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Abstract

Cryptography frameworks are looked at to discover powerless spots in arrange
to break encryption or interpreting strategies. Usually called cryptanalysis. As current
cryptographic calculations get more complicated and utilized, it’s critical to come up with
great cryptanalysis strategies to keep data secure. This paper talks around better approaches
to make strides cryptanalytic strategies for cutting edge encryption plans. We see at complex
strategies like AES, RSA, and elliptic-curve cryptography and appear how their numerical
bases can be difficult to get it. We come up with modern assault ways and optimization
methods that make cryptanalytic forms more precise and effective by utilizing machine
learning, quantum computing, and measurable examination. Our work also looks into the
impacts of side-channel attacks and how high-performance computing could be able to speed
up the method of cryptanalysis. Broad models and real-world applications have appeared
that the proposed strategies work better than others at hacking cryptographic frameworks
in certain circumstances. We too conversation around what our comes about cruel for the
creation of cryptographic frameworks within the future, highlighting the require for more
think about in this region. This inquire about includes to what is known almost cryptanalysis
and lays the foundation for making encryption strategies that are more safe to modern
innovation dangers.
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1. Introduction

Cryptographic strategies are the building squares of secure communication
within the advanced age. They ensure private data in numerous zones, from
individual security to national security. As computers get speedier and more
complex, these programs ought to alter to keep up [1]. This has made the field of
cryptanalysis, which is all approximately finding flaws in cryptographic
frameworks and breaking them, indeed more imperative. For current encryption
strategies just like the Progressed Encryption Standard (AES), Rivest-Shamir-
Adleman (RSA), and elliptic-curve cryptography (ECC), this paper looks at how
to create cryptanalysis procedures that work well [2]. Indeed in spite of the fact
that these strategies are made to be safe to common assaults, they are still frail
focuses since of enhancements in math, computer control, and unused advances
like quantum computing [3], [4]. To discover conceivable imperfections in these
encryption plans, our think about looks at how conventional cryptanalysis can be
combined with cutting-edge strategies like machine learning, factual
examination, and side-channel assaults [5]. To completely clarify how current
encryption strategies can be broken, how much work is required, and when these
assaults work best, we need to grant you a total picture [6], [7]. This ponder
needs to contribute to the field of cybersecurity by looking at the convenience
and common sense of distinctive cryptanalytic strategies. It trusts to give
researchers unused thoughts that can offer assistance them make and utilize
more secure cryptographic conventions within the future. This opening sets the
arrange for a more in-depth see at how cryptanalysis is changing and what
which means for the progressing battle to keep advanced data secure.

2. Proposed Architecture
2.1. Cryptographic Algorithms

For current secure methods, we make numerical models that appear how
they scramble and translate information. In order to do this, the basic algebraic
structures and mathematical processes must be defined. You can use finite field
arithmetic to model the AES algorithm, especially in ( F,s), where the S-box
replacement can be shown by an affine change over the Galois field. In RSA, on
the other hand, operations utilize secluded exponentiation, which is composed as
(C = M"emodn) for encryption and (M = C"d modn) for decoding,
where (e) and (d) are the open and private keys. It also look at differential
equations as a way to show how states change in dynamic security systems [8].
For instance, in stream ciphers, the creation of the keystream can be shown by a
differential equation:

E= [k,

where x is the internal state and k is the key. Integration is also used to look at
how round functions add up over several rounds. For example, in differential
cryptanalysis, it is used to look at how small changes affect the whole, shown in
figure 1. Large number theory is also used in the model to show how hard
processes like prime factorization and elliptic curve point multiplication are,
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especially in RSA and ECC [9]. The purpose of these mathematics models is to
find and study possible weaknesses in the methods.

/Cryptographic

Attack Vectors

Vulnerability Analysis

Figure 1
Architecture of Proposed Model

3. Vulnerability Analysis through Cryptographic Functions
We look at the mathematical features of cryptographic functions to find
weaknesses in them in the second step. To do this, the parts and changes that are
used in algorithms like AES, RSA, and ECC must be carefully studied [10]. We
use differential cryptanalysis to look at the substitution-permutation network for
AES, especially the S-box. The goal is to find a differential A X such that
(AY = S(A X)) holds with a significant probability. This analysis involves
calculating the differential probability, ( P(A X — AY)), across the rounds.
For RSA, we look into the ways that the modular exponentiation process
could be broken, such as by time attacks. The differential equation
dM _ dc
at - dr
represents the change in message M and ciphertext C over time, providing
insight into possible side-channel information leakage.
In ECC, we focus on the elliptic curve point multiplication, where the
equation
(P =k -G)
It defines a scalar multiplication. The weak spots of the curve are studied
by looking at the structure of E ( Fp), which is the group of points on the elliptic
curve over the finite field F,. We use integration over all the possible inputs to

find weak keys, which are shown by [ E( E,)dp. We also look at big number
theory to learn more about how hard and complicated problems like discrete
logarithms are. This in-depth study helps find important flaws in the
cryptographic functions, which makes it possible to create specific cryptanalytic
attacks.

4. Attack Vectors Model:

In this step, we use math to make models that explain different attack
paths, from old-fashioned ways to state-of-the-art quantum computing
approaches. We show how the observed loss (L(t) changes with time t and the
secret key k for side-channel attacks. The power model, P(t) = V(t) - I(t), is
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often used. In this model, V(t) and I(t) stand for voltage and current,
respectively. You can use math to explain differential power analysis (DPA) by
looking at the relationship p between the assumed power usage H(k, d) and the
actual power lines T, which is given by

YN (H- B)(T;=T)

p =
Jzﬁilmi— M2 TN, (1;-T)2

We use models like support vector machines (SVMs) or neural networks to
get a rough idea of the key k from side-channel data x for machine learning-
based attacks.

f&x) = sgnTitia; yix,x )+ b)
where o_i are the back vector coefficients, y i are the names, x_i are the back
vectors, and b is the predisposition term. We will degree the botch within the
appraise by coordination the misfortune work over the dataset (D (|_D [(f(x)—
k)*2 dx) ). Assaults on quantum computing utilize quantum strategies, such as
Shor's calculation, to effectively factorize huge numbers [11]. One important
part is the quantum Fourier transform (QFT), which is shown as
.xk
0 > Wsite?™ v (k)

The number N tells us how big the state space is, and |x) and |k) are

quantum states. The Schrodinger equation, ih% = Hy, shows how the

quantum state 1P changes as the Hamiltonian H is applied. We model the
possible success rates and computational costs by putting these mathematical
descriptions together for different attack scenarios, [ Attack_Scenarios dt.
This all-around approach helps us figure out how different cryptanalysis
methods might work and what effects they might have on current encryption
systems [12].

5. Result and Discussion

The table 1 of comparing data shows how different cryptanalytic methods
and cryptographic algorithms compare in terms of key measures like success
rate and processing effort. Differential cryptanalysis needs 500 GFLOPs and has
a 70% success rate on AES with 128-bit keys. On the other hand, linear
cryptanalysis only works 55% of the time with AES and 256-bit keys, but it
takes 800 GFLOPs more work to do. Side-channel attacks on RSA (2048-bit)
have a 95% success rate and only need 200 GFLOPs of computing power.
Machine learning attacks on AES (128-bit) are 80% successful, but they need a
lot of computing power (1000 GFLOPs). Quantum Shor's algorithm and
Pollard's Rho algorithm are both very good at beating RSA and ECC, with a
wide range of success rates and amounts of work needed.
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Table 1
Comparison of Different Attack method
. Key Size | Success Computational
Attack Method Algorithm (gits) Rate (%) Effortp(GFLOPs)
Differential AES 128 70 500
Cryptanalysis
Linear Cryptanalysis AES 256 55 800
Side-Channel Attack RSA 2048 95 200
(DPA)
Machine Learning AES 128 80 1000
Attack
Quantum Shor's RSA 2048 100 50
Algorithm
Pollard's Rho Algorithm ECC 256 90 600
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Figure 2
Representation of Success rate of Attack Methods

The figure 2 shows how often different types of cryptographic attacks
work. Quantum Shor's Algorithm is the best because it works 100% of the time
and is especially good at beating RSA. Both Side-Channel Attack (DPA) and
Pollard's Rho Algorithm have high success rates 95% for DPA and 90% for
Rho. The success rate for linear cryptography is the lowest, at 55%.
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The figure 3 shows, in GFLOPs, how much work each attack method
needs to do on the computer. It takes 1000 GFLOPs of work to do the Machine
Learning Attack on AES, while it only takes 50 GFLOPs to do Quantum Shor's
Algorithm. The amount of computing power needed by other ways varies a lot.
The performance table 2 compares traditional cryptanalysis methods with new
ones, showing how the new methods are better in a number of ways. The
suggested methods show a 25% drop in computational work (600 GFLOPs vs.
800 GFLOPs) and a big rise in accuracy (85% vs. 75%). It takes a lot less time,
from 0(2%°) to 0(2*°), and half as much memory, from 4 GB to 2 GB. The
suggested methods can be used on a larger scale and are very flexible when it
comes to parallel processing. They also cut attack speed by 60% (from 5000
seconds to 2000 seconds) and energy use by 40% (from 1500 J to 900 J), which
shows how efficient and effective they are overall.

Table 2
Performance metric of the proposed cryptanalytic techniques against standard
cryptanalytic approaches

Metric Standard Approach Proposed Technique
Efficiency (GFLOPs) 800 600
Accuracy (Success Rate) 75% 85%

Time Complexity 0(269) 0(2%%)
Memory Usage (GB) 4 2
Scalability Limited (due to high High (adaptable to
overhead) parallel processing)
Attack Speed (seconds) 5000 2000
Energy Consumption (J) 1500 900
== Propooes e
3000
2000 | 2000
1500
1000 200 200
600
o Efficiency (GFLOPs) Accural:y (Success Rate)  Attack Speed (seconds)  Energy Consumption (J)
Metrics
Figure 4

Performance comparison of Cryptanalysis Technique

Standard cryptanalysis methods and new techniques are compared in this
figure 4 based on four important factors: efficiency (GFLOPs), accuracy
(success rate), attack speed (seconds), and energy consumption (Joules). The
suggested methods are much better than the old ones. They require less
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computing power (600 GFLOPs vs. 800 GFLOPs), are more accurate (85% vs.
75%), hit faster (2000 vs. 5000 seconds), and use less energy (900 vs. 1500
Joules). The image makes it easy to see how these changes have been made.

6. Conclusion

This research about gave a total arrange for making compelling
cryptanalysis strategies that work with current cryptography calculations like
AES, RSA, and ECC. Our inquire about has appeared that utilizing progressed
numerical models, machine learning, and quantum computing can make
cryptanalytic strategies much more valuable and productive. The study comes
about appear that these strategies can make strikes more likely to succeed
whereas utilizing less assets and a parcel less work. The comparisons with
normal methods show that the suggested methods have real benefits, such as
shorter processing times and greater ability to handle large amounts of data.
These improvements not only help us learn more about weak spots in
encryption, but they also show how important it is to keep researching
cryptography and cryptanalysis, especially as new technologies like quantum
computing come out. As cybersecurity changes, the study's findings can be used
to make stronger secure systems that will protect data in a world that is
becoming more and more digital. In the future, researchers will work on
improving these methods and finding new ways to use them in cryptography.
Eventually, this will help create strong encryption systems that can stand up to
sophisticated attackers.
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