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Abstract: With the development of Internet application, more and more secret traffics with secret requirements face
security challenge in terms of being attacked or eavesdropped, when they transmitted in space division multiplexing elastic
optical network (SDM-EON). To ensure the transmission security of secret traffic and reduce the waste of spectrum resourc-
es, a network coding-based multipath optical transmission for security traffic (NC-MOTS) is proposed for SDM-EON. In
the routing stage, we design a path cost function which can evaluate the probability of link eavesdropping, the number of
path hops and the idle spectrum resources on the path. So, the NC-MOTS selects two paths or three paths transmission strat-
egy with the minimal route cost. In fiber core selection, we design an evaluation value to evaluate the path’s spectrum frag-
mentation and load imbalance. Then, we select the fiber core with low spectrum fragmentation and load balancing which
meets the bandwidth requirements of secret traffic. In the stage of spectrum allocation, a spectrum fragmentation and load-
sensing spectrum allocation method is designed to meet the network coding conditions. Through the sliding spectrum win-
dow, the spectrum block that can be network encoded and causes the low spectrum fragmentation and makes load balance
between fiber cores is found. Compared with other routing spectrum allocation algorithms using network coding, the simula-
tion results show that the proposed NC-MOTS can effectively reduce the secret traffic’s blocking probability and improve
spectrum resource utilization when the network load is greater than 200 Erlang.

Key words: SDM-EON; network coding; multipath; eavesdropping; secret traffic; blocking probability

Foundation Item(s): National Natural Science Foundation of China (No0.51977021); Science Foundation Project of
Chongqing Science and Technology Commission (No.CSTB2023NSCQ-MSX0734)

Wehs H 11 :2023-00-11 ;& 11 H 1 :2024-07-02; 5212 : 22 55 4%



oo M XSG 2 T 4 S U WLl 95 2 B PR a7 ok 3273
1 5§ PO T5 fE ThT

B A E 356 19 7 AR S 5 5K A A 8, X A 19
AR 5SS AR B AR 4R T R R SR
L2 IEEF 75 3 5 B B 5 R 45 (Space Division Multi-
plexing Elastic Optical Network , SDM-EON ) fig #2 fit i /&
T B RCH e R A 1 DR B L 22 OR R 1 1 52 RN A
AR A R R AL SG N 6G 3 {7 il 1 A K
LA,

T 0] 3K 9 5 25 AR P BB AL 3 4, SDM-EON [
VA B i DA A I i) P A2 3000 o, o 3
R A T I A 22 4 AR, SR RIE SDM-EON fiE
g AR B3 W Aot AR v A A A L XL S5 B A
RS R EF U RS 53 B (Routing Core and Spectrum
Assignment, RCSA) BHo e FE®RREN
fra e

N T fif B SDM-EON H L% b 55 4 3 W sl e o 119
[F) R, SR [ 7 98 Hh — b 22 4 w8 28000 B 8 W 80 o 9 TR
7 B (Secure and Efficient Resource Allocation scheme
for Anti-eavesdropping, SERA-AE) 8.3 , >k F £ #§42 If:
A3 A5 0 I vk R BLE Ml 55 18 4% 4 3 X 47 1) % o L O i
TE T R B £F S o PR L B R RE
REFEARAIL 5l 55 9 23 WT OB, DRAIE TR 3 DL % 7l 5%
T SRS 8% 67 T, AN RE A AL %% Ml 55 1 R A 25 i i 1t
.

™ 2% 4 % (Network Coding, NC)#{ 5 A5 M, $#
Pt — T 2 42 3 45 05 B A% i 25 B AU WO /Y HIL % B0 A
LA BTk, B 46 NC H R & &, S SDM-
EON AL 25 B4 S B3 Wr Bk 06 38005 a7 s e it 17
FRMHLEY. A5 UM T 6 5 s 1R
NC, A] UPHAT 76 15 i 3 % 55 15 100 Gbps. SCHK[ 1142
3L T NC 9 I i 405 2 B 5525 (Network Coding
based Routing and Spectrum Allocation, NC-RSA) , Bl
Wl 55 5 O a7 #% A AR HL I 55 8 NC S 15 5, R
FHREADUR K vk 4R A 2 % i, R T8 A% B0k S 4k 2 1
YRB D 1 B A28 R JE BIL 8l 55 75 R R A e . Sk
L12]WF 58 1 0 2% G i A % H 430335 43 iC (Routing and
Spectrum Allocation , RSA ) 4% 45 i PR 53 W 1 5B [ 4 e
Y 56T WY AR A VA% B 1R) 30, A1l 55 B 2 S5 A0 2l
55 LA PUE AL R EOR

7E SDM-EON v, 48 5 B U5 0 430 8% ol 4 i — A7
RO SRR 55 RSA MM HE R 32 . SCk[ 13,14 18
5 TG ) JURP IR 7 B 1 58 W 1 B/ N U
A S T AR e, DL AR A3 T . SR
(2,15, 16 #2117 LR i BRI J7 58, B4R = G 4T 4 %
AT 2 . A O R e 3 58 G A R Sy R

Xt SDM-EON AL b 55 375K 1 8% L 2 26 R
T O3 TC R , Y8 SR T — i 7 6 8% 20 B 1) 1L 285
% Z WA 6 A% i 77 1% (Network Coding-based Multipath
Optical Transmission method for Secret traffic, NC-

MOTS) .

2 REGHER

# SDM-EON /A5l — AT B G(V, E,C, F) , 1
L VRIR T RES  ERROCAERES  CRRE &
HCLFEE I L AR F IR RO I AR
(Frequency Slot, FS)SEG s RIS 4E4, Halk 551K h
r(s,d,B,m),s.d 45y 3Fm r R L BT 55, B oL 5518
SR TEAE, m s BRI 553 R ML, 2 m=1 B,
TRzl %5 R HLE D 55, B R AL e oK, w0
m=0.

1 SDM-EON H M 5575 22 A% b A% i i) 5 36 2 430
AR E S — S E s 2

> ye<l, VreRVeeEVceC (1)
reRr
S Viti= > v Vee,epVeeC  (2)
feF feF
Sy = Syl Ve e EXee C (3)
feF ' ' feF

Horpr 25 e 3R b 2R AR BRI e B ZT 005 ¢ I AR £, 0]
V=L A yrie=05 e, File, 53500 K r FEBEAR p, b IOGET
HERG kBRI RG] .

SR FH D) 45 24 5 1 ol 55 B, 6 4515 o T B 3 7
JE NC Y i35 £ 4 (Encrypted Transmission, ET) 145 B
PE L Frequency Slot Matching, FSM VAR &M ET A0
SAFHEPLER L 55 i ik 42 5 I 26 b 2 g 1R L L 55
B R 2 AT 2 AHTRD Y £, BESE NG #4517 FSM 2% F
el 5540 5 e 5 A AR DL M 55 8% el A9 A
YA ESHRETME.

S0 SDM-EON A5 fiff 1] 48 1) P 3% 30 4 4% 85 [1] 53
RSN A AT H AR . ZF AR (Dl

n—n-exp[-2-h-Ln+1
XT= 1+n-ex1p3{—2~h-Lgn+1£ )

o n 7R 5 Fr ik 45 A R I £ 08 L s R EF 1%
AT s b Ry BB i I B 1Y) ER AU B

B % M 55 1 oK B LS55 F1ES T SDM-EON,, Y %
A AT i T SR A o TR, S B A AR i
SLRYATIERE A5 G ARG o Be 55 i i AR e
7 B R 2 (1)~ (3) 2, 3 BB 1 1 A 1 At 5 B xf: LA
ol 55 FH




3274 H, T

EE 2024 4

3 ETMERLUHNZLE ZREER
7% (NC-MOTS)

SDM-EON i RCSA ¥ iiF ] J& NP-hard 1] 52, 7§
A2 2% B R TR O 28 i | A A B v R A A £ R
fift . AU, AR SR LR X 53 W s i RCSA [R] ) s &
. NC-MOTS 2 1, NC-MOTS 24 v A 45 PR AR 4H A 4%
LF N PE LA BB o e SR I
3.1 ETERERMNEHAEHIEERE

FRE Y 552K, A T30 43 B K B AR B, Dl
55 TPt B AR AR 5 X AR 55, MR Mk i A%
Bk HS 1 1 A TR AU, B F HES K SR ik B A2, 2R
JH 1 35 B v 8 A% 3 i e s A e s XML 45
FRAfE AR AR PR B, B PHES K S AR TE S5 P
Ff SRl 45 450 T AL AR 5T T ARE 3R (B e /MR A
1. AR BRI R

P.(p)=1-[Ja-rP) (5)

lep,

P . =w x Lk
M xN’

X5, P, (p,) WAL p, B ET T HESR ; PLABE
LI BT W R AE 720 (6) Y, o, Fl o, WALE 5L, H
o, +@,=15h, A4 p, FTBEEL M, p, BJR 9580 N
& p, AT S PRABRER .

FEALEE L 55 o0 8k 22 B AR A5 B, AR R 1R 2
Jr7s . B S WL L 55 R A AR R R R Kl 55
#2385 AE 2 45 B8 AR SR /2 NC ) ET A FSM 4544
AT AR e 5 2 VR AR T 6 R R 2 T, T SR FH = 6 42
PERE R WAL HAL 3 55

Bkl WRBIEIERRER

BN 1(5.d.B1),G(V.E,C.F),PBEN =0;

PSRRI AR B AR R PO S AR AR PO iR R AR p,
RS TR A AR AL H AR N

S1. YE£E PRI 2 A6 BK R BRiC K p, Bl p, SRATHE P,

S2. m1(7), 1155 p, Fl p, 542 L 43 T 5 B(p, )R B(p,);

S3. tHE(8) S5 p, il p, B 4% b E i A BE RAR R AR H £ (p,)F1
Sp):

S4. 5 p, Ml p, BEAR T EBAFAETE M 55 T 5K B A0 He I B AR 20
PURENBES PO 2 25 B4R T bR ARBR AR H — 2 m AR
NFeb A PORINT N =2 B U 15 0, A P o IS AN AL ol 5535
Bl SK BB e S5

S5. HAEA PO IR AR E 2R A P SRS 2,85 W S ) P
TP AR D N A PR 2~N, SR B S4B AR AR
P S2.

+w,xP,(py) (6)

Oy RERT BE M A 3 W AR AR ) i A L A i R T
(R 575 B . DRIk, B TR B B T MR AR ) B AR

ab

Hbg
A e
i I

Hik2 ZBREEIERME

BN r(s,d,B,1).G(V.E,C.F),P BN =0;

B0 P R B AR 2L UG TR R AR B PO AT SR PC RSk B A2
R SRE A R N

S1. YEF% PR 3 AR HARARIL T p, o p, M p JRATTE P 1

S2. (7 p, . p, M p BEAE oM BRI BL YA 5E Bp,) . Blp, )l
Bp,):

S3. @) HH P hp, . p, Flp B4 EPFT M BCHBRECH £(p,)
S (p,);

S4. Hip,. p, M p AR AR LTI AR R A e K
1 ASEA POrR A 3 A% AR LT 2N ISR H ISR & N+,
i by PRI NTN, =3 B SRR 75 D00 DA P v BB A A AR 7 SR P
A 5 S5;

S5. FHAREA P I IRACER LI AT AR P ST PO=OTRI N =D 2
W W GT P I AR SRR N PR AT 3N, 2R
SR B A P J S2.

SYBRERRC, W3 (7) IR s 9 P2 (8) HHEE I 45 43 1 6
SR B SRR E T

P N, —k+1
B(pk)z# x B (7)
D P.(py)
B(py)
(D)= GB (8)
1) {foML

Horb N ol PRt ALl 55 1 B8 AR 455 B (p,) h p, B
3 BE AT SEAEL 5 B, b S AR ] il 15 5 A B0 Bty 538 5 M
VR 585 GB ALl 55 8] G 37t B A
3.2 ETHREBRENMGHRENATEETZE
4 SDM-EON Hf (i 43 1% ¢ R 48 7 A 7 B2 7 i 11 £
BRI, J5 220l 55 ME ATE B8 A% T 4R B AT RS
I, BT B AR T R ORI B0 3 A A DA L N 2C(9) 4%
S ETH P HE P e A2 p, IO TR C'

N(Bf) k¢ N(Bf)
1 NB:) F X pre
ke x N(BE) x ke ? z Bi #0
i=1 Bi - Bk’C 1 i=1
@k,c': ; i (9)
N(BF)
0. > Bf=0
=1

Horp, 0% Ry A% p, BEF I ¢ B BRAR TR AR5 B i p, 1Y
L1308 ¢ HER i R /INT L 45 A0 B 2R A R 25 TR
AL BARBRECH s N(BE ) M p, LRI ¢ L n] S B 1)
B IR p BOEF S e s IR AR
3.3 ETNERDL. BHE AR SE
145, 16 SDM-EON H) ST ARHLE 1 55 th 2 A
FIRAE A PAEA A AR AL I BT 203 A FSM £ 3
MR B4R Py SRG TR POP e 4% p, 5 Py, PG
& NC [ ET 1 FSM £ 19 25 RIS B, SRAFFERL L 55



o9 1

IR T 100 2 2 B iR BIL 8 M 55 22 R ARG A ik 3275

AT IS IAE F (p) s 45 F (p)ARZE TEF (p) ThBIEE
FANHf () WO SIS (Spectrum Window, SW) 5 i
o 2 (9) 3 BT AL H L T HE R AE Fow ()=
(SW,,SW,, -+ SW, }

NC-MOTS 535 B4 1 53 PE PN A2 L5905 3.

Ei%3 NC-MOTS EikRySfiL & A

BNHLE NS5 (5, d.B1)GV,E,C.F) 54 PCEES N kAR p, BT
S C L B E gENLE L 55 K 4 P SRR BIE X T, .S'=
Di=1j=1,c=1;

B ARG PO AR p, LIS OEE

S1. 1 R(9), 3 PO g BE iR 4% p, b A5 A7 S EAS (B B HER 47
TE4E Ch i #5 €1 hyas e s

S2. # c#IC! B p, 11 C* I EF s o 5% S3: 75 ) 5% S11;

S3.FEAEA P T4 p, B 2RI L HLP, AR &
B 55 p, L2735 ¢ (7 PRI 70 8 14 P, Bk A2 M) B T I 46 2 1 i ol
AR B RAE P

S4. 5 P A K STLA ML P i 1 AR A% 5 S5

S5. TEHAE p, 9 NTHEA R0 2 r IR B HL L S 88 A Pl
AR 2 FSM A (23 AT BREE & F (p, ), 505 RE Rl 55 r 465 20
LG . RKRBIBRTIME AL

86. 15 F (p,) G SW, i 2(8)I 55 SW HMBR AL/ (p,):

S7. AT SW i ™ SW e VBRI 5 R
A VPG TP HES 4 008 B 1E Oy, T

S8. # Ogy WZE A cmc+ 1 Jk S2AR I HEHE SW SW eOgy;

S9. t (), I3 r SMELAE p, LT ¢ (1 SW I XT

S10.47 XT<XT, JFET 1A SW ARAFAEHLRR L 45 )0 A8 e 57 ol
A =i+ 1 SA,4& j=je 1 5 S8;

SUL 54 S has i HHATE 43 T G IAC2 SR 5 ) o HH AR 4 S it
PR R SRR B AT DA L R/ N A

4 MEERSHH

4.1 FERE

J T WIE A SC TR NC-MOTS &3 Ve fig L 43 WIAE
NSFNET H1 USNET #6407 Fr e HLE35 . 55 (0 BH 2E 3 4%
il FH R S AT MR RO L 45 S R N A 4
S B B 57 T HE SR AE [0, 107 R BEAL A B, B4 57 W AR
= F 4 K 0.0037, 1C1 =7, IFI =360 FS, 4 5 Bt K
12.5 GHz; b 55 12K 13k IR N S ECR A B9IARS 53 Fi
55 T 2 i 18] B N S 800 w1 648 B0 A, b 55 3R
[50,500]Gbps, {i FLAL 5550 H 104>, Horfr HLEE L 55
B EE R 40% 7L KR R0 45 A I Y ST 2 N R R, 1
NSFNET H', U K=3; 7£ USNET 7, it K=4; i}l ©,=0.8 ,GB
=1 FS. MR T 06 % KR, B 2 A e 81 4 Bk i) 9 )
b 3, I AR IR SCHlk (4,7, 11] 68845 98 4% =X = 4k
1A .

Xf H B 1 9 NC-RSAM R SERA-AE B4k . N T
AT He M & 2 NC-RSA 5.3 4 NC-RSCA , 7EH 22\l

5 R, R () A ke B B AR e i R gk e
B B/ N AR
4.2 FEERRSH

B (o) ML 1(b) SRy 3 FPEA L AE 2 B4 b b 90l 55
FHZER 5 M EOC R . BEA TG N, b 55 BH %€ 1
T, 24 671 2% K F 200 Erlang 5, NC-MOTS 5. 12 9 BH 2€ %
AR . R Y G, SDM-EON (1) JHA % ¢
T B e B, AT B9k BH SR ARG N 5 B NC-RSCA
VRN EE NC B Fh T 2200 T A3 3 F 6 AR 1 Ak s
Wi, ML Ml 45 2R FH B0 A A i, 214 0 4% %) 67 28k 14
Jei 5 T NC G I P B E /D 5 NC-RSCA Bk Al 45
RH 2 % fe 5 5 100 R FH £ 6452 1% B 1Y SERA-AE 1 NC-
MOTS 532 (1) BH 2 22 5%, A b SERA-AE B3, T
NC-MOTS 53325 30 SR FH I £ i AL 1 85 B A2 i 7 - 1 280
A A /N FRE 57 W AR/ N B F L 3R T LR L

—o—NC-RSCA
—e— SERA-AE
—4—NC-MOTS

150 200 250 300 350 400 450
114K /Erlang

(a) NSFNET

Al %5 BH 2 R

10°F —o— NC-RSCA

S L L L L
150 200 250 300 350 400 450
14K /Erlang

(b) USNET

F1 k5 BHIER S AR C R

AHEEE 1(a) , NC-MOTS 575 7E K 1 (b) A [F] £ 2k Bt
PR S ZE SR BRI, 3 2 PR S USNET 1945 i A PR B 2
SRR S BB R, AL 55 4R B0 NC AR
T AEMLER b 55 B AR R TR

2 /R T 3P BTk i A3 £ ] 2 55 o) 4% 7 38 0%
Z . NE 2(a) FNE 2(6) T DA S B, 24 N 4% fa 3486 i, 3
ol B 3k 1 0 i ] R K 3, ELYE MR SR T



3276 H, T

E 2024 4

SERA-AE 3% Hl NC-MOTS %32 B 4533 i FH R 4B 5 T
NC-RSCA B ¥ . 3% J2& [F Jy SERA-AE 8 ¥ Il NC-MOTS
VR YR 22 A% 1 B34 i 1) % PR R SR, T Bk
Jnesk, HIEF NC ) 2 A4 i B A R R 45 i
R A A S B, B8 e A Al R . A, AHE T SERA-
AE 35 ¥, R SC I 4% 19 NC-MOTS % 3 78 7 8 K T
200 Erlang i} EL A 5 57 (09 430335 ) 2R . 3 2 R R NC-
MOTS B35 ANFE MY 55 1% R 16 426 B B 2o 28 41 P A3 33 314
FEACAN T /RIS R 8 1) B A2, AR £F O e BRI, BRI
TR S5 R 67 28 2 A DA 8 B /N ) 250 5 FE 03 4 i
B B, 3 0 2% 4 A R I A28 1 5 0 R R B A 43
B, BEKe ol 55 43 e 7E H A B AR 05 23 0 £ 4805 B85 1 1T
B B AR 7 ', 78 RO 55 BH ZE SR R B, F— 2D 4
TR A

0.30

B NC-RSCA
B2 SERA-AE
"R NC-MOTS

0.10
0.05
0.00
171 4% /Erlang
(a) NSFNET

B NC-RSCA

V7 SErA-AE

- Y NC-MOTS

#0.15
=
#
o
“=0.10
[

0.05

0.00 (e L L — <

300 350 400 450
114X /Erlang
(b) USNET

2 WG AR S R R

B3R THIERR R R 5 Mk C R . ML
BRGNS, 3 Fp AR 0 A A R SR AR 2 T e, AEAH
[F] 12k T , NC-RSCA B3k i 15 i 7 s fe vy . 3K A
g SERA-AE 5335 F1 NC-MOTS 53 35 ¥ 2% £ i 42 % th
VEPE IR, BE A 28 v 1 e /N RS I 1 e Ak 23 TR A
T B AL A 55, DT B AR T 003 6 R Ll HL, A
SERA-AE 5.3 , NC-MOTS 5% (4 51 1% 1 A R 1%, iX
2K NC-MOTS S AE M 43 Be i, 38 43 3 s A 3 7
B, PRl 553 2R 4> B /e HL A B AR 1 7 R £

AR A DIl (L fo AR A A0S 7 A, i — 2D AR T AR
SR R R

BB NC-RSCA
[ SERA-AE

0.036
R NC-MOTS

R

R

SRR

#0.030

R
RRRRRS

o

b
= 0.024

R

R

R

R

3%
0.018 3

%X

R

200 250
%% /Erlang

(a) NSFNET

BRI NC-RSCA
[ SERA-AE
0.024 | R NC-MOTS

o

R

X o
& b
3 k]
& %
%3 %
4-0.018 % o
) & &
k. B lo%!
= SN K
Ho %o k<]
= NI
K =3 SN K
0.012 B3 & o
s K% b
o34 [ lo%!
0006 fig
250
%% /Erlang

KRR Sl SO

5 4ig

h T A AL L 55 AR R R AR B — A
T 2% Gt AL L 55 2 AR I AL i s ik
2 Bl 5T W AR R I 2% G A i, R I Mk BRI AR
W 04 22 B AR FIVRRAE 238 R 170 28 2 A 11%) 25 305 U B S
5 55 , LASE 25 SDM-EONS A% 9 Y5 1] %

% 30k

RENCRUS T N € E DN I R AN N N N o
2022, 34(6): 921-928.

LU R Q. From big data to big knowledge[J]. Journal of
Chongqging University of Posts and Telecommunications,
2022, 34(6): 921-928. (in Chinese)

[2] LIUHL, TANG C, CHEN Y, et al. A survivable multipa-
th resource allocation strategy based on fragmentation-sen-
sitive fragmentation-aware in space division multiplexing
elastic optical networks[J]. Computer Communications,
2023, 204: 78-88.

[3] HALDER J, ACHARYA T, BHATTACHARYA U. A
novel RSCA scheme for offline survivable SDM-EON



9 M

IR T 100 2 2 B iR BIL 8 M 55 22 R ARG A ik

3277

[10]

(11]

[12]

[13]

with advance reservation[J]. IEEE Transactions on Net-
work and Service Management, 2022, 19(2): 804-817.
KU, BRox Pt 5245 . SDM-EON Hh LT B3 ik 4 11 22
LR BESE L], H R IR L 24, 2023, 35(1): 23-30.
ZHANG S F, CHEN H D, PENG Y. Multi-core assign-
ment algorithm based on crosstalk-avoiding in space divi-
sion multiplexing elastic optical network[J]. Journal of
Chongqing University of Posts and Telecommunications,
2023, 35(1):23-30. (in Chinese)
BAO B, YANG H, YAO Q, et al. SDFA: A service-driven
fragmentation-aware resource allocation in elastic optical
networks[J]. IEEE Transactions on Network and Service
Management, 2022, 19(1): 353-365.
LIU X. Enabling optical network technologies for 5G and
beyond[J]. Journal of Lightwave Technology, 2022, 40(2):
358-367.
BAI W, YANG H, YU A, et al. Eavesdropping-aware rout-
ing and spectrum allocation based on multi-flow virtual
concatenation for confidential information service in elas-
tic optical networks[J]. Optical Fiber Technology, 2018,
40: 18-27.
CHEN L K, LI M, LIEW S C. Breakthroughs in photonics
2014: Optical physical layer network coding, recent devel-
opments, and challenges[J]. IEEE Photonics Journal, 2015,
7(3): 1-6.
HAI D T. On routing, wavelength, network coding assign-
ment, and protection configuration problem in optical-pro-
cessing-enabled networks[J]. IEEE Transactions on Net-
work and Service Management, 2023, 20(3): 2504-2514.
LU G W, QIN J, WANG H, et al. Flexible and re-configu-
rable optical three-input XOR logic gate of phase-modu-
lated signals with multicast functionality for potential ap-
plication in optical physical-layer network coding[J]. Op-
tics Express, 2016, 24(3): 2299-2306.
SAVVA G, MANOUSAKIS K, ELLINAS G. Providing
confidentiality in optical networks: Metaheuristic tech-
niques for the joint network coding-routing and spectrum
allocation problem[C]//2020 22nd International Confer-
ence on Transparent Optical Networks. Piscataway:
IEEE, 2020: 1-4.
SAVVA G, MANOUSAKIS K, ELLINAS G. Network
coding-based routing and spectrum allocation in elastic
optical networks for enhanced physical layer security [J].
Photonic Network Communications, 2020, 40(3):160-174.
X, TR, AR, 45 BE TS O R s N 2%
Hh RT3 R 37 SR B R 23 B0 Bk (0. P AR R SR A A

[14]

[15]

2023, 35(2): 286-293.

LIUH L, TAN M M, REN J, et al. Resource allocation al-
gorithm for scheduled lightpath demands in elastic optical
networks based on spectrum slicing[J]. Journal of
Chongqing University of Posts and Telecommunications,
2023, 35(2): 286-293. (in Chinese)

ZHU M, ZHANG S, SUN Q, et al. Fragmentation-aware
VONE in elastic optical networks[J]. Journal of Optical
Communications and Networking, 2018, 10(9): 809-822.
X, S, PR BE, A SRR e AT T A Y
HE AU 19 265 iy ] I S5 53035 (0], A 722 4f, 2023, 51(7):
1758-1764.

LIUH L, QIU Y, CHEN Y, et al. Virtual optical network
embedding algorithm based on lightpath’s adjacency link
fragmentation awareness[J]. Acta Electronica Sinica,
2023, 51(7): 1758-1764. (in Chinese)

XMk, BRI, AR, 3 . B TR T AR i A AR i e
TC Fry £ FJE 8 0 5% DR TE T R 10, HL TR, 2022, 50
(11): 2746-2753.

LIUHL, HU J L, REN J, et al. Crosstalk aware resource
allocation method based on lightpath load balancing and
neighborhood matching[J]. Acta Electronica Sinica, 2022,

50(11): 2746-2753. (in Chinese)

EZEE I

Xtk <o, 19704F 2 A A T E K.
G NN 2 L 1 T WA R (e o
WSS [ hg e 5 F AR 2

E-mail: liuhl@cqupt.edu.cn

BB 55,2001 44 H WA TR
(eSS /N ]SS N 7 1 S O = A ]
7 1) R 0l P8 B U 43T
E-mail: 2650389286@qq.com



