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CHAPTER 2 

LITERATURE SURVEY 

2.1. Overview 

This chapter bring together previous research on network function virtualization (NFV) paradigms. 

After the development of cloud computing, the role of information technology in business and 

personal lives has become possible with a variety of possibilities that provide for the customer 

users based on our specific requirements. Currently, various types of applications, stages, and 

organisations are now available on a reference model said to be pay-as-you-go at competitive 

prices. Moreover, the widespread implementation of cloud computing technology with cloud 

customers' count has advanced the entire functioning of the research in this field [38-42]. This 

way, it decreases the overhead expenses, enabling research. The major aim of this chapter is to 

analyse the drawbacks of various strategies and methods to overcome the restrictions through our 

proposed system. 

2.2.    Resource Allocation with the Cloud Computing Development 

As previously indicated, the dynamic resource scheduling system can automatically adjust to 

changes in the workload and needs of consumers at any moment. This is done by trying to scale 

up or down the resources using a set of algorithms, rules, and policies to match the available 

resources as closely as possible with the current workload and needs, preventing both 

overprovisioning and underprovisioning [43-47]. 

The emergence of HCI (Human Computer Interaction) patterns is related to redundancy and 

discrepancies that frequently cause confusion and overburden in the user's interaction. 

Conventional methods, such as database discipline, have considered parameters for dealing with 

these issues by permitting data to be organised and reused effectively through the use of normalised 

database tables and structured queries, among other methods. By proposing and developing a proof 

of concept, the authors [48] hoped to improve the process of pattern generation by eliminating 

inconsistencies and conflicts, as well as by delivering patterns in a reusable manner. They have 

constructed a procedure to aid in the integration and distribution of patterns. Using the process, 



20 
 

they have developed a system that will assist novice users in receiving patterns in an organised 

form and being able to use them efficiently in their designing artefacts when the method is applied. 

Underpinning the system are XML databases, and the procedure will assist in feeding patterns into 

the databases and rewriting them in an easily reused semantic manner, among other things. It is 

possible to include tools in the interface that dynamically process patterns in a user-friendly system 

design and that may be connected to certain other XML-or UML-based tools thanks to the 

databases and the platform. 

In [49], the authors provided a motivation for and a computational foundation for the issue of 

situation assessment. It outlines a comprehensive technique for merging multimodal real-time big 

data into situations that can be taken action upon. Furthermore, it provides a general technique for 

modelling and identifying situations. Subject professionals may model their situations of interest 

with the help of a set of generic building blocks and guidelines that have been developed. A system 

that has been established may be used to test, improve, and put into effect the patterns that have 

been generated (EventShop). The results of implementing this method to develop different 

situation-aware applications by merging heterogeneous streams (e.g., Facebook, Bing Analytics, 

Satellite data, Censuses) are discussed in further detail. 

In [50], the authors outlined the Web Service Descriptive Model with Quality of Service (QoS) 

information, which they called (WSDM-Q), as well as the architecture designed using Service 

Level Agreement (SLA) based Web Service Selection and Ranking with Quality of Service (QoS), 

which they called the (WSS-Q) architecture (SLAWSSR-Q). The suggested service selection 

method relies on the user's basic quality of service (QoS) criteria. Thus, it meets the recommended 

Quality of Service (QoS) standards for web services as specified by the service requester. The 

suggested design surpasses the competition in terms of both practical and non-practical web 

services, as well as SLA-based web services. 

In [51], the authors studied the challenge of resource allocation in order to maximise the overall 

profit earned from SLA contracts while minimising the total profit lost through operating costs 

incurred. In this paper, they introduce the model based on multi-tier applications, in which the 

guarantee-based service level agreement (SLA) is utilised to represent the profitability of the 

system. It is possible to set an upper limit on the profit of each customer by easing the capacity 
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restriction on the servers and distributing the clients among them. Using the upper limit as 

motivation, it is advised to use force-directed search to provide an initial solution. It is also 

suggested to use force-directed discovery to consolidate resources. The effectiveness of the 

approach is compared to that of the upper limit solution and the iterative improvement strategy 

presented in the prior study, and the results are promising. 

In [52], the authors described several different facets that influence the quality of DC RA models, 

as well as their implications. The majority of external challenges are driven by variables such as 

regulatory, regional, and pricing model-related concerns. Internal issues involve exploiting the 

advantages of data localization characteristics to the greatest extent possible. These also comprise 

the design of a robust internal DC network infrastructure. Memory with a high power consumption 

on the server's internal bus (64W) Disk Efficiency reduced by the power supply (12W) and PCI 

Express (PCI) slots (50W). MOTHERBOARD FAN (10 watts), CPU (4 watts), and NIC (4 

watts)Multicore processor aspects are connected to SDN, fault-tolerant, and adaptability, to name 

a few examples. The energy-aware RA design approach has performance issues, most of which 

are driven by consolidating, virtual machine migration, and idle state setup on server idle states. 

Several design modifications are presented with the possibility of providing a benchmark that can 

be used for developing a complete energy-conscious resource allocation model for cloud 

computing data centres (CC data centres). 

In [53], the authors used an SDN-based cloud computing architecture. The authors proposed an 

end-to-end quality of service management system. When it comes to SDN, they provide a QoS-

guaranteed strategy that allocates resources dynamically across all cloud users using a route 

optimization algorithm, which is reliant on the characteristic of control plan separation from data 

plan. Furthermore, they used queuing technologies to guarantee that prioritised users' requests 

were met when no candidate path could be calculated by the routing protocol. The results of the 

experimental measurements illustrate that the proposed framework can deliver assured QoS for 

cloud customers' requirements. 

In [54], the authors concentrated on resource optimization for virtual machines deployed in the 

execution of tasks by using a threshold-based tournament selection probability for virtual 

machines. The proposed methodology was intended to generate a metatask, as the proposed 
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technique was a median-based improved Max-Min approach, which was deployed to do this. The 

trial results revealed that the approach outperformed the reference system in terms of makespan, 

resource usage, and throughput. Due to the load balancing, the workload was indeed evenly 

balanced between the two datacenters. 

In [55], the authors proposed a linear programming model of the resource allocation issue in a 

cloud computing environment and then proposed a Hungarian Algorithm Based Binding Policy 

(HABBP) as a method of improving the model. The next step was to contribute code to the popular 

CloudSim simulator and compare the performance of the proposed HABBP software 

implementation to that of the usual CloudSim binding policy and a binding based on the Simplex 

method, which was previously developed. When it comes to overall job execution time, the 

simulation results reveal that the newly proposed policy outperforms the traditional binding policy 

that was applied in the CloudSim in terms of total job execution time. 

In [56], the authors specifically developed a resource management framework as well as a 

prototype to enhance resource usage rate, minimise data processing system overheads, and retain 

workload balancing. The structure and prototype's advancements entail resource management, 

allocation of resources, resource adaptation, and resource release, among others. They were able 

to confirm the practicality of their prototype through tests, and the results of system assessments 

revealed that the time required for resource allocation and release is related to the number of virtual 

servers but not really the time required for virtual machine migrations. Research on resource 

management approaches has been conducted because it has some relevance to the optimization of 

functionality in virtualized computing environments, so it has been conducted. 

In [57], the authors describe the architectural and process of the CCSMVM before getting into the 

important methods of task creation and scheduling, respectively. To test the sample of the 

CCSMVM integrated by Ansys, a FEA programme that is similar to FPBS is being created by 

Ansys. The results of the trials demonstrate that: (1) the viability of essential technologies has been 

established, as load balancing between virtual servers has been accomplished; and (2) CCSMVM 

is capable of completing tasks in a short period of time while using a large number of resources. 

(3) The task allocation method is more efficient than other algorithms in completing tasks in a 
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shorter amount of time. By swapping running speed for resources, CCSMVM may accelerate the 

execution of tasks. 

In [58], the authors designed a framework based on a three-layer structure for collaborative 

computing task distribution, deployment, and execution over multiple virtual machines to 

implement transparent design and placement of tasks. The framework simplifies the interaction 

among processes with implicit communication and provides a highly reliable and fault-tolerant 

computing environment. Based on the supporting technologies, including virtual appliance 

technology and application virtualization, six key techniques are proposed for the framework 

design. They are the description of executable file packages and their submission methods; 

automatic distribution and deployment of executable files; the way of starting and loading tasks; 

status transition of feature units; message communication language; and system fault tolerance 

approaches. Based on these key techniques, a prototype system has been developed and its 

performance tested. The experimental results show that the framework and key techniques can 

improve the speed of task distribution, deployment, and execution, as well as the system 

throughput. The task speedup rate is therefore increased. 

In [59], the authors state that in order to effectively provision resources, a joint approach that 

incorporates virtual machines and bandwidth distribution is necessary. Additionally, demand is 

unexpectedly high or low. The reserving of resources is permitted by service providers. To account 

for this risk, they employ stochastic programming to account for the risks of under-and over-

provisioning. In order to improve the performance of the stochastic optimization, they minimise 

the complex problem using a scenario tree reduction approach, which considerably improves 

tractability while maintaining a strong heuristic. In addition, a sensitivity model was used to 

analyse the solution's tolerance to changes in parameter values. Their approach is shown to be 

optimum and to adapt effectively to changes in parameter values based on historical demand data, 

which they get via the use of a deterministic equivalent formulation. It has also been demonstrated 

that price sensitivity analysis may be beneficial for both customers and providers in terms of 

optimising cost efficiency. 

In [60], the authors' currently available models that aim to handle data storage assessments either 

concentrate on a particular element of these variables or utilise general IT paradigms to evaluate 
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data storage as a sub-component. The complexities of information storage needs necessitate the 

development of a comprehensive framework for the data storage sector. It is the contribution of 

this research to provide a comprehensive framework for evaluating and choosing an optimal 

storage solution for multi-variable needs. It is the first of a series of studies that will analyse four 

separate big-data storage technologies using this framework, and it will examine Information 

Dispersal Algorithm (IDA) storage technology as the first of those mentioned techniques. 

In [61], the authors address the issue of unoptimized resource allocation in a slot-based 

MapReduce system by identifying and optimising the allocation of resources through three aspects, 

as stated in the article. Slots may be underutilised to a significant degree in the beginning due to 

the predominance of distinctive map slots and the reduction of exchangeable slots. For the reason 

that map slots may be completely occupied, whereas reduced slots are completely vacant, and vice 

versa. The recommended alternative approach, entitled Dynamic Hadoop SlotAllocation, 

maintains the slot-based concept while implementing the proposed alternative technique. It relaxes 

the limitation on slot allocation, allowing spaces to be transferred to activities that are either 

mapped or reduced based on their requirements. For the second time, speculative execution may 

be used to address the straggler issue, which has been demonstrated to improve the performance 

of a single task while detracting from the overall effectiveness of the cluster. Speculation 

Execution Performance balancing is being considered in terms of balancing the effectiveness 

tradeoff between a single job and a group of jobs. Third, it has been shown that delay scheduling 

improves data locality, although at the expense of fairness. Conversely, the suggested strategy 

known as Slot Prescheduling, which may increase data localization while having no influence on 

fairness, is also worth considering. The conclusion of these strategies is a step-by-step slot 

allocation mechanism known as DynamicMR, which may significantly increase the performance 

of MapReduce tasks when used in conjunction with one another. The experimental results show 

that the DynamicMR can improve Hadoop MRv1 accuracy while maintaining fairness by up to 

46 115 percent for single tasks and 49 112 percent for multiple jobs when compared to the 

baseline. 
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2.3. Allocation of Dynamic Resource within the Virtualization of Network Function 

Each Virtual Network Function (VNF) is typically created with a specific amount of resources that 

has been pre-defined by the VNF designer and described in the VNF descriptor, according to 

traditional practice.Conversely, virtual network functions (VNFs) often do not need constant 

resources, but rather demand more or fewer resources based on the quantity of traffic they get. In 

this way, allocating a set number of resources is susceptible to under-or over-allocation of 

resources depending on the circumstances. Even as Network Function Virtualization (NFV) is 

gaining traction as a result of the promising benefits of flexible service function deployment as 

well as reduced operations and maintenance costs, there are still a number of challenges that must 

be addressed properly before it can achieve its maximum potential. When it comes to NFV 

production, one of the most significant challenges is efficiently and effectively deploying service 

functions while guaranteeing that service level agreements are met and making wise allocations of 

network resources. This is a challenge that has a significant impact on the NFV production chain. 

Despite ongoing research efforts in the field, limited progress has been made toward scalable and 

cost-efficient placement and chaining of virtual network functions (VNFs), which is a critical 

component of the successful implementation of network function virtualization (NFV) [62-67].  

In [68], the authors tackled VNF placement and chaining as an optimal issue in the context of inter-

and intra-datacenter communication networks and systems of networks. To tackle the Virtual 

Network Function Placement and Chaining (VNFPC) issue, they formalised it and developed a 

mathematical model to do so. After that, the model was utilised to generate one of the first baseline 

comparisons in the field of managing resources in NFV, and it has since been frequently referenced 

in contemporary work. A unique fix-and-optimize-based heuristic technique for handling the 

VNFPC issue is also proposed, which addresses the scalability of the problem by dealing with 

large instances. Furthermore, the proposed study included thorough measurements of the 

performance constraints of practical NFV implementations to support the findings. The proposed 

analytical model, which is based on this information, may properly predict incurred operating 

expenses. Based on the cost model, we then created an optimum intra-datacenter service chain 

deployment method for the datacenter. Finally, the challenge of monitoring service chains in NFV-

based architectures has been effectively addressed and solved. 
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They defined the network function placement and chaining issue in [69] and proposed an Integer 

Linear Programming (ILP) model to address it using integer linear programming (ILP). A heuristic 

approach for efficiently steering the ILP solver around practical, near-optimal solutions was also 

presented in order to deal with large infrastructures, which was implemented by the authors. 

According to the results, the suggested model may reduce end-to-end delays by up to 25% (when 

compared to chainings found in typical infrastructures) while ensuring the quality of resource over-

provisioning (limited to 4%). Moreover, the researchers proved that the use of a heuristic method 

may lead to the discovery of solutions that are very close to optimum while still providing answers 

in a timely manner. 

In [70], the authors introduce Network Function Virtualization (NFV)-PEAR, a framework for 

adaptive VNF insertion and chaining, as a framework for adaptive VNF insertion and chaining, in 

their paper. In NFV-PEAR, network administrators may (re)arrange the placement and chaining 

of virtual network functions (VNFs) on a periodic basis with the purpose of sustaining suitable 

end-to-end flow results despite changes in the cost and needs of flow processing. On the other 

hand, NFV-PEAR aims to keep network modifications to a bare minimum (e.g., reallocation of 

VNFs or network flows). The results of an analytical and experimental evaluation provide 

evidence that NFV-PEAR has the potential to provide more stable operation of network services 

while also significantly reducing the number of network configurations needed to guarantee end-

to-end flow performance across a network infrastructure. 

Through the use of machine learning, the authors of [71] were able to decrease the complexity of 

the placement and readjustment procedures by constructing a proactive solution that was based on 

clusters. In this paper, we propose (1) an Integer Linear Programming (ILP) model that takes into 

account a trade-off between the minimization of latency, SLO violation cost, hardware utilisation, 

and VNF readjustment cost; (2) an optimised k-medoids clustering approach that divides the 

substrate network into a set of disjoint on-demand clusters; and (3) data-driven cluster-based 

placement and readjustment algorithms that take into account machine leaning. When compared 

to the K-means, original k-medoids, and migration without clustering techniques, the simulation 

results demonstrate that the proposed solution significantly lowers the readjustment time and 

decreases the hardware use. 
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According to the authors [72], there are two sorts of penalties (sometimes called "costs") associated 

with the process of resource sharing across several VNFs. The first are the context switching costs, 

and the second are the upscaling costs. Context switching costs occur when many CPU processes 

(for example, those serving multiple VNFs) use the same CPU and, as a result, the context of each 

process must be loaded and saved repeatedly. Upscaling costs are associated with VNFs that need 

multi-core deployments because they experience a penalty as a result of the load-balancing 

requirements that must be distributed across CPU cores. In order to fulfil the performance 

requirements of the SCs, the chained VNFs must be strategically deployed in the network to 

minimise costs and maximise efficiency. They assessed its effect while taking into account SCs 

with varying throughput and delay needs in a VNF consolidation scenario. 

According to the authors of [73], they investigated the topic of how to best put Virtual Network 

Functions (VNFs) in networks where it is permissible to relocate previously placed VNFs in order 

to reduce the number of servers that are being utilised. The offline issue is first formulated as an 

Integer Linear Programming (ILP) challenge, and then a semi-online method is designed to address 

the online variation of the problem, which is subsequently implemented. The researchers have 

dubbed the proposed method Semi-onlIne VNF plAcement (SIVA).The SIVA system, for 

instance, is built on a bin packing technique that solves the online bin packing issue while also 

taking care of migrations. They found that SIVA migrates at most VNFs per step and has an 

Asymptotic Competitive Ratio (ACR) that supports the VNF kinds that are being supported by our 

theoretical research. For the purpose of evaluating the performance of SIVA, they ran 

comprehensive numerical simulations. Using the experimental data, they can confirm the 

theoretical study and demonstrate that SIVA surpasses the state-of-the-art methods in terms of 

obtaining near-optimal performance with only minimal VNF migrations. 

In [74], the authors presented a summary of current achievements in resource allocation in the 

context of network function virtualization. There are four representative resource allocation 

problems that we generalise and analyse in this paper: (1) the VNF Placement and Traffic Routing 

Problem, (2) the VNF Placement Problem, (3) the Network Functions Virtualization Traffic 

Routing Problem, and (4) the VNF Redeployment and Consolidation Problem.Later, the models 

for delay calculation and VNF security (available) were investigated in the context of NFV 

resource allocation since these are two critical criteria for Quality of Service (QoS). Afterwards, 
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they categorised and summarised the representative work for addressing the VPTR issue and the 

VRC problem, taking into account numerous quality of service factors (e.g., cost, delay, 

dependability, and energy), as well as many possible situations (e.g., edge cloud, online 

provisioning, and distributed provisioning).  

In [75], the authors began with the difficulties in handling coordinating NFV resource allocation 

(NFV-RA), then established a three-coordinating NFV-RA paradigm as a mixed integer 

programming (MIP) problem, and then proposed a heuristic approach known as Merge-Split 

Viterbi optimization (MSV). In the absence of a specified maximum number of VNF instances, 

MSV can automatically identify the appropriate number of VNF instances to utilise. It also does 

not use the iterative deployment technique that is popular in existing options. The key concept 

behind MSV here is to build a global homogenous solution and then further optimise the basic 

solution via various improvement techniques. By doing so, it is less likely to get locked into local 

optimality and less likely to use sophisticated anti-local-optimal strategies. Comprehensive 

investigations reveal that MSV can obtain solutions in the global range with tolerable execution 

time and achieve overall cost ratios that are within 11.5% of the MIP implementation when 

compared to the MIP implementation. 

In [76], the authors suggested a novel route mapping strategy for tackling the NFV-RA issue for 

deconstructed network service chains that was based on a previous path mapping approach 

(NSCs). It has been suggested that a symmetrical approach be used to maximise aggregate 

embedding costs while improving average execution time. The proposed technique has been 

compared to two other current approaches with similar results.six and sixteen scenarios of short 

and long simulation runs, respectively. In order to investigate the influence of the number of nodes, 

linkages, and pathways of service calls on the proposed model, over 122,000 service requests were 

solved. When compared to current Integer Linear Programming (ILP) and heuristic schemes, the 

suggested ILP and heuristic schemes have reduced the execution time by up to 39.58% and 6.42%, 

correspondingly. 

In [77], the authors partitioned the entire historical allocation huge dataset into multi-batch 

datasets. They forced the agent to continually "explore" and learn about the various state spaces, 

which increased the learning efficiency. With each batch dataset, IRDA reuses the strategy that 
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was learnt from the previous batch dataset and adjusts it to the new learning from the following 

batch dataset, allowing it to progressively learn from multi-batch datasets and optimise its 

allocation strategy. The suggested approach was then used to manage luggage carousel distribution 

at Hong Kong International Airport, where it was successful (HKIA). As demonstrated by the 

experimental results, IRDA is competent at incrementally gaining knowledge from multi-batch 

datasets, as demonstrated by the experimental results, and it improves the utilisation of baggage 

carousel resources by approximately 51.86% when compared to the previous baggage carousel 

allocation scheme at Hong Kong International Airport. 

According to the authors of [78], they collaborated on a strategy for mutual optimization of NFV 

resource allocation during three crucial phases. System charges and service performance have been 

deliberated on together using a general cost model, which has been applied to all of the costs. 

Along with mixed-integer linear programming (MILP), which is used to represent the virtual 

machine dynamic under scheduling via NFV-RA, a heuristic-based approach (JoraNFV) is 

proposed for the achievement of the local optimum values in the NFV-RA environment. The 

tractable may also be produced by the collaborative network of NFV-RA, in which the JoraNFV 

is divided into sub-algorithms, within the hopping of optimal data traffic, and the greediness for 

multiple paths of an algorithm allocated in the chain of VNF. As a final point, results from 

extensive simulations carried out for JoraNFV's performance evaluation reveal that JoraNFV finds 

an output at a value that is 1.3 times the local optimal at the end of the valid computation period, 

indicating that JoraNFV can be used for on-line network function virtualization advancement. 

2.4. Workloads of Business-Critical introduced in the Datacenters of Cloud 

The goal of this thesis is to define the workload of a distributed datacenter that serves corporate 

clients that use business-critical applications in order to address the scarcity of data and 

information regarding datacenter workloads currently available. It is important to note that when 

installing such large-scale data processing systems in cloud computing environments, they do not 

function in isolation, and as a result, they are more susceptible to being influenced by resource 

unpredictability. As a result of the inherent nature of large data processing systems, this problem 

is exacerbated: such systems are designed to operate in isolation, inside private clustered data 

centers. The computation is thus tailored for, and yields realistic results in, both homogeneous and 
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symmetric settings. A small number of techniques have been developed to deal with the problem 

of networking heterogeneity in big data technologies. 

Load balancing virtual machine (VM) scheduling in cloud computing is concerned with allocating 

virtual machines (VMs) to appropriate physical machines (PMs) and balancing the resource 

utilisation across all of the PMs. Appropriate scheduling of cloud hosts is required in order to 

design effective scheduling algorithms for allocating virtual machines to physical resources in an 

appropriate manner. When considering the VM scheduling issue, it is possible to enhance it by 

including dynamic resource forecasting in each PM. 

In [79], the authors used a combination of ant colony optimization (ACO) and virtual machine 

dynamic forecast scheduling (VM DFS) to address the VM scheduling issue, which they termed 

virtual machine dynamic prediction scheduling through ant colony optimization (VMDPS-ACO). 

This is achieved in this technique by analysing past memory usage in each PM, predicting future 

memory consumption of VMs running on that PM, and allocating VMs to the most efficient 

resource on the cloud infrastructure available. The proposed approach was tested in Matlab, and 

the results were positive. The suggested method's performance is compared to that of the VM DFS 

algorithm. When scheduling virtual machines and assigning them to appropriate PMs, the VM 

DFS algorithm makes use of the first-fit decreasing (FFD) scheme with associated types (i.e., 

queuing the list of virtual machines progressively, decreasingly, or randomly). They tested the 

proposed approach in both homogeneous and heterogeneous environments to see how it 

performed. According to the results, VMDPS-ACO outperforms VM DFS in terms of resource use 

in both homogeneous and heterogeneous modes, and it provides better load balancing across PMs. 

Because of the significant variability in cloud measurements, the present resource 

prediction models are unable to provide sufficient accuracy. As a result, in order to cope with 

varying cloud resource needs, it is important to properly estimate future resource requirements in 

order to automate the provisioning of necessary resources. A novel Intelligent Regressive 

Ensemble Approach for Prediction (REAP) has been developed by the authors in [80], which 

integrates feature selection and resource utilisation prediction techniques to achieve high 

performance while maintaining low cost. It is determined if the suggested strategy is successful in 

a real cloud infrastructure by carrying out a series of tests in that environment. The empirical 
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findings demonstrate that the suggested technique outperforms the current models in terms of 

accuracy rate and execution time, with the new approach considerably outperforming the existing 

models. Moreover, the findings are confirmed by comparing the current Learning Automata (LA) 

driven ensemble technique with the new ensemble approach in terms of error rate. 

An autonomic and intelligent workload prediction technique for cloud resource 

provisioning was suggested by the authors in [81], and it was based on the notion of autonomic 

computing, as well as on a deep learning methodology. In particular, they proposed an efficient 

deep learning model based on a diffusion convolutional recurrent neural network (DCRNN) to 

forecast future demand for CPU consumption and decide how to react to workload changes in the 

following period. Deep learning models that are now in widespread use are unable to provide 

reliable real-time forecasting owing to the prevalence of inconsistent and nonlinear workloads in 

cloud data centers, which makes them ineffective. The deep learning model's purpose is to enhance 

forecasting accuracy while simultaneously reducing the error between predicted and real 

workloads. A real-world dataset of PlanetLab's CPU utilisation traces was used to test the efficacy 

of the proposed DCRNN-based deep learning model, which was used to conduct the experiments. 

Using the data, it was found that the suggested technique outperforms other current deep learning 

models, with an mean absolute error (MAE) of 0.2 and a root-mean-square error (RMSE) of 3 

compared to other deep learning models in the literature. 

It is necessary for resource management approaches such as virtual machine consolidation to be 

aware of the present and future resource utilisation of cloud resources. As a result, the application 

of forecasting models to existing cloud environments is required.While cloud resource 

consumption varies greatly from one time period to the next and from one server to the next, 

selecting the appropriate time-series model for projecting cloud resource usage is dependent not 

only on the passage of time but also on the trend in cloud resource utilisation. As a result, 

implementing ensemble prediction algorithms, which combine various prediction models, may be 

an appropriate strategy for achieving the aforementioned aim. An ensemble cloud resource use 

prediction method based on Learning Automata (LA) theory is presented by the authors in [82], 

and it is capable of combining state-of-the-art prediction models while also determining weights 

for individual component models. By aggregating the predicted values of all component models 

on the basis of their performance, the suggested method predicts the future. After conducting a 
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large number of trials on the CPU load prediction of multiple virtual machines from the CoMon 

project dataset, it was discovered that the suggested technique outperformed previous ensemble 

prediction algorithms. 

In [83], the authors concentrated on the price bidding techniques of numerous users competing for 

resource usage in cloud services, specifically in the context of cloud computing. Their approach 

was based on game theory, and they formulated the issue as a non-cooperative game comprising 

numerous cloud users, whereby each cloud user is only given a limited understanding of the 

behaviours of the other users. They construct a utility function for each user that combines 

operating profit with time efficiency, and then strive to increase the value of this utility function. 

The technique created to allow various customers to analyse their utilities and determine whether 

or not to utilise the cloud service was successful. Moreover, the proposed framework would allow 

each cloud user to determine an acceptable bidding price using the information provided by the 

other cloud users. At the outset, they eased the requirement that the number of servers provided be 

fractional, and then demonstrated that there is a Nash equilibrium solution set for the specified 

game. Next, an iterative algorithm (IA) was created, which is intended to calculate a Nash 

equilibrium resolution. The convergency of the suggested method is also investigated, and it is 

discovered that it converges to a Nash equilibrium if a number of criteria are met. Last but not 

least, they modify the found solution and suggest a near-equilibrium price bidding algorithm 

(NPBA) to describe the whole of the proposed framework's bidding process. In accordance with 

the experiment results, the derived near-equilibrium solution is quite close to the equilibrium 

solution. 

      According to [84], in order to overcome the constraints of model-based techniques, data-driven 

technologies such as machine learning have become more popular in the fields of prognosis and 

healthcare management (PHM). Although ML algorithms are capable of constructing accurate 

prediction models, substantial amounts of training data are necessary in order for this to be 

possible. As a result, ML algorithms are not computationally efficient in the context of data-driven 

personal health management. The goal of this work is to develop a unique technique for machine 

prognostics that makes use of a cloud-based parallel machine learning algorithm to achieve this 

goal. The random forest technique (which is one of the most prominent machine learning 

algorithms) was used in this study to forecast tool wear in dry milling operations. An additional 
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component is the development of a parallel random forest method, which is subsequently deployed 

on the Amazon Elastic Compute Cloud using the MapReduce framework. In experiments that have 

been conducted, the random forest method has been proven to provide very accurate predictions. 

Furthermore, by applying the concurrent random forest approach, it is possible to gain considerable 

performance gains. 

Cloud applications operate on the same physical machines as each other, but with distinct 

workloads, which results in non-synchronized access to the shared resources between the two. 

Because of this, co-hosted apps may find themselves in a state of competition for shared resources 

and may not get the resource levels requested. In [85], the authors looked at the competition for 

CPU resources since CPU resources are permitted to be over-committed under standard service 

level agreements. To give the desired performance to clients, the suggested CPU-contention 

predictor is designed for demanding business-critical applications that require minimal resource 

contention. The predictor is composed of a set of regression models and indicators that they have 

thoroughly tested and evaluated. In addition, data from a heterogeneous cloud operation spanning 

many datacenters and supporting mission-critical applications was used to fine-tune the predictor. 

Increasingly, mission-critical workloads such as website and email server instances, as 

well as application servers are being housed in virtualized datacenters that function as 

Infrastructure as a Service clouds (cloud data enters). More importantly, although a few operators 

(e.g., Google and numerous supercomputing facilities) have shared data, research in business 

analytics (MapReduce), search, and statistical modelling has been enabled, but not studies in 

business-critical workloads. In order to alleviate this situation, the authors of [86] undertook a 

comprehensive study of business-critical workloads that were hosted in cloud data storage 

environments. The researchers next gathered two large-scale and long-term workload traces that 

corresponded to the resources that were requested and actually used in a distributed datacenter that 

served business-critical workloads. Later on, they conducted a thorough investigation into the 

workload traces. The research provides insight into the burden of cloud data when it comes to 

hosting mission-critical business workloads. The findings of this study may be used to build 

effective resource management methods for data entry systems based on the findings. Furthermore, 

the traces generated by the study may be utilised for a variety of tasks such as workload monitoring, 

modelling, and analysing resource scheduling rules, among others. 
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In [87], the authors describe a complete examination of Alibaba's cluster-trace-v2018 of a 

production cluster consisting of 4034 computers, which was undertaken by the authors. The 

following are some of the results and insights: (1) There is a daily cyclical variation in the workload 

on the production cluster, as measured by CPU and disc I/O usage, and the memory system has 

emerged as the performance constraint of a co-located cluster. (2) In terms of frequency 

distribution, batch jobs, including their activities and derived instances, can be represented as a 

Zipf distribution.Furthermore, since online services are highly prioritised, batch processes that are 

dependent on directed acyclic graphs suffer from the fact that they are co-located with online 

services in the first place. (3) The resource usage of containers follows a similar cyclical pattern 

to that of the whole cluster, although their memory usage remains relatively constant. In addition, 

the number of batch tasks that are situated in the same location as online services is dependent on 

the number of mispredictions per kilo of instruction for online services. When the MPKI of online 

services increases, the number of batch jobs that must be co-located on the same machine should 

decrease in order to ensure the quality of service (QoS) of online services. 

There have previously been a large number of studies conducted to analyse and define the 

degree of resource fluctuation in public clouds. We do not, however, have a good view of how 

resource fluctuation affects big data workloads, which is a problem. In [88], the authors take a 

significant step forward in terms of defining the behaviour of large data workloads when network 

capacity is subject to variations. They describe the performance attained by executing real-world 

big data applications on cloud infrastructure that is modelled by real-world cloud bandwidth 

distribution. They discovered that most large data workloads, including those that are not network-

bound, are slowed down while operating in a variable network environment. Furthermore, the 

maximum average slowness for the cloud configuration with the greatest variability is 1.48 for 

CPU-bound workloads and 1.79 for network-bound workloads when using the cloud arrangement 

with the greatest variability. 

In [89], the authors developed a technique for workload consolidating in a cloud datacenter that 

involves the identification of overloaded hosts, which results in a reduction in overall energy 

consumption. Cloud computing is an emerging paradigm in which virtual resources are 

provisioned on a pay-as-you-go approach, as opposed to traditional computing models. When a 

user's job requirements are received, they are mapped into virtual resources that are executed on 
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hosts in the datacenter. In order to accomplish workload consolidation, it is necessary to identify 

the hosts that are overburdened. Detection of overloaded hosts is carried out for the purpose of 

balancing workload, creating a list of overloaded hosts that will be useful when placing VMs (by 

not placing a VM on an already overloaded host) in order to reduce Service Level Agreement 

(SLA) violations, and when checking for an underloaded host, the overloaded hosts are omitted in 

order to reduce computational cost. In order to identify overloaded hosts, the most typical approach 

is to construct higher threshold values depending on the usage of the hosts, either statically or 

dynamically. The majority of academics propose that threshold values be computed dynamically. 

It was suggested in this study by the authors that they use the moving range (MR) technique of 

factor control charts to determine the upper threshold. The results of the experiments reveal that 

MR performs better in terms of reducing SLA violations and minimising VM migration.  

2.5 Summary: 

With the combination of large platform sizes and dynamic VM workloads, this study illustrated 

the idea and issues of optimising server allocation of resources in cloud environments. Resource 

consumption prediction is achieved by machine learning, as seen in Section 2.3. A few works make 

predictions based on previously run virtual machines (VMs).When it comes to virtual machines 

that are really starting up and for which actual use has not yet been recorded, this strategy may be 

well suited to improving resource allocation. Furthermore, the problem of identifying the traits 

with the most predictive potential remains unsolved. 

 

 

 

 

 

 

 


