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Abstract—A bidirectional link between two nodes, Node 1 and
Node 2, is studied in which Node 2 is able to acquire information
from the environment, e.g., via access to a remote data base or via
sensing. Information acquisition is expensive in terms of system
resources, e.g., time, bandwidth and energy, and thus should be
done efficiently. As a result of the forward communication from
Node 1 to Node 2, the latter wishes to obtain information about
the the data available at Node 1 and of the data obtained from the
environment. The forward link is, however, also used by Node 1
to query Node 2 with the aim of retrieving information from the
environment on the backward link. The problem is formulated
using the concept of side information “vending machine”, and the
optimal trade-off between communication rates, distortions of the
estimates produced at the two nodes and costs for information
acquisition at Node 2 is derived.

Index Terms—Source coding, side information, interactive
communication.

I. INTRODUCTION

In computer networks and machine-to-machine links, com-

munication is often interactive and serves a number of inte-

grated functions, such as data exchange, query and control.

As an exemplifying example, consider the set-up in Fig. 1 in

which the terminals labeled Node 1 and Node 2 communicate

on bidirectional links. Node 2 has access to a data base

or, more generally, is able to acquire information from the

environment, e.g., through sensors. As a result of the commu-

nication on the forward link, Node 2 wishes to compute some

function, e.g., a suitable average, of the data available at Node

1 and of the information retrievable from the environment. At

the same time, Node 1 queries Node 2 on the forward link with

the aim of retreiving some information from the environment

through the backward link.

Information acquisition from the environment is generally

expensive in terms of system resources, e.g., time, bandwidth

or energy. For instance, accessing a remote data base requires

interfacing with a server by following the appropriate proto-

col, and activating sensors entails some energy expenditure.

Therefore, data acquisition by Node 2 should be performed

efficiently by adapting to the informational requirements of

Node 1 and Node 2.

To summarize the discussion above, in the system of Fig.

1 the forward communication from Node 1 to Node 2 serves

three integrated purposes: i) Data exchange: Node 1 provides

Node 2 with the information necessary for the latter to

compute the desired quantities; ii) Query: Node 1 informs

Figure 1. Two-way communication with adaptive data acquisition.
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Figure 2. Indirect two-way source coding with a side information vending
machine at Node 2.

Node 2 about its own informational requirements, to be met

via the backward link; iii) Control: Node 1 instructs Node 2

on the most effective way to perform data acquisition from the

environment in order to satisfy Node 1’s query and to allow

Node 2 to perform the desired computation.

In this work, to account for the cost of side information

acquisition at Node 2, we adopt the model of a side infor-

mation “vending machine” introduced in [1] for a point-to-

point unidirectional link. Extensions of [1] to multi-terminal

models, with unidirectional communication, can be found in

[2]-[5] and references therein. Instead, the problem of charac-

terizing the rate-distortion region for a two-way source coding

models, with conventional action-independent side information

sequences at Node 2 has been addressed in [6], [7], [8] and

references therein.

The main contribution of this paper is the derivation of the

optimal trade-off between communication rates, distortions of

the information produced at the two nodes and costs for in-

formation acquisition at Node 2 assuming two communication

rounds (Sec. III). Moreover, an example is worked out in order

to demonstrate an application of the theory (Sec. IV).
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II. SYSTEM MODEL

The two-way source coding problem of interest, sketched in

Fig. 2, is formally defined by the probability mass functions

(pmfs) pXZ(x, z) and pY |AXZ(y|a, x, z), and by the discrete

alphabets X ,Y,Z,A, X̂1, X̂2, along with distortion and cost

metrics to be discussed below. The source sequences Xn =
(X1, ..., Xn) ∈ Xn and Zn = (Z1, ..., Zn) ∈ Zn consist of

n independent and identically distributed (i.i.d.) entries Xi, Zi

for i ∈ [1, n] with pmf pXZ(x, z). Node 1 measures sequence

Zn and encodes it in a message M1 of nR1 bits, which is

delivered to Node 2.

Node 2 wishes to estimate a sequence X̂n
2 ∈ X̂n

2 within

given distortion requirements. To this end, Node 2 receives

message M1 and based on this, it selects an action sequence

An, where An ∈ An. The action sequence affects the

quality of the measurement Y n of the sequences Xn and

Zn obtained at the Node 2. Specifically, given An, Xn and

Zn, the sequence Y n is distributed as p(yn|an, xn, zn) =∏n
i=1 pY |A,X,Z(yi|ai, xi, zi). The cost of the action sequence

is defined by a cost function Λ: A →[0,Λmax] with 0 ≤
Λmax < ∞, as Λ(an) =

∑n
i=1 Λ(ai). The estimated sequence

X̂n
2 with X̂n

2 ∈ X̂n
2 is then obtained as a function of M1 and

Y n.

Upon reception on the forward link, Node 2 maps the

message M1 received from Node 1 and the locally available

sequence Y n in a message M2 of nR2 bits, which is delivered

back to Node 1. Node 1 estimates a sequence X̂n
1 ∈ X̂n

1 as a

function of M2 and Zn within given distortion requirements.

The quality of the estimated sequence X̂n
j is assessed

in terms of the distortion metrics dj(x, y, z, x̂j) :X × Y ×
Z × X̂j → R+ ∪ {∞}, for j = 1, 2. Note that this

implies that X̂n
j is allowed to be a lossy version of any

function of the source and side information sequences. A

more general model is studied in Sec. III. It is assumed that

Dj = minx̂j∈X̂j
E[d(X,Y, Z, X̂j)] < ∞ for j = 1, 2. A

formal description of the operations at encoder and decoder

follows.

Definition 1. An (n,R1, R2, D1, D2,Γ, ε) code for the set-up

of Fig. 2 consists of a source encoder for Node 1

g1: Zn → [1, 2nR1 ], (1)

which maps the sequence Zn into a message M1; an “action”

function

�: [1, 2nR1 ] × Yi−1 → A, (2)

which maps the message M1 and the previously observed

sequence into an action sequence An; a source encoder for

Node 2

g2: Yn × [1, 2nR1 ] → [1, 2nR2 ], (3)

which maps the sequence Y n and message M1 into a message

M2; two decoders, namely

h1: [1, 2nR2 ] × Zn → X̂n
1 , (4)

which maps the message M2 and the sequence Zn into the

estimated sequence X̂n
1 ;

h2: [1, 2nR1 ] × Yn → X̂n
2 , (5)

which maps the message M1 and the sequence Y n into the

estimated sequence X̂n
2 ; such that the action cost constraint Γ

and distortion constraints Dj for j = 1, 2 are satisfied, i.e.,

1

n

n∑
i=1

E [Λ(Ai)] ≤ Γ (6)

1

n

n∑
i=1

E
[
dj(Xi, Yi, Zi, X̂ji)

]
≤ Dj for j = 1, 2. (7)

Given a distortion-cost tuple (D1, D2,Γ), a rate tuple

(R1, R2) is said to be achievable if, for any ε > 0, and suffi-

ciently large n, there exists a (n,R1, R2, D1+ε,D2+ε,Γ+ε)
code. The rate-distortion-cost region R(D1, D2,Γ) is defined

as the closure of all rate tuples (R1, R2) that are achievable

given the distortion-cost tuple (D1, D2,Γ).
In the following sections, for simplicity of notation, we drop

the subscripts from the definition of the pmfs, thus identifying

a pmf by its argument.

III. RATE-DISTORTION-COST REGION

The next proposition derives a single-letter characterization

of the rate-distortion-cost region.

Proposition 1. The rate-distortion-cost region R(D1, D2,Γ)
is given by the union of all rate pairs (R1, R2) that satisfy the
conditions

R1 ≥ I(Z;A) + I(Z;U |A, Y ) (8a)

and R2 ≥ I(Y ;V |A,Z,U), (8b)

where the mutual information terms are evaluated with respect
to the joint pmf

p(x, y, z, a, u, v)=p(x, z)p(a,u|z)p(y|a,x,z)p(v|a,u,y), (9)

for some pmfs p(a, u|x) and p(v|a, u, y) such that the inequal-
ities

E[d1(X,Y, Z, f1(V,Z))] ≤ D1, (10a)

E[d2(X,Y, Z, f2(U, Y ))] ≤ D2, (10b)

and E[Λ(A)] ≤ Γ, (10c)

are satisfied for some function f1: V × Z → X̂1 and
f2: U × Y → X̂2. Finally, U and V are auxiliary random
variables whose alphabet cardinality can be constrained as
|U| ≤ |Z||A| + 3 and |V| ≤ |U||Y||A| + 1 without loss of
optimality.

Remark 1. For the special case in which the side information

Y is independent of the action A given X, i.e., for p(y|a, x) =
p(y|x), the rate-distortion region R(D1, D2,Γ) in Proposition

1 reduces to that derived in [6], [7]. Instead, if D1 = D1,max,

the result reduces to that in [1].

The proof of the converse is provided in [9]. The achiev-

ability follows as a combination of the techniques proposed

in [1] and [6], and requires the forward link to be used, in

an integrated manner, for data exchange, query and control.

Specifically, for the forward link, similar to [1], Node 1 uses

a successive refinement codebook. Accordingly, the base layer

is used by Node 1 to instruct Node 2 on which actions

2013 IEEE International Symposium on Information Theory

2160



3

are best tailored to fulfill the informational requirements of

both Node 1 and Node 2. This base layer thus represents

control information that also serves the purpose of querying

Node 2 in view of the backward communication. We observe

that Node 1 selects this base layer as a function of the

source Zn, thus allowing Node 2 to adapt its actions for

information acquisition to the current realization of the source

Zn. The refinement layer of the code used by Node 1 is

leveraged, instead, to provide additional information to Node 2

in order to meet Node 2’s distortion requirement. Node 2 then

employs standard Wyner-Ziv coding (i.e., binning) [10] for the

backward link to satisfy Node 1’s distortion requirement.

We now briefly outline the main technical aspects of the

achievability proof, since the details follow from standard

arguments and do not require further elaboration here. To be

more precise, Node 1 first maps sequence Zn into the action

sequence An using the standard joint typicality criterion.

This mapping requires a codebook of rate I(Z;A) (see, e.g.,

[10, pp. 62-63]). Given the sequence An, the description of

sequence Zn is further refined through mapping to a sequence

Un. This requires a codebook of size I(Z;U |A, Y ) for each

action sequence An using Wyner-Ziv binning with respect

to side information Y n [10, pp. 62-63]. In the reverse link,

Node 2 employs Wyner-Ziv coding for the sequence Y n by

leveraging the side information Zn available at Node 1 and

conditioned on the sequences Un and An, which are known

to both Node 1 and Node 2 as a result of the communication

on the forward link. This requires a rate equal to the right-

hand side of (8b). Finally, Node 1 and Node 2 produce the

estimates X̂n
1 and X̂n

2 as the symbol-by-symbol functions

X̂1i = f1(Vi, Zi) and X̂2i = f2(Ui, Yi) for i ∈ [1, n],
respectively.

Remark 2. The achievability scheme discussed above uses ac-

tions that do not adapt to the past values of the side information

Y . The fact that this scheme attains the optimal performance

characterized in Proposition 1 shows that, as demonstrated in

[11] for the one-way model with R2 = 0, adaptive actions do

not improve the rate-distortion performance.

IV. EXAMPLE

Consider a sensor network consisting of two sensors de-

ployed to monitor a given phenomenon of interest (i.e., the

concentration of a given chemical). Assume that the state of

the observed phenomenon is described by a random source

X ∼ Bern(0.5) (e.g., X = 0 indicates a low concentration

of the chemical and X = 1 a high concentration). Due to

malfunctioning or environmental causes, at each time i, Node

1 measures Xi with probability 1 − ε, and reports instead an

unusual event e (referred to as "erasure") with probability ε.
This implies that we have Zi = e with probability ε, and

Zi = Xi with probability 1 − ε, for i ∈ [1, n].

Node 2 has the double purpose of monitoring the operation

of Node 1 and of assisting Node 1 in case of measurement

failures (erasures). To this end, if necessary, Node 2 can

measure the phenomenon Xi by investing a unit of energy.

This is modeled by assuming that the vending machine at

Node 2 operates as follows:

Y =

{
X for A = 1
φ for A = 0

, (11)

with cost constraint Λ(a) = a, for a ∈ {0, 1}, where φ is

a dummy symbol representing the case in which no useful

information is acquired by Node 2. This model implies that a

cost budget of Γ limits the average number of samples of the

sequence Y that can be measured by Node 2 to around nΓ
given the constraint (6).

Node 1 wishes to reconstruct the source Xn, while Node 2

is interested in recovering Zn in order to monitor the operation

of Node 1. The distortion functions are the Hamming metrics

d1(x, x̂1) = 1{x �=x̂1} and d2(z, x̂2) = 1{z �=x̂2}. Therefore, the

maximum distortions are easily seen to be given by D1,max =
0.5 and D2,max = 1 − max{ε, (1 − ε)/2}.

To obtain analytical insight into the rate-distortion-cost

region, in the following we focus on a number of special cases.

A. D1 = D1,max and D2 = 0

Consider the distortion requirements D1 = D1,max and

D2 = 0. As a result, Node 1 requires no backward com-

munication from Node 2, while Node 2 wishes to recover

Zn losslessly. In the context of the example, here the only

functionality of the network is the monitoring of the operation

of Node 1 by Node 2. For the given distortions, the rate-cost

region in Proposition 1 can be evaluated as

R1 ≥ H2(ε) + (1 − ε − Γ)+ (12a)

and R2 ≥ 0, (12b)

for any cost budget Γ ≥ 0, where H2(α) = −αlog2α − (1 −
α)log2(1 − α) is the binary entropy function.

A formal proof of this result can be found in Appendix.

The rate region (12) shows that, as the cost budget Γ for

information acquisition increases, the required rate R1 de-

creases down to the rate H2(ε) that is required to describe

only the erasures process En with Ei = 1{Zi=e}, i = 1, ..., n,

losslessly to Node 2. This can be explained by noting that the

time-sharing strategy discussed next achieves region (12) and

is thus optimal.

In the mentioned time-sharing strategy, Node 1 describes the

process En losslessly to Node 2 with H2(ε) bits per symbol.

In addition to En, in order to obtain a lossless reconstruction

of Zn, Node 2 needs to be informed about Zi = Xi for all i in

which Ei = 0. Note that we have around n(1−ε) such samples

of Zi. Node 1 describes Zi = Xi for n(1 − ε − Γ)+ of these

samples, while the remaining nmin(Γ, 1− ε) are measured by

Node 2 through the vending machine. An alternative strategy

based directly on Proposition 1 can be found in Appendix.

Fig. 3 illustrates the rate R1 in (12a) versus the cost budget

Γ for ε = 0.2 (line with circles). The first observation is that

for Γ = 0, since there is no side information available at Node

2, we have that R1 = H2(ε)+ 1 − ε = 1.52, which is the rate

required to transmit the sequence Zn losslessly to Node 2.

Moreover, as mentioned, as the cost budget Γ increases, the

rate R decreases down to the value H2(ε) = 0.72 needed

to describe only the sequence En. Finally, we observe that if
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Γ ≥ 1−ε = 0.8 no further improvement of the rate is possible

since Node 2 only needs to measure a fraction (1−ε) of values

of Xn in order to recover Zn losslessly.

B. D1 = 0 and D2 = D2,max

Here we consider the dual case in which Node 1 wishes to

reconstruct sequence Xn losslessly (D1 = 0), while Node 2

does not have any distortion requirements (D2 = D2,max). In

the context of the example, the network thus operates with the

aim of allowing Node 1 to measure the phenomenon of interest

Xn reliably. As shown in Appendix, if Γ ≥ ε, the rate-cost

region is given by the union of all rate pairs (R1, R2) such

that

R1 ≥ H2(ε) − ΓH
( ε
Γ

)
(13a)

and R2 ≥ ε. (13b)

Moreover, for Γ < ε, the region is empty as the lossless

reconstruction of X at Node 1 is not feasible.

A proof of this result based on Proposition 1 can be

found in Appendix. In the following, we argue that a natural

time-sharing strategy, akin to that used for the case D1 =
D1,max, D2 = 0 above, would be suboptimal, implying that

the optimal strategy requires a more sophisticated approach

based on the successive refinement code presented in Sec. III.

A natural time-sharing strategy would be the following.

Node 1 describes nη samples of the erasure process En,

for some 0 ≤ η ≤ 1, losslessly to Node 2, using rate

R1 = ηH2(ε). This information is used by Node 1 to query

Node 2 about the desired information. Specifically, Node 2 sets

Ai = 1 if Ei = 1, thus observing around nηε samples Yi = Xi

from the vending machine. These samples are needed to fulfill

the distortion requirements of Node 1. For all the remaining

n(1 − η) samples, for which Node 2 does not have control

information from Node 1, Node 2 sets Ai = 1, thus acquiring

all the side information samples. Again, this is necessary given

Node 1’s requirements. Node 2 conveys losslessly the nηε
samples Yi = Xi obtained when Ei = 1, which requires

ηε bits per sample, along with the n(1 − η) samples Yi in

the second set, which amount instead to (1 − η)H(X|Z)
bits per sample. Note that we have the rate H(X|Z) by the

Slepian-Wolf theorem [10, Chapter 10], since Node 1 has side

information Zi for the second set of samples. Overall, we have

R2 = ηε+(1−η)ε = ε bits/source symbol. This entails a cost

budget of Γ = ηε + 1 − η, and thus η = (1−Γ)/(1−ε).

Fig. 3 compares the rate R1 as in (13a) (line with squared

markers) with the corresponding rate obtained via time-sharing

(dashed line), for ε = 0.2. As seen, in this second case the

time-sharing strategy is strictly suboptimal (except for the two

extreme case of Γ = 0 and Γ = 1). Moreover, as discussed

above, achieving D1 = 0 is impossible for Γ ≤ ε, since Node

2 must obtain the fraction ε of samples of Xn that Node 1

fails to measure in order to guarantee lossless reconstruction

at Node 1.

C. D1 = D2 = 0

We now consider the case in which both nodes wish to

achieve lossless reconstruction, i.e., D1 = D2 = 0. In this
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Figure 3. Rate R1 versus cost Γ for the examples in Sec. IV with ε = 0.2.

case, in the context of the example, both measurement of Node

1 and monitoring at Node 2 are required to operate correctly.

As seen in the previous case, achieving D1 = 0 is not possible

if Γ < ε and thus this is a fortiori true for D1 = D2 = 0. For

Γ ≥ ε, the rate-cost region is given by

R1 ≥ H2(ε) + (1 − Γ) (14a)

and R2 ≥ ε, (14b)

as shown in Appendix.

A time-sharing strategy that achieves (14) is as follows.

Node 1 describes the process En losslessly to Node 2 with

H2(ε) bits per symbol. This information serves the functions

of query and control for Node 2. In order to satisfy its

distortion requirement, Node 2 now needs to be informed

about Zi = Xi for all i in which Ei = 0. Note that we

have n(1 − ε) such samples of Zi. Node 1 describes Zi = Xi

for n(1−Γ) ≤ n(1−ε) of these samples, while the remaining

n(Γ−ε) are measured by Node 2 through the vending machine.

Node 2 compresses losslessly the sequence of around nε
samples of Xi with i such that Ei = 1 which requires R2 = ε
bits per sample.

Fig. 3 illustrates the rate R1 in (14a) versus the cost budget

Γ for ε = 0.2 (line with triangular markers). As discussed

above, achieving D1 = 0 is impossible for Γ ≤ ε. Moreover,

for Γ = 1 the performance of system is identical to that with

D1 = D1,max and D2 = 0, since in this case the informational

requirements of both Node 1 and Node 2 are satisfied if Node 1

conveys the locations of the erasures to Node 2 (which requires

rate R1 = H2(ε) = 0.72).

V. CONCLUDING REMARKS

For applications such as complex communication networks

for cloud computing or machine-to-machine communication,

the bits exchanged by two parties serve a number of integrated

functions, including data transmission, control and query. In

this work, we have considered a baseline two-way communica-

tion scenario that captures some of these aspects. The problem

is addressed from a fundamental theoretical standpoint using

an information theoretic formulation. The analysis reveals the
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structure of optimal communication strategies and can be

applied to elaborate on specific examples, as illustrated in

the paper. This work opens a number of possible avenues for

future research, including the analysis of scenarios in which

more than one round of interactive communication is possible

[8].

APPENDIX: PROOFS FOR THE EXAMPLE IN SEC. IV

1) D1 = D1,max and D2 = 0: Here, we prove that the rate-

cost region in Proposition 1 is given by (12) for D1 = D1,max

and D2 = 0. We begin with the converse part. Starting from

(8a), we have

R1

(a)

≥ I(A;Z) + H(Z|A, Y )

= H(Z) − I(Z;Y |A)
(b)

≥ H(Z) − ΓI(Z;X|A = 1) (15)
(c)

≥ H(Z) − ΓH(X|A = 1)
(d)

≥ H(Z) − Γ
(e)
= H2(ε) + 1 − ε − Γ, (16)

where (a) follows from (8a) and since Z has to be recov-

ered losslessly at Node 2; (b) follows since Pr[A = 1] =
E[Λ(A)] ≤ Γ; (c) follows because entropy is non-negative;

(d) follows since H(X|A = 1) ≤ 1; and (e) follow because

H(Z) = H2(ε) + 1 − ε. Achievability follows by setting U =
Z, V = ∅, Pr(A = 1|Z = 0) = Pr(A = 1|Z = 1) = Γ/(1−ε)

and Pr(A = 0|Z = e) = 1 in (8).

2) D1 = 0 and D2 = D2,max: Here, we turn to the case

D1 = 0 and D2 = D2,max. We start with the converse. Since

X is to be reconstructed losslessly at Node 1, we have the

requirement H(X|V, Z) = 0 from (10a). It easy to see that

this requires that the equalities A = 1 and V = Y = X be

met if Z = e. In fact, otherwise, X could not be a function

of (V, Z) as required by the equality H(X|V, Z) = 0. The

condition that A = 1 if Z = e requires that the pmf p(a|z) be

such that Pr(A = 1|Z = e) = 1, which entails Γ = Pr[A =
1] ≥ Pr[Z = e] = ε. Moreover, we can set Pr(A = 1|Z =
0) = Pr(A = 1|Z = 1) = (γ−ε)/(1−ε), for some 0 ≤ γ ≤ Γ,

by leveraging the symmetry of the problem on the selection

of the actions given Z = 0 and Z = 1. Starting from (8a), we

can thus write

R1

(a)

≥ I(Z;A)

= H(Z) − H(Z|A)

= H2(ε) + 1 − ε − γH(Z|A = 1)

− (1 − γ)H(Z|A = 0)
(b)
= H2(ε) + 1 − ε − γH

( ε
γ
,
γ − ε

2γ
,
γ − ε

2γ

)

−(1 − γ)

= H2(ε) − γH2

( ε
γ

)
(a)

≥ H2(ε) − ΓH2

( ε
Γ

)
, (17)

where (a) follows from (8a) and since there is no distortion

requirement at Node 2; (b) follows by direct calculation; and

(c) follows since H2(ε)− γH2(
ε
γ ) is minimzed at γ = Γ over

all 0 ≤ γ ≤ Γ.

The bound (13b) follows immediately by providing Node

2 with the sequence Xn and then using the bound R2 ≥
H(X|Z) = ε.

Achievability follows by setting U = ∅ and the pmf p(a|z)
be such that Pr(A = 1|Z = e) = 1 and Pr(A = 1|Z = 0) =
Pr(A = 1|Z = 1) = Γ−ε

1−ε . Moreover, let V = Y = X if

Z = e and V = Y = φ otherwise. Evaluating (8) with these

choices leads to (13).

3) D1 = D2 = 0: Here, we prove the rate-cost region (14)

for the case D1 = D2 = 0. Starting from (8a), we have

R1

(a)

≥ H(Z) − ΓI(Z;X|A = 1)
(b)
= H(Z) − ΓH(X|A = 1)

+ΓH(X|A = 1, Z = e)Pr(Z = e|A = 1)
(c)

≥ H(Z) − Γ + Γ.
ε

Γ
= H2(ε) + 1 − Γ, (18)

where (a) follows as in (15); (b) follows because H(X|A =
1, Z = 0) = H(X|A = 1, Z = 1) = 0; (c) follows since

H(X|A = 1) ≤ 1, H(X|A = 1, Z = e) = 1 and because

p(Z = e|A = 1) = ε
Γ , where latter follows from the the

requirement H(X|V,Z) = 0 as per discussion provided in

the previous section.

For the achievability, let U = Z, Pr(A = 1|Z = e) = 1 and

Pr(A = 1|Z = 0) = Pr(A = 1|Z = 1) = Γ−ε
1−ε . Moreover, let

V = Y = X if Z = e and V = Y = ∅ otherwise. Evaluating

(8) with these choices leads to (14).

REFERENCES

[1] H. Permuter and T. Weissman, “Source coding with a side information
“vending machine”,” IEEE Trans. Inf. Theory, vol. 57, pp. 4530–4544,
Jul. 2011.

[2] Y. Chia, H. Asnani, and T. Weissman, “Multi-terminal source coding
with action dependent side information,” in Proc. IEEE International
Symposium on Information Theory (ISIT 2011), July 31-Aug. 5, Saint
Petersburg, Russia, 2011.

[3] B. Ahmadi and O. Simeone, “Distributed and cascade lossy source
coding with a side information "Vending Machine",” IEEE Trans.
Inform. Theory, http://arxiv.org/abs/1109.6665.

[4] B. Ahmadi, C. Choudhuri, O. Simeone and U. Mitra, “Cas-
cade Source Coding with a Side Information "Vending Machine",”
http://arxiv.org/abs/1207.2793.

[5] L. Zhao, Y. K. Chia, and T. Weissman, “Compression with actions,” in
Proc. Allerton conference on communications, control and computing,
Monticello, Illinois, Sep. 2011.

[6] A. H. Kaspi., “Two-way source coding with a fidelity criterion,” IEEE
Trans. Inform. Theory, vol. 31, no. 6, pp. 735–740, Nov. 1985.

[7] H. Permuter, Y. Steinberg, and T. Weissman, “Two-way source coding
with a helper,” IEEE Trans. Inf. Theory, vol. 56, no. 6, pp. 2905–2919,
Jun. 2010.

[8] N. Ma and P. Ishwar, “Some results on distributed source coding for
interactive function computation,” IEEE Trans. Inform. Theory, vol. 57,
no. 9, pp. 6180–6195, Sep. 2011.

[9] B. Ahmadi and O. Simeone, “Two-way Communication with Adaptive
Data Acquisition,” http://arxiv.org/abs/1209.5978.

[10] A. El Gamal and Y. Kim, Network Information Theory, Cambridge
University Press, Dec. 2011.

[11] C. Choudhuri and U. Mitra, “How useful is adaptive action?,” in Proc.
IEEE GLOBECOM 2012, Anaheim, CA, Dec. 2012.

2013 IEEE International Symposium on Information Theory

2163



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


