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 Abstract 

 In recent years Quantum computers have 

been widely used for image manipulation. 

Similarly, NLP helps understand text and spoken 

language as humans do. The application of 

quantum computing to Natural Language 

Processing has yielded a new field of research, 

which is known as quantum natural language 

processing. This paper focuses on listing all the 

NLP approaches and categorize them based on 

theoretical work and those implemented on 

classical or quantum hardware; and also based on 

task, i.e., general purpose syntax-semantic 

representation or specific NLP tasks, like 

sentiment analysis or question answering,and 

finally by the resources used in the evaluation 

phase, i.e., whether a benchmark dataset or a 

custom one has been used. 

Keywords: Quantum Machine Learning, 

Compositional Semantics, Quantum Circuits, 

Qubits, Language Translation, Entanglement  

 

1. Introduction 

 Quantum Natural Language 

Processing is an emerging field that 

combines the principles of quantum 

computing with Natural Language 

Processing Techniques to improve the 

improve the efficiency and accuracy of 

Language based tasks. One of the key 

aspects of QNLP [1] is the conversion of 

Natural Language to Quantum circuits. 

Traditionally Natural Language 

Processing is widened from classical 

computing which processes information 

using bits that are either 0 or 1. Quantum 

Computing on the other hand uses 

Quantum bits or Qubits, which can 

represent both the states faster and works 

on more complex computations. In 

QNLP, Natural Language is first 

converted into a quantum state using a 

process called Quantum Embedding. The 

quantum state is then transported to 

Quantum circuit which can then be used 

for performing Language based tasks 

such as Sentiment Analysis[12], Text 

Classification and Language Translation. 

One of the most important use cases of 

QNLP is Language Translation. 

Quantum Computing has the potential to 

greatly employ the accuracy and speed of 

Language Translation, which is critical 

for global communication and 

understanding. Another use case is in 

Text Analysis, where QNLP can be used 
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on large volumes of text data. Thus, 

QNLP is more efficient in improving 

Language Translation [1].  

 
Figure 1. Example of How QNLP can 

improve Language Translation 

 

2. Representing Natural Language as 

Quantum Circuits 

 This concept is central to Quantum 

Natural Language Processing, which 

aims to use Quantum computing to 

enhance the processing of human 

language. So, let’s start from the process 

of converting Natural Language into 

Quantum Circuits. The process of 

representing Natural Language as 

Quantum Circuits [5] involves 

converting linguistic elements such as 

words and sentences into Quantum 

States that can be manipulated by 

Quantum Gates. Quantum Gates are 

fundamental building blocks of 

Quantum Circuits and are used to 

perform operations on Quantum States. 

To represent words as Quantum states, 

we can use a technique called Word 

Embedding, where each word is a 

scientific vector representation. This 

vector representation can then be 

mapped to a Quantum State, which can 

be manipulated using Quantum Gates, 

Hadamard (H) and phase (P). Similarly, 

to represent sentences as Quantum states, 

we can use a technique called Sentence 

Embedding, where each sentence is a 

scientific vector representation. This 

vector representation can then be 

mapped to a Quantum State, which can 

be manipulated using Quantum Gates, 

Hadamard (H) and phase (P). Once the 

Natural Language has been converted 

into Quantum Circuits, we can use 

Quantum Circuit Analysis to extract 

useful information from them.  

2.1 Quantum Circuit Analysis 

 Quantum Circuit Analysis involves 

applying mathematical Techniques to 

analyze the properties of Quantum 

Circuits such as Entanglement and 

Decoherence. This can help us identify 

patterns and relationships in Natural 

Language. They are difficult to detect 

using classical NLP methods. However, 

there are also challenges and 

opportunities presented by Quantum 

Representation of Language[2].  

Challenges:  

 Complexity of representing Complex 

Linguistic structures, such as idioms 

and metaphors using Quantum 

Circuits.  

 Need for Quantum Error Correction 

to ensure accuracy and Reliability of 

Quantum Circuits. 

Opportunities: 

 Quantum circuits can handle vast 

amounts of Linguistic Data more 

efficiently than Classical NLPs. 

 Quantum Circuit Analysis can help us 

identify new patterns and 

Relationships in Natural Language, 



Integration of Advanced Communication and Machine Intelligence for Modern Application IACMI – 2026 (Hybrid Mode) 

 

 
169 

which can help applications in 

various ways such as word discovery 

and financial analysis. 

 Representing Natural Language as 

Quantum circuits is a fascinating area of 

study that has the potential to 

revolutionize the field of NLP. It’s 

important to overcome some of the 

limitations of classical NLP Systems by 

finding out some new patterns and 

relationships. In Natural Language 

QNLP makes it to be a promising area in 

the future. 

1.2 Example Representation 

 Here is an example of how to 

represent a simple sentence as a 

Quantum Circuit.Let’s take the sentence 

“Cat is on Mat” as an example. To 

represent this sentence as a Quantum 

Circuit, we first need to convert each 

word into a quantum state. We can use a 

technique called “One Hot Encoding” for 

each word is represented as a vector with 

a single1 and all other values to 0. For 

example, we can represent ‘cat is’ as 

01000,‘on mat’ as 00010 and so on. Once 

we have the quantum states for each 

word, we can map them to a series of 

Quantum gates that representthe 

relationships between the words in the 

sentence. For example, we can use a 

CNOT[3]gate to represent the 

relationships between ‘is’ and ‘cat’ to 

indicate that cat is the subject of the 

sentence. We can also use a Controlled 

phase gate to represent the relationship 

between ‘on’ and ‘mat’ to indicate that 

‘Cat is on Mat’. 

 The resulting Quantum Circuit will 

have a series of gates that represent the 

relationships between the words in the 

sentence.  

 
Figure 2. Quantum Circuit for ‘Cat is 

|on Mat’ 

 We can then apply Quantum Circuit 

Analysis Techniques to extract useful 

information from the circuit, such as the 

probability of the sentence being true or 

false or the most likely interpretation of 

the sentence. Overall, this example 

demonstrates how Quantum Circuits can 

be used to represent Natural Language 

and how they can potentially improve 

the processing of language by identifying 

patterns and relationships that are 

difficult to detect using classical NLP 

methods.  

 

3. Design and Implementation of 

QNLP 

 There are several software and code 

options available for QNLP including 

Lambeq [5], TensorflowQuantum [5] and 

trunc. These tools are specifically 

designed to incorporate Quantum Circuit 

Analysis into NLP tasks.  

 Lambeq is a Python Library for 

implementing QNLP that uses the 

Lambeq calculus to model the syntax 

and semantics of natural language.  
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 It provides a framework for 

representing natural language as 

Quantum Circuits and it also includes 

a suite of tools for analyzing these 

circuits.  

 Tensorflow Quantum is a machine 

learning framework that integrates 

Quantum Computing into deep 

learning.  

 It provides a set of Quantum Machine 

Learning Algorithms and tools for 

designing and simulating Quantum 

Circuits, including those used in 

QNLP.  

 Trunc is another python library for 

QNLP that provides a framework for 

representing natural language as 

Quantum Circuits.  

 It includes tools for optimizing and 

analyzing these circuits. It also 

provides a set of pretrained models 

for various NLP Tasks.  

 Once we have selected the 

appropriate software, and code for QNLP 

application, we can begin the process of 

designing and implementing the 

Quantum circuits. This involves 

converting the natural language input 

into Quantum states, mapping them onto 

quantum gates and optimizing the circuit 

for the specific NLP task. 

 

4. Use Cases and Applications of QNLP 

 QNLP Algorithms [4] can analyze the 

structure and meaning of the language 

more effectively leading to improved 

translation accuracy. 

 There are many examples of current 

research and development using QNLP 

and Quantum circuit analysis. 

Researchers are using these techniques 

to: Improve the performance of QNLP 

Algorithms and explore the applications 

of quantum computing in the field of 

NLP 

 However, there are also limitations 

and challenges to use QNLP and 

Quantum Circuit Analysis: 

 One of the main challenges 

is Quantum Error Correction, which is 

necessary to ensure the accuracy of the 

calculations performed by the Quantum 

Circuits  

 Quantum Error correction involves 

adding redundant Qubits to the 

quantum circuits  

 These redundant qubits help detect 

and correct errors caused by 

Quantum noise  

Error correction mechanisms include:  

1. Syndrome measurement 

2. Error detection protocols  

3. Correction operations  

4. Noise mitigation strategies 

 QNLP Algorithms [4] can analyze the 

structure and meaning of the language 

more effectively leading to improved 

translation accuracy. There are many 

examples of current research and 

development using QNLP and Quantum 

circuit analysis. Researchers are using 

these techniques to improve the 

performance of QNLP Algorithms as well 

as to explore the applications of quantum 

computing in the field of NLP.  

 However, there are also limitations 

and challenges to use QNLP and 
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Quantum Circuit Analysis. One of the 

main challenges is Quantum Error 

Correction which is necessary to ensure 

the accuracy of the calculations 

performed by the Quantum Circuits. 

Quantum Error correction involves 

adding redundant Qunit to the quantum 

circuits to detect and correct errors 

caused by Quantum noise.  

 

5. Conclusion 

 This survey paper provides a 

foundational overview of QNLP, suitable 

for researchers and practitioners new to 

the field. While it lacks deep technical 

detail and empirical validation, it 

successfully introduces key concepts, 

identifies major challenges, and 

highlights available tools for QNLP 

implementation. The paper positions 

QNLP as a promising future direction for 

advancing NLP capabilities through 

quantum computing.QNLP and 

Quantum circuit analysis offer great 

potential for advancing the field of NLP 

and Overcoming the limitations of 

traditional NLP methods. As Quantum 

computing continues to evolve and 

mature, we expect to see more QNLP 

solutions emerge that will revolutionize 

the way we progress and understand 

Natural Language. 
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