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Preface to the Charm of Science and Technology
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Nowadays, breakthroughs are accelerating in new generation of information technology,
artificial intelligence, quantum technology, biotechnology, new and renewable sources of
energy, and advanced materials, driving global technological innovation to reshape human
society at an unprecedented speed. Technology is not merely a tool; it has become the
driving force at the heart of societal progress, infusing global economic growth with new
resilience and providing the critical foundation and dynamic momentum for industrial trans-
formation, upgrading, and sustainable development.

EEREMN “AYEK” [ “BEHLE” KE, UIFZO5IMBFHARE 2. ZEL
B, APHERERMSERNNRFEXRER. tRERNAS MR R E T AEX,
RESIKEEMIUNRARKMENMER, BREMMETS, (EHIARARZRS ZME,
NEEMFSEMEARH S REREHIENT T, BHARHIERAEMES. BMEEFN
Ko

The internet is transitioning from “the internet of everything” to “digital intelligence symbio-
sis”, using the power of innovation to lead the digital world toward smarter and ubiquitous
evolution, outlining a more inclusive and vibrant vision of digital civilization.The World In-
ternet Conference Awards for Pioneering Science and Technology (WIC Awards) stand at
the forefront of the era, focusing on the most groundbreaking achievements in the global
internet field. They build an innovative collaboration platform to promote the exchange and
application of cutting-edge technologies, continuously empowering the internet to inject
ongoing momentum into human society, and driving humanity toward a smarter and better
future.

FAERERMNAZALRERITFEZAZER, WRBRFMIIET BHRNEFRFZMA
B LA, ZEERS|TREEMK 34 MNEXMMXHFRLGRRSS, HIEEERPIRK
R 42410, WERMITE. BAEEE. 6685, St H. EFitE. REEBRNFIDL
g, EMERUSHELED, EELRBRANBFURKNHERXDSRRRR. &
B RAFTAEEREEERMIEE X JEARE. XEEAATEZRPETERKRLR
BESRE. IEMAATAZABEERNZREEHREF 40 (I LIKEBRMTURNEE XK
BUEEET, 53 MMBMRBRAML, WRTEEE (BHxz#) . XLECIHMRERESIK
MRARHEES5 M, BEEINBENASE, RALFESLRABRLANE, &
e XM F AR, HENE=EEFRARTERAZEZNE.

- -



As the chairman of the World Internet Conference Awards for Pioneering and Technolo-
gy Review Committee, | am deeply honored to witness the international influence of the
WIC awards reaching new heights. This year, the award attracted active participation
from applicants across 34 countries and regions worldwide, receiving a total of 424 valid
submissions.These encompass cutting-edge fields such as brain-inspired computing,
swarm intelligence, 6G communication, high-performance chips, quantum computing,
and satellite internet. The submissions highlight trends of intelligence and integration,
demonstrating the global scientific community’s shared concern and active exploration
of the digital future.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 Acade-
my 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 the Director of the
Engineering Research and Development Group, 53 leading achievements have been
selected and compiled into a collection called “the Charm of Science and Technology”.
These innovative achievements embody the wisdom and efforts of global scientists and
researchers. As they continue to be applied and promoted, they will contribute positive-
ly to economic and social development, demonstrating significant value in promoting
global digital technology collaborative innovation and jointly building a bright future for
cyberspace.
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As time flows, innovation never ceases. “The Charm of Science and Technology” will
continue to faithfully record the development trajectory of internet technology, persist
in gathering global wisdom with an open mindset, and illuminate the light of technology
with a benevolent heart. It will provide more opportunities for building a community of
shared destiny in cyberspace and advancing the progress of human civilization.
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Overview of QiMeng processor chip hardware and software automated design system

ax. LERCHRUEGHEERT
QiMeng: Fully Automated Hardware and
Software Design for Processor Chip

FPERF BT B AR

Institute of Computing Technology, Chinese Academy of Sciences

AR ER F BRR R SPR ISCAS TERERX#RRF

Institute of Software, Chinese Academy of Sciences ~o
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Introduction

The QiMeng processor chip hardware and software automated design system aims to achieve fully automated design of the chip hard-
ware/software stack by leveraging large language models (LLMs) and agent technologies. QiMeng has achieved automated designing
RISC-V CPUs, automated optimizing operating system kernel configuration, automated transcompiling tensor programs and automat-
ed developing high-performance libraries, achieving performance that matches or even surpasses that of human expert design.
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Creating a new fully automated software and hardware
design paradigm for processor chip

AEEFT A gt R ENMF IR ZOREZ — FRTES
BaNgit A EMATERATATZR S RITHELERT, “BE R4
SR T RIERTH2EMRIHTER, KEAREMEEEEAR, EER
TRIHRERE R LIS A ERBE (B 2 B 5hig i FIEEC L L.

Automated processor chip design represents one of the core challenges in computer
science. Unlike conventional automated design approaches that use artificial intelligence
(Al) as a tool for specific stages of the chip design process, QiMeng system establishes
a new fully automated design paradigm for processor chips. Leveraging LLMs and agent
technologies, QiMeng aims to achieve fully automated design and optimization for both
hardware and software from given functional specifications.

ETFRESE TSI RS, S BMMERTHRERS
HHREERREMETRBIRR S EOXERE. Alt, “BX R4%HH
BAESERMERIFNIEERFERMRIEVGEOAIEER TR IR EERER —
FEEE BETeeRIE AT IR EWIE RIRNEEE, WREMRS
WIEE; Z—AEET A EEITENETEERIGHNBE MR, WiE

P
=

&

Comprehensive
Evaluation

(o » Outcome
I_.J‘f -3
:

H
H

B RIS ARSI & R

Processor Chip Design Agent with Feedback Mechanism

FEFHITOBMEE, KIMETE
s, MMNEMREIRITERET
SRV EEE

Considering the unique challenges of
processor chip design, realizing fully au-
tomated hardware and software design
requires addressing two critical issues: the
correctness guarantee and the enormous
solution space. To this end, QiMeng con-
structs processor chip design agents with
two feedback-driven mechanisms: correct-
ness feedback and performance feedback.
By constructing automated functional ver-
ification and autonomously repairing erro-
neous results based on correctness feed-
back, QiMeng is able to ensure the validity
of generated outputs. Concurrently, by
leveraging automated performance evalu-
ation and autonomously search based on
performance feedback, QiMeng is capable
of decomposing the solution space and
pruning the low-performance subspaces,
effectively reducing the dimensionality of
the solution space and enabling efficient
exploration of high-performance design
solutions.

BRI T A U AR
B, ‘B REWELHERS
BEAFIERAR B RE(A, Hrhik
ERCHRREFS I RXBTITHNE
Shigit 7 A AR,

By constructing a domain-specific large
processor chip model (LPCM) and further
building hardware and software design
agents, QiMeng produces automated
design methodologies and results for mul-
tiple key stages of processor chip hard-
ware/software development.
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‘BER RSE-HLNBMRIHTHEERIIALETRKE
The automated design methodologies produced by Qi-
Meng matching the performance of human expert design

B, “BE RAETHAERERCHREGHZANRTNERIT
FEMBR, REXFOBIALEZRIGHKE, BEF ‘B &4, X
NEFRENEEMTN CPURHE “‘BX 15" MBir2XIEsiz ‘8
525", 95iAE Intel486 1 ARM Cortex A53 148E; SEMERRE N
FREAIRERFANZEEE B E, BN TALRER
FIMk;, LNERETEDETAKEEFEEIE, TUAELRES
SREMARREREENEHEREE, RNEREMETARENS
MEEIE PSSR E T BN ERIER NS R kEE T ENEMIESR, MEEMT
OpenBLAS # cuBLAS,

At present, QiMeng has delivered automated hardware/software design methodologies
and results for processor chips, matching or surpassing the performance of human
expert design. QiMeng develops the world’s first fully automated designed CPU named
QiMeng-CPU-v1 (also named Enlightenment-1), and the world’s first fully automated
designed superscalar processor core named QiMeng-CPU-v2, achieving performance

man-designed commercial CPUs

EFRE Al 2BENZITH CPU “BX 157 MBIrERESE “BR2S57
QiMeng-CPU-v1(Enlightenment-1) and QiMeng-CPU-v2, the world’s first CPU and superscalar processor auto-
matically designed by Al

comparable to Intel 486 and ARM Cor-
tex-A53, respectively. QiMeng realizes
the world's first LLM-based automated OS
kernel configuration optimization method,
whose optimized performance surpasses
manual tuning by human experts. QiMeng
introduces the world's first automated

cross-platform tensor program translation
tool, enabling automated code translation
across different processor architectures
and programming models. QiMeng devel-
ops the world's first LLM-based automated
high-performance matrix multiplication
code generation framework and high-per-
formance tensor operator auto-generation
framework, the performance of generated
operators outperforming that of Open-
BLAS and cuBLAS.

‘BER RREBRERSH
MBEHRIRITER, FMXBEEY
BT Z TFSRIMT A R E—T 1R
Ft, BENALLED BEigit KIER
FHRITRER. SRRt AR. B
B, IEHMEILAE 1 RF R LI
REEFILIRIT, BEAZSEL

GEES

QiMeng pioneers novel design methodol-
ogies for processor chips. QiMeng holds
the potential to surpass manual design
and achieve better performance under
identical fabrication technology, signifi-
cantly improving design efficiency while
shortening development cycles and low-
ering costs based on automated design,
and enabling rapid customization of chip
stacks tailored to specific application do-
mains to address the growing demand for
specialized computing solutions.

004
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The Research Achievements Have Been Highly Recog-
nized in the International Academic Community

‘BER ABRBSHRREHEMSTRANSIMARRLRTE
PRI =N ANHATI, G IE5EAL B R ERRINA =Y DAC FlE RN AT
TCAD. RLHHEEFINFSIY OSDI. AT EeEERIAK =Y 1JCAIF
AAAL, H28F SEFRTZR =Y ICML #1 NeurlPS. BAE = MEE PRI
S ACLF EMNLP &, HAp, “BXR 157 # (BR) HMELENA “&
ESHREBNFER , #—F AT HESURAN S ST/,
HDL {F3 B sh4E M AIRE CodeV RIEFFRHX FHEBT 32K, #HE
B8, JEF/R. IBM. WSk, £, AREMHEFTIET. aTIET. N
FRELAFERELNR. BRAEFAZEER - FESR. EMMNKFE
FERANBNMRERS B, EETHEEERFARRNEEZ M,

Multiple related research outcomes of QiMeng have been published at top international
conferences and journals in related areas, including Design Automation Conference
(DAC) and IEEE Transactions on Computer-Aided Design of Integrated Circuits and
Systems (TCAD) which are top conference and journal in integrated circuits, USENIX

)s for Al? Chinese

‘BR 1S % (BA) HETNHA “HhESHRXENFES”

QiMeng-CPU-v1(Enlightenment-1) has been described by Nature News as "good news for Chinese chip development"

Symposium on Operating Systems Design
and Implementation (OSDI) which is top
conference in systems software, Interna-
tional Joint Conference on Artificial Intelli-
gence (IJCAI) and Association for the Ad-
vancement of Artificial Intelligence (AAAI)
which are top conferences in artificial
intelligence, International Conference on
Machine Learning (ICML) and Conference
on Neural Information Processing Sys-
tems (NeurlPS) which are top conferences
in machine learning, as well as the Annual
Meeting of Association for Computational
Linguistics (ACL) and Empirical Methods
in Natural Language Processing (EMN-
LP) which are top conferences in natural
language processing. Among these,
QiMeng-CPU-v1 (also named Enlighten-
ment-1) was described by Nature News
as "good news for Chinese chip develop-
ment," further demonstrating its exception-
al contributions and influence in the field.
The domain-specific LLM for automated
HDL code generation, CodeV series, has
been downloaded over 32K times in open-
source communities and has been tracked
and cited by leading institutions such as
NVIDIA, Intel, IBM, Amazon, Huawei, ETH
Zurich, Georgia Tech, UC San Diego,
University of lllinois Urbana-Champaign,
and the University of Southern California,
underscoring its significant impact in the
global academic community.
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SEEMIZ AR FE— SR 5 R AMRTT

Method for High-Efficiency Memristor-Based Computing-In-Memory Chip and System

IZEBFE—FC R B G RENEIEE

Fundamental Theory of Devices and Architectures for
Memristor-based Computing-in-Memory Chip

= =
BIERE
Tsinghua University
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Introduction

High-efficiency, high-performance chips are the core technologies driving the development of artificial intelligence and represent
the strategic frontier in the global competition of integrated circuits. This project focuses on the construction of novel high-efficiency,
high-performance memristor-based computing-in-memory chips and systems, achieving breakthroughs in memristor material system,
device structure, and circuitry architecture.

IZEBTFR—F “MEl - 864 - /° thEeH
Synergistic Innovation in ‘Materials—Devices—Architectures’ for Memristor-Based
In-Memory Computing

IZIAS R — TR EFM ST RSN, ETIZESNEFEE—FERERTHEEFEMESITEZEN
REHE, NERERNAENSARANLZRART2MRE, BUMEMBBHERIDIMARAR. BER
BIEE. ATAMREMIZEMEMESE. URSHEIIHITERNBREN, 2HRSEN. 88N ESER
—FETREIXE, A, ZARESREEIRERNEEFBAREIE, UARKRERAFED BRI TR
MSHRBR, BRERLESKFARRN—ERED,

The memristor is a novel device that integrates both storage and computing functions. Memristor-based computing-in-memory(CIM)
computing chips avoid the data transfer between memory and processing units, thereby opening a new pathway for the development
of high-performance chip technologies in the post-Moore era and becoming the international frontier in integrated circuits. Exploring
high-precision memristor materials, highly scalable device stacks, as well as spatial architectures with high array-level parallelism, are
keys to building efficient CIM chips. However, memristor conductance modulation involves complex electro-ionic coupling transport
mechanisms, and how to overcome the limitations of conventional memory-compute separated architectures in devices and chips has
long been a fundamental and global challenge.

R MIZIESSEIMEHAR, SHEMREREMAT, BTRNEPRESAWNNE. BREYERERE
FIHTERMAR, SITEEH TESaUYMEL SRSBAHEHUNTEHITITEBREN, ST RN
BERF. BIUTHRSEN. BENIZESEE—ECHIIRILSEE, MIENT ZRIZERFE—MHTH,
NEERNABENDERRARRNE BRI T K EZ.

BHBHIESTREERWMEE A 148

Device variability and instability degrade the performance of memristor-based CIM chips
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This project addresses the challenge from the perspectives of memristor material systems, device structures, and circuit architectures.

By deeply elucidating the mechanisms of conductance modulation, the physical origins of variability, and the factors influencing ar-

ray-level parallelism, the group innovatively proposed composite oxide materials, stacked device structures, and spatially parallel com-
puting circuit architectures, achieving significant improvements in energy efficiency. A theoretical framework and practical methodology
for constructing high-efficiency, high-performance CIM chips have been established, leading to the successful development of multiple
prototypes. These advances open a new pathway for the evolution of computing chips in the post-Moore era.

REERFEE—SR SR HHH
Construction of Energy-Efficient Computing-In-Memory
Chip and System

BEAFRER, RBRBRANLISAKRE TEaSUNHBEHRSIZ
FRERFBSIBENXENE, NELREGANY HKAYO: IZEMEHER,
R T WA AT U HIRIEMEE, ST MFHIE SRR R
“RIEEIERRST BB,

The team led by Professor Huagiang Wu and He Qian from Tsinghua University discov-
ered the correlation between the nanoscale oxygen vacancy distribution morphology and
the memristor conductance modulation precision. The project elucidated the mechanism
of linear changes in the conductance of memristor materials under the action of voltage
pulses, and developed a novel memristor material system of composite oxide HfxAlyOz,
solving the scientific challenge of precise modulation of oxygen vacancy distribution. It is
hence achieved a giant leap from single bit to continuous linear conductance modulation.

Ite5h, BRZTRLRERRS N B ZALRE DX AT ALEBBIERN
12, RHEPERE /MBS RSRHEN, BT HEREITSE N
WEREAZVIRIL TS %, KT MFREIFTHEERMENEARRIK,

In addition, the team identified the random migration of unstable oxygen vacancies in-
side the memristor as the physical cause of device variability. Moreover, a novel stacked
device structure of thermal enhanced layer/resistive switching layer was proposed. This

MATEHTEE—FRREGTERERS AR FE RS

Novel spatially parallel CIM architecture and the world's first fully hardware implemented multi-array CIM system

provided an effective method for regulat-
ing the internal electric field and thermal
distribution of the device, achieving a sig-
nificant boost of the integration scale from
Kb to tens of Mb.

BURIFIER TR E RIS
1ZFRERMEFIHITER MR, 12
HETFEGIIGERNZTEHITE
B REBRREN, BRTETIHT
ERESHHEMERRA, EE
frEBEeIZMEFIIZARFE—&KR
58, BEMBEAMIERESR, B ‘B
FHEE—HRREMZMEEEHR
RTHMKRIIEZ —

Furthermore, this project revealed the er-
ror accumulation effects as the key factor
determining the parallelism of CIM archi-
tecture. Based on this, a spatially parallel
CIM architecture with hybrid training
framework and differential mapping mech-
anism was established. The feasibility and
high-energy-efficiency advantage of the
fully parallel CIM architecture was verified.
For the first time, a fully hardware imple-
mented multi-array memristor CIM system
was demonstrated, showing two orders of
magnitude higher energy efficiency than
GPU. E. Eleftheriou, a member of the US
National Academy of Engineering, cited
this project, stating: ‘The state-of-the-art
experimental demonstrations of DNN in-
ference based on in-memory computing...’
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The theory of memristor-based CIM architecture has
gained wide international recognition

MREREL THAFEN. BENIZEREE—ESRNEILHE
KR, B TEE—RERARANEZR, IEEREREASHEAR
AR T MR, REE MIT. IBM. &TRBEERE 61 MEXMM
XWEMEWsIAE, &E 5 RRINEFRFSERARALRBLE, 5T
TIE R RSN R SUAIZ PR E — A RME s BT
1ZPRSR BRI T HMEMLSHIRINR" ; “PULREEATETIEE, X
N7 BEZHFRBENARRESUYIZIER" ; “Hf02/ALOs FEZEMH
BXERREBFTEH, BB 7TREREN” . ETEARR, AREMNZE
£ Nature Electronics. Nature Communications. Proceedings of the
[EEE FHTIRE LR 8 B, HAP 5 BANIE ESI B1R51183, THEMRRK
132022 FHEBFFBARFER—FRL, 2020 FEFREFSE+KH
RHE. 2020 FERATLERASESR —SAILE, Z2025 FHEH
BANE—FRFRRIE,

The project has established a theoretical and methodological framework for constructing
high-efficiency, high-performance memristor-based CIM chips, opening a new pathway
for computing chip technologies in the post-Moore era. The project has been cited by
universities and companies from 61 countries and regions, including MIT, IBM, and
TSMC, and has been included five times by IRTS/IRDS(International Roadmap for De-
vices and Systems), affirming the innovations in device structures and the pioneering
achievement in CIM architecture: ‘Neural network inference acceleration fully implement-
ed in hardware based on memristors’; ‘Thermally enhanced layers regulate the resistive
switching process, achieving nanoscale oxide memristors with multi-bit precision’; ‘HfO,/
AlLO, resistive switching materials effectively reduce oxygen ion diffusion and improve
device stability.” Based on these achievements, the research team was invited to write
eight review articles in journals such as Nature Electronics, Nature Communications, and
Proceedings of the IEEE, of which five were selected as ESI highly cited papers. The
project has received the 2022 First Prize of the Natural Science Award from the Chinese
Institute of Electronics, was recognized as one of the Top Ten Semiconductor Research

ZBRG LA S R RIRKIEEA

Invited Review Publications and Certification of Awarded Research Outcomes

Advances in China in 2020, and received
the highest award—SAIL Award—at the
2020 World Artificial Intelligence Confer-
ence. It is also a recipient of the 2025 First
Prize of the Natural Science Award from
the Ministry of Education.
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A SMAASMES EETEE
Schematic Diagram of the Evolution of BDS Signal Structures

=S PESMESKERARAREA

Key Technologies and Applications of BDS-3 Satellite
Navigation Signals

= a4
BERE
Tsinghua University
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Introduction
Navigation signals serve as a core technology of satellite navigation systems, with their performance directly determining the system's
service capability. High-performance navigation signals compatible with and interoperable with existing systems such as GPS repre-

sent a critical factor for the BeiDou Navigation Satellite System (BDS) to achieve world-class status, drive industry development, and
deliver global services.
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PEG. HR—RNSNESEE
Chinese-Characteristic, World-Class Navigation Signal
System

1. RIAEXRERZ#HEIRZEHIK (QMBOC) BRIKAR, KwTEMR
BESEARTR / EHLZHEM/ B/ BZHEXAHEAER, 5
GPS L1C %#A. MIEIREPEME 20%, EF QMBOC #9 B1C 55 B &R
MEEREE RN ZREET .

2. RBBETRAMENIEELER (CEMIC) EAR, KT 1M EM
SEEARMERBLMEIEBMXRA TN ECEEREARE, ERME
Al3K 83.6%. FYTIN AT Bl SMEEHIARAGESHNEREELR, ZHE T
A -5 =SHFRITE.

3. REBIEXFRIE L Zi#EIMRBEE (ACEBOC) AHI/ ERREAR,
WRTIZDEXBEMXREIECES M AMR, 5 Galileo E5a/b
#A. MEEIREMEE 33%, &F ACEBOC BY B2a/b ES RIS M gt —

B2{5 S B1fF S
B2a

“}

ACEBOC

B2 signal B1 signal
B2a
B2b
-
£ §
] 5
) ) " 2 )
1 o >Q branch Q branch

ACEBOC

CEMIC

Schematic Diagram of Navigation Signal Structure for BDS-3 B1 and B2 Frequency Points

SSEMEL S ML, FEdL
BEKEN SRS ERE.

1. The project invented Quadrature Mul-
tiplexed Binary Offset Carrier (QMBOC)
modulation. It overcame the challenge of
orthogonal combination across frequen-
cy, phase, and code domains under ITU
spectrum constraints, achieving 20% low-
er ranging error compared to GPS L1C.
The BDS B1C signal based on QUBOC
enhances ranging accuracy and multipath
mitigation significantly.

2. The project invented a Constant En-
velope Multiplexing with Intermodulation
Construction (CEMIC) method. It resolved
the challenge of constant-envelope multi-
plexing for signals with arbitrary power ra-
tios and phase relationships, achieving an
83.6% multiplexing efficiency. It enables
high-efficiency broadcasting of two gen-
eration signals in the B1 band, ensuring a
smooth transition from BDS-2 to BDS-3.
3. The project invented Asymmetric
Constant Envelope Binary Offset Carrier
(ACEBOC) modulation. It solved the chal-
lenge of constant-envelope synthesis for
dual-frequency multi-components with ar-
bitrary power ratios, achieving 33% lower
ranging error compared to Galileo E5a/
b. The B2a/b signal based on ACEBOC
enables five services broadcasting with
a unified architecture across satellites,
supporting the world's first multi-functional
hybrid constellation for BDS-3.
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tEaEdie. BREHMILLSMES

BeiDou Signal: Global Coverage, Leading Performance

AINE R ERIR 2025 EFEHEBHALP—FL (FHEE) , 2020
FPEIESMEMNHRPESMHERARSER, KPELHEEH 28
. EFREH 48 1, (ERPEXEI) /GPSBXAFEE, MIINABTRR
BB FII=SPTEHALIKRMHUERS, LTNEMBEEHRE—,
EMERT HES TZAERESMN= L, FRANTEERITEN
ICAO. IMO. 3GPP FEF5E, BRZTEIK200 ZMEXRMHMIX. #5
MUHZitRF.

MBEAAEFEEESAHS5ESER BESK 1T MERMMK
RIGRIN, AFFEMERR. WEBRNBERNSHEE T BLAEARR
i, BAEMRSM~LNAR. RIBPERESMEMHSIEIE, &b
SEMEEERRBIESNESHNERRDH. 8. BAENZO~ER
3 966 1275, MBHARMER 1% HWEHENE, F=FE0EEFHE
£99.6 ZTTARM.

The project has received the 2025 First Prize of Technological Invention from the Min-
istry of Education of China’s (pending award) and the 2020 Special Prize for Satellite
Navigation Science and Technology from the GNSS and LBS Association of China. It
has secured 28 Chinese and 48 foreign patents, and facilitated the China-US BDS/GPS
bilateral statement. It has been applied to all 35 BDS-3 satellites, providing global ser-
vices, and field tests demonstrate world-leading positioning accuracy. It has driven the
formation of a 5-trillion-yuan satellite navigation industry in China, and been incorporated

BSHRERBAEH 28 . 72 17 MERMMXIRLAELF) 48

28 invention patents granted in China and 48 invention patents granted in 17 countries/regions

into national standards and international
standards such as ICAO, IMO, and 3GPP.
The project now serves over 200 countries

and regions with billions of users world-
wide.

The project's patents include signal
transmission and signal reception, and
have been authorized in 17 countries and
regions globally. It has laid a solid tech-
nical foundation for developing high-per-
formance, low-power receiver chips,
propelling the global navigation industry
forward. According to data from the GNSS
and LBS Association of China (GLAC), the
core output value of terminal chips, com-
ponents, and algorithms relying directly
on satellite navigation signals in China
reached 96.6 billion yuan in the past three
years; with a 1% contribution rate, the
project's technological achievements have
generated approximately 960 million yuan
in economic benefits over the same peri-
od.
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BeiDou of China, BeiDou for the World

MERHE Bl. B2 RESEMASR, RIRTMERREZ. &5
WEZR. ZESZUSEEL. FRIEEER. RESERIFERHISFHR,
LA =SB 0 MANIEMN 5 FENIECLBNBIMERRHRAE
HRIRMARS . RIEBFREILFHNITROEFR (GNSS BRSS MNITEA
&), B2020 F 7 BERFRELUK, L} =SRSMERETHA—R
KE, EUREMAEERE—.

EEREEESRAT, PESMESHRALRERHREMRGEN
EEEM, 5T ITU ERTRSEERER £, 2017 F£2F QMBOC
B BIC S E(EMH % B1C # L1C S ERFRFIBERTHH LR
ERXEER, 3BT =SEARRKER LRENER, ItE, 3=
SEZIRFIMAT ICAO. IMO. 3GPP. COSPAS-SARSAT % = frin&,
MRMRMIZET L =SRS eI, EEALER,

The project proposed BDS-3 B1 and B2 signal schemes addressed challenges such as
spectrum resource scarcity, transmission power limitations, multi-signal and multi-service

LA =S DESMARENGE SHEENE

Ground monitoring results of on-orbit BDS-3 signals

broadcasting, smooth transition require-
ments, and compatibility and interoperabil-
ity constraints. To date, all 35 networking
satellites have adopted the project's
achievements, providing services globally.
According to the GNSS Service Monitoring
and Assessment Monthly Report released
by the Test and Assessment Research
Center of China Satellite Navigation Of-
fice, since its official launch in July 2020,
BDS-3 has maintained world-class service
performance, with positioning accuracy
ranking first globally.

In international collaboration and ex-
changes, the compatibility and interop-
erability of navigation signals are critical
to fostering international partnerships.
Following spectrum coordination under
the ITU framework, the QMBOC-based
B1C signal directly facilitated the success-
ful completion of the China-U.S. B1C and
L1C signal interoperability negotiations
in 2017, culminating in a joint statement
between the two countries and removing
the last obstacle in BDS-3's development.
Subsequently, BDS-3 has been integrat-
ed into international standards set by
organizations such as ICAO, IMO, 3GPP,
and COSPAS-SARSAT, and the research
enabled BDS-3 to serve the global com-
munity and benefit humanity.
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The global debut of smartphone direct connection to satellite for audio and bi-directional SMS commercial service

ARERFNEERBDE ARG XERARRFER A

Key Technologies, and Scale Application of Smartphone Direct
Connection to Tiantong Satellite System

PEEEEABRAR

China Telecom Corporation Limited

ERNEHHRAF]

Huawei Device Co., Ltd.

PEEFRERANRE A OHRR

Chinese Electronics Technology Group 54Th Institute

FEREDEER RN BRAE

Hwa Create Corporation

£l

onf

AREREFINEEDLERATEXDEBDBETHNERIRIELIH, BHRK 66 £SKAR, BhEIRM
—fEFE VRS R BRI R REERA,

Introduction
Smartphone Direct Connection to Satellite technology is a huge innovative breakthrough in global mobile satellite communication,

which is the leading technology in the future 6G and serves as the crucial and fundamental technology for the integrated development
of space-ground industry chain.
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Breaking through the difficulties of ultra long distance
communication with GEO satellite and building the
world’s first state-of-the-art space-ground integrated mo-
bile communication network

PEBERLKE WU, RRFINEESHNIEBENERRAR
5, NEHTR—EFINEEDEREER, 2ERFNEED
ERENE. RS BENS. FIEEIERT~m. EMRSEE
FE. PR NRIE AR ATE, SMAREEFN TRER
wsS” EERESNIE, ZNEEEKEAARERFINEEDEES
EREEEEARS, EREXE MR —ERSEHBENS, BiE
FEFREHKT, ERFNEEREEERARLKRMEEMRGASL, |
HTAR=R,

China Telecom along with industry partners bridged the huge technical gap of mobile
phones’ direct communication with GEO satellite. It newly released the communication
system “space-ground integrated direct phone connection to satellite” and made holistic
innovation on 5 large areas including direct phone connection to satellite communication
standard, space-ground integrated communication network, direct phone connection
to satellite flagship products, space-ground integrated operation framework, and end-
to-end industrial testing and validation system, thereby achieving smartphone direct
connection to Tiantong GEO satellite with “no change in SIM cards or phone numbers”.
This project announced the global debut of smartphone direct connection to satellite for

i Vel g e

Five Major Innovation Systems

audio and bi-directional SMS commercial
service. In addition, it established world’s
first state-of-the-art space-ground integrat-
ed mobile communication network, where
direct phone connection to satellite com-
munication technology as well as terminal
products take the lead internationally and
fill the blank of the industry.

2023 FERE+ABHTIE

Top 10 super projects of central SOE in 2023
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MHEER AR, MITURBREFN. SEWEH, HIIXEE
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Empower the public, expand from the industry to the
fields of mobile phones and automobiles, and promote
the international operation of Tiantong

BB —AEERERE. TFMIT. BINIR. KERNELME
MEBEEZRT, NBFRHENRMNT. STENEREETR, 5—7
BEAET BT PESNRESHEERAANRAAN, SHNIEBETE
MITIEIR R MAZIERIRIR R,

ERRHR

Laos Press Conference

PEEBLRGR

Hong Kong Press Conference

On the one hand, this project provides
users with a low cost, high reliability con-
venient communication method under

scenarios such as disaster rescue, ocean
voyage, wilderness exploration, travel
adventure, etc. On the other hand, it dras-
tically expands the civil use foundation of
China’s GEO satellite mobile communica-
tion, thereby achieving the scale extension
of satellite communication functionality
from industry to the general public.

BE225F5H8, £ F
2. /K. OPPO. vivo. H 34,
—EEEFRFNREELEEERE
PEZHRFNKEIKX 4R, Rit
RIFHEER 2500 5 &, HER
e E RANB T2, FES
EENEEREVESRITARERAR
516.8 AF, RitelUr 4.25 127t

By May 2025, the number of smart-
phones with direct connection to Tiantong
Satellite capability announced by major
phone brands such as Huawei, Honor,
Xiaomi, OPPO, vivo, ZTE, Samsung, etc.
has reached 41, along with a terminal
shipment of more than 25 millions, which
produced a sales income more than
100 billion. China Telecom direct phone
connection to satellite service has accu-
mulated to 5.168 million subscribers with
a 425 million Chinese yuan accumulated
income.

EBFINEEREXBRAC
W, PERELRET2024E5R
8 HIEHFEEHE. 2025 F5BEE
WEMEEDEWS, #HEhET
ERGERUEE, NBRINEDH
RS R E B BB E R R,

Through critical technology innovation of
direct phone connection to satellite, China
Telecom has announced direct phone
connection to satellite service in Hong
Kong on May 8, 2024 and in Laos on May
2025, respectively. This promoted the
international operation of China’s satellite
system, thereby providing the bridge for
high quality interconnection between do-
mestic and overseas infrastructures.
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Leading the innovation of
direct satellite technology
and building a new mode
of satellite industry devel-
opment

ESIRAREIH S E, ZIE
BEEBERE. WEEE, 5T
. BEFRR. WRERIRS
B2EEIHE, BT —RFIFH
BEMRFRER, IBERNAA
TR 101, BFiEHE AT &
REX 16K, BRTERLETE
TEBENERMEIE SOSEED
g€, ZIEERmEkEEFN
HEDERERBRAS R,

In leading innovation of technology, this
project has formed a series of direct
phone connection intellectual property
system via holistic innovation in 5 areas
including communication standards,
network structure, flagship products,
operation framework and testing system.
It authorized 101 invention patents, 40
registered software copyright and 16
published papers. In comparison to other
service operators in the world which can
only provide satellite SOS SMS function-
ality, this project has successfully provided
a holistic solution to enterprises for direct
phone connection to satellite worldwide.

AR ARG E, ZHE
B RIF M E TS B S AL IER
m, MtHR. RitREE, UK
BIFTIR B T 8 L2105 A B AL AR
MEWEF, BHRHRM—EF
WEE. DENBREAER, H5h
BEIDEARR, SH SRR,
MBELEF, HRTRBITIRNR
BF 67T HAHEME, FIEE
WA B RGR B E, it 2025
FRFHEDERENRIKEER
B 30005 A, BEFESEFN

TR

Authorized patents

HBERDERR

Consumer grade satellite terminal

FER 1/10, HMRSHFTRE T B,

In promoting industry development, this project utilized the advantage of scale in ter-
restrial mobile communication industry to integrate ground with space to drive the
mass production and reduction in cost of satellite terminals with technology innovation.
It strongly advanced the integration of space-ground integrated industry and reduced
costs while enhancing efficiency in satellite applications. This drives the low-cost, large-
scale production of direct-to-satellite terminals and chips. Compared with the annual
sales volume of 60,000 to 70,000 in the Tiantong industrial terminal market, direct phone
connection to satellite is expected to boost industry growth by several hundred times.
It is estimated that by 2025, sales of terminals supporting direct phone connection to
satellite functionality will exceed 30 million—nearly 10% of China’s annual mobile phone
output—expanding from the mid-to-high-end segment to entry-level smartphones priced
around 1000 Chinese yuan.
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An Integrated "Communication, Navigation, Sensing and Management" Low-Altitude Intelligent Network Technological System

= EERMAXBRAHA RS M

Key Technologies and Applications of Low-Altitude In-
telligent Network
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China Mobile Communications Group Co., Ltd.

ZREEEeE (M) BRAT CHANG | [2fif

EHang Intelligent Equipment (Guangzhou) Co., Ltd.

FREE (R HRAH

Phoenix Wings Shenzhen Co., Ltd.
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Introduction

EAN. AR HRREFTRR=HE L L.

The Low-Altitude Intelligent Network (LAIN) is pivotal in driving the high-quality development and high-level security of the low-altitude
economy. This achievement delivers comprehensive and systematic innovation in LAIN across four dimensions: technology, standards,
products, and applications, enabling digital and intelligent innovations in lifestyles, industrial production and social governance.

MEAE = BRI A R TR
Mg SN ARE
Leading Technology Inno-
vation, Large-Scale Trials
and Application Demon-
strations in LAIN

REERFA “THIHE. BR
MmE. R2rE N%OER, 7
BERKED B § B g8 —
FEHRTERMRAER, RHK
TEEMBAN. BR—PREK
. BREREEMAREEREER
AN, BRR=rSESBEH. =
WA TFILA. TREREERS.
I REMERS IR, £

S 3GPP. ITU SirAE 331, HiE
7 300 RN
BXE AL b 4 RS R— ARG,

EBEB 700 v, FTEEHRMERET
ﬁE’@M, SKH 600 KB EMRTERE
SEBE 300 KSERTREAE
éﬁ’:gm’ i “piBER" RT4HG
BIRSTA, S 200 REAM.
eVTOL A, RitHZ#HEaL(Z,
&M INEEE. BBYIREHE.
BAMA W THF AR AT
T, AETERNESICEENE
FRRMEITRE, RIK 2024 K3k
L& MR AR EF 10 RITE T,

Guided by the core principles of "air-
ground coordination, communica-

tion-sensing integration, and security-trustworthiness", this achievement has established
the world's first LAIN technological system encompassing capabilities of communication,

navigation, sensing and management, introducing landmark technologies including
novel fish-scale networking, hybrid communication-sensing waveforms and a converged
network architecture of communication, sensing, computing and intelligence. These
technologies address global challenges including difficulties in achieving wide-area con-
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General Aviation
Helicopter

RE=ZEFBEES

3D Low-Altitude Communication Coverage
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tinuous coverage, significant air-ground interference, stringent reliability requirements, and real-time safety supervision in low-altitude
operations. This project has led the development of 33 standards such as 3GPP and ITU, resulted in over 300 patents.

In collaboration with industry partners, four types of integrated communication and sensing base stations were developed, with more
than 700 units deployed, forming the first large-scale low-altitude trial network. This network achieves continuous communication
coverage up to 600-meter height and continuous sensing coverage up to 300-meter height. This project has developed the "CMCC
Lingyun" low-altitude service platform, supporting over 200 types of drones and eVTOLs with more than 100 million flight trajectories
processed. It has enabled world-class application benchmarks such as urban food delivery, cross-sea logistics and aerial sightseeing,
providing pioneering practical experience for the global commercialization of LAIN. The project has been recognized with more than 10
awards, including the 2024 Future Network Leading Technology Achievement Award.

‘PEER REGERSTEE
"CMCC Lingyun" low-altitude service platform

meeEiEAN. £=AN. HSREMRESHE eI
Empowering digital and intelligent innovations in lifestyles, industrial
production and social governance

TRREM=IR BEHTBETEHF+RIRA RN, FTEHANL KT, BEBYRERE R ERT,
B ARENARNEREL S RE,

MAHITHE, FRRTREREE. B2 EH216-S TABRAI=EE, BT 46/5G M. GNSS £k
SMIERZSHERFBAERFLNER, TN M. B, KRFRESTHREAML ¥T.

YIRERAE, MEZXEYRITER. ERUS EBZEENEKERBRER 56-A BRE—FEBMLMN
=WEEBESR, BHTANEBTH, AUBE 1/NNALSE, 2/)\WILES, SIRKRSMAAREEE.

SEREAH, EHREEREREN. EEXRTERMBHATANENRS:, KMWABERR. K LR,
ARRUNPENEDE, KERMER 520 THRE, BRED—LB/ANELRE,
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Zhoushan-Shanghai Cross-Sea Low-Altitude Logistics Transport

IR HABRSHTT

Guangzhou Low-Altitude Manned Sightseeing Flights

This achievement has been piloted in ten major scenarios including low-altitude logistics, transportation and firefighting, establishing
application benchmarks such as aerial sightseeing and cross-sea logistics. It enables the low-altitude applications to profoundly em-
power society and citizens.

Enabling New Aerial Sightseeing Experiences. Using EHang’s EH216-S autonomous aerial vehicles, 4G/5G mobile networks, GNSS
and ground control systems, manned sightseeing flights have been successfully conducted in scenic areas across Guangzhou, Hefei,
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and Taiyuan.

Redefining Transportation Paradigms. Between Zhoushan and Shanghai, the world's first 100-kilometer5G-A integrated communica-
tion-sensing network allows fresh seafood to reach Shanghai within an hour and dinner tables within two hours.

Upgrading Social Management. In Chongqing, a drone-based forest fire monitoring system has been deployed, capable of automat-
ic fire detection and alerting. In a recent wildfire response, drones flew over 520 km? of forest, reducing personnel risk and boosting
emergency response efficiency.

HHREEFEHE. MMEHELE

Driving High-Quality and Large-scale Development of the Low-Altitude Economy

SIMR=EHMKRAF LR, ITELKED ‘B F. B & —HHNERZEENKARGER, TF5%
3GPP MEXEANERRTE, RABERENTEMENT2KEERZE, FRFTMMEKTANARXITIARAEL
T18 W, EZEHEMMRIAL, ITEBBYIR. HAMAFTITNA, RIX 2024 RRMERCRMR.
PEERMFEFEERNTHARE 10 RIKD, AETEEMRATLICEEMRE BRHTTRENN
AR,

HERELEFTWAMRUL R, ARRBDITEE T HAIRERE. SRBESM. SHEIEBN. 5X
AERE FTANETERMREEBEMIZNE, BNEER=E5F LiEc&EmEL AL, Wik, Eak
g, HFMETHETNBRF AR, ERESTL. B Jig. BEREXHARE, BESTREFULES,
XERTEFEHRE. MEUER.

Leading Technological Innovation in LAIN. The project has established the world's first integrated LAIN technological system encom-
passing capabilities of communication, navigation, sensing and management. It has led the development of international standards
for connected drones in 3GPP, and initiated 18 industry standards within CCSA. Large-scale trials have been successfully conducted
across multiple provinces, with pilot applications implemented in cross-sea logistics and aerial sightseeing. The project has been hon-
ored with over 10 awards, including the 2024 Leading Scientific Achievement of the Future Network and the China International Digital
Economy Expo Excellence Award. These efforts lay a strong foundation for global commercialization of LAIN.

Promoting the Large-scale Development of the Low-Altitude Economy. This breakthrough facilitates the creation of next-generation in-
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formation infrastructure integrating "wide-area reliable communication, intelligent precision navigation, multi-dimensional sensing, and
efficient regulatory control", accelerating the evolution of upstream UAV equipment toward unmanned, connected, and intelligent while
empowering downstream digital upgrades and expanding low-altitude application scenarios to a broader level. This fosters a diversi-
fied low-altitude industry ecosystem, and promotes the high-quality and large-scale development of the low-altitude economy.

FREFSENTE 2024 MWC AR KW GIF MR

China Mobile Release Low-Altitude Intelligent Network Innovations at MWC 2024
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Key Technologies and Large-scale Applications of
GLM Large Models
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Tsinghua University
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Introduction

This project established a new-generation technology system for cognitive large model, developed the GLM series of models, and the
main performance indicators are aligned with the international advanced levels. The series of models are open-source and achieved
large-scale applications. The project has generated extensive international influence and achieved significant scientific, economic, and
social benefits.

BIUTINMARERARGR, TRERIETNTEMS AIRE FIARERERII
#HIKTE REEREN. ERMENET
Established a Cognitive Large Model Technology System, mE#Bka:, B TH—RIAR AR
with Key Performance Indicators Aligned with Interna- migrxz, FEMEEENFE
tional Advanced Levels BR Ltk T,

ERBERMEE, REETH
[E]YFIE == 9318 AR T 14 5844 GLM,
EBRFERI AR EES
M, RARERSEHNE, BFEL
38

EERSKRELE, REE
TARERNSESERSERE
%, REXNTFIEEMSREES,
KMABRENZREINNE R B,

EEREERESHE, HATE
FRE#HENBETTAGRAERENK
AR, AT EABETRE. FHN
BRI S5 B REALRIFI AT To

To address challenges such as large
model framework design, content under-
standing and generation, and complex
planning, this project has established a
new-generation technology system for
cognitive large model, and the main per-
formance indicators are aligned with the
international advanced levels.

In terms of model architecture, a general
pre-training architecture GLM based on
autoregressive blank infilling was pro-
posed. A masked attention mechanism is
integrated into the autoregressive gener-
ation process to enhance the robustness

GLM KIEERE AR

GLM Large Models Technology System and reduce hallucination of large model.
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In terms of multimodal models, a multimodal understanding and generation algorithm based on visual experts is proposed, which

deeply aligns language and multimodal signals to achieve multimodal cognition and interaction in large models.

In terms of agent models, an autonomous tool-using agent technology based on deep reasoning has been developed, enabling the

intelligent planning and execution of tasks across general graphical interfaces, mobile phones, and computers.

BT GLM RFNIERMBSHMRSEN, MW7 HEL
Rz A

Established GLM Series of Models and Diverse Service
Patterns, Achieved Large-Scale Applications

AMBRIL T EERE, WHERE, SESEKEE, BAERESE GLM
RIIER, RIES. BR. WRSFSESHBERSEMN, UNEER
BERITRS, A TIHEEE ChatGLM, HigRT £ Al [RSEHF

KiEE! MaaS F&
Large Model Maa$S Platform

“BiBBE o BUYTRERRSS
(Maas) BI—XNARE A X F
a, BZAPHEAR. zEHE. =
B HEEEFANRMHRS. B
¥ AP ERBRZF. TEXER
AMAITZ, RIFR&kRSER
BW. £mE20RMIULERR
BRI T B, FEHTI
BRI AR RNV A, (Rt H K
BB FAR. KM T REFHIRIER.
ZFMH R,

This project developed a series of GLM
models, including foundation models,
dialogue models, multimodal models,
and agent models. These models provide
services for multimodal content under-
standing and generation (encompassing
text, image, video, etc.), as well as au-
tonomous execution services by agents.
The project has developed the dialogue
model ChatGLM and built the generative
Al service assistant “Zhipu Qingyan”. A
one-stop large model development plat-
form based on Model as a Service (MaaS)
has been established, which provides
services through API calls, cloud-based
fine-tuning, cloud-based private deploy-
ment, and other methods. The daily aver-
age API calls exceed1 trillion characters.
The key technologies of the project have
been widely applied. A series of products
and services have achieved large-scale
applications in over 10,000 organizations
across more than 20 industries, including
banking, telecommunications, govern-
ment services, and e-commerce. This has
helped industries develop successful large
model applications, promoted their intelli-
gent upgrading. The project has achieved
significant scientific, economic, and social
benefits.
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Practicing the Philosophy of Large Model Open-Source to
Foster Technological Development, Gained High Interna-
tional Recognition

MEBMAEEESKE, FFR40 R MER, GitHub Star ¥ 157,
£74 1000 RMARIE, RHAZMHKALR, TEFR ChatGLM-6B
RYEE, EZHERIT 4 A% Hugging Face £ AIRB B IEREE,
FIPATE Hugging Face iFHHAY 2023 FELEREZ M 15 RMHHEZSE 5,
EHEE—_EERAL, ERRINT) (Nature) £ “China’s ChatGPT: why
China is building its own Al chatbots” MXZEHNAT ChatGLM HEITEH
BRXKESEESENSEE, ZEFEERSIRTT ZXxE. TIEHE
WA ERF A TERETRS ICLR2024 K&z WWW2024 4 T 4583R &

GLM RIURELFFIRES IR

Open-Source Ecosystem Development of the GLM Series of Models

The project emphasizes the development
of the large model ecosystem. It has
open-sourced over 40 models, which have
garnered more than 150,000 stars on
GitHub. They have spawned of over 1,000
open-source projects, fostering techno-
logical development in various fields. We
took the lead to open-source the Chat-
GLM-6B series of models, which ranked
first on the global large model trend list of
Hugging Face for 4 weeks. Additionally,
our team ranked 5th among the “The top
15 most-liked organizations on Hugging
Face” in 2023, it is the only Chinese orga-
nization on the list. The international top
journal Nature introduced the practices of
the ChatGLM model in developing Chi-
nese large language models in the article
“China’s ChatGPT: why China is building
its own Al chatbots”, which has attracted
widespread attention globally. Further-
more, our team delivered invited reports at
top international Al conferences, including
ICLR 2024 and WWW 2024.
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EETERASERERNEEEHRIIZGT S (NGAST)

NGAST: Nokia Generative Al Agent Simulation Training Platform for Embodied Intelligence

Tk Al B9k : IBEI NGAST F4&

The Future of Industrial Al: Nokia NGAST Platform

LBEETINRRHBRATE

Nokia Shanghai Bell Co., Ltd.

ERBRAAEERAR

SAIC General Motors Corporation Limited

518

BRI NGAST Faf AL Al BRAEMBFEERR, WPEARMIESRINGIWERE, WFA
AN ASAGEREFIESHTIHINZKEES, MRTUHFHEE,
Introduction
Leveraging generative Al, Al Agents and digital twin technologies, Nokia NGAST platform efficiently trains industrial Al agents with min-

imal real-world data. This empowers embodied intelligence, such as humanoid robots, with the generalization capabilities needed to
accelerate digital transformation across manufacturing and other industries.
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Accelerating humanoid robot adoption with digital twins and Al Agents

BRI NGAST FEKGe T EARIIGKMABA TBIRFBUENER AT, KT ZOLIFSEFRML. €
BREEM AL ARERBFTLERA, B LESREBMERIGET EEEEETE, EERMBUERSE
RS E, HEMEINFRENERREA 10 Gl ZTPaEENTHRAAESERENEEEZSRSBNRNES
BERE, KEHERT TUERAEBIR. SESHKEZLCNIREBENESN. FEEEREFNT B, X
REMASERNRISF, EHATNSARDEABFZOMSETE, RANATNBANRKNES EiE#
AT HIESEBRARBRASE, ZHREE 2025 HRBhBEAZ LR GTI AR, REWANSEIAT,

Nokia's NGAST platform has overcome the significant challenge of needing amounts of TeleOp data for training. It achieves this
through a core innovation that sets it apart in the industry.

By integrating Generative Al, LLM, and digital twin technology, the platform uses a small amount of high-quality data to expand training
datasets by hundreds or even thousands of times. This drastically cuts data collection costs and time, while also increasing simulation
training efficiency by over 10 times.

The platform also enables embodied intelligence to have multi-modal perception and autonomous decision-making. This greatly en-
hances the ability of industrial Al agents to generalize skills and adapt to various tasks and scenarios.

With its strong scalability, the platform can support various types of embodied intelligence and robots. This makes it a crucial technical
enabler for the successful application of humanoid robots in key manufacturing sectors. The solution was highly recognized by the in-
dustry, receiving the GTI Award at the 2025 Mobile World Congress.

EET NGAST F&

Nokia NGAST platform
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HEIE NGAST FERIIR A, MRGREIREIFENE, VEE I NGAST ¥ & EFERRIR

=i HESKEEMMNE, UERBA
Nokia NGAST, successful application, expanding global shiswAANREK, RIUMEEEN
partnership ZFMESHBN. ERFRHES

H, ZFaBdERARARRIZ
MEREF 10 FU L, KIEFEEE
BEREMA, HIIHBEFBERRE
9’+ 30%-50%, Itt5h, FaIUILRE

AV BRI R E — IR IR R 5T 17
=, WAEHERRBREFE
TR, Fitelmd 30% 8RS 7F
AVESE], RRHRAHIERME, =’
RIEFFIETER, REAIHR

ZET IV ERE TurEREW

w B, BHaM=EAHE, FaEET
ﬁ?{‘{:%&i TV EEEN 2 A TR IME SR EEH
ZIREFH MBI, Fiitd i 7 SR IE K 30%-
50%, WwEhFMNEMMmK. TE

SHZFHE, SaEEESHHE
R/ T BEIREFENE MK, ¥R
feLr.

mm
With its successful experience at SA-

IC-GM Cadillac, the Nokia NGAST
platform is actively expanding global
partnerships. The platform demonstrates
significant economic potential by boost-

Industrial Industry ing training efficiency over 10 times and

Scenario lntelllgence increasing production by 30%-50%, while

also reducing costs and risk in high-risk
tasks. Furthermore, it creates new, high-
skilled jobs with an expected growth of 30-
50%, while promoting green manufactur-
ing by reducing energy consumption and

Full Spectrum Autonomy
waste.

* *

Enterprise /"~ Digital
Data Value Transform

All Elements Higher Level

AT NGAST FANARIRI 13

Nokia NGAST: Broad Application Prospects
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Core Engine for Industrial Al: Creating High-Skilled Jobs
and Building an Open Ecosystem

JEET NGAST FAZ T ERE Kz L5IE

Nokia's NGAST Platform: The Core Engine for Industrial Al

EEIT NGAST FAEA T
BEEMMNZOSIE, SHER#HS
A= L& H 1 0 BB % T %2,
NGAST F & R#E T Tl 5 &l
FARBIEMA AT, EdERK
XA ER, EERRTHIERSE
R AFNBY (8], FHRAUIEF T EE
RBGZEE DRI BB R M, HETh
BREAESEERDIHEREE
RBH REMRITESHIEES, K
B EENAMIENHEE RLE
fitie FitZEl 2035 F, AETTI
PG EBEEBIT 100 FE R, [
B, FaEET T EENSAT
BIMEF S EENRAL, WETH
EATMBAL AL BFETEEE
THENFARBESVESRE, £
ERF T =l B AR KT,
it T M B EhkE BIa R

B ko

As a core engine for industrial Al, the
Nokia NGAST platform is having a pro-
found impact on technology and industry
structure. The platform overcomes data
and cost bottlenecks in Al agent training
by using generative Al to drastically cut
data collection time and costs. This greatly
enhances an agent’s generalization and
adaptability, providing a solid foundation
for large-scale embodied intelligence de-
ployment in complex environments.

It is expected to drive the deployment of
over one million Al agents in the auto-
motive sector alone by 2035. By creating
new, high-skilled jobs and an open eco-
system, it makes the leap from industrial
automation to full autonomy possible.
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EEIF NGAST & 3r3% 2025 & GTI gIF3E, EE T
Al $iSH

Nokia NGAST Platform: 2025 GTI Innovation Award Win-
ner and Industrial Al Leader

EET TV E AR RIR 2025 & GTI gIHR, BETHAETI A
TEHAF o ROTBAETIEEIL NGAST 5, ©ERIEERTI Al F1E
FEERRK, RIIRE T HIERFN MR, EERAINGNE, K
TESEREHANZIEES, R5IAT BB RREE T RIA,

Winning the 2025 GTI Innovation Award, the Nokia Industrial Al Agent project demon-
strates leadership in the field. Its core, the Nokia NGAST platform, leverages generative
Al and digital twins to overcome data bottlenecks and high costs. This significantly
boosts training efficiency, giving embodied intelligence excellent generalization and lay-
ing a solid foundation for the future of industrial autonomy.

INANMAOSVATIVIE AAORNE

CERV/ICE AND APDPIICATION

EET NGAST FATRIK 2025 £ MWC GTI IS TIRS SR AR

Nokia NGAST Platform: 2025 MWC GTI Innovative Mobile Service and Application Award Winner

034 page







Bz
Charm Of Science And Technology

AT e = A Y LY
o= Bs o
Voice Language -~ Vision

BFAEEA S ARIAER BF ATRER

Digital Human Voice EhgitatHuman Script:Generation Digital Human Image

Synthesis Generation

SHHE HERZE

Multimodal Collaboration Dynamic Inleraction

RIS EDRNEHELF ARR

Script-driven multimodal collaboration hyper-realistic digital human technology

B ZIRDERSMEHF AZAR

Script-driven Multimodal Collaboration Hyper-realistic Digital Hu-
man Technology

BE

BAIDU

515

BIAREHZRINENSIMERFTARATF 2025 F 4 BER, RKRTESESENDE. ERHDHEREEFRAR
MR, T T HF AN B ERE NeESA—MNERASHNRESM L. ETZRABEFBIT 105 MEFA,
BEED. HE. FRFHTNMTL, BINFHERAET 80%, EREIZUEREA 31%.

Introduction

The script-driven multimodal collaboration hyper-realistic digital human technology, released in April 2025, has made breakthroughs in
key challenges such as real-time multimodal collaboration and comprehensive dynamic interactions. It delivers hyper-realistic digital
human live-streaming characterized by high expressiveness, strong emotional impact, and free interaction among people, objects and
environments, as well as the stable and efficient live-streaming. To date, over 100,000 digital humans have been produced using this
technology, covering industries such as e-commerce, education, and law. It has helped reduce the cost of starting a live broadcasting
by 80% and increased conversion rates by 31%.
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Script-driven multimodal collaboration hyper-realistic
digital human technology

BRRE R T HFATINZ ERAMED, HINBECIT LS KIEREIZ
6. BREESEH. XAMEESRERBKEKTHRFA G-5-
& SR, BERYT AIMeIEHEA: BRAEHHSRDERA,
KUTHELERNBEMNR, RESEMNSRERENRIEER, &
TERABSHRSIAMAIRRE; SSRENENRE, RETS5HAFX
ENBARY; XABENEEER, BEERA T ESNEAENRILL;
BEEBINER T AL, R T K8 1D REFRE XX B,
XEBIFT AR 71T, it T HFARRBESKTERE, B
BRAMSIENZHIN BT R

To confront the challenges such as multi-style script generation, high-fidelity voice syn-
thesis, dual-anchor interaction and voice-appearance-language consistency of digital
human over extended durations, there are 5 innovative techniques of the script-driven
multimodal collaboration hyper-realistic digital human technology, including script-driven

BIRIRH Z AR DRI A AR eI

Technological innovation of script-driven multimodal collaboration digital human

multimodal collaboration to ensure highly
realistic voice-appearance-language of
digital human, script generation integrating
Multimodal Planning and Deep Reasoning
to upgrade the content attraction and the
depth of knowledge of the live broadcast-
ing, real-time interactive technology with
dynamic decision-making to guarantee the
natural and smooth interaction with us-
ers, text-controllable speech synthesis to
achieve more natural voice, and high-con-
sistency, hyper-realistic long video gen-
eration for digital humans to solve long-
term identity preservation and complex
interactions between humans, objects,
and environments. These techniques
have broken the industrial bottlenecks and
led the digital human technology to higher
level.
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FEIDETERE 10 BEAF A, SIHBFATIRE
Producing over 100,000 digital humans and leading the
development of digital human industry

ETRIANZEMEANSMERFARA, BRINTERE 10 51
HFEAN, ITZEEHE. #F. FEFZ ML

BZRARBAIE R ERAKIBRET 80%, FAINEREERLEEERA
31%s.

BRZEATENRUGLRTEZREFA, TREMERINTTHREE
6 /NETHYEBINE HIE, WA 1300 7, GMV A 5500 5, o R
THERSIMR. RARESHETHRAESN, NEHTENBERTRE
B Wt

B, ZEACBEEEEENEE. BH. RESFZLERTEM,
B EROME, MRBUEATE, RIULI REOEZARSMNSHE.

Based on the script-driven multimodal collaboration hyper-realistic digital human tech-
nology, over 100,000 digital humans have been produced and applied in industries as
e-commerce, education and law, etc.

It has helped reduce live-streaming startup costs by 80% and increase conversion rates
by 31%.

Notably, using this technology, the live-broadcasting featuring digital versions of two
entrepreneurs on Baidu Youxuan, had completed a 6-hour hyper-realistic broadcast that
attracted 13 million viewers and achieved GMV exceeding 55 million RMB. The result

HF NEEBUEA

Digital humans outperforming real people in live-broadcasting

shows that the technology can effectively

attract a large audience, boost live-stream
traffic and sales, and bring significant eco-
nomic benefits to e-commerce platforms
and merchants.

Currently, this technology has been ad-
opted in Baidu's e-commerce live-streams
such as celebrity, books, and health. It has
delivered outstanding online performance,
outperforming real people in live-broad-
casting and demonstrating broad applica-
tion prospects and market potential.

G P
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Overcome the challenge of multimodal coordination and lead the development of digi-
tal human technology

BRESHE, ZAREAKRLZESHERD, TWMHFATIES. 1B
FARRIRER B, EHRBA. INAERESOH, BRARFARBERS?
BKER R,

A ERAE, ZRRITE T EAEENEATBNKE, AEBTLHERTHNER, HFAEETLL
RIEARNBAMZSHTIER, BEAFPSHEAMNER, BATHFOMERR, LI, ZHABEA
HRRET A EBRHR. —FE, IRFARRREL. T8, #PEFTROIE T HOFL MM, S—7Am,
WAERAEBRE T RRNRANNS, REMITRMFEIMEERNEE, WERITILHNEET K.
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iR, 3I1TMFARABE
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In terms of technological progress, this technology has overcome the challenge of multimodal coordination of digital humans in
live-streaming, achieving high-level synchronization and coordination in language, voice, actions, and expressions. This script-driven
multimodal coordination technology provides new ideas and methods for research in digital human technology, promoting the integra-
tion and innovation of perception, understanding, and expression to achieve a better content generation and user interaction.

In terms of industrial structural adjustment, this technology has changed the way that the e-commerce live-streaming heavily relies
on real-person anchor and faces limited anchor resources and constrained live-streaming time. The application of this technology has
made digital human anchors a new force in the live-streaming industry, enabling 24/7 uninterrupted live streaming without considering
the time and space. Furthermore, the digital human anchors can switch freely according to different scenarios to satisfy user demands
and improve user experience. This innovative technology promotes the change of employment structure as well. On one side, it cre-
ates new positions in digital human R&D, promotion, operation and maintenance; on the other side, it provides transformation opportu-
nities for human anchors to improve their skills and capabilities to catch up with the rapid industry growth.

‘“‘w\\\

- -~ \~~~..‘_~\\\
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Zhejiang Province's New Computing Center Located at Zhejiang Lab

ra it BHESR

Nanhu Computing Framework

ZIIKREE
Zhejiang Lab

E1H

Rt EERE—EREENS
MIHEHAMREBELR, HEHA
TEEEMERINSLS GPU KE
f#B,

Introduction

Nanhu Computing Framework is a large-
scale intelligent computing framework
that enables efficient collaboration among
computing, storage, and networking re-
sources. It advances the decoupling of Al
foundational model training from specific
GPU types.

040 page
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Supporting efficient collaboration across computing, net-
working, and storage resources, supporting multi-brand
heterogeneous accelerators and providing trillion-param-
eter large language model training capacity

AT BERXF SMERERTHANRESEEI%. CEEIRE
SRRENIGBAMER, FABIIIRE CPU BIRRBRMHREE, T
AEHRRNESEY)IGREBANPIEENAEEBEMERHERR, 3F
BENRIERAKTD. RANFREENER, BRAMEERE 90%
MU Lo BZAEREREHDBSHHEREAGE, ARIPREMRNFRT,
L 44.59% RIS HE, BRMAMRIHERERR, KUEEWM
BREMNE/EHNNES. CEUNREFEERBNRES AER,




TEEMMEREAELIBIANFERARRTHNNGFEMES 3.07 (£2] 4.99 &, KEFREHELEPRNEEHE, X7
RIES REIGI TS U ERRMEZME,

Nanhu Computing Framework supports large language model training across various types of accelerators. It introduces the first auto-
matic tuning framework for heterogeneous cluster model training, addressing the issue of extensive accelerator resource consumption
during strategy tuning for large language models. The search for optimal training strategies consumes only smaller-scale CPU resourc-
es instead. It supports adaptive uneven pipeline partitioning and automatic hybrid training strategy search, reducing tuning costs by
over 90%

For fine-tuning, the framework proposes a hierarchical parameter-sharing method that reduces fine-tuned parameter counts by 44.59%
while maintaining model performance, significantly lowering computational resource demands during fine-tuning and better capturing
both local and global information.

It pioneers a hierarchical cache management strategy and batch writing techniques, achieving 3.07x to 4.99x improvement in update
performance compared to the most advanced persistent storage memory systems, significantly reducing read-write overhead in data
processing and accelerating parameter updates during large language model training.

KESHRBNARBTRFA30%L

FPEREEREISL SEEERENER RERGEARE

8 (R A A5 {E90% A £

PEEFEERRE

HESAZR

FE AT EAESE AR AL ISR BEdR A

Nanhu Computing Framework’s performance improvement for large model training
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R SADIERHERT, REMSIWIMEFFESE
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Facilitating cross-brand heterogeneous collaboration,
providing high-speed communication across heteroge-
neous accelerators and achieving significant improve-
ment in model training efficiency without model quality
compromise

FAITEERLERS T RRENSHINR R, KRERERENE
M, ZAERBEALINE ZMINE-R-RIE GPU Direct RDMA EREBXEE
BiBE, NMMEER—NEHESBERE, SURMMRREEREE,
HEAMESMENDERE. 8w RSMERENER. B, IMEEN
rcﬁﬁ‘:F'. (BEatERMINRBEN LEMR A7) BRREILDT, ZIE

BEEWESBERN, BEAXRNBENITERRESA, FEFE
A“tOA“%AZ@{n?ﬁ'm?ﬁﬂ'I{?,}L%A\ BEFER 1.85 5. EXFLEMHINR
+* FP8 REHEEILk, £468BE. BEFMNL, THRFREEREFENFITR
T, IR EREF 30% U Eo

Nanhu Computing Framework achieves full compatibility with multiple mainstream ac-
celerator brands, facilitating cross-brand heterogeneous collaboration. It is the first to
achieve GPU Direct RDMA high-speed interconnect collective communication among

WEEPOERER

Intelligent Computing Cluster of the New Computing Center

multiple heterogeneous accelerators,

which enables the construction of Nanhu
Collective Communication Library pro-
viding high-speed communication across
heterogeneous accelerators. The frame-
work provides the capacity for large-scale
heterogeneous compute scheduling with
high bandwidth and low latency. We initi-
ated the proposal of the national standard
“Intelligent computing cluster - Test meth-
od of computing node interconnection.”
By reconstructing the collective com-
munication architecture, the framework
consumes zero computing resource on
accelerator during communication, boost-
ing AlltoAll collective communication band-
width by 1.85x compared with traditional
communication libraries. It supports FP8
mixed-precision training across multiple
accelerator types. Through communica-
tion and memory optimizations, it achieves
over 30% improvement in model training
efficiency without model quality compro-
mise.
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The fault detection capability of Nanhu Computing Framework

KIMHFEEFIAEMIESE, IERMEHNAIZSY
KIRREHNLR

Achieving high-availability intelligent operations and
maintenance at 10,000-GPU-scale cluster , supporting ef-
ficient training of trillion-parameter large models on het-
erogeneous clusters

R EAER SR A R VRS B RO R MBI, H-REBE R AT
FE 7%, SRUMIFERBRNSEERRE, KESREIGEMNK AR
AE98.1%. ZERERVMNABTFHIZSHKNESEEIE, ZFBERNH
mEFESIE, ANAESHRENE. SREETRMENSE, BiEm:
HMEENSMME ST,

Nanhu Computing Framework enables fault detection within seconds which raises
10,000-GPU-scale cluster availability to 97%, Through intelligent fault detection and
automated troubleshooting, the effective training time ratio reaches 98.1% for large lan-
guage models training tasks.

The framework has been successfully
applied to the training of trillion-parameter
large language models, supporting hetero-
geneous accelerator hybrid training with
advantages in high compatibility, stability,
and cost efficiency. It will promote efficient
collaboration and industrial applications
within heterogeneous clusters.
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The world's first truly commercialized Galbot robot, powered by an embodied Al foundation model, is deployed in retail sales

SRR RS 2RI ENRY VLA A EEEXIRE

Synthetic and Real Data-driven VLA Embodied Intelligence Large Model

FERIBAEREABRAE GN\NLsoT

Beijing Galbot Co.,Ltd.

ERARFRA T ERZRAH

Center on Frontiers of Computing Studies, Peking University

BERRF

The University of Hong Kong

518

REASUE YFHERZ" M “REZUENTRE" MAZROMRM, RTBACIIMEART “AME
EAERMIEMIE, BESHERIIE #elt. MEMWRT REMIEEMR. BEII%G. LANENEER—K
ERAREF R

Introduction

Focusing on the two core bottlenecks in the field of embodied intelligence—"the scarcity of training data" and "insufficient model
generalization capability" —this project innovatively initiates a new paradigm of "large-scale synthetic simulation data for pre-training,
complemented by real-world data for post-training." Starting from fundamental research and extending to cross-industry practical ap-
plications, the project independently develops key technologies such as physics-realistic simulation, Real2Sim2Real, and end-to-end
Vision-Language-Action (VLA) models. This effort establishes a comprehensive, integrated technical system encompassing data gen-
eration, model training, and application deployment.
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Embodied Al Foundation Model Dual-Driven by Synthetic
and Real Data

3T RS EEEHIE OMIZ M ER AR, RS IR IR E “K
IR ESREUETIG + LERELEBIERIIG NELEIEREIIZGH
B, MERBREEHANMEYEELNHESRIBEERES, HEE
LHIEBRERS, HBRT —ETUVAERREN 8/~ - ifE - 8-
gk - MR WEShHE TR, UNABMERIMLER, KEEEH
RIS R EIBE T ARE)I4%. MB~HT 2R EREESE
BERUIREE, S HZHEN RISFAMENALUIES DexGraspNet 2.0, B
7T AN =R R = H =85 BEA SR SpatialNet, UK B AR Z IR
HFERIESE GAPartNet 5,

FEWERME, MERATLSEKEN K IKESMEAKER
GraspVLA, HFllGR2ETHZR “5 - i85 - s SaREE, &
%R AH Sim2Real 8677, AETEAUNELIGRPLIUSEAZHM
B, FZ@Ed /2 ELHEARFIIGTEHMBAREEE RIZHIRES

SRAERNIE AR ACIHTEES

Galbot' Capacity for Applied Innovation

g, MEZFEINET2KENESE
BESTUR AL BE “FSD” SAKE
Navid, HLUE A EMERLHT
BN mRSAARE TrackVLA.

Addressing the two major bottlenecks of
scarce data and poor generalization in
embodied intelligence, Galbot has inno-
vatively proposed a novel virtual-real data
fusion training paradigm: "large-scale
simulated synthetic data for pre-training
+ a small amount of real-world data for
post-training." Starting from the underlying
physics solver, the project constructs a
physics-realistic simulation data synthe-
sis pipeline, integrates a real-world data
acquisition system, and has built the
industry's advanced and comprehensive
automated toolchain for "data produc-
tion-labeling-review-training-testing." This
system closed-loop iterates data produc-
tion and model training with low cost and
high efficiency, optimized for application
deployment goals. The project has yielded
multiple high-quality embodied intelligence
datasets crucial for global strategic needs,
including the billion-scale dexterous hand
grasping dataset DexGraspNet 2.0, the
spatial intelligence big data SpatialNet
covering 770,000 3D object assets, and
the ultra-large-scale components dataset
GAPartNet.

Building upon this foundation, the project
developed the world's first end-to-end
embodied grasping foundation model,
GraspVLA. Its pre-training was entirely
based on billions of "Vision-Language-Ac-
tion" synthetic data points, endowing
it with powerful Sim2Real capability. It
achieves zero-shot generalized grasping
in ever-changing real-world scenarios
and supports rapid adaptation from a
general model to an expert model through
post-training with minimal real samples.
Furthermore, the project trained the
world's first pure vision "FSD" navigation
foundation model for embodied intelli-
gence, NaVid, and based on this founda-
tion model, released the first product-level
navigation foundation model, TrackVLA.
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Functional Dexterous Grasping Big Data

B R AL 5 B RERL A

Cross-Domain Applications of Embodied Intelligence
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FARTR: EXEMIHREATNBAESUEETEX

Galaxy Store: The World's First Urban-Level Humanoid Robot Regular Operation Demonstration Zone
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Galbot adheres to the principle of devel-
oping "practical and functional" intelligent




robots. Its robots feature a highly utilitarian design with 7-DOF dual arms and an omnidirectional wheel foldable lift structure, enabling

widespread application across commercial, industrial, household, and medical fields. The company has secured cumulative invest-
ments exceeding RMB 2.4 billion from leading entities such as Meituan, CATL, China Internet Investment, China Development Bank,
BAIC Capital, SAIC Hengxu, and Hong Kong Investment Corporation (HKIC), ranking first in the domestic embodied intelligence sector
and achieving unicorn status with a valuation over RMB 10 billion.

Currently, the company has established 15 autonomous robotic distribution warehouses in Beijing. These facilities are compati-
ble with various complex shelf structures, including open shelving, precision retrieval systems, and drawers. Each approximately
40-square-meter store is equipped with over 5,000 types of medicines and 6,000 cargo lanes, with tens of thousands of medicine
boxes managed solely by a single Galbot robot. Galbot has also launched its first intelligent retail store operated by robots at the New
Zhongguan Darongcheng, supporting the sale of multiple product categories such as coffee, self-made beverages, snacks, cultural
and creative products, and medicines. It plans to realize the "Ten Cities, Hundred Stores" initiative by the end of the year.

As the exclusive robotic partner platform, Galbot hosted the International Artificial Intelligence Olympiad, organizing over 80 teams
from 63 countries to complete the international competition on its software and hardware platform. The company also recently won the
gold medal in the autonomous task scenario competition at the World Humanoid Robot Games. Furthermore, Galbot has established
joint ventures, investments, and in-depth industrial application collaborations with industrial giants such as Bosch, Hyundai, CATL,
Seres, and Zeekr.

The company has extended its robotic services to medical scenarios, including Xuanwu Hospital and West China Hospital. It has con-
ducted multiple live demonstrations and reported to senior Chinese leaders, including Premier Li Qiang, Vice Premier Ding Xuexiang,
Chairman of the National Development and Reform Commission Zheng Shanjie, Beijing Municipal Party Secretary Yin Li, and Director
of the National Data Administration Liu Liehong.

With R&D centers in Beijing, Shenzhen, Suzhou, and Hong Kong, Galbot has been selected as a member unit of the Al Standard-
ization Committee under the Ministry of Industry and Information Technology. The company has published nearly 100 cutting-edge
academic papers on embodied foundation models globally and holds 11 authorized utility model patents and 6 software copyrights, all
of which have been successfully translated into practical applications. Its achievements have been showcased at events such as the
World Robot Conference, the China International Fair for Trade in Services (CIFTIS), the International Conference on Intelligent Ro-
bots and Systems (IROS), the Zhongguancun Forum, and the Beijing TV Spring Festival Gala.

Galbot has been featured multiple times on programs like "CCTV News Broadcast" and "CCTV News," as well as other media outlets,
and has been selected as one of NVIDIA's 14 global humanoid robot partners.

SRAE B ATE TR AR A

Galbot' Applications in Industrial Production Lines

page 047



Rl 2z %
Charm Of Science And Technology

A5 EREAIREX b ARBIFUR R0

Embodied Intelligence Large Models as a Driving Force for Industrial Upgrading
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In contrast to current traditional robotic technologies that are limited to performing simple, repetitive tasks based on fixed programs,
the company has achieved a generational leap in capabilities through a closed-loop integration of hardware, data, and algorithmic

SRERNBSATESEDH LN A

Galbot have achieved significant applications in retail sorting

.- .- ‘ ‘._ﬂm“omooo- e coes
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technologies, enabling general-purpose service robots to possess human-like generalization abilities in operation. The company has

pioneered a globally innovative three-layer large model system, whose core concept is to achieve embodied intelligence with rapid
response and strong generalization capabilities via a 3D vision small model. The system is structured as follows: the bottom layer is
the hardware layer; the middle layer consists of embodied skill models that learn a series of skills—including generalized automatic
mapping, generalized map navigation, object grasping, articulated object manipulation, mobile grasping, folding clothes, and hanging
clothes—through 3D vision and Sim2Real simulation data; the top layer is a task planning model that employs multimodal large models
such as GPT-4V and Emu2 as task planners to invoke the small models in the middle layer. The company's Sim2Real technology en-
ables seamless transfer from virtual to real environments, overcoming real-world constraints by depicting arbitrary scenes and objects,
thereby significantly enhancing the robot's generalization capabilities and addressing the global challenge of high-cost and low-efficien-
cy data collection and processing. It has also introduced the world's largest dexterous hand dataset, DexGraspNet, and the massive
parts dataset, GAPartNet. Leveraging these two datasets, the three-layer large model system uses 3D vision to obtain point clouds of
components, enabling perception, pose estimation, and action combination to achieve cross-scenario, cross-material, cross-form, and
cross-placement generalized grasping based on human voice commands, with a current success rate of 95% and an expected future
rate exceeding 99.9%. Simultaneously, the company continues to refine its end-to-end multimodal large model, which directly outputs
actions. This model maintains high computational efficiency while ensuring high-precision and highly reliable operations across vari-
ous environments, ultimately achieving superior perception and performance in diverse scenarios and with complex material objects.
Through a "theory-technology-standard" three-level transformation framework, it supports precise operations in household service
robots and industrial flexible assembly, among ten major scenarios, and has established six industry standards, promoting the large-
scale application of embodied intelligence in smart retail, industrial manufacturing, services for an aging society, and smart manufac-
turing upgrades. Three key directions form an "operation-navigation-interaction" capability triangle: dexterous hand models solve the
challenge of tool functionality implementation, navigation systems expand the boundaries of environmental autonomous cognition, and
language-driven interaction bridges the gap between human intent and machine execution. Together, these advancements drive the
transformation of robots from "mechanical execution" to "active evolution," marking the dawn of a new era in artificial intelligence tran-
sitioning from data-driven to "physical interaction-driven" paradigms.

page 049



Bz
Charm Of Science And Technology

ATEEEFRRMETFAE ROCm™

Open-Source Al Software Platform ROCm"

AT EREHFRHFTFES ROCm

Open-Source Al Software Platform ROCm

BEFSHEAR (AMD)

Advanced Micro Devices, Inc

£l

o

AMD ROCm™ (Radeon™ Open Compute Platform) Rl AFIZMWATSEFRRETES

B, A TEIA. BAFRERFEEUMARSHEUHEERH, B A I AESEIR,

Introduction

, BEXER

AMD ROCm™(Radeon™ Open Compute Platform)is a renowned industry-leading open-source artificial intelligence software platform. It
contributes to fostering the Al industry ecosystem by supporting heterogeneous hardware, optimizing platform tools, enhancing devel-

oper-friendliness, expanding partnerships.
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ZEMRLHN GPU RFERN—RESNARARIASE

Optimized GPU Software Stack and Comprehensive Developer Tool Set

AMD ROCm B—MHRBRINMH%L, BEEZMRiEF. FATEMAP, AIAMNKERZEIRLRA N
AR GPU IR MBI fI. ROCm BErX4ETN Al #1 HPC A BT T (1L, MERBEMRSNENETHEE
ROCm %4

AMD ROCm BREAFRXARHMFTARTRT —RFITH, EBLIUREEER. RITMGEEEDE,

AMD ROCm™ is an open software stack including drivers, development tools, and APIs that enable GPU programming from low-level
kernel to end-user applications. ROCm is optimized for Generative Al and HPC applications, and it is easy to migrate existing code into
ROCm software.

ROCm includes a comprehensive set of tools to provide developers and researchers with flexible management, quality control, and
monitoring capabilities.

Al Models and Algorithms

‘ Al Ecosystem Optimized for AMD
OPyTorch 4 TensorFlow =

i
-

Libraries AMDa
ROCm

Open, Proven, Ready Software Stack

Compilers and Tools

Runtimes

0 AMD 0 AMD Leadership Accelerators
INSTINCT RADEON and Graphics Cards

ROCm 3Z#5IEREsH GPU, Ltk Al £35S

ROCm supports accelerators and GPUs, optimizing the Al ecosystem
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ROCm optimizes Al workloads and supports the broader
Al software ecosystem, including open frameworks, mod-
els, and tools

ROCm HHIR Al BFZBIRE, FMIZZYU Llama. Deepseek AJfE 47
HREEET. SHARMXKESELER, EFH 210 51 Hugging Face &
BIA[7E ROCm LiEfT, &M ATHHI ROCM 7 TSk A E B M B £
ROCm 6 F393RF 3.5 &, ERIEBETFI9IRF 3 &, 58 DeepSeek R1
LIRSy E: S LN

ROCm 7 1858 7 IR S A R R EThRE, HPFIEIEEE
ERFHARERN D HBENEE, SNt HMER Al TR, A&4%&HN

ROCm #EFAERMEE, MMRFHREIEN, RAFRERR

ROCm collaborates with ecosystem partners to accelerate state-of-the-art models and enhance developer experience

ImREERNINRE, I ARIEE, H
FAMBEURLE FP6 # FP4, 12
FREESERE, EBIHIPT.0, 15
SRS RIS F I8k,

ROCm accelerates Al deployment,
allowing mainstream models such as
Llama and DeepSeek to run on the day
of release. Through close collaboration
with the open-source community, over
2.1 million Hugging Face models are now
supported on ROCm software. The newly
released ROCm 7 preview offers an aver-
age 3.5x improvement in inference perfor-
mance and an average 3x improvement in
training performance compared to ROCm
6, enabling efficient inference for models
like DeepSeek R1.

ROCm 7 enhances capabilities integrating
distributed inference and enterprise-grade
optimization. The new features include
distributed inference with open-source
framework support, enterprise-ready Al
tools with orchestration and endpoint in-
tegration, support for large-scale models
with new data types FP6 and FP4 for
enhanced flexibility and performance, en-
hanced code portability with HIP 7.0, etc.
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ROCm provides developers with resources through its
developer hub and industry-academia-research collabo-
ration

AMD 5 Meta. {3k, DeepSeek. FIE ZF2HKEHR 5 KRB QB 51F,
WEARER Al £75 B, AMDRUUF=FHE(E, SERINSKITR,
W™ ROCM £7. HNNEBBERFE, LRKRF, HERATE, HEE
THFREMRFN, FRRADE, MIMERR ROCM REKEBITRE
BMRIE, HoZ R RS, #E) ROCm SRR URAIR A,
SETH, PEERROCM LBEEMRAEAIBM, KK, AMD K&
B A, HART B, BFREPSUH, BRITATERTSIT,
TREET1TE L,

AMD collaborates with global tech and large model companies such as Meta, Microsoft,
DeepSeek, and Alibaba Cloud to build an open and mutually beneficial Al ecosystem. At
the same time, AMD is deepening industry-academia-research cooperation by engaging
with universities both domestically and internationally to promote the ROCm ecosystem.
We have visited top institutions such as Tsinghua University, Peking University, Stanford

AMD TEFREI ROCm SRIOZE, HE#t Al =l EREIK

AMD established ROCm Lab in Nanjing, China, advancing Al industry ecosystem development

University, and MIT to conduct technical
sharing sessions, explain the principles
behind running large models on the
ROCm software stack, and share perfor-
mance optimization strategies— helping
to drive ROCm adoption in academic
research. In July this year, China’s first
ROCm software lab was inaugurated in
Nanjing Software Valley. Looking ahead,
AMD will uphold the philosophy of “To-
gether We Advance,” working together
with customers and partners to implement
the Al action plan and empower industries
across the board.
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The first 6-inch thin-film lithium niobate (TFLN) photonic chip wafer developed by Chip Hub for Integrated Photonics Xplore
(CHIPX), enabling mass production of ultra-low loss, ultra-high bandwidth TFLN modulator chips

ERANKMRSRAIRIELEFIHTES R XBRARSMNA

Key Technologies and Applications of Industrialized Large-Scale High-Speed
Programmable Photonic Quantum Computing Chips

EEREAEESHTF AR CHIPX | @) 2#xd4¢

Chip Hub for Integrated Photonics Xplore (CHIPX)

EBREREF

Shanghai Jiao Tong University

LiBE E*E‘%%?ﬂ&ﬁﬂﬁﬁﬁ

TuringQ Co.,
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EBRBRZFEHGAFOAMRARKS DERBAY. LEEAREEEFHRARAR, BRPEEFALTF
SRR, RIRRESERERIENLF A, SHE BN ESNABHEBNERR, SRANMESEAIREENL
EFOAIELES, HoEFHEFLRE.

Introduction
The Chip Hub for Integrated Photonics Xplore (CHIPX), in collaboration with Shanghai Jiao Tong University and TuringQ Co., Ltd., has

established China's first photonic chip pilot line. Breakthroughs have been achieved in wafer-level TFLN photonic chips, Femtosecond
laser multidimensional direct writing, and Co-Packaged Optics (CPO) technologies, enabling the mass production of large-scale, high-

speed programmable photonic quantum chips and advancing the quantum computing industry.

AL ANUSENBAME,. BRHE. SEAREELE
FitESH

Industrialized Ultra-Large-Scale, Ultra-Low-Loss, High-
Speed Programmable Photonic Quantum Computing
Chips

BRI EE A TS AP E AR TR, ARBRIRGE
BRI MZEEATFR/RENUSE, RETSBEZIM. RRFERSE.
SO RERFIER B ESEAR, LMTERERLTFRMEHRE
#8 1000 1, 2815 <0.1 dB/cm; BEF LM T AR £ 56 MHEFHH,
R T 2FMEMERE, RERE “FESHEZHAEREE . HF
PSR RS, FT& GHz K REBILIARISS, ST 32 X 32 SEEERER
SERBIRATRIZ S, X 10GHz R3l. AT IEEFi+ BB B
NEXNAZE, AT TEF - FHESITESEN, /B I0AT

EFAEHARNAEFIHERS

Photonic quantum computing system based on CPO

TOKARRET], B 100 EE4FIKEMLE
BRINEFITE, KIEREAIER
REEMARST.

Leveraging the advanced nano-fabrication
capabilities of China's first photonic chip
pilot line, the team researched ultra-low
loss waveguide design and multi-level
photonic device optimization. Break-
throughs were achieved in high-precision
etching, low-loss coupling, high-uniformity
wafer-scale manufacturing, and femto-
second laser direct writing technology, en-
abling monolithic integration of over 1000
photonic components with loss <0.1 dB/
cm. This facilitated the generation of 56
photon achievement on a single chip, sur-
passing the quantum supremacy threshold
and earning the "Top 10 Advances in Chi-
nese Chip Science" award. Using TFLN,
GHz-speed electro-optic modulators were
developed, resulting in a 32x32 ultrafast
programmable TFLN chip operating at 10
GHz. To accelerate the empowerment of
various internet application scenarios by
quantum computing, the team designed
a quantum-classical hybrid computing
architecture, supporting the solution of
problems with over 100,000 variables and
tensor network simulations exceeding 100
qubits, enabling a modular large-scale
hybrid integrated system.
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Physical image of the large-scale high-speed programmable photonic quantum chip

REFORMERFHMLEEHERE, RERARHEDDE
BREAEE

Photonic Quantum Chips Accelerate Computational Pow-
er Supply and Data-Intelligent Empowerment, Underlying
Technologies Drive IT Transformation

MERREEETHA. SRR, X ENERSFERKMNN AT
HREA R, EETRENE, tEFOAEIETF - RBHESHELRN
MaFaLREQLITETNS B D FIRitRIEIRMEREA, THE
ERGMARLIMTERERERA,; EERIN, UABFORREHENE
RiftE, EREFEE, ERNREE. RAAGMKEFERIETES
BIRE. EeERIERNE. FAXEFORIXERAR, RRLEETE
BREBS A MABHIREARN T ENAERNEESE, HERAIHREE.
RFENMAH RN R, HEEOTEESTRECEMVA, HifEshK
HEROREE, KRERRSIKEIEPONEFETR, BENXT Al K
B, KEERFEBRMNABNENIEES. BRETHERAR
W, MEZSRUEREFRIVERERTAFRSFSFTMEM, OFETK
TR, GEX 401278, 2025 F EFFHIT 12TiTH, SRBEHUR
KR
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The outcomes accelerate advances in
internet-enabled fields including medical
R&D, fintech, optical computing, and

interconnects. In healthcare, photonic
quantum chips, through the quantum-clas-
sical hybrid computing architecture and
cloud platforms, enable exponential effi-
ciency gains in protein folding prediction
and drug molecule design, achieving a
thousandfold efficiency leap in targeted
cancer drug development. In finance, the
computational power provided by photonic
quantum chips, combined with quantum
algorithms, demonstrates higher timeli-
ness and accuracy in risk management
and portfolio optimization. As key underly-
ing technologies, wafer-level TFLN chips
and CPO underpin optical computing and
interconnect. Their high programmability,
low power consumption, and large band-
width drive adoption across diverse optical
computing scenarios and advance optical
interconnects in data centers, significantly
reducing global energy consumption. This




directly addresses the computational power bottlenecks faced by internet applications
like Al large model training and real-time rendering. Based on the project's technological
breakthroughs, TuringQ has successfully commercialized products like TFLN modula-
tors, completed five funding rounds in four years, reaching a valuation of 4 billion CNY,
and secured POs worth 100 million CNY in the first half of 2025, achieving breakthrough
development.

TuringQ Gen2 KR AIRIZN EFIH B ARG UAMEZE A RIZNE FIHESH AR,
EfEFURERT. EFHERTSRNBET=AZOAN, HEE—ESEEMANRE
BHNEFITERS. REXBETF - BRESITERN, A% 56 XFME, X 10
FETRRET], SEBBMNNERITEES

The TuringQ Gen2 large-scale programmable photonic quantum computing system, featuring its large-scale high-speed
programmable photonic quantum computing chip, integrates three core components: quantum light source units, quantum
computing units and quantum detection units, forming a highly integrated and synergistically efficient quantum computing

system. The device employs a quantum-classical hybrid computing architecture, features a 56-photon scale, supports solu-
tions for over 100,000 variables, and can easily handle complex computational tasks
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The "TuringQ Bio Platform" biomedicine intelligence platform addresses pain points across various R&D stages. It integrates
the speed of quantum computing with the neural networks of Al, forming a comprehensive one-stop platform encompassing
synthetic biology, antigen/antibody design, and small molecule drug design, bringing limitless possibilities to the develop-
ment of biomedicine

K=z, XEFIHRERPILES, BHENE
2%

Breaking Through Industrial Bottlenecks, Photonic Quan-
tum Computing Advances to Pilot Production, Driving
Leapfrog Development in Computing Power

HREEREAALLBNEANER, ECAUERNEET, &
ESRKBUABRFIHERAFRAR, RIKRTRBERSEAREEZRIRE
KEFERAERARLZ, ARRTHEEFRAFOAPEHE, ETFIR
TAERETHAEFIHEN, BRTEFEREHRL, BIEFIMEAI
g, EEFUFEIN EERRT. YRBEE. SRRAAEMLSR
REESFTEEEARBEEZNESHRVANILALRE, NEFIHERN
PR BRMH T AR, AMBASIEFRREE IR R A HE
EiEREES, LEskAR, TZ2FafmBARAmF, k3l E
TR INRESR, WET BV ESER, AR, FEN
ZPIHTE, ANPEAEFEEREHFSFEMRNBFESTZRIR
M BIR AR ARS8, #HMA A T R AR E RS E XK
KRR IR IR,

Addressing post-Moore’s Law computational demands, the team has advanced industri-
alized photonic quantum computing through wafer-scale programmable lithium niobate

photonic quantum chips and established
China’s first photonic chip pilot line. This

enabled the development of a room-tem-
perature operational photonic quantum
computer and a Quantum Intelligence
Computing Center. Using quantum-accel-
erated Al training, industrialized algorithm
deployment and application exploration
are underway in quantum chemistry simu-
lation, protein design, logistics scheduling,
financial portfolio optimization, and risk
management, providing a viable indus-
trial pathway. The full-chain capability
from chip design to packaging leverages
advanced technology and scale-up to at-
tract upstream and downstream partners,
building a complete industrial ecosystem
that upgrades and radiates into emerging
fields. This effort sustainably supports
China’s photonic quantum and advanced
semiconductor science and industrial-
ization, laying a foundation for China’s
new-quality internet in the Al era.

058 page



RFCR” RRPRATFBRMALE 2024 FREFHFEE+AEH

"Photonic Chips" were honored as one of the "Top 10 Annual Cases of New Quality Productivity in 2024" by China Media

BRER 128 MEREFIRIETSH
EEEBRERARF LA RAMIRE
2R BE TR, fHFRAREL“128
Identical Quantum Sources Integrated
on a Single Silica Chip” A&, AREE
[ ¥ 38 % A= B A HA 1 Physical Review
Applied £, HiEBkERN “RIEHZF"
(Editors' Suggestion) , 3% 2023 FE
PETASF A
A monolithically integrated array of 128 identical quantum
light sources represents the largest scalable platform of its
kind. The research findings, titled "128 Identical Quantum
Sources Integrated on a Single Silica Chip," were published

in Physical Review Applied as an “Editors' Suggestion”,
and awarded China's Top 10 Optical Technology in 2023

2025 @ ETREA TE R B top50

TuringQ Co. Ltd was ranked among 2025 Forbes China
Top 50 Al Tech Companies
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NODE——REBefS a2z A
NODE - A mobile robot

ALTO Robotics:
LI BIE N T4E B EhE BN 23 A R4 NODE

NODE by ALTO ROBOTICS

ALTO ROBOTICS

518

Alto Robotics F& ) NODE #1238 A, EEFEMHANRZE (HMI) That, 1BRIFARMEIMIRRHAIFH
RERMERIT, NODE MBABHETAEBNERRGNRSEREERSEE, ERTERM. NMEEFTS,

Introduction

Node by Alto Robotics has intuitive human-machine interaction (HMI) and allows operators to effortlessly control the robot via touch-
screen or wearable devices, requiring no specialized training. We have designed patented motorsteering wheels and a robust sensor
suite, NODE achieves seamless navigation in complex environments while ensuring safe collaboration with human workers. The
system is particularly suited for high-mix, low-volume production scenarios, demonstrating exceptional performance in asset handling,
quality assurance, and production line setup tasks.
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Alto Robotics NODE: E#ERt S, MAEEH
Alto Robotics NODE: Fusing Al with Adaptive Robotics
for Cross-Industry Efficiency

NODE #28s AW 52 7 MERS sl 83 A USRI SR R AR, HTE
S, FEMUIFRERLASRIENE. SEEESEREM S EIERR.
ZoNSAEENE. AMRBERENRERTS THSRIFLEN LEE
[BFR, NODE R=#St EiA. REFOCHMMN. Fwides. ERNE DS
EEHERIGE, WET —E/REEN. IRMEITHEESH. TRERE
EHSIMBAREN—HL RS, Zlas ARBET ROS 2 B4R,
ZEANTERSSEREMERA, RATRETY BREBA. REKSE
HIEERL, BERA T SMBESIANIE, Y2 AIERE 15 BRIMIRR.
RS FAAR AL 3L LED %EF%, ST FERANKE, BESTINATR.
8y, HEMGERIARHERAEUER T ERERE,

NODE robot has overcome multiple key technical challenges in the field of collaborative
mobile robots, achieving breakthroughs particularly in achieving high flexibility, high au-
tonomy, and high safety in dynamic, unstructured environments. Traditional robots have
limitations in adaptability, human-machine interaction capabilities, and efficient operation
capabilities in complex scenarios. NODE has successfully integrated various advanced
sensing devices such as 3D LiDAR, safety laser scanners, encoders, and sensory buf-

Lights and sound to give

fers into a unified system that can com-
plete navigation, operation, and interaction
tasks in real-time and reliably. It adopts
a ROS 2-based software architecture,
combined with art ificial intelligence and
sensor fusion technology, to achieve flexi-
ble and scalable integration of perception,
decision-making, and control, significantly
improving navigation accuracy and re-
sponse efficiency. The robot is equipped
with a 15-inch touchscreen interaction in-
terface, tactile handle, and socialized LED
matrix, supporting human-robot interaction
(HRI), and is adaptable to multi-industry
application scenarios. At the same time,
its plug-and-play deployment mode can
effectively reduce integration complexity.

robot personality

Depth camera for gesture
recognition

Sensored handle for manual
navigation

Lights and sound for
human-robot comunication

NODE XERAB X

Node technological enablers

15 inch multitouch screen for
interaction

Working plane

100kg payload, personalizable
shelving

Motorized and steering
wheels, with sensorized
bumpers

Swappable 8H shift batteries

page 063



Bz
Charm Of Science And Technology

NODE: T&E 20+ M A7 S BV e B &bk
NODE: Enabling 20+ Use Cases from Logistics to Quality
Control

NODE #EsABERISHEL. ETRE. BERSSER MM
RZF. FERIESUE, He]BEamIRliziahaBEREES, BANK
LM, NEEEFERE, BEAIRERSE 30%, BRAL=EILE
RMEK 25%, ZFFRE, RIRK. BMEBNAIRITEEM AT EI4E524Y 40%,
MR AR, HEEE, BIAEESEHERMEES, SHARAE
SNEIFERREE, BNEEERENFLIFE, ZARESEEF.
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NODE robots have been successfully applied in key areas such as manufacturing
automation, healthcare, and hotel services. In the manufacturing sector, they can inde-
pendently complete material transportation and high-precision operation tasks, helping
to optimize multi-variety, small-batch production processes, reduce labor costs by up to
30%, and improve production throughput efficiency by 25%. Economically, the modular,
plug-and-play design shortens integration time by approximately 40%, accelerating
return on investment. Socially, by taking on repetitive or hazardous tasks, they support
the transition of personnel to higher-value job positions, helping to create a safer work-

ing environment. We have completed
over 10 PoCs with companies including
Danieli and Elemaster. We are completing
production of our first batch and are due
to start delivering by Q4 2025, offering
non-intermediated aftersales and servicing
support as well.

NODE 7E3KFri7s P RIR A

Node in a real-life setting
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NODE: Redefining Global Industrial Automation
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NODE robots, through integrating precise artificial intelligence algorithms, advanced
sensor fusion technology, and modular software architecture, have overcome
long-standing technical challenges in the field of collaborative mobile robots, pushing

autonomous flexibility, precise navigation,
and human-robot interaction technology to
new frontiers, enabling robots to operate
safely and efficiently in dynamic, unstruc-
tured environments. At the industrial appli-
cation level, NODE robots are reshaping
production models. In BMW factories,
production line changeover time has been
reduced from 45 minutes to 12 minutes;
solutions for DHL have reduced operating
costs by 32% and increased efficiency
by 58%. Its communication protocol has
been incorporated into the EU industrial
robot standard system, with its techno-
logical leadership being recognized. At
the socio-economic level, every 10 units
deployed can create 3.2 high-skilled jobs,
driving an annual growth rate of 17% for
related positions in Italy. In Fiat's appli-
cation, it has helped reduce workplace
accident rates by 81%, recognized by the
International Labour Organization.

Node won the Red Dot in 2024 and iF De-
sign award in 2025, as well as ADI Nomi-
nation in the Design Index in 2025.

Alto Robotics EEHITETTE - FEEFIT (Jody Saglia) SEE~EERFHL- NFIE (Sara Bellini)

Node with Alto Robotics’ Founders — Jody Saglia CEO and Sara Bellini CPO
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GitHub Copilot: #i—R4RIZEREIR
GitHub Copilot: New Gen Coding Agent

GitHub Copilot: ¥i—{X4RIZEHEN

GitHub Copilot: New Gen Coding Agent
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GitHub Copilot 225 BEARITWAHE—NABERT Al GIER M. 2025 5, GitHub Copilot MER
RBHB T A AENEEEEBETMNRRES R, HLHRT 28 “SaeAMLE” (Agentic Web) BI{X,
Introduction

GitHub Copilot is the world’s first large-scale generative Al application in the field of information technology. In 2025, it evolved from a
code-assistance tool into a fully capable and autonomous programming agent, ushering in a new era known as the “Agentic Web.”
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Al-powered transformation of the software industry
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GitHub Copilot is deeply integrated with Visual Studio Code (hereafter “VS Code”),
mainstream IDEs, and asynchronous programming agents. It introduces new capabilities
to GitHub Models, including prompt management, lightweight evaluation, and enter-
prise-grade governance. By eliminating the inefficiencies of multi-window switching, it
enables seamless cross-platform collaboration—ushering developers into a new era of
“Human Intelligence + Atrtificial Intelligence,” marked by synergistic workflows and expo-
nential productivity gains.

Today, GitHub Copilot can automatically
analyze codebases and execute a wide
range of low- to medium-complexity
tasks—such as adding features, fixing
bugs, expanding test coverage, and re-
factoring code. It submits changes via pull
requests (PRs), ensuring process clarity,
behavioral transparency, and controllable
outcomes.

With its sustained interactive capabilities

(e.9.,
architectures), unified interface, and com-

rewriting legacy programs for new

prehensive support for code generation
and optimization, GitHub Copilot has be-
come a powerful engine for accelerating
product innovation and driving transforma-
tion across the software industry.

& GitHub Copilot

SMEXIRFEFRZLIN, 88
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RElR, FEERERMIIE

GitHub Copilot £ AT HFEE

GitHub Copilot empowers developers in new way

page 067



Bz
Charm Of Science And Technology

FHhE&BkE 2000 FAFARE

Empowering over 20 million developers worldwide
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Thanks to its technical maturity, rapid updates, and strong scalability, the GitHub Copilot
programming agent has been adopted by over 20 million developers worldwide —with
more than 5 million new users joining in the past quarter alone.

In May 2025, Microsoft announced the open-sourcing of GitHub Copilot Chat’s extension
code under the MIT license, while integrating its core Al capabilities directly into Visual
Studio Code. This move empowers developers to freely view, modify, and distribute the
extension code; enables enterprises to tailor it to their specific needs; and invites the
broader community to collaboratively update and optimize its functionality.

£E2T 5

GitHub Copilot

GitHub Copilot B#£¥X5& 2000 FFF 4 & *H

GitHub Copilot has been adopted by over 20 million developers worldwide
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As a continuously evolving and powerful
tool that significantly boosts development
efficiency, improves code quality, offers
intelligent suggestions, and supports
“multi-user x multi-agent” collaboration,
GitHub Copilot is now used by 90% of
Fortune 100 companies—with enterprise
adoption continuing to grow rapidly.
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Transforming how software is built, maintained, and
evolved across its entire lifecycle
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GitHub is the world’s largest platform for code hosting and collaboration, serving a global
community of approximately 100 million developers. Among them, over 20% have adopt-
ed the GitHub Copilot programming agent—a figure that continues to rise steadily.

GitHub Copilot is poised to exert a lasting and profound influence on the software de-
velopment process and lifecycle. From an economic perspective, it helps enterprises
reduce development costs, shorten delivery cycles, and enhance competitiveness.
Socially, it liberates developers from repetitive tasks, allowing them to focus on high-

er-value, innovation-driven work. Ecolog-
ically, it promotes more efficient resource
utilization, reduces redundant code, and
improves software sustainability.

The widespread adoption of GitHub Copi-
lot not only accelerates digital transforma-
tion across industries but also strengthens
collaboration and growth within the global
developer community. It represents a ma-
jor technological breakthrough and serves
as a catalytic engine driving the evolution
of the software industry.

RBZRBNAIAFARIR

GitHub Copliot £ k&I ZRAN A FATA

GitHub Copilot is the most widely adopted Al development tool globally
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Helping millions of developers engage in more meaning-
ful work
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Survey data shows that Al-generated code is 55% faster than manual programming, and
75% of respondents are satisfied with the software development process supported by
GitHub Copilot. Looking ahead, more and more developers will be able to channel their
talent and energy into higher-value creative work. Under this new paradigm of human—
Al collaboration, the core role of developers is evolving—from “code laborers” to “code
directors,” and even “one person entrepreneur”.
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GitHub Copilot #AFEZEEFT

GitHub Copilot enhances developer productivity
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Overview of RAER Approach

RAER Therapeutics:
BEENRT ENRIFHF LTS RAER

RAER Therapeutics: An Innovative Development Platform Focusing
on the Treatment of Rare Diseases

RAER Therapeutics

51=
RAER Therapeutics B F A& R ILRBIUIHTT %, BAMKIEIE, iR B BRANGENENIHETS,

RENAGSARREBAYNMALE, UNXTHERERIUIPHREBIRATR. B, ARSHEHZ MR
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Introduction

At RAER Therapeutics, we develop innovative therapies for rare diseases. Leveraging a unique, rapid and cost-effective screening
platform to develop novel and as well as repurposed leads, we address significant unmet medical needs in a market with limited effec-
tive treatments. We have advanced projects in RASopathies, TAUopathies, and Adenoid Cystic Carcinoma.
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Utilizing Drosophila, mouse and other models to screen promising repurposed com-
pounds and novel protected compounds

BEEETERBRUEINFRENGHESVSEASEERE, RENRATHESYLORRBEEESD
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By modeling disease mechanisms through genetically engineered Drosophila models and combining robotic high-throughput screen-
ing, this approach rapidly tests thousands of compounds to identify potential candidate molecules. These are subsequently validated
for safety and efficacy in mammalian models such as mice before advancing to clinical trials. This highly efficient and low-cost work-
flow significantly shortens drug development timelines and offers new therapeutic possibilities for nearly 7,000 rare diseases. RAER’s
workflow encompasses the entire process, from constructing genetically engineered Drosophila models and conducting robotic
high-throughput screening to mammalian model validation and ultimately advancing candidates to clinical trials.

30 rare
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SIRETHEMIEIET &
Multi-Model Screening and Validation Platform
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Using fruit flies, mice and other models to rapidly and accurately identify potential can-
didate drugs
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Systematically establishing the Drosophila model as a cornerstone in precision drug discovery for rare diseases, challenging the tra-
ditional screening paradigm dominated by cell lines and mouse models. Its original perspective posits that by leveraging evolutionarily
conserved disease pathways, Drosophila serves as a holistic in vivo system capable of efficiently modeling complex human disease
phenotypes. This approach enables a “Fly-to-Bedside" translational path, offering a novel theoretical framework for tackling rare dis-
eases that lack adequate animal models .In terms of research methodology, a significant innovation lies in constructing a unique tech-
nological platform that integrates high-throughput robotic screening in Drosophila, mammalian validation, and chemical evolution. This
system seamlessly connects low-cost, large-scale initial screening in flies with rigorous preclinical validation, substantially enhancing
the efficiency of the entire pipeline from compound discovery and lead optimization to identifying clinical candidates . It pioneers a new
paradigm for drug development characterized by speed, cost-effectiveness, and scalability.

lung mets
N g @i) ® Q‘ ey
@a L7 * & Ry L
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Automated ..’ ,,g(
drug e n
Personalized screening - ‘o~
Patient tumour fly avatar unique drug 6 months
sequenced, cocktail FDG-PET
analyzed scan

RAER Jaf7 AR FIBHRAHN G ER AT RNRRILR

RAER Therapeutics will use its cutting-edge methods to pursue leads for other rare disorders
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o whole body, robotics-based screening

APPROACH o mammalian validation
o sensible path to clinics e~ Y
UNIQUE ° Drosophila, mouse, human models e
o rapid, cost-effective, scalable
PLATFORM o experienced: experimental clinical trial (Bangi etal, 2019,2021)

o world-respected for innovative therapeutic solutions
complementary science/business skills, startup experience
o long-term working relationship

ELITE TEAM

(o]

o Short-term: 5 initial projects
Medium-term: leads for up to 30 diseases
o Long-term: protectable, novel COM

DELIVERABLES

o

MEEK

Value Proposition
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Project Gains International Recognition
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The research was published in the high-impact peer-reviewed journal iScience (Das et al., 2021), detailing the creation of 24 Dro-
sophila models for RASopathies. The publication in a Cell Press journal reflects the scientific rigor and innovation of the achievement,
which has gained peer recognition.

The most significant recognition of this approach lies in its clinical translation. Patients with adenoid cystic carcinoma have already
received treatments discovered through this platform, and larger-scale clinical trials are currently underway, preliminarily validating its
feasibility and potential in practical applications.
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Spacesail Constellation Satellite Networking Schematic
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Large-Scale Development and Production of the Spacesail
Constellation Satellites
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Introduction

Satellites are extending the frontier of communication from the ground into space, turning the concept of "ubiquitous connectivity" into
reality. The Spacesail Constellation is designed to provide global customers with high-speed, real-time, secure, and reliable internet
access services via low-earth orbit satellites. To achieve this ambitious vision, the constellation must overcome four major challenges:
high reliability and high density networking , high-efficiency broadband communication, low-cost mass production, and intelligent auton-
omous operation.
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Master key core technologies across the entire industry
chain to accelerate the commercialization of large-scale
satellite constellations
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Integrated Flat-Panel Architecture Design
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Wireless Interface Test Solution for Satellite Communication Payloads
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We have made a breakthrough in high-effi-
ciency deployment technology with the ca-
pability to launch 18 satellites on a single
launch vehicle. Through innovations such
as integrated flat-panel structure design,
high-volume-ratio multi-satellite stacking,
and rotary separation deployment, we
have pressed the accelerator pedal for
large-scale constellation construction.

We have achieved a breakthrough in
high-efficiency, highly-integrated commu-
nication payload technology. The appli-
cation of agile multi-beam phased array
technology, dual-axis steering feed tech-
nology, and multi-dimensional resource
management technology with satellite-ter-
restrial coordination has injected strong
impetus into the enhancement of satellite
communication capacity.

We have made breakthroughs in a series
of technologies, including krypton propul-
sion, autonomous operation and main-
tenance, and highly integrated electrical
systems. These advancements have es-
tablished a robust "intelligent foundation"
for the Spacesail Constellation to achieve
efficient in-orbit operation and mainte-
nance, as well as precise on-demand
services.

These breakthroughs have established
an end-to-end independent innovation
system. The application of a flexible pro-
duction line has slashed the development
cycle by 60% and increased annual pro-
duction capacity to over 300 satellites,
significantly accelerating the large-scale
commercial rollout of the Spacesail Con-
stellation.
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Driving Upstream and Downstream Upgrades, Fostering
an Industrial Ecosystem, and Unlocking Hundred-Bil-
lion-Dollar Market Value
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Leveraging the commercialized network deployment of the Spacesail Constellation and
the establishment of a fully self-reliant innovation chain, we have not only achieved the
industrialization and large-scale application of core technologies but also driven tech-
nological upgrades in upstream and downstream enterprises, such as gallium arsenide
chips and special composite materials, forming a comprehensive and synergistic indus-
trial ecosystem.

TEEEKMEERKEY

Satellite Internet: Interconnecting All Things

In terms of economic benefits, collab-

oration across the industrial chain has
collectively contributed to reducing
satellite manufacturing costs, fostering
the transformation and upgrading of the
commercial aerospace industry. This sup-
ports the Spacesail Constellation in con-
tinuously expanding into global markets
and providing commercial services across
key application scenarios, including trans-
portation, power and energy, emergency
response and disaster prevention, educa-
tion, science, culture, healthcare, mining,
agriculture, and individual users. These
efforts benefit hundreds of millions of
people and activate a market worth hun-
dreds of billions. The technological inno-
vations behind it are propelling the global
satellite internet industry from "isolated
breakthroughs" to "collaborative leaps" ,
demonstrating not only high market value
in serving global communications but also
significant social value by enhancing the
interconnection of global information in-
frastructure and safeguarding humanity's
shared information rights.
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Building an Integrated Space-Ground Network to Forge
Core Competitiveness in the 6G Era
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Rooted in the vision of "Space-Ground Integration and Comprehensive Intelligent Con-
nectivity," the Spacesail Constellation enables always-on connectivity for ocean-going
vessels navigating remote seas, seamless high-speed communications for commercial
aircraft at cruising altitudes, and data-driven precision for smart farms—achieving opti-
mal yields through real-time monitoring and control. It also bridges educational divides,
allowing students in remote regions to access world-class learning resources.

The continuous breakthroughs of the Spacesail Constellation represent a critical step

PEEBRMHRERME— (K UBIEMSE

Satellite Internet Constructs an Integrated Space-Air-Ground-Sea Communication Network

toward building an integrated space-air-
ground network. These advances will also
contribute significantly to the development
of 6G standards, bridging the digital di-
vide, and advancing the shared future of
humanity.

Through the innovation across technology,
industry, and application, the maturity of
the Spacesail Constellation is demonstrat-
ed by its scalable deployment capabilities
and tangible market impact. Economically,
it targets a market valued in the hundreds
of billions, while its social benefits extend
to national security and public well-being.
These achievements are not only reshap-
ing the global commercial aerospace
landscape but also contributing vital mo-
mentum to the peaceful use of space and
the expansion of global connectivity.
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Qwen: Open Foundation Model with Outstanding Performance
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Qwen: An open-source foundational large language model
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Introduction

Qwen, developed by Alibaba Cloud, stands as a globally leading open-source large language model. Anchored in a comprehensive
“full-modality, full-scale” strategy and continuous technological breakthroughs, Qwen has garnered extensive adoption and collab-
orative contributions from developers worldwide. With over 170,000 derivative models and more than 600 million downloads, it has
emerged as the most active and influential large model within the global open-source ecosystem.
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Establishing a New Paradigm for Efficient and Adaptive Large Model Training
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To overcome the critical bottlenecks in data quality, training algorithms, and training efficiency, the Qwen team pioneered an integrated
“Semantics-Driven, Evaluation-Guided, Resource-Coordinated” training framework.

In terms of data, the team built a self-evolving data engine that leverages intelligent curation, value-aware analysis, and automated
generation to transform raw data from a passive input into an active driver of model evolution—boosting data utilization efficiency by
over 40%.

In terms of algorithms, an evaluation-driven, adaptive training flywheel was developed to dynamically identify model weaknesses,
intelligently reconfigure internal module responsibilities, and refine optimization strategies for key components. This has yielded perfor-
mance improvements of over 12% on specialized tasks such as mathematical reasoning and code generation.

In terms of computing infrastructure, a resource-aware, high-efficiency training architecture was engineered to enable intelligent coor-
dination across the full stack—from model parallelization and data scheduling to hardware adaptation. This architecture has increased
resource utilization by 22% in thousand-GPU clusters and significantly reduced overall training costs.

WY AIEBR TR

Tongyi Qwen and Wan Model Family
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Accelerating Al Adoption Across Industries at Scale
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The Qwen series has achieved mature, large-scale industrial deployment, serving over
1.05 million enterprise customers across key sectors including scientific research, fi-
nance, automotive, consumer electronics, government services, and media—generating
substantial economic and societal impact.

In scientific research, Qwen empowers institutions such as the National Astronomical
Observatories and the Institute of Tibetan Plateau Research, enabling breakthroughs in
frontier domains like solar flare prediction and ecological monitoring, thereby driving an
intelligent transformation of scientific methodologies.

In industry, “Tongyi Lingma” has generated over 3 billion lines of code, establishing itself
as widely used Al programming assistant. Use cases such as China Merchants Bank
and Chongging’s government Al assistant “Yu Xiao Zhi” have demonstrably enhanced
both operational efficiency and service quality. Leading automakers—including BYD,
BMW, and FAW —are leveraging Qwen to build intelligent cockpits and Al engines, rede-

BXERS 2K 105 Bl REF, BESTULEFEEERN. BEREFSF

Tongyi Qwen models have been used by 1,050,000+ global enterprises from industries like Internet
and consumer electronics

fining human-vehicle interaction.

In consumer electronics, brands like Ray-
Neo and Honor have deeply integrated
Qwen into their devices, elevating intelli-

gent interaction for hundreds of millions of
users.

In media and culture, applications such as
Al-powered visual generation for CCTV'’s
Spring Festival Gala and intelligent editing
platforms for major media outlets highlight
Qwen’s capacity to empower cultural inno-
vation and creative expression.

By significantly lowering the barrier to Al
adoption, Qwen has become a foundation-
al platform for industrial intelligence. Its
open-source model accelerates technolo-
gy democratization, creating broad social
value and expansive market opportunities.
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BYKEBEREFENHMAFRAR, FILKARE
IAHJ

Global Recognition Through Continuous Innovation and
Open Collaboration

BYFRIA “@RY. 28X FREE, ERSRARINEER,
KT FRREEEE 300 1, THERW 612X, TEREB1ITH, BE2
BAFREREE, MASBALREEEEEEE, HFRRARRMAL]
i, BARSIKIEN—HER. ARMFMARIEET Qwen ikt
REDSEEER, ZARFIBHTR, HAZRESSKETXHANEE
B, Qwen3 &7 3/)\BY GitHub 3R 1.7 5 8, RIFARMELR, EME
HekFLENDE. £SHRAEE, SREEX S8, FRESIRKE
[ EREER, MLX#ES2#F iPhone/Mac AME BT, HIhARITE
HERFESUSIRENZ8E. Qwen3 RETH 119 MESMA S,
X ZNZES RN NERN B T HATREN, iteIkKB A #HeER
FTXERBIBAINEE, Gartner FEFRHAGHE R B =TI EM Al
EGTE, EEPEFRNEN2IKA KBRNEETH,

Guided by a strategy of continuous innovation and open-source empowerment, we have
established Qwen as a leading global large model, fostering a vibrant developer ecosys-
tem with extensive international adoption. Its “full-scale, full-modality” open-source strat-
egy is reshaping global collaboration in large model development. To date, Alibaba Cloud
has released over 300 open-source models, amassed more than 600 million downloads,
and inspired over 170,000 derivative models—solidifying Qwen’s position as the world’s
leading open-source base model and the preferred choice for developers globally.

This open approach has dramatically lowered R&D barriers and catalyzed global inno-
vation: top-tier institutions such as Stanford and UC Berkeley have built low-compute,
high-performance models based on Qwen, which have been cited thousands of times in
academic literature and serve as key baselines in multimodal and long-context research.

£ MBEERK

Model Studio

p L SORF
U Coeng Meviant Lmgans s

BERE

oy

sz
1775+

| ~———

WX a
Qe vaae Ty o

300+

|~

BXEFRERGE, (TEERSE, BETHESHH, EREREANTRERRIE
Tongyi Qwen has become the world’s largest open-source model family in terms of the number of open-source models,
derivative models, and model downloads

The release of Qwen3 garnered 17,000
GitHub stars within three hours—a re-
cord-breaking milestone that underscores
its global developer endorsement.

On the ecosystem front, Qwen has
achieved deep hardware-software co-op-
timization with global leaders including
NVIDIA, Qualcomm, and Apple. Support
for Apple’s MLX framework enables ef-
ficient on-device inference on iPhones
and Macs, accelerating the deployment
of large models in consumer electronics
and edge devices. Furthermore, Qwen3
supports 119 languages and dialects, un-
locking new possibilities for international
applications and ensuring users worldwide
can benefit from its advanced capabilities.

International research firms such as Gart-
ner have recognized Alibaba Cloud as a
global leader in generative Al—highlight-
ing the significant contribution of China’s
open-source initiatives to the advance-
ment of global Al.
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BARRFE— RS L Science HAT

World's first sensing-memory-computing integrated neuromorphic chip featured in Science

KSR BREFE— N EIR ERERETS &

Mechanism and modulation method of sensory-memory-computing fu-
sion in neuromorphic chips

RS

Huazhong University of Science and Technology

onf

51

HWERERCHFESBNOBNNE, NEARNEERNSEE—FAURERAEREER, KT R
5E8ENBSERE MM, EERETIFENEN, AEREREA G REMREROMES R,

Introduction

On account of the critical issue of separated sensing and memory- computing components in current neuromorphic chips, a novel ap-
proach integrating perception with memory-computation functionality was proposed. This method overcomes the bandwidth bottleneck
caused by the segregation between sensing and memory-computing units, substantially reduces power consumption and latency, and
establishes a hardware-supported foundational architecture for neuromorphic intelligence technology.
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Proposing a new neuromorphic chip architecture inte-
grating perception with in-memory computing

SEIMAEME B AL KILIR—EBRIWEZE, XRHEHECHZ
ERERNELGNEIME, BFE—ARENRFEXTETRRD - #EiK
SIPHRI, BB RN EBARRTEMBAE SR RMEH,
EEEREMEER. ST, HTFRANERBEBSHSEL, mEEN
ERB[BSATRS, ER—SBHPLRABRNEEE—ELRNEE,

FAERI —B—TRBEESMHNEFNEF IS, HERKRL
R, BRZIMNFBEEMHYEREERNE, RERNSIMIBEHN
EMBREE—ENG, HARRFEIENSFEEFTNRIE, ¢IR
BUMERERRE E— (R IRICAELR, 197 AN BR G 1 P 2B RO T #T AR
o

Brain-inspired intelligence has long been a dream pursued by humanity. Neuromorphic
chips serve as the cornerstone and pioneer of brain-inspired intelligence. Their memo-
ry-computing integrated architecture shows scientific significance in breaking through the
limitations of the von Neumann architecture. However, their reliance on external sensing
modules for the conversion and transmission of perceptual signals, leads to low energy
efficiency and high latency in information processing. Since perception requires dynamic
conductance modulation whereas memory and computation demand stable conductance
states, integrating these conflicting requirements within the same device is extremely
challenging.

ZIMARBERIRTF R —RET A#ZR

Novel multi-field coupled sensing-memory-computing integrated neuromorphic chip architecture

The team discovered that opto-elec-
tro-mechanical coupling fields can induce
electron/ion migration, phase transition,
and polarization phenomena in materials,
revealing the interaction mechanisms
between multi-field coupling and material
properties. A neuromorphic sensing-mem-
ory-computing integration mechanism was
proposed based on multi-field coupling,
elucidating new principle for regulating
device performance through heteroge-
neous interface engineering. An original
theoretical framework was established for
sensing-memory-computing integration.
Meanwhile, a novel neuromorphic chip
architecture featuring the synaptic plas-
ticity of brain-like circuit connections was
constructed.
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FeIREFE— LM HER
Pioneering a new paradigm in sensing-memory-comput-
ing integrated neuromorphic chips

FMETFTREFE AN, RERBEREMES Z4mEmEaan
BHLEN, BIENBSBRMERNIESKMIREIHIT ZEMRDEFHITE
2ieZx, NMMWELERREE (BJT) 234, BTSLIRAINEE; HEBhs
IR EN R AHIBE RSN BJT WEXAER 2, RAR—RHLIERED
BEo

AP AHIEE T DRBEHMRIXEY, RIBESHohSERERS
HEBMNBETENSEENRAEETIR, TEEERPERLE
WHESRRATIRE, MWEMEEEETENRFE—EERS e, W
B HRBA — FE It E— R ERS F, HPAEFREEFEN 58.44
uW/mm?, IERHYA 27 us, SEFEERMSEFEE S BREMNEHRSHE
HALL, BEFERRZE ~1/8, HERIPEZE ~1/6,

Based on the sensing-memory-computing integrated architecture, the team proposed a
device structure coupling ferroelectric materials with the two-dimensional channel mate-
rials. The fixed ferroelectric polarization equivalently acts as a non-volatile gate electric
field to electrically dope the channel of the 2D material, thereby constructing a bipolar
junction transistor (BJT) device that implements sensing functions. Ferroelectric domain
switching modulates the built-in potential barrier in the BJT junction region, enabling the
same device to perform memory and computing functions.

ETR—SBHRAREFEE—RLRSH

Sensing-memory-computing integrated neuromorphic chip based on same device

The team designed and fabricated cross-
bar arrays based on the aforementioned
devices, allowing them to switch between
neuronal mode for sensing and synaptic
mode for memory-computing according to
dynamic task assignment. By integrating
dual-mode optical and electrical sensing

functions into the memory-computing path-
way, a novel paradigm for sensing-mem-
ory-computing integrated neuromorphic
chips was established with the synaptic
plasticity of brain-like circuit connections.
This as-developed neuromorphic chip
achieves fully integrated sensing, memory,
and computing capabilities, demonstrating
a remarkably low energy consumption of
58.44 pW/mm? and a latency of merely
27 ps. Compared to state-of-the-art in-
ternational chips with separated sensing
and memory-computing architectures,
this design reduces energy consumption
to approximately 1/8 and cuts latency to
about 1/6.
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Publication in Science: Pioneering a New Direction for In-
ternational Neuromorphic Chip Research

HEXRAR TIEARTE Science FEAIMNSKFEE AT IEEE TR
=i E, WENERAFE. IBMHFLEFRLE 94 MEK / #HIXH 386 KR
MHFEEIZ51H8, 5107 BREEE—EREHAR. 812021 £
HEREE —RERLUE, BRI Z5| ARk, ESZ%%%% 2021 £
EXSE+AARER. 2022 FHRATHEASTERAFT LKL, A
#2021 EHEERESZREKLL,

Science HATIRIZE4R Yury Suleymanov 2 : BB —{K5EH “F
ZIEMHNBER SRR AATEE, RER WA SRAMERANE
517 ; [FHA Science BEXEfH: “NRBEE—FUSHNEFRH
BARITHER LR KRR T KW ER S S HIERTHE” ; Nature
Electronics BIZE4% Matthew Parker iTfY: “SEM T HEEMESEINES
WIBIHEEMERBEE” o

The related research has been published in high-impact academic journals such as
Science and premier IEEE conferences, receiving extensive citations by scholars from
386 research institutions across 94 countries/regions, including Stanford University and
IBM Research Centers, demonstrating its pioneering role in international sensing-mem-
ory-computing integrated chip research. Since the concept was first introduced by the
team in 2021, and has been widely cited and followed. This groundbreaking work was

REFE— AL H SR Z5| BRNE

Widely cited and followed concept of sensing-memory-computing integrated neuromorphic chip

honored with the 2021 Top Ten Semicon-
ductor Research Advances in China, the
Outstanding Youth Paper Award in 2022
World Artificial Intelligence Conference
and was featured in the 2021 NSFC
Achievements Showcase by the National
Natural Science Foundation of China.

Science Deputy Editor Yury Suleymanov
evaluated that the sensing-memory-com-
puting integration architecture "promising
diverse neuromorphic functionalities and
offering potential improvements in neu-
romorphic systems on-chip." A Science
Perspective article published concurrently
noted that it "shape a more feasible route
for the mass production of sensory-com-
putation-memory integrated chips...
substantially lower the bar for the manu-
facturing of neuromorphic chips." Nature
Electronics Deputy Editor Matthew Parker
commented that it "developed a homog-
enous transistor design that can be used
for both memory and analogue signal pro-
cessing."

ances(2)

5(4).

\ational
+hina

page 089



Rl 2z %
Charm Of Science And Technology

DETECTING CANCER DETECTING CANCER

PRESENTLY WITH NOVASCAN

Q Qualitative Art 6 Expensive Q Quantitative Q Inexpensive

Time a Skilled Q Rapid Q Easy

Consuming

; Chemistry Not ° ;
Q Destructive & Biology Destructive Electrical

Novascan HIE L%

Advantages of Novascan

Novascan:
ERA—rEiIgFHTEESSIMENNSE

Transforming the assessment and treatment of cancers

NovaScan NovaScan

518

NovaScan FF&H) “MyBRESHNE" , BIFESAIUNBESEY, THEXDMBEARSREA
o BRATRNMEEREM, HAEBEBREENER, REMR.

Introduction

The "tumor electrical signal detector" developed by NovaScan can quickly distinguish between tumor and healthy tissue by scanning
changes in the electrical signals of body parts. Unaffected by individual differences, the technology offers accuracy comparable to mi-

croscopy and high stability.
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AT Ereae BRI AR . TRIEESNFRERE
Al-Powered Spectroscopic Impedance: A Novel Pathway
for Non-Invasive Cancer Detection

NovaScan @I F 4B TIEEMMANS AT EENLEIEERN
AN, Wo 7 RIEERNFNZTREER. SEaERK. Belsv
57, NovaScan FEEEBEABEERE. HEMNEHRERFN,
FHEBN S B H AR R BRI R RGN R RS, KIXPBERBRIRFo

NovaScan WEEMRBE: — BT ZEMIRRIIE, RBE
X 91%-100%. #FHEX 80%-100%; @ MINAARFRIZLAS
AFEER DB nsCanary ™R R, UNRBFAPITSEREN
MarginScan ™M&%t, ZRXARI 20 IR EH%F, BEETERES
EFEN 75 ES ATE REIRE IS M R R F % O i

NovaScan has addressed several key technological challenges in the field of real-time
cancer detection by developing a non-destructive quantitative testing method based on
spectral bioelectrical impedance and Al. Unlike traditional cancer detection methods,
which are often qualitative and invasive, the NovaScan platform enables rapid and pre-
cise measurement of tissue electrical properties at the cellular level. It identifies cancer
by detecting unique Cole Relaxation Frequency (CRF) shifts associated with malignant
transformation.Key achievements of NovaScan include: 1) successful multi-cancer clini-
cal validation, demonstrating sensitivity of 91%-100% and specificity of 80%-100%; and
2) the development of two core systems: the nsCanary™ system for real-time biopsy

COLE RELAXATION FREQUENCY

AND OTHER ATTRIBUTES

analysis and the MarginScan™ system for
intraoperative margin assessment . This
technology is supported by 20 granted
patents covering core areas such as cir-
culating factor-based detection techniques
and Al-driven diagnostic imaging.

NovaScan

Spectral Bioimpedance Combined with Al /
Machine Learning

Novel, Distinct Features of
Impedance Curves

@ Extremely accurate

Disease Progression

10! 10 10* 10’

BURSMSSIR R E MR

COLE RELAXATION FREQUENCY AND OTHER ATTRIBUTES

10*
Frequency (Hz) 20 Issued Patents, 7 Filed
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EF & ARt 5 A TS e T UL EAEIS WA &
Al-powered, non-invasive real-time cancer detection method based on CRF electrical
characteristics

BRI H DR RSN A OB B E YRR EY), B TARRBARESEERSZENEEX
7, BRBRT ESGARREF AR SFNEMFENEMNMR. HEEAFER,

ERRAEL, ZRREEE RS TXOEEYEREARS ATERDN, KMTERFRE. THRHEFEN
SEEREEON, BERATEEMERABERIESNE,

ZIGRKIRIORE, ZRFAMERTE, REEIX 91%-100%, FEEIX 80%-100%, BRI A TFREERE.
. FLERESZEMNRRISI S ARPEZITE, AIRKRSEEIRHNAIRES .

EMRNFANEETEZRRES S AN, #oh T EMBEETRAEMEREIZEUSN AR, BXM
REXXTZ MM AERRT. FHILFEE, ZRARZBRRTIONRASHE, =BT ETRERNA
MR, ROHEENRKRNANES LB,

This work introduces Cole-relaxation-frequency (CRF) as a novel biophysical biomarker, establishing for the first time a quantitative
link between membrane capacitance and neoplastic status. By replacing morphological inspection with an objective electrical metric, it
eliminates the subjectivity and long turnaround times inherent to conventional histopathology.

Methodologically, spectral bio-impedance was seamlessly integrated with Al analytics to deliver high-throughput, label-free and
non-destructive electrophysiological screening, dramatically raising both accuracy and speed in malignant-tissue recognition.
Multi-centre clinical trials show robust system stability, delivering 91%—100% sensitivity and 80%—100% specificity. The platform has
already been deployed for early diagnosis and intra-operative margin assessment in pancreatic, lung and breast cancers, providing
real-time decision support in the operating room.

Academically, the cross-disciplinary fusion and methodological innovation advance the application of bio-impedance technology in
precision oncology, with resultant papers published in high-impact international journals. Socio-economically, the approach cuts testing
cost and time, improves healthcare resource efficiency, and offers strong potential for clinical adoption and commercial scale-up.

NovaScan

SCIENCE
HOW IT WORKS

Cell membranes are polarized

Electrically, they charge and discharge like
capacitors, albeit leaky ones. The membrane's
ability to hold a charge depends on its structure,

The frequency at which they hold the most
charge is called Cole Relaxation Frequency (CRF).

As cancer develops, the membrane structure
changes and becomes less organized. The
frequency at which they hold the most charge
changes accordingly.

© O 0 090

Ry
NovaScan's technology measures the tissue'’s
electrical properties related to the amount and R. = extracellular matrix resistance
type of cancer present. R, = interstitial fluid resistance

Rx = membrane resistance
C,, = membrane capacitance

BZRE
SCIENCE HOW IT WORKS
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International Recognition for a Novel Non-Invasive, Quantitative Cancer Detection
Method

BEETR/RHBMENEMETIIES ATERRME, FelTEe. KN, EECHEENTAEZE, HRZE
MESIREKRIRERBEMRZRNLZIMAF AT, ZOARBERZXREZRTF (Journal of Medical Physics)
¢JPCRRY (Journal of Patient-Centered Research and Reviews) % (JAADY (Journal of the American
Academy of Dermatology) ZFEPRMYEET, HREILERE. FEEERKESZ MEMNIRKRIIE. TFRARH
= CRF fEi2fERN. AR BIFEEISERNMBES ATUNESENNAE, EXFEAREHNEE FDA Efr2sileEH
#I2F,

By integrating Cole Relaxation Frequency (CRF)-based bioelectrical impedance spectroscopy with Al, a novel non-invasive, real-time,
and quantitative method for cancer diagnosis has been pioneered. Its scientific value and clinical efficacy have received multiple public
recognitions from the international scientific community. Core research findings have been consistently published in internationally au-
thoritative journals such as Journal of Medical Physics, JPCRR(Journal of Patient-Centered Research and Reviews), and JAAD(Jour-
nal of the American Academy of Dermatology), encompassing clinical validations across various cancers including breast cancer, lung
cancer, and skin cancer. The patent portfolio covers applications of CRF in cancer detection, tissue electrical property mapping, and
cancer recurrence prediction. The related technology has entered the medical device approval process of the US FDA.

NovaScan

Hardware

Sample Processing Unit, Impedance

bridge (PCB), Firmware, Analytics

-~ engine and Display. Cost and size
advantages.
Database

Disposable ) i NovasScan Data collected when
Electrodes and accessories. ' | I : procedures are performed.
Margins >90% i ' \ Platform / ] Valuable in improving

diagnoses and stratification.

Software

Al / Machine Learning
License provided with
system purchase

NOVASCAN R4i£H 14
THE NOVASCAN SYSTEM COMPONENTS
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New Pathway

QDR HEALTH:
HaFREENBE RERESHNEENOEREFS

The Heart Failure Model

QDR Health Ltd.

o

51

QDR Health R T OO RIBEEHFHIZ TR, ZTAUINBRABLEDZ, BHBAREHTM, BN
BDEBRAR. HRERERFETRA, BEETRE. B, ZTEBEXRRERFATINY, HREZHE
1E$%o

Introduction

QDR Health has developed a precise digital tool for triaging heart failure, capable of triaging high-risk groups, aiding early intervention,
reducing hospitalizations, complications, and deaths, and lowering costs. Its achievements have received academic recognition and it
has the support of multiple partnerships.
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QDR Health: fRESHRBICHBFIA
QDR Health: Precision Graded Triage Digital Tool

QDR Health BEIIK % 7 O A RIBTHMRIUZ O AR —2IRAIE EYIG SR NERE S M=
CRERARGMEFEIE KA IRREMHRNZRED. ABFRHETRFEVITENND RS L Iﬁ,
AIEIRRL P HB RN O RRENB RO RE D12, HERFTIIREXESH. 2TANRZLELETS
KMERANNEETHRIRERE, HXARAREERMNORERESERSHITRR, HERXLRT (B
LY . B, AEESZREMIEEISEXR, EREEMZEARNIGKRIES EH1IN A,

QDR Health has overcome two core technical challenges in the field of heart failure: First, enhancing the accuracy and efficiency of
existing biomarkers; second, addressing resource constraints faced by clinicians due to increasing patient caseloads. The company
has developed a digital biomarker-based graded triage tool that can efficiently assist in clinical stratification of heart failure patients,
supporting early intervention. This achievement's algorithm is built on the world's largest primary care database. Related research re-
sults have been presented at the European Society of Cardiology (ESC) Congress and published in the European Heart Journal. The
company has established partnerships with multiple global institutions to advance technology validation and application.

ESV)EAN

How we help John

QDR Health #zhi0 1 RiE SEER MR R I ) E ZHFAfL L
QDR Health is driving a shift in heart failure management from reactive response to
proactive prevention

BRREH —METURFEMITSYRNONRIBEEDRDZITTE, BRRRT NEEMITSY &R

B MEREEE, HORFIHTRRETHAERKE, EMRAEL, REHRAREERETR

RBEEENZZOBE, SEAMRDRDLESFEENRA, FRAEKERPLNTSHTFH, BHHEHT O
HRIBEIERT MBI | E BTG RE T,

This achievement proposes a novel method for achieving precision graded triage of heart failure through digital biomarkers, which
helps address existing issues of insufficient accuracy and low efficiency in current biomarkers, providing theoretical support for early
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intervention in heart failure. In terms of research methodology, it innovatively employs the UK primary care database to construct algo-
rithms, integrates large-scale triage and monitoring technologies, achieves efficient intervention in clinical application scenarios, and
drives a shift in heart failure management from reactive response to proactive prevention.

Patient at risk of
heart failure is
added to the
platform by primary
care or emergency
department

Low risk patients are Platform stratifies
discharged into risk of patient and
primary care or recommends

heart failure digital referral or
ward alternative diagnosis

Risk algorithm p Secure relevant
recommends patient information
admission/ & is transferred to
outpatient follow  — nurse in secondary
up/discharge care

TRRE

How it works

HRIAEPFANELIART , HELIKE(ERMS
Research has gained international authoritative recognition and established a global
collaboration network

EZRREEMRHFZRRESEQIA, BXARBREZRNOEFFS (ESC) SWE#HITET, HAKRT
WEHT (UM OERS) « MAARSERIRERFARRESE, BBLCHERFFER. EHAFFNGEFE
FHEMAER S, AMEATHERHTUIES. ARANSE5RERQINATDENBHEBEREN P4 EEE
FrinEitRl, KEERSERAEROIRIBIIMAT. I, KEEEMRERRETHRIEEFEDRZNE
ERMEXREIFR, WORERFSHFREIXFR AR ERRENIFR.

The achievement has received high recognition in the international scientific community, with related research results presented at the
European Society of Cardiology (ESC) conference and published in the authoritative journal "European Heart Journal'. The research
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team has conducted in-depth cooperation with top international experts, inviting scholars from institutions such as University College

London and Warwick University to form an advisory committee, providing professional guidance for the research and development
work. The team has participated in the P4 precision medicine acceleration program jointly initiated by global public and private health
institutions, collaborating with international partners to advance research in the field of heart failure. Additionally, relying on algorithms
built from the world's largest primary care database and related innovative achievements, it has positively promoted the development
of cross-disciplinary fields between cardiology and digital health.

=priz

Project progress
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Applications of holographic encoding based computational light field reconstruction and modulation in imaging and display

ERHEEITERDERSRIERA

Holographic encoding based computational light field reconstruction and mod-
ulation

=
/Eli'{E
Tsinghua University

e

onf

31

EERABRMEERSENTNEEFR, ZRTRESRN, BUKNEEEAHERSFT. NEAR
EREARNSER, WRTHRIEBANSERTEDENEEBHDERER, RETERUAZEELERS

o

Introduction

Holography is an important method for acquiring and reconstructing multidimensional light fields. Due to limitations of sensor,
high-throughput light field reconstruction and modulation remain challenging. Focusing on high-dimensional light field acquisition and
reconstruction, the team has developed a holographic encoding framework that integrates coded sensing with intelligent computation,
offering a new approach to intelligent optical information processing.
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RIFSHEEBRILSRERSE, L BRABELRE
Break Through the Challenges of High-Dimensional In-
formation Encoding and Modulation, Driving a Leap For-
ward in Holography

FMERHREDBANSERITENENEIMELRERGER, BiE
BRFESRFRERMS, FRTSHEEERNFRE. KUK, &
BRGEZHTFRNEGR. RERENBEENE, FEIVETE. B
AT E R AT AR,

This project proposes an innovative holographic framework that integrates coded
sensing with intelligent computation, deeply combining information science and optics
to open a new path for multidimensional information reconstruction. Conventional ho-
lographic imaging has long been limited by detector constraints, model mismatch, and
low algorithmic efficiency, resulting in insufficient resolution, noise interference, and lack
of real-time control.

MRENEERIE LB T ERMASTEREITHEREZRBER,
B ERERAERT 2 BERNTEEGNT, SHEEIFREKGESY
FEEARREBLERRGRA, BB NEEMERLMAES
&R,

oo

~FOSLIL e

J
Interpret high-dir
low-dimensioni

RIBRASERITEDEN 2 BEIRER

Holographic framework integrating coded sensing and intelligent computation

At the theoretical level, the team revealed
differences in the diffraction propagation
kernels between the reconstructed ob-
ject and the twin image, and eliminated
twin-image artifacts in holograms using
compressive sensing. In collaboration with
MIT, they developed Fresnel zone aper-
ture—coded lensless imaging, advancing
intelligent, compact, and integrated imag-
ing devices.

ER#EEREN T IEN RIERE
RNBEERUMETE, BRN
WERKREHFATHIRETI, &
RGN “BRE &M “BF
o

At the methodological level, the team
introduced a spatiotemporal regularized
inversion framework and a feature-domain
phase retrieval method. The method effec-
tively suppresses error interference under
complex experimental conditions, and ad-
vances holography from “seeing clearly”
to “seeing accurately”.

ENAL, RETHESSRE
BB 5 KRS ZIFT RN, 1E 4K
DMRERHNNEN 2 BB RMNER
WA BTN ENEENANE
NEHFEEEHFEHNRERX
TRl R R T KB,

At the application level, the team over-
came bottlenecks in dynamic high-fidelity
imaging and real-time light field control,
demonstrating significant potential in
real-time 4K holographic displays and
automotive head-up displays. The project
provides key support for deep cross-disci-
plinary integration of optics and informa-
tion science and for emerging industrial
development.
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EELBAGERNIRENE, WERERMNSEEET
BiFR

Elucidating the Mechanisms of Holographic Light Field
Reconstruction and Modulation, Establishing a Coded
Sensing-Intelligent Computing Framework

T EEXE REENTEATERS BEARRAGHR, BEIET
BAMZRBHRERNERSNER, LI EnEHME EELTEEGER,
HWZH=HHRIENRETEER, SUSERELERG, FItED
BRI ME B RERKERE, HRITEEMMREGEILAR.

This project conducts a systematic study of computational light field reconstruction and
modulation based on holographic encoding. It pioneers a compressive sensing recon-
struction method that exploits the sparse difference of phase kernel functions, enabling
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Applications of the project in defect detection, autofocus, AR/VR display, and automotive head-up display

twin-image-free reconstruction from a
single inline hologram. A spatiotemporal
sparse regularized inversion framework is

established to achieve dynamic high-fidel-
ity holographic imaging, while feature-do-
main phase retrieval effectively addresses
model mismatch and expands the theoret-
ical scope of computational microscopy.
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Methodologically, the project integrates
Fresnel zone aperture coded lensless
imaging, compressive sensing, and deep
learning to enable high-quality single-shot
imaging under natural light. It further de-
velops a diffraction model driven hologram
generation network, achieving high-res-
olution hologram synthesis and real-time
light field control.
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The project has achieved systematic
breakthroughs in fundamental theory, al-
gorithmic methodology, and system imple-
mentation, demonstrating significant value
in applications such as 3D microscopic
measurement, industrial defect inspection,
AR/VR next-generation displays, and
automotive head-up displays. It injects
innovation into high-end manufacturing,
intelligent optics, and emerging display
industries, driving technological upgrades
and application expansion while showing
strong market potential.
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The Results Have Received High Citations and Strong International Recognition,
Demonstrating Global Impact
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This project has produced 87 publications with 709 SCI citations, including two ESI Highly Cited Papers. The work has been cited
by researchers from leading institutions such as MIT, Cambridge, UCLA, and UC Berkeley, with citations appearing in top journals
including Nature, Nature Photonics, Nature Communications, Light: Science & Applications, and Optica. The algorithms developed in
this project have been adopted by research teams at the University of Stuttgart, TU Dresden, University of Cambridge, Tsinghua Uni-
versity (Department of Automation), Peking University, the Chinese University of Hong Kong, and University of Shanghai for Science
and Technology. The team has also carried out collaborative research on computational imaging and holographic display with Huawei,
ByteDance, Hisense, and OPPO. The project has received multiple honors, including the First Prize of the Natural Science Award from
the 10th Chinese Society for Optical Engineering Science and Technology Awards (2024), the First Prize of the China Industry—Univer-
sity—Research Cooperation Innovation Achievement Award (2023), the First Prize of the China Instrument and Control Society Tech-
nological Invention Award (2020), Outstanding Achievement in the Computational Imaging Three-Year Achievement Exhibition of the
Chinese Society for Optical Engineering (2024), and the Gold Award at the iENA International Exhibition of Inventions in Nuremberg.
These achievements have driven holographic optical systems toward lensless and intelligent development.

KIE MRIA S EERIN

Major awards received by the project
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Research Summary of Space-Time Coupled Signal Modulation and Processing with Frequency Diversity Array Systems: This project has achieved groundbreaking innovations in three
aspects: the space-time coupling principle of transmit beampattern in frequency diversity array systems, the inter-pulse space-time coupling principle of transmit signal, and space-time cou-

pled signal processing for anti-amming theory. The studies provide novel solutions to handle the industry challenges such as pulse-folded signals resolution and mainlobe repeated jammer
suppression, with potential applications in radar, communication, navigation, and other electronic information systems

HAHISIE D RIETIN RS R %

Space-Time Coupled Signal Modulation and Processing with Frequency Diverse
Array Systems

AREFRIAE

Xidian University

RYIARZFE
Shenzhen University

BEBEHAZE

City University of Hong Kong

PEMREHERAGRARBEEMARER DR

China Academy of Space Technology (Xi'an)
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Introduction

The project has achieved significant original innovations in new phenomena, mechanisms, and theories with FDA system, pioneered

theoretical methods for space-time coupled signal modulation and processing, published multiple classic papers in the FDA field, led

specialized research areas in FDA system theory and radar applications, and attracted extensive follow-up studies.

I ERSES Rz S RIEMIEIL S &
Pioneered Space-Time Coupled Signal Modulation and
Processing Theory and Methods

DBAZERLEREFET FDA BHIBICFM KB AMTR, 7E FDA
T E AR X REMIFIC R LEVSEERAEIH. AMBEZET FDA
HNTBEESEEYENFRE, RERLIHRENZILERNMLAE
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8 - AEZHERE MEERBIRM AT KRB E AR TEE IR,
7 FDA IR EMNAMREE T EEEM, £AT18 R HERImEER
M TORSMIESRERRT A RERERRE, AT FDA RGBS
MEESHNE, R THERERRTASHTRKELREERELE,
RRTESEEERMINE, AIBRET FDA NTHBEBIARIDTS,

FDA WA BX BB =S LA b2

FDA Joint Transmit-Receive Space-Time Coupling Matched Processing

BESREMER KR EMEEZ
ENBRPRTREERZN, 15
7 FDA BEKARZ=HEEES T
EE,

The research team pioneered fundamental
theoretical and key technological studies
on FDA at an early stage internationally,
achieving significant original innovations
in the critical foundational theories of
FDA. This project uncovered the physical
and mathematical principles of FDA's
space-time coupling signal modulation by
integrating the transmitting and receiving
perspectives, and established a general-
ized electromagnetic signal model for joint
transmission and reception. It discovered
the multidimensional coupling principle of
FDA range-time-angle-dependent beam-
pattern and its energy dispersion phenom-
enon, as well as the space-time coupling
law across pulse periods, laying a crucial
foundation for FDA theoretical methods
and applied research. The project pro-
posed an independent channel mixing
processing scheme at the receiver to
overcome the time-varying pattern issue,
forming an FDA space-time coupled sig-
nal analysis method for joint transmission
and reception. This achieved space-time
coupled beamforming and space-time
matched refocusing processing, resolving
the energy dispersion problem. The proj-
ect introduced the concept of FDA space-
time coupled inter-pulse coding, achieving
discrete space-time coupled variations of
pointing direction across pulses, revealing
the principles of FDA inter-pulse space-
time coupled signal modulation.
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Revealed the Principle of Ambiguous Signal Resolution
and Mainlobe Jammer Suppression

FMBEYTRTREESRRNEM T IS BEFs =D PHE
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EEBAERFHER 10 &,

This project established the theoretical foundation of mainlobe interference and target
identification theory in high dimensions based on space-time coupled signal transforma-
tion. Based on the FDA space-time coupled signal modulation principle, it transformed

FDA W REX &M IE ST MMAPRAR

FDA Joint Transmit-Receive Multi-Dimensional Processing and Anti-Jamming/Clutter Result

the signal pulse resolution problem into a
transmit spatial domain resolution prob-
lem, revealing the principles for inter-pulse

signal resolution and separation, and es-
tablishing the theoretical basis for distin-
guishing targets from mainlobe repeated
jamming in high-dimensional space. The
project explored additional information
in array inter-pulse coding, constructed
the mathematical relationship between
frequency diversity and inter-pulse coding
for distinguishing the mainlobe repeated
jamming in FDA, and analyzed the distri-
bution differences between targets and
interference in the transmit-receive-pulse
dimensions. It pioneered the FDA trans-
ceiver joint processing method for main-
lobe repeated jamming suppression,
breaking through the global challenge in
radar systems. The project's achieve-
ments were applied to an airborne radar
system, demonstrating that "compared
with traditional phased array adaptive
anti-jamming techniques, the output sig-
nal-to-interference-plus-noise ratio perfor-
mance improved by 20dB," compressing
the enemy's effective interference range
by a factor of 1/10.
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Led the field of FDA system theory and radar application research, attracting extensive
follow-up studies

B AR &Z KR FDA SEFEAM TR TININSINERERICS, B FDA SUHEHIE, EL 8 F WOS e
XE|BEHFERFE— (WEFTR) . MRIX IEEE RESEBIHS R W. King Award 124, |EEE 5S4 BN
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MARIRER K E, BT AESENELIRE] 2% AR FRESR, RTEHASHERARFE—FR. BHELEAR
HE—ERE,

The project has published the first international paper on FDA parameter ambiguity resolution and main lobe interference suppression,
which is a classic paper in the FDA field. It has been ranked first in the international WOS paper citation ranking for 8 consecutive
years (as shown in the figure). The achievement has been nominated for the R.W. King Award by the IEEE Antenna and Propagation
Society and the Best Paper Award by the IEEE Signal Processing Society. More than 50 academicians and IEEE Fellows, including
Professor David J. Love (academician of the American Academy of Sciences), Professor Yeshaiahu Fainman (winner of the British
Royal Brown Award), Professor YoninaC. Eldar (academician of the Israeli Academy of Sciences), Professor Moeness G. Amin (winner
of the IEEE Achievement Award), Professor Li Xiang(academician of the Chinese Academy of Sciences), Professor Wang Yongliang
(academician of the Chinese Academy of Sciences), have made positive comments on the papers. The relative papers haveattracted
the attention from the United States Army Research Laboratory (Anthony F. Martone), the Russian National Defense Research Insti-
tute (O. V. Ermolin), the Israel National Defense Research Laboratory (David Cohen) and other institutions. The first author has been
continuously selected as one of the top 2% scientists in the world, and has won the first prize of natural science of the Chinese Ministry
of Education.

Citations Citations
o
Ciusom: b v 1 o8 >
763 Publications (ianinin aoataBl] S 5 < Previous yoar > Mestyesr € Previous pear N
:"" Total
w6 017 200 w8 | 20 201 w2 W WM 205
Total a8 %7 1,080 1076 1An (R 2,45 2301 1904 1,505 @573 15,306
equ
o! . ) T
EEE " . P
‘R
©? n
EANDE g it on
Transmit Subaperturing for Range and Angle Estimation in Frequency Diverse Array Radiar
o3 ~d 5. n 15 n 2 3 2 13 it 558
E£E TRANSACTIONS ON $IGHAL PROCESSING * 42181, pp.2000.2011
8 Freg:
a¢ ‘ ! 7%

WOS S| HEHIFER

WOS Citation Ranking

page 105



Rl z #%
Charm Of Science And Technology

R 1AE FDA ZAEXBERAR, IR AIE T FDA BIARIE
Break through the key technologies of the FDA system ##l (MIEFR) , M7t EIE

and develop principle prototypes WIBLREKRIE, S5HEEZPEEIAE
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This project developed an FDA system
prototype (as shown in the figure). Ex-
perimental test data processing results
demonstrate that FDA radar exhibits
significant performance improvement in
suppressing mainlobe repeated jamming,
compared with phased array radar. The
project's achievements were applied to an
airborne radar system, demonstrating that
"under test conditions with three mainlobe
jammers (JNR=30dB), the output SINR
performance improved by 20dB compared
to traditional phased array adaptive an-
ti-jlamming techniques", equivalently com-
pressing the enemy's effective jamming
range by a factor of 1/10. The project's
achievements were applied to a space-
based warning system, "in typical appli-
cation scenarios, it achieves 120°x120°
wide-angle beam coverage, enhancing
the wide-area detection and continuous
tracking performance."

IR Rt B ML H IR R

FDA System Prototype and Experimental Test Data Results
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Application of CyberSim in 3D Digital Review and Model Delivery for Hydropower Projects

BIM {EER%

CyberSim
FEBEERERNIZITHRRRERAR W srpmetAERRARLT
POWERCHINA HUADONG ENGINEERING CORPORATION LIMITED R o G
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Introduction

CyberSim, developed by POWERCHINA HUADONG ENGINEERING CORPORATION LIMITED (HDEC), is a new-generation BIM
software platform designed for global infrastructure engineering projects. It supports comprehensive BIM applications ranging from
building-scale to city-scale projects throughout their entire lifecycle. It has been deployed in multiple world-class engineering projects
and it has been exported to numerous countries, promoting technological advancement and innovation in the industry.
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Refactoring the Cornerstone of the Graphics Engine,
Achieving High-Performance Coverage of Multi-Dimen-
sional Data

R T ABEEMMERTIER., LREMRMENA. KEE
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11, RRIEX16H, TF 180, E 10 ERTERALE, AR
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CyberSim has overcome critical technical challenges such as real-time rendering of
large-scale models, integration of model of different formats, and compatibility adap-
tation to multiple software and hardware ecosystems. It has been granted 12 patents,
11 software copyright registrations, and has contributed to 16 academic publications, 1
monograph, and 1 technical standard. An appraisal committee led by academicians has
evaluated the achievement as internationally advanced in its overall technical merit, with
its real-time rendering capability for terabyte-scale models of multiple formats recognized
as leading globally. The core innovations of CyberSim are demonstrated in the following
aspects:

1. BEABIMERSIZE: BEF OpenGL AR TERATFERTER
MARFERBLRERNENSIE; RET —MET 2 TUNENGENZIR
SRR ERIHAS T BIMFEEM TS, RIBEFRREEBIT.

1.Cross-Platform BIM Graphics Engine: Developed an OpenGL-based graphics engine

BIM (AE RGN A EE

CyberSim Applications Diagram

capable of real-time rendering of large-
scale, complex engineering models. Intro-
duced an innovative multi-source model
storage format utilizing a paged level of
detail loading mechanism, and developed
the CyberSim foundation platform that
ensures compatibility and performance
across diverse operating systems.

2. BIM BR ZREHIBLRE
ENESEAR: FATERMELH
BIMiEAISIR T A, SRI T TB4
BB SN, RERME. KA
BRSZRES,

2.Lightweight Integration Technology for
Multi-Source BIM Data: Developed an
internationally leading BIM model conver-
sion tool capable of parsing, reconstruct-
ing, rapidly loading, and real-time render-
ing of terabyte-scale data. This enables
efficient integration of multi-source models
while maintaining high performance and
visual fidelity.

3. K BIMFEFEA: 1
BTERFMI. =it BINIRE
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3.Integrated BIM Simulation Platform: Established a comprehensive digital engineering application system that spans planning, design,
and construction phases, significantly enhancing efficiency in large-scale project execution. The platform provides a complete suite of
digital engineering solutions, delivering substantial improvements in operational efficiency for different infrastructure projects.

ZREMRECRES
Integration of Multi-Source Models and Data

FHFINREMSSAIR, XMEFSHESNAEEE
Deep Industry-Academia-Research Collaboration Drives Tangible Outcomes, Achieving
Dual Empowerment of the Economy and Society

BIM (I ERLERIIN AT —RoKBiL, XEHKEENBEEF RS IEAEMILHENE, HRSWR
BIEAILEKFIKEENIG IR, REKELE. RHKFIKEESRKEW, KT HRRNERENNTG
EHET S

CyberSim has been successfully implemented in over 100 major infrastructure projects, including the ShaPing Level | Hydropower
Station and the YongJia Pumped Storage Power Plant. It serves a wide range of clients such as the Hebei Provincial Water Resources
and Hydropower Survey and Design Institute, PowerChina Sinohydro Bureau 7 Co., Ltd., and China Railway Water Conservancy &
Hydropower Planning and Design Group, achieving effective transformation and market-oriented promotion of the research outcomes.

EFVEmHE: RRATET EENEFTNE, 2022 E 2024 Fi8), HNABEGHEZRIGITHEL~ L%
1E{EEE 7.5127T, Byl Rl SFIEK 20%, HiBE HEIMNBRME S AA A, IEFHmERITTIZ9 2500 57T

Economic Impact: CyberSim has generated substantial economic value, delivering significant benefits across project lifecycles. From
2022 to 2024, its application directly contributed to an added value of over RMB 750 million throughout the survey-design-construction
industry chain. It also supported an annual growth rate of 20% in digital business revenue for HDEC. Furthermore, by reducing exter-
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nal procurement and labor costs, CyberSim achieved cumulative savings of RMB 25

million during this period.
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Broader Societal Impact: CyberSim has successfully conquered key technological chal-
lenges, such as the development of an advanced 3D graphics engine, effectively lower-
ing barriers to entry within the industry and enhancing the security of engineering data. It
provides a reliable solution for adopting BIM in major infrastructure projects, significantly
accelerating the digital transformation of the sector. Furthermore, through partnerships
with academic institutions, CyberSim will contribute to education and talent cultivation.

Ti2mERNA

Application of Engineering Projects

RETESHFRMERIE, BDSKTERFURAH#S 5HRBALR
Rigorously Validated in Large-Scale Complex Engineering Environments, Advancing
Global Digital Engineering Progress and Transformation

ERABS £ RENIEGET TB AEMRELINER. ZRIEBRSEXEE, MAMRIET 2
EREABHALI, RMOKRARBHRINATSINERERTENE, BYTTENMIERERR, B# 7T TER
HEARNBEEA SR R

Technological Advancements: CyberSim has successfully overcome critical challenges such as real-time rendering of terabyte-scale
models and multi-source data integration. These technological breakthroughs have supported two major national research initiatives
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and have been deployed in multiple large-scale, complex engineering projects. Furthermore, the platform has established a compre-
hensive data standard framework, contributing to the overall advancement and innovation of engineering software technology.

EF AR b @I IR SDK. eftEF TEMRENA, WIIFEBRE. PEKE. [ BREAFREMR
EHE BIM A, KEHA. AEXAFSRIIBEENIIESZFHERSXERAR, SHKREREFK
AFEFRFE, A “BR-BAR -T2 -=Il" SUFHE. KithRE BIM RACIFEKEE, BATUHER,
RUKEEM. HEREENA, HEHERARLSTZHRRE.

Industrial Structure: CyberSim has fostered a collaborative BIM ecosystem by opening up SDKSs, providing plugin tools and demon-
stration applications, engaging both state-owned and private enterprises—including PowerChina, China Railway Construction Corpo-
ration, and Glodon—in joint development. In partnership with leading academic institutions such as Zhejiang University and Southwest
Jiaotong University, it has advanced key technologies in lightweight model engines and multi-source data integration. Collaborative
initiatives, like the digital talent development platform established with Zhejiang University of Water Resources and Electric Power,
have helped form an innovation chain connecting “market demand — technology development — engineering application — industrial
growth”. Furthermore, through the Central Enterprise BIM Software Innovation Consortium, the platform facilitates integration of indus-
try resources, strengthens foundational technologies, expands application scenarios, and promotes the development and adoption of
technologies.

HERGITE: ZRRTEEQERKE], PRIESISFERTIEFTHITARNA, M AREMILHENE
BEILHEEY,
Benchmark Case Applications: The achievements have been piloted and implemented in multiple landmark strategic projects, including

the Baihetan Hydropower Station and the Pinglu Canal. These applications demonstrate the platform's capability to enable intelligent
transformation of large-scale infrastructure.

HFUBRS R

Cooperation and Promotion

7

N XN )
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RABKHAIEE

The overall research framework of the technology

ZIBRIER N TIDFEMNERREXERARA RN A

Key Technologies and Applications of Cloud-Edge Storage-Computing-Network
Intelligent Equipment for Multi-Domain Data Security

WFREKRF

Shandong University

RBEEEERABRAR RHER

Inspur Communication Information System Co., Ltd

R (LR ) HEERERAR iNspur g

Inspur (Shandong) Computer Technology Co., Ltd.

=RERRERHERATE

Sansec Technology Co., Ltd.
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Introduction

Facing the multi-dimensional security challenges of data governance across geographic, management and trust domains, the project
has established a "storage-computing-scheduling" trinity cloud-edge intelligent collaborative technology system, and developed a
series of integrated cloud-edge storage-computing-network intelligent devices, servers and supporting software systems, achieving
breakthroughs in the fields of data security governance and cross-domain collaborative computing.

“DEERE— R E RS =f—f BEMETBR T, 25

Trinity of "Collaborative Storage - Collaborative Comput- ¥iEZLMANHERKESR, K5

ing - Collaborative Operation" E 8 BRI HEE R IER X
5ReAEREEFEEEMT. Al
IREEFEME DR TR “=
HEIE” - UESHRONSIEE
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SNSHBIBESENEY; 9=
WS HRERNEFERMZRIAE T
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B5oMPERNARR, ®itT
ESRAENN ST 2B
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R, AT HRSEREN S
FEMBRRNEMNES %, I
MERRURERES —F R,
FEEEMEFRASITBRE
—ER, HEHERBFERALZ
EREHNESNEEERM, RS
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Cross-domain data circulation is becoming
increasingly widespread, making multi-do-
main data security a key focus in strategic
science and technology. However, current
storage-computing-network infrastructure
faces significant bottlenecks in ensuring
MEFEEHFH =S efficient collaboration and secure con-
Key innovations of the project trollability. Al-enabled storage-comput-
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ing-network intelligent coordination urgently needs to overcome the 'three dilemmas": the difficulty of task-centric multi-domain data
security storage coordination; the difficulty of balancing efficiency and security of multi-domain data intelligent computing coordination;
the difficulty of storage-computing-network resource scheduling coordination for multi-scenario business agile adaptation. Based
on the practical application needs of multi-domain data security governance and analysis, the project has designed a task-aware
driven multi-domain near-data secure hyper-spatiotemporal collaborative storage architecture, proposed an efficiency and security
driven multi-domain digital-analog ultra-agile collaborative intelligent computing strategy, and developed a scenario-adaptation driven
multi-domain storage-computing-network ultra-limit collaborative acceleration method. These innovative achievements have been
honored with the First Prize of Shandong Provincial Science and Technology Progress Award, the First Prize of Innovation Achieve-
ment Award from China Industry-University-Research Institute Collaboration Association, the Second Prize of the Ministry of Educa-
tion Higher Institution Science and Technology Award, and multiple provincial and ministerial awards in China, as well as many Best
Paper Awards at international academic conferences. The related work has been highly praised by many internationally renowned
scholars, including Fellows of the Canadian Academy of Engineering, Fellows of the European Academy of Sciences, and IEEE/ACM/
AAAI Fellows.

BB QUM R

Innovative achievements of the project
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Scaled application facilitates major projects and industri-
alization
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This achievement has realized the seamless access and unified scheduling of heteroge-
neous storage-computing-network resources, established data-trusted collaborative ser-
vices and security foundation with multi-party participation, and supported integrated ser-
vices for data and model computation tasks, achieving successful industrial application.

ENBHET 'R

Application and promotion of the project

It has achieved large-scale implementa-
tion in fields including communications
and transportation across over 10 prov-
inces such as Guangdong and Sichuan,
with the deployment of more than 30,000
sets of equipment. The project provides
full-stack solutions spanning planning,
construction, operation, and maintenance,
and has supported the implementation of
China’s major national initiatives including
the "East Data West Computing" project
and smart city cloud brains. It has also as-
sisted Inspur Communications in building
renowned brands such as Tianji Compute.
By offering operational support services,
planning-construction-maintenance-opti-
mization of computing infrastructure, and
a range of digital-intelligent products and
services for government and enterprise,
the project has generated cumulative
direct economic benefits exceeding RMB
6 billion. It provides customized and
full-service computing power services to
various industries and fields such as Jinan
Unicom, Jinan West Railway Station, and
Dongying Computing Power Center. It has
achieved significant social benefits, includ-
ing improving the operational efficiency
and quality in fields like communications,
finance, and government services, as
well as enhancing public satisfaction and
sense of gain.
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The project supports planning-construction-operation-maintenance and digital-intelligent products and services for government and enterprise

W E A — ARSI SS =LA R ARRESERLBES B
Driving new business formats of storage-computing-net- #HE+EMHLI T #EIRE RS
work integrated services and industrial upgrading BUSSRE M OIS R RIS SIE RS
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Independent technical standard system
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This achievement represents a groundbreaking innovation that advances technological progress in the fields of data security gover-
nance and cross-domain collaborative computing. It addresses core challenges in cross-domain data security, filling technical gaps in
dynamic task adaptation and trusted storage collaboration. The project reconstructs a multi-domain secure storage-computing-network
integrated architecture, reducing cross-domain data processing latency to millisecond levels. It has developed intelligent collaborative
equipment and supporting software for multi-domain data security, establishing an independent technical standard system. These
efforts have resulted in 19 authorized invention patents, 20 software copyrights, 3 leading industry standards, and the publication
of 3 textbooks and 3 monographs. The outcomes have catalyzed new business models in "storage-computing-network integrated"
services, driving industrial structure optimization and upgrading. They have facilitated the upgrade of the computing service industry
chain, supporting member organizations in becoming leading global operators of integrated storage-computing-network services. The
project provides critical security assurance for cross-regional computing power scheduling, enabling the implementation of China’s
major national projects such as the East-Data-West-Computing Project. It also promotes digital transformation in traditional industries,
reducing multi-domain data management costs by over 30%, while expanding emerging application scenarios such as industrial inter-
net and autonomous driving, supporting their deployment in complex environments.

FEM— RS MEES L TR

Storage-computing-network integrated services enabling industrial structure upgrading
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Schematic Diagram of the Principle of Distributed Trusted Data Collaborative Storage Technology
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Distributed Trusted Data Collaborative Storage Technology
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China Unicom Data Intelligence Co., Ltd.
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Introduction

Blockchain is a new type of database software integrated with distributed networks, encryption technologies, and other components.
China Unicom has deeply engaged in its R&D and application, independently developed an underlying platform, pioneered the Dis-
tributed Trusted Data Collaborative Storage Technology, solved the challenge of onboarding large-scale data onto the blockchain, and
achieved industry-leading performance.

H TN DR A SR RITE RS A BRARART R, RS
Pioneered the industry-leading Distributed Trusted Data Hyperledger Fabric [ #& 90%+,

Collaborative Storage Technology BEAMIE. MBENGS, T2

X . B DHEREINS CA KRR, KEECTPS

FEEETULES A EHRIEDEEERAEER T = R0 B 10 5% BRRHEIA
Al —BARAEHIE LENRE, —RTHRFHRRE0RH, =285

FERAHILFIRRER TFH . BARCF L, EBLUMIBEXIREEHE  China Unicom has pioneered the indus-

IREARRE, LR/VEHERNEI 100MB B ESXHHUR E3%, 59 Web3.0  Iry'sfirst Distributed Trusted Data Collabo-

AEREERE; ROIKREBRE L RAE RN 250%r, (o oo Teomnoloay, which precieely

addresses three core technical challeng-
es: 1) low efficiency in onboarding large-
scale data onto the blockchain; 2) difficulty
in adapting node storage resources; and 3)
high storage costs restricting the promo-
tion of data-intensive fields.

In terms of technological innovation, the
technology integrates erasure coding
with blockchain consensus technology,

AR FERFR

enabling fast on-chain upload of files
BT A M A AT over 100MB at minimal storage cost and
laying the foundation for Web3.0 trusted
databases. Its original block data sched-
uling algorithm reduces system storage
consumption by more than 25% while

adapting to nodes with diverse resources.
Compared with Hyperledger Fabric, it
achieves over 90% reduction in storage
costs, making it suitable for big data and
loT scenarios. Additionally, it builds a dis-
tributed authorization and CA (Certificate
Authority) system, enabling the underlying
blockchain to achieve over 100,000 CTPS
(Chain Transactions Per Second) with
second-level confirmation.

KA ST RARMBERELIRFEED, R RSIEEE
Multiple innovative technologies are adopted to solve the data storage challenges of blockchain and enhance system per-
formance
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The Distributed Trusted Data Collaborative Storage Tech-
nology has been widely applied across multiple fields

BKisBMRET S RN H AR EREDEEERAR, EEtRFEA.
Pl ERE I, £t E L, 2022 FF 6 B LUREHAHIBMNIEK 1.78
278, BItWHHEA 2.36 27T, EBRZITIILS; MaEHRET
BEBWEA 35%, AHERBKEZ, FIFRN 100% S5/

HEMEAE, AE 2 NPERRBERLTI, XiF 4 IREKRE
HRiul. TERAIRIR: 56 HEASFaEa AR ERERRPE
EREERI, “£ZH EAN20 KR HE3000E (FEED R
FAITE + XIRE + BIRRRRE =) , EEIAL 700 FERZLE.
HOEZANER R,

DHEXAEHEDREERABRAT 56 HEHZ, £ZHETA
The Distributed Trusted Data Collaborative Storage Technology has been applied in fields such as 5G co-construction and
sharing, and Jinyi Chain

Relying on the Distributed Trusted Data
Collaborative Storage Technology, China
Unicom's Blockchain Platform has been

implemented in fields such as digital gov-
ernment and industrial finance.

In terms of economic benefits, since June
2022, it has driven an increase of 178 mil-
lion yuan in big data revenue, with a cu-
mulative market-oriented revenue of 236
million yuan, supporting industrial busi-
nesses worth over 1 trillion yuan. It has
enhanced the efficiency of supply chain
work order interception by 35%, enabled
trusted transactions exceeding 10 billion
yuan, and achieved 100% compliance in
bid opening and quotation.

In terms of social benefits, the platform
has undertaken 2 key special projects
of China's Ministry of Science and Tech-
nology and supported the acceptance of
4 blockchain pilot projects in China. Its
benchmark cases are remarkable: the 5G
Co-construction and Sharing Platform won
a national-level award in China after with-
standing the test of onboarding data from
millions of base stations; "Jinyi Chain" has
connected 20 members and handles 3,000
daily inquiries (as China's first case inte-
grating "privacy computing + blockchain
+ data element circulation"); in addition, it
has realized the verification of 700 types
of certificates and licenses in Hebei Prov-
ince, and the distribution of nearly 100
million yuan in subsidies in Wuhan.
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Take the lead in international standards to advance tech-
nological progress and industrial upgrading

ZRREAED 5P WERRAARTNEE . IARED £, &k
“ITU-T X.mbaas-cs-sec, Z KRR S5 T A MMEIRSH L2 HERSER"
EFriT AT E 25 IEEE RIERE, ATUREEAIEE; elnkm
AEHEDEFERAR, RIGFRAT—FX, A= =l Em L,
HEEMITEEENRSEMIRN, ZEBITNEREKE;, 56 HEHE
T AR Gartner RETTIATAT, Hap@ELSHER, BhFLmmEL.

BREUAR, EHBFEMIZES SEEFTRERS.

This achievement has exerted a significant impact on technological progress and the
optimization and upgrading of industrial structure:

In terms of technological progress, it has taken the lead in the international standard
project "ITU-T X.mbaas-cs-sec, Security Requirements and Framework for Collaborative
Services of Multi-Blockchain Service Platforms" and participated in IEEE trusted stan-

BGBXREET B TN B A EREDREERA BRSNS TR
Achievements Attained by China Unicom's Blockchain Platform Relying on the Distributed Trusted Data Collaborative Stor-
age Technology

dards, providing technical specifications
for the industry. It has pioneered the Dis-
tributed Trusted Data Collaborative Stor-
age Technology, won the first prize in an
open-source competition, and promoted
technology sharing.

In terms of industrial structure, it has built
an intelligent chain collaborative cloud
infrastructure by integrating cloud and net-
work capabilities, supporting cross-domain
resource linkage. lts 5G Co-construction
and Sharing Platform has won the Gartner
Award and become an industry bench-
mark, driving efficient co-construction in
the communications industry, helping the
industry upgrade toward collaboration and
high security, and promoting the in-depth
integration of digital infrastructure and the
real economy.
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The Results of Controllable Visual Media Synthesis

RAEEMAI RGNS FRRS A

Highly Controllable and Efficient Visual Media Synthesis Method Re-
search and Application

PERFRIT RS AR

Institute of Computing Technology, Chinese Academy of Sciences
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Introduction

The achievements focus on intelligent digital content creation and introduce several innovative technologies, including geometric mod-
eling and analysis methods for large-scale deformation and understanding, 3D reconstruction techniques for complex topologies with
fine textures, and low-cost, efficient, and highly controllable approaches for generating high-fidelity digital content. These results have
been widely applied and attracted significant attention.
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KR = HRTREBIERT, LUNSREFHEER
Breaking Through the Bottlenecks of 3D Representation and Modeling for High-Quality
Controllable Generation

REARBRT ZHERFABRERPARETHEEZ A, JLAAT SHIMEEERREMR. EdiEnh
BERB=AEAER, QIFRERNESETRINESER ACAP ARETHRIES %, BATHHER X MR
A, HERENBTEINARSHEETIHER; SIFEE NeUDF EF4RINEREIESS NU-NeRF ERRYIAE
B75, RIMEFRIMEENBRRIAHEERYEERBERT 10 5, QIFREETARBNEMRZEHIER,
BRI TS TR B AR Z R GRRIEHRITE, RRSESERTHSIESHNFE SRR, RIIREE
£ 6 F£ART ACM SIGGRAPH, 3 RNEAS=SMIR, HiEIEA ACM TOG BT E, #WEREIT ZRAF
AB AR, RIS 00 EE R 4 A T,

This project addresses three core challenges in 3D digital content generation: distortions in large-scale deformation modeling,
low-quality synthesis of geometric details and topological structures, and insufficient control accuracy in the generative process. We
innovatively propose the ACAP large-scale deformation representation method, which optimizes spatial deformation continuity and re-
solves the ambiguity of deformation gradients. It is further extended to Gaussian Splatting (3DGS) and Neural Radiance Field (NeRF)
modeling. Moreover, we introduce the NeUDF framework for complex topology reconstruction and the NU-NeRF method for transpar-
ent object reconstruction, which enables accurate representation of complex topologies and improves reconstruction accuracy of trans-
parent objects by tenfold. Furthermore, we propose a sketch-based generation control technique, which achieves pixel-level precision
through manifold projection and unsupervised disentanglement, addressing texture and temporal consistency issues in multimodal
generation. This series of works has been continuously published at ACM SIGGRAPH for six consecutive years, selected three times
in the SIGGRAPH Video Trailer, and selected as a cover article of ACM TOG. The above works have been widely applied by interna-
tional peers to face, body, object, and scene modeling and generation.

AREZR. HFAKER. SUEAIERFABTEHARSE

Large-scale Deformation, Detailed Reconstruction, Highly Efficient and Controllable Digital Content Synthesis Approach
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AR IA S R 75 S5 E R A
Real-World Applications of Controllable Visual Media
Synthesis

FEREIKNERRIE. ERBIER. ARBEEHFZOK
A, ERERN. EFREMERFAFLHITEMVA, BXIESFR
BB S IR IR PR &1, AZHA A T i be B BRI 421,
RATLEHESE 250 RIFAIRE, FGEE 300 HR. SHEBERFFR
3D-FRONT 7= #4B&M 3D-FUTURE JLAISERE R $IRS, K1 T CCF
CAD&CG B FIREIEE R, JLAMNMAH757% PRS-NET FEILRAF O
EEREFEHONA, BFEMNMAmBIXIRFE. BEFamREs
RAFRARNELRFEKERAAT ZEA, HIRE T CCF CAD&CG i
FELARRHR, FRTSERBBEREFAMENZENENFA,
HAEZNIRBERZMNA, 51E&F ‘B IHFA.

AIMEAE A ENN AT REERNBFARY, HFRESTEM
The visual media synthesis methods have been applied in lunar soil reconstruction and digital human systems,
and won multiple awards

The key technologies, such as real-time
deformation representation, complex to-
pology reconstruction, and precise sketch-

based control, have been successfully
applied across scientific exploration,
healthcare, and the digital human industry.
In collaboration with the Institute of Geol-
ogy and Geophysics, Chinese Academy
of Sciences, it was applied to fine-grained
modeling of lunar soil particles, reported
by Xinhua News Agency and over 250 me-
dia outlets, with more than 3 million views.
Together with Alibaba, we released the
3D-FRONT scene dataset and the 3D-FU-
TURE geometry-texture dataset, awarded
the CCF CAD&CG Graphics Open Data
Award. The PRS-NET symmetry analysis
method has been deployed at the Digital
Center of Peking University School and
Hospital of Stomatology for automatic
detection of craniofacial symmetry planes.
An online sketch-based generation system
has been widely adopted by international
users and awarded the CCF CAD&CG
Outstanding Graphics Open-Source Soft-
ware Award. Furthermore, we developed
photorealistic news anchor digital humans
and real-time interactive conversational
digital humans, which have been deployed
at AIER Eye Hospital Group, including the
release of the “AiKe” digital human broad-
caster.
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Broad Impact of Intelligent Media Generation Technolo-
gies

FRRBHSIERBFABTEREA, EHENERZSATERE
FUBFEET TR, EFEARTMAE, BEXITIFERAN ESI SW5IEX,
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g5 E, FREIES 3D-FRONT #ETIBRE AR, ERELIK 250 KRR
VMRA, BREETTL=HRBTHIEIE; JUAERRAEER. [
EEEEM~ WM, EHFRBESMNF IR EMEREMREE,;
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HERETERMET T LRI 300 TR, WHEME 250 RKIE
FIRE, ARLEHRABZEIK186 MER, RitEm 700 7KER,

SRERFABEIENT L TUHER AR Ko

AN ACM TOG HiFIHEHRBSUERE, TARSR ZEMH
Technical papers have been selected as the cover of ACM TOG journals and have received numerous honors. The online
systems have been widely used

The proposed multiple innovative technol-
ogies for intelligent digital content gener-
ation have significant impact in both com-
puter graphics and artificial intelligence. In
the academic field, the related works have
been listed as ESI Highly Cited Papers,
included in the Eurographics State of the
Art Report, incorporated into courses at
leading universities such as the University
of California, San Diego, and awarded the
First Prize of CCF Science and Technol-
ogy Award for Technical Invention. In the
industrial field, the 3D-FRONT dataset has
been adopted by more than 250 institu-
tions worldwide, including Stanford Univer-
sity and Apple, substantially lowering the
barriers to 3D content creation. Geometric
generation techniques have been indus-
trialized at Tencent and Alibaba, acceler-
ating the progress from manual content
production to intelligent generation. Digital
human technologies have been deployed
at Aier Eye Hospital Group, pioneering
new modes of digital healthcare services.
The lunar soil 3D reconstruction project
attracted over 3 million views globally and
was reported by 250+ media outlets. A
facial drawing system has been rolled out
in 186 countries, generating over 7 million
images, bringing high-precision digital
content creation from a professional tool
into the hands of the public.
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Four-Honey Framework based on Software Defined Deception Defense

H4ASD3: EFHNHEXIEHENMEEFERRXBERA

H4SD3: Four-Honey Framework and Key Technologies based on Soft-
ware Defined Deception Defense (SD3)

MK

Guangzhou University

EMIAEBEANE

State Grid Jiangxi Electric Power Co., Ltd.

BIRMERA (ER) BRAH

Rangesoft Network Technology (Beijing) Co., Ltd
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SEFSMEE (Advanced Persistent Threat, APT) S$&IKIAEMANRRNFBEMIGHEMB L 2ER
TEREM. ABEMRNST APT K, ANMERBIZBEFE. BN, hEZRFAITE FRSEFBREAR, BH
T—EETHRHEXIRFEANNEZERARER, TEMN. BT, BIFSEXBTINAE, BISEEHSMEFTNE.
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Introduction

Advanced Persistent Threats (APTs) pose severe threats to global critical infrastructures which are represented by electric power
grid. To effectively counter APTs, we have achieved key technological breakthroughs including trap-based probing, preemptive threat
observation, collaborative transformation, and hunting deception, and proposed Four-Honey framework based on software defined
deception defense (H4SD3). Deployments and applications in key industries such as power grids, banks and governments have
demonstrated the remarkable social and economic benefits of H4SD3.

MEshRiPFERERFTE, AR “PRERX" RLBEHe
The shifting from reactive protection to active guarding initiates a new security defense
paradigm of "safeguard mode"

BB LIRERHIGHEEF L. ML L. BEEIHIZRMTINR, LLAPT AURMMBRE 2MS M. KIFLMH.
SEARAM. SR NMHE FRURADIF. RERNERAR, URPTIFERAZD, HELERAL N T
MEHEARE LRSI REM. DIFSRXIHrEe. DIRMINSYARAD LAUBARZXS B BOARIE E SCERIRRA IR0
MEAER, WKRBEEAZD, KUK APT FSRBENNENFE, AETEERAEEEZINEZER
FEESXREEEMISEMSEH BN, BHEMRREF. BERRACIFHEE: BTFREEXRIRHHEERE
A HEEBEHRANEISER. BETHSEMNSHRESHIMEZERE. BETRERSATNBIPIRERE,
EEHRR R ERLINGEEREFR B A,

With the continuous acceleration of digitalization, networking, and intelligence of global infrastructure, cyberattacks, particularly those
represented by APTs, present four characteristics: high concealment, long-term persistence, strong uncertainty, and high threat. Tradi-
tional defense technologies such as boundary protection and anomaly detection, which focus on protecting the target system from in-
trusions, are difficult to effectively detect and block these advanced cyberattacks. We propose the Four-Honey based on Software De-
fined Deception Defense (H4SD3) framework, and its guiding principles are "countering concealment with the concealment, responding
to persistence with the persistence, responding to unknown with the unknown, and responding to threats with the threats". The core
of H4SD3 is to discover cyber attackers, achieving active guardianship against highly concealed threats such as APTs. H4SD3 has
been deployed and validated in the cybersecurity protection tasks of important national-level events in China and safeguarding critical
information infrastructure networks, demonstrating its defensive effectiveness. The technological innovations of H4SD3 include: in-
telligent orchestration based on software-defined deception defense, close-range HoneyPoint for early threat perception, preemptive
HoneyProxy based on persistent observation and deception induction, strategic HoneyCenter based on attack tactics and techniques
prediction, and scenario-customized overflow HoneyTrace for traceability and countermeasures.

BEFRMAE X ERIR B E R A SR

The Innovations of the Four-Honey technologies based on software defined deception defense
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The project outcomes have significantly enhanced the active defense capabilities of
critical information infrastructures in multiple industries and fields

T H BB IRFISEC APT IR BEXIPER, R T SHEMREENSE AN SR EE YRR, &
RERHETRAEXRRHEEOEAR (H4SD3) , HHTER. BE. B, ENFAFERATKTHEER,

The project team pioneered the exploration of a Four-Honey Safeguard Mode protection system specifically adapted for APTs. It
achieved breakthroughs in diverse attack detection technologies and adversarial defense response techniques, and for the first time,
proposed the Four-Honey framework based on Software Defined Deception Defense (H4SD3), leading to the development of interna-
tionally leading apparatuses, including HoneyPoints, HoneyProxy, HoneyCenter, and HoneyTrace.

MEXBEENVAESSZITI. SHRNATR. TERRBETF 27 MEREN (BxE80% BHNEK) , iR
58 11 ZADo LUIAREAG, 2024 FiHHE 480 BRARMEBWE. BE 765 NFEE. IR 58 B BEHIRE
112 5 REVIR, SRR EHE2ATAE; TIEMRK 50 RRZONMARA (RR. |17, T/ BFF0R) ;
TERREEELRE, WER. KER. TLR. [ REFEABGEFEDTRA (&L 10 FRE RS
HEMWEREZTEHRIZR) , RIHRF 2481 HRESRRER, TER3Z 67 HEHRKE (CVE/CNVD IAE) ;
i 3 FRIEE 57 127 (K9 7.812%7T) »

Four-Honey has achieved a mature application system covering multiple industries and scenarios. The project outcomes have been
deployed across 27 provincial power grids (covering 80% of the national electric power network of China), serving a population ex-
ceeding 1.1 billion. Taking Jiangxi Power Company as an example, in 2024, Four-Honey system has repelled over 4.8 million cyber-at-
tacks, patched 765 vulnerabilities, attributed attacks to 58 hackers and obtained control permissions for 112 botnet nodes, achieved
the full closed-loop handling of the attack chain. The project outcomes have been adopted by over 50 core institutions across sectors
including public security, banking, finance, and government. This framework has been successfully deployed for critical events includ-
ing the Winter Olympics, Asian Games, Universiade, Asian Winter Games, and the Canton Fair (maintained a zero-incident record
for over 10 consecutive years for the Canton Fair), and cumulatively identified over 24.81 million high-risk threats. So far 67 zero-day
vulnerabilities have been submitted and certified by both CVE and CNVD. Over the past three years, the technology framework has
generated cumulative direct economic benefits reaching 5.7 billion RMB (approximately $780 million USD).

MHIFMERE

The Developped Four-Honey Devices and Equipments
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HIIMERSINERRAR, WERLFIHES
Promoting the upgrading of the cybersecurity standard
system and building a new ecosystem for the security in-
dustry

BB EE TR EXERGHNNEERR, MRE LRI T ERK
SRRV ARR. EMELRIRAHE, RAFANRESSNER2ME
FRREER, HIENME 19T, EPPEEZRGAE 1. T 4nE 18 I, 1
AERBAL, FIETWARES T, HhEENEMRX 3 (HETFEL
FRAER) . (OEFEHENATE) . (EEFAEEOME) -
ik 316 U E FRE & ZIAR] (& 158 1iL IEEE Fellow % 62 R E BT L) o
TEMARAFEREEE (BEx. BE. BEff ENF) BEBN. 2
2. R/I7. BE BEFSEXRTUHENE, BREESTLNER2H
HARTAR. 1ERRERA, F 2024 F 8 ARARBILHFIEA,
BEPUBEERRERER. mABN. EEREN. RIBEHEEF 30 R
B,

The project has pioneered the H4SD3 concepts, and has fundamentally broken through
the technical limitations of traditional reactive defense. In terms of standardization con-
struction, the project team has been deeply involved in the construction of the cyberse-
curity standard system, formulating 19 standards, including 1 national standard in China
and 18 industry standards. As the leading unit, we have formulated 5 industry standards,
among which 3 are related to the Four-Honey system : Overall Technical Framework of
Four-Honey Platform, Data Application Specification of Four-Honey Platform, Functional
Interface Specification of Four-Honey Platform. The system has gained recognition from
316 internationally renowned experts, including 158 IEEE Fellows and 62 Academicians
from the CAS and CAE. The new apparatuses (HoneyPoint, HoneyProxy, HoneyCen-
ter, HoneyTrace, etc.) developed by the project have been deployed and applied in key
industries such as power, public security, banking, finance, and government, effectively

RERIRNEF R ETRIR

Standards and Cross-industry Security Alliance

empowering the new upgrade of the net-
work security defense system in various
industries. As the initiating unit, we estab-
lished the Shield Cube Industry Alliance
in August 2024, which includes over 30
enterprises and institutions such as the
China National Energy Group, China
Southern Power Grid, and State Grid.

RIHREAREN e

W0 T TR e R R 5 AR R R
AMBWFERNES

WATELRNS BA AR EAPMH KRG L A
O=£% ~7

Industry Development

Report
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Multi-Agent Platform Architecture for Large-Scale Internet Threat Defense

HEMRRZERMMENZSERERE

Multi-Agent System for Internet Heterogeneous Threat Defense

= 2
BEKRE
Tsinghua University
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Tianyi Security Technology Company Limited

134 page



51

onf

DEETESNRANERENZ2SERAER, HEERERNFOLTSEDHHNSERERS, RIS
BEUMBRLTEEN, TBEYRSFAMINERESINAERZ, HIER. B, BERGR TXEEMIZ
il oaEinls

Introduction

The project is based on a cross-domain collaborative Internet security multi-agent framework, aimed at building a multi-agent system
for defending against heterogeneous internet security threats. It breaks through the paradigm of intelligent network security operations,
bridges the cognitive barriers of multi-source threats across different scenarios, and strongly supports the protection of critical infra-
structures in complex cloud, edge, and end environments.

T8I 5 AR AR E Al th
W, FRIZENEEED R
B3 E3: 31

Platform Overcomes the
Challenges of Intelligent
Analysis and Processing of
Large-Scale Network Proto-
cols and Interactions

FEEHNNEKREBRMITATE
BB AFASEEM DN, MR E
EE DTN IEMERIPEL,, BEMH
REFAEBRNLZESNEEHEZE
BERIEZR, EZZRAIREE + /)
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IPv6. ICMP. UDP. TCP & P 4%  Muli-Agent Frameworkfor Ineligent Collaborative Processing of Large-Scale Heterogeneous Network Data
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The platform addresses the challenge of intelligent analysis on large-scale foundational protocols and network interaction data gener-

ated by global Internet behaviors. It develops a cross-domain collaborative multi-agent framework for Internet security. The framework

forms three layers in the system, including foundation models, small models, and tools. Based on TB-level security service instructions
and network data, it builds an intelligent knowledge system integrating large language models, security reasoning models, and net-
work traffic models. The multi-agent system encompasses various security business lines, including code security, protocol security,
network security, and application security. It supports fine-grained detection of over 100 behaviors, including DDoS, web attacks, mal-
ware, dark web activities, and route hijacking. It has identified over 200 major vulnerabilities in Ethernet, 5G, Wi-Fi, IPv4/IPv6, ICMP,

UDP, and TCP network protocols. The platform’s performance improves by more than 10 times compared to traditional expert models

in diverse security businesses, with a threat detection accuracy rate of 99.5%, significantly surpassing industry standards.

wah= WA, ARKRRLESERBHEEZSEH
Promoting the Application of Technologies and Contrib-
uting to the Development of the Cybersecurity Ecosys-
tem

TEMRERERIER T EBRNAZNEMCNEES, WIS
B, £h. PEBESEZIMHMNZILARN aNBELA, X TBARE
BEEKEERSN, BEERIEMIRASREDNLS, RABRKATLE
RENREHRANELLIEENER, WM EXZKS. BIRERRK
FEIRSHONERR, KR7RGEIZREA 10% ULE; FEEXMH IP il
TCP i EEX EiE XRA%ER Linux. FreeBSD. OpenWrt iR+t
Xefi# T 2 MR T2, AFRMRNE2ESHEHRETEER
BRo #EBY Linux X BMZ 5.16 FFia, BRERR T EEN LT 20% 89
REBEIGINEERE, BRRET IS APARE T HFERALE (B1F
NETGEAR. Linksys. TP-Link. H3C. Ruijie. Xiaomi. Google. 360 %
T ANREHIEEm) NEel, BEIZREE.

BEARERKS MR AL BEERNA

Findings of the Project have been Deployed by Several Well-Known Organizations and Vendors

The project's findings have effectively
enhanced the threat detection capabilities
of Internet systems. It has been deployed
by several well-known organizations and
vendors, including Ant Group, Tencent,
Huawei, and China Telecom, supporting
intelligent monitoring of TB-scale traf-
fic and covering over a hundred threat
identification and vulnerability analysis
tasks. This has greatly reduced the cost
of human expert resources and improved
network security operational efficiency.
The platform has overcome challenges in
detecting Alipay transaction accounts and
Tencent black market accounts, achieving
a more than 10% improvement in recall
rate in real-world scenarios. Vulnerabilities
in IP and TCP protocol cross-layer inter-
actions identified by the platform helped
improve the security of multiple kernel ver-
sions in open-source communities such
as Linux, FreeBSD, and OpenWrt, making
a significant contribution to the security
ecosystem. Since Linux kernel version
5.16, the project has effectively mitigat-
ed remote attacks against over 20% of
Internet servers, ensuring the security
of downstream router devices, including
NETGEAR, Linksys, TP-Link, H3C, Ruijie,
Xiaomi, Google, and 360. It has received
numerous acknowledgements for its con-
tributions.
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The Findings Achieve Sig-
nificant Industrial and Ac-
ademic Value with A Broad
International Impact

B 5| iR A A HE T =
WHEFERREE. AARABRE
R ‘MK MERWURR
2T 40 RE, BXEFE
N20RW, FERETER ‘B
REMRIZFARRFERER” (%
STFT XX ME— NIEE) |
SIGSAG Doctoral Disseration
Award Runner-Up (I A#X 7S
M—NiEE) . URZENsRE
X, 1§ E T Wi-Fi Bf B, Linux
X, OpenWrt #tX. =iB. £,
FREBE. PEBKE. WEEE.
360, /K. FiEE. FTE=. B
EMRFE. FEEXEAEHR
EAERI TR ATEC 2023 F{ERZE
BHNBET 25200 REFL(IFA,
58% U LS EANRETFFERA
WIRT 90% LA MR E 2
WER, IHREE, HAREREF
EERBARNFEEERS. The
Register. APNIC. Cyber Security
News. GitHub AR IEAEK LR
RE, IR ZXF.

The project has achieved impressive suc-
cess in driving technological innovation
and promoting technology and industry
growth. It has published over 40 papers

in top security conferences and secured
more than 20 patents. The platform re-

ceived the first Frontiers of Science Award (being the only Asia-Pacific recipient in the
security field), the SIGSAC Doctoral Dissertation Award Runner-Up (the only Asia-Pa-
cific recipient in history), and several best paper awards at leading conferences. It has
also gained public recognition from organizations such as the Wi-Fi Alliance, the Linux
Foundation, OpenWRT, Qualcomm, Huawei, China Telecom, China Unicom, Alibaba,
360, Xiaomi, Ruijie Networks, H3C, and TP-Link. The platform's technology was used in
the ATEC 2023 Large Language Model Competition with over 200 participating teams.
Over 58% of these teams achieved an accuracy of above 90% using the platform's
technology, demonstrating its strong effectiveness. It has been highlighted by prestigious
organizations and media outlets, including the National Natural Science Foundation of
China, The Register, APNIC, Cyber Security News, and GitHub, attracting widespread
public attention.

BRRZIMER, FUEERR, 5IARLTARAC

Achievements Recognized Internationally, Leading to Technological Innovation in the Field of Security
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AR Z B E PRI T AL E KA RNAGRI 32 "
Project Achievements Recognized by Industry Experts
and Authoritative Institutions

MRERRE T FEEFERREST —FR, ERMER2TMHA
ZEZK Adrian Perrig. Ravi Sandhu FHUEXN AR AR EH#IT T EEITN.
LR EERIEMIERAR RO, UEHIEBEBRHLHERAE. EEM
MAFDEDRELIEGRNBLLANSESI B, ZRHAHTHEER
MEREFARITE LT, EFRE2 I, TUBEREB 2, A=A
RIEREN .

The project won the First Prize Award for Scientific and Technological Progress from the
Chinese Institute of Electronics (CIE). Renowned international cybersecurity experts,
including Professors Adrian Perrig and Ravi Sandhu, also highly praised the research.
The findings have been referenced by several internationally renowned security re-
search groups, including the Darmstadt Research Center in Germany, the Hebrew

BRSRIRIT AL T RAAEANAGT 5ZIART, HEEnF= L eU3f

Project Achievement Widely Recognized by Industry Experts and Authoritative Institutions

University of Jerusalem in Israel, and the
University of California, Riverside in the
United States. The research has also
contributed to the publication of one Chi-
nese national standard, two international
standards, and two industry white papers,
providing standardized support for indus-
try applications.
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A technology stack built on the RISC-V architecture, hardware, operating systems, and cloud desktops

EF RISC-V ARESENRERERFRFNaEE
KERAR eIFR B L AR

Innovation and Application of Key Technologies for the Native Operating Sys-
tem and Cloud Desktops, based on the RISC-V Open Instruction Set

FRERIF R RN ISCAS PREERX AR R A

The Institute of Software, Chinese Academy of Sciences

HE B EH

China Telecom Research Institute

KER (L8) RURARATH

Damo (Shanghai) Technology Co., Ltd.
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FIPAETF RISCV ABIECEMNZH CPU IP R AER, A TREBRERA. “WNE BOOK” £iBK
BN ERENA, RAETETMSHEIRABRY RISC-V XREHERKRA, KM TRE—AUNRAELR, HhT
2IKRISCV EBFFI LB,

Introduction

The team has developed a native operating system, the “Ruyi BOOK” laptop, and a suite of cloud desktop applications. These inno-
vations are based on the Yeying SoC and XuanTie CPU IP, which are built on the open standard instruction set architecture (ISA) -
RISC-V. This achievement marks a pivotal breakthrough, establishing a complete and critical technology chain from chip-level design
to application in the RISC-V domain. By creating a fully integrated hardware-software application terminal, we have not only delivered
a cohesive solution but have also propelled the advancement of the global RISC-V industrial ecosystem.

1Ti8 “HEEC” 2R, M RISC-V REREFRASEREEBARTR
Establishing a Full-Stack Technology Ecosystem for RISC-V: From Silicon to a Native

OS and Cloud Desktop

RISC-V NRERIERS: BETHRIBE (OpenHarmony) FFFREIHL (openEuler) , AT EAERER
2. BEOBRENINRESZREES, SN THE—EANASARNEERP X EMNN BRI TAEE, BRRiE,

BEFRSCVHmREEAR: Bl RXBF IR Electron (19 Mx4ds) B RISC-V BB S MK, TR
Opus. GStreamer & X BEMER RISC-V BIEHEE, KMBFENKENUAF A TEE RISCV & ENREIE
TRkRERH. LB Eh. BERNMNNEREWNE, #H#—FREATHAFAER,

FTIB RISCV “IREED 2PERAVIIE BOOK EiRABM: EF Xk C910 IP R A IE 28 AV IRIE (1 A 1L
£, RMXRRINFEE. BILHRERE. ZBRFEH. CPURMAES, BEKEMMSHTE, £ ‘U=
BOOK” LI T/NF 10mW BIRFHLINFER K 20 REVEEAT. WIE BOOKITB T DR EIFHRERA. &R
EARE— A2 HERR, ALK RISC-V AP ASTRME T FHeEE=a,

i %7 ke Office £EBRAR WEPOF RuyiSDK WisEn R Chromium VS Codium

LT Frwe

RISC-V RERERS - 10E OS

A Native Operating System for RISC-V - Ruyi OS
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A Native Operating System for RISC-V: Built upon the OpenHarmony and openEuler
open-source projects, the team has developed a native RISC-V operating system with
inherent security and intelligent interconnection capabilities. Its integrated device-cloud
architecture facilitates a fluid user experience and application transitioning across differ-
ent environments.

Cloud Desktop Technology on RISC-V: The team has successfully adapted and opti-

SRERAZE

Cloud Desktop Technology on RISC-V

AEREBRERFANRENINE BOOK £iE4

Ruyi BOOK laptop with Native Operating System and Cloud Desktop

142 page

mized the key open-source framework
Electron (v19) for the RISC-V architecture.
This initiative included porting essential

foundational libraries such as Opus and
GStreamer, which enables cross-platform
desktop development tools to run with
enhanced stability and performance on
RISC-V. System startup and login re-
sponse times have been reduced to the
order of seconds, delivering a substantial-
improvement in user experience.

The Ruyi BOOK Laptop, Pioneering Full-
Stack RISC-V Integration from Silicon
to Software: The Ruyi BOOK laptop
exemplifies the power of deep hard-
ware-software co-optimization based on
the XuanTie C910 CPU, achieving full-
stack power efficiency. Through advanced
power management solution — including
multi-threshold voltages, multiple pow-
er domains, and dynamic voltage and
frequency scaling (DVFS)—the device
boasts a standby power consumption
of less than 10mW and can remain on
standby for up to 20 days. The Ruyi
BOOK pioneers a complete, end-to-end
technology integration from the RISC-V
chips to the a native operating system and
cloud desktop applications, realizing a
fully unified software-hardware chain. This
groundbreaking achievement opens new
horizons for the global RISC-V technology
and industrial ecosystem, creating strong
momentum for future development.




73 RISC-V @At B M AR EE AR A eI L7
Driving Technological Innovation and Commercial Value in the RISC-V General-Purpose
Computing Sector

ZRRBYEM A RISC-V RMTEEAIT B LSRR, MU TE. BHBEENLESER,
HT ERHRARCHFE L MME,

FPAEB) RISC-V IO ME, UWRHERRRIRENER, BR—EURNE, BT XBRREHSIK
BARESDER K, FHitEshRZpE RN P E T AERE, 1;@1.7&*%3‘:1%!]&’%21&17]\1’!50

RISCV zREAE&ESEEE. M. FIER. RELESFER, THBEHF. BEDA. SRAREFSH

HREAEREMAE. 554t PCAELL, RISCV aREEBE ARG LN/ INFE, FITIL9E4ER4s 40% LLE,

TIZHBIIEFE 64% LlE, BRERN THEBFEFNEESMMAR. THHAE, cRETILESFHHIE
H# 500 5 &, mHBAIR.

This achievement represents a crucial breakthrough, delivering technological innovations and commercial value. It directly addresses
the key limitations within the RISC-V high performance computing domain. These challenges include its nascent software ecosystem,
insufficient performance optimization, and lack of comprehensive hardware support.

By harnessing the fundamental advantage of RISC-V’s openness, the team has created a development model where iterations are
driven by software requirements feedback, demonstrating the profound benefits of vertical integration. The key accomplishments cat-
alyze the synergistic evolution of the global technology ecosystem, contribute to the development of new international and Chinese
standards, and champion the democratization of technology through cross-cultural collaboration.

The RISC-V cloud desktop solution offers high performance, low latency, extensive customizability, and superior flexibility. It has
already reached a high level of maturity for deployment in diverse sectors, including education, government, corporate offices, and fi-
nancial R&D. In contrast to traditional PCs, RISC-V cloud desktops feature significantly shorter deployment cycles and lower chip-level
power consumption. These advantages translate into a reduction of over 40% in operational and maintenance (O&M) costs and a de-
crease in power consumption of more than 64%. This effectively fosters a more inclusive and sustainable digital economy. The cloud
desktop market is substantial, with annual sales exceeding five million units, signaling a vast potential for growth.

BANAIRNA

Deployment in diverse sectors
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BAH#ERITITRSE, (@#TESKR, IE RISC-V HEAREESMAE R
Effectively driving industry adoption, fostering ecosystem growth, and accelerating the
proliferation of RISC-V technology across new sectors

BUREBIFTIEHNRE RISC-V IESERMERFAFRERS, BIEMRERLEMN. MAESHRITNG,
FREIEE RISC-V M KEMNA, WETMIELE. IP. BIERK. NANBEHRBHNTERAES, I
RISCV RAERERSANMRALNTA, BEEAIMEMARMEEN, A RISCV EARLBRMIT XBZE. K
¥, MERREEHE—PIRNAIAFR, D) RISCV RATEEZTAAIE Ko

B RBIBIFT R AR NI W R RENTFEN A, IERFWAR, . A BB RISC-V ARG SR, KB
I REREFRANEWART, HMEVARSHREFHTR. By, HEABIFRESEIR. RHE
SR ITRSREUHT, T2 RISCV ETHRIETERER,

The project culminates in the innovative, deep integration of the RISC-V instruction set architecture (ISA) with the operating system.
By re-architecting the system kernel and optimizing instruction execution mechanisms, cloud desktop applications specifically adapted
for RISC-V have been created. This establishes a complete technology stack—from the instruction set, IP, and operating system to
applications and hardware devices. This comprehensive approach enables the large-scale deployment of RISC-V technology in the
desktop computing sector, marking a pioneering and representative achievement that provides critical support for the advancement of
the RISC-V platform. In the future, these accomplishments are expected to push the boundaries of application, driving the proliferation
of RISC-V technology into even more domains.

The innovative technology developed through this project is set to inject fresh momentum into emerging industries and accelerate
industrial upgrading. The low-cost, scalable RISC-V solutions will help forge new production and business models, expediting both in-
dustrial transformation and the formation of new quality productive forces. Simultaneously, through its commitment to building an open-
source ecosystem, contributing to software development, and delivering benchmark innovations, the project team has played a pivotal
role within the global RISC-V community.

%5k C910 GP Z2IAIE

Xuantie C910 GP Security Certification
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“FUN” BAARBERRIER

Overall architecture and vision of the "Jiuzhou" computing optical network

W HHxER

"Jiuzhou" Computing Optical Network

PESBEEFRAFRAR

China Mobile Communications Group Co., Ltd.

ERFRABRAT

Huawei Technologies Co., Ltd.

PERRADERAR

ZTE Corporation

BIGBERERNDERAE

FiberHome Telecommunication Technologies Co., Ltd
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Introduction

B (%S, RMBIEEREXE. BXFNEREK,

Leveraging its network capabilities of spanning the east and west with optoelectronic integration and reaching every space with intelli-
gence, the "Jiuzhou" computing optical network efficiently interconnects data elements across regions and entities, fosters the devel-
opment of embodied Al agents, and propels society toward a new paradigm of silicon-carbon integration.

Fel “AM” FAXR, SIMEFERSEBNTME
&

Original "Jiuzhou" Computing Optical Network Is Pio-
neering a New Paradigm of Broadband Interconnection
and Inclusive Computing Access

AERERE A BANRBEEEXIGAMEERENRGEZISSHEA
ANBERRZOHkEL, REFHE AN BHXMH LIRS IR,
EHEEEBEKASHE, REIWERET QPSKIZA, 130GBd #8 = & 25 {4+
COT+LOT BRIEZRMR 400G £ W, LI EZIMEERFA 50%. KT &’
200%, HERBREESZHASHSNE, BH SRS WEYEHEROS
R, SERWEEEHIEICHRT, RIF 6028km BM. 7000km LRES
1673km BRGE=ARELSE, 7B 4006 SATE, EZENESHE,
ROl SPN/NFRIEI A AR, %i— TDM 554334, LIS SB T
F 3us. ASFEEMT 5ns F <Ims RIPEIR, HZ A EFITELHETE;
FBES 50G PON 5 FTTR EFFITASIE, K5 32dB MBI,
IR H oDSP EhSIIEHFE OAM REETE, R T IHAR S R IEH M,

400G 2K B FMRBERARKIBERIZR

Key technologies of 400G all-optical backbone networks and long-haul transmission records

MRRETFELAMAEREFAE
BRIETT, HiEAREE B 30PB.
RTEBEE61ZAF.

This achievement addresses the core
challenges of large-scale cross-regional
interconnection between computing cen-
ters and multi-service high-concurrency
computing access on end nodes in the
Al computing era, by proposing a novel
"Jiuzhou" computing optical network and
achieving systematic innovation break-
throughs. In terms of interconnection
between computing centers, China Mobile
has pioneered a 400G all-optical network
based on the QPSK modulation format,
130 GBd ultra-high-speed components,
and a C6T+L6T wide-spectrum architec-
ture. This innovation boosts the transmis-
sion distance by 50% and expands the
band range by 200%. For the first time, it
reveals the mechanism of wide-spectrum
stimulated Raman scattering (SRS) and
introduces original solutions such as SRS
power equalization. These breakthroughs
overcome theoretical bottlenecks in
wide-spectrum transmission and set three
new world records: 6028 km in live net-
works, 7000 km in laboratory tests, and
1673 km in commercial deployment—ush-
ering in the inaugural year of 400G com-
mercialization. In the domain of inclusive
computing access, China Mobile has pio-
neered SPN small-granularity slicing tech-
nology to unify TDM and packet switching,
achieving single-node latency below 3 s,
synchronization accuracy better than
5 ns, and protection switching time shorter
than 1 ms—while initiating the process of
international standardization. In addition,
China Mobile has led the formulation of
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international standards for 50G PON and
FTTR, overcome the 32 dB power budget
bottleneck, and proposed oDSP dynamic
equalization and native OAM management
and control at the optical layer, to solve
the problems of gigabit experience and
flexible networking. The solution has been
deployed on a large scale in China and
promoted globally, delivering over 30 PB
of inter-computing capacity and ubiquitous
coverage for more than 600 million users.

“NM” BAFRE BEIIHE.
{RP#b. HIzhF{Zr=dk
"Jiuzhou" Computing
Optical Network Lowers
Barriers, Drives Carbon
Reduction, and Powers
Trillion-Yuan Industries

“FUN” BFHMES OTN.
SPN. PON AP BIEE M
Mg, ATITE L AMRERK
HERE, BREESMHISNANT
WrEEFMARE, Hohi8id 1000 12
B GDP &%=, M A1ZH&U
B9,

TN BRI
— R E TR ERY, TRARAIFER
TEMIENFBAEINI IS,
BEN. T TRELARRSE
Frak, MRAZEENEAMA
B87, ZIFREBMEMNM. Hi%
ZWVEHILH K. IR 3D,
KEUE. YIBMERRQFS =
R, BIAStsiE R
LM —KT, BERHIT—HE
K,

AN B INFERR AR
SETTHBLTIZE, HYTHLD
CO2 K 50.4 B, FHMTFRitH

=A% 50G PON X B AS2IKEIWIE

Key technologies of third-generation five-mode 50G PON and their first global verification

& A

BATE. BEME. 220, SSEK. HRMNsS

PIE RS IS PAFESHRT 8
PR RERhE Bk HARESE DA O
W *Anw) Hi (1) 5 e
Cd do = P 1=7) 2
e~ v o)) 2
=5 wEE
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IHEAERIE, BHRY. BE. R2MBWOESINERIES, HEFPERRARRIEIR

T BARmL SR TEE

Service scenarios of the "Jiuzhou" computing optical network
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292800 AR, NEIMEIAIER  The "Jiuzhou" computing optical network integrates the strengths of OTN, SPN, and

BARER EA St PON technologies to unlock new economic growth, offering significant convenience for
< o

network usage across diverse industries. It will accelerate the expansion and enrichment

of application scenarios, drive over CNY100 billion in GDP output, and foster an industri-
al ecosystem exceeding CNY1 trillion in scale.

The "Jiuzhou" computing optical network serves as the foundation for building a wide-ar-
ea integrated computing network, significantly lowering the barriers for the society to
access and utilize computing power. It channels resources such as compute, storage,
and bandwidth into a wide range of industries, leveraging inclusive computing and Al
capabilities to support services like short video and livestreaming, while enabling tech-
nological innovation and industrial applications in cloud gaming, naked-eye 3D, big data,
and the Internet of Things. This marks a major step toward the digital and intelligent
transformation of society, continuously driving a new wave of economic growth.

The "Jiuzhou" computing optical network can save 870 million kWh of electricity every
year, reducing COz emissions by 504,000 tons, which is equivalent to planting 28 million
trees, making a great contribution to achieving the carbon peak target.

“TUN” BT R T S E

Energy saving and carbon reduction of the "Jiuzhou" computing optical network
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400G £ FMFZ ORI ARRES| TN EEF I ESN
&

Breakthroughs in Core Technologies such as 400G
All-Optical Transmission Are Driving Upgrade of the Op-
tical Communication Industry Chain

NI E TR AR B S = EEE. R SHREERITF M,

BARSIGAE: ATMERIMT £33 400G £56. 50GPON EZ IR
BIZRE; B BB E AR A AEAR. EEEETE AR ARRE
140G+ B EBEMEM T ZRG, SME%EE 400G NEFHE, KK
50G APD XA, EIMLINGIKE AR 50G PON XI#R Class C+
BT, RRPEER / EER 131, TR 2010, RIRAFEZFFI 350 I,
FESIRAERIE 100 RIN.

PSR TR AN EELEEBARE MBS RN
BB, EHEhT REBEM4. BA S EEARREKF, #4006
DIMAIESE, ERI~ENARNEN, FoPE=KEERE5%
RAIREEREBE, EfR 30+ EMEEEIDE, LMK FENFR.

This project has far-reaching impact on the advancement of technologies and the re-
structuring, optimization, and upgrade of the industrial structure.

Technology leadership: This project has achieved multiple original breakthroughs,
including all-optical 400G transmission and 50G PON. By leveraging new indium phos-
phide materials, new doping techniques, and probabilistic constellation shaping (PCS)
algorithms, it has overcome the limitations of 140G+ high baud rate materials and

Led the for

1 of 100+

processes, enabling mass deployment of
high-performance 400G. It has also bro-
ken through key 50G APD technologies,
reaching the symmetrical Class C+ target
for 50G PON in live 10G applications. The
project has won 13 national/provincial
awards in China and 20 industry awards,
applied for 350 patents, and led the for-
mulation of more than 100 standards.
Industrial structure optimization and up-
grade: While propelling optical communi-
cations into the era of wide-spectrum and
ultra-high-speed transmission, this project
has also driven generational leaps across
the entire industry chain, including opto-
electronic components, algorithms, and
standards. It has accelerated large-scale
deployment of 400G on live networks,
enabling an industry-wide upgrade. As a
result, all three major Chinese operators
have completed large-scale centralized
procurement, and over 30 leading interna-
tional operators have adopted the technol-
ogy, advancing the global industry chain.

ds in China and

A o wonnes G.695 G.8310 G.8312 G.8321  G.8331
_ > G.8350 G.8371 G.8312.20 G.Suppl.69
G.9802  YD/T 3539.3-2025  YDIT 1688.12-2024

ERA#HS FENZMATEE

Impact on technological progress
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Key Milestones of LiAuto Intelligent Driving R&D and Delivery
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Li Auto's Technological Innovations and Applications in Assisted Driving

EREBRSES

Beijing Li Auto Co., Ltd
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ERSERMEDBIE AR, BE2025F58 31 H, REHEFEH 123, REZFEN 13T, EAL
BRIMAFAINESHTARILX 34 K. &5 L NERINERE; ZEGRREBRRES, BREIRXARES
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Introduction

Li Auto has been deeply engaged in assisted driving technology. As of May 31, 2025, it has accumulated 123 patents, 13 software
copyrights in the field of assisted driving, published 34 papers in top Al academic conferences and journals, and participated in drafting
15 national standards. Li Auto has also achieved outstanding results in international competitions and is the first Chinese new energy
vehicle manufacturer to exceed one million deliveries, with cumulative deliveries exceeding 1.3 million units. The usage rate of its as-
sisted driving features has reached as high as 99%.

WEI VLM 224, WRMBENRE, EREMES O TIrAXRERGDE, @

BE B REL BRI 95% &
End-to-End + VLM architecture: Tackling Assisted Driving #izs, VLM “B&%” Xt 5%
Challenges, First to Achieve On-Vehicle Deployment ERGE; FIESEREEA,

£2 CNN. Transformer % I, %
AESHE, TREMNU, KB
Z, BEEBE N ZBHE, Fi—
Transformer 2244, BIRFIIRIE.
BN, BESH, SattRE
BMERESHEMER, WMEEINF
1B, BIARGER,

i B i AR B 1R FHE B IR R,
VLM IRBIE FARIRFN, EEiEFH
S&GENNITEES; BEF ALK
BINE, BATFESBITHE,
TIINAELR, BIEMFRES
mImE S, RRMER, BFE
g ey REE, EAENEFIHBBHIN
RGgi5RM, AelEAHAR, A&
Onboard BRI MEEMR, ARGLENGS

e £32 Model~System e 5tkde, TiRGIRXESMEREH
BN A EAB MRS,

VLM ~ System 2

Based on the human fast-slow system
theory, the End-to-End model, as the
"fast system," efficiently handles 95% of
routine driving scenarios, while the VLM
(Vision-Language Model), as the "slow

Worki Model

system," manages the remaining 5% of
complex situations. Multi-sensor inputs
are processed through CNNs and trans-
former models to produce multi-task out-

IHEIIR +VLM RE5eH
End-to-End + VLM Architecture
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puts without intermediate rules, offering significant advantages. The model contains 2.2 billion parameters within a unified Transformer
framework, capable of environmental perception, traffic rule understanding, and navigation correction. By integrating reconstruction
and generation pathways of the world model, a virtual environment is created to support efficient system iteration.

The End-to-End model enhances road understanding, while the VLM identifies complex traffic signs and rules, significantly improving
performance in complex scenarios. Trained on human driver data, the system enhances ride comfort and traffic efficiency, achieving
human-like driving behavior. Leveraging virtual environments and cloud computing, the model can be rapidly optimized to accelerate
iteration. As the first dual-system architecture deployed on vehicle terminals, it pioneers a new technical direction, offering broad cov-
erage, high performance, and a leading user experience. It also possesses unique advantages in recognizing Chinese text and under-
standing Chinese semantics.

ImENEE + VLM 3849, 5N E. VG MESHERE
End-to-End + VLM Architecture Delivers Significant Economic, Social, and Ecological
Benefits

I B U +VIM R B A, #ERhIERRIRE 2024
FRMNEBEBS0 HH; BURRKERE. RAEMIEA
MR LR R, ERTIUNIIEARITT, e
TURARHED , ZRARRITBEREE 700 7R R H
TRe, T “FUINEL —RESEERERNMN,
RAGRERURAR IR BB R, SHEMEN 0S
BRERABAENE B RIEMZF, BEFEAR
TR ES, WHEH VLM RN B
RARMEHAE, TieMECRFTLERRE, [
B HESRHER B R E(E D, B 130 U & R
KR

The application of the End-to-End + VLM architecture drives Li
Auto's 2024 deliveries to exceed 500,000 units. By simplifying
the complexity of traditional assisted driving systems and facili-
tating model iteration, it helps reduce R&D costs while setting a
technological benchmark for the industry and promoting techno-
logical advancement. This technology has cumulatively prevent-
ed over 7 million potential risks, enhancing travel safety, enabled
the “parking space to parking space” one-click assisted driving
to improve convenience, and optimized decision-making on
congested roads to increase transportation efficiency. Combined
with the Li Auto Halo OS vehicle operating system, it is expected
to support the development of intelligent transportation. As the
first automaker to implement this architecture, Li Auto’s End-
to-End + VLM approach provides a new direction for assisted
driving technology, drives the development of high-performance
chips and related industries, strengthens consumer confidence
in EVs, and contributes to green and low-carbon development in
the transportation sector.

BUEBTNRIR, BUEFEAIR.

2024 FEESERNEB S0 HFE

Li Auto delivered over 500,000 vehicles in 2024
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End-to-End + VLM Architecture Has Driven Technological Advancements and Upgraded
the Industry Structure

IHEIE + VLM 22BN, ASISETLRMENRE, EATERSRSREEEMNL, MEESR
BE, ARHEhSMEREERSEMA, RHBMKRARY, ZEWEA TERSEF WG, #heErm
MBAHERE, E#RFS5 AL REESFIRE, HohEReE. SASLETRELR, MBHRELRREA
ERE-—KPNTRE, Bt TAEREBSRGF LT SRAFFEE— F3S5EERE. FRIREE
R RARBN S I AR, #HEh THRXBHAMRZCMAT BT, EoxET I AES.

The application of the End-to-End + VLM architecture has opened a new path for the global automotive industry. It advances the
optimization of multimodal Al fusion algorithms, accelerates the iteration of assisted driving models, and drives the development of
high-performance sensors, thereby promoting progress in perception technology. This architecture enhances the added value of Li
Auto’s products and accelerates the automotive industry’s transformation toward an integrated hardware-software paradigm. It also
fosters integration between the automotive sector and industries such as Al and big data, while stimulating upstream and downstream
industry development in sensors and chips—for example, supporting Hesai Technology in becoming the world’s largest lidar enterprise
and helping Horizon Robotics achieve the largest market share in assisted driving chips in China. Li Auto has also carried out joint re-
search on assisted driving technologies with Tsinghua University and the Institute of Automation of the Chinese Academy of Sciences,
promoting relevant scientific research achievement transformation and talent cultivation and contributing to the improvement of the
industrial ecosystem.

FABRS EFFRI

Research Accomplishments and International Recognition
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EFiREiE +VLM 895288, 4% VLA B AIRE
Launching the VLA Driver Large Model Based on End-to-
End + VLM Practices

2025 2 B, ERSETEA 1000 7 Clips HEMNEEHX, AT
HIENEMHEREEE, BEERERBREARTEMTHIMA_ EMK
FIERE, BTFHEE +VIM WAREMHNRESERE, RENER AR

MindVLA: A New Al Framework for Autonomous Driving

BN MindVLA 5244
Assisted Driving Architecture: MindVLA

PR, BIERELTT T B VLA
R ——MindVLA, VLA 2#188 A
REBRWHFEN, ERFHHER
SRAHY 3D =iRIBARAE . BiEHE
BEENFITNEMEES, LIHENE
R A, BEMEMNIF R,
202559 A 10 H, BREAERE
VLA BN KRB £ X,

In February 2025, Li Auto completed the
full customer release of the new model,
trained on 10 million videos clips, marking
a significant milestone in advanced as-
sisted driving. Li Auto has never ceased
its exploration in maintaining its leading
position in assisted driving technology.
Building on the best practices of the End-
to-End + VLM dual-system architecture
and keen insights into cutting-edge
technologies, Li Auto released its self-de-
veloped VLA model — MindVLA. VLA (Vi-
sion-Language-Action) represents a new
paradigm in large-scale robotics models,
endowing assisted driving with powerful
3D spatial understanding, logical reason-
ing, and behavior generation capabilities,
enabling vehicles to perceive, think, and

adapt to their environment. On September
10, 2025, Li Auto launched the full release
of its VLA Driver large model.
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HRRZANEEZ 2P RERAS NAER

Overview of Key Technologies for Data Security Protection in Cloud Systems and Their Application

HRAZRFENHRIER 2P XERARSMA

Key Technologies for Data Security Protection in Cloud Systems and
Their Application
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Qi An Xin Technology Group Inc
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WUXI Institute of Interconnect Technology
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Institute of Computing Technology, Chinese Academy of Sciences
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Introduction

Key technologies for data security protection in cloud systems and their application aim to deal with the increasingly severe risks re-
lated to data security in the cloud as a result of the accelerated digital transformation. Some achievements have been widely applied

internationally and are highly recognized by customers. They have won many awards ratified in the industry.

WR=KME, RACRFHIEREHPEE
Addressing three major challenges to enhance data se-
curity protection capabilities in cloud systems

SARAGHERZEHIR=PRFRRNXRRE A ENEITTEMERE.
B-#ERELNEER. SR OIERER, ARREIUTRA
BUFTARR T _EIRECARR] R,

Data security in cloud systems is challenged by: poor efficiency of trusted confidential
computing, low accuracy of single-dimensional traffic detection, and slow computing
speed of high-security ciphertext. They have been solved by the following technical inno-
vations:

—RREEBFAIENETERURR, RRTERAIETENNET
BRMEMD, ERATaEEESXY ROERIET NER&EE/

EE = ARNIER2DIP = MIA R

Three Technical Bottlenecks Facing Data Security Protection in Cloud Systems

SMEKE®R, ERARAREN
Mz /0 WITHE LBHEERE
TR

Firstly, the proposed optimized technology
for autonomous and trusted confidential
computing has broken bottlenecks in ef-
ficiency of traditional trusted computing
and confidential computing, enabling the
efficient extension of trust chains to cloud
platforms while guaranteeing interconnec-
tivity between encryption equipment. It has
surpassed its peers in terms of hardware
key stability and secure 1/0 execution effi-
ciency.

_RIREZHERERERN
ERR, RATHRERSEER
FERBOEBNMERE St
BOSBEIRG, RREA —H—
B AZEZRENNENRET
BNHRAZE,

Secondly, the multi-dimensional traffic
deep detection and prevention technology
has enabled effective detection of complex
anomaly traffic and achieved high-pre-
cision detection of sensitive information
leakage at the cloud data service layer. As
such, it has contributed to traffic detection
capabilities of countries along the “Belt
and Road”.

=R R B EBIERAFRPTED
BEAR, RIRTZOBEFSBEE
ERNEME, BREWMT RHR
2ZHUHERNINEFR. ZERWLR
PNARINETS A, KigRARe
ZHHBEN2RSMEZENANITE
®E,

Thirdly, the data privacy protection com-
puting acceleration technology has over-
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come low efficiency in core operators and
overall algorithms. Also, the acceleration
card supporting secure multi-party compu-
tation and the acceleration chips support-

ing privacy protection applications have
been introduced for the first time. This
has substantially elevated the computing
speed of secure multi-party computation
and the fully homomorphic encryption.

ER = ARNSIER2PIP = MAER

Three Technical Bottlenecks Facing Data Security Protection in Cloud Systems

SERFMEILRIA, tPAnERFLieE

Achieving large-scale deployment to safeguard digital transformation

BSRIEA T ERT UM SEIER 2R, ZNATER. BFHSS. Qi BE. R, &, &
BEZMNINETRENEETI. RITE 1000 RRAEBENENETE E#HITTEHE, STLRUSHN
65%, NIEABEXEERUSTAMELREMIFEN, RERBETUNELS ER, #aiFHRERIET X5
XEFEH. MRLEXETHEIBZCESNRREURNSTE, RETEERANE EEER. BETS
FEE IT AGXBUSHARET, RBUT BELR2MIFEN, FRTHENANG SR, TEVASN
BEEBIESFRGM. £ERT. INESE. BERS&F.

The technology has promoted cloud-based data security protection capabilities in major industries. It has been implemented in sectors
including finance, E-government, public security organs, communications, energy, transport and education. As of today, it has been
deployed on the cloud platforms of more than 1,000 large institutions, accounting for 65% of the total number of organizations in the
industry. Accordingly, the data security protection capabilities of cloud platforms in major entities have been strengthened, so that they
are more active to apply cloud. In this way, the digital transformation has been boosted. In particular, our technical achievements have
supported major operators in China to build secure and reliable cloud platforms, escorting smooth operation of major IT systems like
the big data, management information and operation platforms. They have truly reinforced the operators’ cloud data security protection
capabilities and expanded application scenarios of data. It is in service in Shanghai Stock Exchange, Hua Xia Bank, Guizhou Govern-
ment Cloud, and Fujian Government Cloud.
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Our achievements have provided data security protection for cloud systems in major en-
tities during the national-level conferences and events and vigorously supported cyber-
security. They have won awards such as the 2022 Cloud Intrinsic Security Technology
Innovation Case, Network Security Technology Application Demonstration Project and
2021-2022 New-generation IT Innovation Product.

They have been applied to important
computing hubs in the national “Channel
Computing Resources from the East to
the West” strategy, such as the Guang-
dong-Hong Kong-Macao Greater Bay Hub
Shaoguan Cluster, effectively enhancing
China's cloud data security protection ca-
pabilities in important industries. In 2024,
the Guangdong-Hong Kong-Macao Great-
er Bay Hub Shaoguan Cluster was se-
lected to be the “Outstanding Application
Case of National Integrated Computing
Power Network”, among the first batch of
National Data Administration.

RIR 2022 FERRET 2R ACIFZES

2022 Cloud Intrinsic Security Technology Innovation Case

NEFEERGERE]R “2E—FLKE

FIFRI AR A
ey AP = — 1] 22 (F|| 32 s o “‘Outstanding Application Case of National Integrated Com-
RIX 2023 E%mtﬁﬁﬁEﬁi*ﬁUﬁﬁft%*wu puting Power Network”, among the first batch of National
Outstanding Cases for Cloud Application in Central Enterprises and SOEs in 2023 Data Administration
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Communication
Network

Network-Centric
Information Exchange
Providing communication

services such as voice, SMS, and
mobile broadband
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New Information and
Communication
Network

Computing-Centric

Information Data Processing

ing Information and C
Services, integrating Computing,
Perception, Intelligence, and Security

- -

Architectural Technological Resource Industrial
Paradigm Paradigm Paradigm Paradigm

EAARREESEEMEARATR, FREWER. RABR. RRER, mUEXSEEH, 5
MEBLERRBERSHARRFERRMHT, B “GERN—&" BfEAFR
To meet the evolving demands of next-generation information and communication networks, we are pursuing multi-dimensional innovation across

architectural paradigms, technological paradigms, resource paradigms, and industrial paradigms. Under complex conditions involving multi-dimen-
sional computing and networking resources and multiple constraints, we propose an “integrated Al, computing and network” technology system

HAEER—FNE NS X ERA RS IER A

Innovation and Large-Scale Application of Key Technologies for Computility
Network Integrated with Al, Computing and Network

PESSBERRAR

China Mobile Communications Group Co.,Ltd.

ERNRARBRAF

Huawei Technologies Co., Ltd.

FPETRHBRAT

ZTE Corporation

MEZRARBRAF

H3C Technology Co., Ltd.
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Introduction

China Mobile has pioneered the world's first integrated Al, Computing and Networking architecture, establishing the largest intelligent
computing infrastructure cluster to date, which spans hubs of China's "east data, west computing" project and over 1,500 edge nodes.
It is recognized with the WSIS Champion Prize and other top honors, the breakthrough has secured more than 300 patents and more
than 100 international standards. Currently supporting more than 1.3billion users, the technology drives over 100 billion in industrial
value while leading global computility network development.

2XEE “BERN—F 2EREARAFREINZOMEEER AARBE T BHM— AR
BR%FH Wigit, BANEERER. 218
The world's first integrated Al, computing and network ZEHEELEEREEINA TR
full-stack technology system achieves a performance spusn, +S4IFEMATE 169 1T,

leap by orders of magnitude e T4 TRES BE 3 BT R4 AT 9 £
5987,

ZEmEel: FoliRd “SEW
—F BEREM, ITHDBIRITE
1, RINGE - X - RS 2% hE,
B E S U R ;

MAEEKF: FIEEE (OISA
BER) © HolemxEEY, i
1024 £EBX (FIiEiRFA 128 1F) ,
7 5534 800GB/s (7 14 13)
B 3E B {FE 90%; #7118 B BX (GSE
BAR) @ olFSEELAM, AW
MBRERARAE, FERRK
30%;

BMAE: SolESIE99Y)
DIEZR, FEEMWINGMERELR
1RPR 95%, HEHEKER 1.715;

[TEEH: BHEA (CATS) :
FERILIETF I 20 £ R E
ST, HifleREaE N
EREEs, HBEMAZREFA 40%; I
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RBHENRE (CATS) HA, EMEPINEAEFLNENES®KE, XEay BA RAE25M) , BEKEERERIL,
—WEREARIE. EFHEENEIEENG. BRSBTS ST

The Computing-Aware Traffic Steering (CATS) technology is proposed, which introduces a computing factor into the net-
work to achieve joint computing and network routing. It addresses multiple challenges, including scalable and normalized
effective computing representation, a low-overhead adaptive computing notification mechanism, and a finite decision do-
main-based routing path selection mechanism

This achievement has overcome four
world-class challenges: integrated archi-
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tecture design for Al, computing and networks, communication in hyperscale clusters,
heterogeneous computing scheduling, and efficient wide-area interconnection. It has
spearheaded the development of 169 international standards, driving innovation in the
global intelligent computing network field.

RUEMEARSELRA, BEIEFHIRSERMNBZEZERRNFHE (URDMA)
WRERTUANE], Ko KEMS T EEHRER
Proposing wide-area loss-resistant high-throughput technology, it pioneers the ultra-Remote Direct Memory Access (URDMA)

protocol based on full offload of the protocol stack and an intelligent loss resilience mechanism, overcoming the challenge
of packet loss sensitivity in long-distance networks

‘BER—" BAGEZZNSEMRUEES =L HEE

Architectural Innovation: Pioneered the

“integrated Al, computing and network”
architecture, breaking free from the con-
straints of layered design. This enables
full-stack coordination across devices,
protocols, and services, laying the founda-
tion for large-scale application.
Performance Leap: Card-to-Card Inter-
connect (OISA Technology) Pioneered
omnidirectional peer-to-peer architecture
supporting 1024-card interconnections
(128x scale increase), achieving 800GB/
s bandwidth (14x improvement) with 90%
latency reduction. Machine-to-Machine
Interconnect (GSE Technology): Innovat-
ed fully-scheduled Ethernet, scaling to 4x
larger networks than traditional solutions
with 30% latency reduction.
Heterogeneous Unified Management:
Pioneering non-uniform task partitioning
framework achieves 95% theoretical limit
in multi-card heterogeneous training effi-
ciency, with 1.7x improvement in inference
concurrency.

Wide-area innovation: Computing-Aware
Traffic Steering (CATS): Led the estab-
lishment of one of only two IETF working
groups spearheaded by China in nearly 20
years, developing the world's first CATS
router with 40% improved resource utiliza-
tion; Wide-area loss resilience (URDMA):
Achieved 173Gbps throughput (2.5 times
traditional solutions) under 70ms high
latency and 0.1% packet loss, overcoming
long-distance transmission bottlenecks.

The “integrated Al, computing and network” Technology System Enables Large-Scale

Deployment Across Regions and Empowers Industries

BHEREM. EReNCERRARAEESRL (1.8 A& R 1BAZTEHRL, BEPE “REAESR"
TRN\KIRA, B 13 CAFRENER, BEAREMIRIERE 300 273, SFEBTZ;

RAMREF W MEARERATIES TB RMIEERFRNEM 13 XESEE 092 X, EFHYRRERE
F7h; B&EH (CATS) SR 10 HEE Al TR, BYIESR SN IR 50%; FHPRIIEAKERD) 15

PARRESE M, 1TV BEALRL AR 60%;

EBEIFLR: BKE) 40 RENMZF U EDS, BEMZTRFBRREA 37.5%, FT8IEE 500 HE;
BIRiES: OB 20 71 “—H—K BR, cEEREEEIL. RELNEREESE, &k WSIS

MR BENF | RXNEBHRERMEREA 5 (5, BIYTEEME 73.8TB, RIEAMRERA 90%.
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Computing Infrastructure Implementation: Established the world's largest single-site intelligent computing center (18,000-card cluster)
operated by a telecom provider, along with 13 major intelligent computing centers. These facilities cover the eight major hubs of Chi-
na's "east data, west computing" project, supporting computing demands for over 1.3 billion users. This directly stimulated 30 billion in

infrastructure investment, generating a total output value exceeding 100 billion.
Technology Empowering Industry: Wide-area loss-tolerant technology reduced cross-province transmission time for terabyte-scale
data from 13 days to 0.92 days, saving over 10 million annually in logistics costs; Computing-Aware Traffic Steering (CATS) dynami-

cally schedules 100,000 Al video streams,
boosting latency-sensitive service re-
sponse efficiency by 50%; Heterogeneous
mixed training technology enabled deploy-
ment of 15 large models, cutting industry
Al implementation costs by 60%.
Ecosystem & Sustainability: Collaborated
with over 40 institutions to build an indus-
trial ecosystem, boosting computing and
network resource utilization by 37.5% and
saving over 5 million kWh of electricity an-
nually.

Cross-Border Impact: Core technolo-
gies deployed in over 20 Belt and Road
countries; Yunnan province established
cross-border data channels to South and
Southeast Asia, winning the WSIS Grand
Prize.

Research Efficiency: 5x improvement in
gene sequencing and astronomical obser-
vation data transmission efficiency, daily
storage savings of 73.8TB, and 90% leap
in research productivity.

RESWRIIRA, BESIBIONDERSHSHENG, BREFRESENTY
e, ERIELLE 94.5%
Proposing heterogeneous hybrid training technology, it pioneers a non-uniform task segmentation framework and dynamic

scheduling mechanism, effectively addressing issues of video memory waste and computing power imbalance, achieving a
training acceleration ratio of 94.5%
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HEAHRLRESESERINTRAS MARRIES

Framework for Multimodal Intelligent Analysis Technology and Application Systems in Social Public Security Governance

HELAHR2REZIESEESTRARSRA

Multimodal Intelligent Analysis Technology and Applications for Social
Public Security Governance
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China Mobile Xiong'an Information and Communication Technology Co., Ltd.
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Institute of Automation, Chinese Academy of Sciences
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China Mobile Hebei Co., Ltd.
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Chengdu Dinggiao Communications Technology Co., Ltd.
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Introduction

This achievement addresses the intelligentization needs of public security by establishing a new-generation governance service sys-
tem. It has made breakthroughs in key technologies such as end-edge intelligent collaborative sensing, 5G private network slicing, and
multimodal Al, reducing the delay in identifying key personnel by 90% and achieving an identification accuracy rate of 99%. Addition-
ally, a self-developed multimodal large model has been introduced, with trajectory prediction errors of less than 0.6 meters, injecting
strong momentum into social public security governance.

BHf 56 BRERMER: NBHREREAR
Pioneering 5G Intelligent Security System: From Enhanced Perception to Governance
Upgrade

FRRET T AHRL2TFHOARARD: —SEHERLS 56 VA, RETHREEDEERS TN
REAR, WETEXMRETHRECHEESNEE, BERASIRFIBIEM 30 WEHEE 2.8, WEEFA 10
&, —RRRSRSHELNEL SIEXEREA, BIHSNARS BENRED, KHsHAMENSRER
WEIE, NADREEERN, ZRETAKIENGISHTUEER, BERENERXGRTEMIRFIER
99%. TTHERERE 97.5%, BERERGERA 1%; OEREEMRSESKERDERAN, BNEMERER
HI7E 0.6 KA, KEPRARERTE 30%, IRFEHERIEE 90%. XERKIEMW TRATH, KAEIREEI,
NERAHRLERURET BRI E .

This achievement overcomes four major technical challenges in public security:

1.Pioneering Cross-System 5G Applications: We propose an intelligent interference source allocation framework and private network
slicing technology, resolving high data transmission latency in complex environments. This has compressed key personnel identifica-
tion latency from 30 seconds to 2.8 seconds, a tenfold increase in efficiency.

2.Breakthroughs in Multi-Modal Data Real-time Synchronization and Semantic Enhancement: Utilizing dynamic prioritization and adap-
tive coding, we achieve high-quality transmission and annotation of high-concurrency data, providing precise input for Al analysis.

ERAHRRZ2AENIRNEERARA

Edge-Device Intelligent Sensing Technology for Public Safety Governance
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3.First-time Realization of High Identification and Tracking Accuracy in Complex Scenarios: Based on a cascaded attention mechanism
and spatio-temporal entanglement framework, we achieve an identity recognition rate of 99% and a behavior tracking rate of 97.5% in
complex scenes. This represents a 7% improvement in accuracy compared to traditional methods.

4.Autonomous Development of Multi-Modal Large Model Collaborative Technology: We have controlled trajectory prediction errors
within 0.6 meters. In practical applications, this has led to a 30% reduction in incident occurrence and an accuracy rate exceeding 90%
for identification.

These breakthroughs fill technology gaps, with technical indicators leading across the board, offering a leapfrog innovative solution for
global public safety intelligence.

ERYRLZRENHBESREFRINE LR ETRA

High-Quality Transmission and Semantically Enhanced Display Technology for Multi-Source Heterogeneous Data in Complex Scenarios

eI 30 1Z, IPMEARRE

Generating 3 billion in value, safeguarding major security

FRREFTALERS S6RA, WRTERES. XE. NRFISNARR2EREAS, £t bR,
IAE 0 RETARUNA, EFNmEE, RITHEEIE 301270 (2021-2024 3718 37.27127T) , Fid 6.47
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ARBEREET S, RPEFFREEIHRE. TWHESMHEE 56 ERF—FLE 20 RITFE ALK
£, BEBERAIMIERSSEREME, BAMZGENE, RPEFRREMNS. FEEEMENEFEFRE,
FEMETRERRARL, KRASHNEEARREBRATR.

This achievement leverages Al and 5G technologies to build an intelligent public safety system covering policing, transportation,
emergency response, and more. It has been deployed across over 20 provinces, including Hebei, Beijing, and Jiangsu, delivering re-
markable economic benefits—cumulative sales exceeding 3 billion yuan (with 3.727 billion added from 2021-2024) and profits of 647
million yuan. Its social impact is equally profound: supporting security for major events like the celebration of the 100th anniversary of
the founding of the Communist Party of China and the Winter Olympics,helping Shijiazhuang earn “National Public Security Prevention
Model City” title, and winning over 20 provincial/ministerial awards, including the China Industry-University-Research Collaboration In-
novation Award and the MIIT 5G “Bloom Cup” First Prize. By enabling cross-level data fusion and intelligent early warning, it enhances
governance efficiency and has been featured in authoritative media like CCTV and China Police Network. Industry-academia collabo-
ration has driven technology transfer, creating replicable smart public safety solutions.
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Urban Governance Event Early Warning and Law Enforcement Application

HRARBRN=E RO EANA

Cross-Spatiotemporal Intelligent Analysis for Public Security in Practical Applications
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BHERPIXRBRAER, 510~ WARMER
Breakthroughs in Intelligent Security Tech Reshape In-
dustry Upgrading

RS ARSI SRR ERTEN: ERAEE, R
IAE A, ZIRMIERI S FRERA, T 28 MEFRBIAMER,
RPEFFHREFEIFRE 28 EHRRE, HuAHT2MNE LA
Ko EFFWERE, ERERAKREMILES, H5hi8 30 ZxMENmE
Eih, RRHBE. B RESELERERS, W " F2HA " ihE
UHTIER. EMINSEEANEEMETIR " TEHT " S, BT
MERLHBESRERE, WAAERIIRATVESEIWELR, KR35
KEFERN, MEFIEREEEL. EOUTRAR, ZERKLFHN
P ER5 | AIERA.

This achievement has profoundly advanced technology and industrial optimization: Tech-
nically, it has overcome key challenges in edge-device sensing and multi-source data
fusion, yielding 28 patents and research outcomes, along with 28 awards, including the
China Industry-University-Research Collaboration Innovation Award, accelerating intelli-
gent upgrades in public safety. Industrially, it has spawned new business models, driving

FRERFRRI. £, WE (E59)

Awards, Research Papers, and Software Copyrights (Partial) Related to This Achievement

over 3 billion yuan in project investments
and fostering deep integration across
telecom, hardware, and software sectors,

establishing an industry-academia-appli-
cation innovation ecosystem. lts success
not only helped cities win China’s State
Council "Model City" recognition but also
spurred the industry’s shift from traditional
security to smart governance, creating
replicable standards and business models
that attract sustained capital investment.
This accelerates the sector’s transition
toward intelligent, intensive development,
showcasing how innovation leads industri-
al transformation.
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REETHE. BHRNEGRSZ2EXEARE, BSENEFTRT, AFRET2M%
Equipment operation data, component inspection images and safety specification texts are integrated to dynamically monitor
the production process and build a solid green safety defense line

MIBES KRR WEFEREFERFSXBRAR

Key Technologies of a Green and Safe Aircraft Production Management and
Control Platform Driven by Vision-Language Large Models

EFAF
Tongji University

EBTHEERAR

Shanghai Aircraft Manufacturing Co., Ltd.

LBEESEERKARBIRAR

Shanghai Tongjin Information Technology Development Co., Ltd.

5

onf

FRREFAATIESARE, HRWIREREEFERTR, RINERIFLIRG. BXRITSEEBRES
KERA, EMBBAETEWTL, REXEVEB 176 28, RLRBHIFE 95% LU L.

Introduction

This achievement leverages vision-language large models to build a green and safe aircraft production management and control plat-
form, making breakthroughs in key technologies such as hazardous operation recognition, semantic parsing, and green governance.
It has already been deployed on Chinese aircraft production lines, ensuring the safe delivery of over 176 aircraft, with a safety hazard
closed-loop rate exceeding 95%.
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Breakthroughs in Key Technologies for Green and Safe
Aircraft Production Empowered by Vision-Language
Large Models

INEESBERS. TFBARESRELEE, KEEERATIK
WK, REMERE. BEREENYSBRENEAETMESER. &
BRSREXY “EbafFll SERHRA— I T 2E R —REFE S BN E

" =Kz, WRUARESAEEAZONRNRER2EEE
Ta: ZIRWM [ EREBENENFT S/ EBEN, KahfFl S ERT

EEANMMME—RERRRERERRKFITSTHNNAR. MREDLKENES
View and analyze the classified monitoring information of personnel, items, etc. shown in the videos of each first-level haz-
ard point and key control areas

KNSR TAHNERZLIHER, PBEREFRRE

Realize real-time capture of subtle risk factors in multiple scenarios to prevent the occurrence of safety accidents

SEMERMEG XEQEREEEK
SHEXBIERER, A “A—#l—3F—
g AW RRSELFE. RRE
EHERAWEFPRA, £/
B E A BIE PR AT KTF, A
eXBREEHENEE. R25
BRAREREHRT ISR, AR
BoEAE.

Aircraft manufacturing involves numerous
components, deeply coupled processes,
and intensive hazardous operations. It has
long faced pain points such as inefficient
manual inspections, delayed risk warn-
ings, and inaccurate treatment of volatile
organic compounds as well as noise and
dust.

This achievement addresses three major
bottlenecks —real-time recognition of
hazardous operations, semantic under-
standing across workstations and aircraft
models, and coordinated optimization of
energy consumption and emissions—
by building a civil aircraft green and safe
production management and control
platform driven by vision-language large
models. Multi-source video and sensor
data spatiotemporal alignment with few-
shot adaptability supports operation intent
parsing and violation element extraction;
risk causal graphs enable linked interlock-
ing strategies, forming a closed-loop deci-
sion-making and online regulation system
covering “human—machine—environment—
management.”

The achievement has already been ap-
plied in Chinese civil aircraft production.
Identified by authoritative institutions as
reaching an internationally leading level,
it provides a replicable and scalable uni-
versal paradigm for the global green, safe,
and intelligent transformation of high-end
equipment manufacturing.
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RREPERATTNEFEZIEURAHEEIEX
Large-Scale Application of the Achievement in Chinese
Civil Aircraft Production Lines with Significant Efficiency
Gains

FRREFEMTES KRR, BEFRE GIER 40 REPIITTRM
RUEE, A T AIER FIfE NEeL2fiERiEl. A2 Nm5HE,
BERFEHTEALSHIFRAE 30 B, BARSITZEMARKR
18%. TEMEMEAHE, FAKINERFLENETIE 41%. REFAF
REFFAE 95% UL, BU2IBRHRFUHEITIG, #HEahdilks5 15045001
FEMLEFRNE, EERATERAWINREMSHEE. EES
MEAE, FAERMIERRDE (NMHC) HIRBUELSSE 100% AtE, &
BIRHELY 1.5 M, SRETRLRTSHRE, HWE EPHEMRESERK
XX BT MRAFETUM B, FtRR=FI REM=RE.
MR, MARES XSS, el L EmgME 750 1275,

This achievement, relying on vision-language large models, has been deployed at scale
in more than 40 departments of an aircraft manufacturing enterprise, forming a new
green and safe manufacturing model that is replicable and extendable.

In terms of economic benefits, a single module saves nearly 300,000 RMB annually in
labor and maintenance costs, and the overall safety operation cost is reduced by 18%.

In terms of social benefits, the platform has reduced hazardous operation violation rates
by 41%, increased the closed-loop rate of potential hazards to more than 95%, estab-
lished a full-process digital auditing mechanism, promoted enterprise alignment with
international standard systems such as 1ISO45001, and significantly improved the safety

FERER WHEARNRECEXEETENA

This achievement has been applied in the green park management platform of a certain aircraft manufacturing company

and credibility of Chinese civil aircraft.

In terms of ecological benefits, the plat-
form has achieved 100% compliance
of non-methane hydrocarbon (NMHC)
emissions for six consecutive years, with
an annual reduction of about 1.5 tons, im-
proved air quality in the working area, and
built an EPI indicator model to support the
dual-carbon goals of the industrial park.
The achievement has the potential for
cross-industry promotion and is expected
to expand in the next three years to high-
risk manufacturing fields such as aero en-
gines, rail transit, and shipbuilding, driving
an additional 75 billion RMB in new scale
across the industrial chain.
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This achievement has been applied in the green park management platform of a certain aircraft manufacturing company

SIERMFLEERFEEREN
Leading Civil Aircraft Manufacturing Toward Green and
Intelligent Development

TERERAED BHUSRSYIRAENRE, TRt —fiE—
Btz —MRBVERIEHERR , TUE P EBRIES AEE NRRRER, BE 2
SRENWHIE + ZIRIFEFS” NATHEERRS A/BRELRHIG, &
ZiRFAREBEAIMAE SA BN, HTMEERE. HIREFEerIEE
afitl. EFWERRALER, FaEshdl i “FRIKEE. HEUGE"

RA TN ERSEI = 451l

Optimize the industrial structure during the delivery stage of civil aircraft

¥ “HIERE. REFNT , L
BRUCEF. HEROSHFE
AL A ERIARRG RE, X
BBl X, BHAEREEM; B
e “BIARA T —BheKin—
TaEM—THRSS" BRI
AL, H6h Al BREN. TAAaH
5FRZZHEE. TIWHa5EE
IHEHRIARE, WRERMZHE
NI RS AES.

At the level of technological progress, this
achievement builds on multimodal data
governance as the foundation, connecting
the data chain from design—manufactur-
ing—quality control-environmental protec-
tion. It establishes transferable task ontol-
ogies and risk causal graphs, supported
by an edge—cloud collaborative system
that integrates “lightweight edge inference
+ continuous cloud learning” together with
an A/B grayscale release mechanism.
This significantly enhances the foresight in
hazard detection and the timeliness of re-
sponse, while achieving joint optimization
of energy consumption, emissions, and
production capacity.

At the level of industrial structure optimi-
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zation, the platform drives enterprises to shift from “experience-driven, fragmented man-
agement” to “data-driven, model-predicted” approaches. Through modular operators,
standard interfaces, and digital twin verification, it forms replicable solution packages
that support rapid deployment across factories and aircraft models. At the same time, it
fosters a new industrial division of labor spanning “algorithm model factories — intelligent
terminals — platform integration — operation and maintenance services,” promoting the
iteration of Al algorithms, the manufacturing of industrial cameras and intrinsically safe
terminals, and the collaborative development of industrial middle platforms and ecosys-
tem partners. Together, these efforts build the next-generation industrial software and
application ecosystem for aviation manufacturing.

INHEHET S5 MRNEaeER
Cognitive Manufacturing Platform Leading the Intelligent Transformation of Civil Air-
craft

FMZIOIRARIRE MR LN SN, ARREEZHENSEERMSTH. FAEESEYRTREETHR
F3/EY, fREE 3000 RARH 170 RER WWEFRAES TR, WRERERBFFBIENS. HAEERFRR
REATISW LR R 24 BiEX, BN MRRITEFRASTKT, HAT T EXITHISEERENXRTH. K
RERIF 10 RIUKBBEFFRAEZ (I, HRRK “RERARREFGRLR” “GETT ~C FHEERERE,

In addition to core technological breakthroughs and large-scale application, this achievement has also made important accomplish-
ments and contributions in multiple aspects. The platform has operated safely for tens of thousands of hours in high-risk scenarios,
ensuring the safety of more than 3,000 personnel and over 170 aircraft production and delivery tasks, and establishing a full-process
closed-loop problem handling mechanism. The team has published 24 papers in top international journals and conferences, with some
results recognized as internationally leading, filling critical gaps in industrial semantic control and green governance. The achievement
has obtained more than 10 invention patents and software copyrights, and has been awarded national honors in China such as the
“International Leading Award for Scientific and Technological Achievements” and the “Green Factory Demonstration.”

REIEBREFRNEER

Award certificates and patent authorizations, etc.
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FIXESEERIFR TMREMGRS BT ENE, RREARASREILBARXBRA, HHEIRTICXGE
i, SR AEMEENRANGENNSEREA, BAERAERAZERGASTKT

In response to the challenges of visual imaging and perceptual computing in real-world complex environments, the project has broken through the
key technologies of multi-band stereo vision for unmanned systems, developed a series of key products, achieved an all-round improvement in
the real-time perception capability of stereo vision, and reached an internationally leading level in overall technical indicators

EARGZREILBRARXBREASES

Key Technologies and Equipment for Multi-Band Stereo Vision in Un-
manned Systems

REBT AR Ad ot
Dalian University of Technology oo vesee o

R AR A RAR) oo FIA
Hunan Hyper Sensing Technology Co., Ltd HYPER SENSING
FERPRZRBRBRAE

Beijing Smarter Eye Technologyé\o., Ltd. () sqb;?n:’;ﬁ

AMIHAE SRR ERAE

Aview Image Technology Suzhou Co., Ltd.
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Introduction

Dalian University of Technology, in collaboration with enterprises, has developed the key technology and products for multi-band stereo
vision of unmanned systems. This achievement has broken through the challenges in visual imaging and perceptual computing under
complex and harsh environments such as low light, rain, fog, smoke and dust. With an internationally leading overall technical level,
the technology and products have been widely applied in industrial fields including automotive automatic/assisted driving and intelligent
robots, creating significant economic benefits.

EARKZREILBAGE “RELHIFIRBRMBSED o ress e chal adtionat
= >, 9 3 0 address the challenges of traditional
FMsHE XREAGR 0 adress the challenges of radil
Key technology system for "multi-domain collaborative .., ForocPion tecnnologies—such as
. y g_y y B . their high susceptibility to failure in harsh
visual computing for all-time harsh environment percep- . inments (e.qg., low light, rain, fog
tion" in multi-band stereo vision of unmanned systems smoke, and dust) and the lack of collabo-

rative computing methods for multi-source

HIHMERMBE R AT ARERN R, MEMALEELIMEPIRZKN,  heterogeneous visual data—the project
BRZ 2 ESHMREIRNEITEF RIS, TEFRE “4py” & €am has overcome the dual challenges
RS S RIS, R SRR — R B o

computing, achieving three internationally

ZHARBMOIIEsRT AR, FIFEALER TR I / ISMATERL SR leading innovations: it has proposed a
27t 63%; ZRAXKGELERRUNENNSIREHREITHIHHNZERESE  Vvision enhancement technology driven by
AR, RIMETEHEL 1/32 Th%; SRRUFBMSHIGE [0 coevoranon of muliple percoption

_ . e . . . n . tasks, which improves the fusion perfor-
BSNBIROMEAR, EEMHBRCNG EZSBAERR 76%, HER

mance of visible/infrared vision by 63%
EiRs 12 ZU L. AL TEMRES, FARIEIRE Stereolabs. under non-ideal matching conditions; de-
Foresight ZATMFRF, RGSTMEAEENDEE BRELR. veloped a sparse disparity energy propa-
gation technology that integrates sub-pixel
disparity prediction and error elimination
estimation, enabling the disparity calcula-
tion accuracy to reach 1/32 sub-pixel; and
established a weak and small target anal-
ysis technology for non-ideal multi-domain
features, which reduces the parameter
scale of the salient target detection meth-
od by 76% and increases the inference
speed by more than 12 times. The system
performance ranks among the interna-
tional forefront, with technical indicators
exceeding those of similar products from
companies such as Stereolabs and Fore-
sight, and the team has won a number of
awards in technical competitions as well
as provincial and ministerial-level honors
in China.

WETBLIMBERERNEIRAGR, K ‘2 BN5 ‘28" tENEMS

It has established a new technology system for intelligent perception in harsh environments and overcome the dual chal-
lenges of "all-time" perception and "multi-domain" computing
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EZRACHERD [ HEIER. BaeNSAFASEMMUR LR
This technology has been applied on a large scale in fields such as automatic/assisted
driving and intelligent robots

BRARBEAEBD / HHBER. SRNSBASTALNMREUNE, SIEEREFNE 3.16 27T, M
VHAMEGRHRERARNBILGEREL S BERSBRSINERAR, WREHNGEERBEHNHARSITNER,
WEhEAEE RN AMELER, QISEREEFNE 193712 A7, ERPRBRERERATKIEERE
LIFBUABARBHRA, R ZSIETESZORAED, ENELAEFEVRNEE “TRS” ik
—EANEEARES M, NATEABLTFEFYR, SIEEFNE 12262.4 H7t. RAKILSRMMBIRZ T
Wi SirRMAE. EREFEERRAILL 3100 F7T; H4, FEREERE / B ABEXRERERHDR

Bt 20 R, EUMKEEE 4000 KRBT, WET “HEA—HE—A" RIEER.

This technology has been applied on a large scale in fields including automotive automatic/assisted driving and intelligent robots, cre-
ating a direct economic value of RMB 316 million. Specifically, Aview Image Technology Suzhou Ltd. has applied the sub-pixel-level
multi-camera sensor joint calibration technology to establish an automated assembly and evaluation system for in-vehicle visual sen-
sors, promoting the standardized production of intelligent visual components for commercial vehicles and generating a direct economic
value of RMB 193.712 million; relying on the stereo vision perception technology for complex and harsh environments, Beijing Smarter
Eye Technology Co., Ltd. has solved core technical problems such as 3D stereo calibration, and its binocular stereo in-vehicle camera
has become the only officially designated visual product for Baidu's "Apollo" program, applied in mass-production scenarios like au-
tonomous buses, with an economic value of RMB 122.624 million created. Diversified revenues have been generated from technology
transfer and scientific research projects: a total of RMB 31 miillion in technology transfer agreements have been reached with Hunan
Hyper Sensing Technology Co., Ltd. and Beijing Mengtebo Technology Co., Ltd.; in addition, the team has undertaken more than 20
major Chinese national-level/enterprise-level key scientific research projects, with over RMB 40 million in funds received, forming a
sound "R&D-transformation-application" cycle.

RANABEBER. BENBASTS T

The technology is applied in multiple fields such as autonomous driving and intelligent robots
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The achievements promote the upgrading of intelligent vision technology and the de-
velopment of the industrial ecosystem

BB R G RRITE. SHATIEREFRREA, EERA LA RRETLHINE THRAEE,
REIERRASTAKT, HEEHEEMATRAMECHREMRUT AL 58 “BE—TH—Ig& 2EFEHE
%, XETEENEFUANRERCHAR, RERI ZEMANRAITE, EREKE N TIREH L
IR, HKIERARN, BEAMIHA., IERFRBBREAREE, BESESEETRINERNKL, €
B AR —RU—NAT ESEF, B TEELEDRLR. BE LEERASREESNERESRS, N
BRREARZLRREHRZOZE, BOESFIENRSHE. SEEABRAAR, LIRS EF
BN E K

By breaking through key technologies such as sub-pixel-level calibration and multi-domain visual enhancement, this achievement
has significantly improved the perception accuracy of stereo vision systems in harsh environments, reaching an internationally lead-
ing level and promoting the transformation of intelligent vision technology from theoretical research to large-scale application. It has
established a full-chain innovation system covering "algorithms-chips-equipment", supported the R&D of China’s first mass-produced
dedicated chip for stereo vision, formulated technical standards with wide influence, and accelerated the industrialization process of
global intelligent vision equipment. Relying on technology transformation, it has fostered representative enterprises including Aview
Image Technology Suzhou Ltd. and Beijing Smarter Eye Technology Co., Ltd., spawned emerging positions such as multi-modal algo-
rithm engineers, facilitated the ecological closed loop of "R&D-transformation-application", and driven the coordinated development of
upstream and downstream industrial chains. On the whole, it has significantly enhanced the performance and competitiveness of in-
telligent equipment, provided core support for the development of intelligent unmanned systems, effectively promoted the optimization
and upgrading of the industrial structure towards high-end and intelligent directions, and achieved a dual breakthrough in technological
innovation and economic benefits.

B ALRER 58 B, FARUXZISARLIERITN, KREEPREM 4 T, THAK
REU=TRA®T, IEEREFNEIZRT

It has obtained 58 authorized invention patents for technologies, received positive evaluations from multiple academicians
on its academic papers, won 4 provincial and ministerial-level awards, completed technology achievement transformation
worth over RMB 30 million, and created a direct economic value of more than RMB 300 million
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The three main technological innovations of the project are: high-performance lightweight central computing architecture platform technology, cloud-management-ter-
minal integrated multi-dimensional security technology, and vehicle application cross-model compatibility and adaptation technology. These three major innovations
constitute a complete innovation loop for the research and development of automotive electronic and electrical architecture technology and its industrial application

BREMECSEPRRITERFBISENTESXBRARNA

Key Technologies and Applications of Intelligent Connected Vehicle Central
Computing Electronic and Electrical Architecture Platform

RESRERERNDEIRAE

VOYAH Automotive Technology Co., Ltd.

HNtEAREERHAIRAR

Guangyu Mingsheng Intelligent Technology Co., Ltd.

RGBT KR

Wuhan University of Technology

REF (KR) HETRWSIRERAT

China Automotive Engineering Research Institute (Tianjin) Co., Ltd.
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Introduction

The project has established a new generation of automotive electronic and electrical architecture technology and product system fea-
turing "central computing, multi-dimensional security, and multi-layer decoupling". It has broken through key technologies in central
computing electronic and electrical architecture, created an intelligent automotive technology foundation based on the synergy of "cen-
tral computing + regional control", and achieved large-scale mass production applications.

hRitESRIGISHIhFERIN, RS EDaEER MRERA O, —RBMERE
Collaborative Innovation between Central Computing and {HRITERBFEETK, EER
Regional Control, Empowering the Intelligent Transforma- iz tserhsit® 5 iy
tion of Automobiles s FES%EN, FiTEE
BEe. B, BRMRENLE,
HEl e IREIE RS ET T BRIt
BTEe, BRURAERFITEMEEE
EHLEMY, —RrBin—7ftE
®REFAN, RAEMEZET
= SZREEINNBENEBERIFEREE
HRSINEEAR, HEREHR—E
NS BRANMEFS, 858
ZHR LN, =BEENA
BEUR[EEEA, REBAR.
RiEE. FRANNAFALSE,
fas AR ZSHEZRRRS I AR
SFMHITAHERR, BRAZER
BERNSHNAEREE, HAK
RERTERAMEN A EIE PRI
, FRRPESREIRFSREK
TTER,

TEK: “2WERaITE. BERRRDSHEZ. E8HF—&L
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The project has overcome five major tech-

nical challenges, namely "full-function do-
main fusion computing, dynamic resource
sharing at the vehicle level, cloud-man-
agement-terminal integration for multi-di-

oiB
mensional security, cross-model compat-
ibility and adaptation, and rapid iteration
across all functional domains", resulting
in three key technological innovations.

VIU- ’ ’
‘
The first is high-performance lightweight

“HRSRITE + KEUSH) “EINET BSEINTE, WRTINEN KM 5" #ERy central computing architecture platiorm

The electronic and electrical architecture platform featuring the synergy of "central computing + regional control" constitutes technology, which builds a centralized
the "brain" and "nervous system" of the automobile
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electronic and electrical architecture that balances high-performance central computing and high real-time control. A cross-domain
high-security, high-reliability, and high-real-time communication network has been developed, and a scalable central computing plat-
form for full-function domain fusion has been developed, effectively enhancing the computing performance and real-time control of the
entire vehicle. The second is cloud-management-terminal integration for multi-dimensional security technology, which invents commu-
nication encryption protection and lightweight security authentication technology for multi-entity mutual recognition in vehicle-cloud col-
laboration scenarios. A cloud-management-terminal integrated security situation awareness and early warning platform has been built
to enhance multi-dimensional security defense capabilities. The third is vehicle application cross-model compatibility and adaptation
technology, which proposes a high-cohesion, low-coupling, vehicle-cloud universal application development scheme. Multi-concurrent
multi-level service independent upgrade and multi-subnet parallel upgrade technologies have been developed to enhance multi-model
adaptability and application iteration efficiency. The technological achievements have been evaluated as internationally advanced by
a team of academician experts and have won the second prize of the China Society of Automotive Engineers Science and Technology
Progress Award.

ZERAMEETRA, BhHEWpEAER BSSIARWR A, RiTHE RN
Large-scale mass production application of multiple vehi- 2075&, &oh#TiG&EF a4 350
cle models, aiding enterprises in cost reduction and effi- (77, SSIMFIFEE 30 Z7T. KE
ciency enhancement BHE5R MPV TR SR,
HEMUREFS, ITEWHIARNSA
P& RREFRENTE[EZ
A IER I ~=E#E 10001Z27T.

T I A B2 RS R RITE T & RETYEXIEH B EE
H2s, WIS ECU MIEBEH 2 RRMEM, MEINEEEN, Bkl
HMWARARR; BIRYEXREHESIHYE, KEBULREHR. 4B85E
BRKE, BAE LR MRS N ESERAES, RENBEESRE.  The project has successiully developed
RO E S . a multi-domain fusion central computing

RAMREERE Free. BRR. BAKRFZINRFIH 10 Sz platform and a regional controller based
on physical area layout. By integrat-
ing ECU and multi-level decoupling of
software and hardware, it accelerates
functional iteration and helps enterprises
respond quickly to user demands. By ar-

L7 RS Ritam OTA—ZHBENE

>99.9% ) ) .
% ranging components according to physical

areas, it significantly simplifies wire har-
ness layout, shortens wire harness length,
A and helps enterprises reduce costs and
FREEFMG S BARNES TRRNER increase efficiency across the entire value
( chain of research, production, supply,
marketing, and service. This consolidates
price competitive advantages and enhanc-
es market core competitiveness.
The technological achievements have
been applied on a large scale in over 10
models across four series: Voyah Free,

Dream, Passion, and Courage, with cumu-
lative sales exceeding 200,000 units. This
has driven new economic benefits of over
35 billion yuan and generated profits ex-
ceeding 3 billion yuan. The Voyah Dream
MPV has performed outstandingly in the
segment market, ranking among the top in
sales and widely recognized and favored
BEHRESE 3N ERALE. 4MERRT), 10 2 ERFESNANMES~HA; by the market and users. In the next five
RIHEEIL 20 RG A, OTA —RFARMINEE 99.9% years, Voyah will leverage this technologi-
It has been equipped with three product categories, four vehicle series, and over ten vehicle models from Voyah Automo- cal support to increase its output value by

tive, achieving large-scale mass production applications. The cumulative sales have reached over 200,000 units, with an
OTA (Over-The-Air) upgrade success rate exceeding 99.9% over 100 billion yuan.
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Breakthrough in key core technologies to drive collabora-
tive development of the industrial chain

B RBIZOEAR, KestttRethRITEREERIT. E5—1&
hZER2H R BEVAEARTERFRABEAMRD, BREERRKRS
HERM—AUREEMITICO)H, HihEEFBIEMEMMATI
HRE. TIERITHAIBERAEH 180 RUL, FAKEAEF 100 RIT, 2k
HESHETUATAE 4 Bl

B &IEERER, EERZO0FBAKETFISMNPRTETES
ANFEHEEER, HflEnERR, BSERFEIRENESEK
R. MEMMERNMNEBETZPSERARTZEN, HAEAD T
BE GERFE .

EEKEHE , BETFRITEFE

The left image shows the VIU(Vehicle Infranet Unit); the right image shows the OIB(One Intelligent Brain)

The project has made breakthroughs in core technologies, overcoming key technical bottlenecks such as the design of high-per-
formance lightweight central computing architecture, multi-dimensional security system integrating vehicle and cloud, and iterative
compatibility and adaptation of vehicle applications. It focuses on the innovation of basic theories for a service-oriented integrated
architecture of vehicle, road, cloud, and network, accelerating the advancement of China's basic research in electronic and electrical
architecture.. The project has applied for more than 180 invention patents and obtained more than 100 authorized invention patents,
and has led or participated in the formulation of 4 industry standards.

The project plays a pivotal role in the supply chain, actively integrating core components such as regional controllers and central com-
puting platforms into the Chinese supplier system. This initiative fosters collaborative development within the industrial chain, supports
the growth of the automotive electronic and electrical architecture ecosystem. The suppliers selected for the project have already es-
tablished technological and market leadership in their respective fields, becoming "leaders" in their niche markets.
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Confirmation Drawing of Double Precise Land Use Classification of Xiache Yanzi Vilage
Committee, Jiiao Street, Jutai District, Changehun Chy, Jiin Province

ETZRERS Al RAWENEXRFHFHE, SIEYIR S RETE

A centimeter-level digital map constructed using multi-source remote sensing and Al technology enables
crop identification and disaster damage assessment

MR RIS “WEE XERASHA

Precision Underwriting and Claims Settlement Key Technology and Application
for Crop Insurance

PR (EME) KEEEAERAR

Sinoagri Sunshine (jilin) Big Data Group Co., Ltd.
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Introduction

AN MEBERESATEERAR, B2 BERRF+ HEER RN, KM

This achievement integrates satellite remote sensing, UAV, loT, and artificial intelligence technologies to establish a dual model of

"Precision Underwriting + Precision Claims Settlement." It digitalizes, intellectualizes, and enhances the fairness of agricultural insur-

ance, driving innovation in global agricultural risk management technology.

RS FHIEMSESERDINER, THMERERILR
s ELEIE

Breakthroughs in Multi-Source Data Fusion and Intelli-
gent Analysis Technologies Enable Centimeter-Level Pre-
cision Management in Agricultural Insurance

ARRE R T LRBRIENTEE, NMIRIAFIRG. (EEKE
S ENEEFERAER, SIFIEHRE " T2 - TAN - K " =
RIIERMEREN, ARENTEERK, ENESINERERTZESREF

ZRFEIERE S BRI

Multi-Source Heterogeneous Data Fusion and Intelligent Analysis

SEE, KTHH. MtEESS
ER BB HKIRG, RASLH 10 E
RKESHEERFHELE, HWESD
PR < 10cm, NFEARERT
BEW—RKEE. L5 BRENE
XENAGEZEHERRK, AR
NDVI/EVI/MSAVI % 15 ¥ ft & 1R B
5 SAR BREURE MG, BETFE
BEE, XBZERRESHFED
iR, WEREYKEDSENIE
B, SM=LMENG, KBEN
RES 8%, BMBRAZ oMK R
WEX, mNFUREEF 40%; 231
"HR-TE-FY T ZERBGE
B, B8R HERBELIEDIE
B, sANSFIBERIRER
KREY, RIRERA 5 KR
W, EREEREHIE 12% A,
PURTHEERER > 93%, HXIKXA
RIADHEEH, EohS%ERE
AMREEXTN S EEMEIKE
8, BRARERSSTKF,

This achievement addresses international
technical challenges such as spatiotem-
poral registration of multi-source remote
sensing data, identification of small plot
boundaries, and dynamic monitoring of
crop growth stages. It innovatively pro-
poses a three-tier "Satellite-UAV-loT" data
fusion architecture and breakthroughs in
spatiotemporal registration technology. By
integrating high-resolution remote sensing
imagery and deep learning algorithms,
it achieves automated identification of
land features (e.g., cropland, forestland),
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ultimately constructing a high-precision digital map at the 10-centimeter level (resolution <10 cm). This provides a trusted spatial data
foundation for precision underwriting, including unique codes, coordinates, area, and ownership relationships.

The development of an NDVI/EVI/MSAVI
multi-index fusion model and a comple-
mentary SAR radar data mechanism,
combined with multi-index fusion and
time-series analysis of remote sensing
data, enables the construction of a dy-
namic crop growth monitoring model.
This model implements a three-level early
warning system with a growth monitoring
error rate =8%, effectively addressing
monitoring blind spots in cloudy regions
and increasing monitoring frequency by
40%.

A "Meteorology-Soil-Crop" multi-factor
coupling model integrates meteorological
data, historical disaster records, and crop
models. Using machine learning algo-
rithms, a disaster loss assessment system
was established, achieving probabilistic di-
saster forecasting 5 days in advance. The
loss estimation deviation rate is controlled
within 12%, and the loss assessment ac-
curacy reaches =93%.

Related technologies have secured 14
Chinese patents, achieving global firsts
in dynamic underwriting technology and
disaster chain prediction. The overall
technology reaches internationally leading

L ERMBIERS SBMEST standards.

Multi-Source Heterogeneous Data Fusion and Intelligent Analysis

IFZEAFRUFRESHFRIES, EF¥ESHENERE
Wide Application in Agricultural Insurance and Digital Agriculture Services with Signifi-
cant Economic and Social Benefits

FEREEFES I RUEBDARUNA, ERNEAREERZHRFN. 2023 FEIHEARRRAIRS!
RIRRR 8.7 HE, EIZFRK 1.2127; SRERAREEBEDAM 15 REEE 3R, BROEHAEK
62% (M 380 JThE=E 14570) ; KA TAREBHQFALE, ERABBERA 30%, @i FKIREFIERARE
TEIRFNETIE 78%, NRFESREM 42% 1BZE 67%, THRBEEE, MRBAERRIREIIEERE
RF 10 18, AJIAASFRAR 45%. wanBRE, BRERNEF X L FHUEIX 53 27T, #EEHRIRREGS
FERMUE 2%, Ih, FERIIEFHE, FEKRREPRER 35%, HEHRFAEIEU 280 Tt.

This achievement has been deployed on a large scale across multiple agricultural provinces in China, achieving full-process digitaliza-
tion of underwriting and claims settlement. In 2023, precision underwriting technology identified fraudulent applications covering 87,000
mu (approximately 5,800 hectares), recovering economic losses of 120 million RMB. The intelligent loss assessment system reduced
the claims settlement cycle from 15 days to 3 days, and the cost per case decreased by 62% (from 380 RMB to 145 RMB).

It ensures fairness and transparency in underwriting and claims settlement, increasing farmer satisfaction by 30%. Through block-
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chain-based evidence storage technology, the dispute rate in loss assessment de-
creased by 78%, and the participation rate of smallholder farmers rose from 42% to
67%.

At the social governance level, the achievement has enhanced the regulatory capacity
of county-level agriculture and rural affairs departments by tenfold, while reducing labor
costs by 45%. It has driven the annual output of related industries, such as remote sens-
ing processing and intelligent agricultural machinery, to 5.3 billion RMB, and optimized
the comprehensive cost ratio of agricultural insurance to 92%.

Furthermore, in terms of agricultural production increase, yield volatility in demonstration
zones was reduced by 35%, leading to an average increase of 280 RMB per mu in farm-
ers'income.

BREERASTASHRN AR

Interface of Intelligent Loss Assessment System and Mobile Application Scenarios
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N LIKRWRIERAIREAR, SIMRFRIESIDE
Promoting the Upgrade of Global Agricultural Insurance Technical Standards and Lead-
ing the Construction of a Digital Agriculture Ecosystem

AR RIBHBRBUEIT A SHSZREAR R EETNEF S ESLMLIKE ), EhB R G IERAMAKLR (1m)
MEXRE (10cm) B, GEFESIHEDEHELERIETERATKF. ERIL A BETE, FRTE
PN ERARKIBEFE NDVI shSDTEE, HNZSESHENREFIER, EREIRFIERERRI 90%, KA
FRREWAMAIRE LT, FIEIZN “WHE—" (R, 245, BR B tREUEEINEE AT SR,
R EZHNPERIWEHRALIRNFIEK 35%, BEREFERIPEKMLRE. BETRRERKREFIER
FERKRATR, R " RIQ + B + RS " FUHEGEER, RARMRIULRD L EIAELCH, BE R
EAR. REER HUE, EARERTE 18%, AR FIRFESLRBRERAER.

BEEEERSHEERARA, REXEAKERLD 28% (M 550m* BE 396m°) , REFERERE
19%. FCSRAEHERD T RAUBIEEA R, BIMURERE, BRTEYMEBGRE. RFLrEELEENRS
BERA 0.3%. ERAGRRATNAEEZENESHHESHRTHERSN, BEEIHEMNRIERE, KR
R SIRZA. SRR REHT ISR, T NESHRRSR, AEEARN2IKET NE

This achievement has achieved global breakthroughs in areas such as plot data standards, dynamic underwriting technology, and
disaster chain prediction. It has advanced remote sensing image processing technology from meter-level (1m) to centimeter-level
(10cm) resolution, elevating China's high-resolution satellite data processing capabilities to internationally leading levels. In the field of
agricultural Al algorithms, the first time-series NDVI dynamic analysis algorithm for agricultural insurance was developed, along with a
multi-modal fused deep learning framework, pushing disaster identification accuracy beyond 90%.

The technical system has established one local standard, and the "Four Uniques" (code, coordinates, area, ownership) plot database
standard has become a de facto industry benchmark. The achievement has driven a 35% annual growth in China's agricultural tech-
nology R&D investment, with significant spillover effects into related fields such as agricultural loT terminals, edge computing devices,
and blockchain-based evidence storage systems. It promotes the formation of an "Insurance + Technology + Service" industrial eco-
system, profoundly influences business model innovation in agricultural insurance, and fosters new practices such as "map-based un-
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International Cooperation and Exchange Scenarios

derwriting" and "map-based loss assessment," contributing to an 18% reduction in pure
premium rates. This provides a technical paradigm for global agricultural sustainable
development.

Through intelligent irrigation and precision pesticide application technologies, aver-
age water usage per mu in demonstration zones was reduced by 28% (from 550m3
to 396m?), and pesticide usage decreased by 19%. The achievement also advances
low-carbon agricultural development by optimizing farming practices, reducing average
carbon emission intensity per mu. Digital fertilization increases soil organic matter con-
tent by 0.3% annually.

This technology system not only delivers significant ecological benefits and resource
efficiency but also provides a replicable and scalable comprehensive solution for global
agriculture to address climate change and achieve sustainable development through
precision agricultural management. It holds immense potential for global adoption.
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BEaEmRULERGER, BHSKRIAIFRZRE
Building a Green and Low-Carbon Agricultural Technology System to Support Global
Agricultural Sustainable Development

BEEREERSEERARA, TEXEYAKERD 28% (M 550m® EE 396m®) , REFEASMER
19%, RLRIEHERD T RAVEVERECA R, BEMAKRERE, BETEYRHBGRE. R UEEEHEENRS
BFREA 0.3%, ZRAKATNAGEZENESHESHRTNES, ERIFELHNRIVERE, hedkil
RSB, RIMAHFSRLRREHR T ISR TR NSSERALR, AEERNRIKET M{E.

Through intelligent irrigation and precision pesticide application technologies, the average water usage per mu in demonstration zones
has been reduced by 28% (from 550m? to 396m?), while pesticide usage has decreased by 19%. This achievement also promotes
low-carbon agricultural development by optimizing farming practices, reducing the average carbon emission intensity per mu. Digital
fertilization has increased soil organic matter content by 0.3% annually.

This technology system not only demonstrates significant ecological benefits and resource-saving capabilities but also provides a
replicable and scalable comprehensive solution for global agriculture to address climate change and achieve sustainable development
through precision agricultural management. It holds immense potential for global promotion and adoption.
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Application of Green and Low-Carbon Agricultural Technologies
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ITTHEREBRESBERBAXBRA TR

Key Technology Architecture for Intelligent Security Situational Awareness of Full Traffic in the Backbone Network

FTFMERERSTHE BB X BERARH LR =Lk

R&D and Industrialization of Key Technologies for Intelligent Security
Situational Awareness of Full Traffic in the Backbone Network

KA

Southeast University

AREAETBEELAREMRAE

Nanjing Fiberhome StarrySky Communication Technology Co., Ltd.
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KB ESEMEVESTADTINEIS KRR, Hf 100Gbps MERESS, RHMBITHHEUE.
MEREIRINRE, HWRSHNTAKETE. RRENBTFEXEHRENXBESEMRERS, BAK
M5 DHEESTo

Introduction

This project has achieved significant advances in high-speed network measurement and behavior analysis, including the development
of a first-of-its-kind 100 Gbps traffic collector, the proposal of models for network behavior feature measurement and encrypted traffic
identification, and the construction of a multi-dimensional spatiotemporal big data platform. The outcomes have been applied in major
event security and the protection of critical information infrastructure, enhancing monitoring and analytical capabilities.

[REMEIRILS| 4T Thps K LRESTE BAEE X
Original Theories Driving a Performance Leap in Tbps-Level Full-Traffic Situational
Awareness System

MELZSBRAMLUSEHIERENEM, FEMERTLEITH. IRFINBEPDEN 2MBESE, EHIE
=R —REFTREFHNEAIIBIGK, Tbps FLRITRERM, —BHEREFRIRITIEERE, AR
RRELENRIE, —BERKMN2INZESEME, FRRENIRAZ R,

AIMEREZTReEHE: H—, Hfl7TERSERMAIREGLES 100Gbps MER, HiEHETH
BEEEMIIRERNSRETED LA E, RUEREEN; EZ, 2E Tops ke REMBILETESE,
SR/ELAXRSEREN, BEERERRAREREFEMITEE, H=, HEEEMssE, RETRH
BFREIRSGRAAGE, AIENRZIER TIRAMEBSANES, EHRIEX 99%,

Network security situational awareness relies on large-scale data acquisition to screen suspicious behaviors, identify threats, and
present an overall security posture. However, three fundamental challenges exist: (1) Backbone traffic grows annually at the scale of

exabytes, making Tbps-level real-time acquisition highly challenging. (2) Suspicious behaviors are highly clustered within massive traf-
fic, making efficient filtering under limited resources difficult. (3) The trend of pervasive encryption significantly constrains the detection

BMERE

Overall Framework
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of covert threats.

The project has made a series of original contributions: First, it developed a hardware—software integrated 100 Gbps traffic probe for

situational awareness and proposed an online full-traffic classification method based on entropy-driven intelligent rule decision trees,

enabling efficient real-time detection. Second, it introduced a Tbps-level incremental sketching method that supports online detection
of large flows and superspreaders, significantly reducing storage and computational overhead compared with international state-of-
the-art techniques. Third, it constructed a malicious video fingerprint database and proposed a sliced temporal-vector fingerprinting
approach capable of identifying encrypted video content without decryption, achieving 99% accuracy.

ZELARMEHIPHMER SZOMR
Core Cybersecurity Achievements Supporting Public Se-
curity and Cyberspace Protection

AIMBMNEATRRSTAR. MEFH 2000+ £, ETHETHSE
FE65%, HR—ZS&HMmEBEE 0% UL, MEEEAIENMELEH
PR, BRIARET. BRTAEF 4T REUATRIE, EEEERE
AR 30 H%, RIHEEREET 1000 /7, HEMRREMS 19 B, B
DEFHRRBTT. BEE 3L NE, 281 MRS, KMHBERLE
EA 30 R %, WBIBIRELATHZHH, MAMEERN, S%E 150127,
B 2019 MLk, RiHRIHEEWA 33.97 27T, FI3H 2.49 27T,
iU 1.49 1270, EREAETEEARERQBRITHEENRMT 37180 RE,

EEARBREBEE

National Deployment Map of Public Security Bureaus

FHIHEGE 8 27T, HEIFZMT
Bkt fest i, BB MR
MMz R. #ESFERAREE
HMELRPERTRIE, REZS
BRF.

The developed technologies and prod-
ucts are deployed in more than 2,000
institutions, including public security and
cybersecurity authorities, with a market
share of 65% nationwide and over 90%
in first- and second-tier cities. They have
been adopted by 47 agencies such as
the Guangdong Provincial Department
of Public Security and Nanjing Municipal
Bureau for anti-fraud purposes, gener-
ating more than 300,000 victim-warning
leads, blocking over 10 million fraudulent
attempts, supporting the investigation of
190,000 cases, and preventing economic
losses exceeding RMB 100 billion. The
solutions have been deployed across 31
provinces and 281 prefecture-level cities,
leading to the discovery of over 300,000
pieces of extremist video content in Xinji-
ang and aiding the investigation of cases
including Bitcoin pyramid schemes and
online gambling with a total value of RMB
15 billion. Since market deployment in
2019, the project has generated cumula-
tive sales revenue of RMB 3.397 billion,
profits of RMB 249 million, and taxes
of RMB 149 million. Nanjing Fiberhome
StarrySky Communication Technology
Co., Ltd. has sold more than 3,780 sets
of software, with an average annual sales
volume exceeding RMB 800 million,
fostering a complete industrial chain and
creating significant employment opportu-
nities. The project outcomes have been
successfully validated in the cybersecurity
assurance of major national events such
as the Hangzhou Asian Games and the
China International Import Expo, receiving
multiple commendations.
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Commendations for Cybersecurity Assurance in Major National Events
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Tbps &RV EBSMEZREIRFARRFEFFFEARIAR
Tbps-Level Streaming and Encrypted Traffic Identification
Recognized by the International Research Community

AERERDEELIESMER LIRS EE#H#E, I Tbps &
MEXRE, BHIREXF 5000 HFMN, HENTERRERS; 2H
BEREEABRQNGE FHEFRET 1LY /R, EWmExD
F 4 Ri57E, Eff ERARIMEREN; HLMBAAATIRFIRRK,
AIEZRE AR TR 20 HHRIBL, REERAHKT; BERNTES
BHRAMESAREE, HEBIMBETREE, SZRAMMDEN. %
BRSRIRE ZINAT L ILEFBRTINMESIESOR 75 E 5k, BEERRM
THRESFEFRHAETRIBATEYGIT, SMERKEHPRZEA Damien

FMBRFER / ERRTEETN

Highly Recognized by International and Domestic Peer Researchers

Desfontaines N R EHUHIES
FEERFHLLYER, REEE
FREAR R Al R = E R,
RAPEELSEKKFTAEFNES
B

This achievement has made significant
progress in the fields of streaming data
processing and cybersecurity. It realizes
Tbps-level traffic collection, with a single
device supporting 50 million rules, out-
performing international peer systems. A
novel method for online superspreader
detection in massive traffic was proposed,
achieving storage consumption below 0.1
bit per flow and query costs under four
memory accesses, marking the world’s
first realization of real-time detection.
Encrypted video content recognition
technology was developed, capable of
extracting 200,000 fingerprints in a mul-
tiplexed environment, reaching an inter-
nationally advanced level. By integrating
spatiotemporal situational awareness with
knowledge graphs, and deploying across
281 cross-domain nodes, the system
significantly enhanced threat monitoring.
The achievement has been recognized by
experts: Academician Shen Changxiang
praised the encrypted video fingerprinting
method as advanced; Academician Guan
Xiaohong noted that the register-sharing
approach could be applied to cardinality
estimation; and Damien Desfontaines,
head of Google’s anonymization team,
commented that its stream-based cardinal-
ity inference method significantly improves
the efficiency of HyperLoglLog. This work
has generated a positive impact in both
the international academic community and
industry, advancing China’s cybersecurity
development and strengthening its global
competitiveness.
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Cybersecurity Breakthrough Integrating Scientific Innovation and Practical Application

FRREZRANER25REE. REITEEMNED B , KA ZERD, ®RIPATRARES,
BHTE 26 AF; ANZERERAS ARRERN, SMNTHR. BirEENEL2FRMMTEME
FEIKFEAT B ERHMNZMIORAE A, ESHBNEY, EERTRRIARA, AL 3 TeUHH &R,
23 FRIURBAE R, 12 HFERAFE(FIAD 70 BieSC, FH7E 281 MBI T SEI Thps RKE, HHMERERK
AL S5l R Ro

This achievement has significantly enhanced cybersecurity and governance capabilities. The system effectively combats cryptocurren-
cy “mining,” uncovering over one hundred mining farms, protecting more than 900,000 victims, and saving 260,000 kWh of electricity
daily. At the same time, it has supported pandemic-related contact tracing and crowd detection, enabling mobility trajectory analysis.
In education, a model cybersecurity academy and research base were established to cultivate high-level talent. On the research front,
encrypted video recognition technology was proposed and a situational awareness system was developed, which has already been
applied in more than 2,000 institutions. The achievement has generated 3 innovative inventions, 23 granted invention patents, 12 soft-
ware copyrights, and 70 academic papers, while also realizing Tbps-level traffic collection across 281 cross-domain nodes. Collective-
ly, these contributions drive progress in cybersecurity technologies and promote industrial development.

KBRS ISR 5 T aRgRER

Acknowledgment Letters and Platform Development Status
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Track-Free All-Position Crawling Welding Robot - Horizontal Welding

BERRALXNS M ERITIRENRA

Autonomous Decision-Making Track-Free All-Position Crawling Welding Robot

IEREBRERAF]

Beijing Boging Technology Co., Ltd.

51

o

FMBE R ARERERH 2 E B IFEEMEE, INHARRACHTNSEMUERITIRFENSEA
9. SRS ATER. SRERCIRRE. SEEXBRMFZORAR, WRT “SRNMNEREA - 2%
ERmETRE - SRHEERT —RUERIFRGER.

Introduction

This project tackles the international challenge of achieving all-position automated welding for large, complex structural components,
successfully developing a world-leading track-free all-position crawling welding robot system. It innovatively integrates core technolo-
gies such as artificial intelligence, high-precision laser vision tracking, and high-performance permanent magnetic adhesion, establish-
ing an integrated intelligent welding system characterized by "High Anti-Interference Intelligent Perception - Data-Driven Autonomous
Decision-Making - High-Load Precision Execution."
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World's First Track-Free Crawling Welding Robot Solves
Intelligent Welding Challenges for Large Complex Com-
ponents

KIERINERRT KRR EREMHELNER MG T2 E A BN IFE
X—KEARSKEFEETSNEARAMI, FRHSIKGALHNTNZE
TIRENSEARS. BIMESRESER. BRRRESBBENTEEF
BEAR, RAXRMTERFHIFRET £0.1mm SSREEE. 150°CHER
FgEll, 51 AHBER 8mm BEENFRIETZMHE, RKTE
PRI ARRIR, IRE—REIEEIE 100%, AEHMERAEF5IFE 2-3
&, WEIENHEITZRANE 130%, LEMEAEAT 3-5 F. ZAB

THNS2UBRITIZENBA - I8

Track-Free All-Position Crawling Welding Robot - Vertical Welding

A F 23K 20 Z 1M EREETR.
fifR. WIEEARTRE, ERHE
ZUEFRMTE, REBEFENE
R, ZOMEEIREETAE, #
o T EIEEIE R EN.

This project successfully addresses the
major technical bottleneck that has long
perplexed the international welding com-
munity: achieving all-position adaptive
welding for large, complex structural com-
ponents without relying on tracks. It has
resulted in the development of a globally
leading track-free crawling welding robot
system. By integrating interdisciplinary
technologies like multi-modal sensing,
intelligent decision-making, and high-pre-
cision execution, the system achieves
extreme process capabilities including
+0.1mm dynamic tracking accuracy in
strongly interfering environments, continu-
ous operation at 150°C high temperatures,
a 5:1 load-to-weight ratio, and the ability
to overcome 8mm obstacles, surpass-
ing existing international technological
limits. The first-pass weld qualification
rate reaches 100%, impact toughness is
improved to 2-3 times that of traditional
welding, the double-sided double-arc co-
operative process increases efficiency by
130%, and overall effectiveness reaches
3-5 times that of manual welding. The
technology has already been applied in
major energy, shipbuilding, and chemical
engineering projects in over 20 countries
worldwide. It has led the formulation of
multiple international standards, garnered
authorization for over a hundred invention
patents, and its core performance indica-
tors lead comprehensively, driving innova-
tion in the global welding manufacturing
paradigm.
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TS ERITIRIENEA - IR TSN ECITIZENEA - B

Track-Free All-Position Crawling Welding Robot - Girth Welding Track-Free All-Position Crawling Welding Robot - Laser Scanning

SRS MAMIENEIA, WRHEAXTIENGESZREKENHZHA
Large-Scale Global Application Across Multiple Sectors, Driving Dual Leap in Major
Project Efficiency and Green Performance

AEREMIEAFLK 20 7 TER, EHSKI. MBAGE. BFIRSESAMERE ZHT, R
STHIKAEN. RR (£) T lEE BRING MEFZHEGEATR. RELTNSLMUERT. BTRE
RERA S ZHNEIFL FRARRE, BERAFENE 3-S5 E, BRSSHA 60%-80%, BE—REHRER
100%, E=FRMEREFREMIZTT, B, RARASKWEEENT RENEKEIEE, MtRK=ZFRHEE

9Ni 3 LNG fERIFIZIE - 175 Faild

9Ni Steel LNG Tank Welding Project - Nantong, Jiangsu, China
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MRRENEABRI. SREALEL, RE2KIEERIVERRZS
iR, o AT SRR, BERERES REREREA, RIS
MIRFE 15%-20%, JR/DFREK 15%-20%, ALIKEIE L R EEIIRHX
BRAZE, TSHESTEGTE, 1/ PCTEFEBRD, T “RA-
TR - 1R BKEEUiE R, BEILERSIRTIHENES SRR RES.

This achievement has been successfully applied in over 20 countries, gaining wide-
spread adoption in six major sectors including oil & gas chemicals, shipbuilding, and
offshore engineering, serving numerous international major projects such as Singapore
port machinery, mining equipment in the Democratic Republic of Congo, and Japanese
LNG carriers. Leveraging technological breakthroughs in track-free all-position crawling,
intelligent perception in strong interference environments, and multi-robot collaborative
operation, it significantly enhances welding efficiency by 3-5 times, reduces overall costs
by 60%-80%, and achieves a 100% first-pass weld qualification rate. In the past three
years, it has generated direct economic benefits amounting to hundreds of millions of
RMB (several tens of millions USD). Furthermore, the technology injects robust growth
momentum into the global industrial chain, with projected incremental benefits exceeding
ten billion RMB (over one billion USD) in the next three years.

The achievement effectively replaces high-risk, high-intensity manual labor, improves the
global occupational health and safety environment for welders, and promotes the optimi-
zation of the industrial talent structure. Through precise welding and the increased first-
pass qualification rate, it reduces welding consumable waste by 15%-20% and decreas-
es carbon emissions by 15%-20%, providing crucial technological support for the green

EEREIE - RINFIE

Pipeline Welding Project - Bulgaria

transformation of global manufacturing. It
has led the formulation of multiple inter-
national standards, nearly a hundred PCT
patents have been filed, and a synergistic
innovation system linking "technology-pat-
ents-standards" has been established,
significantly enhancing the resilience and
sustainable development capacity of the
global industrial chain.
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BReRENBAEX KRR, 5IMeHSHEEREE
Intelligent Welding Robot Defines the Industry's Future, Leading a New Global Transfor-
mation in High-End Manufacturing

FRRUFEERAZELIKIEESUARRF, KT MEATIRE~ IR EEEZ. HECN “ThS
1T +ARER" RARKR, W7 AREREM2UE B CFRAERMEER, HFERARRER "Bl
TIZ27 iEm “HURER e, ESHET SMEMTVEHMET BE2RNENERZ, MBI TRARLIKS|F
HfiLo

W= ARSE, AEREEMEERIR. M. BFTEFMHETL, KIRRRREA 3-5E. &
AFEMR 60% LA L, MIERZZEAFIRT, KT HIERANRAMTE, BIREHRABE S REETEF,
ERYNATERSNIERTENESR, MIKEERLKSHEEHISED S LT, EHEEZMER
BIEFMaE, MR EIIFES L AEEL. FEUSSHIINELMEEALR, NeRSHEETHNRERE
BFE T RE MRk R0,

This achievement reshapes the global welding industry landscape with disruptive technology, accomplishing a comprehensive leap
from technological breakthrough to industrial empowerment. Its pioneering "track-free crawling + Al decision-making" technological
system solves the world-class challenge of all-position automated welding for large, complex structures, propelling welding technology
from a traditional "experience-based craft" into a new era of "data intelligence." It has led the formulation of multiple international stan-
dards and built a global patent barrier, establishing a position of global technological leadership.

In driving industrial upgrading, this achievement comprehensively empowers strategic sectors such as energy, shipbuilding, and off-
shore engineering, achieving a 3-5 times increase in welding efficiency and over 60% cost reduction, fundamentally transforming tradi-
tional operational modes and revolutionizing manufacturing paradigms. Through advanced technology exports and deep international
cooperation, it has been successfully applied in numerous major engineering projects worldwide. This not only significantly enhances
global high-end equipment manufacturing capabilities and industrial chain resilience but also generates economic benefits exceeding
ten billion RMB (over one billion USD). It actively drives the transformation and upgrading of the global welding industry towards intelli-
gentization, greenization, and high value-added development, exerting a profound and positive impact on the competitive landscape of
the global high-end manufacturing sector.

EERH R T SRR R

Botsing Technology Driving Intelligent Transformation and Upgrading in the Industry
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2% AIGC EF=E Lk
Tongzhou AIGC Production Pipeline

AIGC £~ E &M KL

Practical Application of AIGC Production Pipeline

PRIE X WRH B R AF]

MIGU Co., Ltd.

515

BKIE AT B ERAR “©fRF AIGC £F-EL” MR FIRTRCIERR AR, FEMMEIERZAPEE
83.56%. FRALENE 75%, F=HEEER AIGC M5, RiteUU 3031 5T, FEMEM 30128, 3R 17 BUABREF,
HETh Al S AT AL R o

Introduction
Migu's independently developed "Tongzhou AIGC Production Pipeline" builds an one-stop end-to-end video creation solution. It reduc-

es video production costs by 83.56% and shortens the cycle by 75%, produces over 100 AIGC videos, achieves cumulative revenue of
30.31 million yuan, reaches 3 billion views, and obtains 17 invention patents, driving the standardization of the Al video industry.
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Migu’s “Tongzhou AIGC Production Pipeline” Sets an Internationally Leading
Benchmark for Al Video Industrial Production

TRREGe Al SER M E, TABIRSSRMEMEE, KM=ARORK. —REIHSREEMREARE
M, XAZNSRERZENN, EEME 92.5%. MFRA 418, 4K B MEEBEAREA 50%; —HEEl
% MaaS 28#), THRFSIERPRERN, 2000 QPS IEET 8 WAL, XEHH 10 75 + MIRLER; =2ES 16 M
BAtRE. BX 12 REMRSE, BURSWMRGER. HERBIMERHFRRA, fuse s 20 27,
BERSEH Al A —IE N Tk (b=, Bk, Bl RARES | M A E FR .

This achievement has solved global challenges such as poor Al video coherence and fragmented toolchains, achieving three core
breakthroughs. Firstly, it innovates a multi-modal generation technology matrix, enabling full-process automation from text to video with
a coherence rate of 92.5% and 4x efficiency improvement. Its 4K super-resolution and horizontal-to-vertical conversion technologies
reduce costs by 50%. Secondly, it builds an enterprise-level Maa$S architecture that supports quick access of multiple models, achiev-
ing an 8-second response under a peak of 2000 QPS and supporting the generation of over 100,000 videos per day. Thirdly, it leads
the development of 16 technical standards, submits 12 international proposals, and establishes a secure copyright system. Adapted to
independently developed chips and with open-sourced technologies, it drives the industrial chain by over 2 billion yuan. It has realized
one-stop industrial production of Al videos for the first time, leading internationally in technology, commercialization and standardiza-
tion.

BRAE “2fF AIGC EF=EL” 8 Al ISR T A (b = E FR RS eAnst

Migu’s “Tongzhou AIGC Production Pipeline” Sets an Internationally Leading Benchmark for Al Video Industrial Production
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WK AIGC fL5TE AR R AR 25T 5 = Ak BN R FEK
Migu’s AIGC Video Technology Boasts Mature Application, Unleashing Dual Value in
Economic Benefits and Industrial Impact

BRRNAR, BEMEA. [TEF 8 KTk, RitEUR 3031 /57T, BIHREMER 12%, EFWmBE!
AL RSTFIERL AT IIFE 83.56%. JEHAESE 75%, AARENHMADHGER 70%. 35%; EERBEEHLTH,
3 FARTHH AL HER 20 1278, RSN ERY, WEEF /B LEARR, RRGHREHE. BF
FIUH, 2026 FHIZMREER 20 27T, FERMAXHEHHRAR, #—TRARACHFNHIZER S
ENfER.

This achievement has been maturely applied, having landed in 8 industries including film and television, and advertising, with cumula-
tive revenue of 30.31 million yuan and a B-end repurchase rate of 72%. The economic benefits are remarkable: it reduces enterprises'
average video production costs by 83.56%, shortens the cycle by 75%, and cuts labor and computing costs by 70% and 35% respec-
tively. Adapted to independently developed chips, it is expected to drive the industrial chain by over 2 billion yuan within 3 years. It also
demonstrates prominent social and industrial value by empowering micro, small and medium-sized enterprises to cut costs and boost
efficiency. In the future, it will expand into education, e-commerce and other fields, with the market scale expected to exceed 2 billion
yuan by 2026. Meanwhile, it plans to go global and export technologies, further expanding the market radiation and industrial driving
force of technological innovation.

KA AIGC FR8Ts: AN R FE B

Migu’s AIGC Video Technology Boasts Mature Application
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53 AIGC EFELEFHENEWNS, 51 IAE
Tongzhou AIGC Production Pipeline Achieves High Economic and Social Benefits,
Leading Industrial Upgrading

BRREIMRE, 25T EEZSIUEE 3000 BT, FHEITILARZ 80%+, BECE EMAHMULELRE, K
3k 3 R IR £ TR 100 1270 HEMNERE: AL 2000+ F/NMHEL, BiAZIRH (ZEERULMMETR
B 5 12R) , HEEHIFBRBRFUARE, BURSHELSHMNRIPGR, RIE 30 Z2XEBEREM; BEMRL,
1B5F 2000+ A, BIHRFRBCEES. RSBV TIIRED, KMEFSHRIWamNERK.

This achievement has far-reaching impacts. Economically, it has directly generated over 30 million yuan in revenue, reduced industry
costs by more than 80%, and driven the development of the industrial chain through adaptation to independent R&D. It is expected
to drive the upstream and downstream industries by over 10 billion yuan in the next 3 years. Its social value is prominent: it has em-
powered more than 2,000 micro, small and medium-sized enterprises, assisted in rural revitalization (with videos of Baoshan coffee
in Yunnan gaining over 500 million views), and promoted the digital communication of intangible cultural heritage. It has established
a safety review and copyright protection system to ensure the compliance of 3 billion views. In addition, it has spawned new occupa-
tions, trained over 2,000 talents, and plans to open source technologies to activate the ecosystem. Meanwhile, it reduces the carbon
footprint of the industry and enhances international discourse power in China's AIGC sector, achieving dual breakthroughs in economic
and social benefits.

2% AIGC £ ELYEFHSMENE

Tongzhou AIGC Production Pipeline Achieves High Economic and Social Benefits

page 211



Rl z #%
Charm Of Science And Technology

REERMAE LUREIR RACIREA (FRa&ff: 360 AERR2TL)

Technological Innovation and Application of Security Al Agents "Using Al to Combat Al" (Product Name: 360 Large Model Security Guardian)

REEREE "LURFIR" KAReIFRR A

Technological Innovation and Application of Security Al Agents "Using Al
to Combat Al"

360 MF L 2EH

360 Digital Security Group

onf

51

360 /Iy LURFHIE" BE, KEEAReAREEE, BU4EEMRERETR, BFReEERERE
AR LM FAMREMPGER, INWATERAXBRHTROANETR e, #HNERS, O%. SRETHE

EERAL.

Introduction

Adhering to the philosophy of "Using Al to Combat Al," 360 leverages its self-developed security large model as its base to train expert
Al agents specialized in vertical-domains. Such security agents are deeply integrated into the full life-cycle security system of large
models, addressing challenges such as content security, supply chain security, hallucinations, and agent behavior control brought by

the development of artificial intelligence.
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UERMAEREERFNBRERLBREE
Building Native Security Solutions with Expert Al Agents
Specialized in Vertical-Domains

360 IERERSARAUMBR TR, UHABKELRLEETRE
I, BWALRR RV TAEEEMEMEEF R, 18T EBIERINEAZIE.
FREEMLSHRENHTFRESER, AAF A BERHEDLH. &
RELRY R 2BATE R0

HWNREBEEMAZHRUNRAER, 360 ME|EEEZERNE
(CCoE) 221, HEEMESTRINGAIMERESE, HEEEEY F,
360 SRR LA DI, ERFESRITTHERIN “EREHE
&, BMERNA, RGBS EHENTZRNES 2R T BIE

Ltk5k, 360 T BIFFRR ¥ S LoRA (Low-Rank Adaptation) JI4R /5 28,
ERFHEILZWRENMRIRT, ARNARBESSHIELH 1%-5%, =
DNEMRIARE SARE. IERERREFA. ELONIENA.

SEBSERME (CCoE) M

Compact LLM with Collaboration of Experts (CCoE) Architecture

BEFReABEAFEITENTRERE

Expert Al Agents Created Based on the Security Large Model Platform

Building on its native security large model,
360 constructs Security Al Agents that
serve as carriers to intelligently implement

security expertise, professional insights,
and a suite of tools of security specialists
on the client side. It creates digital security
experts capable of understanding attack
and defense logic, product intention, and
business processes, thus providing users
with proactive and intelligent security de-
fense solutions for their Al transformation.
To address the multi-scenario application
needs in the security vertical-domains,
360 has pioneered the Compact LLM
with Collaboration of Experts (CCoE) ar-
chitecture. It enables specific tasks to be
accomplished without training large-scale
foundation model parameters. On top of
its model foundation, 360 has designed
independent "expert Al agents" for various
security evaluation, analysis, generation
tasks and beyond. These are plug-and-
play agents that only require minimal
training of routing parameters to expand
new task-specific "experts".

Additionally, 360 has developed an inno-
vative open-source reinforcement learning
LoRA (Low-Rank Adaptation) training
program. While maintaining the general-
ization capability of the model, its size is
only 1%—5% of the original full-parameter
model. This approach delivers reduced
memory usage for specialized fine-tuning,
improved training efficiency, and intensive
application deployment.
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iR Al R, FEERURREE
Addressing Al Security Challenges with Strengthened Foundation for Intelligent Devel-
opment

BFNWEAHE, TRERE LURGIE RARCHMIAEZMHA. NEELE, EEBN. /. E7.
HESFERTISEASEM;, MME LS, EXBRFERE 100 1t ARARERNBR2REZRHP, BHRUFR
RAA 1000 =%, BIEREFKE 99%, RFEHZIE 99% U L, BRI ST2EMTAN,

HEWEHEH, FAAREIRMEN. BENZ2MINFR, BREH T AREREHRNRLR, Bt
HEABRARNRERNAEL, MEETUTNEIESEE 100 5%, RHTRENNVEIEFSREREE, ®IFT
NRONMANEEZ2MEF LB AUNTFIRET.

MEARBERNERE, RE2BEMRE “IEHER AREEHT KRER2HIPHORRS R, ot Zek
A5 A BFHRRRAR.

From an economic perspective, the technological innovation and application of Security Al Agents "Using Al to Combat Al" have
reached maturity. Scoping-wise, it has been implemented in key sectors such as government, finance, healthcare, and education. By
quantity, there are over 100 digital experts of various kinds. In large model content security scenarios, they detect over 1,000 pieces of
harmful content on a daily basis, with a security response rate exceeding 99% and an identification accuracy rate above 99%. It strikes
an effective balance between operation security and practicality.

From a societal perspective, the solution provides efficient and intelligent security measures for protection, delivering effective results
in curbing security issues arising from the development of large models. It also contributes to the standardization and regulation of
related technologies, accumulating over one million specialized evaluation datasets, thus providing robust data support and basis for
decision-making towards protection of the personal information of citizens and smooth operation of enterprises and public institutions.

Considering its value in technological innovation, the Security Al Agents "Using Al to Combat Al" as a solution presents a new ap-
proach to large model security, advancing corporate security transformation and the healthy development of the Al digital environment.

“DURHIR" KRB R 2/R AR

Large Model Security Solutions "Using Al to Combat Al"
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AIERE+ R2UMAREE, BETTALERELR
Remarkable Innovations in Al + Security to Empower High-Quality Development Across
Numerous Industries

EHRUBMARE N EN, EEELH, HERFFEEREHTON, 1R “KMHXME (CoE) 7
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KA EZOAR 360 REEEEMZ IDC (FRE Al Agent THIZTIM R iR, 1Q25) FM—HEENR L
B dne B, 360 KRB L2 mANERETIAEEMER 2024 FRK- LI ARMFHREZFIFHEA
TERAEARELZERHZER A RIEH.

The solution is built upon a self-developed large model, introducing innovations at the foundational level of model architecture and
inference processes. It pioneers a brain-like partitioned architecture of security large model with Collaboration of Experts (CoE). It truly
materialized the deep application of a large model in the security domain, advancing "Al + Security" into a new phase characterized
by reliability, credibility, controllability and commitment to the greater good. It has been deployed to serve government, finance, health-
care, and education sectors. By delivering advanced large model security capabilities to user endpoints through Security Al Agents, it
plays a critical role in assisting users to address security challenges during the application of large models. It serves as an indispens-
able assistant, helping users to securely and efficiently harness the powerful capabilities of large models.

The core component of this solution, the 360 Security Al Agent, is recognized as the only security vendor product recommended in
China Al Agent Market Analysis and Vendor Recommendations, 1Q25 by IDC. Additionally, the large model security product of 360
has been listed as an exemplary case for future industrial innovation by the Ministry of Industry and Information Technology of China in
2024. It has received a Class-A certificate in the large model security attack and defense challenge of the China Al Competition.
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EBAREA. R2RETE. STHEENE

World’s Largest in Scale, Secure, Stable and Reliable, with Integrated Heterogeneous Resources

BAMBRZUNER NS ESERNEERARLIF A

Technological Innovation and Application in Large-Scale High-Reliability
NFV Computing Resource and GenAl-driven O&M

PEBSEEERAGRAR

China Mobile Communications Group Co., Ltd.

BERF
Tsinghua University

STC AR AR

STC (Saudi Telecom Company)

163 : N p
AR 2 HUAWEI
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FEBSKEERIMNTEBMUERSUNEE (NFV) ARSI RAREXBEACIMNA, TR “rER
e AR MRERE . E8HE” CIFAIR, EHEHDPR. RIE “—H—K BRZUMEEHRRLE.
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Introduction

China Mobile, together with leading domestic and international partners, has carried out key technological innovations and appli-

cations to ensure high reliability in cloudified network computing resource (NFV). This has resulted in an innovation closed loop of

“standards output, technology R&D, large-scale deployment, and ecosystem co-construction,” strongly promoting the healthy devel-
opment of cloudified network computing resource in Belt and Road countries such as those in the Middle East and Eurasia.

g*ﬁs . MALERE, NMEXBEMEHE

Comprehensive Breakthroughs in Scale, Resilience, and
Applications Accelerate the Global Cloudification Trans-
formation of Communication Networks

FEBHRRSIKEAME N ENS AT RRERDR, HFEER
1858 VNFs+CNFs kiR, BERREHME2EE AR 56/5G-A il
48 ThEE 100% EHMLERE. DPU B BENE +GPU/NPU H1TiHEM
. RoCE LMWL, ZIFEWRMIERBZA. WE RPO HIERE. 1

SIEAHIEZANE NFV ENS R RRERA KR

High-Reliability Assurance Technology System for NFV computing resource in the World’s Largest Commercial Network

4% RTO B8, TERERTH
BHAPVEARESRESRE, 7T
ENFVS5ENGEHRAEGRRESE
AN FTFREEZEESHE,
HFEARTE ITU-T. 3GPP. ETSI.
IETF. CCSA R IR AR AR
200 o

China Mobile has overcome the global
challenge of ensuring high reliability for
the world’s largest-scale NFV comput-
ing resource. It supports telecom-grade
enhanced VNFs + CNFs dual-stack
technologies, telecom-grade full-stack
software—hardware co-optimization, 100%
virtualized deployment of 5G/5G-A core
network functions, DPU-based computing
offload with GPU/NPU parallel accelera-
tion, and RoCE lossless networking. The
system enables millisecond-level fault
risk detection, second-level RPO data
recovery, and minute-level RTO service
restoration, achieving disaster recovery
and robust security protection for services
of tens of millions of global users. It has
also built a digitally native intelligent O&M
system covering the full lifecycle of NFV
and computing resource orchestration and
scheduling. Related technologies have
contributed nearly 200 global technical
standards released by ITU-T, 3GPP, ETSI,
IETF, and CCSA.

FEOIFTE NFV R{IE 25 8eiA
NA, AEMNEEIMERMTIA,
AL E E B9 VNF/CNF T B8 8 6
REESD, BIFTMEMMER N M ITHERE,
TEERE. USHB=FER,
FIA Workflow + LLM Based Multi-
Agent F R 1EZR, EZENFV BT
WFRBEEITLERES), HXERAR
GSMA. TMF RZ 2K,
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An innovative NFV post-oriented multi-agent application has been developed by upgrading existing small models and tools in live
networks, forming a rich set of VNF/CNF tool-agent capabilities. By innovatively integrating monitoring & troubleshooting, change man-
agement, and service provisioning into three production workflows, and leveraging a Workflow + LLM-Based Multi-Agent development

framework, China Mobile has reshaped NFV automation and intelligent O&M capabilities. These related technologies have won nu-

merous global awards from GSMA and TMF.

(BB EMALIMAR, MEARBFLR
Driving Global Communication Network Innovation and
Bridging the Digital Divide

FEBHEKSEKATHNEER. BFAR. BIASKRITERN NFV
BhASREERA. #118 GenAl Bl “MFRT” , HEHBERE
WERF 1112+ BAREHBF 312+ 3000 5 + EERERAEERS,
RASMIE 1/5 EERMARWSIBENE. B&R%E, s T
ManB AT,

China Mobile, together with leading global operators, international organizations, and top
research universities, has developed high-reliability NFV computing resource standards
and technologies, and introduced GenAl-driven “digital employees.” These innovations
jointly support over 1.1 billion mobile communication network users, over 300 million
fixed broadband users, and more than 30 million key government and enterprise us-

PEBHITEER —RELME, RHLIBEENECLITLE. HEA
KHFIEN

China Mobile is building world-class computing resource supply to promote innovative development of
global communication network cloudification and bridge the human digital divide

ers’'data traffic. They enhance the service
stability and reliability for nearly one-fifth
of global Internet users and are expected
to generate industrial benefits of over 10
billion RMB across upstream and down-
stream sectors.

£ STC. IOH. Vodafone
Turkey. Ericsson B9 NFV # R [z
B, B EHMEINEEEML. iR
Ei, LIBEMEEFRNR—E
EMEE, RNE. a5T0MT
WEREDE, BILERAMLIEE
AREELD 20% NEBFERE. WE
REMIRT 30%+, BERETE
EMERIENLE, BRAEX R
KX WL RSB BT B AL 5
TERE, 46 NFV BRMRAME
BSTEREAR, MESFrTTE>1
ZER, BN EEYTE
B E R R

In NFV technology applications with STC,
IOH, Vodafone Turkey, and Ericsson,
traditional network functions have been
virtualized and service-oriented, enabling
unified scheduling and management of
communication network resources. Net-
work element services are flexibly allocat-
ed with low latency and high throughput.
Compared with traditional network equip-
ment, this approach saves at least 20%
of resource capacity, improves network
stability by over 30%, significantly reduces
investment costs in communication net-
works, and effectively enhances the scal-
ability of network services and operational
efficiency in underdeveloped regions. By
integrating NFV resource optimization with
dynamic energy-saving technologies, it is
estimated that more than 100 million kWh
of electricity can be saved annually, with
carbon emission reductions equivalent to
planting over one million trees.
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Driving the Next-Generation Evolution of the Global Com-
munication Network Industry Value Chain and Empower-
ing Thousands of Industries
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China Mobile has actively advanced the development of NFV-related standard systems,
attracting strong endorsement and support from global leading operators, equipment
vendors, and top consulting firms such as Ericsson, Nokia, Verizon, Cisco, and Accen-
ture. Multiple international standardization working groups have been established within
ITU-T, 3GPP, ETSI, and IETF, alongside the launch of the Computing resource Autono-
mous Network Ecosystem Alliance. In total, nearly 200 global technical standards have
been released.

R EIKBEME T UIRERE

Promoting the Development of Global Cloudified Communication Network Standards

HZaFEBDEKMERAN
SUROMBEELR, THF.
ENfe. KILEE NFV EABEAIER
4%, BENELMNLRST BM
M. BRENTRHKAT AR,
Bihh “—H—R BERMWARRE
M mmREEhiBEMERS.

Leveraging China Mobile’s experience in
operating the world’s largest cloudified
core network, NFV computing resource
high-reliability systems have been de-
ployed across the Middle East, Indonesia,
and Eurasia. These deployments have sig-
nificantly improved local network service
scalability, strengthened disaster recovery
capabilities, and addressed issues of low
availability—helping deliver high-quality
mobile communication network services to
Belt and Road countries and their people.

EELEmAasE, ZHME
HEEMEBRES. BEIREH
i, IDC T8 F 1000 KR
ViR, SFEETRZART, 8
KEARCH. BAMEZABES
FERIMIENAZINE, RIG
MWC. TMF. AMO. SDN/NFV it
RREF 10 RME KB EMET
W EERRI,

In terms of industry impact, this project
has driven the growth of more than 1000
enterprises across integrated circuit pro-
duction, telecommunications equipment
manufacturing, and IDC engineering con-
struction, generating a total output value of
nearly 100 billion RMB. The related tech-
nological innovations and ultra-large-scale
deployment have been widely recognized
by authoritative institutions worldwide,
earning over 10 prestigious global awards
in the communications industry, including
from MWC, TMF, AMO, and the SDN/NFV
World Congress.
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BEMRNEEFEREFH
Project Achievement: Al Learning Companion MathGPT

ZIEEKIERIRENE e F R BRAKRA
Key Technologies and Applications of Multimodal Large Models Empow-
ered Intelligent Learning Companion

LR EBIF R R F B RAE

Beijing Century TAL Education Technology Co., Ltd.

BEAY AR EAEWRR W CREMAEHRR
Guangdong Institute of Smart Education \ﬂ DANGOGHS INRTITUTE SUANT SGUEATION
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Introduction

Integrating cutting-edge industry technologies with advanced educational concepts, this initiative aims to develop a "Science Intelli-
gent Learning Companion" characterized by real-time multimodal interaction and the ability to perceive, reason, and empathize. Le-

veraging Al-native content, it provides students with emotional companionship, intelligent solutions to science-related inquiries, and

psychological support services

RAHEIE, MWIEHE., (RLER, FBEAEELTRM
Enhancing Reasoning, Strengthening Computation, and
Optimizing Q&A to Overcome the Bottleneck of Large
Model Hallucinations

—EiRHSBRARMEREHAMBINTA, BIIEEENET
SRUFINT BRMETTESRAMIER LR, NMUSHS D BARER
HE, ®EHLHFES FREE -t ERIR Y,

“REHT - MERAREBESHESRTERE I ArithmeticGPT
LR, URAAXREEEHEESREEITE S ENEEMNER.
ArithmeticGPT REE T BREMESER T HEME BEMEME, H
ESBE 17 DRT#HA LLM 2N RPETH SN, SRsE
BETIHEF 20%-35%, 5 GPT4 HBXAESIHF,

ZERFT REENE AR TENSRSHEARE, HASHER

EFHEABANSESERERARENTEE

Capability Diagram of a Multimodal Intelligent Q&A System Based on MathGPT

IR BB S P ARIEE (30
SRR RREEL, IR R AE iR
B SEHRBERSE) , AFER
HOw. FANERIENAIRR
R

1.Proposing Step-Level Reward Models
for Mathematical Reasoning.This ap-
proach introduces step-level reward mod-
els for enhancing mathematical reasoning,
utilizing process supervision or step-level
preference alignment based on reinforce-
ment learning to significantly improve rea-
soning performance. It not only ensures
accurate calculations within each step but
also excels in evaluating logical consisten-
cy within mathematical language.

2.Introducing the ArithmeticGPT Frame-
work to Enhance Advanced Computational
Capabilities.The ArithmeticGPT framework
is designed to boost large language mod-
els' precision and accuracy in advanced
computation tasks. Demonstrating signifi-
cant advantages in both computational ac-
curacy and language comprehension, the
ArithmeticGPT model outperforms over 17
state-of-the-art LLM benchmarks, achiev-
ing a 20%-35% improvement in advanced
computational capabilities, comparable to
GPT-4.

3.Developing China's First Multimodal
Large Model Specifically for Mathematical
Problem Explanation.This groundbreaking
multimodal model is tailored for mathe-
matics and features a content explanation
module that utilizes various explanation
approaches (e.g., the Socratic Prob-
lem-Solving Model, Knowledge Point Pre-
cision Explanation Model, and Transition
Explanation Model). It provides students
with step-by-step, detailed problem-solv-
ing processes and knowledge point expla-
nations.
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MRREREINFIL3EEY, DD AT EEE + B RS
Empowering Digital Transformation in Campuses and Ad-
vancing the Implementation of Al + Education Policies

KB ELRRAE. S, IR ARFENFIZRERTR,
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FEARETAMBITEN Al BIEEFS

Students study in Al-powered self-study rooms developed under this project

te5h, mMEXREARENET
UM AFIFARR 123 FEFEMEE
BEF SN, NFERME A HFR
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This project, characterized by its low cost,
easy implementation, rapid impact, and
rich, high-quality learning resources, has
become a key driver for multiple prov-
inces and cities in China to implement
"Al + Education" policies and develop
smart campuses. It has already been suc-
cessfully deployed in Beijing, Shanghai,
Guangdong, Shandong, Guangxi, Hubei,
and other regions.

The project has not only been integrated
into China's National Smart Education
Platform, the Guangdong Education Com-
prehensive Service Platform "Yuejiaox-
iangyun," and the Guangxi Smart Educa-
tion Public Service Platform "Guijiaotong,"
but has also reached cooperation agree-
ments with over 100 primary and sec-
ondary schools. Through initiatives such
as building smart classrooms, Al study
rooms, integrating ready-made SDKs, and
providing open API interfaces, the project
helps schools develop smart campuses,
enabling scientific allocation of education-
al resources and enhancing collaboration
between schools and families in nurturing
students.

Furthermore, the project's core techno-
logical capabilities have been fully applied
to 1.23 million units of TAL's Al Learning
Devices, offering Al-powered learning
companion services to students.
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Advancing Digital Transformation to Foster Educational
Equity
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17l 25
Industry Feedback

The outcomes of this project have been
widely implemented across public educa-
tion platforms in various regions of China,
over 100 schools, and millions of intelli-
gent learning devices. With millions of ac-
tive users, the project has benefited nearly
ten million teachers and students, cumula-
tively saving billions in education costs. To
date, the project has published 24 papers
in top-tier conferences and journals in
the field of artificial intelligence, secured
4 U.S. invention patents and 35 Chinese
invention patents, and open-sourced
several high-quality educational datasets.
These efforts have filled significant gaps
in China's educational data landscape and
addressed the shortage of open-source
data in the education sector.

Leveraging its internationally leading
technological capabilities and broad ap-
plication impact, the project has gained
recognition from government bodies, in-
dustry associations, and key research in-
stitutions, including the Ministry of Industry
and Information Technology of China, the
Beijing Municipal Science and Technology
Commission, the China Internet Associ-
ation, and the China Academy of Infor-
mation and Communications Technology.
It has also received widespread acclaim
from official media outlets.

The implementation of this project has not
only significantly boosted the technologi-
cal development and digital transformation
of China's education sector but also ef-
fectively alleviated educational inequities
caused by the digital divide by providing
free, high-quality, and personalized learn-
ing resources.
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Distributed Manufacturing Mode Under Industrial Internet Platform
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New Production Factors:
Massive, heterogeneous, and multi-
modal industrial big data
Driving business transformation

through the "integration of four flows
New Technical Architecture

New Manufacturing Paradigm:
Headquarters with multi-site distributed
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Key Technologies and Applications of Industrial Internet Platforms Under

Distributed Manufacturing Mode
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Baosight Software Co., Ltd.
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Tsinghua University
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Baoshan Iron & Steel Co., Ltd.
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Tongji University
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Introduction

Mega-scale steel enterprises face significant challenges such as “hyper-complex application scenarios, mega-scale data processing,

and cross-industry, cross-regional collaboration; numerous links in the entire ecosystem chain and many uncertain factors.” It is nec-

essary to resolve technical difficulties in distributed manufacturing, including interoperability, massive data application, and integrated

operations, and to achieve innovation.

=iteE. BRESTULEBMTSREA
High-performance, Hyper-converged Industrial Internet
Platform and Application

M—HR T BB RN

New Generation Industrial Internet Architecture
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Pioneered platform cascade architecture
technology for the distributed manufactur-
ing model in the iron and steel industry,
solving problems such as interconnection,
interoperability, and cross-domain inte-
gration for super-large enterprises; key
technologies for high concurrency, high
stability, and high reliability of massive
industrial big data; difficulties related to
large volumes of field data requiring fast
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response, and the significant challenge of real-time fusion for numerous equipment pro-
tocols across different levels.

Pioneered intelligent management and control technology for whole-process, all-factors,
and highly dynamic big data in steel manufacturing, solving difficulties like the storage
and retrieval of real-time massive steel industrial big data, and intelligent analysis and
decision-making for dynamic data across the entire steel production process.

Proposed integrated collaborative decision-making technology for the steel ecosystem,
solving challenges including distributed manufacturing operation and collaborative man-
agement control, highly dynamic intelligent decision-making in uncertain manufacturing
environments, and ecological collaboration across the industrial chain/supply chain.

A senior expert group led by Chinese Academy of Engineering academicians Gui Wei-
hua, Jiang Changjun, and Tan Jianrong evaluated that: the achievement involves high
technical difficulty and strong innovation; its overall technology has reached an inter-
nationally advanced level, with its distributed cluster intelligent connectivity technology
reaching an internationally leading level.

RS ASEENE, BRI
Deepened collaboration across multiple fields and dimen-
sions to unleash synergistic effects

FERETWEBRMFaRMH T AEE. TWEEMT eI me
Fr&REES], 2021 £ 2023 F, RITEHET 277 MTUEEKMIENE, B
BT 63.96 127T, #FIIE 20.47 27T,

FMRMETERE T ELEE SHEHEMAE, ETESHREWHT
IRV “YTEI” o “BFOMEel” , BERESHNEESIHREERR
FE NE E=ZEERER . ETFENENLER. SHREE.
ZEMDARESFNAEANEET 1.4 27T, BRITILREE,. 519E
HfiLo

BETERETUEERMTE, REFENRNDITHEETEMER
EEREARKET A, ESMPEFE 19 MIEEM. 300 FigE. 12
YR, BIZASRREREME, XEFTRENTEEARRE, IEQU
FeKE—

XIn3 Plat provides capabilities in industrial big data, industrial intelligence, and plat-
form-based industrial software development. From 2021 to 2023, it cumulatively im-
plemented 277 industrial Internet engineering projects, generating 6.396 billion CNY in
direct economic benefits and 2.047 billion CNY in net profit.

Baoshan Iron & Steel Co., Ltd., leveraging the xIn3 Plat, implemented a smart manufac-
turing transformation strategy. Multiple subsidiaries and factories under its umbrella were
recognized as “Lighthouse Factories” and “Digital Leading Enterprises”. Its integrated
management innovation practices were awarded the second “Ram Charan Management
Practice Prize.” Applications such as centralized production, dynamic resource adjust-
ment, and multi-site collaborative manufacturing based on the platform yielded annual-
ized benefits exceeding 140 million CNY, solidifying its role as an industry demonstrator
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and leader.

Built on the xIn3 Plat, Baosteel’s advanced management philosophies and systems
were rapidly promoted and applied within the China Baowu Steel Group, enabling the
rapid integration of 19 manufacturing bases, 3 million pieces of equipment, billion-ton
logistics operations, and trillion-yuan capital flows. This supported Baowu’s leapfrog de-
velopment, elevating its scale to rank first globally.

EREARGREHE

The integration and convergence process of China Baowu Steel Group

mEFSLESHEEHRER

Building a New Model for Smart Manufacturing Transformation
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e, W —fRfl, ’ATER S+ RS BRORSET.
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XIn3 Plat has achieved large-scale adoption within the steel industry, with prominent enterprise users including Angang Steel Co., Ltd.,
Benxi Steel Group, Shougang Group, Sanming Steel, Xinxing Ductile Iron Pipes (Pioneer Ductile Cast Iron Pipes), and Hongwang
Group (Tsingshan Group).

Leveraging the platform, an integrated operational management and control system was built for Angang Steel. This system covers two
production lines across three locations and nine major business domains, significantly enhancing Angang Steel’s core competitiveness
in “manufacturing + services”. It has realized management objectives such as unified operational control, multi-base collaborative man-
ufacturing, and a high-quality, efficient supply chain, making substantial contributions to developing an Intelligent Angang and a Digital
Angang.
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Similarly, an integrated production and sales management system was constructed for Shougang Steel, achieving the integration of
production and sales, management and control, and business and finance across “one business and four manufacturing bases”. This
has significantly boosted Shougang’s core competitiveness in “manufacturing + services”.

The project’s outcomes have also crystallized into over 50 solutions across nine major sectors, extending beyond steel to 11 industries

including nonferrous metals, mining, rail transportation, and energy. This broad application has significantly promoted the high-quality
development of the real manufacturing economy.

ERE TR AR

Typical Application Cases of xIn3 Plat

228 page







Bz ik

Charm Of Science And Technology

BIEBEMABASE 56 HASIRMSCHITFT
China Telecom independently develops highly reliable 5G technology, leading the world and setting a new benchmark

=R §E 56 MR A B EH L5 A
Research and Application of Highly Reliable 5G Network Technology Solution

PEEEEABRAR

China Telecom Corporation Limited
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Introduction

The "High Reliability 5G Network Technology Solution" developed by China Telecom has achieved multiple technological break-
throughs in core network resilience, intelligent control of 0T traffic, and signal enhancement in high-speed rail scenarios. This achieve-

ment significantly improves network reliability and service experience, providing important support for the high-quality development of

5G new infrastructure.

BHEl 56 BRFR, WRZOEASSHET
Pioneering 5G disaster recovery system, tackling core
technology and high-speed rail challenges

AR 56 MEB AT RERAR ERMEMERS LR E6, EZD
MAKXSE, Ee) “56 Bypass + UPF BicE58” AR, W5 T DC KX
HMBPET WS “SHhly” B%E, LREXREE “IMSBREAFER
RIFEMMAL” HZ, # 3GPPIRERG; METET Al (VRS e
HIEERAR, KT “1-5-10" 2#HEER. EMHEMNAESES@, €
MERYE “2+4+317 FEIMERITSERBERE, REEHAXELMAT,
LUREFERMENES 47% NERE, BEMEARNATERARF.

Bel 56 SR UARREAHER

Pioneering 5G Multi Majors Disaster Recovery Enhancement System

200Gbps HEITHIARE 5GC M7To
EERESHRAE, XnZEY
5t 5IRERIBERERL, RINEREIE
FAIRFNBHESHERARE,
ERFHRRBIZERRK, EHF
A% R 40% NR Y E SBERA
5.2dB,

This achievement has achieved multiple
international and industry firsts in high
reliability technology for 5G networks. In
terms of core network disaster recovery,
the first "5G Bypass+UPF Disaster Re-
covery Enhancement" technology has
overcome the problem of "zero interrup-
tion" of service under Data-center level
catastrophic failures. The industry first
proposed the "IMS Disaster Recovery
Emergency Platform and Refresh Regis-
tration Optimization" solution was adopted
by the 3GPP. An Al based end-to-end in-
telligent fault management system is built,
achieving "1-5-10" minute self-healing. In
terms of intelligent control of loT traffic,
an innovative "2+4+31" new network ar-
chitecture and routing strategy have been
proposed to break through the bottleneck
of traditional regional clustering, achieve
precise local offloading of traffic, and
reduce latency by 47%. Independently de-
veloped high-capacity 5GC IOT network
equipment is capable of carrying millions
of users and 200Gbps throughput. In
terms of upgrading high-speed rail sig-
nals, the difficulties of Doppler frequency
shift and beam tracking are overcome.
We developed a new type of high-speed
rail dedicated antenna with independent
intellectual property rights, integrated het-
erogeneous beamforming and other tech-
nologies, and improved signal strength by
5.2dB while reducing volume by 40%.
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FEBNZ, RELEEFSAREERE
Annual savings exceed 900 million, ensuring high reli-
ability communication for events

OB RIERE AR 5GC AT AMIRAE 99.999%, =T al
D257 o, R ST ERREERK 1.25 12T, TRIRET BN
I8 51275, MIBXMREEITHERTE 21 BEE, TRTH 3105 HAF,
AHENR 4.14Tbps ME, TEIIRERE 3127, SEMERETE 10
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The core network disaster recovery enhancement technology has increased the avail-
ability of 5GC to 99.999%, and reduced the annual failure time by 257 minutes. It is
expected to reduce failure losses by 125 million yuan and save equipment expansion
costs of over 500 million yuan after the full network promotion. The loT traffic intelligent
control solution has been deployed covering 21 provinces of China Telecom’s network,
migrating 31.05 million users without sensing, locally uninstalling 4.14Tbps traffic, and
saving 300 million yuan in main equipment investment. The new high-speed rail anten-
na has been deployed in more than 10 provinces, covering over 7300 kilometers, and

2024 F £ MWC 2, SHTRIMERLS mINED

was unveiled at the 2024 Shanghai MWC
World Mobile Communication Conference,
marking China's international leading

breakthrough in the cutting-edge field of
ultra high speed mobile communication.
The achievements have significantly im-
proved the reliability of 5G networks and
laid a solid foundation for the development
of the digital economy; The key equipment
and technology independently developed
have enhanced the core competitiveness
of the industry; And provided high-quality
communication support for major events
such as the Hangzhou Asian Games and
the China Asia Summit.

The new type of antenna product dedicated to high-speed rail was unveiled to the public at the 2024 MWC conference in Shanghai
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Resilience solution has been adopted in 3GPP speed rate
in high-speed rail leads globally

KEREMNTIUATT, FETRENEGRHM. RONBERAGR
EHESBELEMLEE, KU UDM £HET 99% SRk, DC&K
HIETEESZM, EXFHRME IGPP PiRY, BRSAEBEU—BUARIH
B\ 3GPPiRER, 3R (ARBREIR) khiRE, ERAESSRETHR
ALK 56 SRAIEMLRIRRET “FEAE" . MENEIEHESWE
RTERNRERSXMEDR, HEFRRMS B 56C ~RERREHEA,
W TN “EREE | “MMESHREE" BRHE, 5197
RARAE. ShBERRAEMERREIN2IKIS, 7 347km/h BHE T2
Hl 770Mbps BIIEEERR, BEGRH IR 296%.

The project achievements have become industry benchmarks and have generated pro-
found international influence. The core network disaster recovery solution has been de-
ployed in China Telecom's national network, achieving 99% uninterrupted service under
UDM full failure and zero voice damage under DC level failure. The relevant plan was

BARREMRESRR

Part of representative achievements and awards

proposed and adopted in 3GPP, and was
reported on the front page of the People's
Posts and Telecommunications Daily. The
technical concept and standard contribu-
tion provide a "Chinese solution" for the
construction of global 5G high reliability
networks. The 10T intelligent control solu-
tion efficiently solves the problem of traffic
diversion within the province. Its innova-
tive architecture and self-developed 5GC
products are commercially online in five
provinces, promoting the evolution of loT
from "connection management" to "value
and experience management" and leading
the direction of industrial technology. The
performance of high-speed rail communi-
cation solution is globally leading, achiev-
ing a peak speed of 770Mbps at a speed
of 347km/h, which is 296% higher than
traditional techniques.
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China Telecom Group's IP SDN Intelligent Control System and Applications

EF SRv6 AR IPSDN & F =23 eI # SRR

Innovation and Large-Scale Application of an IPSDN Backbone
Network Controller Based on SRv6 Technology

PEBEEAQESHEMEES

China Telecom Cloud Network Operating System R&D Center

5

onf

PEBEENET CN2-DC I FEN MBS 5m, S SRv6 SEEEMEERANENER, &d EVPN
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Introduction

China Telecom's first cloud-network integration product based on the new CN2-DCI platform achieves large-scale commercialization
of SRv6 and intelligent management. It utilizes EVPN for unified dedicated line carriage and SDN for intelligent control. Innovations
include a multi-factor routing algorithm to boost computational efficiency and a cross-vendor SRv6 control system that overcomes pro-
tocol limitations, enabling differentiated network slicing services. It has supported 500+ project deliveries, reduced costs by over RMB
34 million, secured 25 patents, and driven industry ecosystem advancement.
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Achieving breakthroughs across various domains to im-
prove network efficiency, automation, and service assur-
ance

FEBEET SRv6 5 SDN ARSI KSR :
1L MEYR: BeIZRFBRARE, HEREREA 40%-50%, #F
RBIRE (BSSEREAR 20%+) ™M, —BREAFHAIRSELE, B2

EZ21 SLA RIFE R
2. BHEER: B SDN IS Min IR A= RS BEAR, 7

HE BHIREMNER, HETHE. SHEEDSEBNRIL.
J.ERER: WEMAE & YANG #HRIER, KIMTERSIE SRv6

=H, IREXENEREA 10 EL L, BEEREBEEED B,
4. 5Z1EEN BbE EVPN+SRV6 KR, &5 IPRAN. 5G. BPES S

BAF, REHBRESERARS, SMRM—F2ES
5. Bohfbizde HEBmITR, ZE VSO HEFTE, IRERmITRS
RIEKIEFR B E LB b IhEE.
6. SLEFRE: BT Telemetry #4RR
EXR, ERRETEEREE LN,

EXES5RE, KUEXRHEO

China Telecom has achieved six major innovations and breakthroughs based on SRv6
and SDN technologies:

1. Network Slicing: Pioneered a multi-factor routing algorithm, improving computational
efficiency by 40%—-50%. Supports four service types including low latency (reducing de-
lay by over 20%), elastic bandwidth, and one-hop access, establishing a differentiated

HEREET SRv6 5 SDN ALK BIH 558K

China Telecom Delivers Six Key Innovations and Breakthroughs Leveraging SRv6 and SDN Technologies

SLA assurance system.

2.Intelligent Control: SDN controllers
enable end-to-end quality perception and
path optimization, overcoming multi-ven-
dor protocol differences. Supports
cross-platform, multi-dimensional dynamic
routing optimization.

3.Complex Adaptation: Abstracted south-
bound multi-vendor YANG models to
achieve carrier-grade multi-domain SRv6
control. Device interaction efficiency in-
creased over 10 times, and configuration
time shortened to minutes.

4.Ubiquitous Access: Integrated EVPN
and SRv6 technologies to support all ac-
cess methods including IPRAN, 5G, and
satellite. Provides high-reliability, low-cost
services, achieving seamless ground-
space integration.

5.Automated O&M: Prepackaged automa-
tion scenarios enable minute-level service
provisioning. Offers automated functions
for enterprise dedicated lines such as
on-demand services and flexible inspec-
tion.

6.Real-time Collection: Telemetry-based
second-level traffic collection and aggre-
gation ensure zero data loss. Enables traf-
fic-based billing for enterprise dedicated
lines.
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Backbone Network Upgrade for Enhanced Intelligence,
Service Efficiency, Cost Reduction, and Revenue Growth

FRE 1S IP SDN1ZHIZEE T SRV AL B TR TELEENE,
B 3600 HEHARAKIE 1 FBE%T4, S EVPN+SRV6 RIS H&R,
HEFABSHE. BiY. BS. RIS, EHEIRR
FANTTLRAT, & 500 RMIE,
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BB £l 55U 500 127To
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EkrRAMKSE; REBEKS (REKNE. TREEES) .

HaME: RE LANE4ERE 50%-60%, B TFH4FIEREMER
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M API SKIL “BRAEEN" BHREEIT RN,

China Telecom's IP SDN controller, leveraging SRv6 technology, has achieved full
deployment on a new backbone network plane. This network supports 36 million broad-
band users and over 10,000 enterprise dedicated lines, utilizing EVPN+SRv6 for con-
verged carriage.

Its innovative applications span education, healthcare, government, finance, and indus-
try, having supported the delivery of more than 90,000 cloud-access dedicated lines and
the implementation of over 500 projects.

B TSR, KMBEARILY, HEEE

Backbone Network Upgrade: Cost Reduction, Revenue Growth, and Significant Benefits

Economic Benefits: By enabling
cross-vendor configuration adaptation and
improving efficiency, the project saved

over RMB 34 million in costs related to
equipment commissioning and trunk line
provisioning. It has helped generate cu-
mulative enterprise revenue exceeding
RMB 6 billion, and driven over RMB 50
billion in revenue from networking and
internet dedicated line services.
Application Effectiveness: Key achieve-
ments include implementing SRv6 low-la-
tency slicing with MPLS interoperability,
establishing end-to-end provisioning
monitoring and automatic ticket dispatch
for stalled orders, and offering self-service
capabilities like traffic monitoring and
on-demand bandwidth adjustment.

Social Benefits: The project reduced
equipment onboarding time by 50-60%
and accelerated backbone trunk provi-
sioning from weeks to minutes (with a
98% timeliness rate). It also promoted
capability upgrades across multi-vendor
equipment, and a breakthrough in soft-
ware-defined intelligent control through
open backbone network APls.
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Development of a Cross-Vendor Unified Controller for
Intelligent, Automated Networks and a Thriving Industry
Ecosystem

AINE A& AHEERMNELIEBLES, RORREE: WEE
Rg—EHIgs, B EEXILEEOMEZE YANG i, RIHSEER,
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RACHN—FHNEESERWIRSEES), #5h SRV6 RARERS T—RIP
MEER. RABNBREETTIN,

The project features sustainable iteration and online deployment capabilities. Its core
achievements include:

Building a unified cross-vendor controller that masks device differences through cus-
tomizable northbound interfaces and multi-vendor YANG adaptation. This promotes
industrial ecosystem development and reduces procurement and O&M costs.

Enabling intelligent IP network control by replacing traditional manual CLI configuration
with graphical operations. It provides atomic capability invocation and SRv6 network
programmability, enhancing customization and automation.

Driving industry collaboration by establishing southbound standardization and north-

M SR —IEhIgs, SSMMKE LB

Building a Unified Multi-Vendor Controller for Intelligent and Automated Networks

bound open capabilities. It supports
on-demand services, traffic-based billing,
and 3D O&M, facilitating cloud-network
upgrades and workforce transformation.
With broad application prospects, the solu-
tion can be extended to large enterprises
for building private SRv6 networks and na-
tionwide IP carrier networks. It enhances
integrated cloud-network operations and
differentiated service capabilities, promot-
ing SRv6 adoption and next-generation
IP network development. The system cur-
rently operates stably in live networks.
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Rich achievements and repeated honors

R T —#EBTUZmANMR, Bt 25 BUARER. 1JPCT TF. 6 FRHEFEN, X 1R, K
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‘BB WI BFAURENBRABFRG=FR" . 7 SRv6 KA IPSDN B FMIEH BRI SMREL
Sz ISR Bk

The project has yielded a series of influential industry outcomes, including 25 invention patents, 1 PCT patent, 6 software copyrights,
and 1 academic paper. It has been honored with several awards, such as the "China Telecom 2023 First Prize for Scientific and Tech-
nological Progress," the "Excellent Award in the Foundation Track of the 2nd IPv6 Technology Application Innovation Competition," and
the "Third Prize for Excellent Digital Transformation Application Cases at the 3rd 'Dingxin Cup'."

These accomplishments represent a tangible contribution to the innovation and large-scale application of SRv6 technology and the IP
SDN backbone network controller.

MRFE, BRRE

Rich achievements and repeated honors
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Schematic Diagram of the Operation of the ECG Intelligent Monitoring and Early Warning Service Platform
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Key Technology Research and Application of ECG Data Monitoring Plat-
form Based on Edge Computing-Cloud Collaboration

PEBSBEERATRERARE

China Mobile Group Henan Co., Ltd.
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Zhengzhou University NG ooy ey

g () ERRAERAR

China Mobile (Hangzhou) Information Technology Co., Ltd.
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Introduction

With the improvement of residents' health awareness, the elderly, chronic disease patients and other groups are in urgent need of pro-
fessional ECG monitoring solutions. Addressing the pain points of traditional ECG monitoring technology, Henan Mobile has developed
ECG monitoring technology based on edge computing-cloud collaboration. This technology enables home-based ECG monitoring and
diagnosis, facilitating the early detection, early diagnosis and early treatment of heart diseases.

RERAPRR, RRERARKX

Focus on User Pain Points and Achieve Breakthroughs in Technological Innovation

ARSI OBRNEREETRE. RETEEEFAFAER, ERARUTRE: 1 fTE0BEREE
BFRSEEFE, X 10 ARREHEREN, BKotBHOBROS5ER, BRIMEMMN < 60 21, BIHR
BRERET; 2) WEE) LEOBEIERERS ABBALIEED 500 AHETREOERERE, & “TURER”
BRI RS EERF 30%; 3) AROBERET Al KEREE, BE 12 KI8EHUE. R5 40 + HERMHEL
BEM, SEDERHEE 90%, EREROEBEIMKT; 4) #HH Al BEOBRESFREOBRRZOS @, UE
TR Al ENRABELREFRELR, W2 WHERE - NKONE 2BRORRREERAR, 5 BROBAR
BERRGSSREAESIFES, KIERAOBUEE, ERETEOMESHRERS S,

Targeting user pain points in ECG testing—such as insufficient convenience and poor report readability—Henan Mobile has focused
on the following key R&D initiatives:1) Build a digital service base platform for ECG intelligent algorithms, supporting concurrent ac-
cess of 100,000-level devices. It connects county-level ECG centers and hospitals, with a critical warning response time of less than

Al BRebEBE
Al Intelligent ECG Card
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60 milliseconds to facilitate rapid inter-
vention for acute and critical conditions.2)
Establish a 5-million-case precisely an-
notated ECG database, which includes
a pediatric ECG database and a popula-
tion-specific adult database. The annota-
tion accuracy is improved by 30% through
the "four-wave and four-segment" precise
annotation technology.3) Develop an Al
large model algorithm for ECG healthcare,
which integrates 12 types of device data,
identifies more than 40 kinds of complex
ECG events, and achieves a diagnostic
accuracy rate of over 90% —reaching
the level of intermediate and senior ECG
physicians.4) Launch two core products:
Al intelligent ECG cards and flexible ECG
clothing. Combined with medical-grade Al
monitoring technology and non-invasive
wearable experience, they form a full-cy-
cle heart health management loop of "pre-
cision screening - risk early warning".5)
Build an ECG large model expert system
and multi-model task collaboration capa-
bility, which generates customized car-
diovascular chronic disease management
plans based on users' ECG test data.

DR “TURINER” FEfRERA

Beat-Level "Four-Waves and Four-Segments" Precise Annotation Technology

SRR, LEEE, MESRERIRSER
Smart Health and Wellness, ECG for All, Building a National Health Service System

TRRE [, ERRMEZMOMNERR, NEEOREFRNMERENRRRSHE, ARREELR
KMRATE, BOBERERS, TUETIH, BEAIEFEN, BB ZNBTERETRTMA. RER
REEYE, TEREREN. tKEREEFIERES,

H Al S EREARSROBEELEKT, ENATLE 200 Z0HE 500 ZRER, ZREROBRZ
i 108 R, EFEEEER 352 K, RSFBAFIE 3000 FAR, BEBS51 AN K, EBRRFRA
863557, wElAEBEET I SIEY 2.5127T.

BRAAGE, HAR A QBENEZERS 21 MEf0E, ZEERZEEE 00%; WENTA3ZHE 10 ARig
FHEAEN, BRME<60 =7, BB RN 21 %, 5 WEIRIEE), M OBIREMN 7 XEEMS5 1000Hz K.

After the promotion of this outcome, it can provide early warning for a variety of cardiovascular diseases and offer new ideas and solu-
tions for the monitoring and early warning of critical ECG events. It helps reduce the incidence and mortality of cardiovascular disease
patients, alleviates the pain of patients' families, saves medical expenses, and eases the social economic pressure. Moreover, it has
been widely applied in primary medical care, personal and family health management, playing a significant role in residents' health
monitoring and community chronic disease management.

Its Al diagnostic accuracy has reached the level of intermediate and senior ECG doctors. It has been used in more than 500 hospitals
across over 200 cities and counties in China, with 108 county-level ECG consultation centers established and 352 primary hospitals
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"ECG into Communities" Free Medical Consultation Activity in Luoyang

connected. It has served nearly 30 million in-hospital users, covered more than 51,000
villages and communities, developed over 6.35 million health and wellness users, and
driven Henan Mobile's health and wellness business to increase revenue by 250 million
yuan.

In terms of technology, the developed Al ECG monitoring algorithm can identify 21 types
of high-risk heart rhythms with a diagnostic accuracy of over 90%; the built platform sup-
ports concurrent access of 100,000-level devices, with critical early warning response
time of less than 60 milliseconds; the intelligent Al ECG card weighs only 21 grams and
can be activated in 5 seconds; the flexible ECG clothing achieves 7-day battery life and
1000Hz data collection.

AREAREROERIZHONAEM

Application Case of the ECG Consultation Center of Henan Provincial People's Hospital
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A%, FROBHRESHIPHIRT

Leading Technology, Initiating a New Model for ECG Screening and Protection

KTRRAENE W ORIRESHIMAETE 500 RRETHN, BEIRERSERETMLR, RiTRS
BE 3000 5AR, AARMK ABHREEREN O BENARS. FIHERM E, WEE T BE. BFF. 278
PRBETRR, MUBERRARRETIRYE, IRIMKBEHEEZNRENRS, TREXERIZHE
RIBZEREE 15 08, BINREREIST AR, BEBRIEMIILE 15493 (e BE, BEREOERBRIL,

ERCIEE, BSRITSHEREENSTTETaMRSTINERE, SEARati#HsR, fEREHRZE)
WABRMS, URELET-—RERKMEAREIFATZEWNALE-FR, TOEERAREHESITIWIATTE, F
B, FI\ESIZMRA REKTFIEN 128 B, RADERARES VAR, BRGEILALTH. KRR LTF.
RN 6311, ZRNTTERIAIRFINER, NRAFEIANSH EE R LA,

The professional ECG equipment developed under this outcome has been successfully adopted by over 500 medical institutions in
China, covering hospitals at all levels and primary medical sites. It has served nearly 30 million patients cumulatively, providing con-
venient ECG monitoring services for people in different regions. On this basis, a distinctive medical model featuring "wide coverage,
strong closed-loop, and full cycle" has been built. This model not only effectively improves the accessibility of primary medical care,
enabling patients in remote areas to access high-quality monitoring services, but also significantly shortens the cross-regional con-
sultation time to 15 minutes, facilitating the rapid formulation of diagnosis and treatment plans. Up to now, it has successfully handled
15,493 critical patients, significantly reducing the risk of heart diseases.

In terms of technological innovation, the intelligent monitoring and early warning platform built under the outcome has won a number
of authoritative honors, including the Henan Provincial Science and Technology Progress Award, the title of "Innovation Pioneer" at the
China Computing Power Conference, and the first prize in the Industrial Application Group of the 7th Next-Generation Internet Tech-
nology Innovation Competition. These honors fully demonstrate the technology's innovation and industry recognition. Meanwhile, the
team has published 128 high-level papers focusing on this outcome, in-depth sharing technical principles and application experience.
It has also obtained a total of 63 authorizations, including invention patents, utility model patents, and software copyrights, forming a
complete intellectual property system and laying a solid foundation for the continuous iteration and promotion of the technology.

KRR G AR BB FRAH S RERI

This Outcome Has Won Awards Including the Henan Provincial Science and Technology Progress Award

KRRRGRAEF. EAMBEER. REZ(FIN 63 T

This outcome has obtained 63 authorizations, including invention patents, utility model patents, and software copyrights
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FIBIERIBNE R RERRRERARS RN AN R

Innovations in the Technologies and Applications of Fine-grained Intelligent Decision-making Enhanced by Eventic Graphs

FIFERRMR EE R RRKXIBRA RS RMA

Technologies and Applications of Fine-grained Intelligent Decision-making En-
hanced by Eventic Graphs

IR TV RS
Harbin Institute of Technology

BN SR ERAT

iFLYTEK Co.,Ltd

EBXF

Fudan University
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Introduction

This project pioneered “Eventic Graph”, a new knowledge representation paradigm, achieving breakthroughs in eventics-enhanced
explainable reasoning in large language models. This project also creatively proposed an eventics-driven, fine-grained debate-style
human-Al co-decision architecture, enabling open-ended intelligent decision-making applications across multiple scenarios. The out-

comes have delivered significant social and economic benefits.

MEEPRESANIREIS S AT RRRHENER
New State-of-The-Art Paradigm for Knowledge Graph and
Explainable Reasoning

AIME R 7S FIRENE ESLR28HE. RIREHEIRr] ARFR £ 55,
BERERARAEMEAR=ZARAED, LI TOBZOCIH: Bl “FEE
B BRAGR, RNGHSSHSAIRKGRZIEMRD, WReNE MZAT

HIRIEER A U AR B 2

Eventics-Enhanced Open Domain Knowledge Graph Construction

REEEBARAIREE; 'Y
FEANIRS | SRR A RRHIE
HEZR, BRKRNEFEEESARE
NS HE, HIEEREEEBE
EFFERRE; eI FEREAIA
RIEANBHERR XA, WEAE
HAEBLENANBEEEER,
EEFESHERBALKTNS
BERE; MAZHRERRRN
RAXBERAR, #HE. BEF. Rl
FOARMBEUHIES RR B
RIR 53 TURNAIRSM. 127 BE
KPR 8 HEREE, KPR
HENFSERREEREEN
“EAE RS, FEEES AN
BHEREREFRIAL o

This project addressed three major tech-
nical challenges: lack of logical reasoning
ability in traditional knowledge graphs,
weak explainability in large language
model (LLM) reasoning, and low trustwor-
thiness in intelligent decision-making.

It has also achieved four core innovations:
1) pioneering the “Eventic Graph” tech-
nical framework, overcoming bottlenecks
in joint modeling of static and dynamic
knowledge, and constructing the world’s
first eventics-enhanced open knowledge
graph with hundreds of millions of nodes.
2) Proposing an eventics-guided frame-
work for explainable LLM reasoning,
enabling dynamic collaboration between
Eventic Graphs and LLMs for the first
time, significantly surpassing worldwide
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mainstream models in reasoning accuracy.

3) Innovating eventics-driven fine-grained
debate-style human-Al co-decision archi-
tecture, establishing a critically thinking
human-machine integrated intelligent
system that achieves superhuman-level
trustworthy decision-making in complex
tasks. 4) Developing key technologies for
multi-scenario intelligent decision-making
applications, enabling precise reasoning
and decision-making in education, health-
care, agriculture, and other fields.

This project has earned 53 intellectual
property licenses, 127 high-impact pub-
lications, and 8 international awards. It
was praised by the China Computer Fed-
eration as “a global frontrunner overall,
achieving state-of-the-art status in the
area of Eventic Graph and debate-style
human-machine co-decision-making.”

2R EERER A

Applications of Multi-Scenario Open-Ended Intelligent Decision-Making

FAZG ZNBTFHE. EF. RULFHS, dSNEFHUEEE
Widely applied in education, healthcare, agriculture, and other fields, achieving signifi-
cant social and economic benefits

BRREANRES, B 2014 FEHE+FENSSZHRRIE, BAHE. Br. Rk, BSFWALN
RAMEEHN A, SFVEEE, E=FRITEIEEREF W 54.06 1270, KMFE 7.01 27T, ERITLRA
MBS EMEN. HBmLARE: EHFTA, (FATER-—PSENRUEEITRARS, FREELE
4000 73, AEIMBHRESA 1L E; EETON, EEISEHBEREA 40%, EFRIZETRE 55%, BMIE
HARETRFETAER; ERWAE, “XRIAE KAEREBS W M B W 278, #ER 468.9
BE, REKF 35 ANR, BFENZURARE. MREHRERS. A MELRFTI, WET MK
AREF=WAESHERBEHER, HEFWRZ, BAEANTINESHENE.

This project has achieved high technical readiness through a decade of iterations and multi-scenario validations since 2014. It has
already been applied on a large scale in education, healthcare, agriculture, governance, and other fields. The economic benefits are
remarkable, cumulatively generating direct economic revenue of 5.406 billion yuan, achieving a profit of 701 million yuan over the past
three years, establishing sustainable profitability across various industries. Its social impacts are particularly outstanding: 1) in educa-
tion, as China’s only large-scale intelligent grading system for national secondary school and college entrance exams, it serves over
40 million students annually, reduces teachers’ daily workload by more than one hour. 2) In healthcare, it improves doctors’ diagnostic
efficiency by 40% and reduces misdiagnosis rates by 55%, effectively bringing high-quality medical resources closer to the lower
class. 3) In agriculture, the “Kwoo” large language model covers the entire process from plowing, sowing, managing, to harvesting. It
achieves a reach of 4.689 million mu, serving over 35,000 farmers, significantly increasing yield while reducing costs. The project has
additional accomplishments in governance, judiciary, news and publishing, and other fields, establishing a comprehensive innovation
system from key technologies to industrial ecosystems. Its profound social influence underscores substantial market value and socie-
tal significance.
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Applications in Education

BB £ USRI A

Applications in Healthcare
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R KRBR A S TE PRINR D, HSIKTNRAHM5|A
Received Multiple International Awards and Cited by Numerous Leading Global Institu-
tions

AERBITFHAEHBENFESEENESKTFIEX 1278 (4 BISXEREHS B 1000 &%) , RERERIE
SAEMEAHIEXR 3T, RERHRER 1T, £ 3 NEFLEFREEE, 2024 FERKEREAERR
KPRz —WREEFLAARESR AR, RAELBE—FR 3T, FERERSRERRNERIHAR
TEEEMFARSEZRM: BRFEEEICXSEREMS] 1150 %, Nk Paper Digest iFiktHAY IJCAl &

TN/, 2022 F, FEHENZRHBENAEFREEZERSRFEERFEANTAARELS; 2024 F, FE
EENEHPEMNFRARAHEREEZR LB ENTREERE+ARARIT. FEEEEXTER MIT.
CMU. OpenAl. NVIDIA FEFrAESRMEINSIA, 5IBXEERTF ACL. TKDE F 10 R HEHENF =
HEER A EEFRIRATIS N L.

This project has produced a total of 127 papers rated as “high-quality” by the China Computer Federation (CCF), including 4 papers
that each achieved over 1,000 citations. It has received 3 outstanding paper awards at top-tier international conferences on natural
language processing, 1 best paper nomination, and won the first place in 8 international competitions. In 2024, it was awarded the
Diamond award, the highest award, in the British Invention Show, one of the world’s largest invention exhibitions. It also achieved 3
provincial and ministerial level first-class prizes in China.

The research on the concept and technical framework of “Eventic Graph” has deeply influenced the international academic commu-
nity; the inaugural paper on “Eventic Graph” has been cited 1,150 times and was recognized by Paper Digest as one of the most
influential papers at International Joint Conference on Artificial Intelligence (IJCAI). In 2022, CCF officially released “Eventic Graph” as
an established technical term; in 2024, it was selected as one of the “Top Ten Hot Topics in Computer Science” by the China National
Committee for Terminology in Science and Technology.

Research related to “Eventic Graph” has been cited by internationally renowned institutions and companies including MIT, CMU, Ope-
nAl, and Nvidia, with citing papers being published in over 10 CCF-A top-tier international journals and conferences including Annual
Meeting of the Association for Computational Linguistics (ACL), and IEEE Transactions on Knowledge and Data Engineering (TKDE).
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Al IR —SREHR, BANEEREMLT

Al-driven all-optical networks, a new age of intelligent networking

HFRESIAMEAR L HRSHIELR A

Digital home all-optical networking technology innovation and large-scale ap-
plication

PEEEERABRA

China Telecom Corporation Limited

ERRABRATE

Huawei Technologies Co., Ltd.

3

onf

ERRESFURAHFER, PEBREHRRAMRFREN, MERS AR, SHALR “—K2xm ,
B “—AEERT SRR, URKREIIREBHFEEAN, NCARETEHESERHE LML,
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Introduction

In response to new demands for home digital applications, China Telecom continues to deepen its presence in the digital home sec-
tor, accelerate the integration of Al technology, innovate and upgrade all-optical home network, support the development of the digital

home service, reshape the digital lifestyle with technological innovation, and create a new all-optical network that provides seamless

connectivity and intelligent enjoyment for hundreds of millions of families.

BUFSIM, RIRELHEPMBAE
Leading with Innovation, Upgrading Home All-Optical
Network

A5 Wi-Fi RRMEHNES Al TR, KICHER S TLMLER
REMAIEE, SUBMEIRF 50%, ERIRIEREE 20ms.

IR EDEES RENE R R, SEMSE—RY “O¢ + B IR RMAMEZAIR
BRI, TFIEIBTERE 40%, BERAXBUSZHEHRE,

BAMRENZETE, EMCELRKRNERSKBEREDR,
B&EMEE HEDRE. BRSTITREERT, RARA BT,

BRRASZESRAKRAR, RMERHFIRG, Kahr&RMH2E
TIgE. R2EEFRS, LNBMAEEENEEER.

IR S B BRI

Intelligent connection base for end-cloud integration

BFRELESEREEIOH,
T Al EERIAERR A, K
REXMIREIRB. PREEW. LK
e, NREESHMERHERZEE
Ho

Collaboration between optical and Wi-Fi
heterogeneous networks, along with Al
anti-interference technology, enables deep
integration and scheduling of optical links
and wireless networks, increasing spectral
efficiency by 50% and reducing roaming
switch latency to 20ms.

End-network collaborative intelligent ac-
celeration technology achieves a unified
"optical + wireless" slicing architecture and
application recognition control, reducing
the average transmission delay by 40%,
significantly enhancing the QoS of VIP
services.

Ultra-large-scale intensive operation plat-
form enables real-time management of
hundreds of millions of terminals and big
data quality analysis, featuring precise
delivery, rapid troubleshooting, and con-
trollable quality, significantly enhancing
deployment and operation efficiency.
Intelligent sensing and multimodal recog-
nition technologies enable smart identi-
fication of home scenarios, coordinating
home devices to provide services such
as whole-house energy saving and safety
alerts, transforming the network into an in-
telligent butler that understands daily life.
Innovation in Digital Home Ecosystem
Connectivity: Al-assisted recognition, and
Integrated Sensing and Communication
(ISAC) technologies, enable identification
of unconnected devices, rapid network
configuration, and terminal collaboration,
providing underlying capabilities for home
ecosystem integration.
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Mumieft, HBIHFRESHELR

Enhancing Efficiency, Promoting High-Quality Development of Digital Homes

AR T FTTR RIEBOFTER R pR, KT “taebiE. THReBE. Wi-F 28 , iz
EFERAMR. ST REFAR. KEBPE. USTHE. BEHE. BRRSFHTIEREER. Rit
MBI 4200 58, WsEFBANBEZT, B~ LE ETRRLDRAR, EFMEES; KAR
EME2AFALR, IRERAMEMT, KBRESERSH, FEHESR, HENMERD,

B EREMEEMIRERIR, XENRRFEERER, TARELXRNBEESENSRES, MAFR
HERERE. SR, 2ETRE. S3R#FKR. B2RREZMRS, H5E34K. BFSHEEDE, &
BB F LRI MARSS EF 1.

This achievement has propelled the standardization and industrial maturity of FTTR terminals, realizing "full fiber connectivity, gigabit
coverage, and Wi-Fi roaming," and has established a new industry development paradigm that comprehensively integrates technology
research, chip design, equipment development, installation and deployment, service provisioning, operation and maintenance trouble-
shooting, and user services. Over 42 million terminals have been deployed, generating over 10 billion yuan in economic revenue and
effectively driving the coordinated development of upstream and downstream enterprises in the industry chain, resulting in significant
economic benefits. This achievement has enabled all-optical upgrades to home networks, breaking through traditional network bottle-
necks, significantly extending service life, and reducing failure rates, creating significant social value.

By constructing high-quality network infrastructure, the digital life system is developed, enabling cross-ecosystem access and scenario
integration for home terminals. This provides users with a variety of services including smart home, intelligent security, whole-house
energy efficiency, smart health, and smart entertainment. Additionally, it integrates and collaborates with smart communities and digital
villages to enhance users' digital living experiences and service convenience.

Safe Home

[ Network

SNER

Al+ BFEERR, SIERITFRTFERE

Al+ Digital Life System, Creating A Better Digital Life

hHHE, BIREREFES

Collaborate to Build Together, Build a Prosperous Digital Ecosystem

KESIAMBRACIEI T EfRMEAREN ARSI, MUEEERD TSR & MENMZASE~IHER
B, Bh “AWEK HAEERLEM. REAFRESECERES, IURELKRE 20 2, KAERT
mERHHIENS KR, EFZEABANO#HT2ERELIRE, ¥~ ESHEER.

ARERTER 30 RIURBBEF. TEE(EAL, FZRL 10 RITITU. CCSA. WAA HBXIRE, RIGHATH LR “&
EHFRECEDR « PEBERKHAT —FR, RRMBEREFRI, BIEALNH, HUR@EMREEHR,
NEBFRHEEFE. 5. BEENHFEESRNRS, Hel “FER"

Innovations in home all-optical networking technology have achieved international standardization and leadership, not only directly
driving the development of industries such as chips, equipment, networks, and applications, but also laying a solid foundation for the

[T, 48
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era of "intelligent interconnection of all things." By building the intelligent interconnection capabilities of digital homes, this achievement

has enabled the visualization of over 2 billion household terminals, supporting the access and collaboration of hundreds of types of ter-
minals. Based on an entry point with hundreds of millions of users, it empowers the entire system and drives the collective prosperity
of the industrial ecosystem.

This achievement has completed over 30 invention patents and software copyrights, established more than 10 ITU-T, CCSA, and WAA
related standards, and has been honored with awards such as the "Best Digital Home Operator" at the World Broadband Forum, the
First Prize for Technological Progress from China Telecom, and the Silver Award for Contribution to Achievements. Through technolog-
ical innovation, industrial integration, and open collaboration, it provides users with richer, smarter, and more convenient products and
services, jointly creating a better digital life.

BotnE. TR BB RE

Some standards, patents, software copyrights and honor

P —_
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More flexib

Cross-Network Domain
e

Latency Bandwidth Path Quality
determinism determinism determinism determinism

RIS SR IRERE ST, TEWEMEMERSS 2.0, BIHBEHNISLE

Develop Intelligent and Elastic Cross-Domain Scheduling Capabilities, Establish Deterministic Networking Service 2.0, and
Support the Growth of Computing Power Network Services

B H M E EMSEIRSS

Deterministic Networking Service for Computing Power Network

PESBEEFRAGRAR

China Mobile Communications Group Co., Ltd.

TIME A8 (S3RFEIL)

TIME dotCom Berhad

LERNRABRAF]

Huawei Technologies Co., Ltd.

PEMIFIRHERAR

China Unitechs Co., Ltd.
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TZRk 73 TRE FRim b, RGBS Al SEBFER 23, HZALIEB 600T 38R SRv6 B HMSLiA, i 40 &,
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Introduction

This project has conquered key technologies such as deterministic latency, bandwidth, path, and quality in computing power networks,
expanded application scenarios, obtained over 320 international and Chinese patents, established 73 international standards, devel-

oped advanced Al cluster routers, built an SRv6 computing power network with over 600T bandwidth, covering nearly 40 countries,

serving 2 million enterprise customers, and benefiting 1.3 billion users.

K KRERA, WBBEEENDRZRER
Breakthroughs in Key Technologies to Construct the
Technical System for Deterministic Computing Power
Network

T P HERRTE 73 0, REFEH 45 M. PEEF 283, &
RIMETHIENX 14 7, BUSIMAE(EI 10 I

— HEBEEENNEARER

1. P RERRRERAMIER R Micro TWAMP AR, BIENEFEE
1t 1000 &, #BD BRI 75%.

2. THRRSHRESIE: LMD HE T EIFHREBMZEWRE
AN, SNBSS R Ao B RAE,

3. ZRBBREREEAR QIIIERBWEEER, 25550+ EHF SRv6
MBIRIZITH, LIMBEER R EENBRAEERE,

4, REZLREAAR: B DDOS WEHABREDSE, S8LSHIH

T B REEHES | E
T-Bit-Level Dynamic Bandwidth Engine

% 99.999%,

. R A SRR IR R R
IS

1. REASMN: &0l Cable
BiREAR, = PCB AEMRA, &
TRIRSEI 600G B B EEAE ST,

2. FEIAILFER: RlFRE
NP #Z&kGHE S Al thah 1225, st
‘BRER 5 “S8ITE” HX
BRMW,

The project produced 73 international
standards, obtained 45 international pat-
ents and 283 Chinese patents, published
14 top-tier conference and journal papers,
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and acquired 10 software copyrights.
I. Construct the Technical System for Deterministic Computing Power Network

1. Microsecond-Level Intelligent Sensing System: Developed Micro TWAMP technology, improving latency measurement accuracy by

1,000 times and optimizing latency in certain directions by over 75%.

2. T-Bit-Level Dynamic Bandwidth Engine: Achieved minute-level T-bit bandwidth adjustment and millisecond-level fault detection, pro-

viding elastic bandwidth guarantees for computing power network services.

3. Multi-Modal Path Programming System: Innovatively enhanced ant colony algorithm, supporting SRv6 network programming control
with 50+ factors, enabling cross-domain path management and ultra-low latency connectivity.

4. Intrinsic Security Quality System: Elevated DDoS attack handling to second level, achieving 99.999% availability for sensitive ser-

vices.
1. Break through Key Technologies of Al Cluster Routers

1. Breaking Capacity Bottlenecks: Pioneered Cable backplane technology, overcoming PCB capacity limitations, and achieving 600G

cluster interconnection capability per module.

2. Create a New Al Paradigm: Innovatively integrated NP forwarding chips with Al coprocessors, achieving dual breakthroughs in "high-

speed forwarding" and "intelligent computing".

SIESRERERR

Multi-Modal Path Programming System

600T FHEEESS 40 [E, ARSS 200 Hidk, 13 ZAF
600T Bandwidth Covering 40 Countries, Serving 2 Million
Enterprises and 1.3 Billion Users

MBI T 48 600T HRMHE EMEIRSENIMEE, BEPE.
SRAEL. MEIEFR 40 MER, RS 200 5blvEF, BN 131ZEF,
BN EMLE R E RIS S EPR M = R s in ERAREE,

1. EFMmaN: BAPEBIBEMSTRRSIE 1 ZRERRE
TP, 2ol 30 2 ART, ZEEMISHERAHEIT 7.14 127,

2. HEM@AE: &2 NN BHEEM (MATRIXES) “Al+”
BB EAEE) , #HIMES Al XA, mEEFREENRE.
g, 2. FENFTH. RS, AEBEMNAIFIRMEE AN
alEEtE,

3. ASHERY: WEB600T H% "IPve+" 8FM ( “h” &
HEEEM) , IPv6 BXZEHE 1012, SEIL SRv6 MIEMMEIRSEENIEHRE
b= M. AETAE, REEHE. tlha. BEBRSERGRL S
TR AR, BIRIARETER I 32% L L.

The project has built a deterministic network service computing power network with
600T bandwidth, covering nearly 40 countries including China, Malaysia, Europe, Amer-

ica, and Africa, serving 2 million enterprise
customers, benefiting 1.3 billion users,
and contributing to China’s goal of becom-
ing a cyber powerhouse and the global
community with a shared future in cyber-
space.

1. Significant Economic Benefits: Sup-
ported China Mobile’s video networking
products in serving nearly 100 million
government, enterprise, and household
customers, generating total revenue of ap-
proximately RMB 3 billion, and underpin-
ning cloud network service sales revenue
of RMB 714 million.

2. Notable Social Benefits: Released
the "Jiuzhou Computing Power Internet
(MATRIXES) Target Architecture White
Paper for the Al+ Era," promoting mutual
empowerment between networks and Al,
providing customers with more flexible,
reliable, secure, and green new products
and services, and offering broader possi-
bilities for internet application innovation.
3. Outstanding Ecological Benefits: Con-
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structed an "IPv6+" backbone network
("Jiuzhou" Computing Power Internet) with
over 600T bandwidth, supporting over 1
billion IPv6 connections. Extended SRv6

deterministic network service capabilities
to North America, Europe, and Southeast
Asia, enabling application acceleration
for experience-sensitive services such
as remote education, enterprise office
work, and live streaming, while reducing
cross-border access latency by over 32%.

"M B EBM(MATRIXES)
“Al+" HRERRBEES

K NN BHEBEMN (MATRIXES) “Al+” RHEREHEEE)

Released the "Jiuzhou Computing Power Internet (MATRIXES) Target Architecture White Paper for the Al+ Era"
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W EBFRAITERR, REKSETFMN
Promoted the Development of Internet Technology Standards and Received Global Ac-
claim

L EEBRMRATTERRE, (RHABAMEH: FEBEKEEN. Time SRR SRV6 FERRME,
IR STE IETF &7 RFC 171 R, #1745 402 /&, HETNALIL srv6ops. nmop. cats FTELH, HIBE IESG.
IAB EBR BRI, PEBMENTE IETF iRERIES BLIRE L TOP5 A TOP2,

2. iTEERREAN, BAMSFEMA: MBRGFIVHEEFNE, TEMENE. H5E. BE. REEN
MEENHEMEE BB, TR/, TIME RAEIE SRv6 fRERMIRSAI STHBERERD, A “—H—iK”
ERMARRHERRKEZERS.

. MBRLHKEEITMN: KRG 2024 FERHAHERIES (WSIS) REBBER. tHRTHILIE infoVision AR
B Interop £X. FERZHS R, FEBEFSMERAL, IASRFRAHL L, IRHRZHS RS,

TE = HBYERSy IETF EfRtngE

Some IETF International Standards Produced by the Project
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1. Promoted the development of internet technology standards and advanced the evolution of computing power networks: China Mo-
bile, in collaboration with Huawei and TIME, actively advanced the construction of the SRv6 standard system. Over the past five years,
they published 171 RFCs and 402 new drafts in the IETF, promoted the establishment of working groups such as srvéops, nmop, and
cats, and held senior management positions in the IESG and IAB. China Mobile and Huawei ranked among the top 5 and top 2 global
enterprises, respectively, in IETF standard contributions.

2. Built a high-quality computing power network and enhanced social influence: The project integrated efforts from across the industry
chain to create a deterministic computing power internet with four dimensions: network latency, bandwidth, path, and quality. In South-
east Asia, TIME takes the lead in deploying SRv6 to solve the problems of differentiated services and service opening efficiency, pro-
viding high-quality connectivity services for the people of the ‘Belt and Road’ countries.

3. The project received global acclaim: It won the top project award at the 2024 World Summit on the Information Society (WSIS), the
World Broadband Forum infoVision Award, the Japan Interop Gold Award, the China Science and Technology Progress Award, the
China Institute of Communications Science and Technology Award, the Jiangsu Provincial Science and Technology Progress Award,
and the Beijing Science and Technology Progress Award.

T B IR1SRIER 3 2RI

Some Awards Received by the Project
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YROEEFR

Defense-in-Depth System

BRI REMBREFRAARS M A

Research and Application of Cybersecurity Technologies for Railway
Train Control Systems

ERERBEEESHRRITREAGRR

CRSC Research & Design Institute Group Co., Ltd

EREFEERFWIR RE SRR

Beijing Academy of Quantum Information Sciences ﬂeulno &()Gemy Quantum Information Sciences

FERIWKRZE

Beijing University of Technology
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EHEURERAD, KENEREUNRECAZ25MENXHE. FXNEETEIHNRLMBEMEEFR
2igitAE, MEREHE. NA. . MEFSE—FNRHEGER, BEREKERIENLEREEBT.

Introduction

Amid the wave of digital and intelligent transformation, railway cybersecurity has become a key factor in ensuring transportation safe-

ty and efficiency. This project adopts security design approaches such as proactive defense and autonomous protection to build a

multi-layered, integrated defense system that spans data, applications, hosts, and networks, ensuring the safe and stable operation of

railway trains.

SH—1F, IISHRBRINEBEFR
Building a Multi-Dimensional Integrated Defense-in-Depth
System for Railways

A EEIEHRAEENE L EEESTREMRREERR,
T SUH—RMEIHIPIELR, R T SRR FIERARIMLE ] EEITE.
NRYHFEREEZ UNBEREINRERESEF O, HERREIIE
AgETe. Br5R. RERITILE

K EIRBC 13 1 XA A K FIRBC2(rI M it 1 A5 1

A

2
S
v

Vit
%
‘ SR L

Hf g
W o i gk W .
L S—
WIL T e gj,(
KD
RBC| #0 Q - Q—"D e

o roons [ j}.‘:“_ D.».....

RBC2

Route-Related Information from Route-Related Information from

BAmsE, AMEELIUT
ZHEEESRH ERBR: —28
HREESE5ENMMEEZARDRE
NA, NIT RZERIP. @ARE
HREEFEERENS, REE
SZWHIFERN; ZREBREE
TEABEEAL, FHRIMT SM2/
SM3/SM4 Z BB IETE IR RSB
15 GSM-R & 4G/5G S M4 TR
REIER, FENSIANEFEHRL AL
El, LMBESLLELRNMEZRE
RFFR; ZRITEETIIEMEL
SIBIBNEERE AL 2 (RSSP)
WIEIFREE, BRRBRIIERSA
FWEERZE, T IERA
RHEYIERERR o

This project integrates innovative cryp-
tographic algorithms, trusted measure-
ment, and full-lifecycle key management
technologies to build a multi-dimensional
integrated protection framework, address-
ing core issues such as insufficient trust-
worthiness of railway train control system
terminal devices, broad and ineffective
boundary defense strategies, and weak-
n in communication data encryption.
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BFRPMEEEIH

Quantum Key-Based Encrypted Communication Mechanism

It meets the railway train control system
requirements for high security, high reli-
ability, and low latency.

Specifically, the project achieves these
objectives through three key measures.
First, by collaboratively applying trusted
measurement and host hardening tech-
nologies, it implements kernel-level pro-
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tection, fine-grained access control, and trusted recovery mechanisms, thereby breaking through the limitations of traditional passive
defense models. Second, the project establishes a Railway Key Management Center, achieving deep adaptation of the SM2/SM3/SM4
cryptographic algorithms for train control system communications over heterogeneous networks such as GSM-R and 4G/5G, while
introducing quantum key distribution to upgrade the encryption system to a higher security level. Third, a Railway-Specific Security
Protocol (RSSP) filtering and protection strategy is developed based on the business logic of the train control network, effectively pre-
venting lateral movement between train control system subnets and compensating for the limitations of traditional physical isolation.

R2MeE, ASHNRBEMERBIAM

Empowering Security to Safeguard Multi-Modal Railway Operations

I ERRBESERE. BEHHKEK. BTRBRUNBINARFSH N RRLR. NEARNREAZREH
TEREEERUIANR, RERYZECRECEEHT LM, BIIERIITRAZ 2N, BRHD TEMNSZK
HSRENESAARE, MTALIIERR RRMEEREEH, RAMEA TRBERNRENE, Ukit=
AREITHENZ 25K

The outcomes of this project extend across various types of railway systems, including high-speed railways, heavy-haul railways, mag-
lev railways, and international railway lines. The project ensures the safe travel of hundreds of millions of passengers annually and
securely transports tens of millions of tons of cargo each year. By enhancing the security of train control systems, it effectively reduces
signal system failures caused by cyberattacks, thereby minimizing train delays, schedule disruptions, and operational safety incidents.
This has significantly improved the overall safety of railway transportation, while also enhancing the public travel experience and in-
creasing the overall safety index of the railway network.

BMBETET MKRBREEBTEN. FUARXREE, FRT RIFNNAREM T TE. TERRTED
FIMHRAES. @FWEEE. ASNERBNER, TNEXENEREFRRIRRME T RIXE, ZRR
AR FPE 16 HAENKEM 4.8 BAERSERHENR2ME,

The project has paved a critical pathway from laboratory research to engineering implementation and industrialization, delivering sig-
nificant application results and creating demonstrable models for broader adoption. Its achievements highlight a high level of maturity,
remarkable economic benefits, and outstanding social value, providing a solid foundation for building a robust cybersecurity framework
for the rail transit sector. These outcomes can continuously support the security enhancement and transformation of China’s 160,000
kilometers of railway lines, including 48,000 kilometers of high-speed railways.

HEBMEZ LN AR

Railway Cybersecurity Application Scenarios
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RS, MEMKZREHRALZRES
Innovative Integration to Build a Collaborative Cyberse-
curity Ecosystem

MERIEMANMNE R 2MPREMNERERL R, BEERBEE.
IR, REKEE. MMBKE. RO RBFS MR IREFENA,
R EREFIMEERT LT, FERHEMHRENEZ 2R ANERR
B, RANERE TR 2RI,

The project, leveraging its self-developed cybersecurity protection equipment and in-
tegrated solutions, has been successfully implemented in multiple real-world railway
projects, including the Fenghuang Maglev Express, Zhunchi Railway, Hungary-Serbia
Railway, Huzhou-Hangzhou Railway, and Guiyang-Guangzhou High-speed Railway. It
has generated direct economic benefits amounting to tens of millions of RMB and has

HREBMER LN AT

Railway Cybersecurity Application Project

2024 FMEREEAR FIHRZP)

2024 Typical Cases of Cybersecurity Technology Applications

effectively advanced the international
standardization of railway cybersecurity
technologies, thereby enhancing the glob-
al technological influence of the rail transit
industry.

T E BN ERE T HER
LB 2024 FMERERAN A
BRfER” , BRENERTE.
AETEUNEFRESFHRATE
KRESTMENAERS, Ho®
BEhE. RER2UREFRIKE
ETFREELEDRAR, RRYF
TR %= 35 S

The project was successfully selected for
the Ministry of Industry and Information
Technology (China)’s “2024 Typical Cases
of Cybersecurity Technology Applications”
list. It has effectively promoted the deep
integration of emerging technologies—
such as commercial cryptography, trusted
computing, and quantum communica-
tion—into the railway signaling sector.
Moreover, it has driven the collaborative
development of upstream and down-
stream industries, including cryptographic
chips, cybersecurity, and quantum tech-
nology, fostering a robust industrial cluster
development.
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SIEMENS

SIEMENS

Preduct Carbsn Footprint (10250729 15:59)
9.578709 kg (02-£q
. e

PEERIE SITANJI IR B EIE, SRARMETNE, SUERMEIFEEE

SiTANJI breaks through carbon management bottlenecks, builds carbon footprint visualization with multi-
ple technologies, and drives enterprises' green transformation

B )BT - SITANJI ik BiBESBRAE

SiTANJI, Al-Powered Carbon Footprint ECO Portfolios

R - SIEMENS
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ELKEERABHRET, Al RRETEBRHMEEEN. AT SITANJBIREEMRT AL BFE
KRFESFIARA, ITETRUMETRARAFR, SUMN " ATZE " 5 " ZEEE " IRARE. KEEF
Xcelerator FAEFEH W TFEEDS, Bh IV SHRHEIEERZ, WELKKEERSHME.

Introduction
Under the new pattern of global green trade, Al technology is reshaping carbon management models. By integrating cutting-edge

technologies such as generative Al, digital twins, and blockchain, SITANJI has created an intelligent carbon footprint solution, realizing
a technological leap from "manual accounting" to "intelligent actuarial calculation". Relying on the Siemens Xcelerator platform ecosys-

tem, it helps enterprises break through carbon data barriers and build new advantages in global green competition.

PaExiE SITANJI, Al TEEERYES etk B LARRTS R
SiTANJI, Al-Powered Carbon Footprint ECO Portfolios

ARG SITANJI RFEPE ] F Xcelerator FRA B FEH L T4, @Eid
Al RS TS Z W HIRESRER S, TOREEEEMEARE:

BEFEmM A BAR, QIFITE "Al FRER " HEERSIER, BHREF
ICEC AR F EFDR MM

TABTFEERAR, HEFRE2EHARRETIRENRS, B
A ERE— MR T 89T ;

RAITOSIEREAR, SEFEERHREIRH TR ARE. B5Mm
BIRTANE, IAHIREURIIEEZEL,;

BIFT AR AR, AENBESHTRKIERRAE5R2H=
HEE, MERBEBRTHREUEREPHNEEER,

FEGEERE NI Catena-X (2ESRETIAIE#IESE) M
ERRRARRMEE, ERARASTIEREEESEKARMTINE FRIE,
FRIGEREE Tl 4Z @ 0l FESEIN A,

ETEM A RANERRERETS, ENERmETHIED M. REFE T,
IRHRBEMAFZOINRE, BIRZEREMNEREZEE 5 ¥R

Based on generative Al technology, the intelligent carbon management platform dynamically displays core functions such
as product carbon footprint data analysis, intelligent carbon factor matching, and emission reduction path optimization, re-

ducing carbon accounting efficiency from the hour-level to the minute-level

Relying on the Siemens Xcelerator digital
business platform, SiTANJI has achieved
a major breakthrough in intelligent carbon
management through the in-depth integra-
tion of Al technology and industrial exper-
tise:

Based on generative Al technology, it has
innovatively built the "Al Carbon Steward"
intelligent service module, increasing the
carbon factor matching efficiency to a sec-
ond-level response;

Using digital twin technology, it has con-
structed a real-time monitoring system for
the carbon footprint of the entire product
life cycle, helping enterprises clearly grasp
the carbon emission details of each link;
Relying on edge computing technology,
it conducts real-time collection of carbon
emission data in production processes
and preprocesses data on the edge side,
realizing accurate quantification of carbon
emission data;

Through the innovative application of
blockchain technology, it has built a credi-
ble and secure sharing channel for carbon
data in all links of the supply chain, solving
the trust problem in carbon data circula-
tion from a technical perspective;

As the first Chinese solution provider to
join Catena-X (the European Automotive
Industry Data Sharing Alliance), SiTANJI's
technical examples and industry adapt-
ability have been verified in global bench-
mark projects and recognized as a model
of EU industrial green innovation.

page 267



Rl 2z %
Charm Of Science And Technology

FERRZ SITANJI B F7817]F Xcelerator BIRRIR S ZRERM, (KIE Al MIF L, KIRESZORAERNIDELELE,
SELEARETER, HEFSITLAENME. NSNS, 2EMATERLEEHE

Based on the solution architecture of the Xcelerator platform, SITANJI supports end-to-end carbon footprint management by virtue of the collaborative op-
eration of core technology modules such as Al, digital twins, and blockchain. It also joins hands with industry partners and certification institution partners to
fully assist Chinese enterprises in their green global expansion

268 page



LLAI IEzhEF L EIHR, MEBERESRNEERSHNE
Drive digital innovation with Al and build new global ad-
vantages in green competition

FERGIE SITANJI L “EIRTH”  HBSES Al SRR, BhiAfIw
SERMEIEBE 40%, BRI HNERBIESHERM. KIEAINDTF
Xcelerator, HE#EH/NRAVEBEW Saas RS, S5EEFELXE1ERN 70 AR
T #HFHHELY, EFTIBREBRE A B SREFAEIAERPME
HEBERS, —WRXBHhtlEads,

SiTANJI integrates Al and low-carbon technologies through its "dual-drive" strategy,
serving over 1,000 enterprises in sectors such as iron and steel, and automotive. It has
helped HBIS Group increase carbon management efficiency by 40% and significantly
enhanced the transparency of carbon data in BMW's supply chain. Based on the Xcel-
erator platform, SiTANJI provides intelligent SaaS services for small and medium-sized
enterprises; in collaboration with Haizhi Online, it assists 700,000 Chinese factories in
their digital transformation. Meanwhile, it has jointly developed climate-friendly certifica-
tion services with Amazon to empower enterprises in their green global expansion.

PRI R FEFE PG 7] F Xcelerator FHEM LIRS IEEDS, €1

FEOBARIERA]F Xcelerator MEZLIKEFERS, BMBETRIRZTUER
SIiTANJI leverages Xcelerator to build a global cooperative ecosystem, with its solutions implemented by over 1,000 clients
across multiple industries

Catena-X. TfS HEEPRALR, UK

FINE. B, RAFWHMNE
Skft. BRIBHESRZE. Bt W
£ I, BFIoet. @5, Bha.
RE. @AM, BRIEERZITIL
FRREF PEHITE,

SiTANJI relies on the global coopera-
tion ecosystem built on the Xcelerator
platform, which includes international
organizations such as Catena-X and TfS,
as well as ecosystem partners covering
fields like certification, consulting, and
technology. Currently, its solutions have
been implemented in over 1,000 client
enterprises across numerous industries,
including automotive, batteries, iron and
steel, chemicals, electronic components,
communications, tires, home furnishings,
medicinal materials, and food and bever-
ages.

7IIF 2024 £ 5T @R
BEkm ( ‘B RZE) Ry,
RELMEKEEEEN B IERR
HEm; BEREFEER, BT
AR E R SRR B 5%
2R, mERPELEEHSE,

In 2024, Siemens jointly released the
"Path of Carbon Exploration" series with
the China Center for Information Industry
Development (CCID), deeply analyzing
the impact of global green regulations on
enterprises' internationalization. At the
same time, Siemens has joined hands
with the China Academy of Information
and Communications Technology (CAICT)
to build a credible foundation for carbon
data calculation and exchange based on
SiTANJI, accelerating the green global
expansion of Chinese enterprises.
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2024 FTHEEEWEBHERERERS 2.0 lRAES, 2025 FTERAXRE 3.0 FREEE RS

The 2.0 version of the In - depth Insights Report on Enterprises' Green Overseas Expansion was released at the 2024 China Interna-
tional Industry Expo, and the 3.0 version of this report will be released at the 2025 China International Industry Expo

IEHEHRBES, HEPETESERTG
Build a digital and intelligent green ecosystem, and connect China's production capac-
ity with global markets

PEHRIE SITANJI fR$EFE ) F Xcelerator BB AR, MEERMAIERIRME, @D Al AL, HED
Catena-X 2IREFIER BRI, 75 TS L ILiTinE, SKIMEBIEERKRE, BHERFZFER 40% 15
ERA, BEFESUHITESRAMEDTINERER, RIT LBSEER China ESG Alliance024 +RREEX
ARUERRARZ E,

Relying on the robust ecosystem of the Xcelerator platform, SiTANJI has built a cross-border carbon data exchange network. Through
Al technology innovation, it promotes the green transformation of the global automotive industry chain under Catena-X. By connecting
to the TfS chemical industry standards, it enables intelligent data collection, helping international clients reduce operating costs by
40%. SiTANJI has also joined hands with ecosystem partners to create a new model of intelligent carbon footprint certification, and
was awarded as one of the "Top 10 Most Notable Climate Technologies in 2024".

BETFAMTNRERESEMINEE, I 1FE 2024 FHESEE DG SMAEAE. MILABFRHERR
BIEXERBHEBRL R, HHENBEFst BT AERER, BHEHEARESSI~mie Tt &,
R, BEAL UK BB ERINE. B, AT — MDA SRR T =R IRIDE B R R & it~
RN 2E B ERRE, I, AIFERS LS EANERKRERABAHEEHBRKABAL R,
KEFTEEGTE, BHFNEIVSENESHEFSEELE.

Leveraging the carbon management and traceability functions of SiTANJI, Siemens jointly released co-created solutions with Supply-
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frame Co., Ltd. and Sunwoda Electronic
Co., Ltd. respectively during the 2024
China International Import Expo (CIIE).

These solutions include carbon calculation
templates tailored for the electronic com-
ponents and battery industries, helping
their customers quickly realize the calcu-
lation, traceability, transparency of product
carbon footprints as well as international
carbon footprint certification. Among
them, the SiTANJI-Sunwoda joint solution
will support the full-life-cycle accounting
of carbon data for battery products on
Sunwoda's Battery Passport Platform.
In addition, Siemens will also release
a joint green global expansion solution
with Shanghai Haizhi Online Network
Technology Co., Ltd., focusing on the
non-standard parts sector to assist small
and medium-sized enterprises (SMEs) in
achieving efficient production and green
development.

) FE 2024 FHEZHEDFI ST S 4. MILAKE L BHEIFERS R

During the 2024 China International Import Expo, Siemens jointly released co - creation solutions with Supplyframe Co., Ltd.
and Sunwoda Electronic Co., Ltd. respectively

AE_EHEERMNE TN L, ANFHEFIIRSRAS Al FREmE -
T S# B SRR FAGEINE SCS PMEITERE" , MeePEFE LV EEHE
At the 2nd China International Supply Chain Promotion Expo, Siemens, in collaboration with Amazon Web Services (AWS),

launched the "Siemens SiTANJI - Amazon E-commerce Climate Pledge Friendly Certification SCS Carbon Neutrality Green
Label Direct Access" initiative, empowering China's manufacturing industry in its green global expansion
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AL RIFER, 5|NE RE{RER AR

Deeply cultivate the local innovation ecosystem and lead the new future of the intelli-
gent and low-carbon industry

PRI REEUR I Al R GUHT, EFFEI]F Xeelerator ITERTHREBMAA R, S5TSH. TUVEEEER
FRINEHEEREINEARR; BFARFUFAL A BNEFEGHIEHEE, RABEERIRN; SIFTSERNIEEK
BESERZ COP29 BRER, HRIFEKZIRM,

SiTANJI continues to deepen Al technology innovation and build localized green solutions based on the Xcelerator platform. It has
jointly established an intelligent certification system with international partners such as Amazon and TUV SUD; collaborated with part-
ners including UFIDA to develop Al-driven green manufacturing solutions, optimizing enterprises' energy efficiency input; its innovative
practices have been selected as a showcase case at the UN Climate Change Conference COP29 and won multiple global awards.

AN FREREEAITI AN RIRETE, AR TAHBEWRESANRETFRS SR, BHEWINESEMEFH. FREE,
R4 R RIS, FaRul SITANJI BRSBTS A EEIAT

As an industry-leading practitioner in the dual-carbon goal, Siemens SiTANJI has always been committed to providing the optimal carbon footprint solutions for enterprises going global,
helping them accelerate digital and low-carbon transformation. In the field of sustainable development, SITANJI has continuously received high recognition from the industry and media
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2024 FREHEMAZSHES “BERMZE” @R E%H “GEBOL” GSE-DPU BH

The "Zhi Suan Zhuo Guang" GSE-DPU chip was unveiled at the "Light of the Internet" Expo during the 2024 World Internet Conference

#r—1¥ Al IREhEy B Ak S M4 APT L5illBAiPRY
KER AT R L

Research and Application of Key Technologies for Next-Gener-
ation Al-Driven APT Detection and Protection in Fundamental
Telecommunications Networks

PEBBEERAEGRAR

China Mobile Communications Group Co., Ltd

iz (M) EERABRAR

China Mobile (Hangzhou) Information Technology Co., Ltd.

AIARE

Zhejiang University

LN EEARR B IRAR

NSFOCUS Information Technology Co. Ltd.
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SRFEMEY (APT) WEUGHSNEZOINE. BWAXERHEENBR, mERELMNETHRE,
KRR 7 F, W27 2RATHEEERBIEMNS APT BENGIFER, BRBHERNETE L 2RE,

Introduction

Advanced Persistent Threat (APT) attacks aim to steal high-value secrets and disrupt critical infrastructure, posing a grave threat to

global cyberspace. After seven years of dedicated research, this achievementhas successfully established a world-leading intelligent

APT detection and protection system for foundational telecommunications networks, significantly enhancing global cyberspace gover-

nance.

Al 3Rz APT IEFSAERE, MELIKPHIFIERAR
Al-Driven Precision Detection of APT Attacks, Accelerat-
ing the Upgrade of Global Defense Systems

FHURRBET R L ENN ZRAEAGRENER, AHEEE
IREASTBEE BER L FREMLE APT BEENFGIPIAR, 100% BHEZOM. <
MEZEML, EUMBRAEEIER SRR R FILEME, 815

ERBANIEE R ENSREMNE BB NEA

Intelligent detection technology for advanced threats in massive-scale and complex traffic

REEABAMES R RENS R
BN BER R A, SRIRXT APT &
B M AE BR BT BRI 2 BERR TIN5 =
T, BER=WRMNEET. %
RARKFEZERARRERRARELY
B, 1E PB RREHR XI55 APT K
TR TEARESRM, HE
B ZMITIME SR FERL S
Bz, RBERHZEX 95%, FET
MEAEREFIE58EKEAN
WESEHIEAR, BERERFIIER
BASWHRN, WREREREA
F 96%, BAEFAREIERMIAK
I, 3Bk APT MMIBGIFR AR
ABEEERN.

This achievement transcends the lim-
itations of single-node defense against
multi-vector attacks by successfully
establishing a world-leading intelligent
APT detection and protection system for
fundamental telecommunications net-
works. It provides 100% coverage across
multi-layer networks, including core and
signaling networks, realizing a qualitative
leap from isolated defense to coordinat-
ed, system-wide operations. Building on
this, the project pioneers an intelligent
detection technology for advanced threats
within massive-scale, complex traffic,
enabling full-lifecycle prediction and pro-
active intervention against APT threats
from generation to proliferation, with
millisecond-level response capabilities.
This technology leverages carrier-grade,
hierarchical clustering for traffic reduction
to progressively focus on and purify faint
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APT attack signatures within petabyte-scale traffic. Combined with a dual-track, spatio-temporal detection mechanism across multiple
network elements to enhance anomaly characterization, it achieves a 95% identification accuracy rate. Furthermore, the project devel-
oped a mimetic multi-modal adjudication technology with continuous learning and self-evolution capabilities, which effectively recog-
nizes non-predefined Trojan attack patterns and boosts traceability accuracy to 96%. The overall technology is rated as "internationally
leading," offering significant reference value for the evolution of global APT detection and protection technologies.

BhLHMETERLAE, (RHRFRFRELRR
Contributing to Global Cyberspace Governance, Foster-
ing the Healthy Development of the Digital Economy

EHRADRIFTEBMEEMR. RARSZ2RN ENGEEMNE,
EEEIRFARAPT BN SHHIREED, MUREIT “H=E + 287 thER,
REMEkED. ABEANEFRSIFER, BIIAEH. " pTlw
BRI, EEEENME. BA. WRKES2X I MERMXEA, A
#1012 ARBF. 31ZRERF. 3000 ZAHERFIRMHERE. SM
MEL 2R, KAHLERBEEX APT REEMH, BREREFTHR
K E1Z7t.

ERY, AMRIPELRDIK Wi &8, KRS ERFERY
BEE. [k THSNNEL2ES, KIWHER 11 7 aREEN

B BEML APT RGP X R AR A

Application of key technologies for APT detection and protection in fundamental telecommunications networks
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This achievement fully leverages the com-
prehensive advantages of carrier-grade
networks in scale, technology, and securi-
ty. Making its APT detection and protection
capabilities available globally, it actively
practices a "share + co-govern" collab-
orative pattern, forming an international
cooperation framework of efficient coor-
dination and complementary strengths. It
has established a replicable and transfer-
able industry demonstration model that
has been deployed in 9 countries and
regions, including Pakistan, Brazil, and
the UAE. The system provides intelligent
and efficient cybersecurity protection for
over 1 billion individual users, 300 million
household users and more than 30 million
government & business users, having
detected and neutralized hundreds of ma-
jor APT attacks and prevented economic
losses in the hundreds of millions of RMB.
Concurrently, this project actively imple-
ments the global "dual-carbon" strategy.
In collaboration with global partners, it
contributes to building a green, low-car-
bon and sustainable new cybersecurity
ecosystem. It has detected and removed
crypto-mining malware from 110,000 in-
fected hosts, culminating in a reduction
of 364 million tons of carbon emissions,
tangibly advancing the deep integration of
global cybersecurity with ecological civili-
zation.




S| MLKRIENER, MIIMEZRSHIFHEE
Leading the Global Governance Landscape, Setting a New Benchmark for Cybersecuri-
ty Defense

FRREEGREL. FARARMF U BFSHEEIRG T EERK. 2RESEMTE LT, KK 10
FRREMREKTEILN, HEBIENEHEZEE ACM SIGCOMM, |EEE INFOCOM H2IKTNRF AR EHITIG
LR, RIEEMRTSEIAN, #RTMEZ2FAHRNARE,

EEVEESERRRAE, ARZEBEM “PEEERAFUKSTIFANKZZ2/NE" TERIN, 2%
BEMERET A+ WL 2EHREERN, AeRNERE[IBRM T iDEBRAR S ZNREREL,

tboh, AP REL S FENELIRANE (TR S DM Gartner K RIS IRRIMMBIR ™R SRS HiHiER),
HBIT N BEIMER™ RS RSITTHENE, 7TOEIT RAENSHHZIEIBREILT.

BOtRE. KR B ERRREER

A selection of standards, awards, papers, patents and software copyrights

ZBERSMEMRN, PEMNRT 2T

Invited to multiple international conferences to share innovative cybersecurity practices
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This achievement has made significant breakthroughs across multiple dimensions,
including international standardization, academic research, and industrial application.
It has spearheaded one international standard and published over ten high-impact
international papers. The team was invited as keynote speakers to present at top-tier
global academic conferences such as ACM SIGCOMM and IEEE INFOCOM, receiving
high recognition from international peers and advancing the frontiers of cybersecurity
research.

In terms of industrial cooperation and international exchange, the team was invited to
the "China-Pakistan Information Technology Industry Joint Working Group on Cyberse-
curity" meeting to share innovative practices in Al-powered security for telecommunica-
tion networks, providing implementable technical solutions and demonstration cases for
global cybersecurity governance.

Furthermore, this achievement has been featured for consecutive years in Gartner's
"Market Guide for Threat Intelligence Products and Services," where it was recognized
as a benchmark supplier. This reflects a dual endorsement of its technical strength and
market influence.

RHSFELUKRN (GSE) KA, BEIERFIRXAEE (PKTC) MRFIERAR, 3IAE
SeBRBEMNT] (DGSQ) 1 “Pull” EIUSLHIH

Proposing Fully-Scheduled Ethernet (GSE) technology, it pioneers a load balancing technique based on Packet Container
(PKTC) and introduces a Dynamic Global Scheduling Queue (DGSQ) along with a "Pull"-mode signaling mechanism
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Through full-stack technological breakthroughs, leading international standards and
driving industrial restructuring

BEARIER: Bt OISA/GSE BARFR, WRBAMRERBEMN, FEHERA 14 %, FHEIERAR
SEMFRINFERARIEICRIR 95%, HEH) 15 MAIEEE M, TSI IETF T 20 FE—FRETIEA (CATS) ,
HIE 169 M E FRT o

PSRN NmBETH [ ERE 100 RREW, BUETZR™ Vi AR 40 /R “B=FHA" KEE,
FE=ZACEEKRSRMIToITL; EMARNBRREA 37.5% , FWEE 500 5E, KRaENEE,

Technological High Ground: Pioneered the OISA and GSE technology framework, overcoming communication bottlenecks in hyper-
scale clusters and boosting inter-card bandwidth by 14 times, achieved 95% theoretical limit in training efficiency for thousand-card
heterogeneous mixed training, enabling 15 large models to go live, spearheaded the establishment of CATS —one of only two Chinese
IETF working groups in nearly 20 years—and formulated 169 international standards.

Industrial Chain Reconstruction: Vertically integrated over 100 enterprises including chip and optical module manufacturers, activating
a hundred-billion-level industrial chain; formed over 40 “government-industry-academia-research-application” consortiums, with China's
three major telecom operators jointly releasing action plans, increased computing and networking resource utilization by 37.5%, saving
over 5 million kWh annually, driving green and intensive transformation.

BEEEFRER OISA £SHEMEES1E, & OISA 2.0 il

Initiating the strategic collaboration for the co-construction of the Open Intelligent Computing Interconnection Architecture
(OISA) ecosystem, the OISA 2.0 protocol was officially released

page 279



