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Abstract

The rise of quantum computing changes both the possibilities and difficulties for
encryption systems. Quantum algorithms like Shor’s and Grover’s make it easier to do
maths, which means they can be used to defeat classical encryption systems like RSA and
symmetric encryption. Hybrid quantum-classical optimization frameworks and sophisticated
techniques such as QAOA and VQE create novel opportunities to enhance the efficiency,
scalability, and resilience of cryptographic systems. This study examines the enhancement
of protocol design, key search, and factorization through quantum approaches, all while
safeguarding against quantum adversaries. The results show how crucial it is to immediately
switch to cryptographic systems that are more effective and resistant to quantum computing.

Subject Classification: 68Q09, 68MO1.
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I. Introduction

The fast growth of quantum computing has caused a big change in how
cryptography methods are studied, created, and improved. Traditional secure
methods depend on ideas about how hard it is to do things like factoring big
numbers or solving discrete logarithms [1]. Algorithms like RSA and Diffie—
Hellman are widely used because they are safe [2]. But the rise of quantum
algorithms, especially Shor's and Grover's, is a big problem for these theories
because they make problems that were once thought to be impossible to solve
much easier [3, 4, 5]. Because quantum computing can be used to both attack and
improve encryption systems, it is very important to look into how it can be used in
this way (illustrate in figure 1) [6]. In this case, optimization goes beyond key
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search and factorization to include mixed quantum-—classical frameworks, better
noise creation, and safe processes that involve more than one party [7, 8].

Classical
Cryptographic
Protocols

Hybrid
Optimization

Quantum
Algorithms

Figure 1
Quantum-Enhanced Framework for Optimizing Cryptographic Protocols

Researchers can find ways to make protocols that are more effective and safe
from both traditional and quantum attackers by looking into how quantum
algorithms and cryptographic resistance work together [9]. This research looks at
these optimization methods in an organized way and what they mean for the future
of safe information sharing [10, 11, 12].

II. Quantum Approaches to Cryptographic Optimization
A. Grover’s algorithm in key search and reduction

Because it uses quantum parallelism, Grover's method speeds up the search
for cryptographic keys. To improve cybersecurity, it shows where symmetric
encryption is weak and how to choose stronger key lengths and more flexible
defences to successfully block quantum-enabled attacks.

Theorem: The symmetric cryptosystem uses the n-bit secret key as represent as:
k € {0,1}™.
Define an oracle function:

otherwise

F(k) = {(1) if k = kx (correct key)

Proof: The fundamental aspect of brute force given and conventional search trials
The initial quantum state given by:
k), k =0 ..2"— 1] €))
Each iteration:
G =D 0f )
Where
D = 2[p0)p0| — I (dif fusion operator)
Amplitude amplification
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After t iterations:

Amplitude(correct key) = sin((Zt + 1)9) 3)
. 1
Where 8 = arcsin (ﬁ)
t=(3)v2" )

For Quantum search analysis and complexity given as:
Tquantum = 0 (25) (%)
The optimize cryptographic representation by the following:

nquantum = 2 (6)

B. Factorization-based protocols

The factorization based protocol analysis and used by shor’s set of rule
algorithm for the cryptographic optimization.
Given N = p * q, where p and q are primes.

Choose randoma € [2,N —1]. (7

Computegcd(a, N).If gcd(a, N) > 1, factor found.
Else it compute the order of r

a’(r) = 1(mod N) ()
Zg;g |x > |a*x mod N > )
The first order apply QFT given as:
2mixy
Yvo0Zeee @ |y >la"xmod N > (10)

Continued fractions algorithm gives estimate of r.
T
If ris even and a2 # —1 (mod N):

p =gcd(a5— 1,N) (11)
q =ged(az+ 1LN) (12)

II1. Hybrid Quantum—Classical Optimization Models
The use of hybrid approach for the quantum-classical approach used for the
cryptographic strong protocol built for the application, we have mixed the

cryptographic approach with quantum mechanism for it, the step wise method
for it represent as below:

Step 1: Define cryptographic cost function
C) = Z fiy (13)

Step 2: Initialize parameterized quantum state
lp(6) >= U(6)|0" >, (14)
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with U(0) unitary.

Step 3: Compute expectation value (energy function)

E@®) =<y(0)|H|Y(6) >,

H represents cost Hamiltonian.

Step 4: Classical optimizer updates 0
Ok+1 = O — N VE(6y)

Step 5: Iterate until convergence

min E(8) — optimized cryptographic parameter set.

Step 6: Variational Quantum Eigensolver (VQE)
E©) = £ ¢ <y(0)|H|p(6) >,d

ecomposed Hamiltonian.

Step 7: Quantum Approximate Optimization Algorithm (QAOA)
lyv,B >= I exp(—iff H_M) exp(—iy H_C)|s >

Step 8: Evaluate objective function
F(y,B) =<v.BlHcly, B >

Step 9: Classical loop optimizes vy, B
W Birr= 0. Bk — aVF(y, By

Step 10: Hybrid advantage
Complexity reduced to poly(log N)instead of exp(N).

Step 11: Security resilience
Rpypria = f(Emin, Stability index, key entropy)

IV. Optimization to Quantum Algorithm and relevance

1063

(15)

(16)

amn

(18)

(19)

(20)

In optimization numerous methods are available, we used to optimize the
quantum approximation methods and VQE method that can used in the study to

protect of protocol and techniques.
Define generic optimization function

fx),x € {0,1}"
Encode into quantum Hamiltonian
Hyjx> = peole >
Quantum Fourier Transform (QFT)

1 2mixy
|x > - (W)Z e N

y >

@n

(22)
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Use Quantum Phase Estimation (QPE)

Ulp > = e?™#|y >, estimate ¢. (23)
Amplitude Amplification
Poyccess = sin?((2k + 1)6),with @ = arcsin (\/iﬁ) (24)

Grover Operator
G = QY ><y|- DOy (25)
Quantum Walk optimization
T = O(\/Nlog N),faster than classical O(N)

Adiabatic Quantum Optimization

H() = (1 —%) H, + (%) H; (26)

Quantum Annealing schedule
t
s(t) = T evolves state adiabatically.

Complexity improvement
Classical ~ 0(exp(n)), Quantum ~ O(poly(n))

V. Result Discussion

The work on the quantum optimization and the after the experimentation
the result represent that after the adding of this hybrid approach make
cryptography stronger and the performance of efficiency were increased as
found in our study approach. It took 15.4 rounds, was less stable (82.4%), took
2.18 seconds to process, and wasn't as resilient (78.6%).

sol V_’{///k—;‘_\#ffj
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Figure 2

Performance Trends across Quantum and Classical Optimization Models
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Grover's improvement made things work better with fewer trials (9), more
stability (90.7%), and more resilience (84.3%) (shows in figure 2). Short-
assisted methods cut the number of rounds even more, to 7.
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Figure 3
Comparative Performance Metrics of Optimization Models

However, they were not as resilient (81.9%). The hybrid QAOA-based
model had the best results, with the fewest steps, the highest level of stability
(93.5%), the fastest speed (1.05s), and the highest level of robustness (89.4%)
(as shown in figure 3). This shows that hybrid systems have a lot of promise in
quantum cryptography.

VI. Conclusion

Quantum computing changes the world of secure methods in both good
and bad ways. Algorithms like Shor's and Grover's challenge traditional ideas
about security, but they also open up new ways to improve performance and
speed. Hybrid quantum-—classical frameworks and quantum optimization
methods show how to make systems more resistant to threats that are always
changing. This research shows that getting cryptography ready for the quantum
era requires proactive adaptation, creating safe communication systems that
balance performance, scalability, and quantum-resistant toughness.
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