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�"gfgrq�ySopwYyS�"gfgrq�eIg>��v�s¦opv~wYm²s�q{u{bdvxopg>u0op�|qpg@³ha-b|ghu{bWs��~�xgrmd�Yghv~m´ezs�«�v~md�µ���Wu{b¶sµ�p°���otgfe·�p�|ufufgfg>�´s�o�s
��s�qt�Yg��tufsY�xg�v��-o�©�w�®¯wY���2³�¸�v~q{��o>}W�pb|s�qtvxm|�hshqtgr�pwY�|qtufg��pbdw@�d�~��±"g�grs@��°8¹�otbdgfqtg�®¯w@qpg@}d©�g�mdgfg>�µsz��v~eh�d�xg
ufwYm|ufgf��o�®¯wYqIehw��dgf�~vxmd�´qpg>��w@�dq{u�gr�r³´º�g>u�w@m|�2}F©�g[mdgrgr�^sYm»g�¼ufvxgrm@ozs�q{u{bdvxopg>u0op�|qpgz®¯w@qI�dv~��opqtvx±|��opg>�
½ �dgrqp°5g�¾�gruf��opv~wYm'}�ufsY�|s�±d�~gµw�®�bWs�m|���~v~md�»©�gf�~��u�w<��ot�x°¿u�w@eh�d��ots�opv~wYm|�*s�m|�¿��s�qt�YgD�|s¦otsÀopq{s�m|��®¯gfq{�f³
a�wTehw��dgf�Pbdgfopgrqpw@�Ygfm|gfwY�W��qtgr�pwY�|qtufgr�r}2©ªgh�dqtwY�"w@�pgh�|��v~md��opb|gz�dmdvxÁ|gr�ÀsY±|��otqts@u0otvxw@mHw�®�otsY±d�~gI©
vxopb
±|vxm|�dvxmd���|s�o�opgrqpmW�f}2�pvxeh�d�~g�°@g�o��Ww¦©�gfqp®¯�d�#gfmdw@�d�YbHopw*urs���ot�dqtg��ds�ots�s�m|�µ�|qpw@�Yq{s�ez�f³�a'w�g�¾��d�~wYvxo�s
qtgr�pwY�|qtufg
©
vÂotbqpg>��otqpv�u0otgr�h±dv~m|��v~md���|s¦opopgfqtm|�r}Y©�g��dqtwY�"w@�pg�s�m[g�¼u�v~gfm<oªÃ�v~m|�dÄ@wYv~mwY�"gfq{s¦otwYq>}¦®¯wY�~�xw¦©-y
v~md�*opbdgzuf�~s@�p�pv~urs��#vÂotgfq{s¦otwYq�ehw��dgf�S}2vxm¶©
bdv�u{b´©�g�±|�dvx���´wY��otvxehv~Års¦otvxw@mDotgru{bdmdv ½ �dgr��®¯w@q�eIv~mdv~ehvxÅrvxmd�
��s�qt�Yg��ds¦o{s�opq{s�m|��®¯gfq{��s�m|�Iu�w<��ot�x° ufwYeh�d��o{s¦otvxw@m|�f}�sYm|��ehs�¾�vxehv~Åfv~md���|s�q{s��~�xgr�xv��pe�³#¸d�dqpopb|gfqteIw@qpg@}¦wY�dq
Ã�v~m|�dÄ@wYv~m w@�Wgrqts�opwYqFurs�m ±"g-op�|mdgr� opw���gr�xv~�Ygrq#ehw<��oFw�®"vÂo{��wY��ot�d��oPv~m otbdg
grsYqp�~°���o{s��@gr�#w�®Wopbdg
gf¾�g>u���y
otvxw@m,}Y©
b|v~u{bzv��Ps�mzv~eh�Ww@q�o{s�m<oUsY�t�pg�oPv~ms���°���opgfe¬ehgrsYm@oF®¯w@qPb��dezs�mzv~m<opgfq{sYu�opv~wYm,³FÆ��dqP�dqtgf�~v~eIv~m|sYqp°
gf¾��Wgrqpv~ehgfm<otsY�Ugf�¦sY�x�|s�opv~wYmÀ�¦s��~v��ds¦otgr��otbdg�dqtwY�"w@�pgr�ÀÃ�v~m|�dÄ@wYv~m»s��~�Yw@qpvxopbdez�r}#sYm|�À�pbdw¦©���otbdgf°²ufsYm
�|qpw¦��v���g��@w�w��*�"gfqp®¯wYqtehsYm|u�g�v~m ½ �dgrqpv~gr�-v~m��Yw@�x��v~md�I�dv~��opqtvx±|��opg>���|s¦otshsYm|�[gf¾��Wgrm|��v~�Yg��dqtwY�@qtsYez�f³
ÇµÈ<É8ÊtË Ì ¤¦Í#¢Y¨ �ds�ots�s�m|���dqtwY�@qtsYeBv~m<opgr�Yq{s¦opv~wYm'}��dv~��opqtvx±|��opg>� ½ �dgrqp°��dqtw�u�g>�p�pvxm|�|}¦±dv~m|��v~md���|s¦opopgfqtm|�
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�� ¢���� � ¨�� sYm|�-u�g�q{s��|�Ww@q�o>}@mdw@�|�ª��op�W��vxw@m|�ª��� vxm<ot�f�Yq{s¦otvxw@m��g���wYmdm|�fgr�ªg�o
��g��dqpw@�Yq{s�ehehgr�P�|s�m|�
�|mdgHs�q{u{bdvxopg>u0op�|qpgµ�p°<eh�fopqtv ½ �dg@}-ufwYeh�d�~c�otgfehgfm<o*��v���opqtvx±d�|�fgY³B��wY�dq ½ ��� �dm¿otgf����°���opcfehgH�pwYvxog�¼hy
ursYufg��I�Yq{s�mW��g��>u{bdgf�~�~gY}d��gr��¾[�dqtwY±d�~cfehg>�
��wYv~�Ygrm@o���otqpg�qt�r�pwY�~�|�r³#�UqpgreIv~cfqtgfehgrm@o>}��xg��|sYq�o{s��@g���� �dmdg
qtgr�t�pwY�dq{u�g���wYvxo���opqtg�®ÝsYu�v~�~gY}d��� w ���xg�±"gr�pwYv~m��!� �dmTeh�rurs�mdv��peIg��pvxeh�d�~g��Ww@�dq����rufqpv~qtg�ufgr��qpg>�p�pwY�|qtufgr�r³
"Um|���|vÂotgY}Um|wY�|�Is��Yw@m|��±"gr�pwYv~m5��� �dmdgµsYqtu{bdvxopg>u0ot�dqpg[g�¼ufs@u�g��Ww@�dq��#� g�¾��ruf��opv~wYm ��v~��opqtv~±d�d�fgT��g>��qtg�y
½ �$�fopg>�f}�ufsY�|s�±d�~g��� g�¾��ruf��opgrq ��g>� ufsY�~uf�d����u�w&%�opgr��¾´gfo���gr��opq{s�m|��®¯gfqpot� ��g[��w@mdmd�fg>���Yw@�x�|eIv~mdgr�|��g>�f³
��w@�dq�ehw����r�xv���grqz��gr�Iqtgr�t��w@�dqtufgr� bd��ot�fqtwY�Ycrmdgr�r}Fmdw@�|� �|qpw@�Ww<��w@m|���!� ��otvx�~v���grqI�~gTu�wYmWu�gf�doI�dm|vÂÁ|�µ��g
o{s�±d�~gHs��@gruµ��g>�[�|s�o�otgfqtm|�[��� sYuru�c>�f}��pvxeh�d�~gDezs�v��[s@�p�pgfÅH�d�dv��p�ts�m<o[�"wY�dq����rufqpv~qtgD��gr����wYm|md�fg>�g�o
�dgr���|qpw@�Yq{s�ehehgr�r³[��wY�dq g�¾��d�~wYvxopgfq �dmdgqtgr�t��w@�dq{u�gzs��Yg>uz��gr� �|s¦opopgfqtm|���!� s@ufu�c>�f}#mdw@�|���dqtwY�"w@�pwYmW�
�|m²sY�x�@wYqtvÂotbdehghg�¼ufs@u�gh�Ww@�dq��#� w@�W�rqts�opgr�dq�Ã�vxm|�|ÄYw@vxm,}#���|vx�¦s�m<o��~gzehw��dcf�~gzvÂot�fq{s¦opgr�dq>}'�ds�mW���xg ½ �dgf�
m|wY�|�Fehgfo�opw@m|�Fgrmzw<gr�d��qpg
��g>��opg>u{bdmdv ½ �dgr�P�!� w@��opv~ehv~�ts¦otvxw@mI�"wY�|qPqp�>���dv~qpg
�~gr�Fopq{s�m|��®¯gfqpot�F��g���wYmdm|�fgr�
�@wY�~�dehvxm|gf�|�pgr�r}�qp�>���dv~qpgª�xg>�#urs���u��d����u�w&%�opgr��¾2}¦g�o�ehs�¾�vxehv���grq��~g-�|s�q{s��~�x�r�xv��peIg@³ � gª�d�~�|�r}�mdwYopqtgUwY�"�fq{s¦y
otgf�dq���gÃ�vxm|�|ÄYw@vxm²�"gf��o'�fopqtgzehw��dvÂÁ|�z�"wY�|q��dqtw��d�dvxqtgz��sT�d�x�|�|s�qpo ��g�pgr��qt�r�p�d�xots¦o{��s��À���r±d��o���g
�#� g�¾��ruf��opv~wYm,}|�dmdg ½ �|sY�xvxop��v~eh�Ww@q�o{s�m<opg �|s�m|�
�|mD��°���opcfehg�s�°<s�m<o���gr�
�dopv~�xv��ps�opgr�dqt��b<�|ehsYvxmW�f³�(�w�otqpg
�r�¦s��~�|s¦otvxw@m[g�¾��"gfqtvxehgrm@o{s��~g��dqp�r�xv~ehvxmWs�v~qpg��¦s��~v~��g��~gr�
sY�x�@wYqtvÂotbdehgr�-��g�Ã�vxmW�dÄYw@vxm��dqtwY�"w@�p�r�r}�g�o
ehwYm�y
otqpg ½ �!� v~�~�z�"gf�|�Ygfm<o[s�o�opgrvxmW��qpgD�dgr�h±"wYmdmdg>�z�"gfqp®¯wYqtehsYm|u�g>�z�ds�mW���gr�qpg ½ �)��opg>�z���|q[��gr�[��wYmdm|�fgr�
�dv~��opqtvx±|�d�fg>�-g�o��dqtwY�@qtsYeIehg>�ªufw %�otgf��¾2³
* Ì £>¢ Ê § + � ¢h¨ vxm<op�r�Yq{s¦otvxw@m��g���w@mdmd�rgr�Pgfo���g��dqtwY�Yq{s�ehehgr�r}¦otqtsYvÂotgfehgfm<oª��g�qpg ½ �$��otgr�U�dv~��opqtvx±|�d�fg>�f}
�Ws¦o�otgfqtm|�
��� sYuru�cr�
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v~md��v~m<opgfqtgr��oUv~motbdg��tu�v~gfm<opvxÁWu�u�wYehe��dmdvxo�°�otw�sY�x�~w¦©�u�wYehe��dmdvxopv~gr�PwY®,�|�pgfq{�54:sd³ «"³ sd³
��v~q�ot�|s��8w@qp�<s�mdv~Års�opv~wYm|�(6�otwh�pb|sYqpg�qpg>��w@�dq{u�gr��u�w@m|�pv~��opv~md�Iw�®�±"w�otb��|s¦otshufwY�~�xg>u0opv~wYmW��sYm|��s��d�d�~v�ufs¦otvxw@m
�|qpw@�Yq{s�ez�f³�a-bdv�����v���v~wYmHv~��±"gr��o�qtg
7|g>u0otgr�µ±�°µqtgru�grm<o�v~mdvÂotv~s�opv~�Yg>���p�|u{b´s@��otbdg98�:�qtv~�¶�ªwYeh�d��otvxmd��;
�|qpwY��gru0o=<ë�?>ã}>opb|s�o�s�v~ez�'s�o�u�w@m|��otqp�Wu0opv~md��s@8�ehg�o{s�u�w@eI�|��opgrqA;2B,s
��s�qt�YgF�purs��~gY}¦��v���otqpv~±d��otgr��ufwYeh�d��otvxmd�
grm��<v~qtwYmdehgfm<o>}@otb|s¦o��|qpw¦��v���gr�ªopq{s�mW���|sYqpgrm<o-s@ufu�g>�p�ªotwzbdvx�@bd�~°bdg�otgfqtwY�@gfmdgrwY�|��qtgr�pwY�dq{u�g>�f³
a�wµvx�~�~�|��otqts�opg@}#ufwYm|�pv~�dgfq�sµ�tu�v~gfm<opvxÁWusY�d�d�~v~urs¦opv~wYm´opbWs¦o v~m��YwY�~�Yg>��o�©ªwTv~ezs��Yg�|s¦otsY±|sY�pgr�2C>³µÆ�m

�pvxopgHº!D�}�opbdgrqpgDv��sÀufwY�~�xg>u0opv~wYm¿wY®�v~m�®¯q{s�qtgr�¿�ts¦opgr�x�~vxopgµv~ehsY�Yg>�zw�®�opbdg "Us�qpopb,}-o{s�«@gfm¿gf�@gfqt°Àopbdqtgfg
b|wY�dq{�f}���opw@qpg>�[v~m[otbdgE:�k�¸²®¯w@qpezs¦o>³UÆ�m��pvÂotg ºGF�}d�|s¦ots�®¯qtwYe÷sh��vIH8gfqtgfm<o��ps�opgf�~�~vÂotg��p�dqt�Ygr°zb|sY�-±"gfgrm
�|qpw�u�g>�p�pgr� vxm<otw�s�ezs��Iw�®Wopbdg
w@Åfw@mdg
u�w¦�Ygrq�wY®|otbdg�"Us�qpopb'}¦otsY«YgfmIgf�@gfqt°�©ªgrgf«8¹�otbdv��F�ds¦o{s�v��Fs��¦s�v~�~sY±d�~g
v~mKJ � ¸L4#MµvxgrqtsYqtu{bdv�ufsY�.zs�ots9N�wYqtezs¦o(6�³FÆ�mh�pvÂotg
ºPO�}YsYmIsY�d�d�~v~urs¦opv~wYmKQ,w¦©�Æ�ÅrwYmdgRB J � ¸=S·±"w<w@�xg>s�m,³
(�w¦©�}"�p�d�d�"w@�pg�otb|s¦o�s�W��grq�©-s�m<ot��8notw[qtg�otqpv~gf�@g�wYm¶��vxopghº*T��Ws�v~qt��w�®Uv~ezs��Yg>�
o{s�«Ygrmµ®¯qtwYe opbdg�o�©�w
�pwY�|qtufgr�
®¯w@q�otbdw@�pg��ds�°���©
bdgfmDopbdgrqpgI©ªgrqpg mdw�otv~ufgrs�±|�xg�bdwY�~gr��vxmDopbdgIwYÅrwYmdg ufw¦�YgrqA;0³�º��|u{b¶s ½ �dgrqp°
ezs�°qtg ½ �dv~qtg�otbdg�®¯wY�~�xw¦©
v~md�zsYu�opv~wYm|�UB04��V6�g�¾�opq{sYu�o-v~ezs��@gr�ª®¯qpw@e º F sYm|�[opq{s�m|��®¯gfq-otbdgfe÷opw�pvÂotg�ºPOY}
4S�W6
�pgf�~gru�o�otbdw@�pg�v~ehsY�Yg>�-opb|s�o��dqtgr�pgfm<o�bdw@�xg>��v~mµopb|g wYÅrwYmdg�ufw¦�Ygrq��|�pvxmd�opbdg�Q,w¦©�Æ�Åfw@mdg��dqtwY�Yq{s�e
w@m¶�pvxopgºGOX4¯©�gzsY�t���|eIgIotb|s¦o��dqtwY�@qtsYeh��ufsYm´w@md�~°Dg�¾�gruf��opghw@mHotbdgfv~q�m|s¦otvx�@gz��vxopgsYm|�´urs�mdm|w�o�±Wg
�pbdv~�d�"gr� opbdqtwY�d�@b�opb|g�m|g�o�©�wYqt«G6�}�s�m|�Y4Ýi.6'w@±�otsYvxm opbdg-�ds�opgr��s@�p�pw�u�v�s¦opg>��©
vxopb�opbdg-qtgr�p�d�Âotvxm|��v~ezs��Yg>�f}
gf¾�opq{sYu0o
v~ezs��Yg>�ª®¯wYq-opb|gr�pg��ds¦otgr��®¯qtwYe�º D sYm|�*opq{s�m|��®¯gfq�otbdgfe÷opw[º*T@³

"P�@gfmÀvx®�s��~�Fopb|gr�pgqpg>��w@�dq{u�gr��sYqpgzv~m<opgrqtufwYmdmdg>u0otgr�¶��v~sµsTehv��d���~gf©-s�qtg��°���opgfeT}F��gr�Ygf�~wY�|vxmd�µsYm
sY�d�d�~v~urs¦otvxw@m��dqtwY�Yq{s�e6opbWs¦o�vxeh�d�~gfehgfm<o{�#opbdg ½ �dgfqt°�qpg ½ �dvxqtv~md�
opb|g-sY±Ww¦�@gUsYu�opv~wYm|��ufwY�d����±"gUotgr��v~wY�W�f³
"P¾�v���opv~md�´ehg>��v~s�opw@q�w@q ®¯g>��gfq{s¦otgr�^�|s¦otsY±|sY�pg[�p°���otgfez�f}ª���|u{b sY��k�Ã[Z � � � s¦o{sYÄ@wYv~mdgfq>}=:�s�qt�xv�u\<~�>�V>S}
a#�pvxehehv~�]< ^V>ã}�g�o{u�³~}d©ªw@�d���bdgr�x�*®¯wYq�opb|g���b|sYqpv~md��w�®#�|s¦ots|}�±d��o
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LowOzone
(imgHDF) boolean

σ
LowOzone

S4

π

S3S2

S4IRSat(irID,
date,imgGif)

OzoneSat(ozID,date,imgHDF)

select ir.mgGif, oz.imgHDF, oz.date
from S1:IRSat ir, S2:OzoneSat oz
where ir.date=oz.date
and S3:LowOzone(oz.imgHDF)=true

Query Q

date

IRSat OzoneSatS1 S2
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Scan(W1/R(a ))f

b b f f

b f

select R.a, g.outBlob

where R.a=T.bID and T.bID=g.inBlobID
from W1/R, W2/g

and T.blob=g.inBlob and g.intRes=1

select R.a, f.blob
from W1/R, W2/T, W3/f
where R.a=T.bID and T.bID=f.bID

f

b

b

and T.blob=f.blob

BA(T(bID blob ))

BA(f(bID blob res ))

BA(g(inBlobID inBlob outBlobID intRes))
Scan(W1/R(a ))f

BA(g(outBlobID outBlob))
b f

BA(T(bID blob))

σ
intRes=1

(b)(a)
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(x2,y2,z5,t5)
(x3,y3,z2,t2)
(x3,y3,z3,t3)

CR

CR CR

CR

(x1,y1,z1,t1)

(x3,y3,z3,t3)
(x3,y3,z3,t3)

(x3,y3,z2,t2)
(x2,y2,z2,t2)

(x3,y3,z4,t4)

(x2,y2,z5,t5)

CR

CR

(x1,y1,z1,t1)
(x2,y2,z2,t2)

(x3,y3,z3,t3)

(x3,y3,z4,y4)

(x1,z1) (x2,z2) (x3,z3) (x3,z4) (x2,z5) (x3,z2) (x3,z3)

(x3,y3,z3,t3)
(x3,y3,z3,t3)

(x1,y1,z1,t1)

(x2,y2,z2,t2)

(x3,y3,z2,t2)

(x3,y3,z4,t4)

(x2, y2,z5,t5)

x1x2x3

z3 z2 z4 z5 x1

(a) (b) (c)

x1 x2 x3

z1 z3 z4 z5z2

x1 x2 x3

z1 z2 z3 z4 z5

¸#v~�Y�dqtg��*B���sYu{b|gr¸#k�¸#Æ 4ÝsR6�s�m|�H��s@u{bdgf�FsYqtsY�x�~gf�1BPu{bdw�w@�pg�wY����gr��o��¦s��~�dg�4Ý±�60}8u{bdw�w@�pg�ehw@��o��"wY�d�d��s�q
�¦sY�x�dg/4:uU60³

sYqpgT�@�xw@±|s��-±d�~wY±dk � �r}-sYm|�^opbdgDÃ�v~m|�dÄ@wYv~m¿�pgfmW�d�hwYmd�~°^��v���opv~m|u0o[�¦sY�x�dg>�Iopw5�ªw@eI�|��opg>�
gr�p�d�xor³+���~�
w@�Wgrqts�opw@qt��qt�dmw@mhopbdg�Ãªv~m|�dÄ@wYv~m�pvÂotgY¹@opbdg��db�°��pv�ufs��W�xw�urs��~vxÅ>s¦opv~wYmhwY®"otbdg��pwY�|qtufg
±d�xw@±v��Uu�w@m|�pv~��grqpg>�
m|w�o�s¦o-opb|g�w@�Wgrqts�opw@q��~gf�@gf�S}�±d��o�v~m[otbdg��db�°���v�ufsY�"±|�xw@±[otqtsYm|��®¯grq-�~s�°@gfq
sY�ª®¯wY�~�~w¦©��f³U�ªwYeh�d�dopgr��gr�p�d�Âo
v��t���dg>� 3 � ���*k1� < inl m ufwYehezs�m|�d��opw*opb|gIÃ[Z w@mH�pvÂotghºGOY³�����g�¾��d��s�v~mdg>�µvxm²º�gru�opv~wYm¶id³ �|}"opbdv���Ã[Z
©-sY�Iv~m�®¯wYqtehgr�2}ªwYm Ãªv~m|�dÄ@wYv~m,³ kM6 � �g:nE otb|s¦os´±d�xw@±5�|�d±d�~v~�pbdgr�5wYm�º*TTb|s@�zs��~qpg>sY��°²±"gfgfm¿u�w@�dv~gr�2}
©
vxopb|vxm�opb|g u��dqtqtgfm<o ½ �|gfqt°Y}dw@mTº��@³Ua-b��|�r}dvxo�ufsYm���g>u�v���gY}WwYmTsh�Wgrq�yã±d�~wY±�±|sY�pv��f}d�W��v~md�zehwYmdgr°[s�mW�
otvxehg�ufw@��o
ufwYm|�pv���gfq{s¦otvxw@m|�f}�©
bdgrqpg�otw�®¯gfotu{b�opb|g�±d�xw@±[®¯qtwYeT³

� �'£CZ���£�¤¦¥�£ ÈÌ 	F£�� È � ¥d§ � È� ¥�¤¦¥$+ + È +F¥$+
 Ì ¤ XÝ£ ��� a-bdg�sY�x�@wYqtvÂotbde v~eI�|qpw¦�@gr��opbdg�wY��ot�d��oUq{s¦otg
g>s�qt�x° vxmIopb|g
g�¾�gruf��opv~wYm,³�¸#vx�@�dqtg���v~�~�x�|��opq{s¦otgr�#otbdg�±"gfb|s���v~wYq�w�®2sE` "P�²®¯q{s��Yehgrm@oPufwYm|�pv~��opv~md��w�®"o�©�w
Ã�v~m|�dÄ@wYv~m|�UB : � �S �%� � c;: L : 	 V � T EE �S �%� � c;: 3 : � V � T E�E0³#knm�opbdv��,gf¾�sYeh�d�xg@}�otbdgP�"gfq,ot�d�d�~gUu�w<��o{�2w�®ds@ufu�g>�p�pv~md�
qtgr��opqtv�u0opg>�µqtgr�pwY�dq{u�g>���Às�mW� �DsYqpgI��gfo�otw � T ���[sYm|� �	� ��
[qtgr�p�"gru0otvx�@gf�~°Y}2s�mW�D±"w�opb¶qtgr�pwY�dq{u�g>�
qtg�ot�dqtmIgf¾dsYu0ot�x° wYmdg-ot�d�d�~g��WgrqUs�qt�Y�|eIgrm<or¹@�dv H8gfqtgfm<oPv~m|��v�u�gr�F®¯wYq 	�> � > � > �#vxmW��v~urs¦otg���v H8gfqtgfm<oP�¦s��~�dg>�f³
��qpqtw¦©��'®¯wY�~�xw¦©^op�d�d�~g[7|w¦© s�ehwYmd� ��}���� T 4Óopb|g��ªwYeh�d��otgr�
g>���d�xoPwY�"gfq{s¦otwYqFsYuru�g>�p�pvxm|� L 6�s�mW�h������¹©�g�sY�t���|eIg�sY�x�,�pgf�@gfm*op�d�d�~gr��ufs�m�±"g�g�¾�opq{sYu�opgr�[®¯qtwYe �IsY��®ÝsY��o�sY�
�dgr�pvxqtgr�2³
c�bdgrm²opbdg*Ãªv~m|�dÄ@wYv~m|��sYqpghv~eh�d�xgrehgfm<opg>�²±<°HopbdgT��sYu{bdg>¸�k�¸�Æ sY�x�@wYqtvÂotbde 4:��grg¸�v~�Y�|qpg*�P4ÝsR6�60}

ot�d�d�~gr�-®¯qtwYe ��sYqpg�g�¾�otqts@u0opg>��wYmd�~°[s¦o
otbdg��|s@u�g�w�®#opb|g�±WwYo�op�~gfm|gru{«[qtgr��opqtv�u0opg>�*s@ufufgr�t�94 LJ> otbdgfm 3P60³
¸#v~�Y�dqtgr�I�G4¯±�6�s�m|� 4:uU6 ��bdw¦©)o�©�w´��sYu{bdgr��sYqtsY�x�~gf�F�¦sYqpv�s�m<ot�r³�knm²opbdv���ursY�pgY}#©ªgufwYm|�pv���gfq�otb|s¦o�opbdg
gf¾�opq{sYu0otvxw@m*wY®�op�d�d�~gr��s�qtg�®¯qpw@e÷q�v����@gfqt°z®ÝsY��or}"��wIopbWs¦o�sY�x�'�pgf�@gfm�op�|�d�xg>��sYqpg�sYuru��de��d��s¦opg>��©
vÂotbdvxm
otbdg�Á|q{��o
Ã�vxm|�|ÄYw@vxm*±Wgf®¯wYqtg�otbdg�gf¾�gru��dopv~wYm*��otsYq�o{�f³�kão�ufsYm[±"g���grgfmotb|s¦o���sYu{b|gf�Fs�q{s��~�xgr�Wb|gf�~�|�-��w@�x�@g
�pwYehg���°�m|u{bdqtwYm|vxÅ>s¦opv~wYm²�dqtwY±|�xgreh�Y4Óotgfm|�d��otwHgf�~v~eIv~m|s�opg�3 � � v����~gotvxehg�vxm^opbdg[Á|qt��o��|b|sY�pg[wY®�opbdg
gf¾�gru��dopv~wYm�6�}ªs�mW�ÀopbWs¦oz�dmd�~vx«@gH��sYu{bdg>¸�k�¸�Æ�}�vxoz�dqtw��d�|u�g>� ot�d�d�~gT±d�dq{��o{�hgrs�qt�~°¶v~m g�¾�gruf��opv~wYm,³ ���
¸#v~�Y�dqtgh�[�pbdw¦©��f}8u{bdw�w@�pv~md�otbdg�ehw<��o��Ww@�d�d��s�q��¦s��~�dg �|qpw¦��v���gr��s[±|vx�@�Ygfq�grsYqp�~°TwY��ot�d��o�qts�opg opb|sYm
u{b|w<w<��v~md�Totbdg[w@�~��g>��o>³DÃ���o otbdg[±dv~�Y�@gr��o sY���¦sYm@o{s��@gzw�®
opb|v~�Iu{bdwYv�u�gz�"wY�~v�u�°²v~��opb|s�o�vxo�v�� sf&2�������I�
otgru{bdm|v ½ �dg@}�ufsY�|s�±|�xghotwDu�wY�"gz©
vxopbÀ�¦s�qtvxw@�|��vxm|�d��o w@qt��grqt�r},gr�Ygfm²vx®-opbdg���|�d�xv�ufs�opg>� u�w@ehgI��sY��or}�sY�
v~mµÁ|�@�dqtgI��³�������wW}8�pv~m|u�g�vxmHs[u{b|s�v~mDw�®UÃ�v~m|�dÄ@wYv~m|��©�g�sY�x�~w¦©�grs@u{bTopw*u{b|w<w<��g vÂo{��w¦©
mD�|qpw�u�g>�p�pv~md�
w@qt�dgfq>}@otbdg���g>u�v���v~wYm|�-wY®'otbdg�Á|q{��o�Ã�vxmW�dÄYw@vxmµ��whmdwYo
vxeh�d�~°*sI±|s@�*w@qt�dgfqtvxmd��®¯wYq-otbdw@�pg�opb|s�o
®¯wY�~�xw¦©�³

Ï¯Ð#Ñ,ÏÓÒ



���������
	������������	���������������� �
	!���"�������#����	%$'&(�)	*�,+-�)	����)	.�/�0���1���
�2	!& �>�

��
n	 ���P� #%(N��-�. ����� �b�������3���*!_��P�"#3� �H(*� !$#3���"(g#[��� #3���2! �� 

knm opbdv��F�pgru0otvxw@m,}¦©�g��pbdw¦©Àbdw¦©Àotw�s@�ds��do�otbdg-wY�"gfq{s¦opw@q�sYqtu{bdvxopg>u0ot�dqpgU®¯wYqFÃ�vxmW�dÄYw@vxmIs�m|��Ã�vxm|�|�
ufu�g>�p�
otwµs��~�xw¦©¬��gr�Ygfq{s����|sYqtsY�x�~gf�Fs@ufu�g>�p�pgr��otwDs*qtgr��opqtv�u0opg>�Hqtgr�pwY�|qtufgY³�c´ghotbdgfm²�dqtw¦��v~��gzsT�pvxeh�d�~gs��~�YwYy
qtvxopbde·®¯wYq���gfopgfqtehvxm|vxmd��otbdg��gf�@qpgrg�wY®�v~m<opq{s¦yãwY�"gfq{s¦otwYq��Ws�q{s��~�xgr�xv���e�opb|s�o ��bdw@�d���H±"gz�|�pgr�´©
vÂotbdvxm
sTÃ�v~m|�dÄ@wYv~m�yãÃ�v~m|�d�
uru�gr�t���|s�v~qr³[Æ��dq�sY�x�@wYqtvÂotbde v~���dgr�pvx�@mdgr�HopwTg�¾��d�~wYvxo�opb|g�®¯�|�x�Uurs��|s@u�vxo�°µw�®�opbdg
qtgr�pwY�|qtufgY}Y©
b|vx�~g��pb|s�qtv~md��vxo�g ½ �Ws��~�x°I©
vÂotb*sY�x�"w�otbdgfq ½ �dgfqtvxg>�P�|�pv~md��otbdg��ts�ehg�qtgr�pwY�|qtufg�s¦oªopbdg��psYehg
otvxehg@¹�s����pw|}8vÂo���°�m|sYehv~urs��~�x°µsY�|s���o{��otw�u{bWs�md�@gr��vxm´opbdgI�"gfqpyãurs��~�#gf¾�gru��dopv~wYmDotvxehg@},©
bdv�u{bHezs�°µ±Wg
�d�dg�otw��|md�dqtgr��v�u0o{s�±d�~g��Ws�q{s�ehg�otgfq{�ª�p�|u{b*s@�Potbdg�ezsYu{bdv~mdg��xw<sY�zw@mopb|g��pvxopg�g�¾�gruf��opv~md�hs �dqtwY�@qtsYeT}
otbdg�mdgfo�©ªw@qp«ufwYmd�@gr��opv~wYm,}�g�o{u�³
a�wµs��~�xw¦©��ï�|s�q{s��~�~gf�FsYuru�gr�t�pgr��opwµs[qtgr�pwY�|qtufgY}8©ªgz�pvxe��d�xots�m|gfwY�W���~°Tqp�dm��ïvxm|��otsYm|u�g>��w�®[:�gfo�y

Ã�v~m|��v~md�|}��ªw@eh�d��opg>�
gr�p�d�xor}'sYm|�HÃ�v~m|�dÄ@wYv~m!F�³I���~�@:�g�o{Ãªv~m|��v~md�Ts�m|�¶Ã�vxmW�dÄYw@vxm´wY�"gfq{s¦otwYq{��u�w@m|�p�d�Âo
sYm|��|�"�ds�opg�opb|g�ursYu{bdg�±d�GH8gfq>¹ds��~�2Ã�vxm|�|ÄYw@vxm*vxm|��otsYm|u�g>���dqpw����Wu�g�vxm `9D�}�e �|�Âotvx�d�~°�vxm|��otbdg�u{b|s�mWu�gr�
wY®2�~sYqp�@g
wY��ot�d��oU�|s@u{«Ygfot�r³�knmhotbdg�ufs@��g�w�®,s�qpgrehw�opg��ªwYeh�d��otgr�
g>���d�xor}�s��~�|v~m|��otsYm|u�g>�Pu�w@m|���|eIg�opbdgrvxq
v~md�d�do�®¯qtwYe `��O sYm|�µ�dqtw����|u�g�vxmg`��F ³ac�bdgfm´qp�dm|mdvxm|�[��gr�YgrqtsY�'v~m|��o{s�m|ufgr��w�® :�g�o{Ã�vxm|�dvxmd�W}8©ªg��|��g
�~w�u{«�vxmd�zw@m�opbdgI�ds¦o{sz��otqp�|u�op�dqtg � �
grm@otqpv~gr�
opw[s��@wYv��*q{sYufg�u�wYmW��vÂotvxw@m|�r}|©
bdgfopbdgrq��ªwYeh�d�dopgr��gr�p�d�Âo�v~�
�~w�ufsY�"w@q-qpgreIwYopg@³�¸|qpw@e÷s�m*vxeh�d�~gfehgrm@o{s¦otvxw@m*�"wYv~m<o-wY®���v~gf©�}�opb|gKkM6 � �g:nE�ufsY�x�2wY®#Ã�vxmW�dÄYw@vxm�u�qtgrs�opgr�
w@mdgIvxm|��otsYm|u�gIw�®-Ã�vxm|�|ÄYw@vxm D },©
bdv�u{b´�p�d�"gfqt�<v��pgr��opbdghgf¾�g>u���otvxw@m´sYm|�´�dgru�v���g>��w@mHotbdgzs��d�|qpw@�dqpv�s¦otg
m��de�±Wgrq-w�®'Ã�vxmW�dÄYw@vxm F v~m|��ots�mWu�gr�ªotwIufqpg>s¦opg@³�knm[op�dqtm,}�g>sYu{b[ufqpg>s¦opg>�zv~m|��o{s�m|ufg�wY®�Ã�vxmW�dÄYw@vxm F kM6 � �,�
vxot���ªwYeh�d��otgr�
g>���d�xo�s�m|�X:�gfotÃ�vxmW��vxm|�Iw@�Wgrqts�opw@qt�r³

\�È £ È ¤ �'X Y X Y ¶£ � È ¤ X  �8£[Í È |¤ È�È¶Ì 	�Z#¥�¤¦¥$+�+ È +=X:¢�� �ªwYm|�pv���gfq
otbdg�ursY�pg�©
bdgfm´s��v~md�@�xg Ã�v~m|��y
Ä@wYv~mµwY�"gfq{s¦otwYq
�|�pgr��opbdg�qpg>��otqpv�u0otgr�Tqtgr�pwY�dq{u�gRBPvxot���Yw@sY�,v��
opw*��g�otgfqteIv~mdg opbdg�ehs�¾�vxe��de �dgf�Yqtgfg�wY®
�Ws�q{s��~�xgr�xv���e �"w@�t��v~±d�~gY³�c¶g��|qpw@�Ww<��g�s�m*sY�x�@wYqtvÂotbde ©
bdv�u{b[�Yqtgfg>��v~�x°zqt�dm|�-s¦o
s�m�°zehwYehgrm@o
sY��ezs�m�°
v~m|��otsYm|u�g�s@�-�Ww<�p�pvx±|�xg@³Ua-bdg�g�¾�g>u���otvxw@m��|qpw�u�grgr�d�-v~mµ��o{s��@gr�r¹ds¦o
opb|g�gfm|�TwY®#g>sYu{bT��o{s��Yg@}dÃ�vxm|�|ÄYw@vxm D
�dgru�v���g>�-wYm*opbdg�m��de�±Wgrq�w�®#vxm|��otsYm|u�g>��opwzqt�dm�vxm�opb|g�mdg�¾�o���ots��@gY³
knm*opbdg�Á|q{��o
��ots��@gY}�wYm|g�v~m|��ots�mWu�g�v~��qt�dm,³�knm[otbdg���g>u�wYmW�[��ots��@gY}<opb|g�Ã�v~m|�dÄ@wYv~mopqtv~gr�ªopwIg�¾�gruf��opg

o�©�wÀv~m|��o{s�m|ufgr�zv~m+�|sYqtsY�x�~gf�S}-s�m|�¿ehgrs@���|qpg>�hopbdgrvxq�s��YgrqtsY�Yg��Wgrq�ySop�d�|�xgDgf¾�gru��dopv~wYm¿opv~ehgh<�� 38³�a'w
�dgru�v���gh©
bdgfopbdgrq�otwTvxm|ufqpg>sY�pgY}2��g>u�qtgrsY�pgY}2w@q�«@gfgr�Hotbdgz�psYeIgIm��de ±"gfq�wY®ªv~m|��o{s�m|ufgr�r}8opbdgzÃ�v~m|�dÄ@wYv~m
ufwYeh�|sYqpg>� <	�:3�©
vxopb �����j8�� � #�
1k i 8�1���NO D s�mW�)8 � �j8 � � #�
%k i 8�1���NO D ³����9O D v~�,opbdgUeIv~mdv~e �deBg�¾�g>u���otvxw@m
otvxehg@}W�"gfq�vxmW��o{s�m|ufg s�m|�T�"gfq�op�d�|�xg@}"wY®PsufsY�x�'opwotbdg qtgr��opqtv�u0opg>��qpg>��w@�dqtufgWBªvÂo�ufs�mµ±"g��dgru���s�qtgr��±�°
otbdgh�d�d±d�~v���bdgrqr}2w@q�ehs�°µ±"ghqpg>u�w@qt��g>�Dw¦�@gfq��dqpgr��vxw@�|��gf¾�gru��dopv~wYm|�r³�a-bdgh�|sYqtsYehg�opgrqt� �����j8 � � #�
1k i 8
sYm|� 8 � �j8�� � #�
1k i 8²e �W��o±"gD�Yqtgrs�opgrq�otb|s�m�� A � }-sYm|�¿�ps�opv���®¯° 8 � �j8 � � #�
%k i 8�� �����j8�� � #�
1k i 8W³+kã®
<��:3�� � ��� 8 � � #�
1k i 8�� � �NO D2}�opbdgrm»otbdg*��sY��o qtgrufwYq{��gr�Às��@gfq{s��Yghotvxehg*v~� ½ �dvxopg*uf�xw<��g[opwHopbdg�±Wg>��o
ehg>sY�p�dqpg>��wYmdg@}"sYm|�µÃ�vxm|�|ÄYw@vxm D ��grufv~��g>�
otw[sY�d�Hs�mµg�¾�otqtshv~m|��ots�mWu�g�v~mµopb|g mdgf¾<o���o{s��Yg@³
kã®*<�� 3��
8 � �j8 � � #�
%k i 8���<��:3 �9O D2}�opbdg*�~s@��o s��@gfq{s��@g otvxehgv���otw<wD®Ýs�q�®¯qtwYe opbdg[wY��otvxe��deT}�sYm|�²Ã�vxm|�|ÄYw@vxm D
gr�xv~ehvxmWs¦opg>�Fs�mIvxmW��o{s�m|ufg�v~mIopbdg
m|g�¾�oP��o{s��Yg@}¦opqt°�vxm|��otw�s¦o�o{s�v~mIsY�@sYvxm�±Wgfo�opgrqUs��YgrqtsY�Ygªqp�dm|mdvxm|��otvxehg>�f³
kã®�<�� 3H®Ýs��~�~��©
vxopbdv~m²opb|gz©
vxm|�dw¦© . <	�:3 �NO D�� � ��� 8 � � #�
1k i 8 > <��:3 �9O D�� 8 � �j8�� � #�
1k i 8 / },©�gh«Ygrgf�¶opbdg
�ts�ehg�m��de ±"gfq�w�®"vxmW��o{s�m|ufgr�r}���v~m|u�g-mdgrvÂotbdgfq�v~m|u�qtgrs@��v~md��mdwYq���g>u�qtgrsY�pv~md��vxoU��grgfe�v~m<opgfqtgr��opv~md��u{bdwYv�u�g>�f³
kã®Fotbdv���©
v~m|��w¦©�v~��opw�wm|sYqpqtw¦©�}�otbdg m��de�±Wgrq�w�®Fv~m|��ots�mWu�gr��w@�tu�v~�x��s¦otgr�
±"g�o�©�gfgrmH�pwYehg��¦s��~�dg	�Às�mW�
�����Y¹WvÂ®�otbdg�©
v~m|��w¦©Bv~��opw�w©
v���gY}|opbdg sY�x�@wYqtvÂotbde÷qtgrs@u0o{��opw�w[�p�xw¦©
�~°zopw*u�wYqtqtgru0o�sz±WsY�T��grufv~�pv~wYm,³
a-b|v~�
sY�x�@wYqtvÂotbde �Yqtgfg>��v~�x°zqt�dm|�
s@�-ehsYm�°vxmW��o{s�m|ufgr�
sY�-�"w@�t�pvx±d�~gY³

Ñ�Ñ â��P�
�2�2�



�Y� ����� ��	����I�2&����	��
��k+5��W�.��	��)��� N�� N'����������� �������)�/��	

� ¥3X¯¤ ¢ �#¥�¤ X Y �£�� È ¥|§Y§ È ¢>¢»£ Ì ¥�¤ È ¢r£f¤ XÝ§Y£ È Í ¤ È ¢ Ì ��¤�§ È c¶gTmdw¦©�s@�d��qtgr�t� otbdgT�dqtwY±d�~gfe wY®
®ÝsYvxqtmdg>�p��vxm¶��b|sYqpv~md�[s[�|s�q{s��~�~gf�'qtgr�pwY�|qtufg s�ehwYm|�[��gr�YgrqtsY��Ã�vxmW�dÄYw@vxmW�f³ac´ghufsYmH��w[opbdv�����v~eh�d�x°T±�°
ehw���vx®¯°�vxmd�[opbdgIs��~�Yw@qpvxopbde s�±"w¦�Yg�s@�
®¯wY�~�~w¦©��f³�¸|wYq�gf�Ygrqp°*qpg>��otqpv�u0otgr�µs@ufu�g>�p���d�d±d�~v~�pbdg>�µwYm´º�D�}"opbdg
gf¾�gru��dopv~wYm gfmd�@vxmdgµ��opw@qpg>� otbdgµm��de ±"gfqzwY®��Ws�q{s��~�xgr��v~m|��otsYm|u�g>�hqp�dm|mdvxm|�´®¯w@qzgrs@u{b Ã�v~m|�dÄ@wYv~m s�ozs
�@vx�@gfm²ehwYehgfm<o>³�c�bdgrm^sµÃ�vxm|�|ÄYw@vxmÀ��g>u�v���gr�r}'®¯w@�x�~w¦©
v~md��opbdg©
v~m|��w¦© �tu{bdgfehgz�dqtgr�pgfm<opg>�²s�±"w¦�YgY}
otb|s¦o��|s�q{s��~�~gf�~v~�pe v��U�|qpwYÁdotsY±d�xg�s�m|�Iotb|s¦o�vÂo�mdgfg>�d�Potw�s@�d�zs�mgf¾�opq{s�vxm|��otsYm|u�g@}@vxo-ehs�°h��w �pw�w@md�x°Ivx®
vxot�Fuf�dqtqpgrm@o#m��de ±"gfqFwY®|vxmW��o{s�m|ufgr�#v~�#otbdg-�xw¦©�gr��oFs�ehwYmd��s��~�<opbdg
Ã�vxmW�dÄYw@vxmW�#ufwYm|uf�dqtqpgrm@ot�x°�gf¾��|�xw@vÂotvxmd�
otbdg
�psYehg�qtgr�pwY�|qtufgY³�º�v~ehvx��s�qt�~°Y}¦©
bdgrmdgf�@gfqFs�Ãªv~m|�dÄ@wYv~mh��grufv~��g>��opw�gf�~vxehv~m|s¦otg
s�mIvxm|��otsYm|u�g@}�vxoPb|sY��opw
�@gfqtvÂ®¯°@}�±<°[vxm|�p�"gru0otvxm|�Igr�Ygrqp°�±"w��d° � ��u�wY�|m@otgfq{��w�®�qt�dmdm|vxmd�Iv~m|��o{s�m|ufgr�r}�opb|s�o
vÂo{�-m<�|e ±"gfq-w�®#vxm|��otsYm|u�g
v���otbdg[b|vx�@bdgr��or³Ha-b|v~����v~eh�d�xgK8��"wY�~vxopgfm|gr�t��;ehgru{b|sYmdv���e gfm|�p�dqtgr��±"w�otb»ezs¦¾�v~ehsY�Ugf¾��|�xw@vÂo{s¦opv~wYmÀwY®
shqtgr��opqtv�u0opg>��qpg>��w@�dqtufg�sYm|��g ½ �dvxotsY±d�xg qpgr�|s�qpopvxopv~wYm�w�®Fv~m|��o{s�m|ufgr�
sYeIw@md�s��~�'Ã�v~m|�dÄ@wYv~m|�
qt�dmdmdv~md�zv~m
�Ws�q{s��~�xgr�:}�sY�-©�g���b|w¦©`v~m*otbdg�mdgf¾<o��pgru�opv~wYm,³

� ��� �´�-���f���
	���� � ��&'&��
&'&#���
	 � � ������� � ��� ���
�+����� ��������� �f�����
�#�0�����

knmHopbdv����pgru0otvxw@mH©�g�gr�¦s��~�|s¦otg�opb|gI±"gfbWs��<v~wYq�w�®Uopbdg[��sYu{b|gf�Fs�q{s��~�xgr��Ã�v~m|�dÄ@wYv~m´s��~�Yw@qpvxopb|e�³]c¶gzs�qtg
ezsYvxmd�~°»u�w@m|u�grqpm|gr�À©
vxopb5o�©ªw¶v��p�p�dgr�UBzÁ|q{��or}Potbdg*op�d�d�~gTwY��ot�d��ozq{s¦opg�v~m»opb|g�g>s�qt�x°À��otsY�Ygr��w�®�opbdg
gf¾�gru��dopv~wYm,}�sYm|����g>u�w@m|�2}
vxot�[urs��|s@u�vxo�°»otw5sY�|s���o[vxot�*��gf�@qpgrgµw�®��|sYqtsY�x�~gf�~v���eôopw^u{b|sYmd�Yg>�zv~m�opbdg
�|qpw�u�g>�p�pv~md�Iufw@��o
w�®#sIot�d�d�~gY³

� � Z�¤ Ì�� X Y  È ¥�¤ + É £ �,Z + ÈzÌ ��£BZ �'£�¤¦¥�£ È ¸#vx�@�dqpg0^��dqtgr�pgfm<o{�#opbdg-ot�d�d�~g
wY��ot�d��oUq{s¦otgª®¯qtwYe ` "P�U�
ufwYqtqpg>���"wYmW��vxm|�zopwTs ½ �dgrqp°Tw�®UopbdgI®¯wYqte 8��pgf�~gru�o L : � A 	 E0}63 :2� A � E-®¯qtwYe �U;{³Ec´g�otsY«Yg�� T � � � otvxehg
�|mdvÂo{� sYm|�$� � � � � � }�s�mW�¶s@�p�p�dehgI®¯wYq �pv~eI�|�xv�u�vxo�°Hotb|s¦o L s�mW� 3¶s��~©�s�°���qtg�op�|qpmÀsµ�pvxmd�@�xgIot�d�d�~gY³
a-b|g�urs�q{��vxmWs��~vÂo�°hw�®�� : 	JT � T EUv~� � �3> � � � }�ot�d�d�~gr�-s�qtqpv~�Yg�vxm�mdwI�|s�qpopv�u��d��s�qªwYq{��gfq-s�mW�[sYuru��de��d��s¦opg�v~m
otbdg�ÁWqt��oªÃ�vxmW�dÄYw@vxmz±"g�®¯w@qpg�opbdg�±Wgr�Yv~mdmdv~md��w�®8otbdg�gf¾�g>u���otvxw@m,³�c´g�mdgf�@�xg>u0oªursYu{bdg
�~w�wY«��d�sYm|�Iop�d�|�xg
otqtsYm|��®¯gfq
otvxehgY}2�pvxmWu�g�otbdgf°µ�pvxeh�d�~°�s@�d�µ�d�Dopwgf¾�g>u���otvxw@mTopv~ehgr��®¯wYq�sY�x�#s��~�Yw@qpvxopbdez�r³[c´gIu�wYmW��v���gfq
o�©�wY` "P� � �
®¯w@q�otbdg ½ �dgfqt° BªsY` "U��©
bdgfqtg L �dqpg>u�g>��gr� 3Ts�m|�µsYmdw�otbdgfq�©
bdgfqtg 3*�dqtgrufgr��g>� L ³[c´g
�p�d�d�"w@�pgPotb|s¦o�otbdgUo�©�w �S ��� ��s�qtgUv~eh�d�xgrehgfm<opg>���|�pvxm|��otbdg��ts�ehg��db�°���v�ufsY�<sY�x�@wYqtvÂotbde6v~mhs��Yv~�Ygrm�` "P��³
c¶g�u�w@m|��v���grqUotbdqpgrg�v~eh�d�~gfehgfm<ots�opv~wYm|��wY®'opb|g �S ��� ��BU��s@u{bdgr¸#k�¸#Æ�}|��s@u{bdgf�Fs�q{s��~�~gf�|©
vxopbX:�g�o{Ã�vxm|�dvxmd�
u{b|w<w<��v~md�[opbdghwY����g>��o��¦s��~�dgY},sYm|�¶��s@u{bdgf�Fs�q{s��~�~gf�#©
vÂotbf:�gfotÃ�vxmW��vxm|��u{bdw�w<��v~md�otbdghehw@��o��"wY�|�d�~sYqr³
c¶g��¦s�qt°hopbdg��|s¦otsh��v���opqtvx±d�dopv~wYm|�
wY® 	 sYm|� � }dsYm|�*opbdg�w@qt�dgfq-w�®�opbdg�o�©�wzÃªv~m|�dÄ@wYv~m�wY�"gfq{s¦opw@qt�r³
a-bdgTotwY�¿�~g�®Óo�Yq{s��|b ufwYqtqpg>���"wYm|�|��otw²opbdg ` "P� � �S �%� �;c : L : 	 V � T EE �S �%� �;c;:23/: � V � T EE0¹ 	 s�m|� �

®¯w@�x�~w¦© v~m|��gr�Wgrm|��gfm<oz�dmdvx®¯wYqteô��v���opqtvx±d�dopv~wYm|�r³5a-bdgH��s@u{bdgr¸#k�¸#Æ wY��ot�d��ozqts�opg�v~�z�dv~u�ots¦otgr�5±�°$3"}
�|m@otvx�#o	� �r�@�d} �Y�@�d}|©
b|gfm 3µb|s@��ÁWmdv~�pbdg>�Dgf�¦sY�x�|s�opv~md�Ts��~�#��v���opv~m|u0o � ��sY�x�|gr�r¹8®¯qpw@e opbdv����Ww@vxm<o�wYm,}
ot�d�d�~gr��sYqpgIwY�dop�d��o ®¯qpw@e opbdgursYu{bdg@³hknm²ufwYm<opq{sY��or},opbdg*��s@u{bdgf�Fs�q{s��~�~gf�#��sYqpv�s�m<o{��sYu{bdv~gf�@gIs�e �Wu{b
±"g�opopgrq�wY�dop�d��o�qts�opgY³-º�v~m|u�g L qt�dm|�-otgfmTopv~ehgr��®ÝsY��opgfq-otb|s�m 38}|vxo�v~eheIg>��v�s¦opgr�x°*wY��ot�d��o{�;: 	�> � > � E�vx®
	 v~��vxmTotbdg ufs@u{bdgY}Ws�m|�Tw@��op�d�dot�
ot�d�d�~g��|s@u{«Yg�o{�
©
bdgrmdgf�@gfq
�"w@�t��v~±d�~gY³-a-b<�W�f}�3 � ���ds�otsz��opqt�|u0ot�dqtg�v~�
ÁW�x�~gr�2}Ws�m|�*vÂo�ezs�°[u{b|w<w<��g�opb|g�eIw<��o
®¯qtg ½ �dgrm<o � �¦sY�x�dg�®¯w@q
�dqpw�ufgr�t��v~md�|³
a-bdgs@���¦s�m<otsY�Yg>��wY®���s@u{bdgf�Fs�q{s��~�~gf��s�qtgI�pezs��~�xgrq�vxm¶opb|g�otwY�²�Yq{s��|b´s¦o�qtvx�@b<or¹���v~m|u�gIotbdgfqtgzs�qtg

ezsYm<° � �¦s��~�dgr�r}"opbdgI±WwYo�ot�xgrmdgru{«µv~m ½ �dgrqp°Tg�¾�g>u���otvxw@mDv~��sY�x©-s�°�� 3"³9J�w¦©ªgr�Ygfq>}Wopbdg��sYu{bdgr�Fs�q{s��~�xgr�

Ï¯Ð#Ñ,ÏÓÒ



���������
	������������	���������������� �
	!���"�������#����	%$'&(�)	*�,+-�)	����)	.�/�0���1���
�2	!& �d�

0

2000

4000

6000

8000

10000

12000

0 20000 40000 60000 80000 100000 120000

ou
tp

ut
 tu

pl
es

running time

f before g, x: uniform, 5500 values, z: uniform, 1000 values

CacheParallel, choose most frequent
CacheParallel, choose oldest

CacheFIFO

0

2000

4000

6000

8000

10000

12000

0 100000 200000 300000 400000 500000 600000

ou
tp

ut
 tu

pl
es

running time

f before g, x: uniform, 1000 values, z: uniform, 5500 values

CacheParallel, choose most frequent
CacheParallel, choose oldest

CacheFIFO

0

2000

4000

6000

8000

10000

12000

0 20000 40000 60000 80000 100000 120000 140000

ou
tp

ut
 tu

pl
es

running time

g before f, x: uniform, 5500 values, z: uniform, 1000 values

CacheParallel, choose most frequent
CacheParallel, choose oldest

CacheFIFO

0

2000

4000

6000

8000

10000

12000

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

ou
tp

ut
 tu

pl
es

running time

g before f, x: zipf, N=7000, alpha=0.2, z: zipf, N=1000, alpha=0.2

CacheParallel, choose most frequent
CacheParallel, choose oldest

CacheFIFO

���������
	��������������	��
������	������
������������	 �"!

# �����$�&%'�
�(�*)�+���	 # 	,�����-	����-����� # 	"�-	"%'���(.0/1�&������2(��%��3�4�&���&����	5�6�����
�
�&��	���798���������)5����	 ���&%48:����)�;*	<�
�
��7=�
������	5�>�?	5%*�(�
�3��+�	,�����
����� !A@B+�	,�������C	,�&7���+�	3DE��)�+�	5FG���
������	"��H�)�+��0�*��	����'�I�>�4�*�����$�&�?J # �&�
����%'�
�
	<K4	5)L���A��+�	�����M5	��&7=��+�	��
������	�����)�;*	<�
�E�
+����(NO�$�(�&.���	P���3�*���������RQTS�U0�
+�	"%WV�U�X�UZY [<\�����%�)"	,]W�$�B��	5%
�
���-	 ��7^���?��	5�5UZN_+������&�R�&%0/`�C����%*�R�&�,��	 ���?�3Y5a1��������	 �����`)�+��0�'�?	b7T���*�:Uc.����R��+�	5��	3�&�
	�7T	"2 # 	5��/
7T�
	5d'��	5%'� # ������	 �B��%We4!

fg%W�
+�	R.C�&�����*�h��	<7i�P�����&��+cU���+�	3DE��)�+�	5��fI�GjlkA��%�8�m��*��%`)�+�����%W�C	"��7T���
�3��.��*8���/n����%4)<	�Nn���o��+�	
.C�&������	"%�	 )�;p7T���3�_���*%��q�
���-	*UE;*	"	"����%��p]r�-�*�?����/s�$8���	*\B��%���/s2(+�	"%tNs+��������
��)<	 ����	58t�&���A��%���d'��	
# ������	 �P�&7Ee:8��0	5�P�
+�	������
�������
�&��	����
��2�!�fg%u)"��%'�������?�5U=DE�*)�+�	"F9�&���&����	"���-����%'���&��%����1�?��	 ��8�/W�����
	
8�������%��v��+�	�	"%'�����
	R	<w�	 )<���
���*%6UZ�&%�8W�
	58���)<	 ���
+�	b�
��%�%���%��v�����-	b.0/`X&a�xy����%�)<	-]u���P;�	5���>.����?/:.0/
�
+�	O���*)�;�	"�
�,�*���������,7T�
���zNC!Wfg%s�
+�	O���
	 # �������,�I2E�W�*�
����+��5UG]{��%�8uN_2A	"�
	32E	5���A�?/0%�)�+����*%���M5	58ZU
��%�8_��+�	v�����
�&�|����%�%���%��W�����-	O2A�*����+�	O�3��w����b���}��7B��+�	O�
��%�%���%��`������	 �,��7A�
+�	3�I2A�`kA��%�8�m��*��%��
)"��%����$8�	"�
	58p��%~�$�?�*���&������%6\E��%���+��$�b��+����
8~�����&��+cUG��/0%�)�+��
��%���M5�&������%s���
��.���	5�-���&�
	O	5�����-��%��&��	 8~�&%48
�����C	"����%�	����&���&����	5���$���y��)�+���	 # 	581.'/O��+�	�DE�*)�+�	"F9�&���&����	"��� �E�����
���-��M5�&������%��5!

@B+�	o�����&��+3���E.4���?���*���
����+'����%1�=��������	��,��+���2�� # 	"�
/R�����C�����
��%'�|�*����%����&7�DE��)�+�	5F9�&���&����	5�'2(����+
�
	5���C	5)L�R���sDE�*)�+�	"F9���
������	"��U=����%4)<	O���&%�8seq%���2�7T��������2�e*�$�C]t8����?���
��.���������%4�"UG2(����+~����a���X�!`kA/
����)�;0��%��O�
+�	b�-�'�I�P�4�*�����$�&� # ������	5�P	5������/�UC�������*	,�
������	b���*)�;�	"�
�o����	��?	5%'� # 	"�
/v7^�*�I�P���v��+�	������
�����
.0/O.C�&�
+WkE��%�8�m*����%��5!

�=�h�����<�L�L�



�@� ����� ��	����I�2&����	��
��k+5��W�.��	��)��� N�� N'����������� �������)�/��	

0

2000

4000

6000

8000

10000

12000

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

ou
tp

ut
 tu

pl
es

running time

g before f, x: zipf, N=7000, alpha=0.2, z: zipf, N=1000, alpha=0.2

CacheParallel, no delay between inputs
CacheParallel, delay of 1 between inputs
CacheParallel, delay of 5 between inputs

CacheFIFO

0

2000

4000

6000

8000

10000

12000

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

ou
tp

ut
 tu

pl
es

running time

g before f, x: zipf, N=7000, alpha=0.2, z: zipf, N=1000, alpha=0.2

CacheParallel, choose most frequent
CacheParallel, choose oldest, worst-case order

CacheFIFO, random order 
CacheFIFO, worst-case order 

¸#v~�Y�dqtg��!B���sYu{b|gf�Fs�q{s��~�xgr�,±"gfb|s���v~wYq�vxmHopbdgI�dqtgr�pgfm|ufg w�®P�~v~eIvxopg>�Hv~md�d�do�q{s¦otgY4¯�~g�®Óo26�s�m|�H±|sY�D�|s¦ots
w@qt�dgfq94¯qtvx�@b<o(60³

c¶g gf¾��|�~sYvxmTotbdg��pezs��~����vIH"grqpgrm|u�g ±Wgfo�©ªgrgfmTopb|g�o�©�w*��sYu{bdgr��sYqtsY�x�~gf�'��sYqpv�s�m<o{�
vxmD¸#v~�Y�dqtgE^|³
knm
otbdgufs@��gIw�®-�dmdvx®¯wYqte·��v���opqtvx±d�dopv~wYm|�r},v~m´otbdgs�±W��grm|u�ghw�®��Ygrqp°µ�"wY�d�|�~sYq���sY�x�|gr�r}'�dv�u{«�vxmd�*opb|gzeIw<��o
�"wY�|�d�~sYqF�¦s��~�dg�ufsYmdmdw�oPv~eh�dqtw¦�Yg-s��xwYoPw¦�Ygfq��dv�u{«�vxm|��opbdg
w@�~��g>��oPw@mdgY}<��v~m|ufg-opbdgrqpg�sYqpg-mdw�±dv~��wY��ot�d��o
±|�dqt��ot�
sYm�°<©-s�°Y³#knm�opbdg�ursY�pg�wY®#Årvx�d®���v���opqtvx±d�dopv~wYm|�r}d��v~m|ufg�opbdg��@gfqt°z�Ww@�d�d��s�q
�¦s��~�dgr�
sYqpg��tufs�o�opgrqpg>�
w¦�@gfq
otbdg[�>�d} �Y�@� ot�d�d�~gr�r}"opbdgIÃªv~m|�dÄ@wYv~m|��s�qtg ���|qpg�otw�dqtw�u�gr�t�
otbdw@�pg�®¯qtg ½ �dgrm@o��¦s��~�dgr� ½ �|vÂotg grsYqp�~°Y}
gr�Ygrmz±<°I�dv�u{«�vxmd� opbdg�wY����gr��oU�¦s��~�dg@¹�s�®Óopgrqp©-s�q{�d�r}Y���|±|��g ½ �dgfm<o�ufwY�dv~gr�Uw�®2�"wY�d�d��s�qª�¦s��~�dgr��s�qtg
wY��ot�d��o
�dvxqtgru�op�~°z®¯qpw@e opb|g�ufsYu{b|g�±�°±"w�otbH��sYu{bdgr��sYqtsY�x�~gf�8�¦s�qtv�s�m<ot�r³
knmD¸#v~�Y�dqtg �zs¦o��xgf®Óor}"©ªg�gr��sY�x�Ws¦opg�opbdg�v~eh�|sYu�o�w�®Psh�~vxehvxopg>�µvxm|�d��o�q{s¦otg�wYmTopb|gI��sYu{bdgr�Fs�q{s��~�xgr�

w@��op�|��oIq{s¦otg\4Óotbdg/8�u{bdw�w<��gehw<��o�®¯qpg ½ �|gfm<oA;�6��¦s�qtv�s�m<or³¶a-bdg��|s¦otsHs�m|�»®¯�dm|u0otvxw@m»�|sYqtsYeIgfopgrqt��s�qtg
�|m|u{b|s�m|�Ygr�H®¯qtwYe opbdg��sY��o��Yq{s��|b´v~m»¸#vx�@�dqpg ^|³Yc¶g[�pbdw¦© o�©�wµg�¾�otqtsµuf�dqp�@gr�r}�ufwYqtqpg>���"wYm|�dvxmd�*opw
o�©�w�v~md�d��o-q{s¦opg>�f³PÆ�mdg�u��dqt�Yg�u�wYqtqtgr�p�Ww@m|�d��otw�s�m[vxmd�|��o�q{s¦otg�wY®,wYmdg�op�d�d�~g��WgrqUotvxehg��dmdvxor}�s�m|�opbdg
wYopbdgrq�opw�s�mIv~md�d��oPq{s¦otg�wY®Ww@mdg�op�d�d�~g
�"gfqFÁ|�@g�opv~eIg-�dm|vÂo{�f³�c�bdgrm�otbdg�u��|qp�@gr��®¯wY�~�xw¦© s��xv~mdgrsYqF���~wY�"gY}
sY�x�Wop�|�d�xg>�UbWs��Yg�m|w�oª±"gfgrm[qtgrufgfv~�Ygr�h°@g�o>}<sYm|�zotbdg�v~md�d��o-q{s¦opg�v~�Uopb|g�w@md�x°h�~vxehvxots�opv~wYmwY®,opbdg�wY��ot�d��o
q{s¦otgY³ (�w�otgIopb|s�o�otbdgzv~m|u�w@eIv~md�*op�d�|�xghq{s¦opgX4ÝgY³ �|³~} � � �W6�v~��v~m´otbdgfw@qp°µ±"g�opopgrq�opb|sYm´±"w�otbH®¯�dmWu0opv~wYm
q{s¦otgr�[4���� � � }�s�mW� ��� � � � qtgr�p�"gru0otvx�@gf�~°P60¹Yb|w¦©ªgr�Ygfq>}Y��sYu{bdgr�Fs�q{s��~�xgr�<v��Fs�±|�xg�opw�gf¾��d�xw@vÂo�otbdg����d�d�~v�ufs¦otgr�
otw��|qpw����|ufg�op�d�d�~gr��e��|u{b�®ÝsY��opgfq#otb|s�m�opbdg=8�mdwYehv~m|s�� ;ªq{s¦otgªwY®dopbdg-o�©�w�Ãªv~m|�dÄ@wYv~m|�r³ c�bdgrmIsY�x��ot�d�d�~gr�
bWs��Yg�±"gfgrm[qtgru�grvx�@gr�X4:s¦oUo�#)�r�|} �@�Y��w@qPo�# _��d} �Y�@�R6�}�opb|g�uf�dqp�@gr�,��wYv~mzopbdg�wYm|g�©
vxopbdw@��o�v~md�d�do�q{s¦otg
�~v~eIvxots�opv~wYm|�r³�c´g�mdwYopg�otb|s¦o�gf�@gfmvx®'wYm|�x°Io�©�w�op�|�d�xg>�ªurs�m±"g�qpg>u�gfv~�Yg>�z���dqtvxm|� wYm|g�g�¾�g>u���otvxw@mw�® L }
otbdg���sYu{b|gf�Fs�q{s��~�xgr�Ww@��op�|��o�qts�opg�v�����otvx�~�2e �Wu{b�±"g�opopgrq
opb|sYmµ��s@u{bdgr¸#k�¸�Æ�³
a-bdg��Yq{s��dbs�oªqtvx�@b<oªv~m[¸#vx�@�dqpg�� u�w@eh�|s�qtgr�Popbdg�g
H8gru0o-w�®2otbdg�v~m|ufwYehvxm|���ds�ots�w@qt��grqUw@m[��gr�YgrqtsY�

Ã�v~m|�dÄ@wYv~mDs��~�Yw@qpvxopbdez�r³ � s�ots*s�m|��®¯�dmWu0opv~wYmH�|s�q{s�ehg�otgfq{��s�qtg�otbdg��ts�ehg�s@��sY±Ww¦�@gY}|gf¾du�gf�do�®¯wYq�opbdg
uf�dqt�Ygr���~sY±Wgr�xg>��8�©�wYq{��o�ynufsY�pg2;2B�opb|gf°µu�w@qpqtgr�p�Ww@m|�*opwzotbdg��ts�ehg�ot�d�d�~g��pg�o���w@q�otgr�Tv~mµopbdg vxm|ufqpg>sY�pvxm|�
m��de�±WgrqUwY®8�¦sY�x�dg-®¯qtg ½ �dgrm|u�v~gr�r}@opb|s�oUv~�r}@opbdg
ÁWqt��oPop�|�d�xg>�UufwYm<otsYvxmhehw@��op�~°I�pv~md�Y�~g�otwYm|�r}@sYm|�Iopbdg�eIw<��o
®¯qtg ½ �dgrm<o��sY�x�|gr�zu�w@ehgµ�~s@��o>³%c´gD�pbdw¦© sÀ��v~md�Y�~gDu��|qp�@g*®¯w@q*��sYu{bdgr�Fs�q{s��~�xgr�-u{b|w<w<��v~md�¶opb|gµeIw<��o
®¯qtg ½ �dgrm<o��¦s��~�dg@}��pv~m|u�g@}�mdw�o
���|qp�dqtv���v~md�Y�~°Y}<±�°u{bdw�w@�pvxm|��s�ehw@md� otbdg�©
bdwY�~g�s@ufuf�de �d��s¦otgr�op�d�d�~g���gfor}
vxo�v���mdwYo�s�H"g>u0opg>�T±�°��ds�otshw@qt��grqr³���s@u{bdgr¸#k�¸#Æ�vxmDopbdg�©�wYq{��o�ynufsY�pg�wYq{��gfq�±Wgrb|s��Yg>�
©ªw@qt�pg�opb|sYmDv~m
otbdg�ufs@��g�wY®�sIq{s�m|�dwYe w@qt��grqr³ªa-bdg�ehw@��o�vxm<opgrqpg>��otvxm|�Iw@±|�pgfqt��s�opv~wYm�vxm�otbdv~��©ªw@qt��o�ynufs@��g�ehgrsY�p�dqtg�v~�
otb|s¦o�otbdg���s@u{bdgf�Fs�q{s��~�~gf���¦s�qtv~sYm@o�u{bdw�w<��v~md��opbdg[wY����gr��o��¦s��~�dgzv~� sY��±|s@�¶s@����sYu{b|gr¸#k�¸#Æ eIw<��o�wY®

Ï¯Ð#Ñ,ÏÓÒ



���������
	������������	���������������� �
	!���"�������#����	%$'&(�)	*�,+-�)	����)	.�/�0���1���
�2	!& �Yi

0

2

4

6

8

10

12

0 500 1000 1500 2000

Instances running for BindJoin1
Load on the resource site

Sum (Load+BindJoin1)

0

2

4

6

8

10

12

0 200 400 600 800 1000 1200

Instances running for BindJoin1
Instances running for BindJoin2

Load on the reource site
Sum (Load+BindJoin1+BindJoin2)

���������
	����������������	���	������ �"!#�$!�%'&(��	)��*�����&(����	�������!#�(�"&(���+%,!��-*�	.&(	��(����/��"/���&(��	0!#��&(�������1�����2���"3
��	.���546�7*�	.���
	.	#8

&
��	9&(���:	#;<4(�"/�=.	9!#��*>�?������	�4@���
	9�#	.�
A��"/�%,�
	�BC��	�/C&�8$DE	�=.!�/�=.�"��*�	-&
���?&:FG��=2��	.HI���2�����"	��J;K	.�#	./MLN�"&(�
�����:�"&(	O*P&(������	0��/�����&9�
��&(	�4Q��/�*R*���4
��*�����/C&
���#	.!#��4@�"/�=.!�����/��S*��?&2��!��2*�	.�O;T���
!?�C�5*�	O4Q����=2�R�K	U&6&
	.�
!#��&(����&V�
��&(	O4W&
����/PFG�#=2��	���XY�[Z�8

\�]�^�_�`�a,bKcd`�e�fgaJfghji�k)`�l�cm]gc h�n?cCcoi�kp_[^�n?^�qrqJc qrarsOt DE	M/�!?Lu*�	�4
=U�
����	S	.v �K	.�
���:	�/C&
4�&
���?&
�?���"�5*��?&
	@&(��	-�#*�����&
�"�#	@���"�#!��
�w&
���x%,!#�V=2��! !#4(�"/��9&(��	@!#��&(�������<*�	.���
	.	@!�%[�����
���"��	.����4(�x��/)	.v ���"!#�w&
�"/��
�p�
	�46&(�
��=U&(	O*>�
	�4(!����2=U	#8�DE	0=U!#/�46�5*�	��y&
���?&-�K	U%,!#�(	�	.v 	O=U��&
�"!#/PL'	�z /�!?L7{,%,�(!#�|����� ��/��)��	O��4(���(	O*
���(	��C��!���4}	Uv�	�=.��&(��!�/�42~W&(����&V�Y�}�"�)������8IDP	-�#4(4(����	@&(��	$%,!#�"��!?LN��/��9�K	.�����C��!��}%,�
!���&(��	-�
	�46&(�
�5=�&(	O*
�
	�4(!����
=.	��T���9&(!y&(��	}!#��&(�������T{,��/�zC/�!?LN/�~�*�	.�#�(	�	W!�%������2�����"	��"�54(���2���U��;���/ AQ�"/�4Y&2��/�=.	G���
!�=U	O4(4(	�4g!�/�	
&
������	N�"/S�Oy&(���:	N��/��w&24.8[X�%��I;�&
��	V/ �����K	.�I!�%K��/�46&
��/�=U	O4I�(��/�;��54I���
	���&(	��g&
����/��2���U�.;�&(��	V���(!�=U	O4(4(��/��
&
�"��	y!�%��$&
������	��K	.�W��/�46&
��/�=U	y��	O=U!���	O41� �}�"�V� �2���U���O�I8[��!#�W� �}�"� ������;�L'	V!���&2����/�	�*0��! !�*��(	O46���"&
4
LN�"&(�S�����������?�����?�r�����#� ����/�*S�#���������?�����?�r�����#�  �8WDE	���4
4(����	Q&(����&y�"%�&
��	-����=2���"/�	$LN��	.�
	$&(��	
�
	�4(!����
=.	9�54$��! =��?&
	�*ELG	��(	��5*���	�;�LG	0=.!����5*E�(��/¢¡£�����2�����"	��I�"/�46&
��/�=U	O4$LN�"&(�¤��! !�*P��	��6%,!#�(����/�=U	�¥��"%
&
��	$����=2����/�	Q�54}�"!C��*�	O*T; &(���54N/ ���9��	��V*��"����/��546��	O4.8

¦}��	@=U���
��	V��&W��	U%§&G��/0���"�#���
	-��$4(��!?LV4I��!?L¨�-4(�"/�����	�©'�"/�*�ª�!#�"/���*�����&241�"&
41/ ���9��	��W!�%��
��/�/��"/��
��/�46&
��/�=U	O4�&
!>&
��	�����=2����/�	p�"!C��*T8¬«'&:&
��	���	�����/�/���/���;1&(��	���!#��*¢!�/&(��	�����=2���"/�	p�549	OBC���"�?���"	�/#&
&
!)®p�
��/�/���/����"/�4Y&2��/�=.	�4�¥T&(��	�©'��/�*�ª#!���/P46&
���(&
4@!#/�	�;�&
��	./P&YLG!�;�&(��	�/>&
���
	.	:�"/�46&
��/�=U	O4.;T��46��/��p&(��	
�
	�4(!����
=.	0&(!R�P����v��"�9����8¢D¯��	�/¢&
��	��"!C��*¢*�	�=U�
	��#46	O4){J�?&��£°+���#�#~U;I&(��	S©'��/�*�ª#!���/¢��	��#46���
	�4
*�	�=U�
	��#46	O*)±C²#³0&(����	�4�;���/�*���*�*�4N&YLG!�	Uv &
�
����/�46&
��/�=U	�4�81D¯��	�/�&(��	����#=2����/�	$�"!C��*)�"/�=U�
	���4(	�4'&
!0´�;
&
��	-©'�"/�*�ª�!#�"/���*�����&24N��/�*)�(	O4Y&
�(�5=�&24}�w&246	��w%�&(!�!#/��"A£!�/�	Q�
��/�/���/�����/�4Y&2��/�=.	�8

«'&:�(�����C&���/µ���"�#���(	>���;�L'	£*�	.��!#/�4Y&
�
��&(	0��!?L¶&YL'!M©'�"/�*�ª�!#�"/�4���*�����&-&
!S&(��	£����=2����/�	0��!#�#*
��/�*£&(!:&(��	Q���
	�4(	./�=U	@!�%g	O��=2�p!�&
��	.�O8I¦}��	Q�"!C��*£46&
���6&24N�?&N®�;C&
��	./��?���
�"	O4}46��=�=U	O4(4(�"�#	.��A�&(!0��·�¸���/�*
¡ 8N¦}��	$¹��24Y&@©G��/�*�ª#!���/M46&
���(&
4��?&��}�o�£��/�*��
��/�4V&(���
	.	#;�&(��	./S¹��#	�;������2�����"	�����/�4Y&2��/�=.	�4�;���/C&
�"�g&(��	
4(	�=.!�/�*)!�/�	-4Y&2���(&
4N�?&V�G�º¸��#��8ID¯��	�/p&(��	�©'��/�*�ª#!���/�4N4(�����
	@&(��	$�
	�4(!����2=U	#; &(��	�A)4(�����
	Q�w&y	.��	�/���AK¥
&
��	Q¹��24Y&V©'��/�*�ª#!���/)¹�/���4(��	O4}	Uv�	�=.��&(��!�/S�?&N�G°���´��#��;���/�*0%,�
!��7&(����&V�:!#��	./C&}&(��	-�
	.�����"/���/��:!�/�	
	.v����"!#�w&24'&(��	$�
	�4(!����
=.	y!#/)�"&
4N!?LN/<;�46��/�=U	Q�"&Vz /�!?LV4'�w&V/�!���!�/���	.�}���#4N��=U!�/�=U���
�(	�/C&�8

»g»½¼?¾�¿UÀ�Á�Â



��� ����� ��	����I�2&����	��
��k+5��W�.��	��)��� N�� N'����������� �������)�/��	

Site S1

BM

BJ1

T

Site S2

Site S3

BMBJ2

T...

BM

f

BJ1

f

BJ2

...

¸#v~�Y�dqtgh�Y�WB@` "P�ª�
vxm��@wY�~�<v~md�I±d�~wY±*opq{s�m|��®¯gfq 4Ý�xgf®Óo(6
sYm|�[±|�xw@±��|qpw����|u�opv~wYmf4¯qtvx�@b<o(60³

� � � �-����� ��
� � �#����	%��	õ����� �*���
&'�
	���� � � &���� �ª� ���f���{�#��������	�&

knmTw@�dq���v��puf�|�p�pv~wYm,}d©�g�b|s��@g�m|w�o�u�w@m|�pv~��grqpg>�*�p�|s@u�g��xv~ehvÂo{s¦otvxw@m|�
wYmµsYm<° Q,g�º�gf�~gru�o���vxopg@³UknmT�|s�qpopv�u0y
�|�~sYqr}�©�g�sY�t���dehg>�[otb|s¦o
otbdg�qtgr�p�d�Âo{�-w�®Fs�m�°�dqtwY�@qtsYe g�¾�gruf��opv~wYm,}WsY�-©�gf�~�'sY��otbdg�s�qt�Y�dehgrm@opySqtgr�p�d�xo
ursYu{bdg��|s�v~qt�r}�s�qtg�«Ygr��oªw@mzopbdg��dqtwY�@qtsYe�� �P�pvÂotg�s�oª�~grsY��oª�|m@otvx�"otbdg�grm|�wY®2opbdg ½ �|gfqt°�otb|s¦o��dqtw��d�|u�g>�
otbdgfeT³���~�pw|}�©ªgzsY�t�p�dehgr�Hopb|s�o�©
b|gfmdgr�Ygfq�sTÃ[Z v~��s@��«@gr�Dopwµqtg�opqtv~gf�Yghs�±d�~wY±¶®¯qpw@e·sT��vIH"grqpgrm@o
�pvxopgY}�otbdg�mdg>u�gr�t�ts�qt°��otwYq{s��Yg��p�|sYufg�v��
s��¦s�v~�~sY±d�~gY³
��o�s�m�°�eIw@ehgfm<or}8s�@vx�@gfmD�pvÂotg b|s@��sufgfqpots�v~mHsYeIw@�dm<o�w�®U�p�|s@u�g s��¦s�v~��s�±d�~g�®¯wYq�s�@vx�@gfm ½ �dgfqt°Y}

©
b|v~u{b»�¦sYqpv~gr��®¯wY�~�xw¦©
v~md�µotbdg*m|gfgr�|� wY®
opbdg*wY�"gfq{s¦opw@qt��qp�dm|mdvxm|�HwYm»opb|s�oI�pvÂotgY³bc´gTu�w@m|��v���grq�opb|v~�
�p�|s@u�g�opwÀu�w@m|�pv~��ozw�®�ehgreIw@qp°5s�m|� ��v���«^ots�«@gfm5opw@�Yg�otbdgfq>}ªsYm|�5©ªgµ��wÀmdwYozvxm��Yg>��otvx�<s¦otg*©
bdgrm¿v~�
ehgreIw@qp°µ�W��g>�Hq{s¦otbdgfq�opb|sYm¶�dv~�p«8},wYq���v~ufgh�Ygfq{�tsd³ c¶gzsY�t���dehgIopbWs¦o�©
bdgfm¶ehgfehwYqt°µqt�dm|��wY��o�w@m
s��@vx�@gfm²��vxopg@}�w@�Wgrqts�opv~wYm|��s�qtgzu�w@m@otvxm��dg>�H�W��v~md�D��v���«¶���WsYu�g@¹'v~m²opbdv����pgru�opv~wYm,}�©ªghv~m<�@gr��opv~�@s�opgIopbdg
ufwYm|�pg ½ �dgrm|u�g>��w�®F��v~�p«[�p�|sYufg��xv~ehvÂo{s¦opv~wYmW�-wYm ½ �|gfqt°g�¾�gruf��opv~wYm'³
º��WsYu�g
�~v~eIvxots�opv~wYm|�Pehs�°�s�H8gru0o ½ �dgrqp° g�¾�gruf��opv~wYmhv~mh�pgf�@gfq{s���©-s�°��r³�¸#v~qt��or}YvÂ®8opb|g����|s@u�g
s��¦s�v~�~sY±d�~g

®¯w@q�opbdg��ds¦o{s���otqp�|u�op�dqtg-vxms ��s@u{bdgf�FsYqtsY�x�~gf��Ã�vxmW�dÄYw@vxmIv��F�xv~ehvÂotgr�2}@opb|g�Ã�vxm|�|ÄYw@vxmh©
v~�x�|��opw@�I®¯g�otu{b|vxmd�
m|gf© s�qt�Y�dehgfm<o{�I®¯qpw@e vÂo{��~g�®Óo*u{b|vx��� �dm<opv~����w@ehgD���|s@u�gTv��h®¯qpgrgr�2¹�opb��|�r}ªm|w»���"grufv~sY��ehgrsY�p�dqtgTv~�
m|gru�g>�p�ts�qt°Y³#º�grufwYm|�2}YvxmIopb|g�ufsY�pg�w�®"s�Ã�v~m|�dÄ@wYv~m 4Ýgfvxopbdgrq���sYu{bdg>¸#k�¸#Æ w@qP��s@u{bdgf�FsYqtsY�x�~gf�)6,�|qpw����|ufvxm|�
�pezs��~�'qtgr�p�d�xot�r}W©
bdgrmDotbdg�sYqp�@�dehgfm<o�yãqpg>���|�Âo�ursYu{bdg�v���®¯�d�x�S}2��w@ehg�ufs@u{bdg�grm@otqpv~gr��s�qtg ��qtwY�d�"gr�,}Wg@³ �W³x}
s@ufufwYq{��vxm|�*otwDs�mgQ'�(
 �"wY�~v�u�°Y³�knm²opb|v~��ufsY�pgY}'opbdg*�psYeIgzqtgr�p�d�xo�ezs�°H±"g[u�w@eI�|��opg>�²ehsYm�°Dopv~ehgr�
�d�dqpv~md��otbdg�g�¾�g>u���otvxw@mIwY®8opbdg ½ �dgrqp°@³#º��"grufv~sY�Wurs�qtg�m|gfgr�|�Fopw�±"g
o{s�«YgrmIopw�grm|���|qpg ½ �dgrqpv~gr��v~m��YwY�~��vxm|�
±|�xw@±|�
s�qtg�u�wYqtqtgru0ot�x°zgf¾�gru��dopgr�*v~m*otbdg��dqtgr�pgfm|ufg�w�®#�p�|s@u�g��xv~ehvÂo{s¦otvxw@m|�f}ds@�-©ªg�gf¾��|�~sYvxmTmdgf¾<o>³

` + Ì ¡�¢»¥ Y Í�¢CZ#¥|§ È +=X��'X¯£>¥�£CX Ì1Y ¢ a�wÀ�dm|�dgfq{��o{s�m|� otbdgDv��p�p�dgr�vxm��Yw@�x�@gr�2}-u�w@m|�pv~��grqhopbdgg` "P�U�
�pbdw¦©
m�vxm*Á|�@�dqpgh�@�Y³
knm�opb|g,` "P�+s¦o
�~g�®Óor}"Ã-Ä*D�u�w@ehehsYm|�d��otbdg Ã[Z·wY®FºPF�opwzqtg�opqtv~gf�Yg�±d�~wY±|�
®¯qpw@e�º!D�³ªa-bdg���g>u�w@m|�

Ã�v~m|�dÄ@wYv~mÀÃ�Ä.F¦}�g�¾�g>u���otgr�¶wYm»º O }�m|gfgr�|��opbdg*�psYeIgz±|�xw@±|�f¹Fs@����gr�tu�qtv~±Wg>�´v~m»�pgru0otvxw@mÀid³ �|}'©�gzb|s@�
sY�x�~w¦©�gr�¶opb|g�Ã[Z wY®�º O opw´u{b|w<w<��g[©
bdgfqtgotw´qtg�otqpv~gf�@g±d�~wY±|� ®¯qpw@eT³´knm5wY�dqhufs@��g@}�opbdg�u{bdwYv�u�g*v~�
±"g�o�©�gfgrmzopb|g�Ã[ZD�ªw�®�º!D¦}<qtgr�p�"gru0otvx�@gf�~°hºPF�³ J�w¦©�gf�@gfq>}Yvx®'wYm[ºGF�opb|g���v���«z�p�|sYufg�v��U�~vxehvxopg>�2}�opbdg�Ã[Z
w@m²º F ezs�°H��grufv~�dghopwD��v��purs�q{�H�pwYehghopq{s�mW��®¯grqpqtgr�H±d�xw@±|�r³[a-b��|�f},opbdg[Ã[Z wYmÀºGOzezs�°Dm|w��~wYm|�Ygfq
±"gz���|qpg�opb|s�o�s��~�#±|�xw@±|��ufs�m´±WgI®¯w@�dm|�´vxm¶±WwYopb¶�xw�urs¦opv~wYmW�f³ a-b|gfqtg�®¯wYqtgY}2v~mDotbdgh�dqtgr�pgfm|ufg�wY®��p�|sYufg

Ï¯Ð#Ñ,ÏÓÒ



���������
	������������	���������������� �
	!���"�������#����	%$'&(�)	*�,+-�)	����)	.�/�0���1���
�2	!& �R_

�~v~eIvxots�opv~wYm|�P®¯wYq�±d�~wY±��opwYq{s��@gY}Yopbdv��P±d�~wY±opq{s�m|��®¯gfqªwY��otvxehv~Års¦otvxw@mzehvx�@b@o�±Wg�qpg>��otqpv�u0otgr�2}@vxmopbdg���grm|��g
otb|s¦o�pwYehg*opgfeh�"wYq{s�qt°²±d�xw@±5�pwY�dq{u�g>��sYqpg�v~�Ymdw@qpg>�2}Us�mW�»±d�~wY±5qpgfopqtvxgr��sY�~�hsYqpg*eIw@qpg��~vx«@gf�~°²opw²±Wg
ezs@��g�®¯qpw@e opbdg�w@qpv~�Yv~m|sY�"�~w�ufs�opv~wYm,³
a-bdgK` "P�+s¦o�qtv~�Yb<o�vxmTÁW�Y�dqtgh�Y��g�¾�bdv~±dvxot��s�mdwYopbdgrq��WwYopgrm@otv~sY�x�~°*�|s�md�@gfqtwY�|�
ursY�pgY³ªÃ-ÄGD�s��d�|�xv~gr�

otbdg
®¯�dmWu0opv~wYm L otw �pwYehg�s�qt�Y�|eIgrm<ot�r¹�®¯wYqªgrs@u{bhop�d�d�~g�wY®'s�qt�Y�dehgfm<oP�¦s��~�dg>�f} L �|qpw����|ufgr�ªs�±d�~wY±s�mW�
sYm�v~m<opgr�Ygfq>³�a-bdg
±d�~wY±dk � sYm|��opbdg
v~m<opgr�YgfqPsYqpg
�pgfm<oF®¯qtwYe)Ã-Ä D �d��©�sYqt�|��v~mhopb|g5` "P��}@s�mW���|�d�WgrqPv~m
otbdg ½ �dgrqp°h�d��s�m*Ã�Ä F otqpv~gr�Uopw ®¯g�o{u{bopb|g��dqtw����|ufgr�z±d�~wY±W�f}<�|�pvxmd� opbdg�±d�~wY±dk � �r³#kã®2otbdgfqtg�sYqpg���gr�YgrqtsY�
Ã�v~m|�dÄ@wYv~m|��ufwYm|�p�dehvxm|�hopbdg�±|�xw@±��|qpw����|ufgr��±�°�Ã-Ä D }WufwYm|�pv���gfq�Ã-Ä F opw±"g�otbdg�bdv~�Ybdg>��o�w@mdg�v~mTopbdg
` "U�#³Wa-bdgfqtg�s�qtg�o�©�wI�WwYopgfm<otv~sY�,�dvxo�®Ýs��~���
vxm�otbdv~�
ursY�pgY³
¸#v~qt��or}<vÂ®2w@mhopbdg��pvxopg�wY®8Ã-Ä D opbdgrqpg�v~�F�~v~eIvxopg>��p�|sYufgY}�otbdg�Ã[Z ezs�°�b|s��@g
��v~�tufsYqt�dgr�hs��dqtw��d�|u�g>�

±|�xw@±[±"g�®¯wYqtg�Ã�Ä F b|sY�ªotbdg�opv~eIg�otwIs@��«h®¯w@q�vxor¹�otbdv��-©ªw@�d�~�[gfm<otsYvx�2s�qp�|m�y:otvxehg�gfqtqtwYq>³#º�g>u�wYmW�2}d��w@ehg
wY®,opb|g�±|�xw@±|�U�|qpw����|ufgr�[±<°Ã-Ä D ezs�°z±"g��W��gr�xg>�p�r}�v:³ gY³~}�opbdgr°s�qtg�m|gf�Ygrqªqtg�otqpv~gf�@gr�z±�°Ã-Ä F }���v~m|ufg�sY�x�
ot�d�d�~gr��u�w@m@o{s�v~mdv~md��opbdgrvxqª±d�~wY±dk � �ªsYqpg
gr�xv~ehvxmWs¦opg>�z±�°I�pwYehg�v~m<opgrqpehgr�dv~sYqp°�wY�"gfq{s¦opw@qt�P±Wgfo�©ªgrgfmÃ-Ä*D
sYm|�TÃ-ÄRFY³�J�w¦©ªgr�Ygfq>}�opb|g Ã[Zø��otwYqtvxmd�z�|qpw����|ufgr��±d�~wY±|����w�gr��m|w�o�«�mdw¦©B©
bdv~u{bµ±|�xw@±|��s�qtg��|�pgf�~gr�t�f}
sYm|�Tezs�°[�dv~mD�|�pgf�~gr�t�
±d�~wY±W��v~mµvÂo{��ufs@u{bdgY}W©
bdv~�xg �dv~�tufsYqt��v~md�z�|�pg�®¯�|�'±d�~wY±|�r³�"P�@gfm<op�|sY�x�~°Y}"Ã-Ä*D�ezs�°
±"gIÁ|�~�xg>�´©
vxopb²�|�pgf�~gr�t��±d�~wY±|�r}�sYm|�Hvxot��gf¾�gru��dopv~wYm²��otwY�|��®¯w@q��~s@u{«µw�®��p�|s@u�gI®¯wYq�mdgr© qtgr�p�d�xot�r}2opb��|�
�~grs@��v~md�Iopwzsh��grs@���xw�u{«8³
a�w�s��@wYv���opbdg>��g��dvxo�®Ýs��~���f}¦©�gUgrm�®¯wYq{u�g���w@eIg���°�m|u{b|qpw@mdvxÅ>s¦otvxw@m�s�ehwYmd��opbdg�wY�"gfq{s¦otwYq{�2vxm opbdg-` "P��}

®¯qtwYe Ã-Ä D otw�Ã-Ä F ³�Æ�±��<v~wY�W���~°Y}2�pwYehg wY®PopbdgI±d�~wY±|��e��|��o�±"gI��v��tufs�q{��g>�µ±Wgf®¯wYqtg�otbdg�gf¾�gru��dopv~wYmHwY®
Ã-Ä D qpg>���|eIg>�f³� ±WsY�pv~uz�pwY�~��opv~wYm¶v���opbdgh®¯w@�x�~w¦©
v~md�|³/c�bdgrm²opbdgÃ[Z w�®
Ã-Ä D bWsY��mdwTehwYqtgh�d��sYu�g
®¯w@q�opb|g ½ �dgfqt°Hv~m»©
bdv�u{b»Ã-Ä D qp�dmW�f}#©ªg*��otwY�»Ã-Ä D � � g�¾�gruf��opv~wYmÀ�|m@otvx��s��~�U±d�~wY±W��vxo�b|s@���dqtw��d�|u�g>�
ezs�°z±"g���v��purs�q{��gr�[®¯qpw@e opb|g�Ã[ZÀ³Wa'wz��wIopb|v~�r}d©�g�®¯w@qtufg�otbdg�gf�¦s@u��|s�opv~wYm[wY®�otbdg�op�|�d�xg��|qpw�u�g>�p�pv~md�
u{bWs�v~m»±Wgfo�©ªgrgfm^Ã-Ä D sYm|�»Ã-Ä F sY� ®¯wY�~�~w¦©��f³²a-bdgÁWqt��o 	 ���R� � �*ufsY�x��qpg>u�grvx�@gr�À±�°ÀÃ-Ä D 4¯©
bdgrqpg*opbdg
s@�p�pw�u�v�s¦otgr��Ã[Z v��*®¯�d�x�)6[v~�Ts�mW��©�gfqtgr�¿©
vxopb�s^�p�Wg>u�v�s�����°�m|u{b|qpw@mdvxÅ>s¦otvxw@m¿op�d�d�~gY³ a-b|gH®¯w@�x�~w¦©
vxm|�
	 ���R� � �[qpg>u�grvx�@gr�À±�°ÀÃ-Ä D ±d�~w�u{«����dm<opv~�-vÂo{�IÃ[Zl��v~�Ym|sY�~��opb|s�o�otbdgT���|s@u�g*b|sY��±Wgrgfm^®¯qpgrgr�2³ 
��Ww@m
qtgrufgfv~��vxmd�hsI��°�m|u{bdqtwYm|vxÅ>s¦opv~wYmop�d�d�~gY}Ws��~�2wY�"gfq{s¦opw@qt�ªv~m[otbdg�u{b|s�v~m[®¯qtwYe Ã-ÄGD � �-�|s�qtgfm<o�opwzÃ-ÄRF�e��|��o
ÁWqt��o Á|m|v~�pb^�dqtw�u�g>�p�pvxm|�µopbdgrvxqhu��|qpqtgfm<o ot�d�d�~gr�r}Fopb|gfm»®¯w@qp©-s�q{�¶opb|g��p°�m|u{bdqtwYmdv~Års�opv~wYm¶op�d�|�xg*opw´opbdg
sY±Ww¦�@g�wY�"gfq{s¦otwYq>³-c�bdgfm¶Ã-ÄRF�qtgrufgfv~�Yg>�
opb|v~��op�d�|�xg@}2vÂo�e �|��o�qtg�otqpv~gf�@g�opbdg�±d�~wY±|��u�w@qpqtgr�p�Ww@m|��v~md�hopw
sY�x�|opbdg�±d�~wY±dk � �ªvÂo�b|sY�Uqpg>u�gfv~�Yg>�h±Wgf®¯wYqtg�otbdg��p°�m|u{bdqtwYmdv~Års�opv~wYmIop�d�|�xg@³�a-b��|�r}<opbdg�Ã[Z w�®'Ã-Ä.F���grm|�d�
otw otbdg�Ã�Z·w�®�Ã-ÄGD-otbdg�mdgrufgr�t�psYqp° ���(�W��� ��urs��~�~�r}Y®¯w@�x�~w¦©�gr�z±�°s �p�"gru�v�s������(�R� �"	-�%�?� �¦}�v~m<opgfqt�dqtg�otgr�z±�°
otbdg�Ã[Z wY®2Ã-Ä D sY� 8�sY�x�|±d�xw@±|�P�|qpw����|ufgr�h±�°hÃ�Ä D ezs�°I±Wg���v~�tufsYqt�dgr�.;0³���oªopbdv��P�"wYv~m<or}�Ã�Ä D qtgrufgfv~�Ygr�
otbdg�mdwYopvxÁWufs�opv~wYmhotb|s¦oª�p�|s@u�g�v��Pmdw¦©�s��¦s�v~��s�±d�~gY}YsYm|�hezs�°�qtgr�p�dehg-opb|g�g�¾�g>u���otvxw@m,³�º�vxm|ufg�Ã-Ä F v~�Uopbdg
��sY��o�wY�"gfq{s¦otwYq-v~mTopbdg�` "U�¿opwzmdgrgr��opb|g�±d�~wY±|�
�|qpw����|ufgr��±�°*Ã-Ä D }d�d�|�Wgrq�wY�"gfq{s¦otwYq{�-��wzmdw�o�mdgfg>�
otw[qtgrufgfv~�Yg�otbdgh��°�m|u{bdqtwYm|vxÅ>s¦opv~wYm�ot�d�d�~gY¹2otbdgfqtg�®¯w@qpg@}"Ã-Ä F ��w�g>��mdwYo��|qpw@�|s��<s¦opg�vxo�®¯�dqpopbdgrqr³�a'w*opb|v~�
�|�dqp�"w@�pgY}@opb|g��p°<mWu{bdqpw@mdv~Års¦otvxw@mIop�d�d�~g�e �|��oª±"g�ezs�qt«Yg>�zsY�ªsY�d��qtgr�t�pgr�IopwIÃ-Ä F ¹@otbdv��Uv~m�®¯wYqtezs¦otvxw@mzv~�
s��¦sYvx��s�±d�~g�s¦o ½ �dgfqt°[u�w@eh�dvx�~g�opv~ehgY³

� ���&�� � &'&�����	�� �5���������#�
��� �����õ��	�������	*��� � &'��� 	

Æ��|q�©�wYqt«*u�w@eh�|s�qtgr�
©
vxopbHopbdg�Zµw�u{b|sz�dqtw���g>u0oE<~�r��>S}"vxm<otgf�Yq{s¦otvxm|�[�ds¦o{ss�mW�µ�dqtwY�Yq{s�ez�r¹dbdw¦©�gf�@gfq>}
otbdgf°Ds@�p�p�dehg�otb|s¦o�s[�|qpw@�Yq{s�e�urs�mD±"gh��bdv~�d�"gr�Hopw[opbdgh��vxopgI©
bdgrqpg�vÂo{��sYqp�@�dehgfm<ot��s�qtgY}8©
bdv~�xg�©ªg
ufwYm|�pv���gfq��dqpw@�Yq{s�ez�-otb|s¦o�ufsYmdmdw�o�±WgIehw¦�Yg>�2}"opb��|��sY�d��qtgr�t�pvxmd�opbdgIg�¾�opq{s[�dvÂ¼u��|�Âo�°µwY®Pg�¼u�v~gfm<op�~°

Ñ�Ñ â��P�
�2�2�



� � ����� ��	����I�2&����	��
��k+5��W�.��	��)��� N�� N'����������� �������)�/��	

�Ws�q{s��~�xgr�xv~Åfv~md���ds¦o{s�opq{s�mW��®¯grqUs�m|��dqpw@�Yq{s�e gf¾�gru��dopv~wYm,³�J�s@��b�y�s�m|�z�pwYqpo�yã±|s@��g>��ursYu{bdv~md��s��~�Yw@qpvxopb|eh�
®¯w@qªgf¾��Wgrm|��v~�Yg�®¯�dm|u�opv~wYm|��b|s��@g�±"gfgfm���ot�|��v~gr�*vxm <x�r��>ã¹��pwYqpo�yã±|s@��g>�zs��~�YwYqtvxopbdez����w mdwYo-sY�d�d�~°zvxm*wY�dq
ufwYm<opgf¾�oI�pvxm|ufg[vxo�©�wY�d���À±"g�sH�Wgrq�®¯w@qpezsYm|u�g�~w@�t��otw´��opw@�Àopbdg��dv~�Wgr�xv~mdg>� ½ �dgfqt°²g�¾�gruf��opv~wYm»®¯wYq�s
�pwYqpopv~md����otgf�,³�a-bdgr°µ�dqtwY�"w@�pg�sb�°�±dqtv~�Hb|sY�pbH�tu{bdgfehg�opw�gfm|�p�dqtg�otbdgzufsYu{b|g�Ádo{��v~mHehgreIw@qp°@³9c´g
grm��<v��pvxw@mµ�|��v~md��ufsYu{b|g sY����w�wYm´sY�
otbdg�ufw@��o�wY®Us�dqtwY�@qtsYe÷v~m<�@w�ufs¦otvxw@mTv~��ehwYqtg g�¾��"gfm|�pv~�Yg�otb|s�mHs
ursYu{bdg��xw�w@«<�|�,¹ds�����wW}<opbdg��dqtwY�"w@�pgr�zb�°�±dqtv~�[b|sY�pb*urs�m�±Wg�s@�ds���otgr�opwIwY�dq
s��~�Yw@qpvxopb|e opwIg�¼u�v~gfm<op�~°
ezsYm|s��@g�otbdg ufs@u{bdg�±d�GH8gfq>³Pknmf< �|},�riV>ã} ½ �dgrqp°[wY��otvxehv~Års¦otvxw@m*v~m�opbdg �dqpg>��grm|u�g�wY®�ufw@��op�~°�dqtgr��v�ufs�opgr�
v�� s@�d��qtgr�t��g>�2}�±d��oI�dm�®¯wYqpop�|m|s¦otgf�~°Y}#opbdg*qpg>���|�Âo{����gr�Ygr�xw@�Wg>�¶opbdgrqpg[�dwHmdwYo�s��d�|�x°¶opwHwY�dqIu�wYm<otg�¾�or³
a-b|g�qtgrs@��w@mDv~��otb|s¦o 8��dqpg>��v�ufs¦otg q{s�md«�v~md��;�<~�ri�>Us�m|�Dopbdghehg�otbdw��d����gr�tu�qtvx±"gr�Hvxm�< ��>Us�qtg ±|s@��g>�Dw@m
otbdg�®¯�dm|u0otvxw@m[u�w<��o{�U±"gfv~md�X�(��	P&2����	�� �!���5�g� �W�I�f}�©
bdv�u{b[mdw��xw@md�YgrqUbdw@�~�d�ª©
bdgrm�|�pvxmd�Iufs@u{bdvxm|��sY�U©ªg
�dw|³
a�©ªw*qpg>u�grm@o��|s��"gfq{���W��ghsY�p°�m|u{bdqtwYmdv���e�vxm´g�¾�gruf��opv~md�����"grufvÂÁWu «�vxm|�|��wY®Pg�¾��"gfm|�pvx�@g�®¯�dmWu0opv~wYmW��B

v~m <x� � >ã}'otbdgmdgfo�©ªw@qp«Ds@��°�ehehg�opqt°Dv~m»sµu��~vxgrm<o�yn��grqp�@gfq�u�w@m@otg�¾�o�v~� u�wYeh�"gfm|�ts¦otgr�´®¯wYq ±<°´v~�t�p�dvxm|�Ts
±Ws¦otu{b5w�®�®¯�|m|u0otvxw@m5ufsY�x���r}P©
vÂotbdwY�doI©-s�vxopv~md�D®¯w@qIopbdg*Á|q{��ohwYmdg*opw²u�w@eh�d�xgfopg@³ J�w¦©�gf�Ygrqr}#otbdgf°»��w
m|w�ou�w@m|��v���grqIe��d�xopv~�d�xgµehg>��v~s�opw@qt�hs�mW�5sYqp±dvxopq{s�qt°²�d��sYu�grehgfm<ozw�®�w@�Wgrqts�opw@qt�r¹�sY�~�pw|}ªufsYu{b|vxmd�²s�mW�
�Ws�q{s��~�xgr�xv���e s�qtg m|w�o��W��g>�2³]c`º!`9d � º!` < �V>F�dqtwY�"w@�pgr��s*��v~md�@�xg�eIg>��v�s¦opw@q��|qpw�u�g>�p�pgr� ½ �dgfqtvxg>��otb|s¦o
urs�m¿v~m<�@wY�~�YgµsYuru�g>�p�pvxm|�bc¶gf±+�pwY�|qtufgr�r³`a-bdgDs��dopbdw@qt�zm|w�opgTotb|s¦o*�xw@�Yv�ufs��~�~°»vxmW��gf�"gfm|�dgfm<oYJ�a
a-�
urs��~�~��ufsYm+±"g´v��p�p�dg>�+v~m`�|sYqtsY�x�~gf�S}�±d��oTmdw �Y�dv���gr�xv~mdgr��s�qtgH�@vx�@gfm`s@�otw^otbdg¶wY��otvxezs�����gr�YqtgfgHwY®
�Ws�q{s��~�xgr�xv���eT³��¬��v~md�@�xg ufwYm<opqtwY��wY�"gfq{s¦otwYq>}d�d��sYu�g>�µwYmTotbdgIeIg>��v�s¦opw@qr}Wv~��qtgr�p�Ww@m|��v~±d�~g�®¯wYq�ezs¦o{u{bdvxm|�
otbdg[urs��~�ªs�qt�Y�|eIgrm<ot��©
vxopbÀotbdgfv~q qtgr�p�d�xot�r¹P���Wu{b»s�mÀwY�"gfq{s¦otwYq�v���v~m�®¯g>sY�pvx±d�~gv~m^sT®¯�d�~�~°²�dv~��opqtvx±|��opg>�
ufwYm<opgf¾�or³ knm6w@�dq�©ªw@qp«8}
otbdgr�pgHo{sY�p«��*sYqpg¶���d�~vxoTsYeIw@md�»otbdg²��gr�Ygfq{s���sYu�opw@qt�[qp�dm|mdvxm|�5©
vxopbdv~m6s
Ã�v~m|�dÄ@wYv~m�ynÃªv~m|�d�
uru�g>�p�z�Ws�v~qr³%8 "U�d��°R;HwY�"gfq{s¦otwYq{�f}�v~m@otqpw����Wu�gr�¿v~m <~�2>�qpw@��opgµot�d�d�~gr��s�ehwYm|�T��wYv~m
w@�Wgrqts�opw@qt�r}d�Yv~��vxm|�zeIw@qpg�op�d�d�~gr��opwopbdg ®ÝsY��opgfq�qp�|mdmdv~md����wYv~m|�r¹|otb��|�f} "U�d�dvxgIsY�dsY��ot��opbdgI�ds¦o{sK7|w¦©
otw otbdg��dqtw�ufgr�t��v~md� �p�"gfgr�,³�
�m�®¯w@q�ot�dm|s¦otgf�~°Y} "U�d�dvxg>�
ufs�m|mdw�o-±Wg�v~m|u�w@qp�"wYq{s¦otgr�hv~m<opwIwY�dq�®¯q{s�ehgf©�wYqt«8}
±"grurs��|�pgIvÂo�©�wY�d���D±"gh�dmd�dq{sYu�opv�ufsY��opw�b|s��YgX��?�ªop�d�|�xg>��vxm��Yw@�x�@gr�Hvxm²s ½ �dgrqp°Dopq{s�m|�pvÂo>}2�WwYopgrm@otv~sY�x�~°
ezsYm<°Totvxehg>�f}'opbdqtwY�d�@b´sT�pvxmd�@�xg/Q'g>º�gr�xg>u0o���grqp�@gfq>³hÆ��dq�©�wYqt«µv~��sY�~�pw�qpgr�~s�opgr�HopwTgf¾�v���opv~md�Tqpg>���d�xot�
w@m»v~eI�|qpw¦��v~md�µopb|g*w@��op�d�dohq{s¦otgz®¯wYq �!���2��wY®�opb|g ½ �dgrqp°²qtgr�p�d�Âo>}PsY�I��gr�tu�qtv~±Wg>�2}PgY³ �|³~}Fv~m <~�U^�}P����>S³
J�w¦©ªgr�Ygrqr}�wY�|q�©ªw@qp«[v~���dv H8gfqtgfm<o�v~mTopb|s�o�©ªg��W��g>�*�Ws�q{s��~�xgr�xv���eT}ds@��°�m|u{bdqtwYm|v~�pe÷s�mW���d�d�d�~v~urs¦opg>�-opw
v~eh�dqtw¦�Yg
otbdg�w@��op�|��o
qts�opg�wY®,opb|g���v���opqtvx±d�dopgr�*Ã�vxm|�|ÄYw@vxm*wY�"gfq{s¦opw@qr³#���-��v~qpg>u0otvxw@m|�UwY®,®¯��ot�dqpg�©�wYqt«"}
©�g��|�~sYmzopwIg�¾�opgrm|�zw@�dqU®¯q{s�ehgr©ªw@qp« opwh��b|sYqpv~md��±|�xw@±[s�m|�z®¯�dm|u0otvxw@m*ursYu{bdg�s�ehwYmd����gr�Ygfq{s�� ½ �dgfqtvxg>�f}
sYm|�[opwz�dqtw�u�gr�t�pvxmd�Iw�®#g�¾��"gfm|�pvx�@g��dqpw@�Yq{s�ez�Uots�«�v~md�zsY�-v~md�d��o�©
bdwY�~g�ots�±|�xg>�f³

� � �¦�-���
	*���
&
��� ��Ñ,Ü0âÒ�Ø>âfè�×�Ö{â�ù��0Ü0çSÙ�Û j åIá���Ù�ÚæÚæÙ�×Ýç:à:Ù�êæâ@áTÕ8Ü0â�àSêæâfè�Ü0è�ç:Ú ò[Ö{ù¦Ö{Û>à:ê Ø�Ù�þfè�Ù�×ÝòÛ�×ÝÜfß�Ù�ç:çSêæâ�ü�á[ÏÓâ����
	����	��������

����� ��� �!��	#"��$%	#"&�('#")'�*,+�-�+�"/.�	0�1�2',.3'�Ô�Û¦Ö{ü0Ù�ç �#4 �65U�,7(�>ÔW�#8#8#8>á
� � � ú áYû8Ü0è�ü�Ö{â�êæý�Ô �2á ��Ö{ñ�×ÝÙ�à�Ô �,á î Ü0×¯àSÜ�Ô<Ö{â�ù î á¦ö8Ö{Úæù>è�×:êæÙ$90á î ×ÝÜrß�Ù�çSç:êæâ�ü�þfè�Ù�×ÝêæÙ�ç ��ê à j Ù;:>Û�Ù�â�ç:ê Ø�ÙUìxè�â�ßnà:êæÜ0â�çFÖ{â�ù
ÚëÖ{×Ýü0Ù�Ü0ñ>ÞÝÙ�ß�à:ç�êæâ�ù�êæç:à:×Ýêæñ�è>à:Ù�ùIý
Ù�ù>êëÖtàSÜ0×Uç:òrç:à:Ù�ý
çpá�ÏÓâ����
	<��1	0� � "/.=���	#"��<>	,"?�@'#.A'CB�"D*#EF")+�+��;EG"D*IH � �J�KBML{ÔÛ�Ö{ü0Ù�ç'� �65U�#N>ÔW�#8#8 �0á

� � ��ðfè�×SÖpÞ:ê à�Õ j Ö{è�ù j è�×Ýê2Ö{â�ùPO#ò>è�Ü0ç:Ù�Ü �hð j êæý�áRQ#è�Ù�×¯òIÜ0Û>à:êæý
êS9�ÖtàSêæÜ0â êæâ�à j Ù
Û>×:Ù�çSÙ�â�ß�Ù�Ü{ì2ì~Ü0×ÝÙ�êæü0â�ìxè�â�ßnà:êæÜ0â�çpá�ÏÓâ
�T�
	��� 	0��.FUV+XWZYJ�\[]��	#"��<æÔ ���2�2�>á

� ����ðfè�×SÖpÞ:ê à
Õ j Ö{è�ù j è�×:ê�Ö{â�ù�O#òrè�çSÙ�Ü �zð j êæý�áI^#ÛràSêæý
êS9�Ötà:êæÜ0âhÜ{ì#þfè�Ù�×ÝêæÙ�ç �'ê à j è�çSÙ�×rlÓù�Ù;_¦â�Ù�ù[Û�×ÝÙ�ù>êæßpÖtà:Ù�çpá������
` �
'#"/a;',��.3EF	#"(	,"(b,'#.A'dc�'#a;+ea6f#a6.3+�-gH ` � � � L{Ô��Vhx�(�dinÔ ���2�2�>á

� � �CjUá@Õ j êæý
Ù�â�à:ê�ÔYÑPálk�Ö{ýªñYÜ�Ö>Ô@Ö{â�ù�ÑFá O j ×Ýêæç j â�Ö{ý�è�×¯àÓò�á i Ü��,Ö{×:ù>çPÖ{â�Ü0ÛYÙ�â Ö{×Ýß j ê à:Ù�ßnà:è�×ÝÙ-ì~Ü0× ú j ú á�ÏÓâ(���
	<��T	0�
.GU�+&W�YJ�\[]��	#"��$ëÔ¦Ò�ý
ç:à:Ù�×:ù¦Ö{ý�Ô ���#N2�>á

Ï¯Ð#Ñ,ÏÓÒ



���������
	������������	���������������� �
	!���"�������#����	%$'&(�)	*�,+-�)	����)	.�/�0���1���
�2	!& �<�

� 4 �Cj#Ö{â�êæÙ�ÚëÖ �dÚæÜ0×:Ù�çSß�è<Ô�Ò#ÚæÜ0â ú Ù�Øfò�Ô¦ÏÓÜ�Ö{â¦Ö
å�Ö{â�Ü0ÚæÙ�ç:ß�è@Ô�Ö{â�ù&j#Ö{â�ðrè�ß�êæè<á Q#è�Ù�×¯ò�Ü0Û>à:êæý
êS9�ÖtàSêæÜ0â�êæâ�à j ÙFÛ�×ÝÙ�çSÙ�â�ß�ÙUÜ{ìÚæêæý
ê à:Ù�ù Ö{ß�ß�Ù�çSçUÛ¦ÖtàÝàSÙ�×Ýâ�çpá�ÏÓâI�T�
	���K	0� ����� ����� ��� � ��	#"��$>	#"?�('#")'�*d+�-�+�"/.�	0� �@'#.A'0Ô�Û¦Ö{ü0Ù�ç � � �65U�2�2�>Ô
���2�2�>á

� 7 ��Ï¯Ö{â �¦Ü0ç:à:Ù�×�Ô@Õ2Ö{×:Ú�O�Ù�ç:çSÙ �fý�Ö{â<Ô�Ö{â�ù�ðfàSÙnØ�Ù�â i è�Ù�ß �0Ù0á ikj ÙUÖ{â¦Ötà:Ü0ýªò�Ü{ìdà j Ù�k#×Ýêæù�ä �Wâ�Ö{ñ�Úæêæâ�ü
çSß�Ö{ÚëÖ{ñ�ÚæÙ�Ørêæ×¯àSè¦Ö{ÚÜ0×Ýü�Ö{â�êS9�Ötà:êæÜ0â�çpá ` UV+ � "/.A+<�;")',. E 	#")' ��� 	��D�;")' � 	0� � ���D+��
�6	#-��	�D.A+����
��� � EF�6'#.3E 	#"/aãÔW�#8#8 �0á
� N �C�PáDk�Ö{×:ß�êëÖ�l¯å�Ü0Úæêæâ�Ö>Ô��ªá î Ö{Û¦Ö��0Ü0â�ç:àSÖ{â�àSêæâ�Ü0è@Ô/jªáDQ#è¦Ö{ç:çpÔfÒªá0Ñ�ÖtÞ:Ö{×:Ö{ý�Ö{â<Ô���árð>Ö{ü0ê ØYÔD�¦áfó'ÚæÚæý�Ö{â<Ô�Ö{â�ùR��á�*êæù�Ü0ý�áikj Ù i ðfÏ¯å�å�ÏÝð�Û�×ÝÜ{ÞÝÙ�ß�à�äWÏÓâfà:Ù�ü0×SÖtà:êæÜ0â�Ü{ì j Ùnà:Ù�×:Ü0ü0Ù�â�Ù�Ü0è�ç�êæârì~Ü0×Ýý�ÖtàSêæÜ0â�ç:Ü0è�×:ß�Ù�çpá � 	��V�;")' � 	0� � "/.A+ ��� ES*,+�"/. � "��;	,���

-�'#.3E 	#" � f#a6.A+<-�aãÔ�NVh��,iãä�� ��7<5 ���2�>Ô@å�Ö{×:ß j ���2�,7rá
� � ��Ñ,Üpò k#Ü0Úæù�ý�Ö{âHÖ{â�ù �0Ù�â�â�ê ìxÙ�×�*êæù�Ü0ý�á�µð�Q���j�ð�Qªä#Ò�Û>×SÖ{ßnà:êæßpÖ{Ú�Ö{Û�Û�×ÝÜ�Ö{ß j ìxÜ0×�ß�Ü0ý�ñ�êæâ>Ù�ùDþfè�Ù�×Ýòrêæâ�ü*Ü{ìù�ÖtàãÖ{ñ¦Ö{ç:Ù�ç�Ö{â�ù�à j Ù��2Ù�ñ<á|ÏÓâ&���
	��� 	0�1����� ����� ��� �g��	,"��$M	,"&�('#")'�*d+<-e+<"/.�	��1�@'#.A'0Ô��#8#8#8>á
���<8 �&kªá%k#×:Ö{Ùnì~Ù0á �|â�ß�Ö{Û�çSè�ÚëÖtà:êæÜ0âzÜ{ì'Û¦Ö{×:Ö{ÚæÚæÙ�Úæêæç:ýBêæâIà j Ù
ö�Ü0Úæß�Ö{â�Ü�þfè�Ù�×ÝòIÛ�×ÝÜrß�Ù�çSç:êæâ�ü�ç:òrç:à:Ù�ý�á�ÏÓâ����
	<��\	0�������

����� ��� �!��	#"��$%	#"&�('#")'�*,+�-�+�"/.�	0�1�2',.3'�Ô�Û¦Ö{ü0Ù�ç��<82��5 � � �0Ô ���2�#8>á
��� � �&k#ÜfÙnà�9>k#×:Ö{Ùnì~Ù0áVQ#è�Ù�×¯òPÙ�Ø{Ö{Úæè¦Ötà:êæÜ0âUà:Ù�ß j â�êæþfè�Ù�ç|ìxÜ0×�ÚëÖ{×Ýü0Ù8ù¦ÖtàSÖ{ñ¦Ö{çSÙ�ç�á/����� ��	#-��	�V. EF"D* � �V����+<f#aãÔ�� �Vh��,iãä 7(��5 ��7�8>Ô

�0è�â>Ù ���2�2�>á
����� � ú Ö{è�×SÖ �#Ö0Ö{ç�ÔZj�Ü0â¦Ö{Úæù(O�Ü0çSç:ý�Ö{â�â<Ô �Wù��,Ö{×:ù�*êæý
ý
Ù�×:ç�ÔYÖ{â�ù(��è>â��"Ö{â�ü�á ^#Û>à:êæý
êS9�êæâ�ü
þfè�Ù�×:êæÙ�çPÖ{ß�×:Ü0ç:çPù�ê Ø�Ù�×:ç:Ùù�ÖtàãÖ-ç:Ü0è�×:ß�Ù�çpáWÏÓâ �T�
	��� 	0��.FUV+XWZYJ�\[]��	#"��<æÔ�Ò2à j Ù�â�çpÔ k#×ÝÙ�Ù�ß�Ù0Ô ���2�,7rá
����� �C�0Ü0ç:Ù�Û j åIá#�'Ù�ÚæÚæÙ�×Ýç:à:Ù�êæâ<á)^#ÛràSêæý
êS9�Ötà:êæÜ0âPà:Ù�ß j â�êæþfè�Ù�çWìxÜ0×dþrè>Ù�×ÝêæÙ�ç �'ê à j Ù;:rÛYÙ�â�ç:ê Ø�Ù2ý
Ùnà j Üfù�ç�á/����� ` �0'#"/a;',�<.3E 	#"/a

	#"&�@'#.A'dc�'#a;+ � f#a�.A+�- a�H ` � � � L{Ô?�2�Vh��,iãä�� ����5 ���,7rÔ ���2�#N>á
���A���C�0Ü0ç:Ù�Û j åIá ��Ù�ÚæÚæÙ�×:çÝàSÙ�êæâ*Ö{â�ù��0Ù �Y×:Ùnò �2á8Ð�Ö{è�ü j à:Ü0â<á Q#è�Ù�×¯ò[Ù$:rÙ�ß�è>àSêæÜ0â[àSÙ�ß j â�êæþrè>Ù�ç�ì~Ü0×
ß�Ö{ß j êæâ�ühÙ;:>Û�Ù�â�ç:ê Ø�Ùý
Ùnà j Üfù�çpá|ÏÓâ �T�
	��� 	0�K����� ���#� �I� �!��	,"��$%	#"&�('#")'�*d+<-e+�"/.�	0�K�@'#.A'0Ô¦Û¦Ö{ü0Ù�ç �
�2��5��
�(��Ô ���2�#4>á
����� � j àÝàSÛ<ä ��� � � �klÓß�Ö{×SÖ�Ø�Ù�Ú�á êæâ�×:êëÖ>á ìx×�� ú ÙpðrÙ�ÚæÙ�ßnà�á
���<4 � i Ü0ñ>êëÖ{ç,å�Ö�òr×,Ö{â�ù î ×SÖ�Ø�Ù�Ù�â�ðrÙ�ç j Ö{ù>×:ê�áWÕ8ÚæêæÙ�âfà�lÓç:ê àSÙ�þrè�Ù�×¯ò�Ù$:fà:Ù�â>çSêæÜ0â�ç�ádÏÓâ&�T�0	<��M	0�K����� ����� ��� � �%	#"��$J	,"

�X',")'�*,+�-e+<"/.�	0�1�@'#.A'0Ô ���2�2�>á
����7 ��Ò�â¦Ö{â�ù�Ñ�ÖpÞSÖ{×:Ö{ý�Ö{â<Ô��"Ù j Ü0ç j è¦Ö�ð>Ö{ü0ê ØYÔ�Ö{â�ù �0Ù �Y×ÝÙnò(jªá�ó'ÚæÚæý�Ö{â<áFÒ�â�ç �2Ù�×Ýêæâ�ü�þfè�Ù�×ÝêæÙ�çPè�ç:êæâ�ü�àSÙ�ý
Û�ÚëÖtà:Ù�ç ��ê à j

ñ>êæâ�ù�êæâ�ü�Û¦Ötà:à:Ù�×:â>çpá
ÏÓâ ���
	<��>	���.FUV+ � f#-��D	#a6E��D- 	#" ���;EG")��E � � +<ae	0�@�@'#.A'dc�'#a;+ � f#a6.3+�-�aRH �2� � � L{Ô�ðrÖ{âP�0Ü0çSÙ0ÔÕ8ÒUÔ ���2� �>á
���<N ��ÒUá@Ñ�Ö{ý�Ö{â<Ô@û#á@Ñ'Ö{ý�Ö{â<Ô@Ö{â�ù(�¦ál�'Ù�ÚæÚæÙ�×Ýç:à:Ù�êæâ<á ^#â�Úæêæâ�Ùªù>ò>â�Ö{ý
êæßª×ÝÙ�Ü0×:ù�Ù�×Ýêæâ�ü�ìxÜ0×�êæâ�àSÙ�×:Ö{ß�à:ê Ø�Ù-ù¦ÖtàSÖ�Û>×:Üfß�Ù�ç:çSêæâ�ü�áÏÓâ&���
	<�� 	0�2.GU�+&W�YJ�\[]��	#"��$ëÔ ���2�2�>á
����� ��å�Ö{âfè�Ù�ÚdÑ,Ürù�×Ýêæü0è�Ù$9�l¯å�Ö{×¯àSêæâ�Ù$9�Ö{â�ù�Ð�êæß ��Ñ,Ü0è�ç:çSÜ0Û�Ü0è�ÚæÜ0çpá'åX^FÕT�'Òªä�ÒHçSÙ�Ú ì lÓÙ;:rà:Ù�â�çSêæñ>ÚæÙUù�ÖtàãÖ{ñ¦Ö{ç:Ùªý
êæù>ù�ÚæÙ �,Ö{×:ÙçÝò>çÝàSÙ�ý»ì~Ü0×"ù�êæç:à:×:êæñ>è>àSÙ�ù�ù¦ÖtàãÖªçSÜ0è�×Ýß�Ù�ç�ádÏÓâ&�T�
	���%	0���e��� ����� ��� � �%	#"��$J	,"C�X',")'�*,+�-e+<"/.T	0�>�@'#.A'0Ô�Û¦Ö{ü0Ù�ç
� ����5U�2�(��ÔW�#8#8#8>á

� �#8 � i á�ó�× j Ö{â�Ö{â�ù�åIá �¦×:Ö{â �rÚæêæâ@á j'ò>â¦Ö{ý
êæß#Û�êæÛ�Ù�Úæêæâ>ÙFçSß j Ù�ù�è>Úæêæâ�ü�ìxÜ0×'êæý
Û>×:Ü�Ø>êæâ�üªêæâfà:Ù�×SÖ{ßnà:ê Ø�Ùªþfè�Ù�×¯ò�Û�Ù�×ÝìxÜ0×Ýý�Ö{â�ß�Ù�áÏÓâ&���
	<�� 	0�2.GU�+&W�YJ�\[]��	#"��$ëÔV�#8#8 �0á

Ñ�Ñ â��P�
�2�2�



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)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


