Information Transmission in Brief

Term

Discrete Random Variables (DRV) System

Continues Random Variables (CRV) System

Self-Information

Ixi= - Logy p(Xi) b-unit of information

Ixi= - Logp f(X)  b-unit of information

Information Units

For b=10 (Hartley unit), b=e (natural unit or Nat.), and the most common

base is b=2 (Bit). For unit conversion ( Znis=L0ogz/Log2 = Lnz/Ln2)

Source Entropy

H(X) = E[li] =Ixi= — ¥, P(x;) LogP(x;)

H() = E[k] =Ixi= — [7_ f(x). Logf (x)dx

Ley = Iy — Iyy = —Log p(x) + Log p(x|y) = Log ——= p(xly) Ley = L — Iy = —Log f(x) + Log f(x|y) = Log f&1y)
Mutual Information _ ~ ~ P(}’| X) f]E }(’TJ)C)
Ix:y = Iy - Iy|x = —LOg p(y) + LOg p(ylx) - Log p(y) Ix'y = [y Iylx = Log f(y) + Log f(ylx) = g f( )
A Mutual p(xlly p(yjlxi) f(x]y) fxly)
Information | | = 2 Za P(uy)) Log =125 = By B P (61, ) Log =07 f ff(" Y)-Log =z dxdy = f jf(" V)-Log Tz iy dxd

— 00

Receiver Entropy

Hy)= — X, P(y;) LogP(y))

HX)=— [ f().Logf ()dy

Conditional Noise H(y|X) = - Zx Zy P(xi'yj) Logp(yjlxi) H(y|X) = - f_oooo f_oooo f(xr }/)LOQ f(ylx) dXdy
Entropies | | osses | H(xly) = — X %, P(x0y;) LogP(x1yy) Hixly) = - [0, J2, f(x,¥). Log f(x]y) dxdy
o o™ | HoY) = — By Ty P(x1,3)) LogP (i) Hxy) = - % [ F (o y).Log f(x,y) dxdy
Useful Relations I=H(y)-H(y|x) , H(Xy) = H(x) + H(y|x) , H(x,y) =I + H(y|x) + H(X|y) The units for all H and | are bit/symbol
(Prove them?) I=H(X)-H(xly) . H(x,y) =H(y) + H(xly) , H(X,y) = H(x) + H(y) - |
P(yjlx;) = P(x;ly;) =1 for i=j then H(y|x) = H(xly) =0and H(X)=H(y)=H(x,y) = |

Noiseless Channel

= 0 for i#j

( no error in the channel)

Maximum source
entropy

Hmax(X)= LogM, with P(x;) = 1/M, for all x;
M= No. of source symbols

—(x=%)?/20?

_ > ) 1
Hmax(X)=logv2meo?, with f(x)= pore
(i.e the pdf of CRV is Gaussian or Normal)

Source efficiency

n = (H(x)/Hpyqa(x)).100% and Redundancy = (1-17).100% , (both H(x) and Hmax should have the same units)

Capacity of channel

For symmetric, where the rows contents of p(y|x) matrix are the same
C=lmax= Hmax(y) — Hy|X) with Hmax(y) = LogN and N= No. of
received symbols and H(y|x) = — X, P(y;lx;) LogP(yj|x;)

For non-symmetric channel, one should derive I=f(p(xi)) with respect
to source symbol probabilities {p(xi)} to find {pm(xi)}

Assumptions : Source and noise are:
Gaussian with zero means, the channel
is additive (i.e. AWGN), S=signal
power, N=Noise Power, B=channel
Bandwidth, No=One sided power
spectral density of AWGN

C=Logz(1+ S/N) bit/symbol
Ci=2.B.C

C=B. Logz(1+ S/N) bit/sec(bps)
Ci=B. Logz(1+ S/B.No)

Channel efficiency
and redundancy

n = (1/C).100% Redundancy = (1- 7).100%

Spectral Efficiency = Cr/B: Lng(1+ S/N) (bit/sec/Hz)
n= (Actual Rate/ C,).100% Redundancy = (1- 7).100%




