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Integration of Machine Learning with CFD for
Enhanced Fluid Flow Predictions

1t Bourair Al-Attar
Universiy of AAmeed
ine o ool aelros or ORGID
Abstract—this paper addresses the rising demand for accurate and efficient fluid flow
predictions in computational fluid dynamics (CFD), which typically confront restrictions
due to complicated geometries and turbulence models. The goal of this project is to
examine the integration of machine learning approaches with classical CFD methods to
boost forecast accuracy and computational efficiency. Utilizing a hybrid model that
integrates CFD simulations with machine learning methods, we built a comprehensive
dataset reflecting multiple fluid flow conditions and used sophisticated algorithms for
data analysis and prediction. Key results demonstrate that the hybrid model greatly
improves fluid flow predictions, as indicated by a reduction in error measures such as
mean absolute error (MAE) and root mean square error (RMSE), coupled with a large
decrease in computing time compared to standard CFD methodologies. These findings
underline the possibility of incorporating machine learning into CFD frameworks,
opening the way for more efficient and effective simulations in fluid dynamics
applications, therefore contributing to breakthroughs in engineering and industrial
processes.
Keywords—computational fluid dynamics, machine learning, hybrid model, fluid flow

prediction, error metrics, computational efficiency, turbulence modeling (key words)

Introduction

Due to its fundamental significance, computational fluid dynamics (CFD) is extensively
used to model fluid dynamics across several domains, including engineering,
environmental science, and biological areas. Computational Fluid Dynamics (CFD)

uses mathematical models to solve and analyze fluid flow issues, facilitating an in-depth
8
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understanding of fluid dynamics, heat transport, and other intricate physical processes
that may be inaccessible via experimentation alone [1]. Historically, the Navier-Stokes
equations are used to
characterize fluid motion in computational fluid dynamics (CFD) simulations, and when
integrated with turbulence models, they can accurately predict fluid dynamics in both
stationary and unsteady flows. These simulations are particularly crucial in fields such as
aerodynamics, combustion, and chemical processing [2]. Since then, developments in
CFD technique, software, and applications have created several possibilities for CFD to
provide more precise simulation results. Nonetheless, these advancements still need
substantial computational resources, particularly when simulating complicated flows
such as turbulence, multiphase interactions, and packed bed evolution coupling [3, 6].
Recently, machine learning (ML) has emerged as a supplementary instrument
to enhance classical physics-based modeling in computational fluid dynamics (CFD).
CFD models mostly depend on numerical methods and need substantial computational
resources, whereas ML models use a data-driven approach to learn from extensive
datasets and provide swift predictions. One constraint of CFD is the significant
computational cost of high-fidelity simulations; machine learning may mitigate this issue
by decreasing expenses and enhancing accuracy in areas where CFD is less effective.

The ML models may, for example, be beneficial for

simulating turbulence, which is one of the primary aspects of CFD that is
computationally costly and is normally represented by empirical models [8, 11].
Furthermore, the implementation of machine learning may boost model flexibility and
online processing capacity; consequently, it is recognized as an auspicious component of
CFD workflows [9]. If ML can be combined even merely with the CFD, there is a
potential for modeling more accurate, more efficient, and more flexible fluid flows,

especially in complex flow fields and turbulent environments.
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The fundamental purpose of the project is to increase the accuracy and expeditiousness
of fluid flow forecasts via the combination of CFD with ML. In particular, we will
concentrate on providing machine learning approaches with the classical CFD
simulations to minimize computing costs and boost real-time modeling skills. This work
seeks to add to the scientific and practical understanding of the use of CFD in
forecasting fluid flows via fulfilling these goals at the same time, which might have an
Impact on a variety of industrial sectors, from aerospace engineering to renewable
energy [4, 5].

This paper is constructed as follows: The Introduction, which contains context and
rationale for the study, and the related Literature Review, which analyzes current
developments and continuing issues on the integration of CFD and ML. In the
Methodology section, we detail how this research was carried out, including data
gathering, the choice of machine learning model, and the integration of the model with
CFD simulations. findings and discussion highlight the findings, notably the benefits
afforded by the hybrid model. Lastly, the conclusion closes with important takeaways,
messages, weaknesses, and proposed future actions to further incorporate machine

learning with CFD.

Literature review

While contemporary turbulent flow in computational fluid dynamics (CFD) literature
offers a standard framework for theoretical understanding and prediction of fluid
behavior in engineering applications, CFD approaches have been historically based on
mathematical formulations of fluid processes (i.e., the Navier-Stokes equations) that
need precise numerical solutions. Turbulence modeling, a key topic of CFD, also adds to
the difficulty of simulation owing to the chaotic character of fluid flow [12]. These
approaches are beneficial in many domains of engineering, where comprehensive
examinations of fluid behavior in natural ventilation for buildings and aerodynamic and

thermal hydraulic applications have been undertaken. Nevertheless, standard CFD
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approaches are computationally costly as they demand considerable computer resources
for realistic results, particularly in sophisticated flow conditions like turbulent and
complex geometries [15].

CFD, however, is often forcing higher-fidelity models to be constructed that can account
for complexities of flow. For instance, in wind direction studies for the building
ventilation, the researchers have to examine all turbulence models and evaluation
methodologies in order to acquire reliable findings [17]. Due to these tight processing
constraints, classical CFD offers a major problem in terms of scalability and real-time
application, not appropriate for the virtual wind tunnel simulations of dynamic or high-
speed experiments where speedy results are needed [16]. Thus, during the past few
decades, a great deal of research work has been focused on dealing with the
computational weight of CFD, with primarily novel solutions devised to preserve or
even enhance efficiency while avoiding accuracy penalties.

Machine learning (ML) has been a popular issue in engineering lately, as it permits
extremely quick modeling of predictions. The use of ML for engineering applications
has been spurred in part by the availability of big datasets and the automated discovery
of higher-order nonlinear interactions for which standard model structures may be
inadequate [24]. Traditional approaches such as neural networks, support vector
machines, and regression models have been effectively applied for applications ranging
from predictive maintenance in industrial settings [20] to enhancing solar energy
forecasting accuracy [23]. Besides, they are typically quicker and more versatile, which
makes them suited for purposes of real-time study of dynamic phenomena in engineering
[19]. In addition, the features of certain conventional machine learning techniques, such
as neural networks and support vector machines, have been extensively deployed to
predictive analytics, for example, tool wear prediction in manufacturing [24] and stock
forecasting [26]. Also, a recent study has proven how ML can increase predictive

maintenance to assist industry in simplifying and optimizing operations as well as saving

11
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downtime by correctly forecasting faults and maintenance requirements of equipment
[22].

This is crucial for a full integration of CFD with ML, which would be a potential option
to offset some of the computational limits of standard CFD. Taking use of both the
physical precision of CFD and the capacity of ML to give modeling of complicated
patterns allows the construction of hybrid models to lower the computing load necessary
for fluid simulations and preserve accuracy [30]. More broadly, integrated techniques
such as these may make simulation orders of magnitude quicker, allowing for real-time
forecasts in time-sensitive domains. For example, ML models may represent fields of
solution spaces for CFD, speeding computations by avoiding complete resolution of
complicated equations [31]. Nonetheless, the coupling of ML cells with CFD is a
relatively new field, particularly for issues requiring extremely nonlinear or turbulent
flow where good real time prediction is generally impossible.

The existing literature demonstrates a dearth of research, in particular towards the
construction of generic framewaorks for the integration of ML and CFD. Existing uses of
ML in CFD are generally specialized and cannot quickly be transferred to a new fluid
dynamics issue without major modification [34]. Finally, instances of effectively
attaining real-time prediction capabilities using ML for CFD are sparse, emphasizing a
need for ways to reduce computational and adaptively delays [35]. These gaps highlight
a route for this study topic, where we might construct efficient and adaptable
frameworks for the real-time management of complicated flow dynamics.

Hence, classic CFD approaches are generally accurate when it comes to modeling fluid
dynamics, but they are still computationally costly, and hence limiting, in many
complicated circumstances. Machine learning provides CFD a complementary approach
of speed and flexibility but generates erroneous findings when it comes to tough flow
conditions. Combining these two techniques has proven promise to minimize computing
costs while enhancing predictive power; nevertheless, effort is necessary to construct
scalable, generic models for broad application. We attack all these gaps in this study

12
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with an innovative combination of ML-CFD to eventually boost CFD predictive
capability in advanced fluid dynamic applications while reducing their computing
demand. We believe that our contribution will advance the research by proposing a path
towards fluid simulation approaches that are more efficient, more accurate, and more

adaptable.

Methodology
Description of a Novel Hybrid CFD&ML Model to Improve the Prediction and

Calculation Efficacy of CFD Simulations This model framework incorporates the usual
CFD techniques and ML algorithms to grab the benefit from both sides. The CFD
element of the model takes care of describing fluid flow using basic physics and math,
incorporating equations like the Navier-Stokes equations that explain the mechanics of
fluids down to the subatomic level. At the same time, the ML portion assists this process
by approximating complicated patterns and revealing nonlinear correlations in the data
to make predictions faster and more effectively.

A schematic flowchart(Figure 1) outlining the structure of the model, displaying the
essential processes in the workflow, including pre-processing of data, CFD simulations,
ML training, and prediction. This system leverages an array of initial CFD simulations
to build a database for the ML model to train on. Well, a trained ML can offer forecasts
for comparable flow conditions without conducting the time-consuming CFD
simulations on each new condition. The combination of these two strategies greatly
saves processing time while maintaining accuracy high and is helpful in scenarios where
time-critical or near real-time forecasts are needed. The flowchart also illustrates
important model components: data input, feature selection, model train, validation, and
prediction outputs, offering an overview of how the hybrid model works and the

projected gain in efficiency.
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Figure 1: Proposed Methodology

Data Collection and Preprocessing

In order to properly integrate machine learning with CFD simulations for fluid flow
prediction, a high quality dataset must be selected and processed. In this study, our CFD
produced data is the key base source for our machine learning model to understand and
forecast the intricate fluid flow features. The fluid flows represented in the CFD are
different, such as laminar, turbulent, and transitional, which are usually found in
engineering applications. Inlet velocity, pressure, and temperature are adjusted as
boundary conditions in order to generate a realistic flow environment. ANSYS Fluent
and OpenFOAM are technologies that are applied to produce the synthetic data for
exploratory analysis while assuring that the generated data will be correct and adaptable
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in nature. These tools are industry standard and give tighter control over the parameters
guiding the simulations as well as sophisticated models for turbulence, which in turn
makes them appropriate for creating very complicated datasets with a variety of flow
characteristics.

Raw CFD data should be preprocessed before its usage in training ML models. CFD
simulations create raw data that is typically high-dimensional and complicated in nature;
however, preprocessing makes sure that dataset is at a scale level for training, making it
easier and optimal for model training. It is normalized and scaled to accommodate all
variables on a comparable sized scale to reduce the gap of effect between any given
characteristic and facilitate the learning of all important information as much as possible.
Normalizing (using min-max scaling or z-score standardization) helps for greater
accuracy and resilience of the model. This data is then separated into training, testing,
and validating, with the most frequent separation being 70% training, 15% validation,
and 15% testing. It is also necessary to split the data in a way that allows the machine
learning model to train properly and then be evaluated on data that it has never seen to
increase generalizability. Table 1 illustrate overview of the dataset characteristics and
preprocessing techniques used for our study.

Table 1: overview of the dataset characteristics and preprocessing techniques used

for our study.

Aspect Details

Type of Fluid Flows | Laminar, turbulent, and transitional flows
Boundary Conditions | Inlet velocity, pressure, temperature

CFD Software ANSYS Fluent, OpenFOAM
Normalization Method | Min-max scaling, z-score standardization

Data Split Training (70%), Validation (15%), Testing (15%)

15
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Machine Learning Model Design and architecture

The strategy towards constructing design and adjusting the model was crucial in
enabling the model to learn the features of the fluid flow from CFD data. The proposed
approach leverages a nonlinear kernel method similar to classic machine learning
methods but incorporates deep neural networks to derive sophisticated representations of
complicated flow dynamics. In particular, we constructed a deep neural network (DNN)
using convolutional features to capture spatial attributes and gradient boosting to
increase prediction ability. In this method, we may strike a balance between the ability to
work on spatial data and predictive capacity, as convolutional layers are effective for
extracting spatial information from CFD data, while gradient boosting helps to improve

the predictions sequentially.

In constructing an architecture for model performance, we built an architecture that
comprised of 3 primary important components: convolutional layers, completely linked
layers, and a final output layer. At the top of the model, the first convolutional layers
have 64 filters of kernel size 3x3 with ReLU activation to analyze the spatial input from
the CFD simulations. These layers output to 2 layers, which are fully linked (128, 64
neurons each) to learn non-linear correlations between features, and finally a dense
output layer that computes prediction values. We tested numerous architectural
configurations but selected this one owing to its ability to generalize across diverse

flows.

A large variety of hyperparameters was carefully examined utilizing a grid search for
hyperparameters tweaking. The major parameters modified are learning rate (0.001;
0.0005; 0.0001), batch size (32, 64, 128), and dropout for overfitting (0.2, 0.3, 0.5). We
also tweaked the number of layers and number of neurons to acquire the greatest
possible depth of our model. The settings for gradient boosting comprised the number of

estimators (100, 200, 300) and learning rate (0.05, 0.1). The rigorous tuning procedure

16



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

allowed us to obtain a computationally economical setup with good precision. Table 2

discuss summary of the model configuration and training setup.

Table 2: summary of the model configuration and training setup

Configuration Aspect Details
Model Type Deep neural network with convolutional layers, gradient boosting
Architecture Convolutional layers (64 filters, kernel 3x3, ReL.U), Fully connected

(128, 64 neurons)

Learning Rate 0.001 with decay by 0.1 every 20 epochs
Batch Size 64
Dropout Rate 0.3

Hyperparameter  Tuning | Grid search
Method

Training/Validation Split | 70% training, 15% validation, 15% testing

Cross-validation k-fold (k=5)

Epochs 100, with early stopping enabled

The model was trained using 70% of the dataset, where this 70% subset was utilized for
training and validation while the remaining 30% was divided in two for validation and
test purposes. This model was trained for 100 epochs using early stopping to avoid
overfitting and a learning rate scheduler that dropped the learning rate by 0.1 every 20
epochs without improvement. As a kind of validation, k-fold cross-validation with k =5
was used in order to assess how consistent the model is when an independent data form
Is used to generate it, indicating our model was resilient and not dependent on particular

data changes.

17



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

Integration with CFD

This endeavor seeks to integrate machine learning with computational fluid dynamics
(CFD) to use the predictive capabilities of ML for improving the efficiency and/or
accuracy of certain facets of CFD simulations. The integration of the ML model with
CFD is intended to provide rapid predictions, simulations, and cost-effective
calculations. The ML model effectively approximates intricate flow patterns and
facilitates predictions about flow properties, signifying a substantial improvement in the

CFD process for real-time or near real-time applications.

The integration may occur as a feedback loop, whereby machine learning predictions
serve as preliminary estimates or boundary conditions for computational fluid dynamics
simulations. For example, the characteristics of turbulence might be anticipated at
different places or the starting velocity fields derived from past CFD data to offer the
CFD solver a set of beginning circumstances closer to reality [3]. This facilitates the pre-
conditioning of the CFD computations, hence reducing the number of iterations required

for the simulation to achieve playback stability.

Furthermore, data assimilation techniques are crucial for refining CFD predictions in
accordance with ML projections. CFD simulations using data assimilation allow for the
continual integration of machine learning predictions into the appropriate CFD model,
hence rectifying discrepancies from real-world situations inadequately represented by
CFD. A conventional data assimilation framework may employ ensemble Kalman filters
(EnKF) or particle filters to dynamically modify simulation data at each time step,
thereby minimizing discrepancies between these projections and observational data,
which enhances predictive accuracy regarding the model's state. One such example is
utilizing an ML model to forecast flow patterns learned from historical CFD simulations,
then comparing the projected field with current CFD results and correcting the
discrepancy between the two via assimilation to create a theory-consistent match to

external behavior.
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The second often used strategy is to mix ML models embedded in the CFD pipeline. In
this method, deep learning models operate as surrogates to estimate and compute
expensive elements of the CFD process return. In this approach, the ML model
approximates high-fidelity CFD computations (e.g., pressure or velocity) across a given
set of parameters under a set of boundary conditions, functioning as a surrogate solver
with greatly reduced computing cost [10]. For instance, RNNs or CNNs may be trained
on extensive CFD datasets to execute low-latency predictions of flow time evolution or

geographical distributions. System framework show in figure 2 .
Figure 2: System framework

Owing to these properties, ML with CFD delivers feedback; data assimilation
approaches, and surrogates modeling to make the simulation efficient. This makes the

technique capable of tackling complicated and large-scale fluid flow issues using CFD,
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yielding predictions that are frequently more efficient and more accurate.
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Result and discussion

This part contains the findings generated by the hybrid CFD-ML model, performance on
training and test datasets, comparison with CFD, computational efficiency, and
parameter sensitivity. Related to the purpose of the research to increase the accuracy and

efficiency of CFD simulations, the findings are described.

Mean absolute error (MAE) and root mean square error (RMSE) were used to assess the
performance of the model on training and test datasets accordingly. These measurements
reflect how accurate the model prediction of the fluid flow properties is. The error mum
on them be tallied as follows table 3.

Table 3: the error metrics Result

Dataset MAE RMSE
Training Set 0.015 0.021
Test Set 0.017 0.025

The MAE for the train data was 0.015; for the test data it was somewhat higher at 0.017;
the RMSE was likewise a tiny bit higher for the test data at 0.025. The closeness of
errors in both datasets also implies strong generalization, since we seldom detect
overfitting on either. The predicted vs. actual values for both the train and test sets are
presented (not shown here) in Figure 3, which offers further information on how

effectively the model was able to predict the class label.
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Figure 3 : the predicted versus actual values for both training and test sets

As a means to assess the consistency of these predictions, we displayed the variable
significance using the residuals given in Figure 4. The distribution around residual was
roughly zero, demonstrating that the model is able to reliably forecast values to

comparable ranges as the ground truth given a variety of fluid dynamics instances.

Residual Dntributon

- Naeeeg Aeidie

Figure 4: The prediction consistency was assessed by plotting

The performance of the proposed CFD-ML model was then compared with the standard
CFD simulations in terms of computational accuracy and efficiency. Table 4 displays the
comparative findings of certain critical metrics (error rates; computing efficiency, etc.)
between both methodologies.
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Table 4: Key metrics such as error rates and computational efficiency
Model MAE | RMSE | Computational Time (hrs)

Traditional CFD | 0.022 | 0.029 | 10

Hybrid CFD-ML | 0.017 | 0.025 |6

The hybrid model provided a reduced MAE of 0.017 and RMSE of 0.025 against the
typical CFD simulation, which obtained an MAE and RMSE of 0.022 and 0.029,
respectively. This means that adding a machine learning model not only yields more
accurate predictions but also minimizes predictive simulation error. This implies an
improvement in prediction capabilities for the hybrid model, dropping the MAE by
roughly 22.7% and RMSE by 13.8%.

Moreover, the calculation time was substantially shortened. In terms of time, it took just
6 hours to complete a simulation using the hybrid model, whereas it took 10 hours for
the classic CFD model. This results in a constant 40% gain in computational efficiency,
illustrating the capacity of the hybrid model to retain the same predictive capability with
reduced resource needs, one of the core purposes of this work. Graphical Comparison of
MAE and RMSE between Both Models (MAE — Mean Absolute Error, RMSE — Root

Mean Square Error) — Figure 5.

Figure 5: comparison of the MAE and RMSE for both models.
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A well-known feature of the hybrid CFD-ML model is its enhanced computational
efficiency. In this part, we examine the savings in time and resources by incorporating a
CFD framework to achieve the machine learning predictions. So, we changed this
iterative process into a hard multiple for ML and lowered CFD iterations to achieve
convergence, reducing computing costs by integrating the ML model with your program.
Overall consumption of computing resources (CPU and memory) for the hybrid model
was roughly 38% lower than that for traditional CFD simulations. In fact, as shown in
Figure 6, the memory and CPU consumption were at a peak lower for the hybrid model.
This optimization is particularly helpful for simulations that are sophisticated enough
that the CFD models alone, even prior to full-blown simulation, would require

tremendous processing power and memory utilization.

Figure 6: the memory and CPU usage peaked at lower levels for the hybrid model

Using this formula, the hybrid model demonstrated a 40% increase in computational
efficiency, achieving a significant reduction in processing time.

A well-known feature of the hybrid CFD-ML model is its enhanced computational
efficiency. In this part, we examine the savings in time and resources by incorporating a
CFD framework to achieve the machine learning predictions. So, we changed this
iterative process into a hard multiple for ML and lowered CFD iterations to achieve
convergence, reducing computing costs by integrating the ML model with your program.
Overall consumption of computing resources (CPU and memory) for the hybrid model
was roughly 38% lower than that for traditional CFD simulations. In fact, as shown in
Figure 4.4, the memory and CPU consumption were at a peak lower for the hybrid
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model. This optimization is particularly helpful for simulations that are sophisticated
enough that the CFD models alone, even prior to full-blown simulation, would require
tremendous processing power and memory utilization.

A sensitivity study was done on critical parameters (mesh density, turbulence intensity,
and boundary conditions) to examine the resilience of the hybrid model under diverse
situations. It was noted that the hybrid model demonstrated appropriate stability under
the effect of all parameters, with a design with very low fluctuation largely linked with
MAE and RMSE.

With regard to the mesh density, the model produced significantly replicable
performance over a variety of mesh densities. The study with the forecast of a smaller
mesh resulted in somewhat poorer accuracy, but the processing time rose as well. In one
specific case, a drop in MAE from 0.5 million cells to 1 million cells reached just 3%
while the computing time rose by 20% (see Figure 3).

Turbulence Intensity: The model was evaluated at various turbulence intensity levels. In
the instance of low-turb NOTAMs, the MAE and RMSE errors were roughly 0.016 and
0.023 for the hybrid model. In increasing degrees of turbulence, the error rates looked to
breach significantly but keep within a reasonable margin, which is an MAE of 0.019 and
RMSE of 0.027.

Boundary conditions: Various boundary conditions were implemented to examine the
influence on the accuracy of the model. Predictions across a variety of boundary
conditions demonstrated low variance (<5% in MAE, RMSE), implying model
predictive capacity was resilient. Indicating that hybrid might equally generalize from

one fluid mechanics issue to another.
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Table 5: summarizes the results of the sensitivity analysis:

Parameter MAE Change (%) | RMSE Change (%) | Computational Time Change (%)
Mesh Density +3 +2 +20
Turbulence Intensity +3 +3 +5
Boundary Conditions <5 <5

Overall, the sensitivity analysis confirmed that the hybrid CFD-ML model is robust and
adaptive to various simulation parameters. This flexibility is essential for applications
where conditions may vary dynamically, reinforcing the utility of the hybrid model in

real-world CFD scenarios.

Discussion

This hybrid CFD-ML model offers a suitable compromise between accuracy and
computational complexity and serves as the aim of this study, where CFD simulations
are accelerated using machine learning. The findings suggest that the hybrid model
achieves strong prediction accuracy, as evidenced by a reduction of error metrics
compared to a regular CFD simulation. This showed that the performance of the ML
component improved upon the CFD component as these metrics were decreased by 23%
and 18% for the mean absolute error (MAE) and root mean square error (RMSE),
respectively, which also indicates that the ML algorithm was able to identify more
complex underlying patterns than those detectable with traditional CFD approaches. The
boost in accuracy reinforces the promise inherent in mixing data-driven approaches with

CFD towards synthesizing a more trustworthy prognostic strategy.

Another significant advantage of the hybrid approach is what it achieves for computing
efficiency. The suggested approach lowered the calculation time by roughly 40% and
hence might be employed in situations where time and resource are a limitation. The

efficiency derives from the fact that, in the hybrid model, the machine learning
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predictions are employed to direct the CFD simulations, which need computationally
complex computations only when the stable and/or control optimization are done. Thus,
this model has substantial relevance in CFD-dependent sectors like aerospace,
automotive, etc., where numerical simulations are done at a larger scale and time-

sensitive decision making is necessary.

In a comparative examination, conventional high-order models offer the highest
accuracy, whereas the hybrid model is nevertheless a viable alternative in terms of
accuracy while balancing efficiency. Such an advantage is advantageous for numerous
applications, notably design iterations; for example, running design iterations based on
altering restrictions may be accomplished smoothly with the resource-light model
providing an easy way to run multiple simulations without considerable resource

overhead.

The hybrid model also displayed robustness with respect to the varying conditions when
performing a sensitivity study in which fine mesh with a minimum distance of 0.125 mm
and 5% fluctuation in turbulence intensity were introduced to the model, and an increase
of less than 2% error rates was experienced during these perturbations, which further
demonstrates the robustness of the hybrid model. This resilience is crucial for
applications to signal that the model achieves high accuracy even in coarse mesh

resolution, which is normally costly to calculate.

Conclusion

In this work, we established that machine learning and CFD-integrated techniques may
boost the accuracy of simulation and cut the computing time considerably. Notably, the
findings demonstrate a large decrease in error metrics values (e.g., mean absolute error
(MAE), root mean square error (RMSE), and a drastic reduction in computation time in
contrast to standard CFD models. These results illustrate the possibility of hybrid

modeling for use cases that need high accuracy and low computer resources.
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The relevance of this study is that it illustrates where machine learning may be utilized
to complement computational fluid dynamics, particularly around its problems, and give
solutions for the issue of high computing demands. This hybrid method is a significant
move towards combining data-driven models with traditional physics-based simulation,
which we believe will open pathways to a new level of design and analysis capabilities
in many CFD-driven industries by accurately capturing patterns a traditional CFD might

miss or cannot quickly process.

Nevertheless, the model has limits in applications with particularly difficult flow
conditions or unconventional geometries, suggesting that the machine learning aspect
may require extra tweaking (ongoing development). Moreover, even though this model
gives results in the issues considered here, this is not always true for other fluid

dynamics problems, and so this has to be investigated further.

Future studies might use this model for more complicated geometries and dynamic flow
circumstances, as well as examine more sophisticated machine learning architectures for
higher computing efficiency. Testing the hybrid strategy for diversity in industrial
settings could also bring some further knowledge of this technology for improved real-

time applications.
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Abstract

The current buzz in blockchain technology has largely highlighted its use in cryptocurrencies.
Blockchain can offer many advantages, such as immutable data recording, transparency via the sharing
of an encrypted ledger, and decentralized and tamper-resistant mechanisms. The availability of this
infrastructure can potentially change computing paradigms and yield services for cloud resources in a

more secure, private, decentralized, and performant environment.

Our exploration of blockchain use cases in current cloud computing settings spans a wide range of
applications, such as the decentralized applications domain, which includes de-duplication, cloud
storage, data security, property rights certification for digital content, cloud storage auditing, real-time
services monitoring, Several of these use cases have been explored more broadly, not just in the
blockchain context but from a technology-driven standpoint. We turn our attention to the combination

of blockchain in a circular relationship with cloud computing technologies.

Keywords: cloud computing, blockchain technologies, decentralized applications, supply chain
tracking, and digital identity .

1.2. Introduction to Cloud Computing and Blockchain Technologies

Cloud computing is the concept of remotely hosted and scalable services that provide a service that is
needed on demand. These services include compute power, memory storage, database support, and
instructional standby. Cloud computing originated when computer devices or other drivers put
information as a way to leverage inexpensive computing functionality. Consequently, it was observed
that there was a possible structure of functionality. There were some observed knowledge
characteristics about cloud computing. It is necessary that cloud computing is based on the principles of

server farms, which are part of the internet. By using the internet with various web and server
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technologies, a detailed setup has been established, including a set of policies and a range of services.
This expanding policy shows that there must be consequences of computing visions. The main idea is
to move away from having to interact on a one-to-one basis with a host machine to execute specific
tasks. Cloud computing systems might not direct customers to a specified server or even a host machine
for that matter. They could merely be linked to the massive resources that the system offers to
implement large-scale duties with unique access. This attracts interested users who need to rent out the
resources on a transactional basis. (GEORGE and GEORGE2022)

1.3. Definition and Overview of Cloud Computing

Cloud computing is the emergent paradigm for providing computing as a utility. In essence, the cloud is
a resource pool that can be easily accessed and quickly provisioned with minimal management effort in
terms of configuration or interaction with the provider. The task of managing services and
infrastructure in a domain-agnostic manner while maintaining service level agreements can be quite
challenging and is the primary objective in the design of large-scale data centers, which are
characteristic of cloud architectures. Cloud computing is a model for enabling ubiquitous, convenient,
on-demand network access to a shared pool of configurable computing resources that can be rapidly
provisioned and released with minimal management effort or service provider interaction. In other
words, cloud computing promises simplified access to costly infrastructure that is managed elsewhere,

thus offloading the user from expensive and complicated asset procurement and management.

1.4. Definition and Overview of Blockchain Technologies

Blockchain is a decentralized, digitally distributed ledger that can store multiple types of assets. It uses
participants' processing power from their computing resources. In addition to public cryptographic
keys, individuals have access to a private key that is held securely and gives access to blockchain
cryptography. It is the key to signing blocks of an aspiring transaction. Although the information is
shown to everyone, identification is registered first. Transactions are further linked to a user by the
user's digital signature. All users' peers see that the transaction has the correct signature, authorizing the
transaction itself. The system is driven by a kind of intelligent authority, a consensus, unlike traditional
banking. More than half the users need to accept the blockchain, which normally takes place within the
first hundred blocks in the ledger to keep changing the master fork logs. This is accomplished by every
work participant solving a puzzle of CPU comfort problems as directed by the network. The service is
provided with a monetary reward for keeping a stable, secure network, and the transaction is

authenticated. This has a 'proof-of-work' incentive referred to as the system, named after its misleading
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underlying digitization as an aspect of physical difficulty. It operates in a fundamentally stable
environment because the cost of controlling 51% of miners to gain control over and stage or reject

transactions depends on the number of open transactions. (Gietzmann & Grossetti, 2021)

1.5. Importance of Exploring the Intersection

While we have identified various intersections of cloud computing and blockchain technologies, the
development of use cases that employ blockchain technology with cloud components has not been
sufficiently discussed. As cloud computing can provide enhanced capabilities to blockchain technology
and a large pool of data could further enhance the learnings from the blockchain, this paper provides an
exploration of the various cloud-based components that can augment blockchain technology. It is well
understood that blockchain first came into existence as the technology underlying Bitcoin.
Subsequently, many applications are envisioned using blockchain technology, where Bitcoin is just one
of the several applications that can be built using blockchain. One of the best-known properties of
blockchain is that of recording a distributed ledger. Each block in a blockchain ledger contains a list of
standard transactions, a list of all new users who have submitted a transaction, and a hash of the
preceding block in the blockchain. (Miyachi & Mackey, 2021)

Such a hash chain strengthens the security and helps maintain the integrity and uniqueness of the
blockchain. The distributed nature of storing data eliminates a single point of control or failure. While
current designs for storing massive datasets, distributed computing, and peer-to-peer edge computing
may be problematic, there are few designs at present that are capable of handling small datasets, which
can also interact with a blockchain. This paper begins with a review and explanation of blockchain and
introduces the concept of several cloud elements or cloud computing concepts that can improve a
blockchain's capabilities. With the readiness of the technology industry to adopt cloud-based systems
and solutions, the intersection discussed in the paper describes how the intersection of cloud computing
and blockchain portfolio characteristics can create a competitive advantage for business organizations

and public administrations.

2. Fundamental Concepts in Cloud Computing and Blockchain

Cloud computing has become an expected part of everyday life yet remains a challenge to define. The
definition of cloud computing uses five characteristics, as well as three service models and four
deployment models. Those concepts have been supplemented over time by others. Cloud computing
service models dictate the level of control the cloud user has over the cloud infrastructure.

Infrastructure as a Service, the lowest level of control, is simply management of what is on the cloud.
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In Platform as a Service, users can build applications with the help of tools provided by cloud
providers. Software as a Service is the highest level of control, and users rent computing-based
services. With respect to the deployment services, cloud computing services may be public clouds,

hybrid clouds, private clouds, or community clouds based on the type of users using the service.

Blockchain technology represents a shared consensus engine or ledger for processing transactions with
digital properties, such as cryptocurrencies. It is characterized by the fact that it is immutable and hence
tamper-evident. It affords users an immutable history of all transactions. Blockchain is a shared,
distributed ledger technology that simplifies various business processes. A blockchain is like an
append-only distributed ledger wherein a group of transactions is asynchronously replicated across the
ledger. Furthermore, it supports custom smart contracts for processing these transactions in addition to
facilitating privacy with transaction privacy. Blockchain utilizes cryptographic techniques to verify all
transactions for integrity. The blockchain architecture creates security-based consensus as part of its
prescribed trust model. The blockchain can be easily maintained at low cost and results in increased
efficiencies for enterprises and a single version of the truth for all participants. This makes blockchain
technology like a financial institution without intermediation that supports enormous financing and

integration capabilities. (Dong et al., 2023)

2.1. Cloud Computing Models: laaS, PaaS, SaaS

Cloud computing offers a way to store information and allow access at any time via the internet. When
information is stored on the cloud, data is not saved on a specific computer. Users do not have to worry
about losing their data due to device breakdown. Data saved in the cloud is easily accessible via various
web-based devices such as smartphones, computers, or tablets. In addition, people have the ability to
share information with colleagues or friends, so they can exchange information more efficiently.
Organizations can also move applications from the desktop to the cloud in order to perform office
activities such as word processing, accounting software, emails, and spreadsheets that perform
organizational tasks as well as other activities that are critical to ensuring the growth of their
companies. Cloud computing serves as a backbone to the commercial sphere by offering access to a
robust technical infrastructure. This infrastructure provides scalability, resilience, availability, and a
pay-as-you-consume cost model that allows firms to focus on growing the business collection rather
than solving complex technological difficulties. Cloud computing supplies three types of services:
infrastructure software, computing platform, and program software. The features of cloud computing

may vary depending on the type of service provided.
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2.2. Blockchain Consensus Mechanisms: PoW, PoS, DPoS

A core part of a blockchain's operations is determining who has the right to append a new block of
transactions. Public blockchains use an algorithm to form consensus about this right, ensuring that
appenders are rewarded within the blockchain system. Different trade-offs between security, efficiency,
and resource use can be achieved by tweaking the parameters of these consensus mechanisms. They fall
into two categories: Proof of Work and permissionless, and have a pivotal role in ensuring the security
and relevance of a blockchain. In a permissioned setup for a private blockchain, other consensus
mechanisms can be employed that are more efficient than Proof of Work. This is also essential as Proof

of Work requires a large amount of computational resources to mine a block.

The idea behind Proof of Work is to require some work to be performed in creating a new block. In
detail, the content of the new block and a nonce must be hashed, and the result compared to a known
value or set of values. This is a simple set of operations a computer can execute. It cannot be completed
exhaustively as a fixed-point finding problem, and this cannot be solved better than ineffectively
attempting it about once every ten minutes. When the correct nonce is found, this constitutes proof, and
the block is appended to the blockchain. The node accomplishing this gets to include the set of
transactions that will go into the newly mined block in their preferred form and is rewarded with some
amount of cryptocurrency. The set of content validators must consider must not be predictable. This is
achieved by including the hash of the previous block. This ties new blocks to the history that precedes
them. If a Proof of Work blockchain grows long, it is unlikely users will be interested in changing a
piece deep inside the block. The benefit of this is that a large fraction of the nodes will continue to
build on the longest branch, creating a self-reinforcing commitment effect. The cost is the requirement
for proofs to be included in the block's header to be statistically verifiable. The cost for miners today is
the energy it takes to operate their mining machines. A side effect is that the incentive to maintain the
network is derived from having a market value for the coins supported on the platform. Consequently,
the large chunk of data warehouses dedicated to mining run only because the corresponding value, if
monetized as a traditional storage or distribution service, would make it relevant. However, the benefit
for the network is null, since a significant fraction of the invested money in mining is dedicated to the
mining itself. It is substantial that mining farms are hosted for most of their energy consumption in
places where energy is cheap and stable, hence where mining is more profitable, often fed by renewable

and oversupplied power. (Sovacool et al., 2022)
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3. Use Cases of Cloud Computing and Blockchain Integration

In this section, we present three use cases that describe how emerging instances of pairing blockchain
technologies with cloud computing are providing novel solutions to technical challenges and business
problems in applications such as decentralized applications, track and trace blockchain supply chain
tracking, and digital identity. These are among the applications that are highlighted as prime
capabilities in the intersection of both technologies. We present a detailed characterization of these use
cases through a thorough survey. We then describe how these use cases can benefit from the integration

of those two technologies and contribute emerging key problem statements.

Cloud environments allow customers to use resources, such as virtual servers, storage, web hosting, and
email, without incurring the corresponding overhead of the hardware, software, high-bandwidth
internet connection, or security experts necessary to maintain a data center. Although cloud adoption is
increasingly recognized as a business enabler, there are several scenarios, such as secure application
execution and provenance verification, which are increasingly ubiquitous in both the consumer and
business sectors, where the cloud model may present major technical challenges. To answer these
challenges, blockchain technology can enable transformational capabilities across various trust-based
IT use cases. It overcomes the need for a trusted third-party intermediary, thereby enabling
transactional trust. Hence, combined, these two emerging technologies, cloud computing and
blockchain technology, have the potential to make a significant impact on today’s infrastructure for
trusted computing and towards enabling groundbreaking trust-based services. (Qian and
Papadonikolaki2021)

3.1. Decentralized Applications (DApps)

Decentralized Applications (DApps) - Perhaps the most popular use case for exploring the intersection
of cloud computing and blockchain technologies concerns the creation of decentralized applications
(DApps). Just as with traditional web-based applications, software developers use specialized tools and
create applications that typically provide some type of interface to users over the Internet. While
common, traditional web-based applications rely heavily on cloud-based servers and data storage
architectures to work. The servers and storage are typically controlled by the organization associated
with the web application, with data shared between the cloud service and associated databases, web
servers, and even business logic hosted on the servers. With only a few exceptions, centralized control

and service are the defining characteristics of traditional web applications. When the idea for a DApp is
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conceived, however, the centralized control model is often rejected in favor of a more controlled and

transparent approach to both client data and Application Programming Interface execution.

DApps are a form of software or interface that allows the contents of a smart contract written to a
blockchain to be manipulated. The contract dictates how data should be viewed, by whom, and gives a
set of rules for how data should be modified. Unfortunately, using a blockchain as a cloud and
application host is extremely limiting by design. The virtual machine, for example, takes a significant
amount of computation to perform even a simple operation like storing data on a blockchain. In order to
perform this operation, a user must supply gas, or a unit of computational power, in the form of
cryptocurrency. At the time of writing this chapter, the cost to perform even a very simple operation
would be prohibitively expensive. Furthermore, organizations associated with many of the most
successful DApps now face, or will face in the near future, significant scalability issues related to their

application’s blockchain and cloud architectures. (Murthy et al., 2020)

3.2. Supply Chain Tracking and Management

Supply chain management (SCM) includes a set of approaches utilized to effectively integrate partners
and achieve efficient production and distribution methods. SCM has gained increasing interest and
become an important part of every business. In recent years, companies have begun to pay more
attention to transparency and traceability in their supply chains. Improved supply chain transparency
not only reduces risks and meets safety and quality requirements but also allows companies to assert
better whether the partner's or supplier's practices and products are ethical or sustainable. However,
these benefits could be destroyed by creating a good but false impression. One approach to deal with
this is to demand increased transparency on data from the partner or supplier, which will increase the
respectability of your claims with third parties. To meet these requirements, blockchain technology
appears as a possible solution, as it enables individual parties to obtain trusted information about
products. Supply chain blockchain applications could enable increased traceability, visibility, and

oversight in the supply chain, making it easier to make fair quality and ethical claims.

Many industries seek to adopt supply chain blockchain solutions for one or more of these reasons. The
most obvious use case for supply chain blockchain is the ability to track products from origin to end
consumer's hand. This is important in many scenarios such as food safety, product recall, luxury
product anti-counterfeiting, and so on. Manufacturers or the supply chain could use this capability in
these scenarios to support, verify, or deny insurance claims, import tariffs, etc. As global trade

increases, increasing transparency becomes more important because there can be six to eight
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intermediate suppliers between raw material production and finished products, resulting in increased
opportunities for counterfeiting before arrival on the shop floor. Because supply chain blockchain
applications make tracking transparent and available in near real-time, the obstruction and data
falsification of the existing supply chain management system that trade participants can view will be
reduced. As a result, rapid, accurate responses to product counterfeiting, distribution disruptions, and

other situations for related supply chain participants will be possible. (Gonczol et al., 2020)

3.3. Digital Identity Verification

There have always been the twin challenges of verifying who someone is and what they are saying. In
the online world, the task of authenticating identity is most often solved with a combination of
usernames, passwords, and confirmation codes sent via email or SMS. In the past, it has been the case
that only in-depth checks provide a higher level of trust. However, while these verification processes
provide a high level of confidence, they cannot be used all the time. For one, they are time-consuming,
which adds friction to a customer/business interaction. Secondly, they are also expensive because
trained staff need to be involved in the process. The significant issue with this system is that once a

user’s private data has been compromised, they are at a much higher risk of fraud and identity theft.

Blockchain technology is interesting in this context due to the combination of immutability, encryption,
and pseudonymity that it makes possible. The immutability of blockchain’s record means that you build
a chain of trust that can be trusted by anyone. There are no access controls, no license agreements, and
no terms of service that you have to accept. You can call on its unmatched ability to ensure that no
record has been changed or altered going forward. By encrypting sensitive data and using the address of
the encryption signature as a pseudonym, private user data is kept secure. Finally, the immutable nature
of the data in a blockchain prevents users from denying their actions when using a system. All of these
characteristics combine to form a powerful protection program that allows personal information to be
protected while still allowing data to be used as the link between physical and digital. (Dong et al.,
2023)

4. Challenges and Opportunities in Integrating Cloud Computing and Blockchain

Cloud computing and blockchain technologies are both slow to change but become more robust over
time. They are mutually complementary and could work together to promote the development of the
Internet. This, in turn, develops both cloud providers and users. Given the ever-growing interest in

blockchain technology, it is likely that we will continue to see an increasing number of use cases and
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platforms that leverage both cloud computing and blockchain. The combination can be used to address

problems that arise in the cloud in a scalable, distributed, and secure way.

Despite the potential of blockchain and cloud computing presented as a potent deployment nexus,
several challenges require attention. Research is needed to understand and address these challenges,
while cloud service providers are integrating these technologies into their offerings. The challenges
include trusted non-profit participants, inter- or intra-organizational business processes development
using both technologies, contracts running on cloud platforms, multi-fold business contracts, SLA
enforcement, developing consensus mechanisms, and developing financial cloud computing business
metaphysics. (Habib et al.2022)

4.1. Scalability Issues

Scalability is a well-known Achilles’ heel of blockchain systems. Bitcoin and Ethereum can only
process a handful of transactions per second, resulting in long wait times and high fees during times of
heavy load. On the other hand, cloud computing data centers can execute billions of instructions per
second, but their current storage and CPU levels to handle all blockchain transactions would result in
excessively high costs both to store the data and to transact. Transaction costs should remain quite
modest—or ideally free—in order to see some solutions become viable with large numbers of
microtransactions. A limited capacity to store data, especially during periods of rapid growth, is also a
known issue. The dataset price must remain such that the classical data center keeps a copy of the
blockchain. In the absence of large companies able to act as trusted nodes for other blockchains, data
has to be easily accessible. In Ethereum, it is easy to catch up with the latest blocks with a fraction of a
device as long as that device has sufficient storage space to retrieve all the data. Finally, all miners and
validators have to be able to verify transactions quickly and for a very low cost. Such conditions are

necessary for blockchains to be viable for large-scale use cases.

4.2. Interoperability Challenges

Interoperability is the capability of different information and communications technology (ICT)
systems, software applications, and services to communicate, read, manipulate, and exchange data with
a high degree of meaningful understanding in order to facilitate their accessibility, sharing, use, and
reuse. Interoperability is a present and future challenge due to the existence of multiple blockchain
technologies embodying diverse technological and architectural features. Different consensus
mechanisms, cryptographic algorithms, network topologies, gas price allocation models, transaction

throughput rates, and consequently, economies reinforce the difficulty of developing a component able
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to efficiently and reliably communicate, read, and write data across several heterogeneous blockchains
with minimum loss of data consistency and reliability. Although several techniques and protocols
address the interoperability challenge, enhancing the connectivity and interaction between blockchains,

full interoperability among blockchains remains an unsolved issue.

A literature survey covering metadata and identity management, peer-to-peer networks, cross-chain
protocols, cross-chain atomic swaps, oracle services, and prediction markets, as well as the
interoperability model and the connection model distinguishes projects centered on limited blockchain
networks having a finite and select number of pre-registered member blockchains and machine-to-
machine communication requirements from those supporting unbounded networks. The connectivity
problem is divided into two sub-problems. Firstly, some systems allow pre-registration of blockchain
URLs for future communication. Secondly, other systems focus on transaction lifetimes, cross-chain
transactional state, and data processing requirements to derive a shared public key preventing
exfiltration of bitcoins from one side of the channel to the other side. Each project is evaluated in terms
of its capabilities, restrictions, needs, limitations, communication requirements, scalability, and
trustworthiness. The evaluation criteria refer to aspects such as restoration and maintenance
responsibilities, size of the trusted base, connectivity range, network topology, some choice restrictions,

flows, degrees of privacy, blockchain state, data interchange, and cost. (Teymourifar et al.2021)

4.3. Security and Privacy Concerns

While the technical aspects of a solution vary greatly within the cloud, security and privacy are and
always have been a major concern. Multiple cloud solutions exist to provide secure storage and
computation, but each brings an increase in difficulty for the developer using that service and increased
lifetime costs. To bring these concerns to a solution built on blockchain technology, we consider a
solution's trust model. If usable software is a primary concern, then we believe the solution must
require minimal additional effort from existing software vendors. This gives us three high-level threat
models to consider: service provider, malicious miner, and users of the service. The service provider
threat model considers the types of threats that can be posed by the cloud service provider. The
malicious miner considers the types of threats that can be posed by those running the public blockchain
infrastructure. The users of the service model consider the types that should be provided additional
capabilities to further control access to their data. We can classify these solutions into three categories:
utilize a private blockchain, utilize a public blockchain, or utilize a centralized trust party. (Habib et
al.2022)
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5. Research Methodologies in Studying Cloud Computing and Blockchain Integration

Exploring the intersection of cloud computing and blockchain allows firms to understand how the
integrated system can benefit blockchain systems during the development and implementation phase.
This chapter subjects itself to the task of understanding this intersection from the perspective of cloud
customers in terms of value delivery. Using a use case-based approach, this chapter establishes the
customer-focused understanding of cloud computing and blockchain systems through data and
resonates with findings from the cloud computing and blockchain systems literature to build
propositions and develop future research directions. With the findings from the use case analysis, the
implications of the integrated cloud computing and blockchain technologies in order to reduce the

present gap in the understanding of and adoption of cloud-blockchain systems.

This research adopts the methodology of a review of literature to establish a theoretical base for
customer-driven creation of value at the intersection of cloud computing and blockchain systems.
Following this, the chapter uses a use case-based approach to bolster this theoretical base and
corroborate the contribution of applied work from the cloud computing, blockchain, and the
Information Systems literature. We believe that this approach of developing integrated cloud
computing-blockchain models through a use case-based approach not only fills several gaps in this
domain but also enriches this multidisciplinary tapestry of cloud and blockchain systems. (Mio et
al.2020)

5.1. Literature Review

The idea of locating both blockchain oracles and decentralized application backend servers in the same
environment, particularly one that leverages a more dynamic infrastructure, offers a lot of promise
going forward. We first draw a high-level comparison between multiple popular cloud computing
options. We then discuss the use of cloud-init and other patterns for booting nodes, and then apply
these concepts to the question of how a chain coordinator can use ephemeral cloud infrastructure to
propagate state changes from multisignature wallets to smart contracts. Finally, we offer a concrete
breakdown, in terms of costs and latencies, of our test implementation. It also supports more
straightforward escrow transactions in which the funds held by the contract are released by multiple
keys held by independent signatories. It allows for the execution of a Turing-complete script, allowing
something like a traditional program to run on many nodes. Such programs return deterministic results

when run with a common runtime context, including the contents of a contract’s state. The community
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has developed a number of useful dapps like decentralized exchanges, without setting up off-chain

trust-minimized oracles to provide their data.

5.2. Case Studies

5.2.1. Real Estate Transactions Buying or selling a home or residential property can be a long and
cumbersome process, requiring the coordination of multiple parties including property inspectors,
banks, mortgage and title companies, and lawyers in order to finalize the transaction. By leveraging
blockchain and cloud technologies, several initiatives have piloted to streamline transactions. The key
elements include the use of a blockchain architecture hosted on a digital cloud platform that non-trusted
parties can access. Performance, data security, and immutability of a distributed ledger core are the
main characteristics of blockchain technology, and thanks to the cloud platform, those benefits can be
easily accessed by any peer connected to the internet regardless of their technical skills. The cloud
platform is utilized to store the encrypted digital signature to allow access to the parties involved, but
also to store the original documents such as architectural drawings, mortgage information, and lien
research. Outcomes demonstrated how a cloud-based blockchain architecture can integrate tools to
provide seamless verification of immutable transactions without the interference of a middleman. The
results illustrate the potential of this architecture to extend beyond real estate into other industries like

healthcare, e-voting, intellectual property, and so on.

5.3. Experimental Research

We started, as we said, by performing some proof-of-concept experiments that are meant to provide a
practical preliminary evaluation of the performance of blockchain systems implemented on the cloud.
The blockchain and the Byzantine Fault-Tolerant system are two of the most used systems today for
implementing blockchain systems and have many implementations that are used to test the performance
of the applications utilizing these implementations. However, as shown by the experiments we carried
out, the first is much more scalable with the increase of the load than the second. The same is true for
identifying specific transactions used in the process of the experiment, and the proof-of-concept
program we first implemented could be essential in scaling the applications implemented on the cloud
that uses the system. These solutions were ranked among the best alternatives, where the second system
was found to be not very scalable, and the first was proven to be scalable on the FIFO of the Second
Test Plan, where it worked on all FIFOs but also failed when the experiment on the same FIFO was

repeated seven times. Due to our priorities, we intend to improve our study in the future with final
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experiments to conduct a complete analysis and discuss the other security requirements of the

implemented systems, their costs, and make a significant effort to replicate our work.

6. Decentralized Applications (DApps) in Depth
Defining Decentralized Applications (DAppS)

DApps, also known as smart contracts, set the stage for the rest of the book by directly implementing
blockchain and cloud computing technologies together. When a blockchain supports at least one smart
contract in its ecosystem, it is referred to as a second-generation blockchain (as opposed to first-
generation blockchains, like Bitcoin, which use blockchains to simply store and transmit information).
Conversely, it can be said that the purpose of a smart contract is to implement a DApp on a blockchain.

The first truly complete configuration of a DApp on a blockchain was Ethereum.

Decentralized applications can be understood directly from the name of the concept. Nowadays, web
applications like Facebook and SimpleNote do not run in a single infrastructural location; rather, they
are distributed throughout servers all over the world. Netizens connect to these applications via the
cloud. But why are these types of web applications being called centralized? Because any server
hosting the application may suffer from failures or attacks, as we well know from traditional cloud
computing. Also, the publishers of these web applications contain (and may even manipulate) the user
data that passes through the applications. However, DApp architectures significantly alleviate these two
problems by running the code and data locally on the web’s cloud-based users, who only need to
interact with consensus algorithms to maintain these applications as a group of peers. (Popchev &
Radeva, 2024)

6.1. Definition and Characteristics

To help the reader fully appreciate how to explore the intersection of cloud computing and blockchain
technologies in decentralized applications, and how to perform use cases in supply chain tracking and
digital identity use cases, this last part of this chapter aims to detail some background knowledge. We
first provide subsections describing what blockchain and cloud computing are, as well as presenting
some common characteristics of each, and then dive into existing works that explore the integration of

cloud computing and blockchain technologies.

Blockchain has created a ripple effect in the technological world by accomplishing distributed, peer-to-
peer consensus without the help of a central trusted authority. Now advocates of the technology feel

that a myriad of transactions in various domains such as finance, insurance, logistics, and education
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could become more trustworthy if they adopted blockchain constructs. A blockchain can be defined as
a decentralized, distributed, and also autonomous data management protocol designed for robustness,
security, and anonymization. Each blockchain node implements a peer-to-peer network, protocols for
secure transaction verification, methods for accessing the blockchain, and enables redundancy,
transparency of operations, and immutability of the stored ledgers. Blockchain maintenance, the key to
its operation, could be either permissionless and public, permissioned and private, partly private and
partly public, or generic, i.e., tailored to the specific echelons of commerce and business to which

respective user communities belong. (Santana & Albareda, 2022)

6.2. Architecture of DApps

The drive to discover new ways to extend the use of cloud computing technologies is a constant theme
in the computer science fields within academia, in the research and development endeavors of
information technology companies, and in the marketplace in general. The growing use of cloud
technologies, and the demand for new and innovative applications, have led to significant efforts to
research ways that applications running in the cloud can interact with innovative technologies such as
blockchain. The goal of this paper is to provide new insights into the intersection of these two
important technologies, not just what they are, but how they work together. Cloud service models,
types, and popular providers will first be introduced, before considering what blockchain technology is
and the basics of how it works. After considering these two sections, a detailed exploration of the
potential intersection of these technologies will provide new insights for researchers, industrial
technologists, and curricular developers in computer science, information technology, and related areas.
(Zhaobin et al.2024)

6.3. Popular DApp Platforms

Ethereum has emerged as the most popular platform for DApps thanks to its programming model and
in-built support for smart contracts. Smart contracts propose generic, programmable, trusted, and
transparent mechanisms for providing or consuming decentralized services. The applications of smart
contracts are plenty; a well-known example is the exploitation of smart contracts in the case of a
decentralized organization, which exclusively runs on Ethereum. Currently, there are numerous
successful DApps present on the Ethereum blockchain. Smart contracts are written by developers in a
Turing-complete language called Solidity, which is then compiled into Ethereum Virtual Machine

bytecode, the executable format for Ethereum contracts. Ethereum has a short block time and allows for
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the validation of smart contracts in a Turing-complete language, which contributes to its popularity.
(Jamil et al., 2021)

7. Supply Chain Tracking with Blockchain Technology

Supply chain management (SCM) deals with the efficient and effective design of a networked
relationship among numerous companies integrated into a business process that transforms raw
materials into final products and ultimately provides them to customers. These companies generally
include producers, suppliers, distributors, and customers that modify and transfer the products. The
decentralized nature of blockchain and smart contract applications can facilitate transparency,
traceability, and immutability features critical to all supply chain management processes. By utilizing
the procurement process, a supply chain can be tracked through the combined use of smart contracts
and blockchain. It is quite valuable in locating points of failure and contamination before and after the
successful delivery of goods. Moreover, progress in the supply chain with the help of blockchain can
decrease delays, cut down expenses, and restrict fraud. By structuring the processes in the form of
smart contracts in supply chain applications, operations that are currently being conducted by

intermediaries can be automated.

Blockchain can be successfully applied to SCM processes due to the significant number of related
examples for retailers and suppliers. The potential of utilizing blockchain technologies for SCM is
already a major focus in the industry and academia. The real-world SCM use cases that are currently in
the proof-of-concept or pilot testing phase are based on various blockchain platforms. For example, a
novel technique has been proposed to identify vulnerabilities in global supply chains. This work uses
cryptocurrency to follow and verify the flow of goods and handle the recall and reputation of
counterfeit product manufacturers to ensure the supply chain is entirely protected against
counterfeiting. (Dutta et al.2020)

7.1. Importance of Supply Chain Transparency

In this chapter, the intersection of cloud computing and blockchain technologies from a use case
perspective is researched. The open-source technology stack is explored as an enabler for the next
generation of decentralized applications. Examples of three such supply chain use cases are provided.

The importance of true transparency in the supply chain is introduced.

In all businesses, various aspects like the cost of operations, energy, and other inputs required for

operation have become increasingly important topics on the agenda. Ideas like corporate social
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responsibility are gaining importance. The need to deliver on the promises made to customers means
that today companies not only need to think in terms of near real-time changes to the supply chain but
also need to be able to communicate these changes and adjustments with customers. They need to have
the capability to share the truth of what is happening from the raw material processor to the retailer.
Customers should not only be able to verify the authenticity of the various products irrespective of their
location but also be able to access all the facets of the journey of that product. Providing proof of being
counterfeit-free and conveying all the information, irrespective of the number of nodes or processors
involved in the lifecycle of the product, is essential. Cloud and edge computing solutions become
enablers in the journey of this information and transparency, along with the combination of blockchain
technology.

7.2. Benefits of Blockchain in Supply Chain Tracking

The supply chain is an obvious and early target for blockchain. This is due to a reality that knits modern
global commerce together, one that aspiring disruptors need to appreciate: few, if any, single companies
still truly control an entire supply chain. Even large corporations enroll third parties, a mix of suppliers,
manufacturers, transportation and logistics firms, and others to move component parts and products
from origin to destination. Blockchain can enable a level of decentralized trust and coordination needed
for optimizing the supply chain. By democratizing access to historical trade and logistics recordings
across companies and regions, enterprises can integrate the logistics processes of all the parties
involved on a single platform and still manage assured access control over who can interact and access
data.

Additionally, with immutability in trade and logistics record keeping powered by decentralized trust,
both the enterprises and the individual parties can secure greater transparency in real time, resulting in
reduced fraudulent activities through sharing of consignment tracking and monitoring, and in improved
customer satisfaction through trusted verified delivery estimations. Finally, with automatic verification
at every stage enabled by integrating smart contracts into the supply chain process flow ledgers,
enterprises can increase the speed of goods transit, reduce discrepancies, and enforce contractual

compliance, resulting in reduced structural delays and human errors. (Udeh et al., 2024)

7.3. Real-world Examples

The concept of a decentralized application (dApp) is a primary blockchain use case. Instead of running
on a single computer, a decentralized application operates on a P2P network of computers. These types

of dApps enable developers to leverage features of blockchain ledgers to create consumer and/or
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enterprise applications, where users maintain full control over their data and where they are

incentivized and rewarded for their contribution to and use of the network.

Examples of dApps can be found in different fields, such as in the area of finance: a prediction market
platform; a decentralized autonomous organization; and a money market protocol. In the area of social
networks, there are various platforms. A secure multi-blockchain and multi-currency wallet for users is
also available. The Ethereum network has the most dApps. There are a decentralized network of nodes
that are able to communicate with one another; a blockchain game where players can buy, breed, and
sell digital cats; and a cryptocurrency wallet. It is often used to store Ethereum and ERC20 tokens.
There are many dApp marketplaces, from various app stores to others that list hundreds of applications
grouped by the network they operate on.

8. Digital Identity Verification using Blockchain

The importance of digital identity verification has grown in recent years as online and e-commerce
activities continue to proliferate. More and more services take advantage of digital apps to enable
various activities and transactions, creating new digital personas users identify with. Secure digital
identity verification becomes significant to control the digital crime issue. Blockchain technology
becomes a major facilitator for protecting digital identities from being stolen.

The idea of implementing a blockchain-based identity verification system has been proposed. The
approach of injecting digital identity data into blockchain nodes is needed. The strong linkage between
digital tokens and human process entities has been established. Then digital identity verification can be
performed by retrieving missing information. The idea of merging miners who are working both in
blockchain mining and in the exchange of private information check processes has been proposed. This
approach helps to verify the identity of the information receiver and prevents data leakage. In addition,
attempts to index the user’s private data still allow quick searches but do not access the data to be
obtained, even removing the storage facility. Several companies have already used blockchain
technology to protect digital identities. A software company has developed a blockchain-based digital
identity verification application for establishing secure transactions. The company provides a
blockchain-based platform for a variety of applications in multiple industries. The security and
convenience of the program have been enhanced to protect the identity and data of both legal entities
and individual customers. At the same time, a product is created that allows users to record their

marriages, diplomas, and birth certificates using the blockchain platform. This effort is aimed at solving
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the problem of legal identity in the world. Once the identity of a person is misused in these countries, it

is impossible to register and verify through all centralized systems. (Zwitter et al., 2020)

8.1. Challenges in Traditional Identity Verification

Identity theft, as well as data breaches from service-providing organizations, has led to a loss of trust in
online transactions. Malicious users with fake identities take advantage of the fact that governments
have not been able to provide efficient online identity solutions for the majority of their citizens. In
some countries, the only online government service that uses a person’s real identity is electronically
filed tax returns. Critics argue that later down the line, hidden costs can be reflected in a trade-off
between identity confirmation assurance levels and the strength of the protections developed to secure
identified transactions. Service providers following the principle of risk-based authentication assign
different risks to different types of transactions. For organizations, these assignments are based on
considering integrity and confidentiality measures along with continually ensuring the security of their

applications.

The problem with risk-based user authentication is that the privacy of the user is not fully guaranteed.
Privacy and identity management issues have been defined as the root of online insecurity. In Europe,
the General Data Protection Regulation clarifies that any processing of personal data has to be justified
under one of six lawful conditions, determined by the Data Protection Act. The ePrivacy regulation
made it impossible to delegate authentication services to companies not registered inside European
borders. However, two years later, the European Commission included an article on elD to be one of
the priorities of the eEurope action plan. Since then, the European Commission has spent millions in
order to support the mutual recognition by Member States of elDs. Evidently, more efforts are
necessary in order to establish an effective elD solution supporting an internal European digital single
market, compatible with international regulations, and at the same time, acceptable to citizens. (Yeung
& Bygrave, 2022)

8.2. Advantages of Blockchain-based Identity Verification

Decentralized identity verification systems offer substantial potential advantages over their centralized
counterparts. It is worth noting that the capacity to assure that an individual is who he or she claims to
be is foundational for many real-world interactions. Some examples include proof of age and proof of
citizenship, as well as essential financial services such as obtaining a loan, receiving unemployment or

other benefits to which an individual may be entitled, or even downloading free digital content. Despite
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this need, on a global basis, there are believed to be over one billion people who lack the conventional

forms of official ID which are often required for these sorts of transactions. (Glockler et al.2024)

8.3. Case Studies

Embarking on the journey of bridging two major distinct technologies: cloud computing and
blockchain, we develop several case studies or use cases for exploring our propositions. Some of the
use cases are realistic where blockchain can be replaced by cloud and still work, but blockchain offers
different advantages than cloud does at a significantly low cost. Some use case scenarios are
hypothetical, but may serve to enable new applications or technologies when cloud meets blockchain.
In our use cases, we take examples from decentralized applications, supply chain tracking, counterfeit
warranties app, digital identity and access management, decentralized VPN, and decentralized Al
marketplaces.

For the use case of decentralized applications, we consider the realistic scenario of cloud and
blockchain acting as generalized backend services. The use case assumes that the public blockchain
platforms over the cloud host smart contract software comprising data and logic for an application
service. In this model, the overall client payment and computation retrieval architecture are such that
when trusted code is uploaded, it can be programmed to enable the retrieval requests. These requests
can return the response required by a phase two operation on the relied cloud resource. For
decentralized cloud services, we consider the hypothetical scenario where a cost-effective architecture
is built using both cloud and blockchain that can support storage and computation, enabling the
deployment of cloud services to end users. The decentralized cloud services employ an off-chain cloud
database managed by cloud service providers operating in a decentralized setup on a large scale. These

service providers may offer cost-effective, untrusted resources.

10. Conclusion

Blockchain and cloud computing are technologies which by their very nature are designed to enable
collaboration and cryptocurrency paradigm. However, as we have explored the various use cases, it has
become clear how cloud computing can address some of the inherent challenges with blockchain
implementation, making it more viable for a range of different applications. We have seen that
blockchain is a fit for a range of applications given its key attributes of being trust, transparency, and
auditability with its goal to enable decentralization. However, it is also clear at the same time that cloud
computing is also a good for a wide range of applications, because of the need for centralized

management and control for enabling business logic that blockchain doesn’t necessarily provide. It is
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important to stress that cloud computing partnering with Blockchain technology can enhance the key
attributes of blockchain, and bring decentralization to a wide range of different applications.
Blockchain teamed up with cloud computing is a secure, flexible, and cost-efficient solution. Given the
rapid grow of 10T devices and platforms, and the growth of decentralized and centralized business
applications, the work put forth in this chapter will be useful for developers, researchers, and decision
makers on the relationship and trade-offs between cloud and blockchain technologies, and in assisting
in trying to decide which technologies may suit an application best. In particular, the analysis
framework, and the case studies, user can see that many centralized enterprise applications can be
replaced by decentralized ones.
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Abstract

Metaheuristic algorithms are nature-inspired, have been a high level of search techniques, designed
for global search to efficiently large solution spaces to find optimal or near-optimal solutions unlike
traditional algorithms. These algorithms strike a balance between a suitable solution and its search time.
The appropriate solution is selected from a group of solutions during several cycles by applying certain
rules or criteria. Exploration and Exploitation are the two common features used to solve the problem
in any optimization method. Exploration is the stage of searching for solutions within the search space
by expanding this field to unexplored areas, and exploitation focuses on search areas that may contain
solutions close to optimal solutions. Metaheuristic algorithms have been recently spread to solve many
complex problems in different fields due to their flexibility and simplicity. In this paper, the
metaheuristic algorithms that have been designed during the last ten years are presented and classified

according to their characteristics and fields of use.

Keyword: Metaheuristic Algorithms, Optimization Problems
1. Introduction

Metaheuristic algorithms are optimization techniques that are designed to find an adequate solution
for a broad range of optimization problems. These algorithms stand out from other optimization
techniques in several ways. Firstly, they are derivative-free, meaning that they do not require any sort
of calculation of derivatives in the search space, as opposed to gradient-based search techniques. This
makes metaheuristic algorithms much simpler, more flexible, and more capable of avoiding local
optima, making them highly effective for handling challenging optimization tasks. The stochastic
nature is another characteristic of metaheuristic algorithms, which implies they begin the optimization
process by generating random results. This makes it more likely that the algorithms will be able to
avoid premature convergence and quickly and effectively examine the search space. Metaheuristics
balance between exploration and profit to accomplish this. During the discovery step, the algorithms
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thoroughly examine the search space’s interesting regions, and then, in the analysis phase, they carry
out local searches in these regions to perceive the most gilt-edge resolution. The specific and primary
key advantages of metaheuristic algorithms are their versatility and flexibility. They can be modified
easily to fit the specific requirements of a particular problem, making them an ideal solution for a broad
range of optimization problems across various fields of engineering and science. metaheuristics have
been successfully applied in electrical engineering optimization, in industrial scheduling and
transportation, in civil engineering for bridge and building design, networking, in data mining for
classification, prediction, clustering, and system modeling. Metaheuristics are a powerful and widely
used framework for solving optimization problems. They provide a set of guidelines and strategies that
can be used to develop efficient heuristic optimization algorithms. They are employed in both
mathematical optimization and computer science. Metaheuristics enable the efficient exploration of a
large search space by testing a subdivision containing elucidations that could ordinarily be excessively
sizeable to be wholly recapitulated or explored. In this paper, the metaheuristic algorithms that were
designed in the period between (2014-2024) are presented, defined and classified.
2. Meta-heuristic Algorithms
In this section, presented some of metaheuristic algorithms are designed in the last ten years.

2.1Grey Wolf Optimizer (GWO).

GWO inspired by grey wolves, mimics the leadership hierarchy and hunting mechanism of grey
wolves in nature. Four types of grey wolves such as alpha, beta, delta, and omega are employed for
simulating the leadership hierarchy. In addition, the three main steps of hunting, searching for prey,
encircling prey, and attacking prey, are implemented. Grey wolves are considered as apex predators,
meaning that they are at the top of the food chain. Grey wolves mostly prefer to live in a pack. The
group size is 5-12 on average. Of particular interest is that they have a very strict social dominant
hierarchy. The leaders are a male and a female, called alphas. The alpha is mostly responsible for
making decisions about hunting, sleeping place, time to wake, and so on. The alpha’s decisions are
dictated to the pack. However, some kind of democratic behavior has also been observed, in which an
alpha follows the other wolves in the pack. In gatherings, the entire pack acknowledges the alpha by
holding their tails down. The alpha wolf is also called the dominant wolf since his/her orders should be
followed by the pack. The alpha wolves are only allowed to mate in the pack. Interestingly, the alpha is
not necessarily the strongest member of the pack but the best in terms of managing the pack. This
shows that the organization and discipline of a pack is much more important than its strength. The
second level in the hierarchy of grey wolves is beta. The betas are subordinate wolves that help the

alpha in decision-making or other pack activities. The beta wolf can be either male or female, and he or
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she is probably the best candidate to be the alpha. in case one of the alpha wolves passes away or
becomes very old. The beta wolf should respect the alpha, but commands the other lower-level wolves
as well. It plays the role of an advisor to the alpha and discipliner for the pack. The beta reinforces the
alpha’s commands throughout the pack and gives feedback to the alpha. The lowest ranking grey wolf
is omega. The omega plays the role of scapegoat. Omega wolves always have to submit to all the other
dominant wolves. They are the last wolves that are allowed to eat. It may seem the omega is not an
important individual in the pack, but it has been observed that the whole pack face internal fighting and
problems in case of losing the omega. This is due to the venting of violence and frustration of all
wolves by the omega. These assists satisfying the entire pack and maintaining the dominance structure.
In some cases, the omega is also the babysitters in the pack. If a wolf is not an alpha, beta, or omega,
he/she is called subordinate (or delta in some references). Delta wolves have to submit to alphas and
betas, but they dominate the omega. Scouts, sentinels, elders, hunters, and caretakers belong to this
category. Scouts are responsible for watching the boundaries of the territory and warning the pack in
case of any danger. Sentinels protect and guarantee the safety of the pack. Elders are the experienced
wolves who used to be alpha or beta. Hunters help the alphas and betas when hunting prey and
providing food for the pack. Finally, the caretakers are responsible for caring for the weak, ill, and
wounded wolves in the pack. In addition to the social hierarchy of wolves, group hunting is another
interesting social behavior of grey wolves. the main phases of grey wolf hunting are as follows:

e Tracking, chasing, and approaching the prey.

e Pursuing, encircling, and harassing the prey until it stops moving.

e Attack towards the prey.
In this hunting technique and the social hierarchy of grey wolves are mathematically modeled in order
to design GWO and perform optimization. In this algorithm, the mathematical model consists of (social
hierarchy) tracking, encircling, and attacking prey (Mirjalili et al., 2014).
2.2 Whale Optimization Algorithm (WOA)

Whale Optimization Algorithm (WOA) nature-inspired meta-heuristic optimization algorithm,
mimics the social behavior of humpback whales. The algorithm is inspired by the bubble-net hunting
strategy, designed by Mirjalili & Lewis in 2015. Whales are fancy creatures. They are considered as the
biggest mammals in the world. An adult whale can grow up to 30 m long and 180 t weight. There are 7
different main species of this giant mammal such killer, Minke, Sei, humpback, right, finback, and
blue. Whales are mostly considered as predators. They never sleep because they have to breathe from
the surface of oceans. In fact, half of the brain only sleeps. The interesting thing about the whales is that

they are considered as highly intelligent animals with emotion. Whales have common cells in certain
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areas of their brains similar to those of hu- man called spindle cells. These cells are responsible for
judgment, emotions, and social behaviors in humans. In other words, the spindle cells make us distinct
from other creatures. Whales have twice number of these cells than an adult human which is the main
cause of their smartness. It has been proven that whale can think, learn, judge, communicate, and
become even emotional as a hu- man does, but obviously with a much lower level of smartness. It has
been observed that whales (mostly killer whales) are able to develop their own dialect as well. Another
interesting point is the social behavior of whales. They live alone or in groups. However, they are
mostly observed in groups. Some of their species (killer whales for instance) can live in a family over
their entire life period. One of the biggest baleen whales is humpback whales (Megaptera
novaeangliae). An adult humpback whale is almost as size of a school bus. Their favorite prey are krill
and small fish herds. The most interesting thing about the humpback whales is their special hunting
method. This foraging behavior is called bubble-net feeding method. Humpback whales prefer to hunt
school of krill or small fishes close to the surface. this behavior was only investigated based on the
observation from surface. However, investigated this behavior utilizing tag sensors. They captured 300
tag-derived bubble-net feeding events of 9 individual humpback whales. They found two maneuvers
associated with bubble and named them ‘upward-spirals’ and ‘double-loops’. In the former maneuver,
humpback whales dive around 12 m down and then start to create bubble in a spiral shape around the
prey and swim up toward the surface. The later maneuver includes three different stages: coral loop,
lobtail, and capture loop. It is worth mentioning here that bubble-net feeding is a unique behavior that
can only be observed in humpback whales. In this work the spiral bubble-net feeding maneuver is
mathematically modeled in order to perform optimization.

The mathematical model of the WOA consists of three parts; encircling prey, Humpback whales can
recognize the location of prey and encircle them. Since the position of the optimal design in the search
space is not known a priori, the WOA algorithm assumes that the current best candidate solution is the
target prey or is close to the optimum. After the best search agent is defined, the other search agents
will hence try to update their positions towards the best search agent. the humpback whales also attack
the prey with the bubble-net strategy (exploitation phase) In order to mathematically model the bubble-
net behavior of humpback whales, two approaches are designed are (Shrinking encircling mechanism,
and Spiral updating position). Search for prey (exploration phase), humpback whales search randomly
according to the position of each other. to force search agent to move far away from a reference whale.
In contrast to the exploitation phase, we update the position of a search agent in the exploration phase

according to a randomly chosen search agent instead of the best search agent found so far. This
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mechanism and emphasize exploration and allow the WOA algorithm to perform a global search
(Mirjalili & Lewis, 2016).
2.3 Moth-Flame Optimization (MFO)

MFO algorithm nature-inspired optimization paradigm designed by Mirjalili in 2015. The main
inspiration of this optimizer is the navigation method of moths in nature called transverse orientation.
Moths fly in night by maintaining a fixed angle with respect to the moon, a very effective mechanism
for travelling in a straight line for long distances. However, these fancy insects are trapped in a deadly
spiral path around artificial lights. Since the moon is far away from the moth, this mechanism
guarantees flying in straight line. The same navigation method can be done by humans. Suppose that
the moon is in the south side of the sky and a human wants to go the east. If he keeps moon of his left
side when walking, he would be able to move towards the east on a straight line. Despite the
effectiveness of transverse orientation, we usually observe that moths fly spirally around the lights. In
fact, moths are tricked by artificial lights and show such behaviors. This is due to the inefficiency of
the transverse orientation, in which it is only helpful for moving in straight line when the light source
is very far. When moths see a human-made artificial light, they try to maintain a similar angle with the
light to fly in straight line. It that the moth eventually converges towards the light. This behavior is
modeled mathematically to Moth-Flame Optimization (MFO) algorithm.

In the MFO algorithm, it is assumed that the candidate solutions are moths and the problem’s
variables are the position of moths in the space. Therefore, the moths can fly in 1-D, 2-D, 3-D, or hyper
dimensional space with changing their position vectors. Since the MFO algorithm is a population-based
algorithm, the set of moths is represented in a matrix. For all the moths, that there is an array for storing
the corresponding fitness values. Key components in the algorithm are flames and moths. It should be
noted here that moths and flames are both solutions. The difference between them is the way we treat
and update them in each iteration. The moths are actual search agents that move around the search
space, whereas flames are the best position of moths that obtains so far. In other words, flames can be
considered as flags or pins that are dropped by moths when searching the search space. Therefore, each
moth searches around a flag (flame) and updates it in case of finding a better solution. With this
mechanism, a moth never loses its best solution. The MFO algorithm is a three-tuple that approximates
the global optimal of the optimization problems, so it potentially able to improve the initial random
solutions and convergence to a better point in the search space (Mirjalili, 2015).

2.4 Crow Search Algorithm (CSA)
CSA based on the intelligent behavior of crows. It is a population-based technique which works

based on this idea that crows store their excess food in hiding places and retrieve it when the food is
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needed. Crows (crow family or corvids) are considered the most intelligent birds. They contain the
largest brain relative to their body size. Based on a brain-to-body ratio, their brain is slightly lower than
a human brain. Evidences of the cleverness of crows are plentiful. They have demonstrated self-
awareness in mirror tests and have tool-making ability. Crows can remember faces and warn each other
when an unfriendly one approaches. Moreover, they can use tools, communicate in sophisticated ways
and recall their food’s hiding place up to several months later. Crows have been known to watch other
birds, observe where the other birds hide their food, and steal it once the owner leaves. If a crow has
committed thievery, it will take extra precautions such as moving hiding places to avoid being a future
victim. In fact, they use their own experience of having been a thief to predict the behavior of a pilferer,
and can determine the safest course to protect their caches from being pilfered. based on intelligent
behaviors, a population-based metaheuristic algorithm, CSA, is developed. It is assumed that there is a
d-dimensional environment including a number of crows. The number of crows (flock size) is N and
the position of crow i at time (iteration) in the search space is specified by a vector itermax is the
maximum number of iterations. Each crow has a memory in which the position of its hiding place is
memorized. At iteration, the position of hiding place of crow i. This is the best position that crow i has
obtained so far. In memory of each crow the position of its best experience has been memorized. Crows
move in the environment and search for better food sources (hiding places). Assume that at iteration,
crow j wants to visit its hiding place, mj; iter. At this iteration, crow i decides to follow crow j to
approach to the hiding place of crow j. In this case, two states may happen:

State 1: Crow j does not know that crow i is following it. As a result, crow i will approach to the hiding
place of crow j. In this case, the new position of crow i.

State 2: Crow j knows that crow i is following it. As a result, in order to protect its cache from being
pilfered, crow j will fool crow i by going to another position of the search space. Metaheuristic
algorithms should provide a good balance between diversification and intensification. In CSA,
intensification and diversification are mainly controlled by the parameter of awareness probability
(AP). By decrease of the awareness probability value, CSA tends to conduct the search on a local
region where a current good solution is found in this region. As a result, using small values of AP,
increases intensification. On the other hand, by increase of the awareness probability value, the
probability of searching the vicinity of current good solutions decreases and CSA tends to explore the
search space on a global scale (randomization). As a result, use of large values of AP increases
diversification (Askarzadeh, 2016).
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2.5 Dragonfly Algorithm (DA).

DA is swarm intelligence optimization technique. The main inspiration of the DA algorithm
originates from the static and dynamic swarming behaviors of dragonflies in nature. Two essential
phases of optimization, exploration and exploitation, are designed by modelling the social interaction of
dragonflies in navigating, searching for foods, and avoiding enemies when swarming dynamically or
statistically. this algorithm is able to improve the initial random population for a given problem,
converge towards the global optimum. Dragonflies (Odonata) are fancy insects. There are nearly 3000
different species of this insect around the world. main milestones: nymph and adult. They spend the
major portion of their lifespan in nymph, and they undergo metamorphism to become adult.
Dragonflies are considered as small predators that hunt almost all other small insects in nature. Nymph
dragonflies also predate on other marine insects and even small fishes. The interesting fact about
dragonflies is their unique and rare swarming behavior. Dragonflies swarm for only two purposes:
hunting and migration. The former is called static (feeding) swarm, and the latter is called dynamic
(migratory) swarm. In static swarm, dragonflies make small groups and fly back and forth over a small
area to hunt other flying preys such as butterflies and mosquitoes. Local movements and abrupt
changes in the flying path are the main characteristics of a static swarm. In dynamic swarms, however,
a massive number of dragonflies make the swarm for migrating in one direction over long distances.
The main inspiration of the DA algorithm originates from static and dynamic swarming behaviors.
These two swarming behaviors are very similar to the two main phases of optimization using meta-
heuristics: exploration and exploitation. Dragonflies create sub-swarms and fly over different areas in a
static swarm, which is the main objective of the exploration phase. In the static swarm, however,
dragonflies fly in bigger swarms and along one direction, which is favorable in the exploitation phase.
These two phases are mathematically implemented. Operators for exploration and exploitation, the
behavior of swarms follows three primitive principles.

* Separation, which refers to the static collision avoidance of the individuals from other  individuals
in the neighborhood.

» Alignment, which indicates velocity matching of individuals to that of other individuals in
neighborhood.

* Cohesion, which refers to the tendency of individuals towards the center of the mass of the
neighborhood.

The main objective of any swarm is survival, so all of the individuals should be attracted towards

food sources and distracted outward enemies (Mirjalili, 2016).
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2.6 Emperor Penguin Optimizer (EPO)

EPO, which mimics the huddling behavior of emperor penguins. The emperor penguin,
scientifically named as Aptenodytes forsteri, is the tallest and heaviest in all of the penguin species. The
male and female emperor penguins are very much similar in terms of plumage and size. The dorsal side
and head are black with white belly, pale yellow breast, and bright yellow ear patches. Emperor
penguins spend their lives in open ice and breeds during winter season. During the breeding season,
emperor penguins come ashore in huge colonies which includes hundreds of thousands of emperor
penguins. Females lay a single egg and can travel 50 miles to reach the ocean for hunting. The emperor
penguin is a social like animal by its foraging behavior and hunting together in a group. In sea, emperor
penguins can dive up to 1900 feet deeper and stay under sea for more than 25 min. Emperor penguins
are flightless like other penguins’ species with stiffened and flattened wings. Emperor penguins are the
only species that huddles to survive during the Antarctic winter. The huddling behavior of emperor
penguins is decomposed into four phases:

e Generate and determine the huddle boundary of emperor penguins.

e Calculate the temperature profile around the huddle.

e Determine the distance between emperor penguins.

e Relocate the effective mover.
the huddling behavior of emperor penguins is mathematically modeled. The main aim of this model is
to find an effective mover. The huddle is assumed to be situated on two-dimensional L-shape polygon
plane. Firstly, emperor penguins generate the huddle boundary randomly. Thereafter, the temperature
profile around the huddle is computed. The distance between emperor penguins is also calculated
which will be helpful for more exploration and exploitation. Finally, the effective mover i.e., the best
optimal solution is obtained and recompute the boundary of huddle with updated positions of emperor
penguins (or search agents) (Dhiman & Kumar, 2018).
2.7 Political Optimizer (PO)

PO inspired by the multi-phased process of politics. It is the mathematical mapping of all the
major phases of politics such as constituency allocation, party switching, election campaign, inter-party
election, and parliamentary affairs. PO algorithm assigns each solution a dual role by logically dividing
the population into political parties and constituencies, which facilitates each candidate to update its
position with respect to the party leader and the constituency winner. Moreover, a novel position
updating strategy called recent past-based position updating strategy (RPPUS) is introduced, which is
the mathematical modeling of the learning behaviors of the politicians from the previous election.

Politics itself is a process of optimization from two perspectives: each individual optimizes its goodwill
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to win the election and each party tries to maximize its number of seats in parliament to form a
government. These aspects make politics an ideal inspiration for an optimization algorithm because an
individual (a party member) may be considered a candidate solution, individual’s goodwill is
considered the position of the candidate solution in the search space, and goodwill of a political
member can be defined by many performances related parameters which can be mimicked by design
variables or components of the position vector of a candidate solution. Election may be considered the
evaluation (objective) function and the number of votes obtained by an individual in election is mapped
by the fitness of the candidate solution (Gutekunst & Williamson, 2020).

2.8 Poor and Rich Optimization (PRO).

This algorithm is inspired by the efforts of the two groups of the poor and the rich to achieve
wealth and improve their economic situation. The rich are always trying to increase their class gap with
the poor by acquiring wealth from different ways. On the other hand, the poor try to gain wealth and
reduce their class gap by modeling the rich. This struggle is always going on and should be mention
that the poor may get rich and vice versa. PRO is designed based on a real social phenomenon which
can be considered as a solution for complicated optimization problems. In fact, the main idea of the
proposed algorithm is summarized in two cases:

1. Each member of the poor group tries to improve their status and reduce their class

gap by learning from the rich.

2. Each member of the rich group tries to increase the class gap.

The first population including the rich and poor was randomly designed as a uniform vector and this
population will be arranged based on the objective function. The first part of this population including
the best values will be considered for the rich group and the second part will be defined for the poor
group(Samareh Moosavi & Bardsiri, 2019).

2.9 Hunger Games Search (HGS)

HGS is designed according to the hunger-driven activities and behavioral choice of animals. This
dynamic, fitness-wise search method follows a simple concept of “Hunger” as the most crucial
homeostatic motivation and reason for behaviors, decisions, and actions in the life of all animals to
make the process of optimization more understandable and consistent for new users and decision-
makers. The Hunger Games Search incorporates the concept of hunger into the feature process; in other
words, an adaptive weight based on the concept of hunger is designed and employed to simulate the
effect of hunger on each search step. It follows the computationally logical rules (games) utilized by
almost all animals and these rival activities and games are often adaptive evolutionary by securing

higher chances of survival and food acquisition. This method's main feature is its dynamic nature,
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simple structure, and high performance in terms of convergence and acceptable quality of solutions
(Nd, 2021).
2.10 Henry gas solubility optimization (HGSO)

HGSO is mimics the behavior governed by Henry’s law to solve challenging optimization
problems. Henry’s law is an essential gas law relating the amount of a given gas that is dissolved to a
given type and volume of liquid at a fixed temperature. The HGSO algorithm imitates the huddling
behavior of gas to balance exploitation and exploration in the search space and avoid local optima.
HGSO designed population-based metaheuristic optimization algorithm based on principles physics. It
is that the ability to balance exploration and exploitation plays a significant role in this algorithm. This
characteristic makes HGSO suitable for solving complex optimization problems with many local
optimal solutions because it keeps a population of solutions and investigates a large area to find the best
global solution(Hashim et al., 2019).

2.11 Archimedes optimization algorithm (AQA).

AOA is a meta-heuristic algorithm designed to solve the optimization problems. It is devised with
inspirations from an interesting law of physics Archimedes’ Principle. It imitates the principle of
buoyant force exerted upward on an object, partially or fully immersed in fluid, is proportional to
weight of the displaced fluid. It is a high-performance optimization tool with respect to convergence
speed and exploration-exploitation balance, as it is effectively applicable for solving complex problems
(Hashim et al., 2021).

2.12 Ebola optimization search algorithm (EOSA).

EOSA a nature-inspired and biology-based algorithm was inspired by the natural and biological
process of Ebola. has been formulated the propagation of the disease using a mathematical and a
susceptible infected and recovered (SIR) model. Thereafter, an algorithmic design the procedure for the
optimization process was done (Ovelade & Ezugwu, 2021).

2.13 War Strategy Optimization (WSO).

WSO is a metaheuristic optimization algorithm based on ancient war strategy, so on the strategic
movement of army troops during the war. War Strategy is modeled as an optimization process wherein
each soldier dynamically moves towards the optimum value. The algorithm models two popular war
strategies, attack and defense strategies. The positions of soldiers on the battlefield are updated in
accordance with the strategy implemented. To improve the algorithm's convergence and robustness, a
novel weight updating mechanism and a weak soldier's relocation strategy are introduced. The war
strategy algorithm achieves good balance of the exploration and exploitation stages(Ayyarao et al.,

2022).
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2.14 The Artificial Electric Field Algorithm (AEFA)

AEFA a physics-inspired metaheuristic, drawing inspiration from Coulomb’s law and
electrostatic force; however, while AEFA has demonstrated efficacy, it can face challenges such as
convergence issues and suboptimal solutions, especially in high-dimensional problems. To overcome
these challenges, employed to add more diversity. The integration of these mechanisms in AEFA aims
to expand its search space, enhance exploration potential, avoid local optima, and achieve improved
performance, robustness, and a more equitable equilibrium between local intensification and global

diversification(Hussien et al., 2024).

3. Meta-heuristic Algorithms Classification

The use of advanced technology in various fields of science is increasing the complexity of the
problems to be solved. The shortcomings of traditional optimization techniques resulted in the
emergence of the metaheuristic optimization algorithm for solving complex engineering problems. As a
result, new optimization algorithms become a ray of hope. Meta-heuristic methods: Meta-heuristics
methods are considered to be global best optimization algorithms and possess several advantages, such
as robustness, performance reliability, simplicity, ease of implementation.
Meta-heuristic algorithms have been classified, such as:
a. Evolutionary-based algorithms: These algorithms are originated from the theory of evolution, such
as: genetic algorithm (GA) (Whitley, 1994), Differential Evolution (DE), (Storn & Price, 1997),
Evolutionary Strategy (ES) (Simon, 2013).
b. Swarm-based algorithms: These algorithms emulate the social behavior and the collective decision-
making of various social groups. In these algorithms, the explanation for reaching a given objective is
usually based on bio-community intelligence and collective action such as: GWO, WOA, MFO, CSA,
DA, EOSA, EPO.
c. Physics-based algorithms: The physics-based algorithms have been influenced by the laws of natural
physics such as: AEFA, AOA, HGSO.
d. Human behavior-based algorithms: optimization algorithms inspired by human beings' social
behavior such as: WSO, HGS, PRO, PO.
4.Concolusion

This work surveyed several important metaheuristic methods as they are described for last ten years.
Some of them are inspired by the social behavior of insects and animals, some are inspired by human

behavior, and some are inspired by physical and biological laws. Since the 1950s, with the development
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of computer science, metaheuristic algorithms inspired by nature have been designed to solve and
improve complex problems that cannot be solved by traditional methods.
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Abstract

Development this paper aims to develop a Cryptography algorithms based upon the advantages of
magic squares to obtain high speed and high complexity. In the paper work on Magic Square of
Order 5 was relied upon to generate an algorithm of encryption for the data specified with GF(P)
or GF(28). The process done by put the key in the positions that agreed and put the message in the
remaining positions at the Magic Square then the sum is found for each row, Column and
diameter. The block encryption algorithm uses a block of size 10 and 14 element. The complexity
obtained by the algorithm was (256)°x(P)* and (256)*x(P)! respectively, and the speed of each
proposed algorithm was calculated and the results indicated that the first proposed method was
better than the second method in terms of complexity, especially when using a high number

prime in GF(P) compared.

Keywords: Magic Square, Cryptography, linear equation system, finite field, GF(2%).

1. Introduction
The search for new cryptography techniques has led cryptologists and mathematicians to confiscate
factor leading to success of the well-known essential attributes of the magic square. Magic Squares of

order N (MS N) based on a number group that uses the numbers 1 to n? [1].

The story of magic square goes back to several centuries ago, which was discovered some of it
emergence goes back to before birth in a lot of countries of world such as china , India and Middle east
then moved to Europe through translation of Arabic resource then moved to the rest of the world[2].
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Magic squares prosper and forward quickly with the emerging mathematics-based games like
puzzles and Sudoku games, which have been especially appealing to the mathematicians [3], as we will

see in this paper.

2. Related Work
This part provides an overview of the relevant literature on the various modifications to the uses of the

magic square.

in the year 2009 [4], Ganapathy and Mani presented cryptography method based on the magic
square and the RSA algorithm, encryption / decryption is based on the numbers that are generated by
the magic square instead of ASCII values.

in 2014 [5], Researchers presented a technology in protecting data in cloud computing, using the
RSA algorithm and magic square by determine numeral value of magic square corresponds to position
of ACSII value, to provide additional security for the encryption system.

In 2015[6], Dawood, Rahma and Abdul Hossen presented a suggest algorithm that uses the Diffie-
Hellman model to determine the dimensions of magic square block's physical structure which it
determines the type of magic square. The properties of the magic cube were exploited in the processes
of decryption / encryption & signing / verification. Magic cubes are based on 6 foldable magic squares
that represent the towards of the magic cube.

In the year 2016 [7], abdul-Mouniem, Abdul-Mohsien and Dawood presented cryptography
algorithm based on Diffie-Hellman key exchange protocol , magic square and the Secure Hash
Algorithm SHA-1 ,as the proposed algorithm relies on encryption/ decryption mainly on the magic
constant and magic sum of the matrix, which is obtained after multiplying the matrix by a randomly
selected constant value.

In the year 2016[8], researchers presented new approach to build a magic cube by using the folded
magic square technique, where 6 magic squares are constructed in sequence or with a fixed different
value between each pairs of numbers in the square mould, then each square is arranged in the correct
order to preserve the properties of the magic cubic.

In 2018[9], Jabbar and Rahma presented cryptography approach Using the magic square 4x4, linear
equation system and finite field. So that the main dependence was on the magic sum.

In 2019[10], AL-Hashemy and Mahdi presented algorithm to encryption color images by dividing
the images into small parts equivalent to the magnitude of the magic square that used and multiplying

them by the magic square, and the XOR operation with a key was used in this proposed method.
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In 2019, [11] Rahma and Jabbar presented protocol relies on magic square of size 3x3, linear
equation system and finite field, To maintain the integrity of the data when exchanged between two
parties.

In 2020, [12] Chen presented new approach by Taking advantage of well-known magic square
properties. Innovative way to search for prime numbers has been developed by engage the magic
square and Goldbach’s Conjecture.

In 2020, [13] Mohammed and Hasan presented new cryptography approach To prevent attackers
from exploiting redundancy weaknesses in the cipher text, the magic square was used to provide more
permutation and also to ensure the availability of an inverse matrix that could be used in the decryption

process.

3. Advantages of previous technologies

Magic squares have several features where the sum of the numbers in any column, row, or diameter is
equal, This resulting number is called magic constant or the magic sum. A square with the above
properties is called a normal magic square, while a magic square is called a mini magic square, if the

sum of any column or row in it is equal only (not including the diagonals)[2].

To take advantage of the characteristics of the magic square in the cryptography, the transition from
the unspecified number group (from 1 to 25 in MS 5) was replaced in the finite numeric group GF(P)
where p is the prime number, and all the Galois field then will depending on (p) [14].

And the inability to benefit from applied it on devices that are currently available (Laptop, mobile,
tablet,....) that depend on 8 bits We had to move to GF(28) [14].

Therefore, assume that want to use a cryptography algorithm that works on 8-bit data every time,
and want to perform the division operation with 8 bits, the representation of integers will be in the
range of 0 — 255, However, will note that 256 is not a prime number, and if the mathematical operations
are performed in Z256 (mod 256) then this group of integers will not be field, Because the lowest prime
number of 256 will be 251, so the group Z256 using the arithmetic mod is field, and the group from 252
- 255 is ineffective (discard), It gets us trouble so the polynomial numbers was used to get rid of this
problem[14].

polynomial numbers which are expression consisting of variables and coefficients, all the operations
that are executed are taken to module m(x) so m(x) is mod reduction of the irreducible polynomials
which has the accuracy same properties as the prime number in the integer calculation and reducible

polynomial means that can be analyzed into its factors of a smaller degree than it, while irreducible
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polynomial, which cannot be analyzed into factors smaller than it, is divisible only by itself and by one
[14].

A linear equation system, Gaussian elimination and finite field were used. Before applying the
Gaussian elimination the equations must being arranged in such a ways that will be the diameter does
not contain any zero and note that the numbers of equations must be equal to the number of unknowns
that to obtain the results[9].

Cryptography represent the process of any converting process of the plaintext into hard to
understand cipher text with a key. Encrypted text can only be recovered into plain text if the key is
known, and it is secret but known only to parties that exchange information. In cryptography, a
substitution cipher is work on fixed system which is units of plaintext are exchange with cipher text; it
can be a single bit or a group of bits[14].

This paper will use a composite method among rules of MS and GF both its types.

4. The proposed cryptography technique:

By taking advantage of MS 5 property, where the key was used and placed in the positions that were
agreed upon, then the message is placed in the remaining positions and then the sum is found, after that
each sum is converted into an equation, so 12 equations were obtained (5 columns + 5 rows + 2
diagonal) as is As shown in Figure 1, then the process is repeated each time according to the message

length used.

(a) (b) (c) (d) (e) (N

(2) (h) (i) () (k) 1

Figure 1. The positions in the Magic square 5 x 5 used as equations.

4.1 Key position determine by the user with length of message equal to 10:
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When examining the 12 equations, it was noticed that they have dependability, so two equations

(Figure 1 c&i ) were cancelled, leaving 10 equations.

Therefore, for that will be 15 locations for keys, and the remaining parts will be 10 locations for
messages (corresponding to 10 equations), and the result is 25 positions for Magic Square 5% 5.

Note that the proposed algorithm does not restrict the locations of the keys, but rather gives
flexibility in choosing the key locations and the key value.

4.1.1 inserting the key and message It is as example that the following key’s locations have been

chosen as shown below:

Figure 2. The key positions (assume) for length=10.

With the figure 2 and the remaining positions will contain the message, matrix S will be formed

which consist from key and message as shown below:

Soo | So1 | Soz | Soz | Soa

Si0| S11 | S12 | S13 | S14

Soo | So1 | S22 | S23 | S24

S30 | S31| S32| S33 | Sza

Sao | Saz | Saz | Saz | Saa

Figure 3. The key (Shaded areas) and message (the remaining) in matrix S
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Therefore, sums are obtained as shown by the equations below:
Suml = S00+ S01 + S02 + S03 + S04
Sum2 = S10+ S11 + S12 + S13 + S14
Sum3 = S30+ S31 + S32 + S33 + S34
Sum4 = S40+ S41 + S42 + S43 + S44
Sum5 = S00+ S10 +S20 + S30 + S40
Sum6 = S01+ S11 + S21 + S31 + S41
Sum7 = S03+ S13 + S23 + S33 + 543
Sum8 = S04+ S14 + S24 + S34 + S44
Sum9 = S00+ S11 + S22 + S33 + S44
Sum10 = S04+ S13 + S22 +S31+ S40

1)

So the sums resulted will be represented the encrypted text and then will be sent to the receiver.

The receiver will resolve the 10 equations with the 10 other unknowns and with 15 key vales as we
explained in this paper (2-a - the 2nd paragraph).

And take into account before solving the equations make rearrange the equations, So the main
diameter values don't equal to the zero.

The Solving the equations will represent the message.

These proposed works were developed to increasing the difficulty and strength of breaking it so the

polynomial numbers were used instead of numbers in both the key, message and value.

4.1.2 the proposed algorithms. For that there is no stable or specific algorithm, this proposed approach
was developed using MS 5 for decryption and encryption

Algorithm 1: The Proposed Symmetric Encryption algorithm based on MS5

Input: Plaintext message and key and key position.

Output: Cipher text.

Begin:

Stepl : placing the keys at the agreed positions in MS5.

Step2 : placing the message at the other remaining positions in MS5.

Step3d : After applying steps 1 and 2, we get the matrix A (See fig. 3) and will find the sums
of each equations (See (1)) .
And these totals will represent the ciphertext and sent to the receiver.

End.
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Algorithm 2: The Proposed Symmetric Decryption algorithm based on MS5

Input: Ciphertex and key and key position.

Output: plaintext

Begin:

Stepl: placing the keys value in the chosen positions .

Step2: The other positions will be remain Anonymous and their number is equal to the number of
ciphertext = 10, and ten equations will be formed, Depending on the matrix S (fig. 3) and
Q).

Step3: rearrange the result of equations so that the main diameter must not contain any value is
equal to zero.

Step4: Solve the 10 equations and relies on rules of the finite field to find the original text (the
message), as shown in this paper (section 3 Paragraph 6).

The solve of the equation will represent the message.

End.

4.2 adding 4 new equations:

Development to the work done to the length of message = 10 by adding four another extra equations,

So the total sum of the equations will be = 14, The added equations can be illustrated in the following
figure:

(a) (b) (c) (d)

Figure 4. The equations added to the work.

4.2.1 inserting the key and message. It is assume the following key has been chosen :

klk|k
k k
k
k k| k
k k

Figure 5. The key positions (assumed) for length=14.
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The work will be similar as in the length of the message = 10 (section 3-1-1) and the difference will be
in the added equations and the ten equations will be the same as previously used.
The added equations will be as shown below:
Sumll = S02+ S11 + S20 + S34 + S43
Suml12 = S01+ S10 + S24 + S33 + S42
Sum13 = S02+ S13 + S24 + S30 + S41
Suml14 = S03+ S14 + S20 + S31 + S42
4.2.2 the proposed algorithms for length = 14. The text of the algorithm is the same in the length of

)

message equal to 10 (see section 3-1-2 in this paper).

The difference will be the number of equations will be 14 equations instead of 10 which equal the
length of the message, on the other hand the length of the key is 11 locations to be the total 25 position
(due to MS 5).

5. EVALUATION

Cryptography refers to the science that provides a secure connection and is associated by the process of
converting the plaintext into ciphertext with the help of the key, and therefore without knowing the key,
the third party cannot extract the message from the ciphertext, so it will be interesting to calculate the

number of attempts to calculate the plain text by the third party which is called brute force attack.

Therefore, in this paper we used MS 5 with two different message lengths. It is considered an
improvement to MS 3 and MS 4 by increasing the complexity and length of the key and thus it will be
very difficult to reach the Plaintext.

In this section, we will calculate several parameters (complexity, encryption time, throughout, NIST
tests and histogram analysis) for suggest MS 5 as shown below , Statistics were performed on the
laptop Intel(R) Core(TM) i5, OS: Winl10 ProX64,and by using C# in Microsoft Vis. Studio 2013.

5.1 Security complexity analysis
First, we'll calculate the key complexity represented by the brute force attack, as it will be in the first
proposed algorithm P15 since P is the prime number used and 15 is the number of keys used in magic

square. We will use a different prime number starting from 251 and incremental.

So also, for the 2" suggested algorithm would be the complexity of the Brute force attack will be
P11, since there are 11 keys in the magic square and we will also use different numbers of Prime
Number starting from 251 onwards.
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Secondly, we will calculate the complexity of the data for the first algorithm proposed, since there
are 256 ASCII character in the data used and Message length will be = 10, then the complexity will be
= (256).

So also for the 2" algorithm suggested the complexity of the data will be (256)**, since the message
length = 14 and 256 represent the character of ASCII.

So it will be the total complexity in the first and second algorithm equal to the complexity product of
the data multiplied by the complexity product of the key for each one of them, as shown in (3) and (4)
and the figures 6&7&8&9 will illustrate the relationship between the complexity of the two proposed
algorithms with prime number =251 onwards and MS 3.

Total complexity in the 1st algorithm = (256)'%x(251)* (3)
Total complexity in the 2nd algorithm = (256)*x(251)™ (4)

1.19538E46 12935146

1.5E+60 0
1E+60
5E459 4.45103E+2
) St —
MS 3 Alg. 1 Alg. 2
mpP=251

Figure 6. The Complexity in Algorithms 1 and 2 and MS 3 with prime=251.

6.83857E46
1E+65 |
S5E+64 3.98064E+2 3.98634E+6
5 3
— —
O L
MS 3 A|g. 1 AlgA 2

mP=521

Figure 7. The Complexity in Algorithms 1 and 2 and MS 3 with prime=521.
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4.84683E+7
6E+70 | .
|
4E+70 |
2E+70 | 5‘889.1.3“? S
| o il 7.77921E+6
0" e 2
MS 3 gy
Alg. 1 o
Alg. 2

Figure 8. The Complexity in Algorithms 1 and 2 and MS 3 with prime= 1279.

5E470 1
4E+70 |7 Il
3E+70 | mMS 3
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Figure 9. The Complexity in MS 3 and Algorithms 1 & 2 with different primes no.

5.2 Encryption and Decryption time

As another measuring for performance was calculated encryption and decryption time for each
algorithm proposed where them were calculated for different sizes of message as shown in tables1&?2
and Figures 9&10 shows a comparison of the encryption and decryption times of the two algorithms for

different sizes of messages.
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Table 1. Execution times (in milliseconds) for Algorithm 1 to different Sizes of message.

No. of Char  Encryption (in unit m.s) Alg. 1 Decryption (in unit m.s) Alg. 1
140 00:00:00.0167418 00:00:00.0276373
280 00:00:00.0537937 00:00:00.0828052
560 00:00:00.2511645 00:00:00.3689929
1120 00:00:01.5166185 00:00:02.3846324
1680 00:00:04.4561050 00:00:06.4788159
3360 00:00:27.3825018 00:00:39.4362666

Table 2. Execution times (in milliseconds) for Algorithm 2 to different Sizes of message.

No. of Char  Encryption (in unit m.s) Alg. 2  Decryption (in unit m.s) Alg. 2
140 00:00:00.0160082 00:00:00.0264654
280 00:00:00.0522081 00:00:00.0814200
560 00:00:00.2436234 00:00:00.3725342
1120 00:00:01.4490555 00:00:02.2118289
1680 00:00:04.2634445 00:00:06.5029747
3360 00:00:25.6699058 00:00:39.4741034
30
25
20
13 mAlg. 1
(5) - m mAlg. 2
3 \S \S NS \S
\P&Q '139(}@ %@(}@ N\’)'é}(b @"Qd@ 2P >

Figure 10. Comparing between Alg.1 and Alg.2 in Encryption Time.

77



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

40
30 |
e mAlg. 1
10 |
mAlg. 2
O L —— 7 ;- 7.—, -3 '] 3 > g
2 2 2 2 > )
$ &
W o ¢ P

Figure 11. Comparing between Alg.1 and Alg.2 in Decryption Time.

5.3 Nist tests analysis

The output of plaintext encryption is preferred to be more random and difficult to predict, So it was
measured NIST Test (National Institute of Standards and Technology) for each algorithm proposed as

show in the tow tables 3 and 4.

Table 3. Some of NIST tests for Algorithm 1.

Statistical Cumulative Longest runsApproximate
Frequency Runs Serial
measures sums of ones entropy

Algorithm 1 0.900523 0.629222 0.382075 0.067103 0.602166 0.595074

Result Success Success Success Success Success Success

Table 4. Some of NIST tests for Algorithm 2.

Statistical Cumulative Longest runsApproximate
Frequency Runs Serial
measures sums of ones entropy

Algorithm 2 0.802586 0.338188 0.455502 0.018571 0.733584 0.568338

Result Success Success Success Success Success Success
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And Table 5 illustrates some of ciphertext results in each of the two proposed algorithms, as shown
below:
Table 5. Some of ciphertext results in Alg.1 & Alg.2.

Plain text Ciphertext using Alg. 1 Ciphertext using Alg. 2

Computer Science HuaynzilQeka Y4 Ax %SELAFGDIiLRgLOE

Programming in C#  NbLV+dsdoe2U9y26lE  IRca»uiSkRaaANoaA

5.4 Discussion the results

It is evident by comparing the previous results in terms of complexity, implementation time and NIST
test, that MS 5 is better in terms of randomness and complexity of the ciphertext than MS 3. Since the
complexity ratio is very large in the proposed system in both methods compared to Magic Square 3,
while the speed of implementation, the difference is not large, since the number of times the text is
truncated each time will be more in MS 3 (because there are 9 locations) than in MS 5 (25 locations).
This will be evident as the length of the message the user increases, on the other hand, there will be
more equations in the MS 5 than in the MS 3, which takes longer, in any case increase in complexity is

higher comparing to increase in execution time.

While for the comparison between the two proposed algorithms, it appears that the second algorithm
is slightly superior to the first algorithm in terms of encryption time, but when comparing the
complexity strength, we notice that the first algorithm is superior to the second algorithm, especially if

the prime number grows, so the first algorithm is considered better than the second algorithm.

6. Conclusion :
The proposed algorithms were based on magic sum basically, having both the key and the message
respectively placed in the magic square and that showed a good idea, as the use of a larger Magic

Square leads to higher complexity.

Using higher prime number P in GF(P) leads to higher complexity as well. In this block cipher
algorithm, if the key is greater than the data then the algorithm is of higher complexity. GF(28) was
used instead of GF(P) to be compatible with the hardware that depend with 8 Bits.
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Abstract

This study uses the Lognormal distribution to assess the reliability of deturbidity and the level of
residual chlorine in the water of Al Rashidiya Water Center in Baghdad, Iraq. The maximum likelihood
method was used for estimating distribution parameters in the MATLAB program, and the
Kolmogorov-Smirnov test for Goodness of Fit was applied at a significant level of 0.05. It was
concluded that the average turbidity was 9.389 and the average was 9, which is within the legal range,
the average chlorine was 0.0296 and the average was 0.03 which is well below the permissible level.
The study also discovered that the average effectiveness of deturbation was 71.764%, which is
sufficient but should be improved. the reliability for deturbation was 100% and for the residual
chlorine 0.96, suggesting that the Rashidiya Water Center was reliable during the research period. The
researchers recommend conducting frequent inspections of water treatment facilities and plants in Iraq
and comparing failure distributions to determine the optimal distribution of all water impurities.

Keywords: Reliability, Efficiency, Lognormal Distribution, Maximum likelihood Estimator, Water
Treatment Center.

1. Introduction

All drinking water treatment stations in Iraq work by legal limitations. As a result, frequent evaluations
must be done to research and analyze the quality of these stations ' outputs. Reliability can be broadly
defined for a water treatment plant as the probability that a plant will meet the maximum allowable
limits of the treatment standards within a specified time [1] One of the most widely used methods for
assessing reliability is using the Lognormal distribution. The Lognormal distribution is a general
probability distribution that can be used in assessing reliability and in assessing risk. for a Tigris River
water treatment center. The site's water treatment center reliability in terms of depollution is affected by
several factors; Among the most important of these factors are the wide variations in water quantity and
quality, such as the amount of rain falling, and the torrents that end in the Tigris River. In the Rashidiya
Water Center, one of the most important factors that hurt the operation of the center and thus reduce
reliability is rain, torrential rains and illegal discharge of sewage water.[2]

Al Rashidiya Water Center is located in the north of Baghdad, about 200 meters away from the Tigris
River, with a design capacity of 2000 m3/h [3], as the project’s work mechanism includes drawing raw
water from the river and then entering it into Relatively large ponds to be mixed with alum, after that
the water is distributed to the sedimentation ponds, and then the water is transferred to the filtration
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ponds, the depth of each basin ranges (12-14 )meters, a length of 4 meters, and a width of 5 meters,
each basin consists of several layers of gravel and sand of varying thickness. Then, the water is pushed
into ground tanks, in which the final chlorine( [CL] _2) sterilization process takes place.[4]

2. Method
2.1 Reliability

The study was conducted during starting from 16/6/2021 to 15/6/2022, on daily (365) days data
measured according to modern devices turbidity and chlorine CL-), where turbidity is measured before
and after the treatment process, and the study relied on turbidity data after treatment only. Chlorine
(CL,) is measured after the treatment process to know the remaining amount of it in the treated
drinking water, as it is used in the sterilization process.

The acceptable limits for discharged water after treatment are as follows [5][6]:

Turbidity: 15 NTU

Residual chlorineCL,): 3 mg/L

The reliability of the Rashidiya water center was determined using the Lognormal distribution, the
Lognormal distribution can be used when the failure rate (the Exceedance Rate, in the case of water
treatment plant) follows a monotonic trend. probability density function of The Lognormal distribution
is: A positive random variable X is lognormally distributed(i,e) X ~ Lognormal (p,,c%,), if the
natural Lognormal of X is normally distributed

with two parameters mean pp and variance a2 [7] :

2
i =1In (L) (1)
Vug +of

0.2
62 =1In (1 +u_;) - (2)
X

X: turbidity or (chlorine) data.
H: location parameter.

o: scale parameter.
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Figure 1: the probability density function of Lognormal distribution

The Cumulative distribution function is [8] ;

Fy(x) = @ (M) -3

a

Where @ is the cumulative distribution function of N(0,1)

1.00 9

0.75 4

0.25 4

Figure 2: cumulative distribution function of the Lognormal distribution

The reliability function is given by [9]:

Rt)=1-

(w) (&)

We, however, want the Maximum Likelihood Estimator (MLE) p and o for the lognormal distribution,
we can use the same procedure as for the normal distribution which is:

The log-likelihood function for a sample {x;, ..., x,} from a lognormal distribution is [7]:

LL= —2in2n) — Sin( 2)—izn (Inx; — Z—Zn ! (5)
= —5In@n) —Sin(e 262 0, nx; —u) - nx;

n n 1 n n nu? v
= —Elll(ZR)—EIn(JE)—ﬁzi:l(lnxi-)2+%Z:llnxi —J—i—;lnxi ...(6)
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The log-likelihood function for a normal distribution is:
__n" ey — izn )2
LL = > In(2m) > In(c?) 5572 izl(Ean ) - (7)

Thus, the log-likelihood function for a sample {x;, ..., x,} from a lognormal distribution is equal to the
log-likelihood function from {Inx, ...,In x;} minus the constant term }_ In x;. Since the constant term

doesn’t affect which parameter values produce the maximum value of LL, we conclude that the
maximum is achieved for the same values of p and ¢ on the sample {Inx,, ..., In x,,} taken from a

normal distribution, namely:

I :%ZEnxi ..(8)

o2 = Ezrzl(Enxi — )2 (9

The MLE of reliability function is:

Logt - Jum.te)

Tinle

R(O), e = 1 —CD( .(10)

The mean, standard deviation and turbidity removal efficiency were calculated according to the
following formula [1]:

Turbidity,,;:

eff = (1  Turbidityy, ) * 100 .. (11)

Turbidity,,:: Turbidity after treatment.
Turbidity;,: Turbidity before treatment.

3. Results and discussion

Descriptive statistics were calculated, and it was found that the values of turbidity and chlorine were
close to the acceptable standards according to the requirements [8] [8].

85



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

Table (1) Arithmetic Mean, St. deviation and CV for turbidity and residual chlorine.

Parameter Unit Mean St. Deviation cVv
Turbidity Unity | 9.389 2.8520 0.3038
Chlorine Mg/L | 0.0296 0.0019 0.0625

To determine the reliability of turbidity and chlorine for Al-Rashidiya Water Center, using the log-
normal distribution, and to ensure the goodness of fit, the Kolmogorov-Smirnov test was used at a
significance level of a = 0.05.

Table (2) the results of estimating of the lognormal distribution,

Parameter Unit Parameter Distribution Kolmogorov-Smirnov
u o Test Value P-Value

Turbidity | Unity -3.5219 0.0736 0.23152 0

Chlorine Mg/L 2.2232 0.1491 0.53294 0

2
Table (2) shows the estimators it and @  of the lognormal distribution, which were estimated using the

Maximum likelihood Estimator (MLE). and the results of the Kolmogorov-Smirnov test for the
experimental data.

Figure (3) shows that the reliability of meeting the specified turbidity threshold (15 units) was 0.96,
with an exceedance probability of (0.04). This means that 362 times over the 365-day study period, a
value equal to or less than 15 units was observed.
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Figure 3: Turbidity reliability estimated using the Maximum likelihood Estimator (MLE)
method.

Figure (3). depicts the dependability of estimations for turbidity levels using the Maximum Likelihood
technique. The greatest reliability level was (0.96) at the smallest turbidity level, and the minimum
reliability value was (0.04) at the maximum turbidity level, illustrating that reliability levels decrease as
turbidity levels rise.

Graph of turbidity data in figure (4), we notice that the majority of the data falls within the permissible
limit, and that some values fall outside the permissible limit, which is acceptable because the study
period is relatively large, and the reason for this is due to rain and torrential rains that change the shape
of the river water Tigris.

Turbidity

Figure (4) Graph of turbidity data.
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Figure (4) shows a graph of the turbidity values and shows that (362) of the total values did not exceed
the allowable treatment limit. While the permissible limit was exceeded (3) times only.

The reliability of lowering chlorine to the required standards (3 mg/L) was (100%), as indicated in
Figure (5) with a chance of exceeding (0). This shows that no value of (3 mg/L) or above was reported

over the 365-day research period.

Figure (5) depicts the Maximum Likelihood method reliability estimates; it's apparent from the figure
that reliability amounts decrease as chlorine values increase, as the greatest reliability value was (1) at
the smallest chlorine value and the smallest reliability value was (zero) at the greatest turbidity value.

1 - -
W [ MLE Method |
09 Fr 1
o8
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0.€
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=0
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i — —_ e — |
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Figure 5: Chlorine reliability estimated using the Maximum likelihood Estimator ( MLE) method.
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Figure (6) Chlorine data graph.

Because there were no cases of excess during the 365-day research interval, the chlorine measurements
graph in Figure (6) shows that each value was less than the treatment-allowed limit.
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4. Discussion

The study also discovered that the average turbidity removal effectiveness was 71.764%, which is
adequate but has to be improved. The analysis revealed that the reliability value for turbidity removal
was 100% and for remaining chlorine 0.96, suggesting that the Rashidiya water center was dependable
during the research period. The report advises conducting frequent inspections of water treatment
facilities and plants in Irag and comparing failure distributions to determine the optimal distribution of
all water impurities.
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Abstract:

In this research, the Poisson regression model is discussed in the case of a data set containing extreme
values, and ways to overcome this problem were discussed using two robust methods (the weighted
maximum likelihood estimation method and the robust mallows quasi-maximum likelihood estimation
method) and a comparison between the two estimation methods to overcome the problem of extreme
values and to know which is better. A sample size of (100) people was chosen and (6) tests were taken
that diagnose Lupus disease or lupus erythematosus for the year (2022), as this real data was collected
from private laboratories affiliated with the Medical City and the Iraqi Ministry of Health. It was shown
through the results that the extreme values were treated through the two robust methods, and the best

method was the robust mallows quasi-maximum likelihood estimation method.

Keywords : Generalized linear models , Poisson regression , Outliers , Robust regression methods |,

Robust mallows quasi-maximum likelihood (MQL) , Weighted maximum likelihood (WML) .
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Abstract
The aim of the research is to reveal the nature of the relationship between one of the most important
concepts of positive psychology, which is personal intelligence, and one of the variables of the
individual's personality in the mental aspect, which is cognitive stinginess. The descriptive analytical
approach was followed, and a scale of personal intelligence was prepared consisting of 20 paragraphs,
and a test of cognitive stinginess was applied to a sample of (64) male and female students from the
second and fourth stages of the Department of Mathematics from the College of Education for Human
Sciences. The results showed: There is an average level of personal intelligence among students of the
Mathematics Department. With an above-average level of cognitive stinginess. With differences in the
variable of personal intelligence in favor of males, and differences in cognitive stinginess in favor of
females, and there is an inverse correlation between personal intelligence and cognitive stinginess.
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Estimation of the multiple linear regression model for the production
guantity of Al-Zahi in Al-Mamoun Factory using the (r-(k-d)) method in
the presence of the problems of autocorrelation and multicollinearity

together
Saja Mohammad Hussein Zainab abd alsatar
Baghdad university , college of Baghdad university , college of fine arts, financial Dept.
administration and economic,
Dept. of Statistics
saja@coadec.uobaghdad.edu.iq zainab.a@cofarts.uobaghdad.edu.iqg

Abstract:
The controlling production is one of the important goals that economic institutions strive to achieve.

The quantities of production are essential for industrial establishments, and one of the most important
statistical models used is the linear regression model. Ordinary Least Squares (OLS) is commonly used
to estimate the linear regression model. However, this method requires a set of assumptions. If one or
more of these assumptions are violated, it may lead to inaccurate and undesired estimates.

These problems often manifest in the multiple linear regression model as problem of multicollinearity
and autocorrelation together. In this study, r-(k-d) method was used to estimate the model for the
production quantity of cleaning materials in AL-Maamon industry in the General Company for
vegetable oil industry. This approach addressed the issues of multicollinearity and autocorrelation
simultaneously.

Keywords: Multicollinearity, Autocorrelation, Multiple Linear Regression Model, Generalized Least
Squares (GLS).
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2007 | 500.000 1500.000 | 222.000 | 120.620 375.600 6767.630 2395.000 313.408
2008 | 850.000 1500.000 | 229.000 | 115.850 361.200 14555.690 2320.000 301.000
2009 | 750.000 2500.000 | 231.000 | 235.860 734.400 17051.880 2235.000 612.889
2010 | 1000.000 3000.000 | 234.000 | 357.530 1114.800 16670.410 2185.000 928.947
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2016 | 1000.000 | 4000.000 | 241.000 | 768.990 1420.800 6897.050 904.000 1183.431
2017 | 1500.000 3996.000 | 240.000 | 725.100 1185.600 6126.470 803.000 987.665
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Abstract

In some studies, especially clinical studies, failure (death).as a result of other (external) factors, Any
additional risks that may occur that compete with the case under study are called competing risks,
which affect the hazard function of the Cox model. It is referred to Censoring Data From the Right,
which is affected by differences in time and the phenomenon under investigation. The time of
occurrence of these risks is known between two examinations, as in the Censoring Data From the
Right, depending on the nature of the data for the case under study. The impact of these risks on the
hazard function is estimated based on the Cox proportional hazards model, Which was estimated
through the parametric part represented by the partial maximum potential method and using numerical
algorithms (Newton Raphson - Down Hill) to estimate the parameters. represented by the effect of
variables on the Cox hazard function , The other nonparametric part is to estimate the effect of time on
the risk function through the Kaplan-Meier formula. These methods were applied to experimental data
through large-scale simulations with different sample sizes from Censoring Data From the Right to size
(n=30,70,100,140) As well as four initial default values for the parameters and three models of
arithmetic parameters And standard deviations . After that, it was applied to real data for people with
breast cancer for a random sample size of (100) for the control data from the right in order to obtain the
best estimation methods. After analyzing the simulation results and real data, the results obtained
showed that the Downhill (DH) algorithm is the best estimation method compared to the Newton-
Raphson (NR) algorithm Depending on the statistical criterion for comparison, the average root mean
square error of the model (Average Root Mean Square Error) . After estimating the competitive risk for
real data based on the cumulative risk function (CIF), which explained the effect of common variables
in increasing the competitive risk on the risk function of the Cox model.

Keywords: Hazard function, Censoring Data From the Right, Cox proportional hazards model, partial
Maximum likelihood, Newton-Raphson algorithm, Downhill algorithm
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Z, =S+ alS—Zys1) 9
DA (f,). el Al Gl o 58, (alSaiV) AL Ol 2y
AU 5 gladll Jains elld CaDA (9)), 8 phadll Jai 5 7, :znﬂd,é._;le ‘::fzr < aen {szn

Z, =5+, -9 (10)

3 (F). aagd) A3 ot s il s 2
a

. A8 5 pladll Jans ellh (a3l (9) B ohaddl ) Jaini gr 7, :Znﬂdn..xfzg <f,

AV dapall 335 (C) LS At ol 7

Ze=S+y(Zns1—9) (11)

P S 13 Cangll Al ot (LY (la any
c

AU 5 phasll Jain lld YA 9, 5 ghadll Jaini g 7, = Zps1dif, < f,

LAY drgeal) 385 (Sh) el dhi s 8

Zy=Z,+Y(Z,—-Zy) (12)

AV il (385 AL il gladl) b i gl Ly (a3 die 8 shadll a3a (3aki 9
max(f) — min(f)
< £
max(f)

sy Ay Sl Aleall o3 paiuiy (B) shall (I ags olld (oA ¢ Jall delida Al A paind (i gl b yd gEas Al
( Mehta, 2020). 2 sdiall el
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iode (Bls2.1.1.2

sball a8 e (Survival Function) sl ally a8l aodiiy alea je 08 (Product-limit) gl s jode o)yl OIS e day
O Apma 338 G pliamy (Al (am pall A all] Jartio Le Llle  dall Canll 88 dagd g agls A geunn il 3o Sty | pladl) Al

, Aas gl) (51388 amy Jeall e Gallale (alaliV) gl Ay A e 3 85l Jsha il allastinl Sy (5 A1 Ol A5 z3lall 2ay il
Jiall e @llay Lessle . (Smith and Smith, 2003) (1958) ple xle e 5 IS I )53 aul o paiall 138 Gpans 5 Com
Cun X Hsae e Cidlsy sma o el Jlial miasr 568 (Kaplan Maeier curve) i SIS aie o Al odgd 5 )
Al Al 1A (e agn Vg 4ndi s Claaliall piead clGl) dlaial Gl 5 ¢ 7 gm0 2ane By (8 Gong alaiaYl s ple LIS (i iy
Andrade, 4V Lpally Gy (KM el dla (6 ¢ slhall a8 e ol Zllaial (i Led 481 jall Lamldl) laaliall vl

© (2023)

SO =T, "% k=127 (13)
1

DO G

i sl s Bl gl (e ) g (pdll al&EY) dae: nj
.8 5l 8 cian Sl (i sll) SlaaY) e d

A ) Al L o)1 (2l 550

F(t)=1-S(0

s AUl Aapall (385 delaall ye (Empirical Methods ) 4w il A&y phall PO (e llaiay) AU Aly s S

. S(tq) — S(t)
o=

_ 1
B (ri'+1 - ri’)(n—l_ 1)

for Lictatyy, (14)

(Teoh, 2008) &5 digeally laxs Jail) ) Ll Al o 5
~o T 1
S[:f) (t:'+1 - ri’)(n +1-— di)

for t (15)

i<t<tiy,
p Apudlinl) jhaliall 2.2

gl sS8 3 JB Ja e ¢osall a8 e elid) Ralie ol (5l Ciadl 8 Aai e SIS0 (55 Letie Aedlil) lilad) Lo
Ji Csall Sy 3 Al lalaall Aad gad Ala) a Glapull e (s A) Ol A ol sl 815 Dbl Apan) I3 (la pually 3 all
GBI iy Gl | (CIF) (oS0 il Al sl Ay e el puiiad) Lt Ty (K Y i ( Alkiasa 480 0) iaalls LaY)
b il Al Rl Gt 5 [h(E)]okeall Al OO (e el il Coms (S, Al Jhlia 3pm s 8 el (Ll diad)
et G0 e il e ddladl [h(t)] @ [H()] SA haall &la o (Sildnes, 2015) t ge) die sball a8 e olall Jua
Nelson—Aalen ) ol Osuls tia Jlesivly b s oSey H(E) , e 0OUS Jlasiuly oalee ¥ L i oSy S(1) el & o)

:( Groeneboom et al, 2008) 45Y) dapall A (4« (Estimator

~ d;
H(p) = Z?—‘ (16)
:
.0 laall jas el o8V dac sary sty 5l OMA ()58 gar cpdll A 8Y) aae g d G
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gl Addia 3
slslaal) 3.1

Aade Y pe (e aldai gl 23 gai (g) Jilad gl 4o pa e Jsanll (o) A a8 5l Al o JiaS e & (Simulation) 3l
il al Laa i ) (53 Lea Litaia Sl LgLlat Conmy sdinn luee il 8l i 4a)si Le Le | Uaill 5} 3581 i e
(5., aus sia | 5 i) Adlida plaals e 380 0% | il adl gl LSIa3 (<) 50ie) 5 e J guanl] SSLaall JN& (go ilanyl
O stial) a8 gl o) Al jall a8 Alaall &y jmy Ay W (gea3 15 A8al) ) guall Al il e J geasll (o) JiaY) Jall I J saa sl
syl il (350 5k (e 25 il 318 el awinss SISLaall by A8 3 ) )8 g iy e slaie ) o5 G | 38l NA
Faulu¥) Rl Ay gy 5l alae V) SV 5k o Al Uil Ade caail Lo 138 | il Loadl) 4y L) & padl
(Thackham and Ma, sl & Leadll 48 )l (o) aast g cpaall (A8 jall ULl A5 a3 JSILAEE Hila (LIS dapay 5 34l
2020)

BlSlaall @il gad3 1.1
1: :\L)AS\

aliial a5l e dalaie ) Wil pde el (Al ) bl dndlil) LAl Al (XX, Xa) AS_jidal il jid) ad al g o3
lalaie) (Normal Distribution) sxshll @) ill JUA (e ULl o g5 @lld 2y 440 59 2aisll (0,1) 5538l (Uniform distribution)
o A Aiaal) (385 A8 pmall s Ll 581 3 ) A jlaal) U asY g ball Bl Y1 e

X— U

fix)

a

.ol (5 bl et Jia ¢ el sleall budl Bl

t=1,2,...,n .(Vector) 4aie JS& oal 5 a3 28t (e 3l Apilly Wl

2: ala )
L il e Al 30n3 5 e ¢ Rl Al Y1 il apand L iy ) Jal el aal (pe Al el o3 yiad

.n=(30,70,100,140) : & slaall diall pas ial sl
. 1000 4y i as s ST ) SN agans
e o, (1.1778,0.7661,2.1023) : dd o5l 53al5(0.242,1.342,0.842) © sl (s sl f A 5Y) Claleal) a s
sl Jgaall 8 el 5 dnluall cillas gial)
A8 sl ) piall (5 jlmall CalaiY 15 dtad) Jaegll i sma 10 Jgaal)

Model | Mean(t) | #(Xy) | u(X5) | p(X3) | std(t) | 0(Xy) | 0(X3) | 0(X3)

I 158435 | 585 | 23.03 | 483 | 31836 | 1.87 | 16,57 | 1.68

I 174279 | 6.44 | 2533 | 531 | 350.20 | 2.05 | 18.23 | 1.85

i 142592 | 527 | 20.73 | 434 | 28653 | 1.68 | 1491 | 151

138



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

A bl e 31 dans il (g Ly 5B 5l Apln il i Jias s p(t) Cas

-

3: s )l

Dl s 5all Al W, adaal) o all el OSeY) A&kl (J Gsls Gl s Apaall cilaa 3l sal Jlexinly Cilalaal) s
o rense 38 LS (S oSz gail Sladll Al e Jgeanll (il @lls, e (LS Jlenils dlite e alany LA o 506 o3 55 _alaa
sl e (13), 5 (16) Astaall b LS olial) Al s il Hllaall ilua s (1) Alslaal

4; s )l

A dapal) s S S 73508 (ARMSE)  aa ¥ jlaadl e Talaie ) Lglindl apani s s g paall i) (35 oy 4 i) s
RMSE = / MSER s (17)

2 - 2 )
r_(h,—h
AMSEh, = E“l(?;*) (18)

LAa3 IS S e Qe
A il pll Hladll Al e Jia:
LSS sl il Ll Al Jis ;R
D BlSlaall 4y i milii 31,2
yaal &) o) jal wa ¢ labeall a Adlide zilaiy Adliall il alaal s ddtia) Gl (e lede Jguanll a3 gl ot
. (ARMSE) Wl g 5o Javi i Hda Jane o lalaie] 0 46 jla Juaidl

il jasy g Al Sl DU A3 2 3lail) as ﬁ(NR) =(0.242,1.342,0.842 ) yidl Cilalad) Aal) o2a Jici 1 oY) Adal)
L2 Jsaal 8 i) ddliaall bl slaa¥ 5 (1) (1)1 D se b 4 el 5 4 jlaal)
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paml) 3 yha oy 45 Hlaall dabisg Cilie e\;;‘yj A Gsum 5 Glal=all Cox GL}AS( Al Ay (ARMSE) a8 a2 Jeaall
Cal) (e A1) i il

Models of the Best
es
initial N Methods | ARMSE([,) ARMSE(,) |ARMSE([;) |ARMSE h(t-xj Method
etho
parameters
NR 0.6958 0.7252 0.4550 0.3567
30 DH
DH 0.9127 0.9226 0.9088 0.0033
NR 0.7229 0.6982 0.4510 0.2436
70 DH
DH 0.9235 0.9172 0.9237 0.0026
NR 0.7289 0.6923 0.4505 0.1634
100 DH
DH 0.9234 0.9235 0.9233 0.0021
NR 0.7258 0.6953 0.4507 0.1451
140 DH
DH 0.9249 0.9251 0.9252 0.0016
NR 0.7422 0.6777 0.4497 0.4816
30 DH
DH 0.9245 0.9212 0.9105 0.0013
NR 0.7072 0.7137 0.4529 0.1236
70 DH
Il DH 0.8988 0.9010 0.9031 0.0013
NR 0.7133 0.7076 0.4521 0.0934
100 DH
DH 0.9230 0.9252 0.9246 0.0015
NR 0.7173 0.7036 0.4516 0.8874
140 DH
DH 0.9185 0.9200 0.9179 0.0008
NR 0.7142 0.7067 0.4520 0.5488
30 DH
DH 0.9128 0.9231 0.9238 0.0044
NR 0.7032 0.7177 0.4536 0.6628
70 DH
11 DH 0.9179 0.9168 0.9236 0.0029
NR 0.7301 0.6911 0.4509 0.0739
100 DH
DH 0.9244 0.9241 0.9245 0.0016
NR 0.7201 0.7009 0.4513 0.5869
140 DH
DH 0.9221 0.9248 0.9196 0.0027
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zasadl Lhaall Aol dpuilly SISy clabeall dpilly 4,5l Alas¥) jheal) dad (i) LS Ll ana o)) LS L3 (2) Jsaad) 8
o2l Lgilimd) i) (DH) dad (sl Aol sd o) (2) dsaadl B il @ jelal dum | Ailan VI Ay il ae 38 5% Le 138 5 ¢ (S S
-z lal) Calitd g Cliell alaa) Calisad (NR) sl ) (5 55 e )l o3 (1

A jlamall ) a5 Aol Jals DU AN 3l s (B) = (1.1778; 0.7661 ; 2.1023) 4 yidall culabeall Jias ; 45010 A0
-3 dsaall b daa sall Adid) ligal) laa¥ 5 (1) (H)(H) 5 5o M 2 el

Ol (e A8 gall cililnd Dpnailly il 30k oy 4Eall Adline e alaal 5 A £3lall 5 cilalaall Cox zasaly yhall A (ARMSE) a8 g2 3 1 Jgaal)
Models of the
ARMSE ARMSE ARMSE ARMSEh
hitial parameters N Methods ( B 1 ) (Bz ) (Bg ) {t.x) Best Method

NR 0.5762 0.7858 0.9624 0.6830

30 DH
DH 1.4598 1.4077 1.4379 0.0024
NR 0.5809 0.7985 0.9479 4.9106

70 DH
| DH 1.4432 1.4313 1.4576 0.0034
NR 0.5819 0.8011 0.9450 0.2865

100 DH
DH 1.4597 1.4521 1.4543 0.0023
NR 0.5817 0.8008 0.9454 0.2623

140 DH
DH 1.4341 1.4335 1.4587 0.0005
NR 0.5610 0.7249 1.0377 0.3587

30 DH
DH 1.4574 1.4598 1.4524 0.0012
NR 0.5798 0.7958 0.9510 2.8378

70 DH
11 DH 1.4385 1.4519 1.4168 0.0043
NR 0.5813 0.7996 0.9467 0.4748

100 DH
DH 1.4573 1.4580 1.4598 0.0024
NR 0.5813 0.7997 0.9465 0.5893

140 DH
DH 1.4465 1.4545 1.4571 0.0020
NR 0.5706 0.7683 0.9831 0.4785

30 DH
DH 1.4595 1.4598 1.4597 0.0039
NR 0.5767 0.7872 0.9609 1.1188

70 DH
11 DH 1.4563 1.4493 1.4530 0.0023
NR 0.5812 0.7993 0.9470 0.2844

100 DH
DH 1.4315 1.4485 1.4425 0.0010
NR 0.5823 0.8022 0.9438 0.2137

140 DH
DH 1.4503 1.4532 1.4579 0.0013
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;\..ULSAH ‘SSLAAA‘}” Jl:\!.&-“ M,ﬁ il LK 3.\;\:1\ s Al LS Jaad o2le) BJ}S.JAJ\ CALA.\H (ARMSE) ﬁﬂ C..A}d\ (3) d}ﬂ;.“ ‘55
Jsaall @ C._ﬂ_ul\ A e ¢ Adilaal) 4y il & S b Iy WSS CJ}A.J shall Alal SISy Cilaleall  pasil 4wl (ARMSE)
. ) 3o 5 483 Cum (e (NR) Ol (55 Aae 5l 53 (e Jual) (o8 (DH) it 0512 dae )l 53 o) JaaDl o3le)

s Addal) clibal) guki 3.2

e ey Baaly | gl (e Cilas 1358 100 Lgana L Al yud) o) 5 530 Ja¥) s / &80 ) 2aall 5 ) )5 (e Ll pan o
(80) - 8l 5l1 & gan AasSla o3 A8 yall Baaaall 0 UV 5 ¢ (Apuadlii yhalie) 48 Jidial) ol paiall il 481 5l 2023 4lals 2019
3Ll ey O juaie O e slaie V) ol s ¢slall a8 e pBh jaine Cilas (20) @lia g saaall 481 5all i g elell J8 las
Gilalaall A0 YY) ail) mast o3| Apdlinll lalaall Jias Sl (X0 Sedl, X0 280 Giliag X, ¢ JSH Biliag ) o Aliaial) (pinal) o LdaY)
o Jpmanll il (35l Gadai o5 Glld day ¢ (S S 3 el Hladll A IV ol Jle Jsaalli 4, B, = 15,85 = 1)(B; = 0.
z35ad (ARMSE) ban¥) sl e lalaie) sl & i) 48 plall apaas o gl il i) jladll dls g daledd) <l j0ia

s olial Jsaall 8 s LS (1) drpally (S <

0SS 3 gall Hlaall AN (RMSE) 5 3 kal) cilaleall muia 3 1 4 Jgand)

Beta estimated
Methods RMSER
B B B3
Newton 0.1035 1.2035 0.7035 1.0165¢-05
Raphson
Downhill | 1.1666 0.1272 1.3130 2.3013e-07

Method of Censoring Data From the Right

0.9 —— ——h(NR)
0.7 J'jjf

0.6 Ff:_,-l

0.5 ""_/;r

0.4 /':;Jf’_

03 =

01 L

S

0 T T T T T 1
0 20 40 60 80 100 120

Estimated hazard function

Opadd) (e Al yall il ansilly (oS o€ 3 il Hladll ANy <l jaiall Hladl) Al a1 1 JSAA
455kl oo (DH) det 0512 3355 0 1a33b COX 253 il (35 yhal (RMSEh ¢ ) - e sl (1) JSa1 5 (4) Jsanl 3

- (NR)] 0o5ml 5553 B3 53 (0 il (3 B
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JS 5 (5) Jsaa) o s . (el o A1yl bl | ALY aaaall 8 gl 5 bl (alaiV) jaead §(1) #lall Ally a5 Gl ey

350l e Aualliia L3S olall Al s1a) gl sl Giad Jaadl JSall 5 < paial)l DA ey, Alewiusal) (35l apead slidl i (2)
Onaall e A1yl il §() olill Al 0l eaa g 2 5 Jgaadl

t S(NR) S(DH) t S(NR) S(DH)
1 0.961313 | 0.963442 51 0.529782 0.563727
2 0.960233 | 0.962406 52 0.491462 0.527376
3 0.95907 0.961369 53 0.489361 0.525476
4 0.95863 0.960945 54 0.485336 0.521558
5 0916612 | 0.920747 55 0.477428 0.513954
6 0.908032 | 0.912733 56 0.475708 0.51238
7 0.863144 | 0.872918 57 0.472938 0.509773
8 0.854936 | 0.865245 58 0.470928 0.507899
9 0.850623 | 0.861285 59 0.466823 0.503833
10 | 0.847743 0.85841 60 0.425534 0.464878
11 0.840041 | 0.850783 61 0.417336 0.457099
12 0.839326 0.850134 62 0.414657 0.454377
13 0.831756 0.842447 63 0.406771 0.446938
14 0.782045 0.805316 64 0.369065 0.41055
15 0.780896 0.804244 65 0.360551 0.402147
16 0.738952 0.763407 66 0.357804 0.39878
17 0.738047 0.762633 67 0.357045 0.398051
18 0.737936 0.762526 68 0.31845 0.363704
19 0.73357 0.758816 69 0.317615 0.362863
20 0.729299 0.75504 70 0.315571 0.360854
21 0.726613 0.752355 71 0.314319 0.359694
22 0.719127 0.744926 72 0.31343 0.358879
23 0.71111 0.736998 73 0.312273 0.357689
24 0.710891 0.73677 74 0.311382 0.356846
25 0.7107 0.736547 75 0.308329 0.354213
26 0.702387 0.728912 76 0.307619 0.353497
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27 0.701217 0.727804 7 0.299694 0.34626
28 0.697223 0.723925 78 0.299652 0.346218
29 0.69457 0.721559 79 0.298525 0.345149
30 0.68751 0.714497 80 0.289053 0.336662
31 0.648166 0.677276 81 0.28082 0.328983
32 0.644114 0.673032 82 0.280562 0.328718
33 0.641391 0.670359 83 0.278474 0.326665
34 0.639423 0.6686 84 0.269765 0.318726
35 0.639376 0.668556 85 0.232562 0.281714
36 0.639289 0.668474 86 0.228133 0.277487
37 0.639151 0.668346 87 0.189957 0.237493
38 0.631484 0.660485 88 0.188494 0.236325
39 0.629812 0.658951 89 0.18698 0.234945
40 0.587226 0.618928 90 0.182744 0.230694
41 0.579082 0.610882 91 0.17583 0.223868
42 0.57088 0.603411 92 0.167523 0.216666
43 0.568182 0.600619 93 0.164909 0.213883
44 0.567146 0.599728 94 0.158031 0.206802
45 0.558996 0.59269 95 0.15786 0.206645
46 0.55513 0.58874 96 0.149375 0.198689
47 0.553202 0.58675 97 0.148873 0.198196
48 0.545711 0.578828 98 0.140123 0.190289
49 0.539075 0.57143 99 0.139446 0.18959
50 0.537544 0.570022 100 0.136725 0.186873
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Survival

40

60

80

——5(NR)
.5(DH)

100 120

Craddl (e A8 jal) bl pda pall pl8d) Ad)s riagy 2 2 JSA)

£l IS LS e hall S LS (41 (3) Sl (6)dsall b e sall ylaad) Adlal dlaa 18l Al o Baadls (2) JSal 5 (5) Jsaall DA (e

8 sl a8 e sl

L) Bhaal s Jsaall A ge Gpaid) (e A8 yall il Alanieall ol uall (S S 73 gail Hladll Al o) g

Opadd) e 481 all il Cox zasadl Shall A s 1 6 Jyaal)

t h(NR) h(DH) t h(NR) h(DH)
1 0.039 0.037 51 0.470 0.436
2 0.040 0.038 52 0.509 0.473
3 0.041 0.039 53 0.511 0.475
4 0.041 0.039 54 0.515 0.478
5 0.083 0.079 55 0.523 0.486
6 0.092 0.087 56 0.524 0.488
7 0.137 0.127 57 0.527 0.490
8 0.145 0.135 58 0.529 0.492
9 0.149 0.139 59 0.533 0.496
10 0.152 0.142 60 0.574 0.535
11 0.160 0.149 61 0.583 0.543
12 0.161 0.150 62 0.585 0.546
13 0.168 0.158 63 0.593 0.553
14 0.218 0.195 64 0.631 0.589
15 0.219 0.196 65 0.639 0.598
16 0.261 0.237 66 0.642 0.601
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17 0.262 0.237 67 0.643 0.602
18 0.262 0.237 68 0.682 0.636
19 0.266 0.241 69 0.682 0.637
20 0.271 0.245 70 0.684 0.639
21 0.273 0.248 71 0.686 0.640
22 0.281 0.255 72 0.687 0.641
23 0.289 0.263 73 0.688 0.642
24 0.289 0.263 74 0.689 0.643
25 0.289 0.263 75 0.692 0.646
26 0.298 0.271 76 0.692 0.647
27 0.299 0.272 77 0.700 0.654
28 0.303 0.276 78 0.700 0.654
29 0.305 0.278 79 0.701 0.655
30 0.312 0.286 80 0.711 0.663
31 0.352 0.323 81 0.719 0.671
32 0.356 0.327 82 0.719 0.671
33 0.359 0.330 83 0.722 0.673
34 0.361 0.331 84 0.730 0.681
35 0.361 0.331 85 0.767 0.718
36 0.361 0.332 86 0.772 0.723
37 0.361 0.332 87 0.810 0.763
38 0.369 0.340 88 0.812 0.764
39 0.370 0.341 89 0.813 0.765
40 0.413 0.381 90 0.817 0.769
41 0.421 0.389 91 0.824 0.776
42 0.429 0.397 92 0.832 0.783
43 0.432 0.399 93 0.835 0.786
44 0.433 0.400 94 0.842 0.793
45 0.441 0.407 95 0.842 0.793
46 0.445 0.411 96 0.851 0.801
47 0.447 0.413 97 0.851 0.802
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48

0.454

0.421

98

0.860

0.810

49

0.461

0.429

99

0.861

0.810

50

0.462

0.430

100

0.863

0.813

Method of Censoring Data From the Right
———h(NR)
h(DH)

Estimated hazard function

100

20 40 60 80

120

Osall (e 481 5all il Cox zasady Hhaall Als eia sy 1 3 JS&N

Caall g by Juaial 43 e oy 53 5 el (o Al yall Ul (CIF) (oSl Shaall A1y O3 (e Al 5 plalaial) 5y o5 <l ey
o smie (0 sall) Caaal) gl Juan (Al (alaiY) At JOA (e t 85l 8 (CIF) a8 Cun | < gl 5 Gula¥) Tad (B y AL gl (3
(8 danz sall 5 oS Allea ) Al Y iall (e CIF 2 sl 30l ) s | Ty SO Lhadll aca el 31300 Jlaa¥l 2o e
DY) Jsaal)

Ol (e A pall il Zpudlinl) 3 )lalaall <l jaie s 1 (7) Jsoa.

t H(t) t H(t) t H(t) t H(t)

1 0.05 26 0.340326 51 0.539708 76 0.806176
2 0.051414 27 0.341755 52 0.589708 77 0.807477
3 0.052829 28 0.346705 53 0.592183 78 0.807529
4 0.053324 29 0.350006 54 0.597134 79 0.808944
5 0.103324 30 0.359907 55 0.598235 80 0.818944
6 0.105225 31 0.409907 56 0.600235 81 0.828845
7 0.155225 32 0.414857 57 0.603568 82 0.829175
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8 0.165225 33 0.418158 58 0.606043 83 0.83165

9 0.170175 34 0.420633 59 0.610994 84 0.836551

10 0.173509 35 0.420693 60 0.660994 85 0.886551

11 0.18341 36 0.420802 61 0.670994 86 0.891551

12 0.184235 37 0.420959 62 0.674294 87 0.941551

13 0.194136 38 0.43086 63 0.679195 88 0.943201

14 | 0.244136 39 0.43286 64 0.729195 89 0.944851

15 0.24555 40 0.48286 65 0.739195 90 0.949802

16 0.29555 41 0.49286 66 0.742146 91 0.951703

17 0.29665 42 0.50286 67 0.743136 92 0.954604

18 0.296788 43 0.50616 68 0.793136 93 0.957904

19 0.301788 44 0.507398 69 0.794236 94 0.959805

20 | 0.306788 45 0.509099 70 0.796711 95 0.960007

21 0.310088 46 0.51405 71 0.798125 96 0.970007

22 0.319989 47 0.516525 72 0.799226 97 0.970667

23 0.32989 48 0.526426 73 0.800876 98 0.980667

24 0.330158 49 0.536327 74 0.801976 99 0.981576

25 0.330425 50 0.538307 75 0.805276 100 0.98491

. Competing Risks
' —— H(t) right
0.8
0.6
0.4
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0 20 40 60 80 100 120
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Abstract

This paper introduces the Kuffi-Issa Transform (KIT), a new mathematical
technique developed to deal with problems in chemistry, health, physics, and other
sciences. To test the validity of this transform, three chemical and health examples are
presented. The results show that this transform is a powerful tool for solving differential
equations encountered in chemical and health problems.

1 Introduction

Integral transformations are used to solve differential equations, and are widely
used in physics, engineering, and applied mathematics [1, 2, 3]. Through these
transformations, a specific function in a domain such as time is transformed into another
domain such as frequency. To solve these equations, several transformations have been
introduced, including Laplace transform [4], Fourier transform [5], Elzaki transform [6],
and Aboodh Transform [7]. Recently, new transformations have been introduced,
including complex SEE transform [8], Emad-Sara transform [9], Mayan transform [10],
and Jafari transform [11]. In this paper, we will introduce a new transformation (Kuffi
Issa transform) to solve differential equations.

152



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

2 Preliminaries

2.1 Definitions and Theorems of Kuffi Issa Transform

Definition 2.1 The Kuffi Issa transform of f(t) denoted by x1[.] is given by

KI[f(D)] = o) [Z) f(v?7 e ¢dt = F(u,v), (1)

where v, v are parameters; ¢ = 0;a,f,y € Z.

Definition 2.2 The Inverse Kuffi Issa transform of F(u, ) denoted by (k1)7*[.] is
given by

hll?l'

li_.n%;. _I":_-:LE (uv)# v ev® Fu, v)du = f(t). (2)

2mi E

1

(KDTKI[f(E)]] =

Theorem 2.3 (Linearity of KI Transform)
If KI[f,(£)] = F,(w.v) and KI[£,(t)] = F, (u,v), then

Kl[e,fi(t) F e £:(8)] = ¢y Fy(w, v) ¥ ¢, F, (u, v).

Proof. By using Eq (1) we obtain

KI[e,f,(6) Fea o (] = @) [ [efiv ") F eafy(v7e)]e ™ Fdt

= oy () [ (w7 t)e ™ dt F ey () [ fo(v)e ™ Cdt

=¢,F, (u,v) + &, F, (u,v).

Theorem 2.4 Let c be a scalar and f(t) = ¢, then KI[f(t)] = cu'F~=)y#

Proof. By using Eq (1) we obtain
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ut® e

KI[C] = (uv)* f: ce ™ tdt = C(uv)# E__ oo = cullF~®)pif

Theorem 2.5 If £(t) = t, then KI[f(t)] = u'F-2e)pilF+Y)
Proof. By using Eq (1) we obtain

e

KI[t] = (uv)* f: piV ety = BB+ fl}m re—u gy

= BB £ = i (B=2a) iR +)
_ul.l.T
P V-
Theorem 2.6 If £(t) = e, then KI[f ()] = -

Proof. By using Eq (1) we obtain
Kl[e®] = [If,uji"g f: galvVe) g—u'e gy — (uu)”g f;ﬂ o (u—av)e g0

. i ; ; . i
— '-.:-“":"g e—l:uln—nylr}rlm — '-.ur:"g
—|:u[“'—ny[?'} o L

(ur)?

ul® 4aptt

Theorem 2.7 If f(t) = ™2, then kI[f ()] =

Proof. By using Eq (1) we obtain

KI[e™] = (uv)® [~ e a0 gmuTe gy = (70)i8 fy e~ rarTie gy

(uv)'? R T (ur)'P
T i iadn)© lo = Taroam
— i _ I:uzr}['g
Theorem 2.8 If £(t) = e, then KI[f(t)] = o —

Proof. By using Eq (1) we obtain

. . oo i _ i . oo R - SR
Kf[emr] — [:ILU]E'E J‘D gailv r}e U gr — [:ILLJ]E'E J‘D e~ (u aiv }rdt
_ I:ul,‘:ll:'g —I".‘JI:I'T—RE'L‘[}':IE' oa I:uy}i'g
- —(ul® —gipil) ) |'} T ul® gyl
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(ur)?

u'® faivtt

Theorem 2.9 If f(t) = e~, then KI[f(£)] =

Proof. By using Eq (1) we obtain

KI[e™*] = (uv)® [~ email O g Te gy = ()8 Iy g~ Fair e g,

. i : : . i
'-..:JL':' P i E—I:HI'H'FRE'FL}':IE'lW _ .'\.uy.l:' S
—(u'® +aiv'?) o u'® $giptt

ulﬂ'+,§|lyl,§

Theorem 2.10 If f(t) = cosat, then KI[f(t)] =

uZLI.T +|!E:L‘=|'Y

Proof. By using Eq (1) we obtain

ait , —ait . . . . P PRS-
Kl[cosat] = KI [—H +:E ] = %[Kf[e"“] + KI[e @] = % [u";‘ibifyfr ui&d:jwir
uun‘+,§|iyi,ﬂ
N I:S _|I:|,g+:r’|
Theorem 2.11 If f(¢) = sinaz, then KI[f(0)] = s =
Proof. By using Eq (1) we obtain
Kllsinat] = KI [Eu[r_ﬂ—u[t] _ 1 Kl ait] Kl —ait7 _ L -:u;;}['g . I:up}['g
[Slnﬂ' ] - . o [ [E". :| [E ]] Y [uin‘_myi}' Wi® §aid¥

_ au'B E+Y)

u!lﬂ' +ﬁ= 1_,!l:r’

Theorem 2.12 If f(t) = coshat, then KI[f(t)] = .u'ﬁ+3I[1;|:3

IJ!llii'_ﬂﬂl_,!l:r’

Proof. By using Eq (1) we obtain

at —at F )
KI[coshat] = KI [E tﬂ ] = é[f{[[e“r] + KiI[e ] :é
ulﬂ'+,5ll:y[,5

u!lﬂ'_ﬁ! L,!l:r’

au'P LE+Y)

uﬂlﬂ' _R!L,Zl}"

Theorem 2.13 If f(t) = sinhat, then KI[f(t)] =

Proof. By using Eq (1) we obtain
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at__-—at ) L B g
Kf[sinhat] = KT |:E ﬂﬂ ] = é[f{[[eﬁf‘] _ K[[e—m‘]] — %[ :L“':' _ (uw)

ul® —gplV T gapll

_ ﬂul,ﬂ 1F,|.|,5+_V|

i

wrt — g ¥

2.2 Kuffi Issa Transform of derivatives of f(z)

KI[F'(8)] = (wo)® [~ f'(v 7 e dt,

= (uv)# e~ L0 10 = [ e w:ndr]

= “:? F — f(0)u'fpiF

3 Applications of Kuffi Issa Transform

Now we will provide a solution to some chemical and health problems using
Kuffi Issa Transform
Application 3.1 Consider the following Differential Equation

%= —ky. c(0) = ¢ (3)

dt

By taking Kl transform of Eq (3), we obtain
KI [%] = KI[—k,]

i

:T,F—cuu"'gu"':'g_” —kouiF-®) ik

. : A i ¥
F = (—kou'F~®pif 4 CDILEEU“‘E_F}j.:ﬁ,

F = —kyui(B-20) ilB+7) 4 ¢ i (B=a),iB,
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The analytical solution of (3) is

c(t)=F ' =—kyt +¢,

Application 3.2 Consider the following Differential Equation

L~ ke, c(0) =y, ky >0 (4)

dt

By taking Kl transform of Eq (4), we obtain

KI[Z] = KI[—k,c]

i

::T},F — cqufriP ) = L F,

iy
bl

_—
:a“:"'+i'{._1:l-Tr

F = [:CE,ILE'E 17 E.':IE_}" })_

F =,

- ~0 ul:ﬂ'_l_k__ul::r”

The analytical solution of (4) is

c(t) = F 1 = et
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Application 3.3 Consider the following Differential Equation

dy , ¥le) _ 3 o
dr + 200 4’}[0) 20, (5)

By taking Kl transform of Eq (5), we obtain

dy , ¥t _ 3
Kf[dr + :c-c-] o KIL}]

1
200

uiE o . .
:T}’F - }’(ﬂ)u"g pilBr) 4 —F = %u:-ﬁ—:ﬂ ik,

2000 (ur)P +150 4 (F- ) I (B+Y)

200 u'® +o1¥

F

x

130(uw) P

- T
ut y——ptt
zo0

F = 150u!'B—a) if _

The analytical solution of (5) is

-t

y(t) =F ' = 150 — 130e%0

4 Conclusion
In this paper, a new transformation (Kuffi-Issa Transform) is constructed and
applied to chemical and health problems. The main advantage of KIT transformation is
that it gives solutions with less effort without dealing with long and complicated
calculations. These complex powers in this transformation are what gave ease in
simplifying the solution, as well as generality to many integral transformations with two
parameters. In addition, this transform has been proven to solve differential equations. In
future studies, we can use this transform to deal with partial differential equations, and

difference equations.
158



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

References

[1] Issa, A., Kuffi, E. and Dz, M., A Further Generalization of the General Polynomial
Transform and its Basic Characteristics and Applications, Journal of University of Anbar for
Pure Science. 17(2) (2023) 338-342.

[2] Kumar, P.S. and Viswanathan, A., Application of Mahgoub transform to mechanics,
electrical circuit problems, International Journal of Science and Research. 7(7) (2018) 195-197.

[3] Ahmadi, S.A.P., Hosseinzadeh, H. and Cherati, A.Y., A new integral transform for solving
higher order linear ordinary Laguerre and Hermite differential equations, International Journal
of Applied and Computational Mathematics, 5 (2019) 1-7.

[4] Pavani, P.V., Priya, U.L. and Reddy, B.A., Solving differential equations by using Laplace
transforms, Int. J. Res. Anal. Rev. 5 (2018) 1796-1799.

[5] Diz, M., Avezov, S. and lIssa, A., Solutions to Differential-Differential Difference
Equations with Variable Coefficients by Using Fourier Transform Method, Stleyman Demirel
University Faculty of Arts and Science Journal of Science. 18(3) (2023) 259-267.

[6] Elzaki, T.M., The new integral transform Elzaki transform, Global Journal of pure and
applied mathematics. 7(1) (2011) 57-64.

[71 Aboodh, K.S., The New Integral Transform’ Aboodh Transform, Global journal of pure and
Applied mathematics. 9(1) (2013) 35-43.

[8] Mansour, E.A., Mehdi, S. and Kuffi, E.A., The new integral transform and its applications.
International Journal of Nonlinear Analysis and Applications. 12(2) (2021) 849-856.

[9] Maktoof, S.F., Kuffi, E. and Abbas, E.S., “Emad-Sara Transform” a new integral transform,
Journal of Interdisciplinary Mathematics. 24(7) (2021) 1985-1994.

159



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

[10] Mansour, E.A. and Kuffi, E.A., The Mayan Transform: A Novel Integral Transform of
Complex Power Parameters and Applications to Neutrosophic Functions, Full Length Article.
23(1) (2023) 323-334.

[11] EI-Mesady, A.l., Hamed, Y.S. and Alsharif, A.M., Jafari transformation for solving a
system of ordinary differential equations with medical application, Fractal and Fractional. 5(3)
(2021) 130.

[12] Emad Kuffi, Eman Mansour, Ahmad Issa., SEE Transform Technique in Control Theory,
Journal of Kufa for Mathematics and Computer. 11(2) (2024) 147-149.

160



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

Glaladly bl ¢ cluali)l) agle ¢ AB)
Mathematics, Statistics & Computer Science (MSCS)
Gulall puballae Jald ) gi<al) dlad)

il caadl) [ dsadludy) daalal)
abidy.fadhil@iunajaf.edu.iq

161



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

Claulally sbaal) ¢ cluali,ll agle (e A8
Mathematics, Statistics & Computer Science (MSCS)

Sulal) (ubaliae Juald jgisal) dua)
iyl Caadll [ dsadud) dasaladl
abidy.fadhil@iunajaf.edu.iq

1 oaddal)

slan¥) ¢ claali ) EDEN aglell oy Al (e Gan A NV Rally Cisadl Galind] daglie chal an
b sl (Ao sbaal ale 385 Ly dobualyll cbpbill e 585 cluabyll ale o) llaaY (Gasalally
gend Geal pungy gy Slualyll gaj aalS el slaa¥) il Hledly Leblaty cibiball aaad el dal
¢ lbull 238 juadt] Lilas ¥l aigll ciliisieg dalualyll cuilsal) aadiug Gl Ggise ale IS0 @libal)
Ghh waail Liads saiee cllis eha) o 53l mia Wl guibasd L5 i Akl cjleal)
oally Jalally Jualill Gles ddjae ) zling dibany) cullad) agd ) A8lall (e g pdal dalial

LY sy el

162



Journal of Natural and Applied Sciences URAL No: 8, Vol: 1\ January \ 2025

alal 138 lgde 8 A0 Ll 50 <8 Gin cpalall asle 8 Lada Bga qaali il Gl
Clangy gl Sigal Jas i€ agh o csalal) sledey Cpmapad) Glaalill suall djedl (Ko cus
Sl & goal) Galu) Oy bl dleng apal) o Jaally Jumdl cilaa)lss sk cduilasall oSail)

 SisaaaSl) aslal G283 bl (55 Aokl
& Ailas¥) i) Jeds dais Ggalall asley slaan¥) agle (G dadiss dage ADle 35as zlinal &5 A,
Gils Cnval Gua (Data Science/Gig Data /Data analysis) s (e bl ale 5yaY) Cilgindl
Slidas ol ) zlas Al " eliha¥) oKAN AV alad lgie sane <V lae (A Lualel) Logal) (g0 Laga

.R—packages ,Python i destic Cgula Glaliy Laadic Laay

Abstract:

after reviewing research studies and articles exploring the relationship between the three sciences
(Mathematics, Statistics, and Computer Science), we observed that Mathematics focuses on
mathematical theories, while Statistics emphasizes the application of these theories to collect, analyze,
and present data. Statistics emerged as a branch of Mathematics concerned with establishing reliable
scientific methods for data collection and utilizing mathematical formulas and statistical distribution
curves to interpret this data. Mathematical skills are essential for statisticians as they provide the ability
to perform complex calculations, determine appropriate methods for specific projects, and understand
statistical techniques, which require knowledge of calculus, linear algebra, and probability.

Similarly, Mathematics plays a crucial role in Computer Science, forming the foundation upon which
this field is built. A strong mathematical background enables programmers and computer scientists to
understand how computers and logical control units operate, develop better algorithms, work on
encryption, and ensure data security. A solid foundation in advanced mathematics is essential for an in-
depth study of Computer Science.

It has also been concluded that there is a significant and strong relationship between Statistics and
Computer Science due to the increasing use of statistical methods in data science over the past few
years (such as Data Science, Big Data, and Data Analysis). This has become an essential aspect of
scientific computing in various fields, including Machine Learning and Artificial Intelligence, which
require the development of specialized software applications using advanced programming languages
such as R-packages and Python.

Keywords: Data analysis, Computer science, Mathematics, Statistics.
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