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Abstract - Let S ( N , Z )  be the sensitivity (cf. [1,2]) 
of the rate-distortion function (relative to the mean- 
square-error criterion) of a continuous- t ime st at ion- 
ary Gaussian process N = N ( t )  to non-Gaussian con- 
tamination Z = Z ( t ) .  We prove that for any entropy- 
regular process Z the equality S ( N , Z )  = S ( N , Z * )  
holds, where Z’ = Z * ( t )  is a stationary Gaussian pro- 
cess with the same autocorrelatioii function as Z .  An 
explicit expression for S ( N ,  Z )  in the terms of the spec- 
tral densities of N and Z is also derived. We also prove 
that S ( N , Z )  = 0 for any entropy-singular process Z .  
Similar results for discrete-time processes have been 
obtained in [1,2]. 

Let R D ( X )  be the rate-distortion function of a continuous- 
time stationary process X = X ( t )  relative to  the mean-square- 
error criterion. If X is Gaussian, then the rate-distortion func- 
tion RD (X) admits the well-known water-filling solution 

where fx(X) is the spectral density of X ,  and p is defined by 
the equation 

1: min { p ,  f x ( x ) )  = D ,  (2) 

if 0 < D < U’,  and R D ( X )  = 0 if D 2 U’ > 0, where 
U’ = varX(t). 

However, if X = X ( t )  is non-Gaussian, the problem of 
explicit evaluation of R D ( X )  is rather difficult. Therefore, it 
is of interest t o  investigate the asymptotic behavior of R D ( N +  
e Z )  as 0 + 0, where N = N ( t )  is a Gaussian process and Z = 
Z ( t )  is an arbitrary, independent of N ,  stationary continuous- 
time process, respectively. 

To formulate our main result we need the following defi- 
nitions. A stationary continuous-time process X = X ( t )  is 
called entropy-regular if for any -CO < A < 00, the discrete- 
time process X a ( k )  = X ( k A ) , k  = O , f l , .  . .  is entropy- 
regular (or a process with completely positive entropy) (cf. 
[23). Similarly, a stationary continuous-time process X = 
X(t) is called entropy-singular if for any -CO < A < 00, 

the discrete-time process X,(k)  = X ( k A ) ,  k = 0, f l , .  . . is 
entropy-singular [3]. Some properties (of entropy-regular and 
entropy-singular processes were pointed out in [4]. 

Theorem: Let N = N ( t )  and Z =: Z ( t )  be arbitrary in- 
dependent second-order continuous-time stationary processes, 
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and let N be a n  entropy-regular Gaussian process. If Z is a n  
entropy-regular process then the equality 

S ( N ,  Z) = S ( N ,  Z*) (3)  

holds. Moreover, in this case the sensitivity admits the expres- 
sion (for any D, 0 < D < U’)  

where p is defined by (2). If Z is an entropy-singularprocess, 
then for any D und 0 the equality 

R D ( N  + ez) = R D ( N )  ( 5 )  

holds, and, in particular, S ( N ,  Z )  = 0. 

Similar results for discrete-time processes have been ob- 
tained in [I, 21. It should be noted that  we can not directly 
apply the discrete-time results, mentioned above, to  prove the 
continuous-time counterparts because of the following reason. 
In our proof we essentially use the formula 

(where T(. ,  .) is the information per unit time) which has been 
proved only under some additional conditions on spectral den- 
sities of N ( t )  and Z ( t )  in contrast with discrete-time case 
where the analog of (6) is always valid if N is nonsingular 
process. Some sufficient conditions for (6) are known. For 
example, it holds if fz(X) = R(X)@(X), where R(X) is a ra- 
tional function and %‘(A) is a mesurable function, such that  
05 @ ( A )  I l f o r a l l X € ( - ~ ~ , o o ) a n d S ~ ~ I l n @ ( X ) I d X < ~ .  
To prove the Theorem in this paper we have a rather nontriv- 
ial proof that avoids some very strong additional restrictions 
on N and Z .  
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