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Abstract - This is a tutorial survey of recent in- 
formation theoretic results dealing with the minimal 
randomness necessary for the generation of random 
processes with prescribed distributions. 

I .  INTRODUCTION 
Shannon Theory explores the fundamental limits on the size 

of codes that enable the reliable reproduction or transmission 
of information. Reliability is typically quantified by the prob- 
ability that the decoded message is equal to the original one, 
or by some measure of the distance between the original and 
decoded messages. 

In this paper we are not interested in the reproduction 
or transmission of information but rather in the generation 
of random processes with prescribed distributions, and asso- 
ciated problems. For example, we may want to simulate a 
“real-world’’ random process, or the response of a system to 
such an input. Random process generation is accomplished by 
adequately mapping a source of pure random bits. A key ques- 
tion that quantifies the “complexity” of the random process is 
the minimal randomness of the source of pure bits necessary 
to accomplish the task. As in conventional Shannon theory, a 
rich theory arises when some distance (often arbitrarily small) 
is allowed between the desired and the resulting probability 
distributions. To this end, several distance measures have 
been considered in the literature, such as variational distance, 
divergence, p-distance, etc. 

11. SOURCE RESOLVABILITY 
The resolvability of a source is defined [l] as the minimal 

number of random bits per sample it takes to reproduce the n- 
dimensional distributions with arbitrary accuracy as n tends 
to infinity. A general formula is shown in [l] for the resolv- 
ability of a source. For the special case of stationary ergodic 
sources and variational distance it is equal to the entropy 
rate. Reference [7] considers the problem of finite-precision 
resolvability where the approximation distance need not be 
arbitrarily small, and shows that for any information stable 
source D-resolvability is independent of D in the special case 
of variational distance. However, with less stringent approx- 
imation measures such as the Prohorov and pdistance, the 
D-resolvability is shown in [7] to  be given by the rate distor- 
tion function evaluated with a sample-path distortion metric 
derived from the distribution distance measure. 

111. CHANNEL RESOLVABILITY 
In system simulation, the objective is to induce the same 

output distributions as those that would obtain with a “real- 
world” input. The channel (or system) resolvability defined 
as the minimal randomness required to generate any desired 
input so that the output distributions are approximated with 
arbitrary accuracy. Naturally, the more “random” a system is, 
the lower its resolvability, as it does not pay to reproduce fine 
details in the input distributions. It is shown in [l] that the 
channel resolvability is equal to its capacity for most discrete 

channels (those that satisfy the strong converse). The com- 
plementary problem where the input is given but the channel 
is to be simulated is studied in [5], where it is shown that 
the minimal randomness required to simulate the system for 
a specific input is equal to the conditional entropy rate of the 
output given the input. 

IV. INTRINSIC RANDOMNESS 
A problem which is dual to source resolvability is the max- 

imal randomness rate that can be extracted from an arbitrary 
source. The intrinsic randomness rate of a source is defined in 
[9] as the largest rate of almost-fair coin flips that can be ex- 
tracted by a deterministic mapping of the source. For station- 
ary ergodic sources and variational distance the intrinsic ran- 
domness rate is equal to the entropy rate [9]. However there 
are nonstationary sources for which the intrinsic randomness 
rate is not equal to the minimal noiseless source coding rate. 
The more general problem of finite precision intrinsic random- 
ness is studied in [lo]. Using variational distance, [lo] shows 
that the finite precision intrinsic randomness rate is given, es- 
sentially, by the inverse asymptotic distribution of the entropy 
density. 
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