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Abstract—In cloud computing, virtual infrastructure based on virtual machines has been widely used to support various businesses.
Kubernetes is one of the most iconic of these systems. Kubernetes, K8s in short, is used for managing containers and it is most widely
used. This study examines Kubernetes as a foundational edge orchestration platform within modern cloud—edge computing
environments. It highlights Kubernetes’ role in enabling automated deployment, horizontal scaling, and efficient resource utilisation
across heterogeneous infrastructures, including both x86 and emerging ARM-based platforms. The work classifies Kubernetes-based
edge orchestration into three categories: platform-based solutions that extend Kubernetes without modification, cloud—edge
collaborative architectures that centralize orchestration while offloading execution to the edge, and customized edge-specific solutions
that adapt Kubernetes for constrained fog computing scenarios. Core distributed service mechanisms are discussed in terms of
application-level versus platform-provided service discovery models. The study further analyzes Kubernetes resource management
components, including scheduling, admission control, auto-scaling, load balancing, and health monitoring. Autoscaling
mechanisms—including HPA, VPA, and Cluster Autoscaler—are presented alongside resource and custom metrics pipelines
powered by cAdvisor, Metrics Server, and Prometheus. Finally, load balancing strategies are evaluated, including in-cluster
mechanisms (e.g., kube-proxy), external load balancers (e.g., cloud or MetalLB), and service-mesh-based intelligent routing (e.g.,
Istio, Linkerd). Overall, the study emphasizes Kubernetes’ flexibility and maturity in orchestrating distributed workloads across
cloud—edge systems.
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L INTRODUCTION

During the past few years, cloud computing has become a
key IT buzzword. Although the definition of cloud computing
is still “cloudy” [1], [2], the trade press and bloggers label
many vendors as cloud computing vendors, and report on their
services and issues. Cloud computing is in its infancy in terms
of market adoption [3]. However, it is a key IT megatrend that
will take root. The term “cloud” in cloud computing [4] is used
synonymously with “data center”. Today the computing field
is able to envision transitioning into the cloud computing era
because of the breath-taking advances in computing and
information technologies during the past three decades. The
advances include the buildup of the Internet backbone [5], the
widespread adoption of broadband access to the Internet, the
powerful network of servers and storage in data centres, the
advances in high-performance and scalable software
infrastructure for the data centers [6] and the Web, etc.

Competitiveness in industry requires smooth, efficient,
and high-quality operation. For some industrial and process
control and monitoring applications, achieving high
availability and reliability is necessary because, for example,
unavailability in industrial production can have serious
consequences for the operation and profitability of the
company, as well as for employee safety and the surrounding
environment. At present, many new technologies that use data
from various sensors for evaluation or decision-making
require minimizing data processing latency to meet the needs
of real-time applications. Cloud/Fog and Edge computing [7]
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technologies have been proposed to overcome latency issues
and to increase computing power. However, industrial
applications also require the high availability and reliability of
devices and systems [8]. The potential malfunction of Edge
devices can cause a failure of applications, and the
unavailability of Edge computing results can have a
significant impact on manufacturing processes [9].

Kubernetes [10], built on container technology, provides
simple functions such as resource scheduling, service
discovery, high availability management, and elastic scaling
for cross-host containerized applications. It provides
improved management tools to support development,
deployment, operation monitoring, etc. It can support
application development, automatic multiplatform migration
management, and other functions. However, we observe that
Kubernetes has several areas that need improvement,
especially [11], the performance of native components of
Kubernetes cannot cope with complex application
requirements, e.g., large-scale services and applications in
cloud computing [12], edge computing, and many others.

Load balancer is an important component in the distributed
system. Load balancing can offload external access to
different service instances, thereby increasing the overall
system throughput. In Kubernetes, the built-in load balancing
component has a few functions, only supports simple static
load balancing strategies, and it has design flaws and cannot
adapt to complex business needs. In addition to the static load-
balancing strategy [13], the load balancer can also
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dynamically distribute requests based on the running status of
servers and applications, such as CPU utilization, network
status, and so on.

Autoscaling is a vital feature of cloud infrastructure [13]
to acquire or allocate computing resources on demand,
allowing users to automatically scale the resources
provisioned to applications without human intervention under
fluctuating workloads, optimizing resource costs while
satisfying Quality of Service (QoS) requirements. Kubernetes
(K8s), the most prevalent container orchestration [14],
provides built-in autoscalers to deal with the scaling problem
in terms of vertical and horizontal at container level but still
has some limitations.

A. Structure of the Paper

The study is organized as follows: Section II presents
Kubernetes as an edge orchestration platform, including
architecture classifications, service discovery mechanisms,
and resource management features. Section III discusses
autoscaling mechanisms and monitoring approaches for
Kubernetes metrics. Section IV examines Kubernetes load-
balancing strategies, including in-cluster, external, and
service-mesh-based techniques. Section V reviews related
literature on Kubernetes scheduling, scaling, and resource
optimization algorithms. Section VI concludes the study and
outlines future research directions.

II.  KUBERNETES: EDGE ORCHESTRATION PLATFORM

With the rapid advancement of cloud technologies [15],
cloud services have enormously contributed to the cloud
community for application development life-cycle.
Kubernetes in this regard has been central in offering cloud
computing services to developers, allowing them to use
effective and automated deployment solutions. Kubernetes
has emerged as an effective facilitator of horizontal scaling
and resource management in the cloud environment. Using
Kubernetes as an orchestration tool and a cloud computing
[16] system as a manager of the infrastructures, developers
can boost the development and deployment process [17]. In
the services of cloud providers like GCP, AWS, Azure, and
Oracle, support for both x86 and ARM platforms is now
apparent. Nevertheless, x86 currently dominates the market,
whereas ARM-based solutions have not been widely
deployed, and only a few individuals are actively working on
ARM deployments. In this section, K8s is discussed as a
prospective provider of running cloud-edge and edge
orchestration environments.

A. Kubernetes-Based Edge Orchestration Architectures

Here, we subcategorize K8s-based edge orchestration
systems into three different types. The former group includes
open-source frameworks and solutions that seek to deliver
fundamental orchestration capabilities in edge computing.
Solutions that implement custom modifications and introduce
new extensions to K8s fall into the second category. The last
category reveals those solutions that tackle only the edge layer
with a modified K8s [18]. In Figure 1, a Kubernetes cluster is
shown, consisting of a control plane and worker nodes that
coordinate containerized workloads.
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Fig. 1. General Kubernetes Architecture

1. Platform-Based Solutions: The first category
comprises frameworks like KubeEdge (KE) [19],
Baetyl, OpenYurt (OY) [20], or ioFog [21]. These
platforms use custom components as containerized
workloads to a K8s cluster that has not been modified
to execute their orchestration logic. Usually, these
platforms provide only mechanisms for an easy setup
process of cloud-edge architectures. Easy-to-use
routines are included to roll out the required
infrastructure components, like software-defined
networks, message brokers, service and event bus
endpoints, and management capabilities. Setting up
and running cloud-edge architectures is simplified,
enabling users to easily deploy devices and monitor
their state.

2. Custom Cloud-Edge Architectures: The second
category comprises architectures that consider the
cloud and the edge layer in collaboration. This
framework improves the long-term rate of request
processing and system overhead by using the edge in
cooperation with the cloud. The orchestration
activities are planned centralized in the cloud to
assign workloads to edge nodes. The actual workload
is dispatched only to the edge. The proposed solution
uses advanced learning techniques and orchestration
fundamentals. This framework improves the long-
term rate of request processing and system overhead
by using the edge in cooperation with the cloud [22].
The orchestration activities are planned centralized
in the cloud to assign workloads to edge nodes. The
actual workload is dispatched only to the edge. The
proposed solution uses advanced learning techniques
and orchestration fundamentals.

3. Custom Edge Architectures: The third category
discloses the conceptual view of solutions addressing
the edge layer for a particular purpose of
orchestration. A fog architecture with K8s was
proposed to deploy multi-container applications on
low-power devices [23]. Several plugins extended
the default KS to enable an efficient, location-aware
container deployment. Multi-container applications
are deployed on neighboring nodes. An evaluation
yielded that the service quality was not
compromised. Deployments are calculated by an
external component and passed to an unmodified
K8s cluster. A robust integration with K8s was
achieved by running an additional component
directly on K8s that interacts with the cluster's API.

B. Service Discovery

Service discovery concerns locating service instances. The
key component of the service discovery is the service registry.
The registry is a database [24] that stores the locations of
service instances. It provides an interface for registration,
health checks, and service exposure. As soon as an application
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starts or stops, the service discovery mechanism updates the
registry. When the client wants to invoke a service, the service
discovery mechanism queries the registry for instances. The
request is then routed to one of them. There are two main
approaches to implementing service discovery: in the first,
clients and services interact directly with the registry. In the
second, the deployment platform is responsible for handling
discovery. The following explains application-level and
platform-provided service discoveries in more detail.

1) Application-Level Service Discovery

Services and clients of the application interact directly
with the service registry. The service registers its location on
the network on the service registry. To send a request to a
service, the client queries the service registry to receive a list
of instances. It then passes the request to one of these
instances.

This approach uses self-registration and client-side
discovery patterns. For self-registration, a service invokes the
service registry's API to register its network location and,
optionally, a health check URL. The health check URL is used
to check the service's status. Further, the registry may require
the service to send periodic heartbeats to indicate its
availability. A service may be deregistered when its health
check URL is unreachable, when it does not send heartbeats
for a few consecutive times, or when it deregisters itself.

A client-side discovery pattern is applied when a client
wishes to invoke a service. The customer requests the service
registry to list the service instances. It chooses an instance
with a load-balancing algorithm and sends the request to the
selected one.

2) Platform-Provided Service Discovery

The deployment platform has built in service registry and
discovery. A Domain Name System (DNS) name and a
Virtual IP (VIP) address is provided for each service. The VIP
address is the DNS name. Clients send requests to the DNS
name or VIP address and the platform then routes to one of
the running instances of the service.

The platform maintains a registry of service instance IP
addresses. Requests to services are load-balanced across
instances by the platform. However, the services do not
register themselves. Instead, a registrar registers these services
in the registry. This pattern is called 3rd party registration.

Server-side discovery is another pattern in which clients
do not request the service registry directly. Instead, they send
their requests to a DNS name, which is further resolved to a
request router. The request router then queries the services
registry and load-balances requests.

Table I shows a comparative analysis of Service Discovery
Techniques.

TABLE L APPLICATION VS. PLATFORM-PROVIDED SERVICE DISCOVERY
Aspect Application-Level Service Discovery Platform-Provided Service Discovery
Who interacts with the Service | Services register themselves and clients query the registry | Platform/registrar registers services; clients do not

Registry? directly

query registry directly

Registration Pattern
check URL, heartbeat)

Self-registration (service registers its own address, health

3rd-party registration
service instances)

(platform/registrar  registers

Discovery Pattern
choose a target

Client-side discovery: clients fetch instance list and

Server-side discovery: platform routes requests; client
only uses DNS/VIP

Client Responsibility

balancing

Heavy: client must query registry + perform load

Light: client only uses DNS name or VIP; platform
handles balancing

C. Resource Management in Kubernetes

Kubernetes automates the most efficient distribution and
scheduling of containerized applications across the nodes of
the cluster (physical or virtual) balancing the use of resources

on each node. Table I summarizes the resource management
[25] Features implemented in K8s along with their key
characteristics [26]. Note that K8s administrators and users
can configure a wide range of components to better control
resource usage and final application performance.

TABLE II. FEATURES IMPLEMENTED BY K8 ORCHESTRATOR
Feature Technique Function
Scheduling kube-scheduler, custom Assign containers to worker nodes based on different policies and user specifications.

Admission Control mutating and

controllers, custom

validating

Intercept requests to the K8s API server before the object is persisted, but after the request is
authenticated and authorized. This increases the security of the cluster.

Load Balancing round-robin, custom

Distribute the load among multiple container instances. Complex policies can be provided by
external load balancing.

Health Check start-up, liveness, readiness, and

shutdown probes

Control whether a container can answer to requests.

Fault Tolerance replica controller, custom

Specify and maintain a desired number of containers.

horizontal POD auto-scaler,
custom

Auto-scaling

Reshape the K8s workload by automatically increasing or decreasing the number of pods.
Custom metrics can be used.

III. AUTO-SCALING MECHANISMS AND METRICS
MONITORING IN KUBERNETES

Kubernetes is an open-source container orchestration
system that enables high availability and scalability through a
variety of autoscaling options. As containers can be deployed
at scale, there is a tremendous need for highly automated
container orchestration platforms for deployment, scaling, and
management. In Kubernetes [27], one of the most important
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features is autoscaling, which enables containerized
applications and services to run resiliently without human
intervention.

Figure 2 shows the configuration of an HPA.
“minReplicas” and “maxReplicas” refer to the minimum and
maximum numbers of pods that should run in the cluster. In
this case, the minReplicas and maxReplicas will be 2 and 4,
respectively. The Replication Controller, part of kube-

22



Chintal Kumar Patel, Journal of Global Research in Multidisciplinary Studies (JGRMS, 2 (1), January 2026, 20-26)

controller-manager, follows the ReplicaSet and ensures that at
any given time there are at least 2 and at most 4 pods of this
application running in the cluster. The metric used for this
HPA is CPU usage.

Naser Node

Fig. 2. (a) Example of YAML code for configuring HPA and Readiness
Probe in Kubernetes; (b) Horizontal Pod Autoscaling’s (HPA)architecture

A. Autoscaling Mechanisms in Kubernetes

To facilitate autoscaling, Kubernetes monitors pods,
applications, host machines, and cluster metrics. When such
measures attain some predetermined values, autoscalers are
activated. There are three types of auto-scalers provided by
Kubernetes as discussed below:

Horizontal Pod Autoscaler (HPA) is an autoscaler that
adjusts the number of execution units (pods) and resources
based on various requirements. HPA generates new pods to
help share the workload when triggered, without affecting the
existing pods already in operation within the cluster.

A Vertical Pod Autoscaler (VPA) adjusts the requested
resources of pods, including those requested directly, and
ensures the number of working pods remains constant.
Therefore, it requires restarting these pods, which disrupts the
continuity of applications and services.

Cluster Autoscaler (CA) increases the number of nodes
when it is no longer possible to schedule pods on the existing
nodes. At the moment, CA supports only commercial cloud
[28] providers (GCP and AWS).

B. Metrics in Autscaling Methods

Although Kubernetes natively offers Resource Metrics
[29] The monitoring targets are CPU and memory
consumption for pods and host machines. Therefore,
Customizable (or simply Custom) Metrics can be added with
the assist of external software [30] to improve the performance
and flexibility of HPA.

Kubernetes Resource Metrics: As shown in Figure 2b,
cAdvisor acts as a monitoring agent to collect core metrics,
such as CPU, memory usage, of the host machines and
running pods, and publish these metrics through an HTTP
port. For example, in Figure 2b, cAdvisor is currently
monitoring 4 existing pods A-1, A-2, B-1, and B-2. With the
help of kubelet, the Metrics-Server scrapes these metrics
periodically. The default scraping period is 60s, and it can be
changed in the Metrics-Server deployment settings. Then, the
Metrics-Server exposes them to the Metrics Aggregator in the
kube-apiserver as CPU and memory usage for individual pods
and nodes, whose average values are calculated and fed to the
HPA. This is referred to as the resource metrics pipeline.
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Kubernetes Resource Metrics can be checked manually by
running the kubectl top pod and kubectl top node commands
on the kube-a pi-server.

Prometheus Custom Metrics: Prometheus Allows
flexible monitoring as it exposes monitored targets as end
points and periodically pulls their metrics through an HTTP
server. It can monitor a wide range of targets including nodes,
pods, services, or even itself. Each of these targets has a
monitoring operation called a job. While Prometheus has a
default global scraping period of 60s, its jobs can have their
own. In the case of jobs that are too short-lived to be scraped,
Prometheus has a component called Pushgateway that such
jobs may push their metrics directly out of. Then, by exposing
the Pushgateway as an end point as well, Prometheus can
scrape these metrics later even after the jobs have been
terminated. Prometheus scrapes the existing pods A-1, A-2, B-
1, and B-2 using the job kubernetes-pods (as illustrated in
Figure 2b).

Readiness Probe: Pods are not usually ready to accept
traffic immediately after being created because in most cases
they might be required to load data or configuration.
Therefore, if traffic is sent to these newly created pods during
their startup time, the requests will obviously be failed. As a
solution, Kubernetes provides a feature named Readiness
Probe. In Figure 2a, the initialDelaySeconds, defines the
amount of time between the pods’ creation and when they are
first checked for readiness. In case the pods are not ready after
the check, Kubernetes will periodically recheck after every
periodSeconds. In this test, after creating pods B-3 and B-4,
Kubernetes allocates 5 s for them to boot and prepare. Once
the initial readiness check is passed and the pod is ready, it
will begin serving incoming traffic immediately. Conversely,
otherwise, Kubernetes rechecks after every 10 s 3 additional
times which is determined by failureThreshold after which it
gives up and decides to reset or declare the pod Unready
according to pre-established settings.

IV. LOAD BALANCING STRATEGIES IN KUBERNETES

Load balancing is a central point in defining the system's
efficiency in terms of resource use and the effectiveness of
individual services within the greater architecture. The main
ambition of cloud computing [31], [32] is to save time, money,
and provide ubiquitous service access from any device, at any
time, and anywhere. Load balancing plays a critical role in
fulfilling these aspirations, as it minimizes response time and
ensures adequate resource allocation and network throughput.
With the cloud computing [33] remaining one of the driving
forces in the digital environment, the necessity of advanced
load balancing strategies becomes more apparent.

A. In-Cluster Load Balancing (kube-proxy, Services)

Kubernetes provides built-in load balancing for traffic
inside the cluster through Services and kube-proxy:

1) Service Abstraction: A Kubernetes Service creates
a stable virtual IP (ClusterIP) and DNS name for a
set of pods defined by labels. This will enable the
clients to access the pods without having to be aware
of their dynamic IPs.

2) Kkube-proxy: kube-proxy is a process that is
running on each node and configures networking
rules based on either:

e iptables, or
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e [PVS

These rules send the traffic to a Service to a pod of the
backends.

3) Load Balancing Method:

e By default, it uses round-robin or random
selection depending on backend mode
(iptables/IPVS).

e It ensures pod-to-pod and node-local
communication is spread across replicas.

4) Use-Case: Internal traffic
microservices within the cluster.

B. External Load Balancers (Cloud LB, Meta LB)

When traffic from outside the cluster needs to reach
services, Kubernetes relies on external load balancers.

distribution  for

Cloud Provider Load Balancers: Managed Kubernetes
cloud offerings automatically create external LBs when a
Service is defined as Type=LoadBalancer:

e AWSELB/NLB
e Google Cloud Load Balancer
e Azure Load Balancer

These distribute incoming traffic across worker nodes,
which in turn route to backend pods.

MetalLB for Bare-Metal: On-premises or bare-metal
clusters lack native cloud LBs, so MetalLLB provides:

e Layer 2 mode (ARP/NDP-based)
e  BGP mode (routes advertised to routers)

This makes a bare-metal cluster behave like a cloud
environment regarding external load balancing.

Use-Case: North-South traffic (external — cluster), API
gateways, public endpoints.

C. Service Mesh-Based Load Balancing (Istio, Linekered,
Envoy)

Service Meshes enhance internal traffic control beyond
kube-proxy’s basic balancing.

Sidecar Proxies: Each pod runs a sidecar (e.g., Envoy)
that intercepts traffic, enabling advanced traffic policies such
as:

Intelligent routing
Retries and timeouts
Circuit breaking
Fault injection
mTLS encryption

1) Advanced Load Balancing: Service meshes support-
e  Weighted round robin

e Least connection
e Latency-aware routing
e Request percentage splits
e  C(Client-side load balancing
Use-Case: East-West traffic optimization across

microservices with rich observability and policy control.

Table III shows the classification and characteristics of
Kubernetes Load Balancing Mechanisms.
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TABLE III. KUBERNETES LOAD BALANCER TYPES
Load Scope Algorithms Key Typical
Balancer Componen Use
Type ts
In- Internal Basic kube-proxy, | Pod-to-Pod
Cluster (RR/random) Services
External Outside Cloud/BGP/L Cloud LBs, | Public
— 2 routing MetalLB access
Cluster
Service Internal Advanced Istio, Microservic
Mesh (latency- Linkerd, e routing
aware, least- | Envoy
conns, canary)

V. LITERATURE REVIEW

The aim of Kubernetes load balancing algorithms analysis
is to obtain resilient, efficient, and reliable work of clusters in
the dynamic work environments. The review below identifies
some of the scheduling, scaling, and resource optimization
methods that enhance scalability, system stability and
operational resilience within Kubernetes-based environments.

Du et al, (2025) proposed a Kubernetes scheduling
algorithm, KS-surge. It not only ensures the load balancing of
system resources but also can effectively handle sudden
situations such as a surge in task requests. The experimental
outcomes show that, compared to the default Kubernetes
resource scheduler, their proposed algorithm improves the
load balancing of the clusters while meeting the requirements
of applications [34].

(Song and Zhou, (2025) introduced the selection,
crossover, and mutation ideas in genetic algorithms into the
artificial fish school algorithm, improves the foraging
behavior in the artificial fish school algorithm, and constructs
a custom scheduling strategy based on the enhanced artificial
fish school algorithm. Experiments have shown that compared
with the default scheduling strategy of Kubernetes, the
customized scheduling strategy in this paper can effectively
improve the load balancing of the cluster and improve the
utilization of cluster hardware resources in the scenario of
multi-pod scheduling [35].

Liu, Zeng and Xia, (2024) proposed that it only relies on
the resource requests of containers for scheduling, and does
not fully consider the actual node load, which may lead to load
imbalance problem. To solve these problems, a flexible and
dynamic task scheduler, FlexiTask scheduler, is designed.
Based on the real-time load and historical resource utilization
data of nodes, the scheduler constructs a multi-index model
that adapts to the task requirements of collaborative edge
computing. Its core goal is not only to achieve cluster load
balancing, but also to improve system stability and overall
resource utilization efficiency in the environment of node load
fluctuation and resource change [36].

Xuesong et al., (2023) proposed a lightweight onboard
heterogeneous resource scheduling scheme and designs a
resource balancing scheduling algorithm based on historical
load. Through experiments, it has been shown that this scheme
has certain effects in improving the degree of cluster resource
balancing and reducing resource waste. The open-source
container orchestration management system represented by
Kubernetes cannot fully meet the needs of heterogeneous
resource scheduling in onboard environments [37].

Yunyun, Chen and Tan, (2022) designed an automatic
horizontal scaling system architecture based on the Monitor-
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Analyse-Planning-Execution (MAPE) loop to address the
above problems. The system also equips the horizontal scaling
system with the resource deletion strategy RRS, which
enables the system to handle bursty workloads better. The
main contribution of this paper is to propose a passive strategy
based on weighted metric thresholds and an active strategy
based on ARIMA prediction [38].

Guo et al., (2021) suggested that the current Kubernetes-
based container cloud management technology has become
the standard in the field of cloud computing -cluster
management, but there are problems such as single
considerations in scheduling strategies. To this end, this paper

proposes a container cloud computing power resource
scheduling algorithm based on combat mission priority, which
comprehensively considers combat mission priority and
various combat node computing, storage and network factors,
and designs and implements the algorithm. Finally, the
effectiveness of the algorithm is verified by building a
demonstration environment for testing [39].

Table IV appears to provide a literature review of
Kubernetes Load Balancing Algorithms and Techniques,
describing the algorithms, techniques, problems, scenarios,
and strengths.

TABLE IV. LITERATURE REVIEW ON KUBERNETES LOAD BALANCING ALGORITHMS AND TECHNIQUES
Author & Algorithm / Key Techniques Used Target Problem Environment / Strengths / Contributions
Year Approach Scenario
Du et al. | KS-surge Load-aware scheduling | Handling sudden surge | Kubernetes clusters Improves cluster load balancing
(2025) Scheduler with surge handling in task requests & load while meeting application demand
imbalance under surge scenarios
Song & | Enhanced Genetic Algorithm | Low  utilization & | Multi-pod Improves load balancing &
Zhou Scheduling (selection, crossover, | suboptimal scheduling | Kubernetes hardware  resource utilization
(2025) Strategy mutation) + Artificial Fish | in multi-pod | scheduling compared to default scheduler
School Algorithm environments
Liu, Zeng | FlexiTask Multi-index model using | Load imbalance due to | Collaborative edge | Enhances system stability, load
& Xia | Scheduler real-time & historical load | reliance only on | computing balancing, and overall resource
(2024) data container resource utilization with dynamic
requests scheduling
Xuesong et | Lightweight Historical load-based | Heterogeneous resource | Onboard/embedded Reduces resource waste, improves
al. (2023) Onboard balancing algorithm scheduling limitations in | heterogeneous resource balancing for onboard
Resource Kubernetes environments systems
Scheduler
Yunyun, Auto Horizontal | MAPE loop + RRS deletion | Inefficient scaling under | Cloud scaling | Enhances burst workload handling
Chen & | Scaling System | strategy + ARIMA | bursty workloads environments via passive (threshold) & active
Tan (2022) prediction (prediction) scaling strategies
Guo et al. | Priority-Based Combat mission priority + | Single-factor scheduling | Kubernetes-based Incorporates mission priorities,
(2021) Resource compute/storage/network limitations in container | container cloud for | verifies effectiveness via demo
Scheduling consideration cloud mission scenarios environment, enhances scheduling
depth

VI. CONCLUSION AND FUTURE WORK

Cloud computing offers many advantages over traditional
computing, including scalability, elasticity, and accessibility.
The cloud load balancers improve system performance by
distributing load among all available resources. This paper
shows that Kubernetes has been developed as a scalable and
flexible orchestration system capable of delivering distributed
cloud-edge designs with high resilience, scalability, and
resource efficiency. Kubernetes supports heterogeneous
environments due to their operational complexity, enabling
automated deployment, intelligent autoscaling, robust service
discovery, and various load-balancing strategies. Whereas
current adoption is dominated by x86-based deployments, the
rise in interest in ARM platforms and edge-specific extensions
indicates a shift in the landscape towards lighter, decentralized
computing models. Another category of Kubernetes-based
edge orchestration solutions also shows that platform-based
and custom Kubernetes-based solutions are continuously
evolving to meet the new demands of latency-conscious,
resource-limited environments. Additionally, custom metrics,
service mesh, and adaptive auto-scaling features are integrated
with Kubernetes, enabling the software to operate
dynamically without manual workload control. Kubernetes is
a competent prospect in a future cloud-edge ecosystem,
however, further innovation in edge-specific optimizations,
ARM, and autonomous management would be required to
realize smooth and pervasive deployment of the network edge.
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Future progress will delve into lightweight Kubernetes
distributions, constrained edge device support, improved
ARM platform support, and autonomous orchestration based
on Al-driven policies. Further studies are required of secure
multi-tenant edge deployments, real-time custom metrics and
seamless integration of service meshes to achieve optimal
latency, energy conservation and reliability of heterogeneous
cloud-edge systems.
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