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(d)Spatial join(c) Spatial join

Spatial object-id 1

(a) Equi-join (b) Equi-join

0:^>b-ghG_=q$hA | B.K [�9"G_^&MrB-H B"C:\4g�[h<>=<( <k=<G-=0<�9-nN�r9.E0=0H�E0I K@9s\4G_^&E
=fM C B-Gd=feLgh^F(F��B-^>Hp9"H7n M4[�9s\_^k9.<u��B.^kH

c	da` b�sdcAlfeMw f]h6h6l^vT{3ghgmg {jilknm3s1zporqsb�s�c]lfeut7vovDl^tutwv�lyx{zml^h:vDl
57�h=fH \.�h=���B.^kH G4=f<k9"\4^kB.H�M.�h^k[�;7=0\4� =f=0H \4��BZG4=f<k9"\4^kB.H�M�^kM n]=fM_E
G_^>;'=fn 9"\�\.��=�[�9.b.=�<k=<G.=f<�iN��=qb.=0\ 9Z[�9.b.=<( E0B.HhHh=�E \_^FGJ^>\�I
b.G�9"[���t:D `�9"b-=�( | B.HhHh=�E \_^FGJ^>\�I}|�G_9.[3�
� ` | |q�#� "h?-&o�p~ 4 � N O �?N P � R/�q^kM 9 ;h^k[�9"G4\4^>\4=�b.G�9"[3� ^kH��#�h^&E2��G.=fGr\_=
o Mr=0\
N O G_=0[hG_=fM4=0HL\�M \.�h= [�9.b.=fMdC G4B-K \��h=�9�G_Mr\FG_=0<&9s\_^>B-H�i'9.H�n�G-=0G4\4=
oPM4=
\@N P G4=f[hG4=�Mr=fHL\_M \��h= [79"b.=�MZC G_B.K \.�h= M4=fE
B-H�n
G_=0<&9s\4^kB.Hat%8���=�M4=
\dB.C =�n]b.=�M ^kMZE0B.H�Mr\4G_g�E \_=fnm9.M�C B-<><kB?�dM0A�9.H =�n]b.=�^&MZ9.nhn]=�n ;'=
\4��=0=fHp[�9"b-=b� HhB]n]=!�0T 9O ^kH�NBO�9.H�n
[�9.b.=�� HhB]n]=N� T :P ^kH NQP-ia^>C 9.H�n B-Hh<kI ^>C \��h=0G_= ^kM 9"\ <>=�9.Mr\ B.Hh= [�9.^>G B.C�B-;)��=fE
\_MQ�=7>9;�?
�:!��^>H \.��=H��B.^kH)( ^kH�n]=0o M4g�E2�
\.�79s\ 7
9 GMT 9O 9.H�n 
�:3G T :P tA0:^kb.ghG_=�" M.�hB?�dMZ9 [�9"b-=�(�E
B.H�Hh=fE
\4^�GL^>\�I@b.G�9"[�� C B.G \��h=���B.^kH)( ^>H7n]=
o C G_B.K 0 ^kb.g�G4= ?*� ;L� t
@dB]n]=�Mq�X�T���<��G_=0[�G4=�Mr=fH-\�\.��=�[79"b.=�M�B"C G_=0<&9s\_^>B-H=� ih9"H7n HhB]n]=�MH� � �����2�q��G4=f[hG4=�Mr=fHL\ \��h= [�9"b-=fM B"C:G4=f<k9"\4^kB.HI�ZtqD
������������� HhB]n]=�[�9.Gr\_^ \_^>B-H�� ??KLi3$*KY&#B.C�b.G�9"[3�[� ~ 4x� NBOE��NQPM��R/��[�9"G4\4^>\4^kB.H�M�\.��=�HhB]n]=�M�^kH N ^kH-\_B nh^kMX��B.^kHL\�M4gh;�M4=
\_M
�#�h^k<>= K ^kHh^kK ^��0^kHhb \��h= HJghKT;'=0GZB.C:=�n]b.=�M��#�hB-M4=�^>H�E0^knh=0HL\dHhB]n]=fMF9"G_=�^kHm\4� B@n]^F8'=fG4=fHL\d[�9"G4\4^>\4^kB.H�Mft�8��h= E
gh\;(�Mr=0\
B"C�9@K ^kH)( E0g]\d[�9.Gr\_^ \_^>B-HP^kM \��h=TM4=
\dB.C%=�n]b.=�M��#�hB-M4= ^kH�E
^&n]=0HL\FH�BJnh=fMd9.G4= ^kHp\4� B@n]^F8�=0G_=0HL\F[�9.Gr\_^ \_^>B-H�M0t�0�9-M�\F9.H�n
=�� E0^>=fH-\��h=0g�G4^&M�\_^kET9"<kb.B.G_^>\.�hK@MJ� $?+hio$]?�& C B-Gd\.��^kM�[hG_B.;h<k=0Kj��9NG.= ;'=fE0B.K = 9NGs9.^><&9";h<k= ^kH G4=�E
=fH-\�I.=f9.G_MftZ8��h=0IpE09.H
;'= g�Mr=�n \4B@E
<kg�Mr\4=0GZ[79"b.=�M ^>HP9 ` | | t

D ��B.^kH)( ^>H7n]=
o���=0<k[�M M4[7=f=fn gh[y��B.^kH [�G4B]E
=�M4M4^kHhb�i�Mr^kH�E
=p^>\[�.=f=0[�M \_G_9-E2�2B"C�9"<k<Z\.�h=P[79"^kG_M B.CF\4g�[h<>=�MQ�#�h^&E2�
M_9s\4^&MrC I \��h=#��B.^kH [hG_=fnh^kEf9s\4=-t�|�^FG-=0H 9���B.^kH)( ^>H7n]=
o ����i'B.Hh= E09"HPg7Mr= \��h=Tn]=fG4^�G.=�np` | | \4B M_E2�h=�n]gh<k=T9"HP=��@E0^>=fHL\

"
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0:^kb.ghG_=q"hA | B.H7M�\_G4g�E
\4^kB.HmB"C%9@`�9"b.=<( | B-HhHh=�E \4^�GJ^ \�I |�G�9"[3��� ` | |q��C G_B.K 9 j-B.^kH l�H7n]=
o#t

[�9.b.=�(�9.EfE
=�M4M:Mr=�eLgh=0H�E0=�\_B�C =
\�E2�T\��h=dnh9s\�9�[�9"b-=fMft 8��h= | `�� E0B-Mr\%^&M�9ho]=fn�i.Mr^kH�E0= \��h=0G_= ^kM�9:9ho]=�n E0B-Mr\%9-M4M4B]E
^&9s\_=fn
�Z^>\.�Q��B-^>Hh^kHhb =�9.E2�p[�9.^>G�B"C%\4gh[�<>=�M0i�9"H�nm\��h=THJghK ;7=fGFB.C:\_gh[h<k=fMd\4B ;'=#��B-^>Hh=�nP^&M#9ho]=fn�t�l._-Y E
B-Mr\fi7B.Hp\��h=TB.\.�h=fG
��9.H�n#i nh=0['=0H�nhM�B-H \��h= M4=feLgh=0H7E
= B"C�[�9"b-=fM�9.EfE
=fM_M4=fn#tb57�h=0H \��h=0G_= ^kM�<k^>K ^>\4=�n ;�g)8'=fGTM4[�9.E0= ^kH \.�h=@K =0K B-G4I-i
M4B.K = B"C%\.��=T[�9.b.=fMdK 9	I=��9NG.=�\_B ;'= G4=�9.nmKTg�< \_^>[h<k= \_^>K =�MZC G_B.K \��h= nh^kM.��t 8���= [�9"b-=�(�9.EfE
=fM_M Mr=�eLgh=0H�E0=*��9"H�np^kH
\4g�G4Hm\.��=���B.^kH)( ^kH�n]=0o E
<kg�Mr\4=fG4^kHhb@9"H�n \.��= E
<kg�M�\_=0G_^>H�b B.C \��h= ;�9-Mr=�G_=0<&9s\4^kB.HT� nh=
\4=fG4K ^kHh=fM�\��h= l._.Y E
BLM�\�t

�������
	�� O'X�5 =p^><k<>g7M�\_G_9"\4= \.�h=pn]=0['=0H7n]=0H�E0I2;'=
\4��=0=0H \.�h=pl._-Y E
B-Mr\ B"C�9[��B.^kH 9.H�n \��h=pB.G�n]=0G ^kH��#�h^&E2�
\.��= nh9s\�9p[�9"b-=fM 9.G4= 9-E0E0=fM_Mr=�n��Z^>\.� \��h=��h=f<>[ B.Cd9"H =
oh9"K [h<k= g�M4^kHhbp\.�h= [�9"b-=�(�E
B.H�Hh=fE
\4^�GL^>\�I b-G_9.[3� M;�hB?�ZH ^kH
0:^>b-ghG_=6"ht�DFM_M4ghK =Z\.��9"\�\��h=F;hg38'=fG�M4[�9.E0=d^&M�<k^>K ^>\4=�n \4B 9"<k<>B?� 9s\�K BLM�\�\4� B [79"b.=�MqB.C'\��h=FG_=0<&9s\_^>B-H�Mq^kH K =0K B-G4I-i
9sC�\_=0GTEf9.E2�h^kHhbm\.��=��#�hB.<k=@[�9.b.=�(�E
B-HhHh=�E \4^�GJ^ \�IPb-G_9.[3� ^>H K =0K B-G4I-t | B.H�M4^&n]=0G \��h= \4��BE( [�9"b-= 9-E0E0=fM_M Mr=�e-g�=0H�E0=fMfA
� ^ �H� 9�i]D ih;�i3��ih9�i | i];T� 9"H�ny� ^k^ �H��9hihD i];ai | ih9hi3�#� t3` 9.E2� M4=feLgh=fH�E
= 9"<k<kB?�dMq\��h= E
B.K [hgh\_9s\_^>B-H B.C���B-^>HmG4=�Mrg�< \�M
g�M4^>H�b 9 <>^kK ^ \_=fnP;�g)8'=fGFB.C:\4��B@[�9.b.=fMft �FB?� =YG.=fGfih^kHp\.��=q9�G�M�\�Ef9.M4=.i]\��h=0G_=T9.G4= 9 \_B"\_9.<aB.C%M4=<G-=0HP[�9.b.= 9.EfE
=�M4M4=fMfi
9"H7n ^kHm\.�h= M4=fE
B-H�nmE09.M4=�\.�h=fG4= 9.G4=�9 \4B"\�9"<#B.C:M4^ o [79"b.=�9.EfE
=�M4M4=fMft	@dB"\_=�\.��9"\Z\.�h=�<kB?� =fG�;'B.g�H�nmB.H \.�h=�HJghKT;'=0G
B"C:[�9"b-=�9-E0E0=fM_Mr=�M ^&M�9�G-=.ihM4^>H�E0=�\.�h=fG4=�9"G_=69LG.= n]^&M�\_^>H�E
\d[�9"b-=fM�^kH \��h= ` | | t��FB?� =YG.=0G�i%�Z^ \�� \4��B ;hg)8�=0GdM4[�9.E0=fMfi
\.��=0G_=�^&M�HhB [79"b.=<( 9-E0E0=fM_M�M4=feLgh=0H7E
=6�#��^kE2�=�Z^><k<#G4=�Mrg�< \ ^>H[9�G.=�[�9.b.=�9-E0E0=fM_Mr=�M0t%8��h^&M ^&M�;7=�E09.g�Mr=�\.��=�E0IJE0<>='��9hihD i
;�i | i79*�ZG4=�e-g�^>G_=fM�\���9s\�9"\F<k=f9.Mr\Z\.��G4=f= [�9"b-=fM ;'=T^kHPK =0K B.G_I \_B 9NG.B.^&nmG4=�n]ghH�n�9"HL\d[�9"b-= 9.EfE
=fM_M4=fMft]5 ^>\.�p\.��G4=f=
;hg)8�=0G�Mr[�9-E
=�M0i � 9hiL��ihDTi | ih;L��^&MZ9 [�9.b.=�(�9.EfE
=�M4M�Mr=�eLgh=0H�E0=H�#�h^kE2�mG_=fM4gh< \�M ^>HI9�G-=�[�9"b-=�9-E0E0=fM_Mr=�M0t

c	d�
 b m�f����;l�� �7l��Hh6g {3g;f]h q v�vDfAzql q�� z#{��.g;hml
|�^�G.=0H \.��9"\ \.�h=�l._.Y E0B-Mr\ nh=0['=0H�nhM B-H \��h=�[�9"b-=�(�9.E0E0=fM_MqM4=feLgh=0H7E
=.iJ\��h=�C B.<k<>B?�Z^kHhb B.[]\_^>K ^��f9s\_^>B-H [hG_B.;�<>=fK E2��9"G.(
9.E
\4=fG4^��0=�M%\.�h=F[hG4B-;h<k=0K B.C�n]=fM4^>b-Hh^kHhb =�� E
^k=0HL\ 9.<>b-B.G_^ \��hK@M%C B.G�[hG4B]E0=fM_Mr^kHhb���B.^kH�Mfi.b-^FG-=0H 9���B.^kH)( ^>H7n]=
o@9"H�n@9�9�oJ=�n
;hg)8�=0G Mr^��0=-t 8��h^&M [hG_B.;�<>=fKmi:E09.<><k=fn \.��=mY�[]\4^kK@9"<�`�9.b.=<( D�E0E
=�M4M cJ=�eLgh=0H�E0=Q�Z^ \��29�0 ^>o]=fn ��g)8�=0G[� Y�`#D�c%( 01�#�
[hG_B.;h<k=0K � "�?-& i�^kM�C B-G4K@9"<k<kI n]=�97Hh=fnp9.M�C B-<><kB?�dMfA

O��������! #"$� UsSLW%��O&�
' V)('OuS�X�D [�9.b.=<( E0B.HhHh=�E \_^FGJ^>\�I b.G�9"[��+*J�@L 4'� NA��R/�-�'G4=f[hG_=fM4=0HL\4^kHhb \.��=6��B-^>H)( ^kH�n]=
o#i�9"H�nP9 ;hg)8�=0G�B"CqM4^F�f=

�-,�; NM; t
 VXS:V X�D [�9.b.=<( 9-E0E
=�M4M�M4=feLgh=0H7E
=.t
O W�.�O0/EUYV1(7O'XZ8aB K ^kHh^>K ^��0=�\��h= HJghKT;'=0GZB.C:[�9.b.= 9.EfE
=�M4M4=fMft
R SLS:WYU0U2�3VXSDU-X c]g�E2�m\.��9"\Z\.�h= HJghK ;7=fGZB"C%[�9"b-=fM�^>Hm\��h= ;hg)8�=0Gd^&M Hh=YG.=0GZK B-G4=�\.�79"H�� t

0hB-G =
oh9"K [h<k=.iJ\��h= B.[]\_^>K@9.<#[�9"b-=�(�9.E0E0=fM_M M4=feLgh=fH�E
=�C B-G \.�h= ` | | ^kHI0:^kb.ghG_=q"TC B-Gm� 4�$ ^&M ��9hi�DTi];�i | ih9hi
�#� i3�#��^kE2�mG4=�Mrg�< \�M ^>HPM4^ om[�9"b-=�9-E0E
=�M4M4=fMft

+



8��h=FY�`#D�cu( 01� [hG_B.;h<k=0K � ^kM1�JHhB?�ZHT\4B ;'=#@F`	( ��9.G_n=� "�?"iM"E+E& i.9.H�nb�h=0g�G4^&M�\_^kE M4B.<kg]\4^kB.H7M��79NG.=�;7=f=0H [hG_B.['B-M4=fn
^kH \.�h=�<>^>\4=fG_9"\4ghG_=�C B.G MrB-<FGJ^kHhb \.�h^&M [hG4B-;h<k=0Kpt 8��h=�Mr=]�h=0ghG_^&M�\_^kEfM�E09.H ;7= ;hG4BL9.n]<kI�nh^FGJ^&n]=fn�^kHL\4BZ\4��Bdb.G_B.g�[�M0ifH�9"K =f<>I
9.M4IJK K =0\4G_^kE�Mr^kHhb-<>=<(�\�9";h<k=�E0<>g�Mr\4=fG4^kHhbT9.H�n M4IJK K =0\4G_^kEd\4� BM(�\�9";h<k=FB-H)( <>^kHh=�E0<>g7M�\_=0G_^>Hhb7t�5 =�n]=fM_E
G_^>;'=�\.�h=�G4=f<>=YGs9"HL\
<k^ \_=0G�9s\4g�G4= 9"H7n B-ghGdE
B-H-\_G4^k;hg]\_^>B-H ^kHPMr=�E \_^>B-H�Mm$ 9"H�n�"ht

� /.S 	�O'X�l�Hm\.��^kMZ[79"['=0G�i)� =�C B]E
g�MdB.H \.�h= Y�`#D�c%( 01� [�G4B-;h<>=fKpt	5 = n]B HhB.\d9.nhn]G_=fM_M�\.��= gh['n�9s\4= [�G4B-;h<>=fK@M
9.M_M4BJE0^k9"\4=�n[�Z^>\.�PK@9"H79"b.^kHhb@9���B.^kH)( ^>H7n]=
o#t���9-Mr=<( G_=0<&9s\_^>B-H E0<>g�Mr\4=fG4^kHhb 9.H�n \4gh[h<k=�( <k=<G.=f<)��B.^kH)( ^>H7n]=
omB.[]\_^>K ^��f9s\_^>B-H
9"G_=F9.<kM4B ;'=0I.B-H�n \��h=�M_E
B-[7=FB"C�\��h^kM [�9.[7=fGft	�Z=�9.n]=fG_M�^>HL\4=fG4=�M�\_=fn ^kH \��h=Fgh[�nh9"\4=�[hG4B-;h<k=0K B"C)��B-^>H)( ^kH�n]^&E
=fM B.G ^>H 9
E
B-K [�9"G_^kM4B.H B"C3��B-^>H)( ^kH�n]^&E
=fM��Z^>\.�mB"\��h=0G���B-^>H)(�Mr\4G�9s\4=fb.^k=fM�9"G_=FG_=
C =fG4G_=fn \_B�� +7?-& t Y�g�G C B]E0g�M�^kM B-HJ��B.^kHm[hG4B]E0=fM_Mr^kHhb
9"<kb.B-G4^>\.��K M�b-^FG-=0Hp96��B-^>H3( ^kH�n]=0o�t

OQP U ��VXS:O'X�8���= G4=�M�\dB.C \��h= [�9.[7=fGd^kMdB.G_b-9"H�^F�f=fn 9-M C B.<k<kB?�dM0tql�H cJ=�E \_^>B-H�$]i3��= n]^&M4E0g�M4MZ9-MrIJK K =
\_G4^&E Mr^kHhb-<>=<(
\_9.;h<k= E
<kg�Mr\4=fG4^kHhb K =0\.�hB]nhMfiF[hG_B.['B-M4= B-ghG[97G_Mr\m9.[h[hG_B-9.E2�aidDFM4ILK K =
\_G4^&E | <kg�Mr\4=fG4^kHhbL��D | � iZ9"H7n =<Gs9"<kg�9"\4= ^>\_M
['=0G4C B.G_K 9.H�E
=q�Z^>\.�p\���9s\�B"C%\.�h= cJB.G4\4^kHhbE( ;�9-Mr=�n=��=0ghG_^kMr\4^&E"tZcJ=�E \4^kB.H
" G_=<GJ^k=<�dM \��h= <k^ \_=0G�9s\_ghG4= B-Hp\4� BM(�\�9";h<k= B.H3(
<k^>Hh=ZE0<>g�Mr\4=fG4^kHhb�9"H�nT[hG4B?GJ^&n]=fM:9"H ^><k<kg�M�\_G_9"\4^�G.=�=
oh9"K [h<k=.t�5 = [hG_B.['B-M4=�c]ILK K =
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1 1 1 0 0 0 0 1 0 0 0 0 01

11 1 1 1 0 0 1 0 0 0 0 0
11 1 1 1 0 0 0 1 0 0 0 0 0

1

11 1 1 1 1 1 1 0 1 1 1 1 1
11 1 1 1 0 0 0 0 01 10 1

11 1 1 1 0 1 0 0 0 0 01 1

11 1 1 0 0 0 01 10 10 1

0 1 1 0 01 10 10 10 1 1
1 1 1 0 0 01 10 10 10 1

0 1 01 10 10 10 1 10 1
0 110 10 10 1 10 10 1
1 110 0 1 1 1 11 1
0 10 0 10 1 10 10 10 0
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Redundant I/O

�>�}£1ª!��/SþR�����e��õ��&þ�ûSólú �>ôR÷ �����
÷�ô�ó���ô�ú���� ú��'�e����ôR÷�ô4����ólöÉþ�õ�� ,�� 
e£´�
ø=þRó�� ól��ÿ�ú�ô��/D!���eÿ���� �4ú û �eú�� þ
ýpþRóËûSú ûlú�ô���� �]ú�ÿ ��ûSö õh� �eþR�e��� óS���
ÿ�ú�ô��/D!���eÿ����a�3ú û��eú����'� �eúÉþRÿ�ô��pþRö

0:^>b-ghG4= ?-?.A | B.HhH�=fE \_^FGJ^>\�I b.G�9"[�� B"C:\4��B G_=0<&9s\_^>B-H�M

=0^kbM�L\�i]^�t =.tkihK =0K B.G_I ;hg38'=fG_MZEf9"H��hB.<&nm9s\dK B-Mr\Z=0^kbM�L\dn]^kM.� [79"b.=�M 9s\F9 \4^kK =.t
8��h= G_=0K@9"^kHh^kHhb \4� B [�9.Gr\�M B"C	0:^>b-ghG4= ?N$T[�G4=�Mr=fH-\Z\��h= M4ghK K 9.G4I ;7=Y��9NGJ^>B-GZB"C1G	9.G4^kB.g7MZ9"<kb.B.G_^>\.�hK@M�^>Hm\_=0G_K M

B"C%[�9.b.=�(�9.EfE
=�M4M�Mr=�eLgh=0H�E0=.t�8��h=�Mr=�\�9";h<k=fMZM.�hB?� \��h= G�9"H3�%( B.G�n]=0G�B"C:\.�h= ['B.<kIJb.B-H)( E0<>g7M�\_=0G�M:� ^�t =.tkih[�9.b.=fMZ9-M4M4ghK ^kHhb
B.H�=FghHh^>\ ;h<>B]E2�J^kHhb C 9-E \4B-G2��C G4B-K'� 9"H�n c@^kH \.��=0^kG G_=fM4[7=�E \_^FG-=F[�9.b.=�(�9.EfE
=�M4MqM4=feLgh=fH�E
=�M0t10hB-G =0oh9"K [h<k=.i-\.�h=�[�9"b-=
9.EfE
=�M4M M4=feLgh=0H7E
=mC B.G Y�� ^kMQ�ma�i c3ahi c�?.i c3$]i c ��i � ?-i c3"hi �6$]i cu+�iA�6"hi c3 ]i �#+�i �6 hi � � i�9"H7n M4B B.H�t��Pgh<>\4^k[h<k=PG_9.H3�]M
C B.G 9PHhB]n]= ^>H�nh^kEf9s\4= G4=�n]ghH�nh9.HL\ l._.Y�Mft�0hB-GT=
oh9.K [�<>=-iqY�� <kB-9-nhM/�m+�i � � i �:KJi � ��i:9.H�n2c�Km\4�Z^&E
= ^>H2K =fK B-G4I
�Z^>\.�mG_9.H3�J^>HhbLM�B.C,��?N$]i "Ma%� i ��?<+7i "�?!�
i��r?! ]i $?+u� i ��??KJi "*$M�
i"9"H�ny��$* ]i "M"*�
t:8���^kM ^kH]C B.G_K@9s\_^>B-H ^kM�C g�Gr\��h=0GZM4ghK K 9.G4^��0=�n ^kH
8:9";h<k=["hi1�#�h^&E2�2M.�hB?�dM \_B"\_9.<�l._-Y�M0i:HhB]n]=fM/�Z^ \��2G_=fn]ghH7nh9"HL\Tl._-Y�M0i%9"H�n K ^kHT_	K@9"o�_"9NG.=fG_9.b.= n]=0b-G4=f=@B"CZHhB]n]=fM
�Z^>\.�pG4=�n]ghH�n�9"HL\Zl._.Y�Mft1� B.G_=�nh=
\_9.^><&MZ9"G_= 9NGs9"^k<k9.;h<>=�^kHpDF[h['=0H�n]^>omDTt
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8:9";h<k=J"hAqcJg�K K@9.G4I B.C:[79"b.=�9.EfE
=�M4M4=fM C B.G�n]^ 8�=0G_=0HL\d9"<kb.B-G4^>\.��K M

0%` [hG_=
C =0G�M�\4B M.��9.[)( ^>H \.�h=@H�BJnh=fMq�Z^>\.� \.��=Q�h^>b*�h=fMr\ G_=fM4^kn]=fHL\4^&9"<qn]=fb.G_=0= 9"H�n M.��9.[ B-g]\ \.�h=@H�BJnh=fMH�Z^>\.� \.��=
<kB?� =�M�\�HhB-H)( G4=�Mr^&n]=0HL\_^k9.<.n]=0b-G4=f=.t�l�H \.�h^&M�=0o]9.K [h<>=-i�\.�h=�Mr=q['B.<k^&E
^k=fM#\_=0H�n \4BZC 9NG-B.G��h^kbM� nh=0b.G_=0=�H�BJnh=fM#C B-Ga;hg38'=fG4^kHhb�i

?! 



8

8

6

6
12
8
8

8

8
13
8
7

5
4

6 7 9 9 9 9 9 8 13 8 7 6 45

OM 3 2928272223525
33

26119742

Node degrees

13
12
11
10

5 11 1 1 1 1 1 0 1 1 1 1 1

0 1 01 10 10 10 1 10 1
0 110 10 10 1 10 10 1
1 110 10 1 1 1 11 1
0 10 0 10 1 10 10 10 0

1 1

0 01 1 1 0 0 0 0 1 0 0 0 0 0
1 1 1 1 0 0 0 0 1 0 0 0 0 01
2 11 1 1 1 0 0 0 1 0 0 0 0 0
3 11 1 1 1 0 0 1 0 0 0 0 01

6 11 1 1 1 0 0 0 0 01 10 1

4 11 1 1 1 0 1 0 0 0 0 01 1

7 11 1 1 0 0 0 01 10 10 1

9 0 1 1 0 01 10 10 10 1 1
8 1 1 1 0 0 01 10 10 10 1

1

R

8 110 1 2 3 4 5 6 7 9 10 12 13 S

3028262515131110 2482197
23

2
29

4
31 32

11
19 23 252117515

35
13

3433
7 93

30

6

8
1628

17
43

15
45

13
40

11
38

6
3433

2
32 2519 21 24

35
27

4

8 9 10 11 17 20 21
29 30 32 3631

12 13 14
33

15
34

16
35

18 19
37 38 4039

12

14
16

20
22
24
27
26

18

28

10
8
6
1

12,31

16,27

18
17
14

5
4
3

19
20
22

29

1
2

10,42
12,29

18,31

22
14
26

20,37

30

23

7,44
9,36

OM

1
6

12,30
13

14,31
15,24
17,32

21

8

18
19

16
20

10

FP

11
2
3
4

3,39
5,41

5
6
7

26

28

22
23
24
25

27

SC

AC

AC SCCO

CO

FP

0:^kb.ghG_= ?!$hA | B-K [�9"G_^kM4B.H B"C%n]^ 8�=0G_=0HL\dK =
\��hB]nhM

<k=f9.nh^>Hhb�\_B G4=�n]ghH�nh9.HL\%l._-Y�M%B.H <>B?��( \4BM( K =�n]^>g�K n]=0b-G4=f= H�BJnh=fM	�#�h^&E2�b��9NG.= ;'=0=0H <kB-9-n]=fn ^>HL\_B K =fK B.G_I 9"<kG4=�9.n]I-t
@dB.\4=�\���9s\dHhB]n]=�Mm�6 9.H�n�� ?!$���9NG-=�H�B G_=fnhghH�nh9.H-\dl._-Y�MZn]=fM4[h^>\4=q��9NGJ^kHhb@9�G.=fG4IQ�h^kbM�Pn]=fb.G_=0=-i)�#�h^><k=J� ?-i��6$]i
9"H7nmc)a��79NG.=�G4=�n]ghH�nh9.HL\ l._-Y�MZn]=fM4[h^>\4=q��9NGJ^kHhb 9�G-=0G_I <kB?� n]=fb.G_=0=.t

Y�� ['=0G4C B.G_K@Mm��=0<k< B?G-=0G�9"<k<��Z^ \�� B-Hh<>II9�G-=TG_=fn]g�H�nh9"HL\�l._.Y�Mft �dB?��=<G-=0G�ih\.��= G_=fn]g�H�nh9"HL\�l._.Y�MdB]EfE
ghG��Z^ \��
HhB]n]=�M�B"C]K =fnh^>ghK n]=fb.G_=0=.i�=.t b�tkiN�#+�i � � i �:K]i � ��i�9.H�n c�K3� n]=fb.G_=0= �ht ��8��h=qH�BJnh=fM��Z^>\.� 9��h^>b*�h=0G:n]=0b-G4=f=1��9NG.=�HhBFG4=<(
n]ghH7nh9"HL\ql._.Y t-8��h^kMq^kMqnhgh= \4B�\��h=FM.��9.[)( ^kH 9"H�n M.��9.[)( B-g]\�[7B-<>^&E
^k=fMft%8��h=dM;� 9"[3( ^kH ['B.<k^&E
I C 9NG-B.G�M:<>B?��( G4=�Mr^&n]=fH-\_^k9.<
n]=fb.G_=0= Hh=f^>b*�J;7B-G_MFB"C�<kB?� HhB.H)( G_=fM4^kn]=fHL\4^&9"< nh=0b.G_=0=T^>H)( K =0K B.G_IpHhB]n]=fMft�8��h=T['B.<k^kE0I���9.MF\.�h= ghHh^kHL\4=fH�n]=fn =�8�=fE
\
B"C [hgh<k<>^kHhbP9"<k<%B"Cq\��h= Hh=0^kbM�J;'B.G�M�� c)ahi c�?.i c3$hi c �%�Z^kH B-G_nh=0G�B"C n]=fb.G_=0= B"Cq\��h= ^>H)( K =0K B.G_IpHhB]n]=��Z^ \�� \��h= <>B?��=fMr\
HhB-H)( G_=fM4^&n]=0HL\4^&9"<]n]=fb.G_=0=-is=.t b�t��6aht:l C'B-Hh= B.C�\��h=fM4= Hh=0^kbM�J;'B.G�M�� c �*����9-M�9�G.=0G_IH�h^kbM� n]=0b-G4=f=.i"^>\�K 9	I Mr\4^&E2�T9.G4B-ghH�n
C B.G 9p<>B-Hhbp\4^kK = n]gh=@\_Bp\.�h= M;� 9"[)( B.gh\ [7B-<>^&E
I ;�9.M4=fn B.H \��h= <kB?� =�M�\ HhB-H)( G4=�Mr^&n]=0HL\_^k9.<qn]=0b-G4=f= � tm8��h^&M C 9NG-B.G_=fn
\4G_=f9"\4K =0HL\TB.C#�h^>b*� HhB.H3( G_=fM4^knh=0HL\4^&9"<�nh=0b.G_=0=@H�BJnh=fM ^kH2K =0K B-G4I <>=�9.nhM \4B ^kH�E
G_=f9-Mr=�n G4=�n]ghH�nh9.HL\Tl._.Y�Mfi ^kH \��h^kM
=
oh9.K [�<>=-t

8��h= | Y K =0\.�hB]n ^&M�9@<>B-b.^&E09.<aG_=�9�Hh=fK =0HL\�B.C�\.�h=@Y�� K =
\.��BJn�t�l \�\4G_^>=�Md\_B ;hG_^>H�b ^>H 9"<k< B.C�\.�h= Hh=0^kbM�J;'B.G�M
B"C�\��h=TH�BJnh=5� �Z^>\.�P\��h=T<kB?��=fMr\FHhB.H3( G_=fM4^knh=0HL\4^&9"<anh=0b.G_=0=-tF8��h^&M�9.<><kB?�dM \��h= E0B.K [h<k=
\4= [hG_BJE0=fM_Mr^kHhb@B.C�9"<k< =�n]b.=�M
^kH�E
^&n]=0HL\dB-H �2t 8��h=q�hB-[7= ^&M \_B@G4=�n]g�E
= G_=fnhghH�nh9.H-\dl._-Y � �hB?��=<G.=fGfiL\��h= | Y K =0\.�hB]np<k=f9.n�M \4B 9.H ghH�^>HL\4=fH�n]=�n
M4^kn]= =<8'=�E \ C B.G M4[�9"\4^&9"<D��B.^kH�Mft@DZC�\4=fG/�mapE
B-K =fM�^>HL\_Bp\.�h= ;hg)8�=0G�ia^>\_M Hh=0^kbM�J;'B.G�MY� c)ahi c�?.i c3$hi c �%�d9.G4= ;hG_B.ghb*�-\ ^kH
\4BP[�G4B]E
=�M4M�^>\ft DdC�\4=fG [hG_BJE0=fM_Mr^kHhb��mahia\.�h=@H�=
oJ\ HhB]n]=Q�Z^>\.� \.�h=@<kB?��=fMr\�H�B.H)( G4=�Mr^&n]=fH-\_^k9.<�n]=0b-G4=f= ^&Mq� ?-i^�#�h^&E2�
=0HL\_=0G�M ^>HL\4B K =0K B-G4IQ�Z^>\.�p^>\_M G_=0K@9"^kHh^kHhb Hh=0^kbM�J;'B.Gdc)"ht�DdC�\4=0G:� ?�^kM [hG_B]E
=�M4M4=fn#i3�:$T^&MZM4=0<k=fE \_=fn#ih9.H�nmMrBJB.H \.��=
HhB]n]=�M B"C�� 9"G_=�C 9NG.B.G_=fn@\4B ;7=�[hG_B]E
=�M4M4=fn�9�G_Mr\fihM4^kH�E
=�\.��=:97G_Mr\ZHhB]n]=�\4B ;7= <kB-9-n]=fn[��9-M C G4B-K � th8��h^&M <>=�9.nhM \_B
=
ohE0=fM_Mr^�G.=�G4=�n]ghH�n�9"HL\Z<>BL9.n]^kHhb C B.GZHhB]n]=�M B"Cqc ^>Hm\.��^kM =0o]9.K [h<>=-t
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Ú���Xû��e�W���iýeöÉþR�pþ�ûlú�ô��L÷¯ólô�� y ¦�¦�� ���I� ÷4þ �eôi�'�Wú���û��e�Z�e������ó2ú��2ÿ�ô�ú��'ÿ?ûSô����1���0þRýeý}���>ô��'û �_û��e���Lú��+û �e�
�<ô�ól�lû0��þR�S��ú û4��ô��eö����}�%�'óSô��eÿ ��û!ú��êô��e�²þR�e�'ú ûSú�ô��pþRöJûSú��W�4÷¯ô�ó0��þR� �?ýeþRÿ��2ú û0ú��0��ô��e�e����ûl���oûlô1ô��iûS�lú��e��û �e���'������ó �pþR�l�S�e�Wú��eÿ2ú û��<��óS�
ûlô �}�����0þRýeý}���oô��'û4��þR� �?ûlú��W��� �+�a�Ú�e�4þ1� �0þRý�� ô��'û �Úú�� �i�0ô��'û4û��e���eôÚ�e���3ú û�� û��e��ö�ôr�<���lû4�eô���� ól���Sú��e����ûSúÉþRö]�'��ÿ�ól�����

? �



� � �	��� � � 
m
 � � � ��
��1�A�������<� �^� 
m�A�Y�	� � 
�� ���[


l�H E0B.HL\4G�9.Mr\�\_B \��h=�^kH�E0G4=fK =fHL\_9"<#9.[h[hG_B-9.E2��=fM�B.C�0%`%ihY��2iL9.H�n | Y ihcJIJK K =
\4G_^&E | <kg�M�\_=0G_^>H�bL��c | �qg�M4=fM 9Tb.<kB.;�9.<
9"[�[hG4BL9.E2� ;79.M4=fn B.H ;�9"H�n)( n]^&9"b-B.H�9.<>^��f9"\4^kB.H B.C�\��h= 9.nN�r9-E
=fH�E
IPK@9s\_G4^>o G_=0[hG_=fM4=0HL\�9s\4^kB.H B"C ` | | t�8��h= HJghKT;'=0G
B"C�G4=�n]ghH�n�9"HL\ l._.Y�M�n]=0['=0H7nhM B.H�<>I B-H \��h=@=fnhb.=fM�B-g]\_M4^knh= B.C�\��h=��,( n]^&9"b-B.H�9.<:9.H�n E09.H B"C�\_=0H ;'=@G4=�n]g�E
=�n�GJ^&9
^&n]=0HL\4^>C IJ^>H�b 9�G-=0G4\4=0o E
B?G-=0G�
�t

�Z=�E09"<k<h\���9s\�[hghG_=:�,(�n]^k9.b.B-H�9"<]=fH-\_G4^k=fM�C B.G�9 M_e-g79"G_=dK@9s\4G_^>o 9.G4=Fnh=�9�Hh=�n@;JI 6�� %�� ~ � �2� JM&E4 ?VI � 6-; �6� JE; ,

�� @E$
�	I-i*�#�h=0G_=:� ^&Mq\��h=FHJghK ;7=fG B.C�;hg)8�=0G�M 9NGs9.^><&9";h<k=ZC B-G [�9.b.=�M]� 9"H�n[�Zt:;79"H�nu(�n]^&9"b-B.H�9.<>^��f9"\4^kB.H B"Ca9TK 9"\4G_^ o
G_=f9"G_G�9"Hhb-=fM \.�h= G4B?�dMF9"H�nPE0B.<kghK H�MdB.C:\��h=TK@9"\4G_^ om\4B ;�G4^kHhb ^kH 9.MFK 9.HJI HhB-H)(B�f=0G_B@=0HL\4G_^k=fMF9-MZ['B-M_Mr^k;h<k=J�Z^ \��h^kH
\.��=J�](�n]^&9"b-B.H�9.<kMft:8��Jg�Mfih9 K@9s\4G_^>o[�Z^ \��pB.Hh<kI[�,( nh^k9.b.B.H79"<�=0<k=0K =0HL\�M ^kMd9.<>G_=f9-n]I@;�9.H�nu(�n]^k9.b.B-H�9"<k^F�f=fn#td�dB?��=<G-=0G�i
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=fM_M4=fM�\.��9.H 9.<><:\��h= B"\.��=0G K =
\��hB]nhM0t
D | B.gh\4['=0G4C B.G_K =�n c | �#�h=fH [�9"b-=FM4^F�f=m��9-Mqb-G4=�9s\4=fG�\.�79"H � + ��;LIL\_=fMft:8��h= Y�� K =
\��hB]n@[7=fGrC B-G4K =�n�� =f<><T�Z^ \��
\.��=q+ 9.H�n � ��;LIL\_=fM [�9.b.=�Mr^��0=-t

!:O ° OPN "bP%$ OLU WYV#".O

��g)8�=0GqM4^F�f= nh=
\4=fG4K ^kHh=fM:\��h= HJghKT;'=0G�B.C7BE8T( �](�n]^&9"b-B.H�9.<-=�n]b.=�M ^kH \.�h=Fc | K =
\.��BJn�i-9"H7n \��h=ZMr^��0= B"C7\.�h=Z[79"G4\4^>\4^kB.H
^kH2\.��= ` | | i:^ t =-t>i�\��h= HJghK ;7=fG B.C�n]^&M;�%( [�9"b-=fM�\���9s\@E09.H2;'= ;hgh<��%( <kB-9-n]=fn�t 2a9.G4b-=0G HJghK ;7=fG B.CF;hg)8�=0G�M B"C�\4=fH
n]=�E
G_=f9.M4=�\.�h= HJghK ;7=fGZB"C%[�9"b-=�9-E0E0=fM_Mr=�M0t

0:^>b-ghG_=fMq? � � ;L�a9.H�n@??K)� ;T��M.�hB?� \.�h=�=�8�=fE
\:B.Ch;hg)8�=0G�M4^F�f=.t^5 =�G	9.G4^k=fn \.�h=�HJghKT;'=0G:B"C�;�g)8'=fG_M:9.M:9d['=0G�E
=fHL\_9"b-=
B"C \.�h= HJghK ;7=fG B"C [79"b.=�M�B"C�\��h=@MrK@9.<><k=0G�G_=0<&9s\4^kB.Haia9"H�n E2��9.Hhb.=�nP\.��= ['=0G�E
=fHL\_9"b-=fMFC G4B-K  \4B
$Ea�t D�M E09"H ;'=
M4=0=0Hai'D | 9"H7n c | ['=0G4C B.G_K =�np;7=0\r\_=0G�\.��9.H 9"<k<a\��h= B"\��h=0G�K =
\.��BJn�M6�#�h=fHP\.��=T;hg)8�=0G�M4^F�f=J��9-MZG_=0<&9s\4^�G.=f<>Im<kB?� i
=.t b�tki� T\4BP?!a ['=0G�E
=fHL\ft�8��h= | Y 9.H�n Y�� K =0\.�hB]nhMdnh^knI��=0<k<o�Z^ \��m<&9"G_b.=�;hg)8�=0G�Mr^��0=�M0t
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0:^>b-ghG_=�? � A�@d=f9.G4=�M�\A@F=0^kbM�J;7B-G 
�gh=0G_I�A 8��h=Z=<8'=�E \qB.C'[�9.b.=ZM4^F�f=.i.;�g)8'=fG�M4^F�f=.i-9.H�n HJghKT;'=0G�B.C'Hh=�9"G_=fMr\�Hh=0^kbM�J;'B.G�M
C B.Gdnh^ 8�=0G_=0HL\�Y�`#D�cu( 01�7�h=fghG_^kMr\4^&E0M

8��hG_B.ghb*�hB.gh\�B-ghG�=
o][7=fG4^kK =0HL\_Mfi���= G4=f[7=�9s\4=�n]<kI B.;�M4=0G�G.=�np\.�79s\ ;hg)8�=0G M4^��0=���9-M�\.�h= n]B-K ^>H�9.HL\�C 9-E \_B.G n]=�(
\4=fG4K ^kHh^kHhb@\.��= G4=f<k9"\4^�G.= ['=0G4C B.G_K@9"H�E0=�B.C%\.�h=TD | 9.H�n c | 9"<kb.B-G4^>\.�hK@Mft�l�HPB.\.�h=fGm� B-G_n�M0i3�#��=0Hp\.��=THJghKT;'=0GFB"C
;hg)8�=0G Mr^��0=Q� 9.M�G_=0<&9s\_^FG-=0<kI <kB?� iaB.g�G [hG_B.['B-M4=fn 9"<kb.B.G_^>\.�hK@M�\4=fH�n]=�n \4BPB.gh\4['=0G4C B.G_K B"\��h=0G E
B.K ['=
\_^ \_B.G�M0tmY�H�=
['B-M_Mr^k;h<k=�=0o][h<k9.H�9s\_^>B-H ^&M�\.��9"\#�#�h=0Hm;hg)8�=0GFM4^��0=�^kM G_=0<&9s\_^FG-=0<kI MrK@9"<k< i]K =0\.�hB]nhMZM4g�E2�p9.M�0%`%i7Y�� ih9"H7n | Y b.=0H3(
=0G�9s\_=�K 9.HJI =
oJ\4G�9 [�9"b-= 9.EfE
=fM_M4=fM C B.GdM.��9.[h[h^kHhb ^>HP9.H�nmB.g]\�i3�#�h^k<>= B-ghGd9"<kb.B-G4^>\.�hK@MZ9.[h[h<kI 9 b.<kB.;�9.<�E
<kg�Mr\4=0G_^kHhb
9"[�[hG4BL9.E2� \4B b.G_B.gh[p9"H7n <kB-9-n G_=0<k=<Gs9"HL\Z[�9.b.=fM \_B.b.=0\.�h=fGfiJ\��Jg�MZG_=fn]g�E0^>H�b \��h=fM4=�G4=�n]ghH�n�9"HL\Zl._.Y [79"b.= 9-E0E
=�M4M4=fMft

!:O ° O*� ��V � OpU2�)U!V S
8��h= =fn]b-= G_9"\4^kB ^&M�9 K =0\4G_^kE C B.G�[�9"b-=�( <>=YG.=0<3��B.^kH Mr=f<>=�E \_^FGJ^>\�Ip9.H�nm\.��= n]=fb.G_=0= B.CqE
B.H�Hh=fE
\4^�GL^>\�IpB"C�\��h=T;h^k[�9.Gr\_^ \_=
` | | t"D �h^>b*� =�n]b.= G�9s\_^>B�b.G�9"[�����9-M%[�9"b-=fM%M.��9"G_^>H�b�=�n]b.=�M1�Z^ \�� K 9.HJI B"\��h=0G�[�9.b.=�M0i"^kH�E0G4=�9.M4^>Hhb�\.��=Z[hG4B-;�9";�^><k^ \�I
\.�79s\FM4B.K =�B"Ca\��h= Hh=f^>b*�L;'B.G�MZ9"G_=�HhB"\d^kHpK =fK B.G_I ;hg)8�=0G�MZ9.M���=0<k<�9.M�\��h= <>^��.=f<>^��hBJB]n B.C:G_=fnhghH�nh9.H-\Zl._-Y�M0t

l�H \.�h^&M@=0oJ['=0G_^kK =fHL\fi�� = E2��9.Hhb.=�n \��h= =fnhb.=pG_9"\4^kB ;LI ;7B.\.� ^kH�E
G_=f9-Mr^kHhb 9"H�n n]=�E
G_=f9.M4^kHhb \��h= HJghK ;7=fG@B"C
Hh=�9"G_=fMr\ Hh=f^>b*�L;'B.G�M�9"H�n \.�h=�Mr^��0=�B"Ca\.�h=�G�9"Hhb-=�eLgh=0G_I.t%8��h=�G4=�Mrg�< \�M B.C�\.��=�=0o][7=fG4^kK =0HL\ M.�hB?�ZH ^kH=0:^kb.ghG_=fM�? � � E!�
9"H7n ??K)��EY��^>H7n]^kEf9s\_= \.��9"\TD | 9.H�n c | g�Hh^ C B-G4K <kI B-g]\4['=0G4C B.G_K =fn 9"<k<qB"\��h=0G K =
\��hB]nhMfi:9.H�n \.��9"\ c | G_=feLgh^kG_=fn
C =<��=0GZ[79"b.= 9-E0E
=�M4M4=fM \���9"HpD | t

@dB.\4^&E
=�\.�79s\Z^>Hm\��h^kM =0o][7=fG4^kK =0HL\fi]\��h=�;hg)8�=0GFM4^��0=���9-MZMr=0\Z9"\d9 G_=0<&9s\_^FG-=0<kI MrK@9.<><#HJghK ;7=fG C B.G ;7B.\.�PeLgh=0G_^k=fMfi
^ t =-t>i� �� ^kH \��h=pHh=f9.G4=�M�\ Hh=0^kbM�J;'B.G eLgh=0G_I29"H�n ?Ya�� ^>H \.�h=pG�9"Hhb-= eLgh=fG4I-t �dH�nh=0G \.��^kM b.^�G.=fH E0B.H�Mr\4G�9"^kHL\fi�9-M
[hG_=<GJ^kB.g�M4<>I Mr\_9s\_=fn#i]c | 9.H�n@D | � =fG4=F=
o][7=�E \_=fn \_BT['=0G4C B.G_K ;'=
\4\4=0G \.�79"H@\��h=FB.\.�h=fG�K =
\��hB]nhM0iJ=YG.=0H \��hB.g�bM�@C B-G
9"<k<�\.��=q�h=0ghG_^&M�\_^kEfM0iJ\��h= HJghKT;'=0GdB.C [�9.b.= 9.EfE
=�M4M4=fM�G_^kM4=fMZ9-M�\.�h= =�n]b.=�G�9s\4^kB ^>H�E0G4=�9.M4=fMft
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0:^>b-ghG_= ?NK]A��d9.Hhb.= 
�g�=0G_I'A�`	8�=fE
\FB"Cq[79"b.= M4^��0=.i';hg)8�=0G�M4^F�f=.i79.H�nPHJghK ;7=fGFB"C�Hh=�9"G_=fMr\FHh=f^>b*�L;'B.G�M C B-G�n]^F8'=fG4=fHL\
Y�`#D�cu( 01�7�h=fghG_^kMr\4^&E0M

� �Z����� �Y� ���<��� �J��
����=�1����
�� �/���

l�H \.�h^&M [�9.[7=fGfi^� =@^kHL\4G_BJnhg�E
=�n \4��BpHh=<� 9"<kb.B-G4^>\.�hK@M�C B.G M4[�9"\4^&9"<D��B.^kH E
B-K [�g]\_9"\4^kB.H�i b.^�G.=0H 9b��B.^kH)( ^>H�nh=
o 9.H�n
9y9ho]=fn ;hg)8�=0G M4^F�f=.t 8��h=��.=fI2^knh=f9 ^kM \_B g7Mr=PM4[�9s\_^k9.<dE
<kg�M�\_=0G_^>H�b�t 8���=m[�G4B-[7BLMr=�n D | 9.H�n c | 9.<>b-B.G_^ \��hK@M
B.gh\4['=0G4C B.G_K =�n�\.�h=�\4G�9.n]^>\4^kB.H�9.<"K =
\��hB]nhM�^kH B.g�G�=
o]['=0G_^>K =0HL\�M��Z^>\.��\.��=�cJ=�e-g�B.^&9m$EaMa*aH� +%aN&Lnh9"\_9dM4=
\�i	[�9"G4\4^&E
gh<&9"G_<kI
�#�h=fH \.��= M4^��0= B"Cq\��h= K =fK B-G4IP;�g)8'=fGH��9-M�M4K@9"<k<B�W� ?Ya	�b�
i'G_=0<&9s\_^FG-= \_B \��h=@Mr^��0= B"Cq\��h=@Mr[�9"\4^&9"<:G4=f<k9"\4^kB.H�Mftq5 =
9"<&M4B [hG_B?GJ^knh=fn 9 C B.G_K@9"<#E2��9.G_9-E \4=fG4^��f9"\4^kB.H@B.C 9"Hmgh[h['=0GZ;'B.ghH7n B-H \.��=�HJghK ;7=fGZB"C:G4=�n]ghH�nh9.HL\�l._-Y�M�Hh=f=fn]=�n ;JI
D | 9"H�npc | t

l�H \��h= C g]\4g�G4=���=b��B.g�<kn <>^��.= \4Bp^kK [�G4B?G-= M4B.K = B.C�\��h=��h=0ghG_^&M�\_^kEfM�E2��B-M4=0H ^kH \.�h= ^kK [�<>=fK =fHL\_9s\_^>B-H B.C�D |
9"H7n c | iq9-M@n]^&M4E0g�M4M4=fn2\.�hG_B.g�bM�hB-g]\ \��h^&M@[�9"['=0G�t 5 =���B.gh<&n 9.<kM4B <>^��.= \4B <kBLB*�29s\@G_=0<&9s\4=�n ^&M_Mrgh=�M G4=fb-9"G�n]^kHhb
K@9"^kHL\4=0H79"H�E0=�B.CL��B-^>H3( ^kH�n]^&E
=�MZ^>Hp\��h=�C 9.E0= B"C%gh[�nh9s\_=fMd9.H�np9"<&MrB \.��= ^>HL\4=fG_9-E \_^>B-H B.CL��B-^>H)( ^kH�n]^&E
=fMm�Z^ \��p\.�h=���B-^>H)(
E
B-K [hg]\_9"\4^kB.H 9.<>b-B.G_^ \��hKpt�0:^>H79"<k<>I-i	� =m9"G_= ^>HL\_=0G_=fMr\4=fn2^>H2=0o][h<>B-G4^kHhbP\��h=mg�Mr=0C gh<kHh=fM_MTB.CFD | 9"H�n c | ^>H nh9s\�9
� 9"G_=<�hB-g�Mr=�MH� ? �]iT$MaN&�� =.t b�tki�[hG_B]E
=fM_M4^>Hhb@Mr\_9.G;(���B.^kH�M g�M4^>H�b \.�h= ch8 D:�Z^>H7n]=
o � ? �?&��Z9"H7nmM4[�9"\4^&9"<anh9"\_9 K ^kHh^>H�bL� =-t b7t>i
Hh=f^>b*�L;'B.G��hBJB]n ^kH�n]=0o �>?YaN&�� t
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?JI =>;Q;�I =@;
B*I =>;
D C�;
B C�;
B
E ? C�;
D = N I =LHJI =LOJI =>;
?JI =>;Q;�I =@;
B*I =>;
D C�;
D = N I =AHJI =AOJI =@;
?-I =>;�;QI =>;
BJI =@;
D*I C�;
D
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; =:? =A?
B C-? =A? C-?
D C�; =A? C-?-I C�;
E C3B =A? C-?-I C�;�I C�B
F C3H =A? C�;�I C3BJI 1�� =A?
M =@; =>; C-?-I C�;�I C�B*I 1��
N C3D =>; C-?-I C�;�I C�B*I 1�� I C3D =>;
H =AB =LB C-?-I C�;�I C�B*I 1�� I C3D
O C E =LB C-?-I C�;�I C�B*I 1�� I C3DJI C E =LB
;
? =AD =LD C-?-I C�;�I C�B*I 1�� I C3DJI C E
;�; C3F =LD C-?-I C�;�I C�B*I 1�� I C3DJI C E I C3F =LD
;
B = E = E C-?-I C�;�I C�B*I 1�� I C3DJI C E I C3F
;
D C-? C3M = E C�;�I C3BJI 1�� I C�D*I C E I C3FJI C3M = E
; E =AM =LM C�;�I C3BJI 1�� I C�D*I C E I C3FJI C3M
;
F C�; C N =LM C3BJI C3HJI C�D*I C E I C3FJI C3MJI C N =LM
;
M = N = N C3BJI C3HJI C�D*I C E I C3FJI C3MJI C N
; N C3B C3O = N C3HJI C3DJI C E I C�F*I C3MJI C N I C3O = N
;
H =AH =LH C3HJI C3DJI C E I C�F*I C3MJI C N I C3O
;
O C3D C�;,? =LH C3HJI C E I C�F*I C�M*I C N I C3OJI C�;
? =LH
BQ? =AO =LO C3HJI C E I C�F*I C�M*I C N I C3OJI C�;
?
BJ; C E C�;Q; =LO C3HJI C3FJI C�M*I C N I C3OJI C�;
?JI C�;Q; =LO
B�B =>;,? =>;
? C3HJI C3FJI C�M*I C N I C3OJI C�;
?JI C�;Q;
B�D C3F C�;
B =>;
? C3HJI C3MJI C N I C�O*I C�;
?-I C�;Q;�I C�;
B =>;,?
B E =>;Q; =>;�; C3HJI C3MJI C N I C�O*I C�;
?-I C�;Q;�I C�;
B
B�F C3M C�;
D =>;�; C3HJI C N I C�O*I C�;,?-I C�;�;QI C�;
BJI C�;
D =>;Q;
B�M =>;
D =>;
D C3HJI C N I C�O*I C�;,?-I C�;�;QI C�;
BJI C�;
D =>;
D
B N =>;
B =>;
B C3HJI C N I C�O*I C�;,?-I C�;�;QI C�;
BJI C�;
D C3H
B�H =AF =LFJI 	 W�
 C N I C3OJI C�;,?-I C�;�;QI C�;
BJI C�;
D C N I C3OJI C�;
?JI C�;�;�I C�;
BJI C�;
D
B�O C-? =LFJI 	 W�
 C-? C-?
DQ? C�; =LFJI 	 W�
 C�; C�;
DJ; C3B =LFJI 	 W�
 C3B C3B
D�B C3D =LFJI 	 W�
 C3D C3D
D�D C E =LFJI 	 W�
 C E C E
D E C3F =LFJI 	 W�
 C3F C3F
D�F C3M =LFJI 	 W�
 C3M =>;
BJI =AFJI C3M
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; =:? =A?
B C-? =A? C-?
D C�; =A? C-?-I C�;
E C3B =A? C-?-I C�;�I C3B
F C3H =A? C-?-I C�;�I C3BJI 1�� =:?
M =@; =>; C-?-I C�;�I C3BJI 1��
N C3D =>; C-?-I C�;�I C3BJI 1�� I C�D =@;
H =AB =LB C-?-I C�;�I C3BJI 1�� I C�D
O C E =LB C-?-I C�;�I C3BJI 1�� I C�D*I C E =AB
;
? =AD =LD C-?-I C�;�I C3BJI 1�� I C�D*I C E
;�; C3F =LD C-?-I C�;�I C3BJI 1�� I C�D*I C E I C3F =AD
;
B = E = E C-?-I C�;�I C3BJI 1�� I C�D*I C E I C3F
;
D = E =AF =LF C-?-I C�;�I C3BJI 1�� I C�D*I C E I C3F C-?
; E =AM =LFJI =LM C�;�I C3BJI 1 � I C�D*I C E I C3F C�;
;
F = N =LFJI =LMJI = N C3BJI 1 � I C3DJI C E I C�F
;
M =AM =>;
B =LFJI = N I 	 W�
 C3BJI 1 � I C3DJI C E I C�F C3B
; N =AH =LFJI = N I 	 W�
 I =AH 1 � I C3DJI C E I C�F C3D
;
H =AO =LFJI = N I 	 W�
 I =AHJI =AO 1 � I C E I C3F C E
;
O =>;,? =LFJI = N I 	 W�
 I =AHJI =AOJI =@;
? 1 � I C3F C3F
BQ? =>;
D =LFJI = N I 	 W�
 I =AHJI =AOJI =@;
?JI =>;
D C3H
BJ; = N =>;Q; =LFJI =>;
B*I =LH*I =LO*I =>;,?-I =@;
D*I =>;Q; C3H C3H
B�B C�;,? =LFJI =>;
B*I =LH*I =LO*I =>;,?-I =@;
D*I =>;Q; C�;
? C�;
?
B�D C3O =LFJI =>;
B*I =LH*I =LO*I =>;,?-I =@;
D*I =>;Q; C3O
B E =AH = N =LFJI =>;
B*I =LO*I =>;,?-I =@;
D*I =>;Q;�I = N C3O C3O
B�F C N =LFJI =>;
B*I =LO*I =>;,?-I =@;
D*I =>;Q;�I = N C N
B�M C N C3M =LFJI =>;
B*I =LO*I =>;,?-I =@;
D*I =>;Q;�I = N C3M = N
B N C�;Q; =LFJI =>;
B*I =LO*I =>;,?-I =@;
D*I =>;Q; C3MJI 1�W�W =AOJI C�;�;
B�H C�;
B =LFJI =>;
B*I =>;,?-I =@;
D*I =>;Q; C3MJI 1�W 
 =>;,?-I C�;
B
B�O C�;
D =LFJI =>;
B*I =>;
DJI =@;�; C3MJI 1�W3U =AFJI =@;�;QI =>;
BJI =@;
DJI C�;
D
DQ? = E = E C3M = E
DJ; =AM =LM C3M
D�B =AH =LMJI 	 � C3M C3M
D�D C N =LMJI 	 � C N =AMJI =AHJI C N
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; =:? =A?
B C-? =A? C-?
D =@; =A?-I =>; C-?
E C�; =A?-I =>; C-?-I C�;
F =AB =A?-I =>;�I =LB C-?-I C�;
M C3B =A?-I =>;�I =LB C-?-I C�;QI C�B
N =AD =A?-I =>;�I =LBJI =LD C-?-I C�;QI C�B
H C3H =A?-I =>;�I =LBJI =LD C-?-I C�;QI C�B*I 1 � =A?
O = E =>;�I =LBJI =LDJI = E C-?-I C�;QI C�B*I 1 �
;
? =@; =AM =LBJI =LDJI = E I 	�� C-?-I C�;QI C�B*I 1 �
;�; C-? C3D =LBJI =LDJI = E I 	�� C�;�I C�B*I 1�� I C3D
;
B =AB = N =LDJI = E I 	���I = N C�;�I C�B*I 1�� I C3D
;
D C�; C E =LDJI = E I 	���I = N C3BJI 1�� I C�D*I C E
; E =AD =>;
B = E I 	���I = N I =>;
B C3BJI 1�� I C�D*I C E
;
F C3B C3F = E I 	���I = N I =>;
B 1 � I C�D*I C E I C3F
;
M = E =AH =LMJI = N I 	 W�
 I =AH 1 � I C�D*I C E I C3F
; N =AM C N = N I 	 W�
 I =AH C3HJI C�D*I C E I C3FJI 1��
;
H = N =AO 	 W�
 I =AHJI =AO C3HJI C�D*I C E I C3FJI 1��
;
O C3D C�;,? 	 W�
 I =AHJI =AO C3HJI C E I C�F*I 1�� I 1�W3T
BQ? =AH =>;,? 	 W�
 I =AOJI =@;
? C3HJI C E I C�F*I 1�� I 1�W3T
BJ; C E C�;Q; 	 W�
 I =AOJI =@;
? C3HJI C�F*I 1	� I 1�W3T I C�;Q;
B�B =AO =>;Q; =>;
B*I =>;,?-I =@;�; C3HJI C�F*I 1	� I 1�W3T I C�;Q;
B�D C3H =AF =>;
B*I 	 W3T I =>;Q;�I =AF C3FJI 1	� I 1 W-T I C�;�;
B E C3F C�;
B =>;
B*I 	 W3T I =>;Q;�I =AF C N I 1 W-T I C�;�;QI C�;
B
B�F C N C3O =>;
B*I 	 W3T I =>;Q;�I =AF C�;
?JI C�;�;�I C�;
BJI C3O
B�M =>;
? =>;
D =>;
B*I 	 W�W I =LF*I =>;
D C�;
?JI C�;�;�I C�;
BJI C3O C�;
?-I C�;Q;�I C�;
B
B N C�;
D =>;
B*I 	 W�W I =LF*I =>;
D C3OJI C�;
D C�;
D
B�H C3M =>;
B*I 	 W�W I =LF*I =>;
D 1�
 I C�M =@;�;�I =>;
B
B�O = N =LFJI 	 W-U I 	 � 1�
 I C�M = N
DQ? =AH =LFJI 	 W-U I 	 � 1�
 I C�M =LH
DJ; =AO =LFJI 	 W-U I 	 
 1�
 I C�M =AOJI C3O
D�B C-? =LFJI 	 W-U 1 �XI C3? C-?
D�D C�; =LFJI 	 W-U 1 �XI C�; C�;
D E C3B =LFJI 	 W-U 1 �XI C�B C3B
D�F C3H =LFJI 	 W-U C3MJI 1�� =>;
DJI C3H
D�M = E =LFJI = E C3M = E
D N =>;,? =LFJI 	 W-T C3M =>;,?
D�H C3D =LF 1 �XI C�D
D�O =@; 	 V I =>; 1 �XI C�D =@;�I C3D
E ? C E =LF 1 �XI C E =LF
E ; =AB =LB 1 �XI C E =ABJI C E
E B =AM =LM C3M C3M
E D C N =LM C N =AMJI C N
E�E =AD =LD
E F C3F C�F =ADJI C3F
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; =:? =A? ;
B =@; =A?-I =>; ;
D =AB =A?-I =>;�I =LB ;
E =AD =A?-I =>;�I =LBJI =LD ;
F = E =A?-I =>;�I =LBJI =LDJI = E ;
M C-? =A?-I =>;�I =LBJI =LDJI = E C-? ;
N C�; =A?-I =>;�I =LBJI =LDJI = E C-?-I C�; ;
H C3H =A?-I =>;�I =LBJI =LDJI = E C-?-I C�;QI 1�� ;
O C3H C3B =A?-I =>;�I =LBJI =LDJI = E C-?-I C�;QI C�B =A? B
;
? C3D =>;�I =LBJI =LDJI = E C-?-I C�;QI C�B*I C3D =>; B
;�; C E =LBJI =LDJI = E C-?-I C�;QI C�B*I C3DJI C E =LB B
;
B =AF =LDJI = E I =LF C-?-I C�;QI C�B*I C3DJI C E C3? B
;
D C3F =LDJI = E I =LF C�;�I C�B*I C�D*I C E I C3F =LD B
; E =AM = E I =LFJI =LM C�;�I C�B*I C�D*I C E I C3F C�; B
;
F C3M = E I =LFJI =LM C3BJI C�D*I C E I C3FJI C3M = E B
;
M =>;
B =LFJI =LMJI 	 W�
 C3BJI C�D*I C E I C3FJI C3M B
; N =>;
B = N =LFJI =LMJI = N C3BJI C�D*I C E I C3FJI C3M C�B D
;
H =AH =LFJI =LMJI = N I =LH C3DJI C E I C�F*I C3M C�D D
;
O =AO =LFJI =LMJI = N I =LHJI =LO C E I C�F*I C�M C E D
BQ? =>;,? =LFJI =LMJI = N I =LHJI =LOJI =>;
? C3FJI C�M C�F D
BJ; C N =LFJI =LMJI = N I =LHJI =LOJI =>;
? C3MJI C N D
B�B =AF =>;Q; =LMJI = N I =LHJI =LOJI =>;
?JI =>;Q; C3MJI C N C�M D
B�D C3H =LMJI = N I =LHJI =LOJI =>;
?JI =>;Q; C N I C�H =LM D
B E C3O = N I =LHJI =LOJI =>;
?JI =>;Q; C N I C�H*I C�O = N E
B�F C�;,? =LHJI =LOJI =>;
?JI =>;Q; C N I C�H*I C�O*I C�;
? =LH E
B�M C�;Q; =LOJI =>;
?JI =>;Q; C N I C�H*I C�O*I C�;
?-I C�;Q; =LO E
B N =>;
B =>;
?JI =>;Q;�I =@;
B C N I C�H*I C�O*I C�;
?-I C�;Q; C N E
B�H C�;
B =>;
?JI =>;Q;�I =@;
B C3HJI C�O*I C�;,?-I C�;�;QI C�;
B =@;
? E
B�O =>;
D =>;�;QI =>;
BJI =@;
D C3HJI C�O*I C�;,?-I C�;�;QI C�;
B C�H E
DQ? C�;
D =>;�;QI =>;
BJI =@;
D C3OJI C�;,?-I C�;�;QI C�;
BJI C�;
D =>;Q;�I =@;
B*I =>;
D E
DJ; =AF =LF C3OJI C�;,?-I C�;�;QI C�;
BJI C�;
D =AFJI C3OJI C�;,?-I C�;�;QI C�;
BJI C�;
D E

+-,�.0/21F{@w Y
V��0,�EF50/21�Y-IDQ01fye�nEF1�I9Q08N>�r�¥zCN��1R7h?S<2�R1&�g�\x

�� 


