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879,'%$5�+$6+,1*�879,'%$5�+$6+,1*�±± (NVHPSHO���(NVHPSHO���

(NVHPSHO
0  �� �GYV��PDNV����HOHPHQWHU�L�HQ�GLVNEORNN�
$QWDOO�ELWV�L�KDVK�YHUGLHQH� ��

6HWW�LQQ�HOHPHQW�PHG�KDVK�YHUGL�’ 011000’

'HW�HU�OHGLJ�SODVV�L�GLVNEORNNHQ��Vn�YL�VHWWHU�GHQ�UHWW�LQQ�
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

879,'%$5�+$6+,1*�879,'%$5�+$6+,1*�±± (NVHPSHO���(NVHPSHO���

9LGHUH��6HWW�LQQ�¶000011¶
� 'LVNEORNN�¶00¶�HU�IXOO�RJ�G00  �'��«

11100100
NDWDORJ

d = 2
000100
001000
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001111

' �

0 �

d = 2
010101
011000

d = 2
101001
101100
101101
101111

d = 2
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110101

000011

?
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d = 3
000100
000011

' �

0 �

d = 3
001000
001010
001111

d = 2
010101
011000

d = 2
111000
110101

101100011010001000 111110

d = 2
101001
101100
101101
101111

Vn�YL�XWYLGHU�NDWDORJHQ�
RJ�VSOLWWHU�GHUHWWHU�
GLVNEORNNHQ��(WWHUSn�HU�
GHW�SODVV�
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

879,'%$5�+$6+,1*�879,'%$5�+$6+,1*�±± (NVHPSHO���(NVHPSHO���

6HWW�Qn�LQQ�¶101011¶
'LVNEORNN�¶101¶�HU�IXOO
RJ�G101 ��'��Vn�YL�VSOLWWHU

GLVNEORNNHQ�

'LVNEORNN�¶101¶�HU�IRUWVDWW
IXOO��Vn�YL�Pn�¡NH�'�WLO�� RJ

VSOLWWH�HQ�JDQJ�WLO�

0HUN��$OJRULWPHQ�YLUNHU�LNNH

KYLV�GHW�HU�PHU�HQQ�0 HOHPHQWHU

VRP�KDVKHU�WLO�VDPPH�YHUGL�

NDWDORJ

d = 3
000100
000011

' �

0 �

d = 3
001000
001010
001111

d = 2
010101
011000

d = 3
101001
101100
101101
101111

101100011010001000 111110

d = 3 d = 2
111000
110101

NDWDORJ

' �

0 �

d = 4
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101011

d = 3 d = 4
101100
101101
101111

... 1000 ...1000 1000 1000

0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

879,'%$5�+$6+,1*�879,'%$5�+$6+,1*�±± )\OOLQJVJUDG)\OOLQJVJUDG

)\OOLQJVJUDG�WLO�GLVNEORNNHQH
� .DWDORJHQ�EOLU�YHOGLJ�VWRU�GHUVRP�PDQJH�HOHPHQWHU�KDU�PDQJH�OHGHQGH�VLIUH�IHOOHV�

� )nU�n�In��IRUKnSHQWOLJYLV��JRG�VSUHGQLQJ�EUXNHU�YL�KDVK�IXQNVMRQ�L�VWHGHW�IRU�n�EUXNH�

Q¡NNHOHQ�WLO�HOHPHQWHW�GLUHNWH�

� +YLV�YL�DQWDU�XQLIRUP�IRUGHOLQJ�DY�ELWP¡QVWUHQH��HU�DQWDOO�GLVNEORNNHU

� )RUYHQWHW�DQWDOO�HOHPHQWHU�SU��GLVNEORNN�

GYV��DW�L�GHW�³ODQJH�O¡S´�YLO�FD������DY�KYHU�GLVNEORNN�Y UH�I\OW�RSS�

� )RUYHQWHW�VW¡UUHOVH�Sn�NDWDORJHQ�HU

GYV��DW�OLWHQ�0�JLU�VWRU�NDWDORJ�

MM
N

M
N

M

N
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B

N
E ×≈×=××=

×
== 693,02ln

1

2ln

2ln
1

M

N
K

M

1
1+

=

M

N

M

N
e

M

N
B 443,1

2ln

1
log2 ≈×== «6LGHQ�LNNH�DOOH�EORNNHU�KDU�DOOH�PDNV�

0�HOHPHQWHU��HU�GHW�´QRH�PHU´�HQQ�1�0
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± ,QWURGXNVMRQ,QWURGXNVMRQ

� %�WU U�HU�V¡NHWU U��PHQ�GH�HU�LNNH�ELQ UH�
� %�WU U�EUXNHV�I¡UVW�RJ�IUHPVW�QnU�LNNH�KHOH�WUHHW�InU�SODVV�L�
LQWHUQPLQQHW�

� (W�%�WUH�KDU�VWRU�EUHGGH��KYHU�QRGH�KDU�PDQJH�EDUQ��RJ�HU�
EDODQVHUW�

� 'HUPHG�EOLU�LNNH�WUHHW�Vn�G\SW�
� 'H�¡YHUVWH�QLYnHQH�L�WUHHW��LDOOIDOO�URW�QRGHQ��ODJUHV�L�
LQWHUQPLQQHW��UHVWHQ�DY�WUHHW�Sn�GLVN«

� 2J�IRUGL�WUHHW�LNNH�HU�Vn�G\SW��EOLU�GHW�In�GLVNDNVHVVHU�
� +YLV�DOOH�HOHPHQWHQH�InU�SODVV�L�LQWHUQPLQQHW��HU�%�WU U�
IRUWVDWW�HQ�ULPHOLJ�UDVN�GDWDVWUXNWXU��PHG�JDUDQWHUW�
ORJDULWPLVN�G\EGH��L�PRWVHWQLQJ�WLO�XEDODQVHUWH�ELQ UH�
V¡NHWU U��IRU�GDWD�Sn�GLVN�

� 'HUPHG�EUXNHV�%�WU U�V UOLJ�L�GDWDEDVHV\VWHPHU�

0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± 'HILQLVMRQ�DY�%'HILQLVMRQ�DY�%��WU U�DY�RUGHQ�0WU U�DY�RUGHQ�0

'HILQLVMRQ��%�WU U�DY�RUGHQ�0
���$OOH�GDWD��HOOHU�SHNHUH�WLO�GDWD��HU�ODJUHW�L�EODGQRGHQH�
���,NNH±EODGQRGHU ODJUHU�LQQWLO�0� � Q¡NOHU�IRU�EUXN�L�V¡NLQJ��Q¡NNHO�L
DQJLU�GHQ�PLQVWH�Q¡NNHO�L�VXEWUH�L�����

���5RWHQ�HU�HQWHQ�HQ�EODGQRGH�HOOHU�GHQ�KDU�PHOORP�� RJ�0 EDUQ�
���$OOH�LNNH±EODGQRGHU �XQQWDWW�URWHQ��KDU�PHOORP�ª0��º RJ�0 EDUQ�
���$OOH�EODGQRGHU�KDU�VDPPH�G\EGH�RJ�KDU�PHOORP�ª/��º RJ�/
GDWDHOHPHQWHU�HOOHU�GDWDSHNHUH��GHU�/�HU�HQ�NRQVWDQW�IHOOHV�IRU�DOOH�
EODGQRGHU�

� 0HUN�DW�%�WU U�HU�V¡NHWU U�
� %ODGQRGHQH�LQQHKROGHU�GH�YLUNHOLJH�GDWDHQH��HYHQWXHOW�SHNHUH�WLO
REMHNWHU�HOOHU�DQGUH�SRVWHU�VRP�LQQHKROGHU�GDWDHQH�

� 0HUN��/ UHERNHQV��RJ�YnUH��%�WU U�HU�HOOHUV�L�OLWWHUDWXUHQ�NMHQW�
VRP�%��WU U��7UDGLVMRQHOOH�%�WU U�KDU�'DWD��SHNHUH��L�DOOH�QRGHU�
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± (NVHPSHO(NVHPSHO

(W�HNVHPSHO�Sn�HW�%�WUH�DY�RUGHQ����RJVn�NDOW�HW�����WUH�

+HU�HU�0� �� RJ�/� ����9L�VNDO�IRUHQNOH�WHJQLQJHQ�OLWW�

22

16 41 58

8, 11, 12 16, 17 22, 23, 31 41, 52 58, 59, 61

22:-

8, 11, 12 16, 17

16:- 41:58

22, 23, 31 41, 52 58, 59, 61

0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± )LQG)LQG 	�	�,QVHUW,QVHUW ����

� )LQG�[��HU�OHWW��9L�VWDUWHU�L�URWHQ�RJ�ODU�Q¡NNHO±YHUGLHQH�
EHVWHPPH�KYLONHQ�JUHQ�YL�VNDO�I¡OJH�YLGHUH��KHOW�WLO�YL�NRPPHU�WLO�
HQ�EODGQRGH�

� 6n�OHWHU�YL�HWWHU�[�L�EODGQRGHQ�

� ,QVHUW�[� HU�PHU�NRPSOLVHUW��)¡UVW�ILQQHU�YL�ULNWLJ�EODGQRGH�n�
VHWWH�[�L��DNNXUDW�VRP�L�ILQG�[��

� 'HUVRP�GHW�HU�SODVV�WLO�[�L�EODGQRGHQ��VHWWHU�YL�LQQ�[�RJ�
RSSGDWHUHU��RP�Q¡GYHQGLJ��Q¡NNHO±YHUGLHQH�ODQJV�VWLHQ�YL�JLNN�

� (NVHPSHO��6HWW�LQQ�¶��¶�L�WUHHW�Sn�IRUULJH�IRLO�

22:-

8, 11, 12 16, 17, 18

16:- 41:58

22, 23, 31 41, 52 58, 59, 61
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± )LQG)LQG 	�	�,QVHUW,QVHUW ����

� 'HUVRP�EODGQRGHQ�HU�IXOO��GHOHU�YL�GHQ�L�WR�RJ�IRUGHOHU�GH�/���� Q¡NOHQH�

MHYQW�Sn�GH�WR�Q\H�EODGQRGHQH�

� (NVHPSHO��6HWW�LQQ�¶1¶�L�WUHHW�Sn�IRUULJH�IRLO�

� 'HUVRP�VSOLWWLQJHQ�PHGI¡UHU�DW�IRUHOGHUQRGHQ�InU�IRU�PDQJH�EDUQ� VSOLWWHU�

YL�GHQ�RJVn��JLU�GHQ�Q\H�QRGHQ�WLO�EHVWHIRUHOGHUHQ��RVY�

� (NVHPSHO��6HWW�LQQ�¶19¶�L�WUHHW�RYHQIRU�

22:-

11:16 41:58

22, 23, 31 41, 52 58, 59, 6111, 12 16, 17, 181, 8

16:22

11:- 41:5818:-

1, 8 11, 12 16, 17 18, 19 22, 23, 31 58, 59, 6141, 52

0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± )LQG)LQG 	�	�,QVHUW,QVHUW ����

� 'HWWH�NDQ�PHGI¡UH�DW�YL�WLO�VOXWW�Pn�VSOLWWH�URWHQ�L�WR��'HW�VNMHU�
KYLV�URWHQ�InU�0���� EDUQ��'D�ODJHU�YL�HQ�Q\�URW�PHG�GHQ�JDPOH�
URWHQ�RJ�GHQ�Q\H�QRGHQ�VRP�EDUQ�

� 'HWWH�HU�GHQ�HQHVWH�PnWHQ�HW�%�WUH�NDQ�YRNVH�L�K¡\GHQ�Sn�
� (NVHPSHO��6HWW�LQQ�¶��¶�L�WUHHW�Sn�IRUULJH�IRLO�

22:-

28:- 58:-

22, 23 28, 31 41, 52 58,59,61
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± 6OHWWLQJ�DY�HOHPHQW���6OHWWLQJ�DY�HOHPHQW���

6OHWWLQJ�DY�HW�HOHPHQW�[
� 9L�ILQQHU�I¡UVW�HOHPHQWHW�VRP�VNDO�VOHWWHV�YHG�n�WUDYHUVHUH�WUHHW�WLO�
ULNWLJ�EODGQRGH�%�

� 'HUVRP�% KDU�PLQVW�ª/������º HOHPHQWHU��NDQ�YL�XWHQ�
NRPSOLNDVMRQHU�VOHWWH�[ IUD�EODGQRGHQ�

� 'HUVRP�% KDU�DNNXUDW�ª/��º HOHPHQWHU��YLO�QRGHQ�KD�IRU�In�
HOHPHQWHU�HWWHU�DW�YL�VOHWWHU�[�

� 9L�O¡VHU�SUREOHPHW�YHG�n�NRPELQHUH�QRGHQ�PHG�HQ�DY�
QDERV¡VNQHQH�VLQH�
� 'HUVRP�YHQVWUH��K¡\UH��V¡VNHQ�KDU�ª/������º HOHPHQWHU�HOOHU�
PHU��IO\WWHU�YL�GHW�VW¡UVWH��PLQVWH��HOHPHQWHW�WLO�%�

� 'HUVRP�QDERV¡VNHQHQ KDU�DNNXUDW�ª/��º HOHPHQWHU��VOnU�YL�GH�
WR�QRGHQH�VDPPHQ�WLO�pQ�QRGH��VRP�InU�/ HOOHU�/�� � HOHPHQWHU��
DYKHQJLJ�DY�RP�/ HU�RGGHWDOO�HOOHU�SDUWDOO��

0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± 6OHWWLQJ�DY�HOHPHQW���6OHWWLQJ�DY�HOHPHQW���

� 'HWWH�NDQ�PHGI¡UH�DW�IRUHOGHUQRGHQ�InU�HW�EDUQ�IRU�OLWH�
9L�NRPELQHUHU�GD�IRUHOGHUQRGHQ�PHG�HQ�DY�QDERV¡VNQHQH�VLQH��
RVY�

� 9L�NDQ�WLO�VOXWW�HQGH�RSS�PHG�HQ�URW�VRP�KDU�EDUH�HWW�EDUQ�
,�Vn�IDOO�VOHWWHU�YL�URWHQ�RJ�ODU�EDUQHW�EOL�Q\�URW�
7UHHW�NU\PSHU�GHUPHG�PHG�HWW�QLYn��

� 9L�Pn��RP�Q¡GYHQGLJ��KXVNH�Sn�n�RSSGDWHUH�Q¡NNHOYHUGLHQH�Sn�
VWLHQ�IUD�URWHQ�WLO�%�

(NVHPSHO��7D�XWJDQJVSXQNW�L�I¡OJHQGH�WUH�

22:41

16:-

8, 11, 12 16, 17

59:-

41, 52, 58 59, 61, 70

28:-

22, 23 28, 31
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± 6OHWWLQJ�DY�HOHPHQW���6OHWWLQJ�DY�HOHPHQW���

6OHWW�HOHPHQWHW�¶17¶��

6OHWW�HOHPHQWHW�¶23¶�

16:-

8, 11, 12 16, 17

22:41

12:-

8, 11 12, 16

59:-

41, 52, 58 59, 61, 70

28:-

22, 23 28, 31

41:-

12:22 59:-

41, 52, 58 59, 61, 708, 11 12, 16 22, 28,31

0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± 7LGVIRUEUXN7LGVIRUEUXN

7LGVIRUEUXN
� 6LGHQ�KYHU�LQWHUQH�QRGH��XQWDWW URWQRGHQ��KDU�PLQVW�ª0��º
EDUQ��HU�G\EGHQ�WLO�HW�%�WUH�PDNVLPDOW�ªORJ�ª0��º 1º�

� 3n�KYHU�QRGH�IUD�URWHQ�WLO�EODGQRGHQ�Pn�YL�XWI¡UH�2�ORJ�0�
DUEHLG��YHG�ELQ UV¡N�L�VRUWHUW�DUUD\��IRU�n�DYJM¡UH�KYLONHQ�
JUHQ�YL�VNDO�Jn�

� 'HUPHG�WDU�ILQG 2�ORJ�0���ORJ�ª0��º 1�� 2�ORJ�1� WLG��DQWDU�0 RJ�/
RPWUHQW�OLNH��

� 9HG�LQVHUW RJ�GHOHWH�NDQ�GHW�KHQGH�DW�YL�Pn�XWI¡UH�2�0�
DUEHLG�Sn�KYHU�QRGH�IRU�n�U\GGH�RSS��I�HNV��IO\WWH�DOOH�
Q¡NNHOYHUGLHQH�L�WDEHOOHQ�HQ�SODVV�WLO�YHQVWUH��

� 6n�LQVHUW RJ�GHOHWH�NDQ�WD
2�ORJ�0���ORJ�ª0��º 1�� 2���0�ORJ�0����ORJ�1� WLG
�DQWDU�0 RJ�/ RPWUHQW�OLNH��
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± 0·V0·V VW¡UUHOVH���VW¡UUHOVH���

+YRU�VWRU�VNDO�0 Y UH"
+YRU�PDQJH�EDUQ�VNDO�HQ�QRGH�In�ORY�n�KD"
� +YLV�KHOH�%�WUHHW�InU�SODVV�L�LQWHUQPLQQHW��KDU�HPSLULVNH�
PnOLQJHU�YLVW�DW�0� �� RJ�0� �� HU�GH�EHVWH�YDOJHQH�
�LQQVHWWLQJ�RJ�VOHWWLQJ�WDU�IRU�ODQJ�WLG�KYLV�0 EOLU�IRU�VWRU��

� 0HQ�%�WU U�KDU�VLQ�VWRUH�VW\UNH�QnU�LNNH�KHOH�WUHHW�InU�SODVV�
L�LQWHUQPLQQHW�

� 6LGHQ�HQ�GLVNRSHUDVMRQ�WDU�QHVWHQ�����������JDQJHU�PHU�WLG�
HQQ�HQ�RSHUDVMRQ�L�LQWHUQPLQQHW��JMHOGHU�GHW�n�PLQLPDOLVHUH�
DQWDOO�GLVNDNVHVVHU�

� +YLV�GHW�HU�SODVV��HU�GHW�HQ�JRG�LGp�n�ODJUH�DOOH�LQWHUQQRGHU L�
LQWHUQPLQQHW�RJ�DOOH�EODGQRGHU�Sn�KDUGGLVN�

� 'D�NDQ�PDQ�YHOJH�0� �� RJ�/ Vn�VWRU�DW�KYHU�EODGQRGH�I\OOHU�
HQ�GLVNEORNN��HYHQWXHOW�HW�GLVN�FOXVWHU��

0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

%%��75�5�75�5�±± 0·V0·V VW¡UUHOVH���VW¡UUHOVH���

+YRU�VWRU�VNDO�0 Y UH�QnU�KHOH�WUHHW�OLJJHU�Sn�GLVN"
� 7UHHW�EOLU�EUHGHUH�RJ�InU�PLQGUH�G\EGH�GHVWR�VW¡UUH�0 HU�
� 0LQGUH�G\EGH�EHW\U�I UUH�GLVNDNVHVVHU��PHQV�YL�NDQ�VH�ERUW�
IUD�GHW�HNVWUD�RSSU\GGLQJVDUEHLGHW�L�QRGHQH�VRP�HQ�VWRU�0�
PHGI¡UHU�IRUGL�GHW�IRUHJnU�L�LQWHUQPLQQHW�

� ,�SUDNVLV�YHOJHU�PDQ�0 Vn�VWRU�DW�HQ�LQWHUQQRGH IRUWVDWW�InU�
SODVV�Sn�pQ�GLVNEORNN��HOOHU�FOXVWHU���W\SLVN�L�RPUnGHW�
���d0�d ����

� 0DQ�YHOJHU�/ VOLN�DW�GHW�VDPPH�JMHOGHU�IRU�EODGQRGHQH�
� $QDO\VHU�YLVHU�DW�%�WU U�EOLU���� IXOOH��GYV� OQ����VDPPH�
I\OOLQJVJUDG�VRP�XWYLGEDU�KDVKLQJ��
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0��1DFL $NN¡N��:��/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

1(67(�*$1*�1(67(�*$1*�±± 2YHUVLNW2YHUVLNW

� 9L�VNDO�DYVOXWWH�%�WU U��NDS������
� 9L�VNDO�LQWURGXVHUH�SULRULWHWVN¡HU�HOOHU�KDXJHU��´KHDSV´�Sn�
HQJHOVN��NDS����


