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Lecture topics
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} Mathematical analysis:
} limits and convergence
} convexity

} Probability:
} Basics on probability, random variables, distribution,
} Chain rules and conditional probabilities,
} Mathematical expectation,
} Law of large numbers velikih števil

} Nekaj mat. neenakosti
} Jensen‘s inequality,
} Gibbs‘ inequality



Exponential function
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} Exponential function:

Odvod:



Logarithm
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} Natural logarithm:

} Connection for basis:



Properties of logarithm
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} Some properties:

} Inequality:                     ,  equality exactly when
Not valid if 

} Derivation:



Limits and convergence
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Example: Limes of  xlnx
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L’Hospital’s rule



Convexity
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Convexity and derivatives 
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Probability
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} Events and probability spaces
} Basic properties for probability,
} Bayes‘ rules,
} Random variables
} Distribution for random variables, 
} Joint and conditional distribution,
} Mathematical expectation,
} Law of large numbers



Probability spaces and outcomes
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Stefan Nilsson
Pencil



Venn diagram
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EXAMPLE Illustrating the Addition Rule
Suppose that a pair of fair dice are thrown.

a) Let E=“rolling a seven”, compute the probability of 
rolling a seven, i.e., P(E).

b) Let E=“rolling a two ” (called ‘snake eyes’), compute 
the probability of rolling “snake eyes”, i.e., P(E).

c) Let E = “the first dice is a two” and let F = “the sum of 
the dices is less than or equal to 5”.  Find P(E or F) 
directly by counting the number of ways E or F could 
occur and dividing this result by the number of 
possible outcomes. 
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Possible outcomes
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Answers

• a) P(E) = N(E)/N(S) = 6/36 = 1/6
• b) 1/6
• c) N(E) = 6, N(F)=4+3+2+1 =10,
• N(E and F) =3 , so N(E or F) =13



Probability – some properties
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} Conditional probability is probabilty that given that event A
happened event B happens

}

} Bayes‘ rule: 
} Chain rules:

for A, such that                    . 
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Example - conditional probabilities

n A math teacher gave his class two tests. 25% of the class passed 
both tests and 42% of the class passed the first test.

What percent of those who passed the first test also passed the 

second test?

( , ) 0.25( | ) ( | ) 0.6
( ) 0.42

P Second FirstP A B P Second First
P First

= = = =
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Random variables- example

n Standard well-shuffled deck of 52 playing cards. Choosing the first
card taken from the deck induce random variable X and second 
card Y. 

n What is a probability that we get two aces assuming that the first
card is an ace, i.e.,

p(Y=ace | X=ace)= ?
Direct way: Since the first ace is chosen then we have 3 aces and 51 

cards left,   p (Y=ace | X=ace) = 3/51

Using conditional probability:  
4

2
2

( , ) 352 51( | ) 4( ) 51
52

p Y ace X acep Y ace X ace
p X ace

æ ö
×ç ÷
è ø

= = ×= = = = =
=



Example: Bayes‘ rule
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} Quiz with three doors (Monty Hall problem):
} 3 doors and behind one of these is award. The doors are denoted by 1, 2 in 3. 

Competitor selects one door. 
Quizmaster opens one door, not chosen by competitor. However, no award behind 
the opened door.

Example: if competitor selects door 1, then quizmasterpotem opens either door 2 
or 3, but not the one hiding the award.

Quizmaster offers to the competitor to change his initial choice. 

Competitor can keep the initial choice or select other door which has not been 
opened yet. 

} What is better:
a. Stay with the initial choice
b. Change the door
c. Does not matter



Random variables
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Random variables: discrete, continuous
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Functions using random variables
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Cummulative function of continous RV
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To find            w.  we need to differentiate           over over u



Joint and marginal distributions

UP FAMNITTeorija informacij24

Enes Pasalic


Enes Pasalic




Conditional distributions
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Independent random variables
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Mathematical expectation
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Law of large numbers
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Law of large numbers 
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distribution S1



Law of large numbers
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S1 S2 S3

S4 S10 S100



Law of large numbers
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This will be useful in proving AEP later, one of the 
most important results in information theory



Inequality
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} Jensen’ inequality
} Gibbs’ inequality



Jensen’s inequality
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Jensen’s inequality: meaning?
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Jensen’s inequality: example
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} Whiteboard (?):

} Average surface of 3 squares equals to A = 100m2. 
Average length  of the squares‘ side is  l = 10 m. 

} What can we tell about the surface of the largest square?

} Answer (MacKay book, page 35). Hint: What is interesting function 
f(x) here ? Is it convex, strictly ...?



Gibbs‘ inequality
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