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Application of SDN in Tactical MANET Routing

ZHANG Geng-Qiang, XIE Jun, YANG Zhang-Lin
(College of Command & Control Engineering, Army Engineering University of PLA, Nanjing 210007, China)

Abstract: Software-defined networking (SDN) has been gradually applied to tactical mobile ad-hoc network (MANET)
routing research recently to provide better quality of service (QoS) than that of traditional MANET”roﬁting protocols for
the increasingly abundant tactical maneuvering tasks. However, due to the strong variability and distributed structure of
MANET, there are many problems in the application of SDN technology to MANET routing that need to be solved
urgently. Starting from the status quo of tactical MANET routing, this paper explains the traditional MANET routing
protocols and SDN technology and summarizes the existing MANET routing methods combined with SDN. Then,
problems that need to be solved in the application of SDN to tactical MANET routing are discussed around the routing
process, including the control layerreliability, flow table issuing time, control overhead, mixed network elements, and
scalability. Corresponding methods are expounded from the perspective of the SDN structure. Finally, the issue of future
research directions ig discussed.
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P, ARAELE R0, AN A R R X
o 25 A7 K1, 56347 5 D 0 SR AT B o D,
ANTFAE 5 55,938 (single point of failure, SPoF) [ &, i
T 0 8 TRE N B i R

Tii] SDN T 2= 5K i £l 3 45 45 v 28 Hh1 2 347 4 D0 70 2
[ 2 BRI, ERCOR B NI 2% 4 R0 £ FEE 1 R LMD R
VB, AR RN ARt T F R 10 A € il 2 7 0 I
SR P B4 G5 A BT, IR S . BERRIR S B
Sl R R R I B SR R R R R, WS
SPTHT 0 AR, B O RO 42 1) P T 22 1) ) 26 8 02 75 40 T35
BPRA B, TEN LSS 5L 3 A R
PRI T8 AR T 56 s DA 1) 2 7T LA RD OO J2
FFRE IS B, RS B . R T RTE MR A

314 W5 H & Research and Development

TSI 2 0 9 4 7 ) SEAR ) SDIN 46 5% 42 f
B 1 2 R0 U4 U O SR U AT R
FFEAAIEN B 5L B T, A 2 1
i R R R AN AR SR R, T
SR IR, SDN T I 0 35 B Pk S I I B T e
I 4 45 ] SIS IR BT, ko 0 5 g o ),
SR HABE T 22 0%, MANET — S 8 4 R4 2 76 2 f
iR RE, P BT R R B
K232 E I R AR — S HI 2 5%, M0 10 A
S o 2 B O ) B8 AT SO 022 e, T B0 5
T fl 2 B 5 B R 4
43 FEHIFFH
MANET 5 5 #5 FLA7 — 52 R B, 4 3L 2
o R A A0 B 1, 3 A 0 45 L R 3
RFASE V. Pl 38R T de b4 2 A T 1 4 e P 24 ML,
T AT AT RS, WO IR 1 I 2 15
B VO . B BRA 2 T R K R F
TR, T2 SRR, 4 R BRI 8 (R 20t
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9 24385 B AR O FF 8 731 SATT L A T 2 T 7
SR B ek R S 1 L T LGRS S BRI, T
i 0 5 T 5 A B A P 0
44 REMETE

7E SRR R, % 18 BB B4 Ok B8, SDN
46 1030 e 76 B DK M S, S BAR, HEB A
5 A T B AT R U4, A T7EA B4 SDN
e AR AL 26 0 L, 675 B I 2% B4 55 2 B T
{2 7 B 1 . 1 4 R L 7 SR AR
SR I A e R ALY, 5 5 1 e 1 4L
e, (VAR 152 IS R B et L
4.5 RN

37 JE D LA KM 19— /36 LR, 75 SDN
4% HL, 24755 25 0 T, 26 U KR, 8RR 1
At 22 2 AR, 5 245 S 4 7 b
F ) 8 T 70 P B 2.0 4 B R D o 4
SRAR LI AT ) S WR U2 b, 4 R Sk
544 0 ST S0 P 4 S 2B 0, SR % 2 1 R
5 B

5 fERITIA

SDN AR RATREET X HIRTE L . LR e IR A% 4t
HIBRW AT BEUE, T [ R B 2 Bk AR i R R
WBEZ . TR BA BRSO MANET 4§ 5. %
FIH SDN HARBGEE AR MANET #% H, #2414 MANET
(I 22 5 5, X SDN S5 A4 H AH S (918 X0 R N
S IThE.
51 SHIEH: SEdEHItE

I A 2 ) 308 3 4 o 47 ) 5 £ Kk, AR 1

A4 600 5 O TS AL K AP 78 SDN HL, 53
A4 2 ) T T DA s 8 e o SRS, T DA
WIE L AT R OB B A — MR — AR T DL
45 5 T B PR L B UL P R L R (L o % A
A B R (B, B A AN S B R R B

Z P 8% ] DU AUk SD-MANET 9 R] 514
R L AT S S, S S A o
IX 45 P 0 /B i L 4% Sk 43 EL 4% 6 P T 0 T 4%, [ T
I 1 2 1) 8 43 IR G — A A SRR 7 9 S
fiRa 52 M. iX 7738 OpenFlow 1.35% B2 #,
LA 3 AP ff: Master. Slave. Equal. —/NAZ#e#L
W5 — A Master 31 82 5, 24 2 41 58 £ (2 g

Equal I, N2 83 0 FHAR I, 4 0) LAsok 8 45 64745
. 54745 5 LR Master #2148 BURHE SRR, 7T L1 4
A 05 55 L 42 1 28 o B — M B AR, DALR
TR AR 1 B R K.

SCiR [36] $RH P AbARI 43 A 242 SDN R4,
BIPE 3 T, 43 A 242 ) T LA R 2 (I 2R 4 00
2 SRR A M AT 2L 20 (ER A SR L, A
S5 4 ) AL PR T, ELA RS 2 15 . —
A O DB R R £ R,
B ML AR T R 2 VLA Je 3 1 28 A
L R P SR ULAR LA'3 B R 91, A KR R e
LR T T, 21 R ) 0L O 2, T A
R 88— 2 b A R R B ALRR 3 R B
2. FEMEE R T, 4R ) B8 6 TORRAR R R 2 LR
FO 0 0 O 45 15 6 a4 3 0 25 0 P, T S 2 28
55 5 513 DI FH AT A L, DA AR R BT A1,
R DI T A R A, A T B 6 T
Je ) A R R R IA A, DA S BRI R

A R VRN, 43 2 T L4 RE R 45 4 R
ST MR L, T B SR ORI FE 1 IR 5. EL7E
BE VIR AL, ) AL TERE S BRA, 4 RE 4 R4 A0
VLI Hh 45 M AR S . SR [37) ol B 1 9
5 WRLHO T 24 FRHE7E J22 U ) L, S T T 4 07
vk, W 4 R, SN GO NG E 3 R,
S A R M R R B 7 1
B 15 00 AL 0 R R 55, TP e ) ) 39
UG, BRI T O TTA. BEAN, 2495 T I 46 b U, 3
T2 VR 4 T DB 2 e P9 4 WL B e, 45 R e
o LGS O 38R A AR, TS 7 A SR A SR
S 8 R 2 th L 0 2 R M
A AR 45390 P 3R 5 45 M R 0 B A
R P 2 e L2 e 7 K, 75 R [ B DA 2
[i]3%5F NTK (need-to-know) Ji 1IJF*,

2341 S AR TT L B R MANET (3™ Je b
AT S, (FLHR I 7 2E25 107, SOk [39] SESHBT 58 T 4
A 2 (S U RS B2, 48 7 11 8 1 £
PR, A AR P B L A R &
AR T, VR PO B U R B
R I AE; AT, 4 F ) B 2 I 7 A I [F 2 4R
50705 DA A B B SR, 5 1 ) TR R T R
Z [I8R MANET RENTTER 1130, TEEEL K
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I [1) 5 425 1) 248 120 AT DX % 400 T 4 () 2, 8 42 o) 4% i o
L 5. G, ZaEHIR MR B A S
ma o 26 Z2 AN J7 T, Bl an PR Rededn . AT . Ik
Shmt )26 R , 76 MANET HLUAf 58 SDN F55 5 2215
HANRCE 2 T BN I 0 —. SCHR [42-44] Xt
] FRHEAT T VEAI TRIE AT, SR AN AR E AT
ATART 19X 8% £ ] 52 R0

K3 H%éﬁ%%ﬂ%)%?ﬁ”\fﬁ%?ﬁﬂ
-| eI

g
iz vl
= oy

s LR L

4 MR

52 RANESH: TLITHIThEE

Pl 2 5 5dl 2 58 4 00 B LLA RUE P MANET
0 e AR A PR 7 A 1 ) A, 5 AR R o T R
U B I e AR A, e IR e 6 LA ) 45 T Rl

WA Redk S TAE. 8 T RE %58 MANET B tkdE,

A I5f 1 FH SDN [ it & i 42 RE 7, TR & A=l el 1
SDN E‘J%é?ﬁﬂ/iﬁz%%ﬁ%é%%‘@@, e TR
B % — 5 X045 IR 4Rt a8 3 A 7 9 4 R — Ak LA
ThRF AL I SRS

PAEVR A A R Z A W R T, — RO 5
MANET % H 1y SDN % H1 (1) 4 H T B¢, % SDN %4l
A8 T B 2T AR R A3 A U B STk [45]
¥ AODV i ¥ 5 OpenFlow 454, B2 &€
1 o 2 R IR BE RS R, PR LA )R A T
SR HH A R AR O TR R RO A TS AL FE AR 2R
SRS, HHE 2T S B A 2 AODV B B AL, 24T
430 A EH DAZE R X 4% TAE.

T3 b R B T T A 4 A 1 4 R A P R AT i
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. SR [46] 5 H ph 4% 6 8 67 5 0 40 4 B ) 2
B SEA R 4, FEAR T — R & A1
LK) HSAW: 3 F T4 4 R 5 K, St 1545
) 5 £ 96 B 400 E 91, 5 A o e A
VP A, 45 b T I 10 I % 4t 55 0 PR S i 4 5 0 F R
OGRS, MR SR R A A AT B b o, S
MO AT B P, 7 2U4E SR R, IR A 48
HAMIEE T 52 40 43 B8 (X100 46 2 40, 3R TH 7 7 301 0 25 1
SRR B IR AT T 1 T4, :

SCR [47) 0 T B0 T AHURE R 2800 T 55, B it
1 Master. Slaye PAFI5E T SDN ) AHLAEH. fE5
ANTE N BRI 2 H, R B 1 — A Master 47 201 2 A4
Stave i 21K, Ferh Master 15 5 0F A B Fsihl 28, 61
IR EE LS TR, %) Slave i S IIZEN L. VI
S RESEHEAT G LRI BR AR BUARAE Master 5 5 T R (10
SRR AT AT BB R ) . AR
s EANTE LA A R R, 3 T S B VA R T
ReAE L M ZE P Fh A b RS P03, DAAE Bk Master 715
R BB AR T PRl 5 4 AR S B R K
7 2% 5 PR B T-3T )R A A 2 MQTT B, 42
125 % 240 56 A5 A4 1 S S, R 355 I8k T AL 37 41
SRS, 5245 8 P4 T e L % A 17 1)

Poularakis 458 H 7R & 0% $2 5 SD-MANET HJ
ATEENE, FLE AR SR [38] tHiR T §D1§_1 FEEEA MANET
S AT S, 44 T — iR R SD-MANET 4544,
B T SDN YA AT Hinle] 7 I 1 28 B 1T 76 S
ik [49] H, {E A MANET [1075 5 F BARSCHL T — iR
ﬂﬂjé%?ﬂ,ﬂjfﬂ et ) OpenFlow 37 J& 1 Openstate!™”!
[y R R A ], R T Al 4 e R L
L 6 2K 2%, A A FFA AT T R AL 18
FLI AR 1 2L 250 4 KR 1 0 B4 SRR % U
B2 T DU 50% HOHCR (3.8 b B H Ao, T s T
5 SR AR SDN UM% — MR 2L, IE4h, 3
Bk [S1] 8 AEFHLA LN 3525 SDN /4%, B8AIE 134
B2 P 98I R B AR AT AR B SD-MANET [ 7] 52 4
S, YL T — R A B ph 1R A 3 4
MO T R 226 28 F R (0 BLSU R0 e F— B, il
e G5 B B S AT B ph. ST [52] T AR A8 4 P 1B
SRR, WM E T AW L5 A6, B4
42 ) S L P ) T, 49 0 A T 45 K R [ 203,
SR R I R 25 5 TR . B
Ve (E) 25, P TP EAT SO, T8 T 760
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A MANET 3% 5 BL S H S iy 0] S8 % e, He34n 1 78
FE BT BRI AT B 0 A7 U ML RAE S 2% FH 42 il
J7 ik, Ik B B 2 4 i A A B R T 4%
(graph attention networks, GAT) 3K TIM % 2% 5 5 Fll i
A, AT TS A& AT 43 A =X ol P S0k 358 B
FH 26 A2 AT (977 1 DO 4% e e A A5 05 1 T4
FLSLEAR MANET 375t R MANET #4548, 451
SN 1Z T e DA/ IN IR N R A A5 380 5 s 1 T 44
R, A BN 25 AR AL

TRARIEHEN T MANET FI%F f 04T 7 FH R 2
RSB, Bie FRESE A MANET (4 #: 4 F1 SDN
) R AR BT R R B A HIT . SR R &
BL[E I S FF SDN AL 48 MANET PRl 24, /5 B
W S A AR I B 2 0 R 2 I Y. BRIk b, 1%
Fob Jy OGB4 AR A AT (0 SR, 18 SEBR A AR SR
T i) 32 A ) 2% 23 7 A TS ) il i AR
53 SERBE: AL INTL AR

154 MANETS i 0.5 2 B3l B4 e A0 e, 3
HERIKSNEE A, BN A E S S 4 — N HR,
FEAR YR & AT A N B L . 6T BRI
T AT DAPR S T C B bR 2 S B0 H0 s 0 1 PR i
SR X A 375 22 e T BT %t 3R, 3 1) P A
FEAHEOR. Yt pH U E oo 75 T SO e S R AR AR,
o o8] B 75 B4R e 1 15 A% U N AR EHE L b, kb T
AT R AR T B Y. A B R AT AR TR, T
{45 MANET 135 6 B B30 a1 DSR 75 B 78 I3 75 R
Ja I SR EAT AR SR, SRR R X —
TR T8 3R 7 75— A I TR], 243 B 0T I e
TR A B M DA A 7R K

43 BLi#% B (segment routing, SR) Fl FH YR 4 Hi A &
AR, FEVRY s A L e e e R IR R 1R, MR
e )45 1, TG 2 0T R F B A R
4454 SDN Y rp O b fs ], 388 4 15 G i i o
it B K 3E, Sl T SRR B o R E i Y,
Wil s, HRIETT A GRS, 25 2R B 4 R A
TR EEMAR, BRI &5 A iR &t 1
BERE . A TEBUR AL AP EAREE, T 54 45 6 R T
— Bk A B. B WRNZEE (5 AT B AR R, (L
7 BN B B AR B0 B B B, A4S 4 A R g 1, B
FMEE AT C. fEIX — I FEh, I M2 A 7 Z o i
2 ERA T R BRI, A R T ] R A R
P2 I ZE; [, 24 X230 Fh R A AR AL R, T IEAE

JR 35 R, 42 1 & R A B BCR A BRI 3 4
B BOITA AR B 2 TR I, b 1 #AMRI TR T4,
I BN 190 245 2 Al P DR 7 A1 R ) e B,
1007

2004 2004
3006 3006

(3006

| VS B Bk

‘Kﬁﬁ( [55] & X HLE & T M (airborne backbone
network, ABN), /£ ] 2 R X% il hi5& SD-ABN 1 5¢
PERBEEAN B T o Bl AT F RN R K. SD-
ABN R 273 9 ABN $2 | &5 A1 6 42l 25 I &6 77,
3 ol AL P % A2 ) 85 AT BT 4 1 JR) AR )
R AR . DR 2 AR P2 9 L R T LD R
PR i~ DX £ D DR 1 R AL, A AR AR I 268 B T R AT
W2 L g b 2 Ll o 2 SR AR A . 1 O0ER
PR TR REHEAT T VEANI Bt SEIN, Ul BT A
e RER G, P EiEH ds 2 AR BSCRE SR RIS TH R 8
JCIAE P (path computation element communication
protocol, PCEP) {14 k.14t s T8 itk 17 %t oz
ff) SDN i 5, H G 2 Fha 5 By 1) TG 246 1 18 R % &
ABN #% il #%. A§N Pt T 5 T B 2 Ak AT RE R AT

WISR £ 7 245 RS A B AT AR T 42 ) 48 0 7 A
FF ek D> 9 285 A S s ) A4 1 .
5.4 BEHMEM: BRABIERENEE

i 4E 75 . P 2% (delay tolerant network, DTN) -
& E PR HIKK (interplanetary internet, PN) 4 R 4544,
T JG W i B b T TE 28 X 48 25 H e R A 2%, B 1E L
AE At 1 7 AR U B v T DA R T P T e 2 R
I R, B e T LA I P 278, e i 4 s 1D 5 R
JUR BN EI JL/NE NS, FEIE BIX K IE LN, DTN 7 2
I B 7 i B R Bt , ELBPT DL AR R B — AN B
DTN Tjjfig 115 s 8 B br 5 s A k. Sk [57] F A
DTN 4 P52 o W7 ) BE 77 98 #h SDN i1 X i R A48
IIRE ST, & T — Pk REE R DT . AR S5,
HE 21 mURI SCRF DTN AT SDN, 3 i a4 28 S
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£ Master 79 570 2432 Hl 8% £f (1. Master 5 2N EHY
SDN #He = B A7 SR 4= R EEECIRASE |, 1 DTN
AR 3@ T SDN 5 il #5 W 4 4 Sk B 2 DTN

Filid &% INTEREST V8 5 (CEAG &R 1 i 42 $i) ok
TESREBUE, A= (AT X 4% N A7 FNA7-fits 1 o (]
W1 ) AR [FITLAC ) DATA V8 5. ICN i i 22 17 & i 1

SRS S AR, BEE RS AE RS W T i
W75 1) B, Sk [59] K5 SDN 5 ICN 45 & DUAR vk ik
ARAL BT 4 28 (1) A] S 14 A2 4k, Hop ICN 2 BRI AR
B2, DR i e 2B B P A B mT M R D B R
B3 (R A B0 9 22 A7 P05 SR 5 BT ); SDN B AR %
il S TH AR A A S R BREAE  — R M OG, SR
ICN HCH 0 1P 0 F0 T M R0, — Mot 7 e B4
HeHy INTEREST/DATA 18 fo et v 014241 45 1045 15
R AE ELAR 2 M B A 1T SR A (K DATA W4 B,
SDN\‘f)?%U%ﬁﬁ@z@%DW?%%ﬁﬁﬁﬁifﬁ%/* Wr 2
A8 K2 DATA 8 2., AT SEE R 42 0 e A0 A4
HIREAR. 32 3 45t T DL A ORI 9 () A 2.

T R B R AL . B JE DTN 15 fU 7E B AR A
ANE] g ) B Il B A il 2B IR 75 BB, 1% R Master 5
R R B DR ) i k31 H AR b B0 JE T AL
15 3435 SR R A X i AR G0 2k I 2 AT S AT 55, %4
R = A T /b B AR A i, Bl HL At 2 4 B S A )
SEAA K

{5 B A0y 4% (information centeric network,
ICN) J& — P LA i 4 E04E X 508 H O 1 W 4% 25 4.
IP Y 4% DAty A0 £ AL A4 1047 -0 A0 2% i 1) 77 sUAN A,
ICN 38 HH B2 ), A BRI G2 A7 22797 s, DASK
PLEL INTEREST/DATA 4 & 9 VG BE R (368 15 - Vi 9%

~
¥

" F3 LR R AT
ik gy, [ EE
N T B A TG A 5 A 2 R, LS s 2 7T
361 )55, B I, SRR T ) 3B AT 2 1 Y VR R

[37] S MY K.
LB E SR E B

oA A+ 2% R P = R A ], {5 P 00 2% i SR B I 4 B3 AR k24 T 4.

Bt TRR ARG, JEN Bl SRR E . BE, A

3y BORRIR & SHORIRAR. AT B, (T I A O 7 SRR LA ot 48 7019
oA A v
e EHORTIT A AR A S5 b S B G . R AT AR, 0P 2 A B R
[44] ZEBBOMELE. LB L. LRHR 2 AT 1T 45 0T

el 5% S Rk Kol J= ik S
k.

211 8% 56 22 01 DT 2% 2 1R D R X
LR of 451 25 G AR

J82 P8 X ] (K T8 A Bt
PEAIR.

T 5 AR T 5 5 B S5
U4 TR B R 5,
FESD-MANETHERELAMEHIRE o
(51) LA R ERge PR
4902 T Ryt

T S5 AR T B S T 2R (68 e
TR MRS, LA,
Ly L

55) guppmoeks st gy, oD AL,
VeI 4 AL T R A
B 8 2.

o R A R

[59] ML, Jok/s ) it e (¥ 5 0 AR O SDN+ICN.
a7kt EdibluStiaer

\
A ) (R SU d S ). 21 i AODV Bl 4y 4 FI AL, é@DNﬁﬁU%&S’E?&NH .

Pebl 2 U R4 RA S B, BT BUCTH TS T R E 082, $Udm 2

AR R b BSR4 R B R A3 AT A 2 .

B TOANUIE 53 P Fh 5 45 Master(F 9 JR 504152, BRI Slavelt)

WA RIH (T BRI 2y B SlavelyE Master F & 15208 5 347 SLdsfasth) . B7%
‘ R

R AR 25 WL REAR i 2 A T T A b 45 P B el L B S %)

R, TS TR HEAT T $ AL

BOHESF AR AR P A R OR B R e R — Bk, @S
MANET$ B W30 AT T — Bk 16 .

87 F GATASE Y T30 0 X 28 s A5 OB 1 4, AT TS84T 43 A U el
PSR EE T S ph A% T 197 1 R 2 e A 2

{8 2 vk a3 il s SD-ABN T il 2 W S8 1%, 3R H 4 BOB R T &
B RN DA T 5% 50T 53R, 92> I 4 AL TR AR ) 4
Bedfa 25 2 RN SCEFDTNAISDN, A DTN 4 7E H AR s A A]
Ui 17 BRF 1 FRF 77 B 3R 725 00, 60 5% 2 JE K 2500 ki B H .
ICNY R K B A7 16 17 SR 3 B I DA o i 8 o 2 B ) AT R e 0k
I N FE; SDN il B2 S B AT 35 AUIRZAS IIDATATY B LB
BIRES, FAE R A/ W AT I 38 KA DATAN &, S ERZ AL
FITF 4 PR AIK.

[45]
[46] TR ] CRBE s DI 6e).
[47]

[49] ‘Jﬁﬁﬁﬁﬁ%ﬂ (AR 2 4% ).

¥

[52]

[57] SDN+DTN.
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48 MANET % i P R B8 SEELER A WL B AT 55
(315 R, (H oA e R — e FE R B PR T A
SR R, SDN (AR A N 484k R &5, BEA
2 JR M FEFRFE MANET %5 HEEE 77, A RNE S5
EAHLUE R R QoS B HH RS (H i+ H 4 b 2 il
A, TE S R4 0 Rt 2 SR I ml Sk . R A
RCVE S L H R AR O 2 BT X AR [F 3%
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VP22 38 B ) R A A e, R G IR T B B R
B, Aok SDN fE& AR MANET # i1 M A id 45 LR 5
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M0 R SR . ARBEIRESEEE, 31
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i1 QoS Jfi&.
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B A .
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BeTEAE AL, CERA DRI 5815 R0 I 28 A8 44 1138 13 g
JIVRT VB, ol F2 ) R 0] 7 5 2 U6 PR T .

SE Rk
RN, BRI, BT4RIS, %%, SDN HiAR7E AR MANET Hi
FIR. B AR, 2019, 59(5): 532-537. [doi: 10.3969/j.issn.
1001-893x.2019.05.007]
2 Orfanus D, de Freitas EP, Eliassen R’. Sélf-organization as a

—_

supporting paradigm for military UAV relay networks. IEEE
Communications Letters, 2016, 20(4): 804-807. [doi: 10.1109/
L,COMM:~201*6.2524405]

3 BRIBSS, 1, 255 B3 Ad Hoo %5 h il 4508.
TENLELE, 2003, 30(12): 27-30. [doi: 10.3969/j.issn.1002-
137X.2003.12.007]

4 Chlamtac I, Conti M, Liu JIN. Mobile ad hoc networking:
Imperatives and challenges. Ad Hoc Networks, 2003, 1(1):
13-64. [doi: 10.1016/S1570-8705(03)00013-1]

Perkins CE, Bhagwat P. Highly dynamic destination-

W

sequenced distance-vector routing (DSDV) for mobile
computers. Proceedings of the ACM SIGCOMM Conference
on Communications Architectures. London: ACM, 1994.
234-244.

6 Perkins CE, Royer EM. Ad hoc on-demand distance vector
routing. Proceedings WMCSA *99. Second IEEE Workshop
on Mobile Computing Systems aﬁd \'Applications. New
Orleans: IEEE, 1999. 90-100.

7 Tareque H, I;Io§§ain S, Atiquzzaman M. On the routing in

flying ad. hoc networks. 2015 Federated Conference on

C(;mputer Science and Information Systems. Lodz: IEEE,

2015. 1-9.

Bekmezci I, Sahingoz OK, Temel S. Flying ad-hoc networks

(FANETs): A survey. Ad Hoc Networks, 2013, 11(3):

1254-1270. [doi: 10.1016/j.adhoc.2012.12.004]

9 AR, BRERE, HKE, 55, B E SO L BORTE AR
WA S P BIE 7T SAE HA, 2014, 47(12): 1392-1399. [doi:
10.3969/j.issn.1002-0802.2014.12.010]

10 Bernardos CJ, de la Oliva A, Serrano P, et al. An architecture
for software defined wireless networking. IEEE Wireless
Communications, 2014, 21(3): 52-61. [doi: 10.1109/MWC.
2014.6845049]

11 ZWMW, kG, T, 5T SDN HI T L H M fl & BRI
Regik. MAS AR, 2019, 52(7): 1549-1555. [doi: 10.3969/
j-issn.1002-0802.2019.07.001]

12 5K, BRI, AR H, %, 2T SDN/NFV (1) R — 4k
W £ SR E 7. ZEFIRAEHER, 2017, 38(2): 33-38.

o0

Research and Development iff 72 & 319

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.3969/j.issn.1001-893x.2019.05.007
http://dx.doi.org/10.3969/j.issn.1001-893x.2019.05.007
http://dx.doi.org/10.1109/LCOMM.2016.2524405
http://dx.doi.org/10.1109/LCOMM.2016.2524405
http://dx.doi.org/10.3969/j.issn.1002-137X.2003.12.007
http://dx.doi.org/10.3969/j.issn.1002-137X.2003.12.007
http://dx.doi.org/10.1016/S1570-8705(03)00013-1
http://dx.doi.org/10.1016/j.adhoc.2012.12.004
http://dx.doi.org/10.3969/j.issn.1002-0802.2014.12.010
http://dx.doi.org/10.1109/MWC.2014.6845049
http://dx.doi.org/10.1109/MWC.2014.6845049
http://dx.doi.org/10.3969/j.issn.1002-0802.2019.07.001
http://dx.doi.org/10.3969/j.issn.1002-0802.2019.07.001
http://dx.doi.org/10.3969/j.issn.1001-893x.2019.05.007
http://dx.doi.org/10.3969/j.issn.1001-893x.2019.05.007
http://dx.doi.org/10.1109/LCOMM.2016.2524405
http://dx.doi.org/10.1109/LCOMM.2016.2524405
http://dx.doi.org/10.3969/j.issn.1002-137X.2003.12.007
http://dx.doi.org/10.3969/j.issn.1002-137X.2003.12.007
http://dx.doi.org/10.1016/S1570-8705(03)00013-1
http://dx.doi.org/10.1016/j.adhoc.2012.12.004
http://dx.doi.org/10.3969/j.issn.1002-0802.2014.12.010
http://dx.doi.org/10.1109/MWC.2014.6845049
http://dx.doi.org/10.1109/MWC.2014.6845049
http://dx.doi.org/10.3969/j.issn.1002-0802.2019.07.001
http://dx.doi.org/10.3969/j.issn.1002-0802.2019.07.001
http://www.c-s-a.org.cn

i E R SN

http://www.c-s-a.org.cn

2022 4F #5314 H 4

13

14

15

16

17

18

19

20

2

—_

22

23

24

Bellavista P, Dolci A, Giannelli C. MANET-Oriented SDN:
Motivations, challenges, and a solution prototype. 2018 IEEE
19th International Symposium on A World of Wireless,
Mobile and Multimedia Networks (WoWMoM). Chania:
IEEE, 2018. 14-22.

HITT, 28006, SEF, 45 T Ryu i) SDN M2 5h 254 H
SRSEBL. V4% Tl K 22540), 2018, 38(3): 279-285.

Yu HC, Quer G, Rao RR. Wireless SDN mobile ad hoc
network: From theory to practice. 2017 IEEE International
Conference on Communications. Paris: IEEE, 2017. 1-7.
Labraoui M, Boc MM, Fladenmuller A. Software Defined
Networking-assisted routing in wireless mesh networks. 2016
International and Mobile
Computing Conference (IWCMC). Paphos: IEEE, 2016.
377-382.

Zhao ZL, Cumino P, Souza A, et al. Software-defined
unmanned aerial vehicles networking for video dissemination
services. Ad Hoc Networks, 2019, 83:,68=77. [doi: 10.1016/
j-adhoc.2018.08.023] !

Chen X, Wu T, Sun'G, et al. Software-defined MANET
swarm for mobile monitoring in hydropower plants. IEEE
Access,2019,7:152243-152257.[doi: 10.1109/ACCESS.2019.
2948215]

Zhu S, Sun Z, Lu Y, et al. Centralized QoS routing using

Wireless Communications

network calculus for SDN-based streaming media networks.
IEEE Access, 2019, 7: 146566—146576. [doi: 10.1109/ACC
ESS.2019.2943518]

Wang JF, Miao YM, Zhou P, et al. A software defined
network routing in wireless multihop network. Journal of
Network and Computer Applications, 2017, 85: 76—83. [doi:
10.1016/j.jnca.2016.12.007]

Streit K, Schmitt C, Giannelli C. SDN-based regulated flow. |

routing in MANETSs. 2020 IEEE International Conference on
Smart Computing (SMARTCOMP)., Bologna: IEEE, 2020.
73-80. R "

Qi WJ, Song QY, Kong X:T, et al. A traffic-differentiated
routing algorithm in flying ad hoc sensor networks with SDN
cluster controllers. Journal of the Franklin Institute, 2019,
356(2): 766-790. [doi: 10.1016/j.jfranklin.2017.11.012]

Siraj MN, Ahmed Z, Hanif MK, et al. A hybrid routing
protocol for wireless distributed networks. IEEE Access,
2018, 6:67244-67260. [doi: 10.1109/ACCESS.2018.2875952]
Poularakis K, Qin QF, Nahum E, ef al. Bringing SDN to the
2017 1EEE SmartWorld, Ubiquitous
Intelligence & Computing, Advanced & Trusted Computed,

mobile edge.

Scalable Computing & Communications, Cloud & Big Data

Computing, Internet of People and Smart City Innovation

320 75 JF & Research and Development

25

26

27

28

29

30

31

32

33

34

35

(SmartWorld/SCALCOM/UIC/ATC/CBDCom/IOP/SCI).
San Francisco: IEEE, 2017. 1-6.

Naser JI, Kadhim AJ. Multicast routing strategy for SDN-
cluster based MANET. International Journal of Electrical and
Computer Engineering (IJECE), 2020, 10(5): 4447-4457. [doi:
10.11591/ijece.v10i5.pp4447-4457]

Zhao Q, Du PY, Gerla M, et al. Software defined multi-path
TCP solution for mobile wireless tactical networks. 2018
IEEE Military Communications Conference (MILCOM). Los
Angeles: IEEE, 2018. 1-9. \

Fratta L, Gerla M, Kleinrock L. The wﬂow deviation method:
An approach to store-and-forward communication network
design. Networkv's, 197343(2): 97-133. [doi: 10.1002/net.3230
030202]

Secinti G, Darian PB, Canberk B, et a/. SDNs in the sky:
Robust end-to-end connectivity for aerial vehicular networks.
IEEE Communications Magazine, 2018, 56(1): 16-21. [doi:
10.1109/MCOM.2017.1700456]

Zacarias 1, Schwarzrock J, Gaspary LP, et al. Enhancing
mobile military surveillance based on video streaming by
defined
Communications and Mobile Computing, 2018, 2018:
2354603.

Peng YH, Guo L, Deng QX, et al. A novel hybrid routing
forwarding algorithm in SDN enabled wireless mesh
networks. 2015 IEEE 17th International Conference on High
Performance Computing and Communications (HPCC), 2015

employing  software networks.  Wireless

IEEE 7th International Symposium?on'Cyberspace Safety
and Security (CSS) and 20154 IEEE 12th International
Conference on 'Embedded Software and Systems (ICESS).
New York: IEEE, 2015.1806-1811.

Wiekboldt JA, De Jesus WP, Isolani PH, et al. Software-
defined networking:
challenges. IEEE Communications Magazine, 2015, 53(1):
278-285. [doi: 10.1109/MCOM.2015.7010546]

Abdullah ZN, Ahmad I, Hussain I. Segment routing in
software defined networks: A survey. IEEE Communications
Surveys & Tutorials, 2019, 21(1): 464—486.

Zahmatkesh A, Kunz T. Software defined multihop wireless

Management requirements and

networks:  Promises and challenges. Journal of
Communications and Networks, 2017, 19(6): 546—554. [doi:
10.1109/JCN.2017.000094]

Hawbani A, Wang XF, Zhao L, et al. Novel architecture and
heuristic algorithms for software-defined wireless sensor
networks. IEEE/ACM Transactions on Networking, 2020,
28(6): 2809-2822. [doi: 10.1109/TNET.2020.3020984]
OpenFlow switch specification version 1.3. 1. http://www.

openflow.org/. [2021-04-18]

© TEREBIK R

http://www.c-s-a.org.cn


http://dx.doi.org/10.1016/j.adhoc.2018.08.023
http://dx.doi.org/10.1016/j.adhoc.2018.08.023
http://dx.doi.org/10.1109/ACCESS.2019.2948215
http://dx.doi.org/10.1109/ACCESS.2019.2948215
http://dx.doi.org/10.1109/ACCESS.2019.2943518
http://dx.doi.org/10.1109/ACCESS.2019.2943518
http://dx.doi.org/10.1016/j.jnca.2016.12.007
http://dx.doi.org/10.1016/j.jfranklin.2017.11.012
http://dx.doi.org/10.1109/ACCESS.2018.2875952
http://dx.doi.org/10.11591/ijece.v10i5.pp4447-4457
http://dx.doi.org/10.1002/net.3230030202
http://dx.doi.org/10.1002/net.3230030202
http://dx.doi.org/10.1109/MCOM.2017.1700456
http://dx.doi.org/10.1109/MCOM.2015.7010546
http://dx.doi.org/10.1109/JCN.2017.000094
http://dx.doi.org/10.1109/TNET.2020.3020984
http://www.openflow.org/
http://www.openflow.org/
http://dx.doi.org/10.1016/j.adhoc.2018.08.023
http://dx.doi.org/10.1016/j.adhoc.2018.08.023
http://dx.doi.org/10.1109/ACCESS.2019.2948215
http://dx.doi.org/10.1109/ACCESS.2019.2948215
http://dx.doi.org/10.1109/ACCESS.2019.2943518
http://dx.doi.org/10.1109/ACCESS.2019.2943518
http://dx.doi.org/10.1016/j.jnca.2016.12.007
http://dx.doi.org/10.1016/j.jfranklin.2017.11.012
http://dx.doi.org/10.1109/ACCESS.2018.2875952
http://dx.doi.org/10.11591/ijece.v10i5.pp4447-4457
http://dx.doi.org/10.1002/net.3230030202
http://dx.doi.org/10.1002/net.3230030202
http://dx.doi.org/10.1109/MCOM.2017.1700456
http://dx.doi.org/10.1109/MCOM.2015.7010546
http://dx.doi.org/10.1109/JCN.2017.000094
http://dx.doi.org/10.1109/TNET.2020.3020984
http://www.openflow.org/
http://www.openflow.org/
http://www.c-s-a.org.cn

2022 4F #5314 H 4

http://www.c-s-a.org.cn

i H AR SN A

36

37

38

39

40

4

fuay

42

43

44

45

46

47

48

Nobre J, Rosario D, Both C, et al. Toward software-defined
battlefield networking. IEEE Communications Magazine,
2016, 54(10): 152-157. [doi: 10.1109/MCOM.2016.7588285]
Wi, 22 5, SEH. OXP: — il 7] SDN #2230 FH 4L (1 4 74
L. S LREH R SR #E1L, 2016, 29(9): 32-37. [doi:
10.3969/j.issn.1008-5599.2016.09.011]

Poularakis K, lIosifidis G, Tassiulas L. SDN-enabled tactical
ad hoc networks: Extending programmable control to the
edge. IEEE Communications Magazine, 2018, 56(7):
132-138. [doi: 10.1109/MCOM.2018.1700387]

Dixit A, Hao F, Mukherjee S, et al. Towards an elastic
distributed SDN controller. ACM SIGCOMM Computer
Communication Review, 2013, 43(4): 7-12. [doi: 10.1145/25
34169.2491193]

Poularakis K, Qin QF, Ma L, ef al. Learning the optimal
distributed SDN

Conference on

rates in control
architectures. IEEE
Communications. Paris: IEEE; 2019. 1099-1107.

Killi BPR, Rao SV. Controller placement in software defined
networks: A Comprehensive survey. Computer Networks,
2019, 163: 106883. [doi: 10.1016/j.comnet.2019.106883]
Heller B, Sherwood R, McKeown N.
placement problem. Proceedings of the First Workshop on

Helsinki:

synchronization

_Computer

The controller
Hot Topics in Software Defined Networks.

Association for Computing Machinery, 2012. 7-12.
Yan X, Hu XD, Liu W. SDN controller deployment for QoS
ad hoc
Communications and Mobile Computing, 2021, 2021:
5586650.

Qin QF, Poularakis K, Iosifidis G, et al. SDN controller

placement with delay-overhead balancing in wireless edge

guarantees in tactical networks. Wireless

networks. IEEE Transactions on Network and Service

Management, 2018, 15(4): 1446—1459. [doi: 10.1109/TNSM."

2018.2876064] >

Yuan AS, Fang HT, Wu Q. OpenFlow based hybrid routing
in Wireless Sensor:Networks. Proceedings of IEEE Ninth
International Conference on Intelligent Sensors, Sensor
Networks and Information Processing. Singapore: IEEE,
2014. 1-5.

Abolhasan M, Lipman J, Ni W, et al. Software-defined
wireless networking: Centralized, distributed, or hybrid?
IEEE Network, 2015, 29(4): 32-38. [doi: 10.1109/MNET.
2015.7166188]

Xiong F, Li AJ, Wang H, et al. An SDN-MQTT based
communication system for battlefield UAV swarms. IEEE
Communications Magazine, 2019, 57(8): 41-47.[doi: 10.1109/
MCOM.2019.1900291]

MQTT. MQTT Version 5.0. http://mqtt.org. [2021-04-29]

49

50

51

52

53

54

55

56

57

58

59

60

Poularakis K, Qin QF, Nahum EM, et al. Flexible SDN
control in tactical ad hoc networks. Ad Hoc Networks, 2019,
85: 71-80. [doi: 10.1016/j.adhoc.2018.10.012]

Bianchi G, Bonola M, Capone A, et al. OpenState:
Programming  platform-independent  stateful
applications inside the switch. ACM SIGCOMM Computer
Communication Review, 2014, 44(2): 44-51. [doi: 10.1145/
2602204.2602211]

Poularakis K, Qin QF, Marcus KM, et al. Hybrid SDN
control in mobile ad hoc networks. 2019 IEEE International
Conference on Smart Comput‘i‘hg ~ (SMARTCOMP).
Washington: IEEE, 2019. 110-114.

Qin QF, Poularzrkis KyMartens A, et al. Learning-aided SDC

control in mobile ad hoc networks. Proceedings of Artificial

openflow

Intelligence and Machine Learning for Multi-Domain
Operations Applications III. SPIE, 2021. 117461T.

HREETE, B4R, R Bui i (SR) £ SDN H R BT, S
BB BOR, 2016, (11): 77-80. [doi: 10.12045/j.issn.1007-
3043.2016.11.016]

Luo L, Yu HF, Luo SX, et al. Achieving fast and lightweight
SDN updates with segment routing. 2016 IEEE Global
Communications Conference (GLOBECOM). Washington:
IEEE, 2016. 1-6.

Chen KF, Zhao SH, Lv N, et al. Segment routing based
traffic scheduling for the software-defined airborne backbone
network. IEEE Access, 2019, 7: 106162—-106178. [doi: 10.
1109/ACCESS.2019.2930229] e\

Fall K, Farrell S. DTN: An architectural retrospective. IEEE
Journal on Selegted Areas in Communications, 2008, 26(5):
828-836. [doi: 10.1109/JSAC.2008.080609]

Zacarias 1,"Gaspary LP, Kohl A, et al. Combining software-
defined and delay-tolerant approaches in last-mile tactical
edge networking. IEEE Communications Magazine, 2017,
55(10): 22-29. [doi: 10.1109/MCOM.2017.1700239]
Ahlgren B, Dannewitz C, Imbrenda C, et al. A survey of
information-centric networking. IEEE Communications
Magazine, 2012, 50(7): 26-36. [doi: 10.1109/MCOM.2012.
6231276]

Leal GM, Zacarias I, Stocchero JM, et al. Empowering
command and control through a combination of information-
centric networking and software defined networking. IEEE
Communications Magazine, 2019, 57(8): 48-55.[doi: 10.1109/
MCOM.2019.1800288]

Guan ZY, Bertizzolo L, Demirors E, et al. WNOS: Enabling
principled software-defined wireless networking. IEEE/ACM
Transactions on Networking, 2021, 29(3): 1391-1407. [doi:
10.1109/TNET.2021.3064824]

Research and Development ff 78 1 & 321

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/MCOM.2016.7588285
http://dx.doi.org/10.3969/j.issn.1008-5599.2016.09.011
http://dx.doi.org/10.1109/MCOM.2018.1700387
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1016/j.comnet.2019.106883
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://mqtt.org
http://dx.doi.org/10.1016/j.adhoc.2018.10.012
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/JSAC.2008.080609
http://dx.doi.org/10.1109/MCOM.2017.1700239
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/TNET.2021.3064824
http://dx.doi.org/10.1109/MCOM.2016.7588285
http://dx.doi.org/10.3969/j.issn.1008-5599.2016.09.011
http://dx.doi.org/10.1109/MCOM.2018.1700387
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1016/j.comnet.2019.106883
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://mqtt.org
http://dx.doi.org/10.1016/j.adhoc.2018.10.012
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/JSAC.2008.080609
http://dx.doi.org/10.1109/MCOM.2017.1700239
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/MCOM.2016.7588285
http://dx.doi.org/10.3969/j.issn.1008-5599.2016.09.011
http://dx.doi.org/10.1109/MCOM.2018.1700387
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1016/j.comnet.2019.106883
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://mqtt.org
http://dx.doi.org/10.1016/j.adhoc.2018.10.012
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/JSAC.2008.080609
http://dx.doi.org/10.1109/MCOM.2017.1700239
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/TNET.2021.3064824
http://dx.doi.org/10.1109/MCOM.2016.7588285
http://dx.doi.org/10.3969/j.issn.1008-5599.2016.09.011
http://dx.doi.org/10.1109/MCOM.2018.1700387
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1016/j.comnet.2019.106883
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://mqtt.org
http://dx.doi.org/10.1109/MCOM.2016.7588285
http://dx.doi.org/10.3969/j.issn.1008-5599.2016.09.011
http://dx.doi.org/10.1109/MCOM.2018.1700387
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1145/2534169.2491193
http://dx.doi.org/10.1016/j.comnet.2019.106883
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/TNSM.2018.2876064
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MNET.2015.7166188
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://dx.doi.org/10.1109/MCOM.2019.1900291
http://mqtt.org
http://dx.doi.org/10.1016/j.adhoc.2018.10.012
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/JSAC.2008.080609
http://dx.doi.org/10.1109/MCOM.2017.1700239
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/TNET.2021.3064824
http://dx.doi.org/10.1016/j.adhoc.2018.10.012
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.1145/2602204.2602211
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.12045/j.issn.1007-3043.2016.11.016
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/ACCESS.2019.2930229
http://dx.doi.org/10.1109/JSAC.2008.080609
http://dx.doi.org/10.1109/MCOM.2017.1700239
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2012.6231276
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/MCOM.2019.1800288
http://dx.doi.org/10.1109/TNET.2021.3064824
http://www.c-s-a.org.cn

	1 引言
	2 战术MANET路由现状以及软件定义网络
	2.1 战术MANET路由
	2.2 软件定义网络

	3 基于SDN的MANET路由研究
	3.1 最短路由
	3.2 流量分类路由/优先级路由
	3.3 层次式路由
	3.4 多路径路由
	3.5 混合网络路由

	4 存在问题
	4.1 控制层可靠性
	4.2 流表下发时间
	4.3 控制开销
	4.4 混合网络元素
	4.5 扩展性

	5 解决方法
	5.1 分布式控制: 分散控制负担
	5.2 混合式控制: 下发控制功能
	5.3 分段路由: 改进转发规则下发方式
	5.4 结合其他架构: 提升数据层适应能力

	6 结束语

