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Abstract - Function-as-a-Service (FaaS) Serverless 
computing has become an innovative paradigm of cloud 
computing where the developers can implement a code 
without having to manage the server infrastructure. AWS 
Lambda, Google Cloud Functions, and Azure Functions are 
among the most popular FaaS platforms that had become a 
hit because of being flexible, economical, and on par with 
the deployment to respective cloud systems. Nevertheless, 
the choice of the most appropriate platform is also a 
problem as different platforms are characterized by varying 
performances, pricing models, support during the runtime, 
and developers experience. The comparative analysis of 
these three platforms proposed in the research is thorough 
and founded on qualitative evaluation and a comparison of 
results achieved on these platforms through empirical 
testing. Identical applications of serverless functions are 
installed within every platform to check cold start latency, 
execution time, scale reaction to loads, and gage expenses 
on distinct usage drifts. Besides, the paper assessed 
developer experience in terms of Language support, 
debugging, CI/Is and customization compatibility. In results, 
AWS Lambda outperforms both at easiness to integrate as 
well as maturity in integration to ecosystem; Google Cloud 
Functions has competitive cost as well as better 
performance in terms of data-intensive applications and 
Azure Functions has tooling and hybrid-cloud flexibility. 
This paper condenses practical wisdom that can be given to 
developers and organizations that are contemplating the 
incorporation/migration to the serverless architectures to 
fill out the gap of hypothetical functionality of capabilities 
versus how they can be practically applicable. 
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1. INTRODUCTION 

1.1 Background and Motivation 

The lighting speed of development of cloud computing has 
changed how current software application is kept, 
developed, and issued. Conventional computing models 
usually involved a lot of capital investment, continual 
maintenance and thorough planning of the capacity using 
on-premise infrastructure and monolithic architectures. 

These constraints led to the development of cloud-native, 
where Infrastructure-as-a-Service (IaaS) and Platform-as-
a-Service (PaaS) types of services took most of the 
infrastructure management overhead burden. All the 
same, such models always needed the programmers to 
work with server configurations, scaling policies, and 
runtimes. 

Given such shortcomings, the next shift in the 
development of the cloud came on the stage of serverless 
computing. Also known as Function-as-a-Service (FaaS), 
serverless platforms provide the developers the model, 
with which they can run isolated portions of their code, 
referred to as functions, without having to pre-provision 
or manage an underlying infrastructure. Event driven 
model automatically types cover scaling, fault tolerance 
and load balancing and make operations much simpler to 
manage and to speed up the development process. The 
onset of serverless structures is an indication of 
fundamental change in the field of application design; it 
dwells on openness, modularity and adaptability to 
unpredictable loads. 

 

Figure-1: Architecture of Serverless 

1.2 Importance of Serverless Computing 

Serverless computing is so popular because it helps to 
simplify the whole process of development and operation 
of applications. Being able to transfer the task of 
maintaining infrastructure to cloud providers, developers 
are free to work on business logic with the ability to 
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introduce speed to market and continuous innovation. The 
microservices naturally fit into the serverless 
architectures, and, therefore, they are the ideal solution to 
construct highly scalable and loosely tied applications. In 
addition, the fine-grained billing model that will only bill 
you when it actually executes code brings important cost 
efficiencies to the front especially with periodically or 
spiky-working applications. 

The adaptability of Function-as-a-Service (FaaS) in the 
context of current development can also be discussed by 
the fact that the functionality of this service is perfectly 
integrated with other cloud-native services (storage, 
messaging, databases, analytics, etc.). This facilitates the 
making of complex processes and event oriented 
applications with minimum configuration. This makes the 
use of serverless computing very congruent with devOps 
and continuous integration/continuous deployment 
(CI/CD) pipelines, which strengthen automation and quick 
iterations. As a result, the field in which FaaS has become a 
strategic element includes web development, IoT, machine 
learning pipelines, and real-time processing of data. 

 

Figure-2:  Importance of Serverless Computing 

1.3 Research Problem 

Although it is notable that serverless computing is quite 
beneficial, the question of choosing an appropriate FaaS 
platform to use in a particular application is still a complex 
task. AWS lambda, Google Cloud Functions and Azure 
functions are the top three platforms and each of them 
provides a different architecture model, costs, Mounting 
point and relevance between integrations. These 
variations may cause great impacts in terms of 
performance, scale-ability, cost-effectiveness, and 
developer efficiency. 

The platform to be used by organizations must take into 
consideration various aspects including cold start latency, 
concurrency limits, memory configuration, language 
support and ecosystem compatibility before the 
organization can pick the platform to use. The absence of 
uniform benchmarks and recent comparative studies, 
mostly leads to poor decisions in the platform choice 
procedure anchored on vendor knowledge instead of data. 
In this environment of the ever-evolving serverless 

computing cycle, it is important to carry out an endpoint-
to-endpoint, data-driven analysis that will advise 
application developers, architects, and decision-makers on 
the best approach to matching technology selection with 
business- and technical requirements. 

1.4 Objectives 

The main aim of the current research is to conduct a 
comparative critical assessment of AWS Lambda, Google 
Cloud Functions, and Azure Functions both within 
measurable parameters, and experience-based. This 
involves studying the main performance indicators 
including cold start latency, time of execution, scalability 
with load and cost effectiveness. The rest of the qualitative 
factors that the study evaluates includes ease of 
deployment, debugging, monitoring, language/runtime 
support, and developer experience, in general. 

By testing empirically and critically evaluating these 
platforms in their application to real solutions, the 
strength and weaknesses of each will be noted and 
discussed. The results aim at delivering practical insight 
that will enable the organizations to take informed 
decisions about the choice of adopting or migrating to 
serverless architecture. Finally, this paper not only gives 
an input in the scientific discussion space but also to the 
strategizing in implementation to the area of cloud native 
and serverless computing. 

2. LITERATURE REVIEW 

2.1 Serverless Computing Paradigm 

Serverless computing is also known as Function-as-a-
service (FaaS) and it is considered a dramatic change in 
the architecture of cloud applications. Serverless 
computing differs with the traditional patterns of 
computing since applications in this model do not run in a 
dedicated or virtualized server, in fact, infrastructure 
management is abstracted to enable developers to work 
on development of business logic only. Serverless 
applications have highly efficient utilization of the cloud 
resources since the coding is based on events, and the 
resources are assigned according to the varying needs of 
the cloud provider. This model increases scalability, 
minimizes overhead and is very close to the agile 
development practices. 

Architecturally, the serverless computing uses stateless 
functions which are invoked by an outside event, like an 
HTTP request, file upload, message queue update. Such 
reductions are provided in controlled execution conditions 
in which provisioning, scaling, fault tolerance as well as 
maintenance of runtime are given completes 
responsibility to the provider. This is much different to 
server-based models which are manually configured, 
patched and scalable in terms of resources. Serverless is 
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more abstract and automated compared to containerized 
computing (with container images still to be managed, 
orchestration (e.g. Kubernetes), and monitoring. 

Besides, serverless computing has its own billing 
structure, which is pay-per-use and billed on the level of 
the number of invocations and execution time and not on 
the pre-allocated resources. Serverless is extremely cost 
effective with changeable loads because of this granularity 
in the cost of bills. Nevertheless, challenges of the 
serverless include cold start latency, statelessness, and 
possible vendor lock-in, which should be taken into 
account when creating an application. 

2.2 Overview of Major Serverless Platforms 

AWS Lambda, Google Cloud Functions, and Azure 
Functions are the three cloud computing platforms that 
lead in the market of serverless operating systems. All 
these platforms offer their own presentation of the FaaS 
paradigm with different features, run-time platforms, and 
integration with platforms. 

Amazon Web Services Amazon Web Services released 
AWS Lambda in 2014, which is believed to have started 
the mainstream serverless computing. It can run multiple 
programming languages (such as Node.js, Python, Java, Go, 
Ruby, and .NET) and with the Lambda Runtime API it is 
possible to custom runtimes as well. AWS Lambda is 
highly integrated with S3, DynamoDB, and API Gateway 
among other Amazon Web Services and thus it offers a 
great potential to developers who are already entrenched 
within the AWS system. It has capabilities such as 
Provisioned Concurrency that are used to resolve cold 
start together with steady monitoring using CloudWatch 
and X-Ray. 

Google Cloud Functions is a light-weight serverless 
computing providing services dedicated to the 
applications developed on Google Cloud. It also has the 
support of Node.js, Python, Go, Java, and custom container 
deployment to Cloud Run. The significant advantage of it is 
that it can be easily integrated with Firebase, Cloud 
Pub/Sub, and BigQuery, thus, it is used as the best source 
of real-time data processing, analytics, and backends of 
mobile applications. Google Cloud Functions has also been 
characterized by its competitive prices, and a large free 
tier, and second-generation announcements made a major 
reduction in cold start latency and increased concurrency. 

The Azure functions Microsoft manufactured is unique in 
the sense that it is very flexible and is very friendly 
towards chip enterprise development. It is compatible 
with a wide variety of languages that are C#, JavaScript, 
Python, Java, PowerShell, and F#. The azure functions 
work directly with Visual Studio and the azure devops and 
supports the feature of orchestration with Durable 
functions to construct complex workflows. The platform 

provides hosting services in three plans: the Consumption, 
Premium, and Dedicated that enable developers to select 
configurations depending on predictability and workloads 
requirements of the workloads as well as their 
performance. 

These platforms have their advantages and cases when 
they are best to be used. AWS Lambda is preferred over 
others because of its maturity and dense ecosystem, 
Google Cloud Functions because of its simplicity through 
data-centric connections, and Azure Function because of 
the tools and hybrid cloud. 

2.3 Review of Existing Comparative Studies 

During the last several years, not only academic 
researchers but also the participants of the industry have 
tried to assess and compare the serverless platforms and 
attempt to evaluate them with multiple approaches. The 
organizations have essentially compared performance 
measure like the latency of a cold start, throughput and 
load execution time. As an example, controlled benchmark 
succeeded to test platforms using deployment of same 
functions and evaluating execution speed of the call, 
concurrency and resource optimality. Comparison of 
pricing models using simulated workloads to determine 
cost- effectiveness on different use cases have also been 
conducted. 

A number of benchmarking activities in the academic 
literature have noted that though AWS Lambda is likely to 
provide better cold start experience when Provisioned 
Concurrency is applied, Google Cloud Functions is likely to 
have good execution latency as well as ease to use. Long-
running and enterprise-level workloads can be supported 
by Azure functions mainly at the Premium Plan that are 
robust in nature. The main findings of these studies often 
state that each of the platforms was shown to be better 
than the others in some of the measures but in no case 
were platforms always the best ones in all the measures, 
and the best platform to use depends on the application it 
is being used in. 

Most of these studies are, however, out of date or rather 
pinpointed. Due to the dynamism of the innovations in the 
cloud services, today, the results obtained even a year ago 
might not portray its present day capabilities. Moreover, 
whereas performance benchmarking is frequently seen, 
relatively little attention has been paid to developer 
experience, integration of the ecosystem or qualitative 
aspects of usability frequently important practical 
development settings. 

2.4 Research Gaps 

Regardless of the useful information that is laid down in 
the available literature, there exist various research gaps 
that are considered important. To begin with, most of the 
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current comparative studies were outdated because of the 
changing domain of cloud platforms. New features, price 
models, runtime environments and optimisations come 
along all the time, and may drastically change the relative 
performance and usefulness of each platform. Another 
example is the in-built concurrency (provisioned 
concurrency) introduced in AWS Lambda or long-term 
growth in container capabilities in Google Cloud functions 
which are ground-breaking features yet to be discussed in 
the previous research studies. 

Second, it is obvious that the comprehensive research is 
lacking the empirical performance testing that is 
intertwined with the qualitative evaluation of developer 
experience. The largest of the existing literature places a 
lot of focus on quantitative measures but fails to address 
the usability of such tools, monitoring/ auditing, 
debugging, and integration of CI/CD. These factors are 
persistent determinants of the eligibility of the platform to 
be used in production cases; nonetheless, it is practically 
challenging to gauge them through typical benchmarks. 

Additionally, most of the studies fail to consider real-life 
implementation of the functions that have to interact with 
other cloud services, experience varying traffic or belong 
to a larger distributed system. The simplicity of test 
environments cannot comprehend intrigues and 
distinctions of production processes of serverless 
applications. Standard methodologies are also limited and 
it is therefore hard to compare results in different studies 
or perform an experiment in the same way. 

This paper fills these gaps, and this study is a recent 
evaluation of AWS Lambda, Google Cloud Functions, and 
Azure Functions in a comprehensive, comparative 
treatment that integrates empirical performance testing 
and the analysis of other developer-friendly and 
operational features. The idea is to fill the gap between 
theoretical performance data and the actual practical use 
creating useful suggestions to developers and 
organizations that implement the serverless architecture. 

3. METHODOLOGY 

3.1 Research Design 

The study is one of mixed methods which follows both 
quantitative and qualitative design of research with a view 
of making a balanced and overall evaluation of the top 
three available serverless computing environments, viz. 
AWS Lambda, Google Cloud Functions, and Azure 
Functions. Such a purely quantitative methodology would 
enable it to measure the performance indicators viz. cold 
start latency, time of execution, and scalability in a 
controlled situation. Nevertheless, quantitative results are 
not enough to describe the complete developer 
experience, because there are subjective bits of that 
experience, like ease of a deployment, language support, 

integration tooling, and debugging functionality. They are 
important in the development and production 
environment in real life and are difficult to quantify even 
though these qualitative measures are important. 

The mixed-method approach will combine the two sources 
used in the comparison, empirical performance testing 
and qualitative assessment based on the documentation 
analysis and platform usage as well as developer 
experience with tooling. Such methodological decision 
aids in gaining a better insight into both the objective 
behavior of the platforms and individually based issues of 
usability that influence productivity and adoption. As 
serverless computing platforms are evolving at an 
increasing pace, a combination approach not only allows 
analyzing the issue in several dimensions, but also 
correlates with the multi-layered process decision-
makers, especially developers and their companies, 
encounter when deciding how to select a platform. 

3.2 Experimental Setup 

In order to create fairness and consistencies in 
differentiating against the performance, they established a 
similar set of serverless functions that would be deployed 
in the three platforms. Sample functions were created to 
take place of real-life situations like HTTP requests 
handling, simple computation, reading and writing data to 
cloud-native storage, which were written in Node.js as it is 
compatible with AWS Lambda, Google Cloud Functions, 
and Azure Functions. The memory allocation of each of the 
using similar memory allocation (e.g., 512 MB), timeouts 
and triggers was set similar to the others. Cold start 
mitigation measures like provisioned concurrency (AWS), 
second-generation runtime (GCP) and Premium Plan 
(Azure) were mentioned where available but did not have 
their required implementations to test a default scenario 
in terms of their performance. 

The experiment setting was such that it replicated the 
various set ups of operation workloads with low, medium 
and high states of concurrency. Each of the functions were 
invoked in controlled environment and corresponding 
performance statistics were acquired using standardized 
tools of benchmarking like Apache JMeter and Artillery. 
The cold start latency was determined with an execution 
of a function following a long period of the inactivity, and 
the execution time could be monitored with an internally 
recorded logging and externally tracking the monitoring 
tools. The throughput test involved sending concurrent 
HTTP requests to the deployed functions and loading the 
functions under test by incrementally scaling the number 
of HTTP requests. This test was to determine how the 
platform auto-scales and can handle surges in the load on 
the various platforms. 

Such a homogenous environment of the experiments 
guaranteed the use of the same logic during the 
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comparisons, same configurations, and similar run Hume 
environments. To limit the variability of results and make 
them reproducible, environmental factors like the region, 
wherefore the API was deployed, and all external APIs 
were set onto fixed conditions to eliminate these factors 
that could cause the experimental outcomes to be 
different. 

3.3 Evaluation Criteria 

Having considered a good number of evaluation criteria, 
the comparative analysis falls under the five significant 
dimensions, which are performance, cost-efficiency, scale, 
developer experience, and ecosystem integration. The 
criteria were selected due to its applications with regard 
to technical implementation and operational choices. 

Performance Metrics: A performance test was mostly 
concerned with cold start latency, warm invocation 
latency and average execution time. Essential to the 
applications that are time sensitive, like API or real-time 
data processors, is cold-start latency. The experiments 
monitored a timing of function invocation in both cold and 
warm cases and functions were executed to record a time 
with repeated run over time. 

Cost and Billing Analysis: Cost analysis examined the 
billing structures of each platform under identical 
workloads. This included comparing free tier allocations, 
per-invocation charges, and memory usage-based pricing. 
The goal was to determine the total cost for executing the 
same function 1,000; 10,000; and 100,000 times, 
accounting for both computational and networking 
resources. This helped highlight which platform offers the 
most cost-efficient performance under different scales of 
use. 

Scalability and Concurrency Limits: Scalability tests 
observed how well each platform auto-scales in response 
to increasing demand. Metrics such as response time 
under load, error rate, and instance spin-up time were 
collected to evaluate how each platform manages 
concurrent invocations. Concurrency limits—such as AWS 
Lambda's default 1,000 concurrent executions or GCP’s 
Gen2 concurrency control—were noted and their effects 
were measured under stress testing. 

Developer Experience: This dimension entailed 
qualitative information pertinent to the ease of set-up, 
language, and debugging, ease of deployment, and 
monitoring facilities. The analysis was made on the basis 
of reviewing of documentation, user interface interaction, 
command-line deployment and integration to CI/CD tools 
like GitHub Actions, Azure DevOps and Google Cloud Build. 
Prominent consideration was taken to the fact that IDE 
extensions (such as Visual Studio Code, IntelliJ), SDKs, and 
local testing were made available. 

Ecosystem Integration: The platforms were also 
evaluated based on how seamlessly they integrate with 
their respective cloud ecosystems. This included support 
for native services such as databases (e.g., DynamoDB, 
Firestore, Cosmos DB), storage systems (e.g., S3, Cloud 
Storage, Azure Blob), and messaging services (e.g., SQS, 
Pub/Sub, Event Grid). The ability to create complex 
workflows using orchestrators (e.g., AWS Step Functions, 
Azure Durable Functions) was also assessed as part of this 
criterion. 

Table-1: Evaluation Framework for Serverless 
Platform Comparison. 

Criteria Metrics and Factors 

Performance 
Cold start latency, execution time, 

throughput under load 

Cost and Billing 
Free tier limits, per-invocation cost, GB-
seconds billing, total cost per workload 

Scalability & 
Concurrency 

Auto-scaling behavior, max concurrent 
executions, error rate under load 

Developer 
Experience 

Language support, ease of deployment, 
debugging tools, CI/CD integration 

Ecosystem 
Integration 

Native service integration, orchestration 
support, data storage and messaging 

services 

 
This multi-dimensional approach ensures that both 
technical and experiential aspects of serverless platforms 
are rigorously analyzed. It also provides stakeholders with 
a comprehensive understanding of trade-offs involved in 
selecting one platform over another, tailored to specific 
application needs and organizational priorities. 

4. PLATFORM OVERVIEW AND COMPARATIVE 
PARAMETERS 

4.1 AWS Lambda 

The AWS Lambda is the serverless computing platform of 
Amazon Web Services that was initially introduced in 
2014 as among of the first available Function-as-a-Service 
(FaaS). Architecturally the AWS Lambda works on event 
based model where the functions are triggered by such an 
event based on AWS generated events e.g. S3 (file upload), 
DynamoDB (data changes), API Gateway (HTTP requests), 
and CloudWatch (scheduled events). The concept of 
Lambda functions is stateless, which means the platform 
can handle automatic scaling, provisioning as well as fault 
tolerance, all without the end-user interaction. The 
environment executing is a temporary one and instances 
are dropped and generated dynamically depending on the 
amount of requests being received. 
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These programming languages cover a large number of 
programing languages and they include JavaScript using 
Node.js, Python, Java, Go, Ruby, and.NET Core. It also 
allows creating custom run times through Lambda 
Runtime API and AWS Lambda Layers making it very 
customizable. The unit of charge to the Lambda is current 
dollar as Lambda calculates its prices in terms of the 
number of function invokes and GB-seconds of compute 
time. Its free tier will provide 1 million invocations, 
400,000 GB-seconds per month, which will be excellent to 
execute small or low-traffic jobs. 

Typical applications of AWS Lambda are real-time 
processing of files, analysis of streams with Kinesis, REST 
API backends and orchestration without servers using 
AWS Step Functions. It is especially productive with 
applications that have a high degree of dependency on the 
Amazon cloud of services. 

4.2 Google Cloud Functions 

Google Cloud Functions Google Cloud Functions is the 
serverless compute product of Google and was launched 
on the 5 th of April 2017. It is an event driven architecture 
like the AWS Lambda but with close integration to the 
Google Cloud Platform (GCP). Functions may also be 
invoked by HTTP requests, messages in Pub/Sub, changes 
of Cloud Storage or Firebase events and as such it is very 
suited to mobile and real-time analytics applications. 

Google Cloud functions provide a number of programming 
languages that include Node.js, Python, Go, Java and.NET. 
It supports concurrency controls and lengthy execution 
time (up to 60 minutes) in addition to advanced memory 
and CPU set up in its 2 nd generation architecture. Cloud 
Functions is being container-friendly as well, being 
complemented with Cloud Run and thus enabling custom 
containers deployment of complex or legacy applications. 

Pricing Pricing is based on consumption, rather like 
Lambda, but with a more generous free tier providing 2 
million invocations, 400,000GB-seconds and 200,000CPU-
seconds of compute monthly free. Such cost benefits 
qualify Google Cloud Functions as a viable solution to 
operations that require low cost or high data processing 
requirements. 

The platform is normally applied in Firebase-native 
actions, event-driven information structures, robotizing 
DevOps, and back-end processing of Web and portable 
applications. It is particularly helpful to teams that use the 
GCP services like BigQuery, Firestore and Cloud Pub/Sub. 

4.3 Azure Functions 

Microsoft has its own offering to the FaaS market solution, 
called Azure Functions, which is highly flexible as well as 
developer-friendly, with tight integration with Azure. 

Azure functions can use multiple triggers in form of HTTP 
request, message queues (Azure Service Bus), timers and 
storage events. It uses a binding model which makes the 
data flow between the function and the external systems 
easier due to reduced code boilerplate when compared to 
the previous model and the overall increase of integration 
capabilities. 

It has been testable in several languages; these are C#, 
JavaScript, Python, Java, PowerShell and F#. It also has the 
ability to use custom handlers and durability functions 
which is a special option that permits stateful complex 
workflow orchestration of serverless applications. This 
has special merits in long process activities, charring of 
activities and enacting of business workflow. 

Azure Functions provides various hosting plans: 
Consumption Plan (which is auto-scaling, pay-per-use), 
Premium Plan (where instances are pre-warmed to reduce 
the latency), and the Dedicated Plan (which is using an 
App Service environment). Pricing resembles AWS lambda 
in that, there is a free tier allowed of one million 
executions and 400,000 GB-seconds per month. 

Examples of using Azure Functions are in constructing 
APIs, automation processes that involve Microsoft 365, 
processing telemetry data on IoT devices and triggering 
workflows on hybrid clouds. Its good integration to other 
tools such as the Visual Studio, GitHub Actions, and Azure 
DevOps has made it extremely attractive in appeal to the 
enterprise developers who take the Microsoft tools. 

4.4 Comparative Table 

To provide a consolidated view of the three platforms, the 
following table summarizes their key characteristics and 
comparative parameters across architecture, language 
support, pricing, and ideal use cases. 

Table-2: Comparative Overview of AWS Lambda, 
Google Cloud Functions, and Azure Functions. 

Criteria 
Metrics and 

Factors 
Criteria 

Metrics and 
Factors 

Performance 

Cold start 
latency, 

execution 
time, 

throughput 
under load 

Performance 

Cold start 
latency, 

execution 
time, 

throughput 
under load 

Cost and 
Billing 

Free tier 
limits, per-
invocation 
cost, GB-
seconds 

billing, total 
cost per 

workload 

Cost and 
Billing 

Free tier 
limits, per-
invocation 
cost, GB-
seconds 

billing, total 
cost per 

workload 
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Scalability & 
Concurrency 

Auto-scaling 
behavior, max 

concurrent 
executions, 
error rate 
under load 

Scalability & 
Concurrency 

Auto-scaling 
behavior, max 

concurrent 
executions, 
error rate 
under load 

Developer 
Experience 

Language 
support, ease 

of 
deployment, 
debugging 

tools, CI/CD 
integration 

Developer 
Experience 

Language 
support, ease 

of 
deployment, 

debugging 
tools, CI/CD 
integration 

Ecosystem 
Integration 

Native service 
integration, 

orchestration 
support, data 
storage and 
messaging 

services 

Ecosystem 
Integration 

Native service 
integration, 

orchestration 
support, data 
storage and 
messaging 

services 

Criteria 
Metrics and 

Factors 
Criteria 

Metrics and 
Factors 

Performance 

Cold start 
latency, 

execution 
time, 

throughput 
under load 

Performance 

Cold start 
latency, 

execution 
time, 

throughput 
under load 

Cost and 
Billing 

Free tier 
limits, per-
invocation 
cost, GB-
seconds 

billing, total 
cost per 

workload 

Cost and 
Billing 

Free tier 
limits, per-
invocation 
cost, GB-
seconds 

billing, total 
cost per 

workload 

Scalability & 
Concurrency 

Auto-scaling 
behavior, max 

concurrent 
executions, 
error rate 
under load 

Scalability & 
Concurrency 

Auto-scaling 
behavior, max 

concurrent 
executions, 
error rate 
under load 

 
This comparative analysis offers a clear view of how each 
platform performs across key technical and business 
dimensions. It empowers organizations and developers to 
make informed decisions aligned with their application 
architecture, operational constraints, and long-term cloud 
strategy. 

5. EXPERIMENTAL RESULTS 

5.1 Performance Testing 

Performance of the serverless platforms is one of the most 
important aspects of it in terms of suitability of using them 
in such applications that require time sensitivity and scale. 
There are three major performance parameters used in 

this study which include the cold start latency, the average 
execution time with variance, and scalability in different 
loads. 

The cold start latency test was also used to measure the 
time required by a given function in timestamp order as it 
does not invoke a continuous use of functions under real 
life conditions. The cold start delays of AWS Lambda 
varied in the range of 550 to 800 ms on average, 
depending on the runtime; however, it demonstrated 
significant improvements when using the lighter run times 
such as those of Node.js. Google Cloud Functions, in its 
version 2.0 configuration, demonstrated an equal better 
performance in its cold start timing, which averaged to 
400 to 600 ms. The latency of the cold start of Azure 
Functions, in the case of the Consumption Plan, was highly 
signified, and mostly in excess of 1 second latency, with 
the Premium Plan largely decreased to anywhere between 
300 and 500 milliseconds as the instances were pre-
warmed. 

The performances of all platforms turned out similar in 
terms of the mean time and its variance of execution of 
simple calculation tasks underthe warm start. Google 
cloud functions registered the least amount of dispersion 
on response time, thus befitting consistent time 
processing on a real time basis. The tail latencies were 
slightly higher with AWS Lambda when concurrency at 
higher rates because it has an initial container 
provisioning problem, and the execution time in the case 
of Azure Functions was not affected by the configuration. 

In regard to load scalability, all the three platforms 
managed to scale loads to up to 1,000 concurrent 
invocations. The AWS Lambda proved almost 
instantaneous scaling and a low-level throttling, a fact that 
is attributed to its well-established concurrency 
management. The second-generation model of Google 
Cloud Functions was efficient on parallel invocations and 
having low overheads. As more than 750 executions 
concurrently occurred, the consumption plan of the Azure 
functions exhibited minor throttling, although they were 
used in the optimum conditions with the Premium Plan in 
which the superior limits of scaleability can be tailored. 

5.2 Cost Analysis 

The other factor that determines which serverless 
platform to choose is cost, basically the budgetary 
consideration of organisations running on variable 
workload or under budgetary constraints. It was the 
analysis of costs based on real usage billing on the same 
workloads on both platforms and assessment of execution 
on different tiers including the free one. 

Both of the services have a hefty free plan. AWS Lambda is 
provided with 1 million the free request with 400 000 GB-
seconds monthly. Google Cloud Functions is better than 
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this, in that it provides 2 million free invokations, 400,000 
GBseconds and 200,000 CPU-seconds per month. Azure 
Functions can compete with AWS Lambda as far as 
requests and GB-seconds are concerned in its free level. 

In a very similar scenario of real world billing where one 
performs the same iteration of a function 1 million times 
with 512 MB memory on 500 milliseconds, Google Cloud 
Functions was found to be the most economical choice, 
especially when it comes to CPU-intensive operations. The 
additional costs of the AWS Lambda after the free level 
were not significant, but it had to do with its per request 
pricing and memory-based pricing. Azure Function had a 
competitive pricing which turned out to be expensive 
when using the Premium Plan or when using the functions 
with a prolonged time duration. 

Table-3: Cost Comparison for 1 Million Executions 
(512MB, 500ms Duration). 

Platform 
Free Tier 
Coverage 

Estimated Cost 
(Post-Free Tier) 

AWS Lambda 
1M reqs + 400K 

GB-sec 
~$17 USD 

Google Cloud 
Functions 

2M reqs + 400K 
GB-sec 

~$13–15 USD 

Azure Functions 
1M reqs + 400K 

GB-sec 
~$18–20 USD 

(Consumption Plan) 

 
These values vary with execution duration, memory 
allocation, and additional charges for data transfer or 
attached services, but provide a general view of cost 
efficiency. 

5.3 Developer Experience Assessment 

The experience of the developer was evaluated by 
practical implementation, testing and monitoring of 
sample functions on the three platforms. This was done 
with regards to ease of deployment, language and runtime 
availability, the deployment mechanism and the ability to 
integrate to local development environments. 

AWS Lambda has very good command-line tooling 
through AWS CLI, and works across a variety of SDKs and 
frameworks of which Serverless Application Model (SAM) 
is one. It enables developers to rapidly develop and 
release functions, but needs a middle ground learning to 
be used with other services such as API Gateway. 

Google Cloud Functions was also the most convenient to 
set up, especially, of course, if the user is acquainted with 
Firebase or Google Cloud Console. The release through the 
gcloud CLI was easy to complete and logs of the functions 
became immediately available in Cloud Logging. Most use 
cases were ready to use with language support, but other 

cases can use containerized deployments provided by 
Cloud Run to support unsupported runtimes. 

Azure Functions offered great development environment 
because of its comprehensive support with the Visual 
Studio and Visual Studio Code. The possibility of 
deployment slotting, integrated debugging, full support of 
GitHub Actions and Azure DevOps pipelines further ruled 
out the platform that was extremely attractive to the 
enterprise developers. The earlier configuration was 
simple party because there were numerous hosting plans 
and binding set-ups but after this setting, the deployment 
and iteration process was straightforward. 

5.4 Observability & Monitoring 

Another key element with production-ready serverless 
applications is observability that includes the capabilities 
related to logging, telemetry, and CI/CD. All of the three 
platforms have in-built tools and their capability and 
applicability differ. 

AWS Lambda comes with native integration with just 
about the single most crucial service to track AWS 
performance and account health, which is the Amazon 
CloudWatch; to aggregate logs, track specific metrics, and 
alarm settings. Even though CloudWatch is also mighty, it 
might turn complicated to use and cost more as the usage 
increases. AWS X-Ray also offers distributed tracing and 
this comes handy during the debugging of multi-function 
workflows. 

The Google Cloud Functions offer built in logging with the 
Cloud Logging which is user friendly and closely 
integrated with Cloud Monitoring. It has an effective real-
time performance dashboard and visualization tools that 
allow identifying bottlenecks or invocations with high 
latencies. The Stackdriver-driven tools come with a set of 
packages that provide alerts and diagnostic, service health 
dashboards. 

Azure functions use application insights to attain end to 
end visibility. The developers are able to track live metrics, 
display invocation traces, and diagnose failure with an 
advanced filtering option. Azure helps in the continuous 
delivery pipeline by enabling the various mechanisms 
with the use of Azure DevOps and GitHub Actions to scale 
up the use of continuous deployment tool. The most 
mature tools in all the three platforms are its diagnostics 
tools. 

5.5 Use Case Suitability 

In an effort towards putting the results of the experiment 
into perspective, the platforms have also been tested 
based on their use case scenario. The providers are 
performing well in various areas of applications according 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 06 | Jun 2025             www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 765 
 

to the type of performance they have, their pricing 
structure, and available ecosystems. 

AWS Lambda is the optimal choice of real-time data 
pipelines, backend APIs, and automatizing tasks of AWS 
heavy infrastructures. It is specially used when the deep 
integration is needed with the services such as S3, 
DynamoDB, Kinesis. 

The Google Cloud Functions are the best in areas of 
Firebase, data processing and usage, analytics, and 
lightweight microservices. It has the right pricing model 
and its superior cold start behavior of second-generation 
functions, which makes it suitable to run latency-sensitive 
or cost-sensitive applications. 

Azure Functions is an exceptional performer as far as 
enterprise level solutions, hybrid cloud environments, and 
commands that need orchestration are concerned. It is the 
most recommended among the organizations which focus 
more on Microsoft based and use systems like Office 365, 
Azure Active Directory and .NET based systems. 

Table-4: Use Case Suitability Overview. 

Use Case Best Platform Justification 

Real-time API 
Backend 

AWS Lambda 
Mature API Gateway 

integration, low 
latency 

Firebase-based 
App Logic 

Google Cloud 
Functions 

Seamless Firebase 
integration and GCP-

native tools 

Data Ingestion / 
IoT 

Azure Functions 
Durable Functions and 

Service Bus support 

 

This multi-dimensional evaluation reinforces that no 
single platform is universally superior; instead, each 
excels in specific contexts. By understanding these 
distinctions, developers and organizations can align their 
serverless strategy with their technical and business 
objectives. 

6. DISCUSSION 

6.1 Interpretation of Results 

The findings of the experimental evaluation of these three 
serverless platforms, which is conducted by this 
comparative study, have pointed out the provided 
evidence that all three of serverless platform (AWS 
Lambda, Google Cloud Functions, and Azure Functions) 
can offer robust performance in implementing and 
executing serverless workloads; however, what they can 
deliver in the context of performance, cost-efficiency and 
developer experience differ significantly. All the platforms 
have some specific strengths and weaknesses, and 

therefore, they are appealing in the context of specific use 
cases and instances of organization. 

AWS Lambda functions well in the integration of the deep-
packed ecosystem and performance of steady loads. Its 
seamless integration with virtually all AWS services, 
including Amazon S3, DynamoDB, Kinesis, and API 
Gateway, makes it one of the first options by the 
organizations that are dedicated to the AWS environment 
already. The combination of the maturity and tooling 
provided by the platform, on top of AWS SAM and 
CloudWatch, makes it a good fit in constructing actors 
with back-end APIs that are not only scalable but also 
resilient, with event-based demands and large 
concurrency at their core. 

Google Cloud Functions is unique regarding its 
affordability and ease of working to programmers with a 
second-generation runtime. It also has a wide free-tier 
with an easy integration with Firebase, BigQuery, Cloud 
Pub/Sub, which makes it a useful solution in lightweight 
microservices, event-driven pipelines, and mobile-
backend functions. It also performed well with respect to 
cold start latency and execution time consistency, which is 
extremely vital to real time applications. It is also easy to 
deploy and has observation capability through Cloud 
Monitoring, which contributes to the attraction of agile 
development teams. 

The new value proposition introduced by Azure Functions 
is an enterprise and a good orchestration level. The 
support of Durable Functions on the platform allows 
developers to create complex stateful workflow when 
other platforms do not support it natively. Also, one great 
merit with Azure is (given its capability to work with 
Microsoft 365, Visual Studio and Azure DevOps) the fact 
that organizations fully functioning in a Microsoft-
centered world would do perfectly well with Azure. 
Nevertheless, relatively greater variability of performance 
under the Consumption Plan and a little more expenses at 
the Premium levels may be the disadvantage of the use, 
depending on the workload patterns. 

All together these results indicate that there is a trade-off 
between cost, complexity, performance optimization and 
developer control. The success of a platform selection is 
squarely pegged on the requirements of a specific 
application, expertise of the team and the already existing 
cloud infrastructure eco system, in which the application 
has to run. 

6.2 Decision-Making Framework 

The most suitable serverless system should be chosen in a 
well-organized manner, taking into consideration the 
technical ability in line with business objectives and 
running realities. A proper way to start this decision-
making process should be to define major priorities that 
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one must fulfill: reduce latency, optimize cost, simplify 
integration, or make it strongly observable; and review the 
way each platform can accommodate these priorities. To 
take the example of latency sensitivity and cost-efficiency 
in real-time applications or microservices, where the 
latency sensitivity and cost-efficiency are the prime 
concerns, then Google cloud functions can provide the best 
trade off owing to the efficient way it handles the cold 
start, and a low cost. The latter, however, is opposite that 
the teams focused on developing event-driven 
architectures with complicated backend scheduling and 
having the need to be highly scalable have to think about 
the AWS Lambda at least in case they have the rest of the 
application infrastructure located on AWS. In the 
meantime, stateful workflows, good CI/CD automation, 
and advanced logging may often be more interesting to 
enterprises, which can function better on Azure Functions, 
with warm-start improvement with the Premium Plan. 

7. CONCLUSION AND FUTURE WORK 

7.1 Conclusion 

The current comparative investigation has given an 
objective study of the three most popular serverless 
computing computing providers namely the AWS Lambda, 
Google Cloud Functions and the Azure Functions. The 
combination of the empirical testing and qualitative 
investigation allowed the author to obtain the isolated 
peculiarities of performance, developer experience, and 
operational advantages on each of the platforms. 

Regarding the performance, cold start latency and the 
variance of the execution time seems to be the fastest on 
the Google Cloud Functions, especially its second-
generation model. This renders it very ideal to be utilized 
in real-time applications and microservices that are 
characterized by symptoms of latency. The AWS Lambda 
had been found as the most scalable and reliable at high-
concurrency loads, scaled practically instantly and 
featured immaculate integration with other services, such 
as API Gateway, and S3, as well as DynamoDB. Azure 
Functions did not have an edge over raw execution speed 
under the Consumption Plan, but it had superior 
orchestration strengths through Durable Functions, which 
is an immense advantage in the complex tasks and long-
running processes. 

The cost aspect of Google cloud functions was the most 
affordable due to the fact that it has a generous free usage 
coupled with CPU-seconds usage as part of its billing. AWS 
Lambda had a good cost profile especially on the shorter 
functions, but as the functions scaled, Azure Function had 
become attractive in the premium plan. 

When it comes to the developer experience, Azure 
Functions had the most tooling support especially with the 
teams based on Visual Studio, GitHub actions and Azure 

DevOps. AWS Lambda was beneficial in that it was very 
effective to developers who worked within the AWS 
ecosystem; and Google Cloud Functions had the simplest 
deployment pattern with easy integrations to Firebase and 
other native services of the GCP. 

7.2 Limitations 

Though attempts to make this study rather comprehensive 
and technologically based, some limitations have to be 
mentioned. To begin with, the scope of testing was 
restricted to a fixed number of common use cases with no 
more than HTTP-triggered functions, simple computation, 
and data access. That research did not cover more 
complicated cases with streaming, batch jobs or machine 
learning pipelines. 

Second, serverless functions might not be available in a 
particular geographical area or might not be available in 
the nearby data center, which redefines latency. All those 
tests were done within the same geographical region (e.g., 
US-East) to make them consistent but for real-world 
deployments the regions may make the difference. 

Third, some effort was put into making memory allocation 
and structure of functions on different platforms similar, 
but minor differences in the process of container 
initialization, logging system, and a runtime environment 
could have led to changes. In addition, developer 
experience analysis is rather objective, depending on its 
implementation and documents about platforms, still it is 
partially subjective and depends on the expertise and 
knowledge of the user. 

Finally, the platforms are regularly updated, and the 
features might be added that will make some findings 
outdated. As an example, constant quality gain with cold 
start mitigation, language support, and pricing models 
may change the abilities of platforms drastically in the 
short-term perspective. 

7.3 Future Research Directions 

Considering the active development of the serverless 
computing, multiple sources of future research can be 
obtained on the basis of the results of the current study. 
Among the vital directions is the evaluation of multi-cloud 
orchestration, in which applications utilize the functions of 
different vendors at the same time in order to build 
redundancy, trim cost or performance-tune applications. 
Cross-platform FaaS deployment tools and architectural 
specifications will be more useful when it comes to 
benchmarking as multi-cloud solutions become popular. 

One more prospective field is directed at the development 
of long-running workflow and stateful functions studies. 
Although Azure Durable Functions seem to have solid 
foundation, there is a need to explore patterns, 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 06 | Jun 2025             www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 767 
 

constraints, and options to solve the persistent state, such 
as the comparison with external workflow engines, such 
as Apache Airflow, AWS Step Functions, or Temporal. 

Moreover, the aspect of security benchmarking of 
serverless platforms is little researched but a very 
important issue. Future research can measure the models 
of permission, isolation strategies, and the ability to be 
compliant with serverless environment, particularly, in 
areas like finance and healthcare where rules are highly 
regulated. 
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