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1. The cooperative capacity of a multiple access channel.
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Figure 1: Multiple access channel with cooperating senders.

(a) Suppose X; and X, have access to both indices Wy € {1,2""} W, € {1,2"f2},
Thus the codewords Xy (Wi, Ws), Xo(W1, Ws) depend on both indices. Find the
capacity region.

(b) Evaluate this region for the binary erasure multiple access channel Y = X; + X,
X; € {0,1}. Compare to the non-cooperative region.

2. Square channel.
What is the capacity of the following multiple access channel?

X, € {—1,0,1}
X, € {—1,0,1}
Y = X?+X:
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(a) Find the capacity region.
(b) Describe p*(x1), p*(x2) achieving a point on the boundary of the capacity region.
(c) What is the capacity if Y = X;X57?

. Cut-set interpretation of capacity region of multiple access channel.
For the multiple access channel we know that (R;, Ry) is achievable if

Rl < [(Xl,Y | XQ), (].)
R2 < I(XQ,Y ‘ Xl), (2)
Ri+ Ry < I(X1,XyY), (3)

for X7, X5 independent. Show, for X7, X, independent, that

I(X1§Y ‘ X2) = I(X1§Y7X2)-

Thus R; is less than the mutual information between X; and everything else.
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Interpret the information bounds as bounds on the rate of flow across cutsets Sy, .5,
and Sj.

. Degraded broadcast channel
Find the capacity region for the degraded broadcast channel below.
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5. Slepian-Wolf for deterministically related sources
Find and sketch the Slepian-Wolf rate region for the simultaneous data compression of
(X,Y), where y = f(z), and f is a given deterministic function.

6. Converse for the degraded broadcast channel.
The following chain of inequalities proves the converse for the degraded discrete memo-
ryless broadcast channel. We are given a degraded broadcast channel p(x)p(y|z)p(z|y).
Suppose we have a sequence of (2", 2"%2 ) codes with (arithmetic average) proba-
bility of error tending to zero. Provide reasons for each of the labeled inequalities.

Setup for converse for degraded broadcast channel capacity:

Let W, and W, be independent and uniformly drawn over 2% and 2™ respectively.

(Wi, Wy) — X"(W,Wy) - Y™ — Z"
Encoding f, : 274 x 2nfz X7
Decoding: ¢, : Y — 27 hy : Z" — 2nRz
Let U; = (W,, Y1), Then

nRy <pano 1(Wa;Z") (4)

QN Wy Zi | 27 (5)
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Continuation of converse. Give reasons for the labeled inequalities:

7. Multiple access.

nRy <pano (Wi Y™)
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(a) Find the capacity region for the multiple access channel

where

Y = X

X1€{2,4}, X2€{1,2} .

(b) Suppose the range of X is {1,2}. Is the capacity region decreased?

8. Broadcast channel.

(a) For the degraded broadcast channel X — Y] — Y5, find the points a and b where
the capacity region hits the R; and Ry axes.

(b) Show that b < a.



