
Multiterminal Information Theory (ECES 690) Midterm Exam.

1. Consider a joint distribution pX,Y,Z among three random variables (X,Y, Z). Suppose (x,y) ∈ T Nε (X,Y ) and let Z̃n, n ∈
{1, . . . , N} be a sequence of random variables with joint distribution

pZ̃(z̃) =

N∏
n=1

pZ|Y (z̃n|yn) (1)

(a) Prove that, for some constant c independent of N

P[(x,y, Z̃) ∈ T Nε (X,Y, Z)] ≤ 2−N(I(X;Z|Y )−εc) (2)

(b) Prove that, for N large enough

P[(x,y, Z̃) ∈ T Nε (X,Y, Z)] ≥ (1− ε)2−N(I(X;Z|Y )+εc) (3)

2. Provide a full proof of achievability and converse for the indirect Wyner-Ziv problem mentioned in the course notes.

3. Three transceivers are trying to work together to monitor a stream of packets Xn ∈ X , n ∈ {1, . . . , N}. The packets are
modeled as IID and uniform, and for simplicity let’s take them as single bits, so that X = {0, 1}. Transceiver 1 observes nothing
at all related to the packet stream, while transceiver 3 observes the independent in time sequence Yn ∈ X ∪{e}, n ∈ {1, . . . , N}
with P[Yn = e] = pe,3 and P[Yn = Xn] = 1− pe,3. That is, transceiver three either catches/“sniffs” packet n, or it it is unable
to view it, and considers it erased e, with erasures occurring independently over time with probability pe,1. Transceiver 2,
independently of transceiver 3, observes Zn ∈ X ∪ {e} with P[Zn = e] = pe,2 and P[Zn = Xn] = 1− pe,2 with pe,2 > pe,3.

In all cases below, the reproduction alphabet is X̂ = X ∪ {e}, and the distortion metric is the Hamming distortion.

(a) Plot the region of rates R2 and R3 that receiver 2 and receiver 3 must communicate to receiver 1 at to provide receiver
1 the entire sequences YN and ZN losslessly.

i. Given this information, what is the Hamming distortion with which transceiver 1 can reproduce the sequence XN?

ii. Select a point in this rate region, and describe the associated encoders and decoders, so that transceivers 2 and 3,
upon overhearing the message sent by the other transceiver (3 and 2, respectively), also have determined YN ,ZN at
the end of the communication.

iii. Now suppose that only transceiver 3 transmits a message, and this message is intended only for transceiver 1. Plot
the rate distortion function describing the minimum rate at which transceiver 3 must communicate with transceiver
1 at in order to allow transceiver 1 to reproduce Xn with hamming distortion D1. If receiver 2 overhears this message
intended only for receiver 1 in addition to its side information Zn, what is the expected Hamming distortion at which
it can compute the sequence Xn? (Answer both of these questions simultaneously using one contour plot with axes
D1, D2).

(b) Suppose instead that transceiver 2 receives a further corrupted (i.e. with additional erasures) version Zn of what
transceiver 3 received, and these additional erasures are statistically independent of the initial erasures, yielding P[Zn =
e|Yn = e] = 1 and P[Zn = e|Yn 6= e] = qe,2 and P[Zn = Xn|Yn = Xn] = 1 − qe,2. Select qe,2 to have the same overall
erasure rate at receiver 2 pe,2 as for the previous problem. Plot the region of rates R2 and R3 that receiver 2 and receiver
3 must communicate to receiver 1 at to provide receiver 1 the entire sequences YN and ZN losslessly.

i. Given this information, what is the Hamming distortion with which transceiver 1 can reproduce the sequence XN?

ii. Select a point in this rate region, and describe the associated encoders and decoders, so that transceivers 2 and 3,
upon overhearing the message sent by the other transceiver (3 and 2, respectively), also have determined YN ,ZN at
the end of the communication.

iii. Now suppose transceiver 3 transmits a message intended for both transceiver 2 and transceiver 1.

A. Building on results from source coding when side information may be absent, obtain and prove an analytical
expression for the rate distortion region describing the minimum rate that transceiver 3 must transmit at to
obtain distortions in reproducing XN less than D1 and D2 at transceivers 1 and 2, respectively. This expression
may be left in the form of a constrained minimization.

B. Plot the rate distortion region (via a contour plot with axes D1, D2 the Hamming distortions are transceivers 1
and 2 respectively) for this code.

(c) Compare your answers for part iii of (a) and (b). Are they different? Why or why not?

(d) Could you have used your rate distortion region from (b).iii.A for transceiver 3 under the model in part (a)? Why or
why not?
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