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ñ ^ MOIM#òkM�R [kóaô M#F�s [ H¾M@õÖö@DGM�F�s�JLM ó JqMPltM#F]s ` sLD [ Fal [ H¾ö []ô:ó RNM�÷ ô�[ òkM ô M�F�sLl�D©l ` F�D ô�ó1[ Jqø
s ` F�s ó J []ù RGM ô DNF ô�` F_úrsqM#ö ^ FeDGö ` R�OID©lqö�D ó RGDGFeM#l#V¾ltûaö ^ü` lö [kô�ó ûIsLM�J�ò_DGlqD [ FcVãö [kô�ó ûesqM�J
TkJ `,óe^ D©ö�l#V¾J [kù1[ sqD©ö�l#Vcl óY[ Jtsil�V ` FaO ô MPOIDGö ` R�OeD ` TkF [ ltD©l�bcý [ J&lqM�ò]M�J ` R `,óeó RND©ö ` sqD [ Fal0DNs&DGl
ö@JLûaö@D ` R�s [ RGM ` JqFþltûYö ^ JLM ó JLM#lqM�F�s ` sqD [ FYl ùa` ltMPO [ F�l ô�` RGR `,ô�[ ûeF�sil [ H�sLJ ` DNFaDNFeT�O ` s ` b
ñ ^ DGlJqMPÿ�ûeDNJLM#lnRGM ` JqFaDNFeT:sLM#ö ^ FeD©ÿ�ûeM#l#Ves ^a` s `,óeó J [ ÷ID ô�` sqM�� ^e[ RGM&ö@R ` lLlqM#l [ H ô�[ òkM ô M�F�s
ltMPÿ]ûaM�Faö�M#l��BD�s ^�` l ô�` RNR�ltM�s [ H�M@÷ `kô:ó RNM�ltMPÿ�ûeM�Faö�M#l#b��9FaM ô M@s ^e[ OÙs ^a` s�HKûeR��aRGRGl�s ^ DGl
JqMPÿ]ûaDNJLM ô M�F�s ` FaO lqM�M ô l�� ^ D©ö ^ DGl�lqûeDNs `,ù RNMrH [ J ù1[ s ^ V�s ^ MÙltú_F�s ^ MPltD©l ` FaO ` F ` RGú_lqD©l
[ H ô:[ ò]M ô M�F�sil��BDNs ^ OID�	ãM�JLM�F�sl óY` sqD [ ø�sqM ô�óY[ J ` Rãö ^Y` J ` ö�sLM�JLDGltsqD©ö�l�D©lns ^ M RGDGFeM ` J�ö [kô�ù DNø
F ` sLD [ F [ H ô�[ òkM ô M�F�sLl#b�
_ûaö ^ RNDGFeM ` J&ö []ô4ù DGF ` sqD [ Fal0ö ` F ù MÖOIM��aFeM#O [ Fæs ^ M ùa` lqD©l [ H
l óa` sqD [ ø�sqM ô:ó1[ J ` R�ö [ JqJLM#l óY[ FaOIM#Faö@M]b1ñ ^ M�sqMPö ^ FeD©ÿ�ûeM [ H�
 óa` sqD [ øSñAM ô:ó1[ J ` R�m [ J óe^Y`,ù RGM
m [ OIM�R©l��
IñBmÙmÙl���OIM��aFaM#l:RNDGFeM ` J�ö [kô�ù DNF ` sqD [ FYl ù ú���M#DNT ^ sqM#O�lqû ô�ô�` sLD [ F [ Hl óa` ø
sqD ` R ` FaO sqM ô�ó1[ J ` R0OID©l ó R ` ö�M ô M�F�s��aM�R©OelÔs ^a` s ô�[ J óe^ s ^ Müö [kô�ù DNFaM#O ó J [ s [ s~ú ó D©ö ` R
ô:[ ò]M ô M�F�sBDGF]s [Ö` JqM�HKM�JLM�Faö�M óa` sqsqM#JqF��������¨bIQSF�sqM#J ó1[ R ` sLD [ F ùY` lqM#O [ F"l óa` sLD [ ø§sLM ô�óY[ J ` R
ö [ JLJLM#l óY[ FaOIM�FYö@M ^a` l ù M�M#FÙltûaö#ö@MPlqltHKûeRGRNú `kóeó RGDNMPO.H [ J ô�[ sLD [ F ô�[ J óe^ DNFeT�DGF"ö [kô�ó ûesqM�J
TkJ `,óe^ D©ö�l�� ���eV��eV��! "�nV ` FaOÙH [ J�s ^ M:JLM#ö [ T]FeD�sLD [ F ` FYOülqú_F]s ^ M#lqD©l [ H ó M�JLD [ OID©ö4T ` DNs óY` stø
sqM�JLFal0DGF�ö [kô�ó ûIsLM�J ò_D©ltD [ F#�$�����¨b¾m [ lts M@÷IDGltsqDGFeT�DGF]sLM�J óY[ R ` sqD [ F `,óeó J []` ö ^ M#l�®lqM�M ` RGl [



�$���eV��� "� � ` JqM:JLM#ltsqJLDGö@sqM#Oæs [ DGFaOIDGò_DGOIû ` R!l ^e[ Jqs ô:[ ò]M ô M�F�sil�®Mkb Tab [ FeM�T ` DNs&ö@úIö@RGMkV [ J `
ltDGFeTkRGM ` J ô ô�[ òkM ô M#F]s ��V ` FaOÔJLM#ÿ�ûeDGJLM ó JLM�ò_D [ ûalnlqM�T ô M#F�s ` sLD [ F [ HAs ^ M ` ö�sLD [ FrltsqJLM `kô b
Q¨s9ltM#M ô l�OIMPltDGJ `,ù RGM0s [ OeM��aFeM4RNDGFeM ` Jö []ô4ù DGF ` sqD [ Fal?H [ J ô ûaö ^"ô�[ JqM&ö [kô�ó RGM@÷ÔsLJ ` � M#ö@ø
s [ JLDGM#l�DGF [ JLOeM�J�s [þô�[ OIM�RMkb Tab�lqM#ÿ�ûeM#Faö@MPl [ H ô:[ ò]M ô M�F�sil�DNFEl óY[ Jtsil�V [ J ` F ` ö@sqD [ F
ltMPÿ]ûaM�Faö�M [ H `:^ û ô�` F [ D©OÔJ [kù1[ s �BDNs ^ OID�	1M#JqM#F]slts~ú_RNMPl�b
QSF"s ^ D©l óa`,ó M�J �?M ó JLM#lqM�F�s `Ô^ DGM�J ` Jiö ^ DGö ` R ` RNT [ JLD�s ^eô s ^a` s ô�`,\ M#l�
IñBmÙm `kóeó RGD�ø

ö `,ù RNM9s [ ö []ô:ó RNM�÷ ô:[ sqD [ FrltMPÿ]ûaM�Faö�M#l ù ú�DGF�sqJ [ OIûaö@DGFeT ` lqM#ö [ FaO ^ DGM�J ` Jiö ^ ú:RGM�òkM#R1s ^a` s
JqM ó JqMPltM#F�sLl ô�[ sLD [ F ó JqD ô D�sLDNò]M#l#b�� ` ö ^�ô�[ ò]M ô M�F�s ó JLD ô DNsqDGòkM�D©l ô�[ OIM�RGM#O ù ú ` 
IñBmÙm�b
QSFÖs ^ DGl � ` ú ` T]M�FeM#J ` sqDGòkM ô�[ OIM�R [ H�ö []ô�ó RNM�÷ÖltMPÿ]ûaM�Faö�M#l [ H ` ö@úIö@RGD©ö ô�[ òkM ô M#F�sLl��BD�s ^
ò ` JqD `,ù RNMÖlts~ú_RNMPl4ö ` F ù MÔRNM ` JLFeM#O�HKJ [kô HKM��=M@÷ `kô:ó RNM�sLJ ` � M#ö@s [ JLDGM#l#bAñ ^ D©l&JLM ó JLM#lqM�F�s ` ø
sqD [ FÔD©lBlqûeD�s `,ù RGM9H [ J ` F ` RNúIlqDGl ` FYOÔlqú�F�s ^ M#lqDGl#V ` FaO.ö ` FÖs ^ ûal ù M `,óeó RGDGM#O�H [ JnD ô DNs ` sLD [ F
RNM ` JLFeDNFaT [ ö [kô�ó RGM@÷ ô�[ òkM ô M�F�s�ltMPÿ]ûaM�Faö�M#l#b
QSF"s ^ M4H [ RGR [ �BDGFeT �?M �aJilts�OIMPlqö�JqD ù M&s ^ M ` RGT [ JqDNs ^eô s ^a` s�ö [ FalqDGltsLl [ H�s ^ JqM#M�ltsqM ó l��

����s ^ M ` ûIs []ô�` sqD©öBD©OIM�F�sLD$�Yö ` sLD [ F [ H ô�[ òkM ô M#F�s ó JqD ô D�sLDNò]M#l#V ` FaO ����s ^ M#DNJ `,óeó J [ ÷ID ô�` ø
sqD [ F ù ú 
eñBmÙm�V ` FYO  �!��s ^ M ` ûIs []ô�` sqD©ö9ö [ Faö ` sLM�F ` sqD [ F [ HAs ^ M ô�[ OIM#RNMPO ô�[ òkM ô M�F�s
M�RGM ô M�F�sLl�DGF�s ["` l ô�[_[ s ^ sqJ ` � MPö�s [ Jqú]bYC�M:s ^ M#F�l ^e[ � s ^ JLM�M `,óeó RGD©ö ` sLD [ Fal [ H�s ^ D©l ` RNø
T [ JLDNs ^eô b1QSFÙs ^ M �YJLlts9M�÷ `kô�ó RNM��?M:l ^e[ � s ^ M:ö `,óa`kù DNRGDNs~ú [ H!s ^ M ô M@s ^e[ OÙs [ lqú_F�s ^ M�ø
ltDGo�M `4óa` J `kô M@sqM#JqDGo�MPO�l ó M#ö@sqJLû ô [ H ^ û ô�` F � ` R \ DGFeT:l~s~ú_RGM#l ùa` lqM#O [ F ` HKM � JLM#ö [ JLOeM#O
ô:[ ò]M ô M�F�s ó J [ s [ s~ú ó MPl�b 
_MPö [ FYO¾V"��MBOIMPlqö�JqD ù M�s ^ M ` ûIs [kô�` sLDGönlqú_F]s ^ M#lqD©l [ H ô�[ òkM ô M�F�s
ltMPÿ]ûaM�Faö�M#l �BD�s ^ ö [kô�ó RGM@÷4l óa` sLD [ ø§sLM ô�ó1[ J ` R]ltsqJLûaö@sqûeJLM ô�[ OIM#RNDGFeT9sqM#ö ^ FeDGÿ�ûeMBlqM#ÿ�ûeM#Faö@MPl
 \v` s ` l���HKJ []ôàô�` JqsqD ` R ` JqsLl#bvý�DNF ` RNRGúkV���MBOIM ô:[ FaltsqJ ` sqM?s ^ M `,óeó RND©ö ` sqD [ F [ H1s ^ M ô M@s ^e[ O
DNF�s ^ M4ö [ F�sqM@÷_s [ H�D ô D�s ` sLD [ F"RNM ` JLFeDNFaT:DGF"J [kù1[ sqD©ö�l��Is ^ M&D ô DNs ` sqD [ F [ H�OeD$	ãM�JLM�F�s9lts~ú_RNMPl
[ H ^ û ô�` F��BJLDNsqDGFeT ô:[ ò]M ô M�F�sil [ F `�� ø
	 ��ý�J [kù1[ s ` J ô b

� � ð�cë���ëYï��ðqï�����������êeð~ì����� �!� ì�ë"����# ì!ë"�$�%��&'�()# ìBí%*�,+
- �.���/#0#21

ñ ^ M?s ^ JLM�Mnl~sLM ó l [ Hes ^ M ` RNT [ JLD�s ^eô H [ J�M#lts `kù RND©l ^ DNFaT�l óa` sLD [ ø§sLM ô�ó1[ J ` R_ö [ JLJLM#l óY[ FaOIM�FYö@M
ù M�s ��M#M�F�ö []ô:ó RNM�÷ ô�[ òkM ô M#F�s lqM#ÿ�ûeM#Faö@MPl ` JLM�DNRGRGûal~sLJ ` sqMPOüDGF��aT]ûeJqM �]bAm [ JLM�OIM@s ` DGRGl
` JLM�T]DNò]M�F.DNFrs ^ M0H [ RGR [ �BDGFeT�ltMPö�sLD [ Fal�b

35476 8:9<;>=�9@?�9@A�B�C"B�DFEGAHEJILK�9NMPO*9@CQB�R =�9@?�ISEJ=UT.E@VG9@WX9@A�BZY[=�DFW\D]B�DFVJ9@?

ñ ^ MÖOIM#ö [kô�ó1[ lqD�sLD [ F [ Hnö [kô�ó RGM@÷ ô:[ ò]M ô M�F�s4lqM#ÿ�ûeM#Faö@MPl0DNF�s ["ô�[ ò]M ô M�F�s ó JLD ô DNsqDGòkM#l
^a` l ù M�M#F"OIDGlLö@ûYlqlqM#O ` l `�ùY` lqDGö ó JLDGFaö@D ó RGM [ H ó M#JLö�M ó sLD [ F ` FaO ` ö@sqD [ FrDNF ` F_û ô4ù M�J [ H
OID$	ãM�JLM�F�s �aM#RGOel#VIDGFaö@RGûaOIDGFeT�FeM�ûaJ [ lqö�DNM#Faö@M�� �_^ �¨V�� � ���¨V �  "�¨V�� ��`"�¨V_JqM ^a`,ù DNRGD�s ` sLD [ F � � � � ` FaO
D ô DNs ` sLD [ F�RNM ` JLFeDNFaT�DGF�J []ùY[ sqD©ö�l � ���¨V � � ����V � � ���¨b
ý [ J�s ^ M:ltM#RNMPö�sqD [ F [ H ` OIMPÿ�û ` sLM ô:[ ò]M ô M�F�s ó JqD ô D�sLDNò]M#l�DGF"sLM#ö ^ FeD©ö ` R `kóeó RGDGö ` sqD [ FYl

D�s�D©l�D ô�óY[ Jts ` F�s�s [ ö [ FaltD©OIM#J�s ^ M ó M#JLö�M ó sLD [ F ` l �?M�RGR ` l�s ^ MrT]M�FeM#J ` sqD [ F [ H ô�[ òkM�ø
ô M#F�sLl#b,ý [ J ó M�Jiö@M ó sqD [ F4s ^ M ô�[ lts�D ô�ó1[ Jqs ` F�s�ö@JLD�sLM�JLD [ F4D©l�s ^ MnJ [kù ûalts�DGOeM�F�sqD��Yö ` sqD [ F [ H
s ^ MPltM ó JqD ô D�sLDNò]M#l#bPý [ J�s ^ M?TkM#FeM�J ` sLD [ F [ H ô�[ òkM ô M�F�s�lqM#ÿ�ûeM�FYö@M#l ô�[ òkM ô M#F�s ó JLD ô DNsqDGòkM#l
l ^e[ ûeR©O:OeM��aFeMBT]M�FeM#JqD©ö ù ûeDGRGOeDNFeT ù R [ ö \ l�s ^a` s!M�Faö [ OIM ` J ` FeTkM [ H¾lqD ô DGR ` J!l~sLM�JLM [ s~ú ó D©ö ` R
ô:[ ò]M ô M�F�sil�bAý [ J [ ûeJ ô M@s ^e[ O `�ô�[ òkM ô M#F�s ó JqD ô D�sLDNò]MÖD©l4OIM��aFeM#O ù úüs ^ M ó J []ó M#Jts~ú
s ^a` sBs ^ M&lts~ú_RNM [ H�s ^ M ô:[ ò]M ô M�F�sBl~s ` úIlBö [ FYl~s ` F�s �BD�s ^ DNFrs ^ M ó JLD ô DNsqDGòkMkb
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ñ ^ M0DGOIM#F�sqD��Yö ` sqD [ F [ H ô�[ ò]M ô M�F�s ó JqD ô D�sLDNò]M#l �BDNs ^ DGF ô�[ òkM ô M#F]sBlqM#ÿ�ûeM�FYö@M#l ô ûalts
ù M ùa` lqM#O [ F4ö ^a` J ` ö�sqM#JqD©ltsqD©ö�HKM ` sqûeJLM#lcs ^a` s ` JqM�lqûeDNs `kù RNM�H [ J ` J [kù ûYl~s ` FaO0H ` l~s�ltM#T ô M�Feø
s ` sLD [ Fcb 	9D$	ãM�JLM�F�s M�RGM ô M�F�s ` JLúÙl óa` sqD [ ø�sqM ô:ó1[ J ` R ` FYO \ DNFaM ô�` sLDGö�HKM ` sqûeJLM#l ^a` ò]M ù M�M#F
OIDGlLö@ûYlqlqM#O�DGFüs ^ MÖRGD�sLM�J ` sLûeJqM]V¾RND \ M ` FeTkûaR ` J�ò]M�R [ ö@DNs~ú ����`"� � � �"� � �	
"��V [ J&ö@ûeJLò ` sLûeJqM ` FaO
s [ JilqD [ F [ H�s ^ M �<	 sqJ ` � M#ö@s [ JqDGM#l�� � �¨b_ñ ^ M \ M�ú�HKM ` sLûeJqMPl [ H [ ûeJ ` RGT [ JqDNs ^eôå` JqM�o�M#J [ l [ H
s ^ M�ò]M�R [ ö�D�s~ú"DGF ` HKM ���]ö ^a` J ` ö@sqM#JqD©l~sLDGö4ö [_[ JiOIDGF ` sLM#l� [ H�s ^ M�sqJ ` � M#ö@s [ Jqú�� �� ��bAñ ^ M#lqM
HKM ` sLûeJLM#l ó J [ ò�D©OIM ` ö []` JLlqM.OeM#lLö@JLD ó sLD [ F [ H�s ^ MÙl óa` sqD [ ø�sqM ô:ó1[ J ` Rnö ^a` J ` ö�sqM#JqD©ltsqD©ö�l [ H
sqJ ` � M#ö@s [ Jqú:ltM#T ô M�F�sLl#bkñ [ R [ ö ` RGDNo#M ô�[ òkM ô M#F�s ó JqD ô D�sLDNò]M#l�DNFÖlqM#ÿ�ûeM#Faö@MPl�s ^ M#lqMö ^a` J ` ö@ø
sqM�JLD©l~sLDGö#l ` JLM ô�` siö ^ M#Oæs [�ó JLM�ò_D [ ûalqRGúÙl~s [ JLM#OæsqM ô�ó R ` sLM#l [ H ó J [ s [ s~ú ó D©ö ` R ô�[ òkM ô M�F�s
ó JqD ô D�sLDNò]M#l#b�ñ ^ D©l ô�` siö ^ DNFaT�D©l ` ö�ö []ô�ó RND©l ^ M#O ù ú7OIú_F `kô D©ö ó J [ T]J `kô:ô DGFeT#®lqM#ö�sLD [ F
�Ib ����b � ` ö ^ HKM ` sLûeJLMüö [ JqJLM#l ó1[ FaOel:s [*` OIDGlLö@JLM@sLMÙM�ò]M�F�s#b��cM�s�� ù Mæs ^ MüF�û ô4ù M�J [ H
s ^ M ô�[ sqD [ F ó JLD ô DNsqDGòkM ` FYO��4s ^ M&F_û ô4ù M�J [ H�ö ^a` J ` ö@sqM�JLD©l~sLDGö0ö [_[ JLOIDGF ` sqM#l [ H�s ^ M sLJ ` ø
� M#ö�s [ JLúkb��AM@s�� �� � ù M�s ^ M��,JLM#OIûaö�M#OæsqJ ` � MPö�s [ Jqú��rDGFaö@RGûaOIDGFeT [ FaRNúæs ^ MÔö ^Y` J ` ö�sLM�JLDGltsqD©ö
ö [_[ JiOIDGF ` sLM#l�s ^a` s ^a` l�s ^ M�ò ` RNûeMPl����� ` sns ^ M�ò]M�R [ ö@DNs~ú�o�M�J [ l! Pbeñ ^ M ô�[ òkM ô M#F�s ó JLD ô ø
D�sLDNò]M DGl?s ^ M�F"ö ^a` J ` ö�sqM#JqDGo�MPO ù ú�s ^ M òkMPö�s [ JBOID$	ãM�JLM�FYö@M#l#"�����%$ �&��(' �&���)  ù M@s �?M�M#Fltû ù ltMPÿ]ûaM�F�sBòkM�R [ ö@DNs~úÖo�M#J [ l� �aT]ûeJqM �!��b
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u J []ù ûalts DGOIM#F�sqD��Yö ` sqD [ F [ H ô�[ òkM ô M#F]s ó JqD ô D�sLDNò]M#l0DGF�F [ D©ltúüO ` s ` V ` RNR [ �BDNFaT.H [ J ` OIø
OID�sLD [ F ` R [ J ô D©lLltDGFeT�o#M�J [ ø¨òkM�R [ ö@DNs~ú ó1[ DGF]sil�021�vV�ö ` F ù M ` ö�ö []ô�ó RND©l ^ M#O ù úØOIú_F `,ô D©ö
ó J [ TkJ `,ô�ô DNFaTabkñ ^ MJqMPltûeRNs�D©l ` F [kó sLD ô�` R1lqM#ÿ�ûeM#Faö@M ` RNDGTkF ô M#F�s ù M�s ��M#M�F�s ^ M \ M�ú4HKM ` ø
sqûeJLM#l [ H�s ^ M ó J [ s [ s~ú ó D©ö ` R ô�[ òkM ô M#F]s ó JLD ô DNsqDGòkM�03�4657575 03�8 ` FaO.s ^ M \ M#úÖHKM ` sqûeJLM#l [ Hs ^ MrltM ` Jiö ^ �BDNFaO [ �90:14 5;575 021< ®lqM�M �aTkûeJLM�� ù ��b�	ú_F `kô DGö ó J [ TkJ `,ô�ô DNFaT"DGl�ûalqM#Oþs [
ô DGFeD ô DNo#M ` ö [ lts�HKûeFYö�sqD [ F s ^a` s�D©l�TkDGòkM�F ù úþs ^ MÙlqû ô
[ H>=�= ">021�?' ">0:�@ =�= [ òkM#J ` RNR
ô�` sLö ^ MPO \ M#ú4HKM ` sLûeJqMPl�bBA [kù ûal~sLFeM#lLl ` T ` DNFYl~s ` OeOIDNsqD [ F ` R ` FaO ô DGlLltDGFeT \ M�ú�HKM ` sqûeJLM#l�DGl
CED �q|~{#®�W�i��{v�i��}��r�����k�Lá_�]���.zv�.y>�i�L|~{�{���}~¬�� �W�i��{v�i��}§�����"y�}9����y#�¨}9{P�]�&�i{v{#|t�k����y�}~�&{#��}~¬]�
|~���]�]�i���&}S|ty@â��i�L}~{#|S�v�



km
2

km
1

km
4

km
3

km
1

km
0

Dkm
1

Dkm2

Dks
1

Dks
2

ks
0

ks
0

ks
2

ks
1

ks
3

ks
2

ks
5

ks
4

km
0

km
4

ks
6

ks
5

ks
1 ks

7

ks
6

km
3

km
2

Prototypical
Movement Primitive

Sequence Window

Match

Movement Sequence

Window w

Window w+1

time
(z z ,z )1, 2 3

z1

(a)

(b)

����� Ó��aÓ ��¬]��  �L}~¬]{,�r�©{�|0}~¬���y#�k}~{P &y�}~���4���]�i�v}~��á_��y@}~��{P�Ù{#��  {@�W�i  �i�v}�]|~��  ��}~���W�i����ÚKyPÛ9¦��
yÔá�|~�¨}4�¨}~�i��y�����¥W�L�Ù�G��y�}~�k|~�i�������y@|~�Ô�]�L}~�L|~  ���]���a�!ÚÁz_Û4¯,��×v���i�]�i�i� {��B¥W�L�Ù�©�iy�}~�]|~�L�4�N|~{P 
}~¬]���S�i×,�]�i���L�i�:ÚÁ�tÛy�|~�: &y@}~�q¬]���rÕ!��}~¬Ù�S��×v���i�]�i�i��{��?¥P�L�r�G��y�}~�k|~�i�0�G|~{#  }~¬��&�k|~{#}~{#}§�k������y#�
  {@�W�L  �i�v}ã�]|~��  ��}~���W�i�!ÚÁ 4ÛY�]�S���]�B�k�k��y#  �����]|~{#�#|ty�    ���]�]�P�ü�S��y@|~�q¬9Õ!�����]{�Õü���A  {@�W����{@�W�L|
}~¬]���S��×v���L���i�P�P��¬���Õ!�����]{�Õ��L{P�v}ty#�����¾}§Õ�{?}~��  �i�ã}~¬]���k�] �zI�L|ã{#�I¥W�q��G��y�}~�k|~�i�A{#�_}~¬]�����iy�|~���i�
  {�}~{#|?�]|~��  ��}~���P�P�e��¬��zI�i�¨}? &y�}~�t¬������ }S|ty�â¨�i�L}~{�|S�Ö�S�i�P  �L�,}?���B�]�Lá�������zv��}~¬���S��×v���i�]�i�9{��
�G��y�}~�k|~�0�W�i�q}~{#|~�?}~¬�y�}n  ���]��  � �i�L�
	���� ��������������� �_{��P�L|�y#���c &y�}~�t¬��i�Ö¥P�L�:�G��y�}~�k|~�i�i�ã��¬]�
  �q}~¬�{,���L�¨}ty#z������S¬��L�?y��S��y�}~��{#K}~�i  �I{�|ty#�a�i{#|S|~�L�S�I{P�_�k�i���L��y�}�y��i{Py�|~�S�����i�W�i�Á�

` ö ^ DGM�ò]M#O ù ú `kóeó J [kó JLD ` sqM#RNúrö [ Fal~sLJ ` DNFaDNFeTÖs ^ M:ltM�s [ H ` O ô DGlLlqD ù RGM sLJ ` FaltDNsqD [ FYlBH [ J9s ^ M
OIú_F `,ô D©ö ó J [ TkJ `,ô�ô DNFeT ` l?H [ RNR [ ��l��ý [ J0s ^ M ô�` siö ^�[ H�s � [ lqûaö�ö�M#lLltDGòkM \ M#úÙHKM ` sqûeJLM#l 0:�� ` FaO 03����  DNs&DGl óY[ lqlqD ù RNM�s [l \ D ó û ó s [ s � [�\ M�úÖHKM ` sLûeJLM#l 021���  ` FaO�021����� DNF�s ^ M4lqM#ÿ�ûeM#Faö@M]bIQSF�s ^ D©lö ` lqMkVID�b M]bes ^ Mô�` sLö ^ 0:1�
� 0:�@ ` FYO 021����� � 03�@ �  � [ ûeR©O ù M JqM ` RGDNo#M#O¾bIýeûaJts ^ M�J ô�[ JLMkVIDNsnD©l ó1[ lLltD ù RGMs [ l \ D ó�[ FeM \ M#úþHKM ` sLûeJLM 0:�@ DGF�s ^ M ô:[ ò]M ô M�F�s ó JqD ô D�sLDNò]Mkb�ñ ^ D©l�D ô�ó RGDNMPl4s ^a` s:s ^ M
ô�` sLö ^ 021�!� 03�@ )  ` FaO 021���  � 03�@ �  D©l!ò ` RGDGOcb�ñ ^ M�ö [ l~s!HKûaFaö�sLD [ F�s ^a` s�D©l ô DGFeD ô DGo�MPODNF [ JiOIM�J�s [ �aFaO ` F []ó sqD ô�` R ô�` siö ^7ù M@s �?M�M�F 0:14 57575 0:1� ` FaO 03�4 57575 03�@ ûeFYOIM�J:s ^ M
TkDGòkM�F�ö [ FaltsqJ ` DGF]silnö ` F ù M �BJqDNstsLM�F�JqMPö@ûeJilqDNò]M�RGúG�
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" Ú$#/��Þ9%1'
�"Þ#Û324� �5� � : �$; C=< ��>E�?��� � : � ; C=< � >F� %
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� ^ M#JqM,G ` FaOAH"OIM#F [ sLM4s ^ M�DNFaOeM@÷IM#l9H [ J�s ^ M \ M�ú�HKM ` sLûeJqM 0 1�&JLM#l ó MPö�sqDGòkM#RNú 0 �@ bcñ ^ Ml~s ` JqsqDGFeT�ò ` RNûaMJI  �BK ����D©lBTkDGòkM#F ù ú
" Ú¨Ý0%�Ý�ÛL)M� ��� � C �7�5� � C � Ú®ÞPÛ

� ^ M�JLM ">0 1 D©l&s ^ M �YJLlts�OID�	1M#JqM#Faö@M.òkMPö�s [ J [ HBs ^ M�ltMPÿ�ûeM�Faö�M �BDGFaO [ � ` FYO ">0 �  DGl
s ^ M �aJil~s�OID$	ãM�JLM�FYö@Mæò]M#ö@s [ J [ H&s ^ M ô:[ ò]M ô M�F�s ó JqD ô D�sLDNò]M ��b?Q¨H [ FeM [ J ô�[ JqM \ M�ú



HKM ` sLûeJLM#l ` JqM�l \ D óaó MPO:H [ J�s ^ M ô�` siö ^ V,s ^ MOID�	ãM�JLM�Faö�M�òkMPö�s [ JE">0:1� ù M@s �?M�M#FÖltûaö#ö@MPlqlqDNò]M
\ M�úÙHKM ` sLûeJLM#l ô ûYl~s ù M ` O `kó sqMPO¾bcu�FþM@÷ `kô:ó RNM�D©l OIM#lLö@JLD ù M#O�DGFüMPÿ1b  � ��H [ J0s ^ MÖö ` lqMs ^a` s�s � [&\ M#ú:HKM ` sLûeJLM#l 0 1��)/� ` FaO�0 1��)  ` JLMl \ D óeó M#O¾bIñ ^ M9JqMPltûaR�sLDNFeT:OID�	1M#JqM#Faö@M9òkM#ö@s [ Jù M�s ��M#M�Frs ^ M0s � [ ltûaö#ö@MPlqlqDNò]M \ M�úÖHKM ` sLûeJLM#l�021� ) � ` FaO�0:1� D©l�OIM@sLM�J ô DNFeMPO ù ú

��� � : �.; C < ��> )4��� ��$;DC 2 ��� ��.; C 2���� �� Ú.@WÛ
�cM@s ù M � s ^ M.F_û ô�ù M#J [ H \ M#úæHKM ` sqûaJqMPl&DGF �BDNFYO [ ����V ` FaO��rs ^ MÔF_û ô�ù M#J [ H \ M�úHKM ` sLûeJLM#l¾DGF ô�[kô M�F�s ó JLD ô DNsqDGòkM&��b#ñ [ OIM�sqM�J ô DNFaM�s ^ M ù MPl~s ô�` sLö ^0ù M�s ��M#M�F ô�[ òkM ô M�F�s
ó JqD ô D�sLDNò]M�� ` FaO*s ^ MÙltMPÿ�ûeM�Faö�M �BDNFaO [ ��� [ FeM ^a` l:s [ �aFaO*s ^ M \ M#ú�HKM ` sqûeJLM 0:1�_V`	��
�� � V1H [ J�� ^ D©ö ^ s ^ M�ö [ lts9HKûaFaö�sLD [ FæH [ J ô�` siö ^ DGFeTÔs ^ M�ltMPÿ�ûeM�Faö�M#l9DGl ô DGFeD ô�` R§bñ ^ M ô DNFeD ô û ô ö [ l~s� [ H ô:[ ò]M ô M�F�s ó JLD ô DNsqDGòkM?��H [ J �BDNFaO [ ���*D©lBT]DNò]M�F ù ú� Ú$*��aÛ )+*,#.-� Ú " Ú�� %��WÛSÛq� Ú��vÛ
uàö [ Faö@JLM@sLM M@÷ `,ô�ó RGM [ H�s ^ M `,óeó RND©ö ` sqD [ F [ H�s ^ M4ltM#T ô M�F�s ` sqD [ F ` RNT [ JLD�s ^eô D©l�OID©l~ø

ö@ûalLltMPOÔDGF"ltMPö�sLD [ F:^Yb
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ñ ^ MBsqMPö ^ FeD©ÿ�ûeM [ H�#%$'&)(+*-,).0/21435$',)67&98;:<,96=$2>'&%?48@1A:<,0BC1D8FE �����]V����"�YD©l ùa` ltMPO [ F�RGDNFeM ` JLRNúö [kô�ù DGFeDNFaT ó J [ s [ s~ú ó DGö ` R ô:[ ò]M ô M�F�sÖsLJ ` � M#ö@s [ JLDGM#l#b �cDGFeM ` J.ö [kô4ù DNF ` sqD [ Fal [ H ô�[ òkM�ø
ô M#F�s óa` sqsqM�JLFal ` JqM OIM��aFeM#O [ FÔs ^ M ùa` lqD©l [ H�l óa` sqD [ ø�sqM ô�ó1[ J ` R¾ö [ JqJLM#l ó1[ FaOIM#Faö@MPl�s ^a` s
` JLM0ö [kô�ó ûIsLM#O ù ú.OIú_F `kô DGö�sLD ô M � ` J ó DGFeT�ûYltDGFeTÖOIú_F `kô D©ö ó J [ T]J `kô:ô DGFeT � � ��b;G []ô ø
ó RNM�÷ ô�[ òkM ô M#F]s óa` stsqM#JqFYl�ö ` F ù M�ö ^a` J ` ö�sqM#JqDGo�MPO ù ú�sqJ ` � M#ö@s [ JqDGM#l [ H!HKM ` sLûeJqM ó1[ DGF]sil�bñ ^ MnsqJ ` � MPö�s [ JqDGM#l [ HYs ^ M ó J [ s [ s~ú ó D©ö ` R ô�[ ò]M ô M�F�s óa` sqsqM#JqF � ö ` F ù M�ö ^a` J ` ö�sLM�JLDNo#M#O ù ús ^ M�sqD ô M@øSOIM ó M�FaOeM�F�s9ò]M#ö�s [ J � <  � �@bãñ ^ M�ö [ JqJLM#l ó1[ FaOIM#Faö@M��YM�R©O ù M@s �?M�M�FÙs � [ sLJ ` � M#ö@øs [ JLDGM#l��  ` FaO � � D©lnOIM��YFeM#O ù ú:s ^ M�l óa` sqD ` Rãl ^ DNHÁsLlIH� � � ` FaO�s ^ MsLM ô�óY[ J ` R1l ^ DNHÁsLlKJ� � �s ^a` s�sqJ ` FYl~H [ J ô s ^ M �aJil~s!sLJ ` � M#ö@s [ JLú:DNF�s [ s ^ M�ltMPö [ FYO¾b�ñ ^ DGl � ` J ó DGFeT sLJ ` FaltH [ J ô�` sqD [ FDGl�l ó M#ö@D��aMPO ô�` s ^ M ô�` sqD©ö ` RGRGú ù úÖs ^ M M#ÿ�û ` sLD [ F �L C Ú�M~Û ) L C Ú�M32	N1Ú�M~ÛSÛD2POeÚ�M~Û Ú-QPÛ
f?úrRGDGFeM ` J0ö [kô�ù DNF ` sqD [ F [ H�l óa` sLD ` R ` FaO�sLM ô�óY[ J ` R�l ^ DNHÁsLl�DNs�D©l óY[ lqlqD ù RNM4s [ s [ DNF�sLM�Jqø
óY[ R ` sqM�l ô�[_[ s ^ RNú ù M@s �?M�M#Füö@R ` lLlqM#l [ H ô�[ sLD [ F óa` stsLM�JLFal �BDNs ^ lqDNT]FeD$�1ö ` F�sLRNú"OID�	1M#JqM#F�s
l óa` sqD ` R�l~sLJqûaö@sqûeJLMkV ù ûIs ` RGl [�ù M@s �?M�M�F óY` stsLM�JLFal�s ^a` srOID$	ãM�J��BD�s ^ JLM#l ó MPö�sÖs [ s ^ M#DNJ
sqD ô DGFeTYb
ñ ^ Mæö [ JqJLM#l ó1[ FaOIM#Faö@M ` RNT [ JLD�s ^eô OIM�sqM�J ô DNFaM#l�s ^ M"sLM ô�óY[ J ` R ` FaOØl óa` sqD ` R�l ^ DNHÁsLl

ù ú ô DNFaD ô DGo�DGFeT&s ^ M �?M�DGT ^ sqMPO�ltû ô [ H¾s ^ M�ÿ�û ` OIJ ` sLDGöBl óa` sqD ` R ` FaO�sLM ô�óY[ J ` RYOID©l ó R ` ö@M�ø
ô M#F�sLl [ òkM#JAs ^ M � ^e[ RGM ô�[ ò]M ô M�F�s�lqM#ÿ�ûeM#Faö@M]bWQSF4s ^ M�sLD ô M�ø¨ö [ F�sqDGF_û [ ûal�ö ` lqMkV#s ^ D©l�M�JLJ [ J
DGlBT]DNò]M�F ù úÔs ^ M DGF�sqM#TkJ ` RS�

RTS � H KUJ � $WVYX = H �� �7= �IZ\[ J� � � �D] O��  � �

ñ ^ MBM�JLJ [ J ^a` l�s [ ù M ô DNFeD ô DNo#M#O�ûeFYOIM�J�s ^ M ` OeOIDNsqD [ F ` Raö [ Fal~sLJ ` DNF�s�s ^a` s!s ^ M ô�`,ó ø
ó DNFaT ù M@s �?M�M#F�s ^ MÔsLD ô Mrò ` JqD `,ù RNM�� ` FaO�s ^ M ô�[ OID$�YM#O�sLD ô M ��^ $ � Z J� � �4H [ J:s ^ M
sqJ ` � M#ö@s [ Jqú`_  ���^ � ô ûal~s ù M&ö [ F�sqDGF�û [ ûal#V [ FeM�ø§s [ ø [ FeM]V ` FaO ô�[ F [ s [ FaDGö ` RGRNú�DGFaö@JLM ` ltDGFeTYVDNF [ JiOIM�Js [ OeM��aFeM:ûeFeD©ÿ�ûeM&sLM ô�ó1[ J ` R � ` J ó DGFeT [ H!s ^ M�lqM#ÿ�ûeM�FYö@M�_  b��9ûeJ0ö [ JLJLM#l óY[ FIøOIM�Faö�M ` RGT [ JqDNs ^aô ö [ FalqDGltsLl [ H_s � [ ltsqM ó l#b#ñ ^ M �aJLlts�ltsqM ó l [ RNò]M#l ` OeDGlLö@JLM@sLM [kó sLD ô DGo ` sLD [ F
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