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Abstract: By allowing developers to focus on the code free from the weight of infrastructure management, serverless computing
has changed the cloud utilization. With its automatic scalability & pay-as- you-go pricing structure, top serverless
solution AWS Lambda is the best for event-driven apps. AWS Lambda has constraints in the cost effectiveness for high-
throughput applications, execution time restrictions & the vendor lock-in even if it provides benefits. In this sense, Kubernetes is
really vital. Open-source container orchestration systems are beneficial because of enhanced flexibility, cost control, and ability to
run tasks across different cloud providers or on-site infrastructure. One really useful tool for Kubernetes is While improving
cost economy and performance, the combination of AWS Lambda with Kubernetes in a hybrid serverless architecture helps
companies to guarantee scalability and ease maintenance. While running event-driven, lightweight operations on AWS Lambda,
this approach helps companies create more robust, resource-demanding applications on Kubernetes clusters. The hybrid model
helps applications to exploit the effectiveness of serverless services while avoiding too high expenses related with extended
operations. Kubernetes is a useful tool for maximizing workloads depending on real-time demand as it gives better control
over resource allocation. This paper highlights how smart workload distribution may help companies achieve cost savings;
intelligent workload placement may increase application responsiveness; hybrid design can help to enhance system reliability.
Combining Kubernetes with AWS Lambda helps companies create a scalable, reasonably priced, high-performance cloud
infrastructure fit for the modern application needs. This paper emphasizes the importance of harmonizing serverless & the
containerized workloads to maximize the efficiency & reduce operational overhead. Regardless of their priorities—cost,
performance or flexibility this hybrid approach provides a sensible answer for the companies negotiating the complexities of
cloud computing.
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1. Introduction

Cloud computing has revolutionized the ways businesses develop, deploy, and grow apps. From physical servers
twenty years ago, we moved to virtual machines, then to containerized workloads, and now to serverless computing. Every
change has brought improved efficiency, which helps to relieve infrastructure management's pressures and free businesses to focus
more on delivering value. Since it does away with the requirement for the provision or maintenance of servers, serverless
computing has attracted great interest. Renowned serverless technology AWS Lambda allows developers to run jobs on
demand free from underlying infrastructure concerns. This suggests that apps might independently change their size
depending on usage, therefore promoting operational simplicity and cost economy. Still, serverless architecture is not
perfect. Although most applications benefit from AWS Lambda, among its most major drawbacks are its high prices for
extended operations, cold start delay, and execution length limits.

An open-source container orchestration tool, Kubernetes has become very popular for workload management. It is
deployable across cloud service providers and on-site environments, gives exact control over resource allocation, and
improves performance optimization. Given the benefits and drawbacks of both AWS Lambda and Kubernetes, several
companies are already looking at hybrid serverless models using the best elements of both. This article will look at how
Kubernetes could help AWS Lambda workloads by improving performance and cost and thus increasing efficiency.
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Figure 1. Evolution of Hyperconverged Infrastructure

1.1 Context
1.1.1 The Advancement of Cloud Computing

Businesses depending on traditional server-based infrastructure in the early phase of cloud computing needed
specific hardware and ongoing maintenance. Virtual machines (VMs) made possible by cloud providers gave businesses
greater freedom to enable on-demand resource provisioning free from depending on physical infrastructure. This indicated a
shift toward more efficient and scalable computing models. Containers are a major development as they allow programs to be
contained with their dependencies and carried out consistently in several environments. While Docker helped to promote
containerization, Kubernetes became the accepted norm for large-scale, containerized workload management rather quickly.

Later developments brought serverless computing, hence raising abstraction to a better level. Completely eliminate
infrastructure problems with serverless solutions such AWS Lambda, Google Cloud Functions, and Azure Functions;
developers just deploy their code while the cloud provider handles everything else.

1.1.2 Advantages of Serverless Computing and Its Ascendancy

For several reasons, serverless computing appeals.

Functions instantly change their capacity in response to demand in order of automatic scaling.

Infrastructure management is not something developers have to monitor servers, networking, or scaling systems for.
For workloads marked by erratic traffic, users are paid merely for execution time, so cost efficiency is rather high.

Serverless reduces time to market by enabling quick deployment and iteration, hence accelerating development
cycles.

For microservices, event-driven architectures, and lightweight apps, these advantages have evolved into a preferred
choice for serverless approach. Still, serverless design raises a lot of problems.

1.1.3 Modern Cloud Architects: Kubernetes and AWS Lambda

For light, ephemeral operations, AWS Lambda is a great choice; nevertheless, Kubernetes offers greater flexibility for
applications with higher complexity. Kubernetes lets developers run accurate resource-managed, customized settings, interoperable
containers across cloud infrastructures. Companies are deploying hybrid serverless architectures, AWS Lambda for event-
driven activities and Kubernetes for more constant or resource-intensive tasks. This approach improves scalability,
performance, and cost control.

1.2 Statement of the Issue
1.2.1 Restrictions of Using AWS Lambda Only
Though it simplifies server management, AWS Lambda has certain restrictions:
e Financial concerns: Running numerous processes either regularly or for extended periods might be more expensive than
using container-based solutions.
e Cold start latency: Serverless functions suffer performance degradation when their not utilized recently.
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e AWS Lambda is unsuitable for extended work as its maximum execution time is just fifteen minutes.
Restricted control: Serverless solutions hide the architecture, therefore maybe restricting sophisticated applications needing
modification.

1.2.2 Kubernetes: Benefits and Trade-offs
Kubernetes offers some easing of constraints by:
e Improved cost control: Containers might run always or be tailored for cheap scalability.
e Improved performance is achieved: Cold beginnings are eliminated with a permanent program state with committed
resources.
e Developers possess complete control over configurations, networking, and deployment strategies.
Among Kubernetes' shortcomings include increased complexity in installation and maintenance, which calls for
DevOps expertise for efficient administration.

1:2.3 The need of a hybrid serverless framework

Companies are implementing a hybrid serverless model to handle these trade-offs: Kubernetes handles permanent or
resource-intensive apps while AWS Lambda is used for lightweight, event-driven activities. This approach ensures
performance while also being reasonably affordable.

1.3 Article aims:
e The cost-performance trade-offs between AWS Lambda and Kubernetes are aimed at analysis in this work.
e Look at how Kubernetes may improve AWS Lambda workloads, minimize cold start latency, and save costs.
e Provide direction on the deployment of a hybrid serverless strategy to reach a desired balance among scalability,
efficiency, and flexibility.

After finishing this session, you will be well-versed in the suitable contexts for utilizing AWS Lambda, the
situations under which Kubernetes is better, and techniques for combining both into a unified architecture for modern cloud
applications.

2. Fundamentals of Serverless Computing

By allowing developers to run initiatives free from server administration, serverless computing has transformed
cloud architecture. While cloud providers handle infrastructure, scalability, and maintenance, this paradigm lets companies
focus on creating and deploying codes. Examining its basic ideas, the way AWS Lambda is integrated into the ecosystem, the
use of Kubernetes in container orchestration, and a comparison of both approaches helps one to understand the possibilities of
serverless computing.

2.1 Describes Serverless Computing.

A cloud-native paradigm, serverless computing is wherein developers deploy code in response to events without
supervising the underlying infrastructure. Notwithstanding its name, "serverless" means that the responsibility for
establishing, maintaining, and scaling such servers is passed to a cloud provider, not that there are no servers at all.

2.1.1 Basis of Serverless Computing

e Event-driven execution is the process by which functions respond to triggers such as HTTP requests, database changes,
or scheduled events.

e Serverless systems automatically allocate resources based on demand, therefore ensuring that applications can
handle changing workloads without human control by means of auto-scaling.

e Pay-as you-go pricing differs from traditional infrastructure in which businesses pay for wasted resources; serverless
computing pays only for actual usage time.

e While the cloud provider controls servers, networking, and scalability, developers focus only on development and
deployment.

2.1.2 Standard versus Serverless Construction

Conventional designs demand that businesses provide and maintain servers, usually leading to either over-
provisioning or underutilization. Eliminating the requirement for resource pre-allocation, serverless architecture improves
application cost-effectiveness and efficiency. While serverless systems simplify this complexity, allowing teams to grow
more quickly, traditional arrangements provide greater control but incur operating expenses.
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2.2 Lambda Synopsis via AWS

One well-known serverless computing platform available to developers allowing them to do tasks without
infrastructure maintenance is AWS Lambda Originally launched by Amazon Web Services (AWS), it executes code in
response to events from services such APl Gateway, S3, and DynamoDB and supports several programming languages.

2.2.1 AWS Lambda's Functionalities
e Operating in response to specified triggers, AWS Lambda functions run in an event-driven way.
e AWS independently distributes and supervises the required computing resources in the execution environment.
Every function runs within their own unique setting.
e Lambda responds to the amount of incoming requests by automatically scaling. Should a demand spike occur, AWS
quickly assigns more instances.
e Lambda is economically good for varying workloads as users are paid only for execution time and memory use.

2.2.2 AWS Lambda Benefits and Drawbacks
Ease: abolition of infrastructure maintenance needs.
e  Cost effectiveness: best for uses with changing workloads.
e Simple Integration — Works well with other AWS offerings.
e Scalability: Designed to change automatically without human direction.

Restricted:
e Cold Starts: A function's execution time rises when it has not been lately triggered, therefore causing a delay.
e Constraints on Execution Time: Functions only last 15 minutes at maximum.
e Restricted Control: Developers have little say on the fundamental design.
e Resource Limitations: Certain high-performance applications find it unsuitable as memory and CPU allocations
are limited.

2.3 Kubernetes Review

Designed to coordinate containerized applications, Kubernetes—also known as K8s—is an open-source platform. Modern
cloud architecture depends on it as it offers a strong substitute for traditional virtual machines and serverless systems like AWS
Lambda.

2.3.1 Container Orchestration's Function

Kubernetes simplifies management, scalability, and deployment of containerized applications. Rather than distributing
monolithic applications on dedicated servers, Kubernetes allows them to be broken up into smaller, manageable microservices
each running within their own container.

2.3.2 Benefits of Kubernetes Scalability: Able to precisely allocate resources to run big-scale programs.
e Operating on on-site data centers, cloud providers, and hybrid environments, flexibility spans all kinds.
e Customizing gives comprehensive control over scheduling, storage, and networking.
e High availability guarantees that apps stay running even when individual nodes fail.
e Designed to fit companies with regulatory responsibilities, hybrid deployment lets on-site and cloud installations
coexist.

2.4 An Analysis of Kubernetes and AWS Lambda
e Though they could improve each other depending on the particular application, AWS  Lambda and
Kubernetes serve different purposes.
o Perfect for applications triggered by real-time events,

2.4.1 Use Cases for AWS Lambda Event-Driven Applications
e Microservices are suitable for small, independent tasks devoid of constant connections.
e API Backends complement GraphQL APIs and serverless REST rather well.
e Suitable for light-weight data conversions and stream processing is data processing.
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2.4.2 Kubernetes Persistent Applications
2.4.2.1 Appropriate for uses calling for ongoing operation.

e Operates on-site settings and across several cloud providers under hybrid cloud solutions.
e High-performance applications fit activities requiring significant CPU, GPU, or large memory capacity.
e  Perfect for companies needing control of infrastructure, security, and networking, complex deployments

3. Hybrid Serverless Model: Combining Kubernetes and AWS Lambda
3.1 Introduction to Hybrid Serverless Computing

Scalability, efficiency & the cost-effectiveness of serverless computing have transformed application development and
the deployment. Still, depending only on a single serverless solution—such as AWS Lambda—may have limitations,
especially for stateful applications, complex interconnections or the sustained workloads.

This is the point at which a hybrid serverless paradigm fits. Combining AWS Lambda with Kubernetes lets
businesses take use of the both systems. While Kubernetes gives greater flexibility & control for extended, stateful or the
complex workloads, AWS Lambda enables instantaneous, event-driven execution for light-weight tasks. Aiming to balance
agility & the stability, this hybrid architecture promises improved cost effectiveness, performance & the workload
distribution, hence it is the preferred option for companies.

3.2 Uses for a hybrid serverless architecture
Not every application fits only AWS Lambda or Kubernetes on their own. Some jobs call for both to maximize the output &
lower the costs. Many common situations below would make a hybrid approach most beneficial:

e Applications dependent on actual time events including 10T data processing, messaging services & the alerts—may
make instant use of AWS Lambda. Still, Kubernetes could handle the most taxing background workloads if certain
event-driven activities call for significant processing.

o Designed for ephemeral workloads, AWS Lambda allows a 15-minute maximum execution time. Should your
application call for the activities above this limit such as data processing, video rendering or machine learning
training Kubernetes provides an ideal setting free from temporal constraints for doing such tasks.

o Applications sensitive to costs: Depending on execution length and memory use, AWS Lambda prices vary; for
high- volume applications, they may rise. By running ephemeral, on-demand services in the AWS Lambda while
keeping permanent workloads within a Kubernetes cluster to minimize the unnecessary investment, a hybrid model
helps companies to control expenses.

3.3 Technical Framework Hybrid Serverless Architecture
Combining AWS Lambda with Kubernetes under hybrid serverless architecture helps to provide seamless interaction
between the two environments. This is the combined mechanism:
e AWS Lambda for Driven Events: Managing triggers from services such S3, DynamoDB, or APl Gateway is best
done via lambda. It is perfect for actual time processing as it reacts fast to events.
e Kubernetes is able to handle workloads requiring constant storage, complex dependencies or long running times. It also
helps to monitor the dynamically scaling containerized applications.
e Integrative Strategies: Lambda can guarantee the efficient cooperation with Kubernetes via many integration
approaches.
e  The main entry point for guiding inquiries between Lambda functions and Kubernetes services is an API Gateway.
e Native to Kubernetes, this serverless framework provides event-driven capabilities like AWS Lambda together with
auto-scaling.
e OpenFaaS: An all-inclusive open-source framework adding serverless capabilities and better control of function
execution thereby enhancing Kubernetes.
Combining these technologies will allow the companies to maintain scalability & the cost-effectiveness while
nevertheless offering a flawless Lambda to Kubernetes interface.

3.4 Distribution Techniques

Executing a hybrid serverless paradigm effectively calls both careful design & the execution. These methods help to ensure a
seamless deployment:
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e Running Lambda and Kubernetes Concurrently: The smooth integration of two settings free from delays or
bottlenecks is the key element of an efficient hybrid approach. With event-driven orchestration, AWS Lambda may
trigger Kubernetes chores as needed. After managing an API request, data processing & then forwarding the output to a
Kubernetes-based microservice for more compute, a Lambda function could

e Dependency Administration and Execution Sequence: A well-coordinated deployment has to clearly specify the
tasks allocated to Lambda & the Kubernetes. Lambda allows stateless, lightweight operations; however, stateful or
resource-intensive activities should be carried out on Kubernetes. Effective coordination of execution flows may be
accomplished using instruments such as AWS Step Functions or Kubernetes-native workflow engines like Argo.

e  Monitoring and Financial Effectiveness: In a hybrid environment, monitoring execution times, resource usage & the
expenses is very vital. Prometheus and Grafana, among other AWS CloudWatch and Kubernetes monitoring tools,
provide actual time performance and cost insights that help companies make data-driven decisions about
workload distribution.

4. Cost Optimization in a Hybrid Serverless Model

Although serverless computing offers great scalability & the flexibility, cost control is necessary to maintain the
efficiency. Though Kubernetes may be a more affordable choice for consistent or high-volume workloads, AWS Lambda has
a pay-per-use price model favorable for the event-driven applications. Using both strategically may help to get the ideal
balance between cost and performance.

4.1 AWS Lambda's Financial Effects

Because of its simplicity, AWS Lambda appeals; consumers are paid only for their use and there is no upfront
outlay of costs required. Accurate expenditure management depends on an awareness of the many pricing components and
hidden costs.

4.1.1 AWS Lambda Cost Methodology:
Pay-per--invocation pricing is used by AWS Lambda. You owe money for:

The total count of function calls (billed for demand). Milliseconds to measure execution time. RAM allocation
thereby influencing CPU and network performance.

Depending on the location, a function running 500 milliseconds on 1GB of memory pays different expenses. For
low-traffic or changeable workloads, this granular billing approach provides cost efficiency; but, frequent or protracted
operations may quickly build up costs.

4.1.2 Hidden AWS Lambda Charges
Though the basic pricing is clear-cut, further fees might surprise customers:
e AWS charges for the building of Elastic Network Interfaces (ENIs) and any additional network traffic generated
when a Lambda function accesses a resource housed inside a Virtual Private Cloud (VPC).
e Data Transfer Expenses: Moving data between AWS services—e.g., Lambda to S3 or DynamoDB—may result in
the costs not immediately clear-cut. Increased data flow might greatly raise costs.
e CloudWatch logs, metrics & traces for the Lambda functions incur distinct ~ charges, therefore influencing overall
expenses in logging & the monitoring.
These costs could be insignificant for small-scale projects but might become somewhat significant for corporate
workloads.

4.2 Kubernetes's Financial Consequences
Unlike AWS Lambda's usage-based pricing, Kubernetes requires infrastructure setup, thereby leading to different cost
dynamics.

4.2.1 Significant Infrastructure Spending
Running Kubernetes clusters calls for on-site servers or EC2 as well as storage options and networking tools. The main
cost motivators are:
e Calculate Instances: Whether on-demand, reserved, or spot instances are utilized, the pricing changes depending on the
selected instance classes and regions.
e Additional expenses include storage for logs, volumes, and databases.
e  Networking—internal microservice communication, external ingress, and load balancers—can cost network transfer.

54



Ali Asghar Mehdi Syed & Shujat Ali/ IJETCSIT, 5(4), 49-59, 2024

4.2.2 Operating Expense
Apart from infrastructure, Kubernetes has running costs including:
e Clusters' Management: Environmental preservation, deployment, and augmentation of aself-managed cluster fall to
your team. This calls for qualified employees, which drives higher costs.
e While exact scaling is made possible by Kubernetes, ideal setup calls for changes to CPU, memory, and pod limits,
therefore affecting cost-effectiveness and helping to enable accurate scaling.
e Among the indirect expenses are management of security systems like Prometheus, Grafana, and numerous other
solutions.
Kubernetes provides flexibility; nevertheless, cost efficiency calls for smart use of resources and automation.

4.3 Hybrid Model Cost Optimisation
Cost effectiveness may be greatly improved by a hybrid serverless approach wherein Kubernetes manages resource-
intensive operations and AWS Lambda manages lightweight, event-driven services.

4.3.1 Selecting Appropriate AWS Lambda Workload Capacity
As well as for APIs, data processing, and scheduled activities within event-driven apps, the most affordable AWS
Lambda is appropriate for ephemeral tasks—those carried out in seconds or minutes.
e Lambda automatically scales without too much resource allocation amid unanticipated demand spikes.
Still, if a function runs often or calls for large CPU/memory resources, costs might rise dramatically.

4.3.2 Implementing Cost-Intensive Kubernetes Projects
For jobs needing constant operation or significant resource consumption, Kubernetes is the better choice. Perfect
situations call for batch processing, data manipulation, artificial intelligence and machine learning model training, and
protracted activity.
e Predictable workloads: Applications showing predictable traffic patterns where reserved events or spot instances might
help to reduce costs.
e  Precision performance control made possible by Kubernetes helps to reduce the cold start risk associated with Lambda by
means of latency sensitivity.

4.3.3 Methods for Cost Control
Combining techniques uses approaches for cost-cutting that include:

Using spot instances allows non-essential apps on Kubernetes to drastically reduce compute costs. By means of
horizontal and vertical scaling, Kubernetes guarantees autoscaling and best resource allocation, therefore matching supply
with demand and preventing overprovisioning.

e Lambda functions and Kubernetes workloads kept inside the same AWS region help to lower inter-service
data transfer costs.

e This design combines Lambda's flexibility for occasional workloads with Kubernetes' efficiency for resource-
demanding chores.

5. Performance Optimization in a Hybrid Serverless Model

Although serverless computing offers scalability & the flexibility, improving performance is a challenge especially
in hybrid models combining AWS Lambda with Kubernetes. Lambda has performance limitations even if it provides simple
scalability. Though it calls for greater monitoring, Kubernetes offers exact resource control & the continuous execution.
Maximizing economy & the efficiency depends on reaching the ideal balance between the two.

5.1 Performance Measures Limitations on AWS Lambda
For light-weight, event-driven operations, AWS Lambda is efficient; nonetheless, it has certain performance
limitations that might compromise the effectiveness.

5.1.1 Cold Starts and Strategies for Mitigation

One often occurring issue with AWS Lambda is the "cold start.” AWS has to create the runtime environment
preparatory to starting a function that operates after a period of idleness. Especially for latency-sensitive applications,
this might cause significant performance delays depending on the several hundred milliseconds or, in extreme cases, several
seconds.
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Many techniques exist to reduce cold starts:

e AWS allows pre-warming of a certain number of instances, therefore assuring they are ready to carry out the
requests immediately. This lowers latency, but it costs more.

e Because of their lower beginning cost, certain runtimes—including Python and Node.js—have lowered cold start times
compared to the Java or.NET.

e Reduced deployment quantities: Reducing dependency helps the function load less time.

e Making use of Lambda Extensions: Some AWS partners provide extensions to save data between runs, hence reducing
setup cost.

5.1.2 Time Limits for Execution and Their Impact on Performance

With a restricted execution time of 15 minutes per function, AWS Lambda might be restricted for the longer-term
operations. If a task exceeds this level, it fails and requires more rational division of work into several function invocations or
reliance on other services such AWS Step Functions.

Delegating chores to Kubernetes might be a better approach for workloads needing longer execution times or
improved performance predictability. Since Kubernetes does not impose execution time restrictions, it is suitable for batch
processing, ML model training or other computationally taxing activities.

5.2 Kubernetes' Performance Benefits
While Kubernetes provides more control & the consistency, AWS Lambda shines at running ephemeral events.

5.2.1 Maintaining Proficiency in Execution

Whereas Lambda lets apps run intermittently, Kubernetes lets them run continuously. For jobs requiring constant
execution, including actual time data processing or containerized projects requiring state preservation, this is extremely helpful.
Using Horizontal Pod Autoscaling (HPA), Kubernetes may dynamically adjust resources based on the CPU or memory
consumption, therefore preserving ideal workload performance under changing the demand.

5.2.2 Meticulous resource control
By means of careful control of CPU, memory & the storage, Kubernetes helps to maximize workloads in line with
specific needs. Whereas AWS Lambda has set resource allocation limited to 10GB of RAM per function, Kubernetes
provides complete flexibility.
e  Kubernetes helps companies to distribute resources based on actual demand for them.
e Using cluster autoscalers, distribute more nodes as needed.
e Improving scheduling helps to distribute tasks to nodes with capacity.
Applications requiring continuous performance that cannot tolerate the fluctuation brought about by the ephemeral
character of AWS Lambda will find this degree of control useful.

5.3 Techniques to improve performance in a hybrid model
From both AWS Lambda and Kubernetes, a hybrid approach might provide the best benefits from each platform.
Using solutions that effectively balance workloads is very vital for maximizing performance.

5.3.1 Lambda and Kubernetes Load Distribution

Businesses should distribute workloads to the most appropriate environment depending on factors such latency,
execution length, and resource constraints in order to improve performance. For irregular workloads, AWS Lambda provides
cost efficiency and fast autoscaling, thereby managing transitory, event-driven chores like API requests and planned
operations. Extended, resource-intensive operations such as data conversions, analytics, or persistent services—may be assigned to
Kubernetes to reduce Lambda's cold start and execution delay risk. Load balancing between Lambda and Kubernetes may be
facilitated via APl Gateway, AWS Step Functions, or a message queue like Amazon SQS, which routes operations based on
established criteria.

5.3.2 Reducing Cold Starts With Appropriate Concurrency

Given low latency workloads, supplied concurrency preserves AWS Lambda instances in a ready state, hence
guaranteeing timely processing of arriving requests. Although provisioned concurrency comes with an additional cost, it is
suggested to utilize it sparingly for applications needing fast response times, like customer-facing APIs or real-time data
processing.
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5.3.3 Improving Containerized Workloads' Efficiency

Optimizing containerized apps under Kubernetes' workload management may help to improve efficiency. Methods span:
e Improving container conditions: distributing containers with enough CPU and RAM to avoid over-provisioning.
e Leveraging effective container images: Reducing picture sizes increases resource economy and speeds deployment.
e This approach reduces the final container image size by keeping only necessary dependencies. Multi-phase layouts
e Changing Kubernetes Scheduling Configurations: Changing the scheduler to distribute tasks based on available

resources helps to minimize performance restrictions.

e Improving Lambda and Kubernetes setups improves performance while keeping company cost effectiveness.

5.4 Benchmarking and Performance Evaluation
Studying actual performance benchmarks clarifies the benefits of a hybrid serverless architecture.

5.4.1 Useful Graphical Examples of Operational Efficiency and Response Times

While a Java-based function may take 1-2 seconds, a typical API function called on AWS Lambda using Python
needs around 100-300 milliseconds for a cold start. In Kubernetes, on the other hand, a constantly operating container
removes cold start time therefore guaranteeing a consistent response. Comparatively, a data processing job carried out on
AWS Lambda may require multiple function invocations if one wants to stay under the 15-minute limit. In Kubernetes, the
same chore may run continually, finishing more quickly without requiring extra control.

AWS Lambda is affordable for sporadic workloads; Kubernetes is more affordable for consistent usage. Although a
batch job on Lambda might be more affordable, a high-throughput, constantly running service on Kubernetes is probably
more reasonably priced. Examining these criteria helps companies to make informed decisions on ideal sites for certain tasks,
therefore balancing performance with cost-effectiveness.

6. Case Study: Implementing a Hybrid Serverless Model
6.1 Business Problem and Requirements

One major challenge faced a growing technology company emphasizing actual time data. Their platform managed a lot
of event-driven data—user interactions, 10T sensor readings, transaction records, etc. Because of its simplicity, automatic
scalability & pay-per-use pricing mechanism, AWS Lambda first provided everything they needed for serverless computing.
Still, as their data volume surged, expenditures grew & the performance restrictions developed.

The basic requirements for a better system consisted in:
Cost Efficiency: Reduce the high per-invocation pricing model execution costs connected to the AWS Lambda
e  Guaranteeing constant latency for high-throughput operations helps to optimize the performance.
o Effective distribution of tasks between AWS Lambda and a more affordable alternative guarantees scalability & the
flexibility.
e  Preserve serverless benefits while incorporating Kubernetes for improved workload control.
The company decided to employ a hybrid serverless architecture to address these challenges, combining Kubernetes
for continuous, high-volume processing with AWS Lambda for the occasional, unpredictable workloads.

6.2 Architectural Execution
Designed to dynamically distribute the workloads between AWS Lambda & the Kubernetes clusters running on
Amazon EKS (Elastic Kubernetes Service), the hybrid technique was novel.
e Infrastructure Setting AWS Lambda for Events-Driven Processing
e Designed for low-latency, ephemeral processes like lightweight computing & actual time filtering.
e Lambda functions dynamically invoked using Amazon SQS and EventBridge; AWS EKS Kubernetes for Batch &
the Persistent Workloads
e Configured a Kubernetes cluster with auto-scaling nodes.
e Oversaw projects needing constant execution schedules, extended processing times or high levels of computational
capacity.
e Load distribution and buffering between Lambda & the Kubernetes was handled using Kafka.

6.2.1 Approach for Workload Distribution
e Dynamic and intermittent workloads translate into the AWS Lambda.
e When an event requiring quick handling arose, the system triggered Lambda for quick management.

57



Ali Asghar Mehdi Syed & Shujat Ali/ IJETCSIT, 5(4), 49-59, 2024

e Batch and computationally heavy tasks Making use of the Kubernetes
e  Kubernetes was assigned tasks needing a lot of processing, employing spot instances to maximize the cost effectiveness.
To manage this distribution effectively, the company built an intelligent routing layer using an API gateway and
event-driven triggers. Based on the factors like execution length, data volume & the priority, this layer assessed incoming
jobs and decided whether to route them toward AWS Lambda or Kubernetes.

6.3 Performance and Financial Assessment
Using a hybrid strategy produced improved performance and significant cost savings.

6.3.1 Quantities Before hybrid deployment (AWS Lambda only)
e About $250,000 monthly, owing to increased invocation and execution time costs.
e For most of the functions, mean latency is 300 milliseconds.
e Throughput: Restricted by concurrent AWS Lambda limits under peak demand.

Thanks to Kubernetes handling long-running tasks on affordable instances, post-hybrid implementation execution
cost is down to around $120,000 per month (52% decrease).
e Average Latency: Reduced to 120ms with clever auto-scaling and the outsourcing of consistent workloads to
Kubernetes.
e Improved by 2.5 times as Kubernetes clusters controlled concurrent processing free from Lambda's concurrency
limitations.

6.3.2 Fundamental Realizations on Cost Control
e Spot Events for Kubernetes: AWS spot instances helped to drastically lower the infrastructure costs for non-urgent
chores.
e Lambda Application Optimized: AWS Lambda was set aside for cases where its autoscaling and quick cold-start
capabilities might be helpful.
o Kubernetes: Batch Processing In Kubernetes, aggregating tasks before processing reduced overall compute time.

6.4 Challenges and New Realizations
6.4.1 Main technical difficulties
o Routing Determinations: Delaying the system originally ran slowly, deciding whether to assign Lambda or Kubernetes a
task. Designed a rules engine driven by events to enable almost immediate routing decisions.
e Cold Starts inside Kubernetes: Kubernetes workloads experience delays in pod inception; AWS Lambda provides
quick cold starts.
Solution: applied horizontal pod autoscaling for Kubernetes clusters using pre-warmed containers.
e Presuming Complexity: Unlike the simplicity of AWS Lambda, Kubernetes brought extra operational weight and
complexity.
Solution: applied automated Terraform deployments & managed Kubernetes services (EKS).

6.4.2 Best Approaches for Hybrid Serverless Implementation

e Apply a Routing Layer for Task Allocation: A well crafted APl gateway or event bus reduces unnecessary
overhead in decision-making.

e Improve AWS Lambda Invocations: Reallocate long-duration activities to Kubernetes while focusing Lambda on the
ephemeral, high-priority workloads.

e Track and improve expenses constantly. Review AWS Lambda & the Kubernetes expenses regularly to adjust the
balance using empirical data.

Kubernetes applications running on the spot instances have retry mechanisms to handle the disturbances, so use them
sparingly.

7. Conclusion and Future Trends
7.1 Summary of Findings

Serverless computing benefits from the both Kubernetes & AWS Lambda somewhat differently. For jobs requiring
additional control over infrastructure, Kubernetes offers scalability, cost control & the flexibility. Appropriate for lightweight
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operations & fluctuating workloads, AWS Lambda provides a completely controlled, event-driven execution mechanism. Using a
hybrid approach allows companies to maximize speed & cost by deploying Lambda for intermittent workloads or fast executions
& the Kubernetes for durable, long-term applications. This approach maximizes the cloud resources, increases system resilience
and responsiveness at the same time.

7.2 Hybrid Serverless Architectures' Prospects

The serverless world is always changing; hybrid solutions are becoming more and the more important as companies try to
mix control & the efficiency. By allowing dynamic resource allocation, workload trend forecasting & actual time automaton
of scaling decisions, artificial intelligence & the automation will be crucial in improving these systems. By enabling quick
execution close to customers, emerging technologies as WebAssembly and edge computing might help hybrid serverless
systems to be further improved. Hybrid solutions are expected to be increasingly used as cloud providers apply more seamless
links between containerized workloads and serverless operations.

7.3 Final Notes and Recommendations

Companies thinking about a hybrid serverless model should base their choice on operational complexity, cost-
effectiveness, and workload characteristics. If your apps require strict performance control, Kubernetes might be more appropriate.
AWS Lambda is a great option if agility and automatic scaling take front stage. For companies trying to strike balance among these
factors, a hybrid strategy is best. As new technologies develop, companies have to regularly evaluate their designs to make sure
they remain cost-effective and performance-wise optimal.
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