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l�gjY��soj{�Z&{nehZ&tfl�g8gk{|��gkbXbX`&Z&tn�XZ��XZ�r�µQ�6gjchbAm|t�Z�mf��`Gl�cq��Z�{ft�cHrXb²�6gjchbAmaZGt~m�ojr²��ZGt�t�rst&¢uopr²�XZ&t|twgkrst�¢
gkrªtwrs{�rXb½oj{|lj��ÚHb½�sop{�m�cql�rXehchZ�{G¢�bXgAt��X{|`&�Xchl&o�m|t�bXZ§�6Z�{|Y[Z�mwm|Z�bAmD�sokt
��ZMl�gjY���m|Z�{�ehZ'bsgjY
xs{�Z§��Z
�6gjchbAm|ta��� cdbAm�Z&{|t�Z&l�m�chgjbQbsc>�XZ
m|{�chZ�{aedZGta�JgkcdbAm|ta��� cdbAm|Z�{�twZGl�m�chgjb%¢6Z�maehZDm�Z�Y��st���Z�l�ojehl�rXe�Z&twm¶� gkbsl�m|cdgkb
�Xr²bXgkY
xX{|ZD�XZ[�Jopch{�ZGt¶��� op{�l�tayArXc£t�Z[l�gjrX�6Z�bAm�Z�mfbXgjb©��r©bXgjYDxX{�Z���Z[�JgkcdbAm�tf��� chbAm�Z&{|t�Z&l�m�chgjb��Meho
�Xc¹¸*`�{|Z�bsl�Z[�XZ&tfoprXm�{|Z&t�opehijgk{�cdm�UXY�ZGtnbXgkbQm|{�ch�8chojr�µ$l�gkbXb8rst����uZ3l�okt¶xsedZ&r�»¼{|gjrsijZM·?g��²edZGtftwZ&ijY�Z�bAm|t
t�gjbAm#l�gkedgk{�`Gt£Z�b�xXehZ�rMgjr'Z&bM{|gjrsijZ¶�XZnm|Z�ehedZa�?o���gjb'yArXZ�ehZ&tVt�Z�ijY�Z&bkm�t,{|gjrsijZ&t�bXZ�twZfl�gjrX�6Z�bAmV�sojt¤Z�m
�XZ�Y���Y�Z��6gjrX{¶edZGt�xXehZ�rst�ºVZGt~m�m|{|ojc¹m|`�Z�b<m|Z�Y��sta¿[ÀwÀ �<Á �*ÂjÃdÄkÅ � Â�� Ù Z�m¶opehijgk{�cdm�UXY�ZfZGt~m��§eho3xJojt�Z��� rXbªojedikgj{|c¹m|UXY�Z§yArXc£m|{|ojc¹m|Z§edZMl�ojt�ij`�bs`�{�opeHZ�b¾m|Z�Y��st�¿[À ��Ç ��ÃhÄjÅ � Â|���¶ojbstfehZ'l�okt
��Z§�JtwZ&rs��gp»t�Z�ikY�Z�bAm|ta·?l�� ZGt~m�»��p»È��ch{|Za��ZGtVop{�l�t¤ykrscutwZ�l�gkrX�JZ&bAmVZ&b'rXb��6gjchbkm�ojr'�Xehrst�º�¢�gjb��X{|`&t�Z�bAm�Z¶rXb�Y[Z&cdehehZ�rX{
ojedikgj{|c¹m|UXY�Z§��ZMl�gjY��XehZ�µ�cdm�`M¿[À�À¼� Á � ÂjÃdÄkÅ �QÁ¯��Ç �JÂ��©T%gkrst�bsgkt�{|`&t�rXedm|opm|t
�XZ'l�gkY[�sedZ�µ8cdm�`�twgkbAmgk��m�chY3opr�µ��DrsbM�?okl�m|Z�rX{#ehgjiAop{|c¹m|UXY�chyArXZa�X{|W&t&�
 ¨Í �&Ð¡Ï Ë¾Ì£Í �O�G�sÎ6�&Ð �"! bXZ$Z&{�{|Z�rs{��XojbstMeho½�X{�Z&rX�jZ©��r m|UX`�gk{�W&Y�Z$�³o½`�m|`$m|{�gkrX�j`&Z$op�X{|W&t'eho
{|`&�sojl�m|cdgkb
��ZVl�Z¤{|oj�X�6gj{�m&�%¬®e�t#� Z&bst�rXc¹mHyArXZ¤edZGt�ojbsopehv�twZGt��XZ�e$� ojedikgj{|c¹m|UXY�Z,ik`�bX`&{|ojekZ�m>��Z¤e$� ojedikgj{|c¹m|UXY�Z
�6gjrs{¶ehZ&t¶�st�Z�rs��gj»Èt�Z�ikY�Z�bAm|t¶twgkbkmacdbJl�gj{|{|Z&l�m|Z&t&���%ZDl�oktn{|gjrsijZ�»ÈxXehZ�r¨ZGt~ma{�Z&�X{�cqta�Xopbst¶ehZ
{�op�X�6gj{�ma��Z
{|Z&l�UsZ�{�l�UXZ¶¬~�¶�#¬~�¡���V»®�j�k�j�
%�Í �G��Ö���& 	 �Q� ^a`&gjY�`�m|{�chZDojedikgj{|c¹m|UXY�chyArXZk¢J�#gkxXrstwm�ZGt�t�Zj¢*��{|c¹m|UXY�`�m|chyArXZDZ�µXojl�m�Zj¢*��ehijgk{�cdm�UsY[ZGtn��Z
xJopeqoOvkopikZ
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l�opm|okt~m|{�gk�XUXcql
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op{|c¹m|UXY�Z�m�cqlp�'¬®b¾m�UXZ§l�gjbAm�Z�µAm�gj�

ikZ�gkY[Z�m�{|chl�ojedikgj{|c¹m|UXY3t�¢�YDrsl�U<�X{�gkij{|Z&t|t¤Usojt#x6Z�Z&bQ��gjbsZfcdb�m�UsZ�{�ZGl�Z&bkm��Jojtwm$-d�76�¢u�088¢%��9s¢u�G\7/È�V��b�»
gjm�UXZ&{Hop�X�X{|gkokl�Uu¢Gm�gaxJZ¤� gkedehg�¥�ZG�fUXZ&{�Zk¢pUsojt�Z&Y[Z&{�ikZ&�f{|Z&l�Z�bAm�ehvj� �nZGl�cqtwchgjbJt�chb[ijZ�gkY�Z�m�{|cql,opehijgk{�cdm�UsY�t
�XZ��6Z�bs�©gjb²ijZ&gjY�Z�m|{�cql
�s{�ZG��chl&o�m|Z&ta¥#UXcql�U©oj{�Z�rst�rsopehehvQopehijZ�xs{|ojchl
Z�µ��X{|Z&t|twchgjbst&��:sgj{fZ�µ�ojY��XedZk¢*� gj{
oMm|{�ch�XehZ3gp�V�JgkcdbAm|t�ijch�jZ�b©x8vQm|UXZ�ch{�l�oj{wm|Z&t�chojb©l�gAgk{|�Xcdbsopm�ZGt�¢%�XZ&l�cq��chbXi¨¥#Usopm�cqt�m|UXZ3gj{|cdZ&bAm|o�m|cdgkb²gj�
m|UXZfm|{�cqopbXikedZf{|Z&�Xrsl�ZGtVm�g§Z&��opehrso�m|cdbXiQ· m�UXZ[twchijb¨gj�|º#o3YDrXedm�ch�Ooj{�cqo�m|Zf�Jgkedv8bXgkY�chojeugp�£��Z&ij{|Z�Z�m~¥¤gs�V¬È�
ojbªopehijgk{�cdm�UXY gjbXehv¾rst�Z&t��s{�ZG��chl&o�m|Z&tfgj�n��Z�ik{�Z&Z'\¨ojtDo<� rXbsl�m�chgjb½gj�Vm�UXZMcdbX�sr�m[�Xopm|os¢>ojbs�«cd�#m�UXZ
chbX�XrXm¶�Xo�m�o§op{|Zfl�g���ZG�¨ojt�t�cdY��XehZ;4Xµ�ZG�<�X{�ZGl�cqtwchgjb<b8rXYDxJZ&{|t&¢sl�gkY��Xr�m|opm�chgjbst¶l�ojb�x6Z
��gkbXZ�Z�µ�okl�m|edv
rJtwchbXi<m�UsZ§bso�m|cd�kZ'��gkrXxXehZ3�X{�ZGl�cqtwchgjb¾Usoj{|�X¥¤oj{�Z�gp�¤m�UsZ'l�gkY[�sr�m�Z&{&�<TVUXZ'��Z&ij{|Z�Z3gj�#ojb«opehijgj{|cdm�UXY
cqt
m�UXZ&{�Z�� gj{|Z§{�Z&ehopm�ZG�¾m�g$m�UXZ��X{|Z&l�cqt�cdgkb«{�ZGykrscd{|Z&�¾m|g${|rXb½ojb½opehijgk{�cdm�UXY rst�cdbsi$Z�µXokl�m[oj{�cdm�UsY[Z�m�cqlp�
TVUscht3Y�gjm�ch�Oopm�ZGt�m�UXZ²��Z&t�cdikb´gp�fZ%3§l�chZ�bAm'ojedikgj{|c¹m|UXY3t�gp��edg�¥Ó��Z�ik{�Z&Zj� �#Z&��rJl�chbXi¾m�UXZ²��Z�ik{�Z&Z�gj�
m|UXZ�opehijgj{|cdm�UXY3t£¥#chehe6{|Z&�Xrsl�Znm�UXZab8rXY
x6Z�{#opbJ��m�UXZfl�gjY��XehZ�µ�c¹m~v�gj�Nm�UXZ���Z�ikZ�bXZ&{|opm�Zal�gjb�4sijrX{�o�m|cdgkbst&¢
Y3o'<jZ[m�UXZMopehijgj{|cdm�UXY3t�Y�gj{|Z�Z�ehZ�Y�Z�bAm|oj{�v²opbs�¾Y�gj{|Z�ijZ&bXZ�{�ope¼¢u{|Z&��rsl�Z�m�UXZMopY�gjrXbAm�gj�¤b8rXY�Z�{|cql�ope
l�gjY��Xr�m�o�m|cdgkbst�¢k¥#UXcql�U3cht�rst�rsopehedv[yArXc¹m|Z¶ofeqop{|ijZV� {�ojl�m�chgjb�gp�*m|UXZ�m|gpm|ojesZ�µ8ZGl�r�m|cdgkb�m�chY�ZnZ&t��6Z&l�cqopehehv
cd�
YDrXedm�cd»¼�X{|Z&l�cht�chgjb<l�gjY��XrXm�chbXi3cht�cdb8�jg=<jZG�N¢Xopbs���6gkt|twchxXehv'opeqt�g[{|Z�� {�opchbMm�UXZ�rJtwZfgj�>l�gjY��Xehchl&o�m�ZG�M�so�m|o
twm�{|rsl�m�rX{|Z&t�{�ZGtwrse¹m|cdbXi¶cdbDedg�¥ªt��sokl�Z,{|Z&yArXch{|Z�Y�Z�bAm|t&�?>ng�¥�Z&�jZ&{&¢G{�ZG��rsl�cdbXinm�UXZV��Z&ij{|Z�Z,gj�JopbDopehijgj{|cdm�UXY
Y3oOv�cdbJl�{|Z&ojt�Z�cdm|tnm�chY�ZDl�gkY��XedZ�µ�c¹m~v<chb¨m�UXZ[�#Z&oje��n��,ÆY�g���Z�e¼��:sgjehedg�¥#chbXi �%cdgjmwm�o§Z�m�ope¼�?-h�j�%/¼¢6¥�Z
l�gjbst�cq��Z�{am�UsZ§��Z�ik{�Z&Z[gj��m|UXZ3�X{|Z&��cql�opm�ZGtaokt�opb¾oj�s��c¹m|cdgkbsopeHY�ZGojt�rX{�Z�gj�,m�UsZ§l�gjY��XehZ�µ�cdm~vQgp�V�X{|gjx�»
ehZ�Y3t#ojbs�'ojedikgj{|c¹m|UXY3t�¢�opbJ�§chbkm|Z�bs�Mm|gDZ&edrsl�ch�so�m�Zam|UXZ�{�Z&ehopm�chgjbst�UXch�'x6Z�m~¥¤Z�Z�bMm�chY�Z�»®l�gkY[�sedZ�µ8cdm~v§opbJ�
�XZ�ij{|Z�ZDgp�£m|UXZ[�X{�ZG��cql�o�m|Z&t&�f�#Z�eqo�m|Z&�Q{|Z&t�Z&oj{|l�UQl&opbQx6Z[� gjrXbJ�QchbA@�b8r�m�U � t�t�Z�Y�cdbJope�¥�gk{B<C-h�ED0/£opbJ�
chb¨twgkY�Za{|Z&l�Z�bAm#�sop�6Z�{�tF- �s¢�9X¢s��/¼�
¬®bMm�UXcqtV�soj�JZ&{&¢�¥¤Zal�gjbst�cq��Z�{¤m�UsZa�s{�gkxXedZ&Y gp��{�Z&�Jgk{wm|cdbXiDm�UsZf�§cdbAm|Z�{�twZGl�m�chbXi[�sopch{�t¤ojY�gjbXi�oDt�Z�m

gj� � Y�gjbsgpm�gkbXZ�l�rs{��kZ�t�Z�ikY�Z�bAm|t&� 
 ��m|cdY3oje�¿[À � ÃhÄjÅ �'Á �6ÂF»Fm|cdY�Z
ojedikgj{|c¹m|UXY3t#op{|Z;<Absg�¥#bM� gk{#m�Uscht�s{�gkxXedZ&YG-H8A¢¤�%/È�I>�g�¥¤Z��kZ�{fm|UXZ&t�Z'ojedikgj{|c¹m|UXY3tfrst�Z'�X{|Z&��cql�opm�ZGt�gp�#UXchijU³��Z�ik{�Z&Zj¢�Zj� is�¨m|g$l�gkY[�Jop{|Z
m|UXZ
ojxst�l�cht|t|opZfgp�>m~¥¤g§chbkm|Z�{�twZGl�m|cdgkb��6gjchbAm|t¶gj{#m|g§ehg8l&o�m|Z
opb¨chbAm�Z�{�t�Z&l�m|cdgkb¨�JgkcdbAmn¥#cdm�U${�ZGtw�6Z&l�m�m�g'o
�kZ�{�m�cql�oje%tweqopx%�nTVUXZ&t�Z
�s{�ZG��chl&o�m|Z&t#UsoO�kZ
o§��Z&ij{|Z�Z
ojbs�¨opb²opehijZ�xs{|ojchlfl�gjY��XehZ�µ�c¹m~vMm�UJo�maoj{�ZfrJtwrsojedehv
UscdikUXZ�{nm�Usojb¨m�UXZDcdbAm|Z�{�twZGl�m�chgjb¨�s{�ZG��chl&o�m|Z§¦¤m�UXcqtachtncdbQ�Jop{�m�cql�rXeqop{nm�UXZ[l�ojt�Zf� gk{nehcdbXZ[twZ&ijY�Z�bAm�tnopbJ�
l�cd{�l�ehZ#twZ&ijY�Z�bAm�tJ- ��/È� 
 rs{,opehijgk{�cdm�UXY3t�gjbsedvDrstwZVm|UXZ#chbkm|Z�{�twZGl�m|cdgkbD�X{|Z&�Xchl&o�m�Z#ojbs�Dm~¥�g�gpm|UXZ�{�twchY��XedZ
�s{�ZG��chl&o�m|Z&tV¦�m�UXZ��s{�ZG��chl&o�m|ZVm�Usopm�twgk{wm�t�m~¥�gf�6gjchbAm|tHx8v�opxst|l�cqt|t�ojZj¢popbJ�[m�UXZ��s{�ZG��chl&o�m|Z�m|Uso�m¤t�oOv�t>cd�No
�6gjchbAm%cqtux6Z�ehg�¥f¢&gkbu¢Ogj{%ojxJg��kZ£o#twZ&ijY�Z�bAm&�%¬®b��sop{�m�cql�rsehoj{&¢&¥�Z,�Xg#bXgpm�l�gjY��Xr�m|Z£m|UXZ,op{|{�opbXikZ�Y�Z�bAmNbXgj{
m|UXZ�m�{�op�6Z�+&gjcq�Xope%Y�oj�<gp��m�UXZ
t�Z�ikY�Z�bAm|t&�K,<gk{�Z&g��jZ�{G¢km�UXZ��s{�ZG��chl&o�m|Z&tV¥¤ZfrstwZ��Xg3bXgpm¶t|oOv'ojbAvAm|UXcdbsi
ojxJgkr�mum|UXZ,b8rXYDxJZ&{%gj{%m�UXZ��JgAtwcdm�chgjbJtugp�8m|UXZ,chbAm�Z�{�t�Z&l�m|cdgkb��JgkcdbAm|t&¢popbJ�am�UXZ,m�chY[Z¤l�gkY[�sedZ�µ8cdm~vagp�8m�UXZGtwZ
ojedikgj{|c¹m|UXY3t¶�XZ��6Z�bs�Xt�gkbXehv¨gjbQm|UXZ�b8rXY
x6Z�{�gp�¤cdbAm|Z�{�twZGl�m�chbXiM�sopch{|tagj��twZ&ijY�Z�bAm�t�¢NbXgjm¶m|UXZ�b8rXY
x6Z�{
gj��chbAm�Z�{�t�Z&l�m|cdgkbM�6gjchbAm|tf·F��c¹¸*Z�{|Z�bAm|edv'� {�gkY m�UXZfgjm�UXZ&{#bXgjb�m|{�ch�8chojeuopehijgj{|cdm�UXY3tF- \�¢288¢�6s¢s��¢u�
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� Z 4s{�t~m£�s{�ZGtwZ&bkm,ojb3opehijgj{|cdm�UXY¡� gk{Hm�UsZ�{�ZG�8»ÈxXedrsZ#�Ooj{�cqopbAmHgp�*m|UXZ#�X{|gjxXehZ�Y/¥#UXZ�{|ZVm�UXZ¶twZ&ijY�Z�bAm|t
oj{�ZMl�gjehgj{|Z&�¾xsedrXZ�gj{[{|Z&�ªt�g¨m�UJo�m[m�UXZ&{�ZMcht[bXg²cdbAm�Z&{|t�Z&l�m�chgjbªojY[gkbXiQm|UXZ�xXedrsZMt�Z�ijY�Z&bkm�tDojbs�«bXg
chbAm�Z&{|t�Z&l�m�chgjb«opY�gjbsiMm|UXZ§{|Z&�¾gkbXZ&t&�MTVUXZ§m�chY[ZMl�gjY��XehZ�µ�cdm~v$cqtD¿[À�À �$Á �6ÂkÃdÄkÅ � Â�¢�¥#UXcql�U«cht�oQedgki�?okl�m|gj{H� {|gjY gj��m|cdY3ojeF�HTVUXcqt£{|Z&t�rXedm,ijZ&bXZ�{�opehc +&Z&t£o
twchY�cdeqop{£{|Z&t�rXedm£� gj{,m�UXZal�oktwZ#gj�u�stwZ&rs��gj»Èt�Z�ikY[Z&bAm|t&¢
c¼� Zj��t�Z�ijY�Z&bkm�t�m|Uso�mfchbAm�Z�{�t�Z&l�macdb¾o�m�Y�gktwmagkbXZ
�6gjchbAm - �0/È�
TVUXcqt�opehijgk{�cdm�UXYÓcqt¶m�UXZ&b$rst�Z&�Qm�g<twgked�kZ
m|UXZ�ijZ&bXZ�{�ope*l�oktwZacdbMm�chY�Z�¿[À � Ç ��ÃdÄkÅ � Â|��¬®bMm�UsZ�l&ojt�Z¶gj���st�Z�rJ��gp»®twZ&ijY�Z�bAm�t�¢A¥�Za�X{|gj�6gkt�Z¶o[x6Z�mwm|Z�{ojedikgj{|c¹m|UXY�¥#UXgAtwZ[m�chY�Z§l�gkY[�sedZ�µ8cdm~v¨cqt
¿[ÀwÀÈ� Á¯� ÂjÃdÄkÅ ��Á±��Ç �6Â|�§TVUXZ&t�Z�xJgkrXbs�XtfojedY�gAt~mfY3o�m�l�Um|UXZ
¿[À ��Ç � Áª� ÃdÄkÅ � ÂHedg�¥¤Z�{Vx6gjrXbs� - ��/È�
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	 x6Z¨o$t�Z�m3gp� � Y[gkbXgpm|gjbXZ�twZ&ijY�Z�bAm�t��«�ÓtwZ&ijY�Z�bAm[cht & ��
2� 	�� 
2�[cd�ncdm�cqtDm�UXZ�ij{�op�sUªgp�¶o�Jop{�m�cqopehedv©��Z%4sbsZ&�«rXbscd��op{|cqo�m�Z§� rXbsl�m|cdgkb�· c¼� Zj�$ojbAv©�jZ&{wm|chl&ope£ehchbXZ'chbAm�Z�{�t�Z&l�m[twrsl�Uªo$twZ&ijY�Z�bAm
chb½o�m
Y�gAt~m#gjbsZa�6gjchbAm�º��,TVUXZ��X{|gjxXehZ�YÉcqtVm|g[{|Z��6gj{�mVm�UXZ
�'�sojcd{�tVgp�>twZ&ijY�Z�bAm|tVgj��	�m�UJo�m�chbkm|Z�{�twZGl�mG�

�%Z�m
�¶ojbs�����JxJZ¶m~¥�g[twZ&ijY�Z�bAm�t£gp��	�opbs�'edZ�m��'ojbs���fx6Z�m~¥¤g
Z&bs���6gjchbAm|t�gp�%t�gjY�Z¶t�Z�ikY[Z&bAm|t£gj�
	§¢jbXgjm,bXZ&l�Z&t|t�oj{�chehvfgp���#gk{�� � ���%À��NÂ�ojbs���*À��NÂ%�XZ�bXgjm�Z#m|UXZ�l�g8gj{���chbso�m|Z&t>gj���%¢kojbs�
�jÀ��uÂ>��Z�bXgjm�ZGt>m�UXZ
�6gjchbAm�gj���n¥#Usgkt�Z¶opxJt�l�cht|t�o�cqt��©·?c¹��t�rsl�U'o��JgkcdbAmVZ�µ�chtwm|t�º�� � Z¶l�gjbst�ch�XZ�{£m|UXZ¶� gjehedg�¥#chbXi��X{|Z&�Xchl&o�m�ZGt�¦
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� ��ÐAØ�Ï �k���&Ð43%� �*À-�kÀ2��À��uÂwÂwÂ�+!�*À-���FÀ2��À��NÂ�ÂwÂ
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zH{|Z&�Xchl&o�m�Z$�§chtDY3opbs�so�m�gk{�vk�¨zH{�ZG��cql�o�m|ZM\¨ojedehg�¥�t�m�g²twgk{wm�m|UXZ§Z&bs���6gjchbkm�t��²zH{�ZG��cql�o�m|Z'�<m|Z�eheht
¥#UsZ�m�UsZ�{¶ojbQZ�bJ���JgkcdbAmaedchZ&taopx6g��jZfgk{nx6Z�ehg�¥ o§twZ&ijY�Z�bAmG�nzH{|Z&��cql�opm�Z�9'�X{�g��8cq��Z&t#m�UXZ[gj{���Z�{ngp�Hm~¥¤g
t�Z�ikY�Z�bAm|t�opehgjbXi
o��jZ�{�m�cql�ojesehcdbsZn�sokt�t�cdbsifm�UX{|gjrsijU'ojb3Z�bs���6gjchbAm&�£zH{|Z&�Xchl&o�m�Za��l�UXZGl�<8t,¥#UXZ�m|UXZ�{�m~¥¤g
t�Z�ikY�Z�bAm|t¤chbkm|Z�{�twZGl�m#¥#cdm�UXchbQo[�jZ�{�m�cql�ojeNtweqopx<��Z%4JbXZ&��x8v3m~¥¤g[Z&bs���6gjchbAm|t&�
� Z[�Xg§bXgpm�tw�6Z&l�c¹� vQo§�X{�ZGl�cqtwZ
{�Z&�X{�ZGtwZ&bAm|o�m|cdgkb<� gj{nm�UXZ[twZ&ijY�Z�bAm|t&¢6¥#UXchl�U$Y�oOv<��Z&�JZ&bs�Qgkb¨m�UXZ

oj�X�Xehchl&o�m|cdgkbu� :Xgk{§Z�µXojY[�sedZk¢,m|UXZ¨� rXbsl�m�chgjb okt�t�g�l�cqo�m�ZG�ªm|gªo«twZ&ijY�Z�bAm3Y3oOv½x6Z¨ijch�jZ&b±Z�µ��Xedcql�cdm�ehv
m|gjikZ�m�UsZ�{,¥#cdm�U'm�UXZachbkm|Z�{|��opes¥#UsZ�{|Zncdm¤cqt��XZ%4sbXZG�N¢8gj{�m�UXZn� rXbsl�m�chgjb'Y3oOv�x6Znijch�jZ&b§chY[�sedcql�cdm�ehv§ojt,m�UXZ
ojedikZ�xX{�opcqlH� rsbsl�m|cdgkb3gp�6�XZ�ij{|Z�Z?>�m|Uso�m£chbAm�Z�{|�6gjeqo�m�ZGt%> ÁA@ ikcd�kZ�b[�JgkcdbAm�t�· chbsl�ehrs��chbXi�m|UXZVZ�bs���6gjchbAm|tHgj�m|UXZ
t�Z�ikY[Z&bAm�º�� 
 m�UXZ&{�{|Z��X{|Z&t�Z�bAm|opm�chgjbst#oj{�Z�ojeht�g��JgAt�t�chxXedZk�¤TVUsZ���Z�ik{�Z&Zfgp��m�UXZ��s{�ZG��chl&o�m|Z&t�l�edZGop{|edv
�XZ��6Z�bs�Xt
gjb©m�UsZ'l�UXgkt�Z�b©{|Z��X{|Z&t�Z�bAm|opm�chgjbu�'¬®b²m|UXZ3m�opxXehZ3xJZ&edg�¥Ó·?t�Z�ZMopeqtwgC- �X¢%� /ôº�¢%m|UXZ'��Z&ij{|Z�Z&t�gj�
z£{�ZG��chl&o�m|Z&t�\�»®��op{|Z�ijch�jZ&b�� gj{,ehchbXZ¶t�Z�ikY[Z&bAm|t£{|Z��s{�ZGtwZ&bkm|Z&��x8v[m�UXZal�g8gj{���chbso�m|Z&tHgj�Nm�UXZ&cd{¤Z�bJ���JgkcdbAm�t�¢
� gk{�Usoje¹�ô»®l�ch{|l�edZGt���Z�4sbXZ&�ªxAv¾l�Z&bAm�Z�{�t&¢�{�oj��chc£�XehrstDo¨xJg8gkedZGopb ·ôm|g$��cqt~m|cdbsijrXcqtwU«x6Z�m~¥¤Z�Z&b¾m�UXZMrX�X�6Z�{
ojbs�3m|UXZ�edg�¥¤Z�{#oj{|lGº�¢A� gj{#l�ch{�l�ehZat�Z�ikY[Z&bAm|tV��Z%4JbXZ&�Mx8v3m�UX{|Z�Za�6gjchbkm�tf· chbsl�ehrs��chbXi[m�UsZ¶m~¥¤g[Z�bs���6gjchbAm|t
gj�£m�UsZ[t�Z�ikY[Z&bAm�º�¢uojbs�¨� gk{al�rX{|�jZ&ta��Z�4sbXZ&�²x8vQo§�6gjehv8bXgjY�cqope>Z&yArsopm�chgjbA� &CB À��uÂ|� 
 xst�Z�{|�jZ�m|Uso�mm|UXZa�X{�ZG��cql�o�m|Z&t¤op{|Zngk{|��Z&{�ZG�3x8v3cdbJl�{|Z&ojt�chbXi
��Z&ij{|Z�Z&t�chbMopehe6m�UXgAtwZal�oktwZGt�� >�g�¥¤Z��kZ�{G¢jm|UXcht¤gk{|��Z&{�Y3oOv
x6Zf��cd¸6Z&{�Z&bkmV� gk{�twgkY[Zagpm|UXZ�{Vm~v8�6Z&tVgj��t�Z�ijY�Z&bkm�t�� :Xgk{#cdbJt~m�opbsl�Zj¢8� gj{VUsoje¹�ô»®l�ch{�l�ehZ&tV��Z%4JbXZ&�Mx8v3m�UX{|Z�Z
bsgjb��s»¼Z�µAm|{�Z&Y�Zn�6gjchbkm�t�¢Am|UXZ¶��Z&ij{|Z�Z¶gp�%zH{|Z&��cql�opm�Z�\fcqt¤\'Df¥#UXchedZ¶m�UXZ���Z&ij{|Z�Z�gj�%zH{�ZG��cql�o�m|Z¶�
cht�gjbXehv
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TVUXZ[m�opxXehZDx6Z�ehg�¥ ikcd�kZ&tnm�UXZ�<8bXg�¥#bQehg�¥�Z&{aojbs�Qrs�X�JZ&{fxJgkrXbs�Xt¶� gk{a{|Z��6gj{�m�chbXi�twZ&ijY�Z�bAm�cdbAm�Z&{w»
t�Z&l�m�chgjbst#�XZ��6Z�bs��chbXi3gkb'm|UXZf�X{|Z&��cql�opm�Z&t�m|Uso�mnoj{�Z�rst�Z&�N�
zH{|Z&��cql�opm�ZGt m�chY�Z�l�gkY[�sedZ�µ8cdm~v {�Z�� Z�{|Z�bsl�Z

edg�¥¤Z�{Vx6gjrXbs� rX�X�6Z�{�x6gjrsbs� edg�¥¤Z�{Vx6gjrXbs� rX�X�6Z�{#x6gjrXbJ�
% Í Î Í � Í Î�Ð¨�&Ð�� Ë Ð8Î6�G�

@ ��� ��� m|UXcqt#�sop�6Z�{ m|{�ch�8choje
�am|g�� � Ç � Á«� ÃhÄjÅ � � Ç �¤ÃhÄjÅ � � gkcht|t�� » Ñ bXg8Z�vk�2- �0/ m�UXcqt#�soj�JZ&{
�am|g.9 ��Ç � Á«� ÃhÄjÅ � ��Ç �¤ÃhÄjÅ � m|UXcqt#�sop�6Z�{ m�UXcqt#�soj�JZ&{
�am|g3� � ÃdÄkÅ �'Á � � ÃhÄjÅ �§Á � Ù Uso +k� »®Ú£��Z&eht�xu� - 6�/ � opeqopxsojbI-h�
/

%�Í Î Í � Í Î�Ð<��Ð8ØuÖ���& ��ÐQ�GÐ�� Ë Ð�Î6�&�
�am|g�� � ÃdÄkÅ �'Á � À �§Á �6ÂjÃhÄjÅ � m�UXcqt#�soj�JZ&{
�am|g3� � ÃdÄkÅ �'Á � � ÃhÄjÅ �§Á � Zk� iJ� Ù Usopb - ��/

% Í Î Í � Í Î�Ð Ì �GÐ �%Ø Í Ö��&Ð�� Ë Ð�Î6�&�
�am|g�� ��Ç � Á«� ÃhÄjÅ � ��Ç � Á À �'Á �6ÂkÃdÄkÅ � m�UXcqt#�soj�JZ&{
�am|g.9 � ÃdÄkÅ �'Á � � ÃhÄjÅ �§Á � � opeqopxsojbI-h�
/

%�Í Î Í � Í Î�Ð<��Ð8ØuÖ���& ��Ð Ì �&Ð ��Ø Í Ö|�GÐ�� Ë Ð�Î6�G�
�am|g�� � ÃdÄkÅ �'Á � � ÃhÄjÅ �§Á � � gkcht|t&� » Ñ bXg8Z�vk� - �0/
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l�UsZ&l�<�ta¥#UXZ�m|UXZ�{fgk{absgpm�m~¥�g<t�Z�ijY�Z&bkm�tacdbAm�Z&{|t�Z&l�m&¢Nm|UXZ3ehg�¥�Z&{
x6gjrsbs�§gkb§m�UsZnm|cdY�Zfl�gkY[�sedZ�µ8cdm~v�gp��ojb8v�ojedikgj{|c¹m|UXY m�Usopm¤{|Z��6gj{�m|t,m�UsZ¶chbAm�Z�{�t�Z&l�m|cdbsi
�sojcd{�t,cqt�/aÀ � � Â��¬®bJ��Z�ZG�N¢Al�gjbst�cq��Z�{ 4JijrX{|Zf�#¥#UXZ�{|Z�¥¤Z#UsoO�jZVm~¥¤g�t�Z�m|t�	�0Vojbs�
	 � gj�21� twZ&ijY�Z�bAm|t£Z&ojl�U�3pm�UsZ�b8rXY
x6Z�{gj�£cdbAm|Z�{�twZGl�m�chbXi§�Jopch{|taopY�gjbsi3m�UXZ[twZ&ijY�Z�bAm�tngj�,	�0fcqt��40p¢Nopbs�<m|UXZ
b8rXYDxJZ&{¶gj�,chbkm|Z�{�twZGl�m|cdbXi'�sopch{|t
ojY�gjbXi'm�UXZ§t�Z�ikY[Z&bAm|tagp��	 � chtf� � � � Z3l&opb$ikcd�kZ
m|gQ� 0 opbJ�©� � opb8v¨��opehrXZ�edg�¥¤Z�{¶m�Usojb 1657 ���uZ�m� & � 0 Á � � ��¶t�t�rXY�Z�m|Uso�m¶m�UXZ&{�Z�cqtnopm¶Y�gktwmngkbXZ�chbkm|Z�{�twZGl�m|cdgkb<ojY�gjbXi3m|UXZ
�Jopch{|t#gj�,	 098 	 � �#¬®bQgk{|��Z&{#m�g�XZ&l�cq��Z[¥#UXZ�m|UXZ�{¶m�UsZ�{|Z[oj{�Z��<gj{f� Á(@ cdbAm�Z&{|t�Z&l�m�chgjbst&¢*¥�ZDbXZ�ZG�¨m|g'm|Z&twm;: 	 0<8 	 � : & 1=5> �sojcd{�tngj�t�Z�ikY�Z�bAm|tHchb3m|UXZn¥¤gj{�t~m�»Èl&ojt�Zj¢pt�cdbJl�Zncdm�cqt,ojed¥VoOv�t>�JgAt�t�chxXedZnm�g
oj{�{�opbsijZ¤m�UXZatwZ&ijY�Z�bAm�tHcdbMtwrsl�U§o�¥¤oOv
m|Uso�mno[bXgkb�l�UsZ&l�<jZG�'�Jopch{¤chbAm�Z&{|t�Z&l�m|t&�
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n/2 segments
k1 intersections

?

E1

E2
k2 intersections
n/2 segments

:�chijrs{�Z��j¦ �%g�¥�Z&{�x6gjrsbs��¥#c¹m|U<z£{�ZG��chl&o�m|Z3�agkbXehvj�

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

� gkcht|twgkbXbsopm¤opbJ� Ñ bXg8Z�v8cdb(< - ��/%UsoO�jZ�t�UXg�¥#b§m|Uso�m�/aÀ ��Ç � Á«� ÃhÄjÅ � Â>cqt�oDedg�¥¤Z�{Vx6gjrXbJ�Mcd��¥¤Z�gjbXehvrJtwZVzH{|Z&��cql�opm�Z&t¤�k¢k\nojbs�
�s��zH{|Z&�Xchl&o�m�Z 9a�X{|g��Acq��ZGtum|UXZVgj{���Z�{�gp�Xm|UXZ#twZ&ijY�Z�bAm�t�ojedgkbXi¶o¶�jZ&{wm|chl&ope8ehcdbXZ
�Jojt|twchbXiDm�UX{|gjrXikUMojb'Z�bJ���JgkcdbAm#gp�>twgkY�Z�t�Z�ikY�Z�bAm&�>¬Èm�twZ&Z�Y3t¤bso�m|rX{�ope6m�g3t�Z�Za¥#Uso�m#cqt¤m�UXZ��6g�¥�Z&{¤gj�
m|UXcqt��s{�ZG��chl&o�m|Zaojbs�§cd�um�UsZaehg�¥¤Z�{¤xJgkrXbs�§gkb§m|UXZnm|cdY�Zfl�gkY��XedZ�µ�c¹m~v§l&opb§x6Z�cdY��X{|g��jZG�3c¹��c¹m#cqt¤ok�X��ZG�
m|g
m|UXZam�UX{|Z�Z�4s{�t~mV�X{|Z&��cql�opm�ZGt�� ! b�� gk{wm|rXbsopm�Z�ehvj¢Xo[t�edchijUAmVY[g���c 4Jl&o�m�chgjbMgp�um|UXZ��X{|gAgj�ugp� � gkcht|t�gjbXbsopmojbs� Ñ bXg8Z�v8chb�<'t�UXg�¥�t�m�UsopmnzH{�ZG��cql�o�m|Z 9��XgAZGtVbXgpm�ojedehg�¥¯m�g3chY��X{|g��jZ�m|UXZfehg�¥�Z&{¤x6gjrsbs�N� Ù gjbJtwcq��Z�{
4JijrX{|Za\�¥#UXZ�{|Z¶¥¤ZnUJoO�jZ¶o$4s{�t~mVij{|gjrX�'gp����t�Z�ijY�Z&bkm�t,gkb3m�gk�'gj�um�UXZ�4sikrX{�Zk¢�opbs�§o[t�Z&l�gkbs�3ik{�gkrX�
gj� � twZ&ijY�Z�bAm�t�gkb¨o[t|opY�Z�ehcdbXZfx6Z�ehg�¥ m|UXZ�t�Z�ijY�Z&bkm�t¤gp��m�UXZ 4s{�twmVik{�gkrX�u�

m segments

n segments

:�cdikrX{|Zf\X¦ �ug�¥¤Z�{VxJgkrXbs��¥#cdm�U<�X{|Z&��cql�opm�Z&t @��
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e

f(eb)

b

:�cdikrX{�Zf�s¦£TVUXZaÒsg8gj{�t�Z�ijY�Z&bkm�· m�UXZ�l�cd{�l�ehZ&t#l�gj{|{�ZGtw�6gjbs�§m�g�ijg8g��McdbAm�Z&{|t�Z&l�m�chgjbst�º
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