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Abstract: This present paper seeks to discuss some of the control and legal issues arising 

when establishing cloud security in AI systems. They look at the issues related to the 

differences in laws governing data protection, requirements concerning the location of data, 

and specialized industry policies. As cloud computing continues to be integrated into AI, it 

becomes important for companies to understand and remain within legal parameters as well 

as protect their work. If properly managed, these challenges do not pose a threat towards 

secure and compliant AI-driven cloud. 
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Introduction 
Since more and more AI driven systems depend on cloud support structures, regulatory and 

compliance issues have emerged as major risks. It means that the organization must work 

with different data protection laws, residency rules, and niche regulations. These are issues 

that require one to have adequate legal knowledge to avoid legal repercussions that 

accompanied the non-adherence. Given the exponential increases in subscribers to cloud 

technologies, it becomes imperative to tackle these challenges in as much as pursuing the 

security, privacy, and integrity of AI systems in cloud environments. 

 

Cloud Security in AI Context 
Considering the fact that AI is at the forefront of the technological advances in the numerous 

fields that are deploying cloud solutions, then cloud security can be seen as an important 

aspect of the current technological structure. The cloud brings in infrastructure, resources 

which can as well be customized, high computing generated from demand and storage which 

can enhance the deployment and running of AI applications.  
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However, the design and deployment of AI systems raise new security concerns as more 

organizations store and process, data in cloud environments, blurring the tension between 

innovation and security (Nina et al., 2019). It is crucial to review the components of cloud 

protection because the problem of ensuring the security of AI-based systems will be more 

comprehensible if we go deeper into the consideration of cloud security after integrating AI. 

 

 
Figure 1 Artificial intelligence (AI) and machine learning (ML) in Cloud Security (ResearchGate, 2022) 

 

In its simplest form, cloud security can be described as the processes, tools and procedures 

aimed at protecting contents, applications, and services on cloud systems. This is all about 

gaining control of the existing cloud resources and resources that are being procured, 

protecting the data that is downloaded and stored in the cloud as well as protecting the 

mechanism that supports cloud solutions.  

Ordering logic of traditional cloud security frameworks lies in secure isms like firewall, 

encryption, identity management, and the like, aimed at restricting the access to unauthorized 

persons and having data. Even though these are still important, new needs and threats brought 

by AI-powered systems require concentrating on certain security issues that could previously 

be ignored.  

Common problems associated with data storing and processing are related to data privacy, 

data quality, and potential data leaks that can appear when massive amounts of data are 

needed to train machine learning models for AI systems (Grzonka et al., 2018). Cloud is 

usually applied to store private data of an individual or organization, who can become a 

victim of cyber criminals. Because this data is sensitive AI applications which use this 

information is likely to reveal such information and therefore it means there is need to 

implement high level of security tomorrow for integrating AI. 
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Aside from data protection, the other major conceptual components of cloud security in AI 

application include protecting AI models against unauthorized access or theft, as well as 

guaranteeing the confidentiality, integrity, and availability of those models. Unlike structural 

systems, AI models are complex, dynamic, learning automations prone to adversarial 

manipulations.  

Such an attack seeks to alter the input data to a particular model in a way that will lead to 

wrong inference or decision and at times, result in a barrage of malfunctions that can affect 

the overall use of an AI based application. For example, an algorithm that is used by a 

financial firm will attract attackers who want to manipulate the system and get their hands on 

the money or manipulate financial data.  

The problem is worsened by the fact that AI models are serviced in different servers in the 

cloud, meaning there are many entry points for an attacker. Since AI systems are deployed in 

real-time conditions, any interruption or penetrating in the model leads to strict consequences 

including finical loss to the reputational damage making it mandatory to employ strict 

security measures that help in the protection of the model. 

 

 
Figure 2 Cloud Security (Forbes, 2022) 

 

Furthermore, the multiple tenant space of cloud deployments poses additional concerns about 

security of AI systems. In cloud infrastructure, many clients with different demands have 

access to the server, hardware although the virtual space remains separated by some curtain 

between the two.  

This makes it possible to extend infrastructure at comparatively low cost; however, common 

weak points can be targeted to injure several clients. Generally, AI necessitates a 
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considerable number of computational resources for functions like model tuning, which, in 

turn, may involve extensive data set and need high performance facilities.  

This is especially because sharing such resources across different entities can develop 

susceptibility to adversarial behaviours into the system. For instance, in one tenant’s 

compromised AI model, the enemy will have potential control over the cloud structure and 

invade other occupants’ impending data or systems (Gudimetla et al., 2018). Security in 

multi-tenant constructions thus becomes an important factor to consider when adopting AI on 

the cloud to design various systems, due to the need to contain risk implication whilst 

avoiding cross polluting another tenant’s environment. 

Another important consideration in the usage of cloud security in AI solutions is API or 

Application Programming Interface that enable the different systems of computer software to 

interact. APIs are critical for connecting other services to AI models, as well as the cloud; 

however, they can be the primary security issue in some projects if left unprotected.  

AI solutions inherently use APIs to connect with other data, service, or possibly to invoke 

specific activities within clouds. When an API is developed in the wrong way or when it 

lacks sufficient authentication mechanisms, then it is vulnerable to attack by hacker. An 

attacker can take advantage of an insecure API to execute an injection attack wherein he or 

she injects undesirable code, change data or access cloud resources which may lead to 

compromise of the whole AI system.  

Also, since AI models require streaming and streaming of external data for model updates 

and improved performance, the security weaknesses that endanger APIs are compounded, so 

cybersecurity has tremendous potential as a strategy to transform. 

Besides technological weaknesses, there are other risks that stand out to precipitate the 

security of AI-driven cloud systems; regulation and compliance issues. Lots of fields, e.g., 

medicine or economics, have their specific requirements for data manipulation, which often 

vary depending on the country, e.g., GDPR in the EU or HIPAA in the USA.  

When it comes to AI systems the compliance with these regulations becomes even more 

problematic first because of the so-called black box nature of many machine learning 

algorithms and big data (Gill et al., 2019). Forcing AI models to respect the law governing 

the use of the data while also guarding the data is not easily accomplished, particularly when 

the data of varying jurisdictional legalities are being processed.  

 

 
Figure 3 Cloud Security Market Size & Forecast (MarketsandMarkets, 2022) 
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Non-compliance to these regulations attracts severe penalties, adversely affecting the 

financial base, as well as jeopardizing an organization’s reputation. The more the AI systems 

are deployed into the cloud environments the more critical it becomes for business to protect 

AI assets—and perhaps even more so—the AI solutions must conform to the legal 

requirements and official ethical norms that are prevalent in today’s world. 

Hence, there is a need to wrap cloud security paradigm with AI context to ascertain new 

threats posed by AI solutions when implemented in the cloud environment. Artificial 

Intelligent systems are pervasively being adopted in cloud applications but protection of such 

systems needs an additional level of security that covers for security and artificial intelligent 

risks.  

As it became clear that data and AI models need to be protected, how AI models interact with 

cloud environments, how cloud security issues like shared resources and unsecured APIs 

affect AI, and how these problems need constant improvements and solutions are important 

considerations (Li, 2018). So long as AI keeps advancing, the means that protect these 

systems must change as well, and the cloud must remain a safe ground for the next generation 

of AI solutions. 

 

AI-Specific Threats  
AI-specific threats to cloud security are becoming one of the most pressing risks in the 

current digital world since more and more organizations introduce artificial intelligence (AI) 

systems into the cloud context. Despite its advantages when it comes to hosting AI 

applications, cloud computing infrastructure brings a plethora of novel security threats.  

All these threats are related to AI productivity, which is based on big datasets, machine 

learning algorithms, and learning models’ constant updating. Hence, protecting AI in the 

cloud entails both the conventional threats, as well as the new threats that are unique to the AI 

systems, that put the C, I and A of the AI applications and the data processed by the system in 

jeopardy. 

The first pertinent challenge that relates with cloud security in the systems applying AI is 

data privacy and confidentiality. The use of artificial intelligence especially; the use of 

machine learning entails the use of many data for the models to learn (Cheang et al., 2018). 

Such information might contain personnel information, medical histories, financial details, or 

customers’ communications, and these are always uploaded to the cloud.  

The data used for training AI models is located in different places and can be available to 

cloud-service providers, third parties, and the AI developers themselves. If secured 

inadequately, there is a possibility that this kind of data will be exposed, accessed or stolen. 

Hacker or an inside attacker with malicious intent can take advantage of the vulnerability and 

gain access to personal and or confidential information, which may cost an individual or the 

company lots of money, time and bring the company reputation.  

The problem is even bigger in modern distributed cloud infrastructure because data is usually 

distributed throughout the several servers and areas. This enhances the risk of data leakage or 

exposure to undesirable subjects during transmission and storage, so secure data and 

communication encryption and access permission and secure storage must be set up 

effectively to prevent disclosure of sensitive data. 

Another related threat which we see impacting the security of cloud-based AI systems is 

adversarial attacks on machine learning. Adversarial attack is the intentional alteration of 

input data to force a decision made by an AI model into the wrong decision. These are 

techniques rightfully designed to manipulate the way first machine learning algorithms 

understand and behave towards data that is fed to it.  

Adversarial must be more problematic in remote cloud-based AI systems because the attacks 

happen beyond the awareness of the cloud services provider and the organization using the 
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AI. For instance, an opponent actively constructs distinct inputs, for example, slightly 

distorted pictures or text that looks nearly like the original but is actually different; in such 

cases, an image recognition system or an NLP system will identify objects or generate the 

wrong outputs.  

In high-risk fields like self-driving cars, medical diagnosis, stock exchange, such attacks can 

lead to fatal or other severe losses. To prevent AI models from being attacked, researchers 

need to create new algorithms which are capable of identifying such an attack, as well as 

constantly monitor the patterns of input data, which may indicate an attempt at a breach. 

Therefore, there are two primary AI-specific security threats, and the second one is model 

theft and IP theft. AI models, and especially those AI models which are deeply complex and 

which may have been trained on large datasets, represent potentially valuable assets for the 

organizations which own them. In case an attacker manages to get unauthorized access to an 

AI model, the attacker can then regain it for their use and misuse of the proprietary 

knowledge and business procedures of an organization.  

It is also evident that the external accessibility to models through APIs, in cloud 

environments makes them more vulnerable to model theft; because these environments are 

sought out by malicious actors aiming to steal AI models (Bhamare et al., 2016). For 

example, an attacker can steal AI model from cloud by exploiting a weakness in 

infrastructure or an unprotected API opening and use it or sell to other company.  

 

 
Figure 4 AI in Cybersecurity (Mad Devs, 2022) 

 

The effects of model theft span various areas that go beyond economic losses; loss of market 

competitiveness and compromise of intellectual property secrets. Companies should therefore 

pay a close attention to implement strict security features, including access controls, API 

protection mechanisms and obscure models approaches, to guard their AI models from 

exploitation. 

Further emerging concern in cloud security of AI systems is the data poisoning where the 

attackers feed wrong or inaccurate data to the training process of AI models. With invalid 
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data inputs, an attacker can manipulate a machine learning model’s outcome or make it reach 

a wrong decision.  

Data poisoning is a phenomenon that is most prevalent in cloud environments since data is 

gathered and stored from multiple sources. For instance, an attacker might tamper with a 

cloud-based data pipeline and feed the model with incorrect/malicious data in the training 

dataset to his advantage.  

Data poisoning effects can be catastrophic to the usefulness of AI systems, especially in areas 

that require real-time operations, like fraud busting, security monitoring, and computer-

controlled automobiles. To avoid data poisoning, it is important to set strict data validation 

process which can be combined with the ongoing quality checks, as well as proper and up to 

date anomaly detection tools that help to filter out potentially malicious data before feeding it 

to AI algorithms. 

In addition, maintaining and developing cloud-based cybersecurity systems based on AI gives 

an impulse of two-edged nature; on the one hand, AI is a working tool for cybersecurity, and 

on the other hand, AI as an object can be used for malicious purposes (Basu et al., 2017). 

This has encouraged cloud leaders to incorporate AI-based security tools like IDS, firewalls, 

threat scan-algorithms on their clouds to prevent cyber-attacks.  

However, such systems can be subverted or tricked by the attackers with a view of escaping 

detection or even perpetuating more attacks. For instance, an intruder then opts to take 

advantage of adversarial machine learning to deceive a security system and its incorporated 

AI to provide preferential treatment to an intended malevolent act.  

This poses a major feat since AI-enabled security solution provide security while at the same 

time present targets for violation. In order to address these risks organizations need to train 

the AI models to be resistant to tampering, in addition to requiring continuous human 

supervision and control to make sure AI security solutions behave as desired. 

Types of threats to cloud security that are more particular to AI are diverse and are evolving 

in terms of sophistication, which means that the approach to their mitigation must also be 

systematic and integrated. From the problem of data privacy to adversarial attacks, model 

theft and data poisoning, these risks undermine conventional security paradigm and require 

more specific solutions.  

Defending AI-driven systems in the cloud from adversarial attacks requires components of 

technical and non-technical security, such as implementation of encryption and other security 

measures, and secure Application Programming Interfaces for the use of AI in gathering data 

about the systems’ behaviour and detecting anomalies, application of model defences, as well 

as organizational measures and utilizing threat intelligence information, particularly utilizing 

data protection regulations. Since AI is slowly but surely being weaved into mission-critical 

cloud-based applications, solving these issues will be paramount to achieving the correct and 

secure utilization of AI. 

 

Vulnerabilities  
Cloud infrastructure is now a commonly used solution that provides companies with the 

possibility to use flexible and cost-effective computing resources. Nevertheless, the cloud 

environment has opportunities and comes with a significant number of threats capable of 

threatening providers and clients.  
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Figure 5 Cloud Infrastructure Automation Software Market (The Business Research Company, 2024) 

 

These are not solely in the technological frameworks of cloud systems or exclusively related 

to the legal and operational or human elements that engage with the core infrastructure to 

provide striking points for cyber and data theft. It is important for the organizations to get 

these vulnerabilities clearly understood if they wish to enhance security of their cloud 

environments and to prevent insiders’ attacks on sensitive data. 

Common cloud exposure is the cloud misconfiguration of the cloud environment that 

frequently leads to cloud-security breaches. Cloud services range from a wide variety of 

services and options and, if not configured correctly, open up systems to exploitation.  

Such issues arise mainly when cloud services are not properly configured to be protected, this 

maybe because the person who is handling the technical part lacks the necessary skills or 

even if he had knowledge, it is due to carelessness (Wan et al., 2018). For example, one of 

the well-known weaknesses is associated with who has access to storage buckets or databases 

for the application.  

In cloud environments, where people interact with the services mostly through a Web 

interface, all sorts of things can be easily missed, such as disabling default security measures, 

giving the application too much access, or failing to encrypt confidential information. 

Systems provide the route to the attacker in getting access to and transferring data while 

inflicting enormous losses to organizations, particularly those who manage vast amounts of 

personal or financial information. Regular audits of cloud resources as well as proper 

configuration of the resources is crucial due to exposure associated with improper 

configurations. 

Furthermore, beside misconfigurations, the second major issue with cloud infrastructure is a 

shared responsibility model, which results in blurry understanding of responsibility in 

security between cloud provider and the customer (Khan et al., 2016). Though it is the 
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responsibility of cloud providers to protect the hardware layer clients are generally expected 

to protect the software layer and the applications and workloads running on top of the cloud.  

Such a division of responsibilities may lead to lack of adequate security because both party 

feels that the other is handling a certain segment. For instance, cloud providers can enact 

protection for physical servers, network equipment, and virtualization substrates and yet may 

not protect applications that their customers run on the cloud or data assets that customers 

store and process. A clear understanding of this strategy is paramount to avoid transference of 

security threats as well as achieve proper fiduciary responsibilities of cloud management. 

Another weakness in cloud structure that emanates from the multi-tenant model is yet another 

weakness in cloud structures. In the public cloud environment, many clients can use the same 

physical resources including processing ability and storage; each of them has their own 

logical space where their information and business processes are located.  

Although this makes for cost effective and scalability, hackers and other malicious forces 

have their work cut out for them. An attacker who is able to penetrate one of the tenant 

systems may be able to use this to expand to other tenants’ systems or data which is a tenant 

isolation failure. Such attacks are worse in cloud environments where important data such as 

health records, financial records or an organization’s intellectual property are mixed with less 

crucial data.  

That is for a number of tenants, barriers in technology appear to protect tenants from one 

another, basic issues with the fundamental concept or inadequate security controls could 

enable attackers to ‘jump the wall’ and obtain access to involve other clients’ information. 

Providers have to consistently invest in the improvement of the isolation techniques and 

guarantee that multi-tenant environments are isolated from each other. 

API security issues is another severe weakness that may be traced in cloud infrastructure. In 

chapter three, we learn that API is an important component of cloud computing providing the 

channels of interacting with different services and systems. However, API also directly 

increase the size of an ‘attack surface’ that attackers have to consider when targeting the 

cloud environment.  

APIs, by design, offer access to data, services, or even infrastructure and if not protected, 

become a backdoor for cyber attackers. Some of the targets of attack through API are weak 

authentication, no encryption, and faulty access controls, among others that mean attackers 

can use API endpoints to penetrate cloud services unauthorized. 

In addition, APIs are presented to the internet often and are, therefore, exposed to risks from 

outside. Breach falls under API attack where the attacker mimics calls to the API through 

API scraping, force other calls through force feeds or manipulate the API through its design 

vulnerability with intents of injecting payloads or stealing data. To make APIs secure one 

needs to ensure that proper authentication measures are put in place to confirm that data that 

is transferred through APIs are secured, and thirdly API should be tested for vulnerabilities to 

ensure that they remain secure in future. 

Another major threat is data breach which is a problem of cloud infrastructure. Since cloud 

providers have tightened physical and network security, getting into the cloud is easy but not 

without valuable prize that seeing an opportunity wait to exploit it knowing fully well the 

consequences if caught.  

The most important risk is associated with an inadequacy of cloud clients in managing data; 

this makes the data prone to vulnerability and access by individuals who ought not to have 

such information (Kanimozhi et al., 2019). This is common where clients have not encrypted 

data well, or have poor user control mechanisms, or stored data in non-secure places.  

Huge data storage on cloud services that do not use encrypted formats, alongside or without 

good access controls, are likely to be vulnerable since hackers can identify gaps within the 

system to leak, steal or manipulate the data. A third type of risk lies in threats posed by 
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insiders who, being cloud service providers or clients’ employees can violate the access right 

and steal or manipulate data. To reduce the risk of data breaches organizations must encrypt 

the information, prohibit free access to the information and provide security training to 

employees with improper access. 

DoS and DDoS attacks are also a threat to the cloud infrastructure since it brings desired 

information available to the users or consumers easily. These attacks flood the cloud 

resources including network bandwidth, compute or storage, and make them unavailable for 

genuine users.  

Cloud services, especially those which have autoscaling capabilities are especially 

susceptible to such an attack as the attacker is free to take advantage of the system to launch 

an attack which will trigger autoscaling, and therefore engage the entire back end. The cloud 

providers themselves do have this DDoS prevention and control methods; however, such a- 

scale attacks are still able to interrupt services for clients who themselves do not have a 

proper shield against such an- attack. Backup systems, resource geographical dispersion, and 

observing the presence of unusual traffic patterns are critical capabilities in preventing the 

effects of DoS and DDoS attacks in the cloud. 

Human factor still remains one of the largest threats to cloud infrastructure. However, the 

current technological settings as well as improved security measures depict that most security 

breaches are a result of human errors, including setting insecurity options, management of 

credentials, or even overlooking slots for vulnerabilities. In the cloud environments, due to 

the multi-tenant and distributed nature of systems together with interactions with multiple 

vendors and different levels of IT expertise, human error may become quite an issue (Lai et 

al., 2018).  

Leveraging Auto-Cloud management tools, errors made in management scripts of the 

deployment processes, present vulnerabilities that are hard to identify. There are also 

measures that can help minimize the human factor influence; this is the popular and effective 

practice to train the staff normally, to use automated security monitoring systems, and to 

engage all organizational members in security issues and their proper cloud infrastructure 

management. 

Cloud infrastructure is characterized by many and varying weaknesses, which means that 

cloud security remains a work in progress. Issues such as misconfiguration and multi-tenant 

risks, API insecurity, and data breaches are patent vulnerabilities that need a multi-faceted 

solution that eschews everything from access control, encryption, monitoring, and training of 

employees. When potential threats of cloud infrastructure are understood, organisms can take 

measures towards preventing these vulnerabilities and thereby safeguard their cloud 

infrastructures against new threats. 

 

Challenges 
 Varied Regulations Across Jurisdictions: It could be noted that various countries have their 

legislation related to data protection and privacy (for instance, GDPR in Europe, CCPA in 

California), which complicates the fulfillment of these standards by worldwide CSPs and 

related AI-constituted systems. 

 Data Residency Requirements: Some of the laws exist in countries where the data is believed 

to be retained within that particular nation. This is not good for using services that are hosted 

in the cloud across geographic regions particularly for those driven by artificial intelligence 

that need to process large volumes of data from different parts of the world. 

 Data Sovereignty Issues: Some jurisdictions may have specific control on how data is used 

and this particular issue may in some way complicate the handling and protection of the data 

as it is done across borders especially where the multi-tenant cloud environments are in use. 
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Conclusion 
The compliance issues and legal barriers are central to managing the protection and reliability 

of AI systems in the cloud environment. Companies cannot rely on the fact that they use the 

cloud, for example, and therefore are protected from data protection laws or data residency or 

industry compliance laws, and others. Through enhanced practices and the adoption of 

security programs that consider recent legal advancements, risks can be managed and avoided 

and trust with users can be established in context to fully secure AI-operated cloud 

infrastructure. 
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