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W�PON�JKE��@J�P(QhP#NH�]XYNhEÀ�YXYNhE'G#ICIeE � IKEj^K^KX]PON¶q¶��fhEÀJKfhE'P#IeE�JKX�WZG#�OG#N o
E��UF6EZIeX]LME'NOJ_G(�ÊE'\�X o E'NHW�E�^KT �#� E'^`JSJefHG>J
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fHGu\OE�G#�Y^KP�FHIKP>\OE o EZ¨6EjW JeX]\OE�XYN�G(FhFH�]X�WZG(JKXYP#NH^'q�ËHP#I�EZ�UG#L��
Fh�YE#iÅ^`E'\#E'IeG#�IKEj^`EjG(I_W_fhEZI_^�fHGu\#Ec^KfhP � N�JKfHG(J�JKfhE'a�W'G(N��6E
TH^KE o ^KTHW'W�E'^e^`Q�Th�]�Ya½JKP�JeIeG#X]Nc�YXYNhE'G#ISW���G#^e^KXÌ�HE'Ie^0Q�P#ISX]NUQ�POIKLcG(�
JKXYP#N�IeP#ThJKXYN � JeGO^`�U^ � X]JKf½^`FHG#Ie^KEÅJeG#I � E�J_^ £ µzE � X�^Zi(VUW_fHG#FhXYIKEOi
R�G(�Y��G(N ÃÎÍ G(Fh�>GHi mj·#·OÆhÇ Í G(Fh�>GHihR�G#�]��G(N ÃÈÏ G#I`JePHi m'·O·#Æ ¤�q
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JKfHEZLÑG(FhF6E'G#�]XYN � Q�P#I0IeEZXYNUQ�POIeWZEZLMEZN�J�]EjG(IeNhXYN � qÅË�X]I_^bJji(JefhEZa
G(IeE�PONh�YX]NhE�LME�JKfHP o ^Zi � fhX�W_f�X�^sIeE'Â�ThXYIKE o Q�P#I�IeEZXYNUQ�P#I_W�EZ�
LMEZN�J$�YE'G#IKNhXYN � q�V@EjW�PON o iÅLcG(N@a�IeEZXYNUQ�P#I_W�E'LMEZN�J��]EjG(IeNhXYN �
JeGO^`�U^ � X]JKfÎWZP#N�JKXYN@ThP#TH^ ^`JeG(JKE.^KFHG#WZE'^�fHGu\OE©��E'EZN¡JeGOW_���
�YE o TH^KXYN � ^KFHG(I_^KE�W�POG#Ie^KE�W�P o E o Q�ThNHW�JKXYP#N�G(FhFhIePu�UX]LcG(JKP#I_^
£ EOq � q]i6V@TUJ`JeP#N¶i m'·O·#Æ i@º©G>Je��XYNH^'i mj·#¸#· iUÒ*ThLMLMEZIea�G(N o4Ó XÌ�
I_G(N>Ô`G#N¶i mj·#·#¾ ¤ q�³S´"LME�JKfHP o ^�LcGua��6EsG(�H�]EMJeP o X�^KWZIKXYL��
XYNHG>JeEcX]IeIKE'�]E'\>G(N�J�Q�EjG>JeThIKEj^�Â�ThXYW_�@�Ya�XYN�JKfhX�^<Jba@F�EcP#QSXYNhFhTUJ
IeEZFhIeE'^KEZN�JeG(JKXYP#N¶qC��fhX]I o i(PONh�YX]NhE�IeEZXYNUQ�P#I_W�E'LMEZN�J��YE'G#IKNHX]N � XY^
FHG#I`JeXYWZTh�YG#IK�Ya½^KEZN�^`X]JKXY\#E*JeP�JKfHE�^KF�E'E o P(QÊ�YE'G#IKNhXYN � iOG(N o ³S´
LME�JefhP o ^/WZG#N�F6P(JeEZN�JKX�G(�Y�Ya�X]LMFhIeP>\#E<X]J'q
��fhX�^�FHG#F�E'I�FhIeE'^KEZN�J_^�³S´ÕLME�JefhP o ^ Q�POI�IeEZXYNUQ�P#I_W�E'LMEZN�J
�YE'G(IeNhXYN � � X]JKf&�YX]NhEjG(I�Q�THNHW JeX]PONÖG(FhFhIePu�UX]LcG(JKP#I_^'q ³S´
LME�JefhP o ^ÀG#IKE/FHIKEj^`E'NOJeE o XYNs^`EjW JeX]PONs¥UqV@E'W�JKXYP#N n FhIeE'^KEZN�J_^
JKfHE*E��@JKE'NH^`XYP#N$JKP�JKE'LMF�POIeG#�Ì� o X]¨6E'IKE'NHW�E��YE'G(IeNhXYN � G(N o IKE'X]Nh�
Q�P#I_W�E'LMEZN�J��YE'G#IKNhXYN � q�V@E'W�JKXYP#NH^ ¾ G#N o ¦ o E'^eW�IeX]�6E$EZ�@F6EZIeX]�
LMEZN�JeG#�@IKEj^`Th�]Je^CP#N½FhIeE o X�W JeX]PON$G(N o W�PONOJeIKPO�(J_G#^K�@^'q�VUE'W JeX]PON
Æ Q�ThIKJKfHEZI½G#NHG(�Ya@×ZEj^<JKfhE�E��UF6EZIeX]LMEZN�J_G(�ÀIeE'^KTh�]Je^'iG(N o ^KE'W��
JKXYP#N�Ø$FhIeE'^KEZN�Je^*WZP#NHWZ�]T�^`XYP#NH^'q
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XYN©G oho X]JKXYP#N�JKP4JKfHE�W�P#LMFhThJeG>JeX]PON�IeE'Â�ThXYIeE o ��a�JKfhE�µCd�V
IeTh�]EOq
��fhE�³S´¢LME�JefhP o X�^CG#�Y^KP*LMP#IeES^KEZNH^KXÌJeX]\OEJKf�G(N$µCd�V<JeP/JKfHE
XYNhXÌJeXYG#�CLcG � NhX]JKT o E$P(QJefhE � EZX � f�J_^ZqON¿QJefhX�^
LcG � NhX]JKT o E½XY^
JKP@P�^KLcG(�Y� i>JefhE/G(� � POIKX]JKfHL � X]�Y�HWZP#N@\#E'I � ES\OEZIea�^`�YP � �]aOq Ï X �
XYNhXÌJeXYG#�|LMG � NhX]JKT o E'^�WZG#N��YE'G o JKP�X]N�^bJ_G(�hXY�]X]Jba�G(N o P>\#E'I�P�P �
EZIeIeP#I_^Zq
NÁN POI o E'I�JKP �#E'EZFÑJKfHE � EZX � f�J�LcG � NhXÌJeT o Ej^��6P#ThN o E o i
¼<XY\�XYNhE'N�G(N o º©G(IeL$TUJef £ m'·O·(¾ ¤�FhIKPOF�P�^`E o GM\uG#IKX�G>JeX]PON�P(Q
JKfHEM³�´»LME�JefhP o JefHG>J�G#FhFh�YX]Ej^�G�NhPOIKLcG(�YXY×'G>JeX]PON�^`JKE'F�G>Q��
JKE'IsEjG#W_f � E'X � f�JsThF o G>JeE#qÎ��fhE�NHP#IeLMG#�]XY×'G(JKXYP#N��YX]NhEjG(Ie�]a
IeE'^eWZG(�YE'^�G#�]� � EZX � f�Je^*^KP�JKfHG(J*JKfhE'a�^KThL»JeP�G�WZP#NH^`JeG#N�J:�

6�Q &R '3( � * ä £�, ¤8�
ST�

Ó POIKLcG#�]XY×'G(JKXYP#NMX]N�JeIKP o THWZE'^0G�^KThFhFH�]E'L�E'N�JeG(Iea$F�G(I_G(LME�JeEZIjiS i � fhXYW_f NHEZE o ^*JKPs��E�JeThNhE o q���ThI/XYNhX]JKX�G(�CE��UF�E'IKXYLMEZN�Je^
Q�P#THN o NhP#IeLcG(�YX]×jG>JKXYP#N�JKP��6E�^`POL�EZJKXYLME'^�WZP#ThN�JKE'IKFHIKP o THW��
JKXY\#E�G(N o NhEZ\OEZI�\#E'IKa4fhEZ�YFUQ�Th� £ Í IeE'W�THF Ã V@TUJKJKPON¶i m'·O·#Æ ¤�q
º�E o X o NhP#J/TH^KE�X]J/XYN�JefhE�E��UF6EZIeX]LME'NOJ_^�FhIeE'^KEZN�JKE o fhE'IKEOq

U Ú4Û��Ú ¬lá�«U¯�¬��¯
®¢Ú�«�¬WVc¯�®�²�Ú ß Ú ¬xYX�Ú } ®�¬�«�¬lÝ

N¿J$X�^�NHG(JKThI_G(�ÅJeP�E��@JKE'N o JKfhE�³S´ÉX o EjG4JKP IeEZXYNUQ�P#I_W�E'LMEZN�J
�YE'G(IeNhXYN � XYNcJ � P$^bJeEZFH^'qË�X]I_^bJ � E
E��@JKE'N o X]JÀJeP�JKfHE�WZGO^`E
P(Q
�YP#N � � JeEZIeL FhIeE o X�W JeX]PON©��a�JKE'LMF�POIeG#�Ì� o X]¨6E'IKE'NHW�Ec�YE'G#IKNhXYN � i
G(N o JKfhE'N � E/E��@JKE'N o X]JÀJeP�JKfhE
Q�Th�Y�|W'G#^KE*P(Q¶IeEZXYNUQ�P#I_W�E'LMEZN�J
�YE'G(IeNhXYN � iUXYNHWZ�]T o X]N � WZP#N�JKIeP#� q
��fhE��]PON � JKE'IKL FhIeE o X�W JeX]PONcFhIeP#�h�YEZLÑLMPO^`J0Q�IeE'Â�ThEZN�Je�]a�EZNU�
W�POThN�JKE'IKE o XYN�IeEZXYNUQ�P#I_W�E'LMEZN�JS�YE'G#IKNhXYN � XY^SJefHG>J*P(QCFhIKE o X�W J`�
XYN � JKfHE o X�^KWZP#ThN�JeE o WZThL$Th��G>JeX]\OE�Q�TUJeThIKE�IKE � G#I o q¹��fHE
�YE'G(IeNhE'I0XY^0FhIKEj^`E'N�JKE o � X]JKf�G�JKXYL�E�^`EjÂOTHEZNHWZE*P(QÊX]NHFhTUJS\OE'W��
JKPOIe^'i�ã ä iG#N o ^KW'G(��G(I�IeE � G(I o ^'iIZ ä q g J$EjG#W_f�JKXYLME\[ i�JKfHE
�YE'G(IeNhE'I�^KEZE'�U^�JKPMFhIeE o X�W J

å#ä��^]R
_ (a`cb

_ Z'ä�� _ ���d� £ ¾ ¤

� fhE'IKE bTegf k � m�h XY^�WZG#�]�YE o JefhEji�kmlKnpo�q�rtsvu.wxys.z*F�G(I_G(LME�JeEZIjq��fhEMFhIeE o X�W JeX]PON�G(J�JKXYLME{[
X�^ o EZNhP#JKE o �å#ä
G(N o X�^�Q�P#IeL�E o
G#^*G��YX]NHE'G(I�Q�THNHW JeX]PON4P#QCãÊä�G(N o G�IKEjG(�]� \>G(�YThE o FHG#IeG#LME�JKE'I
\#EjW JeP#Iji|�Mä iuÔbTH^`J
G#^�XYN4JKfhE�^KThF6EZIe\@XY^KE o WZGO^`EOq



��fhEs^`JeG#N o G#I o �YE'G(IeNhXYN � IKTH�]EcQ�POI�JKfHXY^$FhIKPO�h�YEZL X�^��YXYNhE'G#I
�*D £ � ¤ £ V@ThJ`JKPON¶i mj·#¸O¸ ¤ q�N¿J/X�^ � XY\#EZN4�@a

�Mä���� �<� �Mäa�J����äb=�ä�� £ ¦O¤

� fhE'IKE�� ä XY^�JefhE<JKE'LMF�POIeG#�Ì� o X]¨6E'IKE'NHW�E<EZIeIeP#I*G>J�JKXYLME<J:��ZäA�=ZZä����8� b � "ä ãÊä���� 49�å(ä��
G(N o = ä X�^�G4\#E'W�JKPOI�P#QSEZ�YX � XY�hX]�YX]Jba JKI_G#WZE'^'q?NÁN�P#ThI�EZ�@F6EZIeX]�
LMEZN�Je^ � E�Q�P#THN o JKfHG(J$³S´ � P#Ie�#E o L½THW_f�LMPOIKEMIeEZ�YXYG#�h�]a
� X]JKf�IeEZFh��G#WZX]N � JeIeGOW�Ej^ £ V@XYN � f Ã V@TUJ`JeP#N¶i mj·#·#Æ ¤HJKfHG#N � XÌJef
W�PON@\#EZN�JeX]PONHG(��G#W'W�ThL½Th��G>JKXYN � JKI_G#WZE'^'q&Ò*EZFh��G#WZX]N � JeIeGOW�Ej^
G(IeE o E���NhE o �@a

� ä £0, ¤8��� m XÌQ�- ä £0, ¤8� m
b � � ä��a� £�, ¤ XÌQ�- ä £0, ¤8� k i

� fhE'IKE � ä £0, ¤�X�^�JKfhE , JKf"WZP#LMF6P#NhE'NOJ�P(Q�=Oä_q Ò/EZFh��G#W��
XYN � JeIeGOW�Ej^½IeE'Â�ThXYIeEsJefHG>JMJKfHE4XYNhFhThJ�Q�EjG>JeThIKEj^M��E��hXYNHG#IKaOi-Hä £0, ¤ e
	 k � m�� q
��fhE/N�G>JKTHIeG#� � Gua�JKP½E��@JKE'N o �*D £ � ¤JeP$G(Ns³�´�Q�P#IeL X�^JeP
F6EZIKQ�P#IeL»JKfhE�^eG(LME�ThF o G>JeE £ ¦#¤�ihE��hWZEZFUJ*XYN�JefhE<�]P � G#IKX]JKfhL
P(QSJKfhE � EZX � f�Je^'i@ÔbTH^`J$G#^ � E o X o X]N�JKfHE�^`ThF6EZIe\@XY^KE o WZGO^`EOq
��fhE�IeE'^KTh�]J�X�^*GMNhE � ThF o G>JeE�IKTH�]E �

�]P � �Mä���� �<���YP � �Mä�������äb=�ä�� £ Æ ¤

� fhX�W_f � E<IeE�Q�EZI�JePcG#^*³S´��Á�*D £ � ¤ q
º�EsNhP � �hIeX]EKPHa o E'^eW�IeXY��EcJefhE�Q�THI`JefhEZI�E��@JKE'NH^KX]PON�P(Q*JKfHE
³S´ X o EjG#^½JKP�JKfhE�Q�Th�Y�*IKE'X]NUQ�POIeWZEZLMEZN�J��]EjG(IeNhX]N � WZGO^`EOiX]NU�
W��YT o XYN � WZP#N�JKIeP#� q���THI*E��@JKE'NH^`XYP#N�GO^K^KThLME'^*G o XY^eW�IeE�JeE�G#W��
JKXYP#N.^KE�Jji�G#N o XY^$�HG#^KE o PON�JefhE�VUG#Ie^eG�G(� � POIKX]JKfhL £ Ò*THL½�
LMEZIea Ã Ó X]I_G(N(Ô`G(N¶i mj·#·(¾�Ç V@TUJKJKP#Nzi m'·#·OÆ ¤�i©G#�ÌJefhP#T � f
G(N�G(�YP � POTH^�EZ�@JKEZN�^`XYP#NH^½JeP�P#JKfhE'IML�EZJKfhP o ^cG#IKE�FhIeP#�HG#�h�]a
^`JKI_G(X � f�J`Q�POI � G(I o qS��fHE$³S´ E��@JeEZNH^KX]PON � E�JKE'^`JKE o X�^/X o EZNU�
JKX�WZG#�(JeP/JKfHE�VUG#Ie^eG*G(� � POIKX]JKfhL o E'^eW�IeXY��E o ��a�V@TUJKJKPON £ mj·#·#Æ ¤
E��hWZEZFUJ�JefHG>JM^bJeEZFH^ � E'IKEcLcG o E�XYN�JKfhEs�]P � G(IeX]JKfhL�P(Q*JKfHE
� EZX � f�Je^'qÅº�E�W'G(�Y�|JKfhX�^/G(� � POIKX]JKfHL ³S´��bVUG(I_^KGHq
NÁN��hIeXYE�QbiOJKfhE
Q�Th�]�6IeEZXYNUQ�P#I_W�E'L�E'N�JÀ�]EjG(IeNhXYN � LME�JKfHP o ^ÀLcG(�OE
G�^KEZFHG#IeG(JKE�FHIKE o XYW�JKXYP#N P#QJKfhE o XY^eW�POThN�JKE o Q�TUJKTHIKE½IKE � G#I o
Q�P#I½E'GOW_f�F�P�^K^KX]�H�]EsGOW JeX]PON¶q���fhE��YE'G#IKNHEZI$FHIKEZQ�EZI_^<JKP�JeG(�OE
G>J�E'GOW_f�^`JKE'F�JKfHE<GOW JeX]PON � X]JKf�JefhE � IeE'G(JKE'^`JSFHIKE o XYW�JKXYP#N�P(Q
Q�TUJeThIKE½IKE � G#I o q/³ÀG#W_f�FhIeE o XYW�JKXYP#N�X�^
Gs�]XYNhE'G#I/Q�ThN�W JKXYP#N�P(Q
G½Q�E'G(JKThIeE�\OE'W�JKP#Iji@ã ä i o E'^eW�IeXY�hX]N � JefhE�W�ThIeIKE'N�J*^`JeG(JKEOqÅ��fHE
IeE'G o EZI<XY^�IKEZQ�EZIeIKE o JKP EjG(Ie�]XYEZI<FHG#F�E'Ie^�Q�POI�Q�ThIKJKfhE'I o E�J_G(XY�Y^
£ VUX]N � f Ã V@TUJKJKPON¶i m'·O·#ÆHÇ VUTUJ`JeP#N¶i mj·#·OÆ ¤ q

 ².¯�¬x�«O¬�±�¯�±�á ® } ¬x°�¯ ß � } X��� Ü�®�Ú�°�«U²��«U¯�¬���Ú�Û�Ü�Ú�®�« ß Ú�¬�
NÁN¢JKfhX�^MJ_G#^K�6iSJKfHE P#�H^KEZIe\#E o�o G(JeGhi�ãÊä½G#N o ZZä i�G(IeE � EZNh�
EZI_G>JeE o �@a�G�^Ka@^`JKE'L � fHPO^KE�^bJ_G>JeE�X�^sG.F6P#XYN�J�JeG#�@X]N � G

0.33

0.34

0.35

0.36

0.37

0.38

0.39

0.4

0.41

0.42

0.43

0 0.2 0.4 0.6 0.8 1

A
ve

ra
ge

 R
M

S
E

 a
fte

r 
10

 e
pi

so
de

s

lambda

EG-TD

TD

Ë�X � ThIeE m � V@ThLMLcG(Iea F�E'I`Q�POIKLcG#NHW�E�P#N WZP#N�JKXYN@ThP#T�^
I_G(N o POL�� � G(�Y��JeG#^K�

I_G(N o POL � G#�]�cXYN�JefhE<X]N�JKE'IK\>G#��Q�IeP#L k JKP m q��fhE�JKXYLME�^`EZ�
Â�ThEZN�W�EÀX�^C�hIKPO�#E'N�XYN�JKP�G/^`E'IKXYE'^zP(QhE'FhXY^KP o E'^'iuE'GOW_f�P(Q � fhX�W_f
�6E � XYNH^ � X]JKf�JKfhEc^`JeG>JeEMX]N�JKfhE�LMX oHo �]EOiCG(J k q ¦hi¶G(N o EZN o ^
� X]JKf�JKfhE/^`JeG(JKE*IeE'GOW_fhX]N � POIE��hW�E'E o XYN � P#NhE�P#Q�JefhE*��POThN o ^
G>J k G(N o m q/��N E'GOW_f4JKXYL�E½^bJeEZF¶iHJKfhE$^`JeG(JKE�LMP>\OE'^�ThF POI
o P � N���acG½ThNhX]Q�P#IeLM�]a�^KEZ�YE'W�JKE o IeG#N o POLÑ^`JKE'FsXYN�JefhE�W�P#Nh�
JKXYN@ThP#T�^¶XYNOJeEZIe\>G(� f 4 k � ¥���� k � ¥ h q|��fHE0IKE � G#I o iKZZä iuX�^¶×'EZIeP�PONG(�Y�ÊJeX]LME$^`JKE'FH^*E��hWZEZFUJ/JefhPO^KE�P#N � fhX�W_f�JKfHE<JKfhE$^`JeG(JKE�EZ�@�
W�E'E o ^ÀP#NhE*P#Q|JKfhE/�6P#THN o ^'qÅ³0�hW�EZE o XYN � EZX]JKfhE'IÀ�6P#ThN o EZN o ^
JKfHEÀEZFHXY^KP o ESG#N o JKfhEÀJKXYLMESF6EZIeX]P o P>\OEZI � fhX�W_f�JefhES^KThL £ ¾ ¤
X�^/G#W'W�ThL½Th�YG(JKE o q0��fhE<IKE � G#I o G>J�JefhE�EZN o P#QCJefhE�EZFhX�^KP o E
X�^½EjÂ�THG(��JKP�JKfHE4F6PO^KX]JKXYP#N�G(JMJKfhE4EZN o P(Q
JKfhE4JKIeX�G(� q�ËhPOI
XYNH^bJ_G(NHWZE#ihX]Q�JKfhE�F6PO^KX]JKXYP#N�G>J*JKfHE�EZN o P#QÅG½JKIeX�G(�¶X�^ 4 k � k ¥hi
JKfHE���NHG(�ÊIeE � G(I o � XY�]�¶G#�Y^KP½�6E{4 k � k ¥hq���fHE o XY^eW�POThN�J`�¿IeG(JKE
FHG#IeG#L�EZJKE'I�X�^ b � m q���f�T�^ZizJKfhE�WZP#IeIKEjW J<FhIKE o X�W JKXYP#N�Q�POIG(N@a$^`JeG(JKE�X�^ÅJKfhE*F6PO^KX]JKXYP#N�P(Q6JKfhE/^`JeG(JKE�X]N�^`X o E�JKfHE � G#�]�@XYN �
XYNOJeEZIe\>G(� q
g ^`F�G(I_^`E�W�POG#Ie^KE�WZP o X]N � JKEjW_fhNhX�Â�ThE#i�R�d g R £ g �]�hT�^Zi
m'·O¸hmOÇ d�X]�Y�]E'I'iz´���G(NH× Ã ¼<I_G>Q�Jji m'·#·Ok ¤�i � G#^�TH^KE o JKP�W�P#Nh�
^`JKIeTHW J�JKfHE��HX]NHG#IKa�Q�E'G>JeThIeE�\OE'W JeP#Iji�ãÊä_i�Q�IeP#L JefhE©IKEjG(�]�
\>G(�YThE o ^bJ_G>JKEOq���fhE�^bJ_G>JeE½^KFHG#WZE#i f k � m�h i � G#^ o XY\�X o E o X]N�JePm'k EjÂ�THG(�]�¿^KXY×ZE o XYN�JKE'IK\>G(��^'q g N�G oHo XÌJeX]PONHG(��X]N�JeEZIe\#EZ� � GO^
G oHo E o X]N½P#I o EZICJKP<G(�Y�]P � Q�POIG(N�P#¨|^KE�JP(QHJKfhE � fhP#�YESJKXY�]XYN � q
��fhX�^ � G#^ÅIeEZF6E'G>JeE o JKP�PO�UJeG#X]N m'k JeX]�YXYN � ^'i(E'GOW_fMP(¨Ê^`EZJ0��a½G
o X]¨6E'IKE'N�J0IeG#N o P#LM�Ya$^KEZ�YE'W JeE o Q�I_G#W JeX]PON½P#Q|G#NMX]N�JKE'IK\>G#� qÅËhPOI
E'GOW_f�XYN�JKEZIe\>G(� iÊJKfHEZIeE � G#^�G�WZP#IeIKEj^`F6P#N o X]N � Q�E'G(JKThIeE�JKfHG(J
JKP@PO��P#N.JefhE4\uG#�]THE m � fhEZN�JKfhE ^`JeG(JKE � GO^ � X]JKfhXYN�JKfHG(J
JKXY�YE#iÊG(N o k P(JefhEZI � X�^`EOq
��f@TH^Zi�JKfHEZIeE � EZIeE m#m���m'k � m#mjk
JKXY�YE'^�G(N o mOm'k XYNhFhTUJ�Q�E'G>JeThIeE'^'q g J�E'GOW_f ^bJeEZF¶i6E��hG#W�JK�Ya mjk
Q�E'G(JKThIeE'^½G(IeE�G#W�JKXY\#E £ PONhEcQ�POI$E'GOW_f�JKXY�]XYN � ¤�iIKE'FhIeE'^KEZN�JKXYN �
JKfHE�W�ThIeIKE'N�J*^`JeG(JKEOq
º�E/G(FhFh�YXYE o ³S´��Á�*D £ � ¤ÅG#N o WZP#N@\#E'N�JKXYP#NHG#���*D £ � ¤�JKP�JefhXY^
FhIeP#�h�YEZL�i�E'GOW_f � X]JKf�G�\uG#IKXYE�Jba�P(Q�\>G#�]ThEj^�Q�P#I��ÎG#N o�� q



Gravity

GOAL

Ë�X � ThIeE�¥ �d P#ThN�J_G(XYNU�¿W'G(I�JeGO^`�
ËhPOI½�*D £ � ¤$JKfhE � E'X � f�Je^ � EZIeE�XYNhX]JKX�G(�YX]×'E o JeP k i0G#N o Q�POI
³S´��Á�*D £ � ¤/JefhEZa � EZIeE$XYNhX]JKX�G(�YX]×'E o JeP m i � fhXYW_f�FhIeP o THW�Ej^
JKfHE©^eG(LME�X]NhX]JKX�G(��FHIKE o XYW�JKXYP#NH^ £ ×'EZIeP�E'\#E'IKa � fhE'IKEu¤ q»ËhPOI
E'GOW_f�W�POL$�hXYNHG>JeX]PON�P(Q�G(� � POIKX]JKfHL G#N o FHG(I_G(LMEZJKEZIs\uG#�]THE
� E�I_G(N mjk E'FhX�^`P o Ej^ZqÅ�zP�P#�hJeG(XYN�G½F6EZIKQ�P#IeLMG#NHW�E�LME'G#^KThIeE
Q�P#I�E'GOW_f�IeThN¶i � E�EZ\>G(�YTHG(JKE o JKfhE��HNHG#�6�YE'G#IKNHE o FhIeE o X�W JeX]PON
Q�ThNHW�JKXYP#N4G>J/¥ m ^eG(LMFh�YE
F6P#XYN�Je^�G(�YP#N � JKfHE�XYN�JKEZIe\>G(��Q�IKPOL k
JKP m i�EZ\OEZNh�Yac^`FHGOW�E o G>J k q k ¦Uq�ËhPOIÀJefhXY^SFhIeP#�h�YEZL � E
�@NhP �
JKfHE$W�POIKIeE'W�J�FHIKE o XYW�JKXYP#NH^�G(IeE<E'Â�THG(�¶JKPcJefhE�F6PO^KXÌJeX]PON¶q���fHE
F6EZIKQ�P#IeLMG#NHW�E�LME'GO^`ThIeE�Q�P#I*G�IKThN � GO^SJKfhE�^eÂOT�G(IeE�IeP@P(J�P(Q
JKfHEcL�EjG(NU�Á^eÂOT�G(IeE o E'IKIeP#I £ Ò
d�VU³S¤��6E�J � EZE'N�JKfhEcW�POIKIeE'W�J
FhIeE o X�W JeX]PONH^<G(N o JKfhE��HN�G(�Å�]EjG(IeNhE o FhIeE o X�W JeX]PONH^�P>\#EZI�JKfHE
¥ m ^KG#L�FH�]E0F6P#XYN�Je^'qC��fhX�^CF�E'I`Q�POIKLcG(N�W�E � G#^¶JKfhE'N$Gu\#E'IeG � E o
P>\#E'I m'kOk XYN o E'F�E'N o E'NOJ�IKTHNH^ÅJKP$FhIKP>\@X o E*G<LME'G#^KThIeE*P(Q|JKfHE
F6EZIKQ�P#IeLMG#NHW�E�P(Q
EjG#W_f�G#� � P#IeXÌJefhL G(N o ^`EZJ�P#Q�FHG#IeG#LME�JKE'I
\>G(�YThE'^'q
Ë�X � ThIeE m ^KfhP � ^
F�E'I`Q�POIKLcG(N�W�E$GO^�G�Q�ThNHW JeX]PON�P#Q � i|TH^KX]N �
JKfHES�6E'^`J8��\>G#�]ThESQ�P#I�E'GOW_f$W�POL$�hXYNHG(JKXYP#N$P#QHG(� � POIKX]JKfhLlG#N o� \uG#�]THE#qÅ�*D £ � ¤SG(N o ³�´��¿�*D £ � ¤ÅF6EZIKQ�P#IeLME o ^KX]LMXY�YG#IK�Ya½G(J
G(�Y�¶JefhE$\>G#�]ThEj^
P#Q � q Ó P#NHE�P(QJefhE o X]¨|EZIeEZNHWZE'^
G#IKE½^bJ_G>JKX�^`�
JKX�WZG#�]�Yas^KX � NhX]��WZG#NOJjq
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��fhE�L�POThN�JeG#X]NU�ÁWZG#IFhIeP#�h�YEZL XY^�G�LMXYNhX]L½ThL�� JeX]LME�W�P#N�JeIKPO�
FhIeP#�h�YEZL X]N � fhX�W_f�JKfhEc�YE'G#IKNhXYN � G � EZN�J�^`E'EZ�U^�JKP o IeXY\#EMG
\#E'fhX�W��YE0JKP
JKfhEÀJKPOF$P(QHG/fhX]�Y� £ Ë�X � ThIeE�¥O¤ qC��fHEÀIeE � G(I o XY^�4 m
Q�P#I�G(�Y�hJeX]LME�^`JKE'FH^0THNOJeX]��JKfHE � P�G(�HX�^0IeE'GOW_fhE o qC��fhE'IKE/X�^0NHP
o X�^KWZP#ThN�JeX]N � £ b � m ¤ q g J�E'G#W_fMJeX]LME�^bJeEZFMJKfHEZIeE�G(IeE�JKfHIKE'EF6PO^e^`XY�h�YE�G#W JeX]PONH^:�$G#W'W�EZ�YEZI_G>JeE$Q�POI � G(I o izGOWZWZEZ�YEZI_G>JKEM�HGOW_���
� G(I o i�G#N o NhP�G#W'W�EZ�YEZI_G>JeX]PON¶q�N¿J�X�^ÀNHP(JSF6PO^e^KX]�h�YE�JKP½^KXYL�FH�]a
G#W'W�E'�]E'IeG(JKE�ThF4JKfhE�fhXY�Y�Ê��EjWZG(T�^`E � I_Gu\@XÌJbacX�^*^`JKIeP#N � EZI�JKfHG#N
JKfHE4E'N � XYNhEOq���fhE4P#Nh�Ya.^`PO�]ThJKXYP#N�X�^½JKP©G#W'W�EZ�YEZI_G>JeEs�HGOW_���
� G(I o ^�HI_^`JSG(N o JKfhE'N�JKfHIKTH^`JÀQ�POI � G(I o ^ÅJeP � G#I o ^ÅJKfhE � P�G(� q
��fhE o E�J_G(XY�]E o Fhf@aU^KXYW'^ � E�TH^`E�XYN�JKfHE'^KE½EZ�@F6EZIeXYL�E'N�Je^<G(IeE
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Ë�X � ThIeE ¾ � VUThLMLMG#IKaÑF6EZIKQ�P#IeLcG(NHWZE�P#NÉL�POThN�JeG#X]NU�ÁWZG#I
JeGO^`�|iUTH^KXYN � JKfhE��6E'^`J �©Q�P#I
E'G#W_f � \>G(�YThE
G#^ � XY\#EZNc�@aMV@X]N � f�G(N o V@TUJ`JeP#N £ m'·O·#Æ ¤�qC��fhE�^`P#Q�J � G#IKE � E
TH^KE o � G#^ o EZIeXY\#E o Q�IeP#L»JefHG>J/FhIeP>\@X o E o ��a�d�G(fHG o EZ\>G#N¶q
º�E�G#FhFh�YX]E o JKfHEMVUG#Ie^eG�G#N o ³�´��ÁVUG#Ie^eGcG(� � POIKX]JKfHLM^'i � XÌJef
IeEZFh��G#WZX]N � JKI_G#W�Ej^Zi0GO^ o E'^eW�IeX]�6E o EjG(Ie�]XYEZIjq©��fhE o E�JeG#X]��^½P(Q
LcG(FhFHX]N � JefhE G(� � P#IeX]JKfhLc^½P#N�JKP�JKfhE�LMP#THNOJ_G(XYN¢W'G(I�JeGO^`�
� EZIeE½EZ�UGOW Je�]a�GO^ o E'^eW�IeX]�6E o X]N £ VUX]N � f Ã V@TUJ`JeP#N¶i m'·O·#Æ ¤�q
��fhX�^0J_G#^K�MfHG#^�G$WZP#N�JKXYN@ThP#TH^S^bJ_G>JeE�^KFHG#WZE#i � XÌJef�J � P$^bJ_G>JeE
\>G(IeXYG#�h�YE'^:�¢F6PO^KX]JKXYP#N¡G(N o \#E'�]PUWZXÌJbaOq º�E�TH^KE o G�^`EZJ�P(Q
JKfHIKE'E/R�d g R�^ZiOP#NhE�Q�P#IÅEjG#W_fMG#W JeX]PON¶qÅ³ÀG#W_fcR�d g R©f�G o ¦
JKXY�YX]N � ^ � X]JKf�I_G(N o P#L P(¨Ê^`EZJe^'q/³ÀGOW_f4\>G#IKX�G(�h�YE � G#^/E'\#E'Nh�]a
o XY\@X o E o X]N ¸ X]N�JKE'IK\>G#�Y^'i�G oho XYN � PONhE�G oho XÌJeX]PONHG(�SX]N�JKE'IK\>G#�
XYN�P#I o E'I
JeP4GOWZW�POLMP o G>JKE�GsI_G(N o P#L�P(¨Ê^KE�J'q���f@TH^'i|JKfHEZIeE
� EZIeE ·���· � ¦�� ¾�k ¦sX]NHFhTUJ�Q�E'G(JKThIeE'^'iÊ�H\OEMP(Q � fHXYW_f©G(IeE
G#W�JKXY\#E�G>J/G#N�asP#NhE�JKXYLME#q
ËhPOI½VUG#Ie^eGhiÊJefhE�XYNhX]JKX�G(� � EZX � f�J�\>G(�YThE'^ � E'IKEcG(�Y� k i � fhX�W_f
� XY\#Ej^ÀG#NsP#FhJKXYL�X�^`JKX�W/E'^`JKXYLcG>JeE#q��fhX�^SE'NH^KThIKEj^ÀEZ�UFh�]POIeG(JKXYP#N
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Ë�X � ThIeE�¦���º�EZX � f�J4fhXY^`JKP � I_G(LÕQ�P#I�JKfhE�Ò/G(N o P#L º©G(�Y�6i
�*D £ � ¤
XYN�JefhE��6E � X]NhNHX]N � ihEZ\OEZN � fhE'N4T�^`XYN � G � IeEZE o a�F6P#�YXYWZa�Q�POI
FhX�W_�@X]N � GOW JeX]PONH^ZiÅG#^ � E o X o XYN©JKfhEj^`EsE��UF�E'IKXYLMEZN�Je^'q ËhPOI
³S´��bVUG#Ie^eGhi(�6P(JefcJKfHE � EZX � f�Je^0Q�P#IÀ�6P(Jef�F6PO^KXÌJeX]\OE
G(N o NhE � �
G>JeX]\OE$XYNhFhTUJ_^ � E'IKE�XYNhX]JKX�G(�YX]×'E o JKP m i � fhXYW_f�FhIKP o T�W�E'^
JKfHE
^eG(LME<P#FUJeX]LMX�^bJeXYW<XYNhX]JKX�G(�¶FhIeE o XYW�JKXYP#NH^ £ ×ZEZIePMEZ\OEZIea � fHEZIeEj¤ q
³ÀGOW_f�G#� � P#IeXÌJefhL � GO^�IKTHN � X]JKf G�\>G(IeX]EZJbacP(QÅ\uG#�]THE'^�Q�P#IO�
G(N o � q½ËHP#I�E'GOW_f�G#� � P#IeXÌJefhL&G(N o FHG(I_G(LMEZJKEZI�\>G(�YThE'^'i � E
I_G(N�¥ k E'FhXY^KP o E'^'i@G(N o JKfHEZN�IeEZF6E'G(JKE o Q�POI n#k XYN o E'F�E'N o E'NOJ
IeThNH^'qÀ��fhE�F6EZIKQ�P#IeLMG#NHW�E<LME'GO^`THIKE�Q�P#I
E'G#W_f�W�POL$�hXYNHG(JKXYP#N
P(QÅG(� � POIKX]JKfhL"G(N o FHG(I_G(LMEZJKEZI�\>G(�YThEj^ � GO^�JKfhE�N@ThL½��E'I*P(Q
JKXYLME ^bJeEZFH^½JKP©IeE'GOW_f�JKfhE � POG(� i0Gu\#E'IeG � E o P>\#EZI$JKfhE4�HI_^`J
¥ k E'FhXY^KP o E'^�G#N o JKfhE'N�P>\OEZI�JKfHE n#k IKThN�^Zq g �]�JefhE�G(� � P#�
IeXÌJefhLc^zTH^KE o JKfhE�^KG#LME0IeG#N o POL�^`JeG#I`JeX]N � F�P�^`X]JKXYP#NH^zQ�P#ICJKfHE
EZFHXY^KP o E'^'q
Ë�X � ThIeE n ^KfhP � ^¶JefhE*F6EZIKQ�P#IeLMG#NHW�ESX]N o EZJeG(XY� i(Q�P#IG#�]�@\>G(�YThE'^
P(Q � G(N o �ÀqÑË�X � ThIeE ¾ X�^�G�^`ThLMLcG(Iea¢P(Q�JKfHE�IeE'^KTh�]Je^'i
^KfhP � X]N � P#NH�]a4JKfHE½�6E'^`J�F�E'I`Q�POIKLcG(N�W�E�P#QÀE'GOW_f�G(� � POIKX]JKfhL
G>J/EjG#W_f � \>G#�]ThEOq�³�´��ÁVhG(I_^KG � E'NhEZI_G>JeE o ^`fhPOI`JeEZI/E'FhX�^`P o Ej^
JKf�G(N�W�P#N@\OEZN�JKXYP#NHG#�¶VUG(I_^KG½G>J/G(�YLMPO^`J/G(�Y�¶W�P#L½�hXYNHG>JeX]PONH^�P(Q
FHG#IeG#L�EZJKE'IM^KE�JKJKXYN � ^'q�d�P#IeEZP>\#E'I'iÅQ�POIcG(�Y� � \>G(�YThE'^'iS³�´��
VUG#Ie^eG � GO^�G(�6P#ThJ4¥#¦�§ Q8G#^`JKE'I�G(J�JKfhE���Ej^bJ �Ài
G#N o JKfHE
o X]¨6E'IKE'NHW�Ej^*G(IeE�^bJ_G>JKX�^`JKX�WZG(�Y�Yas^`X � NHXÌ��W'G(N�J'q

� °�«Uá�²�±�á
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º�f@a o P@Ej^/³S´ ^`F6EZE o ThF��]EjG(IeNhXYN � P#N4JKfhE$L�POThN�JeG#X]NU�ÁWZG#I
JeGO^`�|iC�hTUJ$NhP#J$P#N�JefhE�I_G(N o POL � G(�Y��JeGO^`��� NÁN©P#I o EZI<JeP
G(N�^ � EZI�JKfhX�^�Â�ThE'^`JKXYP#Nzi � E � E'NhEZI_G>JeE o fhX�^`JKP � IeG#Lc^
P#QÀJKfHE
� EZX � f�Je^ÀJKfHG(J � EZIeE/�YE'G#IKNhE o P#N�P#NhE�IKTHN�Q�P#I�P#NHE
FHG#X]I�P(Q �
G(N o ��\uG#�]THE'^'ihG>Q�JKE'I/G��]PON � E'I*�]EjG(IeNhX]N � F6EZIeX]P o q
Ë�X � ThIeE'^s¦�G#N o Æ FhIeE'^KEZN�JcJefhE�fhX�^bJeP � IeG#LM^cQ�P#IcJefhE�J � P
G(� � POIKX]JKfHLM^�P#N�JKfHE�I_G(N o P#L � G(�Y��JeGO^`��G(Q�JKEZI mjk#k � G#�]�U^'q
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Ë�X � ThIeE'^½Ø4G#N o ¸ FhIKEj^`E'N�J�JKfhE�^eG(LMEcfhX�^bJeP � IeG#LM^�Q�POI�JKfHE
LMP#ThN�J_G(XYN�W'G(I<JeGO^`��G>Q�JKE'I½¦ kOk E'FhX�^`P o Ej^Zq���fhE�^KfHG#F�Ej^<P(Q
JKfHE�J � P�^`EZJe^½P(Q/fhX�^`JKP � IeG#Lc^�G(IeE o X]¨6E'IKE'NOJjq#NÁN�JefhEsI_G(Nh�
o POL � G(�Y�|i�JKfhE � E'X � fOJ_^sG#IKE�LMPOIKE�E'\#E'Nh�]a o X�^bJeIKXY�hTUJeE o q
d POIKE'P>\#EZIji�JKfhE'X]IMX�^MNhP�FhIKE'F�PON o E'IeG#NHW�E�P(Q�^KLcG(�Y��\>G#�]ThE o
� EZX � f�Je^'q9NÁN�JKfhE�L�POThN�JeG#X]NU�ÁWZG#IcJeGO^`�|i�JKfHE o X�^bJeIKXY�hTUJeX]PON
X�^�Â�ThX]JKE�ThNhE'\#EZNzi � X]JKf�G���G(I � E½N�THL$�6EZI�P(Q � EZX � f�Je^�W��YPO^KE
JKP k q���fhE � EZX � f�J o X�^bJeIKXY�hTUJeX]PONH^ � E'NhEZI_G>JeE o �@a�JefhEcJ � P
�YE'G(IeNhXYN � G(� � P#IeX]JKfhLc^*G(��^KP�G#FhF�EjG(I�JeP��6E o X]¨6E'IKE'N�J'q
NÁN ^`THF�E'IK\@X�^`E o �YE'G#IKNhXYN � ih³S´ÈL�EZJKfhP o ^/fHGu\#E<�6EZEZN ^KfhP � N
JKP�W�P#N@\OEZI � E½Q8G#^`JKEZI�JKfHG#N � I_G o XYEZN�J o E'^eW�E'N�J$X]N�FHIKPO�h�]E'Lc^
� X]JKf�LcG(N@a
XYIeIKE'�]E'\uG#N�J|XYNhFhThJzQ�E'G(JKThIeE'^'qz��fhEj^`EIeE'^KTh�]Je^¶^KThFU�
F6P#IKJ¶JKfhEÀf�a@F6P(JefhE'^KXY^¶JKfHG(JCG*^KX]LMXY�YG#IC^KXÌJeTHG>JeX]PON<G#IKX�^KE'^ � fhE'N
TH^KX]N � ³�´ÎLMEZJKfhP o ^�Q�POI*IKE'X]NUQ�POIeWZEZLMEZN�J*�YE'G(IeNhXYN � q

� ².¯�¬l² X½±�á�«h¯�¬lá

º�E½fHGu\OE�FhIeE'^KEZN�JKE o Gs^`JKI_G(X � f�JKQ�P#I � G#I o E��@JKE'NH^KX]PON�P(QÀEZ�@�
F6P#NhE'NOJeXYG(JKE o�� IeG o XYEZN�J*L�EZJKfhP o ^*JKPcIeEZXYNUQ�P#I_W�E'L�E'N�J��YE'G#IKNh�
XYN � qÀ��fHE�EZLMFhXYIKX�WZG#�¶IKEj^`TH�ÌJ_^*^`T �O� Ej^bJ�JKf�G>J/E��UF6P#NhE'N�JKX�G>JKE o
� I_G o X]E'NOJ*\>G(IeX�G>JKXYP#N�^SP#Q�IeEZXYNUQ�POIeWZEZLMEZN�J*�]EjG(IeNhXYN � L�EZJKfhP o ^
WZG#N�a@X]E'� o ^`X � NHXÌ��W'G(N�JK�Ya�Q8G#^`JKEZI��YE'G(IeNhXYN � � fhE'N�TH^KE o � XÌJef
�YX]NhEjG(I
Q�ThNHW JeX]PON�G(FHFhIKPu�UXYLcG>JKPOIe^'q���fhXY^
X]LMFhIeP>\#E'LMEZN�J o E��
F6EZN o ^�P#N¡JefhE.J_G#^K��JefHG>J�NhEZE o ^ JeP��6E�^KP#�Y\#E o qÐd P#IeE
FhIeE'WZXY^KEZ�Ya#i|E��UF6P#NhE'N�JKX�G>JKE o�� IeG o X]E'N�J�LME�JefhP o ^<WZG#N��6E�EZ�@�
F6E'W JeE o JeP��]EjG(IeN½Q8GO^bJeEZIX]Q|JKfhE/IeEZFHIKEj^`E'NOJ_G>JeX]PON½X�^0^KTHW_f�JKfHG(J
LcG(N@a�XYNhFhTUJ*Q�EjG>JeThIKEj^*G(IeE�XYIeIKE'�]E'\uG#N�J'qd P#IeE�E��UF�E'IKXYLMEZN�Je^
� X]JKf�LMP#IeE�JeG#^K�U^cG(IeE�NhEZE o E o JKP o E�JKE'IKLMXYNhE fhP � P(Q�JKE'N
G(N o fhP � E'GO^`XY�]a�JKfhX�^/W_fHG#IeGOW JKE'IKX�^`JKX�W
PUWZWZThI_^Zq
º�fhE'N TH^KX]N � E��UF6P#NhE'N�JKX�G>JKE o&� I_G o X]E'NOJxL�EZJKfhP o ^'i�P#NHE
NhE'E o ^�JKP�FHGua�^K�YX � fOJe�]a LMPOIKEMG>JKJKEZN�JeX]PON�JKP4FhIeEZ\OEZN�J�P>\OEZIK�PHP � P#Q*JKfhE � E'X � f�Je^'q���fhE�TH^`E�P(Q
IeEZFH�YGOW�XYN � JKI_G#WZE'^'iÅX]NU�
^`JKE'G o P#Q�GOWZWZThL$Th��G>JeX]N � JeIeGOW�Ej^Zi¶fHEZ�YFH^ o EjG(� � X]JKf�JKfhX�^�X�^`�
^KThE#q���fhE G(� � POIKX]JKfHLM^MG#IKE G(��^KP�^KEZNH^KX]JKXY\#E4JKP�JKfHE X]NhX]JKX�G(�
� EZX � f�JcLMG � NhX]JKT o E'^'qxV@LcG(�Y�/XYNhX]JKX�G(�/\>G(�YThEj^cWZG(N��YE'G o JeP
^K�]P � W�PON@\#EZI � E'NHW�EOq���\#EZI_G(�Y� iCfhP � EZ\OEZIji � E o X o NHP(J$��N o
³S´�LMEZJKfhP o ^�^`X � NHXÌ��W'G(N�JK�Ya�fHG(I o EZIÀJKP$JKThNhE
JKfHG#N�WZP#N@\#E'NU�
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