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Communications and Information Theory 

Computer Networks 

Solid State (Quantum Mechanics) 

Optics 

Control Theory 

Electromagnetics and Antennas

Random Models in ECE
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0 M a c h i n e Learning, B i g D a t a a n d s t a t i s t i c a l

P a t t e r n recognition



Systems that are too complex to model 
deterministically:          (Ignorance) 

Maxwell: Theory of Gases 

Boltzmann: Statistical Mechanics 

Systems that are inherently random: 

Games of Chance 

Quantum Mechanics 

Other “fundamentally random” systems.

Probability is Used to Model 
Uncertainty
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1 .4S e t t h e o r y
• why s e t theory?
• A random experiment: R o l l a f a i r d i e

-

I = { 1 , 2 , 3 , 4 , 5 , 6 }

• w e c a n d e f i n e eve n t s :

A, = { 1 , 3 , 5 3 = outcome i s odd

A z = outcome i s divisible by 3 = { 3 , 6 3

.

A s = " t " " " P " " = { " 3 ' s }



• E a c h eve n t o f interest i s a subset 1 . 5

o f
f = E l , 2 , 3 , 4 , 5 , 6 }

• T h e r e a r e 26 = 6 4 d i s t i n c t subsets

o f S .

Events :
• E v e n t s a r e subsets o f S .

• T h e collection o f a l l e ve n t s i s

called t h e event space:
F C S ) = { A , , A z , . . . , A 6 4 }
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1 .6O u r random experiment i s
completely charac te r i zed by

{ S
, F C S ) , P C . ) }

whe re

P C . ) : F C S ) → [ o i l ]

a n d assigns probabilities t o e a c h e v e n t

i n F C S ) .

T h i s f ramework - wi th minor modifications -

w i l l b e used t o descr ibe a l l o f t h e random

experiments i n t h i s c o u r s e .

A s o l i d understanding o f s e t theory w i l l be important.
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1 . 7Basicsettheorydefinitions

• A s e t i s simply a collection o f objects.
w e intentionally l e a v e th is undefined.

D e f f : I n
any given s e t problem,t h e s e t

containing a l l possible elements ca l l ed

t h e un iverse ,
t h e un ive rsa l s ,

o r

t h e sp-ace . w e typically denote i t

by S e .

n.be I n probability t h e universal s e t i s

typically t h e sample space S .



1 . 8Setoperations:

D e f y : T h e union o f t w o s e t s A a n d B ,
d e n o t e d A U B , i s d e f i n e d a s

AUBE {WES.' W E A o r WEB }

.se#.....te...FE.E.E...........
denoted A A B , i s d e f i n e d a s

A nBETWES: W E A a n d w e B }

t o e
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D e f f : T h e complement o f a s e t

A ( w i t h respect t o S ) , denoted

AT, A ' o r A C , i s d e f i n e d a s

⇐÷÷÷÷÷⇐÷÷
÷±:*."

elements.



T h e r e a r e 3 fundamental s e t operations 1 . 1 0

w e h a v e j u s t d e f i n e d :

Union : A U B E { W E S : W E A o r WEB}

Intersection: A-ABE {web: N E A a n d web }

Complement: f t E { W E S : wet A }

Th e s e a r e t h e th ree fundamental s e t
operations

,
b u t t h e r e a r e t w o o t h e r

" s e t d i f f e r e n c e operations" t h a t a r e

s o m e t i m e s u s e d :



1 . 1 1De f y : T h e setd i f fe rence o f t w o

s e t s A a n d B
,
d e n o t e d A - B

o r A r B , i s d e f i n e d a s

A - B = { W E S : W E A and W-4133.

= A n B-

Defy: T h e symmetric d i f f e r e n c e between

t w o s e t s A a n d B i s def ined a s

A D B = { W E S : W E A o r W E B ,

=

ca¥¥tah3.
= C A U B ) - ( A R B )

= . . . = (AND) U CANB )



I . 1 2

De f y : T w o s e t s A a n d B a r e

equate i f they c o n t a i n

exactly t h e s a m e elements.

"

F a c t : T w o s e t s A a n d B a r e equal
i f a n d only ' i f A C B a n d

B C A .

Proofe: Exerc ise



Algebra of Set Theory

1. A ∪ B = B ∪ A.
2. A ∩ B = B ∩ A.
3. A ∪ (B ∪ C) = (A ∪ B) ∪ C.
4. A ∩ (B ∩ C) = (A ∩ B) ∩ C.
5. A ∩ (B ∪ C) = (A ∩ B) ∪ (A ∩ C)
6. A ∪ (B ∩ C) = (A ∪ B) ∩ (A ∪ C)
7. A = A

8. A ∩ B = A ∪ B

9. A ∪ B = A ∩ B

10. S = ∅
11. A ∩ S = A

12. A ∩ ∅ = ∅
13. A ∪ S = S

14. A ∪ ∅ = A

15. A ∪ A = S

16. A ∩ A = ∅

" ±

Union i s commutation

Intersection i s commutative

- -

Union i s associative

Intersection i s associative

.

Intersection i s distributive o v e r union.

Un ion i s distributive o v e r
intersection.

. } D eMorgan's L a w s
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( U i s commutative)
( n i s commutative)

( U i s associative)

C A i s associative) u

l n i s distributive o v e r union) .

( U i s distributive o v e r n

}
DeMorgan's l a w s

} obvious ( ? )



12.1510
D e f f : A n i n d e xe d co l lec t ion o f

s e - t i s a s e t o f s

{ A i ,
i c - I 3 ,

where I i s a n i n d e x s e t .

• s o { A i ; i c - I } i s a "set o f s e t s "

o r a "family o f s e t s " o r a "collection
o f sets,"



I . 1 5sometypi.ca/indexSetsI:-

I N = { 1 , 2 , 3 , . . . } = natural numbers .

I t = { O , l , 2 , i . . } = non-negative integers

0 € = { . . . , - 2 , - I , O , l , 2 , . . . 3 = integers

I n = { o , l , Z , . . . , n - I }

I R = ( - • , t o o ) = r e a l l i ne



Example-i I = { I , 2 , 3 }

A , = [ o , I ] = { X E R : 0 E X E I }

a s - a s ,

" "

A z = [ 1 , 2 ]

&
{ A i ; i c - I } = { [ O , ' ] , [ 1 , 2 ] , [213]}

Exampled: I n o u r d i e rolling example,
I = { 1 , 2 ,3 , 4 , 5 , 6 3 .

w e h a d 2 6 = 6 4 possible subsets

{ A i ; i c -I } = { A , , A z , . . . , A 643

I = { I , 2 , 3 , . . . , 6 4 }

.


