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1. INTRODUCТION 

Series of channels were previously considered in connection 
with the information processing theorem (cf., e . g .,121 , Sections 
2 . 3 and 4 . 3). The basic result is that if the (discrete) ran
dom' variaЬle s Х , У , Z form а Markov chain, then the condi tio
nal entropies satisfy H(XJ Z)SH(X j У). А natural i nterpre tat ion 
is that the uncertainty concerцing the input Х never de c reases 
during the mo tion of the input along subs e quently joined chan
ne ls . The na ture of this r e sult is rather qualitative . In par
ti cul a r, it do e s no t g ive a ny inf ormation abou t the output rate 
of а channel, the l a tt e r b e ing of primary importanc e when c om
mun i ca t ing the output a crbss some othe.r cha nnel. 

Let ['U, 11 ] Ье а stat i ona r y source a nd ([~(k ) ,,; k .~ (k)];l ::; k S K ). 
an ord e r ed K-tuple of s t a ti onary c l1a nne l s , w11efe) all the a lp11a
bets a r e s upposed fin ite . Let 1 = 1 ••• ,-1 ,О, 1, •• • 1, a nd l e t 
U = ( U 1 ; i <; 1) , Х ( k ) = ( Х ( k) 1 ; i ~ 1) , а nd У ( k) = ( У ( k ) 1 ; i <; I) 
Ье gene ric notations f or the corres ponding d ouЬl y- infini t e s e- . 
qu e nces of one- dimensiona l p r o j ec tions (ca ll ed process es) . 

In th i s pa~e r we addre ss the pr oЬlem of Ьlock t ransmission 
of ['U,fl] ov e r the K-tupl e o f c hanne l s ( 1' , • • • , ''< ) ) in the 

. ( 1) к 
fo llow1n g s ense . 

Defini t ion . А source [ ~, 11 1 i s sai d t o Ье Ьlock tr a n smissiЬle 
ov er the ord e r ed K - tuple of cha nne l s ([~(k ) , v . ~(k)l; l <k <K ) 
if for any ( ·>О there is an N0 and fo r a ny N > ~~) t here ~xist 
Ьlock c oding fuпctions FN : 

'tl N -+ 1 ( 1) N , '1{ ~k) : ~ ( k ) N -+ ~ ( k + 1) N ( 1 $ k $ К~ 1) , 

·a nd GN:~(K)N_.'UN such that Prob[ UNi GN( Y( K)N) J ::; (, whe r e У(К) 
is thc final out pu t process of t he K- tupl e ( v( l), ••• , 11 ) 

joined Ьу meaпs of t he mappings К (k) . (k) 
. N 

2 . NOTATION AND TERМINOLOGY 

Let ! & , 11 ] Ье а sou r ce ( п о t n ecessar ily а sta t ionary one ) 
witl1 а coun taЬle di sc r e t e a lphab e t ii> ; ~ha t i s , Л i s а proba
h i lity measu re o n Bo r e l s ub s et s . of ~~ eq u i pp ed with the n a tu
ral product topo l ogy (cf . , e . g . ,/81 ; Ьу wгiting Е с &1 не s ha ll 
a l~vays unde r stand tJы t Е i s а Bo rel s uhset of & 1 ) • Given х <;&1 

" '"" - -1 ,-, ~ . 

. ' . •} l 1 ] 

f :i. ·' 
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and m=:;n ,m,ni;l, let X~=(Xm••••;x0 ).If m=O, weabbreviate 
хс- 1 as х0 and put 

Л0 (Е) = Л 1 х ~ & 1 
: х0 ~;; Е 1 , Е С & 0 

• ( 1) 
" 

All logarithms throughout will Ье to the case two. Given f~(0,1) 
and а positive integer N, the ~~N-rate of [&,Л] is defined to 
Ье 

-1 . 
R (Л ; t , N) = N log LN ( t , Л) , (2) 

where 

LN (t, Л)= min 111 Е 11 : Е С &N, лN (Е)> 1-t\ (3) 

and 11 Е 11 "'card (Е). · With а little abuse of natation, Т wil l 
denote the two-sided shift in any douЬly-infinite sequence 

· space. If [<Ъ,Л] is stationary (i.e . , л ... лт ) or, more generally, 
n-stationary , (i.e., Л=ЛТ 0 ) then the limits Н~ (Л)= lim R(Л;t,N ) 

N-+oo 
exist except for a n at most countaЬle set of values , с; (0,1), 
and the limi t 

Н*(Л) = lim Н, (Л)= sup Н, (Л) (4) 
f-+0+ О<Е<1 

is said to Ье the asymptot i c rate of [&,Л](sее1 71 ,where thi s 
assertion is proved for mor e general sources). \<le let h{Л) 
denote the entropy of [ & , Л] ( that is, h( Л)= hл (Т ) , where hл (Т ) 
is the entropy of the dynamical system (Т,Л); see1 11).If- [ &,Л] 
is ergodic , . then the limits Ht(Л)exist for all ,c;;;(0,1 ),and 

Н*( Л)= НЕ (Л)-= h(Л); О < t < 1. · {5 ) 

А r eview qf these and other properties of Н* c a n Ье f ound in1B1• 

Le t & .~ Ье finite sets . Ву definition, а c hannel [& , ы ,1 ] 
is а measuraЬle family ы = (~; х с;; &1 ) o f probability measure s 
on ~~ (tha t is, for any F c :r i,the mapping X-+ыx ( F) : & I .. [0, 1] 
is Bor el· measuraЬle). We s hal l use a l so t he not a tion ы (.\х) 
fo r ыx( . ) .Al l cha nne l s in this paper are assumed s t at i onary, 
viz . a>( TF I Tx ) =ы ( F i x ); F c ~I .xc;;&I. If Х=(Х1 ;i<; I) i s the · 
process corresponding t o а g i ven source [ &,Л ] ,wе shall ind i 
cate . this Ьу writing dist ( X)=Л . If [ & , ы . ~ ] is а channel , 
we l e t Y l х denote the conditional output process of ы given 
the input sequence хс;;& . ·Consequently,dist(Y j x)=ыx. · Given 
Л and ы, let (X , Y)denote the joint input/output process. Then 
dist(X, У)= Лы , where Лы is the probabil i ty measure on ф l х ~ ~ , 
uniquely determined Ьу the properti~s that 

2 

"" 

Лы{ЕхF)=fых(F)Л(dх); Ес& 1 , Fc~1 • (б) 
Е 

The output process of ы given the input process Х will Ье de
noted Ьу Yl X.If dist(X) =Л then dist CYI Х) = 77(Л,ы) (we shall 
sometimes abbreviate this as 77 ) is the output marginal of Лы, 
i . e., 

77 ( F) = Лы ( & 1 х F) = J ы х ( F) Л ( d х); F С~~. (7) 

Let i: &1 х ~ 1 ... [О,оо) denote the mutual information density, 
that is, the (essent ially) unique invariant bounded measur~Ьle 
f unction such that for any stationary source Л and for any 
s tationary channel ы 

( i( x, y ) Лы (dx,dy) = l(Лы ) = h(Л) + h(71(Л,ы))- h(Л ы ) (8) 

(c f.l 31 ) . For l~ (0,1)put Сf*( ы) = sup sup lr : Лы[ i < r] <t 1, where 
л -

the supremum is taken over all stationary i nput sources (or , 
equ i valently , ove r a ll stationary and ergodic ones or, over 
al l Ьlock stationa r y ones). The informat i on quantile capacity 
C*(ы)is defi ned as the limit 

С*( си) = lim С f*( си ) • · (9) 
( ... Q+ 

An excel l ent review on block channel coding, in particular, 
a n exhaus tive study of r elations among various concepts of 
capac i ty , may Ь е fo und in 1 3~ · 

Followin g 151, t he channe l ent ropy of а stationary channel 
[ & , ы , 1 ) is defined a s 

h ( си ) = sup 1 h (Леи) - h (Л) 1 , (IO) 

where the suprernum is taken over all stationary input sources 
[ & • Л]. 

vle assume t hat a].l t he channels v( 1) , v (2) , • •• , v(K) (cf. the 
int r oduc tion) are d -continuous, and all the channels v (1) , ••• , 

v(K- 1) a r e c ondit ionally a lmost Ьlock independent (САВI). These 
properties will no t Ь е used directly so that we refer to 14•51 

for pr ecise defini ti ons. Roughly, а channel is d-continuous 
i f t he s t a t is t ic s of а long segment of output depends, essen
tia l ly , on l y on t he corresE_onding amount of input, where "es
sent ially" is measur ed i n d. А channel is САВI if long Ьlocks 
of output a r e a l rnos t i ndependent, "alrnost" again rneasured in 
d (c f _1 3,4,5/ fo r definitio.n and basic properties of d -dis
t ance). 

3 
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З, ТНЕ МAIN RESULT 

The main result of this paper is the following joint source 
and channel Ъlock cqding theorem~ 

Theorem. Let ['U,IL] Ье а stationary source, and let ([~~), 
v(k) •• 'Y(k)]; 1_:5k_:5K) Ье an ordered K-tuple of stationary. d.
cont1nuous channels, where v(1) , , , , , v(K- 1) are also cond1t1o
nally almost Ьlock independent, Suppose that 

·H*(IL)<C*(v ) 
( 1) 

and 

k 
H*(IL)+ ~ h(v )<C*(v ), 1<k<K-1. 

i"'1 (i) (k+1) --

( 11) 

(12) 

Then ['U,IL] is Ьlock t;ransmissiЬle over the 
see the definition in S~ction 1. 

K-tuple (v , ••• ; v K)) 
(1) ( 

Connnents o (а) Suppose[~(1),Л]is an ergodic source and v(l) 
· v(2} (К .. 2) are ergodic channels, Hence Н*(Л) .. h(Л) (cf. (5))' 
and C*(v(k))"' C(v(JV) (k"' 1,2), where С stands for the Shannon 
(informat1on rate) capacity 131, :We have 

h(Лv( 1))"' h(Лv (1))- h( Л)+ h(Л) ~ supl h(Лv( 1))- h(Л) 1 + h(Л)"' h( v(l)) + h(Л); 

in particular (cf. '(7)), h0(77(Л,v( 1 ))) ~ h(v( 1)) + h(Л), . 
Now the output source [ ~ ( 1) , 11 (1)]( 11(1) "' 1J (Л, vщ )) 1s ergo-

dic so that а sufficient condition for its Ьlock transmissibi
lity ovet {~(2),v(2}'~(2)]is that h(1J(l))<C(v(2)). Since we do 
not know h(7J )) but do have the above bound, 1t is natural to 
impose the cgfidition · 

h(v(1)) + h(Л) < C(v(2)). 

In the .non-ergodic case one has to use the asymptotic rate 
and the information quantile capaciti'es o ln this case (13) 
will assume on the form (12). 

(13) 

1 (Ь) In order to prove the theorem we wisЪ to combine the 
Ьlock transmission theorems for separate channels. Here we 
шееt the following difficulty, As we .shall see, if (11) is 
sa.tisfied, then . ['U •IL]will Ье. Ьlock transmissiЬle over v( 1 ) 
(see Lemma 1 below). In part1cular, for any N large enough, 
there exist good Ьlock coding functions F N: 'UN ... ~( 1)N 
and Н~ ~(1)N,..'tJN, But this means that we do not have а fi
xed ~ource [~.(1),Л] at the input o f _v(jl' ~ut rather а sequence 
of d1fferent 1nput sources 1 [:Х ( 1) •IL F i J 1 N ". 1 • ·consequently , . 
instead of а fixed output source [~(lJ,7J(A,v( 1 ))] we have 

.с/ 
/ 

"J 

.... 

--1 00 
а sequence 1[~(1),1J(ILFN ,v{l))] 1 n".1 of different output sour-
ces. _Hence, the reasoning from the preceding connnent does not 
seem to apply, Fortunately, an analogue of Ьlock transmissibi
lity (and namely one which fits in our'definition from Secti-

on 1) is still true. 
(с) The central step in our proof consists of proving that 

for an~ stationary S01:lrce ['U./L] and for any sequence FN :. 'UN ... 
-+ ~( 1) the j oint input/ output rate is upper bounded Ьу Н *(IL )+ 
'+ h(v(

1 
) (cf. Lennna 2), This will follow from а result of 

NeuhoVf and Shields 151 , according tQ.. which the "local" output 
rates (i.e o, rates of processes У\ FN(u),u~;'U 1 ) are uniformly 
upper bounded Ьу the channel entropy, combined with Ziv#s/9/ 

universal source coding technique. 
(d) The idea from the preceding connnent allows one to assign 

а natural interpretation to the bound H*(IL) + h(v 11)).If the Ьlock 
length N is sufficiently large, then there are approximately 
exp2 (NH*(ILFN1 ))~exp2 (NH*(IL)) different input N-tuples. Given 
any input N-tuple, there are at most exp2 (Nh(v(1))) output N
tuples for the corresponding "local" output processes. Hence, 
the total numЬer of output N -tuples should Ье no more than 

ехр2 (NH *(IL )) • ехр2 (Nh(v (1)))"' ехр2 [ N (Н *(IL) + h(v (1)))) 

(here, ехр2 is the inverse function to log2 ) • 

4 • 'IUE PROOF 

In order to keep clear the main st~ps we divide the proof 
into а series of assertions, We s-hall deal wi th the case К= 2; 
an extension to any К> 2 is elementary. 

Lennna 1, Let (y,IL)be а stationary source, and let (~,v.~] 
Ье а stationary d-continuous channel. If H*(ll) < C*(v),then 
['U ./L] is Ьlock transmi ssiЬle over [~,v.~]; that 1s, for any 
Е> О there is an No, and for any N ?::, ·N0 there exist Ьlock coding 
functions FN : 'UN-+ :лN and HN : oyN ... 'tJN such that 

Prob [ U N # HN [ (У\ F N U) N] 1 ~ Е , 
(14) 

h F
- 'U 1 ovi • h . d d . f' . . d w ere N : -+.л 1s t е 1n uce 1n 1n1 te str1ng со er. 

Proof. Choose R >О and then 8 >О so small that 

Н*( 11) < R - 8 < R < С *( v) • 
( 15) 

Choo s e and fix an Е> О .Using the left-hand inequality from (15) 
and the definition of the asymptotic rate (cf. (4)) we find an 

5 
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N0 such that f~r any N ~ N0 there exists а set ГN с 'll N with 

R(ГN) = N-1 logi 1 TNII ~R-д (16) 

and 

/LN(ГN )> 1-Е / 2 (17) 

(cf. (1)) . Next we use the right-hand inequality from (15). For 
any stationary d-continuous channel v, c•( v )coinc i des with 
the operational Ьlock channel coding capacity (see131, Corol
lary 8). Since R<C•(v), it follows from the definition of the 
latter capacity that, given f> О as above, we find an N1 and 
for any N~:N1 we find а (<2N~,N,f / 2) b~ock channel code 
l(х 1 ,Г1 ): 1=:;i::;<2N~I.Let N~max1No,N1\. Then it follows from 
(16) that there are more codewo~ds in the channel code than in 
the source code. Let ГN = 1 и 1 : 1$i ::;IIT 11:1. We define F N : 
'liN .. ~N Ьу FN(и) = х 1 if 'и= u 1 and ~ (u) = х 0 , say i f и 1: ГN • 
Le·t HN: ~N-+ 'tJN Ье defined Ьу HN (у ) = и 1 if у N t;;; Г1 , otherwi se, 
let HN Ье defined arbitrarily. Let Е1 = lut;;;'lJI .: uN =и . 1 , i = 
- 1 2 NR ( • М NR ) 

1 
-:- , , ••• , <2 >.Then Ьу denot1ng =<2 > 

. м 

Prob[t.JN~HN[(YifNt.J)N]]$/LN('UN,ГN)+ :I. {v~ (~N'-Г1 ) ll(du)_s-
- i=1 Е . rN(u) 

1 

м 

<( E/ 2)+.(f / 2) .~ ( /l(du)=( c / 2)+(c / 2)1LN(ГN )~с 
1=1 Е . 

1 

u s ing (17) and the fact that l(x 1 ,Г . )lM was an с / 2 -code . 
1 1= 1 

Remark 1. The above proof modifies the proof of Theorem 4 
in / 3~ and extends that the orem to tra n smission o f stationa r y 
non-ergodic source s. Gray and Ornste r n used ergodic ity of the 
source and the Shannon-HcMillan theorem in order to choos e the 
sets ГN as in (16) and (17) consisting of source N-tuples 
typical of the source in the sense of entropy . We see that th is 
typicality does not play any role in the proof, in particula r, 
the above proof does not make explicit use of the Sha nnon
McMillan theorem (see 161, рр.67-70 for more on this po int). 

Lemma 2. Let ('tJ,Il] Ье а stationary source and (Х v ~] 
а stationary, d-continuous, and САВI channel. Let IF;I;= Ье 
any sequence of Ьlock coding functions FN: 1JN .. XN. Let 

1
/l Fr/ v 

denote the corresponding sequence of joint input/output dis
tributions. Then 

sup lim sup R (ILFN1 v; f,N)::; H•(ll) + h(v). 
O<f<l N-+oo 

6 

( 18) 

" 

1 

t 

Proof. It suffices to prove that for any R>H•(Il)+h(v)the 
left-hand side of (18) is not larger . than R, :Choose R1,R

2
>0 

so that 

н•(ll) < R 1 • h(v) < R2, R1 + R2 < R. (\9) 

It follows from the first inequality in (19) that there is 
а sequence 1 CN 1;= 1 of sets CN С 'liN such that 

Prob ( UN t;; CN] -+ 1 (20а) 

and 

R(CN) • N-
1

log 11 · CN 11 : ~ R1 (20Ь) 

when N is large enough . It follows from the second inequality 
in (19) that for a,ny xt;;;~I t_here is а sequence \F-~1;'= 1 of 
sets F~c~N such that 

Prob [ (У 1 х) N t;;; F ~] -+ 1 (2\а) 

and, f or N l arge enough, 

R( F~) = N-
1

log 11 F~ 11 ~ R2 ! (21Ь) 

where th i s latter bound works uniformly in х (this follows from 
the f act s that ~ 1 ) is d-continuous and САВI; cf . Theorem 4 
i n 151, and is the only place where we employ the CABI property). 

Let EN = FN(CN)• N= 1 ,2, ... , where the FN .. s are the given 
Ьl ock c oding functions. Then it follows from (2Оа,Ь) that 

Prob [ xN' EN 1 = Prob [ ( FN u )N (; FN ( CN)] ~ Prob [ uN t;;; CN J • 

hence 

Prob [ XN t;;; EN] -+ 1 (22а) 

a nd, whe n N i s l a r ge enough, 

R( EN )(:;: R ( CN )) ~ R1 , (22Ь) 

where x N = ( FN U)N • . 
Let у> О Ье small enough in order we have also R 1 +R2 +y<R. 

It fo llows from (2 1а,Ь) and from Lemma 3 below that there i s 
а sequence 1 Г N 1 ;' = 1 of sets ГN С ~N such that 

R( ГN)::; R
2 
+ у , N = 1, 2, ... нnd (2За) 

7 
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Prob[(Yix)Nc;;ГN] .... 1 (23Ь) 

as N ... ос for any х с;; :Х: 1 о Now consider the sequence of direct pro
ducts IENxГN IN'"" 1o Ву (23а) and (22Ь), and Ьу the third inequa
lity in (19), 

11 EN х ГN 11 ~ ехр2 [N(R1 + R2 +у)]< 2NRO (24) 

At the same time, 

- - N N - 1 Prob[(FNU,YIFNU) GEN xГN]"" ( 11 (ГNix)llFN (dx)= 
[ Ef~] 

J 11N (ГN 1 FN (u)) 11Cdu) ~ J 11N (ГN 1 FN(u)) 11 {du), 

[FN1EN] ~ 

where for а set Ее &n, [Е]= 1 xG &1 : xn G Е lo Ву (20а) and (23Ь) 
- - N we have from this Prob[(FNU,YIFNU) c;;EN xГN] .... 1, ioe., 

(11FN 1 11)N(ENxГN) .... 1 as N-ooo 0 (25) 

It is clear that the inequality 

lim sup R ( 11 F N 111 ; с , N) < R (26) 
N-ooo 

follows from (24) and (25). Since с has been chosen arbitrarily, 
and since R has been chosen arbitrarily subject only to the 
condition R>H*( 11 )+h(ll), (18) is in turn implied Ьу (26). 

LеПШlа 3. Suppose for any х с;; :Х: 1 there is а sequence 1 F х 1; _ 
such that for any N large enough R ( F;) :5 R2 for all xt;;~f anJ 
Prob[ (~ 1 x)N с;; F J1 -о 1 _ as N .... оо. Let у> О Ье arЬitrary. Then there 
is а sequence IГNI;'""l..such that R(ГN)::;R2 +y and Prob[(Yix)Nc;; 
с;; ГN] ... 1 for any х с;; :t I о . 

Proof . For any х с;; ~I let R; denote the infimum of rates R 
such th.at inf\Prob[(Yix)Nc;;~N'GN]:R(GN)::;RI-oO 
as N ... оо о Our assumption entails that sup 1 Ri: х с;; :Х 1 1 ~ R2 < R2 +у. 
As Ziv (cf. 191, Section II) we 1construct а s equence IГNIN'. 1 
such that R(Г.N 1 ·:::; R2 + у о In fict, we can construct а sequence 
IDN1; "" 1 of Ьшаrу block code books BNc~ 2N(R2+Y)(~=I0,1I), 
where each BN contains the vector (O, ••• ,o) . of length 2N(~ +у) 
indicating an encoding error. Let ФN denote the corresponding 
Ьinary Ьlock coding function, and let ГN = 1 у с;; ~N : ФN (У) i О 1 о 
Then R(ГN)SR(BN) for each N. Since R2 +y>supiR;:xc;;X 1 1, 
а slight modification of the proof of theorem 2 in i'91yields 
that Prob[(Yix)Nc;;~N ГN] .... О for any xt;;:X 1 , and we are done. 

8 
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Corollary 4. Let the hypotheses of LeПJila 2 prevail. Let 
--1 

ТfN=Тf(!lFN ,v) (cf. (7)) . Then 

sup limsupR(7]N;t,N)::;H*(!l)+h(v). (27) 
О<с<1 N-ooo 

Remark 3. Note that (27) is not а bound to the output rate 
of the channel v, for we do not have а fixed input process 
which is being "transmitted across the channel. Nevertheless, 
subsequent considerations will show that (27) will enta{l an 
appropriate version of the Ьlock transmission theorem for the 
sequence 1.,.,N1;.1 and а second d-continuous stationary channel. 

Choose E>U and find N0 so large that (14) is true with t/4, 
For N ~ Na, the block coding functions FN are defined as in 
LеПШlа 1, for N::;N0 .!..1et FN: 'UN .. :'X'(1)N Ье an arbitrary шар- ' 
ping, Let 77No'f/(11FN~v( 1 ) ). Then 

sup lim sup R(77N; 8,N) ~ H*(!l) + h(11(1)). · 
0<8<1 N-+oo 

Let us choose R >О and then у> О so small tha 

H*(~t) + h(11( 1)) < R -у< R < C*(v(2)). · 

(28) 

(29) 

This is possiЬle Ьу (12) (for К= 2). Since 11(2 is d-conti
nuous, and since R<C*(11(2)), as in the proof oi>LeПШla 1 we find 
an N1 such that for anyN~N 1 there exists а (<2NR:>,N,t/4) 
channel code \(х(2)1 ,Г(2)1 ): 1:51:5<2NR>I for the channel 
11(2) . • Using the first inequality in (29) and (28) we find an 
N2 such that for any N~N2 there is а set ГNC'!J(l)N with 

R ( Г N ) = N - 1 log 11 Г N 11 :5 R - У (30) 

and 

N --1 N 
7]N(ГN )=[7](/lFN , 11(1))] (ГN)> 1-с/4. (31) 

Ву (29) and (30), if N ~шах IN0 ~N1 .~ 1 then there are again 
more codewords in the channel code than in the source code. 
Proceeding exactly as in the proof of Lemma 1, for any such N 
we find Ьlock coding functions JN: ~( 1)N .. :X(2)N, LN: '!J(2)N .. '!J( 1)N 
such that 

Prob[(YI FNu)N# LN[(YIJN(YI FNU))N]] <t/2 о · 

Recall that at the same time 

Prob [ U N-' HN[(YI FN U)N]] < t l 2. · 

(32) 

(33) 
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,. Lеппnа 5, Let А, В Ье finite sets, and let F: А ... В. Let Х, 

Х: П ... А and U : П ... В Ье random variaЬles defined on the same 
probaЬi 1i ty space (П 5, Р). Sup1iюse Р [ Х = Х] > 1- 8 and 
P[FoX=U]> 1-l, Then P[F 0 X=U]>1-(н8). 

.... " " Proof. S~nce [U=FoX]n[Fo.X .. FoX]C[U=FoX]and [Х=Х]С 
С [ F оХ= F оХ] , thE;.. union bound for the complements of events 
[U=F 0 X] and [Х=Х] gives the desired result. 

Let us define, for N?. max IN0 ,N
1 

,N
2 

1. · 

FN: '\JN ... :X(t)N ( cf.Lemma1); 
(1) Q 1 N ",. N 

К N = J N : .:1 ( 1 )N -+ .А ( 2) ; (34) 

GN = HN oLN: ~(2)N-+ 'UN • 
' 

where HN is the decodin~ function from Lеппnа 1, and JN , L N 
have been defined so th~ (32) is_ valid_. Take А=~ ( 1)N ,, В = 
= 'lJN, X=(Y\FNU)N , X=LN[(YIJN(Y\FNU))N] , U=UN, F= 
= HN• and l=B=l / 2 in Lеппnа 5. Then (32), (З3), (34), and 
Lеппnа 5 imply that Prob[UN-'GN[(YIJN(YIFNU))N]]<l, and the 
proof of our theorem is complete. 

5. CONCLUSION 

Let us close Ьу pointing out several open proЬlems. There 
is а gene~al proЬlem always met in Shannon theory, narnely, to 
find calculaЬle forrnulae fo r the inforrnation quant rties invol
ved in coding theorerns . The channel entropy can Ье calculated 
directly frorn the definition only in rather special cases 
(e,g., for the binary syппnetric channel). 

In the paper we followed the tradit iona l approach of separa-
ting source and channel coding proЬlerns. That is, а good joint 
source and channel code was constructed frorn а good source code 
and а good channel code. It is of interest to consider Kieffer's 
weak channel codes for that purpose. 

Finally it would Ье desiraЬle to have also sliding-Ьlock 
and zero-error stationary transrnission theorerns in our setup. 
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В Объединенном институте ядерных исследований начал 

выходить сборник "Hpamкue сообщения ОИЯИ". В нем 

будут помещаться статьи, содержащие оригинальные научные, 

научно-технические, методические и прикладные результаты, 

требующие срочной публикации. Будучи частью "Сообщений 

ОИЯИ", статьи, вошедшие в сборник, имеют, как и другие 

издания ОИЯИ, статус официальных публикаций. 

Сборник "Краткие сообщения ОИЯИ" будет выходить 
регулярно. 

The Joint Institute for Nuclear Research begins puЫi
shing а collection of papers entitled JINR Rapid Communi
aations which is а section of the JINR Communications 
and is intended for the accelerated puЫication of impor
tant results оп the following subjects: 

Physics of elementary ·particles and atomi c nuc)ei. 
Theoretical phys ics. 
Experimental techn iques and methods . 
Accelerators. 
Cryogenics. 
Computi ng mathemat i cs and methods. 
Soli d state physics. Liquids. 
Theory of condenced matter. 
App1ied resea rches. 

Being а part of the JINR Communications, the .artic1es 
of new collection 1ike а11 other puЫications of 
the Joint Institute for Nuclear Research have the status 
of officia1 puЫications . 

JINR Rapid Communications wi 11 Ье i ssued regul .ar1y . 
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