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Introduction
The pace of big data and cloud computing ages has accelerated 
and made new architectural alternatives designed for deploying 
and executing data pipelines a reality. A couple of the ways are 
clustered into containerization, like Docker and Kubernetes on 
one side, and the other on the other hand is serverless computing 
with platforms like AWS Lambda, Google Cloud Functions, and 
Azure Functions [1,2].

Containerization amalgamates the benefits of different 
infrastructure solutions and serverless architectures, one of them 
cloud-native and container-based solutions both offer greater 
flexibility, scalability and cost-efficiency compared to traditional 
server-based deployments. For example, even though they are 
distinctive in their strengths and weaknesses, they are applicable 
in various situations [3]. We will analyse and compare the pros 
and cons of using a container for data pipelines with a serverless 
computing service, zeroing in on their performance in terms of 
cost, scalability, and maintainability. I will pay attention to cases in 
which one approach apparently has drastically better performance 
than the other will. Our new mobile app will track your step count, 
heart rate, and calories burned and build a personalized health 
profile based on your activity levels.

Containerization for Data Pipelines
Containerization is a virtualization approach, which takes the 
application and its dependencies, libraries, and configuration files 
into a standardized, interchangeable unit called a "container." 
The containers offer a similar runtime environment, which, in 
turn, brings about consistency across various types of computing 
environments. Hence, the applications run in any environment 
identically without any differences. Docker, which also uses open-
source technologies released in 2013, is the first to gain mass 
popularity and is still the most widely used container infrastructure 
[4,5].

Containers, which are stood by the platforms, hold compatible 
containerization technologies; in that way, almost combining 
and moving between the on-premises and the hybrid form of 
infrastructure is made easy [6]. The implementation simplicity 
of the platform and the lower level of manoeuvrability of the 

machines ensure that third parties can easily access the third 
parties used on the streets, thereby preventing vendor lock-in. In 
addition, utilization maximizes CPU, not only maximizing disk 
I/O but also networking with decreased overhead. It also increases 
multi-tenancy and makes the application more agile compared 
with complete system virtualization [7].

Applications catering to container orchestration, such as 
Kubernetes, work towards automating deployment, scaling, 
and administration using containerization and many other 
tasks. Selenium can make the necessary scaling adjustments 
automatically and in parallel with the amount of data needed. 
It enables cutting resource consumption and promises the best 
outcomes. Using Kubernetes, the containers are automatically 
allocated, and horizontal scaling, internal load balancing, self-
healing, and many other features are supported.

For Data Pipelines, Containerization offers Several Advantages:
•	 Consistency: Apps, along with libraries and dependencies, 

are packaged into the containers. The consistency of the 
containers is always preserved throughout the stages of 
development, testing, and production environments [8]. 
Software varies from one software version to the other or 
lacks the required dependencies to avoid these difficulties.

•	 Portability: Containers are equally supported on any platform 
designs that match containerization technology, making 
transitions from on-premises to cloud and hybrid solutions 
easy [6]. This ease of deployment, as well as the street-level 
manoeuvrability, allows the machines to be easily deployed 
and avoids vendor lock-in.

•	 Efficiency: Containers are lightweight, and start up takes a 
few minutes, as they run in a host operating system’s kernel. 
They have very low-cost overhearing, which ultimately allows 
more of the same disk partitions and less wasted space.

•	 Scalability: Platforms of container orchestration, like 
Kubernetes, automate the app deployment, scaling, and 
management through containerization, as well as many other 
tasks. They usually are capable of scaling data pipelines 
automatically next to the data demand. It saves resources 
and guarantees the best performance.

However, containerization also has some limitations:
•	 Overhead: On the one hand, containers are lighter than 

VMs, but they still add some lag compared to tasks that are 
deployed directly in the host. When the need for throughput 
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is very high, for instance, the latency of a container-based 
architecture may be an issue. Just like with containers lighter 
than virtual machines, there is, still a degree of additional 
burden involved compared with running processes straight 
at the working system [9]. The overhead required is due to 
the inactivity of the container runtimes, image storage, and 
networking infrastructure.

•	 Complexity: Maintaining a list of the many containers and 
their dependencies can be troublesome, though [10]. This 
means more skills and know-how are required. Defining 
fleets and supporting applications can initially be problematic, 
while less complex Zone life pipelines could be better 
handled with simpler programming tools. Managing many 
containers and their dependencies could become complex 
and even unmanageable. When the number of containers 
grows dramatically, this becomes an especially pressing issue 
[10]. This activity demands quite a high level of qualifications 
and competencies in interaction with containers, alongside 
orchestration and providing their lifecycle management.

•	 Security: Just like shared host guest kernels, containers can 
potentially expose security vulnerabilities; this is why they 
have to be isolated properly during the process [11]. Securing 
the containerized data flows properly is achieved by carrying 
out a configuration and monitoring of the containers. One 
of the main challenges of containers is that they run in the 
same operating system kernel as other containers in the 
same computing environment. This setup poses a security 
risk as it might grant a system access to different containers 
and thus create a hole for malicious attacks [11]. It is vital 
to be acquainted with well-established container security 
mechanisms and implement practices such as using minimal 
base images, running containers at the lowest privilege level, 
and scanning and updating regularly to avoid security breaches.

Figure 1: Showing the Architecture of a Containerized Data 
Pipeline using Docker and Kubernetes

The	Effects	of	Immigrants	on	the	Economic	Growth	and	
Development
The hospitality industry has adopted a variety of ways to improve 
sustainability and decrease its carbon footprint. Serverless 
computing is an execution model for the cloud-native environment 
through which cloud providers can adjust the number of servers 
dynamically. Developers compose and run functions, and the 
platform will handle and correlate the requests and events that 
are implied for this purpose automatically. The name "serverless" 
can be slightly confusing because servers will still be a part of 
the activity, but how they are managed and set up is completely 
beyond the developer [12].

Serverless Architectures Offer Several Benefits for Data Pipelines

•	 Cost-efficiency:	Serverless means you charge pay only for 
the real function running time, which is in milliseconds since 

it is measured in milliseconds [13]. There is no need to bring 
spare hardware or pay for servers that are doing nothing, 
which makes use of and is economical to consume in bursty 
or sporadic workloads.

•	 Automatic scaling: The serverless architecture platforms 
automatically scale up the functions considering incoming 
requests or events, taking the effort to handle spikes in 
demand for themselves. This removes any manual scaling 
configuration work and thus ensures auto-scaling performance 
optimization.

•	 Reduced Operational Overhead: Serverless offloads the 
management, placement, and scaling of the servers to the 
developers' team, diminishing the latter is operation tasks [14]. 
It eases the task of creating business logic from understanding 
the environmental aspects.

•	 Faster Development and Deployment: A serverless 
architecture makes possible a modular and event-driven 
approach, which allows developers to write and deploy small 
functions targeted to perform a specific job [15]. This shortens 
the production period and provides consumers with more 
opportunities for updates.

Serverless Computing for Data Pipelines
Besides the cost-efficiency and auto-scale serverless architecture 
platform, serverless architecture is an additional benefit for the data 
pipelines. With this feature, there is no need to use a busy-waiting 
technique or long-term running instances because the function 
instances are short-lived and easy to restart in case of failure 
[16]. Furthermore, serverless functions can be easily composed 
and chained together, making it easier to build complex data 
pipelines [13].

However, Serverless Computing also has its Limitations:
•	 Cold Starts: Just as a server can lose connectivity after being 

idle for a long time, a function under a serverless architecture 
is being invoked from an inactivity state [17]. The need to set 
up a new instance of the platform results in the first request 
having greater latency. The situation of cold starts typically 
causes a high latency, the same way large functions or those 
with numerous dependencies [18]. This can be lowered by 
methods such as the specified concurrency or maintaining 
functions; however, it can be done at a price.

•	 Limited Execution Time: Serverless computing frameworks 
usually have a limit for function runtime, which can again 
hinder the execution of long-running functions such as those 
in data pipelines [19]. Although serverless functions constrain 
execution time, it is crucial to factor in the time needed for 
long tasks or data pipelines that use prolonged processes 
[14]. This might be performed by separating the workload 
into smaller functions or applying the other methods for the 
long-time running objects.

•	 Vendor Lock-in: Serverless functions are frequently tightly 
bound to vendors' ecosystems and APIs, which makes them 
highly exclusive to a particular cloud provider. Thus, they 
create hard reliance on the same cloud provider ecosystem, 
making it difficult to move to a different platform or switch 
providers [20]. In this context, a provider is free to use vendor 
lock-in. Still, some offer open-source serverless frameworks 
or the possibility of supporting open standards such as Cloud 
Events, which eliminates this problem.

•	 Debugging and Monitoring: It might be difficult to detect 
issues and monitor serverless functions in distributed 
infrastructure that has no access to the under infrastructure 
[21]. Related troubleshooting and surveillance of serverless 
functions are difficult because of their decentralized and 
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time-limited nature [14]. Nonetheless, cloud vendors and 
3rd party tools remain being gradually enhanced to meet 
serverless apps' needs.

Figure 2: Architecture of a Serverless Data Pipeline Modelled 
using AWS Lambda Illustrated with Diagram

Scenarios and Performance Comparison
It all depends on the uniqueness of the target workload and 
the nature of the specific conditions for a choice of either 
containerization or serverless for your data pipeline. Here are 
some scenarios where one approach may outperform the other: 

Here are some scenarios where one approach may outperform 
the other:
•	 Batch Processing: In the case of batch orchestration 

workloads, including those that are executed according to 
a schedule like ETL jobs, containerization with the use of 
platforms like Kubernetes can be the right solution for this. 
Containerizing provides a stable and moveable runtime 
environment and enables easy scaling amounts for the 
machine learning tasks. On the contrary, this method may 
be inadequate due to the time limitation and possible cold 
starts. Containers with Kubernetes or an analogue can be a 
way forward for batch jobs, bringing a steadfast and portable 
platform runtime environment [19]. Kubernetes provides a 
cron job feature that performs schedule management and 
batch workloads, which is helpful.

•	 Real-Time Streaming: Real-time streaming pipelines are 
built on top of them, which process data in real time. Serverless 
functions provide a good result. Serverless platforms have 
an in-built ability to adapt to bursting workloads, allowing 
them to respond in a timely and efficient manner. Containers 
can bring additional complexity due to the overhead, and 
additional manual scaling configuration is needed. Incoming 
data streams are an area of real-time computational pipelines 
where serverless features such as scalability and promptness 
are especially advantageous. Due to their superior streaming 
capabilities and performance optimizations, day applications 
created from the micro services architecture are more suitable 
for high volumes or low latency streaming than containerized 
solutions like Apache Kafka or Apache Spark Streaming [22].

•	 Data Pipeline: contains complex dependencies or is based 
on any software version; containerization is the way to 
consistently package and manage those dependencies. 
As serverless functions run independently of the runtime 
environment, supervisory functions may or may not support 
all dependencies. A containerized pipeline may also help 
establish a consistent and reproducible environment even 

if you have complex dependencies or specific software 
versions. In this case, containers ensure that your building 
and controlling your dependencies are not affected by other 
factors [21]. Serverless procedures may act up or need extra 
efforts to adapt to them, and the deployment package can be 
a problem that needs to be solved in advance.

•	 Cost Optimization: If you have a service based on random 
demand, the serverless architecture can be a better choice, 
as you pay only to compute your function for the actual 
amount of time [23]. Containerization can sometimes lead 
to the overworking of stuff that is not in use and, as a result, 
higher costs. Nevertheless, for continuous and really high 
frequency tasks, the cost of serverless pay-per-use could 
add up significantly, which then would turn out to be, in 
some cases, cheaper to rely on containerized technology. 
Cost savings are one of serverless computing's capabilities. 
It makes sense for applications that display cyclic, sporadic, 
or bursty request patterns, as the pricing is done according to 
the actual execution period [24]. On the other hand, for such 
a variable load, Heroku will be more efficient with its pricing 
mechanism and ability to use spot instances and other cost 
optimization strategies. 

.

Figure 3: Chart pie representing the comparison of cost and 
performance of containerization and virtualization. How well 
(serverless computing) -- if will vary for different workload 
patterns
 
If scalability is the scope, both containerization and serverless are 
accommodating. Kubernetes can support scaling of containers up 
or down, depending upon actual resource utilization or a user-
defined metric [25]. Serverless platforms employ automated scale-
up/down of functions depending on the number of incoming 
requests or events. At the same time, serverless could have an 
advantage for some features, such as the ability to precisely scale 
up and down functions to zero as far as it concerns no demand [26].

Regarding maintainability issues, serverless architecture should 
cut the operational burden because the cloud provider handles the 
infrastructure. This frees the maintenance team effort to worry 
only about the business logic instead of the server issues. While 
serverless brings along the issues of debugging, monitoring, and, 
subsequently, vendor locking, the advantages override these. 
Both containerization and the container ecosystem require extra 
management and are more flexible, but control is better here.
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Figure 4: Infographic, which focuses on the containers’ keep 
ability advantages and disadvantages. Serverless

Blended Modalities and the Presence of New Technologies
On the other hand, elements like containerization and serverless 
are separate; therefore, it is essential to note that they are not 
opposed to each other. Some cases result in applying a hybrid 
model, which allows the combination of both containerization 
and serverless components for the best possible result [27]. An 
instance is a data pipeline that has stable container services, which 
are used for long-running tasks. It is then boosted by serverless 
functions that are event-driven and bursty. 

With time and subsequent advances in cloud technology, a number 
of trends and innovative cloud systems, along with blurring the 
lines between containerization and serverless, are evolving [28]. 
In order to make things even easier, some cloud providers offered 
user-serverless container platforms such as AWS Fargate and Azure 
Container Instances, which made it possible to run containers 
without having to worry about the infrastructure yourself [29]. 
Such platforms put together both the benefits of containerization 
(serialization and dependency management) using serverless 
automatic scaling, which also suits the pay-per-usage. Some cloud 
service providers have combined the benefits of containerization 
and serverless computing in their services. For example, container 
services are handled by leaders such as Amazon Web Services 
(AWS) and Microsoft Azure, such as `AWS Fargate` and `Azure 
Container Instances` [22]. These services enable developers to run 
containers without managing the infrastructure and the portability 
and isolation of containers. You can still use containers.

The other trend is adjacent to the fact that FaaS is one of the 
challenges posed by the function-as-a-service frameworks on 
containerization platforms. This kind of architecture that allows 
running functions in containers based on OpenFaaS, Fission and 
KB brings the benefit of having a common runtime environment, 
which can scale as much as the effectiveness of the orchestration 
controllers for containers on similar platforms [30]. This technique 
takes serverless convenience to upon containerization, making use 
of event-driven architectures and granular scaling. FaaS, usually 
implemented using popular frameworks such as OpenFaaS, 
Fission, and Kubeless and then deployed to platforms like 
Kubernetes, provides a viable option to run serverless functions 
within containers [31]. This approach brings the advantages of 
serverless to the container and event-driven world, accompanied 
by the granular scalability capability.

Conclusion
Containers and serverless enjoy high rates of popularity 
nowadays as effective data pipeline implementation tools for 
the cloud era. Containerization, for example, tech offered by 
Docker and Kubernetes, gives rise to a corresponding ease of 

use and operation, setting standard resource consumption and, 
thus, allowing resources to be utilized efficiently. It serves best 
in emerging situations with intricate dependencies, where the 
workload is constant, and when it is necessary to have in-depth 
control over the runtime.

As an exception, serverless computing that uses Lambda provided 
by AWS reduces operating costs, increases scalability, and 
decreases personnel workload. It has a segment of market apps 
that are quite relevant here for event scheduling that is driven by 
events, real-time streaming, and when more rapid scaling and 
pay-per-use price desire is needed. The question comes down to 
containerization or serverless in the case of the data packet with 
respect to the characteristics of the data flow, such as the type 
of job load, scalability requirements, Budget limitations, and 
maintainability concerns. Cases, a combination of the two that 
brings out their strengths may be the ideal solution.

As the cloud ecosystem continues to develop, more enthusiastic 
trends and cutting-edge inventions are showing up, which 
simultaneously use containers and serverless platforms. 
Tools such as serverless containers and function-as-a-service 
frameworks foster, largely, the merging of the two approaches, 
giving developers more options and freedom in deploying their 
data pipelines. However, in the end, the basis of a successful 
mission lies in determining the pros and cons of each architecture 
and their compatibility with specific data pipeline prerequisites. 
With the help of containerization and a serverless approach, 
organizations can develop highly scalable, cost-effective and 
hassle-free pipelines that are advantageous for falling business 
flows in a dynamic cloud-computing environment.

While cloud computing is still nascent, numerous innovative trends 
and advanced technologies are emerging that capitalize on the 
strengths of virtual containers and serverless platforms [25]. For 
example, frameworks like serverless containers and function-as-
a-service grant developers more tools and features for deploying 
their respective data pipelines. This increased choice reinforces 
the convergence of the two approaches, giving them more freedom 
and work options in the deployment part.
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