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On the Efficiency of Nash Equilibria in the
Interference Channel with Noisy Feedback

Victor Quintero, Samir M. Perlaza, and Jean-Marie Gorce

Abstract—In this paper, the price of anarchy (PoA) and
the price of stability (PoS) of the 7-Nash equilibrium (7-NE),
of the two-user linear deterministic interference channel with
noisy channel-output feedback are characterized, with n > 0
arbitrarily small. The price of anarchy is the ratio between the
sum-rate capacity and the smallest sum-rate at an 7n-NE. The
price of stability is the ratio between the sum-rate capacity and
the biggest sum-rate at an 7-NE. Some of the main conclusions
of this work are the following: (a) When both transmitter-
receiver pairs are in low interference regime, the PoA can be
made arbitrarily close to one as 7 approaches zero, subject to
a particular condition. More specifically, there are scenarios in
which even the worst n-NE (in terms of sum-rate) is arbitrarily
close to the Pareto boundary of the capacity region. (b) The use
of feedback plays a fundamental role on increasing the PoA,
in some interference regimes. This is basically because in these
regimes, the use of feedback increases the sum-capacity, whereas
the smallest sum-rate at an 7-NE remains the same. (c¢) The
PoS is equal to one in all interference regimes. This implies
that there always exists an 7)-NE in the Pareto boundary of the
capacity region. The ensemble of conclusions of this work reveal
the relevance of jointly using equilibrium selection methods and
channel-output feedback for reducing the effect of anarchical
behavior of the network components in the 7-NE sum-rate of
the interference channel.

Index Terms—Nash equilibrium, Linear Deterministic Inter-
ference Channel, Price of Anarchy, Price of Stability.

I. LINEAR DETERMINISTIC INTERFERENCE CHANNEL
WITH NOISY CHANNEL-OUTPUT FEEDBACK

Consider the two-user linear deterministic interference chan-
nel with noisy channel-output feedback (LD-IC-NOF) de-
scribed in Figure 1. For all ¢ € {1,2}, with j € {1,2}\ {i},
the number of bit-pipes between transmitter ¢ and its corre-
sponding intended receiver is denoted by 4; the number
of bit-pipes between transmitter ¢ and its corresponding non-
intended receiver is denoted by n,;; and the number of bit-
pipes between receiver ¢ and its corresponding transmitter is
denoted by % 4;. These six integer non-negative parameters
describe the LD-IC-NOF in Figure 1.

At transmitter 7, the channel-input X; ,, at channel use n,

with n € {1,2,...,N;}, is a_g-dimensional binary vector
T
X, = (an),x( ) X(‘Q) € X;, with X; = {0,1}9,
g=1max (ﬁlh 72277112, nai), (1)
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Fig. 1. Two-user linear deterministic interference channel with noisy channel-
output feedback at channel use .

and N; € IN the block-length of transmitter-receiver pair 1.
At receiver 4, the channel-output Y, ,, at channel use n, with

n € {1,2,...,max (Ny, N2)}, is also a L'y -dimensional binary
vector 7m (751,1,7“1,.. 7(‘1)) Let S be a ¢ X ¢
binary lower shift matrix of the form:
o 0o o0 --- 0
1 0 o --- 0
S=10 1 0 - = |. )
: . . 0
0O --- 0 1 0

The input-output relation during channel use n is given by
Y =81 X ST X, 3

where X; , = (0,0,. 0) for all n > N;. The feedback

signal ?1 n avallable at transmitter ¢ at the end of channel
use n is

¥ p=smaxanp)-a) T, “

where d is a finite delay and additions and multiplications are
defined over the binary field.

Without any loss of generality, the feedback delay is
assumed to be equal to one channel use. Transmitter ¢
sends the message index W; by transmitting the codeword
X, =(Xi1,X0,...,X;n,) €&, which is a binary
q X N; matrix. The encoder of transmitter i can be modeled

as a set of deterministic mappings f; (N) 1 2 , R N , with



Wi x N = {0,1}7 and for all n € {2,3,...,N;},

fi(,ﬁ[) S Wi x IN x {0,1}9%(=1) 5 £0,1}9, such that

X1 :fi(,]lv) (W3, ;) and
Xi,n=ff,ﬁf) (W3, s, ?i,la ?i,% .

(5a)
Y1), &b

where €); is a randomly generated index known by both
transmitter ¢ and receiver ¢, while unknown by transmitter j
and receiver j.

The decoder of receiver ¢ is defined by a deterministic
function ng) 0 {0,1}9N — W), At the end of the
communication, receiver ¢ uses the ¢ x N bing{y matrix
( i1 Y 2,00, i,N> to obtain an estimate W, of the
message index W;. The decoding error probability in the two-
user LD-IC-NOF, denoted by F,, is given by

P.=max <Pr (W1 #£Wh) , Pr (W2 #£W72) ) . (6)

An achievable rate pair (R, R;) € R in the LD-IC-NOF
satisfies the following definition.

Definition 1 (Achievable Rate Pairs): A rate pair (R1, R2) €

]R2+ is achievable if there exists at least one pair of binary
codebooks with codewords (matrices) of sizes ¢ x N1 and q X
Ny, respectively, and the corresponding encoding functions
AR N and £, 855 BN such that the
decoding error probability P, can be made arbitrarily small
by letting the block-lengths N1 and Ny grow to infinity.

The aim of transmitter ¢ is to autonomously choose its
transmit-receive configuration, denoted by s;, in order to max-
imize its achievable rate R;. More specifically, the transmit-
receive configuration s; can be described in terms of the
block-length N;, the codebook XiN ¢, the encoding functions
fi(flv), i(.]ZV)7 cey i(]]\(,z, the decoding function wZ(N), etc. Note
that the rate achieved by transmitter-receiver ¢ depends on
both configurations s; and s, due to mutual interference.
This reveals the competitive interaction between both links in
the decentralized interference channel. The following section
models this interaction using tools from game theory.

II. THE TWO-USER INTERFERENCE CHANNEL AS A GAME

The competitive interaction of the two transmitter-receiver
pairs in the decentralized interference channel can be modeled
by the following game in normal-form:

g = (’C’ {Ai}rer {“k}kezc) : ™)

The set K = {1,2} is the set of players, that is, the set of
transmitter-receiver pairs. The sets A4; and A, are the sets of
actions of players 1 and 2, respectively. An action of a player
i € K, which is denoted by s; € A;, is basically its transmit-
receive configuration as described above. The utility function
of player 7 is u; : A; x A2 — Ry and it is defined as the
information rate of transmitter 1,

Ui(517$2) = { 51(51,82),

where € > 0 is an arbitrarily small number and R;(s1, s2) de-
notes a transmission rate achievable with the configurations s;

if P.<e
otherwise,

®)

and s,. Often, the rate R;(s1, s2) is written as R; for the sake
of simplicity. However, every non-negative achievable rate is
associated with the particular transmit-receive configuration
pair (s1, s2) that achieves it. It is worth noting that there might
exist several transmit-receive configurations that achieve the
same rate pair (R;, R2) and distinction between the different
transmit-receive configuration is made only when needed.

A class of transmit-receive configurations s* = (s7,s3) €
A1 x Aj that are particularly important in the analysis of this
game is referred to as the set of n-Nash equilibria (7-NE).
This type of configurations satisfy the following definition.

Definition 2 (n-Nash  equilibrium): In the game
G = (K, {Ac}pexc - {ur}trex). an action profile (si,s3)
is an n-Nash equilibrium if for all i € IC and for all s; € A;,
there exits an 1 > 0 such that

ui(si, s5) < wi(si, s5) +1. ©))

Let (s7,s3) be an n-Nash equilibrium action profile. Then
none of the transmitters can increase its own transmission
rate more than 7 bits per channel use by changing its own
transmit-receive configuration and keeping the average bit
error probability arbitrarily close to zero. Note that if n = 0,
then the classical definition of Nash equilibrium is obtained
[1]. Hence, at any n-NE, every transmitter-receiver pair’s
configuration is optimal with respect to the configuration of
the other transmitter-receiver pair.

The set of rate pairs that can be achieved at an 7-NE is
known as the n-Nash equilibrium region.

Definition 3 (n-NE Region): Let 1 > 0. An achievable rate
pair (R1, R2) is said to be in the 1n-NE region of the game
G = (K, {Ak}pex - {ur}tpex) if there exists a pair (s}, s3) €
A1 x Ag that is an n-NE and the following holds:

ui(sy,s5) =R1  and wua(s],s3) = Ra. (10)

terms of
denoted by
convex closed

The n-NE region is characterized in
two regions [2]: the capacity region,
C(7 11, Mo, 12, n21, 11, Wa2) and  a

region, denoted by B, 711, 1 29, M12,N21, %11, %22). In the
following, the tuple (7711, 722, n12, M21, W11, N 22) is used
only when needed. The capacity region C of the two-user
LD-IC-NOF is described in Lemma 1 (at the top of the next
page) and the convex region B,, for all n > 0 is described in

[2] as follows:
Bn:{(Rl,RQ) L; <R <Uj, for all i € {1,2}}, (12)
where,

Li:<(ﬁii - nij)+ - 7])+

and (13a)

Ui:max (ﬁ”, nl-j) — (mm ((ﬁjj*ﬂji)—‘r ,nij)

—<min (55 —nis) " mz3) — (max (i 55.m50) %jjﬁ) +> )

+7, (13b)

with i € {1,2} and j € {1,2}\ {i}.
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Lemma 1 (Theorem 1 in [3]): The capacity region C(ﬁn, ﬁgg,nlg,ngl, Wu, %22) of the two-user LD-IC-NOF is the set
of non-negative rate pairs (R1, Rz) that satisfy for all i € {1,2}, with j € {1,2}\ {i}:

R; <min (max (ﬁ”,nﬂ) max(ﬁii,nij)), (11a)
Ri gmln (max ’I'L ity TLJI max <ﬁ“, Wjj - (%}jj - ’I’L]‘i)Jr)) s (llb)
Ry + Ry <min (max (22,m12) + (711 — mi2) ", max (711, n91) + (W22 —n21) ") , (11¢)

Ry + Ry <max ( T —ni2) " no, T — (max (711, n12) — %11)+)
+ max ( (22 —n21)" , naz, Waz — (max (Wa, 1) — %22)+)7 (11d)
2Rl + Rjgmax (7“7 TLJZ)“!‘(W“ —nij)++max ((ﬁ)jj —nji)+ y nij7 ﬁ)jj —(max (ﬁjjv nji) - %jj)Jr) . (1 16)

The following lemma characterizes the n-NE region of the and (17), eleven different conditions are identified:
two-user LD-IC-NOF.
Lemma 2 (Theorem 1 in [2]): Let n > 0 be arbitrarily small. By Av /\;41’2’ (18a)
The n-NE region of the two-user LD-IC-NOF with parameters Byi: Aii A élyj A é&j’ (18b)
W11, 22, Ni2, No1, %11 and %22, is Bsi: A1 NA1 N Ag g, (18¢c)
By Zm A Zl,2 NAz1 A Ao, (18d)
Nn =Cn Bn' (14) BS,i: 2171 AN 2172 A ZQ7i N AQJ', (18e)
Bs : A1 NAiaNAzo ANAso, (18f)
ITI. PRELIMINARIES By él’l’ (18g)
Bg . Al,l AN A271 N A272, (181’1)
A. Definitions By : A1a ANAs1 A Ass, (181)
Bio: A1n NAsi AAyp, (18j)
Let a; € @Q be the interference parameter of transmitter- 7

Bii: AiiANAsi ANAgpo. (18k)

receiver pair ¢, with ¢ € {1,2} and j € {1,2} \ {4}, such that:

a; = i
P == -
UZT

(15)

The scenario in which the desired signal is stronger than the
interference (a; < 1) is referred to as low-interference regime
(LIR). Alternatively, the scenario in which the desired signal
is weaker than or equal to the interference (c; > 1) is referred
to as high-interference regime (HIR). The main results of this
paper are presented using a list of events (Boolean variables)
that are fully determined by the parameters 711, ﬁgg,nlg,
and nop. The event in which the number of interference-free
bit-pipes at receiver ¢ is bigger than or equal to the number of
bit pipes in the cross-interference link in receiver j is denoted
by Al,is i.e.,

Al_’ii %)

- (16)

The event in which the number of bit-pipes from transmitter
1 to receiver ¢ is bigger than or equal to the number of bit pipes
in the cross-interference link in receiver j is denoted by A, ;,
ie.,

Ag n)nji- (17)

In the E)llowing, given an event, e.g. Ag; : ﬁ)” = nj;, the
notation Ay ; implies ﬁ)ii < n;;. Combining the events (16)

For all i € {1,2}, j € {1,2} \ {¢} when both transmitter-
receiver pairs are in LIR, i.e., 717 > myo and 19y > no,
the events By, B ;, B3 i, B4, Bs i, and Bg exhibit the property
stated by the following lemma.

Lemma 3 (Both transmitter-receiver pairs are in LIR):
For all i € {1,2}, j € {1,2} \ {i} and for all
(ﬁlla 722,7112,77,21) S IN* with W11 > Mg and 199 > Moy,
only one of the events B1, Bo;, B3, By, Bs;, and Bg holds
true.

Proof: The proof follows from verifying that for all ¢ €
{1,2} and j € {1,2} \ {i}, when both transmitter-receiver
pairs are in LIR, i.e., 711 > nio and 722 > no1, the events
(18a)-(18f) are mutually exclusive. |

For all i € {1,2}, j € {1,2}\ {¢} when transmitter-receiver
pair 1 is in LIR and transmitter-receiver pair 2 is in HIR, i.e.,
711 > nyo and %)22 < no1, the events By, Bg, By, Big, and
By exhibit the property stated by the following lemma.

Lemma 4 (Transmitter-receiver pair 1 in LIR and
transmitter-receiver pair 2 in HIR) For all i € {1,2},
j € {1,2}\ {i} and for all (711, W 22,12, n21) € N* with
11 > N2 and 1oy < nay, only one of the events By, Bs,
By, By, and By1 holds true.

Proof: The proof of Lemma 4 follows along the same
lines of the proof of Lemma 3. [ ]



IV. MAIN RESULTS: EFFICIENCY OF AN 7)-NE

This section characterizes the efficiency of the set of Nash
equilibria in the two-user LD-IC-NOF using two metrics:
price of anarchy (PoA) and price of stability (PoS). The PoA
measures the loss of performance due to decentralization by
comparing the maximum sum-rate achieved by a centralized
LD-IC-NOF with the minimum sum-rate achieved by a de-
centralized LD-IC-NOF at an n-NE. Alternatively, the PoS
measures the loss of performance due to decentralization by
comparing the maximum sum-rate achieved by a centralized
LD-IC-NOF with the maximum sum-rate achieved by a de-
centralized LD-IC-NOF at an n-NE [4].

A. Price of Anarchy

Let A = A; x A be the set of all possible action profiles
and A, _ng C A be the set of 7)-NE strategies of the game in
(7) (Definition 2).

Definition 4 (Price of Anarchy [5]): Let n > 0. The PoA of
the game G, denoted by PoA (1,G), is given by:

2

max R;(s1,52)
(s1,82)€A P

PoA (1,G) = 19)

2

min Z R;(s7,53)

(57.53) €A, —n £

Let X0 (711 7 2,m10,m01, 5711, 572,) denote the solution to the
optimization problem in the numerator of (19), which corre-
spond to the maximum sum-rate in the centralized case. Let
also XN (7, T a0,m10,m01, 5711, 570) deNOte the solution to the
optimization problem in the denominator of (19). Closed-form
expressions of the maximum sum-rate in the centralized case,
1., Yo7, 7 a2.nia,mon, 5711, 572) aNd the minimum sum-rate
in the decentralized case, i.6., X (71, 7 a0.n12,m01,5711,5700) AI€
presented in [2] and they can be obtained from Lemma 1 and
Lemma 2.

The following theorems describe the PoA (n,G) in par-
ticular interference regimes of the LD-IC-NOF. In all the
cases, it is assumed that %;; < max (ﬁ)“, n;;) for all
i€ {1,2} and j € {1,2}\ {i}. If 011 > max (711, 712)
or 795 > max (722, n21), the results on the 7-NE efficiency
metrics are the same as those in the case of perfect channel-
output feedback, i.e., 71, = max (ﬁll,nlg) or Moy =
max (722, 7121).

Theorem 1 (Both transmitter-receiver pairs in LIR): For
all i+ € {L,2}, 7 € {1,2} \ {i} and for all
(T 11, a2, M2, n21, 11, o) € NS with 71y > nyy and
M99 > na1, the PoA (n,G) satisfies:

vl

2c1 if B
=N1
Ezcz,i if Ba
=Nt .
b - lf BS,i
PoA(n,9) = ¢ £V . (20)
Sa, lf By
zﬁv if Bsy
min(t ) e g
NPy res] 1 6,

;Nl

where,
= I B e = =
Zc1=m1n<n 11+ Moz, Moo+ 111 —n12, W11+ 122 —"N21,

max (711 — ni2, %11) + max (ﬁm — N2, %22)

%
2111 — n12 + max (722 — nay, %22),

27 29 — nay + max (711 — N2, %11)>; (21a)

= R (N -
Yog,;=min <n 92 + W11 — Naa, W11 + Moz — nai,

max (711 — ni2, %11) + max (ﬁzz — N2, %22)

_>
21 i — Nij + max (’I’Lij, %jj)a

2ﬁjj — Nyji + max (W“ — Ny, %”>> y (21b)

S = — — —
Ycz=min <n22 + n11 —ni2, W11 + Mo — Noa,

max (’I’Lgl, %11) 4+ max (n12, %22),
27 11 — n1g + max (7112, %22>,

27 29 — N1 + max (nﬂ, %11)>; and  (2lc)

Zleﬁn — g+ Ty — Noy — 2n. (21d)

Proof: The proof is presented in [2]. [ ]
From Theorem 1, the following conclusions can be drawn.
Remark 1:  When both transmitter-receiver pairs are in
LIR, and at least one of the conditions Bs ;, Bs ;, or Bg holds
true, with i € {1,2} and j € {1,2}\ {i}, then the PoA (n,G)
does not depend on the feedback parameters n 11 and n 5.

Corollary 1:  For any (ﬁll,ﬁgg,nlg,ngl,%11,%22) €
INS with 711 > nis and Tas > noy, that satisfies B, it
follows that:

Xcs

)
1< =“1<PoA (7,9)< =2, (22)
g PV
where,
Soa=T 11+ T ag — n1a — ngy, and (23)
ZCszﬁ)n + %}22 — max (n12, n21) . 24

The lower bound in (22) is obtained assuming that %11 =0
and %22 = 0 in (20). That is, when feedback is not available.
The upper bound in (22) is obtained assuming that i =
max(n 11,77,12) = ﬁll and %22 = max (ﬁgz,nzl) = %}22
in (20). That is, when perfect channel-output feedback is
available al both transmitter-receiver pairs.

Note that for any 7 arbitrarily small, when both transmitter-
receiver pairs are in LIR; condition B; holds true; %11 <
711 —nq9; and WQQ < ﬁ22 —ng91, the sum-rate capacity ap-
proaches to the minimum sum-rate at an 7-NE (PoA (7, G) ~
1. If %11 > 711 — N9 Or 29 > 722 — no1 the use



of feedback enlarges both the capacity region and the n-NE
region. However, the PoA increases as the smallest sum-rate at
an 7-NE remains unchanged with respect to the case without
feedback.

Corollary 2:  For any (ﬁll,ﬁgg,nlg,ngl,%11,%22) S
IN® with ﬁn > nig and 199 > noy, that satisfies By ; for
all i € {1,2} and j € {1,2} \ {3}, it follows that:

i Yos
<PoA (n,G)<=—.
Sy SoAtE)SS

1<

(25)

Note that when both transmitter-receiver pairs are in LIR;
condition Bg ; holds true for all ¢ € {1,2} and j € {1,2}\{i};
%” < n“ — n4;; and %N < n4j, the use of feedback does
not enlarge either the capacity region or the n-NE region.
Then, the PoA (777@ is equal to the lower bound in (25),
ie., PoA(n,G) = 2”;1 Conversely, when S0i > T — Nyj
or %]‘j > n;j, the use of feedback enlarges both the capacity
region and the 7-NE region.

The lower bound in (25) is obtained assuming that
Wu = 0 and ng = 0 in (20). That is, when feed-
back is not available. The upper bound in (25) is ob-
tained assuming that 11 = max (ﬁ)n,nlg) =71 and
$7 99 = max (722,7121) = sy in (20). That is, when per-
fect channel-output feedback is available at both transmitter-
receiver pairs.

CorOIlary 3: For any (ﬁ117 ﬁgg,nlg, na1, %11, %22) S
INC® with 711 > nqg and 722 > noi, that satisfies By, it
follows that:

min (fcs, niz + nm)
Zn1

Ecs

1< .
EN1

<PoA (n,9)< (26)

Note that when both transmitter-receiver pairs are in LIR;
condition B, holds true; and Y¢c5 < mi2 + mei, then the
PoA (n,G) does not depend on the feedback parameters 1
and 29. When icg, > nig + noi, %11 < no1, and
99 < miy2, then the PoA (n,G) is equal to the lower
bound in (26), i.e., PoA (n,G) = M221 Conversely, When

EC{, > ni9 4+ nop and %11 > ng1 Or %22 > nio, the use of
feedback enlarges the capacity region and the 1-NE region.

Theorem 2 (Transmitter-receiver  pair 1 in  LIR
and transmitter-receiver pair 2 in HIR): For all
- = ,

(11, Moz, iz, no1, Wir, a2) € IN® with i1 > npo
and T 99 < 1y, the PoA (n,G) satisfies:

1 .
i B
ni11—=N12—"N f 7
T ;
=11 — i B
ni11—Ni12— f 8

min("e2+711—n12,n21) ; B
if 9
ni1—niz2—n

PoA (1,G) = 27)

w1 ;
if B
ni11—=ni2—"n f 10
L if  Bu.

Note that in the cases in which transmitter-receiver pair 1 is
in LIR and transmitter-receiver pair 2 is in HIR, the PoA (7, G)
does not depend on the feedback parameters. This is basically
because the use of feedback in this scenario can enlarge the
capacity region but it does not increase the sum-rate capacity
(Theorem 4 in [6]).

In the case in which transmitter-receiver pair 1 is in HIR
and transmitter-receiver pair 2 is in LIR, i.e, 711 < nio
and 722 > mop, the PoA (n,G) for the LD-IC-NOF is
characterized as in Theorem 2 interchanging the indices of
the parameters.

Theorem 3 (Both transmitter-receiver pairs in HIR) For all
(nlla T2, n12, o1, W11, W22) € NO with W11 < nio and
a9 < Moy, the PoA (n,G) satisfies:

PoA (n,G) = o (28)

The result on Theorem 3 is due to the fact that ((ﬁn —

n12)+ - ’17)+ + ((722 — TL21)+ — ’17)+ = (. That is, when
711 < ni2 and ﬁgg < na1, none of the transmitter-receiver
pairs is able to transmit at a strictly positive rate at the worst
n-NE, ie., ZN(ﬁn’722,n12,n21,%11,ﬁ22):0'

Note also that in the cases in which the PoA (7, G) depends
on the feedback parameters %11 and %22, there exist a value
in the feedback parameter $711 or the feedback parameter
%752 beyond which the PoA (1,G) increases. The values in
the feedback parameters correspond to those values beyond
which the sum-rate capacity can be enlarged (Theorem 4 in

(6D.

B. Price of Stability

In this section, the efficiency of the 7-NEs of the game G
in (7) is analyzed by using the PoS.

Definition 5 (Price of stability [7]): Let n > 0. The PoS of
the game G, denoted by PoS (n,G), is given by:

2
R;(s1,52)

max
(81,52)6./4 N

PoS (n,G)= —
max R;i(s7, 85
( S1» )G-An NEZ ! 2

(29)

Let EN(WM,sz,mz,nzlﬁuﬁzz) denote the solution to the
optimization problem in the denominator of (29). A closed-
form expression of the maximum sum-rate in the decentralized
case, i.e., ZN(nu T o9,m1,ma1, 511,57 22) 18 Presented in [2] and
it can be obtained from Lemma 1 and Lemma 2.

The following proposition characterizes the PoS of the game
G in (7) for the LD-IC-NOF.

Proposition 1 (PoS): For all (711, oo, N1z, M21, W11,
%22) € IN® and for all ) > 0 arbitrary small, the PoS in the
game G of the LD-IC-NOF is:

PoS (n,G)=L1.

Note that the fact that the price of stability is equal to one,
independently of the parameters ﬁ)u, ng, n12, N2, Wn
and WQQ, implies that despite the anarchical behavior of both
transmitter-receiver pairs, the biggest 7-NE sum-rate is equal
to the sum-rate capacity, i.., X (7, T oo niz,n01, 511, 5702) —

(30)

ZNn(ﬁu’ﬁ.n’nu’nm,ﬁu’%n). This implies that in all ipter-
ference regimes, there always exist at least one Pareto optimal
n-NE.



V. CONCLUSIONS

The price of anarchy (PoA) and the price of stability (PoS)
of the n-NE of the two-user linear deterministic interference
channel with noisy channel-output feedback have been char-
acterized, with n > 0 arbitrarily small. It has been shown that
when both transmitter-receiver pairs are in low interference
regime, the PoA can be made arbitrarily close to one as
n approaches zero, subject to a particular condition. This
immediately implies that in this regime even the worst 7-
NE (in terms of sum-rate) is arbitrarily close to the Pareto
boundary of the capacity region. More importantly, it has
been shown that the use of feedback increases the PoA in
some interference regimes. This is basically because in these
regimes, the use of feedback increases the sum-capacity, where
as the smallest sum-rate at an 7-NE is not changed. In
some cases the PoA can be infinity due to the fact that in
high interference regimes, the smallest sum-rate at an 1-NE
is zero bits per channel use. In other regimes, the use of
feedback does not have any impact in the PoA as it does
not increase the sum-capacity. Finally, the PoS is shown to
be equal to one in all interference regimes. This implies that
there always exists an 7-NE in the Pareto boundary of the
capacity region. The main results of this work highlight the
relevance of designing equilibrium selection methods such that

decentralized networks can operate at efficient n-NE points.
The need of these methods becomes more relevant when
channel-output feedback is available as it might increase the
PoA.
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