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[bookmark: _rk01cnwzgo6d]The latest evolution in cloud computing helps real-time, automated capacity
Serverless computing refers to applications and services that run on a third-party vendor’s off-site server platform (such as Amazon Web Services’ [AWS] Lambda Platform). Serverless computing distinguishes itself from physical in-house servers and cloud computing based on how it handles scaling or meeting variations in demand. With physical servers, scaling up entails buying and maintaining new hardware, while with cloud computing, it requires renting more resources. In contrast, serverless computing allows automatic, real-time scaling of server resources based on actual usage. 
Serverless computing is an evolution of cloud computing, a Function-as-a-service (FaaS), with which it is often treated synonymously, since serverless platforms handle the function of running the applications.
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Companies often use serverless computing to complement their cloud products, with the former running programs and functions in addition to the underlying cloud storage and infrastructure.
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[bookmark: _gjfyaiguh1aa]AWS users use serverless computing to complement cloud infrastructure
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Serverless usage caters to multiple end industries, but penetration rates vary widely. A 2018 survey showed that financial services, IT services, and healthcare led adoption globally.
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[bookmark: _8nsizu8o8n7d]Serverless computing adoption at 20%–25% for financial and IT services
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[bookmark: _2uin5hwvl7at]The serverless ecosystem spans multiple segments
Serverless computing is at the early stage of growth, but is expanding rapidly. Cloud computing giants such as Amazon (AWS Lambda), Google (Google Cloud Functions), Microsoft (Azure Functions), and IBM (IBM Cloud Functions) handle serverless computing platforms and the core service of providing server capacity. In 2022, over half of all customers of these major cloud providers adopted serverless technologies.
The inherent benefits of serverless computing opens up opportunities for startups to bridge serverless computing vendors with end users. Key among such support services are those that provide cybersecurity, open source code, and performance measurement, integration, and analytics. 

In addition to more common categories, startups can offer other services as well, such as database management services (such as Fauna and PlanetScale) and data sharing services (such as Vendia).
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[bookmark: _mt15m9fgyju6]Continued growth in cloud adoption and the emergence of containers boost serverless computing use
· Growth in cloud computing: Serverless computing is a segment of the broader cloud computing market. Accordingly, growth in cloud computing penetration remains a key enabler of serverless computing. Global public cloud market revenue is forecast to grow at a 23.2% compound annual growth rate (CAGR) from 2022 to 2026 to USD 1.03 trillion. Gartner expects around 60% of organizations to use external service providers’ cloud managed services by 2022 (approximately doubling since 2018). The main factors that enable cloud computing are increasing internet penetration and faster internet speeds, substantial investment and broader service offerings from tech giants, as well as security concerns and increasing interest in transparency.
[bookmark: _t7ahtjwy5v7k]
[bookmark: _1zchc3miqfu3]Cloud revenues at Amazon, Microsoft, and Google are consistently up, indicating strong expansion in cloud use
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· The emergence of containerization in programming: The development of serverless computing was supported by the emergence of “containers,” which facilitated developing and running simple code efficiently. These are standard units of software that package code and allow software applications to be broken down into discrete pieces and run more efficiently on multiple types of infrastructure, including cloud and serverless systems. Containers emerged in 2013 and encouraged developers to simplify and package their code, which facilitates the move to serverless computing, a cheaper method of running simple code.
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1. Significant cost savings over physical servers and cloud infrastructure: Unlike with physical servers and cloud computing, clients do not have to purchase server resources in advance, but instead pay only for what is used. Accordingly, serverless computing can reportedly be70%–90% cheaper than cloud infrastructure. Cloud computing itself is also typically cheaper than traditional servers and can reduce total cost of ownership by 30%–40%. This is due to higher utilization rates and lower unit costs, owing to the scale of cloud providers. 
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2. Simplified, real-time scalability: Since programs are run on serverless vendors’ infrastructure, the resources required are allocated in real time and on an on-demand basis. This can be especially important for larger scale apps such as social networks.

3. Developers can focus on core offerings: Developers can attend to their codes, programs, or other core offerings instead of spending time and effort on activities relating to managing server infrastructure, such as provisioning, ensuring functionality, creating test environments, and maintaining server uptime.   

4. Faster deployment and lower latency: Code can be deployed faster, since clients/developers can upload bits of code and release a new product without uploading code to servers or doing backend configuration to release a working version of an application. Moreover, latency (the time lag between the data transfer and the instruction for the transfer) can be reduced, since the application is not hosted on an origin server and the code can be run from anywhere (typically, the servers closest to the user). 
[bookmark: _jho737nqsdln]Risks to Growth
1. Vendor lock-in boosts serverless vendors’ bargaining power: Shifting between vendors seamlessly can be challenging, since codes may need to be rewritten, APIs may not be offered by all vendors, etc. This in turn hinders switching and increases dependence on vendors. 

2. Difficulty in testing and debugging: Since developers lack visibility into back-end processes, and the application is typically broken into separate smaller functions, testing and debugging is an added challenge and cost. Nevertheless, it could present an opportunity for companies to provide debugging tools, as already offered by many open source, consulting, and support service providers.

3. Code performance might be slower despite lower costs: The serverless model typically faces higher response latency in response to apps’ requirements. Since the code does not run constantly, it might need to be started up when used, and this can degrade performance (start up time varies on how frequently the code is run). For this reason, despite its substantial potential cost savings, the model might not suit performance-centric clients. 

4. Lengthy processes might be costly: Serverless vendors charge based on the time the code is run (computation costs). Running applications with lengthy processes might be relatively costly.

5. Data privacy and security risks: Serverless computing can run multiple applications through a single server and does not assign discrete physical servers for specific users. This can expose the users’ data due to multi-tenancy, where physical infrastructure is shared by several users. In addition to data exposure risks, serverless computing can also give rise to hacking concerns, as serverless computing replaces larger servers with multiple entry points, leading to more vulnerabilities.   
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Impact and relevance to serverless computing

Vendor platforms that offer infrastructure for running
serverless applications

Fills in knowledge gaps between clients and
serverless vendors for developing and running
complex apps and programs.

Helps programmers transition to serverless platforms
by reducing client dependency on Vendor-specific
offerings.

Open source software framework for codes is usually;
companies provide other services for a fee, such as
monitoring and debugging tools and hosting the
client’s app on their accounts

Software and services that monitor, optimize, and
enable integrations to improve performance.

Software such as serverless database providers and
database infrastructure management platforms

Companies

Vercel, Elotl, Netlify, Upstash

Pulumi, Lumigo, Stackery, Aviatrix

Serverless, Sparta, LunchBadger, Webiny

Rockset, Triggermesh

Planetscale, Fauna, Xata, Neon
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Physical servers

Application owner buys, sets
up, and maintains own
physical servers

Mid-1990s (commonly used
to date)

+ Considerable upfront capital
expenditure

* Recurring maintenance
expenditure

+ Scaling up had to be done by
physically increasing capacity

+ Lower reliance on third-party
vendors

+ Lower risk of cyber security
breaches

Dell PowerEdge

Cloud computing

Application owner rents the
resources (mainly storage
and processing) from a
remote cloud vendor

Since late 1990s (still in its
growth phase)

+ Charged based on reserved
resources of the cloud
service

+ Scaled up through
purchases of capacity from
the cloud vendor

+ Lower capital expenditures
and avoidance of
maintenance costs

» On-demand usage, which
reduces costs

+ Higher scalability

AWS Elastic Cloud (EC2)

Serverless computing

Application owner runs their
applications on cloud
vendors’ servers (a segment
within cloud computing)

Since the early 2010s (still
in its early phase)

+ Pay based on actual usage
of servers

» Scaling up occurs on a
real-time basis, according to
the client’s needs

+ Lower cost than in
conventional cloud
computing

+ Other benefits of cloud
computing still apply

AWS Lambda
Google Cloud Functions
Microsoft Azure Functions
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Cloud Services Used

Amazon VPC, Amazon
EC2, Amazon EBS,
Amazon RDS, Amazon
S3 (for storing
uploaded photos)

Use of AWS Lambda

+ Serverless feature is used
for resizing images quickly
for viewing on different
types of devices.

+ The serverless app
automatically scales up for
higher traffic when stories
break and scales down
after.
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