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Abstract: This paper studies how Continuous Integration and Continuous Deployment 
(CI/CD) pipelines can be optimised into multi-cloud environments where interoperability 
and resource management pose major difficulties. It finds that there are core obstacles, 
including tool fragmentation, security inconsistencies, and infrastructure complexity, to 
impede an effective deployment of CI/CD practices across heterogeneous cloud platforms. 
Using an explanatory research design, analysing both qualitative and quantitative secondary 
data, the research suggests a practical framework for improving pipeline efficiency. The 
study also assesses the impact of optimised CI/CD strategies with real–world case studies on 
IBM and Innovative Solutions. Finds resource orchestration, unified security policies, and 
integration of Artificial Intelligence and machine learning can help improve the CI/CD 
functionality. The adoption of cloud service brokers, infrastructure-as-code practices, and 
predictive analytics is recommended to ensure the CI/CD operations of cloud native 
architecture are scalable and secure.  

Index terms: Continuous Integration (CI), Continuous Deployment (CD), CI/CD Pipeline 
Optimization, Multi-Cloud Environment, Software Delivery Automation, Interoperability 
Challenges, Cloud Resource Orchestration, Infrastructure as Code (IaC), DevOps Practices, 
AI in CI/CD, Machine Learning in DevOps 

I. INTRODUCTION 
 

A. Background of the study 

Continuous Integration and Continuous Deployment define the steps from developing code to 

the deployment of products. Continuous Integration looks to identify early errors in the 

software that can be easily rectified [1]. Continuous Deployment strives to release the software 

without any bugs. The multi-cloud environment has critical challenges. The careful 

coordination is essential to reduce conflicts for a smooth process.  

B. Overview 

The use CI/CD pipeline has certain challenges. However, it can be achieved with the use of 

suitable frameworks that can span a set of cloud platforms without any significant conflicts. 

The use of effective CI/CD tools in a multi-cloud environment can help in checking the 

functions and quality of programs [2]. The software industry can deeply benefit from CI/CD 

optimisation across the processes. There can be an easier development of error-free software 

with it.  
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Figure 1: Continuous Integration 

(Source: [3]) 

C. Problem Statement 

The CI/CD encompasses the stages from source code to development and deployment [Refer 

to Figure 1] [3]. Version control and configuration management are included within it. There 

are no specific and practical frameworks that can optimise CI/CD pipelines in the multi-cloud 

infrastructure. The software industry is struggling to implement CI/CD across the multi-cloud 

environment, triggering conflicts. There are challenges faced in terms of pipeline failures, 

gaining enhanced control over resource usage, and enhancing the effectiveness [3]. The 

adoption of an effective framework in the multicloud environment can help in overcoming the 

obstacles.  

D. Objectives 

The primary purpose of the research is as follows: 1. To examine the importance of CI/CD 

optimisation in software delivery. 2. To identify the various challenges faced in deploying 

CI/CD pipelines in the multi-cloud environment. 3. To define a framework capable of CI/CD 

implementation in the multi-cloud environment. 

E. Scope and Significance 

The research has the scope of defining a framework that can ensure CI/CD pipeline 

optimisation in the multi-cloud environment. The framework that can overcome the challenges 

faced by CI/CD in multi-cloud will enable smooth operations. The scope includes the 

challenges and the responsive frameworks that can tackle the challenges associated with CI/CD 

pipeline implementation in a multicloud environment. The paper is significant in defining the 

framework that can adopt a unified toolset and centralise security management. The rise in 

multi-cloud adoption further enhances the significance of the study.  

II. LITERATURE REVIEW 

A. Applications of CI/CD pipeline in software 

The CI/CD pipeline is being increasingly used for delivering better quality software that 

functions efficiently. Continuous Integration is concerned with the consistent testing of code 

as it is created. The CI ensures that new features within the application are automatically tested 

through the use of unit tests [4].  

 

Figure 2: The end-to-end deployment of the CI/CD pipeline 

(Source: [4]) 
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Continuous Deployment is concerned with the actual release of the tested code [4]. The end-

to-end pipeline is impactful in terms of error reduction and meeting the requirements of clients 

[Refer to Figure 2]. The CI prioritises the testing automation that ensures applications are not 

damaged by new commits being added to the main source code. Through CD, it is determined 

that any kind of updates are in synchronisation with the business requirements. The velocity 

and quality of the pipeline are of top concern during the CI/CD application.  

B. Features of CI/CD optimisation in software 

There are inherent advantages derived from the features of CI/CD within the software. The CI, 

with its continuous testing, is able to develop robust software. The testing aids in improvement 

and bug fixing. There are reduced bugs that get dispatched to production. The CD is able to 

automate the release process within the software. There is the release of new changes to the 

customers in the quickest way possible [4]. There are multiple benefits gained with the 

application of the CI/CD pipeline within the software. The automation paves the way for faster 

updates that aid organisations in responding quickly to any customers' needs. The continuous 

assessment improves the validity and viability of the code. The defects are isolated successfully 

before production [5]. Team collaboration is increased as well due to the shared platform used 

for testing and automation. The CI/CD is hence helping in the development of robust and 

effective software that can benefit companies.  

C. Challenges and complexities of using CI/CD spanning a multi-cloud environment 

There are inherent challenges and complexities in making use of CI/CD within the multi-cloud 

environment. Interoperability is one of the potent challenges encountered within the multi-

cloud environment [6]. The different cloud platforms have their own native CI/D tools. The 

tools are optimised concerning their environment. The integration of multiple tools in a unified 

pipeline with multiple clouds can present difficulties due to the differences in APIs, workflows, 

and automation capacities. The data silos, the complexity of diverse infrastructure and security 

concerns are the top challenges faced within a multi-cloud environment [6]. The CI/CD 

pipeline within the multi-cloud environment presents critical challenges. The challenges are 

making it difficult to derive the potent advantages offered by the CI/CD pipeline.  

The multi-cloud is the assimilation of services from diverse, heterogeneous cloud providers 

into a single architecture of customers [7]. The use of multi-cloud has increased in recent times. 

However, the challenges may present complexities in optimising the CI/CD pipeline across the 

applications. There are different sets of resources, formats, and versions of the API [7]. The 

mismatching of cyber regulations, differing schemes for load balancing, and other features are 

the challenges. The environment is impactful in terms of utilising diverse sources. However, 

the CI/CD optimisation is affected by the set of challenges in the multi-cloud environment 

encompassing diverse resource management.  

D. Best practices for deploying a CI/CD pipeline in a multi-cloud environment 

The application of an impactful framework requires the best practices that can overcome the 

challenges within a multi-cloud environment. The challenges in the multi-cloud environment 

can be overcome with the inception of accurate strategies. The challenges in the multi-cloud 

environment can be overcome with the use of proper cloud resource orchestration [8]. There is 

also the suggestion of a cloud brokerage being used that can benefit the CI/CD optimisation 

within the software. The cloud service broker manages multiple cloud services, negotiating the 

relationships between cloud consumers and providers. The taxonomies used for cloud 

applications can help in gaining the needed clarity. The use of CI/CD tools that offer native 

support across multiple cloud platforms can overcome the challenges associated with them. 
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The use of Infrastructure as Code ensures that the infrastructure remains consistent across all 

platforms. The virtualisation of servers and security can overcome the issues of security threats 

faced across the multicloud pipeline [9]. The CI/CD pipeline is necessary for obtaining the 

needed edge in the competitive market. The use of frameworks with standardised policy, 

security measures, and involving cloud service brokers can yield positive results.  

III. RESEARCH METHODOLOGY 

A. Research Design 

The research is using an explanatory design to understand the framework needed for CI/CD 

optimisation. The research is identifying best practices for CI/CD to overcome challenges in a 

multicloud environment. The effectiveness of the steps is obtained by explaining the specific 

challenges in the multi-cloud environment. The explanatory design aids in explaining outcomes 

by linking different factors [10]. The study is using an explanatory design to identify the 

complexities of a multicloud environment. The optimal framework that can address the issues 

is being identified through the explanatory design. The link between the challenges faced and 

effective practices is being derived with robust results.  

B. Data Collection 

The study is using both qualitative and quantitative data to reach results on the subject. The 

qualitative data is being gathered from secondary sources, including journal articles, industry 

reports, and literature, to gain knowledge on the challenges of multi-cloud and the optimised 

practices for the CI/CD pipeline. The qualitative data analysis is helping to identify the 

underlying complexities of using the CI/CD pipeline applied in multi-cloud environments. The 

quantitative data is derived from charts, graphs, and precise data collected from secondary 

sources. The numeric results concerning the use of CI/CD are being derived. The quantitative 

data is leading to the identification of precise steps that can overcome the challenges. The 

qualitative and quantitative data are yielding the relevant knowledge of the framework that can 

minimise the challenges.  

C. Case Studies Application 

Case Study I: IBM  

IBM is using CI/CD pipeline across its processes and receiving improved results. An automated 

unit testing combined with the CI/CD pipeline has been deployed across the company for 

powerful and continuous development, testing, and delivery [12]. There has been a rapid 

generation of test data, significantly reducing the time and effort needed for unit testing across 

the company.  

Case Study II: Innovative Solutions 

Innovative Solutions is another company that is presently making use of the CI/CD pipeline 

across the testing and deployment [13]. The CI/CD pipelines have been customised according 

to the needs of the client. The able infrastructure management has helped Innovative Solutions 

to make use of the CI/CD pipeline. The company is able to save time and effort on account of 

the CI/CD pipeline being used across the company's applications.  

D. Evaluation Metrics 

The precision and accuracy of the data collected are being examined in order to reach results. 

The precision of the CI/CD pipeline in eliminating bugs and ensuring faster release of software 

is being examined. The accuracy of results on deploying effective frameworks across multi-
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cloud environments is being assessed. The additional perspectives attained through evaluation 

metrics lead to different conclusions [11]. The optimised practices and orchestration of the 

framework, mitigating the issues of multicloud, are being derived. The precision of the results 

is being studied to identify practices that can benefit the CI/CD optimisation within the 

multicoloured sphere. The formulation of an enhanced framework is possible through the 

evaluation metrics pinpointing the effectiveness of specific practices.  

IV. RESULTS 

A. Data Presentation 

 

Figure 3: The adoption of the CI/CD pipeline within the company 

(Source: [15]) 

The research shows how the CI/CD pipeline is able to significantly improve the code quality 

and is hence being adopted by companies. There is a percentage improvement in the adoption 

of Continuous Integration by 53% [15]. The figures are indicative of the success of the CI/CD 

pipeline in improving code quality, which is leading to wider adoption within the software 

industry. 38% of the companies are using Continuous Delivery. Thus, the CI/CD pipeline is 

being considered as an effective means for accomplishing results. There is around 55% 

transition noted.  

 

Figure 4: Successful adoption of CI/CD pipeline 

(Source: [19]) 

The deployment velocity has significantly increased with the inception of CI/CD pipelines. The 

number of adoptions has increased by 42% in all terms of development, integration, and 

deployment [19]. The average build time has decreased, and hence there is a wider use of the 

CI/CD pipeline, with the Jenkins CI being used by 44% and the GitLab CI by 39%. Thus, it 

can be derived that wide adoption trends are being noted across the CI/CD pipeline.  
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Figure 5: Usage of popular deployment workflows 

(Source: [16]) 

The above figure denotes the wide usage of CI/CD pipeline applications in a multicloud 

environment. There are 31.2% making use of SFTP and SSH for the CI/CD [16]. 22.47% of 

the companies are making use of Docker and SSH to reach the results. The assessment reveals 

how there is an urgent need to adopt a CI/CD pipeline in order to meet the requirements of the 

business. The interoperability challenges should be addressed with the use of a composite 

infrastructure to ensure the smooth application of the services. The trends reveal the increased 

tendency to adopt CI/CD pipelines across applications.  

There is a more robust approach needed to tackle the challenges of security. The security 

policies need increased attention across the multicloud environment. The current systems 

require CI/CD pipeline integration that can be achieved through standardised interoperability 

and security practices.  

B. Findings 

The CI/CD pipeline is being increasingly adopted across various companies [15]. There is a 

capacity for improvement in code quality, resulting in enhanced adoption by 53% [15]. There 

is a marked transition towards the adoption of CI/CD pipeline across a multi-cloud 

environment. The companies are increasingly making use of CI/CD pipelines due to the 

automation of processes achieved [19]. The increase in speed of software release has ensured 

adoption of the CI/CD pipeline by 42% [19]. The CI/CD optimisation is providing benefits. 

The companies are encouraged to use it for better software delivery.  

There is increased focus on the use of the CI/CD pipeline framework to manage deployment 

workflows [16]. There is a 31.2% increase in its use, validating its usage [16]. The software 

companies looking to adopt a CI/CD pipeline in multi-cloud will need a framework founded 

on security policies, interoperability facets, and security measures. The software companies 

should use the policies for operating in the environment.  

C. Case Study Outcomes 

Case Study Strategy Impacts Outcomes 
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IBM Using CI/CD for 

automated testing 

and release of 

software [12] 

Powerful and 

consistent 

development, 

delivery and testing 

of software attained 

[12] 

The tangible 

reduction in the 

time and efforts 

needed for 

software 

deployment 

benefitting 

companies [12] 

Innovative 

Solutions 

Customising the 

CI/CD outcomes to 

the client's 

requirements [13] 

The development of 

error-free software 

that can be quickly 

delivered to clients 

[13] 

The increased 

satisfaction of 

clients owing to 

the CI/CD pipeline 

outcomes aligned 

with their needs 

[13] 

Table 1: Case Study Outcomes 

(Source: self-created) 

The above table has analysed the case studies of IBM and Innovative Solutions that are making 

use of the CI/CD pipeline in order to reach results. The critical assessments identify how both 

companies have integrated the CI/CD to reduce time and effort. The able management of 

infrastructure has ensured that the CI/CD pipeline is integrated seamlessly across Innovative 

Solutions, indicating the need for interoperability standards.  

D. Comparative Analysis 

Journal Aims Findings Gaps Identified 

[2] To understand the 

paradigms for 

successful 

deployment of CI/CD 

across cloud 

technology [2] 

The CI/CD is able to 

detect bugs beforehand, 

and the quality of the 

software is improved. 

Reduced knowledge 

of the steps needed 

across a multi-cloud 

environment [2] 

[3] The emergence of 

CI/CD being 

supported by AI-

based augmentation 

[3] 

The use of AI-based 

DevOps can significantly 

reduce the costs and time 

Lack of effective 

case studies 

supporting the 

findings [3] 

[4] CI/CD pipeline 

benefited through the 

application of 

Machine Learning [4] 

Machine Learning 

increases the speed of 

experimentation in the 

CI/CD workflows 

No definition of a 

Machine Learning 

framework that can 

benefit CI/CD 

pipeline applications 

[4] 
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[5] The need for a 

proactive deployment 

method that can 

benefit the CI/CD 

pipeline within the 

organisation [5] 

The automation and 

control of GitHub CI/CD 

are increasing code 

commits and pull 

requests. 

Lacks the extensive 

secondary research 

for obtaining the 

needed knowledge 

[5] 

[7] The critical 

challenges 

encountered in the 

multi-cloud 

architecture [7] 

Knowledge of the issues 

encountered in terms of 

interoperability and 

positive results. 

The lack of primary 

research reduces the 

impact [7] 

[8] The need for cloud 

resource orchestration 

within the multi-cloud 

landscape [8] 

The need to manage 

heterogeneous resources 

within the multi-cloud 

framework 

Reduction in the 

analysis of the cloud 

resources impacts 

[8] 

Table 2: Comparative Analysis 

(Source: self-created) 

The table compares the various learning received on the subject. The CI/CD pipeline benefiting 

from Artificial Intelligence and Machine Learning has been derived. The resource orchestration 

needed in a multicloud environment is comprehended.  

V. DISCUSSION 
 

A. Interpreting results 

The results reveal how the able management of infrastructure can lead to the successful 

integration of the CI/CD pipeline [13]. The use of Artificial Intelligence can further benefit 

CI/CD with the predictions [3]. The use of AI will help in predicting bugs and lead to improved 

implementation of CI/CD. The study also establishes the need for multi-resource orchestration 

in the multi-cloud environment [8]. The proper orchestration of resources can reduce the issues 

in a multi-cloud environment. The emergence of new service providers such as Amazon S3 

and Windows Azure Platforms is creating different policies [14]. The security policies are 

diverse. The standardised security policy is essential to tackle conflicts. The assessment is 

revealing how the CI/CD pipeline needs standard procedures.  

B. Practical Implications 

The software companies can have stronger results in the multi-cloud architecture using 

effective resource allocation [8]. The CI/CD pipeline using AI can ensure improved results. 

The companies with interoperability standards can have a significant advantage with CI/CD 

implementation. The use of a standard policy for security will benefit all companies.   

C. Limitations and Challenges 

The CI/CD pipeline is offering significant benefits in reducing the time for software 

deployment. There is an early detection of errors possible with its application [2]. However, 

the implementation in a multi-cloud environment is encountering challenges. The different 



Deepak Singh 

 

18 
 

standards in diverse clouds and the security policies can weaken the implementation. Hence, it 

is vital to embrace the security policies and standards that will eliminate errors.  

D. Recommendations 

The companies need to deal with implementing AI and Machine Learning in the CI/CD 

pipeline to gain better results. Hence, companies should train employees with the tools and 

know-how to drive proper implementation. There should be more emphasis on the predictions 

of errors. The resource orchestration is essential within the multi-cloud environment [8]. The 

companies can make use of cloud brokerages for negotiating the standards. The companies 

should develop effective policies for security. The companies should identify the conflicts that 

can be faced and prepare for them in a multi-cloud environment.  

VI. CONCLUSION AND FUTURE WORK 

The study reveals how CI/CD pipelines are being adopted by companies. However, their use 

within the multi-cloud environment can be difficult. The use of AI and ML, along with robust 

security standards can aid in overcoming the issues. Further, the use of resource allocation and 

standardised procedures can lead to more synchronised outcomes. There are further studies 

needed on the subject to gain enriched outcomes. The use of AI in CI/CD benefitting the results 

should be studied. The research should delve into how AI should be integrated to ensure 

improved prediction and critical outcomes. Future studies should focus on the steps needed by 

companies to operate within a multicloud environment.  
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