
���������
	��
����������������	��
���������
 "!$#�%'&�(
)+* %�,.-/ �%�0�132',
)54 !6171983,:83!6;�<�2=,>!619?�@.83!6;
)54 -A!68CBD2E!�F * %�,:-�GH?H;HBI@.83!6;
)+J ;�8LKM2'NO,.%�1 * %�,.-H87;AP

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3sD[

���
� ���"��������������	�������� �

)�� %�87;M@.%�87;/%�#A&H;H%���8CB�,z2D@������
)5� ?H�H��!MN~@�#�8CBI@.83!6;�%�N~&�!M��2SN>%�@.83!6;A,S(
 ¢¡D£
¤�¥�¦�§�¨ �5©.ª¬«
 ®­¬¥�¯
¦"°"±�¨ �²©=³´«
 ¶µ/¥�·�¥�§�¥¸¨ �5©.ª¬«
¹ -A2'NO2²ª¶BD!6;A,:83,>@z,�!�F�º�2D&»%�;H#/,:%�@z2�17178L@z2¼#�%�@:%H�

x

key[x]

Satellite

  Data

)+½"¾ %��¿��132',S(
 ÁÀ 87BI@.83!6;�%�NÂ& ¨ ¹ !MNO#Ãº�2=&�@z!¿#A2=Ä�;H8L@.83!6;�«
  4 !6�¿��871C2'N ¨ ,>&H��0�!61´º�2D&�@>!¿,>2S��%�;M@.8CBE#�%�@:%M«

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s.�

ÅÇÆ�	�������ÈDÉÁÊ�Ê
	���Ë�Ë����´�����

)¼Ì Ê¸�����
  J ;H8LKM2SNO,>2¼!�F"º�2D&$,Í83,�ÎÐÏÒÑ�ÓH©�Ô�©�Õ}Õ}Õu©.ÖØ×ÙÔ�Ú��
 ¢Û ÏÜ,z2D@�!�F�º�2=&$,�87;Ã?$,z2M�
 ÁÀ 2=Ä�;$25%�#�8CNO2'BI@OÝÂ%�B'BD2',>,�@:%�0�1326�6��ÞßÓHÕuÕ]Öà×ÙÔIáÂ� ¹ -A2'NO2

��Þ âãá�Ïåäææææç ææææè
ª 83F�â�é Û %�;H#Áê$ë�ì6Þßª´á�Ïíâ�©
£¸î�· !�@.-$2SN ¹ 8C,>2¿Õ

T

U
(universe of keys)

K
(actual
keys)

2
3

5
8

1

9
4

0
7

6 2

3

5

8

key satellite data

2

0

1

3

4

5

6

7

8

9

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s.ï

ÅÇÆ�	�������ÈDÉÁÊ
Ê�	���Ë�Ë����������
Å®Æ�����Æ��"ð¸��	 � ��ñ���	�����Æ��"ð¸Ë

µ»î�¦�¥�°"§¬ò=ó»ô
ô
¦�¥�¤�¤�ò�­¬¥�¯¸¦�°"±�¨ �²©=³´«	��H���¸	Mð ��Þe³Há

µ»î�¦�¥�°"§¬ò=ó»ô
ô
¦�¥�¤�¤�ò=¡D£
¤�¥�¦�§�¨ �5©.ª¬«��ÞLê$ëSì�Þ ª´á7á�õ ª

µ»î�¦�¥�°"§¬ò=ó»ô
ô
¦�¥�¤�¤�òSµ/¥�·�¥�§�¥
¨ �²©.ª¬«��ÞLê$ëSì�Þ ª´á7á�õ £¸î�·

)5ö ;H13&»÷ ¨ ÔS«
@:89�ø2¼N~2Sù$?H87N~2S#/F}!MN�2S%�BD-�!M��2SNz%�@:8C!6;��

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s:X



ÅÇÆ�	�������ÈDÉÁÊ
Ê�	���Ë�Ë����������¬�ø��	�������� � Ë

) <�%�;AP�2E!�F"º�2D&$,�?A,:?�%�171L&»17%�NOP�2 ¨ 26� P���ú �H4�û>û ,O@:Nz87;AP�,.«D�
)5� ��%�BD2¼NO2'ù$?�8CNO2'#/Fy!MN��Ò��%'&/0�2²89�¿�HNz%�BI@.8CBS%�1��
)/ü Û ü ?$,.?H%�191L&/��?HBI-�,:��%�19132'N�@:-�%�; ü Î ü ��,z!��7�7�

ý %�,O@z2'Fq?H1�@z!�%�1713!$BS%�@>2E,:��%�B=2EF}!MN�2DKM2'N~&/º�2=&»87;�Î/�

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s.þ

ÿ ��Ë � ����������Ë

) � �¬�ã����Æ��¬ð��
  J ,>2 � �´Ë ��� ��ð¸����Æ��¬ð � @z!¶��%�� Îå89;�@z!�,:��%�17132SN
,>2=@S�´ÑMÓH©�Ô�©�Õ�Õ�Õ�©.Ö ×ÜÔ�Ú��

� (AÎ�� ÑMÓH©�Ô�©�Õ�Õ�Õ�©.Ö ×ÙÔ�Ú
  4 %�;/B'NO2S%�@z2 � ��Ë � ��������� �$��� ¹ -A2'NO2

��Þ âãá�Ï äææææç ææææè
ª 83F�ê$ëSì�Þ ª´á é Û %�;H# � ¨ ê$ë�ì�Þ ª´áy«�ÏíâÍ©
£
î�· !�@.-A2'N ¹ 83,>2�Õ

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s.U

ÿ ��Ë � ����������Ë

T

U
(universe of keys)

K
(actual
keys)

k1

k2 k3

k4

h(k1)

h(k3)

h(k4)

0

m–1

h(k2) = h(k5)
k5

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s��

	 �"�ã�ãÆ�Ë�Æ��"ð¸Ë
)5û F",>!6�ø2¼2S132��ø2S;M@�%�17N~2�%�#$&�!$B=BS?A��832',�,:13!�@�@z! ¹ -H8CBD-/%�;89;$,z2'N~@z2'#/2�132S�ø2�;�@�83,���%�����2'#¬�$% �$�¬�ã�ãÆ�Ë�Æ��¬ð !$B'B'?HN~,��

h(a)=h(b)

T

a•

b•

COLLISION

K

)�� ?A,O@�#H2D@z2'BD@�%�;A#»NO2',>!61LKM2¼B=!6171783,.83!6;$,�
 ¨
� ¹ %'&$,.«

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s.\



�²Æ�	�Ë�� � �A� � � Ê�� 	 � ��Æãð
Æãð��

)+½ %�BD-Á��!�,:8L@.83!6;¶89;¶-�%�,:-¢@.%�0�132¿8C,¼��!687;M@>2SNÍ@z!�-$2�%�#¶!�F�%1987;Aº�2S#»1983,O@��
)  �!²87;$,z2'N~@�2S132��ø2S;M@z,�89;�@z!Í@.-A2�@.%�0�132M��%�#H#+@z!²-A2S%�#�!�F�1783,>@S�

9 52 36i

h(9) = h(52)=h(36)=i

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~X9w}�3WCW3W ��t3i3s��

	 � ��Æãð
Æãð������
ð¸����Æ��"ð¸Ë

)¼Ì ð¸Ë���	���Æ��¬ð� ±
¯¸î�£¸¥�ô¸ò��/¯
¤�±�òD¡=£
¤�¥�¦�§�¨ �5©.ª¬«89;$,z2'N~@�ª®%�@�@.-$25-A2S%�#/!�F 1783,O@���Þ � ¨ ê$ë�ì�Þ ª´áy«oá
ý !MNO,O@OÝoBS%�,>2²Nz?�;H;�87;AP�@:89�ø25÷ ¨ ÔS«D�

) � ����	�� � Æãð��
� ±
¯¸î�£¸¥�ô¸ò��/¯
¤�±�òS­"¥�¯¸¦�°"±�¨ �²©=³´«,z2S%�N>BI-/F}!MN�%�;/2S132��ø2S;M@ ¹ 8L@.-»º�2D&�³�87;»1783,>@���Þ � ¨ ³�«oá

ý !MNO,O@OÝoBS%�,>2²Nz?�;H;�87;AP�@:89�ø2¼�HNO!M��!MNÂ@.83!6;�%�1
@z!�1C2S;AP�@:-/!�F�1783,>@���Þ � ¨ ³�«oá ¨ 8�� 26�7��� ¨�� «>«D�

) Å¶�����A��Æ��"ð� ±
¯¸î�£¸¥�ô¸ò��/¯
¤�±�ò'µ»¥�·�¥�§�¥�¨ �²©.ª¬«#H2S1C2D@z2¼ªÁFyNO!6� @.-A2²178C,O@���Þ � ¨ ê$ëSì�Þ ª´áq«ãá
ý !MNO,O@OÝoBS%�,>2²Nz?�;H;�87;AP�@:89�ø25÷ ¨ ÔS«�83F#H!6?H0�1L&6Ý~1787;Hº�2'#/1983,O@z,�?A,>2S#��

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[LW

É¶ð¸��� � Ë�Æ�Ë»� � ÿ ��Ë � Æãð����¢Æq� � 	 � ��Æãð�Æãð��

) ú�,z,:?��ø2E2�%�BI-/º�2=&�2'ù$?�%�171L&»178Cº�2�1L&�@z!¿0�25-H%�,.-$2S#89;�@z!�%�;�&�,:13!�@ ¨ Ë�Æ � ñ����
��ð
Æ � ��	 � � ��Ë � Æãð�� «
)�� 83KM2S;+-�%�,:-²@.%�0�1C2�� ¹ 83@:-+Ö ,.13!�@z,�-$!617#�87;AP � 2S132��ø2S;M@z,S�#H2DÄ�;A2E� � , ������Ê � �������¬	"! %�, ��# Ö ¨ ¹ -�%�@�83, !%$ «
)  �87�ø2EFy!MN�BD!6�¿��?�@.87;AP � ¨ ³�«�83,&� ¨ ÔS«D�
)  �!�Ä�;A#Ã%�;/2�132S�ø2�;�@��
 (' !�!Mº/?H�Ã8L@z,���!�,:8L@.83!6;»87;�@.-$2E@.%�0�132²?A,:89;$P � �
  � 2�%�N>BI-�F}!MN�2�132S�ø2�;�@�87;»1789;Aº�2S#Ã1783,>@�,O@z!MNO2'#�%�@�,:13!�@��

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[C[

É¶ð
��� � Ë�Æ�Ë 	 ��Ë��*)��"+ ð¸Ë��
�$�$��Ë�Ë � �
� � ����	�� �

)+½ 1C2S�ø2S;M@�F}!MN ¹ -H87BI- ¹ 25%�N~2¼,>2�%�N>BI-�87;$P¿8C,-,/.10"89;»1783,>@S�
)�� ?A,O@�BI-A2'BIº¿2�%�BI-�2�132S�ø2�;�@�87;�@.-A2²178C,O@��
)+J ;�83F}!MNz� -H%�,.-H87;AP2� %'KM2SNz%�P�2
1C2S;AP�@:-/!�F�1783,>@z,�87;/� Ï ! Ï ��# Ö �

)+½"¾ ��2'BD@z2'#�;�?���0�2'N�!�F¬2�132S�ø2�;�@z,�2 ¾ %���87;A2'#�Ï !
) <�?�;H;�87;AP+@.87�ø2M(�� ¨ Ô43 ! «I�

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[L�



	 ��Ë�� ��� � �¸�A�$��Ë�Ë � ��� � ����	�� �

) ú�,z,:?��ø2 � ±
¯¸î�£¸¥�ô¸ò��/¯
¤�±�òD¡=£
¤�¥�¦�§ %�#H#H,
;A2 ¹ 2�132S�ø2�;�@z,�@>!ø@.-A2E2�;A#/!�F¬@.-$251783,>@S�

)+½"¾ ��2'BD@z2'#�;�?���0�2'N�!�F¬2�132S�ø2�;�@z,�2 ¾ %���87;A2'#Ã83,%�@��ø!�,>@5Ô¼�ø!MNO2�@.-�%�;»;$?H��0�2'N�!�F¬2�132S�ø2�;�@z,�2 ¾ %���87;$2S#
¹ -A2S;�,z!6?$P6-M@OÝãF}!MN�2S132��ø2S;M@ ¹ %�,�87;A,>2'N~@z2'#¬�

) <�?�;H;�87;AP+@.87�ø2M(�� ¨ Ô43 ! «I�

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[Lï

5 �H� � � ÊÒ� ����ñ���ðÜÉÁÊ�Ê
	���Ë�Ë�Æãð��

) ú¼171�2�132S�ø2�;�@z, ,>@z!MN~2S#¿87;ø-�%�,:-+@.%�0�1C2 ¨ 8�� 2M�7��;$!51783,>@z,
?$,z2'#�«I�
)+½ %�BD-�@.%�0�1C2E2S;M@zN~&/B=!6;�@.%�87;A,�2�8L@.-$2SN�2S132��ø2S;M@�!MN76 û ' �
) ý -$2�;�,>2�%�NOBD-H89;$PøF}!MN�%�;�2�132S�ø2�;�@���,O&$,>@>2���%�@.8CB'%�1713&
ñ�	������ @.%�0�132E,.13!�@z,S�

)+* %�,.-�F�?H;HBI@.83!6;�� � �$#H2D@z2'Nz��87;A2=,�@.-A2E,z2'ù$?A2S;HBD2!�F",:13!�@z,�2 ¾ %���87;A2'#/F}!MN�%�P68LKM2�;/º�2D&��

� (HÎ98 ÑMÓH©�Ô�©�Õ�Õ�Õ�©.Ö ×ÙÔ�Ú"� ÑMÓH©�Ô�©�Õ�Õ�Õ�©.Ö ×ÙÔ�Ú
) ��	������ Ë��;: �¸��ð
�$� Fy!MN�%�P68LKM2S;»º�2D&�³ÃP68LKM2�;/06&�(

< � ¨ ³"©IÓM«I© � ¨ ³¬©�ÔS«D©�Õ�Õ�Õ�© � ¨ ³¬©.Ö × ÔS«>=

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[]X

��ñ���ðÙÉÁÊ
Ê
	���Ë�Ë�Æãð�� Ì ð¸Ë���	���Æ��"ð

)  �! 87;A,>2SNÂ@Ã2S1C2S�ø2S;M@ ¹ 83@:- º�2D&í³ 87;M@z! ���ÍBI-A2'B.º 2�%�BI-
��!�,:83@:8C!6;ø87;+@.-A2�@.%�0�132�89;+@.-A2�!MN>#H2'N ,:��2SB'8LÄH2'#¿0M& � ?H;M@.871
2��¿�$@Â&�,:13!�@�8C,�F}!6?�;H#��

�/¯
¤�± ò=¡=£
¤�¥�¦�§�¨ �5©=³�«Ô´â�õ Ó
� 	���ñ������@? õ � ¨ ³¬©.âO«A Æ � ��Þ ? á�Ï £¸î�·B � � ��ð ��Þ ? á�õ ³
C 	��A���
	MðD?
E ����Ë�� â�õ âF3íÔ
G �
ð¬��Æã� â
ÏíÖ
H ��	�	��¬	JI -H%�,.-�@.%�0�1C2E!�KM2'NLKH! ¹NM

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[Lþ

��ñ���ðÜÉÁÊ�Ê
	���Ë�Ë�Æãð�� � ����	�� � Æãð��

)5� %��ø2²%�,�87;$,z2'N~@.83!6;��

�/¯
¤�±�òS­"¥�¯¸¦�°"±�¨ �²©=³´«Ô´â�õ Ó
� 	���ñ������@? õ � ¨ ³¬©.âO«A Æ � ��Þ ? á�ÏÙ³
B � � ��ð 	��A���
	MðD?
C â�õ âF3íÔ
E �
ð¬��Æã� ��Þ ? á�Ï £
î�· !MN�â�ÏíÖ
G 	��H���¸	Mð £¸î�·

) ý -H%�@�83,�#�N>% ¹ 0�%�B.º¿!�F"!M��2�;»%�#�#�N~2',>,.87;$P $

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[LU



�
�
	�� � ��	�É¶ð
��� � Ë�Æ�Ë/� � ��ñ���ðÜÉÁÊ
Ê
	���Ë�Ë�Æãð��

) ú�,z,:?��ø2 ��ð
Æ � ��	 � � ��Ë � Æãð�� �
)+½"¾ ��2'BD@z2'#�;�?���0�2'N�!�F"��NO!M0�2',�87;POQ,SRTOSU�U=ëVR�R�WTO;X,z2S%�N>BI-/!6;»%�;/!M��2S;�ÝÂ%�#�#HNO2=,z,�-H%�,.-�@.%�0�1C2 ¹ 83@:-Ã13!6%�#F�%�BI@z!MN ! Ï ��# ÖZY Ô¼8C,-[ Ô #�¨ ÔÍ× ! «D�
)+½"¾ ��2'BD@z2'#�;�?���0�2'N�!�F"��NO!M0�2',�87;(RVO\U�U=ëVR]R^WVO_X6,>2�%�N>BI-»83,

[ Ô
! 19;

Ô
ÔÍ× ! 3

Ô
!

) À 2D@.%�871C,�87;»0�!�!Mº ¨ ����� � A GV` � Aba «D�
)+½"¾ %��¿��1326( -�%�,:-�@.%�0�132dce F�?H171
J ;A,:?HB=B=2=,>,zFq?�1�(fcchg&ij Ï �� ?HB=BD2',>,zFq?H1�(kcij 17; cc�g&ij 3lcij [ A Õ AbH G

)+½"¾ %��¿��1326( -�%�,:-�@.%�0�132nmcLo Fq?�171J ;A,:?HB=B=2=,>,zFq?�1�( cchgqpisr
Ï Ô'Ó

� ?HB=BD2',>,zFq?H1�(tcpisr
17; cchg pisr

3ucpisr
[ A Õ E G�Ó

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[v�

	 � �"Æ����
� � ÿ ��Ë � �
��ð¸����Æ��¬ð
Ì Ê
�����ã� � �
) À 83,>@zNz8C0�?$@>2¼º�2=&$,�?�;�83F}!MNz��1L&/87;M@z!�,.13!�@z,S�
) ' 2D@@w ¨ ³�«�Ï �HNO!M0�%�0�87198L@Â&5@.-�%�@
º�2=&�³�83,�#HNz% ¹ ;�FyNO!6� Î/(

xy{z |~}�y������ w ¨ ³�«�Ï
Ô
Ö F}!MN ? ÏÜÓH©�Ô�©�Õ�Õ�Õ�©.Ö ×ÙÔ

û � 26�7� I ,:?�� !�KM2SN�%�171�º�2D&$,�³ ¹ -�8CBI-��S�bR��P0>.¼,:13!�@ ? M
) <�2=P6?�17%�Nz8L@Â&/87;/º�2=&/#�83,O@:Nz8C0�?�@.83!6;�,:-A!6?H17#,/.�0¬%���2SBI@�?�;H8CF}!MNz��8L@Â&�!�F�-�%�,:-�87;$P;


QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[L\

ÅÇÆ��
Æ�Ë�Æ��¬ð � �A� � � Ê

)+J ,z25-H%�,.-�Fq?�;ABD@.83!6;
� ¨ ³�«�ÏÙ³»�ø!$#�Ö

)�� ?A,O@�%'KM!68C#»BD2SNÂ@.%�87;�K�%�17?A2=,�!�F"Ö
 (� ! ¹ 2'NO,+!�F � � û F�Ö Ï �]� � � ¨ ³�«+83,7� 13! ¹ 2=,O@�!MN>#A2SN0�83@>,�!�F�³"�
 (� ! ¹ 2'NO,�!�F²Ô'ÓH� û F�@.-A2/º�2D&$,ø%�NO2»#A2SB'87��%�1�;�?���0�2SNO,S�-H%�,.-�Fq?�;ABD@.83!6;�#A!�2',
;$!�@¸#H2'��2S;H#�!6;ø%�171�#H2'BS87��%�1�#�83P�Ý
8L@z,�!�F�³"�

)�� ����ÊÙ� � �"Æ��$��Ë � �¬	 Ö ��	��
ñ�	MÆ � ��Ë�ð����
��� � �A���¬Ë�� ��� ���¸���6��ñ��;����	�ËÃ� � �

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCsI[v�

5 �
�q��Æ�ñ��ãÆ��A����Æ��"ð � �A� � � Ê

)+J ,z25-H%�,.-�Fq?�;ABD@.83!6;
� ¨ ³�«�Ï��ãÖ ¨ ³k� �ø!$#¢ÔS«��

¹ -A2'NO2��Ð83,�%�BD!6;A,O@.%�;M@��$Ó�Y���Y Ô��
)k� %�17?$2E!�F�Ö ;A!�@�B=Nz8L@.8CBS%�1��6@o&A��8CBS%�171L&/?A,>2²ÖØÏ �]� �
)5ö �$@.87��%�1´BI-A!68CBD2E!�F��Ò#H2'��2S;H#A,�!6;/BD-H%�Nz%�BD@>2SNz83,O@.8CB=,
!�F�#�%�@.% ¨�� ;$?�@.-�,.%'&$,�?A,>2�� Ï¡  ¢Tg@ce «

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�CW



5 �
�q��Æ�ñ��ãÆ��$����Æ��"ðíÿ��´Ë � Æãð��

)-£ �¸� � ñ����
  º�2D&$,�%�NO2¤GSÝo0�8L@�0�89;H%�N~&6�AÓ2[Ò³tYÐÔ � H
  Ö Ï H Ï �¦¥
  � Ï Õ}Ô'ÓHÔ�Ô'Ó�ÓHÔ
  ³ÃÏÐÔ�Ô'ÓHÔ'ÓHÔ�Ô ��Ô²Ó»ÔøÔ¼ÓøÓÃÔ �

Ô¿Ô¼Ó»Ô¼Ó»Ô¿Ô ³
Ô¼ÓøÓÃÔ¼Ó»Ô²Ó»��ÓÃÔøÔ§ ¨ © ª� ¨ ³´«

ÓøÓ»Ô¿Ô ³;�

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�9[

+Çð�Æ��¬��	�Ë�����ÿ ��Ë � Æãð��

) ��	�������� � � G�!MN�%�;�&»BI-A!68CB=2¼!�F -H%�,.-/Fq?�;HBI@.83!6;��6@.-$2SNO2
2 ¾ 83,O@z,¿%�0�%�#�,>2D@�!�F�87#A2�;�@.8LÄH2'NO,L`Ç��%�198CB'83!6?A,�%�#$KM2SN~,.%�N~&
B=!6?H17#/F}!MN>BD2²��!�!MN���2'NOF}!MNz��%�;HBD26�

) � �¬�ã����Æ��¬ð��
 ¬« É(­ Å��®5 Ì�¯°£d±
  4 -$!�!�,z2²-�%�,:-/Fq?�;ABD@.83!6;/%�@�Nz%�;H#A!6���² ,F³Aë>´�ë�,F³Aë�,\0�!�F�º�2D&$,�

   "!¿#H!�@.-H8C,S�$B=NO2S%�@z25%dR�ë�0�!�F�-�%�,:-�Fq?�;HBI@.83!6;A,S�µ �$FqN~!6� ¹ -�8CBD- � B'%�;/0�2¼Nz%�;H#A!6��13&�,z2S132SBI@z2'#F


QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�C�

+Çð�Æ��¬��	�Ë�����ÿ ��Ë � Æãð��

) ' 2D@ µ 0�25%�BD!619132'BD@:8C!6;�!�F"Fq?H;HBI@.83!6;A,
��%�����87;$P�ÎÒ@z!»ÑMÓH©�Ô�©�Õ�Õ�Õ�©.Öà× Ô�ÚH�

) Å¶��¶�ð�Æq��Æ��¬ð��@µ 83, �
ð
Æ��"��	�Ë���� 83F¬Fy!MN
%�191�ª¸©�·¶é Î ¨ ªn¸Ï�·�«D�

ü Ñ � é µ ( � ¨ ª¬«�Ï � ¨ ·�«.Ú ü Ï ü µ ü
Ö

26� P��7��@.-A2º¹ !�F�Fq?�;ABD@.83!6;$,�?�;A#H2'N ¹ -H8CBD-�ª¶%�;A#d·/B=!617178C#H2
) µ 83,�?H;�8LKM2'NO,.%�1´83F ¹ -A2S; � 83,�BI-A!�,>2S;»N>%�;H#H!6��1L&FqN~!6� µ ��@:-A2²BI-�%�;AB=2�!�F"B=!6171783,.83!6;/0�2=@ ¹ 2'2S;/ª%�;H#q·�83,»c¼

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�Cï

+Çð�Æ��¬��	�Ë�����ÿ ��Ë � Æãð��
� � �H�¬	�� �
û F � 83,�BI-A!�,>2S; N>%�;H#H!6��1L& FyNO!6� µ %�;H# ?$,z2'# @z!
-�%�,:-
� º�2D&$,²87;M@>!»%�@:%�0�132�� !�F�,.8¾½=2�Ö ��@.-$2�2 ¾ ��2SBI@z2'#¶;$?H��0�2'N!�F B=!6171783,.83!6;$,�87;MKM!61LKH87;AP�%�;M&»��%�NÂ@.8CBS?H19%�N�º�2=&Ãª 83,Í132',>,�@:-�%�;
! Ï ��# Ö �

�¿	�� � �
) ' 2D@&¿7À�Ïl¹ !�F�BD!617178C,:83!6;A,�!�F�º�2D&$,�87;/� ¹ 8L@.-»ª
) ' 2D@

Á]Â¦Ã Ï äææææç ææææè
ÔÃ83F � ¨ ·�«�Ï � ¨
Ä «ÓÁ!�@.-$2SN ¹ 83,z2

¿7À�Ï xÂ�Å�Æ g@Ç ÀÉÈ Á
À Â

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�3X



+Çð�Æ��¬��	�Ë�����ÿ ��Ë � Æãð��
úÜ,.87;AP6132¼��%�87N�BD!6171787#A2', ¹ 8L@.-»�HNO!M0�%�0�87198L@Â&Êc¼ � �-�%�@�83,S� ½tË Á À Â�Ì ÏÐÔ # Ö �  �-$2SNO2=F}!MNO2M�

½ ÞÍ¿ À áEÏ ½PÎÏÏÏÏÐ xÂ1Å�Æ g4Ç ÀÉÈ Á
À Â�Ñ ÒÒÒÒÓ

Ï xÂ1Å�Æ g4Ç À�È ½(Ë Á
À Â�Ì

Ï xÂ1Å�Æ g4Ç À�È
Ô
Ö

Ï � ×ÙÔ
Ö

Y !

)5� !���@.-A2�2 ¾ ��2'BD@z2'#�;�?���0�2SN !�F�BD!617178C,:83!6;A, ¹ 8L@.-�ª�83,&Y ! �

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�Cþ

	 �"ð¸Ë���	M�¸����Æãð�� ��+Çð
Æ��"��	�Ë�����ÿ ��Ë � �
��ð¸����Æ��¬ð

) ' 2D@�Ö 0�2¼��Nz87�ø2
) À 2'B=!6�¿��!�,z2¼º�2D&/ªÇ87;M@z!ÕÔº3íÔE#�8CP68L@z,S��2S%�BD-
¹ 8L@.-�K�%�17?A2�ÑMÓH©�Ô�©�Õ�Õ�Õ�©.Ö ×ÙÔ�ÚQ�6@.-H%�@�83,S�

ª¶ÏÕYíª o ©.ª c ©�Õ�Õ�Õ�©.ª\ÖÕ×ø© ¹ -$2SNO25Ó2[Ùª\Ø4YíÖ
) � 87B.ºdYÚÙ o ©hÙ c ©�Õ�Õ�Õ�©hÙ Ö × FyNO!6� Ñ�ÓH©�Ô�©�Õ�Õ�Õ�©.Ö ×ÙÔ�ÚQ��,z2D@

�SÛ ¨ ª¬«�Ï
ÖxØ � o Ù~Ø�ª\Ø��ø!$#�Ö

)+* ! ¹ 0�83P�83, µ Ï Ñ � Û$Ú $

ö ;$2 � F}!MN�2S%�BD-/BI-A!68CB=2E!�F�@.-$2�Ù Ø ��,z!

ü µ ü Ï Ö ÖVÜ c

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�CU

+ ð
Æ��¬��	�Ë�����ÿ ��Ë � Æãð�� 	 �¬ð¬�ÉÝ
� � �H�¬	�� �
µ 83,�?H;�8LKM2SN~,.%�1��

�¿	�� � �
) ' 2D@¿ª Ï < ª o ©.ª c ©�Õ�Õ�Õ�©.ª\Ö¦=¿%�;H#Þ· Ï < · o ©�· c ©�Õ�Õ�Õ�©�·1Ö¦=0�2d³ ² RV0 ² ,FU�0�º�2=&$,S�
) ªÇ%�;A#q·�#�8¾��2'N�87;»%�@�132�%�,O@�!6;A2¼#�83P68L@���!�,.8L@.83!6;��
) ý 8L@.-$!6?$@�13!�,z,�!�F"P�2S;A2'Nz%�178L@Â&��$%�,>,.?H�ø2¼ª o ¸Ïß· o �
)�� ?A,O@�,:-A! ¹

ü Ñ �SÛ ( �SÛ ¨ ª¬«�Ï �_Û ¨ ·�«:Ú ü Ï ü µ ü
ÖÏ Ö Ö

 �-�%�@�83,S�6@.-�%�@�@:-A2¤¹ !�F¬Fq?�;HBI@.83!6;A, �_Û ?�;A#H2'N ¹ -H8CBD-�ª
%�;H#q·ÃBD!619178C#H2²83, à á�à¼ ÏíÖ Ö

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�â�

+ ð
Æ��¬��	�Ë�����ÿ ��Ë � Æãð�� 	 �¬ð¬�ÉÝ

)¼Ì Ê¸����� � -$! ¹ @.-�%�@/F}!MN»%�;�& BD-$!687BD2¢!�F¤Ù c ©hÙ e ©�Õ�Õ�Õ�©hÙ Ö@.-A2'NO2+83,�2 ¾ %�BI@.1L&Þ.1,"ëÍBI-A!68CBD2¼!�F�Ù o ,.?ABD-/@.-H%�@ � Û ¨ ª¬«�Ï�SÛ ¨ ·�«D�
  Öå83,
��N>89�ø27� ¨ ª o ×¬· o « -�%�,
��?�1L@.8C��198CB'%�@.8LKM2�87;MKM2'NO,>2�ø!$#�?�13!¿Ö �
   �-$2SN~2583,�%¿?H;�8Cù$?A2�,>!619?�@.83!6;�F}!MNNÙ o �ø!$#�?H1C!øÖ (

Ù o ¨ ª o ×*· o «4ã × ÖxØ � c ÙÉØ ¨ ª\Ø�×*·�Øã« ¨ �ø!$#¢ÖÇ«
) Ö Ö ��!�,z,:8C0�132EK�%�17?$2',�F}!MN < Ù o ©hÙ c ©�Õ�Õ�Õ�©hÙÉÖ¦=º� 2�%�BI-Ã��%�8CN
!�F�º�2D&$,�ªÇ%�;A#q·ÃB=!617178C#H2=,�F}!MN�2 ¾ %�BI@.1L&/Ö Ö K�%�17?A2=,�!�F�Ù��

) Ö Ö�Ü c ��!�,z,:8C0�1325K�%�17?A2=,�F}!MNkÙD� ª
%�;H#�·ÁBD!619178C#H2 ¹ 8L@.-��NO!M0�%�0�871783@o&�Ö Ö # Ö Ö�Ü c ÏÐÔ # Ö �
) µ 83,�?H;�8LKM2'NO,.%�1��

QSR T�U7V W3XCUCYCZ7[]\9V X9[LW:R ^7_ ` a9b9c9de_ f a3^S_ aDg>h iCa3` f _ j9kDl monqpor�seb9^9sel but]v3wyxzd{_ aC|}se`~Xuwu�3WCW3W ��tLiCs:�C\


