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Abstract 

 

This project presents the investigation and results found in the topic of ways to mitigate 

against cold start in serverless platforms, AWS (Amazon Web Services) being the focus 

of the investigation. 

The investigation started with the study of the current scientific literature in order to 

contextualize the problem and present hypothesis to study. From there, test scenarios were 

developed, resorting to the open source serverless framework, by deploying several 

functions with different characteristics and gathering results to analyse, regarding cold 

start times. 

The results showed that the cold start problem can and should be optimized from the side 

of the client, not only for the sake of performance, but also in order to reduce costs. 

Keywords: Serverless, AWS, FaaS, Cold Start, Lambda 
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1 Introduction 
 

1.1 Context and Motivation 
Serverless (or FaaS) architectures are a fairly recent approach to cloud native applications 

and, as such, with all their benefits, new challenges also arise. Some examples of 

serverless offerings are AWS Lambda, Google Cloud Functions, and Azure Functions. 

When a serverless function is executed, there isn’t always an instance (VM, container, 

…) ready to execute the code, and, therefore, a new execution environment must be 

provisioned. The delay between provisioning the new environment and actually starting 

the execution of the code, is called cold start. 

Although for certain applications this delay isn’t critical, for others it is unacceptable, 

therefore, this project is developed with the idea to study what factors affect cold start, 

and to provide developers with a set of good practices or suggestions that will allow their 

functions to become more efficient. 

1.2 Objectives 
The objective of this project is to develop test scenarios where functions with different 

characteristics will be evaluated in order to determine which factors will be relevant in 

lengthening or shortening the cold start times. By the end, some good practices should be 

available for both cost and performance. 

1.3 Contributions 
This project presents the investigation and its results in a basic manner, that allows the 

results to be relevant but also gives the opportunity for anyone not in touch with serverless 

to learn the basis of the architecture. 

From the results, a github link is provided, making available for everyone the dataset with 

the results of the test scenarios, allowing anyone interested to make an analysis and reach 

their own conclusions, either verifying or maybe even denying the ones presented in this 

project. 
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2 Cloud Computing 
Cloud platforms have risen in popularity to deliver computing resources that are 

virtualized and dynamically scalable, as fast as possible [1]. Although there are several 

definitions of what cloud computing is, based on the NIST definition, we define cloud 

computing as a model that enables the fast and easy provisioning of a shared pool of 

computing resources (e.g., networks, servers, storage, applications, and services) from 

anywhere, no matter what the demand is. This definition ends up summarized in the main 

characteristics for this model, which are: 

• On-demand self-service - A consumer of such services can provision the needed 

computing resources without the need of any human assistance from the side of 

the service provider. 

• Broad Network Access - These services are available over the network and can be 

accessed by virtually all devices/clients. 

• Resource Pooling - Computing resources owned by the service provider are 

managed to serve multiple consumers according to general demand. Usually, the 

consumer has no control over the location of said computing resources, although, 

there can be the possibility to choose certain characteristics in a higher layer of 

abstraction (e.g., country where said resources are located). 

• Rapid elasticity - The resources provided should be able to scale according to the 

demand (both manually and automatically), presenting seemingly no limit. 

• Measured Service - Resource usage is available for both consumer and provider. 

2.1 Cloud Deployment Models 
One of the most important parts of a cloud computing deployment comes before the 

deployment itself, in the planning phase. Institutions must define their objective, in order 

to choose the correct type of implementation, allowing them to search for the correct set 

of skills (developers) and hardware (machines) [2]. This does not stop institutions from 

changing their deployment model as business needs evolve, but it is important to have an 

objective for the deployment to be successful. 

The most common deployment models are: 

• Private Cloud - The infrastructure exists to serve a single company. It does not 

have to be necessarily hosted in the premises of that same company, but it must 

be isolated in a private network and use software and hardware that are intended 

to be exclusively used by that company. A private cloud cannot be accessed by 

the public, making it arguably the most secure deployment model, as only a 

defined number of users can access the information [3]. 

• Community Cloud - Almost the same as a private cloud, with one key difference, 

the set of users. Instead of serving one organization the infrastructure serves 

multiple organizations with similar interests and requirements [3]. 

• Public Cloud - As the name indicates, public clouds are available to the public 

through the resources of cloud providers. These resources are available through a 

set of services which the providers usually make available at a pay-per-use basis. 

Although a public cloud provides an easy and ready for use product, where a 

customer (individual or a company) does not need to worry about maintaining the 



3 

 

infrastructure, it also comes at the cost of having no control over factors like 

reliability, security, and privacy [3]. 

• Hybrid Cloud - It’s nothing more than a mix of the previous models (private, 

community, public). The individual models remain as their own but are linked 

through technologies that allow an institution to draw the best out of each model. 

2.2 Cloud Service Models 
The cloud service models are the basis that a provider uses to organize its products. It also 

works as a basis for the consumers, who know what to look for according to their needs. 

It is how you split the entire architecture of anything IT related, and you sell it (almost) 

individually. Nowadays, it looks like more and more these frontiers are being broken as 

everything is starting to turn into a service (figures 1 and 2). 

 

Figure 1 - Google Cloud Platform products catalog showing over 100 different products - 

https://cloud.google.com/products 

 

Figure 2 - Microsoft Azure products menu showing over 200 different services - 

https://azure.microsoft.com/en-us/services/ 

With this in mind, the three original service models are still the best way to describe what 

a cloud product actually is. Providers continue to find more and more services but, in the 
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end, they all end up being a sort of subtype of the three main service models, which 

are(figure 3): 

• Infrastructure as a Service (IaaS) - The consumer receives the main hardware 

resources required for the most common computing activities (e.g., CPU, storage, 

networks), on top of which it is possible to deploy and run the intended software 

(this ranges from simple applications to an actual OS). Usually, these resources 

are delivered as a virtualization platform, and are accessed through the internet.  

In short, the consumer receives a working infrastructure (working hardware with 

storage access, network access and others) and can build on top of it [4] [5]. 

• Platform as a Service (PaaS) - The consumer gets the ability to deploy applications 

to the cloud infrastructure, without the need to worry about the underlying 

conditions (such as hardware, type of OS, required software versions, …). The 

consumer gets control over the deployed application and certain features of the 

environment on which it runs. The goal is usually to deliver a set of tools that 

facilitate processes such as app design, app development, app testing, app 

deployment and app monitoring while making use of the hosting provided by the 

cloud [1]. 

• Software as a Service (SaaS) - The consumer gets access to applications running 

in the provider's cloud infrastructure, usually through the browser. A good 

example of SaaS is office365 or google apps (google docs, google sheets, …). 

Software like Microsoft Office were traditionally installed on a personal 

computer, nowadays, all you need is a subscription and internet access, and you 

will be able to do just the same using the browser only. In this model the consumer 

only has one single worry, which is to use the software they acquired. The rest 

(maintaining the servers, updating, and patching the software, …) is the providers 

responsibility [5]. 
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Figure 3 - The three main cloud service models and which areas are controlled by the provider/client 

As said before, more and more parts of a traditional application are turning into services, 

which can be deployed individually. One of these services is Function as a service (FaaS), 

which will be one of the central points of discussion in the rest of this project, so to start, 

in short, FaaS is a service model that allows for the execution of code in response to 

events without the typical underlying complex infrastructure [6] and is arguably the most 

important part of the serverless model. 
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3 Serverless 
At the time of writing this document, there seemed to be no consensus as to whether 

Serverless and FaaS should be considered synonymous or not. It seems that the two main 

arguments can be summarized in - Serverless and FaaS are synonymous - and - FaaS is a 

subset of serverless. For the sake of the reader, lets preface this with saying that, in the 

case of this document, only the term serverless will be used and it should be considered 

as a synonym. 

The term “Serverless” refers to a new evolution of PaaS offerings, where rather than 

deploying and running traditional services, or dedicated VM’s, users can now deploy 

individual functions and pay only for the time that their code is being executed [7], 

without having any control over the resources in which said code is being executed. The 

name “serverless” can give the wrong idea that there are no physical servers in play, but 

the truth is the servers are there, what changes is that, now, the developers can leave all 

operational concerns, to the cloud providers. Although the abstraction from server 

management can make it sound like serverless is the same as a traditional PaaS offering, 

the two models differ, starting from the fact that, in serverless, the user has zero costs 

associated with the time that their code is not running, while in traditional PaaS offerings, 

that time is still billed [8]. 

 

Figure 4 – Same as figure 3, with the addition of FaaS to show its position in the services structure 

Serverless offerings provide a programming model based on stateless functions, where, 

unlike in PaaS offerings, developers can write code without the limitation of a pre-

packaged application, giving also birth to the name FaaS [8] (figure 4). 
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The emergence of serverless computing as a new compelling paradigm for the 

deployment of applications and services, represents the evolution and maturity of cloud 

technologies. It is not something completely new, it is however being brought up on a 

different scale thanks to the evolution of technologies such as containers and virtual 

machines. Based on google trends (Figure 5), we can attest to some degree that cloud 

computing had its greatest boom around 2010/2011, and in recent years, as it stabilizes 

as a standard, terms like serverless started gaining traction. 

 

Figure 5 - Interest over time between the terms "Serverless" and "Cloud Computing", according to 

google trends 

In traditional architectures, in order to run their applications and services, developers and 

admins had to acquire dedicated machines which usually stayed on premises. The cost 

was high throughout the entire process, starting from the point of acquiring a new machine 

and ending at the point where that machine is being fully managed and utilized. If an 

expansion was needed, the process would repeat, adding to the costs not only in monetary 

terms, but also in terms of the time spent planning for the activities described above. One 

of the most worrisome trends is the fact that the infrastructure was the same, during both 

average and peak usage times. With the rise of cloud computing, some of these problems 

were mitigated, but teams were still needed to plan, develop and maintain certain key 

areas of cloud services, such as virtual machines. Serverless appears as a new paradigm 

where the only task to be executed by developers is the actual development of 

applications. Every single task aside from that, going from managing and monitoring the 

infrastructure state to scaling and adapting where necessary, becomes a responsibility of 

the cloud provider [7]. In serverless, at this time, code is written with a focus on event 

handling, which translates into not paying for a machine that is constantly running. Billing 

is usually only in effect from the moment that events are triggered, and the function 

associated starts running. Customers are now billed based on the time that their code is 

actually being executed, not stand-by times, which means that an application’s idle time 

is not charged. [7] 

Serverless brings several benefits for the consumers, providing them with a simplified 

programming model, removing operational responsibility and reducing costs by billing 
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only execution time and not the traditional fully allocated resources. But it is also 

beneficial for the cloud provider, bringing the opportunity to control the entire software 

stack. This also enables costs reduction if the provider can optimize its resources in the 

most efficient way, and encourages users to stay in the ecosystem, since cloud functions 

are usually easily integrated with other cloud services [8]. Although the benefits are 

substantial, serverless does not seem to be even near its full potential, which means that, 

with its continuous adoption, this model will keep evolving in the foreseeable future [9]. 

3.1 Serverless Architecture 
The Serverless model follows an architecture pattern based on the response to events. 

This promotes the decoupling of services and allows for the certainty that the code only 

runs when intended. As a result, developers are challenged to learn how their applications 

can be built in this model, which has clear differences to the traditional approach. More 

complex applications may not be possible to be directly migrated to a Serverless model, 

this may come both from the limitations caused from the infancy of these services, but 

also from the differences between paradigms [10]. Despite that, more and more common 

applications of serverless are emerging, some examples are: 

• API requests 

• Updates to databases 

• Voice commands (virtual assistants like Siri [11] and Alexa [12]) 

• Control of IOT devices, such as smart bulbs in your house 

 

Figure 6 - Example of a basic serverless structure to manage IOT devices 

To make a simple example, let’s look at figure 6, in this simple example, a request can be 

sent from a browser or mobile app into the designed gateway. Depending on the chosen 

platform, this gateway can change, as each platform has different services and different 

interactions between each of them, but for this explanation, let’s think of the gateway as 

a method you would call through a browser, like a simple request to an API. This gateway 

will be prepared to understand the request, and act according to it. So, if a request would 

be sent with the method to turn on the light in a room, that event would have been pre-

established to trigger the activation of the designed cloud function, which in turn would 

connect to the services that would turn on the light. 

A serverless platform’s basic task is the handling of events. The services must know how 

to receive and handle events sent from a defined source, determine which function(s) 

should be dispatched in response, determine if an existing instance can run the function 

or if a new instance must be created, start the function according to the request, wait for 

a response, gather the defined logs necessary, deliver the response to the requester, and 
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finally, stop the execution of the function once it is no longer needed [8] (example in 

figure 7). 

 

Figure 7 - Example of a serverless architecture – Figure from [8] 

The real challenge is to implement such services, while maintaining the standards for 

cost, scalability, availability, and fault tolerance. The providers need to be able to start a 

function as soon as possible in the most efficient way, while accounting for the load 

received and the functions that have finished running, guaranteeing the service regardless 

of the load [8]. 

3.2 Serverless Limitations 
Since still in its infancy, like all technologies, Serverless has limitations. As a developer, 

it is necessary to evaluate which projects are adequate for serverless computing, and how 

to implement them right. Also, it is necessary to consider such limitations, and plan ahead 

of time how to handle them. Some of the most relevant limitations of the Serverless model 

are [10]: 

• The client resigns control over their infrastructure [10]. 

• Cost is a challenge for both the provider, who must minimize resource usage for 

serverless functions, and for the consumer, which has to evaluate which model is 

adequate for the intended application, serverless or traditional models [8]. 

• Cold start, which is inevitable when a model has the ability to scale to zero, which 

means that it doesn’t charge customers for idle time [8]. 

• Resource management, where the provider must guarantee that, independently of 

the load, the infrastructure can maintain its standards of security, performance, 

and availability. It may also be a challenge to the developer, since some of the 

providers now offer the chance to manually set the values needed for certain 

resources [8]. 

• Security, which is a big concern considering that several functions of several 

different users are running on the same platform. Isolation is necessary between 

functions, especially considering the regulations that are in place regarding user 

data confidentiality, and also as a measure to avoid functions affecting each other, 

potentially corrupting both codes [8]. 

• Adding to the previous point, scalability is also a big concern as providers must 

guarantee resources for user’s functions and future loads, which is made difficult 
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since the planning of resources is made with little to no information regarding the 

content of said functions and the applications they support [8]. 

• Knowledge over available services is a double-edged sword. For Serverless to 

maintain complex applications, it usually works with other services from the same 

provider (which creates another possible problem with vendor lock-in), but the 

range of services has gotten so large that it is easy for a developer to get 

overwhelmed by the sheer number of options. Also, while highly unlikely, it is 

possible that said cloud provider does not have a service that can fulfil the client’s 

requirement. This also makes it difficult to make the direct migration of an 

application from traditional services, into Serverless [8]. 

• Monitoring can become a challenge, as the only information available is what is 

provided by the serverless platform [8]. 

3.3 Serverless Cloud providers 
All the main cloud providers have throughout the years built their own serverless offering. 

Although there are several options, the highlight goes to arguably the three biggest public 

cloud platforms [13] [14], Microsoft Azure from Microsoft, Google Cloud platform from 

Google, and Amazon Web Services from Amazon. Microsoft Azure’s Serverless offering 

has the name Azure functions, Google Cloud Platform offers Cloud functions, and finally, 

Amazon’s AWS offers AWS Lambda, probably the most mature of all services. The 

following table 1 [15] compares some information regarding these services: 

 AWS Lambda [15] 

[16] [17] [18] [19] 

[20] 

Azure Functions 

[15] [21] [22] [23] 

[24] [20] 

GCP Cloud 

Functions [15] [25] 

[26] [27] [28] [29] 

[20] 

Free Monthly 

Duration (GB-

seconds) 

400,000 400,000 400,000 

Free Monthly 

Requests 

1 Million 1 Million 2 Million 

Cost of Each 

Additional 1 

Million Requests 

$0.20 $0.20 $0.40 

Cost of Each 

Additional 1 GB-

second 

$0.0000166667 $0.000016 $0.0000025 (tier 1) 

$0.0000035 (tier 2) 

Duration is 

Rounded to the 

Nearest 

1ms 1ms 100ms 

Supported 

Languages 

C#, Go, Java, 

Node.js, 

PowerShell, 

Python, Ruby 

+Runtime API 

C#, F#, Java, 

Node.js, 

PowerShell, 

Python, TypeScript 

Node.js, Python, 

Go, Java, .NET, 

Ruby, PHP 

Support for Custom 

Runtimes 

Yes, using custom 

deployment 

packages or AWS 

Lambda Layers 

Yes, using Azure 

Functions custom 

handlers 

Yes, using custom 

Docker images 
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Average Cold Start 

(in seconds) 

<1 <5 0.5<time<2 

Memory 128 MB – 10240 

MB 

128 MB – 1500 

MB (Consumption 

Plan) 

128 MB – 14000 

MB (Premium and 

Dedicated Plans) 

128 MB – 8192 

MB 

Maximum Timeout 15 minutes 10 minutes 

(Consumption Plan 

default) 

Unbounded 

(Premium and 

Dedicated Plans 

default) 

9 minutes 

Orchestration 

Service 

AWS Step 

Functions 

Durable Azure 

Functions 

GCP Workflows 

HTTP Integration 

Support 

Yes, with Amazon 

API Gateway 

Yes, out of the box Yes, out of the box 

Table 1 - Comparison of key characteristics found in the most popular cloud providers 

 

3.4 The cold start problem 
Some key limitations have been briefly mentioned before, but the focus of this project is 

to study ways to mitigate against cold starts in AWS, therefore, it’s useful to delve into 

cold a start a bit more. 

Starting from the beginning, one of the key features of serverless is the ability to pay only 

when code (or a function) is actually running. In traditional architectures, the whole 

program is running 24/7, which means, the environment is always ready to respond to the 

defined requests. Now, in serverless, the infrastructure must be ready to answer the same 

way, with the challenge that there is no previously defined “program” that knows what to 

expect, and the same machine will be used constantly by different users, with different 

objectives and dependencies. In summary, a cold start happens when there is no 

environment ready to respond to the requested function. This being said, a major part of 

cold start mitigation is restricted to the provider that controls the infrastructure, which 

makes sense, seeing as the whole premise for serveless is that the user does not have to 

worry about such things. Figure 8 shows where the client can do something about it, 

referring to bootstrapping the runtime, and it is in this area that this project will be 

focused, finding ways, from the client’s side, to mitigate against cold start where possible, 

knowing that only AWS can better the rest behind the scenes. 
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Figure 8 - from AWS re:Invent 2017: Become a Serverless Black Belt: Optimizing Your Serverless Appli 

(SRV401) - https://www.youtube.com/watch?v=oQFORsso2go&t=485s 
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4 Research Methodology 
When it comes to evaluating what affects cold starts, the first challenge is to find a way 

to measure said cold starts. AWS makes this easy, by providing that measurement in the 

form of a metric found in the logs, by the name of “init duration” [30]. Figure 9 shows 

part of a log file that had several executions of a lambda function in AWS. It should be 

noted that, in the first execution, there is the metric “Init Duration”, indicating that there 

was in fact a cold start in this execution. The following execution of the same function 

doesn’t display this metric, as the container is pre-warmed (was provisioned previously 

and is still ready for new executions) by the previous execution and hasn’t expired yet. 

 

Figure 9 - Logs from 2 executions of a lambda function 

This study will focus on deploying several lambda functions with different characteristics 

(such as different programming languages and memory sizes) and evaluating the “Init 

Duration” metric. For the deployment and management of these functions the serverless 

framework [31] will be used, helping in the process with pre-built templates [32] from its 

open source community. 

4.1 Initial hypothesis 
Before developing the scenarios for testing, a plan must be drawn as to what this 

investigation is looking for. Therefore, resorting to general knowledge and other studies 

( [33] [34]), the initial hypothesis and questions to be answered are: 

• Python should have the lowest cold start time, while Java should have the highest 

• It’s expected that the memory size of the deployed container will affect cold start 

[35], but does it do so in a significant matter? 

• Resorting to the last point, considering languages like Python are already so fast, 

assuming the memory does in fact affect cold start, is it expected that the slowest 

languages, like Java, will see more benefits than the fastest ones? 

• After executing a function, the container should be available for a considerable 

amount of time before timing out. How long does it take for the container to time 

out? Does the frequency of the invocations affect how long the container lasts 

before timing out? 

• Cold start times aren’t supposed to be billed. Is this verifiable? 

4.2 Test Scenarios developed 
Once the expectations were defined through the initial hypothesis, several test scenarios 

were designed to investigate said hypothesis. 

A few important notes about the scenarios developed, to justify certain assumptions and 

choices for testing: 

• Most scenarios will have each function executed 100 times (unless stated 

otherwise). The number 100 was chosen as a number that was fair enough to give 
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relevant results, but also wasn’t so high that it would make the testing period too 

long. 

• All tests will be executed with hello world functions mostly generated from 

templates found in the serverless framework repository. In order to make a fair 

comparison between programming languages, the code should be kept as similar 

as possible. With this said, as long as all programming languages are kept in this 

state, then the comparison should be valid, be it a full-fledged application or a 

simple hello world statement. Therefore, the code generated from the templates 

available, which are designed with the same objective despite the programming 

language used, should be valid for the comparison. 

4.2.1 Scenario 1 

The first scenario was designed to compare the average cold start time of several similar 

functions, with the only difference being the language chosen. To do this, a hello world 

function was deployed in 6 different programming languages: 

• Python – using serverless template “aws-python” 

• C-sharp – using serverless template “aws-csharp” 

• NodeJs – using serverless template “aws-nodejs” 

• Ruby – using serverless template “aws-ruby” 

• Java-Maven – using serverless template “aws-java-maven” 

• Java-Gradle – using serverless template “aws-java-gradle” 

Gradle and Maven are build automation tools for Java [36] [37] [38]. 

These languages were chosen as they are some of the most popular programming 

languages in the world [39] [40]. 

All these functions share the same configuration, using the default 6 seconds timeout time 

and 512 MB of memory. 

To build the samples from scenario 1 all functions were executed 100 times. Scenario 1 

is expected to confirm the first hypothesis. 

4.2.2 Scenario 2 

The second scenario evaluates how the amount of allocated memory affects cold starts. 

To test this, several python functions were deployed. These functions shared the same 

code to be executed, but each one had a different amount of memory allocated. The 

amounts chosen to evaluate were: 

• 128 MB 

• 256 MB 

• 512 MB 

• 1024 MB 

• 2048 MB 

• 4096 MB 

For the samples from scenario 2, all functions were executed 100 times. Scenario 2 should 

give a clear answer to the second hypothesis. 



15 

 

4.2.3 Scenario 3 

Scenario 3 ends up being a mix of scenario 1 and scenario 2. Functions were deployed 

with all the languages found in scenario 1, using different memory sizes. The memory 

sizes were split in: 

• Small – 128 MB 

• Medium – 512 MB 

• Large – 4096 MB 

For better comprehension, table 2 displays all the functions deployed and the 

characteristics associated with this test scenario. 

Name of the function 

(example) 

Programming Language Memory Size (MB) 

Hello-world-python-128 Python 128 MB 

Hello-world-python-512 Python 512 MB 

Hello-world-python-4096 Python 4096 MB 

Hello-world-csharp-128 C-Sharp 128 MB 

Hello-world-csharp-512 C-Sharp 512 MB 

Hello-world-csharp-4096 C-Sharp 4096 MB 

Hello-world-nodejs-128 NodeJs 128 MB 

Hello-world-nodejs-512 NodeJs 512 MB 

Hello-world-nodejs-4096 NodeJs 4096 MB 

Hello-world-ruby-128 Ruby 128 MB 

Hello-world-ruby-512 Ruby 512 MB 

Hello-world-ruby-4096 Ruby 4096 MB 

Hello-world-javaGradle-128 Java-Gradle 128 MB 

Hello-world-javaGradle-512 Java-Gradle 512 MB 

Hello-world-javaGradle-

4096 

Java-Gradle 4096 MB 

Hello-world-javaMaven-

128 

Java-Maven 128 MB 

Hello-world-javaMaven-

512 

Java-Maven 512 MB 

Hello-world-javaMaven-

4096 

Java-Maven 4096 MB 

Table 2 - Functions Deployed in Scenario 3 

The objective with scenario 3 is to compare how the different memory sizes affect each 

programming language, answering the third hypothesis. 

4.2.4 Scenario 4 

Scenario 4 is built to study the fourth hypothesis. To do this, a python hello world function 

is deployed with its default characteristics (memory: 1024 MB; timeout: 6 seconds), and 

executed for approximately 24 hours in two different tests: 

• Test 1 – The function is executed every 5 minutes 

• Test 2 – The function is executed every hour (60 minutes) 
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This should give a clear vision as to how long containers last on average and if the 

frequency of executions affects this duration time. Scenario 4 will generate logs from 

hundreds of executions and these logs can be used to study the fifth hypothesis as well. 

4.3 Basic Setup 
This section will display the basic setup, shared across all tests. It will show as an example 

the creation, deployment, execution, log analysis, and destruction of a “hello world” 

function. A more detailed, step-by-step explanation of this setup, and a “how to guide” 

can be found in appendix 1. 

The steps visited in the following sections are: 

• Installing and configuring the serverless framework to work with AWS 

• Creating a function resorting to available templates 

• Deploying and executing said function and getting logs from AWS 

• Removing the deployed function from AWS 

4.3.1 Installing and configuring the serverless framework to work with AWS 

For starters the serverless framework must be installed (figure 10) 

 

Figure 10 - Command to install the serverless framework, through npm 

Next, for the serverless framework to access AWS, it needs credentials. A user by the 

name of “serverless-admin” was created with administrator access (figure 11). 

 

Figure 11 - Creation of a user in AWS 

After creating the user, it just needs to be added to the serverless framework and the initial 

setup is completed (figure 12). 
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Figure 12 - Giving the serverless framework the created AWS credentials 

4.3.2 Creating a function resorting to available templates 

Once configured, the framework is ready to be used. To note that, to invoke commands 

from the serverless framework both the “serverless” command and its abbreviation “sls” 

can be used. In this case, a python function will be created, resorting to the “aws-python” 

template (figure 13). 

 

Figure 13 - Creating a function through "aws-python" template 

In this case, two files are created “handler.py” (figure 14), and “serverless.yml” (figure 

15). Starting with handler.py, this file contains the code of the function which will be 

executed when a set event triggers it. In this case, the default contents from the template 

were replaced with a simple “print” and “return” statements. 

 

Figure 14 - handler.py 

Then, serverless.yml has the configuration of the service that will be configured in AWS, 

including the instruction to execute the function “hello”, found in the previous handler.py 

file, when the defined trigger happens. In this case, the only needed changes from its 

default state were: 

• Updating the runtime to Python 3.9 as the previously used python 2 is no longer 

supported 

• Adding the profile “serverless-admin” (which matches the previously configured 

credentials) 

• Adding the region, in this case being “eu-west-3” or “Paris”, which is the closest 

available to Portugal 
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Figure 15 - Serverless.yml 

After configuring these two files, the code is ready to be deployed, as seen in figure 16. 

It should be noted that aside from the lambda function, other services are created in AWS 

which are required for the correct behavior, such as the creation of a log group to record 

the information regarding the executions of the deployed function. It’s an important 

information to have, but what’s important to understand from this basic example is that 

the function is now fully deployed and ready to be executed. 

 

Figure 16 - Deploying the code to AWS 

4.3.3 Deploying and executing said function and getting logs from AWS 

At this point, the function “hello” is deployed in AWS and ready to be executed. To 

execute this function from the command line, the command “serverless invoke -f 

[FUNCTION_NAME]” is used, as seen in figure 17. 
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Figure 17 - Two calls to the defined function and the respective logs 

Three key points are worth mentioning at this point: 

• In this example the flag “-l” was added, indicating the logs should be displayed in 

real time with the execution. An alternative would be the same command, but 

instead of “invoke”, “logs” would be used, resulting in “serverless logs -f hello” 

• As mentioned in the beginning of the chapter, the first execution displays a metric 

by the name of “Init Duration”, indicating the existence of a cold start of 

120.76ms. The second execution doesn’t display this metric, as the previous 

environment/container is still ready for execution (warm start) 

• In this case, the event that triggered the execution of the lambda function, was the 

command sent from the CLI, but, in a real word scenario, this could be configured 

to any of the most common uses (API calls, changes to files or databases, 

receiving logs from an IOT device, …) 

4.3.4 Removing the deployed function from AWS 

Finally, to completely remove all deployed services, the command “serverless remove” 

is used (figure 18). 

 

Figure 18 - Deleting all services previously deployed to AWS 

The previously created files will remain in the local directory, at which point they can be 

edited, re-deployed or simply deleted, as intended by the user. 
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5 Research Results 
All the data used to calculate the results that will be presented can be found at: 

https://github.com/TheRealKeiriko/AWS_Serverless_ColdStart_Research 

5.1 Scenario 1 
After finishing the execution of scenario 1, the results were registered, and an average 

cold start time was calculated for each programming language. The results from scenario 

1 are displayed in figure 19. 

 

Figure 19 – Results from scenario 1 

The results were as expected, confirming python had the lowest cold start time, while java 

had the highest, although, there is a noticeable difference between choosing gradle or 

maven. The study of these results also concluded that: 

• Maven took over the triple of the time that gradle took to start executing. 

• The difference between the cold start times of python, ruby, nodeJs and c-sharp, 

is much smaller than the difference between any of these and both java executions. 

o Ruby ≈ 1,23Python 

o NodeJs ≈ 1,29Python 

o C-sharp ≈ 1,4Python 

o Java-Gradle ≈ 3,91Python 

o Java-Maven ≈ 12,58Python 

5.2 Scenario 2 
Scenario 2 was executed, and the results can be seen in figure 20. 
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Figure 20 - Results from scenario 2 

While not shocking in anyway, the results were still surprising. No good conclusion can 

be taken as the results are so close to each other, despite the memory size. One metric for 

context is the difference between the lowest average time (128MB) and the highest 

(512MB), which shows the highest had a 3,55% increase (approximately) compared to 

the lowest. All the other results are found between these and have even smaller 

differences. The most likely reason for this result is that python already has such a low 

cold start time, and, in result, giving it better resources has little significance. It would be 

interesting to see a similar test scenario with a more robust code, instead of a simple hello 

world, to verify if this result changes. 

5.3 Scenario 3 
Scenario 2 seemed to confirm the suspicion that certain languages benefit more from the 

allocation of better/more hardware resources than others, as python saw little to no 

difference. Scenario 3 provides better context for this discussion. 

The overall results from scenario 3 can be seen in figure 21. 
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Figure 21 - Results from scenario 3 

The overall conclusion from an “eye test” to figure 21 is that only java has a clear, 

significant improvement, thanks to the allocated resources. Also, using Java-Maven for 

reference, the improvement in cold start time between the executions with 128MB and 

512MB is much smaller than the improvement between the executions with 512MB and 

4096MB, which is expected, as the jump in memory is much larger, which in turn means 

that the jump in resources is also much larger.  

Next, a closer look to each programming language is presented, with the objective to 

verify if the effects are similar across the board. 

5.3.1 Python 

Starting with the results from python (figure 22) 

 

Figure 22 - Results from Scenario 3 (Python Only) 
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Surprisingly the lowest average cold start time is from the 128MB instance. Although it 

wasn’t verified, as expected, that with more resources the cold start should go down, the 

difference between each execution is small enough to verify that, it’s likely python 

already has such a low cold start time that adding more resources isn’t as effective. 

5.3.2 Ruby 

Next up is ruby, which results can be seen in figure 23. 

 

Figure 23 - Results from Scenario 3 (Ruby Only) 

Ruby had pretty much the same cold start time for all memory sizes, having the difference 

between all executions been less than 1%. 

5.3.3 NodeJs 

For nodejs the results are in figure 24 

 

Figure 24 - Results from Scenario 3 (NodeJs Only) 
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The results seem similar to python at first sight, except that, in this case, the highest 

memory size had indeed the lowest cold start time. This being said, the result was pretty 

much equal to the execution with 128MB, having a difference between them of less than 

1%. 

5.3.4 C-Sharp 

C-Sharp shares the similarity with java where it requires a build before deploying to the 

cloud, unlike python, ruby, and nodejs. Adding this fact to it having a higher cold start 

time, it should start showing signs of the expected behavior when it comes to the 

relationship between the cold start time and the allocated resources. 

The results can be seen in figure 25. 

 

Figure 25 - Results from Scenario 3 (C-Sharp Only) 
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Java-Gradle is the first execution with java and the results can be seen in figure 26. 
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Figure 26 - Results from Scenario 3 (Java-Gradle Only) 

Java-Gradle shows results as expected. There’s an improvement from 128MB to 512MB 

and also from 512MB to 4096MB. The first improvement is much smaller, as the jump 

in memory is also much smaller. Here, the result is much clearer, as there’s an 

improvement of over 20% when the memory is increased from 512MB to 4096MB. 

5.3.6 Java-Maven 

Finally, Java-Maven, which had the overall highest cold start time, should show the 

biggest improvement (results in figure 27). 

 

Figure 27 - Results from Scenario 3 (Java-Maven Only) 
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5.3.7 Closing thoughts 

The results weren’t as clear as expected but overall, the programming languages seem to 

show an improvement when more resources are allocated. The results could maybe be 

clearer if instead of a hello world function a more robust code was deployed, although, 

that’s just a hypothesis, as there are other factors in question such as the fact that python, 

ruby, and nodejs don’t require a build before deploying, while c-sharp and java do. 

Perhaps it would’ve been more adequate to use 1024MB or 2048MB instead of 512 MB 

in the medium instance, as the jump from 128MB to 512MB was so small that the results 

ended up being unclear. That being said, the original hypothesis seems to be correct, as 

the programming language with higher cold start times (java) showed significantly larger 

improvements than the rest. 

5.4 Scenario 4 
The analysis of the execution logs of scenario 4 resulted in the following table 3. 

Hello-world-5min Hello-world-60min 

15 25 Number of instances / 

Executions with cold 

start 

19 1 Average number of 

function executions per 

instance 

1 hour and 36 minutes <1 hour Average duration of each 

instance 
Table 3 - Results from Scenario 4 

These results allow us to take some interesting conclusions regarding the duration of each 

instance: 

• A function that is executed regularly will keep the instance warm (ready for 

execution) for a longer duration. 

• In the function that executed every 60 minutes every execution suffered a cold 

start. 

• There’s probably an optimal interval of time where new executions will keep the 

instance warm and prevent it from timing out. Although the exact value wasn’t 

calculated here, these results allow that interval of time to be placed between 5 

and 60 minutes. 

The logs generated from the function that executed every 5 minutes were also used to 

make a cost analysis, in order to investigate if the cold start time is being billed or not. 

The analysis resulted in table 4. 

Executions with cold 

start 

Executions without cold 

start 

15 271 Number of executions 

3 ms 1 ms Average billed duration 
Table 4 - Cost Analysis of the Results of Scenario 4 

Table 4 clearly shows that, on average, the executions that suffer from cold start are billed 

with a higher duration, which translates in higher costs per execution. This means that it’s 
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worth optimizing serverless applications, not only for performance issues, but also to 

reduce costs and make the whole system more cost efficient. 

5.5 Overall results from all scenarios 
Having looked at the results from all scenarios, certain key takeaways are now available 

to help better understand what does indeed affect cold start and can be optimized: 

• The choice of programming language matters for both performance and costs 

o Performance – Python had a clear advantage in performance when 

compared to all other programming languages. 

o Cost: Languages like python don’t seem to benefit as much from 

more/better hardware resources, therefore, the programming language 

itself becomes cost efficient as, under the right circumstances, the code 

can be run both in an instance with a small memory size or in an instance 

with a larger memory size, allowing lower costs per execution. 

• Allocating more resources doesn’t always guarantee a better cold start time. Each 

case should be studied in order to identify if, in the context of the application, 

there would be benefits in having more and better resources. 

• The programming languages with the lowest baseline cold start time benefit much 

more from the improvement of resources. 

• Functions that are executed periodically with intervals that aren’t too long will 

have fewer cold starts, as the instances will take longer to time out. 

• The existence of cold start has a significant effect in the price paid for each 

execution, therefore, reducing cold starts doesn’t only improve performance but 

also reduces the costs of maintaining an application or service running. 
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6 Conclusion 
With this investigation several tests were conducted in order to evaluate what has a 

significant effect in the cold start time of a lambda function. 

Not all results were as clear as expected. Scenarios 2 and 3 would benefit from 

diversification in order to clarify the results and what they mean for the cold start time. 

In future work scenario 2 could be explored in other languages, specifically java, in order 

to clarify the effects of resource allocation. Scenario 3 is in a similar situation where the 

first jump in memory was too small, making it perhaps inadequate to evaluate the 

hypothesis in question. In future work this scenario could be ran with more balanced 

intervals of memory, to get (possibly) clearer results. 

That being said, the results still showed that factors such as the programming language 

and the amount of resources allocated can have a big impact in both performance and 

cost. Scenario 1 showed a clear difference between the average cold start times of several 

programming languages, making it a factor to take into account when a new application 

or service is being deployed. Scenario 4 showed the benefits (or drawbacks) of having 

executions happening in a set time interval, and showed as well that reducing cold start 

time will have an impact in reducing the total costs of maintaining an application or 

service. 
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8 Appendices 

8.1 Appendix 1 – More Detailed Basic Setup Guide 
The following setup was done in a M1 Macbook Air. 

This document will provide a step-by-step guide that can be followed to deploy a simple 

hello world lambda function in python. 

The only requirement up to this point is to have an AWS account. 

The first step is to install the serverless framework. In this case the installation will happen 

through npm, but other options are available. In this case, the device in use doesn’t have 

npm, therefore, node was installed, providing also npm. To install node, the command 

used was “brew install node” (figure A1.1) 

 

Figure A1.1 

After that, it should be confirmed that everything was installed correctly (figure A1.2) 

 

Figure A1.2 

Now that npm is installed, the serverless framework can be installed with the command 

“npm install -g serverless” (figure A1.3) 

 

Figure A1.3 

Now, the serverless framework is installed, but it can’t access the desired AWS account, 

in order to deploy the functions. For that a user must be created in AWS through the IAM 

service. 
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Figure A1.4 

 

Figure A1.5 

In this case the recommended settings were used, so a user with the name 

“serverless_admin” and programmatic access (figure A1.4) was created with full 

administrator permissions (figure A1.5). More menus will appear but, at the point of time 

in which this document was written, the next configurations were ignored and skipped. 

After finishing the user creation, credentials will be provided. These credentials will be 

used to configure the serverless framework (figure A1.6), so it can access and manage the 

services in the chosen AWS account. 

 

Figure A1.6 
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The serverless framework is now configured and ready to function properly with the 

chosen AWS account. 

A note before advancing, the “serverless” command can be shortened to “sls”, which 

means commands like “serverless deploy”, can also be written as “sls deploy”.  

Now, before deploying a function, the code must be written. The serverless framework 

community makes several templates available, which can be used to facilitate the starting 

point for development. In this example, the template “aws-python” will be used to 

generate the files necessary. To create the files, resorting to the template, the command 

used is “sls create --template aws-python --path hello-world-python-cli-01” (figure A1.7). 

In this case the extra “--path" flag was added to indicate where the files should be 

generated. 

 

Figure A1.7 

The files “handler.py” (figure A1.8) and “serverless.yml” (figure A1.9) were generated. 

Handler.py is the file where the code from the actual function is written. Serverless.yml 

is the file with the necessary configurations for AWS. Serverless.yml can be configured 

for several use cases, in this case, only a hello world function will be deployed so there 

isn’t much need to explore these configurations. That being said, some ideas of what can 

be configured here are: 

• Permissions the function has 

• Region where the code will be deployed 

• What will trigger the function execution (API call, DB field modification, …) and 

also which function will be executed with said trigger (in this case the function 

executed will be “hello”, located in handler.py) 

• Amount of RAM allocated 

• Timeout duration 

• How the function interacts with other services (for example which information 

will be generated in the logs) 

In this case, the code automatically generated for handler.py was deleted and replaced 

with a simple hello world example (figure A1.8) 

 

Figure A1.8 
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In serverless.yml the region was set to eu-west-3 (Paris), the profile was set to “serverless-

admin”, and the runtime was set to python3.9 (figure A1.9) 

 

Figure A1.9 

Once that’s done, the code is ready to be deployed to the cloud with the command “sls 

deploy” – figure A1.10 and A1.11 - (in this case the “--verbose" flag was added in order 

to get the logs from the deployment). Reading the logs, more services were created in 

AWS, not just the lambda function. These services are necessary for everything to run 

properly, and the serverless framework handles everything for the client who’s deploying 

the function 

 

Figure A1.10 
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Figure A1.11 

Once deployed, the function can now be executed (figure A1.12). In this case, the trigger 

for this execution will be a command, but, in a real use case scenario, several other options 

are available. The command used is “sls invoke -f [FUNCTION_NAME]” (in this case, 

the -l flag was added, in order to display the execution logs). 

 

Figure A1.12 

The function was executed successfully as we can see from the return of the “Hello world 

01” statement. Notice how the first execution indicates an “Init Duration” while the 

second one doesn’t. This means that the first execution suffered from a cold start, and a 

new environment had to be provisioned in order to execute the function 

Now, to delete everything that has been deployed to the cloud, the command “serverless 

remove” is used (figure A1.13). This deletes the services in the cloud, not the local files. 
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Figure A1.13 

When changing the code of an already deployed function, the function must be re-

deployed to the cloud. The code is changed locally, and then sent to the cloud. For this, 

the instinct can be to use the command “sls deploy” once again. This will do the trick but 

will also be very inefficient. This command will re-deploy the entire stack of services and 

not just the new function code. If no other services were altered aside from the lambda 

function, the command “serverless deploy function -f [FUNCTION_NAME]” will be 

much better, as it will update only the code of the lambda function. 

8.2 Appendix 2 – Example configuration (test scenario 2) 
Handler.py: 

 

Serverless.yml: 



39 

 

 

 

8.3 Appendix 3 – Example execution script (test scenario 2) 
ExecutionScript.sh: 
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