Available online
European Journal of Advances in Engineering and Technology, 2021, 8(5):77-84

o i

4

F Research Article ISSN: 2394 - 658X
¥

AWS Pod Scaling: Horizontal vs. Vertical — Challenges and Solutions

Mohit Thodupunuri

Ms in Computer Science,
Sr Software Developer - Charter Communications Inc,
Email id: Mohit.thodupunuri@gmail.com

ABSTRACT

As cloud-native applications continue to evolve, Kubernetes-based deployments in AWS require effective scaling
strategies to ensure optimal performance and cost efficiency. This paper explores the two primary scaling
methods for pods in AWS: horizontal scaling (adding more pods) and vertical scaling (increasing pod resource
allocation). The study evaluates the advantages and limitations of each approach, focusing on real-world
challenges such as cost implications, resource utilization, performance impact, and auto-scaling complexities.
Furthermore, it provides solutions and best practices for selecting the optimal scaling strategy based on workload
requirements and system constraints.
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INTRODUCTION
The dynamic landscape of cloud-native applications demands robust and adaptable infrastructure, particularly
within Amazon Web Services (AWS) environments leveraging Kubernetes. As organizations progressively adopt
microservices architectures, the efficient management of pod scaling becomes paramount. Ensuring applications
maintain peak performance while optimizing resource utilization and cost-effectiveness hinges upon the strategic
implementation of scaling methodologies. Among these, horizontal and vertical pod scaling stand as fundamental
pillars, each presenting distinct advantages and challenges. The necessity of understanding these approaches
becomes more evident when considering the complexities of modern workloads, which often exhibit unpredictable
fluctuations in demand.
Horizontal Pod Autoscaling (HPA) addresses these fluctuations by dynamically adjusting the number of pod
replicas based on observed metrics like CPU utilization or custom application metrics. This method excels in
handling sudden spikes in traffic, distributing the load across multiple instances to prevent performance bottlenecks.
However, it introduces complexities related to state management and potential latency due to increased network
traffic. Conversely, Vertical Pod Autoscaling (VPA) focuses on optimizing resource allocation within individual
pods, adjusting CPU and memory limits to match real-time requirements. While VPA can enhance resource
efficiency and reduce costs by preventing over-provisioning, it may lead to application disruptions during resource
adjustments and does not inherently address high-traffic scenarios requiring increased concurrency.
The selection of an appropriate scaling strategy is not a one-size-fits-all endeavor. It necessitates a thorough
analysis of workload characteristics, application architecture, and performance objectives. Real-world deployments
often encounter challenges such as cost implications associated with over-provisioning or under-provisioning,
inefficient resource utilization leading to wasted expenditure, and performance degradation due to inadequate
scaling responses. Furthermore, the complexities of auto-scaling configurations, including the tuning of thresholds
and metrics, can significantly impact the effectiveness of scaling strategies. As the cloud native computing
foundation has shown, the need for effective autoscaling solutions has continued to increase as cloud-based
applications have increased in complexity [1]. Therefore, this discussion will delve into the intricacies of horizontal
and vertical pod scaling within AWS Kubernetes, examining the challenges and proposing solutions to empower
organizations to achieve optimal performance and cost efficiency.
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LITERATURE REVIEW
The efficient scaling of Kubernetes pods within AWS environments is a critical concern for modern cloud-native
applications. Existing literature highlights the distinct characteristics and challenges associated with horizontal and
vertical pod scaling. Horizontal Pod Autoscaling (HPA) has been extensively studied for its ability to dynamically
adjust pod replicas based on metrics like CPU utilization [2]. Researchers have examined the effectiveness of HPA
in handling fluctuating workloads, emphasizing its role in maintaining application performance during peak traffic
periods [3]. However, studies also point to the complexities of configuring HPA, including the need for accurate
metric thresholds and the potential for over-scaling [4].
Vertical Pod Autoscaling (VPA), on the other hand, focuses on optimizing resource allocation within individual
pods. Investigations into VPA have explored its potential to reduce resource waste by dynamically adjusting CPU
and memory limits [5]. Findings suggest that VPA can lead to significant cost savings by preventing over-
provisioning [6]. Nonetheless, the disruptive nature of VPA, particularly during resource adjustments, has been a
subject of concern [7]. Moreover, the integration of both HPA and VPA has been explored to achieve a more
comprehensive scaling strategy. Studies have demonstrated the benefits of combining these approaches to address
both fluctuating traffic and resource optimization [8].
The challenges of pod scaling extend beyond the technical aspects of HPA and VPA. Cost optimization remains a
significant consideration, with research highlighting the importance of balancing performance and expenditure [9].
Performance monitoring and analysis are also crucial for effective scaling, with studies emphasizing the need for
robust monitoring tools and techniques [10]. Moreover, the evolving nature of cloud-native applications
necessitates continuous research into new scaling strategies and techniques [11].
The existing literature emphasizes the importance of understanding the distinct characteristics and challenges of
horizontal and vertical pod scaling within AWS Kubernetes. Studies highlight the benefits and limitations of each
approach, as well as the potential for combining them to achieve optimal performance and cost efficiency.
Furthermore, research underscores the need for robust monitoring, cost optimization, and continuous innovation in
scaling strategies to meet the evolving demands of cloud-native applications.

PROBLEM STATEMENT: UNDERSTANDING THE CHALLENGES OF AWS POD SCALING
As organizations increasingly rely on Kubernetes-based deployments in AWS, choosing the right pod scaling
strategy becomes a critical challenge. While both horizontal and vertical scaling offers distinct advantages, they also
introduce complexities that can impact cost efficiency, resource management, and system performance. Businesses
must navigate these challenges to maintain optimal cloud operations, ensuring that their scaling approach aligns
with workload demands and infrastructure constraints. This section examines key challenges associated with AWS
pod scaling, including scalability limitations, cost implications, performance trade-offs, auto-scaling complexities,
and latency concerns that affect overall system stability.
Scalability Limitations in Kubernetes Deployments
Kubernetes provides native support for pod scaling, yet limitations exist when managing dynamic workloads.
Horizontal scaling increases the number of pods, but excessive scaling can lead to high cluster overhead,
inefficiencies in workload distribution, and constraints on available resources.
On the other hand, vertical scaling enhances individual pod resources but is restricted by predefined instance sizes,
potentially leading to over-provisioning or insufficient capacity when demand fluctuates. These limitations
necessitate a well-balanced scaling strategy that optimizes both pod quantity and resource allocation without
compromising system efficiency.
Cost Implications of Horizontal and Vertical Scaling
Scaling decisions impact operational costs in AWS environments. Horizontal scaling increases costs through
additional pod replicas, leading to higher resource consumption and potential inefficiencies in underutilized
instances.
Conversely, vertical scaling may result in over-provisioning, where pods receive more resources than necessary,
driving up expenses without proportional performance gains.
AWS pricing models further complicate cost management, as organizations must balance computing, memory, and
networking expenses while avoiding unnecessary spending. Selecting the most cost-effective scaling strategy
requires a detailed understanding of workload behavior and cloud pricing structures.
Resource Utilization and Performance Trade-offs
Efficient resource utilization remains a core challenge when scaling pods in AWS. Horizontal scaling distributes
workloads across multiple pods, reducing bottlenecks and improving system resilience. However, increased pod
counts may strain shared infrastructure components such as databases and load balancers, leading to performance
bottlenecks.
Vertical scaling, while improving individual pod performance, risks resource wastage and increased response times
if improperly configured. Striking the right balance between performance optimization and resource efficiency is
crucial for maintaining stable and cost-effective Kubernetes operations.
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Auto-Scaling Complexity and Configuration Challenges

Implementing auto-scaling mechanisms in Kubernetes requires precise configuration and continuous monitoring.
Horizontal Pod Autoscaler (HPA) and Vertical Pod Autoscaler (VPA) must be fine-tuned to align with workload
patterns, yet misconfigurations can lead to inefficient scaling behaviors, such as delayed resource allocation or
excessive scaling events.

Additionally, integrating AWS Auto Scaling services with Kubernetes introduces further complexity, requiring
deep expertise in cloud-native architectures. The challenge lies in configuring auto-scaling policies that dynamically
adjust resources while preventing performance degradation and unexpected cost spikes.

Latency and Stability Concerns in Scaling Decisions

Scaling decisions directly influence application latency and system stability. Rapid horizontal scaling may introduce
network congestion, affecting response times and overall application performance. Vertical scaling, particularly
when resizing existing pods, can lead to temporary disruptions if workloads must be restarted.

Furthermore, unpredictable workload spikes can cause sudden resource exhaustion, impacting service availability.
Ensuring stable and low-latency operations requires a proactive approach to scaling, with real-time monitoring and
predictive scaling techniques that anticipate demand fluctuations while maintaining consistent performance

Research Authors  Challenges Solutions

Burns et al. [2], HPA Configuration Complexity: Implement predictive autoscaling algorithms, use

Mao et al. [4] Difficulty in setting accurate metric machine learning to dynamically adjust thresholds,
thresholds, leading to over- or under-  and employ robust monitoring to fine-tune
scaling. configurations.

Urgaonkar et al. [5], VPA Disruption: Resource Implement gradual resource adjustments, use pod

Bobroff et al. [6], adjustments in VPA cause application  disruption budgets to minimize impact, and utilize

Wood et al. [7] disruptions and potential downtime. pre-provisioning techniques for anticipated resource

changes.

Lorido-Botran etal.  Integration of HPA and VPA: Develop hybrid autoscaling controllers that

[8] Achieving seamless integration of dynamically switch between HPA and VPA based
horizontal and vertical scaling on workload patterns and utilize advanced
strategies. orchestration tools for coordinated scaling.

Armbrust et al. [9] Cost Optimization: Balancing Implement cost-aware autoscaling policies, utilize
performance requirements with cost spot instances for non-critical workloads, and
efficiency in scaling decisions. employ resource utilization monitoring to identify

and eliminate waste.

Dikaiakos et al. [10] Performance Monitoring: Robust Utilize comprehensive monitoring tools that capture
monitoring and analysis are needed to  key performance metrics, implement anomaly
ensure effective scaling responses. detection algorithms, and establish proactive

alerting mechanisms.

SOLUTION: ADDRESSING THE CHALLENGES WITH EFFECTIVE SCALING STRATEGIES
As cloud-native applications scale, Kubernetes-based workloads in AWS require robust strategies to maintain
performance, efficiency, and cost-effectiveness.
A poorly designed scaling strategy can lead to resource bottlenecks, increased operational costs, and degraded
system stability. To address these challenges, implementing effective scaling strategies is crucial. This section
explores various technigues, including optimizing horizontal and vertical scaling, leveraging hybrid approaches,
integrating AWS auto-scaling tools, and mitigating latency issues through load balancing and scaling policies.
Optimizing Horizontal Pod Scaling (HPA) for Dynamic Workloads
Horizontal Pod Autoscaler (HPA) is essential for dynamically adjusting the number of pod replicas based on
workload demand. It enables Kubernetes to scale applications in response to real-time CPU or memory utilization.
A well-configured HPA prevents over-provisioning while ensuring application stability.
To implement HPA, define resource requests and limits in the deployment manifest:
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apiversion: apps/vl
kind: Deployment
metadata:

name: web-app

matchLabels:
app: web-app
template:

metadata:
pp: web-app

containers:
name: web-app
image: my-app:latest
resou
req
cpu
memory :

limits
cpu:

memory : >12M1i”

Figure 1: Defining resource requests and limits

Once the deployment is configured, define the HPA policy to scale between 2 and 10 replicas based on CPU
utilization:

apiVersion: autoscaling/v2

kind: HorizontalPodAutoscaler
metadata:
name: web-app-hpa
spec:
scaleTargetRef:
apiVersion: apps/vi
kind: Deployment
name: web-app
minReplicas: 2
maxReplicas: 10
metrics:
- type: Resource
resource:
name: cpu
target:
type: Utilization
averageUtilization: 50

Figure 2: Defining HPA policies

By leveraging HPA, workloads automatically scale to handle traffic surges without manual intervention, ensuring
optimal resource utilization.

Enhancing Vertical Pod Scaling (VPA) for Resource Efficiency

Vertical Pod Autoscaler (VPA) adjusts the CPU and memory requests for running pods based on real-time usage.
This is beneficial for workloads with fluctuating resource demands, reducing unnecessary overhead from excessive
horizontal scaling.

To enable VPA, install the VPA admission controller and configure a recommendation policy:

apiVersion: autoscaling.k8s.io/v1l
kind: VerticalPodAutoscaler
metadata:

name: web-app-vpa
spec:

targetRef:

apiVersion: apps/vil

kind: Deployment

name: web-app
updatePolicy:

updateMode:

Figure 3: Installing VPA admission controller
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VPA continuously monitors pod performance and recommends appropriate CPU/memory limits, ensuring efficient
resource allocation without manual adjustments.

Balancing Cost and Performance Through Hybrid Scaling Approaches

A hybrid scaling approach combines HPA and VPA to balance performance and cost efficiency. This method
prevents excessive resource provisioning while maintaining flexibility to adjust to fluctuating workloads.

To implement hybrid scaling, deploy both HPA and VPA while ensuring no conflicts arise. Use HPA to scale out
under high demand and VPA to fine-tune pod resource allocations.

apiVersion: autoscaling.k8s.io/v1l
kind: VerticalPodAutoscaler
metadata:
name: web-app-vpa
spec:
targetRef:
apiVersion: apps/vl
kind: Deployment
name: web-app
updatePolicy:
updateMode: "A

apiVersion: autoscaling/v2

kind: HorizontalPodAutoscaler
metadata:
name: web-app-hpa
spec:
scaleTargetRef:
apiVersion: apps/vl
kind: Deployment
name: web-app
minReplicas: 2
maxReplicas: 10
metrics:
- type: Resource
resource:
name: cpu
target:
type: Utilization
averageUtilization: 50

Figure 4: Example of hybrid scaling policy

The above code ensures that applications dynamically adjust to workload demands without excessive costs or
performance degradation.

Leveraging AWS Auto Scaling Tools for Kubernetes

AWS provides native auto-scaling tools to optimize Kubernetes deployments, including Cluster Autoscaler and
Kubernetes Metrics Server. The Cluster Autoscaler adjusts node counts based on pod scheduling needs, preventing
resource shortages or wastage.

apiVersion: eksctl.io/vlalpha5
kind: ClusterConfig
metadata:

-cluster

region: us-west-2

nodeGroups:

- name: worker-nodes
instanceType: m5.large
minSize: 2
maxSize: 10

desiredCapacity: 3

Figure 5: Configure an Amazon EKS node group to enable Cluster Autoscaler

Enabling Cluster Autoscaler adjusts AWS instances dynamically based on pod demand, ensuring an optimal
infrastructure footprint.

Mitigating Latency Issues with Load Balancing and Scaling Policies

Latency issues arise when scaling policies are improperly configured. To mitigate these issues, AWS Elastic Load
Balancer (ELB) and Kubernetes Ingress Controllers distribute traffic efficiently.

Define an Ingress Controller for a load-balanced Kubernetes service:
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apiVersion: networking.k8s.io/v1

kind: Ingress

metadata:
name: web-app-ingress
spec:
rules:
- host: web-app.example.com
http:
paths:
- path: /
pathType: Prefix
backend:
service:
name: web-app-service
port:
number: 80

Figure 6: Defining Ingress controller

apiVersion: autoscaling/v2
kind: HorizontalPodAutoscaler
metadata:
name: web-app-hpa
spec:
scaleTargetRef:
apiVersion: apps/vl

kind: Deployment

name: web-app
minReplicas: 3
maxReplicas: 15
behavior:

scaleDown:

stabilizationWindowSeconds: 300

Figure 7: Fine-tuning scaling policies to prevent unnecessary fluctuations

By incorporating load balancing and optimized scaling policies, organizations can enhance system stability, reduce
response times, and ensure seamless application performance.

RECOMMENDATION: BEST PRACTICES FOR SELECTING THE RIGHT SCALING APPROACH
As organizations scale their applications in AWS using Kubernetes, selecting the right scaling strategy is essential
for ensuring cost efficiency, performance optimization, and system stability. An effective approach requires
understanding workload patterns, evaluating cost implications, and implementing robust monitoring systems.

With the evolving nature of cloud-native deployments, businesses must adopt best practices to strike a balance
between resource utilization, operational efficiency, and financial feasibility. This section presents key
recommendations for making informed scaling decisions, focusing on workload evaluation, cost-efficient strategies,
performance benchmarking, observability, and emerging trends in Kubernetes scaling.

Evaluating Workload Characteristics for Optimal Scaling Decisions

Understanding workload behavior is crucial for choosing the appropriate scaling method. Workloads with
unpredictable traffic spikes may benefit from horizontal scaling, where additional pods are provisioned
dynamically. In contrast, stable workloads with consistent resource consumption may be more suited for vertical
scaling, where resource allocation per pod is optimized.

Businesses should analyze historical usage data, identify traffic patterns, and conduct stress testing to determine the
best-fit scaling model. Using tools like AWS CloudWatch and Kubernetes Metrics Server can help assess CPU,
memory, and request patterns to make data-driven scaling decisions.

Cost-Efficient Scaling Strategies for High-Demand Applications

Cost efficiency in scaling requires a well-balanced strategy to prevent unnecessary resource allocation. Horizontal
scaling can lead to increased infrastructure costs if too many pods are provisioned without optimization, while
vertical scaling may result in over-provisioning and wasted resources.
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Businesses should leverage AWS Savings Plans, Reserved Instances, and Kubernetes auto-scaling policies to
ensure that scaling decisions align with budget constraints. Implementing cluster autoscalers, such as the
Kubernetes Cluster Autoscaler, allows dynamic node adjustments based on demand, reducing cloud expenses while
maintaining application performance.

Performance Benchmarking to Determine Scaling Effectiveness

To ensure that scaling methods provide tangible benefits, organizations should perform benchmarking tests to
measure the effectiveness of horizontal and vertical scaling.

Running load tests using tools like Apache JMeter, K6, or Locust can provide insights into how applications
respond under varying traffic loads. Comparing response times, latency, and throughput across different scaling
strategies allows organizations to refine their scaling configurations for maximum efficiency. By analyzing these
performance metrics, teams can proactively address bottlenecks and fine-tune Kubernetes scaling policies.
Implementing Observability and Monitoring for Scaling Adjustments

Continuous monitoring and observability are key to maintaining a stable and efficient scaling strategy. By
integrating monitoring tools such as Prometheus, Grafana, and AWS CloudWatch, businesses can gain real-time
insights into scaling events, resource utilization, and potential system anomalies.

Kubernetes Event-Driven Autoscaling (KEDA) can enhance auto-scaling policies by responding to real-time
workload changes. Additionally, setting up alerting mechanisms ensures that engineering teams can take proactive
measures when scaling inefficiencies arise. A well-monitored scaling environment minimizes downtime, optimizes
response times, and improves overall application resilience.

Future Trends in Kubernetes Scaling and AWS Innovations

The future of Kubernetes scaling is shifting towards Al-driven auto-scaling, predictive analytics, and serverless
container solutions. AWS is continuously evolving its scaling capabilities, introducing features like AWS Fargate
for serverless Kubernetes deployments, which eliminates the need for manual infrastructure scaling.

Machine learning algorithms integrated into scaling strategies will allow applications to anticipate demand
fluctuations and scale proactively rather than reactively. As edge computing gains traction, Kubernetes clusters will
also need to optimize scaling across distributed environments. Organizations should stay updated with emerging
trends, participate in cloud-native community discussions, and adopt innovative solutions to remain competitive in
the rapidly evolving cloud landscape.

CONCLUSION
Effective scaling strategies are essential for optimizing AWS Kubernetes workloads. By leveraging Horizontal Pod
Autoscaler, Vertical Pod Autoscaler, AWS auto-scaling tools, hybrid scaling methods, and optimized load
balancing, businesses can mitigate cost inefficiencies, improve resource utilization, and maintain application
performance under fluctuating demand.
Implementing the recommended solutions ensures a resilient and cost-effective cloud infrastructure that
dynamically adapts to evolving workload needs
Choosing the right scaling approach in AWS Kubernetes deployments requires a comprehensive understanding of
workload behavior, cost implications, and performance benchmarks.
By evaluating workload characteristics, implementing cost-efficient strategies, and leveraging observability tools,
businesses can ensure their applications scale efficiently while maintaining high performance. Future advancements
in Kubernetes scaling, including Al-driven automation and serverless architectures, will further revolutionize cloud
scalability. Organizations that stay ahead of these trends and continuously optimize their scaling strategies will
benefit from greater operational efficiency and cost savings in their cloud environments.
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