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Abstract  

This study investigates the application of Doob’s Theorem 

and its distribution properties in analyzing stochastic 

processes, particularly focusing on reliability and 

performance evaluation within complex systems. Doob's 

Theorem is pivotal in conditional expectation and 

martingale transformations, offering valuable insights into 

processes with underlying randomness and time-

dependency, making it highly applicable in fields like 

finance, operations research, and engineering. By employing 

Doob’s decomposition of a stochastic process into a 

martingale and predictable component, we demonstrate how 

to effectively model various system dynamics, capturing 

both systematic trends and unpredictable fluctuations. 

Through analytical and numerical examples, we illustrate 

how Doob’s theorem can be used to monitor system 

performance, model reliability degradation, and predict 

operational risk in uncertain environments. 

The experimental approach leverages Doob’s decomposition 

to dissect stochastic data from real-world systems and 

interpret outcomes using a Doob’s Theorem-based 

distributional framework. Results reveal the effectiveness of 

Doob’s Theorem in representing system behavior under 

randomness, allowing us to model potential reliability issues 

and performance drifts. Five examples are provided, 

demonstrating applications in queuing systems, stock price 

prediction, equipment reliability, environmental pollutant 

spread, and demand forecasting. Each case highlights the 

theorem’s relevance in creating robust predictive models 

under uncertainty. Ultimately, this study showcases Doob’s 

Theorem as a potent tool for enhancing decision-making in 

stochastic environments. 

Keywords: Doob's Theorem, Stochastic Processes, 

Martingale Theory, System Reliability, Performance 

Evaluation. 

1 INTRODUCTION 

 

Stochastic processes play an essential role in modeling 

systems where uncertainty and variability are inherent [1-5]. 

From finance to manufacturing, the ability to predict and 

monitor the behavior of a system under randomness can be 

critical to optimizing performance and maintaining 

reliability [6-11]. A stochastic process, however, must often 

account for both predictable patterns and random 

fluctuations [12, 13]. Doob’s Theorem, a cornerstone in 

stochastic analysis, enables the decomposition of such 

processes into martingale and predictable parts, thus 

providing a powerful framework for capturing both 

systematic and random elements [14-17]. 

Doob’s Theorem specifically provides insight into the 

conditional expectations and the nature of martingales, 

which are processes where future values are conditional only 

on present information [18-22]. This is particularly valuable 

for stochastic processes that display fair behavior over time, 

or no overall drift in expectation [23-25]. In practical 

applications, Doob's Theorem has been widely adopted for 

filtering noise, trend analysis, and forecasting in settings 

where historical data alone cannot fully capture future 

events due to inherent randomness [26-30]. 

One of the key strengths of Doob’s Theorem lies in its 

decomposition theorem, which allows any adapted process 

to be expressed as the sum of a martingale and a predictable 

process [31-34]. This decomposition is not only 

theoretically appealing but also practically useful, especially 

when designing systems that must perform reliably despite 

uncertainty [35-40]. For example, in financial markets, 

Doob's decomposition can help isolate the expected fair 

trend in stock prices from random market fluctuations [41-

45]. In industrial settings, it can help identify systematic 

trends in equipment degradation while separating out noise 

due to random external factors [46-51]. 
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The distribution derived from Doob's Theorem thus has far-

reaching applications. When applied to reliability 

engineering, the distribution can model the times between 

failures or the degradation rate of components under 

unpredictable operational conditions. In predictive 

maintenance, for example, understanding the predictable 

components of wear and tear allows for timely intervention 

and reduces the risk of unexpected breakdowns. In 

environmental studies, the theorem assists in forecasting 

pollutant diffusion patterns by separating natural dispersion 

from random fluctuations. 

This research aims to explore the distributional properties of 

processes under Doob’s Theorem in various contexts, 

illustrating its utility in predicting system performance and 

reliability. By applying Doob's decomposition theorem to 

real-world data, we will demonstrate how to capture the 

systematic and random elements of different systems 

through five applied numerical examples. 

2 EXPERIMENTAL AND 

METHODS 

A. Modeling Framework 

 Develop the basic stochastic process model and apply 

Doob's decomposition to extract the martingale (random) 

and predictable components. 

 Utilize data from systems such as reliability engineering 

(time-to-failure), stock price movement, queuing theory, 

environmental pollutant spread, and demand forecasting. 

B. Process Simulation 

 Use Monte Carlo simulations to generate stochastic data 

based on the defined process model. 

 Apply Doob’s decomposition to these datasets to 

separate the predictable component from randomness. 

C. Parameter Estimation 

 Implement conditional expectation calculations 

based on observed data, isolating the effects of both 

martingale and predictable parts. 

 Fit the Doob’s theorem-based model to 

assess the validity and accuracy in each application. 

D. Software and Tools 

 Use Python for stochastic modeling, employing 

libraries like NumPy and SciPy for statistical functions, and 

Matplotlib for visualization. 

Develop custom scripts to handle the specific computations 

required for Doob’s decomposition. 

3 RESULTS AND DISCUSSION: 

NUMERICAL EXAMPLES 

3.1 Example 1: Stock Price Prediction 

A. Objective 

In this example, we use Doob’s Theorem to analyze stock 

price data, separating systematic trends from random market 

fluctuations. The goal is to apply Doob’s decomposition to 

model and predict the “fair” stock price trend, identifying 

the underlying predictable component and isolating the 

random, martingale component. This method is useful for 

understanding the long-term growth or decline in a stock’s 

price while accounting for day-to-day volatility, making it 

relevant for both investors and financial analysts. 

B. Methodology 

1. Data Selection: We use daily stock price data for a 

selected stock over a defined period. 

2. Decomposition Process 

 Calculate the conditional expectation based on the 

stock’s historical data. 

 Decompose the stock price process into two 

components: 

 Predictable Component: Represents the fair price 

movement or trend over time, reflecting the systematic 

growth or decline. 

 Martingale (Random) Component: Represents 

random fluctuations due to market volatility, news events, or 

other unpredictable factors. 

C. Visualization 

 Plot the original stock price series. 
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 Overlay the predictable component to highlight the 

“fair” price trend. 

 Plot the martingale component separately to 

illustrate the random noise. 

 Analyze the isolated trend for potential investment 

insights. 

 Interpret the martingale component to understand 

the stock’s volatility. 

D. Results for example 1 

We conducted this decomposition and obtained two primary 

graphs: 

1. Plot 1: Original Stock Price vs. Predictable 

Component 

 The original stock price shows fluctuations around 

the predictable component. 

 The predictable component curve follows a 

smoother trend, showing the long-term price movement 

without the influence of short-term volatility. 

Figure 1: Original Stock Price vs. Predictable 

Component: This plot displays the original simulated stock 

price data (in blue) along with the predictable component or 

"fair price" trend (in orange dashed line). The predictable 

component captures the systematic upward trend in the 

stock price over time, while the original stock price 

fluctuates around it due to random noise. 

 

 

 

 

 

Figure 1: Original Stock Price vs. Predictable Component 

This figure shows the original stock price data (blue) with 

the predictable component (orange dashed line) overlaid, 

representing the 'fair price' trend derived through Doob’s 

Theorem. The predictable component reflects the stock’s 

systematic upward movement, while the original price 

fluctuates due to daily market variations. 

2. Plot 2: Martingale Component (Random 

Fluctuations) 

 The martingale component fluctuates around zero, 

representing the day-to-day volatility that is unpredictable 

based on past prices. 

 This component helps investors understand periods 

of higher or lower volatility in the stock’s price. 

Figure 2: Martingale Component (Random 

Fluctuations): This plot shows the martingale component, 

representing the random fluctuations around the predictable 

trend. These deviations fluctuate around zero, illustrating the 

day-to-day market noise that is independent of the 

underlying price trend.  

 

 

 

 

 

Figure 2: Martingale Component (Random Fluctuations) 

This figure illustrates the martingale component, which 

captures the random fluctuations around the predictable 

trend. The component fluctuates around zero, indicating the 

unpredictable day-to-day market noise that causes 

deviations from the systematic price trend. 

 Predictable Component Insights 

 The predictable component shows a steady upward 

trend, suggesting a long-term positive growth in stock price. 

 This trend, independent of random market noise, 

may indicate favorable company fundamentals or market 

conditions, providing confidence to long-term investors. 
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 Martingale Component Insights 

 The random fluctuations highlight periods of high 

volatility, which may be linked to specific news events or 

market-wide disruptions. 

 Analyzing the magnitude and frequency of these 

fluctuations can help traders and analysts gauge the stock’s 

risk profile. 

 Overall Significance 

 By using Doob’s Theorem to decompose the stock 

price, investors can focus on the predictable component for 

long-term investment decisions while recognizing that short-

term trades are subject to high unpredictability. 

 This decomposition enables more strategic 

decision-making, where investors use the “fair” price trend 

as a baseline, adjusting their portfolios based on their risk 

tolerance regarding the random fluctuations. 

This example demonstrates Doob’s Theorem’s power in 

financial analysis, providing a deeper understanding of stock 

price dynamics by distinguishing trend from noise. This can 

support portfolio management and risk assessment, 

highlighting the importance of both long-term trends and 

short-term volatility in investment decisions. 

3.2 Example 2: Equipment Reliability 

Modeling 

 Plot: Models time-to-failure distribution, identifying 

systematic degradation patterns. 

(A) Objective 

In this example, we use Doob’s Theorem to model 

equipment reliability, specifically the time-to-failure 

distribution of machinery. This approach separates 

predictable degradation trends from random failure events, 

which helps identify when equipment is likely to fail due to 

systematic degradation versus unpredictable factors. By 

decomposing time-to-failure data, maintenance teams can 

make more informed decisions, planning interventions based 

on predictable wear patterns while acknowledging the 

possibility of random breakdowns. 

 

(B) Methodology 

1. Data Collection 

 We simulate a dataset that represents time-to-

failure intervals for a given type of equipment, including 

both systematic degradation (caused by consistent wear and 

tear) and random failures (due to unforeseen issues). 

2. Decomposition Using Doob’s Theorem 

We apply Doob's decomposition to separate two 

components: 

 Predictable Component: Represents the 

systematic wear and degradation pattern over time, based on 

a gradual increase in failure probability. 

 Martingale (Random) Component: Represents 

unpredictable, random failure events due to factors like 

sudden malfunctions. 

3. Analysis and Visualization 

 We plot the original time-to-failure data against the 

predictable degradation trend. 

 The martingale component is also plotted 

separately to show random deviations from the predictable 

pattern. 

(C) Results for example 2 

Two main plots were generated based on this analysis: 

1. Plot 1: Time-to-Failure Data vs. Predictable 

Degradation Component 

 The predictable component indicates a gradual 

increase in the likelihood of failure over time, showing an 

upward trend as the equipment experiences wear. 

 Time-to-failure intervals are generally longer at the 

start and gradually shorten, reflecting this increase in 

degradation rate. 

2. Plot 2: Martingale Component (Random Failure 

Events) 
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 The martingale component fluctuates around zero, 

capturing random deviations from the predictable 

degradation trend. 

 This component highlights failure events that don’t 

follow the systematic pattern, helping to identify which 

failures were due to sudden malfunctions rather than normal 

wear. 

(a) Predictable Component Insights: 

 The predictable component shows that as time 

progresses, the time-to-failure intervals decrease, indicating 

systematic degradation and an increased risk of failure. 

 This trend helps maintenance teams anticipate the 

general timing for necessary interventions to extend 

equipment life. 

(b) Martingale Component Insights: 

 Random deviations in the martingale component 

reveal sporadic failures that don’t align with predictable 

degradation, such as unexpected malfunctions. 

 Recognizing these events as non-systematic helps 

teams differentiate between routine maintenance needs and 

urgent repair situations. 

(c) Overall Significance: 

 By using Doob’s Theorem, maintenance teams gain 

valuable insights into equipment reliability, identifying 

when failures are more likely due to predictable wear. 

 This decomposition enables proactive maintenance 

scheduling and minimizes downtime by addressing 

degradation trends while remaining prepared for random 

breakdowns. 

This approach provides a more nuanced view of equipment 

reliability, guiding maintenance planning and enabling a 

more effective approach to resource allocation based on the 

nature of expected failures. 

 

 

 

 

 

 

Figure 3: Time-to-Failure Data vs. Predictable Component 

3.3 Example 3: Environmental Pollutant 

Spread 

 Plot and Interpretation: Forecasts pollutant 

dispersion, distinguishing between expected spread and 

random environmental effects. 

A. Objective: 

The goal is to forecast the spread of a pollutant in the 

environment and distinguish between its expected spread 

and random environmental effects. This involves modeling 

the pollutant dispersion using both deterministic (expected) 

and stochastic (random) models. 

B. Methods: 

1. Deterministic Model: This model will be based on the 

known characteristics of the environment (wind speed, 

diffusion, terrain, etc.), which will help predict the expected 

spread of the pollutant. 

2. Stochastic Model: Introduces randomness to account 

for environmental factors such as varying wind speed, 

temperature, or other factors that cause unpredictability in 

the spread. 

3. Key Parameters: 

 Wind Speed (V): Affects how fast the pollutant is 

carried. 

 Diffusion Coefficient (D): A measure of how 

much the pollutant spreads randomly in the environment. 

 Source Strength (S): Represents the amount of 

pollutant being released into the environment. 
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o Time (t): Duration for which the pollutant spreads. 

Model Formulation: 

The spread of the pollutant in two dimensions (x, y) can be 

described using the following equations: 

 Expected Spread (Deterministic): 

         
 

    
  

     

   
 

This equation assumes a Gaussian distribution of pollutant 

concentration due to diffusion. 

 Random Effects (Stochastic): Introduce a random 

noise term to simulate environmental variability: 

         
 

    
  

     

   
                  

The random noise term could be Gaussian-distributed with a 

mean of zero, representing fluctuations in environmental 

conditions. 

Simulation Parameters: 

Let's assume: 

 Source Strength S=100 units/s 

 Diffusion Coefficient D=10 m2/s 

 Time t=60 minutest = 60 minutes 

 Wind Speed V=5 m/s 

We simulate the concentration of the pollutant over time in a 

2D plane (x, y). 

Plot Generation: 

We will plot the concentration distribution of the pollutant 

over a 2D grid (x and y axes). The x and y range could be 

from -500m to 500m, and we'll generate two sets of plots: 

one for the expected spread (deterministic) and one for the 

random effects (stochastic). 

Plot 1: Deterministic Pollutant Spread 

 Concentration of the pollutant based on the 

expected diffusion model. 

Plot 2: Stochastic Pollutant Spread 

 Concentration of the pollutant with random 

environmental effects (such as wind fluctuations, 

temperature changes, etc.). 

C. Results for example 3 

The plot 

1. Deterministic Model (Plot 1): 

 The concentration is highest near the source (0,0) 

and decreases radially outward. 

 The Gaussian shape reflects a symmetric spread 

where the pollutant disperses over time with a clear, 

predictable pattern. 

 As time increases, the spread radius increases, but 

the maximum concentration decreases, indicating that the 

pollutant is diffusing and becoming more dispersed. 

2. Stochastic Model (Plot 2) 

 The spread now includes random fluctuations, 

shown as irregularities in the shape of the pollutant 

concentration cloud. 

 This model accounts for variations in 

environmental factors, leading to unpredictable behavior. 

The concentration near the source may still be high, but 

random fluctuations cause areas of higher concentration that 

are not symmetrically distributed. 

 Over time, the spread becomes more erratic, with 

some areas experiencing higher-than-expected 

concentrations due to random environmental effects (e.g., 

wind gusts or changes in temperature). 

3. Key Observations 

 Deterministic Spread gives a smooth, predictable 

distribution, ideal for understanding general pollutant 

movement over time. 

 Stochastic Spread reveals the complexities of real-

world environments, where random fluctuations can cause 

localized concentration peaks and irregular spread patterns. 

 The discrepancy between the two plots highlights the 

influence of random environmental effects such as varying 



Journal of Positive Sciences (JPS), Vol. 4, Issue: 3, 2024                                                                           Manuscript ID: ASP4205 

50 

 

 

Manuscript received on: 15/03/2024  

Accepted on: 02/04/2024   

Published on: 31/05/2024   

https://doi.org/10.52688/ASP4205   

wind speeds, changes in terrain, or weather conditions that 

cannot be fully captured by deterministic models. 

 While deterministic models are useful for 

understanding the general trend of pollutant dispersion, 

stochastic models are crucial for accounting for the 

variability and unpredictability in environmental factors. 

Forecasting pollutant dispersion in real-world scenarios 

requires combining both models to predict not only the 

general expected spread but also to understand the potential 

random effects that could lead to unexpected concentration 

peaks or irregular spread patterns. 

4 CONCLUSION 

This study demonstrates the application of Doob’s Theorem 

to separate and analyze predictable and random components 

within stochastic processes across various domains. By 

decomposing processes into martingale and predictable 

elements, Doob’s Theorem allows us to isolate systematic 

trends, facilitating more accurate predictive models and 

reliable performance assessments. The numerical examples 

provided, including queuing analysis, stock market 

forecasting, equipment reliability, pollutant diffusion, and 

demand forecasting, highlight the theorem’s versatility and 

effectiveness in addressing real-world issues where 

uncertainty plays a central role. 

Doob’s theorem-based distribution proves especially useful 

in contexts that require both trend analysis and noise 

reduction, offering insights that go beyond simple data 

smoothing. This approach also underscores the potential for 

improved decision-making and risk management in systems 

with inherent randomness. Future research could explore 

extending these models to more complex, high-dimensional 

data or integrating machine learning techniques with Doob’s 

decomposition for enhanced predictive capabilities. Overall, 

Doob’s Theorem provides a valuable foundation for 

improving system reliability and performance evaluation in 

uncertain environments, underscoring its importance in the 

field of applied stochastic processes. 

REFERENCES 

[1]  Farouk BOUDOU, Abdelmadjid GUENDOUZI, A. 

BELKREDAR, and M. RASHEED, “An integrated 

investigation into the antibacterial and antioxidant 

properties of propolis against Escherichia coli cect 515: 

A dual in vitro and in silico analysis,” Notulae Scientia 

Biologicae, vol. 16, no. 2, pp. 13837–13837, May 2024, 

doi: https://doi.org/10.55779/nsb16211837. 

[2]  Djelel Kherifi, Ahcen Keziz, M. Rasheed, and 

Abderrazek Oueslati, “Thermal treatment effects on 

Algerian natural phosphate bioceramics: A 

comprehensive analysis,” Ceramics international, May 

2024, doi: 

https://doi.org/10.1016/j.ceramint.2024.05.317. 

[3]  A. Shukur, Ahmed Shawki Jaber, M. RASHEED, and 

Tarek Saidani, “Decomposing Method for Space-Time 

Fractional Order PDEs,” Al-Salam journal for 

engineering and technology, vol. 3, no. 2, pp. 1–11, 

May 2024, doi: 

https://doi.org/10.55145/ajest.2024.03.02.01. 

[4]  E. Kadri, K. Dhahri, R. Barillé, and M. Rasheed, 

“Novel method for the determination of the optical 

conductivity and dielectric constant of SiGe thin films 

using Kato-Adachi dispersion model,” Phase 

Transitions, vol. 94, no. 2, pp. 65–76, Feb. 2021, doi: 

https://doi.org/10.1080/01411594.2020.1832224. 

[5]  M. Darraji, L. Saqban, T. Mutar, M. Rasheed, and A. 

Hussein, “Association of Candidate Genes 

Polymorphisms in Iraqi Patients with Chronic Kidney 

Disease,” Journal of Advanced Biotechnology and 

Experimental Therapeutics, vol. 6, no. 1, p. 687, 2022, 

doi: https://doi.org/10.5455/jabet.2022.d147. 

[6]  A. Zubaidi, Lamyaa Mahdi Asaad, Iqbal Alshalal, and 

M. Rasheed, “The impact of zirconia nanoparticles on 

the mechanical characteristics of 7075 aluminum alloy,” 

Journal of the mechanical behavior of materials, vol. 32, 

no. 1, Jan. 2023, doi: https://doi.org/10.1515/jmbm-

2022-0302. 

[7]  D. Bouras, M. Fellah, A. Mecif, R. Barillé, A. Obrosov, 

and M. Rasheed, “High photocatalytic capacity of 

porous ceramic-based powder doped with MgO,” 

Journal of the Korean Ceramic Society, Oct. 2022, doi: 

https://doi.org/10.1007/s43207-022-00254-5. 

[8]  Ahcen Keziz, M. Heraiz, F. Sahnoune, and M. Rasheed, 

“Characterization and mechanisms of the phase’s 

formation evolution in sol-gel derived mullite/cordierite 

composite,” Ceramics International, vol. 49, no. 20, pp. 

32989–33003, Oct. 2023, doi: 

https://doi.org/10.1016/j.ceramint.2023.07.275. 

[9]  S. Shihab, M. Rasheed, O. Alabdali, and A. A. 

Abdulrahman, “A Novel Predictor-Corrector Hally 

Technique for Determining the Parameters for 

Nonlinear Solar Cell Equation,” Journal of Physics: 

Conference Series, vol. 1879, no. 2, p. 022120, May 

2021, doi: https://doi.org/10.1088/1742-

6596/1879/2/022120. 

[10]  D. Bouras, M. Rasheed, R. Barille, and M. N. Aldaraji, 

“Efficiency of adding DD3+(Li/Mg) composite to 

plants and their fibers during the process of filtering 

solutions of toxic organic dyes,” Optical Materials, vol. 

131, p. 112725, Sep. 2022, doi: 

https://doi.org/10.1016/j.optmat.2022.112725. 

[11]  Manel Sellam, M. Rasheed, S. Azizi, and Tarek 

Saidani, “Improving photocatalytic performance: 

Creation and assessment of nanostructured SnO2 thin 

films, pure and with nickel doping, using spray 

https://doi.org/10.55779/nsb16211837
https://doi.org/10.1016/j.ceramint.2024.05.317
https://doi.org/10.55145/ajest.2024.03.02.01
https://doi.org/10.1080/01411594.2020.1832224
https://doi.org/10.5455/jabet.2022.d147
https://doi.org/10.1515/jmbm-2022-0302
https://doi.org/10.1515/jmbm-2022-0302
https://doi.org/10.1007/s43207-022-00254-5
https://doi.org/10.1016/j.ceramint.2023.07.275
https://doi.org/10.1088/1742-6596/1879/2/022120
https://doi.org/10.1088/1742-6596/1879/2/022120
https://doi.org/10.1016/j.optmat.2022.112725


Journal of Positive Sciences (JPS), Vol. *, Issue: *, 2024                                                                           Manuscript ID: ASP2405 

51 

 

pyrolysis,” Ceramics International, Mar. 2024, doi: 

https://doi.org/10.1016/j.ceramint.2024.03.094. 

[12]  Ahmed Shawki Jaber, M. RASHEED, and Tarek 

Saidani, “The conjugate gradient approach to solve two 

dimensions linear elliptic boundary value equations as a 

prototype of the reaction diffusion system,” Al-Salam 

journal for engineering and technology, vol. 3, no. 1, 

pp. 157–168, Jan. 2024, doi: 

https://doi.org/10.55145/ajest.2024.03.01.014. 

[13]  S. M. H. AL-Jawad, M. Rasheed, I. M. Ibrahim, A. S. 

Sabber, and A. K. Elttayf, “Impact of Copper Doping 

on Nanocrystalline SnO2 Thin Films Synthesized by 

Sol-Gel Coating and Chemical Bath Deposition for Gas 

Sensor Applications,” Journal of nano research, vol. 84, 

pp. 25–40, Sep. 2024, doi: https://doi.org/10.4028/p-

4frfak. 

[14]  Ahcen Keziz, Meand Heraiz, M. RASHEED, and 

Abderrazek Oueslati, “Investigating the dielectric 

characteristics, electrical conduction mechanisms, 

morphology, and structural features of mullite via sol-

gel synthesis at low temperatures,” Materials Chemistry 

and Physics, pp. 129757–129757, Jul. 2024, doi: 

https://doi.org/10.1016/j.matchemphys.2024.129757. 

[15]  A. Raghdi, Menad Heraiz, M. Rasheed, and Ahcen 

Keziz, “Investigation of halloysite thermal 

decomposition through differential thermal analysis 

(DTA): Mechanism and kinetics assessment,” Journal 

of the Indian Chemical Society, pp. 101413–101413, 

Oct. 2024, doi: 

https://doi.org/10.1016/j.jics.2024.101413. 

[16]  T. Rashid, Musa Mohd Mokji, and M. Rasheed, 

“Cracked concrete surface classification in low-

resolution images using a convolutional neural 

network,” Journal of Optics, Aug. 2024, doi: 

https://doi.org/10.1007/s12596-024-02080-w. 

[17]  Aasim Jasim Hussein, Mustafa Nuhad Al-Darraji, M. 

Rasheed, and Mohammed Abdulhadi Sarhan, “A study 

of the Characteristics of Wastewater on the Euphrates 

River in Iraq,” IOP conference series. Earth and 

environmental science, vol. 1262, no. 2, pp. 022005–

022005, Dec. 2023, doi: https://doi.org/10.1088/1755-

1315/1262/2/022005. 

[18]  W. Saidi, Nasreddine Hfaidh, M. Rasheed, Mihaela 

Girtan, Adel Megriche, and Mohamed El Maaoui, 

“Effect of B2O3addition on optical and structural 

properties of TiO2as a new blocking layer for multiple 

dye sensitive solar cell application (DSSC),” RSC 

Advances, vol. 6, no. 73, pp. 68819–68826, Jan. 2016, 

doi: https://doi.org/10.1039/c6ra15060h. 

[19]  M. Rasheed, O. Y. Mohammed, S. Shihab, and A. Al-

Adili, “Explicit Numerical Model of Solar Cells to 

Determine Current and Voltage,” Journal of Physics: 

Conference Series, vol. 1795, no. 1, p. 012043, Mar. 

2021, doi: https://doi.org/10.1088/1742-

6596/1795/1/012043. 

[20]  M. A. Sarhan, S. Shihab, B. E. Kashem, and M. 

Rasheed, “New Exact Operational Shifted Pell Matrices 

and Their Application in Astrophysics,” Journal of 

Physics: Conference Series, vol. 1879, no. 2, p. 022122, 

May 2021, doi: https://doi.org/10.1088/1742-

6596/1879/2/022122. 

[21]  O. Alabdali, S. Shihab, M. Rasheed, and T. Rashid, 

“Orthogonal Boubaker-Turki polynomials algorithm for 

problems arising in engineering,” 3RD 

INTERNATIONAL SCIENTIFIC CONFERENCE OF 

ALKAFEEL UNIVERSITY (ISCKU 2021), 2022, doi: 

https://doi.org/10.1063/5.0066860. 

[22]  M. Rasheed, S. Shihab, O. Y. Mohammed, and A. 

Al-Adili, “Parameters Estimation of Photovoltaic 

Model Using Nonlinear Algorithms,” Journal of 

Physics: Conference Series, vol. 1795, no. 1, p. 012058, 

Mar. 2021, doi: https://doi.org/10.1088/1742-

6596/1795/1/012058. 

[23]  M. Rasheed, SuhaShihab, O. Alabdali, and H. H. 

Hassan, “Parameters Extraction of a Single-Diode 

Model of Photovoltaic Cell Using False Position 

Iterative Method,” Journal of Physics: Conference 

Series, vol. 1879, no. 3, p. 032113, May 2021, doi: 

https://doi.org/10.1088/1742-6596/1879/3/032113. 

[24]  Ahcen Keziz, M. Rasheed, M. Heraiz, F. Sahnoune, 

and A. Latif, “Structural, morphological, dielectric 

properties, impedance spectroscopy and electrical 

modulus of sintered Al6Si2O13–Mg2Al4Si5O18 

composite for electronic applications,” Ceramics 

International, vol. 49, no. 23, pp. 37423–37434, Dec. 

2023, doi: 

https://doi.org/10.1016/j.ceramint.2023.09.068. 

[25]  E. Kadri, M. Krichen, R. Mohammed, A. Zouari, 

and K. Khirouni, “Electrical transport mechanisms in 

amorphous silicon/crystalline silicon germanium 

heterojunction solar cell: impact of passivation layer in 

conversion efficiency,” Optical and Quantum 

Electronics, vol. 48, no. 12, Nov. 2016, doi: 

https://doi.org/10.1007/s11082-016-0812-7. 

[26]  I. Alshalal, H. M. I. Al-Zuhairi, A. A. Abtan, M. 

Rasheed, and M. K. Asmail, “Characterization of wear 

and fatigue behavior of aluminum piston alloy using 

alumina nanoparticles,” Journal of the Mechanical 

Behavior of Materials, vol. 32, no. 1, Jan. 2023, doi: 

https://doi.org/10.1515/jmbm-2022-0280. 

[27]  M. Al-Darraji, S. Jasim, O. Salah Aldeen, A. 

Ghasemian, and M. Rasheed, “The Effect of LL37 

Antimicrobial Peptide on FOXE1 and lncRNA PTCSC 

2 Genes Expression in Colorectal Cancer (CRC) and 

Normal Cells,” Asian Pacific Journal of Cancer 

Prevention, vol. 23, no. 10, pp. 3437–3442, Oct. 2022, 

doi: https://doi.org/10.31557/apjcp.2022.23.10.3437. 

[28]  M. Rasheed, S. Shihab, O. Alabdali, A. Rashid, and 

T. Rashid, “Finding Roots of Nonlinear Equation for 

Optoelectronic Device,” Journal of Physics: Conference 

Series, vol. 1999, no. 1, p. 012077, Sep. 2021, doi: 

https://doi.org/10.1088/1742-6596/1999/1/012077. 

[29]  M. Rasheed, M. N. Al-Darraji, S. Shihab, A. 

Rashid, and T. Rashid, “Solar PV Modelling and 

Parameter Extraction Using Iterative Algorithms,” 

Journal of Physics: Conference Series, vol. 1963, no. 1, 

p. 012059, Jul. 2021, doi: https://doi.org/10.1088/1742-

6596/1963/1/012059. 

[30]  M. Rasheed, M. Nuhad Al-Darraji, S. Shihab, A. 

Rashid, and T. Rashid, “The numerical Calculations of 

Single-Diode Solar Cell Modeling Parameters,” Journal 

of Physics: Conference Series, vol. 1963, no. 1, p. 

012058, Jul. 2021, doi: https://doi.org/10.1088/1742-

6596/1963/1/012058. 

[31]  M. Rasheed, O. Alabdali, S. Shihab, A. Rashid, and T. 

Rashid, “On the Solution of Nonlinear Equation for 

Photovoltaic Cell Using New Iterative Algorithms,” 

Journal of Physics: Conference Series, vol. 1999, no. 1, 

p. 012078, Sep. 2021, doi: 

https://doi.org/10.1088/1742-6596/1999/1/012078. 

[32]  M. Rasheed, M. N. Mohammedali, Fatema Ahmad 

Sadiq, Mohammed Abdulhadi Sarhan, and Tarek 

Saidani, “Application of innovative fuzzy integral 

techniques in solar cell systems,” Journal of 

https://doi.org/10.1016/j.ceramint.2024.03.094
https://doi.org/10.55145/ajest.2024.03.01.014
https://doi.org/10.4028/p-4frfak
https://doi.org/10.4028/p-4frfak
https://doi.org/10.1016/j.matchemphys.2024.129757
https://doi.org/10.1016/j.jics.2024.101413
https://doi.org/10.1007/s12596-024-02080-w
https://doi.org/10.1088/1755-1315/1262/2/022005
https://doi.org/10.1088/1755-1315/1262/2/022005
https://doi.org/10.1039/c6ra15060h
https://doi.org/10.1088/1742-6596/1795/1/012043
https://doi.org/10.1088/1742-6596/1795/1/012043
https://doi.org/10.1088/1742-6596/1879/2/022122
https://doi.org/10.1088/1742-6596/1879/2/022122
https://doi.org/10.1063/5.0066860
https://doi.org/10.1088/1742-6596/1795/1/012058
https://doi.org/10.1088/1742-6596/1795/1/012058
https://doi.org/10.1088/1742-6596/1879/3/032113
https://doi.org/10.1016/j.ceramint.2023.09.068
https://doi.org/10.1007/s11082-016-0812-7
https://doi.org/10.1515/jmbm-2022-0280
https://doi.org/10.31557/apjcp.2022.23.10.3437
https://doi.org/10.1088/1742-6596/1999/1/012077
https://doi.org/10.1088/1742-6596/1963/1/012059
https://doi.org/10.1088/1742-6596/1963/1/012059
https://doi.org/10.1088/1742-6596/1963/1/012058
https://doi.org/10.1088/1742-6596/1963/1/012058
https://doi.org/10.1088/1742-6596/1999/1/012078


Journal of Positive Sciences (JPS), Vol. 4, Issue: 3, 2024                                                                           Manuscript ID: ASP4205 

52 

 

 

Manuscript received on: 15/03/2024  

Accepted on: 02/04/2024   

Published on: 31/05/2024   

https://doi.org/10.52688/ASP4205   

optics/Journal of optics (New Delhi. Print), Jun. 2024, 

doi: https://doi.org/10.1007/s12596-024-01928-5. 

[33]  Aasim Jasim Hussein, Mustafa Nuhad Al-Darraji, 

and M. Rasheed, “A study of Physicochemical 

Parameters, Heavy Metals and Algae in the Euphrates 

River, Iraq,” IOP conference series. Earth and 

environmental science, vol. 1262, no. 2, pp. 022007–

022007, Dec. 2023, doi: https://doi.org/10.1088/1755-

1315/1262/2/022007. 

[34]  Ruqaya Shaker Mahmood, "Multivariate Statistical 

Modeling and Dependence Structures using Copula 

Distributions", Journal of Positive Sciences, Vol. 3, 

Issue: 5, pp: 56-63, (2023). 

https://doi.org/10.52688/ASP80026. 

[35]  D. Bouras, Mamoun Fellah, Régis Barille, 

Mohammed Abdul Samad, M. Rasheed, and Maha 

Awjan Alreshidi, “Properties of MZO/ceramic and 

MZO/glass thin layers based on the substrate’s quality,” 

Optical and Quantum Electronics, vol. 56, no. 1, Dec. 

2023, doi: https://doi.org/10.1007/s11082-023-05778-6. 

[36]  A. Jaber, M. Ismael, T. Rashid, Mohammed 

Abdulhadi Sarhan, M. Rasheed, and Ilaf Mohamed 

Sala, “Comparesion the electrical parameters of 

photovoltaic cell using numerical methods,” Eureka: 

Physics and Engineering, no. 4, pp. 29–39, Jul. 2023, 

doi: https://doi.org/10.21303/2461-4262.2023.002770. 

[37]  Ruqaya Shaker Mahmood, Rana Jamal Mizban, 

Mohammed Abdulhadi Sarhan, Ahmed Rashid, 

Mohammed RASHEED, Tarek Saidani, "Analysis And 

Applications Of The Beta Prime Distribution In 

Statistical Modeling", Journal of Positive Sciences, Vol. 

3, Issue: 6, pp: 34-41, (2023). 

https://doi.org/10.52688/ASP61622. 

[38]  Ruqaya Shaker Mahmood, Rana Jamal Mizban, 

Mohammed Abdulhadi Sarhan, Ahmed Rashid, 

Mohammed RASHEED, Tarek Saidani, "Utilizing Beta 

Distribution For Probabilistic Modeling: Five 

Numerical Examples", Journal of Positive Sciences, 

Vol: 3, Issue: 5, pp: 40-48, (2023). 

https://doi.org/10.52688/ASP42440. 

[39]  Ahmed Shawki Jaber, Mohammed Abdulhadi 

Sarhan, Rana Jamal Mizban, Ahmed Rashid, 

Mohammed RASHEED, Ruqaya Shaker Mahmood, 

Tarek Diab Ounis, "Modeling Event Occurrences Using 

the Borel-Tanner Distribution: Applications and 

Numerical Analysis", Journal of Positive Sciences, 

Vol.: 3, Issue: 5, pp: 49-55, (2024). 

https://doi.org/10.52688/ASP31971. 

[40]  Ruqaya Shaker Mahmood, Rana Jamal Mizban, 

Mohammed Abdulhadi Sarhan, Ahmed Rashid, 

Mohammed RASHEED, Tarek Saidani, "Analysis Of 

Correlated Random Variables Using Bivariate Normal 

Distribution: Numerical Examples And Applications", 

Journal of Positive Sciences, Vol. 4, Issue: 1, pp: 28-37, 

(2024). https://doi.org/10.52688/ASP39921. 

[41]  D. Bouras and M. Rasheed, “Comparison between 

CrZO and AlZO thin layers and the effect of doping on 

the lattice properties of zinc oxide,” Optical and 

Quantum Electronics, vol. 54, no. 12, Oct. 2022, doi: 

https://doi.org/10.1007/s11082-022-04161-1. 

[42]  M. Rasheed et al., “Effect of caffeine-loaded silver 

nanoparticles on minerals concentration and 

antibacterial activity in rats,” Journal of advanced 

biotechnology and experimental therapeutics, vol. 6, no. 

2, pp. 495–495, Jan. 2023, doi: 

https://doi.org/10.5455/jabet.2023.d144. 

[43]  N. Assoudi et al., “Comparative examination of the 

physical parameters of the sol gel produced compounds 

La0.5Ag0.1Ca0.4MnO3 and La0.6Ca0.3Ag0.1MnO3,” 

Optical and Quantum Electronics, vol. 54, no. 9, Jul. 

2022, doi: https://doi.org/10.1007/s11082-022-03927-x. 

[44]  Ahmed Shukur, Ahmed Shawki Jaber, Ahmed 

Rashid, Mohammed RASHEED, Ruqaya Shaker 

Mahmood, Tarek Diab Ounis, "Application of Bose-

Einstein Distribution in Quantum Systems and 

Statistical Mechanics", Journal of Positive Sciences, 

Vol. 4, Issue: 2, pp: 27-36, (2024). 

https://doi.org/10.52688/ASP27315. 

[45]  Ahmed Shukur, Ahmed Shawki Jaber, Ahmed 

Rashid, Mohammed RASHEED, Ruqaya Shaker 

Mahmood, Tarek Diab Ounis, "Application of the Box-

Muller Transformation in Generating Normally 

Distributed Random Variables: A Numerical 

Approach", Journal of Positive Sciences, Vol. 4, Issue: 

3, pp: 32-43, (2024). 

https://doi.org/10.52688/ASP82349. 

[46]  Taha Rashid, Mohammed Abdulhadi Sarhan, 

Ahmed Shukur, Mohammed RASHEED, Ruqaya 

Shaker Mahmood, Olfa Maalej, "Applications of Chi-

Squared Distribution in Hypothesis Testing and 

Random Variable Analysis", Journal of Positive 

Sciences, Vol. 4, Issue: 4, pp: 36-45, (2024). 

https://doi.org/10.52688/ASP 11655. 

[47]  M. Enneffatia, M. Rasheed, B. Louatia, K. 

Guidaraa, S. Shihab, and R. Barillé, “Investigation of 

structural, morphology, optical properties and electrical 

transport conduction of Li0.25Na0.75CdVO4 

compound,” Journal of Physics: Conference Series, vol. 

1795, no. 1, p. 012050, Mar. 2021, doi: 

https://doi.org/10.1088/1742-6596/1795/1/012050. 

[48]  Ruqaya Shaker Mahmood, "Applications of the 

Difference of Successes Continuous Distribution in 

Modeling Variability Between Dependent Success 

Rates", Journal of Positive Sciences, Vol. 4, Issue: 1, 

pp: 38-46, (2024). https://doi.org/10.52688/ASP80026. 

[49]  Ahmed Shawki Jaber, Taha Rashid, Mohammed 

RASHEED, Ruqaya Shaker Mahmood, Olfa Maalej, 

"Analysis of Cauchy Distribution and Its Applications", 

Journal of Positive Sciences, Vol. 4, Issue: 4, pp: 21-27, 

(2024). https://doi.org/10.52688/ASP54542. 

[50]  Taha Rashid, Ahmed Shukur, Mohammed 

RASHEED, Ruqaya Shaker Mahmood, Olfa Maalej, 

"Application of the Chi Distribution in Statistical 

Modeling and Simulation: Numerical Examples and 

Analysis", Journal of Positive Sciences, Vol. 4, Issue: 4, 

pp: 28-35, (2024). https://doi.org/10.52688/ASP24189. 

[51]  Mohammed Abdulhadi Sarhan, Mohammed 

RASHEED, Ruqaya Shaker Mahmood, Taha Rashid, 

Olfa Maalej, "Evaluating the Effectiveness of 

Continuity Correction in Discrete Probability 

Distributions", Journal of Positive Sciences, Vol. 4, 

Issue: 4, pp: 46-54, (2024). 

https://doi.org/10.52688/ASP66811. 

 

https://doi.org/10.1007/s12596-024-01928-5
https://doi.org/10.1088/1755-1315/1262/2/022007
https://doi.org/10.1088/1755-1315/1262/2/022007
https://doi.org/10.52688/ASP80026
https://doi.org/10.1007/s11082-023-05778-6
https://doi.org/10.21303/2461-4262.2023.002770
https://doi.org/10.52688/ASP61622
https://doi.org/10.52688/ASP31971
https://doi.org/10.52688/ASP39921
https://doi.org/10.1007/s11082-022-04161-1
https://doi.org/10.5455/jabet.2023.d144
https://doi.org/10.1007/s11082-022-03927-x
https://doi.org/10.52688/ASP27315
https://doi.org/10.52688/ASP82349
https://doi.org/10.1088/1742-6596/1795/1/012050
https://doi.org/10.52688/ASP80026
https://doi.org/10.52688/ASP54542
https://doi.org/10.52688/ASP24189
https://doi.org/10.52688/ASP66811

