S ES

SRR AR YL AR 298 A BT RO 20 SR A R O IR 4 i e AR, DGIEAR FR ,2020,44(3) 145-48.

EH T RIFETHREESRMEN MR R EER X

BHYLA A, P{EF, MEE, TRE, EFH, mgs -

(P U L 22 AR 55 B TR 22 Be B AT 210003)

BE 2 KM 2 (BON) F 69 0k -9 3 5 e & 2 ) B i 2 F Bk i — B A g S 2 R, R & 0 F R o)k 55 e B
G A KA RE W IEFE R, Bk e 4 Ak 409 5 B A S KR AR 5, 42 — AP k69 R F FR P 49 %5 (RSS) 89
BON A3y %38 Hok | WATAR i SC3R AT, RO A AT 2020 h Sk 4935 40 5T B SR IR 3 S 23X b -7 B SRR 7T fieda 5, 8 % & A4
B IREIE R . bW Ae Aty A R A /£ 100~600 Erl A, peittagps b 2038 ok SAE 4o b 38 kAR, & TR
FFART K 8. 54%,

KR R & Bl I AR R

HESEE . TNO29.1 X#ARIEE . A  XEHE.1002-5561(2020)03-0045-04
DOI:10.13921/j.cnki.issn1002-5561.2020.03.011

Defragmentation algorithm based on
resource saving strategy for elastic optical networks

CHENG Bokai, HANG Cheng, HU Yunfei, LIU Shixin, YU Jiaoliang, WANG Yutong, SHEN Jianhua"

(School of Communications and Information Engineering, Nanjing University of Posts and Telecommunications (NJUPT), Nanjing 210003, China)

Abstract: The spectrum allocation in elastic optical network (EON) needs to meet the spectrum consistency and continuity con-
straints of subcarriers at the same time. The spectrum fragments of different sizes will be generated after the allocation or release
of services with different bandwidth requirements, which will affect the allocation of subsequent services and the utilization of
spectrum resources. An improved EON defragmentation algorithm based on resource saving strategy (RSS) is proposed. In the
process of defragmentation, the number of continuously available frequency gaps and the number of frequency gaps needed for
arriving services can be as equal as possible to avoid the generation of new spectrum fragments. Theoretical analysis and simula-

tion results show that in 100~ 600 Erl, compared with the traditional defragmentation algorithm, the improved algorithm can re-

duce the bandwidth blocking rate by 8.54%.

Key words: elastic optical networks; defragmentation; bandwidth blocking probability

035l5§

LGS 5 2 F (WDM) R4 | AR A1 {5 18 2 18] Y
(i) B A1 ] B rE AR BB (ITU-T) A o B 1 [ 2 1)
B, I A B A R R A DR A A
WDM ¥ 4 78 T X 24 /i B Aok 5 44 22748 1)l 55 7 K i
AETE B A A1 ) FH 2SR 22 A 9 JRe P i o T 2%

W B H#1.2019-10-12,

EEE A BRI (1994-) B JLIRR A B+ 3£
DG 2z O BB 1 B st S R A5 515 8
TR B T SR TR R, 3B e gl (7 2%
rh s A 20 BT R BESE . AR EL R e
* B VEE . L4 4E (E-mail: shenjh@njupt.edu.cn),

dih

(EON )R HITE AS M5 43 52 FHEL AR | 4 190 248 0335 ¢ D8 s —
A 3 B BURURL B2 B8/ AT B G (BB ) | 9 AT AR 98
SEBR RV 45 5 R 43 T 38 B AY 4B B2 45 PG ) B L 2k AT
Sl A AT R A TE DT B v T 4% e R Y
FI AL 55 A5 4 50%  EON W Z il 2 F —1%
W 45 2 e 1 R By ) 22—

% FR 36 4 5 000 4 BE (RSA) 1R RE2 EON i %
O R G H bR SR o A B8 0l 55 1 H B IF 4 il
[ T A R DAL AR A3 33 ) T2 01 T 033E 43 Tid
T BB ST — BOME R 22 v 2R FE % sh S ST
S RBR R of ) AT RE S A R S R R AR A
23 AR B 8 A ) 23 0™ E 5 e JE 220l 55 1Y
&4,

2020 5531 RAIEHA 15



S ES

FEEEIL, BORE, 8 5 58, A i 1 B0 IR TY 24 SO A9 S Ol 10 2 R e Lk

B P 3 — ) R0 4 ok PR v 32 B 2 LR O
TEWS A5 e R TR /N BT B AR 7 R B8 A R80T
2, BHED,FARFCER I T SO0E i B IR
DL BEAR D 55 BH 2 28 A1 i 98 J50R) 2R Stiakogiannakis
S NP YT B T RS BH ZE 4 J5 (FBN) #4315 14 %
PRET | 2 5 R 3 PR A S B TE VR AR I 55 I RS
PN R RN SN S s A P 6 SN}
HEAL M 55 H B R B B RO Y /N R R
Az, SCHR[6]# ) T —Fh S 28 :UE R B AR Ik
PEFEUE T s B H AT R R R AR A e AR
FE S R B A 3 T R A 2 M 3 e
2 ST AR A A AL 8 XA AT DL /M A 3% 2
Jt it B SR B R (EL R s 23 Y B T TR A
T 2 Al 55 R % 2 Bk R0 22 1Y B AR 15 O, DT 3
B R 8 SE I T3 81 Seydou Ba 5 A T —
ol i DR 4 A 1) TE AT T R AR Rl 55 DA
TAE AR R B & Oy B AR AL, 6 TP AR H
ol R A OGS BEUR N T G AR B b
Al 55 B ZE R RCR A AR U

SRR TRZ MR AR FEIE
T2 2 T B 380l 55 RE S HE ST, AT 5 SRR B DI
55 FE ST I BE IR A XS 5 Sl 55 ST B SE A, AR SCHR
— i ECHE 8 B T R UR Y 2 SR (RSS) Y EON % %%
PR | R P BH ZE fih & RSt i ¢ 5 EE A B BIL R 7R T
A3 L NIRPURS gk 81 Sy ts o N I N (O 3
Ji, DT A 255 e AR el 53 BEL 2 3 452 g W ORI T 6

1 B TIERE

AR SC T 4 B R R AR 1 P EARUR AR R T
TR R BRI | (5 45 R 1) 3 45 T AT B 4 4 315k
b 55 I e A B BOS AT REAR S5 7R 58 MO 55 FE ST | ke
B R /N

2 55 B0 IR I 5 2 AR I T T A2l 55 ST
T BT SF B — B R S PR T £ ik kR
B OMEBT ARG FBN 5 7 B UL A0 S e R 1Y
25 A AT, R[] B BE B B IR S AN 1 B
B 1 (a) P, A 50380055 F5 22T 4 D & 15 41 F 23K
WRUE, MTE 4 R SRS — Bk A I
fEFIRSL U] AT C o5 AR BR bR e <17, oK A
BB BR IC o <07, B A A [ 1 A3 B i AT Bk i
P A A B AN 1 (b) BT, H A S B T Y
B RS JC I el 45 Sy, T i R S
FBN ¢ J5 4 3030 10 06 o e de K1) 2 DRAT i e | Pl 5
a0 X152 e 2020 45 3 0]

3 A2 BB ) 2 PRUSRGS B B, I 488 B R 4 IR ST 3
Bemin il 55, R AT R0 00 B A B A B IR S dn
B 1 ()R, BB 250k 45 37 S5, 2 1 A8 1A
TERE R (] 1(d) R )

D DE oom
E

{L_pFD /n
(Numewsn [ #skiksA
(a) Dv Ev T 3p54 4 L ACHERS 175 0

SENSENEENEEETEET-  EE

A B C D
Dommesmsn [ ki s A
(b) AR IHIIRE
Dumesmsn [ mmkis R

(o) FBNFEH HEBE SV 10 B B AR A

Oomedsn Wl Amuarziaessm ] sk s m
(d) M55 #STIR I kA

B 1 TR RAEERE

EEXE FBN R BRI IR JE | AR SCHEE s — bk
PR HET RSS 19 EON s BRA vk HAOh ARG n &l 2
Fims

IZAT RSS W R R B MG A5 3] 2 FhOR [R5

OFE M, My, My, -+ M,, 3 n A X0 A3

1. Mk 55 BHLZE | fioh % o o B

2. BERNK 55T B B SR e 5 P s DR RS B Be A4~
3. VHEES L ARG H Y S IR AR BR S ECN Bei

4. M Rzt

5. 5=0

6. For 1 in [1, Be|

7. S=S+Bei

8. if S<B

9. Bei T AR M

10. if S=B

11. Bei fEANSEG M HIFG L ES M, TR
B MHPWE 1A ITR

12. if SSB

13. Bei E ABEE M T, WS M TPIE 1 4
T

14. end if

15. A5 TR A A 3l 5 AR B A B 2 AN B=S, ST
N2 1k Bk

16.  End for

2 RSS # R BEHEEHIE



S ES

SRS E S S A i v e e N S i)
TR EPAT IR 5

QWA 192 A M S AR H FBN
TR A R | R A K s DR S Be HL i v )l
55 FEARAT BEIEAS | (15 dc 28 TR AT B B2 K | 2 b st
A TE 6 R B35 55 B, Wl 45 BHLZE | J =22 Wl 45 2 57
B,

LA 1 (b) it 7 4 iR 2 S 61 % RSS 7 48 B
VL TAR BT U] . 27 205K 55 75 2 4 DR,
IR A TE I L 55 HE ST i R B e AR K A
He A BCASES M, H ik £5 5% 22 ] A8 B
BN 5, KT Irs B 4, OB A% A NEEA 2
B, JEREMGE B C AR B M D R R B T A5 1 25
AT AR BRECA 5, A7 K F I 7 40 B A 4, BORE S B B
MEEG LB IER g e D A SE S M i
BT A5 3% S AT FH OO B AR S T i T B A, A B O &
M, 5 2oz AR S S, Sk g o, ol 55 2 57 s %
FOR A 3 Frs, S EAR S B ¢ D, AR F ik
b 55 S ST ) TR BE AN B A B B A B R | O I S B Gk
V55 i 7B R T AR

e | R 1L P !

—_—— — — — —

A B C D
ek n s smn [l Asansikrs s

B3 WHEEIEHERRT

AR SCHT 4R 005 0 W RS e AT 1 Yl D O 1)
SIRIEN O(n) , I 55 2l AU ME AL B m A s,

m HAFEE R ICER | s MAFEBREC RAT, m Ml s
15 n MEMWXR  BOZXB NS RIERE R O(n),

2HEHREMERSWH

H A, 300 o RIS s FH 1 0 19 45 15 4 iy 11 32 22
100G 1 400G, 7% [& F| 1TU-T £ Xt )6 14 2% W
(OTN) il 5 B AS [R] & AU | 0] 24 5 (FEC) %, KRk, —
FBE G 00 245 v B3 11 ) e v SRR 3 500 Gbfs, AR SC
D5 R EHE R (20 475 55,22 S8k B 1E
R D R B SRR T A — AR A
JEEF A 58 4000 GHz, EHUBR R 12.5 GHz,
ARBREL R 320, PR-AP A TE A7 T 2 AR, A5 E R 4l
%5 TE 10~400 Gb/s FHLEUE

R B UE A SCHE Y B RSS B R S HR R 1 R R
K BB B 5 36 6 FE 5 AR T B B D+FF (D
M Dijkstra B3 FF HE KAL) I FBN 8 8 3

PR L BURE W) = 98, 45 B 1 R VR Y 20 SR WS 1 5 Sl Do £ i B AR

BEGEATX M . 0 B B SR e R T B B 28
2 (BBP) B YR A FH 2 (SRU) FIER UK B R 4L BRIV 55
TG S-SR 00 DL fRTFR < A -39 %07) . BBP Al SRU
B XA HIaE .

BRp= IS |
S [+[s,] )
|E|
X

SRU= TIE\ (2)

Hrr S, FoRPEBHZE M 55 A6 5 S FRom T 2l 55
ARG s m. TR e SRR HRYBEIRA 2, 5 TiX
FEE O RS BB LG | E | RN M4
LB R

3 ML N R BBP Ml SRU I LL B an &1 4 FiEl 5
FiroR o AE W 4% T 8 /NI 3 R L 1 BBP FILAT i
SRU HJAH 22 A B  7E R 25 1 20 300 Erl B RSS
R BBP R 0.18, [b FBN % 33 50L D+
FF 53557 BIREAR T 8.54% 12.96% , £ M 45 11 2 Ky

0.35 -
0.30
0.25
0.20
3
R0.15
0.10 | —e— RSS#H: ; #2 5ik
—&— FBN#: } 38 5 %
0.05 |- —a—D+FFiL ik
0 1 1 1 1 1 ]
0 100 200 300 400 500 600
M 25 5 3 (Erl)
& 4 BBP tb#&
08
0.7 [
0.6 -
0.5
)
5 04
03 o
—o— RSSH K 22 ik
02 —&— FBN#: | #28 5ik
—a—D+FFJL %
0.1
0 1 ] 1 ! ] ]
0 100 200 300 400 500 600

I 2% 5 3% (Erl)

Bl 5 SRU L%

2020 453 1 R BIERFe @)



IS

FEEEIL, BORE 8 5 58, A 1 BT RS 24 B0 A S Ol o0 45 R e B

500 Erl B ,RSS M4 SRU Lt FBN % Fr & 1553 il
D+FF 53573038 % 6.70% . 11.84%, 4 W 2% T itk —
R BBP B 2 (E I8/, 33X 2 IR hy I 4% 1 3R
R TRV N N ST T S A e

RSS it Fr B 3R VL A FBN B R B AL A
BB e B DLW 6 s, 78 W 45 1 3 /Nt A
] 2% B R 22 | 2 PRV I EE A T B RO AR
TE W 2% 1 3840 T 100~200 Exl B, 800585 3 2 2 Fif
SR ) FE RS- S BRI T E 2% B ke — 2B B n
BF 2 P 0 F RS IR0 AR L IRIRAS S A
TEFT A W4 0385 50T FBN R R 3 B A H T
RSS i J 8 FRAE 1 | H A4 - X 8 2 AU/ T 1.89%
40 r
3.8 |-
3.6 |-
34 |-
32

3.0

RIS R B4

—e— RSSH:J #38 H ik
—a— FBNA 398 50k

2.8 -

24 -

20 1 1 1 1 1 I— |
100 200 300 400 500 600
W % % # (Erl)

6 BRBEREEN,VSEHTEHEILE

VAT RSS WE A % B 1k 7 e 3 B A AR A
N 25 Z [V T — AN (9 V-4, A EF FBN ¢ F
FEATL RSS 5 R B B VL U A 1l 45 FE A
B, FE T v BEL 2 R R 9 R R R RS T AR
B,

3 &XiE

EON ERA T — 406 W 244 1) 5 B2 % J8 Jy 17 2 — | 4
TSR R 5 HAR DR IS 2 EON ' RSA 559% 1Y fe % 0 7]
Mz — ASCHE W T —Fik gk 9% T RSS 1 EON

FAEERETE ) Mk 55 kAR B ZERT 258 R 0] i b ikt
G AEHEAT IR R A BRI 55 N7 2 IR AR BT I i B
EAF BZ5 W . JT RSS 19 EON #F R %% FLA 1 A
o T e S s L i 1 B 2E SRR AR T 8.54% , i)
my AR T 6.70%.,

SE LW .

[1] ZHANG L, ANSARI N, KHREISHAH A. Anycast Planning in Space
Division Multiplexing Elastic Optical Networks With Multi-Core Fibers[J].
IEEE Communications Letters, 2016, 20(10): 1983-1986.

[2] CHATTERIJEE B C, SARMA N, OKI E. Routing and Spectrum Allo-
cation in Elastic Optical Networks: A Tutorial [J]. IEEE Communications
Surveys & Tutorials, 2015, 17(3): 1776-1800.

[3] CHATTERIJEE B C, BA S, OKI E. Fragmentation Problems and Man-
agement Approaches in Elastic Optical Networks: A Survey[J]. IEEE Com-
munications Surveys & Tutorials, 2018, 20(1): 183-210.

[4) B9 LI B = AR A5, T A Rl 0 g e A 20 1C R R R
BMAED]. LT 2441 ,2013(8) . 51-57.

[5] STIAKOGIANNAKIS I, PALKOPOULOU E, KLONIDIS D, et al. Dy-
namic cooperative spectrum sharing and defragmentation for elastic optical
networks[J]. IEEE/OSA Journal of Optical Communications and Network-
ing, 2014, 6(3): 259-269.

[6] PATEL A N, JI P N, JUE J P, et al. Defragmentation of transparent
Flexible optical WDM (FWDM) networks[C]// Optical Fiber Communica-
tion Conference and Exposition 2011 and the National Fiber Optic Engi-
neers Conference 2011(OFC/NFOEC), March 6—10, 2011, Los Angeles, U-
nited States. New York: IEEE, 2011.

[7]1BA S, CHATTERIJEE B C, OKI E. Defragmentation Scheme Based on
Exchanging Primary and Backup Paths in 1+1 Path Protected Elastic Opti-
cal Networks [J]. [EEE/ACM Transactions on Networking, 2017 (25):
1717-1731.

[8] SHI W, ZHU Z, ZHANG M, et al. On the Effect of Bandwidth Frag-
mentation on Blocking Probability in Elastic Optical Networks [J]. IEEE
Transactions on Communications, 2013, 61(7): 2970-2978.

[9] COMELLAS J, VICARIO L, JUNYENT G. Periodic Defragmentation
in Elastic Optical Networks[C]//20th International Conference on Transpar-
ent Optical Networks (ICTON), July 1-5, 2018, Bucharest, Romania. New
York: IEEE, 2018.

[10] SINGH S K, JUKAN A. Efficient spectrum defragmentation with
holding-time awareness in elastic optical networks [J]. IEEE/OSA Journal
of Optical Communications and Networking, 2017, 9(3): B78-B89.

B4

239239

39239 3.
2 R239,299,292,299,22

D

o

o\

A9 A 15 A4 e 2020 45 3 W]

, B & X
/Z'HE 1)[ H
] iT 5 .

0 0 0 QG 0 _ 0 _ 0 0 0 0 0 0 0 _ Q0 _ 0 _ 0 _ 0 _ 0 _ 0 _ 0 _ 0 0 _ 0 _ 0 _ 0 _ 0 _ 0 _ 0 _ 0 0 _ 0 0 _ 0 _ 0 _ 0 _ 0 _ 0 _0_ 0 _ 0 0 0 __0_0_ 0k
BEE-EOE-GOE RO -EOE EOB EHE-ROR-GOE EOB EHE EOR 60 -GOB-EOE EOR-EEE -EOB EOB-GOB-ROB-GOE EOB-GHE GOE-GOE EOB EOE EOR 6D -EOB EOE EOB-REE-EOB EOB GOB-ROB-GOE EOE-GHE EOR OB EOB-EOE-EER- C

299.239.239.299.239. 239,232,239, 239,239,339, 239. 239,299 .239. 239239239 299.239.239.299.239. 239,232,239, 239,232,339, 239. 239,299 .239. 239,239,232 239.239.299.299,239,239.239
B e e e i e L e e e e L e e e e e e e e R i B LS B L B B SN
o

2020 48 A* 7 1=

D

a3 AETRHE AT

BelaEee

48-126 ¢
16 o/ ;192 JU/4F
4 [ 46 H 15 ) %



