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This study investigates the performance and security of quantum-

resistant cryptographic algorithms, assessing their potential to protect 

data from quantum computing threats. The research evaluates various 

cryptographic techniques, including lattice-based, code-based, hash-

based, and isogeny-based systems, comparing them in terms of 

encryption and decryption speeds, memory consumption, computational 

overhead, and resistance to quantum attacks.Lattice-based algorithms 

require increased amounts of memory and computational resources yet 

maintain low simulated attack success rates which makes them optimal 

for quantum resistance.  Research established hash-based cryptosystems 

operated faster but scientists proved them to be vulnerable to quantum 

attacks.  Scientific experts demonstrated hybrid cryptographic systems 

based on conventional and quantum-resistant algorithms as a viable 

security-speed compromise solution.  Lattice-based systems maintain the 

highest level of scalability for extensive systems according to scalability 

testing results yet multivariate poisson systems show inadequate 

scalability features.  Technical experts confirmed that quantum-resistant 

cryptographic systems function in reality but organizations require 

solutions to overcome operational and resource expenditure hurdles.  This 

research creates post-quantum cryptography systems that prove safe and 

effective through the presentation of algorithm optimization insights and 

their practical applications framework.  The study demonstrates why we 

need continued development and research to maintain data security 

because quantum computing will transform in the coming quantum era. 

 

 

Pages 1 – 13 Volume 1, Number 1, 2024 

Pages 46 – 56 Volume 1, Number 2, 2024 

mailto:asadullahalam@bzu.edu.pk


Computing and Applications Reviews  Volume 1, Number 2, 2024  

47 | P a g e  
 
 

INTRODUCTION

The exceptional speed of quantum computing subject 

development creates new opportunities to reshape 

multiple fields including cryptography.  Quantum 

computing's superior processing abilities likely 

threaten the security of present cryptographic methods 

intended for protecting confidential data.  The primary 

cause of concern about quantum computing stems 

from its potential damages to widely used encryption 

methods that protect communication and data 

security.  The failure of RSA and ECC (Elliptic Curve 

Cryptography) public-key cryptosystems has driven 

the increasing research into quantum-resistant 

cryptography since these systems serve as bases for 

modern cybersecurity frameworks.  The objective of 

this investigation consists of developing encryption 

methods that guard against anticipated quantum 

computing threats.  This paper addresses problem-

based solutions by identifying specific problems 

before presenting new approaches for achieving 

secure encryption during the post-quantum era. 

 Richard Feynman initially proposed the idea of 

quantum computing during the 1980s until the concept 

achieved practical implementation after a few years.  

The application of quantum physics enables quantum 

computers to process operations which standard 

computers cannot perform.  Quantum computers 

process large datasets simultaneously through 

quantum physics features of superposition and 

entanglement which results in a dramatically greater 

computing power (Bernstein, 2021).  Future 

developments of such devices will have major 

consequences for existing cryptography systems.  The 

public-key encryption faces a serious threat from 

Shor's algorithm (Shor, 1994) when applied to RSA 

and ECC methods.  The data protection systems rely 

on complex mathematical applications such as 

factoring large numbers and discrete logarithm 

solutions that efficiency-enhanced quantum 

computers could detect.  Post-quantum cryptography 

(PQC) stands crucial for research because of its rising 

significance (Chen et al., 2020). 

 The purpose of post-quantum cryptography research 

involves developing encryption systems capable of 

preventing attacks launched by traditional and 

quantum computing systems.  Although many experts 

work to establish quantum-resistant encryption it 

remains an uncertain process.  Developing encryption 

methods which survive against quantum attacks 

remains a top challenge because these methods must 

also maintain practical speeds that allow operational 

use.  Most quantum-resistant systems demonstrate 

insufficient product readiness to function as 

alternatives to traditional infrastructure or they 

experience reduced operational speeds (Langley et al., 

2019).  Halevi (2020) describes the challenging 

backward-compatibility requirement for new 

cryptographic standards which prevents businesses 

throughout the world from adopting quantum-

resistant encryption. 

The establishment of secure computational encryption 

methods represents the main barrier that post-quantum 

cryptography faces.  Lattice-based cryptosystems 

represent a leading potential quantum-resistant 

algorithm that uses difficulty in problems such as 

Learning With Errors (LWE) problem (Regev, 2009).  

Security protection against quantum attacks which can 

be made robust has made lattice-based encryption an 

increasingly important research subject 

(Lyubashevsky, 2021).  The encryption methods using 

error-correcting codes known as code-based systems 

are actively being evaluated as a post-quantum system 

by researchers (McEliece, 1978).  The current 

candidates for quantum-resistant algorithms include 

isogeny-based cryptography (Moro et al., 2020), 

multivariate polyn encryption as well as hash-based 
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signatures (Moro et al., 2020).  The creation of 

functional encryption systems involves examining 

special advantages and limitations of each method 

because they exist in each system. 

 The development of quantum-resistant standards 

stems primarily from National Institute of Standards 

and Technology (NIST) requirements.  NIST 

established a public algorithm selection competition 

for post-quantum cryptographic standards since 2016 

due to locksmithing against quantum computing 

threats.  This standardization process has yielded two 

noteworthy algorithms called Kyber for encryption 

and Crystals-DILITHIUM for signatures which stand 

among the finalists for selection.  Research has found 

significant limitations in the algorithm knowledge and 

utilisation for large-scale system scalability and 

efficiency (Sahai et al., 2021). 

 A main obstacle exists in integrating quantum-

resistant encryption algorithms with the existing 

technical framework of modern systems.  Encryption 

technologies protect crucial private information both 

for governmental agencies and financial sectors and 

commercial businesses through secure transmission of 

government data and financial operations and 

personal information.  The full-scale analysis of 

system compatibility and switch-over expenses 

together with identification of potential risks must 

occur to transition from legacy systems to quantum-

resistant systems (Böhm, 2021).  Large-scale quantum 

computers remain a mystery regarding their 

development timeline which poses difficulties for 

businesses when they attempt to foresee quantum 

threats.  Marketed hybrid cryptographic systems that 

execute classical as well as quantum-resistant 

algorithms during the transitional phase are gaining 

increasing momentum (Finkelstein et al., 2020). 

It becomes essential to build encryption technologies 

that defend against quantum computing attacks.   The 

global digital economy relies on quantum-resistant 

encryption because it safeguards national security 

while protecting personal privacy and economic 

integrity in digital environments.   The research 

examines new methods for quantum-resistant 

encryption that focus on algorithms and deployment 

strategies for secure cryptographic systems.   This 

study engages directly with these challenges to 

enhance ongoing mission-oriented efforts toward 

establishing security for the digital future of quantum 

technology.  

 The subject of cybersecurity requires strong 

advancements in quantum-resistant cryptographic 

methods to function effectively.  Supposed 

susceptibilities of standard encryption through 

quantum computers require new cryptography designs 

which blend scalability and practical user usage with 

quantum-resistant traits.  This work focus on detecting 

effective solutions to build practical quantum-

resistant algorithms through research on their practical 

applicability.  The development of quantum 

computing technologies poses a demanding challenge 

to protect data from future security threats. Therefore, 

immediate actions need to be taken. 

METHODOLOGY 

This work follows a systematic process to analyze the 

advancement and evaluation of quantum-resistant 

cryptography systems that defend data against 

quantum computing threats.  This study applies 

theoretical research methods together with 

experimental evaluation methods to study advanced 

quantum computing technologies and quantum 

encryption methods due to their present growth stage.  

A fundamental evaluation of established quantum 

computing literature regarding present-day 

cryptography systems constitutes the initial 

component of this approach.  This research provides 

an in-depth evaluation of multiple post-quantum 
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cryptography protocols such as lattice-based, code-

based and multivariate poisson as well as hash-based 

approaches.  This phase entails investigating 

quantum-resistant cryptosystems to assess their 

resistance against quantum attacks combined with 

evaluation of performance factors including speed and 

adaptability to varying scales.  Selecting algorithms 

for further assessment relies on the identified 

relevance to practical systems alongside their 

performance measures which were already discussed 

in previous work. 

 The chosen quantum-resistant techniques move into 

the next step for application and validation processes.  

These implementations become possible using open-

source cryptography libraries and quantum-

computing environment-based simulation tools 

available in public sources.  The methods undergo 

testing based on different performance indicators 

which consider computational overhead and memory 

usage and encryption and decryption speed. 

Additionally, the algorithms are tested in multiple 

simulated environments that represent real 

deployment situations to assess the impact of 

quantum-resistant encryption on functional 

applications.  The evaluation of cryptographic 

techniques includes two types of systems - both large-

scale entities such as financial transactions and cloud 

storage alongside minor protocols for secure 

communication.  The testing specifically investigates 

trade-offs between efficiency and security when 

assessing system performance in situations that could 

be threatened by quantum attacks. 

 The research includes theoretical mathematical 

analysis of quantum-resistant cryptography systems 

which focuses on studying core difficult tasks 

including the Learning With Errors (LWE) problem 

along with its adaptations.  The research assesses 

performance durability trade-offs and investigates 

future cryptography impacts on sustained data 

protection during its analysis.  The research evaluates 

the compatibility and economic feasibility along with 

implementation barriers for quantum-resistant 

cryptography integration within present-day systems.  

During this phase researchers execute simulations that 

combine quantum-resistant and classical algorithms to 

assess their coexistence capabilities with preceding 

cryptographic technology. 

Security analyses form an essential part of the study 

for assessing the proposed cryptographic methods.  

The security tests implement both quantum-assisted 

brute force attacks and structural flaw mathematical 

attacks for their replication.  Standard cryptographic 

security metrics provide a method to determine 

different attack mechanisms threatening 

cryptographic schemes.  Cryptography experts lead 

professional conversations which enable better 

comprehension of actual implementation barriers 

along with practical feasibility aspects of proposed 

algorithms.  Professional interviews serve as study 

input and reveal honest predictions regarding the 

acceptance of quantum-resistant cryptography across 

different fields.  The diverse research methods provide 

comprehensive insight into current quantum-resistant 

cryptography while analyzing the development of 

encryption systems resistant to quantum computing. 

RESULTS 

The research outcomes related to quantum-resistant 

cryptographic algorithms appear in six complete 

tables which analyze their security aspects alongside 

practical usage and performance aspects.  

Performance evaluation of certain quantum-resistant 

approaches becomes possible through analysis of 

encryption speed alongside decryption speed along 

with memory usage and computational overhead 

statistics as demonstrated in Table 1.  Security 

evaluation data is visualized in Table 2 through the 

comparison between attack difficulty and quantum 

vulnerability aspects of each algorithm.  The analysis 
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regarding the combination of traditional and 

quantum-resistant cryptographic systems appears in 

Table 3.  Analyzing scalability along with big system 

compatibility is presented in Table 4.  Table 5 shows 

the success rates of many cryptographic systems 

along with the security evaluation under simulated 

quantum attack conditions.  The final table (Table 6) 

includes expert assessments about quantum-resistant 

cryptography's implementation feasibility which 

provides critical acceptance and practicality 

information regarding the methods. 

 Other than the tables this document displays 

significant outcomes through graphical figures.  The 

report incorporates expert ratings and bar graphs to 

display performance results with additional line 

graphs illustrating attack degrees and histograms that 

present simulated attack success rates.  The images 

supplied enhance understanding of both the benefits 

and drawbacks of quantum-resistant algorithms 

studied in this work and support the explanation of 

final findings. 

Table 1: Performance Comparison of Selected Quantum-Resistant Algorithms 

Algorithm 
Encryption 

Speed (ms) 

Decryption 

Speed (ms) 

Memory 

Consumption (MB) 

Computational 

Overhead (%) 

Lattice-Based 450 550 15 20 

Code-Based 540 650 18 25 

Hash-Based 320 390 12 15 

Multivariate 

Polynomial 
700 750 22 30 

Isogeny-Based 640 670 20 28 

Table 2: Security Analysis of Quantum-Resistant Cryptographic Algorithms 

Algorithm 
Resistance to Quantum 

Attacks 

Attack Complexity 

(Quantum) 

Classical Attack 

Complexity 

Lattice-Based High 10^4 10^10 

Code-Based Moderate 10^5 10^12 

Hash-Based Low 10^3 10^9 

Multivariate 

Polynomial 
High 10^6 10^15 

Isogeny-Based Moderate 10^5 10^14 

Table 3: Hybrid Cryptographic System Performance 

System Type 
Encryption 

Speed (ms) 

Decryption 

Speed (ms) 

Memory 

Consumption (MB) 

Computational 

Overhead (%) 

Classical Only 300 350 10 10 

Quantum-

Resistant Only 
600 700 20 30 

Hybrid 450 500 15 25 

Table 4: Scalability of Quantum-Resistant Algorithms 

Algorithm Scalability to Large Systems (Scale 1-10) 

Lattice-Based 7 

Code-Based 5 

Hash-Based 6 

Multivariate Polynomial 4 

Isogeny-Based 5 
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Table 5: Security Assessment of Algorithms Under Simulated Quantum Attack Scenarios 

Algorithm Simulated Attack Success Rate (%) 

Lattice-Based 5 

Code-Based 10 

Hash-Based 15 

Multivariate Polynomial 8 

Isogeny-Based 12 

Table 6: Expert Consultations on the Practical Viability of Quantum-Resistant Cryptography 

Expert Algorithm Preference Feasibility Rating (1-5) Adoption Potential (%) 

Dr. A Lattice-Based 4 85 

Dr. B Code-Based 3 65 

Dr. C Hash-Based 2 45 

Dr. D Lattice-Based 5 90 

Dr. E Isogeny-Based 4 80 

These tables present complete pictures showing 

quantum-resistant cryptographic system performance 

measurements together with expert evaluations and 

scalability analysis and main research output 

summaries. 

 The figures undergo examination to deliver full 

visibility into both the security performance 

capabilities as well as security attributes of quantum-

resistant cryptographic systems.  Lattice-based 

cryptography shows intermediate encryption speed 

but hash-based algorithms achieve the highest speed 

according to Figure 1 which compares encryption 

method efficiency.  Figure 2 provides information 

about decryption speed analysis that shows lattice-

based and isogeny-based algorithms have slower 

decryption operations than hash-based methods do.  

Equally important is Figure 3 because it displays the 

reduced attack complexity of quantum attacks on 

hash-based methods especially when looking at their 

relative quantifiable post-quantum vulnerability.  

Quantum attacks affect lattice-based algorithms less 

due to their higher attack complexity slope.  The 

defense capability against quantum attacks proved 

optimal in lattice-based algorithms with their 5% 

attack success rate thus making them the most 

effective while hash-based cryptography 

demonstrated higher vulnerability in Figure 4.  Every 

method of encryption obtains ratings from experts in 

Figure 5 according to its practicality and 

implementation potential with lattice-based 

encryption leading and isogeny-based cryptography 

as runner-up.  The systems' complex installation 

procedures receive solid expert endorsement about 

their functional capability.  The analysis in Figure 6 

demonstrates lattice-based algorithms lead scalability-

wise as the most efficient choice for handling large-

scale systems although multivariate poisson systems 

prove difficult to scale.  Figure 7 evaluates the 

operational characteristics of classical, quantum-

resistant-only, and hybrid cryptographic systems 

through their speed-based encryption and decryption 

performance and decreased processing requirements. 

Future integration with present-day cryptographic 

infrastructure is feasible due to these systems.  The 

numbers collected from this study present a complex 

evaluation of quantum-resistant cryptography systems 

by demonstrating their capabilities and problems and 

functional implications thus providing insight into 

their actual utility. 
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Figure 1: Encryption Speed Comparison 

 

Figure 2: Decryption Speed Comparison 

 

Figure 3: Attack Complexity Comparison 
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Figure 4: Simulated Attack Success Rate Distribution 

 

Figure 5: Expert Feasibility Rating 

 

Figure 6: Scalability of Quantum-Resistant Algorithms 



Computing and Applications Reviews  Volume 1, Number 2, 2024  

54 | P a g e  
 
 
 

DICUSSION 

The examination reveals that researchers need to 

generate quantum-resistant cryptographic algorithms 

which safeguard data from quantum computing 

advancements.  The findings in this paper match the 

research of Liao et al. (2022) among numerous recent 

studies that examined lattice-based cryptographic 

systems when facing quantum threats versus 

traditional cryptosystems.  The research from Liao et 

al. (2022) demonstrated the excellent quantum 

resistance capabilities of lattice-based systems 

through their attack success rate results which match 

our work findings.  The results from our investigation 

confirm what Krenn et al. (2023) pointed out about 

hash-based cryptosystems since these systems 

encounter quantum weakness because their 

mathematical structures are basic.  Major redesign of 

hash-based systems appears necessary to achieve 

post-quantum security protection because they can 

still operate effectively with classical computers. 

 Quantum-resistant algorithms need both high 

scalability and computing efficiency for practical 

deployment according to the literature which our work 

supports.  Lattice-based and code-based cryptographic 

systems provide extensive security while presenting 

performance and storage inefficiencies according to 

work by Wang et al. (2021) and Gupta et al. (2023) 

which impairs their adoption in functional 

applications.  Our research confirms previous studies 

since code-based encryption struggled to grow with 

bigger systems but lattice-based cryptography 

demonstrated superior computational overhead.  

Future research must focus on optimizing such 

systems for practical use since Patel et al. (2022) 

maintain that security always competes with 

efficiency in their approach.  This proposed hybrid 

cryptographic approach which uses quantum-resistant 

algorithms with traditional systems delivers better 

security levels without losing substantial processing 

speed thus fixing specific security issues. 

The recorded professional insights in our research 

hold a guarded optimistic view regarding quantum-

resistance encryption.  Numerous experts are 

optimistic regarding the incorporation of quantum-

resistant algorithms yet they express concerns about 

global implementation practicality according to Tan 

and Lim (2021).  The research by Zhang et al. (2023) 

specifically detailed monetary barriers against post-

quantum system adoption and standards compatibility 

problems between modern systems.  The acceptance 

of lattice-based and isogeny-based systems is 

expected to face delays due to their complex 

implementations and demanding resource 

requirements according to our research and expert 

opinion.  The findings from our research demonstrate 

strong potential for quantum-resistant systems but our 

study also reveals the need for further optimization 

testing in real-world conditions to establish their 

practical usability. 

CONCLUSION 

The study conducts an analytical investigation of how 

quantum-resistant cryptography develops with 

performance outcomes which demonstrates their 

defense capabilities for upcoming quantum computer 

threats.  Numerous quantum-resistant cryptography 

approaches such as lattice-based, code-based, hash-

based and isogeny-based cryptosystems were studied 

through which we established their benefits and 

drawbacks relative to advancements in quantum 

computing capabilities.  Despite their limited 

scalability and complexity issues lattice-based 

algorithms proved to be the most secure methods of 

quantum-computer resistance.  Hash systems require 

design optimization for next-generation 

cryptography although their encryption and 

decryption speeds are fast because they face 

significant quantum attack vulnerabilities.  Hybrid 
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cryptographic systems analyzed in this research offer 

a practical solution for systems in transition since 

they combine conventional and quantum-resistant 

algorithms to find a balance between encryption 

speed and security.  Expert panel discussions 

demonstrated positive outlook on quantum-resistant 

encryption acceptance but emphasized the 

requirement for improved optimization with practical 

deployment tests regarding implementation 

difficulties.  Running such research leads to new 

discoveries about post-quantum cryptography 

although substantial improvements must occur to 

reduce implementation costs and boost scalability.  

Different sectors and businesses rely on strong 

encryption technologies to protect their data because 

the quantum threat demands their continuous 

development. 
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