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Why do we need a new code construction?

B Shannon’s coding theorems guarantee the existence of optimal codes
» Rate-distortion function for lossy source coding
» Channel capacity for channel coding
B Classical constructions (random codebook generation) are impractical
» Exponentially large lookup table
» Impractical encoding/decoding
B Practical codes (LDPC, Polar codes) have limitations
» Optimal only for specific sources/channels
e e.g., single-input-single-output, stationary memoryless, symmetric channels
» Additional techniques needed for general sources/channels
B Goal: A unified, tractable code construction achieving fundamental limits for arbitrary

sources and channels including multi-terminal settings
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About this talk

B This talk is based on the following YouTube lecture:

» “How to achieve Shannon limit: Introduction of CoCoNuTS”

B The YouTube lecture covers:
» Constrained-random-number generator (CRNG)
» Lossy source code
» Channel code
B New in this talk <— not covered in the YouTube lecture
» Extensions to multi-terminal problems
e Multi-terminal source coding
e Multi-terminal channel coding
B For details of the proofs, please refer to:
» [M.,2025] arxiv:2410.07939
» [M.,2023] arxiv:2206.00792
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Notations

A random variable is denoted by capital letter (e.g. X).

A realization of random variable is denoted by corresponding small letter
(e.g. x).

An n-dimensional column vector is denoted with superscript

(e.g. 2" =Ux1,20,...,2,)).

A matrix is denoted by capital letter (only A, B, and F).

Small letter r and capital letter R denote rates of vectors.
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QOutline of this talk

B Our contributions

» Constrained-random-number generator (CRNG)

B Lossy source code < Review of YouTube lecture
» Lossless source coding
» Independent uniform random number generation

B Channel code < Review of YouTube lecture
» Lossless source coding with side information at decoder
» Uniform random number generation

B Extensions to multi-terminal problems < New

B Concluding remarks
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Our contributions

B Lossy source code and channel code are constructed by using constrained-random-

number generators generating a random sequence " subject to the distribution

’

pxn(z") _ o
(5[;”’01) — < pxn({xn: Fan=cl}) if F'" = ct,

VN
peile .
" 0 otherwise

\

for given probability distribution 1y, matrix F, and vector ¢.

B When a given probability distribution is memoryless, there is a tractable algorithm
for a constrained-random-number generator by using the Belief Propagation al-
gorithm or the Markov Chain Monte Carlo method.

B We call this type of codes CoCoNuTS (Codes based on Constrained Numbers

Theoretically-achieving Shannon limits).
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Algorithm of constrained-random-number generator [M., 2014]

B Assume that X" is memoryless.
1: for ke {l,...,n} do
2:  Calculate the following conditional probability distribution with the Belief Propa-

gation algorithm:
n l n
ngH Hj:k pox;(z) [ Loy x(F s, - 25, = i)
n [ n
sz Hj:k :qu(mj) Hizl X(«f& ) :USi — Ci)

where x(fs - s = c;) is a parity check function.

Y

k— [
vz zme(@le T )

3. Generate x; at random subject to V)?kp?f—l(?l("mlf_l, ).
4: Output 2" = zf.
B Time complexity is O(tw?n?), where ¢ is the iteration number of Belief Propagation and

w = O(logn) is the maximum row weight of the matrix.
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Lossy source code

Encoder Decoder

X "— gb > j\4[7lf% —_— qz} — Y7

Source Output Codeword Reproduction
Distortion criterion

Prob (d, (X", b(6(X™))) < D) — 1 as n — 00

Rate-distortion function [Shannon, 1959]

Rx(D) = max HY)—-HY|X)] = min I(X;Y)
NY\X:E[d(vaﬂgD NY!X:E[d(va)]SD

B Optimal conditional distribution 1y x can be obtained by using Blahut-Arimoto algorithm.
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Random codebook generation [Shannon, 1959]

Encoder Decoder
Reproduction Codeword Codeword Reproduction
1101001 000 000 1101001
0110010 001 001 0110010
1101101 111 111 1101101

Generate

2" yreproductions

subject to uy
py (y) = Zx MY\X(M?U)MX(@
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Random codebook generation [Shannon, 1959]

Encoder
Reproduction Codeword
1101001
0110010
Source output
x" ~\\\\\\\\*
yn

Choice of sequence

with minimum distort

Copyright 2026 Jun Muramatsu.
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1101101

000
001

111

Decoder
Codeword Reproduction
000 1101001
001 0110010

111 1101101
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Random codebook generation [Shannon, 1959]

Encoder Decoder
Reproduction Codeword Codeword Reproduction
1101001 000 000 1101001
0110010 001 001 0110010

Source output
n

€Z \ | | | |
yn — mnR > mnR — yn

Choice of sequence

with minimum distortion

1101101 111 111 1101101

B Assume that puxy (d,(X™,Y") > D) — 0 as n — oc.
B The error probability — 0 by generating more than 2"/(X3¥) reproductions.
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Shortcomings of random codebook generation

B Quantization points are generated at random.
» A large lookup table for (codeword, quantization point) is necessary.

» Encoding (looking for nearest quantization point) is impractical.
LDGM codes [Matsunaga-Yamamoto, 2003]
[Gupta-Verdu, 2009][Wainwright-Martinian, 2009]
B Encoding is practical.

B These codes achieve the rate-distortion function of a uniform source and Ham-

ming distortion.
B An additional technique is necessary to achieve the rate distortion function of a

general (non-uniform) source.
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Lossless source coding

Encoder Decoder

Yi— F —— MR = Yy — Y (Y7

B nR X n matrix F is operated to Y".
Theorem [Shannon, 1948]

B The infimum achievable rate is H(Y ). = Code exists when R > H(Y').
Theorem

B For any Y, the rate H(Y') is achievable by using
» random binning [Cover, 1975]
» linear codes [Csiszar, 1984]
» LDPC codes [M.-Uyematsu-Wadayama, 2005].
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Independent uniform random number generation

Y"— F > C"™ = FY" independent of X"

B nr x n matrix F'is operated to a non-uniform random vector Y".

B (" is expected to be a uniform random vector which is independent of X".
Theorem [Maurer, 1993]|[Ahlswede-Csiszar, 1993]

B The supremum achievable rate is H(Y|X). = Code exists when » < H(Y|X).
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Lossy source code (CoCo lossy) [M., 2014]

Encoder

nr

A

(nr x n)

B
(nR X n)

Decoder

B An encoder and a decoder share (sparse) matrices A, B and a vector ¢ € TmA.
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Lossy source code (CoCo lossy) [M., 2014]

Encoder Decoder
Cm“ — Cm“
Yi=y" AB
" >~
Ayn — Cn7

n nr)

ey xe (Y72 )X (Ay" = c
V@,chm(ynlfv”ac )

_ CRNG
Dy My xn (Y2 x (Ay" = )

B CRNG 372 generates " satisfying Ay" = '
» The probability is proportional to iy x»(y"|2").
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Lossy source code (CoCo lossy) [M., 2014]

Encoder Decoder
Cm“ — Cm“
Yi—~y'— B > nR A B
" >~
Ayn — Cm‘ Byn — mnR

n nr)

ey xe (Y72 )X (Ay" = c
V@,chm(ynlfv”ac )

_ CRNG
Dy My xn (Y2 x (Ay" = )

B Encoder generates codeword m"/* = By".
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Lossy source code (CoCo lossy) [M., 2014]

Encoder Decoder
T = N T R
n
YIZ{L —y == B > R YZB >yn
.I'n P P A n __ Anr
Ayn — B n _ mnR Yy ¢
Y Byn — mnR

CRNG

o e Hynxe (Y2 x (AyT = M)
V}~/”|X”C”T<y |ZIZ € >: n|pn n nr
A Dy My xn (Y2 x (Ay" = )
MYTL(yn)X(Ayn — Cnr) B n _ mnR)
Dy (Y )X (Ay™ = )

nht) CRNG

a1

B CRNG ?XB reproduces " satisfying Ay" = ¢ and By" = m""".
» The probability is proportional to jiy«(y") = > pynxn(y"|2" ) prxn(2").
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Lossy source code (CoCo lossy) [M., 2014]

Encoder Decoder
CHT — Cnr_,
: Yi—~y'—~ B g Yig—T=v"
T P Ayn _ Cm‘ B 0 mnR P Ayn — Cnr
Y Byn — mnR
r< HY|X) r+ R>H(Y)

B Whenr < H(Y|X), we can generate ¢"" (= Ay") independent of x". Then the encoder

and the decoder can share a fixed '

B The encoder can generate y" satisfying ¢ = Ay" and d(z",y")/n < D with high

probability.

B Whenr+ R > H(Y), the decoder can reproduce 3" from ¢ = Ay" and m"* = By".

Copyright 2026 Jun Muramatsu. Figure adapted from [M., 2014].
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Theorem [M., 2014]

B Assume that r, R > 0 satisfy

r < H(Y|X) (1)
r+ R > H(Y). (2)

Then for any § > 0 and sufficiently large n there are (sparse) matrices A, B and a vector

" such that

Prob (pu(X", (p(X"))) < D) = 1 -4,

B For any source X, the rate-distortion function

Rx(D)=minI(X;Y)
My | X

is achievable with the proposed code because forany R > H(Y)—H(Y|X) = I(X;Y)
there is > 0 satisfying (1) and (2).
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Interpretation of Rx (D)

Rx(D)=min I(X;Y)
Hy|X -
Elp(X,Y)| <D
description rate of Y

=min [H(Y)— H(Y|X)]

Hy|x description rate of Y independent of X
Elp(X,Y)| <D rate of shared vector
optimizing

transformation from X to Y

pxy(x,y) = NY|X<y|x>MX(5U)
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QOutline of this talk
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Channel coding

Encoder Channel Decoder
1W4[7lf3 — © > X"—| HY|X P>V "—> ?l) > j\4[7lf%
Message Input Output Reproduction
(Codeword)

Channel capacity [Shannon, 1948]

Cy|x = max
HX

!

H(X) — H(X|Y)] = max I(X:Y)

B Optimal input distribution p1x can be obtained by using Arimoto-Blahut algorithm.

Copyright 2026 Jun Muramatsu.
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Random codebook generation [Shannon, 1948]

Encoder
Message Codeword
000 1101001
001 0110010
111 1101101
Generate
onit codewords

subject to ux

Copyright 2026 Jun Muramatsu.
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Codeword Message
1101001 000
0110010 001
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Random codebook generation [Shannon, 1948]

Encoder Decoder
Message Codeword Codeword Message
000 1101001 1101001 000
001 0110010 0110010 001

E /—> Channel

111 1101101 1101101 111
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Random codebook generation [Shannon, 1948]

Encoder Decoder
Message Codeword Codeword Message
000 1101001 1101001 000
001 0110010 0110010 001
" —+Channel — 7" E E
m" > \aﬁ” > it
ML Decoding
111 1101101 1101101 111

B Decoding error probability — 0 by generating less than 2/(X3Y) codewords.

Copyright 2026 Jun Muramatsu.
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Shortcomings of random codebook generation

B Because a codebook is generated at random,

» ML decoding is impractical,

» a large lookup table for (message, codeword) is necessary.

LDPC codes [Gallager, 1963], Polar codes [Arikan, 2009]

B Decoding is practical.

B These codes achieve capacity of a symmetric channel.
B An additional technique (e.g. a quantization map) is necessary

to achieve capacity of a general (asymmetric) channel.
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Lossless source coding with side information at decoder
Encoder Decoder

X"— F —>(C" = FX"—

v X

y™ -
Theorem [Slepian-Wolf, 1973]

B The infimum achievable rate is H(X|Y). = Code exists when r > H(X|Y).

Theorem
B Forany (X,Y), the rate H(X|Y') is achievable by using

» random binning [Cover, 1975]

» linear codes [Csiszar, 1984]
» LDPC codes [M.-Uyematsu-Wadayama, 2005].
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Uniform random number generation

X'"— [ = M= FX"

B nR X n matrix F' is operated to a non-uniform random vector X".
B /" is expected to be a uniform random vector.

Theorem [Vembu-Verdd, 1995]
B The supremum achievable rate is H(X ). = Code exists when R < H(X).
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Channel code (CoCo channel) [M.-Miyake,2019]

Encoder

nr

AB

Decoder

B An encoder and a decoder share (sparse) matrices A, B and a vector ¢ € TmA.

Copyright 2026 Jun Muramatsu.
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A

(nr x n)

B
(nR X n)
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Channel code (CoCo channel) [M.-Miyake,2019]

Encoder

V=

mnR >

VI
‘)<i/1l3

sz plcm (27 € m

Decoder
Axn — CnT
Bx" = m" nr
1" A B
(nr x n) (nR X n)
nR> B HX"(xn)X<Axn — Cm‘7 Br" = mnR) CRNG

~ 2 pxo(a)x(Aa? = ¢ Bat = mnh)

B CRNG )?;}B generates =" satisfying Az" = ¢ and Bx" = m""".

» The probability is proportional to i x«(x").

Copyright 2026 Jun Muramatsu. Figure adapted from [M.-Miyake,2019].
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Channel code (CoCo channel) [M.-Miyake,2019]

Encoder Decoder
Axn — CHT
n ___ nr
n T n T
m" > Y >

" Ry = poxr (2" )x(Aa" = ", Ba" = m"")

Vsn nr \fn xn —
XiglCrM R( |C , T an MX”(xTL)X(Axn — CTLR, Brn = m?”LR)

I ;@Xﬂym(x”WQ”)X(f4x"'::c”r)
VSnivmen (XY, ) = CRNG
wroen ] ) > on boxnyn (2 y") x (Ax” = ')

CRNG

B CRNG )?ﬁ reproduces " satisfying Azx" = """
e : nl,n\ —  Hynxn(y"a")pxn (")
» The probability is proportional to jiyw xn(2"|y") = S~ i (i ()
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Channel code (CoCo channel) [M.-Miyake, 2019]

Encoder Decoder
Axn — Cn”r‘
V= Bz = m"f IV — Az™ =" Ba" = m"ft
XZB -1 )/(\'n —> " B >mnR
mnR > yn -

(™ A n_— T Bl — nR
.:c"|cm",m”R) = _MX (@")x(Az ¢ o m"7) CRNG
> on pxe () x (Ax™ = ¢t Ban = m!')
o ,uX” yn<$n‘yn)X<A$n — Cm*)
Ve ("l ) = | CRNG

= an /LXn\Yn(xnwn)X(Axn — Cnr)

VX?’L‘CTLTM?’LR(

B The decoder can reproduce m™* = Bx".
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Channel code (CoCo channel) [M.-Miyake, 2019]

nR

B When r + R < H(X), we can generate x" satisfying Ax" = ¢"" and

Bz" = m™ from uniformly generated (¢, m
B When r > H(X|Y), the decoder can reproduce x" from ¢ and y".

Encoder
Ax™ ="
T By — mnR
X" >
> Y
r+ R < H(X)

Copyright 2026 Jun Muramatsu. Figure adapted from [M.-Miyake,2019].

n

Decoder

C?”L?“ >

AN

Xn

A[L,TL — CTU’

.:L,TL,

B

Ba" = m"ft

nR

r> H(X|Y)

nR)_
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Theorem [M.-Miyake, 2019]

B Assume that r, R > 0 satisfy

r> H(XI|Y) (3)
r+ R < H(X). (4)

Then for any 6 > 0 and sufficiently large n there are (sparse) matrices A, B, and a

vector """ such that
Error(A, B, ") <.
B For any discrete memoryless channel, the capacity

Cyx =maxI(X;Y)
1204

is achievable with this code by optimizing 1 x, because forany R < H(X)— H(X|Y) =
I(X;Y) there is r > 0 satisfying (3),(4).
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Interpretation of Cy |x

CY|X — I11aX [(X,Y)
HX

description rate of X
=max |[H(X)— H(X|Y)]
Hx description rate of X after observing Y

optimizing rate of shared vector
input distribution

pxy(x,y) = NY|X<y|x>MX(5U)
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Distributed source coding [Berger,1978|[Tung,1978]

Encoders Decoder

X7 —s

by

— N —

Ay —>

dg

- M, —

B Sources (X7, X7) are correlated.

B Encoder ¢ transmits codeword M,

B Decoder reproduces (27, Z7).
B [t is expected that d;(X]", Z') < D, with probability close to 1 for all <.

Copyright 2026 Jun Muramatsu.

VA
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Multiple description coding [Witsenhausen,1980][Wolf-Wyner-Ziv,1980]

Encoders Decoders
by = M, vy = 77
X" $yo = Mo

B Encoder ¢ transmits codeword M,

B Decoder ¢ reproduces Z{' from codewords (M;, Ms).
B It is expected that d;( X, Z") < D, with probability close to 1 for all s.

Copyright 2026 Jun Muramatsu.
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Source coding with side information at decoders [Heegard-Berger,1985]

Encoder Decoders

>

}/171

Vi = Z7

Xt— & — M

Wy — 77

}/'277,

B Encoder ¢ transmits codeword M,

B Decoder i reproduces Z"" from codewords (M;, Mis).
B It is expected that d;(X", Z") < D; with probability close to 1 for all 7.
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Multi-terminal source coding (unified extension) [M., 2025]

Encoders Decoders
by = M Mz— Uy, b= 27
X7 W— | h
S
(I)|31|—>M‘51| M12—> N
an_> 2 ICQ
b, = M,
X
S, MIM—> \IJ/C o
(D\Z\ > Mm |~717|_> M ICm

B Optimal multi-letter region is derived in [M., 2025].
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Construction of encoder

.

n __

B w! satisfies Aw]

B It works when
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Construction of decoder

C??ﬂ“l
1 n
R > W, —
my > !
T/ : n )
B : A4 Z
C?”L?“l
n
R [ > W; —>
m; >~ l
. i f
Y
nr;

R,
and Byw!' =m; .

B w! satisfies A;w] = ¢, .

(4

B |t works when

Y Iri+ R]>HWg|Y) forall D' CD.

1D’
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Multiple-access channel coding with common message [Slepian-Wolf,1973]

Encoders

private message M| — ¢ (=X {'—

common message )/, 1y | X, X,

private message My — Oy (= X)—

Decoder

Y v _’]\/4\17 ]\/4\12, ]\/4\2

B Encoder ¢ transmitts X" generated from a message pair (M2, M;).

B Decoder j reproduces (Mo, M;) with arbitrary small error probability.

Copyright 2026 Jun Muramatsu.
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Broadcast channel coding with common message [Marton,1979]

Encoder Decoders
private message M| — — Y —>{ Uy b (M9, M)
common message Mio—> & |— X{— Uviva|X;
private message Mo—» — Y ' — Uy |— (M9, M)

B Encoder i transmits X" generated from message (Mo, My, Ms).

B Decoder j reproduces (M2, M;) from Y" with arbitrary small error probability.

Copyright 2026 Jun Muramatsu.
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Interference channel coding with common message [Jiang-Xin-Garg,2008]

Encoders Decoders
. n n N~ N~
private message M, — & > X]'— Y "— Uy = Mo, M,
common message )/, Y, Y| X1 Xo
. n n N~ N~
private message My — &y > XJ—> Yo' — Uy = My, M,

B Encoder i transmitts X" generated from a message pair (M2, M;).
B Decoder j reproduces (Mo, M;) with arbitrary small error probability.
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Multi-terminal channel coding (unified extension)

[Somekh-Baruch and Verdd, 2006][M.-Miyake, 2018][M., 2023]

M, Encoders Decoders

ON _>X{L—> > 1”—» Wy —>Mpl
Mo

Oy - X5—> Hy,x, [ 5 = Uy = Mp,

@‘I’ —hX&-r—b — ‘9’»@‘j’+MD|j|
M,

B Optimal multi-letter region is derived in [M., 2023].
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Construction of encoder

Cnn_»
1 n
R > 20—
my > !
Nn n > n
Jk X T
ey
n
R k > 2 —P
my " > k

- . R,
B ] satisfies A;2 = ¢ and Bz =m. .

B |t works when

Y [ri+R] < H(Zg) forallS' CS.

1€S/

Copyright 2026 Jun Muramatsu. 50/59



Construction of decoder

n

Y

B ;] satisfies A;2 = ¢ and Bz = m,

B |t works when

Copyright 2026 Jun Muramatsu.
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nri
nr
C n nRk
[ l
i - 2 — B -1,
nRZ-
P
E T, > .lﬁr(‘271)/y)/i) for all D' C D.
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Concluding remarks

B Lossy source code and channel code are constructed by using constrained-random-number
generators.
» A similar configuration using Polar code is shown in [Honda-Yamamoto, 2013|.
B Simple and rigorous proof is given by using
» Balanced coloring property [M.-Miyake, 2011]
» Collision resistance property [M.-Miyake, 2010]
of an ensemble satisfying (v, 3)-hash property [M.-Miyake, 2010].
B Codes can be extended intuitively to relayless multi-terminal source/channel coding prob-
lems [M., 2023][M., 2025].
» Codes can be constructed like assembling building blocks.

» Single-letter region characterization is an open question.
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Thank you for your kind attention.

Copyright 2026 Jun Murama tsu. 54/59



References

J. Muramatsu and S. Miyake, “Concept of CoCoNuTS,” Proc. Workshop on Concepts in Inform. Theory,
Boppard, Germany, Jun. 21-23, 2017, p. 4.

J. Muramatsu and S. Miyake, “Lossy source code based on CoCoNuTS,” Proc. Workshop on Concepts in
Inform. Theory, Rotterdam, the Netherlands, Jul. 3-5, 2019, p. 36.

[M., 2025] J. Muramatsu, “Unification of distributed source coding, multiple description coding, and source
coding with side information at decoders,” Proc. 2025 IEEE Int. Symp. Inform. Theory, Ann Arbor, U.S.A.,
Jun. 22-27, 2025. Extended version is available at arxiv:2410.079309.

[M., 2023] J. Muramatsu, “Channel codes for relayless networks with general message access structure,”
Proc. 2023 IEEE Inform. Theory Workshop, Saint-Malo, France, Apr. 23-28, 2023. Extended version is
available at arxiv:2206.00792.

[M., 2014] J. Muramatsu, “Channel coding and lossy source coding using a generator of constrained-random
numbers,” IEEE Trans. Inform. Theory, vol. IT-60, no. 5, pp. 2667-2686, 2014.

[Shannon, 1959] C. E. Shannon, “Coding theorems for a discrete source with a fidelity criterion,” IRE Nat.
Conv. Rec 4, pp. 142-163, 1959.

Copyright 2026 Jun Muramatsu. 55/59



References

[Matsunaga-Yamamoto, 2003] Y. Matsunaga and H. Yamamoto, “A coding theorem for lossy data com-
pression by LDPC codes,” IEEE Trans. Inform. Theory, vol. IT-49, no. 9, pp. 2225-2229, 2003.
[Gupta-Verdd, 2009] A. Gupta and S. Verdd, “Nonlinear sparse-graph codes for lossy compression,” IEEE
Trans. Inform. Theory, vol. IT-55, no. 5, pp. 1961-1975, 2009.

[Wainwright-Martinian, 2009] M. J. Wainwright and E. Martinian, “Low-density graph codes that are optimal
for binning and coding with side information,” IEEE Trans. Inform. Theory, vol. IT-55, no. 3, pp. 1061-1079,
2009.

[Shannon, 1948] C. E. Shannon, “A mathematical theory of communication,” Bell System Technical Journal,
vol. 27, pp. 379-423, 623—656, 1948.

[Maurer, 1993] U. M. Maurer, “Secret key agreement by public discussion from common information,” IEEE
Trans. Inform. Theory, vol. IT-39, no. 3, pp. 733-742, 1993.

[Ahlswede-Csiszar, 1993] “Common randomness in information theory and cryptography — Part |: Secret
sharing,” IEEE Trans. Inform. Theory, vol. IT-39, no. 4, pp. 1121-1132, 1993 .

[Gallager, 1963] R. G. Gallager, Low Density Parity Check Codes, MIT Press, 1963.

Copyright 2026 Jun Muramatsu. 56/59



References

[Arikan, 2009] E. Arikan, “Channel polarization: a method for constructing capacity-achieving codes for
symmetric binary-input memoryless channels,” [EEE Trans. Inform. Theory, vol. IT-55, no. 7, 20009.
[Slepian-Wolf, 1973] D. Slepian and J. K. Wolf, “Noiseless coding of correlated information sources,” IEEE
Trans. Inform. Theory, vol. IT-19, no. 4, pp. 471-480, 1973.

[Vembu-Verdd, 1995] S. Vembu and S. Verdd, “Generating random bits from an arbitrary source,” IEEE
Trans. Inform. Theory, vol. IT-41, no. 5, pp. 1322-1332, 1995.

[M.-Miyake, 2019] J. Muramatsu and S. Miyake, “Channel code using constrained-random number generator
revisited,” |EEE Trans. Inform. Theory, vol. IT-65, no. 1, pp. 500-510, 2019.

[Berger, 1978] T. Berger, “Multiterminal source coding,” The Information Theory Approach to Communi-
cations, pp. 171-231, Springer-Verlag, New York, 1978.

[Tung, 1978] S.-Y. Tung, Multiterminal source coding, Ph.D. thesis, Cornell University, Ithaca, NY., 1978.
[Witsenhausen,1980] H. S. Witsenhausen, “Indirect rate distortion problems,” IEEE Trans. Inform. Theory,
vol. IT-26, no. 5, pp. 518-521, Nov. 1980.

Copyright 2026 Jun Muramatsu. 57/59



References

B [Wolf-Wyner-Ziv,1980] J. K. Wolf, A. D. Wyner, and J. Ziv, “Source coding for multiple descriptions,” Bell
Syst. Tech. J., vol. 59, no. 8, pp. 1417-1426, Oct. 1980.

B [Heegard-Berger, 1985] C. Heegard and T. Berger, “Rate distortion when side information may be absent,”
IEEE Trans. Inform. Theory, vol. IT-31, no. 6, pp. 727-734, Nov. 1985.

B [Slepian-Wolf, 1973] D. Slepian and J. K. Wolf, “A coding theorem for multiple access channels with
correlated sources,” Bell Syst. Tech. J., vol. 52, no. 7, pp. 1037-1076, Sep. 1973.

B [Marton, 1979] K. Marton, "“A coding theorem for the discrete memoryless broadcast channel,” [EEE Trans.
Inform. Theory, vol. IT-25, no. 3, pp. 306-311, May 1979.

B [Jiang-Xin-Garg, 2008] J. Jiang, Y. Xin, and H. K. Garg, “Interference channels with common information,”
IEEE Trans. Inform. Theory, vol. IT-54, no. 1, pp. 171-187, Jan. 2008.

B [Somekh-Baruch and Verdd, 2006] A. Somekh-Baruch and S. Verdu, “General relayless networks: repre-
sentation of the capacity region,” Proc. 2006 IEEE Int. Symp. Inform. Theory, Seattle, U.S.A., 6-12 July,
2006, pp. 2408-2412.

Copyright 2026 Jun Muramatsu. 58/59



References
B [M.-Miyake, 2018] J. Muramatsu and S. Miyake, “Multi-terminal codes using constrained-random-number

generator,” Proc. 2018 Int. Symp. Inform. Theory and its Applicat., Singapore, Oct. 28-31, 2018, pp. 612-
616.

B [Honda-Yamamoto, 2013] J. Honda and H. Yamamoto, “Polar coding without alphabet extension for asym-
metric models,” |EEE Trans. Inform. Theory, vol. 1T-59 no. 12, pp. 7829-7838, 2013.

B [M.-Miyake, 2011] J. Muramatsu and S. Miyake, “Construction of strongly secure wiretap channel code
based on hash property,” Proc. 2011 IEEE Int. Symp. Inform. Theory, St. Petersburg, Russia, Jul. 31-Aug.
5, 2011, pp. 612-616.

B [M.-Miyake, 2010] J. Muramatsu and S. Miyake, “Construction of broadcast channel code based on hash
property,” Proc. 2010 IEEE Int. Symp. Inform. Theory, Austin, U.S.A., Jun. 13-18, 2010, pp. 575-579.

Copyright 2026 Jun Muramatsu. 59/59



