
Standard Random Variables 
Notation: P{X} / P(X) ,   E[X] / E(X),  assume independent	and	identical	distribution	(iid).		Python:	np.random	 	 	 	 											Memoryless  𝑃(𝑋 > 𝑠 + 𝑡|𝑋 > 𝑠) = 𝑃(𝑋 > 𝑡). 

Discrete Distribution 

𝑋 ∈ 𝑁			
Categorical 𝑋~𝐶𝑎𝑡([𝑝!, 𝑝", 	. . ])	 →      	

PMF Prob. Mass Function 
Valid   𝑖. ∀𝑥# . 	𝑃{𝑋 = 𝑥#} ≥ 0    
𝑖𝑖. ∑ 𝑃{𝑋 = 𝑥#} = 1$

#%& 	(density	sum	to	1)	

CDF Cumulative Distribution  
𝐹'(𝑥) = 𝑃{𝑋 ≤ 	⌊𝑥⌋	}, 	1 − 𝑃{𝑋 > 𝑥},			
𝑃{𝑋 = k} = 𝑃{𝑋 ≤ 𝑘} − 𝑃{𝑋 ≤ 𝑘 − 1}				

𝑬[𝑿] =		
∑ 𝑥#𝑃{𝑋 = 𝑥#$
#%& }  

𝑽𝒂𝒓[𝑿] =		
𝐸[𝑋"] − 𝐸[𝑋]"  
LOTUS, 𝐸[𝑔(𝑋)] =
∑ 𝑔(𝑥)𝑷{𝑋 =( 𝑘}  

Bernoulli trial  
𝑋~𝐵𝑒𝑟𝑛(𝑝)			

𝑃{𝑋} = 𝑝, 		𝑃{𝑋+} = 𝑞		 𝑞 = (1 − 𝑝)  𝑝  𝑝𝑞   

Binomial                                 with replace 
𝑋~𝐵𝑖𝑛(𝑛, 𝑝)             
#successes	in	𝑛 𝐵𝑒𝑟𝑛(𝑝) trials 
𝑋~𝐵𝑖𝑛(1, 𝑝),	(0-1)	distribution	if	n=1 

𝑃{𝑋 = 𝑘} = 2!"3𝑝
"𝑞!#"		

𝑃{𝑋 = 𝑘} = 𝑝"𝑞$#"			
Normal	Approximation	
Poisson		
𝑛 → ∞, 	𝑝 → 0, 		𝜆 = 𝑛𝑝	𝑖𝑠	𝑚𝑜𝑑𝑒𝑟𝑎𝑡𝑒		

𝑛𝑝   𝑛𝑝𝑞        

Geometric / Negative Binomial 
𝑋~𝐺𝑒𝑜𝑚(𝑝), 		𝑋~𝑵𝒆𝒈𝑩𝒊𝒏(𝑟, 	𝑝)				        
....	in	𝑛 𝐵𝑒𝑟𝑛(𝑝) trials	until	1)*/r	successes 

𝑃{𝑋 = 𝑘} = 𝑞"𝑝, 												𝑘 = #𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑠		
𝑃{𝑋 = 𝑘} = 2𝐧#𝟏𝐫#𝟏3𝑞

"#$𝑝𝒓, 	𝑘 = #𝑡𝑟𝑖𝑎𝑙𝑠				
1 − 𝑞")$, 	𝑥 > 0			
⌈𝐸𝑥𝑝(𝜆)⌉	Approximation	

!
"
, 	 #⋅𝒓

"
		 (#'")⋅𝒓

"*
			

Poisson  

𝑋~𝑃𝑜𝑖𝑠(𝜆), 	𝜆 = 𝑛𝑝 > 0            memoryless 
#events	in	a	fixed	interval	of	time	t		

𝑃{𝑋 = 𝑘} = +!",#

"!
		

𝑃𝑜𝑖𝑠(𝜆𝑡)	𝑔𝑖𝑣𝑒𝑛	𝐸𝑥𝑝(𝜆)	as	waiting	time	interval	

by	def	 λ λ 

[Negative] HyperGeometric    no replace 
𝑋~𝑵𝐻𝐺𝑒𝑚𝑜(𝑤, 𝑏, 𝑛), 𝑡𝑜𝑡𝑎𝑙	𝑁 = 𝑤 + 𝑏       
#successes	in	𝑛	draws	/	until	𝒏	failures	

𝑃{𝑋 = 𝑘} =
.$#/0

%
&!#1

0$'%& 1
		

  /   𝑛𝑝 = 𝑛 2
3
			

𝑛 2
𝒃)𝟏

		

𝑁−𝑛

𝑁−1
𝑛𝑝𝑞		

		

Joint (X, Y) 
		 𝑓𝑋,𝑌(𝑥𝑖, 𝑦𝑖)	

= 𝑃𝑋,𝑌 #𝑋 = 𝑥𝑖, 	𝑌 = 𝑦𝑗$ 				
																							= 𝑃?@ 					

𝐹𝑋,𝑌(𝑥, 𝑦) = ∑ ∑ 𝑃𝑢𝑣
𝑗
𝑣=0

𝑖
𝑢=0 			

																				= 𝑃E,FI𝑋 ≤ 𝑥? , 𝑌 ≤ 𝑦@K			

Valid  

∑ ∑ 𝑃𝑖𝑗∞
𝑗=0

∞
𝑖=0 = 1					

  

		

Marginal (X) 
marginalize over another variable 

𝑓𝑋(𝑥𝑖) = 𝑃{𝑋 = 𝑥𝑖}			
= ∑ 𝑓E,F(𝑥? , 𝑦) = ∑ 𝑃?@H

@IJK 				
𝐹𝑋(𝑥𝑖) = 𝑃𝑋{𝑋 ≤ 𝑥𝑖} = 𝐹(𝑥𝑖, 	∞)				
															=	 ∑ 𝑓E(𝑥L)?

LIJ 				
∀𝑖, 𝑗. 	𝑃!" ≥ 0    

  

                                                                    



  

Continuous Distribution 

𝑋 ∈ 𝑅		
PDF Prob Density Function 
Valid  𝑖. ∀𝑥. 	𝑓((𝑥) ≥ 0  
𝑖𝑖. ∫ 𝑓#(𝑥)𝑑𝑥 = 1$

%$ 	(density	sum	to	1)	

CDF Cumulative Distribution 
𝐹'(𝑥) = ∫ 𝑓'(𝑡)𝑑𝑡	

(
+$ ,	complement,	LoTP		

𝑓'(𝑥) =
,
,(
𝐹'(𝑥)			

𝑬[𝑿] =			
∫ 𝑥 ⋅ 𝑓(𝑥)𝑑𝑥$
+$   

𝑽𝒂𝒓[𝑿]		
LOTUS, 𝐸[𝑔(𝑋)] =
∫ 𝑔(𝑥)𝑓(𝑥)𝑑𝑥(    

Uniform  
𝑋~𝑈(𝑎, 𝑏) = e+-.(/(-)		
a	completely	random	point	in	[𝑙𝑜𝑤, h𝑖𝑔h]   

𝑓𝑋(𝑥) = *
1

𝑏−𝑎
, 		𝑥 ∈ [𝑎, 𝑏]

0	, 		𝑜𝑡h𝑒𝑟𝑤𝑖𝑠𝑒
		 𝐹𝑋(𝑥) = +

0, 		𝑥 < 𝑎
𝑥−𝑎

𝑏−𝑎
, 		𝑥 ∈ [𝑎, 𝑏]

1, 		𝑥 > 𝑏
			

���
�
			 (���)&

��
		

Exponential  

𝑋~𝐸𝑥𝑝(𝜆), 	𝑟𝑎𝑡𝑒	𝜆 = !
2
> 0       memoryless 

waiting	time	between	2	successive	events  

𝑓𝑋(𝑥) = ,
𝜆	𝑒−𝜆𝑥, 		𝑥 > 0
0	, 		𝑜𝑡h𝑒𝑟𝑤𝑖𝑠𝑒

		 𝐹𝑋(𝑥) = ,
1 − 𝑒−𝜆𝑥, 		𝑥 > 0
0	, 		𝑜𝑡h𝑒𝑟𝑤𝑖𝑠𝑒

			 𝜃 = $
,
		

integrate	by	part	
𝜃2 =

1

𝜆2
			

/	tabular	

Pareto 

𝑋~𝑃𝑎𝑟𝑒𝑡𝑜(𝑠h𝑎𝑝𝑒 = 𝛼) = 𝑥3𝑒.(/(-)/𝑈
+!"						

cascade	events,	wealth,		𝑥3 = 1.	Loglinearity 

𝑓𝑋(𝑥) = ,
𝛼𝑥𝑚

𝛼 𝑥−(𝛼+1), 		𝑥 ≥ 𝑥𝑚
0	, 		𝑥 < 𝑥𝑚

   𝐹𝑋(𝑥) = *
1 − -𝑥𝑚

𝑥
.
𝛼
	, 	𝑥 ≥ 𝑥𝑚

0	, 		𝑥 < 𝑥𝑚
    ,

𝛼𝑥𝑚
𝛼−1

, 		𝛼 > 1
∞, 		𝛼 ≤ 1

      #𝑣𝑎𝑙𝑖𝑑, 	𝛼 > 2
∞, 	𝛼 ≤ 2      

Normal / Gaussian 
𝑋~𝑁(0,1) Standard  
  
𝑋~𝑁(𝜇, 𝜎")			
𝑛𝑜𝑟𝑚𝑎𝑙(𝑙𝑜𝑐 = 𝜇, 		𝑠𝑐𝑎𝑙𝑒 = 𝜎)			

𝑓𝑋(𝑥) = 𝑐𝑒−	
𝑥2

2 , 		𝑥 ∈ 𝑅, 		𝑐 =
1

√2𝜋𝜎
		

𝑓𝑋(𝑥) = 𝑐𝑒−	
(𝑥−𝜇)2

2𝜎2 = 𝑐𝑒−	
(
𝒙−𝝁
𝝈 )

2

2 			

Φ*(𝑥) = 𝑐 ∫ 𝑒'	
W*

* 	𝑑𝑥,
'- 		

 

Φ𝐗Y𝛍
	𝛔
(𝑧)  CLT;			Φ(z) = 1 −Φ(−z)	

𝜇		 𝜎2		
  

Beta  

𝑋~𝐵𝑒𝑡𝑎(𝛼, 𝛽) = 4(5,!)
7(8,!)97(:9!)

			
As	prior	for	Bayesian	

𝑓𝑋(𝑥) = *
1

𝐵
𝑥𝛼−1(1 − 𝑥)𝛽−1, 	𝑥 ∈ [0,1]
0	, 																											𝑜𝑡h𝑒𝑟𝑤𝑖𝑠𝑒

			
𝐵 = !(#)!(%)

!(#&%)
= (#'()!(%'()!

(#&%'()!
		 .

./0
		 .0

(./0)*(./0/#)
		

Gamma  
𝑋~𝛤(𝑘, 1),		shape	k≻0			
𝑋~𝛤(𝑘, 𝜆),		scale=1/λ≻0			
𝑌|𝑋~𝑁(𝜇, !

-	'
)				

𝑓𝑋(𝑥) =
1

Γ(𝑘)
𝑥𝑘−1𝑒−𝑥				, 𝑥 > 0		

𝑓𝑋(𝑥) =
1

Γ(𝑘)
(𝜆𝑥)𝑘

𝑥
𝑒−𝜆𝑥		, 𝑥 > 0		

𝛤(𝑘) = (𝑘 − 1)! 														, 	𝑘 ∈ 𝑁		
𝛤(𝑘) = ∫ 𝑒#`	𝑥"#$𝑑𝑥	, 	𝑘 ∈ 𝑅)	H

J 		
Γ(1, 𝜆) = 𝐸𝑥𝑝(𝜆),− '

(
log	(𝑈)  

1
2
  1

2*
  

Joint (X, Y) 
	 

𝑓𝑋,𝑌(𝑥, 𝑦) =
𝜕

𝜕𝑥𝜕𝑦
𝐹𝑋,𝑌(𝑥, 𝑦)				 𝐹𝑋,𝑌(𝑥, 𝑦) = ∬ 𝑓𝑋,𝑌(𝑥, 𝑦)𝑑𝑥𝑑𝑦𝐵

									
= ∫ ∫ 𝑓E,F(𝑢, 	𝑣)𝑑𝑢𝑑𝑣

K
#H

`
#H 		

Valid   	  
𝐹𝑋,𝑌(−∞,∞) = 1  	

 	

Marginal (X) 𝑓𝑋(𝑥) = ∫ 𝑓𝑋,𝑌(𝑥, 𝑦)𝑑𝑦
∞

𝑦=−∞
			 𝐹𝑋(𝑥) = 𝑃𝑋{𝑋 ≤ 𝑥} = 𝐹𝑋,𝑌(𝑥, ∞)	

														= ∫ 𝑓E(𝑢)𝑑𝑢
`
#H   	

∀𝑥, 𝑦. 	𝑓#,*(𝑥, 𝑦) ≥ 0   	  	

 


