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Artificial intelligence algorithms applied to fiber amplifier

ZHANG Ruihua, ZHANG Pengfei, WEI Huai’, NING Tigang
(School of Electronic and Information Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To improve the design efficiency and performance of fiber amplifiers, this paper systematically investigates the appli-
cation of artificial intelligence algorithms in fiber amplifier design, focusing on the roles of metaheuristic algorithms and neural
networks in addressing three core challenges: inverse design, forward modeling, and dynamic control. The research demonstrates
that metaheuristic algorithms (including genetic algorithms, particle swarm optimization, and simulated annealing) effectively op-
timize multidimensional parameters such as fiber length and pump configurations through natural evolution or swarm intelligence
simulations. Neural networks, with their superior nonlinear modeling capabilities, enable efficient solutions for gain spectrum pre-
diction, quality of transmission (QoT) estimation, and pulse evolution simulation, showing significant computational speed ad-
vantages over conventional numerical methods. Furthermore, the integration of metaheuristic algorithms with neural network
technologies achieves adaptive real-time control in optical networks, successfully addressing the dynamic bandwidth require-
ments of emerging applications like video streaming and cloud computing. Finally, prospects for the application of artificial intel-
ligence algorithms in fiber amplifiers are discussed.

Key words: fiber amplifiers, artificial intelligence algorithms, metaheuristic algorithms, neural networks, machine learning, in-

verse design

03l8
FCEFRARAE A G AR RGP AME G S BiFE

s BB . 2024-04-03,

ELWB . W E S M A4 (2018YFB1801003) ¥ B,

YEE =AY k4R (2003—) , 5, St sk A AR

2 SO:/\Y o | A B N e e o =5 WY ok s (=

L, FEETT T A CE RS JCEFOERS

*BEEE Bk (1973—) , B it ml R 2

WA CID b AR L [=X5.% N, A 16, reir A ) O T

3 ABIEHF 2025 45 3 W

SCHERHT BT F AR 4 i 4 | IR P 28 O
I s S SE PR RE RS b, 7R BT g iy 32
BRI 2R PIEARN T B AR TE U i ki Ak
PSR A B (QoT) Al TR K
BRI L) B A AR YR
AORAAIE BRI M DUT 3 26 50— SR B H AR 4%
RSB BB, A it ] A 22 R
DUACHE 451 HH 1 B 25 24 Hw 9 2ol
FRE RMSEFZHSHILR, BE BIrIZ
ARSI, 8 2R 2 (] AR B ok 12 G55 2R IE ORI




G e £33 1 (B wAl

&R R RERA RO A A, 2 KRR
LA =SS i S eI S ] I S e RS
JH Runge-Kutta ¥E45 G 4THEEE BN 5 R i D) 5445475
TR ARG EAEI T T R
A A e IR I 1) R AL, 2 T i [R5 ) 42
PO RCR B REEL, =R O AR Y
R RO Ry T 0 28 i AL S B A R 8l
A, R R S A Bl AR il

SEGINEML, NTAREERA TR E
PR 27 2T E 7 50 ME I A5 Ao AR JELF UK 2
BT R Z R, A SN TR RERA LT
BOR B HAINIHT

1 AL EE R LA AR EIT

N T REHA A 20 6 Rl A4S 2 58 1 A ph 28
MR, Joha KRB EAE L R AR,
BRI RGO EITTEH 2 RiEER
FE TR ARE AL B TR DR AR A e T Il R,
2 W ST AR S 0 AR e B RE ) 2% 2T e S A
N FE R A AR o B T R R ZE | AT R S R T
E ][Rl AR AR JE T X SeH AR R EFDGEBOR
BT 2R J0 0 A U 5 e 2 N 45 B R 140
By 2 B0 N TR ReE:  fEf i it I R
il RN S A ] S5 O ) 8 - R R,
1.1 TREXEZX

R AR AT 75 i e 250 T R R B 3E
A E AR S YR A B E SRR
MAHB G R CEFORAR B T Lk BT AE
SRR AR K VR R F ) V2 oo & Uk

WAL T I, X R RAE N
MACSEEAT IS | Z At B MRS NPT G
PR 22 )5 38 07 B pRBSCPTA 7 8 44, Pl 58
N AR S A AR AR A AR DU A R R &
A BRI S B &, Hob  SRATRE 90 88
FEWE AR B HE T s A2 357k TI(NSGA-TT ) a2
HARME L I R LS, Ho 388 28 WAL G2 07 1)
O(mN)[FEZE O(mN*) (m A BFReREECE: | N R
B FEORIERR R 22 P 1) [R] B i 25 3R TSRO |
MARAR) V2 H

FAERRE L RN TR L (PsO)E
B N THERERESE RS LB | ik Sk
A YRR R UME 5 15 B S mAILHI SE A4
MR BRI S B BRUE b PSO B 1 7R U

sk SRMS & BRI A N TOREF ORI TA RESAL:

RIEF SR AT, AR A 7E T RERE T4k 2 )5
L, SRETR B AR T I AR (— AR AR R
S EREAE ) , Wil RIS 3RAS 2R i, N T 0
AL KARABOGA D S5 A0 205 D A4 8 e
REAT R R A TR 2272 e v 4 1 W 2 s R
i (RA) Ak )il

BRADLAR TR IS 2o 5 | A BEAILIG 36 R B0 2% 24 i
FURAR REAL S B 0 R AE , T A= BCHT A (G I S8k
VEAE) , FF A I Metropolis Wl £ 47 B | X AP ALl fifi
BN SNy R A= R T R 55 AL 1 D 3
FAERRARAAL R 2 1 5 A8 k| DR kB
ETC TR AR R AL S B T SR iy | B8 ARk
i}mlﬂo
1.2 HER LK

PR R AE A HILER - > (A TR 24337 5 K )
BESARRE T, 1A E S B W e oe A R A
AR R AR AL B IE e (0] 8 RSB e, B AR
AU E R TR REREA

P2 45 i A2 B2 A 2 AR, 7R
LR TR AR P T 38 R >R FH AR A0 5 52 560 5 2504
W HAE o Wl R i AR A& E T Bk fs
e[RRI g i) =y K BUIREE S I PUBES
PRI RE ) 2 S8 2R 25 WS, 28 0 465 B 6% DAVl it
b€ e e B = N[5 oy S VA vk R eI UL /B 1
A, RS TR POCLR R h 2 4 AR G [l R
RGN T S AW EE AT 3 M4
Ry

EERANZ 4 (FCNN) - FHARIZ #2800 e B BE
SERL T AN ZRfE B | AR Sa0s6 555 A% LS e
(MTRE R JO B R R iR GRS B2
R0 DL o3 i B R G e ) (BRI 2R .

BRPIZ ML (CNN) il S B2 R EUHE R 4
AL ERAEREAE IR TR A B — YAt 25 R AF | AT
DI R=R I ESHA (SSL PN (20 SN e g I

PEPRHZE 25 (RNN) - 2R FHELA IC 12T BB 1) B
2 (R e e Mg TGO ) Y ERIRES
[l AP A9 224 i A S T — A 200 R R A
T3 FLREAE ST ik vp A E G ET R 2% b 9 sh A T 1

> 1
R,

2 HikHEES g
2.1 #Higit
BT A% O BRI AE T anfa] 3 250 1 2R R i

2025 4E55 3 1 RABIEHFe D




G e £33 1 (B wAl

skEAE GRMG 6 BRE A W TOREF R AR N TR BB L
FEff, Jola &Rl AU R e T H A
K, WERRTHRESREIHES T 2R RN,
JEHIE B RO ORI, TR &
LT BT N e SE B AR AR A B AR AT X
I E BRI I B bR A, 45 W e 5 EAR AL M S 80T
WA Ee SR, e Ja VR AR R Bkt AT i fe .
[ 5128 T — S AT & 2k 0 iy FH S

2004 4, WET H % NUF st 5A 5T T 29
BHEDLLFHORES (EDFA) B2 7 58 R Y3650 1
DL AR B AF 2 R SHORARERE O R | S8
T C B LI BUE 22450 EDFA (1) H Bhiikfift, bl
IR RIS | OG0 R G4 Rtk
BRI PR A B, 5550 2 T (MDM) BORTG 2 &
J&, £ MDM RGeH, Bit HoA UG 25 14 iy () A
EDFA ZCHEZ Flln iEERENEITT T —M Uz
BT IFB A0 EDFA, S AR S FlHE s
HRHE (NSGA-TT ) AL B B F B 2 B TR I
[ R 2 35 7 A R 1 25 2% S MM 25 P HH | AR AR A
LAVRESL T STE YN Sb Y [ RPN ) N =27
LT URAR (TDFA ) I £ BOGET K E 5 3 i D R L
B A ROGE T IR AR A R T R
B TAEREE 2021 4F | T 3CAE55 NSR Fls & Bk
A A A A REZE EDFA A2 T 7 R A B 1
Baahty Y T C BB RErERE . BmARBETIL
TERCRARE AL 7 T 2 B0 R e (0 50 (R D s e B X &5
SFZMA I TR T EUE A SRt O A 1 m) A, HL
W SIGH P A

PR AR TVA AR J ) 2 i, il
n,2017 4F ,FALCONI M C 98 APSR ] PSO F ki
T HRLLAMEOCES TR VIRORAR 1 4 S5, [
MR ET TR 21%, [FI4FE  LADACT A 58 AP[RI4E
i PSO FIE AL TR 2545519 EDFA [GEF
KRG E S S5, W T HPURSERE . 2018
4, JTANG H M SE APHRH T —Fhgh & N TR
ARG Z s RA Ui i 2023 4E WU T
ENSH A X PSO FE AR vt 1 4y 5 F R e i
RA iR, AR T YR g foL (5 g
(OSNR) A R AR, 14 | 52 U5 A5 N OVR] AR AL
1B KEEAAL UL EDFA POAHES T8 20K BE /0 A5 ik
BT R 25 S A RO S M RRE L 2024 4R
YOLCU V & N XF RA JF & T 3F ol Rk
) A I8 TIERESE L AR T SMF-28 BIYEEF
100 M S BRI AR S8l T35
30 AAIE L Fe 2025 455 3

SF4EAE

WA T E SR A, Gk R gy H
FRPERE (U3 2555 ) S5 H BB B CINFEH I K ) Z 8] Y
[ B RS N S N A 1D R PRI AT UL N
RLRMERIA fE ST | BRI PR 6 R AL 52
ERAAL . 2019 4F ZIBAR D 2 AP AR H T F A
LML HEAT RA BT, 2020 4F MLfITI04% T —4
JZ 1] FCNN M\ RA B4 25 3 R i S i K AR I TR |
IFH7 25 SR iy A B U3 25 A9 1E M) FCNN H 3P4k 51
BCRPA, Ry T R 5 1S I S A UM%, CHEN Y F
FENPUEFH FCNN Al T /085 RA ISR T
R A3, R e PSS DOASE RA O3 257 2H R
WTEESH | A5 K A RS (ASE) ZR IR 1S
BUR | iZ A BAEFIFH FONN R R I SR B 5 5
B, ST O BT R S RO BT A
SOLTANI M %5 APt —FhiR A R 45 2040 . 1 Se il ad
CNN M HFR (55 TR AE RA 038 4k i 72 v 4R BiR:
A, PR FH [T 0 IR 2 AR A ok S ARp i sz 7 T 5 1) 2R T U8
KFNFH Y%,
2.2 IE[E3Kf#

SIS0 1 ) 3R A 2 9 T 3 5 1 YOI A% A o
i (QoT) Al Tk B S ok v e Ak A 40045 1) 81 | 3 &5 7 3
T T BRI o AR SE B, BN FERG 18
FOCEF R AR AT B SR A R B AT R AL %
T, RAEEGEER Y A e R i R A
K AH T H BT R RER R R R 7R I )
ASE T R rp | iR 75 B AR S Tk sk ARk
AT R EAR A | it — 21 T eI

SEG BT YRR L, i IR 25 25
TR A oy R, BT ORI IR 15
WERTCE, MMS)ZEE DR AP IR
W B, SCRR[11-18, 32, 331 T 1 ] [ A ) 4o 25
W25 JZ2E AT 10 )2 SEER /N TR RCR
AT HREE T, SR, AESE PR iR 2
2 BT R HL AR FH IR T, e AR B 3
BEAR (i AR 28T 25 BRI 28 IR T 5 R TR AR
2.2.1 a5 g

Xof T4 25 T T H AR FONN AR
W E LSO AT RS R | A TR A
Ty T4 Hh AR o Ayt DI B 4 5 IS R
BAE  HLLRAERORAS 25 5 5PE . 2018 4, ZHU S 4%
NIk 90 B&AFTE 40l S T T EDFA 34 25 (9 FCNN
BOR | HNBREE AL FEONGE Z R [F




D S £3 18 (B SAl

AF YOU Y 8 NI T —FF FCNN BL8Y | fR4% [F] i)
Tz o 52 A G BT A {518 ) EDFA 3 25, A 30U
P T H A G B SR 0 T SRR RS R R, 2020 4R
DAROS F 55 A4 H T 5T FCNN B9 EDFA 3 2584
Y ANASCRE YA TOUI 5 2 P B & IR RE | 18 REAR 4
it 2 A& 0 H B4, 2021 4F YANKOV M P
2 N3 ] FCNN #2857 7 EDFA 5 A - H 2R3 ¢
Z BT RY JEAE IR A PR | fE g
Mtfb ik 3 BEEA LR B AR YR 0% 55 DRk
P£,2023 4, WANG Z 55 NS AL B 1) & 32 il ok
FrATHT & EDFA HOSRE 7 — A KRB ER AR, JI1%% FC-
NN SR HUME S | 7R 7 2 ATAFFE 5 A0 SR BRA:
2.2.2 QoT flit

TE QoT Aty il # k£ FONN, IR X
fEWELL (GSNR) TENIFALTEPR, ZI8IRsi B H IR T
ASE Mg FEAEL T4, 2020 4F, DAMICO A 58 A™
TEALE EDFA DBk R Gt | 4 Y R A
ASE Mg 75 R AE A FCNN A9% A, L OSNR 1E R i
e, NTTSE I T X QoT WA %Al IR T R Gtk
) E/METR L 2023 4F MORETTE N %5 APER %L
FASE AR B LML K EDFA $2H T —Fh He )
M (RatioNet ) 22 F /) FCNN | ‘& A3 25 &R A T
FAE R TR S 8 B A Y £
MG BRI T EDFA X QoT Al HR 2 AL
KA,
2.2.3 JehkidiE L T

X Pk AL A T | T LSRR A B
BARAY RNN B0 S A0 3 48 D) 5% /9 CNN 2021 4F,
SALMELA L 55 AW 7 — B {SOAR A8 Ik v ot B A A
() RNN B FH R FI 6 27 vh 42 2 () AR e
RIS, 2022 4F | kiR SCAF NNOFE Sl 4 i T
— PRI T TER A TCIZAY RNN LR GRS R T
W TDFA Y FELRPE AR RS (AR FEANE S [
AF CHU T %8 AR FH K HHIC 12 0 25 A5 RDOHS ff A5 0
TBEECLE TPk o AL | [R5 R T AR Y S A
FEHR , R AR PO C A A IS R T R L 2023 4
B fit 5 NSO S ik o R IR ST CNN | AIFSE T 2 064F
AR K R BEK AR R % CNN H 5 AN B (44>
P& —dEREMMILZE) M3 A eEE 2, 78
82 2R ARG Bk b S F R (AR T A0 46 2 5 (B 2l
KNS 1 ) | BEXS B TIN5 52 PR A s (ki A
2.3 BhEEH

Wil AT | 2 B3R A TN 45 0 2 G ) I 55

skEte  TRNE K BUE S5 DT TOCETHORA Y T A RESE

SRS | X R 45 Sl SR (1 75 oK H #3522
SRICI 2 T LT O HL A = B e DASca <]
TRV B sh 2% 2017 4F ) BARBOZA E A %5 AP
SCT RS 19 TAE & A S WA (ACOP) A8, 7 T %)
W26 AR AR | IR RN O AR I 1 £ B ORIk
DI OSNR PERERIRR A M, B4R T —F
FUA J5 1) A 4 R0 276 i AR KR TR A-
COP [A] /&, 2019 4F- | % A1 BAPoa 1 o FH ] AR S 3 ek 2%
(VOA) RIEHIBOARAR M o % IR L5k
NSGA-TI PLALTIOR #3251 VOA FFE , AT 35 2 e/
AL 3R L0 IR R OSNR 19 HAR 2021 4F Al fi]e7
2Pt T — AP EI A D EE R FONN R
Fose At seni il i oo)a 22Xk, DonsE Acop
[ SR it

T gy 2 A ) 5 vk R A T RO e S 4%
(SDN)ZERE T 6™ 1T SDN F il #5 A Ak
AT GRS AR AL IR A G AE BAE s 45 oo )3 & o
SR (A AR AR A s SR G R R AN R AR 1 T
SUBCRETRE, SR, J0A & SRR T EAR W R B
FfTRTT 58 AERELE I 45 17 50 T SCRT I AZ R, o v AR
— PR, T LA R el A 2 R 254 R 1 e BB 5 Y
BeA 2, L SRR, Ak, SCER13, 33-34)4&
B FCNN B8 T sh 25 H 6 X 45 o 9 56k 7%
() QoT 4k, JE/s T HALBLEN R shS 4 Hl i fE 1

3 FRiG

ARG AR T N TR RBEIEE L HOR A%
TEA R A T AT T oo )a R NS R 4 M 4 AR
FRPE TSR I 1] SR A RN Bl 2 45 ) 45 DG [l R L 1) 1
AN S5 AR Witk BoR . Jon &Rk E
TN F AR AL SRR RBAT R, A3 U T OB ET L
K2 S5 2 Hbri & Z2 Ak m st Foh st A4 530 1k
(41 NSGA-1T1 ) . PSO 5k AR DL K B ik AE 3 25 1
iy SR OL AL RS B AE Oy T RIS M 45 4T
BHR R AR AR ), BRI T RIS T
T Qo' At bk s A AL HUL 55 1 v 0] AP 3135535 3
FCNN . CNN F1 RNN AR #J5 [a] A P 4 B FH 3 5 5 3
AP )@ P22 2% 5 o5 kN n E ] R
SRR 24 () SRS A O AR AR AL T

Aok, N TR RERIL I — TR O A i
TR RN ASFERIRE ) DGR RGE I T = PERE A
BRefb R R RS 2) 5ot)n AUE s A Rk
S ARL MR AT O T RE BTG A2
2025 FEF 3 RBIEHFe GO




G e £33 1 (B wAl

sEite  TRNS K BRUE S5 T TR ORAS YN T RESE
B E W

[1] WEIL H, TONG Z, JIAN S. Use of a genetic algorithm to optimize multi-
stage erbium-doped fiber-amplifier systems with complex structures[J]. Op-
tics Express, 2004, 12(4): 531-544.

[2] FALCONI M C, PALMA G, STARECKI F, et al. Dysprosium-doped
chalcogenide master oscillator power amplifier (MOPA) for mid-IR emis-
sion[J]. Journal of Lightwave Technology, 2017, 35(2): 265-273.

[3] LADACI A, GIRARD S, MESCIA L, et al. Optimized radiation-hard-
ened erbium doped fiber amplifiers for long space missions[J]. Journal of
Applied Physics, 2017, 121(16): 163104-1-163104-10.

[4] WUT, TIAN F, WU Y, et al. Performance analysis and power tilt mitiga-
tion of ultra-wideband WDM transmission systems[J]. Photonics, 2023, 10
(5):530-1-530-19.

S]RAVEAR SRR XTI, S OGRS - o0 A SE I RIB DA
TR £ A T]. O 56 2% 2016, 53(3) :030602-1-
030602-7.

[6] EICEE  THRYY Fem 5. BT L L B D BDG LT Ok #1745
5[J]. Acta Optica Sinica,2021,41(9);0906001-1-0906001-8.

(7] EFWR, FERCE AN, S5, 5 TR Kk i TR B DG LT o
BEI]. Yei2E4] 2023 43(22) . 2206007-1-2206007-8.

[8] HUANG Y, SAMOUD W, GUTTERMAN C L, et al. A machine learn-
ing approach for dynamic optical channel add/drop strategies that minimize
EDFA power excursions[C]//42nd European Conference on Optical Com-
munication, December 5, 2016, Dusseldorf, Germany. Berlin: VDE, 2016:
1-3.

[91HUANG Y, GUTTERMAN C L, SAMADI P, et al. Dynamic mitigation
of EDFA power excursions with machine learning[J]. Optics Express, 2017,
25(3):2245-2258.

[10] ZHU S, GUTTERMAN C L, MO W, et al. Machine learning based
prediction of erbium-doped fiber WDM line amplifier gain spectra [C]
//2018 European Conference on Optical Communication (ECOC), Septem-
ber 23-27, 2018, Rome, Italy. New York: IEEE, 2018: 1-3.

[11] YOU Y, JIANG Z, JANZ C. Machine learning-based EDFA gain mod-
el[C]//2018 European Conference on Optical Communication (ECOC),
September 23-27, 2018, Rome, Italy. New York: IEEE, 2018: 1-3.

[12] DAROS F, DEMOURA U C, YANKOV M P. Machine learning-based
EDFA gain model generalizable to multiple physical devices[C]//2020 Euro-
pean Conference on Optical Communications (ECOC), December 6-10,
2020, Brussels, Belgium. New York: IEEE, 2020: 1-4.

[13] YANKOV M P, DEMOURA U C, DAROS F. Power evolution model-
ing and optimization of fiber optic communication systems with EDFA re-
peaters[J]. Journal of Lightwave Technology, 2021, 39(10): 3154-3161.
[14] WANG Z, KILPER D, CHEN T. Open EDFA gain spectrum dataset
and its applications in data-driven EDFA gain modeling[J]. Journal of Opti-
cal Communications and Networking, 2023, 15(9): 588-599.

[15] SALMELA L, TSIPINAKIS N, FOI A, et al. Predicting ultrafast non-
linear dynamics in fibre optics with a recurrent neural network [J]. Nature
Machine Intelligence, 2021, 3(4): 344-354.

[16] IR IC, 557 SURTHT, 45, S TIRPF ML FIL 1B S ik wh e 47 R
FERL (REEO[7]. LM OB TR 2022, 51(1) :203-209.

[17] CHU T, PU G, YANG H, et al. Al-enabled fast and accurate modeling

3B AAIE K 2025 45 3

for femtosecond chirped-pulse amplification[C]//2022 Asia Communications
and Photonics Conference (ACP), November 5-8, 2022, Shenzhen, China.
New York: IEEE, 2022: 1899-1902.

(18] Bt R, SKIF, 55 kTR L 2 > G LT B L Jk e Wl Bk ke AR
FE. G4, 2023 ,43(3) . 185-192.

[19] YOLCU V, YUCEL M, AYDIN D. Optimization of gain flattened fiber
Raman amplifier model with binary search equation based adaptive artifi-
cial bee colony (BSEAABC) algorithm[J]. Journal of the Faculty of Engi-
neering and Architecture of Gazi University, 2024, 39(1): 29-38.

[20] B, JRTE 0, bioRESS: | 26, 6T AN MRS I 2 i ho 2 AT ik
REFRALBLITT]. 6254k, 2018,38(6) : 59-64.

[21] JIANG H M, XIE K, WANG Y F. Novel design of flat gain spectrum
Raman fiber amplifiers based on ant colony optimization[J]. IEEE Phonton-
ics Technology Letters, 2011, 23(23): 1823-1825.

[22] JIANG H M, XIE K, WANG Y F. Optimization of pump parameters
for gain flattened Raman fiber amplifiers based on artificial fish school al-
gorithm[J]. Optics Communications, 2011, 284: 5480-5483.

[23] ZIBAR D, FERRARI A, CURRI V, et al. Machine learning-based Ra-
man amplifier design[C]//Optical Fiber Communication Conference, March
3-7,2019, San Diego, USA. New York: IEEE, 2019: 1-3.

[24] ZIBAR D, BRUSIN A M R, DEMOURA U C, et al. Inverse system de-
sign using machine learning: the Raman amplifier case[J]. Journal of Light-
wave Technology, 2020, 38(4): 736-753.

[25] DEMOURA U C, ROSA BRUSIN A M, CARENA A, et al. Simultane-
ous gain profile design and noise figure prediction for Raman amplifiers us-
ing machine learning[J]. Optics Letters, 2021, 46(5):1157-1160.

[26] DEMOURA U C, ZIBAR D, BRUSIN A M R, et al. Fiber agnostic ma-
chine learning based Raman amplifier models[J]. Journal of Lightwave Tec-
hnology, 2023, 41(1): 83-95.

[27] CHEN Y F, DU J B, HUANG Y T, et al. Intelligent gain flattening in
wavelength and space domain for FMF Raman amplification by machine
learning based inverse design[J]. Optics Express, 2020, 28(8): 11911-11920.
[28] HUANG Y T, DU J B, CHEN Y F, et al. Machine learning assisted in-
verse design for ultrafine, dynamic and arbitrary gain spectrum shaping of
Raman amplification[J]. Photonics, 2021, 8(7): 260-1-260-10.

[29] SOLTANI M, DAROS F, CARENA A, et al. Inverse design of a Ra-
man amplifier in frequency and distance domains using convolutional neu-
ral networks[J]. Optics Letters, 2021, 46(11): 2650-2653.

[30] TURR B XUD5 , % 2 55, JE TPl TG FIN TR L B h &
PIRANION 318 iJrﬁA\- SR 2021 ,41(20) .24-32.

[31] TAY K G, PAKARZADEH H, HUONG A, et al. Gain prediction of
dual-pump fiber optic parametric amplifier based on artificial neural net-
work[J]. Optik, 2022, 253: 168579-1-168579-15.

[32] MORETTE N, HAFERMANN H, FRIGNAC Y, et al. Machine learn-
ing enhancement of a digital twin for wavelength division multiplexing net-
work performance prediction leveraging quality of transmission parameter
refinement[J]. Journal of Optical Communications and Networking, 2023,
15(6): 333-343.

[33] DAMICO A, STRAULLU S, NESPOLA A, et al. Using machine learn-
ing in an open optical line system controller[J]. Journal of Optical Commu-
nications and Networking, 2020, 12(6): C1-C11.




G e £33 1 (B wAl

[34] YANKOV M P, KAMINSKI P M, HANSEN HE, et al. SNR optimiza-
tion of multi-span fiber optic communication systems employing EDFAs
with non-flat gain and noise figure[J]. Journal of Lightwave Technology, 2021,
39(21): 6824-6832.

[35] BARBOZA E A, BASTOS-FILHO CJ A, FILHO J F M, et al. Local
and global approaches for the adaptive control of a cascade of amplifiers[J].
Photonic Network Communications, 2017, 33: 194-207.

[36] BARBOZA E A, BASTOS-FILHO C J A, FILHO J F M. Adaptive con-
trol of optical amplifier operating point using VOA and multi-objective opti-
mization[J]. Journal of Lightwave Technology, 2019, 37(16): 3994-4000.
[371 BARBOZA E A, SILVA A A B, PINHEIRO J C, et al. Optical amplifi-
er response estimation considering non-flat input signals characterization
based on artificial neural networks[J]. Journal of Lightwave Technology, 2021,
39(1): 208-215.

[38] GILES C R, DESURVIRE E. Modeling erbium-doped fiber amplifiers
[J]. Journal of Lightwave Technology, 1991, 9(2): 271-283.

[39] NAMIKI S, EMORI Y. Ultrabroad-band Raman amplifiers pumped
and gain-equalized by wavelength-division-multiplexed high-power laser
diodes [J]. IEEE Journal of Selected Topics in Quantum Electronics, 2001, 7
(1):3-16.

[40] BALONIN N A, SERGEEV M B, VOSTRIKOV A A. Modern artifi-
cial intelligence network technologies: cloud computing [C]//2018 Wave
Electronics and its Application in Information and Telecommunication Sys-
tems (WECONF), November 26-30, 2018, St.Petersburg, Russia. New York:
1EEE, 2018: 1-5.

[41] GARG S, AHUJA R, SINGH R, et al. An effective deep learning archi-
tecture leveraging BIRCH clustering for resource usage prediction of hetero-
geneous machines in cloud data center[J]. Cluster Computing, 2024, 27 (5):
1-21.

[42] KEDRA J, GOSSEC L. Big data and artificial intelligence: will they
change our practice?[J]. Joint Bone Spine, 2020, 87(2): 107-109.

skERAE RIS & ARME A5 R TORER ORI TR ReE
[43] LENCI A, PADO S. Perspectives for natural language processing be-
tween Al, linguistics and cognitive science[J]. Frontiers in Artificial Intelli-
gence, 2022, 5: 1059998-1-1059998-3.

[44] SENG K P, ANG L M, NGHARAMIKE E. Artificial intelligence inter-
net of things: a new paradigm of distributed sensor networks[J]. Internation-
al Journal of Distributed Sensor Networks, 2022, 18(3): 1-27.

[45] MEI G. Research on big data artificial intelligence technology based on
deep learning [C]//The World Conference on Intelligent and 3-D Technolo-
gies (WCI3DT 2022 ) Methods, Algorithms and Applications, May 24-26,
2022, Online. Singapore: Springer Nature Singapore, 2023: 243-250.

[46] GENTY G, SALMELA L, DUDLEY J M, et al. Machine learning and
applications in ultrafast photonics[J]. Nature Photonics, 2021, 15(2): 91—
101.

[47] JIANG M, WU H, AN Y, et al. Fiber laser development enabled by
machine learning: review and prospect[J]. PhotoniX, 2022, 3(1): 16-1-16-27.

[48] ZHONG C, LI G, MENG Z. Beluga whale optimization: a novel na-
ture-inspired metaheuristic algorithm[J]. Knowledge-Based Systems, 2022,
251:109215-1-109215-23.

[49] KARABOGA D, BASTURK B. A powerful and efficient algorithm for
numerical function optimization: artificial bee colony (ABC)algorithm[J].
Journal of Global Optimization, 2007, 39(3): 459-471.

[50] KARABOGA D, GORKEMLI B, OZTURK C, et al. A comprehensive
survey: artificial bee colony (ABC )algorithm and applications[J]. Artificial
Intelligence Review, 2014, 42(1): 21-57.

[51] ESSIAMBRE R J, KRAMER G, WINZER P J, et al. Capacity limits of
optical fiber networks[J]. Journal of Lightwave Technol, 2010, 28(4): 662—
701.

[52] sK% ERCE  wSCE | AF. SRS Tm~ (3+) LRI AL 45
BRAY S AL BE I IE[T]. & 64, 2020, 41(7) - 839-848.

[53] DESURVIRE E. Erbium-doped fiber amplifiers[M]. New York: John
Wiley & Sons, 1994.




