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We are currently witnessing a profound development in the new round of scientific and tech-
nological revolution and industrial transformation. Global scientific and technological innova-
tion has entered a period of unprecedented intensity and activity. Cutting-edge internet tech-
nologies, such as artificial intelligence, quantum computing, big data, and 6G communications,
are advancing rapidly, triggering chain reactions and fostering deeper integration between dig-
ital innovation and socioeconomic development. This transformation is creating new business
paradigms, boosting productivity, and steering humanity toward a brighter, more connected
digital future.
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At the forefront of digital transformation, the ability to foresee internet development trends and
the commitment to harness technological innovation are essential for propelling societal prog-
ress and enhancing human well-being. The World Internet Conference Awards for Pioneering
Science and Technology (WIC Awards) recognizes groundbreaking achievements in the global
internet industry, setting a “benchmark” for technological innovation and inspiring continuous
breakthroughs among internet professionals worldwide.
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As the chairman of the World Internet Conference Awards for Pioneering and Technology Re-



view Committee, | am thrilled to see the growing global influence of the WIC Awards, attracting
increasing attention and enthusiastic participation from countries worldwide. This year, we re-
ceived 270 valid submissions from participants across 24 countries and regions, such as China,
the United States of America, the United Kingdom, Germany, ltaly, Sweden, Norway, Finland,
Australia, Japan, the Republic of Korea, Singapore and South Africa. These entries span cut-
ting-edge fields including embodied intelligence, brain-inspired computing, 6G, big data, and
high-performance chips, reflecting a trend toward deep interdisciplinary integration and more
diverse application scenarios. With the recommendations of 40 authoritative experts in the
global internet field, including Mr. David Farber, an American Internet pioneer and the Director
of the Basic Research Group, Mr. Wu Jianping, an Academician of the Chinese Academy of
Engineering and the Director of the Key Technology Group, and Mr. Kilnam Chon, known as the
“Father of the Internet” in the Republic of Korea and Director of the Engineering Research and
Development Group, 55 leading achievements have been selected and compiled into a collec-
tion called “the Charm of Science and Technology”. The further development and application of
these innovations will actively contribute to driving global economic and social progress and to
building a community with a shared future in cyberspace.
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As technology advances and digital intelligence strides forward, we hope that “the Charm of
Science and Technology” will continue to play a pioneering role in innovation, explore the future
of the internet with an open-minded spirit and foster a nurturing ecosystem that fuels creativity.
By driving forward-looking foundational research and enabling groundbreaking original
achievements, we aim to make greater contributions to the progress of human civilization with
more innovative technologies.
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Leading Achievements of World Internet Conference
Awards for Pioneering
Science and Technology
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Information Metamaterials and Reconfigurable
Intelligent Surfaces

o {Con gC
S ioees] g
BS. B8 z ¢
: 194
ol N wefl] @2 U T

rogrammat
1

EHERLITE e
i T =
=
[ E(t)
iy
i B ,
HERIEERES W B

Real-time
metasurface
imager

SERIREIR

FPGA Software/Al Data Base

EEEMHSERERE

® EREMHSEEBREEEFE RN

mart Wireless Environment

It o =" s
\ e
/ B i e e
L s

Tl
‘ E\(%‘

Wireless Transmitter

Wireless
Communication

Real-time
metasurface
- imager

Real-time Imaging

FPGA Software/Al Data Base

Information Metamaterials and Reconfigurable Intelligent Surfaces

@ Applications of Information Metamaterials and Reconfigurable Intelligent Surfaces in the Field of Electronic Information
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Introduction

Metamaterial has been research frontier
and hotspot in the fields of physics and
information science. The research team
established a new direction of metamate-
rial - information metamaterial, which can
manipulate electromagnetic waves in real
time and process digital information in the
electromagnetic space. A series of break-
through and influential results have been
achieved.
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Establishing a New System of In-
formation Metamaterial to Fuse
Electromagnetic Space and Digital
Space
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Aiming at challenges of the traditional metamaterial technologies such as complicated
theories, difficult implementations and fixed functionalities, a new theoretical framework
of information metamaterial was established for the first time. Through digital coding rep-
resentation, the metamaterial has been evolved from passive to active and from analog
to digital. Hence the information metamaterial can fuse the electromagnetic space and
digital space, and complete the perception, processing and modulation of information
while manipulating the electromagnetic fields and waves. The information metamaterial
has three key features. Firstly, it can control the electromagnetic waves in real time and
in programmable way, fostering reconfigurable intelligent surface (RIS) technology and
establishing a new paradigm for 6G intelligent programmable wireless environments.
Secondly, it can control the electromagnetic waves and process digital information simul-
taneously, laying the foundation for electromagnetic information theory and developing
a new architecture for low-power wireless communication systems. Thirdly, it can be
deeply integrated with artificial intelligence to build up programmable neural network
hardware, which can perform image recognition and classification, target detection, and
wireless communications in programmable way.

Metamaterials with gn
Optical Properties on Metamaterials
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Tunable Metamaterials 3 Meta

Conventional Metamaterials

Traditional Photonic Materials

Based ©" Informatio®
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® A New Information Metamaterial System Integrating the Electromagnetic Physics and Digital Worlds
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Opening up a New Path for the Integration of Electromagnetic Wave and Dig-
ital Information, and Promoting Transformative Technologies
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Similar to the development from analog circuit to digital circuit, the digitization of informa-
tion metamaterial unit provides a new method for the characterization of metamaterial,
and its space-time-coding features lay the foundation for integrating the electromagnetic
physics and digital space. Through the space-time-coding design theories such as
electromagnetic space convolution and time shift theorems, the information metamaterial
can achieve highly efficient and accurate controls of all parameters of electromagnetic
waves, promote the integration of radio frequency and digital baseband, provide a new
dimension for developing the information technology, and give birth to new architecture
electronic information systems.
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The RIS technology based on the infor-
mation metamaterial has become one of
the key technologies for 6G communica-
tions. It was selected as one of the Top
Ten Emerging Technologies in 2024 by
the Fourth Industrial Revolution Research
Center and released by the World Eco-
nomic Forum. It is the only technology
originating from China, and its influence
ranks among the top five in both commer-
cial and research fields. It has become
a potential breakthrough for China’s
leadership in the original technology
and the global industrial chain. Chinese
enterprises such as China Mobile, China
Unicom and ZTE are cooperating with the
research team to promote this technology
to form international standards.
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The Research Achievements Have Been Highly Recognized in Both Aca-
demia and Industry Worldwide
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The five representative articles of this achievement have received extensive attention
from the academic community. To date, they have a total of 5,811 citations on Google
Scholars, and the first article has been cited by 2,761 times, making it the most cited
paper in the history of Light Science and Applications. Several renowned academic jour-
nals have published special issues on information metamaterials. The achievement has
received many honors and awards, including the Tan Kah Kee Science Award in 2024,
the IEEE Communications Society Marconi Prize in 2024, the National Innovation and
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Excellence Award in 2023, the Frontier
Science Award in the First International
Basic Science Conference in 2023, the
Top Ten Scientific and Technological
Advances in Chinese Universities in 2021,
and the Natural Science Award of China
Institute of Communications (first class) in
2023. Many prominent scholars, including
H. Vincent Poor (member of the National
Academy of Sciences and National Acad-
emy of Engineering, professor at Prince-
ton University), Robert Schober (Fellow of
the Canadian Academy of Engineering,
President of the IEEE Communications
Society, professor at University of Erlan-
gen-Nuremberg), Nikolay I. Zheludev
(Wolfson Fellow of the Royal Society, Fel-
low of the European Physical Society, and
Editor-in-Chief of Journal of Optics), Yuri S.
Kivshar (Fellow of the Australian Academy
of Science and recipient of the Stefanos
Pnevmatikos International Award), have
highlighted this achievement. They com-
mented that the information metamaterials
have introduced new methods for electro-
magnetic wave manipulation and provid-
ed a theoretical basis for the performance
improvement of radio frequency commu-
nication systems.
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2024 Guglielmo Marconi Prize Paper Award
s presented to An Optically Driven Digital Metasurface for Programming
Tie Jun Cui Electromagnetic Functions

For the paper co-autfiored with Wanfai Tang, Ming Zfieng Chien, Xiangyu Clien, Jun Yan Dai,
Vit Han, Yong Zeng, Marco Di Renzo, Shi Jin and Qiang Cheng, entitled “Wireless Lin
Communications with Reconfigurable Intelligent Surface: Path Loss Modeling and Experimental

Nature Electronics 20
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‘Measurement,” publishied in the IEEE Transactions on Wireless Communications, Volume 20,

No. 1, pp. 421-439, January 2021. This paper proposes a portable and programmable
las hat mani
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electromagnetic waves, enabling advanced hybrid

and self-adaptive meta-devices for wireless
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@ The achievement received many honors and awards, including the Top Ten Scientific and Technological Advances in Chinese Universities in 2021, the
National Innovation and Excellence Award in 2023, the Natural Science Award of China Institute of Communications (First Class) in 2023, the Gold Medal of
International Exhibition of Inventions of Geneva in 2023, the Frontier Science Award in the First International Basic Science Conference in 2023, and the IEEE
Communications Society Marconi Prize in 2024
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@ China Mobile and IMT2030 published 6G Technique White Papers for Information Metamaterials and RIS, and RISs were demonstrated for the first time in
the Hangzhou Asian Games.
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“..., leading to optical drag, localization and
novel amplification mechanisms, and for
practical — applications such as  harmonic
Zeneration, beam steering  and  power
combination from multiple sources.”

Nikolay Zheludev 2435
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“Additionally, digital metamaterials will allow the
design of powerful new functionalities and are
very well suited for combination with the
[fexibility of reconfigurable direct writing.”

ARTICLE

An Archimedes' screw for light

Emanuele Galiffi aloma A. Huidobro® ? & J. B. Pendry 8=

ARTICLES

PUBLISHED ONLINE: 21 DECEMBER 2015 | DO 10.1038/NPHOTON.2015.247

Optically reconfigurable metasurfaces and
photonic devices based on phase change materials

Qian Wang'?#, Edward T. F. Rogers'?, Behrad Gholipour'?, Chih-Ming Wang!, Guanghui Yuan’,
Jinghua Teng? and Nikolay I. Zheludev'4+
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Brain-Inspired Complementary Vision Chip With Primi-
tive-Based Representations

Theinternational journal of science/ 30 May 2024
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Image chip combines
cognitionand actionto
sense therealworld
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@ The brain-inspired complementary vision chip with primitive-based representation has published as the cover paper of Nature journal.
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Introduction

Intelligent visual perception is leading a technological revolution. Traditional image sensors are limited by bandwidth and power con-
sumption, with their core metrics mutually constraining each other, making it difficult to meet the demands of open environments. Draw-
ing on human visual mechanisms, the team proposed an innovative complementary sensing paradigm comprising a primitive-based
representation and developed the "Tianmouc," providing a new solution for efficient and robust visual perception.
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A New Brain-Inspired Paradigm of Primitive-based Complementary Visual
Perception
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Traditional image sensors are constrained by power and bandwidth walls, making it diffi-

cult to simultaneously achieve high resolution, high frame rates, and high dynamic range,
which cannot meet the demands of complex open environments.
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The team drew inspiration from the human visual system and proposed a new brain-in-
spired paradigm of primitive-based complementary visual perception, developing the
"Tianmouc". The team has achieved significant breakthroughs in theory, chip, algorithm,
software, and system applications, with the results published as a cover article in Nature.
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This paradigm disassembles visual information into primitive-based representations,
forming two complementary, information-complete visual perception pathways of "cogni-
tion-oriented" and "action-oriented", thereby overcoming performance bottlenecks of tra-

ditional image sensors. Based on this paradigm, the Tianmouc was developed to achieve
high-speed, high-precision, and high dynamic range perception under low bandwidth
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and power consumption, effectively
tackling with extreme scenarios.
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The team established a complete eco-
system including software, algorithms,
data, and simulation platforms, realizing
a novel perception-decision paradigm.
The team constructed an automotive
perception system that demonstrated
low-latency, high-performance real-time
perception reasoning on open roads,
demonstrating enormous potential in
the field of unmanned systems.
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The team has applied for 68 patents,
including international patents, and has
received authorization for 37 of them.

Perception-level challenges
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® A New Paradigm of Brain-Inspired Complementary Visual Sensing Based on Pr|
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Facing the Open World, Tianmouc
Provides Efficient and Robust Solu-
tions

m}@é% SRR, FE
BTETAR E’J¥ B ANEA
#e, HMTS SRIFDARER
BEHMRE, HFENASTERERT
BEVEAVZAER. BETIZEN,
WITSEIM T EMEANEIT A R
BT o B RMEERETF IR
R/iigit, RIMGEREAERIEN
BB, EBESHHETH
REBXER, FRRERMEER
BRNT=EZD MR, KIASREL
MR, SMART KA
MR, SEEEGRENETRER,

§ A% (b) Flash

=,
A (d) Anomalous

,‘5k~m(

© REFSEEHRS L ESTRIGT R

Open-road driving route

pobject —_
& Start =0

Inspired by the human visual system, the team has developed a new paradigm of
brain-inspired complementary perception based on primitive-based data representation,
which decomposes visual information into different fundamental primitives and organical-
ly combines them to form complementary dual pathways. Based on this paradigm, they
designed and implemented "Tianmouc" . Through unique architectural designs, such as
a hybrid pixel array, it achieves this paradigm, capable of capturing color information at
high resolution while also sensing the sparse spatiotemporal difference with low latency.
Tianmouc enables efficient complementary visual perception, effectively addressing the
traditional challenges of capturing high-frame-rate, high-precision images over extended
periods.
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This breakthrough opens up new fields for brain-inspired perception, and can be ex-
tended to the development of sensors for auditory, tactile, olfactory, and other sensors,
providing new perspectives for understanding human perception. It injects new vitality
into the field of machine vision, promotes the development of key applications such as
consumer imaging devices, industrial automation, autonomous driving, and intelligent
robotics, and demonstrates enormous market potential.

Tianmouc perception system
Tianmouc  Host

ch|ip comlputer
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@ Tianmouc has undergone validation of perception tasks under various extreme scenarios within automotive systems, highlighting its significant potential for

application in the field of autonomous driving.
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Published as the Cover Paper of the Nature Journal, Receiving Praise from
the Global Academic Community
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The paper "A vision chip with complementary pathways for open-world sensing" relative

to Tianmouc was published as a cover article in the Nature journal on May 30, 2024, at-
tracting widespread attention from the academic community and mainstream media.
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So far, there have been only about twenty cover articles published in Nature finished
by academic institutions in mainland China as the primary institution. This marks a high
recognition of this work by the academic community. One of the paper's reviewers, Craig
Vineyard, head of the brain-inspired team at the Sandia National Laboratories in the
United States, believes that "resulting Tianmouc chip is an exciting and novel hybrid ap-
proach "
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Mainstream media have also extensively reported on Tianmouc, including over 40 au-
thoritative news outlets such as Xinhua News Agency, CCTV, People's Daily, Guangming
Daily. According to Altmetric, an authoritative paper impact statistics organization,
the impact of the paper ranks in the top 5%, while its attention is in the top 1%.
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@ The CCTV reported on the achievements of Tianmouc
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The team was also awarded the 2024 "In-
tel China Academic Achievement Award -
Outstanding Research" by the Intel Tech-
nical Committee for their achievements in
the Tianjic and Tianmouc, further demon-
strating their outstanding contributions
and influence in the field of brain-inspired
intelligence.
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The team was also awarded the 2024 "In-
tel China Academic Achievement Award -
Outstanding Research" by the Intel Tech-
nical Committee for their achievements in
the Tianjic and Tianmouc, further demon-
strating their outstanding contributions
and influence in the field of brain-inspired
intelligence.
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3D Human Tissue Models for Translational Pharmacology and

Toxicology

HepaPredict "

The HepaPredict 3D liver spheroid system
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www hepapredict.com
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@ 3D spheroids cultured in vitro closely resemble liver cells in vivo thus providing a most physiological hepatic system for use in drug development. 3D
spheroids have a stable morphology and phenotype during long-term culture. Their prolonged viability and functionality enable chronic exposure studies

thus facilitating drug screening for chronic DILI

Hepa Predict R BRAE
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Introduction

In order to constitute a relevant hepatic in vitro system, cultured hepatocytes need to
accurately reflect phenotypes and functionality seen in vivo. Hepa Predict utilizes a
cutting-edge 3D liver spheroid system to offer predictive models with high physiological

» 012

HepaPredict "

relevance for drug development. Among
other successes, the spheroid system has
been coupled to Al to accelerate the de-
velopment from computational hypothesis
generation to experimental validation. For
instance, our 3D models have validat-
ed Al-based repurposing of baricitinib
against COVID-19 from theoretical hypoth-
esis to clinical validation in just 16 months,
compared with the many years that such
developments typically take. Based in part
on our data, baricitinib has received FDA
approval and WHO endorsement and has
saved billions of dollars and many lives.
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Through its Innovative 3D Liver
Spheroid System, Hepa Predict
Achieves Unprecedented Accuracy
in Predicting Drug Response, Me-
tabolism and Toxicity
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Hepa Predict has overcome the technical
challenge of traditional drug toxicity test-
ing, where 2D cell models lack physiolog-
ical relevance. Mainly animal studies and
2D hepatocyte systems have been used
for the examination of human drug metab-
olism and toxicity. Yet, these models have
major limitations due to extensive species
differences and because hepatocytes in
conventional 2D monolayer cultures rapid-
ly dedifferentiate and lose their phenotype
and hepatocyte-specific functions.
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Hepa Predict offers a novel, well established long-term stable 3D primary human liver
spheroid culture platform. The 3D spheroid system utilizes primary human hepatocytes,
which are able to maintain a highly physiological phenotype for several weeks in 3D
culture. The 3D spheroid system significantly outperforms 2D models that lose their
in vivo expression signatures within a short time, and thus provides a novel step into
a more physiological hepatic system. The prolonged viability and functionality of the
system are an optimal tool for long-term studies, enabling accurate prediction of in vivo
metabolism and toxicity. This highly physiologically replicated 3D liver spheroid system
enables precise predictions in drug discovery and development, particularly achieving
breakthroughs in long-term toxicity assessments, pharmacokinetics, and simulations of
inter-individual variability. Importantly, through multi-omics approaches, the 3D spheroid
platform is a reliable tool for the generation of comprehensive data sets, which provide
cohesive results to enable predictions of large-scale effects on cellular processes. Com-
prehensive benchmarking in multi-center trials has demonstrated that Hepa Predict’s
system has its advantages in both sensitivity and specificity, showcasing its international
leadership in toxicological analysis. Additionally, its unique technology reduces com-
pound absorption and enhances the accuracy of toxicological interpretations, further
consolidating its innovativeness.

© 3D HRANKBFEEMIEEEEER A KPR RHNIERTA

@ The Prolonged Viability and Functionality of 3D Spheroids Are an Optimal Tool for Long-term Studies
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The Scientific Value of 3D Spheroids Lies in Their Ability to Provide a Closer
Approximation to Human Tissue
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Novel 3D spheroid systems have revolutionized research by providing more physiologi-
cally relevant models for studying human tissues and diseases, significantly advancing
our understanding of complex biological processes. Unlike traditional 2D cell cultures,
3D spheroid systems better mimic the in vivo environment, allowing for more accurate
investigations into cellular behaviors, drug responses, and tissue interactions. This inno-
vation has propelled biomedical research, leading to improved drug discovery and tox-
icity testing, reducing the reliance on animal models, and accelerating the development
of effective therapies. Economically, the use of 3D spheroid systems can lower the costs
associated with drug development by increasing the predictability of preclinical studies
and reducing high failure rates in clinical trials. Socially, these advancements contribute
to public health by fostering the development of safer and more effective treatments, en-
hancing the overall quality of healthcare, and addressing global health challenges more
efficiently.
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Besides his work at Hepa Predict, Volker
Lauschke is Full Professor for translational
pharmacology at Karolinska Institutet,
Sweden, and Deputy Director of the Dr.
Margarete Fischer-Bosch Institute of
Clinical Pharmacology, Germany. His re-
search has demonstrated original insights
and innovative research methodologies in
both theoretical and academic realms. His
team’s utilization of 3D cell culture sys-
tems, microfluidic technology, and bioin-
formatic approaches to address complex
metabolic diseases such as non-alcoholic
fatty liver disease and type 2 diabetes,
and develop novel therapeutic strategies,
represents an unprecedented advance-
ment in pharmacology. Furthermore, the
development of machine learning tools to
enhance personalized drug therapy and
predict drug toxicity constitutes a method-
ological breakthrough, significantly sup-
porting precision medicine. Lauschke’s
achievements have not only propelled the
development of pharmacology, molecular
biology, and bioinformatics theoretically
but also fostered advancements in drug
discovery and personalized medicine in
practical applications, exerting profound
impacts on economic construction and
social development.
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Hepa Predict’s 3D Liver Model has Gained Extensive Recognition in the In-

ternational Scientific Community Due to Its Remarkable Innovation and Ac-
curacy
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Hepa Predict’s 3D liver model has gained significant international recognition in the field
of drug discovery and development due to their remarkable innovation and predictive ca-
pabilities. Its research achievements have not only been published in numerous top-tier
academic journals, but have also received successful application and certification from

international regulatory agencies such as the FDA and EFSA, demonstrating its reliability
and effectiveness in drug evaluation. Moreover, these models are widely adopted by

global pharmaceutical companies and
research institutions, showcasing a high
level of international acceptance. By pro-
viding a more reliable platform for drug
testing, 3D spheroid systems have accel-
erated the approval of new therapies and
medical treatments, impacting regulatory
frameworks globally. Countries with ad-
vanced pharmaceutical industries, such
as the United States, Japan, and mem-
bers of the European Union, have partic-
ularly benefited from these innovations,
enhancing their capacity for cutting-edge
research and development. Furthermore,
the adoption of 3D spheroid technology
in developing nations has the potential
to elevate local research standards and
integrate these countries into the global
scientific community. This international
dissemination of 3D spheroid systems
fosters a more interconnected scientific
ecosystem, where shared knowledge and
collaborative efforts can address world-
wide health challenges more effectively.
Through international conferences, publi-
cations, and training programs, the influ-
ence of 3D spheroid systems continues
to grow, bridging gaps and promoting a
unified approach to medical research and
development.
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Key Technologies and Applications of the Angel Large-Scale
Machine Learning Platform
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Driving Ultra-Large 5cale Model Development with Groundbreaking
Technological Innovations

Angel Machine Learning Platform

€ Innovation #3 € Innovation #4
Efficient Communication and Cache Scheduling Unified Memory Management Technology for
Technology Large Model Training
Addressing communication challenges in large-scale Solving storage issues in large-scale distributed training and
distributed training and inference inference
. Engineering Platform ‘
x
High-Perfarmance Computing Cluster Enhanced by Rstral Network
€> Innovation #1 €) Innovation #2

High-5peed Intercannection Technology Ultra-Large Al Cluster Scaling Technology

Achieving high-speed interconnection of large-scale - Achieving linear performance scaling for single-task training
computing clusters - with over 10,000 GPUs i

Hardware Infrastructure

® Angel Machine Learning Platform for Ultra-Large-Scale Data and Models
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Introduction

The project achieved breakthroughs in key
technologies such as distributed training
and inference of TB-level machine learn-
ing models, and large-scale application
deployment. The Angel machine learning
platform, independently developed in
China from underlying hardware to critical
software technologies, has significantly
advanced the development of physical
industries and the digital economy. It has
enhanced societal efficiency and generat-
ed substantial economic benefits.

Angel FEXBERAWREAX
S B3 F ST
Key Technologies of the Angel

Platform Overcoming Challenges in
Ultra-Large-Scale Machine Learning
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The Angel machine learning platform addresses the challenges of distributed training
and inference for terabyte-scale models, as well as the difficulties in application deploy-
ment. It has achieved breakthroughs in three key areas: framework performance, network
interconnection, and platform scalability. The platform has developed a high-perfor-
mance distributed framework, introducing technologies such as unified memory man-
agement for GPU and system memory, operator optimization, and parallel computing. Its
training performance is 2.6 times that of industry standards. By leveraging shared GPU
memory and performance optimizations, inference throughput has been increased, with
inference performance being 2.3 times that of industry standards. These advancements
significantly enhance the efficiency of model training and inference. Moreover, through
the development of end-to-end hardware solutions and efficient software algorithms, a
large-scale RDMA high-speed network comprising tens of thousands of GPU units has
been constructed. This network achieves high-speed interconnection for thousands
of computing nodes, improving communication performance by 30% while reducing
costs by 70%. This effectively meets the computational power demands for large mod-
el training and inference. Additionally, the platform realizes linear scalability beyond a
single task with over ten thousand GPU cards, reduces communication overhead by
80%, achieves a multi-machine multi-GPU acceleration ratio of 99%, GPU utilization rate
reaches 62%, surpassing industry standards, and ensures a task stability rate of 99.5%
for large models.
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Synergistic co-design of Software and Hardware for Enhanced Model
Training Performance

80% 1 x 2.6x
Efficient Training Algo Unified Memory Addressing End-to-End Training
Reduces C ication Mechanism Doubling the Performance compared to
Overhead by 80% Hosting Capacity of Each Open-source Benchmark
Computing Node

@ Adjust gradients’ weights
W(PS,$) = w+ 3 M) based on the By unifying the addressing scheme of GPU memory and
( ) Zl (f)\J_/ communication latency system memory, doubling the hosting capacity on a single
— node for large madel training

w

w
EEERE .
EEER

HBIM 8x80C

= 2.64T

@ The Angel framework significantly outperforms open-source benchmark
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The Angel machine learning platform developed by Tencent has been widely applied

i ZRkRDIMAR 25

e = : 3.2T across various sectors. In terms of supporting industrial development, the Angel platform
- ~— —— is delivered through Tencent Cloud to serve ecosystems such as Guangzhou Metro and

Pod: 64K GPU _— . Lo P . . .
CATL, aiding numerous industries in their digital transformation. Regarding the promotion
] =l = (=] e [ =g BUR3.2TEHRR of digital economy development, Tencent's next-generation advertising system based on
the Angel platform has already been employed by leading enterprises such as JD.com,
= Vipshop, and Alibaba. In enhancing societal efficiency, the Angel platform supports Ten-

pod|  |Pod 30% 1T o . . o . .
s o | ey T ey o o W oy PO e 2 = cent Meeting in providing a more efficient and seamless intelligent online conferencing
. . experience. During the pandemic, it facilitated companies in resuming work and pro-
[’;-:-_—1-] Iéﬁ s4orofp F;;—] ﬁm all2alliB{StEEERR 7+30% duction, with global online conference participation reaching record levels. In the realm
T T T T of public welfare, the platform leverages its graph network model to effectively combat
Block: 1024 GRU Block:1024 GPU illicit activities and empowers cultural public welfare initiatives with Al. It also contributes
= ks 70% J; to advanced research areas like drug development and embodied intelligence. Over the
) S \ past three years, this project has generated direct revenue amounting to 18.238 billion
m RMB. It not only drives industrial upgrades but also significantly enhances societal oper-

\,
s Bt LAAXPIRDMARE AL IBTFE70% ational efficiency, creating substantial economic and social benefits.
51.2T 400CEFH X HRM 400GE HFEE HHIR 400GETHE N+

© B ERME RERIEEEE, XIFHF GPU EHEREK

i e
© BITHFEU BB R, BHAETEFERE, BANSKRE, HBEEERFRIESNE
Tencent's Astral RDIMA Network technology for 10,000+ GPU Al Clusters CATL Tinasr SHROBE @ ik is s
LU o) (@) (Q) (2 (s @:
@ v © mme w 0 & W @ by
Self-Developed Key Components of Tencent Astral Network
! W BEAA
@@ @ l@ 3.21_ . BRACS 1 WiARX ERMAS FrEw
Pod: 64K GPU- =~ | i Grept b edsiony
@@'lﬁ == =N s =E High-Bandwidth per Node %)
S ERERE ] ‘
_l..’ L A E"T., I ] pgd pﬁd 30% T » GPu Enaam | rwmen | RZFAIEEA
L b ALL2ALL Communication
‘ EE sigofo _m ; E’E © I8 [ AR
Block: 1024 GPU Block:1024 GPU Project Applicati 0 .
] | Sy L rojec ication Overview
70% 4 g

) Ee— @ Promoting Digital Transformation for Smart Economy

w \ Cost of Ethernet RDMA vs. NV solution CATL T SBEBE @ it 8 o e O 9 8 G&

51.2T 400G Switch 400G Silicon Photonics Module 400G nic \
w— @ F © mae C\ %) D) & Y e @

@ Tencent Astral Network Supporting High-speed Interconnection for Clusters with 10,000+ GPU Units =
<
Major Application Cases

TR ENAR, RHBFEFLRE e e [ et [ e [

Angel Machine Learning Platform
Driving Industrial Digitalization and Promoting the Development of the Digital Economy

Multi-modal Models Graph Models

B Angel MBRFEIFAEL MUSBEIZMA: EXEFULBAE, Angel FABIEBRAN | ummodes |
EXEH, RSN TENKS, BATITELHTRE MR, ERHMFTEFRRAE, BT Angel L cwsnmews By
TANBRR—RT 555, BRSRE, BRa. WESTUMES; FRAMESNE L, Angel TABH
BASIRHESN. ERPNTLASNSENER, BEMEENCIETES, 2REASNIEILS; ®Project Application Overview
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LBl wsEmE, RNEREE, REARS, SNNESHLR
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The project has yielded significant results in advancing technology and leading industry
innovation. The technological achievements of the project have frequently topped author-
itative international rankings, winning over 20 international competition championships
and resulting in the publication of 74 international academic papers. Angel is China's
first top-tier Al open-source project to graduate from the Linux Foundation, earning the
title of 'Most Popular Chinese Open Source Software' in 2019. The platform has attracted
numerous external developers and enterprise users, promoting widespread technolog-
ical application and industry collaboration. Furthermore, Tencent's self-developed full-
stack Hunyuan large model based on the Angel platform is among the first from leading

Chinese Al research enterprises to adopt
advanced Mixture of Experts (MoE) archi-
tecture and be deployed into production
with a scale exceeding one trillion param-
eters. Third-party evaluations indicate that
Tencent's Hunyuan ranks in the top tier of
LLMs in China, with overall performance
surpassing the international average for
LLMs.

IMERRMER International Recognition and Academic Contributions
O HUATHAEA IR XRENTE, RREREFAT, SITERASHDTUEIF ¢ Koy Technological Breakthroughs Addressing Common Al Challenges

FRARGEZ U, SESEZRNALIFER, BiARIXBREMENEEA20%, RESHBIZEP, X
8 ERIXEEE251Z,8; EIEHE, SIFSBRER12{ZFEniE LR, AXCERL75EFRESR, 4
HEMRIXIEN.

© IEBNKINTIMAFHALF R

Case 5tudy : Tencent VooV Meeting app

User Experience Video Quality, Virtual Background, Speaker Identification, Al agent
Improvements | :

i Image Speech | [ Automatic
Angel-backed o saooncinein Ephancement Recognition | | Summarization
Innovations multimodal understanding Training Optimization

— ®

Using Angel project's innovative tech for distributed training and multimodal understanding, VooV Meeting has boosted
model development efficiency by 20%, served over 400 million customers worldwide and mare than 2.5 billion online
meetings. During the pandemic, it facilitated remote classes for over 1.2 billion students globally and supported events
for the 75th anniversary of the United Nations, hasting online meetings and activities.

@ Supporting VooV Meeting to Achieve a Digital Experience Upgrade

FRBIREFTIAR, 51908 AT Hezh= Ik eUHh

ment and Driving Industry Innovation

» 022

BRLEMELVAR, BHETERA
Achievements Recognized Internationally, Leading Technological Advance- Y T B~ B E A B, It
b, BHET Angel FE2ERE

MBEHEDERES ST~ LOMEFERRES: MEEAR ARNETARE, BETERSZL
REREMEMETLE S, KB 20 RMEGZERETE, AREMRY BARLELWRRERBIEHD
RIEX 74 BB Angel FEZHREBE MM Linux Foundation lkMTRZ Al RETHRIRE (MoE) £ E ™R
FRME, KRBT 2019 FESRINDHEFRRME, FARSITARZIN BLHZSHARKRE, =75

X 74 M, 2 20RW Published 74 international academic papers, frequently featured in top international canferences and journals
= . ®! ou =
www 2022 ACM SIGIR 2021 WSOM Cup 2023 ey == vsom =
Burzex ey RUSHLRR—E ooz fd e oo e
Tiodel compettion
F it LF Al & Data e LF Al & Data F
Linux LF AL R S A S RBAANESTRE ( B & f | Recognized as one of the top ML projects globally &
o D> ) |[( e
Angel || wmomn || spute Angel || anoen || spute
Angel (o] o Angel o
wmg) | o || or s )| oron

© RREREFRIAR, SRS D= LU

@ Achievements Recognized Internationally, Leading Technological Advancement and Driving Industry Innovation

B E R RATUE RN ZIAA

Project Achievements Recognized by Industry Experts and Authoritative In-
stitutions

MERR (ERAIREIEN Angel M28F S F & XBREARKMNA)
REBTREBFFEBEHAT —FR, (TRZEAARNREREENE) K
FRIBREED —FR, Angel PERXXHTHEETEGEH—HAAL
BeReFAHeIHmFTaZER;, BIUFATEATSEIECSHRARHEKSR
fii, 25457 9 BHE \ 171k \IEEE R,

The project achievement titled "Key Technologies and Applications of the Angel Machine
Learning Platform for Large-scale Data" won the first prize in Scientific and Technological

Progress awarded by the China Institute
of Electronics. Additionally, "Elastic Cloud
Network for One Billion Users" won the
first prize in Scientific and Technological
Progress awarded by Shenzhen. The
Angel platform has also supported the
construction of a new generation artificial
intelligence open innovation platform
for Chinese medical imaging. Tencent,
serving as the deputy leader of China's
Artificial Intelligence Standardization
Group, has participated in drafting nine
standards for China, industry, and IEEE.

@ First Prizes for Scientific and Technological Progress

Widelt ized by i

standards [ including and IEEE standard)

REFRESER Project Honors and Accreditation

© RERSTRHRE SR, RRFTLERMNHIUIZIA
" e i UNIEEESS: b L R TN Chinese Institute of El ics (CIE) Award U fiath
RREM) FETERTHEAMNRAE—SR, (HRE AW\IEEERTRAE linese ﬂsfltufli" ectronics (CIE) Awai Participated in the formulation of 9 national and industry
= = - - Shenzhen Municipal Award

@ ®

e
e T
2
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© T B R RIATT AL T RAAEANE 2 IAAT

® Project Achievements Widely Recognized by Industry Experts and Authoritative Institutions
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ACE-6G: MEM 6G RYiENBERATES
ACE-6G: Al Communication Empowered Semantic Platform for
6G

N

itk

® M 6G BEXGEERATE

@ Al Communication Empowered Semantic Platform for 6G

PSSR =
Pengcheng Laboratory

JEREBEBATF

Beijing University of Posts and Telecommunications

1

eI SRR FEX S AL RAEB A, RIFIFLIEEREEKREHISNE A
FBXEEMEOFEA, WET ACE-6G: M 66 BN BEFRATEA,
SRR AR EREANFE—TIRAT 2~3 &, MieE 56 LI 66 72
EEEERES], 766 RERAENRHE X,
Introduction

Pengcheng Laboratory and Beijing University of Posts and Telecommunications have
made breakthroughs in nonlinear joint source and channel coding technology and the
novel air interface technology of multi-user semantic communication and so on, and
built ACE-6G: Al Communication Empowered Semantic Platform for 6G, which further
improves the bandwidth efficiency by 2~3 times compared with traditional technologies,

» 024

AR

PENGCHENG LABORATORY

Sy SEas =

Thers

empowers 5@ links to achieve 6G ubiqui-
tous connection transmission capabilities,
and provides strong support for the stan-
dardization of 6G key technologies.

RIGES S EIFR SR,
KRIZEESEHK

Breaking Through Transmission
Problems in Harsh Channel Envi-
ronments and Achieving Ubiquitous
Smart Interconnection

AR 66 ZEBRNMELBERMEETERBE. BHEBIIER
FRMEERSUNNENBEHFREFRAF =X EARTMAR, &
BT EFIEXINRENE XOBERM, 181t 7T1EXHIRECRENSFAS
BRFHEE A%, RIS FIRESEH, DIREMELSERNE 90%
UE; SRIRETIRAMTHREDHNEREBEKSREIDEA, B 56 &K,
RHRHEAITIE 50%, ETERBRESRNEMERL LR “BE"
ME; EAETFHEEFRRNZAFIEXBERERYS, HETIEXIRE
BIERRITERE, RRSZBPIEXBENTORAR, ENBREEsR
RNEFT 2~3
For the challenges of intelligent interconnection’s requirements for network commu-
nication flexibility and adaptability, high-performance transmission in harsh channel
environments, and high bandwidth requirements, the ACE-6G research team has
proposed a semantic communication architecture based on a semantic knowledge

base and designed a zero-shot multi-level feature transmission method enabled by
semantic knowledge base, which realizes low-incremental knowledge base updates

® M 6G BiESCRERAEMRIETS

Receiver 1 | | Receiver 2 |

o

Transmitter
Baseband

Coding server

ezl
w

and reduces the communication service
transmission latency by more than 90%. A
breakthrough in joint source and channel
coding technology based on nonlinear
transform coding is made, which achieves
that compared with 5G technology, the
transmission bandwidth can be saved by
50%, which improves the “cliff effect” of
traditional methods in low signal-to-noise
ratio transmission. A multi-user semantic
communication prototype system based
on new resource is developed, which in-
corporates the new dimension of semantic
model domain resources and breaks
through the new air interface technology
of multi-user semantic communication. It
can increase the spectrum utilization rate
by at least 1 time compared with tradition-
al technologies.

ST

\

@ Semantic Communication Technology Physical Verification Platform for 6G

025 «



CHARM OF SCIENCE AND TECHNOLOGY *SI-HZ%_*.

B 6GC B 5B EREN, Hae1TWRA
Focusing on 6G Intelligence and Communication Standardization to Empow-
er Industry Applications

ARRUREK 66 BREBERAIITER, BERESERIIEXER
B, MR T EM 6G BEXBERA, ARIEXBESKFHT /N
BX 50 RFE, HALRMTENBERAELANKRZZEF. BEEMEXT
AEREMEEEGRNEIMEA, FIMT-2030 (6G) T{RHAZEKMIL
TEXEEESAE, TRT CCSATREMRTIR, &% 7 EMA 66 KiEX
MIRERABRS, BETaERES. £h. PMEFTRRAZ[EL
MBREIE, #ahTHER 6G NiEXEEEMMERHE. B, AR
HEIPAER T &AL M EIE 100 RN, Bal 32 MEHKN, X PCT THER
B2, SHEBHEFHRSMILNEALNNG, ER 6G 2SN
RERARALX. U BRERR.

The achievement aims to break through the new paradigm of integration of 6G intelli-
gence and communication, explores higher-level semantic information features, and
develops semantic communication technology for 6G. The ACE-6G research team has
published more than 50 high-level journal/conference papers on semantic communica-
tion, and realized the innovative application of semantic communication technology in

331389/

Frontiers of
Information Technology
& Electronic Engineering

2021 Impact Factor
2.545

WHEIANG Q) Springer

Semantic Communication System Based on
Semantic Slice Models Propagation

ez, c e X 1an®. Momber, IEEE,

Semantic Knowledge Base-Enabled Zero-Shot
Multi-Level Feature Transmission Optimization

Vping Sun®, Member IEEE, Hao Chen®, Koo tor Member
Ping Zhans” Fello TEEE, i S Cui”. Flow, IEEE.

» 026

scenarios such as low-altitude economy,
intelligent networked unmanned vehicles,
and satellite-to-ground direct connection.
The ACE-6G research team has made a
lead to found the semantic communica-
tion task group in IMT-2030 (6G) working
group, completed the CCSA standardiza-
tion research project, and released the
technical white paper for semantic knowl-
edge base, which has been supported by
more than 10 well-known enterprises and
universities, including China Mobile, Hua-
wei and ZTE. It can promote the interna-
tional standardization process of semantic
communication for 6G. Moreover, the re-
search team has submitted a total of 100
invention patents, 32 of which have been
authorized so far, and submitted 2 PCT
patent applications. A new R&D institution
has been jointly established with China
Mobile and others to develop 6G basic
theories and common key technologies,
as well as explore industrial paths.

Orthogonal Model Division Multiple Access
-

HaotssLisn, Kagon L, Xisoys L, Hongch ons X Seior Member, IEEE, Kai
N ow. EEE.

Nonlinear Transform Source-Channel Coding
for Semantic Communications

QREE T TS T T A
g : . ¢ R 0% R E
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{8 H: Model division multiple access for
semantic_communications W
MR WA WAL S AR AE
ol Cfz B 50 F TR S
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M F: Frontiers of Information Technology & 1/
Electronic Engineering g
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® ACE-6G BB IRE. IENRRKREFENER
@ Part of the Awards, Published Papers and Authorized Patents Based on ACE-6G

FFE 6G AR, BRIEBEREHR

Opening New Paths for 6G and Inspiring Original Research on Semantic
Communication

ARREM 66 BESERRAEMEGREREY, REETFTEXAMIRE
B XBEREN, EMTEREERKSHERERA. ZHPEXBERA
ERZEF. SFtHE. PEREFHRNTENA, HNEANE
EXTHLEENERS, MELEHTHEERIRE, SIERER
BEFERMENEREA, BONBEEIER 15% UL, FEMEEE
HRBERT0% UL, BRTRERZEFREXGEED,

Facing the development trend of deep integration of 6G communication and intelligence,

this achievement has proposed a semantic communication architecture based on se-
mantic knowledge base, and realized the demonstration application of joint source-chan-

nel coding technology and multi-user
semantic communication technology
in low-altitude economy, high-definition
video transmission, satellite communica-
tion and other scenarios. In view of the
challenges of unmanned aerial vehicle
communication with high requirements
for airborne processing computing power
and large consumption of network back-
haul bandwidth, the incremental update
and real-time transmission technology of
semantic model are realized to reduce the
demand for airborne computing power by
more than 15% and the network backhaul
bandwidth requirement by more than
70%, which no longer limits the develop-
ment of low-altitude economy.

HWEAEEEEMETEER
ST LT K, HEPASRRE
TR TREDHNEREEEKS
RBBERA, EEEEX30%HE
HTEEEFIRS, BEWHEADIE
B SSEER, BLEaRTLERE
AR, BXBEENERTEITE
50% LA ko BXEEENAERNE
KBEART LUARFK 6G BohEE
ASMESREEEN. BN
KMBIFH AL, NRSHF
ZFNMBEMIRERRREHER
<o

In order to meet the wireless transmission
requirements of high-definition video
in the intelligent network of unmanned
vehicles, the research team has made a
breakthrough in joint source-channel cod-
ing technology based on nonlinear trans-
formation coding, which can save more
than 50% of the transmission bandwidth
of semantic communication compared
with traditional wireless communication
methods when the receiver achieves the
same service quality in a harsh wireless
channel environment with a packet loss
rate of 30%. The semantic communication
architecture and corresponding key tech-
nologies can build efficient transmission
capacity, achieve high spectrum efficien-
cy and better service experience for the
6G, and provide important support for the
construction of network infrastructure for
the digital economy.
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Technology Innovation and Application of Ultra-Large-Scale
Computility Integration and Computility Network Brain

BhHR
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SRR SHERT i BEERE

Computility Grid Integration

’ Provider, Consumer, Operator

Computility Network Portal

51
Integrationat i Cloud native
the operational i computility
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layer management

General Intelligent : ‘Quantum

Computility network operational |

A Business launch Business requirements

Brain of Computility Nétwork

- Orchestrationand
Design center .
scheduling center Jl intelligence
center
Capability center | Awareness center

Ability invocation Data awareness
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Computility/Network Capability Gateways
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© WRERARGFRE TBAMMEENHN. ENAMMBEEEMRZAGR, HFEEMNRESBEE. —FEEE WEEDFR. BHOxE
BRAFHMITET REIERARE, SIESIRS, RAMIBENERFEZE,
@ For the first time in the industry, China Mobile systematically proposed the overall architecture and technical system of ultra-large-scale Computility Grid

Integration and Brain of Computility Network. It has developed original technology clusters in areas such as integrated scheduling and unified orchestration
of Computility Network, network capability openness, and computility interconnection models, innovated task as a service, and improved the utilization of

societal computility resources.

PEBhBEERERAT

China Mobile Communications Group Co., Ltd.

BERFE
Tsinghua University

T AR IR RIZERRA

Wuhu Big Data Construction Investment and Operation Co.,Ltd.
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hina Mobile
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Introduction

Compuitility Network, Brain of Computility
Network, and Computility Grid Integration
are new concepts and technical systems
pioneered by China Mobile, aimed at
exploring the deep integration of Commu-
nication Technology (CT) and Information
Technology (IT), to provide users with
'one-point access, on-demand use' Com-
putility Network services.

FeI I B HREREEN
MEARIER

Pioneering the Establishment of an
Overall Architecture and Technical
System for the Computility Network

FREZ ST 2021 FFFEIMHR
HENMESMIER RGN, 1TiE
TERKBALS. BENAMEED
WENIZORIE, EENE BHE
WHER, tAEENTE.

In 2021, China Mobile pioneered the
new concept and architecture of the
Computility Network and developed the
Brain of Computility Network. The Brain
of Computility Network serves as the core
hub of the Computility Network, managing
wide-area Compuitility Network resources
in the southbound direction and support-

ing Computility Network operations in the
northbound direction.

EMAMERRBEESHE, 0l
HEMBGEERR, ETAMER
BEEMEEDBERAR, RIEMHE
RRRA. WREIEER, 1S
SRR E RS, SR HZRIBE;
ERNEHLE, ETSMEAT
EBEEITSRIMX, ?%)\ 2200+
BWRFEES, RMEMZHER—IE
HRHE; EMEEHSHE, Tmt’dﬁﬁi
MEERITHNEREGHESIE,

KR+ ATREFINENNESRHE. HERERN; HRBANRS
THEHIEs, EeZRABHEN HSELERR, BAKEBERTER
FAREY 00%; EEEENSTE, MERURKEANH. B, A
EHAZRONENAMERERE, KWAFLSERNZERT. 5hes
HHEE,

In terms of resource scheduling, the Brain of Computility Network innovates with con-
verged scheduling technology for the Compuitility Network, based on large-scale man-
agement and storage-computation separation technologies, achieving second-level per-
ception and data querying of Computility Network resources. It builds high-performance
schedulers that support an average of hundreds of millions of scheduling tasks daily;
in terms of capability orchestration, it develops capability gateways based on efficient
routing matching algorithms, integrating over 2,200 atomic capabilities of the Computility
Network, thereby realizing integrated orchestration of Computility Network resources; in
terms of network transmission, it proposes a discrete event simulation engine designed
for data, achieving efficient simulation of Computility Network at the level of tens of thou-
sands of nodes and precise fault detection; it constructs ultra-large-scale backbone
controllers, combining multi-path load balancing and wide-area high-throughput technol-
ogy to increase long-distance transmission bandwidth utilization to over 90%; in terms of
intelligent capabilities, it builds intelligent capabilities of the Brain of Computility Network
centered on interaction entry points, intelligent hubs, and sensing control, achieving
intent parsing and intelligent orchestration scheduling based on user business require-
ments.
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Integrated Computility and network scheduling algorithm
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multiple scheduling instances
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filtering prioritization allocation
Computility
link bandwicith load
netwurt PUE
|mw Five categories of over 20 scheduling factors.
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Computility and Network map

@ Computility and Network Map
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China Mobile took the lead in initiating the
'Compuitility Grid Integration Action’, de-
veloping four technical docking methods:
operational layer docking, orchestration
management layer docking, cloud-native
computility management and resource
layer computility management. These
methods support the unified management
of four types of heterogeneous Com-
putility: General Computing, Intelligent
Computing, Supercomputing Computing,
and Quantum Computing. By aggregating
social Computility and breaking down
information silos, it promotes Computility
as a universal social service and empow-
ering various industries.

TISESTURSS,
STEaEg

Developing Task as a Service(TaaS)
to Support the Construction of Com-
putility Service Platforms

ETERNKMEIFHFEEM

FhER =R R AT E MRS R
5, BEAMARLE. HERE.
PnESE, ERATET. &40
BEEMES M7k, SiERERM
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RIEZ P FRIEE AR FAMNA A
BHPITREVERMES, BAME
%ﬁm%ui,ﬁﬂnﬁ =17
HiEF, BERAMSEEHEN2ER
S ISEERR, REESER.
Based on the innovative richness and ac-
tivation efficiency of the Brain of Compuitil-
ity Network, which leads the industry, the
converged Compuitility Network services
include East Data West Computing, Data

Express, Central Training Edge Infer-
ence, among others. These services have

X EH DR

» 032

been applied across multiple sectors, including healthcare, film and television, and the
internet. Data Express provides end-to-end low-latency, highly reliable elastic network
services, facilitating the circulation of data elements. For example, East data west Com-
puting services, such as East video West Rendering, leverage the Brain of Computility
Network to schedule low-cost Computility resources from Guiyang in the western region
to execute rendering tasks originating in the east, reducing overall costs by more than
10%. During the execution of rendering tasks, the Brain of Computility Network continu-
ously monitors the global status and dynamically adjusts resources to ensure task com-
pletion.
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Cross-regional

collaboration

@ Facilitating East-West Computility Collaboration

ER, ENARZES MERENRS a2k, EitE
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Meanwhile, the Compultility Network Brain supports the planning and construction of mul-
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tiple regional Computility service platforms, implementing the ‘four-in-one’ integration of General Computing, Intelligent Computing, Su-
percomputing Computing, and Quantum Computing in the Yangtze River Delta Hub Wuhu Cluster Public Compuitility Service Platform.
This effort aims to create a benchmark for Computility scheduling services, assisting in the construction of an integrated Computility

network.
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Leading the Industry in Computility Network Concepts and Technological
Innovation, Gaining Widespread Recognition

PEBSES W RREREBEOME. BHOHW. ERARAHTH
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China Mobile was the first in the industry to propose and develop Computility Network,
Computility Grid Integration, and Brain of Compuitility Network, leading the integration
and innovative development of the Computility Network industries. It has won over ten
awards within the industry, including the 2024 World Summit on the Information Society
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@ Building a Regional Public Computility Service Platform

(WSIS) Winner Award and the Second
Prize of the 2023 China Institute of Com-
munications Science and Technology
Award. China Mobile took the lead in initi-
ating and compiling a series of standards,
including the 'General Technical Require-
ments for Computility Network Operations
Management' in the China Communica-
tions Standards Association (CCSA). As
a primary contributor, it also published
the 'Basic Capability Requirements for
the Brain of Compuitility Network' series
of standards and passed the first batch
of qualification evaluations by the China
Academy of Information and Communica-
tions Technology (CAICT). To date, China
Mobile has completed over ten industry
standards, over ten corporate standards,
published four related white papers, and
obtained over twenty authorized patents.
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ERNIE AGENT
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Thinking Model Model
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Ensures reliable execution and autonomous.
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Beijing Baidu Netcom Science Technology Co., Ltd.

XOVERERAZRARREZERERL, TEMBERY bHE—D i
TREERIG, WETESER. M. RESHEKENNEZRE,
RERSMEIRISENTT, BE#H M. OB REARRANEHOARREEN2E
R, MENAREK.

Introduction

u

The ERNIE agent technology is inspired by the human brain's fast and slow thinking
processes. The ERNIE agent is built based on the thinking model trained on the foun-
dation model enhanced with thinking training, and has equipped with capabilities of un-
derstanding, planning, rethinking and evolving. The ERNIE agent technology augments
ERNIE foundation model’s capabilities and accelerates the explosion of Al applications.

BEFEERENEREAREAR
Innovative Agent Technology Based on Thinking Model
XOEREEAR, ZEARREEZEEENB R, EEMAREZ
H—FHRETEFEERENEBENG, FEM. EEH, BERLY
BERBEIRENERERE. 1THRENRITES. ,u%fiuﬁ’]iﬁ%ﬂ
E£REERII%, BEERBANIER. AN, RES#HKEES, EBME
AIEHIT, BREY, F—ERELREREIREARL, MMitVEgA
—HFREMTH, BEMTRERES, HEBENRFFEEFEILNA
Fitfho

The ERNIE agent technology, inspired by the human brain's fast and slow thinking pro-
cesses, has further developed a slow thinking mechanism based on a thinking model
trained on the foundational model, making it more rational and accurate. The thinking
model, through thinking-enhanced training such as supervised fine-tuning of the thinking
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evolution

® THE ERNIE AGENT Technical Framework

process, preference learning in behavior
decision-making, and reinforcement learn-
ing through output rethinking, possesses
more powerful capabilities in understand-
ing, planning, rethinking and evolving.
It ensures reliable execution and auton-
omous evolution, allowing machines to
think and act like humans, autonomously
completing complex tasks while continu-
ously learning and evolving in the environ-
ment.

XS B RBYREE, {2
BT OO AREEEE R S ER o
IDC. bR, FREERAF I A
EZRNETNER, SOOAREER
fUEPEUNERFRSE .

The breakthrough in ERNIE agent tech-
nology has significantly enhanced the
capabilities of ERNIE foundation model.
According to authoritative evaluations by
IDC, Frost & Sullivan and the China Soft-
ware Testing Center, ERNIE 4.0's perfor-
mance exceeds the average performance
of international foundation models, ranking
first in China and among the top globally.
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@ |DC Evaluation of Mainstream Large Models in the Chinese Market in 2024
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Facilitating the Burst of Al Applications,
Empowering Thousands of Indus-
tries

BEEAERARTDBRRAREN
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The ERNIE Agents are applied in the
fields of intelligent assistant, customer
service, enterprise intelligence, etc., fully
unleashing the potential of large models,
promoting the large-scale industrial ap-
plication of Al. By the end of September,
on the New APP, 300,000 creators had
created 400,000 agents, equipped with
multiple functions. Agents’ daily request
reached a total of 800 million times.

BETFERARAMENOERETEHE SRR M, T
Bl. AXEETESTLAE. VAR, XBSFUNEN. T4,
TERERNRAIRENE, BEIBK, BXK3l60 5H%RE, 10
AREA, HEDKEEE 800 5k,

The Agent Builder is built based on agent technology to further reduce the threshold
of development and eliminate the last barrier of agent application from development to
distribution. Developers can use diversified capabilities and tools based on their own in-
dustry fields and application scenarios to create Al-native applications in the era of large
models. The platform provides developers with a distribution path of Baidu's ecosystem
matrix. By the end of September, it had attracted 600,000 developers and 100,000 enter-
prises, with an average daily distribution of over 8 million.
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@ Al Q&A on Baidu Search
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AGENT BUILDER

@ Agent Builder
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Reshaping Work and Life, Accelerating Industrial Upgrading

BRARARERINRAREREMAMLSRITUNE NS, BAE
WEHRRRSERMAR. THSTH, AERSEBNFIAZTHERMY
BREAERRS; ERNE, RERRETERERERNELSKREERM
TBRIIRECRE, RSB RENEFERE, FHE TN, EaedE AR LM
ARMEME . MEUPNEEMZEIEL, I, FeeRARNER L
MARAEREED SR, MURREBAFRRA I, BEET ZLIE
FROIEE, KERATANZERNE,

Agent technology is driving the deep integration of large model technology into various

sectors in society, thereby empowering the upgrading of businesses and social services
to be more intelligent. In terms of government services, Al-powered legal consultants

REHTERE

TR RE R, 3

offer workers convenient and effective
legal services, bolstering public trust and
satisfaction with the government. All in all,
government services become more intel-
ligent thanks to agent technology. In ag-
riculture, the Farmer Academician Agent
can teach farmers planting knowledge
and skills anytime, anywhere, making it
more convenient for technology to assist
and benefit farmers. In education, agent
technology offers teachers and students
a more intelligent and personalized teach-
ing and learning experience respectively.
Furthermore, agent technology can be
used to help programming, not only low-
ering the threshold for ordinary people to
develop applications, but also decreasing
the workload of professional program-
mers, and substantially enhancing the
efficiency of human-computer interaction.

BRI AT T e g
RE, URERRE. SEBEEF
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The traditional industries have achieved
innovation in production methods and
management modes, relying on the wide-
spread application of agent technology.
At the same time, emerging industries
such as smart home and smart e-com-
merce have rapidly risen, and also give
birth to new job opportunities, such as
agent engineers, agent trainers, agent
evaluators, and many new positions for
the production, maintenance, and super-
vision of agents. These new positions will
not only enrich people’s career choices,
but will also promote innovation in talent
cultivation modes.

FARMER ACADEMICIAN AGENT

Help farmers easily master agricultural technologies and knowledge

@ Farmer Academician Agent
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Visual Understanding Common Technologies and Applications

for Intelligent Social Governance
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Digital China

High Precision Face Behavioral Cognitive and
Verification Methods High Safety Understanding

Behavuoral understandlng

" Ultra high precision | " Human behaviorand |

Cross-temporal face
verification 3 i _recognition and defense |

® Common Technology Systems and Innovative Application Platforms of Intelligent Social Governance
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Shanghai Jiao Tong University
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Visual Understanding Common Technologies and
Applications for Intelligent Social Governance

Efficient Scene
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Scene structure representatlon

and cognltlve mechanism and light sensing
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and reconstruction
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Introduction

The project focuses on the major scientific
issues of the correlation of persona-be-
havior-scene visual representation and
understanding, develops a visual under-
standing application platform for social
governance intelligence. We form major
scientific and technological achievements
that benefit people's lives, such as health
codes, finding and preventing human
trafficking, and digital financial remote
services, and provide a common techni-
cal guarantee for the intelligent innovation
model of social governance.

A -7 - HR—IEERHE
SIRIEEREN

Intelligent Social Governance based
on the Correlation of Persona-Be-
havior-Scene Visual Representation

B =R TR GBS
%7 ENERMER, KU T RER
REUHo
The team has overcome several interna-
tional challenges in the field of intelligent

social governance, achieving key techno-
logical innovations.

1) Bl T sEE AR
A, BIBSHEESNIZE.
ZRREBI= ARIIE. gHEXR
BANERR, ZFTEMIOR
SR BBRZENTARENT
FANA, BETERMITHIL,

1) High Precision Face Verification Meth-
ods: The project pioneered high-precision
face visual recognition algorithms through
ultra-precision identity verification,
multi-level subcontract across time and
space efficient face verification, and fine-
grained facial feature analysis. These
innovations have supported identity ver-
ification for 100 million users in financial

payment systems and 10 million cross-temporal person searches, establishing a global
leadership position.

2) ETRINNSSE2ERAIEIE S T T ERT A IR
2TRINANEE, HARTREBITNIRASHERA, RARATHEE
BARPNITAR2 S EEEANKT,

2) Behavioral Cognitive Mechanism and High Safety Understanding: The project intro-
duced a novel concept of behavior understanding, proposed the cognitive mechanism of

social behavior, and developed anomaly behavior detection and defense technologies,
greatly enhancing behavior security and management precision in social governance.

3) MEBTSMIKRKEKBIIRATE, BEHRENRE. —HY
RERSER. BREXKRESZORA, BYETHRERGENZE
B EEEARNA,

3) Efficient Scene Correlation Analysis: The project built an efficient platform for scene
association analysis, incorporating scene structure representation, 3D scene understand-
ing, and reconstruction, situational tracking, etc., which effectively supported major appli-
cations in intelligent social governance and pandemic prevention and control.

&%= Nature RFHIZIEX 318 B, BMNKEBER 298 W (EFFEH)
127 10) , BB RLERIK 2020 F EEMBEHS RFER, 2024 FRXR
AT HEERRF SR

The team has published 318 papers in Nature and top-tier journals, with 298 patents
granted (including 127 international patents). Some of these achievements obtained the
Special Prize of the 2020 Shanghai Science and Technology Progress Award and the
First Prize of the 2024 Wu Wenjun 2024 Atrtificial Intelligence Natural Science of CAAI.
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@ Published 318 Papers in Nature and Top-tier Journals
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Intelligent Social Governance Services in Finance, Public Health, and Other
Fields

ZIMBTEAMITAEHEMTRARTEEIG T 2B EEMR,

BREREARESVFRE2FERMRE, BeRESMHRERATF
2015 FXRENAFHARIT, EHEBRKMBITHLVSERE, HIZNAE
FRE. FNQQEESE, BE: 140 207Uk, MINEREIINT. BE
R ARIRAF ARG HEIREIE 1713 BRIRAR, CIETESRITH
DNEAMENRINES, TENREREATEEE MERDHIE
RIEXREER, BE2022F, BEBRS 1412BF, Bit=BE 815
AR TTRHEREDSBIMRARBIH RN, BEHEESKIMERERAN
5, FESBETH,
The project has achieved widespread application and significant achievements in the
field of human behavior and scene analysis technology, particularly in safeguarding peo-
ple's lives and property. The ultra-high precision identity verification technology was first
applied by WeBank in 2015, driving the development of new business models in Internet
banking. It has been widely adopted by platforms like WeChat and QQ, spanning over
140 industries and successfully expanding into international markets. The cross-age fa-
cial recognition system for locating missing persons has helped China recover 1,713 in-
dividuals, marking the largest success case for the State Council's anti-trafficking office.
The project's anti-spoofing technologies played a key role in the nationwide rollout of the
first health code, which, by 2022, had served 1.4 billion users with over 81.5 billion health
code scans. Behavior understanding and scene analysis technologies have enhanced
social security, with the first China International Import Expo achieving seamless entry,
earning high praise.

TE RITHIE =8 27.19 1270, FEEMA 75.66 1270, BEERFAHS
BBSARBEKT, HAMEFEEEK,

The project has generated an additional output value of 2.719 billion RMB, reduced costs

by 7.566 billion RMB, and significantly improved social governance and public safety,
delivering immense social and economic benefits.

ZINEE RS BB KA F A RFERSITREE TEARE,
W T RAES R EMRUA R, EREHEF, TEIFNAITE
ZEERR, BINREBHREES R, WS PBAFENJRREE. AlTA
RGN ZHES RO TREERAS, BRATRABREINFRTES
IAERYXER, AT BEANHENGE. MEFANERRTELS F
%, BRERTRASTER, EHEENERIUSHTM, (EHERE
BELAREY, IbSh, BEMKBEAGRA THHARREKT, MRINA
TENPREED, ZESYUMBFTaBIAGDREFRR, ZHTIE
WRER TR, FE ANRB 4012, ATERANTES RS
HERRBZHEDD T RABY, MATFLEN, BIOtamERL.
FREEE,

This project has made significant breakthroughs in areas such as health codes, smart
communities, Al-based missing person searches, and digital finance, driving technolog-
ical advancements and optimizing industrial structure upgrades. During the COVID-19
pandemic, the project innovatively applied remote identity verification technology, con-
tributing to the rapid adoption of health codes, and received letters of appreciation from
various government departments. The Al missing person search system has successfully
assisted local police in locating over a thousand missing individuals, addressing chal-
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lenges related to identity verification for
those unable to do so due to health or
age, resulting in tremendous social bene-
fits. The financial remote identity verifica-
tion system developed by the project was
commercially implemented in the banking
sector for the first time, fostering the cre-
ation of new Internet finance models and
promoting the intelligent transformation of
the financial sector. Moreover, the smart
community governance system has en-
hanced urban public safety, successfully
being deployed in several large-scale
events. The remote conferencing and
education platforms, utilizing technologies
such as portrait segmentation, have sup-
ported large-scale, contactless work mod-
els, with over 4 billion annual participants,
making it the largest remote conferencing
system in China. These achievements
have significantly advanced technological
progress, optimized industrial structures,
and facilitated the transition toward a
more intelligent and digital society.

LEZERENERAREE
Academic Evaluation and Technical
Appraisal
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The Science and Technology Achieve-
ment Appraisal Meeting, organized by the
China Electronics Society, concluded that
the project "Key Technologies and Appli-
cations for Visual Understanding in Intel-
ligent Social Governance," completed by
Shanghai Jiao Tong University and other
institutions, demonstrates high technical
complexity and significant innovation, with
substantial challenges in development.

The overall technology has reached an
advanced international level, with specific

technologies such as remote liveness detection under varying lighting conditions and cross-temporal and multimodal human feature
understanding achieving global leadership. The international academic community has highly praised several aspects of the project
team's research, and some achievements have been awarded prestigious honors, including the Special Prize of the Shanghai Science
and Technology Progress Award, the First Prize of Wu Wenjun Atrtificial Intelligence Natural Science of CAAI, the China Computer

Graphics Excellence Award, and the Science Exploration Award.
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Special Prize of the 2020 Shanghai
Science and Technology Progress
Award

China Computer Graphics
Excellence Award

@ Some of the previous achievements won honorary awards
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The First Prize of the 2024 Wu Wenjun A
Natural Science Award of CAAI
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Environmental Digital Twin Prediction Technology and Its In-
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@ Environmental Digital Twin of Key Transportation Infrastructure
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University of Leeds
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Introduction

This project has invented a group of tech-
nologies for digital modeling, prediction,
and early warning of key transportation
infrastructure environments, authorized
136 invention patents in China, the United
States, Europe, Japan, Russia, Australia,
and Singapore, and won 8 patent gold
medals in Geneva, Nuremberg, etc. The
products cover more than 50 countries
around the world, effectively promoting
the digital development of world transpor-
tation.

RR 3 KIME RS, R
B EHRA~

Overcoming Three Prediction Tech-
nology Problems and Forming Inde-
pendent Intellectual Property Rights

X “BERAFE m#, KB
TREWE. B X TAN
FERANDEFEERNERA,
Ba2T XREAMIGEN = IFIRHE
ERREE,

Facing the problem of "incomplete el-
ements”, a traffic environment element
measurement technology that integrates
vision, remote sensing, radar, drones, and
other modes has been invented, and a
digital element model library for the spa-
tiotemporal environment of key infrastruc-
ture has been completed.

Y REMT B, RBHT
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B KRR 5 ‘NTEER IRBHRERERTUIRA, RIET
HBIZEY. 2R, K. KNERRRENTUUEERI.

Facing the problem of "low accuracy", an intelligent prediction technology of traffic en-
vironment elements that couples "atmospheric simulation" and "spatiotemporal compen-
sation" is proposed, breaking through the bottleneck of prediction accuracy at different
scales such as ultra-short time, short time, medium time, and long time.

Y “hEIMET PR, T AEWRIML. MEEELH. HE
EHEMEFENEFTEETS, KM TEMIgRE. WNRSE. Tl /7
ERIENEEREE,

Facing the problem of "collaboration difficulty”, a digital twin platform with functions such
as environmental visualization, early-warning information release, and historical event
review has been developed to realize the interconnection of infrastructure, monitoring
systems, and prediction/early warning processes.

AIE AR 2 8 WA AR M @A TSR eIk E R
Y?% B 113 HFREABREF K 23 fhxE. BN, BA. SEH.
AR, FNREERABEH, BT BERIRF LR,

This project published 2 of the world's first English monographs in the fields of "Urban
Big Data" and "Traffic Robots"; authorized 113 Chinese invention patents and 23 interna-
tional invention patents from the United States, Europe, Japan, Russia, Australia, Singa-
pore, etc., forming independent intellectual property rights.
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Field Technology Intellectual
Property Rights
P Environmental Digital Model

Problems
- » icomplet » of Key Transportation ‘ 13 Chlnese invention patents
Infrastructure
Key 4.US. invention patents
Transportation
Infrastructure 1 European invention patent
T Prediction Model Driven by
» » “Mechanism-Data » 6 Japanese invention patents
Strong wind E
" 4 Russian invention patents
Heavy rain
Heavy snow 5 Australian invention patents
Severe pollution Collaboration Digital Twin Early Warning
3 Singapore invention patents

Difficulty
@ The project forms an independent intellectual property system
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Promoted Internationally and Forming a Demonstration Effect Gradually
REBEAEWEAETF 3 FtZ0~m, RARHRE. £E. RE. N
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8, FETEBENTEE5EF .

The original technology has been transformed into 3 core products and applied to more

than 50 countries including China, the United States, the United Kingdom, and Singa-

pore. The results have effectively improved key transportation infrastructure's ability to

perceive, warn, and prevent harsh environments, which facilitates the construction of

climate-resilient infrastructure, extends the service life of infrastructure, and generates
significant social and economic benefits.

AIMBEFFR 8 TIRTHAR 2% « EBEARE GX) « )
BREFMEMERUR 12 MBEHFLARAR. HEHEBARFER,
IXRATEERRREETELR,

The project has won 8 international patent gold medals in Geneva, Switzerland (2 times),
Nuremberg, Germany (3 times), and Paris, France, as well as 12 important awards such
as the Ministry of Education's Technology Invention Award, the Ministry of Education's

Natural Science Award, and the Wu Wenjun Artificial Intelligence Science and Technolo-
gy Award.

s many times

# 34 (PR LIEmiT, RREERTERFRE

Positively Commented by 34 Academicians and Won Honor from the Royal
Academy of Engineering

IMUERFRER. 34Ut/ x/R/MFERL. XEEHER. £
RRIERAREFERITE Nature ENRELTISIBFHLFFIFN, AR
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M. ITEME. eSS ESBRTEMANES X .

The project has been cited and publicly praised in authoritative journals like Nature by
9 international society presidents, 34 academicians from countries including China, the
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United States, the United Kingdom, and
Canada, the PACASE Award winner, and
MacArthur Fellow. They consider the
project as "...insight on the foremost fore-
casting techniques', and "...integrating
different models to overcome the relevant
problems of the different, individual per-
spectives, giving better performance in
terms of flexibility, computing efficiency,
robustness".

DMERRANRREER
IERALEFRIRENR (84
LHKFABMFFABEI2A)
PO EXETEZENESE =ZF
Springer-Nature “REHEBE” ,
Springer AFHIMEIFINS “U B
TEEETHINERAER. RO
BRBR T =M 2R, ST
THEBAMSHED T IFEL BT
R -

The project leader is selected for the Dis-
tinguished International Associates of the
Royal Academy of Engineering (no more
than 12 winners in all fields around the
world each year). The published English
monograph was selected for the third
Springer - Nature "China New Develop-
ment Award". Springer's public award
speech believed that "This book expands
the existing technology system of smart
cities, and original solutions are widely
used, making outstanding contributions
to the construction of urban smart brains
and the promotion of sustainable develop-

ment".

Smart Cities: Big
Data Prediction
Methods and
Applications

(€3 1.4 KRN SN )

&) springer

° MABE RREZE (Smart

Cities: Big Data Prediction Methods
and Applications)

rd" Winner
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sA*u \*" n Ab%*ﬁ*ﬁu ¥‘ﬁ&,‘ﬂ‘—m IﬁEI&}ET Al EEE;EEE%\ Eﬁ%%ﬁ-ﬂg’gﬁzmgﬁ%ﬂ The project has overcome three major
1‘ [/ The Project Has Overcome the Challenges of Applying Al in Industries such challenges in the Applications of artifi-

. . cial intelligence in industries such as life
as Life Services and Healthcare 9

Innovations and Applications of Cognitive ZerviC_es, fina:_ce, arl;ql_thealthcare: welak
o c 0 o4 S o y 7= 2 4 e < A omain cognitive ability, poor complex
DeC|S|on'Mak|ng Inte"lgence MER T ATBEELERS. SH. ErSmiaes, miad reasoning agbility, and di)f/ﬁcFL)JIt end-toind

HARIBENSE. BB NE. BEIBEMET AN, TINTETHE  anding It nas ashieved multiple techno-
ROVH: logical innovations:

S0y &R B~ A KR 5 E AE 4 45 7R 81 i 5 A

__The “Innovations and Applications of Cognitive [ ing Intelligence “ Project of ANT GROUP -

v M EZpE (W) BIw = o . . sl .
V. MA XIAO CAl ABEH ul $ 2 i § ‘ x & i
BMEFRERA "2 AIEFER AIERIER HPHNESHMARE 0 N Graph Computing - Large-scale Models

Digital Hospital Companion "Angel” AlLife Assistant AlFinancial Manager Digital Supply Chain Finance System

wxmemms, Ks1000+ i

Supporting scalable applications, serving over 1,000 institutions

AHIAEIE

2 SR
Hae® Bkl
BE Knowledge Graph 7 B 1 - Operational Optimization
BhEk R - 4 ' | . ’ e
EiERS 354 Bk

L LI i 1) 7= i =

Support end-to-end industrial applications

A e HIEESMATERERA LEERECH

@ The project has significant innovation in multiple artificial intelligence technologies

Fieu FESHs FFE BARBDS FumEn B TR 1LHET RZBHNAEARIERE, HEAHMAMITILTRST{Z  struction of specialized Al agents, and
EEARR RER ERE REE¥S AREE EERK = N bridging the last mile of Al application.

ZEAER, ERTET. SMSFAIAER, DERATARREER | platform supports several applica-
EHFEI“JLE']'}EIA*UTJ . § EﬁfZlﬁlEj BY) 5C B 4 TR R 2R T BIAH AR T 0 tions, including Al Life Assistant “Zhi Xiao-

services industry king supporting tens of billions of daily visits bao” Al Fi ial M “Ma Xi .
ao, Inancial Manager a Xlaocal ,

and the first digital hospital companion
“Angel”.

,A 1. We developed a trillion-parameter trustworthy large model foundation, which in con-
junction with hundreds of billions of specialized corpus and tens of thousands of industry
tools, has created large models for fields such as healthcare and finance. This has sig-

L RS nificantly enhanced the cognitive and operational capabilities of large models in vertical = N
i Y g P . g BRI E AL F 100 &

industries.
O, RREX50RE, BHRR
2. AT BMEFAIRARRSIE, BIEFS]. MREE. BFERKE  pamTrersss— %jg =<5

R EFR O ERAS . N N
Aﬂﬁxégfzu%mﬂnﬁﬂhﬁ é%ﬁgiup | a AR, SNTRTHCARBSGN, FUORMEREROTNR | Tupnmis—S%. FE
B, FHARBHS —FREZR

2. We developed a high-performance Knowledge Decision Engine. Through innovations I,
in techniques such as graph learning, knowledge graphs, and operational optimization,
real-time inference and decision-making have been realized based on trillions of user
behaviors, industry knowledge, and expert experience

£l

nf

The project has been granted over 100
authorized invention patents, published

B RSN ER PN\ FRARBKRTR, BRT ATEREEERS, M. ErFMETIE

ML AR, FARE. BFS. FiREE. BEMN. SEASXBEEAR LI TERRE, F‘J.L'f'{ﬁﬁ% ’ Y ' more than 50 top-tier papers, and some
MREE, MR TITULBREANATE, EFTHRMFIRA. IAAF. REEH  achievements have won multiple author-
itative awards such as the First Prize of

i == = N 0 = IR NIAPAN o

Introduction TR, WRETREMERRER, RATHE~ULNAH, FaE Zhejiang Science and Technology Prog-

The project was developed by Ant Group over eight years of technological research, which solved many technical problems faced TAEFER “TIhE (ASRER BN, UNENAREIZE  ress Award, the First Prize of CIE Science

by artificial intelligence in the implementation of life services, finance, healthcare and other industries. Significant breakthroughs were FEEA ‘L)) SNV A, andTechnology Progress Award.

made in key technologies such as Large-scale Models, Graph Learning, Knowledge Graph, Operational Optimization, and Al agents,

resulting in significant industrial application effects. 3. We developed an industrial Al agent application platform, supporting the rapid con-
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Over 100 authorized invention patents

S50RFERAZRIET

Mi than 50 top-ti ,More th &
ore than op-tier papers,More than 50 CCF-A papel e

B2z 4 5

4 Best Paper Honorable Mention

Biew 1 &

107 ER ExRing

Over 10 international/national standards

e MEFEMRR ® The Main Achievements of the Project

mBBrrzMNAFET. SMETIL

The Project Has Been Widely Applied in Industries such as Medical, Finance
WMBB ZNBTAERS. EfF. £E T, EEHDATEE

HIFEMEL, FNEEE. BENT:

As of now, the project has been widely applied in more than 1000 institutions in indus-
tries such as life service, healthcare, and finance. As follows:

CAIEFER WNFE

» 048

1. EEFRSME, MAXE
HETERE MRS A RERMN
B “hE"

1. In the field of life services, the project
has developed the first service-oriented
Al native application “Zhi Xiaobao”.

@ Al Life Assistant - Zhi Xiaobao

CHARM OF SCIENCE AND TECHNOLOGY *SI'HZ%

2L AEETIE, NEERSTLEBOCNER. LET—ER. W18 EEESSKERMNNG, EFIHNE

TEMNHFRREAZIZ) LBRSINI 1000 ZREFTHME, HBHALRIZE

W8I 50%,

2. In the healthcare fields, the project has served multiple hospitals and institutions such as Shanghai Renji Hospital, Shanghai Gener-
al Hospital, and so on. The digital hospital companion “Angle” has provided services to over 1000 healthcare institutions in Zhejiang,

helped reduce the consultation volume for manual guidance by 50%.

REILFIREBS~

- | Esi11000B e

serving over 1000 healthcare institutions in Zhejiang

gEmArsesnEns50%

helped reduce the consultation volume for manual guidance by 50%

YRl LS B3

:Hﬁﬁﬁﬂ"z\ﬂ, REERSL & SRR iR R

?Isﬁiﬁfé\'zxi?
nﬁﬁﬁggmg !ﬁﬁtﬁ*ﬁ*]iﬂﬁ%iﬂ%

® HFREAN “RiIZ)V

@ Digital Health Companion "Angel’

JETRURRGE, TEEERA T IVHELHXBESRSEX
FORZIERES], SEMTEN. BUE. MXSBANERRE, BRER
TR A BRES MRV D),

3. In the financial decision-making field, the project has significantly improved the ability
to depict key portraits and credit risks of micro-enterprises, achieving fine intelligent de-

cision-making for access, loan limits, and interest rates, effectively alleviating the financ-
ing difficulties of micro-enterprises.

BEERETLABRMDRLRAERET RIRER

The Project Has Played a Positive Role in Promoting the Opening Up and
Coordinated Development of the Industry

MEBIEDIVERE. ABITLEIEESEAH, RlRES/. BT
FT AR, WRARE, XETIHRFHEREFELE T RIRER.
By promoting standards development, open industry datasets, and other means, the

project has played an active role in promoting the opening and collaborative develop-
ment of industries, supporting industry digital transformation.

1. FFME5E0G / BRITE
+R R, BEFMIREE. BF3.
RIRBE Z MR
1. Hosting and participating in more than
ten international/national standards, cov-
ering knowledge graphs, graph learning,

large models, and other technological
fields.

2. BERREK ST AR
BEMEEAER2TULFR,
8177 Al TRBETT Lo

2. Build or collaborate with industry part-
ners to jointly build multiple datasets and
open them to the entire industry, helping
Al empower the industry.
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@ Snapdragon X Elite platform
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Snapdragon X Elite: PC Platform Built for Windows 11 Al PC

with Industry-Leading 45TOPS NPU

SRELBERA (FE) BREQF

Qualcomm Wireless Communication Technologies (China) Limited
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BIBAETF 2023 F 10 BHEEHET N Al PCHTIERNER X Elite ﬁ@,
EEMITH CPU MRE. KR Al #HEIBM KX SRR BIMEM, THEE
[TFTET £% Windows 11 Al PC @3, EEZRSHEZETS, ‘ﬁﬁ*
SR Al ARV~ 0. BIEFNIR RIA TR,

Introduction

Qualcomm introduced the Snapdragon X Elite platform built for Al PC in October 2023.
With leading CPU performance, on-device Al inferencing, and up to multiple days of
battery life, Snapdragon X Elite is powering PC OEMs to build brand new Windows 11 Al
PCs, and support the intelligent and power-intensive tasks, delivering productivity, cre-
ativity, and entertainment experiences enabled by on-device Al.

B PC, WIITEEE. BEXAANE REIFIEFTITAT

PC Reborn, Setting New Benchmarks for Performance, Efficiency, and Intel-
ligent Experiences

Pk X Elite B —RVIQUFRAMIT WAL RAEFNERS
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Qualcomn Ei&

i& Oryon CPU, #E 1215
A%, FHA 3.8GHz, WiZIERE
KRR SR ZIEAE
4.3GHz, BB MEMAE 4GHz L
EH ARM 245 CPU #Z0; BBR
HAYRERI R, BREITHFE T IERER
B 5T X86 LRI M ; IAFIAEE]IE
B, DEALRERBEEX
BRSNS, &AL Adreno GPU,
BEBLIHBREN ISR 4.6 512
R RIEEER R,
Snapdragon X Elite features a series of

industry-leading innovations: a) the cus-
tomized integrated Qualcomm Oryon CPU

CHARM OF SCIENCE AND TECHNOLOGY *ﬂﬁz%

with 12 high-performance cores running up to 3.8 GHz, with dual-core boost technology
to lift the clock speeds up to 4.3 GHz, making it the first CPU core on ARM architecture
to hit over 4 GHz; b) outstanding power efficiency, delivering significantly better perfor-
mance than the X86 competitions at the same power, and match their peak performance
at significantly less power consumption; ¢) integrated Qualcomm Adreno GPU, delivering
graphics performance of up to 4.6 TFLOPS with incredible power efficiency.

B XEite RALWMBEMWEBEASIE, AETLALENER
45TOPS #JJ NPU, KIS 4ee. RINFEAIEE, Eﬂﬂﬂﬁ%’ﬁ‘éﬁ’\]/l\’lﬁ
WAL, HRESRWIME Al PC IS, 1o, ZTFasINEGBEBIRA
ZK, 2 10Gbps 56 THIRE. =@ FastConnect 7800 Sz #HI Wi-Fi 7.
Snapdragon Seamless. 18-bit Fe## &k ISP, Snapdragon Sound %%
HFITEAR, SR RALNERE. REBNS AL, SEHNRE
SRIMAAF B,

Snapdragon X Elite adopts the brand-new heterogeneous Qualcomm Al engine. With
a NPU of industry leading 45TOPS computing power, Snapdragon X Elite delivers
high-performance, low-power Al inferencing, empowering intelligent and personalized
user experiences, and bringing groundbreaking Al PC features. Leveraging Qualcomm's
extensive mobile technology expertise, Snapdragon X Elite also features up to 10Gbps
5G download speeds, Wi-Fi 7 powered by Qualcomm FastConnect 7800, Snapdragon
Seamless, 18-bit advanced camera ISP, and Snapdragon Sound, to bring industry lead-
ing connectivity, streaming, audio and video experience, enabling productivity and cre-
ativity anytime, anywhere.

Snapdragon AR A
L7/ .

///'——
y

X

Elite

SURIEAE
AFPER

® X X Elite B2 PC 1448

Snapdragon

&

Game Changing
Performance
& Efficiency

X

Elite Bt

PERFORMANCE
REBORN R

forAl

@ Snapdragon X Elite is making PC performance reborn

FiFE#t Windows 11 Al PC

&M, SI4MAIPC mELRE

Supporting the First Wave Windows
11 Al PCs Going to Market, Advanc-
ing the Al PC Development

X XEliteZ X 8 #t
Windows 11 Al PC B 3R R I &,
Windows 11 Al PC 2 & i #
HZ'I E"\J i#ﬁ Windows PC fa ;’é; =
Windows FE T+ FREANET
%, BiEshEYE PC, ik Windows
R RZERRSCIFNEEENS
1L,

The first wave of Windows 11 Al PCs is
exclusively supported by Snapdragon X
Elite. Windows 11 Al PC is a new category
of Windows PCs that marks the most sig-
nificant change to the Windows platform
in decades, which is making the PC re-
born and restoring Windows ecosystem’s

industry leadership in innovation and per-
formance.

Bal, . £, #@/R B
T, B8 A= ES 2RIt
OEM B LEIB 20 IBHBRL X &
5By Windows 11 Al PC, %3k T
BEBEEF. QIENNREER
mH e A BEl, RMREANA
BARHRARTE, WEEHER
WWEAFAA PCRRAES. B
‘LA, RERSHE, LA

FUHE,

Over 20 Windows 11 Al PCs powered by
Snapdragon X series were announced
from leading global OEMs including Acer,
ASUS, Dell, HP, Lenovo, Microsoft, and
Samsung, bringing many great Al use
cases across productivity, creativity, and
entertainment. Snapdragon-powered Al
PCs are not only bringing transformation
to individual user experience, but also en-
abling enterprise users to boost produc-
tivity, reduce costs and improve quality of
service with Al PCs. This will enable Al to
be applied across industries and accel-
erate the enterprise and industry digital
transformation.

Rk, T X RFITFERHE
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BB PC = mEESHNES Al PC ™=, IKah Al PC ELRIRIRRE B
& Canalys R#T#UE, 2024 FHE_FE AIPCHIEE/H 880 5 &, 44
ZE PC BHKE 14%, FEEFA NPU BN FSEEARY K, LIRSTHE
BERI R I AN SRELE BT, Al PC IMNMEE ML REFES.

In the future, Snapdragon X series platforms will power a broad spectrum of Al PCs in all
form factors and drive rapid development of the Al PC category. According to Canalys’

IS XRTFE A RBERIWindows 11 Al PCIE
SHA2084%%%

EHER W/Rinspiron B/Rinspiron W/RLatitude 7455
Si5 R R Plus

~ &

Z 3 g

latest data, Al PCs are expected to ac-
count for 14% of the total PC shipments
with 8.8 million units in the second quarter
of 2024. As the adoption of NPU continues
to expand and the benefits in performance
and efficiency become increasingly clear,
the value positioning of Al PCs will remain
powerful.

BURXPS 13

=BGalaxy =BGalaxy
Booké Edge (167} Books: Edge (147)

B B § b <

RESwift 14 Al W/RLatitude 5455 W/RLatitude 7455

® X X RYIFAMEER Windows 11 Al PC 1&#&

Snapdragon’ X Series Platform Enabled Windows 11 Al PC

Announced May 20, 2024

B a8 s

< Acer Swift 14 Al Asus Vivobook S15 Dell Inspiron 14 Dell Inspiron 14 Dell Latitude 7455
Snapdrag: Plis

Sm w8 ¢

Rsuface
Laptop 13

n

Dell XPS13 HP OmniBook X
Uttra

o

Microsoft Surface Microsoft Surface Microsoft Surface Somsung Galaxy Samsung Galoxy
Pro

Lenovo
ThinkPad TI4S Laptop 13 Laptop 15

had ©

Acer Swift 14 Al Dell Latitude 7455

@ Windows 11 Al PCs Powered by Snapdragon X series

» 052

Book4 Edge (167 Booké Edge (147}

Microsoft Surface
Loptop 13
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MEE2HMIT I R RINEME HE
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Bringing New Opportunities for PC
Industry and Empowering Industry
Transformation of Intelligent Edge
Devices

Canalys TS & 1 AR Al
PCIREHTUM, Al PCHYHBE
BEiRPCHZHRZTRAF KR, A
BRETUNDKIE, Bk XElite §
IR AEE M &M P S mih
R Al PCo Ak, mB5EA PC
EERFEME, BREENFERML
NEENS I D, 8RB5FE
ODM. IBVFIIHV] B&1E, &8
HERNOIET, EFIDAR PC RIS,
B, Hmohr b i EA R
B NFARERBTEMNSZR, U
Rse Al REH R AMETH L
o X Elite IEMIR, SBATIERE
MR T—1C A PC R AL, K
i 2 B9 Windows R A3 IE £ 3k v
& EREIETT.

In Canalys’ Now and Next for Al-capable
PCs report, it is predicted that the advent
of Al PCs is expected to restore the PC
market and evolve the user experiences,
marking a turning point for the industry.
Snapdragon X Elite is designed to power
Al PCs for all kinds of users, in all kinds of
form factors. Qualcomm collaborates with
partners across the entire PC ecosystem
to ensure every part of the value chain
is optimized for Snapdragon, including
working with key ODMs, IBVs, IHVs to
help drive innovation, and re-imagine
PC form factors, firmware, and software,
driving the PC industry chain to upgrade
together. With best-in-class Al hardware
and software technologies and rich Snap-
dragon X Elite powered devices, Qual-
comm is also providing tools and supports
to developers to accelerate next genera-
tion Al PC application development. Now,

more and more Windows applications are
running native on Snapdragon.

SRR BEmBRS R,
TREE 2 HCEEIABYE RER IR &
B, b Al FEARMLELAI PC
ARG L TRELIKEF

REMMREFERPONBNEN, ZREEETI SRS F LR
B, WepRRRER S, NEREFRBRIRMEEEE.

Qualcomm will leverage its comprehensive solution offerings to empower the industry
transformation of intelligent edge devices on a global scale, promote the adoption and
popularization of generative Al and smart productivity tools such as Al PCs in global
economy growth, social life and production. This will broadly empower the industry and
enterprise digital transformations and drive the development of new quality productive
forces, so as to cultivate new catalysts for global economic growth.

TR AE 2 #T AT REE

ABEXBHTIERIZ BERBEERN

AERELIE BaaNEMER THBEENEE
MELMMmeHT

MERRSRE BaHIPCREAS SRBMAEM AREQWFRE
o7l - RERERS RhD Y

® 3% X Elite J9 PC 1TV IRBE2FFTAEME

Powering
new possibilities

Al transforms interfaces Experiences become context
and workflows aware and personalized

Al accelerates Mobile conferencing Designed for robust Emergence of hybrid Al
content creation grows more life-like trust and security cloud and edge services

Immersive multimedia Convergence of Multi-day battery life Revolution in
becomes standard mobile and PC empowers mobile workforce developer innovation

@ Snapdragon X Elite empowers new possibilities for the PC industry
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Arm CSS for Client: Redefining Mobile Al Experiences

CSS for Client

|
_ Corelink Interconnect & SMMU |

arm

arm

Cortex-X925

Physical Implementations

arm
Cortex-A520

arm

Cortex-A725

DSU-120
I I I

IMMORTALIS-G925

Key

B Production ready physical implementation on 3nm

® Arm i CSS B&&HRHHY Armv9.2 CPU. Arm Immortalis GPU. BEF =R T ZEFFLER CPU #1 GPU #3252, UK CorelLink &

FHENRFARNEFEERT (SIVIIVIU)

@ Arm Compute Subsystems (CSS) for Client, integrating the latest Armv9.2 CPUs, Arm’s Immortalis GPU, as well as production ready physical implementa-

tions for CPU and GPU on 3nm, and the latest Corelink System Interconnect and System Memory Management Units (SMMUs).

Arm ‘A F]
Arm Limited

5

B ATERE (A) RHAFEXE,
Arm ¥EH T B E X B nhin Al AR
MR EF R4 (CSS), AFFAE
MRLAFPREEZNS, RIE
B FISE AR, MEMAY B
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BB IEF o
Introduction

As Al era accelerates, Arm is redefining mobile experiences with the release of Al-opti-
mized CSS for Client. It is designed to deliver greater uplift of performance, efficiency,
and scalability for consumer devices, benefiting developers and end-users.

Arm £ CSS FHRSEIRS IR Al {AISRIR PR

Arm CSS for Client: Pushing the Boundaries of Al Performance for Premium
Mobile

NHBBhIHI Al R, Arm #EH T 81F Arm®v9.2 Cortex® CPU
£8. Arm Immortalis™ 5 Arm Mali ™ GPU. BEF=ZHAKX T Z4E~5
2509 CPU #1 GPU #J32S2FI. CoreLink™ R4 BEMAFZARNEFEERT
(SMMU), DUKBh O E M F & EEE Arm CPU E&EMAER Arm Kleidi
ERMNLIFITEF R4 CSS (B “Lix CSS” ) o 5 2023 Arm £m@it
%ﬁ@)}%ﬁﬁ (TCS23) F&tath, Kign CSS EXBEEM—MRITERMIE

BTEENEAEY, Z2Am B ARLERARERINITETA,

Arm CSS for Client targets consumer devices, integrating the latest Armv9.2 CPUs, Arm’s
Immortalis GPU, production ready physical implementations for CPU and GPU on 3nm,
as well as the latest Corelink System Interconnect and System Memory Management
Units (SMMUs) and the Kleidi software providing developers with frictionless access to
the best performance possible on Arm CPUs. CSS for Client is Arm’s fastest platform
for Android to date, with significant improvements across key benchmarks and general
compute use cases compared to the TCS23 platform.

Arm £ CSS Bt EMBEFHREIRTFT 7 30% MU E, LUFREERE
FRAf RSN E TERE, BN A HEREIRS T 59%, pliEMA
FEMZB A/ NEEFES (ML) B TEAH. Cortex-X925 7£ Al

Arm 215 CSS: Arm BRIERAZE
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EE
EEMAREEREE (LLM) Fi8E
ImAEM T Al IR BE ST, TOETEY
Immortalis-G925 GPU 7 %
M4 LR FH T 34% MUMERE. Arm
IEFEMIER LIRS CSS NERAYHEER
BFITEFEE, RKACHF S
FRH Al R Ro

Arm CSS for Client can address de-
manding real-life Android workloads
with a greater than 30 percent increase
on compute and graphics performance
and 59 percent faster Al inference for
broader AI/ML workloads. Additionally,
the new Cortex-X925 CPU provides a 41
percent performance uplift to improve the
responsiveness of on-device GenAl, while
the Immortalis-G925 GPU can deliver 34
percent more performance for multiple Al
networks. Through the platform, Arm is
building the future of consumer computing
for the Al-based experiences of today and
tomorrow.

CSS for Client: Arm’s Fastest Android Platform

il ————E UL N el o T — +30%

BB e +33%
AI!‘.’IiFv.?(\.B LT | raeeee— +46%
ALRREAESRAERE o +42% 2 Al LLM Performance
R | e— +60% ebbiovae
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arm

® Arm £ CSS 7 Al. KIEEY,

or Client significantly enhanc xperien
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for Client

+170%

arm
COMPUTE LIBRARY
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Unleashing Al Performance for Premium Mobile with CSS

Al inference on GPU
Faster Alinference on Immortalls-G925
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Arm £&iF CSS: WaET—11X
B Al A3
Arm CSS for Client: Enablement of
New-Generation On-device Al Expe-
riences

Arm £ 05 CSS B B R H
BEBFIGEHITENH—K A KR
THTE, CRPEBTEEBD
RELRBEHENZTEXKR,
Armv9.2 CPU B R T 2+4+2
CPUREE, KRKIEBT CSSFA
TEZRGIN %R, BI5APP B
. Kz Al ERE; CoreLink ¥ L3 &
TFAR/NM 8MB 18 1NE 16MB, F1E
SEPHNFERZZEBHEEZ, B8
FH—PMREETERHNITE
R ; Arm Immortalis-G925 & A
4N EBRBAZMAMBHE 12
%77, LZEHDFA3Inm TZMmME
RNERERNLE. EEETER
K GPU 2249, EMEMEEF
Fri&itH9 Arm Immortalis-G925,
Arm 235 CSS BRI M ENK
BB RE S ESRIN T BE R o

CSS for Client is the purpose-built plat-
form for the next generation of Al ex-
periences across a broad spectrum of

= T HRREYR A S

SEL Tape out-ready CPU and GPU physical
CPU 71 GPU #3252 implementations built for 3nm, multi-foundry
5 DENRI, TE=44 A Co-designed with CSS RTL to deliver
SHEBITNEE. (EAEIER QrmDynomi@ DSU-120 industry leading PPA on 3nm QrmDynomiQ DsU-120

5 CSSRTL @&, =
FRAKEHITHIE, HERENER

SEBY CPU Al GPU $3¢

consumer devices. On mobile, users will experience Android like never before. Armv9.2
CPUs have chosen 2+4+2 CPU cluster which helps improve performance of important
use cases like app launch and Al performance on the CSS platform. CoreLink increases
the L3 cache size from 8MB to 16MB, which is shared across all cores in the cluster, will
contribute to a further speed-up for compute heavy workloads. On the GPU side, Arm Im-
mortalis-G925 has opted to implement 14 shader cores with 4MB of shared L2 cache to
make use of area reduction with 3nm process. CSS for Client achieves stunning graphics
and console-level gaming performance through the Immortalis-G925 for flagship smart-
phone devices, which is built on the 5th Gen GPU architecture.

TERZR CSS W—8F5>, Arm BEFMAENRI SEWE, HEI%
ITH AT CPU 1 GPU #3250, EAREIERA LR Cortex-X925 CPU
AR Immortalis-G925 =K T Z2894IRRIM,. XBBITF Arm IS TEIK
HEZHARITZ LB RAERENFESINE, Mm@ (PPA) 5, H
BT E AT A R ERBESRNFLSEHBENGEL I, Arm
SR EBEB RIEHER Arm &% CSS RMESEM. EBERK
R CPU S8/ GPU,

As part of CSS for Client, working with leading foundry partners, Arm is co-designing and
delivering CPU and GPU physical implementations, which includes tape-out ready Cor-
tex-X925 CPU and Immortalis-G925 physical implementations for 3nm. This helps part-
ners to access the full PPA (power, performance and area) benefits on the 3nm process,
while shortening silicon development and deployment timelines through the produc-
tion-ready silicon solutions. It also gives partners the flexibility to build market-specific,
differentiated CPU clusters and GPUs using CSS for Client.

BEBWES PPA L. SKIMES Al THRERINZ AL, K CSS K
BN Arm SFRIKHFTIEE SRV S, M RN Arm £ RGBTSR
ESprii

With maximizing the PPA benefits, enabling more Al capabilities and application expe-
rience for premium platforms, Arm CSS for Client can help Arm’s partners to create ad-
vance SoCs, driving the evolution of Arm ecosystem.

1 ] ~-  Enabling differentiated CPU and GPU clusters

gxgv‘ms.cvzs I___l_ g:gzr\ms G925 | I_

© YIRETMBHHREIM=40K PPA (L5

Arm ii CSS AT FRTER Al EER AR

@ Unlocking 3nm PPA Benefits with Physical Implementations

& Al TEAHNITERE

Arm CSS for Client: the Technology Foundation for Al Everywhere

EJ9 Al BUBIFTEME R, REEWEEER Arm HETF R, 5K
, BTFIEET Arm RIS F B8 EEE 2,900 1251,

Arm architecture is the world’s pervasiveness computing platform being the foundation of
Al innovation. As of now, Arm partners have been shipping 290 billion Arm-based chips
to the market.
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MEZBEFHL. Al PC. ERmEoh&E XR I FEIEEFEZLEEBFIEE,

As Al workloads continue to get more compute intensive and complex, Arm is laying the
foundation for next-generation Al, with more compute and graphic performance, better
interfering efficiency, more Al applications enabled, and lower power consumption at
the heart of the latest Armv9.2 CPU cluster. These benefits are scalable across a broad
range of consumer devices, from flagship smartphones and Al PCs right through to
mainstream mobile, XR and wearable devices as part of Arm’s commitment to enable Al
everywhere.

Arm FFEIETD Al SRR R R, TRITE] 2025 K, B 1,000 26
EHTF Arm RS EE I H7F Al fA. Armv9 CPU AT 2R AT IE
AL Al BREFAFTEHRIC A, HAPEEREE Google Tensor G3 S HHY
Google Pixel 8 #1 Pixel 8 Pro. £IK K60 EBhfR, LUMKIEH MediaTek X
Y1 9300 & A AY vivo X100,

Arm is driving the Al evolution and expects that more than 100 billion Arm-based devices
will be Al ready by 2025. Armv9 CPU technology has been adopted in silicon across
leading Al-enabled flagship smartphones, including Google Pixel 8 and Pixel 8 Pro (Goo-
gle Tensor G3 chipset), Xiaomi Redmi K60 Ultra, and vivo X100 (MediaTek Dimensity
9300 chipset).

TERERER Al B, Arm 923k 2000 AFAREHL T I 2/
REMREHE XS 518 Arm Kleidi, BBIFRENRESmARNAAE
2ttee. TEMMMAE, MAFTELEFR Al F~RmMRS.

Avm(‘F‘UV
i C

RI AfFRFEHE

© Arm 7 CSS SEILEM Al FERITET S

edge process nodes

In the ever-evolving, fast paced age of Al,
Arm is steadfast in support for the over
20 millions of developers worldwide and
ensuring that they have access to the
performance, tools and software libraries
needed to seamlessly create the next
wave of stunning Al-enabled experiences.
This is why Arm launched Arm Kleidi, a
broad program of software and software
community engagements for accelerating
Al.

Arm &5 CSS M AT —R
BEEFH. BRNEMITETS,
RHRBAVERERNAITHY Al 1KLR,
B ES U IME Al BRI 53
W&, £ Arm TEHEMEZE Al K
Arm CSS for Client is the platform for the
next-generation of smartphones and PCs.
With these technology improvements,
ecosystem partners will be able to seize
the opportunity of Al by enabling ad-

vanced features to build future on-device
Al experiences, on Arm .

Highest performance Arm CPU and GPU and
continued investment in Arm CS$ for Client

Foundry partnerships to optimize for leading

Continued Armv9 innovation with more Al and
security capabilities

Relentless focus on developer access to arm
Al performance, tools & software libraries Kleidi

@ Arm CSS for Client delivers a foundational compute platform for Al

The Future of Al is Built on /drm

® Arm KK Al ER

@ The future of Al is built on Arm
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LAMOST X{FiL#iER BN LZHFS

LAMOST Astronomical Spectral Data Processing and Release
System
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@ The authoritative database is constructed from three key aspects: data quality (unique ID and traceability), service capability (upgraded and optimized
large-scale cross-identification system and asynchronous online data table processing system), and international impact (protocol compatibility, expanding
international cooperation channels, organizing global training courses, and integration with international authoritative organizations)

FEMNFRERAIX G ‘“"’Q
National Astronomical Observatories, Chinese Academy of Sciences (NAOC) ,‘feﬁ'{‘:ﬁﬂ%ﬁfﬁ
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Introduction

Spectral surveys are the foundation of
large-sample astronomical research.
Reliable and uniformly sampled spectra
are crucial data sources for astronomical
studies and form the theoretical basis
for humanity's construction of cosmolog-
ical models. the LAMOST Astronomical
Spectral Data Processing and Release
System has published up to 22 million
spectra, making it one of the primary in-
ternet-based spectral data sources in the
international astronomical community.

LAMOST X {& 3¢ & £4 37 &b 12
MEAHFaRMBVBIEMRS
SR A EFRRZ

The Data and Services Provided by
the LAMOST Astronomical Spectral
Data Processing and Release Sys-

tem Have Continuously Enhanced
its International Impact

8 A W 42 7 LAMOST 3%
AR A R B AN hN AR AT 8
M, LAMOST X B HIBEEZE S
REHERMAEKFE, BRRT HE
REBTIHNIME KT, FBY,
BIRIBAFPERISETEHEL
RS, RABEBRRYE, LU
LAMOST WELBIERR T 12
24, AP EEMGEARS
BB, BEMNZRN T ARRMEE
EBHRBRAARER. BTHIEN
B EMEMZiHEME, LAMOST Xk
FEHIRLBN LR EES5EMK
XARAEFENERMEUEEHIT T
TN, BiEAESShT R R
FE CDS, RR= /3R ZE ESASKY,

EEEMARANE GVO. EELNHES T SDSS HiEESE. &= B85,
LAMOST BFR 823k 1800 U T W RXFR, BAZIIERSEREN
BREBINTIEN, MRT ALSEARER. TZFENLRIAR.

By continuously improving the quality of LAMOST spectral data products and enhanc-
ing data traceability, LAMOST spectral data is gradually reaching a world-leading level,
representing the current state of astronomical data in China. At the same time, we have
been continuously refining the data release system based on user needs, enhancing
data retrieval efficiency. The implementation of the LAMOST online asynchronous data
table processing system enables users to upload and process large amounts of data,
meeting the retrieval and research demands of scientists for datasets of various scales.
Due to the reliability and accessibility of the data, the LAMOST Astronomical Spectral
Data Release System has been integrated with major international astronomical internet
databases, including the CDS Strasbourg database in France, ESA's ESASKY, the Ger-
man Virtual Observatory (GVO), and the SDSS database at Johns Hopkins University in
the United States. To date, LAMOST has served a user base of 1,800 professional as-
tronomers worldwide, leading to the publication of over 200 high-impact journal papers
annually, deepening humanity's understanding of the structure, formation, and evolution
of the Milky Way.

AMOST CABVE

Large Sy Area Muli-Object Fibar Spectiescopic Tebscops [LAMDT) = 2

® LAMOST EXRBICNEENMELE EHT SDSS #iERE
@ LAMOST Catalog Integrated into the SDSS Database at Johns Hopkins University, USA
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® LAMOST EXRBICNEE S HIHTE #ER CDS RER
@ LAMOST Catalog Integrated into the CDS System at Strasbourg, France

LAMOST XA IEHELIEM L HF areIF1Eigit

Innovative Design of the LAMOST Astronomical Spectral Data Processing
and Release System
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A unique identification system has been
created to project spectral data onto
photometric images, calculating the cen-
tral coordinates of each celestial object
and constructing a unique ID identifier.
This significantly simplifies the task of
astronomers performing cross-matching
across multiple catalogs, enhancing the
relevance and consistency of the spectra.
By building a data traceability model, the
system effectively integrates full-process
information from data acquisition to pro-
cessing, ensuring traceability at every
stage. New data analysis and traceability
tools are provided in the user interface,
allowing single-object traceability and
batch statistical charts for various types
of spectral data. Additionally, we have
developed a system to assist users in
cross-verifying LAMOST data with other
well-known catalogs, such as Gaia and
Pan-STARRS, ensuring users can find
corresponding targets in other catalogs.
The LAMOST internet database has also
implemented the interoperability protocols
of the International Virtual Observatory
Alliance (IVOA), ensuring that widely used
international data analysis software can
easily access LAMOST data.
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LAMOST Astronomical Spectral Data Tracing Model
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@ Data Structure and Traceability System of LAMOST Astronomical Spectral Data
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The LAMOST Spectral Data Processing and Rel System Has Become an
Authoritative Stellar Spectral Database System
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® LAMOST 5EthEIZER (40 Gaia. Pan-STARRS %) #H{TRXXIIEM AL

@ System for Cross-Verification Between LAMOST and Other Well-Known Star Catalogs (e.g., Gaia,
Pan-STARRS, etc.)

After more than 10 years of development, the LAMOST Spectral Data Processing and
Release System has become a vital tool for Galactic research and is widely recognized
by the international astronomical community for the high-quality data it provides. Over
40% of the authors of significant research results using LAMOST data directly download
the data from this system. These studies have advanced our understanding of various
aspects of the Milky Way, including its size, overall shape, internal structure, chemical
composition, and formation history. The system not only supports scientific research but
also has a significant impact on higher education and public science outreach. Many
universities use the platform in their astronomy practical courses, and some organiza-
tions utilize its data for artificial intelligence competitions. High school students have also
used the system's data for science and technology innovation projects, with one project
winning first prize at the 39th Beijing Youth Science and Technology Innovation Compe-
tition. In recognition of its outstanding societal benefits, the LAMOST Spectral Data Pro-
cessing and Release System was awarded the second prize in the 2020 Beijing Science
and Technology Progress Awards.
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® LAMOST Data Retrieval and Download System
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® Certificates Awarded to Scholars for Achieve-
ments Using the LAMOST Data System
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Al-Oriented Cloud Computing Infrastructure
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Globally available products and services
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Full-stack Al-oriented technologies
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@ Through continuous innovation in core technologies including computing, storage, and networking, Alibaba Cloud offers technologically leading and inclu-

sive computing services for the Al era
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Alibaba Cloud Computing Co., Ltd.
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Introduction

Based on massive training datasets and complex models with ultra-high parameter
counts, leveraging powerful computational capabilities to abstract information from data
has become the mainstream approach toward achieving General Atrtificial Intelligence
(AGI). This makes the efficient utilization of computational power particularly urgent, ne-
cessitating a systematic upgrade of the cloud computing software and hardware archi-
tectural frameworks.

In 2009, Alibaba Cloud proposed the visionary concept that “A data center is a single
computer.” Today, in the era of Al, such a technical framework has become even more
essential. Serving as a supercomputer, cloud computing can efficiently integrate hetero-
geneous computing resources, breaking through the performance limitations of individu-
al chips, and collaboratively accomplish large-scale intelligent computing tasks.

SMITET @M Al =it HEMIgHE

A Brand New Al-oriented Cloud Computing Infrastructure Has been Devel-
oped

REFELSIT B, AR EMIZHENERE. WEXERES,
CPU FESMITBEEABEIRA GPU =M Al TEFRRERE, MERIEL
AL, SEEMREES. TE. 7. WS, EE. 3B, H
5 A HREHEER. BE, MEERENARMNA, 715 A NANEIT
BEEMISE,

In contrast to the traditional IT era, the Al era demands higher performance and efficien-
cy from infrastructure. The computing architecture, once dominated by CPUs, has rapid-
ly shifted towards a GPU-centric Al computing system. Alibaba Cloud is reconstructing
its underlying hardware, computing, storage, networking, databases, and big data with
Al at the core, integrating and adapting these elements organically to Al scenarios. This
accelerates model development and application, building cloud computing infrastructure for
the Al era.

BT EEREAX Al RSESER, ZIFEWNL 16 GPUs; A AGITRIS MEAE
MLRE2H HPN7.0, BJFREEEBE 10 5 GPU , AR il A
I’F 10% LA E; BB CPFS XHH17ME, #IEEM 20TB/s, ~NAIBEIE
HIEMRY BFMEEES);, BTNt EEENMERARERITELEH—
REEITE~RRE, HA NAREEERNRITERS, BETER

SEREEL GPU BB, BORINRAIAE, KSIMITtEEMEMMAE
BIRF; ALTEBETFE PAl, BERIARERBNNIGHEE—ARLEEREE,
Al BEHEF B 90%.

The newly launched Panjiu Al server supports up to 16 GPUs per machine. The high-per-
formance network architecture HPN7.0, designed for Al, can stably connect over 100,000
GPUs, increasing end-to-end training performance by more than 10%. Alibaba Cloud's
CPFS (Cloud Parallel File System) provides data throughput of 20TB/s, offering expo-

TR RERAH, TiEA

Next-Generation Cloud Architecture: A New Paradigm Built for Al

nentially scalable storage capacity for
Al computations. The new generation of
intelligent computing products, Lingjun, is
built on a novel computing, storage, and
networking technology system, providing
cluster-level accelerated computing ser-
vices for Al applications. The container
computing service has introduced GPU
container computing power for the first
time, enhancing computational affinity
and performance through topology-aware
scheduling. The artificial intelligence
platform PAI (Platform of Artificial Intelli-
gence) has achieved integrated elastic
scheduling for training and inference at
the ten-thousand GPU level, with effective
Al computing power utilization exceeding
90%.

AT B LT S B TR 7 L
HIL7E Forrester. Gartner 414
MM DITIREF,; EXZOEAR
R R # B #H SIGCOMM. HPCA.
ICDE. ACM EZ PN ERTAK =W
R

This project has gained industry recogni-
tion, appearing in analytical reports from
well-known organizations such as Forrest-
er and Gartner, while advancements in
related core technology exploration have
been included in several top academic
conferences, including SIGCOMM, HPCA,
ICDE, and ACM.

FeAit Rt T ve

® itBEERR 2R, TS Al BiigiERER

@ Next-Generation Cloud Architecture: A New Paradigm Built for Al

065 «



CHARM OF SCIENCE AND TECHNOLOGY *ﬂ'ﬁzﬁ

APN7.0 S1EREMZEEEH

HPN7.0: High-performance Network Architecture

FEVER BRI, RIREEEBII10ATGPY, ILEIER ML E H—aBRITEN

A next-gen cluster architecture for Al computing that connects over 100,000 GPUs, turning data centers into supercomputers

Back-end GPU Interconnection Front-end Storage+VPC

EURINRIT, BINERIBBGPU

New Topology Design, Easily Connecting Massive GPUs

«  Simplified two-layer architecture between any GPUs, easier to
scale

+ Achieves efficient connectivity

Al Infrastructure Alibaba Collective

Monitoring and Communication Library
Solar-RDMA HPCC Flow Control EIC NIC Optical Module Swich Diagnostics System
. . . . . .
————— —————— —————
i R

HIERMED S, RHRESHNBIEES

per Networks, Provid Transmission

« Frontend: 400G network bandwidth, providing high-speed storage
access and node communication

+ Backend: 3.2T GPU interconnect network, meeting the demands of
large-scale Al computing

B

Protocols Software

Hardware

ETAFMSREIRAL, BEMEEE

Protocols,

Performance.

+ In-house developed Solar-RDMA protocol: Enhances transmission
efficiency by utilizing multiple paths

« Inhouse developed HPCC flow control protocol: Improves
‘adaptability, ensuring stability and reliability

® HPN7.0 B ERERILE5H (3] SIGCOMM 2024 Wi3R)
® HPN7.0: High-performance Network Architecture (Accepted by SIGCOMM 2024)
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Supporting the Innovative Development of the Al Industry
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THE FORRESTER WAVE"

Al Infrastructure Solutions
Q12024

Strong
Challengers Contenders Performers Leaders
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current
offering
A
Alibaba Cloud (-)
1BM( )
Hewiett Packard Enterprise
Lenovo ()
() Oracle
Graphcore +
Cerebras Systems (+)
Weaker
current
offering
Weaker strategy > Stronger strategy

Market presence*

101010
@ Forrester 2024 £k Al BRI HERRARARIRE, MEZHEANTFERR.

® Forrester 2024 Global Al Infrastructure Solutions Research Report, Alibaba Cloud enters the challenger quadrant.
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Based on the outcomes of this project,
the product solutions serve over 50%
of China's large model enterprises and
institutions. In China, 80% of technology
companies and over 50% of large model
startups use Alibaba Cloud's Al infrastruc-
ture services. The market capitalization
of the Al-native enterprises served has
exceeded 84 billion RMB, and the cu-
mulative download count of open-source
models by upper-layer enterprise users
has surpassed 32 million times. Multiple
models rank at the top of relevant perfor-
mance evaluation charts. Alibaba Cloud's
Al infrastructure not only provides strong
technical support but also promotes in-
novation and development in large model
applications through various means, in-
cluding building an open ecosystem and
participating in international exchanges.

MERZRENIT IR EE

From Academic Breakthroughs to Industry Empowerment

WED Al Infra SRIGRIERGIER: @@ Al JIG. FREAARSERE
PHEREEH B A HPCC Ni%E SIGCOMM 2019, A TS Be&EA 1%
T NE HPCA 2020, SR+ KRB BMAY Al EEBERILE HPN 7.0 Nk
SIGCOMM 2024, ALK Al MLEEMIZHEAIGIT R RERREET 2=
BEAT B
Driving Research and Innovation in Al Infrastructure: The flow control algorithm
HPCC, aimed at large-scale and high-complexity scenarios such as Al training and
storage, was selected for SIGCOMM 2019. The design of an artificial intelligence clus-
ter architecture was chosen for HPCA 2020, and the Al cluster network HPN 7.0, which
achieves scalability at the level of hundreds of thousands of nodes, was selected for

SIGCOMM 2024. These contributions provide a new high-performance standard for the
design and practice of global Al network infrastructure.

R Al BZFRRIFR: 2022 FHEF/ MBITEENEREEFOHKE, &
NBRY BB B IZ OB 7 REBIEE 1/NBIA, K 170 13
BIAEER . 2023 EPHNFFITEEREET L, EYSHEDE
Il S5 BRI R IR F 20%, 2023 FBIHE B RFITIEN CFFF RHof
BEYE, FARRT 2023 FHEENKRE “GUHLR" =010 2023 F
FEEMRSAZRXZ s “BHEWIMEREG" FESRE, 2024 F,
ABRRIZ= £, MESMGEZFHTMEEeE LR, MAEALK A
RARBEHEENFEAL,

Promoting Innovation in Al Applications:
In 2022, we collaborated with Xiaopeng
Motors to create the autonomous driving
intelligent computing center "Fuyiao" ,
significantly reducing the training time
for Xiaopeng's core autonomous driving
model from 7 days to under 1 hour, re-
sulting in a 170-fold increase in iteration
speed. In 2023, we assisted Geely in es-
tablishing the Xingrui intelligent comput-
ing center, which improved the overall
R&D efficiency of Geely's autonomous
driving business by 20%. Additionally, in
2023, we supported Fudan University in
developing the CFFF research comput-
ing platform, which received numerous
accolades, including the "Innovation
Pioneer" case at the 2023 China Com-
puting Power Conference and "Smart
Empowerment Leading Case" at the
2023 China International Trade in Ser-
vices Expo. In 2024, at the Paris. Olym-
pics, Alibaba Cloud not only supported
the full migration of video broadcasting
to the cloud but also reshaped the view-
ing experience using comprehensive Al
technology capabilities.
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The Olympics are the stage for athletes and a feast of technology

Al Y SRR G

Al Reshaping the Event Experience

Asset Management

vent Result
System
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Paris 2024 Goes Fully Cloud-Native
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11,000 hours of cloud-based broadcasting, with two-thirds of the broadcast signals distributed to global broadcasters via the cloud.

e BREESK LR, Al EERFER

@ Paris 2024 Goes Fully Cloud-Native, and Al Reshaping the Event Experience
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Copilot

Your everyday Al companion

® f%%x Copilot

@ Microsoft Copilot

#aX Copilot: Fi—tA L EGERIZ 3L

Microsoft Copilot, Embrace the Al New Era

B (RE) BRAE
Microsoft China Co., Ltd.

3
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Introduction

Microsoft continues to empower enterprises, organizations, and individuals. Through the intelli-
gent Copilot , Microsoft strengthens the connection between global users and cutting-edge Al
models, driving dual enhancement of productivity and innovation.

IR HE Copilot BIE W ©® EMANH—X Al AR RE

Microsoft Intelligent Copilot®: The User Interface of Next-Gen Al

B 2022 4 6 B Github Copilot BI # % &2 &, 0 2 £ 4 o1 %
Copilot XfXFA K, FRERAZLS@R. BESFE I A, Copilot B
T GPT-40 ZAMEMBE, £ T SMAIFHaE. Bl Copilot Pages 5
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B Microsoft

HIEPIX BizChat &M, KM
TR, TARERAN &7l 55 30
BEIARNIERT, Felttit
W% B A SRR, FER AT
fRIEIN, AR T £~ 70

Starting with the launch of GitHub Copilot
in June 2022, Microsoft has continuously
accelerated the iteration and integration
of Copilot into its core products. As of
September this year, Copilot is equipped
with leading models such as GPT-40 and
includes numerous innovative features.
For example, Copilot Pages seamlessly

‘integrates' with the BizChat data hub,

consolidating web data, work data, and

various business data into the user’s workflow. This pioneering multi-user real-time, con-
tinuous Al collaboration model greatly enhances productivity.

LtEoh, RGBT GitHub Copilot BEIF A ARBRIEBESRERS
T 55%, BB 180 SHAEMER GitHub Copilot, #id 27000 KA
LURIRT GitHub Copilot for Business.

Furthermore, Microsoft has helped developers increase coding speed by 55% through
GitHub Copilot. Over 1.8 million developers are using GitHub Copilot, and more than
27,000 organizations have chosen GitHub Copilot for Business.

2024 F 5 B, WIS ESWHELT T Copilot+PCo XFIZFEALE T 14
ZIRE5T (NPU) , SFAIIT 45 B1ZRBME (TOPS) , {HN0ER Al D
VBFIESMIZIT, BEREX T MNERERERS, NEAREI=IHND
ANITEER, BT BEMAHNEHES.

In May 2024, Microsoft and its ecosystem partners launched Copilot+PC. This device
is equipped with a Neural Processing Unit (NPU) that can execute 45 trillion operations
per second (TOPS), designed to accelerate Al and machine learning tasks. It redefines

personal computing experiences from chip to operating system, from application layer to
cloud, showcasing a new form of intelligent terminals.

55% 1803+

2.7+

{RLUFIRGItHUb Copilot
for Business

RENBRERS FFREFERGitHub Copilot

GitHub Copilot

@ i@ GitHub Copilot, AR ARG RIZRERR 55%, SKIMEFNiRA

@ With GitHub Copilot, developers can increase their coding speed by 55%, boosting productivity

® RS EBMUH LT Copilot+PC, EHNNRE Al FIHBFFIESMIIT

@ Microsoft, in collaboration with its ecosystem partners, has released Copilot+PC, designed specifi-
cally to accelerate Al and machine learning tasks

CHARM OF SCIENCE AND TECHNOLOGY *5”&2%

Copilot Bih£Ik&E = HigH

Copilot Enhances Global Productivi-
ty

Copilot for Microsoft 365 &
£ 160 ZHERMMX K. 60%
BN &= 500 58 2 5] IE 72 A2 % AR
£, B 2024 E£HLUK, Copilot
T8I IS0 MINEEBARF 8
i Microsoft 365 E#F (41 Word.
Excel #1 PowerPoint) FR1SSLAT.
BERAEIARSS, BEBthEMX
MABSHNER. #EITSIREE
R RIZHHE, KRS TES
WK, BEREWVEERE, KU
EMEF W Ao
Copilot for Microsoft 365 has been re-
leased in over 160 countries and regions.
60% of Fortune 500 companies are using
this service. Since early 2024, Copilot has
added over 150 features, helping users
obtain real-time, precise assistance through
Microsoft 365 suites (such as Word, Excel,
and PowerPoint). These features include
automatic generation of document con-
tent and images, data analysis and report
generation, programming assistance, and
more, significantly improving productivity,

reducing operating costs, and achieving
substantial economic benefits.

BlehED, ERFREBES
SEOUH
Unleashing Creativity, Focus-
ing on Innovation

204 F, MMRARBHNEE
(IrEaBEHksE (WTH ) 18
T AELCEERN TIENE
BRRZIEm. REZR: 70% B
Copilot P RRLIERELIMIE
F+, 68% WAFINALIERERE
HME, RHIRITNREESRERS
T 55%, TT% B R RASFFE
/8 Copilot. £ Copilot FYEEL T,
MIEUNEEMESPRBHR D
R, HEEZRNDRNCIF, £
BN BRI RTIERE R,
MMFEABEREDARNRNET . &

069 «



ERBESRI. STRBERARRAETAEEN. BANMAIF L  each indviduals creativity. With real-ime
ARl Rz SR, Copilot AR T B0 AMIES, HahMgl omaton retreval, seamiess integration

with mainstream operating systems and
BERENINREN, TOBRT DALLEST. software, powerful low-code development
capabilities, and enterprise-grade security,
Copilot frees up more time and energy for
users, driving the accelerated transition
from ideas to results, and fully unleashing
personal creativity.

In 2024, Microsoft's annual Work Trend Index Report (WTI) revealed the profound impact of
Al on work and management globally. The report shows that 70% of Copilot users experi-
enced increased work efficiency, 68% saw improved work quality, coding speed for software
engineers increased by 55%, and 77% of users expressed continued use of Copilot. With
Copilot’'s assistance, people are liberated from repetitive tasks, allowing more focus on in-
novation, significantly accelerating the process from concept to fruition, and fully unleashing

10%
B, YUWRIETIE
90%

o | 4 BUEET(E
ESM. YURIET(E f

10%

BT (F

© Al EFEEZ IS TIERIR®K. 7E Copilot BIAT, ZHBFMEIENRFEH —FNRBERAAR.
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ping the future of cre With the help of Copilot, the y of billions of us be further unle
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Technological Innovation and Large-
Scale Application of UItra-Largé Scale
Vision Twin Platforms

© MEXTEE, ELAM. KECRR. HERER

@ Vision Twin, Virtual-Real Visualization, Connected Insights, Simulated Decision-Making.
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China Telecom Corporation Ltd.
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Introduction

China Telecom has constructed the national '1+31+X' framework comprising one network, one
cloud, one platform, and one real-time visual twin map as the base for the Vision Twin system
across the entire region. By integrating the Xingchen Haina visual large model, it activates the val-
ue of video data elements, overcoming challenges such as dispersed video locations, fragment-
ed footage, and data silos, which leads to the large-scale application of Vision Twin technology in
China.

PR AR SRR RE MR EA ZE E LR

Four Technological Breakthroughs Empower the Transformation of Vision
Twin Business Models
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This project represents another significant
breakthrough and innovation in China's Vi-
sion Network industry. Centred around the
Vision Twin engine, it employs real-time,
all-encompassing multi-scenario video
fusion algorithm innovations to achieve
video correction and perspective transfor-
mation, restoring spatial structure informa-
tion and constructing a three-dimensional

real-world environment, thereby addressing fragmented videos and unclear content issues. Utilising the Xingchen Haina large model as
the foundational LO layer, it innovates on keyframe labelling algorithms to achieve automatic and precise scene understanding and se-
mantic labelling of keyframes across 70 million video terminals, seamlessly integrating elements such as people, vehicles, and objects
in dynamic scenes. This greatly enhances the capability for semantic understanding of video content and resolves challenges related
to large volumes of video data, diverse types, low-value density, and slow response times for scene-based applications. Supported by
China Telecom's extensive Tianyi Vision Network, the project innovates in large-scale video data transmission technologies to enable
collaborative resource synergy. A scenario-based model and the Vision Twin Inside innovative approach empower many industries with
high-quality, large-scale solutions.
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@ China Telecom Vision Twin Innovation System
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Reinventing Thousands of Industries, Applications at Scale, and Extreme
Performance
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This project centres on the Vision Twin Engine, powered by large model capabilities,
to create a product system for comprehensive spatial-temporal perception, analysis,
prediction, and control of all spatial elements, achieving significant economic and social
benefits. Over the past three years, the project has generated nearly 10 billion yuan

in direct product revenue, with over 1.5
billion yuan in 2021, over 3.5 billion yuan
in 2022, and over 4.59 billion yuan in
2023. As of May 2024, the project has
attracted 98 million Vision Network users,
covering 360,000 administrative villages
and 160,000 communities nationwide.
It provides a foundational platform for
Vision Twin and over 7 million innovative
industry applications, It offers end-to-end
Vision Twin service capabilities for vertical
industry innovation and scalable develop-
ment, directly driving the industry chain's
output value by over 30 billion yuan. China
Telecom has initiated the establishment of
the Vision Baichuan Ecological Alliance,
building a community for Vision Twin ap-
plications, contributing to the construction
of a real-time, realistic digital China, and
playing a significant role in promoting the
high-quality development of the digital
economy and society.
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Digital Rural Development Smart Community |

Servicing 360,000 administrative villages with a Servicing 166,000 communities with a penetration
penetration rate of 73%, rural surveillance services | | rate of 36.5%, reaching 44.4 million users.

cover 72 million users.
Empowering rural digital
construction, focusing on
scenarios such as health and
wellness protection, waste
management, and water area
prevention, to support rural
revitalization.

Enriching home, social, and
governmental connectivity
scenarios, focusing on old
neighborhood renovations and
broader community services, to
create a new paradigm for
community governance.

Transparent Kitchen |
Implemented in 31 provinces and 305 cities, with
1.36 million video feeds connected.

Providing services for the
catering and food supervision
sectors, including kitchen
hygiene, fire monitoring, and
rodent control.

N

Smart Police Station E-surfing Vision Emergency
Integrated with 195 police platforms across 22 Deployed in 18 provinces, with 1.6 million video
provinces, with 1.7 million video feeds connected. feeds connected.

Targeting grassroots
governance departments such
as police stations, neighborhood
committees, village committees,
and street offices, for personnel

Providing services for public
departments managing water
bodies and river channels,
including drowning prevention
alerts and water level

and vehicle monitoring and monitoring.
management.
e L h

R

Smart Business Enterprise
Deployed in 19 provinces, with 590,000 video
feeds connected.

Providing smart services for

chain stores, including security
monitoring, customer flow p—r
analysis, and safety production. sy Lo

@ Large-scale Applications of Vision Twin
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Building a Collaborative Ecosystem
for Vision Across All Domains
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As a pioneer in Vision Network, China Telecom adheres to a customer-centric approach,
building a comprehensive ecological collaboration system to promote the transformation
and large-scale development of Vision Twin technology innovation achievements. It has
led or participated in formulating over 20 international standards, including establishing
the ITU-T SG16 "Video Surveillance Services and Systems." It is responsible for organ-
ising and advancing research on video surveillance series standards, maintaining the
standardisation roadmap, and coordinating certification testing. China Telecom also led
the establishment of expert groups for ISO/IEC JTC1 SC29 VCM and SAC TC28 SC29
DCM, shaping a forward-looking influence in cutting-edge technology. Based on its re-
search achievements, the project has prominently released the "China Telecom Vision
Network Cloud Technology White Paper," filed over 40 invention patents and more than
60 software copyrights, and linked patent standards to drive the transformation of innova-
tion results. Related achievements have received significant awards, including the "Third
Prize for Science and Technology from the China Communications Society," the "Second
Prize for Technological Progress from China Telecom 2022," and the "Outstanding Scien-
tific and Technological Achievement at the 2023 Digital Expo."
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@ The achievements of Vision Twin Technology Management Innovation
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@ Scnet.cn officially goes live in April 2024
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Introduction

Computing power network is a key infrastructure supporting the high-quality development of the digital economy, and it is currently facing challenges
such as computing power integration and interconnection, supply and demand docking, and universal and easy to use. Scnet.cn operates the su-
percomputing infrastructure with an Internet mindset and coordinates the scheduling of computing resources. It is the first national-level computing
service platform in China that connects the resources and capabilities of all parties in the computing industry chain.
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kﬁé?ﬂ%iﬁgﬁﬂﬁ%‘ 7 él\ , ﬁgﬁzgﬁ‘ Fimﬁﬂﬁ%iﬂ ed more than 20 computing centers in 20

The First Cross-domain Computing Service Platform is Released to Form a ,Cmes in 14 p,rovmces in China, including
Hi . L integrated big data centers and super-
ighland of Computing Power and Application Resources , o

computing centers. Through application

—HUENRSTBET S, LHBEFL. BEPL. WEF  Packaging, computing power standard

ization, heterogeneous computing power
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arrangement and management of diverse
E. RHEBELUNMIIIMNRS. and heterogeneous resources are real-

ized, as well as external services.
An integrated computing service and dispatching platform has been built to support a

variety of computing centers such as supercomputing centers, intelligent computing cen-
ters, and general computing centers to be connected to the network, which has connect-
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077 «



CHARM OF SCIENCE AND TECHNOLOGY *SI'HZ%

MEREHESIHMER, FRENRSHIER

Build a Computing Ecological Collaborative Network to Form a New Model
of Computing Service
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Complete the construction of common tool library, data set and application software
library, and establish a standardized application adaptation, packaging, publishing and
trading system under heterogeneous environment. It has cooperated with more than 270
application service providers of various types to provide more than 1,000 application
scenario services for more than 100 industries, promoting the efficient docking of supply

and demand, and forming an ecological
cooperation platform for the computing
industry. By standardizing the access and
scheduling, service and operation of com-
puting power, it comprehensively supports
the construction of a standard system in
the field of computing power. At present,
the supercomputing Internet Consortium
has been established, and the "Super-
computing Internet White Paper" has been
released, completed two Chinese national
standards and five group standards, stud-
ied the unified measurement of computing
power, computing power grid connection,
unified billing, unified transaction, unified
settlement related standards, promote the
standardization of computing power ser-
vices, universal benefits, and improve the
usability of computing resources.
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@ The integrated computing power network connecting all parties promotes the sustainable development of the supercomputing industry
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Promote Computing to Become a New Quality Productivity that is Universal,
Easy to use, and Powerful
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Up to now, Scnet.cn has formed a computing power application pool with diversified
resources, comprehensive fields and advanced models. After the operation of the Inter-
net, a total of more than 6,000 types of computing products have been released, serving

more than 120,000 users, significantly im-
proving the ease of use and reducing the
cost of various types of computing power
for users. Compared with similar social
computing power, the cost of Scnet.cn
computing power is 20%-30% lower on
average. The construction and operation
of the supercomputing Internet adhere to
the goals of networking, universalization
and standardization, and uses the con-
cept of sustainable development to help
the high-quality development of the com-
puting power network, and promote the
computing power to become a new qual-
ity productivity that empowers thousands
of industries.
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Innovation, Industry Development, and International Application of
New Type SRv6-Based Next-Generation Key Internet Technology
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Key technological innovation ‘

__ Protocol
"“ innovation:

957 G.SRvG Improved network capabilities
- . r Improves the service experience of
Device * Multi-service bearer i ' 20% of global Internet users
& development: « Differentiated | |
N cluster router assurance Global deployment
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. Application resn it Wide coverage: China, electricity per year
_-——'7 architecture: broa_dband South Africa, Ghana,
¥ Open& + Multi-vendor and Uganda
interoperable interconnection
management - High-quality Large scale: 28,000 Drives the development of
& control connection nodes % Internet-related industry chain
worth more than CNY100
Large user base: 1.41 billion
billion
@ Build high-quality next-generation Internet based on G-SRv6
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Huawei Technologies Co., Ltd.

3l

ik

FREBEIERE MTN. fENESEHE SRv6 (G-SRv6) MIEAF MR BN XBEA MM, T “th
WEIHT. REMG. NAZRM. MRME” BOIFHAN, (RHSIKERNEHF—UEE, RFBIEIMRAE “—
H—E" ERNEREH—SERAERF IS,

» 080

Introduction

China Mobile, together with MTN and Huawei, carried out a project in which they innovat-
ed and applied key Internet technologies based on new type SRv6 (G-SRv6) and cluster
routers, completing the closed-loop innovation process of protocol innovation, device de-
velopment, application architecture, and large-scale deployment. This pioneering effort
drives the Internet to evolve toward its next generation while further bridging the digital
divide by deploying innovative technology in the Belt and Road countries.

i, 2%, FULERE, MEHR—KEEKRAE
Made Breakthroughs in Protocols, Devices, and Architectures, Accelerating
Upgrade to Next-Generation Internet

Rl G-SRv6 £ R, KMEEZE SRv6 IRSKKE, #RRRE SRv6 1R
NXIFHEAR. BEAMER. BHEERSERED, WINREEKMNE K.
RETEEAFREERREREN, WEIKEEMAREAHR IETF AN
(Bl g

The original G-SRv6 technology greatly reduces the length of SRv6 headers and solves
the key problems including high packet overhead, low forwarding efficiency, and high
hardware requirements of native SRv6. G-SRv6 plays a pivotal role in accelerating the in-
telligent and deterministic evolution and upgrade of the Internet and has been accepted
by the IETF as an international standard.

FHLIKERMBERAANA 512Tbps HIEEFR 2, £E T G-SRv6
£ “IPvet” XA, QUFTMER Al BETEIRNZOER HERIEE, PITEEE R IR
ABmAMHVIEE NS EER, BRURA BRI SHATESENR 2%,
The project unveils the world's first cluster router with a maximum capacity of 512 Tbps.
It fully supports IPv6 Enhanced technologies such as G-SRv6. With Al capabilities in-
novatively embedded into core routers, forwarding interfaces are able to automatically

detect and handle common exceptions, effectively improving the reliability and security
of Internet services.

ERFRERMNE SHEDA
RE BiR&EH SDN i=H28, B
WERRZ [ BHERRNE AR
B, —ARUER. S EEEN
&, XF G-SRve MEBMBRBEKA
MEERMHTED. BNEE,

This project is the first to develop an SDN
controller that can directly manage devic-
es from up to four different vendors. This
effectively overcomes the difficulties in
cross-vendor interoperability, integrated
management, and new service rollout
caused by the coexistence of multi-vendor
devices, enabling centralized and efficient

management of ultra-large-scale networks
with G-SRv6 and cluster routers deployed.

EF L ing REAE R
37, PR EHFAL, 289 TR BB LA,
109 I EPrATE LU 119 BEkF
WX, RE—REH AT
TTESRER,

Building upon the preceding standard
breakthroughs and technological innova-
tion, this project generates 289 patents
for invention, 109 international standards,
and 119 high-level papers, accelerating
the upgrade to next-generation Internet.

G-SRv6 header
compression technology.

r | I

Key innovations of
G-SRV6

2-dimensional New compression flags
pointer indexing of SIDs

. Simplified Intelligent ‘Compatibility Simple cross-
G-SRVGAHRIFL: { LRt ][ L] J [ RV ][ L ] Samsimaane: [ protool ][ contral } [ Witn1Pvs ][.,n...'a....,,,..,y...em]
SRV6{EHE SRvE
Y % * N
cswemnrn | NETEES : e e b =
SRvé

® X8 G-SRv6 AKR, MEREEXRERHAER

@ Original G-SRv6 Technology System, Accelerating Internet Evolution and Upgrade

© SIRBAB BEFEEEXERA

@ Breakthroughs in The Key Technologies of Ultra-Large-Capacity Cluster Routers
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(B BB AR, FBTEE, HIRAXRFES
Promote Internet Innovation and Development and Enable Green Internet
Industry, Bridging the Digital Divide

FREB IR MTN EF G-SRve &AWL, HEFHLN 10.812%
BMAP. 3ZBLEHMA/. 3000 HEASMERE, BAT 2R
1/5 BB R SER, FREZFLFMaBRIZARD.

The G-SRv6-powered bearer networks of China Mobile and MTN carry the data traffic
of nearly 1.08 billion mobile users, 300 million wired broadband users, and 30 million
government and enterprise users in total. The networks have improved the service expe-

rience of nearly 20% of global Internet users and generated direct economic benefits of
more than CNY 10 billion.

£@HE, MTN FF G-SRv6 SRIME RIEEE. Haetaf, RKHERF
FAZEM T7% FEIREI 43%. MEEBEXRBFEREREKN 1/3, BRBRAX LK
R X B IGHEEE5. BRI R MTA T RIS AR, #H—%
HERT AKEFIEA,
In South Africa, MTN uses G-SRv6 to implement flexible path selection and intelligent
load balancing for traffic, reducing the link usage from 77% to 43% and the packet loss
rate to 1/3 of the original rate. This effectively relieves network congestion arising from

weak infrastructure and frequent power-cuts and line interruptions in underdeveloped
areas, further bridging the digital divide.

FEBSHET G-SRve NRENSRMENE. E6. SN, BEK
LR ERBMEMRS, MeeTTELBFHRE, BN RATTER
18 27%. ERUMAALSETT BEIREM AL 32% F1 18%,

Leveraging G-SRv6, China Mobile pro-
vides network services with different SLA
requirements (e.g., delay, packet loss,
reliability, deterministic quality), enabling
digital transformation across industries.
For example, China Mobile reduces the
latency of services in China by 27% and
that of services destined for Europe and
North America by 32% and 18%, respec-
tively.

59, G-SRve #EELESE SRv6
AL 9% WETImE. SRR
FH28 % bit BEFEMELL MR & AL E
BREZE 0.22W/G, BT XD x5
EAMMKEEE, MESFEETE
111ZEB, BN EES
FEMIEHR.

Compared with native SRv6, G-SRv6
consumes 9% less bandwidth. The per-bit
power consumption of the cluster router
is as low as 0.22 W/G, which is at least
three times lower than that of live-network
devices. Deploying G-SRv6 and cluster
routers saves about 110 million kWh of
electricity each year and reduces global
carbon emissions, equivalent to planting
nearly one million trees.
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@ MTN 7Ef3EEDE G-SRv6, RIEIBEMLZIEN. HRALETFILH
® MTN Deploys G-SRv6 in South Africa to Provide Stable Network Access and Bridge the Digital Divide
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ARERENE HERTEY BRIZHREME FREWHEY
B3N HEETF
HIEERIRERIARSSAED | OB E PR BRI |
SFIRETRELT% HRSRVEEATTRERE BN
HERERAERE Pod 488 ST A ArS3Ratar R
G-SRv6 Telemetry TWAMP Netconf BGP-LS

® hEBENET G-SRv6 ITIEREEL. HEMEMKIRS

Deterministic Deterministic Deterministic
latency bandwidth path

Latency circle service capabilities, Elastic & i

Deterministic
quality

27% lower network-wide latency TB-level idth in mi ilding a large progr SRv6 network

Intelligent converged Real-time network
path computation awareness

G-SRv6 Telemetry TWAMP NETCONF

of Self- 23 path ion factors,

i upon faults,
ps-level jitter for DCI

Elastic service change

BGP-LS

@ China Mobile Provides Intelligent and Deterministic Network Services Based on G-SRv6

MELIKFIER KB SRv6 BFM, HhERTER~LET
R

Build World's Largest SRv6 Backbone Network and Drive Standardization
and Development of Upstream and Downstream Industry Chains

FREBEERS MTN FERNRRERH G-SRv6 iERRGE, BT
IETF #1AkZ srv6ops S T1EH, RASCERSISKETER. "ERLU
SR BRI, HEHNERMEAIENER. ERFEHITA
5 RFCHRE 171 B, iXFsmm 402 &/, BREHESIKE M mEH —1K
I,

China Mobile, together with MTN and Huawei, actively promotes the building of the
G-SRv6 standards system. They obtain maximal support from global carriers, device ven-
dors, and chip vendors through the setup of working groups such as srv6ops in the IETF,
jointly promoting the standardization of Internet technologies. In the past five years,this

project has released 171 RFCs and contributed 402 new drafts, driving the Internet to
evolve toward its next generation.

EREKIETFIFERBERZMNIZER, TEBIES G-SRV6 5
SRS, MET2HMRRAR SR6 BTK, BEHERIE. A
T ELHE 600Tbps, BIEREINE. “RUEE" FHIELR.

As the world's largest carrier contributor to IETF standards, China Mobile builds the

world's largest SRv6 backbone network
based on G-SRv6 and cluster routers. This
backbone network covers the entire territo-
ry of China and provides an inter-provincial
bandwidth of over 600 Tbps, effectively
supporting the development of computing
networks and "east-to-west computing re-
source transfer."

T EEAAE, ZMBE®
SIEMBEEF. BlIENLBET.
WMEE 1000 RREBUVERE, 2
BT 300 Z AR, MWAEE
EHBHSEMILET B, # Omdia
Ziit, 2023 FENEHBEEW
AL 300 ZAR™; HohEENE
. VPN T4, BEERINRRSE
WEWERE, REBHMMIN &
FWEL 450 Z AR o

This project drives the development of
more than 1,000 enterprises in integrated
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circuit production, manufacturing, optoelectronics, and new materials, with a total output value of nearly CNY30 billion. It empowers de-
vice vendors that manufacture routers. According to Omdia statistics, Huawei's router sales revenue in 2023 is about CNY30 billion. It
boosts the development of Internet private line, VPN private line, and Internet acceleration services. China Mobile and MTN collectively
generate around CNY45 billion in annual revenue.

RZEFMRERRE1005E , MEATERFC 201

BAEIETF R ERESNZER S — . 2R TR

draft-ietf-spring-compression-requirement

draft-ietf-spring-compression-analysis

draft-ietf-spring-srv6-srh-compression

FEERIMIECUNBERE —
)
CISCO. orange” MI
KA
HUAWEI

© HEsh B EXRE PR L R

Submitted more than 100 international standard proposals, and initiated or released more than 20 RFCs.
China Mobile ranks first among global carriers and ranks top 5 among all global companies by overall IETF
standard contribution.

draft-ietf-spring-compression-requirement

draft-ietf-spring-compression-analysis

draft-ietf-spring-srv6-srh-compression

Signature support from well-known
enterprises in and outside China

ks Bell
@'é © NTT

HUAWEI

I

ZTEDH (@Al  soucon

@® Promote the Development of International Internet Standards
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FEE. ShERESDNEGRE

power

ToB 1T

ToC @

ToH @
ToN &3

LTEPEG-SRV6 , BEFHEIR600Tbps
© PEBITIELIKIIERK SRVv6 BF M
Open and interoperable SDN controller that features
centralized management and control

ToB 1T

ToC @

ToH @

ToN O

Cloud private network: carries high-value service traffic

Widespread G-SRv6 deployment, with inter-province bandwidth exceeding 600 Tbps

@ China Mobile Builds the World's Largest SRv6 Backbone Network

® it

2023 £ 6 BARMIRE: REB) “©W IPv6 ZIRIEELOX 9.52 2. ITESBRMIER
KB SRv6 BF WM. ” http://m2.people.cn/news/default.htm(?s=M[8yXzQwNDcyND
U4XzEzNDc20F8xNjg30DUyM;jQ0

2024 £ 4 A Cl1141RE: CABESHTEBELEBELIKBERK 5127 £ RHR.
https://www.c114.com.cn/topic/241/a1261581.html

2IRIETF inERMERZMIZEREIE: https://datatracker.ietf.org/stats/document/
yearly/affiliation/?time=5y&type=draft
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AFHBA RS BEEXBRA
Key Technéfl:b'gies for Embodied Intelligence
in Humanoid Robots

© MLMERBATNBATUGRBRER, EE5TASETASEERATINEHARER, B2RETERSESTLGR
BAFA B ARBRS S

@ UBTECH has unveiled an Humanoid Robot Industrial Application Solution,which integrates the company's cutting-edge R&D achievements in the field of

embodied intelligence technology,making it the world's first general humanoid robot solution for multi-task industrial scenarios.

RYIBRER RN ERA i 58 i
wmwmﬁ&mu%QUD UBTCECH

31

onf

AFNEBEABERASITEN. BEFI. FREENAEE MR, BESERNARTS. MaEs
FAFTMBASKAEAR, FREMBAESHMLYARIE, BEX VSLAM, ZIREHEFSASEEIBRA,
T AT 28 ABEPRBY A RNAN SRR/ VI, INEREL =l (AR

Introduction

Humanoid robots are expected to become another disruptive product after computers, smartphones and new energy vehicles, and they are the
ultimate form of embodied intelligence. Leveraging its full-stack humanoid robotic technologies, UBTECH has developed embodied intelligence
technologies, including Large Language Model for General Task Planning, Semantic VSLAM Navigation Technology, and Learning-based Whole-
body Motion Control Technology. These advancements endow humanoid robots with smart brains and agile cerebellums, thereby accelerating their
industrialization process.

» 086
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EmERESHMIAIRE, EFEX VSLAM. FIBIEhEH

Large Language Model for General Task Planning, Semantic VSLAM Naviga-
tion Technology, Learning-based Full-body Motion Control Technology

MEFEATNBARSERERBRATIBEK, WA EABE
WA T B S

UBTECH has achieved significant advancements in the key technologies of embodied
intelligence for humanoid robots, laying the technical foundation for the commercializa-
tion of such robots.

TEHRERESHMNARESHE, MRMEGREESIEREA
SERRMIE, BERBHIBESHEANNRIENTT, MallfEmER
ESHEREESMI AR, A BARET REEEBNANETS
MxIgeS, HOUFRAMEMEETENEERNEFITLE—BIAKT,
In the aspect of Large Language Model for General Task Planning, UBTECH uses simu-
lation and real-world data to craft datasets for embodied intelligence and trains a multi-
modal large language model. This enables sensor data to align with the motion of robots
and achieves effective planning. By utilizing the advanced planning model technology
for general tasks, robots gains the ability in intention understanding and fine-grained

task planning. The innovative applications and the complexity of implementation of these
technologies rank among the first tier in the global industry.

EIBEX VSLAM S A A E, ZARRITTEXRAEESES
VSLAM £iB8a 7%, HESHEEBENER, WETERINNG, A AK
MEEAX =B AVIRfERE 1. BT IEXERNRES S, KILABEEE
HZMEIEX S, BRIZFAERATENEANTLECIRA,

In the aspect of Semantic VSLAM Navigation Technology, this achievement designs a
tightly coupled method of semantic perception information and traditional VSLAM, and
expands the high-dimensional semantic information of the VSLAM maps. In addition, the

nearest neighbor point planning of semantic information realizes a coarse to fine two-
stage semantic navigation , improving the precision of humanoid robots during terminal

operations. Currently, this method is an
industry-first technology in the humanoid
robotics field.

EFIE2BEHERNRR
AE, FHNARNBEARRZRH
EHER, BE. RKERFESS
SRCF SRR, oMT
HimF B2 B nahiTHIESR,
ZAERSZ R T AT B A LR RIS
EﬁﬁTﬁhﬁﬁi,kﬂTﬂﬁ

B IFEMUESRIZ I HRITRE
ﬁo

In the aspect of Learning-based Whole-
body Motion Control Technology, in
order to meet the motion requirements
of humanoid robots for different task
scenarios, we have designed an end-to-
end learning-based whole-body motion
control framework integrating sensing and
control. This framework combines imita-
tion learning and reinforcement learning
strategies through mixing and cascading.
By implementing this framework, the hu-
manoid robot has dexterous manipulation
skills in its upper limbs and stable walking
abilities in its lower limbs, enhancing
humanoid robots' generalized execution
capabilities for complex non-structured
tasks.

ERSESKIEEGR, FHAMNRAEMLE, ITEARMBA “Kig”

Build a Multi-Modal Large Model System, and Build a Humanoid Robot "Brailn" on the Basis of Combination and Fine-Tuning
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@ Large Language Model for General Task Planning Can Improve Humanoid Robots' General Task Planning Skills
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© MRS RRTEIEFEREIENIEX VSLAM RSt
@ Semantic VSLAM System for Building Multi-Level Spatial Understanding

2024, this project has secured 670 authorized patents globally. UBTECH also leads and
participates in nearly 40 global standards related to intelligent robots.

MERET IS, BARSHRERF=ZATR, HRELAT
AN B, EEARS IR, Walker FMERERKIE. A
TEEHFEMUUNRDE NEOM FTRREFM, ©25T7HFBRNKESR
HRINRE, MAErERN 2020 FBEFHERFERE “BHRE—BEN
BASEUH" , HAFHNBAL 182 RENFFHEIESNE 176 H5F
FRMEERS, IET AXHE EATHSABREER WA E N A,
SELUR, MPEREAE. 3CHFRBEWERTE, BAAENBAL
BBRESESHTEN, ARXESEHEUEMF, FHREFIGHRK
MABRCRENE, WA SEARZBES.

We are currently leading the deployment of humanoid robots globally, with our focus on
three scenarios, which are industrial manufacturing, commercial services, and household
companionship. Regarding commercial service scenarios, Walker has provided intelli-

served as the "Official Exclusive Intelligent
Robot Partner" of the China Pavilion at the
Expo 2020 in Dubai. Its humanoid robots
provided intelligent services to nearly
1.76 million visitors of the China Pavilion
in over 182 days, creating the first-ever
true long-term commercialized applica-
tion of humanoid robots in human history.
UBTECH has focused on key manufactur-
ing areas, such as the automotive and 3C
industries during this year, enhancing the
tool operation and task execution capa-
bilities of humanoid robots, and achieving
deep integration applications in typical
manufacturing scenarios. UBTECH has
collaborated with multiple enterprises and
achieved in-depth application in typical
manufacturing scenarios, aiming to build
a humanoid robot application ecosystem.

HYFRTUHRESER, MEBNKFS. RIHFFES, ARIGAS R

For different industrial scenarios, we integrate reinforcement learning and Imitation learning

to develop and train embodied Intelligent “cerebellums”
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@ UBTECH's Learning-based Whole-body Motion Control Technology can enhance humanoid robots' generalized execution capabilities

gence services in the China Science and Technology Museum, in the Al Education Base
and in NEOM in Saudi Arabia. UBTECH Walker has also participated in performances
during the Spring Festival Gala and the Ceremony of Universiade.In addition, UBTECH
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® s B A AT R A 2R A
® UBTECH's Self-Developed Full-Stack Humanoid Robot Technologies

HRARENSASERRARR, RELMATNEARAE

Develop a Full-Stack Technology Layout for Humanoid Robots, Taking the
Lead in Realizing Practical Applications of Humanoid Robots

kB2 k iR D HAEEATNB AR ARRENNAE, B2
SRV BTN AHENAREDBHELEFHNAT, FHRHIA
Mz A Walker EREENE L EEEART A A Bk 2024
F68208H, ZRREIBEIKENEF 670 . ABEETENZ 51 40
T BEA 88 A8 K2 IR .

UBTECH is one of the few companies that owns self-developed full-stack humanoid ro-
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botic technologies in the world. UBTECH
is also one of the few companies in the
world to accomplish mass production of
small torque to large torque servo actu-
ators. According to the Frost & Sullivan
Report, UBTECH's Humanoid Robot Walk-
er is China's first commercialized bipedal
life-sized humanoid robot. As of June 20,

IEERZSES TSR ARNBZARBER

Develop an Application Paradigm for Humanoid Robots Oriented towards Multi-Task Industrial Scenarios

RS RAMA. SRAE. —R4E. —8- ART S RE. RBE—SFAEFE, 3ChIELRE.
YR IRFEEANZREWEIE, EEITEATNSATENA. SRR, MU EEeNE——REERE
TERHUEEIE, HHENE RIBAFENEE AR, Walker S RIIBZRE T E 814 500 BNERITE,

UBTECH is one of the few companies that owns self-developed full-stack humanoid robotic technologies in the world. UBTECH is also
UBTECH has collaborated with multiple enterprises, including Dongfeng Liuzhou Motor, Geely Auto, Honggi Auto, FAW-Volkswagen
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Qingdao Branch, Audi FAW, Foxconn, and SF Express, to jointly create demonstrative
applications for humanoid robots. Up to now, UBTECH is the only humanoid robot en-
terprise globally that has announced strategic cooperation with multiple electric vehicle
manufacturers. Furthermore, the Walker Series have been introduced into vehicle manu-
facturing assembly lines as "interns" to assist in car production. In addition, UBTECH has
already received over 500 intent orders from electric vehicle manufacturers.

M ETEATEN B AR BB REERBEAMIIK, AT B ABE
WHRMHTNARE: UIERAEFIENER, BUEHFREESTSE
t, BEHRRE SN EARNA, KMEWAHEERE, BBTL
TR, BHEUAZESERE T ATEASE A

UBTECH has made breakthroughs in the
key technologies of embodied intelligence
for humanoid robots, providing application
demonstrations for the commercialization
of humanoid robots. Starting from the
manufacturing of new energy vehicles, we
will strengthen the stability and reliability
of hardware, and then expand to 3-5 ded-
icated scenario applications to achieve
commercialization and reduce costs. Sub-
sequently, we will expand across indus-
tries and eventually evolve into a multi-
task general-purpose industrial humanoid
robot.

BEEREARSE K . D XERAR, TMARNBABEREI. RESTE
Embodied intelligence technology covers the key technology groups of "brain" and "cerebellum"”
to realize autonomous perception, decision-making and action of humanoid robots
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@ UBTECH's General Humanoid Robot Solution for Multi-task Industrial Scenarios
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® (RET AV AR ATEAL2SA Walker S Lite 7£1R & 56 B E T HITIHREES
@ UBTECH humanoid robot Walker S Lite is working in Zeekr's intelligent factory to complete handling tasks.

7
Loy
P

® sk TAVhR AFZALEE A Walker S TE#TBEIRE HITILEIRES

@ UBTECH humanoid robot Walker S was deployed in the electric vehicle production line to complete affixing car logos.
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5G Programmable Networks
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High Performing Networks
@ Traditional Integrated RAN
®Best Effort performance
@ Algorithmic, configuration-based

@ Open, Cloud-native RAN
@®Differentiated, SLA-Based connectivity
@®Intent-based Zero-Touch Networks

® E1{E 56 A RIEEMER R
@ Ericsson's Vision for 5G Programmable Networks

Ziufs (FE) BEARATF

Ericsson (China) Communications Co., Ltd.
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Introduction

The 5G network was designed with the
goal of opening network capabilities to
deliver personalized services on-demand
and create new revenue streams for
operators. Ericsson's ‘56G Programma-
ble Networks’ product addresses these
challenges by introducing the Global
Network Platform (GNP), which opens up
capabilities for applications (APPs), and
an intent-driven end-to-end 5G network
system.

5G AImIZME B NiZEBEN
BESWK. Stkae. FBRHM
&%

The 5G Programmable Networks
Help Operators Build a Differenti-
ated, High-performance, and Open
Network

GNP F &8 3T W48 BE 71 FF X
APl J3 APP FF1X 5G W48, m£IK
FFEEMXREIHE 56 MLKEI
BE, HFEARERTRE MM
BAREI A O EIERAARSS; THAE
APP AR ENME TR, FI0AR
EHe. RE. ERIMIE, B,
TFAEERBL 140 AFEE, thk

=7 GNP W48 APl £35S,

The GNP platform opens up 5G network
capabilities to applications through open
APls, providing advanced 5G network
functionalities to the global developer
community. Developers can create en-
hanced services without knowledge of
complex network technologies. The plat-

form empowers applications to access specific network resources, such as service quali-
ty, speed, latency, and location. Currently, the platform has nearly 1.4 million developers,
greatly enriching the GNP network APl ecosystem.

EEEHRmEN 56 WL, SEeigits 56 B, EREEYA,
BRRIZESIES, £T ANKRERAWEEHTHBN ARG, 7]
KRNI S EEFITLFRAENZWRNITES, NRARHIBEK
ERNERRE, ZIER 56 ~mRE T ZMERZ MRAME RRE,
ISR RA RN TLIRERRIERT, BT X 56 WERIERRIE,
RIEA P F5,

The intent-driven end-to-end 5G network, which includes newly designed 5G base
stations, intent management platforms, intelligent operation engines, etc., leverages Al
and LLM technologies to decompose and detect conflicts in intents. It enables millisec-
ond-level execution from business intent to wireless resource scheduling, providing end-
to-end differentiated experience assurance for applications. Ericsson's 5G products
incorporate multiple international patented technologies and international standards. In
situations where spectrum resources are limited and wireless environments are complex,
real-time programming of the 5G network is realized, ensuring an optimal user experi-
ence.

B mANIEEREE T RENELIRSMEEH S KR b,

This product establishes the foundation for operators to provide personalized services
and create new growth opportunities.
AHBE TR AR AVRHFT RE S FERIFRST R FRARKEES

Digital
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Lo W / EER / =R
® E17{5 5G A RIZMLBIDEE
Bring an exceptional experience to Provide reliable and easy-to-use solutions for The capabilities of the
consumers businesses developers
Video  Communicati g:,a,',},t,i;"e AR/XR - Collaboration emote  Autonomous - Digital

Device APIs Developer platform with communication and network APls Cloud APIs

Network Abstraction Layer - Exposure functions

= Cloud secuity
Operations Support Systems and Business Support Systems

: Management & Orchestration CCaaS
Secure Programmable Networks ﬁc%s

Radio Access Network Transport Networks CPaas

Networks

[ fa
Devices Worldwide Networks / CSPs / Enterprise Clouds

® Ericsson’s 5G Programmable Networks Architecture
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@ Intent-Driven Autonomous Management

5G AIRIEMEFNES, BHEEBEAENTH

The Open Ecosystem of 5G Programmable Networks Empowers Operators
to Explore New Markets

EEBRSCHITH LV EINNEIRIFERS, ZILETN, 22030 F,
IEEBWNRAETT 56 B BIRRBIDRE N ERBEF AN AR A MELR
WEREBRERS, AJURBRIT 1310 ZETTHERRAN. BifEHH
IRIZME N T E RN H T L 2R,

Operators have a clear intention to monetize 5G networks. Ericsson predicts that by
2030, if operators proactively implement aggressive tiered pricing strategies and offer
personalized network quality assurance services for applications, they could achieve a
total direct revenue of $131 billion. Ericsson's programmable network provides the es-
sential foundational support needed for operators to generate additional income.

MRKRITERDRSLBINGE API T BEEITL, WETRE,
B, BBERE, EEHMVEREREICFER, W AP DRSNS
BB TR 1000 123 3000 12 ETTRVEZEMIBSIT BRI,

If operators continue to expand into vertical industries such as healthcare, manufactur-
ing, and autonomous driving through network APIs in the future, McKinsey predicts that
over the next five to seven years, network APIs could generate approximately $100 billion
to $300 billion in connectivity and edge computing-related revenue for operators.

EREFRIRE CAMARA B9BII8E Z —, BIUERRES5T CAMARA

& \{55GA] 4R T2 W 48 1Y SRS
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-BI{EEETESIE
Ericsson Intelligent Operations Engine

-EVEREEETR
Ericsson Intent Management Platform

-EUEREERERRYG
-BEVEREBEALEBEREGTE
Ericsson Single-Domain Intent Management
Software

Ericsson Intent Management Al Radio-
specific Hardware Platform
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As one of the founders of the international
standard CAMARA, Ericsson has actively
participated in 26 API working groups and
6 general working groups of CAMARA.
Over 40 leading global operators have
agreed to adopt Camara's API standards.
Ericsson's GNP platform now boasts a de-
veloper community of 1.4 million, provides
8 million software standard library files,
and has released 59 SDK tools. GNP has
served 120,000 commercial customers,
forming a diversified API business eco-
system.

A network effect to accelerate industry growth 2

® The Flywheel Effect Brings New Growth Momentum to the Industry

5G AIRIEMBE IRIIZEA, BREMRKAR

5G Programmable Networks are Widely Commercially Deployed Globally and
Have Won Numerous International Awards

2023 F, EBEIMEEFEENMY, UEBRDBENEMERRK T2
IKEBEEEICIE TMF REIFMSARRRARERAE,
In 2023, Ericsson, in collaboration with its partners, won the Global Telecom Manage-

ment Forum's (TMF) Best Innovation and Future Technology International Award for their
Intent-Driven Autonomous Networks project.

2023 &, RIAFET GNP FETXRERBERMEHMIL, HEIRN
RiEHERE. MERNREEER, FNARTEINGSaERMHRE
#rB9ERE, fEEE(S RTL Deutschland tB7EBRI A 56 MET A
BRBERMEFNIEE BEBNFRERE M NBINHEIF.

In the same year, Vodafone utilized the GNP platform in the UK to broadcast the Royal
Coronation Ceremony, providing global viewers with high-quality, low-latency streaming
live coverage, while also offering uninterrupted connectivity to thousands of attendees
on-site. Additionally, Deutsche Telekom's RTL Deutschland utilized 5G network slicing in

television broadcasting, replacing the need for expensive and complex satellite broad-
cast vehicles to simplify mobile TV production.

EUGENETANEERDNEESREEEAHERRFRE
I, BXRATIZER Digital Nasional Berhad (DNB) F A ZE R Thith
ANEFPRET AEMERIENESIL 56 RS, BEUE55KAT DNB
& {ETE GLOTEL 318 7 “Managed Service Mastery” X1, UXREE
U EMNALFNETERMNIZESIZ RN DNB HRIMLFE A A ARG UL

. Al REENETERENEZESIE
BEEWBRAFI Telstra. FAILEF
Telefonicoa. HIE AR ROGERS. I
B Telia FIZEBEMN Ao

Ericsson's Al-driven, intent-based oper-
ational solution has proven successful in
customer deployment trials. Malaysian
operator Digital Nasional Berhad (DNB)
successfully leveraged the technolo-
gy to provide customers with perfor-
mance-guaranteed, customized 5G
services. In collaboration with DNB, Erics-
son was awarded the ‘Managed Service
Mastery’ prize at GLOTEL, recognizing
the superior user experience and revenue
driven by Ericsson's novel intent-based
operational engine for DNB. This Al-pow-
ered intent-based operational engine has
also been adopted by operators such as
Australia's Telstra, Spain's Telefonica,
Canada's ROGERS, and Sweden's Telia.
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Research on the Integration Mechanism of Communication,
Sensing, Computing, and Intelligence in 6G
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@ Integration Mechanism of Communication, Sensing, Computing, and Intelligence in 6G
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Introduction

To address the complex challenges of
system optimization in the full-factor inte-
gration and multi-scenario services of 6G
systems, the integration mechanism of
communication, sensing, computing, and
intelligence (CSCI) in 6G is elucidated.
Breakthroughs are achieved in key tech-
nologies such as intelligent and concise
networks, cooperative communication
and sensing integration, native Al, and
service-based architectures (SBA). A plat-
form for 6G CSCI integration technology
is developed, original technologies are
incubated, new industry paradigms are
explored, and the entire process of 6G
innovation is promoted.

6GERHERMS I, =K
RREZA M

Innovation on the Integration of
Communication, Sensing, Comput-
ing, and Intelligence in 6G, Breaking
through the Challenges of Compre-
hensive System Optimization
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This research has achieved a significant

breakthrough in 6G, systematically elu-
cidating the integration mechanism of

6G CSCI. It effectively addressed the complex challenges of comprehensive system
optimization arising from the full-factor integration, multi-scenario services, and diverse
demands of 6G. The mechanism comprises three parts: firstly, the “base”, a cloud-
based heterogeneous hardware platform composed of central processing units (CPUs)
for general computing, graphics processing units (GPUs) for intelligent computing, and
specialized processing chips; secondly, the “kernel”, which carries multi-dimensional
capabilities of the CSCI integration in a modular manner; and thirdly, the “hub”, which
simplifies network complexity through SBA technology to enable flexible scheduling and
on-demand combination of services.

BT ZHIEINAGE T 66 BRESHAERATE, 2 FaREEE
BRERANRSHEI, BEEHE=N. REENARMESE =, AFER
AMERMERIER. BHRIRARHIXBIIETEUREER. FHRH
A BXE ARG, SKIA~LFTERNRER, #) 66 tlfeidis,
Based on this mechanism, the 6G CSCI integration technology platform has been suc-
cessfully developed. This platform, a systematic implementation of CSCI integration, fea-
tures sharing, flexibility, and openness. It provides a testbed for conducting cutting-edge
and fundamental research, incubating original technologies, and fostering multi-level,

open industrial joint research and experimentation. This platform facilitates the explora-
tion of new industrial paradigms and promotes the entire 6G innovation process.

m “ Sub-10GHzZIE(E

EEREEE e 5

”
B

—— | (B0 B B2 &0 B0
N 0 T

66 BEMERARATAEN

ZIRE

@®

Sub-10GHz communication

6G multi-
dimensional -m“ mmpming m “

capabilities

Millimeter-wave
‘communication

Cloud
Computing Storage Network Accelerator
management management management management

s 3 €3 £33 £3 2D
hardware pool
IS - OESEED e

@ Architecture of Communication, Sensing, Computing, and Intelligence Integration Technology
Platform in 6G

Cloud foundation

-~
I
b

‘,
d

Ed

EH]

u

g

Terahertz communication

Visible light communication

4
g
5
s
g
g
g
g
g
i
g

Other novel transceiver

6G RS IR MENH, (RITUERSRSHR

The Integration Mechanism of 6G Driving Innovation, Fostering Industrial
Transformation and Service Upgrades

ZARRIEEN 6C BRESMENIEANMEEMISITHRMHSZE, B
T LT REIBAR B

The proposed 6G CSCI integration mechanism provides a foundation for network infra-
structure design and has incubated the following original technological innovations:

MR RSURE, SR, SHaEN 6 URWEM,
NBREERMERM T BENRER RIS,

Cloud-based heterogeneous hardware base: High-real-time, high-performance 6G
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cloud-based heterogeneous hardware has been developed, providing a solid underlying
resource support for CSCI integration.

HXZAERENIRMEANZ, REMSBIMEERIEL, RFERTEBS
M ERBEA. DMESTRAUBREREERR, mH ZEDERMNRS,
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STARFBERSIERE, WINZFEERIRESHREN Al RS,

Multi-dimensional capability integration kernel: A network cooperative communication
and sensing theory has been proposed, breaking through technologies such as continu-
ous space super-resolution multi-target sensing and cooperative multi-node data intelli-
gent integration. This fully leverages the advantages of cooperative sensing to achieve a
twofold improvement in sensing accuracy at a low cost. Establishing a network native Al
capability that integrates communication, computing and intelligence, breaking through
AlaaS (Al as a Service) service orchestration and task management technology, and
improving communication system performance at a lower cost, while efficiently providing
high-quality Al services on demand.
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Network on-demand service hub: An
atomic service aggregation technology
based on SBA has been proposed. This
enables services to be combined into
network functions (NFs) based on specific
scenarios, and to transform complex inter-
face interactions into internal implementa-
tions. It will effectively improves interaction
efficiency and provides a low-latency, highly
flexible network.

Customized NF for scenarios

Service 1
Service 2

NF 1 For immersive communication scenarios
Service 1
Service 3

NF 2 For loT scenarios
Service 4

NFa
NF 3 For industrial control scenarios

@ SBA Atomic Aggregation Technology
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@ Multi-Node Cooperation and Multi-Target Sensing Technology Based on

Network Cooperative Communication and Sensing
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@ AlaaS Service Orchestration and Task Management Technology Based on
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Abundant Achievements in 6G Inte-
gration Mechanisms, Receiving In-
ternational Recognition and Honors
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This research has cultivated profound
technical expertise in 6G, elucidating the
integration mechanism of CSCl in 6G. It
has achieved groundbreaking innovations
in network cooperative communication
and sensing, network native Al, and other
landmark technologies. Three dedicated
monographs on 6G have been published,
receiving enthusiastic recommendations
from Wen Ku, Chairman of the China
Communications Standardization As-
sociation, Academician Zhang Ping of
the Chinese Academy of Engineering,
Academician You Xiaohu of the Chinese
Academy of Sciences, and Huawei Fellow
Tong Wen. Relevant research findings
have been published in top-tier journals
such as the IEEE Journal on Selected

Areas in Communications (IF: 16.4) and
Engineering (IF: 12.834), receiving high

commendations from academicians Yin Hao, Zhang Ping, and Wang Jiangzhou. This
research has been recognized as “Future Network Leading Innovation and Technology
Achievements in 2023 by the Chinese Society for Communications, “Top Ten Scientific
and Technological Progresses in the Information and Communication Field in 2022”, and
Pioneering Technologies in the 2022 "Innovation China" Series Rankings (Industrial Foun-
dation Field). The project "environment-aware enhanced digital twin channel platform *
has won the “Gold Medal” at the 49th Geneva International Invention Exhibition. The inte-
gration platform of CSCI in 6G has been recognized as “Major Scientific and Technolog-
ical Achievements of Zhongguancun Forum” in 2024, and “Top Ten Digital Technology
Achievements of State-Owned Enterprises” in 2024.
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@ Published Three Monographs on 6G
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Top Ten Technological Advancements in the
Information and Communication Field in 2022
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Gold Medal at the 49th Geneva
International Invention Exhibition

Future Network Leading Innovation and Technology
Achievements in 2023

@ Awarded Multiple Prestigious Global Honors
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Basic Principles of Passive Intelligent Connectivity Assisted by
Wireless Energy Transfer
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@ Basic Principles of Passive Intelligent Connectivity Assisted by Wireless Energy Transfer

FRAZ ik
Nanjing University | NANJING UNIVERSITY
BFRRAF

8k

University of Electronic Science and Technology of China

CHRFFR

University College London

g

3

onf

B RRE B LL M E L mEAR, TN EHTTR BUFTERIE XY 2R IRt
EERNFENRETTRNEEMARS, SUAYERNATEE, IE SEENHERETRIEES,
52— UERBATERARAVES SR THEARN~ETEEMNHEE  ENSMMAS. B 5 B,

(S DWEREFSHENBERR, SE
Introduction AT IR LRGeS TE ML
This research utilizes radio frequency (RF)-based wireless energy transfer technology to BfEi. FNEXERLRDHI
provide reliable energy supplement towards battery-powered small devices while trans- 17215 IT B e MBI NIT 4| &%,

mitting data information. This ensures continuous connectivity in the Internet of Every-
thing (loE), significantly advancing the application of integrated data and energy transfer
(IDET) technology in future IoE scenarios.
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Revealed the Mechanism of Passive Intelligent Connectivity on the Network
and Medium Access Layers
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Innovatively, a high-dimensional integrated data and energy resource allocation algo-
rithm was designed for diverse scenarios, efficiently utilizing higher-dimensional commu-
nication resources such as space, time, frequency, code, and power. This allows for the
rational coordination of wireless data and energy transfer within the network. Additionally,
for the first time, an intelligent data and energy access control algorithm was developed
for passive distributed scenarios. Using distributed machine learning, the system dy-
namically realizes real-time access decision making, effectively avoiding collisions while
improving the efficiency of integrated data and energy transfer. Furthermore, a UAV
(unmanned aerial vehicle)-based space-ground integrated data and energy networking
strategy was developed, specifically for wide-area passive loT (Internet of Things) sce-
narios. This strategy integrates the flight path planning of UAVs, service scheduling of
nodes, and the real-time data and energy requirements of nodes. As a result, it signifi-
cantly enhances the service efficiency of passive nodes in the IoE ecosystem.
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@ High-Dimensional Integrated Data and Energy Resource Allocation Algorithm
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@ Multi-UAV Space-Ground Integrated Data and Energy Networking
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Providing Customized Data and En-
ergy Transfer Services for Passive
loT Scenarios
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The research proposes a low-complexity
integrated data and energy resource
allocation scheme across multiple dimen-
sions, including space, time, frequency,
code, and power. This addresses the key
issue of coordinating data and energy
transfer within the resource domain, ef-
fectively mitigating the trade-offs between
them. The scheme has improved integrat-
ed data and energy transfer performance
by over two times. By designing an inte-
grated data and energy access control
protocol, the system efficiently schedules
loT nodes, doubling the efficiency of data
transmission. The research also develops
a dynamic networking strategy based on
UAVs, specifically for wide-area loT sce-
narios, effectively solving the challenges
of energy supplement and data backhaul
for low-power loT devices in large-scale
deployments. This strategy has reduced
the overall network energy consumption

by 50% and decreased node service time
by over 50%. Moreover, the outcomes of

103 «



CHARM OF SCIENCE AND TECHNOLOGY *ﬂ'ﬁzﬂ

this research have been successfully applied in diverse loT scenarios, such as smart
homes and unmanned factories, significantly reducing site maintenance costs and con-
tributing to positive socio-economic growth.
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@ Diverse and Massive loT Application Demands and Scenarios
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The Research has Been Reported by International Media and has Received
Multiple International Awards
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This achievement marks the team's pio-
neering inception of the concept "Data
and Energy Integrated Networks (DEIN)"
on the international stage. The team has
published the first English monograph on
the subject with Springer (2018) and a
Chinese monograph with Science Press
(2020). Additionally, the team was invited
by Springer to author a textbook on DEIN,
which was published at August 2024.
The research results have been widely
disseminated through the publication
of over 50 papers in top-tier journals
(such as IEEE TWC, IEEE TCOM) and
international conferences. The team has
received prestigious awards, including
the IEEE Communications Society Best
Paper Award from the Multimedia Com-
munications Technical Committee (2021),
the IEEE SustainCom2020 Best Paper
Award, and the IEEE CSE2023 Best Paper
Award, etc. The research has obtained
recognition from renowned experts, such
as Professor H. Vincent Poor, a member
of the US National Academy of Sciences
and Engineering and an IEEE Life Fellow,
and Professor Branka Vucetic, a Fellow of
the Australian Academy of Science and
Engineering and IEEE Fellow. Further-
more, this research has been featured
by the UK-based media TechXplore,
which acknowledged the innovation and
effectiveness of the base station domain's
data and energy resource collaboration
scheme introduced by this work.
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The study is the first to propose a scheme for the
large-scale deployment of H-APs in smart cities. In
the future, this scheme could help to optimize
information and energy coverage of communication
networks in busy urban environments.
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Security Paradigm for Next-Generation Wireless Networks:

Cloud-Network-End Collaborative Security
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@ Cloud-Network-End collaborative security theoretical system
= N fev3 P
AZBFRRAF TREFHALY

Xidian University

E1H
ﬁW%AE%—ﬁ%ﬁW%%Iﬁﬁﬁﬁﬁo%%%ﬁ@%%%ﬁ?%

Bre, TEBET—ATENEERURLER NERIUT “=- M-k

WEZ 2R, RERER2MIFG], WA —RELMEN T 2B

Introduction

Cloud-network integration is the mainstream technology route for next-generation wire-
less networks. Traditional wireless network security belongs to the portion security that
cannot address the systematic security requirements of the next-generation wireless
networks. This achievement has established a Cloud-Network-End collaborative security
architecture, formed a systematic security protection mechanism, and constituted a se-
curity paradigm for next-generation wireless networks.

BITZNE ‘& i hERERM

Establish a CIoud-Network-End Collaborative Security Architecture for Wire-
less Networks

5B AIER#ETERES, B TEMNERKERETER
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Combined with advanced computing such as cloud computing and Al, it is an important
way for next-generation wireless networks to break through the Shannon capacity limit
and improve communication capabilities, forming a computing-based communication
paradigm. The integration of wireless networks and cloud computing produces a Cloud-
Network-End collaborative service architecture, which is based on End(or Cloud)-End
non-interactive collaborative computing and supports task-driven End(or Cloud)-End
communication. Information services have become a typical data-sharing mode for
next-generation wireless networks. Traditional wireless network security is centered on
communication security that is portion security, which cannot address the systematic
security requirements of next-generation wireless networks. A Cloud-Network-End col-
laborative security architecture is proposed focusing on the communication security and

E (EERS Data Transmission

EiEIE E ) L
(EAPE (5-0%) S ( “=-R4E" hEEESALS) (Wireless network (End-to-End) communication)
Increase bandwidth to |mprove speed
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Technical route -Comp tegrati

computing security issues of next-gen-
eration wireless networks, based on
the one-time pad security principle and
adopting the zero-trust security strategy.
The architecture established semantic
communication security and service com-
puting security mechanisms to support
information service security. Finally, a sys-
tematic security mechanism and a secu-
rity paradigm for next-generation wireless
networks emerged.
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@ Data sharing model of wireless network: data transmission and information services
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Constitute a New Security Paradigm for Next-generation Wireless Networks
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We have incorporated anonymity into the wireless network authentication process and
proposed a wireless anonymous authentication protocol. Anonymous authentication
has become a typical authentication mode for wireless networks. This achievement has

@ Cloud-Network-End collaborative security architecture

associated traditional connection security
with End-system security to propose a
universal composable-secure and trusted
network connection model, which has
constituted the core security mechanism
of next-generation wireless networks.
Aiming at the task-driven End(or Cloud)-
End secure communication, the Cloud-
Network-End collaborative security
architecture is combined with the ratchet
security mechanism, and a non-interactive
key update mechanism is proposed to
provide an effective solution to the key up-
date problem of next-generation wireless
networks. Combined with Al technology,
a non-interactive collaborative secure
computing mechanism for wireless net-
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works is constructed, and an End(or Cloud)-End secure semantic communication model
for information services is proposed to ensure the reliability, security, and availability of
next-generation wireless networks. This achievement established a heterogeneous net-
work security fusion framework based on cross-cloud secure data-sharing, which is an

important way to integrate heterogeneous wireless network security.
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This Achievement Has Generated

Considerable Attention and Recog-
nition from Academia and Industry
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With the theme of next-generation wireless
network security, achievement completers
were invited to give a keynote speech
at Huawei's "Roman Forum, STW, Cyber
Security Annual Conference, GTS Sibo
Forum," the Chinese Institute of Electron-
ics, and other related academic confer-
ences. The special report at the series of
cross-disciplinary forums of the Beijing
National Research Center for Information
Science and Technology of Tsinghua
University has been viewed online by
more than 390,000 people, and the rele-
vant paper was invited to be published in
Tsinghua Science and Technology. The
representative papers of this achievement
have been cited more than 2,000 times
on Google Scholar. In addition, we have
jointly formulated an international ITU-T
standard. The SCN (Wiley) survey article
pointed out the proposed anonymous au-

thentication protocol to be the first anony-
mous authentication protocol for wireless

networks. Michigan Technological University and others use it as a typical case for course teaching. The Science Bulletin survey article
pointed out the proposed trusted network connection model to be the first universally composable trusted network connection model.
Moreover, we have formulated a Chinese national standard for trusted network connection. The achievement won the second prize of
the “National Technological Invention Award of China” in 2013 and 2020, respectively. Achievement completers were invited to write a
development report for the Blue book on Analysis and prediction of China's network security situation.
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A New Authentication Scheme
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A New Authentication Scheme
with Anonymity for Wireless Environments
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| Jianming Zhu and Jianfeng Ma, Member, IEEE

Jianming Zu and Jianfeng Ma, Member, IEEE

5. Survey of Wireless Authentication
Protocols Preserving User Anonymity
and Untraceability

A survey of anonymity in wirel mmunication
Sub/ey of SnayIy In Wireless commuinicaion syst In this section, we will survey a few wifeless

on protocols. We name each protocof using
the authors” last names. Throughout the sectionf we use
Jt #0. Bax 57090, T the MOtations given in Table 1.

Hul Chen, Yang Yo, Xi2oyan Hong?, Fei Hu? and

Alabama, 101 He

17 Houser Hal PO. Bax

#0151, Zhu-Ma Authentication Protocol

. AL 35487-0290, USA.

iy B, Charloe NC 28223.0001, USA.

5. Survey of Wireless Authentication
ing User i

and Untraceability
A survey of anonymity in wirele munication
Stavey of soymity [n Wirdicss commiinicayon syst In this section, we will survey a few wifeless
authentication protocols. We name each protocay using
the authors last names. Throughout the sectiory we use
the notations given in Table I

i Chen, Yang Yo"/, Xiaoyan Hong?, el Hu? and Jang (Lnda) Yie*

9065, e

ama. 101 Housr Hal, PO,

e v 17 Hows

570286, Tuscalooss AL 354870290, USA

9201 5.1. Zhu-Ma Authentication Protocol

262250001, USA
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Universally composable secure TNC model and 3 e
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ZHANG JunWe, M S

Zhang et al. [10] proposed the first trusted network connect
(TNC) model in the uni to

Protocol #of SKCS #of PKCS #of h(.) #of ) #of messages. Protocol #0of SKCS #0of PKCS #of h(.) #of ) # of messages

Zhu-Ma protocol 2 o o o 2 2 o 0 o 2

T Wi 10 protocol 2 o 2 o 2 2 o 2 o 2

iang-Lin-Shen-Shi protocol 1 3 0 0 0 3 he: 3 0 0 0 3

Jiang-Lin-Shen-Shi protocol 1T 1 o o 2 2 -Shen-Shi protocol I 1 o0 0 2 2

Go-Kim protocol 2 0 1 2 3 Go-Kim protocol 2 0 1 2 3
Progress. Chinese Science Bulletin Progress. Chinese Science Bulletin
Como S oo o [y

e e Survey article of Chinese
Science Bulletin

Universally composable secure TNC model and 3 T
EAP-TNC protocal in IE-T Recent advances on trusted computing in China

THANG oW, MA JnsFig! £ MOON Sl

Zhang et al. [10] proposed the first trusted network connect
(TNC) model in the universally composable framework to

analyze the secunty of extensible authentication protocol in
the network authorization transport interface. Their work
presented a whole new approach of addressing TNC model
in the universally composable framework and can be ap-
plied to analyze more protocols in the TNC archi To

analyze the secunty of extensible authentication protocol in
the network authorization transport interface. Their work
presented a whole new approach of addressing TNC model
in the universally composable framework and can be ap-
plied to analyze more protocols in the TNC i To
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Based on the End-Cloud collaborative security technology, we developed the Qin-Shield
cloud encrypted database, which has passed the cryptographic service software eval-
uation of the National Cryptography Administration. In addition, we have established
a storage key update mechanism and developed a multi-modal encrypted database,
which can be seamlessly compatible with mainstream big data platforms. Based on
the End-system security technology, an avionics security protection system was jointly
developed and applied to China's large passenger aircraft, C919, to ensure the security
of airborne information systems. Based on the Cloud-Network-End collaborative security
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architecture, a security protection system
for drones/ships was established, and a
wide-area security collaborative service
platform for intelligent unmanned systems
was developed to achieve cross-domain
long-distance secure communication, da-
ta-sharing, and collaborative services for
unmanned systems.
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Micro-/Nano-Motors and Their Catalytic Locomotion Mechanism

© MAERD AT UREDHANBATTED R, SERBREN. HAFENNFEBGUERTES, B BUETR BIEEEN
AFOEN RGN, TEMER. YMBEN. SHEEFTLAFEENNATIR.

@ Micro/nano-tubular motors can drive micro/nano-robots to perform tasks at specific target locations in small and confined environments, such as within living
organisms and integrated circuits. This reflects the concept of "Beyond Moore" in the field of intelligent microsystems, with significant application potential in
the fields of biomedicine, loT, chip manufacturing, etc.

EBXR%F
Fudan University
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Introduction

The efficient propulsion of micro/nano-robots is a key research direction in the field of micro/nano-machines. Our team has developed a

» 112

controllable fabrication method for micro/nano-tubular motors based on integrated circuit
technology and elucidated the principles of their motion behavior. This work significantly
advances the practical application of intelligent micro/nano-robot systems.

BRRAENBRIZHMETMAERDE

The First Micro/nano-tubular Motor Fabricated by Integrated Circuit Technol-
ogy

B AR B IMNARE). HEERUBRITESHIIANEA,
2 ‘BHER BSESREMARITENAEREL. AT SWEHREE
IR TR E A, HREANEER LEEAFBEFERBRIZHN
RERERESHARRAHTETHAERDE, BAERD R B EL
[ M SRIL S RBI U FRE - WM AERE e B TEIPAMIRIE AL ERRFR 71
WERDANNFTH, BT EENEERESREEHITEN, 7
EMHEIRREN L, AREANE—F 5 NEREIRA RN D R ER
WRE, TohREFMEMZHEEY, HERETRETRE, MAHDEK
MRRANEE AR/ HENIFER (NEWE. SRBRE) 5T
BEMMIERITES, TEYMER. YEN. SAGSEFTIVEEEENN
AR %o

Micro/nano-robots, driven by external fields and capable of performing tasks at target
locations, represent the cutting edge of robotics and embody the concept of "Beyond

Moore" in the field of intelligent mi-
crosystems. To efficiently drive micro/
nano-robots in low Reynolds number
environments, our team was the first in
the world to employ integrated circuit
technology-based self-rolling assembly of
noble metal nanomembrane to fabricate
micro/nano-tubular motors. These motors
convert chemical energy into mechanical
energy via catalytic reactions. Our team
has theoretically and experimentally eluci-
dated the dynamic behavior of micro/na-
no-tubular motors, establishing universal
principles of deformation and multistable
motion. Based on these findings, we intro-
duced fine structures to improve energy
conversion efficiency, motion speed, and
directional movement ability, while also
explaining the underlying mechanism.
Micro/nano-robots driven by these motors
can perform tasks in small and confined
environments (e.g., within living organisms
or integrated circuits), with significant
potential applications in biomedicine, loT,
chip manufacturing, etc.

© B FEMARBDITEAEHNG, HEFIRRAERDEDNFETA.

@ A body deformation model was established to analyze the mechanism of catalytic locomotion, and the dynamic behavior of the micro/nano-tubular motor

was revealed.
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@ Enhance the stability margin of micro/nano-

tubular motor by using micro-/nano fine
structure.
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llluminating the Catalytic Locomo-

tion Mechanism that Powers Micro-/
nano-machines
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How to construct micro-/nano-robots is listed as one of the top 125 key scientific ques-
tions by Science magazine, attracting extensive attention from researchers worldwide.
However, in micro-/nano-scale, the effects of Brownian motion and surface viscosity
become predominant. Therefore, how to surmount the limitations of Brownian motion and
surface viscosity at the micro-/nano-scale and achieve controllable locomotion under
low Reynolds number condition is one of the critical research directions in the current
field of micro-/nano-robot. Our team realized energy conversion via catalytic reaction,
and established kinetic model to elucidate the locomotion mechanism as well as energy
conversion principle to enhance the performance. The fabrication of micro-/nano-motors
is based on mature integrated circuit technology, which creates conditions for the large-
scale fabrication of functional micro-/nano-motors. The achievement of this project has
promoted the fast development of micro-/nano-machines, biomedicine, and other related
disciplines, provides a solution for the power source of micro-/nano-robots, and has im-
portant application potentials in a series of fields such as smart medical treatment, Inter-
net of things, chip manufacturing, and pollution control.

_—Oxygen

Intensity (a.u.)

| 1 1 1
1000 1200 1400 1600
Raman shift (cm™)

o ARHABERDABAKESNS T, TRNBREEH TR,

@ Collection of targeted molecules by using micro/nano-tubular motor enables high sensitive detection
of molecules.
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High Quality Publications Significantly Promoted International Academic Im-
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Our team has made comprehensive and in-depth collaborations with high level teams from Germany, USA, and Korea in the area of
fabrication and application of micro-/nano-motors. Major output was published in top journals such as Chem. Soc. Rev., Adv. Mater.,
J. Mater. Chem., NPG Asia Mater., Environ. Sci.: Nano, Nanoscale. The team also presented the research progress at significant in-
ternational conferences like the 1st Asia Advanced Materials Summit. Multiple Chinese invention patents have been authorized. The
research work has been positively cited by e.g., member of German Academy of Science and Engineering, head of the Department of
Nanotechnology Engineering at the University of California, San Diego, professor at the Pennsylvania State University, professor at the
University of Joensuu, Finland, professor at the Ecole Polytechnique, Paris, and many other internationally renowned scholars, with a to-
tal citation count exceeding 1000 times, exhibiting substantial global academic impact. Prof. Yongfeng Mei is recognized as pioneering

the research direction of micro/nano-tubular motors.
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Nano/Micromotors in (Bio)chemical Science Applications
Maria Guix,” Carmen C. Mayorga-Martinez, and Arben Merkogi*

Mei et al. pioneered the greatest advance in bubble-propelled
nano- and micromotors with their development of tubular
catalytic nano- and micromotors bui strail
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Recent efforts by Mei's team illustrated
the design of a powerful catalytic rolled-up

MeifAFEERT 7 —HiEgX
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Such impressive performance, however, re-
quires a top-down photolithographic fabri-
cation route involving evaporation of mul-
tiple thin metallic layers onto a sacrificial
photoresist followed by stress-assisted roll-

ing of multilayer structure into a microtube.
MeiRBRiEAg
AT .

h 2D patterning requires critical control
br internal stresses induced by varying
position conditions, thereby making the
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“To Yongfeng, For your pioneering
contribution to Nanomachines
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@ Output has been positively cited and commented by many renowned scholars. Prof. Yongfeng Mei is recognized as pioneering the research direction of

micro/nano-tubular motors.
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Next Generation Sub-10nm Lithography: Adhesion Lithography
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@ Heterogeneous Integrated Sub-3 nm Chips Fabricated by Adhesive Lithography
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Introduction

Currently, the layout of high-resolution nanomanufacturing technology mainly consists
of key technologies such as deep ultraviolet lithography, extreme ultraviolet lithography.
To bridge this technological gap, chip companies such as TSMC and Huawei have
successfully pushed the structural scale to nodes of 7 nanometers or even smaller, thus
meeting the ultimate demands of high-end chip manufacturing.

SIRIERALICTEIRR, RILAE 3 YK P
Breaking Through the Diffraction Limit of Conventional Lithography to
Achieve Sub-3 Nanometer Resolution

NEBDPARFIERATBEIERRINAL. REIZ. RS
HAUZFE, ASML ABEFRNREINEZTREINA LB ARD PR D7/ 38
134K, HISEDPRTEMELURE 10 KU TSHEHHHISEER H
THRRX—XER, SIRBELHAERIRBEEBRNIHAUMEAR, BI
ZRBAHL BT R NERRE, KA 38/13 49Kz, KIMT 7
PARUTTRBHOHGENE, EARENEREAE T SEBIRANK
EMDPRNEFER. RINENEERZBBRARAZIN, BE—HX
BN FBEHAEREMEERE LRI 3nm EEARGEISH IR A - 4
MR RE AR ZERARMIOPWRERTFEBRNEN S FKE, ALTE
IR, BEEDFRENGHFHIE. BRXEAREGETITENN: BE
DBRE A TTE, BSREEAD FHRFRENXERA, FRIXE.
RE. HEMNBFFERRITRERM.

Existing high-resolution nanofabrication technology mainly includes immersion lithog-
raphy, deep ultraviolet lithography, extreme ultraviolet lithography, etc., ASML mass
production of deep ultraviolet lithography and extreme ultraviolet lithography resolution
of 38 and 13 nanometers, respectively, the manufacturing resolution is still difficult to
meet the manufacturing needs of high-end chips below 10 nanometers. In order to solve
this problem, TSMC and other chip manufacturing companies use multiple exposure or

A

PR AR EE S R ER LR

O MR E T ERARIET 3 KEFREMLEMN

etching technology to reduce the struc-
ture scale, using 38/13 nm lithography,
to achieve the node below 7 nm high-
end chip manufacturing, Huawei has also
recently announced a multiple exposure
to enhance the nanostructure resolution
of the patented technology. To further
reduce the scale of nanostructures,
our team proposes an innovative tech-
nique-adhesion lithography-adopted in
addition to the conventional multiple-ex-
posure technique that uses molecular
self-assembled monolayers and thin-film
exfoliation to realize the fabrication of sub-
3 nm structure scale. The processing res-
olution of this technique depends on the
molecular length of the structure’s side-
walls, and thus it is expected to realize
the fabrication of structures at the nano-
meter, or even molecular, scale. Related
is evaluated by international peers as: a
potential nanoscale lithography method,
a key technology for devices to enter the
molecular and atomic scales, and has
been tracked by international peers in the
United States, the United Kingdom, South
Korea and Japan.

@ Adhesion Photolithography Equipment Platform and Representative Sub-3-nanometer Gap Linear Array Structure

IF 3 JsRESMI KRN SHE e SR RIEBRSE
Sub-3nm Adhesion Lithography Provides Solutions for Multiple High Perfor-
mance Devices

MR AR RGPS AHIE S EBIEES, NTAA. #ELS
EEMEIERERFRET IFERE, i, HNAAANESRBEL 3
PAREREH, CRINABTHREN. Er2ikaEEBRNE
FqE. Hep, FIRERMSEHERER, BEAGIGEAMRL, AR,
WNBEES, EHNERSKEMRNAE. EkaRERR,

Adhesion lithography’s ability to fabricate extreme nanostructures provides an innovative
way for low-cost, batch fabrication of a wide range of high-performance devices. For ex-

ample, the ultra-high-sensitivity sub-3nm
sensing chips we have developed have
been successfully applied to environmen-
tal monitoring, medical diagnostics, and
high-performance optoelectronic detector
devices, among other fields. Among them,
the sensing chips that can be manufac-
tured at wafer level have low cost and
high detection accuracy compared with
traditional manufacturing technology,
and have been supplied to a number of
international bio-detection companies,
hospitals, universities and other scientific
research units.
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mples of Adhesion Photolithography Technology Applied in the Manufacture of Various Devices
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Leading Lithography Innovation and Driving International Cooperation in the
Industry
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The influence of this technology is far-reaching, covering many aspects such as tech-
nology promotion, industry promotion and international cooperation and exchange. First
of all, the technology promotes the technological progress and innovation in the field of
micro-nano manufacturing. Its high-resolution and low-cost features provide the possi-

bility of manufacturing smaller and more complex integrated circuits, promoting the de-
velopment of the integrated circuit industry. Secondly, the application of this technology

will lead to the development of related
industries, such as sensor manufacturing,
electronic device manufacturing, medical
equipment manufacturing, etc., forming a
complete industrial chain. With the con-
tinuous maturity and popularization of the
technology, the technology will gradually
penetrate into more fields, promoting the
transformation and upgrading of related
industries and high-quality development.
Finally, the successful development and
application of this technology will attract
the attention and cooperation of more in-
ternational counterparts and enterprises,
and promote international cooperation
and exchanges in the field of micro-nano
processing.
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Critical Technologies for Deep Countermeasures and Their Ap-
plication Against Al-Based Phishing Attacks
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Introduction

Al-based Internet phishing has become a major threat to the Internet, affecting the net-
work security and social stability of all countries. In response to challenges such as the
lack of Al phishing fraud prevention and confrontation capabilities, the project focuses
on key technologies for Al phishing deep confrontation, and promotes the improvement
of Al phishing fraud collaborative governance capabilities.

SR Al MG EEFRIRER . SRoHhERIREE

Breakthrough in the Rapid Detection, Efficient Analysis, and Collaborative
Governance Capabilities of Al Phishing Fraud

HXAMEE R EZ R TR Al B IIERE SRR E R
ABEEL, MABIET “RETIE + REX A0 M ERFIEERVERRNZRAGH]
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In view of the technical challenges such as Al phishing fraud deepfake and evasion de-
tection in large-scale and complex real-world scenarios, a phased phishing fraud detec-
tion architecture mechanism based on “Fast Filtering + Adversarial Learning” was devel-
oped, which can complete the phishing fraud detection of hundreds of millions of active
hosts every day, and shorten the average survival time of phishing websites from 12
days to 4 days. Regarding the difficulty of efficient data analysis at large space and time

scales in phishing domain name detec-
tion, a rapid discovery method of phishing
domain names based on graph data path
analysis was proposed, which realized
the rapid discovery of suspected phishing
domain names covering tens of millions of
domain names, millions of IP addresses
and related ASs, and improved the detec-
tion ability of suspected phishing domain
names by 15 times under the condition of
the same number of seeds. In view of the
problem of inconsistent and non-standard
domain name abuse data such as phish-
ing in China and even the world, as well
as the needs of real-time phishing across
regions, multi-agency collaborative gov-
ernance, a series of technical standards
for phishing data formats and sharing are
proposed, so as to realize cross-regional
and cross-industry integrated multi-party
collaborative governance technologies
such as phishing data reporting, identifi-
cation, disposal, and defense.
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Promote the High-quality Development of Domain Name Audit and Abuse
Governance Services in China
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The results of the project have been applied to the national domain name abuse gover-
nance, and have greatly improved the efficiency of the services. Over the past five years,
more than 120,000 phishing websites have been detected and removed, and the aver-
age survival time of phishing websites has been significantly shortened (from 12 days
to 4 days), tens of billions of yuan in potential economic losses have been avoided for

V) 5% L IK o Gl AR B 1
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Internet users. The results of the project
have been applied to the management
of China’s domain name service industry,
and have comprehensively supported
the management requirements of China’s
domain name compliance. Over the past
five years, with the cumulative verification
of more than 34 million domain names
and more than 17 million user names,
this project has become the benchmark
of China’s domain name service indus-
try. The results of the project have been
applied to many important platforms of
ministries and commissions. Through the
China Anti-Phishing Alliance, we provide
continuous and efficient anti-phishing de-
tection services for hundreds of member,
and actively contribute key phishing data
to the international community to further
ensure the safe and stable development
of the global Internet.

A EIRIH R ESHImD 53 46
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@ Application in the National Internet Basic Resources Big Data Platform
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Leading the Innovation of Anti-phishing Technology in China’s Domain Name Industry and Contributing Chinese

Wisdom to the World
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The project has made a number of achievements with industrial influence, leading the
progress of anti-phishing technologies in China’s domain name industry. The project
has applied for and obtained 12 patents internationally, published 15 representative
papers, released 10 anti-phishing and domain abuse standards, which of them won the
Excellent Practice Case of National Standards for Cybersecurity in 2023 and has been
selected as a pilot demonstration project of “Cyber Security in the Telecommunications
and Internet Industry” by the Ministry of Industry and Information Technology of China,
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Exchange Format for Network Transaction Fraud Data
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An Abused Webpage Detection Method Based on
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and won the “China Internet Public Benefit
Award” issued by the Internet Society
of China. Several anti-phishing science
popularization activities have been held at
international or national conferences such
as the World Internet Conference Wuzhen
Summit andNational Cyber Security Pub-
licity Week, with a cumulative audience of
hundreds of thousands. The project has
published several phishing analysis re-
ports around the world, and applied them
to the Global Anti-Phishing Working Group
(APWG) Phishing Fraud Trend Report,
which has become an important starting
point for the global fight against phishing
crimes. The project experts serve as the
vice chairman of the board of directors
of APTLD, member of the expert group
of ICANN’s Internet Root Server Advisory
Committee, and member of ICANN ccN-
SO DNS Abuse Governance Committee.
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ZiDongTaiChu Multimodal Large Model 3.0
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@ ZiDongTaiChu Multimodal Large Model 3.0

FRER SR B e R 5FT

Institute of Automation, Chinese Academy of Sciences
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Introduction

To achieve a more natural human interac-
tion experience, the team developed Zi-
DongTaiChu Multimodal Large Model ca-
pable of handling text, images, audio, and
video data. They proposed cross-modal
multitask unified self-supervised learning
as key technologies, enabling multimodal
empathetic conversations, marking an
important step towards the generalization
of artificial intelligence.

EFE S F B IHCAZ RN
KRR

Omni-modal Cognitive Large Mod-
el Towards the Digital Internet of
Things Era

HW SRS EBRIESKHER
GXE. BRSERF . A
FPhL, AT ZFEG. XA,
BENMWIMN TS RERXYZ
BEARRE, ARMREBEERSS
ESBREFIEXREAR, KN
T EMEXEESEIERNG —&
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2.0 A - ZES NI ARERE,
RIS BRI AL RRIES
D REFRESH XKD TR,
KRR 3.0 NREETEFTT X
FHHBREZRSIERS LMY
—RH, 1R T AERSRERH
fE71, BETERANMTIERE
UMERmEES], IFLESRERE
BAEBEERBERLESHRSE
I, SR T SESHIBWIE,
FEOAALBARERN, BHEA

BREERUNERE—D,

To handle with challenges such as dif-
ficulty in representing and fusing mul-

timodal information, difficulty in unifying understanding and generation, and difficulty
in personification, a hundred billion parameter ZiDongTaiChu multimodal large model
supporting images, text, speech, and video has been developed. Key technologies
such as cross-modal multi-task self-supervised learning have been proposed, achieving
unified representation and mutual generation of multiple weakly correlated modal data.
Furthermore, the ZiDongTaiChu 2.0 version - Omni-Modal Cognitive Large Model was
established to achieve correlation analysis and understanding of modalities such as text,
images, videos, sensor signals, and 3D point clouds. ZiDongTaiChu 3.0 proposed a uni-
fied architecture for empathy native multimodal understanding and generation based on
behavior alignment, enhancing the native mixing ability of different modalities, possess-
ing stronger visual understanding positioning and generation capabilities, supporting
multimodal retrieval and enhanced processing of documents containing multiple modal
forms such as images and charts, realizing multimodal empathy dialogue, closer to natu-
ral human interaction, and taking an important step towards the generalization of artificial
intelligence.
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Multimodal Empathy Dialogue
. Multimodal
Cross-modal [ |- Interleaved
Interleaved - Transformer Decoding
Alignment [ ] Network Generation
- Architecture .
LIER _ V|
Input . Interleaved Feature Alignment Cross-modal content generation " | Output

® Omni-modal Cognitive Enhancement: Cognitive Processing for Multiple Sources of Input in the Inter-
net of Things World, with Emergence of Omni-modal Capabilities and Higher Cognitive Efficiency

ATEREFRRS FaBRBAREED, HWaETTal

Artificial Intelligence Open Service Platform Releases the Capabilities of
Large Models, Empowering Industries Across the Board

EFBREZA®E, 2022 F£FR T Mindspore fRAsBIERAAH] 1.0 B
XEAREEMRS, FORT 50 F MR PRIRE A 7 B R E (FastSAM) B
Github 28 7.3K, 2022 FH M T 2R AR R SRS TN F RS
TaiSu, ARRRRLIRME T HEIXF.

In terms of open source sharing, in 2022, the Mindspore version of the ZiDongTaiChu 1.0
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image-text-audio large model code was
open source, and the Fast Universal Seg-
mentation Model (FastSAM) with 50 times
acceleration was open source, with over
7.3K Github stars. In 2022, the hundred
billion level large-scale Chinese multimod-
al pre-training dataset TaiSu was open
source, providing strong support for the
development of large models.

ERAXERTE, HERT K
RE)HE—AH, BT 2%ER
SRREABRRSTE, £TE6
REEITEROHITHE, KERF
BT EEFEARFEAREED]
i, 2EWETITEL,

In terms of pattern replication, we have developed a large model training and promotion
integrated machine, established a full stack multimodal large model open service plat-
form, and deployed it in six intelligent computing centers in China, greatly reducing the
threshold for ordinary developers to develop large models and fully empowering various
industries.

FTVNAAE, ERRNAREEMINATFEHS. Eefls.
BT ST, NFERE —ERNEREEEFRNBE. 5VKER
BEYESFNEMATIE., SRETUARARREAEE 30%, B&
RA 7T IEREMAEE, Bk R

In terms of industry applications, the ZiDongTaiChu large model has been successfully
applied in sign language education, intelligent manufacturing, medical diagnosis and
other fields. For example, the deployment of sign language teaching and examination in-
tegrated machines in special education schools, the virtual human project in cooperation
with the Saudi National Museum, and the multimodal industrial quality inspection large
model have improved accuracy by 30%, significantly enhancing industry performance
and efficiency and helping industrial development.
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@ ZiDongTaiChu Large Model Open Service Platform Architecture
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@ Finetuning and Development Toolchain to Release and Amplify Model Capabilities, Empowering Thousands of Industries

All-in-one Machine: <Storage, calculation,
network> fully integrated in one cabinet, ready to
use out of the box

Cran ) + Cotae )

builtin shelving and
Lage adjustment

®@ All-in-one Machine

TSR EEA Al EHERKEE,
BhHEIA RN RERYAUHNE E R
Omni-modal Cognitive Large Mod-
Building a Generic Al Intelligent
Foundation in China, Accelerating
the Advent of the Era of Cognitive
Intelligence

EARXVSESKEERRT
MR eI B SRR ETIR T, I
&7 REA T R ATk
MAEALEEETE,

ZiDongTaiChu’s multimodal large model
has explored a new model from scientific
research innovation to industrial imple-
mentation, which has promoted important
changes in China’s Al research and de-
velopment paradigm and industrial appli-
cation model.

BRAVLEESIEEIUAMR
BV REREYIE, RIMIMEFXX
KRERURE, KIETEET.
ZiDongTaiChu’s multimodal dialogue vir-
tual human empowers the Saudi National
Museum, achieving real-time intelligent
interaction of Saudi culture and receiving
high praise.

BEFEARAXPVAREERN
MicroNeuro AR 8l F A 188 A
R ERTETE,

The MicroNeuro intracranial minimally inva-
sive surgical robot based on the ZiDongTai-
Chu large model has been praised by the
Hong Kong Chief Executive.

RARXVSSEWITEEEH
A FTENSRESTFEHE —
A, B BREBEERN="
SREFR, AT ERVETHE
e
The multimodal sign language teaching
and examination integrated machine
jointly developed by ZiDongTaiChu and
Malanshan Computing Media Research
Institute has been promoted to more than
30 special schools in Hunan Province,

China, creating a new paradigm of intelli-
gent deaf mute education.

KRR S NNEREHEE
7 e MARELRE AR S MIR B

K 99%, MMETITIEHFHIEE,

ZiDongTaiChu and Jiuzhou Tong jointly developed a large-scale medical device model,
which achieved a surgical instrument recognition accuracy of 99%, accelerating the digi-
tal transformation of the industry.

RARXDEENEFER BEF, BRSBTERERRES 60%.

ZiDongTaiChu has partnered with Huawei memory manufacturers to increase server op-
eration and maintenance efficiency by 60%.

RARXTVERAHREFTERAR, EHTATEEESKE, MNREA
Rz AR (s o

ZiDongTaiChu has become a common platform technology, promoting the development
of the artificial intelligence ecosystem and accelerating the large-scale implementation of
Al applications.
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: Brain Surgery
Defect Detection Assistant
Intelligent Welding Seam Guidance Neurosurgical surgical
§ and Recognition Detection System scenarios using
Based on the Zidong Taichu intracranial minimally

Industrial Large Model

invasive surgical robots
< Huagong Technology, etc. >

< developing with Peking Union
Medical College Hospital>

¥\ T Flexible Robot

Modal fusion understanding of

Real time capture of weld seam data,
unaffected by external factors and quick
responding within milliseconds

Higher accuracy, stronger stability, and a 50%

increase in recognition efficiency compared to flexible robot signals

traditional CV technology. +  Control the intracranial error of
flexible surgical tools by Imm
- — =
= Belt and Road
Multi modal dialogue
virtual human

Images and Text in
Teaching

<30+ Special Schools in Hunan by Qianbo>
Sign language actions are linked with images and text

<Saudi National Museum>

+ Real time intelligent interaction of Saudi culture

+ Flexible Support for Full Scene Artificial Intelligence to facilitate better understanding of sign language

Applications of Images, Text, and Sound, closer to iocabulary
Integrated teaching and examination machine solves
human perception and thinking scenarios
the shortage of teachers and promotes standards

@ Deeply integrate industry scenarios and empower thousands of industries
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Scheduling Technology for the Fusion of Supercomputing and
Intelligent Computing
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Senlce Portal for the Fusion of Supercomputing and Intelligent Computing
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Introduction

Facing the major challenges of computing
model, system architecture and algorithm
design in the highly effective fusion of
supercomputing and intelligent comput-
ing, we have conducted research on the
fusion computing model, parallel process-
ing architecture, computing servitization
and domain-specific efficient parallel
algorithms. We have proposed the spa-
tio-temporal computation model, coupled
with the architecture of supercomputing
and intelligent computing, and formed the
technological system with independent
intellectual property.

BHSEHEMRESHEIGR T
BIRE, R24e%EM. BiXigit
FEAPERRIRE

Breakthrough in Major Challenges
Faced by the Efficient Fusion of
Supercomputing and Intelligent
Computing, Including Computation-
al models, System Architecture, and
Algorithm Design

RENTIHTERE, BoBE
HEERE,

This work proposes a spatio-temporal
computation model coupled with a super
intelligent computing architecture.

RHBESEBERGNNT
HEREA, “ﬁiﬁ#iﬁ%?%ﬂ%ﬁ?
BTR, BETAHIESTES
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RItESIZE, 88T SLURM Fx
MERNE, BIEMITEREDH A

25.2% # 18.6%

We first propose a spatio-temporal computation model for the fusion of supercomputing
and intelligent computing, discover and prove the lower bound of spatio-temporal entro-
py of data, and solve the problem of spatio-temporal non-uniform dynamic distribution
of data based on the given spatial distribution function of data features. We design and
realize a hybrid memory access mechanism based on the cost model as well as an in-
ter-node runtime scalable compute engine. Compared with the mainstream architectures
such as SLURM, our architecture can improve the communication and computation effi-
ciency by 25.2% and 18.6% respectively.

WITBESEEReNSNEME TE, EESKECENEELT
Intel MKL S RE FERTT 12%-30%; REEEERRBRRERSEMN
#l, BT OpenStack REZEH 20 EZE IR,

We also design an efficient base operator library which integrate supercomputing and
intelligent computing. Compared with mainstream arithmetic libraries such as Intel MKL,
the efficiency of matrix and tensor operations is improved by up to 30%. The cross-do-
main resource cascading and reconfiguration mechanisms we propose break through
the deployment scale of the native OpenStack architecture by 20 times.

RITTESHBEHTEE, BATHEERSHEIENAPNITE
[EE SR FHEME, EMIREADFZRIGE, KT 5 ZFBENEE -
IXA]IEIF’H?)’LHR?M%?LA ABEZWH I EKAANRESZ REN IR

K5 /SR BRI E

To solve the difficulty of balancing precision and efficiency, we design efficient fusion
parallel algorithms in the application of specific areas. In the field of geodynamic simula-
tion, we have realized the simulation of the geometry of the Indo-Eurasian collision zone
with a span of 500 million years. And for the smart cities, we have realized the precise
strategy formulation and rapid response to large-and-multi-scale emergency scenarios.
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Task Temporal Entropy in
i Discretization of Task Temporal Entropy

Based on Random Step Data Sampling

%o ’ and Binning Methods
" N, piv N
P(Cis) N,‘LQ’“.p(Ck..) N«‘If;l,.
~
Hx)=- / plxdlogp () Unifying Spatio-temporal Entropy | | ‘Spatio-temporal
i into Discrete space Il ’ Computational
Data Spatial Entropy in | Realizing Multi-objective Optimization | | RIS
Intelligent Comp -

@ Asymptotic Unbiased Estimation of Data e
B Spatial Entropy
S 21 ’ Based on Simple K-nearest Neighbor Entropy
k-I'(d2+1)
a0 3 (-t R

=log(N —1)+log(x**) —log (I (d/2 +1)) +(loge*)

H(X)=— Y P(x)logP(x)

@ Focusing on the universal description model for the temporal task relationship of supercomputing and
the data spatial relationship of intelligent computing, we solve the problem of fusion between supercom-
puting mainly with temporal entropy and intelligent computing mainly with spatial entropy theoretically.
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‘The Cross-domain and Cross-layer Resource Cascading and

Collaborative Call

Intelligent Computing
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@ Resource cascading and collaborative call techniques across supercomputing domains, e.g. large-scale sparse linear equations solving and vector matrix
operations, and intelligent computing domains, e.g. complex neural network convolution and tensor computation, as well as across the base model solver

layer, operator layer and service layer

KigiRABESERETI NI AKE

Significantly Improve the Application Level of Supercomputing and Intelli-
gent Computing in the Industry Fields

TMERRARRABESEEEEATIEMNI T U8R 82
FKFE, i 3 FRIEFNE 86.3 126
The results of our project have significantly enhanced the service capacity and appli-
cation level of supercomputing and intelligent computing in major engineering projects

and industrial fields, and realized economic benefits of 8.63 billion yuan in the past three
years.

AEFWAAE, NERANATERMKE RV, HRARMASE, ™
A2 86.3 127T0
In terms of economic benefits, the technology of our project is applied to Internet head
enterprises, research institutes, etc., generating economic benefits of 8.63 billion yuan.
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In terms of social and ecological bene-
fits, results of our project are applied to
9 national supercomputing centers in
Tianjin, Changsha, etc., which promote
the progress of computing technology
and construction of computing power
for both supercomputing and intelligent
computing. It has supported typical appli-
cations of the fusion of supercomputing
and intelligent computing, e.g. material
computation and petroleum and seismic
exploration. It also has been applied in
the fields of geoscience, anti-epidemic
and disaster prevention, etc., and has
promoted social development. In the field
of earth science, the simulation of the
geometry of the India-Eurasia collision
zone with a span of 500 million years and
growth mode dynamics simulation of the
Tibetan Plateau has been realized, and
the simulation accuracy has been refined
from 8 kme to 0.125 km?, and the running
time has been shortened by 14.3 times.
The results of project support the National
Supercomputing Centers and Smart City
Data Centers to construct heterogeneous
computing resource pool under the fusion
of supercomputing and intelligent comput-
ing, which has produced great ecological
and environmental benefits.

dv

P =PF+V-p
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s

® FEZSHMAMAERBEHR LR INIREFBE, 100 ZNIE=4H2NERREDITEEH 106 X4EFRE 21.3 /)\8,

@In China Aerodynamic Research and Development Center large aircraft engineering simulation, calculation time of 10 billion grid 3D full wing turbulence

simulation has been shortened from 106 days to 21.3 hours
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Million People and 1 Million Vehicles Underground Pipeline Corridor Water Flow

for Microscopic Vehicles parallel solving Hydraulic Calculations  solved in parallel
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@ By fusion of supercomputing and intelligent computing, minute-level digital twinning of urban dynamics and second-level disaster response capabilities are

realized in megacity simulation computation.
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The Achievements Have Been Rec-
ognized by Nine Academicians,
Supporting the Deepening of Intel-
ligent Computing Applications In-
cluding Smart Cities and Enhancing
the Development Level of the Digital
Society
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The results of our project were recog-
nized by 9 academicians at various China
review conferences, while international
counterparts also gave positive recogni-
tion to our project results.
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In the Technology Achievement Appraisal Meetings organized by Chinese Association
for Artificial Intelligence, named “High-performance Data Parallel Processing and Intel-
ligent Analysis System” and “Heterogeneous Computing Acceleration-Based Medical
Ultrasound Imaging Al Interpretation Technology and Application”, the experts (led by
Academician Yaoxue Zhang and Academician You He respectively) in the Appraisal
Committee concluded that the overall technology of our project results has reached the
international advanced level. In detail, the distributed parallel optimization approach for
scheduling and graph iteration algorithms for data spatio-temporal non-uniformity has
reached the international leading level, and the deep learning model and parallel algo-
rithm of fetal quality control medical sonography has reached the international advanced
level.

EFREITATIEKRNIAT: FEMNFREREERE RBUZEAT
IEEE TPDS iEXHEE 7 W B iR B B R AR B SRR 4 s 18~ AR R AE P R AR
EILEMNH; IEEE Fellow. ALYINITKERZREDK Yuanyuan Yang #
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International peers have given recognition to our project results. Prof. Chen’s team, aca-
demician of Chinese Academy of Sciences, affirmed that the probability model proposed
by our project can well reveal the distribution of non-zero elements in sparse matrices in
the paper published in IEEE TPDS. IEEE Fellow Prof. Yang's team of the State University

of New York at Stony Brook, affirmed the role of the computational offloading methods
based on non-cooperative games in the paper published in IEEE TCC.

- < IEEE

A Performance Model for GPU Architectures
that Considers On-Chip Resources: Application
to Medical Image Registration

Junhao wu®, Xuan Yang, Zhengrui Zhang ®, Guoliang Chen, and Rui Mao
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® Academician Yaoxue Zhang, Academician You He and oth- @ Academician Guoliang Chen pointed out that the probability model proposed by our proj-

er experts considered that the overall technology level of our
project results has reached the international advanced level.

ect can well reveal the distribution of non-zero elements in sparse matrices and predict the
performance of matrix multiplication accurately in the paper published in IEEE TPDS
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Key Technologies and Applications of Intelligent Control for
Corrosion Resistance of Steel Materials
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driven corrosion model and
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@ Data and Knowledge Dual-driven Steels Corrosion Model and Intelligent Computing Platform
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Introduction

Based on the world’s first corrosion big
data theory, the “corrosion big data
streams” generated by steel structure de-
sign, manufacturing, service, testing, and
calculation run through the entire process
of steels production for corrosion-resis-
tance control, the overall collaborative
control of structural steels life-cycle cor-
rosion resistance is realized, which cre-
ates a new model of intelligent control of
life-cycle corrosion resistance.

MEIBHRBIERATIS 8 E
BHEFHARINES
Materials Corrosion Big Data Is a

Successful Integration of Artificial
Intelligence and Corrosion Science
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The project has achieved the installa-
tion of 128 types of corrosion detectors
distributed in more than 1,000 locations
worldwide, collecting more than 1 billion
corrosion data annually. The project built
a data-knowledge dual-driven materials
corrosion model and established the
world’s largest structural steel corro-
sion database with 7,342 kinds of steel,
66,849 metadata entities, and 247,784
relationships. The digital intelligent design

method is transformative compared with the traditional empirical trial-and-error approach
of corrosion-resistant steels. Evaluation technologies for structural steels corrosion in
extreme environments and digital twin and intelligent evaluation systems for in-service
structural steels corrosion have been developed. These innovations enable multi-tem-
poral, full-element corrosion life prediction for critical equipment and facilities made of
steels in over 13 industries facing extremely harsh environments, such as high-speed
railways, power grids, bridges, pipelines, marine equipment, and new energy, with an
accuracy exceeding 90%. This theoretical system has received extensive international
citations and positive reviews, becoming one of the few original theories with worldwide
recognition proposed by Chinese scholars. This series of high-tech innovations has been
applied to major national projects and the construction of an intelligent society, playing a
crucial role akin to a “safety eye” with immense economic value and market potential.
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@ A Cross-scale Corrosion Model of Steels from Atomic to Engineering Size
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@ Diagram of Global Corrosion Network Observation Technology System
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Jointly Developed Corrosion-resis-

tant Steel Products with Leading
Positions in the Global Market Share
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The project achievements are widely
used in extremely harsh environments
such as marine engineering, petroleum,
transportation, aerospace, nuclear power,
new energy, and power grids, solving the
materials design and selection problem
for extremely harsh environments, which
is a breakthrough achievement to drive
the high-quality development of China’s
equipment and facilities. The research
team has published 128 SCI papers, with
13,893 citations, and has been reported
four times by the United States and Euro-
pean industry associations. A number of
technologies are recognized as the “first”
by peers in the international corrosion
field. In 2016, the project leader won the
W. R. Whitney Award from the National
Association of Corrosion Engineers (NACE
International). The series of corrosion
technology products combined with big
data have been promoted to 20 countries
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such as the Czech Republic, the Netherlands, Belgium, Thailand, Singapore, etc. The
team jointly developed new varieties of high-performance corrosion-resistant steels with
large steel enterprises such as Shougang Group, Ansteel Group, Nanjing Iron and Steel
Group, and Xinxing Pipes, with an output of more than 38 million tons and a total revenue
of 75.998 billion yuan. The disruptive technology has completely broken through the “re-
stricted area for materials service” of extreme environment facilities and equipment with
short lifespans or even no material available. It has made significant contributions to the
global high-quality corrosion-resistant steel manufacturing and high-quality development,
with remarkable social and economic benefits.
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@ The technology has been promoted to 65 key global projects, with a consumption of more than 38
million tons and the first global market share
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The Newly Established Digital Intelligent Model Achieves Breakthrough De-
velopment in Corrosion-Resistant Structural Steel Quality
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First of all, the original theory proposed by the project brings revolutionized technologies,
breaking through the “restricted area for materials service” of structural steel in extreme
environments. Based on the new digital intelligent model established by this technology,
the quality of corrosion-resistant structural steel has achieved leapfrog development.
Second, the project has significantly enhanced the performance of the traditional steel
materials in the global materials industry, substantially upgrading the manufacturing
level of the world’s major equipment and infrastructure and contributing significantly to
the development of a green and energy-saving economy. For example, through the im-
plementation of this project, China’s Shougang Group, Nanjing Iron & Steel Group, and
Ansteel Group have become the main production bases for high-quality corrosion-resis-
tant steels in the world, providing an effective path for accelerating the transformation
and enhancing the economic benefits of the world’s steel industry. In addition, facing the
significant strategic need for rail and road transportation abroad and the complex harsh
service environments along the Belt and Road countries, the anti-corrosion project of the
China-Maldives Friendship Bridge signifies that the steel industry has the capability to
supply high-quality corrosion-resistant steels for major projects in the world’s harshest
natural environments.
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@ The project has been successfully applied to 13 major projects in the industry, such as high-speed railways, wind power, power grids, pipelines, bridges

and tunnels, etc
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Intelligent Autonomous UAV Inspection Technology and Appli-

cations for Rail Transit
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@ Intelligent UAV Inspection Technology and Equipment Framework for Rail Transit Infrastructure and Surrounding Environment

FRZERE
Beijing Jiaotong University

RS RPRF

University of South Carolina

RPFBEKERNERQT
Beijing-Shanghai High Speed Railway Co., Ltd.

PESERIZITERERAT

China Railway Design Corporation

» 138

3 B N
NEXIAE

BELING JIAOTONG UNIVERSITY

@n@ SOUTHCAROLINA

3

Inf

B R T HIE R BE IR
SRCERE S NIIE S 225y S v N
SHEERNRE S BERBRIRG
VB MRS ETHERTIEF R
AR, TR T HEEEMIZER
HFRRERESLTANB TR 58

BED T IRAE SR

Introduction

The project has made breakthroughs
in key technologies, including efficient
and highly secure multi-disciplinary UAV
inspections for rail transit infrastructure,
high-precision detection of subtle defects
and potential hazards, and digital-intelli-
gent decision support for repair according
to condition. It has developed an integrat-
ed system of autonomous UAV inspection
and intelligent analysis technology and
equipment for monitoring the safety status
of rail transit infrastructure and its environ-
ment.
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Autonomous Navigation Control,
Defect Detection, and Edge-Cloud
Collaborative Decision Support for
UAV in Rail Transit
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To tackle the difficulties of autonomous,
efficient, and highly secure navigation
and flight of UAV in complex and open
operational environments for rail tran-
sit, the project has developed a highly
generalized visual capture technology
for diversified targets, a miniaturized
low-power asymmetric redundancy flight
control technology, and has developed
customized UAV equipment for efficient
and secure rail transit inspections.
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® High-efficiency and High-safety Customized UAV Technology and
Equipment for Rail Transit Inspection
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To tackle the difficulties of identifying subtle defects and potential hazards, the project has developed precise identification technology
for subtle defects in infrastructure images, fine-grained point cloud segmentation and localization technology for equipment along lines,
and high generalization identification technology for large-scale environmental safety hazards. Additionally, over 40 high-precision intel-

ligent recognition models have been developed and deployed.
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@ High-precision Models and Technology for Identifying Rail Transit
Infrastructure Defects and Environmental Safety Hazards
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To tackle the difficulties of digital and intelligent comprehensive operations and main-
tenance, the project has proposed a distributed collaborative architecture combining
edge-aware computing and cloud-based analysis. It has developed a full-process solu-
tion including autonomous UAV flight, intelligent analysis, defect review, and one-click

report generation, which forms a novel mode of UAV-based operation and maintenance
for rail transit infrastructure repair according to condition.
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® UAV Intelligent Inspection Analysis and Decision Support System Architecture in Rail Transit
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Intelligent Autonomous UAV Inspection Technology of Rail Transit Leads the
Worldwide Application
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In terms of economic and social benefits,
the Autonomous UAV intelligent inspec-
tion system for rail transit is 10 times
more efficient than conventional manual
inspections, resulting in an annual direct
economic benefit of 20 million yuan over
the past three years in railroad opera-
tions. It has also saved an average of
over 4,000 laborers annually, reducing
labor costs by more than 28 million yuan
each year. Additionally, the research re-
sults have led to a cumulative reduction
of 32.7 power outages for high-speed rail
power supply equipment and shortened
equipment downtime by 915.6 minutes.
This has saved over 13 million yuan in
labor costs for power maintenance and
reduced the impact on more than 730
passenger trains. In terms of practical
application, the results have been widely
adopted by China’s Beijing-Shanghai
High Speed Railway, Indonesia’s Jakar-
ta-Bandung High Speed Railway, and
Amtrak near Philadelphia, Pennsylvania,
USA. Meanwhile, we have provided tech-
nical support and services to Florida East
Coast Railway and VisioStack, a railway
asset management company. The appli-
cation scope is continuously expanding
and is being promoted for use in heavy-
haul railways, urban railways, suburban
railway systems, and even expressways.
Overall, the research has innovatively
established an integrated space-ground
active safety assurance mode for rail
transit, creating a new air-based system
for repair according to condition of critical
rail infrastructure. It has demonstrated
exceptional value throughout the entire
lifecycle of rail transit projects, from ex-
ploration and construction to operations
and maintenance.
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® Intelligent UAV inspection for rail transit is setting a new global standard for safety and operations management in the rail industry.
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International Integration of Industry-academla-research-application Efforts
is Accelerating the Development of Intelligent Autonomous UAV Inspection
in Rail Transit
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BRI AU S AR OIF. ERITRERB 200 FKEANKILEL,
WET BERAMENNE B ME T AN BREGIHKIESE, AT
MERAHHRME T BLEM, I, (EARBESRERITIME—ESWNEE,
MERBEEKRARAAERININERBITIESHEER, #—F D
TELVEESEHR, TERBRITERFZAFLMEEE2BIHR, =
2| China Daily. FEFREMEENEFAEFERE, FEETIFEMI,
B RRMAE T EANEHEZBEFIGT. TEEIE. cEEE5NE
HBE TN AR, VPWET SESRRERATAN. &, EMEHE.
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FITEE. ATERREE. KR
S BEROFETESE, B
IR ACRIRT 25 R RIGINEDEE,

In terms of intellectual property, the
research team has published one mono-
graph, authored 24 SCI papers (including
16 in top journals), applied for 5 U.S.
invention patents, and authorized 24
Chinese invention patents, as well as
developed 2 corporate standards. The
research results have been highly praised
by the international academic community,
positioning the team at the forefront of
UAV inspection technology of rail transit.
In terms of honors and awards, the results

have won 2 international invention gold awards and 12 industry honors, showcasing exceptional technological innovation in the field of
intelligent inspection for rail transit. In terms of industry contribution, over 2 million UAV inspection images have been collected, forming
the largest remote sensing image dataset in the rail transit inspection field. This provides a solid foundation for the development of new
equipment in the industry. Additionally, in terms of industry impact, the research team, as DJI's sole official partner in the railway sector,
developed an intelligent rail transit inspection system that has been successfully included in DJI’s industry solutions catalog, further
driving industrial collaboration and advancement. Also, the project’s achievements were featured as a key exhibit at China Science and
Technology Innovation Achievement Exhibition and received attention from prominent media outlets like China Daily and China Central
Television, highlighting its influence within the industry. Overall, the project’s results have initiated a wide range of UAV applications in
rail transit, including exploration and design, engineering construction, operations management, and emergency response. It has laid
the foundation for an upstream and downstream industrial chain, including customized railroad UAV, airports of UAV, integrated pay-
loads, flight management systems, Al models, and big data cloud computing centers, providing new momentum for the development of
the trillion-level low-altitude economy.
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@ International integration of industry, academia, research, and application is accelerating the maturity and development of the rail transit UAV industry.
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Terahertz Hyper-Structured Chip Technology and
System Applications

© AFPAR AR SRAREABIT, S[ERAGERE

@ The Terahertz Hyper-structured Chips, Devices, and Diverse Systems Developed by Our Team

BFRHEARF

University of Electronic Science and Technology of China

RERF

Southeast University

) ¥h k%

SOUTHEAST UNIVERSITY

PEBFREERARNESE 13 R cec pEerruEnins

The 13th Research Institute of China Electronics Technology Group Corporation PREBLSHRAR
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51

onf

NN RIFLE AT 66 5%
FRAYR A&, AEIPAFFR T K
BT A st NEERTS
BERSR, NRHBMEERIIE
MBI RAREBSBEIMET
KEWBRT R, WIERFZERA
TEHR TRANEET.
Introduction

In order to promote the application of tera-
hertz technology in 6G scenarios, our team
has developed terahertz hyper-structured
chips, RF devices and high-speed wireless
communication systems. We have provided
key devices, systems, and ultra-high-defi-
nition video wireless transmission solutions
to enterprises such as Chengdu Television
Station, verifying the capability of terahertz
technology in various application scenarios.

MEBZRETH EITE S 4
SERRFHIR

Achieving a Comprehensive Tech-
nological Breakthrough from Bot-
tom-up Diode Chip Innovation to
Top-level Multi-dimensional

BT ELERE 12.5THz, I
ERE 1.5W B ZE SRR
AFZEEEZIREEL, 4517
DMERONHE, BRERR
ESXMZFBEERASE. ER
E2RNEIE, ERERSE “FEE

L o

A high-precision terahertz diode model
with multi-core power enhancement has
been developed, featuring a cutoff fre-
quency of 12.5 THz and a power capacity
of 1.56W. By combining field analysis
and circuit analysis methods, this model
addresses the issues of weak interaction
between traditional diodes and terahertz
waves, as well as low power capacity. As
a result, it enables communication sys-
tems to “transmit over longer distances.”

KR TETATRESFEAT
B FEBIERAR, BHFRDEN
MERNESEEERERBE, #
REF IS RIS S S T BB RR]
A, EEERS EHEMR .

We have successfully developed digital modulation technology based on artificial sur-
face plasmons, extending the concept of digitally-coded Meta-surfaces to surface wave
manipulation. This breakthrough addresses the issue of insufficient integration between
digital and analog domains, enabling communication systems to achieve “lower latency.”

BT WRE MBS G R NHELS TR M, B ZBHFHR
195 BHOEIRMIF LT, BLMRAEREE -9.3dB, BHEXRESE
175Gbps, fE@EEZHES “FHER" o

A high-performance terahertz RF device with dual-layer near-field coupling enhancement
has been developed. Through multi-channel digital coding and nonlinear coupling of
electromagnetic resonance, the frequency conversion loss has been reduced to -9.3 dB,
while the modulation rate has been increased to 175 Gbps. This advancement allows
communication systems to “transmit faster.”

REAFELHERRNE, S5RLSMOERKRR, RAFEE
HE ARG, BAMUERRINBTENEE, GSBERSE “WEXES

A multi-dimensional multiplexing architecture for terahertz communications has been
proposed. By combining polarization and frequency division multiplexing technologies,
the number of RF channels has been increased fourfold. This innovation addresses the
problem of underutilized spectrum resources, making communication systems “more
efficient.”

[HHFOERR] [FO%] BiNEE
COCCODODI)| | ( wmw )
(e [ mtam

g
CAAH rOh FaFa o]

Iﬁﬁﬁ&&oﬂ&@@@ﬁ”llllll

Bisiie
BR CRERREEEE B A
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Overall modeling
Electromagnetic
analysis
discrimination
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3D model and analysis
diode core

_Overall

optimization

High-precision model library Application of
of monolithic diode model library

@ Terahertz High-precision Diode Model Library
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® Terahertz High-performance RF Device Combining Multi-channel Digital Encoding
and Electromagnetic Resonance

FREREBEREEHITESEERTRETE
The System Has Been Used for Ultra-hlgh-definition Event Broadcasting at
the Unlverslade

RIS E, BESEAHZGH, sfFMRgs, SHARSCEX
200 7, HH 38 RN TOPIEX, #ANEH 30 KIA, HARE(F 3,
RIS I 2475 0 [E & BRI 3 Tlo

In terms of innovative research, we have published more than 200 SCI papers on tera-
hertz chips, devices, and systems, including 38 TOP papers, over 30 authorized patents,
3 software copyrights obtained, and 3 provincial and ministerial level awards in the tera-
hertz field in China.

ENBREAE, HiHH =BT EES 4K & 8K BELLELEN
KifZBERS, BREBRREE 1.5km, BEERE 3kg, BEMIAER
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MR B 7#ET N AT

In terms of application demonstration, we
have developed three terahertz communi-
cation systems for wireless broadcasting
of uncompressed 4K and 8K events,
with a maximum distance of 1.5km and a
minimum weight of 3kg. These systems
have been applied and demonstrated at
the Shuang Liu Stadium of the Chengdu
Universiade.

LM E, B 2030 £,
2IR6G B WK RIE 120
REBBMGH, SBHERZENE
PRI LR A, EANPBERE
N ERERIRBRBE—RE
A R R SHRES o

In terms of economic benefits, the global
6G communication industry is expected
to exceed one trillion yuan by 2030. We
have laid out the entire industry chain of
terahertz technology from chips, devices
to systems in advance, and have provided
terahertz diode chips and key RF devices
for enterprises such as CETC, Huawei,
etc.

THeNMEAE, XETBEF
REAZFBFREZSHEANBEL
ERMAMERNER;, BuTH
J11 e3¢ BB AR R S STGEB AE T i 1
AR TRHFH D
In terms of social benefits, we have
supported the development of two A+
disciplines, Electronic Science and Tech-
nology and Communication Engineering,
at the University of Electronic Science and
Technology of China; and established the
Sichuan Advanced Optoelectronic Inte-

grated RF Meta-structure Chip Technolo-
gy Engineering Research Center.

® AR EEIWRABEDEFHRENATE
® Demonstration of Broadcast Application for

Chengdu Universiade Shuang Liu Sports Sta-
dium Events

® EILHIPY) I St R E A S ST S Ay
RATIZHAFRHD
@ Sichuan Advanced Optoelectronic Integrated

RF Meta-structure Chip Technology Engineer-
ing Research Center

REXBEZIZH, EXH
LBIERAKE

Improve Terahertz Process Lines to
Support the Development of Tera-
hertz Communication Systems

ERABS S E, BIRR
A5 RFZBHGA -84 - &
SKEBEXNOER, B5 T LS
ENEECHRENRE, TET
RIRZ T2 4%, T 2K
Pl P, HEXGET 1M
IEC EBRARAE: TC 47 ¥ SRS
4T7/2476/NP; AR T 3 Z
RE T AL AT,

Significant technological advancements
have been made by overcoming four
key challenges in terahertz metamaterial
chip-device-system integration. These
improvements have enhanced wireless
communication performance, refined ter-
ahertz fabrication processes, and driven
global progress in the terahertz industry.
Furthermore, we have spearheaded the
development of one IEC international
standard: TC 47 Semiconductor Devices
47/2476/NP. Additionally, three enterprise

standards for diode chips have been for-
mulated.

EF SRR, . FHER
FHE, RERTERBERFIELZ,
e K ZE ST 4R B R R [E
GRS ], BE XL SETL B
BRG], (23 T KIFZBE.
BeEMERE~YHNLRE, 3
R L BT T B BIAN T,

FRY, #m7T BESMHEMETIE. B2 TG R ENBI A28
KAl BEROE R, APl AR IR T RIS K S

In terms of industrial structure adjustment, optimization, and upgrading, we have broken
through the integrated single-chip manufacturing process and formed China’s manufac-
turing capability for terahertz RF single-chip wafers. The development of terahertz high-
speed wireless communication systems has promoted the development of industries
such as terahertz communication and ultra-high-definition video transmission, effectively
supplementing the traditional industrial structure. At the same time, it has promoted the
extension of the terahertz related industry chain, including high-performance material
manufacturing, precision machining, and software development, providing new growth
points for the upgrading of the industry chain.

A2 EEEa s AMZSMEEEHE

KRt S FIsE

© EFhERISETZEAM BEFAIRH&LEM

@ Terahertz Devices Produced in Bulk Using Chinese Manufacturing Process Lines

IRHE, BN —AKHETAAEAT

Based on Education, Cultivate a New Generation of Leading Talents in the
Terahertz Field

HERERANIE 2023 FE “DO)I+AERGIFHER" B8, BEL
FIANET 2022 FEREBFERME, 1 ANEFERDEELE
ATt ERAE “F—E2ERLREMIVART ERRRER, &
FEERAFELFAFE (2023) BREEE “KAMA—XHZLTES
8K ML AERE" -

The relevant achievements have been selected for the “Top Ten Technological Innova-
tion Achievements in Sichuan” list in 2023. One team graduate has been selected for the
2022 China Electronics Society Excellent PhD, and one has been selected for the China
Association for Science and Technology Youth Talent Program. It has also incubated the
national silver award of the “First National Postdoctoral Innovation and Entrepreneurship
Competition” and the national gold award of the China International College Student

Innovation Competition (2023) “Tera sight - Terahertz Long Distance 8K Video Transmis-
sion Leader”.
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IBM FFiEst Al AR —

NO5EE g M Saiak A LA = f2 SI1ERY Al

IBM Open Al Stack —— Accelerating Deployment of Responsi-

ble Al for Business at Scale

7L

& (=]

® IBM FFIRE Al AR AAEERE f2 STERT Al

@ |BM Open Al Stack Accelerates Deployment of Responsible Al for Business at Scale

Efr@Elilas (FE) BRAE
IBM

3

i

AT ERENAIMEBERNARNEEER, ATERIARRNZEF BN,
ALk, IBM#EELT —EFFRFB Al FEARE, Bl KEEE G =E
BIAI, K A BDEAAERES], ETTRLVNAIFEShEAE,
Introduction

The era of large-scale deployment of Al has arrived, and the future of Al should be open.
Therefore, IBM launched a series of open-source and open Al stack to help enterprises
deploy responsible Al at large scale, turn Al potential into actual productivity, and accel-
erate sustainable and high-quality development across various industries.

IBM FFHEEt Al SRR RERE. IS, AFEENEILE A
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IBM Open Al Stack Provides
Trust-worthy, Reliable, and Respon-
sible enterprise Al

IBM REABRHAB. BETS
Al REREEE, S5aTRINHRITRGE
X6, #ahdl R ATHERA
5RENNRTELRE, METTH
W SEI AT Fr 2B EES A% B, IBM
FBFX A BAREZMNEERBRE

R AR F B S, ZORRE
1&:

IBM adheres to its open source, hy-
brid cloud and Al development strategy,
co-creating with partners and the open-
source community to promote the respon-
sible development of enterprise-grade Al
technologies and solutions, accelerating
sustainable digital transformation across
industries. IBM’s open Al technology
stack addresses key enterprise Al chal-
lenges at all levels, with core modules
including:

‘Granite RFIFHREMRE, 244
A, T2 Al BEE;

- Granite series of open-source foundation
models: These provide a trustworthy and
secure Al foundation.

o LI AR ST FF AV B ap 1 FF IR I
A lInstructlab, @I IEE X5 A
B EIREE R EEE A,

- InstructLab: A revolutionary open-source
technology that enables large-scale align-
ment by effectively fine-tuning enterprise
data into models through an incremental
approach.

« NIE S5 HUET & watsonx,
JHE watsonx.ai. watsonx.datas
watsonx.governance, R £ 4
A AR Al FERFATE;

- Watsonx Al and Data Platform: It include
watsonx.ai, watsonx.data, and watsonx.
governance, supporting the full lifecycle
of Al development and governance.

< B & = F & Red Hat Openshift
Al, REEIER ABTTIFER;

- Red Hat OpenShift Al: A hybrid cloud
platform providing an enterprise-grade Al
runtime environment.

o« 0V 2R Al L 25 48 1F & 48 RHEL
Al, &1k Al SEMEIE,
- Red Hat Enterprise Linux Al: An enter-

prise-grade Al-ready operating system
that simplifies Al deployment and man-

agement.
FERREN Al BISHE, cERIEUNREE = HE.

- Transparent Heterogeneous Al Infrastructure: Fully compatible with enterprises’ hybrid
cloud environments.

5k, 1BM EA TS EUSAAEET 15,000 FENERTH, &*&
T3i 7,000 RERIE X,

Additionally, IBM holds over 15,000 granted international patents and has published
nearly 7,000 international papers in the Al field.

SIERIRFEM  (Multi-model Flexibility)
g AIBIFRAEMTER (Tooling to build Al assistants and agents)
LBFPHBAIE (Lifecycle Governance)

ATHEEFS

watsonx

BRI SETE (Resource Optimization and Management)
RA=Ta DT AERAEIEEENE ( Efficient model pipelines with distributed workloads)

Red Hat OCP AT ERBRTTHE (Deploy anywhere)

T EEREENE{TIAE (Bootable model runtime)
“ RERR BT ERYGranitet#®! (Granite with indemnification)
Red Hat Enterprise b o
Linux AI (RHEL AI) InstructLab

® IBM FFREL Al AR S @ Overview of IBM Open Al Stack

<1%

IBMFFERUATI AR
histaiE L RAT

= et 1 12
HE=®

NGEMIERNSHIRS LREIEIRS
- B EENEEIERIER, WGranite

- T4 @idInstructlab, E“AATR" EIEE SR
« B=E EAMARAKERE. TR, ERRRENERAL

@ [BM FFR Al SRR INEAGZ kLR Al
99% <1%
IBM Open AI Stack:

Accelerating Deployment of
Responsible AI for Business
in three steps

Total amount of data for Total amount of enterprise
training foundation models  data

« Step 1: Choose trustworthy models (e.g. IBM Granite)

« Step 2: Finetune enterprise knowledge into the
foundational models via InstructLab

« Step 3: Deploy, scale and implement responsible Al on
open Al stack

@ IBM Open Al Stack accelerates development of Enterprise-grade Al
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IBM AR Al BeARRINE R Al B RE~D

IBM Open Al Stack Accelerates Turning Al into Real Production

IBM FFIREC Al SRR AR TSR RRY Al BEY], BAE DA
SHHFUREANERUARHTRT EENTINESH M.

IBM Open Al Stack not only provides enterprises with powerful Al capabilities but also
delivers significant market value and social benefits to the broader digital transformation
and intelligent upgrading of society.

EEFMEHE, BMARRARARKEZRETELETER
o IBM watsonx F &R IR C ERI M ARRNSIE 50%, Al EBEF AR
70%, XFEFEIEEBERMIRG Al fM{E.

From the economic perspective, IBM Open Al Stack significantly reduces enterprise
operational costs. The IBM watsonx platform lowers data warehouse costs by up to 50%
and accelerates Al deployment cycles by 70%, enabling companies to realize Al value
more quickly.

TEHEM@EAE, IBM AR Al RARIED Al BiF Bl SRiE,
WARERFA T RINEFNRIERBEENME, £ 1BM, 95% WANER
TINFREH Al B RARREN " BFFHE " R

From the social perspective, IBM Open Al Stack automates business processes through
Al assistants, greatly enhancing employee productivity, job satisfaction, and efficiency.

]
ABN AMBRO ABN AMBRO

EMEA

At IBM, 95% of HR queries are now han-
dled by Al and automation-driven “digital
labors”.

EM BRI S E, IBM R
BEENBEN, BEEL A,
FNE KB R R R AT E XU,
IBM 8T Al IR i HE B IR 5
RERFHEEWNE., REFEMNE
R, B SRR IR B AT,
EERERFEA R,

From the environmental sustainability per-
spective, IBM Environmental Intelligence
Suite(EIS) helps enterprises identify, alert,
and mitigate environmental risks in their
operations. IBM Al-powered carbon man-
agement and reporting system enables
businesses to measure, track, and man-
age carbon emissions, supporting them
in achieving environmental goals and pro-
moting green, sustainable development.

500,000 customer chats
nually

o 85% of tax questions
AN AR answered with
conversational AL

IBM

® T =1RITRA IBM Al FERA RN ERERR

IBM

@® ABN AMBRO adopts IBM Al Solution to implement Intelligent Customer Care

1BM iR | BSES ® a8 The transformation of IBM | Client zero

. oA il
B R 55 A
meuoms mGeH 1275

ST 12 T
LR ()

Business value to IBM

ISMBRAR BV ALRICRGE B T ETE R ERERCEL
[
TS AR IR L.
O ==css 50% Q o
EpaneurseT p——
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EIAG LRI RITERIETEA [, BIANE Q == 6000/ 12 3 (@ ==
e, RN R 472 F3nume I
o o
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= e
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® IBM EAZSSEFIET Al EIMA SR RE e

@ |BM, as the Client Zero, implements the intelligent transformation for its Human Resources via Al

IBM Rz SREMN TR Al NRRSKHIREHNE

IBM Actively Promotes the Development and Large-scale Deployment of Responsible Enterprise-grade Al

IBM FFEEC Al AR BRI E N M S EERIEES), NEWIRMT 2RMRS R, BRE T AL
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£EK, IBM BEFBEFHK. 5%
XH£eIR A, NﬁﬂiAFEET%T’E
4. JRE=TFAE. BREAS
BIBTERHE T hURMENBE RS

HRh T Al K Al BY KL IE BB
ESTUNA,

The rapid adaptability and high cus-
tomization capabilities of IBM Open Al
stack provide enterprises with a full-stack
solution, meeting the ever-changing busi-
ness demands. Through an open-source,
co-creation approach with the community,
IBM offers enterprise-ready solutions from
the underlying operating system to the
hybrid cloud platform, and up to the Al
and data platform, driving the large-scale
deployment and industry application of
enterprise-grade Al.

E BT, IBM AV Al 2 A 1% F 0@
WIRE Al R FE R E A P AR R

M, BRT AR A RANEE, B TENMEEN A RREREN
T = IBM FFIRT 18 4> Granite £ fifl 15 Y LA K LI R B K MAR XY 7 B9
InstructLab & AR, REARE T AER Al KREE, HBEKED B IRHE
MR RFAZEL, IR Al &5 K.

At the same time, IBM Open Al stack enhances public trust in Al by improving the trans-
parency and explainability of Al applications, fostering greater societal acceptance of Al
technology. IBM has open-sourced 18 Granite series of foundation models and the In-
structLab technology, which enables large-scale model alignment, offering enterprises a

trustworthy Al foundation. This allows them to effectively build and fine-tune models with
their own data, accelerating the implementation of Al solutions.

Z5h, IBMEXS 70 ZREMNME, KT AIKE, BT ARR
BEIFEIH. IBM B REFRMRFHEHEREKRE LM (FIEMRIELE
EMRX A BEB) , EHAFEA BARNZBROAMERE, HTIE
HTERIESNEE,

Moreover, IBM has collaborated with over 70 international organizations to launch the Al
Alliance, dedicated to innovation and cooperation in Al technology. IBM, together with
the China Open Source Software Promotion Alliance, has also released the “Trusted En-
terprise Generative Al White Paper”, promoting the responsible development and large-
scale deployment of Al technologies, providing valuable guidance and reference for the
industry.

184 &k #yApache2 iy FriEAREY
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IBMER IBM R &
REBHR B ) P 544 B
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oSorica- PatchTSMixer

EIREE SN2

A S R A T8
B F
IBMER & IBM %K &
AR b5 LT ]
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Granite - 88-
Granite - 3B-Code-Instruct

EEOWMA
Granite - 7B-Instruct

® IBM FF& Granite Z&5IJ#%A

18 models all with APACHE2

Bep W

1BM Granite 1BM Granite
Code models Times Series models

bt o
oot il o
°
© |BM 5 R E FRER A A BXBREX 5 &2 7R
n <> (FIERA B RERT Al BEH)
v @|BM and China Open Source Software Pro-
motion Alliance jointly released the “Trusted
Enterprise Generative Al White Paper”
IBM Granite 1BM Granite
Language models Geospatial models

@ |BM Open Sourced Granite Series of Foundation Models

Weather and Climate*
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IBM is Leading the Development of Enterprise-Grade Al Globally

IBM A Al AR RESMEE ERIME 7585 M, &%, Granite
RIS AEEEES. A3, RFHRE. wBxE. XRISE
EEMEUE, TUBMATIWESRISHRENFER, HX, IBMFFH A
BRARKRERF RS IR A EER LN BSHERE, MMRES
BEEMENL. 1S, IBM BENINRFRRPFHNSRIERE, WRTRE
2T M. IBM FFI Al SRR ARR TR Al SRR Rl 0k
SRMIERNMES, BRT Al ZAERERTEY, RANTRIPHIER
M AR £ RIMIREELE,

The IBM Open Al Stack demonstrates advanced capabilities across multiple dimensions.
Firstly, the Granite series of open-source models can handle various types of data, in-

B msEfl

Groupama A

BAF

a 25% LA R
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CFHYETES
#RENER RS 0%
EFIRESEAPER 45%

reduced by 50%.

45% of customer

have been r

A

cluding language, code, time-series data,
geospatial data, and weather and climate
data, effectively addressing the needs of
real business scenarios. Secondly, the
IBM Open Al Stack allows enterprises to
achieve higher accuracy with lower infra-
structure requirements, providing a better
cost-performance ratio. Additionally, IBM
Intellectual Property protection and con-
tractual guarantees ensure the security
and reliability of investments. The IBM
Open Al Stack also addresses the chal-
lenges of integrating Al into core business
processes, ensuring the accuracy and
reliability of Al applications, and enabling
rapid deployment while maintaining data
security and compliance.
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[P ER AR R =S
Wide Area Internet of Video Things’ Communications and
Equipment

R Spatial and
emporal
A Regolution

EE. WALN U Bandwidth: HD
SRS FHEXRA ___video-and-othei

multimedia services

I Qﬁmugﬁ Wide Areaj Observation
§ range of aisingle station
IE‘IL‘I”{&EI&J: can excéed several
. dozen kilometers
WMAIEE Oblggl;]vgaélon

® IS IEFIARESFERAUME, RUHELRAREENMEERS.

@ The wide area internet of video things refers to utilizing high vantage points, such as towers, to provide high-definition video surveillance services for nation-
al territories and border areas.

BERF

Tsinghua University

(EZE

PESERHERAT crina Tower N
China Tower Corporation Limited hE%IE AA
R AR A

EX kit 8

Nanjing University of Posts and Telecommunications

% () EEEABRAE e

China Mobile (Hangzhou) Information Technology Co., Ltd. PRESRARERAR
=y RSB R AT

Beijing Megvii Technology Co., Ltd. m Hr*m
FERBHKFE

University of Science and Technology Beijing

31

ik

FEBMFIRSE SRR RS, BGPTSR, & a snde staton observation range of tens

[ . N s . f kilomet . It has developed
SPIESEE L+ AR ENEL R EKEESERE, BEE 1y o immortant foundation for dital
BRAHSTEET AN R BB R,

governance and capacity enhancement in
Introduction

various social sectors.
The wide area internet of video things leverages high vantage points from facilites I} {REEM T BB E 55 BIRS
such as towers to expand the existing video network over a broader area, providing

Video Network Computing, Commu-
high-definition video surveillance services for national territories and border regions with

nication, and Information Services
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BRI IEARER N ERH, SRBRNE &
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RALER 154 R By T B AR AT ) AR
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1. Proposing a wide-area video network
architecture with cloud-network-edge
collaborative computing and communica-
tion. This architecture breaks through key
technologies, including real-time evalua-
tion of surveillance visual Quality of Expe-
rience (QoE) inspired by brain cognition,
cloud-native distributed computing based
on QoE evaluation criteria, and efficient
spatiotemporal sketch-based encoding/
decoding. Compared to the existing sep-
aration of computing and communication
in video networks, this new architecture
increases bandwidth utilization by 1-2 or-
ders of magnitude, offering a new solution
to the bandwidth bottleneck in wide-area
video network expansion.
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2. Proposing a wide-field, high-resolution
active visual sensing method. This ap-
proach overcomes key technologies such
as multi-resolution fusion in time/space/
frequency, RGB+IR hybrid pixel arrays,
and spatiotemporal super-resolution
reconstruction based on active object
recognition and tracking. It doubles the
spectral coverage of a single camera and
increases the spatiotemporal resolution
by up to 4 times, effectively addressing
the issue of insufficient video sensing pre-
cision during the wide-area expansion of
video networks.
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3. Proposing an open-environment visual computing service platform based on the
Object-Attribute-Relation (OAR) model. This platform breaks through key technologies,
including media middleware construction based on structured representation and
coarse-grained task-driven instruction set compilation. Compared to current international
mainstream solutions, this platform improves system design efficiency by 1-3 orders of
magnitude, laying the critical foundation for building a universal digital base that sup-
ports multi-industry applications.
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@ Technological Challenges and Innovations in Wide Area Internet of Video Things

HERHEENMEHRLREME DRI ERE
Providing Strong Infrastructure Support for National Social Governance and
Defense Security
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The project developed a series of wide area internet of video things’ communication
equipment and platform systems with high-precision sensing, efficient transmission, and
rapid response capabilities. These systems have been deployed and applied across
over 160 cities, more than 400,000 administrative villages, and in national border defense
departments in 16 provinces in China, generating an additional economic benefit of over

20 billion RMB in the past three years. The system supports disaster warning and emer-
gency incident monitoring, improving task response times by an order of magnitude. It

also overcomes challenges of monitoring
in rural weak network environments, re-
ducing bandwidth requirements by 1-2
orders of magnitude. In addition, the sys-
tem has been applied in the “Blue Whale
11" offshore drilling platform monitoring
system, the “Western New Project” broad-
casting transmission station system, the
“Smart Yangtze” waterway emergency
search and rescue system, as well as in
major events such as the Beijing Winter
Olympics and the Wuhan Military World
Games. The social, military, and econom-
ic benefits are highly significant, and the
system has broad prospects for further
expansion.
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Development of over 160 models of front-end sensing equipment, edge devices, and

software & hardware platforms

Intelligent Sensing Edge Cloud Platform More than
Terminals 40 models
More than 100 models
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Video Network Cloud Platform
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Core Technologies Fill Industry Gaps with Significant International Impact
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The project has secured over 200 major invention patents and established 18 interna-
tional standards and 20 national standards. It has published 15 academic monographs
and 52 papers in international journals, including Nature and IEEE TPAMI. The project
outcomes have been highly praised by more than 100 renowned academicians and
|IEEE Fellows. Seven experts, including recipients of the National Science Fund for Dis-
tinguished Young Scholars and Changjiang Scholars, have been trained as part of this
initiative. The China Institute of Electronics organized an evaluation, concluding: “The
project is technically difficult and innovative, achieving an overall international advanced
level. Notably, the bandwidth utilization of the video network and the video spatiotempo-
ral resolution metrics have reached world-leading standards.” Portions of the project’s
outcomes have won the First Prize for Beijing Science and Technology Progress Award
in 2021, the First Prize for the Ministry of Education Science and Technology Progress
Award in 2018, and the First Prize for the China Association for Artificial Intelligence
Technical Invention Award in 2017.
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The project team developed the interna-
tional standard for visual satisfaction as-
sessment based on EEG responses, filling
a gap in subjective quality measurement
metrics. Additionally, they established an
international standard for intelligent multi-
media communication systems targeting
multi-format terminals, serving over 73 mil-
lion users, laying the groundwork for the
evolution from 7 billion person-to-person
voice connections to 20 billion real-time
audio and video connections between
person-to-person and person-to-object in
the 5G era. Furthermore, the team created
an international standard for home secu-
rity monitoring, providing reliable video
surveillance services for over 58 million
users.
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® Front-End Sensing Devices, Edge Devices, and Software/Hardware Platforms for Wide Area Internet of Video Things’ Communication
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System Applications Facilitate Business Development and Bring Significant Economic and Social Benefits
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Shenzhen ZTE Microelectronics Technology Co., Ltd.
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The system has been widely deployed and applied in Chinese mainland, helping China
Unicom develop FTTR services and bringing significant economic and social benefits.

ZFWAFE, RFRT ZHEB, BE 2000 A2 AMKl, RSE
1000 FE£BABHFRERF, &6 Wi-Fi7T MIFILENEXRBZAR, A
FRESETINEBBEEZNRLEEH AR, BNREKELEXES IS
REAHIH LRFFEMSE, NEBEHEREZRKERNEKIEEZ.

In terms of economic benefits, the system is widely deployed, covering 20 million FTTR
terminals and serving more than 10 million FTTR home broadband users. With key tech-
nologies such as Wi-Fi7 and gigabit optical networks, the system provides users with
gigabit network coverage and seamless roaming experience, helps China Unicom main-

tain a leading position in the FTTR market, and increases the revenue of broadband and
smart home services by nearly CNY10 billion.

e E, ETRIFAGKERT, WEEERELHER, W
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AW, HBOKENR. KES. 2EERSNAEOH, BETFE
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In terms of social benefits, based on the operating system base capabilities, a smart
home innovation system is built to enable the innovation of digital and intelligent services
of the computing network, incubate new networking products such as FTTR whole-house
optical broadband and FTTO all-optical networking, and facilitate the innovation of appli-
cations such as home video, home cloud, and whole-house intelligence. The system also
provides various value-added services to meet users’ differentiated requirements and
improve user experience.

417, WTEIP, RERMEADA

- China Unicom China Unicom China Unicom S
China Unicom UHD Video FTTR Cloud Disk Whole-house
Home Guard intelligence

@ CuOS Facilitating Service Innovation
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Facilitating Collaborative Devel-
opment of the Industry Chain and
Building a Prosperous Smart Home
Ecosystem
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The device-network-cloud-edge synergy
operating system collaborates with up-
stream and downstream chip vendors,
terminal vendors, ecosystem vendors,
and application vendors from a global
perspective to promote in-depth cooper-
ation across the entire industry chain. It is
compatible with seven mainstream chip
platforms, adapts to systems of more than
30 terminal vendors for FTTR terminals,
and connects to more than 100 types of
pan-smart terminals of various categories
to extend the culink protocol, promoting
the penetration of smart applications into
homes, enabling new breakthroughs in
services, and providing new opportunities
and space for the development of related
industries.
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This achievement has generated more
than 20 patents and software copyrights,
and has shared mature experience to the
industry and the world, promoting industry
technology innovation and upgrade as

well as industry digital transformation. In addition, China Unicom has won the “Leading Connected Smart Home Operator” award at the
Broadband World Forum 2022 and the “Smart Home Best Practice” award at the Mobile World Congress 2023, obtaining high interna-

tional influence and recognition.
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® Facilitating the Upgrade of the Industry Chain Structure and Enabling Ecosystem Aggregation
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Computing and Network Convergence Technology System Con-
struction and Application Practice Innovation
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® Architecture diagram of China Unicom’s computing and network convergence technology system
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China United Network Communications Co., Ltd.
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Introduction

China Unicom carries out the “computing and network convergence technology system
construction and application practice innovation” to build a new network architecture that
can deploy multilevel computing resources and realize synergy between computing and
network. This innovation measure empowers scenarios such as large-scale intelligent
computing and collaborative digital training, and provides strong support of underlying
communication capability for the upper layer business.

¥J%E SID as a Service (SIDaaS) MKRIRZEMRIFEAREZR

Architecture Diagram of China Unicom’s Computing and Network Conver-
gence Technology System
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In response to the development trend of computing and network convergence, China
Unicom has constructed the computing and network convergence SlDaaS programma-
ble service architecture and technology system. And the orchestration platform for the
computing and network convergence service has been developed. In this way, the open-

ing of cloud-network-edge integrated programmable service capability can be realized,
and differentiated, end-to-end, flexible and efficient convergence service capability can

» 162

(G::]
ogdo HEHE

be provided for users.

HASESRL. =MEE. &
NRSB=1"FE, RMEWMEARS
KO, @mABEFL, BKEF
BECI TR IR~ R A, W
BEPLMEREEERAEFS,
RS ZRAMT, LESHITRE
L mERMK . HEESIF A E
BEFR, BRsNDEZR,
RIS, 1EJ9 =ML
e, SERReN, RREMME

BERSMAEXT B, P& TE R E L E
#ZAH, EEEEFLNEIR
S, ERBEIRSEEMRRAER,
RARMBEER T ERNKIBTIF
ENRIBAERRA, NEEEK
FHEURHEMTERRNG—
HHEES.

Targeting three areas of intelligent com-
puting center (ICC), cloud-network inter-

connection and computing service, China Unicom has realized a number of technology
and practice innovations. For the ICC, the information and innovation lossless switch
products has been jointly researched. A network traffic management and scheduling plat-
form for ICC has been developed to solve the problems of multi-tasking, corresponding
network traffic planning, congestion control, and load balancing under complex networks.
For cloud-network synergy scenario, virtual routing gateway has been developed as a
cloud-side detection anchor, combined with the flow detection, to solve problems such
as the relative fragmentation of cloud network performance detection and the difficulty of
fault location. As for the computing service of ICC, a native research system for comput-
ing service has been established, which solves the problem of code incompatibility of dif-
ferentiated operating environments under the framework of heterogeneous models, and
provides unified output capability of heterogeneous computing resources for operators’
digital transformation.
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The Achievements of Computing and Network Convergence Technology
System Have Been Widely Applied, Which Has Significant Economic and So-
cial Benefits
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The achievements of China Unicom’s
computing and network convergence
technology system have provided tech-
nical support and difficult solutions for
the construction of China Unicom’s cloud
data centers nationwide.
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In terms of control, operation and main-
tenance for ICC network, an automated
ICC traffic management and scheduling
platform has been developed to provide
data-driven, comprehensive, integrated
operation, maintenance and monitoring for
ICC network. It realizes end-to-end auto-
mated deployment, configuration and op-
timization, and ultra-visualized monitoring
of computing nodes, storage nodes and
networks in the ICC. Capabilities such as
traffic control and traffic balancing have
been achieved by combining high-perfor-
mance communication libraries. It plays a
pioneering role in the verification and ap-
plication demonstration of network control,
operation and maintenance technologies
for ICC network.
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The “CubeAl” toolset developed as a set of implementation cases of computing service native technology, has achieved the ability to
improve developers’ work efficiency and reduce operating costs throughout the entire lifecycle of Al models, from development, re-
lease, sharing, deployment, and capability opening. Through templated programming, developers do not need to master technologies
such as complex network programming and asynchronous processing, significantly reducing the development threshold. The entire set
of codes has been contributed to OpenAl, the most influential Al open source community in China, for open source incubation, which

promotes open access, co-construction and sharing of resource in the industry.
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@ Examples of CubeAl Al Service Native Models
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Research on Computing Network Convergence Technology Has Helped the
Rapid Development of Chinese Computing Network and Provided New Ideas
for International Research Hotspots

TEXKBEMNHERAMETENRRREEE. BENDEEZN
BIRLEERME, SIRAXEARD, BRNREAMEEE. NEHIEFS
5, BAHTEEMKENRRS ZR.

China Unicom’s computing network convergence technology has built a new network
architecture with flexible scheduling of computing resources and collaborative bearer
computing and network. It has broken through the related technical bottlenecks, effec-
tively empowers large-scale intelligent computing, collaborative digital training and other
scenarios, and assisted the construction and development of China’s infrastructure.

EFTEWMHE SIDaas QIFTEMERM “RNEXENMEKSH#
R KT 2021 FEBEF SRR, ETF CubeAl FHAREIEHW A
RS RAERRCERIBIRSHIREEER 1000+, Rit THEB+R
AR BFRTEEERE (ModelScope) HXET1FFEET CubeAl AR
BEX, BB —BENMTREERSEL ELAE, RitRsIBAAR
B B 5l
The “Joint Solution of Greater Bay Area Computing Network” based on the innovative net-

work architecture of SIDaaS with computing-network synergy was honored with the Gold-
en Bamboo Award of Communications Industry in 2021. The number of existing serviced
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models in the Al service native model
demonstration library built based on
CubeAl technology has reached 1,000+,
with a cumulative download volume of
more than 100,000 times. The community
of ModelScope, a famous open source
platform, has opened a special area for
CubeAl model demonstration. More than
100 open source model services have
been released online here, attracting tens
of thousands of visits and interactions.
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China Unicom, together with its indus-
trial partners, has actively promoted the
construction of an international standard-
ization system for computing networks.
Based on relevant research work, it has
led the formulation of international stan-
dards such as service-aware network and
intelligent computing control in ITU.

Insights from industry

CubeAl
vyl

About CubeAl *

CubeAl is an open source Al
platform completely independently
developed by the China Unicom
Research Institute. |t currently
includes sub-platforms and
functional modules such as Al online
training, automated model release
and deployment, and visualization of
Al capabilities.

Its core role is to break through

the barriers between Al model
development and actual production
applications, accelerate the process
of Al innovation and application,
and promote the rapid iteration and
evolution of the entire life cycle of
Al applications from design and
development to deployment and
operation.

B Network intelligence capabil-
ity evaluation: Network intelli-
gence capability is evaluated by
the test bed from various dimen-

sions: demand mapping, data col-

lection, analysis, decision-making
and action implementation. Each
application is evaluated accord-
ing to the [TU-TY.3173 standard
and is divided into LO~L5 levels.
The test process includes five
steps: 1) determining the eval-
uation object; 2) dividing the

evaluation dimension; 3) analys-
ing the evaluation object; 4) scor-
ing the evaluation dimension; and
5) obtaining the evaluation result.
At the same time, the test results
of stability, ease of use, accuracy,
and throughput of each applica-

tion are given.

Machine learning
marketplace integration
in future networks

Another important exploration
is ML marketplace integration
in future networks, including
IMT-2020 (commonly known
as 5G), which refers to network
ML capability accumulation.
Nowadays, ML models may be
hosted in varied types of ML
marketplaces e.g. The Linux
Foundation's Acumos Al,
China Unicom’s CubeAl, AWS
Marketplace, and Huawei's

Network Al Engine.

Sometimes, the latest advances
in predictive analysis or algo-
rithms have no dependency on
network architecture evolution
in ML underlay networks. Cloud-
hosted ML marketplaces may
attract developers of innovative
ML mechanisms and algo-
rithms to host their solutions.

® CubeAl £ (ITU news Magazine) #EHE5

@ CubeAl Highlighted in ITU News Magazine

=)
=

ITU News MAGAZINE No. 05,2020

Telecommunication operators
integrate their own or third-party
ML marketplace into the future
network and push the application
of Al on the telco network and
promote the level of network
intelligence.

While designing the ML appli-
cation, network operators need
interoperable mechanisms for
identification of the ML mar-
ketplace which may be used as

a source for ML models. Lack

of standard mechanisms to
exchange ML models and related
metadata between ML market-
places and the network operator’s
ML deployment environments
limits interoperability.

The ITU-TY.3176
Recommendation: Machine
learning marketplace integra-
tion in future networks including
IMT-2020, which was edited by
China Unicom, China Mobile and
ZTE, provides the architecture
and reference points for integrat-
ing ML marketplaces in future
networks. Also, the interaction
process of model search, model
selection and push, model dis-
covery, model training and model
deployment are provided. l

&
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Innovation and Application of Key Technologies for Intelligent
Computing Logistics Based on Spatiotemporal Al
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@ Real Time Operation Diagram of Intelligent Computing Logistics System
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Introduction

Innovatively proposing a system architec-
ture for the deep application of Al in logis-
tics, we pioneer the direction and route of
computing logistics, independently devel-
oping key technologies such as multi-lev-
el and diverse geographic knowledge
representation, logistics spatiotemporal
prediction and decision-making system,
data inference and management gover-
nance. Furthermore, we implement these
technologies, thereby breaking through
the bottleneck of data and Al driven logis-
tics efficiency.

HEYRE ARG, M&E
A RIS AR
Breakthrough in Computing Logis-

tics Technology Accelerates Indus-
trial Innovation and Upgrading

R RBEFIIER
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In response to the challenges of insuf-
ficient representation of massive het-
erogeneous data in logistics scenarios,
insufficient effectiveness of prediction
and decision-making, and insufficient
efficiency of intelligent management and
governance, the direction of computing
logistics is proposed, and innovative
breakthroughs have been achieved in the
following three aspects:

—RBRW LR RETTAIRR®
HHIRRAEA, RHB XU
B ZRIESITE, HEF
SR ARLIMMIPTH AR, BX
PRI (LB AT & AR,

One is to break through the multi-level
and diverse knowledge integration of
geographic representation technology,
propose a hierarchical grid to solve geo-
graphic characterization and computation,
and based on pre-training technology,
implement a large-scale model in the
geographic field to transform big data into
spatiotemporal knowledge.

" BNTTS RERA, '
DeepETA. DeepRoute. Graph2Route
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The second is spatiotemporal prediction and decision-making technology, proposing
models such as DeepETA, DeepRoute, Graph2Route, etc., upgrading from deep tempo-
ral models to deep spatiotemporal graph models, significantly improving prediction ac-
curacy. Breakthroughs have been made in the integration of deep reinforcement learning

and multi-objective prediction decision-making, solving the challenges of large-scale,
high-precision, and high timeliness decision-making.

= RHIERT S EEREDE, EEYRDR TERHENRIERE
KIEE DataGPT, HMWSERRIENRE, TRARSMFRERG,

The third is the collaboration between data inference and management governance,
launching the first conversational data insight big model DataGPT in logistics scenarios,
and collaborating with business management governance to form a large number of ex-
cellent decision-making cases.

FEIHEYRS AN LR =P XBEARK AW, HENMRRENNR
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The above three key technological points in the field of logistics continue to be tackled,
and the corresponding achievement cases provide a model for the Al upgrade of physi-
cal industries.
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Logistics and Logstics and Logistics and Togistics and Togistics and
Scenario Transportation Transportation Planning Transportation transportation optimization Transportation
application Forecasting Management decision-makin, Experience
Tools and Administrator
equipment | | Express Delivery App Vehicle Driver APP Cainiao Station APP fosibsetiod Station Master Tools MerchanyConsumer
Multi level and diverse tio-ter c on between data Infé d
understanding representation " making technology and system management governance
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Technological inference
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1 national patent and 4 international papers
6 national patents and 3 international papers 2 Best Intemational Paper Awards and 1 Open
1 software work and 2 Best Paper Awards Source Project

1 1) L}

challenge Understanding and Characterization of Spatiotemporal prediction and decision Insufficient efficiency in data management and
Heterogeneous Spatiotemporal Data effeciveness of long and short links

1 national patent and 14 intemational papers
4 Chinese awards and 2 open source projects

@ Smart Computing Logistics System Diagram Based on Spatiotemporal Al
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DRL forRoute.

Logistics Lastmile Pickup&Delivery Scenario Logistics mainline vehicle transportation scenario
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@ Structural Diagram of Key Technical Points Model for Calculating Logistics Routes
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In Depth Global Logistics Practice,
Widely Applied in Key Industries
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With the advantages of strong geograph-
ical representation ability, high prediction
accuracy, fast decision-making speed,
and high data inference efficiency in the
field of computing logistics, the results
have been widely applied in logistics sce-
narios in China, cross-border, and inter-
national fields, achieving significant eco-
nomic and social value. In the past three
years, the direct income has exceeded
1.7 billion yuan, and it has been promoted
to physical industries such as intelligent

manufacturing, helping the manufacturing
industry achieve digital transformation.
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Among them, Cainiao’s cross-border logistics business applies this achievement in
resource allocation, covering 120 countries around the world such as Europe, North
America, and Southeast Asia. By applying this achievement in the leading digital express
delivery end service network in China and globally, efficient and low-cost operation of
80 million packages per day can be achieved. Cainiao Waibao, a leading global online
shipping platform, relies on precise prediction and scheduling technology to achieve
real-time logistics capabilities within one hour. Based on this achievement, the economic
value of significantly reducing logistics costs is achieved through functions such as intel-
ligent packing and intelligent order consolidation. In addition, the application of comput-
ing logistics technology in many physical industry clients such as Feihe and Genji Muyu
demonstrates the significant value it brings to the physical industry.
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@ Wide Range of Applications for Various Industries
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Express delivery route planning  Logistics Lastmile Pickup&Delivery Scenario  Picking Path Planning
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@ In Depth Application of Computing Logistics in Diverse Logistics Scenarios

BARS| A= WAL, SEFEFLEAR

Technology Leads Industrial Upgrading and Shares Achievements with the
Real Economy
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The key technology of computing logistics based on spatiotemporal Al, with its advan-
tages of deep understanding of domain knowledge, high reliability of prediction and
decision-making, has proposed an effective path for the digital transformation of logistics
and transportation logistics industries, empowering physical industries such as manufac-
turing through open sharing. One is in terms of technological progress, by connecting
information flow on top of the basic capabilities of the warehouse- trunk transport (mul-
timodal transport)- distribution chain, a computable full chain data capability is built to
provide more cost-effective and high-precision diversified intelligent solutions for the en-
tire chain, and to stimulate the development of new platform models under the demand
for instant collection and distribution. Secondly, in terms of industrial ecology, computing

logistics focuses on breakthroughs in key
technologies such as basic level geo-
graphic representation and upper level
big data paradigms for prediction, de-
cision-making, and inference, achieving
robust logistics Al capabilities. The third is
to achieve the open-sourcing of the indus-
try’s scarce modules, involving spatiotem-
poral datasets, geographic pre-training
models, reinforcement learning deci-
sion-making, etc (https://huggingface.co/
Cainiao-Al ), to promote the prosperous
development of the computing logistics
technology ecosystem and its applica-
tions.
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Combining Industry, Academia and
Research to Promote Continuous
Technological Innovation
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The achievement depicts the develop-
ment roadmap of computing logistics, and
has published over 30 academic papers
in the top journals of CCF-A&B and opera-
tions research. Among them, four papers
have won the best conference papers and
received multiple technology awards from
the China and International Association of
Societies.
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At the key technology point appraisal
meeting, Academician Dai Qionghai of
Tsinghua University evaluated the project:
“The project achievements have been
applied in Cainiao’s cross-border and
Chinese business as well as third-party
business, and the overall technology of
the project has reached the international
advanced level.”
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In terms of the integration of industry, academia, and research, we will continue to invest in the construction of a computing logistics
technology ecosystem and tackle key challenges in collaboration with top universities and research institutions around the world.
Through joint publication of academic papers, formulation of standards, construction of research datasets and evaluation systems, and
other cooperative methods, we will work together with global researchers to promote the long-term development and application of
computing logistics.
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Highway Traffic State Sensing and Active Traffic Management
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the results applied across over 5000 kilometers of highways in 18 provinces in China, supported
more than 50 major and key projects, suggested improvements in traffic capacity by 10%-25%
and a reduction in traffic accident rates by 15%-35%

Engineering
Applications
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@ Overall Framework of Highway Traffic State Sensing and Active Traffic Management Technologies
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Introduction

The highway carries more than one-third of the passenger traffic and one-fourth of the
freight traffic, and is the artery of economic and social development. The achievements
enhance the overall effectiveness of existing highway infrastructure and achieve highway
“wisdom expansion” through digital intelligent means, reflecting the main direction of the
development of the highway industry.

RIEEEQ RGBS T EEFHEAR
Breakthroughs in Intelligent Perception and Proactive Control of Highway
Traffic
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The project has carried out systematic and in-depth research on the intelligent percep-
tion of highway traffic state and active control technology, broken through the technical
problems of accurate perception of all-weather traffic operation under the synergy of
multi-source information, accurate recognition of traffic state and early warning of acci-
dent risk under the complex environment, and cooperative control of highway traffic flow
under the coupling effect of multi-bottlenecks, and formed complete sets of technology
and system equipment to support the intelligent operation and control of highways, and
promoted its application on a large scale. It has formed a complete set of technology
and system equipment to support the intelligent operation and control of highways and
promoted its application on a large scale, realizing technological breakthroughs such
as intelligent perception of highway traffic status, accurate identification, active control
and so on. The efficiency and safety level of highway traffic operation has been greatly
improved, with significant social and economic benefits.
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@ Intelligent Collaborative Perception Technology and Equipment for Multi-source Information on High-
ways

FEREPE 18 MEEEF 5000 X ESE AR A
Application of the Results Across over 5000 Kilometers of Highways in 18
Provinces in China
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The achievements have been extensively applied across over 5000 kilometers of high-
ways in 18 provinces including Beijing, Hebei, Jiangsu, Zhejiang, Sichuan, Guangdong,
and Shandong. This deployment supports more than 50 major and key projects such

as JingXiong Smart Highway, YanChong
Smart Highway, RongWu Smart Highway,
JingDe Smart Highway, and ChengYi
Smart Highway. Additionally, it underpins
national major demonstration projects like
the pilot construction for a strong trans-
portation country, a new generation of na-
tional traffic control networks, smart high-
way demonstrations, and the “ Reducing
the total number of traffic accidents and
controlling the occurrence of major traffic
accidents” China national initiative for
road traffic accident prevention. The eval-
uation results indicate that the application
of these technologies has increased the
traffic capacity of the applicable sections
by more than 10% and reduced the du-
ration of blockages caused by sudden
events by more than 30%. The intelligent
perception and active control technolo-
gies for highway traffic states, along with
the series of equipment developed by
the project, have been implemented in
practical engineering projects, generating
significant social and economic benefits.
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Establish a Smart Highway Opera-
tional Standards System and Em-
power Enterprises for Smart Trans-
formation
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The project’s results have supported the development of nearly a decade’s worth of technological policy documents related to intelligent
highways within the China transportation industry. Based on the results, 33 various technical standards have been compiled, including
1 international standard for real-time digital twin technology for intelligent transportation systems, 25 China national/industry standards,
and 7 local standards. A standards system for smart highway operational management has been established, significantly supporting
the construction of the “Highway Engineering Standards System” and contributing to the digital and intelligent transformation of the
highway industry, leading technological progress and innovation. The achievements have formed a complete system platform and se-
ries of equipment for intelligent perception and active control of highway traffic states with full independent intellectual property rights,
partially achieving industrialization. Through scientific and technological collaboration, technology transfer, joint product development,
and joint talent training, the project has empowered enterprises and promoted the development of the intelligent highway industry.
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Key Technologies and Applications of Mobile Spatial Comput-

ing in Open Environments
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Technical Bottlenecks Technical Invention Points

Project Achievements and Benefits

Low Accuracy of Spatial '| Complex Scenario Spatial Perception
-  Perception in Complex ~ __f with Representation Learning and
Scenarios Multi-Sensor Fusion

Low Accuracy of Fine-Grained i 1| Open Scene Semantic Understanding
= Semantic Understanding in —» with Structural and Contextual
Open Scenarios Enhanced Features

ey s M Mobile Spatial Computing Device and

High-Precision Low-Latency Mobile Spatial
Computing Device + Cloud Platform

76 Invention Patents, 25 Software Copyrights, 202
Papers Published, 6 Best Paper Awards at Renowned
International Conferences, Over 20,000 Citations on
Google Scholar

Head-Mounted Spatial Computing Device Selected
for Three Major International Design Awards
Permanently Collected by the Chinese Communist
Party History Exhibition Hall

> and Registration on Mobile —-—b Ha(r:g:::r:lsatﬁ::n v:fé z‘;ﬁ:’zﬁ; d | .| New Revenue of 1.13 Billion CNY and Additional Profit
Devices (gll(;llaﬁf)ration & L ¢ 1 |of 140 Million CNY in the Past Three Years '
Industry Augmented/ Smart Security and Smart Ci Education and
Applications Virtual Reality Manufacturing Emergency Response mart City Cultural Tourism

@ Key Technical Challenges, Technological Innovations, and Industry Applications
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Introduction

The project developed high-precision, low-latency mobile spatial computing devices and
a cloud platform, along with a technology framework and system for spatial perception
and semantic understanding in complex, open environments. This advancement im-
proves mobile spatial computing software and hardware, driving the intelligent transfor-
mation and upgrade of industrial manufacturing and military security.

AR TeRENTERMERSELHME
High-Precision Real-Time Spatial Perception and Virtual-Real Fusion in Open
Environments

AERZENRTERAAE, NERE T XKEBIENS ARIEHE
N RERMNFGE, BERATHISFBALN S KARBSXEN=
HBREIEE, BRET RS EARR, BUSEREMEMUZNERS,
LME R T FERBERULENE,

In the area of visual spatial perception in complex environments, the project introduced a
region-adaptive and geometric encoding volume-based visual depth perception method,
significantly improving the accuracy of 3D reconstruction for fine structures and exten-
sive ill-regions (e.g., textureless/transparent/reflective regions). Additionally, a point cloud
segmentation and reorganization technique was developed, along with a multi-sensor

fusion-based pose estimation system, enabling millimeter-level real-time pose estimation
in complex scenarios.

AR RAREESCEMTE, MERE T4 T XXAFIEER
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For fine-grained semantic understanding
in open environments, the project pro-
posed a semantic understanding method
enhanced by structural and contextual
features, greatly improving the discrimin-
ability of semantic features in open envi-
ronments and addressing the challenge
of fine-grained object recognition in large-
scale open scenes.

TBomELRE S E, IE
EPAT B AR R IR R
BWHE%E, BET “BrhEeF”
SEBMAERN, RETENRE
12 PR S EAYS Bh ik XM S AT AT
B “A+B+C” TENtE =TS,
HE M EAB R T BT E IR S
In the area of mobile device virtual-real
fusion, the project invented a hard-
ware-aware lightweight model for tracking
and registration, and introduced a full-
chain "motion-to-photon” optimization
technique, overcoming the real-time
performance bottlenecks caused by
limited mobile device computing power.
Furthermore, an “A+B+C” spatial comput-
ing cloud platform was established, and

high-performance head-mounted spatial
computing devices were developed.

IMU

LiDAR S [ 5 |

Z \\
G 1 Ga [ [ Gal
p. Sweep Reconstruction
%l et

FARHSRP,
3

T
i G G

& B B I G

FARNRZEP
G ] [

BARNEEP. £

Pt

Camera |

G to, () te,(t)

(a) I BN 5 LT P R E
©&*&%§1§%ﬁ%§®?ﬁ% SENEA

b) REAFELAZA S ERBRAMEMET “RIT+E S

Region:Adsptive Scparation ;j;‘:;:(clu:mg Learning E‘: }‘“P“‘ et Hi) [ 5 ] U
@ 1 sweep Segment (30 Hz) Sweep Segmentation LIDAR Sja | S ]
VTl ¢ 1 6e T [ oa = —.
E Reconstructed Sweep (30Hz)  Sweep Reconstruction l Py Sweep Reconstruction
o B 1 Reconstructed Sweep P,_, 2
g Convolutional Filtering El T —
p! imm [ ]
5 o M Camera |
4 4 L : Reconstructed Sweep Py ; = £
+ Thaative Ontiaioati i o o G ey (b)) e, ()
(a) Region-adaptive and Geometric Encoding Volume-based (b) Point Cloud Segmentation and Reconstruction for Multi-Sensor
Visual Depth Perception Method Fusion Pose Estimation: Enhanced Frequency and Synchronization
@ Technical Innovation 1: Spatial Structure and Motion Perception in Complex Scenes
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®@ Technical Innovation 2: Fine-Grained Semantic Understanding in Open Scenes
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@ Technical Innovation 3: Low-Latency Tracking and Registration
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Widely Applied in Multiple Fields such as Mixed Reality and Intelligent Manufacturing
AIMEHEAIERSRERFHIRE IR Hololens F13ER Vision Pro A8EL, BEMBSIEAZIFEFEEE, ThiE

BREE=F LM HENET 11.34 127, HEFEBL 1.41 1270, RARMRRITRZAFHEEN. M.

FEE YESREM, HEERIME. B, ReNRNBEBEXRELS MU, HEEFNEEE

The technical specifications of this project are on par with advanced devices such as Microsoft HoloLens and Apple Vision Pro in terms
of precision and latency, while offering significantly lower power consumption. In the past three years, it has achieved additional sales
exceeding 1.134 billion RMB and additional profits of over 141 million RMB. The technological outcomes have already been applied
across multiple organizations, including Baowu and Xiangtan Iron and Steel Group Co., Ltd., covering fields such as augmented reality,
intelligent manufacturing, safety and emergency response, and smart cultural tourism. The project has demonstrated significant so-
cio-economic benefits.

Key Performance Indicators FRERESFAAELSEAL, BETNMEADRAFEEE, EER
Compared to similar devices, this project achieves the same accuracy and latency but with lower power consumption. prom il
##kHololens FRVision Pro G300
e I Similar Products Our Products
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® Comparison of Features and Performance of Advanced Mobile Spatial Computing Devices

7 XR. FIEFTUHERRRRMXBRASZR

Providing Key Technological Support for the Digital-Intelligent Transforma-
tion of XR and Manufacturing Industries

oI SodiiE, MBFISEEEE S ESEEMEEIEF 5.8  pandemic, it enabled cross-border remote
2 AN EEEST ARG S TS aRNEEY, KE5%E Vision Pro guidance, setting new records for project

construction timelines.
I Hololens B AR EFNIEE, NMGISHETEITEIRENIZ0 28
(i funay= 8 AREeN2ME, MEMRR

, . — , - RATESHIERS SHBIZRER
In the field of augmented reality, the project increased spatial positioning speed on mo-
bile device chips by 5.8 times while significantly improving spatial perception robustness 7, NETEZIMRRRE, 187
in open environments, achieving speed and accuracy comparable to Apple Vision Pro 3D MEKBHIT RS, W TIHTR
and Microsoft HoloLens. This contributed to the development of high-end spatial com-
25N 2MNEES,

puting devices and core components.
In the field of safety and emergency re-

FETHLEME, MRNATHEBIKITEN, THFARS, RS sponse, the project’s outcomes enhanced
. MNESRARGN, GUBRT EHTWHIEDRAS, ME(E  police data integration and command dis-
FRE, BIESERARNTEEDTRIES, MR LEREEMER, o chees | s been applet o

multiple public security systems, creating
In the area of industrial manufacturing, the technology has been applied to augmented @ 3D stereoscopic defense system that
reality-based remote inspection and maintenance systems, serving large enterprises strengthens urban safety and emergency
such as Baowu and Xiangtan Iron and Steel Group Co., Ltd. It effectively addressed ~ response capabilities.

challenges like high costs and low efficiency in traditional manufacturing, and during the
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Research and Development of Key Technologies of Network
Large Model and Large-Scale Applications
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China Telecom Network Large Model A

Large model Scenario application
sl

i Network Planning Network Maintenance
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FEBEERABRAT
China Telecom Corp Ltd.

ERNRABRAR

Huawei Technologies Co., Ltd.

1
FEBENEARLEZ N
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Introduction

China Telecom network large model runs
through the entire process of cloud-net-
work operation, activates massive
cloud-network assets and system capabil-
ities, synergizes large and small models,
greatly improves O&M efficiency, pro-
motes the productization of network large
model, and integrates with cloud-network
operating systems, helping enterprises
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Network Optimization Operational Decisions

hNER Large model

1 Small models

Small model training inference
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HEL-%JE Data management Knowledge management

= - =
] Large model
=REHEn T

Large model Teve
Power
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hina Telecom Network Large Model Architecture

S AR

CHINA TELECOM

S HUAWEI

accelerate the development of new quality productivity and empower information and
communication infrastructure operations.

BEAMEMBRIRENZORS N
Technological Innovation is the Core Competitiveness of the Network Large
Model

PEFEEMEARI SRR R N\ ERAR, KMZLEF DR,
RARM.

China Telecom network large model has made breakthroughs in eight key technologies
to improve its core competitiveness and lead technology.

1 T BRI MR AR ENE EFRIGREE ST BTG TSGR, =
MARI SRR ; HREEN EHRIEMBIE VL SEEN MR AR,
1.The project has created incremental pre-training capabilities for large models in the
network domain. By designing a parallel training scheme, the efficient training of large

models can be realized. Build a large domain model that can correctly understand tele-
com business capabilities.

CHARM OF SCIENCE AND TECHNOLOGY *SI'HZ%

2 RHEEIS NS RINEEIRNE], $BEIRFIEE, TIHRIS  tion review test chain and subjective and

BRI BELN R, objective separation automatic evaluaﬂqn

to solve the problems of lack of automatic

2.The project proposes a task-oriented multi-round dialogue management mechanism. means and low iterative optimization effi-
Accurately identify intentions and realize intelligent processing of scene tasks. ciency of large model quality evaluation.

3. BREEHBEMED. WREHSWAIRESR, HEAET
S E LRI BEXTBE o

3.The project has developed a high-quality automatic corpus generation technology. It =46, LMz EE L
has innovatively built a global cloud-network knowledge system, and developed the abil- ST
ity to generate Q&A pairs in batches based on graphs and documents. °

7.The project has developed the agent

4. ZHNRIGREN. RHKERER. ZRESVIFEHFEL, #  multitask decomposition engine tech-

SRAKERN LAV AT IAE A Bo nology. Through API capability instantia-

tion and parallel serial logic control, the
4.The project develops multi-channel search enhancement generation technology. By efficient management and execution of
using joint retrieval and multi-channel composite slice reordering algorithms, the problem complex tasks in network operation are
of insufficient cognition in the professional domain of large models is solved. realized.

5. KRB S RUEIRIES, S5 RMIEIRES, RASN LS RHITHIE, 8. AR E AR HEE, BT S

=]
5.The project builds an efficient inference framework for large models. Combined with  BAE B EEARHEIZEM, LMESH
the efficient mference‘framework, the multi-machine and multi-card parallel mechanism is AR SR AN,
used for large model inference.
8.The project realizes the intelligent

6. TR EERRE RS 19(E, 18 HE TR B 4 B s 2 5E orchestration capability of the agent. De-
FRMDBEDITFGEAFEAR, BRAAELREITEHRT GEFR, ¥ Sl9n a cloudnetwork converged agent

b b 18 orchestration architecture to achieve task
AR EARIR) Ao understanding and rapid processing.

6.The project developed a knowledge graph-based model quality assessment technolo-
gy. This paper proposes a closed-loop technology based on knowledge graph genera-

"he Model Change of Cloud Network Operation Driven by China Telecom Network Large Model
FEREREXRERNZMESIRA I & The cloud netuiork operation mode i shifting from experiance driven expert operation to knowlsdge data-driven inteligent
operation, accalerating the cultivation of new quality productivity, empowering cloud natwork operation to develop towards

= ERETHE: SN T, 1, MERRIZTAENEEER, PR high-level self intelligence, promoting the improvement of cloud network value and operational efficiency, and supporting
s i the high-quality development of enterprises
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@ The network large model drives changes in the cloud-network operation model

12F = L] OV 3 | €F echnological innovation is the core competitiveness 53
&*ﬁ]ﬁmﬁﬂﬂmﬁkﬁiﬁﬁm =5 of China Telecom network large model %
R\ RRREA, RFAREARGR. MRS, w0, BESRE, Brealthrough eight key technologies, running through the entire process of large model knowledge retrieyal,
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@ The Core Key Technologies and Innovative Application Modes of the Network Large Model
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The Network Large Model Empow-
ers the Entire Process of Cloud-Net-
work Operation

BABI D ERERNF S EE
DR ZHER MY, #EshAFER
IREE=MIZ R, LEEFHEENE,
2m3¢+i BEMHEL, R
EREH, ST ERE.

The network large model, with its profound
learning ability and wide applicability, pro-
motes Al technology to empower cloud
network scenarios and comprehensively
improve operational efficiency. In 2023,
the network model has been launched
for the first time in the communication
field, and it will continue to be iteratively
updated to lead the development of the
industry.

EFMmEE: MEAELE
M= IEm, FTEFIRAZE
LERBIE 12 D Al BhFFNEH %,
SRR AL BRUEIR T 30%. FEMH
Rt FEEELE EITIRER 50%0 R
ERANFEBREANRTE, =M
ENA.

Significant economic benefits: Targeting
cloud network engineers, we have creat-
ed 12 Al assistants and intelligent agents
in two categories: knowledge Q&A and
operation and maintenance assistance.
The efficiency of fault handling has been
improved by 30%, and the number of
hardware fault installation and mainte-
nance visits has been reduced by 50%.
The overall capability is deeply embed-
ded in China Telecom’s live network sys-
tem, and the whole network deployment
and application has been completed.

SRS BHEBRK
M. MRKRREXRE. HELES
R IEmERRETR, BR—
gE . AFIIETRETS,
PNER Al S&3h,
Excellent social benefits: Implementing
situational awareness, knowledge retrieval
and interaction, troubleshooting solutions,

work order quality audits, and other sce-
narios to solve frontline production prob-
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lems. Synchronize the creation of a toolchain platform to accelerate the landing of Al.
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Outstanding ecological benefits: Through the computing power, data, model, and sce-
nario model capabilities of the network model, exclusive large models and intelligent ap-
plications can be built, intelligent production and decision-making can be injected, and

cloud-network operation efficiency can be improved, enabling the development of data
production.
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@® The Application and Promotion of Network Large Models in Al Assistants and Home Broad-
band Installation and Maintenance Agents
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Breakthrough the key technologies of intelligent agents (understanding/reflecting/executing), promote the improvement of
customer satisfaction and support the efficiency of business production

Value Transforming the service model, effectively improving the efficiency of installation, maintenance,
realizatioh and troubleshooting, and bringing users a new experience
Create a set of solutions, Meet three major scenarios Five key technologies for
and three types of customers innovation.

) Intention understanding and generalization

High precision task planning

T: L
Scheme auto
innovation - Reflection on Results/Re planning

Flexible tool management

Memory

= Telecommunications and Huawel Joint design, joint development,
Organizational Experience/technology sharing between both parties
cooperation

@ The Application Case of the Network Large Model Empowerment Scenario - Agent

RMEKIER, AREMIEER
ENRE

The Network Large Model Opens a
New Chapter in the Self-Intelligence
of Cloud-Network Operation

BARBIREIIN A, WA
RBH&K. ARBEBIRE T REAKR
o “WEKARE - MIREETE”
BEPEEERAIRNES EER
REENEITE, RABRETILE
o A HIRE 4+ RINER 2
fiLo

The implementation and application of
the large-scale network model have been
reported by mainstream media such as
People’s Daily and People’s Posts and
Telecommunications Daily. The “The
knowledge management platform for
large network models” has passed the
full capability domain evaluation of the
knowledge construction and management
module of the China Academy of Infor-
mation and Communications Technology,
becoming the first unit in the telecommu-

MaaS: fRGSHE, IREXIERMFIR

1SR TEMTA, FiEMastEz, oIl SRS, BRI,
(R SRS, ML) BHEEAHEME

£

ERERED. BRAFWES, HEMEANRRLESHNBES, i 8P f BEe
SRR, (RHFEVEER.
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nications industry to pass the evaluation and obtain a 4+level certification.

EMAAE, RANZORLG, ERTIE 121D AIBIF. RIEEMEREH
MERARERHTENZE, AL, RRAREFASN, BET
BETE, 115 MaaS R, KUNZARESTRE. ZAM, &~
s, IEBEXRME.

The network model is internal-oriented, and by embedding the core system, it focuses
on building 12 Al assistants.|t provides strong support for the improvement of operational
efficiency and intelligent transformation. Externally, we explored the commercial mode
of large models, and built a tool chain platform to create a MaaS model to achieve high
availability and ease of use of large network models, promote industrial integration, and
create greater value.

A MBREREREERAR, KIMMHGREMIIES DR, BERHE.
B BotiTEBF I ERIZRED.

We have developed the network large model agent technology to realize the whole pro-
cess driving from solution generation to task decomposition, logical orchestration, per-
ception analysis, automatic execution to self-learning optimization.

1Bt MaaS BRSBFHET, MHEEA ™, B el; mmiT kg
, SRS

Through the new model of Maa$S service, the network model empowers production and
use, helps improve quality, increase effectiveness and create revenue, empowers the
industry, and promotes integration with the industry.

MaaS: Serve society and make the big network model within reach

Build a tool chain platform and create a MaaS model to achieve high availability, ease of use, and maturity of the
network model, promote integration with the industry, and create greater social value from endogenous to spillover

ETTALE

The value of the communications industry

Industry CT operation
and maintenance

Network Large Model

Network model infrastructure
o

©® LB AIER MaaS IRZIER

@ MaasS Service Model for the Network Large Model

Ecological co-construction
Driven by customer demand, we will work with all parties in the industry to build a network model R&D
ecosystem and application ecology, enable the implementation of the "Digital China" and "Smart Society"

strategies, and promote industrial prosperity.

Model

@  Open cooperation, close collaboration,

BRI, [  Welcome more industry customers and partners to join China

© MEARBESHE

@ Collaborative Construction of Network Large Model Ecosystem
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BE3I|9, #HHEMEELE Al
Self-intelligence Leads to Promote the Comprehensive Al of Cloud-Network
Operations

BRREFE, AREBIRKRE: PEBEERRGENEAIEE,
EFEEFEREEMEHENRBNNEARE, ARBIREFIHRE: (M
BARRBERB) K.

In terms of media reports, the People’s Post and Telegraph reported: China Telecom
released a large network model, which is the first network model released in the field of

information and communication in China. The People’s Daily client reported an article
entitled “The White Paper on the Network Large Model”.

Pl A E, ETWRIIARER CCSARRR TEHER, HXHEN)
RAEMEERAS 2022 FEHE SDN. NFV. WL Al (LOI#TSRERE,
(M Al BEXBREAQIM S RE) ANk “2023 BEMEBRFRRAE o
2024 %, EITU-TBIATEREAE (Al for Good) BIFZEMIFES, +
EREHRIRA “MERXREMESMZERN T RER NERBELIE,
HER “RETUEWHR
In terms of industrial influence, it won the second prize of CCSA Technology Award in

the industry series standards, and related cases won the 2022 China SDN, NFV, and
Network Al Innovation Practice Case at the China Cloud Network Intelligent Connection

WINNER

Best Industry Impact Award
This certificate is awarded to

China Telecom
China

Conference. The “Key Technology Inno-
vation and Practice of Cloud Network Al
Self-intelligence Network” was selected
as the “2023 Excellent Solution for Self
intelligence Network”. In 2024, in the ITU-
T's Al for Good innovation case selection,
China Telecom’s “Innovative Practice of
Empowering Cloud Network Operations
with Network Large Models” was selected
as an excellent case set and won the “Best
Industry Influence Award”.

EReIFAFE, &% (=X
BEEHEH3.0) , TRERRE
ITU-T 32T 3 > ETSI ILT 3 4,
FR[E CCSA 37T 3 1
In terms of technological innovation, Chi-
na released the “Cloud-Network Self-Intel-
ligence White Paper 3.0”, and completed
3 international standard ITU-T projects,

3 ETSI projects, and 3 CCSA projects in
China.

for the use case tilod “Innevative Practices of Cloud Networking Enabled by le: Large Model”
in the Al for Geod Innovate for Impact hosted by the International Telecommunication Union Tuy
Your hard work, dedication, and achievement is well recognized.

Seizo Onoe )
Director of [TU Telecommunication
Standardization Bureau

TU-T (Al for Good )

“EETIRIMNR

the ITU-T (Al for Good) “Best Indu nfluence A
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Virtual Laboratory of International Economic & Trade Rules

IETR Overview

IETR Overview-o

WTo-o

Regional Trade Agreement o

Untraditional Trade Arrangements-o

Traditional IETR

International Economic & Trade Rules
(IETR)

EFRZ AN o

Tariff o
Rules of Origin-o

Trade Remedy—©

Technical Barriers in Trade-o

Investment @

Service Trade ©

Intellectual Property-—©

Plurilateral Trade Agreement-©

E-commerce & Digital Trade o

Competition Policy o

State-owned Enterprises & Designed Monopolies—o

Next Generation IETR

© EFRE BRAMAIRMLE
® Knowledge Networks of International Economic and Trade Rules

WIMEFRAZ KT
University of International Business and Economics (UIBE)
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RKRBEMRET 2IKRERAMNEIEE, EEERE RN FREEIR.
FIMN DTS EITEBTNRARR. BIEERE WTO XA, KRS
MEXFMIRABRZHIE, RHEBMDITIRE. WTO/FTA TIIEEKL FTA
FATHERIAN, WL STHER AN, FUER M. Bl EERRERBE
IO, eI E PR R AN BSR ERRAT S BB ME TN
Introduction

The laboratory has built a database of global economic and trade rules to focus on the
interpretation of the International Economic and Trade Rules, impact analysis and signing
trend prediction. The database covers WTO texts, regional trade agreement texts and
investment trade data, providing quantitative analysis reports, and WTO/ FTA dynamic
index and FTA signing probability prediction. Through advanced text analysis, data visu-
alization, enterprise data retrieval and machine learning prediction, we can promote in-
depth analysis and forward-looking prediction of the International Economic and Trade
Rules.

» 186

Labor Standards—o

Environmental Protection —©

Development —©

Small'and Medium-sized Enterprises—©

Regulation Consistency —©

Anti-corruption— @

Macro Policy & Exchange Rate-©

M54 GHAN

University of International Business and Economics

o5

B RERAMB X T HIEEN
LB

Build the Text Data Quantitative
Analysis System with Intellectual
Technologies
ARWEELIKE RN LR
EER RIS FRRIR T % MR AR =
B, EXERE RN AN %
EE. ERAMKBIES G, &
MR T — M2 BN AR
BERR, WRTHIEN—ZERN
FEEM, HELMTEMHSLNER,

LARZ XS 7 b 2 (B E PR 42 BRI 1R
5WTO# OECD iR A #EABLL ,
RIBVBIEETNRERTEFEN
HIERR, TASEERKNEEE
WEDRIIEE, #EE) T EERRM
FAMRHE U S UL R

The laboratory has broken through many
technical difficulties in the construction
of the global economic and trade rules
database. First of all, in the face of the
challenges of the text of international eco-
nomic and trade rules in terms of multiple
languages, diverse formats and large data
volume, we have successfully built a com-
prehensive text data integration system
to ensure the consistency and integrity of
data, and achieve efficient and real-time
update for coping with the changing inter-
national economic and trade environment.
Compared with the data provided by
WTO and OECD, our database not only
provides richer data resources, but also
has intelligent self-inquiry and analysis
functions, which promotes the intelligent
and diversified development of policy re-
search and academic research.

HOR, £ FTA ER0ZT00 5
H, FRT RN BFEIEE,
RRT ABIEENSEHF RN
m, BERS TN ERENITE
MEK, “—H” FaRBXE. M.
B i8] 5 R M M R TN A B2 5 4R
EES, BHTEENNSED,
FB T RE 0 A7 A 5 o HH O 2K3E
ABERLD T RSB A, BAT 5
DipvES

Secondly, we have developed an opti-
mized machine learning algorithm for FTA
entry-into-effect probability prediction;
such an algorithm overcomes the bottle-
neck of large data volume and high com-
putability requirements, and significantly
improves the prediction accuracy and
computing efficiency. The “One-click”
platform integrates regional, product, time
series and micro-enterprise level trade
data, providing a convenient network in-
terface for rapid analysis and deriving im-
port and export data, thus reducing time
costs and improving analysis efficiency
greatly.

BARBEE FLRELHH AR
FOGER= L5 EXRIE
BigEE EFRE BRI ERHLIRE Azl
P s g
Eee— P2 B3 ‘ Bldfimd P —
NAESH S
BiEAEt [EFREZE EFREZEHAN IESIRERE FMETEREL
e USENGE  WEtRASmE AR T
< T y € T y € T y
‘ SRS ‘ It ] B2 }
E=hsiE MR ST |
® [E| R4 RN BRI = SR E
Technical Challenge Achievement Innovation Technology Application

Laboratory

Construction Path

New Liberal Arts |
‘ ‘ Negotiations

[ Y
Facilitative Search for IETR ‘ ‘ Tnter-State Trade

( @ h 4 B
[ DuaAnalysis | Dynsaie Fossibiliy Path to Align (" Rules Kaowtease |
: Real-time Prediction . e :
Paradigm of i . high-standard Acquisiion for Enterprises
Text Language Wilnlicstg and Warning IETR Going Overscas
e of IETR of IETR —————
A T y T | Q T 4
Simulation Methods ( . i
for Quantitative Analysis of Rule Text ] ‘ T‘“*‘;ﬁ;‘“‘:’“““
\QEufure/Scenarios 7 L

® Architecture Diagram on Virtual Laboratory of International Economic and Trade Rules

LASE S (AR s E PRB LR A 718 5F
Enable Talent Cultivation of International Organizations Through Data Quan-
titative Simulation

ZASREF IR ERZ RN LT REIETE, KIMTHARER
S5RHARAERS. —RITEERINERMNEEXAKIETS, HoE
FFEfF. BfnER. EERAEZZNNBEFRIXME; —=0/2%
BEMBERMKFITE, £T A RATEERZBRMNEM XA R, 5
FEFARAT; ZBAHEREAMNNSIEL, KBREKERMN
NEZT A, RATELZZMNNEREEN, NEET A KESREY
WERMMVEBEN, REERESIKERMNARBEE, ARMRENLE
AR “—H—K BFEERE, iy “PERKEHRE .

This achievement has innovatively put the International Economic and Trade Rules on
the big data platform and realized the deep integration of research theories and prac-
tices: Firstly, we have built an integrated massive text data platform of the International
Economic and Trade Rules to promote the interdisciplinary integration of international
economics, international law, information technology and other disciplines; secondly, we
have created an intelligent simulation negotiation platform to build a negotiation simula-
tion scenario of the International Economic and Trade Rules based on Al technologies for
developing the talents for international organizations; thirdly, we have released dynamic
indexes of the International Economic and Trade Rules and track the evolution trend in
real time to enhance the international power of discourse of the China’s Economic and
Trade Rules; fourthly, we have carried out the monitoring of the public opinions on the
International Economic and Trade Rules based on the Al large language model to timely
grasp the hotspot trends; fifthly, the achievements are transformed and applied to the
international students’ classrooms of “Belt and Road “ and tell the “Stories of China’s De-
velopment”.
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Provide Decision-Making Consultation Services Through Intelligent Analysis

BEABAHE, RERENSUOMIRE. FTAEREERSERRNE
XERBEREFERARSE, =FHAHE, XRESTFLTWARET
BRAESEXR, BSEREEMAR. WEEE e-WTP (HARBFRS
28) « PERRESBIBSUEEXR, TEMRERMNN. BIEEEH
REVHARRASERR. BfFESEAE, ZENEREZES WTO &
FEIME (FENXRERAR) MSHMR, e “24ACK REBREES
DENEEHF TG, METEZARTAZESMWIO £ 13 BEKERN,
S5EFRMBLTRITIETEREIZ. ZNESZERAEEFEE WTO BRAREH
K3, ANERATBRESEFNORINER. REXAE, KRENZO
MRRHBEMEEFRBMAMAMTRARE (AXHBESR ). £FN
EfRRAZMRE (ERFRRZWRESR) « IRTEFHEBENFRR
“EX PERFEHENISITAE _SRESTE RN B ERRIL,
HFRZMERRAD M A BT B R E ER
In terms of Think Tank for the Government’s Governance, the quantitative analysis re-
ports, FTA activity index and other achievements of the laboratory provide important
decision-making references for relevant national ministries and commissions. In terms of
industry, university and research cooperations, the laboratory has established in-depth
cooperative relations with many industry organizations, and has established regular co-
operative relations with the World Internet Conference, Alibaba e-WTP (Electronic World
Trade Platform), and China Council for the Promotion of International Trade to carry out
the cooperative research on the International Economic and Trade Rules, cross-border
e-commerce policies and other fields. In terms of international cooperation, the virtual

laboratory is a landmark achievement of the WTO Chairs Programme (there are only
two in China), and it is also an important teaching platform for the Chinese Government
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Scholarship Program of the “Belt and
Road”. The main leaders of the project
were invited to attend the 13th WTO'’s
Ministerial Conference and discussed the
construction of the platform with interna-
tionally renowned experts. Many members
of the program were recommended to
intern at the WTO headquarters in Gene-
va, which became a successful case of
international talent joint training. In terms
of honors and awards, the laboratory’s
core achievements won a number of na-
tional and provincial awards, such as the
Scientific Research Outstanding Achieve-
ment Award (Science and Technology) of
Institutions of Higher Learning under the
Ministry of Education (the highest award
for Humanities and Social Sciences),
the Anzijie International Trade Research
Award (the highest award for International
Trade Research), the Second Prize of the
Beijing Philosophy and Social Science
Outstanding Achievement Award, and the
Second Prize of the Chinese Collegiate
Computing Competition. Besides, the
laboratory also obtained many computer
software copyrights issued by the Nation-
al Copyright Administration.
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5G-A Technology Innovation, Standardization and Large-Scaled

Applications
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5G-Advanced: Explore More Potentials

5G-A Capabilities
5G-A Innovations

Immersive

Communication | High-Performance Connection

Immersive Communication  UDD

Deterministic Network

e
trial @ Integrated Space and Ground Network

v 9 New Integrated Architecture

5G Beyond Communication

mMTC uRLLC Low-Altitude Coverage

Ambient loT g Deterministic
Network

® Green, Smart and Lightweight

Integrated Al, Computing Ambient loT RedCap
and Communication
Network Intelligence

China Mobile Top 10

Integrated Sensing and Communication

5G-A Applications
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New Service, New Exoerience

Glasses-

%
ARNR Wearables Free 3D
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@ 5G-Advanced: Extend Capability Boundaries, Explore More Potentials

FEBDERAF

China Mobile Communications Group Co., Ltd

EREARERAF

Huawei Technologies Co., Ltd.

RXOEITHRIDBRAT
”. ZTE Corporation
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EREEEEHHFHARIERLEEEMMMNMESEIER.
5G-Advanced BXSRMMMBE—IBERENEIBREE S HEREHIME. NEE
HBTFRMIATEBEONEY, WM AMITHEE. £5F5L RV,
T BRI AR
Introduction

Telecommunication industry plays a fundamental and pioneering role in the process of
global digital development. For the first time, 5G-Advanced technologies realize a new
leap from a single communication capability to the integration of multiple capabilities
of communication, sensing, computing and intelligence, from ground-only coverage to
three-dimensional coverage of the space and ground. 5G-A will empower new audio-vi-
sual experiences for individuals, new modes of economic development, and new up-
grading of the industry digital intelligence.

5147 5G-A BRI SIRERIE, Wil 56-A MBRIRSHAT
B

Leading 5G-A Technology Innovation and Standardization, and Spearhead-
ing 5G-A Network Construction and Application Demonstrations

FERETEE. BA. BreltSEIERACH, FTERTEEM.
BR—A. BETRYE. W IEHSE 5G-A KRR, BHIFEH 700 R,
KR SCI/EIFIESOR 30 7%, SKINEREEE 10 (317 MERENZHInR.

Based on cross-domain technological innovations in communication, sensing, intel-
ligence, etc., this achievement creates 5G-A key technologies such as low-altitude
intelligent network, integrated communication and sensing, ambient 10T, duplex mode
evolution, etc., applies for more than 700 patents and publishes nearly 30 papers includ-
ing high quality SCI/EI papers. With this achievement, the connectivity capability can be
enhanced 10-fold and network capabilities are extended in multi-demension.

5140 5G-A FOERIE, F5 3GPP 5G-ATREIMB#HEXG%, RitiE
£ 3GPP 2RBIEFEFEFIM 131, MIEHEIKE D 56-A AR,

Leading the 5G-A standardization, we have possessed the leading number of 3GPP
5G-A work items globally, served as vice-chairman of the 3GPP Plenary and other chair-
manships for a total number of 13, and promoted the successfully release of the world’s
first 5G-A standard.

2 cEB
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@ 7 5G-A XERARTIBRH
@ 5G-A Key Technology White Paper Series Released
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RBEILEFRBRAFR, 2HEXR
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Exploring the 5G-A product innovation,
we have innovatively put forward product
solutions such as integrated sensing and
communication AAU for medium and
low frequency, integrated architecture of
communication, sensing, computing and
intelligent, NTN transparent forwarding
base station, etc., and globally premiered
5G-A innovative products such as ISAC
base station, intelligent computing base
station, industrial base station, etc., lead-

ing the industrial development by leaps
and bounds.

B 5G-A M &G, £IK
BA5G-AL00 M EAmT, HB
5G-A B A TTE, 2024 F5T AL 300
WHEHE, BERLRAKEEAN
5G-A AN, RE2IK5G-AM
RE R,

Leading 5G-A network construction, we
have started the world’s first 5G-A com-
mercialization in 100 cities, opening the
first year of 5G-A commercialization. We
plan to complete the 5G-A network de-
ployment of 300 cities in 2024, building
the world’s largest 5G-A commercial net-

work, and feeding the global 5G-A scale
development.
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@ 5G-A is an enhancement and extension of 5G, as well as a pre-exploration and validation for 6G

5G-A BIHEFEFBAXNBEAR, "EFERELRINED
A

5G-A Promotes the Digital and Intelligent Upgrade of Production and Life
Style, and Facilitate the High-quality Development of the Economy

FETABGUSHE, REMREEAR, TTLKLEARBIEN
SoReal HLIRE XR WEFTL&E, 50 iR “HELE , TREEH
FURBALE XRIEX, R—ERARNEAREFGR. DESMEKX
REBERS, SMELTEA. TRAERZEER.

5G-A enriches personal communication service experience and promotes audio-vi-
sual experience upgrading. Immersive real-time communication technology helps XR
service go wireless in Shougang SoReal Park, with 50 players experiencing XR games
smoothly without backpacks. Integrated space and ground network technology provides
communication services for natural disasters and other scenarios, desert forests and oth-
er areas, realizing ubiquitous connectivity, reaching everywhere and at all times.

HEBBEERNLR, EHITUHE LR, Redcap BEUE AR
B/ Tk fSA AT R IR A, TGS = R, EXREETIT .
FENEREXEFTNAE, IHELEEE; 56 NEMERAN R
Agm b T PLC FIMHYIRIREMLLIRFE, LUAERISE 6,
RESWELT VR, FAXIAR%EE 15%. ®&RD 60%. M
FEAEC 50%, BIEFINZERN. MNRESI BN A.

5G-A extends the boundaries of mobile communication capabilities and promotes
the development of digital intelligence in the industry. Redcap lightweight technology
reduces the device costs in the industry of utilities, video surveillance, etc., and creates
benchmark applications such as video surveillance for security in Hangzhou Asian
Games, Huaxingyuan Smart Factory, and Lihuili Hospital Campus to make digital intel-
ligence more universal. 5G deterministic technology and products significantly reduce
the loss of industrial controllers, PLCs, and other on-site equipment and wires. Taking
automobile manufacturing as an example, relying on high deterministic industrial base
station, production line delivery cycle has been shortened by 15%, equipment has been
reduced by 60%, and cost has been reduced by 50%. Jingzhou Midea and Guangzhou
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Jingxin have deployed deterministic net-
work and applications.

HESHRENEIHS, R
HHSRERR. 5G-ABR—I&
MEFKEZE2HR, TERYIA
FREEZEFFRER. £iE-
AL BHML “RB8” REk
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5G-A builds an efficient and secure
intelligent society, and promotes the
development of society and people’s
livelihoods. 5G-A integrated sensing and
communication technology is applied to
the land, water and air scenes, and cre-
ates benchmark applications such as the
talent park in Shenzhen, low-altitude logis-
tic route for Shanghai - Zhoushan cross-
sea delivery of seafood. The expected
market size will reach more than a trillion
dollars.

o TNBEENZRTRTHXR ZARKS
G

@ XR Application Trials for Indoor Ultra-dense
Immersive Scenes

© TANEANIALE EBEER=METS
7

@ The drone flies on the cross-sea low altitude
route from Zhoushan to Shanghai

FSIMERE, HRAEH
R

Innovation Leadership and Integra-
tion, Reaching Win-Win for a New
Digital Intelligence Future

ESIM, RARKGIFHE
MA. AEBXBEARALSREAN
3GPP AR, AL IK 5G-AtR
ERBRMAENNE, 72024 F
SHEBMBEASERIERUENX
HEMSG-A XBEAMRE, KT
SIEE 2RSS

Leading in standardization to enhance
the influence of science and technol-
ogy innovation. The key technological
solutions of this achievement are written
into 3GPP standards, contributing China’s
power to the development of global 5G-A
standards. The 5G-A key technologies
were systematically defined for the first
time and the related achievements were
released at the Mobile World Congress
2024, widely reported by global media.
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Promoting cross-area innovations to
stimulate new business in digital econ-
omy. As an information and communica-
tion base for the development of digital
economy, 5G-A stimulates the innovation

and vitality of digital economy and provides accurate, efficient, high-quality and conve-
nient information services for industries. For example, 5G-A innovative three-dimensional
air-ground collaborative networking has helped upgrade industries such as Meituan
drone takeaway delivery and Shunfeng drone logistics distribution, helping the low-alti-
tude economy develop.

MERA, METIVHEMER, ARRNEHTE. TEYESCH
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Converging applications to accelerate the digital transformation of the industry.
The innovative technologies such as deterministic and ambient loT of this achievement
open up a new track of mobile communication applications and help the digital intelligent
transformation in industries. In the manufacturing industry, 5G-A deterministic network
enables 5G to penetrate into core production links such as industrial control. In the lo-
gistics industry, 5G-A ambient loT combines passive loT with cellular network to improve

coverage and empower the upgrade of intelligent management for the whole life cycle of
the supply chain.

FREE, TEEEEER~LE, KT ZFEAMREAR, RRFARE
S5G-ARARBHENARE, BRI HIR, BRI L ABHTR,
BIFTEFRERN 2K i,

Opening cooperation to build a win-win industry chain. Relying on GTI and other
international organizations, we actively carry out 5G-A technology innovation and appli-

cation exploration to reach global industrial consensus, build a communication bridge for
the global industry, and build an open and prosperous global industry chain together.

@\mssin

China Mobile

5G-A Explores More Possibilities:
The Release of Top 10 Innovations

SG-ARREBRE: 56-A+AIHHRES

® HEFENIE 2024 MWC &7 5G-A +RBIFTLER
@ China Mobile released 5G-A Top 10 Innovations in 2024 MWC
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Technological Innovation and Application of

New-Generation YDGQ TV
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@®@YDGQ TV has landed in 31 provinces in China, generating over 20 billion yuan in revenue and providing high-quality interactive audio-visual entertainment

experiences for over 200 million users
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China Mobile (Hangzhou) Informat\on Technology Co., Ltd.
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Introduction

“YDGQ TV” is a television product launched by China Mobile, offering high-definition au-
dio and video, interactive entertainment, intelligent control, and other related content and
applications. The new generation of YDGQ TV focuses on technological innovation and
application centered around “Al + operation + content + security”, achieving significant
breakthroughs and driving the rapid development of China’s broadcasting and television
industry.

SHRAZDMERE , TCIRREA B3R
Breaking Through Core Challenges and Achieve Technological Innovation
FEBDES A+TE + B+ 127 , HEF—Boa5ank
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Around “Al+operation+content+security”,
China Mobile has achieved full-chain
technological innovation for the new
generation of YDGQ TV: (1) intelligent
remote control, using the “Lingxi”, a
digital human on television, to create an
Al dialogue system in home; (2) content
intelligent creation, innovating the meth-
od of “Al content generation+Al content
interaction”; (3) cross screen interaction,
combining small screen computing power
with large screen applications to achieve
connectivity of multiple screens; (4) ultra

high definition video, tackling related underlying abilities, including content storage and
format support, high bitrate video transmission, and digital rights management; (5) safe
broadcast monitoring, developing monitoring functions, including audio and video qual-
ity analysis, intelligent content source dialing testing, Al-based content risk recognition,
and terminal quality identification, fully covering business scenarios of “live stream-
ing+on-demand streaming+EPG+terminal applications”; (6) media asset management,
building a digital media asset library to achieve unified collection, fine-grained under-
standing, capability output, and centralized management.

EEBRE=ZFEEHENLBEFN 66, XXX 10HE, Rk
2022 . 2023 F7 BB MEMIT A TEEMN BRI AR=EX,

66 patents have been granted and nearly 10 papers have been published in the past
three years. Technological innovation and application have won the third prize in the
2022 and 2023 Radio and Television and Network Audiovisual Atrtificial Intelligence Ap-
plication Innovation Competition.
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@ Full-content Safe Broadcast Monitoring with an Accuracy Rate of over 98% in Identiying Anomalies
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@ A total of 66 patents have been granted in the past three years
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Promoting the Application of Tech-
nology to Benefit Millions of People
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The new generation of YDGQ TV has
been implemented in 31 provinces in Chi-
na, achieving a revenue of over 20 billion
yuan by 2023 and providing high-quality
interactive audio-visual entertainment
experiences for over 200 million users.
It actively improves the quality of aging
friendly services, creates intelligent health
care, and allows the elderly to benefit
from the development of digital economy.
In addition, it drives the digital and intel-
lectual development of rural medical and
cultural, providing cultural, governance
and assistance support for more than 65
million rural families. Moreover, it has suc-
cessfully provided 31 provinces in China
with security services in major festivals
and events such as the New Year's Day,
the Spring Festival, the “two sessions”
(the National People’s Congress and the
Chinese Political Consultative Confer-
ence), the National University Games, the
Asian Games, the Belt and Road Forum
for International Cooperation, effectively

prevented the spread of vulgar content in
the family.
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The application and promotion cases have won the Best Poverty Reduction Case in the
3rd “Global Poverty Reduction Case Collection Activity”, the AllA Top Ten Pioneer Appli-
cation Cases of Atrtificial Intelligence, the Second Prize in the 2nd High tech Video Inno-
vation Application Competition, and the Gold Award for Artificial Intelligence Innovation
Products in the 5th World Sound Expo 2022.
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@ Assisting Rural Education and Winning the Best Poverty Reduction Case in the 3rd “Global Poverty
Reduction Case Collection Activity”
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Focusing on Standard Formulation and Driving Industrial Development
FEEZHEZREEERORRESSFE BB BN ELRAR
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The smart home operational center of China Mobile actively participate in the formulation
of standards organized by the China Technical Committee for Standardization of Radio,
Film and Television, China Communications Standards Association, and UHD World
Association. It has participated in the development of 8 national standards such as “In-
formation technology—General technical requirements of full duplex speech interaction
system”, 20 industry standards such as “Technical Requirements and Measurement
Methods for Audio Loudness of Network Audiovisual Programs”, and 8 group standards
such as “Generative Atrtificial Intelligence Technology and Product Evaluation Methods”.

PREKITEARARNRMES, KERANTHE “E2RE
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The smart home operational center of China Mobile is building benign ecosystem of
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open and win-win. It has collaborated with
iFLYTEK to jointly establish the “Smart
Home Intelligent Interaction Laboratory”,
focusing on tackling technical challenges
such as spatial perception awakening,
low computing power autonomous rec-
ognition ability, virtual human interaction
presentation, and intelligent adaptation
encoding and decoding technology,
promoting the integration of intelligent in-
teraction technology with audio and video
technology. It collaborates with content
providers, broadcast control license
holders, platform builders, transmission
builders, and operation support providers
to provide pan-screen products to meet
users’ multi-scenario needs, achieving
extensive expansion and structural op-
timization and upgrading of the industry
chain.

o IBERKAMAN R “CERES
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@® The smart home operational center of China
Mobile and iFLYTEK jointly build the “Smart
Home Intelligent Interaction Laboratory”
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High Frequency Brand Exposure,
Attracting Industry Focus
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In the past two years, the YDGQ TV has
been exposed more than 600 million

times. A total of 123 reports related to YDGQ TV have been published. Specifically, it has been published in the People’s Post and Tele-
communications News. It has showed in many important conferences such as the 4K/8K Ultra HD Product Release Conference, Digital
China Construction Summit | Al+Large Screen, 2024 Gigabit Smart Home Ecological Conference | Ecological Empowerment. It has
been exposed 41 times on central media channels such as cnxk.com, xinhuanet.com, youth.cn, chinadaily.com.cn, china.com, guang-
ming.com, people.cn, china.com.cn, and ynet.com. It has been exposed 22 times on industry media such as Imtw.com, c114.com.cn,
huangiu.com, and twwtn.com.
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@ The Report in the “People’s Posts and Telecommunications News”
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Qualcomm Wireless Communication Technologies (China) Limited
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The scalable, highly integrated intelligent

driving solution with leading compute
power of up to 2,000 TOPS

@ The Scalable, Highly Integrated Intelligent Driving Solution with Leading Compute Power of Up To 2,000 TOPS -- Snapdragon Ride Platforms
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Qualcomm
N Al Stack

Qualcomm works together with more than
30 automakers, Tier-1s, and hardware and

software vendors worldwide based on the

Snapdragon Ride Platforms
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Introduction

As a key pillar of the Qualcomm Auto-
motive Solution, the Snapdragon Ride
Platforms are comprised of advanced,
scalable and customizable automated
driving system-on-chip (SoC) family, and
help global automakers and Tier-1s pro-
duce safe, power-efficient ADAS/AD solu-
tions to drive cockpit-driving integration
innovation and to accelerate penetration
of intelligent driving.
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BHEM. AV R. BEmRSm
"

2000 TOPS Compute Power Support,
Combined with Multiple Advantages
Like Power-efficiency, Scalability
and High-level Integration
Snapdragon Ride F & B &
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The Snapdragon Ride Platforms have unique advantages including high compute power,
high power-efficiency, high-level scalability and integration, as well as hardware and
software combination. At the bottom layer of the platforms are a series of SoCs, in the
middle are tools, and on the top are vehicle control, data and cloud services. The Snap-
dragon Ride Flex SoCs simultaneously support digital cockpit and ADAS with advantage
in scalability, help accelerate cockpit-driving integration. The Snapdragon Ride Platforms
provide compute power of up to 2000 TOPS, support leading cooling efficiency and
improved battery life. Compared to competitors, the latest generation of Snapdragon
Ride SoCs offer up to 30% higher inferences per second, up to 7x lower DDR bandwidth
consumption and up to 2x better power efficiency. Based on different combinations of
SoCs and accelerators, the Snapdragon Ride Platforms can help reduce development
complexity and flexibly meet the needs of global auto OEMs. Meanwhile, the platforms
significantly reduce costs at the system level, and adopt various industry-leading stacks
to provide hardware and software-combined solutions.
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Snapdragon Ride System-on-Chip

Industry-leading

high-performance, low-power,

highly scalable SoCs

supporting 36-2000 TOPs -

Heterogeneous computing —
optimized for co-designed SW

functions r
o i _
Offering software compatibility

across generations
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@ The Snapdragon Ride Platforms have unique advantages including high compute power, high power-
efficiency, high-level scalability and integration, as well as hardware and software combination
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® Snapdragon Ride Flex SoC [FIBY Sz #44 FEEABH] ADAS

Snapdragon

Ride Flex SoC

Simultaneously support digital d Digital life

Infotainment : Safety
domain

cockpit and ADAS with the . Personalization - Driver Instant-on
advantage of scalability

A unified automotive SoC architecture for
mixed criticality workloads

Combines cockpit, driver monitoring,
driver assistance and automated
driving functions on the same SoC

Central compute and software defined

vehicle-ready architecture
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@ The Snapdragon Ride Flex SoCs Simultaneously Support Digital Cockpit and ADAS
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Join Hands with Eco-partners to Im-
prove Traffic Safety, Driving Experi-
ence, Mobility Efficiency and Bring
Enablement to Trillion-worth Market
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Intelligent driving, as one of the cores of
smart vehicles, will significantly improve
traffic safety, driving experience, mobility
efficiency and ecological benefits. ADAS
and AD could generate between CNY
2.2 trillion to 2.9 trillion in the global pas-
senger car market by 2035, according to
McKinsey analysis. The Snapdragon Ride
Platforms help partners build innovative
products and provide underpinnings for
the automotive industry to move towards
the future of autonomous driving. Qual-
comm works with more than 30 auto-
makers, Tier-1s, hardware and software
vendors across the globe by leveraging
the Snapdragon Ride Platforms, including
BMW Group, Neta Auto, Desay SV, Mo-
menta, ZYT and more partners from the
industry chain.
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In terms of passenger cars, Snapdragon Ride Platforms-based solutions built by many
global partners are coming to fruition, leading the industry to explore cutting-edge au-
tomotive technology, and delivering smart and convenient mobility experience to con-
sumers. In terms of commercial vehicles, the autonomous driving products empowered
by the Snapdragon Ride Platforms in limited scenarios first come to commercialization,
helping vehicles in logistics scenarios gain significant advantages in cost reduction and
efficiency enhancement.
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® The Snapdragon Ride Platforms support global automotive ecosystem to move towards the future of
autonomous driving
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Expedite Integration Innovation and Architectural Evolution and Help the
Automotive Industry Embrace an “Era of Advanced Intelligent Driving as a
Standard Feature”
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Qualcomm automotive solutions have made notable innovation-driven cooperation
achievements in supporting the automotive industry to seize the opportunity of intelligent

vehicles: The solutions have been used on more than 350 million vehicles in the world,
and nearly all major automakers worldwide are partners of Qualcomm.

From the perspective of technology, the Snapdragon Ride Platforms utilize the cock-
pit-driving integration-supported Flex SoC and highly integrated technology advantages
to expedite integration innovation and architectural evolution — not only solve the industry
pain point of cost and level of hardware support, but also utilize the fundamental central
compute architecture for highly integrated intelligent driving platforms to create great
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flexibility to seamlessly move functions
across different domains. It is expected
that a market volume of approximately
CNY250 billion could be achieved by
2030 for intelligent driving and cockpit
cross-domain integrated platform.

From the perspective of industrial deploy-
ment, the Snapdragon Ride Platforms
help the automotive industry embrace an
“era of advanced intelligent driving as a
standard feature”. The Snapdragon Ride
Platforms combine high-performance and
low-cost advantages, support automakers
to iterate intelligent driving technologies,
promote advanced intelligent driving at
scale, and allow more consumers to ben-
efit from innovation.
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@ The Snapdragon Ride Platforms expedite integration innovation and architectural evolution, help the automotive industry embrace an “era of advanced
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Help automotive industry embrace
an “era of advanced intelligent driving as a standard feature”
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SAP Business Al: Reinventing Business Operationis to Unlock
Innovative Potential

SAP?_(AI

Ussink | GRUE  meeE 0 R

®Joule
RS Al REERS

Ak Al ERA R LR G

fHERTEE ABER | SOHER | sPX&E | USEA TR

Al Foundation
WA F M Al R

Al SEKEEES

® SAP ik Al ZRH R

SAP Bdsiness

.

Relevan | Reliable | Responsible A

®Joule
A copilot that truly understands your business

Embedded Al capabilities

: Human Spend Customer Business ;
Cloud ERP capital :ﬁ'ﬁﬁ:{;’:&' relationship || Technology i")'(s‘:::ﬁd
management | "7 SESS {mar Platform 2

Al Foundation
on Business Technology Platform

Al ecosystem partnerships

@ Overview of SAP Business Al Infrastructure
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BEZ (TE) BRAF
SAP (China) Co., Ltd.
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Introduction

SAP Business Al is a world-leading
enterprise Al application and platform.
Seamlessly integrated into core business
processes, SAP Business Al solutions
handle true, accurate and real-time data
to ensure reliable results, while committing
to the highest standards in security, pri-
vacy, compliance and ethics to redefine
business operations and lead new waves
of innovation.

BiEsa k. {TEEMER
NI 23732, SAP Bk Al ¥
BESTELRTHIH A KA
MEs

By enhancing enterprise and in-
dustry capabilities and integrating
business processes, SAP Business
Al solutions create enterprise-grade
Al applications and platforms

SAP &k Al @2 IRV 4R Al

BNASE, ERREHEZEEINE
RN E:
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SAPd
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1LCEEBMMD TR RESEMNEE, WwaEml Al EiRE,
MUERT A ELWNANT LN ERHE. BN, SAPHFRTET
SAP HANA YR B 8RR, BEM A ERWEABIETENEREMN
(GE7

2 TSR S RIERNE BB N, WE T M= ERP RIS
B, ANWFREE. BUNE. ERXREE. VSERAZTaEIEW
EEILEND

3. AR BIRERMT Al BEEBIF Joule, EFHTRAAKLE, HigH
BRAIBIL SRR,

4. BF SAP U SREARTTE, BRERATN SR FRESER,
BEEEE A EMIRE, DR AR T DDEERERNSEMRS,
AUABFRET SHEAREE, BHETEFETLNZR TRIALSM
B9 Al RZFBRR
SAP Business Al is the global leader of enterprise Al, with major innovations in the follow-

ing four fields:

1. Aggregating best practices and data from hundreds of industry segments to enable
the foundation model for business Al and enhance the expertise and accuracy of gen-
erative Al in enterprise application. SAP also introduced a vector store for SAP HANA
Cloud, making it easier to utilize generative Al across enterprise-wide data platforms.

2. Creating intelligent business applications embedded into key business processes
including cloud ERP, supply chain management, HR management, business network,
CRM, and business technology platforms.

3. Launching enterprise-grade generative Al copilot Joule to revolutionize user experi-
ence and enable deeper business insights.

4. Building world-leading multi-model open ecosystem based on SAP Business Tech-
nology Platform (SAP BTP). By combining various advantages of business Al foundation
models and the general-purpose models from Microsoft, Google, Amazon and others,
SAP Business Al not only provides customers with diversified options, but also ensures
optimal Al application outcomes across different sectors and scenarios.
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Al BEE

EFSAP BTP &
Al BBE
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Generative Al Hub - 4EpEzbAIESE Al TfFRskeEE
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HANA Cloud =35

DataSphere #iEE1E & HHRER
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Al Foundation
on Business Technology Platform

Al Services

Document Processing Data attribute recommendations Recommendation

Generative Al Hub Al Workload Management

Business Data & Context

HANA Cloud Vector Engine

DataSphere Data Management & Knowledge Graph

~ Lifecycle Management
® Al foundation: Offering Developers with Comprehensive Al Services Based on SAP BTP
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® SAP Joule: RIEFEHINBELME Al B

Where can | see my cost Pull the sales and
center? profitability data of the
past 6 quarters.

Guiding Model Trading Model

@ SAP Joule: Numerous Content Models for Creating Al Use Cases

SAP ik Al e EEBRIWIEEERN, BREWLIFHEN, =
Ak SSRE NN

SAP Business Al is Revolutionizing How Business Operates to Unleash In-
novation while Enhancing Efficiency and Resilience

SAP Bk Al nib IV E B ER], 2EBANZOWSRIE, TREBK
MEL S B BB RBHIENT:
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@ Boosting End-to-End Business Efficiency Across the Entire Value Chain (CPG sector as an example)

AREMES,

2. REZREHIER YR EE
B, FlasE EERT, al
RREFIE R A BB RN
WERIR TS, AU R R T0
EETER, B BB
MBEXH, BESEMANLEA
55%.

3. BB A BEE, Fl
40 Al 3% Bh B9 SAP SuccessFactors
BIDNEEE- S PV IN:E 7= 12N
i, BEHESHIE, TEMELA
TREBER.

4. BENBEIRHENETES
BE, fliESHmiE. BEH
EMENEHIES, BAFTRMHN
TR BY TR R 14 o

SAP Business Al is tailored for enterpris-
es and seamlessly embedded into core
business processes to deliver significant
business value. Here are some examples:

1. Comprehensively improving traditional
finance and ERP efficiency, including up
to 99% automation of incoming payment
allocation, personalized video data reports
for financial controllers and prediction for
chances of delayed payments.

2. Tapping into the potential of manufac-
turing and logistical performance, such as
fast generation of accurate product and
configuration recommendation for manu-
facturing sales; elimination of industry pain
points including paper-based delivery val-
idation for receiving process; automated
accurate processing of multi-lingual docu-
ments; up to 55% reduction in operational
cost.

3. Helping enterprises unlock talent poten-
tial. For example, Al-driven SAP Success-
Factors solutions automate integration of
organizational and personal data of skills,
growth, attributes and others, to facilitate
personalized talent development path.

4. Maximizing global supply chain re-
silience and efficiency, including more
accurate forecast of demand & supply
planning through market, sale and supply
chain data.
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Financial data management is complex, labor-intensive, and error-prone; handling multiple projects complicates prioritization, and the absence
of effective support leads to suboptimal decision-making.

@ @ @ @
Log in SAP S/4 Manually analyze Manually analyze the confirmed Analyze the data in
HANA Dashboard the confirmed profits project profitability the project manual
Repeated
manual
tasks
@ @ @
bh_are Torward-looking Summarize business Manually analyze and Provide a project summary
business insights with the A 3 :
insights determine project priorities based on all the collected

project team

Log in SAP S/4
HANA Dashboard

information

o—>

Share forward-looking project
insights with the project team via
Joule

Automatically analyze Receive a detailed
the confirmed profits project summary

Joule provides data in Joule provides a  Joule summarizes Joule provides
the project manual detailed project reasons for profits recommendations for
summary decline project priorities

Using Joule, interact using natural language for swift and thorough analysis, automate data generation and visualization, thereby enhancing
efficient and rapid decision-making, and seamlessly sharing business insights.

® Facilitating Intelligent

Operation of Core Business Processes (Finance as an example)

SAP @k Al RIS ZBIHHIAR, Jddkek Al B AW IR
i

SAP Business Al is Widely Recognized in the Market, Setting a New Bench-
mark for Enterprise Al Applications

SAP BR B EZAF U HESHEEH HFEAERRBANDIRE I,
SAP BB E+ENRUERL. HFUMBENER, ZHRHEET 190
PMERNZEN. SAPHEFAIE T 2K 87% NR S, B 25 M RETTL,
SAP solutions have significant global influence in industrial modernization and efficiency
innovation. With over 50 years of experience in enterprise informatization, digitization,
and intelligent transformation, SAP fully understands the legal regulations of over 190

countries and regions, supporting enterprises in maintaining compliance around the
globe. SAP’s customers account for 87% of global trade across 25 industries.

SAP Bk Al RBEM L 5572, EREBERAIZEMRFARRR
B, RAKBIRESNE, IS, HME. TRAREXRIS I
ENHEN ST

SAP Business Al not only improve business processes, but also enhance operational effi-
ciency and decision-making, maximizing data asset value and invigorating key business
areas such as finance, supply chain, and customer experience.

SAP 51TV EBIE Al CIE, 1R ALCIR, R Z 2SR STE,
RETRANANATREN, SAP RIRREMBEWFAEEHIE, 551

27,000 100+
All new generative Al cases delivered
acioss the portiolio

customers are already

leveraging SAP Business Al SAP BuSineSS Al m
capabilities
$76 million savings 40+ innovatens
e s el il oS e
=3 =3 °
Models Partnerships TRt
G e SAP's generative Al Copilot
aws 00 Met ..
et Document grounding
B¥ Microsoft. “ANVIDIA N d ¢ t
ew data centers
Multilanguage
22 models available iict
g 2 capabilities

© SAP Ek Al 4% 27000 BFIAR, RERAEWIZENE

@ SAP Business Al recognized by 27,000 customers as maximizing efficiency

EEmA, 2EELNE, o~
NZSSE T peidi=

SAP leads in industry Al ethics, setting
highest standards for Al ethics, privacy
and security practices to ensure respon-
sible tech applications. SAP is actively
exploring the utilization of enterprise
proprietary data, integrating knowledge
graphs to unlock business value and drive
industry breakthroughs.

SAP B ARG T T 728
PN, WA B 2B AR A
MAMSENEITHERER R
SBo  SAP £ 2022 4 Omdia 1¥
AEIRATER SaaS 2 HM
S&.

SAP Business Al is widely recognized as
global leader in enterprise Al application
and exemplar of social responsibility and

commitment. SAP is recognized as 2022
Leader in global Al SaaS by Omdia.

OMOIIA

WINNER

® SAP #iF A 2Bk A T% & SaaS A7) 30
BHRNE=H

@SAP rated third in Top 30 Global Al SaaS
Companies
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R&D and Application of Vehicle-Infrastructure-Network-Cloud
Cooperative Service System Based on 5G and Al Integration
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r " 8 5 Other applications
Operation Services Scenario services

5G Vehicle-Infrastructure Cooperative
Platform System

Intelligent ‘Automated Digital Calubastne Integrated Roadside e Testing and Safetyand open APl Information Intelligent
City Cloud driving Twin 5 Transportation  Management aintenance Evaluation Security 3 Publishing g
i/ Center e Seyics Contag Center Center Center Center Center SIHENES Center Transportation Cloud

MEC-Connected Secure Private Network
56 security

galeway

Vehicle-side Roadside Edge Cloud
Systems Systems Applications

Implement real-time data interconnection of equipments or infrastructures such as vehicles, roads, and parking lots based on the vehicle-infrastructure
integration platform; Support diverse intelligent network applications through opening interfaces.

@ 5G Vehicle-Infrastructure Cooperative Platform System
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Introduction BE. B U&=, cHEEHE

In recent years, intelligent and connected vehicles have become the strategic high 7o, B SERINA. ENAR
ground of technological transformation and upgrading of the global automotive industry. B RRAN %ﬁéﬁﬁ;ﬁ@ﬂ%;ﬁ%ﬁ;

In general, the construction of “vehicle-infrastructure-cloud integration” for large-scale ‘n — A —
. T . ) 1 il A 1
applications is still in its infancy. The industry has not formed a complete system archi- BIgTTUASEHET 56 WEL

tecture, and the construction of network infrastructure is “fragmented” and insufficientin By EI S RE RS, ~IFEE
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5G-based “people-vehicle-infrastructure, network-edge-cloud” cooperative system archi-
tecture, which has end-to-end cooperative resource scheduling capabilities, low-latency,
edge computing environment with strong-computing-power, and Single-click Copy and
Full Network Deployment supporting capabilities. The 5G vehicle-infrastructure cooper-
ative platform integrates two major engines of network capability and service capability,
with six major service subsystems, more than 310 API interfaces, leading distributed
computing, distributed storage base, fusion perception, Al event detection and other
components. China Unicom Smart Connection Technology Limited has developed the in-
dustry’s first wireless scenario database and integration scheduling platform of Comput-
ing Network for the Internet of Vehicles. Relying on the computing power layout of China
Unicom Group, China Unicom Smart Connection Technology Limited manages com-
puting power units such as vehicles, roads, edge clouds, and cloud pools, meanwhile,
it connects business demand cognition, real-time perception of computing network re-
sources, and computing power orchestration and scheduling business processes. It has

Integration Scheduling Platform Of
Computing Network For
Internet of Vehicles

built an industry-leading distributed fusion
perception system based on 5G edge
cloud, and built a standardized, visual-
ized, and modular perception framework
across devices, drivers, and Al libraries
in the cloud, reducing costs by 50%. 5
sets of scenario solutions and products
have been implemented in a large scale,
including Autonomous Valet Parking,
Remote Driving, 5G Message Alert,
Cloud-controlled Low-speed Driving, and
Opencast Mining Area Perception.

The whole process is visual,

Lidadda Computing power
= awareness and notification  Edge cioud
P  Computing power services.
Z  Computing power services

APN, iFIT APN, iFIT

Computing _
power routing Computing

base station | gateway _power services 5 APN\ iFIT

Distributed routing decisions
]

) | Compiiting B
base station power routing Computing Edge cloud

Distributed routing decisions

manageable and adjustable

Remote cockpit

Regionai clouds
¥ Computing power services
B Computing power services
Center cloud

‘Computing power services
e — Computing power services

Based on IPv6+ key technologies such as application awareness, in-band flow detection, and computing power routing, it provides fast, flexible,

differentiated, and highly reliable computing-network integrated services.

@ Cloud-based Intelligent Scheduling Service Based on Network-Wide Sensing

RRZEITILHESE, &30 mHSHRTE

The Results are in Line with Industry Trends, with Multi-Scenario Demon-
strations in over 30 Cities

DEBEWERFNEF. HakESME, #BHROT:
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The project has demonstrated good eco-
nomic, social, and ecological benefits,
which are summarized below:

(1) This platform has brought considerable
economic benefits. The direct economic
benefit of its application exceeded 400
million RMB, contributing to the cumu-
lative revenue of China Unicom Group’s
transportation field which exceeded 10
billion RMB and continued to accelerate
after 2022. The flagship product “5G Ve-
hicle-Infrastructure Cooperative Platform”

has supported more than 30 key demon-
stration projects and expanded the ser-
vices to 92 vehicle OEMs, reaching nearly
70 million car owners.

(2) This platform has brought significant
social benefits. It has been displayed at
major international events such as the
2022 Beijing Winter Olympics and Winter
Paralympics, the Boao Forum for Asia in
Hainan, the World Intelligence Congress
in Tianjin, receiving widespread attention
and positive feedback. Also, it has sup-
ported the upgrading of urban facilities
in Chengdu, Sanya, and other cities, and
provided services such as traffic control
and Autonomous Valet Parking.

(3) This platform has brought outstanding
ecological benefits. We have empowered
the industry ecosystem mainly through
three approaches: Firstly, China Unicom’s
5G OpenlLab for the Internet of Vehicles
provides systematic and standardized
testing services for the industry. Secondly,
China Unicom’s Innovation Consortium for
the Internet of Vehicles brings together 61
leading car manufacturers and solution
provider partners to deliver the best “mo-
bile space” service for car owners. Third-
ly, China Unicom’s Innovation Consortium
for the Internet of Vehicles contributes the
core code to the OpenV2X open-source
project, and provides roadside edge com-
puting units and operator MEC platforms
to the open-source organizations of the
intelligent networked roadside unit operat-
ing system.

ZEEEHNLE, £EWEER
A. RSHE

Leveraging Operator Strengths to
Fully Empower Applications and
Services Deployment
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Construct an elastic cloud-edge collaborative computing network infrastructure, with roadside perception devices deployed non-uniformly based on demand, and vehicle
driving cloud-controlled in grades as needed.

@ Autonomous Valet Parking (AVP) Based on Vehicle-Infrastructure-Cloud Collaboration
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For the first time, the computing capac-
ity of the vehicle end and roadside has
moved up to the 5G edge cloud. The
self-developed perception algorithm has
realized the fusion computing of multi-
source heterogeneous perception data
such as radar and video in the edge
cloud, with an accuracy of over 99.5%,
and positioning the accuracy of less than
0.5m, also a 50% reduction in the com-
puting cost of a single intersection. At the
same time, to solve the major problem
that it is difficult to evaluate the accuracy
of the integrated perception evaluation
system and perception algorithm, we have
established an evaluation library of more
than 200,000 use cases and a 3D CAD
perception design system, with indus-
try-leading performance. The construction
of the industry’s first Internet of Vehicles
5G/C-V2X wireless scenario library sys-
tem, involving more than 10 scenarios
such as high-speed straights/curves, tun-
nel straights/curves, urban intersections/
straights, above-ground/underground
parking lots, 5 types of channel perfor-
mance parameters such as path loss,
multipath and Doppler, and 5 types of
network performance parameters such as
RSRP, RSRQ, delay, packet loss rate and
CBR, filling the gap in channel and net-
work performance research and capability
in the Internet of Vehicles industry. The 5G
vehicle-infrastructure cooperative platform
takes the lead in deploying key functions
such as intelligent multi-path message
distribution, cooperative perception, and
cooperative computing on 5G and C-V2X
networks based on service time sensitivity
characteristics.
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Changing the model of Utilization and Construction of “Individual Intelligence”  with streamlining front-end, plug-

and-play, and flexible capacity upgrades.
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For the first time, "network perception parameters are included as one of the traffic environment parameters in the
autonomous driving scenario database”, providing a full-closed-loop service system.

® 5G+C-V2X Wireless Channel Model and Scenario Library
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Optimize the New Layout, and Highlight Big Data, Network Capabilities, and
Local Ecology
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In response to the large-scale development of intelligent networking under the new situ-
ation, the layout has been optimized in various ways: with data elements as an important
driver, a blockchain-based data trading platform has been built to support the com-
mercialization, credibility and transaction of data elements, and the upload of roadside

REMESG GO BRI

BREMERSE
B #F B &

2024088
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© K=AEREMBCSE I Sl R F 5

perception, vehicle location and trajectory
data has been initially realized; With cus-
tomized networks as the core pillar, we
continue to integrate 5G-A, IPv6+ and
6G-related technologies to strengthen the
foundation of network capabilities and
connect with low-altitude economies. For
example, China Unicom Smart Connection
Technology Limited recently took the lead
in establishing the “Intelligent Connected
Vehicle Industry Innovation Community
in Yangtze River Delta Ecological Green
Integrated Development Demonstration
Zone “, bringing together 33 member
units, jointly initiating a new stage in re-
gional intelligent connected industries
that are multi-scenario, cross-provincial,
sustainable, innovative, nurturing, and
industry clustered.

® The Yangtze River Delta Intelligent Connected Vehicle Industry Innovation Community was unveiled
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Key Technologies and Applications of Efficient Detection and

Dynamic Elastic Orchestration of Encrypted Traffic
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Key problems Research contents Technical innovations

@ Overall Architecture of the Project

BRERERRNBIRAF
Qi An Xin Technology Group Inc.

515

oty N n=ne BEESHEMYE 39TR
RS r%‘;alﬁgg / porelbiipl EIEFI39
| G
A e \ [Bease | BFsuesEme | \
TR f_; REEEDE | || Srassr | | semmm F
2 RehE EFYME N TR RS
HMERE StEdmHE ANEGRHERA Rz

Low efficiency of N N High-performance i
cryptographic Efficient decryption dectr’yp_ﬁon tef:;vr;nologyd 39 a::z(:‘:'szed
operations of encrypted traffic com| 'nlr:'agr:;ar:'e an p
J
1 software
I\ AN——~ ) copyright
Inaccurate traffic F | Accurate traffic fe“ﬁfj‘,'e“;,';‘j;‘j'?,’;?f',c ‘ re————— F
.. . e . 2 3 y national standart
; classification ’ 4 classification || _classification technology |/ (GB) drafted
\ g \
—a————" T
Insufficient elasticity Elastic security Software-defined QiAnXin Legendsec
of security capability dynamic orchestration SSL Orchestrator
capability orchestration technology Border Security Stack
S — —_ N/

17IrR A
| BFHS
2
B D
#E
sERFE R

BfE
——

Applications

E-government
Finance

Healthcare
Education

Energy Power

Communication

——

o BT R

-fRASEREEESE

FIMEEBMBEREBREIN, HWBENERIS. REDENE. TEENBETEEFRAER, M

BRESIVRE. MERENLNRENBMRA =7 EFRRARBKIFEIGOIFMEREK,

REERY, BRIRFA T HIINERBR G BIEI NN 2 2053P8EN T,

» 218

ERERMEGAE

Introduction

This project, targeted for the detection of attacks in encrypted traffic, has made technical
breakthroughs in efficient decryption of encrypted traffic, accurate traffic classification,
and elastic security capability orchestration, to address technical challenges such as low
efficiency of decryption, inaccurate traffic classification, and insufficient security capabil-
ity elasticity, thereby effectively enhancing threat detection and security defense capabil-
ities while complying with privacy regulations.

WRMERENN, REMEREPIFEEN
Make Breakthrough in Detection of Encrypted Traffic to Enhance Cybersecu-
rity Protection Abilities

AIMEHWMEREBWELNEG T HE, —ERW SSLMERE
RERNKANE, RENESSNEMRERERA, BTSN
EREBRFINETWERTNFIN—AURBEXREA, URBHES
BURZZ0, SRILXY SSLINE R E SR, R sBARLL £ 4875 7R 1R 10 &
TRRBEFNET NN D LITELEEED L RENRE, RHET
ZHIENRIRED EER, BE1%IRS) 4000 ZFWAZEE, MMKI
MEREMAL DL, —BRRIBRIWSRELF. L2EE/ELIRMEIBEAR
A, RHETRHEXHISREAHRAR, RERSHES R RSHEE
BRESXREEA, RATERE2HFROT2EDHEH.

This project has made progress in the detection of attacks in encrypted traffic. Firstly, to
address the long decryption time of SSL encrypted traffic, a high-performance decryp-
tion technology combining software and hardware is proposed, relying on key technolo-
gies such as multi-dimensional feature-based encrypted traffic recognition and the inte-
grated decryption technology based on coroutine asynchronous mechanisms, to realize
efficient SSL encrypted traffic decryption, enhancing decryption performance by a factor
of ten compared to traditional methods. Secondly, to deal with the challenge of inaccu-
rate traffic classification with traditional protocol-based methods, a multi-dimensional fea-
ture-based traffic classification technology is proposed, capable of identifying more than
4,000 applications, thereby enabling refined traffic classification. Thirdly, to cope with the
diverse business traffic and the difficulty in elastically allocating security capabilities, a
software-defined dynamic orchestration technology is proposed, which overcomes key
challenges in intelligent service chain orchestration and service chain link assurance,
thereby enabling security capability orchestration for different security needs.

SERAMEER , RABMRRSN

Scale Application Empowers Elevation in International Competitiveness

MEMRE ZNBTHEZ NN, SFEERRTRERE. M
THBENHBENEERS; TPEAR. PTEAUFERIE;, TEK
WiRIT. BERTSFERTI,; PEPHITREFET DESE; TIUME
BAER. KFE. EXTZRESRFBFRSWE,; UKPERE. &
EEFERETEMRARKERAFAEEERM I,

The project achievements have fruited in many applications in China, including but not
limited to China Telecom and Guangzhou Radio in the public communication and infor-
mation service sector; PetroChina and Sinopec in the energy sector; Agricultural Bank
of China and China Merchants Bank in the financial sector; China Traditional Chinese
Medicine Holdings in the healthcare sector; Ministry of Industry and Information Technol-
ogy (MIIT), the Ministry of Water Resources, the State Information Center, and the State
Administration for Market Regulation in the e-government sector; and the National Center
for Educational Technology in the and central and state-owned enterprises and large in-
ternet companies such as China Tobacco, China Electronics, and JD Technology Group.
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More than that, it has achieved significant
success in expanding into international
markets, having made presence in regions
such as the Middle East and North Africa,
realizing a diversified market layout, and
deepening cooperation with countries re-
lated to the “Belt and Road”. Additionally,
it employs a one-time decryption, multiple
detection method, achieving high-perfor-
mance traffic decryption and dynamic or-
chestration of various security capabilities
and strengthening the international com-
petitiveness of cybersecurity products.

BIEMREFIAE, B
MR Elar S E A
Highly-ratified Project Achieve-
ments Support the Construction of
a Community of Shared Future in
Cyberspace
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This project has played a vital role in ensuring cybersecurity for national events and
significantly strengthening cybersecurity barriers. Its achievements have been widely
applied across various industries such as e-government, finance, energy, electricity,
education, and telecommunications, forming eight integrated industry solutions and pro-
viding customized cybersecurity products and services to customers. Its presence in key
international markets such as the Middle East and North Africa signifies that our prod-
ucts and technologies have gained international competitiveness and widely applauded
worldwide. By establishing cooperative relationships with governments, enterprises,

and institutions locally, we have built a
broad international cooperation network,
which has laid a solid foundation for our
diversified market layout in the globe. Its
success achieved in countries related to
“the Belt and Road” has not only boosted
the construction of a community of shared
future in cyberspace, but also injected
dynamics into the economic development
and digital transformation locally.
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Introduction

This achievement is committed to solving the problem of digital transformation in edu-
cation through the deep integration of artificial intelligence technology and education
teaching. It breaks through the two key technologies of objective evaluation of classroom
teaching quality and personalized teaching, and has significant innovation and lead-
ership in the international education field. The research results have had an important
impact on the academic community.

Al+ BERE, REBERFFNSMECHFEES
Al+ Education Integration, Solving the Problem of Teaching Evaluation and
Personalized Teaching

AERAERCH B NI EAERSENE T BERE, RWTZM
BARAH. EAME, RITNMARRTIREXF RENEIITFNAA, &
AR ERNTRARITER, ARARFRERBTENIZRE, X—FEAR
AR T ML, RN, BITEHRT ZENNMECBFEK, &
TMECHNESSHFRRE, BYRA T ZENFIWRNNE, X—B
WMERERBEMRMAEE. i, BNV A+HENARFEERALE
MTAENSHME, BSEXME, BITETE CVPR. AAALL 1JCV EEK
FERS IR EERICX 50 RE, HEIBEHEXETFRREZER 20
R, FEOUERT EEERFARRMARAMEN T, KR, A6
RERAR XM T SWMeIFHRE, B8 EENERMLNE,

This achievement has made significant
breakthroughs in tackling technical
challenges in the field of education and
achieved multiple technological innova-
tions. Specifically, we have successfully
addressed the issue of objective evalua-
tion of classroom teaching quality, provid-
ing strong support for improving teaching
quality through fine-grained behavior
analysis techniques. This technological
breakthrough is at the forefront interna-
tionally. At the same time, we also meet
the personalized teaching needs of stu-
dents, effectively enhancing their learning
outcomes and interests through person-
alized tutoring and teaching strategies,
which is also internationally leading in
innovation. In addition, our Al+educational
applications and platforms have demon-
strated obvious progressiveness in tech-
nology. Centered around these achieve-
ments, we have published over 50 papers
in high-level international conferences
and journals such as CVPR, AAAI, and
IJCV, and have applied for more than 20
related patents and software copyrights,
fully attesting to our leading position and
influence in the international academic
community. In summary, this achievement
has achieved multiple innovative break-
throughs in technology and has significant
international leadership.
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Promote the Digital Transformation
of Education and Create Huge Eco-
nomic Benefits
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This achievement has been relatively
mature in terms of application and im-
plementation. Through deep cooperation
with multiple enterprises, Al technology
has been successfully integrated into
education and teaching platforms, and
has been widely promoted and applied in
China, covering various types of educa-
tional institutions, proving its maturity and
stability in practical operation. In terms of
application benefits, this achievement has
brought significant economic, social, and
ecological benefits. In terms of economic
benefits, the cooperative enterprises have
added sales and profits of 220 million
yuan and 102 million yuan respectively,
demonstrating enormous market potential.
In terms of social benefits, by providing
personalized learning resources and
teaching strategies, the quality and effi-
ciency of teaching have been effectively

improved, educational equity has been
promoted, and timely warning and inter-

vention for students’ mental health problems have been carried out, which is conducive
to the harmonious development of society. In terms of ecological and environmental ben-
efits, digital and intelligent teaching methods have reduced reliance on physical resourc-
es such as paper textbooks and reduced environmental damage. The market value and
social value of technological innovation have been fully reflected.
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Leading the Trend of Al+Education Innovation and Promoting Al+Education
Action

AEREHBTENNAE T REEMW, MUDRT HBERFLE
B, RIS TT ZRHE5E5 N E REDMENESIF RN TR,
BMREATHFRENFINE, BRETHBEAT, EELZFERHETMN
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The application of this achievement in the field of education has had a profound impact,
not only accelerating the digital transformation of education, but also creating extensive
social and economic value. Providing personalized learning resources and teaching

strategies effectively improves teaching quality and efficiency, promotes educational
equity, and enables more students to benefit from high-quality educational resources.
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At the same time, the construction of
a student mental health detection and
intelligent warning visualization platform
helps to improve students’ mental health
level, reduce psychological problems,
and further promote social harmony and
development. The achievements have
supported the construction of the Al+Ed-
ucation Center at Xi'an University of Elec-
tronic Science and Technology, and have
achieved significant results. As of August
2024, the center has received hundreds of
units including the Ministry of Education,
the Cyberspace Administration of China,
local governments, the China Scholarship
Council, Beijing University of Posts and
Telecommunications, Xiamen University,
etc., with a total of 965 batches and 9788
visitors for exchange. At the economic
level, this achievement has been deeply
integrated with the cooperative enterpris-
es, achieving significant economic bene-
fits and creating new sales and profits for
the cooperative enterprises.

Al IREREHRFEES, BRASIGHEEE
Al Empowers Classroom Teaching and Supervision, Technology Leads Edu-
cation Transformation

REATAWEN “ME—FL" RERFEERESNANEHRF
BEH I8N ALER+5FHE URHRHEBEG; HE A+
BIEBIRLNES, HEHBHAREREANER. BRI FRESS (H
RAEEHEHRFUREIRS (2023) ) AR, BEI(E, HAMRRII3
FRERFHAFHARLE-ER 1. FEBFZSMFRARRE#HS —
HFR 1. BRASHNFRARMBHESIR-ER 1 . RAESSFFIRA
FRAMAMBRRFER 1 W

The classroom teaching intelligent supervision application built on this platform has been
selected as one of the first 18 typical cases of “artificial intelligence+higher education”
application scenarios by the Ministry of Education of the People’s Republic of China; The
outstanding achievements of the team in the field of Al+education have been entrusted

by the Ministry of Education to Wang
Quan, Miao Qiguang and other comrades
to participate in the research and writing
of the “World Higher Education Digital
Development Report (2023)"; The team’s
achievements have won one second prize
in the National Teaching Achievement
Award, one second prize in the Science
and Technology Progress Award of the
China Electronics Society, one second
prize in the Science and Technology
Progress Award of the Shaanxi Provincial
Science and Technology Award, and one
special prize for excellent scientific and
technological research achievements in
higher education institutions in Shaanxi
Province in the past three years.
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BREIKR 72.7%, SRIMEAR. M. BEEMEIEIC R 7E S =, market aggregation trading platform, with
15 applications launched, an average
settlement cycle reduced by 89%, nearly
7,000 users settled, and a monthly activity
rate of 72.7%, achieving breakthroughs in
the collaborative innovation of technology,
market, policy, and business models.

This achievement has researched and applied technologies such as lightweight control
terminals based on IPT technology and "grid social elements" integration based on the
CIM topology model and GIS vector slicing. A Multi-element Integration Smart Energy
Interconnection Platform for Urban Carbon Neutrality has been constructed, integrating
31 internal and external systems and platforms, achieving multi-dimensional data inte-
gration in one map. The synchronization frequency of remote measurement and remote
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The application of this achievement has achieved significant results in the Lishui urban
area. The platform, by integrating 31 systems and 2.51 million data entries, has realized
the panoramic visualization of energy interconnection, significantly enhancing the predic-
tion accuracy of source and load to over 96%, effectively supporting the efficient absorp-
tion of new energy and grid stability. Over the past three years, the platform has helped
Lishui to fully absorb 1.25 million kW of renewable energy, while smart peak regulation
technology has released 600,000 kW of absorption space, reducing grid connection

costs by about 20%. Through the regula-
tion of Lishui's green energy "virtual power
plant," an additional 1.08 million kWh of
new energy has been absorbed, reducing
coal consumption for power generation by
94 tons, equivalent to a reduction of 253
tons of carbon dioxide emissions. The 15
applications launched on the Lishui Ener-
gy Mall have served nearly 7,000 users,
with a cumulative settlement amount ex-
ceeding 170 million yuan, and green elec-
tricity transactions and peak regulation
responses have brought 1.8317 million
yuan in benefits to market users. Over the
past three years, a total of 1.2628 million
tons of carbon emissions have been re-
duced, and in 2022, the carbon emission
factor of Lishui's electricity has dropped
to 32.6% of the China’s average level, a
decrease of 25% from 2020, providing
strong support for Lishui City to create a
"Chinese Carbon Neutrality Pioneer Zone,"
demonstrating the platform's significant
effectiveness in promoting sustainable
development in the energy industry.
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Promote the Sustainable Development of the Energy Industry
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This achievement has not only made technological breakthroughs but also played an
important role in promoting the development of the energy industry towards a more sus-
tainable direction. The platform has created the first municipal-level zero-carbon energy
internet demonstration project of the State Grid, including China's first primary, second-
ary, and micro-level coordinated grid and wind, light, water, and storage clean energy
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@ Project Awarded "Global Zero-Carbon City Innovation Model Platinum Award"

® HEK 2024 FHRFHEHAZ—FR

@ Project Awarded the First Prize of the 2024 Digital China Innovation Competition

collection stations, and other innovative
applications. Over the past three years,
the cumulative revenue has reached 1.423
billion yuan, and carbon emissions have
been reduced by 1.2628 million tons.
The technical achievements have been
identified as internationally leading by the
China Electrical Engineering Society and
have won several science and technology
progress awards, including the first prize
of the 2024 Digital China Innovation Com-
petition. The project was also rated as the
"Global Zero-Carbon City Innovation Mod-
el Platinum Award" by the United Nations
Industrial Development Organization and
was highly praised by the then-Governor
of Zhejiang Province. It has been widely
reported by more than 50 media outlets,
including CCTV, from 2021 to 2023.
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“Traffic Management 12123” App Video Quick Handling System

for Minor Traffic Accident
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@ Video Quick Handling System
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Traffic Management Research Institute of the Ministry of Public Security
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Introduction

The “Traffic Management 12123” App video quick handling system for minor traffic acci-
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dent uses video cloud technology to im-
prove the minor traffic accident handling
mode from “offline police dispatching” to
“online video handling”. The system uses
online video quickly complete minor traffic
accident handling and evacuation orga-
nization remotely, providing convenience
for the public in minor traffic accidents
handling and solving the problem of “minor
traffic accident resulting in major traffic
congestion” in urban areas.
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1.Based on “Video Cloud + Public Security Traffic Management Big Data”, A
New Mode for Minor Traffic Accidents Handling Has Been Created
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@ The Technical Route of Video Quick Handling System
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The traffic management department of
public security uses video talks to remote-
ly handle minor traffic accidents, solving
problems such as the inconvenience, the
need for back-and-forth trips, numerous
issues between involved parties, slow
evacuation and so on in the traditional
minor traffic accident handling mode.
Thus, the minor traffic accident handling
efficiency is improved and traffic conges-
tion is alleviated, achieving quick handling
and evacuation of minor traffic accidents.
Firstly, the video service is deployed us-
ing the “SFU+MCU” fusion method, which
supports elastic expansion of cloud re-
sources, intelligent noise reduction during
the video process and automatic external
audio playback processing to ensure low
distortion, low latency, and high reliability
of the video service. Secondly, it utilizes
public security traffic management big
data resources to automatically confirm
the identity of the caller based on their
mobile phone number, employs OCR to
recognize license plates for automati-
cally verifying the validity and insurance
information of the motor vehicle, and
automatically associates and obtains the
driver’s information. Thirdly, it conducts
remote real-time comparison and verifi-
cation of the parties’ facial images and ID
card information through video to prevent
impersonation. The “Traffic Management
12123” App video quick handling system
for minor traffic accident collects and
verifies information online throughout the
entire process, without the need for the
parties involved to provide any paper ma-
terials.

BB RESLERE, 2@
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Simplifying the Minor Traffic Acci-
dent Handling Process and Compre-
hensively Improving the Efficiency
of Minor Traffic Accident Handling
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The “Traffic Management 12123” App video quick handling system for minor traffic ac-
cidents has been promoted and applied in 330 cities in China. After a traffic accident
occurs, the parties involved can report the accident through online video; then the traffic
accident can be handled online through video remotely in about 5 minutes, saving an
average of nearly 30 minutes per accident, avoiding long time waiting on-site and multi-
ple round-trips afterwards. Currently, this system can handle an average of 27,000 minor
traffic accidents per day. It is estimated that nearly 200 million yuan can be saved a

Send eletlrunig
documents

year based on a cost saving of about 20
yuan per accident. At the same time, by
sharing and docking with insurance insti-
tutions, the online handling of minor traffic
accidents and online insurance claims
are seamlessly connected, achieving a
closed-loop management of the entire
process of minor traffic accident quick
handling, quick evacuation and quick
compensation, Thus, one-stop insurance
claim services for the public is provided.
For the front-line traffic police officers, the
remote video traffic accident handling
mode can greatly relieve their work pres-
sures, and the released police resources
can be input into more complex and
serious injury and death traffic accidents,
thus maximizing the efficiency of police
resources.
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An average of 27,000 traffic

S cchicsnoteiieste ol accidents handled daily

Save 30 minutes per Cost savings of 200 million
accident yuan per year

@ The Application Method and Promotion Effectiveness of the Video Quick Handling System for Minor Traffic Accident
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Solving the Difficulties and Pain points in Handling Minor Traffic Accidents and Making the Traffic Accident Handling

simple, Efficient, Transparent and Fair
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As of August 2024, the number of regis-
tered users of the “Traffic Management
12123” App has reached 550 million.
After a minor traffic accident occurs, the
parties involved only need to initiate an
online video reporting through the “Traf-
fic Management 12123” App for online
handling, and do not need to wait for the
police to respond and handle on-site or
evacuate to the traffic police department
for handling, especially during the morn-
ing and evening peak hours, can quickly
restore traffic order to avoid congestion.
When handling a traffic accident through
the online video handling system, the re-
sponder will remotely complete the scene
investigation and evidence collection
through video, determine the cause of
the accident and the consequences of
the damage, then the information of the
parties and motor vehicles involved are
verified and compared online in real-time
through public security traffic manage-
ment big data resources, without the need
to provide any paper proof materials, thus
simplifying the traffic accident handling
procedures, save the parties’ worries and
efforts. Meanwhile, the whole video talk
process is fully recorded and stored in the
cloud, ensuring the openness, fairness
and impartiality of the traffic accident
handling, dispelling the concerns of
the parties involved and quickly resolve
contradictions and disputes, turning their
“troubles and blockages” into “warm and
smooth things”.

C Wl HARE

> WALERE EEESS e
EWuEA  HEEIE9% p BRHE

> BRERRE, REERESHES ‘
e, Hieemrzae \ Haiis

> KIFR oSS .
FEFOSyREIER y g 3=

—

REAGENESIEE ki

Onsite handling time reduced to 5 min

Public satisfied

Satisfaction rate of accident parties exceeds 99%

Effectively alleviates traffic congestion and ensures safe road passage = :
: - = Community satisfied
Widely reported by medias such as CCTV and Xinhua News

Significantly reduces the number of dispatched police officers 5 ;
B b, k . Police satisfied
Significantly reduces the workload of accident police officer

Risks of insurance fraud and false claims decreased

Cost of on-site insurance investigation reduced Industry satisfied
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@ The Video Quick Handling System for Minor Traffic Accident Has Received Widespread Praise
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Al Imaging Early Screening Platform for
Multiple Tumors and Chronic Diseases

SHEXME + SHEAIER

8 Major Tumors + 5 Prevalent Chronic Diseases
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MEEEKER (M) RHEERAR &
Alibaba Damo (Hangzhou) Technology Co., Ltd.
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Introduction

Globally, cancer and chronic diseases are
two major public health challenges that
continue to rise in prevalence with aging
populations and changes in lifestyles.
Therefore, developing an Al imaging early
screening platform for various types of
cancers and chronic diseases can be of
great help in improving patients’ quality of
life.
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The International Initiative to Pro-
pose a Tumor Early Screening
Method Based on Non-contrast
CT Scans
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Our team has built an Al-based imaging early screening platform for multiple types of
tumors and chronic diseases, which is the world’s first to propose the use of non-contrast
CT scans for ‘one scan, multiple screenings’, maximizing clinical benefits for patients
without increasing radiation exposure.

We are international pioneers in proposing the use of non-contrast CT scans for early
screening of multiple tumors, covering eight major tumors, including pancreatic cancer,
esophageal cancer, colorectal cancer, stomach cancer, liver cancer, lung cancer, breast
cancer, and kidney cancer. For example, our platform has achieved a detection sensi-
tivity of 92.9% and specificity of 99.9% for pancreatic cancer in a multi-center dataset of
over 30,000 people, far surpassing the average level of radiologists.

Our non-contrast CT screening technology has also made significant breakthroughs in
the field of chronic diseases. We have optimized the diagnosis and treatment pathway
for aortic syndrome, achieving an AUC of 0.95 in a multi-center dataset of over 20,000
cases. Additionally, our fatty liver screening technology has won first place in an inter-
national competition, and we have developed a risk prediction model for cardiovascular
disease that provides 18 imaging biomarkers.
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@ Pancreatic Cancer Early Screening Model
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@ Screening Procedures for Acute Aortic Syndrome
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Low-Cost Early Screening Technol-
ogy Empowers Global Health Equity
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The platform has currently collaborated
with over 200 hospitals, physical exam-
ination institutions, and medical groups to
conduct scientific research, with a cumu-

lative detection volume of over 40 million
times.

Relying on the platform's capabilities,
we have launched a multi-cancer early
screening public welfare project in Li-
shui, Zhejiang, which has screened over
100,000 people within 5 months, and
identified 158 cases of cancerous lesions
that have been clinically confirmed. This
fully verifies the feasibility of deploying
this technology in county-level medical
environments, and it is expected to be
promoted to more areas with uneven
medical resources in the future.

This platform's cancer early screening
technology based on 'non-contrast CT
+ Al + cloud computing' is expected to

fundamentally improve early diagnosis and treatment rates, thereby solving the 'impossible triangle' of healthcare (cost, quality, acces-
sibility) in one stroke. This will reduce cancer mortality rates, improve patient survival quality, and alleviate social burdens. Non-contrast
CT scans are a routine option for regular health check-ups globally, especially in developing countries, with low costs and high accep-
tance, making it possible for large-scale promotion, which is closely aligned with the global strategy for cancer prevention and control.
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@ Multi-Cancer Early Screening Public Welfare Project Lands in Lishui
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Al Early Screening Technology Steps onto the International Stage, Attracting
Widespread Attention
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On November 21, 2023, the results of Al-assisted pancreatic cancer screening using
non-contrast CT scans were published in the medical journal Nature Medicine, marking
the first time that the feasibility of large-scale pancreatic cancer screening using Al on
non-contrast CT scans was confirmed, and also the first time that research from China's
radiology field was published in Nature Medicine. In April 2024, the pancreatic cancer

screening model was selected as one of
the five breakthroughs in the medical field
in the Stanford University Al Report Index
2024, and was the only achievement from
China to be included.

In January 2024, Antigua and Barbuda
partnered with Alibaba Damo Academy.
In May, at the UN Al for Good Summit, the
World Health Organization's (WHO) Digital
Health Cooperation Center announced
that it would promote this Al technology
globally, helping more developing coun-
tries combat cancer.

Meanwhile, the project team members
created the largest CT multi-disease data-
set, DeepLesion, which was reported by
multiple international authoritative medi-
cal media outlets, including NIH and the
American Cancer Research Association.
This promoted the development of uni-
versal lesion detection, classification, and
tracking technologies, and drove the ap-
plication of cutting-edge algorithms. This
significantly improved the assessment
and monitoring of cancer treatment out-
comes, and won the 2018 RSNA Trainee
Research Prize at the American Radiology
Annual Meeting.
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® MEL 2 Al Agent F& (FmEH: RIEERZSEFAEERSR)
@ Cybersecurity Al Agent Platform(Product Name:HengNao Security Domain Large Model System)

MMNZIEEERARNDERAT
DBAPP Security Co., Ltd.

HBHRNERAT
ZTE Corporation
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China Energy Investment Corporation Limited
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China Academy of Industrial Internet
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Introduction

The Cybersecurity Al Agent Platform, powered by the HengNao Security Domain Large
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Language Model, autonomously performs
task decomposition, tool invocation, and
knowledge integration to assist end to end
security operations. It holds significant im-
portance in resolving industry challenges
and has been deployed in major inter-
national events such as Chengdu 2021
FISU World University Games and the
Hangzhou Asian Games, ensuring zero
cybersecurity incidents.

SISEMERES, HREMBEHITMIREE
Guided Generation of Agents, Achieving Great Results with Optimization on
Both Accuracy and Efficiency

W& L2 Al Agent ¥ & B B X4 R = Bl [ IR AY B AN PR ik e R 30,
i AN Z 7, HIEEERGEERR, SEMNBEREERE
llama3 A GPT4o0 #8LL, BIRHNEIED L DR Agent EIRIEH 4 13, 8
BEEIRSEWRZEIRT 2 &, EEE llama3 M GPT40 BREEMN API X
KIRBIEE T
The Cybersecurity Al Agent platform can effectively mitigate current challenges such
as the concealment and difficulty in detecting threats, the inadequacy of defensive
technologies, and the high risk of data breaches. Compared to well-known foreign large
language models like llama3 and GPT4o, the platform’s data classification and grading
Agent has achieved a 4-fold increase in accuracy, and the accuracy of sensitive data

identification has doubled. Additionally, it possesses API risk identification capabilities
that llama3 and GPT4o currently lack.

EEL, RE—MEFZERRL (MOE) WRREWMH—EEE,
B ERRERMES (DRL) MXtHttilgk, SSMohA&RN A BB,
MATEINEISEMEAR, KWEFS). BENERE, BRLXKRA
e
Functionally, the platform introduces a black and gray box attack and defense algorithm

based on a Mix of Expert System (MOE), integrating Deep Reinforcement Learning
(DRL) and adversarial training to achieve dynamic adaptation and self-defense. Utilizing

FEmSRBEHUTFR

meta-learning and guided generation
techniques, it enables self-learning and
self-adaptive agents to effectively counter
unknown threats.

ME L, ®IT—MERS
M RENEIESE, 9F
PagedAttention. & 4R #t & 12,
CUDABEFRE, RERUMEIEN
X, 5312, WREGIZ LoRAH
TMENBIENEFRAR, BR
BMAEBIRAIEER, BERA
BHE,

In terms of performance, the platform
features an inference engine integrated
with various optimization strategies, in-
cluding PagedAttention, continuous batch
processing, and CUDA operator fusion,
to enhance model inference efficiency.
Notably, it pioneers the industry with
multi-LoRA parallel loading and prefix tree
caching technologies, reducing model

switching and data processing latency,
and significantly increasing throughput.
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Product and Service Intelligence Upgrade

Autonomous Driving - Digital Security Operations 5 ; 3 7 e (e
Agent Engineer Virus Analysis Engineer Data Security Engineer
Assisted Driving - Product 5 . Security Operations
Intelligence Data Security Products Cybersecurity Products BraaleE
Smart Assistant - Service Security Assessment Security Operations Penetration Testng
Intelligence Ser\/icesA Services Services —

HengNao Agent Platform

Data Leakage Prevention Data Classification and

API Risk Identification Agent

Anheng Al Agent Applications Developer Center

Asset Vulnerability Detection Self-Build

EDR Vulnerability Scanning Firewall
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@ Multi-strategy Optimization Engine
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RREEIZ2. BEHRTEATIRRRMESE
The Application Scope is Extensive, Covering a Complete Range of Scenari-
os, Providing a Reference for Industry Development

SFNEAE

WM& Al Agent TR ALEAEELERH. MEBELE, ERIT
TR RE BN, R T EEXRTE;, MEE EE, &3 Agent
#8100 1, BUERSEB 80N, NEZZSLE, ERYIESE 80%,
HERSEZEB 0%, B Agent MITEMUEEMRAL. SRS
BN, AJREEEI e AT 50% MUk, I 7724 /NBS{ESE, =
M R R #5 N BT R B RD 4Ro
Economic Benefits:

The Cybersecurity Al Agent has reached maturity in its application and implementation.
In terms of scope, it has expanded from the IT sector to the Internet of Things (loT), ve-
hicular networks, and industrial internet sectors. Quantitatively, there are over 100 types
of Agents, with more than 80 actively running. In terms of coverage, critical protection
scenarios are covered by over 80%, and daily security operations are covered by over
90%. The Agent performs automated alert analysis, incident investigation and response,

which can reduce corporate security operating costs by more than 50%, achieve 24/7
monitoring, and improve incident response time from hours to seconds.

HEMESE

Agent HEEBBRIBSLINEIENA £ 4%, MAR2HRNDE, Bl
B 100% BEAFR. XERANEHREWEN, BRRIPL2KRE,

Social Benefits:
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The Agent can also optimize the allo-
cation of security resources based on
real-time data and historical experience.
It can currently integrate 100% of all se-
curity software and hardware invested in
Information Security Degree Protection
and critical infrastructure, effectively safe-
guarding security investments.

IR S E

W48 24 Al Agent B9 & B A
R, PJLABMERMSSIZEE
BERMAAE, RECUMRERE™
mEMMEL RS, BOEGE
RENMER, #oREReMn
KRR,

Environmental Benefits:

The development and popularization of
Cybersecurity Al Agents can effectively
reduce the costs of MSS (Managed Se-
curity Services) operations and hosting,
encouraging enterprises to shift from
purchasing security products to buying
security services. This reduces investment
and use of hardware resources and pro-
motes green security and sustainable
development.
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Building an Al Open Community to Empower the Intelligent
Upgrade of the Cybersecurity Industry

MaaS Model as a Service

Cybersecurity Al Agent Platform: Receiving — Thinking
— Planning — Executing — Continuous Learning

Vertical Domain Application Market
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@ Agent Open Community Achieves Model-as-a-Service (MaaS)

EMZ(SIRI. ERIREIECIH
SCIRBE AL

Innovating Delivery Models and Pro-
moting Innovation to Achieve Cost

Reduction and Efficiency Enhance-
ment

=4 Al Agent & BRI M A
F 2023 FmERE2MMNITE
RBR, VeaBEHEMNE L
2S5 34864 R, HEIAER
LM 287, FREAEEFRL
57% B TYERE,

The Cybersecurity Al Agent platform has
been successfully applied to the 2023
Chengdu 2021 FISU World University
Games and the Hangzhou Asian Games,
with 34,864 system calls responded
to and 287 security incidents assisted
during the Asian Games. The platform has
comprehensively increased the control
center’s work efficiency by 57%.

Agent RN EFH LTI, ARXMNTREHERZMRS, REER
2 SUTEMAERACH, BELZRRKRAZZOENBIRME,
BICEMBRZAINRMN 3 NREEZIERN 3-5 8, TEMFERESR
R 50%.

The Agent paradigm has revolutionized the delivery of the security industry, evolving
from delivering products to delivering services. This has encouraged security companies
to de-emphasize engineering R&D and focus on technological innovation, investing more
resources into strengthening their core capabilities. The time required from requirement
to implementation has been reduced from a minimum of three months to 3-5 weeks, and
operational costs have been reduced by 50% compared to previous ways.

TFERR 2023 FHEATIERHEZETH (2B ATEENAT R
FEEE) 2EERFRRIEFR, £1 (BB Al QIFAZE) 2023 2F
BABRRRER, FARERE, S5HEN (Al Z2BEH) 1F2023
FELERL2HBARPEX KSR F. AN, HWBHILM 1 MERFE
5 MTATERN 2 NEIAIT .

The platform won the Special Prize in the “National Artificial Intelligence Application Sce-
nario Innovation Challenge” held by the China Atrtificial Intelligence Association in 2023,
and the Gold Prize in the “Huawei Ascend Al Innovation Competition” 2023 National
Finals. As a best practice, it has been compiled in the “Al Security White Paper,” which

was released at the 7th Cloud Security Alliance Greater China Conference in 2023. Addi-
tionally, it was included in 1 national standard, 5 industry standards, and 2 group standards.
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@ Outstanding Security for Major Events
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@ National Artificial Intelligence Application Scenario Innovation Challenge (Top Award)
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Adapting to Diverse Computing Architectures, Accelerating Industrial De-
ployment and Leading Industry Exploration

4a1, AREBENR2MRUNREARMNESLIEER, HFRTRS
NENFH, BF GPUMRIEIE S REME L RIRKE, BEMAN
BEREHRA, T2 Al Agent TEKERFSZAENERAR, KX
FERMHIE. AMD. ERFEE GPU S, 1ETE Intel MAX &% CPU E£RLIHTE
REED, KMTEENRANE, 5 intel RERTRED (LIBEEX
FAZRE/R © 258 © ] RIS INREM AR B LB R 2T
), MILFIRMESE,

Currently, the vast security knowledge of LLM and the huge processing demand lead to
significant computational costs. Model inference solutions based on GPUs stand out in

RE/RC E5RC 1Y RALER

terms of performance, but they are costly
and difficult to deploy. The Cybersecurity
Al Agent platform continuously explores
diverse computational architecture adap-
tation solutions. In addition to supporting
NVIDIA, AMD, and Huawei Ascend GPUs,
it has also successfully adapted on Intel
MAX series CPUs, achieving a higher
return on investment. In collaboration with
Intel, a white paper titled “DBAPPSecurity
Adopts Intel® Xeon® Scalable Processors
to Accelerate DBAPPSecurity Brain Large
Language Model Inference, Facilitating
Intelligent Security Operations” has been
released, providing a reference for the
industry.

RIE(E B RARS/RC e T RLES
MRS AR OSSN EERSEE

©® EF R CPU LM AR I IR

@ Achieving DBAPPSecurity Brain Large Model Inference Based on Intel CPUs
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A Smart Wireless Solution for the lloT

Sushi Sensor

© TEMRED. EN. BEERS

@ Wireless Vibration, Pressure, Temperature Sensor

OB (FE) BRA
Yokogawa China Co., Ltd

3E

Sushi Sensor B—METF TABEN (lloT) BITLBRS =,
ERENE2RENIREN. BEMENE, ¥ ?EJ:T%’_*”_}ZZIKP@kEE%%,
P = o ARE B SRR IR, MMERHITRIFHRITIREE .

Introduction

Sushi Sensor is a wireless solution based on the industrial 10T which can help plan and
execute equipment maintenance more efficient. It acquires data of vibration, pressure
and temperatures of equipment, processes data on cloud or on premise. The user can
identify the status of equipment through a local dashboard or a cloud account.

ERBEERNE. THBNSYBRMEENTLERBREE
Industrial-Grade Solution That Integrates Precision Measurement, Wireless
Communication and loT Attributes

S53REIENZ2ARNERENE, SINGREARNEL B4
P MIRMEEREEN, FEARETHANER. NETALRETT
XENBR, BIFEERSINMEGEXNBRLR, RATEEDRLK.
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Unlike sensors for process monitoring and
safety purposes, the introduction of sens-
ing technology to improve maintenance,
environmental and energy management in
plants requires hundreds to thousands of
measuring points. A Small wireless sensor
is an attractive and practical solution for
these applications, as no wiring is re-
quired. However, in order for it to be wide-
ly used, it is necessary to reduce costs
and ensure environmental resistance
for industrial use. In addition, the effort
involved in installing sensors, collecting
data, and maintaining functionality and

performance needs to be significantly reduced.

Sushi Sensor @—FhELLERKLE, ERNTSEEFNN=FERIT
BEMNSHEEENINeE, AIRMIMITRENIRIET L R E R RS FH
1B21E, BB, FRBERGTEENG, SEERBOMIRESHD. HE
EEARRWT:

Sushi Sensor is a wireless sensor that integrates the functionality of connecting with
common IT infrastructure such as smartphones and the cloud, making it easy to perform
various operations required to install and operate industrial wireless sensors. At the same
time, the sensor body has a compact design and does not have a display and operation
parts. Its main technical characteristics are as follows:

R ECERE

EREBARNGRE, FEdERDALRENARNFRE;

BEAERMEE, RRIIESM 10 F;

BRTEMES TFFE, AIRETEaEERKIERNIFESR (5
Ko B Bikg)

PUBREHRE LoRaWAN BRI A, |RAAISRI 7 RBIZE B TLE
5, EINTERSREMENTEM,

In terms of hardware configuration:

The sensor body is small and lightweight and can be installed in a non-intrusive way by
magnetic suction.

Powered by a built-in battery which has a maximum operating range of 10 years.

It is suitable for all kinds of harsh working environments and can be installed in environ-
ments including hazardous areas (waterproof, dustproof, explosion-proof).

NFC
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X axis Y axis

Casing
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® Sushi Sensor E{AEEMIA

@ Major Composition of Sushi Sensor Body

BTEEBIERRS Oh, REEFEHE, LIMEREH
Through Accurate Data Collection and Analysis, Improve Production Effi-
ciency, Reduce Costs and Increase efficiency

E T Sushi Sensor BVRAR 7 =PRI ERBII AT LI = A kT, %
AKF, TZKEHEFHER—RAKE, HFEHRGZNOT:

All modules of Sushi Sensor-based solutions can be industrialized, and the technology
and process level are at the world-class level, and its main benefits are as follows:

LoRaWAN
Strap hole = Y
&\ LLoRaWAN Gw

The data transmission adopts LoRaWAN
communication mode, which can achieve
long-distance wireless communication of
up to 7 kilometers, which increases the
flexibility of the sensor installation location.

TEHRHESINEERIT S E,

B3 NFC (ﬁiﬁ BfS) #i7f%
BERE, BABIEEFVINA
ERHITIRC,

HUER] L =im, B s
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BEXAISE/NBFEIE
75, BITIRESFRESIRN D,

In terms of software and functional design:

Sensor setup via NFC (Near Field Com-
munication), which can be operated via a
smartphone app.

Data can be uploaded to the cloud and
relevant data can be accessed through
cloud environment applications.

Through artificial intelligence/machine
learning algorithms, various collected
data of the equipment is analyzed.
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@ System Composition
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Improve production efficiency: Improve the stability and efficiency of the production line
by monitoring and controlling key parameters in the production process in real time.
By collecting and analyzing production data, users can better understand defects and
bottlenecks in the production process, so they can take steps to improve productivity,
reduce waste, and reduce production costs.

TLRERER SSHENATH RIS ERETRESH
BIEHETISENRLNETRES, H@ﬁﬁﬁri’@ 48
S RTaN:Spery =7

Energy and resource saving: real-time monitoring and control of the operation status and
energy consumption of energy equipment, by accurately adjusting the operation status
of equipment and systems, to maximize the use of energy and resources, and reduce
the operating costs of enterprises.

FUM ML (Z RNV EIR P DU T IS UMM 4R, M
RIREBIINES B EF PN B ZOVEBHA. BIMENE, 25
RERERMENEF Wt

Predictive maintenance: The data collected by the sensors can be used for predictive
maintenance of equipment, thus avoiding production interruptions and costly repairs due
to unexpected equipment failures. Reduce downtime and improve equipment efficiency
and productivity.

BERBEFEIRR,
BRI ZRAYER

Equipment Management
2021/12/20 13:31:18
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® Predictive Maintenance and Productivity Gains Through Vist
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@ Bearing Breakage Detected by Abnormal Vibrations

BRARIREIEERS, BIMBRETNHHIELHRF LR EE

Reduce Equipment Operating Costs and Empower the Digitalization of the
Manufacturing Industry Through New Quality Productivity
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All modules of the Sushi Sensor-based
solution can achieve the industrialization
level, and the technical level and process
level have been polished in Japan for
6 years and have been put into use in
the Japan market for more than 3 years,
with nearly 30 commercial application
achievements. While the R&D team has
been cooperating with senior teams in
various industries for a long time, it has
also recently begun to explore open co-
operation with teams in various industries
in China, and the technology life cycle is
very considerable. The solution has been
sold and used in the Japan market for
about 3 years and has a certain number
of application scenarios and application
performance. Currently, R&D and produc-
tion are completed in Japan. The solution
has been officially released in the Chinese
market in 2023.

Sushi Sensor BZ O ARES
HERENTANER. RNEFRE
BRBNELTMEARE. FBY,
BABHIEFELESIKEREN
RFERIR, BEBESLIBN @A
[ AT BITDAE,

The core technology of Sushi Sensor al-
ready has a complete patent layout. At the
same time, it has an excellent localized
technical team in China. At the same time,
Yokogawa has a large number of excel-
lent resources in China and around the
world, and is able to realize functions that
contribute to productization and applica-
tion promotion.
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NeuroMosAlc & i223tEH (NMP) #1 Studio
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NeuroMosAlc Processor Hardware (NMP) and Studio SDK (Soft-

ware Development Kit)
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® AiM Future EF RISC-V &M IELRE MIAL N FEY NeuroMosAlc 3214
@ AiM Future’s RISC-V Processor Based NeuroMosAlc Architecture Targeting the Edge Applications

AiM Future, Inc

S
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Introduction

NeuroMosAlc processor (NMP) developed
by AiM Future is a multi-modal inference
engine designed for the edge computing
market, w-ith powerful parallel processing
capabilities that enable Al algorith-ms to
to run efficiently in scenarios where re-
al-time is critical. As AiM Future’s flagship
product, NMP not only has efficient infer-

ence capabilities, but also has excellent
performance in data fusion and real-time
processing. It is capable of processing
multiple data from different sensors at
the same time, providing accurate and
real-time intelligent identification services
for smart home, smart manufacturing and
other fields.

51tEE, AiM Future i
7 Studio SDK MEHF AT AS,
et T ALBREEE NMP £
WAL REMEBE LR BD
Studio SDK, FFEREREBIZNLI
ATBREBEESNMPRRERMS,
H—PIRARFHNEEMKTE,
Meanwhile, AiM Future also provides Stu-
dio SDK, a software development kit that
simplifies the development, optimisation
and deployment of Al algorithms on NMP.
With Studio SDK, developers can easily
implement the deep integration of Al al-

gorithms with NMP to further enhance the
intelligence of the system.

SZFHAS R AR S1ESEER
R

Support Energy-Efficient Multi-mo-
dality in Edge Applications
BEMERF AR EFHREFTE
BHTEERBRND K. £FTX—
IR, RFAIBEZEWEN BARIiEs
HEE SR R IFThEE. B
REE AR IFIES . N T XX
—BIEYAL, FATRENT BIBEEN
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—BETEE, WMz “BRR
RAIGI” , ETERERNNEYS
TERER RIEEN HZERREE
PS5 = RN =
Typically, neural networks are evolving
faster than hardware. So future applica-
tions (neural networks) may have fea-
tures, layers, and operations that are not
supported by the hardware which was
developed in the past. We tried to resolve
this problem by integrating RISC-V pro-

cessor to execute operations that are not
supported by neural processing unit. This

is called future-proof.

BERN S —MEBARSET, FEHE—PERBZTRESMHA
BN FREVBAZRM. ZFIR, WEKMIGEMBNEGMLETTRIE
BERERANBHERESIIENF. AT MXX—T ZRNE AN,
BTSN R T —MEFZRNREF R, ZARNFZBIHENE
ERE, FRBNEETEMNATDR. METRNZHENEN, K%
FrRESZ IVt RE K e B &R o
Another challenge we solved is to create generic architecture to support many different
application needs. For example, loT does not use much hardware horsepower than
automotive applications such as infotainment system and self-driving. To address this
wide range of applications, we invented multi-core-based architecture that can easily be

applicable to various cases with simple changes. The more cores used, the higher per-
formances it supports.

DG BN ERRLEBRENSRAIEEETEFE. SFLH
BIELE, NEGK. BEEUMNFHIES, XASESHENHkE. 7
T B L ESEIRAIE, BTG T — e ERENERE,
ZRMEBRIEEAESH T EARDSHDEFNRAHRBNAZER. B
rmsE, £ETAREXNENLERTRKERSTIESTNA, HIAZEMEE
A D EE LHNNIZAMTENES, M7 R D BRENNIZAIBE N A
X—d 2T Rt SR, TR EGEEHTEMIRE,

Edge computing requires processing different characteristics, various data such as im-
age, speech, and time-series data simultaneously. This is a so-called multi-modality. To
support multi-modality, we invented flexible architecture to allocate different numbers of
cores to the tasks depending on their workloads. For example, vision related networks
are typically heavier than voice applications. So many cores are allocated to vision net-

works while smaller number of cores are allocated to voice applications. And this can be
done by software dynamically without changing hardware configurations.
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@ Operating Schematic

NeuroMosAlc R R A BEVIFE, LR HHNFRE
RIF=

NeuroMosAlc Architecture Brings Scalable Feature to Meet Market’s Differ-
ent Requirements and Needs

NeuroMosAlc 2b3E2S (NMP) ZIESRENE AR, F58 NMP
BEERFE. T . BEERIEZNMEIE EABNAE .
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The NeuroMosAlc Processor (NMP)’s multi-modal fusion technology feature allows NMP
to show great application potential in a variety of fields such as smart home, smart facto-
ry, and smart agriculture.

EERREWNE, BIEMETEERBIRET, NMP BB I
BREEIBMEL, NAPREBEMMELRRS. 10, SEAE
RPRBEINY, NMP BB RFRIRFHBEAERRS, NEANRER
BiFfine Lo, NMPREEBRIEZENIFREBHENTRERENTITRES,
BT IR, BERBE, NARRHEMFENEEN R,

In the field of smart home, by integrating into smart home devices, NMP can analyse us-
ers’ habits and preferences in real time and provide more personalised services to users.
For example, when an elderly person encounters an accident at home, NMP is able to
quickly identify and trigger an alarm system to protect the safety of the elderly. In addi-
tion, NMP can also automatically adjust the operating status of home equipment, such as
smart air conditioning and smart lighting, according to the indoor environment, providing
users with a more comfortable living environment.

i Studio SDK fEN S NMP EEERNBH A X TAR, WAFRKER
HTRARMIZF . @i Studio SDK, FF&RZER UEMMGEET NMP 89
ATEENAER, SMEMEZRM Al TN, TeREGKIR. EEIR

@ LGElectronics E

Eiderty people U Caregivers

® FRMAE

@ Scenario Application Diagram

BARRS T HRERE, NZEATFE M
The Technology Drives Enhanced Energy Efficiency and is Applied Across
Diverse Fields

NMP #1 Studio SDK BRI 2N A FZMis, sMATLERE. Hlas
F3). BBRAESE, BRIBEATLEEOE, NMP EEHERANBREI
BItERE, EBXFERNATERES, MBAESLEEF IR,
BA, Studio SDKIBMETEEMAPIATE, BETEAREBREINM
MEFMIAET NMP AT EENAE, XENBELHEERNER T
ZBINF, #—FIEBAT NMP # Studio SDK £™17 FMEE L, AIM
Future 8 NPU IP BE#I 2R AT LG IARZHBER™RF, BEERR
FERN. KERERBMNE, HAKKE LCEARRELFRRENRE
M&REW, SSIT SERBEREI.

The technologies of NMP and Studio SDK are widely used in a variety of fields, such as

artificial intelligence, machine learning, and image processing. Especially in the field of
artificial intelligence, NMP, with its powerful neuromimetic computing capability, is able
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AEZBBABES A, Studio SDK
HEENF R ERE—IATAARRTS
=, BREFREE, REALME,

Studio SDK, the software development
kit that comes with NMP, provides strong
support for developers. With Studio SDK,
developers can easily build NMP-based
Al applications and implement various
complex Al functions. Whether it is image
recognition, speech recognition or natural
language processing, Studio SDK pro-
vides developers with a one-stop solution
to reduce development difficulty and im-
prove development efficiency.

b4k, Studio SDK E IR T
FERAPIHEOMXYZRE, £18
FAREERBBMREERFML
BOMRBERF. XMTEMENH
¥ RI%E, £1SE T NMP A0 Studio
SDK #IZAY A\ B RERRR TS SRAETS
B tEN AR RNFENR, KW
BINERELBIN Ao

In addition, Studio SDK provides rich API
interfaces and documentation support,
enabling developers to customise and
optimise their applications more flexibly.
This flexibility and scalability enables Al
solutions built based on NMP and Studio
SDK to better adapt to the needs of differ-
ent scenarios and achieve more intelligent
applications.

to support complex artificial intelligence
tasks, such as natural language process-
ing and speech recognition. Meanwhile,
Studio SDK provides rich APIs and tools
that enable developers to easily build
and optimize NMP-based Al applica-
tions. These applications are widely used
worldwide, further proving the importance
of NMP and Studio SDK in the market.
AiM Future’s NPU IP is silicon-proven,
market-proven and has been used in
many LG consumer products such as
Washer machine, Refrigerator, and smart
TVs. Its energy-efficient advantages are
the results of accumulated experiences
and expertise of many years of extensive
research and development from the LG
advanced lab in Silicon Valley, USA.

Lt 4h, Studio SDK #&1T A

THEREN %M, Studio SDKBIZBMEMBT RERSEZHNEFF X
EEEBS S5 ATEENANFLTHR, XMIERT ATERERARN]
i, T T ALBRRATEEHCCERNAZ N, H—PRATHIE
BERF Mo

Additionally, it promotes the landing of Al applications. The ease of use and scalability
of Studio SDK enables more international developers to participate in the development

Artificial Intelligence
el

of Al applications. This not only lowers
the threshold of Al technology, but also
promotes the landing of Al technology ap-
plications globally, further enhancing the
international influence of the project.

® MRS 5EGFRS

@ Active Participation in International Exhibitions

AiM Future I A\TEEELRR, BiH S SHER RIS

AiM Future Advances Al and Ensures Responsible and Sustainable Innova-
tion

B27 NPU AR, AM Future BFR T — P2 EMWA TS ERELS
AR, TR/ATERRIEML. HENEE, SATESRERNEEZ NG
WP, ZRABEESE T SEANEMIT I MM SERL, MM T
ANITEEBEEMNL2MNEDS, b, AM Future A2 IRA TEBEATE
T oEk, BRGNS BN N ERELR. XEEIRET
AIM Future LASA STAEFBIRFERB9 75 UHERE A T8 BERARBY A,

In addition to its NPU technology, AiM Future has developed a comprehensive Al soft-

ware ecosystem that supports Al model
optimization, deployment, and manage-
ment, making Al integration more acces-
sible for businesses. The company is also
involved in collaborative R&D with aca-
demic institutions and industry leaders,
resulting in advancements in Al algorithms
and security. Additionally, AiM Future con-
tributes to global Al standards, ensuring
that their innovations align with ethical and
regulatory best practices. These efforts
underscore AIM Future’s commitment to
advancing Al technology responsibly and
sustainably.
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Q.System Avionic System
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@ Operating Schematic
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BEMREREE. NABGAEAN VMTESEHZIINTBFRES.
Ite5h, Hightek M EMEMA SRR, NBTYR. FiRmNAEIS
MEiZ#T. H Hightek FF& B Q.System B—IEIFHMTEBF ALK, BE
IREY. WEMBHIBHOKHESR, BFLAL HKANMENRER.
EWNATF ZEANIZOEEFBIM= BFL R Q.Fly, AITERNET
BN SMMEAN L, IERIBECE T S8 GRS HIBEURSR
4G/ LEBERS.

Introduction

Hightek is a startup specialised in hardware design and software development of aero-
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space sensors, camera-based mission
support avionics, and loT systems de-
velopment for logistics, environmental
monitoring, and infrastructure diagnostics.
Q.System developed by Hightek is an
innovative avionic system, which can
obtain, process and provide key real-time
information for disaster prevention, mon-
itoring and intervention of mountain fires,
floods and earthquakes. The core of this
technology is that the innovative avionics
sensor Q.Fly can be seamlessly deployed
on helicopters, planes and drones. Q.Fly
is equipped with multi-spectral sensors,
geographic positioning system and 4G/
satellite communication system.

Q.System: JHFAFIRLZ MR B9 B3 14 2 4t

Q.System Revolutionises Firefighting and Emergency Response

BERLERI T BN B R SReIH, N VTRMNM A REH
TRFREMBNRERENEN, FJREER. XRETEERE,
R T 5 ¥THEXBIM A,

Q.System revolutionises firefighting and emergency response, providing pilots and field
personnel with immediate, actionable information on fire front locations and optimal drop
points. This enhances operational efficiency and reduces flight-related costs.

NTFRPARMIZHE, EANRENTIERSREREIRSSS, #*
TREHEME L#HTHIESE, TRAFRRLERRISE, XEERIE
M TE T EENNENER.

For on-site personnel and control rooms, helicopter-acquired data is transmitted in re-
al-time to servers, processed and georeferenced on maps. Accessible without user-end
processing, this saves crucial time and resources during emergencies.

BERGMURT W, TEEMEARMFEMEEML. FA—DHF
&L, QSystem £ T E=H8E. MHEMKRSHE, BETH—H
WS, HEHEENRSEIELIE, REHIERMEMREIEIERIAN
RIEMEBEF, THEFohRILAREI D e &R D

Q.System extends beyond aircraft, including ground personnel and trucks geolocation.
As an open system, Q.System integrates third-party devices, software, and weather data,
offering a unified access point, shared database, and aggregated data processing.

Q.Fly &R EMRT I EHREBRIES P H KA MIT BV IREH
RSB, SEEXRAFAEERANBIENRATE, Hightek AFTEAD
Q.System ERHIHEBITLE, AP MNERBESTEM T L FHERHR,
ZERgEIMUERRAMBRTERSE, FELFTME.

The reconfigurable nature of Q.Fly devices enables the addition of new software features
and sensors based on customer needs. Unlike systems requiring end-users to manage
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CAM. RGB

CAM. RGB \.
CAM.IR /

CEX R
@ Q.fly Sensor

the technology and data, Hightek takes
care of the entire Q.System infrastructure,
alleviating users from complex tasks and
software development. Q.System positive-
ly impacts the economy by optimising ae-
rial firefighting and reducing operational
costs.

Q.System: EEE=FME
BHIERERS

Q.System Integrates Third-party and
Provides an Aggregate Data Pro-
cessing

Q.System B9 B 47 ™ 17 & 35 FA
BB, RSSGE 2,
ERAFEMTLAME .

The target market for Q.System encom-
passes both private companies and

government entities, catering to a broad
spectrum of industries and agencies.

= BB A R 2 Pe R U,
Q.System Fe#tHY & T R E VA AZ
RBFERTRBESHE ML,
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RALABEN EAE, RS
5E 2B REXER R NSET
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LI {TEh A SR B B 4% L Sh,
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M T1E, LK GNSS B2
BRER LUYE 58 N = i B2 A 8] B9 ZE 4 )
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MERHZIERY T ERALE,
NER, MEMRETFRETE
GIEES S

In the realm of aerial firefighting and
emergency response, Q.System’s ad-
vanced camera-based solutions are
instrumental in automating critical tasks.
This includes the automatic mapping of
fire fronts, floods, oil spills, and landslides,
along with precise geolocation of photos
and videos related to emergency situa-
tions. The technology facilitates live video
streaming from helicopters and drones,
enabling real-time monitoring of oper-
ations. Additionally, Q.System ensures
accurate geolocation of release points for
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firefighting liquids, creation of thermographic maps for optimized remediation efforts, and
GNSS satellite tracking for enhanced vehicle coordination during emergency responses.
The system excels in automatically detecting and mapping damaged buildings in the af-
termath of natural disasters, providing valuable support for search, rescue, and recovery
efforts.

ZARZNT BREI=HBEMMIBEIR, HgiTH. $RMOBIRITED.
RERIRAN T RS FIREENRE S NHERERAS R, ZRANS
THEEM R H AR IRMRIF K A ME, WIEEIR R, HEMTFEMER.
SRR IE R,

Q.System’s capabilities extend to aerial surveillance and intelligence, offering multispec-
tral imaging solutions for border control, search and rescue operations, vessel identifica-
tion, and countering illegal activities such as drug trafficking. The technology’s versatility

allows it to detect individuals in protected areas, monitor marine environments, and con-
tribute to various intelligence, surveillance, and reconnaissance activities.

LtE5h, Q.System @M= EFMNLMHMN ERE ™, BET 2N A,
TEKOESEMIGHE. HR. RIAAERE, RMHX BN KPREERMR
R ENANERE, FRIER, XTRARTRERASIKEE. %l
MRS BRERR. SERMITEMISENTEE FEE AN, %
AEWR T MELTE LR ERE, BEARGENIEY, SHEREA
TR AHITHE, URHTT2ENGIEEEM=4EHE,

Furthermore, Q.System is a valuable asset in the domain of aerial inspection and map-
ping, catering to a wide range of applications. It excels in the inspection of infrastruc-
tures, bridges, dams, and riverbanks, providing optical and thermographic inspections
of power lines and solar panels. The technology proves indispensable in inspecting gas
and water pipelines, detecting leaks, and ensuring the integrity of railway, energy, and
industrial infrastructures. Q.System’s capabilities extend to mapping oil spillage in the

sea, monitoring crops via thermal imaging, classifying vegetation and land use, and con-
ducting comprehensive cartographic surveys and 3D mapping.

LSRN Q.System FUANR RPN, T EHIHAG.
HIRRIPAA. R A B X REMIS R AR F AR AP SERAYE
AIE,

3 EliCento

® SEFRRYFEE

@ Demonstration of practical application

These diverse applications position Q.Sys-
tem as a versatile and indispensable tool
for sectors such as emergency response
agencies, border control authorities, envi-
ronmental protection agencies, agricultur-
al enterprises, and organizations involved
in managing critical infrastructure.

Q.System: Rt FEIRS
RIBIFF B ARR SR

Q.System Provides Innovative Solu-
tions Offering Comprehensive Ser-
vices

R.System AR AME, AR
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S.One of the main advantages of Q.Sys-
tem technology is its market positioning.
Q.System targets a market segment con-
sisting of private operators offering public
safety, environmental protection, and
emergency response services. Q.System
has a competitive advantage in terms of
costs (5x to 10x lower than competitors)
and services specifically tailored to the
target sector. This creates a strategic
advantage by addressing a market seg-
ment currently underserved by existing
solutions. Q.System follows a Platform as
a Service (PaaS) model. Unlike competing
solutions, a comprehensive 360-degree
service is provided to the customer,
covering data management, data center
management, sensor maintenance and
updates, implementation of new features,
certification processes, and personnel
training. This creates a strategic advan-
tage by addressing a market segment
currently underserved by existing solu-
tions. Q.System follows a Platform as a
Service (PaaS) model.
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Intelligent Bio Signal Processing SoC

® EYESIETH
® NEMESIS Bio Signal Processing Chips

NEMESIS.CO.LTD
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. MEEEA, NEMESIS WESIBERHIT T RHUESE, FHEE%
RIFEFRHFTEEE, HFBNSEZIERSHELUETIEG, MKmf
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SREBNRFATH (SoC) , MMARE—FHEI-MECFEINFENER
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Introduction
Bio signals generally have big noise and variations, it could be hard to make signal
amplification and calculation. In addition, the health care device size is big, the battery
life is short, and the price is high. NEMESIS made a SoC (System on Chip) which can

be universal sensing that can process various bio signals by configuring analog circuit
to be reconfigurable and generating parameter values to control it through machine
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€® NEMESIS

learning. And by applying TinyML-based
Light Al algorithm to bio signal processing
SoC, we have developed a solution that
enables personalization and low power
consumption.

BETFEYMESMBERLNE
REEMESLERATHRER

Bio Signal Processing SoC with An-
alog-based Customized Bio Signal
Processing Technology and Tiny ML
Algorithm Technology for Data Opti-
mization

Nemesis EF3TEY)= BFE
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BEMESRIERALR (SoC).
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BEITARMEMRA. EIFEAE
WREYIZHTISE
Nemesis developed an intelligent bio
signal processing SoC by bio-signal and
semiconductor convergence technology
based on research and understanding
of the characteristics of bio information
and bio signals and many years of semi-
conductor design experience. Nemesis’
bio signal processing SoC, which applies
input impedance improvement technolo-
gy, multi-modal technology, interference
removal technology, long battery life
implementation technology, and TinyML
algorithm for bio signal optimization,
converts bio signals which have large
noise and signal variations into useful bio
information. In addition, Nemesis’ unique
universal sensor interface technology
significantly improves the signal-to-noise
ratio, making bio-signal processing easier
and enabling the development of low-
cost, low-power, and miniaturized bio-di-
agnostic devices.

TWES, BEEYRBHE
WiIrEY), REISMIEENRE,
FEHEMZEEEEEER
Ith, NEMESIS iiAE%ﬂi_\%ﬁﬁ
AHEBRER. REBVIBTEISE
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E£MESHRAZIEM,, NEMESIS
ANEFETREFSHENE A RMH
B, ST RNEMESLE
VAR
Biological signals consisting of biopo-
tentials, or biomarkers are affected by

various noises and have significant differ-
ences between individuals. Accordingly,

NEMESIS is implementing technology to increase the reliability of bio-signals by combin-
ing technology derived from the development of biosensor technology, analog technolo-
gy that can receive wide dynamic signals, and machine learning techniques.Based on a
deep understanding of bio signals, NEMESIS provides accurate, efficient and reliable bio
signal processing SoC (System on Chip) to customers who are digital health care device
manufacturers.
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@ Bio-Medical Application Analog Circuit Design Technology for Bio-Signal Processing.
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@ Universal sensor interface solution

NEMESIS AZFFIRMH T —MENESLIERFLH (SoC) BRTTZ,
BYLEREWATEREZE, KIMMEL. RESMLEKE, HXRD
FH 7o

NEMESIS offers our clients a bio-signal processing SoC solution that enables personal-
ization, provides optimal data, and achieves low power consumption by implementing
Light Al algorithms.

NEMESIS B ARBEIE RS EEMEZMERE, ROTBEES
871, XABMSEEUY BRANEE, HizANFBEFRIME SR
ANEFHH, NMBREN HEESAIRRRS ZMEIRNSE, &'AHT
BARERES
NEMESIS’ technology addresses the issues of existing signal processing solutions by
using multi-mode to receive multiple sensors on a single chip, wide dynamic range to

expand the input range, and time-based circuits that convert analog circuits to digital,
enhancing performance.
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Contribute to Extending Healthy Lifespan by Securing High-performance,
Low-power Solutions of Intelligent Bio-signal Processing SoC

EMFRENERRNSHINE

High Volume and High Value-Added in Bio-Semiconductors
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Digital healthcare applications represent a rapidly growing field for semiconductors. Al-
though biosemiconductors have played a minimal role due to low volumes, the increase
in disposable devices like CGM and ECG, along with the rise in vital sign monitoring
through smartwatches, is significantly boosting the demand for semiconductors in health-
care. Once selected for a bio-application, a chip is rarely replaced due to the need for
re-clinical testing. Moreover, biosemiconductors boast a high-profit margin. Therefore,

digital healthcare and bio applications are markets that semiconductor companies can-
not afford to miss.
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@ Bio signals that can be processed by NEMESIS technology
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RAHBFETITUINZESH
Enhancing the Competitiveness of the
Digital Healthcare Industry
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With the help of SoC technology, the de-
vices are becoming significantly smaller,
have longer battery life, and are more
affordable. NEMESIS provides a cus-
tomization service tailored to customer
requirements. This method enables the
implementation of unique, differentiated
features and offers a service exclusive to
NEMESIS that none of our global competi-
tor’s support. Through this, we will be able
to gain a competitive edge over interna-
tional companies.

HREHENHFETES

Meeting the Digital Medical Needs of Soci-
ety
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From a social perspective, healthcare
insurance expenditures are significantly
high. The most effective way to address
this issue is by promoting digital health-
care. The application of bio-semiconduc-
tor technology can promote the develop-
ment of telemedicine and personalized
healthcare, reducing hospital visits and
hospitalization rates, thereby lowering
both insurance and individual healthcare
expenses.
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It also enables more personalized health-
care by analyzing personal health data
to provide customized treatments and
preventive measures. NEMESIS’ intelligent
biosignal processing solution plays a key
role in digital healthcare and contributes
to extending healthy lifespan.
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Development of Innovative Health
Monitoring Devices Through Intel-
ligent Bio Signal Processing Solu-
tions
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In terms of economic benefits, the inno-
vation holds the potential to revolution-
ize healthcare and medical devices by
enabling more efficient, cost-effective,
and personalized care. For example,
by reducing power consumption, these
technologies can extend the battery life
of wearable devices, making them more
practical and user-friendly. The ability to
process biosignals accurately in real-time
could also lower healthcare costs by im-
proving early detection and monitoring of
conditions, reducing the need for more
expensive interventions.
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Socially, the technology could significant-
ly enhance the quality of life by enabling
continuous, unobtrusive monitoring of

health conditions, particularly for the elderly or those with chronic illnesses. The person-
alization aspect ensures that healthcare can be tailored to individual needs, leading to
better health outcomes and increased patient satisfaction.

BHEME, XTEANLIFHZNENESNERFEEER XK
ARBRETRRE, BETRSEREMERE. SMMAIHFL.

Overall, the market and social value of this technological innovation are substantial, offer-
ing a future where healthcare is more accessible, efficient, and sustainable
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