
���������
	��
	�������������������
��	�����	������
��	�����	� "!�#
�$��%
���
�&��'�)(*!+�,���� .-/����&�����	��0���
�,	��

1'24365$768:9<;>=@?BADC 1
EF;GC4?BA�HIADJLK*;G?NM 1 O*P ?BQGRSQG?TAVUXWZY4JDJL;>? 2 O 7[C\R�WZ7]MTM_^�36K*8N2\7a` 1

1 bdcNeGfdgihFj<kilmkiginGo�prq'sIt6uwvxvzy�lmhivr{|n~}dlm��fdh�eG}6�4tSbdcNe>f�gih~t
2 ���d�<� t@��e
c���vit@bdcNeGfdgih

�G�G�6�i���[�����6�~�a�6�i�����6�>�]�6�����6�G�
 6�~�a�¡�����~�]�)���[�> ����6�>¢d£~¤]�G�[�>�]�]�d¥
¦a�)�z§~���
¦~�]�~¨]�~�[�a§��V�[©6�a�~�~�]¤
���� �§���¦a�

ª�«¡¬ii®
¯@°G~± j<²dh$³dhBvx��´Gfµn>¶'vxhigi}6c�h·ginGo¹¸dc�hivxvx�mn~fZ¶V}df�gBº��mnGf�v¹�mv¹nG¶:»6�¼ºNe>l��mo¾½
¸Sn>cxºNeGf�gBh�º�n¿²@e>vx²À¶V}�fdgBº��mn~fZ³6hi»ahilmn~¸do¹hif]º�Á�u�fÂº�²��mvI¸�eG¸ShBcXÃ<h�gin~fdvx��³dhBcXº�²�h
¸6c�n~Ä�lmhioÅnG¶<gBn~oIÄd�mf��mf�´,vxo,eGlmlmhBc�ºxc�}dvzº�h�³�gBn~o¹¸dc�hBvxvx��nGf�¶L}�fdgBº��mn~f�v'º�n�Ä�}d�mlD³�e
l�e>c�´GhBc·gBn~o¹¸dc�hBvxvx��nGfµ¶V}df�gBº��mnGf*Á�j<²��mv�Ã�nGc�ÆÇlmh�e~³6v|³6�mc�hBgBº�l¼yÈº�nÂ�mo¹¸SnGvxvx��Äd�ml��¼º�y
c�hivx}dl¼º�v�nGf$eXcNe>f�´~h�n>¶)Ä�lmn]gNÆ�gB��¸d²�hBcx½�Ä�eGvxh�³|²�eGvx²�¶V}�fdgBº��mn~f·gBn~f�vzºxc�}dgBº��mn~fdviÁ

ÉÀÊdËÍÌ�Î\Ï]Ð�Ñ6Ò�K\JD3SUiÓ�U>ADÔ42\;>?i8 O U>365·Ô4?B;G8B8NAL36C$ÕÖY\C\U�MBAD3dC\8 O 2\768T2�ÕÖY\C\U�MBAD3dC\8>×

Ø Ù�Ú�ÛSÜ4Ý�ÞXß_à�Û4á�Ý�Ú

â ?T=@ÔSMB36ã6?i7[Ô\24ALU�2\768T2,ÕÖY\C\U�MBAD3dC\8ä7[?B;:76CåAL5·Ô*3d?NMi7[C�M�MT3@36JSALC|U>?T=@ÔSMB36ãd?B76Ô42@=6×~æxCSÕÖ36?B5$7[JLJD= O
7�U>?T=@ÔSMB36ãd?B76Ô424AVU,2\7d8N2ÈÕÖY4C\U
MTAL36C

H
Mi7[Ó6;~8¾7[CµADC4Ô\YSM,3[Õ:ça76?TAV7[K\JD;·8NALè>;$76C\RÇ?B;
MBY4?BC\8¾7

2\768T2¿ç]7[JLY4;I3[Õ)é4êS;~R$JD;GC4ã[MB2�`�24ALJL;I8B7]MBAL8NÕÖ=@ADC4ã�MT24;IÔ4?B36Ô�;>?TMTAL;G8r3[Õ�Ô\?T;GAD5$7[ãd;F?B;G8TAL8NMB76C\U
; O
8N;~U
36C*R$Ô4?B;>AL5·76ã6;�?B;G8TAL8NMB76C\U
; O 76C\R¿U
3dJDJLAV8NAL36C$?B;G8TAL8NMB76C\U
;�ë ì6íaîw× P 36?r7å8N;~U
Y4?B;F2\7d8N2¿ÕÖY4C\U�ï
MTAL36CðMT2*7]M�ãdADçd;G8¹7[C

n
ïzK4ADM�36Y4MTÔ4YSM O U>365·Ô4?B365·AL8TALC4ã�MT24;~8N;¿Ô\?T3dÔ*;G?NMBAD;~8,8N2\36Y4JVRµ?T;~ñdY\AD?B;

2n O 2n O 7[C\R 2n/2 3dÔ*;G?B7[MTAL36C\8:?B;G8TÔ*;~U�MTALç6;GJD=d×
1'24;FÔ4AL36C4;G;>?BADC\ã,`r3d?TÓå3[Õ)WÀ;G?TÓ@JL;_7[C\R$òI7[5·ã�ó[?iRÂë¼ô O ìdô~î¡8T243]`:;GR|243]`õMT3|U
36C*8�MB?TY\U
M

7Ç8T;GU
Y\?T;¿2*768T2ðÕÖY4C\U�MBAD3dCöÕÖ?B365�7Í÷iø]ù_ú�ûTü
ýiý�þ�ø]ÿ����Sÿ�÷��wþ�ø]ÿ
h
MT2\7[M|2*768�7Àé4êS;GR@ïzJD;GC4ã[MB2

ADC4Ô\YSM O U
3dC\8NAV8NMTALC4ã¹3[Õ)7�÷����[þ�ÿ\þ�ÿ
	���[û�þ������Dü:7[C\R$7¹5·;~8T8B7[ãd;:;>ê@MT?i76U�M O 76C\R·ã6ALç6;~807Ié4êS;GR@ï
JD;GC4ã[MB2À36YSMBÔ4YSMG×�� ç]76?TAL;
M�=�3[ÕäADC�MB;>?B;G8NMTALC4ã$?T;~8NY\J�Mi8,ë � O�� ì O���� î�2\7aç6;¹Ô\?T3]ç@AVRS;GRÂ7$ãd?T;~7]MT;G?
Y4C\RS;G?B8NMB76C\RSALC4ã¹3[Õ�MT24;FWZ;>?BÓ�JL;
ïxòI7[5·ãdó6?BRå7[Ô4Ô4?B3d7dUi2�MB3¾MT24;F8T;>?BAV7[J\76Ô4Ô4JLALUG7]MTAL36C|3[Õ�8TY\Ui2
7|U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C)×

HI;>C4;G?B76JDJL=Í8TÔ*;~7[Ó@ADC\ã O MT2\;>?B;Z7[?B;�M�`:3ðÔ*3dÔ4Y4JV7[?�76Ô4Ô4?B3d7dUi24;G8åMT3öK\Y4ADJVRSALC4ã 7öU
3d5|ï
Ô4?T;~8T8TAL36CZÕÖY\C\U�MBAD3dCÈÕÖ3d?¾Y\8N;·ALCö7�U>?T=�MB36ã6?i7[Ô\24ALU�2\768T2ZÕÖY\C\U�MBAD3dC)×�1'24;|é\?i8�M¹AV8IMT3ÂY\8T;$7
U
365·Ô4?B;G8B8TAD3dC�ÕÖY\C\U�MBAD3dCÇ3[Õ07�RS;GRSAVU>7[MT;~RZRS;G8TALã6CÀ`�24ALJD;�MT24;|8N;~U
3dC\RÂAL8_MT3�K4Y4ALJLRÇ7�U
3d5|ï
Ô4?T;~8T8TAL36C�ÕÖY4C\U
MTAL36CZ7[?B36Y\C\RÂ7[CÂ;G8NMB76K4JDAV8T24;GR O 7[C\R�MB?TY\8NMT;~R O K\JD3SUiÓ�U>ADÔ\24;>?~×�� 24ALJL;,5·3d8NM
`�ALRS;GJD=�ïxRS;>Ô\JD3]=d;GR�2\768T2ÂÕÖY4C\U
MTAL36C\8åë ���SO � ôGî<Y\8T;�7�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36CÈ3[Õ0RS;GR4ALUG7]MT;~R
RS;G8TADãdC O ?T;~U
;GCdM·7]MTMB76UiÓS8�ë ���SO ��� î�2\7açd;�RS;G5|3dC\8NMT?i7]MT;~RöMB2\7]M|MT24;G?T;�AV8å5åY\Ui2 MB3ÈJL;G76?TC�×
æxC\8�MB;G7dR O MT24;G?T;IAL8'C\3]` 5�Y\Ui2�?T;GC4;>`:;GR¿ADC�MT;G?T;~8�M'ALC�Y\8TALC4ã|7åK4JL3SUiÓ¿U
ALÔ424;>?�7d8�MB24;¾K\768TAV8
ÕÖ36?F7·U
3d5|Ô\?T;~8T8TAD3dC¿ÕÖY4C*U�MTAL36C�×

æzM�5·ADãd2�M�K�;È7[?Bã6Y\;GRõMT2*7]M�MB24;ðU
365·Ô4?B;G8B8TAD3dC ÕÖY\C\U�MBAD3dC\8�3[Õ�U
3d5·5|3dC RS;GR4ALUG7]MT;~R
2\768T2ÂÕÖY4C\U
MTAL36C\8I8NY*Ui2Z768_WÇò �Âë � ô~î<76C\R�!SE"�Fï � ë ��� î<76?T;¹K\Y4ADJDMX3dCZK4JL3SUiÓ�U
ALÔ424;G?B8�#\K@=



?T;G5|3]ç@ALC4ã,MB24;XÕÖ;>;GRSï�ÕÖ3d?T`'7[?iR·ÕÖ?B365�U
3d5·Ô4?T;~8T8TAL36C·ÕÖY4C\U
MTAL36C\8'ALC¿MB24;¹WZò_ï�Õ�765|ALJL=$`r;¾7[?B;
JD;>Õ�M·`�ADMT2õ7Ç?B;>çd;>?i8NALK4JL;�U
3d5·Ô*3dC4;>C�M�MB2\7]M$U>76CÍK�;�Y*8N;~RÍ768|7ÈK4JD3SUiÓöU
ALÔ424;G?���8TY\Ui2 7d8
!SE"� â ��� ë � î�ADCÂMB24;,U>7d8N;¹36Õ !4E"��ï ��� ×��:YSM�MT2\;G8T;,K4JL3@UiÓ�U
ALÔ424;>?i8FUG7[C4C436M�K*;�7	��3d?BR4;GR
MT24;À8B7[5·;�JL;>çd;>J'3[Õ_MT?BY\8�M¿7d8�MB24;�JD;~76RSALC4ãð8�Mi7[C\R476?BR4AL8T;GRÍK4JD3SUiÓöU
ALÔ424;G?B8�ë¼ì �SO ��� î O 76C\R
ADC\8NMT;~76R$K\JD3SUiÓ·U
ALÔ424;>?TïzK\768T;GR·2\7d8N2·ÕÖY\C\U�MBAD3dC\8r76?T;FMT?i76RSADMTAL36C\76JDJL=|ç�AL;>`:;GR$7d8äMB;GUi24C4AVñ�Y4;G8
MT3¿K4Y\ADJVRÀ7¿8T;GU
Y\?T;,U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36CÂÕÖ?B365 7|MT?BY\8�MB;GRÀ76C\RÀ8�Mi7[C\R\7[?iRSAL8T;GR�U
ALÔ424;G?G×
WÀY\Ui2�Ô\?T3dã6?B;G8B8036C�Y\8TADC4ã|K4JL3SUiÓ¿U
ALÔ424;>?i8:ADC�MT24AV8'`'7a=|2*768'7[JL?T;~76RS=|K�;>;>C�5$76RS;d×
�rJV76UiÓ
ü � � �)ë¼ì~î�K4Y4ALJ�M_3dC�MT24;,`:36?BÓ¿36Õ<9�?T;GC4;>;GJ0ë � ì~î�MB3$Ô4?B;G8T;>C�M_7·?B76C4ã6;¾36Õä8T;GU>Y4?B; 2n

ï0MT3
n
ï

K4A�M�U
3d5·Ô4?T;~8T8TAL36C|ÕÖY4C\U
MTAL36C\8:K4Y4ALJDM'76?T3dY4C\R$7[C
n
ïwK4ADMrK\JD3SUiÓ$U
ALÔ424;G?0MT2*7]M:MB7[Ód;G8r7[C

n
ïzK4ADM

Ó6;>=d× �_5·36C4ã�MT24;~8N;|7[?B;,MB24;å`:;>JLJDïwÓ@C43]`�CÇòI7aç@AD;~8�ïxWÀ;G=6;>? O WZ7[M�=d7d8�ïxWÀ;>=d;>?Tï��I8T;G7d8 O 76C\R
WÀAD=�7[ãdY\Ui24ADïw90?B;>C\;>;>J:U
3dC\8�MB?TY*U�MTAL36C*8>× �È;�MT24;G?T;>ÕÖ36?B;¿2\7açd;¿5$7[C@=ö8N;~U
Y4?B;�U>365·Ô4?B;G8B8NAL36C
ÕÖY4C\U�MBAD3dC\8$ALC 2*7[C\R `�243d8T;ÀUi2\7[ALC4ALC4ãµça76?TAV7[K\JD;�AL8|MB24;Z8B7[5·;À8NALè>;Â768|MB24;ÀK4JL3@UiÓ 8TALè>;6×
EF3]`:;>ç6;G? O 7|2\768T2�ÕÖY4C\U�MBAD3dC�K\Y4ADJDMF36CÂ7|U
365·Ô4?B;G8B8TAD3dC¿ÕÖY4C\U
MTAL36C�`�A�MB2 n

K4ADMB8'36Õ�3dYSMTÔ4Y4M
U>7[CÀ3dC4JL=�3��;G?X7¿8T;GU>Y4?TADM�=�JD;Gç6;>J�3[Õ�7[M_5·3d8NM

2n/2 36Ô�;>?i7]MTAL36C*8>× !SADC\U>;å7¿8T;GU>Y4?BA�M�=�JD;Gç6;GJ
3[Õ

2128 K4ADMB8åAL8�3[Õ�MB;>CÍRS;~8NAL?B;GR O `r;�C4;>;~RðMT3ÇU>36C\8NMT?BY\U
MåU
3d5|Ô\?T;~8T8TAD3dCðÕÖY4C\U
MTAL36C\8å`�A�MB2
36YSMBÔ4YSMB8X3[Õ�7[M_JL;G768NM

256
K4ADMB8 O 7¿?T;~ñdY\AD?B;>5·;>C�MFMB2\7]M¾U>76C4C43[MXK*;åAD5·5·;GRSAV7]MB;>JL=Â5|;>MXK@=

MT24;,8NMB76C\R47[?iRSAV8N;~R¿K4JL3SUiÓ�U
ALÔ424;G?B8'ALCÂ2\7[C*R�×
�XY4?$RSA��¿U>Y4J�MBAD;~8·K*;Gã6ALC O MT2\;>?B;
ÕÖ36?B; O `�24;GC `:;�MT?B=ðMT3ðK4Y4ALJVRõ8T;GU>Y4?B;�U>365·Ô4?B;G8B8NAL36C

ÕÖY4C\U�MBAD3dC\8�`�243d8T;Ç3dYSMTÔ4Y4M�8TADèG;ÇAV8�ãd?T;~7]MT;G?$MT2*7[C MB24;ÇK4JL3SUiÓ 8NALè>;Z36Õ¹MT24;µY4C\R4;>?BJD=@ALC4ã
K4JD3SUiÓ,U>ADÔ42\;>?~×[1'24AL8�AV8<C43[Mä7IC4;>`ÍÔ4?T3dK4JL;>5 7[C*R,MB24;>?B;r2*768�K*;G;>C|5·A�êS;GR|8TY\U>U>;G8B8�ALC·U
36C4ï
8�MB?TY\U
MTALC4ã

2n
ïwK\A�M¹2\7d8N2ÇÕÖY4C\U�MBAD3dC\8¾ÕÖ?B365 76C

n
ïzK4ADM¾K\JD3SUiÓZU
ALÔ424;G?·ë �*O � O ���4O � �SO ì �[O ���SO � �aîw×

� 24ADJL;'JDAL5·A�Mi7]MBAD3dC\8�2\7aç6;rK*;G;>C|ALRS;GC�MTADé\;GR�ADC|5$7[C@=¹U
36C*8�MB?TY\U
MTAL36C\8rë ��� î O EFAL?T3�8N;Xë � � î42\7d8
RS;>5·36C*8�MB?B7[MT;GR�MT2\;¾8T;GU>Y4?BA�M�=¿36Õ�7åÕ�7[5·ALJD=�3[Õ�R436Y4K4JL;¹K4JL3SUiÓdïzJL;>C4ã6MT2�2*768T2�ÕÖY4C*U�MTAL36C*8'Y\8�ï
ADC4ãIM�`:3XALC\RS;GÔ*;GC\RS;GCdMäK4JL3SUiÓ,U
ALÔ424;G?B8�`�ADMT2·Ó6;G=¹JD;GC4ã[MB2�M�`�AVU
;rMT24;'K4JL3SUiÓ,JL;>C4ã6MT2)×]1'24AV8<AL8
7¹Ô4?B36Ô�;>?TM�=|8T2\7[?B;GR·K@=��������������ë ì � î�7[C\R���� �
�öë¼ì � î�7[5·3dC4ã,3[MB24;>?i80`�ADMT2�7¹Ô\7[?TMTAVU
Y\JL76?
ADC\8NMB76C\U
;¾36Õ�MB24AL8_U
36C*8�MB?TY\U
MTAL36C�K*;GADC4ã·MB24;¹JL36C4ã6ïz8NMB76C\RSALC4ã!� "$#%�
�&��'(�)� *Åë � � îw×
� 24ADJL;IMT24;¾U>7d8N;I3[Õ�K4JD3SUiÓ¿U>ADÔ42\;>?i8rÔ\?T3]ç@AVRS;GR·MB24;¾ADC\A�MBAL76J�5|36MTALç]7]MTAL36C�ÕÖ36?'36Y\?r`:36?BÓ O

36Y4?r?T;~8NY4JDMB8r7[?B;�;G8B8N;GC�MTAV7[JLJD=·7[K�36YSM:U
365·Ô4?B;G8B8TAD3dCåÕÖY\C\U�MBAD3dC\8>×�æxC$MB24AL8rÔ\76Ô*;G?�`:;F;
êSÔ4JL36?B;
MT24;ZÔ\?T3dK4JD;G5 36Õ¾U>365�K\ADC4ALC4ã U>365·Ô4?B;G8B8NAL36C ÕÖY4C\U
MTAL36C\8·MB2\7]M�`r;ÀÓ@C43]` MT3öK�;Ç8T;GU
Y\?T;d×
1'24;G8T;Z8N5$76JDJL;>?�U>365·Ô4?B;G8B8NAL36C ÕÖY4C\U
MTAL36C\8�U>76C K*;Z36Õ,7[C@=öM�=@Ô*;�+ R4;GRSAVU>7[MT;GR O C@Y45�K�;>?
MT24;G36?B;
MTAVU O K4JL3SUiÓ U
ALÔ424;>?TïzK\768T;GR�+ 7[C*R 36Y4?Â7[AL5 AL8�MT3õK4Y4ALJVR 7õ8N;~U
Y4?B;ÈU>365·Ô4?B;G8B8NAL36C
ÕÖY4C\U�MBAD3dC·`�A�MB2·7IJL36C4ãd;>?äUi2\76ADC4ALC4ã¾ç]7[?BAL76K4JL;6×[1'2@Y\8�MT2\;�?T;~8NY4JDMB8ä76?T;:K4?B3d7dRS;>?�MT2*7[C·K4JL3@UiÓ
U
ALÔ424;>?TïzK\768T;GR|2\7d8N24ALC4ã O MB2436Y4ãd2·MT24AV8rAL8r`�24;>?B;�MB24;>?B;FAV8r76C$AD5·5·;GRSAV7]MB; O Ô4?i76U
MTAVU>7[J O 76C\R
7]MIMTAL5|;~8X8TY4?BÔ4?BAL8TADC\ã O AD5·Ô\7dU�MG×¡1'24;|Ô\7[Ô�;>?IAV8X3d?Tã�7[C4AV8T;GRÂ768_ÕÖ36JLJD3]`F8G×�æxC !@;~U�MTAL36Cµì$`:;
;G8NMB7[K\JDAV8N2¾MB24;äÕÖ?i7[5·;>`:36?BÓ_76C\R¾`r;�5·76Ó6;08T365·;äALC4A�MBAL76J63dK\8N;G?Tç]7[MTAL36C\8�ALC !@;~U�MTAL36C � ×��FÕ�MT;>?
RSAL8BU
Y*8T8TADC\ãÈ8T365·;¿ã6;GC4;>?BAVU�7]MTMB7dUiÓ@8�ADC !@;GU
MTAL36C �*O `:;�R4;>?BADçd;�U
?BADMT;>?BAV7ÂÕÖ36?·U
3d5�K4ALC4ALC4ã
U
365·Ô4?B;G8B8TAD3dCÍÕÖY4C*U�MTAL36C*8�ALC !@;GU
MTAL36C �ð76C\R RS;>5·3dC\8�MB?B7[MT;Z7ö?i7[C\ã6;Â3[Õ¹AL5|Ô�3d8B8TADK4ALJLA�M�=
?T;~8NY4JDMB8X7[C\RZÔ*36MT;>C�MBAL76J�U>36C\8NMT?BY\U�MBAD3dC\8FALC !@;~U�MBAD3dCÇí4× �È;åMT24;GCÇRS?i7a` 36Y4?IU
36C*U
JLY\8NAL36C*8
7[C\R�24ALã624JLADãd2�MF36Ô4Ô�36?TMTY4C\A�MBAD;~8:ÕÖ36?'ÕÖYSMBY4?T;¹`:36?BÓ¡×

, - ÝäÛ
.�ÛSáNÝ�Ú/.<ÚXÞ10�Ý�Þ32�4

æxC MB24AV8·Ô\7[Ô�;>?¿`:;ÀU
3dC\8NAVRS;G?|K\Y4ADJVRSALC4ãöJV7[?Bã6;>?·U
3d5·Ô4?T;~8T8TAL36C ÕÖY\C\U�MBAD3dC\8·ÕÖ?B365 8T5$7[JLJD;G?
MT?BY\8�MB;GRÂ3dC4;G8G×��µ;�`�ALJDJ<768B8TY45·;¾MT2\7[M_MT2\;�Y4C\R4;>?BJD=@ALC4ã�8T;GU
Y\?T;,U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C\8
2\7aç6;

k
ALC4Ô4YSMi8¾3[Õ

n
K\A�Mi8¹7[C\RZMT2\7[MIMB24;·36YSMBÔ4YSM¹AV8

n
K4A�Mi8¾ADCµJL;>C4ã6MT2)×�òX;
MB76ADJV8¾36CÇMT24;



U
36C*8�MB?TY\U
MTAL36C¹36Õ*8N;~U
Y4?B;�U>365·Ô4?B;G8B8NAL36CIÕÖY4C\U
MTAL36C\8�`�ALJDJ�C436M�K�;�AL5·Ô*3d?NMi7[C�M�MB3_36Y\?�?B;G8TY4JDMB8G×
EF3]`:;>ç6;G? O ALC�MB24;,8TÔ*;~U
ADé*U¹U>7d8N;I3[Õä7|K4JD3SUiÓ¿U>ADÔ42\;>?F`�ADMT2�;Gñ�Y\76J�Ó6;>=�7[C\R�K4JL3@UiÓ�8NALè>;¾`:;
2\7aç6;

k = 2 O `�24ADJL;:ÕÖ36?�7IÓd;>=�8TADèG;:M�`�ALU>;'MT24;�K4JL3SUiÓ�8TADèG;�`r;'2\7açd; k = 3
× �È;FU>36Y4JVR|7[JV8N3

Y\8N;F7¾U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U�MBAD3dC·K\768T;GR|36C·7XM�`r;~7[Ód;GRåK4JD3SUiÓ�U>ADÔ\24;>?�ë �4O ì � î*36?07¾RS;GR4ALUG7]MT;~R
RS;G8TADãdC ��A�Õ�`r;:`r;G?T;:`�ALJDJLADC\ã_MB3IU>JL76AD5 MB24;>AL?ä8N;~U
Y4?BADM�=¾7d8<8N;~U
Y4?B;:U>365·Ô4?B;G8B8NAL36C¾ÕÖY\C\U�MBAD3dC\8 �
7[C\RÇ`r;|5·ADãd2dMIMT2\;>CÇ2*7aç6;

k > 3
R4;>Ô�;>C\RSALC4ã�36CÇMT24;·8NALè>;~8I3[Õ0MB24;|Ui2*7[ALC4ADC\ã�ç]7[?BAL76K4JL;

7[C\R·5·;G8B8B7[ã6;�ALC4Ô4Y4MG×@1'24AL8 � ;
êSALK4JL;_7[Ô4Ô\?T3�76Ui2|`:7d80Ô4Y4?i8TY4;GR·K@=��¾C@Y\R\8N;GC¿7[C\R·90?B;>C\;>;>J
ADCÀ7·8N;G?TAL;G8'36Õ�Ô\76Ô*;G?B8¾ë � í O � ô O � �aîz×

1'24AL8I`:36?BÓÂAL8IC436M¹7�Ô4?B3@3[Õ036?BAL;>C�MT;~RZÔ\76Ô*;G? O 8T3�`:;�ÕÖ3dJDJL3]` ë � �aî��)7�U>36JLJDAV8TAD3dCZ?T;~8NAV8Nï
MB7[C�M·2\768T2öÕÖY4C*U�MTAL36Cõ36?·U
3d5·Ô4?T;~8T8TAL36CðÕÖY4C\U
MTAL36Cõ36YSMBÔ4YSMBADC4ã

n
K4ADMB8|AV8·U>7[JLJL;GR þ��dü � �XADÕ

MT24;¿K�;G8NM|76JDãd36?BA�MB245 MB3Àé\C\Rö7ÇU
36JLJLAL8TAD3dCðAL8å7ÂK4?TY4MT;
ïwÕÖ36?iU
;¿U>36JLJDAV8TAD3dCð8T;G76?BUi2 #�8NY*Ui2ð76C
7]MNMi76UiÓ|?T;~ñ�Y4AD?B;G8036C�7açd;>?i7[ã6;

Θ(2n/2)
;>ç]76JDY\7[MTAL36C\803[Õ�MT2\;_2\7d8N2$ÕÖY\C\U�MBAD3dC)× !SAD5·ALJL76?TJL= O 7

Ô4?T;GAD5$76ã6; �Ö?B;G8TÔ)×
2nd ïzÔ4?T;GAD5$76ã6; � ?B;G8TAL8NMB76CdM¹2\7d8N2ÈÕÖY4C\U
MTAL36Cµ36?,U>365·Ô4?B;G8B8NAL36CÇÕÖY4C\U�MBAD3dC

`�A�MB2
n
ïwK\A�M_3dYSMTÔ\YSMXAV8_UG7[JLJD;~Rðþ��6ü�� �äADÕäMT24;�K*;~8�M¾7[JLã636?BADMT245 MT3$é\C*RZ7·Ô4?B;>AL5·76ã6; ��?T;~8NÔ)×

2nd ïwÔ\?T;GAD5$7[ãd; � AV8�7ðK4?BYSMT;>ï�ÕÖ3d?BU>;ÂÔ4?T;GAD5$76ã6; �Ö?B;G8TÔ)× 2nd ïzÔ4?B;>AL5$7[ã6; � 8N;~7[?iUi2 #08NY*Ui2 76C
7]MNMi76UiÓ¿?B;Gñ�Y4AL?B;G8:36CÂ7aç6;G?B76ã6;

Θ(2n)
;Gça76JDY*7]MTAL36C*8'3[Õ�MB24;¹2\7d8N2�ÕÖY4C\U
MTAL36C)×

�
	��    � �

� 	��    � �

������� � ��

�
��� ��� ���  � ��� ! � ��� " �

#%$�& ')(�*�+

,.-0/21436587�98:

/;1436587�98:

��<%� � �=

������� >)?)@!
5BA8C�D4A8C

��<%� � �� ��<%� � �! ������� � �! ���E��� � �F

� ����� >)?)@� � ����� >G?)@F

HJILK�M�I 1436NOPNQ:�: ILR N 7�S ILM6T4M6T4RM6T D4A8C

UWVYX ±4Z@± j<²�h0gin~o¹¸6c�hivxvx�mn~f¾¶L}�f�gTº���nGf h Ä�}��ml¼º)¶Lc�nGo t gin~o¹¸6c�hivxvx�mn~f¾¶V}df�gBº��mnGf�v f (i) h�e>gT²¾ºNe>Æ6�mfd´
k �mfd¸�}dº�v_nG¶ n Äd�mº�vIeGf�³À³dhilm�m»ahBc��mf�´�e>f n ½�Äd�mºXn~}6º�¸�}6º�Á m vzºNeGf�³dvX¶LnGcIo¹hivxv�eG´Gh·eGf�³ cv ¶VnGcgN²@e>�mf��mf�´¾»Ge>c���e>Ä�lmh~Á

æxCZ36Y4?¾U
3dC\8NMT?BY\U�MBAD3dC\8F`:;�`�ALJDJ<Y\8T;
t
AVRS;~7[J

n
ïwK\A�M¾U
365·Ô4?B;G8B8TAD3dCÂÕÖY4C\U�MBAD3dC\8_MT3ÂU
36C4ï

8�MB?TY\U
M:7å8N;~U
Y4?B;_U
3d5·Ô4?T;~8T8TAL36C·ÕÖY4C\U
MTAL36C
h
MB2\7]M�U
3d5|Ô\?T;~8T8T;G8

(m + c)n
K4ADMB8�MT3

cn
K4ADMB8G×

�XC4;,AL5|Ô�36?TMB76C�M_768TÔ*;~U�MFMB3¿`�2\7]M_ÕÖ36JLJD3]`F8�ALCÀMB24AL8_Ô\7[Ô�;>?XAL8FMT2\7[M_`:;,?T;~ñ�Y4AD?B;¾MT2\;
t
ADCSï

MT;>?BC\76J�AVRS;G76J�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C\8XMB3�76U
MXALC\RS;>Ô�;>C*RS;>C�MTJL=6×\[äê47dU�MTJL=Â243]` MT24;~8N;|7[?B;
ADC\8NMB76C�MTAV7]MT;~RµAL8¹3dYSMB8TAVRS;·MT24;�8TU>36Ô�;|36ÕrMB24AV8,Ô\76Ô*;G? O K\YSM�ADM,AL8,76CðAD5·Ô�36?TMB7[C�M,AV8T8TY4;$ALC
Ô4?B7dU�MBALU>;6×SæzM_AV8 O 243]`r;Gç6;G? O 7[CÂAV8T8TY4;¾MT2*7]MF2\7d8'K*;G;>CZ76R\RS?T;~8T8T;GR�K*;>ÕÖ36?B;,7[C\R O Y4C\RS;G?�MT2\;



768B8NY45·ÔSMBAD3dCÇMB2\7]M�MT24;$Y4C*RS;>?BJD=@ALC4ãÀK4JL3SUiÓÇU
ALÔ424;G?,AL8,ã63@3SR O `r;¿UG7[Cµ;>CSÕÖ3d?BU>;$ADC*RS;>Ô�;>CSï
RS;>C\U>;X36Õ)MT2\;_ÕÖY4C*R47[5·;>C�Mi7[J�U
3d5|Ô\?T;~8T8TAD3dC·ÕÖY4C\U
MTAL36C\8:K@=·é4êSADC\ã�K4ADMB8'36Õ�MT24;¾Y4C\R4;>?BJD=@ALC4ã
� Ód;>=S8��|MT3ZRSAV8NMTALC\U�M|ça76JDY\;G8$ë � �aî:36?¹K@=µY\8NALC4ãZU>36C\8NMB76CdMi8$ë ��� î0MB3ÇRSALç6;G?B8TA�ÕÖ=ÇMT24; � Ód;>=S8��
Y\8N;~R�ADC�MT24;,U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C)×
�È;,`�ALJLJ�RS;~8TU>?TALK�;¹MT24;åADC\Ô4YSMB8!�Ö?B;G8TÔ)×*36YSMBÔ4YSMB8 � MB3$MT2\;�ALCdMB;>?BC\7[J�U
3d5|Ô�36C\;>C�MXU
3d5|ï

Ô4?T;~8T8TAL36CZÕÖY\C\U�MBAD3dC\8¹768|þ�ÿ��xü>û�ÿ � �äþ�ÿ[ú � ��ý �Ö?B;G8TÔ)×äþ�ÿ��xü>û�ÿ � �0ø � �mú�� ��ý � ×)1'2\;G8T;|76?T;·RSAV8�MBADCSï
ã6Y4AV8N2\;GR$ÕÖ?B365 MB24;¿ü����xü
û�ÿ�� ��þ�ÿ[ú � ��ý�7[C\Rµü����xü
û�ÿ�� �)ø � ��ú � ��ýäMT3åMT24;¾JV7[?Bã6;G?:U>365·Ô4?B;G8B8NAL36C
ÕÖY4C\U�MBAD3dC

h
MT2\7[M¾`:;$7[?B;�MB?T=@ALC4ã�MT3ÂK4Y4ALJLR)×�1'24;

m + c
ALC4Ô4Y4MB8IMT3

h O ;G7dUi2È36Õ n
K\A�Mi8 O

`�ADJLJ�K�;åRS;GC43[MB;GRÂK@=
hm.in

1
O . . . O hm.in

m
O hcv.in

1
O . . . O hcv.in

c

76C\RÂ`r;,R4;>C436MT;¹MB24;
c n

ïzK4ADM
36YSMBÔ4YSMFK4JL3SUiÓ@8'K@=

hcv.out
1

O . . . O hcv.out
c

×
1'24;·ADC�MT;G?TC*7[JäALC4Ô4YSMi8¹`�ADJLJ0K�;¿RS;>?BALç6;GRµ768¹7�JLADC\;G7[?,U>365åK4ADC*7]MTAL36CÈ3[Õ:MT24;$;>ê@MT;>?BC\76J

ADC4Ô\YSMB8rMT3
h O 76C\R$`:;X`�ALJLJ¡R4;>?BADçd;FMT2\;X3dYSMTÔ4Y4MrÕÖ?B365 h

768'7,JLALC4;G76?:U>365�K\ADC\7[MTAL36C¿36Õ)MT2\;
ADC�MT;G?TC*7[J�3dYSMTÔ\YSMB8FÕÖ?T3d5 MB24;

t
AVRS;G76J�U
3d5·Ô4?T;~8T8TAL36C�ÕÖY4C\U�MBAD3dC\8G×�1'2@Y\8 O MB24; kt

ADC\Ô4YSMB8_MT3
MT24;,ALC�MT;G?TC\76J�U
3d5·Ô4?T;~8T8TAL36C�ÕÖY4C\U�MBAD3dC\8

f
(i)
j

�
1 ≤ i ≤ t

7[C\R
1 ≤ j ≤ k � `�ALJDJ�K*;�JDALC4;G76?ÕÖY4C\U�MBAD3dC\8�36Õ�MT2\;¹;
ê@MT;G?TC\76J�ADC\Ô4YSMB8_7[C\R�ÕÖ36?�;~76Ui2�U
365·Ô4?B;G8B8TAD3dC¿ÕÖY4C\U
MTAL36C

f (i) `:;¾2\7aç6;








f
(i)
1×××

f
(i)
k









= Ai · (h
m.in
1 , . . . , hm.in

m , hcv.in
1 , . . . , hcv.in

c )T .

`�24;>?B;
Ai

AV8¹7
(k · n × (m + c) · n)

K4ALC\7[?B=Z5$7]MB?TADê O U
3dC\8NAV8NMTALC4ãÂ3[Õ (n × n)
K\JD3SUiÓS8

`�24ALUi2µ7[?B;,;>ADMT2\;>?¾è>;G?T3¿3d?_MB24;|ALRS;GC�MTADM�=À5·7[MT?BA�ê O U
3d?T?B;G8TÔ*3dC\RSALC4ã·MT3�MT2\;|U>365·Ô4?B;G8B8NAL36C
ÕÖY4C\U�MBAD3dC

f (i) ×ä1�7[Ó6;GCöMT3dã6;>MT24;G? O 8NY*Ui2Í5$7]MB?TAVU
;~8åRS;>é\C4;Â7Ç5·ADêSADC4ãµJV7a=6;>?|7[5·36C\ãZMT2\;
ADC4Ô\YSMB8rMT3åMT2\;

t
U>365·Ô4?B;G8B8NAL36C·ÕÖY4C*U�MTAL36C*8:76C\R¿`:;XUG7[JLJ\MB24AV8�MB24;|þ�ÿ]ú � � � ���6ü>û�×�!@AD5·ALJL76?TJL= O

MT24;Â;
ê@MB;>?BC\7[J'36Y4MTÔ4YSMi8|ÕÖ?T3d5
h
7[?B;�76C�=öJLALC4;G76?·U>365åK4ADC*7]MTAL36CÍ3[Õ_MB24;

t
U>365·Ô4?B;G8B8NAL36C

ÕÖY4C\U�MBAD3dCð36YSMBÔ4YSMB8G×�1'24AV8¹AV8IMT24;Çø � �mú�� � � ���6ü
û¹7[C*RÇÕÖ3d?¾MT24;$;>ê@MT;>?BC\76J�3dYSMTÔ\YSMB8
hcv.out

i�
1 ≤ i ≤ c � `:;¾2\7aç6;







hcv.out
1 ×××

hcv.out
c






= B(f

(1)
out, . . . , f

(t)
out).

`�24;>?B;
B
AV8�7

(c·n×t·n)
K4ALC\7[?B=X5$7[MT?BA�ê O U>36C\8TAV8�MBADC4ã_3[Õ (n×n)

K4JL3SUiÓS8�`�24AVUi2�7[?B;ä;>ADMT24;G?
è>;>?B3�3d?IMT24;|ALR4;>C�MTADM�=À5$7]MT?BADê¡×�1'24AV8IAL8¾ALJLJDY\8NMT?i7]MB;GRÀALC P ALã6Y\?T; � ×	�F36MT;åMT2\7[MI`:;·7[JLJD3]`
MT24;$Ô�3d8B8NALK4ALJDADM�=Ç36Õ'7�ÕÖ;G;GR@ÕÖ3d?T`'7[?iRÇ36Õ�MB24;¿;
ê@MB;>?BC\7[JäALC4Ô4YSMi8 �]ûBø �Sÿ �åMB24;�U>365·Ô4?B;G8B8NAL36C
ÕÖY4C\U�MBAD3dC\8G× �È;$76U
MTY\76JDJL=ÀALã6C43d?T;åMT24AV8IÕÖ;G7[MTY4?B;|ADCÈMT24;·?B;>5$7[ALC\RS;G?¾3[Õ�MB24;·Ô\7[Ô�;>? O 8NALC\U>;
`r;F3dK\8T;>?Bç6;:MT2\7[M�ALC\U
3d?TÔ�36?i7]MBADC4ã¹7¾ÕÖ;G;GR@ÕÖ3d?T`'7[?iR|76U>U>36?iRSALC4ãIMT3 P ALã6Y4?B; � RS3@;G8�C43[Mr24;>JLÔ
Ô4?T;Gç6;GCdM'MB24;,7]MTMB76UiÓS8:`:;¾U>36C\8TAVRS;>?�ALC�MT24AV8'Ô\7[Ô�;>?~×
�È;,76JL8T3å?B;GUG7[JLJ¡MT24;¾;~8�Mi7[K4JLAL8T24;~R�Õ�7dU�M¹ë ���SO ì��~î�MT2\7[M
� ×>×G×T7[Ô\Ô4JD=@ALC4ãÈ76C@=ð8TAL5|Ô\JD; �ÖALC K�3[MB2 RSAL?B;GU�MBAD3dC\8 � ALC�çd;>?TMTALK4JL;�MB?B76C\8�ÕÖ3d?T5$7[MTAL36C
MT3$MB24;,ALC4Ô4YSMI7[C\R�MT3¿MT24;,3dYSMTÔ\YSM_3[Õ�MT2\;,2\768T2Â?T3dY4C\R�ÕÖY4C\U
MTAL36CÀ=@AL;>JVR48_7·C4;G`
2\768T2�?T3dY4C\R�ÕÖY4C\U�MBAD3dCÂ`�A�MB2�MB24;,8B7[5·;¹8N;~U
Y4?BA�M�=�768:MT2\;¹36?BADãdADC\76J¡36C4;d×
�

�È;$76UGU
;GÔSMXMB2\7]M¹8TY\Ui2ÇALC@ç6;>?TMTALK4JL;,MB?B76C\8�ÕÖ3d?T5$7[MTAL36C\8X5$7a=�`:;>JLJ<K*;$76Ô4Ô4JLAD;~RÀMT3�MT2\;|;>ê@ï
MT;>?BC\76J*ALC4Ô4YSMi8'7[C\R$3dYSMTÔ\YSMB8r3[Õ

h
K�;
ÕÖ36?B;FMB24;_ALC4Ô4Y4M'JV7a=6;G?�7[C*R¿7]Õ�MB;>?rMT24;I36YSMBÔ4YSM'JL7a=d;>?~×

�rY4M_8NALC\U
;IMB24;>=�U>7[C�2\7açd;IC\3·U>?T=@ÔSMi7[C\76JD=�MBALUX;��¡;GU
MF`r;¹ALã6C43d?T;XMT2\;>5Â×



P ALC\76JDJL= O `:;X;G5·Ô42\768TALè>;IMT2\7[M�`r;¾2\7açd;X?B;G8NMT?BALU
MT;~R¿36Y\?B8T;>JLç6;~80MB3|Ô*7[?i7[JLJD;GJ¡U>36C\8NMT?BY\U
ï
MTAL36C\8ä`�2\;>?B;:`:;FU
3d5·Ô4YSMT;

f
(i)
out

768�7XJLALC4;G76?0U
365åK4ALC\7]MBAD3dCå36Õ*MB24;�;
ê@MT;G?TC*7[J4ALC4Ô4YSMi8>×d1'24AL8
AL8·7ÈC\7]MBY4?B76J'JDAL5·A�Mi7]MTAL36C MT2*7]M·;>C\U>365·Ô\768B8T;G8å5|3�8�M$Ô4?B;>ç@AL36Y\8TJL=µ;~8�Mi7[K4JLAV8N24;~RÍ8BUi24;>5·;~8
7[C\Rð3��;G?B8�36K@ç@AD3dY\8¹Ô�;>?TÕÖ36?B5·76C\U
;$K�;>C\;
é4Mi8�ALC 2\76?BRS`'7[?B;·AD5·Ô4JL;>5·;GCdMi7]MBAD3dC)× �µ;�76JL8T3
C43[MB;ÂMT2\7[M$MT24;Ç8NMT?BY\U
MTY4?i7[J�3dK\8N;G?Tç]7[MTAL36C\8|3[Õ��d36YSê ë � ì~î O ò_;~7[C ë �[î O 7[C\R �¾;>JV8T;>=Í76C\R
!SUi24C4;GAD;G?Xë ��� î O RS3�C436Mr?B;>JV7]MB;FMT3�MT24;XMB7d8NÓ|3[Õ)K\Y4ADJVRSALC4ã·7,JV7[?Bã6;>?rU
365·Ô4?B;G8B8TAD3dC·ÕÖY4C\U�MBAD3dC
ÕÖ?T3d5 7ÇJV7a=6;G?å36Õ_Ô\7[?i7[JLJL;>J'U
365·Ô4?B;G8B8TAD3dCöÕÖY4C\U
MTAL36C\8 O K4YSM$36C4JL=ðMT3ÈMT2\;�Y*8NY\76J�WÀ;>?BÓ@JD;>ï
òX765|ã�ó[?iR¿ADMT;G?B7[MTAL36C�3[Õ�MT24;¾é\C*7[J)U
3d5·Ô4?T;~8T8TAL36C¿ÕÖY\C\U�MBAD3dC�MB2\7]MF?B;G8TY4JDMB8G×

� �$áNÜ��dÛ��	�
��2)Ü�� .�ÛSáNÝ�Ú�

�XY4?¹5·3@R4;>JäÕÖ3d?,U
365åK4ALC4ADC\ã�U>365·Ô4?B;G8B8NAL36CÇÕÖY4C\U�MBAD3dC\8¹AV8¹K�3[MT2ðC\7[MTY4?i7[Jä76C\RµÔ*3]`:;>?TÕÖY4Jw×
1�3·ALJDJLY\8NMT?i7]MT;¹`:;¾5·ADãd2dM_U>36C\8TAVRS;>?�8T365·;¾3[Õ�MT24;¹5·36?B;¾Ô4?B365·ADC\;>C�M�K4JD3SUiÓ�U>ADÔ\24;>?TïwK*768T;GR
U
365·Ô4?B;G8B8TAD3dC$ÕÖY4C\U
MTAL36C\8 O 7[C\R �FÔ4Ô�;>C*RSA�ê � 8T243]`F8:243]` MB24;¹U
365·Ô4?B;G8B8TAD3dC$ÕÖY4C\U
MTAL36C�3[Õ
WZò â ï�ì,é4MB8'3dY4?:ÕÖ?B765|;G`r3d?TÓ·`�ADMT2�Ô\7[?i7[5·;>MT;>?i8

c = 2 O t = 2 O k = 2 O 76C\R m = 1
�ÖMT24;

M�`r3µADC�MB;>?BC\7[J�U
3d5·Ô4?T;~8T8TAL36CöÕÖY4C*U�MTAL36C*8·K*;GADC4ãöWZ7[M�=d7d8�ïxWÀ;>=d;>?Tï��I8T;G7d8¹U
3dC\8�MB?TY*U�MTAL36C*8 �
O
`�24ADJL;¹MB24;,8TUi2\;>5·;G8�Ô\?T3dÔ*3�8N;~R�K@= �_7[C*RSArü�� � ����ë ì��aî�2*7aç6;

(c, t, k, m)
Ô\76?B765|;>MT;G?F8N;>MB8

(2, 3, 2, 1)
76C\R

(2, 3, 3, 2)
× �_MB24;>?å8TUi24;G5·;G8¾`�ADMT2ö7[Ô4Ô\?T3dÔ4?TAV7]MB;·Ô\7[?i7[5·;
MB;>?i8¾7[?B;|Ô\?T36ï

ç�AVRS;~R�K�;>JL3]`¹×
�X7[5·;

c t k m � û �Bú � �]ÿ�� � �aý�þVý* �����
2

ë �aî ì ì ì � ë � ìaî
� "���� ë ��� î ì ì ì ì ë ��� î� "$#%�
�&��'(�)� * ë � � î ì ì � � ï

� ��# ���������	����* ë ì � î ì ì ì ì ë ��� î
EFAL?B3d8T;XÕ�765·ADJL= ë � � î ì ì � � ï

�_76C\RSArü�� � ���
N1

ë ì��aî ì � ì � ë � �aî
�_76C\RSArü�� � ���

N2
ë ì��aî ì � � ì ë � �aî

�)ALÓ6;$3[MB24;>?|U
3d5|Ô\?T;~8T8TAD3dCµÕÖY4C\U�MBAD3dCSïzK\768T;GRð`:36?BÓ O `r;�U
3]ç6;G?,ALC\8�Mi7[C\U>;G8�`�24;>?B;$MT2\;
Y4C\RS;G?TJL=@ADC4ãöK\JD3SUiÓ U>ADÔ\24;>?�2\768¿R4A��¡;>?B;>C�M¿K4JL3SUiÓõ76C\RõÓ6;>= JD;GC4ã[MB2\8G×rEF3]`:;>çd;>? O Y4C4JLADÓd;
5·76C@=åÔ4?B;>ç@AL36Y\8�U
36C*8�MB?TY\U
MTAL36C\8 O `:;_U
3dC\8TALRS;G?0Y\8TADC\ã t

ADC�MT;G?TC*7[J\U>365·Ô4?B;G8B8NAL36C|ÕÖY4C\U
MTAL36C\8
MT3ÂRS;>?BADçd;

c
K\JD3SUiÓS8_36Õ�36Y4MTÔ4YSM¾`�ADMT2

t ≥ c
×�1'2\AL8¾7[JLJL3]`F8FY\8XMT3�5$7[Ód;å7$ÕÖY\C\R47[5·;GCdMi7[J

RSAL8NMTALC\U
MTAL36CÂK*;>M�`r;G;>C�Ô4?B;>ç@AD3dY\8'`:36?BÓ¿7[C\R�MT2\7[MFÔ4?B;G8T;>C�MT;~R�ALC�MT24AV8�Ô\76Ô*;G?G×
�È;ÂAVRS;>C�MTADÕÖ= MB24;À8NALè>;Â36ÕXMB24;Â36YSMBÔ4YSM�Ui2\76ADC4ALC4ãµç]7[?BAL76K4JD;�MT2*7]M¿AV8·?T;~ñdY\AD?B;GR O 76C\R

24;>C\U>;¾MT24;¹C@Y45åK*;G?F3[Õ<36Y4MTÔ4YSMXK4JD3SUiÓS8
c
×\1'2\;>C O K@=�U
36C*8NAVRS;>?BALC4ã·;G8NMB7[K\JDAV8N2\;GR�7]MNMi76UiÓS8 O

`r;¹76Ui2\AD;Gç6;_K�36Y\C\R48'36C
t
MB2\7]MFãdADçd;XY*8:MT24;¾5·ADC\AD5åY45 C@Y45åK*;G?:36Õ�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U�ï

MTAL36C\8�?T;~ñdY\AD?B;GRåMT3|76Ui24AL;>çd;'MT24;XRS;G8TAD?B;GR$8T;GU>Y4?BA�M�=åJD;Gç6;>Jw×��µ;X7dUi24AL;>ç6;'MB24AV80K@=|7�8NY4ADMB76K4JL;
7[C\76JD=S8TAL8:3[Õ�MT24;¿ø � �mú�� � � ���6ü
û�×(�XY\?�ã63d76J¡AL8:MB3·R4;>?BADçd;I8BUi24;>5·;~8�MB2\7]MF3��;G?�7[C�36ÔSMBAD5$7[J
JD;Gç6;>J�36ÕI8T;GU>Y4?TADM�=ö3[Õ

2nc `:36?BÓö;��¡36?TM|ÕÖ36?$Ô4?B;>AL5$7[ã6;Â7]MTMB7dUiÓ@8|7[C*R 2
nc

2

ÕÖ3d?¿U
3dJDJLAL8TAL36C
7]MNMi76UiÓS8G×¡1'2\AL8IC4AVU
;GJD=ÇU>365·Ô4JL;>5·;>C�Mi8IMT24;·`:36?BÓ�36Õ �¾C@Y\R48T;>Cµ7[C\RÈ90?B;>C4;G;>J�ë � í O�� ô O � �aî O
`�24;>?B;_MB24;¹8N;~U
Y4?BADM�=$3[Õ�Ô�3[MB;>C�MTAV7[JLJL=¿C436C4ïw3dÔSMTAL5$7[J�U
3dC\8�MB?TY*U�MTAL36C*8�AV8�7[C\76JD=S8T;GR$ç@AV7·U
36C4ï
8NAVRS;>?i7]MBAD3dC�36Õ�MB24;$þ�ÿ]ú�� � � ���6ü
û�×

P AL?i8�M O `:;,36K\8T;>?Bç6;¾MB24;¹ÕÖ3dJDJL3]`�ADC\ã�8N;G?TAL;G8F3[ÕäAD5·Ô4JLAVU>7]MBAD3dC\8G×�HIALç6;>CÈ7¿8N;>M_3[ÕäÔ\76?B765|ï
;
MT;G?B8

(c, t, k, m)
ÕÖ3d?¾8T365·;$U
3dC\8NMT?BY\U�MBAD3dC O `r;|Y\8T; (c, t, k, m) ∈ S

MT3ÀRS;>C\3[MT;åMT2*7]M,7



U
36C*8�MB?TY\U
MTAL36C�`�A�MB2ÀALR4;G7[J)U>36JLJDAV8TAD3dC�?B;G8TAL8NMB76C\U
;¾`�ADMT2ÂMB24;G8T;¹Ô\7[?i7[5·;>MT;>?i8:;
êSAV8�Mi8F7[C\R�`:;
Y\8N;

(c, t, k, m) 6∈ S
MB3µRS;GC43[MB;�MB24;�Õ�76U�M·MB2\7]M·C43ð8NY\Ui2õ8TUi2\;>5·;�UG7[C ;
êSAL8NM|ÕÖ36?|MT24AV8

Ô\7[?i7[5·;
MB;>?�8T;
MG×
����������	�
����Î���Ñ����'þ �]ü
ÿ

c � t � k � �]ÿ � m
� � �

≥ 1 ��� ü ��� �aü � �\ü �
ø � �Dø � þ�ÿ
	 �
ø �Sûåý>ü ��ýø �:ú��]þ�û � þVý>ü·ü�� �Sþ � � �Dü>ÿ��:þ�ù_ú �mþ�÷�� �wþ�ø]ÿ\ý��

(c, t, k, m) 6∈ S ⇒ (c, t, k, m + 1) 6∈ S (c, t, k, m + 1) ∈ S ⇒ (c, t, k, m) ∈ S

(c, t, k, m) ∈ S ⇒ (c, t, k + 1, m) ∈ S (c, t, k + 1, m) 6∈ S ⇒ (c, t, k, m) 6∈ S

(c, t, k, m) ∈ S ⇒ (c, t + 1, k, m) ∈ S (c, t + 1, k, m) 6∈ S ⇒ (c, t, k, m) 6∈ S

(c, t, k, m) 6∈ S ⇒ (c + 1, t, k, m) 6∈ S (c + 1, t, k, m) ∈ S ⇒ (c, t, k, m) ∈ S.
����Ñ���� ��	!
"����Î#�rÒ"!@Y4Ô4Ô�3d8T;ÀMT2*7]M$MT2\;>?B;Z;
êSAV8�Mi8¿7ö8N;~U
Y4?B;ZRS;~8NALã6C `�ADMT2 Ô\76?B765|;>MT;G?¿8N;>M
(c, t, k, m)

×)æzÕ'`:;|?B;>Ô\JL7dU
;|36C4;·5·;G8B8T76ã6;|K4JL3@UiÓÇK�=È7ÀU
36C*8�Mi7[C�MXMB24;>Cð`:;$8�MBADJLJ02\7açd;|7
8N;~U
Y4?B;X8BUi24;>5·;d×@1'2@Y\8rMB24;_é*?B8NM:AL5·Ô4JLALUG7]MTAL36C*8r76?T;_MT?BY4;6×@æzÕ�`:;XUG7[C�Y\8N;I36C\;I7dR4RSADMTAL36C\76J
ADC4Ô\YSM_ÕÖ3d?F;>çd;>?B=¿ADC\C4;>?IU
365·Ô4?B;G8B8TAD3dC�ÕÖY4C*U�MTAL36C O MT2\;>CÀ`:;�U>76C�Y*8N;¹MB24;>5 8T3·MT2\7[M_C436C\;
2\768:7[C@=|ADC � Y4;>C\U>;X3]çd;>?�MT24;X36YSMBÔ4YSMG×S1'2@Y\8 O MT24;I8N;~U
36C*R¿8N;>Mr36Õ�AD5·Ô4JLAVU>7]MBAD3dC\8:7[?B;�MT?BY4;6×
æzÕ�`:;�2\7aç6;�76C|7dR4RSADMTAL36C\76J\U
3d5|Ô\?T;~8T8TAD3dC,ÕÖY4C*U�MTAL36C O `r;FUG7[C·8�MBADJLJ\K\Y4ADJVR·7¹8N;~U
Y4?B;�8TUi2\;>5·;
K�=È8NAL5·Ô4JD=ÇADãdC436?BADC\ã�ADMG×)1'2@Y\8IMB24;·MT24AL?iRÈ8T;
M¹3[Õ:AD5·Ô4JLAVU>7]MBAD3dC\8¾AV8IMT?BY4;6×)1'24;|é\C*7[JäAL5åï
Ô4JDAVU>7[MTAL36C\8_?T; � ;GU
MFMT2\;�C\7[MTY4?i7[J�U
36C%$�;GU�MBY4?B;¹MT2\7[MIU>36C\8NMT?BY\U�MBADC\ã¿7[CÀAVRS;G76J�U>365·Ô4?B;G8B8NAL36C
ÕÖY4C\U�MBAD3dCð3[Õ'36YSMBÔ4YSM�8TADèG;

c + 1
K4JL3SUiÓS8¾AL8¾2\76?BR4;>?¾MT2*7[CöU
3dC\8�MB?TY*U�MTALC4ãÀ7[CµAVRS;G76J�U
3d5åï

Ô4?T;~8T8TAL36C¿ÕÖY\C\U�MBAD3dC�36Õ�3dYSMTÔ\YSM_8NALè>;
c
K4JL3SUiÓ@8G×

ut
1'24;X76K*3]çd;_AL5|Ô\JDAVU>7[MTAL36C\8:7[?B;_8TAD5·Ô4JL;XK\YSM�Y\8N;>ÕÖY4Jw× P 36?'WZò â ïxì¹MT24;¾U
3d?T?B;G8TÔ*3dC\RSALC4ã

Ô\7[?i7[5·;
MB;>?¹8T;
M¹AL8
(2, 2, 2, 1)

#�7ÂRS3dY4K4JL;|K\JD3SUiÓ�ïwJL;>C\ã[MT2µU
3dC\8�MB?TY*U�MTAL36CµY\8TADC\ã�M�`:3ÀU
365|ï
Ô4?T;~8T8TAL36CXÕÖY4C\U�MBAD3dC\8 O ;G7dUi2IMB7[Ó@ALC4ã'M�`:3�;Gñ�Y\7[JDïx8NALè>;~R_ALC4Ô4YSMi8 ��Ó6;G=X7[C*RX5·;~8T8B7[ãd; � 7[C*RXÔ\?T36ï
U
;G8B8TADC4ã'3dC4;05·;G8B8T76ã6;�K4JL3@UiÓI7]M�;~76Ui2IA�MB;>?i7]MBAD3dC)×��_8�8N2\3]`�CXALC !@;GU
MTAL36C �\O (2, 2, 2, 1) 6∈ S

×
&0;
M O MT24;G?T;�2*768<K�;>;>C$5åY\Ui2·;��¡36?TM0ADC·K4Y\ADJVRSALC4ã,8TUi2\;>5·;G8ä`�ADMT2$7¾K�;
MTMT;>?r?B7[MT; O þ ��ü ��2\7d8N24ï
ADC4ãX5·36?B;0MT2*7[C,3dC4;�5·;G8B8B7[ã6;r7]M<;G76Ui2¹ADMT;G?B7[MTAL36C O ÕÖ36?�`�24AVUi2,36C\;rU
3d?T?B;G8TÔ�36C\RSALC4ã�Ô\76?B765|ï
;
MT;G?I8T;
M¾`:36Y4JVRÀK�;

(2, 2, 2, 2)
×(�rY4MI`:;�2\7açd;¹MT2*7]M

(2, 2, 2, 1) 6∈ S ⇒ (2, 2, 2, 2) 6∈ S7[C\R�8NY*Ui2�; ��3d?NMi8�U>76C4C43[MF8TY\U>U>;>;~R"']×

( ) 2�Ú32�Ü\áNà+*öÛ@Û
.<à-, �
æxC$MT24AV8:8N;~U�MTAL36C�`r;IU
36C*8NAVRS;>?0M�`r3|7]MNMi76UiÓS8<MB2\7]M'2\7aç6;�K�;>;GC�Y\8T;GR¿ADC$MB24;_JLADMT;>?i7]MBY4?B;6× �:=
ã6;>C\;>?i7[JLAL8TADC\ã'MT24;~8N;:7]MNMi76UiÓS8)`:;r76?T;r7[K4JL;0MB3_5$7[Ód;�8�Mi7]MB;>5·;>C�MB8�7[K�36Y4M�MT2\;�AL5|Ô�3d8B8TADK4ALJLA�M�=
3[Õ�U
;G?NMi7[ALC�U
3dC\8NMT?BY\U�MBAD3dC\8>×�WÀ36?B;FAL5·Ô*3d?NMi7[C�MTJL= O `r;X;
ê@MT?i76U
M:U>?TADMT;G?TAV7¾ÕÖ36?rMT2\;X8TY\U>U>;G8B8�ÕÖY4J
RS;G8TADãdC�36Õ<7·U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U�MBAD3dCÂ`�A�MB2Â76C�ALC�MT;GC\RS;GR�JL;>çd;>J�3[Õä8T;GU
Y\?TADM�=6×

.0/ � 12���3
"	345� Ê6��7�Î)Ð�Ò&�08
1'24;Àé\?i8�M�ã6;>C\;>?BALUZ7[MNMi76UiÓ R4;>Ô�;>C\R48�36C `�2*7]M�`:;ÀMT;G?T5 MT2\;ÇC@Y45�K�;>?�3[Õ �6ü 	6ûTüiü�ýÈø �
�iûTüiüQ�dø]ù|×¡æzMX?B;G8T;>5�K\JD;~8�MT2\;åU
JV768B8TALU,R4ADç@AVRS;
ïx7[C\RSïzU>36C\ñ�Y4;G?_8�MB?B7[MT;Gã6=�ÕÖ?T3d5 36MT24;G?IU>?T=@ÔSMTï
7[C\76JD=�MTAVU�é*;>JVR48r76C\R�UG7[C¿K�;¾7[Ô4Ô4JLAL;GR$MB3�5$7[C@=·Ô4?B36Ô�3d8B7[JV8>×�1'24;_AVRS;~7�AV80MB3�AV8N3dJL7[MT; O 76C\R
9 j�nåe
»~n~��³�e>f]y$gin~f6¶V}dvx��nGf�Ã�hIhio¹¸d²@e>vx�;:BhXº�²@e
º:º�²dhI³6n~}�ÄdlmhIÄ�lmn]gNÆ]½�lmhifd´Gº�²¿ginGf�vzºxc�}�gTº���nGf�n>¶
� �¼c�n~vxh=<?>A@�B�²�eGv�¸@e>cNe>o¹hBº�hBc�vxhBº (2, 3, 2, 1) vx�mf�gihF�¼º�}�vxhiv�e¾Ädl�n]gNÆ�gi�m¸�²�hTc�Ã0�¼º�²$e¾Æ~hBy,º�²@e>º�mv0º�Ã0�mgih�º�²�h'Ädl�n]gNÆ,vx�?:ih~Á



7]MNMi76UiÓ O 7FJDALC4;G76?�U>365�K\ADC\7[MTAL36C¾3[ÕSMB24;�3dYSMTÔ\YSM�K4JL3SUiÓS8)K4YSM�MT3FÓd;>;GÔ,7]M�JL;G7d8�M�36C4;0;>ê@MT;>?BC\76J
ADC4Ô\YSMXK4JL3SUiÓ�ÕÖ?B;>;¾ÕÖ?B365 U
3dC\RSADMTAL36C\8G×*1'2\;>C O MT24;�ÕÖ?T;G;,ADC\Ô4YSMXUG7[CÀK�;åRS;>MT;>?B5·ADC\;GRÀ8T;>Ô\7[ï
?B7[MT;>JL=¿7]M'MB24;¾;>C\R�3[Õ�MT24;¹7]MTMB7dUiÓ�×��:MTMB7dUiÓ@8:3dC�WZò â ï

2
Ô4?B3]ç@ALR4;I7åã63@3SR¿;>êS765·Ô4JD;·ë � ì~î

7[C\Rð7[Cð;~ñdY\ADç]7[JL;>C�M,?B;>Ô4?B;G8T;>C�Mi7]MTAL36CÈ3[Õ�WZò â ï
2
AV8¹Ô4?B3]ç@ALRS;~RÇALC P ADãdY4?T; � ×�1�3Âé*C\Rð7

Ô4?T;GAD5$76ã6; O 3dC4;|UG7[Cð7]MTMB76UiÓÂMB24;|M�`r3�K4?i7[C\Ui2\;G8IADC*RS;>Ô�;>C\R4;>C�MTJL=6× P ALC\RSALC4ãÀ7�Ô\?T;GAD5$7[ãd;
ÕÖ36?�36C\;¹K4?B76C\Ui2�`�ADJLJ�é4ê�M�`r3·ALC4Ô4YSMi8'MT3·MB24;¹3]ç6;G?B76JDJ�U
3d5·Ô4?T;~8T8TAL36C¿ÕÖY\C\U�MBAD3dCZ7[C\R�8NALC\U>;
`r;¾2\7açd;XMB24?B;>;¾;
ê@MT;G?TC*7[J�ALC4Ô4YSMi8

M O H1
O 76C\R H2

MB24;>?B;¹?T;G5$7[ALC\8:36C4;¹;>ê�MB;>?BC\7[J¡ALC4Ô4YSM
ÕÖ?T;G; O þ ��ü �¡3dC4;�RS;Gã6?B;>;,36ÕäÕÖ?T;G;GRS3d5Â×*1'2@Y\8 O `:;�U>76CZALC\RS;>Ô�;>C*RS;>C�MTJL=ÂY\8T;,MT2\;,ÕÖ?B;>;,ALC4Ô4YSM
MT3¿3dKSMB76ADCÇ7¿Ô4?T;GAD5$76ã6;¾ÕÖ36?_MT24;å3[MB24;>?XK4?B76C\Ui2ÀK@=�K\?TYSMB;¹ÕÖ36?iU
;d×*1'24;|7]MTMB76UiÓ�2\768_`r3d?TÓ
;��¡36?TM_Ô4?B36Ô�36?TMTAL36C\76J�MT3

2n 36Ô�;>?i7]MTAL36C*8�ADC*8�MB;G76RÂ36ÕäMT24;�ADC�MT;GC\RS;~R 22n × �+U
36JLJLAL8TAD3dCÀ7]MNï
MB76UiÓÇ`r3d?TÓS8IADCö7ÀU>36?B?T;~8NÔ�36C\R4ADC4ã�`'7a=6× â 36C\8TAVRS;>?i7]MBAD3dCÇ3[Õ:MT2\AL8,7[MNMi76UiÓZãdADçd;G8¹8T365·;·3[Õ
MT24;¹K�36Y4C*R48�ALCÈë � í O � ô O � �aîz× �È;¹Y\8T;¹ADM_7[ãd76ADC�24;>?B;6×

.0/�� 12���3
"	345� Ê6��7�Î)Ð�Ò&*����

1'24;Z8N;~U
3dC\R 7[MNMi76UiÓ Y\8T;G8Âù � � �wþ��N÷iø � �mþVý�þ�ø]ÿ\ý·76C\R ù � � ��þ��Lú¡ûTü
þ�ù���	�ü
ý|7[C*R AV8$RS;~8TU>?TALK*;~R
ADC ë � í O � �~îw× !@AL5|ALJV7[?åU>36C\8TAVRS;>?i7]MBAD3dC\8¹`:;>?B;$Y\8N;~RðADC 7ZRSA ��;G?T;GCdM|`:7a=ÈADC ë � �]îw× P 3d?,MT2\;
7]MNMi76UiÓ|MT3|K�;¾8TY\UGU
;G8B8NÕÖY4J O MT2\;¾U>365·Ô4?B;G8B8NAL36C·ÕÖY\C\U�MBAD3dC�5åY\8�M�8B7]MTAV8NÕÖ=¿8N;Gç6;>?i7[J�8�MB?TY*U�MTY\?B76J
U
36C*RSA�MBAD3dC\8G× P AL?B8NM O MT24;·7]MTMB7dUiÓ6;>?_ALRS;GC�MTADé\;G8¾7¿JLALC4;G76?XU
3d5�K4ALC\7[MTAL36C Z

3[ÕäMB24;å;>ê@MT;>?BC\76J
36YSMBÔ4YSMB8�3[Õ

h
MT2\7[M�RS;>Ô�;>C*R48�3dC 7ðC436C4ïw;G5|Ô4M�=õ8T;
M

GZ
3[Õ,U>365·Ô4?B;G8B8NAL36CõÕÖY4C\U
MTAL36C\8

{f (i)}
× �F;>ê@M O MT24;À7[MNMB7dUiÓ6;G?åAVRS;>C�MBA�é\;~8åM�`r3µ;
ê@MT;G?TC*7[J:ADC4Ô\YSM$K4JD3SUiÓS8 X

7[C*R
Y
×01'24;

;
ê@MT;G?TC\76J�ADC\Ô4YSM
X

8N2\36Y4JVRÍALC � Y\;>C\U>;ÂMT24;ÀALC�MT;>?BC\76JFADC\Ô4YSMB8$MT3ö7ö8NY\K\8N;>M
GX

3[ÕIMT2\;
U
365·Ô4?B;G8B8TAD3dC$ÕÖY4C\U
MTAL36C\8:ALC

GZ
×�!@AL5|ALJV7[?BJD=·MB24;¾;
ê@MT;G?TC\76J¡ADC4Ô\YSM�K4JD3SUiÓ

Y
8N2\36Y4JVR¿ALC � YSï

;>C\U>;_MB24;¾ADC�MT;G?TC*7[J�ADC4Ô\YSMB8:MB3|7|8NY\K\8N;>M O GY
O 36Õ)MT2\;¾U>365·Ô4?B;G8B8NAL36C¿ÕÖY4C\U�MBAD3dC\8:ADC GZ

×SæzM
AL8äAL5·Ô*3d?NMi7[C�MäMT3¹AVRS;GCdMBA�ÕÖ=

X
7[C\R

Y
��76C\R·24;>C*U
;

GX
76C\R

GY
� 8T3¾MT2\7[M GX ∩GY = ∅

×
�È;FC\3]` R4;G8BU
?BADK�;�MT2\;X7]MTMB7dUiÓåALC·MT;G?T5$8036Õ�é\C\RSALC4ã,Ô\?T;GAD5$7[ãd;G8G×61'24;I7]MNMi76UiÓd;>?<é4êS;G8

ça76JDY\;G8rMT3$7[JLJ�MT24;¾;>ê�MB;>?BC\7[J¡ALC4Ô4YSM�K4JL3SUiÓS8r;>ê4U
;>Ô4M:MB24;¾Ô4?B;>ç@AD3dY\8TJD=·AVRS;>C�MTADé\;~R�ALC4Ô4YSMi8
X7[C\R

Y
×�1'24;GC O ;G76Ui2Àç]76JDY4;å3[Õ X

��?T;~8NÔ)×
Y � AL8XY\8T;GRÂMB3¿ã6;GC4;>?i7]MB;�7[CÀALC�MT;>?BC\76J�3dYSMTÔ4Y4Mça76JDY\;�ÕÖ36?r;G76Ui2

f (i) ALC GX
��?T;~8NÔ)×

GY
� ×�1'2@Y\8 O MB24;X7[MNMB7dUiÓ6;G?ä;��¡;GU�MBADçd;>JL=|U>365·Ô4ALJD;~8äM�`:3

JDAV8�Mi8
LX

7[C\R
LY

;G7dUi2ÂU>36C�MB76ADC\ADC4ã
2n ;GJD;G5·;>C�MB8�`�2\;>?B; O ÕÖ3d?F;>çd;>?B=¿Ô*3�8T8TALK4JD;�ça76JDY\;¹3[Õ

X
7[C*R

Y O 76JDJ�MT2\;IALC�MT;G?TC\76J¡36YSMBÔ4YSMB8'36Õ)MT2\;¾8T;
M'3[Õ {f (i)}
ALC

GX
7[C\R

GY
76?T;¾8NMT36?B;GR)×

�_8TADC4ã �µ76ã6C4;G?�� 8:MT;~Ui24C4AVñdY\;¿ë � �aî�MB24;G8T;¹M�`:3$JDAV8NMB8_UG7[CÂK�; $�36ALC4;GRÂALC
2n 3dÔ*;G?B7[MTAL36C\8:MB3

36KSMi7[ALC 7ÇMT24AL?BRÍJDAV8NM
LZ

MT2\7[M$U>36C�MB76ADC*8å76JDJ
(X, Y )

�Ö`�ADMT2
X ∈ LX

76C\R
Y ∈ LY

�
=�AL;>JVRSALC4ã·MT2\;¾MB7[?Bã6;>M�AD5$7[ãd;IÕÖ36?'MT2\;¹;
ê@MT;G?TC\76J�36YSMBÔ4YSMFK4JL3SUiÓ¡× !@ALC\U
;

LX
7[C\R

LY
K�3[MB2

2\7aç6;¾7[JL5·3d8NM
2n ;GJD;G5·;>C�MB8 O `r;¾;>ê@Ô�;GU
M LZ

MB3$U
36C�Mi7[ALC�76JD5·3d8NM
2n ;>JL;>5·;>C�MB8G×

�:M¹MT24AV8�8NMB76ã6;·`r;$2*7aç6;|ÕÖ36Y4C*R
2n Ô4?T;GAD5$76ã6;G8IMB3À36C4;$;>ê@MT;>?BC\76J036YSMBÔ4YSM,K4JL3SUiÓÈ7[M

7ÇU
3�8�M|Ô4?B36Ô�36?TMTAL36C\76J0MT3
2n 3dÔ*;G?B7[MTAL36C\8G×�æzÕ

h
2\7d8

c
36YSMBÔ4YSM·K4JD3SUiÓS8 O MB24;>CÍ76CÍ;GCdMB?T=

ADCÇMT24;åJDAV8�M
Lz

`�ALJDJ�ã6ALç6;|7¿ã63@3SRÂÔ4?B;>AL5$7[ã6;,ÕÖ36?�� � �
c
;
ê@MT;G?TC*7[J�3dYSMTÔ\YSMIK\JD3SUiÓS8_`�ADMT2È7

Ô4?T3dK\7[K\ADJLA�M�=Ç3[Õ
2−(c−1)n ×�1'2@Y\8 O `r;$?B;>Ô�;G7[MIMB24AV8,Ô4?B3SU
;GR4Y4?T;|ÕÖ3d? 2(c−2)n 7[JLJD3SUG7]MTAL36C*8

3[Õ�MB24;
m + c − 2

ALC4Ô4Y4M¾ç]76?TAV7[K4JL;G8IRSAV8�MBADC*U�M¹ÕÖ?B365
x
7[C\R

y
ALCÇ36?iRS;G?_MB3�é*C\RÈ7�ç]7[JLALR

Ô4?T;GAD5$76ã6;�`�ADMT2µ7�Ô\?T3dK\7[K4ALJLA�M�=ÀU
JL3d8T;,MB3
1
×�1'24;|7[MNMi76UiÓÂ?T;~ñ�Y4AD?B;G8

2(c−1)·n 36Ô�;>?i7]MTAL36C*8
ADC\8NMT;~76R�3[Õ

2c·n ADC�MT2\;IAVRS;~7[J�UG768T;6×S1'24;,U
3dJDJLAV8NAL36CÂ7]MTMB76UiÓ$`:36?BÓS8:ADCÀ7·8NAL5·ADJV7[?'Õ�7d8N2\AD3dC)×



� � 2�à�ßFÜ\á�Û����ÈÜ\á�Û
2)Ü\á�.

1'24;¿U
3d5|Ô\?T;~8T8TAD3dCÇÕÖY\C\U�MBAD3dC
h
MT2\7[M�`r;·`�AV8N2µMB3ÀK4Y4ALJLRµMi7[Ó6;~8

m + c
;
ê@MT;G?TC*7[JäALC4Ô4YSM

K4JD3SUiÓS8�76C\R·;G7dUi2·ADC�MT;G?TC*7[J*U>365·Ô4?B;G8B8NAL36C|ÕÖY4C*U�MTAL36C
f (i) Mi7[Ó6;~8 k

ALC�MT;>?BC\76J\ALC4Ô4YSM:K4JD3SUiÓS8 O
RS;
é\C\;GR�K@=¿ADC\Ô4YSM_5$7]MB?TAVU
;~8

Ai
×�!@ADC*U
;¹`:;¾UG7[CÀ7[Ô\Ô4JD=�7[C@=¿ALC�çd;>?TMTALK4JL;XMB?B76C\8NÕÖ36?B5·7[MTAL36C

MT3ÀMB24;¿ALC4Ô4YSMi8,3[Õ
h O MT2\;¿AD5·Ô�36?TMB76CdM|U
?BA�MB;>?BAL7�ÕÖ36?,MT24;¿ALC4Ô4Y4MåJV7a=6;>?¹AV8¾MB24;�RSAL5·;>C\8TAD3dC3[ÕFMB24;�çd;GU�MB36?·8NÔ*76U
;�ã6;>C\;>?i7]MT;~RöK@=öU
36JLY45·C\8å3[ÕFMB24;�5$7[MT?BALU>;G8

Ai
×ä1'24AV8åAL8·7[JL?B;G76R4=

;
êSÔ4JL36?B;GR|ADC$;>êSAL8NMTALC4ã,`:36?BÓ¿ë ��� îz× â 3dC\8TALRS;G?TALC4ãIMT2\;F?T;~8NY\J�Mi80ALC !@;GU
MTAL36C �\O `r;FUG7[C$5$7[Ód;
MT24;¾ÕÖ3dJDJL3]`�ADC\ãå3dK\8N;G?Tç]7[MTAL36C\8G×

� 1�3ÂÔ4?B;>çd;>C�M¹7]MNMi76UiÓ � 8 O ;Gç6;G?T=Â;
ê@MB;>?BC\7[J<36Y4MTÔ4YSM,K\JD3SUiÓ hcv.out
i

5�Y*8�M,RS;GÔ*;GC\RÇ3dC
7[JLJ);
ê@MB;>?BC\7[J)ALC4Ô4Y4M_K4JL3@UiÓS8

hm.in
1

O . . . O hm.in
m

O hcv.in
1

O . . . O hcv.in
c

C43$5$7[MNMT;G?F`�24AVUi2
ADC@çd;>?TMTALK4JD;IMB?B76C\8�ÕÖ3d?T5$7[MTAL36C\8:3[Õ�MT24;¹;>ê@MT;>?BC\76J�ADC4Ô\YSMB8F76C\R�36YSMBÔ4YSMB8_7[?B;IY*8N;~R�×

� �È;X8T7a=�MT2\7[Mr7[CÀþ��dü
ÿ ��þ �:üQ�Fú��]þ�ûä36Õ¡;>ê@MT;>?BC\76J4ADC\Ô4YSMrK\JD3SUiÓS8äAV8�7¾Ô\76AD? (A, B)
`�2\;>?B;

A
76C\R

B
K*36MT2�76Ô4Ô*;~7[?:`�A�MB24ALC¿MT2\;_ALCdMB;>?BC\7[J�ALC4Ô4YSMi8�MB3å8T365·;

f (i) × � P 36?:;
ê47[5·Ô4JL; O
`�A�MB2

f (i)(A, B⊕C) O MB24;�AVRS;>C�MTADé\;~R·Ô\7[AL?B8 (A, B) O (A, C) O 76C\R (B, C)
7[Ô\Ô*;~7[?äALC

f (i) × � 1'24;GC O ADCå36?iRS;>?�MT3IÔ4?T;Gç6;GCdM<7]MTMB76UiÓ * ��� O ü��aü>û �rú4ø]ýiýiþ����Düäú��[þ�û�36Õ\;
ê@MT;G?TC*7[J�ADCSï
Ô4YSM�K\JD3SUiÓS8<5�Y\8NM�7[Ô\Ô*;~7[?0768ä76CåAVRS;GCdMBA�é*;GR·Ô\76AD?<ÕÖ3d?ä;>ç6;G?T=�ADC@ç6;G?NMBADK\JD;�U
3d5�K4ALC\7[MTAL36C
3[Õ�;
ê@MB;>?BC\7[J03dYSMTÔ\YSMåK4JL3SUiÓS8

hcv.out
i

×�1'24AV8�7[Ô\Ô4JDAL;G8 O C43Ç5·7[MNMB;>?�`�2\ALUi2öALC@ç6;>?TMTALK4JL;
MT?i7[C\8NÕÖ36?B5$7]MBAD3dC\8:3[Õ�MB24;¹;
ê@MB;>?BC\7[J�ALC4Ô4YSMi8F7[C*R�3dYSMTÔ4Y4MB8F76?T;¾Y\8T;GR�×

�È;¾C43]` U>36C\8TAVRS;>?:MT2\;¾8T;GU>Y4?B;IU>365�K\ADC\7[MTAL36C�3[Õ�ALC\RS;GÔ*;GC\RS;>C�M_U>365·Ô4?B;G8B8NAL36C$ÕÖY\C\U�MBAD3dC\8>×

��/ � 	�ÊdÏ ��
 �����
"
"����Ð ��
SÏ 
"� Ê6�~ÊdÏ¿Ñ~Ê6�GÑ

^F7]MB24;>?�MB2\7[CÂY\8TALC4ã·MT24;¹AVRS;GCdMBA�é*;GRÀ7]MTMB7dUiÓ@8�76C\R�MT24;GAD?_ã6;>C\;>?i7[JLAL8B7]MBAD3dC\8rMT3$K4?B;G76Ó�8NÔ�;
ï
U
ADé*U$Ô4?B36Ô�3d8B7[JV8 O `:;¿Y\8T;·MT24;G5 MB3ZRS;>?BALç6;$ã6;GC4;>?i7[JäJL3]`:;>?¹K�36Y4C\R\8,36CµMB24;¿C@Y45�K�;>?�3[Õ
8N5$7[JLJL;>?�AVRS;~7[J¾U
365·Ô4?B;G8B8TAD3dC ÕÖY\C\U�MBAD3dC\8�C\;>;GR4;GR MB3 RS;G?TALç6;Z7ÍJL76?Tãd;>?¿AVRS;G76JXU>365·Ô4?B;G8Nï
8NAL36C�ÕÖY4C\U
MTAL36C)×�WÀ36?B;¾Ô4?B;GU
AV8T;>JL= O ÕÖ36?X7$8N;>MF3[Õ k

ïwALC4Ô4Y4MX8N;~U
Y4?B;¹U
365·Ô4?B;G8B8TAD3dC�ÕÖY4C*U�MTAL36C*8 O
þ ��ü ��U
3d5|Ô\?T;~8T8TADC\ã

kn
MB3

n
K4ADMB8 O `r;$768BU
;G?NMi7[ALCÀMT2\;|5·ALC4AL5�Y45/C�Y\5�K�;>?

tmin
36Õ:U
3d5|ï

Ô4?T;~8T8TAL36C·ÕÖY4C\U
MTAL36C\8:?B;Gñ�Y4AL?T;~R|MT3|K4Y4ALJLR�7�8T;GU>Y4?T;IU
3d5|Ô\?T;~8T8TAD3dC|ÕÖY4C\U�MBAD3dC�Ô4?B3SRSY\U>ADC4ã
cnK4A�Mi8 O 8TADC*U
;0MB24;>=¹5åY\8NM�?B;G8TAL8NM � 8¾7[C\R!*����X7]MTMB7dUiÓ@8G×G1�3¾RS3FMB24AL8 O `r;:76RS3dÔSMä7�M�`:3[ïzÔ42\768T;

7[Ô4Ô4?B3d7dUi2)× P AL?i8�M'`r;I;G8NMB76K4JLAL8T2�7åK*3dY4C\R d
36C�MT24;IC@Y45�K�;>?�36Õ�U
3d5|Ô\?T;~8T8TAD3dC$ÕÖY4C\U
MTAL36C\8

`r;r?T;~ñdY\AD?B;�`�24;GCåU>36C\8TALR4;>?BADC4ãX7[C@=¹8NALC4ã6JL;�JLALC4;G76?�U>365�K\ADC\7[MTAL36C,36Õ4MT2\;
c
36YSMBÔ4YSM<K4JD3SUiÓS8G×

�È;IMT2\;>CÂRS;>?BADçd;X7åK*3dY4C\R
tmin

36C�MT24;¾5·ADC\AD5åY45�C@Y45�K�;>?'36Õ�U
3d5|Ô\?T;~8T8TAD3dC$ÕÖY4C\U
MTAL36C\8
MT2\7[M�7[?B;�?B;Gñ�Y4AL?T;~RÍ`�2\;>C 8NAL5�Y4JDMB76C4;>3dY\8TJD=ÍU>36C\8TAVRS;>?BADC\ãµ76JDJ

c
36YSMBÔ4YSM¿K4JL3SUiÓS8·ADCõMT2\;

Ui2\7[ALC4ALC4ã·ça76?TAV7[K\JD;���8T;>;,1�7[K4JL; ��� ×

��� ����� 
"����Î#� ��Ð�Ñ¿Î��
d

/ P AL?B8NM O `r;åU
36C*8NAVRS;>?I7]MTMB76UiÓ��08�76C\RÀ`:;,36K\8T;>?Bç6;¾MB2\7]M¾8NALC\U>;
;G76Ui2åU
365·Ô4?B;G8B8TAD3dC¹ÕÖY4C\U
MTAL36CåMB7[Ód;G8

k
ALC4Ô4YSMäK4JL3SUiÓS8 O 7[C\R,MT2\7[M<MT24;G?T;'7[?B; m+c

;>ê�MB;>?BC\7[J
ADC4Ô\YSM�K4JL3SUiÓS8¡MT3

h O MB24;>C�`r;05åY\8NM�2\7aç6;07[M�JL;G768NM dm+c
k e

U
365·Ô4?B;G8B8TAD3dCXÕÖY\C\U�MBAD3dC\8>×~1'2@Y\8 O
;>ç6;G?T=�;
ê@MB;>?BC\7[J�36YSMBÔ4YSM¾K4JL3@UiÓÀRS;GÔ*;GC\R48I36CÈ7]MXJL;G7d8�M

dm+c
k e

ADC�MT;G?TC*7[J�36YSMBÔ4YSM¾K4JD3SUiÓS8G×
1'24AL8_AL8F?T;~ñdY\AD?B;GR�ÕÖ36?_;>ç6;G?T=�JDALC4;G76?_U
3d5�K4ALC\7[MTAL36C�3[Õ<MT24;�;
ê@MT;G?TC\76J�36YSMBÔ4YSMi8_7[C*RÀ8N3·`:;
2\7aç6;

d ≥ dm+c
k e

×



� ¯@«����.Z@± j<²�h,o¹�mf��moI}doÅf[}�oXÄShBc tmin
nG¶0gBn~o¹¸dc�hBvxvx��nGfÂ¶V}df�gBº��mn~fdv_c�h��[}d�¼c�h�³�º�n·c�hivx�mvzº��
	

e>f@³�����¾e
ºxºNeGgNÆ6vit6¶Vn>c:¸�e>cNe>o¹hBº�hBc0vxhBº (c, tmin, k, m) Á
������������������� � ���"!$#%� &�')(+*�� ,"� -+��&�.��/*

c k m d tmin d tmin
0 0 > 0 1 1 2

0 0 0 0 1 1 2

0 1 > > 0 ½ ½
0 1 0 0 1 1 2

1 0 > 0 3 1 4

1 0 0 1 4 3 5

1 1 > 0 3 1 4

1 1 0 0 3 1 4

3 0 > 1 5 3 6

3 0 0 1 5 3 6

3 1 > 0 2 1 5
3 1 0 0 2 1 5

������ÏaÎ 
�Ê@Ð ��Î#� ��Ð�ÑÇÎ#�
d

/ �:=ðU
3dC\8NAVRS;G?TALC4ãZ7]MTMB7dUiÓ �08È`:;�U>76C RS;>?BALç6;·MT2\;�K\7d8NAVU
K*3dY4C\R48<3dC

d
ã6ALç6;GCå7[K�3]ç6;d×~E_3]`r;Gç6;G?�7Xã6;GC4;>?BALUr7[C\76JD=S8TAL8�7[JLJL3]`F8�Y\8�MT3¾AL5·Ô4?T3]çd;�3dC,MT2\AL8

K*3dY4C\RÂK@=�;GC\8TY4?TALC4ã·MB2\7]M¾7·Ô4?T3dÔ*3�8N;~RÂU
36C4é\ã6Y4?i7]MBAD3dC�36Õ0U
365·Ô4?B;G8B8TAD3dC�ÕÖY\C\U�MBAD3dC\8_76JL8T3
?T;~8NAV8�Mi8_7[MNMB7dUiÓ * ���\× � 24ALJL;�MB24;å8NM�=@JD;å3[Õ�7[C*7[JL=@8TAV8FAV8_ãd;>C4;G?TAVU,7[C*RZU>76CZK*;å?T;GY\8T;GRÂÕÖ3d?
RSA��¡;>?B;>C�MäÔ\76?B765|;>MT;G?<8T;
Mi8 O ADM0AL8<5·3�8�M<;G7d8NALJD=åRS;G8BU
?BADK�;GR�K@=,?T;>ÕÖ;>?B;>C\U>;�MB3¾36C4;:Ô\7[?TMTAVU
Y\JL76?
ADC\8NMB76C\U
;d×
!@Y4Ô4Ô�3d8T;,MB2\7]M¾`r;|U
3dC\8NAVRS;G?FMT2\;åÔ\76?B765·;
MT;G?X8T;
MIã6ALç6;>CÇK�=

m + c = 3
76C\R

k = 2`�A�MB2
A O B O 76C\R C

RS;>C436MTALC4ã$MB24;,MB24?T;G;
n
ïwK\A�M_ALC4Ô4Y4MB8_MT3$MB24;�U
3d5·Ô4?T;~8T8TAL36C�ÕÖY4C\U�MBAD3dC)×

�XY4?¾K\768TALU|K�36Y4C*RÇãdADçd;G8
d ≥ 2 O 8N3Â24;G?T;|`r;$7d8T8TY45·;�MB2\7]M d = 2

× !@Y4Ô\Ô*3�8N;|MT2*7]M,7[C
;
ê@MT;G?TC\76J�3dYSMTÔ\YSM¹K4JD3SUiÓ

hcv.out
i

O 3d?¾5|3d?T;åã6;GC4;>?i7[JLJD=Â7�JDALC4;G76?IU>365åK4ADC*7]MTAL36C Z
36Õ�36C\;

36?¾5·36?B;å3dYSMTÔ4Y4M¾K\JD3SUiÓS8 O AV8IK*3dY4C\RÇMT3Â36C4JL=ÂM�`:3�U>365·Ô4?B;G8B8NAL36CÀÕÖY\C\U�MBAD3dC\8 f1
7[C\R

f2
×

1'24;>C�`r;X2\7aç6;�MB2\7]M
Z = f1(X1, X2)⊕ f2(X3, X4)

`�24;G?T;
X1
O X2

O X3
O 7[C\R X4

7[?B;
JDALC4;G76?FU
3d5�K4ALC\7]MBAD3dC\8:3[Õ

A O B O 7[C\R C
×

1'24;0?i7[C4ÓX3[Õ@MT24;rç6;~U�MT3d?�8TÔ\76U>;
〈X1, X2, X3, X4〉

8TÔ\76C4C4;GR¾K@=
X1
O . . . O X4

5åY\8NM�K�;
;Gñ�Y\7[J4MT3¹MB24?T;G;F8NALC\U>;�3[MT2\;>?B`�AL8T;F7]MTMB76UiÓ��08�`r3dY4JVR|76Ô4Ô4JL=6×61'2\;>?B;
ÕÖ36?B; O 3dC4;_UG7[C·;
ê@MT?i76U
M
ÕÖ?T3d5

〈X1, X2, X3, X4〉
MB24?T;G;,;>JL;>5·;GCdMi8_`�2\ALUi2ÂMB36ã6;>MT24;G?FÕÖ3d?T5 7$K\7d8NAV8F36Õ

〈A, B, C〉
×

� A�MB2436YSM¾JL3d8B8F3[Õrã6;>C\;>?i7[JLA�M�= O `:;�768B8NY\5|;�MT2\7[M 〈X1, X2, X3〉 = 〈A, B, C〉
7[C\RÀMT24;G?T;

;
êSAL8NM�K4ALC\76?T=ðU
3@;��¿U>AD;GCdMi8
αi

8T3ÀMT2\7[M
X4 = α1A ⊕ α2B ⊕ α3C

× �È;�U>7[C\C43[M,2\7açd;
α1

3d?
α2

;Gñ�Y\76J<MT3Âè>;G?T3 O 8TALC\U
;·3[MB24;>?B`�AV8N;åMT24;$Ô*7[AL?B8 (A, C)
7[C*R

(B, C)
`:36Y4JVRÈC43[M

K*;$;GC\U
3dY4C�MT;>?B;GRÇADCð;GA�MB24;>?
f1
3d?

f2
7[C\RÇMT24;$7[MNMB7dUiÓ *�����`r3dY4JLRÈ7[Ô4Ô\JD=d× !@3Â`r;·U>76C

768B8NY45·;�`�A�MB2436YSM·JL3d8B8�36ÕFã6;>C\;>?i7[JLA�M�= O MB2\7]M α1 = 1
7[C\R

α2 = 1
×�æzÕ_`:;�C\3]`�7[Ô4Ô4JL=

MT24;�ADC@çd;>?TMTALK4JD;�Ui2\7[C\ã6;¿36Õ_ç]7[?BAL76K4JD;~8
A′ = A ⊕ B O B′ = B O 76C\R C ′ = C O Z

U>76C
K*;$?B;>`�?BA�MTMT;GCµ7d8

Z = f1(A
′ ⊕ B′, B′) ⊕ f2(C

′, A′ ⊕ α3C
′)
× !SADC\U>;

(B′, C ′)
AV8¾C436M

;>C\U>36Y4C�MT;G?T;~RÀALCÇ;>ADMT2\;>?
f1
3d?

f2
O MT24;GCZMB24;|7[MNMi76UiÓ *�����7[Ô\Ô4JDAL;G8G×�1'2@Y\8 d ≥ 3

× �_3[MT;
MT2\7[M¾8TY\Ui2À?B;G768T36C\ADC4ã�7[JV8N3�76Ô4Ô4JLAD;~8_`�2\;>C

m + c ≥ 3 O MB2@Y\8IA�Õ m + c ≥ 3
7[C*R

k = 2`r;¾2\7açd;
d ≥ 3

×



1'24AL8$8NM�=@JD;Â36ÕX?B;G768T36C\ADC4ãµ7[JLJD3]`F8|Y\8|MB3ðAD5·Ô4?B3]ç6;�5·3d8NM·36Õ_MB24;ÀK*3dY4C\R48·3dC
d
K@=

U
36C*8NAVRS;>?BALC4ã'MT24;r7[Ô4Ô4JLAVU>7[K\ADJLA�M�=I3[Õ@MB24;�8T;GU
3dC\R¾ã6;GC4;>?BAVUä7]MNMi76UiÓ *����\×G1'24;r8N3dJD;ä;>êSU>;>ÔSMBAD3dC
AL8rMT2\;XÔ\76?B765·;
MT;G?r8T;
M

c = 2 O k = 3 O 7[C*R m = 1
`�24AVUi2�U
3d?T?B;G8TÔ�36C\R480MT3�MT24;IÔ4?B3]ça76K4JL=

8N;~U
Y4?B;¹8TUi24;G5·;I36Õ�E_AD?B3d8T;¹7[C\R�`�ADJLJ)K�;,RSAV8TU>Y\8N;~R�ALC�!@;GU
MTAL36CÀí4×¼ìS×

��� ����� 
"� �rÎ�� ��Ð�Ñ·Î��
t
/ �È;¹C43]` MTY4?BC�K*3dY4C\R48'3dC

d
ALC�MT3·K*3dY4C\R48F36C�MT24;¾5·ADC\AD5åY45

C�Y\5�K�;>?036Õ¡U>365·Ô4?B;G8B8NAL36CåÕÖY4C\U
MTAL36C\80MT2\7[M05�Y\8NM�K�;FY\8T;GR O tmin
×�� 24ADJL;_76C�=�JDALC4;G76?�U
3d5|ï

K4ADC*7]MTAL36C�3[Õ�MT2\;
c
;>ê@MT;>?BC\76J�36YSMBÔ4YSMB8'5åY\8NM_RS;>Ô�;>C\R�3dCÂ7[M�JD;~768NM

d
ALC4C4;G?_U
3d5·Ô4?T;~8T8TAL36C

ÕÖY4C\U�MBAD3dC\8 O 7|K*3dY4C\R�36C�MT24;¹5·ALC4AL5·76J�C@Y45�K�;>? tmin
3[Õ�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C\8�AV8'C436M

AD5·5·;GRSAV7]MB;6×4E_;>?B;X`:;IR4;>?BADçd;X7åça76JDY\;_ÕÖ3d?
t
ADC*RS;>Ô�;>C\R4;>C�MTJL=¿3[Õ�MT24;¹7[C*7[JL=@8TAV8�C4;G;GRS;~R$MB3

RS;>?BADçd;
d
×

æxC�MB24;�8TAD5·Ô4JL;¹U>768T;IMT2\7[M
c = 2

7·U
3d5�K4ALC\7]MB36?BAL76J�8�M�=@JL;I36Õ�?B;G7d8N3dC4ALC4ã|UG7[C�K*;¹Y*8N;~R
7[C\RÍMT24AV8$8T243]`F8,MB2\7]M

tmin ≥ 3d
2

ADÕ
d
AV8·;>çd;>C 76C\R

tmin ≥ 3(d−1)
2 + 2

3[MB24;>?B`�AL8T;6×
EF3]`:;>ç6;G?X7�5|3d?T; � ;
êSALK4JL;å7[Ô\Ô4?T3�76Ui2 O 8TUG7[JLADC\ã¿K*;>MNMB;>?IMT3�JL76?Tãd;>?FÔ*7[?i7[5·;
MB;>?i8 O Y\8N;~8X76C
7[C\76JD3dã6=$`�ADMT2ÀU
3SRSALC4ã|MT24;G36?B=6×

â 36C\8TALR4;>?<ç6;~U�MT3d?B8<36Õ
t
;>JL;>5·;>C�Mi83��U>36?B?T;~8NÔ�36C\R4ADC4ãXMT3¾MB24;�C@Y45�K�;>?�3[Õ¡ADC�MT;G?TC*7[J4U
3d5|ï

Ô4?T;~8T8TAL36CÀÕÖY4C*U�MTAL36C*8 � 7[C*RÇ7]MTMB7dUi2ZMT3�;G7dUi2Z;
ê@MB;>?BC\7[J<36Y4MTÔ4YSM¾K4JL3SUiÓ hc.out
i

7�ç6;~U�MT3d?
vi`�243d8T;¿ç]7[JLY4;¿AV8�RS;>MT;G?T5·ALC4;GRöK@=µ`�24;
MB24;>?|7[CöALC�MT;>?BC\76JrU
3d5·Ô4?T;~8T8TAL36CµÕÖY4C\U
MTAL36C ALC � YSï

;>C\U>;G8
hcv.out

i

×�æzÕ_U
365·Ô4?B;G8B8TAD3dCðÕÖY4C\U�MBAD3dC
f (j) AV8å7dU�MBADçd;¿ADC hcv.out

i

MB24;>CÍ8T;
MåMT24;
jth

;>C�MT?B= 3[Õ
vi
MT3 �6O 36MT24;G?T`�AV8T;�ADM¿2\768|MB24;Âç]7[JLY4; � × P 3d?$;
ê47[5·Ô4JL; O ADÕ t = 3

7[C\R ÕÖ36?
8N3d5|;åÔ4?B36Ô�3d8T;GRZU>36C\8NMT?BY\U�MBAD3dCZ36C\JD=

f (1) 76C\R f (3) 7[?B;�ALC@ç63dJDçd;GRÀALC hcv.out
i

O MT24;GCÇ`:;
8N;>M

vi = (1, 0, 1)
×

æxC$MTY4?BC4ALC4ã|36Y4?r?T;~8NY4JDMr3dC
d
ADC�MB3|7åU
36C*8�MB?B76ADC�M�3dC

tmin
O `:;XU>36C\8TAVRS;>?rMT24;IÔ4?B36K4JL;>5

3[Õ<JD3@36Ó@ALC4ã·ÕÖ36?F7·K\ADC\76?T=�U
3SRS;¹36Õ�JL;>C4ã6MT2
t
`�A�MB2À5·ADC4AL5$7[J�R4AL8NMB76C\U
;

d
76C\RÂRSAL5|;GC\8TAD3dC

c
×41'24; !@ALC4ã6JL;
MB36C�K�36Y\C\R�=@AL;>JVR48

c ≤ t− d + 1
76C\R�8T3

t ≥ c + d− 1
×S1'24;¹EX7[5·5·ADC4ã

K*3dY4C\R�AL8:MBADãd2�MT;>? O K4YSMXAL8'5·36?B;¾ADC@çd36JLç6;GR�7[C\R�ã6ALç6;GC�ALC �FÔ4Ô�;>C*RSA�ê �I×

������ÏaÎ 
�Ê@Ð ��Î#� ��Ð�Ñ Î#�
t
/ æzM�AL8�ADC�MB;>?B;G8NMTALC4ãðMT3 C43[MB;ÀMT2\7[M�U>36CSé\ãdY4?i7]MTAL36C*8$`�A�MB2

Ô\7[?TMTAVU
Y4JV7[?�ÕÖ;G7[MTY4?B;G8�5|ALã62�MÂ7[JLJD3]` 7ÍR4;GRSAVU>7[MT;GR O 76C\R Ô�3[MT;GC�MTAV7[JLJD=õMTALã62�MB;>? O 7[C*7[JL=@8TAV8
ÕÖ36?¹MB24;¿K�36Y4C\R\8¹36C

t
× �_Cö;
ê47[5·Ô4JL;$AL8,ã6ALç6;>CðALC �FÔ4Ô�;>C\R4A�ê â ×�E_3]`r;Gç6;>?¹8TADC*U
;¿8TY\Ui2

7[C\76JD=S8TAL8IRS3@;G8IC436M¹76Ô4Ô4JL=ÂMT3�MT2\;|ãd;>C4;G?B76J�5·3SRS;GJ�`:;·2\7aç6;å;G8NMB76K4JDAV8T24;GR O ��A�M,?B;>JLAD;~8_3dC
7�Ô\76?NMBALU>Y4JV7[?XÕÖ36?B5 MT3�MT24;·ALC4Ô4YSM¹JV7a=6;>? ��O `:;|RS3�C436MIY\8T;·A�M¾ALCÇMB24;$RS;>?BADç]7[MTAL36CZ36Õ�MT2\;
K*3dY4C\R48�ALCÀ1�76K4JL; � ×

� �ÈÝrÚ�dÛSÜ\ß_à�Û4á�ÝrÚ�

HIADçd;>C 7 8T;
M�3[Õ,Ô\76?B765·;
MT;G?B8
(c, t, k, m)

ADM�AV8¿;~768T=ÍMB3ÍY\8T;ZMB24;ÇC4;G`�JD=õ;G8NMB76K4JLAL8T24;GR
K*3dY4C\R48|MB3µUi24;~UiÓð`�24;
MB24;>? O 76UGU
36?iRSALC4ãÀMB3µ3dY4?·U
?BA�MB;>?BAL7 O MB24;Â8TUi24;G5·;�AV8·C4;GU>;G8B8T76?TALJL=
ADC\8T;GU>Y4?B;6×�1�Y4?BC4ALC4ãÂMT24AV8|7[?B36Y4C\R O A�ÕF3dC4;¿`'7[C�MB8¹MT3ZK4Y\ADJVR 7Z8BUi24;>5·;$`�ADMT2Í8T365·;¿Ô\?T;>ï
RS;
é\C\;GR

c O k O 76C\R m
MT24;GCµ3dC4;$U>76CµU>365·Ô4YSMB;¿7�JL3]`:;>?¾K*3dY4C\R

tmin
3dCÇMB24;$C@Y45�K�;>?

3[Õ<ADC�MT;G?TC*7[J�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C\8'MB2\7]MX5�Y\8NMFK*;�Y\8N;~R O ALCZ7·Ô\7[?i7[JLJL;>J)U
3dCSé\ãdY4?B7[MTAL36C
MT2\7[MF`r;¹U
3dC\8TALRS;G?�ADC P ADãdY4?B; � ×



� / � �����rÎ*Ñ~Ñ���� ��Ê�	dÎ���Ñ��>Ï � 	!����Î���Ñ
�_8TADC4ãIMB24;'K*3dY4C\R48ä;~8�Mi7[K4JLAV8N24;~R,ALC !@;GU
MTAL36C��_`:;ré\?B8NM0U
3dC\8NAVRS;G?�ALC�MT;G?T;~8�MBADC4ã¾Ô\76?B765·;
MT;G?
8N;>MB8_8TY\Ui2À768

c ∈ {2, 3, 4} O k ∈ {2, 3} O 7[C*R m ∈ {1, 2}
×41'24;G8T;,U
3d?T?B;G8TÔ�36C\R�MT3�UG768T;G8

`�24;>?B;¾`r;¾7[AL5 MT3·3dKSMB76ADCÂRS36Y\K4JD; O MT?BADÔ\JD; O 36?Fñ�Y\76R4?TY4Ô\JD;IK4JL3@UiÓ�ïzJD;GC4ã[MB2�U>36C\8NMT?BY\U�MBAD3dC\8 O
Y\8NALC4ãI7�K4JL3@UiÓ¹U>ADÔ42\;>?�`�A�MB2,Ó6;G=¾8TALè>;0MB24;r8B7[5·;r36?)M�`�AVU
;�MT24;rK4JL3@UiÓ¹8TADèG; O 7[C\R,Ô4?T3SU>;G8B8NALC4ã
;>ADMT24;G?�36C4;¹3d?rM�`:3·K4JL3@UiÓS8'36Õ�5·;G8B8T76ã6;d×
�È;ZY*8N;ÂMB24;ÇK�36Y4C*R48¿3dC

d
7[C\R 3dC\U
;

c O k O 76C\R m
76?T;ZUi243�8N;GC `r;Z8T;G76?BUi2õÕÖ36?

MT24;¿8T5$7[JLJD;~8�M
t
MT2\7[M�8T7[MTAV8�ÕÖ=È36Y4?¹K�36Y\C\R48G× �È;¿MT2@Y\8,RS;G?TALç6;$76CÈALC�MT;>ãd;>?

tmin
ÕÖ3d?¹MT2\;

5|ALC4AL5�Y45 C@Y45åK*;G?�36Õ4ADC*RS;>Ô�;>C\R4;>C�M<U>365·Ô4?B;G8B8NAL36CIÕÖY4C*U�MTAL36C*8�MB2\7]M�5�Y\8NM�K�;:Y\8N;~R¹ALC,MT2\;
8NÔ�;GU>A�é\;~R�U>36C\8NMT?BY\U�MBAD3dC)×��F36MT;rMT2\7[M<7Xã6ALç6;GC

tmin
RS3@;G8�C43[M<5·;G7[C�MT2\7[M08N;~U
Y4?B;r8BUi24;>5·;~8

`�A�MB2
tmin

ALC4C4;>?�U
3d5|Ô\?T;~8T8TAD3dC_ÕÖY\C\U�MBAD3dC\8�C\;GU
;~8T8B7[?BALJD=F;>êSAL8NMG×~^F7]MB24;>? O C43F8T;GU>Y4?B;�8TUi2\;>5·;
U>7[C�;
êSAV8�MF`�ADMT2�ÕÖ;G`r;G?�ADC\R4;>Ô�;>C\RS;GC�M_U
365·Ô4?B;G8B8TAD3dC¿ÕÖY4C\U
MTAL36C\8F3[Õ�MB24;,8NMB7]MB;GR�M�=@Ô*;d×

æx5|5·;~RSAL7[MT;GJD=ÈMT24;G?T;�7[?B;$ADC�MT;G?T;~8�MBADC\ãZ?T;~8NY\J�Mi8�7[C*Rð`r;¿C\3[MT;¿MT2\7[Må8N;~U
Y4?B;�8BUi24;>5·;~8
`�A�MB2

(c, t, k, m)
Ô\7[?i7[5·;
MB;>?i8

(2, 3, 2, 1)
36?

(2, 3, 3, 2)
7[?B;�AL5·Ô*3�8T8TALK4JD;d×�1'24;~8N;ÀU
3d?Nï

?T;~8NÔ�36C\RöMT3ZMB24;�8BUi24;G5|;~8,36Õ �_76C\RSA¹ü � � � ��ë¼ì �aîz× !SADC\U>;�3dY4?åK�36Y\C\R48|7[?B;�RS;>?BALç6;GRðK@=
ã6;>C\;>?i7[JLAL8TADC\ãÂ7[MNMi76UiÓS8¹36C ë¼ì �]îr`:;¿;
êSÔ�;GU�M�MT24AV8¹MB3ZK*;�MT24;�U>768T;6×�EF3]`:;>ç6;G? O U>36C\8NMT?BY\U
ï
MTAL36C\8'Y\8TALC4ã·ÕÖ36Y4?�ALC4C4;G?FU
3d5|Ô\?T;~8T8TAD3dC¿ÕÖY4C*U�MTAL36C*8 O `:36Y\JLR�8�MBADJLJ)K�;¹ADC*8N;~U
Y4?B;6×

æxC\RS;>;~R O ÕÖ3d?¾MT24;¿5·3�8�M,C\7[MTY4?i7[J0UG768T;·`�A�MB2 c = 2 O k = 2 O 7[C\R m = 1 O MT2\;¿U>768T;3[Õ � ���I7[C*R ���$� ��� ��� O 3dC4;¾5�Y\8NM�Y\8N;¹7[M'JL;G7d8�M:é\çd;IALC4C4;G?FU
3d5|Ô\?T;~8T8TAD3dC$ÕÖY4C\U
MTAL36C\8'ALCÂ7
Ô\7[?i7[JLJD;GJ)ÕÖ?i7[5·;>`:36?BÓ¿MB3�3dKSMB76ADCÇ7�8N;~U
Y4?B;�2\7d8N2ÂÕÖY\C\U�MBAD3dCÇ3	�¡;>?BALC4ã�í � ïwK\A�MX76C\R � ì �]ïzK4ADM
8N;~U
Y4?BA�M�=$?B;G8TÔ�;GU�MBADçd;>JL=6×41'24AV8'AV8'5|3d?T;IMB2\7[C�36C4;¾5·ALã62�MF2\7aç6;I;
êSÔ�;GU
MT;GR)×41'24;,U>7d8N;I3[Õ<7
ñdY*76RS?BY4Ô4JL;XK\JD3SUiÓ�ïwJL;>C\ã[MT2�36YSMBÔ4YSM�AV8r;Gç6;GC�5·36?B;IR4?B765·7[MTAVU[×@æzÕ�3dC4;I`�AL8T24;GR�MT3·RS;~8NALã6C�7
U
365·Ô4?B;G8B8TAD3dC�ÕÖY4C*U�MTAL36CÂMB2\7]MFY*8N;~R��������������$7d8F7·K4Y4ALJLR4ADC4ã�K4JD3SUiÓ¿K\YSM_3	�¡;>?B;GRÀì��[í]ïzK4ADM
8N;~U
Y4?BA�M�= O MT24;GCÂ36C4;¾`:36Y4JVR�K*;¹?B;Gñ�Y4AL?T;~R$MB3$Y\8N;¹7[MFJD;~768NM';GADãd2�M'Ô*7[?i7[JLJD;GJ�ADC\8NMB76C�MTAV7]MTAL36C*8
3[Õ �������������åMT3$Ô\?T3SRSY\U>;¹7|8T;GU>Y4?B;¾U>365·Ô4?B;G8B8NAL36C¿ÕÖY4C\U�MBAD3dC)×

� /�� � Ï]Î-�rÎ*Ñ~Ê@Ð 	dÎ���Ñ��>Ï � 	!����Î���Ñ

P ALã6Y\?T;Zìµ8N2\3]`F8|7 (2, 5, 2, 1)
ïx8BUi24;>5·;¿MB2\7]M$AV8$8N;~U
Y4?B;À7[ã�7[ALC\8�M|MT2\;Z7]MNMi76UiÓS8·U
3dC\8NAVR@ï

;>?B;GR$ALC�MB24AV8rÔ*7[Ô�;>?~× P Y4?NMB24;>?'?B;G8T;G76?BUi2$`�ALJDJ�RS;>MT;G?T5·ALC4;X`�2\;
MT2\;>?:3[MT2\;>?�7]MTMB76UiÓS8r7[Ô4Ô4JL=6×
EF3]`:;>ç6;G? O MT24AV8X8BUi24;G5|;�AL8_36C4;�ÕÖ?T3d5 7$?i7[C\ã6;¹3[Õ�R436Y4K4JL;�K\JD3SUiÓ�ïwJL;>C\ã[MT2Â2\7d8N2ZÕÖY4C\U�MBAD3dC
U
36C*8�MB?TY\U
MTAL36C\8,MT2\7[M|5·ALã62�M·K*;�ADC*8�Mi7[C�MTAV7]MB;GRö`�ADMT2 �������������È36?|3[MB24;>?|K4JL3@UiÓöU>ADÔ42\;>?i8
`�A�MB2ZALR4;>C�MTAVU>76J�K4JL3SUiÓ�76C\RÀÓd;>=Â8NALè>;~8>× �F3[MB;,MB2\7]MXMT24AV8_AV8_MT24;å36C4JL=�8TY\Ui2ÇU>36C\8NMT?BY\U
MTAL36C
MT2\7[M�?B;>5$7[ALC\8)Y\C\U
3d5|Ô\?T3d5|AV8T;GR�× P ALã6Y4?B;rì_7[JV8N3FRS;GÔ4AVU�MB8�7 (2, 5, 3, 2)

ïxU
3dC\8NMT?BY\U�MBAD3dC_MB2\7]M
?T;~8NAV8�Mi8�3dY4?�ã6;>C\;>?BALUr7]MNMi76UiÓS8 O 5·;>;>MB8�36Y4?<K�36Y4C*R O 7[C\RåU
36Y\JLR¹K�;:ADC\8NMB76C�MTAV7]MT;~R,`�ADMT2!�������� � �X36?<7XU>ADÔ42\;>?<JDALÓ6; ����� � ��36?�;>ç6;GC '��	� ��
&�� '%#%� � ��� �)� ��� � `�ADMT2·7_Ód;>=¹JL;>C4ã6MT2�M�`�ALU>;
MT24;¹K4JL3SUiÓ¿JL;>C4ã6MT2)×\1'2\;IÔ*7[?i7[5·;
MB;>?�8N;>M

(2, 2, 3, 1)
AV8�U
3]çd;>?B;GR¿K@=�E_AD?B3d8T;6×

�+Ô*7[?TMTAVU
Y4JV7[?BJD=À8TAD5·Ô4JL;$8N;>M¹3[ÕrÔ*7[?i7[5·;
MB;>?i8X8B7]MBAL8Né\;G8
k ≥ m + c

`�2\;>Cð7[JLJä;
ê@MT;G?Nï
C\7[J�ADC\Ô4YSMB8'UG7[C¿K�;I7dU>U>365·5·3@R\7]MT;~R·`�A�MB24ALC�;G7dUi2$ADC�MB;>?BC\7[J¡U
3d5|Ô\?T;~8T8TAD3dC|ÕÖY4C\U�MBAD3dC�76C\R
d = 1

×�1'2@Y\8 O `r;�RS;>?BALç6;¿7Ç8T;GU>Y4?B;¿U
365·Ô4?B;G8B8TAD3dCÈÕÖY\C\U�MBAD3dCÍ`�ADMT2 t = c
`�ADMT243dYSMå?B;
ï

ñdY\AD?BADC\ã�76R4R4A�MBAD3dC\7[J�ADC�MT;G?TC*7[J�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C*U�MTAL36C*8>× �È;å36C4JL=�C4;>;~R�MT3�;GC\8TY4?T;,MT2\7[M
7[JLJ�;
ê@MB;>?BC\7[J0ALC4Ô4Y4MåK4JL3SUiÓ@8�7[?B;$Y\8N;~RöRSAL?T;~U�MTJL=ÇALC ;Gç6;>?B=ZALC�MT;>?BC\76J�U
3d5|Ô\?T;~8T8TAD3dCµÕÖY4C\U�ï
MTAL36C�`�ADMT2�7[C@=åÕÖ?T;G;_ALCdMB;>?BC\7[J�ALC4Ô4YSMi8�é\ê@;~R$MB3å7�U>36C\8NMB76C�Mrç]7[JLY4;6×@1'24;GC�;>çd;>?B=å;>ê@MT;>?BC\76J
36YSMBÔ4YSMXC\;>;GR\8�MT3�K*;åK*3dY4C\RÂMB3¿36C\; O 76C\RÀ3dC4JD=�36C\; O ALC�MT;G?TC\76J�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C)×
EFAL?T3�8N;µë � � îF2\7d8|76JD?B;G7dRS=ö8�MBY\RSAL;GR 5·;>5�K�;>?i8|3[ÕXMT24AV8|Õ�7[5·ALJD=ö36ÕXK4JL3SUiÓ U
ALÔ424;>?$K*768T;GR
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UWVYX ±;:\±)<
(2, 5, 2, 1) eGf�³$e (2, 5, 3, 2) ginGf�vzºxc�}�gTº���nGf*Á4bdnGc:º�²dh�=�c�vzº'gBn~vxf]ºxc�}�gBº��mnGf�hieGgN²?>���f6½³6hi¸Shif�³dhif]º	@ä��fdf�hBc'gin~o¹¸6c�hivxvx�mn~f¿¶V}�fdgBº��mn~f�g�eGf¿ÄShX��fdvzºNeGf]º���e>º�h�³¿}�vx�mfd´|e,Ä�lmn]gNÆ$gi�m¸�²�hTc'Ã0�¼º�²

h��[}�eGl4ÆahBy�e>f@³�Ä�lmn]gTÆ,vx�?:ih~Á@b�nGcäº�²dh'vxhiginGf@³�gin~fdvzºxc�}�gBº��mn~f\tdº�²dh:ÆahTyåvx�?:ih��mv0³6n~}�Ädlmh:º�²�h'Ädlmn]gTÆ
vx�?:ihGÁ M1

t M2
e>c�h n ½�Ä��¼º_o¹hivxv�eG´Gh�Ädlmn]gTÆ[vBA H1

t H2
e>c�h n ½�Äd�¼ºX�mfdgin~o¹�mf�´|gT²�eG�mf��mf�´|»~e
c��De>Ä�lmhÄdlmn]gTÆ[v�eGf�³ H ′

1
t H ′

2
e
c�h n ½�Äd�mº0nG}dº�¸d}dº0gN²@eG�mfd��fd´¾»Ge>c���eGÄdl�h�Ädlmn]gTÆ[viÁ

2\768T2ÀÕÖY4C\U
MTAL36C\8I7[C*RÀÔ4?B3]ç6;GR�MB24;>AL?I8T;GU>Y4?BA�M�=�ADCÈK*36MT2ÀMB24;|?B76C\RS365 36?i76U>JD;¹5·3SRS;GJ�76C\R
ADC�MT24;XALRS;~7[J�U
ALÔ424;G?r5·3SRS;GJ*`�24;GC¿MB24;IU>365·Ô4?B;G8B8NAL36C|ÕÖY4C*U�MTAL36C*8:76?T;_ADC\8NMB76C�MTAV7]MT;~R$Y\8TADC\ã
7|òI7aç@AD;~8�ïxWÀ;G=6;>?�U>36C\8NMT?BY\U�MBAD3dC)×

C �ÈÝrÚ_à%4Nß
�@á�Ý�Ú
�

æxC MB24AV8$Ô\7[Ô�;>?$`:;Â2\7aç6;Â7[C*7[JL=�èG;GRÍMT;~Ui24C4AVñdY\;G8|MT3öU>36C\8NMT?BY\U�M¿7µJV7[?Bã6;>?$U>365·Ô4?B;G8B8NAL36C
ÕÖY4C\U�MBAD3dCÇK@=ÀU
3d5�K4ALC4ALC4ã�8T5·76JDJL;>? O MB?TY*8�MB;GR O U
3d5|Ô\?T;~8T8TAD3dCÂÕÖY4C\U
MTAL36C\8G×(�:=Âã6;GC4;>?i7[JLAV8NALC4ã
7]MNMi76UiÓS8åADC MT24;�JLA�MB;>?i7]MTY\?T; O `:;�76?T;Â7[K\JD;�MT3µ;G8NMB76K4JDAV8T2 U
3dC\RSADMTAL36C\8å36CÍMT24;�M�=@Ô�;�76C\R
C�Y\5�K�;>?|3[Õ_U
3d5·Ô*3dC4;>C�MB8,MT2\7[M|76?T;¿?B;Gñ�Y4AL?B;GRµMT3È;>C\8TY4?B;¿MB2\7]MåMT24;�U
36C*8�MB?TY\U
MTAL36C\8å7[?B;
C43[MFç@Y4JLC4;>?i7[K\JD;XMT3¿7|?i7[C4ãd;X36Õ�Ô�3]`r;G?NÕÖY\J¡76C\R�ã6;GC4;>?i7[J�7]MTMB7dUiÓ@8G×

1'24AL8�`:36?BÓ_2\7d8�7FR4AD?B;GU
M�7[C*R¹AD5·5·;GR4AL7[MT;'7[Ô4Ô4JLAVU>7]MBAD3dC¾MT3_MT24;:U
36C*8�MB?TY\U
MTAL36C,36Õ4K4JL3@UiÓ
U
ALÔ424;>?TïzK\768T;GRÀ2*768T2ZÕÖY4C\U
MTAL36C\8IÕÖ3d?¾`�24ALUi2ÈMT2\;åJL;>C4ã6MT2µ3[Õ0MB24;·2\768T2Ç3dYSMTÔ\YSM¹AL8¾ãd?T;~7]MT;G?
MT2\76C�MB24;¹K4JL3SUiÓ�8NALè>;¹36Õ�MB24;¹Y4C\R4;>?BJD=@ALC4ã·K4JD3SUiÓ�U>ADÔ\24;>?~×\1'24;¹5·3d8NM�AD5·Ô�36?TMB76CdM_U>36C\U>JDY4ï
8NAL36CÀMB3�R4?B7a` AV8XMT2\7[MIADMIAV8¾76U
MTY\76JDJL=Â?B7[MT24;G?IRSA �¿U
Y4JDMIMT3�Y\8N;|5�Y\J�MBADÔ4JL;|ADC\8NMB76C�MTAV7]MTAL36C*8
3[Õ07·K4JL3@UiÓ�U
ALÔ424;G?�MT3¿K\Y4ADJVRÀ7$8T;GU
Y\?T;,U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U
MTAL36C #*36?_7[M_JD;~768NM�MT3¿RS3�8N3$ALC
7·Ô\7[?TMTAVU
Y4JV7[?BJL=$;��¿U
AL;>C�MF`'7a=6× P 3d?�;
ê47[5·Ô4JL; O `�24;>CÂY\8TADC\ã �������������|ÕÖ3d?FRS36Y4K\JD;¹K4JL3SUiÓ�ï



JD;GC4ã[MB2Ç2\7d8N24ALC4ã O 3dC4;|5�Y\8NM¹Y\8N;·7]M¾JL;G768NMIé\ç6;|Ô\7[?i7[JLJL;>J�ADC\8NMB76C�MTAV7]MTAL36C*8_36Õ ��������� � ��MB3
RS;>?BADçd;|7�U
3d5·Ô4?T;~8T8TAL36CÀÕÖY4C*U�MTAL36Cµ3	�¡;>?BALC4ã � ì �[ïwK4ADMI8T;GU>Y4?BA�M�=Â?B;G8TÔ*;~U�MTALç6;GJD=d×�1�3Â76Ui24AL;>çd;
ì��[í[ïwK\A�M'8N;~U
Y4?BA�M�= O 3dC4;I5�Y\8NM:Y*8N;X;>ALã62�MG×S1'24AV8:AL8'7|8NY4?BÔ4?BAL8TALC4ã6JL=å2\ADãd2�C@Y45�K�;>?'36Õ�K4JL3@UiÓ
U
ALÔ424;>?åU>7[JLJV8 O Ô*7[?TMTAVU
Y4JV7[?BJD=µ8N3À`�2\;>Cð`r;�U
36C*8NAVRS;>?¾MB2\7]M�MT24AV8,AV8,5·;>?B;>JL=ZMB3Ç7aç63dALRÇMT2\;
7[Ô4Ô4JLAVU>7]MBAD3dC�36Õ�ãd;>C4;G?TAVU¾7]MNMi76UiÓS8G×
� 24ADJL;IMT24;G?T;¹76?T;I5$7[C@=$Ô*3�8T8TALK4JD;¾ãd;>C4;G?B76JDAV8T7[MTAL36C\80MT3|MT2\;¾ÕÖ?B765|;G`r3d?TÓ·Y\8T;GR�ADC�MB24AL8

Ô\7[Ô�;>? O `:;Ç2*7aç6;ÇÔ\?T3]ç@AVRS;GR 7 C\7]MBY4?i7[JX76C\R K\?T3�76RõÕÖ?i7[5·;>`:36?BÓÍÕÖ3d?�MB24;ð7[C\76JD=S8TAL8�3[Õ
8TUi24;G5·;G8<3[Õ�MT2\AL8<M�=@Ô�;6× [0ê�MB;>C\8TAL36C\8<MB3¾MT24AV8ä`:36?BÓ O ADC\U>JDY*RSADC\ã¹ALRS;GC�MTADÕÖ=�ALC4ã,8BUi24;>5·;~8�MT2\7[M
76Ui24AL;>çd;'MT24;F5·3�8�M�; �¿U
AL;>C�M�Ô�;>?B5|AV8B8NALK4JL;FK*3dY4C\R48 O AV8äMB24;X8TY4K$�;~U�M�36Õ�36C4ãd36ALC4ã¾?T;~8N;~7[?iUi2)×

*Íà",�Ú_Ý�� 4 2�Þ�� 2�� 2�ÚrÛ��
1'24;å76YSMT243d?B8_`r3dY4JVRÂJDALÓ6;¹MB3¿MB2\7[C4Ó�!@QGK\768NMTAL;>C �¾Y\C4è
ï �d7dU>ñ�Y4;~8 O &�76C4C4AVUiÓ !S;>Y4?BADC O 76C\R
MT24;¹Ô4?B36ã�7[5�U>365·5·A�MTMT;>;¾ÕÖ3d?'MT24;GAD?�ç]76JDY\76K4JL;¾U>365·5·;>C�MB8G×

� 2���2�Ü 2�Ú_à 2��
>~Á_{�Á � hilml�e>c�h�e>f@³��¡Á*prnG´aeiÃäeiy]Á*p:e>f@³6n~o��rcNe>gilmhivIe
c�h,�)cNe>gBº��mg�eGl
	 < ��e>cNeG³d�m´~o ¶LnGcXs'hB½
vx�m´Gf��mf�´���¹gB��hBf[º��)c�n>º�n]gin~lmviÁGuwf�������� &�(������/��( #"��&�( � &�� -+')��������( * � &�� � ')( !$#"���$! &�( �
� ��# ' �"! �
� t@¸�eG´~hBv 4 0 ½ 5�1 Á >���� 1 Á

0 Á��6Á � l�eGgNÆ4t6�¡Á]p�n~´~eiÃäeiy]t6eGf�³�j:Á � ²dc��mo¹¸dº�nGf*Á � l�eGgNÆ[½ � n�� < f@e>lmy6vx�mv<n>¶*º�²dh � lmn]gNÆ]½ � �m¸d²�hBcx½
� eGvxh�³ � e>vx²d½�b�}�fdgBº��mn~f � n~fdvzºxc�}�gBº��mnGf�v'¶Lc�nGo �����XÁ4u�f�{�Á! �}�fd´dtSh�³6�¼º�nGc�t�� *�.���( #"��� !�(
� �"�"-+� &$# &&%��(' ��)+* �-,/.10324250 t�»an~lm}do¹h 0�3�3 0 n>¶�6 ��# �$')�/��7%&������ ! ( � &�� -+')����� � # ! ��(+#�� t
¸�eG´Ghiv 1 0 @�8 1�1 2 Á � ¸dc��mf�´GhBcx½9��hTc�lDe>´dt 0 @�@ 0 Á

1 Á��6Á � l�e>gTÆSt@{�Á � n]gN²dcNe>f*t�eGf@³åj:Á � ²dc��mo¹¸6º�n~f*Á:�:f�º�²�h'u�o¹¸Sn~vxvx�mÄ��mlm�¼ºwy,n>¶ � �m´~²dl¼y6½;�<¹gi�mhif]º
� l�n]gNÆagi�m¸d²�hBcx½ � e>vxh�³ � e>vx²$b�}�fdgBº��mn~fdviÁ�u�f·p_Á � cNeGo¹hTc�t@h�³6�mº�n>c�t=� *�.���( #"��� ! ( � �"��- � &$# &&%��
'?>�@ ) . ��)+* �-,BA 2$C t¡»~n~lm}�o¹h 1�3 � 3 n>¶-6 �/# �$')���D7 &�������!�( � &�� -+')����� � # ! ��(+#"� t�¸@e>´~hiv
2�0�4 ½ 2 3 >GÁ � ¸6c��mf�´~hTcx½;��hBc�l�eG´6t 0 @3@ 2 Á

3 Á�E)Á � c�n�Ã0f*tF�dÁ@�)�mhi¸dc :TydÆStdeGf�³G�dÁ � hiÄShBcxcxy]Á:EH��I�u)½�e � cxy6¸dº�nG´GcNeG¸d²��mgF��c���o¹�¼º��m»ah�¶VnGc < }d½
º�²dhif]º��mg�e>º��mn~f|eGf�³ � higBc�higBy < ¸�¸�lm�mg�e
º���nGf�viÁduwfJ�dÁ����mhi¸6c :By6Æ,eGf@³J�dÁ � hiÄShTcxcxy]t[h�³d�¼º�nGc�vitK� *�L
.���( #"����! ( � �M�"-+� &$# &&%���' � @ � ��)+* �+,NA OP2 t~»an~lm}�o¹h 3 2�1 n>¶H6 �/# �$')���Q7 &�������! ( � &�� -+')�����
� # ! ��( #"� t�¸@eG´Ghiv 0 0 �R8 0�1 4 Á � ¸dc��mfd´~hBcx½9��hBc�l�eG´dt">S�$�3@[Á

2 Á�sXÁ � n~¸d¸ShBc�vxo¹�¼º�²*t � Áä���mlm¸Shil�t � Á � Ár{|hBy]hBc�t � Á {�Ár{·e
ºwy[e>vit:{�Á {�Á � y�³6hif*t/�dÁ��:vxh�eGvit
� Á � cNe>gT²]º�l�t4eGf�³${�Á � gT²d�ml�lm�mf�´6ÁSs�e
ºNe < }dº�²dhif]º��mg�e>º��mn~fGT:vx�mf�´�{|n[³6��=�g�e>º��mnGf�s:higBº�higBº��mnGf
� n[³6hiv � eGvxh�³Fn~f_e0��}dÄ�lm�mg/�:fdh<UÀeiy+�)f�gBcxy6¸6º���nGf_b�}�fdgBº��mn~f*ÁVTXÁ � Á���e>º�hif]ºXW:ndÁ 3 t �3@ 6 t 6 4 >~t
{·e
c�gT²�> 1 t->����3@[Á

4 Á��>½ � Á � nGc�nGf*t< XÁ�s'n[³d�mvit � Á�{·e>l��mf�eG}@³4t�eGf�³Ç�¡Á)�)}�fd�¼y[e6Á�{|hTc�Æ6lmhB½�s�e>o¹´4Y
cN³Zp�hi»[�mvx�¼º�h�³=	
� n�Ãµº�n � n~fdvzºxc�}�gBº<e � eGvx²�b�}df�gBº��mnGf*Áau�fZ�XÁ � ²�nG}�¸*t~h�³d�¼º�n>c�t:� *�.���( #"��� ! ( � �"��-+� &�# &&%��Z'
��)+* �-,/.[03242$C tG»anGl�}do¹h 1�4 0 >änG¶=6 �/# �$')���\7 &������ ! ( � &�� -+')����� � # ! ��(+#"� t~¸�eG´~hBv 3 1 @
½ 3�3 6 Á
� ¸dc��mf�´GhBcx½9��hTc�lDe>´dt 0 @�@ 2 Á

5 Á�uNÁ\s�eGo¹´$Y>cN³\Á < s'hivx�m´~fÀ��c��mf�gi�m¸dl�h¹¶LnGc � e>vx²Âb�}df�gBº��mn~fdviÁ�u�f[�XÁ � cNeGvxv�e
cN³\t�h�³d�¼º�nGc�t<� *�L
.���( #"����! ( � �"�"-+� &$# &&%��]' ��)+* �-,/.�A ^PO t*»~n~lm}�o¹h 3 1 2 nG¶_6 ��# �$')�/�`7 &������ ! ( � &�� -+')�����
� # ! ��( #"� t�¸@eG´Ghiv 3 > 4 8 3 0 5 Á � ¸dc��mfd´~hBcx½9��hBc�l�eG´dt">S� 6 �[Á

6 Á�pFÁ sIÁ4s'h�e>f*ÁXa &������$# � � - ��# �$� &b� � &4c !
# � � & * � � ��# ')��!��
� Á���²ds º�²dhivx�mvit���c��mf�gihTº�n~fdTrf��¼½
»~hBc�vx�¼ºwy]t">����$�6Á

�6Á � Á � eGf�³dvxgN²6}d²*t$E�Á pFÁ$I�f[}@³6vxhif*t~eGf�³¹{�Á �dÁ � Á[p�n~Ä�vx²�eiÃ�Á < f�eGl¼y6vx�mv�n>¶ �[� < ½ >��mfD��fdgBcxy6¸d½
º��mnGf${|n[³dhGÁ�u�f|sIÁ3W'e>gig�e>gT²dh~t�hi³d�¼º�nGc�t , &�- ! # � ! ( � �"��- � &$# &&%��D' � ,<L ) � � 0e2424f td»an~lm}do¹h
0 @ 0 @¾nG¶�6 ��# �$')�/��7%&������%! ( � &�� -+')����� � # ! ��( #"� t@¸�eG´~hBv 5 @>½ 6 1 Á � ¸6c��mf�´~hTcx½;��hBc�l�eG´6t 0 @3@%>~Á



>�@6Á � Á � �¼c�n~vxh~Á<�)c�n
»GeGÄ�l¼y � hBgi}dc�h$s'nG}�Ädl�hT½�Ädlmn]gTÆ]½�lmhif�´>º�² � e>vx²öb�}df�gBº��mn~fdv,��fðe � l�eGgNÆ]½�ÄSn��
{|n[³6hil�Á)uwf � Á���e
c�ÆÂe>f@³ � Á � ²�hih~t¡h�³d�¼º�nGc�vit ,"(S��&��"�����$!$&�( � ��# ' �"! �
� ��( * � �M�"-+� &$# &&%��d'
, � , � � 03242�� t�»~n~lm}�o¹h 1 2 @ 4 n>¶Q6 ��# �$')�/��7 &������ ! ( � &�� -+')����� � # ! ��( #"� t*¸@eG´Ghiv 1 1 @R8 1�3 0 Á
� ¸dc��mf�´GhBcx½9��hTc�lDe>´dt 0 @�@ 3 Á

>�>~Á � Á � �¼c�n~vxh~Á � nGo¹h���l�e>}�vx�mÄ�lmh � n~fdvzºxc�}�gBº��mn~fdv0nG¶�s'nG}�Ädl�hT½ � l�n]gNÆ]½;E*hifd´Gº�² � eGvx²$bd}�f�gTº���nGf�viÁ
u�f�{�Á �dÁ � Á�p�n~Ädvx²@eiÃ�t[h�³6�mº�n>c�t:a ���/� � &b�"��� ���/� > (+# �M�"-+�$! &�(]' a � > 0e242�� t[»anGlm}�o¹h 3 @ 3 5 n>¶
6 �/# �$')���+7 &������%! ( � &�� - ' ����� � # ! ��( #"� Á

> 0 Á < ÁR�~nG}d�4ÁG{|}�l¼º��¼½�gin~lmlm�mvx��nGf�v��mf_u�º�hBcNe>º�hi³ � eGvx²_b�}�fdgBº��mn~fdviÁ < ¸�¸dlm��gie>º��mn~fFº�n � e>vxg�e~³6h�³ � nGfd½
vzºxc�}dgBº��mn~fdviÁSuwf�{�Á4b6cNeGf�Æ[lm�mf*t�h�³d�¼º�nGc�t�� *�.���(+#���� ! ( � �M�"-+� &$# &&%��J' ��)+* �+,/.N03242�� tS»an~l¼½
}do¹h 1 > 2 0 nG¶�6 ��# �$')�/��7%&������ ! ( � &�� - ' ����� � # ! ��( #"� tS¸@e>´~hiv 1 @ 4 8 1 > 4 Á � ¸dc��mf�´GhBcx½9��hTc�lDe>´dt
0 @3@ 3 Á

> 1 Á��6Á�I�hilmvxhBy�e>f@³ � Á � gT²df�hi�mhBc�Á � hBgin~f�³���c�hi�mo,eG´~hBv_nGf n ½�Ä��¼º � e>vx²Âb�}df�gBº��mnGf�v'¶Vn>cI{|}�gN²
E\hivxv¿j<²@e>f 2n U�nGc�ÆSÁ�uwfÍp_Á � cNe>o¹hBc�t�h�³d�¼º�nGc�t+� *�.���( #"��� !�( � �"��-+� &�# &&%�� ' >`@ ) .\L
��)+* �-, 03242$C t6»anGlm}�o¹h 1�3 � 3 nG¶H6 ��# �$')�/��7 &������ ! ( � &�� -+')����� � # ! ��( #"� t6¸@eG´Ghiv 3 5 3 8 3 �3@[Á
� ¸dc��mf�´GhBcx½9��hTc�lDe>´dt 0 @�@ 2 Á

> 3 Á�E)Á p_ÁVI�f6}�³dvxhifFe>f@³��_ÁRE�e>�ÖÁSW:hBÃ < ºxºNe>gTÆ[v\n~f < lmlas:n~}�Ädlmh � l�n]gNÆ+E\hif�´>º�² � eGvx²Fb�}df�gBº��mnGf�v
n>¶ � eGvx²�p:e
º�h >~t\u�f�gilm}@³6�mf�´,º�²�h¾��e
cNeGlmlmhil¼½�sF{�Á¡u�f < Á\s'h � eGf]º��mvit4h�³d�¼º�nGc�t<� *�.���( #"��� !�(
� �"�"-+� &$# &&%���' >�@ ) . ��)+* �-,1A O	� t
»anGlm}�o¹h�� 2 @rnG¶K6 ��# �$')�/�/7%&������ !�( � &�� -+')����� � # ! ��(+#�� t
¸�eG´Ghiv 3 >A@�8 3 > 6 Á � ¸dc��mf�´GhBcx½9��hTc�lDe>´dt->���� 3 Á

> 2 Á�E)Á p_Á!I�f[}@³6vxhif¿eGf�³¿b�Á¡{|}dlml�hTc�Á � n~o¹h < ºxºNeGgNÆ[v < ´~eG�mf�vzºFe,s'nG}�Ä�lmh�E*hifd´Gº�² � e>vx²���c�nG½
¸SnGv�eGl�Á6uwf � Á6p�n
y]tah�³d�¼º�nGc�t � *�.���( #"��� !�( � �"��-+� &�# &&%��D' � � , ����)+* �-, A 2$C t6»anGlm}�o¹h 1 5�6 6
n>¶�6 ��# �$')�/��7%&������ ! ( � &�� -+')����� � # ! ��(+#"� t@¸@e>´~hiv 3 4 0 8 3 5�1 Á � ¸6c��mf�´~hTcx½;��hBc�l�eG´6t 0 @3@ 2 Á

> 4 Á�E)Á p_ÁFI�f6}�³dvxhif|eGf�³ � ÁS��c�hif�hBhil�Á � e>vx²¿b�}�fdgBº��mn~f�v � e>vxh�³$n~f � lmn]gNÆ � �m¸�²dhBc�v:e>f@³�
:}�e>½
º�hTc�f@e>cxy � n[³dhiviÁ*uwf]I¾Á=I��mo eGf�³�j:Á�{·e
º�vx}�o¹nGº�n6t4h�³d�¼º�n>c�vit<� *�.���(+#���� ! ( � �"��- � &$# &&%��]'
� � , ����)+* �-, A O�� t>»anGl�}do¹h >3> 4�1 nG¶ 6 ��# �$')�/�\7%&������ ! ( � &�� -+')����� � # ! ��(+#�� t>¸�eG´~hBv 5 5 8P�3@[Á
� ¸dc��mf�´GhBcx½9��hTc�lDe>´dt->���� 4 Á

> 5 Á�E)Á p_Á�I�f6}�³dvxhifõeGf�³ � Á���c�hif�hBhil�ÁFb@eGvzº�eGf�³ � higB}dc�h � e>vx²��mf�´ � e>vxh�³ n~f � n[³6hiviÁFuwf
� Á � Á=IFeGlm�mvxÆ6���Gc�Ámt*h�³d�¼º�nGc�tH� *�.���( #"����! ( � �M�"-+� &$# &&%�� ' ��)+* �+,/.�A O� t\»an~lm}do¹h > 0 � 3 n>¶
6 �/# �$')���+7 &������%! ( � &�� - ' ����� � # ! ��( #"� t@¸�eG´Ghiv 3 6 2 8 3 � 6 Á � ¸dc��mf�´GhBcx½9��hTc�lDe>´dt">���� 5 Á

> 6 Á�E)Á p_Á5I�f[}@³6vxhifIe>f@³ � Áa��c�hifdhihil�Á � nGf�vzºxc�}dgBº��mn~f¾n>¶ � higi}6c�häeGf�³Ib@e>vzº � e>vx²¹b�}�fdgBº��mn~fdvHT:vz½
�mfd´_Wrn~f[Ä��mf�e>cxy��)cxc�n>cx½ � n>cxc�higBº��mf�´ � n[³dhBviÁ , >�>�> , ����( � � # �$! &�( � &�( ,"(S��&��"�����$!$&�(?,�� ��&��"� t
3 6 > � @M	 0�2 0 3 8 0�2�1 �6t 0 @�@ 0 Á

>S�6Á��_Á5E�e>��e>f@³��dÁ E�Áa{·eGvxvxhBy]Á � e>vx²Ib�}df�gBº��mnGf�v � e>vxh�³XnGf � lmn]gNÆ � �m¸d²�hBc�viÁGuwf_p_Á < Á
pr}dhi¸�¸Shil�t
hi³d�¼º�nGc�tK� *�.���( #"��� ! ( � �M�"-+� &$# &&%��J'`>`@ ) . ��)+* �+, A O�0 t�»anGlm}�o¹h 4 2�6 nG¶�6 �/# �$')����7 &������
!�( � &�� -+')����� � # ! ��( #"� t@¸�eG´Ghiv 2�2 8 5 @6Á � ¸dc��mfd´~hBcx½9��hBc�l�eG´dt">S�$� 0 Á

0 @6Á��_ÁeE�e>��tF�6Á E)Á�{·eGvxvxhBy]tdeGf�³ � Ád{|}dc�¸d²]y]Á6{·e>c�Æan
» � �m¸d²�hBc�v0e>f@³¹s'���4hBc�hif]º���eGl � cxy6¸dºNe>f@eGl¼y[½
vx�mviÁSu�f·sIÁ U ÁSs'e
»[�mhivit�h�³d�¼º�nGc�t=� *�.���(+#"��� ! ( � �"��- � &$# &&%��G'Z>`@ ) . ��)+* �-, A OPf t�»an~lm}do¹h
2 3 5 n>¶�6 ��# �$')�/�+7%&������%! ( � &�� -+')����� � # ! ��(+#�� t�¸@e>´~hiv > 5 8 1�6 Á � ¸dc��mf�´GhBcx½9��hBc�l�e>´dt->��$�%>~Á

0 >~Á��_Á�E�e>��t � Á<UÂeGl�³d»~n~´~hBlÖt�U Á � n~²dlÖt�e>f@³Zj:Á�{|hi�mhBc�Á � higB}dc��¼ºwyÀn>¶:u�º�hBcNe>º�hi³ � eGvx²Çb�}�fdgB½
º��mnGf�v � e>vxh�³¿n~f � lmn]gTÆ � �m¸�²dhBc�viÁ\uwf¿sIÁ pFÁ � º��mf�vxnGf*t4h�³6�¼º�nGc�t�� *�.���( #"��� !�( � �"��-+� &�# &&%�� '
��)+* �-,/. A O�� t@»anGlm}�o¹h 5 5�1 n>¶ 6 ��# �$' ����7 &������ ! ( � &�� -+')����� � # ! ��( #"� t4¸�eG´~hBv 1 5 �R8 1 �3@[Á
� ¸dc��mf�´GhBcx½9��hTc�lDe>´dt->���� 1 Á

0�0 Á � Á5E*}dgTÆ[viÁ < b@eG�mlm}dc�hT½wb6c���hBf@³dl¼y�s:hivx�m´~f¾��c��mf�gi�m¸dl�h�¶Vn>c � eGvx²Xb�}df�gBº��mn~fdviÁ
uwf � Á>p�n
y]tih�³d�¼º�nGc�t
� *�.���(+#�����! ( � �M�"-+� &$# &&%�� L � � , ����)+* �-, 032$2$C t<»~n~lm}�o¹h 1 5�6�6 nG¶ 6 ��# �$')�/� 7%&������ !�(
� &�� -+')����� � # ! ��( #"� t@¸�eG´~hBv 3 5�3 ½ 3 � 3 Á � ¸6c���fd´~hBcx½9��hBc�l�eG´6t 0 @3@ 2 Á

0�1 Á_{�ÁHE*�mvxÆan
»St¡pFÁ E�Á¡p��m»ahivzº�t¡eGf@³�sIÁ�UÂeG´~fdhBc�Á�j\Ã<h�e>Æ~e>Ä�lmh � l�n]gNÆ � �m¸d²�hBc�viÁ�u�fZ{�ÁH �}�fd´dt
hi³d�¼º�nGc�t�� *�.���( #"��� ! ( � �"��- � &$# &&%�� ' ��)+* �+,/. A 250 t4»anGlm}�o¹h 0�3�3 0 n>¶Q6 ��# �$')�/� 7%&������ !�(
� &�� -+')����� � # ! ��( #"� t@¸�eG´~hBv 1 >B½ 3 4 Á � ¸6c��mf�´~hTcx½;��hBc�l�eG´6t 0 @3@ 0 Á

0 3 Á�pFÁa{·e>º�vx}�o¹n>º�ndt$I¾Á4I�}dc�nGv�eiÃäe6t]eGf@³Ij:Á]u�º�nG²*Á]��c��mo,eGl¼½�s'}@e>lds:��vzºNe>f�gih � nG}�f�³dv�nG¶=E*�mfdh�e>c
� n[³6hiv*Ã0�¼º�² < ¸d¸�lm�mg�e>º��mnGfFº�n � cxy6¸dº�nG´GcNe>¸�²]y]Áiu < � p � cxyd¸6º�n~lmn~´>y�h���c��mf[º < c�gN²��m»ah~tBprhB¸SnGcxº
0 @3@ 2�� >S� 3 Á < »~e>�mlDe>Ä�lmh'¶Lc�nGo?	 �]�a�G�������~�>�[�6�i�[�)�x�G�]§>�)�z�G�~� Á



0�2 Á-UõÁ*{|hi�mhBcFeGf�³d�XÁ � ºNe �4hilmÄ�eGgN²*Á!W:nGf�lm�mf�h�e
c��¼ºwy � c��¼º�hBc���e�¶LnGc � cxy6¸dº�nG´GcNeG¸d²��mg¾bd}�f�gTº���nGf�viÁ
u�f �dÁ ½;�dÁ 
:}d��v/�]}�e>º�hBc:eGf�³ �dÁK��eGf@³6hBÃäe>lml�hGtSh�³d�¼º�n>c�vitX� *�.���( #"��� !�( � �"�"-+� &$# &&%��?'Z>`@ ) .\L
��)+* �-, A ^PO t�»an~lm}do¹h 3 1�3 nG¶�6 ��# �$')�/�(7%&������ !�( � &�� -+')����� � # ! ��(+#�� t)¸�eG´Ghiv 2�3 �R8 2�4 0 Á
� ¸dc��mf�´GhBcx½9��hTc�lDe>´dt->�� 6 �6Á

0�4 Á < Á �dÁ�{|hif�h�:Bhivit � Á < Áe��eGf�vzº�nGf�h~tde>f@³���Á � Á:��e>f?�:n>c�vxgT²dnGº�Á �%��(+*4c/& &�� &b� � - -K# ! �/* � �"��- L
� &&%�� ��- �e� Á � p � ��c�hivxvit�uwf�gGÁ�t � n]g�e¾pre>º�nGf*t�b<E�t:T � < t>���� 4 Á

0�5 Á�pFÁ � Á[{|hBc�Æ[lmh~Á3�:fdh\UÀeiy � eGvx²,b�}df�gBº��mnGf�v�eGf�³¾s+� � Áau�fD�XÁ � cNe>vxv�e>cN³\tah�³d�¼º�nGc�t3� *�.���(+#"���
!�( � �M�"-+� &$# &&%��D' ��)+* �-,/. A ^PO t6»anGlm}�o¹h 3 1 2 n>¶�6 ��# �$')�/��7%&������ ! ( � &�� -+')����� � # ! ��(+#�� t
¸�eG´Ghiv 3 0�6 8 3�3 4 Á � ¸dc��mf�´GhBcx½9��hTc�lDe>´dt->�� 6 �6Á

0�6 Á_{�Á3W:eGf@³6��tPU Á3E*hihGt:I¾Á � eGÆ[}dcNe>�Öt6e>f@³ � Á:E*hBh~Á � higi}6c��¼ºwy < f@eGl¼y6vx�mvänG¶¡e 0���1 ½ÖcNe>º�h:s'n~}dÄ�lmh
E\hif�´>º�² � n~o¹¸6c�hivxvx�mn~fZb�}df�gBº��mn~fÀ�mf � l�e>gTÆ]½�ÄSn��Z{|n[³dhBlÖÁ)u�f � Á<�:��lmÄShBcxº¾eGf�³ � Á � eGf�³6½
vxgN²[}�²\t�h�³d�¼º�n>c�vit4a ���/� � & ����� ���/��> (+# �M�"-+�$! &�(J' a � >[03242�C t~»~n~lm}�o¹h 1 2�2 5 n>¶!6 ��# �$')�/�/7 &������
!�( � &�� -+')����� � # ! ��( #"� t@¸�eG´Ghiv 0 3 1 8 0 2 3 Á � ¸dc��mf�´GhBcx½9��hTc�lDe>´dt 0 @�@ 2 Á

0 �6Á+W:e>º��mn~f�eGl\uwfdvzº��mº�}6º�h'nG¶ � ºNeGf�³�e>cN³6v0eGf�³·j�higN²�fdn~lmn~´>y]Á�b¡uw� � >�� 5 	 < ³6»~e>f�gih�³(�)f�gBcxy6¸dº��mnGf
� ºNeGf�³�e>cN³4t3W:n
»ahioXÄShBc 0 @�@!>¹Á < »GeG�ml�eGÄ�lmh'¶Dc�n~o?	 �[�a�G��� ���]§a�>�[§��Ö���a�
�)���[��� Á

1 @6Á+W:e>º��mn~f�eGl)uwfdvzº��¼º�}dº�hIn>¶ � ºNeGf@³de>cN³6v�eGf�³�j�higN²�fdn~lmn~´>y]Á¾b¡uw� � > 6 @>½ 0 	 � hBgi}dc�h � eGvx² � ºNe>fd½
³de>cN³4t < }�´G}�vzº 0 @�@ 0 Á < »GeG�ml�eGÄ�lmh�¶Lc�nGo?	 �]�a�G�������]§a�>�6§*�Ö���a�>�����[��� Á

1 >~Á+W:e>º��mn~f�eGl�uwf�vx�¼º�}6º�h¹nG¶ � ºNe>f@³�e
cN³dv_eGf�³Âj�higN²�fdn~lmn~´>y]Á � � 6 @�@>½ 4 5 	�p�higin~o¹o¹hBf@³�e
º��mn~f�¶LnGc
º�²dh�j\c���¸dlmh<s�e>ºNe_�)f�gBcxy6¸dº��mnGf < l�´GnGc��¼º�²�o >Öj<s+� < @ � lmn]gNÆ � �m¸�²�hTc�ta{·eiy 0 @3@ 3 Á < »~e>�mlDe>Ä�lmh
¶Dc�n~o?	 �[�a�>�������]§~�>�6§��Ö�d�a�>�)���]��� Á

1 0 Á � Á<��c�hif�hBhil�Á_� ( ��# ���/! � ��( *�� ���/! %�( & � � �"�"-+� &&%�����- �)! #��%����� a ')( # �$! &�( � Á0��²dsÅº�²�hBvx��vit
IFe
º�²�nGl��mhiÆ~h+T:f��m»ahTc�vx�mº�hB�mº_E\hi}�»~hif*t">���� 1 Á

1�1 Á � Áä��c�hif�hihBlÖt < Á � n~vxvxhil�eGhTc�vitrpFÁQ�:n
»GeGhBcxº�vitäeGf@³ �6Á/��eGf@³6hBÃäe>lml�hGÁ � n~lmlm�mvx��nGfd½Ö¶Lc�hBh � e>vx²
bd}�f�gTº���nGf�v � e>vxh�³�nGf � lmn]gTÆ � �m¸�²dhBc < lm´~n>c��mº�²do¹viÁ�u�f � ��& #"�/��*�! (e%��Jf�O$^PO�,"( �����"( ���$! &�( �$#
� ����(+� � ��( � &�(S� ���/��(+#�� &�( � ��# ')��!��
�J, �/# � ( &$# &&%��
	&.�# � �$'PC�f$O$^PO��� ' �"! # ��� � � !��������M# ��(+*�� t
¸�eG´Ghiv 0 @ 1 8 0 >A@6Á4u �����ät�>S� 6 �[ÁSub�����Èg�e
ºNeGlmn~´¹f[}�oXÄShBc 6 � ��� 0�5 5 3 ½ 6 Á

1�3 Á � Á���c�hifdhihil�t\p_ÁX�:n
»GeGhBcxº�vit*eGf�³ �6Á���eGf�³dhBÃ<eGlmlmh~Á � eGvx²�b�}df�gBº��mn~fdv � e>vxh�³�nGf � lmn]gNÆ � �¼½
¸d²�hBc�vS	 < � y6f]º�²�hBº��mg < ¸�¸6c�naeGgN²*Á\u�f�sIÁ pFÁ � º��mf�vxn~f\t\h�³d�¼º�nGc�t<� *�.���( #"����! ( � �"�"-+� &$# &&%�� '
��)+* �-,/. A O�� t@»anGlm}�o¹h 5 5�1 n>¶ 6 ��# �$' ����7 &������ ! ( � &�� -+')����� � # ! ��( #"� t4¸�eG´~hBv 1 4�6 8 1 5�6 Á
� ¸dc��mf�´GhBcx½9��hTc�lDe>´dt->���� 1 Á

1 2 Á��6Á ½;�dÁ 
:}��mv/�]}@e>º�hTc|e>f@³ {�Á\�:�mcNe>}�l¼º�Á 0 fd½�Ä��¼º � eGvx²6½Ö¶V}�fdgBº��mn~fdv(Trvx�mf�´Àfd½�Äd�mº � ydo¹o¹hTºxc���g
� l�n]gNÆ � ��¸d²�hBc < l�´GnGc��¼º�²�o¹viÁGuwf �dÁ ½;�dÁ�
:}d�mv/�[}�e>º�hBc�e>f@³`�6Á$��eGf�³dhBÃ<eGlmlmh~t~hi³d�¼º�nGc�vite� *�.���(+#"���
!�( � �"�"-+� &$# &&%�� '[>`@ ) . ��)+* �-, A ^PO t0»an~lm}�o¹h 3 1�3 nG¶`6 ��# �$' ��� 7 &������ ! ( � &�� -+')�����
� # ! ��( #"� t�¸@eG´Ghiv >A@ 0 8 >�@$�[Á � ¸dc��mfd´~hBcx½9��hBc�l�eG´dt">S� 6 �[Á

1�4 Á � Á~��c�hifdhihil�t>p_Á��:n
»GeGhBcxº�vitGeGf�³ �6Á���eGf�³dhBÃ<eGlmlmh~Á4�:fFº�²dh<�¡n�Ã<hTc)nG¶4{|hBo¹nGcxyF�mfXº�²dh�s'hBvx��´Gf
n>¶ � n~lmlm�mvx��nGfÈp�hivx�mvzºNeGf]º � e>vx²Àb�}�fdgBº��mn~fdviÁ¡uwf �dÁ � hiÄShBcxcxy�eGf@³  IÁ��S²�hBf�´dt�h�³d�¼º�n>c�vit�� *�L
.���( #"��� ! ( � �M�"-+� &$# &&%���' � � , ����)+* �+,1A O�0 t
»an~lm}�o¹h 5 > 6 n>¶!6 ��# �$')�/� 7 &������ ! ( � &�� -+')�����
� # ! ��( #"� t�¸@eG´Ghiv >A@ 2 ½ > 0 >~Á � ¸dc��mf�´GhBcx½9��hBc�l�e>´dt->��$� 0 Á

1 5 Á�p�n~f�eGl�³ E�Á\pr�m»ahBvzº�ÁXprb � > 1 0 >$	¡j<²�h¹{|s 2 {|hivxv�e>´~hB½�s'�m´~hBvzº < l�´GnGc��¼º�²�o·t < ¸dc��ml >���� 0 Á
< »~e>��l�e>Ä�lmh'¶Lc�nGo?	 �[�~�G�������
¢a¢a¢��x�>�~�a¦)�z�>�a���G�a¦[§��G�a¦6§��������\�����a� Á

1�6 Á�sXÁ<UÀeG´Gf�hBc�Á < �:hif�hTcNeGlm�?:ih�³ � �¼cxº�²�³�eiyÈ�)c�nGÄ�lmhio·Á)uwfµ{�Á� �}df�´dt¡h�³d�¼º�nGc�t\� *�.���( #"����!�(
� �"�"-+� &$# &&%��(' ��)+* �-,/.10324250 t�»an~lm}do¹h 0�3�3 0 n>¶�6 ��# �$')�/��7%&������ ! ( � &�� -+')����� � # ! ��(+#�� t
¸�eG´Ghiv 0�6 6 8 1 @ 1 Á � ¸dc��mf�´GhBcx½9��hTc�lDe>´dt 0 @�@ 0 Á

1 �6Á��_ÁRUÀeGfd´'e>f@³ � ÁR �}\Á � n�ÃÀº�n � c�h�e>ÆI{|s 2 eGf�³`�rº�²�hTc � e>vx²¹b�}�fdgBº��mn~fdviÁdu�fXpFÁ � cNeGo¹hBc�t
hi³d�¼º�nGc�t�� *�.���( #"��� ! ( � �"�"-+� &$# &&%�� '[>`@ ) . ��)+* �-, 03242$C t0»~n~lm}�o¹h 1�3 � 3 n>¶D6 ��# �$')�/�
7%&������ !�( � &�� -+')����� � # ! ��( #"� t@¸�eG´~hBv >S�R8 1 2 Á � ¸dc��mfd´~hBcx½9��hBc�l�eG´dt 0 @�@ 2 Á

3 @6Á��_Á�UÂeGfd´dt$ XÁ E�Á$ :�mf*t]e>f@³ � Á� �}*Á@b¡��f�³d�mf�´ � nGlml��mvx�mn~fdvä�mf¾º�²�h0b�}dl�l �6� < ½ >~Á�uwf`�_Á � ²dn~}d¸*t
hi³d�¼º�nGc�tF� *�.���( #"��� !�( � �"��-+� &�# &&%��D' ��)+* �-,/. 03242�C t6»an~lm}�o¹h 1�4 0 >'nG¶H6 ��# �$' ���-7%&������ !�(
� &�� -+')����� � # ! ��( #"� t@¸�eG´~hBv > 5 8 1�4 Á � ¸dc��mfd´~hBcx½9��hBc�l�eG´dt 0 @�@ 2 Á
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M1
t M2

e
c�h n ½�Ä��¼º0o¹hivxv�e>´~hFÄ�lmn]gNÆ[vBA H1
t H2

e
c�h n ½�Ä��¼º��mf�ginGo¹�mf�´¾gN²@e>��fd�mf�´¾»Ge>c���eGÄdlmh_Ädlmn]gTÆ[ve>f@³ H ′

1
t H ′

2
e>c�h n ½�Ä��¼º�n~}6º�¸�}dº<gT²�eG�mf��mf�´I»~e
c��De>Ä�lmh�Ä�lmn]gNÆ[viÁ
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1'24AL8äUG7[CåK*;�Y\8T;GR�MT3¾ãdADçd;:7XK*3dY4C\Rå36C
t
ALC�MB;>?B5$8<3[Õ

c
7[C\R

d
×[1'24;:MB7[K\JD;'K�;>JL3]`Í7[JLJD3]`F8

Y\8FMB3�U>365·Ô\7[?B;¾MT2\; !@ALC4ã6JL;
MB36CÇ76C\R�MT2\;|EX7[5·5·ADC4ã�K*3dY4C\RÂÕÖ3d?I8T365·;,Ô\76?B765·;
MT;G?_8T;
MB8
Y\8N;~R�ADCÂ1�76K4JL; � ×
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0 0 1 1

0 1 3 2

1 0 3 3

1 1 2 4

1 3 4 5

3 0 2 2

3 1 4 5

3 3 5 6
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� 24ADJL;åMT24;|K*3dY4C\R48IRS;G?TALç6;~RÂADCÇMT24AV8X76Ô4Ô�;>C\RSADêÇRS3�C43[M¾7[Ô4Ô4JL=�MT3�MT24;|ã6;GC4;>?i7[J�5|3SRS;GJ O
A�M�AV8rALC�MT;G?T;~8�MBADC4ã�MT3·8N;G;X`�2*7]M�U>7[C�K*;¾76Ui2\AD;Gç6;GR¿`�A�MB2�8T365·;_5·ALC436?'?B;G8NMT?BALU
MTAL36C\8�MT3åMT2\;
ã6;>C\;>?i7[J¡ÕÖ?i7[5·;>`:36?BÓ¡×@E_;>?B;¹`r;,U>36C\8TAVRS;>?'MB24;,AL5|Ô*76U�MX3[Õä7$8NAL5·Ô4JDADé\;~RÂADC4Ô\YSM_JV7a=6;>?�76C\R
`r;F7d8T8TY45·;'MT2\7[M�;G7dUi2å36Õ¡MT24;

kt
ALCdMB;>?BC\7[J\ADC4Ô\YSMB8�AL8�36C4;�36Õ*MB24;

m+c
;>ê@MT;>?BC\76JSADC4Ô\YSMB8G×

1'24AL8FAL8FÕ�7[?�5·36?B;¹?T;~8�MB?TAVU�MBADçd;IMT2\76C�MB24;,ãd;>C4;G?B76J)U>768T;¾3[Õ07|JDALC4;~7[?_U>365�K\ADC\7[MTAL36C�3[Õ<MT2\;
;
ê@MT;G?TC\76J�ADC\Ô4YSMB8_7[C\R�8N3·ADMFAL8FC43[MF8TY4?TÔ\?TAV8NALC4ãåMT2\7[MF`r;¹UG7[CÂRS;>?BADçd;¾K*;>MNMT;G?FK�36Y4C\R\8>×

P ?B365�MT24;µÔ4?B;>ç@AL36Y\8�7[C\76JD=S8TAL8�`r;ÈÓ@C43]` MT2\7[M�;Gç6;G?T= Ô�3d8B8NALK4JL;ÇÔ\76AD?�3[Õ�;>ê@MT;>?BC\76J
ADC4Ô\YSMB8�5�Y\8NM�K�;ZÔ4?B;G8T;>C�M¿ADC 7[M�JL;G768NM¿36C\;Z3[ÕIMT24;ÈADC�MB;>?BC\7[J_U>365·Ô4?B;G8B8NAL36C ÕÖY4C\U
MTAL36C\8
ADC@ç63dJDçd;GRåADC¿76C@=,JDALC4;~7[?�U>365�K\ADC\7[MTAL36C|3[Õ¡MT2\;F;
ê@MT;G?TC*7[JS36Y4MTÔ4YSMrK4JD3SUiÓS8G× �È;_2\7aç6;

NC =
(m+c)·(m+c−1)/2

RSA ��;G?T;GCdM�Ô\7[AL?i8>×GæxC,;G7dUi2IALC�MT;G?TC\76J�U>365·Ô4?B;G8B8NAL36CIÕÖY4C*U�MTAL36C O `:;�U>76C
2\7aç6;F7[M�5·3d8NM

NK = k · (k−1)/2
Ô\76AD?i8äÔ4?B;G8T;>C�MG× [�76Ui2·36Õ�MB24;

Nc
Ô\76AD?i8ä5åY\8�M:7[Ô4Ô�;G76?

ADC�7[M�JL;G768NM
c
R4A��¡;>?B;>C�MrALC�MT;G?TC\76J*U>365·Ô4?B;G8B8NAL36CåÕÖY4C\U
MTAL36C\8:8NALC\U>;_3[MB24;>?B`�AV8N;'MB24;>?B;_`:36Y4JVR

;
êSAL8NMI7¿JDALC4;G76?XU>365�K\ADC\7[MTAL36CÀ36ÕäMT24;å;
ê@MT;G?TC\76J�3dYSMTÔ4Y4MB8X`�24ALUi2À`:36Y\JLRÂALC@ç636JLç6;�C436C4;�3[Õ
MT24;~8N;'ALCdMB;>?BC\7[J4U>365·Ô4?B;G8B8NAL36C,ÕÖY4C\U�MBAD3dC\8076C\Rå7[MNMi76UiÓ *����I`r3dY4JLRå7[Ô4Ô\JD=d× �È;'MB2�Y*8<2\7aç6; �

t ≥
c · (m + c) · (m + c − 1)

k · (k − 1)
.

1'24AL8,?T;~768T36C4ALC4ãÀU>76Cð76JL8T3ÂK*;�7[Ô4Ô4JLAL;GRÈMT3Ç7[MNMi76UiÓ � 8Ç8TADC*U
;$`:;$2\7aç6;$7]Må5|3�8�M
m + cRSA��¡;>?B;>C�M,çd;GU�MB36?i8¾768¾ALC4Ô4YSM¹MB3ÂMT24;$ALC�MT;>?BC\76J0U
365·Ô4?B;G8B8TAD3dCZÕÖY4C\U
MTAL36C\8G× [�7dUi2µ;>ê@MT;>?BC\76J

ADC4Ô\YSM,K4JL3@UiÓÇ5�Y\8NM,7[Ô4Ô�;G76?IALCö7]M¹JL;G768NM
c
R4A��¡;>?B;>C�M¹ADC�MB;>?BC\7[JäU
3d5·Ô4?T;~8T8TAL36CZÕÖY\C\U�MBAD3dC\8 O

3[MT2\;>?B`�AL8T;$8N3d5|;$JLALC4;G76?,U
365åK4ALC\7]MBAD3dC\8¾3[Õ:MT24;$;>ê@MT;>?BC\76Jä36YSMBÔ4YSMB8�`r3dY4JVRÇC436M�RS;>Ô�;>C*R
36C·MT2\AL8�;
ê@MT;G?TC\76J4ALC4Ô4YSM:K4JD3SUiÓ¡× �µ;_U>76C$Ô4YSM

k
K\JD3SUiÓS8äALC¿36C4;�ALC4C4;G?0ÕÖY4C\U
MTAL36C¿76C\R|MT2@Y\8

`r;¾2\7açd; �
t ≥

c · (m + c)

k
.

1'24;G8T;ZK�36Y4C\R\8�76?T;À36Õ�MT;>C 5�Y\Ui2 K�;
MTMT;>?�MT2*7[C MT2\;Çã6;GC4;>?i7[JXU>768T;Ç76C\R ADJLJLY\8�Mi7]MB;ZMT2\;
AD5·Ô�36?TMB7[C*U
;_36Õ)MT2\;XALC4Ô4YSM�JV7a=6;G?G×
� `:;G76ÓåALC4Ô4Y4M'JV7a=6;G?rUG7[C�R4?B765·7[MTAVU>76JDJL=åALC\U>?T;~768T;FMT2\;
5|ALC4AL5�Y45 C@Y45�K�;>?F36Õ�U>365·Ô4?B;G8B8NAL36C�ÕÖY4C\U�MBAD3dC\8�?B;Gñ�Y4AL?T;~R$ÕÖ3d?F7$8N;~U
Y4?B;IU>36C\8NMT?BY\U
MTAL36C)×


