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Explanation 
Term or 
Formula 

family of random variables X(t) 
stochastic 

process 

T = {0, 1, 2, . . .} or T = [0,∞) index set T 

Range of possible values for 𝑿𝒕 state space 

variable that takes on its values by chance 
random 

variable X 

a set 𝛀 whose elements 𝝎 correspond to the possible outcomes of an 
experiment 

sample 
space 𝛀 

 

 

 

Events 

 
probability 

space 

 

 

the law of 
total 

probability, 

 

distribution 
function of X 

 
Discrete X 

 

probability 
mass 

function for 
X 

 
Continuous 

X 



 
 

 

probability 
density 

function for 
X 

 

 

distribution 
function of X 

 
If X is a discrete random variable 

the 
expectation 

of g(X) 

 
If X is continuous 

the 
expectation 

of g(X) 

 
If X is a discrete random variable 

mth 
moment of X 

 
If X is continuous 

m=1 in  mth moment of X 

mean or 
expected 
value of X 

( ) 

 

variance of  
X 

(  ) 



 
 

 

 

Bernoulli 
Distribution 

(with 
parameter 

p) 

 

 

 

 
 

Binomial 
Distribution 

(with 
parameters 

n and p) 
 

 ,   

 

Poisson 
Distribution 

(with 
parameter k 

> 0) 

 

 

Geometric 
Distribution 

(with 
parameter 

p) 

 

 ,  

Uniform 
Distribution 

 

 

,  

Exponential 
Distribution 

(with 
parameter 

𝝀 > 0) 

 

memoryless 
property 



 
 

 

hazard rate 
or failure 
rate r(s)  

 

,  

Gamma 
Distribution 

(with 
parameters 
𝜶 > 𝟎, 𝝀 > 

0) 

 

 joint 
distribution 

function 

 

 

 

(joint) 
probability 

density 

 

  

(joint) 
probability 

mass 

 

marginal 
density 

function of X 

 

marginal 
distribution 

function of X 

 

marginal 
density 

function of Y 

 

marginal 
distribution 
function of Y 



 
 

 

marginal 
mass 

function of X 

 

marginal 
mass 

function of Y 

 

covariance 
of X and Y 

 

X and Y are 
said to be 

uncorrelated 

 

correlation 
coefficient 

 

Normal 
Distribution 

(with 
parameters 

𝝁 > 𝟎, 𝝈𝟐 > 
0) 

 
Cdf: 

 

standard 
normal 

distribution 

𝝁 = 𝟎, 𝝈𝟐 =
𝟏 

 

The joint 
normal (or 
bivariate 
normal) 

distribution 
for random 

variables 
X, Y  

 

Moments 
−𝟏 < 𝝆 < 𝟏 



 
 

𝝆 
correlation 
coefficient 

 



 

Explanation 
Term or 
Formula 

 

 

conditional 
probability 

mass 
function 
𝒑𝑿𝒀(𝒙|𝒚) 

of X given Y 
=y 

 

law of total 
probability 

" The 
marginal 

distribution 
of X" 

 

the 
conditional 
expected 

value of g(X) 
given Y = y 

 

 

The law of 
total 

probability 
for 

conditional 
expectation 

 

conditional 
probability 

density 
function 

𝒇𝑿𝒀(𝒙|𝒚) for 
the random 
variable X 

given that Y 
= y 

 

The 
conditional 
distribution 
function for 
X given Y = y 

 

the 
conditional 
expectation 
of g(X) given 

that Y = y 



 

 

The law of 
total 

probability 
for 

conditional 
expectation 

 

 

conditional 
distribution 

function 
 

 

 

 

conditional 
probability 

density 
function  

 

The 
conditional 
expectation 

of g(X) 

 

the law of 
total 

probability 

 

The 
Moments of 
a Random 

Sum 

 

the 
probability 

density 
function for 

the fixed 
sum 

𝝃𝟏 + 𝝃𝟐 +⋯
+ 𝝃𝒏 



 

 
given that N = n ≥ 1. 

marginal 
density 

function of 
X= 

𝝃𝟏 + 𝝃𝟐 +⋯
+ 𝝃𝒏 

 

Law of Total 
Variance 

For n=0,1,..., 

 

stochastic 
process {X,,; 
n = 0, 1.... } 

is a 
Martingale Extension: 

 

  

 



 

Explanation 
Term or 
Formula 

 

 

A Markov 
process {𝑿𝒕} 

 ) Discrete ) 

 

 

one-step 
transition 

probability 

When the one-step transition probabilities are independent 
of the time variable n 

 

stationary 
transition 

probabilities 

 

 
 

Markov 
matrix or 
transition 

probability 
matrix 
of the 

process 

 

 

 

 

 

The n-step 
transition 

probabilities 
of a Markov 

chain 



 

 

 

 

𝑷𝒊𝒊 = 𝟏 
i is absorbing 

state 

 

Absorbing 
Markov 

chain 

 

Time of 
absorption, 
(or hitting 
time, or 
reaching 

time) 

 

 

The 
probability 

that the 
Markov 

chain ends in 
state 0, 

starting from 
state 1 

 

 

The 
expected 

(mean) time 
for 

absorption, 
or mean 

hitting time, 
starting from 

state 1 

 

 

The case of 
four state 
Markov 
chains 



 

 

 

 

 
I=0,1,2 

 

 

 

A one-
dimensional 
random walk 

 

 
 

The designation "random walk" seems apt, since a realization of the 
process describes the path of a person (suitably intoxicated) moving 

randomly 
one step forward or backward. 

the 
transition 

matrix of a 
random walk 



 

 

 
 

where X,, is player A's fortune at stage n 

Gambler 
Ruin 

 



 

Explanation 
Term or 
Formula 

 
when raised to some 

power k, the matrix Pk has all of its elements strictly positive 

 

 

 

Markov 
chain, is 

called 
regular 

limiting 
probability 
distribution 

 

 

 

 

 

 
 

Long run 
mean cost 

per unit time 

 



 

Explanation 
Term or 
Formula 

 

 
 

The Poisson 
distribution 

E(X)=𝝁 , VAR(X)=𝝈𝑿
𝟐 = 𝝁  

 

Poisson 
process  

 

 

 

nonhomoge
neous or 

nonstationar
y 

Poisson 
process 



 

 

A compound 
Poisson 
process 

 

 

A marked 
Poisson 
process 

 



 

Explanation 
Term or 
Formula 

 

 

continuous 
time, 

discrete 
state, 

Markov 
processes 

 

 pure birth 
process 

 

 

𝑷𝒏(𝒕) 

 

 

 

pure death 
proces 



 

 

 

pure death 
proces 

 

𝑷𝒏(𝒕) 

 



 

Explanation 
Term or 
Formula 

is an example of a continuous-time, continuous-state-space Markov 
process 

 

Brownian 
motion 
process 

 

 

 

 

 

 
 

Brownian 
motion with 

diffusion 
coefficient 

𝝈𝟐 



 

 

 

standard 
Brownian 

motion 

 

covariance 
of the 

Brownian 
motion 

 


