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KI<GFg=@?qH	M =@?qHJnVefHJ<>K �C?qH�;*?qF e ��F�^)�CF�LVeka6�Io�D�^�n�FVK s < ` K.�/�C;�<GDJ<�H�;�<mjm<>ek=	n�D�<>K�K�e>H�e
ac^�FV=@?A=@H�=C^fu�F�^�?d=@M l�D�^:�	<bacH�?p^kFV=�^>u�H�;�<}?pFIHJ<GFV=@?pH	M �

� F %'&)( � � ? `p` <GD%e>FVK 5 ? `p` = ��M�?pFIHJD�^�KInVa�<�e 45' ���6" ��"(' � �%45* � " � �#�!�0� ��'��}u\^kD}=	^ ` ��?qF*o
H�;*<�e>F�^kj e ` M$� KI<GHJ<>acH�?p^kF6l�DJ^kL ` <Gj ?qF e�H ��^:� KI?pjx<GFg=@?q^�FVe ` jm<>KI?pn�j ?qF�H�;�< ac^kF�H�< �IH
^fu�H�;*< ` ?qF�<befD�?#"G<>Km=�aGe>H�HJ<GD�?pF�o|l�DJ^kL ` <Gj9��9�;�<GM KI<��&< ` ^kl�e>FYe ` o�^kD�?pH�;�j u\^kD%KI<GHJ<>acHJ?qF�o
j�n ` H�?ql ` < efF�^�j�e ` ?q<b=�^fu e�jx^�D�<}ok<yF�<GD�e ` a ` e�=�=�^>u�^kL
�	<>a�H�=�H�;gefFYHJ;VefH ac^�FV=@?AKI<GD�<bK�L�M
vC^&=�=	?1efFVK 5 ? `p` = ��M � � F�HJ;�?d=E=	<GH�HJ?qF�o��&H�;�<C^�LV=@<GD �&<>K�K�e>H�e�?d=Ee ` ?qF�<>e>D�HJD�e>FV= u\^�D�j efH�?p^kF
^fugH�;�<�?qF�H�<yFV=@?pH@M s < ` K �C?qHJ;PekK�KI?pH�?#�&<EF�^k?A=@< � �%F�e�;*?qok; ` <��&< ` ��H�;�< � ? `q` <yD � 5 ? `q` = ��MCe>l
�
l�DJ^&eka�;6=	H�e>D�H�=�u\D�^�j�ac^&e>D�=@< � =JaGe ` <�� ` ^,�1�\D�<b=@^ ` n�H�?p^kF ` ^�aGe ` ?�"befH�?p^kF/� efFVK�o�D�ekK�nVe `p` M�l�D�^7�
okDJ<>=�=	<>=CH�^ s F�<GD � =JaGe ` <��G;�?pok;�<yD �\D�<>=	^ ` n*H�?q^�FYDJ<Gok?p^kFV=���n�F�H�? ` H�;�<Pe�acH�nVe ` e>F�^kj e ` ?q<>=%efDJ<
u\^kn*FVK.� �&lV<>ac? s aGe `p` M �%H�;�< e ` ok^kDJ?qHJ;�j DJ<GlV<>efHJ<>K ` M!lVe>D�H�?pH�?p^kFV=�H�;�<0e>D�<>e)efH�;VefFVK �
"G^&^�jx?pF�o�?qF�H�^PD�<Go�?q^kFg= �C;�<GD�< efF�^�j�e ` ?q<b=CefD�< -�jm^kD�< ` ?��&< ` M�/�HJ^�<���?d=@H efFVK�l�DJ^�ac<G<>K*=
D�<bacn�D�=	?��&< ` MYHJ^�=@<>e>D�a�; u\^�DmefF�^�j�e ` ?p<>=4?pF H�;�<b=@<�D�<Go�?q^�FV=�� � F <>eka�;0=@HJ<Gl)e ` ^kF�o6HJ;�<
�CeGM �&jm<GH�;*^�K�=,^>u�;IM�lV^kH�;*<>=@?A= HJ<>=@HJ?qF�oPe>FVKxlVe>D�efjm<GHJ<GD�<>=	H�?pj�e>H�?q^�F�e>D�<%<Gjml ` ^>M&<>K|HJ^
KI<>a�?dKI<}^kF�H�;�<}F�< �IH%D�<Go�?q^�F�HJ^ "G^&^�j ?pF/� 8 ` e>H�<GD1� ^kD ��L�M � ? `q` <yD % � ( <���H�<GFVK*=�H�;�?A=
efl*l�D�^ eka�;iu\^�D|e�F�^�F
� ` ?qF*<>efDP=�ayefH�HJ<GD�?pF�o�jm^�KI< ` � � ? `p` <GD%e ` =@^�?qF�H�DJ^�KInVac<>= e�jm<GHJ;�^�K
u\^kD ?qFVa ` nV=@?p^kF)^fuPl�D�?p^kD�?pFIu\^kDJj�e>H�?p^kF#H�^ okn�?AKI<6H�;�< =@<>e>D�a�;/�1�I?Ae�e0=	<GHx^>uPl�<yFVe ` H@M
H�<yD�j =4H�;gefH|l ` eGM�HJ;�<mD�^ ` <�^fu%l*D�?q^�D|l�DJ^kLVe>L�? ` ?qHJ?q<>=�?qF H�;�<�;�M�l�^�H�;�<b=@?d= �SHJ<>=@HJ?qF�o�l�D�^7�
ac<>K�n�D�<>=���9�;�<b=@<�lV<GFVe ` H	M�H�<GDJj�=�e>D�<PnV=@<>KYHJ^�D�<Gl�DJ<>=@<yFIHCl�DJ?q^�D�<���l�<bacH�e>H�?q^�FV=�e>L�^�n�H
H�;*<xF�n�j�LV<GD}^fu�efF�^�j�e ` ?q<b=���HJ;�<G?pD}=@?#"G<>=}efFVK =@;Ve>l�<b=�� � F % � ( � r D�e)�IHPac^�FV=@?AKI<GD�=�HJ;�<
nV=	<�^fu%j�n ` H�?#� =JaGe ` <�;IM�lV^kH�;*<>=@?A=4H�<b=@H�?pF�o��C;*?da�; KI^�F�^kHPF�<>ac<b=�=�e>D�? ` M�ac^�D�D�<b=@lV^kFVK HJ^
=@lgefH�?Ae ` "G^&^�jx?pF�o
��?qF�H�;�< ac^kF�H�< �IH�^>u%a�;VefDzekacHJ<GD�?#">efHJ?q^�F6^fu e�=@?pF�o ` <�e>F�^kj e ` MYu\D�^kj
H�^�jx^�okDzefl�;�?Aa�l�D�^:�	<bacH�?p^kFV=�� ��<}ac^�FV=@?AKI<GD�<bKxH�;�<PaGe�=@<>= �C;*<GD�<�HJ;�<}LVeka6��okD�^�n�FVK 0S? � < �#�
F�^�D�j e ` ekacHJ?���?qH	M�^fu H�;�<�jm<>KI?pn�j;2 ?d=�<G?pH�;�<yD �C;�?qHJ<�^kD�u\D�e�acH�e ` ��KI<Gjm^kFg=@H�DzefHJ<>=�H�;Ve>H
=@lgefH�?Ae ` "G^&^kjm?qF�o�?A=�ekKI<>w&nVe>H�<�u\^�D�H�;*<}aGek=	<�^fu �C;*?qH�< LVeka6�Io�D�^�n�FVKxL�n*H�F�^�H�u\^kD,u\Dzeka��
H�e ` LVeka6��okD�^�n�FVK.� efFgK < ��e>jx?pF�<>=|K�? �1<GD�<yFIHP=@HzefHJ?d=@HJ?daG=*�C;*?da�;0aGefF0LV<�nV=	<>K�u\^kD�HJ;�<
` e>H�<GD%ayek=@< �
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� F % � ( �EvC? ` <GM6e>FVK0{�<���efF*<GM K�<��&< ` ^�l�eYjx<yH�;�^�Kiu\^�D|^�L
�	<>acH ` ^�aGe ` ?�">e>H�?p^kF6u\D�^kj
H ��^�KI?pjx<GFg=@?q^�FVe ` ?qj efok< K�e>H�e�ng=@?qF*o � �#� "%�6" $ $ �(��� 4��5�#�3� l*D�^klV<GDJH�?p<>=�� � H ?d=}=@;�^)�CF
?qF�HJ;�?d=1��^�D ��H�;Ve>H�HJ;�<*� e��&< ` <GH H�DzefFV= u\^kD�j =C^fu efF�?qj efok<}FVe>H�n�Dze `p` M�ac^kDJD�<>=	lV^kFVKYHJ^
j�n ` H�?�� =�aye ` < efFge ` M*=@?A=�^fu�H�;�?A=,?pj�e>ok< �*efFVK�H�;�nV=�aGe>F�L�<}nV=	<>K�H�^maGe>D�DJM�^kn�H%e�=	lVefHJ?de `
"G^&^�jx?pF�oxl*D�^�ac<>K�n�D�<P?qF6emac^�jxl�n*H�efHJ?q^�FVe `p` M�< ��ac?p<GFIH j�e>F�F�<GD �C9�;�<GM�KI<yjx^�FV=@HJD�efHJ<
H�;gefHCH�;*?d=�e>l�l�DJ^&eka�;Y?A=,jm^kDJ<�< ��ac?q<GF�H�H�;Ve>F�H�;�<}=	H�e>FVK�efDzK�<GF*<GD�o�M�KI<yH�<>acHJ^kD ��efFgK�?pF
u eka�HCD�<>=	n ` Hz=�?qF�e LV<GHJH�<GDCl*D�^kLgefL�? ` ?qH	Mm^fu K�<GH�<>a�H�?q^�F/�
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� F�H�;�?A= ��^�D � � <}KI<>=	?qo�FYe>F6e ` ok^�D�?pH�;�j �C;�?da�;�<���H�<yFVK�=�H�;*<}efl�l*D�^&e�a ;�^fu %'& �	� ( ?pF�e
u\<��)ek=	lV<>acH�=��k?qjml ` <Gjx<yFIH�HJ;�?d=�e ` ok^kDJ?qHJ;�j3e>FVK|<���e ` nVefHJ<C?qH�=�lV<GD@u\^�D�j efFVa�< � 5 <%=@HJD�<>=J=
H�;gefH�H�;�< e ` ok^�D�?qHJ;�j3?qFmH�;*?d=�HJ;�<>=@?A= �Cek= KI<��&< ` ^klV<>K�e�=�=@n*jx?pF�o}H�;Ve>H ��<%e ` DJ<>ekKIM�;ge��&<
exu\n `q` ?qj efok<�^>uCHJ;�<�jx<bKI?qn�j �C?pH�;�F�^�KI?d=	H�^kDJH�?p^kF/��9�;gefH|?A=��.� <mek=J=@n�jm<xHJ;VefH}HJ;�<
jm<>ek=	n�D�<>KmK�e>H�e�^kF �C;*?da�;���<%efl*l ` M�HJ;�<%e ` ok^kDJ?qHJ;�j3?d=E^kL*H�ef?pF�<>K|u\D�^�j H�;*<�?pFIHJ<GFV=@?pH	M
s < ` K�=@?pjxl ` M�L�M�e�K�KI?qF*o �C;�?pH�< ! e>nV=�=	?defF�F�^�?d=	< ��9�;�?d=C=	?qjml ` <%jm^�KI< ` <GFVe>L ` <b=,nV=�HJ^
efFge ` M "G<PKI?��
<yD�<GF�HCe�=@lV<>acHz=�^>u�H�;�<Pe ` ok^�D�?pH�;�j9�

�&?qFgac<�HJ;�< � ? `p` <GD � 5 ? `q` = �IM%e>l�l�DJ^&eka�;m?d=�KI<>=@?pokF�<bK|H�^}e ` =@^ ;VefFVK ` <CH�;*<%aGek=	< �C;�<GDJ<
H�;*<�u\n `p` M0D�<>a�^kFV=	H�D�ngacH�<>K0?qj efo�<Y?d=�F�^�H�e��ke>? ` efL ` < ��^kn*D ��^�D �)aGefF#LV<6HJ;�^kn�o�;IH ^fu
ek= s D�=@Hm=	H�<Gl0HJ^,� efDzK�=|D�<>e ` ?#"G?qF�o efF)e ` ok^�D�?qHJ;�j HJ;VefH�� ^kD �*=*�C?qHJ;0^kD��C?qHJ;�^kn*H|u\n `q`
D�<bac^kFV=	H�DJnVacH�?p^kF/� � F �&<>a�H�?q^�F �$� �;� <�KI<>=JacD�?pL�<mH�;*<�jx^�K�? s aGe>H�?p^kFV=*�C;�?Aa ;�j�nV=	H|LV<
j ekKI<P?qF�H�;�< e ` ok^kDJ?qHJ;�j ?qF�^kDzKI<GD%H�^mok<GF�<yD�e ` ?�"G<}?pHCH�^mH�;�<PF�^:�\D�<>a�^kFV=	H�D�ngacH�?p^kF6ayek=@< �
9�;�<}j ef?qF�ac^�FIHJD�?pL�n�H�?p^kFV=�^>u�H�;*?d=�H�;*<>=@?A=CefD�<}HJ;�<�u\^ `q` ^)�C?qF�o�8

� 9�;�< e ` ok^�D�?qHJ;�j = ?pF %'& � � ( efDJ<%KI<��&< ` ^klV<>K4u\^�D�e�H ��^7� K�?qjm<GFV=@?p^kFVe ` jm<>KI?qn*j�� � F
HJ;�?d= � ^kD � ��<}ok<GF*<GD�e ` ?�"y<�H�;�<yj u\^kDCHJ;�D�<G< � KI?pjx<yFV=@?p^kFVe ` jm<>KI?qn*j��

� 5 <�?qF �&<>=	H�?qo efHJ<�H�;�<�ng=@<�^>u�u\<G<bKILVeka6�6H�<ba ;�F*?dw&n�<>=�?pF ^kDzKI<GD|HJ^6?qjml�D�^)�&<�HJ;�<
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` ^�aGe ` ?�">e>H�?q^�F�D�<>=	n ` Hz=���9�;VefH�?d=��&ebu\HJ<GDEDJn�F�F�?pF�o}H�;�<%e ` ok^�D�?pH�;�j/H�;�<CDJ<>=@n ` H�= � <GD�<
u\<>K�LVe�a3� H�^�H�;*<|e ` o�^kD�?pH�;�j ?qF�^kDzKI<GD%H�^�?qjml�DJ^,�&< ?qH�=Ce�aGacn�DzekacM �
�&lV<>a�? s aGe `q` M � <|H�<b=@H�<bK�H ��^�u\<G<>KILgeka6��jx<yH�;�^�K�=��%9�;�< s Dz=@H%jx<yH�;�^�K6ac^�FV=@?A=@Hz=
^>uCe a ` ^ =@<GD�?pFV=@lV<>a�H�?q^�FY^>u�<beka�;�efF�^�j�e ` M��C;*?da�;Y?d=Cu\^kn�FVKYL�M�H�;�<me ` o�^kD�?pH�;�j
?pFY^kDzKI<GD�HJ^�?qjml�DJ^,�&<}HJ;�<�e�aGacn�DzekacM�^fu ?pH�=CL�^�D�KI<yD�=�� � F�H�;�<m=	<>ac^kFgK�jm<GH�;�^�K �
� <4HJD�M�H�^ s FVK�efF�^�j�e ` ?p<>=�H�;Ve>H�jm?qok;�HC;Ve��&<}LV<G<GF�jx?A=�=	<>K�LIM�H�;*<|e ` o�^kD�?pH�;�j
L�M6=	n�L�H�DzekacHJ?qF�o�^kn�H}HJ;�<x<��
<bacH}^fuCHJ;�<�u\^kn�FVK�efF*^kj e ` ?p<>=}efFVK�H�;�<GF�D�n*F�F�?qF*o
HJ;�<Pe ` o�^kDJ?qH�;*j efo ef?qF �

� 5 <�?qjml ` <Gjx<yFIHJ<>K4HJ;�<}e ` ok^�D�?qHJ;�j efFVK�H�<b=@H�<bKx?qH ?qF =@<��&<GDze ` KI? �1<GDJ<GFIH =	<GH�HJ?qF�o =
HJ^x<���e ` nVe>H�<}H�;�<}<��1<>a�H�^fu H�;�<+��efDJ?q^kng=�lVe>D�e>jx<GHJ<GD�=�?pF$�&^ ` �&<>K �
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9�;�?A=�HJ;�<>=@?A=�?A=�^�D�o efF�?#"G<>KYe�=�u\^ `p` ^)�%=�8 � F�h�;Vefl*H�<GD�� ��<Pl�D�^)��?dKI<Pe�L�D�?p<cu�DJ<��I?p<�� ^fu
KI<GHJ<>acHJ?q^kF efFVK6<>=	H�?qj efHJ?q^�F6H�<>a�;�F�?Aw
n�<b=�e>FVK�K�<>=�acDJ?qLV<|HJ;�<�u\^kD�j e ` jx^�KI< ` ?qF �C;�?Aa ;
^kn*D�e ` ok^kDJ?qHJ;�j ��^kD ��=�� h�;Vefl�HJ<GD���KI<>=JacD�?pL�<b= HJ;�<6e ` ok^�D�?pH�;�j ?qHz=@< ` u �,HJ;�<���e>D�?q^�nV=
lVe>D�efjm<GHJ<GD�=�?qF �&^ ` �&<bK.�&efFgKx^kn�DC?pjxl ` <Gjm<GF�H�efHJ?q^�F/��h�;Ve>l�H�<GD � ac^kF�H�e>?qFV= ac^kjml ` <��I?pH	M
efFge ` M*=@?A=�^fu�HJ;�<Pe ` ok^kDJ?qHJ;�j��
h�;gefl�HJ<GD & K�<>=�acDJ?qLV<>=�HJ;�<}<��IlV<GDJ?qjm<GF�H�e ` DJ<>=@n ` H�= �C;�?Aa ;
��< ^kL�Hzef?qF*<>K.�VefFgK�?pFYh�;Ve>l�H�<GD �*� <�l�DJ<>=@<GF�H�^�n�D%ac^�FVa ` ng=@?q^�FV=�e>FVK�lV^ =�=@?pL ` <%u\n�H�n�DJ<
D�<b=@<>e>D�a�;YK�?qD�<bacH�?p^kFV=��
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�%n�D%efF*^kj e ` M�KI<GH�<bacH�?p^kF�e ` ok^�D�?pH�;�j ?A=�LVek=	<>K�^kF =@H�e>H�?A=@H�?AaGe ` jx<yH�;�^�K�=C^fu KI<GHJ<>acHJ?q^kF
efFgK�<b=@H�?pj�e>H�?p^kF/� � F lVefDJH�?da�n ` e>D��$� <�ng=@<}H�<>a�;�F�?Aw
n*<>='u\^kD � � e>D�M�;�MIlV^�H�;�<>=	?d=�H�<>=	H�?qF*o
efFgK ` <>ek=	H � =�w&nVefDJ<>K$�\<GD�DJ^kD}<>=@HJ?qj efHJ?q^kF �}83ac^kjml�D�<y;�<GFV=	?��&<|HJD�<>e>H�jm<GF�H�^>u�HJ;�<>=	<mefFVK
^kHJ;�<GD�jm<GH�;�^�K*= ?pF�H�;�<CHJ;�<G^�D�M�^fu'KI<GHJ<>acH�?p^kF efFVKx<b=@H�?pj�e>H�?p^kFmaGe>F�L�<Cu\^kn*FVK ?pF�j�e>FIM
H�< �IH�LV^&^:�*= 0S< � o
� % � � ( 26� ��< ` ^)�!��<%^kF ` MmKI<>=�a�D�?qLV<%H�;�<%lVe>D�H�=�^fu�HJ;�?d=EH�;*<G^kDJM�H�;Ve>HCefDJ<
KI?pD�<>acH ` M�DJ< ` <���e>FIH�u\^�DC^kn�D e ` ok^kDJ?qHJ;�j��
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� efF�M�=@?pokFVe ` KI<yH�<>acHJ?q^�F�l�DJ^kL ` <Gj =4ayefF LV< aGek=	H|?qF H�;�<�u\D�e>jx<�� ^kD �6^fu�� � efDJM�;�M$�
lV^kHJ;�<>=@?A= HJ<>=@HJ?qF�o�� � F0H�;*?d=4u\D�e>jx< ��^kD �.� ��<�;Ve��&<�e6F�n�j�LV<GD�^fu lV^&=�=	?qL ` <6=	H�efHJ?d=	H�?��
aGe ` <���l ` efFVe>H�?q^�FV=*0 aGe `p` <>K � � � ��$ � "04 "0462�u\^kD}K�<>=�acDJ?qL�?pF�o exok?#�&<GF�=@H�^�a�;Ve�=@H�?Aa|l�D�^�a�<>=�=��
!%?��&<GF�HJ;�<|^�n�H�ac^�jx<P^fu�HJ;VefH l�D�^�ac<b=�=*0 �C;�?da�;�?qFY^�n�D}aGe�=@< �C? `q` LV< e �&<>acHJ^kDC^fu D�<>e `
F�n�j�LV<GD�=626�I^�n�D%ok^&e ` ?d=�HJ^�l�?da6�xHJ;�<};IM�lV^kHJ;�<>=@?A= �C;�?da�;�?A=�jx^ =@H ` ?#�&< ` M�HJ^�;Ve��&<}ok<GF
�
<GDzefH�<bK�HJ;VefH%^kn*H�ac^�jx< ��9�;�nV= � <4F*<G<>KxHJ^�KI< �I?A=@<}e  #"('�* 45*,��� � � �6" �C;�?Aa ;�j eflV=Ce>FIM
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` ^�aye ` ?#">efHJ?q^�F�^�D�l*D�n�F�?pF�om?d=CF�<>ac<>=J=�e>D�M � 8�HCHJ;�?d=ClV^k?pFIH ��<Pac^�FVa ` ngKI<}H�;Ve>H � < u\^�n�FVK
H�;*<4HJD�n�<Pe>F�^kj e ` ?q<>=��

{�n�DJ?qF�o}H�;*<�<���<>acn�HJ?q^�F|^fu H�;�<%e ` o�^kD�?pH�;�j ��< j�e>?qF�H�ef?pFme ` ?A=@HE^>u ' � ����"��#$ � "
��*,��� 4��
9�;�<>=	<6e>D�<�H�;�<�D�<Go�?q^�FV=-�C;*<GD�< ��<�<���lV<>acH�HJ;�<6e>F�^kj e ` ?q<>=�H�^�<���?d=@H �09�;�?d= ` ?A=@H�?A=

� �
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?qF*?qH�?Ae ` ?�"G<>K�H�^�;Ve��&<x^�F�<�D�<yok?q^�F �%H�;*< �C;�^ ` <�e>D�<>e�n�FVKI<yD�ac^�FV=@?AKI<GD�e>H�?p^kF/� � F <>e�a ;
=@Hzefo�<|^fu�H�;*<|e ` o�^kD�?pH�;�j ��<}e>l�l ` M H � ^�H�DzefFV= u\^kD�j efHJ?q^�FV=�H�^�HJ;�<Pacn�DJD�<GF�H ` ?d=@H � r ?pD�=	H
��<mlV<GD@u\^�D�j e�=@?qF*o ` < � � ' ��� *��5��$7*,���Y=	H�<Gl ��?qF �C;�?Aa ; � <xl�?Aa3��^kF�<m^fu%HJ;�<mD�<Go�?q^kFg= ?pF
H�;*< ` ?A=@Hme>FVK#=@n�L�� KI?#�I?AKI<�?qH ekaGa�^kD�K�?qF�o�H�^ ^�F�<Y^>u}H�;*<Y;�MIlV^kHJ;�<>=	<>=xe>LV^,�&< � 9�;*<GF
��<PlV<GD@u\^�D�j ^�F�<�^kD%jx^�D�< �!� � ��*,�	�}H�<>=	H�=��V?qF9�C;�?da�; ��<}j ebM�DJ<Gjx^)�&<�u\DJ^kj H�;*< ` ?A=@H
D�<yok?q^�FV=�HJ;VefH�e>D�< ` ?��&< ` M�HJ^�LV<�-@u e ` =@<%e ` efDJj�=(/$��9�;�?A=�l�DJ^�ac<>KIn�DJ<C?d=�H�<GDJjx?pFVefHJ<>K �C;*<GF
F�^�F�<|^>uEHJ;�<>=@<}HJD�efFg= u\^kDJj�e>H�?p^kFV=%a ;gefF�o�<>=�HJ;�<Pacn�DJD�<GF�H ` ?d=@H �

8 nV=@<�u\n ` �CeGM�H�^�H�;�?pF
�6e>LV^kn�HPH�;�?A= l*D�^�ac<>K�n�D�<�?A=�H�^�ac^�FV=@?AKI<GD�HJ;�< -J<���<>acn�HJ?q^kF
H�DJ<G< / �C;�?da�;)ac^kFg=@?d=	H�=�^fuPe `q` H�;�<�D�<Go�?q^�FV= HJ;VefH ��<yD�<�^kF#HJ;�<6acn*D�D�<yFIH ` ?d=@Hme>H�e>FIM
H�?pjx< KIn�DJ?qF�o e|lVefDJH�?Aacn ` e>D�<��I<bacn�H�?p^kF/��8�H�HJ;�<�D�^&^�H�^>u�H�;�?A=,HJD�<G< ��<�;ge��&<%H�;*< �C;�^ ` <
�&^ ` n�jm< ��efFVK ��<P=�eGM�HJ;VefHCDJ<Gok?p^kF 	 ?d=�e�lVe>D�<GF�HC^fu�D�<Go�?q^�F��3?qF H�;�<}H�DJ<G<�? u�� �Ce�=
l ` ekac<>K�^kF�H�;�< acn�DJD�<GF�H ` ?d=	H�L�M6=	l ` ?pH�H�?pF�o 	 KIn�DJ?qF�o ^kF�<�^>u�HJ;�< ` ^�aye ` ?#">efHJ?q^�F6=@HJ<GlV=��
_ eka�;�=	H�<Glm?qF�HJ;�<%<��I<bacn�H�?p^kF aGefFmH�;�<yD�<cu\^�D�<CLV< ��?q< ��<>K�e�= l*?da6�I?pF�o�^kF*<�^>u�H�;*< ` <>e��&<>=
?qF�HJ;�<|HJD�<G<PefFgK�<G?pH�;�<GD =@l ` ?qHJH�?qF*ox?pHC^kD KID�^�l�l�?qF*ox?pH%e ` HJ^ko�<GH�;�<yD��C8 H�^>M�< ��e>jxl ` <}^fu
=@nga ;�efF�<���<>acn�HJ?q^kF H�D�<y<�0�u\^�D�e �k{ �&^ ` n�jm<:2E?A=CKI<Gl�?AacH�<>K�?pF r ?qo�� �$�p�:�

8�u\H�<yD�DJn�F�F�?pF�o�HJ;�< ` ^�aye ` ?#"G?qF*o%efFVK|l�DJn�F�?pF�o�l�DJ^�ac<>KIn�DJ< �:� <CekK*K�e�u\<G<>KILgeka6��l�D�^7�
ac<>K�n�D�<�HJ^�?qjml�D�^)�&<%H�;�<Pe�aGacn�DzekacMm^fu�H�;�< e ` o�^kDJ?qH�;*j���9�;�?A=�l�D�^�a�<>KIn�DJ<4DJ<��\<���e>jx?pF�<>=
<>e�a ;6^>uCH�;*<|u\^kn�FVK�efF*^kj e ` ?p<>=}=@<GlgefD�e>H�< ` M �
L�MYDJ<��SDJn�F�F�?pF�o�H�;�< e ` ok^�D�?qHJ;�j ^�F ` M6^�F
H�;*<6a ` ^&=@<�F�<G?pok;�L�^�D�;�^&^�K ^fu}HJ;VefH�e>F�^kj e ` M � 9�^0oknVe>D�e>FIHJ<G<6e =	j�e `q` u e ` =@<�� e ` efD�j
l�DJ^kLVe>L�? ` ?qH	M � ��<�HJ;�<GF�lV<GD	u\^kDJj s FVe ` l�DJ^�ac<>=�=	?qF�o�?pF �C;�?da�; � <�<��*efjm?qF�<%<>e�a ;xu\^�n�FVK
efF*^kj e ` M efFVK�ac^�jxl�n*H�<|HJ;�<�l�DJ^kLVe>L�? ` ?qH	M�^fu ?qH�LV<G?pF�o�exu e ` =@< e ` e>D�j9� � u�HJ;�?d=%l�D�^�L
�
efL*? ` ?pH	M�<��*ac<G<>K�=%=@^�jx<m=	lV<>ac? s <>K�HJ;�D�<>=	;�^ ` K.�.� <mKID�^�l6H�;�<me>F�^kj e ` M�u\D�^�j HJ;�< s FVe `
ac^�F s okn*D�efHJ?q^�F/�

8�H�HJ;�?d=|lV^�?qF�H���<�jx?pok;�Hmac^kFga ` nVK�<�HJ;�<�=@<>e>D�a�;/��^kD�nV=	<6e�=@<>ac^�FVK jx<yH�;�^�K0^fu
u\<G<>K�LVeka6�.� �C;�?Aa ; ac^kFV=	?d=	H�=x^>uP=@n�L*H�D�e�acH�?pF�o HJ;�<6K�e>H�e e�=�=	^�ac?de>H�<>K �C?pH�;!HJ;�<�u\^�n�FVK
efF*^kj e ` ?p<>= u\DJ^kj H�;�< ^kD�?pok?pFVe ` K�efHze$��efFgK�D�<GlV<>e>H�?pF�o6H�;�<m<GF�H�?pD�<ml�D�^�ac<b=�=�efo ef?pF�^�F
H�;*<�F�<�� K�e>H�e ��9�;*?d=|H	MIlV<m^fu%u\<G<>KILgeka6��e `q` ^)�%=4nV=|HJ^ s FVK0e�K�KI?qHJ?q^�FVe ` efF�^�j�e ` ?q<b=
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The execution of the algorithm:

(1) split region A, keep both halves

(2) split region B, keep upper half

(3) split region C, keep both halves

(4) prune away region E

(5) split region D, keep left half

Final result includes regions F and G

A

D

G

F

E

CB

(1)

(2) (3)

(4)(5)

r ?pokn�DJ< � �q�78�8 =	?qjml ` < <���e>jxl ` <�^>u efF�<��I<bacn�H�?p^kF�HJD�<G<
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�:���&H�e>D�H1�C?pH�;Y^�F�<}D�<>a�H�efF*o ` < �$�C;�?Aa ;�ac^�D�D�<b=@lV^kFVK*=�HJ^xHJ;�<}<GFIHJ?qDJ< �&^ ` n�jx<
�$� v�<yl�<befHCn�F�H�? ` F�^ a ;gefF�o�<4^�ayacn�D�=
�ke ��8�l*l ` M � � e>D�M�;�M�l�^�H�;�<b=@?d=CH�<b=@H�?pF�o�H�^ a�;�^&^&=	< u\DJ^kj e>jx^�F�o�e4u\<��

s ��<>K �CeGM*=�H�^m=	n�L1KI?���?dKI<}^�F�<|^>uEHJ;�<Pacn�D�DJ<GF�HCD�<Go�?q^kFg=
�fL/��8%l�l ` M � � e>D�M�;�MIlV^�H�;�<>=	?d=�HJ<>=@H%?qF�^�D�KI<yD�HJ^�l�D�n�F*<|D�<yok?q^�FV=

�C;�?Aa ;�efD�<PF�^kH ` ?��&< ` M�H�^ ac^kF�H�e>?qF�efF*^kj e ` ?p<>=
�ka:��vC<GlV<>e>H �&H�<Gl �>LYn�F�H�? ` F�^mjx^�D�<}D�<yok?q^�FV=%efD�<}l�DJn�F�<>K

� ��8�l*l ` M�u\<G<>KILgeka6�xjm<GH�;*^�K�=�HJ^�?qjml�D�^)�&<}e�aGacn�DzekacM
����vC<Gjm^,�&<%D�<yok?q^�FV=1�C?qH�;�;�?pok;�l�DJ^kLVe>L�? ` ?qH	Mx^>uEu e ` =@<�� e ` efDJj

r ?pokn�DJ< � � � 8�8�F�^)�&<GD �I?p<��!^>u�H�;�<P8 ` ok^�D�?qHJ;�j

H�;gefH�jm?qok;�H};Ve��&<�LV<G<GF jm?d=J=@<>K6L�M�HJ;�<�e ` ok^�D�?qHJ;�j9�69�;�?d=}j�eGM�LV<�nV=@<�u\n ` ?pF0aGek=	<
=@^�jx<me>F�^kj e ` ?q<>=}e>D�<�j�nVa�;6=	j�e `q` <yD�?pF6j�e>okF�?pH�nVKI<mH�;*<GF6^kHJ;�<GD�=���^kD�?pF�aGek=	<xHJ;�<GD�<
efDJ<}j�e>FIM�e>F�^kj e ` ?q<>=Ce>FVKYayefFYF*^kH%e `p` LV< u\^�n�FVK�efH%^kFVac< �

9�;�<�D�<>=	H�^fu*H�;�?A=�a ;gefl�HJ<GD�?d=V^kD�o efF�?#"G<>KPek=�u\^ `p` ^)�%=�8 �&<bacH�?p^kFV= �$� �%efFgK � � �%KI<>=JacD�?pL�<
?qF KI<GHzef? ` ='HJ;�< ` ^�aGe ` ?�">e>H�?p^kF�e>FVK|l�DJn�F�?qF*o�l�D�^�a�<>KIn�DJ<>=��&e>FVK��&<>a�H�?q^�F � � ��l�DJ<>=@<yFIHz='HJ;�<
jm<>a ;gefF�?A=@j ^>u�� "3����� $+� � � ��')$+*,��� 4�L�M��C;�?da�; ��<�?pFVac^kDJlV^kD�e>H�<�l*D�?q^�D�<��IlV<>a�H�efHJ?q^�FV=,HJ^
H�;*<�=	<>efDza ;/�
�&<>a�H�?q^�F � � & KI?d=JacnV=�=	<>=}=@^�jx<�?pF�?qHJ?de ` ?�"befH�?p^kF6?A=�=@n*<>=���efFVK � <>acH�?p^kFV= �$� �
efFgK��$� �}KI<>=JacD�?pLV<�HJ;�<�u\<y<>KILVe�a3��jm<GH�;*^�K�=�e>FVKxH�;*< s Fge ` l*D�^�ac<>=J=@?pF�o�=	H�efo�< � r ?qFVe `q` M �
�&<>a�H�?q^�F �$� ��K�?d=�a�nV=�=	<>=�e4u\< � lV^&=J=@?pL ` <Pok<GF�<yD�e ` ?�">e>H�?p^kFV=�^>uEHJ;�?d= � ^kD � �

� ��� � 
 � � � ��� � � � 
�� �.�	� � �

� F H�;*< ` ^�aGe ` ?#">efHJ?q^kF =@H�<ylV=�� � <�efl�l ` M e�0 =@j e `p` 2 s �I<bK =@<GHP^fu ;IM�lV^kHJ;�<>=@?A= �\H�<>=	H�=|HJ^
<>e�a ;�D�<yok?q^�FY?pFYH�;*<�acn�DJD�<GF�H ` ?A=@H+0\? � < ���I<beka�;Ya�^ ` n*jxF�?qF�H�;�< acn�DJD�<GF�H � j efH�DJ?�� 26��HJ^
KI<>a�?dKI< �C;�?da�;YDJ<Gok?p^kF!0S? u efF�M 2%=	;�^kn ` K6L�<m=	n�L1KI?���?dK�<>KYF�<���H��}9�;�<�;�M�l�^�H�;�<b=@?d=%H�<>=	H
aGe>F�?pFVKI?AaGefHJ<4^�F�<}^fu�HJ;�<�u\^ `p` ^)�C?qF�o�8
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� ��^�u\n�DJH�;�<yD ` ^�aGe ` ?#">efHJ?q^kF6?A=�F�<>ac<>=J=�e>D�M ��9�;*?d=�jx<befFV=�HJ;VefHPF�^�D�<Go�?q^�F =	;�^kn ` K
LV<P=@n�L�� KI?#�I?AKI<>K.�*efFVK�?qFxu e�acHCjm<>efFV=�HJ;VefHCHJ;�<Pacn�DJD�<GF�HCac^�F s o�n�D�e>H�?q^�FY?A=Cac^kF
�
=	?dKI<GDJ<>K�H�;�< -JD�<>e ` /�efF*^kj e ` M�=	H�D�ngacH�n�DJ< �

� r n�DJH�;�<GDCDJ< s F�<yjx<GF�H�?A=�F*<G<>KI<>K � � F�HJ;�?d=%aGek=	< ��<��*ekacH ` Mm^kF�<P^fu�HJ;�<}D�<Go�?q^�FV=�?pF
HJ;�<Pacn�D�DJ<GF�HC=@HJD�nVa�H�n�DJ<4?A=,u\n�D�HJ;�<GD%=	n�L1KI?���?dKI<bK.�

r ^kDP=@?pjxl ` ?da�?qH	M ��<�DJ<>=@HJD�?AacH�^kn*D|e ` o�^kD�?pH�;�j HJ^ ��^kD �6^kF ` M �C?qHJ;6D�<>acHzefF�o�n ` e>DPefD�<bek=
0SHJ;�^kn*ok;�?qF�o�<GF�<GDze ` ?qH�?A=,lV^&=J=@?pL ` <}H�^ a ;*^&^&=@<PKI?��1<GD�<GF�H =@;Ve>lV<>= u\^�D�HJ;�?d=Ce ` ok^�D�?pH�;�j 26�
r ^kD�<beka�;6D�<Go�?q^kF6?pF6H�;�<ma�n�D�DJ<GFIH ` ?d=	H*0 �C;�?da�;6?d= ek=�=	^�ac?de>H�<>K �C?qHJ;�e�ac^ ` n�jxF�?qF6HJ;�<
acn�DJD�<GF�H|j efHJD�?#� � 2+��<�<��*efjm?qF*<Y� �Y;IM�lV^kH�;*<>=@<>=���ac^kDJD�<>=	lV^kFVKI?pF�o�H�^0� �6K�? �1<GD�<yFIH
=@n*L
� K�?���?d=@?p^kF�ac^�F s o�n�D�e>H�?q^�FV=�� 9�;�<>=	<m=@n�L
� KI?#�I?A=@?q^�FV=}efDJ<mKI<Gl�?AacH�<>KY?pF r ?qo�� �$� �$��8 =
aGe>FxLV<}=	<G<GF�?qFmH�;*< s o�n�D�< �
;�M�l�^�H�;�<b=@<>= �	


�
�
�
� ���

�
���)��efFVK��	� �

�
�	� 
 ac^kDJD�<>=	lV^kFVK

H�^�=	n�L
� KI?���?d=	?q^�FV=*�C;�?da�;��&<G<yl�<��*eka�H ` M�^kF*<�;Ve ` u�0\<G?qHJ;�<GD ` <cu\H �S;Ve ` u ��jx?AK�K ` < �S;Ve ` u%^�D
D�?pok;�H �\;Ve ` u�2�^fu�H�;�<}<��*efjm?qF�<bKxD�<Go�?q^�F�?qF�<>e�a ;�K�?qjm<GFV=@?p^kF/� � ?qFVac< ?qH�?A=�lV^&=�=	?qL ` <}H�;Ve>H
H�;*<macn�D�DJ<GF�H�D�<Go�?q^�F ac^�FIHzef?pFV=�j�n ` H�?ql ` <�e>F�^kj e ` ?q<>=��
H�;*<GF�;�M�l�^�H�;�<b=@<>= �	��� ���}efFVK
���}ac^�D�DJ<>=@lV^kFgKYH�^ =@n�L
� KI?#�I?A=@?q^�FV=1�C;�?da�; �&<G<Gl�LV^kH�;6HJ;�< ` <cu\H%e>FVKYH�;*<4DJ?qo�;IH%;Ve ` uE?pF
<>e�a ;�KI?pjx<GFg=@?q^�F/�

r ^kD�j e `p` M ��ek=J=@n�jm<�H�;gefH�H�;*<�acn�DJD�<GF�H ` ?d=	H�ac^�FV=@?A=@Hz=4^fu � DJ<Gok?p^kFV=���9�;*<GF/�E^kn*D
acn�DJD�<GF�H KI<>=�a�D�?ql*H�?q^�F!^>u�H�;*<6K�e>H�e ?d= � 
 � 
W 	 � �1�C;�<GDJ< � ;gek= � ac^ ` n�jmFV=��
� � 7������ 7 � � �Vac^kDJD�<>=	l�^�FVKI?pF�o�H�^mH�;*< � D�<Go�?q^�FV=�^�FYHJ;�< ` ?d=	H�� � F�HJ;�?d=Cayek=@< � � <4;ge��&<
� � � 	 � ` ^�aGe ` ?�">e>H�?q^�F�;IM�lV^kH�;*<>=@<>=�HJ^�a�^kFV=	?dKI<GD �

� � 8 � 
 � � 
W � 	 �

��M�lV^kH�;*<>=@?A= ����?A=
H�;�<�F�n `q` ;IM�lV^kH�;*<>=@?A=.�C;�?da�;Pac^kDJD�<>=	l�^�FVK�=�H�^CDJ<GH�e>?qF�?pF�oCH�;�< acn*D�D�<yFIH
=@HJD�nVa�H�n�DJ< �CefFgK!H�;�<GDJ<cu\^kDJ< ��<Y;ge��&< � � 
 � efFVK W � 
 W � _ eka�;!^>u|HJ;�<Y^�H�;�<yD
;�MIlV^kHJ;�<>=	<>=�ac^�D�D�<b=@lV^kFVKYHJ^�K�?���?dKI?pF�ox< ��e�acH ` M�^kF�<P^fu H�;*< � D�<yok?q^�FV=%ekaGac^�D�KI?pF�o�HJ^
^kF*<�^fu H�;�<m;�MIlV^kHJ;�<>=	<>=�KI<Gl�?AacH�<bKY?qF r ?po
� �$� � � � l�<bac? s aye `q` M ��?tu ac^ ` n�jmF � 0 ?pF�HJ;�<
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H1

H0

H2 H3 H4

H5 H6 H7 H8

H9 H10 H11 H12

r ?pokn�DJ< �$� �$8��
^�aye ` ?#">efHJ?q^�F �%MIlV^kHJ;�<>=	<>=���9�;�< K�efD �xDJ<Gok?p^kFV= efD�< H�;�<�^�F�<>= �C;�?Aa ; efDJ<
�&<Gl�H ?qF�<>e�a ;�;�MIlV^kHJ;�<>=	?d=

� j�e>H�D�?#��a�^kD�DJ<>=@lV^�FVK�=�HJ^�H�;�< 
�� H�;�D�<Go�?q^�F�^�FYHJ;�< ` ?d=	H���H�;�<GF�<>e�a ; ^fu�HJ;�<}j�e>H�D�?Aac<>=
� � 7  
:� � 
 � �k� 7������y� � 
E?A=,^kL*H�ef?pF�<>KxL�MmD�<Gl ` ekac?pF�o}H�;�< ac^ ` n�jxF � 01?qF � �C?pH�;�^�F�<
^kD�jm^kDJ<�ac^ ` n�jmFV=�ac^�D�D�<b=@lV^kFVK�?qF�oPH�^P=@n�L�� KI?#�I?A=@?p^kFV=E^fu H�;�< 
�� H�;�D�<yok?q^�F�e�aGac^�D�KI?pF�o|HJ^
^kF*<4^>u�H�;*<4H � < ` �&<%;IM�lV^kHJ;�<>=@<b=���9�;�< �&<>acH�^�D W � ?A=�H�;�<yFYa�^kjml�n�H�<bK�e�=�?pF _ w �
� � ���

� ��� � � ���!� � � �.�	� � �

BED�n�F*?qF�o�?d=}KI<>=	?qokF*<>KiHJ^Y< ` ?qjm?qFVe>H�<}u\D�^kj a�^kFV=	?dKI<GDzefHJ?q^kF l�D�<���?q^�nV= ` MY?AKI<GF�H�? s <>KYD�<��
ok?p^kFV= �C;�?Aa ;9��<�LV< ` ?q<��&<PefDJ<�n�F ` ?��&< ` MxHJ^Ye�acH�nge `q` M�ac^kF�H�e>?qF�efF*^kj e ` ?p<>=��P9�;�?A= �CeGM �
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��< ac^kF�H�DJ^ ` H�;*<}efjm^kn�F�HC^fu ��^�D �mD�<>w&n�?pD�<>KxHJ^�?dKI<yFIHJ?tu\M�H�DJn�<}e>F�^kj e ` ^knV=%=@HJD�nVacHJn�D�<b=
L�MYe��&^�?dKI?pF�o u\n*D�H�;*<GD}=@n*L
� K�?���?d=@?p^kFV=%^fu H�;�<b=@< -Jn�F ` ?��&< ` M�D�<Go�?q^�FV=0/�e>FVKYD�<bKInVac<}u e ` =	<
e ` efDJj�=��EvC<>aGe `p` H�;Ve>HEe>H�<beka�; ` ^�aye ` ?#">efHJ?q^�F|=	H�<Gl �fHJ;�<Ce ` ok^�D�?pH�;�j/=@n*L
� K�?���?dKI<>=�e =@?qF*o ` <
D�<yok?q^�F/� � HEj ebM�LV< �&HJ;�<GD�<�u\^kD�< �kH�;Ve>H�DJ<Gok?p^kFV= �C;�?Aa ; ��<GDJ< ` ^�aGe ` ?#"G<>K�e�u\<��!?pH�<GDzefHJ?q^kFg=
efo�^�L�<bac^kjm< ` <>=J= ` ?��&< ` M�H�;gefF6H�;*<�F�<��/ekaGw&n�?pD�<>K�D�<Go�?q^kFg=��P9�;�<mKI<>ac?A=@?p^kFY^>u1�C;�?Aa ;
D�<yok?q^�FV=%=@;�^�n ` KYLV<|< ` ?qjm?qFgefH�<bKx?d=%KI?da�H�efHJ<>K�LIM�^�n�D�l*D�?q^�D�e�=�=	n�jxl*H�?q^�FV=�ac^�FVac<GDJF�?qF*o
H�;*<4F�n�j�LV<GD efFVK�=@?�"y<>=�^fu�HJ;�<PefF�^�j�e ` ?p<>=��

9'^ KI<GH�<yD�jm?qF�< �C;*?da�;|D�<yok?q^�FV=�=@;�^�n ` K|LV<�< ` ?qjm?qFgefH�<bK-0\?tugefF�M 2 �,� <�nV=	<Ce�K�? �1<GD�<yFIH
=@<yHx^>u};IM�lV^kHJ;�<>=@?A= HJ<>=@Hz=��#9�;*< s Dz=@Hm;IM�lV^kH�;*<>=@?A= ����a�^kD�DJ<>=@lV^�FVK�=xHJ^ �&<G<yl�?qF�o�e `q`
H�;*<�DJ<Gok?p^kFV=��CefFgK!efF�M0^kHJ;�<GD�;�MIlV^kHJ;�<>=	?d= ��0�ac^�D�DJ<>=@lV^kFgK�=xH�^�D�<yjx^)��?qF�o6DJ<Gok?p^kF 

efFgK �&<G<yl�?qF�omH�;*<�D�<>=	H�^fu H�;�<PD�<Go�?q^kFg=�� r ^kDJj�e `q` M ��;�M�l�^�H�;�<b=@?d= ���|?d= KI<>=�a�D�?qLV<>KYL�M
�&<G<Gl*?qF�o�HJ;�< =�efjm< � j efH�DJ?�� ��efFVK�<beka�;�^�H�;�<GD};�MIlV^�H�;�<>=	?d= ��0�?A=}KI<>=�a�D�?qLV<>K6L�M�e
j efH�DJ?�� � 0
�C;�?Aa ;�?A=�^kL*H�ef?pF�<>K4u\DJ^kj � L�M}D�<Gjm^)�I?pF�o�H�;*< 
�� HJ;�ac^ ` n�jmF/��8�F�<��*efjml ` <
^fu H�;�<>=	<�;�MIlV^kHJ;�<>=	<>=�?A=CKI<Gl�?AacH�<bKx?qF r ?po
� �$� �
�

8�u\H�<yD�<>e�a ; ` ^�aGe ` ?#">efHJ?q^kF�=	H�<Gl �.��<PD�n�F6HJ;�<�l�D�n*F�?qF�o H�<>=	H�=�DJ<GlV<>efHJ<>K ` M�n�F�H�? ` F*^
D�<yok?q^�FV=�efDJ<�D�<Gjm^)�&<>K.� �&lV<>a�? s aGe `q` M �E=	n�l�lV^&=	<�HJ;VefH ��< ;Ve��&< � D�<Go�?q^�FV=�ebu\HJ<GD|HJ;�<
` ^�aye ` ?#">efHJ?q^�FYe>FVK�LV<cu\^�D�<}H�;*<4l*D�n�F�?pF�o�H�<b=@H�� � u�H�;�<}HJ<>=@H%=	;�^)�%=�HJ;VefH ��<P=@;*^kn ` K�F�^�H
l�DJn�F�< efF�MYD�<yok?q^�F 0\FVefjm< ` M ��? u4��<�l�?Aa3��;IM�lV^kH�;*<>=@?A= � � 2 �
H�;*<GF � <mefDJ<mKI^kF�< �C?qHJ;
H�;*<xl�DJn�F�?pF�o
� _E` =@< �'? u1� <xDJ<Gjx^)�&<�DJ<Gok?p^kF 
+0SFVe>jx< ` M6?tu ��<ml�?da6�Y;�M�l�^�H�;�<b=@?d= ��0 2 �
H�;*<GF ��< efD�< ` <cu\H �C?qH�; � �0��D�<Go�?q^�FV=�� 5 <�F�^)� D�n�F�HJ;�<�l�DJn�F�?pF�o�H�<>=	HC=	<>w
n*<GFVac<�^�F
H�;*<4DJ<Gj ef?qF*?qF�o � �#��D�<Go�?q^kFg=�� 9�;�?d=�l�DJ^�ac<>=J=�?d=�D�<yl�<befH�<bK�n*FIHJ? ` F*^ u\n�DJH�;�<yDCD�<Go�?q^kFg=
efDJ<}D�<Gjm^)�&<>K.�

� ��� � �	� � � ���3�	�

8 ac^kjmjx^�F�l�D�^�L ` <yj �C?qH�; =@<befD�a�;me ` ok^�D�?qHJ;�j =�=@nga ;me�=�efLV^)�&< �&?d=EHJ;VefH�H�;*<GM�H�<GFgK HJ^
^)�&<GD � s H%H�;�< K�efHze$� ��e>jx< ` M ��HJ;�<me ` ok^kDJ?qHJ;�j H�<GFVK*=�H�^ s FVKYj�e>FIM�=	j�e `q` efF�^�j�e ` ?q<b=
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H0

H1 H2

H3 H4

Current  configuration:

r ?pokn�DJ< � � ��8�B DJn�F�?pF�ox;�M�l�^�H�;�<b=@<>=�8�efFY< ��e>jxl ` < �C?qHJ;�u\^kn�D efDJ<>ek=��
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?qFg=@H�<bekK�^>u eY=@?pF�o ` < ` efDJok<�^�F�< �E=	?qjml ` M6LV<>ayefnV=	<�H�;�<�K�efHze�jm<>ek=	n�D�<>K efH�K�? �1<GD�<yFIH
lVe>D�H�=C^fu�H�;*<|e>F�^kj e ` M �ke>D�?p<>=C= ` ?qok;�H ` M�K�n�<}H�^mH�;�<}F�^�?d=@< �

5 < efFge ` M "G<CHJ;�?d=�l*;�<GF�^�jx<GFge u\^�D�^kn�D�;�MIlV^kHJ;�<>=	<>=E?qF 8�l�lV<GFVKI?#��8*� � r DJ^kj/H�;�?A=
efFge ` M*=@?A= � < aGefF =@<G<�H�;gefHE;�MIlV^�H�;�<>=	?d= �	� �C? `q` e ` �CeGM*=
LV<�l�DJ<cu\<GD�DJ<>K�^)�&<GD�;IM�lV^kHJ;�<>=@<b=
���)� �	
%efFgK ���)�*efFVK�HJ;�<}=�e>jx< ;�^ ` K�=,u\^kD H�;�<};�MIlV^kHJ;�<>=	<>=,LV< ` ^kF�o�?qF�o�HJ^�H�;�<�^�H�;�<yD
KI?pjx<GFg=@?q^�FV=�0S? � < �#� ��� �C? `q` LV<ml�D�<cu\<yD�D�<bKY^,�&<yD����)� ���me>FVK ���)��<GH�a7� 26�m9�;�<yD�<cu\^�D�< �
�C?qHJ;�^kn*HCl�<yFVe ` H�?q<b= u\^kD%K�?���?dKI?pF�o�e>FYe>D�<>e|?pFIHJ^�j�n ` HJ?ql ` <%efDJ<>ek=���H�;�<�l*D�^ko�D�e>j � ^kn ` K
nV=	nVe `p` M�H�<GFVK�H�^�KI?#�I?AKI<x<beka�;��&^ ` n�jx<mH�^6H � ^YF�<�� �&^ ` n�jm<>=���n�F�H�? ` <>e�a ; �&^)�I< ` ?A=
D�<yl�D�<>=	<GF�H�<>K�=	<GlVe>D�efHJ< ` M �

9'^�^)�&<GDzac^kjm<%H�;�?A=�l�D�^�L ` <Gj9� ��<�ng=@<}H�;�< jx<GHJ;�^�K�KI<��&< ` ^klV<>K�?qF % � ( H�^�?qFgac^kDJl�^7�
D�e>H�<�?pFIHJ^�H�;�< =@<>e>D�a�;�e ` ok^kDJ?qHJ;�j ^�n�DCl�DJ?q^kDC< �IlV<>acHzefHJ?q^kFg=,D�<yo&efDzKI?qF*o�H�;�<�F�n�j�LV<GD ^fu
efF*^kj e ` ?p<>=���H�;�<G?pD�=@?#"G<>=�efFVK�=	;VeflV<>=���9�;�?d=�?d=EK�^kF�< LIM}?qF�H�DJ^�KInVac?pF�o e�=@<GH�^fu!� "3����� $7* "04
�C;�?Aa ;me>D�<CnV=	<>K �	nV=@H ` ?��&< e}=@<GHE^>u�l�DJ?q^�D �\l�D�^�LVefL�? ` ?pH�?q<b= u\^�D,HJ;�<%KI?��
<yD�<GF�H�;�M�l�^�H�;�<b=@<>=��
� ^kDJ<�l�DJ<>ac?d=	< ` M � u\^�DCH�;�< ;IM�lV^kH�;*<>=@?A=�H�<>=	H�?qF*o*��< nV=@<Pe � 8�B l�DJ^�ac<>KIn�DJ< �$�C;*?da�;�D�<��
w&n�?qDJ<>=EH�;Ve>H ��<%;Ve��&<Cl�DJ?q^kD l�D�^�LVefL*? ` ?pH�?p<>='u\^kD H�;�<%;�MIlV^kHJ;�<>=	<>=���vC<>aGe `q` u\DJ^kj _ w ���$� &
H�;gefH%H�;�< � 8�B0KI<>a�?d=@?p^kF�D�n ` <�?A=

�

#e>D�o�jx?pF � �� 0 � � � � W ��2 � � � � 0 � � � � W ��2 	(� �

5 <�nV=@<�HJ;�<�lV<GFVe ` H	M���e ` n�<>=�?pF6H�;�<�DJ^ ` <P^fu H�;�<>=	< � � � =��}9�;�<b=@<ml�<yFVe ` H@M�HJ<GD�j =�efDJ<
ac^�jxl�n*H�<>K�?qF�^�n�D�e ` o�^kD�?pH�;�j ek=

� � 
 � ��� ��� � 0 � �q�)2

9�;�<�HJ<GD�j �6?qF6HJ;�<�e>LV^,�&<�< �Il�DJ<>=�=	?q^�FY?d= e�ac^kFg=@H�e>FIH �C;�?da�;Y?A=�ac^kjml�n�HJ<>K�^�FVac<me>H
H�;*<|LV<Gok?pF�F�?pF�ox^>u�H�;*<|e ` o�^kD�?pH�;�j9�1efFVK�D�<Gj ef?pFV= s �I<>K�HJ;�D�^�n�ok;�^�n�H�� 9�;�?d=%ac^�FV=@HzefF�H
KI<GHJ<GD�jm?qF*<>=�H�;�<�DJ< ` e>H�?#�&<�j�e>okF�?pH�nVK�<�^fu H�;�<PlV<GFVe ` H	M�HJ<GD�j =C?qFYHJ;�< � 8�B#KI<bac?d=	?q^kF
D�n ` <�u\DJ^kj:e>L�^)�&< ��9�;Ing=��>?tu ��?d=VH�^&^}=	j�e `q` H�;�<GF}HJ;�<�l�<yFVe ` H@M H�<GDJj�= �C? `q` LV<,F*<Go ` ?qok?pL ` <
efFgK*�C? `q` F*^kH�e��
<bacHEH�;*<�H�<yFVKI<GFVa�M4^>u1H�;�< e ` o�^kDJ?qH�;*j HJ^�^)�&<GD � s H�H�;�< K�efHze$��efFgK|?tu ��?pH
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?d=�H�^&^ ` e>D�ok< H�;�<yF�H�;�<%ac^�FIHJD�?pL�n�H�?p^kFP^fu1H�;�<%K*efH�e%?qH�=	< ` u �C? `q` LV<CF�<Go ` ?qo�?qL ` < � r ^ `p` ^)�C?qF*o
% � ( � ��<P=@<GHCHJ;�?d=Ca�^kFV=	H�efF�H%H�^mL�<

� 
 � ` ^ko � � �
�
0 � ��
� � 2�� � � � 0 � � 
� � 2�� �#�

�C;�<GDJ< � ?A='HJ;�<�^�LV=@<yD �&<>K �&<>acHJ^kD � � ?A='HJ;�< e `q` �S^�F�< �&<bacH�^�D���efFVK 
� ?A='HJ;�< � �m<>=@HJ?qj efH�<
^fu�H�;*<}efjml ` ?pH�nVK�<�u\^kD%e>FYe>F�^kj e ` M �C;*?da�;�ac^)�&<GD�=�H�;�< �C;�^ ` < �&^ ` n�jm< ��9�;�?A=C=@<GHJH�?qF*o
<GFV=	n�D�<b=�HJ;VefH e `p` H�;�<%� � � =CefDJ<|DJ^kn�o�; ` M�^kF*<4^�D�KI<yD�^>u�j�e>okF�?pH�nVK�<�=@j e `p` <GD H�;Ve>FYHJ;�<
F�^�D�j e ` ?#"G<>K ��e>D�?de>FVac<�^fu H�;�< K�efHze$� 0 5 <Y=	H�DJ<>=�=�H�;Ve>HxHJ;�?d=|?A= jm<GDJ< ` M�e6;�<Gn�DJ?d=	H�?da
=@<yH�H�?pF�o��C;�?Aa ;�=@<y<Gj�=�H�^ ��^�D � � < `q` ?qF�H�;�?A=Ce ` ok^kDJ?qHJ;�j���2

9�;�<�HJ<GD�j � � ?qF _ w � �$�q�m?d=�H�;*<xlV<GFVe ` H	M6u\n�FVacHJ?q^kF6u\^kDP;IM�lV^kHJ;�<>=@?A= � � �Ee>FVK�?A=
KI<>=JacD�?pLV<>K�F�<���H�� 5 <�;Ve��&<Eu\^kn*D�H	M�l�<b=
^fuVlV<GFVe ` H	M�u\n�FgacH�?p^kFV=�8'H � ^%e��1<>acH ` ^�aGe ` ?�">e>H�?q^�F
efFgK H ��^)e��1<>acH�l�DJn�F�?pF�o
� 9�;�<�ok<yF�<GD�e ` =@;Ve>l�<0^>u�H�;*<>=@<6u\n�FVacHJ?q^�FV=xu\^ `q` ^)�%=�^kn*D
<���lV<>acH�e>H�?p^kFV=Eu\^kD�HJ;�< a ;Ve>D�e�acH�<GDJ?d=	H�?day= ^>u�H�;�< efF�^�j�e ` M =@H�DJnVacHJn�D�< ��e>FVKx?d=�<���l ` e>?qF�<>K
LV< ` ^)��u\^�D�<beka�; u\n*FVacH�?p^kF/� � F|lVe>D�H�?Aacn ` efD���e `p` H�;�<b=@<,u\n*FVacH�?p^kFV=�efDJ<�jm^kF�^�H�^�F�<�?pF|H�;*<G?qD
efDJokn�jm<GF�H�= 0 =	^
�Cu\^kD�<��*efjml ` < �CH�;�<6lV<GFVe ` H	M!?A=x<G?pH�;�<GD jx^�F�^kHJ^kF�?AaGe `p` M0?qFVa�D�<>e�=@?qF*o
�C?qHJ;�HJ;�< =@?�"y<x^>u%H�;�<mD�<Go�?q^�F ^kD}jm^kF�^�H�^kF*?daGe `q` M�K�<>acD�<bek=@?pF�o �C?qHJ; H�;�?A=}=@?�"y<:26� 9�;�<
<��*ekacH%=	;VeflV<�^>u�H�;�<b=@<�u\n�FVacHJ?q^�FV= � <GD�<}HJn�F�<>K �I?Ae <���lV<GD�?pjx<yFIHz=,H�^m^kL*H�ef?pFYHJ;�<|LV<>=	H
lV<GD@u\^�D�j efFVa�< �

9�;�<>=	<�lV<GFVe ` H	Miu\n�FgacH�?p^kFV=+��<GDJ<xHJn�F�<>Kiu\^�D|HJ;�< �&^ ` n�jm<m=@?�"y< �C;�?da�; ��<mnV=@<�?pF
^kn*DC<��IlV<GDJ?qjm<GF�H�=��&FVe>jx< ` M�� � � � �&?pFVac<�HJ;�<}e ` ok^�D�?qHJ;�j ?A=C=�aGe ` <�� =@<>w&n�<GF�H�?Ae ` �
HJ;�<GF � <
��F�^)�3H�;Ve>H�H�;�<>=	< u\n*FVacH�?p^kFV=Pe ` =@^ ��^�D � ��< `p` u\^kD�=	j�e `q` <GD+�&^ ` n*jx<>=��Y9�;*?d=4?A=|=	?qFVac<
ek=�H�;*<Ye ` o�^kD�?pH�;�j e�K$��efFVac<b=���HJ;�<>=@<�=	j�e `q` <yD*�&^ ` n�jm<>=�efDJ<6eka�H�nVe `q` M�<GFVa�^kn�F�H�<GDJ<>K.�
r ^kD ` efD�o�<GD �&^ ` n*jx<>=��E?qHm=	<G<Gj =4D�<bek=@^�FVefL ` <YHJ^ e�=�=	n�jx<�HJ;VefHmH�;�<b=@<�lV<GFVe ` H	M�u\n�FVa��
H�?p^kFV=P=@;�^�n ` K�l�D�^)��?dKI< =@?pjx? ` efD}DJ<>=@n ` H�=�u\^kD�=	?qjm? ` efD ����v ` <��&< ` =���=@?pFVac<mF�<G?pH�;�<GD}HJ;�<
lV<GFVe ` H	M u\n�FVacHJ?q^kFg= HJ;�<Gj =@< ` �&<>=|F�^kD H�;�<�;IM�lV^kH�;*<>=@<>= ` ?#�&< ` ?p;�^&^�K�=mKI<GlV<GFVK0^kF#HJ;�<
^)�&<GD�e `q` �&^ ` n�jm<�=	?�"G< ��9�;�?d= ek=J=@n�jml�H�?p^kF/��;*^,� <��&<GD �
j eGM�LV<|=	n�L
�	<>acH�HJ^|u\n�H�n�DJ<�H�<b=@H �
?qF*o
� � H�=@;*^kn ` KxLV<�F�^kHJ<>K�H�;Ve>H�H�;*<�lV<GFVe ` H	M|u\n�FVa�H�?q^�FV=�ac^kn ` K�L�< a�;VefF�o�<>K�e�aGac^kDzKI?qF*o
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^�aGe ` ?#">efHJ?q^kF�lV<GFVe ` H	Mxu\n�FVacHJ?q^�FV=,u\^kD �
	 � 
 �

H�^ KI? �1<GDJ<GF�HC=�a�<GFVefDJ?q^ =,?qF�KI? �1<GDJ<GFIH e>l�l ` ?AaGefHJ?q^�FV=���H�^|jm<G<GH KI?��1<GD�<GF�H�l�D�?p^kD <��IlV<>a�H�e,�
H�?p^kFV=���9�;�<Pj�e>?qF ac^kF�H�DJ?qL�n�HJ?q^�FY^fu H�;�<>=	<4u\n�FgacH�?p^kFV=C?d=CH�^�K�<Gjx^�FV=@HJD�e>H�<|HJ;�<mefL*? ` ?pH	M
H�^m?qF�H�DJ^�KInVac< l�D�?p^kD%?qFIu\^�D�j efH�?p^kF�?qF�H�^�HJ;�<Pe ` ok^kDJ?qHJ;�j H�^mokn*?dKI<}H�;*<|=	<>efDza ; �
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9�;�< ` ^�aGe ` ?�"befH�?p^kF�lV<GFVe ` H�?p<>=�D�< �V<>acHC^�n�D�< �IlV<>acHzefHJ?q^kFg=�HJ;VefH%H�;�<Pe>F�^kj e ` ?q<>=%efDJ<|F�^�H
H�^&^�=	j�e `q` F�<G?pH�;�<yD4HJ^&^ ` efD�o�< �Ee>FVK H�;Ve>H*� <�KI^�F�^kHP<���l�<bacH}H�^&^6j efF�M�efF�^�j�e ` ?q<b=
?qF�HJ;�<|DJ<Gok?p^kF/� 5 <P;Ve��&<�H ��^mlV<GFVe ` H	Mxu\n�FVacHJ?q^�FV=�?pF�H�;�< ` ^�aye ` ?#">efHJ?q^�F6=@HJ<Gl/��^�F�<4u\^�D
ac^�jxl�n*H�?qF*o�� � 0\? � < ���kHJ;�<%l�<yFVe ` H@MmH�<yD�j u\^kD4�&<G<Gl�?pF�o}H�;�< �C;�^ ` <�D�<Go�?q^�F �C?qHJ;�^kn�H�u\n�D �
H�;*<GDE=	n�L
� KI?���?d=	?q^�F.2�e>FVK4HJ;�<�^�H�;�<yD'u\^�DEac^�jxl*n�H�?pF�o�HJ;�<�^�H�;�<yD � � � = 0\? � < ���GHJ;�<�l�<yFVe ` H�?q<b=
u\^kDCu\n�DJH�;�<GD4"G^&^kjm?qF*ox?pF�?pFIHJ^me DJ<Gok?p^kF�efFgK�D�< s F�?qF*o�^fu�H�;�< acn�D�DJ<GF�HC=@HJD�nVa�H�n�DJ<:26�

� � R�[���W*Z���� 0 � � 2�B�<yFVe ` H@M�u\n�FVa�H�?q^�Fxu\^kD%a�;�^&^ =@?qF*o � � 0 ��e ` H�?pF�o$2 8�9�;�<�u\n�FgacH�?p^kF�?A=
jm^kF�^�H�^�F�?da:��e>FVKio�D�^)�%= �C?qHJ;�HJ;�<m=@?#"G<|^>uCH�;*< ` efD�o�<>=@H acn�D�DJ<GF�H�D�<Go�?q^�F/��9�;�?A=
DJ< �V<>acHz= HJ;�<�u e�acHmH�;Ve>H ��< KI^ F�^�H�<���l�<bacHxHJ^ ;Ve��&<��&<yD�M ` efD�o�<�efF�^�j�e ` ?p<>=��
HJ;�<GD�<�u\^kD�< � <,< ��e>jx?pF�<�H�;�< acn�DJD�<GF�H ` e>D�o�<>=@H�efF�^�j�e ` M ��efFgK|H�;�< ` e>D�o�<GD�?pH�?d=��fHJ;�<
` efD�o�<GDCH�;*<4lV<GFge ` H	M�?A=���9�;�?A=�<yFV=@n�DJ<>=�H�;gefH ��<+�C? `p` F�^�H�;Ve��&<Pe|D�<yok?q^�F��C;�?Aa ;
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?A=�H�^&^mL�?qo���9�^mac^kjml�n�HJ<}H�;�?A=�l�<yFVe ` H@M �
��<�nV=	<|HJ;�<�u\^ `q` ^)�C?qF�omw&nVefF�H�?pH�?p<>=��
� 	 �
	�� 0 � ?qF)8�DJ<>e �&?#"G<:26� 9�;�?d=�?d=�e6lVe>D�efjm<GHJ<GD��C;�?da�;0D�<Gl*D�<>=	<GFIHz=4HJ;�<
=	j�e `q` <b=@H�e�aGac<Gl*H�efL ` <�=	?�"G<xu\^�D�e>F)efF�^�j�e ` M �09�;�?A=|lVefDzefjm<GH�<yD|?d=�=	<GH�LV<cu\^kDJ<
� <�=@HzefDJH�H�;�< =@<>e>D�a�;/� � F�^kn�D�HJ<>=@Hz= � <�KI< s F�<>K �
	 � 
 � 0SFgefjm< ` M �
� <�KI?AK
F�^�H e `q` ^)�!H�;*<�l�DJ^ko�D�efj3HJ^|^�n�H�l�n*H�e>FIMme>F�^kj e ` M��C;�?da�;�?d=�=	j�e `q` <yDEH�;Ve>Fxu\^kn*D
�&^)��< ` =626�
� 	 � 	�� 0 ��efDJok<>=	H�8�DJ<>e �&?#"G<:2 �|9�;�< =@?#"G<�^fu H�;�< ` efDJok<>=	H|e>D�<>e�acn*D�D�<yFIH ` MY^�F
HJ;�< ` ?d=	H��
5 <Pac^kjml�n�HJ<4HJ;�< ��� ` ^�aGe ` ?�">e>H�?p^kF�lV<GFVe ` H	M�ek=
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2 ��B�<GFge ` H	M�u\n�FVacHJ?q^kFYu\^�D}F�^kHP;Ve ` H�?qF*o
8 5 ;�<GF � <
a�;�^&^&=	<�efF�M6;�MIlV^kHJ;�<>=	?d=�^kHJ;�<GD|HJ;VefF ���)�'HJ;�?d=�;�MIlV^�H�;�<>=	?d=PKI?dacHzefHJ<>=�H�;Ve>H � <
KI?#�I?AKI<�^�F�<�^fu}HJ;�<�acn�D�DJ<GF�H|D�<yok?q^�FV=�?qF�H�^Y^�F�<Y^�D�jx^�D�<�F�<�� D�<yok?q^�FV=��)9�;�?A=
lV<GFVe ` H	M�u\n�FVacHJ?q^�F6KI<GlV<GFgK�=�^�F6H�;�< =@?#"G<}^fu H�;�<}F�< � DJ<Gok?p^kFV=%efFgKY;�^)� j�e>FIM
F�< � DJ<Gok?p^kFV=%efDJ<4HJ;�<GDJ< �
9�;�<%u\n�FVacHJ?q^kF � � o�D�^)�%=Cek=�H�;�< =@?#"G<�^>u�H�;�<%F�<��#DJ<Gok?p^kFV=�?qFmH�;�< ac^kF s okn�DzefH�?p^kF
KI<bacD�<>e�=@<>=���9�;�?d=}?d=PKI^kF�<�=@?qFgac< � < �Ce>FIH}HJ^6^,�&<yD�D�?AKI<�H�;*<xHJ<GFVKI<GFgacM6^fu%HJ;�<
l�DJ^ko�D�efj�H�^m^)�&<GD � s HCH�;*<�K�e>H�e$�1efFgKY=@^ ��<+�Ce>FIH%H�^ml�D�< �&<GFIHC?pH�u\D�^�j s FVKI?qF*o
j efF�M�=@j e `p` efF*^kj e ` ?p<>=�� � F ^kn*D|?qjml ` <Gjx<yFIHzefH�?p^kF � <�=@<GH e�jm?qF�?pj�n�j =	?�"G<
^>u%efF efF�^�j�e ` M ��H�;�<ma ` ^&=	<GD+��< efD�<mH�^�H�;�?A=}=@?�"y< �
H�;*< ` efD�o�<GD}H�;�< � � l�<yFVe ` H@M
� ^kn ` KiLV< � 9�;�< u\n*FVacH�?p^kF e ` =@^�okDJ^,�%=+�C?qHJ;�HJ;�<xF�n�j�LV<GD�^>u%F�<��/D�<Go�?q^kFg= ?pF
HJ;�<%ac^kF s okn�DzefHJ?q^kF � �&?qFVa�< ��<%K�^�F�^kH �CefF�HEHJ^4;ge��&< H�^&^}j efF�M|e>D�<>e�=�� ��<C;ge��&<
e ` efDJok<GD lV<GFVe ` H	M��ke ` n�<%u\^kDCK�?���?d=@?p^kFV= �C;�?Aa ;m?qFgacD�<>e�=@<%H�;�< FIn�j�LV<GD�^>u�D�<Go�?q^kFg=
^�FYH�;*<|a�n�D�DJ<GFIH ` ?A=@H��
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9�;�<yD�<PefDJ<|=	^kjm<�aGe�=@<>=�?pF��C;�?Aa ; � � ek=J=@n�jm<>=CH�;�<+��e ` n�< 	 � � � F�lVefDJH�?Aacn ` e>D��
=	?qFVac< � <,< �IlV<>acH�HJ;VefH�H�;*<CefF*^kj e ` ?p<>=�efDJ< -JF�^kH�H�^&^}=	j�e `q` e>FVK|F�^kH�H�^&^ j�e>FIM /$�
� <�KI^YF*^kHme `p` ^)�3H�;*<�e ` ok^kDJ?qHJ;�j HJ^��&<G<yl�DJ<Gok?p^kFV=*�C;�?Aa ; efDJ<�=@j e `p` <GD}HJ;VefF
HJ;�< � ?pF
� 8�D�<>e)� � ?�"G<ClVe>D�e>jx<GHJ<GD 0\? � < ���Gu\^kn�D4�&^)�I< ` =32�^kD�HJ^*�&<G<Glmjm^kD�<%H�;gefF�HJ<GF
DJ<Gok?p^kFV=�^�FY?qHz= ` ?A=@H%efHCHJ;�<P=�e>jx<PH�?qjm< ��9�;�<GD�<�u\^kD�< �IH�;*<4lV<GFge ` H	Mxu\^�D%a ;*^&^&=@?pF�o
e�;�M�l�^�H�;�<b=@?d= �C;�?Aa ; �I?p^ ` efH�<b=xH�;�<b=@<6a�^kFV=	H�D�e>?qFV=�?A=�KI< s F*<>K!H�^ LV<6?pF s F�?pH�< �
8 ` =@^�� � <6KI^�F�^kH e `p` ^)� HJ;�<�e ` o�^kDJ?qH�;*j HJ^ �&<y<Gl0efF�M0D�<Go�?q^�F!?qF!�C;�?Aa ;0HJ;�<
` <GF�okHJ;�?qF�^�F�<}KI?pjx<GFg=@?q^�F�?d=�o�D�<>e>H�<GD H�;�<yF�u\^�n�DCH�?pjx<b= HJ;�< ` <GF*okH�; ?qF�e>F�^kHJ;�<GD
KI?pjx<yFV=@?p^kF/��9�;�<GD�<�u\^kD�< � � <C;Ve��&<�e>F�?qF s F�?qHJ<ClV<GFVe ` H	M|u\^kD efF�MmKI?���?d=	?q^�F �C;�?Aa ;
DJ<>=@n ` H�=�?qF =@nga ; e�DJ<Gok?p^kF/� r ^kDP<��*efjml ` < �1?tu%e�D�<Go�?q^�F ?qF�H�;�< acn�DJD�<GF�H ` ?d=@H}?A=
^>u =@?�"y<Y� � �0��� ���EH�;�<GF ��<�ek=�=	^�ac?de>H�<�e>F0?qF s F*?qH�<mlV<GFVe ` H	M �C?qHJ; H�;�< =@n*L
�
KI?#�I?A=@?p^kF �C;�?da�;xDJ<>=@n ` H�?qF e4DJ<Gok?p^kF�^>u�=@?�"y<|� � ��� ��� � 5 < e ` =@^ ` ?qjm?qH�H�;�<}=	?�"G<
^>u�HJ;�<�jm?qF�?pj�n�j efF*^kj e ` M�H�^�LV< � �&^)�I< ` =�� 9'^�ac^�jxl*n�H�<PH�;�< � � u\n�FgacH�?p^kFV=��
� <|K�< s F�<}H�;*< u\^ `q` ^,�C?pF�omw&nVefF�H�?pH�?q<b=�8

� 9�;*<|jm?qF�?pj�n�j � efDJ<>e,� =@?#"G<%lVefDzefjm<GH�<GD+0 �
	�� 2�?d=CK�< s F�<>K�e�=�e>L�^)�&< �
� 9�;*<�=	?�"G<%^fu H�;�<%D�<Go�?q^�FV= �C;�?da�;xDJ<>=@n ` HEu\D�^�j a ;�^&^ =@?pF�o	����?A=�KI<GF�^�H�<>KxL�M
� 	�� � �10 ��^�H�<�HJ;VefHC?pF�^kn*DC;IM�lV^kH�;*<>=@<>=��Ve `p` H�;*<4DJ<Gok?p^kFV=�;ge��&< H�;�<}=Jefjm<
=	?�"G< � 2

� 9�;*<�D�e>H�?q^�LV<GH ��<G<GF�H�;*< ` e>D�ok<b=@H�e>FVK�HJ;�<�=@j e `p` <>=	HP=@?dK�<�� ` <GF�o�H�; ?pF�HJ;�<
DJ<Gok?p^kFV=1�C;�?Aa ;�DJ<>=@n ` H�u\D�^�j a�;�^&^&=	?qF�o � � ?d=CKI<yF�^kHJ<>K�L�M � e)��v%efHJ?q^ � �

� 9�;*<4F�n�j�LV<GD ^fu�D�<yok?q^�FV=�?qF H�;�<Pacn�DJD�<GF�H ` ?A=@HCeGu\H�<GD%a�;�^&^ =@?qF*o�;IM�lV^kH�;*<>=@?A=
� � ?A=CKI<GF�^�H�<>K�L�M � � �

� 5 <}KI< s F�<��3H�^�LV<�HJ;�<}KI?��
<yD�<GFVa�<�LV<GH ��<y<GF�H�;*<�FIn*j�L�<yD,^>uEDJ<Gok?p^kFV=�^�F
HJ;�< ` ?A=@HCLV<cu\^kDJ<PefFVK�ebu\H�<yD%a ;�^&^ =@?pF�o�� � � ��efjm< ` M
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0 ��^kHJ?dac<%H�;gefHC=	?qFVa�< ���C?1?d=,HJ;�<%FIn `p` ;IM�lV^kH�;*<>=@?A=,H�;*<GF � � ?d=,?pFVKI<G<bK HJ;�<
F�n�j�LV<GDC^>uEDJ<Gok?p^kFV=CLV<cu\^kDJ<|a�;�^&^ =@?qF*o�e>FIM�;�M�l�^�H�;�<b=@?d=626�

� 9�;*<|lV<GFVe ` H	M�� B�<GD � 8�K*KI<>K$� v�<yok?q^�F �
u\^�D�;�M�l�^�H�;�<b=@?d= � � ?A=CKI< s F*<>K�ek=
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e>FVK�HJ;�<GF ��<Pac^�jxl�n*H�<�HJ;�< � � ` ^�aye ` ?#">efHJ?q^�F�lV<GFge ` H	M�e�=
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9�;�<6l�DJn�F�?pF�o lV<GFVe ` H�?p<>=x?pFVac^kDJlV^kD�e>H�<�^kn�D <��IlV<>a�H�efHJ?q^�FV=xH�;gefH�H�;�<yD�<6e>D�<6F�^�H�H�^&^
j efF�M�efF�^�j�e ` ?p<>=�?qF�H�;*< �&^ ` n�jm< ��efFgK�H�;*< u e�acHCH�;gefH%H�;�<Pe ` ok^�D�?qHJ;�j ?A=�jx^�D�< ` ?#�&< ` M
H�^ -�jm?d=J=�efF�e>F�^kj e ` M�/|?pF ` efD�o�<�D�<yok?q^�FV=�H�;gefF�?pF�=@j e `p` ^�F�<>=���9�;�<yD�<cu\^�D�< ��<�l�DJ<cu\<GD
H�^+�&<G<yl ` e>D�o�<�DJ<Gok?p^kFV=�u\^kDEu\n�DJH�;�<yDED�< s F�<Gjm<GFIH�<��&<GFP?tu1?qH acn*D�D�<yFIH ` M}=	<G<Gj = HJ;VefH�HJ;�<GM
KI^�F�^�H%ac^kF�H�e>?qF�e>F�^kj e ` ?q<>=���D�e>H�;�<GD H�;Ve>F�H�^�l�DJn�F�<}H�;�<yj DJ?qok;�HCe�� ebM ����<GDJ<�H�^&^�� <
;Ve��&<mH � ^�H@M�lV<>=�^fu l�<yFVe ` H@MYu\n*FVacH�?p^kFV=+�C^kF�<mu\^kD}F�^kHPl�D�n*F�?qF�o efF�MIHJ;�?qF*oYe>FVK�^�F�<
u\^kD%l�DJn�F�?qF*om=@^kjm<GHJ;�?qF�o��

��� R�[���W*Z���� 0 � ��2 B�<GFVe ` H	M�u\n�FgacH�?p^kF6u\^kD|F*^kH|l*D�n�F�?pF�o�e��CeGM�efF�M�efF�^�j�e ` M 8�9�;�?A=
?A=xeiu\n*FVacH�?p^kF#^>u|HJ;�<6a�n�D�DJ<GFIHmD�<yok?q^�F ac^kF s okn�DzefHJ?q^kF ��efFgK!okD�^)�%= �C?qHJ;!HJ;�<



�����������	� � ��� ��� ��� ����� � ���

1 2 3 4 5 6 7 8 9 10
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

No of regions

P
en

al
ty

Pruning penalty for H0

0 50 100 150 200 250
0.13

0.14

0.15

0.16

0.17

0.18

0.19

0.2

Current Area Size

P
en

al
ty

Pruning penalty for Hj

0 e 2 0SL.2
r ?qo�n�D�< �$� � 8�9�;*<4l*D�n�F�?pF�oml�<yFVe ` H@Mmu\n�FVacHJ?q^kFg=�810 e 2 ����lV<GFVe ` H	M � 0SL.2 � � lV<GFge ` H	M �

F�n�j�LV<GD�^fu D�<Go�?q^kFg= ?pF�HJ;�<�ac^kF s okn�DzefHJ?q^kF � 5 <�KI^�F�^kH �Ce>FIHmH�^�;Ve��&<�H�^&^
j efF�M�efD�<bek=�� 9�;�<GDJ<cu\^kDJ< ��HJ;�<|jm^kDJ<�e>D�<>e�= ��<P;Ve��&< ��HJ;�<|L*?qoko�<GD%H�;�<Pl�<yFVe ` H@M
?A= u\^kDCF*^kHCl�DJn�F�?qF*omefF�M�^fu�H�;�<yj���9'^mac^�jxl*n�H�<}H�;*?d= u\n*FVacH�?p^kF ��< KI<GF�^�H�<�HJ;�<
F�n�j�LV<GD�^>u efF*^kj e ` ?p<>=�?qF�HJ;�<Pacn�D�DJ<GF�HCac^�F s okn*D�efHJ?q^�F6LIM�� � e>FVK�ac^kjml�n�HJ<

� � ��� �
 �
�
� � �� � � 
 0 � � � 2

�&<y< r ?qo�� � � ��0 e 2�u\^kDmeYl ` ^kH�^>u�HJ;�?d=|lV<GFVe ` H	M6u\n�FVacHJ?q^kF!�*=��6H�;*<�F�n�j�LV<GDP^fu
e>D�<>e�=�?pF�HJ;�<Pacn�DJD�<GF�H ` ?d=@H �

� � R�[���W�Zd��� 0 � � 7' 
 �97������ 7
�

2 B�<GFVe ` H	M�u\n�FVacHJ?q^�FYu\^kD}l�D�n*F�?qF�o�efF efD�<be$8 5 ;*<GF
� <�a�;�^&^&=	<�efF�M6;�MIlV^kHJ;�<>=	?d=�^kHJ;�<GD|HJ;VefF ���7�'HJ;�?d=�;�MIlV^�H�;�<>=	?d=PKI?dacHzefHJ<>=�H�;Ve>H
� <�l*D�n�F�<�^�F�<�^fu H�;�<�acn�DJD�<GF�H|DJ<Gok?p^kFV=��09�;�<�lV<GFVe ` H	M�u\^kD�HJ;�?d=�a�;�^k?Aac<�?A=�e
u\n�FgacH�?p^kF�^kF ` M6^fu%H�;*<xl�DJn�F�<>K6D�<yok?q^�F/� � H}okDJ^)�%=|ek=}H�;�< =@?#"G<�^fu%HJ;�<ml�D�n�F*<>K
e>D�<>e|?pFVacD�<bek=@<b=��&LV<>aGefng=@<}H�;�< e ` o�^kDJ?qH�;*j ;Ve�=Ce ` efD�o�<GD�l*D�^kLgefL�? ` ?qH	Mm^fu�jm?d=J=@?qF*o
em=@j e `p` efF*^kj e ` M�?pFYe ` efDJok<}D�<Go�?q^�F/�
9�^�ac^kjml�n�HJ<�H�;�?A=�u\n�FVacHJ?q^�F ��<�nV=	<xHJ;�< �
	��)lVefDzefjm<GH�<yD 0 � ?qF
� 8�DJ<>e,� �&?�"y<:2
e>FVK�KI<GF*^kH�<%L�M � 	�� ��HJ;�< =@?�"y<�^>u�H�;�<%D�<Go�?q^�F�l�D�n*F�<>K�LIM�HJ;�<�;�M�l�^�H�;�<b=@?d= ��� �



�����������	� � ��� ��� ��� ����� � �I�

H0

H7 H8 H9

H4 H5 H6

H1 H2 H3

r ?qo�n�D�< �$� � 8 � F�?pH�?de ` ;�MIlV^�H�;�<>=	<>=

9�;�<yF;� <P=@<GH
� � ��� �
 � � � ���&� � ��� � � ���

� �
	�� � � 	�� � � 0 � � & 2
0 5 <m=	H�D�<b=�=�H�;Ve>H}H�;�<m<���l�D�<>=J=@?p^kF ���� �����/�Ce�=}a ;�^ =@<GF ��?dex<���lV<GD�?pjx<yFIHz=��P9�;�<
��e ` n�<m^fu � �Y=	?qjml ` M�o&e��&<xHJ;�<mL�<b=@H}D�<>=	n ` Hz=�?qF�^kn�D}H�<b=@H�=�� 2 �&<G< r ?qo�� �$� � 0SL 2
u\^�D%e l ` ^kHC^>u�H�;�?A=�lV<GFVe ` H	Mxu\n�FVacHJ?q^�F;�*=�� � 	��4�



�����������	� � ��� ��� ��� ����� � ���

� ��� � �!� � ��� � � � � 
 � � �	� �	�

� F6^kn�DPe ` ok^�D�?pH�;�j�� <�nV=@<me�KI?��
<yD�<GF�H}=@<yH�^fu ;IM�lV^kH�;*<>=@<>=�u\^�D4HJ;�< s Dz=@HPKI?���?d=	?q^�F6^fu
H�;*<�e>D�<>e �x9�;*<xDJ<>ek=	^kF�?d=�H�;Ve>HPKIn�D�?pF�o�H�;�<�?pF�?qHJ?de ` l�D�^�a�<>=�=	?qF�o�=@Hzefo�< ��HJ;�<�a�;Ve>FVac<>=
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 � ` <��&< ` =���H�;�<�HJD�<G<



�����������	� � �����L� � � ��� ����� �����B����� � � ���

aGe>F�F�^kH ac^�FIHzef?qF�jm^kDJ<4HJ;VefF � ` ^�o 
 � F�^�KI<b=��

N|��[�T�U>[ � � 	 � � � $ � " ��� ���#�3*6$ � �  ���"04 ����$ � "�� �5�#�3� �!� � ��*,�	���
$ � "3� $ � " � � � ")"��
� � � � � ��$ � "(45* 4 @7$&"(43$ 4 *,� "�� "��3� "�<�"(' � $7*,��� * 4 ��$ ��� 43$ 0�� � � 	 �)2 ��� ` ^ko 
 � 


� 0 � 
 ` ^�o
� 2 �

� U>T�Tg� � ��^kHJ<4HJ;VefH%<��&<GDJM�D�<Go�?q^�FY?qF�HJ;�<}<��I<bacn�H�?p^kF�HJD�<G<}<GF�H�<yD�= 0 efFVK ` <>e��&<>=62EHJ;�<
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 � �

��[ � W�U�� �%N|��[Y��Q\O&[xT�� � 	 � Fx^�n�D�?pjxl ` <Gjm<GFIHzefHJ?q^kF ��< ` ?pjx?pH � H�^PLV<�HJ<GF/�IL�M
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� F0H�;�?A=xaGe�=@< � ��<�F�<y<>K H�^ ` ^�aGe ` ?�"y<�e `p` H�;�<�efF*^kj e ` ?p<>=mefHm^kFVac< ��e>FVK!=	?qFVac<�HJ;�<GD�<
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5 <%F�^�H�<%H�;Ve>H,HJ;�< efLV^)�&<�<>=	H�?pj�e>H�?q^�F�?d=E?qF|u e�acH w
n*?qH�<Co�<GF�<GDJ^knV=�� r ^kD�^kF�<%H�;*?qF�o��
��<%e�=�=	n�jx< H�;Ve>H�e�o�^&^�K�e>l�l�DJ^,��?qj efHJ?q^�F u\^�D,HJ;�< �&^ ` n*jx< ^fu�HJ;�< efF�^�j�e ` M�?d= ��F�^)�CF
ef;*<>ekK ^fu H�?pjx< � � ^�D�<G^)�&<GD+� <�ek=J=@n�jm<�H�;Ve>H�H�;�<GDJ<�?d=4^�F ` M e�=@?qF*o ` <�efF�^�j�e ` M HJ^
s FVK � � F|u ekacH �k^kn*D�e ` ok^kDJ?qHJ;�j3aGe>F s FVK�=	<��&<GD�e ` e>F�^kj e ` ?q<>=�?qF|<beka�;�D�n�F/�7�C;�<GD�<bek=�HJ;�<
efLV^)�&<�<���;Ve>nV=@HJ?��&< =@<>e>D�a�;�D�^�n�H�?pF�<�ayefF�^kF ` M s FVK�^kF*<}efF�^�j�e ` M efH%e}H�?qjm< � r ?qFVe `q` M �
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M&<GH =@j e `q` <GF�^�n�ok; =@^ H�;Ve>H4HJ;�<|l*D�^ko�D�e>j =@H�? `q` D�n�Fg=
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efF*^kj e ` M ����v e�= ��� v�0 
 � � ` ^ko � � � 
 � � - � �� � � - � �Ve>FVK�=@?qFgac<}?qF�^kn�DCHJ<>=@Hz= � <}nV=@<>K�+ 
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H�;*<GF���< ;Ve��&< ����v 0 
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�� HJ;�efF*^kj e ` M �
5 < ��e>D�M�HJ;�< ����v L�M ��efDJMI?pF�o�H�;�<Pe>F�^kj e ` MYe>jxl ` ?qHJnVKI<>=��

� F�^�n�D�<���lV<GD�?pjx<GF�H�=�� � <�KI< s F*<�e  #"%$&"(')$+*,���iHJ^6LV<Ye>FIM�D�<yok?q^�F0?dKI<GF�H�? s <>K�L�M
H�;*<�e ` ok^�D�?pH�;�j u\^�D �C;*?da�; e>H ` <>ek=	H � &�� ^fu ?qHz= �&^ ` n�jm<�^)�&<GD ` eflV= e�H�DJn�<mefF*^kj e ` M �
8�F�MIHJ;�?qF*o�< ` =	<|?d=%ac^�FV=@?AKI<GD�<bK�e �5��� 4 "���� �#�)�*� r ^�D�<>eka�;�efF�^�j�e ` M9��<�a�^kjml�n�H�<}HJ;�<
-�<yjxl�?pD�?AaGe ` )"� /mek=
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 ��n*j�L�<yDC^fu�H�?qjm<>=Ce>F�^kj e ` M �Ce�=�KI<yH�<>acHJ<>K
9�^kHze ` FIn�j�LV<GD ^fu�DJn�FV=

5 <}HJ;�<GF�ac^kjml�n�HJ<>Kxu\^kD%<��&<GDJM�H�<>=	HCH�;�< -�<yjxl�?pD�?AaGe ` )" /mek=
�)� �����
 9�^kHze ` �&^ ` n*jx<�^>uEu e ` =@< ` M�K�<GH�<>a�H�<>KxDJ<Gok?p^kFV=

9'^�H�e ` �&^ ` n�jm<�^fu H�;�<}<GF�H�?pD�<%jx<>K�?qn�j
5 <CD�n�F�^�F�<C;In*FVKID�<bK|H�<>=	H�='u\^�DE<>eka�;�K*efH�e�lV^k?pFIH 0S<>e�a ;PH�?qjm<Ce�K�KI?pF�o}?qFVKI<yl�<yFVKI<GF�H ` M
a�;�^&=	<GF�F*^k?d=	<:26��e>FVK ac^�jxl�n*H�<>K6H�;�<%)� �efFVKC)��*�ke ` n�<b= ^>uCHJ;�?d=}K�e>H�e�lV^�?qF�H�ek=�HJ;�<
e��&<GD�e>ok<C^>u�H�;*<C<Gjxl*?qD�?AaGe ` )� �e>FVK )�� ��e ` n�<>=��kD�<b=@lV<>acHJ?��&< ` M �G^fu'e `q` H�;�<>=	<CH�<>=	H�=�� � F�e `q`
H�;*<�H�<b=@H�=�H�;gefH � <,lV<GD	u\^kDJjx<>K �,� <C=@<yH�HJ;�<�HJ;�D�<>=	;�^ ` K ��e ` n�< �}^fuVHJ;�<�lV^ =@H �\l�DJ^�ac<>=�=	?qF�o
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ebu\HJ<GD%H�;�<PD�<G<��*efjm?qFgefH�?p^kF�u\<G<>K�LVeka6�.�V=	?qFVa�<4?pFYHJ;�?d=%aGek=	<|LV<cu\^�D�<|HJ;�<4u\<y<>KILVe�a3��=	^kjm<
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