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Abstract: Quantum computing, with its excellent parallel computing capability and efficient data 
processing ability, has opened up new possibilities for real-time recommendation systems in the e-
commerce field. With the increasing diversity of consumer demands and the rapid growth of data 
volume, traditional recommendation algorithms struggle to meet evolving requirements. Quantum 
technology can significantly improve the prediction speed of user preferences and facilitate real-
time product recommendations. However, in the actual deployment process, there are still many 
challenges such as algorithm complexity, hardware environment limitations, privacy protection, 
and system compatibility. This article aims to explore in depth the typical application scenarios and 
optimization solutions of quantum computing technology in real-time e-commerce recommenda-
tion, with the aim of promoting the construction of a more intelligent and accurate user recommen-
dation system. 
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1. Introduction  
With the rapid rise of e-commerce platforms, personalized recommendation systems 

have become an important means to enhance user experience and improve sales conver-
sion rates. However, traditional recommendation algorithms often struggle to provide 
real-time feedback and fully meet users' personalized needs when faced with massive 
data processing and complex calculations. Quantum computing provides new possibili-
ties for solving these problems with its outstanding parallel processing capabilities and 
its ability to optimize computational tasks such as model training and parameter tuning. 
It can complete the analysis and processing of large-scale datasets in a very short period 
of time, significantly improving the operational efficiency of recommendation systems. In 
recent years, although quantum computing technology has made progress and conducted 
in-depth research in multiple fields, its practical deployment still faces many challenges, 
including algorithm complexity, high hardware facility requirements, and data security 
issues. This study will delve into the specific application scenarios of quantum computing 
in real-time recommendation systems in the e-commerce field, analyze the main obstacles 
that currently exist, and propose corresponding improvement measures, in order to pro-
vide valuable reference suggestions for the future development of this technology [1]. 
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2. Basic Overview of Quantum Computing and Real Time Recommendation System 
for E-Commerce 

Quantum computing is an innovative computing method based on the principles of 
quantum mechanics, which utilizes unique properties such as quantum superposition and 
entanglement to achieve efficient parallel processing and accelerated operations [2]. Com-
pared to traditional computing methods, quantum computing has demonstrated out-
standing capabilities in dealing with complex problems and processing large-scale da-
tasets, which is particularly significant for real-time recommendation systems in e-com-
merce platforms [3]. E-commerce recommendation systems need to quickly analyze user 
behavior patterns and past records to generate personalized recommendations, thereby 
enhancing users' shopping experience [4]. However, traditional algorithms have encoun-
tered limitations in terms of computational speed and big data processing [5]. The appli-
cation of quantum computing technology can not only accelerate the training process and 
data parsing speed of models, but also better adapt to changes in user needs, thereby sig-
nificantly improving the efficiency and accuracy of recommendation systems. Table 1 out-
lines the key aspects of integrating quantum computing with e-commerce recommenda-
tion systems [6]. 

Table 1. Key Points of Quantum Computing and E-commerce Recommendation Systems. 

Key points of quantum computing and e-
commerce recommendation system Detailed description 

Quantum computing characteristics Parallel efficient processing 
Limitations of traditional algorithms Data calculation bottleneck 
Advantages of quantum computing Accelerate model iteration 

Recommended system requirements Personalized analysis 
recommendation 

3. Application Scenarios of Quantum Computing in Real-Time Recommendation Sys-
tems for E-Commerce Platforms 
3.1. User Interest Prediction and Personalized Recommendation 

The application of quantum computing technology in real-time recommendation sys-
tems for e-commerce can significantly improve the accuracy and speed of user interest 
prediction and personalized recommendations. With the advantages of quantum state su-
perposition and parallel processing, this technology can synchronously analyze multi-di-
mensional information such as users' past browsing history, shopping behavior, and real-
time interaction. By establishing a quantum model to deeply analyze user preferences and 
quickly make predictions, the system can immediately capture users' potential needs. 
With the enhanced search efficiency of quantum algorithms, recommendation engines can 
flexibly create a list of products that best fit personal preferences, thereby achieving effi-
cient customized recommendation effects, greatly optimizing user experience, and pro-
moting sales conversion. 

3.2. Large Scale Data Optimization and Real-Time Computing 
Quantum computing has demonstrated excellent parallel processing capabilities, sig-

nificantly improving the efficiency of big data handling and live computation in e-com-
merce recommendation systems. Traditional recommendation mechanisms often struggle 
to handle large amounts of user data and product information due to limitations in data 
processing speed and algorithm complexity. With the help of quantum computing, it is 
possible to simultaneously manipulate multidimensional information and efficiently an-
alyze user preferences, product features, and market dynamics through the principle of 
quantum superposition, thereby quickly adjusting recommendation logic. For application 
scenarios that require immediate feedback, quantum technology can instantly identify 

https://doi.org/10.71222/61mh9f55


Journal of Computer, Signal, and System Research https://www.gbspress.com/index.php/JCSSR 
 

Vol. 2 No. 3 (2025) 3 https://doi.org/10.71222/61mh9f55 

and adapt to the latest user interests, generating suggestions that match personal prefer-
ences. This rapid data processing capability and improvement in personalized service 
level not only enhance the relevance of recommendation results, but also greatly improve 
consumers' online shopping experience, thus building a strong competitive advantage for 
e-commerce platforms. 

3.3. Quantum Search and Recommendation Optimization in Recommendation Systems 
Quantum search technology has significantly improved the performance of e-com-

merce platform recommendation systems by leveraging quantum parallelism to acceler-
ate data processing and utilizing quantum interference to refine search accuracy. In prac-
tical applications, this technology can quickly filter out products that match user prefer-
ences from a large product library, significantly reducing computation time compared to 
traditional methods. By integrating users' past behavior and preference information, 
quantum search algorithms can flexibly adjust recommendation schemes to ensure that 
recommended content is more tailored to individual needs. In addition, thanks to its effi-
cient computing power, the system can respond to user requests faster, provide timely 
and accurate product recommendations, thereby increasing user stickiness and purchase 
conversion rates, and comprehensively improving user experience. 

4. Analysis of Problems in the Application of Quantum Computing in Real Time Rec-
ommendation Systems for E-Commerce 
4.1. Algorithm Complexity and Development Cost 

The real-time recommendation system of e-commerce platforms has encountered sig-
nificant algorithmic complexity and high development costs when adopting quantum 
computing. Quantum algorithms are based on a special computational mode that involves 
complex phenomena such as quantum state superposition, entanglement, and interfer-
ence, which requires developers to possess profound professional knowledge and tech-
nical capabilities. In order to effectively utilize and optimize quantum computing in rec-
ommendation systems, extensive theoretical exploration and technological innovation are 
needed to ensure successful integration and practical utility. In addition, the current quan-
tum computing hardware is still in its infancy, and the available quantum computers on 
the market are not only limited in quantity, but also expensive, which hinders their wide-
spread application in the e-commerce field. To integrate quantum computing into current 
recommendation systems, enterprises must invest a significant number of resources in 
algorithm improvement, hardware tuning, and system integration. This requires not only 
sufficient manpower and time, but also strong financial support. The high research and 
development costs, coupled with the continuous maintenance of complex architectures, 
pose many challenges to the application of quantum technology, making it difficult to 
widely popularize in the short term. 

4.2. Limitations of Quantum Hardware Environment 
The application of quantum computing in real-time recommendation systems for e-

commerce faces many challenges from the quantum hardware environment. At present, 
the technology of quantum computers is still in its infancy, mainly limited by the small 
number of quantum bits and poor stability during the operation process. In addition, 
quantum computing must be performed under extremely low temperature conditions, 
which makes it difficult to popularize and sustain its use in conventional commercial sce-
narios. Meanwhile, quantum devices are highly sensitive to external interference, which 
further exacerbates the inaccuracy and instability of their computational results. Currently, 
quantum hardware has low efficiency in processing large-scale and complex data, making 
it difficult to meet the high requirements of real-time recommendation systems for com-
puting speed and response time. The high maintenance costs and the demand for profes-
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sional technicians pose significant investment risks for enterprises when deploying quan-
tum computing. These technological bottlenecks currently constrain the widespread 
adoption and practical application of quantum computing in recommendation systems. 

4.3. User Privacy and Data Security Challenges 
When applying quantum computing technology to e-commerce platforms, user pri-

vacy and data security face severe challenges. Quantum computers, with their excellent 
parallel processing capabilities and efficient data analysis performance, need to process a 
large amount of user information, including many sensitive personal data. Given the ex-
traordinary computing speed of quantum computing, insufficient platform security 
measures may raise the risk of large-scale personal information leakage and misuse. Dur-
ing data transmission and storage, security vulnerabilities may be exploited by criminals, 
thereby infringing on user privacy. Meanwhile, with the continuous advancement of 
quantum computing technology, traditional encryption methods are facing new chal-
lenges. Some existing encryption algorithms may become vulnerable to the powerful com-
puting power of quantum computing, making it difficult to ensure data security. 

4.4. System Compatibility and Promotion Difficulty 
At present, due to the significant differences between quantum computing and tra-

ditional computing systems, integrating quantum algorithms into existing e-commerce 
platforms requires complex technological transformations and architectural adjustments. 
This complexity increases the difficulty of implementation, especially in ensuring the sta-
ble operation of existing systems, while integrating quantum computing with traditional 
computing resources has become a major technical challenge. In the process of promoting 
quantum technology, enterprises not only need to overcome technological barriers, but 
also deal with the problem of high costs. Many companies lack the necessary professional 
knowledge and talent reserves in the field of quantum computing, which has become a 
major obstacle to their rapid adoption and promotion of this technology. At present, the 
technical specifications of quantum computing are still under development, and the prac-
tical application scenarios remain limited. The compatibility challenges with existing sys-
tems and the high investment requirements further constrain its widespread adoption and 
rapid expansion of this cutting-edge technology in recommendation systems. 

5. Optimization Strategies of Quantum Computing in Real-Time Recommendation 
Systems for E-Commerce 
5.1. Enhancing the Practicality of Quantum Computing Algorithms 

In order to enhance the practicality of quantum computing algorithms in real-time 
recommendation systems for e-commerce, the efficiency of the recommendation process 
can be improved by adopting "quantum annealing technology". This technology is partic-
ularly suitable for handling complex optimization problems and performs outstandingly 
in accelerating search and matching operations. 

In practical operation, the recommendation system of e-commerce platforms must 
instantly analyze users' activity records and provide personalized product recommenda-
tions based on them. This process requires handling a large amount of user preference 
information and product details. Previous technological methods often exhibited lower 
computational efficiency when faced with such high difficulty tasks. With the help of 
quantum annealing technology, the quantum superposition principle and efficient full 
range search capability can be utilized to significantly improve the data matching speed 
and accuracy of recommendation systems. The mechanism of quantum annealing is sim-
ilar to a special "cooling" process, which utilizes the principle of quantum superposition 
for global search and accelerated optimization. In recommendation systems, each user's 
behavior patterns and personal preferences can be viewed as a specific 'energy level'. 
Through quantum annealing technology, the system attempts to find the lowest energy 
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level, which corresponds to the optimal personalized recommendation scheme—this en-
ergy level is a metaphor for optimization targets within the recommendation model. Un-
like traditional methods that require calculation one by one, quantum annealing can sim-
ultaneously evaluate multiple recommendation paths and avoid falling into suboptimal 
solutions, thereby achieving more accurate recommendations faster. 

With the help of quantum annealing algorithm, e-commerce recommendation sys-
tems can quickly analyze and connect with user needs, achieve timely and accurate push 
effects, and enhance user satisfaction and purchase conversion rates. This optimization 
strategy underscores the powerful capabilities of quantum computing in handling big 
data, thereby reinforcing its potential value in real-world applications. 

5.2. Hardware Performance and System Architecture Optimization 
Given the limitations of existing quantum computers in terms of quantum bits and 

stability, combining the advantages of quantum computing with traditional computing 
capabilities can significantly improve overall computational performance. 

In practical operation, the real-time recommendation system of e-commerce plat-
forms must quickly process a large amount of user activity information, including brows-
ing history, click behavior, and purchase records, in order to generate recommendation 
lists that meet personal preferences. Traditional processing methods often require a large 
amount of computing resources, and their response speed may be affected when facing 
complex and massive datasets. Therefore, adopting a hybrid architecture that combines 
classical and quantum technologies can effectively solve this problem by utilizing tradi-
tional computers for preprocessing and preliminary screening of raw data. Utilizing the 
powerful computing power of quantum computers to accelerate the execution of highly 
complex matching and recommendation tasks. For example, when comparing a user's 
past behavior patterns with a product database, using quantum search algorithms can 
significantly accelerate the speed of finding the best match from a large amount of data, 
thereby significantly shortening the entire recommendation process time. 

In order to make the hybrid architecture operate more efficiently, the system archi-
tecture needs to be improved accordingly. The use of distributed caching technology can 
significantly improve data access speed, reduce the latency of quantum tasks, ensure that 
the recommendation system quickly exchanges information between various computing 
nodes, and achieve instant response. In this way, e-commerce platforms can not only sig-
nificantly improve recommendation efficiency and user satisfaction, but also enhance 
their market competitiveness. 

5.3. Enhance Data Privacy and Security 
Protecting the privacy and security of user data is extremely critical on e-commerce 

platforms, especially in recommendation systems that use quantum computing technol-
ogy. Due to the large volume of sensitive data processed and the frequent data exchanges 
involved, such systems are more susceptible to the risk of data leakage and misuse and 
improper use of sensitive information. Strengthening data security protection has become 
an important aspect in optimizing quantum computing. The use of quantum key distri-
bution (QKD) technology to encrypt data during transmission can effectively improve the 
security level of data within recommendation systems. 

Quantum key distribution is based on the unique properties of quantum physics, 
which ensures the encryption keys remain secure during both generation and transmis-
sion. On e-commerce platforms, users' browsing history and purchase history information 
need to be exchanged and processed between various system components. To protect 
these sensitive data from the risk of being intercepted or tampered with midway, QKD 
can be used to maintain the privacy and integrity of the data. 

In practical applications, the recommendation system of e-commerce platforms 
needs to frequently transmit a large amount of personalized information between user 
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devices and servers. Traditional encryption methods may become inadequate when fac-
ing quantum computers in the future, while quantum key distribution technology can 
leverage the superposition and entanglement properties of quantum states to achieve se-
cure key exchange. If a third party attempts to steal quantum keys during data transmis-
sion, such attempts will inevitably alter the quantum state, making any illegal eavesdrop-
ping behavior apparent. In this way, not only does it greatly improve the security and 
privacy protection level of user data, but it also makes recommendation services more 
trustworthy. In addition, this further highlights the importance and potential value of in-
tegrating quantum computing into recommendation algorithms. 

5.4. Collaborative Optimization with Traditional Recommendation Systems 
In the real-time recommendation mechanism of e-commerce platforms, combining 

quantum computing technology with conventional recommendation algorithms for opti-
mization can significantly improve recommendation accuracy and computation speed. By 
integrating quantum computing with traditional matrix factorization methods, the quality 
of products pushed to users can be improved. On a large-scale online shopping platform, 
customers' consumption and browsing behavior form a complex user product relation-
ship network. In general, existing recommendation engines use matrix decomposition 
strategies (such as singular value decomposition SVD) to extract key information about 
user preferences and product attributes, and then infer which products are more likely to 
attract specific consumers. 

For new users or uncommon products, traditional matrix factorization methods often 
struggle to provide accurate recommendations due to data sparsity. In this case, the ap-
plication of quantum computing can more quickly uncover users' potential points of in-
terest by simultaneously processing a large number of potential feature combinations and 
utilizing the parallel nature of quantum superposition states. 

After user features are fine-tuned using the Quantum Approximate Optimization Al-
gorithm (QAOA), the resulting vectors are reintegrated into the traditional matrix factor-
ization model through weighted combination with existing features. 

After fine tuning user features using quantum approximation optimization algo-
rithms, the system will re input these optimized feature vectors into the traditional matrix 
factorization model and combine them with existing features through weighted integra-
tion. This collaborative optimization mechanism is expressed by the following formula: 
𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝛼𝛼 × 𝑅𝑅𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡 + 𝛽𝛽 × 𝑄𝑄(𝑅𝑅𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡). 

Among them, 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  represents the final recommendation result, 𝑅𝑅𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡 is the rec-
ommendation result generated by the traditional recommendation system, 𝑄𝑄(𝑅𝑅𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡) is 
the output optimized by quantum computing on the traditional recommendation result, 
𝛼𝛼 and 𝛽𝛽 is the weight coefficient, satisfied 𝛼𝛼 + 𝛽𝛽 = 1, to balance the contributions of tra-
ditional and quantum optimization. By combining quantum computing with classical al-
gorithms for optimization, the system can provide more efficient and accurate recommen-
dations in complex and diverse user interest scenarios. The experimental results show that 
this combination not only significantly improves the click through rate and conversion 
rate of users, but also effectively alleviates some of the problems existing in traditional 
recommendation systems, thereby greatly improving the user experience. 

6. Conclusion 
The application of quantum computing in real-time recommendation systems for e-

commerce demonstrates enormous potential and a vast future. With its extraordinary par-
allel processing capability and efficient data analysis ability, quantum computing has 
opened up new paths to improve the accuracy and operational efficiency of recommen-
dation systems. After combining with classical recommendation algorithms for optimiza-
tion, quantum computing can accelerate the speed of user behavior analysis and person-
alized push, thus better responding to the increasing demand for instant feedback on e-
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commerce platforms. However, the large-scale application of quantum computing still 
faces many challenges, including hardware conditions, algorithm difficulty, and infor-
mation security issues. To overcome these obstacles, continuous technological innovation, 
increased resource investment, and strengthened multi-party cooperation are necessary 
to promote the widespread application and development of quantum technology in prac-
tical fields. In the future, with the continuous advancement and improvement of quantum 
hardware and algorithms, quantum computing technology may become a key driving 
force in the e-commerce industry. It can bring consumers a more precise and efficient per-
sonalized experience, thereby enhancing the core competitiveness of e-commerce plat-
forms and significantly improving the overall user experience. 
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