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Abstract

« Universal source coding problem for
multiterminal coding system

e EXplicit constructions of universal codes
— Fixed-length & variable-length lossless codes
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Background

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

e Csiszar-Korner (1980):

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

— showed existence of universal codes

e Subseguent research focused on Slepian-Wolf
coding system

— Csiszar (1982), Ahlswede-Dueck (1982),
Oohama (1996), Uyematsu (2001)
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Minimum achievable rate

Theorem (Coding theorem of fixed-length GCD codes).

Rf(X) = ggdH(X(Sf)|X(S?))
- YZ
X
(X,Y,Z) +(#n) - XZ
Y
In this case, we have » XY
R(X) = max{H(YZ|X), H(XZ|Y), H(XY|Z)} £
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Code construction (1)

(x19y4’ Z3)
(%1, ¥4, 22) (X1, 25 23)
(x].’ ? Z4)
(X1,¥3,22)
(*1,¥3, 24) (Create a coding graph for each )

joint type Oxyz € Pu(X X Y X 2)
— each node corresponds to
a sequence set (x,y,2) € T#

\_ Oxyz /




TOKYD TECH NTT@
Code construction (2)

(X1,Y4,23)
(*1, ¥4, 22) (*¥1,72, 23) ( Oxyz = OxVyzix \
O Ox € Pu(X),
Q 1 »Z24) \ VYZlX S (Vn(«y X Z|QX)- )
(X1,Y3,22)
(x19y39 z4) - ~\

For a given x;, we must distinguish

each (y, zx) such that (x;,y ;, z) € TEXYZ.
\(about exp{nH(Vyzx|Qx)} sequences) 5
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Code construction (3)

(*X1,¥4,23) (X4,57,23)

O

(xl,.V4, ZZ) (xls_ 2y 23) (x4, _. ',,Z])

O

1372 Z4)
(X1,¥3,22) (X3, 9, 21)
(X1,¥3,24) (X3,572,24)
(X2,¥3,24) (X3,¥1,24)

(x29 )’1, Z4)

NTT ©)
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Code construction (4)

(xX1,Y4,23)  (X4,92,23)
(x19y49 z2) (xls ’ 23) (x4, A Zl)
6 4 5
1 )
3 1 2
(x19y39 ZZ) (x39 ,ZI)
2 3
(*¥1,¥3,24) (x3, 2, 24)
( )
4 S) Encoding is equivalent to
(*2,¥3,24) : (3'53,)’1»k vertex coloring of the graph

(x29 A S z4)
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Code construction (5)

Lemma (Brooks). For any graph G except a complete
graph and an odd cycle, the chromatic number (i.e. the
number of symbols needed for coloring) is bounded

X(G) < AG).

Lemma . For a given joint type Ox € P(XUNs)), the
coding graph G(Qx) has a degree

AG@x) < ). explnH(V/Q))},

jGINd

(S9)

where Qx = Q;V;, Qj € Pu(X'5D), V; € V(X "71Q))
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Code construction (6)

e Fixed-length coding:
Create a table for each joint type Ox € 7,(R).

TuR) = {Qx € Pn(XYNs)y:

max H(VjlQ;) <R, QOxy=0;V;
JEINd

0; = PuX), v; € Vu(xSD\0))),

e Variable-length coding

Create a table for every joint type Ox. The codeword
length of an input sequence pair depends on its type.
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Coding theorems (1)

Theorem (Coding theorem for universal f-GCD codes).
For any real number R > R¢(X), there exists a universal
f-GCD code for the system 8 such that for any source X

1
lim Sup — log M, <R,

n—o0

L
lim —~log » e7 = min D(QxlIPx) >0,

n—00 N j€Tn, Ox€7 “(R)

- 1 ()

lim sup —— log(1 — N < min D P
msup—log(1~ ), &) < min D(OxlIPx),

jEINd
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Coding theorems (2)

Theorem (Coding theorem for universal v-GCD codes).
There exists a universal v-GCD code such that for any

source X

1
lim ;l(son(x")) = Ry(X) = Re(X) a.s.

n—oo

1
Im ——logp,(R)= min D Py)>0
g gpp(R) Pzt (OxllPx)

1
limsup —1lo R)< min D P
LLsHp - g Pn(R) % o (Oxl|Px)

Pn(R) = Pr{l(pn(X™)) > R},  pn(R) = Pr{l(pn(X™)) < R}



