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Study on the direction of artificial intelligence
technology based on network evolution
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Abstract: The national strategy positions artificial intelligence (Al) and Internet of things (I0T)/5G as important
components of information technology facilities at the same time. Among them, Al belongs to new technology infra-
structure, and [0T/5G belongs to communication network infrastructure. It leads to the technical direction of “inte-
grate and develop communication and Al technology”. For telecom operators, how to integrate Al technology with
the network, reconstruct network technology architecture, and open “Al ability” as a “service” will be an important
technology evolution direction. Based on this proposition, the development direction of Al and network technology in
the future was discussed, and a reference idea for the integration development and application direction of Al tech-
nology with the network architecture of IoT/5G in the future was provided.

Key words: Al Internet of things, 5G, intelligent-endogenesis, computing and network integration

TR CA NG SEALTRERE KB, H

FAT WA R A R PR RSN AL

[ AR AN TR (AD KWIEM (ToT) BAGEIRAENATH AT A8 T34, R EOR
/5G [R5 R oA BRI BB R o, N #EN 5G AR, DUIRSS Ak A7 O 32 2R R 1

0 35

IS BHA: 2022-08-03; &EIHHR: 2022-12-16



'« B

28

gk, FESINEZ WHEREE A E; 1 Al
ARG MIRS XSG, 20t B, 5
EREMT R, HRAAETORERAE |5 WEBOREAT
WX R MRS “ N5 “Us
Y7 W AEERAE TG BB, “ AN L.
Y7 A EEN S, AT /AL A R A il
B AL SM A RLER” %08k, Bt
a7 ll/ Ak AL B FI/MRBE R “ WUBR W A e ™
BRI R R, NMBERK R RN T E
i RAAN, ATRLE T — AR R 33 7 17 52
VIR R, K AL BE T RN AR 2R 8
BRIV ERAF ARG AT BE TR OA SRR,
I AL RE A1 Ak J g 12
AICEFN AL SRS AR, BT T
“ET ATIME T F R T IEE ) ALY PN EOR
WA T R JE IR AL, E+AL )
FHRE, 730 T AR AL 524 % B 7 EOGE KT
JiTey, FEEEIRTT T AREOR IR R B

1 ALERERENMSKIRE

1.1 ALBREEANRHESMERARHARI KR

EIRH AT AL BORLER LA & WU (bl as i
AL LU BN S TR RCR, B
AL BRLEAT IR EE . BB R A 7 T A A 1R R
B, FHJRE, EEA LTI .

(1) Bl 5. AL BRLIZRT Z R K H0E,
I HLECHE 75 ZEAR AR N2 3 5 3R AT AR DL )RR AL 52
B, i T A AR T A A, AR AT
R A de b Aol Bk H i S st H ST R 7 5
TCVE Y B O AT Mk Ak P 35 g
JIHEL ALBMEL, B O 5 R A

(2) BESIRIBRAEAL o X AT A2 A0S MRS
FERIFRHELL, JUHRXT AT B RCR PN bRiEELL
TARE LERR G, AV P Tk vr s 1l H Al
PR AT H ALY R 5 Fe sl SN Z a8 B K, 3
A BHER AR, NIRRT RCRIE T R A AR

SCHERI B URIEN o

(3) Z4. W5, AR, BdEAL A R
TREEAEHATH AT 4528, PR AL e 12 &
R EORAR

BER AR PR R, it
F A LA IR IR 5 AR AE R il 2, AT R
AL AT SRR GF R BORORBR, iRl AT
L &R R B 1oT/SG BARMIKE, H
[IRESEE NN Es % N S Ry i< s N2 1=k
Ko WEATAAHIRA A b5 e {5 B3RS E St
RIFIRGS, Wa LB A5 BN F B BRI T ),
TEMIZE B gl N AL EOR AR K ae/y, 2 —A
W28 BOARTIE TR B 2 — o B 2 IR A R
WREN AT S AV TR SR ISR RE T, 1215 B A%
(Rl SIS R R:, PR T B/ i 5
71, ML AT BRSBTS SCRFRE T B — 14
PEAE IS5 SRR, R R R 4 BRI e S ¥
MEZITH. AR “NLER” 5 “Mg” @
AAEM KT 7]« 21 N TR HERI R 45 (AT for NET,
AI4NET) A3 T/ 25 ) N T8 BE AL(NET for Al
NET4AD 7,
1.2 BT ATEEERIMLS

AIANET 2 f8EMZ @ ¥ 1817 /55 7™
AP 5l AT UK, GNAE 285328 5 s 45 1 %
TiThaeEmMEfe . BFE L, HZ0BER Al
STt i, a4k, SCER[BIMNIZ E
TN 0™ AR 2 0 B RS 20
m g, BIN AL EORITVEGN 34T, a0 2% 3 B 4
B MERETN . Wil Ful oL %R
EHL RSSERME. MRS T,
O P P SRS SRR S R L R R B
SR, FEMZRE HUR, M 2018 4F 3GPP & X
A 4> AT B8 (management data analytic
function, MDAF). KX HL{EAr1EHZY (European
Telecommunications Standards Institute, ETSI) J¥,
AL A M BE T/EZH (Experiential Network



29

BERE 2022 4% 12 81

Intelligence, END) Jf5& X ENI 5] %31 2% 38 4t 5
¥ 24 (operation supporting system, OSS) , #B
St T ALFTRERIN S 5% AL, RIS E R &K
PR T 5IN AR ), Gy
POEERLE. ERFEH. THEHTH Al

AL RESITIN, 3l (5 [ brbr b 2128 3GPP
FINT MEEHE 3T DifE (network data analysis
function, NWDAF), & 7L NWDAF R
) 5GC B HEZEM) . NWDAF 1 A W48 B4 20 1 1
REM) 5G %0 M AL TG, KiE&SEI Al HiR Y
EEAR VLS, T8R0T 5G 028 172 3))
HEH, MERSFE (quality of service, QoS)
LK 5G #OM AN G (i P iiZhEE Cuser
plane function, UPF) 4§) #HATRAELE B, A5
W26 (R RE 2 BT 2 RS B I o BT o 280 138
BT Lo AT Rl b 55458 T
M, $ETFMLE RS PR . X %O
RIEBEETI SN ATEAR, HRFRKZE, X8
AR o
1.3 ETREIALERE

NET4AI Zfa M2 ikss T Al A A e I TT
s AL B REE S (I BETE . ARIEE.
MG N 25 BRRR S D RE D e e B P AT A3 I X 2% 1
N ANTIE S R R Al el 456
10T/5G MZSHEARMIKIE, REL T NET4AL €
X F T 10T/5G ) ALBE S ITIE BILAET — 4K 10T/5G
W28 N FEA SCHE BRI, 2 R — AR H R T
JrAI R, SEEL AL st R oRIEEN . AL ) Bk BT
VERBE. AL A (BRI REE. LR f76f.
REAE T2 BRI SR, AU S k. PRy a5
K Al %5 RE SIS B SEH] . NET4AL f#
Al BeIBEM IS SATI RN TR, R 2%
BN AT WA BRI S 4 A o A B 3 R 4
My, fERZEIE N WL P07 iR, S %
i ALREST. HJ). BiH” (iEdz.

NET4AI 56 N T fe R RMHE AR : O M
BARBAME, & HM “aMasg” “ R
B OCHEM—R. BN SEE R OREAR
Rgh, A N TR REEER I 7 “ N T4 e
B AR AR O IR BN X248 BE A 1 it 1)
B s @i “Al e IS REAE” [
AN, TR 58 ToT/5G (N4 (038 20 613 A 8
B AT RN I AR R ER A R AL, R
B R . B RAERE TR BRI, k.
A EA B Y B i RE ) B A iR, ISR AH
FArHE B ARG -

AR EFEHF T NETAAL i #4710 TAE

2 SHEALERMREGE

FUE S NET4AL, 1 0 Z 3T AL AR A
WESE SO, $oH AL T RS R I R v ) G B 5
W R, AT HORBEOR SRR ISR S i, 4R
Je s SLEEAL BRI 48 R 55 AT BE ST R L i K s 4
fabr, TEMCIEAE FAE N —AAUNSHARIE R, Al
(H AR A7 [ A LA LA w20

CD) B BARAAY o fif o 2 i 40 22 I 2% 155
PRI R BAREREA . B RE N2 W]
FRBEMEA R . RERCLAR S A s SI R A2
HIERL B2 AIEARZES] . ARt S5 A
HELS 57, SR T AL THEF G 4E
28, N, LA R RE AR I i 45 44 AN Dl g
JA R IE B 2 N g A Y, ) SR R T i Rl 2 1
bR, IRHFRNEMSG T ERR, Hak
B o) o) B I R S S 2
MW= =B o

(20 NFITF A FR S . AT Bhas.
FUSCIRBE MHEEL, sk, SePbRE sk, 3T
WRE ) B, B R, RR S
WU VEREFL,  HEAT R B 4 2 7 v O 95
HAT AR ERE A 3. B3 TR LT R
TH[a) AL FTRERE TSR, M AL B RAE. i



'« B

«30 -

R RE FROETARE, BIAUM ., BT . MG
RiPE 225 HIR B, IR R R T AR R
FHHRG . Al RGN FR B2
FET] DL R SR AT M/ Al P B8040 2 i S\ R0 )
R B AR, IF H R4t —Fh 2 (5 B
Fifid St SRR

(3) REEE e %O REHE . KB,
e “HEEE R KFRR, F T r R
P, LR, Rk, BN, fF5E XA
R LSS, R KBRS TR
FEAEF, WA@Y BERT. OPEN Al K Ailf)
GPT-3 & KA, A& B/ TIURSE, FEKR
=K E AP B0 (graphics processing unit,
GPU). 5k & AL P ¥ T (tensor processing unit, TPU)
BEATINGR B SEBR R IT R, X R R R AL 2
TELVR P A 28 R 285 5 AR I 2 o

(4) PRI RE . NEEEWR AT DL R IMEA,
FEfR PR AR, S2REA . N LARTE SR
MANFT BESRAF I MR A BRI I 5. ARk
N, EFEE GO B R R R, R R
£, Z2IPDERRTEY ] UMNERZES]D . EFE
AR 2], R EHIT R ) WEY ], ik
FJEEROR: b, WA DARIE AN RESRAG R 4R 4
AR T HIPLER S ST BOR, I =) . Ra ATt
B, MR R R R IEE . BRFACR YT T 1]

(5) /IBERITF T . 2 BT I 2 AR A T [ 18
TR RE R, FEARAL, — A
RN R BRI BT . Ak, FH 2R I 2% BT kL
S, ISR P PR “ARERL RST” B,
Wi R EMEL K 53— 9r 32 TinyML,
HARREMRT 1 mW BIHFE N, WbsdEdidn it
FEEAT DI N, BATHLE 2 IR, FERUARIT)
FZ BRI R G IR E N SE LA SRS, XA
7 Tr] 9 2 2R SR M Tk I 4 3 N TR e 1) £ T )
Z—

(6) BEUARERE. WL BHEAS. BRI

AR JFC AR AR ] #, SIS [R] A
Z RS EARE I 15 BRI R 7 7,
PR RUASE . SL S IF R ) S A R AR
AR 73 A S AU e, FHE I SE B A A e ik
Jiie

(7)) BEERE. BT AMIERAEE. A
7 HAAZR I AR LSS i —Fh AL B
FLIT 1), 8 EH RS AH [F) AN AR s P B A S e o
(1) 2H 2R 25 HE I 5 RN A B K S = 5 38 58 AT 5%
BF, VR HH (00 R S e L 2 s A R SR ) e T
FITIA, GEEAROR MR BEAEOE KE EILE. B
IS . I FRHASS BRI/ P A
i R 10) R SR o il AT AL S g 0 IS B
FIT I o

(&) A e e AL DIRER) &N
FERAAAE T AR MBS AR AR H, @
ok AR %) 5 AR HE 242 52 B2 5 40 2 T) 45— R EE
W, SERUCBIEREE . RRIE TR, BRI R, B
Wk M. B4EE 2R ALIRS, W e 8dE %
2, Bafh. WESRIREOKR.

(9 WLEZEJELE, P&, ML IHA
RN, TR N L2 5y B8 5 i i i
N8 SUEF ISP AR LA FH B Y SR B, P
GRS . IR TR BB 2R, A
e IRUE. MK, SR, RATERE S, BN
RENEF-E5H TensorFlow 1 PyTorch, [ENAHEHA
[ MindSpore. T ¥ ] PaddlePaddle % .

Ak, ARG L. B EH RS,
ZAER e gt Re . B — oA X RS T
AW MRKE, HHT ALBRHE TR T LU
iR OFT NKINEAGT, XA sk
s N AE RO FE . AN R A R B s
3 OL T AN R B2 S B ASCR B 8 R o s O L
A7 R, AHFESCERACR T, SiHERE (&
1)« AREEIR BRERS - BN R (5L
BrAE = Hie ) AR SR T B AR AL . B



31

BERE 2022 4% 12 81

WrFedE. Hrb, Q. @& MBT R H—R
2% B R T E Lo

3 ETMEMALEREMRAE

3.1 ETMEBHIALEREN A HERGE

NET4AIL FEAN) “fiig Hbr” 2P 20
REFEHLIH 2 AL BLH 7 K19, I st 5
PR B L AR E T A 4R 1 B R 5% Ok B G UER
(key performance index, KPI) J QoS {55
BRI ERE 1. Kk, NET4AI = 2 [H &7 L
P 2 N AR SR AR I LR, AT BB AR R
FIE « e 77 FFTBUR 55 1 S BB R F Am 4T o2 X
Tl A AT R @ SRR 20 CAy /AT vE Al ) 1)
s R fE AR A, R I B A R 5 38 A B 1
A, FELBEWT.

(1) AL BRI L s Fe A . a2 P
ZOHEAR, Al ZWIBbRLAUZ R I, g, ol
THEL ATHUE, REM A AR e R
DGR, EEAS W RHM.

o EMZTEIR. TREMRIEIE T, A

WA AL A [F] 10 AR B AT RS
BR 22 FHIVE I bR, WSCARIE RIS &
FR, BMEREERR, AR R R
TR R AR

o LAY LE P ] IS AR BR o FRAN RN AT B

EAR TR R . TP RIRL R &M T,
i A ] 1) R BT 7 (AR TR 25 5, s S R
A SRR AR bR LR IX MR bR
Re— s THE IR N IR B H bR (—
SE IR N IHAEMIFI A AT R 48 A AR 55 1
HP#O , FErE% AL B 5 HK
CPU/GPU/MHi# & BHIE & 15 72 7 o

(2) Al RS IE AT 4EH AH R HAR Jbnidt . 4,
LR S 15 W] DL PR A AR BT 4R A VIR T T
B, BRMERINE . RCREASHIR, FedrmE
Ko XA AR G I AE iR SR SR I AR B AR AN

ARHIEOL T, AR ORI AT AR AL T
Zwae s, IR — KA W IUET %, BOR
PR PE o

(3) Al BRI sci iz Re T . BRI B
Vst T RE AR B (R3E L RE 77, I ZRIF AR AE S
BRoEAE N ML R 4E R — € HEM R e ). X
ANEFR S5 MBI — 8 A O, (HIX AN
W EEEA AL BAURTZE L X 3 5 1 d B
HET .

(4) Al RV Gl B ERR AR . TR ISR
BF R RN B R . AR R G 00 S DA SR
WEPF R IE RS, SEPR TP aX 0 e & R R
G B TRRAR R AR

(5) Al Al B AL AR AESE . R 10
3 ALEOR, SEUHEE R . RAE TR . BRI 25,
InERE IR, AT AR IR S5 A R 2
B GRARDIRE) BANERMICTE M. AER 7 TAE
A TS AL TR e 3R b RB A, 8
AL REARAES & AN ER > AT L. W& AT HE,
TRl I G — 4R SR AT AR 55 TR B SO . BEAR
BRI P28 ZE R R & 1), AT RS e T3k
PR A AR, JREEAT A L A bR AL TAE

(6) TIfEREE. AL IR ffRE v Ak B 3k
USRI BT 5, AR R E N TR B R
Sriv i g T CLER R . B N B S
TRIASE SRR, BB AL A2 i J TAR RS,
TR 4 H R 45 R T S AT Re, AR %
Fh] BEAE L 1T &R 25 IR o

(7) 224 . WHATE DR FFEE I 2 RS AARTIR T,
BT AL RIS, AT & & RIS ER.
3.2 ETWEMALEENMEHRSE

XFRL &M AL J7 [n] B 9E R 24T AR AL
K TREATE L5 T AR R R 28 B GE R
W— M. Moo Thaeit, wkE. #H
SRR A P SGE AR AL E SN . R, B
A LT VMR T 1



'« B

32

(1) 53815 ML AH AL A 1R AL RE T80 ARAE
B0, XAMHELESEINT 2 P A R ) AT RE DT IR
#. RATEDIRE, SCRETH RV S IITE AT A2 B
JUMNMZ LTI RESEIL,  FF € AL AR EMN TT: 2
PR ATt AE TRE S BRI G/ e . BE T
U FAERL RS YE . X H 5 TR 2
i AL B JIFFIREA AT ML P (R AR B R A ILAE N
2RI AR e e SR L.

(2) NET4AI Gl f ik ml o550 S i &0 1 AT 4
WAl &6 AL HEORHITEBE, NET4AIL FHOCR 2%
IhfiE (network function, NF) EIFR#EILET Al
RE AT FEXT AL AT RSSJ7 T, 345 NWDAF 4855t
— AW IR BN T AR E, [ A NF
Pt AT RESTERAN/> 10 AT ZhEE, 5t dnfa i 2 42
MBI AL B JJHEAT N B, BRI ARAE |
AR G e 1] 2

(3) FETH— MG A M E /47t 55 B il
PRI . D ECAIZNA N 1E = MREE T 5%
N, FT RSB [ 4R R A AT BE %
JIRVERE S 3L

(5) NET4AI HJREJI R M ReM B 24, Al 13,
AR, BRER A TRNAe 2. WE.
AIE ISR ) AL H R P2 HESE
3.3 HETFTMEKA Al BiERMETIRIT

NET4AL H AR T 1 5 575 45 A Wk
BRI K e, FESE AL ) Al i % 42 (1 B i -,
BAERG AL JFBURSS AE 713 10T/5G H AR
R OGHIE T B SRR R IZ A LT B

(1) FRELH AT AL R FEPETT R, eIt
IR R AT BE 738 M8 34T I B o 1X AN
BRI B T AR N EIAE 2% 5 AT BARAE
ey LR A RTAT M, B KA AT R
VEJ9IRE, HHT NET4AD KWK ARLEK, B
WO AR TR bR 3. AT BEJIFFIH MG R
F R IR HE . RS R RRE . B0, g
BORbR#E, B AT R BRI, S5E4 Al

RE I P S 2R B BAT X Lo AT, AT &0 F
bRy FE2 RN 2.

(2) B9iF NET4AI 3z sEfilprB. x4~
B B = EEIGAIE AL RE ) 5E T 48 B BRI A i
FERIMERE ST, iz sl AL 7 SR BB KR,
Wy S A (RS SRR T2, BRI SR, Al
KA fkizge; BT FAL AL BESE K
AT 25 St 6 RAT 55 B AR AR . 8 B
EEsh U R I SCTHRE R AR JG . G R 5 B
WRE. B2, M. AedE. RS PR RS K
BT FE, AL AS ALEARM 224, 7T
& TR & 2RI FURR, RS P .

(3) NET4AI HR453) S ZRIE R fRALFT
B (AL BRI . IXANH B E 50 IE NET4AI
(17 AT RS ()0 5558 I RE 77 AEEY A Ak BT 75 1) B
SRR B Ab B AH ORFAE TR S5 (R v Ak A
ZEVTHEBE, W AL N S B R AR L P
Fede, TR AL 50 F P EURRHE TR, AL B
FAB MG, B, HiARbRME, AT RS T %
TRIRE A e S s (R B AT 2500 11 22 A= BRAL
Al BRI VPN 55

(4) AT A T — AN 2 3t g ST B
XA B 2 BRI T B i . Al A &
U AE R JERAE SR A 23 XA i ] )
TN T BeRe I 40 . XA B TAE 2
H5ULE 3 A B TAEA E YA BRI [
RIEHT W R EARBFEI T JLF.

o WK i 5 45 BE JHETEC AT AL BB
WEHELE . KPI/QoS & % .

o FETHRNRERE . 18 PR RIS ROR, T )
FHATIE AT T oRERHE AL G875 R IF R
a2 gk (B, BEIEITREE

o SEILHIERIN P B S AR5 B S AR —1F UK
T RY fe— N T8 Refe )11 2R KRR 1%
TRPIBE AR IR TE AR R

o BEEAIE T WEURAL. MRS



« 33

BERE 2022 4% 12 81

M ALRR, RAE AL FARFRAECEIT 50
J&, A8 AL BE 7R3N H8 7338 3k 10X 2% PO 1
oy Fo il & 28 0 e J AT, RN R AT A
JSZ B PSR A HE BT A 55

4 ZHERIE

HAT AL e /7 AL A PR —Fi2H
ARG BRI KRR AL - S5 B30, P E N
oty FRAH G AT BT, T RSO L PR A2 A5 30 35
B MRAEWIE . 5% HRIT R MR
N CNTREBREE” , NTE e 5M
ZERe IR, IS ST IR . O AE,
Fay 3 DA 2 FE B A O R — AR5 B Rl VG
AR AL BE 15 F 27 IBERR M
K%t W EE T 1 347 b/ 4oll, G Tk B BR
W, BN SRAE, AL RS W2 AT IR fle i)
BRTT 1], NMEB BRI e de it 18T i 8%
FUAR 5 2 SN T fi Rl 1t 5 3015 Rl 1t
A, TS B AR 5 05 B AL B R 5 A 48 A
LR RL AN 2R

HIT AL SEBURIS M, BORSEEL B s
CAFD Bk Bh . Fa, PR ESG R™
WEIRL B g5 AR ARG . ES
£ 10T/5G PEEFIARK SR AL BRI AFR, 7
FERNIEITC AL BORBIEA 5T, i ALY
BOR nBdl v . BN BAF 0 E
L, 08 ALZE RS AT &AM B AT R E SR R
PO R AR, AEAT /Al A A 1
AL P2 S IRGs et 4 FE&E NF it @ fE il
HE AT ARBAHCEOREDR, (i AL BORAE UL
TERIMIZR IR/ RE TR, FFERUET R, ATAE
AIARER) AL BE )2 — M = SRR AT 9]
SE R :

[1] PR B L5 R R MEIR]. 2022.

The plan for development of the digital economy during the
“14th Five-Year”[R]. 2022.

[2] “HIUAE” ExRELSMAMEIR]. 2021.

The plan for national informatization during the “14th
Five-Year”[R]. 2021.

[3] FARF. “EEST ZEE RN IEFERR(R]. 2022.

WEI L P. “Connectiont+” is the correct path for the operators’s
transformation[R].2022.

[4] DBRBHME, FI2E8, #EAR, 5. 8ENTERN T — 4D
HERI, 2021, 37(3): 1-36.

OUYANG Y, WANG L L, YANG A D, et al. Next decade of
telecommunications artificial intelligence[J]. Telecommunica-
tions Science, 2021, 37(3): 1-36.

[5] Z=Z5, ZeMEH, AN, 556G MIZS B Re A B T]. W
f5RF, 2021, 37(9): 20-29.

LIQ,LI WY, SUN X W, et al. Thinking of native artificial in-
telligence in 6G networks[J]. Telecommunications Science,
2021, 37(9): 20-29.

[6] ETSI. Improved operator experience through experiential net-
worked intelligence (ENI)[R]. 2017.

[7] Study on applying Al in telecommunication network: CCSA
TC1-WG1#58 meeting[R]. 2017.

[8] 3GPP. Architecture enhancements for 5G system (5GS) to sup-
port network data analytics services: TS 23.288[S]. 2021

[9] 3GPP. RAN-centric data collection and utilization: RAN3 SI,
2017.08/10[S]. 2018.

[10] 3GPP. Study on the self-organizing networks (SON) for 5G
networks: TR28.861[S]. 2019

[11] 3GPP. Study on management aspects of communication servic-
es: TR28.805 V1.1.0[S]. 2019.

[12] ITU-T. Architectural framework for machine learning in future
networks including IMT-2020: SG13 Y.317[S]. 2019.

[13] S2-2004541. Federated learning among multiple NWDAF
instances, 3GPP TSG-WG SA2 meeting #139E e-meeting[R].
2020.

[14] IMT-2030(6G) #E 41, 6G &4k JE 5 5 W 75 K H AR [R].
2021.

IMT-2030 (6G) Propulsion Group. 6G overall vision and poten-
tial key technologies[R]. 2021.

[15]1 5KF, 491, H#%, %. 6G BahBERAREHI]. EiEFR,
2019, 40(1): 141-148.

ZHANG P, NIU K, TIAN H, et al. Technology prospect of 6G
mobile communications[J]. Journal on Communications, 2019,
40(1): 141-148.

[16] MY, fEZEER, ESk, & NLTREREMENN 6G M4%: BN
] HAEFREE, 2020, 36(9): 14-22.

ZHANG T, REN Y J, YAN S, et al. Artificial intelligence driven
6G networks: endogenous intelligence[J]. Telecommunications
Science, 2020, 36(9): 14-22.

[17] W50, i, WERAE. IRl 5 M UMbk ). S E R
2ERERE T, 2016, 31(7): 725-736, 714.

PUMM, XU B, TAN T N. Brain science and brain-inspired in-



iﬁm HRSFE

34«

telligence technology—an overview[J]. Bulletin of Chinese
Academy of Sciences, 2016, 31(7): 725-736, 714.

[18] REIRIE, MpidkoR, T alhT. PEEEA AR B 2 h 2 B S
TSP FE[]. 1EREEIS 5 52k, 2019, 42(2): 13-18, 24.
XIONG H X, YANG Z R, JIANG W X. Semantic correlation of
multimodal data in the construction of cross-media knowledge
graph[J]. Information Studies: Theory & Application, 2019,
42(2): 13-18, 24.

[19] ik, kR, TOR, 5. BT FLIBCHHE AR Bt A0 iR B g4
WIFE Wﬁ{:—ﬁ&, 2022, 33(7): 2646-2666.

JIANG Y, ZHANG W, WANG P, et al. Knowledge graph con-
struction method via Internet-based collective intelligence[J].
Journal of Software, 2022, 33(7): 2646-2666.

[20] ¥, BEOKHT, E2R, . R RE TR o) kLR
R[I]. R HHEARSER, 2022, 4(1): 29-44.

YANG Q, TONG Y X, WANG Y S, et al. A survey on federated
learning in crowd intelligence[J]. Chinese Journal of Intelligent
Science and Technology, 2022, 4(1): 29-44.

[21] BRFFRE, PRHR. FET T8 % ST I SR Ok R HUBOR 23R D],
JEEE SRR 2 2R (H AR R4 ), 2022, 37(1): 65-70.
LANG CY, HOU X. Review of transfer learning technology for
entity and relation extraction[J]. Journal of Beijing Information
Science & Technology University, 2022, 37(1): 65-70.

[22] FEHI, ERA, ZEMM, & B —fURRERE SCREORSRAB[T).
R SRR, 2022, 59(9): 1947-1965.

WANG M, WANG H F, LI B H, et al. Survey on key technolo-
gies of new generation knowledge graph[J]. Journal of Com-
puter Research and Development, 2022, 59(9): 1947-1965.

[23] RELBE, ¥r/AvE, Eos. ANERZEIIFIRSGERI]. RAFE
%, 2021, 32(2): 349-369.

ZHAO K L, JIN X L, WANG Y Z. Survey on few-shot learn-
ing[J]. Journal of Software, 2021, 32(2): 349-369.

[24] ¥E5the, s, MEE, & METBRAEIMIERSS]
1 55 ”Hé‘% ABEGRD] 24 LIRS HETHAR, 2020,
42(10): 2246-2256.

PAN C Y, HUANG J, HAO J G, et al. Survey of weakly super-
vised learning integrating zero-shot and few-shot learning[J].
Systems Engineering and Electronics, 2020, 42(10): 2246-2256.

[25] W& T, Zifa, R, AR Bty
1, 2020, 46(1): 1-23.

ZHANG L N, ZUO X, LIU J W. Research and development on

zero-shot learning[J]. Acta Automatica Sinica, 2020, 46(1):
1-23.

[26] Mg, BB R, AL IR
2010, 27(8): 2834-2838, 2844.
CHEN X S, YANG Y M. Reinforcement learning: survey of re-
cent work[J]. Application Research of Computers, 2010, 27(8):
2834-2838, 2844.

[27] C. J. Abate, Rk, Hla$223IHIASK: Daniel Situnayake 15iR[J].
BRAISIRAR RGP, 2021, 21(6): 1-3, 6.

ABATE C J, HE M. The future of machine learning: interview
with Daniel Situnayake[J]. Microcontrollers & Embedded Sys-
tems, 2021, 21(6): 1-3, 6.

[28] Z4xfl, A&, 25N, . N TIERESVAMFULRIR[T). BEER
Gi24), 2014, 9(2): 127-135.

QIN Q D, CHENG S, LI L, et al. Artificial bee colony algo-
rithm: a survey[J]. CAAI Transactions on Intelligent Systems,
2014, 9(2): 127-135.

- WENLS R,

ME& BN

| B8 (1972- ) 5, 11, REVBFRHEE
PRA R gk LAEIW, EEMR AN
fE. HARE S 0E ., MBI AR, R,

BEFE (1974- ), 5, REVWBRHAR A R g LW,
LEHIICTT ORI . % T8 Lol F 5%

BEFE (1970- ) , 5, REYWBRHAR AR @9 LM,
SR IUTT 1R B R B R R 5 B AR

ZE (1980- ), 5, REVMBFHARA R @S TR,
FFZHTFTT BN AN T RE . Tolk IR A

Frim (1981- O , 3, 4, REVBREERAF ST
FEIMW, BT FAPBER SR AR S 5 Y= A%



	03-2022298-h�.pdf

