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Sources=3•

i.i.d. sources,
Markov sources
ergodic sources
non-ergodic sources
non-stationary sources,
general sources

=3

Xn = (X1, X2, · · · , Xn), n = 1, 2, · · ·
X = {Xn}�n=1
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Source coding system=3•

I. Source Coding

=3

R � 1
n log Mn � Rmin (Mn = |Mn|)

=3

�n � 0 (error probability)
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=3

Rmin = H(X)

for memoryless sources

Minimum achievable rate
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Typical sequences (for i.i.d. source)=3•

=3

Pr{Xn � Tn}� 1, n��

=3

p(x) � 2�nH(X), x � Tn

 (law of large numbers)

=3

H(X) (         :entropy)

cf. Chebyshev

=3

Tn =
�
x � Xn :

����
1
n

log
1

PXn(x)
�H(X)

���� < �

�
,

分散が有限に限る
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1) Direct part:

Typical sequences だけを送れば良い
=3

Mn = |Tn| � 2nH(X)
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1) Converse : Berger
=3

log Mn � H(�n(Xn)) � H(�n(�n(Xn)))
= H(X̂n) � I(Xn; X̂n)
� H(Xn)�H(Xn|X̂n)
= nH(X)�H(Xn|X̂n),

ここで，Fano inequality を使う:
=3

H(Xn|X̂n) � �n log(|X |n � 1) + h(�n)
� n�n log |X | + h(�n),

where �n = Pr{Xn �= X̂n} denotes the error probability.

でないと使えない=3•

=3

X̂n = �n(�n(Xn))

=3

|X | <�, �n � 0
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1)’ Converse: Csiszar-Korner

Then,  since

Hence

=3

�n = Pr{Xn �� Tn}
=3

Pr{Xn � Tn � Sn} � 1� (�n + �n)
=3

Mn2�nH(X) � Pr{Xn � Tn � Sn}
� 1� (�n + �n)

=3

1
n

log Mn � H(X) +
1
n

log[1� (�n + �n)]

でなくとも良い=3•
=3

|X | <�, �n � 0

=3

Sn = {x � Xn|x = �n(�n(x))}
�n = Pr{Xn �= Sn},
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How to generalize the argument
to the case of  

=3•
=3

|X | =� or �n �� 0



Typical sequences in the case of =3•

=3

Pr{Xn � Tn}� 1, n��

=3

p(x) � 2�nH(X), x � Tn

=3

|X | =�

Khintchin’s weak law of large numbers
Individual ergodic theorem

=3•
=3•

=3

Tn =
�
x � Xn :

����
1
n

log
1

PXn(x)
�H(X)

���� < �

�
,

10

(Poisson分布，幾何分布など）

分散が無限でも良い
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What is the characteristics 
of the above arguments:

=3•

Let us consider the probability 
distribution of 

=3•

=3

1
n

log
1

PXn(Xn) (self-entropy density)

information-spectrum
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Example 1

⇒
⇒

n�⇥

entropy

 one-point spectrum

n� large

2)Markov source
3)ergordic source

1) i.i.d. source

AEP

⇒⇒

(Asymptotic 
Equi-Partition)

information-spectrum

=3

1
n

log
1

PXn(Xn)

=3

H(X)



How about the case of 
non-ergodic cases  

=3•

13



Example 2

⇒
⇒

n�⇥

entropy rates

two-point 
spectrum

n� large4)mixed source

�1
�2

H(P1) H(P2)

PXn(x) = �1PXn
1
(x) + �2PXn

2
(x)

Xn
1 : i.i.d. � P1

Xn
2 : i.i.d. � P2

H(P1) �= H(P2)

non-AEP

⇒

14

information-spectrum

=3

1
n

log
1

PXn(Xn)
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Generalization of typical sequences  =3•

15

=3

Tn =
�
x � Xn :

1
n

log
1

PXn(x)
< H(X) + �

�
.

↑
H(X)

information spectrum
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=3

Lemma 1 Let Mn be an arbitrary given positive integer.
Then, for all n = 1, 2, · · · there exists an (n, Mn, �n)-code satisfying

�n � Pr
�

1
n

log
1

PXn(Xn)
� 1

n
log Mn

�
.

=3

Lemma 2 For all n = 1, 2, · · · , any (n, Mn, �n)-code satisfies

�n � Pr
�

1
n

log
1

PXn(Xn)
� 1

n
log Mn + �

�
� e�n� ,

where � > 0 is an arbitrary constant.

Direct part:

Converse:

Csiszar uses these lemmas at his Institute=3•

 Typical sequences           の概念を捨てると=3•
=3

(� = 0)
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What is happening?

A kind of “Induction Jump”

bottom-up から top-down へ

帰納的飛躍
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Remark:=3•

These formulas enabled us to treat the finite 
 error probability case, that is, 

=3

lim sup
n��

�n � � (0 � �� < 1)

Finite-length analysis:  for any   =3•

Strong converse
for ergodic sources 

=3•
=3

(�n � 0 or �n � 1)

=3•

=3

n
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↑
H(X)

Theorem 1:
=3

Rf = H(X)

optimal rate
information spectrum



=3

F (R) = lim sup
n��

Pr
�

1
n

log
1

PXn(Xn)
� R

�

=3

Rf (�|X) = inf {R | F (R) � �}

Theorem 2:

optimal rate
where

information spectrum

=3

Rf (�|X)

=3

�
=3

1
n

log
1

PXn(Xn)

20



II. Channel Coding

Channel coding system=3•

=3

n

21

=3

�n � 0 (error probability)

=3

R � 1
n log Mn � Rmax (Mn = |Mn|)
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Channels=3•

memoryless channels,
Markov channels
ergodic channels
non-ergodic channels
non-stationary channels,
general channels

(cf. Gray)

=3

} infinite length inputs

=3

W = {Wn}�n=1, Wn( ·| ·) : Xn � Yn

=3

Wn = (W1,W2, · · · ,Wn), n = 1, 2, · · ·

(stochastic mapping)
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=3

Rmax = max
X

I(X;Y )

Capacity

for memoryless channels
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Typical sequences (for memoryless channel)=3•

mutual information
Then,

分散が無限でも良い

=3

Tn =
�

(x,y) � Xn � Yn :
����
1
n

log
Wn(y|x)
PY n(y)

� I(X;Y )
���� < �

�
,
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1) Direct part:

Generate a code
according to 

=3•

=3• Decode  such that  
when the decoder received   

=3• Error probability  

Leading to Feinstein lemma 
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Another definition of typical sequences: 
(cf. Cover-Thomas)

=3•

=3

Tn = T1,n � T2,n � T3,n===>

Not leading to Feinstein lemma 

=3

T1,n =
�
x � Xn :

����
1
n

log
1

PXn(x)
�H(X)

���� < �

�
,

=3

T2,n =
�
y � Yn :

����
1
n

log
1

PY n(y)
�H(Y )

���� < �

�
,

=3

T3,n =
�

(x,y) � Xn � Yn :
����
1
n

log
1

PXnY n(x,y)
�H(X, Y )

���� < �

�
,
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2) Converse:

=3

log Mn = H(Xn)
= I(Xn; X̂n) + H(Xn|X̂n)
� I(Xn;Y n) + H(Xn|X̂n),

=3

H(Xn|X̂n) � �n log Mn + h(�n).

=3

1
n

log Mn �
1
n

I(Xn;Y n) + �n
log Mn

n
+

h(�n)
n

,

Fano inequality

の場合でもよい！=3•
=3

|X | =�, |Y| =�

=3

Xn distributed uniformly on Cn
=3

X̂n = �n(Y n), �n = Pr{Xn �= X̂n}
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What is the characteristics 
of the above arguments 
(for channels):

=3•

Let us consider the probability 
distribution of 

=3•

(mutual information density)

information-spectrum

=3

1
n

log
Wn(Y n|Xn)

PY n(Y n)
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Example 3

⇒
⇒

n�⇥

mutual information rate

 one-point spectrum

n� large

AEP

⇒⇒

(Asymptotic 
Equi-Partition)

information-spectrum

1) memoryless channels
2) “ergodic” channels

=3

1
n

log
Wn(Y n|Xn)

PY n(Y n)

=3

I(X;Y )
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How about the case of 
non-ergodic cases  

=3•
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Example 4

⇒
⇒

n�⇥

mutual informations

two-point 
spectrum

n� large

�1
�2

non-AEP

⇒
information-spectrum

3) mixed channels
=3

Wn(y|x) = �1W
n
1 (y|x) + �2W

n
2 (y|x)

=3

Wn
1 : i.i.d. � (P1,W )

=3

Wn
2 : i.i.d. � (P2,W )

=3

I(P1,W )
=3

I(P2,W )

=3

I(P1,W ) �= I(P2,W )

=3

1
n

log
Wn(Y n|Xn)

PY n(Y n)
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Generalization of typical sequences for channels  =3•
=3

Tn =
�

(x,y) � Xn � Yn :
1
n

log
Wn(y|x)
PY n(y)

> I(X;Y)� �

�
,

↑
=3

I(X;Y)

information spectrum
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Lemma 3 (Achievability: Feinstein, 1954)

Let                     be an arbitrary input to the 

channel                      and                     the output 

from the channel corresponding to    .

Given an arbitrary positive integer       , there

exists an                 -code such that

X = {Xn}�n=1

W = {Wn}�n=1 Y = {Y n}�n=1

X
Mn

(n, Mn, �n)

�n � Pr
�

1
n

log
Wn(Y n|Xn)

PY n(Y n)
� 1

n
log Mn + �

�
+ e�n�

for all n = 1, 2, · · · , where          an arbitrary const.� > 0

 Typical sequences            の概念を捨てると=3•
=3

(� = 0)
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Lemma 4 (Converse: Verdu-Han, 1994)

Let       be the random variable uniformly 

distributed on an                -code, and

the output of the channel                       due to

Then, for all                        it holds that

Xn

(n, Mn, �n) Y n

W = {Wn}�n=1 Xn

n = 1, 2, · · · ,

�n � Pr
�

1
n

log
Wn(Y n|Xn)

PY n(Y n)
� 1

n
log Mn � �

�
� e�n�

where         is an arbitrary constant. � > 0
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Lemma 4’ (Converse: Hayashi-Nagaoka)

Let       be the random variable uniformly 

distributed on an                -code, and

the output of the channel                       due to

Then, for all                        it holds that

Xn

(n, Mn, �n) Y n

W = {Wn}�n=1

n = 1, 2, · · · ,

where         is an arbitrary constant. � > 0

=3

�n � Pr
�

1
n

log
Wn(Y n|Xn)

Qn(Y n)
� 1

n
log Mn � �

�
� e�n�

and
=3

Qn is arbitrary.

Remark:  This version is used for capacity problem

                for mixed memoryless channels

                <== quantum
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 Comparison=3•
=3

�n � Pr
�

1
n

log
Wn(Y n|Xn)

Qn(Y n)
� 1

n
log Mn � �

�
� e�n�

=3

�n � Pr

�
�

�
1
n

log
Wn(Y n|Xn)

PY n(Y n)
+

1
n

log
PY n(Y n)
Qn(Y n)� �� �

� 1
n

log Mn � �

�
�

�� e�n�

asymptotically 
nonnegative 
in probability

 Hence, inequality is strongest when=3•
=3

Qn = PY n
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What is happening?

A kind of “Induction Jump”

bottom-up から top-down へ

帰納的飛躍
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Remark:=3•

These formulas enabled us to treat the finite 
 error probability case, that is, 

=3

lim sup
n��

�n � � (0 � �� < 1)

Finite-length analysis: for any=3•

Strong converse
for “ergodic” sources 

=3•
=3

(�n � 0 or �n � 1)

=3•

=3

n



↑

Theorem 3:

capacity

=3

I(X;Y)

=3

C(W) = sup
X

I(X;Y)

information spectrum

は現れない
=3

Qn
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�

C(�|W)

Theorem 4:

capacity

where
=3

G(R) = lim sup
n��

Pr
�

1
n

log
Wn(Y n|Xn)

PY n(Y n)
� R

�

=3

C(�|W) = sup {R | G(R) � �}

information spectrum

=3

1
n

log
Wn(Y n|Xn)

PY n(Y n)
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Example 5: Mixed memoryless channel
=3

Wn(y|x) =
�

�
Wn

� (y|x)dw(�)
=3

Wn
� : memoryless channel indexed by 

=3

� � �

Yagi-Han-Nomura 2016
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information spectrum

⇒

n�⇥

=3

1
n

log
Wn(Y n|Xn)

PY n(Y n)

=3

w(�)
=3

I(P,W�)

information spectrum の分布は　　　　
の極限では　　  に収束する n�⇥=3

w(�)

=3•

=3• Examples 1~ 4 はその特別の場合
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 Remark:=3•

公式 (11) の converse を証明するには, 
Lemma 4 ではなくLemma 4' (      を含む）
が必要

=3

Qn

一旦，最適性を緩めて必要な計算を行い，
そのあと最適性を議論する
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(mixed memoryless)
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Corollary of Corollary 1:           の場合

=3

C�=0 = w-ess.inf I(P,W�)

=3

� = 0

Ahlswede 1968
Han 2003



III. Channel resolvability

�n Wn

encoder
channel

UMn

X̃n

Ỹ n

Wn

channel

Xn
Y n

approximate
uniform random

number of size  Mn

We want to approximate by using a random 

number of as small size       as possible   

Mn

Mn

48

with variational

 distance

=3

R � 1
n

log MnRate

=3

dn � 0
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↑

Theorem 5:

resolvability

information spectrum

=3

I(X;Y)

=3

Sf(W) = sup
X

I(X;Y) for finite input alphabet
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IV. Resolvability for DMC

=3

i.i.d. � p =3

i.i.d. �Wgiven
given

Watanabe-
Hayashi 
2014

=3

(0 � � < 1)

Theorem 6:

not depends on 
=3

�
(strong converse)

=3

Sf(�|X,W) = min
q:qW=pW

I(q;W )

Han 1993

=3

dn � �
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VL resolvablelity for DMS Yagi-Han 2017

using a variable-length uniform random number

=3

(0 � � < 1)

=3

R � 1
n

E(Ln)

Theorem 7:
=3

Sv(�|X,W) = (1� �) min
q:qW=pW

I(q;W )

=3

dn � �
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V. Smooth Renyi entropy (divergence)

=3

�= I(X;Y)

=3

H(X)=3

0
=3

01)

2)
=3

�

cf.  Renner, Datta, Wolf, Warsi, Wang, Colbeck, Uyematsu
      (2004~2014)

(仮説検定の type II error）

Motivated from quantum theory, cryptography



VI. Common information
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processor 1

processor 2

=3

Xn

=3

Y n

=3

Wn(x|u)

=3

Wn(y|u)

=3u =3

� Pn
XY

=3

X
=3

Y=3

U

=3

C(X;Y ) = max
X�U�Y

I(U ;XY )

=3

Cn
=3

R � 1
n

log |Cn|

soft covering
cf. Cuff

(Wyner 1975)

=3

1
nD(P ||Q)� 0
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分布間の距離

=3• variational distance
=3• Kullback-Leibler divergence

=3

D(P ||Q), 1
nD(P ||Q)

=3

E�
=3•     -resolvability
=3•Renyi-resolvability

=3• resolvability with feedback
=3• variable-length resolvability

=3

E�(P ||Q) = max
A�X

[P (A)� �Q(A)], (� � 1)

=3

d(P,Q) =
1
2

�

x�X
|P (x)�Q(x)|

=3

D1+sD(P ||Q) =
1
s

log
�

x�X
P (x)1+sQ(x)�s, s � �1

(Chernoff distance)
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Renyi-resolvability

L. Yu and V. Y. F. Tan "Rényi Resolvability and Its Applications to the Wiretap Channel," 
arXiv:1707.00810, 2017.
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VII. Wiretap channel

=3

lim
n��

D1+s(PMZn ||PMQZn) = 0Secrecy criterion:
=3

s = 0
=3

lim
n��

D(PMZn ||PMQZn) = 0のとき

(Wyner 1975)

=3

DMC

(strong)
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strong secrecy capacity

where
=3

R̃1+s(PUX ,WZ|X , QZ)) =

�
���

���

maxPZ|UX

�
� 1+s

s D(PZ|UX ||WZ|X |PUX)
+D(PZ|U ||QZ |PU )

�
, s � (0, 1]

I(U ;Z), s � (�1, 0]
0, s = �1

=3

s = 0のとき

(Lu-Tan 2018)

(Hayashi 2006)

=3

C1+s(QZ) = max
PUX :PXWZ|X=QZ

(I(U ;Y )� R̃1+s(PUX ,WZ|X , QZ))

=3

C1+s(QZ) = max
PUX :PXWZ|X=QZ

(I(U ;Y )� I(U ;Z))
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Strong soft covering lemma (Cuff 2015)

with some 
=3

�1 > 0, �2 > 0 and =3

Cn � PXn

does not necessarily mean

(weak soft covering)

「Semantic secrecy」 を保証　(=3•

=3

Pr
�

D(PZn|Cn
||PZn) > 2��1n

�
� 2�2�2n

=3

E
�

D(PZn|Cn
||PZn)

�
� 0, (n��)

=3

PZn|Cnが　  に寄らない）=3

M
(data processing lemma を使う)「indistinguishability」

=3

if R > I(X;Z)
=3

(Wn : Xn � Zn)



VIII. Coordination
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Cover-Permuter
2007

T. Cover and H. Permuter, “Capacity of Coordinated Actions,”
Proc. 2007 IEEE Int. Symp. Information Theory, pp. 2701-2705, 2007.
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joint distribution を empirical joint distribution で近似=3

p(x, y, z)
=3

p̃(x, y, z)

Theorem 1* Theorem 2*

where
=3

X � UX � Z

=3

R1 > I(X;UY ),
R2 > I(X;UZ)

=3

R1 > I(X;Y Z),
R2 > I(X;Z)

T. Cover and H. Permuter, “Capacity of Coordinated Actions,”
Proc. 2007 IEEE Int. Symp. Information Theory, pp. 2701-2705, 2007.
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P. Cuff, H. Permuter and T. Cover, "Coordination Capacity,"
IEEE Trans. Information Theory, vol. 56, no. 9, pp. 
4181-4206, 2010.
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ූ߸Խʢidentification codingʣɼཚੜ (resolvability)

ͳͲͷجຊతॾʹର͢ΔʮใεϖΫτϧతΞϓϩʔ

νʯͷܗΛఏࣔͯͨͤ͠ݟͷͰ͋ͬͨɽ

ͦΕ͔Β̑ޙͷ̍̔̕̕ʹɼ͜ΕΒͷՌΛ֦

ுɾൃలͤ͞Δͱಉ࣌ʹɼ͞ΒʹԾઆݕఆʢhypothesis

testing)ɼϨʔτɾΈཧʢrate-distortion theory), ଟ

ࢠใཧʢmulti-user information theoryʣͳͲͷॾ

ʹରͯ͠ʮใεϖΫτϧతΞϓϩʔνʯΛൃల͞

ͤల։ͨ͠ͷΛ·ͱΊͯɼ୯ߦຊʮใཧʹ͓͚Δ

ใεϖΫτϧతํ๏ʯʢഓ෩ؗɼ1998ʣ*1ͱͯ͠ग़൛͢Δ͜

ͱ͕ग़དྷͨɽ͜Εະͩे։͞Εͨͱ͑ݴͳ͍৽

Λɼ͕ۂΓͳΓʹॳΊͯମܥతʹѻͬͨࢼΈͰ͋ͬ

ͨɽ*2͔͠͠ɼ·ͩධՁ͕ະ֬ఆͷڀݚՌΛ͜ͷΑ͏ͳ

ͷʮၞުʯ͕ؔ༩ͭزͰ͔ʹग़൛Ͱ͖ͨͷʹɼܗ

͍ͯͨ͠ɽઌͷࠐݟΈࢉԿͳ͍··ɼ·ΔͰԿ͔

ʹऔΓጪ͔Ε͔ͨͷΑ͏ʹɼͨͩͻͨ͢ΒʹෆෆٳɼҰ

৺ෆཚʹϝϞॻ͖ͱ TeX͏ͪΛ܁Γฦ͍ͯͨ͠ࠒɼి௨

େʹॴ༻ͷ͋ͬͨഓ෩ؗฤू෦ͷଜത৴͕ͨࢯ·ͨ·

ҟ༷ͳʢʁʣখੜͷࢯΒΕͨɽಉدཱͪʹࣨڀݚͷࢲ

ʮ͍·ԿΛ͍ͯ͠Δͷ͔ʯͱ͏ͷͰɼʮใεͯݟΛ࢟

ϖΫτϧͷڀݚͰ͢ʯͱ͑ͯઆ໌͢ΔͱɼಉࢯʮͦΕ

ʹͣݟߘݪͨ͠ΒνͰ͍͖ͨͩ·͢ʯͱଈܾɽ͕

ʢͬͱɼͦͷࠒ·ͱ·ͬͨߘݪͱ͍͏ͷͳ͔ͬͨ

͕ʣ͜Μͳ͜ͱΛܾΊ͍͍ͯͷ͔ɼͱଟগͷ͕ٙ಄ΛΑ

͕͗ͬͨɼݏԠͳ͍ɼͱʹ͔ͪ͘͜ΒʹͱͬͯΓ

ʹધɼͦͷتͼʹຬͪͨߴ࠷ͷͱͳͬͨɽ͜Ε͕ܖ

ͳͬͯʹػ TeXଧ͕ͪ͞ΒʹՃ͠ɼ࠷ऴߘݪͷϖʔδ

༧ఆΑΓ̎̌̌ϖʔδ΄Ͳ૿͑ͨɽଜത৴͕ࢯʮͨ

·ͨ·ʯి௨େʹͬͯདྷͯɼʮͨ·ͨ·ʯͪ͜Βʹཱͪ

ɼʮͨ·ͨ·ʯTeXଧͪͷ໘ʹૺ۰͢Δͱ͍͏Αͯͬد

͏ͳͭزͷۮવ͕ॏͳΒͳ͔ͬͨͳΒɼʮใεϖΫ

τϧཧʯ͕వ·ͬͨܗͰੈʹग़Δ͜ͱແ͔ͬͨͷͰ͋

ΔɽͦΕ·͞ʹӡ໋తͳग़ձ͍Ͱ͋ͬͨɽޙɼग़൛͞

Εͨʮใཧʹ͓͚ΔใεϖΫτϧతํ๏ʯΛཱڞग़

൛ͷ͋Δฤूऀʹͨͤݟͱ͜Ζɼʮ͜ͷΑ͏ͳ “ඪ४తς

Ωετͱͯ͠ചΕΔࠐݟΈཱ͕ͨͳ͍ຊ”νͰΓ

*1 ഓ෩͔ؗΒͷਪનʹΑΓɼӡʹɼ͜ͷͷେग़൛Λडͨ͠ɽ
*2 ॾʑͷใΛʮ̍εϖΫτϧʯͱͯ͠Ͱͳ͘ɼ͕ΓΛͨͬ࣋
ʮใεϖΫτϧʯͱ͍͏ࢹ͔Βଊ͑Α͏ͱ͍͏ͱ͍͏ํ͑ߟͷ
๖ժɼShannon [1], Winkelbauer [2] ͳͲʹݟΒΕΔʢྫ͑ɼ
“quantile” ͳͲʣɽ
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·ͤΜʯͱͷ͜ͱͰ͋ͬͨɽ͜ΕԿཱڞग़൛͚͕ͩಛ

ผͩͱ͍͏༁Ͱͳ͘ɼଞͷग़൛ࣾʹࠐͪ࣋ΜͰಉ༷ͷ

݁Ռʹͳͬͨʹҧ͍ͳ͍ɽͦͷҙຯͰɼଜത৴ࢯͷଘࡏ

ɼʮใཧʹ͓͚ΔใεϖΫτϧతํ๏ʯຊޠ൛

Λ্͛ΔͨΊʹɼ͔֬ʹܾఆతͳׂΛՌͨ͠࢈ʹੈ͕

ͨͷͰ͋Δɽ“ಛҟͳڀݚ”͕ “ಛҟͳฤूऀ”ʹग़ձͬͨ

݁ՌͰ͋ͬͨɽಉࢯʹਂँ͢ΔॴҎͰ͋Δɽ

ͯ͞ɼຊॻ͕ग़൛͞ΕͯΈΔͱɼͦͷ͜ͱ͕ SITA*3 Λ

த৺ͱͨ͠ใཧؔͷएखऀڀݚୡͷؒʹޱίϛͰ

ΘΓɼ͋Δఔͷ෦ചΕͨͷͰϗοͱͨ͠ͷΛ֮͑

͍ͯΔɽֶܥͷऀڀݚʹʮେมΘ͔Γ͍͢ʯͱධ

͕ྑ͔͕ͬͨɼܥֶͷऀڀݚʹʮ͏গ͠۩ମతͳΠ

ϝʔδ͕ཉ͍͠ʯͱͷจΛଷ͍ͨɽຊॻͷࣥචʹ͋ͨͬ

ͯɼग़དྷΔݶΓʮཧͷ࿈ʯʹશͯΛޠΒͤΔɼͱ͍

͏ํΛ؏͍ͨͷͰɼऀޙͷจͳ͜ͱͰ͋ͬͨɽ

Ұํɼ͕͢͞ʹɼຊॻͷʮϞϊάϥϑʯͱͯ͠ͷੑ্֨ɼ

େֶͷٛߨͰςΩετͱͯ͠ΘΕΔ͜ͱແ͔͕ͬͨɼ

ͦΕͦΕͰຊͰ͋ͬͨɽͱʹ͔͘ɼʮใεϖΫτϧ

ཧʯͷଘࣗࡏମΛ͜ͷੈʹΒ͠Ί͍ͨɼͱ͍͏ࢥ͍ڧ

͍͕શͯʹ༏ઌ͍͔ͯͨ͠ΒͰ͋Δɽ

ͦ͏͜͏͢Δ͏ͪʹɼւ֎ͷ Alajajiڭत  Chenڭत

͔Βɼʮ͓લใεϖΫτϧͱ͔͍͏ͷʹؔ͢ΔຊΛ

ग़൛ͨ͠Β͍͕͠ɼ͜͜ʹ “ഓ෩ؗ”͕ൃ͢ߦΔຊޠ

ͷຊΛจ͢ΔͨΊͷཧళ͕ͳ͍ɽͦͪΒͰԿͱ͔͠

ͯͪ͜Βʹಧ͘Α͏ʹͯ͘͠Εͳ͍͔ʯͱ͍͏ϝʔϧ͕དྷ

ͨɽ͍ͯڻʮຊ͕ޠಡΊΔͷ͔ʯͱฉ͘ͱɼʮࣜΛͨ

Ͳ͍͚ͬͯجຊతͳ͜ͱ͔Δɽ͔Βͳ͍ͱ͖ɼ

ຊ͔Βͷཹֶੜ͕ॿ͚ͯ͘ΕΔʯͱ͍͏۩߹Ͱ͋ͬͨɽ

ͦ͜Ͱɼখੜૣɼഓ෩͔ؗΒখੜͷཱͯସ͑Ͱ̎෦ߪ

ೖͦ͠ΕΛ྆ڭतʹૹͬͨɽͦͷޙຊͷਗ਼ࢉΛͲ͏͠

ͷ࣌Ա͕ఆ͔Ͱͳ͍͕ɼԿΕʹͯ͠ɼͦͷهࠓ͔ͨ

චऀʹͱͬͯɼେม pleasing Ͱ encouraging ͳ͜ͱͰ

͋ͬͨɽ

·ͨɼ͜ͷࠒɼຊॻΛ “in Japanese” ͱͯ͠Ҿ༻͢Δӳ

Ίͨɽ͜ͷ͜ͱ࢝Εݱʹࢽઐࡍࠃจ͕͍͔ͭ͘ޠ

ಉ༷ʹ pleasing Ͱ encouraging ͳ͜ͱͰ͋ͬͨɽ͔͠

͠ɼ͜ͷࣄಉ࣌ʹɼ͜ΕΒͷӳޠจΛಡΜ͕ͩऀڀݚ

*3 ใཧͱͦͷԠ༻ֶձ (Society of Information Theory and its

Applications)

ใεϖΫτϧཧʹؔ࿈ͨ͠จΛॻ͘ͱ͖ʹɼݪయ

ͷຊॻͰͳͦ͘ΕΛҾ༻ͨ͠ӳޠจΛҾ༻ͯ͠ࡁ·

ͤ͟ΔΛಘͳ͍Ͱ͋Ζ͏͜ͱΛҙຯ͍ͯͨ͠ɽԿނͳΒɼ

େͷ߹ɼͦΕΒͷऀڀݚʹຊ͕ޠಡΊͳ͍Ͱ͋Ζ

͏͔ΒͰ͋Δɽཁ͢Δʹɼʮใཧʹ͓͚ΔใεϖΫ

τϧతํ๏ʯຊࠃͰ͔֬ʹʮଘ͢ࡏΔʯ͕ɼࡍࠃ

తʹະͩʮଘ͍ͯ͠ࡏͳ͍ʯʹ͍͠ͱ͍͏ͨΓલͩ

ޠিܸΛड͚ͨͷͰ͋Δɽ͜Εɼຊʹ࣮ࣄવͨΔݫ͕

Ͱ׆ڀݚಈΛ͢Δऀʹͱͬͯڞ௨͢Δ॓ฐͰ͋ͬͨɽ

͔͠͠ɼຊॻͷଘࡏΛࡍࠃతʹೝͤ͞Δʹ̎ͭͷؔ

͕͋ͬͨɽ̍ͭɼචऀ͕ຊॻࣥචͷͨΊʹͯ࣋Δྗ

ͷશͯΛඅͯ͠͠·ͬͨͨΊʹɼ݁ہʮ೩͑ਚ͖ީ܈

(burned out)ʯঢ়ଶʹؕೖΓʢ̑̌̌ϖʔδͷʣҰͭͷ

ຊΛؙʑʮӳ༁ʯ͢ΔͳͲͷྗ౸ఈ͍ͯͬͳ͔ͬͨ͜

ͱͰ͋Γɼ̎ͭɼւ֎ͷग़൛ࣾʹશ͘ίω͕ͳ͍͜ͱ

Ͱ͋ͬͨɽ

̍ͭʹ͍ͭͯɼ· ʮͣӳޠͷ nativeͰຊޠʹת

ͳएखͷใཧऀڀݚʯͱ͍͏ “ཧత” ݅Ͱ༁

ऀͷީิΛ৭ʑ୳ͯ͠Έ͕ͨɼશ͔͘ු͍ࢥͳ͍ɽ͔͠

ɼͰ͖Εɼ༁ۀ࡞։ͨ࢝͠Βʮ̍Ͱऴྃʯͱ͍͏

݅ຬͨͯ͠ཉ͍͠ͱͷ͕͍ͨͬ͋ࢥͷͰɼঘߋͰ͋ͬ

ͨɽ͔ࠓΒͨ͑ߟΒɼ͜Μͳແͳ݅Λશͯຬͨ͢ڀݚ

ऀͳͲ͜ͷੈʹଘ͢ࡏΔ͕ͣͳ͔ͬͨɽͦ͜Ͱɼ݅

Λʮຊޠͷ native Ͱӳޠʹתͳएखͷใཧݚ

Α͏ࢥʯͱ͍͏ͷʹม͑ͯΈ͕ͨɼ͜Εͳ͔ͳ͔ऀڀ

ͳ͍ɽͦ͏͜͏͢Δ͏ͪʹɼ̍̕̕̕Նɼචऀ͔ߦʹ͏

ΪϦγϟͷ Metsovo Ͱ։͞࠵Εͨ IEEE Information

Theory Workshop ձΛಘ͕ͨɼͦ͜ʹɼͳػՃ͢Δࢀʹ

Μͱɼஜେͷݹլ߂थڭतʢ࣌ɼࢣߨʣ͕͍ͨͷͰ͋

ΔɽࢥΘ͵࠶ձΛتͼ߹͏ؒʹɼҰॠʮ͜ͷਓͩʂʯͱ

ଧͨΕͯචऀͷ৺͕ܾ·ͬͨɽ͜Εӡʹ͍ࢥ͍ڧ͏͍

໋తग़ձ͍Ͱ͋ͬͨɽޙɼಉࢯΛͲ͏આಘ͢Δ͔Ͱ͋ͬ

͕ͨɼձٞͷऴྃͨͬدཱͪʹʹޙ Athens ͷͱ͋Δण࢘

Ͱʮཱྀ͋;ΕΔงғؾͷதʯͰใཧతձΛָ͠

Έͳ͕Βɼઆಘʹޭͨ͠ɽʮཱྀʯͱ͏ݴͷɼਓͷ

৺ʹϩϚϯΛ͔ͯͤ͘ڹΕΔͷͰ͋Δɽಉࢯ͜ͷ͋ͱ

̍ޙʹ༁ۀ࡞ʹऔΓֻ͔ΓɼͦΕΛ΄΅̍Ͱࣄݟʹ

ΔॴҎͰ͋ΔɽͦΕ͢ँਂʹࢯͤͨ͞ͷͰ͋Δɽಉ

ʹͯ͠ɼ͜ͷͱ͖৯ͨ Athensͷण͕࢘ͳΜͱ͓͍͠

͔ͬͨ͜ͱ͔ɽͦΕຊͰ৯ͨͲͷण࢘ΑϦඒຯ
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ͩͬͨͷͰ͋Δɽ

̎ͭʹ͍ͭͯɼग़൛ࣾ୳ͨ͠͠ߤɽ࠷ॳɼҋ

Ӣʹ̎ɼ̏ͷग़൛ࣾʹͨͬͯ͘ߦ͘·͏͕ͨݟഺͳ

͔ͬͨɽͯͬࠔɼ࣌ަͷ͋ͬͨυΠπͷ Vinck तڭ

ʹ૬ஊͯ͠ΈΔͱɼΦϥϯμͷ Shannon Foundation ͱ

ɼ͍ΘΏΔେखग़ஂࡒΛհͯ͘͠Εͨɽ͜ͷஂࡒ͏͍

൛ࣾͰͳ͍͕ɼग़൛ۀࣄख͕͚͍ͯΔͱ͍͏ɽ͜ΕͰ

େ͍ʹϗοͱ͕ͨ͠ɼ՝ͨͬɽ͜ͷ͔ஂࡒΒຊΛग़

൛͢Δʹͯ͠ɼ͍ΘΏΔେखग़൛ࣾͰͳ͍ͷͰɼڀݚ

ऀ͕ͦΕΛ࣮ߪʹࡍೖ͢Δʹɼ·ͣ Vinck ڀݚतͷڭ

ࣨʹจΛग़͠ɼಉڭत͕ऀڀݚͱஂࡒͱΛհ͢Δͱ͍

͏γεςϜʹΑΔ͜ͱ͕໌͔ͨ͠ΒͰ͋Δɹཁ͢Δʹɼ

͜ͷஂࡒʮൢചʯͱ͍͏ͷΛ͍ͯͬ࣋ͳ͔ͬͨͷ

Ͱ͋Δɽ͜ΕͰɼʮࠢͯͬ࡞ೖΕͣʯͰͳ͍͔ɽ

Γɼେखͷւ֎ग़൛ࣾΛ୳͞ͳ͚ΕͳΒͳ͍ͷ͔ͱɼ

͔ߦ͘·Γ͏ͯݟΛऔͯ͋ͪͪͨͬͯ͜͠ؾ

ͳ͍ɽ

ҢͷશͯΛܦʹͷརढ़ҰઌੜݚΓՌͯͯɼཧԽࠔ

ͯ͠ advise ΛٻΊͨͱ͜ΖɼͳΜͱɼଈ࠲ʹ Springer

Verlag ͷԠ༻ֶ෦ͷঁฤूΛհͯ͘͠ΕͨͰ

ͳ͍͔ɽ͜ͷঁฤूɼͨ·ͨ·ɼརઌੜʹՊֶؔ

Ͱʮใཧʹ͓͚ΔͷຊͷࣥචΛґཔதͰɼͦͷؔ

ใεϖΫτϧతํ๏ʯӳޠ൛ͷग़൛Λշ͘ड͚ೖΕͯ

͘ΕͨͷͰ͋Δɽ͜ΕͰɼӳޠ൛ग़൛ʹؔΘΔશͯͷؔ

͕ΫϦΞ͞ΕͨͰͳ͍͔ɽ͍͍ؒٻΊΒΕ͍ͯͨ

δάιʔύζϧͷޙ࠷ͷϐʔε͕͍ͭʹΊࠐ·Εͨॠ

ؒͰ͋ͬͨɽఱʹঢΔ৺Ͱ͋ͬͨɽ͜͜Ͱޙ࠷ͷʮͨ

·ͨ·ʯΛͨΒͯ͘͠Εͨརઌੜʹਂँ͢ΔॴҎͰ

͋Δɽ

ͦͷ͠ޙΒ͘͢Δͱɼঁฤू͔ΒӳߘݪޠͷݟຊΛ

ૹΕͱ͍͏࿈བྷ͕དྷͨͷͰɼใූݯ߸ԽɼཚੜɼԾ

આݕఆʹؔ͢Δ෦ͷӳ༁ߘݪΛૹͬͯͨݟͱ͜Ζɼ̎ϲ

݄΄Ͳ͔ͯ͠Βɼৄࡉͳίϝϯτ͕ૹΒΕͯདྷͨɽͦΕ

ɼSpringer Verlag ʹΑͬͯબΕͨใཧؔͷݚ

ਓʹΑΔʮࠪಡ݁Ռ̏ऀڀ (peer review)ʯͰ͋ͬͨɽਖ਼

ʹ͏ݴͱɼ͜Εʹଟগͷ͖ڻΛ͡ېಘͳ͔ͬͨɽԿނ

ͳΒɼචऀͷΔݶΓɼຊͰɼཧՊܥͷॻΛग़൛͢

Δͱ͖ɼࣥචऀͱग़൛ࣾͱͷؒͰ߹ҙ͑͢͞Εɼʮߘݪ

Λࠪಡ͢ΔʯͳͲͱ׳͏ݴशશ͘ͳ͔͔ͬͨΒͰ͋Δɽ

͔͠͠ɼΑ͘ݟͯ͑ߟΔͱɼ͜ͷΑ͏ͳΈɼࣥච

ऀͱग़൛ࣾͷ྆ํʹͱͬͯͳ͔ͳ͔༗ӹͳͷͰ͋ͬͨɽ

ࣥචऀʹͱͬͯɼෆҙͳࠐ͍ࢥΈக໋తͳޡΓΛ

ਖ਼͢͜ͱ͕Ͱ͖Δ͔ΓͰͳ͘ɼߘݪͷશମతͳʮ࣭త

্ʯͷͨΊͷوॏͳίϝϯτ͕ಘΒΕΔ͔ΒͰ͋Δɽ࣮

ҙతͰ͕͋ͬͨͷʮࠪಡ݁Ռʯɼ͓͓ΉͶهɼ্ࡍ

൷తఏݴؚΜͰ͍ͨͷͰɼ͜ΕΒߘݪͷ࠷ऴ൛ͷվ

ળ ʹେ͍ʹཱͯΒΕͨɽҰํɼग़൛ࣾʹͱͬͯɼ৽

ॻͷग़൛աఔͰɼ༰ͷֶతϨϕϧΛ֬อ͢Δͱಉ࣌ʹ

ӦۀϦεΫͷݮܭΔ͜ͱ͕Ͱ͖Δɽ

Ҏ্ͷΑ͏ʹɼͭزͷʮͨ·ͨ·ʯʹಋ͔Εͯɼ࠷

ऴతʹɼ̎̌̌̏ʹ Springer Verlag ͔Βɼӳ༁൛
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