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Abstract 

 

 The lightning pace of the progress in quantum computing has far-reaching ramifications in cryptography and 

most common cryptographic operations, guaranteeing confidentiality, verifiability, integrity, are susceptible. Shor 

breaks such protocols in polynomial time. Like in the case of the public key systems, symmetric systems fall under 

the attack of a Grover algorithm that halves its practical key size. 

 

This paper views two sides of the two-fold impact of quantum computers on cryptography: they are disruptive to 

the classical cryptosystems, and could be enabling to the quantum-resistant ones. Prefix-new post-quantum 

cryptosystems, which include the lattice-based, hash-based, and multivariate Although security achieved using 

quantum based technologies is conceptually un-hackable, various practical concerns are still to be met including 

how its mass production can be scaled, cost/infrastructure. The review highlights on the imminent necessity of the 

future-leaning study, standardization, and global collaboration to maintain digital communication within the 

quantum era, ensuring a safe transition between the classical and the post-quantum cryptosystems. 
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1. Introduction 

 

 The cryptography is the basis of safe messages in the digital age and lets us conduct encryption, verify, and integrity 

checks and is the basis of systems like online banking down to personal messaging. Traditional cryptographic systems 

rely upon a set of hard mathematical problems that can only be solved by a classical computer relatively fast using 

asymptotically many computation steps. As an example, the network security of the public-key cryptosystem RSA and 

elliptic-curve cryptosystems (ECC) have resisted to integer factorization and the discrete logarithm, respectively. 

Similarly, symmetric key cryptographic algorithms (e.g., AES) can as well provide data confidentiality by means of 

computationally intractable key-search challenges. What is more, quantum entanglement implies that qubits are able to 

correlate their state and the computational power increases exponentially.  

 

 

Such qualities allow quantum computers to execute algorithms, e.g. ones using Shor and Grover, which greatly reduce 

time complexity of solving problems whose solution is the basis of classical cryptography protocols. 

 

The consequences are tremendous. This will compromise confidential information as the quantum power can crack most 

of the existing cryptographic protocols if powerful enough. In response towards this newly introduced threat of quantum 

computing, new concepts of cryptography (post-quantum cryptography and quantum based protocols like Quantum Key 

Distribution (QKD)) are under exploration to support the new era of digital computation. 

Innovative Journal of Integrated Research and Technological Innovations 

http://www.ijirti.com/


Volume-1 Issue-1 July-2025 

  

 

 

www.ijirti.com     2  

 

 

2. Quantum Computing Fundamentals 

 

 Quantum computing is the field which utilises the rules of quantum mechanics to provide an immense boost in 

computing capabilities, and solve complex problems that are inaccessible to classical computing. Unlike 

conventional computers, which manipulate information with bits in any of two fixed binary values (0 or 1), such 

systems use quantum bits (qubits) that exist in a quantum-mechanical superposition of all the different binary values 

simultaneously. Further, quantum computers circumvent using entanglement and quantum interference to perform 

special types of operations highly economically and very fast. 

 

2.1 Most Important Concepts of Quantum Mechanics in Computing 

 

1. Superposition: 

 

Classical bits may only hold the value of 0 or 1, However through superposition* qubits can be either 0, 1 or 0 and 1 

simultaneously. The quantum computers can then work with an exponential amount of states and simultaneously, 

meaning a massive computational benefit in some algorithms. 

 

2. Quantum Interference: 

 

The quantum computer is based on the fact that the interference can be used to strengthen correct replies and muffle 

incorrect. This is achieved through the construction of quantum algorithm, which works effectively on the 

probability amplitudes. 

 

2.2 Cryptography Relevant Quantum Algorithms 

 

The disruptive power of quantum computing in cryptography attracts a particular notion associated with the 

algorithms utilizing quantum computing that can be more effective than their classical relatives: 

 

1. Shor's Algorithm: 

 

This is what was found out by Peter Shor in 1994 which efficiently solves the problems of Integer factorization and 

Discrete logarithm. The common public-key crypto-systems like RSA, DSA and ECC are all grounded on these 

issues. Even long before the advent of quantum computers these cryptosystems were cracked in linear time using 

Shor algorithm, and thus become insecure to quantum computers with a large enough size. 

 

2. Grover's Algorithm: 

 

This is a Speedup algorithm first proposed Lov Grover, in 1996, giving quadratic speedup on unsorted searching 

tasks. It does not represent a full compromise of symmetric-key cryptography, but it lowers the de facto strength by 

a factor of 2 (i.e. it halves its key size of both block cipher and hash function). An example would be that 128-bit 

key would offer equal security to quantum adversary compared to 64 bit key. 

 

2.3 Status of quantum computing nowadays 

 

Quantum computers are largely in the Noisy Intermediate-Scale Quantum (NISQ) regime, in other words, systems 

that have few qubits, and a lot of noise. Although currently these devices were not employed to implement large-

scale quantum algorithms such as Shor or Grover they are moving at an ever-increasing rate towards achieving that 
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goal. Commercial firms such as IBM, Google, and Rigetti, along with government and Firm initiatives are on the 

cutting edge of developing quantum computing. 

 

2.4 Quantum Computing challenges 

 

Nevertheless even though it has a lot of potential, quantum computing has some challenges: 

 

• Error Correction: Quantum systems tend to have errors arising out of environmental disturbance and 

decoherence. The establishment of effective strategies to correct errors is important in secure 

computerization. 

• Scalability: The existing quantum systems are small in terms of number of qubits and moving to 

millions of error-free qubits is a major challenge. 

• Real-life Applications: The experimental construction of quantum hardware, long coherrence 

times, and operationally stable qubits is a complicated engineering task. 

 

3. Quantum Key Distribution (QKD) 

 

 Quantum Key Distribution (QKD) is a radical response to equipping secure communication based on quantum 

mechanics. In contrast to the classical cryptographic schemes that are based on the capability of adversaries that 

performs an increasing number of computations, QKD inherits its security on the basis of laws of physics. This 

ensures that any interference of intercepting the key can be detected and this makes QKD theoretically impossible to 

crack. 

 

3.1 Mechanism of QKD 

 

QKD allows two participants (usually known by Alice and Bob) to share a secret key on an unsecure 

communication line. Encoding information in quantum states occurs after which they are sent among the involved 

parties. The best-known of these QKD protocols is the Bennett-Brassard (BB84) protocol of 1984. 

 

3.2 QKD security 

 

The physical basis of QKD security is two quantum mechanics concepts: 

 

• No-Cloning: There is no way of making an exact replica of a known quantum state determine. This stops 

eavesdroppers who cannot reproduce the quantum key without notice. 

• Measurement Disturbance: Making any measurement or interception of quantum states disrupts them, and 

creates measurable errors. 

 

3.3 Pros of QKD 

 

1. Unconditional: Security, QKD is not vulnerable to attack, as in classical cryptography, by an adversary 

with a relatively high computing power. 

2. Eavesdropping Detection: Interception can always be detected Since the interception potential is an effect 

of the measurement disturbance principle. 

3. Future-proof: QKD cannot be broken under quantum computing, and is secure into the future. 

 

3.4 Limitation and Difficulties 

 

Although pointing at theoretical capabilities, QKD has a range of practical weaknesses: 
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1. Infrastructure Requirements: 

o QKD uses dedicated quantum communication links, consisting of quantum channels (the optical fiber or 

free-space links), and quantum repeaters in long distance communication. 

2. Limited Distance: 

So far available implementations are constrained by loss and noise in photon transmission, with effective range 

several hundred km without repeaters. 

3. Price and Complication: 

o The cost of building and maintaining QKD systems is also very high and thus not feasible in large scale. 

4. Side-Channel Vulnerabilities: 

o Although QKD is theoretically secure, the defects of implementation (e.g., a weak hardware component) 

may be used as a point of vulnerability by the attacker. 

  

3.5 Commercial/Experiential QKD 

 

A number of QKD systems have been actually achieved: 

 

• Chinese Quantum Network: The country of china has already created a 2,000-kilometer quantum 

communication network that connects the cities of Beijing and Shanghai and is also backed by the ground stations 

and satellites. 

Quantum Satellite (Micius): The first quantum satellite was launched in 2016 in China, name Micius, which it is 

able to secure the communication of QKD over long distances through free-space communications. 

European and U.S. Projects: Research efforts in Europe and the US on exploring the use of QKD in secure 

communication in various financial systems, government networks and military systems among various entities. 

 

3.6 Future QKD 

 

To overcome the existing drawbacks, scientists are paying attention to: 

 

1. Quantum Repeaters: 

These devices are supposed to enhance the QKD range by ensuring that there are error free transmission over long 

distance. 

2. Compatibility with the Existing Infrastructure: 

o Hybrid systems in which classical cryptography is used with QKD to make them more universal. 

3. Satellite-Based QKD: 

o Satellites used to overcome distance limitations in QKD on the earth. 

4. Reducing Costs: 

o The development of cost-effective and scalable QKD systems that will be suitable to commercial 

application. 

 

3.7 QKD and Post-Quantum Cryptography 

 

Although quantum-secure via QKD is a promising candidate, it is probably not the only solution since it is somehow 

limited. Rather, it already accompanies a layer of post-quantum cryptographic (PQC) algorithms that would give 

enhanced security. The combination of PQC and QKD has the advantages of both theoretical soundness and 

feasibility in the practical, real-world application. 

 

4. Challenges and Open Issues 
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Although the potential of quantum computing and quantum-based cryptography solutions is huge, their applied 

potential has a lot of challenges and unanswered questions when it comes to implementation and deployment on the 

scale. They cut across technological, economic, and policy-related aspects and thus it becomes crucial that this is 

tackled in order to have a safe and effective quantum cryptographic environment. 

 

4.1 Technological Issues 

 

1. Quantum Hardware scalability: 

o The existing quantum computers have small qubits number and are easily disturbed by noise and 

decoherence. Quantum computing will require large-scale quantum hardware advances to present a meaningful 

threat to classical cryptographic systems, or to serve as a foundation to large-scale cryptographic protocols. 

2. Error Correction: 

o The quantum systems are vulnerable to errors that are caused by the environment and hardware 

imperfection. One of the biggest obstacles is creating effective quantum error correction (QEC) and creating fault-

tolerant quantum computers. In their absence, it is not possible to effectively and consistently run complex 

algorithms like Shor algorithm. 

  

3. QKD key distribution range: 

o Transmission losses and noise in optical fiber or free-space communication limit the application of the 

QKD. The move to global scales will need to use quantum repeater innovations or the use of satellite-based quantum 

communication systems. 

4. Classical System Integration: 

o The majority of present infrastructures depend on classical cryptography. It is a complicated matter to 

smoothly incorporate the quantum cryptographic systems into existing networks in a compatible and with minimum 

interference. 

5. Side-Channel Attacks: 

o Although QKD and post-quantum cryptographic (PQC) algorithms are theoretically secure, implementation 

weaknesses that lead to side-channel attacks (examples include, hardware leakage or timing attacks) can subvert 

their efficacy. These weaknesses are best approached by intensive security testing or design. 

 

4.2 Economic, Practical Difficulties 

 

1. Expensive Price of the Quantum Technologies: 

o Quantum computers, QKD systems, and the infrastructure to support them are costly to construct and 

maintain. Such expenditures mean that the use of quantum-based solutions is beyond the financial capabilities of 

most organizations. 

2. Narrow Commercial Supply: 

Quantum and Quantum Technologies are budding technologies, and the number of commercial quantum solutions is 

very small and restricted to some companies and academic centers. The increase in access to quantum resources is 

essential to spur innovation and uptake. 

3. Cryptography Transition Cost: 

Upon transitioning to quantum-secure cryptography systems it is necessary to greatly invest in research, 

development and implementation. This involves replacing protocols and software, as well as hardware with those 

able to support quantum-secure standards. 

4. Energy Consumption: 

o Running quantum systems (and particularly large-scale quantum computers) demands a substantial amount 

of energy to cool and to compute, other concerns include sustainability. 

 

4.3 Policy Questions and Standardization 
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1. Post-Quantum Cryptography does not seem to be Standardized: 

Although the PQC algorithms research is in full swing, the global standardization is still an ongoing process. The 

post-quantum cryptography effort of NIST is a step toward it, yet there must be a universal agreement on the 

cryptographic standards. 

2. Regulatory Challenges: 

o The quantum cryptography creates new legal and regulatory complexities. In one example, what will be the 

national and international laws that govern the usage of QKD or quantum computers to cryptography? 

3. Worldwide Disparity in the Access to the Quantum: 

Quantum technologies are not always available to all nations or organizations. This gap might worsen cybersecurity 

disparities on the world scene, as some areas might become less immune to quantum attacks. 

4. Quantum Cryptography In Combat Situation: 

o In terms of geopolitical conflicts, the concern of cyberspace warfare is that the countries that develop the 

most sophisticated quantum computers can find the entry point in states that survive on old cryptography algorithms. 

  

4.4 Methods and Developments Problems 

 

1. Marketing of a Powerful PQC Algorithm: 

o The testing and verification of post-quantum cryptocurrency algorithms to enable them with quantum and 

classical adversary security of the algorithm needs to be very massive. Moreover, these algorithms are required to be 

efficient so that they could be implemented practically. 

2. Quantum Repeaters Research: 

o The existing QKD systems have short range because of losses in transmission. Quantum repeaters are still 

in prototype mode and long-distance quantum communication is possible only with a lot of improvements being 

made. 

3. Quantum Software and Algorithm Development: 

o There are no sturdy quantum software and optimized algorithms in the use of quantum computing in 

cryptography. Additional effort is required in the optimization of current algorithms and development of new ones. 

 

4.5 Challenges of Ethics and Society 

 

1. Privacy Concerns: 

On the one hand, quantum cryptography can be regarded as a means of secure communication whereas on the other 

hand, quantum cryptography is an ethical issue regarding privacy. Who has the power to grant entry to quantum 

cryptographic instruments, and how it is possible to avoid misuse? 

2. Vulnerability of the quantum computers: 

o Potentially, quantum computing would compromise international security and cause financial frauds, data 

theft, and espionage in case it is used by individuals with the wrong intention to crack existing cryptographic 

schemes. 

3. Digital Divide: 

o With the emergence of quantum technologies, there is a risk of creating a digital divide between those 

countries/organizations who will have access to quantum-secure systems and those who will not. 

 

4.6 Future Direction 

 

To curb these problems, we should actions at the academic level, industry level and the government level. Some of 

the areas to latch onto are: 

 

• Holning Quantum Hardware Developments: With the aim of increasing the number of qubits, enhancing 

coherence time, and creating error-resistant performance. 

• PQC-Standardization: Filling in and deployment of standardized and international post-quantum 
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cryptographic algorithms. 

• Improving the Quantum Communication Infrastructure: Designing low cost and building quantum 

repeaters and satellite systems to give long distance QKD. 

• Fostering Joint Research: Stimulating interdisciplinary and international

 researches in order to deal with technical and political problems. 

• Ethical Use: Creating international systems to control and secure smart usage of quantum technologies. 

 

5. Conclusion 

 Quantum computing is a paradigm shift which will have huge impacts in the realms of cryptography, a fact that can 

be seen both as presenting possibilities never seen before and challenges that are difficult to overcome. Quantum 

computers are still in their infancy however, they will bring hitherto non-solvable complex calculations which 

current cryptographic algorithms can no longer effectively handle, its very existence will therefore pose an 

unprecedented threat to classical cryptography. The weakness of popular public-key cryptosystems and symmetric 

cryptographic systems that are fortified against hackers by large numbers is highlighted by algorithms like Shor and 

Grover, and need to be replaced by alternatives that are more secure against quantum hackers as fast as possible. 

 

The key solution has become QKD that utilizes such attributes of quantum mechanics, as the theoretically 

impossible to reproduce communication bonds. Although it has a potential, QKD is practically limited because of 

the minimal range of transmission of the information on the one hand and infrastructure and high costs of 

implementation of the system on the other hand. Likewise, post-quantum cryptography (PQC) advances another 

mechanism, namely the creation of quantum-resistant algorithms that can be conducted on current classical 

infrastructure. In combination, QKD and PQC offer a sound architecture that supports the needs of combating the 

threats of quantum. 

 

Nonetheless, challenges are on the way to the quantum-safe world. Technological challenges of scalability, error 

correction and integration with the classical systems will have to be largely achieved. This is complicated by 

economic factors, regulatory policies and ethical regulations. In order to actualize the potential of quantum 

cryptography, it is important to interact in an interdisciplinary manner with scholars specializing in quantum 

cryptography, policymakers, and industry leaders. 

 

In the future, the quantum computing and cryptography could transform and change cybersecurity. There are two 

important steps that governments and organizations must undertake in order to keep up with the quantum curve such 

as investing in quantum research and infrastructure. Through innovation and solution of the challenges that come 

with it, the society is likely to harness the transformational change of the quantum technologies to achieve a safe, 

stable, and equal digital future. 
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