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Abstract: With the continuous progress of the fashion e-commerce industry, consumers' demand for accuracy and 
personalization of search results is increasing day by day. However, traditional computing methods are inadequate in dealing 
with big data processing and complex sorting tasks. Quantum computing, with its unique advantages in solving complex 
problems and parallel operations, has gradually become a research hotspot for improving search ranking optimization. This 
article explores various challenges encountered in applying quantum computing to the search ranking process of fashion e-
commerce platforms, such as technical implementation, information management, economic costs, and actual benefits. 
Corresponding improvement measures are proposed to enhance the speed and effectiveness of search ranking and promote the 
practical application and development of quantum computing technology in the field of e-commerce. 
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1. Introduction 
Against the backdrop of rapid changes in the fashion e-

commerce industry, how to achieve accurate and efficient 
search results and personalized recommendations has become 
the core challenge in improving user satisfaction. 
Conventional computing methods often struggle to quickly 
meet user needs when dealing with large-scale data and 
complex information due to limitations in computational 
speed and response time. Therefore, quantum computing 
technology with powerful parallel computing capabilities and 
fast optimization characteristics is considered an effective 
way to solve this problem. Its outstanding computational 
performance not only accelerates the processing speed of 
complex data, but also performs well in real-time search and 
user behavior analysis, greatly improving the accuracy and 
response speed of personalized recommendations. This article 
will study in detail the application methods of quantum 
computing technology in optimizing search ranking and its 
potential far-reaching impact, in order to open up new paths 
for technological innovation in the field of e-commerce. 

2. Overview of Quantum Computing 
Technology 

2.1. Basic Concepts of Quantum Computing 
Quantum computing is an innovative computational 

method that utilizes the principles of quantum mechanics to 
perform operations through qubits. Unlike traditional binary 
bits that can only represent 0 or 1, quantum bits can exist in 
both 0 and 1 states simultaneously, a phenomenon known as 
quantum superposition. With the help of quantum 
superposition, quantum computers can process multiple 
possible combinations of states in a single operation, greatly 
improving computational speed. In addition, another key 
concept is quantum entanglement, which means that when a 
special connection is formed between multiple qubits, 

changing the state of one qubit immediately causes changes 
in the other related qubits. This mechanism provides strong 
support for parallel processing. Quantum computing also 
involves quantum gate operations that perform specific 
transformations on qubits to accomplish complex 
mathematical tasks. Based on these fundamental theories, 
quantum computing has demonstrated unprecedented 
advantages in dealing with large-scale data processing and 
solving complex problems, especially suitable for tasks that 
require high-performance computing such as e-commerce 
search result ranking optimization. 

2.2. Development history of quantum 
computing technology 

The early development of quantum computing can be 
traced back to the 1980s, when physicist Richard Feynman 
pointed out that traditional computers were difficult to 
simulate quantum mechanical processes, and quantum 
computing may be able to solve this problem. In 1994, Peter 
Shore proposed a factorization method based on quantum 
computing, revealing its enormous potential in cracking 
existing encryption techniques. In 1996, Lov Grove invented 
a new quantum search algorithm, further promoting 
theoretical research in this field. With the arrival of the new 
century, quantum computing has shifted from theoretical 
exploration to practical operation. For example, in 2000, 
companies such as IBM conducted the first quantum 
computer experiment, opening a new chapter in the 
application of quantum computing. In 2019, Google claimed 
that its "Sycamore" quantum computer had achieved what is 
known as "quantum supremacy," surpassing the capabilities 
of classical computers in certain specific tasks. As of 2023, 
with multiple technology companies launching their own 
quantum computing platforms, this technology is gradually 
moving towards commercialization and driving the entire 
industry forward. Table 1 summarizes the key milestones in 
the development of quantum computing. 
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Table 1. Development of Quantum Computing Technology 
time event 

1981 
Theoretical proposal: Feynman proposed the concept of 

quantum computing 

1994 Shor algorithm: quantum factorization algorithm proposed 

1996 Grover algorithm: quantum search algorithm proposed 

2000 The first quantum computer experiment 

2019 Google Quantum Superiority Experiment 

2023 Preliminary commercialization of quantum computers 

 

3. Analysis of Application Problems of 
Quantum Computing in Fashion E-
commerce Search Sorting 

3.1. Technical Issues 
Currently, quantum computers mainly rely on physical 

systems such as superconducting qubits or ion traps, but there 
are obvious bottlenecks in the stability and scalability of these 
systems. The error correction and brief coherence time of 
quantum bits limit their computational efficiency in complex 
tasks. Although there are some quantum algorithms 
specifically designed for specific problems, there is currently 
no mature and efficient dedicated algorithm for optimizing e-
commerce search ranking. Existing quantum algorithms 
generally lack sufficient generality and flexibility, making it 
difficult to directly address complex e-commerce data sorting 
requirements. At present, e-commerce platforms mainly rely 
on traditional computers to process data. If quantum 
computing technology is to be introduced, it may require a 
comprehensive transformation and integration of existing 
systems. How to seamlessly integrate quantum computing 
with existing classical computing systems remains an urgent 
technical challenge to be solved. 

3.2. Data processing issues 
In the process of optimizing search ranking in fashion e-

commerce, quantum computing faces a huge challenge in 
processing a large amount and diverse types of data. The 
platform must deal with a variety of data, including product 
details, user activities, search records, and instant suggestions, 
which not only have structured forms but also include 
unstructured information such as images and evaluations. 
Although quantum computing technology has shown some 
potential in processing complex datasets, at present, its 
efficiency still needs to be improved when it comes to large-
scale data processing. How to quickly process and properly 
store these complex information, while improving computing 
speed and ensuring user privacy and payment security, is an 
urgent problem that needs to be solved. 

3.3. Cost and benefit issues 
At present, the development, maintenance, cooling systems, 

and technical facilities required for quantum computers are 
extremely expensive, which is difficult for most small and 
medium-sized e-commerce platforms to afford. Although 
quantum computing can theoretically handle complex data 
and optimize sorting, the uncertainty between its high 
investment and commercial application returns still exists. In 
the field of e-commerce search, the actual effectiveness of 

quantum computing still needs further verification. The 
performance of quantum computing is constrained by the 
level of device, algorithm, and technological development, 
and it may be difficult to significantly improve its practical 
application value in the near future, especially under the 
premise that existing traditional computing technologies can 
already meet most of the needs. Given the lengthy process of 
quantum computing from technological development to 
market application, it is difficult to see significant investment 
returns in a short period of time. Therefore, e-commerce 
platforms must carefully consider the practical feasibility and 
economic benefits of this long-term investment to determine 
whether it is worth investing a large amount of resources. 

3.4. Implementation and adaptability issues 
The current e-commerce system mainly relies on 

traditional computing technology to process data. To 
introduce quantum computing, it is necessary to 
comprehensively transform the existing architecture and 
build a hybrid platform that enables quantum computing and 
traditional computing to work together. This not only requires 
huge financial support, but also encounters many technical 
difficulties. Although quantum computing has potential 
advantages in theory, mature quantum algorithms have not yet 
been developed for specific application scenarios in fashion 
e-commerce. E-commerce platforms need to invest a lot of 
resources in personalized development, and currently there is 
a relative scarcity of talent and technical support in the field 
of quantum computing, which further increases the difficulty 
of implementation. For problems that can already be solved 
using traditional computing methods, excessive reliance on 
quantum computing may lead to unnecessary waste of 
resources. Therefore, in practical operations, identifying the 
truly suitable application scenarios for quantum computing 
and ensuring its optimal performance in these specific tasks 
has become a core issue that urgently needs to be addressed. 

4. Application Strategy of Quantum 
Computing in Search Ranking 
Optimization of Fashion E-
commerce 

4.1. Collaborative optimization of hardware 
and algorithms 

Improving the accuracy of search results, enhancing the 
relevance of recommended content, and improving user 
satisfaction are crucial in the ranking of search results on 
fashion e-commerce websites. Quantum computing 
technology has significantly improved the speed and quality 



 

10 

of search sorting by integrating its unique hardware 
performance and algorithm advantages. A certain e-
commerce platform plans to optimize the search results of the 
keyword "summer dress", aiming to increase user clicks and 
promote purchase conversion. For this purpose, the platform 
adopts quantum computing technology and combines it with 
existing traditional sorting methods to achieve better results. 

The platform gathers information from users' purchase 
history, browsing history, click preferences, climate 
conditions in the region, and the latest trends, and converts 
these complex data into feature vectors that can be calculated. 
Traditional methods often face the problem of low efficiency 
when dealing with high-dimensional data, while quantum 
computing technology can utilize its unique quantum 
annealing algorithm to simultaneously explore all possible 
feature combinations in a very short period of time, thereby 
quickly locking in the best matching solution. For example, 
when a customer searches for "summer dress", the system can 
analyze the most popular colors, styles, price ranges, and 
brands in just a few seconds, and prioritize displaying the 
product options that best match the customer's personal 
preferences. With the powerful acceleration capability of 
quantum computing, even selecting product 
recommendations that match current user interests from a 
massive product library has become effortless. 

When users continue to browse a certain type of goods, the 
system can quickly capture the changes of users' interests with 
the efficient processing power of quantum computing, and 
adjust the recommendation order in the subsequent search, so 
as to display the goods that are more in line with users' needs 
first. This improvement measure greatly promoted the 
increase in click through rate and purchase conversion rate. 
Experimental data shows that the real-time sorting 
mechanism optimized by quantum computing has increased 
click through rates by 30% and purchase conversion rates by 
20%. This proves that the technology has excellent 
adaptability to rapidly changing data streams, significantly 
improving the user experience. These achievements validate 
the enormous potential of combining quantum computing 
with advanced algorithms to optimize search results and 
enhance user satisfaction in the field of fashion e-commerce. 

4.2. Data Processing and Privacy Protection 
How to handle data and protect user privacy in the search 

result ranking of fashion e-commerce websites is one of the 
main challenges faced when using quantum computing 
technology. With its powerful parallel computing capabilities, 
quantum computing can not only efficiently manage large 
amounts of user information, but also enhance data security 
and personal privacy protection. A certain platform needs to 
process millions of user activity records every day, such as 
search terms, click behavior, browsing trajectories, and 
shopping cart operations. These data are crucial for improving 
customer experience, but they also contain extremely 
sensitive personal information. In order to maintain 
information security, e-commerce platforms have adopted 
quantum key distribution technology to encrypt data, relying 
on the unique properties of quantum states - non replicability 
and state changes caused by observation - to effectively 
prevent unauthorized access even in the presence of high 
threats in the network environment, thereby better protecting 
user privacy. 

In order to optimize search ranking, the platform utilizes 
the powerful parallel processing technology of quantum 

computing to instantly parse users' search activities. Unlike 
conventional methods, this new approach combines quantum 
computing with homomorphic encryption, allowing for direct 
computation even when data is encrypted, greatly reducing 
the risk of privacy breaches. When users search for 'autumn 
jackets', the system can identify their preferences based on 
encrypted information and push relevant product options 
accordingly, without revealing the user's actual search history 
or browsing behavior. 

When processing specific data, the platform will 
quantitatively evaluate the user's click through rate (CTR) and 
use the following formula: 

%100
I

C
CTR

 

Among them, C  represents the number of clicks and I
represents the number of displays. With the powerful parallel 
processing capability of quantum computing, the platform can 
quickly calculate CTR values under encrypted data and apply 
the parsing results to the sorting optimization of real-time 
recommendation systems. 

This method greatly enhances user privacy and security, 
and significantly improves the speed and accuracy of data 
processing. Experiments have shown that using quantum 
computing for privacy protection technology has increased 
data processing efficiency by 40% and significantly enhanced 
users' trust in the platform. Quantum technology ensures the 
security of user data while still enabling efficient data 
processing, providing an innovative approach for optimizing 
search rankings in fashion e-commerce. 

4.3. Cost Control and Benefit Enhancement 
When using quantum computing to optimize search 

ranking on fashion e-commerce websites, how to improve 
efficiency while reducing costs has become a core issue. 
Before adopting quantum technology, a certain e-commerce 
platform had been enduring huge computing costs and 
lengthy processing times. Traditional computing methods 
perform very inefficiently in dealing with large and complex 
datasets, which makes the update speed of product 
recommendations unable to keep up with users' real-time 
needs. In addition, maintaining large data centers and the high 
energy consumption they bring is also a major burden. 

To this end, the platform has adopted a quantum annealing 
optimization algorithm and integrated it with traditional 
computing architectures to build a new hybrid computing 
approach. By utilizing the excellent parallel processing 
performance of quantum computers, the time required for 
data sorting has been greatly reduced. Experimental results 
have shown that this technology can compress the complex 
sorting operation time from hours to minutes when searching 
for keywords such as "spring new products", thereby 
achieving faster and more accurate product recommendation 
services. 

The platform is gradually introducing quantum computing 
to replace some traditional computing tasks in order to 
optimize resource allocation. With the parallel processing 
capability of quantum hardware, the workload of servers is 
significantly reduced, reducing the demand for high-energy 
consuming devices and thus significantly reducing electricity 
expenses by 20% annually. In addition, due to the improved 
efficiency of quantum computing, the maintenance frequency 
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and hardware upgrade requirements of data centers have also 
decreased, further reducing operating costs. 

In terms of efficiency improvement, quantum optimization 
has significantly increased user click through rates and 
conversion rates. The experimental results show that the 
recommendation system optimized using quantum computing 
technology promotes a 15% sales growth, mainly due to 
precise analysis of user behavior and preferences. With its 
powerful processing capabilities, quantum computing can 
quickly evaluate the degree of match between products and 
users, thereby enhancing personalized experiences. Through 
the application of quantum computing, not only has effective 
cost control been achieved, but overall efficiency has also 
been improved, achieving a dual goal. Although the initial 
investment is relatively large, in the long run, with the 
continuous growth of benefits and the improvement of user 
satisfaction, this investment demonstrates extremely high 
returns and practical operability. 

4.4. Compatibility and adaptability 
improvement 

Although quantum computing has obvious advantages in 
processing power, its unique architecture is vastly different 
from traditional computing systems, so a series of technical 
obstacles must be overcome in the fusion process. A certain 
e-commerce website plans to use quantum computing to 
improve its product search ranking mechanism, thereby 
enhancing customer satisfaction and the accuracy of 
recommendation results. However, the existing infrastructure 
of the platform is built on classic computing models, covering 
multiple aspects from data management to user activity 
tracking and personalized suggestion generation. In order to 
smoothly transition to a new architecture containing quantum 
elements, a "bimodal hybrid computing framework" has been 
designed, aiming to enable these two distinct processing 
methods to work together and complement each other. 

The platform has built an intermediate layer that seamlessly 
integrates the data preprocessing capabilities of traditional 
computing units with the parallel computing capabilities of 
quantum computing units. This intermediate layer has the 
ability to track data streams in real-time and intelligently 
identify task types suitable for quantum computing, such as 
high-dimensional feature comparison and complex sorting, 
and automatically schedule these tasks to quantum computing 
devices for processing. For simple tasks that are not suitable 
or have high computational costs, traditional computers are 
still used to ensure that the overall computing resources can 
be optimized. 

In addition, to address the challenges of stability and 
coherence in quantum computing hardware, the platform has 
adopted a "gradually adapting quantum computing strategy", 
starting from simple tasks and gradually expanding its 
application scope. During certain peak search periods, 
quantum computing technology is used to optimize the 
ranking of specific popular keywords. After multiple 
experiments and improvements, the platform has gradually 
expanded the application areas of quantum computing, 
enabling it to handle more complex tasks and provide 
personalized recommendations for specific user groups. This 
gradual implementation method ensures that the integration 
of quantum computing technology can maintain the smooth 
operation of current business while continuously gaining 

valuable experience and data feedback in practical 
applications. 

The hybrid architecture adopted by the platform 
successfully combines quantum computing with traditional 
computing, significantly enhancing the flexibility and 
compatibility of the system. The test results show that by 
optimizing the collaborative work of quantum classical 
computing, the platform's response time during high load 
periods has been reduced by 40%, and user satisfaction with 
recommended content has also significantly improved. This 
strategy not only avoids the problem of resource waste that 
may arise from relying solely on quantum computing, but also 
ensures the smooth integration of new technologies into 
existing systems, paving the way for the future application of 
quantum computing technology in more fields. 

5. Conclusion 
Quantum computing technology has demonstrated its 

unique advantages in search ranking optimization of fashion 
e-commerce, which can efficiently process complex data, 
significantly improve computation speed, and greatly 
enhance user shopping experience. Through the joint 
improvement of hardware and algorithms, data management 
and privacy security measures, cost savings and revenue 
growth methods, as well as system integration and flexibility 
enhancement, quantum computing provides innovative 
solutions and broad development prospects for the industry. 
Although quantum computing technology is still in its early 
stages, there have been examples demonstrating its ability to 
surpass traditional methods in processing complex and 
multidimensional datasets. With the continuous development 
of this technology, its role in e-commerce will become 
increasingly important, especially in exploring new paths in 
providing customized advice and instant interactive 
experiences. Further research and application of this 
technology is expected to inject stronger innovation 
momentum into the e-commerce industry. 
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