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Preface to The Charm of Science and Technology
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The waves of technology are surging forward, and the digital age is fast approaching. From
an era of considerable difficulty in connection and communication to an era of the "Internet
of Everything", information technology represented by the Internet is evolving with each
passing day, leading the world to digital civilization in great strides, helping human society
reach a new level in history, and demonstrating the unparalleled charm of science and
technology.
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At present, digital technologies are empowering various fields of economic and social
development at an unprecedented speed. A digital world of ubiquitous intelligence and
co-existence of virtuality and reality is approaching us. Standing at the forefront of digital
evolution, foreseeing new trends of development in cyberspace, exploring new directions
for digital transformation, and discovering new achievements in scientific and technological
demonstration will benefit people all over the world. The World Internet Leading Scientific
and Technological Achievements Release Event 2022 collects the latest scientific and
technological achievements in the Internet field around the world, highlights the creative
contribution of Internet practitioners, guides the future development direction of Internet
technology, and creates greater space for international exchanges and mutual learning
and the transformation of scientific and technological achievements. Let us raise the sail
of cooperation, ride along the wind of the World Internet Conference, and steer the ship of
scientific and technological innovation toward a bright future.
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This year marks the seventh consecutive year that the event has been held and the seventh
year that | have served as the Chinese director of the Recommendation Committee for
World Leading Internet Scientific and Technological Achievements. Thanks to the care
and guidance of Mr. Wan Gang, Vice-Chairman of the 13th National Committee of the
Chinese People's Political Consultative Conference, Chairman of the China Zhi Gong
Party, and President of the China Association for Science and Technology, as well as the
support of foreign experts including Mr. Malcolm Johnson, Deputy Secretary-General of
the International Telecommunication Union, Mr. Nii Quaynor, father of the African Internet,
Professor Chon Kilnam, father of the Korean Internet, and Professor Jun Murai, father of
the Japanese Internet, 257 leading items of scientific and technological achievements were
collected from China, the United States, Russia, the United Kingdom, Sweden and other
countries, covering a wide range of cutting-edge fields such as 5G and 6G, IPv6, artificial
intelligence, big data, cybersecurity, supercomputing, high-performance chips, and digital
twins, and multiple categories such as the fundamental theory, technology, products and
business models. Following the recommendation of experts, 57 outstanding achievements
were finally selected and compiled. As these achievements continue to be transformed
and implemented, they will be converted into new driving forces for economic and social
development, facilitating the global community to embrace a new period of prosperity and
development.
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Time passes day by day. Thanks to the World Internet Conference, and The Charm of
Science and Technology, both in their seventh year, extraordinary achievements of Internet
technology's innovation have been continuously recorded, witnessing the historical
evolutions in the development of Internet technology and showing the unlimited charm of
cutting-edge technology empowering social advancement. We hope that The Charm of
Science and Technology will continue to play its leading role in innovation, encourage more
scientific and technological talents and enterprises around the world to actively engage in
scientific and technological innovation and unremitting exploration, and contribute its wisdom
and strength to a better life for people across the globe.
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EAGLE 6G: An Original Prototype and Evaluation Environment

for Enhanced Broadband 6G
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Introduction

Peng Cheng Laboratory, together with Beijing University of Posts and
Telecommunications, Huazhong University of Science and Technology, and University
of Electronic Science and Technology of China, has developed EAGLE 6G (Elastic
multi-AGgregated-Link Environment for 6G), an original prototype and evaluation
environment for enhanced broadband 6G, which enables 6G innovative technology
evaluation and testing for both academic and industry, laying the foundation for
future technological innovation and standardization of 6G technologies.
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To overcome the challenges of serving future 6G high data-rate
applications, including supporting highly dynamic data rates, efficiently

aggregating heterogeneous links,
and generating high enough data-
rate testing flow for wireless
applications, the EAGLE 6G
research team has developed an
original prototype and evaluation
environment for enhanced
broadband 6G
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for Real Applications
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A key objective of the EAGLE 6G project was to address three challenges associated
with 6G high data-rate applications (100Gbps, 100 times greater than commercial
5G in capacity), including the ability to support highly dynamic data rates, efficiently
aggregate heterogeneous links, and generate a sufficient flow of data-rate testing
for wireless applications. The EAGLE 6G architecture is proposed, and a prototype
and evaluation environment is released that can support dynamic aggregation of
heterogeneous links, such as high-speed hotspots, visible light, terahertz, etc., and
even optical fiber calibration links. Based on theoretical analysis, the proposed
architecture can significantly improve system coverage and capacity performance
by aggregating high data-rate links efficiently. Through the use of kernel bypassing
and lock-free parallel acceleration techniques, EAGLE 6G is capable of supporting
heterogeneous aggregation of 400Gbps rates. Furthermore, the project can generate
hundreds of Gbps of flows for service testing, and eventually develop an evaluation
environment that can support tests of 100Gbps for a single service flow and 400Gbps
for multiple service flows.
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Aiming at the future 6G standardization, EAGLE 6G enables evaluation and
testing for 6G innovative technology research, global standardization, and
industry-university-research cooperation
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The EAGLE 6G provides a high-speed wireless communication testing environment
for technologies related to 6G, such as terahertz, visible light, and millimeter-wave.

Furthermore, it will be able to provide innovative technology testing services for 6G to
scientific research institutes, universities, device manufacturers, and operators and
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The System Architecture of EAGLE 6G

enhance the 6G innovation ecosystem.
As a result of this project, the research
team has published more than 20 high-
impact journal and conference papers,
received several best (student) paper
awards, and has been granted more
than 40 patents.
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EAGLE 6G has provided tests for
potential key technologies of 6G, such
as millimeter-wave and terahertz
links, and will keep facilitating the
evaluation and standardization for
6G promising technologies, as well
as empowering the 6G innovation
ecosystem
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Through evaluating and standardizing 6G
promising technologies, EAGLE 6G has
demonstrated the feasibility of ultra-high-
speed mobile access networking at a
Tbps-level in the 6G era by demonstrating
dynamic heterogeneous link aggregation,
high-speed traffic forwarding, and
high-speed traffic generation for real
applications. The development of strategic
emerging industries and the promotion
of economic and social development
can be further advanced by providing a
universal testing platform for evaluating
6G promising technologies and emerging
applications.
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“IPv6+” International Standards Formulation,
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Scale Deployment

FEEEMBZBEERRAS
China United Network Communication Co.,Ltd.

EHARARBIRELAE
Huawei Technologies Co.,Ltd.

IPv6+ Carrier

IPv6+ Scheduling

IPv6+ Awareness

(33
h — 46 o 1 £
! 1Pve+ IR 1Pv6+ REHES 1Pves BRAIE ) RS fiE
L Io“pgg
I 1 »
1 1
1 1
! WA R RS SRV6 Policy 1 #A
1 R Tk RIS WA phdiem |« AV : 3
1 1 »
1 1
l—_—— ————— ——— _ - (]
IPv6+ Technolog;
Promoti ement on
service capability security assurance
Integrated programmable service system of Cloud, Network, Edge, End base on ”IPv+” technology and capability "S"’d}'"
eries
S ST i T T e e | Operation &) Four

Maintenance | Capabilities

Network

Biervé Slicing DetNet

SRv6
Policy

iFIT

IPv6+/SRv6 Basis

1
1

1

| Eight
ITechnologies

R E B AT RHE AR

CHLO

China
unicombBiE

e

HUAWEI

515

PERKEBRSENRITFE
‘IPve+” TREFIE. REHE. A
RRIT R AEN A, RitBERN
& “IPV6+” ZREMRTR, BNIER
ATHREREFEHGREFARER
Fmia, SERBETLNNRE
SEEMHAFTEZRNEZAERIN,

Introduction

China Unicom and Huawei carried out
"IPv6 +" standard formulation, device
development, networking design and scale
deployment, and designed a comprehensive
"IPv6 +" solution for telecom level network
which effectively improved the network
service quality of international events such
as the Beijing Winter Olympics. It is an
important embodiment of the information
and communication industry to promote the
Cyberpower and the construction of Digital
China.
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Building-up of "IPv6 +" technology system, upgradation
of network connectivity
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The "IPv6 +" Technology System is Network Technology

Innovation Represented by Segment Routing, Network Slicing,
Streaming Detection, and Application Awareness.
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China Unicom and Huawei have jointly carried out "IPv6 +"
technology research, formulated series of "IPv6 +" international
standards, submitted more than 100 Chinese patents, and

promoted the evolution and development of "IPv6 +" technology
system.
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Research on network slicing technology was carried out to create
differentiated SLA service capability, which effectively solved
the problem of insufficient deterministic capacity of traditional IP
network for comprehensive services. The IP network evolved from
service with best effort to service with promised quality.
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Carry out research on iFIT (in-situ Flow Information Telemetry)
technology to make up for the shortcomings of conventional
measurement technologies such as TWAMP, provide the ability
to accurately sense the network carrier quality, realize packet by
packet iFIT, and present the SLA of business flow in real time.
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Carry out research on application awareness technology,
innovatively bring application information into the network, and
enable the network to be aware of application type and demand
in real time to provide fine and customized services.
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Based on the above research, Huawei took the lead in developing
new router devices that support the "IPv6 +" technical capability;
China Unicom took the lead in designing the programmable
networking scheme based on SRv6; At present, IPv6 +
technology has been deployed in many provinces and cities of
China Unicom, which effectively improves the network service
ability and product innovation ability.
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Promotion of "IPv6 +" Application
Demonstration, Improvement of
Industrial Service Quality
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China Unicom and Huawei have carried
out a series of research and testing work,
which has played a pioneering role in the
maturity of "IPv6+" technology and service
demonstration.
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China Unicom has taken the lead in
promoting the scale deployment of IPv6+,
and realized provincial scale deployment
of "IPv6+ 1.0" capability in Hebei.
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Based on the "IPv6 +" technology, China Unicom has created a smart private data
network for Beijing Winter Olympics. With the application of SRv6 technology, it optimizes
the transmission of multimedia data such as pictures and videos, and provides various
services with low delay routing, delay degradation awareness, and delay optimization
capabilities; An SRv6 Cloud backbone network connecting seven cities in the Pearl
River Delta has been built in Guangdong, providing high-quality services to industrial
customers based on SRv6 + network slicing technology. At present, the successful
experience of these application demonstrations is being comprehensively popularized in
the IP Carrier Network of China Unicom.

BN “Ipve+” QIFAXER, BIAZFHESRBEAR

Focus on "IPv6 +" innovation practice to promote the transformation and
upgradation of economic society
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China Unicom Has Carried Out "IPv6 +" Innovation Practice in Many Places, Enabling
Thousands of Industries and Generating Good Social and Economic Benefits.

TPEBGE SR NFEED IPve+ BfRfrER T, SERNBERREFHT
T1& IPv6 EBRZFNE, MIRMEEFETE, BNEFRREN. $
EEXE SRv6+ MK A AEIFEMSRIFEFNEE, EF SRv6 WSS
. WA/ BAHRMNRIFRETMRRIE. PEBBESENEIT ™
BT IRSS BN, BIUERD T IPV6 P EARTHE, 187 7 RIS MRS RE .

China Unicom and Huawei continuously promote the research of IPv6 + international
standards, combine network system innovation to create new advantages of IPv6
scale deployment, accelerate network evolution and upgrade, and help improve the
quality and efficiency of the economy. China Unicom's SRv6 + network slice application
innovation has brought good economic benefits, and pilot validation of series products
based on SRv6 business chain and application/computing power awareness has been
completed. China Unicom and Huawei have effectively promoted industrial technological
upgradation of IPv6 and service quality of telecommunication network.
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Introduction

The OpenkEuler platform is positioned as
an enterprise-class, reliable, and secure
digital infrastructure operating system
that unleashes diversified computing
power. Open source contributes to the
creation of a sustainable future. With the
goal of building an open, diversified, and
architecture-inclusive software ecosystem,
the OpenEuler open source community
is available to global developers. As
a superior operating system for all
scenarios, it supports multi-architecture
computing, including server, cloud, edge,
and embedded applications.

SEXGRFEUIES Y
%E, RSBFETIR

Full Support for All-Scenario Digital
Infrastructure Devices

RARKEE2HSBRFR
%, BRI E 2R T
BB, SUEMARIEER. RSE
AL, BI—ERERFRY,
SRIFMESLIAM RS BE. = LS5
BRAREDRAIZH

All-scenario OS: OpenEuler proposes
full-stack atomic decoupling in order to
support flexible versioning and service
combining. This OS supports server,
cloud, edge, and embedded scenarios
using a unified OS architecture.

FEHMENRFRSE: X
#FIntel. AMD. 825, 685 JKiT
‘i B BREERTH, B
Ffs2# NPU. GPU 1 DPU &%
MEWED, BT TENESG.
RUERSENET . HEHF
KARTSHEMEDRIRITILE.
Diversified computing power: OpenEuler
supports mainstream chips such as
Intel, AMD, Kunpeng, Phytium, Zhaoxin,
Loongson, Hygon, and ShenWei chips,
and multiple processing units such as

NPUs, GPUs, and DPUs. It also has
complete test specifications for hardware
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and software compatibility. It meets requirements for diversified computing capabilities in
the digital era.

+ C icatic + Of ional T

CRM  ERP BSS/OSS NFV  DCS  SCADA PLC -

10,000 + ERFIM: Wk, AME, CON, MEC, Turiwd -
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&XEE, fHRE 0 _
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WINBRES, TRRTHSREE O
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ERITERIT100%ER

ARM, x86, RISC-V, SW-64, LoongArcH, NPU, GPU, DPU, 100+%#1, 300+ &+

BsE iR it A

BE—ERFRARY, MOXEFZFTRE, tRAXFEhsEaY
EFRSBRBUREHHZCMESHE

A Unified OS Architecture for Diversified Devices (Southbound) and All Application
Scenarios (Northbound) Interconnecting

with OpenHarmony for Shared Ecosystem Capabilities

LHEMEGRIERS. MBI — (R—HZ. Kf—HEE. %
—SDK. #—&k., f—HFKIE) , MRALBATEOARZSE
ERFNEE/\FI[ER, BEERMERTT 10~15%; BNEGBFLRETIES
ZB. ZFARNIEEG, LMEFRNFENBRE, REEERIF
NAFREES
Convergence for all scenarios: OpenEuler unifies kernel, build, SDK, connection, and
development tool capabilities in order to resolve OS-device incompatibility issues,
resulting in a 10% to 15% improvement in performance. Developers can design

applications that run natively on OpenEuler by using a developer-friendly toolkit provided
by Open Euler.

YELHARDENHFTEMRBIRIERS . LI 7R FIBREN
BB, RABEEY, BREZWN, A+ BEEERSTFHFEHS.
Distributed soft bus: Interconnects OpenEuler and OpenHarmony. Combined with

OpenHarmony, which covers terminal devices, the two operating systems provide an
ecosystem of software for all aspects of digital life.

EENFEMGIELIFR, SRS
LTSRS
@

2022.03

OpenEler

openEuler Server opentuler Edge  openEuler Embedded

S RECRE BREOHE RRBER

"2 HUAWEI

OpenEuler 22.03 LTS &%
OpenEuler 22.03 LTS Released

1t FRE B 47 ST R Bl R
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#ig: RItRIBLHF 3284, 2
BN 248 4, BXMBEKERETR
HE8IN, B5RIK 15 NN,
Promoted technological innovation and
standardization: Submitted 328 patent
applications, of which 248 were accepted;

led and co-initiated 8 standards, and won
15 awards.

ETER, SFEK, MR
RzF

Vibrant Ecosystem with Rapid Growth
and Large-Scale Application

ERKEELB W RITIR:
16 REMBIERR &, RTBE
FERAFE AR AIBE W & 1Thi: B4E
BB (4. RIETME. BBMER.
SUSE. &REmRME. wRE.
HBERE, H3C. hHRElA. B&R.
SRR ERT . R PR
fE. PR7SE. BERRG. BIRK
B

Commercial releases launched by major
partners: The 16 major OS vendors have
launched their commercial releases
based on OpenEuler community releases,
including Kylinsoft, Uniontech, Kylinsec,
SUSE, iSoft, Turbolinux, xFusion, H3C,
ThunderSoft, Kyland, Institute of Software,
Chinese Academy of Sciences (ISCAS),
Hoperun, Red Flag Linux, NFS China,
Linx, and Tongyuan.

LEEANRITERM: HE®
H. PEBE. PERKE. BE.
HERARETW LA ITE TR
HXEBEWEBRA, FiEfT
FIOLRS.
In-house releases developed by top
enterprises: Companies in various
industries, including China Mobile, China
Telecom, China Unicom, Baidu, and
Huawei Cloud, have developed their own
operating systems based on OpenEuler
community releases.

MR AT & DT Az O
. BIEHA, BEPRRRNE
MERITBI 170 B E, KN
BEHFEN. EZER. S/, 8
R, iE. BERRMETIAZ 05
S, fait 2022 FRATEVIGE
g 300 B E,

Large-scale application in various industries: Over 1.7 million Open Euler-based
operating systems have been installed in various industries, including the public sector,
carriers, finance, energy, transportation, and the Internet. In 2022, there are expected to
be more than 3 million installations.

AT HFHEER, SIMBRERERARN, SBRARER
®#ig

Empowering Digital Transformation, Leading OS Technology Innovation,
and Contributing to Open Source Construction

RRAIRE R OIET . EAFARRIFRIEXMAR, £ Linux Kernel
HEXFFLREEA, 7£5.10, 5.14 iRARBEIRATE .

The OpenEuler team is committed to the development of innovative kernels. Taking the
lead in Linux Kernel versions 5.10 and 5.14, Huawei is a member of the OpenEuler open
source community.

MR RBERR ZMRERNBESTESITR UL R/
ZURSE, RiItENESEBE 170 HE.
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ERBERG SIKESEURHEFRANRITR
Open Euler-based Distributions Launched by Major OS Vendors and Top Enterprises

HENFFRHIE HEFRMER
= S £3
BEREA HEHT
P OpenEuler i
AaRAEy waFERe
-_ EaRFRE, 2HSEE BUEARLESN, B <
hEsSEA MIBIaFFR
ALY £ AA BIRRFR
‘é@f@ PSS
RS
FAFESR & AAFENER
SRNEE, AERL TR, WEFRGO IR
FAmLBE FABHRR

SHTRBIME, EDELWE FHARES—, FURE

BRAIAYIR RFNSE B
OpenEuler Exploration and Practices
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The Open Euler-based operating systems
of more than 1.7 million sets have been
installed in various industries and are
currently running in the core systems of
major corporations.

BRRL R+ X % 5| £ BKEB T
370 REF=AEEKLEIIN
The OpenEuler open source community

consists of more than 370 partners across
the industry chain.

R AERA, X, g, &
S AFAMARXNSENRESZ
WA AN ENPEFRAREIREM
Throughout the open source ecosystem
in China, Open Euler's practices in
technology, community, business,

ecosystem, talent, and open source
atmosphere serve as an example.

BRI CEFEEMES, 2K
120 MEZR. 1500 Mg mAIEF
MARE, HitTEE&R 55 B,

OpenEuler mirrors have been set up
outside China. Up to 550,000 downloads
have been completed by users and
developers in more than 1,500 cities in
120 countries and regions.
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Most active 5.10 employers
By changesets
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Most active 5.14 employers
By changesets

| Huawei Technologies 1434 8.9% | | Huawei Technologies 1731 11.7%|
Intel 1297 8.0% Intel 1331 9.0%
(Unknown) 1075 6.6% (Unknown) 1003 6.8%
(None) 954 5.9% AMD 879 6.0%
Red Hat 915 5.7% Red Hat 854 58%
Google 848 52% Google 756 5.1%
AMD 698 4.3% (None) 744 50%
Linaro 670 41% Linaro 654 4.4%
Samsung 570 3.5% SUSE 503 34%
IBM 521 3.2% IBM 445 3.0%
NXP Semiconductors 439 2.7% NVIDIA 319 22%
Facebook 422 26% Oracle 290 2.0%
Oracle 414 26% Canonical 278 19%
SUSE 410 25% NXP Semiconductors 276 1.9%
(Consultant) 404 25% Facebook 274 1.9%
Code Aurora Forum 313 1.9% Arm 255 1.7%
Arm 307 1.9% (Consultant) 229 1.6%
Renesas Bectronics 283 1.7% Renesas Electronics 203 1.4%
NVIDIA 262 16% Linux Foundation 170 1.2%
Texas Instruments 218 13%  Fengutronix 151 | 1.0%

R Linux Kernel 5.10 MRS L BRSTSE
Huawei Ranks No.1 in Contribution to Linux Kernel 5.10
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Internet of Data Based on Digital Object Architecture
and Big Data Interoperability Technology

sl N=2
Peking UniVerSity d:l:N(‘xl;errnerrv
FEEBT
China Electronics Corporation CEC h@Ee=>
bR REIRTCH I AT i Bﬁﬁ LA B S S R E SRR
Advanced Institute of Big Data, Beijing N ancstintitiostDonumoeling

E1H
ETHFIREBEEIR R AR ERFRAEREBRNEMRBEZRTR, RBEFR. HE. ER
BEENIE T HIEBEERER, S EYEUENSESREBERE.

Introduction

With the Internet of Data (loD) and Big Data Interoperability Technology based on Digital Object Architecture (DOA), the needs for the
construction of digitalization infrastructure are met. With reliable, manageable and controllable data interconnection and interoperability,
the key technology challenges relating to cross-domain data use in an open, dynamic, incontrollable and complex Internet environment
are overcome, resulting in reliable, manageable and controllable data interconnection and interoperability.

013«

SURBIMIL B, HRLER. AEHER

Using data crossing domains via interconnection protocols and trustworthy mechanisms

KPR RBUHIE D O/
FIEU AR REERFITREL B R
PRI, SRR T EUBR W E At o i
REAIIEN AEIRNHIEBE
MR, TR REE:

The goal of this achievement is to break
through the core technology bottleneck
of the construction and large-scale
application of the Internet of Things
infrastructure by adopting a data-centric
and open software architecture. Main
features include:

WAL R AR B BRIE 2R
THFWURRD, BEIERRMH
KAYFHR, BEHFHRE
O HIEMNIBERT R, B
MBI MIERWMEHROHER
BIEERMN,

SRS

Protocol-based data interconnection. Based on the DOA, the data resources are
modeled as digital objects, the data access is regulated by the Digital Object Interface
Protocol (DOIP), and then the complexity of data interaction is significantly reduced.

HREANBIEEREN . ETHRERARE, XBHAFUREES
SITE XIS EH R P RTINS M EHIEEEFNME X AR, B=H7
SEHUTRNBIEERIFENTE.

Scenario-oriented data interoperability. Based on the concept of data pragmatics, the
consensus of the data syntax and semantics in the given scenario between the data
suppliers and consumers is defined as a sequence of DOIP operations, and then the
complexity of scenarios is controlled in a programmable manner.

SECEIRE RIS . BT Z ERBEEN TN IIEIR
#, REHIESEGFABERTAMRTSEEFGHEIZSTNEKREY
2B, BT EEERFIEME.

Trustable data use crossing domains. As the data access behavior and state
change are self-adaptive and based on random-witness consensus mechanisms, the
trustworthiness of data interoperation is enhanced.

ZUSSW 5551 ( Digital Object Architecture, DOA )

ST 1) BFNSKEERS BFHSERIN
HiE=h E s 4 A
™™
Eilf
BTN EHRMN A_ vl = kesontion
BIEEEAIEY HiEELMEY (B8R) 12
HFRIgEh ’ DOIP (£3)
< + > %U DOIP(ZE2]) (Registry)
BB SINERA AR 1]
H?mﬁﬁ§ﬁ DOIP ({F)
DOIP(EN) (Repository)

HFNREE

7 aBiofEMOsNA LS

EF YR EGNEIRRIRIFRE
Data Interoperability Model Based on Digital Object Architecture
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Data Networking Technology and Industrial Ecology
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FUWES NE—H. BREE. SENEIEERNEMIZH
Data Networking Infrastructure Dominated by the Industry, with Consistent Rights and Responsibilities,
Autonomy in the Domain, and Collaboration Between Domains

FRFAR, HERLENHREBRECIHRES

Open eco-system of Internet of Data with open standard and open source

S5EENRBA BRXEEZAYE - *BRELREBAWTREF,
BE T F X R ERE T KL O N 2 — I F X S BRI AT AR E
FREARARE, ST #MFXMRBENR A O, = XKZORSE, 7
2EFIR. Elt, T URFXNREAIZO . BiRciE. 2KEEN
HERPELSR.

In cooperation with Dr. Robert Kahn, the inventor of the TCP/IP and the winner of the
Turing prize, and his team, the team established a working group to develop and
implement the DOA standards, and the team published the new version of the DOIP, one

of the two core protocols of the DOA. This achievement implements and open-sources
the two core protocols and three core systems of the DOA.

FHEM E, SREHTRSKR. BANamTlpkeltEFF
REZN KB MBI NEMREEANANZRINEE, USHAK
BEFENHBERAE=FHE. hEEIFHES.

Furthermore, the team have established collaborations with dozens of Chinese
universities, research institutions, and enterprises to construct and operate oD

infrastructures and applications in a variety of domains, such as medicine, energy, and
manufacturing.

EREXPIETER A S MTULAIRSRA LASHE o D R B b

Internet of Data is becoming the data-centric infrastructure in many
domains

K. Tk, R, E7. BfEFS PR ERMNEZRIER
R, FARIEEENENA. W, ETHENYTETILE
KMEIEERBIC (#R) =, WETHE - & - h=RRENE
BRERZIC (/) ¥5, RTLUHESEHHLEENEM, BT
EeE T HES-hERME TR,

In recent years, the Internet of Things (loD) has made significant progress in the fields of
government affairs, industry, energy, medicine, scientific research, and other domains,
and it has begun to support applications in these areas. As an example, the team have
constructed a data element registration platform with a three-level structure of state,
province, and city based on the industrial loD and the pilot construction of China's
industrial data element registration (and confirmation of rights). As a result, it provides
conditions for the creation of a national industrial data asset map based on market-
oriented configuration of industrial data elements.

FEEEXM “XR—F" FiEtE

Unified space and ground Internet of Data

2021 F 12 B, #BHNIEET R, Wik TN 2t
LGB MARIBEIERIRIFAVE I, FE T HEME AR EAIFIRE.
loD satellite node has been launched in December 2021, verifying interconnection

between satellites and ground nodes and interoperability of satellite-ground data, which
marked a new chapter in the development of loD and DOA technology.
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Kaspersky Secure Remote Workspace

(Based on KasperskyOS)

+~EHRE
Kaspersky

FB5 (Centerm) (HZHr TONK) RETEGHFES.
RASIFINE R -

Centerm (TONK in Russia) provides hardware
platform, technical and expert support.

E1H

WA TFEENEREMEERGEEL
NBiRZ—. EREZFILERH N EHRE XA
ThHiEZ—. ERRENREERRK, T2HEET
EEFIEGNZE2RITBRDRE. TERERER
HRIBX B ATIE.
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kaspersky

Centerm
Q TONK

Introduction

Cyberattacks and malware deployments are common targets on
enterprise workstations. To reduce the risk of attack, thin clients
can be used instead of traditional personal computers. In order
to reduce this risk to a minimum, KasperskyOS built a secure-by-
design solution based on thin client hardware.

Kaspersky
Secure Remote
Workspace
Kaspersky Kaspersky Security
Thin Client Center

KasperskyOS-based Unified console
software preduct installed for managing thin clients
on a hardware platform and other Kaspersky products

Free installation (if there is no console

Perpetual license for main version in the infra ture)

“FEEEMERE" RITEE~REAIEE

"Kaspersky Cyber Immunity" design lays the foundation for the strong
performance of the product

FEHER “MEREEZ" (Cyber Immunity ) #13, BIESS55E.
REMREMEEHMAZRERETEHERERS (MHIZBATEHR
ENFEFHR) £E6T—, BEEFPN “®RitBIZ2” (secure-
by—design ) ERtiRIEMNESR.

Kaspersky Cyber Immunity - a unique combination of ideology, methodology, secure

architecture, and Kaspersky OS (the microkernel was developed from scratch by
Kaspersky) enables secure-by-design thin client infrastructure.

HYWNAIBARL R B FEREReRETFTE )EETUTARAE

Kaspersky Secure Remote Workspace is a combination of the following features:

TEREEEFIE—RRG~m, KA TONK TN1200 E4
FaL, TERERSHEREEM,

The Kaspersky Thin Client (KTS) is an endpoint security solution that is installed on the
TONK TN1200 hardware platform, which significantly enhances the security of endpoints.

TEfEZ2PL, EFTEREFENEIRAEREHE.

An enterprise-grade management console for Kaspersky products, Kaspersky Security
Center (KSC).

TEREREEEREN, ETEHERePONETHARBIER,
AIEREEEE T EMZEY.
Furthermore, Kaspersky Security Management Suite (KSMS) enables centralized

management of thin client infrastructure as an add-on module for Kaspersky Security
Center.

XEBFAENFOLEESIX 100,000 M0 R ARBEEEFE
T, BEMXAEN. HERITEHERETE=EEMIENT,
EEFIIRETENRERE . WETME. EINIER. BEE.

Kaspersky Security
Management Suite

Special add-on module
for fleet administration

License to connect to KSC.
Subscription model by number
of devices for 1.2 or 3 years
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This helps management of up to 100000
nodes from one center: monitoring,
configuring, and delivering updates
for all thin clients. When connected
to the Kaspersky remote workspace
infrastructure, the thin client end
performs automatic software deployment,
vulnerability assessment, patching,
registration, and configuration.

TEHfFEReREIFTE
EREFMEMNRRET, HMNFXR
RiFGHREEHRESE TIMEL
EERAIKFE, ESET IT mR
MEmEE, SENRE. k&, &
FEEMINT /| EFEE.

With Kaspersky Secure Remote Work-
space, one of the most innovative
achievements has been the improvement
of endpoint security to previously
unreasonably high levels, as well as the
enhancement of IT endpoint lifecycle
management, such as deployment,
configuration, inventory management, and
patch/update management.
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More than 100 pilot projects proved a good basis for
promotion

+~EEemETFEEEZ A EEMN
B, EXLWERE, WHKXETFEHRTERNES,
BEXA—ERENNBER, fiu.
Using Kaspersky Secure Remote Workspace can be beneficial in
many situations that involve a large number of workstations that

perform similar tasks and use a standard set of applications. For
example:

- NFEHER]

- R17. SRRSTRE (FIRBFSI)
- Er iR

-HB

- TlrB=f

- BER. RASHAH

- FE

- Public Sector

- Banking, Financial Services and Insurance (BFSI)
- Healthcare

- Education

- Industrial Automation

- Energy, Gas and Oil

- Retall

TEMELRenEITEZEABRARALE, EF
2022 FPRHAEFSEENEER, 25 HLEEE
P TERMEARIE, AZPAHARMSRNG
LT MR E M EE PN EMRHBIE .

Customers and partners have been able to use Kaspersky Secure
Remote Workspace since the beginning of 2022. Over 100 pilot
projects have been completed for clients by the team. For public

organizations and university institutions, which have already
implemented cyber-resistant thin client infrastructure projects.

TEEEITLTF 2023 FEEEEBFWSHAE
MiIFIRBUZBRE R, BRi+~EEREFREET 200
STERMBXHTHE.

Kaspersky intends to deliver the solution to markets where it has

already established a presence in 2023. Kaspersky products are
used in more than 200 countries and territories.

U ARSEHEFTH

Innovative technology enabled cost savings

BErEHENHARERET, ERATEMER
einETF=EEE, 2ELTBITFHRNDIAENE
(TCO) &K 20%. RAETF, SEMAETHMbIR
EERZENERERAN. EICABRE EMAIELL, T
HEUXRE~m, NMEEBTERERE. I,

TEHEEEFANER—R “RITIRL” fIRET,
BEMEKFEREMERSRES.

According to Kaspersky's research, using Kaspersky Secure
Remote Workspace can reduce an organization's total cost of
ownership by at least 20% as compared with using classical
desktops, laptops, and nettops based on other operating
systems. Furthermore, the Kaspersky Thin Client is a device
that is already secure by design with the same level of
performance as other solutions.

TRBPRAAS LM AIE I, BEBRHIXER
BATUERTAENTSRE.

By optimizing workplace costs, companies are able to improve
their employees' social environments.

EREmAEITI R R

Patents and products stimulate the development of
the industry

2%k, FEHRTETFZEESRIRES
MhEEZREF. FEHRERE, RXROITHER
LERRENBRENLELE. Bl FEHERE
BIEREMERRS BN HECHET ZFTF 24,
REREHRES LIE T ML, BEtbhl D
BULERFRIERRT R, ATREBIXER), |
EBIRESKASHEKHE—RERTTERANSRE
m, BRIELEm.

Kaspersky Secure Remote Workspace has received five
Chinese national patents to date. As a company, Kasper-
sky believes that Cyber Immunity is the future of IT and
information security. Currently, Kaspersky is ahead of its
competitors when it comes to developing immune solutions.
Although Kaspersky holds the leading position in this field,
other companies are also required to develop similar solutions.
In order to inspire other companies, Kaspersky have released
commercial Cyber Immune products, which are currently
available on the market.

lkaspersky
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Digital Content Forgery Detection System

and Equipment

hEM I B AT

VI 0

Institute of Computing Technology, sgnen | | sedkion® BEERALN
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Chinese Academy of Sciences

—_——
bRt BESREERAT (BSRIENG) 'E s

Beijing Zhongke Ruijian Technology Co.,Ltd.
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Introduction

False and fake information has been produced and disseminated over the Internet in
recent years, posing a threat to public safety. As part of the research project, the team
developed the first Chinese automatic system for detecting false news, Ruijian Shiyao,
as well as the first automated system for detecting forgeries, based on software and
hardware collaboration and equipment. It is essential that these products contribute to
the security of online content.

BEFREEAME, TEEEKRM 3.0 BARIERSRKE

Deconstructing technical problems for a credible base of data in Web 3.0

ERMNEEEERALIKERMEIGIERER, FNEEECIF.
RpfEg. BB E#iTeE®mR, BE I FRR, KamAKRIEE
AR -

The global Internet has been plagued by the issue of information forgery. In terms of
algorithms, systems, and products, the team has developed a comprehensive picture

of false information detection. Two milestone achievements have been achieved and
have been applied in practice after nine years of collaborative work:

MrkHE “EL£RE RRFEEIQNFE. HHELNERS
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The first Chinese automatic false news
detection system, Ruijian Shiyao, was
developed. In order to measure the
credibility of information from diverse
perspectives, including the content, the
user, and the propagation, the team
has proposed a series of methods for
assessing information corruption, task
uncertainty, and environment adversary
in real-world scenarios. For nine years,
the platform has accumulated millions
of controversial news clues and 100,000
data sets of precise standard rumors, and
has played an important role in preventing
false information during major events.
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The development of equipment for the
detection and attribution of image and
video forgeries. For the purpose of
meeting the urgent need for large-scale,
high-accuracy, high-performance forgery
detection equipment, the team developed
the first Chinese chip-based forgery
detection equipment based on cross-
layer software and hardware optimization
technology. Having an average detection
time of 10 ms per image and an
acceleration ratio of 10 times, it is capable
of handling 2 GB/sec of network traffic
concurrently, which significantly reduces
the cost of hardware for large-scale
deployments.
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Deploying as the key projects and
forming a closed loop of supervision
and governance of false and forgery
information on the Internet
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The products developed by the team have
been applied by government agencies
and major online media platforms,
protecting the information security of the
Internet. An effective decision-making
basis for national emergency response
was provided by the platform following
recent major international events. The
platform quickly produced special
analysis reports on false information

circulated online, enabling effective
decision-making.
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The Academic Forum for

the 2019 BAAI-ICT False

News Detection Global Challenge
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At the BRTV Show Scientific Gossip List,
Professor Juan Cao Popularizes Forgery
Content Detection
Technology to the Public
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The Applet Ruijian Al,

which Provides Free Forgery
Detection Services

As part of its efforts to promote the global
development of the detection of false
and forged information, the team has
organized a number of academic forums
and competitions as well as released
the largest Chinese multimodal dataset
for the detection of fake news. During
COVID-19 Pandemic Competition, we
organized the 2020 Fake News Detection
competition, which attracted the attention
of global academic and industry peers.
The competitions have been attended by
672 teams.
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Building false and forgery detection
tools for everyone
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The team developed the applet Ruijian Al,
which offers free services for assessing
news credibility and detecting fake
images and videos. The applet has been
visited by more than 310 thousand users
so far. Since 2018, Our Toutiao channel Al
Shiyao has been providing timely rumor
refutation to the public. With a cumulative
reading volume of more than 130 million,
the channel has released more than 800
rumor refutation articles. In the future, the
team will cooperate with the TV shows
"Scientific Gossip List" on BRTV and
"News Verification Group" on Phoenix TV
in order to provide more in-depth and
accurate information.
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OceanBase Native Distributed Relational Database
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GCash, DANA, and Telenor Microfinance Bank (TMB) are among the financial institutions outside China that have
used OceanBase Database. In the Philippines, OceanBase Database helped GCash to upgrade its payment
system into a distributed scalable architecture using a distributed database. Through this system, GCash can
improve efficiency at lower costs during times of rapid business growth, as well as implement a multi-zone
disaster recovery system of financial grade. In addition to reducing GCash's storage requirements by 70%,
OceanBase Database also reduces its resource costs by more than 40%. In Indonesia, DANA, a payment
service provider, has been able to maintain a stable service for tens of millions of customers through OceanBase
Database. The overall availability of DANA's business system was extremely high in 2020, ensuring zero faults
and zero data losses.
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Introduction

A fully developed in-house database,
OceanBase Database has been updated
periodically since 2010. OceanBase
Database is a relational database
management system capable of
supporting online transaction processing
(OLTP) in a horizontally scalable
architecture, demonstrating a world-class
transaction processing capability. A wide
range of industries related to the national
economy, including government affairs,
finance, telecommunications, and energy,
have implemented OceanBase Database
to power their core business systems.
The service is used by more than 1.5
billion people worldwide, contributing
to ten billion CNY in direct and indirect
economic benefits.
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Distributed relational database de-
veloped by a company with a global
leadership position in transaction
processing
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The OceanBase Database has been
developed entirely by Ant Group in-house.
This database makes significant advances
in distributed transaction processing,
novel storage, and lossless automatic
disaster recovery, and overcomes a
number of drawbacks associated with
conventional databases, such as poor
scalability, high storage costs, and data
loss during disaster recovery. OceanBase
Database innovations include:
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An unprecedented city-level lossless disaster recovery solution is supported by
OceanBase Database. A total of five IDCs are deployed across three regions to ensure
no data loss or service interruption when the majority of replicas are operating properly,
with a recovery point objective (RPO) of 0 and a recovery time objective (RTO) of less
than 30 seconds.
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OceanBase Database is capable of processing tens of millions of transactions per
second. In this way, relational databases are able to scale horizontally indefinitely and
distributed transactions are able to maintain strong consistency. In the TPC-C benchmark
test, OceanBase Database was ranked first with 707 million tpmC, which is leading
globally.
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Data storage with a high compression ratio offers customers the ability to leverage
database performance and data compression, which is not possible with centralized
databases, as well as lowering storage costs significantly. CSTC statistics indicate that

OceanBase Database has assisted Sinopec in integrating its 23 dispersed systems into
one and has reduced storage costs by approximately 87.5%.
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Streamlined data migration from heterogeneous databases: This technology protects the
company's intangible technical assets and minimizes the cost of scaling and modifying
the existing system. China Insurance Corporation (CIC) and China Mobile Shandong

have successfully migrated tens of millions of lines of code developed from Oracle
databases to OceanBase Database without modifying the applications.
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Migration Completed for China Mobile Shandong
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Stable Operation and Sustainable Development: Serving the Core Business
Systems of More Than 400 Enterprises Worldwide
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In this era of the digital economy, the OceanBase Database meets the requirements of
a number of industries for infrastructure during digital transformation. It can be deployed
and run on bare metal or in the cloud, and it can compensate for the shortcomings of
a centralized architecture. OceanBase Database has been widely applied in several
key industries, including finance, government affairs, telecommunications, energy,
transportation, and online services. All core business systems of Ant Group and
Mybank, as well as those of ICBC, Changshu Rural Commercial Bank, Hongta Bank,
China Merchants Securities, PICC, CIC, Sinopec, and Alibaba Group, are supported
by this system. In 2013, OceanBase Database was first deployed within Ant Group's
internal business systems. Currently, it supports all core links of Alipay as well as all core
business systems such as membership, transactions, payments, and accounting. During
the massive Double Eleven Shopping Festival, it was able to ensure the stable operation
of Alipay for nine consecutive years.
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2018 ZATEW+—HY OceanBase HIBA 2018 W+—H#J OceanBase HIBA
The OceanBase Team in the Double Eleven Shopping Festival 2018

BB REGERE R TR, HEMRAIEN. DaeRHA R
2F
Achieving remarkable results in cost reduction, efficiency improvement,

energy conservation, and emission reduction by breaking the stranglehold
of database technologies

RRERRERNGWSIREIZTIRIRT, ERAHWSHE.
TEaFHE=E. BERVINEERADEREEE .
Currently, OceanBase Databass provides stable business operations, improves business

efficiency, reduces storage space requirements, and lowers procurement and operation
and maintenance costs.
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OceanBase Database has been successfully
developed and commercialized, enabling it to
compete internationally in the field of database
management. For enterprises in various
industries, it provides a solid foundation for
transforming their systems into distributed
architectures.
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The First Fully In-house Developed and
Open-source Distributed Relational
Database in China
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In the Mulan Open Source community,
OceanBase has released three million
lines of core code. A technology roadmap
is being developed that will lead to a
Chinese company owning a database
ecosystem. The open-source community
has attracted approximately 33,900 users
and 129 core code contributors over the
past year. Over 4,500 stars have been
awarded to the project. More than 200
companies have deployed OceanBase
Community Edition, including Kuaishou,
Trip.com, KE Holdings, UnionPay,
Sunshine Insurance, China Telecom,
58.com, Qihoo 360, and JD.com.
OceanBase has trained more than
10,000 database professionals through
its open-source community and talent
incubation partnerships with more than 20
universities in China.
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Large-scale Knowledge Graph Representation Learning

- > 4 > 4
High Level of High Level of High Level of
Structural Complexity Multiple Heterogeneity Dynamic Openness

v 4 A 4

Complex Internal Complicate Internal Lack of External Rich
Relation Types Reasoning Paths Information Utilization

v A 4 v

Joint Learning
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Technical Challenges
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S :n l:elatlon Path Reasoning Representation:
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Open-source Systems THU-OpenSK
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The Framework of Systematized Basic Algorithms and Open-Source
Tools for the Representation Learning of Large-Scale Knowledge Graph
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Systematized Basic Algorithms and Open-Source Tools
for Representation Learning of Large Scale Knowledge Graph
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Tsinghua University

B
Tsinghua University
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Introduction

In the Internet era, large-scale knowledge
graphs and their computations serve
as a "soft" infrastructure for intelligent
information processing of massive
amounts of content. In academic
innovation and open-source sharing,
Tsinghua University contributed
world-leading and influential results
by proposing and constructing the
systematized basic algorithms of large-
scale knowledge graph representation
learning.
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World-leading systematized basic
algorithms for representation
learning of large scale knowledge

graph
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A new generation of artificial intelligence
is facing the challenge of large-scale
knowledge graph computing. To address
three key scientific problems in large-
scale knowledge graph representation
learning, this project develops
systematized fundamental algorithms
based on the deep learning paradigm.
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These problems include the complexity of internal relation types, the complexity of
internal reasoning paths, and the insufficient utilization of external rich information. There
have been numerous technological innovations, including : The transR algorithm based
on relation-specific semantic space projection, the PTransE algorithm for complex
relation path reasoning, the TADW algorithm for the fusion of entity-related text attributes,
the DKRL algorithm for the fusion of entity definition text description information, and
TKRL algorithm for the fusion of entity-related type hierarchy information. The ATT
algorithm integrates relational text description information, and the JointE algorithm,
employs a mutual attention mechanism in order to perform language modelling and
knowledge graph representation learning simultaneously.
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The Overall Importance of Knowledge Graph Representation Learning in
Artificial Intelligence Research and Application
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This project's eight representative papers have received extensive attention and citations
in the international academic community, with a total of 6,185 citations in Google Scholar
(the highest citation for a single paper reaches 2,611). Citations include Turing Award
winner Yoshua Bengio, National Academy of Engineering member Tom Mitchell, and
American Academy of Arts and Sciences member Tomaso Poggio, among others. It is
noteworthy that two of the papers ranked second and fifth in citations among the 3,934

papers published in IJCAI 2015-2020 and the 5,392 papers published in AAAI 2015-
2020, which are the top-tier international artificial intelligence conferences.
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Internationally Influential Open-source System for the Representation
Learning of Knowledge Graph
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WORLD LEADING INTERNET SCIENTIFIC AND TECHNOLOGICAL ACHIEVEMENTS
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The project was open sourced on
GitHub, one of the world's most influential
open-source platforms, forming THU-
OpenSK, a large-scale knowledge graph
representation learning system developed
by Tsinghua University. OpenKE,
OpenNE, and OpenNRE are three open-
source toolkits included in THU-OpenSK,
which has been rated 10,722 stars and
has been forked 3,180 times. Open-
source timing, stars, and forks of the
system surpass those of international
and Chinese research institutions and
enterprises. The influence of THU-OpenSK
on open source in the field of knowledge
graph representation learning is among
the leading positions in the world today,
becoming one of the mainstream
systematized tools for knowledge graph
representation learning worldwide. On
GitHub, Tsinghua University's THUNLP
project, with THU-OpenSK as its core
content, attracts huge amount of attention.
Besides THU-OpenSK, Openl is a
new open-source platform of artificial
intelligence, which supports the ecological
construction of open-source applications.
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Contributing Key Resources for the

Development of Knowledge Computing in
the Era of Atrtificial Intelligence
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In 2017, Thu-OpenSK was successfully applied to two of the famous large-scale general
knowledge graphs in the world, Freebase and Wikidata, establishing two knowledge
graph representation models based on 10 million entities and 100 million relational triples
each. In the era of artificial intelligence, these are two relatively earlier published large-
scale, open-source knowledge graph representation models in the world, contributing
key resources to the development of knowledge computing. It has been used by
researchers at hundreds of institutions both at home and abroad, resulting in a positive
social impact.Ten national invention patents have been obtained as a result of this
project. Tencent WeChat has successfully applied some of the techniques of this project,
resulting in an improved user experience, thus promoting the intelligent level of the digital
industry.
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International Joint Conference on Atrtificial Intelligence (IJCAI)
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Deep convolutional neural networks on multichannel time series for human activity recognition
JB Yang, MN Nguyen, PP San, XL Li, s Krishnaswamy 604 2015
of the 24th on Artificial

ietwOork representation learning with rich text informaton
C Yang, Z Liu, D Zhao, M Sun, EY Chang 558 2015
Proceedings of the 24th International Conference on Artificial Intelligence

AAAI Conference on Artificial Intelligence
AREAEE SRR F

Inception-v4, Inception-ResNet and the Impact of Residual Connections on Learning

C Szegedy, S loffe, V Vanhoucke, AA Alemi
Thirty-First AAAI Conference on Artificial Intelligence

4876 2017

Deep Reinforcement Learning with Double Q-Learning
H van Hasselt, A Guez, D Silver 2152 2016
Thirtieth AAAI Conference on Artificial Intelligence

Character-Aware Neural Language Models
Y Kim, Y Jernite, D Sontag, AM Rush 1278 2016
Thirtieth AAAI Conference on Artificial Intelligence

Recurrent Convolutional Neural Networks for Text Classification

§ Lai, L Xu, K Liu, J Zhao 1212 2015
kkkk AAAI C on Artificial

Learning Entity and Relation Embeddings for Knowledge Graph Completicn

¥ Lin, Z Liu, M Sun, Y Liu, X Zhu 1199 2015

I

KFERTF IJCAL. AAAIBY 2 BRRMICXBIEFRF RSN (50EkE: Google Scholar)
International Academic Impact of Two Representative

Papers Published in IJCAl and AAAI (Data Source: Google Scholar)

029 «

OpenKESERSMAXFFFEIRABMEL

OpenKE (2017)
BEAPAREBSHEIRE
E5 3136, 2% 9N

1
- ERFFRERE, Eff. SAR
SHMRERTEIAS |

00
0% . g]Paddle
Baiddmm G

Learning

PGL (2020)
- BE .
+ E#r1305, £7 239 .

DGL-KE (2020)

i 09 DGL-KE

BAGITERHETDH
Eftr 888, 8%l 154

Alibaba graph-learn
Graph-Learn (2020)

facebook % PyTorch BigGraph
BigGraph (2019)

RAHREEASI RS
E1#R 3065, 8%l 419

- REEE .
- E#51050, 5%l 218 .
Tencent

Plato (2020)

. B .
. B#R1770, 8% 31 .

GraphVite (2019)

Vite

E R %8 FBengioMSHILRE
E#5 1036, 8%l 137

“Ba”RRERM (EFF)

I - R
I I I I Carnegie
Mellon 3

Massachusetts OIS, - p
Institute of CAMBRIDGE

rkeley Google

umvmsm OF CALIFORNIA

facebook B Microsoft

“SZI"KRERMN (EM)

Baime 2 CJ

=
noawer MES

Alibaba

MEEEs
< jvivo

@ s
PEES

Tencent PING AN

THU-OpenSK & OpenKE BIFFRES M

(#UERIE: GitHub)

Comparison of OpenKE with
Similar Open-source Tools

| =% OpenKE (2017) .
'm: « Tsinghua NLP Group

+ 3136 stars, 911 forks

Earliest, most starred and most
forked open-source tool of KG
representation learning worldwide

+ 1,305 stars, 239 forks

00
OAQ o) Paddle aws o _
Bai®ER  [Fom 0, DGL-KE
PGL (2020) DGL-KE (2020)
+ Baidu Inc + Amazon, the largest cloud

computing provider
888 stars, 154 forks

Alibaba  graph-learn
Graph-Learn (2020)
* Alibaba R
« 1,050 stars, 218 forks

.

fucebook % PyTorch BigGraph
BigGraph (2019)

The Largest Social Media
Company Facebook
3,065 stars, 419 forks

Tencent

Plato (2020)
« Tencent M
1,770 stars, 311 forks

GraphVite (2019)

Vite

Lab leaded by Turing Award
Laureate Bengio
1,036 stars, 137 forks

Representative “Fork”
Organizations (International)

UNIVERSITY OF
CAMBRIDGE

y Google

facebook §%

Institute of
Technology

umvzusnv oF cmrumu

® Microsoft

Representative “Fork”
Organizations (China)

Baitnms W C

HUAWEI WES

Alibaba
< jvivo
@. s -

DPEFEZ
Tencent PING AN

Open-source Influence of OpenKE in THU-OpenSK

(Data Source: GitHub)

1l ©
GPT-3

™ 134180

izl

*63014 * 105

TAY 147 adobe

o 154.baidu

#6270

AlphaGo. F&1

#6291

= @ 150k
o
GPT-3  Rescarch Institution

& 142, thunlp

= & 100k

w143, wix

w213 * 345
- A memmﬁuuaq

@ 144 reain
@ 145 svagerapi

@ 146 gty

#6226

AN X 255

# 60410

Stanford INLp FEREASNLPSCIZE

T 147.adobe

e 154 baidu

THUNLP BFFREN S (#iEsk

& :Gitstar )

*62770

* 6291

AlphaGo Research Institution

wean pey K3k
1 Rescarch Institution Found by
ozs Microsoft Co-founder Allen

*62265

N W25k

Stanford INLP ~ Stanford NLP Group

*60410

L]
Open-source Influence of THUNLP(Data Source: Gitstar)

R E B RS RHE AR

WORLD LEADING INTERNET SCIENTIFIC AND TECHNOLOGICAL ACHIEVEMENTS



» 030

FREIREETEAMINSEA

Innovations and Applications of China Telecom Backbone

All-Optical Network

FEBEERERAE
China Telecom Co.,Ltd.

JEKBERE RGO BRAT
FiberHome Telecommunication Technologies Co.,Ltd.

PXBRROBIRAE
ZTE Co.,Ltd.

ERRAEIRRE)

Huawei Technologies Co., Ltd.

5

onf

hEBEEFTEXNEHFXRB—_TRERY, REMEET
ROADM HI£ Y3 MEFET OTN N SREFAEME, NEE
&=, W, REMNERBSRAE, NEEFAEMBERMNNTEIRE,
BETEENEANSRERE.

Introduction

It is China Telecom's first all-optical backbone network (AON) that is innovatively
designed to integrate interprovincial and intraprovincial backbone networks via a single
architectural approach. With ROADM (Reconfigurable Optical Add-Drop Multiplexer)
technology and high-quality OTN (Optical Transport Network) bearer networks, this is the
world's first deployed all-optical switching network. As a result of its all-optical backbone
network, China Telecom offers a wide network coverage, a large bandwidth, high quality,
and low latency, which greatly enhances the bandwidth and quality of the basic Internet,
as well as facilitating the development of high quality Internet applications.
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The four major technological innovations have been applied to achieve the
large-scale backbone all-optical switching and transmission network
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During the development of China
Telecom's backbone all-optical network,
a number of technological innovations
have been achieved as a result of the
difficulties with network architecture, ultra-
long transmission, wavelength switching,
as well as intelligent operation and
maintenance.

A nationwide integrating inter-provincial
and intra-provincial flat AON is built first
by proposing an innovative architecture
for the integration of inter-provincial and
intra-provincial backbones. By eliminating
bottlenecks in key technologies and
optimizing the core parameters of all-
optical transmission system design
such as transmission medium, code
pattern, and spectrum, the all-optical
transmission system has achieved
world-leading performance indicators.
By developing high-integrity and high-
performance all-optical switching
equipment at wavelength-level, China
Telecom is leading the introduction
of the latest optical/electrical layer
switching technology to Chinese network
deployment. As well as providing
equipment with granularity-granularity
cross-connection capabilities, OTN
equipment supports large bandwidth
granularity cross-connection.

Moreover, China Telecom has introduced
an innovative deterministic fast dynamic
service recovery technology that
combines distributed and centralized
circuit algorithms. It has also been
proposed to implement some intelligent

maintenance and operation technologies,
such as the automatic identification and
verification of wavelength routing at the
physical layer and the automatic discovery
of optical fiber connections. The world's
largest backbone all-optical switching
and transmission network was established
as a result of a series of technological
innovations. The deployment of an all-
optical switching network based on
ROADM technology will provide wide
coverage, large bandwidth, and fast
recovery. To provide end-to-end service
bearing and high reliability to government
and enterprise OTN networks based on
photoelectric collaborative scheduling.

FEBEFELAXESTF ROADM K
China Telecom’s Backbone
ROADM Network in Five Regions
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To provide high reliability, low latency
and large bandwidth connections
for the public and government and
enterprise customers
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Through its all-optical backbone network, China Telecom has established an end-to-end
dedicated data transmission channel with high reliability, low latency, and guaranteed
bandwidth that is essential to the development of high-quality computing networks across
enterprises and the cloud. As a result of the strong cooperation of each service link and
the deep convergence of industrial and digital development modes, it has provided
comprehensive services for the vertical industry and accelerated the development of the
head service capability in the information industry.

To date, the all-optical network (AON) has provided tens of thousands of high-quality
connections for government affairs, the Internet, energy, manufacturing, medical
treatment, education, finance, agriculture, and many other sectors. A high-speed
and stable communication infrastructure has been provided to Internet users by the
construction of an all-optical ROADM network, which has greatly improved the operation
quality of ChinaNet, a public Internet backbone network. Online education, webcasts,
and other applications based on video have also become popular in China.
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Statistics Figure of China Telecom’s Internet Network Operation Quality
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Achieve double abundant harvest for economic and social benefits
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Since the launch of China Telecom's all-optical backbone network, the company has
achieved significant economic and social benefits. It has been estimated that the
revenue from private line products based on the backbone all-optical network has
reached approximately 1.97 billion yuan. As a result, AON can reduce a significant
amount of network construction costs, which is expected to result in savings of up to 800
million yuan. The low latency, high stability and low latency of the backbone all-optical
network creates an appreciable indirect economic value for financial customers and
OTT users. As a result of China Telecom's all-optical network, the national economy has
achieved significant social benefits, such as the promotion of the digital transformation of
the national economy and the facilitation of the rapid development of Internet applications
and services.
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All-optical Networks Offer Many Benefits to Government and
Enterprise, Including Wide Coverage,High Quality, Low Latency, High Bandwidth,
Service On-Demand, and Rapid Response.
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5G Time Critical Communication Enabled Remote Controlling
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Introduction

Enhanced Mobile Broadband (eMBB) services, such as video streaming, that require high-speed data transmission, can be accessed
using a 5G time-critical communication-enabled remote control. Furthermore, it provides a smooth user experience in real fluctuating
wireless environments by enabling new 5G applications such as XR, remote driving, and remote control.
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Cross-layer optimization to overcome
wireless environment fluctuations,
no delays for videos and smooth
video anytime, anywhere
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Modern 5G systems are primarily
designed for eMBB and maximize data
rates without any guarantee of latency.
Real 5G networks experience a great deal
of fluctuation in radio conditions and base
station loading. Emerging applications,
such as XR, real-time video conferencing,
and teleoperation of vehicles, may require
higher data rates than the existing network
can support, resulting in queue delays
at base stations and streaming stalls.
In this case, latency spikes may occur,
and video streams may be interrupted.
Consequently, Ericsson has developed a
time-critical communication (TCC) toolbox,
of which L4S is an important component.
In the International Organization for
Standardization (IETF) and 3GPP,

035«

Ericsson and China Mobile are leading the standardization process for Low Latency,
Low Loss — Scalable Throughput (L4S) technology. Tencent Cloud has developed, jointly
with Ericsson Cloud, the world's first 5G TCC-enabled remote control system, pioneering
the introduction of the L4S mechanism into a 5G network. Using cross-layer optimization
between wireless networks and applications, when remote driving vehicles operate in a
wide-area and variable 5G radio environment, the operator is able to view real-time video
in a smooth manner, ensuring the safety of the driver. As a result, remote driving is no
longer frozen suddenly in the existing 5G network, risks are reduced, and remote driving
is effectively promoted from concept to production. Another direction for the evolution to
6G is cross-layer optimization.
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Compatible with international mainstream protocols, supported by many
international manufacturers
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Stuttering XR experience leading
to motion sickness.
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L4S is now supported by all mainstream network protocols, including RTP/RTCP, TCP
Prague, DCTCP, and QUIC. A part of L4S's open-source code is implemented on the
world-famous open-source website GitHub, using the Multimedia Self Clocked Rate
Adaption for Multimedia (SCReAM) algorithm, which is suitable for mainstream RTP/
RTCP protocols. The L4S technology has been supported by a number of international
manufacturers. At the global level, Deutsche Telekom has demonstrated the benefits of
L4S through white papers and cloud games; Nvidia has demonstrated the benefits of
XR at its GPU Technology Conference 2022; and Apple has demonstrated the benefits

Managed Latency with L4S
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Smooth streamed XR experience.
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Nvidia Shows L4S Technology Latency Improvements for XR Video Streams

of L4S at its 2022 Global Developers
Conference. In China, in the unmanned
transportation project of an open-pit
mine in Sany Mine in Inner Mongolia,
the 5G real-time remote assisted driving
function was put into commercial use;
other projects have been implemented,
including a remote control for the grabber
and a remote parking system for a
passenger vehicle.
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Potential to leverage the trillion-
dollar market
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The use of 5G time-critical communication
is expected to be widespread in a
wide range of vertical fields, including
augmented reality, remote control,
industrial control, and mobile automation.
According to Market Research Future
(MRFR), a market research firm, industrial
control systems will grow at a compound
annual rate of 10% by 2030 and reach
a market size of $180 billion. Citibank
forecasts that there will be 900-100 million
XR end users worldwide by 2030, with a
market value of between $1 trillion and $2
trillion. These markets will be impacted by
5G time-critical communications and the
remote control they enable. As a result of
the 5G TCC enabled remote controlling,
these applications will be able to maintain
a good user experience at any time within
the real 5G network, thereby speeding up
the marketing process.
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Open Data Processing Service (ODPS):
A Hyper-scale Big Data Computing Platform Designed

for Multiple Scenarios
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Introduction

Alibaba Cloud offers an integrated big data computing
platform and data warehouse product called ODPS, providing
multifunctional, cost-effective, high-performance, stable,
secure, open, and easy-to-use solutions for enterprise digital
transformation, the company provides a full range of services.
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It is an internationally leading technology completely
independently developed
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As an integrated big data computing platform and data
warehouse product developed by Alibaba Cloud, ODPS provides
key technology innovations such as the multi-model unified
computing engine, hyper-scale unified resource scheduling
engine (Fuxi), and multi-tenant security isolation technology.

From the aspect of storage technology, ODPS has built-in Pangu
and OTS engines, which solve the bottlenecks of metadata
hotspots, allowing it to scale to more than 10,000 physical servers
and 30,000 nodes in a single cluster.
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ODPS utilizes a SQL engine that is compatible with the Hive
ecosystem, and is capable of addressing all data warehouse
business scenarios in an end-to-end fashion through the use of
one syntax. By utilizing a multi-role optimizer and dynamic code
generation technology, ODPS is able to achieve over three times
the performance of open-source Spark. ODPS has been ranked

No. 1 worldwide in terms of performance and cost-effectiveness
in the TPCx-BB benchmark test for the past five years.
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The Open Data Processing Service (ODPS) offers various
capabilities, including cross-platform unified metadata
processing, automatic connection to external data sources,
and automatic creation of metadata repositories. ODPS has
also adopted the data lakehouse architecture, which sets a new
standard for the integration of lake and warehouse data, as well
as the integration of multiple Hadoop big data systems into high-
value data warehouses.
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ODPS has the ability to manage multiple clusters across multiple
domains. With a unified set of accounts, permissions, metadata,
and management and control capabilities, ODPS allows users
to enable projects on clusters in any region, collect data locally,
store or back up data across clusters, and perform computing

across clusters, eliminating single-point failures in the central
cluster.
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Widely used in many industries in the international
market
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In China, Southeast Asia, and Europe, ODPS has been widely
utilized in various industries including life services, Internet
finance, transportation, mutual entertainment, e-commerce,
games, media, and social networking. Furthermore, the ODPS
plays a vital and irreplaceable role in the fields of industrial
engineering, digital government, and urban planning.

ODPS —{& L KEURITE T &M

Achievements of ODPS integrated big data computing
platform
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In Hangzhou, China, the Hangzhou City Brain, which uses
ODPS as its core, steers 1,300 intersections with traffic lights
and more than 200 traffic police in real time. From 2016 to
2018, Hangzhou dropped 52 places from the list of the most
congested cities in China as a result of the Hangzhou City Brain.
To make government affairs data accessible, Zhejiang has
used the MaxCompute big data processing platform. A unified
data warehouse based on the same standards imports more
than 7 billion pieces of data on 100 affairs that are most closely
related to civilian affairs. Thus, civil servants will need to visit
the Governmental Affairs Center at most once or even handle
government affairs online
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Open Data Platform and service:
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A total of 159 patent applications have been filed for the ODPS
integrated big data computing platform, many related papers
have been published in top international conferences, and 22
software copyrights have been obtained. Furthermore, ODPS
has successfully passed a number of big data product capability

evaluations conducted by the China Academy of Information and
Communication Technology (CAICT).

/ORLD LEADING INTERNET SCIENTIFIC AND TECHI GIC CHIEVEMENTS



» 040

SEiRCiEFE

Luoxi Edge-cloud Collaboration Platfol
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The Computing Architecture of Device-Cloud Collaborative

Graph Neural Network Learning over Distributed
Environments as well as Its Applications
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Introduction

The team conducts a systematic research for device-cloud
collaborative learning over large scale of graph data (which
in general consists of billions of nodes and millions of edges).
Specifically, the team is the first to set up the collaborative
learning mechanism for cloud and edge modeling with a thorough
technology of the architectures that enable such mechanism. The
research can boost the co-evolution of learning models between
cloud and edge, providing efficient utilization of computing
resource over edge and cloud.

ARREREAZHEEDEITEES

The device-cloud collaborative computing platform of
graph neural network over large scale data
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The research has overcome the bottlenecks of dynamical
learning of graph neural network over large scale of data, device-
cloud collaborative learning through heterogeneous system,
and lightweight deep learning framework of inference on-device,
and proposed efficient algorithms for subgraph segmentation,
subgraph storage and node sampling, devised large-scale
graph neural network learning, inference via co-design of
software and hardware, supported the implementation of device-
cloud collaborative learning. The research is the first systematic
implementation of edge-cloud collaborative Al.
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The research has built an universal infrastructure which consists
of following components:1)large scale of graph neural network
(AliGraph): Aligraph consists of distributed graph storage,
optimized sampling operators and runtime to efficiently support
not only existing popular GNNs but also a series of in-house
developed ones for different scenarios; 2) lightweight deep
learning framework of inference on-device (Walle): Walle is
a highly efficient and lightweight deep learning framework to

supports inference on-device. The core desire behind MNN is to
boost the performance of diverse ML tasks on the heterogeneous
hardware backends of mobile devices and cloud servers; 3)
device-cloud collaboration architecture (luoxi): luoxi consists of a
deployment platform, distributing ML tasks to billion-scale mobile
devices in time; a compute container, providing a cross-platform
and high-performance execution environment, while facilitating
daily task iteration; and a data pipeline, supporting more natural
and reasonable data flow throughout mobile devices and the
cloud.
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The research has been awarded with 2021 Science and
Technology Progress Award of Chinese Institute of Electronics (1st
Prize) and the Super Atrtificial Intelligence Leader (SAIL) Award at
the World Atrtificial Intelligence Conference 2020.
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The empowered scenarios over device-cloud collaborative
computing

mEE- AR =WIEN . HETEENE
FEF. TIAEFMEERAISMEERSELXTE,
The device-cloud collaborative computing platform empowers

many of scenarios such as digital economy, industry and Judicial
Judgment.

BINERRHEHEMNEZITERS, BSH

RREFWEMG, BFIFBBITIZR, U=RS
MinE AT H NENHFEFNEENTR; E
IR SNEERERS FRBM) (NERESEE
B) KRB (WER IR AL ) AR s/l (40
ArEK) B, EErwehE FRREST
MYRAREEEF BN TEERE; B ART
EEEARERIEHERENESLORATE, B
=RE. NEMTHFASMER, 2826 M
RERFRES, HESHEIXE 90% UL, tbE
GEHITAT 50% LA IR, FSTH “BDiRENTD.
BIERRPH)” BREHAIRA L ERM TRAZIE,
GNN over Aliyun serves more than 100 enterprises and
institutions, and is applied more than 100 billion times a day
on average, promoting the intelligent upgrading of the digital
economy through the combination of cloud services and device
intelligence; The lightweight on-device inference serves the
transportation departments (such as the highway administration),
large enterprises (steel and coal enterprises), small and medium-
sized enterprises and merchants, and achieves intelligent forward
movement in production safety monitoring, product quality
analysis, logistics and human flow management; The project
provides core technical support, such as graphic neural network,
for the Zhejiang Provincial High People's Court, covering 45 civil,
criminal and administrative causes, and provides services in 26
pilot courts across the province. The rate of sentencing in court
has reached more than 90%, saving more than 50% of the time
compared with traditional trials, which provides technical support
for the implementation of the transformation of the intelligent
judgment mode of "instant action and instant trial".

MR Z AR B bhE R FA MR E R A $iel

Enabled technologies over the devicecloud co-
llaborative computing

BT BT Rin R i AE AR iR = i B 2S
FIERMIRIGE, FRART HEERINEERE, @
IR R A E N BB — AW, MABTFES.
ReE. THARK. BERMMOTIVEREBERRES
AWERA, MREERINDEZE. #ETFSE. ARIREMMEE XFX
OIER, XF3LEERAFERE 1500 22X (&B
223512iR ) in{UIEER LR ELAFR, URAFRE
BEXZFMEEDZZEUS KN, =ZFHIEHEW
A 68.57 27T, Fi&FE 21.11 27T,

The research has built the first industrial end-to-end general-
purpose device-cloud collaborative computing machine learning
infrastructure, establishing the computing framework and
algorithm code open-source, leading the technology field of
enabling device-cloud collaborative applications, being applied
to more than 100 enterprises and institutions in the fields of
government affairs, public security, finance and insurance,
the Internet and industry, and enabling core scenarios such
as vision, recommendation, touch and voice. It supports more
than 300 million active users' real-time online demand for end-
to-end inference 150 billion times a day (up to 223.5 billion
times), and reshapes business models such as online economy
and intelligent justice by technical means. The sales revenue
increased by 6.857 billion yuan and the profit increased by 2.111
billion yuan in three years.

REES  uR. R EW. S5, BRI R SIRESSE
TRaE HIRB RS

BERE IERRIRE 'liﬁﬂ}i BEMIRETR | SHAMREE  RE—HRE

TMEMRARMEEEEE)IE
Project Research Results Empower Intelligent Justice
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Integrating science and education to cultivate artificial
intelligence innovative talents

MEFREFamN “H—HCATEREHIEIHTT
BFEE --- 88" NEMNB?, BE@ZRAMEAI
FRBHFERESHK, BHEHAZTHE. Ul HEF0e)
MEENANEE, 257 "€hEE. AREKSG. ¢
W£5" fA+X HMEL, BEIFTENEL AL R
BATEREMR,

The open source platform of the project has become a part of
"a new generation of Al science and education innovation open
platform — wise ocean". Through the construction of a large-
scale Al open science and education platform and ecological
community, it has promoted the effective connection of the talent
chain, industrial chain and innovation chain, and participated
in the Al+X micro specialty of "China's five initiatives, six school
alliances, and enterprise participation”, Teaching Al knowledge to
non-computer professionals.
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https://www.aiplusx.com.cn/ http://momodel.cn
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Wise Ocean: New Generation Al Science and Education Platform
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Al+X Major of Five Initiatives from Alliances of Six Universities with Participation of Enterprises

Teaching Industrial
Scenarios Demands

Courses in curricula of AI+X micro-program

AI Programming and Computing Framework

The architecture of Wise Ocean
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Introduction

LS3A5000 is the first general-purpose processor chip supporting a self-
developed instruction set architecture named LoongArch™. All source codes of its
key IPs are written independently, including built-in security engine modules. The main
frequency of the 64-bit quad-core chip is 2.5GHz, and its performance is comparable
to other mainstream CPU products. The LS3A5000 has an autonomous architecture,
superior performance, ecological compatibility, and security integration features.
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Loongson Base
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KSEEECRSR

LoongArch™

7 3A5000 RE KA LoongArch ™ES RAMRIRRCH

The LS3A5000 is the first processor from China to support LoongArchTM, a
self-developed instruction set architecture

& 3A5000 R E M KEFRS SFES N MEIBALIESE, 2
AKX R TIES &S LoongArch™ FI BT H, KX THEBRE
CPU I+ A BRI AR
The LS3A5000 is a general-purpose processor chip designed for desktop and server
applications. This is the first processor chip that supports a self-developed instruction

set architecture known as LoongArchTM, which marks another milestone for China's self-
developed processors.

reinmiizl

LOONGSON TECHNOLOGY

LoongArch™ & F & &
Z+EFEMNCPU MBI FIERTER
ME, NINEZRG, EIESNeEE
I ABIRES, 238 FRit.
LoongArch™ IR TILIES R
FEHNRTRR, EITHEES.
LoongArch™ D EEERFES
HIFEK, RS X86. ARM EER
FRIESEGNEZIRSE, H
RIS AE Z HHBIR |+
REMEARIRAGF, LHEES
FERMARS.

Loongson team has accumulated
experience in CPU development and
ecological construction over 20 years
by developing LoongArchTM. It is
designed independently , from the
micro-architecture to the instruction set
and application binary interface. Aside
from demonstrating highly efficient
execution, LoongArchTM incorporates
major functions of other instruction
systems, such as x86 and ARM, for
ecological compatibility. Based on
LoongArchTM, application compatibility
across mainstream instruction systems
has been achieved through the technical
accumulation and innovation of the
Loongson binary translation team over
the past ten years.

LoongArch™ 2 18 &l [ R FF
B ERTIZINTT 528, ERA
5 X86/ARM HFINTHEFIRES
A%, EMGNU HERIBE ELF
Machine i85 (258 5 ) , H3K{E
Linux. Binutils. GDB. .NET.
GCC. LLVM. Go. Chromium/
V8. Mozilla/SpiderMonkey .
Javascript. FFmpeg. libyuv.
libvpx. OpenH264. SRS % &= M
SEEPAHEX . UEF! (UEFI FE.
ACPI#ISE ) LIR R E R HFIFET
X. BXfiZ Open Euler FFiE#t XY
XFo

Among international open source software communities, LongArchTM is widely accepted
and supported and is becoming a top-level open source instruction set ecosystem
alongside X86/ARM. The GNU organization has approved a unique ELF Machine
number (258), and has been recognized by many software communities, including Linux,
Binutils, GDB, .NET, GCC, LLVM, Go, Chromium/V8, Mozilla/SpiderMonkey, Javascript,
FFmpeg, libyuv, libvpx, OpenH264, and SRS. The UEFI Forum (UEFI specification, ACPI
specification) as well as the OpenAnolis and OpenEuler open source communities have
also supported it.

J2ith 3A5000 tEEMLSR, AFTZ

The LS3A5000 offers excellent performance and is popular with a wide
range of users

RIERES=FNHTNAIKER, &t 3A5000 £ GCC fiF
WETFIE{T SPEC CPU2006 HER. iF= 2% Base DEIFIXE 26
SLAE, MZSEIRE 80 HLAL,

LS3A5000 scores more than 26 points per core and over 80 points for four cores,

respectively, in SPEC CPU2006 base benchmarks, using both SPECint and SPECfp in a
GCC compiler environment.

i 3A5000 KM T BHEMLEMRRERMS .. &iE 3A5000 H
B1E CPU . AEEHZEREX PHY, S& 10 EHOEHIBREX
PHY. 883, FRZROSFRESERNMEERIBERIT. &
i 3A5000 TEALIEERZ AWK T BIINEIRGLE “84R ( Spectre ) ” 5 “k&
#r (Meltdown ) ” B9, HELERZATFRIERFAZEDIF
Fifie)EHIH
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T EERENBRS R R, BEEHN. ZicA . — K il. /A,
TlhEn, 22RES, CEBFES. 2Rl. BE. 5. XEER
A EN 2 R
LS3A5000 integrates autonomy and security deeply. LS3A5000 contains a number of
self-designed modules, including a CPU core, a memory controller, a high-speed 10
interface controller, a PLL, a multiport register file, etc. A mechanism for preventing
"Spectre" and "Meltdown" attacks, as well as access control policies, such as kernel
stack protection for operating systems, are implemented in the processor core. Over
the past several years, hundreds of overall hardware solutions have been developed
based on LS3A5000 by domestic well-known machine manufacturers and industrial
terminal developers, including desktop computers, laptops, all-in-one computers,
financial machines, industrial terminals, security equipment, network equipment,
industrial control modules, etc. It is currently widely used in the fields of e-government,
finance, communication, education, and transportation in the information technology
industry.

7 3A5000 RZFAT3Z, HE LoongArch ™MBYAEREIGEENS
TR

The LS3A5000 processor has been widely used, and China's LoongArchTM
ecosystem has shown some promising results

Jei 3A5000 E£51 2.5GHz, BE 4 1 LA464 {hIBEsiz, tEEEE
IEHIBEREE CPUKYE, EEZEANE. XLEEITH. 3D 512m
R, 4K BERE. URESRIVSHRELEESTE, LT 3A5000 B
BRERMNE. BEl, LoongArch™ £X2E—EEMHEESEK
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W T HEIRZTF Wintel (Windows+Intel) 1 AA KRR RIS BRI AR
B ERS,
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i 3A5000 EigA
LS3A5000 Laptop

i 3A5000 —1RHL
LS3A5000 All-in-one Computer

it 3A5000 [z A3 F-E8 F IS5 sy
LS3A5000 Has Been Used in the E-government

With four LA464 processor cores and a
frequency of up to 2.5GHz, the LS3A5000
is the first processor chip to support
LoongArchTM. Its performance is
comparable to that of other mainstream
products in the CPU market, and its user
experience is greatly improved in most
daily tasks, such as the processing of
complex documents, the opening of web
browsers, the acceleration of 3D engines,
the decoding of 4K HD, and various
business transactions. The LoongArchTM
ecosystem has evolved rapidly over the
past few years. In addition to providing
a secure and autonomous base for the
construction of China's critical information
infrastructure, the ultimate goal is also
to actively promote the development
of information technology systems and
industrial ecosystems independent
of Wintel (Windows+Intel) and AA
(Arm+Android).
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Microsoft Azure Digital Twins Platform
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MR Azure HFZELERSE—NEFHMEKNELSRIRS (PaaS) ™m, EFiZr-mo tIZB Tk
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Introduction

Azure Digital Twins is a platform as a service (PaaS) offering that enables the creation of twin graphs based on digital models of entire
environments. It creates a digital representation of real-world things, places, business processes, and people. These digital twin models
can be used to gain visualization and insights that drive better products, optimized operations, reduced costs, and breakthrough
customer experiences.

Azure HFFELEMERFEENRAFRFL

Built to simplify and accelerate the creation of 10T connected solutions

Azure HFZEEFEERBUIMER T loT AN FELR
ARPENEE, REE2ENTEE, BWITUBRFRESLNETFIE
EMABR, EYFTFERER. REATHRERFEaRSEESFHEX
MelFh, mORSENRIE:

The Azure Digital Twins is a new generation digital twin platform. It was built to simplify
and accelerate the creation of 10T connected solutions. With a comprehensive set
of capabilities, companies can develop customized, connected solutions with ease.
And with the ability to layer your vertical domain specialization—such as 3D or 4D
visualizations, physics-based simulation, and Al—on top of Azure Digital Twins, it' s
easier than ever to focus on driving results for your customers. This also includes new
developer experiences with broad language support for SDKs, Digital Twins Definition
Language (DTDL) modeling and validation tools, and the Azure Digital Twins explorer
sample which helps visualize the graph representing your environment. Other capabilities
at the core of the Azure Digital Twins platform allow you to:

RN RN E O P EHIERENT RS EEES, =
THRBIES (DTDL) »

R A Azure 8 F AR DTDL A7, o] LIEIR 82 A M
SHRBNHFEERE, FIFEERETEHERETWAIRERNTTE X
DTDL &2, Mm#EEETFTIERIT AR ETRE X FEERER
PEREE F A RR TS =AY R AL o

Use an open modeling language, DTDL, to easily create custom models of intelligent
environments. In addition, premade models and converter tools for vertical standards
help accelerate development when getting started with use cases across industries.

RMTYT REZEMNKIRTRE.

Azure HFZFEMNHATARERETRNEHRE. UFFEESHS
ERZIBEEXFM SDK. FRZIITIHE, ZRTLUMEHNERILSE
tg, BERWAHFIEEWSWAIRERRINLABNEITNG, BITE
BEMFEHMXRMESE, CWoTUEHFEERIGREEX L
TIRERHUE, B R RS AR

Bring digital twins to life with a live execution environment that is scalable and secure
and uses data from loT and other sources. Using a robust event system, you can build
dynamic business logic that helps keep business apps fresh and always up to date. You
can also extract insights in the context of the modeled world by querying data on a wide
range of conditions and relationships.

BB
BRI TER
10T Hub (e.g. Logic Apps)
1
FeN 1l ® (&)
BFFEEY
wE BRI
T{FFSAL
(e.g. Logic Apps)
{',}] [ ( ) AYRE
N
e N
&id REST API . .
AT S i
Rest G
s .8
mA # M

047 «

RMUBROBIENRSES

Azure M F =4 gL 5
Azure =FENS RS LML
ENESEN. B Azure loT
LT BN TG SR B YD EXRIR B Y
HIREN Azure IF A EIER
sciReh, FIA Azure Logic Apps
g ERP 1 CRM ZFILE
SERGIEES Azure RIS,
el S imiEmiT, 45 Azure
HFTEEMERS, TEHIESE
T HNEIES . ATEEEM
3D L ARSS, M iTSEELim S i
M FTEENARRASER,

Break down silos using input from loT and
business systems by easily connecting
assets such as loT and Azure loT Edge
devices via Azure loT Hub, as well as
existing business systems such as
ERP and CRM to Azure Digital Twins
to extract relevant insights across the
entire environment. Output to storage
and analytics by integrating Azure Digital
Twins with other Azure services. This
includes the ability to send data to Azure
Data Lake for long-term storage or to data
analytics services such as Azure Synapse
Analytics to apply machine learning.
Another important use case is time series
data integration and historian analytics
with Azure Time Series Insights.

= EATIA, Azure HlFIE S
RS 22— iREIRAIE =IE
NP
Mo

To sum up, Azure Digital Twins Service
is a new generation of end-to-end digital
twin platform.

Azure HFZFEERIEIFIIRE
Azure Digital Twins Module

R E B RS RHE AR

WORLD LEADING INTERNET SCIENTIFIC AND TECHNOLOGICAL ACHIEVEMENTS



» 048 ;
| —

Azure HFFEEIMERFEEMRRSGEEN

Azure Digital Twins accelerates the implementation of digital twins solution

BF Azure ¥FFEFaNeENEE, BIIESEBSITILA
BAHRRAE EF WM FEERRAL R, HIUNVAEHSEE.
With the comprehensive capabilities of Azure Digital Twins, enterprises can take

advantage of your domain expertise on top of Azure Digital Twins to build customized
digital twin solutions, typical scenarios including:

SSIERMRR BT EERE, HUTT BARSMAREN
SRTHUR M T R A SR RIS RS o

Model any environment, and bring digital twins to life in a scalable and secure
manner.

EERMEBERMRENNE VS RAFNEIER, ERBRKNESHR
FRENB WS EEHIELE,

Connect assets such as |oT devices and existing business systems, using a robust event
system to build dynamic business logic and data processing

Repi@EM =4, FEHE E T ERWSEEFFELHE,
FEHEA Azure #3E A Al RS S, EF IR XA TNARRK

Build connected 3D visualizations of your environment that display business logic and
twin data in context - Query historized environment data and integrate with other Azure
data, analytics, and Al services to better track the past and predict the future

1t FRE B 47 ST R Bl R

Azure BFIEEMMESLIN

Azure Digital Twins simplify and
accelerate the development of
digital twin solutions
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Track the past and help predict the future of any connected environment: Easily model
and create digital representations of connected environments with an open modeling
language. Model buildings, factories, farms, energy networks, railways, stadiums—
even entire cities. Bring these digital twins to life with a live execution environment
that historizes twin changes over time. Unlock actionable insights into the behavior of
modeled environments via powerful query APIs, and integrates with Azure data analytics.
Break down silos within connected environments: Model any physical environment that's
important to enterprise's business. Then connect inputs from 0T devices that are using
Azure loT Hub or from any business system to establish a single live integration layer that
delivers insights from across the entire environment.
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The World's First Modem-RF System with
Integrated 5G Al Processor

SBLEBERA (FE) BRASE

Qualcomm Wireless Communication Technologies (China) Co.,Ltd.
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Introduction

Qualcomm launched the Snapdragon X70, the world's first modem-RF system with an
integrated 5G Al processor, in February 2022. The Snapdragon X70 leverages the power
of artificial intelligence to enable breakthrough 5G performance with the 5G speeds of up
to 10 Gbps, ultra-low latency, and superior coverage and power efficiency, pushing the
boundaries of 5G connectivity to a new level.

Bl X70 FIFLIKE 1 5G Al 201228, SCISERIERY 5G 1£5E

Snapdragon X70 harnesses the world's first 5G Al processor for
breakthrough of 5G performance

B X70 5| N\® & 5G Al Ef4, L1 Sub-6GHz F1Z KKK 5G
I, HWMSGEHMEERE: Al BIEERTERIRMEMKL. 2BED Al
FIEREKREE., Al HEIMEIRE. Al BEBEEN KL
With its Qualcomm 5G Al Suite, the Snapdragon X70 is designed for 5G link optimizations
at Sub-6 GHz and mmWave frequencies, including Al-based channel-state feedback and

dynamic optimization, the world's first Al-based beam management, Al-based network
selection, and Al-based adaptive antenna tuning.

Bl X70 2L EKMEE—3F M 600MHz £ 41GHz 288 5G & AR
EMIASI A RIIRS, AR BRITHESKZERHERNEL
IR ERAREY; XFURSLEMNUEREIEE, 8EFEEKENE
TDD #1 FDD $gA M THEIRE S, URZENXKIKEM Sub-6GHz B&;
XEFHEN ETERMEEIRIEE, SEE TDD # FDD AR Ei7s
ERGURETFHRERESN LTRFDR,; FEHBMNEER, 5INE=
K =18 5G PowerSave, &5 4 WKET T ZFLHMBEFIREIER
A, EEMAFRHRNESFHPNSMURFFIRBIBE. It
Fh, IR X70 RXFFEKEIMZAN . EIEEEEXMZN 56 £ SIM
TR EENRE .

Qualcomm's Snapdragon X70 is the only commercial 5G modem-RF system that

supports all 5G bands, from 600 MHz to 41 GHz, allowing OEMs to design devices that
support the needs of global operators. Snapdragon X70 supports the industry’s most

Qualcomn =&

comprehensive spectrum aggregation
capabilities including the world’s first 4X
downlink carrier aggregation across TDD
and FDD, mmWave-Sub-6 aggregation.
Through carrier aggregation and switched
uplink support across TDD and FDD, it
provides unsurpassed uplink performance
and flexibility.

ERAFRRGRE, BT
X70 ERHBE=1H, BEHX
518 Smart Transmit 3.0 #i4s
H, BWi-FifllETEREERE
RFIRE, #H—SRFHIIERE
Furthermore, it has superior power
efficiency thanks to Qualcomm's 5G
PowerSave 3.0 technology, which includes
advanced modem-RF technology and a
4nm baseband process that dynamically
optimizes transmit and receive paths
across a wide range of user scenarios
and signal conditions to maximize power
efficiency.

B X70 E R 2R K,
UEaX e T EE

Snapdragon X70 supports a wide
array of devices and enables
industry transformation with
horizontal innovations

B8E 5G BIRRVRFELRIL. Bl
AT R, dEIRsIZE
5G i&gE, A KBEEMTIA
PR ENRBAIEEAR, Fik
BEZNAHSNFTR, RASHE
BETWAIHERIRS
The industry is faced with a shared
challenge today in delivering the most

ultimate connectivity experiences for
consumers and industrial customers due

to the rapid expansion of 5G deployment and innovative applications. By fully unlocking
the potential of 5G, the industry can address the demand in a wider range of scenarios.

By X70 LAFF IR HSINREN 5G Al &b1BEES, BT “F
FA Al #ARIRTH5G tee” IGIFEH, BhafTlanidsEs “Al f0 ML
TRBERVIREImiB (S RUBE D AV A E N~ ikl
This model introduces native 5G Al processing in an innovative manner, providing an
example of innovation enhancing 5G performance through Al technologies, enabling
the industry to accelerate technology evolution and product implementation within the

forward-looking vector of artificial intelligence/machine learning-powered end-to-end
communications.

B X70 FtF 2022 F FHFFREAZFAEEF, SABHEIRT
T 2022 FRRLFHMERET .. HE X70 BEEBAEREFI. EICAREM.
BEELEENREN T UNMES LR, BHERIKIER 5G MHEE,
UFEEHOFBNTERSTIHFEEHIRR.

It is expected that customer sampling of Snapdragon X70 will begin in the second half
of 2022 and that commercial mobile devices will be launched by the end of 2022. This
chip will enable breakthrough 5G performance across a wide range of devices, including

smartphones, laptops, fixed wireless access equipment and industrial machines, thereby
transforming numerous industries and enabling new experiences.

Bete X70 EaFEFMIT IR AHRIREK 56 1H6E

Snapdragon X70 delivers superior 5G performance in digital life and
industrial use cases

HFEFEROERBXR. B WUHRR, RAEDNBEFR. 12
TEAFIBRKAIXEN . LL5G 1 Al EAREKMNEMEA, EALKE
FHRERE RN EBIERNII,

The digital economy is rapidly expanding into new verticals, becoming a key driver of

consumption upgrades and economic growth. The rapid development of the global
economy is fueled by fundamental technologies such as 5G and artificial intelligence.

ERAFRDRE 5C Fl Al RAME MM, B’ X70 BEBI &N
BRI 56 Bim——5G FHl, MRLIM “AAZLEG” NEFES, K
KRIBREEENIRSR,; Loh, Blp X70 REHEEE 21 5G GIF&is
FIRZA, 565G AT ESRMARFEXR, WHEE “BRFH
NRIRESHES,

By combining 5G and Al technologies, Snapdragon X70 will accelerate the grand vision
of "bringing 5G to everyone" by making 5G smartphones - the most ubiquitous 5G

devices - and enhancing subscribers' "sense of gain". Furthermore, Snapdragon X70 will
enable more 5G-enabled devices and applications, stimulating industry transformation
and enabling a booming and diversified device ecosystem.

R XT0 ZHRLBE1 56 2RFMIAMER, HEMEBEKX
KR SEENIRFA 56 FEE

Snapdragon X70 enables the world's first 5G standalone mmWave connection
and improves 5G speeds with the great capacity of carrier aggregation

R X7T0XFTEKEND 6 KK MIT AR ERE, LB
8Gbps MIEEEFREE., iy X70 8882 5C ZKIRIMZAK, B
AR ER Sub-6GHZz SMiE i RAYIEIR T HE 5G 2 RKIKK BT E i,
FZEBHREBBERIEWADAMBL AR RHAT IS ERE, BI85
ERIREISCAF T T EN, LI, Bl X70 R FE=/ TDD FEH
5G Sub-6GHz #HER &, LISIA 6Gbps MIEETHERE.
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With peak speeds exceeding 8 Gbps,
Snapdragon X70 enables the world's first
5G standalone mmWave connection.
With Snapdragon X70, 5G mmWave
networks and devices can be deployed
without using an anchor in the Sub-6 GHz
spectrum. By doing so, operators will
have greater flexibility in providing multi-
gigabit broadband access to residential
and commercial customers with ultra-
low latency and multi-gigabit speeds. It is
also possible to achieve a peak download
speed of 6 Gbps via 5G Sub-6GHz carrier
aggregation across three TDD channels
with the Snapdragon X70.
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Baidu Wenxin Industry-Level Knowledge-Enhanced Models
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Beijing Baidu Netcom Science Technology Co.,Ltd.
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Introduction

Wenxin is a series of Industry-level
knowledge-enhanced large models in-
dependently developed by Baidu. The full
layout of Wenxin includes models, tools
and platforms, and a community of large
model innovation and exploration. As a
result, Al development and application
have been lowered to a substantial
degree, its large-scale industrialization
has been accelerated, and its boundaries
have been greatly expanded.
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Industry-level knowledge-enhanced large models
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Wenxin integrates large-scale knowledge into pre-training by utilizing the distributed
training technology of paddle, Baidu's deep learning platform. In order to overcome the
bottleneck of unified representation and learning of multiple sources of heterogeneous

data, the parallel pre-training on massive unsupervised text and knowledge graphs is
used.
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The Wenxin family is built around knowledge enhanced language understanding. Wenxin
continues to develop new ground-breaking models, ranging from unimodal to multimodal,
and from general-purpose to domain-specific. PCL-BAIDU Wenxin, the knowledge-

enhanced model with more than 260 billion parameters in the world, has achieved SOTA
on more than 60 tasks related to natural language processing
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Wide application in all walks of life
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Bringing technologies together with
real-world scenarios is the key to the
successful application of large models.
With this in mind, Wenxin has developed
a system of large models that meets the
needs of real scenarios, has developed
solutions and tools to ensure the large
models function properly, and has
developed an open ecosystem to assist in
the development of new technologies.
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There is an open source version
of the Wenxin models available on
PaddlePaddle. In the past few months,
more than 100 thousand developers
from all walks of life have created
artificial intelligence applications using
Wenxin models, which are or will be
used in manufacturing, energy, urban

management, finance, media, and other
fields.
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Baidu has collaborated with State Grid,
Shanghai Pudong Development Bank,
and China National Space Administration
to develop Industry-level knowledge-
enhanced natural language processing
models, namely SG-BAIDU Wenxin,
SPDB-BAIDU Wenxin, and CNSA-BAIDU
Wenxin.
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Constantly creating economic and social value
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Wenxin models are used in more than 100 Baidu products, resulting in direct economic
benefit of tens of billions of RMB. Through Wenxin's application mode, in order to achieve
higher development efficiency while using less labelled data and at a lower cost. Wenxin
models, for example, have significantly reduced the time it takes to check a medical
record from 30 minutes to seconds in medical practice. Two enterprises have found
highly active compounds with the help of the ADMET prediction model and the drug
screening technology developed based on HELIX-GEM. It took less than five hours for
one of them to identify a highly active hit compound from a library of 200,000 compounds
designed to target autoimmune diseases, a first-in-class therapeutic target.
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In addition to improving social problems, Wenxin is dedicated to improving the
environment. Wenxin has introduced a green scheme to reduce resource consumption
and facilitate environmentally sustainable development in light of the resource-intensive
nature of large model training and inference. It is possible to perform virus research
using large biocomputing models, perform temperature measurement using NLP and
CV models, and translate pandemic-related documents from multiple languages using
multilingual translation models. The two companies are simultaneously creating an
ecology together, promoting social intelligence by developing inter-disciplinary talents.
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TDSQL——Promoting the Breakthrough of
Basic Database Technologies and
the Upgrade of Industry Distributed Technologies

BifR GRI) BRAE)

Tencent Technology (Shenzhen) Co.,Ltd.
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Renmin University of China
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Tencent Cloud Computing (Beijing) Co.,Ltd.
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Introduction

For many years, Tencent has conducted
fundamental research and innovation
in distributed database technologies.
Tencent is continuing to innovate in
the areas of data consistency and high

Tencent f&if
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RENMIN UNIVERSITY OF CHINA

A BT

performance, system elasticity scaling and high availability, as well as the HTAP fusion
engine. TDSQL (Tencent Database SQL) was developed by Tencent to provide leading
international services and prepare the company for a future-oriented digital economy.
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Constant optimization of enterprise-level distributed database
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TDSQL has made innovative breakthroughs in cutting-edge technologies such as

database transaction processing, system availability, security, and digital processing
to meet the demands of international industries for digital transformation. With TDSQL,

the fundamental bottlenecks of traditional databases are solved in terms of scalability,
cost, and performance. TD SQL aims to be a leading international enterprise distributed
database system with cloud-native capabilities and financial, real-time analysis
capabilities. In addition to the advancement of basic database technologies, TDSQL is
promoting the advancement of industry-wide distributed technologies.
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As a highly scalable distributed database system, TDSQL supports global and multilevel
consistency. In TDSQL, sequential serializability is proposed and defined as a means to
improve distributed transactional clusters' processing efficiency while ensuring strong

data consistency. By achieving high performance with linear horizontal scaling, TDSQL is
able to provide high performance with linear horizontal scaling.
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Through the use of artificial intelligence
(Al), TDSQL implements an elastic and
highly available architecture based on
Serverless. With Al technologies, TDSQL
supports highly available and efficient
elastic computing capabilities through
intelligent resource scheduling, agile
elastic scaling, data layout optimization,
and automatic parameter tuning.
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A full temporal model is used to implement
TDSQL's disaggregated storage and
computing architecture. For complex
analyses, supports online analysis and
can process data in real time, effectively
balancing storage overhead and
performance with low average latencies.
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Large scale production of financial
core systems, serving 500,000
financial government and
enterprise customers
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Through its ability to break through the
financial applications, TDSQL moves
towards enterprise generality. More than
500000 customers have already deployed
TDSQL, including mainstream financial
institutions, government agencies,
operators, and industrial manufacturers.
Furthermore, TDSQL has been widely
used in the banking industry, assisting
more than 20 financial institutions in
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implementing core system transformations, and is in the lead position in this field. As a
result of its work, many banks (including Ping An Bank, Bank of Zhangjiagang, Kunshan
Rural Commercial Bank, Haixia Bank, and Bank Neo Commerce in Indonesia) have
been able to deploy the core distributed transactional system and undergo digital
transformation and upgrade.
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To date, TDSQL has achieved leading breakthroughs in distributed databases, as well
as launching the Internet and the traditional banking core systems. With TDSQL, the core
systems were transformed from centralized to large-scale distributed systems, promoting
a massive number of applications on a global basis. Moreover, TDSQL provides the

platform for the development of these key databases and is open source, promoting the
development of distributed databases in an ecological and large-scale manner.

LEHBEARSEFRR. EHSTNBFUHREE

Leveraging technologies to serve economic development and support digital
transformation
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Through the use of its cloud computing technologies, TDSQL has helped customers
reduce their reliance on traditional centralized products, and save billions of dollars
annually in IT costs. Using TDSQL, the IT hardware costs of the Bank of Zhangjiagang
were reduced to 1/5 of their original cost.
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TDSQL also contributes to the digital
transformation of society. A number of
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81.5 billion

Tencent Health Code was launched nationwide
on February 7, 2020, accumulatively used by
over 81.5 billion people.

28

1.4 billion

Supported the seventh national population census,

involving the whole country 1.4 billion+ people.

059 «

outstanding contributions have been made to the system in response to emergencies
and in improving society's operational efficiency. There have been more than 81.5 billion

usages of the "health code" so far, covering approximately 1.3 billion people; in addition,
it supports Tencent Meeting for massive users and helps society resume work and

production as quickly as possible.
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Internationally, TDSQL is widely used as a means to support future-oriented upgrades to

the underlying technology.

401ZIR

SHBNRIXAPBBE2Z, BE—F
HFPZ288ig401Z

21%

SHF ISR E —FIPIRE L4, 8F20224,
Bn 12 EELFIMEEK21%,

U ~
4 billion

Supported more than 200 million users of
Tencent Meeting, and supported 4 billion people
to participate in online meetings in the past year.

0,
21%
Support Tencent Classroom to go online within a
week, as of 2022, helped to increase the scale of
online learning nationwide by 21%.
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Social Benefit

Serving econamic development and
supporting the digital transformation of
society with advanced technologies
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Innovation in the Smart Vehicle Industry:
the First Integrated Computing Chip IP Platform with High
Computing Power and High Performance in China

RIEHE (RE) BRAE
Arm Technology (China) Co.,Ltd.
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Introduction

As the first integrated computing chip IP platform designed with
high computing power and high performance in China, it will
comprehensively accelerate the launch of high-end chip products
for domestic smart cars, enhancing the establishment of smart
vehicle systems that conform to Chinese standards, creating an
open and collaborative smart car industry ecosystem, and laying
the foundation for the global expansion of domestic smart car
chips.

KBS + SRR X ESF S HAHE

Define the new criteria of smart car chips with high
computing power and performance
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Through innovative use of self-developed IPs, including Zhouyi
NPU, Star CPU, Shanhai SPU, LINLON ISP and LINLON VPU,
Arm China creates the world's first integrated computing chip IP
platform with high computing power and high performance for
smart vehicles. This platform is the result of the innovative design

of the underlying architecture and synergy with the world's
leading Arm Cortex CPUs and Mali GPUs.
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As the core computing unit of autonomous driving system,
the new generation Zhouyi NPU is the leading big computing
power [P in China, with a computing power of up to 320TOPS.
By expanding the computing power with parallel architecture,
it can be expanded to over 1,000TOPS. Moreover, Zhouyi NPU
has been put into mass production and has found commercial
application in a wide range of industries, including embedded
devices, mobile devices, smart security, and smart cockpits. Its
integrated chain of tools and full-fledged software and hardware
ecosystem can fully meet the computing needs of smart cars in
all scenarios.
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With Arm Cortex-A78 AE CPU that complies with the ASIL-D
functional safety standards, the platform is available with 2-8
cores based on demand to provide powerful generic computing
processing capacity.
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The LINLON ISP, developed by Arm China, provides support
for up to 16 channels of camera video signal processing, as
well as 8K 60/120 frames per second coding and decoding,

representing the highest level of visual processor developed in
China. Combined with strong 2D and 3D graphic computing and

rendering capacity of the automotive-level Arm Mali G78AE GPU,
plus the outstanding hardware virtualization feature, they provide
comprehensive support for the abundant applications in the
smart cockpit.
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In terms of safety, all the computing units, connectivity and
architectures of the platform have received automotive-level
verification based on the 1ISO26262 standards. Further support
for multi-scenario safety services is provided by Arm China's self-
developed STAR CPU and Shanhai system.
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The high-performance integrated computing chip IP
platform with high computing power empowers China's
smart vehicle industry
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During the early months of June 2022, the overall development
of the platform had been completed, and the platform is currently
undergoing technical iterations based on the feedback provided
by ecosystem partners. To date, a number of smart cockpit and
autonomous driving chips developed on the current platform
have achieved volume production, and these chips will be used
in Chinese cars sold worldwide. As part of its collaboration with
industry partners, Arm China will promote this computing platform
throughout the world, and provide localized innovation to the rest
of the world, strengthening China's discourse power in the global
smart car technologies and ecosystem as well as promoting
international standards through "co-creation, co-building, co-
sharing and win-win".

DOSESRZES g RSB RES A X eI

Accelerate localization of automotive chips, and boost
crucial innovation of smart vehicle chips
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By utilizing this platform, automotive chipmakers are able to
rapidly design sophisticated smart car SoC chips, reducing the

design cycle, improving tape-out success rates, and reducing
verification times.
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BAXE, TR BUBRERETEXERRS®.

061 «

BREMRHRNTRURBRTIEER, ETTE6
MESRT AAVERBES.

Further, the platform provides underlying technology support for
automotive chipmakers to continuously improve their products,
allowing them to focus their resources on defining more features
that better meet market needs and expanding downstream
customers. By doing so, domestic smart vehicle chipmakers will
be able to enhance their overall capacity.
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On top of that, the platform can remarkably reduce overlapping
input, and optimize the talent structure of the industry, so as to
promote virtuous competition and rapid, orderly development of
the smart vehicle industry.

Coresight-SOC (debug)

Security

NIC/NOC interconnection

RIRBHEKE D SHERSIHTEDH IP FaBERRYE
Overall Structure of
Arm China Integrated Computing Chip IP Platform
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Empowering “China-made chips” in the automotive
industry, and co-creating the computing standards for
smart vehicle chips
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As part of the “Global standards and localized innovation”
concept of Arm China, this platform represents further practice
and innovation, benefiting the upstream and downstream
ecosystems in China’s smart vehicle chip sector. The smart
car chip sector includes collaboration and the development
of all sections, including the tool chain, software, algorithm,
system, and solution, as well as participating in global standards
development.
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Dayu Platform and Its Applications on Major Cybersecurity

Protection Projects
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QI-ANXIN Technology Group Co.,Ltd.

515

TREETALBRMNREERA, fflTAEEREPE—K
BY¥a, FAFT—NSZ2MPERERERZO51%E, XWxemill,. o
SHEENERERS .

Introduction

Qi-Anxin has developed the Dayu platform, a big data security center, based on Al and
big data technologies. Providing security detection, analysis, and response capabilities,
the platform serves as the core engine of a new generation cybersecurity protection
system.

RIEMEME, RAMBREIFEREE

Four breakthroughs to elevate the overall cybersecurity protection
capability
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It has made significant advancements in the detection of vulnerabilities and threats,
the aggregation of threat intelligence, the assessment of situations and the response to
emergencies, with the aim of systematically improving the security protection capabilities
of critical information systems.
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Firstly, the breakthrough in multi-level and wide-coverage vulnerability detection; the
platform supports source code and binary code vulnerability detection and is capable
of automatically detecting vulnerabilities in 2798 types of source code. The results of
the research were published at ICSE and praised more than 400 times by renowned IT
manufacturers from both home and abroad.
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Secondly, the platform has achieved breakthroughs in advanced cyber threat accurate

detection; in addition to providing dynamic monitoring of threat behaviors, the platform
also supports real-time analysis of fine-grained behavior data for fileless attacks, scripted

b B RIS
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attacks, and memory attacks. Therefore,
it is a high-performance and real-time
analysis engine capable of applying
thousands of rules to actual combat
situations.
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Thirdly, the platform has achieved a
breakthrough in the analysis of massive
intelligence data aggregation; the platform
has been able to collect and extract all
elements of threat intelligence with high
precision and has retrieved hundreds
of petabytes of data in milliseconds,
enabling a genetic portrait of the attacking
organization to be produced as well as
intelligent traceability of gang samples to
be produced.
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Fourthly, the breakthrough in
comprehensive analysis, judgment
and rapid response system for fuzzy
situations; this platform has established
a cybersecurity confrontation situation
assessment model based on uncertainty
reasoning to achieve effective assessment
of situation element data in fuzzy
scenarios. An automated response will be
initiated based on the presetting.
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Scale application to escort security of digital transformation of thousands
of industries
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Dayu has been selected to participate in the Country-level Digital Transformation
Partnership Initiative and the Special Campaign for Digital Empowerment of Small and

Medium-sized Businesses, and has been widely ratified by Fortune 500 companies in the
fields of energy, finance, aviation, and manufacturing, among others.
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Since its inception, the company has detected more than 20 million vulnerabilities in
more than 10 billion lines of code across 300,000 development projects. In addition, it
has implemented the largest open source software source code security testing public
welfare program in China. Qi-Anxin has used this platform to monitor more than 40 APT
organizations in the world.
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Using the platform, Qi-Anxin will be able to secure the Qlympic and Paralympic Winter
Games' OIN network, which will include more than 10,000 terminals within 12 competition
venues, 26 non-competition venues, and 188 service stations during the 2022 Olympics
and Paralympic Winter Games. Over 185 billion logs have been detected by the platform
(more than 3.7 billion per day on average), 380 million network attacks have been
monitored, and approximately 5,800 vulnerabilities have been discovered and patched.
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Experience in actual applications to consolidate its pivot role in
cybersecurity system
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Several country-level events have been safeguarded by this platform, including Belt and
Road International Forums, World Internet Conferences, Councils of Heads of State of
Shanghai Cooperation Organization (SCO), Forum on China-Africa Cooperation (FOCAC),
demonstrating how it plays a pivotal role in cybersecurity defense. It has received
dozens of awards, including the Champion Project Award at the World Summit on the
Information Society Forum (WSIS) and the Leading Technology Achievement Award at
the Big Data Expo. Over the past three years, it has contributed 4.395 billion RMB to Qi-
Anxin.

KMEAR %, ARAERRBREFRKFE

Cutting-edge technologies to mark the proprietary technologies to reach
the international level
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As far as languages, types of vulnera-
bilities, and development frameworks
are concerned, the Dayu platform has
been a step ahead of its international
counterparts. Additionally, the platform is
capable of building identification models
in order to carry out correlation analysis
and judgment using the multi-behavioral
correlation analysis technology. In
comparison to similar technologies
around the world, this platform is a
pioneer in supporting behavior analysis
and blue screen detection after rebooting
the operating system, as well as being
the first of its kind capable of analyzing
both operating systems and hardware
simulations.
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Intelligent Computing Cluster

Based on High-Performance Al Training Chip

IR
Zhejiang Lab
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Introduction

The 1,000-card scale intelligent computing cluster based on the Open Compute Project
(OCP) specification is designed and implemented, which is also cold-plate liquid-
cooled cluster. It supports fine-grained hybrid precision, efficient load balancing, high-
performance distributed data storage, and hybrid parallel support for high-performance
computing, big data processing and big model training. Cluster linear additive ratio
>80%, cluster PUE <1.15.

EFNAREMENSEERME, BEMIRFE. HEMNE
ENREMAYT REWEHEKH
An energy-efficient and scalable heterogeneous intelligent computing

cluster integrate application features and computing power distribution to
provide a flexible, collaborative, and adaptive solution

ZITRE @ THEJIANG LAB
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From the perspective of efficient
parallelism strategies, efficient data
storage, appropriate data precision,
and dynamic load balancing, we rethink
the construction of a large-scale cluster
system suitable for high-performance
computing, big data processing, and
artificial intelligence applications. Our
approach addresses the problems of
increasing computing power consumption
and energy consumption by addressing
the problems of increasing computing
power consumption. Taking into account
mixed refinement support for DTU chips
and the architecture characteristics of
CPU/GCU chips, performance models can
be constructed based on communication
characteristics and network topology,
efficient interaction methods for
communication topology-aware neural
network parameters, and efficient
computation methods that integrate
application features and arithmetic power
allocation to assist in the mapping of
application processes to physical nodes.
It breaks through the current cluster
design method which mainly uses the
local information of "application algorithm
- system software - hardware architecture"
for hierarchical optimization, which
leads to high integration cost due to
large abstraction level span and difficult
programming and low deployment and
operation efficiency due to mismatch
between super heterogeneous hardware
resources and application algorithm, and
realizes global load analysis and feature
extraction, cross-layer collaborative
performance optimization, heterogeneous
resources multi-granularity virtualization
technology, high-performance adaptive
task and resource multi-level mapping
technology, dynamic representation
learning methods and training paradigms
to meet the requirements of large-scale
distributed artificial intelligence training,
and heuristic compilation and other key
technologies.

BEFStERAISRIIESH
Wl RIS HERED
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A new paradigm for scientific research can be formed by scalable hetero-
geneous computing clusters built on high-performance artificial intelligence
training chips

ZEWEEERRFZOBENBEERZNATEESH, XA
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B, SEHENISENRS. ZEEENET Al AZD, i@
BRERMEMFITE. AlRAK. REURLERAK, MRTHFZHZEH
FRIVHR ZRREMRS TZIILREEERI . ATEEE. EaeitE.
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Energy-efficient Heterogeneous Intelligent Computing Cluster
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Energy-efficient and Scalable Heterogeneous Intelligent
Computing Cluster Network Architecture

There is an Al chip of enflaming
technology at the centre of this
heterogeneous intelligent computing
cluster system, which is packaged in
2.5D stereo and supports high precision
measurements containing FP32, FP16,
and BF16.6. The result is a high degree
of heterogeneous computing power,
a high degree of customization, and a
high degree of energy efficiency. The
intelligent computing cluster, which
integrates scientific computing, artificial
intelligence technology, and big data
processing, not only accelerates the
implementation of Al applications but
also speeds up the process of scientific
research and discovery. The system has
been used at Zhejiang Lab for scientific
research as well as major applications in
intelligent sensing, artificial intelligence,
intelligent computing, intelligent systems,
and intelligent networks.

ZIXBEMTFEINTEN
ATEREFLESRS, Mk
LEMARFREM

The industry ecosystem is est-
ablished and improved, and
application development is
accelerated
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As a key driving force for digital
construction and intelligent transformation,
artificial intelligence computing
infrastructure will play a significant role
in the rapid development of the entire
industry and applications. It will also
contribute significantly to the development
of China's digital economy. With the
successful deployment of this intelligent
computing cluster system, innovation
in technology and applications will be
accelerated, rapid industrial development
will be promoted, Al computing power
will be created that is efficient and high-
density, and China's artificial intelligence
technology and applications will be
powerfully advanced and accelerated.
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Intelligent Computing Cluster Improving
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AtlasGraph:

AtlasGraph

A Large-Scale Graph Data Analytics Platform

ITREHERRRERAE
Beijing Haizhi Stargraph Technology Co.,Ltd.

BRERF
Tsinghua University

It RBHHEEFRABRAE
Beijing Haizhi Technology Group Co.,Ltd.
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Introduction

The objective of this project is to integrate storage and computing
in a collaborative manner between industry, academia and
research, and to build AtlasGraph, a large-scale graph data
analytics platform built on a self-designed distributed graph
database. In various important fields such as banking, securities,
insurance, public safety, etc., the platform has made a significant
contribution to the successful fight against COVID-19 and has
gained significant economic and social benefits.

EHEN=SHR 5T EEFSERERTERR,
KT EFEENKREIEFEREAR, LT
BT Rust EENSHNESES HITLEE
iERE

In this project, the distributed hybrid transaction and
analytical processing graph database in Rust is realized
by bridging key technologies in high-performance
graph computing (e.g., the method for partitioning

and computing graphs in three dimensions) and graph-
native large-scale data storage

BIF 1. BT RustiBENOMNBEES DM
ALIEEEIE

Innovation 1: A distributed HTAP (Hybrid Transaction Analytical
Processing) graph database in Rust

BREZRTEEHLURREABAITAENS, =
T ERENKIEHIEFERAK, WRTEBREX

R 2 #%) WRRR

HCET%?E*”T?%M MENARTSFREER, KRBT
BEB T A iE RDMA BHHEREREEN, #7
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HEMEEEERITIMKTE. REXLATET
Rust IEEMDMNIBEE SO ITGIEERIEE.

This project takes into account the hardware, software, and
internal working mechanisms of the system as a whole, breaking
through the graph-native large-scale data storage technology,
where a user-space storage backend that takes full advantage
of the capabilities of new storage media has been built, a remote
fetching paradigm that fully takes advantage of the capabilities
of RDMA has been invented, graph algebra and a cost model for
graph queries has been established, as well as the hybrid graph
query plan optimization method based on both rules and cost
models has been proposed. As a result of these technologies, the
project develops the distributed HTAP graph database system
based on Rust.

BlF 2. RMBEELIENSHETERAR

DIZEREMN=%NP5itERE, BIHIBRHE
TALES 10 2218, o> 90.6% 89T =(EhEIf; @
RITRIM T @AEREYIFESIE, KU T KEFREEF
EURAEFNEEIET, HXIENXRFTF SOSP
2019, 2021, pREBEHNAERSEESBAXEITTE
HEZR Plato KFA; @IRETHEHBATFAITESRY. RiF
D RINETE RS GraphP., K%&F HPCA 2018
MNIEXHE4FNNEAR, 2©#®HPCA. FAST.
MICRO EM£RY 130 REIE N5 A,

Innovation 2: High-performance computing techniques for large-
scale graph data

1) Developed the 3D graph partitioning and computing method,
which reduced inter-node communication by 90% by optimizing
the system |O stack in accordance with data semantics; 2)
developed the first general-purpose, distributed graph random
walk engine capable of processing large graphs efficiently.
Papers related to the topic were published in SOSP 2019
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and 2021, respectively, and Plato, a high-performance graph
computing framework open-sourced by Tencent, has adopted
the techniques; 3) developed GraphP, one of the first software-
hardware co-designed graph processing systems for the PIM
(Processing In Memory) architecture. Within just four years of
the publication of the related paper in HPCA 2018, 130 related
papers have been published in top venues such as IEEE HPCA,
USENIX FAST, IEEE/ACM MICRO, among others.

BBRAREr ZHATERRE. )17, 5.
R, BERBA. WHEE. AHRLFEE
i

Several important fields have been benefited by the
technologies developed as a result of the project,
including epidemic prevention and control, banking,
securities, insurance, energy and power, city
operations, public safety, etc

MBRMIRSFIRE, FEEREFNERD

mRBEBNFFESIZE. XFURREFREIZTRINE
NBFERFLERMBAYEXLMFRLE, [HSZ
HOKET 25, EARHEBIT 100 4. BHESIRFES
FERRACST ZNATEBRE. R7. ES. &
. BEREED. WHIZE. AHLE2FSIEEWE.
AERAIREIESE, RS T HE 40 RRES/MIG
LK 14 470k 3000 RREWEF; EESKHIE
NAAE, BRSFE19NMEHN 60 2N EHE
AEHK.
The project actively participates in open-source activities. Both
the general-purpose distributed graph random walk engine with
rejection-based sampling and the random walk system capable
of running at cache efficiency have been open-sourced, being
forked 25 times and gaining 100+ stars in total. AtlasGraph and
the related technologies are widely used in many important fields,
including epidemic prevention and control, banking, securities,
insurance, energy and power, city operation, and public safety.
In particular, the platform has served over 40 state-owned and
private financial institutions in China, along with more than
3,000 corporate clients from 14 industries in the field of financial
knowledge graphs; over 60 Municipal Public Security Bureaus
have used the platform for big data applications in 19 provinces
across China.

BERRNEBRAT AHRSKE, R#T
HELR, AMFELRIMILHED 13.96 {2
7T, RitelERE 6 12w

The application of the project outcome has enhanced
public service capacity, promoted social development, and
gained new sales of 1.396 billion yuan and accumulated
profits of 600 million yuan in the past 4 years

FamhEBhz, ®RETARSHRE.
2020 FHre bRz IBHE, BERAARSIX BT
HIEERIN, MEEERBHEEIES T FaFES
RYUEREIRGFR . 25 2RI HET 240 MEXIEH
EIBHH . BERBFAEERS, ARBNRAEERS
T BAREB

Platforms such as this have played an important role in preventing
and controlling epidemics and, therefore, ensuring people's
health. For example, Haizhi Group repeatedly assigned technical
staff to Wuhan for building the epidemic prevention and control
data analysis platform and establishing the distribution system
during the COVID-19 pandemic in 2020. Currently, the platform
provides such epidemic-related big data services as epidemic
modelling, analysis, and screening of contact information for
more than 240 counties and cities in China, contributing to the
successful fight against COVID-19.

ZFWEaE, REENFEHBHEEM 13.96
27T, RiteNERIE 6 12T, wifEXnItEERES
sKiE81d 100 127t.

In terms of economic benefits, the project has increased sales by
1.396 billion yuan in the past four years, creating a profit of 600

million yuan accumulatively, and driving the demand for cloud
computing configuration of more than 10 billion yuan.
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Haizhi Stargraph Ranked First in the 2022 China Internet
Week (CIWEEK) Knowledge Graph Enterprises List
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Homepage for Knightking, a General-purpose Distributed
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360 Cyber-Wide Digital Security Brain

360 HFLEEH
360 Digital Security Group
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Introduction

Digitalization is faced with dual security challenges, both internal and external, and
risks are pervasive in all scenarios. Perceiving the network security situation is the most
basic and fundamental work. "Seeing" as the core of security system construction, is the
premise of disposal and response. Through 17 years of accumulation and precipitation,
360 has condensed into the 360 Cyber-Wide Digital Security Brain, and constantly
overcome the problem of "invisible" risks in the digital security industry.

3 K#ZCE 360 £MBFRE KM

Three cores gather 360 cyber-wide digital security brain

360 FHIL 20 &, |’ 20012, REB 2000 222E R, RA
T 2000PB 2 AHUE, E5E 360 2NHFREAMEL T —EL “F
B+ L8 AM2UNRSEERSAER, BT ‘BN 2MNEB. ‘B
W SHREPIEIIEREES .

360 spent nearly 20 years, invested 20 billion, gathered more than 2,000 security
experts, accumulated 2,000PB of security big data, built a security operation service
system centered on "Seeing + Handling" around 360 Cyber-Wide Digital Security Brain,
and formed a strong ability to "see" the cyber-wide situation and "see" advanced threat
attacks.

BRME, 360 EMPFRERMARNZODA=TEX, H—
BRZEXHEFE, F_EREHESMHNQNFE, F=ZEERIEZE
Fh, XIFFRICEMNREEHTICR. o, &2, ZRXITERM
AR, REEEXIN XaaS miniRS ARFRME LRI
FEITHERITENIRS] .

-lﬂlg SE0S2AME Xaasks

. EBEE . RvRER
© BFASER c RERSE
© BEEEEEA * APTAHAEIR

- BREMWMETE - RTAMERRTS -
AN -

- EEBHH Bl . 2x & | A -~ =
- PARSE FTI AP’Pé@J : i‘;_l;gﬁ!l w o n*ﬁfﬂﬂg . SFEROHE I

- SEREEE (30012) - EETRERE (2251) SR (18012) - R (407)
EEEFRE (5202) - FERLE (500002) - EARESE (901Z) - RBMER (400+)

REHER
- EEHR - APTRR
- RBHR - et

and judgment platform + Advanced Threat Traceabilty Platform

Global sample base (30 billor)  + m behaviorlog base (22 trilior) +  Malicious website base (18 billon) ity database (400000)
Malicious sample base (5.2 billion) val website bese (500 billion) ~ +  Domain name information base (9 bif nizations (400+)

Source .
g 3 i 5 tihee APT Commi
. * Router © Cawlorsstom + Honeypot Netwrk ¢ g unly

- Enterprise terminal “ Darkwebdetection - Open source intelligence Uins by O BRI S

Specifically, the core of 360 Cyber-Wide
Digital Security Brain system is divided
into three layers. The first layer is the
security big data platform, the second
layer is the intelligent analysis and
detection platform, and the third layer is
the expert operation platform. In this way,
the cyber-wide big data can be gathered,
analyzed, and processed to form an
insight into security threats. Finally,
through external XaaS cloud services,
users can see threats and provide
targeted action guidance.

EHUERE®E, 360 BT X 17
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At the data layer, 360 has protected
network security for hundreds of millions
of Internet users in the past 17 years.
On average, it has responded to 650
thousand file queries every second,
intercepted 40 thousand malicious Web
sites, had more than 30 billion samples,
had more than 2,000 PB of data, and
added 1,500 TB of data every day. While
accumulating data, it has also established
a huge website database, domain name
database, vulnerability database, virus
behavior database, mapping asset
database, national threat organization
information database, etc., and linked
them together to form the security big
data platform.

EEEp el FEa R,
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At the layer of intelligent analysis and

detection platform, 360 has developed
the anti-virus and advanced threat

CHARM OF SCIENCE AND TECHANOLOGY COLLECTION




» 076

detection intelligent analysis engine using
Al technology, and gradually developed
into a comprehensive intelligent analysis
system. Several 360 engines have
been integrated in intelligent analysis,
research and identification. A special
technical team maintains the feature rules
necessary for detection and recognition,
and releases the latest recognition feature
rules to the rule base at any time, For any
new sample, on average, all its features
can be extracted at the second level and
matched with these attack activity feature
databases to determine which attack
organization it belongs to and which
attack means it adopts.
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WENDH, BXEHESZNS
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At the expert operation layer, in the past
ten years, 360 has established a threat
map for each attack, which is also a core
asset of 360. It is accumulated bit by bit
through the analysis of each APT attack
and the summary of each attack and
defense drill.
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360 combines big data technology with
artificial intelligence technologies such
as feature engineering, graph analysis
and knowledge reasoning, and applies it
to the world's largest threat map formed
in the security field, which is composed
of 10 billion vertices and 100 billion
edges. Through the threat map, all data
related to attack and defense, such as
IP, samples, web addresses, domain
names, certificates and behaviors, can be
extracted with their key features through
feature engineering. These features
are linked by graph analysis, and then
knowledge reasoning is carried out based
on the correlation of these features to
locate the attack organization.

MER. EHEEr. AR
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Comprehensive practices from
country and city to enterprises and
individuals
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At the national level, based on 360 cyber-
wide digital security brain, 360 has
captured 50 overseas APT organizations,
collected and mastered threat intelligence
from more than 400 organizations around
the world, obtained more than 20 thousand
APT threat samples, built 1.5 thousand
APT gene banks and detection models,
and formed an APT knowledge map of
offensive and defensive confrontation. At
the same time, it has detected more than
5,200 high-level network attacks against
important institutions and units so far in
China.
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At the city level, 360 cyber-wide digital
security brain has also successively
served the operation of urban digital
security based in Chongging, Tianjin,
Qingdao, Hebi, Suzhou, Zhengzhou,
Shanghai, Zhoukou and other cities,
setting a landmark example of city level
security services.
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Taking 360 Chongqging Hechuan Digital Security Base as an example, at present, the city
security brain has conducted centralized monitoring and management on the business
scenarios of data resource management departments at the urban level in Chongging,
as well as nearly 100 units such as the government, enterprises, operators, education,
medical care, and electric power. It has found 1,803,394 security incidents such as
virus blackmail, Web attacks, phishing, and 10,036 security vulnerabilities. Through
the way of security situation awareness, notification and disposal, it has assisted in the
safety rectification of more than 100 high-risk risks, and effectively improved the safety
protection awareness and protection capability of the supervised units.

ERWRNARE: 360 2RNHFRERMEREERSE 560 2.
EEEERAL 7.5 12, HIFEIRIE 1000 5 +. EEFIERIFRE
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At the enterprise and individual level, 360 Cyber-Wide Digital Security Brain processes
56 billion cloud searches, intercepts 750 million malicious websites, protects 10 million
extortion attacks, and intercepts more than 20 million mobile malicious fraud attacks
every day, providing reliable and stable security cloud services for 1.5 billion end users
worldwide in 17 years.

‘B BFRENRE, PIBFEFLRE

Exposing digital security risks, securing the development of digital
economy
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Based on the 360 Cyber-Wide Digital Security Brain, 360 focuses on solving the problem
of "invisible" threats to digital security. At the same time, it replicates the digital security
capabilities to cities and industries, including the free output of SaaS model to small,
medium and micro enterprises, accelerating the digital development of industries, and
providing key support for the rapid development of the digital economy.
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Medical is an important industry in the field of public services. Taking the General
Hospital of Tianjin Medical University as an example, 360 has helped it build a dynamic
security operation service system with the Cyber-Wide Digital Security Brain as the core.
Covering 300+ intranet servers and 3000+ terminals in the general hospital, it has access
to nearly 32 billion kinds of security data. It has helped the general hospital to realize the
discovery of advanced persistent threats, early warning of security events, awareness
of security situations, analysis of threat intelligence, traceability of attack behaviors, and
output a full range of data, experts, Al, services and operation capabilities, realizing
the global situation awareness, dynamic comprehensive protection, and continuous
safe operation to fully ensure the safe operation of the Internet+ medical business of
the general hospital, continue to improve the security protection capability, effectively
ensure the safe and stable operation of all business systems, and establish the Internet+
medical security operation benchmark.
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Energy-Efficient Automotive-Grade Processor

——Horizon Journey®5
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Horizon Robotics
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Introduction

The Journey®5 is the new generation of energy-efficient automotive-grade processor
that Horizon introduced after Journey®2 and Journey®3 leading the mass production
for smart vehicles in China. Journey®5 is equipped with Horizon's deep learning
acceleration engine BPU® Bayes, which provides up to 128TOPS of computing
power, and is sufficient to meet the mass production application requirements for
autonomous driving and human-computer interaction in full scenario situations.

EEMRRL, RIERRIERE

Soft and hard co-optimization, maximize performance
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Automotive-grade processor are the core components of intelligent connected
vehicles, which represents that autonomous driving is the cutting-edge technology.
As a result of Horizon's independent development of the programmable acceleration
engine Brain Processing Unit (BPU), new generations of BPU Bayesian computing
architecture have been created. With its dual-core Bayes architecture and computing

power of 128 TOPS, Journey®5 successfully filled the gap in China's 100 TOPS class
computing autonomous driving processor market.

BETHRENEMK, BPU® WMHEF AR 5 R “aiFEmK”
MRt E e, ERIESERGEENNRENIMEMEEKLL. BigX
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Achieving high-speed processing power while achieving the optimal ratio of energy
efficiency due to co-optimization of hardware and software, BPU® Bayes brings
"sustainable growth" of robust computing performance to Journey®5. During the

benchmarking process, it was determined that Journey®5's real performance could
exceed 1531 FPS.
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Horizon Robotics
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With high performance, low energy
consumption, and low delay, Journey®5
provides in-depth insights into deep
learning and autonomous driving
scenarios. A leading-edge processor
architecture design enables Journey®5
to integrate and optimize programmable
computing resources, support flexible
hardware acceleration functions, and
provide flexible I/O configurations
and system support to accommodate
driving scenarios, allowing it to meet the
diversified development needs of L2-L4
autonomous vehicles.
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Journey®5 offers a full range of
product functional safety assurance,
having passed reliability verification of
AEC-Q100, As the processor developed
in compliance with ISO 26262 functional
safety processes, Journey®5 has now
received ISO 26262 ASIL-B functional
safety product certification. Journey®5's
complete processor solutions are built
in accordance with ASIL-B functional
safety standards, providing OEMs
and Tier1 with system-level security
protection solutions to meet functional
safety development requirements.

SR RRREEEESR
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Pre-loading and mass production
is the primary standard to test the
technology of intelligent driving
products
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With the aim of building a prosperous
intelligent automobile industry ecology,
Horizon has developed an open ecology
strategy based on "All-dimensional
altruism" to establish a win-win
cooperative relationship with upstream
and downstream partners of the
industrial chain by coordinating software
and hardware and establishing a flexible
and open business cooperation mode.
Horizon has a network of more than 100
upstream and downstream partners,
including Tier 1, ODM, IDH, OEM, etc.
There are a variety of applications
scenarios that are covered by the
collaboration, including intelligent
driving, intelligent cockpits, and pan-
vehicle ecology.

2022%F 9 R, {25 BER
HERBE LS LINeKETEHEL,

079 «

fiEFE 5 HBEWZ BPU® M+ HrZR44
Journey®5 is Equipped
with Dual-core Bayes Architecture
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Core Computing Architecture for High-level Autonomous Driving
Development- BPU® Bayes
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Technical Advantages of Journey®5 in the Field of High-level Autonomous Driving

In September 2022, the official of Journey 5 announced In September 2022, the
official of Journey 5 announced that the world's first mass production would be
achieved and carried by Ideal L8, and it would officially become the first domestic
100 TOPS class computing power intelligent driving processor to achieve mass
production. Meanwhile, Journey 5 has obtained mass production cooperation
projects with BYD, Li Auto, SAIC Motor, FAW Hongaqi, Ziyoujia Automobile and other
automobile manufacturers. Several software or system partners have joined, including
Jufei Technology, Lighzhou Zhihang, Jianzhi Robot, Freetech, HongjingZhiDriving,
etc., which is accelerating the landing of advanced automatic driving applications by
expanding the partner camp of building mass production solutions based on Horizon
Journey®5.

WREERRTISHRERME, ARTHEERHEEIRSH
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The efficiency of horizon journey series processors showcases the
development of smart driving of China
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Up until October 2022, Horizon Journey processor shipments have exceeded 1.5 million,
more than 70 models of preloading mass production project fixed points have been
signed with more than 20 vehicle manufacturers, and Horizon Journey is working closely
with cooperation partners to achieve value exploration from 1 to N. It is Horizon's belief
that the combination of paradigm-level intelligence driving algorithms and hardware
systems that support such algorithms will be the key to driving the adoption of high-
level automatic driving. Horizon's other competitive advantage is that it provides
visual perception algorithms designed specifically for Chinese driving scenarios,
which in combination with its own autonomous driving processor, can fully meet the
demands of intelligent driving environment perception, such as visual perception within
and outside the vehicle, visual mapping positioning, etc. With Horizon's large-scale
production engineering experience and efficient technology iteration under soft and hard
coordination, we will be able to popularize all-dimensional automotive intelligence and
aid in the transformation of automobiles.
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Horizon Robotics

Horizon Robotics:2022
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Horizon Will Build an Open and Win-Win Cooperation Model
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Starting From the Actual Scenario, Software Defines the Processor
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Application Demonstration of Low-Orbit Q/V and
Ka Frequency-Band Wideband Communication Test
Constellation and 5G Satellite-Ground Networking

ESSEIEIPS
GALAXYSPACE

TR KREI Q/V 1 Ka SRE
Simulated Diagram of GALAXYSPACE Low-orbit Q/V
and Ka Frequency-band Wideband Communication Test Constellation Series Satellite in Orbit
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Introduction

During the launch of the low-orbit wideband communication satellite independently
developed by GALAXYSPACE and mass-produced for the first time in China on 5th
March, the first low-orbit wideband communication test constellation with a V/Ka
frequency band, "Gossamer," was successfully conducted. In addition to 5G system
verification and satellite measurement and control, vehicle-mounted "Satcom On

© BAME

GALAXYSPACE

L
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The Move" demonstrations were also
completed.

PEEMENE RIS EE

China's first low-orbit wideband
test constellation
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GALAXYSPACE "Gossamer", China's first
low-orbit wideband test constellation,
completed China's first continuous
communication testing with multiple
satellites and demonstrated China's
ability to provide global space-ground
integration and continuous communication
services.
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GALAXYSPACE has conducted a series
of communications system verifications
in collaboration with the China Academy
of Information and Communications
Technology, Beijing University of Posts
and Telecommunications, China Unicom,
and other organizations, paving the way
for the deep integration of satellite Internet
and 5G technology.
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GALAXYSPACE has completed China’s
first low-orbit wideband test constellation
vehicle "Satcom On The Move" testing.
With the aid of beams of phased control
antennas mounted on vehicles, the
test was able to accurately track low
orbit satellites in real time under actual
driving conditions. As a result, vehicles
have been able to communicate with
the satellite continuously during driving,
and an important step has been taken
in exploring low-orbit satellite Internet
applications.
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GALAXYSPACE has successfully developed
low-orbit wideband communication satellites
using frequency bands such as Q/V, which
are technically challenging. In addition,
China has achieved China's first low-orbit V
frequency-band satellite measurement and
control, which has a positive impact on the
industrial development of satellite Internet.
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GALAXYSPACE has developed the multi-satellite interferometric SAR satellite
constellation "Hongtu-1" in accordance with its batch production achievements and
other experience. Through the development of core technologies such as interferometric
surveying and mapping technology for multiple satellite formations, high-precision inter-
satellite measurement and synchronization, and formation configuration planning, we
have established a global leadership position in this field. Consequently, it has positive
significance for both the design of new surveying and mapping system, as well as the
development and innovation of commercial remote sensing satellites.

WX 02 I RERFIING
The Launching Site of 02 Batch of Satellites of GALAXYSPACE
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Rich vertical industry application scenarios
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By achieving these achievements, we can meet the communication network needs
of users in areas that lack communication coverage conditions, lack emergency
communication support, and lack a good information infrastructure. The main
applications and promotions are as follows:

5G 2. HXREBEERERS. RIFZEEKNS 56 fERZHER
X%, BEXRANENNFE, RERENNHSERE 5C BRERS,
XENIIHET 56 LEMA.

5G communication support scenarios for emergency and disaster relief. With the
integration of satellite Internet and 5G, as well as the use of unmanned aerial vehicles
(UAVs) and other mobile platforms, high-quality 5G communication services with rapid
response will be provided to support the comprehensive application of 5G in emergency
situations, utilizing the ubiquitous connectivity advantages of the integration.
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Schematic Diagram of "Gossamer”

Application of GALAXYSPACE Low Orbit Q/V and Ka Frequency-Band Wideband Communication Test Constellation
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Application scenarios of State Grid informatization and smart grid. Achieving broad-area
information coverage and comprehensive application of big data in the power grid, while
providing transmission support for massive loT data acquisition terminal access and
wide-area intelligent inspection.
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Application scenarios of intelligent industry along the Belt and Road Initiative in western
China. Providing engineering front line personnel with high quality data transmission and

low-delay remote control services, as well as coordinating and interconnecting intelligent
industrial applications with engineering front line personnel.
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Carrier 5G precise coverage scenario.
This technology will allow the rapid
and precise deployment of carrier 5G
networks on offshore platforms and in the
aviation industries, while providing cost-
effective solutions for the expansion of the
5G industry into the ubiquitous market by
leveraging the benefits of satellite Internet
wideband, low delay, and no dependence
on ground infrastructure.

EETRNZELEEEMighE

Space communications infrastructure
for the benefit of all people
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Internet has been developed. Through
highly integrated and optimized design,
it has developed a new type of intelligent
satellite manufacturing production line
utilizing modular and standardized
products, resulting in rapid development
of low-cost and large-scale benefits, as
well as the rapid development of satellite
Internet services in low orbits.
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This project will explore the development
of a three-dimensional environmental and
ecological monitoring system integrating
space-ground technologies using low-
orbit satellite Internet technology. It will
enhance the timeliness of ecological
monitoring data and the effectiveness
and level of environmental and ecological
governance, as well as provide new basic
capabilities and technical support for
deep participation in global environmental
governance and climate change
adaptation.

RITMK 2 BENFXEERSEN
GALAXYSPACE 02 Batch of Satellites is
Located in the Rocket Fairing

085«

RUALRARH Q/V 1 Ka SRER S msiE (i 10 2 AR R 5 B 27 il
Simulated Diagram of GALAXYSPACE Low Orbit Q/V and Ka Frequency-Band

Wideband Communication Test Constellation Series Satellite in Orbit
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Hetu:

An Efficient and Scalable Distributed Deep Learning System
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Data And Intelligence Research Lab at Peking University, PKU-DAIR
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Introduction

In the past decade, deep learning has developed rapidly, completely changed the
traditional big data computing paradigm, and brought great value in industrial scenarios
such as Internet companies. As volume of data continues to grow and the model
structures become more complex, building practical large-scale machine learning
systems is increasingly challenging.

Application LR/GBDT/LDA/- || Embedding/Recommendation Graph Learning Vision/Language || Large Pretraining
Tool HetumL HET/HET-GMP Walk | | €nn/Transformer HetuMMoE
Interface Model Definition Training/ Distributed Deploymer RutoML OpenBox/ Resource Management
Python/C++/0NNX Inference || Automatic/Manual baralel VacanolML/HyperTune Clustering Scheduling
Embedding Table || AutoGrad || Host/Device Memory Management || Execution Scheduler
Runtime
Graph Compiler Protocol Server | | ial-Redu | Data Loader ‘
Computation Kernels Communication Libraries
Library Intel MKL  Nvidia vm Hand-craft Zeromg necL RDMA
N pals]
WERRRG

Overview of Hetu
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Breaking the shackles of distributed training, enabling efficient large-scale
automatic parallelism
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Hetu is a deep learning system developed
by the Data and Intelligence Laboratory
of Peking University for high-dimensional,
large-scale deep learning scenarios
to support various artificial intelligence
applications and deployments. Hetu,
as the first distributed deep learning
system independently developed by the
academic groups in Chinese universities,
takes into account both the industrial high
availability and the academic innovation.
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Promoting digital and intelligent

transformation, serving Al + cloud
computing
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ip5 @@ GPUO -> Dev8
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The Hardware-aware Automatic Parallel Technique in Hetu

HeENBHE, B, TUBBRNEREIFAIIE, ?&EJJFQ:%/_
SETALEEE, Al FFlEE, BRilBXRERETEIR.
BEEE. RF. PN EEHNESPIEUHELIZ S FED, 1§J§1D
1) XKHEANTE ( BRXRVIEZIFEER) . SFT SRERIIZL.
FUNIGARE, BANIBE®REMSESE; 2) BHNEEES (B, $®
F. B FEHHMNERN) . BIFEEFREIIL. EEEYH. NEF
BRI E, URSEART G, WEMtitEmEssE, M=
MEHRITEES; 3) BEHEE (MEx) . SENREERESHE
B2, K& RDS MySQL. RDS PostgreSQL. PolarDB MySQL.
PolarDB-O EHIREEZRS .

Hetu is mainly used in cloud computing, machine learning platform, intelligent data
center and artificial intelligence application scenarios. It shows broad promise and
reduces the barriers of machine learning development, promotes traditional industries
to benefit from artificial intelligence, and accelerates the development of the Al industry.
At present, the related technologies of the project have been applied in real scenarios of
Tencent, Alibaba, Kuaishou, ZTE, ByteDance, and other companies, such as:1) Large-
scale Al computing (Tencent Taiji machine learning platform): large-scale advertising

,/,o B S & BT

- e e e
e | ol || o [ o |

Hetu HiTE

REERN
TensorFlow . PyTorch
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models, ultra-large-scale pre-training
models, super-large graph neural
networks;2) Automated machine learning
(Tencent, Kuaishou, ZTE, ByteDance
and other companies): recommendation
strategy optimization, cluster operation
and maintenance, machine learning
model design optimization, physical
industry, assisting in the optimization of
geological shale segmentation, aerospace
material design, and other tasks; 3)
Intelligent database (Alibaba Cloud):
tuning parameters of database systems,
e.g., RDS MySQL, RDS PostgreSQL,
PolarDB MySQL, PolarDB-O, and other
database systems.

B ATERERA, RBFER
SiEME

Helping Artificial Intelligence appli-
cations, maximazing the release of
data value

TERERBIRASERN
BT BEMHSERNE, Hlu:

Hetu and its related technologies have
achieved significant socioeconomic
benefits, such as:

1) AMESHRINGERAE
BB IRSS TB RAE T &S 45 HE
KiE®R%, RitAT ST K
15% B9 GMV 12F; 2) Bafkil
BEIFAEHMRFEE L DE
SohsLI B ERE R F B A
Tigit, AL ERPEETY
SEEAUC 1.2%; 3) EEEHUR
ERAREIESR DAS R _EiEit,
BB ESCENSHERE, H
FIE RS 2B ST LU T 13%—
50% B9 L TPS.

1) Large-scale distributed training
technology helps Tencent to serve
terabyte-scale advertising model
training, bringing a cumulative 15% GMV
improvement to advertisers; 2) Automated
machine learning technology helps
Kuaishou achieve automatic generation
in shot segmentation tasks The model
replaces manual design and improves the
AUC of the online user retention prediction
business model by 1.2%; 3) The intelligent
database technology is implemented
on Alibaba Cloud DAS products to help
users customize and optimize parameter
configuration, among which the template
parameter function helps to improve the
offline TPS by 13%-50%.

BIEFAREUFMTE, 51MaakAEs

Adhere to the orientation of academic innovation, leading the trend of
cutting-edge technology

I EREX AR SIGMOD. VLDB. ICML. KDD. WWW,

NeurlPS. ICDE. AAAI, ICLR £ERMKSINHIBFIWR, IE=F
RItRERT 40 7% CCF-A KiEX, HREEET 2022 FEIR 4
MASMREFEICE, LI, ESMEREFEFITIES, JEBIF
RESR, 02021 ENBRZOFE+RFREG. BlrREFIinE
OGB ZZE. 2021 £ CIKM AnalyticCup BsiB2 ML EIETE.
2021 % CCF BDC| &8 H%XE, NSFARMERNIZXE,
In the past three years, the Hetu team has published more than 40 CCF-A papers in
top international conferences or journals such as SIGMOD, VLDB, ICML, KDD, WWW,
NeurlPS, ICDE, AAAI, ICLR, etc., including the Best Student Paper Award at The Web
Conference (formerly known as International World Wide Web Conference, abbreviated
as WWW) 2022. In addition, Hetu has also achieved good results in the selection of
various world-class competitions, such as the 2021 Top Ten Open Source Events by
Jigizhixin, the champion of the open graph benchmark (OGB), the champion of the 2021
CIKM AnalyticCup Automatic Hyperparameter Optimization Track, the highest award of
2021 CCF BDCI, etc., has won wide attention from academia and media.

O T WEB >
CONFERENCE =

Lopow; Franee, 25-24 April 2022

BEST STUDENT PAPER AWARD

Wentao Zhang (Peking University), Yu Shen (Peking University), Zheyu Lin (Peking University), Yang
Li(Peking University), Xiaosen Li (Tencent), Wen Ouyang (Tencent), Yangyu Tao (Tencent), Zhi Yang
(Peking University) and Bin Cui (Peking University)

PaSca: a Graph Neural Architecture Search System under the Scalable Paradigm

Program Chairs General Chairs
Deepak Agarwal, Aristides Gionis & Elena Simper| Frédérique Laforest & Raphaél Troncy

TEIEIBA SR 3K TheWebConf 2022 SR{EFHICE
The Hetu Team Won the Best Student Paper Award of Thewebconf 2022

2021%7RH188

PR LAEMBHAERFE" (Hetu) EXFR

WERFANIE 2021 FHEZOFE+ KRS
Hetu is Seleceted as One of the 2021 Top-10 Open Source Events by Jigizhixin
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The Large—scale Advertising Model Training System Architecture Proposed by Hetu
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The Intelligent Database Tuning System Proposed by Hetu
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Peng Cheng CloudBrain:
E-Scale Al Super-Computing Platform

HR5 16, SC8G =
Peng Cheng Laboratory

ERHRAREIRRE)
Huawei Technologies Co.,Ltd.

MW= E REEEHNFS, BB 1024P ops Al it EBE N
64PB BIEF{TOIY RirtE, BEESIHENR. suURlt. sU¥ R4
ERAME . ARTERFEEEMRAGRER, TETHFTFRZHEAN
B AIRENFAFTIINEFE.

Introduction

The Peng Cheng CloudBrain is an E-scale Al supercomputer platform based on domestic
independent technology and offering 1024P ops Al computing power, as well as 64PB of
high-speed parallel scalable storage. In addition to being highly efficient and reliable, it
also offers high scalability. The basic software system of full chain intelligent computing,
and a parallel training platform that supports hundreds of billions of Al models has been
developed.

RIERBRAMRE, HAH EREREENTS

Develop E-scale Al super-computing platform by breaking through the key
technology difficulties

WEERERBENFAFTERRDBIS. ¥ BIUER. HWEEL
ISP MEE)RE . PSR ARIR A LM T H=A CPU 5 NPU AY “Al
8 - BXipF - REEE" 9EHER; BUSHRINISNINEHE
HE, XMTIGSHEST BRWE; BEALATET MadFS 57
XXHERGFHY 10 EihhEIRRA . BIRmMEAEE T 2EENEEY
EEEEMRARR, RETENAMRSEESHNIINERKR, B
XFFZ2H AEENSHRIE. BRmRES 4 KIRGEIESILE
DN 10500 HHTIESHEEE, &L 2 1X3%18 Al E11FN AlPerf500
HHTIEEE—.

The development of an intelligent computing platform at the E-level requires the solution
of challenging issues such as high power consumption, low expansion efficiency, and
data throughput bottlenecks. Peng Cheng CloudBrain has proposed and implemented
a balanced solution for CPU and NPU in the node which combines Al computing with
hierarchical memory access and inter-chip interconnection. Using a multi-protocol and
high-bandwidth interconnection of high-dimensional topologies, a high-scale network
of training parameters has been developed. Furthermore, a full-chain autonomous and
controllable intelligent computing basic software system has been built, which breaks
through the large-scale multidimensional distributed training technology of the entire
cluster, and effectively supports the distribution of 100 billion parameters for distributed
training of artificial intelligence models. As a result of Peng Cheng CloudBrain's
position on the 10500 full list for 4 consecutive years and on the AlPerf500 ranking of Al
computing power for 2 consecutive years, the company has ranked first on the 10500 full
list for 4 consecutive years.

T

HUAWEI

BTSN, BoipsCiez=
FIFFFFIRE THSTEE S Al RIEEY,
RIFT T BAES IR EEHYIR
T Al B — R FIMEREE
IR, XIFHHinE. SEXBEFa
ZHMHREOVKRNA, SaFRA
AN A EFA, BT EBER
SN FIAY Al RIRBY W AR KRR R

On the basis of Peng Cheng CloudBrain,
Peng Cheng Lab has developed and
open-sourced Peng Cheng Al models,
updated a series of performance
indicators for Al models in natural
language processing, drug design, etc.,
supporting urban governance, intelligent
transportation, and other practical
applications. A large model application
technology system based on artificial
intelligence has also been developed,
providing support for thousands of small
and medium-sized enterprises (SMEs).

BHZEERHEER, Hh
FUARMBERERHITRR

Effectively support major strategic
needs and promote the parallel
development of industrial
upgrading and technological
systems

Wi=RE 2019 F 11 At
BEITLK, BRIZIFMS IR SCI0 = B
EF5, BABBRREXP/NE
A9 BUFR AN =l 58 BE T+ R dR 4t
ERENRS . B, BH=iE
RAEF AT D E L 542 X,
DHEE 96.15%, MITESHY
1351
With the trial operation of Peng Cheng

CloudBrain in November 2019, in addition
to supporting the scientific research
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The Intelligent Database Tuning System Proposed by Hetu

activities of the Peng Cheng Lab, it has also provided inclusive beneficial computing
services to assist SMEs in the Guangdong-Hong Kong-Macao Greater Bay Area
with technological innovation and industrial smart upgrading, of which Peng Cheng
CloudBrain E-level system has been allocated 542 days with a 96.15% allocation rate
and around 130,000 tasks executed in total.

W NBENIE T BRSNS RARKER. "—Hm =& 5
MEE. F-RAAISEFRARZRFENHBEE R, ELTEEY
EREREHD ARARSRRMEXNATE; BT TIBRERS Al X
RAMIILG, ERXARNBIISERA, BT T RMBARRE
FiTRRE. B, BRmMaEitizn 7T IUA TS Eh0mnER,
REAHBNRSFE. MALFELTFE. FURSRRFAMBH
BIAT BEARFENRERS, MHIEHNEENE. BEET. 88t
Hrrit5EiE. SeEMEOAIEFLRRE.

Using the Peng Cheng CloudBrain, major strategic needs can be met, including
intensified games for group confrontation, the translation of minor languages in the
"One Belt, One Road" initiative, and the development of new open source Al systems.
A smart city public transportation system that is autonomous and controllable has
been established, as well as demonstrations of future community applications. Besides
supporting the training of Peng Cheng series Al large models, its related achievements
are applied to cooperative units, thus contributing to the parallel development of
industrial upgrading and technological systems. Moreover, Peng Cheng CloudBrain has
been implemented with an Al computing center as the main body, providing the following
platforms: a public computing power platform, an incubation platform for application
innovation, an industrial aggregation development platform, a training platform for
scientific research & innovation talents. The team assists local manufacturing, healthcare,
digital design, construction, and the development of the connected car industry by

T

091 «

providing smart computing power
services.

HEHATEREZOTLERRE,
NFEENHSMEFNE

Driving the development of Artificial
Intelligence core industries and
achieved significant social and
economic benefits

WBH=REEBEAHKRSE
MHATEREEHEM KRG, B8
ZRPNEAERFFRENAL
o ETIEH=MN, HAMNESRE
A FRERSEHEEFH IR F RS
HPRISRE—ESE. B
PNiE NLP P @itk eI, BE=
/A . FET, B8
mIRINET B B A D RRENS
AU TRIEFIIRELE TR E IR
BEXRAIPbEL. LSS, BSImIRTR
SEEEH R E 20 Al FOEE,
SEDMEIXE 2.4E, RENE
Bid 74512, BH-LTHEE
MRS Al ZO kR,
HR AR5 52 8% 100 1278, "l
FEARE B EE X WL
2000 127z.

Several SMEs have used Peng Cheng
CloudBrain to carry out application
innovation using artificial intelligence
computing infrastructure that has public
service attributes. With the launch and
open-sourcing of the Chinese pre-training
model, which has hundreds of billions
of parameters, Pangu will significantly
reduce the R&D threshold for SMEs
and accelerate the development of NLP
products. While at the same time, Peng
Cheng CloudBrain seeks to solve the huge
challenges associated with the traceability
and rapid disposal of the epidemic by
utilizing supercomputers. Moreover, 20 Al
centers have been constructed in China
as a result of the Pengcheng Cloud Brain.
There are 2.4E of intelligent computing
power, and 7.45 billion dollars have been
invested in this technology. By doing
so, the Guangdong-Hong Kong-Macao
Greater Bay Area will be able to further
promote the development of the core Al
industry. It is expected that the scale of
the project will exceed 10 billion yuan.
Robots and intelligent equipment have
been driving the scale of related industries
to exceed 200 billion yuan RMB. As can
be seen from the perspective above,
significant economic and social benefits
have been achieved.
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Research and Application of 4G/5G Collaborative
Intelligent Energy Saving Technology

PEERKEMNZBEERASHT

0&8’0

hi
Research Institute, China United Network Co.,Ltd. Ghicomepmir

E1H

ZHRRETRLBERAMN
B, SEMBRS5C MEREFERIIME
M, BT 5C EREMRIBE L
IBERF, SEIAEML. BEREfL.
Mg, FEERUANEIEE.

Introduction

This achievement belongs to the field of
wireless communication technology, and
aims to solve the problem of high energy
consumption of 5G network, improving
the intelligent operation level of 5G
infrastructure, achieving a large-scale of
intelligent, green and low-carbon network
operation.

¥17 4G/5G th R & sE T GE1F
&, RUMMK., ha, RS
RREREIL TR

Establish 4G / 5G collaborative
intelligent energy saving system
to realize multi-level intelligent

energy saving of network, site and
equipment

5G FAHFEREMIRMIE
LHFRELRERR, AFRAEHRS
REBESIRTFH, 5C MK RILEEFRE
mETF 4G, ERINTRERARE
Al 558875 RURL 55 B B oK By B ik A8
%, TXEFXN, BRE. E6e
HTEEER, SHPREIRAE.
MEIZEE R, WAL EZ RS
MEINEEETE. RAKEN
BEX, B AEKZEEEIGN
HEDEE
As a digital information infrastructure,
5G is in a period of rapid development.

Due to the technological evolution and
the improvement of equipment capacity,

oS58 MR T

the energy consumption of one base station of 5G network is two or three times of
one 4G base station. The traditional energy-saving solution turns off the base station
hardware according to the tidal effect of 5G service, which is not supportive of the
real-time operation in the manner of intelligent energy-saving management across the
whole network. And the traditional energy-saving solution will lead to the poor energy-
saving performance and the complexity of network operation and maintenance. How to
accomplish intelligent energy saving and maximize the energy efficiency for a multi-RAT
network will become a common challenge for global operators.

R REFIRE AG/5G hEIBETRERR, BETFRMER. mmR.

RERDERY, KN LEMBERAEDEEER, BREFEMEERE
BEER, EH T RNEEMRBHFHEIFH A SN .
This achievement innovatively proposes the 4G/5G collaborative intelligent energy
saving system. Based on the hierarchical architecture of network level, station level
and equipment level, it has achieved intelligent energy-saving management of wireless
network, intelligent management and control of power supply and other communication
infrastructure facilities, promoting the research and application of digital innovation
technologies in network infrastructure:

BXIEY “REKIR SEMEFRTEUHEA, RRAUEER
AEUKE
The innovative energy-saving technologies of base station, such as “deep sleep”

and other innovative solutions are proposed to maximize the energy efficiency at the
equipment level.

& 5C BIRERERRS, 0I5 T RBIEHI SRR EM IR EHE
—IRBIBEINEE, [FIRuhRIREERE.
The innovative 5G power intelligent control system is developed, supporting the
strategy of intelligent power-off control mechanism and the unique identification code of

infrastructure facilities, which greatly reduces energy consumption at the base station
level.

LHERM AG/5C hEERETREETS, LA RANRKO, &
REMERNEEL, RBFTRERTEIR, BT RHEHERALRN

The innovative 4G/5G collaborative intelligent energy-saving management platform is
released, taking Al technologies as a breakthrough and integrating a number of patented

algorithms, to improve the energy-saving performance at the network level and reduce
the cost of labor management in network maintenance.

BASISERCHANIRRER, EHEEDERATERTIL
Hr

Technology guidance, network trial and commercial deployment lead to the
promotion of intelligent energy-saving technology in the whole industry

N
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ST “RERIR” AR,
A EILEERUIKFE
Promote the "deep sleep" technology

throughout the industry to improve the
energy efficiency of base stations.

25 25 56 Huh SR
FEBR(E 80% LLE, fF95GC Bih
NEAXDECETEEENA.

This solution reduces the power
consumption of the 5G base station
during idle period by more than 80%. As
a basic function of the 5G base station,
it has been national-wide deployed in
China.

AG/5C I EERETREEEF
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4G/5G EIERETREARR
4G / 5G Collaborative Intelligent Energy-saving System
BEEPEEEIL RN A

4G/5G collaborative intelligent energy-saving management platform has been province-
wide deployed in the network of China Unicom.

ZFaCEREFRE 3 DublEU WX SN A, BIYTBRAKS
S/NHLALE, ZRETEELLH 10% LAL,

The platform has been applied in a pilot scale of more than 30000 base stations in
Tianjin. The average daily energy-saving duration is 3 hours or more, the comprehensive
energy-saving ratio is more than 10%, and the energy saving effect is remarkable.

5G BIREREERI RAR TP EKBS N

5G power intelligent control system in China Unicom has been applied in multiple local
networks of China Unicom.

ZERCHEAR. BRI, T, T mEWNE, BRFIETEERE
LI 20% LA L.

222 e
3234.15 7

367 ¥

E(GB) 334217 7
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AG/5G EERET EER AN B R SR

Application Scenarios and Effect of 4G/5G Collaborative Intelligent

The system has been commercially deployed in Inner Mongolia, Heilongjiang, Henan,
Guangdong, and the annual energy consumption of base station has been reduced by
more than 20%.

BT RN ESER SIREN

Promoting ecological construction and standardization in the field of intelligent energy
saving.

AN 56 Bk Al BeeBRa R0, KT 5G Bre R A )
RIBERB, SIESMAERITIWRITE, NEEEDRERARLSHA.
Leading the establishment of "Joint Research Center of 5G Base Station Al-enable
Energy Saving Technology ", issued a series of white papers on 5G intelligent energy

saving technology, formulated a number of Chinese standards and industrial standards,
and accelerated the research and deployment of intelligent energy saving technologies.

BRALFIREEMERBE R ES, BIAMERAIERL

Technological innovation enables the green and intelligent evolution of the
network and helps to reduce the costs and increase operational efficiency of
network

HRRANSHKEEFRETEENBEE. SeeEzER BB,
B0 “BRIKIE. BRAPFDT SRES BARCRE.
This achievement has promoted the development of wireless network energy-saving
technology and industry, enabling the green and intelligent evolution of network through

technological innovation, providing global operators with examples of wireless network
green and intelligent operation, to achieve the goal of "Carbon Peak and Carbon Neutral".

AR 5G MEEEEFEIER 10% LA L. 2B 5C Bt FEDHIR
BE0.27 AE/ 4/ F. 2022 FERFEEE 5G Euh#l1EL 100 b
HITNE, BFETTAORBY 27 2.

This achievement can reduce the energy consumption of the 5G network by more than
10%. It is estimated that the annual energy saving of single 5G base station is 2700 kwh /

station / year. As the scale of China Unicom 5G base station reaches about 1 million by
the end of 2022, the annual energy saving will be about 2.7 billion kwh.

WMESTLAEN, KRS HKEFEAEIAR

It has a number of intellectual property rights and has been recognized by
many international authoritative institutions

Energy-saving Technology

RRERIBRIBEF 40 I,
RAEZER 2. 4G/5G hREE
RETRREEFARRT 2021 F
EEFREK (ITU) EEHSHER
IE= WSIS ICT BFHRIRETE
¥, 2021 FEFE+TREFRA

This achievement has applied or issued
for 40 invention patents and 2 software
copyrights. 4G/5G collaborative intelligent
energy-saving management platform wins
the prizes of Champion of WSIS (World
Summit on the Information Society)

Prizes 2021 awarded by International
Telecommunications Union(ITU), China's
Top Ten Copyright Owners 2021 issued
by Copyright Protection Center of
China, and is recorded into Excellent
Practice Case of Green and Low-Carbon
Development in the Information and
Communication Industry 2022 by China
Communications Enterprise Association.

4G/5G thEEETREEEFS
SRIRZ D ERREIN

4G/5G Collaborative Intelligent
Energy-Saving Management Platform
Wins Several International Awards
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Key Technologies and Applications of Global 10T
Perception and 3D Modeling of Urban Spatial Information

Uljt{F
Tongji University

ItRBENRAERAE
Beijing Baidu Netcom Science Technology Co.,Ltd.
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Shenzhen University
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Beijing University of Technology
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Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences
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Introduction

The team has spent nearly a decade
focusing on the needs of China's smart
city strategy and social and economic
transformation. In addition to breaking
through key technologies related to global
IOT perception and 3D modelling of
urban spatial information, the digital twin
support platform is intended to provide
basic services for the city's brain system
by providing spatial-temporal information
support.

SRR IR 5 = R
KEBEEAR, MBREHHZES
BFEEXETE
Breaking through the key technologies
of global 10T perception and 3D
modeling, and building a digital twin

support platform for urban spatial-
temporal information

B, MEERK T Z=EER
SRR RN S 2 A BN R
ERA RITHTEERNESAE
BUEE, SEFREEERNHE
BtE, EREFTEERRFET,
P& iR & 70 ELE K 5%;
KRBT BT DEM $URIREAIih R
BEmNGE, BYES T ihE
SEHUEREABEMKITE. 2
X, TIHARRT ZHHUENRE
BESKGEEREZR. KBTH
hEEEREEBAARP ETT
SERAEERTESET ISR
FPINSHEBRESRERA, BT
Efr EEITHRHEAT R, BRT
10.5% KIEHITEFHE. S5,
B ABIF IR T = 4584
ENAMEHRBAESZRXRE
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To begin with, the team has achieved breakthroughs in multi-granularity monitoring of
spatial information and global loT sensing. An information monitoring model with multiple
levels of granularity was developed. Under the same spatial coverage rate, the number
of monitoring equipment nodes was reduced by 5% in comparison with the best scheme
in the world. The surface deformation monitoring method based on time-series DEM
data was developed, which improved the accuracy and efficiency of the collection of
geographical information. Secondly, the team solved the problem of asynchronous
communication and joint scheduling of three-dimensional data. Using a global perception
system of urban spatial information, they developed a coordinated transmission
method of uplink and downlink as well as a joint scheduling approach based on the
buffer state of business flow, which significantly reduced the transmission time cost by
10.5% compared to typical worldwide schemes. Moreover, the team proposed a multi-
level hybrid indexing method for 3D spatial data in addition to large-scale concurrent
scheduling. Specifically, they developed the technology for large-scale concurrent
scheduling of 3D spatial data, as well as the database structure for multi-disk storage
and multi-level indexing. These innovations improved the reading efficiency of 3D spatial
information data by 12%, as well as improved the dynamic scheduling efficiency of 3D
model data under network conditions.

Lastly, the team developed a 3D visualization engine integrating virtual reality, spatial
GIS, and simulation technologies to provide real-time web services.
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Promoting the key technologies, and advancing the regional economic
development
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As an upper application of the city digital twin platform, the team has developed
the city brain system. By using Baidu maps, Internet data, urban video data, and
government customer data, the system can actively, quickly, and comprehensively
perceive subjects in a variety of scenarios, enhancing data integration and sharing. The
developed city brain system has been implemented in many cities / districts in China,
including the Haidian district in Beijing, the city of Lijiang in Yunnan, and the Guandu
district in Kunming. The relevant technologies of the project have also been applied and
popularized in the areas of urban spatial information acquisition and intelligent analysis,
as well as 3D modelling and visualization. Among the technical achievements are the
Shanghai urban grid management platform, the Shanghai comprehensive transportation
information platform, etc.

5B SR EMRIE

Leading the new mode of smart city governance
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decisions, it also provides them with
the ability to command intelligently. The
technological achievements have
significantly improved the collection
accuracy and the collection scope of
city operation information, supported
networked applications of large-scale
three-dimensional city models, and
assisted the cities in developing a refined,
intelligent, and normalized mode of city
management.In the period between 2019
and 2021, the accumulated new sales
related to the application of the team's
technologies totalled 303,682 million yuan,
the new profit was 19,975 million yuan,
and the new tax was 25.268 million yuan.
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Kunming Guandu Cty Brain

MBARITEZENIERTEEXEH KRS RIEEEEHR L
The city brain intelligent operation command center of the Haidian district in Beijing, designed and constructed by the team
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Three Dimensional Health Monitoring System of Shenzhen Metro, Developed by the Team
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Mulan Open Source Community
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China Electronics Standardization Institute
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Peking University
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National University of Defense Technology
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China Electronics Standardization Institute
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PEKING UNIVERSITY
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National University of Defense Technology
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Lenovo (Beijing) Information Technology Co., Ltd. Lenovo
TEARREAMN B L2, facilitate the joint testing of cloud computing technologies and products, and to support
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To promote and apply this achievement,
extensive in-depth cooperation has been
provided with international foundations
such as Linux, OpenStack, CNCF, SODA,
and TARS as well as their sub-foundations,
and close communication and exchanges
have been maintained at the multilateral
level of open source ecology construction.
In China, NextArch is a sub-foundation of
the Linux Foundation that promotes the
development of open source projects that
are independent of the Linux Foundation
in key areas such as data storage and

microservices. Further, it works closely
with OpenStack and other foundations to

the collaborative development of global open source ecosystems.
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Introduction

In 2019, the Mulan Open Source Community was established. More than ten domestic
industry-university-research units have jointly developed and operated the China
Electronics Standardization Research Institute. The company is based in China and
operates worldwide. An open source community showcasing technological innovation in
the local area.

Ak LKETEFREANPEFRITDE , AKRARESHR
WESEPEE R , RERPEREDE FRIHBE

For the first time, contributed to the formulation of global open source
ecological rules and designed the domestic open source standard system at
the highest level

BETHEZFRER, EA=FRERFTIEER, HRATE2EE N FR
MOEMERIFIE—— A= FEIE (MulanPSL-2.0) . EEFF
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HFTIUE. A=BE=FEEEITTIES 3 M ARENNFRITFIIE,
AZFIIEREFHEIERER, BENETHPNFREESHNAT
%, EHATEFRRG~mERCEEANERE. B, KA=FRELEX
REMFRT HEFRIMECTIEZRE, DRERMFEDTFIREREE
EBIREMNMT, MINYIN 1 T RSN ERTE, FRATEEE
FRIER R FHENTEEADEIEE ISO/IEC JTC1 T, BXERE.
MEX. MEFEMERMAIZ “FERASHTHEER" (AHG7) , #
FF R RS E R AEL TIE, o, REFFREXRET FERR
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BIFFEMBRVEB L, AP/ NSIHRI B R E L ES ISR

In addition to providing intellectual property rules guarantee for China's self-developed
open source projects, the Mulan open source community has also promoted the
important practice of China's open source business model by producing China's first
international bilingual license, which is available in both Chinese and English. Huawei
Hongmeng, Euler with other ecological basic projects, and Ant OceanBase database
community edition projects with other independent projects have been applied.

Meanwhile, it was responsible for systematically opening up China's open source
standardization work, promoting research into China's open source governance and
operation rules using standards as its starting point, and successfully establishing
China's first national open-source standard. Establish an "Open Source Software Task
Force" (AHG7) with other countries to promote China as a start-up country. International
standardization of open source software is being promoted by countries such as the
United Kingdom, Canada, and India under ISO/IEC JTCT.

IARPE. mAEX, I'E “BRE" , #HWESKEERE
BFFRESEFR

Examined the open source model of Chinese independent software
scientific and technological achievements, which have been recognized by
both the domestic and international industries

AEFBEHXEAFFERNERRFREIFBCNEE S, LUEEH
R ERR IR B AR CF ISR E B Az O F R IE. A=FF
BHXECREEFEERMRITIEINF 21 MRERY 160 IR
R, FMBPHEE 13 . “AZ7 RINFTIEEEPEARHFTRR
BHEEITZNA, &EZERAZFTIERES 10 AR N RIREF
B, BENESIE OpenEuler . OpenGuass. HRmIFEFETE
fINEF OceanBase #IBEH XREME, BET7T=ITE. KEIE.
AITEREEEEZNL ., ki, RE=FE#HXS5S Linux. OpenStack.
CNCF. SODA. TARS £EFESSNEFESS, HPENEFRE
NI RESDEEIR .

The Mulan Open Source Community has been designated as a designated open source
community for incubating open source innovation of national scientific and technological
achievements. Currently, it has accumulated more than 160 independent open source
achievements in more than 20 special projects. A further important feature of Mulan is its
incubation of small and medium-sized projects, as well as its continual assistance and
development of Chinese open-source start-ups.Open-source incubation and commercial
implementation of 12 small, medium, and micro projects such as PiFlow. Some of these
projects have received nearly ten million dollars in angel investment rounds. Furthermore,
the "Mulan" series of licenses are widely used in China-led open source projects,
contributing to China's open source business model. In addition to Huawei Hongmeng,
Euler with other projects, and the Ant OceanBase community edition, it has been applied
in more than 100,000 open source projects initiated by China. Moreover, the Mulan
open source community, Linux, OpenStack, CNCF, SODA, TARS and other international
foundations and their sub-foundations jointly promote the development of international
and domestic open source ecosystems.

F-ERWANPXAFELE, APEFRERENHE DT
Mzh7

The Mulan open source community has spawned large-scale social and
economic benefits

AZFEHXBERENFXAZRINFOIUE, SEFEABEE
SEMMB. AAmEETEMIE OceanBase #IEEMXIRITA,
FEEM. R17. REEFTUMNAZHSPLUEHWEXEELE, #
M THREENFREES—ANRFFEREEESS, ATEIRAER
FEF BRI R B IR U SIETRIE., B0 7T 85 SRS, #XK.
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In order to promote China's independent
open source rule system, the Mulan
open source community uses the "Mulan”
license as a starting point. Developed
independently, the Chinese Mulan series
licenses have filled the void left by China's
international open source licenses and
have attracted considerable attention and
applications both at home and abroad.
By utilizing the experience gained from
license research and development, it
was able to promote the successful
approval and approval of the country's
first open source national standard
plan, as well as establish a system of
open source standards. Establish the
Open Atom Open Source Foundation
as China's first open-source foundation
in order to support and guarantee the
voice and competitive advantage of the
independent open source community. A
channel for industry-university-research
exchange and cooperation in the open
source community has been established,
in conjunction with Shanghai Magnolia
and Shanghai Jiaotong University, to
promote the implementation of Mulan
in the local community. As a result of
open source activities such as the China
Software Conference, China Open Source
Hackathon, and Mulan Technology Open
Day, tens of thousands of developers
have benefited from these events.

A=FFHEXBERIEDN
Mulan Open Source Community
Hackathon
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High Performance Graph Processing System
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National Engineering Research Center for Big Data
Technology and System

FIHERASERAHENERLKWE
Serwces Computing Technology and System Lab
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Cluster and Grid Computing Lab
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Huazhong University of Science and Technology
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Introduction

The use of graphs for analyzing complex relationships between entities has been widely
adopted. A high-performance graph processing system is designed by the R&D team
in order to overcome the limitations of general computation architectures. In the 18th
GreenGraph500 and 24th Graph500, the system won the championship for efficient
software-hardware co-designs.

SR EDRE TR RS

High-performance software/hardware codesign graph processing system

EREAREMER, WARAKER 7TEFHIERNMRRERITIEE,
MHl 7TEF FPGA NEITEMERSS, RBE 7EIRARNINSFHFITRKE
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An FPGA-based graph processing accelerator and a dataflow-based accelerator
design theory are proposed at the hardware architecture level by R&D. A number of key
technologies have been developed, including dataflow-driven pipelines, locality-aware
caches, "one chip, one thousand cores" on-chip interconnections, and high bandwidth
memory optimization methods. With the help of these technologies, graph processing
can be performed non-blockingly and with efficient memory access.

ERITRERE, BHRREUBEAPONFTETEREMIET
MBEDE. EEBTUBREATONATRERENETRENRS
EENHE, SACERRRSEEEREUREEFTE.

An execution model based on path-centric parallel graph processing is proposed by this

team, along with a runtime scheduling
method. To maximize the speed of vertex
state propagation and data parallelism,
the path-centric parallel programming
model and the path-based asynchronous
graph processing mechanism are used.

ERGRGEE, HNRNED
wINBAINEF RS BRETEE
. EEBY XM RN EEE
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A topology-aware distributed concurrent
graph processing substrate is proposed
at the system software level. Through
the correlations-aware data access
method, the core-subgraph processing
mechanism, and the regularized execution
method, the graph data access overhead

is reduced and resource utilization is
improved.

ERREXER, HRRESD
EHESRXEaRSAM FPGA
SMEREFE, BATLEBYES
BIXRIEIES EFREINRZE Y
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A high-level synthesis system for graph
processing and a high-performance
library based on FPGAs are proposed at

the development mode level by this team.
They resolve the technical challenge that

the low-level accelerator architecture cannot be customized by high-level programming
languages, reduce the accelerator programming threshold, and support the agile
development requirements of typical business scenarios.

ENAREE, AMEHEE—ITERY, RREREITETE,

To break through the application scope of traditional graph processing, a unified
computing architecture is proposed.
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Application Innovation — Breaking Through the Application Scope of Traditional Graph Processing
Unified abstraction of underlying kernel operators

Devel: Model I

P

Unified processing architecture for graph learning

— High-level Synthesis System for Graph Processing and FPGA-based
High-performance Library

High-performance dynamic graph update library

High-level synthesis system for graph processing

Software S; — Topology e Distributed Concurrent Graph Processing Substrate
Correlations-aware data Graph processing mechanism Lightweight dynamic Value-driven communication
access method based on core-subgraph repartition of graph data mechanism
ion Model I ion — Path-centric Graph P ing Model and ime Scheduling Method
Path-centric parallel graph Path-based asynchronous Feature-aware differential Runtime scheduling method
processing model graph processing model path processing model based on graph abstraction

Accel for Graph Pr

Dataflow-driven pipeline Locality-aware cache "one chip, one thousand cores" on- | High bandwidth memory
architecture architecture chip interconnection architecture optimization method

SHREPENEEITERRRY
Architecture of High Performance Software/Hardware Codesign
Graph Processing System

REDRERA, WEETLER

Software and hardware collaborative optimization enables industry
innovation
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The Application Promotion for High Performance Graph Processing System
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Champions

Home

Graph Challenge Champions

2021 Champions

o Fast Sparse Deep Neural Network Inference with Flexible SpMM Optimization Space Exploration - Jie Xin, Xianqi Ye, Long Zheng,
Qinggang Wang, Yu Huang, Pengcheng Yao, Linchen Yu, Xiaofei Liao, Hai Jin (Huazhong University of Science and Technology)

o Faster Stochastic Block Partition using Aggressive Initial Merging, Compressed Representation, and Parallelism Control - Ahsen J
Uppal, Jaeseok Choi (George Washington Univ.), Thomas Rolinger (Univ. of Maryland College Park), H. Howie Huang (George
Washington Univ.)

2021 GraphChallenge £ B %
2021 GraphChallenge Champion

The R&D team has developed key technologies for graph processing based on the graph
processing accelerator, such as architecture, runtime system, programming framework,
management and analysis system, and distributed extensions. Further, it constructs

a technological system towards graph processing. With the help of this solution, it is
possible to provide the electric graph application of the State Grid Corporation of China |

with complex attributes and intensive computation, which reduces the time it takes to 25 18 J& Green Graph 500 # SMALL DATA £—
calculate the power flow and estimate the state from seconds to milliseconds. As part of Rovember 2021 Green : SMALL DATA
this project, the team deploys an accelerated anti-fraud detection system for PingAn's

financial and medical insurance graph. The performance of this method is four times

better than that of traditional detection methods. Furthermore, the project team has
improved the performance of Huawei Kunpeng servers for concurrent graph processing.

HMERETEMESH “HRE—"

Won several "World Firsts" in the field of graph processing

MfFANE 2021 F2MTETBNEEEZMONEREEZ
— GraphChallenge, XZ2E Xk B PENINDTKHREIELIER

B2KBE, @Y, T2EKEITEMEENEIEE Graph500 # Green

GraphSOO %;'A_’ﬁm: E% 18 E Green Graph500 HF% EF]"ELBkEIjJ%% Top of the 18th Green Graph500 for Small Data
LAIKE—; 15 23 /B Craph500 HEZ REYILAESIRE —; FHE24 semmomonmsminm
J& Graph500 HIR FIREX2IRE—, LIBNMEREBEDHAES. HX

BRREATTZNEEEE, SUREFRESKBSE, BHOEXL

Bk RE.
One of the most prestigious international events in graph analytics, GraphChallenge,
recognized this R&D team's achievement as one of the 2021 Champions. As far as this

event is concerned, this is the first time that a Chinese team has won the championship.
The achievement also ranks first in terms of performance power consumption ratio in

the 18th Green Graph500 and first in terms of single machine performance in the 23rd
Graph500. This team's achievements also rank first in the world in the 24th Graph500,
outperforming all distributed systems. Supercomputer graph processing performance

is measured by the Graph500 and Green Graph500 lists of the Supercomputing Graph500 #1 Green Graph500
Conference. A broad social impact has been achieved as a result of these TEE TR
achievements. To promote the development of related industries, it also establishes a Top of Graph500 and
deep strategic cooperation with the industry. Green Graph500 Lists
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Alibaba Cloud Server
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High-performance Storage Series Large-sce irage Series
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Alibaba Cloud Server M Series

E=ItERRA D
Alibaba Cloud Computing Co.,Ltd.

E1H

BHRIRERE, RARENER, = EHEMNA, = EF Rz,
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Introduction

As the technology evolves rapidly and iterates continuously, cloud solutions are emerging
for application deployment, development, and maintenance, and cloud-native business
is growing exponentially. This brings huge challenges to traditional data centers. At
the Apsara Conference in October 2021, Alibaba Cloud officially launched its Cloud
Server (Panjiu) M Series. This server achieves convergent innovation in technologies
such as high-density container deployment, fast application startup, low resource
consumption, and high energy efficiency ratios for both the hardware and software,
from chips, components to the complete machine. In addition, adopting the advanced
industry standards and the latest industrial techniques, Panjiu M Series has become
a representative of Alibaba Cloud's next-generation cloud-native server products,
continuously satisfying the increasing demands for high-performance computing in
multiple industries.

CIEC

RSB HREETE RERME R
[RERRSS 2R H5E

Born for computing challenges and
a cloud-native server paradigm of
the convergence of software and
hardware

ERMEBERT—RKTEER
SRBHRENRE, BARSSE
M EFEHBER 710 LIB2S, &
#TArm VO 2219, B85 128 1 &
MEE CPU 1%, 21t 600 2Rk,
HEELLW RERREH 20%,
BEXLELIR T+ 50%; BfEA FRE
BBt —r it 28, ZXHtE
FHESE. BMMNR. RRBLYE
RARZE; &Rt E, BERIE
HE B, KSR SRR A % —,
REREEN TR 10%; Eik
igit, SLUFME T8 . SORE

BUHFRIERE . RIEERTR,
AT ERIZ T 50%; B WEHST
I Multi-Host A, E&SIY
EMNESTERE; IFmamH
FEPCleEOFT-FHA=TE, X
SRR, 1ZHESERIET 10 &M
BT, SIIRFERE 15%.

As a next-generation cloud-native server
hardware architecture of Alibaba Cloud,
Panjiu M Series is built with Yitian 710
processors based on the latest ARM
V9 architecture, including 128 high-
performance CPU cores and a total of
60 billion transistors. The performance is
20% higher than the mainstream products
in the industry and the energy efficiency
ratio is improved by 50%. It follows the
design idea of software and hardware
integration of Fangsheng architecture
and supports the separation of computing
from storage, heterogeneous acceleration,
and resource pooling. In terms of the
architectural design, it is compatible
with the front and back outgoing line
architecture and has air-cooled and liquid-
cooled modes, increasing the system
cooling capability by 50%. Panjiu M
Series adopts a modular design that can
achieve the heterogeneous decoupling
of storage and computing. This hardware
product can be flexibly configured and
upgraded, improving delivery efficiency
by 50%. The self-developed hardware
uses the Multi-Host technology, achieving
high scalability and ultra-high computing
density. Fangsheng cloud card, a new
self-developed PCle interface card,
supports hot swapping. This increases the
maintenance efficiency by 10 times and
decreases the Sl loss by 15%.

HEEiSE RERE NAYER
EE".%"

[==]
Excellent performance, flexible

configuration, and rich application
scenarios

BARSEMRISEME
SRR AHIESE, NAMER
AEE. E=EREE. Java EMA.
EFHiNEiEEZ S TR St
198 30% L ERIRF, Ex1HE
HEBEERE 110% LL EAIHEEE
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Panjiu M Series has already been widely deployed for internal use within Alibaba
Cloud with improved performance. The business performance of single CPU servers is
improved by more than 30% in cloud-native, Java applications, storage, and database
scenarios and more than 110% in cloud-computing scenarios. In main business
scenarios, Panjiu M Series adopts a flexible modular design. That is, it can be combined
flexibly based on different needs to form a model that satisfies multiple scenarios. The
high computing power and high stability have already been fully verified in the database,
cloud game, cloud-native, and ARM-native application scenarios, especially in industrial
scenarios that have higher requirements for servers such as telecommunications,
finance, Internet, and manufacturing. In November 2021, Panjiu M Series was fully
applied to support the core business of the Double Eleven Global Shopping Festival.
This proves that it has excellent performance with ultra-high industrial standards, as well
as the capabilities such as high efficiency, low carbon, and energy conservation.

IBSRFETEUHR RIS SRR

Pursuing continuous innovation and breaking of world records

2021 12 B, EIENE=ITEFE MR S (Gartner Solution
Scorecard 2021 ) &7, MUEBARSENZOEHZIENIES laaS
HMR RIS DIRE 96, NESHR= 85—, 2022F 4 B, AR
228 M ERFIR 9 MLPerf® B4 3578 CPU Only #EIEMEEE —1IRS 25
2022 &7 B, BARSEEE M &FHITE SPECrate®2017 Integer base
EEMNKHEE 510 &7, R 7 BERSSMZISPIRITFRE.
2022 F9 B, BARSEE M ZFEF)EL PCle 5.0 FAMEIAEN R,
RALESCERE MBI PCle 5.0 IMENRNE RS SRBHR S
Ik, MEBZBARSHZENEFREBEEEN N =EMRIEINES
EHEARRAS R, ClENE.

In December 2021, Gartner Solution Scorecard 2021, an internationally authoritative
cloud-computing assessment report, was released. Alibaba Cloud laaS infrastructure
powered by Panjiu servers scored 96 in total, ranking first among global cloud services
vendors. In April 2022, Panjiu M Series became the first server to get the best CPU Only
inference performance of MLPerf®. In July 2022, Panjiu M Series refreshed the result of
the SPECrate®2017 Integer base test with 510 points, setting a new world record in the
single CPU server performance test. In September 2022, Panjiu M Series successfully
passed the official PCle 5.0 compatibility certification, being the first mass-produced
server hardware system that passed this test. In the future, Alibaba Cloud will offer more
cost-effective cloud infrastructure and implementable solutions with Panjiu servers and
create value for users.
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Intelligent Public Judicial Information Services

BERFHTENR
Computer Science Department, Tsinghua University

Intelligent Public Judicial Information Services
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BEAFREXITEZFEBRPIHRENR ., FTEEEMEHRNER AN EZFHEERRE, FEXFA
EBEATENRE, BEEAFEEMMENTE—LREN. "“SRIAEZLFRERARRR” RIIRNE
RERFAMEXE . BEENMEEFTRURRETHELSENF AL ERER T LESRIBRRL R,

Introduction

The lack of judicial openness in the legal system is a global problem. China has built one of the largest judicial information warehouses
in the world, which ensures that justice is available to all. However, judicial openness still requires improvements in both degree and
effectiveness.The achievement Intelligent Public Judicial Information Services represents a practical and effective method for reducing
the risk of privacy leakage, satisfying complex legal information needs, and enhancing proactive information management.

ATEEENMS, AEIFRREABZAFEE

Improve the effectiveness of judicial openness by Al
-driven innovative achievements

ZA R R EREETESHFERMIMTE
Mg BN N A ESHIELUBREESEER K.
SRAPEBIESERRMMEHLENNAFIIER
FARZRTEIENE, AREIEZEFLFHA
BLEMRAMRPEA. BFABEATFIANERR
RBRAR . WRAN D ENAIEEEF AT KR FF
RTERLX, FETWMTEIFHMR:

During the construction of judicial openness system, there
are three key challenges, including: a). Insufficient regulation
and control pose a high risk of sensitive information leakage;
b). A lack of semantic match capability results in complex
information needs being unsatisfied; c). Inadequate proactive
personalized information utilization due to a lack of understanding
of heterogeneous user groups. In order to address these
challenges, this achievement focuses on three aspects of
"content security and privacy protection to safeguard judicial
openness orderly, relevant legal case retrieval to facilitate
judicial information utilization, and accurate judicial information
recommendation to transform reactive to proactive use", and
makes several breakthroughs on these key problems.

KM T AEZER] . AR ESRE BRSR0RE,
BETBEEXREREZEERDIXEBEINTERE, E
X BERERIRFIBRIRET 14.1% . EHREER
16.1%.

First and foremost, the achievement enables efficient identification
and association mining of sensitive information at a multi-granular
level with different categories and constructs an automated
risk evaluation system for judicial openness, which results in an
increase in recall rate from 85.0% to 97% and accuracy rate from
83.0% t0 96.4%.

SLHL T MK HEIE LA 2 E [ 2 275 KANE AR R
RARRGES, WETRBEWEIRMNSHEEXERR
KERRRES, FISHFMREET 18.6%.

Secondly, this achievement allows for the transformation from
keyword retrieval to highly effective semantic retrieval for
complex legal information requirements. By incorporating domain
knowledge multi-granular semantic information into a legal case
retrieval system, a ranking performance improvement of 18.6% is
achieved.

M TEEREABEMR 7SN ME
WHESEERERSIE, BRUENNTHFIANSE
ERWAEATEREZENBGE, FEENEEEEMN
AP RERRET 32.9%,

Lastly, this achievement makes possible an accurate personalized
judicial information recommendation engine, which is capable
of being aware of heterogeneous roles and scenarios. This
recommendation engine improved the clickthrough rate of
recommended information by 32.9%, demonstrating its ability
to bridge the gap between a limited degree of cognition on the
part of the user and a large amount of heterogeneous judicial
information on the part of the court.
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The Core Technical Scheme of the Innovative Achievement

LU ARUREI A ,

IVEas ¢ RIS s

Promote large-scale application by demonstration and
facilitate sustainable development by open access
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The comprehensive judicial openness management platform,
developed by this achievement, has successfully served more
than 20 courtrooms and 280 judges, handled more than 5,000
cases, and comprehensively reviewed more than one million
judgment documents. The demonstration courts have provided
user experience reports that demonstrate that the platform can
greatly ease the burden on judicial personnel by allowing them to
handle legal cases more efficiently and effectively.

1Z AL SR A B9 K SER AR FO SR BRSO 7 FRA
=, EBRESUENDEA TSR ANTFELE.
B85, ZRREEXEFTFRRINFPIEEREHE,
FFIE T P )| R A B OpenCLap 0 Lawformer,
Lawformer K fE F&#EX 1.5 FRIX. HIX, 1%
BREERTENRASHE LR EENBN 14 M FIR
WE%, T2 EEFIATUN  EEHE. RIBERSTN

ROREXEES.

Key technologies and data resources developed in this
achievement are made available freely to the public to ensure
that the intelligent judicial openness community can develop
sustainably. Firstly, this achievement pretrained and released
legal pretraining language models, OpenClLap and Lawformer
based on tens of millions of Chinese legal documents for the
first time. Since its release, Lawformer has been downloaded
more than 15,000 times. Secondly, this achievement launched
14 datasets that contains millions of legal documents in total.
The datasets, taken as benchmarks in the Challenge of Al
in Law (CAIL), cover a wide variety of legal tasks, including
judgment prediction, legal element extraction, and legal fact label
prediction.

AEKBELF RS %"‘“ﬂsﬁ@?&ﬁﬁ, VA
IERRRE S ATIRMT

Provide intelligent solutions for global judicial openness
and export continuously high-end interdisciplinary
talent for legal problem solving

MRTEAERE), TEEHRRTEHEE. WiRE
R ARBLE. 2% =FUTENEITNERMZZ9
BEREE, —BUANZARIAR TRENRAKE,
EEECRIGIITIE. MRS TE ST,
XEARRRBRE T EBRRITIFEERIVAT
During the achievement completion process, the output quality
is strictly controlled by means of scientific output management
and benchmarking with international technology frontiers. In the
evaluation process conducted by an independent testing agency
and authentication by several domain experts, it has been
unanimously agreed that this achievement reaches a high level of
technical excellence, is innovative, has a bright future application
potential, and is feasible for demonstration and promotion.
International peer-review experts also recognize the high quality
of the academic outputs.

WIETIZRR, HFERBENRKEZER
170, BKFIEX 26 /8, EFEATE 41 AL
5%?%?327&/\2 35 /\, REEENEICRSHIEEZE
REREILEX XEEREREREE XTI E
5B —8. EJZ%IB)\E SENEZREEHMENTEE

BERRARTFIMEE 2R, HIR51T 4924 STERAESE,
NI E R ERERRIEHERUBRSRINEGAS
RIS,

The achievement results in a wide range of world-leading
academic outputs, including 17 patents and software copyrights,
26 high-level papers, and the development of 41 graduate
students and 35 legal technicians. One of the outputs received
the best paper award at the ACM Web Search and Data Mining
conference in 2022. In the International Al in Law Competition,
our team achieved first place twice by implementing the leading
key technologies. Since 2018, we have also organized annually
the Challenge of Al in Law (CAIL) on the global scale, which
attracted a total of 4924 international teams to participate. Such
that the achievement provides intelligent technical solutions and
interdisciplinary talents to support the development of smart
courts.
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The Awards Received by the Achievement
(Only Part of the Awards)

I EBRM BRI, (R#ERRTFHIIR
a1F

Found the Internet Judiciary Forum to promoting
international Industry-University-Research
communication and cooperation

PIEHBER. B, BRI EMR
B, RREGESEZLAAHEERNEERRLE,
RREIAR S T A F HERM EiA M5k, 17T
EfrEENEEICz - “BEEERNEIEICIR .

In order to promote the cross-border, cross-field and cross-
disciplinary thought collision, and jointly explore the intelligent
solution to the common problems of international judicial
openness, the achievement team established the Institute for
Internet Judiciary and founded the Tsinghua Internet Judiciary
Forum.

EIRLREEWREHIE. TZEXRZAS5H
F bt Maarten de Rijke #3%. ®HETLRERR LT
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Tsinghua Internet Judiciary Forum
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2022 38 23 H

March 23,2022 (Beijing,China)
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y and Trans

Dame Wendy Hall iIBZEERMZERIA S, AL
BB ANBATAERSEEEARZEN, HREk
RSB B FIRANEHERZRMNEIE. ERERKKN
BRI EERSBEERMNEARSRIAEIS . L
KRBT R RIS EN. ZICIZBRIEZENFE,
CIEBBETESHANE Alexa WMIERERRNZR
8 KRR (Ran Wolff) B+, SHBLARATLERE
MRERKEME L. FEBIZXFRIRKITES
REHEREH25THMT.

International top-leading experts, such as Prof. Yao Qizhi,
Turing Award winner, Prof. Maarten de Rijke, Academician of
the Netherlands Royal Academy of Arts and Sciences, Prof.
Dame Wendy Hall, Academician of the British Academy of
Engineering, believe that the application of artificial intelligence
technology to legal context is of great scientific significance,
and the establishment of the Institute for Internet Judiciary will
be beneficial to further promote international communication
and cooperation. The Tsinghua Internet Judiciary Forum, held
by the Institute, aims to conduct a series of seminars focusing
on the frontier theories and practical problems of Internet
judicial science and technology. The seminar has been held for
two times so far, and has invited several experts with different
background, such as Dr. Ran Wolff, Chief Scientist of Amazon's
Alexa Shopping Search, Dr. Li Hang, Dean of ByteDance Artificial
Intelligence Research Institute, and Prof. Shi Jianzhong, Vice
President of China University of Political Science and Law, to
present a report and participate in panel sessions.

ERZREE
PERFRR LT
EENFRIMER L

Maarten de Rijke
BEERNFREREL

BEERALERE
BUSRRIOESE

FIISHTIS AR HUR

Dame Wendy Hal
RETERRL
REBFATEEEZE
ZERSER
RESR¥aaT

BREWASHE

‘ ‘ RAARBREAF AR AN ! HRBRIRL, B
HIEIAE T Heid Ea AT R AE A I RITR0A0RE,
BUTHETENFRBBEAR. (TWEBAFRGHATES.

BEAFEEBNEEAR NG LSRR TIHS09H SR,
AT R REZTARGEZ QISR AP ENES
[ EBTEKFAH— 12! , ,

~ )

‘ ‘ Many congratulations on the launch of the new research
institute “Institute for Internet Judiciary.” In a legal context, Al
technologies must be held to high standards to ensure fairness,
accountability, and transparency. It is therefore important to
study, design, implement and evaluate ways in which human
decision-makers use the technology. | encourage the new
Institute to bring together diverse stakeholders to develop best
practices and mechanisms to improve these tools to the benefit

I 'am very excited to hear about the launch of the new Institute for
Internet Judiciary at Tsinghua University. It is a topic of great

interest to me and I very much hope we can develop a significant
research collaboration between Tsinghua and Southampton in

this very important area.
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High Spectrum and Energy Efficient Wireless

Transmission Theory and Methods for
Space-Time Dimension Reduced Massive MIMO Systems

BEXF
Tsinghua University
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AINHEL 5G RME MIMO AR S BEFSEAHRNEZENFEX—EEMF0R, BT —
E4 MIMO FEZNRECHIEICSHE, TRERENALELESRFANFHENING. BXMRE G
AANERRPETNERNE, HDEANRTEREMRBER . BEFTRSKFEREAETRARE.

Introductions

In this project, we examine the important scientific issue of the contradiction between 5G massive MIMO's low overhead and low power
consumption and the communication in high-dimensional channels. The paper presents a set of high-dimensional MIMO channel
space-time dimension reduction transmission theory and method, which can reduce the system overhead and power consumption
significantly. In order to improve the construction, operation, and service level of wireless infrastructure, the related achievements have
been applied in the construction of 5G networks.

MESH% MIMO BN
PRLIBIC S ik

The Space-time dimension reduction
theory of high-dimensional MIMO
channels

RIN B fE S AT R A <t B
BHRESHEMEIFHEE.

This project has achieved a number of
notable advances and major innovations
in the areas of technology and application,
including:

= % MIMO {518 Y == I % 4
Eig: RABMTAAE MIMO 5
BEZEMITEHNEERE, B
TE%EMMO FEXLFR LS T
BEJMEEEF=ENNE, &
T E%E MIMO FEN IS4
Hig, AEFHEDFBHRNER
MIMO EFiRiTHEM T EZIRIC
Iz

Space-time dimension reduction theory
of high-dimensional MIMO channels:
Based on an analysis of the channel
characteristics of massive MIMO in
both spatial and time domains, it is
evident that high-dimensional MIMO
channels are distributed in a subspace
of low-dimensional channels that is
slowly varying, presenting a space-
time dimension reduction theory of high-
dimensional MIMO channels. Based on
this analysis, massive MIMO systems with
low overhead and low power consumption
can be designed.

= WA K AME MIMO &
HEEERRNAE: HUSHE
MIMO {51& 15 B3R BUFF 85 KA B
6k, SR “IERXSM Kt
BEE, BE FFERSIM RIS
i%; FRAXHE MIMO FEr 51
THRRME, RESHIVESERAN
HEEMAIT i, TRESIFFHE
50%; EIY, RitWEFEEFE
B, TRELAEERRTH
40%

A method of obtaining high-dimensional
channel information that is spectrally
efficient for massive MIMO: To overcome
the high-cost challenge of acquiring
high-dimensional MIMO channel
information, this project proposes a
method of designing high-dimensional
MIMO channels that does not follow the
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classic "orthogonal pilot" approach. By using this method, different antenna pilots can
occupy the same time-frequency resources. An optimal pilot pattern is designed based
on the finite equidistant principle. A distributed channel estimation method based on
compressed sensing is proposed using two-dimensional sparsity, which can result in
a 50% reduction in pilot overhead. Further, this project constructs a channel subspace
codebook that can reduce channel feedback overhead by 40%.

BRI A MR MIMO REVES RIS 5% X AME MIMO
WESNRAYE, @2ZAHE MIMO BRER S TmB &L
RERRITEL; $XFIERNRIBESMRBEND, BRFERER
TR RFFERRMICERRI DT DR, BEETRITHNANFER
RERE RS L, TIRSLERAEEIE 30% UL,

The low-dimensional equivalent representation of high-dimensional MIMO channels is
analyzed in order to achieve an energy-efficient massive MIMO analog-digital hybrid
precoding method. The purpose of this project is to develop an energy efficiency
optimization model and design criteria for the massive MIMO modulo-digital hybrid
precoding system. Additionally, this project proposes a serial-optimized analog-digital
hybrid precoding method for sub-connections. Additionally, the project derives the
analytical expressions for the spectral efficiency and energy efficiency of the massive
MIMO power domain multiplexing system, which can provide a 30% improvement in the
system's energy efficiency.

BB 1S SRR AR T 4 2 RO &
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| Massive MIMO systems

¥

Problem Low-cost low-power high-dimensional communications

Space time dimension reduction theory

Energy-efficient Spectrum-efficient
hybrid precoding channel acquisition

3 ’

Used in Huawei 5G Written into 5G ‘
oY base stations standard J

=4 MIMO FEMN=IRERIC 5
The Space-Time Dimension Reduction Theory and
Applications for Massive MIMO Systems
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5G BATE&MEFNH SHA

The application in 5G commercial wireless networks

FEBNMLNEREFE, AMERITHES SN FREKSMAE
50%, WENF=EEATEREERRFTHE 40%.
According to China Mobile's field test results, the overlapping pilots designed in this

project can reduce pilot overhead by 50%, and the constructed subspace codebook can
reduce channel feedback overhead by 40%.

HEF AT B REFAAIIE MIMO #1155E3% 2022 FHARE
IREBEREEE. BEMEEMSIY IEEE ICC 2022 R ETRE.
As a result of this project, the massive MIMO prototype developed has been
awarded the Gold Award at the 2022 Geneva International Exhibition of Inventions,

and the Outstanding Demonstration Award at the IEEE International Conference on
Communications in 2022.

AMBIEAFES®EAIHRESERE 8N, GRAEHE 1000 5, H
F—PMIMERK 2021 FEATARMNEREEGEITE. AIMBRENEEB
FEREBABESEINFZRINEEE, RAELHESH S5G ERE
Type | BAMEBEZAMED, E5AN5G i (3GPPTS 38.214,
R16, Section 5.2.2) .

In the past five years, this project has carried out eight cooperative projects with Huawei
with a contract value of more than $10 million. One of the projects has been selected
as one of Huawei's top ten outstanding school-enterprise cooperation projects for 2021,
Through collaboration with Huawei's industry-university-research project, the channel
subspace codebook proposed in this project has become an important part of the 5G
enhanced Type Il codebook. As a result, it has been incorporated into the 5G standard
(3GPPTS 38.214, R16, Section 5.2.2).

AIMBREMEEMITMBE L ZESEZCFMRR, BET
XLERR “HARNEERECEEKELSC BANEZERFEITM
R .

The proposed channel estimation and prediction coding method in the project is an
important innovative achievement. Based on these findings, "research and development
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of base station equipment already
being used in the construction of the 5G
commercial network in China on a large
scale".

HHMREADNAREZEIR, B
EMBRSS KT

Improve the modern wireless
network construction, operation
and service level
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There has been a significant impact

on academics and the social economy
as a result of the research results. The
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HEXN AR SE=F1FMN
Application Proof and Third-Party Evaluation

academic papers have been published
in prestigious international journals such
as |IEEE Journal on Selected Areas in
Communications and IEEE Transactions
on Signal Processing. The citations of
relevant papers are made by 24 foreign
academicians from the United States, the
United Kingdom, Canada, etc., 35 current
or former chief editors of IEEE journals,
and 200 IEEE Fellows. The majority of
them are scholars specializing in wireless
communication, including microwave,
antenna, chip, radar, and other related
fields. With respect to the social economy,
the applicant actively promotes the
implementation and application of relevant
technologies through collaboration with
Huawei, China Mobile, ZTE, and other
enterprises and projects. Furthermore,
by participating in major national special
projects, the applicant contributes to
the achievement of the goal of "5G
leadership".

2020 Leonard G. Abrafiam Prize

aprescned o
Linglong Dai
For the paper co-atherct ik ickes Wang, aoching Wong, Ring G

X AR SE=A1FN
Application Proof and
Third-party Evaluation
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INTERNATIONAL
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Aprés examen, le Jury a décidé
daemetie & Fan Yang, Linglong Dai, Shenhieng Xu, Yuhao Chen, Mingyao Cui,
Zidong W, and Xiuhong Wel
pour linvention: ~ Low power communications based on RIS and Al for 6G

iy Genbe, lo 28 mars 2022
pissse

XN RIS =73 M
Application Proof and
Third-Party Evaluation
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Tencent Ethereal Audio Campaign

— —Al Makes Hearing Impaired People "Hear Clearly"

(=R NS
Tencent Ethereal Audio Lab
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‘RETH RBHSNURBELRERSEAADEES. PEE
AMEENE, F 2020 FEFREABRENMRARINE, TEEMG
RS ERE, REFBENSNEFNRE Al A, SIFFHEM
BT IR EHWITER, LWEAL “WiEE" , Bt iEFitbaARF
t=, WHHSERERISER.

Introduction

On the International Day for the Deaf in 2020, Tencent Meeting Ethereal Audio
Lab, Tencent Public Welfare Foundation, China Association of the Deaf, and other
organizations jointly launched the "Ethereal Audio Campaign". In the field of social
responsibility for the hearing impaired, Tencent Meeting has applied ethereal Al
technology for many years. The hearing aid is ingeniously designed to improve the

UGS

hearing aid effect, allowing the hearing
impaired to "hear clearly", facilitating their
integration into the digital society, and
assisting in the creation of an information-
accessible society.

KXFBEMAIEAR, iLIREA
+ “IRiSE
Ethereal Audio Al technology enables

people with hearing impairment to
"hear clearly"

BRX#TE), BORELS
RIEGE, REFRBARINERE

HRFBAI XA, ERDHE. B
g ER, BT, F8R35
e, SCIATI KRR RS
B, BB A T EIRS G T 0T
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A number of innovative technological
achievements have been made in the
field of social responsibility for the
hearing impaired utilizing the ethereal Al
technology applied in Tencent Meeting
for many years. These include hearing
screening, noise reduction in hearing
aids, hearing aid optimization, subtitle
recognition optimization, etc.

Hep, XBTHEFFEA
ITEHR BERE, RRTALE
W SIRE LT EBAIHERR, 12
FTAIERESEMESTEE
40%, BRIEREE LHEHT
KAl ANE=RER™ M.,

In cooperation with Nurotron, the
manufacturer of cochlear implants in
China, Ethereal Audio Campaign has
solved the problem of dynamic real-time
noise processing, improving language
clarity and intelligibility by 40%. Ethereal
Al technology has been incorporated
into Nurotron's third-generation cochlear
products.

RBTHEF2HLEBAL
Hin @EE SR MED-EL, #W®
£ IR +Al FTT + ETE
IWHERERS" NFE—ERIT
EAPP, BHMTRERFAREETD
RBNEL 66%. FEGEBRRK
miEEUSNENEESD, METEE
RiREBEN, & ETMAER
BENERERS

With the help of MED-EL, a global
manufacturer of cochlear implants,
Ethereal Audio Campaign launches the
Meixuntingbao APP, the platform that
combines "hearing test + Al auxiliary
hearing + remote hearing rehabilitation
service", resulting in a 66% increase
in monosyllabic recognition rates for
hearing-impaired individuals. Using the
remote audio and video communication
capabilities of Tencent Meeting, the
project is designed to assist hearing-
impaired individuals in overcoming the
impact of the epidemic by enabling
them to schedule online appointments
for experts to adjust their machines for
rehabilitation purposes.

RBTHEFHERIZERFEK
B, Y "B ERFRM
SMBE—FHSIEIRHEFNLE
FRIRDEREDHIES 66% 7
5.5~ 9.9%, iLIFEA LR “Ir
185", mA “B1E5E .

It launched the "Smooth Hearing King
Card Upgrade" in collaboration with China
Unicom, a leading domestic carrier. By
incorporating Ethereal Al technology, the
single-byte speech recognition rate was
increased by 66%, and real-time subtitle
recognition accuracy was improved by
5.5-9.9%. Users with hearing impairments
are now able to not only hear clearly, but
also see clearly.

XBTHELE T2 B WRYED
WESEIAMAS R, TIRFEFED
Wreg K aEI8 4R 85%, 1EF 7T
LREFTENIRES, thEsiRER TR
WOBIFEEAYERE . FFSEIITEST
BEIRRRES A, R B
WX inside) B “Az5HE)
TR, ZAEITEEE “{RATEE.
RINFE. TR = ARARMLE,
BT, AT ERRRBITESE ‘IR
HHRFRATHKBE, X
TN BIFR B IE B T R AYIm B FR
GHMBRAER. XRER (BT
K& inside ) BIIFeS G BRG(E
TREZEFERRENE, BhhE
WEIER,

Ethereal audio campaign launched a
completely self-developed algorithm
solution for hearing aids, which can
improve the key performance indicators
of domestic hearing aids by 85%, making
domestic hearing aids of thousands
of yuan level comparable to imported
hearing aids of tens of thousands of
yuan level. It has jointly developed with
hearing aid manufacturer Smart Listening
Technology, the company launched
the "Public Welfare Helping the Elderly"
hearing aid of Tencent Ethereal Audio
inside, which has three major technical
advantages of "low delay, low power
consumption and good sound quality".
At the same time, in order to solve the
long-term problem of hearing impaired
people caused by "howling" of hearing
aids, it innovatively proposed a systematic
solution for howling suppression. This kind
of hearing aid (Tencent Ethereal Audio
inside) will be promoted and applied as
a high-quality elderly product to help the
development of the elderly cause.
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( BB X#R inside ) BHIfFEE

Tencent Ethereal Audio inside Hearing Aid

[Tz SRR, TSREATHBRAT

Extensively link social resources to create a closed loop for the hearing-
impaired

EABTRERARHEMHR B F=RSIATF, RBITHHURALE
PES, RTEBRELSSREREREFRRE Al A, EBES “Al
WoT. AlSBUT. AEME” NASE, FEERFERE, AT5FEE
HEsh 2.0 &, BREEHHERE “KRBWREKSER , BREHS
BRARR, BRAREATRANFHESREDEIEREIR .

The Ethereal Audio Campaign is Tencent's innovative initiative and benchmark in the field
of technology public welfare. Additionally, it focuses on "Al audiometry, Al assistance,
and public welfare assistance" to launch new measures, in addition to free opening of
Ethereal Al technology. ler Day this year was the launch date for the 2.0 upgrade of the
project, and the project partnered with various parties to launch "Ethereal Listening to
the Future Action Cooperation”, which gathered resources from a variety of backgrounds
and actively assisted the hearing impaired in integrating into the digital society through
practical and effective assistance.
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KEITN 2.0 ARBHNUI
Tencent Ethereal Audio Campaign 2.0 Upgrade Launching Ceremony
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In collaboration with the China Aging
Development Foundation, China
Audiology Development Foundation,
and the Beijing Love Decibel Public
Welfare Foundation, we have established
special public welfare funds for the
elderly, young talents and children with
hearing impairment, providing hearing
aid products, rehabilitation services,
and vocational training with Ethereal
Audio Al technology for hearing impaired
individuals. In conjunction with the China
Aging Development Foundation, the first
phase of the "Ethereal Silver Hair Care
Fund" was established in Shaoguan,
Guangdong Province to provide 500
elderly people with hearing impairments
with free hearing screening services
and hearing aids with Ethereal audio
Al technology. A similar model can be
replicated and implemented in key areas
of ageing throughout the country in the
future, focusing on solving the problem
of hearing impairment among the elderly
in the context of an ageing society and
enabling them to better integrate with the
digital age.

B, ATEBENIES
FENEZA, BIRAREES
BE&4. B SSVIRARKESLE
=, BHaWXHLIR=E. Tk
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B2 ( BT KR inside ) BT eS,
BIRSE RS A fmiTUXIFE
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HE ‘BRXBRAXZES” %
BRXKEN TG, TENTPERENi
N—REEE,

At the same time, in order to help more needy hearing impaired elderly people, Tencent
Charity Foundation, Tencent SSV Yinfa Technology Laboratory, Tencent Meeting Ethereal
Audio Lab, and Smart Listening Technology also jointly launched the "buy one give one"
public welfare relief activity for the hearing aid of Tencent Ethereal Audio inside. During
the pre-sale period, every time a hearing aid of Tencent Ethereal Audio inside is sold,
Tencent and Smart Listening Technology will donate a hearing aid of the same type for
the deaf elderly in remote mountain areas for free. This is also another public welfare
measure in the field of hearing disability relief by "Tencent Ethereal Audio Care Fund"
following the Shaoguan relief action.

It EXEREAL, £RAEEXRFEIR

Call on the whole society to pay attention to the hearing-impaired and
jointly help the construction of information-accessible society

BERREBTHERELSR, ZEMZNHSXE5IF A 5ERE.
EHFRNHITALE SR Al BITUASENRARIER, SEMkEE
NEREPETE. ATERSEWITRE 8. ZE85XRITHE
FRABIEEHE,

Ethereal Al technology can also benefit the hearing-impaired by launching special relief
funds in collaboration with a number of foundations.

B, BESERESLFAEREETMMHESHIARN, LXK A
AT B FEfIATEAL, HEEREATRE, B, “XEHKR
RXEEE” BHELTREX, BO00 UEARBREBEFTERKS
Al RARIBENIRES; “RBEFASEE” BE 2022 F5100 fizld
ERESFAFRARBERBENF ARG “RETa" BILE B
g 200 ZuREATREATESREBAFARKE ., "HBHITELERS
£ IME, EN207 uELERHRENSIERERS . £& T
NYZHE, RBRTHERETEESTHRENZRTELRBITRE
&, EHE21 MK, $X50 FULEFRRARFRETRER
HZESN .
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CRBTH—RMIRARREES” E RBXARED
“Ethereal Audio Campaign”- Ethereal Audio Yinfa Care Fund
was Piloted in Shaoguan, Guangdong
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In Shaoguan, Guangdong, the first
phase of the "Ethereal Silver Hair Care
Fund" was launched, providing 500
elderly residents with free hearing
aids equipped with Ethereal Audio
Al technology. More than 100 young
people with hearing impairment will be
provided with subsidies for cochlear
implants through the "Ethereal Young
Talent Fund" in 2022. Operation
Pleasant Ear has provided funding to
more than 200 individuals with hearing
impairments. During the project "Help
Hearing-impaired Children Say Love,"
227 hearing-impaired children received
rehabilitation training. As part of the
offline hearing free clinic initiative, China
Language and Hearing Rehabilitation
Science Magazine and auxiliary
hearing equipment manufacturers have
collaborated on free offline hearing clinic
activities in 21 regions across China for
hearing loss users over 50 years of age.

BARBR MR, ZEZ
SANEAN A BTN R

Technological breakthroughs
and public welfare achievements
have been recognized by many
authoritative institutions and units

RBEITHRPTERREESS
EMERAITHRED], FHERRE
T 2022 F IDC T KX & EH™
HFUNMNABAAR. MHATHERE
¥ -FEX(UGREGEH70.24
MEREDBEE—R) . LB
RAUEAFREHE “FEERERM
%7 . "RIAEES - BRI
KK [ “hEBEKMAZ - S
22" "MANFER@mASR - E
FRET (2021 2EX ‘HEE
HAR” FXIN,

“Ethereal Audio Campaign” was actively
included as a benchmark case by the
China Poverty Alleviation Foundation. And
it successively won the 2022 Asia-Pacific
Smart City Digital Application Award,
the Southern Public Communication
Award (ranked first on the overall list with
a composite index of 70.24), and the
Shanghai Newspaper Group Interface
News’ "Annual Improvement Case Award",
“Guiyang Digital Expo- Leading Science
and Technology Achievement Award”,
“China Internet Conference Innovation
Star”, “New Weekly Annual Commonweal
Conference - Beautiful Voice”, 2021
Golden pupil Award "Content Marketing
Award" and other authoritative awards.
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LinkedIn Global Digital Skills Framework Research 2022
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Beijing LinkedIn Information Technology Co.,Ltd.
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Introduction

Global labor markets are at the crossroads of change due to the
dual effects of the epidemic and the rapid evolution of the digital
economy. Through the Economic Graph, LinkedIn is committed
to creating a Global Digital Skills Framework. The company
is committed to leveraging exclusive technology and data to
provide real-time and effective tools to help formulate global
economic policies from the perspective of skills development and
assisting talents and opportunities to connect more

®@ @ @ @
\ ° 4 %

8.51Z, 5,9005 39h8 1288
BRll4sr8E HEN
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Linked [ %53

FIRE “HEERE” BKRFKRYG, GENES
BT A

To embrace the future of skills, linkedin creates the
global digital skills framework

BESHFE E8.5125R. 3.9 Hikee. 5900
BREF12.8 BAAHENENEE=HIE, MELLE
FURXER T EREKEF. 82017 F, WEMRER
HRR— S D HIEMEIELG RS ARG 2K
HFRBEIESR,

LinkedIn uses its unique data and one-of-a-kind methodology,
the Economic Graph, to create this Global Digital Skills
Framework. Based on over 850 million members, 39,000 skills,

59 million companies, and 128,000 schools, the Economic Graph
represents the global economy. Briefly, it is all LinkedIn data.

Linked in $0i3%

THE ECONOMIC GRAPH

=

)

Linked M55

ALY FREEERT, MEMESA “LIRkEE
AEE” NBETRESNRERE, UELEXR
FROAXHTAST LR, AeKEFEEESH L
M=, BIASERERIZEEMII
Using the Global Digital Skills Framework, LinkedIn advocates
skills-based hiring as it transcends the traditional recruitment
model and allows for a more accurate and practical method
of matching candidates with employers. In this way, LinkedIn
contributes to the creation of more employment opportunities for

the global economy and allows more individuals to flourish in the
workplace more quickly.

B, SR BEFEE S T RROEIERR
eIz TE.
With Economic Graph, LinkedIn can deliver data-driven reports

and tools, accelerating the process of digital transformation and
workforce upskilling.

IR FTBN DI REREEL .

Exclusive research offers new perspectives on digital
transformation:

MEFFEERANSBEARFEFEEF RERK
MEERSEERFFL (CIDG) HITTEZFXTH
FEFOWR, BE "“MEAS" X—HE, AeK
ZFHF R ARG .

In collaboration with the Tsinghua SEM Center for Internet
Development and Governance (CIDG), LinkedIin Economic
Graph has developed the concept of "digital talent," a vision that

provides us with a unique insight into the globalization of the
global economy through its digital transformation.

THEDENRAED:

Keeping talent relevant in the marketplace requires innovative
upskilling tools:

EBER#IE (Hawkeye ) : SLATIRENSEREEE
RRIBXNEBASMBZNHHERIE, BERMEE.
REEBREXRER.

The Hawkeye Insights report provides directions for upskilling
and industry development. The latest monthly labor data insights
on major countries and regions around the world are available to

individuals, governments and businesses in real time, including
key information such as hiring rates and skills trends.

B EEEE (Skills IDA) . BEEM TR
BETKE, RAEESEAABILE.
Skills Interactive Data Dashboard helps the global workforce stay
competitive in the post-pandemic world. It is possible to stay
ahead of the future of work by showing how skills in a specific

field have evolved over time, which can provide traces to follow
that can lead to becoming an interdisciplinary talent.

Ni7IRZEE (Career Explorer) : @33
EIEEINI P F iR, BRIAITHE F—ERERAISRE .,
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LinkedIn Economic Graph’s

Global Digital Talent Development Report (2020),

collaborated with Tsinghua SEM Center

for Internet Development and Governance (CIDG)

Career Explorer uncovers career paths by matching skills to
thousands of job titles. Comparing people's current skills with the
top skills required by the role can help people to identify potential
career opportunities and prepare for the next step in their career.

SIXBFREEERT, MR Z HAERE
SmTh

LinkedIn's Global Digital Skills Framework Makes it
Easier for Gen Z to Succeed

WERHHFENFREAERUEEEE—TRIF
MNFim, A, FIEF TR FTRAEIESRE
FRFEHMVDANRIGE —Z BHLRFA. BIR
W, EREMESHLILEAEMOBETIET, A
k& TR EES IR E R R ENE
SBESENAOE.

In order to enable the world's workforce to embrace a skills-centric
future, LinkedIn is launching its Global Digital Skills Framework to
enable the entry of the most in-demand career starters, Generation Z,
into the labour market. Skills-based hiring is five times more effective

than qualification-based hiring at delivering job success for entry-
level employees, according to the study.
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Among the positive changes in the labour market that create more
opportunities for Gen Z is the trend towards skills-based hiring,
which means emphasizing a candidate's skills and potential
rather than solely their education and previous employment
history. Employers are often looking for in-demand and cutting-
edge skills in Generation Z, which are not necessarily reflected
in their employment history. LinkedIn's data indicates that 40% of
hirers worldwide rely on skills when searching for and identifying
candidates (up 20% from last year).

t5h, MRBELESFRTT (BRRENE) ,
MAAES . L BRESHEHEL THEXEY, #E
ES=E

LinkedIn has released its University Alumni Insights, which
provides substantial assistance to university graduates,
proposing recommendations that support the formulation of
policy solutions for relevant policy stakeholders relating to higher
education and talents.

T RS

MRELHKUEESERARAR (SRREWER (2021) )
LinkedIn’s University Alumni Insights (2021),
collaborated with the Center for China and Globalization (CCG)

SIRPFREEIERGER N RFHEE, U
BEIEFF LA IB4E
LinkedIn's Global Digital Skills Framework Enables

Precise Digital Transformation and Promotes Scientific
Upskilling

WA A ENE TS R 2 IR F RS
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Governments, corporations, and individuals can benefit
from LinkedIn's Global Digital Skills Framework. For policy
stakeholders, the framework can provide a higher level of
granularity on talent supply and demand trends, allowing the
government to make more informed decisions regarding talent
management.

SZETRREAMEE, WEARENAER
SESMNMEWVENBEERTNITEGS, ESK
FREMBF MRS
For enterprises, the framework allows them to track the most in-

demand skills across industries and regions, as well as upskill
their employees accordingly.

sEMIREZTIIRNE, SFEETLKE
ZIRZF
Connect the World's Professionals to Opportunities,

LinkedIln's Economic Graph benefits the Global
Economy

@& (LinkedIn ) {FA—ZREKWEBAIIRIHHIZ
F&, BlET 2003 F, SEUFEERES. WRA
,w-;-azejjﬁﬂﬁofzj:zhjﬂﬂﬂ’]ﬂ pvaclbc @\EWL’—\
HMEHERENEFEE., Bl 2022F 78,
RERSRSHEIL 8.512, B 200 %Al%ﬂ]iﬁj
X, Hr, dPESRLSHEE 5 700 5.

Founded in 2003, LinkedIn is the world's largest professional
network and is headquartered in Silicon Valley, California, USA.
Its vision is to create economic opportunity for everyone in the
global workforce and to create the first Economic Graph. As of
July 2022, LinkedIn has nearly 850 million members from over
200 countries and territories around the world, with over 57 million
Chinese members.

ERBERBIEE EM BRI THFEATHIH
R, BRRHFERENER E2BFAIKRER

LinkedlIn's research on the Digital Economy and Digital Talents
is being used by policy stakeholders all over the world to solve
practical problems in the process of digital transformation.

WARZS DR THFEFAEIA TR ERERIR
B, @Y FREERARRETIEZETSING
HNESER. éé}%léli%m%&l%i'&t 2021 &F “#EFH
ERETEpEHERREREN" .

The Economic Graph's insightful research on various economic
fields have been reported by many mainstream media. AmCham
China has officially incorporated the Global Digital Skills
Framework Research into its Social Impact Initiative. As part of
the World Internet Conference in 2021, the Economic Graph was
named a "Success Story of Jointly Building a Community with a
Shared Future in Cyberspace".
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Al Enabling iFLYTEK Input Method, Extensive Barrier-Free

Transformation to Bridge the "Digital Divide"

RN IE
iIFLYTEK Input Method

ROWERF
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Introduction

Mobile input is one of the global Internet
applications that has evolved with the
development of the times to become
an intelligent trend. The importance of
assisting special groups to cross the
"digital divide" cannot be overstated.
Using Al, iFLYTEK Input is capable
of carrying out a series of aging and
barrier free transformations, facilitating
communication between the elderly and
the disabled.

MRBAP “BR” h%, ENS
REXIERESREHMEAN

Starting from the user's "pain
points", multi-modal barrier-free
information output and input are
realized

EHFEE0OFRIUEADE
2.612, tEEIX 18.70%, E&R
AR EARERE, EEL
BEEMEZE, BZ. BER AN
o Bl LN EAmaRER
(Gboard) . K Swiftkey &
DREFENERNESINRE. HE
BMNEZRRIERNS. TFIEIT
RETE. BEUEXNT=RIE
W, RE KEERT , MG
HWRXERREEAZEREMN, EY
NESRIEFERN, MERZH
5 MASIEERAN, KEEEE
wRIneE.

A total of 260 million people in China are
over the age of 60, representing 18.70%
of the population, and aging has become
a fundamental national condition for
a long time, so the Internet is helping
the elderly has become a just need. A
number of international input methods,
such as Google Gboard and Microsoft
Swiftkey, do not include customized
features for the elderly. iFLYTEK Input
insight into the elderly can't see the slow
typing, insufficient IT skills, suitable for
aging mode will not be used problems,

developed a "elder mode", which simplifies interaction and adjusts interface vision
simultaneously, while the handwriting input has a high recognition rate, 25 dialects of
speech are supported in addition to voice broadcasting.

tesh, MERMNZERFNERSER, XFeAHRESEER, B
BRIE Emoji ®IBRAILRKERIBUEMNSIRIERAINEE. LI, EHRER
BMARBEEINM BN XFH RS EFEE, XENFMEEN@EE,
A number of additional features are available as well, including iFLYTEK Input's ability to
adapt to mobile phones' barrier-free mode, the ability to broadcast voice via full-interface
and the capability to send emoji synchronization to obtain hints about the location and

name of an emoji. Additionally, photo input interface shows "see" text and "say" speech
function, supporting two-way conversion of text and speech.

MYANEZZERNEHS. BEE. FEEXEEE, XKEWT:

iFLYTEK Input method has complete built-in interactive functions such as pinyin, voice
and handwriting, and the correlation diagram is as follows:

ATXMEENEESRZE, NERNERERANTFSRA.
EFIRA. OCREM £, BINREE. EFEMEFE Al OREAR, &
EONEERFERINEZENHAE, BIHET “BREEHL NS RET
I~ XRIERISE
In order to achieve true barrier-free interaction, iFLYTEK Input method integrates
handwriting recognition, speech recognition, and OCR, innovating Al core technologies
such as machine translation and speech synthesis, continuously upgraded speech

and handwriting recognition algorithms, and carries out generalized barrier-free
transformation based on the characteristics of " groups of impaired-people".

ARG € B GATER

W EARATEAPP
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EENEXARXRN BRI EE —AEiEE R8I ESR
TFMA(Temporal feedback end—end multi—-channel ASR), &5
IEE. 2ARE. BRIREEEXRGS T NOURESIRAIE,

TFMA (Temporal feedback end-end multi-channel ASR) is iFLYTEK's proprietary
integrated front-end and back-end speech recognition framework developed by iIFLYTEK
for the speech function, which ensures the high recognition rate for complex scenarios
with high background noise, multi-person speaking, and lower speaking volume.
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BIFIR— AR LAVEFIRAIER TFMA £2% 5
The Main Features of TFMA, a Speech Recognition Framework
that Integrates Front and Rear

OCR EAEMAIRFIER, RAEFENDENXFENRAS
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RITESURRIEES .

OCR has evolved to a fourth generation of recognition framework, which incorporates a
combination of text detection based on semantic segmentation along with a super low-

level sensory field network and data enhancement technology tailored to natural scenes,
resulting in significantly improved graphic and text recognition capabilities.

ATE[AA FAERTEREFF L, 5@, TRSihHITE
B3m, MEMNEZRREESFRN, BEMARLRISBNTR, &
BEA "B BENEERMER,

In order to allow anyone to exchange
information equally, conveniently and
without barriers in any situation, iIFLYTEK
Input method actively establishes
cooperation model, helping the blind to
'see" the wonderful Internet world through
the development of barrier-free input
products.

AH—SHENTEBBNE
TEIR, 2021 FRKANES R
B BIARENE, AR
=, BRELEBFIN B/INKEHIM
TESRAN, EREILZEEMA
HEEEZ R ERIETFEE,
2022 % 4 BEF MIUI R&EFH4,
EATNEESEAN, BiNsiEHM
BE, SIFESEMERE, &7
R ABZR, itetaH=mE.
For the purpose of promoting barrier-
free input ecology, Xiaomi and iFLYTEK
Input method has launched a customized
version of barrier-free input in 2021
with the goal of enabling everyone
in the world to enjoy the beauty of
technology. In April 2022, the MIUI OS will
upgrade generalized barrier-free input,
incorporating multilingual keyboards
and supporting voice automatic screen
reading, createing industry application

cases, and share the results with the
whole society.

Bh “EEURTIFREDT
&’ , EEEMERTRM ‘9
m” g “ﬁm”

Contributing to the "special ac-
tion of adapting to aging and
accessibility", so that the Internet
application scenarios becomes
"universal" from "available"
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OCR ERENRIRFIEZR THIBRY fREE
The Super Scalability of OCR lteration Under the Fourth Generation
Recognition Framework

iFLYTEK Input method is the first to introduce Chinese voice input as a mainstream input
method, transforming traditional Chinese character encoding onto intelligent speech. The
"touch net" of special groups also urgently requires this type of efficient and convenient
input. There are a significant number of smartphone users, and each individual spends
30 minutes typing a day. Voice input saves at least 20 minutes a day, which is 120 hours
in one year. Each year, about 12 billion hours could be saved if 260 million elderly people
and 17 million visually impaired people uses voice input. It is possible for intelligent
terminal manufacturers to build in iIFLYTEK Input to achieve a wide range of barrier-free
human-computer interaction at a low cost.
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New Technologies and Systems for Accurate Guides of
Minimally Invasive Surgery
Based on Multimodal Information Fusion
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Tsinghua University
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Sinovation (Beijing) Medical Technology Co.,Ltd.
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Shenzhen Mindray Bio—Medical Electronics Co.,Ltd.
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Introduction

Modern medicine is moving in a significant direction toward image-guided minimally
invasive diagnosis and treatment. This project has invented the core technologies
of information fusion of multi-modality images, precise surgical planning, and precise
minimally invasive operation, improving the precision and intelligence of surgery by
developing new equipment for minimally invasive diagnosis and treatment.
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The development of new procedures for the diagnosis and treatment of
cancer using image-guided minimally invasive techniques
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This project has developed new methodologies of image feature extraction and active
perception for the registration process of minimally invasive surgery. There have been
several patents granted for core inventions. A new image computing technology has
enabled the automatic registration of multi-modal images, the imaging and visualization
of intracranial blood vessels without contrast agents, and the automatic planning of
surgery, creating a multimodal neurosurgery planning system. As a result of the invention
and development of digital tracking methods such as multi-view real-time surface
reconstruction and structured light scanning for neurosurgery robots, the world's leading
face scanning and registration technology greatly simplifies the registration process for
patients. Safe surgical planning is made possible by the exclusive technology that allows
for the visualization of the cerebral cortex and blood vessels. With the application of
innovation to medical device products, such as stereotactic surgical robots, high levels
of automation and safety can be achieved, reaching advanced international standards
levels.

MENEFZEREMFRAU L SFANEARS

Developed 3D image modeling and surgical planning systems
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New methodology of multimodal medical
image registration and real-time fusion
imaging have been developed. There
has been a development of a new
methodology for multimodal medical
image registration and real-time fusion
imaging. As a result of these methods,
several patents and research papers
have been developed in the areas of
motion tracking and compensation of soft
tissue, cross-modality image fusion and
visualization, which have been awarded
at international conferences.

HERNBIESTGRSBERGRR
The Developed Cross-modal Image
Fusion Technology and Application

on Ultrasound Imaging System
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The technological inventions have
been used to develop robotic surgical
systems, surgical navigation systems,
and ultrasonic fusion imaging products. A
number of doctors and media outlets have
expressed concern about the innovative
working procedures and products.
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Transforming technological in-
ventions into internationally
recognized medical devices
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MEMNFATUEFAVEARS
The Developed Surgical Robotic System

New medical device products and new functions have been developed using the
technical inventions. China's National Medical Product Administration (NMPA) has
licensed three innovative medical devices.

Sinovation (Beijing) Medical Technology Co., Ltd. and Shenzhen Mindray Bio-Medical
Electronics Co., Ltd. have completed the industrialization research and development,
registration, promotion, and application of medical devices.

As of 2018, Sinovation has developed the brain surgery robot system for children and
adults in China, which has been recognized by the NMPA of China as an innovative
medical device product and has obtained a third-class medical device registration
certificate.

The Mindray ultrasonic fusion imaging system has reached the advanced international
level, with features such as online motion modeling, real-time deviation compensation,
breathing correction, and human movement correction. The system has obtained the
registration certification of medical device products in many countries, such as China
NMPA, European CE and American FDA, and has entered the international markets of
Europe, American and Asia.
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Digitalization of products and
an increase in intelligence level
with obvious benefits for precise
treatment
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Over 130 hospitals in more than 20
provinces in China have already
implemented the neurosurgery robotic
system developed by the project. There
have been more than 3000 successful
neurosurgery operations. Over 1000 brain
surgeries have been performed using
the developed neurosurgery navigation
system in dozens of medical units
throughout the country.
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A variety of models of the developed
ultrasound fusion imaging system have
been sold in the global market to meet the
needs of the customers.The inventions

developed in this project have been
clinically proven to significantly improve
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surgical planning accuracy, convenience, and safety, and reduce surgical trauma
and risks. Methods and products invented by the clinic have been fully recognized
by clinicians, allowing them to provide minimally invasive and precise treatments
with new and high-performance digital and intelligent equipment. This project has
been recognized by both domestic and international counterparts for its innovative
achievements and products.

Firift & 7= f R S 1E Im PR AR R L B
The Clinical Application of the Developed Products
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Quantum Computing Global Developer Platform
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Hefei Origin Quantum Computing Technology Co.,Ltd.
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Introduction

The Quantum Computing Global Developer Platform is the first "classical-quantum"
collaborative platform for quantum computing development and application
demonstration in China, which has back-end access to both supercomputer and
quantum computer services and contributes to the establishment of a quantum
center with global influence in Eastern China. The platform provides comprehensive
services for quantum computing enthusiasts and developers worldwide.

EBES EMRR

Combining quantum computers and supercomputers for joint development
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At present, China has a large number of
online cloud platforms that can provide
supercomputing services to users, but
there are only a few platforms that can
provide quantum computing services,
and the platform that can access the
real machine of quantum computing
in the back end has not appeared
before. Through the cloud service mode
and based on the platform algorithm
model, the Quantum Computing Global
Developer Platform quickly empower
practitioners and developers to become
professional in quantum programming.
With rapid generation and agile
development, the platform incubates
guantum computing enterprises for
innovation and entrepreneurship.
By updating iteration, the Quantum
Computing Global Developer
Platform plays a role in demonstrating
applications and promoting the
innovation and entrepreneurship of
global quantum industries.
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The Quantum Computing Global Developer Platform mainly contains four modules:
development tools, online programming, industry applications, and education and

science popularization, thus meeting the different needs of different users. The
following is a brief introduction of the four modules.
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SBEGNIEFER
A Combined Quantum Computer and Supercomputing Operating Model
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BEXEATENRSMEERENEMNEFTENRS
Real Quantum Computer Services and
Virtual Quantum Computer Services Provided by Supercomputers
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Promoted globally and gained a
good reputation
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Once the Quantum Computing Global
Developer Platform was launched, it quickly
received keen attention from all walks of life

worldwide.
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The platform became the dedicated
platform for the first CCF "Origin Pilot Cup"
Global Quantum Computing Programming
Challenge, attracting nearly 700 teams
worldwide to participate in the competition,

and the first competition was completed.
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Quantum Computing Global Developer
Platform has become an integrated platform
for teaching and researching quantum
computing in Chinese universities, which
integrates systematic curriculum resources
and practical training products to meet the
needs of teaching, learning, and training
of quantum computing. Origin Quantum
has established partnerships with nearly 50
universities within China and is currently in
contact with several universities in Central
Asia, West Asia, and Eastern Europe to

explore cooperation in the global arena.
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The Quantum Computing Global Developer Platform has also become a global
platform for quantum computing exchange and cooperation. The platform has already
cooperated with several companies in Asia and Europe, and other potential international
customers are also actively developing. In response to the call for "One Belt, One

Road", Origin Quantum replicates the Chinese market strategy and promotes the global
positioning of the Quantum Computing Global Developer Platform.
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Dedicated Platform for "Origin Cup" Competition
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Collaborating with individuals, companies, and institutions to build a
quantum ecosystem
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As the first quantum computing develop-
ment platform with open services for the
world, the Quantum Computing Global
Developer Platform is a pioneering service
that provides learning, collaboration, and
innovation for users at all levels, including
individuals, enterprises, and research
institutions.
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The platform integrates enterprise resources
and cooperates deeply with leading
enterprises in finance, biology, chemistry,
artificial intelligence, industrial design,
and other industries, and has already
transformed some research results into
quantum computing-related applications
and shelved them on the platform.
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Conducting quantum science edu-
cation and personnel training
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The Quantum Computing Global
Developer Platform has independent
intellectual property rights and is
aimed at quantum computing R&D
practitioners and enthusiasts, focusing
on meeting the needs of learning and
training in scientific research. We will
meet the needs of cultivating talents
in the field of quantum education and
cultivate excellent quantum computing
programming talents for China.
Origin Quantum will continue to lead
the development trend in the field
of quantum computing and develop
national and international standards
in the field of quantum computing so
that quantum industry R&D personnel
will be familiar with and follow our
development trajectory.
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| Work with Companies to
Develop Quantum Computing-related
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Education Segment
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Personalized Speech Enhancement
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Tencent Ethereal Audio Lab
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Personalized Speech Enhancement

Suppress the voice of interference speakers to highlight target speaker
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Introduction

The COVID-19 pandemic has made remote meetings an essential
part of our daily lives. The importance of speech enhancement for
maintaining high speech quality during remote meetings cannot
be overstated. Nevertheless, conventional speech enhancement
algorithms do not work well when it comes to suppressing the
voice of interference speakers. Towards addressing this issue,
Tencent Ethereal Audio Lab, under Tencent Meeting, has
proposed a new feature -- "Personalized Speech Enhancement"
-- which aims to emphasize the target speaker's speech from a
complex multi-talker noisy and reverberant observed signal using
the enrollment speech of the target speaker.
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First place in the international well-known DNS
challenge
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As part of its efforts on personalized speech enhancement,
Tencent Ethereal Audio Lab has published a number of papers
at top international conferences in the audio area, such as
Interspeech and ICASSP. It is well known that Tencent Ethereal
Audio Lab's submitted personalized speech enhancement
system achieved first place in track 2 of the prestigious
ICASSP 2022 DNS challenge, improving the speech quality
around 1.41 MOS, and places in the international lead. The
application of personalized speech enhancement to real-time
communication (RTC) products is not easy due to limitations in
model size, processing time, and real-time requirements. Using
huge amount of speech data as training data, the researchers
in Tencent Ethereal Audio Lab engaged in the practice and
innovated, repeatedly tested the system, and finally successfully
implemented our customized speech enhancement technology in
Tencent Meeting, the RTC product.

P.835 Subjective Evaluation Results for ICASSP 2022
Personalized DNS Challenge

SIG BAK OVR
Model MOS dMOS MOS dMOS MOS dmOS Ci WAcc dWAcc Final Score

Team17_SCUT_Meetme 4.2 3
215

Team19_SRCBSL 417 -0.08 i
Team29_Kuaishou 3.88 -037 432 218 363 107 004 068 -0.04 0.67
Team31_BUCEA 399 026 374 16 342 087 003 067 -0.05 0.64
Team15_PCG-AIID 373 -052 4.49 mass il 0.04 061 -0.11 0.62
Baseline 3.64 -061 424 34 084 004 0.64 -0.08 0.62
Teamd4_zjl_spkext 355 -07 4.26 212 335 079 004 059 -0.13 0.59
Team49_Kuaiyu 351 -0.74 3.87 173 3.15 06 0.04 0.63 -0.09 0.58
Team6_NTUMIRLab 374 -051 337 123 309 053 004 062 -0.10 0.57

Noisy 425 [0 2.14 00 2.56 003 072 0.55
Team13 _aispeech 314 0311343 129 264 0.04 0.49

ICASSP DNS 2022 MBS 1B5ab = HE,
AHENBETARBLRZER RS
The Results of Track2 of ICASSP 2022 DNS challenge.
The Red Rectangle Frame is
the Result of the Submitted System
by Tencent Ethereal Audio Lab
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Successful Application to he Tencent Meeting
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Personalized speech enhancement eliminates not only the
noise but also suppresses the voices of interference speakers
to highlight the voice of the target speaker. It is the general
understanding that Tencent Ethereal Audio Lab is the first
company to launch this new technology on the RTC product and
successfully implement it on the Tencent Meeting App. Besides
web meetings, this technology can also be used for cloud
gaming, custom services, etc. By incorporating this technology
into the Tencent Ethereal Audio Lab and hearing aid devices,
Tencent Ethereal Audio Lab will be able to create more social
wealth for society as a whole.

ZRAEBI SN ERERRZNTE.

According to Figure 2 and Figure 3, this is the instruction manual
for personalized speech enhancement on the Tencent Meeting

App:
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Enable the New Feature --
“Personalized Speech Enhancement” in Tencent Meeting App
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Boost the telecommuting under COVID-19 pandemic
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Tencent Meeting currently offers users a high-definition, pure and
smooth audio communication experience by utilizing personalized
speech enhancement. With more than three hundred million
users, Tencent Meeting already covers around 220 countries and
regions, offering a wide range of services in digital government,
digital finance, online education, telemedicine, and remote work
for small and medium businesses. Tencent Meeting provides
clear, flexible, secure and reliable audio-video conferencing
experiences, and has already provided stable, smooth
and professional services at numerous large and important
international events, including the National People's Congress
and the Chinese People's Political Consultative Conference,
the Guangzhou Export Commodities Fair, and the Shanghai
International Forum for Young Scholars. As personalized speech
enhancement technology becomes more popular, the user
experience will be greatly enhanced and social benefits will
increase.
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China Mobile 5G and Space-Air-Ground Integrated
Emergency Communication System
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Introduction

Accordingly, China Mobile, in cooperation with AVIC and
Xidian University, has developed an innovative 5G+ Space-
Air-Ground Integrated Emergency Communication System with
fully independent intellectual property rights in response to the
scenario of "three disruptions" (electricity, traffic, and mobile
communication) resulting from extreme and severe disasters.
The system has been placed into commercial operation and has
been innovatively developed. Additionally, for the first time in
the international community, emergency communications were
established in a large area of rapid recovery following a natural
disaster. Science and technology have become an important
means of ensuring the safety of people's lives during times of
crisis.

EfF LERBR ‘T REHRHOAEARK
SIBERERE M

In the scenario of "three disruptions," we have
solved the problem of rapid recovery of emergency
communications over a large area for the first time in
the world
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China Mobile has developed a four-level, three-dimensional
Space-Air-Ground integrated emergency communication system
that supports high altitude, medium altitude, low altitude, and
ground altitude communications in extreme disaster scenarios.
The technology of continuous air-to-ground signal coverage
has been a breakthrough. For the first time in the industry, a
continuous air-to-ground wireless network coverage algorithm
has been proposed to enable drones in rapid motion to
continuously cover designated areas with air-to-ground signals.
As part of the innovative approach, we proposed an antenna
mounting scheme and a flight scheme that combine UAV flight
parameters.ilnnovatively develop the air channel propagation
model independently, and innovatively develop the suppression
technology of Doppler benefit under high-altitude and high-speed
operation.The air-to-ground continuous coverage area of large
fixed-wing UAV emergency communication systems exceeds
60 square kilometers based on the innovative technology, while
the continuous coverage area of medium-sized UAV emergency
communication systems exceeds 70 square kilometers based
on the innovative technology. Moreover, the achievement has
completely independent intellectual property rights and is

currently being used in actual combat operations. Assisting
the country to improve its emergency communication capacity
in the face of different types of disasters and realizing modern
development in emergency rescue capacity by addressing the
capacity gap in the field of emergency communication in China.
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The architecture diagram of China Mobile's
UAV emergency communication system
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Participation by a wide range of people in emergency
rescue has opened up the "lifeline" of communication
for people
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The Henan Province was hit by a rare heawvy rainstorm on July
20, 2021, which caused serious damage to people's lives and

property. China Mobile's UAV emergency communication system
has been deployed across four provinces, 1200 kilometers,
under the guidance of the Ministry of Industry and Information
Technology and the Ministry of Emergency Management.

In the rescue period, 5,953 people accessed the public network,
generating traffic of 1.14GB, with a maximum of 648 users
logging onto the network simultaneously. 2,704 SMS alerts were
sent to 2,704 effective numbers, and mobile communications
were continuously restored for 6 hours, contributing to the rescue
and relief effort in an irreplaceable and important way. It was
stated in the text message, "Mihe town folks, China Mobile UAV
emergency communication system has arrived over your town..."
The text message went viral on the WeChat Moments of the whole
country and provided an emergency communication guarantee
for people and rescue teams in the disaster area, as widely
reported by mainstream media both domestically and abroad.

Furthermore, the achievement has played an important role in
disasters such as the earthquake in Luding, Sichuan,the search
and rescue in Ai Laoshan Mountain in Yunnan, the flash flood in
Pingwu.

ZFNutasdmEX, WhENIKERK
BigAR5I9ERA

The economic and social benefits are substantial,
and it plays an important role in modernizing China's
emergency rescue system

hE®BH 56+ ERI—RULNBERREAN
AR HFERATERF. ElEFPRBEERL.
RRUHINZEEN SRS . MECEESTE_+
FEMBEAKRFESEINER. ZHRERITSS
BXLAHIE. NRELAN+RE, RitS258ERF
ERTIA T/, SEEE ST TR M1 =,
TTE2E 10+ 5, APEARBERERLZERF
BESRm TR HE, BFESWMEEKX,

China Mobile's 5G + Space-Air-Ground Integrated Emergency
Communication System provides information and modern
emergency rescue capabilities and services for Chinese
government and corporate customers. Over 20 provinces in
China and other countries, such as Greece, have implemented
this technology. Over 40 relevant emergency rescue exercises
have been conducted in more than 10 provinces in China,
including Henan, Chongging, Sichuan, Guizhou, and Liaoning.
As a result, it contributes significantly to the safety and security of
the Chinese people. There are considerable economic and social
benefits to be gained.




» 140

B iR LRIV SR I R

A el # K2 B A

PRt

Innovation and Application of UHD Immersive Video
Production and Broadcasting Technology

DRIGESZ AL BB IR A E)
Migu Culture Technology Co.,Ltd.
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Introduction

In the field of live broadcasting, China Mobile MIGU has
developed a number of technological innovations and has
accumulated more than 100 patents. To date, we have conducted
more than 28,000 live broadcasts of "5G+4K+VR', laying the
foundation for the long-term development of the UHD video
industry in China.

5 Nk

Technology Innovation

5G BNITRFEIRERA

e “BEESCHE + ‘T ERIEES
87 + "BERXNEe” FHERALRNEKEL
5C BITEEZIRBAIBEARBRS R, MARBELME
RELFIEHHEAR2IMEN .
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5@ instant cinematography technology

Using a unique combination of "ultra-low latency 5G live
streaming" + "broadcast-grade remote production" + "cinematic
real-time color grading" and other broadcast technologies, we are
introducing the world's first 5G live cinematography.
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5G BPETEE IR RS ER S5 RN
5G Instant Cinematography Solution
Versus Traditional Solution
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BRBEEERSHSR, NIHSEEERE
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5G MBTHE 4K EIEEFBRES R,

Real 4K live production solution over a full 5G network

During the live production scenario at the venue, from the live
signal output of the on-site guide car to the live signal received
by the demonstration TV set in 4K, the entire 5G network will be
realized under the real 4K live production solution.

SMNEERANESHRIAD HLERA

B FhHE. RERMEERNINMS IR
AR, INZREEE. zWR. =BFE. XV BRIRE
ZHEBISHERSED.

Composite scenario-based video distributed processing
technology for heterogeneous network transmission

It is possible to realize multiple live screens on one screen, cloud
audience, cloud room, and other live business scenarios through
heterogeneous production and broadcast, heterogeneous
network transmission of video distributed processing technology.

LMARBEATCRARFRRS KA

HWEHANR, RELFBRAR, MU=KRE
DR, LPETF DM-Cache. FEIRIRHENES]
M LRU 858XV EM ESCIMIBRE R4 EFR
RSMRERT, BUEeRREFEIRRR., BFIE
HENREVLE . HTTP DNS fR$5% CDN. &gt EH]
%, BA2EENZEBRFRIRSERTE.

Billion-user concurrent service technology

During the World Cup, Olympic Games, and other hot events,
MIGU technical team has improved live video file caching
and service performance by optimizing the three-level content
distribution architecture based on DM-Cache, fast extraction
index, and LRU algorithm elimination. Applying CDN and terminal
collaboration mechanisms such as full-link main backup back-
source strategy, self-learning retry back-source mechanism,
HTTP DNS service, etc., we provided a solution for concurrent
service for billion of users across the network

Al EREERFREFRA

BERAKEE AEEESHR R FRINTIMEE
7, WA EEFEEDSRERIRAER, LMK
BERFRHREEE A FEELER.

Al live caption production technology

The large-scale commercialization of Al subtitles for large
international events live nationwide has been achieved by
improving the transcription effect of the underlying algorithm
model and the anti-interference capability of subtitles. This has
overcome the technical challenge of complex live sports event
scenarios.

WREERERRS S

BRE-BENFEREREEA-—IHENES
X, ERERFER L, LUSAVNEBNT@BIZE.
A ‘“BR+ AT+ 88" R, XMLBEDEDXL
IR AAFE. BREREBARRXA SaasS AiRit
&z, HPRALL sdk TEER AR KA IRITIRA, 5E
RiwA B RERE.

Dual screen live viewing solution

With this new means of watching the game, dual live streaming
will be achieved in the live broadcast of large events, and it will
enable users to have a seamless experience of watching while
broadcasting and making purchases online simultaneously.

IAZ R

Application Scenarios

2019 Fig, ARREMNNATHSZAREE.
EMIE. ABEFEAE, XET “4K+5G7 ERE
B(XREB) . RESBR. BN, FRRBEzR, tR
ZRLe SNBSS FERASEEESHMININ
5G+H4K+Al BSIEERE, &1L 2021 FJK , RIERS
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KB IP AB BB 30+, £F FEFIX 8000+, HY
17X 20+, BEEBMN A KEKE. CBA. NBA. UFC
EFESHMRBRE,

This technology has been successful applications in stage arts,
performing arts, museums, sports, and other areas including
dance drama "Sky Road" live in "4K+5G" theater, European Cup,
Tokyo Olympics, Beijing Winter Olympics, etc. since 2019.

MIGU will aggregate more than 30 sports IP contents by the end
of 2021, with more than 8,000 events per year and more than 20
events per day, covering the five major European leagues, the
CBA, NBA, and UFC.

Al BEERETR
Al Live Intelligent Subtitling

HEME T

Social and economic benefits

thE BRI A BB S I AN B HT BT R 1B
g, B UEREREZWA, WEEXFE; HHER
AN KMEIMBIRE “ N T RAZEIR" HEE Al F
BIgE, LIEIFRRIRS 2KiEB 4 LT AZIRAR;
23k 20 RN, ESHEKERMEMITE 40 R, FF
BET W3C tERRPE—PzEFHEMEKEGE
&, BhBEsEeTRERRE, A5G T,

Through several technical innovations, the China Mobile MIGU
company has enhanced the influence of the Beijing Winter
Olympics, established artificial intelligence captioning, and
provided innovative technology to over 400 million hearing-
impaired individuals worldwide. The company has also earned
a good reputation in the country. Over the course of its history,
MIGU has led or co-led more than twenty international standards
or jointly released more than 40 international standards, and has
served as the first co-chair of the W3C standards organization of
operator origin, contributing to the rapid development of the UHD
industry as a whole.
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CTWing OS, a Distributed 10T Operating System

with End-Edge-Cloud Coordination

REYIER
Esurfing loT
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BERMRERESL. ZRREARCEBRE. BEESNEEMERMEAN
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Introduction

The CTWing OS is a distributed loT operating system developed by ESurfing loT Tech
Co., Ltd of China Telecom, which supports fixed-mobile convergence, massive loT
network access under the wide-narrow bands combination, and secure access for
hundreds of millions of large-scale terminal devices. Through the CTWing OS, the
industry is provided with a single development and deployment environment for a variety
of digitalized applications, promoting an upgrade to digitalization.

REVBERMECERERES @RS, BARLREE
SZRER, CRBAARBBERLIBNSEREBHM. BX
MR SRR, BT AER A FXBRAM TR,
RGO ORARIERITIL S

An industry-leading operating system, CTWing OS aims to solve the key
technical challenges associated with the complex development of large-
scale loT applications, as well as the massive decoupling of cloud-edge-end
heterogeneous resources, secure access to large-scale terminal devices,
real-time perception, large-scale data analysis, and agile application
development across industry lines, with core systematic specifications
leading in the industry

CTWing OS BEMBAMEMIMEL LK RPMNEZinIEHK. HAK
B, MEFIXSHENL, FEMESHENE. BEHESHEXERER, £
SIRE—METFZREND BN IBRIERFIARRY, BRRINIR
BERWZERE, XFEERUTENMEEEERE.

CTWing OS aims to solve the problems of large-scale development complexity in the loT
industry, such as terminal fragmentation, long tail applications, network diversification,
loT platform differences, loT edge differences, etc. Using cloud-native technology, the

operating system proposes a new type of distributed loT operating system architecture
to manage and decouple massive cloud-edge-end heterogeneous resources.

ZESZUHAREEBEERSBEEREREMERISEHIE,
XIFBAMEYEAR 2R LNEREE; BEELMMAESAE. |
DEHmDIEFNG, HFCRBAMRRRNEETREAN; MAR

E SURFING iOT

EREHRYIEEINEEHERIEEE
2R, KIMBEMERNRUERIRIE
SNANKNRE, IFCHRER
MIE T E SRS LT HEE .

As part of the CTWing OS, considerable
amount of connection session information
collection model and connection service
control engine have been proposed and
the multimodal communication module
automatic management will support tens
of millions of IoT connections. Additionally,
real-time session scheduling, and low-
power device-cloud interaction have been
proposed to ensure that hundreds of
millions of super large-scale loT terminal
devices can be accessed in a secure
and reliable manner. The system provides
the capability of interacting in real time
with applications and data of massive loT
heterogeneous terminals and to provide
high-efficiency messages notification
in real-time among large-scale terminal
devices by utilizing its lightweight terminal
Thing Model and massive message
notification framework.

FEBEFST 2021 F10
A 15 BYAIMEAR T Bk R
T, EEER. BIETEZR DS
BEhERFRERLE. PEEFFES
NEMEZERSEE, FEBEFS
MEEMZERSEEBE, FESMN
B—HIAN CTWing OS 57
BRI FRARASNATHE
REIEPRSGHKE, NARIR 8.

An evaluation meeting of scientific
and technological achievements for
the CTWing operating system was
organized by the China Institute of
Communications on October 15, 2021.
This evaluation committee was chaired by
an academician of the Chinese Academy
of Sciences, the loT Committee of the

Chinese Institute of Electronics, and
the loT Committee of the China Institute
of Communications. According to the
evaluation committee, CTWing OS is the
international leader for the technology and
application of a distributed loT operating
system that can be applied to a wide
range of applications.

CTWing OS AR =1

2021 Elfr#FRH =
BREZRLESHESS

CTWing OS shows at the 2021
International Digital Technology Expo

IR$S£BkiSE NB-loT P8,
EFHeIERERF NN

Serve the world's massive NB-loT
users, and work together to create a
new era of intelligent digitalization

CTWing OS &It hE B 5
Z=MERSEENEE, mETIiTE
BRI B ENIRE, FRT
KIVETELE, T EaESS
TUBHSEHNRERERS HER
B, BT RIBLHTTE,
RENSREHIE. RXNRERESE
— AT RLFR o

Based on China Telecom's cloud-network
convergence infrastructure, the new loT
platform has been developed with the
CTWing operating system and has been
well received by the industry. Numerous
industry leading applications and
solutions have been developed, including
the digitalized application for Nanshan
in Shenzhen, the smart manufacturing
solution for Midea in Guangdong, and the
COVID-19 prevention and control system
in Wuhan.

Hal, CTWing OSERSH
M8 3.6 ZMEMAR, 2
1.2 {ZYBXR S BE &R, hEFB(E
5G NB-loT AP ZEmIZ, B,
BREMSERNURIE 6200 5, &
BE/KSS RIS 5100 556
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So far, the CTWing OS has served more than 360 million loT subscribers and 120 million
loT intelligent terminal devices. China Telecom has taken the lead in the amount of 5G
NB-IoT subscribers of more than 100 million. It possesses 62 million connections of smart
gas loT device connections, and 51 million smart water loT device connections.

CTWing OS {KIEREME-WERER, FAEKRE, YWEKMNEKEH
MR EFCIIEDS, MRAENZIESR, NNERYPERR = Al [ S
£, BMERRE, BFESEENEHLIERAF LT,

It is facilitated by the CTWing OS and its ecosystem to congregate the industry partners
in the new loT ecosystem, which includes the E-Surfing loT industrial alliance, the loT
development competition, and the loT open laboratory. As a result of the loT industry's
move towards large-scale, high-integration, and high-value development, we will be
cooperating with partners to develop the next generation of intelligent digitalization.

YIRS 75 _ BhEMERE

5G+Al &L SRR EREEEEI

the 5G+Al Camera Helps Midea Group Build a Transparent

in the Shenzhen Gas Corp’ s Factory Factory With Full-process Connectivity

RS =AbER, METIEHFHRE, HIBFME

Serving industry ecology, accelerating industry digital transformation, and
creating digital value together

CTWing OS IRMMEXM S 5G. Al ERANRE/RESIIN B SRR
FER, cEMES BT . SeehiE. tREFWHHFHEEFL,
With CTWing OS, loT applications and solutions are deeply integrated with 5G, Al, and

other leading technologies to help build smart cities, smart manufacturing, livelihoods,
and other |oT digitalization upgrades.

EmiaE S E, CTWing OS BRI RELLEKITIE 5G+ 5
FERINFE, 2 RFBELXEHIREKF,

CTWing OS was able to assist Shenzhen Nanshan district in building the 5G+ digitalized
perception platform, which enhanced city management in Nanshan.

EEeEHIESE, CTWing OSRSAMAN. Ti ddl. REH
& 1000 B TUEEKNAR, MREFHERET R,
With regard to smart manufacturing, CTWing OS has assisted more than 10 million

industrial internet users, including those in the petroleum and petrochemical, mining, and
appliance manufacturing industries, to upgrade to digitalization.

FHREME, CTWing OS BEEHEK. Efy. #EEERM
HIHSMNNAERE, RSTRE, BHOAREFLE.

On the issue of people's livelihood, CTWing OS provides applications for community,
medical, retirement and other important aspects of people's lives.
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Industrial 5G-Advanced Network System
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Shenyang Institute of Automation (SIA), Chinese Academy of Sciences SR AT T 2D
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Huawei Technologies Co.,Ltd.
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Introduction

With a deep integration of 5G and industrial automation, network
connectivity and stability can be improved, a new architecture
for industrial connectivity can be created, smart factories can
be fully connected, and the fourth industrial revolution can be
accelerated. With the assistance of the Shenyang Institute of
Automation, the Chinese Academy of Sciences, and Huawei,
an industrial 5G-Advanced system will be developed, which
will allow integration of 5G technology with an industrial intranet
network.

Tk 5G Advanced 24 E S EIBH AR, iBE
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The industrial 5G Advanced system has improved
transmission reliability from 99.9% to 99.99%
through the integration and innovation of information
technology, operation technology, and communication
technology. The end-to-end delay has been reduced
from more than 10ms to 4ms as a result. As a result,
the indicators have reached an advanced level on an
international basis

Tl 5G Advanced RFEBIITHIBRA. B2
BA. GERAMBERATTREOIH, LW 5G
WAL, REBIATITNY, TMITWE~SaH,
HZHF=PLCETWNA, BERFEREA, A
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As a result of integrating and innovating data technologies,
operational technologies, information technologies, and
communication technologies, the industrial 5G Advanced system
provides endogenous 5G intelligence, coordinates industrial
protocols, ensures high availability of industrial production, and
supports industrial applications such as cloud PLC, reducing on-
site network construction costs and providing flexible networking
capabilities.

Wireless 5G-Advanced technology supports industrial protocols
such as Profinet and EtherCAT and provides reliable transmission.
As part of the 5G gateway, the industrial protocol adaptation
unit identifies industrial protocols and extracts characteristics
such as traffic, cycle, and baseline time; A 5G gateway and
UPF's dual-transmission and selective-receipt unit sends the
industrial protocol control services simultaneously through two
different air interfaces, increasing transmission reliability from
99.9% to 99.99%; 5G gateway cooperative scheduling modules
are responsible for controlling the sending queue, as well as
allocating air interface resources over the 5G core network. This
method reduces the end-to-end delay of industrial protocols from

[ s6TAkF%
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more than ten milliseconds to four milliseconds based on the
baseline time and period of the industrial protocol. As a result,
the relevant indicators have reached an advanced level on the
international scale.

“BF 5G Advanced BIFE M= &R E"
[WohkHt, RRESHEETIEERE, XEE
BRIizRiE

A flexible production line solution based on 5G
Advanced was released to the public. The results of this
project were exhibited at the Barcelona Communication
Exhibition and were widely acclaimed internationally

2021 F 11 A 26 H, FEHZFRILHEBNCH
RITS®HATHEBEERET “BEF 5G Advanced B9
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= ZIEHSINRI RN EL, HEANEI T AL R
B, Fae Tz bErTT, HERTETZARYT
ENRMEFEEN. LB LREERM T 5G &
T AMEIZEE&iE, RESHMTI. B3,
B, SEDREMBEEFHRT, WIET TR
WX 5G BIEMN ML EKR, BT, HEAZOMNE]
MLRE, HERNISBTE &R IEhEERINZE
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5G Advanced ZG@ L RFTHET, REWRTZ
xiE.

“5G Advanced(5.5G)-Based Industry
Field Control Solution” FERESMTE 2022 FE
EZDIBERE, REERTZXE,

A joint release of the "5G Advanced-based flexible production
line solution" by Shenyang Institute of Automation of the Chinese
Academy of Sciences and Huawei was made on November 26,
2021, enabling the application of 5G technology in industry.
Following the external network auxiliary stage of monitoring,
security, and other scenarios, the industrial intranet phase
began, the industrial core production link was enabled, and the
prototype of the flexible production line based on this solution
was demonstrated. Shenyang Institute of Automation has
successfully completed the flexible production line testing of 5G
in the industrial intranet, covering all production links including
automatic processing, automatic assembly, automatic detection,
warehouse and logistics, and verifying the network requirements
of an industrial intranet for 5G communication. Additionally,
Huawei has successfully deployed a flexible production line
prototype that can be controlled flexibly and collaboratively
across multiple production lines in its Cloud Core Network
Innovation Lab. As a result of the joint release of the system
solution, the industry has been able to promote the achievements
of the industrial 5G Advanced system.

In 2022, "5G Advanced (5.5G)-Based Industry Field Control
Solution" was presented at the Barcelona Communication
Exhibition and received extensive international attention.

On November 26, 2021, the Shenyang Institute of Automation
of the Chinese Academy of Sciences and Huawei jointly
released the "5G Advanced-based flexible production line
solution”, which enables the application of 5G in industry, from
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the external network auxiliary stage of monitoring, security
and other scenarios. entered the industrial intranet stage,
enabled the industrial core production link, and demonstrated
the flexible production line prototype built based on this
solution. In the laboratory of Shenyang Institute of Automation,
the flexible production line test of 5G in the industrial intranet
has been completed, covering all production links such as
automatic processing, automatic assembly, automatic detection,
warehousing and logistics, and the network requirements of
industrial intranet for 5G communication have been verified. At
the same time, in the Huawei Cloud Core Network Innovation
Lab, a flexible production line prototype that can be controlled
flexibly and collaboratively across production lines has been
successfully deployed. Through the joint release of the system
solution, the achievements of the industrial 5G Advanced system
have been promoted, which has attracted widespread attention in
the industry.

The "5G Advanced (5.5G)-Based Industry Field Control Solution"
achievement participated in the Barcelona Communication
Exhibition in 2022 and received extensive international attention.

Tk 5G Advanced 4 ¥ 5h 5G TULRZ M
SrEHB MR OEFRTEE, MEERTHL
BT SR, AZRREREHIR
WAk 56 B ARFRM = ER

By deploying the industrial 56 Advanced system,

5G industrial applications will be penetrated from
peripheral assistance to core production links, new

HTF 5G Advanced BIEMEF=ZetEH
5G Advanced-based Flexible Production Line Prototype

businesses and new business models will be created
in all walks of life, and a 5G technology system and
industrial ecology will be formed with independent
intellectual property rights that are owned by China

Tl 5G Advanced &%#Es) 5G Tl 3 IH
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5G Advanced & A REMGIG
5G Advanced Flexible Production Line Solution Conference
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Through the implementation of the industrial 5G Advanced
system, 5G industrial applications are able to penetrate from
peripheral assistance to core production lines, simplify on-site
networking, reduce construction and operating costs of industrial
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networks on-site, and improve productivity. It is expected that
the 5G technology will be applied to more vertical industries
through the deep integration of the industrial 5G Advanced
network and the industrial business, empowering the network
to enable the delivery of new services and the development of
new business models for all walks of life. Aside from developing
terminal controller products that support the new industrial 5G
Advanced network technology, it will also create an industrial 5G
network system-wide technical system and industrial ecology that
is protected by independent intellectual property rights owned by
China.
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A Light-Modulating Chip Based on LCoS Technology

RN ZHREAEIRAE)

Shenzhen Huixinchen Technology Co.,Ltd.
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Introduction

The 720P 6000PPI LCoS chip developed
by Shenzhen Huixinchen Technology
Co., Ltd ("Shenzhen Huixinchen") offers a
longer lifespan and a lower price. There
are more than one million pieces delivered
annually.

B g FMENS R i
MR, LCoS KT H X
HEE BT ElRA

Improving major performance
indicators of LCoS chip with unique

technologies on chip design and
packing & testing

RINEFRBETMEIILCOS
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LCoS products developed by Shenzhen
Huixinchen have a number of advantages
over previous LCoS products in terms
of technologies and pixel density,
for example. Brightness, reliability,
extensibility, and product life have also
been improved:

2019 & = 2021 &F g,
RNZFRAD KRB EINEG
LCoSTT R REENXFEA,
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As of 2019, Shenzhen Huixinchen has achieved the following milestones: releasing
the LCoS chip and supporting optical module (inorganic vertical alignment of liquid
crystals); upgrading its LCoS chips to mass production; and releasing the projector and
optical engine models T1 and L26H2, embedded with the company's LCoS chip model
HXCA2672BU together with its downstream customer. Using its unique chip design
and packing technology, Shenzhen Huixinchen adopts a mature 110nm process from
a cooperative wafer supplier to raise the pixel density of mass produced LCoS chip
products to 6000PPI, resulting in a lower cost and higher performance. Huixinchen's
vertical alignment technology, which it developed independently, is responsible for
raising the brightness of its LCoS products to millions of nits, thereby enhancing their
brightness, reliability, extensibility, and lifespan. These efforts are enabling LCoS
products to be applied to sophisticated domains such as industrial manufacturing,
optical communication, and vehicle-mounted devices.

ZAEE LCoS 7= &
LCoS Products
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Seeing diversified applications of
LCoS chips in increasing domains
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Chips based on LCoS technology are
widely used in light-related applications,
including smart mini projectors, laser
TVs, 5G optical networks, laser radars,
AR/VR, AR-HUD, and 3D printing. A total
of over 200,000 LCoS chips have been
delivered by Shenzhen Huixinchen to its
downstream customers in global markets
for smart mini projectors. The optical
module is expected to be available in the
third quarter of 2022 for desktop-touch
ultra short throw projectors.

Shenzhen Huixinchen developed a light-
modulating chip for infrared 3D scanning
for industrial applications, enabling better
face recognition in remote and complex
settings. For vehicle-mounted devices,
Shenzhen Huixinchen has also accepted
orders to pack light-modulating chips for
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L26H2 Optical Engine WSS (Wavelength Selev zctive Switch)
for Mini Smart Projectors for 5G Optical Network

vehicle-mounted laser phased array radars. Besides, cooperation intentions have been
reached with customers in industries such as photocuring 3D printing, cold data storage
on film, and optical communications.

HOBIEEFE, ERZOEARSHE

Boasting key technologies and rich experience

RINEBFTRZOEA LCoS TR REZENMZARIRREFITEI
15 F, EETEAAEMRFIELS FiRITRA. REiEK. VA
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Z—, BRNSHEMETH LCoS TRMATZ—.
The technical team at Shenzhen Huixinchen has an average R&D experience of over 15
years. Through its key technologies, which include the design of chips, inorganic vertical
alignment of liquid crystals, and the selection of liquid crystal materials, as well as its
capabilities in packing and testing chips, it enables it to be one of the few companies

in the world that can complete the entire manufacturing process of chips and optical
modules, as well as one of the manufacturers who supply large quantities of LCoS chips.

RYINER A L
R&D Center in Shenzhen
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Polymorphic Intelligent Network
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Development Vision of Polymorphic Intelligent Network
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Introduction

Aiming at the demand for deep integration development of information networks,
polymorphic intelligent network breaks through the limitations of the current network
development methodologies and practice norms, forming a network innovation
development paradigm, which supports the interconnection and evolutionary
development of various new network technical systems and existing networks, and
provides systematic solutions for network technology innovation.

SIREEENBREEMBRRCANEKRCHH

Polymorphic intelligent network is a major innovation of development
paradigm in information network

MEEKRNSEFTaSEETWARERSRRE, MERAKE
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NEHVEIMESRATIEENERIE; 22— P ASIERZAEHEINE
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SinNAREs REUNENITE . 7. BR—AREE%.

It has been challenging for the current technical system to satisfy the diversified
application needs of the vertical industries due to the deep integration and development

of the Internet and the vertical industries of the economic society; the evolutionary repair
of a single network system increases the complexity of system engineering. There are

many limitations to the transmission
performance of the network due to the
single IP system. The stacked complex
network technical system emphasizes
the general security threats and the strict
boundaries between network and end
application are difficult to adapt to the
trend of integrating computing, storage,
and forwarding.
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RERMT QIF RIS 1T AR
PYAED
By addressing the above dilemma,
polymorphic intelligent networks propose

a network innovation development
paradigm that “separates the technical
system from the supporting environment”,
and successfully develops a wide
variety of polymorphic network element
prototypes at the access/aggregation
level, and backbone-level, by successfully
solving technical problems such as
"polymorphic addressing routing, full
dimension definable, intelligent control
and endogenous security." Furthermore,
the company has developed the
first polymorphic intelligent network
principle platform, which has enabled
the realization of the common network
operation of six different modes of
networks, such as IPv4/v6, identity
identification, content identification,
geographical identification, and industrial
control identification. Providing innovative
ideas for the development of network
technology and facilitating feasible
technical solutions to meet the demands
of the times in terms of inclusiveness of
symbiosis and coexistence, evolution and
transformation, functional security and
network security for pluralistic networks
and diversified applications.

G 4D B Ea hs BN &
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ZIEEEENERRRY
Polymorphic Intelligent
Network Architecture

SIREEEMBTEERETT
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Application verification of
polymorphic intelligent network in
intelligent manufacturing industry
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Applied to the intelligent manufacturing industry, the results were validated: IP network
modality provides cross-domain “best effort” network services for remote collaboration;
content identification network modality provides efficient and fast data distribution
for production line machine vision quality inspection.For cross-region inspections of
unmanned vehicles, identity identification networks provide safe and seamless mobile
data transmission; geographical identification networks provide high-precision, flexible,
and definable per-region communication for emergency disposal. Providing low latency
and high-reliability control signal transmission services for the control of production lines
is a key feature of the industrial control identification network modality.

SIREMNEBMEENEEETEX.. Fl. B4 BRARY, IX
RS S IPFT BL B AR SR RIE NS, LU RE M EESRY “BFRAIA”
ARDRETBMESESHENFRFMNE . EEEHIEFAIN BRA
ARETESKIEEFE NEEEB0. SEXBERNMREESTI
Wi
A polymorphic network, with its full dimensional definable open, elastic, and universal
architecture, can be easily adapted to the flexible loading of various new network
modalities so that the capabilities characteristics and advantages of different network
modalities can all be fully accessed. Intelligent manufacturing solutions can be efficiently

replicated and extended to more industrial fields, such as smart ports and vehicle-road
coordination.

SESESNE TR —REEAERARRESZE

Polymorphic intelligent network is promoting the development and
transform of the new generation of information network technology

FAFMFE W R EFRSEEE ZRNERAN P2 N #ES
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The academia and industry have formed a new ecology of "production, learning,
research, testing and application" of polymorphic intelligent network technology. The
development of standards such as polymorphic intelligent network service description
and fault awareness has also attracted more and more attention internationally;
Polymorphic smart network technology is promoting the continuous development of
various network modes (such as content identification mode, geographic identification
mode, industrial control identification mode, etc.) in emerging network applications such
as 4K high-definition video transmission, autonomous driving of unmanned vehicles, and
industrial Internet. The phased achievements were reported by important medias.

ZIREE BN BELREHIE T AR

Application of Polymorphic Intelligent Network in Intelligent Manufacturing Industry
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Induction

In order to save investment in the 4G era,
a large number of single way antenna
feeder systems have been built indoors.
However, simply combining 5G sources
into a single way antenna feeder system
will not achieve the effect of multi-way
high-speed rate. If a new antenna feeder
is built, it will lead to large investment and
difficult construction. In order to solve this
problem, 5G Booster is developed based
on wireless frequency shifting technology.

China Mobile GBA Innovation Institute

5G I EBRATATMEELNBEMRGR

5G Booster is based on wireless frequency shifting technology to solve
coverage problem
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Innovating 5G indoor coverage comprehensive solutions, 5G Booster is a world leader
in many key technological innovations, and has achieved its first application in the
world. A time delay less than 100ns is achieved by the innovative use of micro analog
narrow-band filtering technology in 5G Booster, which is the lowest time delay in the
industry. By implementing adaptive slot synchronization, the performance of dual stream
demodulation is improved. In contrast to dielectric filters and active mixing devices,
Fbar analog filters and passive mixing technology enable accurate filtering of 5G signal
frequency bands, saving analog-to-digital conversion, reducing delay, and achieving
better multistream demodulation performance than dielectric filters and active mixing
devices. It uses analog technology to realize clock synchronization between the near end
machine and the far end machine. The cost and delay of this device are less than those
of a constant temperature local oscillator and digital mode, which are widely used in the
industry.
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5G Booster has been applied in the construction scale of
5G phase Il with remarkable results
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The 5G Booster makes only a small
modification to the existing traditional
distribution antenna system. It makes full
use of the original distribution antenna
system. An indoor multi-way 5G base
station signal transmission system is
achieved by adding a 5G wireless
frequency shifter to the original system,
which doesn’t require any construction
changes to the vertical and horizontal
planes of the existing traditional
distribution antenna system. The only
change made by this solution is in the
position of the combiner, for which
feeding of DC remote power supply into
the existing feeder is not required. The
engineering quantity is greatly reduced
when compared with a frequency shift
active antenna system.
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5G Booster, as an innovative solution for
exploring a new 5G compartment, has
been applied in the scale of 5G phase
I1l. A 5G booster has been tested and
applied in 5G phase Il and phase Il on a
large scale, which has provided valuable
experience for the construction of large-
scale 5G indoor coverage in the future.
The downlink rate of users has been
improved by upgrading 5G single way
DAS to dual stream through wireless and
frequency shifting.
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Through the current network test, the
downlink rate directly fed by the single
way distribution system is 318Mbps. After
using 5G Booster, the downlink rate of
single-to-dual is increased to 632Mbps,
which is 98% higher than that of single
way system. In the case of dual-to-four
distribution, the downlink rate is 549Mbps
when fed directly by the system, while the
downlink rate of dual-to-four distribution
is 930Mbps after using 5G booster,
which is 70% greater than that of dual-
to-four distribution. Furthermore, the
RSRP increased by 4-7 db and the SINR
increased by 3-5 db.
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Schematic Diagram of Downlink
Speed Increase after Adding 5G Booster
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The economic benefits and
achievements are remarkable, and
the social benefits are far-reaching
and extensive
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At present, the accumulated income
of 5G Booster has exceeded 30 million
yuan. In contrast to the projects of
constructing DAS alone, 37.08 million
yuan can be saved on the investment. It is
estimated that the global market potential
of this product can reach more than 7
billion yuan as a result of its successful
application experience.
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Using 5G Booster, the existing network
investment is protected to the fullest
extent possible, the network performance
is enhanced, the user experience is
enhanced, and a positive reputation is
built for the enterprise. The independently
researched and developed 5G Booster
possesses 100% independent intellectual
property rights. As a result, it has been
used on a large scale in China and is
widely recognized internationally.
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Operation System of TDOS Tianyuan Big Data
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Introduction

The key to giving full play to the value of data elements lies
in building a sound data standardization, capitalization and
commercialization system. With data Capitalization and
commoditization as the core, Tian Yuan's big data operation
system supports the construction of a big data base for the
circulation of industry data elements and promotes the business
innovation of "digital business services".

TEHIREEN B ERE. HIEX SRS RKEE.
SR BRI RREE

Create a capabilities self-generated base for data, a
base for data transaction services, and a base for data
element transformation
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Based on the existing laws and standards, the Tianyuan big data
operation system takes data commodities as the basic transaction

(B Z8) MRER
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objects, and carries out a new design from the aspects of
resource management, capital definition, technology research,
value creation as the base to realize Data elementalization, as
it seeks to realize full-stack service capabilities integrating data
collection, data resource management, data capital evaluation,
data element-based circulation and services. It also studies data
property rights and privacy protection issues in evolutionary
privacy computing, strives to break through key technologies
that restrict data circulation, and creates a new model for
the exploration of data element-based governance in China.
Tianyuan big data operation system aims to build a new business
innovation model of "digital business services', and create data
elements that integrate data elements such as data element
management, data element market cultivation, data sharing and
integrated applications, data industry R&D innovation, intellectual
property protection, financing services and talent protection.
Domain service model, so it can provide government, enterprises,
scientific research institutions, third-party software service
providers and other customers with a "digital business service"
business innovation model of a series of links such as data
matching, processing, evaluation, pricing, storage, and delivery.
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Make Use of Blockchain, Privacy Computing Technology
in a Creative Way to Solve the Problem of Data Circulation
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Inspur Droso system has successfully provided data
base capability for 10+ industries
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Inspur Droso has successfully implemented Tianyuan Big Data
Operation System (TDOS) in 10+ industries, supporting the
e-commerce monitoring and analysis services of 16 provinces
and 102 city and county commerce bureaus and providing data
base capabilities with comprehensive financial service platforms
in 27 cities and many local smart communities.
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In "2021-2022 China Big Data Market Research Annual Report"
released by CCID, Inspur Droso ranked in the top five of China's

big data market, and its development ability jumped to the
second place.
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State Administration of Taxation
Business department
‘Shandong Provincial Tourism Bureau
Customs Head Office
State Tobacco Monopoly Administration

Guangdong Commerce Department ’ L
State Railway Administration
Henan Local Taxation Bureau Wuxi big data Bureau

Educatior Tobacce
Qingdao Municipal People's Government

Energy institution

TDOS has been Adopted in All Business
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TDOS Supports Elementalization Exchange

LEBEAS . Bt o RD RIBHIEE
=fiE

Give full play to the value of data elements with data
capitalization and commoditization as the core
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With data capitalization and commercialization as the core, Tian
Yuan Big Data Operation System transforms big data into assets
with real significance, providing all-round and stereoscopic
technical support for the maturity of data management capabilities
and the governance of data elements that China urgently needs
to promote. The formation of a model of "government guidance,
social participation, and market-oriented operation" will help
break down industry information barriers, optimize and improve
production efficiency, and promote the industrialization of big
data in the country. Through the provision of local platform
construction, data platform construction, and data service
construction, it is expected to increase revenue by 50 million
yuan per year through government enterprises and institutions
with greater demand for data management capabilities.
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ERRSFS

Real-Time Geographic Information Service
Platform for Ubiquitous Spatiotemporal Big Data
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Introduction

Several key technologies have been developed in this project, including distributed
organization, efficient data retrieval, high-performance spatio-temporal computing,
and innovation of a spatial-temporal data model for real-time geographic information.
Additionally, it has developed a fully autonomous distributed cross-platform GIS engine
that can be used to build real-time geographic information services as well as to develop
service product lines that correspond to those services.
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An integrated platform for spatial and temporal information services, based
on a comprehensive object representation, elastic cloud computing, and
real-time geographic information systems

RREZOFHUT

Following is a list of the main innovations realized by this project:
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A multi-dimensional dynamic integrated representation model of heterogeneous real-time
geographical information was systematically developed earlier in the world as a concept
of real-time geographic information system (RGIS). An integrated model of multi-source
real-time data, large historical records, and complex spatio-temporal correlations was

realized, thereby solving the difficult problem of dynamically integrating heterogeneous
real-time geographic information.
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A dynamic fusion method of geospatial information from both real-time observation
and historical records was developed by the project team, along with a distributed
organization and dynamic indexing method based on adaptive spatio-temporal
decomposition. Using this schema, it is possible to overcome the dynamic fusion issue
associated with multi-source information, and to meet the needs of low-latency complex
spatio-temporal querying and analysis.
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The project team has developed a
multi-level scalable GIS architecture
and developed a real-time geographic
information database. A hybrid memory
coordination technique and a "task-
resource" dynamic allocation method
based on hypergraph partitioning are
employed in this system. As a result of this
GIS architecture, tens of billions of data

records can be accessed in less than a
second.

UBEEMRFROoHRAE
F&aGISsIZEREM, EERL
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FR—RIET LI IRESRS
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The company has developed a real-time
geographic information service platform
based on a distributed cross-platform
GIS engine and successfully conducted
a series of innovative applications based
onit.
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Main issues and major innovations
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Wide application of real-time geographic information services and deep
promotion of GIS industry

LHTMIBEERSFEREEENT. SEHS. NS EEEWAEIR
HEARERURSBALR, SEBRMEE. 28R, WML,
AHEEIL. BELEREREEE. WEAKEEE. B KAET I ERE
B=FUE, @RTEEE 10 M5, 50 MmHNERINAIRE, 2
TEREF ST = REESERNA, A RESERHINEE
HENERSRERETEENNEENSIE.

Over the past three years, the real-time geographic information service platform has
been widely used in many fields, including smart cities, society management, and
emergency evacuation. The solution has been used in more than 100 projects in more
than ten provinces and 50 cities in China, promoting the development of China's GIS

industry and contributing to the construction and development of smart cities and smart
societies.

HEME—-RTIERFEESHEMRSNEMEA, EMT MR
BB ES MR ONARLENMBERE, NS TEXREFH
mMEEH SN

A significant amount of social and economic benefits have been achieved

through the sharing of geographical data in real-time and collaborative
service applications

(B 2 #) WRMR
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Through the research and development of
this solution, Wuhan University and Wuda
GeoStar Geoinformatics Co., Ltd. have
obtained direct economic benefits of over
500 million yuan. Through the sharing
of data and the application of real-time
geographic information, many domains
can be reduced in resources and
approximately 5 billion yuan of indirect
economic benefits can be realized. As
a result of this project, the GIS industry
in China has been upgraded, and a
large number of intellectuals have been
cultivated in the country.
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Network 5.0: A Novel Full-Dimension Definable

Network Architecture

hEMFEITFENRSEESH0

Computer Network Information Center, Chinese Academy of Sciences

hEESBERTRER

China Academy of Information and Communications Technology

FEBEROBIRAE
China Telecom Co.,Ltd.

ERARABRAE

Huawei Technologies Co.,Ltd.
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SHTTENE 5.0 FENEREENETMENE “imiEk5s"
FIMBEFRER, BUMGENE, RN B EIRAVEKE, AZRLARIES
BENERSREEZAMETRE~WETSREBARR, FELREZE
BB AV AR REE .

Introduction

Network 5.0 aims to change the imbalanced Internet situation of “strong end equipment
but the weak network”. By strengthening the ability of the network, Network 5.0 reduces
the application’s reliance on end equipment. It creates the new network industry ecology
and governance paradigm with the network playing a leading role in the capabilities
and responsibilities of the Internet, which can promote the governance capacity of
cyberspace.

‘URBARD. TJERE. BENRE" NZRHER

Core design concepts: network-centricity, credibility security, and
endogenous functionality

EHEATENME 5.0 TEMBERGED “LINEZHHO, TELE.
BEORE” Mz LRITES, BERITEEETEN. MIURERE.
LZ2NFRECHT—RNENIER, BREHECH. RELe. B
Bz, SWERFFEARENVNHRAZINENERREMINESD,
KRS RES. RENL. TSRS NEEMRE . HOlFEmR
BIE:

The core design concept of Network 5.0 is "network-centric, credible security, and
endogenous capability”. Network 5.0 designed a full-dimension definable, flexible and
secure network protocol stack for the next generation network. Data communication
protocols of the network have been integrated with deterministic transmissions,
endogenous safety, autonomous operations, and efficient control, among other
capabilities. Therefore, these capabilities are endogenous in Network 5.0 design.
Finally, a multimodal, systematized and incrementally deployable innovation network
infrastructure was constructed. The innovation achievements of Network 5.0 are as
follows:

REIZTE IP YRR NP, 1838 T SHUMR. RIFTE KM
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ZIENSURBFEE, FEDY
BXHRERE. BMEHEEREN
8 5.0 KRS

The new ubiquitous IP protocol (N5P)
was proposed. N5P embodies the new
features of diversified identification,
flexible variable-length addresses,
multi-semantic addressing routing,
etc. Meanwhile, N5P also supports the
endogenous security and deterministic
transmission at network layer protocols.

REWEM IPRA, 2EE
XE=ZBEAMEKIEEME Z B
EMERNRA, TSI R
ROREHRME, AT EFRESEKE,
The Deterministic IP (DIP) technology was
suggested as a network layer technology

capable of supporting multi-hop
deterministic networks at large scales.

RBETMERNETELER
A, XMEETEE. ERZHCAF
BFAK B DDoOS /AR & i £l i
ZRBIE.

It provides endogenous network
security, enabling end-to-end secure
communications, such as zero-trust

communication, anonymized user privacy,
and on-path DDoS governance, etc.

FROUMEHDIR D RVE A,
BUE. MG, FESS RIS
BRERE, WAF—ICT S
BEMGHE, URERTL, 21

EMNRERIRRS.

The concept of Computing Power Network was proposed for the first time. Computing
Power Network can deeply integrate computing, network, storage and other
heterogeneous resources to build a new generation of ICT information infrastructure. It
takes the network as the main body to provide computing and networking integration
services.

o et i— o
Clare I o 0 B

HRRTAARRSSARLHR
R Al PR RERMESNRS DR

‘CUREERL ., TJERE. BERE” HEF PR, URIE IP A0
RIS T—RIZHE IP thiUAR N5P
The Core Design Concept of Network 5.0 The Next Generation Ubiquitous IP
"Network-centric, Credible Security, Protocol Architecture — N5P

and Endogenous Capability"

RS HHT N

Comprehensive promotion of Network 5.0

T NOP MBI A TINLINaER A F R, EMNRLETENX
KI£% 5.0 FELR BN ATE RN .

The N5P protocol stack functional software was developed and open-sourced to promote
the popularity and application of Network 5.0.

BEDMBRADRARHELIE. BHEFEBESFS N TI#H
TN A, XM TENRNEBRZERREREHTAMNREIE, &
ITU-T ERE N NEERIREZIR, £ CCSA BRRRIITETLR, &
CCSA TC614 B ENMERBITIEA, HiRAHE TENMEES (14
ZIBESENNE) .

The Computing Power Network technology has been promoted and applied to many
industries, including scientific big data processing and electricity power management.
The computing power transaction control prototype was implemented, tested and
verified. The international standard for Computer Power Network was successfully
completed in ITU-T, and a series of related standard proposals were accepted by
CCSA. The Computing Power Network Ad Hoc Working Group was established in the

Networking 5.0 Alliance (CCSA TC614) and the book on Computing Power Network,
"Edge Computing and Computing Power Network", was published.

BIRENESROHMBEERNEMRBE CERNET. FER{E CNGI
T, CENI ET=. Telefonica. FIEF UC3M 1 UPC KFRIMILE
RHIT T SR MERE
The proposed decentralized Internet infrastructure has been gradually deployed in

CERNET, China Telecom CNGI, CENI, and the networks of Telefonica, Spain UC3M and
UPC University.

FFRT DIP REGEMN, KI5 CENI BTMESK=REGIXIEN
FERTHESNR, B, DIP RESHEEREXRETWHEISEEWHFRE
A
The developed DIP prototypes were tested relying on the CENI backbone network and

the Yangtze River Delta comprehensive test network. At present, DIP has been applied in
a large international industrial manufacturing enterprise.
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Network 5.0 is the innovative achievement
of the Network 5.0 Industry and
Technology Innovation Alliance. The
alliance has promoted this achievement
in many significant events such as the
network 5.0 summit, China SDN/NFV/AI
conference and GNTC 2020, and released
6 relevant technical reports and technical
white papers. China Communications
Society has approved 18 group standard

proposals, 11 of which have been
published.

Over ten industrial standards have been
approved by CCSA. As part of ITU-T
FG NET 2030, 8 reports are proposed
to describe the main vision, objectives,
driving forces, principles, and main
elements of the architecture design of
the future 2030 network, which have
attracted the attention of the international
community.

FG NET 2030 2N E®
FG NET 2030
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IPv6/SRv6 Technical Innovation and Hyperscale
Deployment for Mobile Internet

HEBHNESERAERAD @ hEBED

China Mobile Communications Group Co.,Ltd. ChinaMobile
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AIME R T B EERE IPv4/MPLS @ IPv6/SRv6 FHERIEA I AR, ETE_+F088, XL
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Introduction

The project aims to address technical challenges associated with the transition from IPv4/MPLS to IPv6/SRv6 during the evolution of the
mobile Internet. China Mobile has been cultivating IPv6 mobile Internet and 4G/5G simultaneously for almost 20 years. In addition, China
Mobile has built the world's massive IPv6 mobile and fixed broadband networks, which serve more than 900 million consumers. To
accelerate the adoption of IPv6/SRv6 in the global Internet, several technological innovations and standards breakthroughs have been
achieved with G-SRv6.

2R, EFSHER
thifE, KIMBEEERM IPv6/
SRv6 B LR

Achieving remarkable achievements
in IPv6/SRv6, establishing multiple
international standards, and
advancing the field of mobile In-
ternet in IPv6/SRv6

A IN B =K IP6 T E.
SRv6 LELEEH IR ORAK,
EEERMET 30 RIMERRE,
TR EER . <EARE
R BB S IPV6/SRV6 i £l if
IPv6/SRv6 services can be developed
end-to-end in mobile networks, bearer

networks, and cloud infrastructures
through these technologies.

X B EERMIEET IPV6
TEHR. REOMBRAE,
T ERHEIGPPEESH &
TR23.975. TS29.273 FHERIR
B, AIZER IPv6 BERE;
£ 4G/5G K RAIFHSERIH, SC
MBHMF IPVE BE KRR, LT
T IPv6 BRI B AYEE A MIEERE .

For the IPv6 transition in the mobile
Internet, scenarios, architectures, and
solutions have been proposed, several
international standards, such as TR23.975
and TS29.273, have been released
by China Mobile, which have become
the IPv6 deployment standards for
operators worldwide. Due to the historical
opportunity of 4G/5G deployments, China
Mobile has simultaneously developed
mobile networks and IPv6, and has
realized the large-scale deployment of
IPv6 mobile network.

FERHIEEAGHCIES
AR5 KRA IPvE B EK, 7R
VoLTE/VoNR XA IPv6 #Ef5
5 IPv4 BEREM M R AE) R
T 7T AG/5GIEEER IPv6 &
ERIEM, BMRCEFEMHBEL
S IPvA F IPV6 RIFIBITIE

IPv6 single-stack networking has been
deployed for 4G/5G voice services,
which resolves the key technical
issues associated with VoLTE/VoNR
communication. In this manner, IPv4
to IPv6 voice services are seamlessly
transitioned from 4G to 5G networks.
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HXBHNER, REBNRLE PNAT/BIH &% IPv6 IER A,
FRWA IETF RFC6535, BREEFHURMERAERAERIKZ
KA.

PNAT/BIH-based IPv6 transition technology is proposed based on the characteristics of
the mobile network, and has been published as IETF RFC6535. Several mobile operating
systems, including Android, have already integrated this technology, making it widely
accessible worldwide.

FEBNELRE G-SRvE EEMBE M RERIE, FRTE
G-SRv6 BAMRE, #IETF K67 SRv6 #Z/UiTE, BT 2HA
55HY SRv6 RERIEHAMLS .

A compressed SRv6 solution named G-SRv6 has been proposed, which defines the
compressed header structure and forwarding mechanism. It has been proposed a
series of G-SRv6 protocols, and the key solution has been adopted by the IETF. Chinese
Mobile has constructed the world's leading SRv6 backbone network based on G-SRv6
innovations.

FEBSMELFACMERRM IS IPV6 FARKR, EEMLE.
EIARTHRE . WSERRESEEERIE T RARK, LT HE
BB N A= FaAME IPve &BEFINA.

China Mobile has deployed full-stack IPv6 solutions for Internet services and cloud
platforms, achieving technical breakthroughs in physical networks, virtual networks, and
service management and control.

IPv6 |PV55$@E%@5§E,
B BHERAPREX
IPV6RIE
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o RHPNAT/BIHIET R, RHBHRFCE535, STHBET—ER
RBEAIHER, REJIERKSRA
® ESRMIGPP TR 23.975, EXBaNEMIPVELEERMIRLE

FEHE) IP RATEE (1SR 1P ERX eI AR

|2 |Pv6 and 4G/5G have [2V:Fy SRv6 compressed solution
- been concurrently P named G-SRv6 has been
exploited and achieved proposed
L] ®
@ China Mobile brought IPv6 to the forefront of the two major ® Facing ubiquitous computing connectivity, a new
international standards organizations 3GPP and IETF of IP system based on

G-SRv6 was built

® The innovative PNAT/BIH translation was released as IETF
RFC6535, which was integrated by Android OS, and accelerated
the IPv6 evolution of cell phone

® 3GPP TR 23.975 was published and IPv6 transition foundational
for mobile was led

IPv6 Protocol Innovation System for Technology Evolution
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SCHL IPV6/G-SRv6
EirER R SR

Development & Breakthroughs

of IPv6/G-SRv6 International Standard
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G-SRv6 industry chain including chips, devices, controllers and testers has been formed which is widely
deployed by China Mobile, with several operators around the world planning to introduce them

G-SRv6 ecosystem to form a $10 billion industry chain

[ chips | | Devices [Teonmaior ]| | Testers |

Alrna sty QaRorncon (ot % e (Jzaes

10+ Companies MBE centec H3C Ruijie gg TTEdY Dxtay
HUAWE!

China Mobile promotes G-SRv6 based unified IP protocol base to provide an agile, differentiated and
deterministic connectivity experience

Multi-Network Access Net;t:‘vk to Cloud Intercloud Network Cloud
Scale Deployment b " e=n = P Regional Central Cloud
- 1P metro network > ¢ DCI network ) PaAEETCer

4
1000+IP backbones Smart SD-WAN| > = = e
300000+ 5G backhauls ~ F=———" OTN ————i8] e j_—— |
End-to-end G-SRV trials in five provinces including Guangdong, Zhejiang,
Henan, Fujian and Jiangsu

< Edge Cloud

1952 GSRv6 FTE =\ i FF SLH R R A
G-SRv6 All-round Industry Chain & Scale Deployment

B BKE AR IPve M
KEMigHE, TSZM IPve+
Bl Fr K R, #ThIPV6/SRVE
ELBrZ8E

Having built the world's large-scale
IPv6 network infrastructure, driving
numerous IPv6+ innovations, and

promoting the deployment of IPv6/
SRv6 worldwide

Bk, hEBHIFEER
IPv6 MR B E, LI 4G/6G M
FZinEiG IPv6 BENEED, Emle
BB AR B 4G/5G Wik KM
48 F BB 1% VOLTE/VoNR K 4%,
SRAFPIEA 7.6612, BRER
HEEOH007, M17TIURESR
HRAFSE IPV6 bt .

Mobile Network: China Mobile has
accomplished the IPv6 upgrading in
4G/5G network, and built the global
large-scale dual-stack 4G/5G network
and single-stack VoLTE/VoNR network.
These network infrastructures serve 766
million mobile subscribers with more than
5 million base stations, and also allocate
IPv6 addresses for 170 million broadband-
home users.

EER . FEBHET IPv6/
G-SRv6 1 £ 56 # 89 IP I 48 Jik
B, E1.5 BB REELH®
B IPv6 B0E, ERTER G-SRv6
ERESNELSIZ UMY, &F
SDN+G-SRv6 fIEIF S &, &
H=E2E 300 KN MEH. EFERE
2, WEEBMGAREN .
Bearer network: Recent upgrades to
IPv6/SRv6 have been completed on
approximately 15,000 routers. Meanwhile,
SDN+G-SRv6 solutions for high-value
services have been deployed in more

than 300 cities and thousands of routers
across the country.

=EBKRMWS. fEB
ERE “Bahn. NER, TR’
H70R TR REEE IPV6 FE,
BERS[EBO0HE; BERMI
SRt LB IPv6 BE,
250 Z1MBEMu IPv6 STHEIX
%) 100%, 130 "EHBMF IPv6
XFFEIRT 97.8%.

Cloud and Internet services: China Mobile
has implemented IPv6 in more than 70
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computing pools with more than 500,000 servers, including "'mobile clouds", "network
clouds", and "IT clouds". Aside from this, more than 250 self-operated websites and 130
applications have fully implemented IPv6, and traffic to self-operated websites and self-
owned applications reaches 100% and 97.8%, respectively.

I IPv6/SRv6 UL S IAkR, FEEREZEFUEMNLS
b6

Promoting the maturity of the IPv6/SRv6 industry chain, and bringing
economic effectiveness and social benefits significantly

BRIFEBHEEMEIKBAMEN IPv6 4G/5G K&, LB
;M IPv6 “3G L. 4G RILZ. 5G AL , 2 EF&Z O M
HWNIREIZE IPVvE, FEERNZFNE. BNFEB:NEISIA
G-SRv6 gIFiHA, BRI EESE 4 FULE, SERATEHEL
TTo
There are significant economic benefits associated with China Mobile's IPv6 4G/5G and
bearer networks, which include tens of thousands of devices. The G-SRv6 innovative

technology has reduced packet overhead by more than four times, thereby significantly
reducing network bandwidth costs by tens of billions of yuan.

FEBHEM IPVE mElime e h R E, RIEBHEERR LN
RRLEME, A7.6RZFNAA 1.7 ZBEEET. 1 ZYERNESR
iR &R IPV6 IRSS, ABKIAIEAZE TOPN Y 200 Rz L ARM
IPV6 fRSS, RAMEHET IPv6 IRARRE.

There is a fully developed IPv6 industry chain and ecosystem, serving 760 million mobile
phone subscribers, 170 million wired broadband users, 100 million loT devices, as well
as 200 top-level services like Migu Video. Thus IPv6 applications are greatly expanded.
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® Eye:OCR(Optical Character Recognition), \
Image Recognition
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“RPA+AI”
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“RPA+AI” —— An Fusion Application of

Multiple Al Technologies Based on Cognitive Intelligence

EREBMARATREERL

Big Data Center of State Grid Coporation of China
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Introduction

In the trend of digital transformation,
the combination of robotic process
automation (RPA) and artificial intelligence
(Al) has become an integral part of
the infrastructure of many companies.

@ gx3m

ERERARATABRED

State Grid Corporation of China (SGCC) has integrated its business processes with
RPA and artificial intelligence technology in order to develop an enterprise-level RPA
service system, including face recognition, OCR (optical character recognition), voice
recognition, and so on. As a result, its digital assets are strengthened, and its gross-root
staff burdens are reduced substantially. A further benefit is that it improves the level of
business digitization and intelligence of the organization.

S Al 5871, TEE RPA EaEEIAK
Strengthen the intelligent cognition ability of PRA with Al technologies

TR RPA+AI R AR & RIT

EM AT ES RPA EERW SN AR, HEMBFULER
23k, EMXEEROEARRR, IEMHMNERT RPA+AI TN A
Fa, EBFEEFEEXRVSHETNERESN, LMUSHRAR
EEE, TAER. EUNRRRFMEERATD SR, THRES RPA
RegRBEENNTLEYSHNER, FALl RPA 4. BatFERiE
BHAER, XARABEDICEBNBFRRR, BESEMLEELRR
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RN, (RHEERIIAWSHEE.

RPA+Al application design in Engineering

<=| Mouth: Speech Synthesis

o @ Ear: Voice Recognition

Q‘j Hand: RPA(Robotic Process Automation)

A solution to the bottleneck problem
of traditional RPA applications' use in
basic business scenarios has been
developed by the Big Data Center of
SGCC through the development of
an RPA+Al engineering application
platform under the direction of the
Digitization Department. This platform
has been designed so that it is capable
of continuously improving its application
in complex business scenarios, as well
as providing comprehensive coverage of
all business scenarios. While performing
complex system operations and data
collection at the same time, it overcomes
the limitation that traditional RPA can
only process business in accordance
with specific rules. To transform "task
automation” into "process automation," the
platform uses RPA tools and automated
demand mining, as well as low-code
automation to transform "task automation"
into "process automation." By utilizing
other artificial intelligence technologies
and deploying them at two levels
(headquarters-province), it achieves a
one-stop packaging solution for various
technological processes and motivates
operators at the production line to develop
business applications.

TiEE T RPA+AI HIHZ 1L
RS iRl
Creating a new digital service mode
based on RPA+AI

HXEMAT WS EKLIW
FEX. EEMESNIE, BT
HEXBET W RPA HFHIRS
R, ERTEEWAI RPA %

FHRSHRE, BE OCR. NLP. FRENESE Al B, Tl TEKE
NBZSENFER, RRAPRET L= RPA RENBIRS .

The Big Data Center of the SGCC has created a new RPA digital service mode, as well as
several demonstrations of RPA digital services with different departments, that integrate
Al such as OCR, NLP, and knowledge graphs. The component provides users with RPA

process application services without breakpoints and completes the development of joint
application scenarios.

Al HLEE ACUFRRAL AR

Innovative application of Al robots

EF NLP. #REE. OCREATLSEN, EaXLHRUESHs,
SR Al SANEA, FBIERURERSE, #—2FTET AN
thE. ANMZEMRSERX. EEEEBELSHR, FRERTETN
LEMEEERINEAN, GEREUSHR, FRTR T EREMNRE
BREERIZEA
In conjunction with actual business scenarios, multiple types of Al software robots are
built using artificial intelligence technologies such as natural language processing,
knowledge graphs, optical character recognition, and so on, and intelligent interactive
equipment is used to further improve the service mode of human-computer collaboration
and human-computer interaction. For our marketing scenario, we have developed an
intelligent customer service robot based on the Online State Grid App; for our equipment

business scenario, we have developed an intelligent customer service robot based on
the "key equipment knowledge base".

REMSHA, #ARGSHE
Typical applications sharing

RPA+AI ME N BAREEEM AT 27 REQA S FRERE NA,
FEERWSHEIE. WSREERMESEEE TIRKERIER.
RPA and Al fusion applications have been implemented in 27 provincial companies of

SGCC, which have enhanced the efficiency of grass-roots staff and facilitated business
processes.

5 RPA+AI IRSFEEN S W SR RERMSE |, FTIEHE
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SGCC's Big Data Center has developed
typical RPA and Al fusion applications,
sharing them via the RPA+AI engineering
application platform, by deeply integrating
RPA+Al service capabilities with
business scenarios. Business digitization,

digitization into business, and scene
intelligence are all on the agenda for the

company. By utilizing artificial intelligence, the digital service model has been initially
validated in a variety of business departments, including marketing, human resources,
and finance, and has already been promoted for use in applications including power
grid resource management, customer service, and project management. In addition, Al
robots will be deployed to State Grid's north-south service center to assist and gradually
replace some of the manual customer services. Currently, "RPA+Al"-related experience
and results are being widely used in the business sector.

RPA+AI RSN B EE LIRS, AEIZIEISRIERMN
KD, MDEWSRIMFFENIENESR, EREGWHEFRENSE
MERDHE .

The fusion of RPA and Al can create more structured data, inspire potential application
in business process automation, and assist enterprises in reducing costs and improving

efficiency. Large enterprises believe that it has a strong referential and promotional
value.

IRSEEVIE, BINRSIE

Reducing the burden on the gross-root staff as well as improving the
efficiency of work

RPA+AI
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Traditional RPA is mainly aimed at
periodic, repetitive, and mechanical
operation tasks. It's incapable of dealing
with unstructured data processing and
cross system business processing.
The integrated application of RPA+AI
can achieve intelligent processing of
unstructured data, expand the service
coverage of RPA, meet the requirements
of cross professional, cross hierarchical,
cross scenario digital business process
application mode, and further improve the
effectiveness of burden reduction.

DERMAXHESCEWER
44N BH=RG, ERE
% RPA fif2, FRAEEL700
BT, I TAEMEI-514,
BATARIKLA 570 /MY, £
RPA+AIMIRE N A, ERAT
THBERT, TUTRESBEE
INEERMS R, LHIE
WE6-8FRTT, FHEBATY
TAERTKEIIA 1200 /MBFLA L

With 44 RPA and Al fusion applications
developed and used by the Big Data
Center of SGCC as computing units,
it costs approximately 7 million yuan
compared to developing traditional RPA
applications, 3-5 times more efficient
work could be achieved, and about 570
hours of work per month can be saved.
With the same investment condition, it
would achieve business scenarios with
wider coverage and deeper value. Fusion
applications of RPA and Al are able to
improve working efficiency by 6-8 times,
resulting in a monthly savings of about
1200 working hours.

RPA+AI @GN ATE T
% RPA RIRSSRED, ¥ RAMK
HREGEEMRE, IXRSER
R R EENEERTT, 5
HHFERER, AATEER
FeE N FR B L Bl IR A9 SRR

By combining RPA and Al applications,
you are improving the service capabilities
of traditional RPA applications, enlarging
the scope of automation work scenes,
effectively reducing the workload of
gross-roots support teams, and improving
management efficiency. A number of
innovative contributions are made to the
development and application of artificial
intelligence.
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Theory and Method on Sparse Signal Processing Under
Complex Communication Environments

BRERF
Tsinghua University
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Introduction

The next generation of wireless
communication will result in ultra-wide
bandwidths, ultra-large antennas, and
ultra-dense cells, which traditional
signal processing ideas are unlikely to
accommodate. Through this project, a
new perspective is opened up for sparse
signal processing, which will contribute
to the enhancement of the information
network infrastructure.

MEETERBNNTLEE
ESHmLEREICESR
Ultra-Wide Bandwidth and

A theoretical framework based on High Mobility
compressed-sensing is presented
for sparsely processing wireless
communication signals

ETFRHRS A0 ES
RANEEGISE

AMBRGRNBIARTE
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WAFIE, B TZEHRRES 5K
FR 25 ERE R R 5 NEANREX
RO FEL, RETEFEE”~
ML ESLERISER, ot o
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BHESLENBICTIRARER, e

A Channel Estimation Approach

idi i based on Time-Frequency Multi-
The multidimensional sparse Dimensional Shctered

characteristics of practical signals are Compressed Sensing

EREEHETHRRESLEBEELSHEHRR

BATEEESE

NEZE

‘Tsinghua University
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EF=EEXMENET R EFSENRNBRIES
EERARUEE FHmE

Theory and Method on Sparse Signal Processing under
Complex Communication Environments

Parameter Estimation for Ultra- Mitigation of Complex Noise
Massive MIMO and Interference

Sampling

A Spatial Correlation-based Multi-Domain Cooperative
Compressed Sensing Algorithm Sparse Noise and Interference
with Base Extension Mitigation

systematically examined in complex
wireless communication scenarios.
In order to fully describe the intrinsic
relationship between sparse signals and
real wireless channels and transmission
systems, a mathematical model is
developed. Wireless signal processing
is conceptualized using a compressed-
sensing-based theoretical framework.
The development of a multidimensional
structured compressed sensing system
and a multi-domain cooperative sparse
signal processing system is presented.

BRTREBERAPITI
ZHINFIIRVMET X R, BT
BEF L& ihEERERANTEEE
{EITHEE, IZIBENER T EF LR
EREMNEHURRESLER
ERVERUE, o] BEREELE RN
BZEMERE BIRSMITEE.
It is shown that there is a mapping
relationship between training sequences
in the time domain and those in
the frequency domain in wireless
communication systems. Using multi-
domain cooperative compressed sensing
as a channel estimation method, it is
demonstrated that the prior information-
aided structured sparse signal processing
method is effective at reducing the
complexity of compressed sensing
algorithms and improving the accuracy of
estimation.

ERTRAMERERFE P X
LzEMmEEMBXME. BIET X
MR 2 X255 181 B 0 R 52

EFEZENRE RS, Tmﬁ
TETETENEENERR
MRIETTE.

In large-scale antenna systems, spatial
correlation is elucidated between multiple
antennas. It is shown that the joint sparse
feature among the support of the channel
impulse responses in ultra-large-scale
multi-antenna systems can be verified.
Based on basis expansion, a sparse
representation method is proposed for
time-varying channels.

METET S 4RGSR
B SR R IR 75 F HU A it S BRIE
. RECKEEEITETZH#
LER 1L R YA RN RY B SRS IR e 7 Bk
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Using multi-dimensional compressed sensing, a theory for suppressing and eliminating
time-frequency sparse noise and interference is developed. A prior information aided
joint elimination method of time-frequency sparse noise based on multi-dimensional
structured compressed sensing is proposed, which supports the coexistence of
narrowband massive machine-type communication and enhanced mobile broadband
services, and reduces interference from non-Gaussian sources effectively on
communication systems in a manner that is both effective and efficient.

ET—RELBENS R BHET S5 AKIE

Multi-field promotion and application verification in the next generation
wireless communications
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Time-Frequency Cooperative Compressed Sensing
Based Channel Estimation Method
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Narrowband interference
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Narrowband interference

Differential sampling > estimation based on
of interference sparse Bayesian learning

Narrowband interference elimination method based on sparse Bayesian learning

REREEMITZEZTRATERKEENE , RIEZEKKEAMEX
BRFEPEZNDREN NGB T B 2 E 2 BN SHIRSE, 12
BEAEXZSE . SEMERMESHES=14EEXME.

A millimeter-wave communication system can benefit from the proposed channel
estimation method. As a result of analyzing the joint sparse feature of channel impulse
responses corresponding to multiple antennas in large-scale antenna millimeter-wave
systems, a correlation is established in three dimensions, namely the spatial domain of
the antenna, the delay domain of the channel, and the signal time domain.

REMBREDSSETRT
ZEERR U , ST EERR B (S P E
IFERINTEL . SN IS ETR IR
FREFMR, BETETSHEEE
R4 R IR IE AYRT SR R 18 A B
BT SHERRD, BRURFEEK
MiBfET St

In the field of Internet of Vehicles, the
proposed noise suppression algorithm
can be applied. Using a joint framework
of time-frequency sparse noise estimation
and elimination based on multi-dimensional
structured compressed sensing, a
framework of non-Gaussian sparse noise
estimation and elimination in vehicular
communication systems is proposed
that effectively improves the reliability of
vehicular communication systems.

RENTFHEITBERE LT
BFEZRERHFAE. #X 656G L
B EEE S NB-loT &% ¥ B
M55H LTE-A HENEEEFF
W, BETETRERNITES
SIEICH NB-loT & FH 41t
5EREIE.

In the context of multi-system coexistence,
the proposed algorithm for estimating and
eliminating interference can be applied.
The objective of this paper is to consider
the coexistence of narrowband internet-
of-things (NB-1oT) and enhanced mobile
broadband communications (LTE-A) as
5G wireless communications evolve.
Based on the sparse Bayesian learning
theory, an NB-loT-specific narrowband
interference estimation and elimination
method is proposed.

REMNZENEESLES
%, JRTBAHLHTILERER
ERESRAT, WEREREGHNZR
MEHLRE, RRERE LR
BIEMIFMBE=IRSI, eIFE
e, BESHEERITRHEE
RERELE,

In the deep integration system of power
line communication and visible light
communication, the proposed multi-
domain cooperative signal processing
method can be applied to construct a
deeply integrated and heterogeneous
transmission architecture that overcomes
the communication bottlenecks and
network coverage limitations of traditional
single-type networks. Hybrid modeling
and joint processing are achieved by
combining optical and electric signals
and channels.

BH&SUIREMSBERR
Deeply Integrated System of
Power Line Communication and Visible Light Communication

EF BRI INESFHERS
High-Rate Visible-Light-Based Multimedia Communication System

MARMRE FT—REEMAAE ANKAR

The research outcomes have broad application prospects in the field of
next-generation communications

ZIMEREES. KA S EEE T BEFRRETRIISIEFIAS, 8
IEREBTEEHSHRECEEXRMBARERRBREESEX,
BXEZESERASSFHITEGEEMRANN~RNARR, A
WEEERIEN. SIS TRMARRELBERANERMNER
HiREEE TIECEM, T —REERNEEARIHELTEBER
SZHIMNARITEEEZNESEXRIFNEICRASEMNE.
Academic and industry experts have verified and widely recognized the theories,

models, and methods proposed in this project. The Geneva Invention Exhibition's
Gold Award and the Champion Award of the World Summit on the Information Society
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Tsinghua University
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on the Information Society

were awarded in recognition of relevant
achievements. In cooperation with
domestic companies, research is being
conducted on products and applications
with independent intellectual property
rights based on the relevant algorithms.
In this project, theoretical foundations
were laid for building future wireless
communication systems and Internet
information infrastructure that are
spectrally efficient, energy efficient, and
reliable. This document is an important
guidance and provides a good theoretical
and technological framework for
optimizing the design of next-generation
Internet information systems and new
wireless communication technologies.

(B2 8) MRER

CHARM OF SCIENCE AND TECHANOLOGY COLLECTION



» 174

—NEtEEEALSE

EHEIREC /R

A New Generation of High-Performance

Cloud Al Inference Chip

BRI ERAT
Enflame Technology Co., Ltd.
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Introduction

“DTU 2.5”(DTU: Deep Thinking Unit) is the second-generation Al
chip from Enflame Technology Co., Ltd (aka Enflame), positioned
for cloud-based Al inference, benchmarking against the
international flagship product. With key technologies and product
capabilities, it achieves an international leading level, and it
promotes large-scale commercial implementations.

TS DSA 531 Al B/

Innovating leading DSA architecture Al chip

‘BB 257 HRENESAER ALK, FELL
2l EEE?%E‘. eS8
As part of its effort to achieve technical breakthroughs in key

areas, 'DTU 2.5" has made significant advances in the following
areas:

RE Al IR EZE

ETALERE DSA RMERIT, REESE. it
Bz U RBEERZRIMEDEIH, A2 EREME
L BRI ERES.

((Enflame

BR MR

Al-focused Accelerating Computing Architecture

In accordance with the design of artificial intelligence DSA
architecture (domain acceleration processor), “DTU 2.5” can
be implemented for key operators, enabling comprehensive
improvement of the multi-level optimization processing
capabilities of operators, models, and applications by focusing on
microarchitecture innovations in instruction sets (ISA), computing
cores, and scheduling systems.

=T IAREE AT RIS 17 fE 5R1%
ERA9S \?ETHJ:TW% 81, EE TS
HBI\/I2E REAFALR, KMEREAESFR. SFE.
= i LAY i 52

Leading Storage Architecture with High Throughput and Low
Latency

lé
o

The multi-level distributed on-chip storage architecture, combined
with the industry-leading HBM2E device memory solution,
realizes a chip-level high-bandwidth, high-capacity, and highly
responsive memory system, effectively improving memory access
efficiency and data resident capacity.

BHREMURAIFENR RS AR

BRHEENRERAZER, BN EIENE
NEREREVDRMESIA 6 MRS, “2TERMN
FE}UJ«XEH °

Hardware Virtualization Technology Supports High Utilization of
Computing Resources

In addition to meeting the orchestration requirements of cloud
deployment, "DTU 2.5" also offers up to six performance-isolated,
safe and reliable virtual devices through fine-grained resource
segmentation. Supports multi-tenant and multi-task scenarios and
ensures efficient management..

SISO SIRERN Al R LT
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Dynamic Features Support Rapid Evolution of Al Algorithms and
Development Paradigms

It is capable of solving many types of dynamic problems,
including dynamic shapes, dynamic word lengths, dynamic
batch sizes, etc., successfully. Through the full-stack design
and implementation of software and hardware collaboration,
real-time analysis, elastic memory allocation and other technical
means, and actively exploring possible solutions to higher-order
problems, such as dynamic control flow, through the application
of real-time analysis at runtime.

ETERIZNEE SRR THELS ST

EM A, XA HLIR (High Level IR ) 3K,
FEREHBISERMENBIFEENEZE, Tk
4 E’\J}Hﬂ%}ﬁ@%ﬂx?%éﬂﬁ, ENERREREN
BAESEFELI,

Improve Ecological Support Capability Based on Framework
Generalization Adaptation Architecture

Through the implementation of HLIR (High Level IR) technology in
'DTU 2.5", a unified abstract description is constructed to connect
the lower-level components through a high-level semantic
analysis algorithm network logic. The scheduling and operators
of the underlying software can be efficiently reused, reducing the
difficulty of adapting the new framework and platform, and solving
the last mile problem of computing power landing customer
solutions.

S EH ST

Multi field implementation and promotion
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In the new infrastructure construction industry, the Al video
infrastructure based on thousands of "DTU 2.5" chips supports
nearly 10,000 video streams in the provincial capital city,
enabling the provision of efficient services in multiple smart city

applications, including urban governance, smart construction
sites, major site management, and smart communities.

T, “BR2.57 A5EF Al FAREE,
FXRERD . AR SMIESERRE. Bl
MEBEXHARTIRG ff% BERGIENARME
SR GRE-L% VAN

In the financial services industry, "DTU 2.5" combines a domestic
Al platform and algorithms for a variety of smart recognition
applications, including bill recognition, face recognition, ID and
business card recognition, business license recognition, and
other document content recognition.

BERR{TAL, ﬁﬂﬁﬂ?&ﬂﬂ)ﬁ'luau\n NEE
REHR, KT " *,u WIEH@meEN, AE
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In the Internet industry, online chat and dialogue services of

Internet companies are empowered by "DTU 2.5" for real-time
voice-to-text conversion and picture-based content auditing.
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Empowering the Al industry to accelerate development
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Economic Benefits:Through Enflame's cloud Al computing power,
partners and customers can benefit from building a computing
power base based on "'DTU 2.5", providing core value for cost
reduction and efficiency enhancements in customer scenarios,
which in turn will enable applications to scale up.

SWaE: WA FLHEL, TESHNE
7@#%73%
Social Benefits:Facilitate the Scale of the Al Industry, providing

cost-effective heterogeneous computing solutions for the large-
scale implementation of intelligent scenarios.

walFrWER R, ST AAvFEURA

Drive the Development of the Industrial Chain, and encourage
downstream manufacturers to invest continuously in advanced
node technology, advanced packaging, automated testing, and
production line optimization.

AT EREREMBENATHEE, ITE—HXTA
THEEMERICTUYAESRSMRMLELRNS
mAF
Build the Talent Pool of Al and IC, focusing on high-end talents

who possess both knowledge and practical experience in Al and
the high-end IC industry.
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HPLC Sets up the Energy Internet
Communication Highway

FEBIHFMREERAE
China Electric Power Research Institute
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Introduction

In the field of energy Internet, various industrial policies have continuously promoted
the update and innovation of energy communication technology. The service types to
be supported by communications are increasingly diverse, with hundreds of millions
of nodes. The previously commonly used narrowband carrier technology has the
disadvantages of low rate and easily interfered signals.

HPLC SE8K T AL HIRMIBISAS SREN. BEFELK. SREh
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HPLC has made breakthroughs in key
technologies such as time-frequency
diversity copying, timing optimization,
and multi-network coordination of
power line carriers

TN E FBA Bl 5B H & B E R
ARFREBRALIK, RKTHBL%RE
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RIEIMBT RN, FAT T
HEEEH&ERER (HPLC)
BARIEE

There have been breakthroughs in key
technologies such as time-frequency
diversity copying, timing optimization,
and multi-network coordination of power
line communication by the team, and a
complete system for high-speed power
line carrier communication (HPLC).

HPLC E&E sl F B
. S ETFIEOMNGEERE
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With capabilities of high frequency band
utilization, anti-intersymbol interference
and anti-channel fading, HPLC increases
the communication frequency of user
power information from 1 time to 96 times
a day, and it automatically reports power
failures within 90 seconds, making it
possible to support the reliable operation
of large-scale energy metering systems
effectively.

HPLC E& R IENMERE
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A key characteristic of HPLC is its
flexibility in physical block configuration,
its optimization of the channel access
timing relationship, and the ability to
minimize communication delay to less
than 50 milliseconds. Consequently, HPLC
is capable of adapting to the business
construction requirements represented by
smart homes and smart cities.

HPLC oJLI A FEeeibk. BERA.
BREREENE, FAEBHEXERER
HPLC Uses Power Lines to
Deliver Information, and can be Used
in Smart Meter Reading, Smart Lighting,
and Smart Home and Other Fields
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The number of HPLC communication
units has exceeded 200 million
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HPLC communication units have been
deployed in 223 million energy meters in
China, and the team has worked closely
with a number of top domestic integrated
circuit companies, including Topscomm,
Hisilicon and Neusoft in technology
transfer. Until now, the team has generated
a commercialization income of 227 million
yuan. The sales of HPLC products by
integrated circuit companies exceeded
11.3 billion yuan. A vast market of 560
million energy meters is expected to be
developed in China through collaboration
with integrated circuit companies in the
future.

EfreExmimnoE, BNA
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With full participation in the 5-million
smart meter project in Saudi Arabia, the
team has extensive experience. With
a market potential of 70 million smart
meters in the future, Indonesia and
Chile have highly recognized HPLC
technology. Furthermore, the project
team will establish a laboratory for the
certification of IEEE 1901.1 standards.
To expand the overseas market for smart
meters, the team will seek investment
from manufacturers with overseas
manufacturing capabilities.

BB SRR T iR KB (E
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Project results promote the sound
development of the high-speed
carrier communication industry
chain

AIMEMARAREHET S
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Project Results Standardize the
Manufacture of Various HPLC Products
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This project promotes the unification of
high-speed carrier technology routes, the
standardization of communication chip
manufacturing processes, and the sound
development of the high-speed carrier
communication industry chain. The HPLC
technology, which is interconnected, has
also greatly improved the standardization
of intelligent sensing communication
technology, and has enabled
explorations for the interconnection of
the next generation intelligent sensing
communication technology to support the
energy Internet in multiple scenarios and
dimensions.

HPLC EE&EERIMNRIE IZMNA
HPLC Has Been Widely Used at Home and Abroad
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Heavy-Duty Truck Autonomous Driving System
for Mass Production
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Inceptio Technology (Shanghai)Co.,Ltd.
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Inceptio Technology (Zhejiang)Co.,Ltd.
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Introduction

It is feasible to demonstrate the economic benefits of cost reduction and efficiency
increase through the practical application of autonomous driving technology, as well as
enhancing the social value of safety, energy conservation, and environmental protection
through its practical application. Intercity freight in China is a large market, but there
are significant pain points, and innovative solutions are essential, resulting in the best
practical application scenario for autonomous driving.

SEETES. 2. 8. BKENEEEFEHNERER

Comprehensive intelligent heavy-duty truck autonomous driving
technology with safety, efficiency and low carbon for mass production

HTFENSERAHLRERS, BRAKX, THERESZ, HILER
ETUEFAER |_4 BHSREANRER, EXAXATEENRAREL,
FAEERERER, ELURERRARNEIE WA G AT BRI — 1R,

Mﬂﬁf@ﬂ SRR LRIT “2KBH. BAEF HzLKRAKR
KRB

Since the development and research of autonomous driving technologies has a high

threshold with many uncertain factors
and requires a substantial investment, the
industry has begun exploring heavy-duty
truck autonomous driving technology,
essentially adopting the technical route
of retrofitting, rather than dealing directly
with mass production, and it is difficult
to rapidly implement it in large-scale
commercial applications. As a solution
to this issue, Inceptio Technology has
adopted the core technology strategy
of "full stack self-research and mass
production oriented" in the field of
autonomous driving.

B85, RACIEA T 23KWM
FERBEW L4 RTEEDBRZ
DR, EEEE, RMERRT
KIEBRA. BENEBEHTY
HERAER. ARHL, HRRE
FEXMELEIERRE, ®’it
THRENZEEERS. FITEF
at, HRHEFaEEs8.
SHEN. BREMNER. ELE
REEH, FREFEEKEETE
277, XERTUELEEF-NET
REIZIRE

Firstly, Inceptio Technology innovated and developed the world's leading autonomous
driving technology used in L4 trucks. In terms of algorithm, technical difficulties such as
long-distance sensing, adaptive robust control, and fuel savings have been overcome.
With respect to software, Xuanyuan system has developed a unique system for managing
information security and functional security. On the computing platform, the Xuanyuan
platform is characterized by a high degree of computing power, energy efficiency, and
security. On the level of the on-line control chassis, the Xuanyuan system is directly
oriented to the mass production of trucks, and it is the first full redundant on-line control
chassis in the industry.

HIX, AL AERERERTEENERESIRARE, 57~
ik%ié%fFe&iLfFiiIﬁ T RFEFHTLREK, BREEUREITRE;
L3/L4 REEMREHELR; BRAENBENWANKTERS; KHHE
TEZE2 ANEHINELZ2RITARZRTIATRSHIRIIEARE, 2021
FRERLEN L3 5 BNBYW RERRIRET .

Secondly, Inception Technology became the first technology company in the industry to
run through the mass production of autonomous truck driving, and in collaboration with
the industrial chain, they produced five leading breakthroughs in the industry, including a
fully redundant wire control chassis, a L3 / L4 truck hardware package that meets vehicle
quality, a human machine interaction system for autonomous vehicles and a network
security design scheme that resists various malicious security intrusions and a leading
industry test and verification system. Towards the end of 2021, Inceptio Technology
became the first company to mass produce automatic driving trucks at the L3 level.

Pseudo label Y, Region impurity P

RIPU BIXERZ
Overview of RIPU Algorithm Framework

EEMSEH A MR B IEN EIE
The World's Leading Self-adaptive Algorithm in Perception Field
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As in technology advancement, Inceptio
is the first company in the industry to
achieve the full unmanned test of a L4
level autonomously driving heavy-duty
truck based on the mass production
scheme. Additionally, it has developed
a leading data closed-loop platform for
intelligent heavy-duty trucks, which will
facilitate the mass production of fully
unmanned heavy trucks in the future.

ELREATUT ENMREEE
EFMESNEZE

Inceptio technology is the first in the
world to realize the mass production
and operation of intelligent heavy-
duty truck with L3 autonomous
driving technology which meets
vehicle grade

ARANBENLEHRTE
=271E. EFFUEY. ENE
TENIZ N, B 2021 FFIE,
BB LIS R R ENRIEE
E,E%EF%W\%%RE\$

BiE, PERENEE, BRE

SFRITILEBERE, ESRLERE
FRESHUNEZEE. BRIZF~
HEERHEE, cERECEY
500 B 0 Fitg, MitHRk—
FIZERRBRE—ZAE, B
SRS .

Initially, this technology was used to
establish a transport network covering the
entire territory of the People's Republic of
China, which was based on contractual
arrangements and paid by kilometer.
Since the end of 2021, Inceptio technology
has been able to produce intelligent
trucks in mass quantities. Many industry
leaders, such as JD logistics, Debon
express, Shentong express, Zhongtong
express, Nestle and Budweiser, have
conducted normal commercial operations
with the company. At present, there are
several hundred units in mass production,
and more than five million kilometers
have been logged in operation. There are
no accidents. During the next year, it is
anticipated that the operating mileage will
exceed 100 million kilometers, which will
initially result in a scale effect.
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Automatic Driving will Bring Hundreds of
Billion CNY of Technical Dividends to the
Trunk Logistics Industry, Reduce Traffic
Accidents, Reduce Carbon Emissions,
and Breed a Super Transport Capacity
Platform.

XIMETEr, TlS%n8
B RAEZFWE LB BT
PHERLTERAR, ENEEL
PHATRARE—F. HIX, X
BHEInERE, UK
HEIET IRRIMFE 5-10%, PRI
AR ERT SIS T R AV E
K. BRE2WREZERTT, MR
ERAR A SR E R E R R T
LO WEEH 60% EH.

In some scenarios, this industry-leading
autonomous driving technology has
resulted in a reduction in the number of
drivers in terms of economic benefits,
and has also resulted in a reduction
in labor costs by half by replacing two
drivers with one. In addition, the fuel
consumption has been significantly
reduced. Fuel consumption can be
reduced by 5-10% with the tested leading
fuel saving algorithm, resulting in a green
and sustainable future while reducing
costs. Moreover, the safety effect has
been significantly enhanced. Using this
technology, collision warning times can
be reduced to approximately 60% for LO
trucks with two drivers.

BETHENER %,
B, T2BHHE ROMRHN
HEARAFBEANETEREE
ITREALHMEBRBAFEKS
REN “2KKRPMREARADE
#UNIDOGIobalCall2022” .

UNIDO and Shanghai Jiaotong
University have jointly initiated the "global
carbon neutral technology program #
unidoglobalcall2022" in recognition of the
excellent economic, green, intelligent,
and safety characteristics of Inceptio
technology's related technical products.
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2021 FEXW+—, R SEBRBETF,
AERFFEINLLBNEER ERBMERRNARRZANSEESHER
On November 11, 2021, Together with Deppon Express,
Inceptio Technology Launched an Intelligent Driving Heavy-duty Truck Equipped with
Inceptio Xuanyuan System on the Transportation Route between Jinan and Shanghai
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RO EEEREDE~NENRERETENSHITEFE “Hir”
Inceptio Technology Self-developed "Xuanyuan" Autonomous Driving Computing Platform
which Meets Vehicle Grade for Intelligent Heavy-duty Truck for Mass Production
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UNIDO Global Call 2022 FERAEE LR EBDREE ENBRIIATERE
A Representative of Inceptio Technology Introduced Its Solution

at the 2022 UNIDO Carbon Neutralization Technology Scheme Solicitation and
UNIDO Global Call 2022 China Technology Reserve Expert Consultation Meeting

2021 FE5 A14 BE®, SGS £BkInee
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MAk T 1S026262 ASIL D IEP,
XEEREITER
B EREERIINNEL 2 RIZIAIE
SGS Shanghai Global Functional Safety
Technology Center Issued
the 1SO26262 ASIL D Certificate to
Inceptio Technology on May 14, 2021,
which is the First Certification in China
for a Functional Safety Process for
Heavy-duty Truck Autonomous Driving
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Resource for Coronavirus 2019 (RCoV19)
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Beijing Institute of Genomics,

Chinese Academy ofSciences / China National Center for Bioinformation
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This achievement was supported by grants from the Alliance of International Science
Organizaions (ANSO), the International Union of Biological Sciences (IUBS), and the
BRICS STI Framework Programme. International collaborations have been conducted
with the National Institute of Health of Pakistan and the Quaid-i-Azam University,
Pakistan, which inferred the possible pathways of introductions and transmissions of
SARS-CoV-2 in Pakistan. The SARS-CoV-2 genome sequence data in RCoV19 have been
shared synchronously with the US National Center for Biotechnology Information (NCBI).
In particular, RCoV19 provided scientific support for the WHO-China joint research on
the origins of SARS-CoV-2, which was included in the final report and acknowledged by
WHO. The team representative was invited by the American Society for Microbiology to
give reports on RCoV19 in an international panel discussion on “Open Sequence Data
Sharing for Public Health” in December 2020.
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Introduction

The Resource for Coronavirus 2019
(RCoV19) is an open-access information
resource on the novel coronavirus. In
addition to providing a comprehensive
and up-to-date collection of genome
sequences for all SARS-CoV-2 isolates that
are publicly available, this tool identifies
variants in real time, conducts surveillance
and monitoring of Spatiotemporal changes
in variants, and predicts early warning
of high-risk variants. It also provides
scientific information and data to support
the global fight against COVID-19.

EfRAcrmERESRa1HE
SE

The most comprehensive resource
of SARS-CoV-2 at a leading level in
the world

RCoV19 F 2020 &1 B 22
HAFRBHIFESH, SHOE
BARHEE=NHESREEEHER
RIS, TERORFIR AR
BERENGHMEMEIFHE, FELIL
TAEATFERASEKF
As the open-access resource of SARS-
CoV-2, RCoV19 shared to the world is
publicly made available since 22 January
2020 and continually updated, maintaining
its position as the largest public research
platform for SARS-CoV-2 in the world. With
its advanced technology, RCoV19 leads
the international field in the following
areas:

EEES. EFiRENSIER
mEDTRE, XNEEHERS
BERAFT. TEE. FANBE,
M ARERIFEHIEHITETRNZE
1A, 2ETFHEEREBHIERER
TEE.

Integration of SARS-CoV-2 sequences,
metadata, and academic literatures in real
time using an in-house automated pipeline

that integrates manual curation with quality
evaluation and value-added annotations.

TEBRTSENEIR. BHE
MURIENFERSEEAFTIE
SO, BT X RERIT LD
TEEENREIRTESFA.
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Monitoring the evolution and variation of SARS-CoV-2 through automatic genomic variant
analysis and functional annotation.

YRR REHERTIRESALIIERIEBAISREIIEEAIR,
BEEERTN KRS ERERZRE VAT .

Multidimensional knowledge curation for determining the effect of mutations on nucleic
acid primers, including host ranges of SARS-CoV-2 and expression data.

Coronavirus \\ o w5 )
=r W Sequences Genome variants _\\\g TR
SARS-CoV-2 / \\ Variation statistics

i
[ 11\
| 1IN\ .
il Bt \ |-
(| —— ||| e —
— ; ‘ |\
| Ve Hosts ‘\ \ “ \ azgaw.
\ (BB Phenotype knowledge
| | \
\ \

EZEEER.
||| e ——
==
Spatiotemporal map

BT
Nucleotide sequence AEREE WHER
S Virus lineage

e EESE
RCoV19

ik

Literatures

\
Rl | [\
Quality control | T T i
RS M coromeiacing ML Geno oxprosion \ \ T
e =

| wEES kel
HRLS Il Gerome assembly AN 5
Se bimissi \ | I
quence submission KRR \ pree=ry
Am...my amotaion NN cu..ic,.,m,.,, Visualization
IR \| -
Sequence download TRERE \ [=] = \ =T

Variation identifcation ¢ A \ V@l yiogeneiicuee

E Evolution N\

= = \

https:lingde.cncb.ac.cnincov! AN PRI
Haplotype Network

SHETIRRSEEE RCoV19” INEEELR
Function Modules of RCoV19

z

TMER: ISTMKETRFIBK, TRUKBI=ME, R
T BHRENMEENS.

Dynamic visualization of SARS-CoV-2 sequence data growth, spatiotemporal change
and haplotype network.

FEEDITFE: BEERAHES IR, TREETMPEERE. 8
REREIDE T2 RIBELDTIRS .

The online analysis platform includes modules for de novo assembly, BLAST alignment,
genome annotation, variant identification, and variant annotation.

SEREME: ETAIZRNSEREXESKEHMERER.

Artificial intelligence-based early warning of high-risk SARS-CoV-2 variants.

WEPRRETI ZR A, Bhh2BRERE

RCoV19 has been widely applied by international researchers, supporting
the global study on the evolution, monitoring, and origins of SARS-CoV-2

Hal, RCoV19 ERMBHEBF5 1200 K%, NEIK 181
PMERMBKIE 200 HipZRMUELRS, EBFAFSHEESIE60%
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RCoV19 has archived over 12 million SARS-CoV-2 sequences, providing services to
nearly 2 million visitors from 181 countries/regions throughout the world (with over
60% of visitors coming from outside the country), with over 7.1 billion sequences
being downloaded. International scientific communities have cited the database and
related publications more than 430 times. Since February 2020, RCoV19 has been
sharing the SARS-CoV-2 genome sequence data synchronously with NCBI. As part of
the BRICS STI Framework Programme Response to COVID-19, the team has applied
and participated. Research has also been conducted with the National Institute of
Health of Pakistan and the Quaid-i-Azam University, Pakistan, to determine possible
pathways for SARS-CoV-2 introduction and transmission. The RCoV 19 provided scientific
support to the joint research conducted by WHO and China on the origins of SARS-
CoV-2, which was included in the final report and acknowledged by WHO. RCoV19
was presented at international meetings (such as the American Society of Microbiology
Meeting in December 2020) and at international training sessions, which provided global
researchers with access to resources and tools for analyzing SARS-CoV-2 sequences.

BEI2IKEEIAT, RABEFREWN

RCoV19 has been globally acknowledged, promoting the influence in this
field

RCoVI9 AN (MEMBEMHREBENFETH) AEH, Ak
2020 FEFEAEMEEFZTAHRE. 2021 FEFHRERMOIF =S
BER, FARRITEBA( “—F—8K" QIR EIRSE 2021) , A%
AR IRET “2ERNRRSENGHESHRNEBLSHER RS,
RCoV19 #EEES BEMTF. Elsevier EfirERER . HEERSE
WMEBHLE 20 ZREMRETUNWEZER, BERATEZNENE
BRI,

A white paper entitled "Fighting COVID-19: China in Action" was published by the State
Council of China in June 2020. The research was recognized as one of the top ten
achievements in bioinformatics in China in 2020, and one of the scientific highlights of
the Chinese Academy of Sciences in 2021. It was also selected for inclusion in the Belt and
Road Innovation Development Report 2021. The team was recognized by the Ministry of
Science and Technology of China in 2021 as an "Excellent Group for Fighting COVID-19." by
over 20 international institutions with web links on their websites, including the US National
Institutes of Health, Elsevier Publishing Group, and the National Bioinformation Center of
Korea, which has greatly enhanced international influence in this field.
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Kylin Advanced Server OS V10
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Introduction

In the era of virtualization, cloud
computing, big data, artificial intelligence,
and the industrial internet, Kylin
Advanced Server OS V10 meets the
demands of corporate-level critical
businesses in terms of reliability, security,
performance, scalability, and real-time
performance of the host system. As a
result of its development in accordance
with Protection Level 4 and the CMMI5
management system, it provides
endogenous safety and security, enables
cloud-native functionality, and enjoys high
performance and manageability.

openKylin( FF i EE i ) B E
BT RERERFIRTX

openKylin community is China's
first root community of desktop
operating system.

openKylin( FF i BB ) # X
EHEBE A IRA B ES I
SERERSFRUEX, EFEU “H
817 Aizb . A “FRREERS. Hel
R MHXEE, BFRE. BE.
FE IMERVENE B, BIFIR.
FRAEXEE, WERERER
HIMAKFX, HEED Linux 7R
ARETBHESERERE
KylinSoft Corporation (KylinSoft) is the
primary developer of openKylin, the root

k YLINSOFT
BREAZR(F

RIS RRSSIRIERSR V10
Kylin Advanced Server OS V10

community of desktop operating systems. Through the concept of joint creation and
“pooling strength with open source and creating a better future,”it intends to create
a top-tier community of desktop operating systems in order to facilitate a prosperous
development of Linux, an open source technology, and its hardware and software
ecosystem through open-source and inclusive community cooperation based on
principles such as open source, voluntariness, equality, and collaboration.

openKylin W XBIREITIE “mUES. FEEE. FRAGH.

ATFE NRERERFREX, B 2022 %6 B openKylin # Xk
LK, RiREHTXER, BRies 50+ R MARX, BFERIER
S ®. CPUI &. GPUT &. BN &. 4 &%, Bx 71T
50% RYSkEBEAl, A2 T 29 MEX SIG H, NESHEHEHMHEXE
RRE, TERFRRERFTES.

It is the objective of the openKylin community to establish itself as a rooted community
of desktop operating systems that are dominant in the industry, platform-independent,
technologically advanced, and ecosystem-rich. There has been a concerted effort to
propel the development of this community since it was established in June 2022. As of
today, 50+ enterprises (including manufacturers of operating systems, CPUs, GPUs,
complete machines, software, etc.) have joined the community, representing 50% of the
leading enterprises in the industry. There are 29 community SIGs that have been formed
to promote the prosperous development of the community from a variety of perspectives
and to build an innovative ecosystem for open source operating systems.

FRAA BT
Open source talent training

ERIMEFAREFNRARRZ—, BREFRLEENZOD
2, I openKylin tXMESRAEBIrZ—.

OpenKylin's community of teachers and students is one of the most dynamic technical
groups. They will play a significant role in the development of open source in the future.

Rk, openKylin I XBESRKRISRY, BEEHMNRR. FI
H= MERR. XEKEH, KEBTFHELENE, BEMASTE—
RS, HERFRTEFENRIFERRTWRAAT RN .

In the future, the openKylin community will establish stations,
colleges, and universities. The forces of government, industry,
universities and research institutes will work together to explore a
new mode of professional and technical personnel for domestic
operating systems based on the concept of talent first by
interfacing and communicating, learning and sharing, developing
projects, practising, and innovating.

B FERESRFREFAARURFRESKD
iEE, W BB hEFIRNBRATRAE.
BEMRLE Linux bl RIWIRWS, BEFHHE,
TRAFNFREEFTREXL. BFRFRAT.

For the time being, the openKylin community will continue to
organize salon activities at colleges and universities and hold
open source development competitions, including the "Kylin
Cup" China Open Source Application Software Development
Competition, Hackathons, Linux Salons, Launch Parties, etc.
Through the integration of industry and education, as well as the
expansion of teaching methods, the objective is to communicate
open source culture and cultivate open source talents.

openKylin

SIG4H

openkylin 2242
openKylin Community Framework

BXC =78l ArcherOSE#  [WAWNSE  FireGNUXFR

‘thoughtworks

openkylin &£z
openKylin Community Ecology

RS R

Actively contribute to open source

ENPHSBFEEVERRE, BE=ZEFELEE
REFHHIITER.
KylinSoft has promoted the development of open source

initiatives in China, Japan, and South Korea as the Chinese
Executive Chairman of the Open Source Reform Committee.

S 5REINA=IFIIER OSI =M. AE—
PNHEXERFRFFETFY, BH Linux BE2REENMER
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Rl
College Training

o~ Thel8th CICITDG Meeting

P RBHERIL

China, Japan, and Korea Open Source Conference

Several organizations, including the Linux Foundation, have
adopted the Mulan open source license, whose formulators
include KylinSoft.

OpenEuler t Xk &EZ —, #iPH KX 300
ZMRBEIME, K&z 7 HAC Virt, UKUIL
OKD. compat-winapp #1 industrial-control
SIG, W RTRA. Wiz, =nlRE. DHAEFME.
Al FlETTRES M.

It is KylinSoft's responsibility as one of the earliest contributors
to the OpenEuler community to maintain 300 or more code
packages and to initiate and establish the HA, Virt, UKUI, OKD,
compact-win app, and industrial-control SIGs. The company's

contributions span a variety of areas, including desktop, kernel,
cloud-native, distributed storage, and high availability.

73 % 33 Wk OpenStack ft X. Fedora # X.
Ubuntu #tX. Ovirt 1t X. Autotest #£tX. MONO
X, GlusterFS #tX. Gnome #t[X. Hadoop %t
X. OpenOffice #t XRBE+H17.

Hundreds of thousands of lines of code have been contributed to

OpenStack, Fedora, Ubuntu, Ovirt, Autotest, MONO, GlusterFS,
Gnome, Hadoop, and OpenOffice by KylinSoft.
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