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12.1 (handwritten)





12.2 not starred.

12.3 Show that H (X,Y) = H (Y) +H (X∣Y).

P (xi,yj) =P (xi∣yj)P (yj), and
∑
x
P (xi,yj) =P (yj), so

H (X,Y) =∑
x,y

P (xi,yj) log
ͩ

P (xi∣yj)P (yj)

=∑
y
[∑

x
P (xi,yj)] log

ͩ
P (yj)

+∑
x,y

P (xi,yj)
ͩ

P (xi∣yj)
=H (Y) +H (X∣Y)

12.4 a) Hͪ (G∣S) = ∑x,y P (x,y) log ͩ
P(x∣y)

G P (G∣S = ͨ) P (G,S = ͨ) log ͩ
P(G∣S=ͨ) P (G∣S = ͩ) P (G,S = ͩ) log ͩ

P(G∣S=ͩ)

1 0.1 ͨ.ͨͭ × ͫ.ͫͪͩͱ 0 0
2 0.1 ͨ.ͨͭ × ͫ.ͫͪͩͱ 0 0
3 0.05 ͨ.ͨͪͭ × ͬ.ͫͪͩͱ 0.05 ͨ.ͨͪͭ × ͬ.ͫͪͩͱ
4 0.45 ͨ.ͪͪͭ × ͩ.ͩͭͪ 0.25 ͨ.ͩͪͭ × ͪ
5 0.2 ͨ.ͩ × ͪ.ͫͪͩͱ 0.3 ͨ.ͩͭ × ͩ.ͯͫͯ
6 0.1 ͨ.ͨͭ × ͫ.ͫͪͩͱ 0.2 ͨ.ͩ × ͪ.ͫͪͩͱ
7 0 0 0.2 ͨ.ͩ × ͪ.ͪͫͩͱ



Sum the H(G |S) rows and we get 2.1807.
b) Iͪ (S;G) = Hͪ (G) −Hͪ (G∣S)
Calculate H(G) and then subtract part a’s answer.

12.5 Binary erasure channel
P (ͨ) = P (ͩ) = ͩ

ͪ(ͩ − α)
P (E) = ͩ

ͪα + ͩ
ͪα = α

H (Y) = ͪ ͩ−α
ͪ log ͪ

ͩ−α + α log ͩ
α

= (ͩ − α) log ͪ + (ͩ − α) log ͩ
ͩ−α + α log ͩ

α

We can rewrite this as:
= ͩ − α +ω (α)
Note that theω (α) term is the same as the conditional entropy below.
H (Y∣X) = ͪ × ͩ

ͪ [(ͩ − α) log ͩ
ͩ−α + α log ͩ

α + ͨ log ͩ
ͨ] = ω (α)

Thus, Cs =max I (X;Y) = H (Y) −H (Y∣X) = ͩ − α


