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Information transmission is always Lccompa.nied with no1~ 

induced errors. in order to derive information with a minimum 

error probabi ... , one has to insert extra bi ts ot ~.n!o.rmatl.o 

to the transmitted message. 

~'or the transmission rate 'Z. (bit/sec) in a band of width 

'Ii.I , signal energy f: and noise energy N0 Shannon obtained 

limit 

w 
"l ~ T eo~2 (1+ 2E/No). (1 

.For the case E « N , from (1) one can obtain imit for 
the transmission rate 

to their total number): 

(ratio of the number of useful bits 

'Z ~ ( E/N0 )/fn2. (2) 

The codes used in practice do not s aturate limits (1), (2). 

N.Sourlas i n his remarkable paper [1] pointed out t hat the 

r andom energy model with two colors [2.J] saturates t he limit 

(2) for the binary alphabet . 
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In the present paper we will prove that limit (2) actually 

ia achieved tor the alphabet with an arbitrary number of co­

lors Q. • Here we will use the solution of the random energy 

model tor the symmetry group l ( G.) with vector spin inter­

action [4] • 

Conaider the hamiltonian 

• O ·I 
H = 4- .. Re(jt ... ~p+Ji, ... ip)6i1 ... 6\p, 

1,L1< Le··· Lp 1 

Here 5t take the values exp( i.2!ir K/G.) , K • 1, Q • Let we 

want to remember the spin state 

6i =Si. 

hen at 

.o 

Jt, 
* * P! 

. = l .Si ... SLp -NP-? t.p 0 f 

we obtain that hamiltonian (.3) with constants (4) has a8 it 

ground state 6i = Si. with energy Jo N • This is a ferro­

magnetic phase. 
·' Srltoh on nonzero J,

1 
... ip with Ga.uaaian distribution 

(.3) 

(4) 

·' 2 P! e ((Ji., .. i.p)) = Np-1 J (5) 

Then, up to some critical. value J /Jo the total magneUzation 

ot the system will retain which then will vanish completely • . 
Via the gauge transformation Eq.(.3) can be reduced to the form: 

• 0 ·f 

H = E Re( J + h,···i.p)6t, ... 6ip (6 

4 

oo too 

< " I r r , n 00 LOO NG{G l) = n e:rr dQae -d.A g n ~ds ~dt -: al:1 Aal:,6a,-ta.) 
a. .:1 en a a. o.C 

-oo Cl.=t -too -oo - oo 

Using the replica method in the mean field approximation 

(exact in our case) we obtain ~ 
aare P P G.aC.11at 

-G= - 4-(n+.L G.ac)+ BJoL Sa. - 2.:: 2 -i:_ Sa.ta. + 
cJtll a. a~' a. 

(7) 
+ en Te exp [ t E ~ ag 6ci 6't + E 6<1 ta.] 

<l'FI: a. 

We will search :tor solution of (8) from the extremum condition 

(7) in the case o:t replica symmetry conservation 
. ~2 

2 2 2S OD - Cl 

-~f ::. 6 
4 

J CH{)+ ;11: ~d'f J e- zed-z tn ~1 exp (.PJ' cos(C/-!fK)+tcos~)+ 

p (Ci-f) (8) 
+ BJoS -st+ - 2-- -

Here 'f K = 2!1r/G. • 

At the extremum point 

B2 J2 P-i pq. =2 (9) 

BJo PSP-t = t 
(10) 

At 'j. • 1 we have 

.A.-00 1 t-- 00 + (11) 

-BF= BJo 
(12) 

At CJ,<1 A-0 according to (9). At ~ • 0 we obtain 

~ cos~K exp(tcosY'K) s = ~---=.:~--'--"'--~--f exp ( t cos'fK) 
( 13) 
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Q. =Se (14) 

Fii.t.::Uly, instead of (11), (12) we have 

t=O, q_=O, S=O ( 15) 

2 12 BF __ B_ + enQ 
-~- 4 (16) 

Now we consider the case o! replica symmetry breaking. Let 

n decomposes into n/m subgroups with rn copies in each. 

For such a one-step scheme o! replica symmetry breaking we have 

62J2 p p] BtJ2 1 ( - ITM J -~ = - ... [tm-1)q., - m~o 4 - 2 (m-1) q.,- olJ.o 
N 4 

.A, 
-y 

2SI oo 
2 

25C oo 

+ m~fC ~dtfo ~todz.exp(- ~0 )eni5l Jd'f1 ~?1 dz,x 
0 0 0 0 

x exp (-z~/2 )[~exp ( J~,- J.d z, cos ( g>1 - ~K) + 

t COS ':f K + .JJ:;: Zo COS ( ':f0 - '!K) ]m 

The case ~o < 'J.f is most interesting. This takes place at 

'l-o = 0 J 'J. 1 = 1 1 J. - 00 
/ S = 0 / t = 0 

BF BBc 
--~=-2-

Be= 4J2lnQ. 

We are interested in system behavior at B - 00 
• 

At J0 > ~c '2 Jena we have 

( 17) 

(18) 

(19) 

BF BBc --i:r- = -2- (20) 

s = 1 (total magnetization) (21) 

At Jo< JJfnQ
1 

BF BBc (22) 
-N =-2-

S= 0 (no magnetization) (23) 

By ideology of [1], Eq.(21.) corresponds to decoding without 

errors (the error probability is zero), and Eq.(23) - to that 

witli errors: 

't = N (PE/P!)=P! 

On the other hand, 

<J2> - P! 
J! - NP-1 fn Q. 

Thus we arrive at limit (2): 

E 1 
'Z.=-­

~o fnG 

Np-1 

It would be interesting to obtain limit (1) for the case 

E/No"'1 using model (3) with rare couplings. 

(24) 

(25) 

In conclusion, the author would like to express his grati­

tude to s.G.Jla.tinyan for the useful discussion. 
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