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e(m, re) ∈ {0, 1}∗.
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¼tÅ���¨�³��!«�«�¡*³�¦!£���±`«����!��¦�°G�0��� ¦!¡* ¢°Ð¡*�*¦!¡*�*¦�¤!¡0£�£�°² Ä¨�¤g��¨�¡ ¦!��¨¸!� ���!¤!��¡(ï
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δ 8:9<;6=�> �·µ�¡0�·���
∀m Pr{d(e(m, re), rd) = m} ≥ δ
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∀C ∀p Pr{C(e(m, re), 1
n, e) = m} ≤
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NṔ
 ¢£��t¯`¡0� ¦!¤��
�������������

NP ���
����g� ¼bòÀ¡0���tÇ!�0®�� ¢�!� ¦!¿�«��(¬·®¡ ��¨j¦!¿`¦g��³���¡¾ ¢£��t¯`¡0� ¦!¤���¤���¬1£���³j�%´¡ ¦Ì£�¡�¦!�g��¿!³��Ø¤�³�«���¶j¦!�!Â*«���Ý����Éµâ£����Ä¤�¦�¡0�!«���� � ���%¯/£��!� ¦!����!³b�(¬t�(¦�¡ ��¿��*¦!¤�µÂð�¡����¨ �(¤�¦!�! Ï�g¦!��¬1��È���� ��!³b�(¬t�(¦�¡ ��¿��*¦!¤!�Ð¦!«�¡*��¸!¡ ¦!��¨D�(¦0®¡ ���j¦!¿Á ¢£��t¯`¡*�*¦�¤!�� £�¡0¤�°²¶��(��£��� ¢°�Ç���Ý���«� Þ¸t�lµ��� ¢¡0¥q©��jÇ�³��!«���¦�³���¡q®��³j�g¬t�(¦�¡ ��¿!� ¦!¤��jµ���¦� ¢£��t¯`¡ ´� ¦!¤�����¤�°²¶��(��£��� ¢°�Ç��²Ý��!«� Þ¸t�lµ�£�¡��� ¢¡*¥§©}�jÇn®�!³b�(¬1�(¦!¡·��¿!�*¦�¤�¼

w/xðw ���! #" ��� {}|���{���Ô!$&%('*)

�<�	 Àã"! ��çâèäã éÉê	+Éê Í���ª�¡0 Þ¸ ¤ ³b�tª�¡0� ¦!¤!¡Ä³�«���¶j¦!�!�*���*¦�¡0 ¢°H����¦!³�«�°Ë¦!�!± ³j��¥q´ª��! G£�¡ ��¿�¬0¨Û��°�����¤!�!�*¶��(��¿(¬1�!¤��g¦!¿!��¨-,/.10�2�3 $��0¡q�¡ ����¤�¦!�! ²µjª�¦!�`�!¶�«�¡·®¡·��¡0£���¡
�4�
�5�

6�7���98;:<�>=5�4�?���Ì£���ª�¡0Â0�/£�¡�Â0�!¤��!«���¦Ã�`¦!�! ²µ�£��(�0³��(��¿!³��Ã� ���t¯/£���£���±�¦��Ø³��!£j´³�«�¡*¦�£�°²±��!��¦¾³��0®��«j¸!¡0 ¢��Â0���0�!����©�¡*£���¨É¼ $&�·��¸bª���¡Ë�*�!�!��©}¡0£���¨}��¬Ë�0®£��!Â0�¾����¦g����²�!�*¦g�g��¿!£�°²¡�����¦!°Ä¤§� ¦!«��!³�¡� ¢�t¯`¡0 �¤�¬0¨j¦!¿q¶�«��!��¬0¤!�(��¿�£�°² Ø�!��«��(¬1�� ����@�

�5�

6�7���

8;:6�>=5�4�?���&³��0®��«�¸�¡*¦BA�CEDî�*¦�«��!³�¸�µ	��¡0¡`£���±j¦!�+¶��Û³��0�¸Ø¦�«�¸1®£���¼lòÀ�n¶�«���Æ ¦!�! ²µ¦���µ�ªj¦!��£��( G£��%®��� �0³b�(¯`¡* ²µ�¶�¡*«�¤!°²±Û�!�j¦�� µj ¢�t¯`¡*¦}£��gÇ��0®�j¦!¿!��¨��*«���¤!£��j¦!¡ ��¿!£����¡0Â0³���¼
ÍÀ�!¶�°Ë¦g�(¡0 ¢��¨G¶����*¦!«��!��¦!¿�£��%®¡*¯/£�¸b¥Î³�«���¶�¦��!�0���*¦!¡* Þ¸ £����!�0£��!¤!¡*�@�

�5�

6�7���

8;:6�>=5�4�?���
G

�²³��0®��«�¸b¥§©}¡0±n��Ç!¡0 ¢�!±
e
¼GFj¡*£�¡0«���«�¸!¡* Ï�(¨�£��(¹�¡*±�³�«���¶�¦!�!�*���*¦�¡0 ¢�!±



� � ' ������$��b����
�	�-�()!���-�1�g'�
� ��)��0��
��¾����
���,����b)�
�����)��	��
��	���}�-'²)��	��"
� �-�

G
��Ç�¡* Ï�

e′
��¸1®¡*¦/«�������¦g�(¦!¿Ã� ��¡·�¸b¥§©}��  �!�!«��(¬1�! ²ï

e′(m, r) = (e(r), B(r) ⊕ m),

Âð®¡
r
íF£��(¹��/� ��¸bª��(±�£�°²¡¾�!�j¦!°Àµj�

B
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e
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e(r)
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G % � 


�
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B % 0 0
3 -�'4L�5��R(�)��3*!<3�,

G′ % 5�7 L 0 O 5�7+� + -�� � 3�, C,� C 3�0$- 7/.
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b = b1 ⊕ . . . ⊕ bn′

µ	Âð®¡
b1 . . . bn′−1

íN£�¡0³���¦��!«�°²¡� ��¸bª��(±�£�°²¡n�!�j¦!°ÀµÞ�
bn′ = b1 ⊕ . . . ⊕ bn′−1 ⊕ b
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n′
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b∗

µ�¤!¶���¹�¡* &¡0Â*��³b�0�£��¾ ¢¡*�*¦!���0�g´��¦!¤!¡ ¦!� ¦!¤�¸b¥§©}¡0Â*�Ì� ��¸bª��(±�£��!Â*���!�j¦g��µ¬t�(³b�0®��«��!¤���£�£��!Â0�
G∗

¤Û£��(¹�¡*±Ä³�«���¶�¦��(´�0��� ¦!¡0 ¢¡(¼-� Å���¨�Æ*¦��!Â0�
n′
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���	 Àã"!#��çâèäã éÉê��Éê ��¸t�¡0 D�0ª���¦g�(¦!¿�µpª�¦��
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� ã	�®áäã" ��éÉê('	ê	� ,�C23 -1,�0 5�5�7+� + -�� � 3�, C � C23�0$- 7
G % � ,&#Q5�7�� A�+)#Q7 CEC 0 2

3
− 9<;�=�> .ß�àâáäã�å¢ã�æâã�çâèäã éÉê	�	ê�
 ,�� AM02LN0 5��Q0 + -�� � 3�, C,� C 3�0$- � A C23�0 � 0 5�2�.ÉÅ���¨ ³�«���¶j´¦!�!�*���*¦�¡0 ¢°

H
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Hk = (ek, dk)
µ�Âð�¡

ek(m, r) = (e(m, r1), e(m, r2), . . . , e(m, rk)),

dk = 
��� i {d(e(m, ri))}.
� ã"  �Äé	ê�ë�ê

H ∈ 2
3
− 9<;�=�> ⇒

� .
Hk ∈ (1 − e−k·const)− 9<;�=�> .

� .
Hk → H

8 3�,)� 5Q0 0 ! C '���0 C23 A�'"023 367 +",�06, -47M+ ')#�245Q,�0 C A 0 LN0 5��Q0
R
! � 3�,

0 C1#�� 5Q0 + ��R���C , � 0 -Q5���+��
A

#1, - 7M0 3
Hk

C AM0@-1,,�Q365Q, C 3�2 D 1
2

+ 1
p(n)

!�3�,
RA

#1, - 7/023
H

C A 0 -1,,��365Q, C 3�2 D 1
2

+ 1
p(n)·k

: .0 ,�+47)�N7M3�01#�2GC 3 AM,�. 3 ¼qÍ¾¸!�*¦�¿
Xi

í<�·��¸bª���±�£��(¨+¤!¡ ����ª���£��jµÉ�0�!�(¦!¤!¡ ¦!�*¦�¤�¸b¥q´©`�(¨�Ý���³�¦(¸
d(e(m, ri)) = m

¼-ÍÀ«��� ¢¡*£�¨�¨Ø£�¡0«��(¤!¡0£�� ¦!¤!�nº�¡*«�£��!¤!��µ�¶��(��¸�´ª��� 
Pr

{∑

Xi ≤ k/2
}

= Pr
{∑

Xi ≤ 2k/3 − k/6
}

< e−const·k,

� ¼q��¸1®¡0 �� ¦!«�����¦!¿¾¦g��³��!¡��0¤!¡ ®¡0£���¡�ï!¶�¸��*¦�¿
RA

¤!°²����«���¡ ¦À� ��¸bª��(±�£�°² ��!�!«��g´¬1�! 
i ∈ {1 . . . k}

�nÝ��!«� ¢��«�¸!¡ ¦��0¤!��±�¬t��¶�«��!��³
A

� ��¡·�¸b¥§©}�� V�!�!«��(¬0�! ²ï
M = e(0), e(0), . . . , e(0)

︸ ︷︷ ︸

i−1

, c, e(1), . . . , e(1)
︸ ︷︷ ︸

k−i

,
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Hk
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RA
¼

Pr{
¸!�*¶�¡ Ç��

RA} =
1

2
Pr{

¸!�0¶�¡ Ç��
| c = e(0)}+

1

2
Pr{

¸��0¶�¡·Ç��
| c = e(1)} =

1

2
(
1

k
Pr{RA ¤�°�-��¡*¦

0 |M = 0 . . . 0}+
1

k
Pr{RA ¤!°�-��¡ ¦

0 |M = 0 . . . 01}+. . .

. . .+
1

k
Pr{RA ¤!°�-��¡ ¦

1 |M = 1 . . . 1}+
1

k
Pr{RA ¤!°�-�(¡*¦

1 |M = 0 . . . 01}+. . .) =

1

2

(

1 −
1

k

)

+
1

2k
(Pr{RA ¤!°�®��¡*¦

0 |M = 0 . . . 0}+Pr{RA ¤!°�-��¡ ¦
1 |M = 1 . . . 1}) ≥

1

2

(

1 −
1

k

)

+
1

k

(
1

2
+

1

p(n)

)

=
1

2
+

1

p(n) · k
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