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Lecture overview
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} Entropy of continuous random variables 
} Definition of entropy
} AEP for contnuous random variables
} Connection with the entropy of discrete random variables
} Entropy of  joint and conditional contin. random variables
} Properties for entropy of contin. random variables



Probability mass distribution
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Probability mass distribution - example
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Probability mass distribution – example II
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} Uniform distribution:

f(x) for a=0, b=3



Normal (Gauss) distribution
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Diferential entropy 
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} Entropy for  continuous RVs has similar properties as the entropy 
of  discrete random variables, though there are differences.



Differential entropy of uniform distribution
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} Probability mass distribution

} Entropy:



Differential entropy of normal distribution
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} Pprobability mass distribution X ~ N(0, σ):

} Entropy:



Joint probability mass distribution (optional)
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Joint probability mass distribution : independence
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English version: If X1, X2, . . ., Xn are mutually independent 
and  have the same distribution f(x) then



Multidimensional Gauss distribution (optional)
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Joint entropy for continuous random variables
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Conditional entropy
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Entropy of multidimensional Gauss distribution (opt.)
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Proof 
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} Proof: 
} pmf

} entropy 



AEP version for continuous random variables
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Definition of typical „volumes“ 
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AEP statemment
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AEP statement
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} AEP statement claims, that the minimal volume of typical subsets, 
that stands for whole probability, is approximately 2nh. 
Since this is n-dimensional space, this means, that one side of this 
„volume“ is of length  (2nh)(1/n) = 2h.  

} Diferential entropy can be interpreted as: 
It is logarithm of volume side of the least (hyper)subspace, 
which has almsot all probability. 

} Consequences: 
} Small entropy means, that the values of RV concentrated on a small subspace.  
} Large entropy means, that the values of RV are dispersed widely in the space. 



Quantization of continuous random variables 
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} There exists xi in any interval Δ, such that:

Probability mass distr.



Connection between entropy of contin. and discrete RV 
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} Quantized RV:

} Probability that

} Entropy of quantizied 
RV



Connection between entropy of contin. and discrete RV  

UP FAMNITTeorija informacij23



Quantization examples
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Relative entropy (optional)
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Mutual information 

UP FAMNITTeorija informacij26



Connection with discrete RVs
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Example (optional)
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Properties
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Properties II
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Linear transformations
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Maksimal entropy
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} Entropy of multidimensional Gauss distribution is largest 
among ALL entropies of  joint RVs having equal covariance 
metrix. 


