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Abstract

* Universal source coding problem for
multiterminal coding system shown below

« EXplicit constructions of universal codes
— Fixed-length lossless codes
— Variable-length lossless codes
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Introduction Introduction

Introduction

o Slepian-Wolf (1973)
— beginning of multiterminal source coding

e Csiszar-Korner (1980)

— first investigated the problem of universal coding for
the Slepian-Wolf coding system

— showed the existence of universal codes
e Subsequent research mainly focused on the

Slepian-Wolf coding system

— Csiszar (1982), Ahlswede-Dueck (1982),0ohama
(1996), Uyematsu (2001)
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Introduction Main contribution

Main contribution

* Universal source coding problem for another
multiterminal coding system

— Complementary delivery coding system
(“broadcast network” in the plenary talk by Prof.Effros)

— Coding theorem was clarified by Csiszar-Korner
(1980)

e EXxplicit constructions of universal codes
— Fixed-length codes & variable-length codes

— Utilize method of types and graph-theoretical
techniques.
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Basic definitions

« Alphabets:
X, Y . finite sets, (8B : binary set)
B* : setof all finite sequences in B,

Iy = (L2,---,M)

e Seguences
Member of X”: x* = (x1,x9,-- - , Xp),
Sequences: boldface letters, i.e., x € X"
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Basic definitions

* Probabillity distributions
P(X): set of all probability distributions on X,

P(X|Py):
set of all probability distributions on X
given distribution Py € P(Y).
e Sources
X: discrete memoryless source (DMS) taking values

in X with generic distribution Px € P(X).
 Entropy
H(X),H(X,Y), HH|Y)
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Basic definitions

e Types of sequences
Ox: type of sequence x

Pn(X): set of types of sequences in X™.
set of all stochastic matrices V: X - V
s.t. for a given Q € P,(X) there exists
(x,y) € X" x Y" that satisfy Ox y(x,y) = Ox)V(y|x).

Tg: set of sequences with type O € P, (X)

T{}(x): set of sequences with stochastic matrix

V € V,(Y|0Oy) for a given x € X"
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Preliminaries Previous result

Previous result

Theorem 1 (Csiszar-Kérner 1980).

Ry(X,Y) = max{H(X|Y), H(Y|X)}

X - X H(X|Y)
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Code construction Code construction (1 /3)

Code construction

Y1 Y2 Y3 Y4 Y5 (€ TQY)
x11O O O [ Oxy = OxV = OyW, )
x| O O Ox € Pn(X),
X3 O O O ,/<€ Oxy’ | Qr € Pu(¥),
x40 O Ve V,(Y|0x),
X5 O O O . W e Viu(X|Qy) )
(€ TQx)

Create a coding table for each joint type QOxy € Pn(X XY)
— each row corresponds to asequence x € T Qx
— each column corresponds to a sequence y € T Qy
— mark cells corresponding to sequences (x,y) € TQxy
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Code construction Code construction (2 /3)

Code construction

 To reproduce all seq
Y1 Y2 Y3 Y4 Y5

X | @ O O

3 |® @ O —F

uence pairs at decoders...

For a given x;, we must distinguisr?
each y; that satisfy (x;,y;) € T Q

X3 O O O
x| Q@ O O
X5 O OO

7

XY
i fT/ln' ) saq! Iianrac)
CAPN\IUIV [ X J) OCYUTI IUUD})

[ Oxy = OxV = QyW, )

-

each x; such that (x;,y;) € T

or a given y ;, we must distinguis

&about exp(nH(W|Qy)) sequences)) . W € V,(X|Qy) )

I’? QOx € Pn(X),
Oy € Pn(Y),
QXY Ve (Vn(leX),
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Code construction

" About exp{n max(H(W|Qy), H(W|Qy))} symbols
_are needed to distinguish every (x;,y j) € Oxy. |
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Code construction Equivalence to graph coloring

Equivalence to graph coloring

* The table can be converted to a bipartite graph

 Encoding is equivalent to edge coloring of the
bipartite graph

X1 X2 X3 X4 X5 (€ Tax)

\)
N /) P d
!‘ ! !\ ’ ’! ! ’
< < 7 - 7
\ S ’ Pid ’
N SN - ’
\ N -
N ~ ’
N RN P4 ’

each edge corresponds
to (x;,y;) € TQX

Y

column ' X Q ; Q
y1 Y2 ¥3 ¥4 ys (€Tp)
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Code construction Necessary number of symbols

Necessary number of symbols

Lemma 3 (Koniq). If a graph G is bipartite, then the edge
chromatic number (i.e. the number of symbols needed
for edge coloring) x'(G) of G is given by

X' (G) = AG),
where A(G) is the degree of the graph G.

Lemma . For a given joint type Oxy € Pn(X X V), its
coding graph G(Qxy) has a degree

A(G(Qxy)) < explnmax{H(V|Qx), HW|Qy)}I.
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Code construction Coding scheme

Coding scheme

* Fixed-length coding:
Create a table for each joint type Qxy € Tx1(R).

Tn(R) = {Oxy € Pr(X X Y):
max{H(V|Qx), H(W|Qy)} <R,
Oxy = OxV = OyW,
V € Vu(YI0x), W € Vn(X|Qy)},

« Variable-length coding
Create a table for every joint type Qxy. The codeword
length of an input sequence pair depends on its type.
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Fixed-length Coding theorem
Fixed-length coding theorem

Theorem (Coding theorem for universal f-CD codes).

For any real number R > R¢(X,Y), there exists a uni-

versal -CD code {(gon,’cﬁf,,l),?ézz))};":l such that for any
source (X, Y)

1

lim sup —log M, <R,
n—oo N
. 1 1 . () .
1 —1 + = D P > 0,
A, loglen " +e,7) = | min, D(Oxyl|Pxy)
. 1 O .
Imsup——1Ilog(l —e,” —e,, )< min D Pyvy),
m Sup — g(l—e,”" —e;”) 0, 5m o (OxyllPxy)

ef,l) = Pr{X" # Yn}, e’(IZ) = Pr{Y" # ?n}
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Coding theorems Variable-length coding theorem

Variable-length coding theorem

Theorem (Coding theorem for universal v-CD codes).

There exists a universal v-CD code
{(sﬂn,?o{nl) ,25,(12) )}>> | such that for any source (X, Y)

lim ~pa(X", YY) = R(6¥) = RA(X,Y) as

n—oon
1
lim ——logp,(R) = in D Pxy) >0
Am —— log pp(K) 0, n (QxyllPxy)
1
lim sup —lo R)YX mm D P
msup — g pn(R) L (OxyllPxy)

Pn(R) = Pr{l(pn(X", Y™)) > R},
pn(R) = Pr{l(pn(X", Y™)) < R}.
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Summary

* |nvestigated universal coding problem for
complementary delivery coding system
— Presented explicit constructions of universal codes
— Established a coding theorem for each problem

e Future work

— More than 3 messages and/or more than 3 decoders
-> will be presented in the recent result session

— Practical universal coding schemes

— Lossy universal coding schemes
-> will be presented in another conference
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Thank you very much

Thank you
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