
� �������	��

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

-.�
/ ���)

�0�� #1324������� /  0�������5�

6�78"90:<;>=�?�@�AB ;>C0DFE�GIHKJML�NPOQ=RL BTS�U 8"VW8"=RX S HK=#9#Y
Z\[^]`_ba<cedF]`fhgji"kml�n!]odFa<cedFpKn!q>feaRce[Qrtsua#vwf,xwi"k�y)i{z�v>q>feaRc}|w~#]`a#[>~#a
�$x ��x^�)i,���"�"�b��rts\�h�b�!�b�!��l�n"]`dFaRcedFpon"qwfeaRce[WrT�\aRcez�n"[�g
�m��z�n"]`p��T�,z�q>[^]`i{��� �)a#�taRcedF��]��"�\]`[>k�i"cez�n!fe]`�tx q^[>]`����p�x �>a

�� m¡#¢#£0¤I¥"¢{¦¨§ aRfFce]`a#_�]`[^©¨z�q^pªfe]`v^p`au~,n!dFa#d\]`d«dFq^v^vti"dFa,��fei��ta�n![¬n{�>a#­�q^n!feauceaR�
fFce]`a#_"n"pmd®fFc¯n0fea#©"g�k�i"c°©"q^]o�>]`[^©jvIn0cFfe]on"pª��i"c¯�>a<c°v^pon"[>[^aRced±�ta#~,n!q^dFa�i!k�fe²>a5ceaR~#i{©!�
[>]o�Ra,��³IaR�w]`�^]`p`]ªf´g�i"k3fe²^aRdFa5v>pon"[^[>aRced}fei�]o[�feaRcep`a,n,_ba�d®fea#v>d±]`[�fe²>a�v^pon"[>d#xTy
n"dFaRd
n0cea�~#i"z��>]o[>a,����g�z�aRce©{]`[^©�fe²>a#z�x^µh[�fe²^]`d±vIn"vta<c,r^�
a��}]`p`pmaR�>n"z�]`[^aufh�
ij�>]ªk��
k�aRcea#[�f¶�w]`[^�>d$i!ktz�aRce©{]`[>©\~,n!dFa#d3]o[5fe²^a
~Ri{[�feaR��f3i"ktv^n!cFfe]on"pª��i"c¯�waRc¶v^pon"[>[^]`[^©wx0·�a
�}]`p`pmdFa#a�fe²In!f±z�aRce©"]o[>©�~,n"dFa#d±~,n"[¬�ta�_baRcFg��>]ª¸�~#q>pªf\]ªk¶fe²^a�~,n"dFaRdun!cea5z�aRce©"a,�
a,n!©{aRcepªg�x$�\[�fe²^a�i!fe²^aRc�²^n"[^�QrT]ªk
~,n!dFa#d5n!cea¨z�a<ce©{a,�¬��g¬n,_bi{]o�>]`[>©�cea,�wq^[I�>n"[�f
d®fea#v>d#rmfe²^aj©{q>]K�>n"[>~#a�i!k\fe²>a�n"�^�w]`fe]`i"[In"p}~,n!dFa#d�fea#[^�>d5fei¹�wa#~Rcea,n!dFa��}]ªfe²�fe²^a
[�q^z��taRc�i"kW~#i0_baRcea,��©{i{n"p`d«n"[^��cea<fFce]oaR_ba,��~,n"dFaRd�]o[��>i"z�n"]`[^d�²In,_�]`[^©5n5~RaRcFf¯n"]`[
��]`[I��i"kº]`[�fea<c¯n"~Rfe]`i{[>d#x>»
²wq>d#r�fei�ceaRfFce]`a#_{aun�dF]o[>©{p`au~,n!dFau~#i0_baRce]`[>©�z�n![�g�i"kWfe²^a
©"ibn"p`d�i"ktfe²^a�vwcei{�>poaRz¼i!c3feiuceaRfFce]`a#_ba
kMa<�
aRc�~,n"dFaRd)~#i0_baRce]`[>©uz�n"[�g5i"ktfe²>a�©{ibn!p`d
]`d±n!f±poa#n"d®fua#­�q^n"p`pªg�aR½TaR~Rfe]`_ba�n"d}fei¨ceaRfFce]`a#_ba�dFa#_ba<c¯n"pº~#n"dFa#d±~#i0_baRce]`[^©�n!popº©{ibn!p`d
]`[�fe²>a#dFa��>i"z�n"]`[^d#x

¾ ¿^À«ÁtÂTÃ°Ä�Å5ÆºÁTÇeÃ«À

È B 9"LwX<80D®VQLwX<8"ÉÊ=<8{LwX<; B H BTËÍÌ®Î\ÏuÐ5Ñ X¯ÒtX¯:<8!Ó�X"Ô�:<YT8ÖÕº8!=<×Ø;w=RÓ�L B 9!8P;w×Ù:RYT8ÖLwÉTLwÕt:RL�D
:<H�; B ÕTYQLwX<8ÚÉt8!Õº8 B ÉQX�; B :RYT8ÛLwÉt8{Ü^@QLw9!ÒÝ;�×�:RYT8Ú=<8!:<=RHK8"GbLwJ�90=RHo:R8!=RH�LßÞ à¨;I8!YQJK8"="Ômá{âwâ�ãbä
Þ OQ=RL B 90HMX°L B É Ð LwÓåÔ¶á"âwâ^æ�V^ä®çèOT;>=é80êTL�Ó�ÕTJ�8wÔëHK× Î\ÏuÐ HMXì@QX<8"Éí:R; Ë @THMÉt8î:<YQ8
X¯8{L�=#9#YïÕT=<;t9!8"XRXð;�×ÙLñÉt;wÓ�L�H B D®H B Ét8!Õº8 B ÉT8 B :ßÕTJML BQB 8!={Ô¹H B L>Ét8"Ü^@QL�:<8è=R80:R=<H�8!G�LwJò90=RHKD
:<8!=RHMLóÓ�LbÒô=R8"X<@TJo:ïH B LõJ�;�ö±8"=4Õº8!=<×Ø;w=RÓ�L B 9!8Í;w×÷:<YT8øÕT=R;wVQJK8"Ó X¯;>JKGIH BTË ÕQ=<;wD
908"XRXó9!;wÓ�ÕQLw=<8{É%:<;�ùW=RX¯:¯D®ÕT=RH B 9!HKÕQJK8{XéÕTJML BTB H BTË H B Xe:#L�:<8!D®X<ÕQL>908úÞ û�8!J�;>X<;QÔmá{âwâ�ãbä
L B ÉPÕQL�=<:<HML�JKD®;w=#Ét8!=òÕTJ�L BTB H BTË Þ 6 L BTS X�L B É U 8"J�ÉmÔ¶á"âwâ^æ"äüÞ OQ=RL B 90HMX°L B É Ð L�Ó�Ômá"â>â>æ�L{ä
Þ È YT=RH Ë L B Éåà�L�ÓjVQYQL�Ó�ÕQL�:<H´Ômá"âwâ>ý{ä´ç
Ð 80:R=<H�8!GIH BTË X<8!Gw8"=RLwJ«9!L>X¯8{X�90;�G>8!=RH BQË ÉtHoþ$8!=R8 B :�ÕQL�=<:RXj;�×°:<YQ8ÿÕT=R;wVTJ�8!Ó HMX�L�=R8"9!@T=<D

=<8 B :}HMÉt8{L�H B 9"LwX<80D®VQLwX<8"É�ÕTJML BTB H BTË¹Ì´Î\Ï � Ñ Þ û�8!J�;>X<;QÔ$á{âwâ�ãbä
Þ OQ=RL B 90HMX°L B É Ð L�Ó�Ômá"â>â>æ�L{ä
Þ È YT=RH Ë L B Éåà�L�ÓjVQYQL�Ó�ÕQL�:<H´Ômá"âwâ>ý{ä´ç Î L>X¯8{X¨L�=R8�90;>ÓjVTH B 8{ÉüVIÒ������	��

����:<YT8"Ó�ç¶E Ë 8 B D
8!=#L�J¨Ét80ù B Ho:RHK; B ;w×jÓ�8!= Ë H BTË YQL>XÿVº8!8 B ÕQ=<8{X¯8 B :R8"É¼H B Þ à�LwÓjVTYQLwÓ�ÕQL�:RHm80:�L�J´çKÔ¶á"âwâ>ý{ä´ç
� YT8�VQLwX<HM9�H�Ét8{L�H�X�:<;�=R8!ÕTJMLbÒüÉt8{90HMX¯H�; B X�;�×\:<YT8¬=R80:R=<H�8!G>8"É 9!L>X¯8{X¨H B ÉT8!Õº8 B Ét8 B :j;�×u:<YQ8
Ét8"9!H�X<HK; B X\=<8"ÕTJMLbÒw8"É�×Ø=<;>Ó�:<YT8¨;�:RYT8!=°9"LwX<8"X"ç � YQ8"X<8�H B Ét8"ÕW8 B Ét8 B :RJKÒ¬=R8!ÕQJ�LbÒ>8"Éÿ9"LwX<8"X\L�=R8
90;wÓ�ÕTJ�80:R8"É H B :R;�LåX<;wJ�@t:RHK; B VIÒ�:RYT8�ùQ=#Xe:<D´ÕT=RH B 90H�ÕTJ�8"X�ÕTJML BTB 8"="ç U 8�ö°H�JKJ«X<8!8�:RYQL�:�:RYTH�X
×Ø;w=RÓ4;w×
Ó�8"= Ë H BTË ÔTö°YTHM9#Y�ö±8�9!L�J�J�8"É����������������	��

���wÔWHMX B ;�:�:R;^;ÿ@QX¯8!×Ø@TJ�×Ø;w=5L�ÕWL�=<:<HML�JKD
;w=#Ét8!=\ÕTJML BTB 8"=±J�H S 8������ � Þ ? 9!E5JKJ�8"X¯:<8"=5L B É Ð ;^X¯8 B VQJKHK:¯:{Ô3á"â>âTá#ä®ç U 8¨ö°HKJ�JmL B LwJKÒIC"8�:<YQ8
=<8{LwX<; B X±×Ø;w=u:RYTHMX�L B É¹ÕT=R;�GIH�Ét8¨8!êIÕº8!=RH�Ó�8 B :RX°X<@TÕTÕº;w=<:<H BTË ;w@T=�L B L�J�ÒtX¯HMX!ç



E Ó�;w=R8ú8"J�LwVW;>=RL�:<8"É Ó�8"= Ë H BQË Ó�80:<YQ;IÉ H�X :R; 90; B X<H�Ét8"= :RYT8%=<8"ÕTJ�LbÒ>8"É
Ét8"9!H�X<HK; B X :<; LbGw;>H�É L>ÉTÉtH BTË Xe:R8!ÕQX :RYQL�:�L�J�=R8"LwÉTÒ YWLbGw8úVº8!8 B H B :<=R;tÉt@Q908{É
Þ û�8"JK;^X¯;WÔmá"âwâwãtÔ È YQ=<H Ë L B Éåà�L�Ó�VTYQL�Ó�ÕQL�:<H´Ômá"â>âwý{ä®ç È B :<YQH�X5ö\LbÒ¹=<8{Ét@ B ÉTL B 90Ò¹H B L�ÕTJ�L B
H�Xm=R8"ÉT@Q908{Émç � YTHMX3Ó�80:RYT;tÉmÔ!ö°YQH�9#Y¨ö\8}9!L�J�J�8"É������! "�#��$&%��'$����!(������	��

���wÔ!YQL>XmVW8"8 B X<YT;�ö B
:<;�VW8�8!þº8{9,:RHKG>8�H B�Ë @THMÉtH BTË :<YT8�ÕTJML BQB H BQË ÕQ=<;t908{X<X"ç 6 ;�ö\8!G>8!={Ô>ö\8¨ö°HKJ�J¶X<8!8�:<YQL�:°H B Ét;wD
Ó�LwH B X«YQLbGIH BTË L�908!=<:RLwH B�S H B É¬;w×3H B :R8!=#Lw9,:RHK; B X"Ô�:<YQ8 Ë @TH�ÉQL B 9!8°:<8 B ÉTX±:<;�Ét8"9!=<8{LwX<8°ö°Ho:RY
ÕT=<;>VTJ�8!ÓÊX<HKC"8wç � YI@QX"Ô$:<;�=R80:<=RH�8!Gw8�L�X¯H BTË JK8�9!L>X¯8�90;�G>8!=RH BQË Ój@W9#Yò;w×«:<YQ8 Ë ;>LwJ�X�;�×\:<YQ8
ÕT=<;>VTJ�8!Ó ;>=u:<;�=<8!:<=RHK8"Gw8�×Ø8!ö\8!=�9"LwX<8"Xu90;�G>8!=RH BQË Ó�@Q9#Y¹;w×¶:RYT8 Ë ;^L�JMX±HMX�L�:uJ�8"L>Xe:�8{Ü^@QL�J�JKÒ
80þ$8"9,:RHKG>8�LwX\:R;�=R80:R=<H�8!G>8�X<8!G>8!=#L�Jm9!L>X¯8{X°90;�G>8!=RH BTË L�J�J Ë ;^L�JMX±H B :<YT8{X¯8�ÉT;wÓ�L�H B X"ç

� YT85ÕQLwÕW8"=±HMX\;w= Ë L B HKC"8"É�LwX«×Ø;wJ�J�;�ö�X�)>ùQ=#Xe:{Ô>ö\85VT=RH�8�*QÒ�=R8"9"L�J�JT:<YQ8+���,� � ÕQL�=#LwÉtH Ë Ó
L B É¼ÕT=<8{X¯8 B :åL Ét;wÓ�L�H B @WX¯8{ÉÝ:<YQ=<;>@ Ë YT;>@t:ÿ:RYT8 ÕQL�Õº8!={ç-�I8"90:<H�; B/. ÉtHMX<9!@QX<X<8"Xå8{L Ë 8"=
Ó�8"= Ë H BQË H B :RYT8�9!; B :<8!êI:«;�×3ÕQLw=¯:RH�LwJoD®;w=#Ét8"=�ÕTJ�L BTB H BTË ç � YT8 B 80êI:\X<8"90:<H�; B ÕT=R8"X<8 B :RX B ; B D
=<8{Ét@ B ÉTL B :)Ó�8!= Ë H BTË L B É�L�ùQ=#X¯:�;wVWX¯8"=<G�L�:RHK; B L�Vº;w@T:�:RYTH�X
Ó�8!:<YT;tÉmç��I8{9,:<H�; B æ�ÉT80ù B 8{X
L
908!=<:RLwH B ×Ø;>=<Ó+;�×�H B :R8!=#Lw90:<H�; B X�L B É�L B L�J�Ò^C"8"X°HK:RX580þ$8"90:RX�; B�B ; B D´=R8"Ét@ B ÉTL B :�Ó�8!= Ë H BTË ç
� YT8 B Ôu8"Ó�ÕQHK=RH�9"L�J�=<8{X¯@TJK:RXåL�=R8 ÕT=R8"X<8 B :R8"ÉmçuO)H B LwJKJ�ÒwÔu=R8!JML�:R8"É ö\;w= S HMX¹ÉTH�XR90@QXRX<8"ÉðL B É
90; B 90J�@QX¯H�; B X°L�=R8�Ó�LwÉT8wç

0 132
ÂtÁTÇ426587:9 ÂQÄ-;3Â<1=5>2
À�À5Ç<À-?@2
À�ÄA2�ÀABDCE26F@G,5>;IHÝÃJFK2�Ç<À

È B :<YTHMXjö\;w= S ö\8�ö°H�JKJu90; B 908 B :R=RL�:<8�; B L Î\Ï � X<9!8 B Lw=<H�;�ö°YT8!=R8¬ö\8�YQLbGw8¬L�ÕWL�=<:<HML�JKD
;w=#Ét8!=�ÕTJ�L BTB 8"="Ô&����� � Ô{L>X3:RYT8«VWLwX<8«J�8!Gw8"J>ÕQJ�L BTB 8!={çbOT;w=RÓ�L�J�JKÒ>Ô"L5ÕQL�=<:<HML�J�JKÒ�;w=#Ét8"=<8{É¨ÕTJ�L B
Þ ? 9"E�J�JK8{Xe:R8!=5L B É Ð ;>X<8 B VTJ�Ho:<:"Ô3á{âwâQá#äIHMX
L�ãwDh:R@TÕTJ�8 ÌMLON#P�NRQ+P-NRS�Ñ Ô{ö°YQ8!=R8 L HMX�:<YT8uX<80:
;�×
ÕTJ�L B X¯:<8"ÕQX!Ô P H�X�L�X<80:
;�×UTV

��WYXuVº80:eö\8!8 B Xe:R8!ÕQX
H B�L Ô Q+P HMX�:<YT8uX¯@QVQX¯8!:�;�× P 90; B :#L�H B H BTË
:<YT8\9!L�@WX<LwJwJ�H BTS X"Ô"L B ÉmÔ S H�X)L�X<80:);�×UZ��&�[X\(M�#�&

�](^X}; B :<YQ8«G�L�=RH�LwVTJ�8"XmVTH B ÉtH BTË X!ç P 90; B :RL�H B
9!L�@WX<LwJ}JKH BTS XjL B ÉÚ;w=#Ét8"=<H BTË J�H BTS X�L B ÉÚH B Ét@Q9!8"X�L�ÕQLw=¯:RH�LwJ};w=#Ét8!={Ô`_-a)Ô�×Ø;w=�8!êI8{90@t:RH BQË
Xe:R8!ÕQX�H BbL ç}Eï9!Lw@QX<LwJuJKH BTS Ôdc&egfihkj+cml�Ô«9!LwÕt:<@Q=<8{X�9"L�@QXRL�J°Ét8"ÕW8 B Ét8 B 90H�8"X�Vº80:eö\8!8 B
Xe:R8!ÕQX�VIÒòH B ÉtHM9!L�:<H BTË :<YQ8¹X¯:<8!ÕncYe¬Lw9#YTH�8!GIH BTË L�ÕT=R8"9!; B ÉTHo:RHK; B hÙ;�×�L B ;�:RYT8!=�Xe:R8!Õ<cml�ç
o =RÉt8"=<H BTË J�H BQS X�L�=R8jL>ÉTÉt8"É�:<;¹X<;wJ�Gw8�:<YT=R8"L�:RX"çWEp(
q��#���&(°:R;ÿLÿ9"L�@QXRL�J�JKH BTS c&erfshkj+cml
;I9"90@T=#X�Ho×�:<YQ8!=R8åHMX�Lü:<YTH�=RÉ ÕTJML B Xe:R8!Õbcmt¹:<YQL�:�YWLwX�LwX�8!þº8{9,:uh ;w=wv�hÝL B ÉÙ:<YWL�:�H�X
ÕQL�=#L�J�JK8"Jº:<;xc e fyh'j+c l Ôt:RYQL�:°HMX!Ô B 8!HK:<YT8"=�c t _ a c e�B ;w=-c l _ a c t YT;wJMÉTX"ç È ×¶:RYT8�80þ$8"90:
;�×,c t HMX,h :<YQ8ÿ:RYT=<8{L�:�H�X�X<LwH�ÉÛ:<;üVº8�z!�YX\

(M

{Y��;�:<YQ8!=Rö°H�X<8ÿHK:�HMX�X<LwH�É :R;òVº8g�'�M���&(M

{&�0ç
� ;>X<Ho:RHKG>8�:<YT=R8"L�:RX5Ój@QX¯:�Vº8�X<;wJ�Gw8{Éå:<;åLbGw;wHMÉ�=R8"Ét@ B ÉTL B 9!Ò�H B ÕQJ�L B X5H B :RYQL�:�:<YT8�XRL�Ó�8
Ë ;>LwJTHMX±L>9#YTHK8"Gw8{É�V^Ò�:eö\;�ÕQL�=#L�J�J�8!JWX¯:<8"ÕQX"ç:��8 Ë L�:<H�Gw8°:RYT=<8{L�:#X}Ój@WXe:\VW8�X¯;>JKG>8"É�:<;�8 B X<@T=R8
:<YT8�9!; B X<H�X¯:<8 B 90Òÿ;�×¶:RYT8�ÕTJML B ç

� JML BTB H BTË ö°HK:<Yb����� � Þ ?ü9!E�J�J�8"X¯:<8!=�L B É Ð ;>X<8 B VTJ�HK:¯:"Ômá{âwâQá#ä5ÕT=R;I9!8!8{ÉTX�VIÒI��X�("��|� 
TV
}X#q~

������z[���nZ��&�'$&

(M
^�&�!XÿL B É<�#��X���TV{m

����Z��&����
^Z�(^X,ç � ;�8"X¯:RLwVTJKHMX<YÚL B ;>ÕW8 B ÕT=<8{90; B ÉtHKD
:<H�; B Ô
L X¯:<8!ÕÙH B�L H�X�X¯8"JK8{9,:R8"ÉÛ;>=�L B 8"ö Xe:R8!Õ HMX�LwÉTÉt8{ÉÚ:<; L X¯@W9#YÚ:<YQL�:�; B 8¬;�×�HK:RX
80þ$8"9,:#X\Ó�L�:R9#YT8{X±:<YT8¨;wÕº8 B ÕT=R8"90; B ÉtHK:<H�; B çtOQ;w=\8"Lw9#Y¹8"X¯:RLwVTJKHMX<YTÓ�8 B :\;w×�L�ÕT=<8{90; B ÉtHK:<H�; B
L�9"L�@QXRL�JºJKH BTS HMXuLwÉTÉT8"Émç � ;�X<;wJ�Gw8�L�:RYT=<8{L�:\:<;�L�9!L�@WX<LwJWJ�H BQS cYe�fyh'j+cml�9!L�@WX¯8{É�VIÒ¬L
Xe:R8!Õ�cmt�ÔQL B ;>=RÉt8"=<H BTË JKH BTS H�X°L>ÉTÉt8"É�X<@Q9#Y¹:<YQL�:,c�t+_-a�c&e�;w=�cml+_-aDcmt>ç e ç
� �±ce]`©{]`[In!p`p`g�rT|����W�òvwcei{vti{dFa#�ÿn![^i!fe²^aRc±_{n0ce]on"[�f±fei�dFi"p`_ba°fe²>cea,n0fed\~,n!pop`a,�3�R�	�����8���
�����>xt·Û]ªfe²
dFa#v^n!c¯n!fe]`i"[Wrb�>]`[I�>]`[>©u~#i{[>d®fFc¯n"]`[�fed�i"[�fe²^a�_"n!ce]on!�^p`a#d�n!cea}n{�>�>a,�5fe²In!f¶z�n!�ba
]ªf¶]oz�vti"dFdF]`�^p`a�fei
z�n!fe~¯²�fe²^a±aR½Ta#~Rf�i!k��\�«�}]ªfe²jfe²^a\vwcea#~#i"[I�>]ªfe]`i{[��T�E���!x��±i0�)a#_baRc,r!� |wz�]ªfe²�n"[^���$a#i"f,r!�,�"�{�m�
dF²^i,� fe²In!f\]`©{[^i!ce]`[^©jdFa#vIn0c¯n"�^p`a�fe²>cea,n0fedu�wi�a#du[^i!fun0½Ta#~Rf\~#i"cFcea#~<fe[^a#dFdui!cu~#i"z�v^p`aRfea#[>a#dFd\i!k



�6� �&��z�T��+ ��&���&

��¡�EëÉt;>Ó�LwH B ×Ø=R8"Ü^@T8 B :RJKÒ¹=<8!×Ø8!=R=<8{É¬:R;�H B :<YT8jÕTJ�L BTB H BTË JKHK:<8"=RL�:<@T=R8¨H�X
:<YT8jÉT;wÓ�L�H B ;�×
ÕT=R;I9!8"XRX°ÕTJML BTB H BTËòÌ X<8!8¬Þ 6 LbÒw8{X!Ômá{â�¢~£!ä´Ô)Þ à�LwÓjVTYQLwÓ�ÕQL�:RHm80:�L�J´çKÔ¶á"âwâQá#ä´Ô
Þ ¤�H�JhÔ¶á"âwâQá#ä´Ô Þ à�Lw=<H B :<YTHm8!:�L�J´çKÔ3á{âwâ�¥"ä´Ô Þ Ï =<HK:RL B H S L B É�? Lw=<8!×�L�:{Ômá"âwâ^æ"ä´Ô
Þ ��L�@�80:5LwJhç�Ômá"â>â>æ"ä®ÔÊÞ ? @�AB ;wC!D®E5GIHKJML�L B É U 8"VW8"=RX S HK=#9#Y3Ômá{âwâwý>L"ä Ñ Ô ÕQL�=<:<HM90@QJ�Lw=<J�Ò.:<YQ8
Ó�L B @t×�Lw90:<@T=RH BQË ÕT=R;t908"XRX�;�×±Ó�8{9#YQL B HM9!LwJ�ö\;w= S ÕTH�8"908{X!ç � ;åÓ�L B @t×�L>9,:<@Q=<8�L¬ö\;w= S ÕTHK8{908>Ô
X¯8"Gw8!=#L�JºX¯;wD®9"L�J�JK8{É�Ó�Lw9#YTH B H BTË ;>ÕW8"=RL�:<H�; B X\L�=R85Õº8!=<×Ø;w=RÓ�8"É�:R;j:R=RL B X¯×Ø;w=RÓ�L Ë H�Gw8 B ÕTH�8"9!8
;�×�=#Lbö+Ó�L�:<8!=RHML�J5H B :<;ÙÉT8"X<H Ë>B X¯Õº8"9!Hoùº9!L�:RHK; B X"ç � Ò^ÕQH�9"L�J�JKÒ>Ô±L ÕQHK8{908 ;w×�=RLbö Ó�L�:R8!=RH�LwJ
H�X¬9!J�LwÓ�ÕW8{É ; B LòÓ�L>9#YTH B 8 L B É LÚ90@t:<:<H BTË :R;^;>J°H�X¬@QX¯8{É :<;Û=R8!Ó�;�Gw8åJ�LbÒ>8!=#X�;�×¨=RLbö
Ó�L�:<8"=<HML�J´ç � YT8¹ÕT=<;t9!8"XRX�90; B :RH B @T8{X�VIÒ 9#YWL BTË H BTË :RYT8¹9!@t:¯:RH BQË :<;I;wJ±;w=j:<YT8ÿ9!J�LwÓ�ÕTH BQË
ÕW;^X¯HK:<H�; B :R; Ó�Lw9#YTH B 8åL�=R8"LwX�;�×u:<YT8¹ö±;>= S ÕTH�8"9!8wç)E VQL>X¯HM9�=R8"X¯:<=RH�90:<H�; B HMX�:<YWL�:�L�:�L B Ò
:<H�Ó�8 ;�×�:RYT8ÙÓ�L>9#YTH B H BTË ÕT=R;I9!8"XRX�:RYT8 ö\;w= S ÕTH�8"908ÛHMX�Z�T����-z!��$'×Ø=R;wÓ L�: Ó�;>X¯:ò; B 8
ÕW;^X¯HK:<H�; B L B É�L�JKH�Ó�Ho:R8"É B @TÓ�VW8"=�;�×}9!@t:¯:RH BTË :<;I;wJMX59"L B VW8�q[��T�$�ç È B :<YQ8jX¯Õº8"9!Hoùº9!L�:RHK; B
@QX¯8{ÉÚH B Þ ?�@)AB ;wC!D®E5G^H�JML�L B É U 8"VW8"=RX S HK=#9#Y3Ômá"â>âwýwV>ä®Ô
L B ;w=#Ét8"="Ô`¦�Ô¶×Ø;w=�Lw9#YTH�8!GIH BTË :<YQ8
Ó�L>9#YTH B H BQË Ë ;>LwJ�X�9!L B Vº8ÛÕT=R8"Ét8!ù B 8{É¼VQL>X¯8{É¼; B :RYT8 Ë 8";wÓ�80:R=<ÒÝ;w×�:RYT8Ûö\;w= S ÕQHK8{908
Þ ?�@)AB ;wC!D®E5G^H�JML�L B É U 8"VW8"=RX S HK=#9#Y3Ômá"â>âwý>L{ä´ç � YI@QX"Ô¼ÕQ=<;>VTJK8"Ó Ét8{X<9!=<H�Õt:RHK; B X 90; B X<H�X¯:
B ;�:j; B J�Òò;w×±:RYT8ÿH B HK:<HML�J±L B É ù B LwJ±X¯:RL�:<8wÔ Ì^§]N#¨�Ñ Ô¶VT@t:�;�×u:<YQ8¬;w=#Ét8!=w¦�ç � YT8 . Dh:R@TÕTJ�8
Ì^§]N#¨�N ¦ Ñ H�X59!L�J�J�8"É�L B � � (8����$:�R$�z��R��|�T����©$:�\X�Z��\
 z�(M
^�&�)ç � YT8�;w=#Ét8"=�¦'9"L B Vº8jX¯8"8 B L>X
L B LwÉTÉtHK:<H�; B L�Jm=R8"X¯:<=RH�90:<H�; B :<YQL�:5L B ÒÿX<;wJ�@t:<H�; B Ój@QX¯:°Ó�8!80:{ç

ª B32O?`;3Â¬«­;3Â!?«Ç¯À�?PÃ`®°¯=26±:;²±

� ���������R�8z'T��&³¬YWLwXuVº8!8 B X<YT;�ö B :R;�VW8�L B LwÉT8"Ü^@QL�:R8¨=<8"@QX¯8¨X¯:<=#L�:<8 Ë Ò�×Ø;>=°ÕQL�=<:<HML�JKD´;>=RÉT8!=
ÕTJ�L BTB 8"=RX
X<@Q9#Y�L>X`����� � Þ È YT=RH Ë L B Éåà�L�ÓjVQYQL�Ó�ÕQL�:<H´Ômá"âwâwãbä´ç Ð 8!@QX<8uö°Ho:RY°�����:���-�#�"z�T���³
H�X
Ét; B 8uH B :eö±;�ÕTYQL>X¯8{X!ç�O)HK=#X¯:"Ôb:<YQ8uÉT8"90HMX<HK; B X3:#L S 8 B H B :<YT8u=R80:<=RH�8!Gw8{É�9!L>X¯8uL�=R8\=<8"ÕTJ�LbÒ>8"É
H B :<YT8 B 8!ö4X¯HK:<@QL�:<H�; B L>XjJ�; BQË LwXj:<YQ8!Ò Ét; B�´ :�ÕT=R;tÉt@Q908¹H B 90; B X¯HMXe:R8 B 9!HK8{X!ç o B 9!8ÿ:RYTH�X
ÕTYQLwX<8åH�X�ù B HMX<YT8"ÉmÔ}L X<;�DF9!L�J�J�8"É�X#W:��T���("�&Tµz�T¶�&�ÝHMX�;wVt:#L�H B 8"É :<YQL�:�Ó�LbÒÛ90; B :RL�H B ;>ÕW8 B
ÕT=<8{90; B ÉtHK:<H�; B X�L B É¨:RYT=R8"L�:#X!ç � YT8 B Ô{:<YT8\X S 8!J�80:RLwJwÕTJML B H�X)90;>Ó�ÕTJK8!:<8{É�VIÒ�ùW=RX¯:¯D®ÕT=RH B 9!HKÕQJK8{X
ÕTJ�L BTB H BTË ç
U YT8 B X¯8"Gw8!=#L�J^9!L>X¯8{X�Lw=<8±=<8!:<=RHK8"Gw8"É3Ô!:RYT8\Ü^@T8{Xe:RHK; B ;w×QYT;�öÚ:<;�Ó�8!= Ë 8«:<YT8"ÓèL�=RH�X<8"X"çbE

ùQ=RX¯:�L�ÕTÕT=R;>L>9#Y�HMX¶:R;�=R8!ÕQJ�LbÒ¨8"L>9#Yj=R80:R=<H�8!G>8"É�9"LwX<8\L B É�J�80:
:<YQ8±ÕTJML BQB 8!=�Ét;�:<YT8uÓ�8!= Ë H BTË ç
U 8u9!LwJKJ�8"É¨:RYTHMX������:���J�����	��

�~��L>X3HK:
9!;w=R=<8{X¯Õº; B ÉQXm:<;5:<YT8uX¯:<=#L�H Ë Y^:¯×Ø;>=<öuL�=#É5@WX¯8±;�×Q8{L Ë 8"=
=<8"ÕTJ�LbÒ�×Ø;>=°Ój@TJK:<H�ÕTJ�8�9!L>X¯8{X!ç � ;�8!êTL�Ó�H B 8�:RYT8�J�HKÓ�HK:RL�:RHK; B Xu;�×)8"L Ë 8!=uÓ�8!= Ë H BTË ö±8¨=R8"9"L�J�J
:<YT8�Ét8!ù B HK:<H�; B ;�×
Ó�8!= Ë 8{L�VTH�JKHK:eÒ�;�×)ÕTJML B X�Þ à�L�Ó�VTYQLwÓ�ÕWL�:<H$8!:5L�J´çKÔ3á{âwâ>ý{äM)
·D¸�¹Oº²»^¼�»^½�ºI¾�¿4ÀÁ¸�Â&Ã]¸~Ä�ÅO»^Æ	»�¼�ÇÈ½�É-Ê�Æ^Ä!º²Ë&ÌYÍ ¤�HKG>8 B LjÕQJ�L B�Î6e ×Ø;w=°Lw9#YQHK8"G^H BTË L Ë ;>LwJ
Ï�e ç ÎOe HMX�Ð ¸:Â&Ã�¸~Ä�ÅµÆ	¸ ö°HK:<Y¹=<8{X¯Õº8"90:±:R;�L�ÕTJML BwÎµl ×Ø;w=uLw9#YTH�8!GIH BTË L Ë ;>LwJ Ï�l Ho×�:<YT8"=<8�H�X
L�ÕQJ�L B3Î 80êI:<8 B ÉtH BTËxÎ e�L B É Î ljLw9#YTH�8!GIH BTË Vº;�:RY Ï e�L B É Ï l�çÈ B LwÉTÉtHK:<H�; B Ôw:RYT8�ÕTJML B X±L�=R85XRL�HMÉ�:<;�Vº8 Ëm» Ð�Ñ Æ^¸ Ð ¸�Â&Ã�¸�Ä[ÅµÆ	¸ Ho×38"Gw8"=<Ò�Xe:R8!Õ�H BwÎ H�X
ÕT=<8{X¯8 B :uH B 8!HK:<YT8"= Î e�;w= Î l�L B É¹:<YQ8 B @QÓjVº8!=°;�×�X¯:<8!ÕWXuH B°Î H�Xu8{Ü>@WL�Jm:R;�:RYT8 B @TÓjVº8!=
;�×�Xe:R8!ÕQXuH B°Î e�L B É Î l Ì :<YQL�:�H�X"ÔT; B JKÒ¬;>=RÉT8!=RH BTË J�H BTS X°Lw=<8�LwÉQÉt8"É Ñ ç

� YT8°Ét80ù B Ho:RHK; B ;w×ºÓ�8"= Ë 8"L�VQHKJ�Ho:eÒ�ÉT;^8{X B ;�:}8!êT90J�@QÉt8\:<YQL�:}VQLw9 S :R=RL>9 S H BTË :RL S 8"X)ÕTJMLw9!8
H B ù B ÉtH BQËgÎ ç � YT8�Õº;wH B :jHMX�:<YWL�: B ;�VWLw9 S :<=#Lw9 S H BTË X<YT;>@TJ�É :#L S 8�ÕTJ�L>908�H B :<YT8ÿÕTJ�L B
|����º�$xmÒ\�^�w]ªfe]oi"[In!popªg�r"fe²^a�dFa,n0ce~<²�dFv^n"~#a}�}]ªfe²^i{qwf)dFaRvIn!c¯n0fe]`i{[�]`d)n0f)z�i"d®f¶fe²>a}den"z�a}n"d¶�}]ªfe²
dFa#v^n!c¯n!fe]`i"[Wx



=<8!ù B 8!Ó�8 B :�X¯:<8!ÕWX5:RYQL�:�LwÉQÉt8"ÉüÕTJ�L B X¯:<8"ÕQX!Ô$J�H BQS X"Ô$;w=�90; B X¯:<=#L�H B :#X�H BÓÎ6e ;w=¨H BÓÎ²l ç È B
Î\Ï � Ô3LåÓ�L�êtH�Ó�L�J Ë LwH B HMX�80êtÕº8"9,:R8"É HK×uL�9!L>X¯8�VQL>X¯8�HMX Ë H�Gw8 B :RYQL�:�HMX�90; B Xe:RHo:R@t:<8{É ;�×
Ó�8"= Ë 8"LwVTJK8�ÕTJML B X"ç È ×\:<YT8¬9"LwX<8"X¨9!L B Vº8�=<8"ÕTJMLbÒw8"É�:<;�:#L�J�JKÒüH B :<YQ8�:<YT8�90; B :<80êI:�;�×\:<YQ8
B 8!ößÕT=<;>VTJ�8!Ó�ÔI:<YT8�Ó�8"= Ë 8"L�VQHKJ�Ho:eÒ¬9!; B ÉTHo:RHK; B 8 B X¯@Q=<8{X\:<YQL�:\:RYT8�ÕTJML BTB 8!=°ö°H�JKJ B ;�: B 8!8{É
:<;å=<8"G^HMX<8�Ét8{90HMX¯H�; B X5:#L S 8 B H B :<YT8�9!L>X¯8{X�ÉT@T=<H BTË :<YT8�9!;wÓ�ÕTJ�80:<H�; B ÕTYQL>X¯8>ç È :�Ó�LbÒ B ;w:
L�J�ö\LbÒtX}Vº8¨ÕW;^X<X<H�VTJK8�:<;�=R8!ÕTJMLbÒj:RYT8�9!L>X¯8{X±9!;wÓ�ÕTJ�80:<8"JKÒ>ÔIYT;�ö±8"Gw8"=«HK×¶:<YQ8�9"LwX<8"X\L�=R8�X<Ó�LwJKJ
H B :R8!=RÓ�Xj;w×�:<YT8 B @TÓjVº8!=�;�× Ë ;>L�JMXjX<;wJ�Gw8{É Ì 8>ç Ë çKÔ); B 8!D Ë ;>LwJ«9!L>X¯8{X Ñ Ô¶:RYTH�X�X<Ho:R@QL�:RHK; B H�X
JKH S 8"JKÒ¹:<;¬;t9"90@T={ç � YT8�Xe:R=RL�:<8 Ë Òÿ;w×«Xe:R;w=RH BTË X<Ó�L�J�J�9"LwX<8"X°YQL>X�Vº8!8 B 80êtÕTJ�;w=R8"ÉåVº80×Ø;w=R8�:R;
Ét8"9!=<8{LwX<85:RYT8�X¯H�C!8¨;w×�:RYT8�9!L>X¯8¨VQL>X¯8�Þ È YT=<H Ë L B Éåà�L�Ó�VTYQLwÓ�ÕWL�:<H´Ômá"â>âwý{ä®ç
?�8!= Ë 8{L�VTH�JKHK:eÒ�:<@Q= B Xu;>@t:°:<;�Vº8�L�Xe:R=<; BTË =R8"Ü^@TH�=R8!Ó�8 B :"çTE ùW=RX¯:°H B ÉTH�9"L�:<H�; B ;�×
YT;�ö

Xe:R=<; BTË :RYTHMX°=<8{Ü^@THK=R8!Ó�8 B :°HMX°9!L B Vº8�Ét8"=<H�Gw8{É�×Ø=R;wÓ :RYT8¨×Ø;wJ�J�;�ö°H BTË Ét8!ù B HK:<H�; B )
·D¸�¹Oº²»^¼�»^½�ºbÔn¿4Ê�Ä[ÂY¸~Æ	Æ^¸~Æ^»	Õ�Ä�ÅO»^Æ	»�¼�Ç<½�É�Ö�½]Ä!Æ^Ë&ÌYÍ ¤�HKG>8 B :eö\; Ë ;^L�JMX Ï e°L B É Ï l�ç È ×�L B Ò
:eö±;�ÕTJML B X Î e�L B É Î l¨Lw9#YTH�8!GIH BTËuÏ e5L B É Ï l�L�=R8�Ó�8!= Ë 8{L�VTJ�8wÔ>:<YQ8 BDÏ e�L B É Ï l�L�=R8�XRL�HMÉ
:<;�Vº8�Ñ Ä�Â&Ä[Æ	Æ^¸~Æ^»	Õ�Ä�ÅOÆ^¸ ç

Þ à�LwÓjVTYQLwÓ�ÕQL�:RHº8!:5L�J´çKÔmá{âwâ>ý{ä�X¯YQ;�öð:<YWL�:�HK×�L�X<80:�;w× Ë ;^L�JMXuH�XuÕWL�=#L�J�JK8"JKH�C"LwVTJK8>Ô^:<YT8 B
:<YT8 Ë ;>L�JMX
L�=R8\:<=RHKGIHML�J�JKÒjX<8!=RHML�J�HKC{L�VTJ�8 l L B É�:RYQL�:�:RYT8°;wÕTÕº;>X<HK:<8°ÉtH�=<8{9,:<H�; B Ét;I8"X B ;�:}YT;>J�Émç
� YQL�:°HMX±ÕWL�=R8!J�JK8"JKH�C"LwVTHKJ�HK:eÒ�H�XuL�Xe:R=<; BTË 8"=±=R8"Ü^@TH�=R8!Ó�8 B :«:RYQL B :<=RH�G^HML�JmX<8!=RH�LwJKH�C"LwVTH�JKHK:eÒwç U 8
×Ø;w@ B É�:<YQL�:±H B :<YQ8�90; B :<80êI:«;w×3ÕQL�=<:<HML�JKD®;w=#Ét8!=}ÕQJ�L BTB H BTË Ó�8!= Ë 8{L�VTH�JKHK:eÒ�H�X«H B ÉT8!8"É¹L�Gw8"=<Ò
=<8{Xe:R=<HM9,:RHKG>8�9!; B ÉtHK:<H�; B )
Ê+ÂY½ Ñ ½�Ë�»^¼�»	½]º�×�Í�Ø %mz:z[�&X��Ù(
q!�&(wÚd��X\(	 ¶z'�\

��Z�
 z�T���XÈz'T��&�]�!

�~�Û
}XÜ$:�&�'�ÙÝ6

(
q Ø~Þ,ß²à ¡
á q!���!â���z'T��&� Î ewã����Ó�:ZRq�
^��{m

���/�Ó���m�&T Ï e�
}Xg�����	�:���:|�T���Ý6

(
qä�#��XMz[��Z�(�("�n�°z'T��&�
Î²l ã��&���:ZRq�
^��{m

���°���:�m�&T Ï�l 
 ãå�&�'$w���!TV³�
 ã Î6e ����$ Î²l �&�#�uX\

�-z'T��������	������|�T���¡
à �#�m�4ã�¡ � JML BTB H BTË H B �[��� � ÕT=<;t9!8!8"ÉQX¬VIÒÝX¯;>JKGIH BTË :<YT=R8"L�:RX¹L B ÉÝ8{Xe:#L�VTJ�HMX¯YTH BTË ;>ÕW8 B
Ì @ B L>9#YTH�8!Gw8{É Ñ ÕT=R8"9!; B ÉtHK:<H�; B X!ç��58!öÝX¯:<8!ÕWX«L�=R8°LwÉTÉT8"É�:<;�L¨ÕTJ�L B Ôw; B J�Ò�:<;�Lw9#YTH�8!G>8\;>ÕW8 B
ÕT=<8{90; B ÉtHK:<H�; B X"ç Ï 8"9"L�@QX<8 ÎOe L B É Îµl Lw=<8�9!;wÓ�ÕTJ�80:R8�ÕTJML B X Ì :<YQ8!Ò�Lw9#YTH�8!G>8 Ï�e L B É Ï�l"Ñ Ô
; B J�Ò�:<YQ=<8{L�:RX�Ó�LbÒÿ;I9"90@T= Ì H B :R8!=#Lw9,:RHK; B X\VW8!:eö±8"8 B°Î e�L B É Î l Ñ ç � YI@QX!Ô Î e�L B É Î l�9!L B
VW8u80êI:R8 B Ét8{É�:R;�L�ÕTJML B Lw9#YTH�8!GIH BTË-Ï e±L B É Ï l±Ho×$L B É�; B J�Ò�HK×T:<YT8\:RYT=<8{L�:#X)9"L B VW8°X<;wJ�Gw8"É3ç
� YQL�:�HMX!ÔtHK×
; B J�Ò¬;w=#Ét8"=<H BTË JKH BTS X B 8"8"É¹:<;�Vº8�LwÉTÉt8{É¬:R;�80êI:<8 B É¹:<YT8{X¯8¨ÕTJML B X!çVæ

� YTH�X�X<HKÓ�ÕTJ�8�=R8"X<@TJK:�X<YT;�ö�X5:<YQL�:�Ó�8!= Ë 8{L�VTH�J�Ho:eÒåH�X¨LÿGw8!=RÒ�Xe:R=<; BTË =R8"Ü^@TH�=<8"Ó�8 B :5×Ø;>=
ÕQL�=<:<HML�JKD´;>=RÉT8!=uÕTJML BTB H BTË ö°HK:<Yg���,� � çQOQ;w=�8!êTL�Ó�ÕTJ�8wÔQL>Xu80êtÕTJML�H B 8"ÉåVº80×Ø;w=R8wÔQH B :RYT8jÉt;wD
Ó�LwH B ;�×«ÕQ=<;t908{X<X�ÕTJML BTB H BTË :<YT8"=<8�L�=R8�LwJKöuLbÒtX�H B :<8!=#Lw90:<H�; B X�Vº80:eö\8!8 B :eö±;åÓ�Lw9#YTH B H BTË
ÕTJ�L B X
Vº8"9!Lw@QX<8u:<YT8°@QX<8u;�×º:<YT8�9!@t:¯:RH BQË :<;I;wJMX B 8!8{ÉTX
:R;�VW8°=#L�:RHK; B L�J�HKC"8"Émç È B :<YQ8�X¯Õº8"9!HoùTD
9!L�:RHK; B @QX<8"É¬Þ ?�@)AB ;wC0DFE�GIH�J�L�L B É U 8!Vº8!=#X S H�=#9#Y3Ômá"â>âwý�V^ä®Ô B ;�:
; B J�Ò�;>=RÉT8!=RH BTË JKH BTS X¶Ó�@QX¯:
VW8�LwÉQÉt8"ÉÿVW8!:eö±8"8 B :RYT8¨YT;wJMÉtH BTË Xe:R8!ÕQX±:<;�X<;wJ�Gw8�:RYT8�:<YT=R8"L�:RX"ÔIVT@t: B 8!ößXe:R8!ÕQX\Ój@WXe:°Vº8
H B :<=R;tÉt@Q9!8"É�LwX
ö\8!J�JI×Ø;w=�Õº8!=<×Ø;w=RÓ�H BTË :RYT8°;wÕº8!=#L�:RHK; B :RYQL�:}@ B Ó�;>@ B :RX
:RYT8u:<;I;>JI×Ø=<;>Ó÷:<YQ8
YT;wJMÉtH BTË Ó�L>9#YTH B 8wÔOçg��W:� á �m�&T è��&T�$:���#é��#���!ç � YT8�XRL�Ó�8�X¯HK:<@WL�:<H�; B ;t9!9!@T=RX�HK×±:RYT8�X¯Õº8"9!HoD
ùW9!L�:<H�; B ;�×¬Þ ¤�HKJ´Ô3á"â>âTá#ä5HMX¬@WX¯8{É Ì :<YT8ü@ B Ó�;w@ B :ÿ;>ÕW8"=RL�:<H�; B H�X¹9!LwJKJ�8"É¬ê���T����YX��� Vã��#�&�� 
q[�&T¶$&

���� >$���{m
^ZR��:<YQ8!=R8 Ñ çtE�X±Lj=<8{X¯@TJK:"ÔIÕT=R;wÕº;>X<HK:<H�; B á¨X¯YT;�ö�X}:<YQL�:\Ó�L>9#YTH B H BTË ÕTJML B X\L�=R8
� �\]`_ba#[Úfh�
i ©{i{n"p`d�ë � n![I�Óë � r�]ªk�n"[�gÚv>pon"[ n"~¯²^]`a#_�]`[^©°ë � ~,n"[Û�taÿaR��fea#[I�wa,�òfei n�v^pon![n"~¯²^]`a#_�]`[^©3ë � n"[I�gë � r�fe²^a#[Óë ��ì ë � ]odjden"]o�Úfei��taÿn����#�>���mí �Vî����
�����n���"ï&�#�¯x�µ�k�ë ��ì ë � n"[^�ëY� ì ë � n0ceaådFaRce]on"p`]`�,n0fe]oi"[ i"c¯�waRced�fe²>a#[�ë � n"[^��ë&�¬n!cea¹den"]o�Úfeiò�ta��
�#�¶ð\���mí}í ñ°�R�#�>���mí �òî\�Yó�íò�� l°i"cFkhr��,��ôb�wr �
n0cFceaRfFf\n"[I��·�a#po�Tr]�#�{�"�Ir l�n!z��^²^n"z�v^n!fe]IaRf±n!pØx`r]�,�{�"�m�Øx



B ;�:¨Ó�8!= Ë 8"LwVTJ�8�×Ø;w=u���,� � ç È B :<YQ8�J�; Ë H�X¯:<HM9!X5:<=#L B X<Õº;w=<:RL�:RHK; B Ét;>Ó�LwH B Þ û�8"JK;^X¯;WÔmá"âwâwãbä´Ô
Ho:uH�X±8"L>X¯Ò�:<;jù B É¬X<HK:<@QL�:<H�; B X"Ô>ö°YQ8!=R8 B 8!ößXe:R8!ÕQX±Ój@QX¯:±Vº8�L>ÉTÉt8{É�:<;�80êI:<8 B É�:RYT8�9"LwX<8"X"ç

õ ößÃ«À�7Y÷�;¶Ä5Å�À5Ä-2�À±Á¬«­;3Â[?«Ç<À-?(Ã`®°¯Ó2O±�;U±

EÍÉtHMXRLwÉtG�L B :#L Ë 8ü;�×j8{L Ë 8"=ÿÓ�8!= Ë H BTË H�X¹:<YWL�:å:<YT8ÚX¯;>JK@T:<H�; B ;>Vt:RLwH B 8{ÉðÓ�LbÒ VW8 Gw8"=<Ò
J�Lw= Ë 8�VW8{9!L�@WX¯8jX<8!G>8!=#L�J¶X¯:<8"ÕQX5Lw=<8j=<8"ÕW8{L�:<8{É�@ BTB 8{908{X<XRL�=RHKJ�Òwç � YT8!=R80×Ø;>=<8>ÔWL B ;�:<YQ8!=°×Ø;>=<Ó
;�×�Ó�8!= Ë H BTË Ô°ö°YTHM9#Y'ö±8 Ét8 B ;w:<8 L>X������! "�#��$&%��'$����!(x�����M��

�~��Ô�YQLwX�Vº8!8 B ÕT=R;wÕº;>X<8"É
Þ û�8"JK;^X¯;WÔmá"âwâwãtÔ È YQ=<H Ë L B Éåà�L�Ó�VTYQL�Ó�ÕQL�:<H´Ômá"â>âwý{ä®çdø5@Q=<H BTË :<YQ8�=<8"ÕTJ�LbÒÙÕTYQLwX<8wÔ�;>ÕTÕº;w=<D
:<@ B HK:<H�8"X�:R;ü8"X¯:RLwVTJ�H�X<Y ÕT=R8"9!; B ÉtHK:<H�; B XjL�=R8¹9!; B X<HMÉt8!=R8"ÉÚH B :<YQ8ÿ×Ø;>JKJ�;�ö°H BQË ö\LbÒ')�VW8!×Ø;w=R8
=<8"ÕTJ�LbÒIH BTË L�Xe:R8!Õÿ:<;j8{Xe:#L�VTJ�HMX¯YåL B ;>ÕW8 B ÕT=R8"9!; B ÉtHK:<H�; B Ô>:RYT8¨X¯ÒtX¯:<8!ÓÖ9#YT8{9 S X«HK×3:<YQ8�ÕQ=<8!D
90; B ÉtHo:RHK; B 9!L B Vº8°8"X¯:RLwVTJKHMX<YT8"É�ö°HK:<Y�L�Xe:R8!Õ�H B :RYT859!@T=<=R8 B :}X<@TVTÕTJML B�Ì H´ç 8wç�Ô�:<YQ8�X¯@TVQÕTJ�L B
L�J�=<8{LwÉtÒ¹;wVt:#L�H B 8"É�×Ø=R;wÓ4:<YQ8�9!L>X¯8{X�=R8!ÕTJMLbÒw8{ÉåVW8!×Ø;w=R8 Ñ ç È ×�:<YTHMX�H�X�ÕW;^X<X<H�VTJK8>ÔT:RYT8�X¯:<8"Õ H�X
B ;�:¨=<8"ÕTJMLbÒw8"É�L B É�:RYT8�ÕT=<8{90; B ÉtHK:<H�; B HMX�JK8!×�:�;>ÕW8 B çkø5@T=RH BTË :RYT8�90;wÓ�ÕTJ�80:RHK; B ÕT=R;t908"XRX"Ô
:<YT8�ùW=RX¯:¯D®ÕT=RH B 9!HKÕQJK8{X¨ÕTJ�L BTB 8"=�ÕT=R80×Ø8!=#X�:<;�8{Xe:#L�VTJ�HMX¯Y :<YQ8ÿ90; B ÉtHK:<H�; B X¨J�80×�:j;>ÕW8 B VIÒ :<YQ8
=<8"ÕTJ�LbÒ�ÕT=R;t908"XRX}VIÒ�@QX<H BQË :<YQ8�LbG�L�H�JML�VTJ�85X¯:<8!ÕWX!ç~��8"öðXe:R8!ÕQXuL�=R85L>ÉTÉt8"É¬; B J�Ò�Ho× B ;�90;>Ó�D
ÕTJK8!:<H�; B ;�×W:<YT8°ÕTJML B VIÒ�@QX<H BTË :RYT8�Xe:R8!ÕQX
LbG�L�H�JML�VTJ�8±HMX
Õº;>XRX¯H�VTJ�8wç È ×WÓ�;>=<8\:<YWL B :eö±;¨9!L>X¯8{X
L�=R8\H B Gw;>JKG>8"ÉmÔb:RYT8�ÕT=R;t908"XRX
HMX}Ét; B 8�Xe:R8!ÕIö°H�X<8�)�:<YT8°ùW=RX¯:�:eö±;�Lw=<8uÓ�8!= Ë 8{É�L B É�80êI:R8 B Ét8{É
:<;¬;>Vt:RLwH B Lÿ90;wÓ�ÕTJ�80:R8jX<@TVTÕTJML B Ì Hhç 8wç�ÔºLÿX¯@TVQÕTJ�L B 90; B :RL�H B H BTË�B ;¬;>ÕW8 B ÕT=R8"9!; B ÉtHK:<H�; B X
L B É B ;�:<YT=R8"L�:RX Ñ ç � YT8�:<YTH�=RÉå9!L>X¯8�HMX«:RYT8 B Ó�8!= Ë 8{É¬ö°HK:<Y¹:<YT8¨90@T=R=R8 B :uX<@TVTÕQJ�L B L B É¹X<;
; B ç � YT8�=RL�:<H�; B LwJK8�VW8"YTH B É B ; B D®=<8{Ét@ B ÉQL B :±Ó�8!= Ë H BTË H�X±:<;�:RL S 8�LwÉtG�L B :#L Ë 8�;�×¶;>ÕTÕº;w=<D
:<@ B HK:<H�8"X5:<;¹8"X¯:RLwVTJKHMX<Y�:<YT8�;wÕº8 B ÕT=R8"9!; B ÉTHo:RHK; B X�@QX<H BTË X¯:<8!ÕWX�:RYQL�:�ö±8"=<8 B ;�:�LbG�L�H�JML�VTJ�8
VW8{9!L�@WX¯8�:<YQ8�9!LwX<8"Xuö\8!=R8¨X¯;>JKG>8"ÉåX¯8"ÕQL�=#L�:R8!J�Òwç
�6� �&��z�T��m¡ � YT8�ö\LbÒ�:RYT8�H B :<8!=#Lw90:<H�; B XuVº80:eö\8!8 B :<YT8 Ë ;>L�JMXuL�þ$8"90:�:<YT8 B ; B D®=<8{Ét@ B ÉQL B :
Ó�8"= Ë H BQË ÕQ=<;t908{X<X
HMX�H�JKJ�@QX¯:<=#L�:R8"É�ö°Ho:RY�:<YT8°8!êtLwÓ�ÕTJK8°H B ù Ë @Q=<8¨á Ì Z�X,Ô�q�X5L B ÉD�åX�Ét8 B ;�:R8
90JML�Ó�ÕTH BTË ÔTYQ;wJMÉtH BQË L B ÉåÓ�Lw9#YQH B H BTË X¯:<8"ÕQX�=R8"X<ÕW8{9,:RHKG>8!J�Ò Ñ )THK:�X<YT;�ö�X\:eö±;¬X<@TVTÕQJ�L B X°×Ø;>=
���:ZRq�

����$�ù4Z�(	�8úÚL B ÉI����Z�q~

����$[ùM%!Z�%�(�úüö°YT8 B :RYT8 B ; B D´=R8"ÉT@ B ÉTL B :�×Ø;>=<Ó ;�×¨Ó�8!= Ë H BTË
ö\L>X5@QX<8"É L B É�:<YQ8�X<@TVTÕTJML B ×Ø;w=�����Z�q~

����$[ù"Z�(M�8ú¬ö\L>X Ë 8 B 8"=RL�:<8"É VW8!×Ø;w=R8j:RYT8�X¯@TVQÕTJ�L B
×Ø;w=����:ZRq�

����$�ù8%!Z�%�(òú Ì :RYT=<8{L�:#X�Lw=<8¹Ét8!ÕTHM9,:R8"ÉÙö°Ho:RY Ét;>@TVTJ�8¹Lw=<=R;�ö�X Ñ ç�E+Xe:R8!Õ/Z�X&ù8T��^ã�(�ú
ö\L>X B ;�:�=R8!ÕQJ�LbÒ>8"É Ì Ét8"ÕTHM9,:<8{É�ö°Ho:RY L¬ÉTL>X¯YT8{ÉåVW;bê Ñ Vº8"9!Lw@QX<8jL B ;w:<YT8"=5X¯:<8!Õ�Z�X&ùMT¶�^ã�(�ú�H B
:<YT8�;w:<YT8"=¬X¯@TVQÕTJ�L B 8"X¯:RL�VQJKHMX¯YQ8"X�:<YQ8�ÕT=<8{90; B ÉtHK:<H�; B Z�T����-z!��$�ù8T��	ã�(òú�ç\E5X¬L =R8"X<@TJo:{Ô�:<YQ8
ÕQL�=<:°;�×):<YT8�9"LwX<8�L>9#YTHK8"GIH BTË :RYT8�ÕT=R8"90; B ÉtHK:<H�; B X\;w×EZ�X&ùMT¶�^ã�(�ú�H�X B ;�:°=R8!ÕTJMLbÒw8{ÉmÔ^:<;I;Qç
Ï L>X¯8{Éü; B :<YT8 B ; B D®=<8{Ét@ B ÉTL B :�×Ø;>=<ÓÍ;�×uÓ�8!= Ë H BTË ÕTJ�L B X"Ô`�����! "�#��$&%��'$����!(������	�:�� 

��|�

TV

(	³��4ãuz�T¶�&�[X,Ô�:<YT8 B ;w:<H�; B ;�×�X\

��z�T��°���&�] "�#��$&%��'$��&�](,�����	�:���:|�

TV

(M³��4ãuz�T����[X¹L B É
���&�] "�#��$&%��'$��&�]([z!�&�R��T
T���TV
�ûm��|�

TV

(M³w�4ã��:�m�&TVX59!L B Vº85Ét8!ù B 8{Émç U 85Ét8!ù B 8 B ; B D®=<8{Ét@ B ÉQL B :
Ó�8"= Ë 8"LwVTHKJ�HK:eÒ�;�×
ÕTJ�L B X\×Ø;w=°H�J�JK@QX¯:<=#L�:RHK; B ÕQ@T=<Õº;>X<8"X�)
·D¸�¹Oº²»^¼�»^½�º�ü¬¿4ý°½�º�þ�ÿw¸����µº��²Ä[º'¼�ÀÁ¸�Â&Ã�¸�Ä[Åµ»	Æ^»�¼�Ç²Ì&Í ¤�H�Gw8 B :eö\;¨ÕTJ�L B X Î6e L B É Îµl Ô
:<YT8 B�Î²l��nÎOe ÉT8 B ;w:<8"X�:<YT8ÿÕTJ�L B :<YQL�:j=<8"Ó�L�H B X�L�×�:R8!=�ÕQ=<@ B H BTË ÕQJ�L B Xe:R8!ÕQX¨×Ø=R;wÓ Î²l
Lw9#YTH�8!GIH BTË Ë ;^L�JMX�:RYQL�:�9!L B Vº8¹8{Xe:#L�VTJ�H�X<YT8{ÉÛVIÒ @WX¯H BTË Xe:R8!ÕQX�H BnÎOe ç � JML B X¯:<8"ÕQX�:<YQL�:
ö±8"=<8�LwÉQÉt8"Éÿ:<;¬L>9#YTHK8"Gw8¨L�ÕT=<8{90; B ÉtHK:<H�; B ;�×�L�ÕQ=<@ B 8"ÉåXe:R8!Õ3ÔQLw=<8¨ÕT=R@ B 8{É¹L>Xuö±8"JKJ´ç

¤�HKG>8 B ÕTJML B¬Î e N#Î l�×Ø;w=¬L>9#YTH�8!GIH BQË :RYT8 Ë ;>L�J Ï e N4Ï l�ç � JML B�Î e�H�X°�'�&�] "�#��$&%���$:�&�](
�����	���R�:|�T¶��ö°HK:<Y =<8{X¯Õº8"90:�:<; Î²l HK×�:<YT8"=<8�HMX¬L ÕTJ�L BnÎ 80êI:<8 B ÉtH BTË�Î6e L B É Î²l��¬ÎOe
Lw9#YTH�8!GIH BTË Vº;�:RY Ï�e L B É Ï�l ç



toolHeld(t)

...

... hs(t)

clamped(left)cs(left)
ms(ctr) machined(ctr)

machined(ucut)ms(ucut)

toolHeld(t’)... hs(t’)

...
machined(ctr)

cs(left) clamped(left)

�
	�� ¦�
I¦ µ´[�feaRc¯n"~<fe]oi"[^d}�taRfh�
a#a#[jf´�)i¨dFq^�>v^pon"[>d#x

Î JK8{L�=RJKÒ>ÔQ:RYT8�Ó�8!= Ë 8"LwVTH�JKHK:eÒ�;�×±ÕQJ�L B X¨HKÓ�ÕTJ�H�8"X�:<YQ8!H�= B ; B D®=<8{Ét@ B ÉQL B :�Ó�8"= Ë 8"L�VQHKJ�Ho:eÒ
L B É :<YQ8�ÕQL�=R8!J�JK8"JKH�C"LwVTH�JKHK:eÒ ;�× Ë ;^L�JMX�HKÓ�ÕTJ�HK8{X�:<YQ8!H�= B ; B D´=R8"Ét@ B ÉTL B :�ÕQLw=<8"JKJ�8!J�HKC{L�VTH�J�Ho:eÒ>ç
��; B D´=R8"Ét@ B ÉTL B :�Ó�8!= Ë H BTË H�X}Ó�;>=<8�*Q8!êtHKVTJ�8°:RYQL B 8"L Ë 8"=)Ó�8"= Ë H BTË ç�OT;>=}80êTL�Ó�ÕTJ�8wÔ�H B :<YQ8
X¯Õº8"9!HoùW9"L�:RHK; B ;w×�:RYT8�Ét;wÓ�LwH B ;�×
ÕT=R;I9!8"XRX\ÕTJ�L BTB H BTË @QX<8"ÉmÔQHo×):<YT8�Ó�L>9#YTH B H BTË�Ë ;>L�JMXuL�=R8
Lw9#YTH�8!G>8"É�H B L B ;>=RÉT8!=�90; B X¯HMX¯:<8 B :
ö°Ho:RYD¦�Ôb:RYT8uÕTJML B X�Lw=<8 B ; B D´=R8"Ét@ B ÉTL B :RJKÒ¨Ó�8!= Ë 8{L�VTJ�8
8!Gw8 B :RYT;w@ Ë Y :RYT8!ÒüLw=<8 B 8"Gw8!=�Ó�8!= Ë 8{L�VTJ�8wç � YT8�:eö±;�X<@TVTÕTJML B X¨Ét8"ÕTHM9,:<8{ÉüH B O�H Ë @Q=<8¹á
L�=R8 B ; B D´=R8"ÉT@ B ÉTL B :\Ó�8!= Ë 8"LwVTJ�8�)�:RYT8¨ÕT=R8"90; B ÉtHK:<H�; B Z�T����-z!��$�ù8T��	ã�(òúj9"L B Vº8�8{Xe:#L�VTJ�HMX¯YT8{É
ö°Ho:RYÚ:<YT8¹80êtH�X¯:<H BTË X¯:<8"ÕäZ\X&ù8T��	ã�(òú¹L B ÉÛL B @ B Ó�;w@ B :�X¯:<8"Õ 9!L B Vº8ÿLwÉQÉt8"ÉÛL B ;>=RÉT8!=R8"É
VW8!:eö±8"8 B q�X&ù8(�ú�L B Éwq~X&ùM(�� ú�ç>? L>9#YTH B H BQË�Ë ;>LwJ�X�Lw=<8�LwJ�X<;�¦uDF90; B Xe:R=RLwH B 8{É�:R=<H�GIH�LwJKJ�Ò�X<8!=RHML�JKD
HKC{L�VTJ�8�Þ ?�@)AB ;wC0DFE�GIH�J�L�L B É U 8!Vº8!=#X S H�=#9#Y3Ômá"â>âwý�V^ä®ç t 6 ;�ö\8!G>8!={Ô!8!êtLwÓ�ÕTJK8{X
9!L B VW8\×Ø;w@ B É
;�× Ë ;>LwJ�X�:<YWL�:«L�=R8\:<=RHKGIHML�J�JKÒ�X<8!=RHML�J�HKC{L�VTJ�8\L B É B ;�: B ; B D®=<8{Ét@ B ÉTL B :<J�Ò�ÕQL�=R8!J�JK8"JKH�C"LwVTJ�8wç U 8
ö°HKJ�J B ;�ö(X¯YT;�öè:<YQL�: B ; B D´=R8"Ét@ B ÉTL B :�ÕQLw=RLwJKJ�8!J�HKC{L�VTH�J�Ho:eÒ�HMX�L�JMX¯;�L B X¯:<=R; BQË 8!=�=R8"Ü^@TH�=<8!D
Ó�8 B :°:<YQL B :R=<H�GIH�LwJ3X¯8"=<HML�J�H�C"L�VQHKJ�Ho:eÒ>ç
Ê+ÂY½ Ñ ½�Ë�»^¼�»	½]º��kÍ�� ã+�åX���(d�>ã�������T X Ï�e âO¡
¡
¡�â Ï�� 
}X,���&�] "�#��$&%��'$��&�](]z[���#�&T
T���TV
�ûm��|�T���âd(�q[���


(J
}X�(M�\

{�
^��T
TV³xX����\
^�&TV
�ûm��|�T��m¡

à �#�m�4ã�¡ U 85ö°H�JKJºÕT=R;�Gw8\:<YTHMX±=<8{X¯@TJK:}×Ø;>=}:eö\; Ë ;^L�JMX!ç��¶80: Î euVº8�L�ÕTJ�L B Lw9#YTH�8!GIH BTË+Ï ebç U 8
ö°HKJ�J3X¯YQ;�ö :<YQL�: Î e�9!L B Vº8�8!êI:<8 B Ét8"Éÿ:<;�LjÕQJ�L B L>9#YTHK8"GIH BTËåÏ e�L B É Ï l�ç��38!: Î l�VW8�L B Ò
ÕTJ�L B L>9#YTH�8!GIH BQËåÏ l¨L B É L���� l�:<YT8�X<8"Ü^@T8 B 908¨;�×)=<8!ù B 8!Ó�8 B :�X¯:<8"ÕQX\:<;�;wVT:RL�H B3Î l>ç[�38!:
L���������� ��! VW8�:<YT8�X<@TVQX<8"Ü^@T8 B 908�;w×)=R80ù B 8!Ó�8 B :5X¯:<8!ÕWX°H B�L���� l�Lw9#YTH�8!GIH BTË�Î l �ÓÎ e�ç
Ï 8{9!Lw@QX¯8>Ô Ï e�L B É Ï l�L�=R8 B ; B D´=R8"Ét@ B ÉTL B :RJKÒ¬ÕWL�=#L�J�JK8"JKH�C"LwVTJK8>Ô^:<YT8"=<8�Ó�@QXe:�Vº8�L�ÕTJML B3Î t
80êI:<8 B ÉtH BTË�Î ejL B É Î l ��Î e�:<YWL�:�Lw9#YTH�8!G>8"X Ï e�L B É Ï l�ç'�38!: L���� t�Vº8j:RYT8�X¯8{Ü^@T8 B 9!8
;�×�=R80ù B 8!Ó�8 B :�X¯:<8!ÕWX\:<;�;wVt:#L�H B�Î t¨VIÒ�80êI:<8 B ÉtH BTË�Î e�L B É Î l �=Î ebç � YT8 B Ô Î e�9!L B Vº8
80êI:<8 B Ét8"É¬:<;�L�ÕTJML B Lw9#YTH�8!GIH BTËuÏ e5L B É Ï l�VIÒ�×Ø;>JKJ�;�ö°H BQË :<YQ8�X<8"Ü^@T8 B 908{X«;w×¶=<8!ù B 8"Ó�8 B :
Xe:R8!ÕQX L���� � � � � ! L B É�:<YT8 BDL����ut ç � YQH�X\X¯YQ;�ö�X
:<YQL�: Ï�e Ô Ï�l HMX«LjX¯8"=<HML�J�HKC{L�:RHK; B ;>=RÉT8!={çÈ B :RYT8�X<LwÓ�8�öuLbÒ�HK:59!L B Vº8�X¯YT;�ö B :<YWL�: Ï�l Ô Ï�e HMX°L�JMX¯;�L�X¯8"=<HML�J�H�C!HML�:<H�; B ;w=#Ét8!={ç � YI@QX!Ô
Ï�e Ô Ï�l L�=R8�:<=RHKGIHML�J�JKÒ¹X¯8"=<HML�J�HKC{L�VTJ�8wç!æ
�#" ��~#i{[>d®fFc¯n"]`[^a#� fFce]`_�]on"p`pªg dFaRce]on"p`]`�,n"�>poa¬]`d�n¬cea#d®fFce]`~Rfea,��kMi"cez+i"k\fFce]`_�]on"p}dFaRce]on"p`]`�,n!�^]`p`]`fhgòk�i"c
aR��fea#[^�>a,��v>cei"�^p`a#z �>a#dF~Rce]`vwfe]oi"[^d#r%$'& ì)(Oì "+* r�]`[��}²^]`~¯²�i"[^pªg�i"c¯�waRced
~#i"[^dF]`d®fea#[�f��}]ªfe² " n!ceaf¯n"�{a#[�]`[�fei�n"~R~#i{q>[�f,$Øn![I��[>i"f«n!popQfe²^auvta<cez�q>f¯n0fe]`i{[^d�i!k$fe²^a°©"ibn!pod * x



- 1�Ãd±IÇFÁTÇ/.d;ð¿>À±Á�;3Â[2�ÆºÁTÇeÃ±À�±�2�À5Ä ößÃ«ÀE7{Â[;¶Ä�Å5À�Ä-2�À±Á�«­;¶Â[?«Ç¯À�?

U YT8 B ×Ø;wJ�JK;�ö°H BTË :<YT8 B ; B =R8"Ét@ B ÉTL B :�Ó�8!= Ë H BTË Ó�8!:<YT;tÉmÔ�HK:¬9!L B Vº8å;>VQX<8!=RGw8"ÉÛ:<YQL�:
; B 9!8«:RYT8±=R8!ÕQJ�LbÒ¨ÕTYQL>X¯8\HMX¶ù B H�X<YT8{ÉmÔ B ;Ez!�YX\

(M

{Y�°:<YT=R8"L�:RX)Vº80:eö\8!8 B :<YT8°9!@T=<=R8 B :
X¯@TVQÕTJ�L B
Ì H´ç 8>çKÔ¶:<YT8ÿX<@TVTÕQJ�L B ;>Vt:RLwH B 8"ÉÚL�×�:R8!=�Ó�8!= Ë H BTË :<YQ8¬ÕT=R8!GIHK;>@QX�9!L>X¯8{X Ñ L B Éò:<YT8ÿ=<8"ÕTJ�LbÒ>8"É
9!LwX<8�;t9!90@Q="ç � YQ8�=<8{LwX<; B ×Ø;>=�:<YQH�X�HMX¨:RYQL�:�Õº;>X<Ho:RHKG>8�:<YT=R8"L�:RX�H B ÉtHM9!L�:<8�:RYQL�:�:RYT8ÿXRL�Ó�8
80þ$8"9,:uYQL>X«Vº8!8 B ;wVT:RL�H B 8{É�H B :<YT8¨X<@TVTÕTJML B L B É�:RYT8�=<8"ÕTJ�LbÒ>8"É�9"LwX<8wÔ^ö°YTH�9#YÿH�X±:<YQ8 S H B É
;�×
=<8{Ét@ B ÉTL B 90Òÿ:<YQL�: B ; B =R8"ÉT@ B ÉTL B :°Ó�8!= Ë H BTË LbG>;wHMÉTX!ç È B :RYT8�80êTL�Ó�ÕTJ�8�H B O�H Ë @Q=<8�áwÔ
ö°YTH�9#Y�; B J�Ò�H B Gw;wJ�Gw8{Xº:eö±; Ë ;>LwJ�X"Ô,; B 8};�×I:<YQ8±X<@TV Ë ;^L�JMXm;�×I:RYT8}Ó�Lw9#YTH B H BTË X¯:<8"Õ�Lw9#YTH�8!GIH BTË
:<YT8jùQ=RX¯: Ë ;^L�J3HMX�J�80×�:�;wÕº8 B L B É�LwX�L¬=<8{X¯@TJK:�L�X<H Ë>B HKùW9!L B :�ÕW;>=¯:RHK; B ;w×
:<YT8�9!LwX<8�HMX B ;w:
=<8"ÕTJ�LbÒ>8"Émç � YT8 S H B Éå;�×)H B :<8"=RL>9,:RHK; B Xu;t9!90@Q=<H BTË 9!L B Vº8¨×Ø;w=RÓ�LwJKH�C!8{É¹L>X\×Ø;wJ�JK;�ö�X�)
·D¸�¹Oº²»^¼�»^½�º�0�¿21�½]º�3O»54�¼�Åd¸�¼76å¸~¸~º¬Ã]½�Ä[Æ	ËYÌ&Í E X¯8!:å;w× Ë ;^L�JMX98ìHMX�X<LwH�É :R; Vº8n

�
ZR������
^Z�(0ÔtHo×¶×Ø;w=u8!G>8!=RÒ�:eö\;�X¯@TVQÕTJ�L B X Î�: L B É Î<; L>9#YTHK8"GIH BTË�Ï�: L B É Ï�; H B 8�ÔI:<YQ8!=R8�HMXuL
Xe:R8!Õ�H B°Î�: :<YQL�:°:<YT=R8"L�:<8 B X°L�9!L�@WX<LwJmJKH BTS H B°Î=; L B ÉåGIHM908¨Gw8"=RXRLTç
U 8�L�JMX<;�XRLbÒ�:<YWL�: Î�: L B É Î=; H B :R8!=#Lw90:"ç È ×):<YT8"=<8�L�=R8¨ÕW;^X¯HK:<H�Gw8 Ì�B 8 Ë L�:<H�Gw8 Ñ :RYT=R8"L�:#X!Ô

:<YT8�H B :<8!=#Lw90:<H�; B XuLw=<8�XRL�HMÉ¬:R;�VW8�Õº;>X<Ho:RHKG>8 ÌØB 8 Ë L�:RHKG>8 Ñ ç
È B :<YQ8 Ét;>Ó�L�H B ;�×¹ÕT=<;t9!8"XRXüÕTJML BQB H BQË Ô�Ó�L>9#YTH B H BQËßË ;>L�JMXüLw=<8Ù�&TVÝd��³YX H B 90; B D

*QH�90:"ç���8 Ë L�:<H�Gw8ðH B :<8!=#Lw90:<H�; B XÙVW8!:eö±8"8 B X¯@TVQÕTJ�L B X H B ÉTH�9"L�:<8ßGIHK;>J�L�:<H�; B X :<;÷:RYT8 =<8!D
Xe:R=<HM9,:RHK; B X ; B :<YT8 90JML�Ó�ÕTH BTË ;wÕº8!=#L�:<H�; B%Ì H´ç 8>çKÔ¼:<YT8ìö\;w= S ÕTH�8"908ø9!L B ; B J�Ò Vº8
90JML�Ó�ÕW8{Éí×Ø=<;>Ó ; B 8îÕº;>X<Ho:RHK; B L�:éL :RHKÓ�8 Ñ ç È B :<YQ8	X¯Õº8"9!HoùW9"L�:RHK; B @QX<8"É%H B
Þ ?�@)AB ;wC!D®E5G^H�JML�L B É U 8"VW8"=RX S HK=#9#Y3Ômá"â>âwýwV>ä®Ôu; B J�Ò ; B 8ü:<;I;wJ¨9!L B Vº8òYT8"J�ÉßL�:�LÛ:<H�Ó�8wç
� Y^@WX!Ô�:<YT8"=<8¹L�=R8ÿL�J�ö\LbÒtX�L�:jJ�8"LwX¯:j:eö\; H B :<8!=#Lw90:<H�; B X�VW8!:eö±8"8 B Ó�Lw9#YQH B H BTË X<@TVTÕQJ�L B X!Ô
; B 8�9"L�@QX<8"É�VIÒ�:RYT8590JML�Ó�ÕTH BTË X¯:<8"ÕQX}L B Éj:RYT8�;w:<YT8"=}; B 8�9"L�@QX<8"É�VIÒ�:RYT8�YT;>J�ÉtH BTË X¯:<8"ÕQX!ç
¤�HKG>8 B :RYQL�:°H B :RYTHMX\X<Õº8"90HKùW9"L�:<H�; B L B Ò�ö\;w= S ÕQHK8{908�9"L B VW8�90JML�Ó�Õº8"É¹VIÒ�@QX¯H BTË L�:uÓ�;>X¯:
ý¹ÉtHKþ$8!=R8 B :¨9!J�LwÓ�ÕTH BQË ;>ÕW8"=RL�:<H�; B X"ÔQ:RYT8!=R8�L�=R8�LwJKöuLbÒtX�Õº;>X<Ho:RHKG>8�H B :<8!=#Lw90:<H�; B X�ö°YT8 B L�:
JK8{LwX¯:x£ü9!L>X¯8{X�Lw=<8¹Ó�8"= Ë 8"Émç U 8åö°H�J�JuX<8!8åH B :<YQ8å8!êtÕW8"=<H�Ó�8 B :RX�:<YWL�:�LwX�:<YT8 B @TÓjVº8!=
;�×�Õº;>X<HK:<H�Gw8¨H B :R8!=#Lw9,:RHK; B XuH B 90=R8"L>X¯8{X!Ô^:<YQ8 Ë @THMÉTL B 9!8¨ÕT=<;�GIHMÉt8"ÉÿVIÒ�:<YT8�L>ÉTÉtHK:<H�; B LwJ39!L>X¯8{X
:<8 B ÉTXu:<;�Vº8�X¯Ó�LwJKJ¶L>XuÓ�;w=R8�9"LwX<8"X°L�=R8�Ó�8"= Ë 8"ÉåL B ÉåÓ�;w=R8 Ë ;>LwJ�XuLw=<8�90;�G>8!=R8"Émç

��;�:RH�9!8 :RYQL�:åH B :<YT8 JK; Ë HMXe:RH�9"X�:R=RL B X¯Õº;w=<:RL�:<H�; B Ét;>Ó�L�H BðË ;^L�JMX�Ó�H Ë Y>: B ;w:¹Vº8òH B
90; B *QH�90:"çwOQ;w=}8!êTL�Ó�ÕTJ�8wÔ�L�X<@TVTÕTJML B H B ö°YQH�9#Y�L�:<=R@Q9 S ÕQH�9 S X}L B ;>V?>e8"90:}H B ; B 8°JK;t9"L�:<H�; B Ô
Ó�;�G>8"X�:<;ÿ;w:<YT8"=�J�;t9!L�:<H�; B L B É Ét=R;wÕQX�:<YT8�;wV@>e8"9,:¨Ét;I8"X B ;�:¨H B :R8!=#Lw90:5ö°Ho:RYòL¹X¯@TVQÕTJ�L B
ÕW8"=¯×Ø;>=<Ó�H BTË :<YT8�XRL�Ó�8¨;wÕº8!=#L�:RHK; B X\H B L�ÉtHKþº8"=<8 B :59!Ho:eÒ>ç

A BB.O2O5<Å-2)ÁTÇ¯À�?÷Á@C-;Ü«­;3Â!?«Ç¯À�?ED\ÁIÂ!2�Á�;�?±Ç4;U±

U 8�Õº8!=<×Ø;w=RÓ�8"Éò80êtÕW8"=<H�Ó�8 B :RX�:R;�8!G�L�J�@QL�:R8j:RYT8¬ÉtHKþº8"=<8 B :�Ó�8"= Ë H BQË X¯:<=#L�:R8 Ë H�8"X�H B ÕWL�=<D
:<HML�J�JKÒ¹;w=#Ét8!=R8"ÉÿÕTJ�L B XuVQL>X¯8{Éÿ; B ���,� � ç
·D½ Ð Ä[»	º²Ë�F U 8�Õº8!=<×Ø;w=RÓ�8"É�8!êIÕº8!=RH�Ó�8 B :RX\ö°Ho:RY¬:RYT8�ÉT;wÓ�L�H B ;�×3ÕQ=<;t908{X<X±ÕTJML BTB H BTË Ô^L B

L�=<:<HKùW90HML�J3ÉT;wÓ�L�H B@G L B É¹:RYT8�JK; Ë HMXe:RH�9"X±:<=#L B X<ÕW;>=¯:#L�:RHK; B Ét;>Ó�LwH B ç
H »
²^a¨n!cFfe]JII~#]on!p)�wi{z�n"]`[ÿ]`d�n![¹a<�wfeaR[^dF]`i{[¹i"k
fe²>a+Ò § »)�4�#s±� § s � l�n!z��>²In"z�v^n!fe]�r��,�"�{�m�ØrQ]`[
fe²In0f}f´�
i�[^aR� i{vtaRc¯n0fei"ced}�
aRcea5n"�^�>a#��fe²In0f«c¯n0fe]`i{[In!p`]o�Ra5fe²>a°q^dFa°i"kmfe²>aucea#dFi{qwce~#a#dLK2M¬n"[^�
N�O ]`[^d®fea,n"�åi"k�n{�^�w]`[^©�n![I�å�wa#p`aRfe]`[^©�fe²>a#zÖ�w]`ceaR~Rfepªg¹]`[ÿfe²^a�n!~Rfe]`i{[^dQPSR®xW»
²^]`d��>i"z�n"]`[¹]`d
dF]`z�]`pKn0c}fei�fe²^a°�wi{z�n!]o[�i"k3vwcei�~#a#dFd«v^pon"[>[^]`[^©�]o[�fe²In!f}©"ibn!pod\n!cea°]`[�~Ri{[>³^]`~Rf,x



Ê+ÂY½]ÅOÆ^¸ Ð Ë�F U 8�90; B X¯:<=R@Q9,:R8"É LåX¯8{Ü^@T8 B 9!8j;w×±X¯H BTË JK8!D Ë ;>L�J¶ÕT=<;>VTJ�8!Ó�X Ì á{æ�×Ø;w=�:<YT8�Ét;wD
Ó�L�H B ;�×°ÕT=R;t908"XRX�ÕQJ�L BTB H BTË Ô±ám¥å×Ø;>=�:<YQ8¬:<=#L B X¯Õº;w=<:RL�:<H�; B Ét;wÓ�LwH B L B É�¢�×Ø;>=�:<YQ8
L�=<:<HKùW90HML�J°Ét;>Ó�L�H BWÑ ç � ;Ú;wVQX<8!=RGw8ÿ:<YT8�öuLbÒÚ:<YT8�Õº;>X<Ho:RHKG>8åH B :<8"=RL>9,:<H�; B X�L�þº8{9,:�:<YQ8
Ó�8!= Ë H BTË ÕT=R;I9!8"XRX!Ô"X¯8{Ü>@Q8 B 9!8"Xm;w×�TVU�á0D Ë ;^L�JbÕT=R;wVTJ�8!Ó�Xmö\8!=R8}90; B Xe:R=<@W9,:<8{É¨VIÒ�LwÉQÉtH BQË
L Ë ;^L�Jm=#L B ÉT;wÓ�JKÒåX¯8"JK8{9,:R8"Éå×Ø=R;wÓ4:<YT8jX<8"Ü^@T8 B 908�;w×}X¯H BTË J�80D Ë ;^L�JmÕT=R;wVQJK8"Ó�X°:<;¬8{Lw9#Y
ÕT=R;wVTJ�8!Ó(;�×m:RYT8�X<8"Ü^@T8 B 908�;w×<T$D Ë ;>LwJTÕT=R;wVTJ�8!Ó�X"ç � YT8�90; B Xe:R=<@Q90:<8{É�ÕT=<;>VTJ�8!Ó�X}ö\8!=R8
=<8"GIH�X<8"É�:R;�LbG>;wHMÉ�=<8"ÕW8!:<HK:<H�; B X"ç È B :<YQH�X\öuLbÒwÔwö\858 B X<@T=<8{É�:RYQL�:uö°YT8 B X¯8"Gw8!=#L�Jº9!L>X¯8{X
ö±8"=<8�=<8!:<=RHK8"Gw8{ÉmÔ^LwJKJW:<YQ8 Ë ;>L�JMX}H B :RYT8�ÕT=<;>VTJ�8!Ó L�=R859!;�Gw8!=R8"É3ç � YT8¨90; B Xe:R=<@W9,:<H�; B ;�×
:<YT8�9!LwX<8°VQL>X¯8°=R8�*Q8{9,:#X}L B HMÉt8"LwJQX¯HK:<@WL�:<H�; B Vº8"9"L�@QX<8�H B ÕQ=RL>9,:<HM908°HK:«HMX�@ B J�H S 8!J�Ò�:<YQL�:
L�J�J^:<YT8 Ë ;^L�JMX3;�×t:RYT8uÕT=R;wVTJ�8!ÓëL�=R8«9!;�Gw8!=R8"É3ç 6 ;�ö\8!G>8!={Ô0:RYTH�X
X<Ho:R@QL�:RHK; B HMX�LwÕTÕT=R;wÕTHML�:R8
:<;ÿ9!;wÓ�ÕQLw=<8¨:RYT8jÓ�8!= Ë H BTË Ó�80:RYT;tÉTX�Vº8"9"L�@QX<8jL�Ó�L�êIH�Ó�L�J Ë L�H B H�X580êtÕº8"9,:R8"Éå×Ø=R;wÓ
Î\Ï � ç

ÿw¸�¼�Â&»^¸XW[Ä[Æ�Ä[º��¬Ä@�µÄ Ñ ¼mÄ�¼�»	½]º+F�� YT8÷X<HKÓ�H�J�Lw=<HK:eÒ LwXRX¯8{X<X<Ó�8 B : @QX¯8{ÉñöuLwX :RYT8 ×Ø;I;�:¯D
ÕT=RH B :<8{ÉÛX¯H�Ó�HKJML�=RHK:eÒüÓ�80:R=<HM9¬L B É :<YT8ÿ9"LwX<8�VQLwX<8�öuLwX�9!; B X¯:<=R@Q9,:R8"ÉÚH B :<YT8ÿö\LbÒò;�×
� =R;tÉtH Ë Ò%Y�E B L�J�; Ë Ò Þ û�8"JK;^X¯;WÔmá"â>â�ãbä®ç�OT;w=å8"L>9#Y¼ÕT=R;wVQJK8"ÓåÔ±:<YQ8 =R80:R=<H�8!G�LwJ�X¯:<=#L�:R8 Ë Ò
×Ø;wJ�JK;�ö\8"É ö\L>X�:R;ò=R80:R=<H�8!G>8¬; B 8!D Ë ;>LwJ±9!L>X¯8{X�X<@Q9#YÛ:RYQL�:�L�J�J Ë ;^L�JMX�;�×5:<YT8�ÕT=R;wVTJ�8!Ó
L�=R8ü90;�G>8!=R8"Émç � YQ8ü=R80:<=RH�8!Gw8{É 9!LwX<8"X¬ö±8"=<8 Ó�8"= Ë 8"É H B 8"L Ë 8!=<D´Ó�8"= Ë H BTË L B É B ; B D
=<8{Ét@ B ÉQL B :¯D®Ó�8!= Ë H BTË Ó�;IÉT8"X"ç±OT;>=¬:RYT8òÉt;>Ó�L�H B ;�×�ÕT=R;t908"XRX�ÕTJML BQB H BQË :<YQ8 Ë ;^L�JMX
ö±8"=<8¨Ó�8!= Ë 8{ÉÿH B L B ;w=#Ét8!=°9!; B X<H�X¯:<8 B :uö°HK:<Y�¦�ç
� YT8�ÉTL�:#L�;wVt:#L�H B 8"É�ö°HK:<Y�ÕT@T=R8����,� � HMX�H B :R8 B Ét8{É�LwX}L¨=R80×Ø8"=<8 B 908\:<;�9!;wÓ�ÕQLw=<8\:<YQ8

Ó�8"= Ë H BQË L�J Ë ;>=<HK:<YTÓ�X±L B É B ;�:\:<;�X<YT;�ö :<YQ8�L>ÉtG�L B :RL Ë 8"X};�× Î\Ï � ;�G>8!=}ùW=RX¯:¯D®ÕT=RH B 9!HKÕQJK8{X
ÕTJ�L BTB H BTË ç�Þ û�8"JK;^X¯;WÔmá"âwâwãtÔ È YQ=<H Ë L B É�à�L�Ó�VTYQLwÓ�ÕWL�:<H´Ô$á"â>âwý{ä�LwJK=R8"L>ÉtÒ ;>VQX¯8"=<G>8"É VW8 B 80D
ùT:RX°;w× Î\Ï � ;�Gw8"=±ùW=RX¯:¯D®ÕT=RH B 9!HKÕQJK8{XuÕTJ�L BTB H BTË çTE�X°80êtÕTJML�H B 8{ÉÿVº80×Ø;>=<8>Ôt:<YT8�9!; B X¯:<=R@Q90:<H�; B
;�×):<YT8�9"LwX<8�VQL>X¯8¨öuLwXuVTHMLwX<8"Éÿ:<;�öuL�=#ÉTX\;wVT:RL�H B H BTË Ó�L�êtHKÓ�LwJ Ë L�H B X\ö°HK:<Y Î\Ï � ç

50

100

150

200

250

300

2 3 4 5 6 7 8

P
ro

bl
em

 S
ol

vi
ng

 T
im

e 
(s

)

Z

Number of Goals

Eager Merg.
Non-Red. Merg.

SNLP

50

100

150

200

250

300

2 3 4 5 6 7 8

S
iz

e 
of

 p
la

ns[

Number of Goals

Skeletal Eager
Skeletal Non-Red.

SNLP

�
	�� ¦]\Q¦ $Øn * �mcei{�>poaRzëdFi{p`_�]o[>©¨fe]`z�aun"[^�B$�� * v^pon"[�dF]`�#auk�i"c}fe²^au�>i{z�n!]`[�i"k$v>cei�~#a#dFd«v^pon![^[^]`[>©

ê���X�%�Tò(^X�¡�O�H Ë @Q=<8{X,¥tÔ . L B É�ãÿ90;>Ó�ÕQL�=R8�ÉTL�:#L�;wVT:RL�H B 8{É�ö°Ho:RY�:<YQ8�Ét;>Ó�LwH B ;w×�ÕT=<;t9!8"XRX
ÕTJ�L BTB H BTË Ôw:<YT8�L�=<:<HKùW90HML�JºÉt;wÓ�LwH B L B É�:<YT8�JK; Ë HMXe:RH�9"X
:<=#L B X¯Õº;w=<:RL�:<H�; B Ét;wÓ�LwH B ç � L�=<: Ì L Ñ
;�×I:<YT8{X¯8}ù Ë @T=R8"XmX<YT;�ö�X$:RYT8}ÕT=R;wVQJK8"ÓßX<;wJ�G^H BTË :RHKÓ�8}VIÒ�@QX¯H BTË 8{L Ë 8"=3L B É B ; B D®=<8{Ét@ B ÉQL B :
Ó�8"= Ë H BQË L B É=���,� � ç � Lw=¯:#X Ì V Ñ X¯YT;�ö�X�:RYT8�X¯H�C!8 Ì H´ç 8>çKÔ L U P±Ñ ;�×±:<YT8�X S 8"JK8!:RL�J)ÕTJML B X



20

40

60

80

100

120

2 3 4 5 6 7 8

P
ro

bl
em

 S
ol

vi
ng

 T
im

e 
(s

)

Z

Number of Goals

Eager Merg.
Non-Red. Merg.

SNLP

20

40

60

80

100

120

2 3 4 5 6 7 8

S
iz

e 
of

 p
la

ns[

Number of Goals

Skeletal Eager
Skeletal Non-Red.

SNLP

�
	�� ¦_^Q¦ $Øn * �3cei"�^p`a#z÷dFi{p`_�]`[^©�fe]`z�a°n![I�B$�� * dF]o�RaukMi"c«fe²^aun!cFfe]JII~#]on!p$�>i"z�n"]`[

20

40

60

80

100

120

140

160

2 3 4 5 6 7 8

P
ro

bl
em

 S
ol

vi
ng

 T
im

e 
(s

)

Z

Number of Goals

Eager Merg.
Non-Red. Merg.

SNLP

50

100

150

200

250

2 3 4 5 6 7 8

S
iz

e 
of

 p
la

ns[

Number of Goals

Skeletal Eager
Skeletal Non-Red.

SNLP

�
	�� ¦a`º¦ $Øn * �mcei{�^p`a#z dFi{p`_�]o[>©5fe]`z�a±n"[^�b$�� * dF�baRpoa<f¯n"ptv^pon![�dF]`�#a«kMi"c�fe²>a±p`i"©{]`d®fe]`~#d�fFc¯n"[^dFvti!cFf¯n!�
fe]`i"[��>i"z�n"]`[

;wVt:#L�H B 8"É ö°Ho:RY 8"L Ë 8!=�L B É B ; B D®=<8{Ét@ B ÉTL B :�Ó�8"= Ë H BTË L B É :RYT8 X¯H�C!8�;w×�:RYT8 X¯;>JK@T:<H�; B
ÕTJ�L B Xu;wVT:RL�H B 8{É¹VIÒD�[��� � ç
Î ;wÓ�Ó�; B :R;�:RYT8±:<YT=R8!8°Ét;>Ó�LwH B X¶HMX�:<YQL�:):RYT8uö±;>=RX¯:�Õº8!=<×Ø;w=RÓ�L B 9!8«HMX);wVt:#L�H B 8"Éjö°Ho:RY

:<YT8¨8"L Ë 8"=«Ó�8!= Ë H BTË Ó�;tÉt8 Ì HK:°H�X\;>@t:<Õº8!=<×Ø;w=RÓ�8"É¬VIÒw���,� � Ñ ç?c«L Ë 8!=±Ó�8!= Ë H BTË X<8!8"Ó�X±:R;
VW8 L B H B LwÉt8{Ü^@QL�:R8ü9#YT;wHM908üö°YT8 B :RYT8 VQL>X¯8üJK8"Gw8!J�ÕTJML BTB 8"=ÿHMX��[��� � 90;w=R=R;wVº;w=#L�:<H BTË
H B :<YTHMX¨ö\LbÒ � =R;wÕº;>X<HK:<H�; B á>ç È B :<YT8�Ét;>Ó�LwH B ;�×«ÕT=R;t908{X<X�ÕTJML BTB H BTË L B É :<YT8�L�=<:<HKùW9!H�LwJ
Ét;wÓ�L�H B :RYTH�X�=R8"X<@TJo:)=<8�*Q8"90:RX¶:<YT8«×�Lw90:¶:<YWL�:�X¯@TVQÕTJ�L B X¶Lw=<8\L�J�ö\LbÒtX B ; B Ó�8!= Ë 8{L�VTJ�8wç È B :<YQ8
:<=#L B X<ÕW;>=¯:#L�:RHK; B Ét;wÓ�LwH B X¯;>Ó�8�;w×¶:<YQ8¨X S 8"JK8!:RLwJ$X<@TVTÕQJ�L B X Ë 8 B 8!=#L�:R8"É�ö\8!=R8�Ó�8"= Ë 8"L�VQJK8>ç
� Y^@WX!Ôw:<YT8�ÕW8"=¯×Ø;>=<Ó�L B 908�ö°HK:<Y�:RYT858{L Ë 8!=}Ó�8!= Ë H BTË Ó�;tÉt85HMX«X<J�H Ë Y>:RJKÒ�Vº80:¯:R8!=u90;>Ó�ÕWL�=R8"É
:<; :<YT8�;w:<YT8"=¬Ét;wÓ�LwH B X"ç U Ho:RY :<YT8 B ; B D®=<8{Ét@ B ÉTL B :�Ó�;tÉt8>Ô
:<YT8 ÉtHKþ$8!=R8 B 9!8åVº80:eö\8!8 B
:<YT8�X¯H�C!8å;�×°:RYT8�X S 8!J�80:#L�J«ÕQJ�L B L B ÉÛ:<YQ8åX<;wJ�@t:<H�; B ÕTJ�L B HMX�L Ó�8"L>X¯@T=R8¬×Ø;>=j:RYT8å80þ$;w=<:
B 8!8{Ét8"ÉåH B :<YT8j9!;wÓ�ÕTJ�80:RHK; B ÕQYQLwX<8wçQOQ;w=°8!êtLwÓ�ÕTJK8>Ôt:<YQ8�80þ$;w=<:°×Ø;w=59!;wÓ�ÕTJ�80:RHo:RHK; B H B :<YQ8
:<=#L B X<ÕW;>=¯:#L�:RHK; B ÉT;wÓ�L�H B Ì X<8!8�O�H Ë @Q=<8�ã Ì L Ñ<Ñ HMX5J�8"XRX°:RYQL B H B :RYT8j;w:<YT8"=�:eö\;ÿÉt;>Ó�LwH B X
VW8{9!L�@WX¯8�:<YQ8�X S 8!J�80:RLwJmÕTJML B X°Lw=<8�90;>Ó�ÕQL�=#L�:RHKG>8!J�Ò�JML�= Ë 8"= Ì X<8!8�O)H Ë @T=<8¨ã Ì V Ñ¯Ñ ç
O�H Ë @Q=<8jæ�9!;wÓ�ÕQL�=R8"X Ì L Ñ :<YT8 B @TÓ�VW8"=5;w×
Õº;>X<HK:<H�Gw8�H B :<8!=#Lw90:<H�; B X°L B É Ì V Ñ :<YQ8�:<;w:RL�J

B @QÓjVº8!=�;�×}H B :R8!=#Lw90:<H�; B X5;I9"90@T=RH BTË H B :<YT8{X¯8�Ét;wÓ�LwH B X"ç Ï 8{9!Lw@QX¯8 B ;ÿÕº;>X<Ho:RHKG>8�H B :R8!=#Lw90D
:<H�; B Xu9!L B ;t9"90@T=°L�×�:R8!= B ; B =R8"Ét@ B ÉTL B :°Ó�8!= Ë H BTË Ô>:<YT8¨Õº;>X<Ho:RHKG>8¨H B :<8"=RL>9,:RHK; B X±Lw=<8�Ó�8"L�D



50

100

150

200

250

2 3 4 5 6 7 8

N
um

be
r 

of
 p

os
iti

ve
 In

te
ra

ct
io

ns

d

Number of Goals

Process Planning
Logistics Transp.
Artificial Domain

50

100

150

200

250

2 3 4 5 6 7 8

T
ot

al
 N

um
be

r 
of

 In
te

ra
ct

io
ns

Number of Goals

Process Planning
Logistics Transp.
Artificial Domain

�
	�� ¦]eQ¦ $Øn * �±q^z��taRc�i"k$vti{dF]ªfe]`_ba°]`[�fea<c¯n"~Rfe]`i{[>d\n![I�9$�� * fei"f¯n!pº[�q^z��taRc
i!k3]`[�fea<c¯n"~Rfe]`i{[>d

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2 3 4 5 6 7 8

G
ro

w
th

 o
f S

ke
le

ta
l P

la
n 

(N
on

-R
ed

.)

f

Number of Goals

Process Planning
Logistics Transp.
Artificial Domain

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2 3 4 5 6 7 8

G
ro

w
th

 o
f S

ke
le

ta
l P

la
n 

(E
ag

er
)

g

Number of Goals

Process Planning
Logistics Transp.
Artificial Domain

�
	�� ¦]hQ¦ �±cei,��fe²ji"kWdF�ba#p`aRf¯n"ptv>pon"[�dF]`�#a\�}]ªfe²�fe²^ai$Øn * [>i{[>�Øcea,�wq^[^�^n"[�f�n"[^�j$�� * a,n"©"aRc}z�aRce©{]`[>©

X¯@T=R8"É�VIÒ�;wVWX¯8"=<GIH BTË :<YT8�8"L Ë 8"=¯D®Ó�8!= Ë H BTË Ó�;tÉt8>ç � YQ8�ÉtHKþº8"=<8 B 908�VW8!:eö±8"8 B :RYT8�X S 8"JK8!:RLwJ
ÕTJ�L B H B 8{L Ë 8!=<D´Ó�8!= Ë H BTË Ó�;tÉt8�ö°HK:<Y :<YT8�X S 8!J�80:#L�J\ÕTJML B H B B ; B D®=R8"Ét@ B ÉTL B :¯D®Ó�8!= Ë H BTË
Ó�;tÉt8�=R8�*W8"9,:�:RYT8�Õº8!=#908 B :#L Ë 8�;w×±:RYT8¬9!L>X¯8{X�:<YQL�:jö\L>X B ;�:�=R8!ÕQJ�LbÒ>8"É Vº8"9"L�@QX<8�;�×\:<YQ8
ÕW;^X¯HK:<H�Gw8åH B :R8!=#Lw9,:RHK; B X"ç � Lw=¯:RH�9!@TJML�=RJKÒ>Ô¶H B :RYT8�Ét;wÓ�L�H B ;w×�ÕT=R;t908{X<X�ÕTJML BTB H BTË L B ÉÙ:<YQ8
L�=<:<HKùW90HML�J3Ét;>Ó�L�H B ÔtHo:59"L B VW8�;>VQX<8!=RGw8"É¬:<YQL�:u×Ø;w=�X<;wJ�G^H BTË :<YQ8u¢�D Ë ;>LwJWÕQ=<;>VTJK8"Ó�X!ÔTL�X<H Ë D
B Hoùº9!L B :}ÕQLw=¯:};w×$:<YT859"LwX<8"X
öuLwX B ;w:«=R8!ÕTJMLbÒw8{É Ì Ó�;>=<8u:RYQL B £lkXm Ñ ç � YQH�X«H�X
:RYT8�=R8"X<@TJK:};�×
:<YT8�Õº;>X<HK:<H�Gw8¨H B :R8!=#Lw9,:RHK; B X"Ôtö°YTH�9#Y�H B VW;w:<Y X<Ho:R@QL�:RHK; B X°90;>=<=R8"X<Õº; B Éÿ:<;¬LwÕTÕT=R;bêIH�Ó�L�:R8!J�Ò
ælkXm�;�×¶:RYT8�H B :R8!=#Lw90:<H�; B X Ì X¯8"8¨O)H Ë @T=R8�æ Ñ ç
Ð 8!JML�:R8"Éÿ:<;�:<YTHMXuHMX<X<@T8wÔ B ;�:<HM908�:RYQL�:5L>X«:RYT8 B @TÓjVº8!=u;w× Ë ;>L�JMX±H B 9!=<8{LwX<8"X"Ô^:<YT8 Ë @QH�ÉID

L B 9!8°ÕT=<;�GIHMÉt8"É�VIÒ�:<YT85L>ÉTÉtHK:<H�; B LwJQ9!L>X¯8{X�=R80:<=RH�8!Gw8{É�ö°Ho:RY�:<YT8 B ; B D®=<8{Ét@ B ÉQL B :}Ó�8!= Ë H BTË
Ó�;tÉt8 ÉT8"90=R8"L>X¯8{X�H B :RYT8 Ét;wÓ�LwH B ;�×¨ÕT=R;t908"XRX�ÕTJML BTB H BTË L B É :<YT8 Lw=¯:RHoùW9!H�LwJ�Ét;wÓ�LwH B ç
O�H Ë @Q=<8�ý Ì L Ñ 90;wÓ�ÕQLw=<8{X±:<YT8�=R8!JML�:RHKG>8 Ë =<;�öu:RY¹;w×¶:<YQ8�ÕTJ�L B XuH B :RYT8¨:<YQ=<8"8�Ét;wÓ�L�H B X\×Ø;>=
B ; B D®=R8"Ét@ B ÉTL B :�Ó�8!= Ë H BTË ö°YT8"=<8{LwXuÕQLw=¯: Ì V Ñ 9!;wÓ�ÕQL�=R8"X\:RYTHMX Ë =R;�öu:<Yå×Ø;>=�8"L Ë 8!=°Ó�8"= Ë D
H BTË ç � YQ8j=R8!JML�:<H�Gw8 Ë =R;�öu:<Yå×Ø;w= B Ë ;^L�JMX°öuLwX�Ó�8{LwX<@T=<8{É�VIÒ�ÉTHKGIHMÉtH BQË :<YQ8�LbGw8"=RL Ë 8�X<HKC"8
;�×�:RYT8ÿÕTJML B Xj×Ø;>= BÙË ;>LwJ�XjVIÒò:RYT8�LbGw8!=#L Ë 8¬X¯H�C!8¹;�×�:RYT8åÕTJ�L B Xj×Ø;w= B DRá Ë ;^L�JMX!ç È :�9!L B
VW8�;>VQX<8!=RGw8"É¬:<YQL�:�×Ø;w=�:<YT8�ÕT=R;t908{X<X°ÕQJ�L BTB H BTË Ét;wÓ�LwH B L B Éÿ:RYT8�L�=<:<HKùW9!H�LwJ¶Ét;wÓ�LwH B :<YQ8
=<8"J�L�:<H�Gw8 Ë =R;�öu:<Yÿ;w×¶:RYT8�X S 8!J�80:#L�J$ÕTJML BåË 8 B 8!=#L�:<8{ÉÿH BåB ; B D®=R8"Ét@ B ÉTL B :uÓ�;tÉt8�ÉT8"90=R8"L>X¯8{X



ö°Ho:RYÙ:RYT8 B @QÓjVº8!=�;�× Ë ;>LwJ�X Ì X<8!8�O)H Ë @T=R8åý Ñ ç6��;w:<HM908å:<YQL�:�×Ø;>=�VW;w:<Y Ét;wÓ�L�H B X�:<YQ8!=R8
H�X�LüX<H ËwB HKùW9!L B :�H B 90=R8"L>X¯8ÿH B :<YT8 B @TÓjVº8!=�;w×5ÕW;^X¯HK:<H�Gw8¹H B :R8!=#Lw9,:RHK; B X Ì X<8!8�O�H Ë @Q=<8�æ Ñ ç
� YTH�X\X<@TÕTÕº;w=<:RX±;w@T=\90JML�H�ÓP:RYQL�:uH B Ét;wÓ�LwH B X±ö\8!=R8 Ë ;^L�JMX}L�=R85H B 90; B *QHM9,:{Ôw:RYT8 Ë @THMÉTL B 9!8
ÕT=<;�GIHMÉt8"ÉÚVIÒò:<YT8åLwÉTÉTHo:RHK; B L�J\9!LwX<8"X�=<8!:<=RHK8"Gw8"É :R8 B ÉQX�:R;üÉt8"9!=<8{LwX<8�ö°Ho:RYÛ:<YQ8 B @TÓjVº8!=
;�× Ë ;>LwJ�X"ç � YT8"X<8�=<8{X¯@QJo:#X�X<@ Ë>Ë 8"X¯:�:<YQL�:¬H B :<YQ8"X<8 Ét;wÓ�L�H B X�=R80:R=<H�8!GIH BTË LÚX<H BQË J�8�9"LwX<8
90;�Gw8"=<H BTË L>X�Ój@Q9#Yò;�×«:RYT8 Ë ;^L�JMX5LwX�Õº;>XRX¯H�VTJ�8�;>=�×Ø8!ö\8!=�9!L>X¯8{X5HMX�L B 8"Ü^@TH�GbLwJK8 B :¨X¯:<=#L�:<D
8 Ë ÒåVº8"9!Lw@QX<8�Ó�8!= Ë H BTË LwÉQÉtHo:RHK; B L�J)9!L>X¯8{X°H�X�ö\;w=<:<YTJ�8"XRX�L�×�:R8!=�X¯8"Gw8!=#L�J Ë ;>LwJ�X�YQLbGw8�Vº8!8 B
X¯;>JKG>8"Émç&��;w:<HM908>Ôb:<YQL�:�:<YT8 Ë =R;�öu:<Y�;�×W:<YT8�X S 8"JK8!:RL�JIÕTJML B X
;wVt:#L�H B 8"É�ö°Ho:RY�8"L Ë 8!=)Ó�8!= Ë H BTË
Ét;I8"X B ;w:5Ét8"9!=<8{LwX<8�ö°HK:<Yå:<YQ8 B @QÓjVº8!=°;�× Ë ;^L�JMX!ç
È B 90; B :<=#LwX¯:±:R;j:RYT8¨;�:<YQ8!=\:eö±;�Ét;>Ó�LwH B X!ÔIH B :RYT8¨JK; Ë HMXe:RH�9"X}:R=RL B X¯Õº;w=<:RL�:<H�; B ÉT;wÓ�L�H B

:<YT8 Ë @THMÉTL B 908�ÕT=R;�GIH�ÉT8"É�VIÒj:RYT8�L>ÉTÉtHK:<H�; B LwJW9!L>X¯8{X�ö°HK:<Y B ; B =<8{Ét@ B ÉQL B :«Ó�8!= Ë H BTË Ét;I8"X
B ;�:�Ét8"9!=<8{LwX<8¬LwX�Ó�;>=<8 Ë ;>LwJ�X�YQLbGw8¬Vº8!8 B X<;wJ�Gw8"ÉÛL B É 9!;w=R=<8{X¯Õº; B ÉTJKÒü:<YT8 B @QÓjVº8!=�;�×
ÕW;^X¯HK:<H�Gw8�H B :R8!=#Lw90:<H�; B X�Ét;I8"X B ;w:�H B 9!=<8{LwX<8�H B LåX<H ËwB HKùW9!L B :�öuLbÒwç � YTHMX�X¯YQ;�ö�X�:RYQL�:�H B
Ét;wÓ�L�H B X¨ö\8!=R8 Ë ;>LwJ�X¨Lw=<8 B ;�:�H B 90; B *QHM9,:"Ôm=R80:R=<H�8!GIH BTË X¯8"Gw8"=RLwJ)9"LwX<8"X�L B Éü@QX<H BTË�B ; B D
=<8{Ét@ B ÉTL B :uÓ�8"= Ë H BTË HMXuH B Ét8!8{ÉåL B L>Ét8"Ü^@QL�:<8�9#YT;>H�9!8wç

n ÷�;U5>2�Á�;¶ÄpoõÃ}Â@q

� YT8 H�Ét8{L';�×�LbGw;wHMÉtH BTË =<8{Ét@ B ÉTL B 90Ò÷ÉT@T=<H BTË =R8!ÕTJMLbÒë;�×�Ój@TJK:<H�ÕTJ�8ð9!L>X¯8{XòöuLwXòùQ=#X¯:
ÕT=<;>ÕW;^X¯8{É H B � =<;tÉtH Ë Ò%Y�E B LwJK; Ë ÒðÞ û�8!J�;>X<;QÔmá"â>â�ãbä®ç � =<;tÉtH Ë Ò%Y�E B L�J�; Ë ÒÛ@QX<8"XÿL Ó�HKêt8"ÉID
H B HK:<HML�:RHKG>8 Xe:R=RL�:<8 Ë Òø:<;éX<ö°HK:R9#Yõ:<YT8 X<8"Lw=R9#Yõ90; B :R=<;>J VW8!:eö±8"8 B 9!L>X¯8!D´VQL>X¯8{ÉóL B É
ùQ=RX¯:¯D®ÕT=RH B 90H�ÕTJK8{X!ç � YT8�VQL>X¯HMX�×Ø;w=¨:RYTH�X�X¯:<=#L�:R8 Ë Ò�H�X�:RYT8�×�Lw9,:¨:RYQL�: � =R;tÉtH Ë Ò X<8"L�=#9#YT8{X5H B
:<YT8°X<ÕQLw9!8±;w×WXe:#L�:R8"X)H B Xe:R8"LwÉ�;�×Q:<YT8°X<ÕQLw9!8±;w×WÕTJML B X
L>X�H B ;>@T=
ö±;>= S ç&�I8!J�8"90:<H BTË :<YT8 S H B É
;�×¨VQLwX<80D®JK8"Gw8"J\ÕQJ�L BTB 8!=¬ÉT8!Õº8 B ÉTXÿ; B :<YT8 9#YWL�=#Lw9,:R8!=RH�X¯:<HM9!X�;w×�:RYT8�ÕQL�=<:<HM90@QJ�Lw=�ÉT;wÓ�L�H B
Þ à�LwÓjVTYQLwÓ�ÕQL�:RHm80:5L�J´ç�Ômá"âwâ>ýIÔ Ï Lw=<=R80:<:uL B É U 8"J�ÉmÔ¶á"âwâwãtÔ û�8"JK;^X¯;�L B É Ï J�Ò^:<YT8>Ô3á"â>â�ãbä®ç
OT;w=¨:RYT8¬X<ÕW8{90HKùW9!L�:<H�; B ;�×«:RYT8¬Ét;>Ó�LwH B ;�×\ÕT=R;I9!8"XRX�ÕTJ�L BTB H BTË VW8"H BQË @QX¯8{ÉüYQ8!=R8wÔ$:<YQ8!=R8
H�X�:RYT8!;>=<8!:<HM9!L�Ju8"G^HMÉt8 B 908å:<YWL�:¬L ÕQL�=<:<HML�JKD´;>=RÉT8!=jÕQJ�L BTB 8!=¬X<@Q9#Y LwX����,� � H�X�L Vº80:<:<8!=
9#YT;wHM908�Þ ?�@�AB ;>C0DFE�GIHKJML�L B É U 8!Vº8!=#X S H�=R9#Y3Ômá{âwâ>ý�V^ä´ç
Ét8!=\����� � U#c Ï �ìÞ È YT=RH Ë L B É�à�L�ÓjVQYQL�Ó�ÕQL�:<H´Ôºá{âwâ>ýbäåHMX Lè9"LwX<8"ÉID®VQLwX<8"É ÕTJ�L BTB 8"=

X¯8{L�=#9#YTH BQË H B :RYT8¬X¯ÕWLw908�;�×\ÕTJML B X"çmÉt8!=\����� � U#c Ï � L�ÕQÕTJKH�8"X�:RYT8�×Ø;wJ�JK;�ö°H BTË Xe:R=RL�:<8 Ë Ò')
H B ÕT=RH B 90H�ÕTJK8>Ô3X¯8"Gw8"=RLwJ
X<H BTË J�80D Ë ;^L�J
9!LwX<8"X¨Lw=<8�=R80:<=RH�8!Gw8{ÉmÔ$8"L>9#Y 9!;�Gw8!=RH BTË L Ë ;^L�J
;�×\:<YQ8
ÕT=<;>VTJ�8!Ó�ç���; B =R8"ÉT@ B ÉTL B :�Ó�8"= Ë H BTË HMX¨@QX<8"Éò:<; 9!;wÓjVQH B 8�:RYT8!Ó�ç È ×°Ét8{90HMX¯H�; B X¨H B :<YQ8
X¯@TVQÕTJ�L B X�Lw9#YTH�8!GIH BTË :<YQ8 Ë ;>L�JMX B 8!8"É :<;¹VW8�=<8"GIH�X<8"Éå:R;¹;>Vt:RLwH B L¹X¯;>JK@T:<H�; B ÔW:<YTHMX¨X¯;>JK@TD
:<H�; B HMX�Xe:R;w=R8"É L>X�L B 8!öëÓ�@TJo:RHoD Ë ;^L�J
9!L>X¯8>ç È ×«H B ×Ø@t:R@T=R8�=R80:R=<H�8!G�L�J)8!ÕQH�X<;tÉt8"X5:<YT8�XRL�Ó�8
X¯HK:<@QL�:<H�; B HMX�8 B 90;w@ B :R8!=R8"ÉmÔ3:<YT8¬Ó�@TJK:<HKD Ë ;>L�J±9!LwX<8�H�Xj=<8!:<=RHK8"Gw8{ÉòH B X¯:<8{LwÉ ;�×u:<YQ8ÿX¯H BTË JK8!D
Ë ;>LwJ¶9!L>X¯8{X!ç Ï L>X¯8{É¹; B :<YT8j=<8{X¯@TJK:RX�;�×
:<YTHMX�ÕWL�Õº8!={ÔQö\8�Lsr�=<Óñ:<YQL�:5H B Ét;wÓ�L�H B X5ö°YT8!=R8
Ë ;>LwJ�X
Lw=<8\H B 90; B *QHM9,:
:<YQH�X�Ó�8!:<YT;tÉ�=<8{X¯@TJK:RX
H B L B HKÓ�ÕT=R;�Gw8"Ó�8 B :);w×Q:<YQ8°ÕW8"=¯×Ø;>=<Ó�L B 908\;�×
:<YT8¨ÕTJML BTB H BTË ÕT=R;t908{X<XuLwX±:RYT8¨=<8{X¯@TJK:°;�×�:<YT8¨Ój@QJo:RHoD Ë ;^L�Jm9!L>X¯8{X±J�8"Lw= B 8"É¬VQ@t: B ;�:°;w×¶:<YQ8
Ó�8"= Ë H BQË Ó�80:RYT;tÉ¬HK:RX<8!JK×eçIE�X±:<YT8 B @TÓjVº8!=\;�× Ë ;>LwJ�X«H B 90=R8"LwX<8"X"Ô�:RYT8¨ÕT=R;I9!8"XRX};w×¶Ó�8!= Ë H BTË
9!LwX<8"X°X<8!=RGw8{X\Ó�LwH B JKÒ�:R;�90; B Xe:R=<@Q90:°Ój@TJK:<HKD Ë ;>LwJ39!LwX<8"X"ç
E�JK:<YT;>@ Ë Y B ;�:íH B :RYT8 9!; B :<8!êI:í;�×	ÕWL�=<:<HML�JKD´;>=RÉt8"=�ÕTJML BTB H BTË ÔÍÕQ=<8"G^H�;w@WX

ö±;>= S YQL>XPX<YT;�ö B :RYQL�:ÖÓ�8!= Ë H BTË X<@TVTÕTJML B XPH B :<;øLÊX<;wJ�@t:<H�; B H�XÛ� � DF90;wÓ�ÕTJ�80:R8
Þ à�Lw=<H B :<YTHm8!:5L�J´çKÔmá{âwâ:¥^Ô t«L BQË 8!:5L�J´çKÔmá{âwâ�¥{ä´ç � YT8 X<LwÓ�8òö±;>= S Ô±YT;�ö±8"Gw8"="Ô«X<YT;�ö�X¬:<YQL�:
:<YT8"=<8åL�=R8�H B X¯:RL B 908{Xj;w×°:<YT8¹ÕT=R;wVTJ�8!ÓÍ:<YQL�:�9"L B Vº8¹X<;wJ�Gw8{ÉÚH B Õº;wJ�H B ;wÓ�HML�J}:RHKÓ�8>ç
E B
L�J Ë ;w=RHK:<YTÓ ×Ø;>=�Ó�8"= Ë H BTË HMX�ÕQ=<8{X¯8 B :R8"É 90; B :#L�H B H BTË X<8!G>8!=#L�J);wÕº8!=#L�:<H�; B X!Ô$; B 8�;w×±ö°YTHM9#Y



H B Gw;>JKG>8"X�Ó�8!= Ë H BTË :RYT8�X<LwÓ�8�X¯:<8"ÕÙ;t9!9!@T=<H BTË H B ÉtHKþº8"=<8 B :�ÕQJ�L B X�H B :<;ÚLÚX¯H BTË JK8�Xe:R8!Õ3ç
� YTH�X�;wÕº8!=#L�:<H�; B HMX�90;>Ó�ÕQL�=#L�VTJ�8�:<;�ÕT=R80×Ø8"=<H BTË 8!êIHMX¯:<H BTË 8"X¯:RLwVTJKHMX<YTH BQË ;wÕº;w=<:<@ B HK:<H�8"X�;�×
:<YT8 B ; B =R8"ÉT@ B ÉTL B :�Ó�8"= Ë H BTË Ó�80:RYT;tÉmç

u ¯òÃ±À5Æk5¯Å,±IÇeÃ«À

U 8 80êtÕTJ�;w=R8"É 8{L Ë 8"=¹L B É B ; B =<8{Ét@ B ÉQL B :¹Ó�8!= Ë H BTË H B :RYT8Ú90; B :R80êI:¹;w× Î\Ï � ö°Ho:RY
LòÕWL�=<:<HML�JKD´;>=RÉt8"=�ÕQJ�L BTB 8!={ç U 8�YQLbGw8�X<8!8 B :RYQL�:¬8{L Ë 8"=�Ó�8"= Ë H BQË YQL>X�LÚGw8"=<ÒÛJ�HKÓ�HK:<8{É
L�ÕTÕTJ�HM9!L�VQHKJ�Ho:eÒüVW8{9!L�@WX¯8�;�×\:<YQ8¬Xe:R=<; BTË =R8"Ü^@TH�=R8!Ó�8 B :RX�:RYQL�:�HK:�Ó�L S 8{X¨; B :<YT8¬9"LwX<8"X�X<;
:<YQL�:°:<YT8"Ò¹9!L B VW8�9!;wÓjVQH B 8{Émç È B ÕQLw=¯:RH�9!@TJ�Lw=u×Ø;w=����,� � ö\8�X<Lbö¼:<YQL�:�Ó�8"= Ë 8"LwVTHKJ�HK:eÒ¬H�X
8"Ü^@TH�GbLwJK8 B :¶:<;�X¯H�Ó�ÕTJ�8±Ó�8!= Ë 8{L�VTH�J�Ho:eÒ>ç���; B =R8"Ét@ B ÉTL B :�Ó�8"= Ë H BTË H�X�Ó�;w=R86*Q80êtH�VTJ�8±VT@T:�ö\8
YQLbGw8�X<8!8 B :<YQL�:}:<YT8 Ë @THMÉTL B 908°ÕT=R;�GIH�ÉT8"É�Ét8"9!=<8{LwX<8"X
VIÒ�:<YT8�LwÉTÉtHK:<H�; B L�JQ9"LwX<8"X�=R80:R=<H�8!G>8"É
LwX�:<YQ8 B @QÓjVº8!=¬;w× Ë ;^L�JMX�VW8"H BTË X<;wJ�Gw8{ÉÙH B 9!=<8{LwX<8"X�H B Ét;>Ó�L�H B X�ö°YT8!=R8 Ë ;^L�JMX�Lw=<8�H B
90; B *QH�90:±L B É�X¯@TVQÕTJ�L B X�YQLbG>8°ÕW;^X¯HK:<H�Gw8°H B :<8"=RL>9,:<H�; B X!ç � YQ8�8!Ó�ÕTH�=<HM9!LwJT=R8"X<@TJo:#X«X<YT;�ö :<YQL�:
:<YT8 Ë @QH�ÉTL B 908�ÕT=R;�G^HMÉt8{É VIÒ�:<YT8�LwÉQÉtHo:RHK; B L�J�9"LwX<8"X5:<8 B ÉTX�:<;åVW8�X<Ó�L�J�J
L>X�Ó�;>=<8�9!L>X¯8{X
L�=R8�Ó�8!= Ë 8"É�L B É�Ó�;w=R8 Ë ;^L�JMX�L�=R8j90;�G>8!=R8"Émç � YI@QX�=R80:<=RH�8!GIH BQË L¬X¯H BTË JK8j9"LwX<8"X�9!;�Gw8"=<H BTË
Ój@Q9#Yå;�×):<YT8 Ë ;>LwJ�X\;w=u×Ø8"ö±8"=�9!L>X¯8{X±HMX�L B 8!þº8{9,:<H�Gw8�=R80:R=<H�8!G�LwJ$X¯:<=#L�:R8 Ë Òwç

÷n;U®R;¶Â[;¶À5Æ';²±

� �
n0cFceaRfFf\n"[I��·�a#po�Tr]�#�{�"�����
n0cFceaRfFf,r`Ò5x)n"[^�ò·�aRpK�Tr
s�x+$8�,�"�"� * x¼�mn!cFfe]on"pª��i"c¯�waRc�v>pon"[^[>]`[^©>�
�¶_"n"p`q^n!fe]`[^©¨vti"dFdF]`�^p`a�aR¸�~#]`a#[>~Rg�©{n"]`[^d#xVvd�>�
� w�xR�
�mí@y>�:�	�Rí}í �{z&�#�?x>�<r^�b�l$8� * � ���}|~�m��~�x
� ��ce]ªf¯n![^]`��n![I����n0ceaRk�n0f,r��#�{�b�\�j��ce]ªf¯n"[>]o�tr��>x$n![I����n0ceaRk�n0f,r��¹xV$8�#�{�{� * x��±]`aRc¯n!ce~¯²^]`~,n!p)v^pon![
z�aRce©{]`[>©ÿ�}]ªfe²Ún!v^v>po]`~,n0fe]`i{[òfeiÿv>cei�~Ra#dFd�v^pon"[>[^]`[^©wxòµh[��O�"��x>�4�"ï��}�sz�����M�y2��� v�y2�����"r¶vIn!©{a#d
�,�{�{��|��,��ô{�wx

� �>c¯n![^~#]`d±n"[^� § n"z�r[�,�"�b�"n����>c¯n"[>~#]`d#r�Ò�x���x��>x�n"[I� § n!z�r�Ò5x�$8�,�{�{�"n * x Ò �>i{z�n!]`[>�
]`[I�>aRvta#[I�wa#[�fun!po©"i"ce]ªfe²^zèkMi!c�z�q^pªfe]ª��v^pon"[¬n"�^n!v>f¯n!fe]`i"[ån![I��z�aRce©{]`[>©j]`[¬p`a,n"d®fF��~#i"z�z�]ªfez�a#[�f
v^pon"[>[^]`[^©wx}µ´[xÒ«²Inwr^s�xTn![I� § n"²^z�r�Ò5x`r^a,�>]ªfei"ced#r v�v�v+y����mí}í �:ñ]�J�����4���l����vdïY�>�~�^���
�����°��M
�-���_�`íò�4ï7z&�L�`�2���R�<r?��a#[^p`i��mn!ce�trIyOÒ5x�Ò�ÒJÒ±µ��3cea#dFd#x
� �>c¯n![^~#]`d±n"[^� § n"z�r[�,�"�b�!�����>c¯n![^~#]`d#r�Ò�x��wxtn"[^� § n"z�r�Ò5x�$8�,�{�{�!� * x6Ò ~#i"z�vIn0c¯n!fe]`_ba°q>fe]`p`]ªf´g
n"[^n"pªgwdF]od�i"k«~,n"dFa<�h�^n"dFa,��cea,n!dFi{[>]o[>©ån![I��~#i"[�fFcei{pª�Øceq^p`a�p`a,n0ce[^]`[^©¬d®gwd®fea#z�d#xÿµ´[��O�"��x>�4�"ï��}�sz��
���  �¡������"r>[wq>z��taRc����a~�]`[��Wa#~RfeqwceaE�\i!fea#d}]o[�Ò«cFfe]JII~#]on!pWµh[�feaRpop`]`©{aR[^~#a{x
� �\]`p�r��#�{���#���\]`pØr<¢�x�$8�,�"��� * x=Ò÷dFvta#~#]JII~#n!fe]`i{[òi"k±z�n"[�q>kMn"~Rfeqwce]o[>©¹vwcei�~#a#dFdFa#d¨k�i"c�v>pon"[^[>]`[^©>x
»ºa#~¯²^[>]o~#n"p § a#vti!cFf�y���Z«�®y�|��h���R�4�,�"�wr}|w~¯²^i�i{p\i"k�y)i{z�v>q>feaRc�|�~#]`a#[^~#a"r}y
n!ce[>a#©{]`a£��a#p`poi"[
Z\[>]o_{aRcedF]ªf´g�rw�3]`fFfedF�>q>ce©wx
� �\n"[^��d}n![I��·åa#po�Qr[�,�"�b���u�\n"[>�wd#r^|txIn![I��·åa#po�Qrws�x�$8�,�{�{� * xµÒ �wi{z�n"]`[w�h]`[^�>a#vta#[^�>a#[�f}n!p`©{i"�
ce]ªfe²^z k�i"c±v^pon"[�n"�^n!v>f¯n!fe]`i"[Wx����]���#�~�mí'�¤MSvd�>�
� w�xR���mí@y>�:�	�Rí}í �{z&�)x>�L�`�#�R�4���)x}K�r%~�x
� �\n,gba#d#r]�#�mô{�����\n,gba#d#r>y±x@$8�,��ôb� * xºZ\dF]`[^©5©{i{n"pt]`[�feaRc¯n"~<fe]oi"[^d
fei�©{q>]o�>a\v>pon"[^[>]`[^©>xWµ´[��O�"��x>�4�"ï��
�}�lz��E��M+v+v�v+y2�5¥�¦0r>vIn!©{a#dS~�~0�_|l~�~�ô�x

� µh²>ce]`©�n"[^��l�n!z��^²^n"z�v^n!fe]�r��,�"�"����µh²>ce]`©>r]�3xºn![I�ÿl�n"z��>²In!z�vIn!fe]�rQ|tx�$8�,�{�!� * x�sua<ce]o_"n!fe]`i"[In"p
cea#v^pon#g�kMi!c\v^n!cFfe]on"pª��i"c¯�waRc«v^pon"[>[^]`[^©wx�µh[j�O�"��x>�4�"ï��}�lz��,��M+v�v+v�y2���7§>r>vIn"©"a#d-�m�,��|~��~{��x
� µh²>ce]`©�n"[^��l�n!z��^²^n"z�v^n!fe]�r��,�"�{����µh²>ce]`©>rU�3x¶n"[^� l�n!z��>²In"z�v^n!fe]�r3|tx�$8�,�"�{� * x sua#dF]`©{[òn"[^�
]`z�v^p`a#z�a#[�f¯n!fe]`i"[¨i"kWnucea#v^pon#g�kKc¯n"z�aR�)i"ce�¨�^n"dFa,�¨i"[jn�v^n!cFfe]on"p^i"c¯�>a<c
v^pon![^[^a<c,xTµ´[�·åa#po�Qr�s�x`r
a,�>]ªfei!c,r?�O�"��x>�4�"ï��}�lz��,��M+v�v+v�y2���s¨!xIµ®�°|j�mcea#dFd#x
� l�n!z��^²^n"z�v^n!fe]�r��,�"�{����l�n!z��>²In"z�v^n!fe]�r#|Tx�$8�#�{�"� * xw�\[ufe²>a�qwfe]op`]ªf´g\i"k>d®gwd®fea#z�n!fe]`~#]ªf´gT�RZ\[I�waRcF�
d®f¯n"[^�>]`[^©jfFc¯n{�>aRi"½Td��taRf´�)a#a#[ÿcea,�>q>[I�^n![^~Rg�n"[I�ÿ~#i{z�z�]ªfez�a#[�f\]o[¹vIn0cFfe]Kn!pª�hi!c¯�>aRc�v>pon"[^[>]`[^©>x
µ´[��6�8��x#�4�"ï��}�sz��,��M+y2��� v+y2����©{r>vIn!©{a#dE�m�#�a|��a~{��x



� l�n!z��^²^n"z�v^n!fe]taRf±n"p�x`r��#�{���R��l�n!z��^²^n"z�v^n!fe]�r±|Tx`ruy)q>fe�bi"dF��g�rS�¹x`r\»ºa#[^aR[w�^n"q>z�rL�¹x`r\n"[^�
�Wa#a"r
|tx
$8�,�"��� * xÚy)i{z��^]`[^]`[>©ÿdFvtaR~#]on"p`]`�#a,�òcea,n!dFi{[>aRcedjn"[I��©"a#[^aRc¯n!p±v>q>cevti"dFa�v^pon![^[^a<ced#�UÒ
~,n"dFa°d®feq^�wg�xmµh[j�O�"��x>�4�"ï��}�lz��,��M+v�v+v�y2���sª!rIv^n"©"a#dE�,�{��|�~!�b��x
� l�n!z��^²^n"z�v^n!fe]taRf±n"p�x`r��#�{�"����l�n!z��^²^n"z�v^n!fe]�rw|Tx`r>µ´²wce]o©wr~�3x`r^n![I��|�ce]`_{n!d®f¯n,_{n�r^�«x $8�#�{�{� * x²Ò
~,n"[^�>]o�^n0feaudFaRf}�^n"dFa,��n"[In!pªg>dF]`d}i"kºdFq^�>©{ibn!pW]`[�feaRc¯n!~Rfe]`i{[^d}]`[�~Ri{[]«´q^[>~Rfe]`_ba\©"ibn"pQv^pon![^[^]`[>©>x3µ´[
�6�8��x>�>�"ï��¶�lz��-��Md��K��L©m�"ïiy>�:�	�#�#�~���
�����~�mí��U����M\�#�"�#�?x>�E����v�yV�`íV���:���}�szQ��ñ��4�	�2�r�#¬�v�y����X�¤��¨2­,r
vIn!©{a#dE�a~"��|��,�{��x
� l�n0ce]o[�fe²>]WaRf«n!p�xor]�,�"��~���l�n0ce]`[�fe²>]�r § x`r[�un!qWrQs�x`rWn"[I�j¢)n"[^©wr ®�x<$8�,�{��~ * x��\n"[^�>p`]`[^©�kMa,n0feq>cea
]`[�fea<c¯n"~Rfe]`i{[>d}]o[�v>cei�~#a#dFd®��v>pKn![^[>]o[>©>xVvµ�Y��í �^�"ï#vd�#�
� w�xR���mí�y>���	�Rí}í �¯z&�#�?x>�<rt��� ��ô{��|��:�,��x
� l°i�a#²>p`aRc,r��#�{�"����l°i�a#²>poa<c,r��>x+$8�,�"�"� * x°�$p`aR�w]`�^p`a�v^pon![ cea#q^dFa�]`[ n¹kMi!cez�n"p}k�c¯n"z�a<�
i"ce�txÙµ´[
�=���#�"�#���
±��"�#��ï��d�}��v+y��`íV�������¶�lz"rbv^n"©"a#dJ�,���2|��\ô!�>xwµF�°|5�3cea#dFd#r&Ò±z�d®feaRc¯�>n"z�r0·�n!dF²^]`[^©!fei{[Wr
»ºi{��]`i>x
� l°i!cFk´r��#�mô{����l°i!cFk´r § x=$8�,��ôb� * xu�¶pon![^[^]`[>©�n!d\dFa,n0ce~<²Q�!ÒÝ­�q^n"[�fe]ªf¯n!fe]`_ba�n"v>v>ceibn!~<²Qx,vd�>�
� w�xR���mí
y>���	�Rí}í �¯z&�#�?x>�<rI�"�w� �b�7|�ô�ôwx
� ��~\Ò«p`poaRd®feaRcun![I� § i{dFaR[w�>p`]`fFf,r[�#�{���#����~\Ò±p`p`a#d®feaRc,rTs�xTn"[^� § i"dFa#[��^p`]ªfFf,rts�x�$8�#�{��� * x�|�gwd®fea#z¨�
n!fe]`~°[^i"[^p`]`[^a,n0c«v^pon"[>[^]`[^©wx�µh[j�O�"��x>�4�"ï��}�lz��,��M+v�v+v�y2���sª!r>vIn"©"a#d±�{�"�a|��"�{�wx
� ��q�²[^i"�R�	Ò±_�]`pKn�n![I��·�a#�taRcedF��]ªce~¯²Wr!�,�{�"�{n�����q�²[>i{�R�	Ò±_�]`ponwrm��x"n"[^�5·�aR�taRcedF��]`ce~¯²Wr��)x�$8�,�{�"�{n * x
�¶pon![^[^]`[>©�k�i"c\z�n"[�q>kMn"~Rfeqwce]o[>©��
i!ce��v^]`a#~#a#d±��g�d®fei!ce]o[>©>rT]`[I�waR�w]`[^©�n"[^��cea#v>pKn#gw]`[^©�v^pon![^[^]`[>©
�>a#~R]odF]`i"[^d#x�µh[i�6�8��x#�4�"ï��}�sz��`��M²��K:�
©m�~ï�y>���	�#�>�����
�
�����mí?�U���7M\�#�4�#��x>�d���iv+y��6íV�����:�}�lz+�:ñ��4�	�2�,�
¬�v+y��V�����s¨2­,x�ÒJÒ�Ò«µh�h�3ceaRdFd#x

� ��q�²[^i"�R�	Ò±_�]`pKn�n![I��·�a#�taRcedF��]ªce~¯²Wr!�,�{�"�"������q�²[>i{�R�	Ò«_w]`ponwr��5x!n"[I�°·�aR�taRcedF��]`ce~¯²Wr��)x�$8�#�{�"�"� * x
Ò�dFvta#~#]JII~,n0fe]`i{[�i!k^fe²>a
�>i"z�n"]`[�i"k^v>cei�~#a#dFdmv>pon"[^[>]`[^©>�!�mcei{vta<cFfe]oaRd#r"vwcei{�>poaRz�dmn"[^��dFi"p`q>fe]`i{[>d#x
»ºa#~¯²^[>]o~#n"p § a#vti"cFf��$|�Ò«�h�{�0�4�,�{��rQy)a#[�fFcea�kMi!cE�Wa#n!ce[^]`[>©�|�gwd®fea#z�d«n"[I��Ò«v^v>po]`~,n0fe]`i{[^d#rTZ±[^]ª�
_baRcedF]ªf´gji!kml�n"]`dFaRcedFpon"qwfeaRce[WrT�\aRcez�n"[�g�x
� �\n"q�aRf«n!p�xor]�,�"�b���u�\n"qQr\s�x`ru�\q^vwf¯nwru|Tx`run![I� § a#©"po]�r±· x#$8�#�{�{� * xyÒ±µ�v>pon"[^[>]`[^©Ú_ba<cedFq^d
z�n"[�q>kMn"~Rfeqwce]`[^©"��i"vtaRc¯n!fe]`i{[�v^pon"[>[^]`[^©w�~ÒÙ~,n"dFa°d®feq^�wg�xmµh[j�O�"��x>�4�4ï��}�lz��,��M+y2��� v�y2�¤���!x
� |�z�]`fe²�n"[^���$a#i!f,r]�#�{�{����|wz�]ªfe²Wr{s�xwn"[^���$a#i"f,rX�¹x@$8�,�"�{� * xm�$i{d®fevti"[^]`[^©5fe²>cea,n0fed
]`[�vIn!cFfe]on!p`�
i"c¯�waRc«v^pon"[>[^]`[^©wx3µ´[j�O�"��x>�4�"ï��}�sz��r�¤MSv�v�v+y2����©{r^vIn"©"a#d±�"�"�a|w�!�{��x
� ³¶a#p`i{dFiwr��,�"�"����³�aRpoi"dFi>rs�¹x�$8�,�"�"� * x%�`íV�������¶�lz,����ï,íò�"���>���¶�lzróRñ����~�míV�/z��´x4�mí��"�"���#�����}�sz"x��\q>z¨�
�taRcdômô"�¨]`[��Wa#~<feq>cea��±i"fea#d}]`[�Ò«cFfe]JI^~#]on"pQµ´[�fea#p`p`]o©"a#[^~Ra{xT|�v>ce]`[^©"aRc
³�a<cepKn!©>x
� ³¶a#p`i{dFi�n![I����p`g�fe²>a{r]�#�{�!����³¶a#p`i{dFiwr��¹x3n"[^�ü��p`g�fe²>a{r<�>x�$8�#�{�!� * x°�Q]`[^�"n"�^]`p`]ªf´gT�m�m�>n"z�]`[^]`[>©
~,n"q>den"p$p`]`[^�j~#i"z�z�]`fez�aR[�fed)]o[�v^n!cFfe]on"pª��i"c¯�waRc±v^pon"[>[^]`[^©wx
µ´[j�6�8��x#�4�"ï��}�sz��+�¤M-��K��,µY��ï�y>���	�#�2�
�����
�
�����mí��U����M��#�4�#�?x>�r���jv�y
�`íV���:���}�sz��:ñ��4�	�2�,��¬'v�y��V�����7§�­,rIv^n"©{aRd��#�a|~�#�wx

� ¢)n"[>©¨aRf«n"p�x`r��#�{��~���¢)n"[^©wr�®�x`rµ�un"qQr)s�xor
n"[^�Ó�\a#[^�>p`aRc,r��>xL$8�#�{��~ * x¶��a<ce©{]`[^© dFa#v^n!c¯n!feaRp`g
©{a#[>aRc¯n!fea#�åv^pon"[>d°�}]`fe²¹cea#d®fFce]`~Rfea,��]`[�feaRc¯n"~Rfe]`i"[^d#x��U�]�������^���
�
�����mí=y>���	�Rí}í �¯z&�#�?x>�<r'ô�$5~ * � �"�môa|
�b�!�wx


