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Abstract:

This article provides a comprehensive review of the topic
related to high-dimensional matrix operations based on a
Serverless architecture, encompassing the entire process
of data upload, parallel processing, and result aggregation.
It leverages the automatic scalability of cloud services to
achieve efficient computing and evaluates and optimizes
system performance. High-dimensional matrix operations
play a crucial role in data science, machine learning,
and large-scale computing. With the rapid growth of
data volume, traditional computing architectures are
facing bottlenecks, necessitating efficient and scalable
solutions urgently. By implementing high-dimensional
matrix operations on a Serverless platform, computational
costs can be reduced, resource utilization improved,
and flexibility and scalability ensured. This offers new
insights for handling large-scale datasets and contributes
to the advancement of related fields. Research indicates
that the Serverless platform can effectively support high-
dimensional matrix operations and enhance computational
efficiency. In the future, more complex types of operations
and optimization strategies can be explored, along with the
integration of edge computing to further reduce latency and
improve response speed.

Keywords: serverless; matrix operation; machine learn-
ing; optimization strategy

1. Introduction

Service (FaaS) [1]. Matrix multiplication is a funda-
mental operation in linear algebra, with widespread

In early 2015, Amazon Web Services (AWS)
launched Lambda, a “serverless” cloud computing
product. In Lambda, users do not manage servers.
Instead, they provide application code in the form of
“functions,” which are invoked when events such as
web requests or API calls occur. Users do not manage
servers, runtimes, storage, or networks. Due to the
“function” interface, it is also known as Function as a

applications in scientific computing, data analysis,
machine learning, and other fields. High-dimensional
matrix multiplication is particularly challenging due
to the extensive computational and storage require-
ments involved. Traditional computation methods
often rely on dedicated hardware resources, such as
server clusters, while the Serverless computing mod-
el offers a novel solution that automatically scales,



allocates resources on demand, and bills only for actual
resource usage. As information technology advances,
more and more enterprises are deploying platforms for
high-dimensional matrix multiplication operations to
conduct work digitally [2]. For example, Netflix lever-
ages a Serverless architecture to process vast amounts of
user data, perform recommendation algorithms and con-
tent analysis, and optimize user experience. Uber uses a
Serverless platform for large-scale real-time data process-
ing in its data analysis and predictive models, enhancing
service efficiency. These companies utilize the flexibility
and scalability of the Serverless platform to enhance
their business capabilities and technical efficiency. The
emergence and gradual maturity of serverless architec-
tures and related technologies can effectively address the
issues of traditional computing methods. The Serverless
architecture can significantly reduce the development,
maintenance, and operational costs of large-scale software
while meeting requirements for availability and scalabil-
ity, bringing great convenience to enterprises in applying
high-dimensional matrices. The serverless architecture
decouples infrastructure from business applications, ab-
stracts hardware and software resources into services,
separate business process logic from presentation logic,
and integrates functions, third-party services, and micro-
services in a loosely coupled manner. It provides various
basic services, allowing developers to focus only on busi-
ness logic implementation when developing application
systems. It has become a new paradigm for enterprise ap-
plication development, deployment, and operation based
on the microservices architecture, promoting specialized
labor division in application development and helping to
rapidly iterate applications and reduce development costs.
The subsequent text mainly introduces the characteristics
and advantages of serverless architecture and serverless
platforms, as well as the operations and applications of
matrix multiplication.

2. Overview of Serverless Architecture

With the rapid development of cloud computing technol-
ogy, the Serverless architecture, as a computing model of
cloud service mode, has gradually attracted widespread
attention from both academia and industry. The Serverless
architecture enables developers to focus more on applica-
tion logic without having to manage underlying servers,
thereby improving development efficiency and resource
utilization.

2.1 Introduction to Serverless Platforms

Serverless services primarily consist of FaaS and BaaS.
The key feature of FaaS is that it allows backend code to
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run directly without the need to manage server systems or
server applications oneself. The reference to server appli-
cations here is the biggest difference between this tech-
nology and other modern architectures such as containers
and Platform as a Service (PaaS). FaaS can replace some
service processing servers, eliminating the need to provide
servers oneself and the need to run applications full-time.
On the other hand, BaaS refers to the use of remotely
hosted, domain-specific components to provide services,
without the need to write or manage all server-side com-
ponents. The distinction between them lies in that PaaS
requires participation in the application lifecycle manage-
ment, while BaaS merely provides third-party services
that the application depends on. Typical PaaS platforms
need to provide means for developers to deploy and con-
figure applications, such as automatically deploying appli-
cations to Tomcat containers and managing the application
lifecycle. BaaS does not include these aspects; instead, it
only provides backend services that applications depend
on through APIs, such as databases and object storage.
BaaS can be provided by public cloud service providers
or third-party vendors. Secondly, in terms of functionality,
BaaS can be seen as a subset of PaaS, specifically the part
that provides third-party dependency components. BaaS
services also allow us to rely on application logic that oth-
ers have already implemented [3].

2.2 Characteristics of Serverless Platforms

Event-Driven: The execution of Serverless applications is
typically triggered by specific events, such as HTTP re-
quests initiated by users, file uploads to cloud storage, or
changes in database records. This event-driven nature en-
ables applications to flexibly respond to different inputs.
Automatic Scaling: When the load increases, the Server-
less platform automatically creates new instances to
handle requests, and when the load decreases, the system
reduces the number of instances. This capability ensures
application performance during peak times while reducing
resource waste during low demand.

Pay-as-You-Go Billing: Users are charged only for the
computing resources they actually use, rather than for
pre-configured resources. This billing model reduces op-
erational costs for businesses, especially for applications
with fluctuating loads.

2.3 Architectural Components

Function Computing: This is a core component of the
Serverless architecture where developers decompose busi-
ness logic into multiple small functions that can run inde-
pendently. When an event occurs, the relevant function is
invoked. Popular function computing platforms include
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AWS Lambda, Google Cloud Functions, and Azure Func-
tions.

API Gateway: The API Gateway is responsible for man-
aging and routing API requests from clients. It can au-
thenticate requests, implement throttling, and provide
monitoring, serving as a unified entry point for backend
Serverless functions.

Storage Services: Persistent data storage is typically pro-
vided by object storage (such as AWS S3) and database
services (such as DynamoDB). Serverless applications can
seamlessly access these storage services for data retrieval
and writing.

2.4 Advantages of Serverless Platforms

Development Efficiency: The Serverless architecture al-
lows developers to focus on writing business logic with-
out needing to concern themselves with infrastructure
management. Rapid iteration and deployment capabilities
significantly shorten the development cycle.

Resource Optimization: Through automatic scaling and
pay-as-you-go billing, the Serverless architecture achieves
efficient resource utilization. Developers no longer need
to reserve resources, thereby reducing idle costs.

Reduced Operational Costs: The Serverless architecture
reduces the need for server management and maintenance,
significantly lowering operational complexity. Businesses
can allocate more resources and energy towards product
development and innovation.

2.5 The use of serverless technology

In the context of information warfare, the counter-trace-
ability technology of Serverless primarily manifests as
cyber offense and defense operations. In cyber offense
and defense, tracing the source of attacks is an active
preventive technique against cyber threats [4]. Attackers
are most concerned with concealing their true identities to
avoid being traced and countered by defenders. As offen-
sive and defensive technologies evolve, both sides con-
tinuously improve in their ongoing game. Existing trace-
ability technologies exhibit comprehensive characteristics
involving multiple dimensions and techniques. Major
traceability techniques include those based on the Ome-
galog framework, clustering of network traffic risk data,
attack graph-based traceability analysis, and multi-layer
traceability frameworks leveraging big data technology
[5]. The multi-dimensional and multi-technique nature of
traceability technologies exposes attackers’ true identities
at various stages of infiltration. Current methods can no
longer perfectly conceal attackers, posing a high risk of
exposure. At this point, cloud services and the Serverless
architecture provide attackers with new ideas for count-

er-traceability. Addressing the shortcomings of existing
counter-traceability techniques, this study uses cloud
functions in the Serverless architecture to hide attack ad-
dresses and verify their feasibility. Meanwhile, it conducts
an in-depth analysis of traffic data during access, compar-
ing it with data from normal access to select significantly
different characteristics as primary indicators. Based on
this, a threat detection model is built to provide detection
ideas for network attacks leveraging cloud functions.

3. Applications of Serverless Matrix
Algorithms

3.1 Serverless Applications

Due to its flexibility and ease of use, Serverless is appli-
cable to various scenarios. For web application backends,
Serverless can be used to create dynamic and responsive
web application backends. Developers can build RESTful
APIs using API Gateway and Lambda functions to handle
user requests, authentication, data storage, and business
logic. For data processing and transformation, the Server-
less architecture is well-suited for handling large-scale
data or real-time data streams. Through an event-driven
model, corresponding processing logic can be automat-
ically triggered upon data upload, change, or generation
for data cleaning, transformation, and storage. For exam-
ple, data from Amazon S3 can trigger Lambda functions
for processing.

In event-driven architectures, Serverless can integrate
with message queues and publish/subscribe systems to
handle asynchronous events. This model is suitable for
user tracking behavior, log processing, and real-time anal-
ysis tasks.

In 10T applications, Serverless can handle data generated
by a large number of devices. Device events can trigger
corresponding cloud functions for processing and anal-
ysis, suchServerless is also suitable for scheduled tasks,
such as regularly generating reports, backing up data, and
sending notifications. Users can use scheduled executions
to run Lambda functions periodically. For real-time file
processing, after users upload files, Serverless functions
can be automatically triggered for processing, such as im-
age adjustment, video transcoding, etc. After processing,
the results can be returned to users or stored in other loca-
tions.

For API integration, the Serverless architecture can be
conveniently used to integrate external APIs. Developers
can use cloud functions to process requests and data from
different sources and return the centrally processed results
to interface applications. In microservices architectures,



Serverless can be used to build independent modular ser-
vices that can be deployed, scaled, and updated separately,
enhancing the maintainability and flexibility of the sys-
tem.

3.2 Matrix operations

The essence of matrix operations lies in multiplication and
addition. Efficient scheduling of these multiplication and
addition operations is crucial for optimizing matrix com-
putations. When multiplying a matrix A with dimensions
X*Y by a matrix B with dimensions Y*Z, the resulting
matrix C will have dimensions X*Z [6].

3.3 Applications of serverless matrix operations

Serverless computing is a cloud computing model that al-
lows developers to build and run applications without the
need to manage servers. This model is particularly suited
to specific scenarios, including applications involving ma-
trix operations. Here are some specific application scenar-
ios:

Data Analysis and Processing: In big data environments,
matrix operations are often used to process and analyze
large-scale datasets. The serverless architecture can dy-
namically allocate computing resources as needed to sup-
port data cleaning, transformation, and analysis tasks. For
example, AWS Lambda can be used in Amazon S3 to pro-
cess data stored in CSV or JSON files and perform matrix
operations to generate statistical reports [7].

Machine Learning and Deep Learning: Matrix operations
are central to machine learning (ML) and deep learning
(DL). Serverless computing can be used for model train-
ing or inference. For instance, cloud functions can process
input data and execute matrix operations to infer classifi-
cation or regression results. Users can split model training
tasks into multiple smaller tasks and leverage serverless
capabilities for task processing.

Image Processing: In image processing scenarios, matrix
operations are used for image simulation, transformation,
feature extraction, and more. The serverless architecture
can automatically adapt to handle a large number of image
requests, making it suitable for implementing real-time
image processing applications such as face recognition or
automatic image enhancement.

Financial Modeling and Analysis: In the financial industry,
complex matrix operations are commonly used for risk
assessment, portfolio optimization, pricing models, and
other purposes. With a serverless architecture, financial
analysis applications can be quickly built and deployed,
enabling real-time calculations based on real-time data for
infrastructure management.

Scientific Computing: In scientific research, especially
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in fields such as physics, chemistry, and biology, matrix
operations are widely used for simulation and analysis.
Serverless computing can dynamically allocate resources
to solve large-scale mathematical models, supporting sci-
entific researchers in rapid prototyping and experimenta-
tion.

Real-time Data Stream Processing: By combining big data
stream processing tools, serverless computing can be used
with stream processing frameworks (such as Apache Kaf-
ka or AWS Kinesis) to perform efficient matrix operations
on real-time data streams for real-time decision-making
[8]. For example, this can involve real-time analysis of
sensor data or user behavior data.

3.4 Platforms for serverless architecture

Serverless architecture has become a vital component of
modern cloud computing, with many cloud services offer-
ing corresponding platforms and services. Amazon Web
Services (AWS) provides serverless computing services
that automatically manage computing resources. Google
Cloud offers serverless computing services that allow
users to execute code without managing servers. IBM’s
serverless computing platform is based on Apache Open-
Whisk. These serverless platforms provide developers
with flexible, scalable, and efficient resource management,
enabling them to focus on application development rather
than infrastructure management.

Below is an example of the technical architecture of a
platform, illustrated using the processes of account open-
ing, knowledge uploading, approval, and downloading.
All static pages, JavaScript scripts, and other files of the
platform are stored in the cloud’s object storage service,
eliminating the need for deploying a web server. Plat-
form operators, uploaders and downloaders of knowledge
assets, and knowledge reviewers all first obtain the plat-
form’s page files from the object storage service through a
browser. If enterprise users are geographically dispersed,
content distribution network services provided by cloud
service providers can be considered to speed up the load-
ing of web pages and enhance user experience. Platform
operators configure user roles and permissions by in-
voking functions deployed in the Function as a Service
(FaaS) through JavaScript scripts on web pages, setting
up various account types on the platform [9]. Relevant
information is stored in the user database, which is un-
derpinned by the cloud database service provided by the
cloud service provider. Users do not need to deploy their
own database services, and the cloud database service can
automatically scale with the increase in user scale without
user intervention. Platform users complete the registration
process by invoking user registration functions deployed
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in the FaaS service through JavaScript scripts on web
pages, generating user account information and saving
it in the user database. Subsequently, platform users in-
voke the “user authentication” function deployed in the
FaaS through JavaScript scripts on web pages for identity
authentication. Upon successful authentication, login
information is generated, completing the platform login
process and obtaining the corresponding web page for the
platform homepage.

4. Challenges and prospects

4.1 Challenges of the serverless platform

4.1.1 Performance and Latency:

Cold Start Issue: In the Serverless architecture, functions
enter a dormant state when not in use, resulting in higher
latency during the first invocation. For high-dimensional
matrix damage, this latency may impact real-time comput-
ing requirements.

Resource Limitations: Serverless environments typically
have CPU and memory constraints. When performing
large-scale matrix damage, resource insufficiency may be
encountered.

4.1.2 Concurrency and Scalability:

State Management: Matrix damage often requires man-
aging state and context. In the Serverless architecture,
functions are stateless and must rely on external storage,
which can lead to additional latency and complexity.

Task Division: Dividing high-dimensional matrices into
smaller tasks for processing is a challenge. Effective
methods for dividing blocks and merging results need to
be designed [10].

4.1.3 Cost Issues:

Iteration: While the serverless iteration model can reduce
initial investment, high-frequency and high-computation
matrix wear may lead to a significant increase in costs.
Resource Wastage: Due to the uncertainty of cold starts
and function execution times, resource wastage may oc-
cur, especially in cases of short-duration, high-frequency
invocations.

4.2 Outlook of serverless platform

4.2.1 Improved Programming Models:

With the development of serverless technology, new pro-
gramming models and tools (such as AWS Lambda, effi-
cient Azure Functions, etc.) may be introduced, making
the implementation of high-dimensional matrix attacks
more convenient.

4.2.2 Integration with High-Performance Computing:

By combining the serverless architecture with high-per-
formance computing (HPC) platforms, rapid processing
of high-dimensional matrix expenses can be achieved. For
example, computationally intensive tasks can be allocated
to HPC clusters, while serverless technology is used for
scheduling and management.

4.2.3 Automatic Scaling Capabilities:

As serverless technology matures, more intelligent auto-
matic scaling features may emerge, capable of automat-
ically adjusting resources based on computational loads
to support the demands of high-dimensional matrix intru-
sions.

5. Conclusion

This article mainly reviews the implementation of high-di-
mensional matrix operations, particularly matrix multi-
plication, on Serverless platforms, demonstrating the po-
tential and advantages of the Serverless computing model
in handling large-scale data. Through automatic scaling,
pay-as-you-go billing, and streamlined management,
Serverless platforms can effectively tackle complex com-
putational tasks, providing an efficient and economical
solution for big data processing. Future efforts can focus
on the following aspects:

Algorithm Optimization: Developing more efficient ma-
trix multiplication algorithms to reduce computational
complexity.

Resource Management: Further optimizing resource man-
agement on Serverless platforms to enhance performance
and reduce costs.

Application Expansion: Exploring applications in more
fields, such as deep learning and image processing.

Of course, there are also some shortcomings, ranging
from solutions to resource constraints and cost issues to
scalability challenges and automatic scaling limitations.
These factors need to be weighed according to specific ap-
plication scenarios and requirements, and corresponding
measures should be taken to optimize performance and
reduce costs.

References

[1] Doe J, Introduction to Serverless Computing. Cloud
Computing Journal, 2023. 12(3): 45-56.

[2] Li Z H, Zhang X Y, Design and Implementation of an
Artificial Intelligence Experiment Platform Based on Serverless
Architecture,10.3969/j. issn.1672-9722.2024.02.052

[3] Jiang W. Architecture Design of Knowledge Management
Platform Based on Serverless Architecture. Computer and



Network,2024,50(1):6-11.]

[4] Han J, Feng M Q, Li J X, Research on the Application
of Anti-Traceability Technology Based on Serverless
Architecture,1673-629X( 2023) 12-0143-06

[5] Zhang S, Guo Y, et al Atssc: An attack tolerant system in
serverless computing, China Communications, 2024, vol.21,
no.6, pp. 192-205.D01:10.23919/JCC.fa.2021-0635.202406

[6] Pan Y, Tian Y H, Zhang W A. Hardware Microarchitecture
Design for Resource-Efficient Matrix Operation Unit. Modern
Electronics Technique, 2024, 47(5): 160-166.

[7]1 Smith M, High-Dimensional Matrix Multiplication

Dean&Francis

HAILIANG XIAO

Algorithms, Journal of Computational Mathematics, vol.29,
no.7, pp.789-804,2022.

[8] Ao L. Framework and Platform Support for General Purpose
Serverless Computing. 2022.

[9] Mcgrath G, Brenner P R, Serverless Computing: Design,
Implementation, and Performance, 10.1109/ICDCSW.2017.36.
[10] Cao H P, Tang W Z, Zhu Y W, Tang X Y, Liu H N. Design
of a Resource Sharing and Integration Platform for Railway
Application Development Based on Serverless Architecture,
10.3969/j.issn.1005-8451.2024.01.07





