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¾·t#n��PnJt`vj|��
y8��n�v:}�³ l y(vwvwxz|~�l¨lvwnP���(yP�~¨ln q ��yP|~x!�J±

©Kª^��©§«



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


hjiln�y����P}Dxw|~vwilm�¨��wnJ�·y3��n�v_}�³=|�t���n�¬�nN���Fy��������	� 
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}P³=vwilnqvw|�m8n�«jyP�:�w�An�t`v�{�}Pm8mq¨�tl|�{Jy(vz|~tl�Svwiln�r��_�_}�³Lm2y(v!{!il|�tl���w¨l���z{�xz|~�lvw|�}Pt��·��yP{�B�vw}3vwiln�{���|~nJtDv
��xw}�{�nN�w�J±�hjiln��lxw}D��y��`y(vz|~}Dt  «
|~vwi��lxwn�³Æn�v!{!il|~t��`°�y����P}Dxw|~vwilm �w�VnJt��l��vziln �wyPm�n_vw|�m8n�³Æ}Pxj�lxznJ��|�{�y�vwnJ�
{!i�nJ{�B�|~t���y�tV��{�}Pm8mq¨lt�|�{Jy(vw|�}Pt��l¨�v:|~vz�
�w¨l���z{�xz|~�lvw|�}Pt3m2y�vz{!il|�tl��vw|�m8n�|�t�{�xwnNyP�wnJ�4«
|Ävzi�vziln�t�¨lmq�An�x
}P³A�w¨l���z{�xz|~�lvw|�}Pt��  ³Æxz}PmEvN��m2��«
|ÄvziUvN�P��± �D�P�:�w¨l���z{�xz|~�lvw|�}Pt���vz}�o ��oPm8��«
|~vwi Ë ± �P�D�l± �P�P�`°5±9�LxznJ�l|�{Jy(vwn
m2y�vz{!il|�tl�#�VnJx�³Æ}Dxwm2yPt�{�n2m2y?¹»��vw|��~�4�Vn3|~m8�lxz}(�PnN�c³Æ}Px�y����´y����P}Dxw|~vwilm2�J�-|~³�i�|~�Dil�~¹6}P��vz|~m8|F��nN�¿|~t��ln�¬

©Kª^��©§«



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

1

10

100

1000

10000 100000 1e+06 1e+07

m
a
tc

h
in

g
 t
im

e
 i
n
 m

s

number of subscriptions

matching process time per event

counting
propagation

propagation_wp
dynamic

0

0.5

1

1.5

2

2.5

3

3.5

0 500000 1e+06 1.5e+06 2e+06 2.5e+06 3e+06

m
a
tc

h
in

g
 p

ro
c
e
s
s
 t
im

e
 i
n
 m

s

number of subscriptions

matching process time per event

dynamic W1
dynamic W2

propagation_wp W1
propagation_wp W2

�u?���� � � ������� � ��� � ¼ ����� � ¨�?�1*;7+
8 ��Q�� � � � Ê�� �
	�Ë��,� � ��� � ¼ Ê�� �
�Ë���� � ¨�?�1*;<+08

0

100000

200000

300000

400000

500000

600000

700000

800000

0 1e+06 2e+06 3e+06 4e+06 5e+06 6e+06

m
e
m

o
ry

 i
n
 K

 b
y
te

s

number of subscriptions

resident memory size

counting
propagation

propagation_wp
dynamic

0

1e+06

2e+06

3e+06

4e+06

5e+06

6e+06

7e+06

8e+06

9e+06

1e+07

0 1e+06 2e+06 3e+06 4e+06 5e+06 6e+06

ti
m

e
 i
n
 m

s

number of subscriptions

subscription loading time

counting
propagation

propagation_wp
dynamic

static

��-���� � � �����,� � ��� � ¼½����� � ¨$?�1*;7+
8 �uB���� � � ������� � ��� � ¼ ����� � ¨�?�1*;<+08
º�|��P¨lxzn2o`I�nJ�PnJtDv�m2y�vz{!il|�tl�c�lxz}�{�nJ�z�w|~tl��vw|�m8nP��m8n�m8}Pxz¹»xznJ�w|��ln�t`v���|F��nSyPt��¿��¨l�V�w{�xw|���vw|�}Pt¿��}DyD��|~t��
vz|~m8n�³Æ}Dxjvwiln��wn��Dn�x!y��9y����P}Dxw|~vwilm2�J±

��vwxz¨�{�vw¨lxzn·}Dt3�lxznJ��|�{�y�vwn���}Pm2y�|�t���y�xzn·¨��wnJ�¶±��_¨�x4�lxz|�m8yPxw¹��P}`y��Ai�yP�4�An�n�t3vw}�il|��Pil��¹2}P��vz|~m8|F��n_vwiln
�w¨l���z{�xz|���vw|�}Pt�m2y(vz{!i�|~tl�8�liVyP�wnP�lyP��vznJ{!ilt�|�Å`¨lnN�j}�³-vziln�³Æ}Pxzm8n�x:yPxwn�«�n�����B`t�}(«
t¶±
º�|��P¨lxzn»o  �V°S{�}Pm8��y�xznJ�S}(�Pn�x!y����:�w¹���vwnJm vwilxz}P¨l�Dil�l¨�v�}�³�vwilnÂ��¹�t�y�m8|�{Ky����P}Dxw|~vwi�m y�tV�Ávwiln

��xw}D��y��`y(vw|�}Ptc«
|~vwiÂ�lxzn�³Æn�vz{!il|�tl��yP�~�D}Pxz|Ävzilm�³Æ}Px ��|~²AnJxwnJt`v(B�|�t��l��}�³4}P�An�x!y(vw}Dxz�·|~tÂ�lxznJ��|�{�y�vwnN��±�hjiln
«�}PxsB��~}`yP�#�w�VnN{�|~¸V{�y�vw|�}Pt����q«�n�xznq�wn�v yP�
³Æ}D�~��}(«:�pI�� N n� R 6 n3WHC � ��� C � ���l��R
� n�� � R
� ���

�	�
n 
��

� �,�2� � ¡ ¦-¡ � ���i4U�U¡ ¢��<�S���`� � B � �p�<��¤E�@�t�m�������U�h�24o�nm��t���D¡ �o� B ���h�5�<� � �5� ��� � � ¨

�����&�`�
�����



� Ë �����W��+
�C����������� � ����+��&���~�	��
!���s��+�"���	��
�� ' ���C�����C�����������2"�"	������/!�,�2"C�`�

R
� ���
� 


n NSy�t��6}Pt�n2tl}Ptln8¸�¬�nN�Â�lxwnN��|�{�y(vzn8«
|ÄvziÂnNÅ`¨�y���|Äv�¹6}P�An�x!y(vz}PxN�¶{!il}D�wn�t6³ÆxwnJn���¹6yPm�}Dtl��vwiln
R ) n>W 
¿¨lt�¨��wnJ�Á��xwnN��|�{Jy(vzn»t�yPm�nN�z°Sy�t�� � 
 n  R 6 n>W�C ��� � C �������R
� n � ��R
� ���

� �
n 
��

R
� � I���� n � � R
� ���
��

n N�yPt��c}Dtln�tl}Dtln�¸l¬�nN�c�lxznJ��|�{�y�vwnq«
|~vwi»nJÅ`¨�y���|~v�¹�}D�VnJxzy�vw}PxN�V{!i�}D�wn�t#³Æxzn�n���¹

yPm8}Ptl��vwi�n R ) n W 
�¨lt�¨��wnJ�Â�lxznJ��|�{�y�vwn2t�yPm�nN�z°�±�hjiln3xwnN��¨l�~vz� �wil}(« vwi�y�v��V}Pvwi½yP�~�D}Pxz|Ävzilm2� y�xzn
�wn�tV��|~vw|��Pn8vz}ctl}Pt�� nJÅ`¨�yP�~|~v�¹K�lxznJ�l|�{Jy(vwnN��±�hjiln�|�x��An�xw³Æ}Pxzm2y�t�{�n8�lnJ{�xznJyD��nN����¹6yc{�}Dt���vzy�t`v ³ yD{5vw}DxqyP�
m8}Dxwn4tl}Pt�� nJÅ`¨�yP�~|~v�¹��lxznJ��|�{�y�vwnJ�  |H± nP±�� � 

���J± � N?°-yPxwn4�VnJ|~t��_�lxz}�{�nN�w�wnJ�9±�hjiln�t`¨�mq�An�x�}�³V�zy(vz|���¸�nN�
t�}Pt�� nJÅ`¨�yP�~|~v�¹Y��xwnN��|�{Jy(vznJ��{�}Pm8�l¨lvwnJ� |~t vwiln6¸�x!��v��li�yD��n6}�³�vzilnÂyP�~�D}Pxz|Ävzilm2�S|����PxznJy(vzn�xS|�t � 

yD�2m8}Pxzn#tl}Pt�� nJÅ`¨�yP�~|~v�¹½�lxznJ�l|�{Jy(vwnN�Sy�xzn#�VnJ|~t��½�PnJtln�x!y(vznJ�Y|~tÁvzilnc«4}DxCB���}DyD�9± hjilnc�An�xw³Æ}Pxzm2y�t�{�n
�l|Ä²Fn�xzn�t�{�n }�³��V}PvwiKyP�~�D}Pxz|Ävzilm2�j|��·nJÅ`¨�y��H±4hji�|��
|��:��¨�n vw}8vziln ³ yP{�v:vwiVy(v:�A}�vwiKyP�~�D}Pxz|Ävzilm2�j¨��wn vwiln
�zy�m8n�{���¨���vzn�x8�lxz}P��yP�Dy�vw|�}Pt½y����P}Dxw|~vwi�m vz}6iVy�t�����n�tl}Pt�� nJÅ`¨�yP�~|~v�¹¿�lxznJ��|�{�y�vwnJ�J±¼rutYvwil|��8y����P}Pxz|~vwilm
��|Äv �PnN{5vz}Px�n�t`vwxz|�nJ� yP�z�w}�{�|�y�vwnN�#vw}#|�tlnJÅ`¨�yP�~|~v�¹K�lxznJ��|�{�y�vwnN�_}P³�y��P|��PnJt6�w¨l���z{�xz|~�lvw|�}Pt k2y�xzn�{!i�nJ{�BPnN�
}Dtl��¹�|~³´y����-nNÅD¨Vy���|Äv�¹��lxznJ��|�{�y�vwnJ�·}�³Yk�y�xzn��PnJxw|~¸�nN�9±·ª�|�t�{�n��V}Pvwi»yP�~�D}Pxz|Ävzilm2�:y�xzn vwnN��vznJ�#}Dt»��|�m8|~��y�x
�w¨l���z{�xz|���vw|�}PtY«4}DxCB���}DyP��� vwi�n���xw}D��y��l|���|Äv�¹¿vzi�y(vS�w¨�{!iÀ�w|~vw¨�y�vw|�}PtYyPxw|��wnJ��|���vzilnc�wyPm�n�³Æ}Dx��A}�vziY}P³
vziln�m#±
��n�xw³Æ}Pxzm2y�t�{�n �DyP|~t#}�³�vziln���¹�t�yPm8|�{�yP�~�D}Pxz|Ävzilm#��yP�_��i�}(«
t�|�tcvziln���n�³µv·¸V�P¨lxzn |��_��¨lnqvw}S|~vz�
|�m8�lxz}(�PnJ�3i�y�tV���~|�tl�8}�³�nJÅ`¨�yP�~|~v�¹S�lxznJ�l|�{Jy(vwnN���`|�y�mq¨l�~vw|~�uy(v�vzxw|��l¨�vzn i�yP�wi�vzy����~nN��±
º�|��P¨lxznJ�=o  {J°��wil}(«Ym�nJm8}Pxz¹�¨�vw|���|E�Ny(vw|�}Pt  ¸�xz��v�¸��P¨�xwn?°�y�t�����¨����w{�xw|���vz|~}Dt���}DyD��|~t��_vz|~m8n  ��nN{�}PtV�

¸V�P¨lxznN°
yD{�xz}D�z�·yP�~��y����P}Dxw|~vwilm2�J±·hjiln�|~t��l|~��|���¨�y����Px!y���i��
³Æ}D�~��}(« vwiln�t�y(vz¨lx!y��-|�t`vw¨l|~vw|�}Pt  |�t�{�xznJyD��nN�
��xw}�{�nN�w�w|�tl�2vw|�m8n�yPt��cm8n�m8}Dxw¹#¨��wnP�¶��¨�n�vw}�|�t�{�xznJyD��nN�c�ly(v!yS�lxz}�{�nJ�z�w|~tl��y�t��»��vz}Px!y��Pnqtln�nN�l�z°�±�rut
vzn�xzm2�·}P³Lm�nJm8}Pxz¹�¨lvw|��~|F�Jy�vw|�}Pt¶�Avwi�n��lxz}P�Vy��Dy�vw|�}Ptcy����P}Dxw|~vwi�m8�  �A}�vzi»¨��wn�vziln��zy�m8n�|~t`vwnJxwtVy�����y(vzy
��vwxz¨�{�vw¨lxznJ�!°=xznJÅ`¨l|�xwn·vwiln���nJyP��v�yPm8}P¨lt`vj}�³¶m8n�m8}Pxz¹P��{��~}`��nJ�~¹�³Æ}P����}(«4nN�8�`¹8vziln�{�}P¨�tDvz|~t���y����P}Dxw|~vwi�m��
«
i�|~��n�vwiln
��¹�t�yPm�|�{jy����P}Dxw|~vwilm2��xwnNÅ`¨l|~xznJ�-vwi�n
m�}`��vN±�hjilnjm�¨l�Ävz|Ä�uy(vwvwxz|~��¨�vwnji�yD��i��HvzyP�l��nJ��¨��wnJ��|�t�vwiln
�l¹`tVy�m8|�{
yP�~�D}Pxz|Ävzilm ��n�v´|~v´¨��wnjvwi�n:m8}D��v´m8n�m8}Pxz¹P±�hjiln·�w¨l���z{�xz|~��vz|~}Dt8�~}`yP�qvw|�m�n  {5³�±Lº�|��P¨lxzn
o  ��°�°
|�����m2y�����nJ��v´³Æ}Px4vwi�n�{�}P¨lt`vw|�tl��y����P}Pxz|~vwilm#�P«
i�|�{!i���n��l��}(¹��L�Dn�xz¹8�w|�m����~n��ly(v!yq��vwxz¨�{5vz¨lxwnN����y�tV�2il|��Pi��
nN��v8³Æ}Dx8vwilnK��vzy�vw|�{�yP�~�D}Pxz|Ävzilm#�Lvzi�y(v3��vzy�vw|�{�y�����¹^{�}Dm���¨�vwnN��³Æxw}Dm �w{�xzy�vz{!iÀy�tÀ}P��vz|~m2y��_{���¨���vzn�xz|~t��
{�}Pt�¸V�P¨lx!y(vz|~}Dt¶±��4}Dm��Vy�xznJ�2vz}8ª�vzy(vz|�{�y����P}Dxw|~vwi�m��`vziln��l¹`tVy�m8|�{�y����P}Dxw|~vwi�m[|�m8�lxz}(�PnJ���w|~�Dtl|Ä¸A{�y�t`vz�~¹
vzilnq��}DyD��|�tl�2vw|�m8n���¹#xzn�}Pxz�DyPtl|F��|�tl�2|~tV{�xzn�m8n�t`vzyP�~��¹�|Äv!�·|�t`vwn�xzt�yP���ly�vzyS��vwxz¨�{�vw¨lxznJ����¨lxz|~t��3�lxz}�{�nJ�z���
|�tl�#vz}��AnJ��v��w¨l|~v vwiln3�w¨l���z{�xz|���vw|�}Pt���nJt�{�}D¨lt`vwnJxwnN�Kvzi`¨V��³ y�xN±ShjilnSn�¬��An�xz|�m�nJt`vz��xznJ�w¨l�Äv!����nJ�l|�{�vwnN�
|�tcº�|~�D¨lxwn o  yD°j�wil}(« vwi�y�v:vwiln m2y�vz{!il|�tl�2�An�xw³Æ}Pxzm8yPt�{�n�}P�lvzy�|�tlnN��«
|~vwic|�t�{�xwnJm�nJt`vzy�����¹3{�}Dm���¨�vwnN�
{��~¨V��vzn�xz|~tl�`��|��:yD�j�P}�}���yD�4vwiln }DtlnJ�j}D��vzyP|~tlnN���`¹Svwiln���vzy�vw|�{�yP�~�D}Pxz|Ävzilm#±

� ������� �o"�� 
 Í " ¦ Í»Ñ T � 
�6¡ Í ¤ Ñ T S ¤ Í Ò� U¦P¥�£ Í ¢2¥ " Ò �S 	� ÍKÑ T�
 ¥)+ 
 Í � Ñ �½¥� "
9Ân �An�xw³Æ}Pxzm�nN��y8�wn�xz|~nN��}�³�n�¬��VnJxw|�m8n�t`vz��vz}�vwnJ��v
vwi�n |~t!GV¨ln�t�{�n }�³�vwiln t�¨lm��VnJx
}�³��lxwnN��|�{�y(vznJ�J��vwiln
�w|F��nL}P³�vwiln4�lxwnN��|�{�y(vznL�(y���¨ln4�l}Pm2y�|�t��J�?yPt���vwi�n�B�|~tV� }�³l�lxznJ�l|�{Jy(vwn´}P�An�x!y(vw}Dxz�¶¨���nN� |�tq��¨����w{�xw|���vz|~}Dt���±
�_¨ln�vz}8�w��yD{�n��~|�m8|Äv!y(vz|~}Dt�����«4n {�yPt�}Dtl��¹3��¨�m�m2yPxw|F��n�}P¨�x
xwnN��¨l�~vz�ji�n�xznP±

9Ân�x!y�tYy�t^n�¬��VnJxw|�m8n�t`vqvzi�y(v8|~tV{�xznJyP�wnJ�¶�=|~tÀ��vzn�����}�³��P�l��vziln��w|F��n3}P³:vwi�n��(y���¨ln#��}Pm2yP|~t½}P³
��xwnN��|�{Jy(vznJ�J�F³Æxw}Dm]vJ�2vz} vJ�P��± 9Ân�vznJ��vwnN�cvwi�n��An�xw³Æ}Pxzm2y�t�{�n�}P³Lvwi�n8�l¹`tVy�m8|�{8yP�~�D}Pxz|Ävzilm y�t��»vwiln
��xw}D��y��`y(vw|�}Pt2yP�~�D}Pxz|Ävzilm }Dt2vwi�|���«�}PxsB`��}DyD��?±~96n�{�}Dt�{���¨���n·vwi�y�v4vziln·m8}Dxwn_�?yP�~¨�nJ�4|~t3vwiln���}Pm2y�|�t¶�
vziln2�An�v�vzn�x�vziln2�VnJx�³Æ}Dxwm2yPt�{�n8}�³4vwilnSyP�~�D}Pxz|Ävzilm2��±8hjil|���|��q��¨ln�vw}#vziln8³ yP{�v�vzi�y(v vziln2il|��PilnJx�vwiln
�wn���nJ{�vw|���|Äv�¹Y}�³ nJyD{!iÁ�l}Pm2y�|�tÁvwilnK³Æn�«�n�x��w¨l���z{�xz|���vw|�}PtÁtlnJnJ�Àvw}^�Vn6�Pn�xz|~¸�nJ�9± ºl¨�x�vziln�xzm8}PxznP��vwiln
�l¹`tVy�m8|�{8yP�~�D}Pxz|Ävzilm |�����nJ�z� �wn�t��w|Ävz|~�Dnqvz}�vwil|���³ yP{�vw}Dx_vzi�y�tÂvziln8�lxw}D��y��`y(vz|~}Dt»y����P}Dxw|~vwilm#±8hjil|���|��

� « ¡ ¡d�U�����<���`�U���U�������<�@���U¤������ m��t���D¡ �o� B �p�<� ��¥ ���Q¢`�U¡9��� �����L4t�U¡ ¢��<���U�h�24o�t¨

©Kª^��©§«



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


n�¬��l��yP|~t�nJ�¿��¹»vziln�³ yP{5vqvwi�y�vqvwi�n���¹�t�yPm�|�{3yP�~�D}Pxz|Ävzilm {Jy�t¿v!y�BPn�yP���(y�t`v!y��Pn2}P³:mq¨l�~vw|~�uy(v�vzxw|��l¨�vznJ�
yD{�{�nJ�z�4��xwnN��|�{Jy(vznJ�J±
h�}KvznJ��vqvwi�n3|�t!G�¨lnJt�{�n�}�³jvwi�n�t�¨lm��VnJxq}�³:��xwnN��|�{Jy(vznJ��«�n3x!y�t½y»��nJxw|�nJ�q}�³:n�¬��An�xz|~m8nJtDv!��vzi�y(v

|�t�{�xwnNyP�wnJ�¼vzilnct�¨lmq�An�x8}P³��lxznJ�l|�{Jy(vwnN��|~t���vwn��V�8}�³·v�«�}D�J�L³Æxz}Pm �6vz} v���±Áhjilnc{�}Dt�{���¨��w|~}Dt^ilnJxwn
|��8vzi�y(v2vzilncm8}Pxznc�lxwnN��|�{�y(vznJ�8�An�x3�w¨l���z{�xz|���vw|�}PtYvwilnc�An�vwvwnJxSvwi�nc�VnJx�³Æ}Dxwm2y�tV{�n#}�³�vwilnK�l¹`tVy�m8|�{
yP�~�D}Pxz|Ävzilm#±��_t2nJt�{�}D¨lt`vwn�xz|�tl����¨����w{�xw|���vz|~}Dt��=«
|~vwiSm2y�t�¹��lxwnN��|�{�y(vznJ�´nJy�xz��¹q}Pt-��vwi�n_y����P}Dxw|~vwi�m «
|��~�
��¨l|~����i�yP�wi�vzy����~nN�j«
|Ävzi�m8}Dxwn yP{J{�nN�w����y�v�vwnJxwtV�
y�t���vwi�n�xzn�³Æ}Pxzn�|~m8�lxz}(�Pn��An�xw³Æ}Pxzm8yPt�{�nD±

� �����
	  �Ò�¥ ��£D �  Æ£ Î £ Ñ ��
�¡�¢J¦P¤� ��£! Ñ#"�� �´Ò�¥�£ Í ¢
É·t���nJx¶xwnNy���«�}Pxz���_{�}Pt���vwx!y�|�t`vz�J���l¨l���~|���iF©(�w¨l���z{�xz|~�An=��¹���vwn�m2�¶�ln��l��}(¹PnN�_}Dt�vwilnLrut`vzn�xztln�v-yPxwn���| BDn���¹:vw}
�An´�w¨l����nN{5vwnN��vw}:y:{�}Pt���vzyPt`v-��vzxwnNy�ma}P³��w¨l���z{�xz|���vw|�}Pt�¨l�F�ly(vznJ�  nP± ��±��?m8}��l|Ä¸V{Jy(vz|~}Dt����J|~tV��nJx�vz|~}Dt����?y�tV�
�ln���n�vw|�}PtV�z°�yPt��qnJ�PnJtDv!��±=ª�¨l�V�w{�xw|���vw|�}PtV�=y�t���n��Dn�t`vz�=yPxwnj��| BDn���¹ vw}�{!iVy�tl�Dn4|�t2��vzxw¨�{�vw¨lxzn:y�tV��{�}Pt`vwnJtDv
�(yP�~¨ln���|���vzxw|��l¨�vz|~}Dt��q}(�Dn�x vz|~m8nD±¼�4nJx�v!y�|�t^��|�m8|~��y�xz|~v�¹6��y�v�vzn�xzt��q«
|~vwi�|~tYtln�|��Pi��A}Pxz|~tl�»n���n�m8n�t`vz��|�t
vziln·��vwxznJyPm8�Lm8y?¹��An:}P���wn�xz�(y��l��nP±=ª�¨l�V�w{�xw|���vw|�}PtV�Ly�t��8nJ�PnJtDv!�Lm2y?¹P�P³Æ}PxL|�t���vzyPt�{�nD�`{!i�yPtl�Pn
|�t8vwnJxwm2�
}P³ vwilnJ|~x#�lxznJ�l|�{Jy(vwnN�$�j��}Dm8yP|~tV��± �_¨lx#��¹�t�y�m8|�{Km2y(v!{!il|�tl�YyP�~�D}Pxz|Ävzilm y�|�m8��y(v#i�yPt�����|~tl�^vwilnN��n
{�}Pt��l|Ävz|~}Dt���± rut6}Px!��n�x_vw}#��vw¨���¹»|Äv!��yD�ly��lvw|��Pnq�An�iVy?�`|�}Px�|�tÂ{�}Pm8��y�xz|���}Dt#vw}�vwiln8}�vziln�x�y����P}Dxw|~vwi�m8�
|�tc��¨V{!i�y8{�}Dt`vwn�¬�v
«�n��w|�mq¨l��y(vzn_vzilnJ�wn�{�}Dt���|~vw|�}Pt��j|�t�vwil|��:�wn�v
}�³�n�¬��An�xz|~m8nJtDv!��±
rut»vwilnN��n�n�¬��VnJxw|�m8n�t`vz�_«�n�{�}Dt��w|���nJx_�w|Ävz¨�y(vz|~}Dt��_«
iln�xzn vwi�n��l¨��l�~|��wiA©(�w¨l���z{�xz|~�Anq�w¹���vzn�mÃi�yP�·vw}

iVy�t�����n�{�}PtV{�¨lxzxwnJt`vw��¹�|�t�{�}Dm8|~tl��n��Dn�t`vz��y�tV�3y�il|~�Di3x!y(vzn·}�³�|~t�{�}Pm8|�tl���w¨l���z{�xz|���vw|�}Pt��J±^96n yP�z�w¨lm8n
y��w¨l���z{�xz|~�lvw|�}PtqiVyP�=y��~|��Pn�vz|~m8n
}�³Fy��A}P¨�v v Ë i�}P¨lx!��±���|~�Dn�t8y���¨l�V�w{�xw|���vw|�}Pt�xzy�vwnj}�³������w¨l���z{�xz|~��vz|~}Dt
|�t��wn�xwvw|�}Pt����An�x���nN{�}PtV�9�?vwilnj�w¹���vwnJm «
|~����i�y?�Pn´vw}��lxw}�{�nJ�z�¶xz}P¨l�Dil�~¹_vwi�xwnJn4m8|��~��|~}DtqnJ�Pn�t`v!��y�³µvwn�x�y��D|~t��
�w¨l���z{�xz|���vw|�}Pt���y�xzn��ln���n�vwnN�c³Æxz}Pm�vwi�n8�w¹���vzn�m#±(96n2�zy?¹3vziln2��¹���vwnJm�xznJyD{!ilnJ���zy(vw¨�xzy�vw|�}Pt¶± �½rut6vwiln
³Æ}D�~��}(«
|�tl�_n�¬��VnJxw|�m8n�t`vz��«�n4|�t��PnN��vz|~�`y(vwn4vwi�n
�VnJi�y?��|~}Dx�}P³V}D¨lx=y����P}Pxz|~vwilm2��y(vL�w¹���vwnJm �zy(vw¨�xzy�vw|�}Pt¶±�rut
vziln
n�¬��An�xz|~m8nJtDv!��vwi�n·��¹���vwnJm |���¸�x!��vL�A}P�l¨���y�vwnJ��«
|~vwi�vwi�xwnJn
m�|����~|�}PtS�w¨l���z{�xz|~�lvw|�}Pt��=yD{�{�}Dxz�l|~tl�_vw}�y
«�}PxsB��~}`yP�8�w�VnN{�|~¸V{�y�vw|�}Pt¶±=¾�v�vwil|��j��v!y(vwn_«4n_xwnJm8}(�Pn��P�q�w¨l���z{�xz|~��vz|~}Dt��  xwnJ�lxznJ�wn�t`vw|�tl��vziln0��� }D����nN��v
}DtlnJ�J��|�t��wn�xwvwnN� v Ë ilx!�·yP�P}�°jy�t��#|�t��wn�xwvr���2t�n�«+��¨����w{�xw|���vz|~}Dt��:nJ�Pn�xz¹��wnJ{�}Pt��¶±
r ³�vziln��w¹���vzn�mÃ{�yPt
m2yPt�y��DnqvzilnJ�wn8|~t��wn�xwvw|�}PtV��yPt��Â��n���n�vz|~}Dt���|~t¿��nJ�z�·vzi�y�tÂ}Pt�n8�wnJ{�}Pt��¶�¶«4n�¨��wn�vwiln8xzn�m2y�|�tl|�tl�3vz|~m8n
�An�³Æ}DxwnLvwiln4tln�¬�v��wnJ{�}Pt���vz|�{�B_vw}���nJt�� nJ�Pn�t`v!�Fvw}·vwiln���¹���vwn�m y�tV� «4n´m�nNyP�w¨lxzn=vwiln4t�¨lmq�An�x�}�³ln��Dn�t`vz�
vzilnq�w¹���vzn�m�{Jy�t#i�yPt�����n «
|Ävzil|~t#vziln�xzn�m2y�|�tl|�tl��vw|�m8nP±*96n�m8nNyP�w¨lxwn �w¹���vzn�m nJ�P}D�~¨�vz|~}DtcyP{�{�}Px!��|�tl�
vz}8�?yPxw|�}P¨V�
y��l�l��|�{�y(vz|~}Dt��z{�nJt�y�xz|~}`��«
iln�xzn ��¨l�V�w{�xw|���vw|�}Pt#y�tV�3nJ�Pn�t`v
��y�v�vwnJxwtV�
y�xzn�{!iVy�tl�D|~tl�V±
hjiln�¸�x!��v�n�¬��An�xz|~m8n�t`v8��n��l|�{5vznJ�^|~tÀº�|��P¨�xwnS�  y`°5�=|�t`�DnJ��vw|��Dy�vwnJ��vwiln�|�m��VyP{5v!�q}P³_�w¨l���z{�xz|~��vz|~}Dt

�z{!ilnJm8y8{!i�yPtl�PnN��±Lhji�|��·n�¬��VnJxw|�m8n�t`v:m8}���n����:y2�w|Ävz¨�y(vz|~}Dt�«
ilnJxwn��w¨l���z{�xz|��VnJxz�
�w¨l����nN{5vz�:}�³�|~t`vwnJxwnN��v
yPxwn�{!iVy�tl�D|~tl�2yP�~}Dtl�8vwilnqvw|�m8nP± 96n���v!y�xwv
³Æxw}Dm�yS«4}DxCB���}DyP� � � N3t  R ) n N Z �HR 6 n�W�C ��� � C �������
R � n � � R �����

�	�
n NP��R � n W 
�� � � �ut � � t NP� � � �ut � � t W�� °q«
i�n�xznKy����
vwilnKo�± �D�P��± �D�P�

�w¨l���z{�xz|���vw|�}Pt���³Æ}�{�¨��q}PtFv Ë }�³jvwi�n�oD�Ky(v�vzxw|��l¨�vznJ��y?�(y�|���yP�l�~n2|�t¼vziln��w¹���vzn�mÊy�t��¿nJ�PnJtDv!���lxz}(��|��ln
¨�tl|Ä³Æ}Dxwm �?yP�~¨�nJ�_³Æ}Px�vziln2oD��y(v�vzxw|��l¨�vznJ�J±�¾�v��zy(vz¨lxzy�vw|�}Pt6«4n8¨��wn2y�{��~¨���vwnJxw|�tl�#{�}Dt�¸��P¨�xzy�vw|�}PtKvzi�y(v
|~v�}D��vw|�m2y��_³Æ}Px � � NP± �_¨lxz|~tl�^vwiln»¸�x!��vSv�«�}^i�}P¨lx!�S�w¨l���z{�xz|~��vz|~}Dt��3yPt���nJ�Pn�t`v!�3y�xznc³Æ}D�~��}(«
|~t��
«�}PxsB��~}`yP� � � NP±#hjiln�t¼«�n2|~tV��nJx�v��w¨l���z{�xz|���vw|�}Pt��qyP{�{�}Px!��|�tl�3vz}»yctlnJ« «�}PxsB��~}`yP� � � 
c��|�m8|~��y�x
vz} � �BN»n�¬l{�n��lv�|~v3³Æ}�{�¨V��nN�3}Dt�vwiln�v Ë y(v�vzxw|��l¨�vznJ��vwiVy(v�yPxwn6tl}�v#yP�l�lxwnN�w�wnJ�Á|�t � � NP± ¾
³µvzn�x
vN�#il}P¨�xz��vziln��w¹���vzn�m xwnNyP{!ilnN� yctlnJ« ��vzyP�l��n3��v!y(vznS«
iln�xznSy����4�w¨l���z{�xz|���vw|�}Pt���|~t¼vziln3�w¹���vzn�m y�xzn
�����	��
��������� x�w h���x o���� ���  � �� ¨

�����&�`�
�����



�P� �����W��+
�C����������� � ����+��&���~�	��
!���s��+�"���	��
�� ' ���C�����C�����������2"�"	������/!�,�2"C�`�

event maximal throughput

0

50

100

150

200

250

300

350

400

450

2 4 6 8 10 12 14 16 18 20
time in hours

ev
en

ts
 p

er
 s

dynamic strategy

"no change" strategy

event maximal throughput

0

100

200

300

400

500

600

2 4 6 8 10 12 14 16 18 20
time in hours

ev
en

ts
 p

er
 s

dynamic strategy

"no change" strategy

�u?���� � )�?�3,=�;73�=^82/,Q,82-:1*;<¤`(*;7H�3,8582-@),+ § ?�8 ��Q����²?$B,B`;<3�=>82/,Q�82-01*;7¤�(*;7H�3W?$3�B�+
¨�+
34(58���+:©
º�|~�D¨lxwn���I �L�P}D�~¨�vz|~}Dt�}P³�nJ�Pn�t`vjvwi�xw}D¨l�Pil��¨�v:¨lt���nJx
�(y�xz¹`|�tl�8{�}Dt���|~vw|�}Pt��

³Æ}D�~��}(«
|�tl� � ��
�±^96n�{�}DtDvz|~t�¨ln:vw}�xz¨lt8vwi�n·n�¬��An�xz|~m8nJtDvj��¨lxz|~t�� v�«4} i�}P¨lx!�L|�t��wn�xwvw|�tl�qy�tV�2��n���n�vz|~tl�
� � 
���¨����w{�xw|���vz|~}Dt���±=º�|��P¨lxzn_�  y`°´�wil}(«:�´vwiln�n��D}P��¨�vw|�}Pt3}�³-vziln y?�PnJxzyP�Pn
n��Dn�t`v�vwilxz}P¨l�Dil�l¨�v
y���}Pt��
vzilnSvz|~m8n  vwi�xw}D¨l�Pil��¨�v�|���y?�Dn�x!y��DnJ�6n��PnJxw¹»v�«4}»il}P¨lx!�!° y�t��^{�}Pm8��yPxwnN��v�«�}K}P�l�A}D�w|~vwn3��vwx!y(vzn��P|�nJ�
³Æ}Dx2{���¨���vzn�xz|~t��»m2y�|�t`vwn�tVy�t�{�n I�hji�n ��1&	 �� 3���2��vwx!y(vzn��D¹Â¨V��nN�qvziln#�·¹�t�yPm�|�{#y����P}Dxw|~vwilm vz}ÂyD�ly���v
{��~¨V��vzn�xz|~tl��vw}c�w¨l���z{�xz|~�lvw|�}Pt���{!i�yPtl�PnN�_��¹»{�xwnNy(vz|~tl�  �ln���n�vw|�tl��°�i�yP�wil|�tl�3v!y��l��nJ�J±8hjiln��#���W�,�&	 � �
��vwx!y(vzn��D¹K��}�nJ��tl}Pv {!iVy�tl�Dn�vziln8|~t�|Ävz|�yP�  }D��vw|�m2y��µ°�{���¨���vzn�xz|~t���{�}Pt�¸��D¨lx!y(vw|�}Pt-±�º�|��P¨lxzn8�  y`°���il}(«:�
vzi�y(v´vwiln ® D·}��4i�y�t��Pn5¯:��vwx!y(vwnJ�P¹8��}�nJ�´tl}�v´��xwnJ�Pn�t`v´�An�xw³Æ}Pxzm2y�t�{�njvw}q�ln��Px!yP�ln
«
iln�t3�w¨l���z{�xz|���vw|�}Pt��
�z{!ilnJm8ycyPxwn�{!i�y�tl�D|~t���±#¾�vqvwi�n3n�tV�Âvwiln�n��PnJt`v�vwilxz}P¨��Pil�l¨lvq|�����|��`|���nN�¿�`¹6v�«�}�± �_t¿vwi�n3}�vziln�x
iVy�t���vziln_��¹�t�yPm8|�{_��vzxzy�vwn��D¹�yD�ly���v!�=vziln_{��~¨���vwnJxw|�tl� vz} vwi�n_tlnJ«���|~vw¨�y�vw|�}Pt¶±�rut2vziln·��yP��vLv�«�}�il}D¨lxz�
«
i�n�t6�w¨l���z{�xz|���vw|�}PtK�Vy(v�vzn�xzt���y�xzn���vzyP�l�~n�y��`y�|�t¶�Avwiln8��¹���vwnJm {�y�t»i�y�t��l�~n8o��P�Sn��Dn�t`vz�_�An�x ��nN{�}Dt��
|�t���vwnNyP�S}P³��P�P��nJ�PnJtDv!���VnJxj�wnJ{�}Pt��3«
|Ävzi ® D:}S�4i�yPtl�Pn�¯���vzxzy�vwnJ�P¹P±�Ç:}(«�n��Dn�xj��¨lxz|~t��qvziln�vwx!y�t��w|Ävz|~}Dt
��i�yP�wnP�j�·¹�t�yPm8|�{cyP�~�D}Pxz|ÄvzilmÊ�VnJx�³Æ}Dxwm2yPt�{�n#|��SÅ`¨l|Ävznc|~xzxzn��P¨���yPxJ±Áhjil|��2|��3��¨ln#vw}Âvziln»yP����|Ävz|~}Dt�y��
m2yP|~t`vwnJt�y�tV{�n�{�}D��vqvzi�y(v8}�{�{�¨�xz��«
iln�t^tln�«'iVyP�wil|~t��KvzyP�l��nJ��y�xzn�{�xznJy�vwnN�9±Âhji�|��8{�}`��v�|��8Å`¨l|�{�B��~¹
{�}Pm8�An�t��zy(vznJ�8��¹�vwiln_m8y�vz{!il|�tl���An�t�n�¸lvj}�³Fvwi�n·tlnJ«Ávzy����~nN��±=hjil|��´m2y BPnJ�´��¹�t�y�m8|�{·��vwx!y(vwnJ�P¹�m�}`��v
}P³-vziln�vw|�m8n �Vn�v�vwnJx
vwiVy�t ® D·}3�4i�y�tl�Dn5¯���vwx!y(vzn��D¹P±
hjiln
�wnJ{�}Pt���n�¬��An�xz|~m8n�t`v�|��=�ln��l|�{5vznJ��|~t2º�|~�D¨lxzn¼�  �A°5±�r v�|�t��PnN��vz|~�`y(vwnN��vwilnj|�m��VyP{5v=}P³A�w¨l���z{�xz|~���

vz|~}Dtc�LBDn�« «
iln�tc|~v·|��:{�}Dmq�l|�tlnJ�#«
|~vwicnJ�PnJtDv·�CBPnJ« ±4hjil|��
n�¬��An�xz|�m�nJt`v·m8}��ln����:y2��|~vw¨Vy(vw|�}Ptc«
i�n�xzn
y��wyPm8nq|�tDvzn�xznJ��v·x!y�|���nN�
³Æ}Px��A}�vwiÂ��¨����w{�xw|��An�x!�·y�tV�c�l¨l�l��|���ilnJxz�J±�h´¹��l|�{�yP��n�¬�yPm8�l�~nN�·yPxw|���n�|~t»tln�«:�
�_|��w�wn�m8|�t�y(vz|~}DtÂ�w¹���vzn�m2��I�º�n�«[�ly?¹����Vn�³Æ}Pxzn�nJ�~nN{5vz|~}DtÂ}P³�É�ªÂ�lxwnN��|���nJtDv nJ�Pn�xz¹��V}���¹cm2y?¹K«jy�t`v�vw}
B�tl}(« y��A}P¨�v
vzilnq{Jy�t���|��ly�vwnJ�J±4¾�v
vzilnq�zy�m8n�vw|�m8nP�Vm�}Dxwn yPt���m�}Dxwn |�t�³Æ}Dxwm2y(vz|~}Dt�|��:��¨l�l��|��wilnJ��}Dt
vzil|��
��¨l�l��nJ{5vN±Lh-}8m8}���n��¶vwil|��
�lilnJtl}Pm8nJt�y�«4n��l¨l|��~v
vwiln�³Æ}D�~��}(«
|~t���n�¬��An�xz|�m�nJt`vJ± 9Ân���vzyPx�vj³Æxz}Pm y
«�}PxsB��~}`yP� � � N(t  R ) n W 
l�9R 6 n WHC � ��� C ��� �l�hR
� n � �9R
� ���

�	�
n 
l� R � nXW 
�� � � �*t � �[t ND� � � �t � �:t W�� °¶«
ilnJxwnjnNÅD¨Vy���|Äv�¹ �lxznJ�l|�{Jy(vwnN��y�t���y(vwvwxz|~�l¨lvwnJ���(yP�~¨lnN�=y�xzn4¨�tl|Ä³Æ}Dxwm8��¹q��|���vzxw|��l¨�vznJ��y�m8}Pt��

o �:�(yP�~¨lnN��±��_¨lxw|�tl��vzilnj¸�x!��v�v�«�}�i�}P¨lx!���D��¨l�V�w{�xw|���vw|�}PtV��yPt���n��Dn�t`vz��y�xzn�³Æ}P���~}(«
|�tl��«4}DxCB���}DyD� � �BNP±
hji�n�t�y�³µvwnJx4v�«�}qi�}P¨lx!�´«�n�{�xznJy(vzn·�A}�vzi�nJ�Pn�t`vj�LBDn�«ay�tV�3�w¨l���z{�xz|~��vz|~}Dt��CBPnJ« ±�¾·�~�9tlnJ«an��Dn�t`vz��y�tV�
t�n�« �w¨l���z{�xz|~�lvw|�}Pt���y�xzn·|�t��wn�xwvwnJ��yP{J{�}Px!��|�tl� vz}�y�tln�« «4}DxCB���}DyP� � � 
l± � ��
q|����w|�m�|���y�x4vw} � �:N
n�¬l{�n��lv·vwi�n�xznq|���y��LBDn�«  ����|~²AnJxwnJt`v_�(y���¨lnJ�_|�t���vznJyD�K}�³´o �P°:}Pt»y�v�vwxz|��l¨�vwn��(y���¨lnJ��y�tV�c�lxznJ��|�{�y�vwnJ�
}P³-}Pt�n_}P³¶vwiln�v�«�}�¸l¬�nN��y�v�vwxz|��l¨�vwnN��¨���nN�S��¹S�w¨l���z{�xz|~��vz|~}Dt��4|~t � �BNP±=¾
³µvzn�x0vJ�qil}P¨�xz�4vwi�n��w¹���vzn�m
xznJyD{!ilnJ� yKtln�« ��vzy����~n3��vzy�vwnS«
i�n�xznSy����4�w¨l���z{�xz|~��vz|~}Dt�� |�t¼vwi�n3��¹���vwnJm yPxwn8³Æ}D�~��}(«
|~t�� � ��
�± 96n

©Kª^��©§«



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

vziln�t#��vw|��~�9xz¨ltSvziln ��¹���vwnJm ��¨lxz|~t��qv�«�}�i�}P¨lx!��|~t��wn�xwvw|�tl� � � 
��w¨l���z{�xz|���vw|�}Pt��J±�º�|��P¨�xwn��  �V°���il}(«:�
vziln�n��D}P��¨�vw|�}PtS}P³-vziln y?�Pn�x!y��Dn
n��Dn�t`v4vzilxz}P¨l�Dil�l¨�v
y���}Ptl��vw|�m8n  n��Dn�xz¹�v�«4}�il}P¨�xz�!°L«
i�n�t3¨V��|�tl��vwiln
��1&	 �� 3����yPt��cvziln �3� �W�`�&	�������vzxzy�vwn��D|~nN��±�º�|~�D¨lxznq�  �V°���i�}(«:�:vzi�y(v�vwiln ® D:}K�4i�y�tl�Dn5¯q��vwx!y(vwnJ�P¹
�l}`nN�:tl}Pv·�lxzn��Dn�t`v:�VnJx�³Æ}Dxwm2yPt�{�n�vz}3��n��DxzyD��n «
ilnJtKm8}Pxzn��LBDn�«�nJ�#��¨����w{�xw|���vz|~}Dt��:y�xznq{�}Pm8|~t��2|~t`vw}
vziln��w¹���vwnJm#±´¾�v
vwiln nJt��9��vwiln nJ�Pn�t`v
vzilxw}D¨l�Pi��l¨�v
i�yP�:xwnN��¨�{�nN�3��¹#��� %3±��_t�vwi�n }�vwi�n�x:i�yPt���vwiln
�l¹`tVy�m8|�{ ��vwx!y(vzn��D¹SyP�lyP��vz�jvziln�{���¨���vwnJxw|�tl��vw}8vziln�tlnJ« �w|Ävz¨�y(vz|~}Dt¶±´¾�v
vziln n�t��#}P³�vziln n�¬��An�xz|~m8nJtDv
«
i�n�tK�w¨l���z{�xz|~��vz|~}Dt��Vy(v�vzn�xzt��·yPxwn ��vzyP�l�~n�vzilnq�w¹���vzn�mÃ{�y�t#m2y�tVy��Pn yP�~m8}D��v
vwi�nq�wyPm8n�vwilxz}P¨l�Dil�l¨�v
iVyP� �An�³Æ}Dxwn`T � ±K¾�v�vwiln��VnJ�P|�tltl|�tl�K}P³�vziln2vzxzyPt���|~vw|�}Pt¼��i�yP�wn8vwiln�{�}`��v�}P³jm2yP|~t`vzyP|~t�|~tl�6{���¨���vzn�xz|~t��
xzn�m2yP|~t��8�w�~|��Pi`vz�~¹¼�lxzn��A}PtV��n�x!y�t`v2{�}Pm8��yPxwnN�¿vw}Âvziln#m8y�vz{!il|�tl�¿�An�tln�¸lvJ±���¨�v3y(³µvzn�x2�Âil}P¨lx!��vwiln
m2y�vz{!il|�tl�8�VnJtln�¸�v:}P��v!y�|�tlnJ����¹�{���¨���vwnJxw|�tl��xwnJ}Pxz�Dy�t�|E�Ny(vw|�}Pt3}(�Pn�x!{�}Dm8nJ�´vwiln m2y�|�t`vwnJt�y�t�{�n {�}D��vJ±

� � ��	��4��*�$-����	

rut3vwil|�����y��An�x�«�n·�lxz}P�A}D�wn_yqm8yP|~t�m8n�m8}Pxz¹2y����P}Pxz|~vwilm ³Æ}Px4¸��~vwn�xz|�tl��nJ�PnJtDvj{�}DtDvzn�t`vz�4«
|~vwi3xznJ�w�AnJ{5v
vz}¼{�}Pt���¨lt�{5vz|~}Dt��8}�³  y�v�vwxz|��l¨�vwnD�
{�}Pm8��yPxw|��w}Pt½}D�VnJxzy�vw}PxN�´{�}Pt���vzyPtDv5°��lxwnN��|�{�y(vznJ�J± �_¨lx2y����P}Pxz|~vwilm
iVyP�_vwiln8³Æ}D�~��}(«
|�tl��t�|�{�n���xw}D�VnJx�vz|~nN��I  v?°_}P¨lx�yP�~�D}Pxz|Ävzilm |�� ® �lxz}�{�nJ�z�w}Px_{JyP{!iln2{�}Pt��z{�|�}P¨���¯q|�t6vzi�y(v
|~vqm2y(¬�|�m8|E�JnJ��vzn�m8�V}DxzyP�4yPt��¿����y�vw|�y��4�~}�{�yP�~|~v�¹P± 8c}DxwnJ}(�Pn�x�«�n2¨��wn2vwnN{!iltl|�ÅD¨�nJ��vzi�y(v8y?�P}P|��Â{�yP{!i�n
m8|��w�wnJ�·��¹�¨��w|�tl�3�lxz}�{�nN�w�w}Px
�´���´º�´h·��Ç {�}Pm8m2y�tV�9±  �D°6�_¨lx�y����P}Dxw|~vwilm�¨��wnJ�_y3�z{!iln�m2y2��yD��nN�
{��~¨V��vzn�xz|~tl�#��vwx!y(vwnJ�P¹#|�tÂ}Dxz�ln�x_vw}#m8|~tl|�m8|E�JnJ��vziln8t`¨�mq�An�x }�³j��¨����w{�xw|���vz|~}Dt6{!ilnN{�B��J±�ª�¨����w{�xw|���vz|~}Dt
{��~¨V��vzn�x!�2y�xzn#yD{�{�nJ�z��nN�½vzilxw}D¨l�PiÀmq¨��Ävz|Ä�uy(vwvwxz|~�l¨lvwnci�yD��il|�tl�ÂvzyP�l��nJ�J±  oD°�r vz�S{��~¨V��vzn�xz|~tl�½��vwx!y(vzn��D¹¼|��
�VyP�wnJ�2}Dt3y�{�}`��v�m8}��ln��Avw}�{�}Pm8�l¨lvwn:vziln�}P��vz|~m2y��Ai�yD��il|�tl��{�}Ptl¸��P¨lx!y(vz|~}Dt2y�t��8vziln�{�}PxzxznJ�w�V}Dt���|�tl�
{��~¨V��vzn�x!���P|��Pn�t¿��vzy(vz|���vw|�{���}Pt¿|~tV{�}Pm8|�tl�#n��Dn�t`vz�J±  ��°r96nSyP���w}#�lxz}P�A}D�wn8yc�l¹`tVy�m8|�{8yP�~�D}Pxz|Ävzilm vw}
{�xwnNy(vzn�yPt��ÀxwnJm�}(�Dn�{��~¨V��vzn�x!�2y�t��Yi�yP�wil|�tl�ÂvzyP�l�~nN�S��¹�t�yPm�|�{�yP�~��¹¼«
ilnJtYvzilnK�wn�vS}�³ �w¨l���z{�xz|~��vz|~}Dt
|���m�}���|~¸�nN�  ��¨�n»vz}^|�t���nJx�vz|~}Dt��3yPt��a��nJ�~n�vw|�}Pt��!°2}Dx�«
i�n�tanJ�Pn�t`v���y(vwvwn�xzt���y�xzn6{!i�yPtl�P|�tl��±  �P°
��nJx�³Æ}Dxwm2y�tV{�nq��vw¨��l|~nN�_�wil}(« vwi�y�v_}D¨lx�yP�~�D}Pxz|ÄvzilmÃ{�y�t6��¨l���V}Dx�v_�wn��Dn�x!y���m�|����~|�}Pt��_}�³´�w¨l���z{�xz|���vw|�}Pt��
yPt��  �PnJxw¹l°-il|~�Di�x!y(vznJ��}�³An��PnJt`vz�  Ë �P�:i�¨ltV��xwnN�l��n��Dn�t`v��An�xL�wnJ{�}Pt���³Æ}Px Ë 8c|~����|~}Dt���}�³A�w¨l���z{�xz|���vw|�}Pt��
}Dt»y3�w|�tl�P��n����4�´É ��nJt`vw|�¨lm «4}DxCB���vzy�vw|�}Pt#«
|Ävzi6yPt»| Ë � Ë �4�´É y�v0�P�P��8KÇ��qyPt�� v�� � �·¾c8»°�±  Ë °
��nJx�³Æ}Dxwm2y�tV{�nS��vw¨���|�nJ��y����w}»��i�}(« vzi�y(v8}P¨�x�y����P}Dxw|~vwi�m {Jy�t½�w¨l�l�A}Pxwv�il|��Pi½x!y(vznJ�q}�³·�w¨l���z{�xz|~��vz|~}Dt
{!iVy�tl�DnJ�J±

�_¨lx�¸��~vwnJxw|�tl��y����P}Pxz|~vwilmÃ|��_|�m8�l��n�m8n�t`vwnN�»|�t6y��l¨l���~|���iF©(�w¨l���z{�xz|~�An��w¹���vzn�m y�tV�»y���xznJyP�l¹��lxz}��
��|���nJ�=yPt8n #S{�|�n�t`v´�w¨l�l�A}Pxwv=vw} y ��¨����w{�xw|���vz|~}Dt���y�tl�D¨�y��Dn�{�}Pt��w|���vz|~tl��}P³F�rD·ºÂ{�}Dt���|~vw|�}Pt���}Dt�nJ�PnJtDv!��±
9Ân�y����w}�vzil|�t`B3vzi�y(v:}D¨lx:y����P}Dxw|~vwi�m {�yPt��An ¨��wnJ�#yP�·y�t#n #S{�|�n�t`v  �lxwn��u°u¸��~vwn�xz|�tl�8m�}���¨��~n |�tcm8}Pxzn
�A}(«�n�xw³Æ¨l�9�L¨l�l��|���iA©���¨����w{�xw|��An��w¹���vzn�m2�
�w¨�{!i�yD�:ªHV �6vwxz|~�D�PnJxz�jy�tV��{�}Pt`vw|�t�¨l}P¨��
Å`¨lnJxw|�nJ�J±

� �
&(�j���
	����
$

? v�A08½±��8±`¾:�P¨�|~��n�x!yl�`� ± �·±�ª`vzxw}Dm#�`��±��_±�ª`vw¨�xwm2y�t-� 8¼±�¾·��vw��n�¹D�`yPt��Sh�±`�q±l�4i�y�tV��xzy�±�8Ky(v!{!il|~t��
nJ�PnJtDv!��|~t y^{�}Dt`vwn�t`vw�H��yD��nN�a�w¨l���z{�xz|~��vz|~}Dt �w¹���vwnJm#±[rut �*� �2���.�s��	,�}� � �^7/ 1& ��,�2"���)! �&	
' ����	 ��� � � �
" � $��#�{"��z����+�)!�.�?� �%�& r� )!� ��	 ���}'��2���
	 ����?��vJ�D�P�l±

������¢!�S������¢������5�@� �!��� � � � �CB �54o� � ��� �t��m�GQ���t���S��¢!�����<�@� �!��� � � ���U������� �����!� B � � ������� �CB �U¤d�������5DD�h�5�@� ��� � �5¨ ����� �� � �<¢������ � � B�B � ��� � � �U¡9�<�t���S���`� �S�5� �2� �U���h�2�5�t���h� � ��� ��� B �o¦-�<¡ ¢������<��� ��¥ �@�<�t� ¥ � � ����� ��� � � ¨

�����&�`�
�����



oD� �����W��+
�C����������� � ����+��&���~�	��
!���s��+�"���	��
�� ' ���C�����C�����������2"�"	������/!�,�2"C�`�

? �&A��V±-�4iln�t-�¶�q±9�_n�9�|~v�vJ��º4±¶hj|�y�t-�FyPt��x=�± 9ÂyPtl��±0D:|�y��`y�x!yP{JÅ�I
¾[�w{Jy���y��l��n�{�}Pt`vw|�t�¨l}P¨V�_Å`¨lnJxw¹
�w¹���vzn�m ³Æ}Px=|�tDvzn�xztln�v´��y(vzyP��yP�wnJ�J±�rut���	>'*�C� �D�W� $ �}�`� � �^ /����* ��� �%��	p$o�W��	u��&	 ��� �
 >��	,�
�L$-� �&�.�(�V�P�P�P��±

? o�A���± ��n�xzt���vwn�|�t½n�v8yP�U±Âhjiln�yD��|���}Pm2y�x�xzn��A}Pxwv�}Dt^�ly�vzy��VyP�wnSxwnN��nNy�x!{!i¶±O� �^ / � �� >���O�s�s�����2�(�
� 
  �`°5��vN�P�D�l±

? � A �8±��V±���}P¨l�Di6yPt�� ��±-ª�m8|~vwi¶±%� #S{�|�n�t`v xwnN{�}D�Ptl|~vw|�}PtK}P³4nJ�Pn�t`v!�·|�tÂ�l|���vwxz|~��¨�vwnN�6�w¹���vzn�m2��±qrut
' �C�p����� �&��	��&"3�L$c� ��/ � �	��
���vJ�D����±

? �&A&�·±AÇ_y�t��w}Pt¶±��
¨l��nq{�}Dt���|~vw|�}Pt#vznJ��vw|�tl�Sy�t��cyD{5vz|~}Dt�n�¬�nJ{�¨lvw|�}Pt#|~tKyPxw|�n��H±�rut:'*�C� �s��� �&��	��&"3�L$ �}�`�
� �^ /����* ������	,�.����	 �&� ���&	 �&� �%��	p$
���C�
	 ��� ��	x��&	 ��� �
 >�
	�� �L$-� �&�.�(����yP�PnJ�j�`�2<`���l� vJ�D�D�l±

? Ë A&�·±DÇ·yPt��w}Pt¶�`�_±���y�xztlnJ�J�"�L±DÇ:¨�yPtl��� 8½±��·}Dt�¹Dy���yl� �´± D:}Dxw}Dtli�yl�`ªF±��=y�x!yP�zy�x!y(vzi`¹D����±(�=y�xsBF�Py�tV�
¾q± =n�xztl}Dt¶±Lª�{�yP��yP�l�~n_vwxz|��P�PnJxj�lxw}�{�nJ�z��|�tl��±�rut�'*�C� �s��� �&��	��&"#�L$(���,���	�������	 ���z����	 ��� �%�&	p$
���C��	 ���
��	�� �&�.�3�*	�����	 ���
����	����l�Vy��PnN�:� ËDË <�� 
��l�,vJ�D�P��±

? 
2A&�·±�D�±VÇ·y�tV��}Dt¶�`8¼±A�4i�yDy��A}P¨lt�|U�V�_± ��|�m#��y�t�� =�±`9ÂyPtl��±=¾ �lxznJ�l|�{Jy(vwn�m2y(v!{!il|�tl�2y����P}Pxz|~vwilm
³Æ}Dx:�ly(v!y���yD��n�xz¨l��n��w¹���vzn�m2�J±�rutO/����* �2� 	 �����WvN�P�P��±

? ��A0D·n�« �Lx!y�}P³~D·n�v�«�}PxsB��4rutV{�±Y��� � ��� - - <n<n<� 	 ���&	,"�� $������s�� c- � �C���&),���z" - ��� � �3�
��� ���  3�Ä±
? ��A��D}��P}·��n�xzn�|�x!yl�(ºlx!y�t�!�}P|���n�º�yP�lxwn�vJ�Pº�xzyPt�!�}D|���¶��|�xw��y�vJ��yPt��q�_n�tlt�|��Lª�iVyP�wi�yl± � #S{�|�n�t`v=m2y(v!{!il|~t��
³Æ}Dx2«4nJ��� ��yP�wnJ�¼��¨l�l��|��wiA©(�w¨l���z{�xz|��Vnc�w¹���vwnJm2��±½rutF'*�C� �!�0� $U���,����	���� �%�&	 $o�0�&	 �%�p� �`���C���z� �&�
�
	p$
���� ����z����	�/ 12"��.�� #" � � ����'���/�(� �L|���y�vJ��r��wx!y�n��H�l���D�P�l±

? vJ��A��D¨lt#�:y�}8y�tV� ��nJtltln�vzi�¾q±��
}`�w�J±���yD{!iln�{�}Pt��z{�|�}P¨V�4|�t���n�¬�|~tl��³Æ}Dxj�lnJ{�|��w|~}Dt�� �w¨l�l�A}Pxwvj|~t�m2y�|�t
m8nJm�}Dxw¹D±Yrut�������� 	 � �`�0' �C�p����� �&��	��&"�� $����&�}����	�������	 ���z����	 ��� � ��	p$
���C��	 ������	�������1?���&� ���
� �&�.�����2"��
"5����yP�PnJ� 
��2<��D�l� vJ�D�P�l±

? v v�A ��±¶ª�nJ�Dy���y�t��6�q±9¾·xwtl}D���¶±'�L����|~t6i�yP�_��n�³µv�vwiln��l¨l|����l|~tl��I·¾ �l¨l�l��|��wiA©���¨l�V�w{�xw|��Vnqtl}�vz|Ä¸V{Jy(vz|~}Dt
�wn�xz��|�{�n�«
|Ävzi#Å`¨lnJt�{!il|�tl��±�rut�'*�C� �����?����	 ��"#� $��� ! "� �$#J� vJ�D� 
�±

? vN�&A�h�±^=´yPt^y�t��^Ç�±2��y�x!{�|�y(�.8c}P��|~tVyl±Khjiln���|~³µv�|�t�³Æ}Dxwm2y(vz|~}Dt^��|��w�wn�m8|�t�y(vz|~}Dt½��¹���vwnJm�±6rut�� �^
% ��� /&�'���(�(�9���D�P��±

©Kª^��©§«



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

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)

Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)

� 5�� � ��� � � ��� � ���|� � � �5�
ISSN 0249-6399


