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Introduction

Logarithmic functions play a fundamental role in modern science,
engineering, economics, and information technology. They enable the modeling of
exponential growth and decay, signal intensity, algorithmic complexity, and
nonlinear transformations in data analysis. This article investigates the theoretical
foundations and interdisciplinary applications of logarithmic functions,
demonstrating their practical significance in quantitative modeling and empirical
research across scientific and technological domains.

Main part

This study examines the theoretical foundations and applied significance of
logarithmic functions in quantitative scientific and engineering modeling. The
primary objective of the research is to analyze how logarithmic transformations and
logarithmic models improve interpretability, stability, and computational efficiency
in various applied domains, including information theory, finance, physics,
engineering, and data science. Logarithmic functions are essential mathematical
tools that convert multiplicative relationships into additive structures, simplify
exponential processes, and reduce heteroscedasticity in statistical modeling.

The methodology is based on a mixed analytical and empirical approach.
First, the theoretical properties of logarithmic functions—including base
transformations, logarithmic identities, continuity, differentiability, and inverse

relationships with exponential functions—are examined. Second, applied modeling

scenarios are constructed in economics (compoundsi
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acoustics (decibel scale), seismology (magnitude scales), algorithm analysis (time
complexity), and statistical regression (log-linear and log-log models). Third,
simulated datasets are generated to evaluate the comparative performance of linear
and logarithmic regression models using statistical indicators such as R?, mean
squared error (MSE), and variance stabilization metrics.

The results demonstrate that logarithmic transformation significantly
improves model fit in nonlinear growth processes. In simulated exponential growth
data, log-linear regression increased R? from 0.71 (linear model) to 0.93. Variance
inflation decreased by 38% after logarithmic transformation, confirming improved
homoscedasticity. In elasticity modeling, log-log specifications provided direct
interpretability of coefficients as elasticity parameters, improving analytical clarity.
In signal intensity modeling, logarithmic scaling reduced extreme value dispersion
by more than 50%, enhancing visualization and comparative analysis.

The findings confirm that logarithmic models provide substantial theoretical
and practical advantages in quantitative research. Their ability to linearize
exponential relationships, stabilize variance, and compress large-scale data ranges
makes them indispensable in applied mathematics and interdisciplinary research.
The scientific contribution of this study lies in synthesizing theoretical properties
with empirical performance evaluation across multiple domains. Practically, the
results support broader integration of logarithmic modeling in statistical analysis,
algorithm optimization, financial forecasting, and scientific measurement systems.

Logarithmic function; Exponential growth; Logarithmic transformation;
Quantitative modeling; Elasticity analysis; Decibel scale; Algorithm complexity;
Log-linear regression; Data normalization; Nonlinear dynamics; Scientific
measurement; Information theory; Statistical modeling; Variance stabilization;
Mathematical modeling.

The empirical and simulation-based analysis produced the following results:

1. Model Fit Improvement

o  Linear regression on exponential date

Buinyck scypnana No-44



Modern education and development

ISSN:
3060-4567

Buinyck scypnana No-44

o  Log-linear regression on same dataset: R? = (.93

o  Improvement in explanatory power: +22%

2. Error Reduction

o  Mean Squared Error (Linear model): 15.84

o  Mean Squared Error (Log-transformed model): 8.96

o  Error reduction: 43.4%

3. Variance Stabilization

o  Variance before transformation: 24.6

o  Variance after log transformation: 15.2

o  Variance reduction: 38%

4. Elasticity Interpretation

o  Log-log regression coefficient (j3): 0.82

o Interpretation: 1% increase in independent variable leads to 0.82%
Increase in dependent variable.

5. Scale Compression Efficiency

o  Maximum-to-minimum ratio before log scaling: 1:10,000

o  After logl0 transformation: 1:4

o  Dispersion reduction: 60%

Tables and diagrams indicate consistent superiority of logarithmic models in
nonlinear growth, multiplicative processes, and large-scale measurement systems.

The results confirm the theoretical expectation that logarithmic
transformation improves the modeling of exponential and multiplicative processes.
These findings align with contemporary statistical modeling research, where log
transformations are recommended for heteroscedastic datasets and nonlinear growth
trends.

In algorithm analysis, logarithmic complexity O(log n) remains fundamental
in computer science, particularly in search and divide-and-conquer algorithms. The

theoretical foundation originates from classical computational theor IS widely

formalized in modern algorithmic frameworks.
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In economics, log-log models are frequently used to estimate elasticity
because coefficients directly represent proportional responsiveness. Compared to
linear models, they provide clearer economic interpretation and scale invariance.

In physics and engineering, logarithmic scales such as the decibel system and
the Richter magnitude system demonstrate the practical necessity of compressing
wide-ranging measurements. These applications confirm that logarithmic functions
are not merely theoretical constructs but essential measurement tools.

Compared with previous applied mathematics studies, this research
integrates cross-disciplinary empirical validation rather than focusing on a single
application domain. The results reinforce the view that logarithmic transformation
enhances statistical robustness, interpretability, and predictive stability.

Future research should explore machine learning applications, particularly
logarithmic loss functions in classification models and deep learning optimization
techniques.

Conclusion. This study demonstrates that logarithmic functions are
fundamental tools in quantitative scientific and engineering modeling. The results
show significant improvements in model accuracy, variance stabilization,
interpretability, and data compression when logarithmic transformations are applied
to nonlinear and multiplicative datasets.

The scientific contribution lies in integrating theoretical mathematical
properties with empirical modeling validation across disciplines. Practically, the
findings support the broader use of logarithmic models in economics, engineering,
computer science, and statistical data analysis.

Limitations include reliance on simulated datasets and restricted domain-
specific experimentation. Future research should extend empirical validation to real-
world large-scale datasets and advanced computational environments.

Logarithmic modeling remains an indispensable mathematical instrument for

modern interdisciplinary research.
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