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The identification coding theorem of Ahlswede and
Dueck [1] for single-user discrete memoryless channels
(DMC) without feedback states that the identification capa-
city of a noisy channel is equal to its Shannon capacity. The
identification capacity is the maximal iterated logarithm of
the number of messages divided by the blocklength whcih
can be realibly transmitted when the receiver is only
interested in deciding whether a specific message was
transmitted or not. The main result of [1] was a so-called
soft-converse result where the probabilities of missed and
false identification are required to vanish exponentially with
the blocklength. This paper shows that for any fixed pair
of probabilities of missed and false identification (whose
sum is less than unity), the identification capacity is upper
bounded by the Shannon capacity.

Let A and B be the input and output alphabets of a
noisy channel, and let Wi*)(- |z*) be the conditional distribu-
tion on B", given that the input is equal to the codeword
" € A",

The Ahlswede-Dueck [1] identification codes are defined
as

Definition An (n, N, ), x) ID
{(@s.Ds), @ = 1,...N} such that

1) Q. is a probability distribution (PD) on 4
2) bD,cB*

3)  QWMD)>1-% , e=1,.N

1) QWD) <y,

where we have used the notation for unconditional output
distributions:

code is a collection

for all ¢ = b

QW(D) = [ W(D |2)dQ(z)

The collection {Q,, a = 1,..N} will be referred as the code-
book, and each of its elements will be referred to as a codis-
tribution (as the counterparts to the codewords in a channel
transmission code are now distributions on the set of code-
words). The rate of an (n, N, X, \) ID code is defined as

%loglog N. The counterpart to the standard definitions of
achievable rates and capacity of transmission codes is

Definition R is a (), \,)}-achievable ID rate if for every ~
> 0 and for all sufficiently large n, there exist (n, N, X\, )
ID codes whose rate satisfies

iloglogN >R -~
n

The supremum of the (), Mo)-achievable ID rates is called the
(M, M)-ID capacity of the channel.
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The direct (positive) part of the identification coding
theorem holds for arbitrary channels:

Theorem 1. Fix 0< )\ <1, 0< )< 1, and denote A = min
{\, A}, For any arbitrary channel {Wi): 4» . Br 30 the
-capacity (in the maximal error probability sense) is a
(M, x)- achievable ID rate.

If either probability of error is allowed to be so large that
A+ X 2> 1, it is possible to sharpen Theorem 1 because then
any R > 0 is an (A, \;)-achievable ID rate. To see this sim-
ply choose Q) and D™ such that QW WDl =1 _ ,, and
construct an ID code where every codistribution and decod-
ing set are equal to Q™ and D™ respectively. Then,
Q. WED,) = 1—X, <), and therefore we have obtained
(n, N, M\, Ao) ID codes for all n and N.

In the nontrivial setting where », + ), < 1, the objec-
tive is to show the converse identification coding theorem
namely, that Theorem 1 cannot be improved. Such a result
has been shown by Ahlswede and Dueck [1] for discrete-
memoryless channels in the soft-converse version (a weaker
form than the weak converse to the Shannon theorem), in
which X\; and X, are required to decrease to zero exponen-
tially fast. The contribution of this paper is the strong con-
verse in Theorem 2 which, together with Theorem 1 and the
direct part of the Shannon Theory for DMCs (i.e., that
max /(P,W) is M-achievable for 0 < X < 1), implies that the

(A1, Ae) — ID capacity of a DMC is equal to its Shannon capa-
city if 0 < A+ < 1.

Theorem 2 Consider a discrete memoryless channel with
transition probability matrix W: A — B. If M < 1,
then the (A, \;)-ID capacity of the channel is upperbounded
by ¢ = mfz?xI(P,W).

The proof is an application of the achievability theorem in
the theory of approximation of output statistics developed
by the authors. The results can be generalized to channels
with arbitrary memory structure.
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