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Abstract—Entanglement routing in quantum networks is a
crucial step toward building secure and scalable quantum com-
munication systems. Due to the unique properties of quantum
information, this routing task is more complex than its classical
counterparts. In this study, we evaluate the impact of local myopic
decision-making on network performance, offering an alternative
to a centralized approach. We analyze real-world network topolo-
gies by extracting different subgraphs and statistically examining
how the efficiency of myopic routing varies with the number
of nodes in each cluster. Using a custom reward—cost-based
objective function, we compare the performance of both myopic
and globally optimal routing strategies. Our results show that
the efficiency of the myopic routing is generally low; however,
it improves as the number of nodes increases. This hints at the
necessity of at least some level of centralized coordination, but
overall seems to imply that local decision-making mechanisms
can be efficient enough, which paves the road for the scalable
design of quantum networks.

Index Terms—Quantum communications; Myopic routing;
Memory-free quantum network; Distributed routing.

I. INTRODUCTION

Quantum networks are envisioned as the foundation of a
future "quantum Internet," allowing quantum computers and
sensors to communicate in ways impossible with classical net-
works [1], [2]. This has driven global efforts to build quantum
communication infrastructures, from large-scale initiatives to
industrial prototypes.

Central to these networks is distributing entangled qubit
pairs (Bell pairs) between distant nodes, essential for protocols
like quantum teleportation, distributed quantum computing,
and device-independent security. Entanglement serves as the
key resource in quantum networking, comparable to bandwidth
in classical systems [3], [4]. However, creating and sustaining
high-fidelity entanglement is challenging due to vulnerability
of qubits to loss and decoherence, which worsen over distance
and time. Quantum repeaters and memory devices are needed
to store qubits and perform entanglement swapping, extending
links over multiple hops [5], [6]. Without memory at interme-
diate nodes, end-to-end entangled links must form simultane-
ously, making long-distance distribution exponentially hard.

These issues highlight the importance of network topology
and node capabilities, as connectivity and storage directly

affect entanglement rate, fidelity, and latency. Classical net-
working has used game theory to analyze resource allocation,
routing, and incentives in distributed systems, modeling how
agents make strategic decisions for stable, efficient outcomes
[71, [8]. Applying game theory to quantum networks is promis-
ing, especially for challenges like entanglement distribution,
routing, and topology control [9]. Nodes can act as au-
tonomous agents, adapting behaviors (such as relaying entan-
glement or allocating memory) to optimize utilities like fidelity
or delivery time. Recent studies show how combining game
theory and quantum strategies can improve link fidelities,
reduce latency, and contrast eavesdropping in entanglement
distribution games [10], [11].

This paper explores the problems related to the inability
of nodes in quantum communication memory-free networks
to store quantum information. In this case, hot potato routing
emerges as a natural and necessary strategy, as we consider a
scenario where qubits cannot be buffered without introducing
decoherence or requiring costly quantum memory and there-
fore are forwarded immediately upon arrival. This leads to a
scenario where each node, upon receiving quantum informa-
tion, must decide in real-time which neighbor to forward it to
[12].

This connects our analysis to the classic investigations of hot
potato routing, traditionally used in IP networks to minimize
storage needs and simplify routing decisions, especially in
high-throughput or low-buffer environments [13]. Its adap-
tation to quantum networks is supported by proposals with
quantum repeater chains or near-term quantum autonomous
systems. Studies often model this behavior using probabilistic
forwarding, Markov decision processes, or game theory to
account for routing trade-offs under strict temporal and fidelity
constraints [14], [15].

In particular, we investigate the efficiency of myopic for-
warding as opposed to a centralized decision based on the
resulting long-term result of the hot potato passing, solved
as the steady-state distribution of probabilistic routing. To
quantify the goodness of the resulting forwarding decision,
we assume that nodes are driven by a forwarding cost and a
reward based on the proximity the information is eventually



found in the network, both based on link distance (but having
different impacts). Our results serve to assess the need for
centralized coordination in quantum networks, as opposed to
a fully distributed management [16]-[18].

The efficiency of a myopic approach is found to be,
depending on the topology, between 40% to 80% of the
optimal centralized routing. While this obviously suggests that
some further coordination among nodes than a pure myopic
approach is needed, we are able to obtain some interesting
insights. First of all, this efficiency gap does not seem to
be insurmontable, and some targeted coordination for critical
topologies is probably sufficient to alleivate it significantly.
Moreover, the efficiency increases as the number of nodes
becomes larger, which seems to suggest that a distributed
myopic forwarding with some local coordination may be a
good scalable solution.

The rest of this paper is organized as follows. In Section
II, we discuss the related literature. Section III presents our
investigation. We show numerical results in Section IV, and
we conclude in Section V.

II. RELATED WORK

Entanglement routing is essential for scaling quantum net-
works, but poses significant challenges due to the inherent
properties of quantum information and constraints imposed
by quantum mechanics [4].

In recent years, this problem has attracted considerable
attention, leading to the development of various protocols and
algorithms aimed at addressing it. A dynamic entanglement
routing is presented in [16], leveraging stream processing to
optimize entanglement distribution within quantum networks.
However, practical deployment still faces challenges, particu-
larly in resource allocation, error handling, and computational
efficiency—areas that the authors plan to explore further. In
[19], the authors introduces a novel entanglement routing (ER)
protocol for quantum networks, to jointly utilize multiple paths
to route entanglement more efficiently across the network—an
approach that contrasts with conventional protocols that typi-
cally focus on a single optimal path.

In [20], the authors address a gap in the literature by
investigating the limitations caused by the scarce availability
of entangled photon sources (EPS). To enhance the throughput
of quantum networks in entanglement routing, they propose
the use of all-optical switching. However, while promising,
this approach introduces substantial implementation costs in
practical network deployments. In [17], the authors investigate
the challenge of quantum entanglement routing with the dual
objective of maximizing both the number of quantum user
pairs and their anticipated data throughput.

In [21], the authors introduce novel models, metrics, and
algorithms for entanglement routing that operate on arbitrary
network topologies. This approach stands in contrast to previ-
ous studies, which primarily focused on fixed structures such
as ring, star, or mesh topologies. However, their approach only
partially tackles the imbalance between limited entanglement
resources and high request demands, which can result in

network congestion. In [22], the authors propose a greedy en-
tanglement routing (ER) algorithm tailored for grid-topology
quantum networks, taking into account physical constraints
like the limited coherence time of quantum memory. Although
the algorithm effectively boosts end-to-end entanglement rates
by aggressively leveraging available network resources, it
suffers from poor resource efficiency. This is because it tends
to exhaust all resources within a localized region to serve a
single source-destination (S-D) pair.

In [15], [18], [23], the authors investigate multipath routing
strategies. However, these approaches either select each path in
isolation without coordinating with others or restrict selection
to completely disjoint paths—those that share no common
links. Such strategies can be fragile; if even a small number
of links fail, it can disrupt or delay entanglement generation
across all selected paths.

Optimizing long-term behavior in quantum networks may
be achieved through centralized or distributed decision-making
methods designed to improve entanglement distribution. In a
centralized decision-making approach, a single control entity
makes decisions based on global knowledge of the entire
network. This allows for system-wide optimization strategies,
potentially maximizing the efficiency of entanglement distribu-
tion and long-term network performance. However, centralized
architectures come with notable limitations. The performance
of centralized routing algorithms is significantly influenced
by the underlying network topology [24]. Additionally, in
large-scale quantum networks, nodes cannot access global
information quickly due to latency in the classical communi-
cation layer. This contradicts the assumption made in some
existing studies that global knowledge is readily available.
These delays hinder the responsiveness and adaptability of
centralized systems [12]. In contrast, distributed decision-
making involves each node making decisions independently
based on its local information and interactions with neighbor-
ing nodes. This approach avoids the bottlenecks and single
points of failure inherent in centralized systems, offering
greater scalability and robustness. While distributed algorithms
may not always achieve globally optimal solutions, they are
more practical for dynamic or large-scale quantum networks
where timely access to global state information is not feasible.
Thus, distributed strategies are increasingly being considered
as promising solutions for scalable and resilient entanglement
distribution.

In [10], the authors conduct a comparative analysis of
classical and quantum game-theoretic approaches to optimize
entanglement distribution in quantum networks. They propose
a game-based framework evaluated through two distinct net-
work scenarios, where network nodes (players) determine their
strategies based on key performance metrics such as latency,
fidelity, and entanglement rate. Simulation results demonstrate
that in both scenarios quantum strategies outperform their
classical counterparts, particularly by providing a favorable
trade-off between reduced latency and enhanced fidelity. Over-
all, the findings highlight the potential of game theory as
a powerful tool for addressing core challenges in quantum



networks, including routing, topology inference, and resource
allocation.

In contrast to the existing literature, in this study we evaluate
the efficiency of myopic routing across different network
topologies. We focus on specific subgraphs, and we investigate
how the efficiency of myopic routing varies with their size
in terms of number of nodes. This approach enables us to
systematically analyze the relationship between local decision-
making and network performance under different structural
configurations.

This study makes the following key contributions to the
literature:

o Evaluation of Myopic Routing Efficiency Across Re-
alistic Topologies: Unlike previous studies that focus
on global or game-theoretic routing strategies, this work
provides a quantitative evaluation of myopic (local) rout-
ing efficiency across two distinct and realistic quantum
network topologies.

o Subgraph-Based Cluster Analysis: We systematically
partition each network into smaller subgraphs (clusters)
and analyze how the efficiency of myopic routing changes
with the number of nodes in each cluster, offering a fine-
grained view of local decision dynamics.

o Formalized Reward-Cost Objective Function: A novel
objective function is proposed to capture the trade-off
between proximity-based reward and transmission cost,
enabling a unified comparison between globally optimal
and myopic (local) strategies.

o Comparison Between Centralized and Decentralized
Strategies: By comparing the optimal forwarding policy
(Fopt) with the myopic strategy (Fyopic), We quantify the
performance gap and highlight the trade-offs associated
with decentralization in routing decisions.

« Statistical Robustness Through Large-Scale Sam-
pling: The evaluation is conducted over 10,000 simula-
tion instances per topology, and 95% confidence intervals
are derived using percentile-based analysis, ensuring sta-
tistically reliable and interpretable results.

o Scalability-Oriented Framework: The proposed
methodology is lightweight and scalable, making it
suitable for analyzing routing performance in large-
scale or memoryless quantum networks where global
coordination is impractical.

III. PROPOSED MODEL

In our study, we define a customized reward-cost-based
objective function to evaluate the effectiveness of different
routing strategies. This function is designed to capture both
the impact of individual (selfish) decisions made by each node
and the overall network-wide efficiency.

A. Objective Function

Each routing strategy is evaluated based on a dedicated
objective function composed of two key components:

o Proximity reward: Encourages the long-term localiza-
tion of Bell pairs in nearby nodes, promoting efficient
spatial distribution.

o Transmission cost: Represents the total cost associated
with the paths traversed by the bell pairs across the
network links.

In our study, the objective function is formulated as follows
[25]:
f = —reward + cost.

The reward is computed using the high powers of the transition
matrix P = {P;;}, which defines the forwarding probabilities
between nodes. By repeatedly squaring this matrix, we approx-
imate the steady-state distribution that reflects the long-term
behavior of the routing policy - i.e., the probability that a Bell
pair will reside at a given node after many forwarding steps.

B. Optimal (Centralized) and Myopic (Decentralized) Solu-
tions

Optimal cost (F;) is obtained by numerically minimizing
the objective function over all feasible probability distribu-
tions, i.e., all valid P matrices. This represents a centralized
approach where all nodes coordinate their forwarding proba-
bilities globally in order to minimize the total cost across the
entire network.

Myopic cost (Fiyyopic) corresponds to a decentralized strat-
egy in which each node forwards to its least costly neighbor
based solely on local information. That is, each p;; is nonzero
only for the link with the lowest individual transmission cost
from node ¢. This approach ignores the long-term impact of
forwarding decisions and does not account for the global net-
work behavior. While it may yield locally optimal outcomes,
it can result in suboptimal overall performance.

We represent the forwarding strategy with a stochastic
matrix P = {p;;}, where p;; is the probability that node 4
forwards the bell pair to node j. The transmission cost for
each link is represented by a matrix C' = {c¢;;}, where ¢;; is
the cost from node ¢ to node j.

The total cost function is given as:

f(P,C) = —R(P,C)—Fzzpij 'Cij (l)
i=1 j=1

where R(P,C) is the proximity reward, and the second term
is the expected transmission cost across the entire network.

To calculate R(P,C'), we compute the steady-state distri-
bution matrix S by raising the matrix P to a large power
(e.g., P3192). This approximates the long-term behavior of
the forwarding process, i.e., the probability that a bell pair
originating from node 1 reaches node j in the long run.

The reward is then calculated as:

n n
R(Pa C) = Z Z Slj . (dmax - Cji) (2)
j=11i=1
where dax is the maximum transmission cost in the matrix C.
This formulation ensures that forwarding to nodes with lower
cost yields a higher reward.



The optimal forwarding policy is found by minimizing
f(P,C) under stochastic constraints on P (i.e., each row of
P sums to 1, p;; = 0, and 0 < p;; < 1). This yields a solution
denoted by Fi, representing the minimum achievable total
cost.

In contrast, the myopic strategy does not consider long-
term effects or the global cost structure. Each node simply
forwards the bell pair to its immediate neighbor with the
lowest cost:

1, if j = argmingy; ci
iy = 0, otherwise
This strategy minimizes only the local transmission cost at
each step, without accounting for where the bell pairs might
eventually end up. The cost associated with this myopic
forwarding strategy is denoted as Fiyopic-

We define the efficiency of the myopic strategy relative to

the optimal strategy as:

F myopic (3)
F opt

Since both cost values are positive, the efficiency lies in the
range [0, 1]. Higher values indicate that the myopic approach
performs close to the global optimum.

In our study, we conducted a statistical analysis to more re-
liably evaluate the effectiveness of different routing strategies
across various subgraph sizes K. For each value of K, we
randomly sampled 200 different subgraphs and computed effi-
ciency scores. This process was repeated 50 times, resulting in
a total of 10,000 scenarios evaluated for each topology. These
repetitions helped reduce the impact of random fluctuations
and increased the statistical robustness of our findings. For
each K, we computed the mean efficiency and additionally
derived confidence intervals to quantify the variability in the
results. Specifically, we adopted a percentile-based approach,
calculating the 2.5 and 97.5" percentiles across repetitions
to obtain a 95% confidence interval. This statistical framework
allows us not only to assess the average performance but also
to visualize the uncertainty around the measurements, leading
to a more comprehensive and reliable analysis of routing
strategy performance.

Efficiency =

IV. SIMULATION RESULTS

Our evaluation is conducted over five different topologies,
which are summarized along with their characteristics in Table
I [26].

Fig. 1 reports the efficiency of myopic routing in different
subnetworks of K nodes extracted from the five topologies.
We choose values of K in {8,10,20}. On the x-axis, we
display the standard deviation of the link lengths, which is
mildly indicative of the efficiency as distributed myopic rout-
ing is apparently slightly better as the network is more diverse.
Additionally, this parameter enables the visual separation of
the topologies, as apparently the link lengths are significantly
different across all of them. The most interesting trend is that
the efficiency of myopic forwarding improves with increasing

K, which we attribute to a better compensation of looping
effect in relatively larger networks.
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Fig. 2. Impact of Subgraph Size on Routing Efficiency for Bell Canada

and China Telecom Topologies. Average efficiency increases with the number
of nodes per subgraph, indicating improved performance with richer local
connectivity. Error bars represent standard deviation across subgraph samples.

To get a better detail on this point, we report in Fig. 2
the effect of increasing the subnetwork size on the routing
efficiency for two distinct topologies: Bell Canada and China
Telecom, reported with 95% confidence intervals. As the
number of nodes in the subgraphs increases from 5 to 20,
both topologies exhibit an upward trend in efficiency, with
China Telecom consistently outperforming Bell Canada. The
improvement is more pronounced beyond 10 nodes, suggesting
that larger subgraphs offer more alternative paths and flexibil-
ity for proximity-aware routing.

V. CONCLUSION AND FUTURE WORKS

In this study, we evaluated the efficiency of myopic routing
strategies across various quantum network topologies by par-
titioning them into subgraphs of increasing size. Our results
show a clear trend: as the cluster size increases, the efficiency
of myopic routing significantly improves. This indicates that
local decision-making strategies perform better when applied
over larger structural units within the network.

These findings suggest that the structural granularity of the
network - specifically, the size of subgraphs - plays a crucial
role in the performance of decentralized routing protocols.
Therefore, understanding and controlling the partitioning scale
may serve as a design lever for improving entanglement
distribution efficiency in memory-free quantum networks.

Our current work considers static clustering schemes with
uniform cluster sizes. In future research, we plan to explore
adaptive mechanisms where cluster sizes are determined dy-
namically based on network conditions, such as congestion,
entanglement availability, or physical distance metrics [27].

Additionally, it would be valuable to investigate hybrid rout-
ing strategies that combine local myopic decisions with limited



TABLE I
TOPOLOGY CHARACTERISTICS

Topology Number of Nodes Number of Edges Average Length  Standard Deviation of the Length
Bell Canada 48 65 720.08 1.001x103
China Telecom 42 66 911.97 567.47
Surfnet 50 73 30.79 20.20
BT Asia Pacific 51 66 270.44 264.07
IRIS USA 51 64 53.40 34.14
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Fig. 1. Efficiency versus standard deviation of link length for five different network topologies (Surfnet, Bell Canada, BT Asia Pacific, IRIS USA, and China
Telecom) under three different subgraph sizes (K = 8, 10, 20). Each marker represents a subgraph; variations in efficiency and spatial distribution of links are

observed as K increases.

global coordination, especially in medium-sized clusters where
purely local strategies may still suffer from inefficiencies [15],
[17]. Finally, evaluating the robustness of myopic routing un-
der link failures or dynamic request loads remains a promising
direction for further analysis.
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