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Segmentation and Acquisition of  Generic Parts for Recognition

Dibio L. Borges   and  Robert B. Fisher

Discard disconnected contours

Place unit length snakes in each discontinuity

in direction of

Diffusion smoothing

Choose support region and extrapolate Darboux Frames

Fit paraboloids and estimate Darboux Frames

Detect depth, orientation, and curvature minima discontinuities

range image

Minimize errors in Darboux Frames ensuring consistency

Grow snakes independently until:

-reach another contour

-maximum length

Fit globally deformable superquadrics to each region found
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N<R�M���RaM - D K;R C M;K�N<TpM;V D K�M;B �?D K�N?O%- D ZgN � TaIEM;IEN<TvF
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D1

D2

D3
D4

D5 D6

D7

D8

D9

D10

D11

D12

D13
D14

D15

D16

D17

D18
D19

D20

D21

D22

D23

D24

D25

! I � R8- D �GF�� � � D�� / D T\M D PmI0/oB �?D N?O{M;V D N1,�" D ZgMU}�P�N CLC # ]XIEM;V~M;V D PaB=M;B�O D B=M;R8- D K s ��B+-,M �	-,I9/oI f
M;I&% D K�u C B+, D	CLCED PUILTUM;V D N1-,P D -nM;V D>_ ] D - D ��B?K;K D PpM�NoM;V D ZgN<TaK�M�-�B?ILT D PpK D B+-�Z,V~B C�� N1-,IEM;V	/SF

� ,�" D ZgM;K�}:, D B+- # +|} D	CED ��VaB?T\M # +h}�Z�V D>D M;B?V # +�}�VaI � ��N �iN?M;B1/ RaK # +aB?TaP�} � B?T � B+-;N\N # ] D - D M D K�M D P
ILTwB�K;ILT �<CED %QI D ]XILT � ��N<K,IEM;IEN<T +�B?T�PpN1,�" D ZgM;KU}�V�N1-,K D$# B?TaP } ��I � # IkTpOxN<R8-�PaI � D - D T\M %QI D ]XKXO�N1-
D B?Z,V�F

� B=M;Z,VaILT � ]|B?K�K,RaZ>Z D K;K�OyR C O�N1-�N1,*" D ZgM;Kw}:, D B+- # +X} D	CED ��VaB?T\M # +X}�Z�V D>D M;B?V # +�}�VaI ���iN �iN?M;B1/YR�K # +
} � B?T � B+-;NGN # +�B?TaP }�V�N1-,K D$#�� B?T�P`ILM P�ILPjTaN?MYc�TaPbM;V D ZgN1-�- D ZgMoV _ �iN?M;V D K;ILKYOxN1- M;V D N1,�" D ZgM
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ORDERED LIST OF MODEL PRIMITIVES (M1, .., M9, *)

4

*
2

3

*

1

9

*

5 6

*

D1: (M4)

D2: (M2)

D3: (M3)

D4: (*)

D5: (M1)

D6: (M9)

D7: (*)

D8: (M5, M6)

D9: (*)

! I � R8- D �GFLt/0 � # N1-;M;IEN<T�N?OGM;V D 0'T\M D - �	- D M;B=M;IEN<T�� - D>D O�N1-�N1,*" D ZgM�}�V�N1-,K D$# K,V�N.]XIkT � M;V D K;RaZ>Z D K,K�OxR C
��B=M;VpB?T�P ,	-,B?TaZ�V D K D�
 � C N1- D PSB=M D B?Z,V CED % D	C F

� ���'��� � � �����a�.� � ������� � � � �����a�.� � ������� � �
�	� � � ���=� � �;�	� 
 � � ��
 �=���q��
��8� � �;� �

���@�"� ��� # 0�� � ����� � ��4 #
$ �,5 23& � � � � � � ��� 7 �
� ��� # 6�� # �@4�� � 0 � 7�0
!@�95 *;:<& ��� � 7@0�� 4 # � 7�6

��B+, CED �GF 1 � � R	/ , D -�N?O ��N<K,K;I7, CED T�NQP D K�OxN1-WM;V D OyR CLC M�- D>D +zB?TaP�TGR	/ , D -�N?O�TaNGP D K�B?ZgM;R�B CLCE_
D�
 � C N1- D PUOxN1- D B?Z�VpN1,�" D ZgMnM D K�M D PvF

} ��I � # O�N1-XB CkC M;V D %QI D ]XK�M;B �?D TvF��rB+, CED �GF�� K;VaN.]XKXM;V D N1-,P D - D P~PaB=M;B
�	-�I0/oIEM;I&% D K$+���B+, CED �GFLt/0
K;V�N�]XK�M;V D %=B C ILPUV _ �iN?M;V D K D K�]XIEM;VqM;V D - D K�� D ZgM;I&% D OxR . . _ P D�� - D>D K�N?O�K,I0/oI C B+-�IEM _ OxN1-nM;V D TaIkT D
s3�<u�I0/oB �?D K�]XIEM;V K;RaZ>Z D K;K;OxR C /oB=M;Z�V D K/+GB?TaP��rB+, CED �GFLt?t � I&% D K{M;V D VaI � V D K�M / D B?K;R8- D K{B?Z�VaI D % D P
OxN1-YM;V D N1,�" D ZgM�} �eI � # F���B+, CED �GFLt � � I�% D KYM;V D TGR	/ , D -YN?OXT�NQP D K D�
 � C N1- D P�OxN1-YM;V D ZgN1-2- D ZgM
/ NQP D	C +QOxN1- D B?Z,VwI0/oB �?D F

� T CL_ ILTqM;V D Z>B?K D K�N?O�M;V D RaT�K;RaZ>Z D K;K�OyR C /oB=M;Z,V D KnN?O�M;V D N1,�" D ZgMl} ��I � # s ! I � R8- D K ! F�H?H + ! F�H �\u
P�N D K�M;V D K D B+-�Z,VaILT � B���� D B+-nM�N�VaB�% D , D>D T D�
 � C N1-,ILT � M;V D T�NQP D KnB=M -,B?TaP�N /SF ! N1-�M;V D N?M;V D -
N1,�" D ZgM;KhB?T�PoM D K�M|K;Z D T D KhM;V D TGR	/ , D -�N?O�TaNGP D K D�
 � C N1- D P OxN1-hM;V D ZgN1-2- D ZgM�/oNGP D	C K{]|B?K|K2/oB CkC +
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8?&�* 5 2 � � � 2 2 � � 2 � (+* 2 2 � � 2 2 � � � � � � � � �
& � & � $ *�1>( 2 � � � 8 � (+* 2 � � � 2 2 � � 2 2 � � � � � 
 2 � � � � � � � �
�%$�&'&)(+*,$ 8 � ��� 2 2 � � 2 2 � � � � � � � � � 
 � � � 
 2 2 � � � � � � �

$ �"���?�@�?� (+* �|- 2 2 � � � 2 2 � � � � � 
 2 2 � � 2 2 � � � � � �
/@*,1 ! * 5A�>� 2 � � � 8 � ��� 8 � ��� 8 2 (+* 2 2 � � 8 � � � � � � 
 � �

$ �,5 23& )�� � & � � * 2 � � � 8 � ��� 2 � � � 2 2 (+* 8 � (+* 8 � � � � � � 
 2 2 (+* � � � �
$ �,5 23& )�� � & � � * 2 � � � 8 � ��� 2 � � � 2 2 (+* 8 � (+* 8 � � � � � � 
 2 2 (+* �
$ �,5 23& )�� � & � � * 2 � � � 8 � ��� 2 � � � 2 2 (+* 8 � (+* 8 � � � 2 � (+* � �
$ �,5 23& )�� � & � # * 2 � � � 8 � ��� � � � � 2 � � � 2 2 (+* 8 � (+* 8 � � � � � � 
 2 2 (+*
� �"! )�� � & � � * 2 � � � 2 � (+* � � � 
 � � � 
 � � � � � � � � � � �
� �"! )�� � & � ��* 2 � � � 2 � � � 2 � � � � � � 
 � � � 
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� �"! )�� � & � � * 2 � � � 2 � � � 2 � � � � � � 
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 2 2 (+* � � � �� �"! )�� � & � # * 2 � � � 8 � ��� 2 � � � � � � 
 � � � 
 � � � � 2 � (+* � � � 
 �

��B+, CED �GF�� � � -,P D - D P C ILK�M�N?OhPaB=M;B �	-�I0/oIEM;I&% D KX]XIEM;V �?D N<T^Z C B?K;K,IdceZ>B=M;IEN<TaK�OxN1-�B CLC M;V D N1,*" D ZgM;K
ILT � ��� D TaPaI 
 ! F � N - D	CED %=B?T�M �?D N<T�KYB+- D P D T�N?M D P , _ }�� # F 0'TaZgN1-2- D ZgM �?D N<TbZ C B?K,K;IdceZ>B=M;IEN<T�K
B+- D K,V�N.]XT~ILT ,iN C PqM _ � D F

B?TaPSM;V D K D B+-,Z,V�ILT � ]�B?K / N1- D O�NQZ>RaK;K D P�F

�nV D M�N � /oB=M;Z,V OxN<RaTaP OxN1-pN1,�" D ZgM;K�}:, D B+- # +p} D	CED �eVaB?T�M # +p}�Z�V D>D M;B?V # +�}�VaI ���iN �iN?M;B1/YR�K # +
} � B?T � B+-;NGN # +aB?TaP }�V�N1-,K D$# ]|B?K|M;V D ZgN1-2- D ZgM|N<T D � B?T�PlILTlM;V D Z>B?K D K�]XV D - D N?M;V D -�V _ �iN?M;V D K D K
] D - D B C K�NlB?Z>Z D �aM D Pm]�IEM;V C N�] D -�OyR�. . _ P D�� - D>D N?O�K;I0/�I C B+-,IEM _ sxN1,�" D ZgM;KS}:, D B+- # +�}�VaI ���iN �iN?M;B f
/ RaK # +�B?TaP�}�VaN1-,K D$# u +eILM�]|B?K�PaR D M�N�M;V D B?ZgM;R�B C K;I0/�I C B+-,IEM _ N?O�M;V D N1,�" D ZgM;K���K;V�B�� D K	F

�nV D K,RaZ>Z D K;K�OyR C /oB=M;Z�V�N?O|N1,�" D ZgMw}�Z,V D>D M;B?V # ILK�B?T D %QILP D T�Z D N?O -,N1,�RaK�M;T D K,K�N?OhM;V D /oB=M;Z,V f
ILT � + , D Z>B?R�K D M;V D ZgN1-2- D ZgM�V _ ��N?M;V D K;ILK ]|B?KoO�N<RaT�P D % D T�ZgN<TaK;ILP D -�ILT � M;V�B=M M+]|N ��B+-;M;KpsxM;V D
}:,�B?Z �GCED�� # B?TaPSM;V D }'M;B?I C�# u|] D - D T�N?MXZgN1-�- D ZgM CE_ ILTaPaIkZ>B=M D PUO -;N / M;V D K D�� / D T\M;B=M;IEN<TvF

� NpZgN1-2- D ZgM�V _ �iN?M;V D K;IkKXOxN1-�M;V D N1,�" D ZgMp} ��I � # ]|B?K�OxN<RaTaPmILTmB?T _ N?OhM;V D O�N<R8- %QI D ]XK�M;B �?D TvF
! I � R8- D K ! F�H?H + ! F�H �bK;VaN.] N<T CL_ K�N / D N?O�M;V D �eB+-;M;K M;VaB=M ] D - D B?Z>Z D �aM D P�B?KoK;I0/�I C B+-$+�B?T�P
M;V D>_ ] D - D P8-�B	]XTwB?KXB?T D�
GD -,Z>IkK D OxN1-XM;V D ��N<K D�D K�M;I0/oB=M;ILN<TpN?O{ILTaPaI�%GILP�RaB C �eB+-;M;K>F �nV D /oB?IkT
D�
 � C B?TaB=M;IEN<T�KiO�N1-rM;VaILKvB+- D M;V D�C B?Z � N?O �	- D Z>ILK,IEN<T�N<T�M;V D{D K�M;I9/oB=M D PWK;R�� D -�[\RaB?P	-,ILZ �eB+-,B1/ D M D -,K/+
B?TaP M;V D B?ZgM;RaB C PaI �lZ>R C M _ ILT - D �	- D K D T\M;ILT � K;RaZ�V B?T N1,*" D ZgMU]XIEM;V %?N C R	/ D M�-,ILZ �	-,I0/oILM;I&% D K
ZgN<TaK;IkP D -,ILT � M;V D K,I0/oI C B+-�IEM;I D KhN?O�IEM;K ��B+-;M;K>F

t/0 �



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

�����'��� � 
 ��� ��� �Q��
�
 ��
���
 � �G�;� ��� � � � �?� � � � � �
 
 � ���G� � � � � � ��
 � � � � � 
 �a���
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���	� � # 8?&�* 5 ��� # � � � �������

/@*,1 ! * 5A�>� ���	� � 0 /@*,1 ! * 5A�>� ��� 4 # �������

$ ��5 23& )�� � & � � * ���	� 4 $ ��5 23& ��� � 6 � � �������

���	� � � ��� ��� � � � � �������

���	� � # 8?&�* 5 ��� # � � � �������

$ ��5 23& )�� � & � � * ���	� 4 $ ��5 23& ��� 4 � �������

���	� � � ��� ��� 0 � � � �������

���	� � # 8?&�* 5 ��� � 6 � � �������

$ ��5 23& )�� � & � � * ���	� 4 $ ��5 23& ��� 0@6 �������

���	� � � ��� ��� 0 � � � �������

���	� � # 8?&�* 5 ��� � � � � �������

$ ��5 23& )�� � & � # * ���	� 4 $ ��5 23& ��� � � � � �������

���	� � � ��� ��� # � � � �������

���	� � # 8?&�* 5 ��� # � � � �������

��B+, CED �GFLt/0 � � D K,R C M;K�K;V�N�]XILT � M;V D OxR . . _ P D�� - D>D K�N?O�K;I0/oI C B+-,IEM _ OxN1-�M;V D , D K�M�V _ �iN?M;V D K D K|O�N1-
N1,�" D ZgM;K�K;V�N�]XTlIkT � ��� D TaPaI 
 ! F ! N1-�N1,�" D ZgM;K }:, D B+- # +z} D	CLD ��VaB?T\M # +�}�Z,V D>D M;B?V # +h}�VaI ���iN �iN?M;B f
/ RaK # +{} � B?T � B+-;N\N # +eB?TaP�}�V�N1-,K D$# syB CLC %QI D ]XK�uhB CLC V _ �iN?M;V D K D K�V�I � V D -�M;VaB?T �E! !��5# � � 6 
��
���  �� s � F ���  �� u�B+- D K,V�N.]XT�F
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��B+, CED �GFLt � � � R	/ , D -�N?OzT�NQP D K�B?ZgM;RaB CLCE_lD�
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K;R C M;KYB+- D K;V�N�]XT`O�N1- PaI � D - D T\MWN1,*" D ZgM;K ILT�Z C RaPaILT � M�N _ K K;RaZ,V B?K B }�V�N1-,K D$# +�B?T�P`B }�P�N CLC # F
��D K;Z<-,I ��M;IEN<TUN?OrM;V D N1,�" D ZgM;K�ILK ,�B?K D PUN<TSceTaPaILT �YD	C N<T � B=M D PpB 
GD KXN?OrM;V D N1,�" D ZgM ��B+-;M;K�RaK;IkT �
M;V D � f�� N<RaM D -�/ N<K�M ,�N<R�TaPaB+-,I D K|N?O�M;V D N1,�" D ZgM/+eB?T�P	�	-;N " D ZgM;IEN<TaKnIkT D I � V�M�PaI7- D ZgM;IEN<T�K�N?O�M;V D
N1,�" D ZgM ,iN<RaTaPaB+-�I D K>F �nV D �	-;N " D ZgM;IEN<TaK B+- DSD�
 B1/oILT D P M�N�ceTaP Z<-;N<K;K f K D ZgM;IEN<T CED T � M;VaK/+hB?T�P
D TaP f �iN<ILT\M;KnN?O�M;V D Z _QC ILTaP D -,K>F�� D ZgN � T�IEM;IEN<T � D -,O�N1-�/�KXK _ / ,iN C IkZ�ILP D T\M;IdceZ>B=M;IEN<T~N<T CE_ +iB?TaP~ILM
ILK�PaI&%QILP D PwILT\M�NqM%]hNpK;M;B �?D K ��c"-,K�M/+vBUK;I0/ � CED ILT�P D�
 IkT � K;Z�V D / D +�]XV D - D M;V D IkTaPaILZ D K�VaB$% D M�N
/oB=M;Z�V D�
 B?ZgM CE_ M;V D ILT�PaILZ D K�O4-;N / M;V D P D K;Z<-,I �aM;ILN<T �	-;NQZ D K;K/+rIkK�RaK D P^M�N /oB �?D M;V D V _ ��N?M;V f
D K;ILK � K D ZgN<TaP +JM;V D P D K;Z<-,I ��M;IEN<T~O4-;N / PaB=M;BSB?T�PmO -;N / M;V D /oNGP D	C B+- D ZgN /
��B+- D P�ILTmB � -,B���V
/oB=M;Z�VaILT � B C � N1-�IEM;V	/SF

� � B+-2- �A� ILK;V�ILVaB+-,B - 1�� �	-,N ��N<K D PSB �?D T D -,B C / D M;V�NQPSO�N1-�K;VaB�� D - D ZgN � TaIEM;ILN<T +�ILTU]XV�ILZ,VSN1, f
" D ZgM;KhB+- D - D �	- D K D T�M D P , _ BYK D M�N?O �?D T D -�B C I . D P�Z _QC ILT�P D -,K>F��nVaILK�K D M�N?O �?D T D -,B C I . D P�Z _QC ILTaP D -,K
ILK N1- � B?TaI/. D P�B?K B�V�I D -,B+-,Z�V _ +h]XV D - D K2/oB CLCLD -��eB+-;M;K B+- D B=M M;V DpC N.] D K�M CED % D	C K	F � �	-,NGZ D K;K
M�N^P D K;Z<-,I0, D B?TaI0/oB C K;VaB�� D K ILTjM D -�/oK N?O �?D T D -�B C I . D P Z _GC ILTaP D -,KW]|B?K �"- D K D T\M D P +�ILTj]XVaILZ�V
D	C N<T � B=M D PSB 
QD K�N?OJM;V D N1,*" D ZgM;K���K;B C I D T�M ��B+-;M;K|] D - D O�N<R�TaPqO -;N / M;V D � f�� �	-;N " D ZgM;IEN<TaK|N?OJM;V D
N<R�M C IkT D N?O|M;V D K;VaB�� D F �nV D K D B 
QD K�] D - D V _ ��N?M;V D K;I . D P^B?K�M;V D B 
GD KWN?O|Z _QC ILT�P D -,K�P D K;Z<-,I0, f
ILT � M;V D ��B+-;M;K>F � T�ILP D T\M;IdceZ>B=M;ILN<T �	-,NGZ D K;K�ILK�N<R�M C ILT D P +eB C N<T � ]XILM;V~BUK;Z,V D / D M�N - D �"- D K D T\M
- D	C B=M;I�% D N1-,I D T�M;B=M;IEN<TmN?O�M;V D �eB+-;M;K>F � ZgM;RaB C / D Z,VaB?T�ILK2/oK�O�N1-�V�N�] M�NSP D -,I&% D K;RaZ,VmBUVaI D -�B+- f
Z,V�ILZ>B C P D K;Z<-,I ��M;IEN<TbO4-;N / I0/oB �?D K/+hB?TaP`M�NmB?Z�VaI D % D ILP D T�M;Idc�Z>B=M;IEN<TjB?T�P C NGZ>B=M;IEN<T`N?OnN1,*" D ZgM;K
- D �	- D K D T�M D P~ILTSBoPaB=M;B+,�B?K D ] D - D T�N?MXP D K,Z<-,I7, D PvF

��� B?IkT � �XN ��/oB?T 1 1��\P D K;Z<-�I7, D P�B?T D %GIkP D TaZ Dgf ,�B?K D P - D ZgN � TaIEM;IEN<T�M D Z,VaTaIk[\R D OxN1-rH f�� N1,*" D ZgM;K>F
�QR8-,OxB?Z D ��B=M;Z,V D K B+- DqD�
 M�-,B?ZgM D P O -,N / -,B?T �?D I0/�B �?D KYN?O�N1,*" D ZgM;K/+hB?TaPbB�K D M N?OXRaTaB+- _ B?T�P
,�ILT�B+- _ �	-;N � D -;M;I D K�B+- D ILP D T\M;Idc D PmILTmM;V D PaB=M;BQF � %QILP D T�Z D ZgN<T�PaIEM;IEN<TaK�]�IEM;V^ZgN1-2- D K��iN<TaP�ILT �

t/0	-



������� ��� �*��� ��� ��� �

D %QILP D TaZ D ] D I � V\M;KnOxN1- %=B+-,IEN<RaK�N1,*" D ZgM;K�B+- D N1- � B?T�I . D P~ILTSB -,R CED ,�B?K D +aB?TaP~ILT\M D - �	- D M;B=M;IEN<TSN?O
M;V D PaB=M;B~ILK�B?Z,VaI D % D P , _ K D B+-,Z�VaILT � M;V D -,R CED ,�B?K D M�NwZgN / ��B+- D �	-,N � D -,M;I D K>F �nV D VaI � V^ZgN<K�M
ILTwM;VaILK�B����	-;N<B?Z�V�]|B?K�M;VaB=M�B CLC M;V D N1,�" D ZgM;K �	- D K D T\M�IkTpM;V D PaB=M;B+,�B?K D ] D - D ZgN / ��B+- D P^B?T�P
D %=B C RaB=M D P5, D OxN1- D B P D Z>ILK,IEN<TSZgN<TaZ D -,TaIkT � ILP D T\M;IdceZ>B=M;IEN<TU]�B?K - D B?Z,V D PvF

� ! ILK;V D -*1?��� �"- D K D T\M D P B./oNGP D	C ILT�%?NGZ>B=M;ILN<T / D M;V�NQPY]�VaILZ,V ILT\M D�� -,B=M D K D %QILP D TaZ D O4-;N / N1,�" D ZgM
P D K;Z<-�I �aM;IEN<TaK�B?Z>[GRaI7- D PSO -,N / M;V D I0/oB �?D +�B?TaP - D	C B=M;IEN<T�K;VaI � D %QILP D TaZ D O -;N / Z C B?K;KXB?T�P~K�M�-,R�Z f
M;R8-,B C B?K;K;NGZ>ILB=M;ILN<TaKzO -,N / M;V D / NGP D	CGC I7,	-,B+- _ F��nV D �	-;NQZ D K;K{V D	C �eKrM�N ,eRaI C PYK�M�-;N<T � V _ �iN?M;V D K D K
M�N , D OxR8-,M;V D - % D -,IEc D P5, _ /oB � IkT ��D %QILP D TaZ D B$%=B?I C B+, CED B=M�B?T D B+- CE_ K�M;B �?D N?O - D ZgN � TaILM;IEN<T +iB
ZgN<TaK D [GR D TaZ D N?O�IEM , D IkT � M;VaB=M�M;V D ZgN<K�M�N?O�V _ ��N?M;V D K;ILK /�B � ILT � , D ZgN / D K�VaI � VvF � T D M+]|N1- �
/ NQP D	C ILK RaK D P OxN1-oILT\M D�� -,B=M;ILT � B CLC M;V DSD %QILP D TaZ D +hB?TaP�T�NQP D %=B C R D K B+- D ZgN /
��R�M D P�RaK;IkT �
VaB+-�/oN<TaILZ / D B?TaK�B?TaPUM;V8- D K;VaN C P C I0/oILM;K>F

� TlB?Z>Z>R	/ R C B=M�N1- ,�B?K D P / D M;V�NQPqILK �	- D K D T�M D P , _ � �QVaB���I7-,N�F 
�F � F � 
rR~� 0 �eOxN1-�P D M D -�/oILT�ILT �
M;V D %QI D ] Z C B?K;KqM;VaB=M , D K�M /�B=M;Z,V D KpB?T RaT � T�N�]XT %GI D ] N?OYM;V D N1,�" D ZgM>F �nV D / D M;V�NQP IkK
,�B?K D PwILTpB?K;K,I � TaILT � B � B?RaK;K,ILB?T~PaIkK�M�-,I7,�RaM;IEN<T D %GILP D TaZ D %=B C R D M�NqB?Z>Z>R	/YR C B=M�N1- C ILK�M;K�OxN1-�M;V D
%QI D ] Z C B?K;K D K/+hB?TaP`M;V D T /YR C M;I � CE_ ILT � M;V D / , _ ] D I � V\M;K �	- D %QIEN<RaK CL_ P D ceT D P`B?Z>ZgN1-,PaILT � M�N
D / ��I0-,ILZ>B C M D K�M;K>F �nV D / D M;V�NGPU]�B?K �	-,N ��N<K D PlM�NlP D B C ]XIEM;VUILT D�
 B?ZgM /oB=M;Z�VaILT � ILTUB ZgN<T\M D�
 M
]XV D - D O D B=M;R8- D K�ILT�B ��B+-;M;IkZ>R C B+- %QI D ]�N?OJB?T�N1,*" D ZgM�B+- D P D K;Z<-,I0, D P�RaK;ILT � - D	C B=M;IEN<TaB C � _ -,B1/oIkP
K�M�-,R�ZgM;R8- D K>F

� � M�M;IkT �?D -(1 -���B?PaP8- D K,K D P /oNGP D	C|C I7,"-,B+- _ ILTaP D�
 ILT � N?O � f�� N1,�" D ZgM;K RaK;ILT � BwK,Z,V D / D ]XV D - D
/ NQP D	C K B+- DSC ILT �?D PbM�N �?D M;V D - , _ M;V D �	- D K D T�Z D N?O�K;I0/oI C B+- � f�� ��B+-,M;K>F �nV D N1,�" D ZgM;K RaK D P�+
I0/oB �?D KoN?OXM�-,B �lZSK,I � TaK/+�B+- D P D K;Z<-,I7, D P`B?KoB?K;K D / , C I D K N?Ol} ! R8- % B=M;R8- D # -,I0/oB C � �?D M;Z�V D K # F
� O�M D -nO D B=M;R8- D�D�
 M�-,B?ZgM;IEN<TpV _ ��N?M;V D K D K�B+- D N1-,P D - D P , _ B���� C ILZ>B=M;ILN<T�N?OzB �XN<R � V � -,B?T�K�O�N1- / +
B?T 0)T\M D - �	- D M;B=M;IEN<T � - D>D K D B+-�Z,V �	-;NQZ D K;K ILK -,RaTjN<T`M;V D ILTaP D�
QD P C I0,	-,B+- _ M�N�ceTaPjM;V D , D K;M
/oB=M;Z�V D K>F

� !zCE_ TaT � � B?IkTp�Qt � �"- D K D T\M D PwBqZgN<TaK�M�-,B?IkT�M.,�B?K D P�K D B+-,Z�V3- D ZgN � TaIEM;IEN<T�K _ K�M D / O�N1-�H f�� N1, f
" D ZgM;K>F � ,�" D ZgM;K�B+- D P D K;Z<-,I0, D P RaK;IkT � !N�(� / NQP D	C P D ceTaIEM;ILN<TaK/+ O�N1-{]XV�ILZ,V K�� D Z>ILB C ZgN<TaK�M�-�B?ILT�M;K
B+- D P D K;I � T D P�O�N1-�M;V D 0'T�M D - �"- D M;B=M;IEN<T �%- D>D /oB=M;Z,VaIkT � B C � N1-,IEM;V	/pF �QR8-;OyB?Z D �eB=M;Z,V D K�B+- D N1- f
P D - D P5, D OxN1- D Z<- D B=M;IkT � M;V D 0'T�M D - �	- D M;B=M;IEN<T �%- D>D B?Z>ZgN1-�PaILT � M�N ��B=M;Z,VwB+- D BQF

� � -,I9/oK�N<T 1 1����	-;N �iN<K D P B?T D�
 M D TaK;IEN<T N?OWM;V D 0'T\M D - �	- D M;B=M;IEN<T �%- D>D /oB=M;Z,V�ILT � B C � N1-,IEM;V"/
OxN1-WP D B C ILT � ]XILM;V � f�� N1,�" D ZgM;K$+ ��B+-,B1/ D M D -,I . D P�B?Z>ZgN1-,P�ILT � M�N5-;N?M;B=M;IEN<T�B C +�M�-,B?TaK C B=M;IEN<T +JB?T�P

t/0 1



������� � � � � ��� � ��� � � ��� 


K;Z>B C IkT � P D�� - D>D KhN?OvO - D>D P�N /SF � ,�" D ZgM;K�B+- D - D �	- D K D T�M D P , _ M;V D I0- ,iN<RaTaPaB+-,I D K/+<B?TaP /�B=M;Z,VaILT �
�	-;NQZ D>D PaK�, _ K D B+-,Z,VaIkT � M;V D 0)T\M D - �	- D M;B=M;IEN<T �%- D>D O�N1-�ILK�N C B=M D P
��B+-;M;K	F # B+-,M;K|K D�� / D T�M;B=M;ILN<TqIkK
T�N?M�B?PaP8- D K,K D PvF � � D Z>IdceZ �?D N / D M�-,ILZ ZgN<TaK�M�-,B?IkT�M;K�OxN1-�M;V D Z>B?K D N?O|B � f�� B+-;M;ILZ>R C B=M D P�N1,�" D ZgM
syB ��B?I0-�N?OzK,Z>ILK;K�N1-,K@u|B+- D �	- D K D T\M D PvF

'������ 
 � �(!���� � � � ' ' �(���

�nVaIkK�Z,VaB���M D -|VaB?K �	- D K D T\M D PqB?T D �lZ>I D T�M|B?TaP -;N1,eRaK�M / D M;VaNGP�M�N � D -;OxN1-�/ /oB=M;Z�VaILT � N?OJH f��
N1,�" D ZgM;K�O -;N / -,B?T �?D I0/oB �?D PaB=M;BQF �XV D ILT���R�M�O D B=M;R8- D K�B+- D �"-;N�%QILP D P , _ M;V D K D�� / D T\M;B=M;IEN<T
B?TaPpZ C B?K;K;IdceZ>B=M;ILN<T / D M;V�NQPaKnP D K;Z<-�I7, D PqIkT ! VaB��aM D -,K�H B?TaP � - D K � D ZgM;I�% D	CE_ F
�nV D / D M;V�NQPSPaI&%QILP D K�M;V D �	-;N1, CLD / ILT\M�N M+]|NoK�M;B �?D K �|B?TqIkTaP D�
 ILT � K;M;B �?D B?TaPUB ZgN<TaK�M�-,B?ILT D P
K D B+-,Z�VlK;M;B �?D ]XILM;V OxR . . _ P D�� - D>D K�N?OvK;I9/oI C B+-,ILM _ F �nV D ILTaP D�
 ILT � K;M;B �?D K D	CLD ZgM;KhBYK;R8,�K D M{N?OvM;V D
/ NQP D	CvC I7,"-,B+- _ M�N , D OyR CLCL_ K D B+-,Z�V D P5,�B?K D PpN<TSM;V D N<R�M���R�M�N?OzM;V D �?D N<TwZ C B?K;K;IEc D -Ws ! VaB��aM D -
�\u�F �nV D / NQP D	C K�B+- D ILTaP D�
GD P IkT�M;V D~C I0,	-,B+- _ , _ � -;N<R �eILT � M;V D / N<T�M;V D ZgN / / N<T���B+-,M
�	-,I9/oIEM;I&% D K s �?D N<TaK�u�M;V D>_ K,VaB+- D F �nVaIkK�N1- � B?TaI .	B=M;IEN<T�B CkC N.]XK�O�N1- -,N1,�RaK�M;T D K,K�ILT - D ZgN � TaIEM;IEN<T
K;ILT�Z D B / D B?T�ILT � OyR C B?TaP - D	C ILB+, CED Z C B?K,K;IdceZ>B=M;IEN<T - D	C B=M D KWM;V D K D �eB+-;M;KWM�NwM;V D I7-��eB+-,B1/ D M D -,K>F
�nVaIkK�ILTaP D�
 ILT � K;Z�V D / D VaB?KWB C K;N~M;V D �	-;N � D -;M _ N?OnK;R8, C ILT D B+- � -;N�]nM;Vj]XIEM;V^M;V D K;I . D N?O�M;V D
C I7,"-,B+- _ +\B?T�PqK;N ILM|P�N D K�T�N?M�ZgN / �	-;N /�ILK D IEM;K � D -,O�N1-�/�B?TaZ D ]�V D TlT D ] /oNGP D	C KhB+- D B?PaP D PqIkT
M;V D P�B=M;B+,�B?K D F

� [\R�B C IEM _ / D B?K;R	- D N?OvK;I0/oI C B+-,IEM _ ILK�ILT\M�-;NQPaRaZ D P ILToBWZgN<TaK�M�-,B?ILT D PoILT\M D - �	- D M;B=M;IEN<ToM�- D>D ,�B?K D P
K D B+-,Z�V B C � N1-,IEM;V"/ �	-,N�%QILPaILT � B -,N1,�RaK�MUB?TaP D �lZ>I D T\M / D Z,VaB?TaIkK2/ M�N -�B?T � B?TaP ZgN / ��B+- D
ILT D�
 B?ZgM /oB=M;Z,VaIkT � K>F��XV D [GRaB C IEM _ / D B?K;R8- D ILK ,�RaI C M , _ RaK;IkT � M;V D �nV D N1- _ N?O ! R�. . _ � D M;K
� � B?P D V�- 1��.+Qc"-,K�M , _lD %=B C RaB=M;IkT � O D B=M;R8- D ,�ILTaPaIkT � K�s 
	� � u�s � B=M;B �	-,I0/�IEM;I&% D K/+ � NQP D	C �	-�I0/ f
IEM;I&% D K@u{]XILM;V�OyR�. . _ �	- D PaILZ>B=M D K/+QB?TaPUP D -,I&%QILT � BWOyR�. . _ P D�� - D>D N?OrK;I0/oI C B+-,IEM _ ]XV�ILZ,V -,B?T � KhM;V D
%=B C ILPSV _ �iN?M;V D K D K - D B?Z,V D PwILTUM;V D ZgN<T�K�M�-,B?ILT D PSK D B+-,Z,VvF

� D K,R C M;K�B+- D � I�% D T~OxN1-�B %=B+-,I D M _ N?O�ZgN / � CED�
 H f�� K;VaB�� D K/+�B?TaP�ILP D T\M;IdceZ>B=M;IEN<TwB?TaP -�B?T � IkT �
B+- D K;RaZ>Z D K,K�OxR CLCE_ B?Z,V�I D % D PvF �nV D T D�
 M�Z,VaB���M D - �	- D K D T\M;K�B / D M;V�NQPlM�N D K�M;I9/oB=M D M;V D �iN<K D IkT
H f�� N?OzB+-;M;ILZ>R C B=M D PSN1,�" D ZgM;K/+�B?KXB�� � C I D PqM�NoM;V D N1,�" D ZgM;K�ILP D T\M;Idc D PUILTUM;VaIkKnK�M;B �?D F

t/0<�



������� � � � � ��� � ��� � � ��� 


*

ORDERED LIST OF MODEL PRIMITIVES (M1, .., M25, *)

1
3

15

18
191

3 15

18
19

1918

22 23

2322

11 12

7 8

11
12

*

24 25

4

*

13 14

24 25

2

5

6

17

*

16

20

9

10

D1: (M1, M3, M15)

D2: (M1, M18, M19)

D3: (M3, M15)

D4: (M18, M19)

D5: (M18, M19)

D6: (M22, M23)

D7: (M22, M23)

D8: (M11, M12)

D9: (M7, M8)

D10: (M11, M12)

D11: (*)

D12: (M24, M25)

D13: (M4)

D14: (*)

D15: (M13, M14)

D16: (M24, M25)

D17: (M2)

D18: (M5)

D19: (M6)

D20: (M17)

D21: (*)

D22: (M16)

D23: (M20)

D24: (M9)

D25: (M10)

! I � R8- D �GFLt?t � # N1-;M;ILN<ToN?OiM;V D 0'T�M D - �	- D M;B=M;IEN<T � - D>D O�N1-hN1,�" D ZgMY}�P�N CLC�# K;VaN.]XILT � M;V D K;RaZ>Z D K,K�OxR C
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�nVaIkK�Z,VaB���M D - IkKWZgN<TaZ D -,T D Pb]XILM;V^M;V D �iN<K DlD K�M;I0/oB=M;ILN<TbN?OXH f?> N1,�" D ZgM;KYM;VaB=M VaB$% D ��B+-;M;IkB C
ZgN<TaK�M�-�B?ILT�M;K , D M%] D>D T�K;N / D N?O�M;V D ��B+-,M;K�K,RaZ,V^B?K�B+-;M;IkZ>R C B=M;IEN<TaK	F��nVaILK�ILK�BUT D Z D K;K;B+- _ K�M D �
M�N C NQZ>B=M D M;V D K;RaZ>Z D K;K�OyR CLCL_ /oB=M;Z,V D PSV _ ��N?M;V D K D K�B?Z,VaI D % D PSILTA@�VaB��aM D -�BGF �nV D�C NQZ>B C IDC	B=M;ILN<T
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M;VaILK�Z>B?K D +�% D -,IEO _ M;V D /oB=M;Z,V�F
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8 Z<-�RaZ>ILB C �	-;N1, CED / ILT / NQP D	Cdf ,�B?K D P - D ZgN � TaILM;IEN<T ILK�M�N�c�TaPWM;V D B=M�M;ILM;RaP D +?N1- �iN<K D +<ILTYM;V D H f?>
K���B?Z D N?OvM;V D / NQP D	C K /�B=M;Z,V D PqO4-;N / M;V D PaB=M;B+,eB?K D F�9%M�ILT�%?N C % D K|ZgN / ��R�M;ILT � N1,�" D ZgM �iN<K;ILM;IEN<T
B?TaP�N1-,I D T\M;B=M;IEN<T - D	C B=M;I�% D M�NSBqZ>B1/ D -,B - D O D - D TaZ D O4-,B1/ D +;:=<�>?<�ceTaP�ILT � BqM�-,B?TaK;O�N1-�/�B=M;IEN<TwIkT
H f?> M;VaB=M /�B���K�M;V D /oNGP D	C N<T\M�N�M;V D PaB=M;BoI0/oB �?D F

�nV D M;B?K JqN?OrZgN / �eR�M;ILT � M;V D M�-,B?TaK�OxN1-�/oB=M;ILN<TUM�N C NGZ>B=M D M;V D N1,�" D ZgMnP D � D TaPaKhN<TUM;V D PaI0/ D T f
K;IEN<T�B C IEM _ N?O�M;V D PaB=M;B~O4-;N / M;V D K D T�K�N1-$+�N?O�M;V D / NQP D	C K$+�B?TaPbN?O�M;V D ]|N1- C P�N1- ZgNGN1-,PaILT�B=M D
K���B?Z D ZgN<TaK,ILP D - D PvF@9'TjM;V�ILKWM;V D K;ILK/+{M;V D K D TaK;N1- P�B=M;B�+�M;V D / NQP D	C K/+{B?TaP`M;V D ]hN1- C PjB+- D B CkC
M;V8- D>Dgf P�I0/ D TaK;ILN<TaB C F �nV D /oB�� ��ILT � M;V D - D O�N1- D ILK�BlH f?> -�I � ILPSM�-,B?T�K�O�N1- /oB=M;IEN<T +�B?TaP~IEM�VaB?KIM
P D�� - D>D KXN?OrO4- D>D P�N /pF

@|N / � C ILZ>B=M;ILT � M;V D �	-;N1, CED / ILK M;V D B?PaPaIEM;IEN<T�B C T D>D P M�N D K�M;I0/oB=M D ILT\M D -,TaB C �iN<K;IEM;ILN<TaB C P Dgf
� - D>D K�N?O{O - D>D P�N / ILTpM;V D Z>B?K D N?O{ZgN / � CED�
 ��B+-;M;K�]XIEM;V~B+-;M;ILZ>R C B=M;ILN<TaK>F ��B=M;ILK�OyB?ZgM;IEN<TpN?OzM;V D K D
ZgN<TaK�M�-�B?ILT�M;K�ILTUM;V D c�TaB C K�N C R�M;ILN<TSILK�ZgN / / N<T CL_ B?Z�VaI D % D P3, _ BoK D ��B+-�B=M D �	-;NQZ D K;K/+aIkTU]XVaILZ�V
M;V D R�TaZ D -;M;B?ILT\M _ N<TSM;V D P�B=M;B �iN<K;IEM;IEN<TaK�ILKXT�N?M - D �	- D K D T�M D PwRaTaIEOxN1-�/ CE_ F
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 M�M;V D H f?> M�NlH f?> ��N<K D�D K�M;I0/oB=M;IEN<T �"-;N1, CED / ] D B+- D ZgN<TaZ D -,T D PS]XIEM;VSILTqM;VaIkK
]|N1-KJeF
B;CED'CED FHGJI�KLI
MJI
NPO�QSRUTWV"XZY[RUT\V^]3Y`_�Iba)_�XZced,OUXPcEYfMg]hNPY'i�QEI
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j'k\lnm opk@qsr)tvuwkyx4tZz{q}|�~?>�tZo " ky�Wl +$����� � �,���H� k\� � k � ky��l�kyu,o�����z�kyq�l�� � k � ��	Z� ��� k
�pt ��� l � tP� �`�6��qZ��u�t ��� ky��l�q�l � tP� � ����tZz`l � k!z�kyq�l�� � k � q � kSq ��� �
r)kyu�l�t)opk J �wt � � � kyx�q�l �&% k!l�t
qZ�ntZo " ky�Wl�~E�Wky��l � kyu�z � qZr)k + qZ��unl � k!z�kyq�l�� � k � q � k � k\� � k � ky��l�kyu�q �\�

�%	\�¡  ¢ �`�6�?£ � � ���y£e¤ ¥  §¦ �\¨©¨©¨ � � ¢ M ��¦ ¤
j'k\l3m«ª¬opk­q�r)kyq � � � kyr­ky��lStZz�q@|�~?>®tZo " ky�Wl +¬�4��� � �¯� q � qZ�\°�� ��� kyuLz � tPr±l � k � �Wky�wk²u�q�l�q
qZ��u��WtP� ���³� l � tZz`´1z�kyq�l�� � k �bµ¶ 	�� ��� k$�pt ��� l � tP� µ�¬·¸�3qZ��u²t ��� ky��l�q�l � tP� µ� ·¸�StZz`l � k4z�kyq�l�� � k � q � k
q ��� �
r)kyu­l�t{o7k J �wt � � � kyx³q�l �&% k�l�t{q %¹� k � k � ~E�Wky��l � kyu � k\z�k � ky���Wk�z � qZr)k + qZ��u­l � k�z�kyq�l�� � k � q � k
� k\� � k � ky��l�kyu�q �\�

µ¶ 	�º»  ¢ µ�¬·¸��¼ � µ� ·e��¼?¤ ½  §¦ �\¨©¨©¨ � ´ ¢ M � � ¤
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��� k�|�~?> l�t�|�~?>±�pt � k k � l � r­q�l � tP�}� � tZo
x©kyr �³� l�t
�U�
u}qLl � qZ� � z�t � r­q�l � tP��� ¢ � � ��¤ +���� l �
� tZl�q�l � tP� � qZ��u l � qZ� � x�q�l � tP� �²�WtPr)�ptP�wky��l �/+ l � q�l{r­q�� � l � k²�Wt¹t � u � �
q�l�k � tZz�l � k²z�kyq�l�� � k �
��	\��¢ tZo " ky�Wl�~E�Wky��l � kyuU¤6tP��l�t3l � k$�Wt ��� k � �ptP��u � ���{�Wt�t � u � ��q�l�k � tZz'l � k$z�kyq�l�� � k � µ¶ 	 º�� ��� ¢ %v� k � k � ~
�Wky��l � kyuU¤ � 9 zfl � k z�kyq�l�� � k � µ¶ 	 º�� ��� qZ��u ��	\� q � k �Wt � � ky�Wl�x©��r­q�l�� � kyu + qZ��u�l � k � k ��� �wt)�wt �³� k � �
l � k�r­kyq � � � kyr)ky��l � tP�wk ��� tP��x�u � q % k �

�%	\��� ����� ������ µ¶ 	 º�� ��� ¥  §¦ �\¨©¨©¨ �!  #" ´n¥ � ¢ � � ´�¤
� ¨ �`�6� £%$ �   µ�¬·¸� £ ¢ M � |P¤
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9 �²�wt � r²qZx
�WtP��u � l � tP� � �wt �³� k � �²l � k4r)kyq � � � kyr)ky��l ���³� qZx � qy� � � � k � ky��l + qZ��u � l��WtPr­k � z � tPr q
% q � � k\lE�{tZz � tP� � �Wk � � 9 ��l �
��� l � k �����/+ �wt �³� k ��� �WtP� ��� uwk � kyu � �{l � k6�pt � k�k � l � r­q�l � tP�3� � tv�Wk ���/+ qZ�
u
� l ��� q ��� ��r)kyu�l�t � q % k�q'& qZ� � ��� qZ�nu ��� l � � o
�wl � tP� � 8 x©l � tP��� ��� l �³� �wtZl�qZx � qy� � l � �wk l � q�l�l � k
�wt ��� k �³� & qZ� ��� � qZ�¯l ����� � � t � �Wk ��� q(�Zt¹tvu q���� � t*) � r­q�l � tP�+� �&% ky�Ll � k²���
r)k � tP� �!� tP� � �Wk � tZz
�wt ��� k�qZ��u­l � k�u �GF �\�
x©lE� � �­uwk,�7� � ���SqZx�x�tZz�l � kyr � 9 l6�\qZ�²opk � k\� � k � ky��l�kyu­o¹�)qZ�h���
�Wk � l�q � ��lE�
r­q�l � � )�q ��� t¹� � q�l�kyu ��� l � l � kSr­kyq � � � kyunz�kyq�l�� � k �$+

¶ 	   � µ¶ 	 �!- � ¢ M � R ¤
��� k � k ¶ 	 ��� l � k�x©tv�\q�l � tP� % ky�Wl�t � tZz!l � k�z�kyq�l�� � k �$+ µ¶ 	 ��� l � k@r)kyq � � � kyu x�t¹�\q�l � tP� % ky�Wl�t �$+
qZ��u - ��� l � k{�
���Wk � l�q � ��lE��r²q�l � � )�q ��� tv� � q�l�kyu ��� l � l � k�r)kyq � � � kyr)ky��l � � ���
��� ���
�Wk � l�q � ��lE�
���²� k\� � k � ky��l�kyu � � z qZ�Wlho¹� q%�Wt % q ��� qZ���Wk¯r­q�l � � ) +������ � � + opk ��� uwk � opk � �.�%q%�WtPr)�UqZ�Wl�qZ�
u
k F � � ky��l � k\� � k � ky��l�q�l � tP�nz�t � �����Wk � l�q � ��le� + z qZ� � x � l�q�l�k � z � ��� tP�htZz�r)kyq � � � kyr)ky��l � �
B;CED'C0/ ]�OpNPO�d,IwXZI�N�c21wI%3 O�M4365¯NZXPc27�8�Q O7XZI%3:9 i#;�I�7¹XZ_

8 �
q � qZr­k\l�k � �DC kyu t � �WtP� � l � q � �wkyu�r­t¹uwkyx'tZzJqh|�~?> tZo " ky�Wl ��� qhuwk � � � � �
l � tP� ����� � � � r­�7t � k �
�Zky�wk � qZx¹�WtP� � l � q � ��l � opk\l � k\ky�3l � k�r)tvuwkyx��WtPr)�ptP�wky��l � � ��� k � k��WtP� � l � q � ��l � �\qZ�3uwk,�U�wk ky°���qZx©~
� le� � kyx�q�l � tP� � � ��� � q �y� �Wt�~Ex � �wkyq � � lE� + �Wt�~ �
x�qZ��q ��� lE� + qZ���Px©k � kyx�q�l � tP� ����� � �$+ qZ��u²kyu.�Zk x�ky���Zl �²� kW~
x�q�l � tP� ����� � � �Zt � l � k\�­�\qZ�Huwk,�U��k � �wky°¹��qZx � le� � kyx�q�l � tP� ��� ��� � q � � qZ���Zk�tZz'u �³� l�qZ���Wk � t � qZ���Px©k � �
��� k � k4q � k4lE�¹� � �\qZxU�
q � qZr)k\l�k � � C q�l � tP� � tP�­�pt ��� l � tP� �/+ tZl � k � lE�¹�pk � tZz��Uq � qZr)k\l�k � �DC q�l � tP� � �\qZ�
qZx � t � � % tPx % k ��� q��pk z����
�Wl � tP� � �

8 �@q � l � �\��x�q�l�kyu@tZo " ky�Wl ��� qH�
q � l � �\��x³q � le���pk�tZzJ�
q � qZr­k\l�k � �DC kyu¯tZo " ky�Wl � q %v� �����WtP� � l � q � ��l �
tP�nl � k � �
q�l � qZx�x©tv�\q�l � tP� � tZz¬l � k!�
q � l � �
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j'k\l�m opk$q��
q � qZr)k\l�k � �DC kyu�r)tvuwkyx�tZz`q3|�~?>�tZo���ky�Wl! �4��� � � �WtP� ���³� l � tZz'q � k\l6tZz � � � � u)�
q � l �
t � �WtPr)�ptP�wky��l ��"  

m   # "f�%$ ¥  §¦'& ¨©¨©¨ & � ¢ M � B ¤
( qZ� � �
q � l " � � q � qhx©tv�\q�l � tP��)Zky�Wl�t � � 	\�  �4��� � � �WtP� ���³� l � tZz��pt ��� l � tP��qZ��u�t ��� ky��l�q�l � tP� � �
|�~?> � kyx�q�l � )ZkSl�t­qZ� tZo���ky�Wl�~E�Wky��l � kyu�z � qZr)k �+* � k!�
q � l " � � ��tP� � �\q � k �³� q � � � � uHtZo���ky�Wl! UqZ�
u
� l � �pt � k ��� x�xfopk)l � ky�¯k � l � r­q�l�kyu q �{� ��� �  � t � k!)Zk � l � k­r)t¹u�kyx�m �4��� � �L�³� qZ�Lq ��� kyr{o
x©�
tZz��
q � l �,"`����� q���tP�v~ � � � � u tZo���ky�Wl �-* ���³��� uwky��l � �
k � l � k � k\z�t � kHl � t¯u ��� l � ���Wl � l�q �Zk ��� �%l � k
�pt � kLk � l � r²q�l � tP�[tZz{l � k � k tZo���ky�Wl � �/. �©� � l! $l � kL�pt � kLtZz3kyqZ� � �
q � l ��� k � l � r­q�l�kyu ��� k � k
l � k¯�WtP� � l � q � ��l � tP�,l � k@tZo���ky�Wlnm0 �4��� � � q � k � kyx�q�l � tP� ����� � � o7k\l � k\ky�[l � k � k��Uq � l �  4q � k
�wtZl��WtP� ��� uwk � kyu � 8 z�l�k � l � q�l! `l � k­�pt � k)tZz�l � k²�WtPr­�
x©k\l�k­tZo���ky�Wl ��� k � l � r­q�l�kyu��WtP� ��� uwk ��� ���
l � k²qZx � kyqZuw�Lq1)�q � x�q�o
x�k)�7t � k � z�t � kyqZ� � �
q � l�qZ�
u �
q � l � �\��x�q � x©��uwkyqZx � ��� �4� l � ky�wz�t � � � ��� l � k
�WtP� � l � q � ��l ��� �pky� � �
kyu�opk\l � k\ky� � tPr­kStZz`l � kS�
q � l � �

j'k\lSm«ª;opk�l � k)tZo���ky�WlSz�tP�
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x � ��k � k �Pr)ky��l � � � ��x©�h�pt � k!k � l � r­q�l � tP� �WtP� ��� u�k � � �����pk � z�ky�Wl�u�q�l�q ��� qZu�u � k ��� kyu �

, * t � � 4 | / � � k � ky��l�kyu�q�r)k\l � tvu ����� � � r­q�� �6� ky°¹�wky���Wk4tZz � ~?> � r²q �Zk � u�k\� � �Wl � ���Sq � qZx J¹� ���
�pk � � tP� � ��l�t qnuwk � � � � ��l � tP� � � ����� � � l � k � ��r²qZ�¯o7tvuw� �³�4� k\� � k � ky��l�kyuLo¹��qZ� ��� k � q � � ��� �\qZx
q ��� kyr{o
x©��tZz � l � q � � � l$�W�¹x � ��uwk � � � E¬t ��� l � tP��qZx  
r)t )Zkyr)ky��l! 'qZ��u �pt � l�� � k��WtP� � l � q � ��l � q � k{u�kW~
�U�wkyu � �{l � k�r)tvuwkyx � * � k6r­t ) � ���$tZo���ky�Wl ��� � � � l � u�ky��l � �Ukyu � �{l � k � ky°���ky���Wk�o��Sl ��� k ��� tPx�u � ���
l � k � r­q �Zk � q�l � � )vkyx�)�qZx³�wk< Pl � ky�h�\x�� � l�k � � ���!l � k�l �w� k ��� tPx�uwkyu­�7t � ��l � qZ�
u)ky���\x©t ��� ���!l � kyr � �
r � � � r­qZx � ky�Wl�qZ�.�Px©k �!� � l � k � r²q �Zk �@* � k � qZx Jv� ���²�Uq�l ����� uwk\l�k � r � �wkyu�o��nl � k � ky°¹�wky���Wk3tZz
�Wky��l � kS�pt � ��l � tZz`l � k � ky�Wl�qZ���Px©k � � 8 z�l�k � q��
�
x©� � �����WtP� � l � q � ��l � l � q�l � k � l � � �Wl�l � k�r)t )Zkyr­ky��l
qZ��uH�pt ��� l � tP� � tZzfl � k$tZo���ky�Wl! �x � �wkyq � q��
� � t�) � r­q�l � tP� � q � k �\q � � � kyuHtP�wl�l�t � tPx )Zk z�t � l � k �U�
qZx
�pt � k3tZzJl � k3tZo���ky�Wl � ��ky�Wt �P� � l � tP� ��� �wtZl$qZu
u � k ��� kyu� UtP��x��nl � k{l � qZ� Jv� ���HtZzJl � k�q � l � �\��x�q�l�kyu
tZo���ky�Wl! UqZx©l � tP��� � l � k�r)k\l � t¹uwtPx�t �Z�H�WtP��x³unopk q��
�
x � kyu�l�t²r­t � k��Zky�wk � qZxf� � tZo
x©kyr � �
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q � kyu � ky�Wt �P� � l � tP� q���� � tPqZ� � uwkyqZx � �.� ��� l �
q � l � �\�
x�q�l�kyuLtZo���ky�Wl � � * � k � �w�U�wl tZz6l � k � � � l�kyr ��� q � ky°¹�wky���Wk­tZz��
x�q � � |�~?>®tZo���ky�Wl �  `oU�wl
��� l � ��t �
q � l)t � �WtP���wky�Wl � tP� � �wz�t � r­q�l � tP� � * � k q � r ��� l�t � ky�Wt �P� �DC k � �Zky�wk � � � �LtZo���ky�Wl �
� k �Pq � u � ���)z �����Wl � tP��qZx � lE�­tP�
x©�< 
qZ��u��pt � k!k � l � r­q�l � tP� ��� �wtZl�qZu�u � k � � kyu �
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* ���³� � � q���l�k � � � k � ky��l�kyunq)r)k\l � tvu�l�t²uwkyqZx ��� l � �pt � k k � l � r²q�l � tP��tZz;|�~?> �WtP� � l � q � �wkyu )ZtPx©~
��r)k\l ��� ��r)tvuwkyx � � * � k�r­t¹uwkyx � q � k � k\� � k � ky��l�kyu,o�� q � � kyr�oUx � k � tZz � �w�pk � °¹��qZu � � � � � * � k
r)k\l � tvu ��� o
q � kyu q � tP����u}qZ� 9 l�k � q�l�kyu ( )vl�ky��uwkyu�HSqZx³r­qZ� . � x©l�k �  ����� � �b�³� � � kyu q � l � k
k � l � r²q�l � tP� l�t¹tPx ��� k � k)l � k­� � tZo
x©kyr ��� z�t � r3��x�q�l�kyu � * � k)l�ky� � � � °¹�wk �³� q����
x � kyuLq � q l � t
� l�q �Zk²q��
� � tPqZ� � ��. ��� � l! 'l � k)�pt � k)tZz6kyqZ� � �
q � l!tZz6l � k­r)tvuwkyx ��� k � l � r­q�l�kyu � ��� ���H� � q � qZ��~
l�k � ��� l � �S�pt � ��l � z � tPr1l � k � �w�pk � °��
qZu � � � � k\� � k � ky��l�q�l � tP� � 9 ��l � k � ky�WtP��u � l�q �Zk�l � k � k � � � l � qZx
k � l � r²q�l�k � q � k{�WtP� ��� uwk � kyu�q � l � k �	

� :�� � : k � l � r­q�l�k � tZz qZ� 9 ( H .  
l � k3�WtP� � l � q � ��l � tP��l � k
r)tvuwkyx7q � k!q����pky��uwkyu²q � q ��� ���Px©k4r­kyq � � � kyr)ky��l ��� l ��C k � t)�����Wk � l�q � ��lE�< �qZ�
u �4� l � l � k$�WtP�v~
� l � q � ��l�ky°¹��q�l � tP� � x � �wkyq � � C kyu�l � k\�Hq � kSz�� � kyu � ��l�t²qZ� 9 (;H . � �nq)oUq�l�� � r­t¹uwk �
* � k�r)k\l � t¹u ��� q����Ux � kyu{l�t!k � l � r­q�l�k�l � k��pt � k�tZz
l � k )�qZx � u � ���ptZl � k � k � z�tP���
u � �{l � k�r­q�l�� � ~
� ��� � l�q �Zk ¢ @�� q���l�k � B ¤  UqZ��u � k � ��x©l � q � k ��� t � ��z�t � z�tP� � u � �7k � ky��l�|�~?> �WtPr)�Ux©k,)HtZo���ky�Wl � �
* � k$�wk,)vl�� � q���l�k � � � k � ky��l � q{u ��� �\� ����� tP�)tZz�l � k � k � ��x©l � qZ� ��� k!)Zkyu � �²qZx³x�l � k � l�q �Zk � l�t � q � u �
� ky�Wt �P� � l � tP���WtP� ��� uwk ��� ����l � k r²q � �'�ZtPqZx ��� k\l � � @�� q���l�k � ¦�� @ tP���\x³� ��� tP� � q � k!u � q � � � �²l � k
x � � � l�tZz¬l ����� qZ��qZx©� �����  �qZ��u�z���l�� � kSu �©� ky�Wl � tP� � z�t ��� k � kyq � � � q � k�tP�wl�x � �wkyu �
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* ���³� l � k ���³�`� q � uwk!)Zkyx©tZ�pkyu3qZ��u�uwkyr)tP� � l � q�l�kyu{q r)k\l � t¹u{l�t � ky�Wt �P� �DC k�|�~?>��WtPr­�
x©k,)��\� � )Zkyu
tZo���ky�Wl � � ��� �.�S�
q � qZr)k\l�k ���DC kyu )ZtPx���r)k\l � � ��r)tvuwkyx � � * � k4q���� � tPqZ� � q ��� ��r­k � tZo���ky�Wl � �\qZ��opk
� k\� � k � ky��l�kyu@o¹� ��� r)�Ux©k )ZtPx���r­k\l � � �S�Uq � l �  pqZ��u�r²qZ�����
q�l�� � qZx � � q��pk � qZ��u@r­qZ�v~Er²qZuwk{tZo�~
��ky�Wl � �\qZ��opk�r)tvuwkyx�x©kyu�o¹� � ��� � � � � r � l � )Zk �+, L q ���
	 � �����
��� q � q :.4  E¬ky��l�x�qZ��u 4 M / � ��ky�Wky��l
� l���u � k ��� � E � �v� � tPx�t �Z� � �.� �Zk � l�l � q�l��
q � l ��� l � ���Wl�� � � ���{�Ux�qy� � qZ� � r)�pt � l�qZ��l � tPx©k � �HtZo���ky�Wl
� ky�Wt �P� � l � tP�n� � tv�Wk ��� k � , > � kyuwk � r­qZ� 4�:�/ �

* � k�uwtPr­q � ��tZzJl � k �Zk\tPr)k\l ��� � ��� q��pk � k,)¹�
x�t � kyu �³� l � q�l tZz �WtPr­�
x©k,)��\� � )Zkyu�tZo���ky�Wl � ��� l �
q � l � �\�
x�q�l�kyu��Uq � l �  ��� k � kSl � k � k �³� q � � kyq�l$u�kyqZxftZz � � r � x�q ��� lE�ho7k\l � k\ky� � tPr­k{tZz�l � k3�
q � l � �
* � k � kJtZo���ky�Wl � q � k�k,)¹kyr­�
x � �
kyuSo��!qZ� � r²qZx ��� q��pk �  � t � k!)Zk � l � k �Zky�wk � qZx�� � q � qZ�Wl�k � ��� l � � � qZ�
u
�WtPr)�
x�k,) � le�)tZz'l � k � k ��� q��pk � q � k4� � k � ky��l � �hq ��� uwk � qZ���Zk$tZz�tZl � k � ��q�l�� � qZx
qZ��uHr­qZ�v~Er­qZu�k
|�~?> tZo���ky�Wl � �
L t � l tZzJl � k3� � k!) � tP� ��� t �KJ�� � � ky�Wt �P� � l � tP� � q � u�kyqZx©l �4� l � tZo���ky�Wl � l � q�l �\qZ�@o7k3q���� � t*) � ~
r­q�l�kyu3o¹�Sq�z�k � �Ux�qZ��q �`� � � z qZ�Wk �
q�l�� � k � � . k �s� t � J¹�¬� q1)Zk�� � kyu ��� � � k � x©k!)Zkyx � k\� � k � ky��l�q�l � tP�
� � � r � l � )Zk �'� �St � uwk � l�t$u�k � � � � opk �WtPr)�Ux©k,)S�\� � )Zkyu�|�~?> tZo���ky�Wl �  PqZ��u{l�t$�\q��
l�� � k l � k��wtZl � tP�{tZz
�
q � l �6� l � �
�Wl�� � k � �²uwk\� � �Wl � ���!l � k$z�t � r � � * t � k!)Zk �  wl � t � k q�l�l�kyr)��l ��� q1)Zk!qZu�u � k ��� kyuhu � �pk � ~
ky��l! 
qZ��u �wtZl�qZx³x  wkyx©kyr)ky��l � tZz;l � kSr)tvuwkyx ~ o
q � kyu |�~?> tZo���ky�Wl � ky�Wt �P� � l � tP�n� � tZo
x�kyr= w��qZr)kyx©�
�
q � l � ~ o
q � kyu � k �Pr)ky��l�q�l � tP�LqZ��u@uwk � � � � ��l � tP� , 8 � � � : �  > q ��� � � 	 �¹tPx � ��q 4�:  E¬ky��l�x�qZ��u -'8  
& �w�
l�q -v¦H/  �qZ��u �Zky�wk � � � � �vr{o7tPx � � � u�ky��l � �7�\q�l � tP� �4� l � tP�wl¬x©t¹�\q�l � tP� , �4k!)�q�l � q 	 > � ��z�t � u :<:  
L q ��� 	 � �������³� q � q :.4  > � � Jv� � � tP� > � � 
 < - � o /  'z�t � q � k � l � � �Wl�kyu � k\l!tZz z�t � r � qZ��u ��� l � ��t
qZx�x©t � qZ�
�WkSz�t � q � l � �\��x�q�l�kyu �
q � l � �

* � k��Wky��l � qZx ����� �wk � tZz � ky�Wt �P� � l � tP��tZz |�~?>«tZo���ky�Wl �²� ��r­t¹uwkyx©~ o
q � kyu ) �³��� tP�bq � k � k\� � k � ky�w~
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l�q�l � tP�? fz�kyq�l�� � k3k,)vl � qZ�Wl � tP�� fqZ��u � ��l�k � � � k\l�q�l � tP� �7* ���³� l � k � ��� � q � uwk!)Zkyx©tZ�pkyuLqZ��u¯uwkyr)tP�w~
� l � q�l�kyuLqZ� � ��l�k � � q�l�kyu q��
� � tPqZ� � l � q�l$� � t ) � uwk � qZ� ��� k � � l�t�kyqZ� � tZz l � k � k�l �w� k\k ����� �wk �4� �
l � k��WtP��l�k,)vl�tZz¬l � k�� � t � ky��uwtPr²q � ��tZz;tZo���ky�Wl � �

* tsqZx³x©t � z�t � k F � � ky���W� qZ��u �
k,) � o � x � lE�< �°¹��qZx � l�q�l � )Zk � k\� � k � ky��l�q�l � tP� � z�t �n��� q��7k � q )Zk@l�t
opk � � kyu}qZx©tP�.� ��� l � °¹��qZ��l � l�q�l � )Zk tP�wk �h� �st � uwk � l�t%uwkyqZx ��� l � �WtPr)�
x©k,)}�\� � )Zkyu}tZo���ky�Wl �
� ��� � q � qZ� � r­qZx ��� q��pk � � 9{� q1)Zk�u�k!)Zkyx©tZ�pkyu}q �WtPr)�pt ��� l�k � k\� � k � ky��l�q�l � tP� � ��� ��� �Px�tZo
qZx�x©�
uwk\z�t � r­q�o
x�k � ���7k � °���qZu � � � � l�tL�\q���l�� � k�°¹��qZ��l � l�q�l � )Zk � �wz�t � r­q�l � tP��q�optP�wl3l � k ��� q��pk = qZ�
u
q � k\l!tZz � kyx³x ~Euwk,�U�wkyu�)ZtPx��
r)k\l � � �3� � � r � l � )Zk �  �q � ��o � k\l tZz4�Zk\tP� � �WtP��l�q � � � ��� ¦ � kyx©kyr­ky��l �  
q � l � kn°¹��qZx � l�q�l � )Zk )�qZx��wk � tZz�l � k � k\� � k � ky��l�q�l � tP� � A � l � l ����� �WtPr)�pt ��� l�k � k\� � k � ky��l�q�l � tP�� 
� ��u�k,) � �.� �³� r)t � k�q��
�
x � �\q�o
x�k$opky�\qZ� � kStZz�u ��� � � � r � ��q�l � )Zk � ��� r � l � )Zk �  vqZ�
unl � k � �WtZ�pk{tZz¬l � k
� k\� � k � ky��l�q�l � tP� ��� )Zk � �nx�q � �Zk �

. kyq�l�� � k k,)¹l � qZ�Wl � tP� �WtPr)� ����� k � q � k �Pr)ky��l�q�l � tP�}� � t¹�Wk �����4� t � k �U��qZx �ZtPqZx ��� l�t uwk ��� )Zknq
� ��� �Zk � l � )Zk{�Uq � l � ~Euwk � � ��� ��l � tP�ntZz l � k�tZo���ky�Wl � � � l � k � �Wky�wk � * �����4� k �Pr)ky��l�q�l � tP� � ��l�t²�
q � l �
� � tv�Wk ��� k,)¹�
x�t � l � q � k �P��x�q ��� lE�¯z�tP����u � �%|�~?> tZo���ky�Wl �3����� � �%� �.� �Zk � l � �Uq � l � u � ) �³��� tP�? 'l � k
l � qZ� � )Zk � � qZx � le� � k �P��x�q � � le� , * t ��r­qZ� 	 � � � � q � u � 4 B / � * �w� k\k)lE�¹�pk � tZz�u ��� �WtP��l � �¹� � l � k � q � k
k,)vl � qZ�Wl�kyuHz � tPr l � k$u�q�l�q� ¹� ��� ���Sq3�WtP��l � tPx�x©kyu²u � �p� ��� tP� � r)t¹tZl ��� �.��qZx �Zt � � l � r qZ��uhq � l�q�o
x�k
qZ��u qZ�\�\� � q�l�kHu � �7k � ky��l � qZx � l � ���Wl�� � k)tZz�l � k � � � z qZ�Wk � >$k\��l � qZ��u �WtP���\q )ZkHu �³� �WtP��l � ��� � l � k �
q � k)r­q����pkyu@qZ��u@� � k � k � )Zkyu¯o7k\z�t � k��\� � )�q�l�� � k3k � l � r­q�l � tP��z�t � qZ�\�\� � qZ�W� � 9 �@t � u�k � l�t �U�
u
l � k!�\x©t � kyu o7tP�
��u�q � � k � tZz`l � k � k � � tP� �  �q�uw�v��qZr � �$x � � J¹� �.��tZz`u ��� �WtP��l � ��� � l � k �6��� �7k � z�t � r­kyu
o¹�!� � t ) � u � ����kyqZ� � u �³� �WtP��l � ��� � lE�$�7t � ��l ��� l � qZ�3qZ�Wl � )Zk��WtP��l�tP� �  ��� l � u �©� ky�Wl � tP�{qZ��u � � t � l �
uwk\l�k � r � �wkyuno¹�nl � k�� � � ��� � �UqZx�u �©� ky�Wl � tP� � tZz�l � k � � � z qZ�Wk< 7qZ��u � ky� � �³� l � � � l�tH�WtP��l � tPx;x©ky�.�Zl �
qZ��u �©��� kyx©k!)�qZ��l;�wtP�v~E�\x©t � kyu��WtP��l�tP� � � � @ tP��l�tP� � x � � J¹� ����tv�\�\� � �;��� ky�{kyqZ� �²��� tPx�q�l�kyu � k � � tP� �³�
l � ky� �
l�l�kyu²o¹�­q �Px�tZo
qZx�x©��uwk\z�t � r­q�o
x©k � �w�pk � °¹��qZu � � �' �4��� � � q � k�l � k�o
q ��� ���
q � l � � � � r � l � )Zk �
� � kyu �

* � k � ��l�k � � � k\l�q�l � tP� ����� ��k ��� qZu�u � k ��� kyu � �%l �w� k\k�u ��� l � �
�Wl � l�q �Zk �\� �\x�q � ��� �U�\q�l � tP��tZz��
q � l �  
r­q�l�� ��� ���� ;qZ��uL�pt � k­k � l � r­q�l � tP� � 8 �wt )Zkyx � tPx��wl � tP�Lz�t � �\x�q ����� z�� � ��� � �w�pk � °¹��qZu ��� � � � q��pk �
� ��l�t��Zk\tP� � �³� � � k � ky��l�kyu²� � � ��� q ��qZu � qZx > q � ��� . ���
�Wl � tP�­�wky� � qZxw�wk\l � t �KJ �\x�q ����� �
k �  ��� k � k�q
�wk � l � q � � � �.��qZx �Zt � � l � r ��� uwk!)Zkyx©tZ�pkyu­z�t � l � k�� � tZoUx©kyr � ��k � ��x�l �J� k � k4qZ��qZx�� C kyu � ��u � �\q�l � ���
��� � � �pk � z�t � r­qZ�
�Wk � �)�WtPr)�
q � ��� tP� ��� l � � � k!) � tP� �¬� t �KJ  �qZ��u ��� � � u ��� � � � r � ��q�l � )Zk��pt � k � z�t �
l � kSz�kyq�l�� � k ������� � ��� k � k�l � kStZo���ky�Wl � tZz � l���uw� � ��l ���³��� t �KJ �
L q�l�� ��� �.� � ��l ���³�f� t �KJS� q � uwk ��� �P��kyu�l�t � q�l ��� z��S�wt � r­qZx � ky°�� �©� kyr)ky��l � z�t � q � kyq � � � � � t¹�Wk ���  
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qZ� � ��uwk,) � ��� r)ky� � qZ� ��� r= ¬� ��� ��� l � kh°¹��qZx � l�q�l � )Zkh� � tZ�pk � l � k � tZz�l � k � � q��pk � k\� � k � ky��l�q�l � tP�
qZ��u�l � k�tP�wl��
�wl�tZz;l � kS�\x�q ��� � �
k �  vl�t²��q � � t � uwt � �nl � k � kyq � � ��� ��l�t­q � k\l�tZz¬r­t¹uwkyx ������� � �
� tP��x�u%�WtP��l�q � ��l � k J k\� )ZtPx���r)k\l � � �­� � � r � l � )Zk �S� uwky��l � �
kyu � �%l � kh�\x�q � ��� �U�\q�l � tP� �4* �����S� �v~
uwk,) � ����r)ky� � qZ� ��� r �pk � r � l�l�kyu�r)t � k � �7k\kyu � �Hl � k � kyq � � � qZ��u � l��\qZ�n�WtZ�pk ��� l � � � t � l � tZz
l � k�r­t¹uwkyx � x � o � q � ��k F � � ky��l�x©� �+* � k � ky�WtP��u � l�q �Zk�tZz�l � k�r­q�l�� �
� ��� � q � u�k ��� �P�wkyu­q � qS�WtP�v~
� l � q � �wkyu � kyq � � � qZx �Zt � � l � r= �x �DJ k²l � k 9 ��l�k � � � k\l�q�l � tP� * � k\k< J� ��� ����u ��� � � � r � ��q�l � )Zk)z�kyq�l�� � k �
z � tPr l � k4�
q � l � � � r � l � )Zk � qZ�
u²kyx�q�opt � q�l � ��� �Zk\tPr)k\l � � �$�WtP� � l � q � ��l � l�t�u � � )Zk�l � k � kyq � � � k F ~
� � ky��l�x©� � >4kyqZx � ��� ��� l ����� r � x³q � tZo���ky�Wl �  � ky� � � l � )Zk!z�kyq�l�� � k �  7qZ��un�
q � l � qZx�t¹�\�\x³� ��� tP� � ky°¹� �©� k �
q r)t � k � tZ� ���³� l � �\q�l�kyuLk!)�qZx���q�l � tP� tZz6l � k­� � kyu � �\q�l�k � qZ��u )�qZx � u � ���ptZl � k � k � z�tP����u¯o¹�@l � k
�WtP� � l � q � �wkyu � kyq � � � l � qZ�3l �w� k ��� tPx�u�x � r � l �f��� l � �Zk � ���wt!tP�
x©��qZ� ��� k � � � 8 � k\l�tZz
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� �\q�l�k �  JqZx�tP��� �4� l � q�� � kW~Eu�k,�U�wkyu � k\l{tZz � k � � � l � z�t � °��
qZ��l � z�� � �����WtP���Uuwky���Wk � �%z�kyq�l�� � k �
qZ��uHz � C C � � k\l �  � q � uwk ��� �P�wkyuHl�t�qZ�\�WtP�
��l�z�t � l � k � k � � tZ�pk � l � k � � 8 uwk � � k\k tZz`r²q�l�� ��� �.�� ¹t �
q °¹��qZx � le�@r­kyq � � � k)tZz ��� r � x�q � � le�< ��� �WtPr)�U�wl�kyu � ��� ����l � k­z � qZr)k � t �KJ tZz�E¬t ��� � o � x � lE� * � kW~
t � �< ���
� � � � � t ) � uwk � q � q?��l�t � qZ� J l � k!o7k � l )�qZx � u � ���ptZl � k � k ��� � � ) � ) � ����l � kS�WtP� � l � q � ��kyu
� kyq � � � � * �
��� r­q J k ��� l��7t � ��� o
x©k$l�t­k!)�qZx���q�l�k � � r � x�q � r­q�l�� � k � �
E¬t � k�k � l � r­q�l � tP�? �l � k@x�q � l²�WtPr­�7tP��ky��lhtZz!l � k � ��l�k � � � k\l�q�l � tP� � � tZoUx©kyr= ��� qZu�u � k ��� kyu}l�t
� � t ) � uwknx©t¹�\q�l � tP�}tZz4l � k � �¹�ptZl � k ����� qZ��u q � q-)Zk � � �U�\q�l � tP� � l�k\� ����� � � q � u �)� ��) ��� �
qZx �DC ~
� ����l � k � tPx��wl � tP�@tZz l � k � ky�Wt �P� � l � tP�Lq��
� � tPqZ� � � 8 � qy�@l�t��WtPr)�
�wl�k)l � k3�pt � k)tZz ��� tPx�q�l�kyu
� �w�pk � °¹��qZu ��� ��)ZtPx³��r)k\l � � � � � � r � l � )Zk �6�³� � � k � ky��l�kyu � � � r)�
x�k$�WtP� � l � q � ��l � uwk � � ��� o � ����q � l � �\�w~
x�q�l � tP� � opk\l � k\ky� � tPr)k tZzwl � k��
q � l � tZzwl � k tZo���ky�Wl � q � k � �
�\x���uwkyu? �qZ��uSl � ky�3q�r­k\l � t¹u�l�t�l�q J k
l � kyr � ��l�t)�WtP� ��� u�k � q�l � tP� � �Hq)��� � �
kyu²k � l � r­q�l � tP��� � tv�Wk ����������� t � � � * � k �pt � k$k � l � r­q�l � tP�
��� �WtPr)�
��l�kyu � �hl � t � l�q �Zk �  � � � l�qZ� 9 l�k � q�l�kyu4( )vl�ky��uwkyu HSqZx³r­qZ� . � x©l�k �+, 9 ( H .	/ ��� � � kyuhl�t
k � l � r²q�l�k�l � kS�pt � k � tZz;kyqZ� � tZz;l � k�tZo���ky�Wl � � �
q � l �  � ky�WtP��u l ���³� )Zky�Wl�t � tZz�l � qZ� � z�t � r­q�l � tP� �
��� � � )Zky��q � l � k �	

� :�� � : r­kyq � � � kyr)ky��l � l�tHqZ�wtZl � k ��, 9 (;H .#/ � � tv�Wk ���4��� l � l � k{�WtP� � l � q � ��l �
opk � ��� � � )Zky��q � �pk � z�ky�Wl4r)kyq � � � kyr)ky��l �4�4� l � �wt������Wk � l�q � ��le� � 8 �7��qZx'�pt � k,)Zky�Wl�t �S��� l � ky�
k � l � r²q�l�kyu�qZ��u�l � k{x©t¹�\q�l � tP�ntZz`l � k � �¹�ptZl � k ����� �\qZ��opk ) ��� �
qZx�x©��)Zk � � �
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��ky�Wt �P� � l � tP�¯tZz�|�~?> tZo���ky�Wl ����� qnx�q � �Zk­qZ��uLu �GF �\��x©l4� � tZo
x�kyr �,* �
��� l � k ����� � � k � ky��l�kyu qZ�
q���� � tPqZ� � l�t�qZu�u � k ��� l � k ����� �wk � � kyx�q�l�kyuLl�t � ky�Wt �P� � l � tP� � �Lq r)tvuwkyx ~ oUq � kyuL�
q � qZu � �Pr � 8
uwtPr­q � ��tZz��Zk\tPr)k\l ��� ��tZo���ky�Wl ��� q � � � t � ky�? �qZ��u²u�q�l�q � k � k�qZ�\°�� �©� kyu � ��u � �pk � ky��l��WtP��u � l � tP� �
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z�t � l�k � l � ���hqZ��u�k!)�qZx³��q�l � ���)l � k{q���� � tPqZ� � �

. � tPr l � kJz�tP� � r­q � � � l�q �Zk � tZzvl � kJq��
� � tPqZ� �'�`� k �Pr)ky��l�q�l � tP�? �Zk\tP�{�\x�q ����� �7�\q�l � tP�? �r²q�l�� ��� �.�� 
qZ��u3�pt � k k � l � r­q�l � tP� = l � k6r­t � l`z � q � � x�k�tZz�l � kyr �³� l � k � k �Pr­ky��l�q�l � tP� � . t � qZx�x�l � k � k!)Zky��l�k\ky�
¢�¦ : ¤6l�k � l � �Wky�wk �  � ���\x���u � ���Skyx©k!)Zky� ¢�¦Z¦ ¤�u � �pk � ky��l�tZo���ky�Wl �  
tP�wk!tZo���ky�Wl � q � �wtZl � ky�Wt �P� �DC kyu
� ���\�Wk � � z��
x�x©� ¢ l � k�tZo���ky�Wl ��� � � ��¤ � ��z�tP� � l�k � l � �Wky��k � � * ���³��� q � u��wkHr­q � ��x©�Ll�t¯l � k ��� C k
qZ��u z�t � r tZz!l � k�� � � � � �Uq � l � ¢ ��� l � r­qZ��� � r­qZx�x4�WtP���\q1)Zk¯�
q�l�� � k � tP� � l �²� � � z�qZ�Wk �  �x �DJ k
o
��r­� � ¤  ����� � � r­qZuwk�l � k � ���7k � °���qZu � � �Hk � l � r­q�l � tP� �WtP��)Zk � �Zk¯l�t%o
qZu ��� q��pk �  �qZ��u l � k
� k\� � k � ky��l�q�l � tP�[tZz{l � kLtZo���ky�Wl � � �Uq � l � x©k ��� u �³� l � ���P� �³��� q�o
x©k � * � k � k � � q � qZ�Wl�k ����� l � � � � qZu
r)t � k � r)�
qZ�Wl)tP� l � k � k �Pr)ky��l�q�l � tP� � l�q �Zk � �w��� �Zk � l � tP� � z�t � �7t � ��� o
x©k � r)� � t )Zkyr)ky��l � tP�
� k �Pr)ky��l�q�l � tP�@q � k�� � )Zky��z�� � l � k ��� � �¹ky�Wl � tP� :�� �
. t � l � k$l�k � l � ���{�pk � z�t � r)kyu­tP�Hl ����� � t � J l � k � l�q �Zk � tZz �Zk\tP���\x�q ����� �7�\q�l � tP�? �r²q�l�� ��� �.�� vqZ�
u
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� � l �+* � k � k � l�q �Zk � qZ� ��� k!)Zkyu �Wt � � ky�Wl � k � ��x�l �
z�t � qZx�x
l � k �\q � k ����� ky� � k �Pr)ky��l�q�l � tP� ¢ � l�q �Zk ¦ ¤ � q ��� q�l �³� z�qZ�Wl�t � � ¢ �U��qZx � ���ptZl � k � k ����� t � �
� � . � �P� � k � M � |  M � M  M �5-  M ��¦ �  .6� � 4  .6� � - ¢ op¤  .6� | 8  .6� | ¦  .6� | � ¤  ;qZ�
uLqZx � t z�t � l � k²�\q � k
��� ky� � k �Pr)ky��l�q�l � tP� � q � ��� � q�l ��� z qZ�Wl�t � �@z�t � qn�pt � l � tP�¯tZz6l � k­tZo���ky�Wl ¢ tZo���ky�Wl���� � k\k\l�q � �� 
�U��qZx � �¹�7tZl � k ��������� t � � � � .6� � -�¢ q�¤�¤ �

8 x©l � tP��� � l � k4qZr)tP����lJtZzpl�k � l � �.�{uwtP�wk � ��l ����� � t �KJ)��� o��)�wt�r­kyqZ� � uwk,�7� � l � )Zk< Pl � k � k � ��x�l �
��� t � �Hq � k4k,)v�pky�Wl�kyuHl�t{opk � k\� � k � ky��l�q�l � )Zk tZzfr­qZ��� � r)�pt � l�qZ��l �WtP��u � l � tP� � � � ��qZx³x©�{� � k � ky��l
� ��l ����� �WtPr)�
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q � l � ~
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� q � l �w� k\k�o
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x©knqZ��usqZ�\�\� � q�l�knk � l � r­q�l�k � tZz�l � k
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