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Abstract

Prime numbers have always captured the
curiosity of mathematicians because they
appear simple in definition yet highly complex
in distribution. One of the most puzzling
aspects about primes is the prime gap—the
difference between two consecutive prime
numbers. As we move towards larger
numbers, these gaps tend to increase, but their
behavior does not follow any predictable or
stable pattern. Sometimes the gap remains
small even between very large primes, while
at other times the distance between
consecutive primes unexpectedly becomes
wide. Such unpredictable fluctuations
motivate researchers to explore deeper
structures that may be hidden within these

gaps.

This research attempts to look at prime gaps
from a different perspective inspired by
fractals and geometric self-similarity. In many
natural and mathematical structures, patterns
repeat at different scales, creating a system
that appears random but contains internal
order. If a similar type of hidden repetition
exists in the behavior of prime gaps, then this
could change the way we currently understand
prime distribution. To explore this idea, a new
analytical approach named Iterative Gap
Density Scaling (IGDS) has been proposed in
this study.

The IGDS approach works by observing how
prime gaps behave when the number range is
expanded step-by-step. Instead of looking at
primes in isolation, it examines how the
density of primes and the spacing between
them transform simultaneously as we move
across higher number intervals. Along with
this, a new parameter called the Gap Stability
Coefficient (GSC) is introduced to measure
how frequently certain types of gaps re-appear
in different ranges. Using these two tools
together, the study aims to identify self-
repeating  tendencies  that  traditional
approaches often fail to capture.
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1. Introduction

Prime numbers have fascinated
mathematicians for thousands of years. They
are the building blocks of arithmetic because
every composite number can be expressed as a
product of prime numbers. Despite this
simplicity, the distribution of primes continues
to surprise researchers. As numbers get larger,
primes become less frequent; however, exactly
how they appear among natural numbers
seems to follow a pattern that has never been
completely understood.



The difference between two consecutive
primes, known as a prime gap, is one of the
most mysterious characteristics of prime
distribution. For example, between 3 and 5 the
gap is 2, but later we may find long stretches
with large gaps followed suddenly by smaller
ones. There is no straightforward formula that
can determine how big or small the next gap
will  be. Famous developments in
mathematics—from  Euclid to  modern
bounded prime gap theory—have made
progress only in estimating how primes
behave in the long run, not in explaining the
sudden rise or fall in the local gap structure..

2. Objectives of the Study

1. To examine the existence of self-
similar behavior in the distribution of
prime gaps across different number
intervals.

2. To develop and apply the Iterative Gap
Density Scaling (IGDS) framework for
analyzing prime gaps systematically.

3. To introduce the Gap Stability
Coefficient (GSC) as a new parameter
for measuring the frequency and
recurrence of gap levels.

4. To compare prime gap behavior across
small, medium, and large scale
numerical ranges and identify any
repeated tendencies.

5. To evaluate whether prime gaps show
deterministic influences rather than
purely random fluctuations.

6. To strengthen the understanding of
prime distribution phenomena, which
may support future progress on major
mathematical conjectures.

7. To identify potential applications of
prime gap analysis in advanced
cryptographic  and  computational
systems.

3. Literature Review

Prime numbers are considered the foundation
of number theory due to their role as the basic
units of multiplication. Classical approaches to
understanding prime distribution began with
Euclid, who proved the infinitude of primes.
Much later, Gauss and Legendre proposed
approximations that eventually led to the
Prime Number Theorem, describing the
overall density of primes.

However, local behavior—the spacing
between consecutive primes—remains an
unanswered question. Early work by Cramér
(1936) attempted to explain prime gaps using
random models. Recent breakthroughs,
including Zhang’s bounded prime gap theorem
(2013) and Maynard’s work (2015), confirmed
the existence of infinitely many primes with
bounded gaps. Yet, the structural reasoning
behind irregular gap sizes remained unknown.

Parallelly, fractal geometry introduced by
Mandelbrot (1983) showed that complex
systems may follow self-similar laws. Few
studies applied fractals to number theory, and
even fewer focused on prime gaps specifically.
This research fills that gap using IGDS and
GSC for systematic fractal analysis of prime

gaps.
4. Methodology

4.1 lterative Gap Density Scaling (IGDS)

The main framework of this study is called
Iterative Gap Density Scaling (IGDS). The
steps involved are:

1. Prime Number Generation: Generate a
sequence of prime numbers up to a



selected large number N using a
computational sieve method.

2. Gap Calculation: Calculate the
differences  between  consecutive
primes and store them as prime gaps.

3. Density Layering: Divide the range of
prime gaps into categories (small,
medium, and large) to form density
layers. This allows gaps of similar size
to be analyzed together.

4. lterative Scaling: Examine these
density layers across multiple ranges of
numbers, increasing N step by step (for
example: up to 1000, 5000, 10000,
etc.). At each step, record the
distribution of gap sizes.

5. Pattern Observation: Analyze each
scale to observe if certain patterns
recur. Repeating patterns suggest self-
similarity or fractal-like behavior.

4.2 Gap Stability Coefficient (GSC)

To measure the repetition of gap patterns, a
new metric called Gap Stability Coefficient
(GSC) is introduced. GSC measures how
frequently a particular gap appears compared
to all gaps in the same range.

It is calculated as:

GSC = (Number of occurrences of a specific
gap size) = (Total number of gaps in the
range)

Higher GSC values indicate more frequent and
stable gap patterns. By comparing GSC across
different ranges, we can see whether prime
gaps show recurring tendencies.

4.3 Data Analysis

The data analysis process includes:

« Recording prime gaps for each selected
number range.

o Calculating GSC for each gap category
(small, medium, large).

« Plotting simple graphs to visualize the
distribution of gaps and their
recurrence.

o Observing repeating trends in GSC
across scales.

4.4 Scope and Limitations

This methodology focuses on detecting partial
self-similar patterns in prime gaps. It does not
claim to fully solve prime unpredictability but
provides a systematic way to explore hidden
structures. The study is limited to primes up to
a practical number N due to computational
restrictions.

5. Data Analysis and Observations

5.1 Prime Gap Calculation

e All prime numbers in the selected

range were gQenerated using a
computational sieve method.
e The difference  between  each

consecutive prime was calculated to
find the prime gaps.

o For example, the sequence of the first
few prime gaps is: 1 (between 2 and 3),
2(3and5),2(5and 7), 4 (7 and 11), 2
(11 and 13), etc.

5.2 Categorization of Gaps

e The gaps were divided into three
categories:
1. Small gaps: 2-6
2. Medium gaps: 7-20
3. Large gaps: Above 20



e This density
observing  the
distribution  of
systematically.

layering helped in
frequency  and
gap sizes more

5.3 Iterative Scaling Observations

e The prime gap distribution was
analyzed in iterative ranges:
o 1-1,000
o 1,001-5,000
o 5,001-10,000
o At each scale, the frequency of small,
medium, and large gaps was recorded.
o Gap Stability Coefficient (GSC) was
calculated for each category to

quantify recurring patterns.

5.5 Graphical Representation

Distribution of Prime Gaps Across Numerical Ranges
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The bar chart shows the distribution of small,
medium, and large prime gaps across different
numerical ranges. Small gaps dominate in all
ranges, indicating strong recurrence and stability.
Medium gaps occur with moderate frequency,
while large gaps are comparatively rare. The
similar distribution pattern across increasing
ranges supports the presence of partial self-
similarity in prime gap behavior.

6. Results and Discussion

6.1 Distribution of Prime Gaps

1

o Small gaps (2-6) are the most frequent
in all examined ranges. Their high
frequency and consistent appearance
indicate a stable underlying structure.

e Medium gaps (7-20) occur less
frequently but demonstrate recurring
patterns, particularly in the mid-range
of numbers (e.g., 1,000-10,000).

o Large gaps (>20) are rare but tend to
appear in clusters after sequences of
smaller gaps. This suggests that large
gaps are not completely random but
follow an implicit pattern influenced
by preceding gaps.

6.2 Observations from Gap Stability
Coefficient (GSC)

e The GSC values for small gaps are
consistently high across all numerical
ranges, confirming their stability.

e Medium gaps show moderate GSC
values, indicating partial recurrence.

e Large gaps have low GSC values, but
some regularity in their occurrence
hints at hidden deterministic behavior.

e Overall, the GSC trends oscillate
slightly but maintain a stable pattern,
supporting the hypothesis that prime
gaps are partially self-similar.

6.3 Fractal-like Patterns

o Comparing different ranges (1-1,000,
1,001-5,000, 5,001-10,000), the ratio
of small, medium, and large gaps
remains approximately similar.

e This repetition suggests that prime
gaps may exhibit fractal
characteristics, where the same type of
distribution recurs at multiple scales.

e These observations align with the
theoretical framework of IGDS,



confirming that iterative density
scaling is effective in detecting
recurring patterns in prime gaps.

6.4 Implications

The presence of partially repeating
patterns implies that prime gaps are not
purely random, contrary to common
assumptions.

These insights can improve methods
for prime number generation, which is
useful for cryptographic applications.
Furthermore, this structured approach
to analyzing gaps can provide a new
perspective  for studying larger,
unsolved problems in number theory,
including the Riemann Hypothesis.

7. Conclusion

Small prime gaps dominate across all
examined number ranges, showing
high recurrence and stability.

Medium gaps show partial repetition,
indicating an underlying structure in
the spacing between primes.

Large gaps, although rare, exhibit
patterned clustering, suggesting hidden
deterministic behavior.

The observed partial self-similarity in
prime gaps supports the hypothesis that
prime numbers may follow a fractal-
like distribution.

The I1GDS framework and GSC
provide a systematic way to study
prime gaps and can be applied for
further mathematical research or
cryptographic applications.
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