



































































































































w rappingepthe ProbabilityRecap

Recall For a numerical random variable X he defined

expectation value or mean EX Efx PK X

variance VarCX ELIX EXT Exempted

E x2 Ex
2 P Bernoulli f Binomial niff

ex E f Neff
Var f l f m ff I f

Three results thatgive Efg ExY EICK ftthesemeaning f l f I f o f 4 fcl f

Tarkov inequality If 0 Pr Xslt E ETI Etot

Ef Pratt PG c PEI E E EE
a

xzt Htt

Vor X Lithhighprobability
WHP deviationfrom

Chebyshev inequality Pr X EXIZE ez mean

Ef ApplyMarkov to F X EX 4

HD mean µLaw of large numbers Suppose Xu Xm N P with variance go
Let I X t c Xn Then

Pr IE µ Is E E WHP empirical average
a expectationvalue

Ef EI p Var E Var Kit cXn 82 nos Chebyshev 4






































































































































Convex and concave functions 2 7
a oo or b 00

Suppose f I IR is function on interval I Cab alloced

we say f is convex if f ZO exp XZ
Concave if f E 0 Ft log Tx

Jensen's inequality Lef Z be a RV

If f is convex E f Z Z f EZ ie Pce f Zf EPA E
E z2

If f is concave E f Z E f EZD

If f 0 or f LO holds only if Z is constantto

Entropy 2.4

Entropy of a random variable CRV X with distribution P

HCA HCP PG log E4051 unit bit

0 Logto D always base 2

Eg Xn BernoulliCp binaryentropy log
H p log Cte 105 Is g

E 1011 i

pcocotte

o t Dp
Properties

H 20 Iff constant p.bg ZOV pET0iD iffp 0orp I

HEX E og Ex Paso E log Ax ApplyJensenwith f logand 2 p

HCA log Ax X'uniformly log p E log E p
random

with equality iff PIX Constant i e

Paso Pty o a PG Pb El











































































































































































































































































Empression adsymbol Codes C 5

Consider data source modeledby RV X Assume we k 0 distribution Px
E.g X could be a letter and we assumed PCA PengishG
How well can we compress

Today on Thursday we consider Symbol codes whichcompress one symbol
Geller sourcemessages at a time

one or morebits WANT

X Seo if I E X
compression decompression

60 Show that lossless compression one symbol at a time can achieve
HEX E LL HQ ft I wheeLL averagelengthofcodeword

atworst one more bit thanentropy

NOTATION Ste USN nonemptystringsover S
NII

IQ length ofstring west

Symbol code Cf A a oil for alphabet A

average length LCE P Lcd 2 PG KQED E l Ciaa
want to minimize XEA

extended code Cit At o 1St Cx xp QQ QCxp

Twoimportatdassesetcedes
Cl is called uniquelydecodableCUD if Tatted I

w Cit wi a w w Vw w EAT

CI is called a prefix code if no codeword QQ Bprefix of any other
Any prefixCode B UD


