P 3 3 Ok B

IVNHNOr ADOTONHOIL 31Z

Sk +| 198 a3 | [10]1

E>=+H | Hex

v ERBEIEFHSIHTEHT iR ISSN 1009-6868

b FEEESENREHESSEN  PERNENBET CN 34-1228/TN

00 > € 1 ] % 7K

ZTE TECHNOLOGY JOURNAL

http://tech.zte.com.cn 202146 A - £ 3 H
E?f.

Till: BETRESHEIMES

_______________________

BREEARE | U | BFR |

T?F-wf / ;7‘ﬁ;
—> = 7
— = = =
B RRA W S
()

sigi §:D{l
EAEARE BN [‘ BRI

68

9”771009

12

62

06> gllggk‘_lﬂ:
i 2




(PIGBIRA ) 5 8 BREZERSMRDZE

&8 CPOLEIE A AT GG A ) $34E (LSRR 207 ) BRI (8 stk K287 )
Rl (PEBERRE )
EEZ CPOLERA R AR ERK ) BEEIR (R auhlH K57 )

WE (RUBHEHRF)

PRIEET RSP =€

VREELS  ERHRERAESE . IR
SR ENIER RPN €
i IR = €3

RS WIREE TR AR

A PRI R RS
iy RERSAH

H

S
5]

3

A e
Tl e B
SR B

S B R bR AT

=R RTINS e
FUE EElwNes el
ol PEBEEBARRA R
S LR TR ER

WK SR

Hh ] TR BB L

MR I TR R

HL TR R

FRGE TR B W K

HR Y PRUBE (A B2 v B
DL TRBE AT B ) o R Sk

JEAEN LR R KA AR
G PERAB Rt

S sl JARTRAEHIR
Fin ] RGN =2 €5
L AR R AR
Eanit ISP =2 €3

JH

Al VU TR R L R

VANER R AR R A R

HERSB AR | R
R BFS BE R K

JE SR 2
JESOIRH K% | RIReR
JE B 2

PR R 7 T 2
Fh R BRS  R

IR R K
WRIT K2 4 15
o TR -
I K
TR P E RGO B T
PN ¢
PO TR () R v B
e R O bR T
5B RS R
BE—il RN €
bSO iR 247
TR R
v R SRS o R
ALHASE R T
o TR BB 1
CAEPNE S 6
R B 7 i o A 2 3

i3

C!

i3

C!

Tl PG (3R 2 0 £ s R L

o TR B
LRSI e B
RO e
R AR R
R Bk SRR



~,
z,
PMBEIRZAR (ZHONGXING TONGXUN JISHU)
E\85 158 HA $27%E HIH 2021 6 B

Tl WEITESENMNLE TR

£TSE ()] 4) FREMAES, BEFEN—E
HE R, D, W

WEHASENMESE ()3 47 R SBIEE
BR, REW LS ST,

FNRANBLRSKERR ()7
HEIB, RS, RRE

AT
BHMESII—AMLRSNERSIE 12
TR, MER, DEE 51 HBPLMBIGRIRENLER
A%, FRiE, KiE
EFOmEMsnErBEnsms 18
=EH, Bip, MEE

ETF SRv6 B NMEHERRSHHEAE 23 AR/
B, PFER, 1S . _
6 HEASTONSARR
HHME: DRGHDLORSIEES 20 =fF &5
=/DES, =ZRET, AN . -
62 DS EEERINEME FHRSIE

BERENMEEPIAIDNEERRESE 35 Ml B
RS, ShitlE, T P, REX, SR

2021 &35 1—6 BAE BT RIMRKIA

1. RIRRE AT A P A RTF 3. g ESHAMS 5. FMIDEEEHRASHA
LEPRIRRS IR STk TIEBBERRBIERBIENS IBRETWASHIE K
PABRBNERATBESE T EREER BER

2.6G BREBABL 4. BHERBERASHEA 6. iR BE A
PEIERRT KT RDBRFLIE 3 RREEEAFHE A=

IEREPEBRFZIR KL

ERBEMETFHSIEFECHT F=EERPIRESHERNT PERHRZIVET IESMEEREET HERY PERASREBEERRET 1995 F6IT)



MAIN CONTENTS

ZTE TECHNOLOGY JOURNAL Vol. 27 No. 3 Jun. 2021

Special Topic:

Edge Computing and Computing Power Network

Editorial 0 1

ZHAO Huiling

Overview of Edge Computing and Computing Power 03
Network
LEI Bo, ZHAO Qianying, ZHAO Huiling

Architecture and Key Technologies for Computing— 07

Aware Networking
YAO Huijuan, LU Lu, DUAN Xiaodong

Exploration and Practice to Realize Service Integration 1 2

in Computing Power Network
LEI Bo, ZHAO Qianying, LING Zejun

Computing Power Scheduling Mechanism Based on 18

Programmable Network
LI Mingxuan, CAO Chang, YANG Jianjun

Computing Power Network Resources Based on SRv6 23
and Its Service Arrangement and Scheduling
HUANG Guangping, SHI Weiqiang, TAN Bin

Computing Power Network: A Network—Centric Supply 29
Paradigm for Integrated Resources
LI Shaohe, LI Taixin, ZHOU Xu

5 Centralized Unsplittable Task Scheduling Algorithm
for Multi—-Tier Computing Power Network
GONG Chenyu, SHU Hongfeng, ZHANG Xin

Expert Forum

42 Tamp Cloud and Network Integration, Step into
Computing Power Network

TANG Xiongyan, ZHANG Shuai, CAO Chang

47 Zero Touch and Zero Trust
LI Jun, HU Xiaohe

Enterprise View

51 Data Center Infrastructure and Underlay Protocol
Evolution
WEI Yuehua, CHEN Xiao, ZHANG Zheng

Technology Perspective

56 Edge Cloud Construction under Co—Construction and
Sharing
HUANG Qian, HUANG Rong

62 Service Deployment Mechanism in Edge Computing
Enabled Satellite Terrestrial Integrated Network
LU Hua, DUAN Xuefei, LI Bin

HAFUEARSE: CN 34-1228/TN*1995xb*16x66*zh*P+¥20.00%6500%13%x2021-06

ﬁy ¢E|l: ]\; % AZEMARNEHIRN, BIEFER, BFR. MBRAMTHFERRN, ARINRHMEL8S DASRANER,

REFHFT, AEUETHRENEHFHAS; WHISIEFHAS, WEBZASLESH.




WEU RSB NNBERSR
ZTE TECHNOLOGY JOURNAL

MEHESENIMZEHSE

EERYIA

BER

TR R I Z | AR EMAE LT RAAIK, PREEEASIE, PR Sl E MR Ll
ZRASEMAEZR, PEEFEIRED M55 RENTHAR TR R EW, HRBGRHZEFZ, SDN. NFV, Al
FEIR B HORZE RSB AR, W45 5.0 PALIRBEORZR B2 AT RIS 5 I 45 SUSRE A RIS IE T A5 184K

B - RIS R AR SIS . AR L 12 96

5C BaIGIE (MEC) RIPGHERRE, hgitH . A
TR (AL SFEOARMME KR, DR EBIE (VR) /
HRILSE (AR) | =UERSEHT ALY 55 B AN K B, &R 4
PN L U (W RN L LS U N L A W
PRI TS, RSBl . L. MR A R AL ), R
AR A R AR, T S AR 55 R sh A IR E M
RIS —3E, 2R TR WAl G R0k, R
WS BT Z R OGS — B e R R I HESh 5 )
TSN E ST, B LRl A %Rz
PR FE R o A2 BT 457 B30 2% B RIS 1 S ] 2
OGS AR RS AL UERR Q]2 B X X S nl B, AS B4 i
FATE SCRE DA (] £ 2 18 AR 35 07 I 2465 (0 9 e S AH DG RS
W R S A TR )

CGUEIHE S LER ) — 3O H AT 17
T4 R——h AT 5531 48 18 SCR™ b & RS T
CEAMEN R, JRRBIA T AR UG GO T R ) N 4
) 4 BRb v Tl 2 A I S FroB R e . SCEE AR A W 4T
RGP0 28 T I A 32 BE R AR PR AR, b33 % H & J Rk o
HERA T 2N . 2T SG BRI — T E B AR,
A T 260l 55 AR G N AR 3K, I 45 I 45
R T W R PR, A TR M EAR . 1ER 56/
B5G BHUE B AR AR (1CT) A RmmEEE AR, h%
THEL RN I 280 BN B Sl 4725 A8 B A Ei R R AR

O TN W 4 08 5 R ) — SCHR T 33 ) Je%

DOI: 10.12142/ZTETJ.202103001
FsEHE: 2021-05-21

RIS, RO AT R . B PRS2
YEGTIR, I IRI R RS BTN R 4 BT, (0 RS e
SEIRFR ARSI TS VS, SEBA RS 2R a R
Wl , DAS AR A i P AR R B A0 0 2% 9 R T
SCEAR T MR SCHEEOR, ARSE  E RAEA |
S A E A, JRISIE TR S EOR T
BEAh, SCEIRANG TR IR R IR E RZ ], AT
FAREA BRI AR

(T 2% 52 B — IR IR 5 MR R 5 5Lk ) — U 4
TR MR B Ol R R 5 ik SCE A B IR S
Frih g, BRI — AR D B IER 5y iR . T
BETESR, SCEARH T8I M A2 5 - 6 B HEA L, X
BRSSP A R Je 58 o 2R G S RERL DR R AT T 1200 )
B, RIGEEEET AL R, M6 R 5T T
WIERAE . Mo G MLl ) ™ |
eSS ) R — AR IR 55 B G BEZEL AR 23, T AT R &
M2 et IR Re AL . PR R At FT P, OB S — 1Y
BERGELAPLA], LI A0 55 R TR

CHET ] e W 28 A9 53 0 R EEAL DR ) — SR T
AT FE 2% A R R SR, R TR 4 AR I 2% 110
BB A ARTT 5 RHEARIET = AR LB
W2 R R IR EE AT IR R0 451 DL R A T IR, ]
PAFE T3 R RE 5 SR 2R AT P 248 1 E A m] S o I BOR 52
Wz MG AT T A S BORIRR

(FET SRv6 IS T 2R BT IR 55 i HERIEE ) — 3T
23T BT SRv6 1S Ttk Ko B e S St g . SO
R, B — UK AN PR 5 T 28 B DR IE 2 —

chGEIRR AR | 01
2021 6 B 5527 %531 Jun. 2021 Vol. 27 No.3



gl SR ESENMNBERASR
ZTE TECHNOLOGY JOURNAL

30T B IR 1A 7 I 2% B A 1 TR RO e A TRE AR, X
B W 25 T R P S R D REEAT T b, R T
— I TR G I B 23 o 2 B R AR AL, AR 2%
URIR BE DT LA T T A ME ARSI

CRITMZs . DIRZE o RS TRt e ) — SO
BT 28T SRR R 4 A B AR S 25 S RE AR TE, ST
BT W 285 (R 85 SR T 50 b LA R4 0 v ROAZ D AR AL, BRA T
BT W 1 i 55 (R A, i R B R Bt e 55 TR A
115 W55 T 25 AR 18R iR 55 T2 0 0 M 48 1 =)=

M5 B2, FFREE 7 4 1 S Ji BUAR LA SR SR BT AT T
IR,

(Z R TN AE T XN FUE S5 RS ) —

02 | RGERERAR
202156 8 27 %538 Jun. 2021 Vol.27 No.3

SCHR T — PP 2 JZRE S MR RS R S, E X
T AW E  REFE LR IAIC A B R, R T —AME
FVRRERL, FFEAT 17 FORHMEL ) HAs SRR
B 3 10 245 T LA 50 A e B2 I 2% SR 14 5 3 /NS S Y
(]

M4 ATk A TSR B, 05 BT IR A R4
ARIRRERL R AWNE SR T8 G BB B r pk5E 8
B BONR, A BRAEA B ORA s R S 2% . TR,
XA AEAE A AU S A B A 2R O St |

B 8%

202145 A 20 H



BGITE ST INB LR

Overview of Edge Computing and Computing
Power Network
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Abstract: As the two important technologies for the integration of information and commu-
nication technology (ICT) in the 5G/B5G era, the edge computing and computing power
network are the important support for the development and application of the new business.
The definition, development, and standardization of edge computing and computing pow-
er network are comprehensively elaborated, and the global standard situation and recent
progress of edge computing and computing power network in the communication field are
especially given. It is believed that edge computing and computing power network will be
important solutions to driving changes in all walks of life.

Keywords: edge computing; computing power network; integration service
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Architecture and Key Technologies for

Computing—Aware Networking

WREHE /YAO Huijuan, FHEE& /LU Lu, EZBEZ /DUAN Xiaodong
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(China Mobile Research Institute, Beijing 100053, China)
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Abstract: Aiming at the synergy of cloud network integration and computing network integra-
tion technology of operator information and communications technology (ICT) infrastructure,
computing-aware networking (CAN) is proposed. The network can perceive multi-dimension-
al resources such as application, network, computing power, and user demand. CAN jointly
schedule computing power resources and network resources so that the application can call
computing resources in different places on-demand and real-time, realize the collaborative
linkage between edge computing and cloud computing, provide the optimal user experience
and computing and network resource utilization rate.

Keywords: CAN; computing-aware routing; computing service information
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Exploration and Practice to Realize Service Integration

in Computing Power Network
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(Research Institute of China Telecom Corporation, Beijing 102209, China)
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Abstract: Computing power network (CPN) distributes computing power resources infor—
mation through the network control plane, which realizes the integration of multi—-dimen—
sional resource information. To form a unified architecture and realize the optimal alloca—
tion of multiple kinds of resources, CPN also needs to be associated with computing pow -
er transactions, online orders, and other businesses. Based on the shielding differences
and heterogeneous characteristics of the underlying resources, the proposed computing
power network transaction platform provides integrated services from resource selection
to use to the demand side of the computing power, forming a unified resource supply
mechanism to meet the diversified needs of various emerging businesses.

Keywords: computing power network; computing power transaction platform; multi—-dimen—
sional resource; integration
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Computing Power Scheduling Mechanism Based on B

Programmable Network

Z5424F /LI Mingxuan, % /CAO Chang, #FEZE /YANG Jianjun

(PEEREMBBEERATHALE, PE LR 100048)
(China United Network Communication Research Institute, Beijing 100048, China)
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Abstract: Combined with the latest programmable network technology, the computing power
resource scheduling technology is proposed, and the overall technical architecture and com-
puting power scheduling mechanism are introduced. Based on the technical architecture of
computing power resource scheduling, the overall platform functional architecture and pro-
gramming architecture are further proposed. The computing power scheduling mechanism
based on the programmable network solves the current bottleneck of network parameters
that cannot be achieved in the current computing power scheduling process, which can bet-
ter achieve the integration of network and computing power.

Keywords: programmable network; cloud native; P4; serverless
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Abstract: An IP network-based architecture of computing power network is proposed, which
creates the state of cloud pool computing power resources and services in the network
domain to realize the computing power arrangement and scheduling of the network layer.
Integrated computing network arrangement and routing are the core features of the com-
puting power network architecture. For the service multi-instance application scenario in the
computing power network, the proposed architecture scheme enhances and extends SRv6
or SRv6-based service function chaining (SFC) to support the single service routing require-
ments for dynamic multi-instances. The control surface architecture scheme adopts a main-
tenance mechanism of hierarchical state tables, which synchronously notifies the computing
power resources and service states of different granularity in different network domains, and
creates the corresponding hierarchical routing table, to compress the state table of the node
and the notification frequency of the border gateway protocol (BGP). Accordingly, a dual-se-
mantic encapsulation with IP topology and computing service identification in the forwarding
plane would also be proposed, while the backbone network nodes would remain unaware of
computing power metrics.
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: Centralized Unsplittable Task Scheduling Algorithm
for Multi-Tier Computing Power Network

TLEF/GONG Chenyu', £ i#t1&/SHU Hongfeng?, #Br/ZHANG Xin?
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2. RN EREHRRARERNBRAT, PE Rl 518046)

(1. ShanghaiTech University, Shanghai 200120, China;

2. Smart Cities Group, Shenzhen 518046, China)

BE REE MBS AREXNFMENSPUANARFREK, RE—PZERE MBS EIIF
ITEHERAS, FENY—T BT BERARNISU MR ZE—TESBEQR, N
AX—EH, IRRE— T EFRYENEPHAI DEMESBE(CUTS)E X, MEHELSRE
B, SEHMOEABABL . 2B EAER AL IR TS BRERE IR,

X213 SEREIME; RVG; EP; EHEE; FTHE 01101214217 TE T 202103008
LS SRR HPILE - https . //kns.cnki.net/kems/
Abstract: According to the characteristics of different layers of computing power network detail/34.1228.TN.20210617.1144.010.html
and different requirements of various applications, a multi—tier computing power network
model and computation offloading system are proposed. Specifically, a cost function con—
sisting of latency and energy consumption to model a task scheduling problem is defined.
To solve the problem, a centralized unsplittable task scheduling (CUTS) algorithm based on
cross—entropy is introduced. Simulation results show that the algorithm provides superior

28k B8R 2021-06-17
isEEA: 2021-05-13

performance in terms of the average system cost compared with other baseline solutions.

Keywords: multi-tier computing power network; cross—entropy; centralized; task schedul-
ing; unsplittable
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Abstract: With the increasing scale of networks, complexity of applications, and dynamics of scenarios, there has been an urgent demand of
network automation. Network forwarding is becoming zero touch, automating the policy orchestration. Network security is becoming zero
trust, automating the identity and access management. Zero touch and zero trust networks are analyzed in three aspects, i.e., basic concept,
core components, and industrial practice, and the necessity and development of network automation are described.

Keywords: network automation; network forwarding; zero touch; network security; zero trust
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Abstract: Driven by the scale of computing, the physical topology of the data center has
evolved from an access—aggregation—core three—level network architecture to a Clos—
based Spine—and-Leaf architecture. The basic unit of computing resources has gone
through three stages: physical server, virtual machine, and containerization. The underlay
connection protocol of the data center has gradually evolved from layer 2 protocol to IP
routing protocol. However, traditional routing protocols have many problems, such as
scalability, topology visibility, and automated provision capabilities. The fat—tree routing
protocol, which combines link state and distance vector, solves the pain points of ultra—
large—scale data center deployment, and is expected to gradually become the mainstream
technology for ultra—large—scale data center underlay networks.

Keywords: Spine—and-Leaf; routing; data center
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Abstract: The possible impact of edge cloud sharing on edge cloud construction after 5G co—
construction and sharing is anlalyzed. Based on the two mainstream 5G co-construction
and sharing strategies of access network sharing and off-network roaming, the network
architecture of edge cloud under 5G non-standalone (NSA) / standalone (SA), as well as the
ways for users of the contractor and the sharing operator to access the shared edge cloud
under different circumstances is introduced. Besides, the corresponding network capability
requirements from the aspects of user authentication, billing method, and quality of service

(QoS) strategy are also analyzed.
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Abstract: In the network architecture of mobile edge computing (MEC) and satellite terres—
trial integrated network (STIN), the satellite network and edge computing are sensitive to
delay and resources. To maximize user’s quality of service (QoS), a deployment mecha—
nism based on the reinforcement learning deep Q network (DQN) algorithm is proposed.
The deployment problem is described as a Markov Decision Process (MDP). The state and
deployment behavior of the satellite nodes are modelled as the state and action in the
DQN. The reward value is given by the satellite computing resources and the communica—
tion delay between the satellite and the user. Training in the neural network to optimize
the deployment behavior achieves the optimal deployment strategy. The proposed algo-
rithm is simulated and compared with other algorithms. The result shows that under the
same optimization target conditions, the DQN algorithm has better performance.

Keywords: edge computing; service deployment; reinforcement learning
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