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1 &Eþ�½Â¶Ix , loga
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= − loga px
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H(X) , E [Ixi ] =
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pxi log
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pxi
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∑
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p(x) log
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1 lÑÃPÁ&DMC H(X) =
∑
i
pi log 1

pi
R = rH(X)
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Habs(X) = H(X) +∞ H(X) =

∫
p(x) log

1

p(x)
dx
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I (ak; bj)
∆
= I (ak)− I (ak|bj) = log

p (ak|bj)
p (ak)

3 p&Eäké¡5"
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I (X;Y ) = I (Y ;X) =
∑
k,j

p (ak, bj) log
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9 p&E��5�µé¡!�K"
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l=1 I(ul)
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1 ÃØ?è§èS���êØ�uS���ê"

DN ≥ KL ⇒ N logD ≥ L logK,L logK ≥ LH(U).

2 S��ÝªuÃ¡��z�ÎÒ���²þ&Eþªu&�"
3 k?è��£v
�¤§èS��ê�uS��ê"
=é;.S�?è§=ÑyVÇ3eª��S�S�"

2−L[H(U)+δ] ≤ P (ULT ) ≤ 2−L[H(U)−δ]

ù�¦N logD ≥ L[H(U) + δ]§d��±kL logK ≥ N logD
4 ChebyshevØ�ª";.S�êþ.!e.��O"
5 ?è�Ç!?è��!éÜ?è�Ý�O�Þ~"
�Z½�?è��Çµ

η =
H(U)

H(U) + δ
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1 ²þè��½Â"n̄ =
K∑
k=1

P (sk)nk

2 ���)è£���)èéJ�ä¤�ÉcMè£�½´���)
�¤"
���)Ø�½´ÉcMè§�é?¿���)è§�±�EÑ�
Ùè�©Ù�Ó�ÉcMè"¤±§�±�ïÄÉcMè"

3 èä§KraftØ�ª�ÉcMè"
���)è�ÉcMè�è��½÷vKraftØ�ª"÷vKraftØ
�ª�½�3ÉcMè"

4 C�Cè½n"

H(U)

logD
≤ n < H(U)

logD
+ 1.

5 ?è�Ç�½Â9O�§ÏL*Ð?èJp?è�Ç"
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2 �±U48£S�¤?è�{���Z�ÉcM?è"

3 Huffman?èÚ½§²þè�9?è�Ç�O�"

4 Lg*Ð?è"

5 õ?�Huffman?è§�{ê�O�"

B = D − 2−R(D−1) (K − 2)

M = D +m (D − 1)

ÜïI (ÜS��>&Æ�) &EØ�?è 2014c 6� 15 / 32

kD&�?è½n Úó

&&&���???èèè���ÄÄÄ���VVVggg

&�Øn�¬�5Øè§&�?è�8�Ò´ÏL?è5~�ÏDÑ
�ØE¤�Øè"F"^¦�U���o¢y��Ï&"

1 �´?è�&�?è"
&EØ¥�&�?è�����?è£=�«/ª�u�è!Å�
è¤"

2 ?è�ª9Èè�{éXÚØèÇkK�"

3 &�?è¥��égñ—ØèÇ�DÑ�Ç"

4 &�?èO\P{§�ØUC&Eþ§UC�´zÎÒ²þ���
&Eþ"

ÜïI (ÜS��>&Æ�) &EØ�?è 2014c 6� 16 / 32



kD&�?è½n &��Ç

&&&������ÇÇÇ

1 &��Ç�½Â"
&�z^�g¤I�D4�&Eþ"
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3 �p&E½Â�'�"

4 &?èn��µ
R = LH(U)

N = L logK
N = logKL

N = logM
N
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Pe,m ≤
∑
yN

p
(
yN |xN1

)1−s
p
(
yN |xN2

)s
m = 1, 2 0 < s < 1

2 DMC&�

Pe,m ≤
N∏
n=1

gn (s) m = 1, 2 0 < s < 1

Ù¥§gn (s) ,
∑
yn

p (yn|x1,n)1−s p (yn|x2,n)s

3 9Ï¼êgn(s)�5�
>�gn(0) ≤ 1, gn(1) ≤ 1!]¼ê"��þ�N
èiÀ½�§è
iS�¥1n�è��«©Uå"

4 ØÓ?è�ªegn(s)�O�9ØèÇþ.�'�
¤k ØÓ!�� ØÓ!�ÅÀè"�Àèi8Ü�O\�
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1 �Å?è�Gallager.
2 DMC�ØVÇþ.

P e < Mρ

∑
y

[∑
x

q(x)p(y |x)
1

1+ρ

]1+ρ

N

3 ��5¼ê

P e < exp {−N [E0 (ρ , Q)−Rρ]} = exp [−NEr (ρ,Q, R)]

Ù¥§

E0(ρ,Q) = − ln
∑
y

[∑
x

q(x)p(y |x)
1

1+ρ

]1+ρ

, 0 ≤ ρ ≤ 1
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Er(R,Q) , max
0≤ρ≤1

[E0(ρ,Q)− ρR]

Er(R) , max
Q

Er(R,Q)

HolderØ�ª9C/"
E0(ρ,Q)�5�"

1 ����u�u"£þà¼ê¤¶

2 ���´�~¼ê§����p&E�§����u"¶

3 ð��"

Er(R,Q)�?Ø9�±�§Er(R)�"
o(kD&�?è½n"
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1 �ýÝ£¼ê¤�½Â"§´���K¢�¼ê§Ù��±<�5
½"

2 �ýÝ
"Ç²�ý!²�Ø��ý"

3 ²þ�ýÝ"

D =

R∑
i=1

S∑
i=1

P (ai, bj)d(ai, bj) =
∑
i

∑
j

P (ai)P (bj |ai)d(ai, bj)

4 lÑÃPÁ²&�Ng*Ð&ÏLÃPÁ?èì?è��²
þ�ýÝ"

D(N) = ND
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3 &EÇ�ý¼ê"
3÷v�ýÝOK��¹e§Ïé&7LD�&��&EÇ�e
�"òT¯K=z�Ïé÷v�ýÝOK�²þp&E���Á�
&�"=38ÜBD¥Ïé²þp&E���&�"

R(D) = min
BD

I(X;Y)

4 &EÇ�ý¼ê�Ôn¿Âµé�½&§3÷v�½�ýÝ�¦
�^�e§&EÇ�±Ø �����£&7LÑÑ���&E
Ç¤"
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1 Ç�ý¼êR(D)�½Â�(Dmin, Dmax)"
�k��ýÝ
¥z1��k��"���§&�²þ�ýÝâ
U��""

2 Ç�ý¼ê���(R(Dmax), R(Dmin))"
�k��ýÝ
¥z1��k��"§�z��õ�k��"
�R(Dmin) = R(0) = H(X)"

3 &EÇ�ý¼ê´#N�ýÝ�eà¼ê"

4 &EÇ�ý¼ê´î�4~�ëY¼ê

5 ��ý&?è½n"
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2 f+Ú�8§�8Ðm§+����8Ðm"

3 ��½Â§���§��5�9Þ~"

4 ��½Â9Ä�5�§��~f£knê!¢ê!Eê¤

5 ³Ûu�GF (q)§q = pm����"

6 k���A�§�����§����"

7 GF (2)�þ�õ�ª§Q�õ�ª���õ�ª"

8 dGF (2)�EGF (2m)§����n«L«"

9 GF (2)þõ�ª��"�Ý�!������õ�ª"
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1 �5©|è�½Â"
��©|è´�5�¿�^�´ü�èi��2Ú�´èi"©|
è��5��À^�èik'"AÏ'X"

2 èi�þ!��ål!�Øã�"Å�Uå���þ"

3 ?è")¤Ý
G�1�þÜ¤èi�m£�5f�m!f+¤"

4 ����Ý
H§GHT = 0"Ø��"

5 �dè§Å�Uå�Ó"

6 XÚè9IO)¤Ý
"

7 H�5�§èi���þ�H���þ�m�'X"

8 Èè"��ª�½Â95�"

9 IO
�½Â9�E§5�"

10 ��ªÈè�Ú½"ÈèÞ~"
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1 ©|è��êL«¶?è�Ç�Plotkinþ."vù§Ø�

2 ?è�Ç�Ç²þ.§n− k ≥ logq
[∑t

i=0

(
n
i

)
(q − 1)i

]
"

3 ��è"t = 1�§é?¿�n − k ≥ 2þ�3��è§?è�Ç
�n− k�O\O\"

4 Ç²è�½Â§�Å� ������5©|è"(2m−1, 2m−1−
m)

5 Ç²è��O"'�´��Ý
H��O"
ÏL©ÛÅ�Uå��¦�EH"

6 Ç²è���ªÝ
"

ÜïI (ÜS��>&Æ�) &EØ�?è 2014c 6� 29 / 32

&�?èEâ Ì�è

ÌÌÌ���èèè

1 Ì�è�A:�½Â£�5©|!Ì�5¤§Þ~"
2 Ì�è�õ�ª§õ�ª�£ �Ì�£ "
3 �$gèõ�ª��§�~ê�7�1"
4 èõ�ª�¿�^�§´)¤õ�ªg(x)��ª"
5 )¤õ�ªg(x)�´xn+1�Ïª¶xn+1�n−kgÏª)¤(n, k)Ì
�è"Þ~"

6 ±n = 10, 15�~?ØÌ��)¤õ�ª"
7 �XÚè�)¤Ý
"^xig(x), 0 ≤ i ≤ k − 1��G�1"
8 XÚÌ�è"

C(x) = u(x)xn−k + u(x)xn−k| mod g(x)

9 XÚÌ�è)¤Ý
"

xn−k+i + xn−k+i| mod g(x)
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1 �XÚÌ�è�?è>´"£ !�2\§òÈ"

2 XÚÌ�è�?è>´"^�"£ M�ì¢yØ{$�¦�{
ê"

3 Ì�è���ªÈè"��õ�ª�Ì�5"

4 r3AÈèì"

5 BCHè�A:9½Â"

6 ��BCHè�)¤õ�ª"Þ~

7 BCHè�(�"^��Ý
y²��ål"

8 õ�BCHè"

9 RSè�½Â§)¤õ�ª£Xê�gGF (2m)¤"(n, n− 2t)

10 RSè�?è§�XÚ?è!XÚ?è"

ÜïI (ÜS��>&Æ�) &EØ�?è 2014c 6� 31 / 32

&�?èEâ òÈè

òòòÈÈÈèèè

1 òÈè�A:"
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