vw|�m8|E�Jn�vzilnS�wnJ{�}Dt��6�li�yP�wnP±2rut¿}D¨lx n�¬��An�xz|~m8n�t`v!����«4n2�wn���yPxzy�vwn���¹cm8nJyD��¨lxznJ�6nJyD{!i
��i�yP�wnP±�hjiln#v ËPË m2�4¨���nN�2��¹�vwiln���¹�t�y�m8|�{·y����P}Dxw|~vwi�m ³Æ}Px4m2y(vz{!i�|~tl� vJ�D��n��PnJt`vz�´yPxwn_���An�t`v�yD�=³Æ}D�Ä�
��}(«:�pI¶¾:�����zy(vz|���¸�nN� �lxznJ��|�{�y�vwnJ��y�xzn4��|��z{�}(�PnJxwnN��|~t vJoP�Pm2���Jvwil|���|~tV{���¨���nJ��vzilnLvz|~m8n4vw}��lxw}�{�nJ�z�¶n��Dn�t`vz�
­ |U± nP±����Vy�x!��n�yPxwxz|~��|�tl��n��PnJt`vz�
n�vz{�± °5±
¾·�~��m8y�vz{!il|�tl�S�w¨l���z{�xz|~�lvw|�}Pt��
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