Tl RRABIERAK

Wi SRE N E IR B R RESE 4B IR 5 R BEF R

AEE, RwEE' LR, T2 BEREEEHE 2
(1. FMMERFEEATFELARLEARELELE T, T 100876;
2. BAEKRF, 2 BE 90570)

o OE: WU AR R R AR R A WAL, X6 A i I 285 5 5 R F AN X 4%
ZEAC RS T R, AL SRR RS N 1 S AL By s B . TR S AR B R 9K
FIEA, PR “3 2 3MER” BRI “3 nIThER” FRIEMRE B EAR T B, FENT R B AL SEILE AR R T
I, BRI BEAE S 28T G 5 TR SR AR EAT IR, 00,  HUdE SRR B R DK B (19 e
W2 AL ST BEAS B RER T, N SeEL R B LRt T BB RR S

KEEIA: BECMS; HiE SRR RIKED; WHEERSR; WK E IR WS ED R e
hESES: TP393

XEkFRERD: A

doi: 10.11959/j.issn.1000-0801.2022163

Network architecture and key technologies of intelligent
optical networks driven by data and model

GU Zhiqunl, ZHANG J iaweil, JI Yuefengl, YU Haoz, Tarik Taleb®

1. State Key Laboratory of Information Photonics and Optical Communications, Beijing University of Posts and
Telecommunications, Beijing 100876, China
2. Oulu University, Oulu 90570, Finland

Abstract: With the expanding scale of the networks and the emerging applications of ultra-massive connection, ul-
tra-high bandwidth and ultra-low delay, higher requirements are proposed for the utilization of optical transmission
network resources and network differentiated services, which makes the network and configuration mode driven by
the traditional approaches face challenges. Based on the idea of data and model collaborative driving, the intelligent
optical network technologies of three-layerthree-cycle architecture and three functions were proposed, and the im-
plementation technology was studied. The performance of the proposed algorithms was evaluated based on the de-
signed intelligent transmission network platform. The validation results show that the transmission performance of
intelligent optical network driven by collaborative data and model has been effectively improved, which provides
theoretical and technical support for the realization of network intelligence.

Key words: intelligent optical network, collaborative data and model, state perception of physical layer, resource

coordination of network layer, slice customization of application layer

Wi BEA: 2022-05-08; f&EIHHA: 2022-07-12
EEUIH: FEZELGHATRIBE (No. 2018YFB1800802)
Foundation Item: The National Key Research and Development Program of China (No. 2018YFB1800802)



19«

BIERE 2022 F£% 7

jilll3

0 3l

TS W 2% U B AW T, T 28 (1)
METREH RN, JoIR 4K/8K . I
52 (vitual reality, VR WXk #HCM . TC AN 253
SEAHOC R e 2 AL 55 BRI, £EH7 98 . I AE
AT EEPE ST 45 N 2 AL v Re de ORI 22 Al
TR AR 5 el ik 4%, BARILTE
A, R ES TR CASE 7
ZHIAT], B RO AR RHT OS5 73K, A5
I L TR A R 5 2 Bk Ik, AT S
BRI O SR L SRR b A ) IR 55
S i X 4% T R R AR i 0 ) S R

IR Y T IS S N o a7 A U
) “fise . —J5m, g2 A, 2N
T, R RMAE. H—Jrh, HEs
li] 5 A% A A8 R SR TR B A, Eh DI T
RFTNEEE, DL T I 48 BT IR FH 22
B2, BRILE FE AR SHREH ., BIRE
R R AR T S SR SR I T R 2%, LA H
BMARECET “HR”, FEOSF RS ML
DEURE C 1 55 S M . AR, B XL )
BINRERIML . =I5 KEHE . N TR RS
FRWRIL, KB i 33t Brih.
BE AR, R, FFEAAANWIRT ML “h
17 B, SR ADEER TR Z ) sk
737, RIIE i A HE AL A R0 R R A S A A
B AL 5 77 T A ) 8 22 T DX % AR ik e, IR
SN R G2 0 WA 28 5 ARG S0 ) < B . H AT
FETHPI 2% Ry B R IR B A A O
B fh 7 2.

FF RN P vk, LI
AL A R SR R R b, Ed
L PR B R R AR AR IR 2% TR . A
W28 R R IR B, MR BA e 4
ERR SCHE, FETRERLIR) 1 7 v B B I 5

WSS AT R, IO 2% Ja8 P AR A 2 2 A
WESHUE B R S, K KPRIE, HHE
ERAT R . (AR BEAE 2% HUAE (0 AN Wi T2 AN
Y55 N R SR IRAL 28 ) S A MR AT Al
RIBWEIN,  RAKRSERRL M i 7775 XE LA S B
RG24 1 56 4% 78 o st 2B, e FR g
XY NS5 R 28R 25 HE LLEAT SE A, S faE
e DL ST HE R P28 AR

HF Hodm ok zh W vk, @R DT S o R
WA, R EEIL B BGERERI BEFT, AT A
HH S TEE 24 T b 55 M X 220 PR 25 A B e R 3R il
TARA M ZRIR LS 2] A S ST SENLAs 57 21 U7 ik
PABHE SR 5 A% 0, AN P 2 A, RITAT ) oA
KBRS RAT KBS 2 RER, @i
P9 28 Kt 2 1) (T A O) RBEAT 22 224k, RTE R
B IT USSR AN H 4R 28 iR TS, A
TAL G BRI Z (1 RS, W DU R T
PILEPERE . PRI, X R AR SR A 1 5 sUAE BEAR 7
Br EAFAE— € SRR, B RERER R EE” (“ R
Bk 15 BRI A AR AL, DL
RUANTRVRFAE 2 18] FROAH ELA FH 5% Z 0 AR, Toi:
flTHEE AN RHIE S B BOE R PR RE A S ) A
IR RS A TR TR 22, S BN 70
HrRE B B RE AR s Akt T Bodls 3Rk sh U7 ik
ARt 7R SEBR I IR ST rp, A A
A AVR I A B S B SR SR AR PR, 875 R 245 1) B
SE A A CASRAT ) PR ) S SR S AR 2 2
DRI E S

Zr BRI, g e HA B R RUCR 2 T 8O
SR R R B P 5 vk, AT LAY B L e B A
YR 5 B SR A BR A, B R DRI BR
HNE, DEHERSONEHE, WP a5 M
2L S RE T . T8 I BLA A R 4
MoE, {2486 NAEE 71, RS Fr
L5 W28 IR A IO RS 5 LR, S O % B I 2% 1)
RAETIRRE.



—
A = uEssk

20

1 BHRAMBEAREK

BEEIBE M S BORIN A R, A 4R
B R Kl R, B
TEALIUE R 3 BN T L RAE R ML 55
REHGIN, FEWE%T T8 L I S A0 AT 5 4 58 77 T 6
AREM R FE T I 2 AR 55 2R . 1R 4K
2R B2 HME LA A2 1 2 3 I il 28 i i A 22
SRR ER, V)R EMEB RS, N TR R
SRS AR I B AR O g
BRI, MOCPIEIYEE . PR AL SS
JZ 3 AN ER AR THHIAR R K.

(1) BRI R

W& B S BORARE R R, X2 R B
FBEHE T 2R, IR TAR. B3R
RS, 2 AR A R TR S . JLM
ZAEME B R b R Had 2R A (n
JEEFL TORE OCEMMRE A, Xy
SAFRIHE T2, b A AL TR A
SR ENE, SR XA
MRS ENE: BAN, BT AR
A5 BB AR, I 2% B R B 5 AN kAT
HE R, UREMSREmPERE. 2, JoE
PRI B A ok AT B 3 ™ B P e AR IR S 1) AN
SENE, PRE R M AL R AR, IR B
)R A GRS AT AR, AT SR 45
GURANAE f e B Ak 3, DLORIIE I 25 A& 5]
ET4 G

(2) MR BRI SN 7 K

R W 25 1) 22 PR AN R R VE AR BRLAE 22 b
FIRMIIAE, Bla 5 B M R 2l Tk i
JeAe iR et 5 B AL B AR 2 i A L RS i 3 g
feimBERs, (61306, JoLiaE 2 Fh A Hy W 28 A1 AT
2, BN T I SR R R R, AT S 2
2% RRBC B S 0 R (R, kS5
HIEh AL CUni 25818 RN ), fEAFAN R ML X A

[ BsF [] FR) o B DU VH B A AEROR 22 5, X —E
TR T 6 ) 2 B2 UG B 1) B A i o OB B — 1)
W 28 TR AR I 7 2, PR I A FE AT N T T
P i, e LI 2 B IR 1Y) v S8R AT
JEH R IR T N 2 T A6 45 X 2% ey N =) A Ak
“REBET, FEE S LSRR PERE AL . Rk, TR
TS TN B 2% SR M IO, SIS
TCER N 4 BE R ) ey 08 5 5 S B VR PR BB

(3) M55V R e il /K

WA OGBS I B B
KUK FE, a2 s Z AN S FR MK H &8
0. AN IE R 355 T Bk 55 X)) 25 P B ) Bk
ChnfRHs e, MFRE, W7 95 . ZAanEEE. BTt
&) BHABRER. AT ARz l%
FoR, MEEYIA (network slicing, NS) H ARk
1EIZ M FAH E RGBS &AM Fr, R 2%
VIR oA B SO M 2 SR A g 07 20, 12
PEANF R AN S5 IR S5 . B AE 0 2 B AN
Wr - AeAk AR R N2 R R 28 i 5 A XL P R iy
Wi ABHE A 2 M ST SRR SR O R G
X W) P BOR PR IG TN, BRI 7 AR 2 4
A 55 1 P R, T B A i R 2% D7) 43 1
THI A AN [EME 55 2R, o il 45 21 B 2 B2 AN [R] ) 2 A
EESI)ae SSTITES =L &

2 HURWhEIIEZNREY “3 = 3 1BRIN” ML
R HE “3 AIThEE” %FE

5 B PSR B S O, 2
KT, ST EERE. AAER
SR RO A . 7 o5 AT 28 56 7 T Ak DA SCH AR
SRAATIL ZREA B 755K, I AIFE A 6 o 2L 2
SR AIAE PR DL R AR 55 RE AL A5 T T HEAT AR A
PERIHARAR

N T BEBOAR [ PRdE A Ji 9 S I 4% 1) 4 e
PR TR ARAT I 32HL, RN TR RESI ALK
2, FEFRF s T g IR AT, BT R e



« 21 e

BIERE 2022 F£% 7

G R IER IR, BT U S T0 4R BT i AR A AN UL
FCmR s i, 7T LSRG/ o 2 AL fr st & i 48—
FEARAG/ JCE R £ P 48 SR N5 k8l . 14T
Y SRR R O B AR, AR A S L )
FIRXENE “3 /= 3 30”7 MK, W 1 Pn.
“3RTRMEMELR . EHEMERER AR H
T, DB R B TEEAR 2% etk
F B AL GO T S, B TS S G/
S R R I R . PR R R A
B b g b a A TH S SR IR Ay, b %
B ) 2% 2 1) b 0, DI 2 oA % 42 ) s A TG A% A 190 245
Pty THSEBTIRIE G S A S A Gt S BT
WA T E IR A M aEm 2 5 E
IR A U ], AR BREREER
B ALY IR | b 55/ 10 2% K 2 AN RE S0 R

W% (recurrent neural network, RNN). £KFHic
17, (long short-term memory, LSTM) FliEik 2= >]
(reinforcement learning, RL) %5), Mk5%/M 2554
PEAFAENY S5 TR A5 DA 28 B RS 2., T2 fe
FOEMERI G . SRS R I 25 5
PEREVEA o

“3IEIT SRR REAR (CUnph 2 [ 28 BT )
EVHE .. HHEMERREE 3 B4ilh Ay
1. BMALPIEIR SR B 1 ANMES E B
HURS R . BIRS AR, S
ReAE 4 N 2% AR pe it 28 2 MEHRLFE N
HEEFMERN R SR —RL, NI Rt
P BEAL R ORI B8 3 MEIMHE I T H0
P[5 AR BB i SRR AR S &, Rt
B R TR SR SR A Y 8% 1) R B

Al R ERFRE BLAHLES 5 S B (e & BT 32 3IE LKA, BB EE G
BRERAR
AR - 3
(RN ) svM JC RL )
Y
BRI
b 55/ 4 R e . (o )
o[+ i |« TLveE . B | CRERE )| |
o BENPE || 5N 1R P
o BHELIH ||« HEBE7ENE %?ﬁﬂﬁ i
E— T
PR
TG ) 5 R
it ~ | Rkl | PE s P MEUH | A | 2 s
| ik Sk el <:'> VIR el
51
) A #4
i ‘ I Tk
_J AT AR 7Bl
; Tkt
- W%

FEXRTH

(o s —{mw { n  wm s {  )

B s SRR RIKENIN “3 )R 3 A3 MG



—
A = uEssk

« 22

28GRI G — TR FE AN S L, SBR[ 3 Al ThAg”
Rtk DB EARAE TR, 4% 2 B AT BB AN
W52 VIR Al e . B RS IR 1 12
Fity 42 1 J2 0 DO 4% 1 32 J2 T LB JE P B 2 B
ATV AL FAEOL, P T AR SE 20 BT R R
] 45 J22 B 5 AT TG B 2 el et o b e, T2k
Sl R P 3 S 22 A BRI AT I A L W R PR
T 22 o X 245 5 g DR 47 g 42 A [ 1 3 ol 44k
MRS ] e PO =8 v el et P = d S R 7B 7'
it b A b, e R A R S 1 D) 4 AR
B ZARERLNLS, TSI % R 2 Tl 25 1)
1 K E

3 IR 5HRE ) E R B BY A P 48 B RE 1L 52
AR

ASCHESR I “3 |2 3 9638”7 (R REL 5 T4
Rl D 2 A B A L, SR P SO [ SR Bl O AT
Jiids R RS BRI EOR . LR
PR REIR BN AR AN 55 2 U1 1 8 e 58 il BOAR Jié
FFRITFE, CASEIL S0 e RS B8 8 A 7 i SRS
T BRI 3, SEBLAR R W 45 42 i
W s A REAL .

1“3 2 3R B SRR AR B, B
FITAERE AL T BOBE by [ Bk 2 7 v, 4 4
P Kl 50F 19X 4% 530 K 1 S A 0 A0 B30 X 3l 0
Y 4 T AR RE 77, — 7 AR 4R D' ) 4% ) B
WL AN B o SR B AR 2 00 AR, A A
RREAY o e RS AR L v B0 AR R iy By )
TG SR &% 1] LR SR A 55 — D7 T
AR P 3 S sl 50k D S A0 4 42 4 e 70 A BT
BERE ST, F SRS BRI NERR R HL
i SRR R SRS TR 2 R, B E)

Uiafes

\ EAHRREN

X L& AT AT A, 4/ T 3R WA IR R
R, bR SR A SR I R s K SR Bl
Tk RN RT 2 ) HHE R R, B IR AR G A
—HARERN S, FEIERRBEREE S Y
FME 55 F R 28 AR 2, SEB 28 PR RE 3 T . Il
b HHE A B [ 3K B R Re AL TF B, AT LA
— BN E LN G NEE T, EANE
B A A e T B ) 0L, AN I O ) ] DK B
18 B S A5 T BOR A RUERE T A% i X 285 1) 5 UK
FIFH A28 55, AR R 5 A% i X 2% S it
PR 5HEOR B .
3.1 YEERSEERMBEA

T A ER AR AS BN TR R, ASCET XS “3 )2
3AEIR” LSRR ES 1 AMEA S A I T
WIER IR AS R R R BARA E SR e A% ) 2
(PIREAREEAE, IR ) B E 2 B s 10 e o Al
SIS B I R I 24 (1) M e B PEAS DT 2 i Y
BB RE LR

AL UL i/ (quality of transmis-
sion, QoT) T s, XJ43 ZARAS 1B A HL
RFATHET . el QoT 1E N ELHIREM
LRERAETR bR 2 —, KB I A a3 T
JZ SR ARG Al R IQoT HE
J7 Zt H TR S b AL S R AT 2L
AR HEAT R, QoT T, FEREERAK,
DA T 064 3 2 RS 1R 2R S HURT TN o L2 27
2] (machine learning, ML) W] PLIH T K EFEA
s 5 I SRR R AR L R &R, Hlgk
SERUE AT POE TR, Bk, DR R R,
BT ML 19 QoT Tl 75 %8 W] LAyR I Hi A A 1)
R .

BT 21 QoT Wil AL an & 3 fw, wf

[ LRHIR

Bepi |

LN

| ommees ﬂ%ﬁm%ﬁ%]

BERIKZ)

T BESRNRA

e

K2 B SRR b R SR 5k



<23 BiERIY 2022 F£5 7 H#
T ] EIEESST T Jr—
Ryt (oMM, | SNR
%é?ﬁﬁgﬁ | ol oy } le]}l
138 1R : ?;é“’ BER
LN EY et g
A IS ( AR AL ) QE?F%
s oee )
B (E T B (iR poy S Bl 55 R R AG
KL WL
biead RODAM v
i | © ©| By
WA oz @@ [ED D& [ o | & [ose
B | g #
LD } ¥

3 ETHLEZTH QoT il

DASEHL R AE FE MU QoT F® ), {EY%fE S7EM
e 2 AP RMRERER (k3 eaEh. 4%
PHGFE. B EARNAE) o, RO
SEHESRAT Y Bl s SRR &5 1E
SR A 2 A R R A AR E A i i kLA
AR HERIRRN, AT e e P i T e e,
PRI, Sl SEID G B RASERN  hs P T 2
DSYISATEE Y (L i S AL

B, A HTAERIT 70 LA X R B ] ¢
ENIE RERAHARBATI T, S22 TR 2T
e QoT BEETIM i (a4 Firo) Y, %y
AR KRR 45 P se 8l fi LR )

.........................................................................

st

(GRS S

]
B YEEh

i R

SR 2 48 RE 702 S IEIRS R B 2D =
IRESHIBRES R R FERME RS 1 024
Bk (BFEMEECEEE Uk, SUBoE:
SN S S Z XN Q BT, e A
B EXARZE M 28 BEAT U ZR, ASRHH 4R A2
Q PRI THIRFE ST o[RS, it —Fh B s S L],
KPR R 28 58 SON— D BREL, MR K S H0N
BRI A B o ARYE WA SHON A] A S i S
LM AR, TR IR AT S SRIE, IR
B/ NS R R S BRI 22 X 2% i LR 24 )i
I IE RS E T BRI TE A M 2R IR, SEBL
DGR A TR RS TN o B AT 1R AR

wkE |
QoTl

...........................................................................

4 BUSE R BB R R A7 i R RE TR B A



—
BEA 5. FortiEisA

24 .

R AWE 5 Pros, BE e S SLPr Q-actor
A ATECR AT B E 6 Fros, BRI ZR s S
PR HE O (KB IR R, ol fl dan ) 4%
FEE R AR BT A J1 38 A% TS T R )
(7 9 51 ) 22 45 T8 A o B T g Sl 325 )
FIERE S0 QoT MWL < 5, Sl 5Py 3
RS TIEAITIRE, XE ML DG QoT #EAT
FETRTII , 8 19X 2% s ) 4% SRAS R 1 (10 P 2L 2
FE. NG SR O A

— HHIREE

0.20

0.15
H
oK
=
ﬂ 0.10

0.05

0 30 100 150
SRR IR

K5 R 5 2 SIEAUREN R &

— EIEVSTHIME
| ® %

T {E

16.2 16.4 16.6 16.8 17.0
HIUE

6 il PME 5 Sk PR Q-actor {H ATHILR 2211

3.2 MEREFRHEKAMFEA

T[] ) 2% J2 R IR B BN 7 5K, AR SCEE XS “3 2
3FEIR W4 SRR RN ER 2 NG FR ) SE BB R JE
BT . 5 ek ) 28 2% 5 U5 1) R R B Bl B R 32 B
ok 7 ) 2 Sk 0 3 R % 5 U 114 ik ] 2 ), SR PN 45
ER RIS —RE, MisEBle 5 L% %
Pl S A P 48 B R AR AL L &

AL X-Haul BI2% 951, Xt HLES = 2% 5%
TR ERBN B AR AT 7T « X-Haul AR A K 5G
MR IE AT RGO R A R M R o T 58, R
Hife . e Rl LT A D6 S BRBARE S
B AT HAERER M2 T . X-Haul RH]
XUZ P2, BIES R A8 280, WniE 7 fo,
A5 1P EADGE, Horb 1P 205 SEARRC 1%t #/
SN R B, DT AR R 55U L 2R s
RS, i, ROADM %6/ 0#%,
T o SRR R IR AR s .
X-Haul {ENA&SRMHRN 7%, Holk5s BA mEhds
PEFRRE Ko Ml 55 U0 A FL A i J 300 P o e ) AS T
A, AENE S IEREST (B RS ITIRHEA M 24
FERARER (RIS AR B ITME) K BA
BEBLE, M55 BB IR ES T BA BORRIANH 2 1
BT “IPOL” XUZ B R IR AL 55 1
ENASTE, AnART SR U v R I 4 G B
Ji&A X-Haul i i i — 350 5 2 ] il

P HA

7R ML

e HLEE = R 4 TR IR E BE T A Dy — A S AR [
Ot W 28 BRI AR IR SN e L, 7 LI A O A 55 % T
WA T LA RS ()G B R S S 9B . RN
S TSP DN 2 ol M s I B e bR
RL7, RIANFEUEEALE . ASFEIMBIX AN R JE] 7
T BT AR AR BRI ZE 5, X — el 7ok
P 26 BERIR BN S . AE ORI N V55 v i
ARBIETHE T, ARGt 24 37 5% Hh S0 I ) 4
AL 55 HYRIBE I AN AL, HLIES T2 B e R T T



«25. BIERE 2022 F£F 7 H
TR (M
B A AT
ik ‘ R Sy
B b

A

[~0\ 41~0
Loy by
I O 1
1-07) |1~
}oul

Q-0 ©

LN

EE

EIE

AL

K

HE

K8 ADMIRE )2 4% i i 5 B

SRMG DR AT, 3 500 255 3ol A B YA FH ) P AR
o KB 2] (deep reinforcement
learning, DRL) SF#(3EIKBN 7%, 1EZHT L
G TR MR (integral linear program-
ming, ILP)J7 V&P AIE & R EEP B IR S i
TIREREN 7%, RO I 2% 2 SR REBR Sl A% O
BoR. XK BT INEEREISRE T BT
FEAEIRIAE; ORI, e B MR s o K dle T
% WA LA BE— 24K, I T A g 2 1) 4
JEE R 17 JEN B H DR SRR R T IR B o
B0 Bk, 2EE P AERT T B A
P [RI SRS P 2% B BEBREN B AT THITTE,
HH — PP ESOE Bhp [R] BB PR RY R  FH SEEE . (collaborative
data-driven and model-driven intelligent routing en-
gine, ADMIRE) Pl % S5m i (A 2 p ) A%
Gt Bh IR, ADMIRE %52 45 it J5 2
B 8 Frw, SR T S R B 4 00 R R A
CHIPAZ% SR L B PR SRR A5 ), B0 35 1K AR %y SR T
SR BERE (18 B P AL R T 15 2 D % B g )
FAHBIEFHEh . ADMIRE k55t Sl AR 2R
SEAAE R SR ST, TR s IR H
L P23 SR 55 B AT R 2 B IR RHE , 280 A
(RIVNZ, IRPE S~ 3] 2 H RAT B AL
=, AR N NI ST BOE A B B A B sty
PRAGH . TERC BT8R X TR P B B R
ADMIRE FIHIZA L H BRI, SR
PR, B2 IR A4 B PR AL 2l 55 e A

1B FHORER, 100 2Rl S5 T oo L an &l 9
Jizs, ANET SR R KBRS LA 10 Ps. %
W e L s ARl R SRS 7 2 R 2% R RE
1, SEBL 7O S TN SRR T RSN DI RE, A 3R
R BRI R . BTSRRI, B Mk
SSHIRERE TN, w7 R > WA BATIELE AR o

30
Wib23% i

v

—a—MinWL
—A—ADMIRE

25+

1 P B
S S S

W
T

0
02 46 810121416 363840 60 63 84868890
LALNZ: 2

B9 100 k45 it O K Bt T

gan
100

—a—MinWL
—A—ADMIRE

# 23t

6 8 10 12 14 16 18 20 22
FHR (SO HE— KAL)
K10 A7 SRS B L

0 2 4



—
A = uEssk

26«

33 UHEREREHKA

a5 Z VIR @ 7Rk, ASCEX “3 2
3 MEIR” L SEREE 3 ANEIR I SEIL B A e T A
Tt o M55 2 V) 1R e i B T B a5 Y
B IE] 0 JEARL, S B R SR S I 45 /X 24 A
TR, FHREBIMEY) B R E 7, A
TS BX X 28 1 e AT AR AL L

AN I N2 3 55 TR 10 oMl 55 F I 465 12 R ) 2 ok
SRR, hEinER ., e, W5, LAl
FEVE. PR SMESEEREA — . N T m RO R
ZF TR, FEELIMNEY A (network
slicing, NS Fe AR Al 55 4 A1k 72 S 44 11 99 28 iR 55
v Bt V) A A A dn A E A 11 s, 3Lh
9 26 5] Fr 5 il A0 T 70 AT 28 4y R U0 R A AR
U SIS B L R Y Bh s R R R R
3 AN o YA s Ak AR R 3 BT T e AR 47
PR CaneIFEPE . B AESE) 8 45 B E D)
STk Y A EL 37 i P O g IR S
Y R S5 A4 38 2 B BOKE 25 18 2 T 21 T 4 B Y
25 AR A FIY) Pk 45 I R Bk 7 SR (b 5
85D, N ORI R R A 2R B )
W2 b, SEELYL R L 45 R B RE 48, 1) 1 3l
5 T BRI Bk B A AR 0 b 55 B A R R VR 7 5K
BEAT BhAS VR BT FL A U0 A SRR, B 45 R
B JE M R ) o8,

i R 2 REAL 25 I TR R, W4 V) A b
AR 38 3 K A 8t 9 8% 170 4 B D 1 AS [l 45 2
T ) 22 A 18 55 N 45 S 2 FELP 1 e Ak F5 R o El
T 0 28 PR B R Y 55 1R Zh A A8 Ak, e 75 SRAIE
1R 45 IR S P RO, 35 A R 0% L K B 3 P ek

_—
0)

Eisd

PR

HE DIy #ih
11 3 B U b A 2B v JA 391 2

A 2 Y 2 1 45 X 4 0 L D i ) i e L
i TPk o A% ek TR M U0 ) 7 S0 T R
AR HDL S5 RN 2R I E R RE I A, S
b 5% IR 55 57 8 T ek X 4 U R FH RCRAR R A
I o DRI, a3 3 KA B [R5 AR SEBLDT) e 5
TR LR S LN 2% E B A IR 55 TR AL
R T

BExt B 1), 285 BRI Se 4l b 55 = 1)
Fir B RESE il BOREAT W IT, B2t —Fh e TR L o
s ST R RERC BT %, FevEARYE I P ANIE
RIRe BN, 8 B AN [RDRLEE B U1 A SRR AC &
DA OI R B PR R 2 ) A Ak 2R
K 12 o, 205 8 BIRZR Ry AR, o)
NG HEER AR R o b, G kR 1 RS A
A TT R MAZ A, B B o i R P
B SR i A G AR R AT I LR
BB o P SR B I 1 SR T AR B I 2% TR
B, B MARE AT R AL, Hling™ K
AE N B, Bl RAML CPU 45k
IR RN, IR ok S AR K 28OR T 3R AR 22
Jille 2 S RERE P HPIRAS « B A DA RARSE S 15 2CR
It 2 1) R 75 ZE A 4t % Bk R AL — A
WIS R G RIME BN 13 Fros, #E
YL W 14 Fios, SAE, %5 RERE
R AT P8 2 AE R 7 T AT B ROV RE BT ST
Hd 5 R I A BBl 1 75 2O B BE G M 4% 1 K
Jese it 7ua, Ik 55 5 I 4 A Y B
B 1248 A AnES], JRas & M B,
B 28070 ol 55 7T SE i D RE LA A2 1 2% A [
W5 ZE TR, LB AT RE ek Kk e .

R 45 REEEYI R S50



« 27 - BIER%¥ 2022 F£5 7 #
2%
b
W% W | [ S e
Gk W H v | || A
R
AL Gt
\ \ R R .
[ W44 e ]_E ML TEE Glel2ld]
foaiits [t
iz ) ()
" B
ST j
12 YR E
2000 4 FiEthEIRENBYE BEE MM T A
— Bhifi-a2c
— Y _d sep . L — — “§ / ”»
sl ﬁ’fz;%@ig_azc T RO BN 103 J2 3 085 R
— FHRRE-dgn S FERT FE AT % T By [ B 30 £ 8 B 1
1000} W&, WK 15 s, 1% 6 B B AL i 4%
T ARG, B AL N s B R SIS B

500

-500
0

500 1000 1500 2000 2500 3000 3500 4000

13 RJiE AR

I DON [ A2C

3EM-3RA 10EHL-108
14 HERE B

103:41-305% Fi]

3 M. Hb, BRMMSEE R ST
PSR SE I 28R 9T a6 AU C B S S0 45 SR 0 2
BTk, A BT 4R S SRS BT s
I PR B s A i D % s 85 T AE R P
fRg5asth, T Ia4T 3 TR0 R SR B ) B e 5
122 LA RO TE B i 2% DR IR 98— TR T, 2
25 REAL SEILEOR HOAZ OB, BRI 0T ) 45
1o T AR SR s R SR UG MR AL 3 B R 5 T
FFERE I A SR E AR E . AT A LUK
ST, FT SRR AR A, SB35
TR 48 B 5 B S LA AR S A

B R A I 4 SR Y- R e D' A A 2%
PR R G SR SR B REAL . SER RS,
FE “3 R 37 ML h LB 2 A DI RESGIE

(1) BERARRR N IR SR T AR L, JE AT
IR T R RS IR P28 e L LSRN
REM ThRE, B TP 2 4R AS 5L 55 R AE



¥
Yl U RRLEEEA

28

W24 B R &5E

v eramre

| it
.,

-..,-

ey

DA W 3 1A

E 15

IR RERA, R RE PSR IR (LA

(2) AL S Ll GBI
W& BE, B L g, 784 R LS
BRSNS IR B Se B Al . — Ty
I, AR R, SRBUIRASE Bk 7k

Thgs p—Jsi, MRS, SEUR T R BT
ERERE. Gl

(3) DNk RogI X3 ELAT M X A i W 45 1) 22 57
. ook, dEd R RGN BRI AT R
ARG Do g R SR SE 22 L, SEELE 55

ke

IS PRI 55475 34

___________________

] i DA M 2 L

BRET B R e

K 16

P& 2%

o 2 1 S

O

=

R
1 23

| GG 4 —

——— —

B9 T

JEOVR BhaSA B RE T E ], et AH4H
PR S5 SR I BR SE . RSl SCH% . B RELIE
2T G MK AT 16 Frn .

FIZE “3 )= 3 37 W28 S8Hey Je e mT jgkn . ]
HRBHAR]E (Y “3 W TIRE” HFFAE, ASCHTHR
BT Hdle S AT Ol R S B AR 06 I 2% BEAL SR B ¢
RIEF REALRIN LT & EAARRIE. T 1
BTG, SERCT BT R R RS I IR SE 58I A A it
B IR e e BRI R
W70y e 2 = Jr LI, A REAIE 1

i)
ﬂ PC
il 3 [ahaa0:

________________________

Je AL

ERE A 0 2%~ 5 I BT 3 45



29

BIERE 2022 F£% 7

ASSC T R RE S 10 A R v ) TRERS 2
AR L AR, $ETH R4 BEIER T,
LY ATIEREN L ATERSH AR SE I ThRE . LA,
R REAR A P 48 SE 08T 5 SEBL T MOk S5 N T R
BRSELEN A E, Bk 7k A s
T L P 2 RS S AT AR R T E

@ g

5 ZERIE

Je BN 5 AR BB R R 4%, BEE (S
MZEHCT AL B R R it B REAL LI 2%
BT ORI FEMBIHT I R . LS5 7 R K &
BN 2% AR R LR ORISR . i
T R AR IR I A5 Ml 55 R 1 ool o 4 BRI AN
ZFAIRST IR I T ER, AR SRR IS T M
LA 25 (X e B 7 2R T IR Pk . AT
ey AR IR s P [R] RB AR, 3R “3 2 3 1EIR M
2% ZRHE L 3 T RE” AR AR BE DL R ER B AR T
%o I RBLUE T BorE s [R) SR 50 ) R e A% i I 4%
T, WP AR AL SEELH AR AT PR JRIE
NARSEIL AT 562 KR BERL G« SCELE et
Ja 28 SR AL

B2 3R

[1] LETAIEF K B, CHEN W, SHI Y M, et al. The roadmap to 6G:
Al empowered wireless networks[J]. IEEE Communications
Magazine, 2019, 57(8): 84-90.

[2] ZHU K Y, MUKHERIJEE B. Traffic grooming in an optical
WDM mesh network[J]. IEEE Journal on Selected Areas in
Communications, 2002, 20(1): 122-133.

[3] W&, HEur, xR, &5 FHRAEEE R 9REh 1R
BRI IER LR [T]. B33, 2022, 48(3): 627-643.
PUZQ, YIJQ,LIU Z, et al. Knowledge-based and data-driven
integrating methodologies for collective intelligence decision
making: a survey[J]. Acta AutomaticaSinica, 2022, 48(3):
627-643.

[4] GAO Z G, YAN S Y, ZHANG J W, et al. Deep reinforcement
learning-based policy for baseband function placement and
routing of RAN in 5G and beyond[J]. Journal of Lightwave
Technology, 2022, 40(2): 470-480.

[5] CHEN Z, ZHANG J W, ZHANG B J, et al. ADMIRE: demon-

stration of collaborative data-driven and model-driven intelli-

gent routing engine for IP/optical cross-layer optimization in
X-haul networks[C]//Proceedings of 2022 Optical Fiber Com-
munications Conference and Exhibition (OFC). Piscataway:
IEEE Press, 2022: 1-3.

[6] WkBHIE, ES7E, #%E7R, & WENTEERR T —MHEDL
HLE R}, 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.

[7] MA H X, ZHANG J W, JI Y F. Graph sequence attention net-
work-enabled reinforcement learning for time-aware robust
routing in OSU-based OTN[C]//Proceedings of 2022 Optical
Fiber Communications Conference and Exhibition (OFC). Pis-
cataway: IEEE Press, 2022: 1-3.

[8] POGGIOLINI P. The GN model of non-linear propagation in
uncompensated coherent optical systems[J]. Journal of
Lightwave Technology, 2012, 30(24): 3857-3879.

[9] ROTTONDI C, BARLETTA L, GIUSTI A, et al. Ma-
chine-learning method for quality of transmission prediction of
unestablished lightpaths[J]. Journal of Optical Communications
and Networking, 2018, 10(2): A286-A297.

[10] CHO H J, VARUGHESE S, LIPPIATT D, et al. Convolutional

recurrent machine learning for osnr and launch power estima-

tion: a critical assessment[C]//Optical Fiber Communication

Conference. [S.L.: s.n.]: 2020.

PESIC J, LONARDI M, ROSSI N, et al. How uncertainty on

the fiber span lengths influences QoT estimation using machine

learning in WDM networks[C]//Proceedings of 2020 Optical

[11

—

Fiber Communications Conference and Exhibition (OFC). Pis-
cataway: IEEE Press, 2020: 1-3.

MORAIS R M, PEDRO J. Machine learning models for esti-
mating quality of transmission in DWDM networks[J].
IEEE/OSA Journal of Optical Communications & Networking,
2018, 10(10):D84-D99.

[13] LIU X M, LUN H Z, FU M F, et al. A three-stage training

framework for customizing link models for optical net-

[12

—

works[C]//Proceedings of 2020 Optical Fiber Communications
Conference and Exhibition (OFC). Piscataway: IEEE Press,
2020.
[14] LIU C Y, CHEN X L, PROIETTI R, et al. Evol-TL: evolutio-
nary transfer learning for QoT estimation in multi-domain net-
works[C]//Proceedings of 2020 Optical Fiber Communications
Conference and Exhibition (OFC). Piscataway: IEEE Press,
2020: 1-3.
DI MARINO R, ROTTONDI C, GIUSTI A, et al. Assessment

of domain adaptation approaches for QoT estimation in optical

[15

=

networks[C]//Proceedings of Optical Fiber Communication
Conference (OFC) 2020. Washington, D.C.: OSA, 2020.
[16] ROTTONDI C, DI MARINO R, NAVA M, et al. On the benefits

of domain adaptation techniques for quality of transmission es-



BVl 3 RRABEEA

«30 -

timation in optical networks[J]. Journal of Optical Communica-
tions and Networking, 2021, 13(1): A34-A43.

[17] AZZIMONTI D, ROTTONDI C, GIUSTI A, et al. Active vs
transfer learning approaches for QoT estimation with small
training datasets[C]//Proceedings of Optical Fiber Communica-
tion Conference (OFC) 2020. Washington, D.C.: OSA, 2020.

[18] MAHAJAN A, CHRISTODOULOPOULOS K, MARTINEZ R,
et al. Machine learning assisted EDFA gain ripple modelling for
accurate QoT estimation[C]//Proceedings of 45th European Con-
ference on Optical Communication (ECOC 2019). IET2019: 1-4.

[19] SARTZETAKIS I, CHRISTODOULOPOULOS K K, VARVA-
RIGOS E M. Accurate quality of transmission estimation with
machine learning[J]. Journal of Optical Communications and
Networking, 2019, 11(3): 140-150.

[20] GAO Z G, YAN S Y, ZHANG J W, et al. ANN-based mul-
ti-channel QoT-prediction over a 563.4-km field-trial testbed[J].
Journal of Lightwave Technology, 2020, 38(9): 2646-2655.

[21] ZHANG J W, ZHAO Y L, YU X S, et al. Energy-efficient traf-
fic grooming in sliceable-transponder-equipped IP-over-elastic
optical networks[J]. Journal of Optical Communications and
Networking, 2015, 7(1): A142-A152.

[22] SUAREZ-VARELA J, MESTRES A, YU J L, et al. Routing
based on deep reinforcement learning in optical transport net-
works[C]//Proceedings of 2019 Optical Fiber Communications
Conference and Exhibition (OFC). Piscataway: IEEE Press,
2019: 1-3.

[23] XIAO Y M, ZHANG J W, JI Y F. Resource-efficient slicing
with topology-level protection in optical access/aggregation
networks for 5G and beyond[C]//Proceedings of 2021 Optical
Fiber Communications Conference and Exhibition (OFC). Pis-
cataway: IEEE Press, 2021: 1-3.

[24] GOUR R, ISHIGAKI G, KONG J, et al. Availability-guaranteed
slice composition for service function chains in 5G transport
networks[J]. Journal of Optical Communications and Network-
ing, 2021, 13(3): 14-24.

[25] ZHENG D Y, PENG C Z, LIAO X T, et al. Towards latency
optimization in hybrid service function chain composition and
embedding[C]//Proceedings of IEEE INFOCOM 2020 - IEEE
Conference on Computer Communications. Piscataway: IEEE
Press, 2020: 1539-1548.

[26] YU H, MUSUMECI F, ZHANG J W, et al. Isolation-aware 5G
RAN slice mapping over WDM metro-aggregation networks[J].
Journal of Lightwave Technology, 2020, 38(6): 1125-1137.

[27] YU H, TALEB T, ZHANG J W. Deterministic laten-
cyljitter-aware service function chaining over beyond 5G edge
fabric[J]. IEEE Transactions on Network and Service Manage-
ment, 2022, 1431(99): 1.

[28] YU H, TALEB T, ZHANG J W, et al. Deterministic latency
bounded network slice deployment in IP-over-WDM based me

tro-aggregation networks[J]. IEEE Transactions on Network
Science and Engineering, 2022, 9(2): 596-607.

[29] ADDAD R A, DUTRA D L C, TALEB T, et al. Toward using
reinforcement learning for trigger selection in network slice
mobility[J]. IEEE Journal on Selected Areas in Communica-
tions, 2021, 39(7): 2241-2253.

[fEE 2]

AER (1986— ), ML, JbntlEEK
R EIEE TGN, FEWETIT 1A
N R4 .

RAER (1984- ) , 5B, t4L, JLRTlssK
2215 B 5015 TR bR 207 2R B,
FEWFF T [ A S TR A N 4%

LRklE (1960— ) , 5, fHL, JERUIEEK
205 5B E TR . M4 S,
F BT GBS MR SHAR.

i (1992- ), B, BEARELLEES
DAESE S, 3B A ) R R T R 4
2 S AT

BB . B (1977- ) , F, BEAKY
TLIEE P OEEZ, EEMRIT NS E
b B SRS



	02-2022163-7×¤.pdf

