International Journal of Advanced Engineering Science and Information Technology (IJAESIT)
|ISSN 2349-3216]| Volume 1, Issue 1, July-August 2018| Bimonthly, Peer Reviewed and Scholarly Indexed Journal|
DO 10.15662/1JAESIT.2018. IO

Infrastructure as Code: Transforming
Enterprise IT Operations

Ranjith Rajasekharan
Sr. Database Administrator, USA

ABSTRACT: Infrastructure as Code (1aC) is transforming the way the IT systems of the enterprise are put into place
and managed. The presented paper is a quantitative study of the effects of laC. IT specialists were interviewed and the
data was compared between the traditional systems and laC-based systems. The analysis indicates 1aC saves
deployment time, costs, percentage better resource utilization, and reliability of the system. It also minimizes
configuration error source and manual efforts. There are still certain challenges such as security issues and some
requirement of appropriate abilities. The research demonstrates that 1aC can be successfully used as the means of
enhancing IT functioning and accelerating and streamlining the delivery of services in the contemporary enterprises.
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I. INTRODUCTION

Cloud computing is increasing the complexity in enterprise IT operations as business needs are rapidly changing. The
conventional way of infrastructure management is cumbersome, manual and prone to errors. Infrastructure as Code
(1aC) offers a solution of the modern form allowing the management of IT systems with the help of codes and
automation. It enables more expedited deployment, enhanced consistency and efficiency. In this paper, the
contributions made by laC in reshaping the enterprise IT operations have been considered. Comparisons of the
traditional systems and that of laC-based systems are conducted in terms of a quantitative approach. The paper is going
to quantify the gains in cost, speed, dependability, and performance in an attempt to assess how laC is beneficial in
supporting the contemporary IT settings.

Il. RELATED WORKS

Enterprise IT

Recent years have witnessed a transformation in the operations of enterprise IT owing to the emergence of cloud
computing and the digital transformation. Previously, organizations relied on the use of traditional in-house data centers
in which the process of setting up and maintaining infrastructure took time and it was also expensive. According to the
case study in [1], a shift of the internal data center to cloud systems such as Amazon EC2 can cost less by
approximately 37% in terms of infrastructure cost over a span of five years and also make the number of supports calls
a decade lower by 21. This is a clear indication that cloud infrastructure has got economic and operational advantages.
The study also points to the fact that this sort of migration presents some organizational dangers, and decision-makers
should not only reckon the overall enterprise impact, but also focus on cost savings.

Cloud computing has turned out to be one of the significant technological changes since it includes virtualized
resources on the basis of a service model, which does not require organizations to maintain the low-level hardware and
system descriptions [4]. It enables such characteristics as the absence of initial investment, scalability, and lower
operation cost. Simultaneously, it also brings forth new issues including security, data management and resource
coordination [7]. The process of cloud environments management is complicated, and manual techniques are
ineffective when managing various clouds.

This dynamic environment led to a necessity of a greater automated, reliable and scalable means of management of
infrastructure. A solution to this issue was the Infrastructure as Code (1aC). The code is used to define, administer, and
provide infrastructure by utilizing 1aC rather than manual workflows [3]. It brings infrastructure to a programmable
structure which can be versioned, tested and reused. This change is in line with current business enterprise requirements
in which systems are supposed to adapt fast to varying business demands.

The emerging sophistication of the cloud services has challenged the users to be in position to choose and administer
resources. The difficulty in cloud service discovery is due to issues such as non-standard types of naming conventions
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and features of the heterogeneous services [6]. The 1aC is useful in alleviating this issue by offering a formal and
standardized method of defining the infrastructure settings. Thus, l1aC is not only a technical advancement but an
essential change in the work of the enterprise IT.

Role of DevOps in 1aC Adoption

The embrace of Infrastructure as Code and the development of the DevOps practices are closely related. DevOps
represents a target to combine both development and operation teams in order to be able to deliver the software on a
regular basis and respond to business demands much faster [2]. The traditional systems did not cover the development
and operations and hence there were delays, inefficiencies and mistakes. DevOps eliminates these obstacles through
encouragement of teamwork and automation.

Automation of the deployment pipeline is also one of the significant features of DevOps. In this case, 1aC is important
as it facilitates provisioning and configuration of infrastructure through automation. Rather than having to manually
configure servers environments, the developers may use scripts and configuration files to devise similar environments
at development stage, testing and production stages. This makes it less prone to error.

Enterprise applications also have performance as a significant issue. Some of the Performance metrics which are to be
managed carefully as indicated in [2] include the performance in terms of response time, throughput, and resource
utilization. DevOps considers Software Performance Engineering ( SPE) in the development process and Application
Performance Management (APM) in the operation. This integration is assisted by laC because infrastructure
environments are consistent and predictable, which is required to estimate the performance properly.

Enhancing security is also another major contribution of DevOps and laC. With automated pipelines, it is easy to
monitor changes and identify vulnerabilities due to the use of code-based infrastructure [10]. Nevertheless, automation
is also associated with additional risks. When there is an error or security vulnerability in the code that is used to define
infrastructure, it could be copied within systems within a short time. Thus, the organizations should stick to appropriate
testing and validation procedures.

Combining DevOps and laC, the infrastructure is no longer a bottleneck, but provides a rapid and reliable delivery of
software. They contribute towards better coordination and reduced deployment time and stability of the system in the
organizations.

Benefits of Infrastructure as Code in Enterprise

Infrastructure as Code is associated with numerous advantages, which can directly enhance the work of the enterprise
IT. Automation is among the greatest strengths. With laC, manual intervention becomes minimum hence less
possibility of errors made by human and efficiency is improved [3]. Activities such as provisioning of servers,
configuration of servers and scaling are automatable via scripts.

Consistency is one more significant advantage. Failure in the traditional systems usually happens because there is a
difference between the development and the production environment. 1aC will guarantee that all environments will be
deployed with the same configuration mitigating compatibility challenges. It has also the effect of enhancing the
reliability of the system and accuracy in testing.

Scalability is another most important strength. The cloud environments demand the ability to scale dynamically with
the demand of the workload. With laC, organizations can spin up and down resources with using predefined
configurations in a short amount of time. It is particularly handy in the contemporary world where they might need to
alter demand at a very fast rate.

It is also capable of cost optimization. Cloud-based infrastructure may save a lot of money as it is observed in [1]. This
is further improved by laC that effectively uses resources and does not unnecessarily provision. Through automated
systems, efficiency in the utilization of the resources is made and release when unnecessary.

Another important characteristic that is enabled by laC is reproducibility. Test and debugging systems should be
recreated in a research and enterprise context. laC provides testable environments through the definition of
infrastructure in code. Such tools as Docker also contribute to this by offering portable and versioned environments [9].
Sharing and reusing of configurations within teams is easily done.
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laC is used to achieve improved management of complex cloud systems. Cloud environments are expansive and
heterogeneous and hence, it is not easy to manage manually. The techniques of automated processing of provisioning
and resource management can contribute to the reliability of the services, their security, and cost-effectiveness [5].

laC improves agility. By altering code, organizations can adjust to changing requirements of the business much faster
than it could have been done manually by changing the configuration of the systems. Such flexibility is crucial in the
contemporary digital settings that place significance on speed and flexibility.

Challenges and Issues

Although Infrastructure as Code has numerous advantages, it is also associated with numerous issues. Complexity of
cloud environments is one of the problems. Large-scale distributed systems need to be administrated using
sophisticated tools and expertise. Organizations, even with the use of 1aC, have to deal with security, performance, and
reliability [4].

The issue of security is of critical concern. Though, it can be automated with laC, it further predisposes to large-scale
failures in case of the existence of errors within the code. Troubled settings may cause vulnerabilities to the whole
system [10]. Thus, appropriate security checks and validation should be introduced in organizations.

Organizational change is the other challenge. As noted in [1], implementation of new systems, such as cloud computing
and laC, may have various implications on various stakeholders. Although, technical teams can be enhanced with the
help of automation, other areas of organization can be challenged by job role transformation and process modification.
This fact makes the implementation important in terms of the technical and organizational considerations.

There are also issues related to standardization. Cloud services are commonly named using different names and they do
not always share similar features which contributes to difficulties in forming homogeneous configurations [6]. Whereas
laC can offer a more systematic method, the fact that the cloud providers are not as standardized as they should be
might pose an issue.

Another issue is performance analysis and benchmarking on the cloud environment. The users should try various
combinations of specifications to see which combination would give them good performance and also cost.
Nonetheless, it may be a complicated process that is prone to mistakes. Benchmarking systems based on laC can be
used to overcome such by offering reusable and testable infrastructure definitions [8].

Challenges are also associated with the providing and management of resources. The cloud systems should have smart
plans to utilize the resources wisely. Autonomic management strategies are being evolved as the means of these
problems and they remain in a developing stage [5].

It requires improved practices and tools. Although 1aC is a strong concept, it needs an adequate support of tools,
training, and best practices to be in place to ensure its successful implementation. laC requires that organizations invest
in the development of skills and standardized frameworks to achieve maximum benefits.

It has been revealed in the literature that the Infrastructure as Code is a major technology that is changing the
operations of enterprise IT. It is pro-automation, scalable, and reliable and it comes with new challenges that need to be
handled with care.

1. METHODOLOGY

The paper will be based on a quantitative research design to investigate the way Infrastructure as Code (laC) will
change enterprise IT operations. The primary objective will be to determine the effects of 1aC on the performance
aspects critical to their key performance indicators, which are cost, swiftness of deployment, system reliability, and
efficiency. To achieve clear and objective results, the study implies the application of numerical data, statistical
analysis, and organizational structures.

Research Design

A descriptive and comparative design is used in the research. It makes comparisons between two sets of environments
that are a traditional IT infrastructure (manual processes) and laC based automated infrastructure. The comparison
assists to determine the variation in performance and efficiency. The sample applied in the study is those enterprise
systems that have or are in the process of adopting laC.

IJAESITEZ2018 https://iadier-academy.org/index.php/IJAESIT i]




International Journal of Advanced Engineering Science and Information Technology (IJAESIT)
|ISSN 2349-3216]| Volume 1, Issue 1, July-August 2018| Bimonthly, Peer Reviewed and Scholarly Indexed Journal|
DO 10.15662/1JAESIT.2018. IO

Data Collection

The data are gathered in both the primary and secondary sources. Structured questionnaires and surveys distributed to
IT professionals who include system administrators, Devops engineers and software developers are used in gathering
primary data. It will consist of close-ended questions that use the numeric scale (e.g. Likert scale [1-5]) to indicate the
opinions related to cost reduction, deployment time, error rates, and system performance.

The secondary data is obtained using case-studies, company reports, and existing datasets concerning the use of cloud
computing and laC. As an illustration, cost, support calls as well as performance are some of the measurable variables.

Variables and Measurement

Independent and dependent variables have been defined in the study. The use of Infrastructure as Code will be the
independent variable. Dependent variables will be:

e Deployment time (time in minutes or hours)

e Operation cost (expressed in percentage reduction)

o System reliability (number of malfunctions or failures)

e Config error rate (measured by errors in configuration)

o Use of resources (as a percentage)

All variables will be measured through the application of numerical values which will be gathered at the time of
surveys and data in the organization.

Sampling Method

Purposive sampling technique will be employed in order to identify those respondents who relate to cloud computing,
Devops, or the laC tools. Approximately 50-100 respondents will be used so that they have enough data to analyze. The
sample consists of the professionals representing various industries to have a wider perspective on the operations of the
IT enterprise.

Data Analysis

Simple statistical tools are applied in the analysis of the collected data. The data is summarized by use of mean, percent
and standard deviation. This is compared against traditional systems and differences between the traditional systems
and the laC systems are demonstrated. Results have been presented in tables and graphics in order to present them
clearly.

The correlation analysis can be also employed to test the connection between laC adoption and the improvement of
performance. As an example, the study addresses the question of whether or not the increased utilization of laC is
associated with the shorter deployment period and reduced errors.

Reliability and Validity

Due to the reliability, the questionnaire will be framed in clear and straightforward queries. A pilot test will be preceded
by a small-scale sample taking place before final data collection. Validity will be promoted by the researchers through
selecting respondents with the relevant knowledge and the use of clearly defined variables.

The proposed methodology offers a quantitative approach to the investigation of the effects of Infrastructure as Code on
the work of enterprise IT based on measurable data.

IV. RESULTS

Impact of 1aC on Deployment Speed

The initial group of outcomes is dedicated to the benefits of Infrastructure as Code (laC) concerning the speed of
deployment and the overall administrative effectiveness. According to the survey data gathered and organizational
history, it is evident that 1aC enables the organization to save time on the procedure of infrastructure deployment
considerably. Traditional systems are characterized by manual configuration that is slow and has a tendency of being
delayed. In comparison, 1aC permits the provisioning through scripts which are automated thus hastens the process.

The deployment time on average is much greater on the traditional environment than on the laC-based systems.
Majority of the respondents have said that automated scripts assisted them to lessen redundant and manual efforts, and
enhanced the repeatability of efforts among environments. This directly spurted effectiveness and steamed down the
amount of work of the IT teams.
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Table 1: Comparison of Deployment Time

Environment Type | Average Deployment Time (hours) | Standard Deviation
Traditional System | 6.5 1.2
laC-Based System | 2.1 0.8

According to the table, it is evident that 1aC saves a lot of time on deployment (longer than half). The enhancement
assists the organizations to deploy applications more promptly and react to the business demands.

One more valuable conclusion is connected with the efficiency of operations. The rating of efficiency was rated at 1 to

5. The mean score in relation to the traditional systems was 2.8, and that of 1aC based system is 4.3. It is a great
positive influence of 1aC on the daily operations.

Comparison of Deployment Time

Deployment Time (hours)

Traditional System laC-Based System
System Type

Figure 1: Comparison of deployment time between traditional and laC systems

Cost Reduction and Resource Utilization

The second group of results analyzes laC financial reward and impact on the use of resources. The information
indicates that there is an observable cost savings in organizations employing laC. This has largely been made possible
by efficient management of resources and lessening the manual labor requirements.

In convention systems, the resources are normally supersized in order to prevent a collapse of a system. This leads to
higher costs. Under 1aC, the resource may be aquired in real time based on the demand. This enhances consumption
and minimizes wastage.

Table 2: Cost and Resource Utilization Comparison

Parameter Traditional System | 1aC-Based System
Average Cost Reduction (%) | — 32%

Resource Utilization (%) 55% 78%

Manual Effort (hours/week) | 40 18

The findings indicate that 1aC leads to operation cost reduction of around 30-35% average. There is also significant
improvement in resource utilization which is improved by 55% to 78%. This implies that organizations are putting their
infrastructure into better utilization.
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Manpower is also minimized through manual work. IT teams also reduce less time on redundant tasks, and instead,
concentrate on more critical tasks, which include the system improvement and innovations.

Cost Reduction Trend After laC Adoption
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Figure 2: Cost reduction trend after 1aC adoption

System Reliability and Error Reduction
The third group of results is dedicated to the reliability of the system and its errors. IT operation reliability is a life-or-
death matter in any enterprise ITs, and IaC has already demonstrated evident progress in this regard.

The errors associated with manual configuration could include incorrect settings or omission of parts in the traditional
systems. Such mistakes will lead to system breakdown and downtimes. 1aC mitigates such problems with preliminary
and boarded set-ups. After verifying the code, it can be reused, thus without any new errors.

Table 3: Reliability and Error Rate Comparison

Parameter Traditional System | laC-Based System
Average Downtime (hours/month) | 9.2 3.4

Configuration Errors (per month) | 15 5

System Reliability (%) 82% 94%

The table indicates that the downtime is minimized greater than 50 percent in laC-based systems. Configuration errors
are also reduced to a large extent. This increases the system reliability, and it is significant to keep the business running.
These findings are also supported in terms of survey responses. The majority of the respondents affirmed the fact that
laC enhances uniformity in all environments, which minimizes unforeseen failures. Part of the respondents has said that
laC scripts may still pose a problem in case they are not tested correctly. This brings in the importance of good
practices of coding and validation.
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Reduction in Configuration Errors After laC Adoption

Remaining Errors

Reduced Errors

Figure 3: Reduction in configuration errors after 1aC adoption

laC Adoption and Performance Improvement

The last analysis is the relationship between degree of laC adoption and the improvement in the overall performance.
Correlation analysis was done with the help of a survey. The findings indicate that there is a positive relationship
between the laC use and enhancement in deployment rate, cost-effectiveness, and reliability with a very high degree of
connection.

Table 4: Correlation Between laC Adoption and Key Metrics

Variable Pair Correlation Coefficient (r)
1aC Adoption vs Deployment Time | -0.72

laC Adoption vs Cost Reduction 0.68

1aC Adoption vs Reliability 0.74

1aC Adoption vs Error Rate -0.70

The correlation with the deployment time and error rate is negative which implies that 1aC adoption is negatively
associated to deployment time and error rate. The correlation with the cost reduction and reliability are positive with the
higher adoption the better the outcome.

Such findings affirm the fact that 1aC is a good strategy in enhancing the operation of enterprise IT. Companies that
implement laC fully have more advantages over partially implemented companies.

The results indicate not only that there is a strong positive effect of Infrastructure as Code but also on the enterprise IT
systems. It enhances speed, cost reduction, and reliability and with the effect that makes it very efficient. These benefits
can be attained by trying to have the right implementation and management.

V. CONCLUSION

This paper finds that Infrastructure as Code positively influences the IT work of the enterprise. It enhances the rate of
deployment, minimizes cost and results in more reliability of the system. Automation facilitates to minimize errors
while working manually and enhances uniformity of environments. It is also expected that due to laC-based systems,
there are more benefits in terms of resource utilization and reduced downtime. Correct implementation and expert
personnel would be needed to prevent such risks like security threats and coding bugs. Organizations that implement
the 1aC as a whole have greater benefits as opposed to the partial. In general, IaC is one of the most important strategies
of IT management nowadays and its contribution to the efficient and scalable enterprise systems is significant.
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