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ABSTRACT— In  edge

environments, distributing popular data from

computing

the cloud to edge servers efficiently is
critical for providing low-latency access.
Existing distribution schemes divide a file
into multiple data blocks and transmit them
in parallel to target edge servers, which then
reconstruct the file upon receiving all
blocks. Although this approach accelerates
data delivery, it is vulnerable to transmission
delays and failures caused by network
fluctuations or server outages, as the
successful  reconstruction  depends on
receiving every data block. To address these
limitations, this paper proposes EdgeHydra,
a fault-tolerant data distribution scheme
based on erasure coding. EdgeHydra
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encodes a file into both data and parity
blocks, allowing edge servers to reconstruct
the original file from any sufficient subset of
these Dblocks without waiting for all
transmissions to complete. Furthermore, it
employs a leaderless block supplement
mechanism, enabling distributed
coordination among edge servers to recover
missing blocks without relying on a
centralized controller. Experimental results
demonstrate that EdgeHydra significantly
improves robustness against delays and
failures, achieving up to 50.54% faster
distribution times compared to state-of-the-

art methods.
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I. INTRODUCTION

WITH the rapid development of modern
technologies such as the 5G communication
and artificial intelligence (Al), the number
of smart devices and services has increased
dramatically over the last decade. The
requirements for real-time data processing
have also increased profoundly. In the
traditional cloud computing paradigm, data
is stored in remote data centers for user
access. The distance between users and data
centers introduces inevitable latency when
users access these data. This significantly
impacts the performance of applications
especially those requiring real-time data
access Edge computing has emerged as a
promising solution to this fundamental
challenge by extending storage and
computing resources from the cloud to the
network edge. Based on users’ data
demands, popular data can be cached on
edge servers by app vendors, enabling their
users to access these data with ultralow

latency. An edge caching system serving a
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specific geographic region consists of a set
of edge servers covering different
geographical are as in the region. Recently,
a series of studies have focused on the
design of edge caching strategies to meet
app vendors’ diverse needs. To implement
these caching strategies, app vendors must
distribute data from cloud servers to targeted
servers within the edge caching system.
However, data transfer from the cloud to the
edge takes time and incurs financial costs.
Given a set of target edge servers in an edge
caching system, denoted by S = {s1,...,sn},
edge data distribution (EDD) aims to
transmit a file f from the cloud server to the
system for caching on each of the edge
servers in S. There are different ways to
transmit f to S. DataSync: DataSync is an
end-to-end data transfer ser vice provided by
Amazon. Data Sync ensures low data
distribution latency. However, considering
that the cost of transferring data from the
cloud to edge is much more than the cost of
transferring data between edge servers
($0.05-$0.09 per GB wversus $0.01 per
GB),1,2

distribution is often not economic. Gossip is

DataSync-based edge  data

widely used for data transfer across storage
nodes in distributed systems. To minimize
distribution costs, only a single copy of the

file is transmitted from the cloud to the edge
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caching system under the Gossip scheme.
Based on Gossip, transferred to a selected
entry server. Then, these edge servers
transfer f process completes when all the
target servers receive f. Compared with
DataSync, the Gossip scheme reduces the
transmission cost but requires gossiping
among edge servers, which often causes
substantial delays in the distribution process.
EDD-A EDD-A is a scheme specifically
designed for edge data distribution,
considering both transmission delay and
cost. EDD-A constructs a minimum Steiner
tree with the cloud server serving as the root
node, while target servers function as either
leaf nodes or intermediate nodes. The cloud
server then transfers f along the edges of the
Steiner tree. EDD-A reduces the amount of
data transferred from the cloud server to the
edge caching system, lowering the
transmission cost incurred. However, under
the EDD-A scheme, the distribution of f is
sensitive to runtime exceptions like network
fluctuations and server failures. A network
delay or a server failure occurring over any
path in the Steiner tree will impact the entire
data
EdgeDis Edgedis

solution designed for the EDD problem.

distribution  process significantly.

is the state-of-the-art

Under the Edgedis scheme, the app vendor

first slices f into some data blocks and

https://ijerst.org/index.php/ijerst

transfers each of the blocks simultaneously
to a selected entry server. These entry
servers will then forward their block to the
target servers, which can combine received
blocks to reconstruct f. To improve the
robustness of the EDD process, EdgeDis
selects an edge server in the system as a
coordinator to supply any missing blocks to
target servers, ensuring that all the target

servers will receive f eventually.

Il. RELATED WORK

A. Edge Dis: Enabling fast, economical,
and reliable data dissemination for

mobile edge computing.

Mobile edge computing (MEC) enables web
data caching in close geographic proximity
to end users. Popular data can be cached on
edge servers located less than hundreds of
meters away from end users. This ensures
bounded

latency-sensitive

latency guarantees for various
web applications.
However, transmitting a large volume of
data of the

geographically-distributed

out cloud onto many

web  servers

individually can be expensive. In addition,

web content dissemination may be

interrupted by various intentional and

accidental events in the wvolatile MEC

environment, which undermines

dissemination efficiency and subsequently
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incurs extra transmission costs. To tackle the
above challenges, we present a novel
scheme named EdgeDis that coordinates
data dissemination by distributed consensus
among those servers. We analyze EdgeDis's
evaluate its

validity theoretically and

performance experimentally. Results
demonstrate that compared with baseline
and state-of-the-art schemes, EdgeDis: 1) is
597x - 7.52x faster; 2)

dissemination costs by 48.21% to 91.87%;

reduces

and 3) reduces performance loss caused by
dissemination failures by up to 97.30% in

time and 96.35% in costs.

B. Age-aware data  selection and

aggregator placement for timely

federated continual learning in mobile

edge computing
Federated continual learning (FCL) is
emerging as a key technology for time-
sensitive applications in highly adaptive
environments including autonomous driving
and industrial digital twin. Each FCL trains
machine learning models using newly-
generated datasets as soon as possible, to
obtain a highly accurate machine learning
model for new event predictions. The age of
data, defined as the time difference between
the generation time of a dataset and the
current time, is widely adopted as a key

criterion to evaluate both timeline and

Vol. 22, No. 2(4), 2026
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quality of training. In this paper, we study
the problem of age-aware FCL in a mobile
edge computing (MEC) network. We not
only investigate optimization techniques that
optimize the data selection and aggregator
placement for FCL but also implement a real
system as a prototype for age-aware FCL.
Specifically, we first propose an
approximation algorithm with a provable
approximation ratio for the age-aware data
selection and aggregator placement problem
for FCL with a single request. In real
application scenarios, there are usually
multiple FCL requests that require to train
models, and delays in the MEC network are
usually uncertain. We then study the
problem of age-aware data selection and
aggregator placement problem for FCL with
uncertain delays and multiple requests, by
devising an online learning algorithm with a
bounded regret based on contextual bandits.
We finally implement a prototype for FCL
MEC
heterogeneous user equipments (UEs) and

with different

in an network, with various

cloudlets computing
capabilities in the network. Experiment
results show that the performance of the
proposed algorithms outperform existing
studies, by achieving 47% lower age of data

and 12% higher model accuracy.
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C. Enabling age-aware Big Data analytics
in serverless edge clouds
With the fast development of artificial
intelligence applications, large-volume big
data generated in the edge of networks are
waiting for real-time analysis, such that the
valuable information is unveiled. Analytic
developers for big data applications usually
face the burden of managing the underlying
cloud resources, which greatly drags the
speed of analytic development. Serverless
Computing is envisioned as an enabling
technology to release the management
burden of developers and to enable agile big
data analytics. That is, big data analytics can
be implemented in short-lived functions via
the (FaaS)

programming paradigm. In this paper, we

Function-as-a-Service

aim to fill the gap between serverless
computing and mobile edge computing, via
enabling query evaluations for big data
analytics in short-lived functions of a
serverless edge cloud (SEC). Specifically,
we formulate novel age-aware big data
query evaluation problems in an SEC so that
the age of data is minimized, where the age
of data is defined as the time difference
between the current time and the generation
of the We

approximation algorithms for the age-aware

time dataset. propose

big data query evaluation problem with a
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single query, novel

parameterized virtualization technique that

by proposing a

strives for a fine trade-off between short-
lived functions and large resource demands
of big data queries. We also devise an online
learning algorithm with a bounded regret for
the problem with multiple queries arriving
dynamically and without prior knowledge of
resource demands of the queries. We finally
evaluate the performance of the proposed
by
results

simulations.
that the

algorithms extensive

Simulation show
performance of our algorithms is promising.

1. PROPOSED METHODOLOGY
To mitigate the impacts caused by these
this  paper

a new EDD scheme that

faulty
EdgeHydra,
distributes blocks encoded with erasure
Under
EdgeHydra, the cloud server first encodes

SErvers, presents

coding instead of data blocks.
file f into a set of coded blocks with erasure
coding. Then, the cloud server sends these
coded blocks to entry servers for distribution
in the edge caching system. In this way, an
edge server does not need all the coded
blocks to reconstruct f. Instead, it can
reconstruct f with only a proportion of these
coded blocks. This allows EdgeHydra to
tolerate slow or failed data transmission
from faulty servers. It is the key idea of

EdgeHydra.
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2. Fault Modeling Module
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3. ERASURE CODING MODULE

In this module, the cloud server encodes the

Fig. 1: System Overview original file into multiple coded blocks using
1 Network Initialization Module erasure coding. These blocks include both
data and parity blocks, allowing edge

This module initializes the edge computing servers to reconstruct the file even if some

environment by registering the cloud server, blocks are missing or delayed.

entry servers, and edge servers. Each node is
assigned a  unique identity, and P

communication links are established to

ErasereEncoder Coded Boks Detaboywe

prepare the system for edge data
distribution. The network topology and

server roles are defined in this phase.
4, BLOCK DISTRIBUTION AND

RECOVERY MODULE

Admin Ligie Clond- > Eury Savey

Datad
Netwoek Comliy TGN SERVER o

This module distributes coded blocks from

the cloud to entry servers and then to edge
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servers. If some blocks are missing due to
faulty servers, edge servers cooperate using
a leaderless block supplement mechanism to
exchange blocks and recover the required

data without a central controller.

Entry Servers

W
sl [DGE A-—EDGE B— Daubase

nGic

RECONSTRUCTED
Lt

5. Performance Evaluation Module

This module evaluates the performance of
EdgeHydra by measuring distribution time,
fault  tolerance, and communication
overhead. The results are compared with
traditional edge data distribution schemes to
demonstrate improvements in robustness

and efficiency.

Analyzee

Execution Data

Graphs & Metrics Database

IV. EXPERIMENTAL RESULTS AND
ANALYSIS

Experimental results demonstrated that the

erasure coding mechanism efficiently
distributed data across multiple edge nodes

while ensuring successful data recovery

Vol. 22, No. 2(4), 2026
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even when several nodes became
unavailable or experienced failures. This
improved data availability without requiring

excessive storage redundancy.

The analysis showed that the proposed
framework achieved lower storage overhead
and higher fault tolerance compared to
data

traditional replication-based

distribution methods.

Fig. 2: Edge Clusterl

Fig. 3: Distributed Files

Fig. 4: Distributed Files
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Fig. 6: Benchmark

V. CONCLUSION

This paper presented EdgeHydra, an erasure
coding-based edge data distribution (EDD)
scheme designed to address the limitations
of traditional parallel block distribution
methods in edge computing environments.
By encoding files
EdgeHydra
reconstruct data using only a sufficient
of blocks,

dependency on slow or failed servers. The

into coded blocks,

enables edge servers to

subset

thereby eliminating

introduction of a decentralized block

supplement mechanism further ensures
balanced transmission workloads and
removes reliance on centralized

Vol. 22, No. 2(4), 2026
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coordination.  Experimental  evaluations
demonstrate that EdgeHydra significantly
improves robustness and efficiency under
dynamic network conditions, achieving up
to 50.54% reduction in distribution time
EDD

approaches. Overall, EdgeHydra proves to

compared to  state-of-the-art
be an effective, scalable, and fault-tolerant
solution for reliable data distribution in real-

world edge computing systems.
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