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Preface to the Charm of Science and Technology
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The charm of technology lies in innovation. From the "Internet of Everything" to the "Artificial
Intelligence of Everything", technological advances empower the economic and social aspects
of production and life, leading human society into the digital world. It touches the pulse of cut-
ting-edge technological development, creating a promising digital future.
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A new wave of technological revolution and industrial transformation is unfolding, with the
Internet serving as a key driver. Emerging technologies such as 6G, artificial intelligence, and
quantum computing are advancing rapidly. The processes of digitization, networking, and intel-
ligence is accelerating at an unprecedented pace. In this context, "the Release Ceremony for
World Leading Internet Scientific and Technological Achievements" has been upgraded to "the
World Internet Conference Awards for Pioneering Science and Technology". This upgrade aims
to play a more significant role in showcasing the latest technological accomplishments in the
global Internet field, highlighting the creative contributions of Internet practitioners, and foster-
ing a comprehensive platform for innovation exchanges.
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As the chairman of the World Internet Conference Awards for Pioneering Science and Tech-
nology Review Committee, | am thrilled to see the global attention and positive responses this
year's collection of achievements has received. This year, for the first time, the achievements



R EBRPMASAARRRTEER S

World Internet Conference Awards for Pioneering Science and

Technology Review Committee
have been categorized into three types: Basic Research, Key Technology, and Engineering
Research and Development. With the support of 40 experts from all over the world, including
Mr. David Farber, an American Internet pioneer and the Director of the Basic Research; Mr. Wu
Jianping, an Academician of the Chinese Academy of Engineering and the Director of the Key
Technology; and Professor Chon Kilnam, the Father of the Korean Internet and the Director of i~ 3 X Chair
the Engineering Research and Development, we have collected a total of 246 achievements - '_
from countries and regions, such as China, the United States, Russia, the United Kingdom, L, 4 hETiERERELT
Germany, Italy, Japan, Korea, and the United Arab Emirates. These achievements cover a wide
range of cutting-edge technological fields, including artificial intelligence, 5G, 6G, big data, cy-
bersecurity, high-performance chips, and the industrial Internet. After thorough review by the
experts, 57 leading achievements have been selected and compiled into a publication called
"The Charm of Science and Technology". We firmly believe that the continued implementation
of these achievements will better promote resilient economic and social development, offer
more possibilities for building community with a shared future in cyberspace and advance hu-

man civilization. ﬁ* Y ’;ffE FARBE

Academician of the Chinese Academy of Engineering
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< Pioneer of the American Internet
With the passage of time and the evolution of the World Internet Conference, the Charm of 5 - Distinguished Professor and co-director

Science and Technology will continue to document the extraordinary achievements of Internet of the Cyber Civilization Research Center at Keio University

technological innovation. We aspire for this publication to consistently transmit the wisdom and
power of Internet innovative development, guide the future direction of Internet technology and
provide a broader space for international exchange, mutual learning, and the transformation of

technological achievements. =
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Multi-Level Multi-Type Knowledge Fused Deep Learning Funda-

mental Methods for Natural Languages
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of deep learning in NLP, significantly enhancing the fundamental capabilities of NLP
models.
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@® The Systematized Framework of Multi-Level Multi-Type Knowledge

Fused Deep Learning Fundamental Methods for Natural Languages
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The Systematized Framework of Multi-Level Multi-Type Knowledge Fused
Methods for Natural Languages
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Huawei Technologies Co., Ltd
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BRIESNERATISEEATOANS, BEARFESERNFEARBRA A world-class multi-level multi-type
knowledge fused deep learning
fundamental method for natural lan-
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Introduction BEMIRZEEFAENTR. B4
Natural Language Processing (NLP) is a cutting-edge research field in artificial intelli- EESERN R AR EmhEEEE

gence. Tsinghua University and Huawei Technologies Co Ltd. have devoted a significant
attention to research and establishment of the multi-level multi-type knowledge fused

source sharing.
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deep learning fundamental methods for natural languages in the past years, achieving FBENFTEX=RZIPkE, 2
internationally advanced and influential outcomes in academic innovation and open- 1‘275?&79;‘?:%5’\] %E—W%i%ﬂiﬂ%ﬁ
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This project addresses three profound ) R B = It
challenges: the insufficient ability of E : >%IZI
word-level embedding representations to B il
utilize linguistic knowledge comprehen- " ™ =
sively, the inadequate proactive aware-
ness of world knowledge by sentence-lev-
el language models, and the insufficient — +
ability of language models to deeply utilize
knowledge systems. A relatively complete ®© BARAEEHNZRANE TR
multi-level multi-type knowledge fused
deep learning fundamental methods for
natural languages has been established. [ [Document| BEEFE T iV B HER R HBEROHE World Knowledge N
This includes the word-level embedding Lovel |1 EERIIE.
method integrating multi-level linguistic A
knowledge of senses, morphemes, and » Sentence {é%gﬂﬁmiﬂm%w Metm&ﬁ}

: Multiple Levels | | Level | iz, FII(H. Multiple-Type
topics; the knowledge-enhanced sen- of Language ™| S s ™ Knowledge

tence-level language modeling through
entity embedding bridging; and the col-
laboration of language model and knowl-
edge system driven by multi-granularity
mutual attention mechanism. significant
bottlenecks restricting the advancement
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® Knowledge-enhanced Sentence-level Language Modeling Method ERNIE
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An internationally influential open-source system for the fusion of language
and knowledge
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Based on this algorithmic framework, we have released 4 open-source software on
GitHub, the most influential international open-source platform, constituting a deep learn-
ing open-source system for the integration of language and knowledge. This system has
garnered over 2,000 stars and has been forked more than 500 times, ranking it among

pace 004

the world's leading influences in the field
of deep learning for natural language
integration with knowledge. Notably, the
forkers include tech giants like Google,
Microsoft, Alibaba, Tencent, JD.com, and
Baidu. Our achievement has been suc-
cessfully implemented in Huawei Cloud,
serving over 150 countries and regions
with significant results (Currently, Huawei
Cloud holds the second-largest market
share in China and ranks fifth globally.
It serves more than 150 countries and
regions, boasts over 30,000 partners
worldwide, accommodates 2.6 million de-
velopers, and has listed more than 6,100
applications in its cloud marketplace,
making it highly influential on the global
stage).
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Comparison of ERNIE with Representative Organizations
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KnowBERT, released by Allen
Institute for AI (AI2)

" Microsoft 62 stars 12 forks
HittER, released by Microsoft
Research
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AEEMATENES SHIRRERTIFRIEX

A series of internationally recognized academic papers on the fusion of lan-
guage and knowledge

KAER 5 BARMEIEXERTEFRFERRRANZHNXE, Google
Scholar 51F# 2697 X (E&ERE5IA 1250 %) o : ANALRRRME
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AAAl =, HTIBEE SAIL LI ZE E4F Christopher Manning, ACL &=
BZAZEZ NLP #%& Yuji Matsumoto .

The five representative papers of this achievement have garnered considerable attention
from the international academic community, with a total of 2,697 citations on Google

Scholar, the highest single paper being
cited 1,250 times. For example, one of the
representative papers from this achieve-
ments stood out prominently in terms of
academic influence among over 660 pa-
pers published in the top conference ACL
2019. Li Fei-Fei, a fellow of the American
academies, pointed out in her significant
paper that our achievement had the best
performance in semantic evaluation at
the time. Tomas Mikolov, the proponent
of the renowned Word2Vec model, also
mentioned our achievement in his seminal
work. The team of Peter Szolovits, Fellow
of the National Academy of Medicine and
a professor at Massachusetts Institute of
Technology (MIT), adopted one of our
achievements, ERNIE, as the foundational
framework for their research. They fully
integrated it with medical knowledge
bases, resulting in the development of the
c-ERNIE medical model and the medical
domain intelligent question-answering
system M-cERNIE. Other notable citers
include Dan Jurafsky, a fellow of the
American Academy of Arts and Sciences
and a professor at Stanford University;
Hinrich Schutze, the chair of ACL2020
and a chaired professor at the University
of Munich; Christopher Manning, an ACM/
AAAI fellow and director of the Stanford
Artificial Intelligence Laboratory (SAIL);
and Yuji Matsumoto, an ACL fellow and a
renowned NLP scholar in Japan.
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Abstract

serve as a rationale for the answer. Further,
we also incorporate medical entity information
in these models via the (Zhang et al.,
2019a) architecture. We train our models on

Peter Szolovits
Fellow of the National
Academy of Medicine,

AAAI Fellow,

The American Medical
Informatics Association's
"Morris F. Collen Award of
Excellence"

Massachusetts —_— —
Institute of —_——— T
Technology -

In the BioNLP2020 paper jointly
released by MIT and IBM, they highly
praised ERNIE. They adopted ERNIE
as the foundational framework for their
research, fully integrated it with
medical knowledge bases, resulting in
the development of the medical c-
ERNIE and M-cERNIE, achieving
experimental results surpassing BERT.
The paper dedicated an entire chapter
to detailing ERNIE, mentioning it 17
times, and with the inclusion of
cERNIE and M-cERNIE, ERNIE was

referenced a total of 43 times.
Abstract

serve as a rationale for the answer. Further,
we also incorporate medical entity information

in these models via the ERNIE (Zhang et al.
2019a) architecture. We train our models on
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We incorporate medical entity information by
including entity embeddings via the ERNIE
Zhang et al., 2019a) architecture (Zhang et al.
2019a) and observe that the model accuracy
and ability to generalize goes up by ~ 3%
over BERT g, (Devlin et al., 2019).

3.2 Enhanced Language Representation with
Informative Entities (ERNIE)

We adopt the ERNIE framework (Zhang et al.,

2019a) to integrate the e -level clinical con-

ceptinformation into the BERT architecture, which

has not yet been explored in the previous works.

ERNIE has shown significant improvement in dif-
ferent entity typing and relation classification tasks,
as it utilises the extra entity information which is
provided from knowledge graphs. ERNIE uses
BERT for extracting contextualized token embed-
dings and a multi-head attention model to generate
entity embeddings. These two set of embeddings
are aligned and provided as an input to an infor-
mation fusion layer which provides entity-enriched
token embeddings. For a token (w;) and its aligned
entity (e, = f(w;)), the information fusion pro-
cess is as follows:

by = oW u" + WO +59) ()
Here hi; represents the entity enriched token em-
bedding, o is the non-linear activation function, W
refers to an affine layer for token embeddings and
W, refers to an affine layer for entity embeddings.
For the tokens without corresponding entities, the
information fusion process becomes:

Initially, each entity embedding is assigned ran-
domly and is finc-tuned along with token em-
beddings throughout the training procedure. The

© AR RHEE5|A

We incorporate medical entity information by
including entity embeddings via the ERNIE
(Zhang et al., 2019a) architecture (Zhang et al.
20194) and observe that the model accuracy
and ability to generalize goes up by ~ 3%
over BERT g, .(Devlin et al., 2019).

32 Enhanced Language Representation with
Informative Entities (ERNIE)

We adopt the ERNIE framework (Zhang et al.

20193) to integrate the entity-level clinical con-

cept information into the BERT architecture, which

has not yet been explored in the previous works.,

ERNIE has shown significant improvement in dif-
ferent entity typing and relation classification tas

as it ut s the extra entity information whi
provided from knowledge graphs. ERNI S¢S
BERT for extracting contextualized token embed-
dings and a multi-head attention model to generate
entity embeddings. These two set of embeddings
are aligned and provided as an input to an infor-
mation fusion layer which provides entity-enriched
token embeddings. For a token (w;) and its aligned
entity (ex = f(u the information fusion pro-
cess is as follows:

by = oW u) + WO +59) ()

Here /i; represents the entity enriched token em-
bedding, o is the non-linear activation function, W
refers to an affine layer for token embeddings and
W, refers to an affine layer for entity embeddings.
For the tokens without corresponding entities, the
information fusion process becomes:

hy = a(W w4 0) @

i

Initially, each entity embedding is assigned ran-
domly and is finc-tuned along with token em-
beddings throughout the training procedure. The

ypical C

ERNIE architecture would be applicable to the
model even if the logical forms are not available.
context. We fine-tuned these entity embeddings
along with the token embeddings, as opposed to
using learned entities and not fine-tuning during
downstream tasks (Zhang et al., 2019a). The archi-
tecture is illustrated in Fig 2.

«BERT

CERNIE

MechRN
icalBERT (¢BERT) o
use cBERT as the multi-head attention model for
getting the token representations in ERNIE. We
refer to this version of ERNIE, with en
MetaMap, as NIE for clinical ERNIE.
nal multi-task learning model, incorporated with
an auxillary task of predicting logical forms, is
referred to as M-cERNIE for multi-task clinical
ERNIE. The code for all the models is provided at

cERNIERFF BB EEF &
%Fan{aT{s FFERNIE#4T T it ER

ERNIE architecture would be applicable to the
model even if the logical forms are not available.
context. We fine-tuned these entity embeddings
along with the token embeddings, as opposed to
using learned entities and not fine-tuning during
downstream tasks (Zhang et al., 2019a). The archi-
tecture is illustrated in

Model

CBERT

ERNIE 529 %

M<ERNIE AT (T 7186 (v605)
icalBERT (cBERT) (Alsentzer et al., 2019). We
use ¢cBERT as the multi-head attention model for
getting the token representations in ERNIE. We
refer to this version of ERNIE, with entities from
MetaMap,
nal multi-task learning model, incorporated with
an auxillary task of predicting logical forms, is
referred to as M-cERNIE for multi-task clinical
ERNIE. The code for all the models is provided at

The open-source repository for cERNIE
provides specific instructions on how to
use ERNIE.

Training
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Hierarchical Content Perception of Visual Media
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image-level . object-level pixel-level pixel-level

multi-object position coarse-grained fine-grained
perception perception perception perception

From coarse to fine, progressively refining layer by layer

@ Theoretical and Practical Approaches to Progressive Hierarchical Visual Content Perception: From Image-Level to Object-Level to Pixel-Level

JERIZBARF
Beijing Jiaotong University

AL

i i Nankai University
Nankai University
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Introduction

Simulating the cognitive mechanisms of the brain to achieve efficient and hierarchical perception of visual content remains a formidable
challenge in the field of computer vision. This project explores how to endow computers with the capability for hierarchical perception.
The series of research outputs have amassed over 6,000 citations, playing a crucial guiding role in the subsequent evolution of related
domains.

FTERZA T AR B0 Y% 4R 51 RN IE IS FIRZR 5 =

The project has developed a progressive theory and solutions for visual perception, ranging from coarse to fine-
grained levels
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IRRBAFHFEAEEAEBANNEARFEETELR=R
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BRME, MAEEREGER, GRI2MAER], LNWNEHAS" WRTIRE-,
FTs RBEMANR BIERGE LMARA. MERUBRA. GERMEN
B, GELANERAE., 8 RARMILXMRY LRI ERINLEA
T/ = E, Google 5|8 6000 %k, FRUXAZEMRAHABENR
HAFF IR MR R &%,#ﬁﬁ%ﬁﬂ%F#ﬁ%Eﬁ%%ﬂﬁﬁ%o&%
BITERRREENR 100 ZUEFRBSS5BFIEMNS (IEEE
Fellow) BIXE, BHRAIENREEIIEEEITT L1234 ﬂﬁ_ﬂ)u%EML

The Digital Media Information Processing Team at Beijing Jiaotong University, in partner-
ship with the Media Computing Laboratory at Nankai University, centered their research
on hierarchical content perception in visual media. The initiative delves systematically
into the theories and methodologies related to hierarchical perception of visual content,
establishing a progressive framework that spans from image-level and object-level to pix-
el-level perception, both in coarse and fine-grained resolutions. This research addresses
a series of questions such as "What objects are in the image? What pixels constitute the

B £ MBS

What objects are

DS RR R ENE

object? What categories do these pixels
belong to? How can these categories
be further subdivided?" The scope of
the research encompasses image-level
multi-object perception, object-level spa-
tial perception, pixel-level coarse-grained
perception, and pixel-level fine-grained
perception. Eight seminal papers have
been published in international journals
and conferences, amassing over 6,000 ci-
tations on Google Scholar. Some of these
papers represent pioneering contributions
in their respective research directions and
have significantly influenced subsequent
developments in related fields. The work
has garnered attention from Turing Award
winners and over 100 IEEE Fellows. Ad-
ditionally, some of the technologies have
been integrated as standard The capa-
bilities in hundreds of millions of Huawei
smartphones.

A

How are the categories

Which pixels belong to | What category do the pixels
the objects?

belong to?

3 § [ person, light... o
4] TR Y Image-level Object-level Pixel-level Pixel-level
St iR REIEHER ® B coarse grained Fine grained
—) 75 refine layer by layer
@ IBTLHAIAR 532%%%\_&‘_1@@'&7 ‘Bl A AR, YiErE @The research outcomes from the project systematically address

AR, GEEAE, XNUWARD" X—RIITEMN

LT R SRR BB 7] R
subdivided?"

FHRRERT FRABRRUMREANTERESHRTEREK, (R
TR RAAR LR

The research clarifies the intrinsic connections among various hierarchical
tasks in visual content comprehension, thereby fostering the advancement
of studies in visual perception

H%, HEGABAREE, HEFARRETTEGLE5RHHE
ZIENRTERE, FHRT SN “BEOR - BHEH - 2BME
MABIERIER, $EXBNESHENS BXBATS, B
T % RUBAE S ISR ES (O

HR, ENERBARE, 207 FERRSINEGTNEEEQ
ERNNEMIZ, BT SRESESNSTMAES, BET TR
REESEIMES, T s, A ams BRI

fundamental questions in computer vision research, such as "What objects
are present in the image? What pixels make up these objects? To which
categories do these pixels belong? How can these categories be further

—HHll, FERERFMRER
MEE, BT TERKENERR
MM EBENNEXE, IBET R
B - BERAEXT I BITE&ER, 18
BTREINBEXMEERRTEIEG
RRMEIRESR, TR T —RYIHE
ﬁ%h&?ﬁﬂghxﬁ%@m;

=E, PH—FH, THRER
MHERANEE, BRTEGLET
XEE. BNHRERIERIASHAET
= EXT BRI E 5 R KR RN R0
I8, WETHSEMNRFAEEN
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Firstly, at the level of image-based perceptual understanding, the research outcomes
elucidate the intrinsic correlation between global and local image perception. A con-
ceptual framework, termed ‘Image Decomposition-Local Perception-Global Fusion®, was
introduced. This framework transforms multi-class perception tasks into multiple sin-
gle-class perception tasks, thereby successfully overcoming the bottleneck of insufficient
training samples in multi-class perception endeavors.

Secondly, at the object-level perception layer, the study uncovers the mechanisms by
which hierarchical features influence the detection of object pixel locations within images.
A multi-scale feature fusion architecture with short connections was developed, mining
the complementary information from different hierarchical features to form a structurally
coherent and detail-rich object localization map.

Moreover, at the pixel-level coarse-grained perception layer, the research reveals the
intrinsic relationship between image-level semantic information and object localization. A
computational paradigm, dubbed "Recognition-Erase Adversarial," has been proposed.

|

TEME BERB

HBNISHNBSFESE

© HWRARUBRAN/LNRBED, RRAAEEHRRTEGESYERA. MERUE
BAH. GREPERERMNMGREMUERAN, R T ARBRAARKANEKE
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|
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@ Addressing several pivotal issues in hierarchical perception, the research team has intensively
investigated image-level multi-object perception, object-level spatial awareness, pixel-level coarse-
grained perception, and pixel-level fine-grained perception, thereby substantially advancing the state-
of-the-art in visual perception research methodologies

pace 010

This paradigm constructs an inferential
framework for transferring class seman-
tics from the image level to the pixel level,
leading to a suite of theories on coarse-
grained semantic segmentation, even with
imperfect annotations.

Furthermore, delving even further into pix-
el-level fine-grained perception, the study
unveils the impact mechanisms of image
contextual information, high-resolution
features, and edge detail on fine-grained
pixel class perception. A framework for
the fusion of complementary perceptual
information at the pixel class granularity
has been established, resolving the novel
challenge of semantic class confusion
among adjacent pixels at a fine-grained
level.

Lastly, at the pixel-level fine-grained per-
ception layer, the research uncovers the
mechanisms by which image context,
high-resolution features, and edge details
influence fine-grained pixel category
perception. A framework is developed
that integrates complementary perception
information for pixel category refinement,
addressing the new challenge of easily
confused adjacent pixel fine-grained se-
mantic categories.

R AR 3% 6000+ 2 51H,
BIEERREEFER100Z
IEFBS5HEFIEMIE
&1 (IEEE Fellow)

The work has garnered over 6,000
citations on Google Scholar and has
been recognized by Turing Award
winners and over 100 IEEE Fellows

B RPN 8 EHR
MIEXBE T CMU EEXETRRS
REAR. BAEZE—RARNEH
[2XAE, HRITERRRE
Yoshua Bengio #1 100 % fi IEEE
Fellows BY5| B, £ Google &
516054 %, TENMMRES X
Marr 18 F. I L7 R EXFBIE
T %P8 Luc Van Gool g R H &
fEEBEHE IEEE CVPR W T 1ERE
AIMBERRATHRABEEEN D
EfESS, FEIET HE CVPRLID
= E M T E; IEEE Fellow Bernt

Schiele #IE M HEEETEE IEEE CVPR £INE R B Cityscapes XEHF
NMAMEMWRR “BRT ARFEAGEIRE THBEX D ER Z!KIHET
EGRIFBM A BN EEERA G PASCAL #iEE FE /G MEER T
3 90%+; TERRMIIERA T EAIRLRTIX 2018 IEEE CVPR LIP 2T
BARBAUBTEENTEE,

The project's achievements, encapsulated in eight seminal papers, have garnered
widespread attention from premier American institutions such as Carnegie Mellon Uni-
versity, as well as leading research organizations like Google and Tencent. These works
have been cited by Turing Award laureate Yoshua Bengio and over one hundred IEEE
Fellows, accumulating a total of 6,054 Google Scholar citations. Luc Van Gool, a Marr
Prize recipient and professor at ETH Zurich, along with his collaborators, employed the
project's findings to address weakly-supervised semantic segmentation tasks in their
work presented at the IEEE CVPR conference, subsequently clinching the championship

Y'Mf?m—d,.‘&w—— P! (o #
DT Wikl 048 [T WMM’M‘

"t place Award

1** Place Award i

® ZARINBMEXEARTE 2018 IEEE CVPR LIP EFfFREHIRFAE A SR EMRTEE (£
NE G AR AR B 2 AR A RS RAT SR

in that year's CVPR LID competition. IEEE
Fellow Bernt Schiele and his co-authors,
in their renowned Cityscapes paper at the
IEEE CVPR conference, lauded the proj-
ect for "exploring semantic segmentation
research under various forms of weak
annotation." The project's contributions
to image-level class perception have for
the first time elevated performance met-
rics to above 90% on the internationally
acclaimed PASCAL dataset. Moreover, its
advancements in pixel-level fine-grained
perception secured the championship in
all fine-grained human parsing tracks at
the 2018 IEEE CVPR LIP competition.

™ WEE, RASIATEENEABR. %

@ The technologies developed within this project triumphed in all human body part parsing tracks (a total of three) at the 2018 IEEE CVPR LIP international
competition, thereby significantly pioneering subsequent research in single-person image, multi-person image, and multi-person video human body part

parsing
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«.5G Mobile Communication System
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@ Research on High-efficiency Mechanisms in 5G Mobile Communication System

e AL

Huazhong University of Science and Technology

RO

Singapore University of Technology and Design

E1H

XTI EATAY 5C Be MR, TEAEM 56 BEEESAHMRM, &
RN LU S BRI N F IR A AR, RT 56 MR
FERMBIIAERL, RET 56 BohBERS=ERIEILE R,
Introduction

In response to the current challenges in 5G energy efficiency, the project team tackled
highly challenging issues related to 5G ultra-dense cellular network architecture, base
station topology theory, and high-efficiency low-latency access. The team successfully
addressed the optimization challenges of decoupling energy efficiency in 5G networks
and proposed a theoretical framework for high-efficiency 5G mobile communication sys-
tems.

5G SREMSE LY

High-efficiency Mechanisms in 5G Mobile Communication System
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For the first time,the achievement unveiled
the interplay between energy efficiency
and throughput saturation within 5G's new
ultra-dense cellular network architecture
of 5G. It introduced an innovative dis-
tributed ultra-dense network architecture
solution, resulting in a two-order-of-mag-
nitude improvement in energy efficiency
when deploying 5G base stations in an
ultra-dense network. Additionally, by
incorporating Markov chain models and
functional utility functions, the project suc-
cessfully addressed the multi-dimensional
nonlinear decoupling problem, enabling
the coordinated optimization of energy
efficiency in mobile communication net-
works from local channel optimization to a
global spatiotemporal dimension. This ac-
complishment was honored with the 2022
IET (Institution of Engineering and Tech-
nology) Global Engineering and Technol-
ogy Innovation Achievement Award.

WLz R IE e S — M B REHL IR
PR S5 RS R B R R A
BmME e REEM M ILNE

Utilizing functional theory to unify
the random topological character-
istics of networks and the Markov
chain properties of traffic flows for
the construction of a global network
efficiency optimization mechanism
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@ Spatiotemporal Network Schematic lllustrating Macroscopic Random Topology Distribution Scale and
Microscopic Dynamic Business Service Scale
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Firstly, the achievement uncovered the saturation effects between the spatial density of
5G base stations and network throughput and energy efficiency. It shattered the long-
held belief that cellular network throughput/efficiency increases with base station density,
which had been established for nearly half a century. For the first time, it revealed that 5G
cellular networks operate as density-constrained wireless communication systems. The
system elucidated the architectural mechanisms affecting energy efficiency and through-
put, introducing a distributed ultra-dense network architecture that received recommen-
dations from international telecommunications industry organizations. This has had a
significant impact on 5G network deployment and performance optimization. Secondly,
the introduction of Markov chain models and functional utility functions successfully tack-
led the multi-dimensional nonlinear decoupling problem in network energy efficiency. It
provided a new theoretical foundation for the global coordinated optimization of mobile
communication networks. This theoretical framework has not only made important con-
tributions to the academic community but has also been applied in practical products,
driving the growth of the mobile communication industry, and generating billions in sales
revenue and profits. Lastly, the proposal of the massive fractal multiple access mecha-
nism significantly improved energy efficiency, throughput, and reduced average access
latency in 5G Internet of Things applications. This innovation provided a crucial theoreti-
cal basis for the application of 5G 0T in smart cities and other fields.
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The theoretical achievement has been awarded the Best Paper by a presti-

gious international communication authority and the 2022 E&T Innovation
Award presented by IET

B 53 A SR B9 A 2R 1 18 ST E B s 15 A0 ) 48 SRS A B A T 1 R %
HAE-—RRXRITENIEEEBEEF2AERELX, 5—RRE
EfE/FIEMBMERELENR. XERXTEESRFEASIBARRR
TERAHTROSIARE, #—FHIETHEZFARNEEML
EFRBEITIAR (56 Americas) #EFZMTMR AT —RESREER
FHE, RPHET 56 BEIEMFRMEMKERNAE . 1o, HRERA
RBRT7T2XENER 56 BREMMMNERKBEISE R E R BEKEmME
RE, ZIERREREEMRBERKE (1TU) SG20 2MHEL T, X—1n
EREH—TIERT ZM AR EERF AR MAAEE, K
FBERANRBIRETENXE, HEN2KBERAMEZ TR
AR R
The representative papers of the research achievement have been published in presti-
gious journals in the field of international communications and networking. One of these

papers was selected as the IEEE Communications Society's Monthly Best Paper, while
another received the Best Paper Award in the field of backhaul/front-haul networks.

BV ™™
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The IET
Premium
Awards 2017
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These papers have accumulated thou-
sands of citations in Google Scholar,
further affirming their significant standing
within the academic community. The In-
ternational Telecommunication Industry
Association (6G Americas) has recom-
mended this research achievement as a
next-generation cellular network solution,
highlighting its forward-looking nature and
practical application potential in the field
of 5G communications. Additionally, the
research team submitted the world's first
federated learning reference architecture
proposal for 5G smart cities to the Inter-
national Telecommunication Union (ITU)
standardization process. This proposal
has received approval and initiation at
the ITU SG20 plenary meeting. This stan-
dardization proposal further demonstrates
the positive impact and forward-looking
nature of this research achievement within
the international academic community,
providing strong support for the develop-
ment of future communication systems
and having profound implications for
global communication technology and
smart city construction.
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Research and Application of Key Cellular Vehicle-to-Everything
(C-V2X) Technologies
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@ C-V2X and Vehicle-Infrastructure-Cloud Cooperative Applications
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National Engineering Research Center of Mobile Communications and Vehicular Networks Bl TigiRrrhim
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Introduction
The team of Dr. Shanzhi CHEN from CICT/Datang proposed LTE-V2X technology in 2013 for the first time in the world. The first V2X
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communication technology integrating
cellular communication and direct com-
munication was innovatively introduced,
which establishes the technical routes of
C-V2X (Cellular-V2X). The team has de-
veloped the world's first commercial C-V2X
chipset, automotive-grade C-V2X module,
OBU (On-Board Unit), RSU (Roadside
Unit), and test instruments. These devices
have been widely deployed and applied
in industrial practice. All these efforts have
promoted to form the relatively complete
C-V2X industrial ecosystem.

RS C-V2X FEEME (S
XBEAR, LIMENESTE
RRBEKAFERBRE, C-V2X
B E R ERT

Breakthroughs of the key C-V2X
technologies have been achieved by
the project team to realize low-laten-
cy and high-reliability, large-range
and high-bandwidth communica-
tions.C-V2X standards have become

the mainstream international V2X
communication standards

XS EX B (E S M B R B
W BEXNREIRE. TLEE
MRERRI TSR, RESE
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A EREHIFRET THESI KR
AT E. BREKW RGN
S5hEERGEFFMERA, &
C-V2X Z=BX W8 {5 BT PJ SS TR A
SHRLEEERE, XAKAK

SR KHERZEERBRS.

V2X communication faces the technical
challenges such as high-frequency multi-
ple transmissions and receptions, random
and burst communication peers, and
complex and fast time-varying wireless
propagation environments. The inno-
vative technical mechanisms were pro-
posed, including the distributed wireless
channel access control mechanism, the
interference control and frequency shift
processing mechanism, and C-V2X sys-
tem architecture and cooperative control
mechanism. Both the short-range informa-
tion exchange among vehicle-to-vehicle,
vehicle-to-infrastructure and vehicle-to-pe-
destrian, and the remote information
services between vehicle-to-cloud can be
achieved.

n
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@ C-V2X System Architecture and Access Control Mechanism

2015 745, B HBABKERETE 3GPP FIE C-V2X EPrir &, 1B
AMEBKEIREAN, FEA 29 TIATERIE.
Since 2015, the team of Dr. Shanzhi CHEN from CICT/Datang, worked as the rapporteur,

has been collaborating with relevant companies to complete the development of 29 stan-
dards in 3GPP.

NGMN #1 5GAA %IBTW@VH % RE £ B AN 32 B8 BRI 2R

B, C-V2X 7ERYE. AI & B ’*%‘éﬁﬁ@@“? DSRC (IEEE

802.11p) AIZEHE R, Eﬁu, C-V2X Eﬁ%%\mﬂl EEFHEEZKA, KR
FEmEBRMR

International organizations such as NGMN and 5GAA have conducted performance eval-
uation using simulation and real road testing. The results show that C-V2X outperforms
DSRC (IEEE 802.11p) in latency, reliability, and transmission distance. Currently, C-V2X
has been adopted in many countries such as China and U.S., and has become the main-
stream international standards.
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@ C-V2X Has Become the Mainstream International Standards
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BH SIS SE C-V2XS R MRS, Tk, NS ENUENA , XM ER B HFE , #EE) C-V2X
[ | %195

CICT/Datang has developed the world's first commercial C-V2X chipset and devices with large-scale applications in
vehicles and roadside infrastructures to realize Vehicle-Infrastructure-Cloud Cooperation and promote the C-V2X
ecosystem

AERE AR, T R RSAERSIE C-V2X SR EMEZEA. LiFigE (0BU) « BMI&E (RSU) |
MR KR do

Based on the research results, CICT/Datang has developed the core C-V2X devices and released the world's first C-V2X chipset, auto-
motive-grade C-V2X module, On-Board Unit (OBU), Roadside Unit (RSU), and first domestic testing instrument.

TERKHRREPELSERNLPEF 548 #F, 436 K ETSI (MNBEMELDSR) KRENETT
HEREEF,

CICT/Datang has achieved 548 C-V2X related patents granted respectively by China, the U.S., European countries, Japan, and the
Republic of Korea, and 436 of them were declared as standard essential patents by ETSI (European Telecommunications Standards
Institute).

PEERTARHE R AR C-VX P ES. C-VIX FARERR. R, 5. BRESRELLY
FIESS =1
CICT/Datang plays an active role in promoting to form a relatively complete ecosystem of industrial chain. The factory-installed C-V2X
devices for mass production have been available among global OEMs (Original Equipment Manufacturers) such as Ford, Audi, SAIC,

MHEAEC-V2XE Hiﬁhﬁﬁ ?&zﬂ?‘ﬂkr‘ﬁ%

...*. {
: ¥ Ew
BB BTEARA BRI
E e tl
BWC-V2Xi& K o Eﬁﬂﬂu% *(&RSU> )
+-40~85° =R ESERE, 5000k 5 A RERL
cEFETP BRI ggjmﬁﬁfﬂﬁwf WEAZ
WL (EHEREDE -30B Pk T ismae, B HER N
160404 - MBS tRRADEREY HRAE
. m BEEY
(. J
| J
BRRLGH
- ZeBR XA
» 8% SM2/ECDSA=4000/s T-!; [ ==
- ReTFE M. CAERS [' - BB ’

mEeus~ I RerE, &
CV2X RBEEEEBMNAR R 2L
BN, FEREFEREMAESX.
BREMBAENNTER R “WE”

® REEHR C-V2X RIS
@ Series of C-V2X Devices of CICT/Datang

tations, and smart parks. The significant economic benefits have been achieved through
the above deployments and applications.

HRWm zaE, TEESRE. NO.1 HiSER
BEDE REERSHEELN —— . &
JRIX 5k EABREERRES | ShE—M. KR BT
B, B8 T MREF M. R S ENO.L SR, TRSESELA
Collaborating with C-V2X industry, CICT/ HMETIer I ERR
Datang supports large-scale C-V2X
interoperability testing and security ver-
0%+ 3
ification activities. The C-V2X devices of 80% Pl P
CICT/Datang have been widely deployed @l «d
in National Pilot Areas, National Intelligent EEApolloBFB/HE |1 s EXG5021EMEE
. BIV2XEA T B G & = AR R
andlConnected Vehl|cIeSA(lICV) Demon- &, anmEeamE [ THEELEE
stration Areas, and Pilot Cities of ICV and W, RSUSESRLE RS RAME, RERE
Smart Cities in China. And they have been
applied in the typical scenarios such as ® FEER C-V2X Pk B

smart expressways, intelligent transpor-
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@ The C-V2X Industrial Applications of CICT/Datang

NIO, etc.

#H=BRI, EEGH/IREREERT 7 C-VXpixE
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® C-V2X mideE =R
@® Mass-produced Vehicle Models with Factory-installed C-V2X Devices

&IE C-V2X R, BERSEERHEHERZHMERRAR,
e ES B W HEEAR

Relying on C-V2X technology, cross-industry collaboration forms and pro-
motes the vehicle-infrastructure-cloud cooperative system, empowering the
transformation and upgrading of the automotive and transportation indus-
tries

EREB. B, WERLEELLEBRHFN. EEAEET
B, CV2X ERMAIRMNTE. soUREFREHERNS, BRREEE
MECSEMEZ BB~ W T E, HEEERME TAE B BESH T,
Due to the performance advantages in low latency and high reliability, C-V2X enables the
electrification, intellectualization, and connectivity of vehicles, as well as the digitalization
and informatization of transportation infrastructure, thereby effectively empowering ICV

and Intelligent Transportation System, and historically integrating automotive, transporta-
tion, communication and other industries.

CV2X KR A - & - B8 - zlal Bk, RABRR2. &
RIEME. FRRRREFE, AN ERNT A LT RER, BT, C-V2X

58 ERERERS, BRNEK
K. ORI ERIBES, (BHEEK
BOSE. B8, EEHNHAE,
HEIRKBITRS T, MEFAHY
B2 B IR,

C-V2X will provide the basic connectivity
capabilities among vehicle-infrastruc-
ture-pedestrian-cloud, improve road safe-
ty and traffic efficiency, reduce energy
consumption, and leverage V2X platform
economy. At the same time, the deep
integration of C-V2X and the on-board in-
telligence will enhance the capabilities of
cooperative perception, decision-making
and control, promote the development of
ICV, ITS, and smart cities, drive the trans-
formation of future mobility services, and
foster a new ftrillion-level market.
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© C-V2X EEX MR EEE R RIRE S U

@ C-2X Empowering Vehicle-Infrastructure-Cloud Collaboration

Bai, PEERERE. KBEX. K=FA. AXER T S M ERMLER, MEEHERs—ERKRR.
EEEREXRENZ (TS America) &% V2X EITR, IIRLEBEMELE B, CV2X TR EREEK
MiEfERAR, |2 ZNA.

At present, China has formed a number of V2X industrial clusters in the Beijing-Tianjin-Hebei region, the Greater Bay Area, the Yangtze
River Delta, and the Chengdu-Chongging region, accelerating the development of vehicle-infrastructure-cloud cooperative system.

Moreover, the ITS America released a V2X deployment plan to accelerate large-scale nationwide deployment in the U.S. C-V2X has be-
come a mainstream V2X communication technology around the world and has been widely deployed.

TEEIPASI 4% C-V2X iR 8%, k& C-V2X ERIEXZRE,
hRALSFEED C-V2X R EE, EEMR~ERERM

The team of Dr. Shanzhi CHEN from CICT/Datang has led the innovation of
C-V2X technology, published several C-V2X classic papers, and published
the first C-V2X monograph in Chinese and English, which has far-reaching
influence in the world

RRSCIWBEFZREX TR, HF3E CV2XLHIL XN ETIH
Popular Article (Top 50), 2 B ESI #5118
The team of Dr. Shanzhi CHEN from CICT/Datang has published a series of C-V2X relat-
ed SCl-indexed papers, and the most classic three ones have become popular articles

(the 50 most frequently accessed documents) of journals and two of them have been
included as ESI highly cited papers.

HAREPREEEREERW (C-V2X) BE, RANA C-V2X BARE.
PV SEER. IEEE VTS (Vehicular Technology Society) XFEIEM: “X
BEMFLE—KCVXERETE, CVXEZREBNNERNTLBER
7&” o
The world's first monographs dedicated to C-V2X were published in both Chinese and
English, in which the technical principles and industrial practices of C-V2X technology
was systematically introduced. The English version of C-V2X monograph was recom-

mended by IEEE VTS (Vehicular Technology Society) as "This is the first book dedicated
to C-V2X, which is the most promising wireless communication technology for V2X com-

munications and has become an essential
enabling technology for Intelligent Trans-
portation System (ITS) and Automated
Driving".

Bram 5 SRR,
ESSEREERMAE B, i
SRR REREE, BIF-FHA
FRIZINA,

Collaborating with industry, universities
and research institutions, the team of
Dr. Shanzhi CHEN from CICT/Datang
has formulated a series of C-V2X related
whitepapers, roadmaps for industrial and
technological development, which have

been widely recognized by both industry
and academia.
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@ C-V2X Monographs and Industrial Whitepapers

pace 023




HE DY EERRIEREH R

aussDB: ozl iURERE

GaussDB: Distributed Database

=mAUA. B2, . FHE. S8

Availability, Security, Performance, Scalability, Intelligence

20+EARR | 2000+ AAzae N | 700+mEs | 8O+EMIRERSIEY

© VRS HINEIER GaussDB, A&ESEE, BAA, B R, B8k, BRERANS, ZREWVKFHREY, ZEEERTED
KEEEAHTIL

@ The enterprise-level distributed database GaussDB features high performance, high availability, high scalability, high intelligence, and high security,
supports digital transformation of enterprises, and covers 14 fundamental industries in China
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BEXRE
Tsinghua University

ERNFEARERAF

Huawei Technologies Co., Ltd

ERNTIHERABRAT

Huawei Cloud Computing Technologies Co., Ltd.

51

onf

GaussDB BRH MR FEM LB W R DB EEE, FRF—A
D IEIERE, GaussDB BT ZLEEQUHT, MIN T SMERE. SR A, &I,
SEE. BR2FXBEAMY, BREM. HEF TR, Bl
EIEFEEESR, XETTRUHFHER, MZESEETR. BUA.
FIESE TP ERKEEAMITIL,

Introduction

GaussDB is an enterprise-level distributed database oriented to digital infrastructure. As
a next-generation distributed database, GaussDB builds key technical advantages such
as high performance, high availability, high elasticity, high intelligence, and high secu-
rity through multi-dimensional innovation. It meets all-scenario and intelligent database
management requirements of industries such as finance, government, and enterprise. It
supports digital transformation of diverse industries, covering 14 fundamental industries
in China, such as finance, government, and manufacturing.

‘AR RBERARSFNNEHRERS LN, SR —1TER
it 3
"Five Highs" Accelerate Data-Al Convergence and Innovation, Providing a
Better Choice for You

BRI REEEPENTERSE:

The main innovations of this project are mainly concentrated in the following five aspects:

—RRE T HHRTENUNESBIERER, BETFOEEITE
Mo HAEENARAR. 2EBHITHRFRITHE AMESIHHESL
EBANE, KIBERA T HDHEADIEMNEE, AR R AKTE,
Firstly, breakthroughs in distributed query optimization and transaction processing tech-
nologies, and proposal of near data query processing, full-link parallel compilation and

execution methods, and large-scale distributed transaction processing mechanisms,
greatly improving parallel query performance and reaching the industry-leading level.

“RRWEZERSUABRNEA, RHHKEE RN FESE A,
FEENETHEEMENEENES “RPO=0" BX. EFHITARER
MRMZEAR, HEZ/. BEFIE™TER,

Secondly, breakthroughs in the multi-level HA (High Availability, HA) DR (Disaster Recov-
ery, DR) technology and proposal of the multi-copy HA that supports automatic detection
of faults, China's first intra-city dual-cluster "RPO=0" DR based on shared storage, and
remote multi-active DR based on parallel stream replication, meeting strict requirements
in finance and telecom fields.

ZRRWERETEFMEDBSEMEHRERA , RITREEAL.
HEWEIE , WRNEET R BN S TRV ET R LS,

@) rAErs

& )
Tsinghua lmuom(\

V2 HUAWEI

Thirdly, breakthroughs in cloud-native
computing-storage separation and elastic
scaling technologies to implement re-
fined and shared resource management,
second-level storage node scaling, and
elastic computing node scaling without
affecting services.

UEp s % 6 MR A
AR, f2H ABO ka3, KIMEH
Bt SRR ERERREA; &
HER A RIS SHIE, 146
' 1018, MEMIEEERITH
Ta, BHRENEEEER,

Fourthly, breakthroughs in the intelligent
optimization technology of databases
and proposal of the ABO to improve the
accuracy of cardinality estimation and
plan selection; proposal of in-database Al
model training and inference to improve
the performance by 10 times; building of
an autonomous database O&M platform
to improve the O&M and tuning efficiency
by 100 times.

RO MNEIEES H L
ZEREAR, SIFMRE2ESHE
IR, HEEFIBLIEBENBEAR S

, MRT 2REBREEER,
LA 2L EEFRIPRF R
T2,

Fifthly, breakthroughs in multi-dimensional
security technologies of distributed da-
tabases, innovative proposal of fully-en-
crypted data processing, anti-tamper data
processing, and autonomous security
control, and building of a full-stack Chi-
nese national cryptographic algorithm
system to protect user data security in all

aspects and throughout the lifecycle.
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P EEEGaussDB St R — M E kR

_RE

GC EAL4+
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T EEE foii
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LR Al-Native s
UstoroTP i3I8 S0LAuds  DBMInd
2 WERER E21 O/MySOLR FIEER R
© D EIERE GaussDB, AR —PMEMRIERE
Distributed GaussDB, a Better Choice
High security
CC EAL4+ the
High availability In:‘ﬁ'l‘:g:‘:::"m‘}’w High scalability
China's first 1000+ distributed
dllll{hi!lﬂ( Fully-encrypted database large-scale clusters
strong consistency Tampar-procd database
Du&mwwmmm On-ine cluster
Appication lossiess and transparent = scaling technology

High performance High intelligence

Industry-leading China’s first
innovative storage Al-native database
angine
Ustoee engine SOLAudE  DBMind
Easy deployment and migration
Lightweight Data compression Multi-tenant Full compatibility with

commaon OfMySOL syntax

@ Distributed database GaussDB, a better choice for you

20 REFIBETHEARR, 2000+ HIBFEZ AL L/, H
EHAKEENER 700+, REXEFRINZIEX 80 RiE, TSHE52IK
BARE TR 10 RI, FRIGREFEIN 20 R,

With more than 20 years of technical accumulation in the database field and more than
2,000 talented database developers continuously working in this field, the R&D team has
obtained more than 700 authorized patents, published more than 80 papers at interna-

tional summits, led or participated in more than 10 global database industry standards,
and won more than 20 honors or awards.
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REklBEEEMEMIRTTER, GaussDB REBITH
REEEIEK, MZBESERTI U

GaussDB Runs Stably and Continues to Grow Rapidly After Rigorous Tests
in Enterprise Practices and Finance Scenarios, Covering a Wide Range of
Key Industries

FEEtE. 5UH. R B8k BREERANBRZE
E. HIBERR, GaussDB B/ M ZBEERM. BEFHAXBEEMT
W, HEARMNA, FEEESEEEFNEBHa1CTT, EE/RRE
IDC AMEBRELRIEETHNHIE—, 2HE—REIIEEEERR
BRZE WA B, ERREMNETEESE 8%, HA, EHEHR
B4 2MHE L4 GaussDB, R\ SH E4 6000+ E, HIEEEMER
H6PB, RS 412 +LXURAF, EMIEIT dk ERP W SSH EEL 600 &,
ZRERWEREMISHBEE, WSAIBMEBIIBR SR 10X UL,
TZEBNE, 2XEEIRHE, BE2K 100+ ER. FEER TR
REURTTH 5 Rik#F GaussDB IENEBHIEER L, PEEE G KIE1T
R+ GaussDB SHBIIEREU R EINES RPO=0 KA LA 2IKER RS
HE217 70+ WS WA, BHRITA B. C. DEXIS; FEHE
ERTTETF GaussDB #ERE, 2T ETH—RPALSZLRSE, B
MRIEEERS, WEBMUEMHE. EMRORSETEEFRD, NL1T65
ZNANEBF, 4 A MSIREHEY 2012, BB 6.7 5% /PR ZAE
VAR
With technical advantages such as high performance, high availability, high flexibility,
high intelligence, and high security, as well as easy deployment and migration, GaussDB
has been widely used in 14 fundamental industries such as finance, government, and
enterprise. The large-scale application of GaussDB generates direct or indirect econom-

ic benefits amounting to tens of billions of CNY. GaussDB has ranked No.1 in China’s
IDC local database market share six times in a row, and is the world’s only cloud vendor

to be named “Voice of the Customer”
Voice of the Customer for Cloud Database
Management Systems, with a customer
satisfaction and recommendation rate of
98%. Huawei has launched and deployed
more than 6,000 instances of GaussDB
in device cloud services, managing more
than 6 PB data and serving more than 400
million end users. In addition, 600 instanc-
es of GaussDB have been deployed in
business process & IT enterprise ERP ser-
vices, overcoming the challenges of the
most complex enterprise services. Com-
pared with old systems, the service pro-
cessing efficiency is improved more than
10-fold. In telecommunications, 300,000
instances of GaussDB are deployed glob-
ally, covering more than 100 countries.
Five of the seven largest state-owned
banks in China have chosen GaussDB as
the main database. Based on the excel-
lent performance of GaussDB and the in-
tra-city dual-cluster “RPO=0" technology,
China’s state-owned Bank G has launched
the global credit system and applied it
in more than 70 services, covering four
service classes: A, B, C, and D. Based on
GaussDB, Postal Savings Bank of China
(PSBC) has built a next-generation core
system for personal banking services to
easily support massive transactions. The
system provides capabilities such as elas-
tic scaling and financial-grade availability,
serving 650 million individual customers
and enabling 40,000 branches to process
2 billion transactions per day and 67,000
transactions per second in peak hours.

GaussDB ZHREUERE, MEFEEHR G KITRUXBRAFSHRNE

B ERRNERFEETR, WEE ARSI TR, WS RN,

TSRO, RO RASTAMSNERREMSLE, CAOTREEFTIEY, MRSHREEE,

IR SRR HEESGATTISRR por
HOEMAE ERMSMGE SNl CRM/ERP/OA 20min = ®E
® HMBWRR (SEURTRE)  (SES) KRR BHE)  (GEL2anm) AEMEATISRAITRE
EEmMSRMWESHEEER, € 0 =+ 3s
SRR REE 1 ' BT
i " g \ "\ WAZRE: RPO=0. RTO<60s
@ RERMERATH P emormm * g (RROORAE A team )| ABERH R
= T R T S e T s e mp s e e PB
g%gﬁggiﬂﬁiﬁ_ /j'/g\"“\ ™ wnbn -
| ABE=) \I e ﬁﬁ?*g fos:
OEISRAAMWTHWILLE o e/
(MR, BENSRE BRIREHT GTM-Lite3To=Cigs LS £LTH
WS ERERE Numa-Awaretlar e PRl cuSkATSRE SUE - BE
R EEE eI’ SRETLTR RO

® GaussDB R iERE, MEPEEE G KITZORZRADHANE
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GaussDB Distributed Database Accelerates Distributed Reconstruction of Core

Transaction Systems of State-owned Bank G

Mobde Internet has changed - Mew gles and the new normal have been financial

finance s ushering in a new era.

State-gwned bank G has been stepping up efforts to establish new distributed core systems and i jon for b et-based financial services.

Pain points and requirements Systems of state-owned bank G

Core transactions Internet finance Channel systems CRM/ERP/IOA
(1) Large capacity

: (distibated HA)  (Reads > Writes) (large capacity,  (Satibuted databass, HTAP)
Traditional centralized high cancumancy)
databases have struggled to e o o e mmmmmmmmm s mm e
scale fast enough to meet the ‘ / B cresh 2 b0 acviDn: =
mushrooming demands of ] f Hl, ‘-\ RPO =0, RTO < 808 e
Internet finance. ' =] S

i
{2) Financial-grade HA i

Financial supervision calls for
intra-city active-active DR
and geo-redundant DR,

Beijing (Xisangl)

GaussDB DR chister

(3) HTAP

Traditional databases are Musti-tayer ful salalle.l GTM-Lite distributed transactions  Full encryption

too slow to respond to NUMA-aware scheduling wpuitilayer mapped data shards  3DC geo-redundant DR

reporting and complex Linear scaling with Financial-grade
poriNg P Robust performance i e

queries, no downtime security and reliability

Superior performance,
even for high concurrency

20 minutes = Seconds
Reparing and complex gueries

100+ seconds wp 35
Responss lslency for cONCLTENt Fanssctlions

Large capacity and high scalability

B8 =» PB
Capacity of o single database

Offline  ==p Online
Node expansion
Security and reliability

Minutes s Seconds
Fault recovery time for a single data center

@ GaussDB assisting China's state-owned Bank G with distributed transformation of their core transaction systems
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@© GaussDB #iEEZEFEMH ESE RITH — RO REN HREIH K

PSBC launches a Distributed,Cloud-Native Core Transaction System with GaussDB

= =

R

L

Challenges of transforming core
banking systems into a distributed architecture

New-generation core unified query system
for personal banking services

Challonge 1: Capacity bottlenecks R sk e s s sgudtory sty
[ — (bt datsbane, WTAF}
Hundreds of terabytes of hstorical data and
hundreds of billlons of records per table
—] ; =
= RN, =
Challenge 2: High concurrency and low Befsgoct G . mengDcz
latency yy i)
Tens of ts in peak N —
i
| 300 DR chuvan
Fully parafel Multsdayer
Challenge 3: Financial-grade HA edurdancy
Fation

H high
reguiemants an RTO and RPO

18 bilion scoounts 850 milion usars

®

2 bilhon Wransachons. per day
Amazing user experience

Quarterly interest settiement

ou

cove T e
Online transactions 30% 4
Batch processing %t

Uttra-large storage: 500 TB

Long query range: 10 years

@ PSBC launching a distributed, cloud-native core transaction system with GaussDB
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Aggregating Industry Forces, Leading Technological Innovation in the Data-
base Field, and Building a New Prosperous Database Ecosystem

GaussDB MERARML HE, 7THEE T RBH2ENE UL =&/
W EME, AVIREESME. EedR. BRMANEIEER
SHK, MEAMEEN. RE2MIFEXBRERSI M= LOIIARE, A
WRMEEMR. BRENHIBERS. U ESHE, GaussDB REHIE
FEERBE AR, HRBAE—BHESAZ openGauss BRI, WE
BIBEFRBMX, EREIEELES. FR=ZAFE, BEERQHN,
WHAR R 7 NS, W3] 390+ BAIMNAK, i 5500+ BIEEFLES
S5xX5EE, 2RBEEEY 1500 517, 2K THEBIT 220 5, Bx
110+ BRFMX, + KX BMET openGauss #HHEIEER WL A 1T
WRzs, [HZzNBTHA. &5 BASERTIZ0R,

In terms of technological change, GaussDB fully utilizes advantages such as full-stack
collaboration between software and hardware, as well as elastic cloud infrastructure, to
provide enterprises with database service experience with higher performance, higher
reliability, and lower costs. New technologies, such as Al and security protection, lead
industry innovation and development, in addition to providing enterprises with better and

more secure database services. In terms
of the industry ecosystem, GaussDB fo-
cuses on making breakthroughs in key
database technologies, opens the open-
Gauss source code that provides the uni-
fied single-node or primary/standby kernel
to build an open-source root community,
and allows the database ecosystem to
prosper. On its third anniversary of being
open-source, openGauss adhered to
technological innovation by releasing sev-
en versions as scheduled, attracted over
390 organizations to join the community,
and contributed nearly 5500 database
developers to the community. With over
15 million lines of code, GaussDB has
been downloaded more than 2.2 million
times worldwide in over 110 countries
and regions. Twelve organizations have
launched commercial database releases
based on openGauss, which are widely
used in core scenarios of key sectors
such as government, finance, and electric
power.

openGaussiBAES KRR, MEHNREEMIZEITIL

2021.03 2022.03 2023.03
2020.06 2020.07 Release 2.0.0 2021.09 Release 3.0.0 2022.09 Release 5.0.0
o o] o o] [e] o] 0
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300+ Rk, BIRHBES NiEREEH T
F P Sy ¥ s . s ] -
woawer  HE 4% Jei casaERG o AR R EBMEERTA
e St et snix F & ez @ s
@samn T M,g:, SoarErs &M RERTRD EEB SERESHRS
) ) BERTAY. BT ERER SRR
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. : B misg R KIsnEsER
& GBASE o
’AIA%H;.'H! @' She= AR Qﬁm onss
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The openGauss Ecosystem Is Entering Critical Infrastructure Industries

2021.03 2022.03 2023.03
2020.06 2020.07 Release 2.0.0 2021.09 Release 3.0.0 2022.09 Release 5.0.0
o o o o o
Open source Technical committee Community council Distributed solution: Resource pooling
release in the First LTS release my Multi-scenario Data lifecycle management
establishment establishment
2019.09 community support
Open source announcement
2200,000+ 390+ 5500+ 110+ 49,000 15 million +
enterprises developers countries installations lines of code
Joint ecosystem construction with 300+ Accelerated adoption in core industry business
enterprlses and universities
e HuawE! *% Jeg)F  goessaemun G o (@ conavobie:pacout o
.
aane Paies DI % S PERERG Y et
ol pALAA jo] Cwo CHMA GG B
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® Aggregating industry forces and building a database open-source root community
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Building a Healthy, Robust Database Ecosystem for a Win-Win Future
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@ Building a new prosperous database ecosystem to provide a better choice for you
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Efficient Integration of Industry, University, Research, and Use, Stimulating
Innovation, Leading the Future, and Accelerating Database Industry Devel-
opment

EHREEFLVERBWRRMNI . EREHRBETLINLZFT,
GaussDB1ERHURBEF#HMEESR M, BAiE&EMT 6 & GaussDB
HXEM, ABIIOMERABREXARE, BERNEBEFRT3I9ASE
GaussDB #IBE AT, GaussDB AZAINIEHER, ?%JMET 8000+ %3
FEER. EFFEMESE, GaussDBIAHASER—REFEEBNT—
REBEXBEAEDRAR, BT “BAFRBE" SEEURBER
Ta, S2KMEER. ERFEERETBBENRRKLES M.

Talent is the source and driving force for developing the database industry. With the sup-
port of the Ministry of Education of the PRC, GaussDB is regarded as the key direction of

industry-education integration. Currently,
six GaussDB-related textbooks have been
published, and are used in more than 110
universities. 39,000 talented GaussDB da-
tabase developers have been cultivated.
The GaussDB talent certification system
has been developed, with more than 8,000
database experts certified. In terms of in-
dustry-university integration, the GaussDB
R&D team worked with universities to con-
tinuously research key technical problems
of next-generation databases. Through
cooperation and thought exchange plat-
forms such as Huang Danian Chaspark,
the GaussDB R&D team worked with
world-renowned universities, experts, and
scholars to explore the future develop-
ment direction of databases.

FEHELE, D& GaussDB HARBELEAFIEFF

LA ] 110FFSFHR
FERRIRE RiH%5£39000+8GaussDBAA

BRIER

® F=HEE, N&E GaussDB AR A 1557

AZINESR
EiHAIE8000+GaussDBAA

Certified

HUAWEI CLOUD

Certified Certified

HUAWEI CLOUD

Developing GaussDB Technical Experts Through Industry-Education Integration

Series of teaching materials &
teaching assistance

Abundant college courses

Courses opened in 110 universities
Cultivated 39,000+ GaussDB professionals

Formal textbooks

-aoO@ (5] @3(\9@@ o

Talent certification
system

Certified 8000+ GaussDB
professionals

Certified

HUAWEI CLOUD

Certified Certified

HUAWEI CLOUD HUAWEI CLOUD

@ Developing GaussDB technical experts through industry-education integration
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Jointly Exploring Key Technologies of Next-Generation Databases Through Industry-Education

Integration

More intelligent
DBA optimization — Al-assisted intelligent
optimization

Al solves the long-running database problems such as slow response,
insufficient resources, errors, suspension, and breakdown

Long-term cooperation with well-known

universities and institutes in and outside

badmap and
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Faster
Separation of storage and computing — Layered

pooling — Converged execution

Separation of storage and computing enables high-performance
cloudification, hierarchical pooling enables elastic scaling, and converged
execution enables heavy-load computing

EXFXRAE

CHASPARK

Building an exploratory, leading, open,
and creative academic climate
Acquainted with young talent to promote
prosperity in the industry, academic, and
research circles

ching key t

More secure

Permission control — Encrypted computing — Data
capsule

Encrypted computing secures cloud migration and next-hop data capsules
implement secure data transfer.

Extensive project cooperation with
global universities

ration databa
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The Key Technologies of Knowledge-enhanced Large Language

Model

MR KIESRE

%I]i,“\i%gi *ﬁiiﬁ?ﬁ i‘jﬁﬁtggi Enhancement

ERNIE Bot

s

® FIREEAESRE
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BAIDU

E1H

MIRIER B S RAXREA, MNEZHIENSRTZARTREE
3, RWAIRAEHINBR AR, RENREL, WEXEBS, E‘l%ﬂlﬂi"ﬁﬁ
WAL L RFRERAME M CRT ARG ML, KiERA A,

Introduction

The Key Technologies of Knowledge-enhanced Large Language Model enable inte-
grated learning from trillions of data and hundreds of billions of knowledge. The break-
throughs in knowledge internalization and externalization bring better model performance
and efficiency, thanks to unique advantages of knowledge enhancement, retrieval en-
hancement and dialogue enhancement, as well as the joint optimization with the Paddle-
Paddle platform.

MIRERKIESIRE TR
Innovative Technologies of Knowledge-enhanced Large Language Models
FIRIESR: RAIRRMAINBERAR, BRLIRSHEIEFFIRAELL
F—RTMF B, UBBALKT 0.8 MEDRNNESE TNEFRAE
FEMW,
Knowledge enhancement: a breakthrough in knowledge internalization and external-
ization that solves the difficulties of representing and utilizing data and knowledge in a
unified manner, and helps the model winning the first place at SuperGLUE with 0.8 per-
centage points beyond human level.
MERIER: SRIMERSI BN B RAERKESNL, ERRNBERES.
B4 52
Retrieval enhancement: the joint optimization of the search engine and the large lan-
guage model has increased the accuracy and timeliness of the generated content.

SHEE S 2HKE MRS EUHEARE, EFRNETENR 11 B E,
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@ Knowledge-enhanced Large Language Model

Bai‘é&ﬁ@

ERANESERAFCIZNG. £
NOEBMXIEKIRES, GRS
IEERMNEEN,

Dialogue enhancement: with the help of
the world’s first hundred-billion-parameter
dialogue large model which has won 11
champions at the Dialogue System Tech-
nology Challenge, the large language
model has obtained the capabilities of
dialogue memory, in-context understand-
ing and dialogue planning, and is able to
produce more coherent and reasonable
dialogues.

FIRSIBER: @I Xt N5
R ITRIIR RIE R, BFAHIRE
MR,

Knowledge point enhancement: the knowl-
edge point enhancement in both input

and output stages has greatly increased
the model's efficiency and performance.

BRG] R BIEIER.
ME. & BRFALEESIBIE BEMAM]
fl, SRMPIENT. BRHALLE
EZIEARK.

Agent Mechanism: The proposed agent
mechanism includes the abilities of un-

derstanding, planning, reflecting and evolving, resulting in an intelligent agent that is capable of reliable execution, self-evolvement and
shows an interpretable thinking process.

BREERKEMIK: KEESREM YRREFZIFAERGMA, REERTL, HEEERE 50 £F.

Joint Optimization of Model and Deep Learning Framework: The joint optimization of the large language model ERNIE and the deep
learning platform PaddlePaddle makes it possible to iterate rapidly. As a result, the inference efficiency of the model has increased over
50 times.

bxl’iﬂ? ﬁﬂiﬂﬂ‘ﬁﬂ

Internalization of Knowledge External Utilization of Knowledge
= . 0 =
‘“x*g &}Eﬁ]& *u" UE }EZR#JE Semantic Learning Data Construction Knowledge Inference Prompt Construction
Ry 5] \m >
HHRELG Knowledge Graph
5500 {Z 550 billion
OF ijatit @ Knowledge Enhancement

A New Retrieval Architecture
antic Understa g and Matching
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 ERNIE ERNIE

Generative Model

st

® R IGE @ Retrieval Enhancement

icizEl ETER

i\jiﬁiﬂf}] Memory Mechanism Context Understanding Dialogue Planning

® XHiEIgoR ® Dialogue Enhancement
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© EREIALE @® Agent Mechanism
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End-to-End Adaptive Hybrid Parallel Training

Compression, Inference, and Service Deployment

Collaborative Optimization

Model Compression  Inference Engine Service Deployment

Elastic Fault Tolerance

Optimal
Model Pantitioning

Combination High VIRAM Ussge

Task Interruption @
Resource Scaling L o @ @ 4
Variable-Length Input/ Output Iterative

Generation

Cluster

Multidimensional Hybrid Parallel Training INTS Quantization

Variabie-Leagth
Nasc st

Contextual —
Computation —

LLow Latency
High Throughpest:

i
vy v

l

FParallel Inference Dynamic Insertion

Adaptive Senooth Activation  ComputeMemory Access Optimization  Load Balancing

@ Joint Optimization of Model and Deep Learning Framework

SOES, FateETITaL

Intensive Production for Large Models and Platform Based Empowerment
for Industries

MR KBS EAEXBRANATERER. BAME. X0k
LANRIEBAREE, FEd WCERAREFITFRARFAWETITEL,
PR AT RERARNQUIRAI N AR s, IR WAL BT R

The key technologies have been applied in Intelligent Search, General-purpose Dia-
logue and ERNIE large models, etc., and have empowered a large number of industries
through PaddlePaddle, the open-source deep learning platform by lowering the thresh-
old for artificial intelligence technology innovation and application, and accelerating
industrial transformation and upgrading.

ERERERERE, BERUANXES. QIFER, SREEH+
ZEFRIFER, KRERFHERWRMIELR,

Intelligent Search powered by technologies of knowledge-enhanced large language
model delivers more accurate results and better search experience to satisfy billions of
users’ demands. The technologies also make the development more efficient and the
innovation process faster.

BANIEMREATRE. R SR, B5FE 20 207, RS
B 10 12BF, BE S ZaBaerE, L5 80 12,

General Dialogue system powered by these technologies has applied in more than 20
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industries such as telecommunication, en-
ergy, finance and media, etc. and served
over a billion users on over 500 million
smart devices, bringing economic benefit
of nearly 8 billion Yuan.

AR FTIR B SR K AR A,
BEEMANTIVARESE, BT
BE5TamEER AR MFRE
FHHELRIE. EBBI ISR
B RKHFRBREAKESRET
8, MIERET “S9%ES~, F
SUNA" PARRERIER, ]
BeFe W B BRI R
ERNIE knowledge-enhanced large mod-
els, including foundation model and
industrial model, enable customers and

users to easily develop and deploy the
entire process of Al applications through

toolkit and platform. More than 150,000
customers and partners have applied to
access the big language model platform,
successfully practicing the large model
industrial model of "intensive production
and platform application”, and empower-
ing industrial intelligent upgrading.

o EEMAHE

s

A R B

@ Various Application Scenarios

Efficient support for all walks of industries

Inference & Deployment

A FRNE HESRNEEE

-~ Development & Training

e

Encapsulating complex model production

® =S @ Industrial Model of Large Language Model

FBT, TEREEN, BHRRERATEEE

Reshape the Industry, Transform Research Paradigm and Support the explo-
ration of AGI

FIRERABE SR BEANRE, WALSETIAMS, 68
TREEAATIERLARE,; WEPARHRIEMES, EETERME, M
HREALYW. BEAKBIHE, WHlms, KEEERKGBHEES L,
it & AR IR o
The breakthrough of key technologies of knowledge-enhanced large language model
would help explore the way to AGI, transform research paradigm to speed up big inven-

tions and discoveries, and reshape the industry to boost the wave of industrial upgrading
and transformation.

LR KIESRABAE TIEMR. £, BEMZIZATSEEM
Bhtge1, NABRBRAATEERM T RAEM,
The knowledge-enhanced large language model is capable of understanding, generat-

ing, logic and memorizing known as Al's fundamental abilities, which provides a techni-
cal foundation for the development of AGI.

2. FRIESRRIESRAEEFR. BIEEShRABE, AiTH
FREGFARDR, dBRIFBB. FE UERRE LR
EIHO

New Generation
Cloud Computing

HERITE TIRENER BIFFFR

Maa$ Tk, SR 8. XA, Big. STRER. Maa$
TEELRNARSS HER. BAE HFA. 3DEMRE Model as a Service
© RIERF= IS

The knowledge-enhanced large language
model performs well in interdisciplinary or
cross-disciplinary tasks, which helps sci-
entists to integrate academic resources,
experiment with new ideas and ideas, and
produce new breakthroughs and discov-
eries faster.

3. RIS, S
—ARBRBRIARSS. 1T KRR
ERFl R R=E. FBIMRRN
A%, |\, 220304, UK
BEREARRNALEEEARE
2815 15.7 F1ZETAIE K.

The knowledge-enhanced large language
model would foster new industries or new
business opportunities such as cloud-
Al integrated model as a service, new
market boosted by industrial large mod-
els and new phenomenal applications.
Reportedly, Al technologies, mainly large
language models and generative Al,
could contribute up to $ 15.7 trillion to
global economy in 2030.

Industry Model Application
Fine-tuning Development
Industry, Finance, Transportation, Text, Image, Audio-Video Generation,
Energy, Media etc. Digital Avatar, 3D Generation, etc.

@ Business Opportunities of Large Language Model
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Technological Innovation and Industrial Applications of 4G-5G
Co-construction and Sharing
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€ 1aen Significant achievements in co construction and sharing oo 2I%A
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/e
.
= optimization integration

organization synergy 5%}' process reengineering
Technology leadership @) 20+ International and industry @ 56 hyperscale access network Mid-band high bandwidth

standard/licensed patent cluster sharing architecture RF technology

operational innovation % Blockchain application é Dual northbound dispatching . Slice resource allocation
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5G network 4G network

Quickly form large-scale network

7 " b
& Speed doubling 1.5 Gbps + 2.7 Gbps + Coverage : Increase by

coverage capability 40%

. . 1X 2X
Blazing-speed service enhances user Reduce —
raffic / Increase by

perception L nvestment outlay W 270 billion e

Balanced and controllable investment . . 1000 tonnelyear Complaint
carbon emission by
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B 2019 F Lk, REBRESFERERM SC HBHZHRFE, B
RAEME. EROERRREN T 2HKEK. HESEA. MRRIRHN 56
MITAR (SA) HEHZWL, KT AME™ W HEAE, 5192k 56
K&o
Introduction

Since 2019, China Telecom and China Unicom have deeply cultivated a new track for 5G
co-construction, becoming the industry's first pairs to jointly build and share mobile net-
works. They have now engineered the world's largest, fastest shared 5G standalone (SA)
network and put it into scaled commercial operations in a short period of time and with
the least possible investment, blazing a new path leading global 5G development.

PEBESPEBET 56 MEAHLELEXRBRA, iREEH,
EENH. EEERN, mUMFEFELRLUHSRE, SWM
5G XERA LM%

China Telecom and China Unicom have achieved breakthroughs in key tech-
nologies, standard evolution, operation mechanisms, management models,
and industry collaboration for 5G network co-construction and sharing
through joint innovation

EKEN 56 HEHZ SAMBRANITE, THALEAIBE. ThE
RARBRE. THIEHNR S, FEBESPEEBIERR T HENE &
WA, ZHHET . BRE—R, 4G/5G A" F—-RIIANCEHE
A, BRTHERAZNETHRT B FK,

To build the world's first large-scale 5G shared SA network, it means there would be no
experience, standards, or successful cases to learn from. China Telecom and China
Unicom overcame a number of networking and operation issues, including "doubled
bandwidth and multi-band coexistence" and "4G-5G synergy in shared networks', to en-
sure user experience.

2IKER “—KYIEX, WKITEMN, ZIKEHIN 56 BAMRERE
ARHEZWLERY, FOITEANTRHERZ. RONEBEIRRIIZ
E. ISERNEERBNITERI.
As the world's first "one physical network, two logical networks, multiple customized
networks" 5G ultra-large-scale access network sharing network architecture, it creates a

new model of joint construction and sharing of access network resources, independent
operation of core networks, and differentiated business development.

BUFTIEIR H 4G/56 BIMEHRERAK, KUT—NEZH. BEET
LETTRBHI AT REBR LITIERERAR, KIEEMHT 3.56Hz KHEAE
Fo BRENT FDD KHE. ZEKES. BERMEHSE 5 MEARAR
By iy

They also innovated dynamic 4G-5G spectrum sharing that helps them provide services
to their respective users in one network, and high-bandwidth Super Uplink with downlink

and uplink decoupling that noticeably ex-
tends the coverage of the 3.5 GHz band.
Furthermore, they initiated to develop the
industry specifications for five major tech-
nologies, including FDD high bandwidth,
multi-carrier aggregation, and high-power
transmission.

H X E &AW 4 1 R E IR )
A, BEREWGRAER. BRI,
BRI T EBEERIERR, HEHE
&) “MBAEMR” WEIRHE. NE
RFKZENEHRAFERNS
M EER, BECEHT 56 HiZ
HEXREREFE, 2EERT
HEWBHBHAEHIANE,

Faced with the complex problem of net-
work collaborative management, China
Telecom and China Unicom reconstruct-
ed their processes and set up a joint
team to promote end-to-end collaborated
planning, construction, maintenance, and
optimization. In order to solve the prob-
lem of fair use of resources and efficient
scheduling between the two logical net-
works, they have developed a 5G co-con-
struction and shared blockchain sched-
uling platform, which comprehensively
improves the efficiency of co-construction
and co-governance of shared networks.

2023 £, BEERN2IRB
BERZMS (GSMA) BEFIERE
BEEBELFITE (56 MEEEHR
ZiE/E) , NEKSCRELEME
EHZHRRMBT RIIEARNT
BZ,

In 2023, China Telecom and China
Unicom were officially designated by the
Global Systems for Mobile Communica-
tions Association (GSMA) to formulate the
guide on 5G network co-construction and
sharing, providing technological specifi-
cations for global 5G network sharing.
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®@ Ultra-large scale 5G RAN sharing network architecture and major breakthroughs, assisting in 4/5G collaborative networking and guarantee for user perception
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©GSMA B A (56 MEHEAZER) , PERESPEKENLKEERRM S6C SRERENME

@ The GSMA officially released the "5G Network Co-construction and Sharing Guide", introducing new networking pattern of China Telecom and China Unicom to

global operators looking for high-quality 5G growth

BEREEEREMENITE, TMT 56 BihBEEREREXR
EARYUFE =L, B T2KTUIEA, NFTEANHS
M F

In addition to key technological innovations and industrial applications, 5G
network sharing between China Telecom and China Unicom has produced
significant social and economic benefits

56 HEHSXMENEIGZERT, ERTREENBE .
B‘Z?ﬁﬁi\ KRAL. ARENSKGEANER 56 SA HEMEREM £, K
T RIEFMHSNE M, BT FORAEEGER, TiETT
TRl 2 IR

Through 5G co-construction and sharing, China Telecom and China Unicom built the
largest 5G SA shared network in the world has ever seen based on advanced technol-
ogies to guarantee wide coverage and premium experience with high investment effec-
tiveness. Their joint practice created a bunch of technological and management achieve-
ments and produced significant social and economic results, providing a new industry
benchmark for the world.

HEWESE, WHBIHEHRE, TERBRASHEIT 56 ML
EREMRUESR, NMRSGCISEE, RSTRAFA. WETITEIL.
BB RR. MiF ERTECHRIEETE 7 RKHIMEE M. W75 56 W35
PRELRE, 56 BRRITEBE 3.312F,

In terms of social benefits, the two parties have efficiently built high-quality 5G networks
to provide scaled coverage in a short period of time, enabling a solid foundation for 5G
to expand among public consumers and various industries. This contributes to disaster
relief efforts and supporting smooth operations in key events. The 5G services of the two
parties have developed rapidly, and the cumulative number of 5G users has exceeded

330 million.

KFWHESE, WARDES
REZERREM, KIME. M
F5. uhit. HMBEH, RAERE
TIZEBESC BIRMIZE LAVE
EE . B 4G/56 Mg HEH
Z, MABRHNERTERLS
i (CAPEX) #B2700127T, B84
TEEEXL (OPEX) #83001Z7T,
TR/ ER G 1000 H M, #EH
THAEGEEMISHRISLERE
FREH 73 IR K o

In terms of economic benefits, China
Telecom and China Unicom maximized
their respective advantages in spectrum,
equipment rooms, and site resources to
substantially relieve the capital pressure
arising from 5G construction and oper-
ations. Through 4G-5G network co-con-
struction and sharing, they have saved
more than CNY270 billion of CAPEX, in
addition to CNY30 billion of OPEX annu-
ally, while cutting carbon emissions by
over 10 million tons per year. This helps
accelerate the development of new green
information infrastructure.
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To accelerate the speed of 5G construction, and reduce the pressure of 5G
investment, co-construction and sharing is the best choice for high-quality
development.

BEOBIHEHT, AR, ZHREMN. MERBEHFEEAE
71, ARAEEEL. BROBERRER T 2KE K. IRER. MRSHR
B 5G HEZML, SRIT C-Band 200M %5 T 2.7Gbps £k R & H AR,
KET ‘141227 WRIFHME, AR HEABRHETHER,

Based on network co-construction and sharing, China Telecom and China Unicom pulled
together their separate strength in innovation to supplement each other on spectrum and
other resources. This enabled them to build the industry's largest shared 5G SA network
in a very short period of time with the least possible investment. This is the first time that
two major operators have teamed up to build and share networks. With a C-Band 200
MHz bandwidth, the network can provide a 2.7 Gbps of downlink speed, which stands
at the highest peak in commercial networks. This level of performance would not be
achievable had they chosen to build networks separately. Therefore, this network model
provides enterprises a new distinctive path towards collaborated business growth.

56 HEHZMHERN LB TERRITHESEIATMEESS, #
FMERPIRT 2021 F “BEIF OXER) TlP=mgitE” , WHk

AT GSMA (2IKEMBERANS) BT 2021 FETMBEHIAR,
Eﬁtmm\%ELGw-%%ﬁﬂUane%§%¢* SiEERE L]
F3) 56 HEHZEXMEA. BB, TEFERMX.

The new model of 5G co-construction and sharing is highly recognized globally and
provided a good example to industry peers. The network sharing architecture won the "iF
Industrial Product Design Award in 2021", and China Telecom and China Unicom won
the 2021 winners of "Outstanding Contribution to the Asia Mobile Industry" from GSMA.
Leading operators, including KDDI Japan, LG U+ South Korea, U Mobile Malaysia, con-
sulted China Telecom and China Unicom on the technologies, management, and oper-

ERERRE
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d on high- thtv 5G connectivity to the 31st FISU Summer World University Games

ations related to 5G co-construction and
sharing.

PEKESTEBERUSEE
AR BfF. HROS, 52K
BIEKHIET, HEFBNEHE
HERAMR. HEARER. ks

R, EoTULAESER, e
BB FEFEDR R

Upholding the spirit of openness, col-
laboration, and shared success, China
Telecom and China Unicom will continue
to work with all partners on the techno-
logical research, model exploration, new
business breakthrough, and ecosystem
development of network co-construction
and sharing, contributing to the thriving of
the global digital economy.

Qutstanding
Contribution to the Asia
Mobile Industry

2021 Winners :
s Kn Rulwar, Chairman and
CEQ of China Tolecom

s Wang Xlaochs, Chakan
and CEO of China Unicom

@ BX5G H E H# = T 12 5K 3R 2021 FF
GSMA 5 ah= Il SR {ER I TIER R
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All-Optical Infrastructure Innovation and Application of China
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@ All-optical infrastructure provides the foundation for new digital infrastructure from all-optical backbone network, all-optical metropolitan area network and
all-optical access network

PEBRAMSEEERAT °‘2’° th B B i
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Huawei Technologies Co., Ltd g@ HUAWEI
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Introduction

China Unicom proposed the all-optical infrastructure system architecture, cooperated
with Huawei to carry out all-optical infrastructure key technology, equipment develop-
ment and networking application, and constructed a single-domain WSON intelligent
all-optical backbone network covering China (186 ROADM+1279 OA). This network inte-
grally realized multi-service comprehensive bearing of homes, enterprises, and comput-
ing power, which gains significant economic and social benefits and effectively improves
the quality of network services for major international events such as the Beijing Winter
Olympics.

B SIkR AR RIEE WSON EEEL KRS

Building the Largest Single-Domain WSON Network in the World

FEBGES KRR AR MMEZRE . 2R, 2 HBNEDE
Hk, RMZME ARG BHRIEH OMSP A1 WSON BIRIF S hEINE,
MUK “EEFR + T 612248, SSILT B F ROADM R4S 50ms RiFFik,
Eﬂ?ﬁ?ﬁﬁ* 13 kbfrst, BEMEZSER P WSON M%, BERIEEEAN

HELRLORENMIE MRS AR, RAEERINFETE 50%, U
&%ﬂﬁz%ﬁuﬁﬁanﬁf&iﬁéﬁ, HRERRMSE. BEXEXNATFRIESEE
WEBANSXHES, BETETHERESATNAE KSR EAN
BEAR, ESHIET ITU-T 6.698.4 EfrtnfE, RUL I BSEEFNRILLE
EBEN BT 2SR, ZE ST, BIARA S (0SU)
BARREEHHIY (OSP) , #F 2M~100G 92 F S 3B %,

China Unicom's all-optical infrastructure system architecture starts from the challenges
of network architecture, all-optical switching and all optical access, and realizes a num-
ber of technical innovations: The protection and coordination mechanism of OMSP and
WSON, as well as the "centralized + distributed" control architecture are proposed for the
first time. The 50 ms protection switching of the backbone ROADM network is realized,
protection against 13 fiber cuts is implemented, and a single-domain WSON network
covering the whole country is constructed. Then it is the first time to propose the metro
pooling wavelength division technology in which access rings share aggregation nodes.
This technology reduces space and power consumption by 50%, and implements auto-
matic operation and maintenance based on digital labels, which makes the all-optical in-
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onruemand aggregation of small-granularity serwres
Layer-by-layer regeneration of small-granularity

and large-granularity services One-hop connection of large-granularity services

frastructure solution the leading solution in
the world. Next, the all-optical anchor for
metro integrated service access was de-
fined for the first time, and the all-optical
access technology based on digital label
pilot tone modulation and wavelength tun-
ing was proposed, and the ITU-T G.698.4
standard was established with realizing
integrated all-optical access for all-ser-
vice operators. Besides, it also proposes
the Optical Service Network (OSU) tech-
nology that supports service awareness,
flexible service mapping, and bandwidth
adjustment as well as its control protocol
(OSP), and supports efficient access of
any service from 2M to 100G.
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Services can still be restored after 13 consecutive fiber cuts
on the ROADM network in Beijina, Tianiin and Hebei.

® EHR D SRS E

@ Comparison between traditional DWDM and
the metro pooling WDM
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@ Optical Service Unit and OSP technology
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All-optical Infrastructure has been Applied on a Large Scale and Gained Sig-
nificant Economic and Social Benefits

PEBEENESAREFRRRERMERIZIEELUR, @FMNHEIXN
mBE, ANEEEZF M@ 200127, sEBERNEELXR, B8
ITARSS B 2.131Z2 5G A/, 813 8900 ATmHAF, 81T 100 H&KEE
Tk, BT ROADM MEHRINFESFRM 128 2R, BHF L CO2
HERR 746.73 I, OB SO2 HERK 38.56 M, AW E U RIRIFHIARSS TR
2022 FERAMEHRR, ENAHE. 505k, TEE. R 8K
BeBEAHEN, RESHMATED K BEEMERERE. 2NKE
KM Bk, KR, BB, EESBFEFAERNBFHHREESER
BT BEMNH RN,

China Unicom's all-optical infrastructure system architecture and network construction
have achieved significant economic and social benefits. The direct economic benefits of
this project are approximately CNY20 billion. Since this project was put into operation, it
has served more than 213 million 5G users, more than 89 million broadband users, and
more than 1 million government and enterprise private lines. The backbone ROADM net-
work reduces power consumption by 1.28 billion watts per year, which is equivalent to
reducing CO2 emissions by 746.73 tons and SO2 emissions by 38.56 tons. This project
also benefited the Beijing 2022 Winter Olympics and Paralympics, creating a high-band-
width, high-reliability, zero-packet-loss, and low-latency 8K UHD transport network to
ensure that global audiences can enjoy 8K UHD Olympic feast. The all-optical infrastruc-
ture realizes "connected homes, connected enterprises, and joint computing", and has
achieved significant social benefits in promoting the development of digital economy and
digital transformation.
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@ Connecting homes, enterprises, and joint computing

BB RELKMA, BhiAzh
SREBRMARERH, R
RME LA aIEEREE

The Project Achievements Contrib-
ute to the Development and Evolu-
tion of the Global Internet, Fostering

the Creation of a Global Cyberspace
Community with a Shared Future

ETFT—RANBHRARKE
M BeIFS, PEEEMNER
BN RERMMRAR G R
BT RENAFHMLIE, AT
— R MBE AR R FAFI N A
TERE T TR ER. 'R
BT, BaieXersd
100 5% M 45 &8 & ROADM. 1K
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32 MER 40+ AL EE 4006
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Eﬂtxiiﬁ'%,ﬁ\ﬁiﬁiﬂlif&\ P
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In the technology promotion and applica-
tion innovation of next-generation optical
networks, China Unicom and Huawei have
carried out a large amount of research
and testing work based on the all-optical
infrastructure architecture and technical
system, playing a leading role in the
development and application of next-gen-
eration optical network technology. Driv-
en by China's industry, more than 100
networks around the world have adopted
the ROADM, pooling wavelength division,
and all-optical access technologies, and
more than 40 networks in 32 countries
have adopted 400G technologies. The
all-optical infrastructure has become the
cornerstone of the development of the
global Internet, helping countries achieve
digitalization, networking, and intelligence
in the information age.
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IIOT WIA-PA Technology and System of Intelligent Oilfield
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@ |loT WIA-PA technology and system forms a new production model of intelligent oilfield

FRER ST R B s R TP

Shenyang Institute of Automation, Chinese Academy of Sciences

FREAHARHE

Daging Oilfield of CNPC

FREAHRIZ A HE thEG#H
Liaohe Qilfield of CNPC

SEPRER B A IR AT) SRINW T
Chinese Academy of Sciences-ALLWIN Technology Co. LTD. l:l:lﬂﬁéﬁ
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Introduction

IloT WIA-PA technology and system of intelligent oilfield breaks through the ultra-large-
scale, high-reliability 10T networking technology in extreme environments, publishes a
series of international and Chinese standards, develops core chips and ultra-low power
consumption instrument terminals, builds an industrial loT system with full coverage of
oilfield production, and forms a new intelligent oilfield production model.

&N WIA-PA thiltn MR FINRIRE, WET HEESS
BSHNYMBRAS
We develop the industrial Internet of Things WIA-PA technical standards and

a series of instruments and equipment, and build the loT system covering all
oilfield production processes

[TEBAME. SR, BXNEERANKEAR: EMT 2K FREK
Tk & MLEF) R ifaEMEBTIER] 99% LA E &5 ] 1M MSTIadR, TR
T &2V EFR R AR E R .

Wide-area ultra-large-scale, high-reliability, and high-real-time wireless networking tech-
nology: It has achieved international leading indicators of second-level deterministic

delay and transmission reliability above 99% for single-gateway thousand-point industrial
wireless networks, forming China's only international standard in this field.

BN FIMRIRF RN RLHBRIIFETTRA . BT RELEMY
%, REEFRZERBEFKT,

Ultra-low power consumption operation technology for instrument terminals adapted to
the extreme environment in the wild: Synchronization accuracy reaches the level of mi-
croseconds, reaching the best level of similar international products.

FEHEERAE: BETEFIUYENME AR HAF~EtEH
%, AREBEHETEBRRET HHS. S, BATITE0HER, X
MERRE 4 F iz T R4S o

Innovation in production measurement mode: The oil well production measurement
method based on industrial loT technology is proposed, which profoundly changes the
production measurement mode of a single well in the oilfield, from the original hardware
measurement mode to the dynamic, real-time, and accurate soft measurement innovation
mode, and greatly reduces the production and operation cost.

EEBERINCH: MAYESKIURE TROBEIR5, ARERXER
THR T NELZET. TUNIEIERCERI, SIUAHSERREIRS]
BRI o

Innovation in equipment operation and maintenance mode: The diagram card is used
to realize real-time and automatic identification of oil well conditions, and the innovative
mode of online diagnosis and predictive operation and maintenance, so as to realize the
accurate identification and rapid response of oil well faults.

FHRTZ0UH . B HKHFINEM AT T ITHI AR, BT
“FEMEL E‘EJ&% BnhiEZ” PRI HTIZRN, KNERShH
EFRE, BUERRS R,

Innovation in oil production process: Through the collaborative production-injection opti-
mization of oil and water wells, and the intelligent frequency conversion control technolo-
gy, the innovative oil production process mode of "production and injection coordination,
intelligent decision-making and automatic parameter adjustment" is established, which
greatly improves the production efficiency of oil wells and effectively reduces the energy
consumption of the production system.

INTERNATIONAL
STANDARD

GB
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© WIA HEEEFrm AR R EiRE

@ WIA International and Chinese Standards
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The WIA-PA protocol standard has been adopted by CNPC as an industry
standard and has been applied on a large scale in CNPC oilfields

2019 FRIFERMBIAKME. THHEZE2EMET A WIA-PA
BABIEBE SN, FFRITAECN WIA-PA RRSRARF U TIZEZ
1%, 7£3-5 FRIUHHAHKH EERFUEZ.

In 2019, we signed a strategic cooperation agreement with Daging Oilfield and Liaohe
Oilfield of CNPC to promote the use of WIA-PA technology, carried out the construction
of lloT WIA-PA technology and system digitization project, and achieved digital cover-

Q/8Y
SEESEMANELNE LR
QURY 1T
AL R AR R RE
poimiin i rion

W4 - AN e W R

TRERRMNANLN R &

© WIA-PA XA AR FR A SRAR AL S 1T ATt
® The WIA-PA protocol standard was adopted by CNPC as an industry standard

age of oil and water wells in 3-5 years.

B al, WIA-PA 1 X AR & # R
BMFARA AT AT E, FRIM
BRI, BEMKHF 2 A%O,
[7 A WIA-PA £2151& & 10 BRE
=

At present, WIA-PA has been adopted as
an industry standard by CNPC and has
been applied on a large scale, covering
more than 60,000 oil and water wells and
applying more than 200,000 sets of WIA-
PA terminal equipment.

ETF WIA-PA B R AR AL
WS MR R gE “Ermil
EFEmu. EFEE T4, B
MARR T AR B0 h
HOUSSR s, JomAR g
FRIEERER, QST EEMNML
=REZF W,

The WIA-PA-based production monitoring
and optimization control system integrates
production monitoring, production opti-
mization, and production management,
effectively solves the problem of real-time
monitoring of large-scale wide-area dis-
tributed production wells in oilfields, plays
an important role in the stable production
and increase of oilfields, and creates sig-
nificant social and economic benefits.

©® WIA-PA L2518 &SI M £ PR S Y SR FE £ /R% A
® The WIA-PA terminal devices enable real-time and online perception of the production status of the oil wells
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It has realized the comprehensive innovation of production measurement,
equipment transportation, and oil recovery technology, and formed a new
production model of intelligent oilfields.

FERZERLR BRI Ee P ERANLRPRELEE R
&), EAK AT HEEE WIA-PARARS R4, I T £ =it =R,
EECHERANHATZNLEEH, KEEShBEE~BEIKTE, F
BRMIES T 1.8%, BEFEMR(ET 8.5%, BLTEBURBIEK 19%, NEAR
HREFIRRVCE. £RERAE. hRSGaa ke “—HRE
DR T BRI R
Shenyang Institute of Automation, PetroChina, and ALLWIN deployed WIA-PA technol-
ogy and system in Daging Oilfield and Liaohe oilfield, and realized the comprehensive
innovation of production measurement mode, equipment operation and maintenance
mode and oil recovery process, greatly improved the intelligent level of oilfield produc-
tion, increased the average pump efficiency by 1.8%, reduced energy consumption by

8.5%, reduced ineffective and inefficient water injection by 19%. It provides an effective
solution to solve the "one difficulty and two high" problems.

BEWEHBEEF2BEN T ERNAS, KIUXNRTOECHFE
PR ERELENAMALIEE, BOFEMRETATHATEITS.
HIEZIZHT. MR T —HRRNEECHEES AR, UEFCELREH
SEUBRELRE,

By constructing the IloT system with full coverage of oilfield production, real-time online
monitoring and optimization control of remote and dispersed oil well production pro-
cesses have been achieved, and a new intelligent oilfield production model integrating
remote measurement, fault diagnosis and energy-saving optimization with unmanned

intervention has been initially formed, so as to drive the high-quality development of the
oil and gas industry through digital transformation.
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©® WIA AR RRIRERRAKRPR —FR
@ WIA-related technological achievements won

the second prize of the State Technological
Invention Award

pace 051




B2 i

Charm of Science and Technology

2IXE 1 5G Advanced-ready & HI#FiE 23 K

CRETERIS

The World's First 5G Advanced-ready Modem-RF System

SRELBERAR (FE) BREQF

Qualcomm Wireless Communication Technologies (China)

Qualcommn

2IKE1°5G Advanced-readyid il f# A 28 M ST R 4t

51
BB AET 2023 F£ 2 A#HELIKE S 56 Advanced-ready 1A #EE
BRI RG — IR XT5, FEXTHRR 5G Advanced THEERIZ#F. Al

BEHIMRMAAE IR, UM 56 4TS e bR mg T
%, BIAOFBESBENHMR.
Introduction

Qualcomm introduced the world's first 5G Advanced-ready modem-RF system, Snap-
dragon X75, in February 2023. Snapdragon X75 is unlocking a new phase in cellular
communications, with the first-to-launch features including the support for upcoming 5G
Advanced capabilities and Al hardware acceleration, and also breakthrough 5G perfor-
mance and unmatched spectrum flexibility.

3% 4E X75 FH&BIN 56 Advanced-ready 55, SERE
#ZiaR

Snapdragon X75 first introduces the advanced features such as 5G Ad-
vanced-ready to push the boundaries of connectivity
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TRXISTERN2IKE D56
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RAZEM—R~@mN 2.5 FUL,
THRESMNEMFLENEE RN
Al 1B,

As the world's first 5G Advanced-ready
modem-RF system, Snapdragon X75

introduces a new architecture, a new software suite and includes numerous world’s
first features to push the boundaries of connectivity including coverage, latency, power
efficiency and mobility. Snapdragon X75 is the first modem-RF system with a dedicated
hardware tensor accelerator, enabling over 2.5 times better Al performance compared
to the previous generation product, and supporting higher-order matrix processing and
more complex Al models.

Bl XI5 X FZMeERKENE, 81 2XE PERZ XM
N+HEES, 2KE 1 Sub-6GHZ MM TR EKE &M FOD £17
MIMO; ERZEAXKKHN Sub-6GHz SMERBIRE & AU R 25, St EHIRR
BREIRGEE—TRABFDROFEIERERI; SIFTEMIK SIM
R EEBGEA 5G/4G WEIRERES.

E Snapdragon

Snapdragon®

_X75

5G mmWave

Sub-6 GHz

Besides, Snapdragon X75 enables many
advanced features, including the world’s
first 10-carrier aggregation for mmWave,
5x downlink carrier aggregation and FDD
uplink MIMO for Sub-6 GHz bands, con-
verged transceiver for mmWave and Sub-
6 GHz, advanced modem-RF software
suite further improving sustained perfor-
mance across user scenarios, 5G/4G Dual
Data on two SIM cards simultaneously.
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Snapdragon X75 expands the advanced 5G technologies to all kinds of de-
vices and many industries

Hal, 2K zé,%“&@u%&?ﬂameﬁizfig%, 56 BRIMHF
HEMEZEMISH. 56 Advanced 1B 5G @HNE ZPMER, Rk
IR WIELIINITORE, MM —D B AP 4,

Today, digitization is a key factor of production in the global digital economy, and 5G
is an important infrastructure for digital society. 5G Advanced, the second phase of 5G
evolution, will support capabilities beyond data communications that can further enhance
user experiences.

20232 B, sBETHRRE X75 #HEHEMINENREASE KT, X
TEHR XT5 REMAENRN, BILRE. ERE8E. T NBELHKFE S
R T EEBOR XT5 /Y 56 1R 4E,

In February 2023, Qualcomm announced the Snapdragon X75-based globally certified
reference design. Just in two weeks after the launch of Snapdragon X75, many Chinese
companies including Quectel, MeiG, and Fibocom have unveiled 5G modules powered
by Snapdragon X75.

BETEBS5REESNHNEZMIE, BT XT5 ERLHDN 56 A
MFET BESRLRRNAR ST, FEFN. BoE®. AE. ITHE.
TAPEX. EETLLiEANF 56 Rl EMET 2 AFIKTER K X75 B98)
73T, RERIBAN 5G Advanceds

Building on close collaboration between Qualcomm and its Chinese ecosystem partners,
Snapdragon X75 is expanding the advanced 5G technologies and features to all kinds of
devices and many industries. Snapdragon X75 empowers a wide spectrum of use cases
including smartphones, mobile broadband, automotive, compute, industrial 10T, FWA ,
and 5G private networks to rapidly move towards 5G Advanced.

ﬂ ?z.napdragon

R FEHSGEAR
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R

Snapdragon X75 sets the example of "basic enabling connectivity platform"-
to empower industrial digitalization and upgrading

56 ZMEFWEMMLUAR. BIHEFeRERERNREN . F
NEMEAELRERETES, F XT5 BBAIFR 56 T—MELR.
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5G is a key driver for accelerating indus-
trial structure optimization and upgrading
as well as spurring high-quality economic
development. As a basic enabling con-
nectivity platform, Snapdragon X75 will
spark the next phase of 5G.

£ 8 A M, 5G-Advanced f&
56 W RRENEZZED IR
F+ 10 5, BBl —F 1% 10 12
I% v X75 % 4% 5| N\ 5G-Advanced
EEHBHAARAXHGCHEMYE HEAE
IR K A 56
Advanced FriF M. 3R XT5 B R
KEBE BB KEMESE, H3IA
5G Al Eff, #—ﬁ%ﬂiﬁl “FIR Al
FARIRF 5G HAE” BIBIFRE A
AN ES

From the perspective of technology im-
provement, 5G Advanced will increase
bandwidth speed and connection density
of 5G by 10 times respectively, and fur-
ther reduce latency by 10 times. Snap-
dragon X75 first introduces future-proof
5G features such as 5G Advanced and
enables rapid adoption of new 5G Ad-
vanced features with a software-upgrade-
able architecture. Snapdragon X75 is the
first modem-RF system with a dedicated
hardware tensor accelerator, and it intro-
duces 5G Al suite, further unleashing the
innovation potential and application value
of "improving 5G performance with Al
technologies".

ErEdkm, EESGCEBIEE
£, 56 BN BMBEL L BHMN
EQ, RRAMEETITE . HEhEF

BRELABNENHE, B8
ﬂLLQtE X75 $Rftom A RIERE
FadiE, BFIZTRESN
#, EREVEBRFRNEKRT
(A= Fith

From the perspective of industrial upgrad-
ing, 5G has developed into a new phase
of application development at scale four
years after its commercialization in China,
and has become a driving force to em-
power industries and promote high-quality
economic and social development. With
Snapdragon X75, Qualcomm provides a
powerful connectivity platform and works
with ecosystem partners from a wide
range of industries to jointly facilitate in-
dustrial structure upgrading and digital
transformation.

TE “BEatMMeEEERTR” HE
R RE = Ak B F TR

Snapdragon
5 S

éﬂE& ﬂ'&fﬂE‘?TDDRET”*&‘“UEUOZ#QAMH**FE

38i
T~ R 205509
/R A R

I

S E M EFODIBRETTIE LITHBMME TTiRH RNsGHRRSER

SMEISMHE: AP (20NN + nTOMIE SWETEMH: AT O + AP0
NEMHESIN nie#F OMHE L

2 e I |
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Sub-6GHz fE5iE, RIEH
RESEELR
Snapdragon X75 achieves the world's
fastest 5G speed with Sub-6 GHz
bands, and sets a record for carrier
aggregation

B X715 25 FEEF TDD
AL B I 3% B8 & LA K2 1024QAM
£ N B 585G M, 7E 5G4
THMMERE FEIW T HE
7.5Gbps BYFTERIERE, ZMR
Bi& T Sub-6GHz S £ IR &R IR AY
5G EHMREL R,
Snapdragon X75's advanced 5G capabili-
ties of 4x carrier aggregation (CA) on TDD
bands and 1024 quadrature amplitude
modulation (QAM) enable a 7.5 Gbps
downlink speed with a 5G standalone
network configuration, setting the world's

fastest 5G speed record with Sub-6 GHz
spectrum.

Ieoh, BEf X75 SR T 23
NE FDD SRERIS 1T P B EAT UK
FPUER FTHIRH LR 56 HFE
BIEE, ARRIEFASCHEMT
JEI B R

Besides, Snapdragon X75 achieves the
world's first simultaneous 5G 2x uplink
and 4x downlink carrier aggregation for
FDD spectrum, paving the way for the fu-
ture of 5G performance and flexibility.

56 ADVANCED-READ
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Research and Development and Industrialization of Efficient, Reliable Distributed Content and Proactive Defense
Technologies for Large-scale Cloud-network Convergence Systems
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Introduction

The project has made breakthroughs in three key technologies for large-scale cloud-net-
work convergence systems: highly reliable content distribution, coordinated cyber-attack
defense, and rapid and accurate identification of information content. It has developed
9 categories of tools and equipment for cloud-network content distribution and proactive
defense, built a global intelligent distribution platform, and formed 19 industry-integrated
solutions.

BAMBRZNHESRAANANTHEN SR, ZTRNEZRTNHE
BEURERESHUATRESNEE

Adaptive Content Distribution, Collaborative Multi-Vector Cyber Attack
Defense, and Omnidirectional Content Security Analysis and Regulation
Throughout the Process for Ultra-Large-Scale Cloud-Network Convergence
Systems

FUSRE = H ERIE ARG
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BEERA, RARNTRENT SN EBANIERFITGET %o

The results have three aspects of technical innovation:

In adaptive content distribution for ultra-large-scale cloud-network convergence systems,
the project proposed adaptive content distribution technology, designed a quantification
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@ With long-term benchmarking against Akamai, founded by the inventor of CDN and the international
leader in the CDN industry, the project proposed dynamic route optimization technology guided by
real-time weighted node status across the network, as well as differentiated application acceleration
policies driven by hierarchical classification and configuration, breaking through the difficulties in
efficient and reliable cross-network cross-domain acceleration of multimedia information transmission

method for random network boundary
performance constraints, and introduced
dynamic trustworthy routing optimization
technology, achieving significant improve-
ments in network layer circuit state detec-
tion and dynamic route optimization for
CDN networks. It also proposed a univer-
sal latency feedback evaluation method
for diverse heterogeneous applications.

FE I — A2 TSR & 1)
BEpESE, MESINTEBRERZ
MICREEN S hREIBEEAR, #
AT DDoS K BRI B8 0 2R 3
ERf. MEEXEE T ETE
Bt B Z REENER2REE
REDNTE, BRTSRFEN
ELBD BB BS L R H = 18] R,

In integrated multi-vector cyber attack
collaborative defense for cloud-edge inte-
gration, the project introduced cross-layer
multi-protocol traffic monitoring and col-
laborative defense technology, resolving
cross-network resource scheduling issues
in DDoS attack defense. The project first
proposed a security big data aggregation
and analysis method based on dynamic
graph computing for multi-source hetero-
geneous networks, resolving cross-do-
main collaboration and sharing issues in
advanced persistent threat defense.

EBAMBECMNEE REH
MEZHNURABREDTLEET
B, NEXBTRAERERREF
SRESEREEEERMNZR
SABTDITERSRELNEA,
HIEHT U SRR DX NFOH
=B EIT DR AR,

In omnidirectional content security analy-
sis and regulation throughout the process
for ultra-large-scale cloud-network con-
vergence systems, the project invented
a multi-modal content analysis, under-
standing and rapid detection technology
integrating lightweight deep learning al-
gorithms and intelligent computing cluster
architectures. It also proposed a crowd
behavior analysis technology centered on
wide-area content distribution for informa-
tion dissemination.
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Efficient Content Distribution, National Infrastructure Security, Public Ser-

vice Project Support, Crime Investigation and Solving, Conference and
Event Cybersecurity, and Personnel Training

DERRTE=FARN T EANEFNt WG, EREEEH
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The project results have achieved huge economic and social benefits in the past three
years, including 11.651 billion RMB in new sales, 1.525 billion RMB in profits, and 1.59

million USD in foreign exchange revenue. This is mainly reflected in six aspects: support-
ing platforms like CCTV.com, ByteDance, Tencent Video, iQiyi, and Mango TV to achieve

______ e | LLEER ] it -{ ]

Task ol
tainirg

Large-seal

Full mecia content
distribution

high-speed distribution of massive content
through efficient content delivery services;
providing network security guarantees for
important national infrastructure like trans-
portation, finance, and e-commerce, and
providing security services for applica-
tions like 12306, Tencent Video, and By-
teDance; securing public service project
content safety, providing content security
guarantees for important live streams like
the CCTV Spring Festival Gala, Beijing
Winter Olympics, and FIFA World Cup in
Russia; assisting public security agencies
in successfully cracking down on new
types of internet-related black and gray
production crimes, with cases involving
over 232 million RMB; participating in net-
work security protection during major na-
tional and social events and conferences;
training over 2,500 undergraduates and
nearly 1,900 postgraduates, carrying out
nearly 10,000 training sessions, and pro-
moting popular science education on cy-
bersecurity among teenagers and youth.
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This project has successfully developed 9 categories of cloud-network content distribu-
tion and proactive defense tools and equipment, building a huge global service platform
that distributes over 12.3 billion streaming media files per day and handles trillions of
content service requests. With the largest service scale in China and second largest
globally, it provides efficient and reliable global content distribution, cyber attack defense
and massive information identification services to China's top 100 internet companies
and over 15,000 government, corporate, education, finance, transportation and other
industry users, effectively supporting the network security of ultra-large-scale cloud-net-
work convergence systems during major global conferences and events. The project

RIS
Em A

results have been applied to China's lead-
ing content delivery company Wangsu
Science and Technology, successfully
defending against the highest intensity
DDoS attacks (with peak traffic reaching
2.09Tbps), ensuring efficient and reliable
operations for video content providers
and blocking illegal content, fostering a
clear online space. In addition, the project
results have also been applied in Chinese
government departments and large en-
terprises, providing advanced persistent
threat detection and response security,
assisting in the successful cracking down
of several new types of internet fraud and
black/grey industry major cases, with
case values exceeding 100 million RMB.
The project's influence spans content
distribution, cybersecurity, social stability
and criminal investigation fields, providing
critical support for global content delivery
and cybersecurity.
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@ An information dissemination crowd behavior analysis method centered around wide-area content distribution has been formed, promoting China's online
information content security analysis capabilities to achieve a leapfrog development from "passive filtering and monitoring" to "proactive analysis and
discovery" to "rapid and accurate identification", assisting public security agencies in successfully cracking down on new types of internet-related black and
gray production crimes

ERNED L. AERLMUSRETANSEERLN, NERATSLANABRSRMT XEX
e

Achieving Significant Influence in Content Distribution, Cybersecurity and Social Stability, Providing Critical Support
for Global Content Delivery and Cybersecurity

ZIMBERYHAE T O RLXZRNABTD RS ETHHIAEEE, BRT2REANRSTE, BHNLE
T 123 ZDREE REBEFLZEABTRSER, RSMEPEE—. 2REZ, NTEEEMEREI
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@By fully leveraging the resource elasticity and flexibility as well as the multi-source heterogeneous information advantages of large-scale cloud-network
convergence systems, cross-network resource scheduling for DDoS attack defense and cross-domain collaborative advanced persistent threat defense
have been achieved in an ultra-large-scale cloud-network convergence environment, effectively supporting network security of large-scale cloud-network
convergence systems during major domestic and international conferences and events
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IBM watsonx: The Generative Al for Business

watsonx’

® |IBM watsonx HIER ATEEFE
@ |BM watsonx Data and Al Platform

EfrmE e (PE) GRAHE

International Business Machines Corporation
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B watsonx. watsonx MMYEEFEEIEAARREMNERT Al, BN, e REWR Al AR =APE: X
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Introduction

IBM announced its new enterprise-grade Al and data platform watsonx at its Think conference in May this year, to fulfill the
demands of enterprise Al and put its decades-long Al expertise to work. Watsonx aims to address the three major challenges in
enterprise Al, namely finding the right data, building the right models, and ensuring the right guardrails are in place.

pace 060
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Help enterprises transform Al into core productivity, reduce costs and in-
crease efficiency, improve productivity, and enhance customer experience

SR, GLARAROGEFN BEMAELAEBTIER, 2R
X—Bfir, BULRENEREEVSERNBESHIEES EHIMEMRI Al
Mg, A, ®WRZEREERREEMELR (W4T S|
ZHEMER) , BRA RARE, HFBESHARELNERDBE,
RERENERRESMS T2,

It is becoming clear today that companies need generative Al that can be translated into
productivity. That means generative Al models tailored for specific business demands
and deployed using proprietary data of enterprise users. Companies need to focus on

foundation models built for industry-specific scenarios and easy to finetune, to accelerate
and simplify Al deployment while ensuring the right governance is in place.

RNTHRBREIR A FEK, 1BM watsonx I8t T —NEHE Al FFLF
B, Me—FAEMABETNNTIAS, BRI MEIBIES. &
MR NEANEE, B A 24 aRBERaIE, EB LSy EPRIRERIILH
E0E Al BE/7. IBM BRHENRRAGSERFSohA. 1T Baifk. [
BREFIAA. ReMMARENSE, HFEITIE LRSS EME
BES,
Watsonx, with its Al studio (watsonx.ai), lakehouse solution (watsonx.data) , and Al gov-
ernance platform (watsonx.governance), is uniquely positioned to facilitate the entire
data and Al lifecycle, from data preparation to model development, deployment, and

monitoring. The early Al use cases that IBM has identified range from digital labor, IT au-
tomation, application modernization, and security to sustainability.

watsonxgovernance

watsonx.ai

watsonx.data

® watsonx REIZOE S
@ watsonx and its core components

kR Al B EEH TR IBM ERAFR
Key scenarios of enterprise Al application and IBM's solutions

IBM watsonx BES£IKMEE £, HA Al FFEFE watsonx.ai F#
B —{& 75 2 watsonx.data B L1, Al JAIEF & watsonx.governance it
XF 2023 FEMEEE E,

IBM watsonx is on the course of general
availability worldwide: watsonx.ai and
watsonx.data have been rolled out and
watsonx.governance will be available in
the fourth quarter of 2023.

E WU, BEREETE
W 150 £ NP E5 7T watsonx
FAEBMRF RS, HAF 40
LNV EFETRERERS T S
EM#HE, BMER, AITHERE
FETU MM A7 S, BieEER.
HiE. SEXRZRRE. HBE. IF
grE, AREENNERENK
Mg, MMERIEK. 28
P BAEF R,

Before its official launch in May, watsonx
platform had been open to over 150 users
from across industries for tech preview
and test, with some 40 users giving their
feedback and recommendations based
on their initial experience. Al's immediate
value that IBM sees in these use cases,
from finance and manufacturing to retail
and healthcare, is process optimization,
which leads to lower cost, higher produc-
tivity, and better customer experience.

Ak, IBMBARNEEKES
RE (LLMs) | IT Bah bR 8L
HFHNELE, NERLBRE
THEANLSHEFAEME
A, It 45, IBM IE 3§ watsonx.ai
BRI A NEZ 0 Al M B 5h b
=, UREERS. 7T 1BM &
RN A TR AN ERRTES,
MELRIBT B L E 5B Al FIER
70%.

To this end, IBM is devoted to develop-
ing foundation models for businesses
with large language models (LLMs), IT
automation models, digital labor models,
cybersecurity models, and many more to
come. In addition, IBM is actively infusing
watsonx.ai foundation models in its major
Al and automation software solutions as
well as its consulting services. In IBM's
early work applying basic models with
clients, IBM has watched clients time to
value go up to 70% faster than with a tra-
ditional Al approach.
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® watsonx Code Assistant FEEhENF LA RIRSRIZNE
® watsonx Code Assistant boosts IBM Z developers' productivity

HIAFE. A, SEEREFEESEFHLY

Embrace an open-source approach and co-create with ecosystem partners

EE IBM R, ARG5S ATEERLELHMK, watsonx K
BTHR. ABRMzRERAR, IBMRIESS5HER A FRIE, F0
£ Hugging Face Al FER#M KR BRI EUES, IBM BEF R
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HIEMEIE AIRE, HENFR 7RSI,

Following IBM's strategy of open source, openness, and hybrid cloud in the development
of artificial intelligence, watsonx adopts open source, openness, and cloud-native tech-
nologies. IBM actively participates in and contributes to Al open-source projects, such as
providing foundational models and datasets in the Hugging Face Al open-source com-
munity. IBM has designed a full-stack enterprise-grade Al technology platform based
on open source and openness principles, allowing users to transparently train, optimize,
reason, and manage Al models while abstracting away model heterogeneity.

IBM 5 2EMNETHBEFZIMEMBRRNEIER Al =ads, H
BRI ZNERINHES, ELEET 20 2 MTURRZ AP HH. fild,
SAP Hl IBM Z@E1EITER 25 NXAE BT UBRT EN KT P RH
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IEAI R AR AZDES=T
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® watsonx £EBEFFREFF K

@ watsonx fully embraces open source
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IBM is actively bringing its enterprise-grade Al solutions to more than 20 industries with
the "power of ecosystem", such as the 25 intelligent solutions co-developed by IBM Con-
sulting and SAP that provide clients with Al-powered insights and automated capabilities.

BEEET Al BRI

Putting trust at the core of Al strategy

IBMIA7D, BEREHHAEMTEASIE: AI@BEE. AFMH. 2
. BIAERPRIAM. 1BM &1t watsonx BHBIEX LS ERIZ LR,
ERSRAETREEE S T,

IBM believes that there are five pillars to trustworthy Al: explainability, fairness, robust-

ness, transparency, and privacy. IBM has designed watsonx to adhere to these core
principles of trust while being as accessible as possible.

watsonx.governance A2 — B oh kB HIBFE B 4 6 B BAfR R
FE, ATHIERE. DERARNHARRALRNXCMIZRREN R
watsonx.governance R B LR E NG RE P REMEXFL. #Bh#H
EBREBEERNBRAERAANES, BEEFLRVIRBIERETam ™
EENRE, BERERE=FTEFANEKEE, et aE% it
MESLZIIAE. WAREFNTE, ENTLUCREMESE. RE BxT
IR EEBAIRR,

The watsonx.governance component is an automated data and model lifecycle
solution for developing strategy, assigning decision-making authority, and ensur-
ing that organizations are accountable for risk and investment decisions. watsonx.
governance uses software automation to help enhance customers' ability to reduce

risk, help meet regulatory requirements, and address ethical issues, eliminating the
prohibitive cost of switching data science platforms, even for models developed using

@ watsonx.governance T{EREFL
@ Preview of the watsonx.governance working interface

third-party tools. It enables enterprises
to automate and integrate multiple tools,
applications, and platforms, while docu-
menting the origin of datasets, models,
associated metadata, and pipelines.

BIRHENTLE2MERIFE
FREAARIAE, HEshie R (R
Z M 2 #%, watsonx.governance
AIEBARHEBEINEH EE
EBREMEE, EZMAURENLR
MWANW Smee, ARSI
M, TAERIRIRENNERR A
B FRIFA AR X ERY A AN 7
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By providing the mechanisms to help se-
cure and protect customer privacy, and
proactively detect model bias and drift,
watsonx.governance helps organizations
meet ethics standards and proactively
manage risk and reputation. Regulations
can be translated into policies and busi-
ness processes to help ensure compli-
ance, while customizable reports and

dashboards help maintain stakeholder
visibility and collaboration.
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ARGO : Autonomous Inspection of Rolling Stocks
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Next Generation Robotics Company
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Introduction

ARGO is a new railcar inspection robot manufactured by Next Generation Robotics for
autonomous safety inspections of general railcars. Predictive maintenance and high-pre-
cision repetitive operations are performed through artificial intelligence algorithms, which
in turn replace current visual inspection procedures to improve train safety.

Bid A\ TE MBI TN LR, SR TIRENE

Predictive maintenance assisted by artificial intelligence for standard track

ARGO B—HEIXIFIZEHTTEE L 2N ERIF AN A ERLIER
Eﬁﬁ@ﬁﬁ&ﬁ%ﬂ%ﬁﬁ%\@EHLHWE&EEEV,uk%ﬂ
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EERE. 2N EARENERNETT, EBMRIENIEETREHNE,
BIEATEREZNER A B2, GIshE. FIEZLFRREMT, M
MRS SRR EMIR BRI LA EMN. BE TS ARARASATERNES,
ARGO ] LASRIFUME et T 120

ARGO is a new robot that performs autonomous safety inspections of trains. ARGO can
replace the current visual inspection procedures of pit rails and inspection pits carried

out by operators at the maintenance site in order to improve train safety and enable
higher-frequency and higher-precision operations through automation and digitization of
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relevant data. The robot has been devised
to be seamlessly integrated in the railway
infrastructure, since it can run inside the
tracks and is therefore able to perform
safety inspections of the train from the
bottom, checking critical parts like brake
pads, bolts, brake disks, train joints, etc.
by means of artificial intelligence algo-
rithms. Benefiting from the combination
of robotics and artificial intelligence,
ARGO enables predictive maintenance
processes.

© @I A T AREE B FIUN 4 24P
@ Predictive Maintenance assisted by Atrtificial
Intelligence

wAEED 5 HEREH, HaiEERMhHMRIhSEIELY

Covered by more than 5 international patents, currently successfully com-
mercialized in the European market

ARGO Ec& T EXMITBAAIREE X, BJLUBIRFIABER AN
BIEEML, FHITEDRE, UARIIERS. FH, ARGO FJEATE
FARERE, BEEXTHFRINERNEINRESR, AIUES M FEKL. 81
RENHITREWNE, FEXTEMMRE. ME, BT ARGO EC& 7B
B, e MRS AXEDR., B, T—ANBAQEBER
MHZERIBEEMHA KRB L. KK, XTZAKEXHFNERDZ, 7
HRKBITUHRRR—7 o

The robot is equipped with sophisticated computer vision algorithms that can automat-
ically recognize a large number of important parts and faults, and perform automatic
inspections to ensure the safety of the train. The robot can be adapted to any standard
railroad and does not even require trains to be driven onto specialized inspection pits.
This allows safety inspections to be carried out at every station, at every pit, no longer
limited by space. And, because the robot is equipped with LIDAR sensors, it can interact
safely with humans. At present, the robot has been patented and commercialized by
the Next Generation Robotics in the European market. In the future, this technology will
formally enter the international market, and do its best for the development of world's rail-
road industry.

®© MBS SR A ISR S A28 AR

@ From traditional cart-based robot to the integration of traditional commercial robot components

© FBET LRI A TAEE M B SRR EA IR

@ Highly specialized robot seamless integrated into railway infrastructure
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In the future, this technology will of-
ficially enter the International market
and join the development process of
the railway industry
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In the context of Industry 4.0 and digita-
lization, ARGO Robotics is committed to
perfecting the predictive maintenance ca-
pabilities required by Industry 4.0 in three
areas: digital data collection, artificial
intelligence data analysis and repetitive
operations. Firstly, digital data collection.
The HQ camera for visual inspection is
used to observe and collect data from all
directions and angles on the bottom of the
train. Afterwards, the results are analyzed
by artificial intelligence through intelligent
navigation and artificial vision algorithms.
Finally, a robotic solution for precise
positioning of the sensors is created by
repeating the process several times. This
solution will save manpower costs and
resources, improve the efficiency of train
inspections, and will be commercialized
locally in China, joining World's Industry
4.0 and digital development process.
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Kaspersky Automotive Secure Gateway

(based on KasperskyOS operating system)

REHTE
Kaspersky

Airbiquity (OTAmatic F+R 5 %5)
Airbiquity (OTAmatic update system)

AUTOSAR Ex28
AUTOSAR Consortium
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Introduction

Kaspersky Automotive Secure Gateway (KASG) is a secure gateway solution for
next-generation vehicles that addresses the critical need for secure communication with-
in the architecture of cars. By embedding KASG in the ECUs of the car, its OEM can es-
tablish a robust cyber-immune system that ensures compliance with UN R155 and R156
automotive regulations using ISO/SAE 21434.
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Secure-by-design KasperskyOS
provides security guarantees
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The automotive industry faces challenges in E/E architecture design due to new technol-
ogies and business models of OEMSs. It is also impacted by regulations like UN R155 and
R156 which has the requirements for secure-by-design systems. Additionally, managing
a large number of Tier suppliers adds complexity to supply chain security. Proactive inte-
gration of security measures directly into the architecture is crucial to ensure compliance
with regulations and establish a secure ecosystem for connected vehicles.

FTEHREKAEAOTRANAERT I ENAG IR ENNERER
ZX—plf, FEHERFRAAR—MHENEREMALENTE, 5
ENEESEERE2ERNIT RAAKEEM, BFRITIRERARNTL,
ISR 2 RBM R WE R &,

Kaspersky has long been working on the problem of how to create a trusted information
system from untrustworthy components. KaspeskyOS a platform for building Cyber Im-
mune solutions, which is designed to serve as the basis for IT systems with high infor-
mation security requirements, including the development of secure-by-design systems,
rendering both known and new types of cyberattacks ineffective.
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Kaspersky Automotive Secure Gateway
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The distinctive architecture of Kasper-
skyOS makes it possible to create IT
products that are Cyber Immune. It is vir-
tually impossible to hack these products
or affect their critical functions, and they
continue to function reliably even in hostile
environments. Cyber Immune solutions

built on KasperskyOS do not need addi-
tional (applied) security features.

PITEERATAE, R TILeIR
KASG implementing adaptive stan-
dards and fostering innovation of the
industry
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Kaspersky Automotive Secure Gateway
is actively involved in various automotive
projects. Implementing the AUTOSAR
Adaptive standard, KASG provides an
open platform with publicly available
APIs. This allows partners to easily port
their automotive AUTOSAR applications,
including open-source ones, to KASG. By
leveraging KASG, the automotive industry
can bolster security measures, ensuring
the safe and secure operation of con-
nected vehicles. Kaspersky continues to
support the growth of technology partners

and the developer community, fostering
innovation in automotive cybersecurity.
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The "innate" security of KasperskyOS is embedded in its architecture and philosophy.
Cyber Immunity is ensured by dividing the system into isolated components and con-

ZRABFE, R#TLRZR

KASG supports open platforms and promotes the development of the industry

TEHFEAELZENXE—RRIEGTm, SEERAEBFITHET
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Kaspersky Automotive Secure Gateway, is a cutting-edge product designed to enhance
the security and connectivity of electronic control units (ECUs) in automobiles. It facili-
tates seamless communication between the in-vehicle infotainment system, cloud infra-
structure, mobile applications, and external interfaces such as 4G, Bluetooth, USB, and
WiFi. By implementing cyber immunity and adhering to UN R155 and R156 regulations,
KASG effectively reduces cybersecurity risks and ensures compliance within the auto-
motive industry.

TEHESER2MXNEMHELERIERENZL2HED
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trolling the interaction between them. At
the design stage, security policies are
defined that specify each permissible ac-
tion. Only what is allowed by the system
administrators and application developers
can run and work. KasperskyOS, together
with the methodology for developing IT
products, serves as an effective and reli-
able basis for creating trusted information
systems that are immune to cyber threats.

FHE. ERURMXBLHIEHER
N&z2ffh, SEEFERISTE
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AR, HA A AUTOSAR Bi&
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The impact of Kaspersky Automotive
Secure Gateway extends to various as-
pects of vehicle functionality and safety.
It enables the secure transmission of crit-

ical data and messages, including ECU
configuration data, software updates, and

access to diagnostic functions. By leveraging the AUTOSAR Adaptive standard and supporting an open platform with publicly available
APIs, KASG promotes collaboration and compatibility among automotive applications, including open-source ones. This facilitates inno-
vation and encourages the development of robust, secure, and standardized automotive solutions.

ERRBETEMSE RERR

Patents and awards authenticate the future of Cyber Immunity

TEHEAERENXELRE T BEPE. ZERFUNEA 10
RIMEREH, FHRIK 2022 FRBTHERRABINALR (NTI) Autonet
MR “WECSENREMRASRE" LI
Kaspersky Automotive Security Gateway has obtained more than 10 international pat-

ents, including in China, the United States and Europe, and has been awarded the "Best
Solution for the Connected Vehicles" by NTI Autonet in 2022.

BIMEE, REVITHNEERENRBRARNENERE. WERE
ITRFSARANTAERE, FEPENRFHERBDHET —F, REHE
RN ZRE T ENEM, TEITEHERASIEUNHE XS,

We believe that Cyber Immunity is the future of IT and information security. Cyber Im-
mune IT systems are bringing a more secure and resilient digital world closer, Kaspersky

will continue to build strategic technological partnerships based on the Cyber Immune
approach.
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Tencent AIMIS Medical Imaging
Platform of Digital Intelligence

BBE#E CRI) BRA

Tencent Healthcare (Shenzhen) Co., Ltd

51
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Introduction

Equipped with an artificial intelligence analysis engine, Tencent AIMIS Medical Imaging
Platform of Digital Intelligence focuses on cloud-based application, scientific research
and management of digital medical images. Through the connectivity of image data and
business processes, it provides medical institutions with a medical imaging solution that
integrates industry, university, research and management, assisting industry-universi-
ty-research collaborative innovation of medical Al.

P EETT 5 Al 2HER U

Promoting the Innovation on the Whole Chain of Medical Imaging Al in China

Wﬁ@ﬁ&?EE$W%HZ—, EZEHBR5 A MESEET B8
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As one of the most intensive fields of medical data, the combination of medical imaging
and Al has a broad imagination. However, in the actual development process, medical
imaging Al faces many bottlenecks such as dispersed data sources, time-consuming an-
notation, lack of applicable algorithms, and difficulty in industry-university-research-man-
agement cooperation.

“BARERSEFVETL” , BIRTUREELAR RHE
SER CTERE RESNE, SHESFE&ANSHR. KN
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Tencent AIMIS Medical Imaging Platform
of Digital Intelligence, through digitaliza-
tion and intelligent upgrading, is deeply
engaged in the innovation on the whole
chain of medical imaging in forms of in-
dustry-university-research-management
cooperation, and realizes multi-scenario,
large-scale application and sustainable
development of medical imaging Al.

RSN ARR, FaBd %
B+ EERA” BARK, BERE
Pl mERE. REREEE.
WU ERF RN A
At the business application level, the plat-
form activates digital imaging applications

such as remote diagnosis, teleconsulta-
tion, remote consultation, remote demon-

stration and ward round, and assisted
diagnosis through the "Medical Imaging
Cloud + Medical Imaging Al" approach.

AERIERE, KT “BRH
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At the scientific research level, relying on the National New Generation of Artificial Intelligence Open Innovation Platform for Medical Im-
aging, the platform provides a one-stop solution for multimodal medical imaging and pathology data, from data desensitization, access

and labeling to Al model design, training, deployment and application.

Lok, FEREFR T —ERARUNATERTHLIIRER, FREXGRITE

—thfE, BERLX2ERE,

In addition, the platform has formed a set of holistic artificial intelligence demonstration and training system, and has a unified standard

for image quality control, so that information security is guaranteed.
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@ Tencent AIMIS Medical Imaging Platform of Digital Intelligence provides a medical imaging solutions integrating industry, university, research and

management

FEIL=" Al IIGER28HE. 20 SELER Al

Incubating Three Al Clinical Devices and More than 20 Research Als

R “BAREHEETFETR” , BRRRERITET A
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Relying on the Tencent AIMIS Medical Imaging Platform of Digital Intelligence, Tencent
HealthCare has successfully built three clinical-grade Al-assisted diagnostic products for
pneumonia, glaucoma, and colon, and has been approved for the registration of Class IlI
medical devices.

Heh, “Fi&CT2GHBED 2 RTERE E2020 EFHEEER
IR ZI, BYHEONAKF M E P ER &R RE, %?%EEUJIEBEE@
24000 & BEFHITHIES CT HHBIIZHT,

The Pneumonia CT Imaging Assisted Diagnosis and Evaluation Software helped the
imaging team at Zhongnan Hospital of Wuhan University to perform CT lung diagnosis
for more than 24,000 patients at Lei Shen Shan Hospital during the worst period of the
COVID-19 pandemic in 2020.
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The Glaucoma Atrtificial Intelligence Soft-
ware and the Colon Polyp Electronic En-
doscopy Image Assisted Detection Soft-
ware have been registered as innovative
medical device products. The software
utilizes artificial intelligence algorithms to
provide doctors with clinically-assisted
triage recommendations, helping to im-
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prove the detection rate of large-scale disease screening. According to clinical trials, the
glaucoma Al engine was able to reduce the rate of missed diagnosis by 20% and the
misdiagnosis rate by 2%; and the colon Al engine was able to help doctors improve the
detection rate of polyp by more than 20%.

oy, “BRREHEETEGTE” SRR T BEMER S5
B9 20 ZMELERRAIRT Al 51, REMERFIMERE. MKRRE. Tz,
ALBRIBEE. FETHFRR, HARHTEZZHGATEERH.

In addition, the Tencent AIMIS Medical Imaging Platform of Digital Intelligence also in-
tegrates and opens up more than 20 types of research-level Al engines developed by
Tencent's team, covering diseases such as diabetic retinopathy, glioma, liver cancer,
mammary gland molybdenum target, and lung nodules, for users to conduct Al research
on medical imaging.

® EEMBERANR Al BEMERERFEa4

@ Tencent AIMIS Pneumonia Al was used on the front lines during the COVID-19 pandemic

® BEHBIR B R Al REBSPREIRIZE

@ Tencent AIMIS Glaucoma Al can reduce missed diagnosis rate

® BBINRRER Al BBELRARBRIRHE

@ Tencent AIMIS Colon Al helps doctors improve the detection rate of polyp
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Al is Well-recognized for Fighting
COVID-19
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Full Activation of Medical Al Scientific Re-
search and Application
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In terms of scientific research cooperation,
Tencent AIMIS Medical Imaging Platform
of Digital Intelligence has fully opened up
more than 20 types of self-developed Al
engines, providing medical Al scientific
research services for 17 universities and
research institutes, 23 public hospitals,
and 33 technology enterprises. Assisted
Guangzhou LBP Medicine Science &
Technology Co., Ltd, the first listed com-
pany in the field of pathology diagnosis
in China, to build an Al database for cer-
vical liquid-based cytology and develop
cervical cytopathology Al; cooperated
with the world's leading medical device
and solution provider Shenzhen Mindray
Medical to develop the "Fully Automated
Peripheral Blood Morphology Analyzer",
filling a gap in the domestic market, and
completed the installation in more than
400 hospitals around the world, including
Italy and Spain.
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At present, the Tencent AIMIS Medical Imaging Platform of Digital Intelligence has aggre-
gated and formed a full-scene application of Medical Imaging Al, providing support for
the popularization of medical Al applications and promoting the comprehensive upgrade
of medical imaging services. On the doctor's side, an intelligent workbench has been
created for doctors through tools such as medical image browsing, multilateral image
collaboration, remote consultation, and mobile diagnosis; on the patient's side, long-last-
ing storage of image files has been realized, and family members' files are co-managed
to connect online consultation and referral.

tesh, BRE—ERAFHEMET Al BINE TR, YR AIEMT
BAESEMHTEHE, IRNERREHERRKE, KBRABRRKERHEN
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In addition, Tencent has also been committed to promoting the application of medical Al,
such as landing the glaucoma Al in Yudu County, Ganzhou City, Jiangxi Province, which

has dramatically improved the efficiency and detection rate of fundus disease screening
by providing health screening for rural residents.
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@ Mindray Blood Cell Morphology Analyzer with Tencent Al Fills Domestic Gap

o TARAHMNHTHENREZ TR A HE

@ Villagers in Yudu County, Ganzhou City, Jiangxi Province, Received Al Screening for Glaucoma
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tation-based high-dimensional spectral CT image reconstruction method was proposed.
This effectively suppresses noise and artifacts, enhances algorithm precision, and accel-
erates the imaging process.

{57 E CT EEERIRIBIE S5 E

Theory and Methods of Intelligent Low-Dose CT Imaging

FEERMABRHHSIN EARIE 60 RiFE, HAF Google Scholar &

Published over 60 papers in top-tier inter-
national journals and conferences, with
a total of over 7,000 citations on Google
Scholar, including 6 Essential Science
Indicators (ESI) highly cited papers.

Tomographic Data
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Sichuan University
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Southeast University

FREST SN A RERT

Chengdu Sixth People's Hospital
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Introduction

The combination of low-dose CT (LDCT) imaging with artificial intelligence technology
can address fundamental issues in LDCT imaging, such as non-linear representation,
prior representation, and image noise separation. This has led to the development of a
new theory, methodology, and technical framework for intelligent LDCT imaging, thereby
enhancing imaging safety, precision, and real-time performance.

EIPRASERIENE CT BB SHGHEZ

World-Leading Low-Dose CT Intelligent Denoising and Imaging Algorithm
Eif EEXRREZE I RASINEMRFIE CT &G, RERRE

FIRAE CT REBES, QIFER T RIIUBEFINMHE CTE

BABFE; BORREMAEREFIE CT BEREARBITHZEAN

BEEE X,

Internationally, it was the first time introducing deep learning techniques into the field of

LDCT imaging. Leading the way to combine deep learning models with CT imaging, in-

novative series of feature learning-based LDCT imaging methods were proposed. Some

of the achievements have become widely adopted benchmark algorithms in the field of
LDCT post-processing.

Efr EERRERRAE CT ERBRTEANIREZIE RS,
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Neural Network Reconstructed Image

@ Intelligent Low-Dose CT Imaging

BURIETRFE CTERERT
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It was the first attempt internationally to
incorporate traditional LDCT iterative
reconstruction methods into the deep
learning framework, effectively avoiding
the introduction of new artifacts in the
reconstruction process. Simultaneously,
this achievement provides interpretability
to deep iterative reconstruction networks,
leading to significant improvements in
speed and performance.

BHRREATURERI RS S
AL CT ERBSS, RETZ
EREMRRTHSLEREE CTE
GBERAZE, BRHIGIREMNR,
REEEEEN, INREGREE.
Combining sparse representation and
low-rank decomposition with high-dimen-

sional spectral CT reconstruction. A novel
multi-dimensional joint sparse represen-

W31 7000 FR, ESI BWSIIL 6 Fo

© RED-CNN £ LS HELR R R EE R EL IR

@ Overall of the proposed RED-CNN and comparison of different imaging results
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@ LEARN IARREREMIBIELR R A RS R LR

@ Overall of the proposed iterative reconstruction network LEARN and comparison of different imaging results
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Addressing Fundamental Problems of Representation and Image Noise Sep-
aration in LDCT Image

FEMEFEEFTHETIE CTEGRBRELBINELRAMAEEX . &
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Discovery and Significance of Nonlinear Subspace-Based LDCT Image Noise Separa-
tion Mechanism: The discovery of the noise separation mechanism based on nonlinear
subspace representation in LDCT images has laid the foundation for theoretical research
and methods in the field of post-processing based on feature representation learning
and noise separation. It has built a new research interest in the study of LDCT image
post-processing.
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@ Interpretable LDCT Image lterative Reconstruction Theory
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® FUAN A TRRIRETT CT k&
@ Algorithms were applied to MinFound CT equipment
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Innovations in Learnable CT Image Prior
Representation System and Reconstruc-
tion Methods: Discovered the intrinsic pri-
or representation principles of CT images
and proposed a learnable prior represen-
tation system. Pioneered the development
of interpretable LDCT image iterative
reconstruction theory and methods under
data-driven frameworks, introducing a
new research interest in LDCT imaging.

REIE CT BIREZAVEIFER
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Innovative Theories and Methods for
Spectral CT Image Reconstruction: The
development of spectral domain linear
correction theory and structural clustering
analysis theory has been proposed. The
theory and methods for spectral CT image
reconstruction based on image-spectrum
similarity prior representation have been
introduced. These advancements have
effectively promoted the clinical use of
spectral CT equipment.

MRNAFER 4 RETEW
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Z7T, FE 3050 How, 2S5
THEEES, TTRAEMETE
& £Y 5000 o
The achievements have been applied in
four domestic medical enterprises and
two 3A hospitals, contributing to an addi-
tional revenue of approximately 192 mil-
lion RMB and a profit of 30.5 million yuan.
We were actively involved throughout the
fight against the COVID-19 pandemic and

successfully conducted low-dose lung
screenings for approximately 5,000 cases.
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Highly Commented by World's Leading

Experts and Authoritative Academic
Medias
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Cong #%. M TEMFBFTT Michael Unser 3% . IIEARTIEFPE
1 Rabab K. Ward #EEHIMNe K& JongChul Ye ##%. Ge Wang #i%.
Mannudeep K. Kalra ##&. Zhengrong Liang ##%. Eric Miller #%.
Cynthia H. McCollough ##%. ME RZEIZ. EIEHBIZZEF IEEE/SPIE/
AIBME/AAPM Fellow 98 EMIEE Y, 7E Nature Machine Intelligence
SHAHTTEZRERSI AMITAR, W: “provides a baseline”

“pioneering” . “state-of-the-art” . “impressive” , #EPRF AR
4K Physics World. MBIEIURE/BEARESHFR NS S THEHITERR
B, MEEERSINHE RS 30 RK%, SBTE CT BEEMSIY The
Fully3D 2017. SPIE Optical Engineering + Applications 2017 Xz SIAM
Conference on Imaging Science 2018 EASAFBIRE,

We have maintained close communication with international peers, and our research
findings have received positive evaluations and endorsements from academicians both
in China and abroad, including Professor Zongben Xu, Academician of the Chinese
Academy of Sciences, Professor Wen Gao, Academician of the Chinese Academy of
Engineering, Professor James A. Sethian, Member of the National Academy of Sciences
and the National Academy of Engineering in the United States, Professor Maryellen L.
Giger, Professor Jason Cong, Professor Michael Unser, Fellow of the Swiss Academy of

Engineering Sciences, Professor Rabab K.
Ward, Fellow of the Canadian Academy of
Engineering, and others. Furthermore, our
works have garnered affirmative citations
and reviews in publications published in
top-tier journals such as Nature Machine
Intelligence, and have been positively
acknowledged by numerous IEEE/SPIE/
AIBME/AAPM Fellows, including Profes-
sors Jong Chul Ye, Ge Wang, Mannudeep
K. Kalra, Zhengrong Liang, Eric Miller,
Cynthia H. McCollough, Zhouchen Lin,
and Qiushi Ren, etc, such as "provides a
baseline", "pioneering", "state-of-the-art",
"impressive". Besides, our works were
selected as featured work for special cov-
erage by international academic media
such as Physics World and the Lindau
Nobel Laureate Meetings. We have been
invited to give keynote presentations at
more than 30 international conferences
and have been specially invited to speak
at leading CT imaging conferences like
The Fully3D 2017, SPIE Optical Engineer-
ing + Applications 2017, and the SIAM
Conference on Imaging Science 2018.
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Theory and Method of Cross-space Big Data Correlational Rep-

resentational Learning

B E AR KRR F IR FE)RE

Cross spatial big data association representation learning

a2 X AR Cross spatial complex correlation laws
ekl and mapping mechanisms
[ = 7 : e - [ Mappin m;cllnnl:m of 11 Pr:scml:iou.:!.\cchmim of 1 T R.ub-usl ;n‘h;:rprtlxbl.c
ﬁ%?ﬁ‘ﬂ‘ﬂ *’E*I\EEE 4 aﬁEg ncmﬁlospology and vector | topological properties in propertics of unified
Iﬁllﬁiﬂl‘] IE]IEI'E']B‘J ra-]lgqﬂiffﬁﬂ L representation VEClor space | | representation space
B HLIE RIS ; : :
HLEE | 7"7‘)* t-?-‘:i' .\{\'L'h;mi_:-'m . .\’Nl.hu:l ) .\.‘Iudcl
Vector representation mapping o] Representation leaming L Robust interpretable
HIMEDRIRE REMERR A2 EH AR mechanism for maintaining method for preserving representation leaming
j etnao 3k | {E¥ 755 FIHA | topological structure topological propertics model

® EEFRABIEXFEAE—XRIIMELENESEEHE, RHEE @ Important progress has been made in the research on the unified

AR T B —RERRIEEIL T A

representation of cross-space big data association, and a robust and

interpretable cross-space unified association representation theory method

has been proposed

BEXRE
Tsinghua University

515

ST RIARBEITEMANREZ BRRWEERLAHNBRER. %
RE. 2 BSXEARNZ0, BERAEREE. AHZ2EEAREKRH
BE T SRAY M E b

Introduction

Cross-space big data analysis is at the core of discovering and utilizing deep-level,
multi-scale, and full-cycle association rules from large-scale multi-source heterogeneous
data. It has become a common foundation for national major strategic demands such as
social governance and public security.

BT ETEIAMBMSRIEFEIEICHR

Establish cross-space large-scale graph representation learning theoretical
system

RHREL SR E—BERRTXE. BEGFEEXRETENRR, ML
ZEET RIS HEELENERREARSARXENE, SHEZEK
HEXREEAEIRA. MBLELI. SHEEUTNBEIR. NERKES
KIETERR, WEBTEFMRAERBENG—FRE, BRETEESRX
BEXANRHBREUNIE, BUBTBAEXRREFIEILES
%, BRRHAERERFARN— D ERYEL,

Traditional theories and methods have been limited by the inherent representation spac-
es of text and images, making it difficult to depict the complex association relationships
and essential correlation patterns of cross-space heterogeneous data entities, leading to
the predicament of not being able to identify cross-space big data associations, discover
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correlation patterns, and predict trends.
How to break through the limitations
of inherent representation spaces and
construct a unified expression of cross-
space heterogeneous entity associations,
reveal the driving factors and evolutionary
mechanisms of complex cross-space cor-
relation relationships, and establish cross-
space big data association representation
learning theories and methods, has long
been a basic puzzle troubling the interna-
tional academic community.

N ERMERR, KERMBT
B R EHE R EXBUIR NS AR (1%
BRNF, BUBETAMESHMLE
B EARBEXRE—RE, 15
TR EMEEXREZER
BREYHLIE, MRIMEIRFNEMRET.
WEELERNSE. SRS MNRE
REEBI R MR AR RIEF SRR
%, NARBRBETEABUIERBRIL
FI ML ANIEMETTE

We address the cross-space big data association representation learning problem by
breaking through the limitations of the inherent representation space. It approaches the
problem by studying the topological structure and evolutionary properties of cross-space
big data associations from the perspective of large-scale heterogeneous networks. The
project aims to establish a unified representation of cross-space big data associations
based on large-scale heterogeneous networks, reveal the mapping mechanism between
network topological space and vector representation space, and construct an external

RG7E: Tw‘ﬁ R AR ZE (B 1R 37 RATE

topological structure preservation, internal
evolutionary property equivalence, and
overall reliability-ensured large-scale net-
work representation learning theoretical
system.

Traditional methods: independent representation of

T information, socrety, and physmal space

RunE mEAR BEAY
LAz B e 8 E Ak B S A R AL
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Isolated representation  Static rules
rizing complex
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@ Traditional methods are difficult to capture the cross-space complex

correlations and essential laws

?‘Jﬁﬁﬂ%?lﬁ'*ﬁ*&*ﬂ*%ﬁf z;zf:;zieizzrr:inggdata association repre-
FSIIDIE M B ST '

Make a creative contribution to the 2. EAMERINE R R E T8

development of cross-space bld BB MNEBRIE, 187

data association representation

learning theory ERERIETERFMEIEXSTRE
BN RTRRE, BUBIMERR
FNEMESHSERMRIEFES

?IE) F‘: ’ \é\
AR IORRIER, f o S RIMERAR PR

HEABR BT RENRE iy T BEREMILSR
MAERES 5%, MBI,

MIRFINE SRR ERIEFSIIH 2. This project demonstrated that network
o N topological properties are an essential
RE, NEZEABERRKRILS guarantee for cross-space big data
SEETEEZEICEM,

LIRS ziEmEx
E==[B]RYBRESHNIE, EERIRFNGTD

association analysis. They revealed the
feasible path for maintaining the network's
1.This project revealed the mapping  asymmetric transmission property in the
mechanism between the network topol-  vector representation space. An efficient

ogy space and the vector representa-  representation learning model for direct-
tion space, explaining the fundamental

role of topological structure in network
representation learning. They proposed
the first deep network representation
learning method with high-order similarity
structure preservation, and achieving a
breakthrough from topological structure

analysis to deep representation learning = i
T |8 N
for association analysis. This foundation 3. B

laid important theoretical groundwork for BBV RIAEEF O] BB, KM

ed and dynamic graphs with preserved
topological properties was established,
achieving a cross-scale network represen-
tation learning computational complexity
from cubic to linear level under topologi-
cal property constraints.

Wasserstein 8] R E . 419
. M BN —REEE,
BRBARE S THNERIELEEN
R IR R HIBC WS B R, KT
BB XBERTEFEEENE
MR,

3. Addressing the challenge of cross-
space representation robustness and in-
terpretability due to complex associations,
this project discovered Wasserstein space
uncertainty, structural similarity, and to-
pological transferability as a consistent
measure for measuring the associations
between different spaces. This model can
achieve disentanglement of network rep-
resentation dimensions under weak prior
conditions, thus improving representation
robustness and interpretability.
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SEAHEAR FRESSE, HowEEs Cross spatial big data is essentially a complex system
et RS ARNERES composed of the entangling of information space, social
space, and physical world

%m Eﬁiﬁgl‘aﬁ BE HEEEHJ’C%{E%E%~¥& . i Breaking through the inherent limitations of representation space and constructing a ]

unified representation for cross spatial big data association is the fundamental way to

RIS E A MR XHKERANAMNREERE | achieve understanding and prediction of cross spatial big data association

© MBRAMERHMENET B ATIBRBESA—RIE, BB
FTEIABBEXRPRUAZ IS HE, BEMBETE AR

y

VAN Mol N
pag it: SR Gl repr tation learning, are core issue

analysis

HERRZ I T RIRLH ACM/IEEE Fellow Z8IEMIEM

The representative papers related to this project have been positively evaluated by more than 100 academicians and
ACM/IEEE Fellows

&R &3k 187 Yoshua Bengio BIR M FriE HEMMEE MR evaluated the proposed method a§ one of
BN RENARTEI S Ry EER BN B RIENE—T the most advanced results for disentan-

gling associated representations. A paper

1E; FENFTIRHBYRBE A NE B BSRBXERITNRAEHER Y published in Nature Communications
—. Nature FRIL SN FTR I HEISALREMARIE S (B SEH,  commenied that the proposed model is

the most advanced in the field of graph
Turing Award winner Yoshua Bengio professor evaluated the proposed model as the only embedding representation.
work in representation learning that focuses on local and global representations. He also

Representative | International | Web of Science Google [
. EREESE | ';r,;;"“m B‘f&"é BXEW e e T s

ACM KDD 2016 Citation

ACM SIGKDD 1119 KDD 201651 W33 Ll e 19 2t Spact %0

2 ACM SIGKDD 482 KDD 20165 | i®m H¥q ACM - KDD 2016 Cltation
g 5 h = Impact 4th

[3] AAAL 389 726 AAAI 201731 F®MAETI0

AAAL 2017 Citation
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Exposing the Major Vulnerabilities in Modern Processors
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Tsinghua University
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Zhongguancun Laboratory (ZGC LAB)
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Beijing University of Posts and Telecommunications (BUPT)
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Harbin Institute of Technology (HIT)
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Introduction

We discover a major processor vulnerability ("VoltJockey"), which is a new type
of hardware vulnerability recognized internationally. Besides, we propose a series of
automatic detection and mining methods for processor vulnerabilities. Moreover, we
design and implement a large-scale, distributed, and intelligent processor vulnerability
mining platform, which is applied in multiple industries with several processor hardware
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vulnerabilities are discovered.
Bz, HEN. SaetiRE
iR

Achieving Automated, Batch, and
Intelligent Vulnerability Mining
EOERVEREAZER
B— “GBt” , BREMRIATTAYHE
—K (RIH¥EX) BHRE (CVE-
2019-11157) , BE[EBY BHE Intel

SGX #1 ARM TrustZone B {EH1TIFE,

We discover a major hardware vulnerability in mainstream processors, which is named
"VoltJockey". It is a new type (low-power-consumption-type) of hardware vulnerability rec-
ognized internationally and is assigned a CVE number of CVE-2019-11157. We success-
fully utilize the "VoltJockey" vulnerability to break main trusted execution environments
such as Intel SGX and ARM TrustZone.

FEERH, RUHETHEZ. ETRELEANTLACRIENETZE
REHFRUNVIEEREONSZRT%E ARAER, RITFRAKR
MENHRLESRFAERSZ20NTE, —ERE LRRGESER
BSTEMPITRZBIFRZD, IFWLRSEHTHENL. BsptNBRER
REZRES T2, ZFacH NATEMILH, FE—FLKNT
MEHRIF LU 5 # Cache IEBK &

At the theoretical level, we propose a series of processor vulnerability detection and

mining methods based on the entropy
change, formal verification, and multi-lev-
el coverage model. At the architectural
level, we design and implement a large-
scale, distributed, and intelligent pro-
cessor vulnerability mining and security
detection platform, which overcomes the
explosion problems of processors' state
space and execution path to a certain ex-
tent. The platform can achieve automated,
batch, and intelligent vulnerability mining
and security detection for processors.
We have applied the platform in many
industries and discover seven hardware
vulnerabilities as well as five cache side
channel attacks.
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A New Type of Hardware Vulnerability
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VoltJockey

@ The "VoltJockey" vulnerability is a new type of internationally recognized hardware vulnerability
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The "VoltJockey" vulnerability discovered by our team shows that the mature low-power technologies ~ Processor's low-power technologies and helps
still have security issues. Besides, we have demonstrated that the "VoltJockey" vulnerability can be uti- to design secure low-power technologies. @ The "VoltJockey" vulnerability leads the international research on the security of processor's low-power technologies

tional trend of researching about the security of .
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@ The outstanding issues in automatically mining the processor vulnerabilities

RUH—AENIER R LR
Discovering a New Type of Processor Hardware Vulnerability

HALZIW “BBL” KANL “NB” KAESFE Intel. Qualcomms.
Nvidia E BT BHIA, HFEEW EXREHITEZ I IR, Intel 79 “35
7 RRFEET P ERA—FRRERS, “WB” FEBRPEEXRE
B2 mHZEFToRE, XERERIATTNF—EX (RFEL) K.

The "VoltJockey" and "Lightning" vulnerabilities discovered by our team have been con-
firmed by the chip manufacturers such as Intel, Qualcomm, and Nvidia. Specifically, the
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"VoltJockey" vulnerability has been dis-
closed on the Intel’s official websites. Intel
also integrates the "VoltJockey" vulnerabil-
ity into the Common Vulnerabilities & Ex-
posures (CVE). In addition, the "Lightning"
vulnerability has been included in the
China National Vulnerability Base. In fact,
the two vulnerabilities are a new type of
internationally recognized vulnerabilities
(low-power-consumption-type).

AL EEREMARRERES M AHSKTFERZWUANAT
£, 3R18ICCD M AsianHost R WBIREIRN R, WEFFRTFE 251/,
FRSE T EENZER. BTFENSEFNURERGER BN
RAXKF. BRAIEESTRAIER BHRT RESE.

Our research results on the processor security have been published in a number of
high-level academic conferences and journals, and win the best paper awards in ICCD

and AsianHost conferences. They have
been widely cited by international well-
known scholars and reported by the
worldwide media. Besides, they have
attracted great attention from the main-
stream processor manufacturers. At
present, we have carried out in-depth
cooperation with mainstream processor
manufacturers.

37 m CCS, DAC, FAST . ICCD. ICCAD. IEEETCAD. TCAS-I. ACM TODAES

m FFBICCDFNAsianHostER{FIE ]

Efr
’—
i AT ARMAIntel £ RANBSER T S IS TRA
Power and Performance arm
Mitigation Overview: Management using Arm™

o After carefully reviewing the CPU Voltage setting modification, Intel is mitigating the issue in
7] o - o
uﬁ]m © BIOS patch to disable the overclocking mailbox interface cor ration and a Microcode
update that reflects the mailbox enablement status as part of $GX TCB attestation.
@ Intel ian Service (|AS) and the Platform Certificate Retrieval Service will be updated
with new keys in due course.

SCMI Specification

ARMIf 3 42

et 7 fi—R R 2RIVFERARL T TIE

© RRARIUEH T H—RRSMINFERANA L

m CCS. DAC, FAST . ICCD., ICCAD, IEEE TCAD, TCAS-I. ACM TODAES

Paper
= Win the best paper awards in ICCD and AsianHost conferences
Scholar Can Effectively Attack the Trusted Execution
Evaluation :
Environment of ARM and Intel Processors
Power and Performance arm
M Overview: Management using Arm® b
o After carefully reviewing the CPU Violtage setting modification, Intel is mitigating the issue in :‘:CMI A [\lf’w f}l’? Itecture
Company g [ ] e il
@ BIOS patch to disable the averclocking mail interface configuration and a Microcode
Response update that reflects the mailbax enablement status as part of SGX TCB attestation,
o Intel ion Service (lAS) and the Platform Certificate Retrieval Service will be updated

with new keys in due course.

Help to Design Secure Low-Power Technologies

@ The exposed vulnerabilities foster the development of next-generation secure low-power technologies
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Full Lifecycle Trusted Data Management: Theory and Method
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Introduction

As the significance of cybersecurity in the cyberspace continues to grow, research on
trusted data processing has garnered global attention. Presently, trusted data process-
ing faces novel challenges such as diverse data sources, large data volumes, and data
control transfers. Traditional methods for trusted data processing are inadequate to ad-
dress the demands of contemporary computing paradigms.

B THEHEEA TG ARAEHRIEER
BiIEie55%

We have established foundational theory and methodology for trusted data
processing throughout the entire lifecycle under the new computing para-
digm

FHXIEAN . It EX M EEMIGHE TR EEIEE RN,
MEIRERE. BUBFHENSETEN2EGERAE, BF 7EMMRE
5, BT RAMNRIMERR. WETETFTHHRENEBE LD
S5iGIHEMIER, BRTREBZOBHREENZ MG, WET L
YIBK N ime PE ER A AR, KU T I E#IERe2EH. MET
U= AR O EHEHIEEERMIEE, RET cTRHIEFENES. =
BT URRFRONEIEEHER A, BRT T aRF i ERNEEERA
RIFSERRIERT, U EERARTHETERMEMNERINR =N
FEAT), HRFARTE 1 2. BXIEERTEEFREIERRL. KON
fl#BEbit. IEEE Fellow. ACM Fellow FEZE A& FENSEITN,

Aiming at the trusted data processing challenges in the new computing infrastructure

HIR{E

such as the Internet of Things (loT) and
cloud computing, we conducted funda-
mental exploratory research. From the
perspective of the entire lifecycle of data
transmission, storage, and computation,
we achieved systematic and original
results. We developed a foundational
theory for the analysis and design of cryp-
tographic algorithms based on dynamical
systems, effectively resolving security
design issues of core cryptographic al-
gorithms. We established a foundational
theory for trusted data transmission with
a focus on the loT, enabling the secure
transmission of trusted data. Additionally,
we constructed a foundational theory for
trusted data storage centered around
the cloud, ensuring the trustworthiness of
data storage in the cloud. We proposed
a cloud-centric approach to trusted data
computation, effectively addressing data
privacy protection and result verification
challenges in scientific computing on
cloud platforms. These results have been
presented at premier international confer-
ences and published in top-tier journals
in the field of cybersecurity. Additionally,
one academic monograph has been
published. Our work has received high
acclaim from distinguished international
scholars, including members of the Chi-
nese Academy of Engineering, the Euro-
pean Academy of Sciences, IEEE Fellows,
and ACM Fellows.
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@ Establishing foundational theory and methodology for trusted data processing

BRT REBBEZR2IZITRE, MEMEHREERREEF
RiEE, URHBIEREFESAE RIS

These achievements have successfully addressed the security design
issues of underlying cryptographic algorithms, efficient and secure data
transmission at the loT edge, and secure data storage and trusted computa-
tion in the cloud

WETEFHHRFENHAEELE LI5S TEMIEL, RETE
FARBEBRNERROREE, RUTEMEEFFENZ 2B, FETR
BEZZEMNTDFMH.

We developed a foundational theory for the design and analysis of novel cryptographic
algorithms based on dynamical systems. By introducing algebraic structure-based pe-

riodic analysis methods, we identified security vulnerabilities in existing cryptographic
algorithms and derived sufficient conditions to ensure cryptographic primitive security.

T UME N AR RIS SRIEE R AR, 'y T AT
HESBRAEBEMIEER %, T TEFOARNEHREANGNRZ
BEMY, RETHELNZ2BE.

We established a foundational theory for trusted data transmission with a focus on the
Internet of Things (IoT). We proposed a general key establishment protocol based on loT

characteristic signals and designed a secure communication protocol based on distrib-
uted event-triggered mechanisms, ensuring real-time secure communication of loT data.

WET U RF O EBUEFREEMIER. AT oEMEHE IR
5FFFRLERMIBIFXE, BET aFEHEITDINBZEEES %,
RET P HIRFMEBIRIE M.

We constructed a foundational theory for
trusted data storage centered around the
cloud. We discovered a scientific correla-
tion between cloud storage auditing and
string matching problems and proposed
a generic construction method for cloud
storage auditing protocols, ensuring the
trustworthiness of data storage in the
cloud.

RET UAFOBIEIERE
B E. BT MRS
BB ZE, MET o FakMET
FHXAEITENG, BRTSFE
BT ERNMIERARIPFSERE
TEIR)

We proposed a cloud-centric approach to
trusted data computation. We introduced
a trusted computation method for matrix
computation in the cloud and developed a
trusted computation mechanism for cloud
platform matrix computations. These work
address data privacy protection and result
verification challenges in privacy-preserv-
ing and verifiable matrix computation on
cloud platforms.
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@ The proposed cloud-based trusted data processing methods have achieved an efficiency improvement of more than 5 times

pace 094

HERITEMATNEATIRBIES, Aik IEEE Fellow. &2
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Team members have served as Associate Editors of top-tier journals in the
field of cybersecurity and cloud computing, have been recognized as IEEE

Fellow and highly cited researcher by Elsevier, and have received Best Pa-
per Awards at academic conferences

TEEF LRFMART 2L BT EHEERENR, ST R
MRAR, RETEITHNESEINT, TERRRS R ELRAER
BIBEXIC 100 RE, HPRTE JCR—XHERFI. CCFAEKEEF=IN /A
HERRIEX 52K, ARERSIABAR, HRFALTE 1 E.

Our team has conducted pioneering research on trusted data processing throughout
the entire lifecycle, resulting in original research achievements that have gained high
recognition from the community. The team has published over 100 papers on trusted
data processing in top international conferences and journals. Among them, 52 papers
have been published in JCR Q1 journals and CCF A-level recommended conferences/

journals. Our work has garnered over 10,000 citations on Google Scholar. We have also
published one academic monograph.

PR 5E A A BEBS IE ##5% N\ 1% IEEE Fellow. HBEHKIIFEIFBH

IEEE TRANSACTIONS ON

CLOUD COMPUTING

/’”

®, HEZIFENEEBME/RA
EtENFERE®IFEE, JRT
MAEBEHEBIE T ERRSE
F) (IEEE Transactions on Cloud
Computing) Bl F 4%, 18 XL X
5K 18 WASA 2018, MASS 2018,
PAMCO 2016 £ PMEMFAZF AR
SWRELXE,

Professor Xiaofeng Liao, one of the key
contributors, has been recognized as an
IEEE Fellow, a Changjiang Scholar Distin-
guished Professor by the Ministry of Ed-
ucation, and has been listed as a highly
cited researcher in the field of computer
science by Elsevier for nine consecutive
years. Professor Tao Xiang serves as an
Associate Editor for the top-tier journal
"IEEE Transactions on Cloud Comput-
ing". The team's research papers have
received Best Paper Awards at renowned

international conferences such as WASA
2018, MASS 2018, and PAMCO 2016.

SER A FBI TIES R g
EIERRL. REIZRIMER
T BRI FERRE L. MEATE
FEfrt. MERERBFRELE
ERMEERN 25 ANEE
o
The work of the team and its members
have been widely cited and highly praised
by renowned experts, including members
of the Chinese Academy of Engineering,
foreign members of the Chinese Academy
of Engineering, members of the European
Academy of Sciences, members of the

Canadian Academy of Engineering, and
members of the Royal Society of Canada.

Prof. Xiaofeng Liao

hiss been eleviated 1o the grade of

© BRI HIRIBEINAHEAT IEEE TCC BIEH. NEREIFESSHEFITEMhaS 2 (IEEE Fellow)

@ Prof. Xiaofeng Liao, serving as an Associate Editor for the prestigious journal IEEE Transactions on Cloud Computing (IEEE TCC) and being elected as a

Fellow of the Institute of Electrical and Electronics Engineers (IEEE)
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Research on Emotion Representation Mechanisms for Multi-
Modal Affective Brain-Computer Interfaces
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© EFNEBESSRMESHENSESBRMANZEORY, TEXRERABERSEUNNBERFESINPITHRN, BEZRAS

HRBI T

® A multimodal affective brain-computer interface architecture based on the fusion of EEG (Electroencephalogram) and eye movement signals. The

architecture can effectively fuse internal physiological features and external behavioral patterns of emotional state changes in subjects, significantly

improving the performance of emotion recognition

BB ARE
Shanghai Jiao Tong University

LEZH-AREERA

Emotion Helper

51

i

SIRSIF N FEEHITIR AN,
ﬁﬂﬁﬁ%%mﬁﬁﬁ\yﬁﬁz%n . BRAERISEAMARBIESES
ﬁ@ﬁ%ﬁ,ﬁ@?ﬁﬁﬁﬁ\ﬁ@WLﬁ%%&ﬁ,WHTEEE@H
AR R,

Introduction

The research goal of multimodal affective brain-computer interfaces is to develop
intelligent machines to recognize and regulate human emotions. We have carried
out theoretical analysis, model construction, and experimental design to address the
problems and challenges of emotional EEG characteristics, multimodal signal fusion,
emotional experimental paradigms, and public datasets, and have achieved original
research results.
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Stability Characteristics of Emotion
Representations Across Time and
Across Individuals

EREMERESE, &ilE
REIT B EIE S IR BINER
5XEMX. EEHRIEST,
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PRIESEEEENIFER. RN, &

PR MBI D IBIFEE RABRRNEOMR R R ZERNFIEZ
— RIEERLEERIERT BFEMBRIEN BT URERENEER
M, JEBRT N FRMIFERE, AEHHNEERIEMEEEBIRES
Eoﬁ%ﬁﬁﬁﬂﬁﬁ,ﬁﬂé iR T B SRMESHEN2MEE
RBAN R O2R4, 187 7 B MRRESTEBERT LN EMNT T,
ﬁﬂ@@%SEDJ%%%FMMM§D@WWﬁ§H$ﬁ TR TR
BUM AR E, FLEMANERREO R ER AR RES.

In terms of emotional EEG characteristics, we have identified for the first time the key

/|_,\

frequency bands and key brain regions of emotional EEG signals. The high-frequency
bands of EEG signals play a more important role in emotion recognition tasks. Mean-
while, the differential entropy feature proposed by our research team has become one of
the most widely used features in affective brain-computer interface research. For the first
time in the international arena, we have demonstrated the important property that emo-
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tional EEG patterns remain stable over
time, proving that for a particular emotion,
the neural pattern of brain activity is uni-
versally stable across individuals. In terms
of multimodal architectures, we proposed
in the first place a new multimodal affec-
tive brain-computer interface architecture
that fuses EEG and eye-movement sig-
nals, revealing the complementary prop-
erties of EEG and eye-movement signals
in emotion recognition. The SEED dataset
we constructed provides a unified test
standard for computational models in the
field of affective brain-computer interfaces
and is now the most representative data-
set in the field of affective brain-computer
interfaces.

Theta Alpha

(e) @ @

@ Representation properties of EEG signals in three-class emotion recognition tasks

"
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© B SIREE SEBERFIRIT BB EMFE

Eye Movements ——

@ The complementary characteristics of EEG and eye movement signals in emotion recognition

pace 097




B2 i

Charm of Science and Technology

SRS BRI O R e SR E+MFE

Multimodal Affective Brain-Computer Interface Architecture and Comple-
mentary Characteristics of EEG and Eye Movements

ZRSBEBMIIEOPFREESHIBTERERARBERMAEOHAR
NESRFEE, BEBERMTNZOFTEETNELRFE. RILANE
BRI S X BMX A BRMTIZEONBESURTERETESE
ERNRIEE. IR TERENEEE LSRR, WERTENERNE
FRFEEL, DT AESENEE S A SERE B Z KR, H
MARMEZE ST FEBENGEEN. AN, RIONEERIEREK
BAEEEMON T BERNEEUNRER. RIERR LRH TR
BESRMESHAENZESHERMAZOREN, MALXSKEENHESZR
SERENEORMT —TEHERRARBRE R, HRTZESBERM
M OB 7T B3 U

The representation patterns of different signals in multimodal affective brain-computer
interfaces are important scientific questions and fundamental characteristics that need to
be explored in affective brain-computer interface research. The identified key frequency
bands and brain regions associated with emotions in electroencephalography (EEG)
provide theoretical support for the objective representations of emotions in brain-comput-
er interfaces at a signal level. We conducted emotion induction experiments across time,
constructed emotion recognition models for different time periods, analyzed the tempo-
ral characteristics of spectral features in EEG signals of different electrodes, and used
brain topography to analyze the neural patterns of different emotions. Additionally, we
quantitatively analyzed the stability of emotions over time from the perspective of emotion
recognition accuracy. Internationally, we proposed a multimodal emotion brain-computer
interface architecture that combines EEG and eye movement signals, providing a novel
technical solution for developing high-performance multimodal affective brain-computer
interfaces and pioneering a new field in multimodal affective brain-computer interface
research.

[

© REIRYIEIELE I TR R X AR B R ED

@ The distributions of EEG spectral features in different brain regions under emotion experiments on
different days

SEED #iE&REM LEXHN. REANBRRBIHES

The SEED Dataset is the Largest and Most Commonly Used International
Emotion EEG Dataset

EHESERMIEONE, ATFHEXEERERNS, RERER
7, RZAIENLHEIIBE, BT R BRI IBEMARHER,
BT EBEREMONATFBEERBIIES: DEBIBARFISEMBEL
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#EEE SEED (SJTU Emotion EEG
Dataset) . ZEIBHEGIE=KIF
B HIELE SEED. A LER
BB IRE SEED-IV. A%
RSB % B IR SE SEED-V. %
REE T E Wi N #E &% SEED-
VIG., B @IGEmMBIIESE
SEED-GER MBS kP kG4
#RYEEE SEED-FRA,

In the field of multimodal affective
brain-computer interfaces, due to the high
cost of data collection and the expense of
acquisition equipments, there is a lack of
reliable public datasets. While conducting
fundamental research on the emotion
mechanisms of electroencephalography
(EEG), we have established an interna-
tionally influential open emotion EEG data-
set, the Shanghai Jiao Tong University
Emotion EEG Dataset (SEED). This data-
set comprises three categories of emotion
EEG datasets, SEED, four categories of
multimodal emotion EEG datasets, SEED-
IV, five categories of multimodal emotion
EEG datasets, SEED-V, a multimodal
fatigue driving detection dataset, SEED-
VIG, cross-cultural Chinese-German
emotion EEG datasets, SEED-GER, and
cross-cultural Chinese-French emotion
EEG datasets, SEED-FRA.

Bai, BEBXRELIK8 NMNE
R X BB 1500 R KA
FFFBIEBIT 4000 DML EFRIEE
F SEED #IE&%E, HAaERHA
2. MEET. §Bm. BEAF
MIFRAEEFEANISRF R,
¥, M SEED RYEIEE A XN
HEMSBVIEXOE 1296 B, Hrb
IEEE SCFI#B 100 Fo SEED H71%K
BEEBERFLTRE R E
OMRAERANRAN. RERAN
IR B EUIR SR

Currently, SEED datasets have been ap-
plied for use by over 1,500 universities
and research institutions from 81 countries
and regions around the world, including
prominent institutions such as Harvard
University, Massachusetts Institute of
Technology, Stanford University, Califor-
nia Institute of Technology, Johns Hopkins
University, Tsinghua University, Peking

University, and the Institute of Automation of the Chinese Academy of Sciences. The publications utilizing the SEED dataset series in-
clude 1,296 journal and conference papers, with over 100 papers published in IEEE transactions. The SEED dataset series is one of the
most commonly used standard EEG datasets for conducting research on affectiive brain-computer interfaces internationally.
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Emotion Representation Mechanisms Provide Theoretical Support for Objec-
tive Diagnosis of Depression

B WHO #UE, 2BE8IT 3.5 Z ARBINEE, REINBESREA
Bt 112, REMEEBE AR A, BEIHIHDEENZIDEE
RHERNEBZENM, B&E—FEVNEBIERAEBEEE R
E4HTHENZH. ARRFLIESHEIRES IR MNEERE
ISR T BAS ¥, LiIRSMEMIRR Z B/ EAMER Z I AR E
HENENIZHIRM T XBEAR, RANARTERIOMEBIME. FEMW
X AR5 R A 32 O 89 A2 E A FR R AEAR T AR AE SR B BN IZ iR it 7
B,

According to the World Health Organization (WHO), more than 350 million individuals
worldwide are afflicted by depression, with over 100 million sufferers in China alone. De-
spite the substantial population affected by depression, the current diagnostic methods
predominantly rely on questionnaires and communication between healthcare profes-

E{ﬂ?{;.
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@ Differences in Eye Movement Patterns between Healthy Participants
and Depressive Patients

sionals and patients. There is currently no
objective physiological marker to assist
mental health professionals in diagnostic
processes.

The multimodal deep learning architec-
ture presented in this study provides
algorithmic support for objective diag-
nosis of depression. The discovery of
complementarity between multimodal
EEG and eye movements offers a pivotal
technological advancement for assisting
in the objective diagnosis of depression.
Additionally, the identification of critical
EEG frequency bands and brain regions,
as well as the establishment of stable EEG
representation patterns within the affec-
tive brain-computer interface framework,
provides a theoretical foundation for the
objective diagnosis of depression.
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Efficient Neural Network Approaches for Visual Understanding
in Complex Scenes
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Autonomous driving Medical Image Analysis Remote Sensing Industrial Vision
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FairMOT & ByteTrack

Seed Nptwor Super Network N e B TopetNewek e D D e e
N. New N -
oot leatpel o st o ] i ¢
H Y = —rw— T " | v wion i smmmrowamnom
Fast Network Adaoptation Mask Scoring R-CNN

@ We propose four innovative mechanisms from the perspectives of neural network fundamental operations, task framework design, and hardware-aware
inference, significantly enhancing the computational and data utilization efficiency of visual understanding tasks in applications like autonomous driving

RRHEAY

Huazhong University of Science and Technology
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Introduction

Visual understanding is an important problem in the field of artificial intelligence. Efficient
and precise visual understanding techniques in complex scenes are key to improving
important applications such as autonomous driving, mobile robotics, and medical image
analysis. These achievements revolving around fundamental computer vision problems
such as object detection, segmentation, and tracking in video images have made break-
throughs in the representation mechanisms, architecture design, and pipeline design of
deep neural networks, which have received widespread attention in the academic com-
munity.

BRIZRIGHMAEESN. LUBREEZEXE

Pioneering Spatial Sparse Visual Attention and Achieving Precise Character-
ization and Correlation of Targets

FIENMAR T E S T =RHHROEIE NG BEENGZE
Transformer B9#z0y, RAMAKNEBESREFHEHERARNZ L. FRAR
o CCNet EXRHRHE B IR NDBANTEEIRHNIIEEIES, X
RESERARRNTY BB IREE—RBENE IR, BEEESN
BEMITEIEREM O(N?) BEEI O(N). EEIT BARRNSEMEIR
AFEZ BN AFZING, BETH— FairMOT £ BARERERESR,
FeT ZBRREPHESES ATFERTHLE. 88T % BRRIETH
REEENXEKNG, BET —ERER. EHES. SEMRNZE
RAAESR, FTH T 248 MOT EERFEFMEGEER VSR B,

We pioneer a spatial sparse self-attention mechanism in the field of computer vision.
Self-attention is the core of Transformer and other advanced technologies such as Large
Language Models (LLM). The paper of CCNet in the reported achievements proposes
to decompose dense self-attention into row-wise self-attention and column-wise self-at-
tention, using two consecutive sparse row-column self-attentions to approximate one

nhiEt B

IPIaiEEh
Haw-1 E?—_&'g : O(I‘l X k)

Hy = Z Ay Py + Hy
=0

® RUBRHEBERNEMDBRATEERANFIBE IR, B FREB TR NR6.51F,
RTFHFERRE T 91.4%
@ We propose to decompose the dense self-attention structure into row-wise self-attention and column-

wise self-attention. Comparing to dense self-attention, our approach is 6.5 times faster and reduces
memory consumption by 91.4%

dense self-attention, which reduces the
spatiotemporal complexity of self-attention
modeling from O(N2) to O(N). We propose
the first fair learning mechanism between
object detection features and re-identi-
fication features, proposing the unified
FairMOT multi-object tracking framework,
which breaks new ground in the research
of fairness in multiple tasks. We also pio-
neer a low-confidence detection associ-
ation mechanism in multi-object tracking,
presenting a fast, highly accurate, and
universal multi-object detection framework
that disrupts the traditional MOT frame-
work's approach of discarding low-confi-
dence detection results.

ERRERENRIERMRE
MBS ENRRRE. E5H
#&igit. HEESF LHTR=
TEELSERT N FRIEER
=ZRBHESEN. 58, 2
BiriRIZHI £ E R

Efficient visual understanding neu-
ral network methods for complex
scenes achieve comprehensive
improvements in the three funda-
mental tasks of visual understand-
ing, detection, segmentation, and
multi-object tracking, from the per-
spectives of fundamental principles,
task network design, and implemen-
tation on specific hardware

CCNet “T B X EBE B
+HBEEREN MG F
Transformer FZ LB BIFERSIE
RN T ERENTZRME, B
HWEBENNEERTE, BER
FRESREEMET TFLERE.
EREEMAENZ BRI RAEES,
AR T ML Transformer £
AR B & B. Mask Scoring R-CNN
BT Mask R-CNN FR4{A S iR 5
SMNMEDLBERFERRM,
HET — M 5MED B TFITRM
BREMITRLE, E/LFEREMTE
ENBERT, EZRAVESE
A5 E (2-3% AP) . FairMOT 0
ByteTrack & M EMEL B R R IR
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MABIMERR, FERENSHTEERE, AN ERIHEE
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The new mechanism of "row-wise self-attention + column-wise self-attention" in CCNet
significantly reduces the spatiotemporal complexity of the core module self-attention in
Transformers. By constructing an adaptive global receptive field, it notably enhances the
ability of deep convolutional neural networks to characterize and represent objects of
varying scales and shapes, which greatly propels the development of visual Transformer
technology. Mask Scoring R-CNN reveals that there is no correlation between object
mask quality and object classification probability in Mask R-CNN and introduces a mask
quality estimation network parallel to object segmentation, which significantly improves
the accuracy of object segmentation (2-3% AP) with almost no increase in computa-
tional cost. FairMOT and ByteTrack achieve industry-leading performance on multiple
mainstream multi-object tracking benchmarks and a speed of 30 FPS on a single Nvidia
V100 GPU, producing robust results in complex scenes. By introducing the concept of
network architecture migration learning, FNA++ breaks through the limitation of tradition-
al deep model migration learning that requires the same structure of source and target
models, automatically optimize the architecture of detection and segmentation network
for specific hardware, tasks, and scenarios, reduces the computational complexity of the
deep network, and improves the inference speed of detection and segmentation model,
achieving high-precision object detection and segmentation on a low-computing-capaci-
ty chip.

S 4 ET
AR o s
Tl N +i
U LLLLEEETER LT LY i%
BE=H T
B3 - y e 3 *;
TR i ARDER B

© FNA+ FFEFIBSMMENE 2 BHNSHMHE, EBRENATRES. FERBEHIER
AT LUBROEHEIR RO 53 B LS 8 B

@ The FNA++ method leverages parameter sharing between heterogeneous neural networks, rapidly
searching for detection and segmentation network models which can perform efficient inference
across different tasks and hardware

Cenet: Criss-cross attention for semantic segmentation 2347 2020
Z W Liu

Fairmot: On the faimess of detection and re-identification in multiple object tracking 933 2021
XV )

931 2019
541 2022

Fna++: Fast network adaplation via parameter remapping and architecture search 28 2020
J Fai n 1 1]
IEEE

© ARHRIENARERSIBE

@ Google Scholar Citations of the Five Representative Work
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The five representative works have
been published in top-tier journals
and conferences in the field of artifi-
cial intelligence, with a total of over
4780 citations, which have been ap-

plied in the Al AlphaFold for protein
structure prediction

DeepMind & #1 # & & B9
(Nature) XE (BHREEAR
LTINS AlphaFold) 1R
# NI E CCNet 1F A E R AYIFAE
IREVIE IR, F #R CCNet # Axial-
deeplab BA T RAFRNFER
IR EARFYIRRE,

A A B BA & & 7E ICLR
2021 EMIXE (—KERA AL
7916716 B 2 37 :transformer A
FARAENEGRIRG) VT OF
Wz 1E) HRFA CCNet B
BT AxialviT W48, HigH CCNet
FRTIIHEER DR —TEES
MHAULEAEERERWARNIE
HIMEEHI T %o

YOLOV7 H] A i€ XX {YOLOVT:
WHAIBEMNEBERAEE, £
SERS MR AL EVIS BT Y &% o
R R) R Bt LA FairMOT #
ByteTrack 9% BARIRIRAV AL T
fE, HBESENBEMRENZHEND
wHREEBMNINAEG.

The paper "Highly accurate protein struc-
ture prediction with AlphaFold" published
in "Nature" by DeepMind and others uses
the nominee's work CCNet as the foun-
dational feature extraction module and
states that CCNet and Axial-deeplab have

inspired the exploration of using attention
methods to interpret protein sequences.

In the Google Brain's paper "An Image
is Worth 16x16 Words: Transformers for
Image Recognition at Scale" (the pioneer-
ing work of ViT) published in ICLR 2021,
they apply CCNet's approach to build the

AxialViT network and point out that the row-column axial attention in CCNet is a concise and efficient method for handling attention net-
works with a large number of inputs.

In the YOLOV7 team's paper "YOLOV7: Trainable bag-of-freebies sets new state-of-the-art for real-time object detectors’, the introduc-
tion begins by citing FairMOT and ByteTrack as typical works in multi-object tracking and emphasizes that real-time object detection is
an important and essential component in computer vision.
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Kernel Space and Causal Reasoning Methods for Complex De-

cision-Making
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Applications
A Kernel Space and

Efficient Complex Causal Reasoning
Decision Systems Based Methods for Complex
on High Dimensional Decision-Making
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@ The Kernel Space and Causal Reasoning Methods and Efficient Systems for Complex Decision-Making
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Renmin University of China
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Hong Kong University of Science Technology
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Peking University
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MIERNVEIRAIN L BB KSR, WAEFMF RS RHIE
TRIERAEKTE, BRATEERNEZFOMRIRT. ARKRFWERE
FARRIME N ALERRPHZTBIREAREES L, ARTRIRIIRN
BIERR
Introduction

Nowadays, the data in the real world are featured with increasing complexity. How to
better utilize complex data resources to improve decision-making level is an important
cutting-edge research topic in artificial intelligence. This work conducts a systematic
and in-depth study on kernel space and causal reasoning methods for complex deci-
sion-making environments.

R T RORENTZRIEHEFREENGZ

We proposed a core vector machine and an indirect pre-image reconstruc-
tion method

RET —MEFRNASKNZORENEE, BIERIHESER
FERZOE, LHTRIGR $W@@ﬂmwﬁLM%,ﬁ%TW%ﬁ
EREHHTIFRESRS, HHEERESHIEENNSEMNLEXR,
TREXRESINFFRMTLX, IRTEEREDS. #—FRET —f
%?%%Rﬁﬁmmﬂﬁﬁﬁiﬂﬁi,LiTMﬁﬁﬂﬁhA B8] B4
R R R O BRETIR T, E%ﬁ%#Lﬁ%E&ﬁ'F%muﬁ,
QEEEE%A%%m$@@, BERTASZHERNZEHRS. 1Ih, &
EET—@%?E%E&@%I@%EE&,E?m?ﬁx@$kﬁ7&
RN AEENH BT RMAHEE SR, FRREMNIHNFIUS
R R R R G FEF BT

We presented a core vector machine algorithm based on the minimum enclosing ball,
which iteratively searches for the core set of high-dimensional feature space and pro-
vides the optimal approximate solution of the original minimum enclosing problem. The
method avoids the repeated entry and exit of training vectors of the working vector set.
Its computational complexity is approximately linear with the size of the data, and its spa-
tial complexity is independent of the number of training data, making it suitable for mas-
sive data scenarios. Further, we proposed an indirect pre-image reconstruction method
based on multidimensional scale analysis, established an inverse mapping model that
maintains local linearity from the kernel space to the input space, and found the position
of the pre-image noniteratively through distance constraints. This method does not have the
problem of local minima and is suitable for most commonly used kernel functions. In addition, we
developed an active learning method based on the causal network model and an experimental
scheme using the minimax and maximum entropy criteria to determine the optimal outcome in
the sequential intervention architecture. This method enables active learning of causal structures
to be efficiently carried out locally in subsets of causal systems.

-
W
THE HONF x"'NG INNFI?SlTY OF
SCIENCE AND TECHNOLOGY

\
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¢ BT R/ A BRI ORENEA

@ The core vector machine algorithm based on
the minimum enclosing ball

KM T —EZFRENIRE)

&, RINTBEERE

We implemented a fast support vec-
tor machine with reduced computa-
tional complexity

R T EAE MR —ENZ
FEEMEACNFNLT, Mtk
AT ZREAEN P REBZIFEE
B9 R I S SRR R
RONABKEENENXR, TR
BAMIEEUR e, FIFZ
HREDMEHTERGENUE, £
W7 —FETFLZERESITHIERE
REEWAE, ZHATBEER
HE. F2RABBHRD. BET
B EIR A F 5pF S F S 410
N, RMURNHEHRMNIK
BRZPIEREE, EEIC LAY
TFHEENRRERT, ETH
REIMFINERRARR SR,
BART TLRWAR A, HRTZT
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TRIMRREEN AR R, BETETIRE, WELENHGTZE

We presented an innovative design of efficient kernel space algorithms for complex op-
timization problems and theoretically proved the equivalence between solving convex
quadratic programming problems for support vectors in support vector machines and
solving the minimum enclosing ball problem of the core set. It has superior performance
in processing large-scale data. A multi-dimensional scale analysis method was used to
determine the position of the pre-image, and an indirect original image reconstruction
method based on multi-dimensional scale analysis was implemented. This method does
not require iterative calculations and does not fall into local minima. A learning structure
equivalence class in probability graph model active learning was proposed to obtain the
most causal information with the minimum experimental cost. A causal graph represen-
tation of intervention information was theoretically provided, and the optimal experimen-
tal scheme was selected based on causal learning and inference, reducing the cost of
intervention experiments. We also studied the widespread adaptability of kernel space
methods in different domain environments, discussed the methodology system of kernel
space and causal reasoning for multiple complex environments, and developed a series
of new models, theories , and methods.

#(x)
@

’r“ﬁ ( Xy ]

PoC) |

o BT ZURENHNENZRGEN S

\direct pre-imag onstruction method based on multidimensional alysis

Z I E PRE{ TR R R IEAS B R ARG _E# 1T 7 HEM
Many international peers have extended their research based on this work
AERSIETERBITHI ZXE, WoS £F 1076 I #H R,
Google A LE 2063 M, TEAMREL EHIT T #H— L EMHA
Wi, HEPEELAZELEMRFEANNEALZRE IEEE-TPAMI &2 JMLR 89
BRI, XTRZRERGEERANARIARE IEEE-TNNLS BAFIFER
NXARHEK, TRBABRENARFR, 13B&KRAE IEEE-TPAMI, 20 %
RE IMLR, 131 BARTEHT IEEE Transactions, HEREIE: (1)
IEEE Fellow. Stony Brook University Y Allen Tannenbaum #i%/A 2 &
|[EEE-TPAMI I XIS AR 5 R 17 7 E L BOHANIEFt.  (2) IEEE-TPAMI 48
Z Stefanos Zafeiriou #UIETE IEEE-TIPIEXHRA T AR BHSEEN S
ERMEEGHREE, (3) %FAEGHZEZ— Bernhard Scholkopf #
AV IEEE-TPAMI ISR A T AR RIEXNLER R, (4) RiItFEZHT
Annals of Statistics =48 Buhlmann #3%, NARRIZESLE 4 RICSGHTT
T RMR, #—FPRXETLFHERNTFRRARENL,

This work has attracted widespread interest from international scholars, with 1076 stud-
ies cited on WoS and 2063 on Google Scholar. The work has been further extended and
validated, including the expansion work of several international academic authorities
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published on IEEE-TPAMI and JMLR. The
research on the pre-image of a feature
vector in the feature space induced by
a kernel has won the IEEE-TNNLS Out-
standing Paper Award. Among the studies
based on this work, 13 were published in
IEEE-TPAMI, 20 were published in JMLR,
and 131 were published in other IEEE
Transactions. Typical examples include:
(1) Allen Tannenbaum, IEEE Fellow, Pro-
fessor at Stony Brook University, consec-
utively improved and enhanced this work
with two IEEE-TPAMI papers. (2) Professor
Stefanos Zafeiriou, an associated editor of
|IEEE-TPAMI, adopted the method of con-
structing the basis of this work to imple-
ment the pre-image in his IEEE-TIP paper.
(3) Professor Bernhard Scholkopf, one of
the leading authorities in the field of kernel
methods, used this work as a comparative
result in his IEEE-TPAMI paper. (4) Pro-
fessor Buhimann, editor-in-chief of Annals
of Statistics, extended this research work
with four consecutive papers, and devel-
oped almost identical intervention causal
equivalence classes.

®|EEE-TNNLS HATFIEEARHILE

S Outs g Paper Award
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@ Reshaping Industries with Huawei Cloud Pangu Models

ERTIHBERABRAF

Huawei Cloud Computing Technologies Co., Ltd.
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HUAWEI
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MAXHEEE, TUAERS

EREEEABRILRT L, §—EE8RNTKEEAIRENEs, TIES, TETIXER
BOEROFMARBR, BEATSEF LN MM, SEAE  FourKeys to Operationalizing In-
BOSHENNN. BRESE. REHEES S, Fuismms oy Models

1B X IBfR, BETFEMARRITE T AE
Introduction A, MR B 977, BIEAR

Expanding on the concept of "Al for Industries’, Huawei Cloud Pangu Models offer a set of Al AT
development pipeline and workflows to develop and deploy Al models and applications for
a wide range of different tasks across different industries, with minimum human intervention
and manual parameter tuning. This helps to simplify Al development and lower its costs. Pan-
gu foundation models include compute vision (CV) model, natural language processing (NLP)
model, scientific computing model, and more, and support multimodal semantic understand- 1. R iT bR
ing.

There are four key measures to build in-
dustry models based on foundation mod-
els.

BHFIT 10 MTEHA
IR, HETR. BS. 98K,
Efr. R, BB, #HE. A%,
TEF, RANTH 400 2D 5B17
R, BPARBEEZTIAR, B
EATAL IR,

1. Accumulating industry knowledge

BEAHMEI.0 BEFTHEY

T o e

SEANENANE  AESHLAEN SERmAE S EEEST NN
i AR FHEEE

Pangu Models have been pre-trained
with open datasets from more than 10
industries, including finance, government,
meteorology, healthcare, health, Internet,
education, automotive, and retail. Pangu
Models dive deep into over 400 industry
scenarios and are combined with industry
knowledge and know-how.

2. FIRIT bR RE
RO TRMITLRFIME
@ Architecture of Pangu Models E/\J&,ﬂﬁﬁ??giﬂ_ﬂ? g B Ly\ﬁéu ?‘\i}é

@ RIREIRGE
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TN BRI RELR,
2. Embedding industry skills

Reinforcement learning based on feedback from both experts and digital environments ensures that our industry models can achieve
state-of-the-art performance over time.

3.3EEWTRA

BEITRT 10 ZMTWEENTIR, SFEHFITE. FIREE. RFER. BER. SOL. NTHIEES,
BNARESWSRERME, FE WESOR , IEKRRERERASTLHE~MITA,
3. Connecting professional tools

Pangu Models have integrated more than 10 industry plugins and tools, including math calculation, knowledge graph, solver, enterprise
search, SQL, and spatiotemporal databases. Pangu combines pre-trained Al models with business systems to invoke a wealth of indus-
try assets and tools through human-Al communication.

4. REREEM
BEEREAE LS. B ABEETX=MEN, RERLEE, B, BUKMIG, BRAERERE2EM,
BERAERERN R,

4. Security & compliance

Customers can deploy Pangu Models on a public cloud, hybrid cloud, or dedicated zone the way that best fits. Long-term mechanisms
ensure security and compliance for industry models and clarify boundaries concerning model use.

EMTUWRERBMACEER

EfT LR Trikisag METLTA

Al s

©4 RRBEHITIE T AIRE

Four Keys to Operationalizing Industry Models

@ Four keys to operationalizing industry models
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Pangu Models: Reshaping Industries with Al

BEHARBILRIT L, A BANTUEROEFRY, KANTITH
WHELE,

Pangu Models are reshaping industries by extending Al to customers' core production
systems.

1L EBERRARE: BEMEEBIERRNETIIRG AN AIRE, &
EARLL S EE TR ®E 10000 FL Lo BH[RAREMARERE LR
KEEFRIMRFZARAT (BA) ETI Lo

1. Pangu Meteorology Model (Pangu-Weather) is the first Al model that can predict
weather more accurately than conventional numerical weather prediction (NWP) meth-
ods, and 10,000 times faster. Research results about Pangu-Weather have been pub-
lished on Nature, a renowned scientific journal.

2. BEHAYN FRIRE: KMESERLABRMNBEREE—TA,
P& PAFEAR 70%. BhHBERKA—MIBR XK BIEE AR B E R 40 RS
MG FERNMER, BrEENIRKRNE.

2. With Pangu Drug Molecule Model, the cycle of lead compound discovery was reduced
from several years to just one month, and R&D costs were slashed by 70%. Using this
model, a team led by Professor Liu Bing of the First Affiliated Hospital of Xi‘an Jiaotong

University discovered the world's first new superantibiotic in the last 40 years, with a new
target and in a category of its own. This drug is now in clinical trial stage.

nature

Explore content ~  About the journal ~  Publish with us +~

* > articles » article

Accurate medium-range global weather forecasting
with 3D neural networks

ction to this article was published on 14 September 2023

© This article has been updated

Abstract

Weather forecasting is important for science and society. At present, the most accurate
forecast system is the numerical weather prediction (NWF) method, which represents
atmospheric states as discretized grids and numerically solves partial differential equations
that describe the transition between those states!. However, this procedure is
computationally expensive. Recently, artificial-intelligence-based methods? have shown
potential in accelerating weather forecasting by orders of magnitude, but the forecast

accuracy is still significantly lower than that of NWP methods. Here we introduce an artificial-

OERNTBE[SEAERMTMRE (Nature) [EFIRE

@ Paper about Huawei Cloud Pangu-Weather Model published on Nature
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3.EEYILARE: ST
TADAZ 2R, HTEEEN
IRBERZERBIT 95%, HEEITIE
RAFEIEEINE 0.1% ~ 0.2%, &
WECE M B A 3 7T / Mo
3. Pangu Mining Model delivers an under-
ground anomaly detection accuracy of
over 95%, so that coal mines only need a
small, or even no crew underground. The
yield of refined coal can be increased by

0.1% to 0.2%. The cost of coal blending
can be reduced by CNY3 per ton.

BEARUEZT R B,
B BB AR YR BIS.
AEETITIE L1 BT KIEEL,

We have operationalized L1 industry mod-
els in various industries such as finance,
government, mining, railway, meteorology,
drug R&D, manufacturing, and automo-
tive.

|
OETF AR EAY N FAIRETHIESE
OESEY b

@ Drug molecules obtained by Huawei Cloud
Pangu Drug Molecule Model

FARILIR, RBUREE, TSl
2 Al B—1k

Honing Technology and Efficiency:
Giving the World Another Option to
Build Al

BEARENCIFH, 2EIAI
REARQHT, BERKEUER
FERNBEMOARTNLNRZTE, A
FERIITE 5% CANNL Al AR AE
28 MindSpore, UK A FEFEE
ModelArts, R AREHF ZHIETT,
REDHAHITNE. BEFMEF
. EBERBENUFRBE .

Pangu Models are all about the innovation of core technologies of Al, including an Al
compute cloud platform built on Kunpeng and Ascend, CANN (compute engine), Mind-
Spore (Al development framework), and ModelArts (Al development platform). Key ca-
pabilities include distributed parallel acceleration, operator and compilation optimization,
and cluster communications optimization for Al model development and running.

BEAREZET2REBERAVIGERORRE, HillZ&MEE,
HRIELAE IR ER GPU BY 1.1 . REARELITEIFER GPU
ERNERNFL, HART2ERLATIE, A2KEFITEER Al S—1R,
FFRE Al FFREREETRIEE,

B MM TEHRAIS—R

Huawei's Al core technologies can train
Pangu Models 1.1 times faster than main-
stream GPUs in the industry. Pangu Mod-
els are trained and developed based on
Huawei Ascend Al cloud services. Huawei
also provides a full set of Al development
tools. We now offer another option for
global customers, partners, and develop-
ers to build, train, and use Al models.

REAGE

g E e RER 1108

ORAILIR, IRBRLEE, fTIEHR Al 5—1R

Honing technology and efficiency: Giving the world another option to build Al

@ Honing technology and efficiency: Giving the world another option to build Al

BHARBEH AT RIATL, &/ BSS5. flE. Il S8 RRSEMHTIARRBENENSE, &
7AW AIR know-how SARREBENRE S, ERTITANL, it MTL. 8 k. SPABBEECHER

BT, LTFEaNER,.

Based on Pangu Models, we have been building tailored models and capability sets for a wide range of industries, such as finance,
government, manufacturing, mining, meteorology, and railway. These industry models combine industry knowledge and know-how with
pre-trained deep neural networks to reshape respective industries with Al, and offer expert-level assistants for every enterprise and indi-

vidual to help them improve productivity and efficiency.
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AE IPv6 BEEMERACIFSHIREE

Large IPv6-only Network Technology Innovation and Scale De-

ployment

HIPvOR R NS

ITHE SR R MR BB B mp A, R T RERAMER, BUE
EREZRIRE IPve. BRE. EEA SRve ELMIE, HEZ W SEE
ER, AIMBEBFEMELI IETF RFC, BERIETE IETF 223K IPv6 B1%4A
MATERSIE, EEFR SR T 81E Verizon, I BEM Orange &%
RIZEBNZF. B, ERUNETSI LN T 56 MLERT IPv6 B i%listin
HEBIEIE

The team has independently proposed a new IPv6-only network architecture and tech-
nologies and has led the development of relevant international standards in IETF. To
address the issues of "IPv4 as a Service", IPv6-only efficient forwarding, and multi-do-
main collaboration, this solution maps the entire IPv4 address space to the IPv6 address

space, achieving address space unification; The control plane supports the automatic
exchange of address mapping rules cross domain, so as to provide path reachability

information; The data plane flexibly sup-
ports multiple formats, such as native
IPv6, tunnel, translation, and SRv6 to meet
the requirements of multi-service bear-
ers. This team has completed multiple
IETF RFCs and is currently leading the
development of multi-domain IPv6-only
networking standards. It has received
support from multiple operators, including
Verizon, Swiss Telecom, and Orange. In
addition, ETSI in Europe has initiated the
development of IPv6-only testing stan-
dards for 5G networks.

1 [ tpisiun e - PE1 P PEZ
Fﬂ’l ik P ! ADPT
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= g ;
y mueis | i | 1Pv6 2 IPve B | | 1Pv6 &
| 350 g T | 3 L
O KT IPv6 BEEFARA QN SMEHE B I ' -
® Large IPv6-only Network Technology Innovation and Scale Deployment i iR PvE Ve IPvB
VBRI : i e ie0) e o) HiEE
'y ; (;T) | wa e fo
I\u\_ Vs j Cocmmeemeeeeee
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China Telecom Corporation Limited
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Tsinghua University
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China Future Internet Engineering Center(CFIEC)
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Beijing Tianchuang Saisi Technology Corporation Limited
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XML M IPv6 BiEHMER, BB TIRE T 2 IPve 2%4A
MR RIZOEA, SIMHAZNEREARNMERNIRLIZEREE IPv6
Wi, ZR/ETF IPv6 BEAES— AT WIS, KIZH=A IPV6 B2
HhE, HEARMIRERMER IPve BHEHEK,

Introduction

In response to the challenge of the evolution towards IPv6-only network, the team inde-
pendently proposed a multi-domain IPv6-only networking architecture and core technolo-
gies, which enables the internal devices of a network composed of multiple autonomous
domains to be configured only with IPv6 protocol. It supports unified cloud network
services delivery across autonomous domains based on IPv6, achieves multi-scenario
IPv6-only capability collaboration, and meets the needs of large-scale networks evolving

towards IPv6-only.

EERRLFEXZIH IPv6 RS HFRARITEFE, BRAER
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Leading the development of overall
technical standards for multi-do-
main IPv6-only internationally, solv-
ing the problem of large-scale net-
works evolving towards IPv6-only
BIRETHIERNIPV6 Bk
MLERM Rt AR, HEEFRJIETF
BEAERATERE, §XT “IPv4 Bl
BR %5 (IPv4-as-a-Service) ” . B
REME RN LENEIRR, &5
EREEA |Pv4 HHEBRET F IPV6
k== e, SRIE =S ] — KL

© S IHE IPV6 BiXMBRTEE

RDM: IPvaFf b 84014
RD6: IPv6Ef i 84 14
MD:  IPva-TPv6 I 1) 00 B dis i

@ Diagram of Multi-domain Collaborative IPv6-only Network Architecture

BIT2HEITZSHR—HK IPv6 BIXTTEMSE

Established the world's first multi-scenario integrated IPv6-only demonstration network

BREME S 56 HEM. BFRNMZRFMEEANZHR—AL, KITED 56 SA WL IPv6 £

HRRMEE, BIHFE T PEIZERE IPve BIEREERT,

This demonstration network covers the integration of multiple scenarios including 5G, metropolitan area network, backbone network,
and cloud resource pool, achieving the first case of IPv6-only deployment in 5G SA network, and pioneering the direct IPv6-only inter-

connection among Chinese operators.

[ scmam iT#55G

TN SARE IPv6EER IPVAEELR
wiise [
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SAREE HEE

© ZIHNE IPv6 RIRREMEREE
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@ Diagram of Multi-domain Collaborative IPv6-only demonstration Network
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AIMBFETEENE NG, B, AMBRTHNERD T REX
T IPv6 X RISEEBHRAESR, BB X eFHMAERZE N IPv6 BN IL
R BT, Hap 2R AEN IPve M mBEKRFRLR. HR,
E bR IETF 225k 215 IPv6 BRATERIHIE, NEREERKMNEHTETE
BE, iHRRE=EmczHEERBRNE, KAARATHFEERRE
MR AMUMKRET M. ER7ZHAE, NEARTARAEE
2021.1~2023.1 HAiE), BERUNBEREKDS (ETS) 1PV 8IF TIFA
(IPEISG) BIERE, F 2017 FFA R IPV6 IIEMARY “2IK IPv6 Sl#EE” o

This project has generated significant social benefits. Firstly, It has implemented and
promoted the implementation of the policies related to the development of IPv6 in China,
setting a new development benchmark for IPv6-only through independent innovation and
deployment, and driving the industry to develop towards single stack direction according
to China's IPv6 plan. Secondly, it is leading the development of multi domain IPv6-only
standards in IETF, contributing China's solution to the evolution of the global internet and
contributing to the construction of a community with a shared future in cyberspace. It
has greatly enhanced China's technological status and substantial influence in the inter-
national internet community. During the research period, project leader Xie Chongfeng
served as Vice Chairman of the IPv6 Innovation Working Group (IPE ISG) of the Europe-
an Telecommunications Standardization Institute (ETSI) from November 2021 to January
2023. He was awarded the "Global IPv6 Leader Award" by the World IPv6 Forum in 2017.

EEFMEAE, AMEXITENEE 56 SA NKTERNNEE—
16 IPv6 BHRRSE, MLERESIE R 3000 B EMAF . RRERET R
1012 ERAERF IR, H9h, EMTEMEEHE IPve BHRE8,
EHREBEMTFEHEEM ZEEIL T B 100G B4 IPve BEiEBE, &
BHMARZEE 60%. EMEMNASE, HEBEYEM AIOT Farmm
SHEAARIPVe BRAFEN, IPV6BRENEESE3 &, FWits
2024 Ik, HREBEFHIE NBEZER 212, 1% 30% B9 IPv6 HEHELFIf,
fEIHEH RS B KLY 15 127
In terms of economic benefits, this project has achieved the first cross domain integrat-
ed IPv6-only demonstration, including 5G SA network, with network capacity covering
over 30 million users. This network demonstration involves a scale of over 1 billion RMB
Yuan related industries. In addition, the first IPv6-only interoperability between operators
has been achieved, and the first 100Gbps IPv6-only direct connection circuit has been
established between China Telecom and China Education and Research Network (i.e.
CERNET) , achieving a bandwidth utilization rate of 60%. In terms of loT applications,
China Telecom's loT platform, i.e. AIOT, supports access to millions of IPv6-only users
southward, with IPv6-only capabilities covering 31 provinces across the country. It is ex-
pected that by the end of 2024, China Telecom will add 200 million new NB connections.

Assuming 30% of users are IPv6-only users, it is estimated that it will drive the growth of
equipment manufacturers' industry chain by about 1.5 billion RMB Yuan.

UisREHNBERig it BRME. SMERE~I R IPv6
PREmEREH

Promote the comprehensive evolution of base network, service, and termi-
nal industries towards IPv6-only through systematic solution design
AR T IPV6 UL SRR, MUMARTETEEZR M, T
Wegig g, TEBRNFEMTFWENSR PE K18 E T HRE XA
AREXR, HEEINLIGENINEAR. WERNLAIZLNEENBEREF IPV6
Wi, FEFBBERE IPv4 DI, ZEIEBREEX LEEEEN
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AN, BRISENMEXEIR,
BEEZHNRRTELZBEHINEER
M, P, NERFEELRHZFR
SEGREENX D IPv6 BiE P
IHINEE, EMMVIRIERAW: L&,
I0S. windows. Linux & &% 4t £
ZIMEEE R, X FREZRZINEE
N&RS, BEALNSE. STFH
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This achievement has had a significant im-
pact on the adjustment, optimization, and
upgrading of the IPv6 industry structure.
For the network equipment industry, the
project requires PE devices located at the
edge of the network to support relevant
technical requirements and promote the
functional upgrading of network devices.
The core devices within the network only
need to maintain the IPv6 protocol, no
longer the IPv4 protocol. This feature will
promote the elimination of outdated tech-
nological features in the relevant industry
chain, release the relevant resources of
the devices, and leave more resource to
develop new functional features. At the
same time, this achievement requires the
terminal to support IPv6-only client func-
tion that meets the international standard
definition. This function has been imple-
mented in mainstream operating systems
such as Android, 10S, Windows, Linux,
etc. For systems that do not support this
feature, development and adaptation
are required. For new types of terminals,
such as loT terminals, complete support
for IPv6-only needs to be achieved at the
chip and module level. At the same time,
it sends a strong signal to the industry
about the evolution of IPv6-only, promotes
the evolution of China's internet applica-
tion industry towards IPv6-only, increases
the proportion of IPv6 traffic in the whole
network, and gradually reduces the usage
of IPv4 protocol.

S1FIPvEERFERIER

HMERLBE ML

IPv4 B Rk
(IPvBEEE)

IPvBERLR
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(IPvE&EE)
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®© %1 IPv6 Bk TRTEE
@ Diagram of Multi-domain IPv6-only Scenario

%15 IPv6 BHRMBIENERZ PNEARSGAHEN. HA—MNNHEETER IPv6 BERNERS, 81 BEA
RYIIRA IPve B ANENNEE, FEMEZENET IPv6 SREKER, AT XFIWSHTEILE, S5
IPV6 SALMLRRIEMERINERI PE 18%&E ERE IPVA 151, XSS IPvA SEERRIEN, HRAFHEREE.

Multi-domain IPv6-only network refers to an IPv6-only network system composed of multiple autonomous systems and managed and
operated by an organization. Each autonomous system adopts IPv6-only networking and operation and is interconnected with each
other through IPv6-only. To support smooth service transition, multi-domain IPv6-only networks retain IPv4 characteristics only on PE
devices at the network edge, support access to existing IPv4 service data, and ensure that user experience is not reduced.
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IFLYTEK SPARK Cognitive Large Language Model
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Multi-Level
Cross-Lingual
Scenario-Based Language Understanding Multi-Guestion
Chain of Thought Analyzable
Logieal Reasoning Rt el Compaiuerce

General Demain Multi-Functional
Open-Ended Knowledge Mutti-Lingual
Question-Answering Coding Proficiency

Multi-Style i \ Multi-Modal
Multi-Task ’ F | Input and Expression
Long-Text Generation i g Capabilities

HEEAX

@ IFLYTEK SPARK, a cognitive large language model, possesses cross-domain knowledge and language comprehension abilities, enabling end-to-end
closed-loop from problem formulation and planning to final solution

BRI YD BEIRAE] ANE
iFLYTEK Co., Ltd. iIFLY TEK

W EEIOARN AR AN CET “1+3+17 QI ER B THEBH—OANEREREE, AEXAEM.
MIRPE. FiEHE, BEEM. HF. B ZRXENXEERSFTAZOES, WREBHAA TSN
EON
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Introduction

IFLYTEK SPARK is a next-generation model of cognitive intelligence developed inde-
pendently by iIFLYTEK, based on a "1+3+1" innovation system. It possesses seven core
capabilities: text generation, knowledge question-answering, logical reasoning, language
comprehension, mathematics, coding, multi-modal interaction, and text and image gen-
eration, offering a new ecosystem for general artificial intelligence.

BIFRE “1+3+17 KIRRLWHFXBRAGR

Innovative "1+3+1" comprehensive key technology system for large lan-
guage models

SN S e AR E PV AFIRE NERBNEE. SRELES
INFEBER Z . HRIMIRFIT AR ERER B ERAMER, BN COIH
RET “1+3+]7 ARELEFXBEEAKR: JILKFEFE, BETFER
BRGNS T R — RN AR EEE, XEREASTE,
RHTETHERBEENFTRERERTEA —HEEFIRMERA. BB
SEXTENTFTHLESRREEA ZNETERRRBINIRG KEIE
ENH—IBREA,; HIEBFTEFE, 1&IT T AR IR 2 iR EHE IR A
R, ETHEXEACEZSHIEERRE 4T, REHERNEA TEEEH
i ZE Open Graph Benchmark FIIREIEE R, ERANKHEERLLE
GENIE - Summarization XSUM. EFRXIERFARKAPKLLEE DSTC. &EiR
HIBPE AL ZE OpenBookQA. BB IR 23 [ IRIEM KL ZR ReClor. EBR
BXIFN SemEval. ZERFEIRIBFITN VCR. ZBFIEMITN XTREME
ZEMEE 30 R # (MEEIRRTR) FETAN “KIEE” NE
FEARIRE,

In response to the technological challenges in the development of large language mod-
els of cognitive intelligence, such as the difficulty in constructing massive computing
clusters, the lack of high-quality multi-lingual cognitive data, and insufficient global and
industry knowledge, iFLYTEK has offered an innovative "1+3+1" comprehensive key
technology system for building large language models.

In terms of machine training, we have built an integrated software and hardware research

- = BARPEEE - -~

_______________________..\
B e S g —

© BIRRAES

base for large language model develop-
ment embracing mainstream domestic
software and hardware platforms. So
far as key technologies are concerned,
we have introduced massive knowledge
construction techniques based on weakly
supervised information alignment and
self-supervised representation unification,
multilingual routing modeling based on
cross-lingual semantic space alignment,
and unified understanding techniques
based on the fusion of cross-domain
heterogeneous knowledge and large
language models. On the side of logical
reasoning, we have designed an end-to-
end collaborative reasoning optimization
framework for large language models.

We have led the development of four
international standards in relevant tech-
nologies and scored over 30 international
championships in top-notch artificial
intelligence challenges, including Open
Graph Benchmark in knowledge graph,
GENIE — Summarization XSUM in genera-
tive text summarization, DSTC in dialogue
systems, OpenBookQA in common-sense
reasoning, ReClor in logic-based machine
reading comprehension, SemEval in
semantic evaluation, VCR in multi-modal
reading comprehension, and XTREME in
multilingual understanding. Additionally,
iIFLYTEK SPARK is recognized as the
"Smartest" domestically produced large
language model by MIT Technology Re-
view China.
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The first to release multiple industry products and achieve large-scale appli-
cations

users in the first 14 hours and ranked first
among Appstore free apps.

Third, we have solved practical industry

independent innovation.
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Continuously upgrading capabilities and enriching application products

iFLYTEK SPARK V2.0

Comprehensive upgrading of code and multimodal capabilities
n = . . n problems. We have collaborated with over \ 4 % {
g?f’u%@ﬁf‘ﬁﬁ §E 7 jj 1H_E%K1}\%Dj($§:ﬁ5}\}\£j(% 10,000 enterprises to explore the intelli- 2% (‘k ¢ "-.Af

. . T 63% [
ﬁ)ﬁﬁk%,ﬁiﬂj EAHJEJ.LR #'f‘ﬂ_\_)ﬂT/B, x?g%g:m{—gyg\ gent Ieapdfor thousands of |nduztr|es anﬁ /—\ e i
= create a domestic computing base witl Spark APP iFlyCode1.0 rk Teacher Space & Creative

T e AEFESMIVWRENAE, —REREANTEETETLES, \“""'""" Assistant Sketchpad

-

BftFitEReRAR, EH 14 /NNAF S 100 73, &L AppStore
RELHITEE—. ZEREMTIWESARLREE, B5# 10000 R

Fourth, we have helped enterprises im-
prove their internal operation quality and

>\

<

WEERE, HERETITEIVNEERLERT, TEEFIHMNEFED efficiency. In the "Artificial Intelligence iy W Ll oo
R, MEHHRUNIEERFES, TR EHHRROECWAEH Leroe Language Model Experience Re- HIIEEX sputtongugs s (O
port 2.0" released by the China Enterprise IFLYTEK 5P ARK 1 Works 2.0 Cotngsainion 2.0 Machine

RPORFBH (ATERARBEERIRE 2.0) F1, A YEANITERER
BEAMFIEE. ERITETAA BT, RA=ZAHEFERLL, BEFK

Eﬁ 12000 RERER T, BRRY. £A. EEFOARRE 24 AR
5. M XBARRSRACAZORES, HEBELZTHNAS R, BA
BRERIRFIFH R,

Based on its advanced "emergent intelligence" capabilities, our IFLYTEK SPARK has en-
tered into application through five major paths.

First, we have developed demonstrational applications in combination with our existing
businesses, taking the lead in realizing in-depth applications in education, medicine, of-

fice, automobile, and other industries.

Second, we have constructed an industry ecosystem relying on our open platform. As
one of the first approved to be open to the public, our mobile app got more than 1 million

IFLYTEK SPARK COGNITIVE
LARGE LANGUAGE MODEL

pace 120

Development Research Center of the
Xinhua News Agency Research Institute,
IFLYTEK SPARK ranked first in terms of
tool efficiency improvement.

Fifth, we have created Al assistants. As
the first to release third-party plugins, we
have offered over 12,000 intelligent as-
sistants, covering 24 typical scenarios in
five major sectors such as work, life, and
marketing.

IFLYTEK SPARK will continue to enhance
its seven core capabilities, unveil more
application products, and use artificial
intelligence to build a better world.

i1

EX+D2

@ Innovative Products

BX5%E

Bt Al 2
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Spark+Education Spark+Office Spark+Car Spark+Finance
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Accelerating the entry of cognitive large language models into a new stage
of ecosystem empowerment

MEBANNAAERZN AN MR+ FE—QMNEEMR, RIAMEK
RRFRIGRZMBINESHAENELMIR, BAHERERRERLEN
Tso M YBMNNFFEBRMINAT, SHENEIEFINAKT, Bl
THRAMKEATLERTAEH R ARIREMOIFEES . M BIHE CIHmBIN
RS RE, EERHEURMARSEI, 1075 88 RPA. BRERIZE.
BRECIIFS, )T RITUINEKF . BREMHEE, Hapr el
B, SENKEET “BEX—EFI" , 8BNALHA. SMHERN
BFE. ZReREK. 2B NEFEEDREMLK, SWBEHRERB)I%K
R EZ. UESHERRAREENAR, EAAPL EABIF.
BMEG2EAN, BFeHAREMNSHENN, HEATSRE “BA7
T, AR EIFIE,

IFLYTEK SPARK is a milestone that iFLYTEK has built through decade-long efforts,
standing for a leap from technological exploration to scenario applications and then to
ecological empowerment, and a microcosm of the rapid development of large language
models in China.

We released the IFLYTEK SPARK after only 6 months of dedicated research and de-
velopment, and its multi-dimensional capabilities have reached the global cutting edge,
which proves our technological and innovation capabilities in the field of artificial intelli-
gence.

The expansion of its application scenarios from the business side to the consumer side

. SPARK COGNITIVE

|
BAUEX, 1TiS2EFHEDRE
. . . . fooy . . EMA-EARHFRAA100, FERREABEIES R DR
Empowering multiple industries and promoting industrial upgrading
SR .
DS
Pl nbve il i S g . . . KEGRENHNE
Sl i3
Fa&
FEIRIER IR — gt » — " EFRGERABEE
Spark+Industry Spark+Medical A FHRMMBRYGR: [MI'E
DA TRPEHER T EEHEER AeztiFhl
©FTIEH SR
lomestic computing power base
MA ALDH t dvantage of domest
@ In-depth Applications in Industries
O KB
Full process of training and data & Self-developed large s | large-scale heterogeneous computing
processing language model power compatibility
tralning platform
Integraticen of large language model . . Supporting hybrid cloud architecture
training and inference far easy expansion
has spawned new business and service A HUAWEI Ascend [M]'
models, such as intelligent RPA, intelligent Al chips Mg MPiFan bl setec Distributed storage
programming, and intelligent creation,
acceIeAranAng d|lg|ta|Aand mtelhgent trans- ® The Computing Base
formation in various industries.
It can drive the overall improvement of
the industrial chain and innovation chain. FETE, HRBEALEENES
Together with Huawei, we have jointly
released a "Spark Integrated Machine", p— e R e | Wi
featuring high computing power Al chips, Mt o | REAR, AP
high-performance operator libraries, multi-
card high-speed interconnection, and - : i \ 2 :
. . . P 5 letae SSiTEE T A - - EhE R SRS B
distributed collaborative storage optimiza- | eeswsetarnn | ‘ ) | FUR SRR
tion, to achieve the integrated deployment . > .
of training and reasoning for private large ” . - .
| FEEANSNEEAEIRD SRR A A TR y
language models. sugmaa| SRR SR EE RN | WA SRR AT | [8XE
To push back the boundaries of large
lan m | iliti vir f P
a guage odel capabilities by virtue o OIS
ecological power, the Spark APls, Spark
Assistants, and Spark plugins are fully
open. We're working together with global Open collaboration to jointly build a new ecology of general artificial intelligence
developers and partners to build an arti-
ficial intelligence "Spark" ecosystem and . v " .
embrace the innovation opportunities of Open capacity _ﬁ;’:',;;:‘,':;‘“ﬁ:,’;::,{:;.‘;’;_ _ Cocadng | Solomy of ssistants
the era of large language models. <
Indu i ding indus | \ e party phugn markat. |
ooopt“:tian | ﬁ:. "Lrﬁcg;:::. = \) * | op‘;w:‘di:_?nl;::f“dhck .Hul-mmrm
Entrepreneurship & | Developer contest ra;:::::;.::hu::;::::;::‘ . [ spark Camp |
@ Joint Construction of Industry Ecosystems
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Key Technology Research and Applications of Urban Digital
Road Based on B5G Fusion Perception

i8S X R AR

@ ETF B5G A RAMNEHHFERISAFTEE
@ Diagram of Urban Digital Road Application System Based on B5G Fusion Perception

FEEBSMEBEEERAT

China United Network Communications Corporation Limited

PERNERREARAT

CICT Connected and Intelligent Technologies Co., Ltd.

ERENZIRRAERAT

Beijing Shougang Construction Investment Co., Ltd.

FERZEARZF
Beijing Jiaotong University

E1H

ZERE SRR OBEA N EENF RNk, FEETF B5G
RS RMMFERNRBRAMRT, WEISERHITEARMTRAZE
B, MRERE N R E LR R,
Introduction

In response to the requirement and challenges of refined management of urban transpor-
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China unicom
’!Imﬁmgﬂ
CICTCI

Gp

tation in the future, the project conducted
research on key technologies of digital
roads based on B5G fusion perception
and developed an innovative application
system and accomplished benchmark
demonstration cases, promoting the rapid
development of the domestic digital trans-
portation industry.

KERARE, 116 “WERENM + TEREE + AR N
FERIFILSER

Breakthroughs in key technologies, creating a digital road innovation appli-
cation system with a combination of precise positioning, reliable communi-
cation, and integrated perception

VFERABRTEEIG =AY BRI R T EMESIEEE I,
B OEIME TRV M EME U R ZHE A E RS —EEYE,

Three major challenges exist in the development of digital roads: continuous and precise
positioning of vehicles in obstructed environments, coordination of traffic networks in
complex traffic environments and unified management of diverse traffic scenarios.

XY LR, MEEATER T WM T RBREARE: B, KK “56+
A" ZRMESBREMRERA, RHEHET 56 AMBRELRKRES
RSU ESRIEMEMLSZE, KMTERNIILEBSNERREMRES; H
R, 156 BEEFRMBESAMIG, Bd2R5XKEBERNEM AL
MR FRIEE R SENTZE, RUWETE/NF 10ms WER=HELEE
RE, LENMFEHKT; BfE, HR2EXBMERNEE, BIERK
+ RIS 2H AMRRMEESN, KMES5 BIRNTIREREMETF
95%, BINHMFERBALET. ERARKNEM LA HRFERISS
RATH, RNBESEERITRSNER,.

Key technological breakthroughs have been accomplished for the above challenges.
Firstly, the project achieved a breakthrough in the key technology of "56G+Beidou" multi-

B “5GHEL

G BREE DL
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GE Tl (1 . M FESAG: LK Sl
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ggi;illi -

source fusion high-precision positioning,
proposing a positioning method based on
5@G large-scale antenna beam combined
with RSU signal to achieve centimeter-lev-
el positioning capability for seamless
indoor and outdoor coverage. Secondly,
the 5G+C-V2X integrated networking
was proposed, which enables the vehi-
cle-road-cloud collaborative data interac-
tion with a latency of less than 10ms on
the basis of the complementarity of wide
area and regional communication, as well
as optimized resource configuration and
business access mechanism, reaching
an advanced level in the industry. Finally,
research on the traffic fusion perception
algorithm has been conducted, which
achieves an accuracy rate of over 95%
in identifying trajectories for traffic partici-
pants through the comprehensive collabo-
rative perception of vehicle side and road
side, helping the refined management of
digital roads. Then, A digital road applica-
tion system platform has been developed
based on technological breakthroughs to
achieve intelligent analysis and efficient
control of traffic situation.

SGHHEEII 56
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® “5G+it} ZFRABAEN & 56 BEFHEMRSAW

“5G+BeiDou”
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@ '5G+BeiDou" Multi-source Fusion High-precision Positioning & 5G+C-V2X integrated networking
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circles. By promoting the implementation of core technologies and self-developed products, a  FlISpiBtE. MFHEELSEE K
revenue of tens of millions has been achieved. BL, #4576 10 255V EEH,
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. ©2022 It RE R 56 EAFANIEREN On the basis of the above research, we
Autonomous Vehicle . P - )
s i @ Torch Relay with 5G Unmanned Vehicle in 2022 Beijing Winter Olympic Games have led & part|c|pated in over 30 stan-

s al 1l

dards in domestic and foreign organiza-

Ziﬁﬂﬁﬁé%lﬂiﬁﬁ , ?EE}J%&?E‘E;IEF‘}[UEE tions, such as 3GPP, 5GAA, and CCSA,

L . ientifi h leadershi d ting the d | t of e.g., the first high-precision positioning
fev_eraglng scien | ic I:esearc eadership and promoting the development o project in 5GAA "High Accuracy Position-
digital transportation industry

ing for C-v2X", forming a forward-looking
o N - influence on standard techniques. We
MRETFHAAMREL /S5 3GPP. 56AA. CCSABERIME | 4 dues. 1
ave applied for more than 20 invention
LI 30RIM, HINEKSGCAAB NEBEEMIRB “High-Accuracy  patents and associated standard content

Positioning for C-V2X” , TERBIARARBIESZIN ., BiEAEEF 2045 with patents to promote the transformation

of innovative technologies, published

M, FHEFITABD, EHIHRRE L. BRFREL20RE (B rore than 20 academic papers (multiple
B SCLEIE) , B3 34, ABXMBHKE “E-+=BTEEFMRBEL" . SCl and Bl indexed), 3 monographs, and
€ [ SR A A A ] A R — A N SAEs ‘A= 77 won more than 30 important awards such

PEBEFANSRAR SR SEBRF0RW, BMER FSR o e e
Award" and "The Second Prize in Science
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@ Vehicle-Road Collaborative Fusion Perception for Global Traffic Environment

P———— 2 e and Technology of China Institute of
s ST, | Communications”. Relevant achievements
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TSN, Bis R I poreo H ° heuse ¢ - . ke %‘m. - ! i KEAPALGE | Plan Science and Technology Innovation
ympics Heritage', we have implemente; -t xata tasanTasataee R N Achievement Exhibition and the Digital

Benchmark demonstrations - the first torch relay with 5G unmanned vehicle | finod mana ; . Sk H BES TR i
gement of key holographic ] i - - f _
in Olympic history application scenarios of 5G smart park i 1 £ § f § gzizahitzrg;té:rlceilrengs:s\?;gavvvznslgse

o . _ N in Shougang Park. Comprehensive traffic T vk Bl Il 5 5 o= | i t . ) ; o
A& pa I 7 BE S S 154 . LR SR _— 11 1 3 ; cooperation with the China Association for
72022 FALRLRAMARI T BIEE EER 56 EAEMEETT,  Giuation supenvision services have beon [ Emimd [ e | Somperatin il e O oot
FACREL B ZEM 56 T ABRCIFWS, BHLREREIREERIE; /£ applied on pilot roads such as Rong Wu _ .y N . iati i

R =] R e i 2% / = ’ g.\—?—i o N = . Expressway in Hebei and digital roads in OB =ETETHRSER & FEBEFIHFRA—FX Aszoﬁ'at'on - Scflelrl]ce anl'd JefCtho'OQ}/
%ilﬂlzyki}”ﬂﬁ/ﬁﬁgx El,j:\ 36)\§ = E%qz*:mlg'ga /ﬁﬁﬁ%ﬂ%@%ﬂj Xiong'an New Area. empowering the con- @ The 23rd China Patent Excellence Award & The Second Prize in Science and Technology of China an Aave ?ucces_s ully appiied for pr.OJ—
FEKR g. » €mp .g. Institute of Communications ects involving science and technology in-
1T/ Ko lstructllon and development of digital roads novation bases and talent plans, building
The project completed the first torch relay with 5G unmanned vehicle in Olympic history " China. a high-quality scientific research team. In

terms of ecological cooperation, we have
0& 4 integrated partner resources in various
+ fields to build a closed loop of domestic
Internet of the vehicle industry chain, cov-
ering chips, terminals, platforms, applica-
tions and so on, establishing a scientific
research framework of "core technology
research, innovative product development
and demonstration application" to en-

during the 2022 Beijing Winter Olympics Games and launched 5G unmanned cleaning A
|

innovative services in the Beijing Winter Olympics Village to assist in epidemic prevention PURIFEI CGTN, CCTV. AR

and control. In addition, unmanned shuttle buses, unmanned retail vehicles, etc. have WELREREEVIRE, WEF

officially operated in Shougang Park, meeting the requirement of 24-hour convenient ANARAFEEN T T, BITHD

ranspartaton BODE R R B B SRR S A
tkoh, mE CEREEFENAT , AFENERINT 56 HE  RIAEFH@BT .

EXXEZS2BIVSHBEALER, TIREER. BMTHXHFE The project has been reported by multiple
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oFo 2
g cmwn Eﬁg L) BB e

SGREAEIX
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NN NN N N N mainstream media outlets, such as CGTN - e

S8 LR BEB2HFURE NS, WEPEMHHTERE . ’ o . ise's self-i
BRI BK, A SH IR E WS, WAEE T ER CCTV, People's Daily, etc., attracting wide- OB EE hanlcelthe elnterprllse s self-influence and
"REB spread attention from academic and media ® Industrial Ecological Cooperation assist in the industrial layout.
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Terahertz High-speed Wireless Communication Systems for 8K
High-definition Video Broadcasting and Sports Events

BFRERF

University of Electronic Science and Technology of China
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Introduction

Terahertz (THz) communication technology, as one of the important options for 6G
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communications, has set off a research
boom in the world. The terahertz high-
speed communication system developed
by our team, has been applied to the 8K
uncompressed ultra high definition video
broadcasting of the 2023 Summer Uni-
versiade in Chengdu, solving the problem
of wireless transmission in the first mile of
ultra high definition broadcasting of sports
events.

BFZHERANAHEZESIHEERRARESELXLR
BHE AR

A new architecture for Terahertz solid state real time communication based
on multidimensional multiplexing and an ultra high speed wireless real time
transmission system

ZEMUERSMDERRR, RIESEMUIR /| REFEMIHEE. K
FRREDENRAMRS, RAESHRSMEMNEER, RNBSRES
SKBY 1 Hlo

Combining polarization multiplexing and frequency division multiplexing technologies,
we have proposed an initiative communication system architecture which breaks through
the bottlenecks of high-speed analog-to-digital/digital-to-analog converters, thus improv-
ing the spectrum efficiency and realizing ultra-fast real-time signal transmissions.
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We have proposed low-complexity ultra-high-speed signal processing methods to ac-
commodate to terahertz broadband RF imperfections and proposed a hybrid computing
based ultra-high-speed LDPC encoding/ decoding method and a low bit QAM demodu-
lation circuit implementation method, supporting the development of the terahertz base-
band signal processing unit with a real-time transmission rate exceeding 100Gbps, with
low complexity and power consumption.
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We have proposed a three-dimensional electromagnetic modeling method tailored for
terahertz devices, based on which we developed a terahertz wideband quadrature mod-

ulator that can improve the coherence of in-phase and quadrature inputs, thus signifi-
cantly reducing the complexity of the system front-end.
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We have developed an on-chip double-layer near-field coupling resonant hyper-struc-
tured THz modulation chip that achieves over 100Gbps data rate, solving the problem of

low modulation rate and high loss chal-
lenges of the THz on-chip modulations.
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The promotion and application of this
achievement are mainly reflected in four
aspects: innovative research, wireless
communication standards output, appli-

cation demonstrations, and economic
benefits:
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In terms of innovative research, since
2019 and based on this achievement, we
have published more than 101 papers
and 55 invention patents, and won the

Second Prize of the National Technical
Invention Award.
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In terms of wireless communication stan-
dards output, based on this achievement
we have output 6G white papers, named
as 'Terahertz Communication Technology

Research Report", to China IMT-2030 (6G)
Promotion Group.
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In terms of application demonstrations,
based on this achievement, we have de-
veloped an 80Gbps terahertz high-speed
communication system, and has collabo-
rated with Chengdu Radio and Television

Station to carry out application verification
for sports event broadcasting.
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@ Terahertz high-speed communication equipment and systems that support high-speed real-time services
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In terms of economic benefits, "information video and video ultra high definition" has
become a major trend in the development of the global information industry. By the end
of 2022, the proportion of ultra high definition in video on demand IP traffic will reach as
high as 35%, and the scale of China's ultra high definition video industry will exceed 4
trillion yuan. The application of terahertz communication to achieve wireless transmission
of 8K ultra high-definition video at the World University Games is expected to promote
the creation of a new ecological system for the ultra high-definition video industry and
play a positive role in the development of the next generation information technology in-
dustry.
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This achievement has achieved breakthroughs in terahertz solid-state real-time commu-
nication architecture, ultra high speed baseband signal processing, three-dimensional
electromagnetic model of terahertz devices, and terahertz superstructure modulation
chips:
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In terms of academic achievements, our developed terahertz technologies have won the
Second Prize in National Technical Invention Award and the First Prize in the Sichuan
Natural Science Award.
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In terms of technical scalability, the proposed multi-dimensional multiplexed terahertz
solid-state real-time communication architecture is capable of scaling up to a
terabit per second (Tbps) rate.
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low/IEEE Fellow) FEZRIRIEX (Rep.
Prog. Phys. 2016, 79, 076401) &
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Antoinette J Taylor (OSA Fellow/IEEE
Fellow), Associate Director of Alamos
National Laboratory, commented in a
review paper (Rep. Prog. Phys. 2016, 79,
076401) that "this achievement opens up
a new direction for the development of

high-performance terahertz wireless com-
munication systems".
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AliOS Drive Operating Systems for Autonomous Vehicles
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Banma Network Technology Co.,Ltd.
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@ The architecture diagram of the AliOS Drive
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Introduction

AliOS Drive Operating System for Au-
tonomous Vehicles is a high-security,
high-safety, highly reliable, and high-per-
formance operating system for the rapidly
developing intelligent driving industry. It
is heterogeneous dual-kernel based, with
secure and safe cross-system fusion, and
designed using layered and decoupling
architecture.
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AliOS Drive Operating System for
Autonomous Vehicles is heteroge-
neous dual-kernel based, with both
safety and high-performance advan-
tages
AliOS Drive B RE B IR IZ E &R
MRS S RAREAEA
Linux &R INEER 2 M, X
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AliOS Drive Operating System for Auton-
omous Vehicles mitigates the Functional
Safety (FuSA) risks brought by using
Linux alone, while also enables high-per-
formance computing that traditional mi-
crokernels are not good at.
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AliOS Drive has a safety domain subsystem and a performance domain subsystem. The
safety domain subsystem is founded by AlIOS RTOS,which is based on a self-devel-
oped safety real-time microkernel. It has been awarded the Functional Safety product(l-
S026262 ASIL-D) certificate, of the highest level of automobile FuSA, by TUV Rheinland.
The maximum scheduling delay and the maximum interrupt delay of it are both less than
10 microseconds and it supports the POSIX PSE-54 standard. It is compatible with the
existing intelligent driving software ecosystem. The performance domain subsystem is
founded by AliOS Safety Linux, which is based on the open-source Linux with deter-
ministic and safety enhancement. The average scheduling and interrupt delay are less
than 10 microseconds with the maximums less than 200 microseconds, while there's
no performance degradation as usually observed on real-time patched (PREEMPT_RT)
community Linux. It's capable of supporting the high-performance computing required
by autonomous driving tasks. Meanwhile it provides a systematic safety enhancement by
kernel space/user space resource isolation and safety monitoring. The self-developed
AliOS Hypervisor provides a secure, safety and fast fusion mechanism for dual-kernel
through virtualization techniques, and has been awarded the Functional Safety pro-
duct(ISO26262 ASIL-D and IEC61508 SIL3) certificate, and the loss of CPU performance
caused by virtualization is less than 5%. The fusion mechanism makes the AliOS Drive
have both safety and high-performance advantages.

AliOS Drive 82 Al/ BRABIINEELR. WEMEEERS. Hb,
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In addition to the underlying OS, AliOS Drive also provides Al/General computing opti-
mization framework, deterministic scheduling framework, etc. The Al/General computing
optimization framework provides multiple hardware platforms support capability and the
competitive performance solutions in the industry. The deterministic scheduling frame-
work solves the challenges of non-deterministic task execution time in complex autono-
mous/ADAS driving scenarios, supporting global orchestration of tasks under heteroge-
neous computing environments.

A AEEESRE SRS TRESRE

FastDDS (28), SOME/IP, Busybox, RUST B, gomp, quadmath, Al /. GDB, coredump/top /fr

Fortrani&z/.

FOSBCAR

| socC |

@®AliOS RTOS ZR#5E

pace 133




B2 i

Charm of Science and Technology

FastDDS , SOME/IP, Busybox, RUST Languge, Fortran

Middleware/Language Ecosystem Software [ Algorithm Ecological Software Tool Ecosystem Software I

POSIX API proc/sysfs/epoll/...

o NewerkFrotoeelStack .
m e | |t Ce -
[ soc |

@ The architecture diagram of AliOS RTOS
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® The architecture diagram of AliOS Hypervisor
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The AliOS Drive Operating System for Autonomous Vehicles and the SoC for
intelligent driving deeply integrate, which has got commercial contracts for
mass production

REEGCELSTEEREIREB LA ARWMMTL, BIFAR
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Banma Network Technology Co.,Ltd has
reached a strategic cooperation agree-
ment with China's domestic mainstream
intelligent driving chip companies such as
Horizon Robotics and SemiDrive, jointly
developing advanced intelligent driving
solutions. AliOS Drive has also got com-
mercial contracts for mass production.
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Banma has proposed a new paradigm
of open ecological collaboration of
"Al+OS+Chip" which promotes the joint
definition of OS and chip, and forms a
technical foundation, and also supports
the innovation of autonomous driving
algorithms. As the underlying operating
system, on the one hand, the AliOS Drive
cooperates with the chip to make comput-
ing power play a more important role; on
the other hand, it provides more excellent
supporting of the development of func-
tional software and application software
which brings more safe and more intelli-

gent APA, AVP, NOA, TJP driving experi-
ence.
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AliOS Drive solves the four major chal-
lenges of autonomous driving. Firstly, it
meets functional safety requirements and
supports real-time and high-performance
computing. Secondly, it realizes the trans-
fer and processing of Al big data brought
by sensors. Thirdly, it meets the complexi-

ty requirements of autonomous driving applications and expand the support ecology and
decoupling software and hardware. Fourthly, it responds to the social nature and sensi-
tivity of autonomous driving applications, providing strongly protection for data security.
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@ The architecture diagram of mass production solution based on the AliOS Drive and the Journey 5 SoC
of Horizon Robotics for intelligent driving
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AliOS Drive
Dual-core Based Solves Four Major Challenges
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@ AliOS Drive is heterogeneous dual-kernel based, solving the four major challenges
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AliOS Drive Operating System for
Autonomous Vehicles is heteroge-
neous dual-kernel based, solves the
four major challenges of autono-
mous driving
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AliOS Drive Operating Systems for Auton-
omous Vehicles can bring technology and
industrial value to the industry:

1. It provides a safety technology in-
frastructure that meets both functional
safety requirements and performance
requirements for smart car driving sce-
narios.2. Adhere to the idea of openness,
layered decoupling and standardization,
it provides efficient technology base, tool
chain and SOA architecture capabilities,
so that the car OEMs can build open and
controllable technology and supply chain
systems, and jointly create differentiated
products and services with ecological
partners and car manufacturers.3. It
provides high level information security
capabilities to help car OEMs meet the
regulatory requirements of data and net-
work security.4. It explores car and cloud
integration technology, tries to apply
cloud-native technology in the automobile
field, helps automobile OEMs improve the
code reuse rate across hardware plat-
forms, and reduces software investment
costs in the era of software-defined vehi-
cles.
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ZDNS Key Technologies, International Standards and Applica-
tions of Next-Generation Addressing System for Internet
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@ ZDNS key technologies of the next-generation addressing system for Internet lay solid network foundations for the digital economy
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Internet Domain Name System National Engineering Research Center
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Introduction

ZDNS key technologies, international standards and applications of the next-genera-
tion addressing system for Internet represent breakthroughs in the key technological
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innovations in Internet basic resource
addressing. ZDNS has been deployed on
a large scale in more than 30 countries
and regions around the world, providing
strong support for the improvement of
IPv6 traffic. It has effectively promoted the
technological progress in Internet basic
resources in China and the world.
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Solve multiple problems in domain name infrastructure software through
systematic and original technological innovations
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Through technological innovations, ZDNS key technologies, international standards and
applications of the next-generation Internet addressing system for Internet has solved the
long-standing issues in domain name infrastructure software-low performance in resolu-
tion and data update, lack of intelligent routes, multiple security vulnerabilities, and poor
support for IPv6 technology standards. ZDNS has also pioneered the RPKI data security
threat model and RPKI local control mechanism.

1. IPV6 R332 = M REES BEARAT R 51 R IBER

Key Technologies of IPv6 and Dual-Stack Domain-Name High-Performance Intelligent
Resolution
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Technical innovations of ZDNS include methods of cache acceleration high-performance
resolution, high-concurrency DNS service, IPv6 business access based on AA and AAPF
records, TTL cache dynamic modification based on domain name popularity, DNS data
update notification under multi-intelligent routes, and DNS resolution for nested views.
Through these innovation, ZDNS has strongly improved performance and capacity in
configuration reception, message handling, cache mapping, and more. It can achieve 20
million QPS (queries per second), 2,600 UPS (updates per second), and serve 1 million
intelligent routes.

&
9 Ej 0 MDNS“%

'F—ftﬁ&ﬁ&ﬂﬂﬁ»ﬂ

ATEREST] v iﬂf'* #wAR

I?ma

I ———————————————_]

. F—HEZERARETTRR
LS @N
A series of Key Technologies for the Secu-

rity and Reliability of the Next-Generation
Domain Name System
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ZDNS innovatively proposed an active
protection method against random
domain name attacks, an automatic
issuance method for routing origin autho-
rization, and a security query method for
source address domain names. It also
put forward distributed data consistency
synchronization, DNS tunnel communica-
tion data filtering, DNSSEC signature ser-
vice hot backup, and address allocation
method based on DHCP server cluster
load balance, etc. For the entire process
of domain name data synchronization,
data distribution, and root zone file data
storage, the Maple System provides a
comprehensive protection against 5 cate-
gories, 13 types of threats, and preserves
over one million domain names.
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Empower digital transformation of various industries: In the field of Internet basic resourc-
es, according to the business model of "software+hardware+cloud services", ZDNS is

widely utilized in finance, energy, electricity, government, education, medical care and
other industries.
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Supporting innovation in global network ecosystem: The outcomes of ZDNS have served
as the foundational network elements to support the construction of 5G networks and
have been extensively applied in the global construction of 5G core networks. It has
formed an innovative ecosystem that integrates the core Internet basic resource domain
name system software Maple with mainstream chips, operating systems, containers, and
cloud environments worldwide.
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Promote the construction of Internet international standards:RPKI Relying Party System's
Technical Requirements (RFC8897) drafted by ZDNS further listed RFC8416 specifica-
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ZDNS key technologies of the next-gener-
ation addressing system for Internet can
serve the digital transformation of various
industries in China and comprehensively
contribute to the high-quality development
of the China's digital economy.
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In the field of smart finance, the results
have been applied in major financial insti-
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tutions nationwide, bringing about overall
improvement in business processes and
customer service in the financial indus-
try, as well as the smartization of finance
products, risk management, and custom-
er acquisition and services.
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In the field of digital government, the
results have been widely applied to the
national as well as provincial, municipal
and county-level e-government networks,
further enhancing the country's e-govern-
ment services and continuously improving

the networking, digitalization, and smarti-
zation of the government service systems

tion as the core basic function of RPKI
technical system. Internet routing security
core standard BGPsec (IETF RFC 8205)
recommends using RFC 8416 as the tech-
nical means of routing local control with
the RPKI. After the release of RFC 8416,
NLnet Labs (the Netherlands), a world-re-
nowned Internet open-source institute,
announced that their RPKI verification
software supports RFC 8416 technical
standard, making RFC8416 one of the
most widely used RPKI core technical
standards in the world.
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@ Next-generation Internet basic resources

address key technological innovation
ecological chain products

for enterprises and the public.
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In the field of smart energy, the results
have effectively promoted the construc-
tion and application of smart energy, and
have accelerated the intelligent upgrad-
ing of links like energy production, trans-
portation, and consumption. In addition,
the results have also strongly facilitated
the development of industrial digitalization,
agricultural digitalization, smart cities, and
smart education in China.
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The RPKI technology will drive the development of new-generation network routers, IP
address management systems, and all-new RPKI routing data authentication systems.
This will lead to upgrades of network operation and maintenance management tech-
nology by telecom operators, cloud service providers, Internet exchange centers, and

BbEAR
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large-scale network enterprises as well
as the transformations of their IP address
management systems and routing control
systems. It will also accelerate the up-
grading of global IP address management
systems and routers, particularly for IPv6
addresses as incremental resources.
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@ ZDNS next-generation Internet basic resource addressing key technology serves the digital transformation of various industries in China and

comprehensively contributes to the high-quality development of the China's digital economy

#H E 20234 5 B, ZDNS ¥  regions worldwide, serving more than 60 new generic top-level domains, contributing to

BN AEBBEF 54 M, 2K IETF
EBRARE 3T, 1T AR 17 T
BE “ON RARKEW—2I)
BESZ 15 DNS QRIS AR /A RO 38 2 B il
R, RFERMLKE, BEAES

330 S ERMBEEBE, "’

B %54 % 60 3T TR, 2

SR TR ER AR BT Wz
;EH—_IIj'E\‘ﬁﬁO "?-Im" ﬁﬁ

As of May 2023, ZDNS has been autho-
rized with 54 invention patents, led 3 IETF
international standards and 17 industry
standards. The world-leading indepen-
dent Maple system is the only domain
name basic software in China that fully
supports DNS standards. It has been
deployed in more than 30 countries and

the mass deployment of the next-generation Internet across the globe.

2 ez oNsa @
FRAER S B R

sazn F—REEN @

OAMAGRHEZH T — AW

@ The Maple system supports the next-generation Internet

pace 139




B2 i

Charm of Science and Technology

8 S A B AR ER R R MRST = (B &
BRI RN A

Innovation and Application of UHD Technology Standards and
Low-Latency Video Cloud-based Live Broadcasting Technology

©ETF AVS3 RAFIGHBEFERYR

@® AVS3 codec-based ultra-high-definition live broadcast results

PRI R B IR AT
China Mobile MIGU Company

E1H

NBRBRRFMMRARBSRSERIZAFZR, ERBSEERE
HENAZRFXN T —RERBITEHITRRCNE, PEBIREAE
£ AVS3.HDR vivid. Audio Vivid E8B& B S MinE LSRN, 1R
HRBRNATEESRSRE,
Introduction

For the further development of immersive audio and video technology, China Mobile
MIGU has continuously invested in next-generation codec standards for ultra-high-defini-
tion audio and video, such as AVS3, HDR vivid, Audio Vivid, and so on. The next-gener-
ation codec standards have been applied on a large scale in UHD sports broadcasting
application scenarios.

FRERESE “ME + W NEFUERFNREE
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An all-encompassing UHD immersion
experience for sporting events

AT BRI RIEARSARI A R ER
FARRFEBAELRTRAMNR
FERARRE, KIEEQRE DI MENR
SREVRED. ARIRARRYERUNL R
TR LR T AR BH.

In order to provide users with a more re-
alistic and immersive visual and acoustic
experience on different terminals, Migu
has carried out technological innovations

in audio and video coding, terminal decoding and rendering, and upgrading the trans-
mission architecture.

ERHNBRFERDREE, MATIMERZOEE S8, KW
HEEBIRUREES, BRATESERNERE. ETHFER, R
KT RSB IES, TR TINE / BEIFNSE 77 ERIERNE
FWMRE, WETHR. TN BB EFREEAMKER.

Focusing on the characteristics of the live match scene, MIGU realizes the live match
scene-based transcoding production by enhancing the core video coding algorithms
and parameters, which in turn enhances the quality of the live content. A large number
of quality datasets have been accumulated in the process, allowing MIGU to also gain a
set of methods and standards for detecting subjective and objective live content quality
evaluation, and constructing an iterative system for scenario, evaluation, specification
and production quality.

BN ET EBHEER. MIEREEE. MIEERDR. B
|BEMRA. 2EBREREP. BEEANE. STEERENAESR
R, RUEMEFERE . ZTEENTES R Z2TEERAE, HEE
= WWW/ % shi APP B9 4K HDR 50FPS REIZ R IEE HER, 24T
IRFAEEHE. BEER X, RRENESERRNEERD A
AR5 8E 10
MIGU realizes low-latency link production, multi-plane low-latency distribution, and multi-
plane intelligent disaster-tolerant scheduling by means of low-latency exclusive produc-
tion and broadcasting links, low-latency transcoding algorithms, low-latency transmission
and distribution, player frame chasing technology, full-link intelligent buffering, edge
buffering time shifting, and multi-plane intelligent disaster-tolerant scheduling, and other
technologies. It achieves 4K HDR 50FPS original picture-level low-latency broadcasting
requirements covering WWW)/Mobile APP, which provides low-latency transmission and

distribution service capability for live event broadcasting that can support ten million lev-
els of high concurrency, high bit rate, high frame rate and low lag.

@®AVS 5 HDR vivid TERIERE R AER
@ AVS and HDR vivid in Qatar World Cup Live Streaming Application

BEENRN SRR AN, nEsIaS5ER A
UHD Immersive Audio and Video Technology Innovation and Scale Applica-
tion

I PRIGARN BB IR
KEEMAM “Vivid BRAR
WA, AEFRME W+ AT
NeBUBEERER, NEk
EMMTENERE T ELNE
Bitio

MIGU Video APP provides users with "vi-
sual&auditory" UHD immersion experience
by adding the exclusive "Eye color vision"
live view and "Vivid audio vision" live view,
which lays a solid foundation for the sub-
sequent use of audio-video standards.

2020 BR N #F 2 T Ak 9 HDR
Vivid B & 75 % oh 3% 5t = 5 A
2022 FIHREL BRI A AVS3
BRTE B ohim it S A7 A LK HDR
Vivid BUB R A R E R ER i
Flo 2022 FRBEREFAM KM T
Al A AVS3 #1 HDR Vivid B9 E X 1%
MR E A, L& Audio &
HDR Vivid X Vivid [ B 72 & A 3¢
HRBEEENA.

At Euro 2020, MIGU piloted HDR Vivid on
mobile for the first time in the industry. For
the 2022 Beijing Winter Olympics, MIGU
piloted AVS3 and HDR Vivid soft render-
ing solution on mobile for the first time
in the industry. For the 2022 FIFA World
Cup Qatar, MIGU commercialized AVS3
and HDR Vivid on mobile for the first time
in the industry, and also applied Audio &
HDR Vivid to major sports events.

®AVS 1E 5 EtH RN A IER
@AVS in the Men's Basketball World Cup Live
Streaming Application
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Promoting industrial development and building an internationally leading
content production system

ZAREFEBNKEABRIITE W ESRIRNESR, EARAMWM
JEBEar . MNESE. BANERE, @ ETRELHREEKEA
BT SR AL 5, IESh, BABE5RIR 56 ZHRELIH. FEBSE
MINE 6 KT AESEKE, KGRI, B, BRNE, T
2 56+ KM ESHRNDER, KEATLKERERETFTERRA
QUFTE AR IR A AT “AE + B + REeUH %, BHERIR
RBAG—YERRERBIFM, BRANIFITETEENNBCESM
EZKo
China Mobile MIGU Company actively builds industrial ecosystems, promotes collabora-

tion between upstream and downstream enterprises in the field of UHD audio and video,
and continuously enlarges and strengthens the industrial chain. In addition, MIGU leads

or participates in the construction of six
industry ecological alliances, including 5G
multimedia innovation alliance and Chi-
na's UHD video alliance, and unites the
strengths of head enterprises, research
institutes and colleges and universities to
continuously improve the differentiation
capability of 5G UHD video. The technol-
ogy innovation team of Migu Company for
live broadcast of major and key events
around the world actively leverages the
advantages of "content and technology
and integration and innovation" of Migu
Company, and uses the team's per-
sistence to escort every major event, and
uses technological innovation to create a
high-frequency sine wave of content oper-
ation for China Mobile.

-~ Ellie FPEE

KEEP ON MOVING

BB OfOfE 1> vanit @ sommmrs

ORFREIIE, EREBEKE

@ Watch the Asian Games with the latest technology on China Mobile's MIGU Video App
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BREBERERA

Interference Sensing

O BRIRRKRAREBE YA/ N\KE TN, HEREA 56 MBBFEMAAFE (ETEDRE RRREAEMR. FHXLL)

@ Interference sensing technique can mitigate the inter-cell interference and improve operator network capacity and performance. (A contrast between
scenarios "Without Interference Sensing" and "With Interference Sensing")

Bufs (hE) EEERAT —
Ericsson (China) Communications Co., Ltd. -
ERICSSON

pace 144

51

onf

AT BIFRSY 56 B/ NKIER TR, ZEILEF AL RKR
AR, NS NXBAEEMENNKTFIER, FiEIAMRREL
AR (Massive MIMO) SRR BE N AT EEBRE BRI B LR EE
T, FERA 56 WEBEBMAF F3,

Introduction

To cope with the problems arising from the inter-cell interference in 5G mobile networks,
Ericsson interference sensing technique, real-time collecting cell user information and
neighbor cells interference information, uses Massive MIMO beamforming capabilities
together with the algorithm of a smart sense to mitigate the inter-cell interference, and
constantly improve operator network capacity and performance.

FrASIFBY R RBA HE, BHATHEFMESRERR,
BHEEDXERN TN

Innovative beamforming algorithm together with powerful hardware and sig-
nal processing techniques contributing to the mitigation of interference

NWXBTFHRE 56 BN B ERAMIMAZ — ER T
&, WSRENHFE. WhREEL, BEZSBFENKETFI, b5l

10, BREEEES | FRiSlecz7, BEhiEsmn
1#4<-300x USRS

* Massive MIMOE} SHR & 37 FF=siBl FHEALEM 1,
TR B A R E

©FIEIM A 56 MK S RBIHAI, BRKRABDABTI

By 2027
Total mobile traffic
expected to increase

5%

In the past ten years
Data traffic has increased
300X

Interference has become a bottleneck for network.
performance as high traffic load evolves, especially for
densely populated urban areas

Downlink interference control
capability is vital considering
the terminal’s weak ability to
process interference

One cell can generate
interference to many
neighboring cells

Massive MIMO has potential to utilize spatial interference
Traffic Demand G avoidance technigues, which will be strengthened with
the beamforming solution with interference sensing

@ Interference sensing technique helps to mitigate the interference which has become a bottleneck for
NR network development

S ERESRBEAY L. 56 W
LETF RN 2 EEM Massive
MIMO AJ IR S N B E R,
BHFBER R NX B TR,

The network performance and network
capacity are limited by inter-cell interfer-
ence, which is a bottleneck for NR net-
work performance evolution, particularly
in urban area where often encounter the
challenge of both heavy traffic load and
small inter site distance. Massive MIMO
on mid band could provide a superior ex-
perience, but it cannot solve the impact of
inter-cell interference.

EUGEEREREARTE
AR ARSI B & MRt
SSRERAR, BIXES NS
FIMERHITREHIMNITE, 1
NWAERMEEAE, EHITEREE
R, BIREMGERA/NXK AP &
%, [FBYAE®E BT A8 B/ N F
o NXBITFIHAVERR, =R/
XBRSMAFEBRHAERA,
RAE D NK B, WABEIL
£ Massive MIMO B&/\X#SHE 12
&=, BHEERFS5CNEBFEMH
Jakz N

The innovation of Ericsson Interference
Sensing, based on the powerful Ericsson
Silicon compute platform and the state-
of-the-art signal processing techniques
in the base station, lies in that the inter-
ference information of neighbor cells is
real-time collected and computing calcu-
lated, and then beamforming weights are
generated, which will not only ensure the
user experience of serving cells, but also
avoid the interference to neighbor cells.
The mitigation of inter-cell interference will
lead to a significant improvement in cell
capacity and user experience, which not
only benefits some cells but also all Erics-
son Massive MIMO covered cells. There-
fore, 5G network performance and user
experience can be lifted to a new height.
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@B RR R A RIS IR RS A BHE AR N KB FHE&AR , B EEERML

10-48 billion

math per second

@ Interference sensing technique adopts real-time adjustment algorithm on beamforming to achieve interference mitigation and network performance

improvement

ZERZEE. RGN, REUR, EEBAIERHA 56 MEE
HiREN

This technique features easy deployment, cost-effectiveness and highly
compatibility, which could greatly improve NR network performance and fre-
quency efficiency

BRONRRA RSN I, TEMOBEARN, BNFARE
ERFRRTERDS, THELHARNEIZZRARBIMERL, 181
F 3GPP AR BRI E D M BRI AT RATELRH AR, ERKR
BRAEAHEEERE. KERFEEEE. RaBRE Z0NH.

Interference sensing feature can be supported by software upgrade based on the gNBs
already deployed, and there is no need for new hardware investment. It is perfectly com-
patible with legacy UEs in live network, allowing users to enjoy the upgraded experience
without the need for UE upgrade. Compared to some new techniques in the evolution of
the 3GPP standard that require UE upgrade to improve performance, Interference Sens-
ing has the advantages of more convenient deployment, more universal UE compatibility,
and a wider range of beneficial users.

FEEMNE, RN T TIHNBANMNRNTEE T TAER, M
TR T RILZ BRVE L F iR, TERENERBEBXTRATE
FRUMEBIEOERER, TREBIMGINEOER NI, ZRARE
2R T &5 Massive MIMO BIEBHXE G, BatnfiEE R/ \XE
TR TIT 20%-40% MB 2R Fo

OB RRREAZEINE LA RERIIMANNRISIE, JRI 40%+ MBI SRS
@ It has been verified that a gain of 40% can be achieved during the field trial of interference sensing
technique in simulated high traffic load network
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Moreover, the sensing and detection of
interference methods of this technique
is completely based on the wireless link
instead of the wired transmission link
between the base stations. The opera-
tors can deploy this interference sensing
feature in network without any additional
load on interface between different sites
since it doesn't rely on interface for infor-
mation exchanges. Once this technique
is widely enabled in the coverage area of
Ericsson's Massive MIMO base station, it
will bring a downlink capacity increase of
20%-40% for all coverage cells.

2023 FHHEHABhBEE KR
2 (Mobile World Congress, f& #F
MWC) HRjEl, X—FH R —ERRKFK
WM GTI FEAR, IrEEZARMN
BRI R ARG IE. 3T 56 MK
MEESKEAFRARNREA, UKk
B EFIVNEERRRE TR
INF. ZEABTREARIE, F
T A,

During the 2023 Mobile World Congress,
the interference sensing technique has
been granted two outstanding awards of
GTI, which has demonstrated the tech-
nigque's unique innovation and its contri-
bution to the improvement of 5G network
performance and user experience as well
as the recognition from the ICT industry.
This technical verification has been com-
pleted and awaits for release.

BREREABRSTESS
WSHFRERE, BhHiEE
EEBMREERNSSMNE

Widely deployed in high loaded
dense areas to help operators deliv-
er greater value of 5G connection

BREREANBIANBRERES, REUNFELRE, BERAS6
MEREBMAAFE, MUENREERIR 56 NELENHNRD AR
Ez#E, MEEXNIE 56 WEAKRANSEEMRFRT, BFBIIMT 56 W
BRARROVHTI

Interference Sensing can utilize legacy gNB capabilities and compatible with legacy
UEs, significantly improving 5G network capacity and user experience. It fully utilizes and
deeply explores the existing 5G network capabilities, respects and protects investment in
existing 5G networks, and also leads a new direction in the development of 5G network
technology.

TEIZHRN, BRKREZATUATF 56 sl SAERERX. Sl s
NAEHFDR, REESHMNBFTEEBUSHEED (HIOHEX. X
Hl SERNARBIESE Massive MIMO BEMI HEHKX ), NKEIRE,
REHHT 56 RIFMAE WS AFERKAIZRENFHBE, X—K
RN EERL A PR T BT 250

In short term, the interference sensing solution could help high loaded dense urban area,
high traffic event case (e.g. urban area, high traffic load event in stadium, or square with
Massive MIMO coverage, among other areas) to offer more network capacity. For long
term most of major cities will require it to address serious interference issue as traffic
growth.

v BRI E I
v RFAMGE L

M1 58 Massive MIMOFN 2 7 {54
EATFHBEEA NEEHTHR
FrFBE A /S AL RE S B H PR,
EhHEHS L FREHRNER
i BERAREREEE.

LR 8
TR 40%

Reduce inter-cell interference and
increase network capacity

Up to 40%

Increased network capacity

O ERRRRANEAEDS EERA MK B BIEHE

@ Interference Sensing echnique greatly improve network capacity and performance

72 5GC MBI ENHFMNEL, 7
THRANMER=MAFER,
ESINFTRISIE. #HITE/\BIuh(E]
BRI, FIMEIBRERRZ
REMNERENHENEERR,
BV EERE RIS BB
EBUEMENRESRESNTD
B Massive MIMO & ARBI#E 17,
BH 5GC MEMEERME, mAWL
S R NE.

For the new phase of 5G network de-
ployment, interference mitigation solution
is an important approach to improve
network capacity and performance in
addition to leveraging new spectrum and
building new base stations with shorter
site distance for ever-increasing network
capacity and user experience. Ericsson's
Interference Sensing solution will enable
operators to unlock the full potential of
Massive MIMO technology in high-perfor-
mance network deployments, improve the
energy efficiency of 5G network, and max-
imize the value of spectrum investments.

OB RRREATT URFREUEEENGHIE
EF50 Ul SHEEERE, RHESH
WESE

@ The interference sensing solution could be
deployed at stadium for large events and other
5G high loaded dense urban area to offer more
network capacity

pace 147




2 &

Charm of Science and Technology

WX IREET &

Technological Achievement: Hyperchain

FUNERER B IRAE
Hyperchain Technology Co., Ltd

1 H

BEXRET S EBEN B AN B RABKBEXRETS, X
MEHEAENE. NETRKEENS IR EMIShE,
Introduction

Hyperchain is an enterprise-level consortium blockchain platform independently devel-
oped by HYPERCHAIN TECHNOLOGY. It is a distributed commercial infrastructure that
enables multi-party trusted collaboration and value interconnection features.

BEEXIRET & BRI B TMANEWLRBXEXREFS,
BAzERREmA

An Internationally Influential Consortium Blockchain Platform by HYPER-
CHAIN TECHNOLOGY

DR T B BB HERHY B E R BIERERERCORET 5, B8R
ML HEEMIE. MEEKERENDHAF L EIMLH. FaleftaEN
HIRBE. 2EEERGNSE. 2EERXF. SHERLRIP. TENE
— R UELSTZ ORI, BB HR TPS EHEMZWRALKILR,
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@ Hyperchain concept map

L\ i i3

HYPERCHAIN

XFER SR BIERP. B
BRMIEFE. ERTHE. B
BEA. MENUART AU TES
B, BREVEANATEERS.
SiteE. AT R, Bicd. AEK
EEHENFER.

Hyperchain is an enterprise-level consor-
tium blockchain platform independently
developed by HYPERCHAIN TECHNOL-
OGY, which is a distributed commercial
infrastructure enables multi-party trusted
collaboration and value interconnection
features. The platform's core protocol
comprises a large-scale hierarchical net-
working model, a highly robust consensus
mechanism, secure and user-friendly smart
contracts, and hybrid storage model.

It boasts a throughput of 10,000 transactions per second (TPS) and millisecond-level
system latency. Additionally, it supports transaction-level privacy data protection, hybrid
data storage, trusted execution environments, alliance autonomy, oracles, and visual op-
eration and maintenance, among other features. These capabilities meet the demands of
enterprise-level applications, including high security, high performance, scalability, ease
of operation and maintenance, and standardized supervision.

BFz¥e, BERREXNS5HIE XK RENEERRMTE 80 RN,
Bign, 2023478 10H-21 H, ZEMRBREKXBEE+HRE (EF:
ITU-T SG16) BRE2A=INERE, HABSELMARINEMRRE: ITU-T
F.751.13 (ex F.DLT-DPT): Framework and requirements for distributed
ledger technology-based distributed power trading system (EFXHR
ENDHRNBIRZAFERMER) RALED, ZinEEREENET
XRPFREATEDHARBHIRZHFENERNE, NETERFXREND B
NBANRBAFENSERN. S5XHEMBAER, ATUNKRERARE
HAE. DBERNENRBEAACRAFSFERAENFTR. RITHERIEFRRE
HEENIERE,

Based on Hyperchain, the company has taken the lead and participated in the formula-
tion of more than 80 international standards in the blockchain field. For example, during
the ITU-T SG16 Geneva plenary meeting from July 10 to 21, 2023, the international stan-
dard——ITU-T F.751.13 (ex F.DLT-DPT): Framework and requirements for distributed
ledger technology-based distributed power trading system developed by the company
was approved for completion. This standard is China's first international standard for

REn e

O IRET B BRI E

@ Hyperchain architecture diagram

@®ITU-T SG16 EHREBHL2MAFEIY
@ |TU-T SG16 Geneva Plenary Meeting

distributed power trading based on
blockchain technology. It stipulates the
reference architecture, participating enti-
ties and technical requirements of a dis-
tributed power trading system based on
blockchain and can provide blockchain
technology with provide reference and
guidance to parties and distributed power
trading system users during the develop-
ment, design and use of the system.

X200 RIIERM A, K
NSRS MR EREE
Hyperchain Delivers More Than 200

Tangible Business Outcomes for Cli-
ents in Multiple Scenarios and Fields

BHENKRET B X 200 &
TURMIN A, EEEWH. SR
K. RIS Z D El
FHERBREHE . —BRBHHEF
HHRE, MARLTERXER
“BEHESA , ELREREE
BR300 AR, BHREBEA
E3R AN ZRBMNERARSFH
K, MEEIBERENEERA
HIEHZTE, SUERAEIEN
ZeXE. SWAE. ZaF AN
AIEHE, =B HiReiENSE
ME, MBSERT AT XOER
T8 “FERBFETTE” T,
BN MR B BHEEE,
WA T 8 RRS BRI R 2)
Fa, ERNHIE 1600 RREW
REMSHENNESEERS,.
HRDKRIMAIR A, W0FT
ST A RIR KR E A HTFILE
A, KIARFN—IETARSS.
B0, BERHE T EERKRET
BERSBT 300 REEERNA
Rk, ANTERESS. B
AEE R IZIRARIRER K RER )
WA, BXEWSMEEHT
AR,

The platform delivers more than 200
tangible business outcomes for clients,
providing assistance for the digital trans-
formation of enterprises in Smart City,
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Banking and Financial Services, Smart Energy Management, Carbon Management and
Calculation, and other fields.

Firstly, Hyperchain supports the construction of smart city, such as building a Health
Management Application for Putuo District, Zhoushan City. This blockchain-based app
accumulated health management data for nearly 300,000 people and helps nearly
30,000 elderly people on islands.

Secondly, it facilitates digital transformation in traditional banking and financial services,
for example, building a Safe and Trustworthy Financial Big Data Sharing Platform in
Jiangxi Province to achieve safe collection, efficient management, comprehensive utiliza-
tion and trustworthy sharing of financial big data.

The third point is to assist the digital judicial field in improving law enforcement efficien-
cy, such as cooperating with the Chongging Yuzhong District Procuratorate to build a
Non-Detained Individuals Management Platform. Meanwhile, Hyperchain promotes the
low-carbon emission reduction process. For example, it has built a government carbon
governance platform for Zhejiang Province for pollution reduction and carbon emissions.
The platform has already provided comprehensive management services for carbon
and pollutant emissions rights to over 1,600 companies in Zhejiang Province. Finally, it

©BHEXRIEF BN AESHE
@ Hyperchain Application Ecological Map
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promotes the confirmation of intellectual
property rights. In Zhejiang Province, the
company has established the Zhejiang
Provincial Intellectual Property Blockchain
Public Notarization Platform to realize
one-stop service for intellectual property
rights.

At present, HYPERCHIAN TECHNOLOGY
has served more than 300 Chinese state
institutions and leading enterprises based
on the consortium blockchain platform.
At the same time, it is actively exploring
innovative applications of blockchain in
international markets such as Hong Kong,
China, and Japan, and has supported a
business scale of tens of thousands billion
yuan.
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@ Application diagram of Hyperchain for carbon management in campus
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A Top Performer in Numerous Au-
thoritative Chinese Evaluations

BEXRETFEETFESE—
#iEd TESIRER S (E B X R
HAENRNXREF S, HE
2017-2022 FHEEERAFEX R
BN RIESRRE—, FEHE
ARET (EROBAKATAR
£ME) » FHMEHRIK 2019
EXREHERBEATFES. 2020
XREFEARSHANFTAR (F
EEEYR) . BEHXHRE S50
B—PERIGRTXREREF
BERI,

Hyperchain is one of the first batch of
blockchain platforms in China to pass the
blockchain standard test of the Ministry
of Industry and Information Technology's
Standards Institute and the China Acad-
emy of Information and Communications
Technology. It has continuously secured
the top position in the trusted blockchain
evaluation conducted by the China Acad-
emy of Information and Communications
Technology from 2017 to 2022, as well as
the Security Specifications for Financial
Distributed Ledger Technology by the
People's Bank of China. The platform
has successively received awards such
as China's Top Ten Blockchain Underly-

ing Technology Platforms in 2019, 2020
Blockchain Technology and Application
Innovation Achievements (China Com-
munications Society), and Forbes Top
50 Blockchain-China Construction Bank
Blockchain Underlying Platform.

OFEE\MAEXREETNA, BHEXIRE
& (Hyperchain) i@id Ihse 2 4k T WM
WHEE T RETR 3R (FTiHEK)

@ In the 8th batch of trusted blockchain eval-
uation, Hyperchain passed the special test

of functional classification and achieved the
highest rating of level 3 (advanced level)
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@ |oVTC System has provided technical support and reliable services for 80 million customers, 360 thousand administrative villages, 130 thousand
communities, 1.29 million shops and 1.9 million video streams of national Skynet Project

ER B S EM A RS
R QI3 5 1 B

Innovation and Application of Internet of Video Things Comput-
ing (loVTC) System for Ubiquitous Integration of Communica-
tion, Sensing, Computation, and Transmission

B (M) EERAERAE (FEBHEHFL)

China Mobile (Hangzhou) Information Technology Co., Ltd.

51

Inf

Introduction
AKHEBAREEE, SR UMEBTIMIRS ASWRIZRDEE  As human society is now entering the era
HERERNET, BHURBNRARTEE, B, B, F@Sg 0 W00 10 S e e
REEOH, MAZERRELBRAFLEROMEEEBEEE, B 1y people and connecting people with
B2 ANk NS things to support the efficient connection
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of intelligent entities. The loVTC system of China Mobile has overcome several key chal-
lenges in communication,sensing,computation and transmission technologies, and in-
novatively achieved convergence. It has served as the fundamental network information
service infrastructure that supports an efficient and sustainable social development in the
future, empowering a diverse range of new creative business.

ZABEAR IR B WSS RS REE

Three key technology innovations built a new fundamental network informa-
tion service infrastructure

PESMMYECRE. BAEE. FNTESIENXBRAER L
&, RUWT =ZHEARLIH.

China Mobile has achieved three technological innovations by addressing key technical
challenges in areas of loT communication, user perception based video coding, and grid
computing.

BB T MM E XX L AR SR, 2 SRIVE E 1A
ZIRKRRIEEIE, Eéﬁ*ﬁl?\ﬂ% m D BERAR, SUTBERANSE
BERBE, HHE-—ERRERYEMAWRIZM, MMk 120 XESEF
N, #8600 TR IR,

China Mobile has introduced software-defined loT multimedia communication architec-
ture for the first time, which utilizes software to implement signaling protocol modules
and video/audio codec algorithms. By leveraging microkernel and plugin-based layering
technologies, it constructs an architecture that enables rapid adaptation for ubiquitous
loT devices. This architecture empowers loT devices with multimedia communication
capabilities without any communication chips or modules, which has served over 120
cooperative partners and over 600 loT devices.
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-defined loT multimedia communication architecture
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China Mobile has firstly implemented and
deployed user perceptual enhanced video
coding on a large scale. We have devel-
oped a video perceived communication
platform based on Quality of Experience
(QoE) perception and cognition models.
A mount of research and development
on encoding and decoding technologies
has been conducted based on semantic
segmentation, object tracking and scene
recognition. The integration of these ad-
vanced technologies enhances the overall
multimedia communication experience
and efficient utilization of network resourc-
es. It achieves an average bitrate saving
of approximately 47% compared to H.264
without compromising the subjective qual-
ity of the video.
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China Mobile has developed a glob-
al-scale integrated video computing pow-
er and network scheduling techniques.
By combining hierarchical layering with
cloud-based and edge-based computing
power resources, as well as deployment
of edge algorithm warehousing, it can
support EB-level super-large scale cloud
storage cluster, and serve 80 million users
with the service of Internet of Video Things
computing.

MR ERRSKESZIZEHTSH
BHRYELR

The new fundamental network in-
formation service infrastructure
supporting the digital and intelligent

transformation and development of
the society
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The IoVTC system has been widely applied into several major national projects such as
smart home, digital village, and public security. It has brought significant social and eco-
nomic benefits, with an overall revenue of over 15 billion yuan in the past three years.

BN S AHRLRE, SHE 140 MR 170 HBRAMNE R RER,
NERZ2REFRREHEANTSEHR R

The loVTC system assists the guarantee of public safety in the society. By interconnect-
ing with more than 1.7 million video surveillance connections over 140 cities from national
Skynet Project, the system provides the greatest support from social resources.

BB F S RRNER, BEZRER,
=36 A MTEN, ER21ZHER.

The IoVTC system assists the construction of digital rural revitalization. The system tar-
gets at agricultural, rural and farmers' demands and provides services for 360 thousand
administrative villages and 200 million farmers.

MHESREZLER, ETAFPBEIERN, T 4500 T PRE,
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@ The digital village smart screen aims to support the construction of digital rural revitalization based
China Mobile’s loVTC system

SLCHELIES ) S Enagmsum

OETFHEBIIMBKENRANEF S NEHAE

@ The highly efficient governance of digital village based on China Mobile’s IoVTC system
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The 1oVTC system assists the safety
protection of smart home. Based on inno-
vative mode of self-sharing, the system
takes care of 45 million families and pro-

vides remote care services for 9 million
expatriate workers.
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The l1oVTC system assists the healthcare
service for the elderly. Products provided
by the system was broadcasted by a TV
program of "Science and Education" and
became a typical case of allowing the el-
derly to surf over the Internet without any
fears behind.

BWHhAREBERT2RE, #
HWEBIURENFIENENE R
WIREIH .

The IoVTC system assists the guarantees
of people’s food safety. It accelerates the

regulation revolution and innovation for the
management of online catering services.

REMESXBERHEE
DR AR = AL (R R EXF

Ubiquitous integration of advanced
technologies meeting the national
major strategic needs, as well as
promoting the development of tech-
nological and industrial systems
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The smart home operational center of Chi-
na Mobile has led the development and
release of three international standards

in International Telecommunication Union (ITU) and three industrial standards for 1oVTC
technologies, which has filled the gap of international standards in the home surveillance
and loT based intelligent communication fields. These standards can solve the issues
of lacking of standardization, uniformity and abilities of interconnection in video access,
transportation and storage stages. Thus, the IoVTC system can afford massive terminal
access, secure network transmission, compliant business operations, and scalable ap-
plication development.
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@ Smart home operational center of China Mobile led developing and releasing several international
and industrial standards for IoVTC key technologies

RESHABRAT, RRSBIEPFRELIAE

Possessing multiple intellectual property rights and receiving numerous in-
ternational authoritative certifications
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The 1oVTC system has formed as the new fundamental network information service
infrastructure, realizing the deep integration of technologies in video communication,
perception, computing, and transmission areas, which has been widely applied in main-
land China, Hong Kong and Macau regions. In the areas of network communication,
video encoding, secure transmission, and computing power distribution, China Mobile
has secured 10 core intellectual property rights. They have also completed 8 software
copyrights related to platforms, terminals, and transmission services. They have been
awarded 5 certifications from organizations such as ISO/IEC, which include Information
Technology Service Management System, Information Security Management System,
Cloud Security Management System, and Public Cloud Personal Information Protection
Management System, ensuring the secure and sustainable development of their busi-
ness.

The IoVTC system is now serving over 80
million subscribers, 600 types of terminals
from 120 companies. It has researched
and developed four major technical ca-
pabilities in communication, perception,
computation, and transmission. These
capabilities empower partners through-
out the industry chain, from chipsets to
terminals to applications: 1) Video en-
coding and decoding capability oriented
towards user perception; 2 ) Lightweight
and broadly adaptable new loVTC access
capabilities; 3 ) Real-time video retrieval
capabilities for exabytes of data across
thousands of scenarios; 4 ) Video trans-
mission capabilities supporting billions
of user accesses and tens of millions of
concurrent connections.

OB NRSMEE £ T ki

@®The |oVTC system empowering the entire
industry chain
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@®The IoVTC system obtained several

international authoritative certificates from 1SO
and IEC
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EverGPT: A Personalized Lightweight Large Language Model

for Knowledge Workers

xR (L8 #FREERAF
Yinxiang (Shanghai) Digital Technology Co.,Ltd.

51
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Introduction

The birth of EverGPT benefits from the rich accumulation of Ever Inc. in the field of infor-
mation processing and knowledge management. Specialized instruction datasets, along
with data augmentation algorithms and related filtering processes ensure that EverGPT
can better serve the learning and working scenarios for knowledge workers, improve in-
formation processing capabilities, and enhance knowledge management efficiency.

EEHIBIIG. FUMHRARNEEXIRE

Lightweight model fine-tuned with specialized data
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Based on Ever Inc.'s in-depth understanding in the field of personal knowledge man-
agement and accurate capture of long-term user feedback, several unique data filtering
and augmentation algorithms are used, along with advanced multi-language instruction

mixture strategy and data quality evaluation process, to ensure the quality and relevance
of training data, providing a solid foundation for efficient model training.

Based on the open-source pre-trained large language model, a large amount of super-
vised training and tuning is conducted, and professional knowledge and user feedback
in the field of knowledge management are further incorporated to achieve more accurate
and efficient model output. The training and application of EverGPT focus on the fields of

BEELHFESHAHNBN
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knowledge management and productivity
improvement, and its application effect in
these fields is better than that of general
models. Under the premise of control-
lable model size, the lightweight model
inference capability of the billion-level pa-
rameter model in professional scenarios
is close to that of the hundred-billion-level
model. When dealing with factual prob-
lems, EverGPT combines the method of
knowledge graph to improve the accura-
cy and efficiency of dealing with factual
problems, and can better understand,
support, and augment users' thought
processes, helping knowledge workers to
manage and utilize their knowledge more
efficiently.

W ECHIES

@ Data Augmentation and Model Training Process of EverGPT

REBENA. HRERRL
Lead the deployment of applications and continuously iterating for optimiza-
tion
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The breakthrough technology of EverGPT
has enabled Ever Inc. to become the first
comprehensive AIGC service provider
in China. EverAl driven by EverGPT has
fully empowered Ever Inc.'s efficiency tool
products such as Yinxiang Biji, Verse,
covering intelligent knowledge manage-
ment services in all scenarios such as
information collection, content creation,
summarization, document analysis, and
time management.
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@ EverGPT empowers the full product line under Ever Inc
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After the launch of EverAl, the first group of knowledge workers has provided practical
feedback on its interaction experience, model tuning, and private model usage. These
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EverPAPER® D

frontline insights have assisted Ever Inc.
in continuing to explore the development
of the EverGPT towards the direction of
"personal/corporate private Al knowledge
assistants". At the same time, the unique
thinking and practical experience in infor-
mation processing and knowledge man-
agement fields as to vertical large models
will be consistently transformed into a
series of landing product solutions.
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@ Al services powered by EverGPT in different scenarios
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The application of EverGPT in products such as Yinxiang Biji has successfully empow-
ered millions of knowledge workers. With EverGPT's help in intelligent writing assistant
functions such as "Al Help Me Write", users have increased their data creation by 3-5

times, weekly activity frequency by 2-3 times, and single content writing word count by 4-5
times. The speed of creating plans and outlines has also increased significantly.

fTikndRE. BYHOFBESHiRFA

Empowering the industry and enhancement of new-quality productivity
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The successful application of EverGPT in series products such as Yinxiang Biji proves
the enormous potential of Al technology in the field of knowledge management and pro-

ductivity improvement, and also provides valuable reference for other enterprises in the
industry.
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EverGPT has appeared in a series of public forums such as the Global Open Source
Summit and has been fully recognized by industry peers. Ever Inc.'s experience in large

language model training, combined with
models and applications, has helped
colleagues who focus on vertical domain
model research to accelerate the research
and iteration process of large models
through a closed-loop feedback mode,
promoting the rapid landing of Al technol-
ogy.
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The application of EverGPT itself improves
the efficiency of information processing
and knowledge management for knowl-
edge workers, saves a lot of manpower
and time costs for knowledge-driven
enterprises and teams, enhances the
information literacy of the general public,
promotes the process of social informa-
tionization, and ultimately realizes the
improvement of new social productive
forces.
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Key Technologies for 5G-TSN Cooperation Network
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@ 5G-TSN: Deterministic Network integrated with wired and wireless techniques for Industrial Scenarios

JERBHERAREF

University of Science and Technology Beijing
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ZTE Cooperation
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China Unicom
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Beijing University of Posts and Telecommunications

ERALREROBIRAT
Beijing Kyland LMT. Company
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Chongging University of Posts and Telecommunications
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Introduction

In order to fulfill new infrastructure strategy of "5G+Industrial Internet", Time-Sensitive
Networking mechanisms are introduced into 5G system to construct the deterministic
network integrated with wired and wireless techniques, addressing the challenges faced
when 5G are used for vertical fields, including insufficient technical capability and lack
of deterministic guarantees. Integration of 5G and TSN can provide low latency, ultra reli-
ability and deterministic communications for future smart factory.
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Fulfill the deterministic communica-
tions across 5G and TSN
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In order to fulfill new infrastructure strategy of "5G+Industrial Internet’, Time-Sensitive In
order to meet the transmission requirements of multiple industrial services and real-time
automation control traffics, the project propose the 5G-TSN cooperation theories and
mechanisms, furthermore, the project establishes an end-to-end 5G-TSN network test-
bed, which can achieve low end-to-end transmission latency less than 1ms, time syn-
chronization accuracy less than 100ns and transmission reliability higher than 99.99%,
which demonstrates that the proposed 5G-TSN schemes and new developed 5G devic-
es can provide bounded latency for high priority traffic in multiple traffics scenario.

R 5G = BRI IERIER AR 56-TSN HEMALFZE, KM=
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The project breaks through the 5G radio ultra-low latency guarantee technology and the
5G-TSN cooperation optimization mechanisms, achieving millisecond level deterministic
transmission across 5G and TSN, which enables 5G as a solid technical foundation for

vertical industries.
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As to typical industrial scenario, the
project build establishes an end-to-end
5G-TSN network testbed combining with
self-developed cloud-based PLC, which
achieves transmission latency across 5G
and TSN less than 1ms. The test results
demonstrates that the performance of
developed 5G-TSN testbed reaches inter-
national leading level.

5G TSN Bridge

@ 556G 5 TSN Mk Zim AR 2 E
@ lllustration of 5G-TSN networking
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Instruments

Self-developed 5G prototype terminals and TSN testing
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@ Breakthroughs of core devices and test results
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Building a unified carrier network for future smart factories
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The project presents a theoretical and key technical system of 5G-TSN cooperation
transmission for industrial automation applications, one publication and more than 20
academic papers have been published with over 25 patents, including three PCT pat-
ents. Meanwhile, leading the drafting of 4 ITU-T international standards in deterministic
networking. Furthermore, this project has also successfully designed a novel 5G-TSN
gateway and established an end-to-end testbed for industrial scenarios, thereby attain-
ing international prominence in performance metrics like latency, cross-network time syn-
chronization, and data transmission reliability. The research from this project has filled
gaps in the relevant fields both domestically and internationally. It is of significant impor-
tance for the application of 5G and TSN in the industrial sector and future smart factories.
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® Partial achievements of the project
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5G-TSN will become a key founda-
tional technology for 5G to deeply
empower vertical industries and is
one of the important directions for
6G evolution
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5G industrial application is an important
part of the industrial internet. By integrat-
ing 5G with TSN, it addresses the chal-
lenges of 5G in terms of low latency and
deterministic assurance. This combination
provides robust network support for the
cloud-based transformation of industrial
controls, fostering a seamless integration
between industrial control and network in-
formation technologies. The project builds
networked collaborative control based
on 5G-TSN, facilitating advancements in
sectors such as wireless automation con-
trol, industrial robots, predictive mainte-
nance, flexible production, and vehicular
networking. The project also promotes
the realization of key technologies for the
deep integration of industrialization and
informatization in new industrialization,
carving out new horizons for the growth of
the industrial internet.
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@ [llustration of cloud-based control applications leveraging 5G-TSN
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Cloud-based Multi-chain IDE
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A Cloud-Based Multi-Chain IDE

® ZiERinmER IDE- ChainIDE B/

@ Cloud-based Multi-chain IDE - ChainIDE Homepage
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Nanjing WhiteMatrix Technology Company
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Introduction

ChainIDE is the world's leading cloud-based multi-chain blockchain development envi-
ronment. It features a rich plugin system and a sandbox environment, covering the entire
lifecycle of smart contract development. Currently, it has assisted developers from over
160 countries, providing over 8 million smart contract compilation, making it the primary
entry point for blockchain developers worldwide.

ETZHNIRERE SO RIFIE IDE
Cloud-based integrated smart contract development environment IDE sup-
porting multi-chains
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The core concept of this project is to leverage the capabilities of cloud computing to
enhance development efficiency. Through ChainIDE, developers can eliminate exten-
sive local configuration work by integrating multiple blockchain node clients, runtime
environments, SDKs, and smart contract editors into one platform. This innovative
approach not only significantly saves developers' time but also using cloud storage
greatly reduces the marginal cost of development, regardless of platform and termi-
nal constraints.

Specific technological innovations include:

1. Frontend support for multi-chain through plugin system, reducing the complexity of
multi-chain development and enhancing system scalability.

2. Scalable virtual machine sandbox environment, utilizing cloud computing power

to achieve a desktop-level development
experience in just one browser.

3.Smart contract DevOps based on
microservices, adopting a continuous
deployment strategy to make smart con-
tract development and deployment more
efficient.

4. Visualization of multi-chain oper-
ations, emphasizing the tracking of
consensus transactions and providing a
visual solution for better managing and
monitoring multi-chain environments.
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Serving blockchain developers worldwide and obtaining recognition from
multiple international blockchain authorities

A B B #1 B 3 #F ETH, BSC, Conflux, Dfinity, Nervos, Polygon,
Flow, Aptos, Chain33, Fisco Bcos, Ant, XDC & 12 X ER5E, H5 Astar,
Sui, Iris IR E1E, BEXRRIFBLERX . HEFTHH LEAN
THEHENERSWERESNF L IDE, B ETH, BSC HilBd 7 RX R
BFAEE AWML RMEE, [HZNATF2IET 160 NMER, #8800
FRBERES TR, REEMSRRKREFAEREBMNIAAD.

B, AMEEABREZIEN 30+ I, LBAEFERIE 10+, &
KEKFERINT / 2EX 6 Bl b, FEEIEENREPEXRERF
EABE—FR, 2RXHEERWOIH 50 58, 2021 FEXHRELEXRE
BANAEERFFERERD, WNERRIIEBSHCLLITRFE. MEKME
IREBARE. BEBPNKFELA Top 100 KEHNIFIEEX, FHEE
ENER, B, BETANEZAPER, ALE3ENEREIEIEE,

The project currently supports 12 blockchains, including ETH, BSC, Conflux, Dfinity,
Nervos, Polygon, Flow, Aptos, Chain33, Fisco Bcos, Ant, XDC, and has partnered
with Astar, Sui, and Iris for future support of more popular blockchains. It is the most
widely known smart contract development IDE that supports the largest number of
chains in the market and has been featured and recommended on official websites
by over 7 blockchain authorities, including ETH and BSC. It has been widely served

& chainIDE Admin

Geographical distribution

User De

@ Geographical ditribution

® ChainIDE BRIFAFR H7EE
@ ChainlDE’s User Distribution
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in over 160 countries, with over 8 million
smart contract compilations, making it
the primary choice for global blockchain
developers.

Furthermore, the project has obtained
more than 30 software copyrights, ap-
plied for more than 10 invention patents,
and published over 6 high-level domes-
tic and international journal/conference
papers. It has received prestigious
awards, including the first prize in the
4th China Blockchain Development
Contest, recognition among the Top 50
Global Blockchain Innovators and se-
lection as a featured blockchain tech-
nology application case in 2021. It has
been incorporated into the curriculum of
several top 100 universities, including
the University of British Columbia, the
University of Alberta, and the Chinese
University of Hong Kong. Moreover, it
has been used by various users, includ-
ing Ant Financial, Tencent and Hyper-
chain, and received strategic investment
from Ant.
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@ List of ChainIDE currently supported blockchains
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Addressing the shortcomings of similar products in the market, significantly
lowering the barriers to entry for developers, and driving the steady growth
of the blockchain industry and market

TEEFER, FERCERN, 2RKREEXITILERVREDRE K
RERARS IZHNEBFEARZS. £, AR REFET. 133%
KNI, KRENRBEERETERSINREEM, a0
RABERRIZE LHAT 2RXRETIHNRERE, BRI EHWE
BEENFEANSENABRELTS ., MAMBEAN—REFTLBRIG. XK
10 Z U EXREN = IRER S S ANFFRIFIE IDE, iRk T RIEE ™G
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® How ChainlDE empowers Industries
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In recent years, on an international
scale, the global blockchain-related
industry has been rapidly flourishing.
Blockchain technology has found wide-
spread applications in various sectors,
including government security, finance,
intellectual property, daily life, and so-
cial interactions. The development of
blockchain relies on a robust foundation
of smart contracts, and the efficiency of
smart contract development significant-
ly influences the pace of growth in the
global blockchain industry. Currently,
the market is flooded with various ap-
plication layers dedicated to smart con-
tract development.

However, this project, serving as a
cross-platform, cross-device, cloud-
based integrated smart contract de-
velopment environment IDE supporting
over 10 blockchains, addresses the
shortcomings seen in similar products,
such as high learning curves, complex-
ity in cross-chain development, and the
inability to cover the entire smart con-
tract development lifecycle. It greatly
enhances developers' efficiency in de-
velopment and delivery. This holds sig-
nificant importance for the development
of the blockchain industry in China and
globally.
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Biodata Privacy Computation Platform

GCM Global Catalogue of Microorganisms | WDCM NMDC
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@ Biodata Privacy Computation Platform Web

FRERF B E YRR PR

Institute of Microbiology, Chinese Academy of Sciences

PERZFEITEMEES P

Computer Network Information Center, Chinese Academy of Sciences

FRPREARNERAT
NSFOCUS

ERBEMEEHTEEFD
National Science and Technology Infrastructure Center, Ministry of Science and
Technology
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Introduction

Biodata Privacy Computation Platform adopts a privacy computing scheme based on
trusted hardware, which can realize the analysis and sharing of highly pathogenic bac-
teria and virus data such as COVID-19 and influenza under the condition of security pro-
tection.
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Privacy Computing Helps Achieve
Convenient and Efficient Data Se-
curity Sharing and Serve Biological
Data Applications
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@The platform won the annual excellent

application case of privacy computing in the
era of gold digging data in 2022
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At present, the global biosafety situation is grim, and biosafety is also facing a huge
threat. The prevention and control of major infectious diseases is the top priority in bio-
safety management. The biodata privacy computation platform uses the technology of
block chain and privacy computing to ensure the safe and credible flow of data and
helps scientific data to better support the prevention and control of major infectious
diseases in the country. It is also an important part of the construction of the national
biosafety big data system. The National Microbiology Data Center and the Microbiology
Data Center of Chinese Academy of Sciences, led by the Institute of Microbiology, Chi-
nese Academy of Sciences, cooperated with the Computer Network Information Center,
Chinese Academy of Sciences, and NSFOCUS, the biodata privacy computation platform
was officially launched on April 23, 2023. In addition to applying for related patents and
soft works, the platform won the annual excellent application case of privacy computing
in the era of gold-digging data in 2022. Based on the case of microbial data center con-
struction, the biodata privacy computation platform model supported by privacy comput-
ing technology is expected to promote value-added of data security circulation in more
scientific research and industrial fields.

R ERENABIETE TR, HaBiERSNEEE

Privacy computing enables the construction of scientific data computing
platforms to promote value-added of data security circulation

TEERNEESHAMRRELE. RESHENE, HNHEAER
SRIFFG IR ITOMNEZENTER, ERTEFIEERGNEATERS
%, REZNZENERFIITENESHNERHITFEIND . EIEE
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FRIEINRFIE, HiR MR EERHE TR B2 M0 M — B9 D ERBEIE B AR IR
HIENG. 2T a2 EaRERFZHIEGE, FIAXREMRMAITERRK,
RIS BB BN RIFEROBIFEHIERI “IAA N NN ARE,
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=, BEREENTERX.

The platform is oriented to important highly pathogenic bacteria and virus data such
as COVID-19 and influenza and uses a privacy computing scheme based on trusted
hardware to ensure that the encrypted gene sequence is analyzed in the encrypted
memory in order to meet the needs of analysis and sharing under the condition of se-
curity protection. This process, through cutting-edge cryptography, privacy computing,
blockchains, and other data security technologies, to ensure that all parties, including
computing and analysis service providers, cannot see the data. The relevant data for

interconnection and intercommunication in the platform are protected by digital signature
technology conforming to the national password standard; The platform uses block chain
technology to complete the whole process of monitoring, through hash, signature, and
other cryptographic technologies, the key process is undeniably certified by all parties
and provides the only block chain certificate issued by the scientific data chain to ensure
the rights and interests of data. The platform is the application practice of "available and
invisible" for scientific data with data risk protection requirements in the field of scientific
data in China by using block chain and privacy computing technology, which provides a solution
to the problems that have plagued data circulation and utilization for a long time, such as data
security and data right confirmation, and has important demonstration significance.
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@ Biodata Privacy Computation Platform Architecture Schematic
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Privacy Computing Breaks the Dilemma of Data Isolated Island, Activates
Data Elements and Realizes Industrial Upgrading
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The platform provides a safe, efficient and credible data sharing platform for R&D per-
sonnel in the field of biomedicine. Through the application of privacy computing tech-
nology, the platform can provide efficient and secure data analysis services under the
premise of data privacy protection, which will help to break the current data island dilem-
ma in the field of biomedicine, enable cross-institutional, cross-platform and cross-do-
main data exchange and cooperation, and accelerate the transformation of scientific
research achievements, promote the combination of biomedical industry, University and
research, activate the circulation of data elements to play a multiplier role, and achieve
industrial upgrading, innovation and development. At the same time, the platform uses
trusted hardware and state secret SM series cryptographic algorithms, which can effec-
tively guarantee the integrity of the digital rights of the data and computing programs in
the platform, and promote the progress of independent intellectual property rights in the
industry.

BT aRIMBARPTSERIEPONEERKEE, & MEITNE,
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The platform can realize the network
interconnection with the CDC under the
protection of privacy and help the dis-
ease control and early warning of various
regions. It realizes the interconnection
with the national pathogen identification
network under the protection of privacy,
and facilitate the genomic characteristics
analysis and traceability investigation
of pathogenic bacteria in outbreaks; It
achieves privacy protection and food
safety risk assessment center connectivity
to help foodborne pathogen surveillance
and risk assessment; It enables intercon-
nectivity with the Chinese Academy of In-
spection and Quarantine Sciences under
privacy protection, facilitating the evalua-
tion of commercial COVID-19 primers.
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Multi-party secure computation

The data is stored locally in the respective participant Any user may initiate a multi-party secure
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@ Schematic diagram of platform interconnection and interoperability application scenarios
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iINC-Cloud

Industrial Internet Integration Solution for CNC Equipment -

iINC-Cloud
1R, BB, 8%

o N

— NCilink

HC-Link, WTTPSSIBLESN
——  WCLink, HITPSEROS

— O UAMTC crnmfumatith

Quality improvement, Cost reduction, Efficiency increasing

. — 4 F
Srotcaton & : _ = B
% . ] -

Ouai
baoeality ey 00

® iNC-Cloud F& “Wh-1-=7 MEHERMS
® iNC-Cloud platform "End-Edge-Cloud" collaborative data fusion
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Huazhong University of Science and Technology
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National Center of Technology Innovation for Intelligent Design and Numerical Control

FONEER TR BIRAT

Wuhan Huazhong Numerical Control Co., Ltd.
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Introduction

iNC-Cloud, an industrial internet unified solution for CNC equipment, establishes a uni-
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fied CNC machine tool interconnection
protocol standard NC-Link. And it also
realizes the connection of multi-source
heterogeneous devices and systems,
and multi-source heterogeneous data
integration. Based on this standard, it can
provide solutions for intelligent production

lines, intelligent workshops, and intelligent
factories.

HF NC-Link #5 /& B #5
IR EE T EEER
& iNC-Cloud

iNC-Cloud, a CNC Equipment Indus-
trial Internet Platform Based on NC-
Link Standard Protocol and Identifi-
cation Resolution
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The project has developed the NC-Link
(GB/T 41970-2022) specification for the
interconnection interface of intelligent
industrial CNC machine tools in China, ef-
fectively eliminating the "information silos"
caused by disparate communication inter-
faces of industrial equipment and achiev-
ing vertical integration of equipment data.
It incorporates advanced commercial
encryption technology to ensure com-
prehensive security protection for CNC
equipment throughout all stages, from
pre-operation to operation and post-op-
eration, thereby enhancing the safety
performance of machine tools. Addition-
ally, the project establishes iNC-Cloud,
an integrated solution tailored for the

industrial internet, specifically targeting smart production lines, workshops, and factories.
iNC-Cloud provides an open APP platform, microservice components, low-code devel-
opment capabilities, and secondary development interfaces. Furthermore, it constructs
a two-level node identification resolution system within the machine tool industry and a
three-level data center comprising "key component factory - CNC machine tool factory -
user factory" integrating data governance and sharing mechanisms to achieve horizontal
integration of upstream and downstream data across enterprises. With a primary focus
on the effective management of machine tool lifecycle data, this project offers stable, re-
liable, and sustainable solutions for intelligent applications such as workshop production
management, equipment remote operation and maintenance, predictive maintenance,
and industrial product traceability, empowering the field of numerical control equipment.

® BT NC-Link iR & SR E MM BB Bl

@ Equipment Data Integration and Interconnection Based on NC-Link Standard

© ER TSN T B BN —A&{L#RRT5ZE INC-Cloud
@ Industrial Internet Integration Solution iNC-Cloud for CNC Equipment

iNC-Cloud B iz REHEBGBIINE, HEEREFERR

iNC-Cloud establishes a communication standard for CNC equipment inter-
connection, promoting the development of intelligent manufacturing
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@ Overall Application Effectiveness of iNC-Cloud
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@ iINC-Cloud Standards, Patent Achievements, and Awards
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iINC-Cloud is tailored to the unique char-
acteristics, pain points, and needs of the
machine tool equipment manufacturing
industry and enterprises. It fully leverag-
es the platform's advantages in typical
application scenarios such as equipment
interconnection, data collection, and
remote operation and maintenance. It
has been applied in nearly 700 industrial
enterprises in fields such as aerospace,
high-end equipment manufacturing, au-
tomotive manufacturing, and electronic
processing. NC-Link is a standard for the
interconnection and communication of
CNC equipment in China that has been
widely promoted and applied in the CNC
equipment industry. Through promotion
by the China Machine Tool Industry Asso-
ciation, we jointly built an NC-Link open-
source community to establish a CNC ma-
chine tool interconnection communication
protocol standard alliance. This initiative
aims to guide domestic machine tool man-
ufacturers in establishing machine tool
interconnection mechanisms to improve
China's international competitiveness in
CNC machine tools. The core technology
has resulted in 14 related patents and 33
software copyrights. iINC-Cloud has spe-
cific application scenarios for industrial
mother machines by providing intelligent
applications such as production control,
remote operation and maintenance, and
predictive maintenance for the equipment
manufacturing industry. It achieves the
full lifecycle data management application
ecology of machine tools while promoting
enterprise digital transformation and intel-
ligent manufacturing development.

iNC-Cloud R #IEEE =
S EARMIEEENMAES
e
iNC-Cloud fosters collaboration in
the application ecosystem for full
lifecycle data management of CNC
equipment
iNC-Cloud B 32 7 R E 212
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iNC-Cloud has established the China CNC equipment interconnection communication
standard and developed a unified set of guiding specifications for the interconnection
of CNC machine tools.It spearheads the establishment of the NC-Link technology open-
source community, fostering an open, collaborative, innovative, and dynamic industrial
intelligent application ecosystem. In collaboration with local governments, iNC-Cloud has
developed a "CNC machine tool industry brain" characterized by open empowerment,
ecological innovation, and continuous advancement. This initiative provides enterpris-
es in the sector with applications geared towards intelligent production, management,
maintenance, and safety, thereby fostering an upgrade in traditional industrial produc-
tivity. By relying on the influence of secondary nodes in the machine tool industry, iNC-
Cloud comprehensively integrates data and service capabilities from upstream and
downstream enterprises to significantly enhance ecological collaboration throughout
the full lifecycle data management process of CNC equipment in this industry including
data transmission, sharing, and application. Through deep integration between industrial
mother machines and new generation information technology, iNC-Cloud promotes the
transformation and upgrading of high-end manufacturing with digital, networked and in-
telligent production construction, and accelerates the development of new global indus-
trialization.
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@ iNC-Cloud empowers the brain of the CNC machine tool industry
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Key Technologies of Data Vitalization and Their Applications in
Smart City
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@ Key Technologies of Data Vitalization and Related Smart City Application and Invention System
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Innovations and breakthroughs have been made in key technologies of Data Vitalization, such as urban data system interconnection,
spatio-temporal dynamic cognitive service, and comprehensive evolution modeling prediction. Relevant achievements have been ap-
plied in 3 municipalities and 12 important cities in China.
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Introduction

In order to solve the problem of data fragmentation, achieve data flow circulation, and
form data system evolution and update. The project team carries out key technological
innovation of Data Vitalization, forms a Chinese standard smart city system centered on
Data Vitalization, and provides effective solutions for realizing "three integrations and five
expansions" in Chinese smart city.

MR EURBREA, EERWHRALNA

Pioneering breakthroughs in key Data Vitalization technologies to support
Smart City application and invention
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To address data fragmentation, we introduced a multi-mode data system interconnection
and collaborative computing method. It proposes urban data entity networking technol-
ogy based on semantics for the first time, breaks through the decentralized distributed
computing method of data zero-copy, develops a multi-mode urban data system inter-

connection support environment, and finally realizes the active growth between data
entity and data relationship.

NRIMBIENSHOREN, KT N =HESDSIAN S ZERS X
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To facilitate efficient data circulation, we
developed spatio-temporal data dynamic
cognition and ubiquitous service technol-
ogy as well as a hybrid efficient service
dynamic allocation method based on
swarm intelligence, which supports the
efficient cycle of "data-knowledge-service"
and realize optimal allocation and efficient
utilization of urban service.
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To foster the evolution and updating of
data systems, we pioneered comprehen-
sive urban evolution modeling and accu-
rate prediction technology, which breaks
through the integration of big data and
dynamic model, creates the first predic-
tion method to guide urban situations, and
realizes the simultaneous evolution and
update between urban physical domain
and data domain.
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® Innovative ideas and challenges of key technologies for Data Vitalization
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Support the product development of top-tier enterprises, yielding an eco-
nomic benefit of over 2.1 billion yuan
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The project team collaborates with companies such as Digital China and Taiji Corpo-
ration, applying their work to projects like the Guangdong Province's E-Government
Streamlining Project and the Shanxi Province's Government Cloud and Big Data Platform.
In partnership with Wanda Information and Digital Government Communication, their
contributions are implemented in platforms such as Hangzhou's Digital Resource Super-
market Platform based on Data Activation, Chengdu's Tianfu Citizen Cloud, and Xi'an's
Urban Comprehensive Management Service Platform. Additionally, in cooperation with
Alibaba Cloud and JD iCity, their expertise is utilized in platforms like the Sichuan Provin-
cial Urban Comprehensive Management Service, Qingdao's Urban Operation Manage-
ment Service Platform, and JD's Regional Governance Modernization Command Center.

AIMB R RE LR BT RN, E=ZFFERFNE T
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The outcomes of this project have been practically implemented in the aforementioned
enterprises, yielding an economic benefit of 2.127 billion yuan over the past three years.
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@ Collaborating with top-tier enterprises, the application of technology has significantly improved urban
operational efficiency

RSB PEEREE I, HHRETETN, BV EIHRE
=
Serve China's national scientific and technological innovation, promote

standard assessment and evaluation, and support the industrial innovation
ecosystem
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The invention achievement supports
the establishment of a "sense-connec-
tion-knowledge-use-integration” five-layer
smart city technology framework and na-
tional standard system, promoting China's
smart city overall technology and applica-
tion to reach international leading ranks.
Key technologies of Data Vitalization are
widely used in city brains, city operat-
ing systems, smart city big data service
platforms, and smart city citizen service
platforms, etc., bolstering China's tech-
nological innovation in the smart industry,
promoting industrial upgrades, and foster-
ing emerging business models.
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The project team leads and participates
in the formulation of 10 national stan-
dards and promotes the application and
implementation of 29 national standards.
Among them, the national standard"
Evaluation Indicators for New-type Smart
Cities" led by the group supports the eval-
uation work of 220 new smart cities across
the country in 2016.
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The project team spearheaded the estab-
lishment of the Z-Park Strategic Alliance

of Smart City Industry Technology Innovation, which brings together more than 200 do-
mestic leading universities, enterprises and scientific research institutes in smart city to
promote an in-depth fusion of key technology and integrated innovation.
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@ Establish a national smart city standard system with Data Vitalization characteristics, create an
innovation ecosystem, and export advanced experience to the world

N ERR S 1S RS EBRHE

Promote international cooperation and support epidemic prevention and
control
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@ Cultivate an innovative ecosystem and export China's advanced experiences to the international
community

In collaboration with the Massachusetts
Institute of Technology (MIT), we co-host-
ed the IEEE International Conference on
Universal Village. Together with the Uni-
versity of Melbourne in Australia, we jointly
advanced the development of technolo-
gies related to urban infrastructure. We
also contributed to the establishment of
international standards such as "ISO/IEC
30145-3: Smart City Engineering Frame-
work" and "ISO/IEC 30146: Information
technology - Smart city ICT indicators".
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Following the outbreak of COVID-19,
our project team was commissioned by
the State Council's Joint Prevention and
Control Mechanism Scientific Research
Working Group. We formed the "Beihang
COVID-19 Big Data Analysis Team" and
applied the achievements of our inven-
tion to COVID-19 prevention and control
efforts. For our contributions, we received
accolades like the "Advanced Collective
of the National Science and Technology
System in Combating COVID-19" and the
"Exemplary Individual in Beijing's Fight
Against COVID-19".
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@ Address the nation's critical requirements for
"COVID-19 prevention and control"

pace 179




tHREEMAS Collection of Shortlisted Achievements of
World Internet Conference Awards for

Qjﬁ\%*i;ﬁﬁq&iﬁﬁ%% Pioneering Science and Technology

(Bziz) WRAR

Charm of Science and Technology Collection

T2 %&LA Engineering Research and Development



B2 i

Charm of Science and Technology

5G SR

5G Optical Chip

g T N
It AT EEMA TN St
PTHETATI RIS — ~YWIEEE R ETTT AUV MTIAN= <Irmsimiii
M

A l!n“‘lllrlm“ll '1““‘mﬂ‘lm“‘l““l\l“ll\l\\\“\\miil" SR ‘ibn\\\\\\“.r.\\\\\\\
- LTI VAL AL LA VALY, AN
T I

I'Ill'lmt\m\l
ATTIIETTI OOV VR
FORTTTRIM RV ATTIVPVEIA MMM
i i
AT nmmmmmnmnul_ L l\ AAMARAAABAMA A,
g
TR IR WA
T \\uum\mu\\\t\nu.\\\\\\\w\\\\\\m\
B RUPAE DAL DMLV IV
CHRRLTPTIMAT VU AVMAUTIANE VST TARM STV

e umnm\mm

SRR TR T
T R R R

TRV H LV L L TR D
(T T T L T TR
T T LT T VT

QU
IR AT "
AT
s
TR
IR
Y \ W
B )
AV AN
THAMATATATAU AR
ARV LAV AARMANAALIAAY
ATV VA RTARANAAA

IV
HAARRARARAARAAAY

TR T TR H L mumummmmm IR VRTIIRTITIVN AR AANAALY
M EPTPUEVEEOTEUVETINIOTE VAV VORI, AT MM

LAV OPUPVR VLT ERRET PV PRIV, DAVVAAA ARG UMM VIR,

AR AN A

PRI DR VU A ETATIENL VUMV VLA R TR ARANEAAR \\um\maw:tuwm-\w
T T T T TH UL U S AR VR A DL, L AN \“WMW&‘ i
P A AR A

AT L T e

LDV AD RV EVIE AN AUEVRRARRUAREAM R MR UAVRRRRI A RIS m\mm
LT L L] ULV ERRERELERA VAR R u uwmén\\mu

POV TUVEENN  KARURRRRA VTR RARA VTR AL,
LTV IRV AR . EREVEVTAV AR AR AR
L TR RV AU ETER R LR TR AL LM ok Ak
LT e AR LA T kit

¥ oo B

A [ B O

el -

®5G K EH&E
@ 5G optical chip wafer

SOt RV E R AR
ACCELINK TECHNOLOGIES CO.,LTD.
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Introduction

Focusing on the requirements of high speed, wide bandwidth and long reliability for
5@, first to develop industrial temperature 5G optical chip for commercial application in
China, including 25Gb/s DFB laser chip, C-band 25Gb/s EML chip and ITLA chip. The
performance of these chips is comparable to the mainstream products in the internation-
al market. Much more, these chips are also with characteristics such as high quality and
low cost.
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5G MR EERK

Important Breakthroughs in 5G Op-
tical Chip Network

5G KEBFEHZ 56 BizOA
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5G optical chip is the core component
of 5G industry, the heart of 5G network,
which plays a decisive role in the devel-
opment and application of 5G.

SR TSI SMEE K. IREEER AN A IR AR,
Eﬂ%IJHjT 5G B rl§e. A7 25Gb/s DFB a8, C ifER 25Gb/s
EML ANEIEIEEOL R SR, BARARREEREHK T, AREPES
IS BRI B FIOBEMLS, 2 56 XNEMERS M.
Accelink has overcome the challenges of optical chip design, epitaxial growth, end face
coating technology, and reliability technology. Accelink has developed a high-reliability
and low-cost 25Gb/s DFB laser chip, C-band 25Gb/s EML and ITLA of 5G, and the rele-
vant technical specifications have reached the international advanced level. Represent-

ing the first application of Chinese high-end optical chip in optical communication net-
works, supporting the development and application of 5G optical networks in the world.

©®25Gb/sDFB & F (250um*160um)

@ 25Gb/s EML S A (520um*250um)

@ 25Gb/s DFB Chip (250um*160um) ® 25Gb/s EML Chip (520pm*250pm)

(520pm*250pm)

5G ZXMEEFITE

The Light of 5G Empowers Thousands of Industries
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The 5G optical chip has achieved large-scale production and application, and has been
successfully applied in fields such as smart transportation, smart tourism, advanced
manufacturing, remote medicine, and intelligent mine and so on. It has changed the
operation mode of traditional industries, improved efficiency, and strengthened security.
Representative applications include the live broadcast of the 7th CISM Military World
Games in Wuhan, the live broadcast of the 2022 Beijing Winter Olympics video, smart
epidemic prevention, and smart healthcare, and the 5G smart in Luanchuan Mines, etc.
It has created over 4 billion yuan in economic benefits and promoted the construction
and development of 5G globally.

®56 ATFEtREREAGHEREEE
@5G for live broadcasting of the 7th CISM Military World Games

@ HrEEEE)I1 56 “BEF WL

@ Henan Luanchuan Mine: 5G " Intelligent Mine "
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@ 2022 Beijing Winter Olympics high-speed
rail 5G ultra HD studio
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"Made in China" Serves the Global
Information Industry
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More than one million 5G optical chips
have been sold, which are used in optical
network equipment of mainstream global
communication equipment manufactur-
ing companies, serving global telecom
operators, internet companies, Broadcast
Television network operators, etc., facil-
itating people's work and life, promoting
technological progress and economic de-
velopment of the information industry, and
making important contributions to global
economic and social development.
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Xinghuo BIF Data Service Network

BERDR BRTIR
Super Node Super Node
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@ Xinghuo BIF Data Service Network
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Introduction

"Xinghuo Blockchain Infrastructure & Facility" (Xinghuo BIF) is a "new infrastructure" for the digital economy, which is planned and de-
ployed by China Academy of Information and Communications Technology, under the guidance of the Ministry of Industry and Informa-
tion Technology. It aims to promote the application of blockchain, as the engine role of new infrastructure. The main application scenario
of Xinghuo BIF is the industrial Internet, which includes the network identification, a key digital resource for breakthroughs.
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The 1+N chain group architecture based on permissioned public chain tech-
nology, embedded distributed identity system

HNIMEXREZ EBEEMI. BBEE, AEHERITHEM. KE
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Existing blockchains have specific disadvantages including independent of each other,
difficult to communicate with each other, low execution efficiency and low degree of
decentralization.To address those issues,Xinghuo BIF takes advantage of the charac-
teristics of public chain, such as flexibility, and scalability, and the characteristics of the
consortium blockchain including easy management, high performance, security and
controllability.

B R

BA, “2A FHEM RN E NS R IR (Blockehain-based
identifier, BID) , MKIREEMFEAMAN KRR EMNSEEMIGHE, B TR
205, RURANITRRSER, BAKEEREHEHENEERES,
IREE2 S, SUTHHNAEDE. “E4C8#W EARREMER 1500 7,
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IKE 99.9%, RITULIMB AL 75 MEFI. 56 DR, 26 TAT/EF 29 FHIESo

Meanwhile, Xinghuo BIF embeds Blockchain-based identifier (BID), which adopts
blockchain as a trust infrastructure for identifying object interactions. It builds a secure,
trustworthy, heterogeneous and compatible identification service system, facilitating the
interconnection of the life cycle of data elements and enable trusted collaboration across
the entire chain and in all links. Xinghuo BIF has been constructed domestically, with
more than 15 million registered distributed identities, a single-machine QPS query ser-
vice capacity of 1.5 million+, a TPS of 25,000+, and a resolution success rate of 99.9%.
Relying on this project, 75 patents, 56 soft works, 26 standards and 29 papers have
been formed.
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@ Xinghuo BIF licensed public chain Infrastructure

TREBIGIIEREST K, AHRSENERME
The scale of node construction continues to expand, and the public service
capabilities are improved profoundly
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By constructing and operating the super/
backbone nodes of Xinghuo BIF, this
project can promote the establishment
of a leading national data circulation
infrastructure that breaks down barriers
to information islands, realizes safe data
sharing between industries, and provides
security guarantees for the development
of digital economy.
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Currently, a series of super nodes such as
Wuhan, Chongqging, Beijing, Shenyang,
Liuzhou, and backbone nodes such as
Kunshan, Jiaozhou and Hanyang have
been deployed. Many public service net-
works, such as the Digital Native Asset
(DNA), Intelligent Secure Financial (ISF),
Consensus as Proof (CAP) and Digital
Data Registry (DDR), have been formed,
and carry out large-scale applications in
industry, finance, smart cities and other
fields. Meanwhile, Xinghuo BIF attaches
great importance to overseas markets.
It develops international Xinghuo Block-
chain Infrastructure & Facility based on
the international cooperation with G20,
BRICS, SCO, China-ASEAN, and the
Belt and Road. With the implementation
of licensed public chain nodes in Hong
Kong, Macau and many Southeast Asian
countries, cross-border digital trade and
cross-border data flows are just around
the corner.
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@ Xinghuo BIF public service system
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The industrial ecology continues to prosper, empowering the large-scale de-
velopment of the digital economy
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EiFrta R ML, At the same time, Xinghuo BIF provides
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blockchain services to different regions and industries, which can drive regional development, deepen the collaboration of industries,
facilitates the trusted access of data. Such initiatives assist the digital revolution of the industry. In addition, relying on the Alliance of
Blockchain Industry, Z-park (ABI), more than 350 member units have been attracted to settle in, with more than 70 core units (as of
August 2023). An international membership network has been formed with wide geographical coverage, wide industrial coverage, wide
coverage of subject types, and full coverage of the supply and demand sides.

B ERE R AR EE
Breakthrough of Xinghuo BIF blockchain
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Foundation is opening
Resource is standardizing
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Capability ecology
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Thousands of scenes
Demand adaptive
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Abundant product systems
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Digital-based architecture
Open ecosystem

Hundreds of leading
Thousands of enterprises
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Identify data factorialization

In-depth data value mining
Strong data interoperability
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@ Xinghuo BIF Industrial ecosystem
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© NEC Corporation 2022
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NEC Corporation
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Introduction

This achievement is based on the advanced "causal data analysis" engine technology,
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which can analyze and predict person-
al health status. By collecting personal
health data in the past two years (such as
physical examination indicators and living
habits, etc.), we can predict the health
change trend in the next three years, and
prompt the deterioration risk of related
indicators of chronic lifestyle diseases, so

as to provide the best improvement suggestions.

FIAE RS IR ARFNRRFEIEIREN

Predicting future changes in physical examination indicators using causal
analysis techniques
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Support multivariate exploratory causal analysis: automatically observe the causal re-
lationship of data variables without relevant experience and knowledge. Through the
unique fast search algorithm, the calculation speed is greatly improved, the data analysis
of up to 100 variables is supported, and the analysis time is shortened to less than 1/50
of the original method.
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It supports causal analysis of mixed data: in applications such as health prediction and
analysis, the types of data are complicated, including continuous data, discrete data, or-

dered data, category data, etc. This achievement puts forward a causal reasoning meth-
od of mixed data, which has obtained higher accuracy compared with existing methods.
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Support the interactive embedding of expert knowledge: use the experience and com-
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@ Simulating the change of individual living habits effectively reduces the occurrence of high-risk
chronic diseases

mon sense of industry experts to correct
the causal relationship automatically and
improve the accuracy. Realize the inter-
active embedding of Japanese preventive
medical doctors' opinions, integrate the
verified causal relationship, and improve
the prediction accuracy of the model
through automatic updating of the model.
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Integrated health causal analysis: R&D
integrates key factor analysis, complexity
control of causality diagram, simulation of
intervention effect, causality visualization
and other necessary functions to reduce
the technical difficulty of health prediction
and quickly obtain feedback from health

experts for accelerating iterative improve-
ment of technology.

BEHETARRERSRE

Rational formulation of personal
health management plan
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The prototype development of Al health
detection model (based on desensitized
health data of Japanese population),
platform service and basic function devel-
opment of Android application have been
completed.
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The prototype of the product can realize
the basic analysis of personal health and
predict the development trend in the next
three years. Suggestions for improving
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living habits can be given according to personal circumstances. And the improvement
effect is simulated and predicted, which encourages individuals to make clear the ex-
pected effect and actively carry out personal health improvement practice.

@ Rt AN, FEAMRAR 5 FRVREHE. FRif ARG,
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In the product development stage, 5 years' health data of large-scale population is
needed. After the product is successfully developed, the iterative upgrade of the model
can be completed through continuous detection data input without excessive additional
resources.
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As a health detection engine, the prod-
uct can be embedded into a third-party
system as a sub-function, or linked with a
third-party health management platform,
and supports multiple application modes.
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@ Check the health forecast and suggestions for improvement.
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Intelligent service platform integrating health data collection, analysis and
prediction
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Based on the engine technology of causal data analysis, the project carries out data mining and accurate analysis, makes accurate
prediction and diagnosis, and puts forward more effective intervention measures and treatment schemes; The project adopts advanced
artificial intelligence technologies such as machine learning and deep learning, and optimizes and improves the prediction accuracy
and accuracy of the system itself by learning a large number of real data. It provides effective health management programs for enter-
prises and governments, reduce the health risks of people, and improve productivity and social stability. It solves a series of difficult
problems in the field of health management, such as incomplete and inconsistent traditional medical data, inaccurate data analysis and
prediction. The popularization and application of this project will also bring a wide range of market value and social benefits, such as
improving the efficiency and level of health management industry, promoting the construction of medical information, and promoting
people's health awareness and behavior changes.
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@ Easy-to-use interface, Customize forecasting features for individuals
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HD Dynamic Map Basic Platform
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@ High definition map service platform
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Introduction

For the development of intelligent connected vehicles, we built a high definition dynamic
map basic platform based on the scene data, basic map data and real-time dynamic
data, created a closed loop of HD map survey, production, release and update. It has
realized the convergence and sharing of data resources, and supported the application
requirements of HD map for high-level autonomous driving.

ITEREHEIRE - £ - X7 - EfiFR
Create a closed loop of HD map survey, production, release and update
ERRETERMIT, MATSEREMENESHBETUBHNER
5, FRRT ZERBNEFAT . SMFHEEDR, RALIWNIEEATIERE;
AT SEEMEBRERG, SINEANIMERS, HMIURER
%, MESME. BREXEEX; RE T sEHELEREMIRIKA,
AT 2F 120 fMeEEME T ZN B RERNE X, Hb, B3I
30 XEXBohUIRIEAT] 100%, EREZ S EIRIET 93%.

For the complex urban scenes, we have developed the high-precision professional
mobile Mapping System Vehicle with multi-sensor fusion, which solves the problems of
multi-sensor time synchronization and efficient storage. The absolute accuracy of the
system has reached the centimeter level. At the same time, in order to monitor the map
quality online, optimize the collection route, and meet the requirements of high efficiency
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and high quality, HD map automatic ac-
quisition software is developed. We have
proposed automatic extraction technology
of all elements of HD map, and developed
automatic vector extraction algorithm sup-
porting more than 120 high-precision map
elements. Among them, the automatic
extraction rate of more than 30 elements
reached 100%, and the other more than
93%.
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MESE R KRN ER K 7724 /)
BYAY A TR ARSS o
To solve the problem of heavy workload
and poor timeliness of HD map update,
the dynamic update mechanism of
high-precision map is constructed by inte-
grating multi-source data. We have devel-
oped a HD dynamic map basic platform,
which not only realizes real-time update

of HD map dynamic information, but also
supports 7*24 hours release service.
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The HD map covers more than 380,000 kilometers of high-speed roads in
China, and serves domestic and foreigh automakers

BEToBEFBRRKSEMEON, EMELESFIR%ERE 40%, A
FE1E 30%, BUTEZTESRER 38 HZAENEHEERISIE
HiE, SREMERERETISL, SEEERTI ML, KITSEEE
MATE, AFD. /Hit. K. NBET. EBRETHFLERBERI.
ARG AMBERERS, E=F&FMEIE 5.27 1275, Itbsh, HEER
257 EMEPR NDS.Live AL, T EFFME T,

Based on high-precision mapping systems and update technology, the map produc-
tion cycle is shortened by 40% and the cost is reduced by 30%. It has established
high-precision automatic driving map data covering more than 380,000 kilometers of
high-speed roads in China, and the high-precision map mileage is leading the industry.
Relying on the HD dynamic map platform, we provide services to nearly a hundred au-
tomotive companies, system integrators, and government enterprises, including BMW,
Mercedes-Benz, Great Wall Motors, Pony.ai, and HAOMO.AI. In the past three years, the

economic benefit reached 527 million yuan. In addition, we participated in the develop-
ment of the first international NDS.Live application, and formed an international influence.

SREEISHEEM T AR E MBI E L i E T IR A

FHRER,

Based on the platform, we provide basic
data services and map services for up-
stream and downstream enterprises of
the intelligent connected vehicle industry
chain, and promote the coordinated de-
velopment of the industry. It can build a
digital twin base for intelligent transporta-
tion, integrating high-precision maps into
intelligent transportation scenarios, greatly
improving road traffic efficiency and re-
ducing accident rates.
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W HERREE. RARERARFR
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MAXR, BIFES5R,
At the same time, it can provide better
solutions for automatic driving to reduce

cost and increase efficiency, energy con-
servation and emission reduction, technol-
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EFREAS, RESEFVRERE
The map industry is optimized and upgraded to promote the deep integra-
tion of the automobile industry

SEENSHERMTEANEENKSERRSTERM T otk
A EEXENRMERSS , BRIRARES EWEIZEF LAY LK FEMN
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The HD dynamic map basic platform provides advanced technology, information sup-
port, and integrated services for the development and operation of intelligent connected
vehicles, effectively improving the research and development level and independent in-
novation ability of China's intelligent connected vehicle industry. Based on the integrated
ability of high-precision map data collection, production, release, and update, we have

created a complete solution for the intelligent driving and intelligent connected vehicle
industry. In the fields of traffic police, public security, transportation, city planning, etc.,

BERR)/R Rk

we have solved the technical and indus-
trial challenges of energy conservation,
traffic safety, and smart city construction.
We obtained the world's first L3 high-pre-
cision dynamic map mass production
order, providing high-precision dynamic
map and data services for the L3+ vehi-
cle produced by BMW in China. At the
same time, we established cooperative
relationships with domestic and foreign
car manufacturers, system integrators,
communication and electronics manufac-
turers. In addition, strategic cooperation
has been established with universities
such as Tsinghua University and Shang-
hai Jiao Tong University, and deep co-
operation has been established in the
research of high-precision dynamic map
technology system and talent cultivation.
We have achieved the joint development
of upstream and downstream enterprises
in the industrial chain, including vehicle
manufacturers, operators, and municipal
enterprises, which has had a positive im-
pact on building a digital city that is jointly
built, governed, and shared.
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The ReRAM-Based Compute-In-Memory SoC and Software En-
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® Compute-In-Memory (CIM) SoC A111
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China Mobile Research Institute

BERT
Tsinghua University
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Introduction

China Mobile and Tsinghua University have developed a ReRAM-Based Com-
pute-In-Memory (CIM) SoC and software engine, achieving a significant breakthrough
in overcoming the 'memory wall" and "power wall" of von Neumann architecture, while
greatly enhancing Artificial Intelligence (Al) computing power and energy efficiency. This
achievement marks a critical milestone in CIM based on emerging nonvolatile memory
(eNVM) devices.

SRS R SRR, BRERA Al BHMEENR
Breaking the von Neumann bottleneck and enhancing Al computing power
and energy efficiency

EERATERLHRAEENENNFRERIFEK, MEHER
B ERERMAEFEMESITED BHRVBIERIEIEREERNE G
KOWEEMM, FE—AEARBIRYAR “FE—AEL” TENG, E
FEBABEMSHHEEITE, KRR BRERXWAM, BREFEED
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In recent years, Al especially Large Language Models (LLMs), calls for rapidly increas-
ing computing power. However, the intrinsic inefficiency of data-shuttling in the von
Neumann architecture is the major bottleneck. CIM, a brain-inspired technology, could
efficiently compute within memory devices, offering a promising solution for improving
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computing power and energy efficiency
that can break through the limits of the
von Neumann bottleneck.
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China Mobile and Tsinghua University
have designed and developed the het-
erogeneous, multi-core, and general-pur-
pose CIM intelligent SoC A111 based
on ReRAM. This chip integrates nearly
four million ReRAM units, boasting the
compute performance up to 15 TOPS and
the inference efficiency of 2.68 TOPS/W.
Compared to traditional intelligent chips, it
offers over a threefold improvement. Addi-
tionally, a PCle card has been developed
for integrating the CIM chip with ARM or
X86 devices.

MEABEFE—HRCHHNRMAITESIZE, REERAER, RBHEA
RERHE. HE. ﬁﬂ\ﬁﬁ\hﬁ\mk%m%,ﬁEWEkﬁmﬁ
BiteE, BEAR A,

We have developed a software engine tailored for the CIM chip, which is compatible with
mainstream Al frameworks. The software engine contains the following functions, such
as compilation, deployment, inference, management, validation, and optimization. The
collaboration of hardware and software enhances Al computing performance and lowers
the development difficulty .

FE—HSRRRGAE. 8. cREBEN. SEMHE
HHEAESE

The chip and software provide a brand-new solution with high computing
power and energy efficiency for cloud, edge and device scenarios
ZRREEETI PCBREIRRMTFE—K “Th. k. Kk
B BE. ﬁ%”“Jﬁ&*%E,EH@MW$MO%/$N,m
TWAERER, AIPAERATRA 90% L to
Tailored to the industry-oriented detection of PCB defects, we have finished an end-to-
end validation for the CIM technology, integrating the chip, card, device, software, algo-
rithm and application. As a result, the throughput of the PCB production line has been

promoted to 540 h-1, meeting industry application requirements, and it can eliminate at
least 90% of manual work spent on reinspection.

Rk, BEFIZEBNEE—A SoOCERANTMZNATYEM. B
B, HEFLFN P REHWER, AR-L-zRHESEN. B
SREMBHHEENBRAL R Enll, EERMETIUNRERTES
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ERBHBER, BHHKRIRBIEDO AIEEERIERES.

In the future, the CIM based on ReRAM can find widespread applications across various
scenarios such as the Internet of Things, autonomous driving, and data centers, offering
novel solutions with higher computing power and efficiency.

For the device, CIM can provide higher computing power with the same power consump-
tion, enabling the Al localization and guaranteeing the endpoint security.

For the edge, CIM can contribute to enhancing the intelligence of edge systems, balanc-
ing the performance and energy consumption in the complex edge computing scenarios.

For the cloud, CIM can be utilized for large-scale Al inference and training, meeting the
computing power requirements of multitasking scenarios, thereby improving the comput-
ing efficiency of data centers.

MEEDERARMES, BhFLEERAR

Building a new ecology of computing power to accelerate the upgrade of the
industrial digital transformation

BEFIZPESEMEE— SoC /S A OIFTER 2T2R (NEAEEWIZFEER)
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The CIM chip based on ReRAM employs
an innovative 2T2R (two-transistor-two-re-
sistor) unit structure for storing parame-
ters, achieving the large-scale and highly
reliable ReRAM array, which is more
suitable for Al applications. These key
technological innovations associated with
this achievement have been published
in top-tier conferences such as IEDM
(International Electron Devices Meeting)
and international academic journals like
"Advanced Materials".

Simultaneously, a universal software
engine architecture for CIM has been de-
signed, offering a unified APIs to ensure
the compatibility, while supporting various
CIM chips. Collaborating with the leading
CIM companies, we establish a project
to study the standard of CIM software
engine in Advanced Computing Industry
Alliance (ACIA), in order to promote the
development of the ecology of CIM.

BEFICEBNTFE—EEHRM
MEL B HEER. BEES
EHETEN, FEABED. . K
KMH, KigeABIHERIKF,
EENEBUER. EEaRFiT
Bol%, JRMARATERERE
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The CIM chip based on ReRAM rep-
resents a groundbreaking innovation
in materials, devices, computational
paradigms and architecture. It offers a
unique combination of computing power,
energy efficiency and price, significantly
elevating the computing performance and
energy efficiency, which contributes to the
development of green computing.

When coupled with software engine, it
enables flexible deployment and optimi-
zation of typical Al models on the CIM
chips, thereby facilitating the upgrade of
the industrial digital transformation.
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Theranica: #FEB AT EIRIL®HE Nerivio

Theranica: Digital Pain Treatment Management Equipment Nerivio

EF SR FRIIFRA

R wwiz N @

Clinically proven Norvinvasive
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Drug-free Easy-to-use
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Connected device mﬁ] Smartphone-

controlled

theranica
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@ Wearable equipment to treat acute migraine. Support the connection of smart phones
Theranica Bioelectronics theranica
E1H
Nerivio® B LIEFI#F AT /A8 Theranica Bioelectronics FF&BIA] Nerivio &£k 7 & J it &
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AoDEd S EEFIREATHIESEEHE, R, EREEEIEMRIP. HIPAA F
Introduction RPFAABIL; HMARFIRER

Nerivio® is a wearable neuromodulation device developed by Theranica Bioelectronics, ELEHDAGZIT D, BRELL—
an Israeli digital therapy company. Based on triggering endogenous pain suppression BETESEERETNHED=MNEA

mechanisms in the brainstem, it effectively relieves and treats acute episodic or chronic =
A S s 997 72
migraines in adolescents without the side effects usually associated with therapeutic REVEGE, NRFRHEEFHTE

medications and allows for the collection of therapeutic data that can be shared with & MIEFDMEX BT IR T 1Z1%
physicians via smartphone. EHBIHTIRI P e BRI %

— R TR LT AT B CBAHEME, AT RTHE
A safe and effective preventive treatment for migraine headaches BB EENG. BdFERTEEN
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HEHAEBRIE (ENS/NMES) FMEESFRREERA, AERAIMAFIRU
SEMWINKBERATIANABERES. TS Nerivio iRfE, BRALL
RIEFRMEFMEESIRLRAT AR, HERIILaT e, Rix
HRkmiRl, B ERREERTR. NABMHSISBRERANEE
MBS S TMEBAF .

Nerivio integrates state-of-the-art neuromodulation and neuroscience technologies with
a device that monitors migraine episodes and records them in a mobile app, generating
a private diary which is password-protected and HIPPA-compliant. It presents users with
personal statistical analysis of migraine headaches, allowing users to share data from
the app with their doctor or healthcare provider with a single click, providing users with
better adherence to their regimen and personalized efficacy tips.The innovative design
of the device produces a patented waveform delivered to the C-fiber nerves that triggers
the pain-reducing mechanism of analgesics in the brainstem. By using proprietary neu-

BR =2 |BTFERIBF

pac s ] i ]
#iF E b MITE AT

G674

romuscular electrical stimulation (ENS/
NMES) and Bluetooth low energy technol-
ogy with maximum efficacy mechanisms
to collect and confirm EMG signals from
the treated muscles. With the integration
of Nerivio technology, users can custom-
ize their migraine treatment plan based
on need and convenience, receive re-
minders of preventive treatments, track
their migraine patterns, and help users
with guided educational and relaxation
interventions using techniques such as di-
aphragmatic breathing, muscle relaxation,
and guided imagery.

RS TRAEST, (R ARt

« FRSEINHE
. RRIRCEYSERAT R
. ATTELESYING

HEAR T

Nerivio-Yarnilsky$, Headache, 2019F
LB T IB2E-Ferrari, Roon, Liplun, Goadsby; #0
M), 2001

7o E A EIAMS

theranica

© ZMRAZRFAREN. ELETTHENIRRSIES S

@ The results are supported by multiple reliable, peer-reviewed clinical data

— M ERAEN. FEHYN. BTERNBFRE

The invention discloses a non-invasive, drug-free and easy-to-use electronic
device

Nerivio fERZ Bk £ & S35 RTRBBIOR#ITERRIEL, =% CPM XEERER
ELNHI R, ERABANEBENBTHITAT. ZramyEs
T REIRUMNFIIEMN, 'Jﬁﬁi%%lif" rREFHNDRERELS, HE
FEREBHETRIRA o EERRMAYEEFHLE Nerivio 5
RIBIR m%%?—lﬁﬁuﬁ)‘f&mhm WE. RYE. ZHR08IEKIHE,

HE 296 FRMWABERESN. ZRREXENCMESRANUEINE
M RHT, TBENERRET /NN ERSERDIERER D,

REM, FEREHZEHRIEEL6E
AXNBRIEENRIBEER, 66.7%
B Nerivio 2EIRERELBRL,
mmEd BRI EES RN EER
B 38.8%, Fnhi E X 27.9% B9
WABBITIER, MAL 37.4% 1
WAIEAT /NN ERBEERE. It
4b, 5 Nerivio REBXNTRE
R,

Nerivio electrically stimulates the skin by
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emitting weak electrical impulses, generating the CPM for migraine suppression, which the patient can self-administer during a migraine
attack.The product market has expanded into Europe and Asia, utilizing telemedicine platforms to expand into obstetrics and primary
care prescribing, and is covered by the majority of health insurers in the United States. FDA approval of the Nerivio neurostimulation
device was based on a prospective, randomized, double-blind, sham-controlled, multicenter clinical trial of 296 patients with acute
migraine. Conducted at seven sites in the U.S. and five sites in Israel, the primary objective of the trial was to study the percentage of
patients who experienced a reduction in migraine headaches after two hours of treatment. The study found that stimulation with the
active device was more effective than stimulation with the control device, with 66.7% percent of Nerivio patients reporting a reduction
in migraines, compared to 38.8% percent of patients receiving stimulation via the control device. The active device had a therapeutic
effect on 27.9% of patients, while approximately 37.4% of patients were pain-free after two hours of treatment. Additionally, adverse
events associated with the Nerivio device were low.
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theranica

® jiid APP WEERTTEIEH SEEH#HITHE

@ Collecting treatment data and sharing it with doctors through an app

SN EF L FRMRETMERRLRBIIZE INKBROEE EXHBIEE

Providing access to migraine prevention and relief for the adolescent popu-  Andrew Blumenfeld &=+,
lation
In May 2019, Israeli startup Theranica

20194F 5 B, LUBTHEIAT Theranica FIEEZESRIAYEIE  received preliminary approval from the

BOFHE, BTFATELEMBRIEERERE. HIHEETZ
NEARPHN—TARER, KB 12 2P 252 B BEFERIFENER
FRHISERBTMHINRKE LI 2021 F4), Nerivio fR#t/ERTF 12
E18FMEE, ZMERET 248 B2 5E NN RN RIALAILE
Ro HARAM, BEGR-—REAZRENEBERLFIERLREES
BB RLBREUELD TR, EZLEFNA, BLBREEDT 1.3 XK.

“Nerivio ZRMRAEATAEHESEZABRIFNTRMZ LM, 7 BNl
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U.S. Food and Drug Administration for
the treatment of acute episodic or chronic
migraine headaches in adolescents. The
approval is based on the results of a com-
pany-funded study in which 252 patients
from 12 clinics used a non-invasive wear-
able device to treat their migraine attacks.
In early 2021, Nerivio was approved for
use in patients between the ages of 12
and 18, and that approval was based on

the results of a randomized, placebo-controlled trial with 248 participants. The study found that those with chronic or episodic migraine
who used the device every other day had four fewer migraine days per month. Those who received a placebo had 1.3 fewer migraine
days." Nerivio already has good efficacy and safety in acute migraine treatment," said Andrew Blumenfeld, PhD, Director of the South-
ern California Headache Center and co-author of the paper.

F5% (BHY) 1FEA02019FERE50I AR

20195108, EXEES
Ovutstanding Launch in USA

Started Oct 2019
Cash Model

» =B @ L& @ 8

E]
7 2 800 1,300 14,000 70,000

Salesreps Telemedicine Clinics Prescribing Patients Treatments
: latforms ; HCPs
TEENE P 800RIZFR
2P HBFER 213000 ELTIE %gg&moﬁ 70,000}587F
BFHLS !
theranica

© BRHTIEATT, EEmKE

@ Effective Preventive Treatment for Migraine Relief
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“BE" FRRIHAEEARMER

Open Source Map: A Major Infrastructure for Open Source Soft-
ware Supply Chain

B

© “RE" FRRIHHMEEREMIZNE

@ Open Source Map: A Major Infrastructure for Open Source Software Supply Chain

FRER SRR

Institute of Software, Chinese Academy of Sciences (ISCAS)

PR R BRI 5

Nanjing Institute of Software Technology

ERFPRFRRHEBIRAT
Beijing Zhongke Weilan Technology Co., Ltd.

51

i

“RE" BEFFRAEAEENAIBREMSR, WEFRIGXER
il FARBE. WAL, ZHicsk. MRS EEEST T —HIREIT
&, SEERMARNER2RIEMIEMN, REFIERBRE.
Introduction

Open Source Map, based on cutting-edge scientific research using big data from open-
source code, is an integrated infrastructure for collecting, storing, developing, testing,
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integrating, releasing, and providing
knowledge-based and intelligent
recommendations for open-source
software. Its goal is to achieve secure
governance and reliable supply of
open-source software, serving the
high-quality development of the indus-
try.

“RE” TEEFBRREREFHE. ARWE. ERAR. B
BARE—HLIR
Open Source Map has created an integrated infrastructure for open-source

software collection, storage, development, testing, integration, release, op-
eration and upgrades

RE” LMY ABAETE. GBES. FREXKES REERN
RRE, MEESNHE. BE. AR, FRESLAELUNAIFRUR MG
MREE, ZENEHLESTE 1.6 2R 1L.9Z1MEE. 282K/ XA,
KIHREURI B R 1900 ARk, AR S 1THGE 2200 1217, FRIFRIIE
#8 3200 >, SBOM+ERHDITIAF) 350 Hke Lboh, “RE” MWETH
ESANARRAENERBENRBEANT S, 888 30 5 MNER,
7 AN PoC, 10 B&REMER, SEIMBEZ S NEHEERBE TN,
ZFEENET 60 REZRALHTRHHNEZ RN, KIWKE. &»
FER2EHM 1500 7D, HREEXMWIINRZSEIE. “RE" BIHAE
2022 FEHFERZREMELE+AHRE, HXKZARE 2021 Fiemma
RS —FR, 2022 FEFFEIRES “FR, FERZRREHAR
FrBERIE IR 1SO 5230 EPrirER OpenChain TR, FREESFR
REEH WE .

Open Source Map achieves knowledge integration from multiple sources, including code
hosting platforms, package managers, and open-source communities. It constructs a
large-scale knowledge graph of open-source software, encompassing entities such as
software, vulnerabilities, organizations, and developers. This knowledge graph consists
of over 160 million software packages, 190 million entities, 2.8 billion relationships, 19

million code repositories, 220 billion lines of code and 3,200 open-source licenses. Addi-
tionally, it enables SBOM+ analysis for 3.5 million software packages. Open Source Map

has also achieved the construction of Chi-
na's largest open-source software supply
chain vulnerability database and vulnera-
bility perception platform. It encompass-
es over 300,000 vulnerabilities, 70,000
vulnerability Proof of Concepts (PoCs),
and 100,000 threat intelligence records,
enabling inference of potential security
risks and attack predictions. The platform
has conducted software supply chain se-
curity assessments for over 60 prominent
organizations, identifying more than 1,500
security threats such as vulnerabilities
and viruses. This achievement has been
acknowledged with appreciation letters
from relevant departments. Open Source
Map has also been selected as one of the
top ten advancements in the Internet and
Information Work by the Chinese Acade-
my of Sciences for the year 2022. Further-
more, the related technologies received
the first prize for scientific and technolog-
ical progress from the Beijing Municipal
Government in 2021 and the second prize
for scientific and technological progress
from the Chinese Institute of Electronics
in 2022. The Institute of Software of the
Chinese Academy of Sciences has cur-
rently obtained OpenChain ISO/IEC 5230
standard evaluation qualification, ensuring
compliance of domestic open-source soft-
ware for global markets.

CITHELINUX FOUNDATION

OPENCHAIN

The Institute of Software of the Chinese Academy of
Sciences is the Second Third Party Certifier in China

By Shane Coughlan 2022-01-10 Featured, News

ISCAS PE R FE R KSR M

Institute of Software Chinese Academy of Sciences

® FERFRREAFFILA OpenChain ISO/IEC 5230 #RAESE =7 M4
@ ISCAS has become the third-party certifier for the OpenChain ISO/IEC 5230 standard
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Open Source Map achieves practical and impactful utilization, providing
support to various industries

LI

ORE” EHNERES. FRIBNALAFRRFHRES SRS
TEMXZE, RETEZSNNIHRBIRESIESE. TAEDTEE.
B RRERSF IR ITEIRNHT. &2F RE JSEARTHBFRZ
BER, WSRFETE openkuler FFRBIERFH XL LE, HA
ME=FSFFRFREINo.1 @hE, BXHREANEX ELHAEERN.
ME. FH. RAR. BRFISEMNAE, “RE” RSTERFR, X
2RI, ARP AR AT EEFSHTENEN; FENRS SR
B, TAMsEA. By ERFERXBEMISHEIE, KNKE. &
SEL2EM 1500 KD, WESHXBREUNGIE, FAE 2022 F
AROITNAEDR -

Open Source Map has provided effective support to the OpenAtom Foundation in terms
of supply chain security and open-source project applications, ensuring the swift porting
and adaptation of open-source software dependencies, the construction of toolchains,
and the management of project risks for various projects under the foundation. Based
on the Open Source Map, the Open Source Promotion Plan has been held for four con-
secutive years, promoting internships and practical experience for college students in
the openEuler open-source operating system community. It has become the No.1 brand
in open source among higher education institutions in the past three years. The relevant
achievements have been gradually incorporated into the community's mainline, and ap-
plied in companies such as Huawei, Alibaba, ByteDance, JD.com, and Tencent. Open
Source Map provides services to the Chinese Academy of Sciences, conducting re-
al-time monitoring of research software, ARP systems, and artificial intelligence platforms
across the entire institution. Meanwhile, it supports critical national infrastructure sectors
such as power grids, industrial robots, healthcare, and energy. It has discovered over

A
wx

202245 i Al bR RN S 5%

IHREM: FRREHESTEEHR
SR FRRRIHEATI

® “RE" NiE “2022 FERBIMTZAZR"

@ Open Source Map has been selected as the "Benchmark Application Scenario in Nanjing in 2022"
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1,500 security threats, including vulner-
abilities, viruses, etc., and has received
appreciation letters from multiple critical
units. It has also been selected as the
"Benchmark Application Scenario in Nan-
jing in 2022".

“RE” REFRRHFRLR
&, WEFRESER

Open Source Map offers open-source
software security and compliance
assurance and promotes the develop-
ment of the open-source ecosystem

ORE” AR HEES
REMIZH AT & FIZHELMIE
M, “RE” EREAMD
. ReMDH. RIZERED .
ML EHEFINRZOI0EE, 8T
openEuler. openAnolis F2ER
G R HRHNER. £F “RE”
&R SBOM+ IR D DT RS
WAHESME RN RS, BER
ERZERITENMEEEROEFE
IR A, Lboh, FXTFFIREREHE
FENNRK, “RE” BhFRR
HHNERSIT, REI2KIE
S5 RRHNES, #H—FFE
RIFNFARES.

Open Source Map provides foundational
support for various sectors of society.
It integrates four core functionalities:
compliance analysis, security analysis,
maintainability analysis, and supply
chain recommendations, supporting the
development of the "root" communities
of operating systems such as openEuler
and openAnolis. The SBOM+ software
component analysis system and license
compliance analysis system, developed
based on Open Source Map, have been
applied in enterprises such as the Com-
puter Network Information Center of the
Chinese Academy of Sciences. Further-
more, in response to the risks associated
with the open-source software supply
chain, Open Source Map has launched
the Open Source Software Supply Chain
Promotion Plan to mobilize global forces
to participate in the construction of open
source software, ultimately creating a
thriving open-source ecosystem.

6\0 o'\oi .‘,.-.._.

//’_)_"ﬁf‘o_penEuler

© ERIZFRIVERFEIIN openEuler XD RES K E

@ ISCAS has joined the openEuler community to contribute to the development of the open-source ecosystem

OpenAtom OpenHarmonyIE#
IERSBEER

o FENFRREMRAMAEHMA
OpenHarmony INBE TFEREM A

@ |SCAS has become one of the first members to
join the OpenHarmony project group working
committee

“BE” EREL, SIGARMES

Open Source Map accumulates steadily and leads the emergence of a new
open-source ecosystem

SRE” FRREAHEE T A XBEAMRT 2019 F 10 BEFE
BERAESTIEF TR, 2021 F38EMRMET “RE" &t
BiEFaRKR, ZREERERKMNASDRE LESEH “RE" 1.0 R
M 2.0 leds. BRI, “RE” SFI:E%'iﬁ”%H)Z\ DTFFRIFES 1.6
2R, RSTHTIREEN. £/, E7. FEFEFTWKEEW, 7
TEBEANBERHNEIINELERS. BRIERBHIAEXAIRS LT 100
RU, HPEXIEX 20 RE, HRPBEIF&, HEXTH 0K, HE
50 RIo

The research on key technologies of Open Source Map was initiated in October 2019
with the support of the Chinese Academy of Sciences pilot project. In March 2021, the
construction of the Open Source Map was launched with the support of the Nanjing
Municipal Government. Subsequently, the Open Source Map version 1.0 and version
2.0 were released successively during the sub-forum at the World Internet Conference.
Currently, Open Source Map has accumulated and analyzed more than 160 million
open source software, and has served dozens of leading companies in industries such
as internet, finance, medical, and equipment manufacturing, fully replacing expensive
foreign software. Currently, more than 100 intellectual property rights have been applied
for, including over 20 related research papers, 3 published books, more than 30 related
patents, and over 50 software copyrights.
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@ The launching ceremony o jor infrastructure construction for open source s supply chain

SRR EERMIES

e at the World Internet Conference
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Development and Engineering of Safety and Control Complete
Equipment for Lithium Battery Energy Storage System

@ HRREE
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Multi-stage collaborative Quick response Controllable start stop

Develop warning system and fire equipment of large- E
o scale lithium battery energy storage power station !

@ SERMERAA TN EERSMHIRE TEURAR

@ Technical Ideas of Development and Engineering of Safety and Control Complete Equipment for Lithium Battery Energy Storage System

SRR AR D E A KF
Huazhong University of Science and Technology — NEEY s o
STl A @
Hubei University of Technology B o
RY BB ERAT =E zamznen
Shenzhen Power Supply Bureau Co., Ltd. RSO
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Introduction

The project aims to ensure the safe operation of lithium battery energy storage systems, designs real-time monitoring of battery status
for full cycle energy storage power plants and high-precision early warning systems, and develops precise positioning and rapid re-
sponse technology for thermal runaway batteries, pioneered an efficient battery fire extinguishing method and complete equipment in
live scenarios.
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Rt iERE R AE R 2B
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Expert in Fire Safety Protection of

Lithium Battery Energy Storage
Systems
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The project have overcome the technical
challenge of unmeasurable detonation
warning for large-scale lithium battery
energy storage power stations, proposed
a big data-driven full cycle fault diag-
nosis and real-time monitoring method,
and pioneered a lithium battery thermal
runaway signal detection technology
based on consistent outlier recognition of
heterogeneous information features, with
a comprehensive fault warning accura-
cy of 99%; it also have created a highly
reliable multi-field coupling model of "'me-
chanical-electrical-thermal-acoustic-gas"
and proposed a fast response strategy
for BMS linkage multi-level real-time
prevention and control, with a system
response time of less than 1 second, and
developed a highly accurate molecular
structure design algorithm model for fire
extinguishing agents, synthesized a series
of new fluoride materials "Fluorine Tetrag-
onal™" and developed a complete set
of fire protection integrated equipment,
leading the historical leap development of
lithium battery energy storage fire protec-
tion technology.
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@ A Method for Big Data Driven Full Cycle Fault Diagnosis and Real Time Monitoring Based on Deep Learning

e oahs W

’
I M Structure Dlﬂgram

C6F120 t

Melting point - %
108°C
Boiling point

Simulated
calculation
Data set

ji

Experimental
measurement
Data set

E MW B IR R IR R A ANEA AR

Major technical requirements for addressing the application of large-scale
energy storage technology towards the dual-carbon goal
BAFmE T EBWE—F, BEEM. ZREBEFRIIZOERK,
REENFRFESHEE ‘@A BEMIAF, FRTREHERH
EpEE, KU “BEHTREA REATEBE. RENEE N=ZRARER

p .ﬁ
SORVR- S

s CmEnC:

Active learning \ \

mmm \

\|| o m lHIK'K:I‘
=]
€ |u o R

_f_

Heat of

gasification
Combustion heat
thermal stability
Melting boiling
point

Forecast results

PO

B

[

I

I

I

I

[ R
I J
I

I

I

I

]

I

I

]

I

1

e e (o i e

® New Material Molecular Structure Design Technology Based on Machine Learning Technology

2, BXEREERES LA
BizEl. FKMRETIEBMAN
TN ARIE K TRE R 50N A
5B, BREAR\AT HX =@
HREERAE, RRNATEN
EXRES. THER. THEBL 26

pace 213




B2 i

Charm of Science and Technology

ERE IR AMAERE Rl , RIS AR O L. LSRR
RERBUL, HP o~ mtidERmE, BREFNEE 10127, =E7
BN W,

The technical products integrate a series of core technologies with integrated fire preven-
tion and control, precise positioning, and multiple starts and stops. The patented prod-
uct new high-efficiency green "Fluorine Tetragonal™" lithium battery fire extinguishing
agent is used to form a complete set of fire protection integrated equipment, achieving
three-level fire safety prevention and control of 'no fire in the battery cell, no spread of the
module, and no explosion in the system', and the relevant technologies and equipment
are industrialized and put into operation and installation. The project team led the devel-
opment of technical specifications for evaluating lithium battery fire extinguishing agents
and testing specifications for early warning system, relevant technologies incubated
Wuhan 3F New Material Technology Co., Ltd. The achievements were applied to leading

® EEMERARREERERETIENA

lithium battery energy storage enterprises
such as national defense major equip-
ment, China Energy Construction Energy
Storage Technology, China Electronics
Technology Group Corporation, and Yiwei
Lithium Energy, they also promoted to
large energy storage power stations in
Guangdong, Jiangsu, Zhejiang, Hubei,
and other places. Some of the products
were exported to the international market,
with direct economic benefits exceeding
1 billion yuan, Significant economic and
social benefits have been generated.

@ Engineering Application of Safety Prevention and Control Complete Equipment for Lithium Battery Energy Storage System

R X BRASRKEHEPFRS| T
International leadership in key technologies and equipment for energy stor-
age safety
ERSIETEEEEARTIY. FALE. EZERFAIN AT
BREDPFARMNINER. (RXBR) WEREE: B RE M
BRRSAXNER, MBATIEREZL, EEFFLERBERSRABERK
AR, FREER IS UENERR AR, » CHILAER) %
hRIRIE 7 B BFrFF R B E S R ATt R, ERRH K E R
RRBFRLENRKR™, WTFRIPFRERRLZ2EEERHIEEN, FE
BAOGWEKSRETIAN: BREBERARREMERRREEFFRITK
T, AERMERETEIAN: HREKAFINEERE, SEAANMEISMN
AR EIE RIS K T,
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Domestic and foreign peers have publicly
expressed multiple academic evaluations
in important academic journals, academic
monographs, and important international
academic conferences. According to a
report by Science and Technology Daily,
"The team has used artificial intelligence
algorithms to screen high heat absorbing
and flame-retardant fire extinguishing ma-
terials for the first time internationally, and
developed a composite fire extinguishing
agent containing more than three com-
ponents, based on the characteristics of
battery energy storage system fires." The
front page of Hubei Daily reported on
the industrialization progress of the new

fluorinated fire extinguishing agent developed by the project team, and the production
of electronic fluorinated liquid, a scientific research achievement of Huazhong University
of Science and Technology, has significant strategic significance for protecting China's
energy security. The China Electric Power Enterprise Federation has identified that the
safety warning technology for energy storage batteries and systems has reached an
international leading level; The China Association for the Promotion of Science and Tech-
nology has identified that the algorithm model, compounding method, and suppression
technology of new fire extinguishing agents have reached international leading levels.
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@ The reported and reprinted by multiple media outlets of achievements related technologies
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The research and engineering application
Lo . The key technologies and applications of the new
olithium-ion battery energy storage safety
lithium battery energy storage system fire
design, early warning, and fire protection
&n. y & P extinguishing agent have passed the scientific and

technology has passed the scientific and technological achievements appraisal of the China

technological achievements appraisal of the Association for the Promotion of International
China Electric Power Enterprise Federation. Science and Technology. The algorithm model,
The overall achievements of this project have compounding method, and suppression of reignition

reached the international advanced level, with technology of the new fire extinguishing agent have

reached the international leading level, achieved
the energy storage battery and system safety
significant economic and social benefits, and have
early warning technology reaching the
y & &y & broad promotion value and application prospects.
international leading level.
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@ Appraisal opinions on achievements related technologies
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Realized full cycle early warning
and monitoring, precise and rapid
identification, and efficient fire ex-
tinguishing integration
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We have taken the lead in tackling key
technologies and equipment engineering
for the safe operation of lithium battery
energy storage systems with the support
of national key research and development
plans, military technology promotion by
the National Defense Science and Indus-
try Bureau, and national/southern power
grid technology projects. After more than
ten years of hard research and devel-
opment, the project have made break-
throughs in common core technologies
such as high-precision monitoring of det-
onation warning, rapid fault identification
and positioning, and efficient fire extin-
guishing technology, and have authorized
42 invention patents, 8 international pat-
ents, 39 utility model patents, 7 software
copyrights obtained, over 100 SCI papers
published (5 cover papers, 3 highly cited),
led the publication and implementation of
4 provincial/group standards, and pub-
lished 1 Chinese monograph.
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Next-generation AGI Infrastructure: SenseCore Al Infrastructure

and SenseNova Foundation Model Set

AR

SenseTime

51

Inf

ATEBEHEN 2.0 WA, EZOZZERRILLE S Al REEMIG
Mo FEEARRENHE—F LR, HAILRWAENNFRIFEEE. At
EZHBEMEHITE T S8 A, FURLATIT LA T8 se B 1% .
Introduction

Artificial intelligence has entered the 2.0 era, the core of which is the Al native infrastruc-
ture that supports the production of big models. With the further development of big
models, the current demand for big computing power in the industry is very strong. To
meet the demands, SenseTime has proactively built an efficient, cost-effective, and scal-
able new infrastructure for artificial intelligence.

M Al FEEMIGREEITI RS ENEAER

Leading Business Practices of Industry Solutions powered by Al Native In-
frastructure of SenseTime

&% SenseCore @& T Al BESABIBMZLOEES, BT Al
TN EMEEITE. aMEFEERET. SHENE, UFEESHE, K
Mg, REAESHE, ZBERENEHRTKE. PBAEMEL, =
A 1ZRBEABE%, BT SenseCore KEE, B7HEH ‘HEHN
SenseNova’ AREUAR, NEREFIRME T 2 RIEN AP HOMRS,
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SenseCore integrates the core capabili-
ties of Al, supercomputing and big data,
and supports the training of big models
with trillions of parameters on thousands
of cards and petabytes of storage
through high-performance computing,
high-performance storage and cache,
and high-performance network optimized
for Al, with features such as storage and
computation separation, large-scale elas-
ticity, and fault-tolerant scheduling. Based
on the SenseCore large device, Sense-
Time launched the "SenseNova" large
model system, which provides a variety
of flexible API interfaces and services for
government and enterprise customers,
including image generation, natural lan-
guage generation, visual perception com-
mon tasks, and annotation services.

&% SenseCore KIERTF A UATHEARIINNG. #HE. FHURR
ZOREEEMAN Al =, A VRESEEE. 22 AIRNAER)IZ.
WA, HEBESRSAE, 2EEASW A NBAMEMNE, MRS
BIFTFIL B

SenseCore uses artificial intelligence large model training, reasoning, and fine-tuning as
the core to drive the vertically optimized Al cloud, providing enterprises with high-perfor-
mance, safe, and reliable cloud service solutions for large-scale model training, fine-tun-
ing, and reasoning, and comprehensively improving enterprise Al. The effect and value
of applications can accelerate business innovation and development.

ET SenseCore Al RAE=EMILHE, SenseCore Al FERSITET

FREIBPARERS, B, BEEIRS (Model-As-A-Service) &F

AKX IEE - SenseCore Al&
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® SenseCore &7 Al KEEZEIE

@ Architecture of SenseCore

BT Wi TR 10 Al R RRLET

SenseCore provides a set of "inclusive, flexible and open" Al-native infra-
structure

7% SenseCore AEERMT BN ITER FMNEMIGHZRE, A
PIZ#F 20 NFZEBARE R, 4000 RHITBETR, IFRER
LR 0%, BT Al RESEMIEH, SenseCore KIREFERITIR
HTFFFEENA. SMEE. EREANKRIRS, KEREBBHBEMES 2
BRLERD 208 AIRB. RUENET 20+ MT 7S, BTFEIEE
EIAREBTIR T 4 B EREE, &% SenseCore RIEELF & A AN ERTT
W AR AT, INRATEERANHSHNADSNT B,

At the same time, it provides efficient computing resources and infrastructure support,

AR (IER) AIERE AlFEMEEE AIZ{4FE AlTSRIFHE
ACP cal N

Bz ‘BRI KREER, kA
REEA R, N7 ARHEKE
BHEIR. R0 APl

Based on the native cloud infrastruc-
ture of SenseCore Al, the SenseCore
Al platform services have created a
plug-and-play solution for large-scale
models. Among them, the Model-As-
A-Service leverages the SenseNova
large model system and open-source
model system to provide industry
applications with large-scale model
inference and fine-tuning APIs.

~ TREMA

FRMETR RS

R 5 Stk 2=

AGU TR
Al &L

Notebook

AlFSiE RDMA
BF MRS

AlEiZE

which can support the simultaneous train-
ing of twenty 100 billion super-large mod-
els, 4,000 card parallel super nodes, and
the training speed can be increased by
up to 70%. Based on the Al-native cloud
infrastructure, the SenseCore large model
platform provides the industry with out-of-
the-box, high-performance, and low-cost
large model services, reducing the model
deployment time from the traditional 2
weeks to at least 2 hours; it can be dis-
tilled and fine-tuned for applications 20+
industry scenarios, which can increase
the efficiency by more than 4 times when
used for automatic data labeling. SenseC-
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ore large-scale model platform will greatly accelerate the research and development of large-scale model applications in the industry,
accelerate the progress of artificial intelligence technology and the expansion of application scenarios.

7, 000+

HERR i

A

®SenseCore &7 Al KEEZIFAIEE =L A REE

@ Development Blueprint of SenseCore Supporting Foundation Model Industry

BAKEE SenseCore 5% HB#T SenseNova XiER{FFH

SenseCore Al infrastructure and SenseNova foundation model set

ARREARNREFLR, ANHRBVIMEEERINLE, #AET P
LHIRIREL 2.0 B3 o 7937 Al AEREBERE T AL BES ABIENZLEES,
BIA A RENSHEITE. SHREENRET. BMENS, UEER
NE, AMREE, SEEEFHE ERRBEEHTIKE PB AT
L, STRAIZESHAERIIL.

Software development in the era of large models has evolved from iterative training of
distributed small models to the era of centralized large models 2.0. SenseTime's large
Al device integrates the core capabilities of Al, supercomputing and big data. Through
high-performance computing, high-performance storage and caching, and high-perfor-
mance networks optimized for Al, it features storage and computing separation, large-
scale elasticity, fault-tolerant scheduling and other features, supporting large models on
thousands of cards and PB-level storage, and completing training of large models with
trillions of parameters.

It5h SenseCore Al F a7, RHTRRW. 2EFHKIE. %K

7B BIHAEE

ova foundation model set
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In addition, SenseCore Al platform prod-
ucts provide modular, full-chain data,
training and reasoning capabilities. It can
realize tens of billions of data manage-
ment and retrieval, manual annotation
services, and accelerate the efficiency of
Al large model development. One-click
quantification, one-click deployment, and
one-click application provide tools for rap-
id online verification of large models and
accelerate innovation.
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@ Yilong, a digital technology platform developed by China Telecom, is named after a sky lord (Pterosaur) in ancient times, signifying excellence and power

and hoping that the platform can lead all industries to soar in clouds in the digital age

PEREEEBRAR

China Telecom Corporation Limited

E1H

FREBENRSIFBAMER. BREFMITRAE LR, BEMRRT
EMENIEE. 2B BEZRHEESXERA, 46FPEBEERF
ENXENHRATR, RETETANESZEHFURARERLTS, =
W7 “En. B, 3" —R2KEiksS.
Introduction

To serve super-large-scale and super-complex IT systems in clouds, China Telecom has
independently developed many key technologies, including a high-performance data-
base, multi-cloud management, and three-tier monitoring, all of which are compatible
with China Telecom's CTyun across China. As a result, China Telecom can forge a large-
scale multi-cloud digital technology platform - the Yilong platform, which empowers orga-
nizations to "transform to clouds, use clouds, manage clouds" with a one-stop full-stack
cloud service.

BREFERRTZSZER. AFEHME. £ERIERE. #45
BRI, BIEFH AP GeHiRM S U L RRS

Overcoming such challenges as multi-cloud management, automatic com-
ponent activation, full-stack monitoring, and continuous integration and

delivery, the Yilong platform provides a full range of cloud services through
rich APIs

HWEREIRE LRI, 6 TSRS MERSHDHI
#iERE (TeleDB) , XIFTHRIRAFIIE, AN PB REIEHTTLIE,
BARIEREIRT 10 &, HARIEEMIX 99.999%.

pace 220

€1aed

To address the performance limitations of
traditional databases, we have developed
a distributed database TeleDB which inte-
grates transactional and analytical oper-
ations, supports 10 million concurrent ac-
cesses and petabytes of data processing,
and improves overall performance by 10
times, providing a reliability of 99.999%.

XL ERERNRR, b
R & SaaS/PaaS/laaS = E =R
SHRARKE, KIMT M laaS/
PaaS HR— A BEITIHW, HIE
K35 RATLREREFBIEFREE
DR BB,
To deal with the difficulties in using mul-
tiple clouds, we have developed a SaaS/
PaaS/laaS three-layer cloud service
platform, Yilong. By enabling integrated
self-service ordering of multiple laaS/PaaS
resources, we have shortened the original
3-5 days required for manual installation,

configuration and deployment to just a
few minutes for automated provisioning.

XL SRS IBRIIAIRE, KPR

TRBERRZ DT MK ZRESBER L. RHFRRESHBESFEA,
KT = ENBRSEER, NMAFRRZMBMERREN 3 F.

To solve the problem of slow applications go-live, we have invented such technologies
as a layered hierarchical multi-branch pipeline, a three-tier task-scheduling algorithm,
and hybrid deployments in heterogeneous environments, enabling agile delivery of appli-
cations on the cloud and improving application development and delivery efficiency by 3
times.

X Z ARG LT, WERMENER, IFBERESERITRA,
KRN ENANSREIE®E, SFEYTARITRNLNGEREN, D
LR B 5 ) i S Y iR 4%

To tackle the challenge of monitoring and fault recovery across multiple systems, we
have innovated hybrid chain monitoring technology that enables intelligent operation and
maintenance of applications on the cloud and supports the capability of real-time mon-

itoring of ten million orders per day and end-to-end real-time monitoring at the minute
level.

BALSEAREEEL RATA SRR A AR Gm s oM um
SR SREEAE EARET  fdEs
Yot REmMRAN HWIERR .
g B fPaasHEIRA TeleDB Ctyunas 1 = ___"_
IR T R S R pro—— pp— |
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L“a
R LSRR DR P g -

o BT BB ABSREENHRIIEERA, EM—K Paas lRERA. KIURE
RN RABIEF R EFRA

“ grated o silf-developed for
x the Yilong platform
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£ Endo-end full-chaim menitoring technology

for complex business dep

@ Major innovations of the Yilong platform include the integrated distributed database technology, the

integrated PaaS service technology, and agile development and delivery of large-scale complex
applications

BRFaZEREREHINEN2FRN 3000 SEITRELR
BB#R, B17 18 MTUMBEREFXMBFHEER

The Yilong platform has supported China Telecom in achieving its goal of
transforming over 3,000 IT systems to the cloud within 2 years and has
helped over 100 customers in 18 industries achieve their digital transforma-
tion

BRTAIrzNNATFREBERESTR LR IER, BEMR—TK
RN ERES, NHESHROMENT:
Widely adopted by both China Telecom and its customers in cloud-based operations, the

Yilong platform has established a mature cloud transformation ecosystem that delivers
massive benefits to society:

gFMmam, TEBENAZMRBEAMTAT Mf. 8E 2021
FK, TEBRE2NEEMNHE. REERRRTESS 27T; TEAHAN
1120 ERHE 7000 BT, XMEMBALKTLRE 1.4 1270, BERTEE
SEXEFREBE 3000 REASG L, IFEF T LHERANE 4.7
2750 MINEBE, ERBF U T EREETEZFNE 14.58 2. BHE
2022 FR, EZEFIT EoEf686 1, TeTHEERSEERARR
RE). RHEMET. MOEGITE. ERRSERASATINE,.

In terms of economic benefits, China
Telecom has achieved significant cost
savings by employing Yilong. By the end
of 2021, China Telecom had saved 550
million yuan by revitalizing old resources
and sharing reusable resources across
the entire network, saved 70 million yuan
by shutting down 1,120 sets of commer-
cial software, and saved 140 million yuan
in investment by shutting down inefficient
systems. The Yilong platform fully sup-
ports China Telecom's over 3,000 systems
to operate in the cloud, while helping
customers transform their IT systems to
the cloud, driving over 470 million yuan in
revenues. In addition, Yilong, the digital
cloud platform, has generated economic
benefits of 1.458 billion yuan for external
customers. By the end of 2022, it had
supported 686 customer projects in
transforming their systems to the cloud.
Our customers include China National
Heavy Duty Truck Group Co., Ltd., Anhui
Provincial Department of Finance, Harbin
Bureau of Statistics and Chongging Gas
Group Corporation Ltd.

HaNMEAHE, BERTaHEE
TFHELVREER., BREAR. &
WER, HPONMEEXFBET
EEMAFEEARRLE. 8B
BT, |MRRERKITE. BERES
%O
In terms of social benefits, the Yilong plat-
form has empowered cloud transformation
across various industries, and assisted all
customers in conveniently using and effi-

ciently managing the cloud, including four
major customers mentioned above.

WigMmEsE, HEEE:
MESEMIAERAR, BRI HA
PCB £~ H R FIF A, A
CPU. RFIREFAX, HEBI,
B DERRER

In terms of environmental benefits, China
Telecom's revitalization and reuse of idle
resources across its network have indi-
rectly alleviated the environmental issues
associated with PCB production. Addi-
tionally, by improving the peak utilization
rate of CPUs and memories, it has saved
a significant amount of electricity and re-
duced carbon emissions.
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1. Cost saving ratio from cloud
infrastructure: no less than 40%

1. Revitali 15,800
saving ¥550 million
2. Shut down 267 inefficient systems,

Yilong Multi-Cloud Massive Digital Base
Empowered Cloud Transformation Across Various Industries

Based on the "2+4+31+X" distributed CTyun, Yilong Platform has overcome technical problems with databases,

agile delivery, and intelligent operation and maint, e, while emp ing organizations to "transform to
clouds, use clouds, manage clouds™ with a one-stop full-stack cloud service, so as to address such problems as
slow business deployments and difficult usage of multiple clouds.

_ﬂ saving ¥140 million
% 8. Reduced digital office costs by 40- China National Anhui Provincial
c 50%, saving approximately ¥140 ‘:‘;::’G‘;:; 099:;:;:::“' H:;I;nt: tai:trie;u Chongaing Gas
g million Co., Ltd. Information Center
=
£ 2.  Cost saving ratic  from
©  modularization and platformization: Industrial Promotion and Progressive Significance
o no less than 30%
u"j Self-developed Paas comp lead enterprises to clouds, empowering the digital
1. Shut down 1586 mainframes, reused transformation across industries.
347 ones, saving 23.39 million Intelligent community China Telecom will fully empower digital transformation,
2. Mearly 110+ partners' 260+ business p meadia technological innovation and research, promote the
platforms were unified in the Yilong ?«“S‘ 4 [T construction of digital information infrastructure, and make
technology base, reducing Applicationgy service new contributions to the construction of digital economy in

development costs by 30%.

,,,,,, practical actions.

@ Currently, the Yilong platform is supporting over 3,000 systems in China Telecom, achieving 100% cloud transformation of IT systems. And it serves over

100 customers across 18 industries

PEIBEAFREHEIIINK, SSMAMRSHAENITER L
Fa, Wkt FZARSHFHEE, MRkt
China Telecom has made great efforts in technological research and devel-
opment and built the Yilong platform based on research results and mature
capabilities. The platform enables enterprises to undergo cloud and digital
transformation, thereby promoting social progress via technology

B ERE L PaaS ANWRAR T HREMI. hEEEER 3000
RERREAERL TS BM PaaS A, XE2ETHEH KBTI,
FERBFHRENAININAS, FETARSES ERBIRHEL, B
TN T VI F WA, PEBEMHRFEFTER. KIEEW
MENE, REEERRARRE. Ex7FEBRE, WMESTEWHFL
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Employing of the Yilong PaaS compo-
nents can greatly resolved performance
bottlenecks. Yilong's self-developed Paas
components support over 3,000 systems
for China Telecom, processing ten million
concurrent user visits nationwide. Numer-
ous successful cloud migration cases of
deploying Yilong within and outside China
Telecom set a good example of digital
transformation for industries. China Tele-

com assists the construction of digital economy by taking advantage of cloud network in-
tegration. It has actively exported the Yilong platform and its cloud-based transformation
methodology to various industries. In this process, the Yilong platform also transformed
China Telecom from a follower to a developer and advocate in the field of cloud comput-
ing.

ERTEERNEFNECHE:. BEMEBEROLEATHOFMET
40%. EMFIBRE. XERF, THE 1412, H—RARE, ElSE
=75 EFEME 30% FF&R A AN,

The economic value brought by the Yilong platform includes: cost savings of no less than
40% resulting from changes in the infrastructure, savings of 140 million yuan from revi-
talizing and shutting down old systems, and a decrease of development cost by 30% in
terms of cloud-based operation due to utilization of the unified technology platform.
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i Customer-grientated: sutti-Cloud Digital Tehnology Platform
= L v e e War v avovn Internal deployments
] e Viang platiorm is supgparting more than 3,000 systems
= Seppartng 685 customer projects In 2022 i § i ‘acrass China Tebecoms entire network
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@ By giving play to the integrated capability of the Yilong platform, combined with the standardized cloud
transformation methodology, over 3,000 IT systems across China Telecom'’s entire network can operate
safely and stably, while facilitating various industries to undergo large-scale cloud transformation
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@ The Yilong platform helps customers develop and deploy their own SaaS-based applications efficiently
and conveniently in a high-quality manner, while enhancing user experience

BEhFaBnEF LRSS
BE. RARLTHEME. HE
WSS REH, Bh O BRI
¥, EMEHRELERAE

The Yilong platform has enabled
customers to optimize their sys-
tem performance, enhance R&D
and O&M efficiently, and improve
customer experience. Furthermore,
it has helped customers achieve

greater quality and efficiency, as
well as high-quality cloud usage

FEE B AR, MNERRIE
WER, HIEATHFE, BRE
BBAH PaaS B#HITHIREIENIE
i, ERFaBIZIT £x,
KA SRR EREXIRE
., RETHFPREA, METRSR
MaE, MRTRMIRE, BETH
FEmEE, MR T I SESMMER,
Large enterprises typically have complex
internal processes and rich data assets,
which often require a powerful PaaS layer
for resource management and provision-
ing. By supporting cloud-based IT op-
erations, the Yilong platform can rapidly
deliver services, enhance operational effi-
ciency, improve user experience, optimize
system performance, and reduce fault

frequency. Therefore, it can solve many
business pain points and difficulties.

BRAFEALUTITRE
’BF, FITEMEESBEMER
99.97%, ZHEEFAEE AN
K 99.97%, HMAGHFHESR
= 8] 14X 99.95%, SLABIRS
A A MR AR ARET 90%s.

The Yilong platform can also improve
IT quality, with high availability of in-
frastructure (99.97%), cloud-based
management platform (99.97%), com-
mon component digitization platform
(99.95%), and service availability of no
less than 90% for SLAs.
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Secure and Traceable VoWiFi Technology Innovation and Appli-

cation Demonstration

OHBEERETIHIE
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@ Secure and traceable VoWiFi technology

FEBEEAERAT

China Telecom Corporation Limited

E1H

LR VoWiFi I AREd WiFi 5 S A&EBEF s, KMT
—MIRE, 22, EFNHR, BRAGHNESESIRHERMES. &
EHEIVESmERHR, BARFBERR, BEARNEFERELEENAT,
Introduction

Secure and traceable VoWiFi(Voice over WiFi) technology carries mobile voice services
through Wi-Fi signals, realizing a fast, secure and economical solution to solve the voice,
SMS and other service quality problems caused by weak mobile network coverage. Thus
enhancing users' communication experience to better fulfil people's aspiration for an in-
formation-oriented lifestyle.

W5 WiFi 5 56 &AM, APEENRSFZOMEE, TR
2riIRRY VoWiFi k353
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Overcoming core challenges such
as the integration of WiFi and 5G
networks, the user accurate trace-
ability, and realizing secure and
traceable VoWiFi services

NERBRAERET. 2K
BB ENEFSBEETRNES. &
BEFULSHRBRZA, FEBERAN
KE=TIHRE, W T Wik 5
56 EAN. BRBEEMRSES
PREZAER, FTIERSFHR
B9 VoWiFi & A, LI T HIME A

BIF:

To effectively improve the voice, SMS and other service quality problems caused by
weak mobile network coverage in residential and rural areas, China Telecom has deeply
implemented the "Triple Gigabit" convergence, successfully overcoming key technologi-
cal challenges such as the integration of Wi-Fi and 5G networks, the user accurate trace-
ability, thus developing secure and traceable VoWiFi technology, resulting in a number of
technological innovations:

1. B EENET 56 SA VoWiIFI AN AR, BARSCHFPER
VoWiFi W 58)&, HEMBAEBNAER KRS,

2. I NESIETESRENEMBAEN. WRAER, B8dBA
FRIER “WHF” £, KIEER ABRES, BESTEEIN.
2022 £ 5 BEELBITRT 2IKE Min 2 s T JRAY VoWiFi First Callo

3. RIS EAEBREMENX, RIEAFBERS, BHEERF

1.The first VoWiFi networking solution based on 5G SA in the world, resolving the issue
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@ 5G VoWiFi Tracing Solution

of 5G users using VoWiFi services, and
completing commercial deployment and
user number release.

2. The industry's pioneering authentication
and traceability scheme based on fixed
mobile converged network and users,
through the "dual factor" authentication
method of mobile users and fixed net-
work, realizes the traceability of accurate
to household, which is higher than that of
mobile network. In May 2022, the world's
first VoWiFi First Call with end-to-end
traceability was opened in Shanghai.

3. The industry's first fixed mobile con-
vergence traceability gateway was de-
veloped to ensure user communication
security and help telecom anti-fraud.

VoWiFi ZHEREZIMT &
BEE, £EiEATHEMA
PRGBS

VoWiFi achieved commercial de-
ployment in China Telecom and
comprehensively improved the com-

munication perception of mobile
network users

L2 aRH VoWiFi i A B
BIEHE N B ME, S8 517
BEH, LEE=4BER#EHR
A, AEARFRRMBEEER
9%, IR AR R
The secure and traceable VoWiFi technology
has now entered the commercial promotion
stage. On Telecom Day, May 17th this
year, three provinces including Shanghai
have officially launched the trial commer-
cial deployments. The overall experience

of the trial commercial users is good, while
the complaints are effectively solved.

KXW E, VoWiFi 7] #E
RIFTHERXINITZ N EXER
FEESHNES. BERZE, K
BERERXSERERF, FHEE
#8 5127t

In terms of economic benefits, VoWiFi
can solve the voice and SMS problems
caused by weak coverage in urban res-
idential areas or rural areas, greatly re-
ducing the complaints of weak coverage
in residential areas, resulting in an annual
cost reduction of over 500 million yuan.
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SMEEHFE, VoWiFi BTLUEE WiFi MEIREERTE. BRK, &
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HEARNETEENE T,

In terms of social benefits, VoWiFi can provide more stable, faster and safer wireless
communication services through WiFi networks, meet users' requirements for communi-
cation quality, improve users' communication experience, thus better fulfilling people's
aspirations for a better life.

QEI\_:\ ;&ﬁ:lljj_ﬁ) VoWiFi _J%)&Zﬁ “EE[W%—&LW; ’zé'f&ﬁg
FHEE, BB, EIINEERELEE. SFEIIEIURDIIR 43.2
T3,

In terms of ecological and environmental benefits, VoWiFi can effectively reduce the
need for base station construction in residential areas, thereby reducing energy con-
sumption and carbon emissions, and promoting the green development of the network. It
can lead to an annual equivalent reduction in carbon emissions of 432,000 tons.

95%
RERIEIE EERE
51% EHRLLPIEF 2 5 MOS(EiZF
' 86% 50%
Filgi  EE Flﬁﬂu FiiiE
® VoWiFi AP R3MIHLE
/ 95%  The proportion j
of the household 3.8 !VIOS value
51% area where calls 2.5 increased
can be made has by 50%
increased by 86%
Before the  After the Before the After the
Activation  Activation Activation Activation

@ VoWiFi User Experience Test Results
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Through standards to promote the
maturity of the industry and drive
the development of upstream and
downstream, the achievements have
received extensive media coverage

TEMMERER L, REBRERD
RIBARES|IGEA, £ GSMA &3k
R VOWIFI RIBERBA KR H; 7+
3GPP 526k VoWiFi 5 & EIZ1Eh
BOMIR AT A, 1E GCF & 2k VoWiFi
ZX\*“ETQ%T’FTJJ\N—QZ‘I“_*J}JEID?Eo

BRC AIFERAFTRE. ML E
1A1Eéif£m?’%ﬁjj VoWiFi i 7=k
On the road of research and develop-
ment, China Telecom gives full play to the
leading role of standards, leading the
formation of the VoWiFi terminal demand
white paper in GSMA, completing the
VoWiFi and cellular interoperability proto-
col test standards In 3GPP, leading VoW-
iFi terminal interoperability protocol con-
sistency certification project in GCF. From
demand, innovative technical solutions,
testing to certification, the whole chain

promoted the maturity of VoWiFi terminal
industry.

ERY, APEBEEARAEFTR
I 5G VoWiFi BIFTEXER, TNIHEDD
56 MG EBH T T WA LRK;
HRGT BEFEERN. FRELE
& 10 RRA W R o
Meanwhile, China Telecom led the es-
tablishment of the 5G VoWiFi Innovation
Alliance, which not only promoted 5G
network equipment manufacturers to
complete the network upgrades, but also
won the support of more than 10 leading

device manufacturers including Huawei
and Apple.

SEMWC HABHBERS
HAjal, 5G VoWiFi EEARIERPE B
BT ARBeIMREN AT, B,
VoWiFi 18 X s R B9 & 76 215 B
ix. ARM. ARBEKREHE
RV HIRE

During this year's MWC, 5G VoWiFi technology was officially released as one of China
Telecom's top ten scientific and technological achievements. Currently, the release of
VoWiFi-related achievements has been reprinted and reported on by hundreds of media
outlets including Xinhua News Agency, People's Daily Online, and People's Posts and
Telecommunications News.
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Copyright-Notice-
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® GSMA VoWiFi Rt REEH
® GSMA VoWiFi Terminal Requirements White Paper

® 5G VoWiFi 8I#rBx 2R pk iz
®5G VoWiFi Innovation Alliance Established
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FEEAXNMEZEMEGRIERS

The Simulation and Verification System for Mega-scale Satellite

Network

FEEXMEDENEHREERS

SHRINHHEF

EHpRANE

FiRCPUZEH

o TEEAMEDEMNEHAERIERAROTEE

The Simulation and Verification
System for Mega-scale Satellite Network

Multiple Simulation
Mechanisms Kubernetes KAFKA P

Container Simulation Mechanism Event Simulation Mechanism

Compatible With
Mainstream CPU
Architectures

Hode N

Distributed Resource Pool

SHABRBER

Efficient Distributed
Simulation

Compatible With
Multiple Languages

@ The Architecture of the Simulation and Verification System for Mega-scale Satellite Network

B

Pengcheng Laboratory

MR Tk K5 GRI)

Harbin Institute of Technology, Shenzhen
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Introduction

PengCheng Laboratory, in collaboration with Harbin Institute of Technology, has devel-
oped the Simulation and Verification System for Mega-scale Satellite Network (herein-
after referred to as "the simulation system"), targeting researches on satellite network
technologies and business demands. The simulation system supports satellite network
planning, network performance prediction, and key technology simulation of a satellite
network with no less than 20,000 nodes, and helps standardize satellite Internet and 6G
NTN technology.

SHABHEABESIEFEREPENESHHE

Distributed High-concurrency Simulation Engine Enables Efficient Simula-
tion of 20,000-satellite-scale Network

METHENRESBENSARCREBERS, R TEBRINER
SEENEBLZRITEESHNDRLIE, UNFEMERE I RNEMIG
K, BEMEDEMEFHERTT 20 DHRNTH.

2AHRTIEE 18 % 4 it

© ZEETEMKRMAMINHE

Single 20,000 Nodes Indicator
Constellation And 7 Constellations Statistics

@ Routing Protocol Simulation of Multi-constellation Satellite Network

By separating the computation and sim-
ulation, the distributed cloud native simu-
lation system was developed. The simu-
lation system is able to handle a billion of
computing tasks of a mega-scale dynamic
satellite network in seconds and improve
simulation efficiency linearly as the com-
puting resources increase, which allows
a 20,000-satellite-scale network simulation
to be completed within 20 minutes.

R T DB EHHEN
B, ARRT BRHENG TRER
BN, WERER@, LSBT
FRDBEMLZE T EHBENY
FE. 2EBHAFEE. FERLMN
FHN B S Z2ThEE

By accomplishing a distributed event-
based simulation framework, the simula-
tion system solves the small scale and low
efficiency problems of container-based
network simulation. The simulation system
realizes complex simulation functions for
20,000-satellite-scale networks, such as
the simulation of satellite-ground com-
munication protocol, the satellite network
routing scheme, frequency planning, in-
terference avoidance, etc.

THRHBAMEIENEHEN
BilRRES, Bid CesiumJS &
BIF D EABIRE. BEERLMA.
FIREE A, TEERDBER
R, LT 10 AR D EMLE
BB = 4 2

Depending on the high performance
of CesiumdJS, smooth 3D rendering of
a satellite network with 100,000 nodes
has been achieved on the graphical
user interface of the simulation system
by implementing a set of optimizations,
such as splitting and rebuilding data set,
aggregating rendered entities, removing
blocked entities, separating computing
and rendering, etc.

FeA T m ARM ZRHFD X86 2R
HRIEBN D HAEE, HERE
AR =EERERMNRIEER,

The processor compatibility of the simu-
lation system has been tested, allowing
the simulation system to be deployed on
mainstream ARM platforms and X86 plat-
forms, which provides multiple choices of
underlying architecture of cloud platform
for users.
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Computation And Simulation Separation Architecture

Network Sca

Computation And Simulation

Distributed d;

High Data

@ The Architecture of Separating Computation and Simulation

R DEMBRBEABEIE, EWah=kKARIH

The Simulation System Supports Key Technology Simulation and Verifica-
tion of Satellite Networks and Powers the Satellite Industrial Technology
Innovation

DPEEENEAARIETBERFEZNERMERSE. MEMIER
ERNESRHEEERTREARNE, HUX—FR, BHLEEHRL
TEEBAMEIENEHERIERS, BEEEXDENERWE. 9
BIE. MEBEDNE. WSENFEMES, SFDENERIMLIT.

® TEIEAHIE D ENEHARIERSIZOIIEE

@ Key Features of the Simulation System
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In order to carry out a complete simula-
tion, the research on satellite-based In-
ternet technology typically requires fused
use of multiple softwares, such as the or-
bit simulation software and the network
protocol simulation software. To address
this issue, Pengcheng Laboratory devel-
oped the simulation system, which of-
fers basic functions like complex satellite
network scenario construction, satellite
position computation, communication
protocol libraries and transaction simula-
tion. Further more, the simulation system
provides 10 key features, such as satellite
network topology design, inter-satel-
lite link/satellite-ground link prediction,
satellite-ground DVB protocol simula-
tion, network routing scheme simulation,
collision warning, frequency planning, in-
terference simulation and hardware-in-
the-loop simulation, etc.

HAERKENAFRAMK.
MREZ. PEENELZRIER
BERZOBAW AR AR, HRET
MASMUMIAR, BHXETIER
Elal|&s ZN TN
The simulation system has been applied for
technical verification by several enterprises
in satellite industry, including Yinhe Hang-
tian (Beijing) Technology Co. Ltd., Space
Star Technology Co. Ltd. and China Satellite
Network Group Co. Ltd. It has gained en-
dorsements from these enterprises, whose

technical researchs have been guaran-
teed by the simulation system.

Simulation Functions

(2 ) BRER
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OERE Space Star Technology CO, LTD
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@ The Application of the Simulation System by Space Star Technology Co. Ltd

TEREBETLERABE
4%, ARREEERKR
RRHIEIE

The Dedicated Simulation System
for Satellite Communication Indus-
try Launches a New Journey of Sat-
ellite Internet Technology Research

FEBAMR I EWE(HER
IERZ P E T E 5 BRI
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The simulation system is designed to meet

the urgent needs of China's satellite Internet construction and technical research, with the
purposes of providing a dedicated satellite Internet researching platform and enhancing
technological maturity. Regarding to the these demands, Pengcheng Laboratory, along
with several companies in satellite Internet industry, have worked out another three-
year development plan. The united entity will continuously enrich the features, optimizing
the efficiency of the simulation system and eventually build an open multilingual satellite
simulation platform, so as to further support the researches and applications of satellite
industry.

A AT 0 1

® fiRFZ Il A

@ Trial Certificates from Major Aerospace Companies
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Sugon ParaStor Liquid-Cooled Storage System

B LR ERAR
Sugon

515

BIRROENZERFELFN BE” , BigMAREHE
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BIEERE . ATRE W™ KB&E, SIMEBIERLREER, EE
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ZE—BBY ParaStor A EFEER S

Introduction

As the base supporting the digital economy, the data center faces a huge challenge
of energy consumption in terms of its construction and development. To implement the
strategy of Carbon Peaking and Carbon Neutrality and realize the green and energy-sav-
ing target of the data center, Sugon, by virtue of its technology accumulation of years in
the fields of liquid cooling and storage, launches the first high-density liquid-cooled stor-
age solution in the industry—Sugon ParaStor Liquid-Cooled Storage System.

IETTIL IR kRIS FER S

A pioneer in the industry and Advanced liquid-cooled storage system

B¢ ParaStor SRS, FOIMHBRLSRASEERARE
HE, NERETIERL ™ BITET kK.
Sugon ParaStor Liquid-Cooled Storage System deeply integrates the technologies of lig-

uid cooling and storage in a groundbreaking way, becoming a pioneer in the industry for
liquid cooling products in the sector of storage.

BEJC ParaStor ARG, HATEN 20 RENKAME, 15
WHFRANEESHARINBLRTRSFERARES, EERERE.
HDD FREXRE A TERERE, KEHEEBUANR, BLETRAL, B2
FHEAGERIEET 20%. A TH “R6" ZIFIRE, BAENR
FERPEIT T REMA, B RAARLAILMEG. SEENESRE. BED
BARER. BRRFERAUIERIERA, ERIEAENMENEMLE, 70
ReFERRMNAER, RARERREFMERIIIFE.

Sugon ParaStor Liquid-Cooled Storage System inherits Sugon's technological advantage
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sugon

of over 20 years and neatly combines the
cold plate liquid cooling scheme featured
by higher heat exchange efficiency with
the storage technology, significantly re-
ducing the operating temperature of the
critical components of memory and HDD
storage, and the heat dissipation power
is greatly reduced. Compared with air
cooling systems, the performance of lig-
uid cooling storage systems improves by
more than 20%. In order to give full play
to the green feature, Sugon also makes
an in-depth optimization of the system
software by adopting technologies such
as large-scale erasure codes, data de-du-
plication and compression, disk partition
hibernation, and fine control over power
consumption to fully improve the utilization
rate of storage resources and minimize
the power consumption of the storage
system on the basis of ensuring capacity
and performance.

© REE— KRS FESRE
@A liquid-cooled storage solution integrating
software and hardware

ZeFN ITBGeRERoRE—I4

Green storage, accessing the last stop of the green data center

AN FREE, B ParaStor RAFEMEAKR EELESMITR.
From the perspective of applications, Sugon ParaStor Liquid-Cooled Storage System can
be configured flexibly to adapt to a variety of scenarios.

SERBRARSBRARRIR, AETHEROEMILIERNZ—NX].
RITHIHA, B ParaStor RAGFEARAREHE. SRS RLRSES
o “FE—HKX RAHR, FIRBEFRL PUEERE 1.1 LT,

For the purpose of facilitating the unified
planning, design, and sharing of data
center infrastructure, Sugon ParaStor
Liquid-Cooled Storage System, with the
same technical origin as Sugon liquid
cooling server, can conveniently and effi-
ciently constitute a liquid cooling solution
of "Storage and Computing in One Stack"
with the liquid cooling server, which can
reduce the data center PUE to less than
1.1.

o FE—MHRARLAE

@ Liquid cooling solution of "Storage and Computing in One Stack"

TEEEH FETL 450 FEBRE

Achieving energy conservation and emission reduction and saving electrici-
ty of about 4.5 million kWh annually

HEETR, FRASHNIBLLSMIETOITRERASIEN
35%, (URTARSSERAERE, RAFMERLIMBUETL “REZEML” BIX
B—IF, LLEBRMETOEBENG, XRBRLEFEELNLEME, —
FRITHN450 HEBE, /b 1493 1 CO2 B, 3 2812 PHREWFE
EREE, HETHME 82957 RN,

Data reveals that the power consumption of the storage system approximately accounts
for 35% of the total power consumption of the IT equipment system in the data center,

second only to the server power con-
sumption. Liquid cooling storage is a key
part of achieving the deep greening of
data centers. Take the power consump-
tion of an EB-level data center for exam-
ple: in comparison with the air cooling
storage, the liquid cooling storage can
save electricity of 4.5 million kWh per
year, reduce CO2 emissions of 1,493 tons,
and provide annual power consumption
for 2,812 households, equivalent to plant-
ing 82,957 trees.
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@ YashanDB: Enterprise-Grade Hybrid Data Management Solutions

AT ERIZF 5

Shenzhen Institute of Computing Sciences

A

YashanDB

Ell
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ZRRZRITENFMAR B FMENHEBIEERS, MARCIEL, FEN /& H=EE. 2
mAELWEES, B&E OLTP/HTAP/OLAP 7R, HRIEMEUERILBEERM. BUN. RE®. BREE
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Introduction

YashanDB, a new database system completely independently designed and developed by Shenzhen Institute of Computing Scienc-
es (referred to as SICS), incorporates original theories, supports multiple deployment methods such as stand-alone/primary-standby,
shared-disk, and distributed, covers OLTP/HTAP/OLAP transactions and analyzes mixed load scenarios, and is fully compatible with
privatization and cloud infrastructure, providing clients with one-stop enterprise-level hybrid data management solutions to meet the
needs of key industries such as finance, government, state owned enterprise and energy for high performance, concurrency and secu-
rity.

TRfe AR EEL, ILSIREEEE. A, FTRMAEINSE

YashanDB: Breaking through traditional database theories, allowing DBMS performance, cost and availability to
reach new heights
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YashanDB, based on its original kernel architecture, fully supports future-oriented soft-
ware and hardware technologies such as manycore processors, RDMA, Al computing
and cloud infrastructure. It incorporates our original Bounded Evaluation theory, Da-
ta-driven Approximation theory, Parallel Scalability theory, Transaction parallelism theory
and Cross-Modal Fusion Computation theory. These theories have won the Royal Society
Wolfson Research Merit Award, and top international conference awards including ACM
PODS, SIGMOD, ICDE, and VLDB. The main innovations are as follows:

ZRRMATERUERZE, BAIELZ/), KMZRAR KK
BEIF, EXNEHIEEM 10GB EKEF 1TB, EWLEIRERS ML B IELE
FIFE, HaeRATEULEBERRR.

It creatively proposes and validates the bounded evaluation computation method, which
explores intrinsic correlations and constraints within the data, enabling queries on big
data under constrained resources. Through benchmarking, the response latency of

YashanDB maintains at the sub-millisecond range even when the data volume increases
from 10GB to 1TB.

ZERBIAHNEHLRES 2UHESHMHUNBERLHLRBE
HEERR, RAEERARNMNESLEMRE, BRETETFESN
Benchmark M ae MK ECEFNL 2R, MRS ERE L EIERE 30%
Mt
YashanDB has achieved excellent single-machine transaction processing performance
through fine-grained concurrency control, lock-free transaction optimization, and adap-
tive concurrency scheduling algorithms. According to the well-known benchmarking

system TPC-C, YashanDB outperforms mainstream commercial databases by more than
30%.

ERREAELZONSHRERTAITLETEHNOHZERK
AN, BEXRASTRARE, MEIKRAET RTO < 10s,RPO=0,

For mission critical business system, YashanDB has launched a shared-disk technology
that can be fully autonomously evolved, providing high availability with Recovery Time
Objective (RTO) <10s and Recovery Point Objective (RPO)=0 under heavy loads.

t=-ﬂ‘§!_-t | ‘g

EWHIEERS YashanDB
EHERARDITERRIES

(FRRHEHE)

© HfERALH, ELHEERAGARRELERFFERRES “+REZRKR"
@ With technological innovation, the YashanDB was honored as one of the "Top Ten Hardcore
Technologies" at the 5th Digital China Summit

MREFTEL, #ERhTILIRR
-2 3035

Empowering thousands of indus-
tries, YashanDB promotes industry
quality improvement, cost reduc-
tion, and efficiency enhancement

EWSIEERSIENBERAEM
W, AIEMEESHZO. HTAP R
BRE. RNHOC. LN ZERHIE
BESHN. DA OAZELMIZR,
B& TSI RS
As a general basic software, YashanDB
can be used in various scenarios such
as mission critical systems, HTAP hybrid
load, real-time data warehouse, real-time
Cross-Modal data management and

analysis, Office Automation, etc., and has
replicable commercial capabilities.

BHIEBR, ZAREMRLCE
BN BEEm. BUN. RE®R. B2
BEBRTIHBTIBEEZLLS
Ry AN, HERFN S L.
SOA. BREMHNER.
YashanDB has been mass adapted in
dozens of mission critical systems in key
industries such as finance, government,
state-owned enterprises, and energy,
meeting the requirements for high per-

formance, high availability, and high
security.

297\l L bR K7 R 17 = B0 i,
HEE LBIBERAEEAERR
N AERERS™ @ 1/6, T/
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FEHAEEENRD, ANZRRE
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R, KM T EATEEIENTE
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Through practical scenarios, it has been
verified that deploying YashanDB signifi-
cantly reduces overall costs compared to
mainstream commercial databases, with
a cost advantage of only 1/6 in terms of
application migration costs, license fees,
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maintenance costs, while achieving comparable performance under the same hardware
conditions. Meanwhile, YashanDB is compatible with the international mainstream ecolo-
gy. In one bank's CRM system, YashanDB enabled a smooth migration of millions of lines
of stored procedures, greatly reducing the costs of enterprises for database replacement
and transformation.

MH ‘ YashanDB
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@ The application effect diagrams of the YashanDB in various industries going live

ERUFUASES, BT UBFHER

Promoting the digital talent ecosystem and boosting industry digital trans-
formation

EWLEEFERCEEFFHREG, 157 —ERENIUEEZIIAE
K& (YCAL YCP. YCE) , FREHBRAIAZTRI, BFT—HER
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The YashanDB team values industry inte-
gration, academia, as well as research,
and has developed a comprehensive
DBMS training and certification system,
including YCA (YashanDB Certified As-
sociate), YCP (YashanDB Certified Pro-
fessional), and YCE (YashanDB Certified
Expert). We carried out a series of talent

training programs in universities, and cultivated a group of high-end DBMS talents, pro-
viding a fertile ground for the long-term development of domestic DBMS.

A, ELUBEFRERMEFT RE 30 ZRERWEH U, KT
ERRGE, WET RIFN LT~ IEES, — MR ERFRMF L
BER, FREFUEARRKE,

The YashanDB team has collaborated with over 30 mainstream hardware and software
partners in China to jointly create solutions and build an upstream and downstream in-
dustrial ecosystem to meet users' needs of digital transformation in one stop.
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@ YashanDB team collaborates with upstream and downstream partners to jointly promote the digital transformation of the industry
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Introduction

Information technology is akin to the spark that lights up the new era. While it provides
unparalleled convenience and opportunities, it also presents challenges and risks. In an
era of relentless technological innovations and escalating security threats, the next-gen-
eration cloud-local collaborative Al security engine emerged. The Engine is independent-
ly developed by Sangfor, with over 90% of the code written by in-house programmers.
It marks the first vertical application of large-scale Al models in China's security field,
harnessing Al to forge a security shield for the new era.

THEATIEE: PERSWHEINKEREENA

Cloud-local Collaborative Al: First Vertical Application of Large-scale Al
Models in China's Security Field
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IMREL, S5ARATNINGTRB AR HAITRUFSLEXT,

Based on next-generation cyber attack recognition technology, the Engine utilizes large-
scale natural language models for cyberattack detection. This significantly improved the
average detection rate of malicious code in approximately 50 million highly obfuscated

samples from 45.6% to 95.7%, while reducing the false positive rate from 21.4% to 4.3%.
The Engine combines small models, such as random forests and Long Short-Term Mem-
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ory (LSTM) neural networks, with gener-
ative pre-trained transformer models to
bolster learning.

THMEIN N 2B IE
ENUVERAR, ZHRFMBALE
BE R A/ NME BT R A R BRI HI 2R
1, URAMDAEREKBESIEE,
KU E R AMNE L 2MAFITTT
R EMMEBILE, 18
HLeNERAEHEK 98%, [FEKiZ
E TG EWEIT 85%0
Cloud-local collaborative intelligent O&M
and management for network security:
The Engine uses cloud-based model mi-
gration, cascaded decision-making archi-
tecture, and distributed federated learning
algorithms to assess, locate, and manage
network risks in the local systems of
customers. The Engine improved the risk

handling efficiency by 98% and reduced
the mean time to repair (MTTR) by 85%.

A A T BN IELIZ
NEEZ 2 RERXAR, ZRRAA
INEEIBINEMN R 2L BT B SOE
BREE, TALSRImMAIE
PR IR ARSI T ISR AN IR 204R
NLZ2BWEMHEMER, XAX
K PoW B EIREEURFI B NILE
R, TWTZRINEHIEN
55 DB RMNEEBIENZ ST
EREEE
Data security assurance technology
based on Al training and inference: The
Engine uses external data encryption and
proof-of-ownership algorithms to ensure
the secure storage and application of
training and inference data in cloud and
local virtual environments. It adopts a
twin-stage PoW algorithm to ensure pre-
cise verification of data ownership. This
facilitates the safe and reliable use of 100

billion training data and real-time infer-
ence data from 550,000 devices.
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@ From small to large models, the journey of Al security technology
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Driven by Technological Innovations, Serving 150,000 Organizations in 15
Countries

ZRZIRIE IEEE. ACM EEFr2 AT & RS KFIEX T
S8, FEBRRFRMNERLABEFR 1070 4, FETEIVRMNFRAEN—K
-L}\E—l'o

Sangfor published more than 60 high-quality papers about the Engine in renowned in-
ternational conferences and journals, such as IEEE and ACM. With a total of 1,070 inter-
national and domestic invention patents, the Engine garnered significant recognition in
industry and academia.

M 2015 FES, REMSFHIREMHHEIT 23656 R, RSZFFE
A% 154093 Ro BET ABOBMAEI]). BERR. EFfBFat
F B, WET2E80% K™, AMFHELREHLS. B, &
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Since 2015, Sangfor has built a network
that comprises 23,656 channel partners
and 154,093 customers. Covering a vast
majority of public service entities such as
government departments, universities,
and medical institutions, Sangfor provides
reliable, efficient, and sustainable security
assurance to digital enterprises in over
80% of cities nationwide.

BETzZRRERFFPNEEIL
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The Engine garnered high praise from
its users, spurring Sangfor's global out-
reach. At present, Sangfor has marked
its presence in more than 15 countries
and regions, such as Singapore, Malay-
sia, Thailand, and ltaly, with more than
60 branches established globally. The
Engine also received accolades from es-
teemed global clients including Samsung
Electronics, LOTTE E&C, Canon, Sony,
Toshiba, Coca-Cola, Central Bank of Ma-
laysia, Abenson, and Yakult.
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@ Serving 15 countries and established 60 branches
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Champion the Digital Economy and Aim for Global Recognition
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The Engine, along with its associated core products, received substantial acclaim from
international and domestic clients. Over the past three years, the Engine has yielded a
total of 19.676 billion yuan in economic benefit and elevated the worth of relevant infor-
mation systems to 655.8 billion yuan (estimated by using a 3% cybersecurity investment
rate).
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Gartner £ “BHRE" LT 3B ARZRERN ™M, “BRZE
REF SRR T RERBRHE. BHAE. B2 Web IXE~GR, TE
FreE =73 L2 R AN CyberRatings.org B “2021 FE1IkBh
NI +SSL/TLS F=@IER” , RMERT—RBAER A SRBEF AR E
FriREEIIRTS AAA TR, 2IKHIEE—; HT 2023 FERIRE AAA TR,
DU ERME— B NiE. E PR ZIEAM Frost & Sullivan (TR 3CEIFR “70
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BRI TR,
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@ Security GPT: safe autonomous driving for the future

Sangfor's technical capabilities were
highly acknowledged by several leading
international consulting institutions. In the
"Magic Quadrant" reports released by
Gartner, Sangfor's products have been
featured 33 times. In the "Voice of the
Customer" reports, Sangfor's products
have been featured 8 times, covering
hyper-converged products, firewalls,
and secure web gateways. In the 2021
Ratings Chart for Enterprise Firewall +
SSL/TLS by CyberRatings.org, Sang-
for's next-generation application firewall
earned an AAA rating for its capability
against vulnerability exploitation attacks,
securing a global top position. In 2023,
Sangfor's next-generation application fire-
wall once again achieved an AAA rating,
the only Chinese vendor to attain this hon-
or. Sangfor received the 2023 Asia-Pacific
(APAC) Company of the Year Award in
the next-generation firewall industry from
Frost & Sullivan, a globally recognized
consulting firm. This distinguished award
was bestowed upon a single company
worldwide.
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Innovation in IoVT (Internet of Video Things) Technology and
Ultra-Large-Scale Application Enabled by Cloud-Edge-Device
Collaboration
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@ |oVT system architecture enabled by cloud-edge-device collaboration
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China Telecom Corporation Limited CHINA TELECOM
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Huawei Technologies Co., Ltd. g% HUAWEI
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Rockchips Electronics Co., Ltd. BT

E1H

NEMEEBFHDRBREN. ERBFLEZEN, SUMHRFEMISHENESMEOE, REBREXRTRY
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Introduction

In order to promote precise digital social governance and intelligent digital living, thereby efficiently connect digital infrastructure, China
Telecom took the lead in proposing and building the next-generation information infrastructure — e-Surfing loVT. The e-Surfing loVT

paceE 242

is an ultra-large cloud-based integrated
video service network developed by
China Telecom based on cloud-network
convergence. It is the carrier's "fifth ba-
sic network" serving various application
scenarios in China, such as individuals,
homes, industries, and social governance.

AT TS AR
SRR SS P4

Ultra-large Video Service Network
Based on Five Technological Inno-
vations

A RBEE =R RMEEEE
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MMM ES AN T EREE,
MERREEE,

China Telecom innovated key technolo-
gies of dynamic resource pool schedul-
ing, batch processing, and rapid switcho-
ver, increasing transmission efficiency
by over 50%. The carrier also made
breakthroughs in key technologies of
distributed non-relational databases, sup-
porting EB-level media file data storage.
China Telecom developed network-wide
delivery of Al algorithms based on one-
point access. Based on the loVT, it inno-
vatively implemented data integration and
cross-department sharing. The carrier
adopted SRv6 protocol upgrade, global
path orchestration of the cloud network
controller, and E2E IPv6 based on new
metro networks. It achieved differentiated
quality assurance through Flex-E slicing
technology, and fully-meshed intercon-
nection through the flexible scheduling of
the hybrid networking of 1oVT.

£ Al F ‘\HE, PLEX [ $5 2

T ‘M. XE. . w UEE
WA =@RAEES, HARTIA

BTEMETAEN ‘2R @RWER

The 10VT is based on the Al product and capability platform that provides four-level
computing power (network, region, edge, and device). The carrier has also developed
the Milky Way general visual model for city governance, which is the first of its kind in the
industry.

SRR o mE, WA AR s SRR S 73 7T B H.266/VVC
Ei§ 7 30% mIMtReEam, BRI HPV-RCNN BEUAERLFIBE LIZAT
5.85%

The e-Surfing loVT has seen technical breakthroughs in visual encoding. Compared with
H.266/VVC, its intelligent video encoding method increases performance by 30%. The
performance of the self-developed HPV-RCNN algorithm increases the single-category
precision by 5.85%.

EizernE, MERET “BEFRER2MERN2HUERR
FKEMAEERIPRIFFNA" , BAKERANRLZEHIE M.

In terms of security, China Telecom has developed the innovative application of all-round
multi-layer home personal information protection based on endogenous security and
chips. This application ensures the privacy security of home users.

ERfSE, MEMARRELERSK, MEREMREA 50%, &
FERTTT 75%o

When it comes to hardware, China Telecom has innovatively developed the new lens that
improves the imaging stability by 50% and the photographic sensitivity by 75%.
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@ System architecture of loVT

HREX I IE A 70 3 F (L R BB 6 A T D e B Bl R e

e-Surfing IoVT: An Indispensable New Infrastructure for Digital Transforma-
tion
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The e-Surfing 1oVT is now becoming the "fifth basic network" of China Telecom. It serves
multiple scenarios such as homes, rural areas, communities, and industry governance,
covering hundreds of thousands of administrative villages in China. Based on four-level
computing power and various algorithms, the Milky Way Al platform coordinates over
100 industry partners and integrates many scenario-based comprehensive information
solutions, such as smart city, social governance, industrial quality inspection, food safety
monitoring, and intelligent service chatbot. The platform has supported the implementa-
tion of more than 500 industry digitalization projects. Food safety monitoring and smart
community applications have been deployed on local networks with a coverage of over
80%. Digital village application draws on scenario-based Al to develop new villages and
dive deeper in existing villages, with an average monthly net increase of 150,000 users.
The e-Surfing Webcam platform and e-Surfing cloud storage capabilities are used to
provide home security protection and intelligent care services for individual home users.
Over 30 million terminals have been bound to the e-Surfing l10VT, bringing out significant
user benefits. The e-Surfing 1oVT capitalizes on the e-Surfing Cloud eye in standard
products and serves SME users with applications like smart business districts and smart
halls/stores. More than 2 million channels of industry application access devices have
been connected to the system. The e-Surfing loVT is becoming an indispensable new
infrastructure for digital transformation.
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@ |oVT application cases
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Fulfilling Responsibilities as a State-Owned Enterprise, and Driving Shared
Development of the Industry Chain Ecosystem
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By December 2022, the direct revenue
of China Telecom's loVT exceeded 3.5
billion yuan, and the number of terminals
accessed exceeded 40 million, covering
more than 300,000 administrative villag-
es across the country (with a coverage
rate of 73%). The system has been in-
terconnected with more than 30 industry
platforms and more than 500 government
platforms. It provides 39 open capabilities
of 10 categories, as well as over 20 SaaS
applications, which have been deployed
in 17 provinces. Based on the e-Surfing
IoVT, SaaS applications such as Ping
An smart eye, e-Surfing emergency re-
sponse, safe campus, smart construction
site, and home security protection are
widely used in people's wellbeing projects
such as social governance, pandemic
prevention and control, and flood defense
supervision, providing an important infor-
mation platform for Sharp Eyes project
and Safe City in China. China Telecom
collaborated with CCTV (China Central
Television) to build the Live China plat-
form. Its series special coverages such as
pandemic briefings, Visiting China Online,
and Beautiful Countryside programs were
well received.

TERF L ERSI9E, Rt
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As a leader in the industry chain, China
Telecom has promoted the development
of partners of the cloud and network
device industry chain involving chips, ter-
minals, Al, and computing power based
on its advantages in cloud and network. It
has built a new national digital infrastruc-
ture based on video. China Telecom has
worked with over 50 partners to introduce
nearly 300 types of cameras to the e-Surf-
ing 1oVT that has driven output value of
over 20 billion yuan and initially demon-
strated scale and leading advantages.

P&ImRn
=7 AR
@/hua B

i3

R

HIKVISION &"4 @hua

HUsWEL

2] Bailimn

AT RS

=T

ERFE AR 56/4G

W Sty TRUNK e O (IBE:E &

e

MEFFHRESSE, AKX
Bk S %R

Carrying out Ecosystem Cooper-
ation and Promoting the Develop-
ment of e-Surfing lIoVT Services
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Based on the e-Surfing IoVT, China Tele-
com has continuously launched standard
industry application products, such as

smart medical insurance, water super-
vision, safe campus, equipment room

360 M zrEex 88 T & TTESH HC Sugah mspurses

© MMEXRIT L R B E SR F

@ Application ecosystem of loVT

supervision, and smart elevator. These products play an important role in public security
supervision. Additionally, China Telecom cooperates with government departments,
colleges and universities, and national laboratories to carry out ecosystem cooperation
and produce cases of digital living. China Telecom also worked with Pujiang Lab and top
colleges and universities to research key common technologies of Al-visual foundation
models. Together, they defined and formulated typical model tag sets and specifica-
tions based on video/image data. China Telecom took the lead in driving ITU-T SG16 to
propose Visual Surveillance Systems and Services. It is responsible for organizing and
promoting the research on visual surveillance standards, maintaining the standardization
roadmap, and organizing certification tests. China Telecom also took the lead in estab-
lishing the ISO/IEC JTC1 SC29 Video Coding for Machine (VCM) expert group and SAC
TC28 SC29 Data Coding for Machine (DCM) group to preside over related standards
work.
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@ Standards, awards, essays, and patents
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@ Freetech ODIN Intelligent Driving Platform
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Freetech ODIN Intelligent Driving Platform
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Freetech Intelligent Systems Co.,Ltd.
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Introduction

With the rapid development of automotive intelligence, the evolution of autonomous driv-
ing continues from low speed to high speed, from closed to open systems. Automotive
electronic architecture is moving towards centralized computing and centralized archi-
tecture, enabling perception sharing, computational power sharing, and power sharing.
Automotive software is transitioning towards unified architecture, supporting continuous
iteration of functionalities, enabling intelligent vehicles to self-learn and self-grow.

BREEW “Ai#Et” B ‘9%
Intelligent Driving's "Growth Evolution" Engine

ERMES. 2EABRMNIFSERENLTE, Binzke ODIN B
BRYERESEERS. PRUTETE. BoiBREEMEIEDIFEK
SRR, BIHBEEMRROTRNRSG R, URATERNEE
BK, BEEP REFUHREHITASER S TR EREANERFN,

pace 246

Fréetech

Intelipet Syitems Co L1, W

LHEEFEK. FHlb. SN
tb. BRERZGHNEFFRRA R, &
M2 @it 2 8 SoC & A 1 MCU
SEBENRALEM. BEZREA
RERENIGIT, IBEMEEZSR
HTHEER IR BE LN RS A
ZANzH, QIR SR I E PR
HEHIKE, RESHENSZS
M, B4 CNP X s Bl S M
BB 3, HPAIZIZA L, AVPIZ
BEEAESALHINEE. BiERR
ODIN HEEE W HE REMLBEIE
BHREREN. BABHEE
K, BHAHRE, W BHye
OTA, ERAESENENARA
LURETHER. SN + REUEEE,

THRAEREE~RNT2MMNAR AR, TEHERBREALE
B “BE”

As a sustainable intelligent evolution platform with full-stack software and hardware
capabilities throughout the entire lifecycle, Freetech ODIN Intelligent Driving Platform
comprises four core modules:AD Sensors, AD Computation Center, AD Algorithms, AD
Data Platform. By deploying products and solutions in each module, it adapts to diverse
requirements through modular and adaptable configurations, collaborating continuously
with customers and partners for ongoing system integration and the evolution and opti-
mization of intelligent driving technology. This approach achieves genuine platformiza-
tion, customization, cost-effectiveness, and rapid delivery of mass-produced solutions.
Freetech ODIN achieves international leadership in computational power by deploying
advanced modules and cores across multiple heterogeneous chips and microcontroller
units (MCUs), innovatively realizing high-performance and high-security levels. It pro-
vides advanced features such as CNP urban point-to-point navigation assistance, HPA
memory parking, and AVP remote automated parking. Freetech ODIN Intelligent Driving
Platform advantages include on-demand flexible allocation of computational power, plug-
and-play sensor hardware, expandable computational capabilities, and over-the-air up-
dates for both software and hardware. This flexibility allows the continuous expansion of
the boundaries of automotive intelligent driving functions. With a focus on cost-effective-
ness and ultimate performance, it continuously enhances the safety and user experience
of intelligent driving products, serving as the "Smart Engine" driving the development of
intelligent driving technology.

REEt2—S

2EMATSRTES @@ﬂ . B EREd

SR~ m

B AE B e B B

igent Navigator

® ODIN- FF eI E BT a
@ ODIN: Pioneering the Leading Intelligent Driving Platform
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"Plug-and-play" intelligent driving modular platform
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The Full-Stack ODIN Intelligent Driving
Platform, with Four Core Modules:

-AD Computation Center: Serving as the
‘'superbrain’ of intelligent driving, it has
mass-produced the industry-leading NOA
integrated parking and driving solution.
It supports up to 12V5R complete sensor
configurations, allowing flexible addition
of LIDAR, and supports Level 3 intelligent
driving capabilities.

-AD Sensors: In-house developed and
manufactured high-resolution camera
modules, including 8 million pixels for
front view, 5 million pixels for side view,
and 3 million pixels for panoramic view.
Industry-leading mass-produced 4D
imaging millimeter-wave radar FVR40, ca-
pable of reaching a peak of 50,000 points
per second.

-AD Algorithms: Based on multi-level hy-
per-converged perception, scene-based
planning and control, plug-and-play
LiDAR algorithms, and advanced BEV
Transformer fusion algorithms, significant-
ly enhancing functional safety and the
robustness of expected functional safety.

-AD Data Platform: Continuously optimiz-
ing and iterating perception, planning,
and control algorithms through data
upload, cleaning, labeling, and training
processes. Utilizing advanced Al tech-
niques such as transfer learning and fed-
erated learning to address data security
challenges. Collaborating with OEMs and
national-level supercomputing centers to
conduct crowdsourced data sharing and
implement data security applications.
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/ The Core Advantages of ODIN Intelligent Driving Platform

AD
Sensors

* Camera and radar raw

data;

= 4D imaging radar with

high precision and
robustness;

* AI-ISP technology to tap

visual potential;

» Potential capability for

(partially/completely)
Lidar replacement

+ Focus on scenario-based

AD

_ AD l I AD Data
Coné[;ﬁltaetrion Algorithms @ Platform

» Cooperate with OEMs
on AD Data Platform

+ Advanced technical
solutions such as data

« BEV Transformer for
applications, aim to sensor fusion&
improve customer perception

experience » Dynamic “pluggable”

*+ Achieve comparable AD Lidar perception desensi tion, data

functions and » Iterative evolution of
performance with lower algcrrithms for mass
computing power production

encryption, migration
learning and so on;
= Cooperate with National

« Compliance with Supercomputing Center

AUTOSAR, FuSa and to promote data security
SOTIF reguirements standards

@ The Core Advantages of ODIN Intelligent Driving Platform
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Data-Driven "Intelligent Driving Plat-
form as a Service"
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In the era of software-defined cars, man-
ufacturers and users will transform into a
lifelong cooperative relationship, forming a
virtuous cycle of "users continuously pro-
viding data, manufacturers continuously
expanding services". FreeTech proposes
the concept of "Intelligent Driving Platform
as a Services', based on the ODIN Intel-
ligent Driving Platform, to offer customers
more flexible, customizable, and portable
platform development services. Fast-
paced, standardized development can

The Four Key Highlights of the AD Data Platform

Fréétech

Based Largs M

AD Data
Platform

@ The Four Highlights of the AD Data Platform

enhance customers' development capabilities, while enabling the tracking, assessment,
and updates of products throughout their lifecycle. FreeTech does not blindly pursue
high computational power in chips but focuses more on functionalities and performance
strongly related to scenarios and user experiences. It utilizes relatively smaller compu-
tational power to achieve the functionalities and performance required by the market
for autonomous driving, making it affordable and efficient for end consumers. High-end
intelligent driving products equipped with FreeTech ODIN Intelligent Driving Platform
have achieved large-scale production on popular car models of top domestic automobile
brands. The estimated output value for 2023 is expected to reach 1 billion RMB.
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Intelligent Driving Platform as a Service

Enhancing Customer Development

Flexible Development Services:
Capabilities Services:

ning or using ha software, and middieware
ly

Providing More Development Options Services:
Elfecllve Produciﬁll:ycla Managemeant
Services:

y depl: |}|g. managing,

Ea&fﬂi Porting Services for Various Platforms
i

Achieving modular p ducing pment cycles

@ Intelligent Driving Platform as a Service
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Privacy Operation and Management Hub (POH)
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Consent
Record Win trust from public

) and supervisory
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On one hand, the digital economy is booming, and on the other hand, privacy compli-
ance regulations are becoming stricter worldwide. Privacy compliance presents the char-
acteristics of multiple requirements and strong business relevance, which leads to the
'3 unknowns" situation for enterprises in privacy compliance management: unknow what
the requirements are, unknow how to implement and integrate into existing management
system, and unknow how to coordinate interested parties. Global enterprises are seeking
a privacy compliance management platform that can address these '3 unknowns" and
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Privacy
Statement —

achieve comprehensive coverage of all privacy compliance scenarios. PwC's independently developed all-in-

one intelligent privacy operation and

Establishing
Compliance

System O

RBREEREERS
(Privacy Operation and
Management Hub)
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@ Establishing a top view of the privacy compliance to guide enterprises in implementing regulatory requirements

BieXBERRS (L8) BRAE
PricewaterhouseCoopers Business Consulting (Shanghai) Co Limited
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Introduction

The booming development of the digital economy has made privacy compliance a "must-
have" for enterprises when explore new markets, as well as a focal point of global super-
visory authorities and public. PwC has developed an all-in-one and intelligent privacy
management platform, as a smart brain for privacy compliance in enterprises, facilitating
efficient analysis and collaborative operations, and make enterprises excellent in privacy
compliance.
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All-in-one intelligent privacy man-
agement, covering privacy compli-
ance in all scenarios, connecting all
evidence
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Until now, there are only a few software in the global market that can meet the require-
ment of intelligent management of privacy compliance in all scenarios. The market de-
mand is still in a booming stage, with Europe and America being the most active markets
and the Asian market gradually developing. Therefore, the demand for technology plat-
forms has become an irresistible trend.

management platform effectively solves
this problem by aggregating legal and
regulatory requirements from 50+ coun-
tries or regions. By customised scanning
rules, POH achieves automatic data clas-
sification and verification, clears up data
assets, and features high flexibility, visibil-
ity, and convenience, building a compre-
hensive compliance evidence chain for
enterprises.
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@ Business functional architecture of POH
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| ERAFEEE es in privacy regulations in over 50 countries worldwide, identify the "highest common Currently, the application of POH has
denominator”, and design a framework for privacy compliance obligations to ensure the covered industries such as intelligent
HEESES e authority and usability of the all-in-one global compliance function design. In addition, ~ manufacturing, automotive, finance, and
i - —— we provide professional legal and technical consulting/hosting services to make sure the FMCG. The system's technical application
eyelemn testi017 POMTest ol Sarier intelligent application of functionalities and the user experience for enterprises. is mature, and it has high market recog-
nition. Once invested, enterprises can

e ok it BRIRABIRENANT I RAELRE T EEFNE. AFE. RN benefit from it continuously.
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@ Personal data scanning and tag management
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Building a compliance smart brain with low cost, empowering social respon- 50+ ER MR ENNER,
sibility fulfillment and protection of public rights and interests
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POH is applicable to different types of enterprises in all industries, and can significantly 7 %5 B2 1Y BY Th 8 Nz FB A0 12 I 15 A2

reduce compliance costs for enterprises while helping them achieve compliance, fulfill N © SIHEHRE: EWRTMANSMTERRYRAGEEN 4, H2ZUNES, BHiFESRTEFRERE
social responsibilities, and protect consumer rights, thus providing significant economic °

@ Compliance evidence chain interface: clearly displays triggered compliance tasks and corresponding evidence attachments, strongly proves the timing of
and social value. We analyze the similarities and differenc- compliance work being conducted
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PwC's Global Network Institution collaborate to provide local services, mak-
ing it the preferred choice for leading enterprises
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POH aims to achieve comprehensive privacy compliance, with record of data processing
activities as the "line" that penetrates through key areas such as privacy impact assess-
ment, third-party management, cross-border management, privacy statements, and user
consent. It anchors on the multiple roles of enterprise management, integrates diverse
internal control mechanisms, and customisable assessment and approval process This
ensures the integrity and feasibility of privacy compliance work.
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POH effectively ensures that enterprises integrate privacy compliance work into their
business activities, strengthen the basic skills of privacy compliance management,
avoid violating personal data and being subject to regulatory penalties during business

operations, gain trust from the public and
supervisory authorities.
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Combining the industry experience of
senior consultants from PwC Global
Network Institution, POH builds on the
achievements of consulting projects and
integrates customised corporate require-
ments, ensuring that each deployment
is in line with local laws and the current
situation of the enterprise. It incorporates
compliance into the work habits of the en-
terprise, effectively enhancing the capa-
bilities and efficiency of enterprise privacy
compliance management.
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response to
business
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Low code empowerment
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professional service personnel

.
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« Reduce customisation costs
+ Rapid implementation
Agile response to business
requirements

@ Addressing the challenges of generic software's inability to meet unique needs
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