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Abstract  
  
Quantum computing has the potential to outperform classical computing in solving complex problems, but current 
Noisy Intermediate-Scale Quantum (NISQ) devices are limited by noise, decoherence, and gate errors. This article 
explores various strategies for optimizing quantum algorithms to make them resilient to noise in near-term quantum 
systems. These approaches include error mitigation techniques, hybrid classical-quantum algorithms, error-aware 
algorithm design, and noise-adaptive quantum machine learning. By focusing on noise resilience, these strategies 
enhance the capabilities of NISQ devices, paving the way for practical quantum computing applications while 
bridging the gap until fully fault-tolerant quantum systems become available. 
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Introduction 
 
Quantum computing holds the potential to 
revolutionize fields such as cryptography, drug 
discovery, and optimization by solving problems 
beyond the reach of classical computers. However, 
current quantum devices, known as Noisy 
Intermediate-Scale Quantum (NISQ) devices, face 
significant limitations due to noise, decoherence, and 
error rates. While we await the development of fault-
tolerant quantum computers, the challenge is to 
develop noise-resilient quantum algorithms that can 
perform efficiently on these imperfect machines. This 
article explores techniques for optimizing quantum 
algorithms for NISQ devices to enable practical 
quantum computing in the near term. 
 

The Challenge of Noise in Quantum Computing 
 
Quantum computers harness the principles of quantum 
mechanics to perform calculations using qubits, which 
can exist in superpositions of states. Unlike classical 
bits, which are either 0 or 1, qubits allow for massive 
parallelism in computation. However, qubits are highly 
susceptible to environmental noise, leading to errors in 
calculations. 

Quantum decoherence, where qubits lose their 
quantum state due to interaction with their 
surroundings, and gate errors during operations both 
contribute to noisy computations.  
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For NISQ devices, which have tens to hundreds of 

qubits but lack error correction, mitigating noise 

becomes critical for achieving reliable results. 

 

Techniques for Noise-Resilient Quantum 

Computing 

 

To address the noise challenges of NISQ devices, 

researchers are developing strategies to optimize 

quantum algorithms for resilience against errors. Here 

are some key approaches: 

 

1. Error Mitigation Techniques 

 

Unlike full error correction, which is computationally 

expensive for NISQ devices, error mitigation aims to 

reduce the impact of errors without requiring 

additional qubits. Some techniques include: 
 

• Zero-noise extrapolation: This method 

artificially increases the noise in a quantum system 

and then uses extrapolation to estimate what the 

result would be in a noise-free system. By 

comparing multiple noisy outputs, it approximates 

the ideal result. 
 

• Probabilistic error cancellation: This technique 

attempts to cancel out errors by running multiple 

noisy circuits and using classical post-processing 

to adjust for known error rates. 
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These methods enable improved accuracy in quantum 
calculations while remaining feasible for near-term 
devices. 
 
2. Hybrid Classical-Quantum Algorithms 
 
Hybrid algorithms combine the power of classical and 
quantum computation to optimize performance on 
NISQ devices. Examples include: 
 
• Variational Quantum Algorithms (VQAs): These 

algorithms use quantum circuits to evaluate a cost 
function, while a classical optimizer iteratively 
adjusts the parameters of the quantum circuit. 
VQAs are particularly useful for solving 
optimization problems and quantum simulations, 
as they keep the quantum portion of the 
computation short, reducing exposure to noise. 
 

• Quantum Approximate Optimization Algorithm 
(QAOA): This hybrid algorithm is designed for 
solving combinatorial optimization problems. It 
balances the quantum and classical components of 
the algorithm to achieve results that are robust 
against noise while providing a near-optimal 
solution. 

 
By offloading parts of the computational burden to 
classical computers, hybrid approaches leverage the 
strengths of both systems, mitigating the limitations of 
NISQ devices. 
 
3. Error-Aware Algorithm Design 
 
Designing quantum algorithms that are inherently 
tolerant to noise can significantly improve 
performance on NISQ hardware. Researchers are 
exploring: 
 
• Short-depth circuits: Algorithms with fewer 

quantum gates are less susceptible to noise. Short-
depth circuits reduce the time qubits spend in a 
vulnerable state, leading to more accurate results. 
 

• Robustness through redundancy: Introducing 

redundancy in qubit states or using ancillary 

qubits can enhance the algorithm’s resilience. 

Though not a full-fledged error correction method, 

this strategy can absorb some errors. 
 

• Adaptation to device characteristics: Optimizing 

algorithms based on the specific noise profiles of a 

given quantum processor (e.g., qubit coherence 

times and gate fidelities) allows for more noise-

resistant implementations. 
 

These techniques ensure that algorithms can be 

adapted to the noise characteristics of the quantum 

hardware they are executed on, thus improving the 

chances of obtaining useful results. 

4. Noise-Adaptive Quantum Machine Learning 
 
Quantum machine learning (QML) is an exciting field 
with potential for applications ranging from pattern 
recognition to drug discovery. In the NISQ era, 
researchers are investigating how machine learning 
algorithms can adapt to noisy environments: 
 
• Quantum neural networks (QNNs) are designed 

to learn from noisy quantum data, making them 
more robust in environments where qubit errors 
are common. These networks can be trained to 
optimize performance even under the constraints 
of noisy quantum hardware. 
 

• Quantum kernel methods: These methods focus 
on using quantum computers to compute kernel 
functions for classical machine learning 
algorithms, leveraging the strengths of quantum 
processing while minimizing noise exposure 
during computations. 

 
This adaptability helps in achieving reliable results for 
QML tasks, despite the limitations of current hardware. 
 
Future Prospects 
 
While noise remains a significant hurdle in the 

advancement of quantum computing, continued 

progress in noise-resilient algorithms, hardware 

improvements, and error-mitigation techniques brings 

us closer to achieving quantum advantage. Future 

quantum computers will likely integrate noise-aware 

design principles with advancements in quantum error 

correction to create more reliable devices. 

The development of new materials, better qubit 

control mechanisms, and scalable quantum error 

correction codes will eventually enable fault-tolerant 

quantum computing. Until then, optimizing quantum 

algorithms for NISQ devices remains a crucial area of 

research for unlocking the full potential of quantum 

technology. 

 
Conclusion 

 
As quantum computing advances from theory to 

practice, overcoming the challenges posed by noisy 

quantum devices is essential for unlocking real-world 

applications. By optimizing algorithms for noise 

resilience through techniques such as error mitigation, 

hybrid algorithms, and noise-adaptive design, 

researchers are paving the way for more effective use 

of NISQ devices. While fully fault-tolerant quantum 

computers may still be years away, the progress in 

developing noise-resilient algorithms ensures that 

quantum computing continues to move closer to 

practical and impactful applications. 
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