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ABSTRACT

The ability of cloud computing to supply an enormous amount of computer resources on demand has contributed
to its rising popularity. This is because there has been a meteoric rise in the number of data-and computation-
intensive applications, including scientific and business workflows, in the last several years. Security concerns
are a major roadblock to the broad adoption of cloud computing, particularly for workflows that deal with
sensitive information and processes. This paper provides a comprehensive overview of current practices for
handling security and privacy issues in cloud-based scientific and business workflows. We also point out where
the existing corpus of knowledge in this area is lacking or inadequate. First, within the framework of this
extensive literature review, we will present state-of-the-art security solutions organized according to the stages of
the scientific and business process workflow life cycles that they are intended to address. According to the
results, most of the literature focuses on the planning and implementation stages, whereas the evaluation and
adjustment stages are under-discussed in a few of articles. As a result, there is a significant knowledge gap in the
area of cloud-based workflows that pertains to the detection, prevention, and response to security violations.
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INTRODUCTION
Due to its unparalleled adaptability, scalability, and cost-effectiveness, cloud computing has completely
transformed the way organizations operate. Businesses across many different industries have begun using cloud
computing in an effort to save costs, boost collaboration, and speed up innovation. But, the inherent complexity of
ensuring the security of sensitive data and resources stored and processed on the cloud comes with the widespread
adoption of cloud services. Because cyber threats are always becoming more complex and more common, it is
crucial to protect cloud systems from unauthorized access, data breaches, and other security risks.
Within the scope of this article, we will investigate the most effective methods for safeguarding your cloud
infrastructure. Data encryption, 1AM, network security, compliance issues, and proactive threat mitigation strategies
are just a few of the important subjects that will be covered by these approaches. Firms may strengthen their cloud
infrastructures and reduce cloud computing risks by implementing strong security measures and adhering to
industry standards. Businesses are able to safeguard critical assets in this way, ensuring their availability,
confidentiality, and integrity.
It is impossible to overstate the significance of cloud computing in the operations of modern businesses, as it has
completely altered the way in which organizations carry out their activities and make use of technology. There are a
number of important elements that contribute to the significance of cloud computing: One advantage of cloud
computing is its scalability, which lets companies quickly modify their resource consumption in reaction to
fluctuations in demand.
Because of this flexibility, enterprises are able to manage fluctuations in workload without having to make
significant investments in infrastructure or hardware. Due to its pay-as-you-go model, cloud computing allows
companies to save money by only paying for the resources they use.
Because of this, there is no longer a requirement for making substantial initial investments in hardware, and the
continuous operational costs that are connected with maintenance and upgrades are reduced. Accessing cloud
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services is feasible from any place with an internet connection. Because of this, workers may communicate and
interact with one another remotely, no matter their physical location. The availability of this data enhances
adaptability and efficiency in modern workplaces.

Machine learning, artificial intelligence, big data analytics, and the Internet of Things (IoT) are just a few examples
of the state-of-the-art technologies and services made available to customers through cloud computing. With these
skills, businesses are able to empower themselves through innovation, creating new goods, services, and business
models. In the case of unexpected interruptions or catastrophes, cloud computing's complete backup and recovery
solutions will keep business operations running smoothly and data will be resilient.

Cloud-based backups make it possible for businesses to recover data quickly and reduce the amount of time they are
down. Computing on the cloud speeds up the process of developing and deploying applications and services, which
in turn reduces the amount of time it takes to bring new goods and projects to market. Also, cloud computing
increases agility.

The use of cloud infrastructure makes agile development approaches and DevOps processes easier to use, which in
turn enables quick iteration and deployment. Safety and Regulatory Compliance: Cloud computing companies make
significant investments in sophisticated security measures, compliance certifications, and data protection methods,
despite the fact that security issues should be taken into consideration. Establishing a partnership with cloud service
providers that have a solid reputation can help enterprises improve their security posture and guarantee that they are
in compliance with regulatory standards. In general, cloud computing has evolved into a vital tool for contemporary
firms that wish to maintain their competitive edge, innovate, and adjust to the ever-shifting dynamics of the market.
It has become an integral part of contemporary companies' operations due to its scalability, affordability,
accessibility, and ability to encourage innovation. The importance of cloud computing security is skyrocketing due
to the increasing number of organizations migrating their activities to cloud environments.

Although cloud computing presents a number of advantages, such as scalability, cost-effectiveness, and
accessibility, it also presents a number of obstacles that are not seen in other forms of computing.

Concerns about data privacy and integrity preservation and cyber-attack prevention arise when infrastructure
management and maintenance rely on third-party cloud service providers. Protecting sensitive data, reducing risks,
and maintaining stakeholder confidence in cloud settings requires the deployment of rigorous security measures,
which must be guaranteed in this scenario. This study delves into the importance of cloud computing security by
examining the most pressing concerns and recommending solutions for effectively protecting cloud infrastructures.
Enterprises must proactively address security concerns if they want to fully utilize cloud computing's potential
while minimizing risks and maintaining the availability, confidentiality, and integrity of their data and resources.
Because the cloud computing security landscape is complicated and constantly evolving, businesses that use cloud
services have their own particular set of issues.

In cloud environments, the dynamic nature of risks is caused by a number of variables, including the following: The
most serious dangers to cloud computing are data breaches, which are one of the most common types of data
breaches. Sensitive data that is kept in the cloud is the target of attackers. Personal information (PII), financial
details, and intellectual property are all part of this data set.

Storage in the cloud that has been improperly set, access restrictions that are inadequate, or vulnerabilities in cloud
applications can all lead to breaches. There is a considerable risk to cloud security posed by insider threats. This is
because authorized users with access to cloud resources can jeopardize data's secrecy, integrity, or availability,
either on purpose or by accident.

An insider threat can emerge from an unhappy employee, an act of carelessness, or the use of stolen credentials.
Cloud infrastructures are vulnerable to malware and ransomware infections, which can compromise data and halt
operations. Cloud applications, email attachments, and hacked user accounts are common vectors for malware
distribution, and ransomware is a kind of cloud-based encryption that demands payment to decrypt data. When
malicious actors get unauthorized access to credentials or cloud accounts, they have committed account
compromise. This is also known as unauthorized access or account hijacking. Compromised accounts pose a
significant risk to the security of cloud services used by organizations since they can be utilized for stealing data,
launching attacks, or committing fraud. The goal of a distributed denial of service (DDoS) assault is to make cloud
services and infrastructure unavailable to consumers by flooding them with malicious traffic.

Websites, apps, and services hosted in the cloud are vulnerable to distributed denial of service (DDoS) assaults,
which can cause outages, monetary losses, and brand harm. Cloud service providers and third-party vendors are the
targets of supply chain attacks, which aim to obtain access to customers' cloud environments by exploiting security
holes in their systems or software. Security issues, such as data breaches, can occur when cloud services are
compromised due to assaults on the supply chain.

Organizations running in the cloud have a substantial risk of not complying with data protection legislation and
industry standards. Failing to comply with regulations like GDPR, HIPAA, or PCI DSS can lead to monetary fines,
legal ramifications, and harm to one's reputation. To effectively mitigate these risks, organizations should
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incorporate robust cloud security measures such as encryption, multi-factor authentication, threat detection, and
incident response planning into their overall security strategy.

Cloud environments must also undergo regular audits, compliance checks, and security assessments to guarantee
their continued security and compliance. Successful cloud data, application, and infrastructure security requires an
awareness of the dynamic threat landscape and the adoption of preventative security measures. Data encryption is
crucial for the security of data in cloud computing environments since sensitive information is processed, stored,
and transported across decentralized infrastructure.

Data can be rendered unreadable to unauthorized persons by converting it from plaintext to ciphertext using
cryptographic methods and keys. To avoid data breaches, insider threats, and snooping eyes, data encryption is
essential in cloud computing.

When thinking about cloud data encryption, there are some important factors to keep in mind: Encrypting data
while it is in transit or at rest is known as data-at-rest encryption. This method is appropriate for databases, object
storage, and file systems that are located in the cloud. Encryption makes sure that no one, not even those with the
necessary decryption keys, can read the encrypted data, even if they manage to breach the storage infrastructure
itself. Many cloud providers have encryption capabilities already built in, so businesses may encrypt data while it's
in transit or at rest in a transparent way that doesn't affect performance or usability. Protecting data while it travels
over networks from cloud storage to endpoints to users is the job of data-in-transit encryption. Data encryption
during transmission is a standard practice, with protocols like Secure Sockets Layer (SSL) and Transport Layer
Security (TLS) providing extra protection from prying eyes. To protect private information while it travels over the
Internet or other public networks, secure communication methods are a must. Important Executives: To guarantee
the safety and authenticity of encrypted data in cloud settings, efficient key management is essential.

LITERATURE REVIEW
Clients of all sizes can reap the benefits of cloud computing, which is rapidly becoming one of the most popular
subfields in the IT industry.
This is one of the most important factors that enables a great number of businesses and organizations. Computing in
the cloud is quite popular in the modern era because it provides a wide variety of services at prices that are
accessible. [1-5] Cloud solutions also have the advantages of being more accessible, not requiring contracts for an
extended period of time, and being easily scalable to meet the changing demands of businesses. No matter how
many benefits cloud computing offers, it is not without its share of problems and downsides.
Currently, there are ongoing research projects that are being conducted in order to find solutions to the many
problems that cloud computing is currently facing [6-11].
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Figure 1. (a) Business Workflow Life Cycle (b) Scientific Workflow Life Cycle.

As seen in Figure 1, the domains' respective workflow life cycles take a somewhat different approach. In corporate
settings, processes are viewed as software objects that may be accessed and used by distinct user roles. These roles
often handle different aspects of the workflows' administration, such as modeling, execution, assessment, and
monitoring. [12-15] On the other hand, the scientist is at the core of scientific workflows, as they are the ones who
use and oversee the software artifacts.

And be aware that the business process life cycle will be the primary framework for our research because it is more
comprehensive and allows for a more thorough examination of the current literature [12-16]. The TLR described in
[13] has reviewed the literature by outlining the components necessary to secure scientific processes while they are
being executed, naming various domains where security is crucial, and highlighting potential security risks. [17--
19] The scientific workflow's scheduling step is the exclusive subject of the paper. The safety issues with
scheduling resources have been examined in [20-22]. The authors classified the many types of security constraints
into three categories: data, data center, and infrastructure. Each category was then assigned a model.
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The scheduling phase is the sole subject of this paper. Some of the goals of these literature studies are distinct,
while others do not attempt to address every stage of the workflow life cycle.[23] It follows that the whole
workflow life cycle has not been adequately examined to determine how the privacy and security issues of cloud-
based workflows affect the WfMS architecture.

Workflow Life Cycle and Security

Figure 2 depicts the entire workflow life cycle, including the adaptation phase. In addition, it shows how the chosen
papers in the SLR address security and privacy issues at each stage of the workflow, classified by kind of workflow.
It is clear from the figure that most of the studies focused exclusively on the scientific workflow execution phase. In
contrast to the abundance of literature on commercial workflows, which mostly focuses on this stage, the security
and privacy requirements of scientific workflows during the modeling and IT refinement stages have received
surprisingly little attention.

Scientists often fail to differentiate between process models and actual executions, which is a contributing factor.
The modeling and execution steps are not strictly sequenced since their workflows are developed through trial and
error [24]. There is a lack of information in the literature regarding the different phases of the life cycle and how to
model or specify the security needs in scientific workflows.

®  Business workflow

®  Scientific workflow
= Bothof them
w= ==+ Monitoring Phase
= ==+ Analysis Phase

== == Adaptation Phase

Figure 2: Ensuring the security and privacy of workflows throughout their life cycles

Also, as shown in Figure 2, most of the research on scientific and commercial workflows has concentrated on
security during the modeling and execution phases, which leaves a lot of room for improvement when it comes to
cloud workflow adaptation, analysis, and monitoring. In particular, we were unable to locate any published work
that offered a solution to the problem of how to modify active business workflow instances in response to security
breaches. Most papers that discuss the modeling phase—which usually also involves IT refinement—have focused
on ways to extend modeling tools and languages so that user security requirements can be specified and captured at
many levels of abstraction. Several of them build extensions to the widely used BPMN (Business Process Model
and Notation) to make it easier to declare non-functional requirements, such as security.

These studies added security characteristics to BPMN diagrams using graphical user interfaces or textual notations
[16,25].

Diagnostic

Security breaches that happened during the workflow monitoring phase were the exclusive focus of this group's
research efforts. Here is a rundown of what was contributed to each publication.

Users are able to remotely evaluate the correctness of the executions of business processes thanks to the architecture
that was offered by the authors of [17,26]. Specifically, they made advantage of a framework that allowed them to
log sensitive behaviors that occurred within business processes. The client can request a signed version of the log
after the procedure is finished and then verify it frequently to make sure the process was executed appropriately.
Automated adaptation and real-time monitoring during execution are beyond the scope of this article. In order to
guarantee safety, the authors of [18,27] used provenance information. They integrated the Security Analysis
Package (SAP) into the extended Kepler provenance module to analyze provenance information within a security
context. They zeroed down on the following three data-flow based security features: The first step is input
validation, which involves using a whitelist of allowed inputs to detect and filter out unauthorized input. The second
step is remote access validation, which involves creating an internal firewall that contains valid URLs and IP
addresses. The third step is data integrity, which involves comparing on-hash and post-hash data to validate data
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integrity. However, the data about provenance was used just to find a few security holes and figure out what to do
next time scientific workflows are executed to avoid these kinds of assaults.

Cloud-wide auditing was utilized by the authors in [19,28,29] in order to identify potential security flaws.
Vulnerability Diagnostic Trees, or VDTS, were created with the intention of clearly displaying vulnerability patterns
along many audit trails. With this technology, automatic detection processes may be set up to take in different types
of audit trails and then target risks according to their location and kind.

During the course of their diagnostics, however, they failed to take into account the various requirements that
individuals and services have. Researching all potential attacks using this strategy for all services could add
unnecessary computing cost and time to the system, making it unscalable. When this happens, the number of
potential assaults and service composition violations narrows down, and the scope of the job becomes much more
manageable. It appears that this paper failed to prevent or address any of the infractions it did discover, as it could
only identify a handful based on the audit record.

The authors of the paper cited as [20,30] put out the idea of an intrusion-tolerant scientific workflow system. To
guarantee the workflow's implementation, they used a number of tactics: 1) Increasing reliability by running the
same subtask in parallel across numerous different types of virtual machines (VMs); 2) proposing a resource-
circulation-based dynamic task scheduling method to disrupt the attack chain; and 3) Conceiving of a short-term
method of data backup for workflows. method that can stop compromised workflows from running. Furthermore,
the identification of integrity violations that happened during the execution phase of scientific processes was the
exclusive focus of this study. It was not possible to This is why the intermediate data was saved; using it to re-run
the workflow sub-tasks with less certainty is possible now. An evaluation of the tasks' confidence is done by a
process called the "lagged decision mechanism," which is presented after them.

In an effort to remedy a limitation of their previous work, the same authors attempted to schedule subtask replicates
in [31-33].

This was done in order to ensure that an attacker would not be able to disrupt the entire workflow just by
compromising a single virtual machine. This approach has the potential to be regarded as a versatile tool for
discovering the various other sorts of security breaches. A method of dynamic rescheduling was described in the
research that was presented in [22,34]. This method was developed to deal with changes in the availability of cloud
resources, such as the failure of the resources that were already available or the availability of new resources. To
rephrase, once it notices a change in state, the cost model will reschedule incomplete operations to handle run-time
failures by dynamically assessing the cost of deploying them onto the now-accessible cloud resources. Note that the
availability of resources throughout the execution of the scientific workflow is the only security element that this
study considers.

Choosing the right virtualization technology (VT) and thinking about how it relates to security are critical steps in
the deployment and execution phases. This is because the majority of the security difficulties that cloud
infrastructure faces are caused by Virtualization Technology (VT). It is possible for this to give quality of service
(QoS) to end-users at cheaper pricing, as well as a solution that is both cost-effective and efficient in terms of
resource use for cloud service providers (CSP). In light of this, we need to suggest a security-aware scheduling
approach that considers workflow features and user needs when choosing the right virtual machines (VT) for tasks
and workflows. A few examples of VT are Unikernel, Containers within VM, Lightweight VM, and Virtual
Machines (VM) [35-41]. Also the Various WfMSs addressing cloud security issues are given in table 1.

Table 1: Various WfMSs addressing cloud security issues

WFMS Type of Supported Extension Execution Covered security
supported  representation environment objectives
workflow model

[24], 2018 Scientific DAG Cloud-based * Data Integrity
* Data
Confidentiality
SecDATAVIEW  Scientific DAG DATAVIEW Within SGX enclaves, - Data/Task
[25], 2019 run the WFfMS kernel Integrity
(the parts responsible
for processing sensitive * Data/Logic

data); on trusted Confidentiality
premises, like private
cloud platforms or the
user's endpoint, run the
rest of the WIFMS
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components.
[26], 2021 Scientific DAG DATAVIEW The execution phase of Detecting the sub-
workflow scientific ~ workflows tasks with low

was the sole focus of confidence based
this article, which failed on the lagged
to uncover any other decision

forms  of  security mechanism.
issues.

[27], 2021 Scientific DAG DATAVIEW Re-executing the failure Engine-side
workflows tasks Monitoring

CONCLUSION

In conclusion, businesses in every sector must implement stringent cloud security procedures to protect customer
information and privacy in today's interconnected world. Data breaches, illegal access, and regulatory non-
compliance are growing concerns as cloud computing is integrated increasingly into everyday operations and
undergoes further evolution. Organizations can greatly improve their cloud security by implementing encryption,
strong authentication methods, and strict access limits. Consistent monitoring, proactive risk mitigation strategies,
and adherence to regulatory frameworks such as GDPR and CCPA are necessary to maintain compliance and
reduce potential risks. Prioritizing cloud security and executing a comprehensive strategy that incorporates
procedural, instructional, and technological components may help enterprises efficiently secure their data and
privacy in an interconnected environment. This will promote confidence with their stakeholders and customers.

We utilized the SLR procedure on the articles found by the SMR and the gaps in current knowledge concerning
security issues in workflow monitoring, analysis, and adaption. Adaptation kind considered workflow type,
adaptation cause, and monitoring and detection module/mechanism were the criteria used to compare the works.
This leads us to the conclusion that there is a lack of current research on scalable and dependable methods for
detecting, preventing, and reacting to security breaches, as well as ways to mitigate or even completely eliminate
the impact on cloud-based scientific and corporate activities. We also looked at the current WfMS implementations
in terms of the supported representation model, workflow life cycle phases covered, types of supported workflows,
and security objectives covered.
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