
���������
	���
�������������������
�������� �!� " #$�%��	&���'��
(�*)+	��-,��.�/��021���34�65
728:9<;=;6> ?@9<A�BC?EDCFC?'GH>�IJFLK&?@?'G�9=FCMND�O

PRQ4SUTNVXWZY\[]T(^`_ ^+acbdSUTN[]egf QH[@T(W hiT�SUW*jgTN[]kdldk]T�_nm opT�_nYqS]r s ^`f Q4_t[
udT(Y\m$S@Yvf kxw

y 	&��z�	&�|{}5�~}��# 	&���N���*02����"&�������}��
(�
�|�������N�E�����.�@�N�N���L�%�/�������(���'���������(���'���¡ ¢��£�£��.�J¤%�(��¥��L��¦§�¨�!©���ª6�¨�§��¦§«(�����.¬���ª&­�®�¯.°�®�±���¤¡� �&� ­²�
³6�U�E��£2´N«N�§©��'���Cµ���¦�� ���¶��� ��·N�
�|�������N�E�����.�@�N�N���L�¹¸tº!�N�»�E���U�E�����.�����������N���.�(¼|�E�����'���'£���¬(���E�U½��(�N�¶¤��N��¥��L��¦§�¨��©���¾�¦§���N�C¬/� �N½��E�¨¿��'�Z±'À.À/��ÁÂ� Ã¡� �%�
³6�U�E��£2´�©/�E�C¬N����µ�����¦�� �(�C��� � ��·N��� ��¿

Á%�L������¥���·&´(·N�E���²Ä¡Á¹��¥/��¦§��·}¥.�L��¦§���.� ´�·(�����

��Å��'�E��	&����5@Æ 9=A�Ç�DCI\È4M�É�?EA(F
Ê¡9<Ç�Ë�D�Ç/ÉJBJ7 Æ ÈÌÊ¶B�O]Í&DLM�Î(9»G�?
ÇvÏEÇ�A&M�A&9»ÏEÇ�;¹DL?EÍ&DL?'BC?EA(F�Ç�FC9<M�A B@Ð2M�D�;<9=A�?'Ç/D}Ð2Ñ&A�Ï�FC9<M�A�B�BC9=É�9<;<Ç�D
FLM
FLK&?¡8|Ç�I Æ 9=A�Ç�DCIJÊ¡?'ÏE9<BC9=MNA�Ê¡9<Ç�Ë�D�Ç/ÉJB¡7 Æ Ê¡Ê¶BLO%DL?EÍ&DL?'BC?EA(F
Æ M�M�;<?'Ç�AÒÐ2Ñ&A�Ï�FL9=MNA�B'Ó�ÔÕ9=FCK�9=A\FCK&?¢Ï�;»Ç�BLB²M�ÐÖ;=9<A&?.Ç/D¡Ð2Ñ&A�Ï�FL9=MNA�B'×
8�?\Ï'Ç/A�?'É
>�?'GØÇ/DL>&9�FLDLÇ�DCI`Ð2Ñ&A�Ï�FC9<M�A�BHÐ2DLM�É Æ M�M�;<?'Ç/AÕÎ�Ç�DC9=Ù
Ç�>&;=?.BÖFLM
DL?'Ç�;!×(DLÇ/FC9<M�A�Ç�;!×NM�D�9=A(FL?EË�?'D¹Î�Ç/;<Ñ&?.BEÓ Æ ÈÌÊ¶B%Ï'Ç/AJFLK(Ñ B
É�M�G�?E;�FLK&?�Ð2Ñ&A�Ï�FC9<M�A�Ç�;=9=F�IÌM�Ð�G&Ç/FLÇHÍ�Ç�FLKvÏE9=D�Ï�Ñ�9�F�B]M�Í�?ED�Ç�FC9<A&Ë
M�ÎN?EDÖ8�M�D�G�;=?'Î�?'; G&Ç/FLÇ&Ó(ÈÌÇ/A�I�9<É¢Í�M�DCFLÇ�A(FÖÐ2Ñ&A�Ï�FC9<M�A�B'×N9<A�ÏE;=Ñ�G�Ù
9<A&Ë+9<A(FC?EËN?ED*É
Ñ&;=FC9<Í&;<9<Ï'Ç�FC9<M�A6×¹FLK�Ç�FÒÏEÇ/A�A&M/FH> ?\DC?'Í&DC?.BÚ?'A(FC?'G
?EÛJÏE9=?'A(FC;<IZÇ�F�FCK&?¶>&9=F|;<?EÎN?E;�8:9=FCK Æ Ê¶Ê¡B|K Ç�Î�?¡BC9<É¢Í�;=?¶DC?'Í&DL?�Ù
BC?EA(FLÇ/FC9<M�A�B
Ç�F@FCK�?Z8%MNDLGv;<?EÎN?E;Ö8:9=FCK Æ ÈÌÊ¶B'Ó�Ü&Ñ�DÚFLK&?EDLÉ�M�DL?�×
Æ ÈÌÊ¶B|ÏEÇ/A�DC?'Í&DC?.BÚ?'A(F Æ M�M�;<?'Ç/AZÐ2Ñ&A�Ï�FL9=MNA�B�8:9�FLK*Ç�DCMNÑ&A�G�FLK&?
BLÇ/É�?@Ï�MNÉ¢Í�;=?EÝ�9=F�I�ÇNB Æ Ê¶Ê¶BEÓ

Ôv?ÖÍ&DLM�Í�MNBC?�Ç|K�9=?'DLÇ�DLÏ�K&9»ÏEÇ�;/Ç/Í&Í�DCM(Ç�Ï�KÂFLM:Î�?'DC9=Ð2I�9=A&ËÂÇ�DC9=FCK&Ù
É�?�FL9<Ï|ÏE9=D�Ï�Ñ&9=FLB'×�8:K&?EDL?%ÏEM�É�Í�M�A&?'ANF�É�M�G�Ñ&;<?'B�Ç/DL?ÖÞ DLBÚF�BCK&M�8:A
FLMU9=É�Í&;<?EÉ�?'ANF%FCK&?'9=D%8%MNDLG�Ù�;<?EÎN?E;�BCÍ ?.Ï�9=Þ ÏEÇ/FC9<M�A�B'Ó�ß|K&?¡M�Î�?'DLÇ�;=;
ÏE9=D�Ï�Ñ&9=FJÐ2Ñ&A�Ï�FC9<M�A�Ç�;=9=F�I`9»B�FLK&?EAtÎ�?'DC9=Þ�?.G`>�I$ÏEM�É�Í�MNBC9=A&ËvFLK&?
ÏEM�É�Í MNA&?EA(FZÐ2Ñ�A�Ï�FL9=MNA�B�Ç�A�GÕÏ�MNÉ¢Í Ç/DL9=A&ËvFLK&?�DL?'BCÑ&;=FJFCMàFLK&?
8�M�D�G�Ù�;=?'Î�?E;UÏE9=D�Ï�Ñ�9�F\BCÍ�?'Ï�9=Þ Ï'Ç�FC9<M�A6Ó²È4Ñ&;=FC9<Í&;<9=?'DLB�8:9�FLKá8%MNDLG
BC9=â'?'B@M�Ð:Ñ&ÍqFCM�ãNä/åÒ>&9=FLB
K�Ç�Î�?�>�?E?EAàÎN?EDL9�Þ ?'Gv>�I�FLK&9<BUFC?.Ï�K�Ù
A&9»æ(Ñ&?�Ó

çéè ���E����z�,����'0!� �

Æ 9<A�Ç/DLI¢Ê¡?'ÏE9<BC9<M�A*Ê¡9»Ç/Ë�D�Ç/ÉJB¡7 Æ Ê¡Ê¶B�OÖK�Ç�ÎN?²Í&DLM�Î�?.GJBÚÑ ÏEÏ�?.BCBÚÙ
Ð2Ñ&; Ð2M�D�DL?EÍ&DL?'BC?EA(FC9<A&ËUÇ�A�GJÉJÇ/A&9<Í&Ñ&;»Ç�FL9=A�Ë Æ M�M�;<?'Ç/A¢Ð2Ñ&A Ï�FC9<M�A B
BCI�É
>�M�;<9<Ï'Ç/;<;=I
ê ë/ìN9=AUÇ|Î�Ç/DL9<?�F�IÂM�Ð�Ç�Í&Í&;<9<Ï'Ç�FL9=MNA¶G�MNÉJÇ/9<A�BEÓ Æ Ñ�9=;»G�Ù
9<A&ËàM�AtFLK&9»B�BCÑ�ÏEÏE?'BLBE×�FLK&?EDL?ÌK�Ç�ÎN?Ò> ?'?EAíBC?EÎ�?'DLÇ�;:?�î�M�DCFLBZFCM
?EÝ(FL?EA�GgFCK&? Æ Ê¡ÊïÏ�MNA�Ï�?'Í�F�FLM�DL?EÍ&DL?'BC?EA(FÌÐ2Ñ&A Ï�FC9<M�A B�M�ÎN?ED
Æ M�M�;<?'Ç�AZÎ�Ç/DL9<Ç�>&;=?.BE×(>&Ñ�F:K�Ç�Î�9<A&Ë
A�M�A�Ù Æ M(MN;=?.Ç/AJD�Ç/A&ËN?'B'×(BCÑ�Ï�K
ÇNB�9<ANFL?EËN?ED�B�M�D�DC?.Ç/;NA(Ñ�É
>�?ED�B¹ê=ð�×�ðNð�×�ð.ñ&×!ã�ñ&×!ãNã�×!ã&ð�ì�Ó�ß|K&9<B�Ï�;»Ç�BLB
òJó�ô�õ¨ö�÷!ø�ö�øÚù�÷�ú�ôJõ¨ö¹ö�û/ü�ý�ö!ü�÷�ø�þJÿ����!ô�ø��}÷!õ���ô��
	�ù�ÿ/ü�÷�ù��!ü�÷���
���ø�÷�ü��

ý�ù����!õ¨úÚù������'ö��!ø��:ö���ø�ý���ø�÷�
���õ¨÷���ü�÷!ú�ø �@ù���ø�÷�õ¨ø!�"��ü#�$�Âù�ý�þ%
'&(�)�*�+
ù�ý�þ
�!ô�ø,��þ�-�ù�ý�ú�øÚþ�.�ø�ö�øÚù�÷�ú�ô
/�÷�ü�0!ø�ú1��ö'�"��ø�ý�ú1�324�(.5/6�879��ý�þ�ø�÷:��÷�ù�ý��
ý)����ÿ/ø�÷,��;#;#<�=�>��@?#;��A=1�B=�;#;#C�D

M�Ð Ð2Ñ&A Ï�FC9<M�A B�9<BÖBCM�É�?EFC9<É¢?.B�FC?'DCÉ�?'GFEÚÍ BÚ?'Ñ�G�M/Ù Æ M�M�;<?'Ç/A'G
ê=ðIH.ì�Ó
ÈÌÇ�A�I*F�Ç�B�J�B²ÏEÇ�AÌ>�?}?EÝ�Í�DC?.BCBC?'GÒ9<AÌFL?EDLÉ�B¡M/ÐÖMNÍ ?'DLÇ/FC9<M�A�B²M�A
BCÑ�Ï�K Ð2Ñ&A�Ï�FC9<M�A�B'×²9<A�Ï�;<Ñ�G�9<A&Ëí9<A(FC?'Ë�?ED4;<9<A&?'Ç�DÌÍ&DLM�Ë�D�Ç/É�É�9<A&Ë�×
ÉJÇ�FLDC9=Ý¡ÉJÇ�A&9=Í�Ñ&;<Ç/FC9<M�A�×'BÚÍ�?'Ï�FCD�Ç/;�FLDLÇ�A�B�Ð2MNDCÉJB'×�Ç/A�G¶8�M�D�G�Ù�;=?'Î�?E;
G�9<Ë�9=FLÇ�;�BÚI�BÚFC?'É Ç/A�Ç�;=I�BC9<B'Ó�ß6MJG&Ç/FC?N×�FCK&?]Í&DLM�Í�MNBC?'G�DC?'Í&DC?.BÚ?'A�Ù
F�Ç�FC9<M�A BJÐ2M�DZFCK&?.BÚ?ÒÐ2Ñ&A Ï�FC9<M�A BZK�Ç�ÎN?4Í&DCM�ÎN?'G`FCM�MqÐ2D�Ç/Ë�9<;<?*Ð2MND
DLM�Ñ�FL9=A�?UÇ/Í&Í&;<9»ÏEÇ�FL9=MNALKtFCM�M}M�Ð FC?'A*FLK&?UG&Ç/FLÇJBÚFCDLÑ�Ï�FLÑ&DC?.B|Ë�DLM�8
?EÝ�Í�M�A�?EA(FC9»Ç/;<;=I�9=AHFCK�?@A(Ñ�É
>�?ED:M/Ð�Î�Ç/DL9<Ç�>&;<?'B'Ó
M AJFLK&9»B¹Í�Ç�Í ?'D¹8�?²Í&DLM�Í�MNBC?ÂÇ@A&?'8ÕDC?'Í&DL?'BC?EA(FLÇ/FC9<M�AJÏEÇ�;=;<?'G

È4Ñ�;�FL9=Í&;<9»ÏEÇ�FL9=ÎN? Æ 9<A�Ç�DCIZÈ4MNÉ�?EA(FÂÊ²9»Ç/ËNDLÇ�É�B¶7AN Æ ÈÌÊ¡B�O%FCK Ç�F
9<É�Í&DCM�ÎN?�M�AvÍ&DC?'Î�9=MNÑ�B¶É¢?EFCK&M�G&B'Ó"N Æ È�Ê¡B@9<A�ÏEM�DLÍ MNDLÇ/FC?}F�8%M
A&M�ÎN?E;�Ð2?.Ç�FCÑ�DC?.B�O�FLK&?EIvÇ/DL?¢> Ç�BC?'G\M�AàÇÒG�?'ÏEM�É�Í M(BÚ9=FC9<M�AqM�Ð�Ç
;<9=A�?'Ç/D�Ð2Ñ�A�Ï�FL9=MNA¢9<A¢FC?'DCÉJB�M/Ð�9=FLBPECÉ¢MNÉ�?EA(FLB'× G¶Ç/A GUFLK&?EI}K�Ç�Î�?
8�?E9<Ë�K(FLB:ÇNBCBCM�Ï�9»Ç�FL?'GZ8:9=FCKÒFLK&?E9<D:?'G&Ë�?'B|8:K�9<Ï�K4Ç/DL?]Ï�M�É}>&9<A&?'G
É}Ñ&;�FL9=Í�;=9»ÏEÇ/FC9<Î�?E;<I�Ó�ß|K&?'BC?4Ð2?.Ç�FCÑ�DC?.BZK�Ç�ÎN?ÌÇ�BJK&?'DC9=FLÇ�Ë�?Ì9»G�?.Ç�B
Ð2MNÑ&A�Gq9<AvÍ�DC?'Î(9<M�Ñ B¶Ð2Ñ&A�Ï�FL9=MNAàDC?'Í&DL?'BC?EA(FLÇ/FC9<M�A�B'×�A�Ç/É�?E;<IÌFLK&?
Q ?'?'G�Ù§È4Ñ&;<;<?ED¹G�?.Ï�MNÉ¢Í�MNBC9=FC9<M�A�Ñ�BC?'G�>�I}Ü�Ñ&A�Ï�FL9=MNA�Ç/; Ê²?.Ï�9»BÚ9<M�A
Ê¡9<Ç�Ë�D�Ç/ÉJB:7�Ü�Ê¶Ê¡B�O:ê=ð.ã&×�ð)R/ì�×/Ç�A�G}FCK&?ÂÇNG&G�9=FC9<Î�?|?'G�ËN?:8%?'9=ËNK(FLB
Ð2MNÑ&A�G*9=ATS¹G�ËN?�ÙBUÖÇ/;<Ñ&?'G Æ 9<A�Ç/DLIJÊ²?.Ï�9»BÚ9<M�AHÊ²9»Ç/ËNDLÇ�É�B¡7VSWU Æ Ù
Ê¶Ê¡B�OJê ã/ñ�×!ã�ðEì�Ó�ß|K&?JDL?E;»Ç�FL9=MNA�B]>�?�F�8�?E?EAvFLK&?JÎ�Ç/DL9=MNÑ�B]DC?'Í&DL?�Ù
BC?EA(FLÇ/FC9<M�A�B:Ç�DC?@G�?.BCÏEDC9<>�?'G*É¢MNDC?¶Ð2Ñ&;<;<I�>�?E;<M�8@Ó
N Æ È�Ê¡B�Ç/DL?ÖÍ�Ç/DCFC9»Ï�Ñ�;<Ç�DC;<I²?Eî�?.Ï�FC9<Î�?ÖÐ2M�D6DL?EÍ�DC?.BÚ?'ANFL9=A�ËÂG�9=Ë�Ù

9=FLÇ�;�BCI�B�FL?EÉJB²Ç/FÂFCK&?}8%MNDLGÒ;<?EÎN?E;�×�8:K&?'DC?}BÚ?EFLBÂM�ÐÖ>&9<A�Ç/DLIHBC9<Ë/Ù
A�Ç�;<B4Ç�DC?q9<A(FC?EDLÍ&DL?�FL?'G Ç�BÒ?EA Ï�M�G�9<A&Ët9=A(FC?'Ë�?'D+7 Þ&Ý�?'GØÍ�M�9<ANF�O
MND�D�Ç�FL9=MNA�Ç/;�7@X�MNÇ/FC9<A&Ë}Í�M�9<A(F�O%Î�Ç/;<Ñ&?'B'Ó'Y%M�É�É�M�A*9=A(FL?EË�?'D:Ç/A�G
X�M(Ç�FL9=A&Ë@Í�M�9<A(F¹?EA Ï�M�G�9<A&ËNB�K�Ç�ÎN?:?�ÛZÏ�9<?EA(FÖDL?EÍ&DL?'BC?EA(F�Ç�FC9<M�A B�Ç�B
N Æ È�Ê¡B'×�Ç�B�G�M}MNÍ ?'DLÇ/FC9<M�A�B%BÚÑ Ï�K*Ç�B�Ç�G�G�9�FL9=MNA*Ç�A�GZÉ}Ñ&;�FL9=Í�;=9=Ù
Ï'Ç�FC9<M�A6Ó+N Æ È�Ê¡B¶ÏEÇ�A�Ç/;»BÚM*DC?'Í&DL?'BC?EA(F Æ M�M�;<?'Ç/AÒÐ2Ñ�A�Ï�FL9=MNA�B]Ç�B
ÇJBCÍ ?.Ï�9»Ç/;�Ï'Ç�BC?�×�8:9=FCK4BÚ9<âE?@ÏEM�É�Í�Ç/D�Ç/>�;=?¡FCM Æ Ê¡Ê¶B'Ó
N Æ È�Ê¡B�Ï'Ç/A@BC?EDLÎ�?�Ç�B�FLK&?�>�ÇNBÚ9»B�Ð2M�D�Ç|K&9=?'DLÇ�DLÏ�K�9<Ï'Ç/;�É�?�FCK�M�G�Ù

MN;=MNË�I¡Ð2M�D6ÎN?EDL9�Ð2I�9<A&Ë²ÏE9=D�Ï�Ñ&9=FLB�BÚÑ Ï�K
Ç�B6É
Ñ&;=FC9<Í&;<9=?'DLB'Ó�Z�F�FCK&?�;<M�8
;<?EÎN?E;�×&8%?]K�Ç�ÎN?¶Ç�BC?�FÂM�Ð�>&Ñ�9=;»G�9<A&ËJ>&;<M�Ï�J�B|BCÑ�Ï�K4Ç�B:Ç�G�G*BÚFC?'Í�Ù
Í�?ED�BE× Æ M�M�FCK�B�FL?EÍ&Í�?ED�BE×/Ç�A�G�ÏEÇ�DCDLIUBCÇ�ÎN?�ÇNG&G�?'DLB�G�?.BCÏEDC9<>�?'G¢Ç�F
>�M/FLK�FLK&?]>&9�F:;<?EÎN?E;�7�ÇNB�ÏEM�É}>&9=A Ç�FC9<M�A Ç/;�Ï�9<DLÏEÑ&9�F�BLO�Ç�A�G�Ç/F�FLK&?
8�M�D�Gq;=?'Î�?';¡7�ÇNB
Ç�;=ËN?E>&D�Ç/9»Ï¢?�Ý�Í&DL?'BLBÚ9<M�A�B�O�Ó*[²BC9=A&ËvÇ4É�?�FLK&M�G�Ù
MN;=MNË�IàÍ&DLM�Í�MNBC?'G`>(I]\6Ç/9:Ç�A�G_^&Ç�BÚFCDLIíê ã�ñ�ì�×�8%?HÎ�?'DC9=Ð2IàFCK Ç�F
FLK&?Ò>&9�FCÙ�;<?EÎN?E;|9<É¢Í�;=?'É¢?'A(FLÇ�FL9=MNA$M�Ð²?'ÇNÏ�K`>&;<M�Ï�Jà9=É�Í&;<?EÉ�?'ANF�B
9=FLB@8�M�D�G�Ù�;=?'Î�?';�BCÍ�?'Ï�9=Þ Ï'Ç�FC9<M�A6Ó,Z�F@FCK&?JK�9=ËNK&?EDU;<?EÎN?E;Â7�M�D@;<?EÎ(Ù



° Á%�'�(·(�E£�³����6�§©/�'�������|�¨���(���!­%�J��¬N��� ´��6�L���	�����������'���'�-­¹���¨��¬(�@�L�����Â���¨�����N�¨��¦¹¤%¦§���(�
�����(�E�§©� ¢�.�@�����Ö�|���'�E�Ú�'�@¦

�
����������� ����������� �
! �"�#�$� ����� %'&�(���)+*,�-�.(�/102�"&

34���5�106)+78��9:� ;=<'< �]ó ;=<>< 
)� <>< ?A@>;=<><
B,��������0 � <>< ; � < C�; � <

! ��DE���GF�HEIJ�-02��(����#��KL�-0���������M4N��2��OE/�� �#���QP������#0������SRT��O��2�"9U�-��)
02�-0�������9#H

y z f

0 0 8
0 1 -12
1 0 10
1 1 -6

8 +
-20 z +
2 y +
4 y z

8 -12

z

10 -6

z

y

8 -20

z

2 4

z

y

Pointwise Decomposition

MTBDD

Linear Decomposition

BMD

PV��(�H8F�HJ%VW����XOE�.�YP�������0#�.���[Z\�"�#����O]��96�.0�������9LH �]ó ;=<'< ö²ù�÷�øÿ�ù�ö�ø�þ:ü�ýÂù�û/ü�ṏ ý��V�_̂6ṏ ö�ø�þ�ø�ú�ü#�:û/ü�ö�õ �!ṏ ü�ý 2 �̈ øà �17B
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