
� � ����� � �	��
����������������
�� 
�������� ���"!
#%$'&)(+*-,/.0*1.�2�3/45(+687:9;(=<

>@?1A�B�C1DFEGAIHGDKJ@A5HML�NPO�JRQSNTDVU1?1ORW)AID LXL
Y[Z]\_^a`a`cb_dT^fe+gXhjiM^fkmlTnonGn

p�qsr%tXu5v;wTt+xzy�{G|@}T~F�[^fi���ijg%�T�;gXd=ZXg��I�ShM^f�5^f��hj�T�=i��+h�`a^fd;�Ti�Z%�+d=ijgXZX�=kM^fe+go`fl
ZX�+d=d;g%ZXkjgX���5k/kj�;go^fh/gXd=�5�j�I^fdTkjiX���I�@���;k/�/�P^fZG��kj�=gXl����Xl�hj�+kG�5kjg_�KhjgXgG`fl+�@y �1�f}+�
�@}T��{G|@}T~F��^fi���Zo�-�]^fd��/�=�+ijg�hj�T�;iS`a^fg�^fd�kj�;g��T`��Id=g+����^fkj�Rhj�T�=i��X`a`f�I�cgX��kj�
�@�5iji��5e+gXh���d;g��Id=�+kj�=gXh/�5i�kj�;g%l����5e+g+�8y {G¡T�@¢5£G¤¥¡T¦5§K¨T©X£:�-¡+�fªX«T¡T�¬®^fi�¯ZX��dP°
e+gX±��@�5`flT�+�+d���^fkj�[g5�5Zo��^fdTkjgXhM^f�+hS�5d;�5`fg²d=�+k�`fgXiji/kj�-�Id�³1´+µT�@¶�g·ZX�+d=iM^f�=gXh¯kj�=g
�K�I`a`f�5��^fd;��hjgXZX��dP¸-�+�=hG�IkM^f��dR�;hj���P`fg%�[�
¹/~F¢5£I�-º+�5d[»;°K`a^fd=���T`��Id-�Ih/ZG�@�X^fd�¼	ZX�+dT¸@d=gX��^fd;iM^f�=gS�¥Z%�+dTe+g%±��+�=kj�;ijg�@�I`flT���+d
¬��/�;��ijg�iM^f�;gXiz�Ihjg'�]`a`)`f�+d=�+gXhSkj�@�5k·kj�;gS`f�+d=�+gXijk²`a^fd=���I�¼¯½¾���@�5^fdTk¯¿RÀÁ¬²½
�Id=�R�5d�gXd;�5�j�5^fdTk²�5�/¼¯�/Â�¨=£X©X§K~F¡T�-º@Ã/�Id�¼��@gS���5e+gX����^fkj�P^fd�¬Äij��kj�@�5k¯kj�=g
ij�@gXZo^a¸-gX��gXd;�5�j�5^fdTk¯�I�c¼ hjg5�5Zo�=gXi�¿-Å
¶�gS�I^fe�g���d=gXZXgXijiG�5hjl��Id=��ij�TÆ�Zo^fg%dTk·ZX�+d=�P^fkM^f��dR�K�+h��RÇÈl�gXijÉ��Id=ij��gXhX�¾�Id=�[^fd
kj�P^fi/Z5�5ijg¯��g/�K�;hjkj�=gXh/�I^fe�gS�Id��]`f���+hM^fkj�=�Ê�Ë�+h�hjg5�5Zo�T^fd=�²¿1�=Ì_�=g¯d=gXZXg%ijiG�Ihjl��5d;�
ij�PÆ�ZG^fgXdTk²Z%�+d=�P^fkM^f��d�^fi·^fd=�;gX�-gXd;�=gXdTk��5�/kj�=g²^fdP^fkM^��X`/ZX��dP¸-�+�=hG�IkM^f��d	�I�Í¼ �5d;�
^fi�Zo�=gXZG���I�T`fg¯^fd�kM^f�zg_�=hj�+�-�+hjkM^f�+d-�]`)kj�·kj�=g/dT�;�S�@gXhc�I�1`a^fd;�Ti/^fd�kj�;g/hjg5�X`�Î�y·Y
���T�;gG`s�I�)Z%�+���=�;kG�5kM^f�+d1�

Ï Ð-Ñ_Ò1Ó1Ô·ÕSÖ²×:Ò�ØoÔ/Ñ
ÙÛÚfÜKÝ@Þ=ß+à=á¯DFHzN�âXã=äFäFA�âXEoDFã=ORãTå/æGDFç;DËJ�æoã�J�HSã=æ²äFD�Oéè-H+ê1ë·DFEGCRäFDFO1è@HSâXã=OéO1A�âXEoA�J	EGã;ç=A5EoC1A5æ�NTE
EoC1A5DFæ�A5O�J5ìXã;DFO-EoH�í:Ùïî�ÚFßTÝ�ßPðSäFDFO1è=NTç;A�C�NPHzDFEoHzäFDFO1è@Hzâ]ã=O@ñ�OéA�J	EGã�EGC1A�ò1äKNPO1A=ó:äFD�Oéè-H²ô�N+õ
âXæoã=HoH�ãTö=A5æ�ã;O1A�NPO1ã=EoC1A5æ�NTO�J÷EGC1A�äFã�âINTEGDFã;O1H�ãTå�âXA5æoE%NTDFORìXã=DFO@EGH�ôRN+õ�ø:A�æGA+ù=?éD�æoA�J�EGã
æoA5ô�NPD�Oúñ1U1A�JREoã�EGC1A�òéäËNPO1A=íéÙ�ûXü1ßTÜKÝ�DFHSN[äFDFO1è=NTç;AzâXã;O1HGDFHoEGDFO1ç�ãPåN[HGA�ù;?1A5O:âXA�ãPå/ä�DFO1è@H
âXã;O1HGA+âX?1EGDFö;A5äFõ�âXã;O1O1A�âXEoA�J	NTE·EGCéA5DFæ·A5O�J5ìXã;DFO-EoH�í
ý C1A�ð%áXß;ûXü1ß=þIÜKÚfÜFÿ��²î�ð��;þ5ÚFá�� åmã=æ·N[äFD�Oéè=NTç=A�� âXã=OéHGEGæXNTDFO1A�J�Eoã�ä�DFA�DFO1HGDKJ@A�N[æGA5ç;DFã=O	�

DFH�Eoã®J@AIEGA5æoô�DFO1A=ê0ç=DFö=AIO�NRò�ã;DFO-E�
����NPO�J N�ì]ã=DFO@E�����ãPå���ê ë·C1A5EGCéA5æ���âINTO�ø:A
ô�ãTö=A�J[ë·DFEGCéD�O�� Hoã�EGC�NPE�� � æoA�N=âoC1AIH�
0í
ý C1DFH·ò�NPò�A5æ²HGã;ä�ö;A5H·EGCéA�æGA�N;âoC�NTø1DFäFDFEjõ�ò1æGã;ø1äFA5ô åmã=æ���� äFDFO1è�ò1äKNPO�NTæSâoC�NPD�OéHSâXã=O@ñ:O1A�J

ë·DFEGCéD�O[âXã=O@ö=A]U�ã=ø1Eo?1HGA¯ò:ã=äFõ@ç=ã=OéH�í+B AJ@AXñ:O1ASN�û��TÝ��8á����=þ]ÿ �"!�á_î#�PÚ$�+à%�TÝ²EGã�ø�A·NSâ]ã=O@ö=AXU
ò:ã=äFõ@ç=ã;OSë·C1ã;HGA¯D�O@EoA5æGO�NPä-NPO1ç=äFA5HsA�N;âoC�ô�A�NTHo?1æGA'&)(%*¥ã=æsô�ã=æGA;í�+jO�ò�NTæoEGDKâX?1äKNPæ�ê5ã;?1æ)ò:NTò:A5æ
ç;D�ö;A5H�NTO NPäFç=ã=æoDFEGC1ô EGC:NTE�J@A�âXDKJ@A5H�ë·C1A5EoC1A5æ�N ç=DFö;A5O�A5O:J5ìXã=DFO@E[ãTå'N	âoC�NTDFO�âXã=O@ñ:O1A�J
ë·DFEGCéD�O�N âXã;O@ö=AXU�ã=øéEG?1HoA�ò�ã;äFõ-ç;ã=O, â5NTO�æGA�N;âGC N ç=DFö;A5O�ò�ã;D�O@E-
.�/, NPO�J�EGC�NPE
ò1æoã1J@?�âXA5H�N[HoA�ù;?1A5O�âXA[ãTå/ô�ãTö=A5H¯EGC�NPE·ø1æGDFO1ç�EoC1A�A5O:J5ìXã=DFO@E·EGã-
Rë·CéA5O�
RDFH·æGA�N;âoC�NTø1äFA=í
nSij�;g�0¯Z%iX� ��Z%�I^a`a`K� Z5�21T�;�=�@��hjkjgX���Tl�3�ÃÍy�Î��5d;��451"6)Î�Ã¯�
nGn �@go^70¯ZXiX� ��ZX�5^a`a`K� Z5�
nGnGn81PZG�;�T�5`s�5�)Ã��+���=�=kjgXh51PZo^fg%d;ZXg��:9<;>=@?�b_dT^fe+g%hjiM^fkMlA1TkX�CB�9ED�=P��Y[�+dTkjhjg5�X`K�GF¯�=gX�@gXZ8H59Iy µIy�I
ÃÍy�4_y�JÍy



A
 i-1

A
 0

 iL

A
 i

α i L i+1

A
 i+1

[ A A n, ]

A

A n

 j

 j

���������	� Q·ã;E%NPEGDFã=Oúåmã=æSâoC�NPD�OéH�í

ý C1A�J@A�â]D�HoDFã=ORò1C�NPHGA�ãTå�EGC1A�NTäFç;ã=æGDFEoC1ô æo?1O1HSDFO�EoD�ô�ASò1æoã=ò:ã=æoEGDFã=O�NPä�Eoã�EoC1A�O@?1ô�ø�AIæãPå
äFDFO1è@HDFO�EGCéAzæoA�NTä�
¥Ù�Ûô�ã�J�A5ä�ãPåcâXã=ô�ò1?1EXNTEGDFã;O)í��²?1æ·æGAIHG?1äFEGH·æoA5ò1æoA5HGA5O@E�N�HoD�ç;O1DVñ¾â5NPO-E
DFô�ò1æoãTö=A5ô�A5O@EsEGã�EGCéA·è-OéãTë·O�æoA5HG?1äFEoH�åmã=æ�EoC1DFHcEjõ@ò:A·ãTåsò1æGã;ø1äFA5ôÁê+NTH�ë¯A·AXU1ò1äKNTDFO�åm?1æoEGC1AIæ
ø:A5äFãTë�í

¥A�N=âoC�NPø1DFä�DFEjõSNPO�J²æGA�âXã;O@ñ�ç;?1æ%NPEGDFã=O�òéæGã=øéä�AIô�H:åmã;æsä�DFO1è=NPç=A5H:C�N+ö;A/ø�AIA5O�DFO@ö=A5HoEGDFç-NPEGA�J

ø@õRHGA5ö;A5æ%NPäcæoA5HGA+NTæ%âoC1AIæGH�� �@ê *1ê��1ê�� *1ê��=ê����Tê��@ê��@ê��1ê��@ê	���Gí�>@A5A[B�C1DFEoA5HGDKJ@A5H �!�"�#�)åMã=æzN
HG?éæGö=AIõ-í

¥A�âXã=O�ñ�ç=?1æXNTEoD�ã;O�ò1æoã=ø1äFA5ô�H�NTæoA�ãPåmEGA5O�NPE�äFA�NPHGE�QSW �jC�NTæXJ�ë·C1A5O�EGC1A�O@?1ô�ø�AIæ�ãPå

J@A5ç;æGA5AIHzãPå�åmæGA5A+J@ã=ôÛDFH·O1ã=E²ø�ã;?1O�J@A�J$�!�"�@ê%��ê��"�#�Gí ý ã[ñ�O�Júå NTHoE·æGA�â]ã=O@ñ�ç;?1æ%NPEGDFã=O	NTäFç=ãE�
æGDFEoC1ô�H+ê@D�E¯DFH·A5HGHoA5O@EGDKNTä�Eoã�?1O:J@A5æGHoE%NPO�J�ë·C:NTE·æGAIäËNPEGDFã=OéHGC1DFò1H¯ø�AIEjëA5AIOÁô�ãTö-DFO1ç�ã;ø=ìXA�âXEoH
NTO:J�EoC1A5DFæ�A5O@ö-DFæoã=O1ô�A5O@EGHSç;DFö=A[æGDFHGA[EGãRò1æoã=ø1äFA5ô�HSEGC:NTEzNPæGA�ù;?1DKâoè@ä�õRHoã=äFö=NTø1äFA�DFOÁHoò1DFEGA
ãTå/C�N+ö@DFO1ç�ôRNTO@õ�J@A5ç=æoA5A5H�ãTå0åmæGAIA�J@ã=ô	í
Ù·E�ò1æoA5HGAIO-E+ê·NTäFç=ã;æGDFEGC1ô�H�åmã;æ[å NTHoE�æGA�âXã;O@ñ�ç;?1æ%NPEGDFã=O�ãPå���� äFDFO1è�âoC�NTDFO1H�C:N+ö=ARø�AIA5O

ç=DFö;A5O�åmã=æ·ö;A5æGõ�HGDFô�ò1äFA�âXã=O@ñ:O1DFO1ç�æoA5ç=DFã;O1H"&:âXDFæ%âXäFA5H+ê�HXù;?�NTæoA5H�ê:A�ù;?1DFäKNTEoA5æ%NPäsEGæGDKNPO1ç=äFA5H+ê@ã=æ
O1ã�âXã;O@ñ�O1DFO1ç�æoA5ç=DFã;O�NTESNPäFä í

+jO�EoC1DFH·ò�NTò:A5æ+êsëA[âXã=O1HoDKJ@A5æzâoC�NPDFO1HzâXã;O@ñ�O1A+J�ø@õ�NTæoø1DFEGæ%NPæGõRâXã=O@ö=A]U�ã;ø1EG?éHGA[ò�ã;ä�õ"�
ç=ã;O1H�í¯B ARæGA+ù=?éD�æoAÁEoC�NTE�EoC1A	ô�DFO1DFô�?éô HGDKJ@A ä�AIO1ç=EoC�ãTå�EGCéA®âXã;O@ñ�O1DFO1ç ò:ã=äFõ@ç=ã;O�ø�A
ç=æoA�NTEoA5æ[EGC�NPOÁEoC1A�äFA5Oéç=EGC	ãTå·EGCéA�ä�ã;O1ç=AIHGE�äFD�Oéè�DFO�EoC1A�âoC�NTDFO)í ý C1A�æoA5HG?éä�EoH�ãTå'�(�#�NTO�J
�(�)�zNPä�HoãÁæoA�ù;?1DFæGAREGC:NTE�EGCéA�äFã;O1ç=A5HoE�âoC�NTDFO�äFDFO1è ø:ARO1ãÁäFã;O1ç=A5æ�EoC�NTO�EGC1A HGDKJ@ARãTå�EGC1A
âXã;O@ñ�O1DFO1ç�HXù=?:NTæGA;í
* ã=æ·æoAXåmA5æoA5O�âXA5H�ã=O�NTäFç=ã;æGDFEGCéô�DKâTêTç;A5ã=ô�A5EGæoDËâ²ô�ã=EGDFã;O�ò1äKNTO1O1DFO1ç[DFORç=A5O1AIæ%NTäjêéHGA5A�åmã=æ

AXU�NTô�ò1äFA'+)NTEoã=ô�ø:A�, H·ø�ã@ã;è-�!�).#�ÍNTO:JRø�ã@ã;è-H²A�J@DFEGA+J�ø@õ�>1âoC@ë�NPæGE0/�NTO:J21�NTò3�!�"�#�Gê:NTO�J
ø@õ�>1âoC@ë·NTæGE4/=ê�>�C�NTæoD�æSNPO�J�5·ã;ò¾âXæoãTåmE'�!�#�)�Èí
6 AXåmã;æGA[ò1æGã1âXA5A+J@DFO1ç�åm?1æGEoC1A5æ+êsëA[DFO@EGæGã1J@?:âXA�Hoã=ô�A�EGA5æoô�DFO1ã;ä�ã;ç=õ�NPO�JRO1ã;E%NTEoDFã=O)êéD�ä �

äF?1HGEoæ%NPEGA�JRDFO * DFç:í	�;í +jO�NTO	���jäFD�Oéè âoC�NPD�O�� ë·DFEGC�â]ã=O1HoA�âX?1EoD�ö;AìXã;D�O@EoH5�87�9):":):09 �<;0ê@EGC1A
DFO1DFEGDKNTä1NPO�J�ñ:O�NTä5ìXã;D�O@EoH �87NPO�J �<;�NTæGASâINTäFäFA�J�áIÝ	=?>@�TÜKÝ�ÿ !5óTEoC1Aã;EGC1AIæGH·NTæGA·â5NPä�äFA�J�ÜKÝ@ÿGáIðA@
��áB=PÜmß+ÿGáC>@�PÜKÝ@ÿ !ED ý C1ASäFDFO1è[ø�A5Ejë¯A5A5O��GFIH�J�NPO�JA�GFLKM.ONQPCR��S/DFHJ�A5O1ã=EoA�J�ø@õOTCFXê@NTO�J
EGCéAzäFA5Oéç=EGC�ãTåUTCF�DFH·J@A5O1ã;EGA�J�ø@õWVXF%í ý C1A�NTO1ç;äFASNTE¯D�O@EoA5æGô�A�J@DKNTEoA)ìXã=DFO@E'�<F/J@AIEGA5æoô�DFO1A�J
ø@õ�æoã=E%NPEGDFO1çWTCF¯NTø:ã=?1E��GFâXã=?éO-EoA5æ%â]ä�ã1âoè@ë·DFHGA�Eoã�ø1æGDFO1çWTCF_EGãWTCFZY�JSDFHSJ@A5Oéã=EGA+JRø@õW[�FXí



A

A0

A1

A2
A

A

A5

(a)   RNF

A
A0

1
A2

A

A3

4

An

A0

A2

n

A1

(b)  4-BRNF

3

4

(c)   TNF-2

���I����� ��� UéNPô�ò1äFA5H¯ãTå�O1ã=æoô�NPä1åmã;æGô�H�í

Ù²O�DFO-EoA5æGô�A�J@DKNTEoA�ìXã;D�O@E)�GF�DFHcâINTäFäFA�J�N !Xÿ ðXßTÜFà+ü=ÿ�>@�TÜ Ý@ÿ-DVå�[�F�� &�ó+ã=EGCéA5æGë·DFHGA;ê@�GFsDFHcâ5NPä�äFA�J
N[þ%áIÝ	=PÜKÝ@àL>@�TÜ Ý@ÿ í ý C1A¯HG?éø¾âoC�NPD�O[ãTå)��ë·DFEoCìXã=DFO@EGH �<FA9 �GFZY�J�9):":):09 � � K PCN�� SIêTDFHÍJ�A5O1ã=EoA�J
ø@õ � K P09�� SIí�>@?éø¾âoC�NPD�O	� KMP49�� S¯DFHSHXNTDKJ�EGã�ø:AA!Xÿ ðXßTÜFà+ü=ÿjê1J@A5Oéã=EGA+J�ø@õ � �GFB9):":):09 � � �Gê1DVå/DFEGH
äFDFO1è@H/åMã=æGôÛN[HGEGæXNTDFç=C@E¯äFD�OéAzHoA5ç=ô�A5O@Eë·DFEoC�NPäFä�DFO@EGA5æoDFã=æ)ìXã;D�O@EoHHoEGæ%NPDFç=C@E�í
B A�J@A5O1ã;EGA	EGC1A	J@DFHGE%NPO�âXA�ø:A5Ejë¯A5A5O Ejëã ò:ã=DFO@EGH
	�9��	ø@õ� K�	�9���SIó/EoC1A�äFDFO1AREGC1A5õ

J@AIEGA5æoô�DFO1A�ø@õ V�K�	�9���S5ó:EoC1A�äFDFO1A�HGAIç=ô�AIO-E²EGC1AIõ�J�A5EGA5æoô�DFO1A�ø@õ�	��1ósNTO�J�EGC1A[äFA5O1ç=EoC�ãTå
EoC1DFH·HGA5ç;ô�A5O@E¯ø-õ�� 	�������%K�	�9���S5í
B A/æoA5ç-NPæ%J[N·ò:ã=äFõ@ç=ã=O-,�NTH/N�* �GJ@DFô�A5O1HoDFã=O�NPä8âXäFã;HGA�J�HGA5E+óTë¯AJ@A5O1ã;EGA·EoC1Aø:ã=?éO�J1NTæoõ

ãPå , ø-õ�� , NTO:J�EGCéASäFA5O1ç;EGC�ãPå)EGC1A�HoC1ã=æoEGA5HoE·HGDKJ@ASãPå , ø@õ������  ¾í * ã=æN�ò1äKNTO�NPæâXäFã=HoA�J
æoA5ç=DFã=O�!�ê:ë¯A�?1HGA�"#�%$'& K7
�SSEoã�J@A5O1ã;EGA�N�ò�ã;DFO-E�ãPå(!�å NTæoEGC1AIHGE�åmæoã=ô 
)êsNTO�J)*�%$+&�K7
�S
Eoã�J�A5O1ã=EoA�%K7
�9�" �%$'& K 
	S0SIí��²ø@ö-DFã;?1HGäFõ@ê�DVå,!ÛDFH�N�ò�ã;äFõ-ç;ã=O)ê-" �%$'& K7
�SSDFH�NRö;A5æGEoAXU®ãPå(!
å NPæGEoC1A5HGE¯åMæGã=ô.
)í
+sAIE8��ø:A�NTO ���jäFDFO1è âoC�NPDFO�âXã=O@ñ:O1A�J�DFO�NTORNTæoø1DFE%NTæoõ�ò1äKNTO�NPæâXäFã=HoA�J�æGA5ç;DFã=O.!úê@O1ã=E

O1A+âXA5HGHXNTæoD�äFõ�ò�ã;ä�õ@ç;ã=O�NPä1ã=æ¯A5ö=AIO�â]ã=O@ö=AXU)ê1NPO�J�äFA5E 
 �/!�í%+jE¯DFHA+NTHGõ�EGã[ö=A5æoDVåmõ�EoC�NTE¯DVå 

DFH¯æGA�N;âGC:NTø1äFA�ø@õ�EoC1A�A5O�J5ì]ã=DFO@E5� ; ê1EoC1A5OREGC1A'åmã=äFäFãTë·DFO1ç�âXã=O�J�D�EoDFã=O K�0�S¯ô�?1HoECéã=äKJ�&
132�4%5��76"�72�498 0�S * ã;æ�NPä�ä�P �/: ��9):":):09��<;-ê VXF-=?> ;�#@ FZY�J V � R *�A$'&�K7
�SÁí K�0�S
Q·ã;EGA[EGC�NPE K�0�S²DFH�DFO�J@A5ò:A5O�J@AIO-E[ãTå¯EGC1A�DFO1DFEGDKNPäcâXã;O@ñ�ç=?éæ%NTEoDFã=O�ãPå �[í:ÙSäFHGã K�0�SzâINTO

ø:ASEoA5HGEoA�JRDFO�EoD�ô�A·ò1æGã;ò�ã;æGEoD�ã;O�NTä:EGã[EGCéAzO@?1ô�ø:A5æ¯ãTå)äFDFO1è@HDFO�EGC1A²æGA�NPäU
·Ù8�Ûô�ã1J@A5ä:ãTå
âXã;ô�ò1?éE%NTEoDFã=O�ë·C1A5OéA5ö=A5æ3*�A$'&�K7
�S¯D�H·ç;DFö=A5O)í

+jO �(�#�Gê�BzNPO@E%NTøé?1EGæXNRò1æGãTö;A�J EoC�NTE[DVå���DFH�âXã=O�ñ�O1A�J÷EGã N !�C��1ßTðXá ë·C1ã=HoARHGDKJ@A�DFH
äFã=Oéç=A5æ²EGC�NPO�EGC1A�ä�ã;O1ç=AIHGESäFDFO1èsê�K�0�S¥D�H�NTäFHGã�!���D�û5ÜMá5Ý@ÿ0åmã;æ8�<; EGã�æoA�N=âoC�
)í��S?éæzò:NTò:A5æ
ç;A5O1A5æXNTäFD!/5A5HSEoC1DFHæoA5HG?éä�E¥åmæGã;ô�H%ù;?�NPæGA5H²EGã�NPæGø1DFEGæXNTæoõ�âXã;O-ö;AXU�ã;ø1EG?éHGA�ò:ã=äFõ@ç=ã;O1H�í
EGF�FIH�J�KL6)�72�4�FNM�* æoã=ô O1ãTëÁã;O)ê+ëA¯NTHGHo?1ô�A_EGC�NPE ��J�A5O1ã=EoA5H/NTO����jäFDFO1èzâoC�NPD�O[âXã=O@ñ:O1A�J
DFO1HoDËJ�AzN�âXã;O-ö;AXU�ã=øéEG?1HoA�ò�ã;äFõ-ç;ã=O�, ë·C1ã;HGA�HGC1ã;æGEoA5HGE²HGDKJ@AO�����  �DFHSNTE¯ä�A+NTHGESNPH·äFã=O1ç�NPH
EoC1A�ä�ã;O1ç=AIHGE·äFDFO1è�ãTå'��í�P;ã=DFO@EGH·ãPå � ô�N+õ[äFDFASã=O�� ,�í
ý C1A²æGA5HoEãPå)EGC1DFH/ò�NPò�AIæDFH/ã;æGç-NPO1D!/5A�J�NPH/åmã;äFä�ãTë·H+íT>@A�âXEoD�ã;O�*�HGCéãTë·HEoC�NTENPO@õ âoC�NPD�O

â5NPOÁø:A�ø1æoã=?1ç;C-E�Eoã�â]A5æGEXNTDFO O1ã=æoô�NPäsåmã;æGô â]ã=O@ñ�ç;?1æ%NPEGDFã=OéHzEoãRø�A�J@A]ñ�O1A�Jsí�>@A�â]EGDFã=O �
HoC1ãTë·H�C1ãTëïEGã J@A5EoA5æGô�DFO1A�EGC1A�ò�ã;DFO-EoH�æGA+N=âoC�NTøéä�A�ø@õÁEoC1A�A5O:J5ìXã=DFO@EGH[ãTåzN âGC:NTDFO�NTO�J
ò1æoA5HGAIO-EoH�NTO�NPä�ç;ã=æoD�EoC1ô Eoã�ø1æoD�OéçÁNTO�A5O�J5ìXã;DFO-E�Eoã®NPO-õ	ç=DFö;A5O æGA�N;âoC�NTø1äFA�ò�ã;D�O@E+í ý C1A
NPä�ç;ã=æoD�EoC1ô�ô�ãTö;A5H�EGC1A�âoC�NPDFO D�O Eo?1æGO EoC1æGã;?1ç=C EoC1A�ö=NPæGDFã=?éHzOéã=æGôRNTä0åmã;æGô�H²ç=DFö=AIO D�O
>@A+âXE�í *1í1>@A�â]EGDFã=O ��âXã;O�âXäF?�J@A5H+í



� � Ô/Ó������	�·Ô/Ó
���

B A�J@AXñ�OéA�EGC1æoA5A�Hoò�A�â]DËNPäcâXã;O@ñ�ç;?1æ%NPEGDFã=O1H¯åMã=æ8� NTH¯åMã=äFäFãTë·H KmæoAXåmA5æ²EGã * DFç�í%*�S5í
�G2�NJ���� ��2�NJ?F M �ïDFHzDFO���Ü ��� �Pð���ßTÚ�� �Tð��[êsJ@A5O1ã;EGA�J3
²Q * êsDVåSNTäFä�D�EoH/ìXã=DFO@EGH�äFDFA
ã=O?� ,�í � DFH�DFO�Þ)@��Sá5Ý	=PÜKÝ@à��·Ü ��� �Pð���ßTÚ�� �Tð��[ê)J@AIO1ã=EoA�J��"� 6 
SQ * êsDVåSEoC1A5æGA�AXU1DFHGE
��ì]ã=DFO@EGH�� F�� 9):":):A9 � F � Ho?�âoC�EoC�NTE-� F�� 9":):):B9 � F � äFDFA�ã=O?� ,�êsë·C1DFäFA�NTO@õ	D�O@EoA5æGô�A�J@DKNTEoA
ìXã;D�O@EoHzOéã=E�NPô�ã=Oéç�EGC1A5HoA!�	NTæoA�HGEGæXNTDFç=C@E+í * D�O:NTäFäFõ-êG�ïDFH�DFO#"sßPÜKÚ�� �Pð���ßTÚ$� �Pð��&%_ÜFÿmü
ÜKÝ	=;á��'P�'=ê1J@AIO1ã=EoA�J ý Q * �0P(';ê@DVåcEoC1A5æGA�AXU1D�HoEGH8P 7 ê P 7*)� ��ê@Ho?�âoC�EGC:NTE��+' 9":):":A9 � F , äFD�A�ã;O
� ,�êG� F-, äFDFA5HSNTE·N[ö=AIæGEGA]U�ãPå ,�ê1NPO�J�HG?1øsâoC�NTDFO	� KMP 7 9���S¯D�H¯HGEoæ%NPD�ç;C@E�í
Q¥ã=EGA[EGC:NTESø@õ�EoC1A�NTø:ãTö=A�J@A]ñ�O1DFEGDFã=OéH�ê)� D�H²DFO.�"� 6 
²Q * åmã;æSHoã=ô�A/�RDVå�NTO�J�ã=O1äFõ

DVå¥NPäFäcDFO@EGAIæGô�A+J@DKNTEGA¯ìXã=DFO@EGH�ãTå���NTæoA�A5DFEoC1A5æ�HoEGæ%NPDFç=C@E�ã=æ�ã=O��:,úó � D�H�DFO ��� 6 
SQ * DVå
NTO:J�ã=Oéä�õ[DVå ��DFH¯DFO 
SQ * ó-NPO�J���DFH/DFO . � 6 
SQ * DVåÍNPO�J[ã=O1äFõ[DVå � D�H¯N�HoEGæ%NPDFç=C@E�âoC�NPDFO
ë·DFEGCRO1ãSìXã;DFO-EoHã;O.� ,�í
6 æGDFO1ç;D�OéçzN�âoC�NTDFO�EoãzEoC1A5HoASO1ã;æGô�NPäTåmã;æGô�Hsò1äKN+õ-H/N�âXæo?�âXDKNTä1æoã=äFA¯D�O�ã=?1æ�æGA+N=âoC�NTøéD�äFDFEjõ

NTäFç;ã=æGDFEoC1ôÁê@J@A5HXâXæGDFø:A�J�DFO�>@A�â]E�í��1í ý C1A�æGA5HoESãTå/EoC1DFHSHGA+âXEGDFã=O A5äKNTø:ã=æ%NPEGA5H²ã=ORô�ãTö@DFO1ç�N
âoC�NTDFO[EGã�Oéã=æGôRNTäPåmã=æoô�H�íT>@A+âXEGDFã=OA*1í!�¯HGCéãTë·HcEoC�NTE¯NTO@õ�âoC�NTDFO�â5NTO[ø:A·ø1æGã;?1ç=C@E/Eoã 
²Q * ê
NTO:J�>@A�âXE+íG*1í *�HGCéãTë·H/C1ãTë�EGã�øéæGDFO1ç�N�âoC�NPDFO�NTäFæGA�N;J@õ[D�O 
SQ * Eoã ý Q * �0PI7¥åmã;æ/HGã;ô�A PI7;í
6 AXåmã;æGA�ë¯A�òéæGã1âXA5A�JÄEGã	EGC1A�HG?1ø1HoA�âXEoD�ã;O1H�ê_ëA�HGEXNTEGAREjë¯ã�A5HoHGA5O@EGDKNPä·ä�AIô�ô�NPH�í ý C1A

ñ�æoHGE·ç=DFö;A5H�N�è=AIõ�ò1æGã;ò�A5æoEjõ�ãTå/âXã=O@ö=A]U�ã=ø1Eo?1HGA�ò:ã=äFõ@ç=ã=OéHNTO�JúEGC1A²äFA5ô�ôRN·EGC:NTE_åmã=äFäFãTë·H
DFESJ@A5ô�ã=O1HoEGæ%NPEGA5H·EoC1A�?1EoDFä�DFEjõ[ãTåL
SQ * í
021 J�J�� �	�/3 áXÿL	�9��ÁþXá·îG�TÜ Ý@ÿ !��PÝ�Ý:�TÝ:ß�= >+ß=ûXá5Ý�ÿ8!5ÜI==á�!���4�û��TÝG�Tá�� �=þ]ÿ �"!�á²î#�PÚ$�+à%�TÝ�, D
"0ü�áIÝ��N	��G�659� ���  D

�²O1ASâXã;O1HGA+ù=?éA5O�âXA�ãTåsEGCéASNTø:ãTö=A¯ä�AIô�ô�N_DFH/EGCéA·ò1æGã;ò�A5æoEjõ�åMã=æ/âoC�NTDFO1H/DFO 
SQ * ç=DFö=AIO
ø@õ�EoC1A�O1AXU1E·äFA5ô�ô�N1í
021 J�J��3��� � �Tð�ßPÝ	��@GÚfÜKÝ@Þ�û]ü�ßTÜ Ý	��Ü Ý��7�8�:9SßTÝ��> �TÜKÝ@ÿ��;4���ûXßTÝ þXá2� �E�8áA=�ßPÚ7�PÝ@à
ßTÝ���î1ß+ÿMü �TÝ
� ,<%Íü-ÜKÚFá²ÞPáXáÈî�ÜKÝ�à���ÜKÝ=�7�8�LD

5¥A5æGA=ê O1ã=EoDËâ]A�EGC�NPEzEoC1A�NTHoHG?1ô�ò1EGDFã;O1HSEoC�NTE-,ïDFH�âXã=O@ö;AXUÁã=øéEG?1HoA�NTO�J EGC�NPE-� C:NTH
O1ã�äFã=Oéç�äFDFO1è@H�NPæGA�â]æG?�âXDKNPä ê1NPH·DFä�äF?1HoEGæXNTEGA+J�DFO * DFç:í �1í

� �Z� >	��74C�	�74C�!��1@?:�%� 496#2BAC� �
ý C1A�è=AIõ�DËJ�A�N�ãPåcEoC1A�NTäFç=ã;æGDFEGC1ô åmã;æ/ø1æoD�Oéç=DFO1ç�N�âoC�NPD�O�EGã 
SQ * D�H¯EGã[?1HoAD�C� 6 
SQ * NTH
N�ø1æGDKJ@ç;A=í��Rã;æGA�Hoò�A�â]Dfñsâ5NTäFäFõ-ê ëA[ë·DFä�ä�HoC1ãTëïEGC�NPEzDVå8� E%NTè;A5H�EoC1A[åmã=æoô � � 7 9":):":A9 � ; �
ë·DFEGC�� 7 NPO�JA� ; ã=O�� , KjN�Hoò�A�â]DËNPä * � 6 
SQ * SIê@EGC1AIO � âINTORø�A�ø1æoã=?1ç;C@EEoãW� � 6 
²Q *
ë·C1DFäFA�è=AIA5ò1DFO1ç�ã;O1A�ãPåÍDFEoHSA5O�JIìXã=DFO@EGH¯ñ1U1A�J	NTO:J�ë·CéD�äFA�è;A5A5ò1DFO1ç�EoC1A[ã=EGCéA5æSã;O/�:,úí 6 õ
NTòéò1äFõ-DFO1ç�EoC1DFH·ô�NPO1ã@A5?1ö@æGA�Eoã�ö=NTæoD�ã;?1H·HG?éø¾âoC�NPD�OéHSãTå5�[ê1DFE·DFHSò:ã=HoHGDFø1äFA�Eoã�ø1æGDFO1ç��ÊEGã
�>� 6 
SQ * êéEGã � � 6 
²Q * ê�:":):fê1NPO�Júñ�O�NPä�äFõ@ê=Eoã ��� 6 
SQ * êéë·C1DKâGCRDFHsìX?1HGE<
²Q * í
ý C1A[NTäFç=ã;æGDFEGC1ôÛâXã=O1HoDFHGEGH�ãPåÍEoC1æGAIA�ôRNTDFO�ò1C:NTHGAIH�ê:ë·C1DKâoC�ëA[J@A5H%â]æGDFø�A[DFOREGC1A[O1AXU1E

EGCéæGA5A[äFA5ô�ôRNTH�í�
¥A�â5NTäFäsEoC�NTE·EoC1A E�F#FIHLJ�K�6)� 2�4%F ãTå/>@A�âXE+í��²C1ã=äKJ�EoC1æGã;?1ç=Céã=?1E+í
������H�E1 1 2�4GFH1�4�6)� 2�4LF M +jO�HGã;ô�A�ô�?1äFEGD �jò�NTæoE@ñ�ç=?éæGA5H+ê�EoC1A¯ò�NTæoEGHcNPæGA/DFO@EGAIO�J@A�J�Eoã·HGC1ãTë
ò:ã=HGHoDFø1DFä�DFEoD�AIH·åmã;æ'â]ã=O@ñ�ç;?1æ%NPEGDFã=OéH�ê:ø1?1E�EGCéA âoC�NPD�O	J@A5ò1DKâXEoA�J	ô�N+õ�O1ã=E²ø�A�EoC1A�HXNTô�A�DFO



A1

0

v

A

1A0A
A

A

1

0
v

1 vcan’t move towards A

(b)  P is not convex andis too long and(a)  l
1

can’t moveA 1 1 can’t move towards vA

(c)  P is not obtuse and

P P P

1l

���I����� �¾ý CéA E�F#F�H�J�K�6)� 2�4LF NPæGA�A5HGHoA5O@EGDKNTäjí

(a) (b)  (c)

Ak-1

A0

A

A

k-1

0Ak

nA

Ak

nA nA

A

Ak

A

A

m

k-1

0

����������� Ù²O�DFO1DFEGDKNTä�â]ã=O@ñ�ç;?1æ%NPEGDFã=O�KjN�S/NPO�J[Ejë¯ã�ò�ã;HGHoD�øéä�A¥ñ�O�NPä¾âXã;O@ñ�ç;?1æ%NPEGDFã=O1H Kmø	S¯NTO�J
KjâES_åmã=æ<+ A5ô�ôRN�*1í(�

(a) (b) (c)

nA

Ak
kα

A l

A l’
A0

nA

kαAk

A l A l’ A0

A0

A l’A l

Ak kα

nA

��������� � Ù²O�DFO1DFEGDKNTä�â]ã=O@ñ�ç;?1æ%NPEGDFã=O�KjN�S/NPO�J[Ejë¯ã�ò�ã;HGHoD�øéä�A¥ñ�O�NPä¾âXã;O@ñ�ç;?1æ%NPEGDFã=O1H Kmø	S¯NTO�J
KjâES0åmã;æ +sA5ô�ô�N�*1í ��í +jO�Kmø�SNPO�J2K âESIê=Hoã=ô�A¾ìXã;DFO-EoHNTæoA¯åmã=äKJ@A+J�NTO�J[Hoã=ô�A¯äFDFO1è@H/ãTö=A5æoäKNTò)í



(a) (b)

nA

A A

A A
A

A

A

nA

Ak

l l’

0
l

0

l’

k

��������� �sý C1A�DFO1DFEGDKNTä�K N�S·NTO�Júñ�O�NPäCKmø	S·â]ã=O@ñ�ç;?1æ%NPEGDFã=OéH¯åmã=æ<+ A5ô�ôRN�*éí(�

NTäFä�ò�NPæGEGH�ãTå·EGC1A[ñ�ç;?1æGA;ísÙSäFHGã:ê)NTO	?1O@ñ:ä�äFA�J	âXDFæ%â]ä�A���NTE�N�ìXã=DFO@ESDFO Núñ�ç=?1æoA�DFO�J@DKâ5NTEoA5H
EGC:NTE·EGCéAìXã=DFO@E¯D�H¯EGã�ø:A�è;A5ò1E¯ñ1U1A�JRJ@?1æoDFO1ç�HGã;ô�ASô�ã=EoD�ã;O�ãPå5��í

021 J�J�� ����� �+î=îG� !�á >@�TÜKÝ�ÿ ! �7�9):):":A9 ��� H�J8��4'� ÚVÜmá5�PÝ � , D�"0ü�áIÝ %/ÜËÿmü��7�9):":):A9 ����H�J
Þ=ájîéÿ
	 �PáA= 9 ��ûXßTÝ�þXá � �E�8áA=úÿ �RßRû��TÝ�	Íà �@ð%ß8ÿ Ü �TÝ	ÜKÝ.%Íü-Ümû]üÁá5ÜFÿMü�áIð�����ÚfÜMá�!��TÝ
� , �Pð
!@�>��á����ÚfÜmá�! �PÝ.� ,/9 %�ü�áIð%á���� ��ßTÝ	= �'K���9��WS�Ü !8!Xÿ ðXßTÜFà+ü=ÿ D � áXá@�/ÜFà�D�� D

021 J�J�� ����� �+î=îG� !�á²ÿMü�ß8ÿ � 7 9":):":A9 ���¯ßTÝ	=�� ; ÚfÜMá��PÝ �:,ÛßTÝ	=�ÿMü�ß8ÿ � ��� 9":):):B9 � � ��ßPÝ	=
� ��� 9):":):A9 �G;��²ßPð%á !Xÿjð%ßTÜËà�ü;ÿ(9
4@�Pð�!@�>��á8V�N ��N �CD "0ü1á5Ý�%Íü-ÜKÚFá�Þ=áXájî:ÜKÝ@à-�<;�	 �PáA=�ßPÝ	=
� KM.%9BVZS�Ü Ý=�7� ��9�ßPÝ	= %�ü@ÜKÚ�ázÞPáXáÈî�ÜKÝ@àW� � � 9):):":A9 ���#�¥ßPÝ	=2� ��� 9):":):A9 �G;���!Xÿ ðXßTÜFà+ü=ÿ�9 ��ûXßTÝ
þXá�þ5ð��>�;à+ü=ÿ¯ÿ ��ß�û��PÝ�	�à>�-ðXß+ÿjÜ �TÝ	ÜKÝ %�ü-ÜMûXü2���ÁáIÜFÿMü�áIð�ÚfÜmá�!��TÝ
�:, �Pð�ü�ß ![��3��&CD � áXá
�/ÜFà�D���D
021 J�J�� ����� �+î=îG� !�á_ÿMü�ß8ÿG� 7 9":):":A9 ���)ßPÝ	= � ; ÚVÜmá��TÝ3�:,ïßTÝ	=¥ÿMü�ß8ÿ:�'K V 9���S/Ü ! !Xÿ ðXßTÜFà+ü=ÿ�9
ßTÝ�= !���î;î#� !�á[ÿMü�ß+ÿ � !�ß+ÿjÜ !�	á�!V N#��N��CD+"0ü1á5Ý ÿMü�áIð%á�á��8Ü !Xÿ !�ßTÝ V��CR V�!��1ûXü ÿmü1ß+ÿ5�
ûXßTÝ þXá	þ5ð��>�;à+ü=ÿ�ÿ � ß�û��TÝ�	�à �@ðXß+ÿjÜ �TÝ�Ü Ý %�ü-ÜMûXü	� 7 9":):):B9 ���� ßPÝ	=�� � ÚfÜmá	�PÝ��:, ßPÝ	=
� KMV�� 9 � S�Ü !	!Xÿ ðXßTÜFà+ü=ÿ D	�)�@ðXÿMü�áIð�� �Pð%á 9 =>�@ð5ÜKÝ@à�ÿmü@Ü !ÁðXá%û��PÝ�	�à>�-ðXß+ÿjÜ �TÝ 9�� ; ûXßTÝ þXá Þ=ájîéÿ
	 �=áA= 9 � � � 9):):":A9 � ; �úûXßTÝ�þXá�ÞPáÈî1ÿ-!Xÿjð%ßPÜFà�ü;ÿ(9�ßTÝ	= � KM. 9AV�� S	û%ßPÝ�þ%á�ÞPáÈî1ÿ�ÜKÝ��7� �LD � áXá
�/ÜFà�D
��D
132�N2H�(���
! "� �#� �+î;î#� !Iá 9zß !�ÜKÝ 3 á<�2� ß$� 9ÿMü�ß8ÿ5�87�9":):):B9 � � ßTÝ�=2�<;�ÚfÜmáA�PÝ��:, ßPÝ	=
ÿMü�ß+ÿ'� KMV 9���S�Ü !�!Xÿ ðXßTÜFà+ü=ÿ D7"0ü�áIÝ���ûXßPÝÁþXá�þIð��E�=à+ü=ÿ¯ÿ �/�7� � %�ü@ÜKÚ�á��<;�Ü !²ÞPáÈî1ÿ�	 �=áA=�D
B A�NTæGA�O1ãTë æGA+N=J@õ�EGã�HGCéãTë EoC�NTESNPO-õ�âoC�NPDFO�âINTORø�A�ø1æoã=?1ç;C@E·EGãW
SQ * í

%@?�1�2�E1�J�&��(' ÝG����@GÚfÜ Ý@Þ�ûXü1ßTÜKÝA��û��TÝ�	_Ý�áA=[ÜKÝ !5ÜI==á�ß�û��PÝG�Tá�� �;þXÿ��"!�á¯î#�PÚ$�+à%�TÝ=%�üG� !�á
!Xü#�PðXÿÈá�!Xÿ'!5ÜI==á'Ü !'ß8ÿ�ÚFá%ß !Xÿ�ß !�Ú7�TÝ�àúß !SÿMü�á�Ú �TÝ@à=á�!XÿSûXü1ßTÜKÝ ÚfÜKÝ@Þ�û%ßPÝ�þ%á[þIð��>�;à+ü=ÿ/ÿ � �7� �LD

) ð��@�;4ED·B A·ç=DFö;ANTO�NPä�ç;ã=æoD�EoC1ô�DKâ ò1æGã@ãTåXí ý C1ASNTäFç;ã=æGDFEoC1ô âXã=OéHGDFHGEoH/ãTå)NTO[DFO1DFEGDKNTä@HGEoA5ò)ê;DFO
ë·C1DKâoCA�7¥D�H�ø1æoã=?1ç;C@E/EGã � ,�ê+åMã=äFäFãTëA�J'ø-õ�N²ô�NPD�O�HGEGAIò)ê=DFO�ë·C1DKâoC�EGCéA·ä�ãTë¯A5HoE/DFO�J@AXU1A�J



ìXã;DFO-E0O1ã=E_ã=O �:,�DFH/ø1æGã;?1ç=C@E�EGã �:,�í ý C1DFH/ôRNTDFO�HGEoA5ò�DFH�æGA5ò:A�NPEGA�J�?1O@EGDFä1NTäFä�ì]ã=DFO@EGH�C�N+ö=A
ø:A5A5O�ô�ãTö=A�J[Eoã��:,úí
ÜKÝéÜFÿ ÜMßTÚ !XÿÈáÈî	& ý ã�ø1æGDFO1çA� 7 EGã�� ,�ê@ò1æoã�â]A5A�J	NTH·åMã=äFäFãTë·H�í * ã;æ � � ��9�* 9):":): ê�ñ1U � � NTO�J
æoã=E%NPEGA � �87�9):":):A9 ���#� NPø�ã;?1E5���@í 
·A5ò:A�NPEEoC1DFHò1æoã1âXA5HGH·?éO-EoDFä�A5DFEoC1A5æ��7¥C1DFEGH �:, ã;æEoC1A
ë·C1ã;äFA âoC�NPD�O �ïø�A+âXã=ô�A5H�HGEGæXNTDFç=C@E+í)+Må��ïHoEGæ%NPDFç=C@EGA5OéH�ø�A]åmã=æoAA�7[C1DFEGHO� ,�êsâXã=ô�ò1äFA5EGA
EoC1DFH)DFO1DFEGDKNTä;HGEoA5ò�ø@õ�HoäFDËJ�D�Oéç·EGC1A¯HGEoæ%NTDFç;C-EoA5O1A�J2��NTäFã=Oéç·EGC1A·äFDFO1A/DFEcJ�A5EGA5æoô�DFO1A5H�EoãTë�NPæ%J@H
� , ?1O@EoD�ä)�87�C1DFEGH � ,�í
��ßTÜKÝ !XÿÈáÈî	& * ã=æ/NPO�����O1ã=E�ã;O � ,�êTë·DFEGC � � .zNPO�JA� KM.%9 � = �)S:D�O 
SQ * êTø1æGDFO1ç ���²EGã
� , NPH¯åmã=äFäFãTë·H�í"+jO�N=â5âXã;æ%J1NPO�âXA[ë·DFEGC + A5ô�ôRN<�éê@è=A5A5ò �7�9":):":A9 ��� H�J_ñ1U1A�JRNTO�J�ô�ãTö;A
�ÊEGã�N�âXã=O�ñ�ç=?1æXNTEoD�ã;O�DFO�ë·C1DKâoC�A5DFEGCéA5æ�����äFDFA5H²ã=O/� ,ïã=æ��� åMã=æSHoã=ô�A(� � �RäFDFA5H
ã;O.� ,�ê@ë·C1A5æoAW� � � 9):):":49 � � �cDFH·HoEGæ%NPDFç=C@E�í

+jO�EGC1A äËNPEGEoA5æ�â5NTHoA=ê¯ë·C1A5æoA�HGã;ô�A�� � ô�ãTö=A5H[EGã?� , NTO�J � K ��9��WS�DFH�HGEoæ%NTDFç;C-E+ê
âXã;O@EGDFO@?1A�EGC1A�HGEoA5ò�ø@õ�ñéU�DFO1ç2� � 9):":):A9 � ; NPO�J�ô�ãTö@DFO1ç-�'K . 9��WS_DFO�N;â5âXã;æ%J1NPO�âXA�ë·DFEGC
+ A5ô�ôRN���HGã�EoC�NTE²A5DFEGC1AIæ8� � CéD�EoH �:,�ã=æ<[ � HoEGæXNTDFç=C@EGAIO1H�EGã�&�íG+Må [ � HGEoæ%NPD�ç;C@EGA5O1H²EGã
&�ê:NTç-NPDFO�âXã;O-EoDFO-?éAzEoC1A�HoEGA5ò�ø@õúñ1U1D�OéçA� � :):":A9 � ; NTO:J�ô�ãTö@D�Oéç�� KM. 9��WS_EGãW
²Q * D�O
N;â5âXã=æXJ1NTO:âXA�ë·DFEGC��¯ã=æGã;äFäËNPæGõ �1í ý C1DFH·ò1?éEGH�����ã=O�� ,�í
ÜFÿGáIð%ß+ÿjÜ �PÝ�!XÿGájî�!E& �SO:âXA��87�9):":):A9 ����H�J"9 ����äFDFASã;O��:,�ê@æoA5ò:A�NTE�EGCéAzôRNTDFO�HGEoA5ò�Eoã�ø1æGDFO1ç
EoC1A����)Y�J�9):":):A9 �G;�DFO�Eo?1æGOREoã��:,�í ��

� � � > ��74U���74U�=��1+?�� �7496�2 % � �����
	
%@?�1�2HE1 J����/3 áXÿ5��þXá�ßPÝ ��@GÚVÜKÝ@Þ�ûXü1ßTÜKÝ�û��PÝ�	/Ý�áA==%/ÜËÿmü@ÜKÝÁß�û��PÝG�8á�� �;þXÿ��"!�á²î#�PÚ$�+à%�TÝ
, D � ��î;î#� !�á�ÿmü1á5ðXá�á��8Ü !%ÿ !�ßúî#�PÜKÝ@ÿ'
 � ,/9zß	�TáIðXÿÈá�� "�;4-,/9zßTÝ�= ßTÝ�Ü Ý	==á�� P�7�N/�
!��1ûXü ÿmü1ß+ÿ %K7
�9�"�S85�ÿMü�á !�� � ��4[ÿMü�á[ÚFá5Ý@à+ÿMü%!���4�ÿmü1á[ÚfÜKÝ@Þ !�ÜKÝ	� K PI7�9���SED@"0ü�áIÝ�� ûXßTÝ
þXá[þ5ð��>�;à�ü;ÿ/ÿ ��"$� �C@IP�7 %_ÜFÿmü-�GF��ß+ÿ%" D
���H1 6�� ??2�� 6 ?�1��@N2-2���M +jO�N=âIâXã=æXJ1NTO�â]A�ë·DFEGC ý C1A5ã;æGA5ô �éê1ø1æoDFO1ç�� EGãW
²Q * í ý C1AIO)ê
è;A5A5ò1DFO1ç�� DFO 
²Q * ê@ô�ãTö;A8� F �NPæGã=?éO�J�� , EGã�"[DFO�N=â5âXã;æ%J1NPO�âXA�ë·DFEoC +sAIô�ô�N�*1í
+sAIE8
 F��9 
 F , Y�J�9):":):A9 
%;�ø�A�EoC1A�ò:ã=DFO@EGH�EoC�NTE��<F��9 �GF� Y�J�9):":):A9 �G;ÁOéãTë ã1â5âX?1ò@õ@êsæGA��

Hoò�A�â]EGDFö=A5äFõ@êcNPH�HoC1ãTë·O�DFO * DFç�í��éícQ¥ã=EoA�EGC:NTE[ø-õ	EGCéA�EoæGDKNTOéç=äFA�DFO1A�ù;?�NTäFDFEjõ@ê�EoC1ARò1æGã;ò �
A5æoEjõÁãPå P�7[HGò:A�âXDVñ�A+J DFOÁEoC1A�HGEXNTEoA5ô�A5O@E�ãTå·EGCéA�ä�AIô�ô�N�DFô�ò1äFDFA5H²EGC�NPESåMã=æ�NPO-õ ��ë·DFEGC
P�72R � N/��ê� K 
�9 
 �)S�� V �)Y�J���������� VX;)í ý CéD�H�D�OéA�ù;?�NTäFDFEjõ�A5O1Ho?1æGAIH�EGC1A�ö=NPä�DKJ@DFEjõRãTå
âXAIæGE%NPDFO�ã;ò�AIæ%NTEoDFã=O1HSJ@AIH%âXæoD�ø:A�J ø�AIä�ãTë�í
ý ã�ø:A5ç=DFO)ê¥ø1æGDFO1ç � �<;%H�J"9 �<;���ã;O-Eoã�EoC1A äFD�OéAÁHoA5ç=ô�A5O@E 
%; H�J 
)í ý ã�J@ã�EGC1DFH�ê�ñ1U

�87�9":):):B9 �<;%H�J�NPO�J	æGã;E%NTEoAWTC;�NTø:ã=?éE8
 ;%H�J�?1O@EGDFä T ;�NTO�J�
 ø:A�âXã;ô�A�âXã;äFä�DFO1A+NTæ�í0>@A5A
* DFç�í��éí
Q·A]U�E+ê5HoEGæ%NPDFç=C@EGA5O2�'K��<=8* 9���S�NPO�J²ô�ãTö=A0DFEsã=O@EGã 
 ;%H ��
[NTH:åmã;ä�äFãTë·H+í * DVU��87�9):":):09 �<;%H �

NPO�Jsê1ë·CéD�äFA�è;A5A5ò1DFO1ç�TC;ÁNPO�J�
	âXã=äFäFDFO1A�NPæ�ê1æoã=EXNTEGA TC; H�J'NPø�ã;?1ESDFEGH²A5O�J5ì]ã=DFO@E8�<;%H �[NTE

 ; H � ?1O@EGDFäL� � ;%H � 9 � ;%H�J 9 � ; �cNTO:J�
Rø:A�âXã;ô�A�âXã;ä�äFDFO1A�NPæ�í@>@A5A * DFç�í��1í

·AIò�A�NPE·EGC1DFH·ò1æoã1âXA5HGH�?1O@EoD�ä � K P 7 9���S_D�H·HoEGæXNTDFç=C@E·NTO�J�äFDFA5H·ã=O
"�
Rë·DFEGC�� F , NTE "éí"!

# $&%G��×�' �)(8�*%,+�Ô/ØoÑ/Ò
�

Q¥ãTë�ëA�ç;D�ö;A�ã=?1æ·ôRNTDFO�æoA5HG?éä�E+í



p

v

(p )kAk

nAn-1A
(p )n

(p
n-1 )

�����:x��éx��0hM^fd=�I^fd=�
	����+dTkj�·¿�����È¿1���:�5^fdTk0¿�  �Id=���j�I^fdTk����  �IhjgS�Ik��;�

v

p

nA
A (p )

n-1A

n-2n-2

�����:x��éx:1PkjhG�X^f�+�TkjgXdT^fd=��¼��m»���µ� È»"!���dTkj�·¿ �#�%$ ¿é�

%@?�1�2�E1�J'& � 3 áXÿ'��þXá�ßTÝ���@GÚfÜKÝ@Þ�û]ü�ßTÜ Ý®û��TÝ�	/Ý�áA==%/ÜFÿMü-Ü ÝÁßRû��PÝG�Tá��	�=þ]ÿ �"!�á²î#�PÚ$�+à%�TÝ
, %�üG� !�á�!Xü#�PðXÿGá�!Xÿ !5ÜI=;á·Ü !Sß+ÿ/ÚFá%ß !Xÿcß !SÚ7�PÝ@à'ß !·ÿmü1á·Ú �TÝ@à=á�!Xÿ/ÚfÜ Ý@Þ �;4¯ÿmü1áSû]ü�ßTÜ Ý D "0ü1á5Ý K�0�S
Ü !zß[Ý�áXûXá�!�!�ßPð�� ßPÝ	= !���DÄûIÜmáIÝ@ÿû��TÝ	=PÜFÿ Ü �TÝ@4@�Tð 
�ÿ �[þ%á'ð%áXß=û]ü�ß;þ5ÚFázþ<��� ; D � �@ðXÿMü�áIð��A�Tð%á 9
Ü 4�
 Ü !Rð%áXß=û]ü�ß;þ5ÚFáÁþ<��� ; 9�ÿmü1á5Ý�ÜFÿ�Ü ![î#� !�!5ÜmþIÚ�á�ÿ � û��>�²î:�;ÿGáÁß !�á�C<�1á5Ý:û%á ��4��A�+ÿjÜ �TÝ#!
þIð5ÜKÝ@àTÜKÝ@à�� ; ÿ ��
�D

����1�6�� ?�2�� 6 ?:1��@N2-2���M1ý C1ASO1A+âXA5HGHoDFEjõ�ãTåcâ]ã=O�J@DFEoD�ã;O K�0�S�DFH·âXäFA�NTæ+í1Q·ãTë�ëA²HGC1ãTë�EGC1A
HG?�(�âXDFA5O�âXõ�ø-õ[ç=DFö@DFO1ç�NTO�NPä�ç;ã=æoD�EoC1ô Eoã�ò1æoã�J�?�âXAzN'HGA�ù;?1A5O:âXA�ãTå)ô�ã=EoD�ã;O1H)Eoã�øéæGDFO1ç-�G;
EGã-
Rë·CéA5O$K�0�S¯DFH·HXNTEGDFHÈñ�A�Jsí ý C1DFH·ë·D�äFäsâXã=ô�ò1äFA5EGA²EGC1A�ò1æGã@ãTå�ãTå/EGCéAzEoC1A5ã;æGA5ô	í
+ A5E<P 7 ø�A�EGCéA�äFA�NTHoE·D�O:J@AXU�Ho?�âoCREGC�NPE

;
)

�#@ F  Y�J
V � R  �%$'& K 
	S$:

Q·ã;EGA�EoC�NTE·EXNTè@DFO1çWP���� DFO$K�0�S¯ç;DFö=A5H<V ; R� �%$+& K7
�S5êéHGãWP 7 N ��íG+jO�N;â5âXã=æXJ1NTO:âXA�ë·DFEoC
ý C1A5ã;æGA5ô �1ê1øéæGDFO1çA� EGã ý Q * �0P 7 ë·D�EoC�� F �NPE " �A$'& K7
�S%� "éí

+Må<PI7 � .1ê EGC1A5O �ïDFH�O1ãTëïHGEGæXNTDFç=C@E+í)>@äFDKJ@A � NTäFã=O1ç V�K�" 9 
	S�EoãTë�NPæ%J@H�
 ?1O@EGDFä'�G;
æGA+N=âoC1A5H�
)í +Må P�7� .éê@ëA�âXã;O1HGDKJ@AIæSEjë¯ã â5NPHGA5H+ê�V F�GR  �%$'&�K7
	S·NPO�J�VXF � *�A$'&�K7
�S5í



(a)

Ai 0

v

An

p

v

p
-1Ai 0

Ai 0 An

-1i 0

-1Ai 0

(b)

t

������� & � �·NTHGA V F�GR�*�A$'&�K 
	S#:

ûXß !�á�VXF�GR� �%$'&�K7
	S#&�B²A5A5òéD�Oéç8�7 9":):":A9 �<F�AH�J:ñ1U1A�J�NTO:JSè;A5A5ò1DFO1ç � �<F�)9":):":A9 �<;��-HoEGæXNTDFç=C@E
NPO�J�âXã;ä�äFDFO1A�NPæ�ë·D�EoC8
)êPæGã=EXNTEoA T F ¯NTø:ã=?1E � F  H�J ?1O@EGDFäG� ; æGA�N;âoC1A5H 
�ã=æL[ F /HoEGæXNTDFç=C@EGAIO1H
Eoã &�í:>@A5A * DFç�í�� K N�S5í

+Må5� ; æoA�N=âoC1A5H�
Rñ:æGHGE+ê)EoC1A5O	ëA�NTæoA�J@ã=OéA=í)+Må [ F �HoEGæXNTDFç=C@EGAIO1H�EGã	&�NPHzHoC1ãTë·O	D�O
* DFç�í�� Kmø	SIê1EoC1A5O�âXäFA�NTæoäFõ V F  �,�����
� V ; N %K7
 F ,EH�J 9 
	S5í@B�C1DFä�A²è=A5AIò1DFO1ç � KM.%9BP 7 = �)S¯D�O

²Q * NTO:J�ë·CéD�äFA²è=A5A5òéD�Oéç � � F  H�J 9 � F )9):":):A9 � ; �cHGEoæ%NPD�ç;C@E�NPO�JRâXã=äFäFDFO1A�NTæ¯ë·DFEGC2
)ê@ô�ãTö;A
� F  H�J NTäFã;O1ç��:, EoãTë�NPæ%J@H "éí1B A�âXäKNTDFô�EoC�NTE�� ; ë·DFäFäsæGA+N=âoC�
Rø:AXåmã=æoA-� F  H�J æoA�N=âoC1A5H
"�J@?éæGDFO1ç�EGCéD�H·òéæGã1âXA5HoH�í
>@?1òéò�ã;HGARã=EoC1A5æGë·DFHoA=ê/Djí A=íFê)EoC�NTE2�<F�#H�J[æGA�N;âoC1A5H." ñ:æGHGE+í 6 õ J@A]ñ�O1DFEGDFã=O�ãTå'PI7Tê�ë¯A

C�N+ö;A�EGC:NTE VXF���,������� VX; � *�%$+&�K7
�S3� %K�" 9 
	SIís>@DFO�âXA�ë¯A�è@O1ãTë åmæoã=ô EGC1A[ò1æGAIö-DFã;?1H
ò�NPæ%NPç=æ%NPò1C[EGC�NPE/EGC1A·äFAXåMEcHoDKJ@A·ãTåsEGC1DFH/DFO1A+ù=?:NTäFDFEjõzDFH�äFA5HGH¯EGC:NTO  K 
 F�AH�J"9 
	S5êPEGC1A5æoASAXU1DFHGEoH
Hoã=ô�A�D�O@EoA5æGô�A�J@DKNTEoA�âXã=O�ñ�ç=?1æXNTEoD�ã;OÁC:N+ö-DFO1ç �<F�AH�J�NTE�HGã;ô�A � F�AH�J2� � ,�NPO�J C�N+ö@D�Oéç
� � F  H�J 9 � F )9":):):B9 � ; ��HGEoæ%NPD�ç;C@E�NPO�J�âXã;äFä�DFO1A+NTæ�ë·DFEoC 
)ê_HG?�âoC EGC:NTE V F  � ����� � V ; �
%K � F  H�J 9 
	SIí ý CéD�H�D�ô�ò1äFDFA5H·EGC�NPE�� ; äFDFA5H�NTE�
	D�O	EGCéD�H�D�O@EoA5æGô�A�J@DKNTEoA�âXã=O�ñ�ç=?1æXNTEoD�ã;O)ê)N
âXã;O@EGæ%N;J@DKâXEGDFã;O)í
ûXß !�á V F ��  �%$'& K 
	S#& * DVU�DFO1çA� 7 9):":):A9 � F  H�J NPO�J�è=A5AIò1DFO1ç � � F )9):":):A9 � ; ��HGEoæ%NTDFç;C-E�NTO�J
âXã;äFä�DFO1A+NTæ�ë·DFEGC�
)êsæoã=E%NPEGAWT F �NPø�ã;?1E-� F  H�J ?1O@EGDFä'� ; æoA�N=âoC1AIH-
Áã;æ [ F  � .�ã=æ�� F 
C1DFEoH �:,�í ý CéAzæoA5ô�NPDFO1DFO1ç�J@A5EXNTDFäFHSNTæoAzHoDFô�DFäKNTæ�EGã�EoC1ã=HoA�ãTå�EGC1A�ò1æoA5ö@D�ã;?1HzâINTHGA;í !

� �ÁÔ/ÑS× �oÖ �@ØGÔ_Ñ �

B A�C�N+ö;AcHoEG?�J�D�A+J�EGC1A¯æGA+N=âoC�NTøéD�äFDFEjõ·ò1æoã=ø1äFA5ô ãTå1î�ÚFßTÝ�ßPð�û]ü�ßPÜKÝ !)âXã;O@ñ�O1A�J�ë·DFEGC1DFO�û��TÝG�Tá��
�;þXÿ��"!Iá�î#�PÚ$�+à%�TÝ !5ê@N�O1ã;EGDFã=O[ãTå)ã;?1æ¯D�O@ö;A5O@EGDFã=O)í * ã;æN�ò1äKNTO:NTæâoC�NPD�O���ë·DFEGC1DFO�N�â]ã=O@ö=AXU
ã;ø1EG?1HoA�ò�ã;äFõ-ç;ã=O , ë·C1ã;HGA�HGCéã=æGEoA5HGE[HGDKJ@A[DFH�ä�ã;O1ç=AIæ�EGC�NPOÁEoC1A�äFã=O1ç;A5HGE�äFDFO1èRãTå8�[ê�ë¯A
C�N+ö;A�âoC�NPæ%N;âXEGA5æoD!/5A�J�EGC1A·æoA�N=âoC�NPø1äFASò:ã=DFO@EGH�ãTå)EoC1A·A5O�JIìXã=DFO@EGH/ãPå ��NTO�J[C�N+ö;AòéæGA5HoA5O@EGA�J
NPOÁNTäFç=ã;æGDFEGCéôÛåmã=æ²æGA�âXã;O@ñ�ç;?1æGDFO1ç � ë·DFEGCéD�O ,�Hoã�EoC�NTE�N�HGò:A�âXDVñ�A+J	A5O�J5ìXã;DFO-E�æoA�N=âoC1A5H
NRç;DFö=A5O�æGA�N;âGC:NTø1äFA�ò:ã=DFO@E�í ý C1DFH[HGDFç=O1DVñ¾âINTO@EGäFõ	AXU1EGA5O�J�H�EGC1A�ø�A5HoE�è@O1ãTë·O�æoA5HG?1äFEoH[åmã=æ



EGCéD�H·Ejõ@ò:A�ãTå)ò1æoã=ø1äFA5ô�NPO�J�â]ã=O@EGæoD�øé?1EGA5H²EGã[EGC1A�ç;ã-NTä:ãTå)?éO�J@A5æoHGE%NPO�J@DFO1ç�EoC1A�ç=A5ã;ô�A5EoæGõ
ãTå�âoC�NTDFO1H�NPO�J EoC1A5DFæ�âXã=O1HoEGæXNTDFO1DFO1ç	A5O@ö-DFæoã=O1ô�A5O@EGH�ó0DFO ò�NTæoEGDKâX?1äKNPæ�ê0D�E�âXã;O-EoæGDFø1?1EoA5H[EGã
ñ�O�J�D�OéçÁæoA5äKNTEGDFã;O1HGC1DFò1H[EGC:NTE[A5O1HG?éæGA�EoC�NTE[Ejõ@ò1DKâ5NTäFäFõÁC:NTæ%J÷æGA�â]ã=O@ñ�ç;?1æ%NPEGDFã=O�ò1æGã;ø1äFA5ô�H
ø:A�âXã=ô�A�A�NTHoõ-í

$&%��
%)Ó�%)ÑS×�%$�

D+���5�+�=d�Ã_�5d;dTl��1Ì_�=gzÃÍ�����T`fgX±+^fkMl��I�ÍÎ��+�@��kSY[�+kM^f�+d �:`��Id=dP^fd=�;�cY��MÌ � hjgXijiX��Ã/�5�²�=hM^f�;��g
Y[y ��D�� = = !o�

µP���T�GH/�+�@Z%hj�I�KkX�:J·���5�+ijgX�=�R�5d;��1@�1¶	�T^fkjgXiM^f�=gXiX�cY[�5e+gX��g%dTk¯�=hj�+�T`fgX��i·�K�+h�µ]°m�P^f�zgXd;iM^f��d@�X`
`a^fd=�+�5�+gXiX�	��
���������¾¡��Í��¨=§������é�=�=�é���ED�?]°��+µ�� ��D�� =�;#!o�

9P���T� H_���@ZXhj�I�ËkX�'J¥���5�+ijgX�=� �5d;� 1@��¶Á�P^fkjg%iM^f�;gXiX�! ¯d	kj�=g����5e+g%��gXdTk��I�Shj���@�+k��Ihj�zi'^fd
µ]°m�T^f��gXd=iM^f�+d-�]`/�-�+�=d;�=gX��hjgX�5^f�+d=iX�"��
���#���$�s¡�����¨;§��%��&(')+*5�@�=�é�#9ED-,X° 9 9 9 ��D�� =., !o�

;;��J¥�$�5��ijgX�;�®�Id=��¶�� H¥� �:`��IdTkM^fd=�T�T�� ¯d�kj�;g�ZX�+���T`fgX±+^fkml �I�hjg5�IZG�-�I�T^a`a^fkMl��Id=�	�z�+kM^f�+d
�T`��Id=dP^fd=���T�=gXijkM^f��d;iX� �shj�TZ+�/�5��kj�=g D%ijk[yÃ/Y 1TlT���1�/�+d ÃÍ�����1�\¯gX�+�[�f���=�1����µ]°��.�
��D-�@=., !o�

,P��/²�10·�5dTkG�I�=�;kjhG���5d;� 1��¾Î¯��0¯��iG�IhG�X�j�é� 4_g%���]`f���+hM^fkj�=��i²�K��h·�²�T`fkM^a`a^fd;��hj���@�+kz�Ihj��iX�	���
�s¡�����¨;§��2�1ª5©3�%�1{5~4�+�5)é�@�=�é�:D�9��]° D-,@9 ��D�� =�� !o�

�P��/²�60·�IdTkG�I�=�=kjhG�P�-Y[�+kM^f��d;i/�I�¾�¯ij�=�+hjkM°K`a^fd=�+gX��hj���@�+k/�5hj��^fd��¯ij�T�-�Ihjg+�%7·~f©X{5�M£5§K£��s¡�����¨;§��
¹/£G¡��8��é�@�=�é���.�X°�I�� ��D-���+µ !o�

IP��/²�10·�5dTkG�I�=�;kjhG�T�sÎ�g5�5Zo�T^fd=�R���@�5^fdTk²��^fkj���Id��;d-�Id=Zo�=�+hjg%� hj���@�+kS�5hj� ^fd���ij�T�-�Ihjg+��Ìs�
�I�=�@g5�5hX�

=P���T�=b·��0¯��hjgo^fdé�=y�\¯gX����gXkjhM^fZ��MdTe+g%ijkM^f�T�IkM^f��d��I�¾Î�g5�IZG�1�;yÃ/Y �T^fijkM^fd;���P^�ij�;g%���P^fijijgXhG�5kM^f�+d=i
ijgXhM^fgXiX��Y��mÌ � hjg%ijiX�1Ã/�I�S�;hM^f�=�+g'Y[y²�-b�1Ty ��D-�@=., !o�

�P��Y��)e��Id(0¯hjg%e+go`f�1�9�T� 1Td=�TgXl+^fd;�®�Id=� 1@�)¶	�T^fkjgXiM^f�;g%iX��3;�5`f�P^fd=��hj�P`fg%hji'^fd=iM^f�=g�kjhM^��5d;�5`fgXiX�
7·~f©X{5�M£5§K£:�s¡�����¨;§��)¹/£o¡����V�%�m�5ZXZXgX�=kjgX�;�5�=d;g�D��.�., !o�@y�ZX�+dT�KgXhjg%d;ZXg·e�gXhjiM^f�+d��5�;�-g5�IhjgX�[^fd
�shj�TZ+�1�I�ckj�;g<,Ikj��Ã_�5d@�5�P^��5d�Ã��+dT�KgXhjgXd=ZXgS�+d�Ã��+���=�;kG�5kM^f�+d-�]`\¯g%�+��gXkjhjl��1y¯�=�+�=ijk�,]° D�?
��D-��� 9 !o�@¶��IkjgXhM`f�T�=��Ã_�5d@�5�@�T�1�;�1� DG°��P�

D�?T�:�5g5�5dP° Ã0`��I�=�;g>=:�5kj�+�S�@g+�zÎ��+�@��kÁY[�+kM^f�+d �¾`��5d;dT^fd=�;�?0_`f�T��gXh�yZ5�I�=gX�²^fZ �s�;�T`a^fij�=gXhjiX�
�0��ijkj�+d�Y[y²�-b51Py ��D��.�>D !o�

D D��·¶��6=égXd=�@�5hjk/�Id=�-1@�T¶	�T^fkjgXiM^f�=gXiX�1Î�gXZ%�+dT¸@���;hM^fd=��Zo`f�+ijgX���@�5`flT�+��d@�X`sZG�@�X^fd;i0^fd�6s�;ZG`a^f�;g5�5d
�T°Mij�-�IZ%g+��7·~V©%{5�M£5§K£:�s¡�����¨;§��0¹/£G¡��������é�-�;�1� D]µ 9X° D�;>? ��D-���., !o�

D5µT�:�T�@Ì·�:1TZo�T�Í�Ihjk@z�Id=�RY��:1T�@�5hM^fhX�� ¯d�kj�=g ÇÈ�T^��Id=�����5e+gXhjijÉ��=hj�+�T`fgX�[����G�1\¯gXd=gXhG�]`)kjg%Zo�T°
dT^f�T�;gXi·�K��h_Z%�+���=�;kM^fd=��kj�+�-�I`f�+�5^fZ5�]`Í�;hj���@gXhjkM^fgXiS�I�chjg5�]` �]`f��gX�;hG�X^fZ[���5dP^a�Ë�I`f�=iX���9AT¢5}T�@{G£X©
~F�B���T�1�f~F£CA���}T§f|@£-�²}T§K~F{X©1&:�@�=�é��µ.�@=]° 9.,>D ��D�� =@9 !o�

D�9T�:�T��Ì¥�:1TZG�T�/�Ihjk@��5d;��Ã��1Dc�I�1�)£CA+©G�1y_`f���+hM^fkj�=�²^fZ��Id=�R\¯g%�+��gXkjhM^fZ�Î��+�-�+kM^fZXiX� 6shM`f�@�5�;�[�
HÍ^a`a`fij�-�]`fg�4��T�@b51Py ��D-� =@I !o�

D�;=�:�T��Ì¥�E1PZG�T�/�Ihjk@��=Y��%1T�@�5hM^fh/�Id=�E�T�>H/�+�@ZXhj�5�KkX�1£FA+©o� �:`��Id=dP^fd=�;��\¯gX�+��g%kjhjl��Id=��Ã��+���T`fgX±+°
^fkMl��I�cÎ��+�-�+kY[�+kM^f��dé�1y�P`fgX±@�:4/�+hj���T�T� 4G�T�-b�1Ty ��D�� = I !o�

D-,T� �:�)1T�T^fhG�I�+^fi��Id=��Ã¯�2Dc�I�1� 1Pkjhj��d;��4��¾°m�-�Ihj�=d;gXijiz�I�/���5e+^fd=���'�IdTl��P^fijZXiX�H
X�3IX¡T�F�²}T§K~F¡T�
Jc�M¡5{o£X©G©X~��T«GK1£5§K§K£5�È©���D-�@=., !o�

D-�T�81@�GH¥�=¶Á�P^fkjgXiM^f�=gXiX�1y/`f�+�+hM^fkj�=�²^fZ²^fijij�=gXi/^fd�kj�;g·��gX�+��g%kjhjl��5�s�T`��Id-�Ih/`a^fd;���I��g����5e+g%��gXdTkX�
L@|@£M�¥¨T©%§ �m}+�f~F}T�N�s¡��Í��¨=§K£5�8�T¡T¨=�o�-}+�a�:1P�@g%Zo^��]`��Mijij�=g[��dRy_`f���+hM^fkj�=��iX�)�;�1�);8µ]°�, ? �mY��Xl
D-���+µ !o�

Ì/�P^fi��IhjkM^fZo`fgS�/�5i_�=hj�TZXgXijijg%���=iM^fd;��kj�=g�= OXÌ 6�P ���5ZXhj���-�IZG�+�5�+gS��^fkj�E=2=:4¯Ã'1�ijkml+`fg


