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ABSTRACT 

This paper discusses measures that can be employed to avoid domino effects in multi-tenant, multi-cluster 

architecture that is common in contemporary cloud systems. This paper aims at reviewing logical, 

physical, resource, fault, and network isolation techniques with a view of ascertaining how they curb 

failure domino effects across tenants. These advanced techniques demonstrate the necessity and care to be 

taken while choosing and deploying these techniques so as to combine low error handling with system 

performance. Finally, some suggestions about distance semantics implementation for large-scale multi-

tenant clouds to increase overall system irresponsibility and reduce the adverse effects of failures in large-

scale Cloud environments are provided. 
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Introduction 

Multi-tenant and multiple-cluster are two important parts of most of the current cloud architectures that 

allow resource sharing between users and applications. Multi-tenancy is a physical architecture where one 

physical installation of the application can support multiple customers (tenants) with the same data and 

computing resources but are logically separated from each other. Like Multi-Cluster architecture which 

employs several clusters that are designed solely for tackling workload distribution, resources 

management, and failures. These configurations are commonly used because they are scalable, 

inexpensive or cheap as well as elastic in cloud platforms. 

Yet, multi-tenant and multi-cluster arrangements present risks such as multiple tenants or clusters 

suffering from the cascading failures at sites and services. Such failures can then spread throughout the 

system via interconnected resources, thus touching on issues of performance, availability and 

vulnerability. For instance, a problem in one tenant’s application may be due to resource competition and 

which results in poor performance in other tenants that are using the same resources. This can lead to user 

inconvenience, reduction in the availability of service and increased cost of system operation. 

Several distinct approaches to isolation will be investigated in this research. These approaches have the 

potential to assist in preventing chain reactions in these adaptable systems. The capacity to isolate must 

be of utmost importance in order to prevent issues that arise with specific tenants or clusters of renters 

from spreading to other tenants. It is feasible for system administrators to maintain their networks as safe 
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as possible with the assistance of effective isolation methods, which also help them decrease the amount 

of time they spend correcting defects and efficient resource management. 

The report covers a wide range of topics, some of which include the following: a description of the dangers 

associated with cascading failures; an overview of the methods of isolation, including logical isolation, 

physical isolation, and isolation at the network level; and an evaluation of the effectiveness of the methods 

mentioned in relation to the potential dangers that have been elaborated. In addition, the report will include 

some instances taken from real life as well as evaluations from experts about the effectiveness of certain 

methods. 

 

Background and Related Work 

Multi-tenant and multi clusters are the key features of cloud computing; it offers a flexible approach for 

organizing the resources and applications for numerous users. In a multi-tenant environment different 

customers (tenants) use the same underlying physical resources to compute, store and communicate, but 

partitioned in a way to ensure that each tenant’s data and applications are separate from those of others. 

Pleased with this concept, multi-cluster systems go further by placing workloads across multiple clusters 

in different geographic data centers or computing nodes, thereby improving scalability and dependability. 

These architectures are to accommodate various workloads, traffic intensity and different users’ needs [1]. 

However, such architectures DG Preferred and RI5G are unified which makes them vulnerable to issues 

such as cascading failure. Cascading failures are a condition whereby, when one tenant or cluster develops 

a fault, it has a knock effect on the other part of the system. For example, an authorized resource churn or 

a security violation in one tenant can trigger resource contends in others that will result in other tenants or 

clusters being slowed down or halted altogether. This chain reaction results in potential system 

unavailability, cost overruns and loss of reputation; which is why the mitigation of cascading failures is 

important for system integrity. 

Previous works have also recommended several approaches for isolation in order to prevent cascading 

failures [2]. Virtualization and containerization of data guarantee that the workloads are secured to work 

within the same infrastructure without interference that can affect the other tenets. Physical separation 

ensures that each tenant has its own hardware, failure containment is also limited to one tenant only. 

Whereas quotas and rate-limiting controls confine resource usage, network isolation using VPNs or SDN 

guarantees secure data sharing. Moreover, component fail containment strategies such as redundancy and 

replication reduce the effects of failures. Despite these successes, difficulties in maintaining scalability, 

fault-tolerant capacity, and providing the optimal resource usage still remain big at large-scale levels. 

Scholars are developing dynamic isolation and machine learning-based methods to detect and prevent 

failures on the fly. 
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Fig 1: Cascading Failure 

 

The next diagram presents a multi-cluster environment and demonstrates how failure can affect tenants 

and propagate between them if proper isolation mechanisms are not implemented. 

 

Problem Statement and Challenges 

Multiple failures in the multi-tenant and multi-cluster environments are some of the biggest challenges of 

cloud infrastructure. These systems are interconnected in such a way that when one tenant or cluster goes 

down, the failure could affect others in the environment within the big rooms. One of the largest risks is 

fault propagation since one failure can lead to others cascading onwards. For example, if one tenant 

suddenly is pulling large data, there is a resource exhaustion or a service failure, it impacts other tenants 

or clusters through memory, CPU, or bandwidth. In the absence of quarantine, some of such failures may 

go viral and affect the whole system negatively. 

Another serious problem is the slow degradation of the car’s performance. In situations when isolation 

fails or when it can only be partially applied, the dysfunction of one tenant negatively affects other tenants 

in terms of slow response times, lower availability, or, in the worst-case scenario, total blackouts. For 

instance, if one tenant spends much time on many requests because of a failed application, other clients 

may also run slowly or fail because of a lack of sufficient resources. As a result, there is a degradation of 

the services that are being offered as well as a general deterioration of the reliability of the cloud platform 

[3]. 

Different processes arise sharing a commodity, and this gives rise to the issue of resource sharing. To 

view one instance, when resources like CPU, storage or bandwidth are for example shared between several 

tenants these indicate that the malicious attempts of one tenant in one of the applications can cause 

resource contention, whereby many tenants fight for scarce resources. This can worsen the initial failure, 

and lead to other problems in terms of performance and accessibility of premises and resources for other 

tenants. 

Lastly, another drawback of conventional isolation methods is the issue of scalability. Regular scale-up 

of the existing isolation strategies as the cloud environment size and dependency evolve is challenging. 

Such methods as virtualizing or using containers at a small scale may face challenges in handling large 

dynamic systems’ workload. As the number of tenants and clusters increases, basic physical isolation 

techniques might become a bottleneck, which will not allow to achieve the desired level of high 

availability and performance of the system. 
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These issues prove that proper isolation techniques should be developed to address the difficulties of 

modern large-scale multi-tenant multi-cluster environments. 

 

Isolation Techniques and Approaches 

As the systems get bigger with multiple tenants and multiple clusters in place, the failures start cascading 

and destabilize the complete system. To avoid such occurrences, various isolation measures are taken so 

as to guarantee that such failures do not spread to other tenants or clusters. These techniques can be 

classified into five main types; logical isolation, physical isolation, resource isolation, fault isolation, and 

network isolation. 

 

 
Fig 2: Flowchart diagram of Isolation Techniques and Approaches in a multi-tenant, multi-cluster 

cloud architecture 
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Logical Isolation 

Virtualization and containerization are at the core the concept of logical isolation. Tenants are isolated 

through virtual Weber to run different operating systems on the same set of hardware physical resources 

but operate differently. This is implemented at the application level where each tenant’s application is run 

in different containers such as Docker while on the same host and share the same operating system kernel 

[4]. 

Other forms of logical isolation comprise Linux and Kubernetes namespaces that also provide individual 

running spaces for processes, networks, and the file system [4]. To emphasize this difference in 

Kubernetes, tenants are given different namespaces that make them unique and isolated from the others. 

Pseudocode example for Containerization: 

docker run -d --name tenant1_container --

memory=1GB --cpus=1.0 my_image 

This pseudocode defines a space for developing programs for a certain tenant, reducing memory and CPU 

usage which can hinder other tenants from using the system. 

 

Physical Isolation 

Physical separation as physical separation means that the tenant or cluster has its own servers, storage, or 

network infrastructure with no shared resources with other tenants or clusters. Servers which are integrated 

and implemented to act in a bare-metal manner provide tenants with isolated hardware to ensure that 

failures affecting one tenant, will not affect others. This helps to make sure that failure of hardware or 

contention of some resource in one tenant environment cannot affect others [5]. 

Pseudocode for Physical Isolation Example: 

allocate_server --tenant="Tenant1" --

hardware="dedicated-server" 

 

Resource Isolation 

To avoid conflict of resources, resource throttling measures like rate-limiting and quotas are used. 

ResourceQuotas, in Kubernetes, prevents a tenant from utilizing a specific amount of CPU, memory or 

bandwidth more than the other tenants so that no tenant deprives the others of the shared resources. 

Resources can also be reserved for tenants, for example particular cores or amount of RAM which also 

reduces resource conflicts. 

Pseudocode for Resource Quota Allocation: 

apiVersion: v1  

kind: ResourceQuota 

 metadata:  

    name: tenant1-quota  

spec:  

  hard:  

    cpu: "4"  

    memory: "8Gi" 

This is a YAML configuration that manages resource quota for a tenant and the CPU and the memory in 

a cluster. 

https://www.ijlrp.com/
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Fault Isolation 

Fault isolation is employed to guarantee that faults cannot spread throughout the whole of the domain area. 

Redundancy, failover mechanisms and retry logic are particular measures that are useful when the failure 

has occurred. For instance, placement of clusters in availability zones minimize the effect of failure in one 

region than in the other. Elliptical process avoids system failure by ensuring it works albeit under 

diminished capability [6]. 

Pseudocode for Fault Tolerance (Retries): 

def request_with_retry(url, retries=3): 

    for attempt in range(retries): 

        try: 

            response = requests.get(url) 

            return response 

        except Exception as e: 

            if attempt == retries - 1: 

                raise e  # Raise error after final retry 

            else: 

                continue 

This Python pseudocode shows a retry strategy, that called requests will be issued up to 3 times before an 

error is thrown. 

 

Network Isolation 

Network isolation aids in guaranteeing a secure form of communication that can be used among different 

tenants or clusters. SDN technology allows network administrators to control traffic flow between the 

tenants with ease. This lessens the probability of having a network problem that will span across several 

tenants. Firewalls and networking policies prevent unauthorized access and also help to separate different 

forms of communications [4]. 

Pseudocode for Network Isolation (SDN Example): 

sdn create_network --tenant="Tenant1" --

network="tenant1-net" --isolation=true 

With this command, a network for Tenant 1 is created to be separate from the other tenants’ network. 

 

Case Study: Isolation Techniques in a Multi-Tenant, Multi-Cluster Environment for Cloud Service 

Providers 

A case in point with a leading CSP who offers multi-cluster infrastructure where different tenants with 

different workloads share infrastructure [7]. It also showed tenancy issues such as cascading failures where 

problems with one tenant’s applications affected the others due to performance and stability. To eliminate 

these risks the provider adopted several measures of isolation as a way of enhancing the system reliability. 
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Fig 3: Multi-Tenant Application-Software Architecture 

 

Initial Problem 

Another attribute of the CSP’s infrastructure was several clusters placed in diverse geographical zones; 

the tenants had to share CPU, memory, and network bandwidth [8]. One recurring problem was if there 

was some event in the tenant application, for example a memory leak, or increased traffic, which consumed 

even more resources. This could result in resource depletion leading to poor performance throughout the 

system and inconvenience to other tenants. All these cascading failures affected the overall service 

availability and reliability against faults. 

 

Solution: Application of Isolation Techniques 

The CSP adopted a multipronged strategy of isolation The challenges addressed logical isolation, physical 

isolation, resource isolation, fault isolation and network isolation. Containers mark the logical isolation; 

every tenant’s application was housed in a unique Kubernetes namespace. This eliminated scenarios where 

issues in a given tenant’s environment came to affect others and because resources were properly isolated, 

the required maximum consumption of resources was accommodated [9]. For high-priority tenants, 

isolation was achieved by allocating bare-metal servers, guaranteeing that a tenant could not monopolize 

the tenant’s hardware while also preventing common-mode failure with other tenants. 

For this purpose, the CSP used Kubernetes ResourceQuotas that made it possible to restrict the amount of 

CPU and memory consumed per namespace and then fairly distribute them. Request rates were also 

limited in order to minimize DoS attacks and overloads in requests. A work of fault isolation was done 

where more than one cluster was established over multiple availability zones in addition to fail over and 

retry logic to reduce unplanned interruptions. APIs pioneered circuit breakers to contain faults and shut 

them from influencing the system [10]. 
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SDN was used to implement network isolation through provisioning of isolated virtual networks to each 

tenant. Firewalls were implemented for security policies to be set to secure the infrastructure from such 

threats or from collapsing for all tenants to Kiem. This multiple level of isolation concept highly improved 

system reliability and its security [11]. 

 

Results and Improvements 

The application of these isolation techniques led to considerable enhancements in the behavior of the 

system. Resource controls depressed resource sharing while the separation of logical and physical spaces 

allowed for more consistent use of resources across the tenancy. Fault tolerance was improved through 

the use of redundant clusters and fail over, where system failure could not cause significant system 

downtime [12]. 

The network isolation also improved security; this meant that all the tenant communications were strictly 

off the clinical network. Following these modifications, the CSP addressed resource contention induced 

service disruptions by 40% and system outages caused by cascading failures by 30%. 

 

Analysis and Evaluation of Isolation Techniques 

Specific measures by the CSP controlling multi-tenants, multi-cluster setting successfully resolved issues 

related to cascading failures and resource rivalry. The four techniques were analyzed and compared in 

terms of scalability, fault tolerance, and implementation issues [13]. 

 

Comparison of Techniques 

Based on the primary criterion of scalability, all of the isolation techniques used by CSPs offered a range 

of benefits and different disadvantages regarding fault tolerance and ease of implementation. Logical 

isolation through virtualization and containers, particularly by Kubernetes namespaces, was highly 

scalable, and fault-tolerant. Containers enabled simple addition of tenants with a segmented environment 

and isolation but container management as well as resource allocation were challenging in terms of the 

operational overhead. More physical isolation with dedicated resources means higher tolerance to faults 

and higher security but could not scale well because each tenant required new bare-metal servers which 

made it expensive and difficult to manage [14]. 

Resource limit by using Kubernetes ResourceQuotas and rate limiting served as a fair approach to establish 

resource fairness and avoid network overload [15]. The technique proved very effective, technically 

simple to apply but the major disadvantage was that it needed to be perfectly calibrated to ensure that it 

did not put a drag on resource usage. Redundancy and retries, and failover and multiple availability zones 

succeeded in reducing service downtime and maintaining service availability but were costly and less 

scalable. Again, the use of Software-Defined Networking (SDN) and firewalls allowed for good levels of 

network separation and security but were difficult to manage and added complexity to the use of this part 

of the network. The given techniques helped enhance the system reliability, security, and functionality 

given different environmental conditions [16].

 

 

 

 

 

https://www.ijlrp.com/


 

International Journal of Leading Research Publication (IJLRP) 

E-ISSN: 2582-8010   ●   Website: www.ijlrp.com   ●   Email: editor@ijlrp.com 

 

IJLRP24041254 Volume 5, Issue 4, April 2024 9 

 

Table 1: comparison of isolation techniques and their performance evaluation based on the analysis

 

Isolation 

Technique 

Advantages Challenges Scalability Fault 

Tolerance 

Ease of 

Implementation 

Logical 

Isolation 

(Virtualization 

& Containers) 

High scalability 

with easy 

addition of 

tenants, effective 

isolation via 

namespaces, 

fault-tolerant 

Requires 

significant 

expertise, 

potential 

overhead with 

resource limits 

High High Medium 

Physical 

Isolation 

(Dedicated 

Resources) 

Highest fault 

tolerance and 

security, robust 

isolation between 

tenants 

Less scalable, 

costly, harder to 

implement for 

many tenants 

Low Very High Low 

Resource 

Isolation 

(Quotas & 

Rate-

Limiting) 

Balances 

scalability and 

fault tolerance, 

easy to 

implement in 

Kubernetes 

Requires fine-

tuning, potential 

for 

underutilization 

or excessive 

throttling 

Medium Medium High 

Fault Isolation 

(Redundancy 

& Retries) 

High fault 

tolerance, 

redundancy 

ensures uptime 

and resiliency 

Adds 

infrastructure 

complexity, 

requires 

additional 

resources 

Medium Very High Low 

Network 

Isolation (SDN 

& Firewalls) 

Robust security, 

scalable, isolates 

tenant traffic 

effectively 

Complex 

management, 

requires 

specialized 

knowledge 

High High Medium 

Performance Evaluation 

The application of these isolation techniques led to noticeable improvements in system performance: 

System Uptime: Redundancy was applied throughout the system, further utilizing failover, which, in turn, 

decreased the downtime 30%. 

Response Time: Division into address domains and resource domains reduced the load and enhanced 

effective response by avoiding interference between multiple requests using the same resource. 

Resource Utilization: Resource quotas and rate limiting made balanced usage and distribution of resources 

to several applications more efficient and minimized the forms of wastage of more resources.
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Table 2: Performance Evaluation 

Key Performance 

Metric 

Impact of Isolation Techniques 

System Uptime 30% reduction in downtime due to redundancy and failover mechanisms. 

Response Time Reduced contention for resources through logical and resource isolation, 

improving response time. 

Resource Utilization Resource quotas and rate-limiting ensured efficient use of resources without 

over-provisioning. 

Conclusion 

Logical, physical, resource, fault, network isolation approaches have been evaluated and proven to 

minimize failure domino effect and resource competition in multi-tenancy and multi-cluster environments. 

Tools like the container, Kubernetes namespaces, and the SDN are deployed to enhance scalability, fault 

tolerance and security. However, many more questions like, more complex, Scalability issues, Higher 

costs for physical isolation still persist. A research direction for the future is the improvement of the 

integration process of the isolation management to increase scalability and efficiency of large complex 

systems. Furthermore, there is potential in the research on measures that incorporate aspects of various 

isolation concepts to improve system robustness, performance, and adaptability in large-scale cloud 

settings. 
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