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Binary erasure Channel
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Binary erasure channel

A binary erasure channel with erasure
probability p is a channel with binary input,
ternary output, and probability of erasure p.
That is, let X'be the transmitted random
variable with alphabet {0, 1}. Let Y be the
received variable with alphabet {0, 1, e},
where e is the erasure symbol. Then, the
channel is characterized by the conditional
probabilities

C=max 7{x;y)=max{Hy)- H (Wx)‘}

c 1191

Pr(Y=0| X=0)=1-p 0 0

Pr(Y=e| X=0)=p 1-p,

Pr(yY=1]1X=0)=0

Pr(Y=0| X=1)=0

Pr(Y=el X=1)=p

Pr(Y=1|X=1)=1-p

35
Example 1

P(y:O|X:100):1 /D(y:O|X:1O1):1 input{x) output{y)

P(y=0Ix=111)=1 P (y=1]x=000)=1 808 ! 1
To calculate capacity: a 186 '

b qgq F—"fyf

Let P (x=100)=a, P (x=101)=b, P (x=111)=c, PX=000)=T—(a+b+C)

H (s,

Since

P (y=0)=a+b+c, P (y=1)=1-(a+b+c)

H(Y)=—> p(y)l0g, p(Y,)
o P (y=1)*log P (y=1)
= —g*logg—(1-a)*log(1-a)

TNy VITIYY L Ny V)

n

H(Y[X) ==

i=1

2. P04, y;)log; p(y; [x)
j=1
H Y 1x)=0.

log, p(y;|%)=0

where g=a+b+c

36
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o xy)=Hy)- Hylx)=

di(x;y) _

1
d —logg—q——+log(1—q)+(1-q)
q qln2

Iog(l_—q)=O:q=—
q 2

[ (xy)=H (y)- Hylx)=

Thus
Formula:

C=max / (x;y)=1

7/15/2015

Example 1

H (y)= —a*loga-(1-a)*log(1-q)

—1ogl—d
a-q)ln2 log(=™)

H (y)= —a*loga-(1-a)*log(1-qg)=1
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P (y=1)=1-(a+b+c)=1-q
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P (y=0)=(1-p)(at+b+c)=(1-p)q

where g=a+b+c
P (x=000,y
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Example 2

y=1

Assumption: At most one error occurs from “1” to “0”

P (x=011[x=011)
P (x=101[x=101)
P (x=1101x=110)

1-p
1-p
1-p

H(Y) =3 p(y)log, p(y,)
j=1
=—(1-q)log,(1-a) - pglog, pq—(1- p)qlog(l- p)q

H(Y|X) =—Zn:i P(x.,y;)log, p(y; |x)

i=1 j=1
=—(1-q) Iogjl—ap log p—bplog p—cplog p
—a(l- p)log(1— p) —b(1— p)log(1l- p) —c(1— p)log(1— p)
=-gplog p—q(l- p)log(l- p)
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Example 2
C=max / (x;y)=max{H (y)- H (yIx)}
1(xy)= H(y)= H(ylx)
=-@-q)log,(1-q) - palog, pq— (- p)alog— p)q —[-gplog p—q(l— p)log(l— p)]
= ~(1-0)log,(1-0) - palog, p—palog, (- P)qlog(t- p)~ (1~ p)alogq-+qplag p-+q(L- p) og(L- p)

=—(1-q)log,(1-a)-pqlog, —(1-p)glogq

diy) . ~ 1 S I
T—log(l )+ q)(m plogq p% (- p)logq-( @qmnz

1
=log(1-q)—log(q) =0=q = 5

I1(x;y)=-0.5l0g0.5-0.5plog0.5—-0.5(1— p)log 0.5
=-0.5log0.5-0.5l0g 0.5
=1
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