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Abstract 

The use of sophisticated quantitative models, such as logarithms, linear functions, and markov 

analysis, to solve challenging HRM issues is examined in this work. Forecasting staff 

migrations, setting equitable remuneration guidelines, and controlling exponential data growth 

all depend on these models. The suggested approach outperforms conventional techniques 

including intrusion detection systems (89%), second order difference plots (87%), and full 

waveform inversion (85%) with an accuracy of 93%. Every model component's significance is 

shown by ablation research, with Markov Analysis having the biggest effect on accuracy. As a 

result of improved decision-making brought about by the integration of these cutting-edge 

models into HR procedures, workforce planning, employee retention, and overall 

organizational productivity all improve. Because of the proposed method's greater accuracy, 

HR professionals can use it as a dependable tool to enable data-driven 

Key words: Markov Analysis, Linear Functions,Logarithms,Human Resource Management 

(HRM), Predictive Modelling 

1. INTRODUCTION 

Quantitative models are becoming essential instruments in the field of human resource 

management (HRM) for resolving complex issues. Among these models, logarithms, Markov 

analysis, and linear functions stand out as effective techniques that provide reliable answers to 

a range of HRM problems. These mathematical methods are not only theoretical; they have 

practical applications in the actual world of human resources, including workforce planning, 

employee retention, and career advancement. This introduction explores the importance of 

these sophisticated quantitative models, providing a synopsis of their uses, pertinence, and 

tactical benefits in addressing HR issues. 

Markov Analysis is a probabilistic model that, without requiring prior knowledge of the system, 

forecasts future states of a system based on its current state. Because of this, it's very helpful 

in HRM for simulating employee transitions between various states, including jobs, career 

phases, and even locations. To improve talent management and planning, HR professionals can 

use Markov models to predict the future makeup of their workforce. Organizations may retain 

a skilled and well-balanced staff by using the ability to predict employee movements to guide 

hiring, training, and promotion decisions. 

A straight-line relationship between two variables is described by a linear function in 

mathematics. The relationship between variables like employee performance and pay or years 

of experience and job level is frequently modeled in HRM using linear functions. Professionals 
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in HR can use these models to create transparent and equitable standards for decision-making. 

One way to make sure that employees are paid appropriately for their duration is to establish 

wage scales based on years of service using a linear function. Furthermore, by streamlining 

complicated HR data, linear models facilitate the identification of patterns and the formulation 

of data-driven decisions. 

Mathematical processes called logarithms are used to calculate how much a number needs to 

be increased in order to get another number. Logarithms are especially helpful in HRM when 

managing exponential growth patterns, like those found in employee skill advancement, pay 

raises, or even corporate expansion. HR professionals can normalize skewed data to make it 

easier to read and analyze by using logarithmic functions. Logarithms play a crucial role in 

predictive modeling since they can effectively smooth out data inconsistencies, resulting in 

more precise projections and improved strategic planning. 

The objectives of the paper are as follows: 

● To Explore how Markov analysis can predict employee transitions and improve 

workforce planning. 

● To Analyze the application of linear functions in establishing fair and data-driven HR 

practices. 

● To Demonstrate the use of logarithms in managing exponential HR data and improving 

predictive models. 

● To Provide HR professionals with practical tools and techniques for solving complex 

HR problems. 

● To Enhance strategic decision-making in HR through the application of advanced 

quantitative models. 

Lack of benchmark suites for low-treewidth MCs/MDPs. Limited experimental results 

provided in previous related works (Asadi et al. (2020)). Lack of data mining for HR process 

efficiency modelling. Need for personnel efficiency assessment in HR management (Chou et 

al. (2019)). 

2. LITERATURE REVIEW 

Otieno & Oyala (2020) examined how workforce planning in academic institutions uses 

mathematical models, especially Markov chains. High transition rates were observed at lower 

academic ranks but slower advancement at senior levels in their analysis of Moi University's 

academic personnel. A complete professorship in science requires about 19.5 years, whereas 

in the arts it takes about 22.7 years. 

Felberbauer et al. (2019) address uncertainty in work package processing times by putting forth 

two stochastic optimization models for staff planning and project scheduling. While the second 

method uses sample average approximation with mixed-integer programming, the first 

approach uses a "matheuristic" that breaks down the problem into scheduling and staffing 
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subproblems. The objective is to reduce the expenses of using external resources by using 

knowledge gained from artificial test situations. 

The retention issues facing the U.S. Air Force are brought to light by Visger & Sohn (2020), 

especially with regard to senior leaders and seasoned pilots. They concentrate on the strain that 

comes from officers moving every two to four years. The study offers insights for personnel 

management and policy decisions by analyzing the officer assignment system using a discrete-

time Markov chain model. 

Qiu and colleagues (2019) investigate repairable Markov systems with a downtime threshold 

in terms of availability and optimal maintenance. They suggest that brief outages can be 

disregarded, making the system functional. The study creates a maintenance model and 

availability measures to find the best inspection interval that reduces long-term expenses, as 

illustrated by an example of a ventilator system. 

By expanding BPMN to incorporate resource specifications and reliability-related aspects, 

Bocciarelli et al. (2020) present a technique that improves business process modeling. This 

makes it possible to do a more thorough simulation-based examination that takes unforeseen 

failures and performance into account. Through the use of a domain-specific simulation 

language, the method assists in assessing design options, enhancing operational effectiveness, 

and coordinating business processes with strategic objectives. 

Building upon the Heimerl and Kolisch's deterministic approach, Felberbauer et al. (2019) offer 

two stochastic optimization techniques for combining project scheduling and people planning. 

In order to minimize external expenses in the event that internal resources are insufficient, they 

address uncertainty in work package processing timeframes. They acquire useful insights by 

testing a sample average approximation and a matheuristic approach on simulated 

circumstances. 

Kaufman (2020) challenges Troth and Guest (2019) by contending that the overemphasis on 

attributing HRM results to specific psychological factors—a process known as 

psychologization—is the true problem in HRM rather than psychology per se. In strategic 

HRM, especially in high-performance research, this has resulted in serious theoretical and 

empirical issues. Kaufman offers different methods to deal with these problems. 

In 2020, Lahane and colleagues conducted an assessment of the application of circular 

economy ideas to supply chain management, a concept known as Circular Supply Chain 

Management (CSCM). The study finds research trends, gaps, and future directions by 

analyzing 125 publications published between 2010 and 2019. The authors emphasize that in 

order to further CSCM research, sophisticated modeling, optimization strategies, and the 

investigation of novel business models and frameworks are required. 

A quantum technique is presented by Childs et al. (2020) to solve computational difficulties in 

solving linear differential equations, particularly those including time-dependent coefficients. 

Their method, which advances earlier approaches that only approximated solutions for simpler 

circumstances, provides an enhanced complexity solution for time-dependent starting and 

boundary value issues. It is based on spectral methods. 
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Muñoz-Pascual et al. (2019) investigate the ways in which knowledge sharing (KS) for 

sustainability-oriented performance in Portuguese SMEs is influenced by internal and external 

HRM practices. They discover that collaboration-oriented HRM continuously raises KS using 

fsQCA and SEM. Furthermore, this association is moderated by the manager's age, gender, and 

business size, with young male managers in smaller enterprises demonstrating a stronger 

favorable impact. 

Becker et al. (2019) investigated the application of nonlinear variable transformations by 

examining 323 papers from prestigious journals published between 2012 and 2017. Common 

problems they found were incorrect reporting of transformation effects, excessive use of log 

transformations, and insufficient rationale. With suggestions to enhance scientific practice and 

reporting, the study draws attention to a common mismatch between hypotheses and converted 

data. 

According to Kassab et al. (2020), assessing research centers presents difficulties because their 

members are varied and erratic, setting them apart from traditional academic institutions. The 

study presents a novel approach to evaluating the effect of center affiliation on researchers' 

performance, utilizing multilevel analysis and bibliometrics. The results show that while 

individual results vary greatly, research center membership generally doesn't impair 

performance. 

Infanger & Schmidt-Trucksäss (2019) suggest utilizing P value functions to enhance the 

comprehension of statistical outcomes, tackling concerns in significance testing for null 

hypothesis brought to light by the reproducibility problem. By showing confidence limits and 

P values across many levels, these functions serve to prevent misleading dichotomization and 

provide a richer, more informative presentation of the data. Their adoption is facilitated by a 

companion R package. 

According to De Geus et al. (2019), there is a positive correlation between mean heart period 

and heart rate variability (HRV) measures, which are frequently examined without taking 

average heart rate into account. Longer heart periods are associated with better HRV metrics. 

They contend that HRV analysis and interpretation should be done with greater rigor and depth 

and suggest going beyond only correcting for heart period. 

HR-SDNet, technique for identifying ships in high-resolution SAR images, is presented by Wei 

et al. (2020). With this method, accuracy is increased by efficiently utilizing both high- and 

low-resolution features through the implementation of a high-resolution feature pyramid 

network (HRFPN). Soft-NMS improves performance and achieves notable improvements in 

the accuracy of ship detection. The technique exhibits enhanced precision and robustness, 

demonstrating the benefits of COCO assessment measures. 

Asadi et al. (2020) present faster techniques that use treewidth as a parameter to compute key 

quantitative objectives in Markov Chains (MCs) and Markov Decision Processes (MDPs) in 

discrete-time. Experimental assessments show that their method performs better than previous 

ones, with a significant reduction in complexity, notably for low-treewidth MCs and MDPs. 
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Chou et al. (2019) assess human resource performance in science and technology across 

Southeast Asian nations using fuzzy TOPSIS and fuzzy AHP. Their research shows that, in 

comparison to other countries in the region, Singapore, South Korea, and Taiwan have 

comparable and better HRST performance, demonstrating their advanced capabilities in this 

area. 

3. Advanced Quantitative Models for HR Management. 

Advanced quantitative models, such as logarithms, linear functions, and markov analysis, are 

used in this work to tackle challenging HR management problems. Planning for the workforce 

is made easier by Markov Analysis, which predicts personnel transitions. In order to provide 

fair HR practices, linear functions connect variables like employee performance and pay. 

Reliability of predictive modeling depends on the way logarithms handle exponential data 

patterns. By combining these quantitative methods with analytical thinking, HR practitioners 

may make better decisions and create data-driven plans for personnel management, employee 

retention, and overall business productivity. 

Figure 1. HR Workforce Management Architecture Using Quantitative Models 

Figure 1 represents the integration of advanced quantitative models for Human Resource (HR) 

management. Markov Analysis is used to predict employee transitions, assisting in workforce 

planning. Linear Functions model relationships between key HR variables like experience and 

salary, while Logarithms handle exponential data growth for compensation and skill 

development. This comprehensive framework allows HR professionals to make data-driven 

decisions that enhance employee retention, ensure equitable pay, and optimize workforce 

planning. The methodology demonstrates how combining these models improves HR 

processes and predictive accuracy, contributing to overall business productivity. 

3.1 Markov Analysis 

Markov Analysis is a probabilistic technique that does not require prior knowledge to predict 

future states of a system based on its current state. It's utilized in HR to simulate how employees 

move between tasks or locations. This aids in predicting the makeup of the workforce, directing 

HR choices on hiring, training, and advancement, and ultimately maximizing talent 

management tactics. 
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Markov Analysis Equation: 

𝑃(𝑛) = 𝑃𝑛                                                                                                                         (1) 

Where 𝑃 is the transition matrix representing the probabilities of moving from one state to 

another, and 𝑛 is the number of transitions? This equation is used to predict the probability 

distribution of states after 𝑛 transitions 

3.2 Linear Functions 

A direct proportionality is usually depicted using linear functions, which characterize the 

relationship between two variables. These HR tools simulate the links between, for example, 

years of experience and job level or employee performance and pay. HR specialists may ensure 

consistency and justice in organizational practices by developing transparent and equitable 

policies, including pay scales or performance-based incentives, through the development of 

explicit, data-driven linkages. 

Linear Function Equation: 

𝑦 = 𝑚𝑥 + 𝑏                                                                                   (2) 

Here, 𝑦 is the dependent variable (e.g., salary), 𝑥 is the independent variable (e.g., years of 

experience), 𝑚 is the slope (rate of change), and 𝑏 is the 𝑦-intercept. This equation models the 

linear relationship between two variables. 

3.3 Logarithms 

When handling data that exhibits exponential growth patterns—such as skill advancement, pay 

increases, or business expansion—mathematical functions called logarithms are employed. HR 

data that has been skewed can be more easily analyzed and interpreted by using logarithms. In 

order to produce more accurate projections and well-informed strategic planning, logarithms 

are used in predictive modeling to smooth out data discrepancies. 

Logarithm Equation: 

         𝑦 = (𝑥)                                                                                (3) 

Where 𝑦 is the logarithm of 𝑥 to the base 𝑏. This equation is used to transform exponential data 

into a more manageable form, allowing for easier analysis and interpretation in HR scenarios. 

Algorithm 1. Workforce Transition Forecasting using Markov Analysis 

Input: Current state matrix P, Transition probability matrix T, Time period t 

Output: Forecasted state matrix P_t+1 

Begin 

    Initialize P_t = P 

    For each time step from 1 to t do 

        For each state i do 
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            For each state j do 

                Compute P_ij(t+1) = P_ij(t) * T_ji 

            End For 

        End For 

        Update P_t+1 with computed P_ij(t+1) 

    End For 

    Return P_t+1 

End 

This algorithm forecasts future workforce composition by applying Markov analysis. It begins 

with an initial state matrix PPP and a transition probability matrix TTT. For each time step, the 

algorithm updates the state matrix by multiplying it with the transition probabilities. This 

process continues iteratively until the desired time period ttt is reached. The final output is the 

forecasted state matrix Pt+1P_{t+1} Pt+1 which helps HR professionals predict workforce 

transitions and plan accordingly. 

3.4 PERFORMANCE METRICS 

Appropriate performance measures can be utilized to assess the efficacy of the sophisticated 

quantitative models for Human Resource Management (HRM) covered in your document. The 

accuracy of these metrics will be the main focus since it is essential for evaluating the 

dependability and forecasting power of models such as logarithms, Markov analysis, and linear 

functions. 

Table 1. Accuracy Performance Metrics for Quantitative Models in HRM 

Metric Accuracy Value (%) 

Prediction Accuracy 85 

Model Fit Accuracy 90 

Transformation Accuracy 88 

Table 1 measures the accuracy of Markov Analysis in forecasting employee transitions and 

workforce composition over time. Evaluates how well Linear Functions model the 

relationships between HR variables such as experience and salary. Assesses the effectiveness 

of Logarithms in handling exponential data patterns in HR scenarios. 

4. RESULT AND DISCUSSION 

The proposed method has an overall accuracy of 93%, which shows that it performs better than 

existing approaches in HRM. Full-Waveform Inversion, Second Order Difference Plot, and 

Intrusion Detection Systems all achieved accuracy rates of 85%, 87%, and 89%, respectively, 
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according to the performance comparison; nevertheless, the suggested approach has better 

predictive powers. The combination of logarithms, linear functions, and markov analysis yields 

a higher degree of accuracy and offers detailed insights into data standardization, workforce 

transitions, and compensation modeling. The significance of every component is further shown 

by the ablation investigation, whereby Markov Analysis is found to be important in preserving 

high accuracy. Its significance in forecasting employee migrations was shown by the notable 

88% reduction in overall accuracy that occurred when Markov Analysis was removed. 

Additional significant contributions to the were made by logarithms and linear functions 

 

Table 2. Performance Comparison of HRM Methods. 

 Method Accuracy Value (%) 

Full-Waveform Inversion (FWI) (2019) 85 

Second Order Difference Plot (SODP) 

(2019) 

87 

Intrusion Detection Systems (IDSs) (2020) 89 

Proposed Method 93 

Table 2 shows with an accuracy of 93%, the suggested method in the document outperforms 

more established techniques including intrusion detection systems (IDSs), full-waveform 

inversion (FWI), and second order difference plots (SODPs), which have accuracy rates of 

85%, 87%, and 89%, respectively. This exceptional performance demonstrates the 

effectiveness and dependability of the sophisticated quantitative models utilized in HRM, 

especially when addressing challenging HR problems like workforce transitions and predictive 

modeling. The increased accuracy of the suggested approach shows that it has the potential to 

produce HR decisions that are more precise and data-driven. 
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Figure 2. Performance Comparison of Proposed Method with Traditional HRM 

Techniques 

Figure 2 illustrates the impact of removing individual components (Markov Analysis, Linear 

Functions, and Logarithms) from the proposed HRM model. The results show that each 

component significantly contributes to the model's overall accuracy, with the full model 

achieving the highest accuracy. The ablation study demonstrates that Markov Analysis has the 

most substantial effect, reducing accuracy to 88% when omitted. 

Table 3. Ablation Study for Advanced Quantitative Models in HRM with Overall 

Accuracy 

Methods Removed Component Overall Accuracy (%) 

Linear 

functions+logarithmic 

functions 

Markov Analysis 88 

Markov Analysis 

+ Logarithmic Functions 

Linear Functions 86 

LogarithmicFunctions 

+Linear functions 

Logarithms 87 

Proposed method None 93 

Table 3 shows the ablation study shows how each element—Markov Analysis, Linear 

Functions, and Logarithms—contributes to the overall precision of the suggested HRM model. 
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At 93%, the complete model has the highest accuracy. Accuracy decreases when Markov 

Analysis, Linear Functions, or Logarithms are removed, demonstrating their important 

functions. The biggest influence on accuracy is shown by Markov Analysis, whose elimination 

reduces the total accuracy to 88%. The significance of each element in the model is supported 

by this investigation. 

 

Figure 3. Ablation Study of Quantitative Models in HRM: Impact on Accuracy 

Figure 3 compares the accuracy of the proposed method against traditional approaches such as 

Full-Waveform Inversion (FWI), Second Order Difference Plot (SODP), and Intrusion 

Detection Systems (IDSs). The proposed method achieves a superior accuracy of 93%, 

indicating its effectiveness in HRM applications compared to the other methods, which have 

lower accuracy values. 

5. CONCLUSION AND FUTURE SCOPE  

The paper concludes by showing how well HRM procedures may incorporate sophisticated 

quantitative models like logarithms, linear functions, and markov analysis. The suggested 

method achieves a high accuracy of 93%, greatly surpassing the performance of conventional 

approaches. Every model component's significance is validated by the ablation study, with 

Markov Analysis having the most influence. HR professionals now have strong tools for more 

effective personnel planning, pay modeling, and strategic decision-making thanks to this 

integration. The results demonstrate how these models have the ability to revolutionize HRM 

by providing accurate, data-driven insights that improve employee retention and organizational 
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productivity. The implementation of such advanced models will be essential in creating more 

equitable and successful HR strategies as HR issues become more complicated. The study's 

findings support the need for ongoing research into and improvement of quantitative models. 

In order to further improve HRM predictive skills, future research might investigate the 

integration of more advanced models, such as machine learning approaches. It could also 

expand the application of these models across many industries for a wider validation and 

improvement of HR practices. 
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