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Abstract—Smart cities increasingly rely on distributed Edge-
Cloud infrastructures to support latency-sensitive IoT services
such as traffic monitoring, smart retail, and environmental
monitoring. Ensuring data consistency in these environments is
challenging due to network heterogeneity, intermittent connectiv-
ity, and geographically distributed nodes. Traditional consensus
protocols, such as Paxos and WPaxos, provide strong consistency
but introduce significant latency in Edge scenarios.

This paper presents EdgeCloudWPaxos, a consensus protocol
designed for smart-city Edge-Cloud systems. The protocol enables
low-latency local operations under weak consistency while del-
egating global reconciliation to the Cloud. Experimental results
show that EdgeCloudWPaxos improves latency and throughput
under heterogeneous network conditions while preserving fault
tolerance and convergence.

Index Terms—distributed consensus, non-linearized writes,
asynchronous, reconciliation, Edge-Cloud.

I. INTRODUCTION

Smart cities rely on large-scale distributed infrastructures
composed of IoT devices, Edge nodes, and Cloud services
to support applications such as intelligent transportation, en-
vironmental monitoring, and smart retail. In these scenarios,
Edge computing reduces latency by processing data close to
where it is generated. However, maintaining consistency across
geographically distributed Edge nodes remains challenging
due to variable network latency, intermittent connectivity, and
concurrent accesses to replicated data. Traditional consensus
protocols such as Paxos [1] and WPaxos [2] provide strong
consistency guarantees through synchronous coordination and
quorum-based replication. These approaches often suffer from
high latency and throughput degradation in Edge-Cloud sce-
narios, where network delays and temporary disconnections
are common. In particular, geographically distributed deploy-
ments make global linearization expensive, as each operation
may require one or more Edge-Cloud round trips (Figure 1).

To address these challenges, EdgeCloudWPaxos, a Cloud-
assisted consensus approach for Edge environments, is pre-
sented. The proposed design enables low-latency local opera-
tions under weak consistency while delegating global reconcil-
iation and asynchronous strong-state convergence to the Cloud.
Many smart-city workloads exhibit strong locality properties.
Most operations involve data generated and consumed within
the same geographical region, while only a small subset is
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Fig. 1: Distributed synchronization.

shared across multiple Edge nodes. This observation moti-
vates optimistic approaches that allow local operations while
tolerating temporary inconsistencies and infrequent conflicts.
By exploiting data locality and low conflict probability as-
sumptions, the system reduces synchronization overhead and
maintains responsiveness even under unstable networks.

II. EDGECLOUDWPAXOS

EdgeCloudWPaxos is a Cloud-assisted consensus approach
designed for geographically distributed Edge environments.
The protocol aims to reduce the impact of network latency and
temporary disconnections by allowing Edge nodes to process
operations locally while delegating global reconciliation to the
Cloud [3]. The system consists of multiple Edge nodes con-
nected to a central Cloud component. Each Edge node stores
a subset of replicated data shards and serves client requests
locally. Unlike traditional consensus protocols, direct Edge-
to-Edge communication is not required. Instead, the Cloud
acts as a coordination and reconciliation point, maintaining
the mapping between shards and replicas and mediating syn-
chronization among nodes. The protocol adopts an optimistic
execution model. Operations are executed locally at the Edge
under weak consistency semantics, enabling low-latency re-
sponses independently of the Edge-Cloud round-trip time. This
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Fig. 2: Phases of the algorithm.

design is motivated by the observation that many smart-city
workloads exhibit strong locality, with most accesses involving
data that are rarely shared across geographically distant nodes.
As a consequence, conflicts are expected to occur infrequently.
When strong consistency is required, operations are synchro-
nized through the Cloud, which acts as the global acceptor
and linearization point. Edge replicas execute the operation
locally and return a vote to the Cloud. Once all required votes
are collected, the Cloud decides whether to commit or abort
the operation and propagates the final decision back to the
replicas (Fig. 2). In case of temporary disconnections, Edge
nodes continue operating locally in weak-consistency mode
and reconcile their state once connectivity is restored.

III. EXPERIMENTAL EVALUATION

The experimental evaluation was conducted on a distributed
setup composed of three Edge nodes and one Cloud node
deployed on virtual machines. Different network conditions
were emulated by introducing controlled latencies between the
Edge and the Cloud in order to reproduce realistic smart-city
wide-area environments.

Results show that EdgeCloudWPaxos significantly improves
both throughput and latency compared to traditional consen-
sus protocols such as Paxos and WPaxos. In particular, the
protocol maintains stable throughput even under high network
latency, while Paxos and WPaxos rapidly saturate due to the
synchronous coordination required for each operation (Fig.
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Fig. 3: Throughput saturation.
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Fig. 4: Median latency varying cuncurrency.
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Fig. 5: Network interruption.

3). Latency analysis further highlights the benefits of local
execution. Weak-consistency operations in EdgeCloudWPaxos
exhibit very low latency and remain largely unaffected by
Edge-Cloud round-trip delays. Conversely, Paxos and WPaxos
show latency growth proportional to the network RTT.
Strong-consistency operations in EdgeCloudWPaxos incur an
additional synchronization cost (Fig. 4). The evaluation also
confirms the resilience of the proposed approach under het-
erogeneous network conditions and temporary disconnections.
During network disruptions, Edge nodes continue serving local
operations in weak-consistency mode and reconcile their state
once connectivity is restored (Fig. 5). These results demon-
strate that EdgeCloudWPaxos effectively decouples local re-
sponsiveness from global synchronization costs, making it par-
ticularly suitable for latency-sensitive smart-city applications
deployed over geographically distributed Edge infrastructures.
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