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Based on Satellite Networks
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Abstract Aimed at the problems that current research on the static deployment of software-defined satel-
lite network controllers is ignorence of the dynamic topology of satellite networks, and the user data traffic
is unsteadly,a multi-controller dynamic deployment method based on the modified whale optimization algo-
rithm (MWOA) is proposed in comprehensive utilization of the dynamic characteristics of satellite net-
works by setting three threshold values and adopting switch migration in combination of the software-de-
fined satellite network architecture. The simulation results show that compared with other algorithms,
MWOA has significant advantages of switching migration costs, controlling link delay, and load balancing.
This method can further improve the processing performance of satellite networks and meet the needs of
communication for users.
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Algorithm ; Framework of the Proposed MWOA

Input: Current controller deployment policy Y, Satellite,
Controllers C, Controller processing Capabiligy p, popula-
tion size sizepop, Maximum generation maxgen Switch
traffic request rate A,

Output: the best whale Xy

r;<—Calculate the resource usage of each controller ¢;
r<—Calculate the average resource usage of the controllers C
C’<Calculate the controllers in the current network state//
Check the status of the network
Initialize the whale populations X = [ X1, X550y X,y oo+
Kiseepop J
W<Calculate the fitness of each whale,
Xy <~ Update the best search whale
for gen = 1 to maxgen do
for each search whale do
a<-Update by Eq (20) ,w<-Update by Eq (21)

Update all parameters in MWOA
if p<<0.5 // p is a random number between 0 and 1

it [A]<1
new_X,<-Update the whale by Eq (22)
else if [A]|>1
new_X,<-Update the whale by Eq (24)

end if
else if p=0.5
new_X,<-Update the whale by Eq (23)

end if
new_X,<Update new X, by SA
Xy <~ Update the best search whale

end for

end for

4 MEXBEERSH

4.1 FERERSH

AR ik STK #8 LEO 1AL W 45 4 FME R,
A Matlab2016b 5 8 2 4% il 4 3 2598 38 J7 ik (4 015
HEG . LEO TEMBKMH I ESHSHKE
B LB R AR B BLIE R D 780 kem ., BILIE A I
6 061.1 s, BLiEMIfM 86. 47, FKAEEJEH 6 x DA
BUE R AR GEAT 1L B A A R . AR
i L R JERRAIE B L Y 66 A5 TL R 4R A TR 58 4
BT A5 DA 265 19 A A 1 s TS R o R SR DA A
1835 1 7 SO TR S He LA i B B 35 9 L



5 530

T7 A T 9 255 45 il 4 30 A5 R R DAL T i h 5

69

N L E R T

R A RCHEAT O LSS, AR SCHR BRI BURRAE 22 S
Rt LEO TL R A4 WL i i Ui 18 SR 3% 2, IUE
JEFEA 1~20 MB/s, TR 45 il 45 57 25 00 b BEAE 124
Pl 200 MB/s,
4.2 (HEERHSW

Ry PR TE A5 S 5 8 A R L B TS [ 6 4 1
Fr B IT A AN R 300k , 2 AL T 0 O 446 i
1S Ak B E R 50, KB 200, BiLLR
KAVLEIREE R 1 000, B R ECR 0.9, H b5 R AL
H a7y 43 0.3,0.5 F 0.2, H5 A SRk 11 i
i AL 55 5 O 3 TR (TG AD T At i ik
B g fa A0 Ak B e (IWOADM R i Vel & % B
(MPA! HEAT X A B AL 360 A5 R F

DY LEO T35 W45 Hy B8 AR 3o 2005 B0 B, 75 22
I LEO TLR 5 il 25 19 8 LA G2 A 24 i o9 45 17 480k
HEPRA . 2 LEO LR Gl a5y 8 I, fj H45
RANFE 2 FroR, BT MWOA b 188 4508 k8 m

ekt S0 s, B AR MWOA A e T 35 25 i
S B M, S0 vE R AL M I T IGALTWOA K
MPA #2725 14.15% .19. 07 % .18. 26 % .

2)4 LEO T W 2% H B s i 40 1 0L, 75 sl &
TR ML S LA AT LEO TR 5 i 28 15 A5 ] (19
W28 11 A . Y g T s B 8 L FLAE IR
% 2 R, IWOA F1 MPA 7848 % J5 B 56 A=) 3 #%
.4 R FEEE 1159, IGA BSR4 R FR BRI H
HRT I R A R AR e MWOA, MWOA fiy -
45 B 8% IGA. IWOA, MPA # F+ 2 4. 35%.
16.68% .13.03% .,

3 LEO T A W4 3 R AR AR, FiEH
LEO TR A AL s IF M #B4 LEO 1A # il &+
RO EE o R R = I 7 N 1 KRN B
RNE 2 PR, EZRETHITZWER, 2558 W
Kl 2 R, R MWOA B3k Re 98 3 8 s AR 0y B br
BRIEICAH M Ah s TEIBTE SO0 SR W b3 2 R M D7 T 1
F IGA IWOA 1 MPA,

®2 EXEMBREHE

5IGA 5 MPA
P 2 B R IGA IWOA MPA MWOA 5 IWOA 8

H b3

R 5 0.405 4 0.429 2 0.399 9 0.385 4 4.93% 10.21% 3.63%

4 KBRS 0.326 4 0.380 0 0.404 8 0.316 2 3.13% 16.79% 21.89%
Ja B it % 0. 400 0 0.400 7 0. 406 5 0.309 4 22.65% 22.79% 23.89%

Bk T 3 0.424 3 0.475 1 0.460 7 0.377 1 11.12% 20.63% 18.15%

6 KBRS 0.344 1 0.428 5 0.427 2 0. 300 8 12.58% 29.80% 29.59%
Jey 2k 3%, 0.374 3 0.475 0 0.4555 0.357 2 4.57% 24.80% 21.58%

R 3t 2, 0.465 6 0.493 9 0.489 0 0.399 7 14.15% 19.07% 18.26%

8 RERZS 0.403 1 0.450 5 0.494 7 0.368 8 8.51% 18.14% 25.45%
Jo ¥R 3 0.427 6 0.490 9 0.470 3 0.409 0 4.35% 16.68% 13.03%

AR 3t 3, 0.519 1 0.5317 0.557 5 0.455 7 12.21% 14.29% 18.26%

10 KRR 0.417 5 0.502 8 0.533 5 0.372 2 10.85% 25.97% 30.23%
Jey 3 it 2%, 0.463 6 0.4850 0.489 9 0.416 9 10.07% 14.04% 14.90%

0.6 R RETCHE 2252 TR I 2% 40 Fh I AR R il e B

[ 2

W 2% R BORZS T 22 0

iz

fras

%5

£ X+ SDN T A W 45 25y v, LEO T2 #846i #3%

prd
AR ) AR SCR A 3 MLE B i 7 20 4 T
o A A SR ) 2 AR A AR S k. BT
fit e PG T A SR ik R R A 6 ORGSR A
Jo N S ) R, AR SO T P R B i AR 2
PRSI 7 I AT B 38 R A, 51 A T AR kB
. LEERPLMWOA 75 FU0KE BE 3 B S fo o Pk
BT IGA . TWOA K MAP., 78 A% 38 # LT B FF
B BRARAC ML B 5 T 0 4% A 448 1l B I o) SiE K
TR A 5 A R

&% 3k

[1] WANG P, ZHANG J X, ZHANG X, et al. Conver-

gence of Satellite and Terrestrial Networks: A Com-



70 ZETRREEM 2022 4F
prehensive Survey [ J ]. IEEE Access, 2020, 8. (ICPICS). Shenyang, China: IEEE, 2020 467-473.

[2]

[3]

[4]

[6]

[7]

[8]

5550-5588.

WU S, YANG L, GUO J, et al. Intelligent Quality of
Service Routing in Software-Defined Satellite Networ-
king[J]. IEEE Access, 2019, 7 155281-155298.
ZHANG X H, TANG F L, CAO L J, et al. Dynami-
cal Controller Placement among SDN Space-Terrestrial
Integrated Networks[ C]// 2020 IEEE 22nd Interna-
tional Conference on High Performance Computing and
Communications. Yanuca Island, Fiji: IEEE, 2020,
352-359.

T, BB, B, F O RTHEMKRMAE X TAE
Do 2% 2 i AR R Sk L) ], & B TR R 2 e CH AR
R, 2020, 21(6): 33-38,52.

Wy LS, AW, B s T AE R M 4% 2
45 sh A0 B ek [J ], THEEHL AR, 2018, 44(10)
58-63.

LIAO Z, CHEN C, JU Y. et al. Multi-Controller De-
ployment in SDN-Enabled 6G Space-Air-Ground Inte-
grated Network [ J . 2022, 14
(5): 1076.

CHEN L, TANG F L, LI X. Mobility and Load A-

Remote Sensing.

daptive Controller Placement and Assignment in LEO
Satellite Networks [ C]// IEEE INFOCOM 2021 -
IEEE Conference on Computer Communications. Van-
couver, Canada: IEEE, 2021. 1-10.

WEI D B, WEI N, YANG L. et al. SDN-Based
Multi-Controller Optimization Deployment Strategy for
Satellite Network[ C]// 2020 IEEE International Con-

ference on Power, Intelligent Computing and Systems

(9] #ikiz. SDN 42 i - i b 7 28 34 i (¥ 1T 7% 18 1k 0F 52
[D]. P P2 Tl k2%, 2019.

(100 X%, A=gle, FEM, 55 LT SDN M3 7Ry
M ws LI o &ML A B 58, 2020, 37 (10):
3147-3152.

[11] LIU Y., GU H, YAN F, et al. Highly-Efficient
Switch Migration for Controller Load Balancing in E-
lastic Optical Inter-Datacenter Networks [J]. IEEE
Journal on Selected Areas in Communications, 2021,
39(9) . 2748-2761.

[12] MIRJALILI S, LEWIS A D. The Whale Optimization
Algorithm [ J]. Advances in Engineering Software,
2016, 95: 51-67.

[13] B4, . X0, %, 5G- 118 55 pl W 45 v 42 i 2%
SMOCHFERRE R L) ], A HE LR R M8 AFR
R . 2021, 22(3): 68-73.

(147 FROH. — Bl i 38 4% 57k 78 TSP [a) 38 b (% iz
[0, T Tk ReE 22 CH AR B2 O » 2019, 39(4) .
235-239.

[15]487%, BoR B, AR, 45, SRR AR Bk 47 1] IR B2 ) 1L 1Y
ekt S [T ] MUARRL 24 5 5 R, 2020, 39(5):

721-728.
[16] FARAMARZI A, HEIDARINEJAD M, MIRJALILI
S, et al. Marine Predators Algorithm: a Nature-in-

spired Metaheuri Stic[J]. Expert Systems with Appli-
cations, 2020, 152, 113377.

(2R #E i A 4l



