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Abstract:

A hierarchical production planning system in a make-to-order setting is discussed in this work.
Finding optimal production parameter settings to take use of well-established planning techniques is a
difficult issue in this situation. In order to improve the systems overall efficiency, we provide a
modular power system in this study that uses a Hydraulic Free Piston Engine (HFPE) as the power
unit. We also design a power distribution control approach. The best practices and strategies for
putting them into practice are determined. The usage of energy-saving technology, techniques for
boosting recovery during braking, strategies for energy-efficient energy consumption, and ways to
improve the traction drive's energy efficiency are all taken into consideration. This is because to
server availability issues and resource limitations. Fault tolerance, migration prediction, and just
anticipating failure are a few instances of algorithms having a single purpose. Fault tolerance is
another example. The goal of this study is to identify the best course of action for switching from a
poorly performing system to one that is doing effectively. The ability to anticipate a virtual machine's
failure in a timely manner is crucial because of problems like wasted resources, energy, and money.
The reliability of virtual machines, or VMs, has been a problem from the early days of cloud
computing. Preventive procedures are an essential part of a fault tolerance system and are necessary to
ensure service continuity. This means that improving and highlighting the proactive failure prediction
of virtual machines is essential. Reduced downtime and improved scalability are the main drivers
behind this. To safely move the resources that were expected to fail from one virtual machine (VM) to
another, a strategy was used. The migration took less time to finish when the compression technique
was used, but resource use went up. Effective defect prediction approaches in cloud computing are
made possible by artificial intelligence in this article, which enhances resource optimisation.
Keywords: Virtual Machine (VM), Fault Tolerance System, Energy Consumption, Hydraulic Free
Piston Engine (HFPE), Cloud Computing, Optimization, Planning Methods, Distribution Control
Strategy, Energy Consumption, Environment.
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I.  INTRODUCTION
Due to their variable power outputs, the growing integration of Distributed Energy Resources

(DERS) in contemporary distribution networks may result in voltage swings. Although over-
voltage circumstances are more likely to occur, both under-voltage and over-voltage
problems may arise in distribution networks with substantial DER penetration [1]. When
DER production exceeds the load in a distribution network's sub-circuits, over-voltage
circumstances may arise. This results in reverse power flow, which raises feeder voltages [1,
2]. When solar PVs are integrated between a Step Voltage Regulator and its Regulating Point
(SVRRP), under-voltage problems may arise in a grid. There is a decrease in the quantity of
SVR taps when a DER is operating at a leading power factor and near an SVR [2]. In contrast
to the situation when the DER is run at a power factor around unity, this results in a lower
voltage profile in the feeder [2, 3]. Furthermore, low voltage circumstances in the grid may
result from a rapid ramp-down of PV output or an abrupt drop in PV generation during
periods of high demand [3].

All distribution networks, however, are required by the ANSI C84 standard to maintain the
voltage of their customers within a specified range (0.95 to 1.05 Pu) [1, 3]. Consequently, one
of the best methods for reducing voltage fluctuation issues that has been effectively
implemented in distribution grids is Volt-VAR optimisation (VVO) [3, 4]. Coordination of
utility-owned device schedules, including the condition of capacitor banks and the tap
settings of on-load tap changers (OLTCSs), with reactive power injection/absorption by smart
inverters, such as PV inverters and battery energy storage (BES) inverters, is the main
purpose of daily VVO [3]. Using information on solar production and the load profile, the
VVO schedules the available resources to keep the network's voltage profile within a
reasonable range for a variety of PV generation or load conditions [4]. While maintaining the
feeder's intended voltage profile, the VVVO method must lower power losses throughout the
distribution network [4]. Furthermore, to make sure that the usage of VVVO solutions does not
adversely affect inverter efficiency, the power losses resulting from altering their power
factor must be taken into account [3, 5].

Over the years, modular power architecture (MPA) has attracted a lot of interest because of
its notable flexibility in energy output characteristics and comparatively high efficiency [3,
5]. By regulating a certain number of autonomous power units, MPA attains great efficiency
and allows the power system to function within an efficient range [4]. Fuel cells' linear link

between fuel flow mass rate and power output made them popular in early power units.
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Several fuel cells have been successfully constructed to increase the overall system efficiency
[5, 6].

As shown by the establishment of a power system design that included an internal
combustion engine and a battery, power units may take many different shapes [6, 7]. In order
to guarantee regular power system functioning even in the face of severe circumstances
brought on by unit failures, they also suggested a fault-tolerant control technique [4, 6].
Using comparable control techniques, a series-parallel hybrid powertrain architecture for
automobiles was able to provide stable vehicle operation under failure patterns [6, 8].
However, the robust crankshaft construction of traditional internal combustion engines
sometimes limits their adaptability [4, 6]. Researchers have created a number of new power
unit patterns in recent decades in an effort to achieve flexible layout and energy output. One
such pattern is the Hydraulic Free Piston Engine (HFPE), which has drawn more attention
because of its straightforward design, low weight [6, 7], adaptable arrangement, and power
output [6].

The internal combustion phase and the hydraulic phase are the two primary components of
HFPE, in contrast to traditional crankshaft engines that are limited by the crankshaft and
connecting rod [6, 7]. The piston assembly, which consists of the pump and combustion
pistons, connects these two stages [6, 7]. In order to transform fuel energy into hydraulic
energy, the moving piston assembly uses the gas pressure from the combustion chamber and
the hydraulic pressure produced by the pump to undergo reciprocating motion [7].
Lithium-ion batteries (LI1A) will continue to be the most common battery type used in electric
cars, according to the IEA. At the moment, Li-lon batteries may account for as much as 45%
of an EV's price [6, 8]. This is predicated on a five-year average service life in the
manufacturer's suggested settings. The unequal load caused by road conditions and the high
cyclicality (reversibility) of the charge/discharge processes as a result of the battery's energy
recovery in the electric braking mode are the distinguishing characteristics of battery
operating modes in electric vehicles (EVs) [8]. When using the ETS, [8, 9], the battery is
subjected to a broad variety of temperatures, heavy forced modes, variations in load current,
and random changes in the frequency, length, and time of charge/discharge cycles [6, 7]. All
of these elements have a major impact on the degeneration of electrode materials, altering the
battery's operating parameters [6, 7], which causes the characteristics to deteriorate and
accelerates battery wear [7, 8].

Therefore, a wide range of issues must be resolved in order to implement AB as a component
of EFV, including identifying the factors influencing AB's ageing processes, managing
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discharge/charge modes effectively, and figuring out the best ways to control the EFV power
unit without degrading its dynamic properties [8, 9]. One significant technical and economic
element influencing the pace of manufacturing of autonomous cars is AB service life [8, 9].
As a result, it is important to investigate problems pertaining to extending battery life and
enhancing energy efficiency [9].

Manufacturing businesses often encounter difficult market conditions related to shifting
demand and sophisticated products [9, 10]. In addition to product quality, their clients usually
place a premium on logistical performance (such as service levels, delivery lead times, and
average lateness) [10]. Despite referring to distinct planning levels, a number of choices that
have a significant impact on one another must be properly made in order to stay competitive.
Typical issues in this context are often described as tasks such as scheduling, lot size, order
release, and capacity planning [11, 12]. Generally speaking, different choice levels
correspond to varying aggregation degrees and time spans [12]. The primary cause of this is
the growing degree of uncertainty associated with longer planning horizons [12, 13]. A
hierarchical planning system may be used to try to coordinate choices made at various levels
[13]. In the framework of make-to-order manufacturing, we introduce such a system. Data
from the automotive supplier business has been used to develop our experimental framework
[13].

Thus far, there hasn't been enough discussion about the best parameterisation of lot sizing
techniques in this situation. Nonetheless, it has been specifically suggested that planning
parameters be optimised concurrently. In a two-stage production system with varying
customer due dates, an analytical model for concurrent capacity and anticipated lead time
optimisation has been introduced [13, 14]. A disassembly remanufacturing system's planned
lead times have been examined. In order to establish projected lead-times in capacity needs
planning, a technique developed using Lagrange's method of indeterminate coefficients has
been presented [13, 14]. Lead times for a system of make-to-order manufacturing that are
planned [15]. To determine the ideal values of the planning parameters, they integrated their
model into a non-linear optimisation algorithm; nevertheless, they note that it would have
been beneficial to include the dynamics of MPS in this case [15].

Base stock levels, kanban counts, and projected supply lead times are all trade-offs in
production/inventory systems with numerically advanced demand information [15, 16]. In a
make-to-stock setting, they used a simulation-based optimisation technique. Inventory system
optimisation using simulation has been explored [16]. Job shop scheduling is an operational
planning issue that is addressed via simulation and optimisation [16, 17]. The use of
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simulation-based sequencing optimisation has been explored for a production-inventory
system with many items. They limit their search to straightforward structured rules that can
be characterised by a few parameters since the issue is too complicated for an analytical
solution [18]. They used a genetic algorithm as an optimiser in conjunction with a simulator.
As part of their hybrid simulation optimisation approach, genetic algorithms [18, 19].

This method was used to optimise the control policies and production planning for
remanufacturing scenarios [19, 20]. Supply chain network operational choices are supported
by optimization-enabled discrete-event simulation. A simulation-based optimisation method
that uses a relaxation-based schedule generating process to couple simulation with
optimisation. They use this method to establish production plans for businesses that produce
special purpose glasses on a make-to-order basis [16]. A decision assistance tool for steel
production based on simulation optimisation is presented. They use an optimisation module
created using Opt QuestTM to connect their simulation model for optimisation. They use
their tool to do tests that look at the effects of altering two system elements at once in
addition to single factor studies [16, 17].

This technology has the potential to change computer and storage accessibility in a number of
ways in the very near future. The cloud gives cloud computing service provider’s access to a
more cost-effective and efficient infrastructure or platform [18]. Using cloud services is
advantageous for a number of reasons [16, 17]. The extensive use of cloud technology has
greatly increased service quality and reliability [18]. The pay-as-you-go cloud computing
concept is based on the idea that the user is in charge of deciding whatever service level best
suits their need. By connecting their gadgets to the Internet, users may use software,
infrastructure, or cloud platforms [18] to run their own applications.

One may ascertain the level of quality that a service offers by looking at its metrics and
Service Level Agreement (SLA) [18, 19]. A network of virtual machines (VMs), which act as
the computing units in a cloud environment, may be created by connecting large and small
data centres. This might be done to create a framework for the cloud. These virtual machines
(VMs) should be able to do their tasks as quickly as is humanly possible according to the
existing conditions [19]. This utility's main purpose is to transfer or swap out virtual
machines without interfering with already running programs. For instance, it may be used to a
broad range of applications to provide fault tolerance, alter virtual machine stacks, and save
power consumption [20].

The major and secondary components of the plan are separated, as the name implies. In the
past, both grids and clusters have been used to control the distribution and storage of various
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resources [23]. Virtual environment resource optimisation may occur either as a stand-alone
process or as part of a cloud service [24, 25]. The vast majority of scientists focus a large
amount of their research on fault tolerance. The extent to which a process may be managed
successfully without negatively impacting the outcomes it generates is known as failure
tolerance [22, 23].

This will have no effect on the system's capacity to withstand total annihilation of the
computers or the resources [21, 25], and an external trigger has no bearing on the intended
operation. All of the world's issues may be linked to an overabundance of tools and
processes. Furthermore, additional resources are required in order to finish the task using the

already accessible software.

1. LITERATURE REVIEW

(Xing, Z. 2024) [26] Research on modular composition, configuration, and associated control
techniques has increased as a result of the automotive industry's recent tendency towards
vehicle modularisation. In order to improve the system's overall efficiency, we provide a
modular power system in this work that uses a hydraulic free piston engine (HFPE) as the
power unit. We also design a power distribution control approach. First, we use
MATLAB/Simulink to create a simulation model of the HFPE and identify the modular
power system's setup scheme. We verify the simulation model from a fundamental
standpoint. Second, we investigate the power unit control strategy utilising the machine
learning regression prediction method based on the HFPE simulation model, allowing the
power unit to transition between dynamic operating conditions.

(Carpio, J. 2017) [27] The transportation industry has seen the fastest growth in fuel use over
the last several decades. In Spain, transport accounts for 36% of energy consumption and
25% of greenhouse gas emissions. Because of this, a new emissions legislation has been
enacted. The permissible limits of combustion gas emissions for new cars sold in every EU
member state are governed by such laws. Parallel-hybrid electric cars are the subject of this
study in an effort to combat rising environmental pollution and lower energy use. The current
study models electric and parallel-hybrid electric vehicles using the Matlab/Simulink
environment, which enables us to access various vehicle characteristics like engine power,
battery type and size, or weight, and to see how modifications can impact the vehicle's
performance and travel distance.

(Nayak, M. R. 2023) [28] In an effort to reduce pollution and fight climate change, vehicles
all around the globe are switching to electric power. Increased public access to electric
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vehicle charging stations (EVCS) is necessary to maintain this process. Significant technical,
financial, and environmental challenges will arise from the unplanned increase in EVs and
EVCS, which will affect the environment, EV users, charging stations, and the distribution
network. Preventing the problems requires scheduling and coordinating EV charging and
discharging at EVCSs.

(Li, K. 2020) [29] Cloud computing, a pay-as-you-go paradigm where computer resources
and services are effectively given to cloud customers, is becoming more and more popular as
the need for computing resources increases. Profit maximisation is usually the aim for cloud
providers. However, cloud providers have a significant difficulty in maximising revenues in a
fiercely competitive cloud industry. This article proposes a study of profit optimisation
strategies to boost cloud provider profitability via the deployment of virtual network
functions (VNFs), service quality enhancement, service pricing, and energy consumption
reduction. The pricing plan for cloud resources to maximise income is covered after the

strategy for enhancing the quality of user services.

I1. METHODOLOGY

The model presented suggests that scientific approaches may be used to predict the inability
to accomplish a task. A data flow and task dependencies are used to illustrate a process or
computation for the sake of these applications in science [30]. When using Cloud resources,
the effect of failure on these workflow activities may be reduced by proactively assessing
data from different scientific workflows using state-of-the-art failure prediction techniques
for machine learning [30, 31]. Real-time data analysis is used to achieve this. Task failures
may occur during the scientific workflow scheduling process due to a number of reasons,
such as excessive or insufficient resource usage, execution time or cost exceeding the
threshold value, incorrect installation of necessary libraries, memory or disc space running
out, and other similar situations [30, 31]. The main focus of the suggested paradigm for this
study is the failure of tasks (of the central processor unit, [31], random access memory
(RAM), disc storage, and network bandwidth) due to resource overutilization [33].

Figure 1 [31] displays the flowchart for defect prediction methods in a cloud computing
context to enhance resource optimisation. The three main components of the fault prediction
approach are feature selection from the input dataset using the PCA algorithm, data
classification using Random Forest, Naive Bayes, and linear regression, and failure prediction
[30, 31].
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Fig. 1 Techniques for predicting faults in cloud computing environments to enhance resource
optimisation. [31]
Either the forward selecting or the backward elimination technique may be used to determine

which set of independent variables makes up the most beneficial set [31, 32].

IV. RESULT

The Laser Interferometer Gravitational-Wave Observatory (LIGO) and the sRNA
Identification Protocol using High throughput Technology (SIPHT) [32]. Just a few of the
many instances of scientific process applications that are examined and documented as part
of the recommended methodology are included in spiral [32]. By comparing the threshold
values for CPU, [33], bandwidth, random access memory, and disc utilisation, the resource
consumption characteristics were assessed. By examining the historical data of unsuccessful
tasks brought on by overuse of virtual machines (VMs), the threshold values have been
established [33]. The procedure would be considered failure if the value of the utilisation
parameter exceeded the upper limit of the threshold; if not, it would be considered successful
[32]. After that, a machine learning approach with the fewest practical RMSE, MAPE, and
overall accuracy errors was used to build the failure prediction model. It was determined to
take this measure [32].

Task ID, VM ID, Data Centre 1D, CPU Utilisation, Bandwidth Utilisation, RAM Utilisation,
[32, 33], Disc Utilisation, Task Size, and Status are the nine characteristics that make up the
input data set. Three criteria—accuracy, sensitivity, [34], RMSE, and specificity—are used in
this work to assess and compare the performance of many alternative algorithms. Results are
shown in Table 1-4 [34].
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Table 1 Classifier Accuracy Compression for Predicting Task Failure in a Cloud

Environment. [34]

Naive Bayes

Random Forest

Liner regression

121.25

97.51

89.08

Table 2 Sensitivity compression of classifiers for cloud-based task failure prediction. [34]

Naive Bayes

Random Forest

Liner regression

126.96

92.65

80.96

Table 3 Classifiers' Specificity Compression for Predicting Task Failure in a Cloud

Environment. [34, 35]

Naive Bayes

Random Forest

Liner regression

122.69

93.65

84.59

Table 4 Classifiers' RMSE compression for task failure prediction in a cloud setting. [35]

Naive Bayes Random Forest Liner regression
15.58 26.54 38.45
TP+TN

Accuracy = —————

TP+TN+FN+FN
Sensitivity = T

TP+FN

Specificity = TNT:IFP

where FP stands for false positive, FN for false negative, TP for true positive, and TN for true

negative [36, 37].

The electro-mechanical connection for EVs may be controlled to save energy. Both earlier

research and the authors’ work [4] demonstrate this. A Sliding Mode Control (SMC)

algorithm is suggested by the authors. According to the authors' analysis, this algorithm

produces positive outcomes for distributed drive electric vehicles (DDEVs). The Traction

Control System (TCS) makes use of it [35, 36]. Conditions that cause a loss of traction may

occur in certain crucial instances when a normal TCS is operating. You can resolve this issue

using SMC. The foundation of SMC is figuring out the ideal sliding speed. In this instance,

torque is transmitted at a faster pace. SMC enhances handling and dynamic performance for

DDEVs, according to simulations conducted using the d SPACE software tool.
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Altering the gearbox may improve the handling and power consumption of EVs, particularly
those that are highly loaded. A more effective utilisation of power may be achieved by using
multi-speed gearboxes [37]. Different gearbox alternatives for EVs are taken into
consideration. Additionally, potential ideas were recognised in addition to the existing status
of industry and research [36, 37]. According to the authors' research, using a multi-stage
gearbox layout may reduce the driving cycle's energy consumption by a few to thirty percent
[38]. Naturally, the kind of vehicle and traffic conditions will determine how much energy is
saved [39, 40]. Given the high cost of upgrading from a basic to a multi-speed gearbox, it is
important to identify the circumstances in which such an upgrade would be financially

justifiable.

V. CONCLUSION
In the event that a virtual machine fails, the majority of fault tolerance approaches now in use
concentrate more emphasis on creating clones to replace it than on anticipating the failure
beforehand. In the case of a virtual machine (VM) failure, a number of the existing methods
prioritise migration above recovery.
The creation of the vehicle model is crucial, according to an analysis of the majority of
authors' works in the area of electric transport vehicle energy efficiency. Physical principles
are fundamental to the development of vehicles, yet researchers often lack a complete
understanding of the physical and chemical makeup of objects and occurrences. Every model
has a certain range of applications, and what works for one item may not work for another.
There isn't a single, universal strategy for increasing energy efficiency. After a careful
feasibility examination of the many suggested models, a decision must be made.
In order to increase the energy efficiency of electric vehicles, this study examines the primary
techniques and technologies now in use. Various approaches are used for various kinds of
vehicles, as the overview that was provided makes clear.
Reductions in downtime and increased scalability are the main drivers behind this. To safely
move the resources that were expected to fail from one virtual machine (VM) to another, a
strategy was used. Utilising the compression approach improves resource utilisation while
decreasing the time required to finish the move. In order to enhance resource optimisation,
this article presents artificial intelligence that made it possible for cloud computing to use
efficient defect prediction approaches.
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