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 t-ih+ng
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Tie similar

states


ÅDOcSbi1MPU@à P
Å1jbMlJeHK^POcjbX�jK� h OZU9Qz£Ïkz^lH�^lU�r³�NjVXNU@©�jTQTU�nR[
[PU�^tjK�²fN�z_T[POc��HKnÞJejzQNU�nR[*^lj#LBU�MPjVLNi1[]^Pnc_�U�[]^POcJeHK^PU9Q7g
ÅDOcSeà
OcnZnci1[]^PM\H�^PU9[³�Nj���^l�NU(fN�z_T[]OR��Hbn1JejTQTU�nR[*HbMPU(��jbX1[]^PMli1��^PU�QeLz_
^`_zOZX1S#^l�NU�[]^lH�^lU�[tjb�D^l�NU@nZjVSbOR��HbnBJejTQTU�nc[�g
h �NUt�\�NjbOR��U°jK�1�
�1Oc�\� [`^\H�^PU9[D^Pj¢^POcU°OR[FJeHVQTUIi1[]OcXNS�QTU���Oc[POcjbX
^PMlU�U9[�ËZq9p�Ì§g#a°Hb�\�¡[]^lHK^PUefBjV[PO�^lOZjVX��.jb�°U9Hb�\�¡f1�NjbXNU % �<Hb[�H
LNOcX1HKMl_�^PMlU�UeHb[l[]jT��OcHK^PU�Q>�
O�^l�åOZ^�g.a°Hb�\�>X1jzQNU jb�³^P�1U.^lMPU�U
��HbMPMlOcU�[ H'¦;iNU9[`^lOZjVX¼MlU�S;HKM\QTOZX1S>^P�1U���jbX;^PUe�z^�g h jß��nci1[]^PU�M
HKncnD[]^lHK^PU9[��tjK�
fN�NjVXNU % mÞHKncnD[]^lHK^PU9[��IjK�³HKncnFjK��^P�NU#nZjVSbOR��Hbn
JejTQTU�nR[�QTU�MPOcYbU9Q&�­MPjVJ % HKMlU���jVnZncU���^PU�Q�OcX;^Pj�H�[POZX1SbncU@f<jzjbn
H�^*^P�NU¢MPjzjK^³X1jzQNU�jK�Þ^l�NU(^lMPU�Ubg�d�U�f<U�X1QTOcXNS.jVXe^P�NU�HKX1[P�°U�M
H�^�U9Hb�\�¼X1jzQNUbm°^P�NU�fBj;jVn
jK��[`^\H�^PU9[eOc[�[Pi1����U�[l[POZYVU�nc_�[]fNncOZ^
iNX;^POcn°HbnZn°[`^\H�^PU9[��1H�YbU ^lMPOR�\ znZU9Q'QNj��
Xå^lj�nZU9H��tXNjTQTU�[�g � nZn
[]^lH�^lU�[�OcXåU9Hb�\�¡ncU�HK�*XNjTQTU�HKMlU�^l�NU�Xå^POcU�Q	g h �NU�¦;iNU�[]^POcjbX<[
H�^�U�HV�\��X1jzQNUåHKMlU¡[PU�ncU���^PU�Q��­MljbJ H�f1MPU9QTU�^lU�MlJ OcXNU9Q�[]U�^
^Pj�J�H��TOcJ O�
�U.^P�NUencOZ VU�ncOZ�1j;jTQ�jb�³^P�1U.^lMlHbOZXNOcXNS�QNH�^\H�SVOZYVU�X
^P�1U¢¨<X1HKn7[PU�^tjK�F[]^lHK^PU�£«^`_zOcXNSV[�gFÅFOcS#á OcnZnci1[]^PM\H�^PU9[°^P�NOR[I^PMlU�U�£
L1HV[]U9Q¥��nci1[`^lU�MlOZX1S1g�¯ÏXß^P�NU�¨1Sbi1MPUVm²^l�NU�ncjbSVOc��HKn³fN�1jbXNU9[.[]£
H����¢X¡HbX1Q�^P£§H����¢X>�
OcncnFLBjK^l�¡LBU�Hb[l[]OcSbXNU9Q�^Pj�nZU9H��*X1jzQNU
à�HbX1Q>�1U�X1��U.^l�NU�_��
OcnZn
[P�1HKMlU@^l�NU�[PHbJ U ��U�XV^lMlHbnF[]^lHK^PU#jK�
^P�1U@MPU�fNMPU9[]U�X;^lH�^lOZYVU¢f1�;_T[POc��HKnÞJejTQTU�n�g �
h �NU�f<HKMP^POZ^POcjbXNOcXNS�jK��[]^lH�^lU�[�i<[]OcXNS¾fN�1jbXNU�^POR��HKncnc_V£ÏQTMlOZYVU�X
QTU9��OR[]OcjbXÐ^PMlU�U9[#�<Hb[�[PU�YbU�MlHbnIHVQTY�HKX;^lHbSbU9[�gÐ¯ÏXÐf1HbM]^lOc��iNnRHKM9m
ncjbSbOR��Hbn°JejTQTU�nc[#�
�NOR�\�ÐHKMlU�MlU�¦;iNOcMlU�Q¥LNiN^e�IU�MlU"XNjb^e[PU�U�X
H�^eHKncn*OcX�^l�NU"^lMlHbOZXNOcXNS¡Q1H�^lHå��HbX¥L<U�U�HV[]OcnZ_ß[P_;X;^l�NU�[POc[PU�Q	g
�¢XNU*QNOc[lHbQTY�HbXV^\HKSVUFOR[7^l�1H�^²^P�NU³f<HKMP^POZ^POcjbXNOcXNS(��HbX@L<U*MlHK^P�NU�M
��j;HKM\[]UVg h �NOR[�fNMljbL1nZU�J���HbXßL<U"MlU�QNi1��U9Qåi<[]OcXNS¡[PjK£Ï��HbnZncU�Q
Ó�Ô	�\ÝThÏÝ 5�i±ÚzÛbËZq�à�Ì�g
¯ÏX�^l�NOR[�[l�\�NU�JeUbmÞH�fBjV[]^]£§fNMljz��U�[l[]OcXNS�[]^lHKSVU
SbMljbi1f1[�U9Hb�\��[]^lH�^lU��
OZ^P�ÐO�^\[.jVXNU�jVM�^`�Ij>XNU�HbMPU9[`^ XNU�OcSb�N£
LBjbiNM\[�HKX1Q.f<jzjbnR[�HKncnzjK�N^l�NU�OcM :�HKi1[l[POcHbX1[�g h �;i<[�m�^l�NUtX;i1J#£
LBU�M
jK�ÞJeON�z^liNMPUt�IU�OcSb�;^l[�OcXeU�HV�\� []^lHK^PUtOc[�OcX1��MPU9Hb[PU�Q#�
�NOZnR[]^
�NjVncQTOcXNS�^P�1Ue^PjK^\HKn
XziNJ#L<U�M�jK�+:�HKi1[l[]ORHKX<[�OZXå^P�NU"[P_T[`^lU�J
��jVX1[]^lHKX;^9g
d¢U���OR[POZjVXT£«^lMPU�U"^lOZU9Qz£§[]^lHK^PU���jVXV^lU*�z^ QNU�fBU�X1QTU�X;^eJejTQTU�nZncOZX1S
[l�\�NU�JeU�[*��HKXe�1HbX1QTncU(JejV[]^³jK�Þ^P�1U(fN�NjVXNjbncjbSVOc��HKnzY�HKMlOcHK^POcjbX
�­jbi1X1QÄOcXÀ��HKMlU��­i1nZnc_�HKMP^POR��iNnRH�^lU�QÄ[PfBU�U��\� � U�S�QNOc��^lH�^lOZjVX<�/g
ª j��IU�YVU�M9mF^P�NU�_ß�÷HKOcn°^ljå�<HKX1QTncU�J jVMPU&MlHVQTOR��HKnIfN�NjVXNjbncjbSb£
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states in each leaf node are tied


base

phone

=
 aw


ÅFOcSbiNMlU�á�P
d¢U���OR[POZjVX h MlU�U.G°nZi<[`^lU�MlOZXNS
OR��HKn Y�HKMlOcHK^POcjbX1[¡[]i1�\�ÂHb[�^l�NU¼f1MPjT��U9[P[PU�[¡�
�NOR�\�ïnZU9HbQ¸^lj
!]SVjbOcXNS¥^lj(#�LBU�OcXNSÐMPU9HKncOc[PU�Q�HV[åË SÐH5��X¸H��zÌ � !]SVjbXNX<H #V��g
h �NU�MPU#�1H�YbU#L<U�U�XåH&Y�HKMlOZU�^`_�jK�°HK^]^PU�JefT^l[¢^Pj��1HbX1QTncU.^l�NOc[
 zOZX<Q�jK�@fNMljbLNncU�Jë�
O�^l�NOcX�^P�NUf�lÒ\Ù g�Ó#h]Ô�Ú h]Ù�h§Ó/Ý«Ö#i±ÚzÛ��­M\HKJeU�£
�IjbMl �L;_åHKncnZj��
OcXNS�JejbMlU#Y�HKMlORH�^POcjbX'LBU�^`�IU�U�Xå^P�1U�� HbX1QwåncH�_VU�M\[³U�S#Lz_ i<[]OcXNSeQTU���Oc[POZjVX�^PMlU�U9[³^lj#SVU�XNU�MlHK^PU���jbX;^PUe�z^
QTU�f<U�X1QTU�X;^@fNMljbXziNX1��OcHK^POcjbX1[9ËZq�áTm
q9âTm
q���Ì§g ª j��°U�YbU�M9mÞXNjbX1U
�1H�YVU#LBU�U�X'MlU�HbnZnc_¡[Pi1����U�[l[`�­i1n«g h �NU�U9[P[PU�X;^PORHKn�fNMljbL1nZU�J Oc[
^P�<H�^eU*�Tf1HKX<QTOZX1S>^P�1U�[PU�^ejK��fBjV[l[POZLNncU�f1MPjVX;i1X1��ORH�^lOZjVX1[@^lj
SbOcYbUt�
ORQTU�MI��j�YVU�M\HKSbU°jK�7Hb��^Pi1Hbn1[]fBjb VU�X �­jbMlJ�[�m;[]OcJ.i1n�^\HKXNU�£
jbi<[]nc_@OZX<��MlU�Hb[PU�[F��jVXT�­i1[POZL1OZncO�^`_.�
O�^l�.^l�NUtMPU9[]iNnZ^�^P�1HK^
MPU9��jbSb£
XNOZ^POcjbX U�MlMPjVMDM\H�^lU�[DOZJefNMlj�YbUIncO�^P^PncUbg w	OcXNSbiNOR[]^l[��1H�YVU°HKMlSbi1U�Q
^P�<H�^F^P�NOR[�Oc[�H��­iNX1QNHbJeU�X;^lHbnVÍBH���OZX.^P�NU$�\Ò\ÙQg�Ó9h]ÔKÚ�h]Ù5h§Ó\Ý�Ö#i±Ú;Û
�­M\HKJeU��IjbMl 7Ë�q�È/Ì§g
j²õRô ��þïø@ù"ú���ýH� � � 5 ��ù ��û � ����ú	� ��ü

þ�ú���ý¢ü°ü��K���
¯ÏX�fNM\Hb�/^lOc��Ubm'[]fBU�U9�\�Ã�­U9H�^liNMPU YVU���^PjbM\[�HKMlUÀXNjK^�:�Hbi1[]£
[POcHbX�HKX1QßXNjb^.iNX1��jbMlMPU�ncHK^PU9Q7g�ÅNiNMP^P�NU�MPJejVMPUVmDLBjK^l��OZX;^lMlHK£
[Pf<U9HK bU�MFHbX1Q#OZX;^PU�M]£Ï[Pf<U9HK bU�M²Y�HKMlORHKLNOcnZOZ^`_@OcXV^lMPjTQTi<��U�[FJejTQTU�[
OcX>^P�1U QNHK^lH1g � nZJej;[`^@HKncn*GtkT� [P_T[`^lU�J�[¢��jbJefBU�X1[lH�^lU.�­jVM
^P�1Oc[°Lz_#i1[POcXNS.H@JeO �;^liNMlU�jK�-:�Hbi1[P[PORHKX1[�^lj.MlU�fNMlU�[PU�X;^³U9Hb�\�
[]^lH�^lU@QTOc[]^PMlOcLNiT^POcjbX²mT^P�zi1[

7 2 � �=< � 
 2�
�
" 
�� 2 ��� � �=<�� � � W"! � � � q�É;�

�
�NU�MPU.^P�NU
�
2 � HbMPU.^P�NU JeON�z^Pi1MPU �°U�OZSV�;^l[�g@kTOZX1��Ubm	HV[¢Ue�z£

fNnRHKOcXNU�Q�OZXß^l�NU�fNMlU�YzOcjbi1[#[]U9�/^lOZjVX	mF^P�NU�MPU�HbMPU"^`_;f1Oc��HKncnZ_'H



nRHKMlSbU¥XziNJ.LBU�MåjK�e^P�1U�[PUc:�HKi1[l[POcHbX1[��Km.U�HV�\� ��jbJefBjbXNU�X;^
Y�HKMlOcHbX1��U !�� Oc[
��jbX1[]^PM\HKOcXNU9Q"^lj LBU�QTORHKSVjbX1Hbn«g
h �NU"HbLNOZncOZ^`_åjb�IJeO �;^liNMlU�[@jb�
QNOcHbSbjbX<HKn
��j�Y�HKMlORHKX1��U�:�Hbi1[]£
[POcHbX1[#^Pj'J jTQTU�n(��jVMPMlU�nRH�^lOZjVX¼[`^lMPi<�/^Pi1MPU�Oc[encOcJ OZ^PU9Q7g%�¢X1U
�tH�_
^Pj
OcJefNMPj�YVU³��j�Y�HKMlORHKX1��UDJejTQTU�ncncOZXNS
�
OZ^P�1jbiT^²OcX1��iNMPMlOcXNS
iNX1HV����U�fT^\HKLNncU(^lMlHbOZXNOcXNS QNH�^\H.HKX<Q�MPi1XT£«^lOZJeU���jbJefNiN^lH�^lOZjVX
MlU�¦;iNOcMPU�J U�X;^l[�Oc[�^lj�^PM\HKX1[]�­jbMlJ ^P�NU¥OcXNfNiN^��­U�H�^liNMlU'YVU���£
^PjVM�g � J#i1�\��[`^li1QTOcU�Q�HKfNf1MPj;Hb�\��^lje^P�NOR[
OR[I^Pj�i1[PU;w	OcXNU�HbM
d¢Oc[l��MlOZJeOcX1HKX;^ � X1HKnc_T[]OR[ � wDd � �(HKX1Q�OZ^l[(Y�HbMPORHKX;^l[9ËZq�Î;m²q9Ç�Ì�gw²d � ��HbXßHbnc[Pj�L<U�i1[]U9Qå^Pj>fNMliNXNU�jViT^�Ú<Õ iRÓ�ÙKÚB×\Ò@QTOcJeU�XT£
[POZjVX1[��­MPjVJ-^P�1U#�­U9H�^liNMPUeYVU��/^ljbM\[¢^P�NU�MPU�L;_¡MPU9QTi1��OcXNS���jVJ £
fNiT^\H�^lOZjVXåHKX<Q�f<jb^PU�XV^lOcHbnZnc_�OcX1��MlU�HV[]OcXNS���ncHV[P[PO�¨B��H�^lOZjVX�f<U�M]£
�­jbMlJ�HKX1��Ubg ª j��IU�YVU�M9m	OcX'f1MlHV�/^POR��UVm7^P�1U�SVHKOcX1[@HV�\�NOZU�Y�HKLNncU
Lz_[w²d � HbMPU#Y�HbMPORHKL1nZUVmÞHbX1Q>JejVMPU MPjVLNi1[]^�OcJefNMlj�YbU�JeU�XV^\[
�1H�YVU�LBU�U�X�jbLT^\HKOcXNU�Q�i1[POcXNS¼kzU�JeOZ£«^lOZU9Q¾G°j�Y�HbMPORHKX<��U�[9Ë pKÉ�Ì�g
h �NOR[e[P�\�NU�JeU&QTU9��jbJefBjV[PU�[#U�HV�\�¼��jVJ fBjbX1U�X;^ ��j�Y�HbMPORHKX<��U
OcXV^lj¼^l�NU'fNMPjTQTi<�/^��! 
 �

l 
 !&� � l 
 � � �
�1U�MlU � OR[�H
^PM\HKX<[`�­jVMPJ�H�^lOZjVXÐJ�HK^PMlON��HKX1Q ! Oc["QNOcHbSbjbX<HKn�g h �NOR["�1HV[
^P�1U@fNMPjVf<U�M]^`_e^l�1H�^
ncjbS � � � � �� � W �! � � 
 ncjbS � � � � � � � W"! � � �ånZjVSH
 � 
 � qbq��
ª U�X1��UVmTO�� � OR[°SVnZjVL1HKn�mzO�^
��HbX�LBU@HKfNfNncOcU�Q�Hb[IH�^lMlHbX1[`�­jVMPJ
^Pje^l�NU�[Pf<U�U��\��QNH�^\HeHKX1Q&^P�1U�QTOcHbSbjVX1HKn7��j�Y�HbMPORHKX1��U :�Hbi1[]£
[POcHbX1[@U�[]^POcJ�H�^lU�QßHKX1Qß��jbJefNiT^lU�QßOcXå^l�NU"XNjVMPJ�Hbn
�IH�_>jVX
^P�1U*^lMlHbX1[`�­jVMPJeU9Q@QNH�^\HNg � n�^l�Njbi1Sb��^l�NU�MlU*OR[DXNj¢QTOcMlU��/^
a*©�£
L1HV[]U9Q"MlU�U�[]^POcJ�H�^lOZjVX��­jVM � mNHe[POZJefNncU�O�^lU�M\H�^lOZYVU�[l�\�NU�JeU�Oc[
H�Y�HKOcncHbLNncU¢Ë pKÉ�Ì§gFÅ1jbMFncHbMPSVU°[P_T[`^lU�J�[F�
O�^l�#J�HKXz_$:�HKi<[P[POcHbX1[�m
H>[POZX1SbncU�SbncjbL<HKn
^lMlHbX1[`�­jVMPJ�HK^POcjbX¥J�H�_åLBU�OcX1HVQTU�¦;i1HK^PU�^lj
��HbfT^Pi1MPU¡^P�NUßQTO dBU�MPU�XV^���jVMPMlU�nRH�^lOZjVX¾[`^lMPi<�/^Pi1MPU9[�g�¯ÏX¾^l�NOc[
��HV[]UVm(H�[PU�^&jb�@^PM\HKX1[]�­jbMlJ�H�^lOZjVX1[ � '�� ' � )V) ��HKX�LBU¡i1[PU�Q7m[P�1HKMlU�Q�HKJejbX1SV[]^tHbnZn :�Hbi1[l[]ORHKX1[IYzORH H f1HbM]^lO�^lOZjVX��­iNX1�/^lOZjVX� �
	 �*�\�1jV[PU�Xe^Pj#J�H��TOZJeOR[]U(^P�NU¢^PM\HKOcXNOcXNS.QNHK^lH@ncOZ VU�ncOZ�1j;jTQ7g
©�jVMPU°MPU9��U�X;^lnZ_Vm�:�HbnZU9[²�<Hb[F[]�Nj��
X�^P�1HK^ � ��HKX�LBU*�÷HV�/^ljbMlU�Q
OcXV^lj�[`^lMPU9HKJ�[F^Pj�HbnZncj��¼H�nRHKMlSbU�M�[PU�^³jb�<^lMlHbX1[]�­jbMlJeHK^POcjbX1[D^lj
LBU�[]_zX;^P�NU9[]OR[PU�Q	Ë pTq\Ì§g
� X1jK^P�1U�M&HbfNfNMljVHV�\�¼^lj¼QTU�HbnZOcXNS��
OZ^P�ÄOZX1HV����iNMlHK^PU�JejTQTU�n
Hb[l[PiNJefT^POcjbX1[(Oc[(^Pj"i1[PU.H�QTOR[l��MlOZJeOcX1H�^lOZYVU�jbLTä`U9�/^lOZYVU��­iNX1�/£
^POcjbX�[Pi1�\��HV[
©>H��TOcJ.iNJÃ©�iT^Pi<HKn7¯ÏXT�­jVMPJ�H�^lOZjVX � ©>©�¯]�tHV[
^P�1U.L1HV[]OR[t�­jbM¢f1HKM\HKJeU�^PU�M
U9[`^lOZJ�HK^POcjbX²Ë pbp9Ì§g(ÅNjVM�©>©�¯/m<^P�1U
jbLNä`U��/^lOZYVU��­iNX1�/^lOZjVX�Oc[

� �
� � 
 ncjbS ��� � = 
 . � ��� � � ����� ��� � = 
 . �� ��� � �� � � q9pV�
�
�NU�MPU . � OR[�^l�NU���jbJefBjV[PO�^lU�JejTQTU�n
��jVMPMlU�[PfBjbX1QTOcXNS�^lj
^P�1U��°jVMlQ�[PU�¦;iNU�X1��U � HbX1Q�� � � �(Oc[(^P�NU�f1MPjVL1HKLNOcncO�^`_&jK�
^P�1Oc[�[PU�¦;iNU�X<��Ubg h �1U [PiNJeJ�H�^POcjbXåOZXå^P�1U QTU�XNjbJeOcX1H�^ljbM�Oc[
^lHb bU�X@j�YbU�MDHKncnb�IjbM\Q@[]U9¦Vi1U�X1��U�[��� HbX1Q�OZ^���HKX@LBU*MlU�fNnRHb��U�Q
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�
�NU�MPU . %!",- U�X1��jTQTU9[�^P�NUß�­iNncn.HV��jbi<[`^lOc�ßHKX<Q¤nRHKX1Sbi1HbSbU
JejTQTU�n	i<[]U9Q�OcX�MPU9��jbSVXNOZ^POcjbX	g
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h �NOR[ jVLTä`U���^POcYbU®�­iNX1��^POcjbX ��HKX LBU�jbfN^POcJ OR[PU�Q�i1[POZX1S
HKX Ue�;^lU�X1QNU�Q��­jbMlJ jb�®otHKi1J#£ �'U�nR�\� MlU�U9[`^lOZJ�HK^POcjbX
HKncSbjVMPOZ^P�1J�Ë pKà9Ì§g
ÅNiNMP^P�1U�MlJ jVMPUVmb^lMlHV�/^\HKLNncU¢HbfNfNMlj/�zOcJ�H�^lOZjVX1[
^Pj.^P�NU�[]i1J J�HK^POcjbX1[°OZX"^P�NU¢X;i1J U�MlHK^PjVM*HKX1Q�QTU�XNjVJeOZX1HK^PjVM
^PU�MPJ�[�jK�°U�¦ßq9p���HbX¡LBUe��jbJefNiT^lU�Q>�­MPjVJ QTU���jzQNU�M�SbU�X1U�MP£
H�^lU�QÐncHK^]^lOc��U�[�m*�
�NU�MPU�^P�1U�XziNJeU�MlHK^PjbMenRH�^P^POR��U�Oc[�QNU�MlOZYVU�Q
�­MljbJ H'�­jVMl��U�QÐMPU9��jbSVXNOZ^POcjbX�jK�¢U9Hb�\�Ð^PM\HKOcXNOcXNSßiT^]^lU�M\HKX1��U
HKX<Q�^P�1U�QNU�XNjVJ OcX1HK^PjbMtOR[tQTU�MlOZYVU�Q"�­MPjVJãHKfNfNnc_zOZX1S.^l�NU��­i1nZn
MlU���jVSbXNOZ^POcjbX&JejzQNU�n7^lj U9Hb�\�&^PM\HKOcXNOcXNSeiT^]^lU�M\HKX1��UVË p�áNm1pVâ9Ì�g
j²õkj �¡ú"ù�þ �&ü�� 5 ������ú	� � �r�

� � ��ø1�E������ú �
�¢XNU��­iNX<QNHKJeU�X;^\HKnDHV[P[PiNJefT^lOZjVX�jb��^P�NU.[]^lHK^POR[`^lOc��HKn7�­M\HKJeU�£
�IjbMl "Oc[(^P�1HK^(^P�1U@^PM\HKOcXNOcXNS"QNH�^\H�OR[
MPU�fNMlU�[PU�X;^lHK^POcYbU�jK��^P�1U
iNX1[PU�U�X¾^lU�[]^�QNHK^lHNg ¯ÏX¸GtkN�-^P�1Oc[�OR[�M\HKMlU�nc_¼^lMPi1Ubg ¬(jb^
jbX1nZ_eQTj.[Pf<U9HK VU�M\[
Y�HKMl_#SVMPU9H�^Pnc_.L1iT^tHbnc[Pj�^P�1U�L1HV�\ ;SVMPjViNX1Q
XNjVOc[PU���jVX1QTOZ^POcjbX1[IHKX<Q ^PM\HKX1[lQTi1��U�M°�\�<HKXNXNU�nB�\�<HKM\Hb�/^lU�MlOc[POR��[
HKMlU��NOZSV�Nnc_¥Y�HbMPORHKL1nZUVg h �NU�[]jVnZiT^lOZjVX�^lj¡^l�NOc[ef1MPjVLNnZU�J Oc[
^Pj�X1jbMlJeHbnZOR[PU#^l�NU�OcXNfNiT^#Q1H�^lH�HV[�J.i1�\�¥HV[�f<j;[P[POZL1nZU"HbX1Q
^P�1U�X�i<[]U¢iNX1[PiNf<U�MPYzOR[]U9Q"HbQ1HKfT^\H�^POcjbXe^lj#HVQ�ä`i1[]^*^P�1U¢JejTQTU�n
f1HbMlHbJ U�^PU�Ml[�g
� YVU�Ml_å[POZJefNncU�JeU�^P�NjTQ¥jb�tX1jbMlJeHbnZOR[POZXNS��­jVM#�\�1HbXNXNU�n*U��±£
�­U���^l[&OZX�Ô��+h6) i±ÚÞÒ�^PM\HKX1[l��MlOZfN^POcjbX�HKfNf1nZOR��HK^POcjbX1[�Oc[�^Pj¼[PiNLT£
^PM\Hb��^°^l�NU@��U�f1[`^lMlHbnÞJ U9HKX�HKX1Q&[P��HKncU�^l�NU�Y�HbMPORHKX<��U�jb�DU9Hb�\�
�­U�HK^PiNMlU�U�nZU�JeU�X;^*^lj.iNXNOZ^`_bg h �NU¢MPU�SbOcjbX�jb�²[]fBU�U9�\�"i1[PU�Qe^lj
��jVJefNiT^PUt^l�NU
XNU�U�QTU9Q H�YVU�M\HKSVU�[DOc[³��jbX1[]^PM\HKOcXNU9Q.Lz_@^l�NU�HKfN£
fNncOc��H�^lOZjVX�LNiT^tOc[³^`_;f1Oc��HKncnZ_ ^P�1U��
�NjVnZU(iN^]^PU�MlHbX1��U¢jbM³�
�1jbncU
[POcQTU@jb�FHe��jVXzYbU�M\[lH�^POcjbXDË pQ��Ì§g
� XåU*dÞU���^POcYbU��­jVMPJ jK�*[PfBU�HK VU�M¢XNjbMlJ�HKncOc[lH�^lOZjVX�OR[�^Pj��tHKMlf
^P�1U
�­MPU9¦;iNU�X1��_�H5�TOc[7i<[]U9Q�OZX�^l�NU
�­MljbX;^]£§U�X1Q�[Pf<U9�/^lMPiNJÀHKX<HKnZ£
_T[]OR[>OcX jbM\QTU�M�^PjÄ��jbJefBU�X1[lH�^lUß�­jbM¡Y�HbMPORH�^lOZjVX1[�OcX YbjT��Hbn
^PM\Hb��^
nZU�XNSK^l�²Ë p;Èzm<pQ��Ì§g h �NU@jbfT^lOZJ�Hbn	�IHbMPf1OZXNS OR[t�­jbiNX<Q&Lz_
[PU�HKM\�\�NOcXNS��­jbM#^P�1U�[l��HbnZOcXNS��÷HV�/^PjVM#�
�1Oc�\��J�H5�zOcJeOc[PU�[.^P�1U
ncjbSenZOc bU�nZOc�NjzjTQ�jb�D^l�NU@�tHKMlf<U9Q�[Pf<U�U��\��QNH�^\HNg
���NU�MPU9Hb[FXNjbMlJ�HKncOc[lH�^lOZjVX.[PU�U� T[D^Pj�J�HK VU*^l�NUtOZX1fNiT^³[]fBU�U9�\�
��ncjV[PU�M�^lj�^P�NU�JejTQTU�nc[�mFHVQNHKfN^lH�^lOZjVX'[PU�U� T[�^Pj�JejTQTO��­_å^P�1U
JejTQTU�nR[
^lj�J�HK bUt^l�NU�J H@LBU�^P^PU�M*¨N^³^lj@^P�NU¢[]fBU�U9�\�	g h �NU�MlU
HKMlU�^`�Ij>J�HKOcX�HKfNf1MPj;Hb�\�NU9[�^Pj¡HVQNHKfN^lH�^lOZjVX	g>ÅFOZM\[]^Pnc_bm�^P�1U
JejTQTU�n&f1HKM\HKJeU�^lU�M\[���HbX L<U¾^PMlU�H�^lU�Q HV[�M\HKX1QTjVJ Y�HKMlOZ£
HKL1nZU9[@HKX1Q'U�[]^POcJ�H�^lU�Q'i1[POZXNS�^lMlHVQTO�^lOZjVX1HKn³otH�_VU�[POcHbXå© � r
^PU9�\�NXNOR¦;iNU�[9Ë pbÎ�Ì§g h �NU¥fNMljbLNncU�J �
O�^l�À^P�NOR[>HbfNfNMljVHb�\�¤Oc[
^P�<H�^(jbX1nZ_�^P�Nj;[]U@f1HbMlHbJeU�^PU�Ml[°�­jVM
�
�NOc�\��^l�NU�MlU@Oc[�HbQNHbfT^lHK£
^POcjbX¥QNHK^lH�HKMlU iNfBQ1H�^PU9Q7m�HKnR[]j�QTU�^PU�MlJeOZX1OZXNS�[PiNOZ^lHKL1nZU�fNMlOZ£
jbM\[*��HKX&L<U�QTOZ����iNnZ^�g h �NU�[]U9��jbX<Q"HKX1Q�JejbMlU��
ORQTU�nc_ei1[]U9Q
HKf1fNMPj;Hb�\��Oc[�^Pj�U�[]^POcJeHK^PU@^lMlHbX1[]�­jbMlJeHK^POcjbX1[(jK��^P�NU Hb��jbi1[]£
^POR��JejTQTU�n²f1HbMlHbJ U�^PU�Ml[
OcX>He^lU��\�NXNOR¦;iNU.��HKncnZU9Q�©>H��TOcJ.iNJw	Oc bU�nZOc�NjzjTQ w²OZXNU9HKM �
U�SbMlU�[l[]OcjbX � ©[w-wD����Ë pKÇNm>àbÉTm>à1q/Ì�g
©[w w²�¥[PU�U� T[B^lj
¨1X1Q@HbX�HK��XNU�^PM\HKX1[]�­jbMlJÄjb�V^l�NU6:�Hbi1[P[PORHKX
JeU�HbX1[��
�1Oc�\�åJeH5�TOZJeOR[]U9[(^l�NUenZOc bU�nZOc�NjzjTQ�jK�³^l�NUeHbQNHbfT^lHK£
^POcjbX�QNHK^lH1mTO«g Ubg
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Base Classes

Global Class

ÅDOcSbi1MPU�â P³�(U�SbMlU�[l[POZjVX�G°nRHb[l[ h MlU�U
h �NU" VU�_�^lj�^P�1U"f<j��IU�M@jb�°^l�NOR[.HbQ1HKfT^\H�^POcjbX¥HbfNfNMljVHb�\�åOc[
^P�<H�^ H¡[]OcXNSbncU�^lMlHbX1[`�­jVMPJ�HK^POcjbX � ��HKX¥LBU&[P�1HbMPU9Q'HV��MljV[l[
H�[PU�^>jK� :�Hbi1[P[PORHKX¸J O �z^PiNMlU���jVJef<jVXNU�X;^l[�g ���1U�XÀ^P�1U
HKJejViNX;^�jb�tHVQNHKfN^lH�^lOZjVX'Q1H�^lH�OR[�ncOZJeOZ^PU�Q	mFH�[POZX1SbncU#^lMlHbX1[]£
�­jbMlJÂ��HKXeLBU�[]�<HKMlU�QeHb��MPj;[P[
HbnZn :�Hbi1[l[]ORHKX1[�OcXe^P�1U�[]_T[]^PU�J�g
� [³^P�NU¢HKJejbiNX;^³jb�ÞQNHK^lH�OcX1��MlU�HV[]U9[�mK^P�NU ª ©>©-[]^lH�^lU���jVJ £
fBjbXNU�XV^\[���HbXÐLBU�SbMljbiNfBU�QÐOcXV^lj¥��nRHb[l[]U9[#�
OZ^P��U9Hb�\����nRHb[l[
�1H�YzOcXNS"OZ^l[�j��
X�^PM\HKX<[`�­jVMPJ�g � [¢^P�NUeHKJejbi1XV^�jK�*QNHK^lH�OZXT£
��MlU�HV[]U9[ �­iNMP^P�NU�M�mt^l�NU¡XziNJ#L<U�M"jK����nRHb[l[PU�["HbX1Q�^P�NU�MPU��­jbMlU
^PM\HKX<[`�­jVMPJ�[�OcX1��MlU�HV[]U9[³��jVMPMlU�[Pf<jVX1QTOcXNSbnc_�ncU�HVQTOZX1S�^Pj�LBU�^P^PU�M
HKX<Q�LBU�^P^PU�M¢HbQNHbfT^lHK^POcjbX	g
h �NU&X;i1J.LBU�M jK�
^PM\HKX<[`�­jVMPJ�[@OR[.i<[]i1HbnZnc_¥QTU�^lU�MlJeOZXNU9Q�HKiN£
^PjVJ�H�^POR��HbnZnc_�i<[]OcXNS�H�ÖPÒ§ÛbÖPÒ�ÓlÓ#i÷ÔKÚß×H)ZÙ�Ó\Ó.Ý�ÖPÒ\Ò�HV[
OcnZnci1[]^PM\H�^PU9Q
OcX�¨1S&âTgta*HV�\�&X1jzQNU�MPU�fNMlU�[PU�X;^l[(HeMlU�SVMPU9[P[POcjbX���nRHb[l[tO«g UbgBH
[PU�^�jK� :�Hbi1[P[PORHKX¡��jbJef<jVXNU�X;^\[¢�
�1Oc�\�å�
OZncn
[]�1HbMPU H&[POcXNSbncU
^PM\HKX<[`�­jVMPJ�gDÅ1jbM*H�SVOZYVU�X�[]U�^³jK�7HbQNHbfT^lHK^POcjbXeQNH�^\HNmb^P�NUt^lMPU�U
OR[�QNU�[l��U�X<QTU�Q'HKX1Q>^P�NUeJejV[]^@[]fBU���O�¨<�e[PU�^@jK�°XNjTQTU�[�OR[@[]U�£
ncU��/^lU�Q¡�­jbM��
�NOR�\�>^l�NU�MlUeOc[�[PiT�"��OcU�X;^�QNH�^\H � �­jbM�U*�NHKJefNncUbm
^P�1U�¨1nZncU�QT£�OcX�XNjTQTU�[tOcX�^P�NU�¨1SViNMlU9�/g
¯ÏX¥HbQNQNO�^lOZjVXß^Pj�JeU�HbXßHVQNHKfN^lH�^lOZjVX	m²Y�HbMPORHKX1��U�HbQNHbfT^lHK^POcjbX
OR[�HKnR[Pj"f<j;[P[POcLNnZUVg h �NU�MlU.HKMlU.[PU�YVU�M\HKn	HKf1fNMPj;Hb�\�NU9[I^Pj�^P�NOR[�g
ÅFOZM\[]^Pnc_bm<H�[]U�f1HKM\H�^lU�i1X1��jVX1[`^lMlHbOZX1U�Q&^PM\HKX1[]�­jbMlJ � ��HKX�LBU
i1[PU�Q��
�NU�MPU �! l 
� 
 � � �

l 
 ���� � q9âV�
HKX<Q��
�NU�MlU � � Oc["^P�NU�G°�NjbncU�[P zO(�÷HV�/^PjVM�jb� !

l 

� g h �1UHbQNY�HbX;^lHKSVU¡jb��^P�NOR[��­jbMlJ OR[�^l�1H�^ � ��HKXÄLBUßU�[]^POcJ�H�^PU9Q

i1[POZX1S#^l�NU�[]^lHKX<QNHKM\Q&��j�Y�HKMlOcHbX1��U¢MPU�U�[]^POcJeHK^POcjbX&�­jbMlJ.iNnRHNg
kzU9��jbX<QTnZ_Vm³OcX1[`^lU�HVQ¥jK���<H�Y;OcXNS¡H'[PU�f1HbMlHK^PU�^lMlHbX1[`�­jVMPJ4�­jVM
^P�1U�JeU9HKX1[eHKX<Q�Y�HKMlOcHbX1��U9[�m³H'[POZXNSVnZUß×\Ô�ÚNÓ/Ý�ÖPÙ�i±ÚÞÒ9g"^lMlHbX1[]£
�­jbMlJ2��HKX�L<U�HbfNfNncOZU9Q�^lj�L<jb^P�	m1O«g Ubg
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h �NOR[*�<Hb[
XNj ��ncjV[PU�Qz£��­jbMlJÂ[PjbnciT^lOZjVX�LNiT^IHbX�O�^lU�M\H�^lOZYVU�[]jVnZiN£
^POcjbXåOc[�fBjV[l[]OcLNncU�Ë àVp�Ì�g �  VU�_�HbQTY�HbXV^\HKSVU.jK�*^P�NOR[¢�­jbMlJ-jK�
HbQ1HKfT^\H�^POcjbX�OR[°^P�1HK^*^l�NU¢ncOc bU�ncOc�NjzjzQ1[*��HbX"LBU���HKnR��iNnRH�^lU�Q"HV[
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 � 
 �
h �NOR[�J U9HKX1[�^P�<H�^�^P�NU ^PM\HKX<[`�­jVMPJ���HbX¡LBU HbfNfNncOZU9Q�^Pj&^P�1U
QNHK^lH MlHK^P�NU�Mt^P�1HbX�^l�NU ª ©¡©�f<HKM\HKJeU�^lU�M\[°�
�1Oc�\��J�H�_"LBU

JejbMlU°��jbXzYbU�XNOZU�X;^	�­jbM�[]jVJeU°HKf1fNnZOR��HK^POcjbX1[ � ���<[PU�JeO�£�^POcU�Q#��jb£
Y�HKMlOcHbX1��U9[�mT[PU���^POcjbX�àNg pb�/g
¯ÏX HbQNQNO�^lOZjVXÀ^Pj�^P�1U�HKLBj�YbUbm�^l�NU�MlU�HKMlU¥J�HKXz_¾Y�HKMlOcHbX;^l[�g
ÅNjVM³U*�NHbJ f1nZUVmVJ#iNn�^lOZf1nZU
^lMlHbX1[]�­jbMlJe[*��HKX�LBU(i1[PU�Q �­jVM*U9Hb�\�
��nRHb[l[9Ë àVàzmbàKá�ÌBHKX1QeHKnZ^PU�MPX<H�^POcYbUtjVLTä`U���^POcYbUI�­iNX1��^POcjbX1[³��HKXeLBU
i1[PU�Q	Ë àVâTm1àQ��Ì§g

j²õ�� �eú	��ÿ � 5 ��ú � ��ý ��� ú�ù�� 5 � �r�
þ�ú���ý¢ü��eú�þïû �K� ������ú	�

� [(XNjK^lU�Q�OZX�[PU���^POcjbX>pTgcqbmz^l�NU�Sbj;HKnÞjK�F^P�1U�[`^\H�^POR[]^POR��HKn	�­jbMP£
J.i1ncHK^POcjbXejK�B^P�NU�GtkT��fNMljbLNncU�JïOR[
^lj�¨1X1Q ^l�NU
JejV[]^*nZOc bU�nZ_
�IjbM\Q�[]U9¦Vi1U�X1��U ��gï¯ÏX�^l�NU¡jVfT^POcJ�HKn���Hb[PUbmt^l�NOR[��IjbiNnRQ
_zOZU�ncQÄ^P�1U'JeOcXNOcJ.iNJ�[]U�XV^lU�X1��UßU�MlMPjVM&M\H�^lUå�
�NU�MPU9Hb[&^P�1U
fNM\HKSVJeHK^POR�.MlU�¦;iNOcMlU�JeU�X;^@Oc[@^Pj�JeOZXNOcJeOc[PUe^P�1U��°jVMlQåU�MlMPjVM
M\H�^PU � �¾a*����g
� JeOZXNOcJ.i1J �°jVMlQ�U�MPMljbMIM\H�^PU�QTU���jTQTOZX1S ��HKX�LBU�Hb�\�NOcU�YVU�Q
Lz_åU9[`^lOZJ�HK^POcXNS>�IjbM\Q¡fBjV[]^PU�MPOcjbM�f1MPjVL1HKLNOcncO�^lOZU9[�g h �NOR[.��HbX
LBU�QTjbXNU@Lz_���jbXzYVU�MP^POcXNS.^l�NU�QTU9��jTQTU�M�ncHK^]^POR��U@jViT^Pf1iT^(OZX;^lj
He��jVXT�­i1[POZjVX&J�H�^lMPO �7g³ÅNjVM
U�Hb�\��HKM\��OZX�^l�NU@ncHK^]^lOc��UbmNHefBjV[]£
^PU�MPOcjbM°fNMljbL1HbLNOZncOZ^`_e��HKX"LBU���jbJefNiN^PU�Q�i1[POZXNS.^P�NU¢�­jbMl�tHKM\Qz£
L1HV�\ ;�tHKM\Q¥HKncSbjVMPOZ^P�1J 
 ] g h �NU�nRH�^]^lOc��U�HbMl��[#��HKX¥^l�NU�X�LBU��nci1[]^PU�MPU9Q¾^lj��­jbMlJ H�nZOcXNU9HKM�SbM\HKf1�¤�
OZ^P�¸^P�1U¥fNMPjVf<U�M]^`_
^P�<H�^*HKncnTf1HbMlHbnZncU�nNHbMl��[²�­jVMPJÂH@��jbXN�­i1[]OcjbXe[PU�^³HKX1QeHbnZnTf1HK^P�1[
^P�1MPjViNSb��^P�NU@SVMlHbfN�"f1HV[P[I^l�NMPjViNSb��HKncnÞXNjTQTU�[tOcX�^l�NU�[lHKJeU
jbM\QTU�M HV[#OcX�^l�NU�ncHK^]^lOc��UVË à;È�Ì§g h �NU�JeOZX1OZJ#iNJ �¾a*�Ã�z_;£
fBjK^P�1U�[POc[tOR[I^P�NU�X��­jViNX1Q&Lz_�[]U�nZU9�/^lOZXNS ^l�NU�J j;[`^
ncOZ VU�nc_"HKM\�
OcX�U9Hb�\����jVXT�­i1[POZjVX�[PU�^9g
G°jbXN�­i1[]OcjbXåSbM\HKfN�<[���HKX'HKnR[]j�L<Uei1[PU�Q¡^Pj���jbJefNiT^lUe��jbXT¨1£
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