
Explicit Construction of Multiple Access Channel
Resolvability Codes from Source Resolvability Codes

Rumia Sultana and Rémi A. Chou
Department of Electrical Engineering and Computer Science

Wichita State University, Wichita, KS 67260
Emails: {rxsultana@shockers.wichita, remi.chou@wichita}.edu

Abstract—We show that the problem of code construction
for multiple access channel resolvability can be reduced to the
simpler problem of code construction for source resolvability.
Specifically, we propose a multiple access channel resolvability
coding scheme that involves randomness recycling, implemented
via distributed hashing, and block-Markov encoding, where
each encoding block is obtained as a combination of several
source resolvability codes. Our construction is independent of the
way the source resolvability codes are implemented and yields
explicit coding schemes that achieve the multiple access channel
resolvability region for an arbitrary discrete memoryless multiple
access channel whose input alphabets are binary.

I. INTRODUCTION

Applications of the concept of channel resolvability [1],
[2] include strong secrecy for the point-to-point [3], [4] and
multiple access [5], [6] wiretap channels, cooperative jam-
ming [5], semantic security for the point-to-point [7] and the
multiple access wiretap channel [8], and strong coordination
in networks [9].

Beyond existence results of channel resolvability codes
provided in the above references, several explicit constructions
of such codes have been proposed in the literature. Explicit
and low-complexity constructions based on polar codes for
channel resolvability have been proposed for binary symmetric
channels [10] and discrete memoryless channels whose input
alphabets have prime cardinalities [11]. Another explicit con-
struction based on injective group homomorphisms has been
proposed in [12] for channel resolvability over binary symmet-
ric channels. Low-complexity, but non-explicit, linear coding
schemes for channel resolvability over arbitrary memoryless
channels have also been proposed in [13]. As for multiple
access channel resolvability, two explicit constructions have
been proposed in [14] for symmetric multiple access channels,
one based on invertible extractors and a second one based
on injective group homomorphisms. Moreover, in [15], an
explicit construction based on polar codes is shown to achieve
the multiple access channel resolvability region for arbitrary
channels whose input alphabets have prime cardinalities.

In this paper, we show that the problem of code construction
for multiple access channel resolvability can be reduced to
the simpler problem of code construction for source resolv-
ability [16]. Specifically, our construction allows to construct
codes that achieve the multiple access channel resolvability
region for arbitrary channels with binary input alphabets [8]
from source resolvability codes used in a black box manner.

Note that explicit constructions of source resolvability codes
have, for instance, been provided in [11]. The main idea of our
construction is randomness recycling, implemented with dis-
tributed hashing, across a block-Markov encoding scheme that
involves a combination of several source resolvability codes.
The idea of block-Markov encoding to recycle randomness is
closely related to recursive constructions of seeded extractors
in the computer science literature, e.g., [17].

Finally, note that our proposed construction does not use the
same tools as the one used in [14] for multiple access channel
resolvability over symmetric multiple access channels, and that
it remains unclear whether the coding schemes in [14] could be
extended to achieve the multiple access channel resolvability
region of an arbitrary multiple access channel. Note also that
our proposed construction is independent of the way source
resolvability is implemented and is thus more general than
our previous construction in [15], which heavily relies on the
structure of polar codes.

The remainder of the paper is organized as follows. The
problem statement is provided in Section III. Our proposed
coding scheme and its analysis are provided in Section IV
and Section V, respectively. Finally, Section VI provides
concluding remarks.

II. NOTATION

The components of a vector X1:N of size N are denoted
with superscripts, i.e., X1:N , (X1, X2, . . . , XN ). For two
probability distributions p and q defined over the same alpha-
bet X , the variational distance between p and q is defined
as V(pX , qX) ,

∑

x∈X
|p(x) − q(x)|. For a, b ∈ R, define

Ja, bK , [bac, dbe] ∩ N.

III. PROBLEM STATEMENT

Consider a discrete memoryless multiple access channel
(X ×Y, qZ|XY ,Z), where X = {0, 1} = Y . and Z is a finite
alphabet. A target distribution qZ is defined as the channel
output distribution when the input distributions are qX and
qY , i.e.,

∀z ∈ Z, qZ(z) ,
∑

x∈X

∑

y∈Y
qZ|XY (z|x, y)qX(x)qY (y). (1)

Definition 1. A (2NR1 , 2NR2 , N) code for the memoryless
multiple access channel (X × Y, qZ|XY ,Z) consists of



• Two randomization sequences S1 and S2 independent
and uniformly distributed over S1 , J1, 2NR1K and
S2 , J1, 2NR2K, respectively;

• Two encoding functions f1,N : S1 → XN and f2,N :
S2 → YN ;

and operates as follows. Transmitters 1 and 2 form f1,N (S1)
and f2,N (S2), respectively, which are sent over the channel
(X × Y, qZ|XY ,Z).

Definition 2. (R1, R2) is an achievable resolvability rate pair
for the memoryless multiple access channel (X×Y, qZ|XY ,Z)
if there exists a sequence of (2NR1 , 2NR2 , N) codes such that
lim

N→+∞
V(p̃Z1:N , qZ1:N ) = 0, where qZ1:N ,

∏N
i=1 qZ with qZ

defined in (1) and ∀z1:N ∈ ZN ,

p̃Z1:N (z1:N ) ,
∑

s1∈S1

∑

s2∈S2

qZ1:N |X1:NY 1:N

(
z1:N |

f1,N (s1), f2,N (s2))
1

|S1||S2|
.

The multiple access channel resolvability region RqZ is
defined as the closure of the set of all achievable rate pairs
and has been characterized in [8].

Our objective is to show that the construction of multiple
access channel resolvability codes that achieve RqZ reduces to
the simpler problem of constructing source resolvability codes.

IV. PROPOSED CODING SCHEME TO ACHIEVE RqZ

We first review in Section IV-A the notion of source
resolvability codes which are used in a black box manner in
our construction of MAC resolvability codes. We explain in
Section IV-B that the general construction of MAC resolv-
ability codes can be reduced to two special cases. Finally,
we provide a coding scheme for these two special cases in
Sections IV-C, IV-D.

A. Review of source resolvability

Definition 3. A (2NR, N) source resolvability code for
(X , qX) consists of

• A randomization sequence S uniformly distributed over
S , J1, 2NRK;

• An encoding function eN : S → XN ;

and operates as follows. The encoder forms X̃1:N , eN (S)
and the distribution of X̃1:N is denoted by p̃X1:N .

Definition 4. R is an achievable resolution rate for a discrete
memoryless source (X , qX) if there exists a sequence of
(2NR, N) source resolvability codes such that

lim
N→+∞

V(p̃X1:N , qX1:N ) = 0,

where qX1:N ,
∏N
i=1 qX . The infimum of such achievable

rates is called source resolvability.

Theorem 1 ( [1]). The source resolvability of a discrete
memoryless source (X , qX) is H(X).

B. Reduction of the general construction of MAC resolvability
codes to two special cases

To achieve the multiple access channel resolvability region
RqZ , it is sufficient to achieve

RX,Y , {(R1, R2) : I(XY ;Z) < R1 +R2,

I(X;Z) < R1,

I(Y ;Z) < R2},

by [15]. We consider two cases to achieve RX,Y for some
fixed distribution pXpY .
Case 1: I(XY ;Z) > I(X;Z) + I(Y ;Z). In this case, it is
sufficient [15] to achieve the set of rate pairs

D , {(R1, R2) : R1 ∈ [I(X;Z), I(X;Z|Y )],

R2 = I(XY ;Z)−R1}.

with rate-splitting using the following lemma.

Lemma 1 ( [15] ). As in [18, Example 3], we choose
f : Y × Y → Y , (u, v) 7→ max(u, v), and split (Y, pY )
to form (Y × Y, pUεpVε), ε ∈ [0, 1], such that for any ε > 0,
pf(Uε,Vε) = pY , for fixed (y, u), pf(Uε,Vε)|Uε(y|u) is a contin-
uous function of ε, and

Uε=0 = 0 = Vε=1, (2)
Uε=1 = f(Uε=1, Vε=1), (3)
Vε=0 = f(Uε=0, Vε=0). (4)

When the context is clear we do not explicitly write the
dependence of U and V with respect to ε by dropping the
subscript ε. Then, we have I(XY ;Z) = R1 + RU + RV ,
where we have defined the functions

R1 : ε 7→ I(X;Z|U), from [0, 1] to R+,

RU : ε 7→ I(U ;Z), from [0, 1] to R+,

RV : ε 7→ I(V ;Z|UX), from [0, 1] to R+.

Moreover, ε 7→ R1(ε) is continuous and [I(X;Z), I(X;Z|Y )]
is contained in its image.

Case 2: I(XY ;Z) = I(X;Z) + I(Y ;Z). In this case, it is
sufficient [15] to achieve the rate pair (I(X;Z), I(Y ;Z)).

C. Encoding Scheme for Case 1

Fix a point (R1, R2) in D. By Lemma 1, there exists a joint
probability distribution qUVXY Z over U×V×X ×Y×Z such
that R1 = I(X;Z|U), R2 = RU + RV with RU = I(U ;Z)
and RV = I(V ;Z|UX). We provide below a coding scheme
that will be shown to achieve the point (R1, R2).
• The encoding at Transmitter 1 is described in Algorithm 1

and uses
– A hash function GX : {0, 1}N −→ {0, 1}rX chosen

uniformly at random in a family of 2-universal hash
functions [19], where rX will be defined later.

– A source resolvability code for the discrete mem-
oryless source (X , qX) with encoder function eXN
and rate H(X) + ε1

2 , where ε1 , 2(δA(N) + ξ),



δA(N) , log(|U||V||X |+3)
√

2
N (3 + logN), ξ > 0,

such that the distribution of the encoder output p̃X1:N

satisfies V(p̃X1:N , qX1:N ) ≤ δ(N) where δ(N) is
such that limN→+∞ δ(N) = 0.

In Algorithm 1, the hash function output Ẽi, i ∈ J2, kK,
with length rX corresponds to recycled randomness from
Block i− 1.

• The encoding at Transmitter 2 is described in Algorithm 2
and uses

– Two hash functions GU : {0, 1}N −→ {0, 1}rU ,
GV : {0, 1}N −→ {0, 1}rV chosen uniformly at
random in families of 2-universal hash functions,
where rU and rV will be defined later.

– A source resolvability code for the discrete mem-
oryless source (U , qU ) with encoding function eUN
and rate H(U) + ε1

2 , such that the distribution of
the encoder output p̃U1:N satisfies V(p̃U1:N , qU1:N ) ≤
δ(N).

– A source resolvability code for the discrete memory-
less source (V, qV ) with encoding function eVN and
rate H(V ) + ε1

2 , such that the distribution of the
encoder output p̃V 1:N satisfies V(p̃V 1:N , qV 1:N ) ≤
δ(N).

In Algorithm 2, the hash function outputs D̃i and F̃i, i ∈
J2, kK, with length rU and rV , respectively, correspond
to recycled randomness from Block i− 1.

The dependencies between the random variables involved in
Algorithms 1 and 2 are represented in Figure 1.

Algorithm 1 Encoding algorithm for resolvability of Trans-
mitter 1 in Case 1
Require: A vector E1 of N(H(X)+ε1) uniformly distributed

bits, and for i ∈ J2, kK, a vector Ei of N(I(X;UZ)+ ε1)
uniformly distributed bits.

1: for Block i = 1 to k do
2: if i = 1 then
3: Define X̃1:N

1 , eXN (E1)
4: else if i > 1 then
5: Define Ẽi , GX(X̃1:N

i−1 )

6: Define X̃1:N
i , eXN (Ẽi‖Ei), where ‖ denotes con-

catenation
7: end if
8: Send X̃1:N

i over the channel
9: end for

D. Encoding Scheme for Case 2

Consider a joint probability distribution qXY Z ,
qZ|XY pXpY such that I(XY ;Z) = I(X;Z) + I(Y ;Z). We
provide an encoding scheme that will be shown to achieve the
point (R1, R2) = (I(X;Z), I(Y ;Z)).
• The encoding at Transmitter 1 is the same as in Algo-

rithm 1 except that E1 is now a vector of of N(H(X)+
ε2) uniformly distributed bits, and for i ∈ J2, kK, Ei
is a vector of N(I(X;Z) + ε2) uniformly distributed

Algorithm 2 Encoding algorithm for resolvability of Trans-
mitter 2 in Case 1
Require: A vector D1 of N(H(U)+ε1) uniformly distributed

bits, and for i ∈ J2, kK, a vector Di of N(I(U ;Z) + ε1)
uniformly distributed bits. A vector F1 of N(H(V )+ ε1)
uniformly distributed bits, and for i ∈ J2, kK, a vector Fi
of N(I(V ;UZX) + ε1) uniformly distributed bits.

1: for Block i = 1 to k do
2: if i = 1 then
3: Define Ũ1:N

1 , eUN (D1)

4: Define Ṽ 1:N
1 , eVN (F1)

5: else if i > 1 then
6: Define D̃i , GU (Ũ

1:N
i−1 ) and F̃i , GV (Ṽ

1:N
i−1 )

7: Define Ũ1:N
i , eUN (D̃i‖Di) and Ṽ 1:N

i , eVN (F̃i‖Fi)

8: Define Ỹ 1:N
i , f(Ũ1:N

i , Ṽ 1:N
i ), where f is defined

in Lemma 1
9: end if

10: Send Ỹ 1:N
i over the channel

11: end for

Fi+1
<latexit sha1_base64="BnBeDldJdMmfyQE3wLJtLTS3cE4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoCcpCOKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorte56GT/3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEya1Yp3Uak+XJZrN3kcBTiGEzgDD66gBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHsdqPIg==</latexit>

Fi
<latexit sha1_base64="YABuIIoLIynNK2LuC5ykWHlvSBk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcpCOKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfDvzW09cGxGrR5wkPIjoUImBYBSt5N/1MjHtlStu1Z2DrBIvJxXI0eiVv7r9mKURV8gkNabjuQkGGdUomOTTUjc1PKFsTIe8Y6miETdBNj92Ss6s0ieDWNtSSObq74mMRsZMotB2RhRHZtmbif95nRQH10EmVJIiV2yxaJBKgjGZfU76QnOGcmIJZVrYWwkbUU0Z2nxKNgRv+eVV0qxVvYtq7eGyUr/J4yjCCZzCOXhwBXW4hwb4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AdjojrI=</latexit>

Di
<latexit sha1_base64="rEWF2/aq+3jB2vIal2DZ+qhkJMk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcp6MFjBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2casZ9FstYt0NquBSK+yhQ8naiOY1CyVvh+Hbmt564NiJWjzhJeBDRoRIDwShayb/rZWLaK1fcqjsHWSVeTiqQo9Erf3X7MUsjrpBJakzHcxMMMqpRMMmnpW5qeELZmA55x1JFI26CbH7slJxZpU8GsbalkMzV3xMZjYyZRKHtjCiOzLI3E//zOikOroNMqCRFrthi0SCVBGMy+5z0heYM5cQSyrSwtxI2opoytPmUbAje8surpFmrehfV2sNlpX6Tx1GEEziFc/DgCupwDw3wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A9XYjrA=</latexit>

Di+1
<latexit sha1_base64="Z02njuGyefF/AzQHXjBDjHuoLDQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoCcp6MFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHnIGTVWat31Mn7uTXqlsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7Wezcyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oaINwVt8eZk0qxXvolJ9uCzXbvI4CnAMJ3AGHlxBDe6hDg1gMIJneIU3J3FenHfnY9664uQzR/AHzucPrsaPIA==</latexit>

Ei+1
<latexit sha1_base64="Nwv8xdQ+914rVrsQXkARzPUO+/4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoCcpiOCxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorte56GT/3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEya1Yp3Uak+XJZrN3kcBTiGEzgDD66gBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHsFCPIQ==</latexit>

Ei
<latexit sha1_base64="mYX/rGNnkaRYdw6ZJuS3/mD2HJE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcpiOCxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfDvzW09cGxGrR5wkPIjoUImBYBSt5N/1MjHtlStu1Z2DrBIvJxXI0eiVv7r9mKURV8gkNabjuQkGGdUomOTTUjc1PKFsTIe8Y6miETdBNj92Ss6s0ieDWNtSSObq74mMRsZMotB2RhRHZtmbif95nRQH10EmVJIiV2yxaJBKgjGZfU76QnOGcmIJZVrYWwkbUU0Z2nxKNgRv+eVV0qxVvYtq7eGyUr/J4yjCCZzCOXhwBXW4hwb4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AddgjrE=</latexit>

Ni
<latexit sha1_base64="a4q1wIyNee2piNVN1obygPY1bpM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcpePEkFUxbaEPZbLft0s0m7E6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqhn3WSxj3Q6p4VIo7qNAyduJ5jQKJW+F49uZ33ri2ohYPeIk4UFEh0oMBKNoJf++l4lpr1xxq+4cZJV4OalAjkav/NXtxyyNuEImqTEdz00wyKhGwSSflrqp4QllYzrkHUsVjbgJsvmxU3JmlT4ZxNqWQjJXf09kNDJmEoW2M6I4MsveTPzP66Q4uA4yoZIUuWKLRYNUEozJ7HPSF5ozlBNLKNPC3krYiGrK0OZTsiF4yy+vkmat6l1Uaw+XlfpNHkcRTuAUzsGDK6jDHTTABwYCnuEV3hzlvDjvzseiteDkM8fwB87nD+Uojro=</latexit>

Ni+1
<latexit sha1_base64="RRuja0Rwwy9mO9pVU+9kGCDoweM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoCcpePEkFewHtKFstpN26WYTdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpAIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Ubz2h0jyWj2acoB/RgeQhZ9RYqXXfy/i5N+mVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/Nzp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEx/J32ukBkxtoQyxe2thA2poszYhIo2BG/x5WXSrFa8i0r14bJcu8njKMAxnMAZeHAFNbiDOjSAwQie4RXenMR5cd6dj3nripPPHMEfOJ8/viqPKg==</latexit>

Block i
<latexit sha1_base64="5OA58Xjbt1AcdVOaPulQy2k/4x8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd140JMEvXiMYB6QLGF2MpsMO49lZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSjkz1ve/vbX1jc2t7dJOeXdv/+CwcnTcNirThLaI4kp3I2woZ5K2LLOcdlNNsYg47UTJ3czvPFFtmJKPdpLSUOCRZDEj2Dqpc8sVSRAbVKp+zZ8DrZKgIFUo0BxUvvpDRTJBpSUcG9ML/NSGOdaWEU6n5X5maIpJgke056jEgpown587RedOGaJYaVfSorn6eyLHwpiJiFynwHZslr2Z+J/Xy2x8HeZMppmlkiwWxRlHVqHZ72jINCWWTxzBRDN3KyJjrDGxLqGyCyFYfnmVtOu14LJWf6hXGzdFHCU4hTO4gACuoAH30IQWEEjgGV7hzUu9F+/d+1i0rnnFzAn8gff5A8zYjzI=</latexit>

Block i+1
<latexit sha1_base64="AUYLdU5NmrO6p6KWWXbggmpO7qg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIezGg54k6MVjBPOQZAmzk9lkyDyWmVkhLPkKLx4U8ernePNvnCR70MSChqKqm+6uKOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqd+64lqw5R8sOOEhgIPJIsZwdZJjzdckRFi50GvVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2cETdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq6EILFl5dJs1oJLirV+2q5dp3HUYBjOIEzCOASanAHdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPp0yPog==</latexit>

eFi
<latexit sha1_base64="UllH8gJM55fG19rI+ss+GMfUaL0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCp5LUgx6LgnisYGuhDWGzmbRLN5uwu6mU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmBSlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjkoySaFNE57IbkAUcCagrZnm0E0lkDjg8BiMbmb+4xikYol40JMUvJgMBIsYJdpIvm3X+k8sBM14CPjWZzXfrjp1Zw68StyCVFGBlm9/9cOEZjEITTlRquc6qfZyIjWjHKaVfqYgJXREBtAzVJAYlJfPL5/iM6OEOEqkKaHxXP09kZNYqUkcmM6Y6KFa9mbif14v09GVlzORZhoEXSyKMo51gmcx4JBJoJpPDCFUMnMrpkMiCdUmrIoJwV1+eZV0GnX3ot64b1Sb10UcZXSCTtE5ctElaqI71EJtRNEYPaNX9Gbl1ov1bn0sWktWMXOM/sD6/AFo1ZLa</latexit>

eDi
<latexit sha1_base64="u2VZZ3GnSG/2+1D1O2ZiyUOcSqg=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjWDiibR40CNRDx4xESSBptlup7Bhu212txjS8E+8eNAYr/4Tb/4bF+hBwZdM8vLeTGbmBSlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjkoySaFNE57IbkAUcCagrZnm0E0lkDjg8BiMbmb+4xikYol40JMUvJgMBIsYJdpIvm3X+k8sBM14CPjWZzXfrjp1Zw68StyCVFGBlm9/9cOEZjEITTlRquc6qfZyIjWjHKaVfqYgJXREBtAzVJAYlJfPL5/iM6OEOEqkKaHxXP09kZNYqUkcmM6Y6KFa9mbif14v09GVlzORZhoEXSyKMo51gmcx4JBJoJpPDCFUMnMrpkMiCdUmrIoJwV1+eZV0GnX3ot64b1Sb10UcZXSCTtE5ctElaqI71EJtRNEYPaNX9Gbl1ov1bn0sWktWMXOM/sD6/AFlx5LY</latexit>

eEi
<latexit sha1_base64="zF3oyZQkXHce3QioAzNOM28ytSg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCp5LUgx6LInisYGuhDWGzmbRLN5uwu6mU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmBSlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjkoySaFNE57IbkAUcCagrZnm0E0lkDjg8BiMbmb+4xikYol40JMUvJgMBIsYJdpIvm3X+k8sBM14CPjWZzXfrjp1Zw68StyCVFGBlm9/9cOEZjEITTlRquc6qfZyIjWjHKaVfqYgJXREBtAzVJAYlJfPL5/iM6OEOEqkKaHxXP09kZNYqUkcmM6Y6KFa9mbif14v09GVlzORZhoEXSyKMo51gmcx4JBJoJpPDCFUMnMrpkMiCdUmrIoJwV1+eZV0GnX3ot64b1Sb10UcZXSCTtE5ctElaqI71EJtRNEYPaNX9Gbl1ov1bn0sWktWMXOM/sD6/AFnTpLZ</latexit>

eEi+1
<latexit sha1_base64="3S7Wj2HoWAP8t0Ei4VJX0GRaCDY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiyKILLCvYBbQiTyU07dPJgZqLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee7yEM6ks69soLC2vrK4V10sbm1vbO+buXkvGqaDQpDGPRccjEjiLoKmY4tBJBJDQ49D2hlcTv30PQrI4ulOjBJyQ9CMWMEqUllzzoNJ7YD4oxn3A127GTu1xxTXLVtWaAi8SOydllKPhml89P6ZpCJGinEjZta1EORkRilEO41IvlZAQOiR96GoakRCkk02vH+Njrfg4iIWuSOGp+nsiI6GUo9DTnSFRAznvTcT/vG6qggsnY1GSKojobFGQcqxiPIkC+0wAVXykCaGC6VsxHRBBqNKBlXQI9vzLi6RVq9pn1dptrVy/zOMookN0hE6Qjc5RHd2gBmoiih7RM3pFb8aT8WK8Gx+z1oKRz+yjPzA+fwAYWZRV</latexit>

eDi+1
<latexit sha1_base64="ccFYDUycOzkvtxxjpXLaY3k5LJ4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiyqAuXFewD2hAmk5t26OTBzESpofgrblwo4tb/cOffOG2z0NYDFw7n3Mu993gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMU0GhSWMei45HJHAWQVMxxaGTCCChx6HtDa8mfvsehGRxdKdGCTgh6UcsYJQoLbnmQaX3wHxQjPuAr92MndrjimuWrao1BV4kdk7KKEfDNb96fkzTECJFOZGya1uJcjIiFKMcxqVeKiEhdEj60NU0IiFIJ5teP8bHWvFxEAtdkcJT9fdERkIpR6GnO0OiBnLem4j/ed1UBRdOxqIkVRDR2aIg5VjFeBIF9pkAqvhIE0IF07diOiCCUKUDK+kQ7PmXF0mrVrXPqrXbWrl+mcdRRIfoCJ0gG52jOrpBDdREFD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gAWzpRU</latexit>

eFi+1
<latexit sha1_base64="//LjjPc+XZ1REkhLorrfOTQOdJw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiyKIjLCvYBbQiTyU07dPJgZqLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee7yEM6ks69soLC2vrK4V10sbm1vbO+buXkvGqaDQpDGPRccjEjiLoKmY4tBJBJDQ49D2hlcTv30PQrI4ulOjBJyQ9CMWMEqUllzzoNJ7YD4oxn3A127GTu1xxTXLVtWaAi8SOydllKPhml89P6ZpCJGinEjZta1EORkRilEO41IvlZAQOiR96GoakRCkk02vH+Njrfg4iIWuSOGp+nsiI6GUo9DTnSFRAznvTcT/vG6qggsnY1GSKojobFGQcqxiPIkC+0wAVXykCaGC6VsxHRBBqNKBlXQI9vzLi6RVq9pn1dptrVy/zOMookN0hE6Qjc5RHd2gBmoiih7RM3pFb8aT8WK8Gx+z1oKRz+yjPzA+fwAZ5JRW</latexit>

eVi+1
<latexit sha1_base64="FJqxsc/MRmJBo3QigrjwjNm+UZ8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBfuANoTJ5LYdOpmEmYlSQ/FX3LhQxK3/4c6/cdpmodUDFw7n3Mu99wQJZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvZaKU0mhSWMey05AFHAmoKmZ5tBJJJAo4NAORldTv30HUrFY3OpxAl5EBoL1GSXaSL59UOndsxA04yHglp+xU3dS8e2yU3VmwH+Jm5MyytHw7c9eGNM0AqEpJ0p1XSfRXkakZpTDpNRLFSSEjsgAuoYKEoHystn1E3xslBD3Y2lKaDxTf05kJFJqHAWmMyJ6qBa9qfif1011/8LLmEhSDYLOF/VTjnWMp1HgkEmgmo8NIVQycyumQyIJ1SawkgnBXXz5L2nVqu5ZtXZTK9cv8ziK6BAdoRPkonNUR9eogZqIogf0hF7Qq/VoPVtv1vu8tWDlM/voF6yPbzKUlGY=</latexit>

eUi+1
<latexit sha1_base64="+NrNnZaJS9ykeQGUE/P0fmR/gXo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBdMW2hAmk5t26OTBzESpofgrblwo4tb/cOffOG2z0OqBC4dz7uXee/yUM6ks68soLS2vrK6V1ysbm1vbO+buXlsmmaDg0IQnousTCZzF4CimOHRTASTyOXT80dXU79yBkCyJb9U4BTcig5iFjBKlJc88qPXvWQCK8QCw4+Xs1J7UPLNq1a0Z8F9iF6SKCrQ887MfJDSLIFaUEyl7tpUqNydCMcphUulnElJCR2QAPU1jEoF089n1E3yslQCHidAVKzxTf07kJJJyHPm6MyJqKBe9qfif18tUeOHmLE4zBTGdLwozjlWCp1HggAmgio81IVQwfSumQyIIVTqwig7BXnz5L2k36vZZvXHTqDYvizjK6BAdoRNko3PURNeohRxE0QN6Qi/o1Xg0no03433eWjKKmX30C8bHNzEJlGU=</latexit>

eXi+1
<latexit sha1_base64="iDBtVwmGXrFkHAg/bYuzeru0Hkk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBfuANoTJ5LYdOpmEmYlSQ/FX3LhQxK3/4c6/cdpmodUDFw7n3Mu99wQJZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvZaKU0mhSWMey05AFHAmoKmZ5tBJJJAo4NAORldTv30HUrFY3OpxAl5EBoL1GSXaSL59UOndsxA04yHgjp+xU3dS8e2yU3VmwH+Jm5MyytHw7c9eGNM0AqEpJ0p1XSfRXkakZpTDpNRLFSSEjsgAuoYKEoHystn1E3xslBD3Y2lKaDxTf05kJFJqHAWmMyJ6qBa9qfif1011/8LLmEhSDYLOF/VTjnWMp1HgkEmgmo8NIVQycyumQyIJ1SawkgnBXXz5L2nVqu5ZtXZTK9cv8ziK6BAdoRPkonNUR9eogZqIogf0hF7Qq/VoPVtv1vu8tWDlM/voF6yPbzWqlGg=</latexit>

eYi+1
<latexit sha1_base64="deQnCH7y46p0cdiM+yCtntnsJBA=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBfuQNoTJ5KYdOnkwM1FqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPV7CmVSW9W0UlpZXVteK66WNza3tHXN3ryXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w6uJ374HIVkc3apRAk5I+hELGCVKS655UOk9MB8U4z7gOzdjp/a44pplq2pNgReJnZMyytFwza+eH9M0hEhRTqTs2lainIwIxSiHcamXSkgIHZI+dDWNSAjSyabXj/GxVnwcxEJXpPBU/T2RkVDKUejpzpCogZz3JuJ/XjdVwYWTsShJFUR0tihIOVYxnkSBfSaAKj7ShFDB9K2YDoggVOnASjoEe/7lRdKqVe2zau2mVq5f5nEU0SE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifPzc1lGk=</latexit>

eZi+1
<latexit sha1_base64="MZhFL7TxawubqautqkdPk2Te6Ck=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBfvANoTJ5KYdOnkwM1FqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPV7CmVSW9W0UlpZXVteK66WNza3tHXN3ryXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w6uJ374HIVkc3apRAk5I+hELGCVKS655UOk9MB8U4z7gOzdjp/a44pplq2pNgReJnZMyytFwza+eH9M0hEhRTqTs2lainIwIxSiHcamXSkgIHZI+dDWNSAjSyabXj/GxVnwcxEJXpPBU/T2RkVDKUejpzpCogZz3JuJ/XjdVwYWTsShJFUR0tihIOVYxnkSBfSaAKj7ShFDB9K2YDoggVOnASjoEe/7lRdKqVe2zau2mVq5f5nEU0SE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifPzjAlGo=</latexit>

eZi
<latexit sha1_base64="Cqilw4lf/iHe16X+WJbwAbbWauQ=">AAAB+3icbVC7TsNAEDyHVwgvE0qaEwkSVWSHAsoIGsogkYdILOt8XiennB+6OwOR5V+hoQAhWn6Ejr/hkriAhJFWGs3sanfHSziTyrK+jdLa+sbmVnm7srO7t39gHla7Mk4FhQ6NeSz6HpHAWQQdxRSHfiKAhB6Hnje5nvm9BxCSxdGdmibghGQUsYBRorTkmtX68JH5oBj3Ad+7GcvrrlmzGtYceJXYBamhAm3X/Br6MU1DiBTlRMqBbSXKyYhQjHLIK8NUQkLohIxgoGlEQpBONr89x6da8XEQC12RwnP190RGQimnoac7Q6LGctmbif95g1QFl07GoiRVENHFoiDlWMV4FgT2mQCq+FQTQgXTt2I6JoJQpeOq6BDs5ZdXSbfZsM8bzdtmrXVVxFFGx+gEnSEbXaAWukFt1EEUPaFn9IrejNx4Md6Nj0VryShmjtAfGJ8/ViKT+g==</latexit>

eYi
<latexit sha1_base64="mzTaXlkDTXIMHSR0YhJOHEykcF0=">AAAB+3icbVC7TsNAEDyHVwgvE0qaEwkSVWSHAsoIGsogkQdKLOt8XiennB+6OwOR5V+hoQAhWn6Ejr/hkriAhJFWGs3sanfHSziTyrK+jdLa+sbmVnm7srO7t39gHla7Mk4FhQ6NeSz6HpHAWQQdxRSHfiKAhB6Hnje5nvm9BxCSxdGdmibghGQUsYBRorTkmtX68JH5oBj3Ad+7GcvrrlmzGtYceJXYBamhAm3X/Br6MU1DiBTlRMqBbSXKyYhQjHLIK8NUQkLohIxgoGlEQpBONr89x6da8XEQC12RwnP190RGQimnoac7Q6LGctmbif95g1QFl07GoiRVENHFoiDlWMV4FgT2mQCq+FQTQgXTt2I6JoJQpeOq6BDs5ZdXSbfZsM8bzdtmrXVVxFFGx+gEnSEbXaAWukFt1EEUPaFn9IrejNx4Md6Nj0VryShmjtAfGJ8/VJmT+Q==</latexit>

eVi
<latexit sha1_base64="kH5feyHCU62zy2En142Z0Xcpkdc=">AAAB+3icbVBNT8JAEN3iF+JXxaOXjWDiibR40CPRi0dMBEygabbbKWzYbpvdrUoa/ooXDxrj1T/izX/jAj0o+JJJXt6bycy8IOVMacf5tkpr6xubW+Xtys7u3v6BfVjtqiSTFDo04Ym8D4gCzgR0NNMc7lMJJA449ILx9czvPYBULBF3epKCF5OhYBGjRBvJt6v1wSMLQTMeAu76OZvWfbvmNJw58CpxC1JDBdq+/TUIE5rFIDTlRKm+66Tay4nUjHKYVgaZgpTQMRlC31BBYlBePr99ik+NEuIokaaExnP190ROYqUmcWA6Y6JHatmbif95/UxHl17ORJppEHSxKMo41gmeBYFDJoFqPjGEUMnMrZiOiCRUm7gqJgR3+eVV0m023PNG87ZZa10VcZTRMTpBZ8hFF6iFblAbdRBFT+gZvaI3a2q9WO/Wx6K1ZBUzR+gPrM8fT/6T9g==</latexit>

eUi
<latexit sha1_base64="kXIJqkxK4CgTumGsgExaY7ek25c=">AAAB+3icbVC7TsNAEDyHVwgvE0qaEwkSVWSHAsoIGsog4QQpsazzeZ2ccn7o7gxEln+FhgKEaPkROv6GS+ICEkZaaTSzq90dP+VMKsv6Nipr6xubW9Xt2s7u3v6BeVjvySQTFBya8ETc+0QCZzE4iikO96kAEvkc+v7keub3H0BIlsR3apqCG5FRzEJGidKSZ9abw0cWgGI8AOx4OSuantmwWtYceJXYJWmgEl3P/BoGCc0iiBXlRMqBbaXKzYlQjHIoasNMQkrohIxgoGlMIpBuPr+9wKdaCXCYCF2xwnP190ROIimnka87I6LGctmbif95g0yFl27O4jRTENPFojDjWCV4FgQOmACq+FQTQgXTt2I6JoJQpeOq6RDs5ZdXSa/dss9b7dt2o3NVxlFFx+gEnSEbXaAOukFd5CCKntAzekVvRmG8GO/Gx6K1YpQzR+gPjM8fTnWT9Q==</latexit>

eXi
<latexit sha1_base64="lO4wwCDo2xsnrKcQeOGyvtHYZM8=">AAAB+3icbVC7TsNAEDzzDOFlQklzIkGiiuxQQBlBQxkk8pASyzqf18kp57N1dwYiK79CQwFCtPwIHX/DJXEBCSOtNJrZ1e5OkHKmtON8W2vrG5tb26Wd8u7e/sGhfVTpqCSTFNo04YnsBUQBZwLammkOvVQCiQMO3WB8M/O7DyAVS8S9nqTgxWQoWMQo0Uby7Upt8MhC0IyHgHt+zqY13646dWcOvErcglRRgZZvfw3ChGYxCE05UarvOqn2ciI1oxym5UGmICV0TIbQN1SQGJSXz2+f4jOjhDhKpCmh8Vz9PZGTWKlJHJjOmOiRWvZm4n9eP9PRlZczkWYaBF0sijKOdYJnQeCQSaCaTwwhVDJzK6YjIgnVJq6yCcFdfnmVdBp196LeuGtUm9dFHCV0gk7ROXLRJWqiW9RCbUTRE3pGr+jNmlov1rv1sWhds4qZY/QH1ucPUxCT+A==</latexit>

Fig. 1. Dependence graph for the random variables involved in the encoding
for Case 1. Ni, i ∈ J1, kK, is the channel noise corresponding to the
transmission over Block i. For Block i ∈ J2, kK, (Di, D̃i), (Fi, F̃i),
(Ei, Ẽi) are the random sequences used at the encoders to form Ũi, Ṽi,
X̃i, respectively.
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• The encoding at Transmitter 2 is described in Algorithm 3
and uses

– A hash function GY : {0, 1}N −→ {0, 1}rY chosen
uniformly at random in a family of two-universal
hash functions, where rY will be defined later.

– A source resolvability code for the discrete memory-
less source (Y, qY ) with encoding function eYN and
rate H(Y ) + ε2

2 , such that the distribution of the
encoder output p̃Y 1:N satisfies V(p̃Y 1:N , qY 1:N ) ≤
δ(N).

The dependencies between the random variables involved in



Fi+1
<latexit sha1_base64="BnBeDldJdMmfyQE3wLJtLTS3cE4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoCcpCOKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorte56GT/3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEya1Yp3Uak+XJZrN3kcBTiGEzgDD66gBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHsdqPIg==</latexit>

Fi
<latexit sha1_base64="YABuIIoLIynNK2LuC5ykWHlvSBk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcpCOKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfDvzW09cGxGrR5wkPIjoUImBYBSt5N/1MjHtlStu1Z2DrBIvJxXI0eiVv7r9mKURV8gkNabjuQkGGdUomOTTUjc1PKFsTIe8Y6miETdBNj92Ss6s0ieDWNtSSObq74mMRsZMotB2RhRHZtmbif95nRQH10EmVJIiV2yxaJBKgjGZfU76QnOGcmIJZVrYWwkbUU0Z2nxKNgRv+eVV0qxVvYtq7eGyUr/J4yjCCZzCOXhwBXW4hwb4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AdjojrI=</latexit>

Ei+1
<latexit sha1_base64="Nwv8xdQ+914rVrsQXkARzPUO+/4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoCcpiOCxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorte56GT/3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZuRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUNGG4C2+vEya1Yp3Uak+XJZrN3kcBTiGEzgDD66gBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHsFCPIQ==</latexit>

Ei
<latexit sha1_base64="mYX/rGNnkaRYdw6ZJuS3/mD2HJE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcpiOCxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfDvzW09cGxGrR5wkPIjoUImBYBSt5N/1MjHtlStu1Z2DrBIvJxXI0eiVv7r9mKURV8gkNabjuQkGGdUomOTTUjc1PKFsTIe8Y6miETdBNj92Ss6s0ieDWNtSSObq74mMRsZMotB2RhRHZtmbif95nRQH10EmVJIiV2yxaJBKgjGZfU76QnOGcmIJZVrYWwkbUU0Z2nxKNgRv+eVV0qxVvYtq7eGyUr/J4yjCCZzCOXhwBXW4hwb4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AddgjrE=</latexit>

Ni
<latexit sha1_base64="a4q1wIyNee2piNVN1obygPY1bpM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcpePEkFUxbaEPZbLft0s0m7E6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqhn3WSxj3Q6p4VIo7qNAyduJ5jQKJW+F49uZ33ri2ohYPeIk4UFEh0oMBKNoJf++l4lpr1xxq+4cZJV4OalAjkav/NXtxyyNuEImqTEdz00wyKhGwSSflrqp4QllYzrkHUsVjbgJsvmxU3JmlT4ZxNqWQjJXf09kNDJmEoW2M6I4MsveTPzP66Q4uA4yoZIUuWKLRYNUEozJ7HPSF5ozlBNLKNPC3krYiGrK0OZTsiF4yy+vkmat6l1Uaw+XlfpNHkcRTuAUzsGDK6jDHTTABwYCnuEV3hzlvDjvzseiteDkM8fwB87nD+Uojro=</latexit>

Ni+1
<latexit sha1_base64="RRuja0Rwwy9mO9pVU+9kGCDoweM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoCcpePEkFewHtKFstpN26WYTdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpAIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Ubz2h0jyWj2acoB/RgeQhZ9RYqXXfy/i5N+mVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/Nzp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEx/J32ukBkxtoQyxe2thA2poszYhIo2BG/x5WXSrFa8i0r14bJcu8njKMAxnMAZeHAFNbiDOjSAwQie4RXenMR5cd6dj3nripPPHMEfOJ8/viqPKg==</latexit>

Block i+1
<latexit sha1_base64="AUYLdU5NmrO6p6KWWXbggmpO7qg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIezGg54k6MVjBPOQZAmzk9lkyDyWmVkhLPkKLx4U8ernePNvnCR70MSChqKqm+6uKOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqd+64lqw5R8sOOEhgIPJIsZwdZJjzdckRFi50GvVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2cETdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq6EILFl5dJs1oJLirV+2q5dp3HUYBjOIEzCOASanAHdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPp0yPog==</latexit>

Block i
<latexit sha1_base64="5OA58Xjbt1AcdVOaPulQy2k/4x8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd140JMEvXiMYB6QLGF2MpsMO49lZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSjkz1ve/vbX1jc2t7dJOeXdv/+CwcnTcNirThLaI4kp3I2woZ5K2LLOcdlNNsYg47UTJ3czvPFFtmJKPdpLSUOCRZDEj2Dqpc8sVSRAbVKp+zZ8DrZKgIFUo0BxUvvpDRTJBpSUcG9ML/NSGOdaWEU6n5X5maIpJgke056jEgpown587RedOGaJYaVfSorn6eyLHwpiJiFynwHZslr2Z+J/Xy2x8HeZMppmlkiwWxRlHVqHZ72jINCWWTxzBRDN3KyJjrDGxLqGyCyFYfnmVtOu14LJWf6hXGzdFHCU4hTO4gACuoAH30IQWEEjgGV7hzUu9F+/d+1i0rnnFzAn8gff5A8zYjzI=</latexit>

eXi
<latexit sha1_base64="lO4wwCDo2xsnrKcQeOGyvtHYZM8=">AAAB+3icbVC7TsNAEDzzDOFlQklzIkGiiuxQQBlBQxkk8pASyzqf18kp57N1dwYiK79CQwFCtPwIHX/DJXEBCSOtNJrZ1e5OkHKmtON8W2vrG5tb26Wd8u7e/sGhfVTpqCSTFNo04YnsBUQBZwLammkOvVQCiQMO3WB8M/O7DyAVS8S9nqTgxWQoWMQo0Uby7Upt8MhC0IyHgHt+zqY13646dWcOvErcglRRgZZvfw3ChGYxCE05UarvOqn2ciI1oxym5UGmICV0TIbQN1SQGJSXz2+f4jOjhDhKpCmh8Vz9PZGTWKlJHJjOmOiRWvZm4n9eP9PRlZczkWYaBF0sijKOdYJnQeCQSaCaTwwhVDJzK6YjIgnVJq6yCcFdfnmVdBp196LeuGtUm9dFHCV0gk7ROXLRJWqiW9RCbUTRE3pGr+jNmlov1rv1sWhds4qZY/QH1ucPUxCT+A==</latexit>

eYi
<latexit sha1_base64="mzTaXlkDTXIMHSR0YhJOHEykcF0=">AAAB+3icbVC7TsNAEDyHVwgvE0qaEwkSVWSHAsoIGsogkQdKLOt8XiennB+6OwOR5V+hoQAhWn6Ejr/hkriAhJFWGs3sanfHSziTyrK+jdLa+sbmVnm7srO7t39gHla7Mk4FhQ6NeSz6HpHAWQQdxRSHfiKAhB6Hnje5nvm9BxCSxdGdmibghGQUsYBRorTkmtX68JH5oBj3Ad+7GcvrrlmzGtYceJXYBamhAm3X/Br6MU1DiBTlRMqBbSXKyYhQjHLIK8NUQkLohIxgoGlEQpBONr89x6da8XEQC12RwnP190RGQimnoac7Q6LGctmbif95g1QFl07GoiRVENHFoiDlWMV4FgT2mQCq+FQTQgXTt2I6JoJQpeOq6BDs5ZdXSbfZsM8bzdtmrXVVxFFGx+gEnSEbXaAWukFt1EEUPaFn9IrejNx4Md6Nj0VryShmjtAfGJ8/VJmT+Q==</latexit>

eZi
<latexit sha1_base64="Cqilw4lf/iHe16X+WJbwAbbWauQ=">AAAB+3icbVC7TsNAEDyHVwgvE0qaEwkSVWSHAsoIGsogkYdILOt8XiennB+6OwOR5V+hoQAhWn6Ejr/hkriAhJFWGs3sanfHSziTyrK+jdLa+sbmVnm7srO7t39gHla7Mk4FhQ6NeSz6HpHAWQQdxRSHfiKAhB6Hnje5nvm9BxCSxdGdmibghGQUsYBRorTkmtX68JH5oBj3Ad+7GcvrrlmzGtYceJXYBamhAm3X/Br6MU1DiBTlRMqBbSXKyYhQjHLIK8NUQkLohIxgoGlEQpBONr89x6da8XEQC12RwnP190RGQimnoac7Q6LGctmbif95g1QFl07GoiRVENHFoiDlWMV4FgT2mQCq+FQTQgXTt2I6JoJQpeOq6BDs5ZdXSbfZsM8bzdtmrXVVxFFGx+gEnSEbXaAWukFt1EEUPaFn9IrejNx4Md6Nj0VryShmjtAfGJ8/ViKT+g==</latexit>

eEi
<latexit sha1_base64="hGliNsRSxQ04k9d4+FOOIYnwp3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUnqQpdFEVxWsA9oQ5hMbtqhkwczE7WE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89XsKZVJb1bZTW1jc2t8rblZ3dvf0D87DalXEqKHRozGPR94gEziLoKKY49BMBJPQ49LzJ9czvPYCQLI7u1TQBJySjiAWMEqUl16zWh4/MB8W4D/jGzVhed82a1bDmwKvELkgNFWi75tfQj2kaQqQoJ1IObCtRTkaEYpRDXhmmEhJCJ2QEA00jEoJ0svntOT7Vio+DWOiKFJ6rvycyEko5DT3dGRI1lsveTPzPG6QquHQyFiWpgoguFgUpxyrGsyCwzwRQxaeaECqYvhXTMRGEKh1XRYdgL7+8SrrNhn3eaN41a62rIo4yOkYn6AzZ6AK10C1qow6i6Ak9o1f0ZuTGi/FufCxaS0Yxc4T+wPj8ATXlk+U=</latexit>

eFi
<latexit sha1_base64="0nEdwKTv04nB02zNOyo3SlutcAE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUnqQpdFQVxWsA9oQ5hMbtqhkwczE7WE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89XsKZVJb1bZTW1jc2t8rblZ3dvf0D87DalXEqKHRozGPR94gEziLoKKY49BMBJPQ49LzJ9czvPYCQLI7u1TQBJySjiAWMEqUl16zWh4/MB8W4D/jGzVhed82a1bDmwKvELkgNFWi75tfQj2kaQqQoJ1IObCtRTkaEYpRDXhmmEhJCJ2QEA00jEoJ0svntOT7Vio+DWOiKFJ6rvycyEko5DT3dGRI1lsveTPzPG6QquHQyFiWpgoguFgUpxyrGsyCwzwRQxaeaECqYvhXTMRGEKh1XRYdgL7+8SrrNhn3eaN41a62rIo4yOkYn6AzZ6AK10C1qow6i6Ak9o1f0ZuTGi/FufCxaS0Yxc4T+wPj8ATduk+Y=</latexit>

eFi+1
<latexit sha1_base64="//LjjPc+XZ1REkhLorrfOTQOdJw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiyKIjLCvYBbQiTyU07dPJgZqLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee7yEM6ks69soLC2vrK4V10sbm1vbO+buXkvGqaDQpDGPRccjEjiLoKmY4tBJBJDQ49D2hlcTv30PQrI4ulOjBJyQ9CMWMEqUllzzoNJ7YD4oxn3A127GTu1xxTXLVtWaAi8SOydllKPhml89P6ZpCJGinEjZta1EORkRilEO41IvlZAQOiR96GoakRCkk02vH+Njrfg4iIWuSOGp+nsiI6GUo9DTnSFRAznvTcT/vG6qggsnY1GSKojobFGQcqxiPIkC+0wAVXykCaGC6VsxHRBBqNKBlXQI9vzLi6RVq9pn1dptrVy/zOMookN0hE6Qjc5RHd2gBmoiih7RM3pFb8aT8WK8Gx+z1oKRz+yjPzA+fwAZ5JRW</latexit>

eEi+1
<latexit sha1_base64="3S7Wj2HoWAP8t0Ei4VJX0GRaCDY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiyKILLCvYBbQiTyU07dPJgZqLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee7yEM6ks69soLC2vrK4V10sbm1vbO+buXkvGqaDQpDGPRccjEjiLoKmY4tBJBJDQ49D2hlcTv30PQrI4ulOjBJyQ9CMWMEqUllzzoNJ7YD4oxn3A127GTu1xxTXLVtWaAi8SOydllKPhml89P6ZpCJGinEjZta1EORkRilEO41IvlZAQOiR96GoakRCkk02vH+Njrfg4iIWuSOGp+nsiI6GUo9DTnSFRAznvTcT/vG6qggsnY1GSKojobFGQcqxiPIkC+0wAVXykCaGC6VsxHRBBqNKBlXQI9vzLi6RVq9pn1dptrVy/zOMookN0hE6Qjc5RHd2gBmoiih7RM3pFb8aT8WK8Gx+z1oKRz+yjPzA+fwAYWZRV</latexit>

eXi+1
<latexit sha1_base64="iDBtVwmGXrFkHAg/bYuzeru0Hkk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBfuANoTJ5LYdOpmEmYlSQ/FX3LhQxK3/4c6/cdpmodUDFw7n3Mu99wQJZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvZaKU0mhSWMey05AFHAmoKmZ5tBJJJAo4NAORldTv30HUrFY3OpxAl5EBoL1GSXaSL59UOndsxA04yHgjp+xU3dS8e2yU3VmwH+Jm5MyytHw7c9eGNM0AqEpJ0p1XSfRXkakZpTDpNRLFSSEjsgAuoYKEoHystn1E3xslBD3Y2lKaDxTf05kJFJqHAWmMyJ6qBa9qfif1011/8LLmEhSDYLOF/VTjnWMp1HgkEmgmo8NIVQycyumQyIJ1SawkgnBXXz5L2nVqu5ZtXZTK9cv8ziK6BAdoRPkonNUR9eogZqIogf0hF7Qq/VoPVtv1vu8tWDlM/voF6yPbzWqlGg=</latexit>

eYi+1
<latexit sha1_base64="deQnCH7y46p0cdiM+yCtntnsJBA=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBfuQNoTJ5KYdOnkwM1FqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPV7CmVSW9W0UlpZXVteK66WNza3tHXN3ryXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w6uJ374HIVkc3apRAk5I+hELGCVKS655UOk9MB8U4z7gOzdjp/a44pplq2pNgReJnZMyytFwza+eH9M0hEhRTqTs2lainIwIxSiHcamXSkgIHZI+dDWNSAjSyabXj/GxVnwcxEJXpPBU/T2RkVDKUejpzpCogZz3JuJ/XjdVwYWTsShJFUR0tihIOVYxnkSBfSaAKj7ShFDB9K2YDoggVOnASjoEe/7lRdKqVe2zau2mVq5f5nEU0SE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifPzc1lGk=</latexit>

eZi+1
<latexit sha1_base64="MZhFL7TxawubqautqkdPk2Te6Ck=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFQShJXeiy6MZlBfvANoTJ5KYdOnkwM1FqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPV7CmVSW9W0UlpZXVteK66WNza3tHXN3ryXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w6uJ374HIVkc3apRAk5I+hELGCVKS655UOk9MB8U4z7gOzdjp/a44pplq2pNgReJnZMyytFwza+eH9M0hEhRTqTs2lainIwIxSiHcamXSkgIHZI+dDWNSAjSyabXj/GxVnwcxEJXpPBU/T2RkVDKUejpzpCogZz3JuJ/XjdVwYWTsShJFUR0tihIOVYxnkSBfSaAKj7ShFDB9K2YDoggVOnASjoEe/7lRdKqVe2zau2mVq5f5nEU0SE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifPzjAlGo=</latexit>

Fig. 2. Dependence graph for the random variables involved in the encoding
for Case 2. Ni, i ∈ J1, kK, is the channel noise corresponding to the
transmission over Block i. For Block i ∈ J2, kK, (Ei, Ẽi), (Fi, F̃i) are the
random sequences used at the encoder to form X̃i, Ỹi, respectively.

the encoding for Case 2 are represented in Figure 2.

Algorithm 3 Encoding algorithm for resolvability of Trans-
mitter 2 in Case 2
Require: A vector F1 of N(H(Y )+ε2) uniformly distributed

bits, and for i ∈ J2, kK, a vector Fi of N(I(Y ;Z) + ε2)
uniformly distributed bits.

1: for Block i = 1 to k do
2: if i = 1 then
3: Define Ỹ 1:N

1 , eYN (F1)
4: else if i > 1 then
5: Define F̃i , GY (Ỹ

1:N
i−1 )

6: Define Ỹ 1:N
i , eYN (F̃i‖Fi)

7: end if
8: Send Ỹ 1:N

i over the channel
9: end for

V. CODING SCHEME ANALYSIS

We only focus on Case 1 and omit Case 2 due to space
constraints.

For convenience define Ẽ1 , ∅, D̃1 , ∅, and
F̃1 , ∅. Let p̃EiDiFiX1:N

i U1:N
i V 1:N

i Y 1:N
i Z1:N

i
denote the

joint probability distribution of the random variables
Ẽi, D̃i, F̃i, X̃

1:N
i , Ũ1:N

i , Ṽ 1:N
i , Ỹ 1:N

i , and Z̃1:N
i created in

Block i ∈ J1, kK of the coding scheme of Section IV. We
also define the output lengths of the hash functions GX , GU ,
GV as follows

rX , N(H(X|UZ)− ε1/2),
rU , N(H(U |Z)− ε1/2),
rV , N(H(V |UZX)− ε1/2).

To prove that randomness recycling is done as expected, we
need the following two supporting lemmas.

Lemma 2 ( [20]). Define A , J1, AK. Let (Ta)a∈A be A
finite alphabets and define for S ⊆ A, TS ,×a∈S

Ta.
Consider the random variables T 1:N

A , (T 1:N
a )a∈A and

Z1:N defined over T NA × ZN with probability distribution
qT 1:N
A Z1:N ,

∏N
i=1 qTAZ . For any ε > 0, there exists a

subnormalized non-negative function wT 1:N
A Z1:N defined over

T NA ×ZN such that V(qT 1:N
A Z1:N , wT 1:N

A Z1:N ) ≤ ε and

∀S ⊆ A, H∞(wT 1:N
S Z1:N |qZ1:N ) ≥ NH(TS |Z)−NδS(N),

where δS(N) , (log(|TS | + 3))
√

2
N (A+ log( 1

ε )), and we
have defined the conditional min-entropy as [21],

H∞(wT 1:N
S Z1:N |qZ1:N )

, − log max
t1:NS ∈T NS

z1:N∈supp(qZ1:N )

wT 1:N
S Z1:N (t1:N

S , z1:N )

qZ1:N (z1:N )
.

Lemma 3 (Adapted from [22, Lemma 5]). Let XL , (Xl)l∈L
and Z be random variables distributed according to pXLZ
over XL × Z . For l ∈ L, let Fl : {0, 1}nl −→ {0, 1}rl ,
be uniformly chosen in a family Fl of two-universal hash
functions. Define sL ,

∏
l∈L sl, where sl , |Fl|, l ∈ L,

and for any S ⊆ L, define rS ,
∑
i∈S ri. Define also

FL , (Fl)l∈L and

FL(XL) , (F1(X1)||F2(X2)||. . . ||FL(XL)) ,

where || denotes concatenation. Then, for any qZ defined over
Z such that supp(qZ) ⊆ supp(pZ), we have

V(pFL(XL),FL,Z , pUKpUF pZ)

≤
√ ∑

S⊆L,S6=∅

2rS−H∞(pXSZ |qZ),

where pUK and pFK are the uniform distributions over J1, 2rLK
and J1, sLK respectively.

Using Lemmas 2 and 3, one can prove the following result,
which shows that in Block i ∈ J2, kK, if the inputs X̃1:N

i−1 ,
Ũ1:N
i−1 , Ṽ 1:N

i−1 of the hash functions GX , GU , GV , respectively,
are replaced by X1:N , U1:N , V 1:N distributed according to
qX1:NU1:NV 1:N ,

∏N
i=1 qXUV , then the output of these hash

functions are almost jointly uniformly distributed.

Lemma 4. Let punif
Ē

, punif
D̄

, punif
F̄

denote the uniform dis-
tributions over {0, 1}rX , {0, 1}rU , {0, 1}rV , respectively. We
have

V
(
qGX(X1:N )GU (U1:N )GV (V 1:N )Z1:N , punif

Ē
punif
D̄

punif
F̄

qZ1:N

)

≤ δT (N),

where δT (N) is such that limN→∞ δT (N) = 0.

Using Lemma 4, one can prove the following lemma, which
shows that in each encoding block, the random variables
induced by the coding scheme approximate well the target
distribution.

Lemma 5. For Block i ∈ J1, kK,

V(p̃U1:N
i V 1:N

i X1:N
i Y 1:N

i Z1:N
i
, qU1:NV 1:NX1:NY 1:NZ1:N )

≤ δi(N),



where δi(N) is such that lim
N→+∞

δi(N) = 0.

Using Lemmas 4 and 5, one can prove, as stated in the next
lemma, that the recycled randomness in Block i ∈ J2, kK is
almost independent of the channel output in Block i− 1.

Lemma 6. For i ∈ J2, kK,

V(p̃Z1:N
i−1EiDiFi

, p̃Z1:N
i−1
p̃EiDiFi) ≤ δ

(1)
i (N),

where δ(1)
i (N) is such that lim

N→+∞
δ

(1)
i (N) = 0.

Using Lemma 6, one can prove the next lemma, which
shows that the recycled randomness in Block i ∈ J2, kK is
almost independent of the channel outputs in Blocks 1 to i−1
considered jointly.

Lemma 7. For i ∈ J2, kK, we have

V
(
p̃Z1:N

1:i−1DiEiFi
, p̃Z1:N

1:i−1
p̃DiEiFi

)
≤ δ(C)

i (N),

where δ(C)
i (N) such that lim

N→∞
δ

(C)
i (N) = 0.

Using Lemma 7, one can prove the next lemma, which
shows that the channel outputs of all the blocks are asymptot-
ically independent.

Lemma 8. We have

V

(
p̃Z1:N

1:k
,

k∏

i=1

p̃Z1:N
i

)
≤ (k − 1) max

j∈J2,kK
δ

(C)
j (N),

where (δ
(C)
j (N))j∈J2,kK is defined in Lemma 7.

Using Lemmas 5 and 8, one can show, as stated in the
following lemma, that the target output distribution is well
approximated jointly over all blocks.

Lemma 9. For block i ∈ J1, kK, we have

V
(
p̃Z1:N

1:k
, qZ1:kN

)
≤ k

(
max
j∈J2,kK

δ
(C)
j (N) + max

j∈J1,kK
δj(N)

)
,

where (δ
(C)
j (N))j∈J2,kK is defined in Lemma 7 and

(δj(N))j∈J1,kK is defined in Lemma 5.

Finally, one can show that the encoding scheme of Section
IV-C achieves the desired rate pair.

Lemma 10. Let ε0 > 0. For k large enough, the rate pair
(R1, RU +RV ) is achievable and

lim
N→+∞

R1 = I(X;ZU) + ε0,

lim
N→+∞

RU = I(U ;Z) + ε0,

lim
N→+∞

RV = I(V ;ZUX) + ε0.

VI. CONCLUDING REMARKS

We showed that the problem of code construction for
multiple access channel resolvability can be reduced to the

simpler problem of code construction for source resolvabil-
ity. Our approach allows to construct codes that achieve
the multiple access channel resolvability region for arbitrary
channels with binary input alphabets from source resolvability
codes. The crux of our construction is randomness recycling
implemented with distributed hashing across a block-Markov
encoding scheme.

ACKNOWLEDGMENT

This work was supported in part by NSF grant CCF-
1850227.

REFERENCES

[1] T. Han and S. Verdú, “Approximation theory of output statistics,” IEEE
Trans. Inf. Theory, vol. 39, no. 3, pp. 752–772, 1993.

[2] Y. Steinberg, “Resolvability theory for the multiple-access channel,”
IEEE Trans. Inf. Theory, vol. 44, no. 2, pp. 472–487, 1998.

[3] M. Bloch and J. Laneman, “Strong secrecy from channel resolvability,”
IEEE Trans. Inf. Theory, vol. 59, no. 12, pp. 8077–8098, 2013.

[4] M. Hayashi, “General nonasymptotic and asymptotic formulas in chan-
nel resolvability and identification capacity and their application to the
wiretap channel,” IEEE Trans. Inf. Theory, vol. 52, no. 4, pp. 1562–
1575, 2006.

[5] A. Pierrot and M. Bloch, “Strongly secure communications over the
two-way wiretap channel,” IEEE Trans. Inform. Forensics Sec, vol. 6,
no. 3, pp. 595–605, 2011.

[6] M. Yassaee and M. Aref, “Multiple access wiretap channels with strong
secrecy,” in Proc. of IEEE Inf. Theory Workshop 2010, pp. 1–5.

[7] Z. Goldfeld, P. Cuff, and H. Permuter, “Semantic-security capacity for
wiretap channels of type II,” IEEE Trans. Inf. Theory, vol. 62, no. 7,
pp. 3863–3879, 2016.

[8] M. Frey, I. Bjelakovic, and S. Stanczak, “The MAC Resolvability
Region, Semantic Security and Its Operational Implications,” arXiv
preprint arXiv:1710.02342, 2017.

[9] M. Bloch and J. Kliewer, “Strong coordination over a line network,” in
Proc. of IEEE Int. Symp. Inf. Theory, 2013, pp. 2319–2323.

[10] M. Bloch, L. Luzzi, and J. Kliewer, “Strong coordination with polar
codes,” in Proc. of the Annual Allerton Conf. on Communication,
Control, and Compputing, 2012, pp. 565–571.

[11] R. Chou, M. Bloch, and J. Kliewer, “Empirical and strong coordination
via soft covering with polar codes,” IEEE Trans. Inf. Theory, vol. 64,
no. 7, pp. 5087–5100, 2018.

[12] M. Hayashi and R. Matsumoto, “Secure multiplex coding with depen-
dent and non-uniform multiple messages,” IEEE Trans. Inf. Theory,
vol. 62, no. 5, pp. 2355–2409, 2016.

[13] R. Amjad and G. Kramer, “Channel resolvability codes based on
concatenation and sparse linear encoding,” in Proc. of IEEE Int. Symp.
Inf. Theory, 2015, pp. 2111–2115.

[14] R. Chou, M. Bloch, and J. Kliewer, “Low-complexity channel resolv-
ability codes for the symmetric multiple-access channel,” in Proc. of
IEEE Inf. Theory Workshop, 2014, pp. 466–470.

[15] R. Sultana and R. Chou, “Explicit low-complexity codes for multiple
access channel resolvability,” in Proc. of the Annual Allerton Conf. on
Communication, Control, and Computing, 2019, pp. 116–123.

[16] T. Han, “Information-spectrum methods in information theory,” Appli-
cations of Mathematics, 2003.

[17] S. Vadhan, “Pseudorandomness,” Foundations and Trends R© in Theoret-
ical Computer Science, vol. 7, no. 1–3, pp. 1–336, 2012.

[18] A. Grant, B. Rimoldi, R. Urbanke, and P. Whiting, “Rate-splitting
multiple access for discrete memoryless channels,” IEEE Trans. Inf.
Theory, vol. 47, no. 3, pp. 873–890, 2001.

[19] J. L. Carter and M. N. Wegman, “Universal classes of hash functions,”
Journal of computer and system sciences, vol. 18, no. 2, pp. 143–154,
1979.

[20] R. Chou, “Secret sharing over a public channel from correlated random
variables,” in Proc. of IEEE Int. Symp. Inf. Theory, 2018, pp. 991–995.

[21] R. Renner, “Security of quantum key distribution,” International Journal
of Quantum Information, vol. 6, no. 01, pp. 1–127, 2008.

[22] R. Chou and A. Yener, “Secret-key generation in many-to-one networks:
An integrated game-theoretic and information-theoretic approach,” IEEE
Trans. Inf. Theory, vol. 8, pp. 5144–5159, 2019.


	Introduction
	Notation
	Problem Statement
	Proposed coding Scheme to achieve R_q_Z
	Review of source resolvability
	Reduction of the general construction of MAC resolvability codes to two special cases
	Encoding Scheme for Case 1
	Encoding Scheme for Case 2

	Coding Scheme Analysis
	Concluding Remarks
	References

