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(SDWN) with multi-controller domains is a classic NP-hard combinatorial optimization problem.
As the network size increases, the design and implementation of cross-domain multicast routing
paths in this network necessitates not only the development of efficient algorithms for identifying
the optimal cross-domain multicast tree but also the assurance of timely and flexible acquisition
and maintenance of global network state information. To address the shortcomings of existing
solutions have limit ability to sense the network traffic state, affecting the quality of service (QoS)
of multicast services, and the difficulty adapting to the highly dynamically changing network state
and slow convergence speed, this paper designs and implements a multiagent deep reinforcement
learning-based cross-domain multicast routing (MA-CDMR) method for the SDWN with multi-
controller domains. First, a multi-controller communication mechanism and a multicast group
management module are designed to transfer and synchronize network information between
different control domains of the SDWN, respectively, thus effectively managing the joining and
leaving of members in the cross-domain multicast group. Second, a theoretical analysis and proof
show that the optimal cross-domain multicast tree includes an interdomain multicast tree and an
intradomain multicast tree. An agent is set up for each controller, a cooperation mechanism
between multiple agents is designed to effectively optimize cross-domain multicast routing and
improve the overall network performance and resource utilization, and a multiagent reinforcement
learning-based method that combines online and offline training is designed to reduce the
dependence on the real-time environment and increase the convergence speed of multiple agents.
Finally, a series of experiments and their results show that the proposed method achieves good
network performance under different network link information states, and the average bottleneck
bandwidth is improved by 7.09%, 46.01%, 9.61%, and 10.11% compared with the existing
KMB, SCTF, DRL-M4MR, and MADRL-MR methods, respectively; the average delay is
similar to that of MADRL-MR, and significantly better than that of KMB, SCTF, and DRL-
M4MR; the packet loss rate and the average length of multicast tree are also better than those of
these existing methods. The average delay is similar to that of the MADRL-MR method while it
is significantly improved over the KMB, SCTF and DRL-M4MR methods, while the packet loss
rate and the average length of the multicast tree are also better than these existing methods. The
source code of this work has been made available on the open-source platformhttps://github. com/
GuetYe/MA-CDMR.
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multi agent; deep reinforcement learning

20254

1 35|

il

Wit 5 G {5 B A (8 AN W A R M H 7 5% e 4
J7E K, Frp i TR A A A T N T 2 A
UL ST Ay P BB A0 0 A1 33 55 45
Ypgerh o 5N B R A R E fE AT LUK A
e P9 K00 1 i 2y 224 S B JOEk R 45 1 v
PR AR B2 RN AT DA AR Y 2 I 25 e
R 28 k. B2 R AR b B 4L BRI ol L AS B 7
TR — R R BT AR R P A A SR D 4 R

B DA ) e KA ST 98 » 5 /MAT i B 228 1 25
ARG RRTE b - 32 5 28 B IR A AR . SR, 7
o T B A AR A Y TO K ) 285 v k) e L A FE A T 2R
A RS MR A ) I 28 4 IR SR S . A S
(Y TC 2k I 465 45 B 7 A0 A1 X LA 52 0 4 ey IR 285 R
DA BRI

AR L TCZR M 4% (Software Defined Wireless
Network, SDWN)HAR i[9 2 17 i °F i -5 K-
T 5« 3 3l A v A8 JHURN 2 355 S R B 52 I X 4% 4R
A5 BRI 48 92 IR G 4 R AL AL B &, T AR
U b fifp AL G0 O 2 0 28 A5 B 7 S Bk g o R 5 Bl



634 M Hi%F: MA—CDMR: 25 SDWN sp—Ffill T 2258 RE AR L i Al 7 > 108 REBS AL 1% o th 5 7k 1419

28 BRI 2k i3 i, B SDWN 45 AR
5 Ty R B RO TR 2 AR LA 3k S A P S
PERBIRET . A 1 v sk £ PR -4t w5 X 2 P g AT
FEPE L 3E R SDWN ) 4% -S4 ] A8 B U
Bl 24 8 FAR X, TR 75 7% 18 SDWN rh 245
) A5 ) 2 4% £ b ) R

TEALGE 22 B TC LM 45 vh AL 58 20 15 30 57 I S By
W MBGP (MultiProtocol Border Gateway Protocol)™*
0 A 0 5 % R RS R AT T RN S A TR
B R A% 3 2H R % eh AR R IR AR X S F B S
AR BRI IE B e & o (B MBGP 52 B8R 5] 36 £
e B RCON B, B 5P Has Z hlE = G4, 7%
FRAIM T 2 R ) A i = 4 Jmy PR IS 3 ) O
TR DR AEE G  FTRE 2 2 BOH B AR 5 R 2D 1 SE 3R
A= IEARTE A FE 23R SDWN H 21 45 % th 1% 4%
A ) A L L PR R ] A ) 2% S B R
o BE B A AR AR Y BRI S ARG H 05 sAR AT
620 A7 FEAS [R] 3 330wt X 2 99 2 %) % B 2 995 6% P
110 T 3055 Sl 2 0 A 11 ) R B AT A% i 5
TEE N TP . P, G 7E 2 5 SDWN i it i
a7 A R S T ) 2% i % A I, v 2 Bl A A g 1 B
ZHREAR LA e 1 B B S 2L 98 M 55 T oK — TR R
AR SOMEE

KA SR PR 1 — Le 2 A T VA A AT 5Y
o B WS R B 48 2R R W 118 30 R e A SR S vk (81
KMB™/# SCTF ) Fle & AR RO AL 75 7% (il
WERE GA™D o XLy i T ANGE RS M Tk
TV e B A AR A D £ A e 9 oK T LR G
DR LA TR REFE A, B = 2 R AL RE Ty o TR
S AL 2 2 SRR — R B IR Sl D R A%
TREF 127 2T R T 5 HE S DK o 0 28 B 4 v B SBURRAIE
AR, A TR O 1 2 475 B SR o DA T 42 2 4 i
H (9 1 B 5 R8O A A% 2 T i B TSR 1 R 0
AT RE 32 07 52 2% 1 D) 268 9 I F 3 285 728 Ak 1Y) 1 5
3K BLMT B O A W OR B i b2y >0 7 SISk 2L 49 1) A
31 G0 5 Ak 2 2 AL 1 B R 51 Q-RLY™ . DRL-
M4MR", MADRL-MR"* J7 % . {H ik Se 84518
4 2 B SDN A 416 7] 281 1 7 22 48 SDWN [ 2%
T (14) ZH 4 170 030 5 S e o o gt ol [ ) 71 J2 A% 3
(7] 2 2 1 2H 1 A5 B L 2 9 0 vy 96 1 BT LA S T A
2 Ml ) 0 e 2 A o S 2 B B Y
[R) A

WA s BRI B FH T il e 6 e A A o) A ) T B i
b2 2 Bk K £ 02 Online 54k 2% 217 X, HA)l 2k

IR ME 43 oA R K W on-policy ™ Fll 55 3 W& off-policy
PRy =2 X PR SRR A S SR A . HS
THAS 10 P 48 IR T, 2 e A 5 PR 1 S8 B 28 A
AR PR 0 X AR U 2Rt #2 b 75 B AT K A1k
FEFRR JF BAE S Ab 2 >l i Hae R 2 i
SIS S 0 Dy s R R R AR, X T RE SR
o B R B IEFE AN R A o i 2R A )
(Offline Reinforcement Learning )" il % /N 75 2 53
BE AT 2 ., BT L RE B g b Ak 1 K RIS o 28 B 5
155 Bl 5 PR S A8 L AR, B A AR
FH D3 52 Bt e B 2 2 S RO RN Rt B . % S
BB I 48 PR a0 SRR B e Ak 2= 2T 1 7 =K
R Mg R 5 H [R) R0, 30 5 i ke PR fefE g e Bk A T
BT B REAS i 22 A = PR G ] 1

i L A J7 i A AR SO 23 SDWN
Hh B SR A B B bR ()R T T — R T 2  RE AR TR
siAL 2 > R BESK #7775 (MA-CDMR) o4 T figg ke
AN [RS8l 2z ) P 28 AR A7 B[R] 20 A ik, DL M 40 1%
ZH B 53 A A A [R) 328 ol 2 3 s R ) A R 4Rl 0
PRIRJRR, BTt T — A il 25 38 15 AT HR R0 2 9 21 A5 3
B LS B ] 88 22 6] 45 2 1) — B0k, DL a5 3 20
5 20 B% D 0 e BRI PR A R AL RN B Y A AN
T& 5 7638 o BRIS 20 B FUUE B T e O 5 4 2 1 AR
(Optimal cross-domain multicast tree )i, Jak 5] 2 1%
B (Inter-domain multicast tree) A1 &k N 2H #&
(Intra-domain multicast tree) B8 4518 5 . M
iR Sl A AR ] 2L 5 R A Y ) G R T SR A
BRI 38 o o X SE R R AR T T R G Y B
VEML , SEBE T 247 15 2L 49 (65 P R 50 1 DX R 2
TR — BRI RUE O TR T2 AR
SRR AN SO FE L ek 2D 5 R P 58 S I A2 B
I RUA , G55 B mib 5 2 it T — ML 5 84k
FASE G 1 22 B Be N 2k 07 =X 5 2 JEONT 3k 26 4l P B A4
M B Z [ 722 e 2l ST i A AT T 53 0 248 25
A S AR 2 )L I AE B O ST i sh A4S 1] ik
i A 2B EREE A S T T —Fh o 2 L
Lk (Fully decentralized , L) #R i =0, 442 g
PRI A b A7 2 AT ISR L A 1 b A5 i AT el
KT REAE T 4 1l B PR BE A8 4k, $ v T 2
REMR I PIMERE .

AT E LR TTERAN T

(D) &R A 2 L Io M4 SDWN 22 584 5
AR A5 B T — A I T I 5 RS BB A 2
AE MR BE B fb 2 2] B A1 ) R AR AE SR . AR 2 %0



1420 i & HL 2 ki 20254
BFST A SCH Y 3 o B R 4% 22 B R Y
R A% e L UEAT S MM R S BB ki 2 FEE T E

[7) 250ty S ) 2 475 kS e R 3 A 2 47 A A o 1) 7
AT ()8, X6 3k 2 7 [l {5y BT T UME 28
RE A b2 2T SR fig BB vA 4 SDWN £ 3837 5 F B9 4
W ) A TR A

(2) LT AL G i 2485 10 I G B, A Sk
F SDWN 45 il 12 5 46 v R ] 2 B2 0 45 2 0T T 45
il #8388 15 ML T 0 4L 9% 2L PR B, D) S B 2 4 1l
3o ) T B A 3 AR () 2 DA R Ko 1k 2 408 4 A B 1)
RIMA G SRR T G k0 7
o) S PRI T T 2% i LA ST 7 Do) 26 PR 285 v B AR AR 1Y
[ L, 308 3 SR T {6 M R 4y D 2 PR A A AL S B
Ja il 2 Sl =2 ) R 4 (0 W R R S W S SR B
IR S 0 2% A e Ao R SR AR AL T 4 R B R IR 1
B It .

(3) 1 XF SDWN Z 458 il 5 35 v 1255 1l 21 % ] it
(LR TS S Re A, 5 AR A 7 V5 75 R 4y I 45
AT B IE R, AR SO T 255 % BN 4%
I AR T B AE L B AR VRS AR L AP [A] Y IR L
T2 A8 RS S S P A R R A A T (A5 e R
FE A2 T 47 b JER R O 24 4 DR A7 B ) A2 A N ZH 4 A
i g e R A AR A 5 I AR 5 0 i A5 5] A 3k 1) 2EL 486 B
RIS PR 2E 435 B8 T 0 P R s 49 Sl T T A L 9 Bl A
g B TR BER IR RACR . B IR d ek R
YRGB 1) BB AR B VR 2 18] 8 T AT S8 22 8] 1) 340 1) 4
G BRI ER B R o — 2530 s B R B N 41
TR A RE AR SV 2 (8] R 3 1 AR B R SR
TR — Bk . X BB PR B AN R SV 5
B AT [R] P 22 il bR, N B PSR il 5 A
AR5 TC R B RSN BT . 51 R AR
e g v 255 3] R PN ZH 544

(4) BETHIY 22580 BE AR 2o B[] 2% 20 05 s B3 )
O SI2 0 55 L 2H AR B (AR R A A SR FH 58 4 2l
PR SR i X D B i 2 RE AR UMV A RS i, TRl s
Wt T B ATEZARSS G 0N 2507 s> T 5305
(1) 58 AT 2 06 S B PR B AR 06, A 3 T 22 50 g
MRS SIGH S

RCHATR AL . H2W AR THET
P o 585 353 MT T 2HL 3% 307 HERRE R 5 dnk £ 3% R 1)
ML, B4 T SDWN 21 il 5 B fE B5 1 41
2R . 5B 5 IR 41 T MA-CDMR 5% .
6N T LR PR RE VR 45 R . BT
BT R TAE.

AT h F B IR E L 2% v Z2 5 ) s 22
s v 5 Sl 2 7 B PR ) IR SR T VR I A T AR Y
—L .

1R GE R UK A 715 L. Kou 48 N4 i
TP T B AR R /AR A R (KMIB) 2R
A W 90 B . Angelopoulos %5 A" fdi | SCTF
(Selective Closest Terminal First) % % 3 #4 7 41 4%
W, %04 38 1 2R FH Dijkstra 89538 IR 2T A H
1 A B AR L SR e DR B PT AT B 89719 55 i
PAE M A s 4k /% . H. Takahashi %8 A48 H
T /AU AR R R R (MPHD . VLT
Rayward-Smith %5 A" &1 T —Fh 38 T 7 2 85 5
% (ADH). Naser 55 N 76 SDNAERFIREE T2 1
— B SRS T AR R B NI RELE RE AN 1 B
PR, JEF RS T =PI AR N 2R [ F R
W% . Weixiao 55 N2 B FR AL 5 (1)1 T R FH 2 1
i 4E 25 X 28 VR L B2 ) — i 22 24 2 K % R A2 L
il o BRAN B X 2R 48 A A A B s T A2 24 v g (1)
R AR T 22 dal 2o A ) 2 2 i el B R R R
I M SPT 39k, 38 o S 4R T k 2500 B AR L AL
PRI 2 H )0 P AR 2 T8 R 52855
BT AR S RNAFER . Chiang SN THE T
ZIRAEL A XA it B TR SR FH Gl R
FRMAE) R 6 A B AR T —Fh e g oA
FEE AL B AR A AR QR b e i 2
e H R ZOIRZSAF D [y A 55 Sl 2 45 i ol L L
2 45 R A SR ] A R B AR R SPT Bk . Liu %%
NEFETF AR ) M (SD-WANDHR I T —Fh £
LR 2 HAr AR A 3L (MCOPE) o 128K 1
SR A3 R JER U AL AR . B T PR IE RS
TR QoS UK S5 i) A, Sk s 1Ay H s 2 e KPR
by PR AE IR BB A TR K B A kb AR FH P 25 DR
H T AR R T R AR 22 s
[FIHEZE , K42 - T ] ok 220 J2 00 e AR s e e
P4 JR L ] R g A BT X 4 . DL ARG
3E F N O R —py A B bR, 05 A A B
S SR — 1) B AR FF S BE TR b S 0 4% 1 SEBRopR
0, P RE - B0 534 Jry S5 D0 R D) 28 1) 22 45 )
I BAG G AT AT BR L 78 KA A D) 45 P4 5%
H B F i 2 (] Y B PR A5 S S I I TR T R 2 2R
s B 4 s MR PR RE TR



611 M % MA—CDMR: £k SDWN H—Fj 3T 28 R AR TR I 3 fh 2 27 105 RS 41 3% I8 v vk 1421

BB AL SR AT s Wu S A T —
TIRA R BE A 2 )2 23006 M 4 IR IR 2 530 6
FTF PCE G 45 ZRA0 i N T 570 5 4R 4 AR 1l 2%
FHES B BTN B AR 2R L ISR FH etk i SR AR Ak
T T AR A AR L R4 R S B 1 [ R A
U 1) Jr i ol 4 P R AR e B . Ke 25 N T —
AT A L GA ARy 2 X T
T ) B 2 FE 3 2 T R 48 bR A s A KBS H v 0 P 4%
HP ) S VR ) R A A G 2L 4 s P SR . Liu 5
NP T —Fh 3 T £2 )2 - (TS-MLG)FESE
(1418 7 58 1% SR T 2 ) RNt 1] 9y T SE PR
3R] RO A A, T DA A R e
SE 15 1 PR AR AE A S AR S I (R R
AE - o ALY 58 1R 2R L O FLI RS 440 T 4
M L . Zhao %5 NE % & 2503 IR 55
ik (QoS) AT REAY AT L F L 42 T —FP 2 T 740
FINEL 114 3 J22 4 51 - T 235 ) S 4% 10 R4 R Sl ) 8 ey
%o T RRENS SN 2 WAL i TR (QoT) L BE B8k
S H RIS A3 T2 (RSA) o (HIZ 2 HiE 4 T8
] i o L JF A Pk P B ). LI NPT
BT 4 45 P TR BE 2R S B T —ANnT i R A
WOIE O B AR TR o 0 D S e B o ) PIv s T 56
B o AMIZFE R R T 9/E N QoS oK, %A
2 R I RE B FRAEE B OF LIS 24
R o ME LA IV S AR Ak 14 I 45 2R3

BTl aE S B RAR T Xu SE N R T
— T 22 S O P 45 1) 43 2 i A2 2T AE R LS B
S5 [R) Ml 55 37 K0 % phr S R A 43 L (RMSAD S
ZAHE R i — > 5 9% DRL B8 7l 2 MK 9% DRL #
e BB — ) 20 1 DRL A5 e 22 1) A 5 b .
XiF 4ok 8] R 45 08 oK . 2 B B UK DRL A5
TR A — SE R A5 B, IF N AR )2 A8 He A B s 1]
RMSA Yo . HiZ 073k HOC T3 E bl 55 38 oK #%
H . Dang % AN H T —Fp 3L T 25 g fh 2
2] (MARL) )P0 A0 5% 6 AL 114 720 550 I R 2 4 %
6 R VR T IR e R T — A R M R
(ILP) A 2k 5 F d5c 4 B A2 W (SPT) 1Y 2 45 it th
P 3R B H5 A e A, LA die /N B 6 A
RIGETT T — A28 Re sk k22 2] (MARL) fift Ht
5 % A e Ak e S LR () AL DA SR 4 A 2 Y
[H €k R R NE A LN Y A= B B
T e Ab b AL E A % R 2 AR ek Z 10
ZH RS, Zhao B NV T —Fh 25 e IR E
b 2E > 15 B R 55 T BE 4 I o ik R OT R SRS

R B AR ) A AR S SE R R A Jak g £ 2R A AR
i e AR B RS o AR T AN I ) % A B 1Y)
BFSEE , Xof At ANy 58 5 A 58 A5 I 25 B B A B IRk
AR 2% . Bhavanasi 88 AU T — AN T E #h
25 ) 2% 0 22 38 e 1A TR 2w Ak 2 o) B SRR B% el
s i VR AR R T R 28 I 4%k ok i R b 2
B, LS 3 G 5 1) I 2% U Bl 42 7R Rl
et A HALHAE T Fuir s Ak o ~J S mg CRI 25 7€ 1)
Il pRBO TEAR A H iz 47, IF DA B RN ZE
(G R o s SR e BT o V1 2 L 2 S
TR AR R 4% b F T 2 ) B LR W 1Y g A7
EJRRYE. Ye & NI T — AN LT 28 ek
A2 2 FTR 25 5 T 1) SDN 5 3808 i fi #h 35
207 B A U B — > Dueling DQN 2 fig
A o A 06 20 o 22 ) 6% 2 4 O 246 1 T, G v
AE AR 1) S AE % 11 A k-paths » k 4% #4529 1 Dijkstra
S A s e kR R A 2R 2] DA B S A AL i
1 AB A 0 K SF B AR SR A Y L O TSk S B
bl S T ) PN AR AT G o R R e o
TR EAR AR . Casas-Velasco 25 N HE T —Fp 3k
T Q-learning 2045 7 1%, 1% 7 15 7% TR BE OIRAS (S
SR AR R DR i SCHR T Y 2R LR
H . C. Zhao 5F A" it T SDN 1 4E T DQN
TR AL > Re AL FE B th vk . kSR A
JEHE [ T TE B AT R R AR, HZ O AR R e
AR 18 WS S5 A 1 Y () A

R R DL b R AR ST A SE B T — AP AE
SDWN Z 4 ifill &5 38 38 T 2 8 Be AR IR oAb 2= )
4 5 2 4% 8 1H O 5 (MA-CDMIR) .« 3l i 3 —
Ty Z2 4 i o 38 75 AL 1 R 2H 46 41 (muwlticast groups) &
PRALHL 43551 S 3 SDWN A [R] 42 il 35k 2 1] B 25 15 18,
B A% 338 A1) 20, 5 A A0 5 3k 40 4% A (Optimal cross-
domain multicast tree) 43 fi# A% 35K 18] 20 4% # (Inter-
domain multicast tree) F1m, P 2 % #4 (Intra-domain
multicast tree) P> ER 3 I b B HIER BT T Y
o7 ) 28 Re ki Ak 2% > SR 5a0k  Of Hoad i 78
&G ELALs G 2R ek 2 b
Xof S FAEE A ARSI bR 22 8 REAR S SR

3 BiEAEnERELSEE
3.1 BB F0HTIE 44 o) @

YRS —FIAE TR IR 25 rh [ B ) 24~ B AR
SABE R R 5 . AR Y B AR A



1422 it A

Pl

L
&

Eitd 2025 4F

PRELIERS s LAt/ MEAR F SAS . A3 2 — > LA
R AR i T BT BT SRR Z5 4
0 3 A /N AR (O 2 A T DA R Bl 1%
o B A R T A T AR D I 46 AT T R A% B 4E
R B/ NA L R ) S R b T e R G
/NS HE A AR [ S

BE—DHLIMBE G(V,E, w)FEm, v
S G TS EREE G IMES s wiEil
AT o e, 3R N7 8 B S i e, € EL I
WE R w(e,). FAHE—-TAFEHSEEMOV,
HM={src}UD, Hrsrc ZFE L. DEHFZH
WEES.D={d\,ds . d, ). B GREEGTaE
HIF T HEMMNTE. Hi, B Gt — A TE
M R S SRR R TG A

Tie /NI EE G0 AR ) LY AR AE B G R
— RS M YA R T=(V o, E4), I8 H 21 1 FL
HZ /N, A= (D PR,

Tqu‘LnLV‘zw(eij) (D
Hodr, Vo Rom W T A5 85 E-3Rs W TR A
M .
3.2 EEAER )&

ARG JEANT A E LTCER M 28 A1 2 12 i 4
S 0 S L A I AR R A O i (B JR 22 TAE
JETEZ B N AT BRI M 4% £ 22l
53T m AN, i =1, -, m G E L
XA A A o3 T T SO 2 AT 75— 5%
BB AR SO SRS 4 5 S 2 4 7] AT Ml 7
HEA I 2% WA s 40 LS EA T B9, OF BN 5 84 oy
Jei ) AP il AT SDN ZZ b1l & AR s A5 # 1 d
(R 5 1R S I ELABRGREATEAnT W42 ) £ ] 5 A2 O
KT BN A S Z E AR R IT 8, B850
Xt I REURS SRR I  FATTA A R PR BN

BRIl Bl LICR M2 & 1 )5
BN SDN ZZHAL 1Y 58 SRR R E AT
B [EA AL ST AT R B A .

BRi% 2. LA P J T B J ] e A2
B R TR AL P A Z TR AR AT

YR L5 AR IR A ARG B H B 8, A4
ARTE ] — SR IRF S B T2 — B AR AR B 2
PHEEANTEARRIR P REIE . AR IR sre s 4
BHNT N, i=1, -, n. X n NAFEH KT
HATATBEA TS sre R R — i A Rl RE

EANTE A — Al b o 2H4 3% PR B AR A5 3N %
H (%42 30 4 R Il ) 2 el AR 3 0. R L e R
HA i A 8 h sre AT S0 d 2L AME TS 8
R385 88 2 18] 11 B 45 (BN, Boundary node) , AN &
— e BN, BRI N, RIS o S A AL
WS PR dm: N~ d ) RORAT 45— A BN, WAL
mH M 8 d S BT R 2X Domain(d,):
d, = N, IR —A> B 05 8 d TR RN,
WL 2% BND: N,—>{ BN, } % /R A 45 — AN, T
XN ) i1 545 5 BN, BUER G o 33X =4 S R B
dm(N; ) Domain(d.) F1 BND (N, ) 7E 2 £ il 35 1%
Sy Ja sk 1T, AT LIAC & C Y .

K1 ZEg5 AR

L4 i P S A L A AR R O O T 3R
TR TTE AR SC 5 S8 3t HR 2 Sy 38 P A A A ) A ]
S FH AR T 20 O T 2R 7 AR SCJR 2R 7 Ak 2
Dy R T ZELFEAR ) P S PG S LA R 1) T LT LA
M R — 2 SRR -

TEX L. AR A TR A sre 21 F AT 5 o 3%
(] #%4%2 PN, 78 MRS 5 sre IR 3 B B9 458 o IR

w2t my B A B R I PN =<
NM, Nf,z, el ]\]I_'j’ .o, Nf,|PN,\ >:(M, gl.), /E\: l:':l
N, , €N, FmRBa #4% PN, 233 55 j A8 N 2R
BRI 4E PN 2 T A SR EE &L & R N 45
Al 2 ) 0 T8 56 2R L B E) BR AR PN, AR A1 £ ek
N, FIN,, Z B <N, 1, N, >

filan . & 1P i sk 3R 1) — 4538
B 42 4y 9k PN,=—<Nj,N,>, PN,=PN,=<
N, N;>,PN;=PN;=<N;, N,, N, >,

EX 2. SHIAAREN DR S sre BUTA BT
B d IR 8) AR PN, TR R B — R i =1, -+, no
TR A B 4 AN 302 B % I 7T AR A 2 A
SR 7 DA B R A AP 3 56 AR SRR Y <L T
B — A P ) — B2 AR

AT LA 7 25 R 5 sre B B A A5 380 8] A2
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S d B R PN, i =1, -, n, Fom AT 55— ik A
A/ T, B0 T, ={ PN, -++, PN,, ---PN, }; 1L ] L)
RS 38 2 18] 31 45 55 (BN, Boundary node) i 4%
127N X AR I R LR T I E S N P, =
{(BN... BN,,)IBN,,€ BND(N,), BN,,€ BND(N, ) }»
Hf1 (BN, BN, ) #e/n & 8580 N, FUsk N, 893, BN,
FORBN, TS a A~ 59 5 BN, RN, T
OIS T, = P, WKl 2 B 758 f)— ik
) ZH #& W, Hort BNy BNy, BNy BNoy, BNy, BNy,
e BB i AN O, Ny YR BR, N, Ny, N,
Sy BB, I B ) 3 A 3 () 4 A A T LSRR R
P,,={ (BN, BN.,), (BN,,, BNs,), ( BN.., BNy,
(BNM,BN@) fo —MHEEN A

T,,={PN,,--,PN, -+, PN, }or

T,,—P,, :{( BN, B]\]j/; )|

BN,EBND(N,), BN,EBND(N,))} (2

TE N 3. SRk ) 2H 7 A O S i 1

TR Ay Bk 1) %l (6 AR 43 o 55 WA X I ) AR 2 1 ik
ZH A A R P B ER AR R 0, OC TP I FR AR
A3 FRATTAT QT S A 2 AR Rl P 2 8 AR S

K2 a2 R

TEX 4. BN, IS oA 2 A R P 2 4 AR
MRT DR B sre IRBIEDN B d, i =1, -+,
B, 4301 28 2k 4 A S5k 110 388 PN 8% ol B AR AR )L T
AR N R AR A AR AR RS AR e H
h— NN, WS EA T, O, T A T REE— R
WA T BB Z2 BB 2 B AR A, 0T LG R R JLAR
T IE 2 A 7 7 S .

(DI N, A AL AT A — 2233k 0 H
(7 A5 K B 2 9 B A R 2 ik, DI BT
BN, #E ANGZ38 N, WA 515 55 BN, B HFZIRN
A HUA — A ABRN, B30 5575 15 BN, KN, I
PR A R — 38 i, BERT T30 nT DU 2
—RRELL BN, AR DU I B 55 15 BN, k1745
SRR FRATTAR Z A3k L T Al 3Ca) i 5 45

A ZAHEABUN, B9 5 BN, WL, Y %A%
W4 AT e — 1~ HE A 4 i, W 3(h) TR . A AT
REA AN i, WNE 3o B, B T, mT LA
FE— LA 2535 LLAS TR BN, A HR B 24 %
(IR FATTFRZ A I N ARG TR T

K3 BNTEH B s

()N, WA A 3w 22350 B Ay oS
d;€dm(N,), KX A0 H B S HA —4, Bl
ldm (N;)|= 1, W21 4% B 48 2 238 ok v — g — >34
FLAS 5 BN 7 A GX AN e T3t — KR LA BN,
R AR AR Cln SR AT B TR N, 0 2 AT A T
BT — 4655 N 4 Ca) FIF 7 AN 38 A 3 T % 3k
N,k B A 1) 301 5 55 BN, WHZA T, 56 2 — AR
Phd, Fl BN, P15 1 03830 2 S iRy, JRATTHR
Z NI AR R T W 4Ch) Firas ) s i g At i |
(55 S AR —AN B dm (N,) [ 1, M ZHA% B A4 AT
RE 23l AN 1k — A B 05 BN, AN N,
SRR IXIUAS H 0 8, N, P90 B A28 43 1 BE
A, i 4o frR WA il REA
P AT WE 4D B, Bt T, 80T LR B2 —
ASLLZAN G B LR BN, A AR AR 2 B %) 2R Ak L T
MTIRRZ A3k N LR FRAR T

X SCA g SCEAIER N, P9 3 PN A% AR Tk ) 4
oA T FRATIX L7 B bt I A5 0

Tf:{("Ul,"Uz),("02,"03),'”,("Uf,/’"Uf,/—l)} 3
(v, v ) FRBUN, PR AT v,
BT S v, 13

XV A S ] 2L 486 W 22k ) 38 NV, 5 IR SR i 1)
L 1 B VLA AT AT — SR B 2 e 3k, 3 mT AGA Sk o3
DA 2L 46 B a3 S P AL R AR T O W I A I
N.(i=1, -, m) N HRER LS T RN -

Towre=\ ] T, €Y
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K4 BN 24 H 5 A5

Horr, m FoR B2

KIS 25 Y T — >3l N 28 36 W A% 481 4 BRI N
LR 3 M Ty, To, T, F1 T, 2R7% o A0 1EL S s
Hopsre MR S, dy,dods, diyds T ds S B
M) A5 B Vun F Ve N A, Ti=
{ (sre, BNy ), (s7¢,Von)s (Vs di1)y (diy BN13) }s
T,={(BNa1, BNz ),(BNai, d>) }» T, ={ ( BNy, BNy ),
(BNi.ds), (BNawds) b Ti={( BNuw,d ), ( BN, B\.2)»

(BN, ds)}s

K5 SRR

EXS5.  ESRATER T K 8 AR T, A
A BN G T, B T A B AR 3 A 5 A R it 2
BT B AR T,

Tu=TU T, (%)

FENX 6.  FALE I AREN A — R4 R T L
EX R —HWNEN HsreBa MHBWN E L=
Lo, n) S, (i =1, -, n) IS CELTRMZ
AT TAE MADRL-MR™ Hr (1 2 3544 1) 52 S0, T LA
TR T={prs oo pus oo pu s Hor p AT T
P51 2 sre B H B9 8, B IEAR s B 8979 A5 895K
. WSS IR p € THIH — AN/ MUK TR 4
LB T3l — v s 1 e IMRANT B . 3 SRR 2%
BEAR pu YA ¢ FLAUAL B FR R 5 KA p, O TR S

WU bw,s T/ ME pr HIIHEE delay F AR Loss 554
Ferr, IICEFEA S AP [B) IR B dise, Kt 5, IF B
FiA $5 65 2 5038 14 Max-Min IH—46*%8][0,1 ]2
] o 2R BEAR pu WG 35 AR AT DLER IR Ry i X
.

cost ( pu)=rc,= (1 — bw;) + Bodelay, +

ﬂgl()ss;ﬂr/ﬁerm +185dl.sfk (6)
Horf,
buu:1g2(huﬁ
delay,=— 2 delay,
ey€p
loss,—1— 1— loss,
=111 ) -
erry=1— H(l - err,-]-)
e;€p;

E disz‘,,-)
€

o, p, RALHER T AR T 8 sre 8 d, I BE AR S b,
FooR e, RIAHT e o delay; TR e, WAL . loss,; 3¢
TN e, M EEH. erry 3N e, AN H . dist, R e,
MRS

o P05 2 R R e B R B A — R I A R
Togs MCRR I R A0AR B T 20 BT AT 1 B A1
BRI IAS ¢, ZFER /N, AR (R R .

T.,”= argmin cost (T.,)=

dist,= average

N 8
argmin 22,1005'[(%) )

A e/ IS ZH R A8 T390 2 d D0 5 T R AR 4K

P AL, AT A G = or
cost(T.y)=rcost(T;,U T ) D

W 1B S5 AT T R A A B
B R R S MR A 0 SC, FRATT M1 T 15 Bl 2H R AR T LA
3 itk Ay S55 1) 2L 476 A AR P 2 R R SR A T SR L A
A — B g 0B 2 R IAT B A Y
AR TEES R T BN AR P19 A R B AR A T4
FRATAT LAAS B AN S 0 25 B 2 406 A0 1 P o - e A 2
TR B FR PR AR AETE S 0] BEAR IR B, 35T R FRATT S
G 6, 25 XA PE BT 4B SR 5 245 10 R DG e 2
R UE

XTE] 6 H 8 A A AR 8 BT —S H 5 50
THIE B — ATk

(D Y R AL A — 418K H 4795 55 7E 7]
— s, i 6 () R L sre 5 B B9 5 d AL TR —
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(b) Y xid5 B A

K6 2 IR AT H T R ] 8

AN, A AR sre B H BT 15 d ISR 2K 6 ()
W AR B BRAR B, 283 BN, N, N, B 2N,
AT 88 [ 6 42 36 % N, — N, — N, — N X RE )
T TE » 38 5 RF A [ 6 s AR e 95 R AN Tk i) s il
i Z [A] A DI R A A SRR A0 22 S TR AR Bl A i
2 7] LA W 355 ] % 458 A i N, —> N, —> N, — N, B FF
B R F DR 15 sre R38N, R 20t N, N 52
BHLIRE] B B9 25 A FERS BRI Rl — A3 b i 5T
SRR B BT 80 B AR S AN AEAE L BICH
sre B d IR AR AT s B8R TN, 9

(2) 55—l 2 S U5 5 H A9 S5O 7 [
— AN AN 6 (b) TR » sre TR N, W L TN,
W, s, d ARSNGB AR 6 () HP Y {0 bR T B AR
MN, 2235 Ny, Ny P[0T E] N, 75238 B B9 85 das A
AT BT 3R 0H] B AR R B N, — N, —> N, —> N, 1L
6 Ca) R o BT s KB 5 25 IK sre BRI N, J5
SRS FEES TN, FE AU N, 19, PRI sre )35 H
(A9 85, oo AN 5 2 A 3 B AR IR B

(3) RT3 3k 7] — s b 19 Z A A R H i
B GnE 6 (b) &g b e B AR BT, H A9 05 Al
d A TF [ — AN A5 s 3] 38 35 71 545 45 BN,
2858 N, B3 575 15 BN, 15381 N 1l sre B d, B 3238
13 F 8 BN BN AR N, 5 N, Z A
T 45 R[] ) 15 388 42 N, — N FEN, — N, — Ns.
T S 3 2% A 1 5 3 8 cost (N — Ny —>ds)
Flcost(N,—> N,— N, —d, ) = A

cost(N,—> N;—>d;)+ cost(N,—>N,>N,—>d, )=
cost(N;—>N;) + cost( BNy —>ds)+
cost(N,—>N,—>N,)+ cost ( BNy, —>d, >
2 X min(cost(N,— N ), cost (N, >N, N;) )+
cost (BNy—>d;) + cost ( BNy —>d,)
S5 — AR TS 10 W7 AR 3 2 Rk 2.
FH I AT LLF Dy DA 1 A5 81058 ] — sl i) 21 AN ) B
SR N 5 = N [ B 1 i S
SSZELL EIURMEIZ R 530 s AT LA A0 e BT

EFE1. XEUESAEWN T,= T, U T L1
HAEA .
(D AT — VR 5 sre B H B 85 d

s 1) % 42 S 0 PN=<N, 1, Nooy oo, Noj,oee,
Nop oo Ny = 3 Vi, by 24 j#~ kB 4 N, 7~ N,

(2) X AL E WA B W S 4R d Y
Domain (d;) = Domain(d; )i} 4 PN, = PN, %57

IEBA . (DRSS 3R W2 A B 42 77 51 PN,
HEA BRI, JE A 2 PR A U 1 [ 3 Ja
N, BATTAT LR FH BRI IE B 2538 14 BT A e 3
1AW R AT G b M jF4R A N, =
N.. B 32 5 W cost(PN;)=cost(N,,—~N,;)+
cost( N, N, Jreost( NN, ) =>cost( N, = N, -
cost(N,,k—>N,v,j>9i'XU‘EHﬂﬁ7£*%§§U HAg5 5 d It
BT /D BBk R B AR P8 s 5 T e s 2 R R 1)
HHE P I » PR S A R (LD T

(2)IZEEE s NPT mUB 38 [F]— I8P i A [+
H 7 SO 2308 N A 8] g 42 . ik PN, =<<
N,l,]\]f,b"'v]\]f,m“”]\]i,uw,\ = PNj :<M,1,Nj.2, )
Nt =+, Nojpyy = AT 3 HA R H B3 5 d M ds
F Domain (d;) = Domain(d; ), X B4~ H #7157 AT
[] — 8k N, PN 38 3 380N 3 515 5 BN, 3E A2
BN, FEEIGA ds PN S BN, 31 5575 55 BN, EA
BN, FRBIK o X PR A5 B A S AL B TT 8

cost (PN;)+ cost( PN, =
cost( PN;)+ cost (BN, —~d.,)+ cost(PNj) +
cost(BN,,Z»d,)o

NS — Bt R PN, 2 B 2k # 4% PN, #1 PN,
THEH e/ NI 2% s SCHRBGAE 2 0 T 30N, NI PR 19
2. BN,y Fll d;s cost( BN,y — d, ) /INFAT 38— 4 3R] B
BRI R TR ATA
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cost (PN;)+ cost( PN, )=
cost(PN;)+ cost (BN, —~>d.,) + Cost(PNj) +
COST(BN;,Z_’dj>>COSt(PNi)+
cost(BN,,—~d,)+ cost(BNM#a’j)o

i T HA R Rl —4 4%, B PN, = PN, i AR
FFAS cost (PN,) A AR — K BRI, 454521 HAX
24 PN, = PN, A BT

X8I MR 55 A2 T LA Zead PN, AL PN, FF 4
T/ NS CEL AR B AE ) PN BEI N, 155 55
BN A BN, H-53 5 25k B 75 55 d /i d, 1 I
RN . UG, X B S A AR R T, 7E Y
Domain (d;)=Domain(d,)f}, R4 PN,= PN,i. T,
A SR A IR R . PRIl (O HaT . JEEE.

EE2 XMEEESHAFEN T.=T.,UTuw.
1) B AR 28 ask B A ] — A S, S0P A AR SN R 38 PN
LB  ANFEAE BN LB AR

M B 1 4518 S FOUERA Tha] LU S iE A
— AN BT S HA A B R — R A
TE AN Z R AELE DA A AR SR 2 R AR
REL T W A Sk B0 A A 2 5 IR B G R L (ELIE
A A 3t L 5 12D BRI A LAY

MUL AR TR 2, FE S 1~ L6, UK E
PTG B2, FRATAT LAIIE - iy T ) R AR A 2
Vo KN (] 4 ) 25 1 PO TR 4 388 o sk ) 3 175 2o 2
B RS ERLAS , PR b 38 ) B A2 O e R Tk
PEARTEA  IF B BN 0 W] 1E B AT RS TR B
FIE PR TR A IO 268 ekt TR] 170 326 308 P o 20 99 I A8 B85 A 1Y)
RIS 0] H 2 A7 7R — SR Bl ) B %, 3 A B AR
D) £ Y7 it S ZH R T, A SCIS e S R AR R T Ik
e T T,

R 2 AR SOGRE SCI e 0 85 Sl A R A g 4 R
FHE I EAIE A .

AP 152l ] 2 75 A 60 g AR oA ZH B AR 5300 Sy e/
AR S e/ MRS (8 58 S5 ZURIE S5 S5 I 5
LR AR B3R R — TR S sre Bl n AN H Y
W (=1, )R p (=1, -, n) S,
T={ 1, puees pufo R THELBEAE pe B/
R oo INTTTRAR T B /MU o B RS BN 1)
BN HRER T, (A AR F IR C NN Y H )
T CANSRIZ AT B IR 10 57 s i B
J AL T IZIE N AL T 09 B 891 OB 0, R
7 A

(10

C,= ”Zc‘k

I B) 2H AF A Y A €, 3 25 8 N A R

LA ] o 0] 855 ol 21 46 AR 19 o AR cost (T, ) FH 3k

vl 6] 2 5 1 AR 2H R fie /M H R R AS it Tl LA
WMTFFER.

mln COST ( T[([ ): Z C[ + C[n[
i=1

Forb N C R AT A LR R AR
AL om R B A C,, 777 8 18] 414 40 1 1 2
A

4 SDWN % #= il 8513 &5 6 15139 40 1%
AR L

SDWN Z % e 14 125 350 21 15 1 P o w2 5 15 3k
A 1) R A e S Sl T 2 95 AR R 22 Rl P 4 B
ARG . BT 2R RE R DME S LS B A R B b .
RN 7 o, T TS T A AR R

25 11 T RS B A — A M A A L
A 1 A5 1) 245 JL SO0 P b R BEORT 17 581 ) 28 RS S
30 3 4 T 453 A L DR A b A ) 2 SO AR 45 L )
AU B AR AR 2% o PR AR A ] A A B A R 0 4% 0 U .
QX F il 25 1 T AL 4 114 42 J=y I 4% B B B (NLI,
Network Link Information) &b ¥ J-fifs 77 78 71 P 1]
o I Hh 28 R AAE 1ok R 27 > AN [ s )
M NLIFEAT U 5. @ iy 388 R) B e A8 2ok 4 Ry Do) 4%

5 DR S ) 2 R L B 23 2 A Y A A B
TR o P R B A 2 B R REAA S
BNARER R . 2 2R R ME 5E il
PEEE R RER A . O PSR Hh 119 5 Sk 4 A ()
BRI SR A AL FI 2% . ©OFE T — M 2% i it 5]
K Z I FH AR R T [ BT T A OB AT AT
RIFRIETA . B f BT 58 Bt fe i %

4.1 HIETE

i - 1 U7 A SRR e I 2% rh i e A,
WEZ M 8. AR ok AT R
(Access Point, AP) Fllu £ (Station, STA) ZH i,
A B AP i i T2k Mesh 5 04— 2 BE Y
TCLE 285, AP 43 38 N 5 45 (Intra-domain node,
IND 3 575 &5 (Boundary node, BN) . &4 ) AP
THEZE—STA. H APEICK A &4 10
AL AR TR &2 4E 2 TSR g, R
FE Y B Hh AR B B A DR I 25 B R 31 H AR iR
o BRI B b A b A B A8 L o Y

(1D
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A (E H €5J5 7 North Bound Interface.
SR 7 Sy (. 11 p
i e — \
il 2801 L)

_.II’
o

(=

s |
o .
4| i |
! ) 1
AHLF I3 :

7 SDWN 250 REIAR B 21 15 1 Hh 4544

(1) TC Lk 00 28 Bk £ A% 388 25 5 - 1
4.2 #EHITE

2 1811 T 17 57 WA AN A3 AT 2 RS B i E
PR 1w 2 TSR & BB 1 i AP, H:
HAL S — ARG B 2 DA MR 2% . A H 4
dr il o m 1 O 5 8O T T R AP AT IE AR
DO I T T2 VNN T S T e 0 1 1 =
(Controller Communication Mechanism, CCM) [f] &
BRI 5 o AR i A A A I 2% 19 4 SR AL I O
R B 4 Ry X 48 R U o 4 ) P T 2 e b g 42
5ROV 1 28 B, J7 8 O TSR W YR KR
E o HAaiG Mg &I ek E B 4 4
T AL R LA BN e A S T RE

O 268 414 N i IG5 S AN i ok 2 1) 8% 1]
BT T8 R R B AR AR AR AR B . o, %
¥ 4b & B S JE 9 1 Y % 2% LLDP (LLDP , Link
Layer Discovery ProtocoD) =R £z 4 , AP #1711l
ST, 28R A5 I 1 42 L id A1 8 3 3€ 21 Reply
B AL SR 2 e AR A AT R AN . B
& BRI 2 38 1 & 2% PortStatsRequest 175 3K 5045 £
AR s A R . A ST [l 52 00 B 3 26 2

LB 1, AR WA AL e, 368K o, UK
TR e, IR (e, RS L . s DA
Uity 12 36 5 B R L 0] 2,0 38 DL SBOTR
TR A 9E bw, s © A 98 wbw, F AL Loss, RS
3 err, S R RIS B TR AT
‘(lﬁr;,l- +rry) — (z‘xb]- + rxbj)

bw;
“ w] Zdurj - Zdu/i (12)
bu)ij — bw,,m - ubw,'j
1, — .

loss, = 210 (13)

l;rp[

[‘*r(»rrz' + errj
erry = T 10094 (14)

1, 1 rxy,

Hor, tyevr g B 24, 53 IR 11 * RIL T8 H2
WCE T BORRE SIS 0] o 22 s £ e B 1 e 7 e 53 AR
FENT AT R B B B L BRI IR B £

£ SDN/rfr, iy F 9 5 2 138 15 T E S 7
Tl #5722 T LA 65 S # AL A X 4% e 65 Fof 4 75 2500
ITFEA . sl 8 30 o A AT 20 e e B 1) K A i i)
AT B 15 2042 25 80 A A S ML ) e L R

RTT, M RTT,, LA M AR LLDP St B i &5
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LY TE 1] 1% S BN A2 T, R0 [0 5 A i Ff SEE T,
VLA ST B A R AE delary - IS5 FR
(Tya+ T..— RTT,— RTT.)
2

WA T i Jo 2k AP B85 AR AR BT A H Y
WA AP 8] A B dlist o LA L1500 00 D00 265 i %
5B (NLD 3 Max-Min H—4k" 5 47 AR 1
19 NLI Storage

s il A 5 ML PR IE T A 42 1 5 AR A
Z [alfesE HAUGH IS . 240 SDN 256 (5 218
i MBGP P, 8K T iZ PR UFE SDN B Hp g 2
B, FLA e 8 vT fe i al B A 2
[ A TH S AR —8 . ASCEF RESTul APLEFT
— AN b T 2SS AR R ] B AR AL . X
TSI COM SEBL T RAKR G - BN 1l #5157
TR E w7 i fmT et W, e
HAE&RBHE ., 7T AR AT L.
FLA B0 R P A AR 4 ) 285 A0 AR b o1 45 B
% LG8 — i 7 2N A7 58 L 0 7 AN [] 9 28 2R 358
MR . FLHXFEA CCM B A FF RESTful APIAY
Y FF. RESTIul APUZARHEAL Y, HA BB 2 LI
FUIEA LA, el T IR E N, B Rl i
A e A Y R AR (S R ) . AN
T RESTful 224438 & —Fh JOIRAS E T HTTP /Y
S I, RS I & BT SR ST Ab 3
MR 55 4 T T A S5 R eI R G ETH T
JEE . B SRR KT R i i fh 238 i AN o A X
B = & BE T . IR HT TP S AL ek />
Ik 55 4% 7 72 SDN # i d SE 3 v, RESTful API
JTEBH T TR RS A E M M A
i i 25 18] 649 Bir 5] T A (i ONOS. OpenDaylight A1
Ryuw) o {45 0 2645 BRI = 400 R o 48K SDN 2
il 2 BT S BT ZE N A oK AR E A
o) 8 25 5 0 X6 L I T R R R T B ok S
SR R (N B L1 = 7y = N A TIPS B iy
REST ful 244 523 SDN 45 il #2202 T 19

2H % 21 45 #H (Multicast group management , MGM)
T e 322/ Ar LR DR RN AL 8% B S T e R
5, DS BB 1 S I A S BT . A A PR
T3 £ 300 Ao W T D) 285 3 2 0 0 BT 5 £ 0 2L 40 TR
FALHE B A7 0 e (05 5 PR 454~ 3k =2 1] ) 3
&R AR AR I B S AL . RIS AT LY
A AR EA T AR ) AR A2 B U 1 A

delay,= (1>

AT D I U VR LA I A 45 A S R 1 A% i A
BEAh v DIAR Sl 414K FH P 3 R A in A5 85 91 L 9%
X LR R AT R

(DTSN S5 RN, AT 5 v, & Bh
AR req.= (v, add ), 3F T N, 3B T 236
T AR M B 25 o ATE T, I i 24 i 5 )
B AR A 0, 3 T i/ NAR B8 A2 10 IF
BB To<T, U pos R B BRI 0, by 16 2R A4 A5 02 19 A
R

) BT Y N, P A IEALN R v, & AT
BT 2K reqr = (v;, leave ) RPCY FTALIEM T, 2
v, B T, 42 pos FE X HIEAT BY AL R AE . PUAT
To<="Ty— pos MIBEXF R 3022 5 FBF 0, 4510 R BTy
S LR 1 R 2 A

T % 42 2 D) g 8 1 SDN b fi 422 11 32 i1
AR 4 R AR R . R S AR
TR R B B 2l 3 I B A A 4 22 0, S 32 ol A
A A RN » 6t CRESCHE A v e %
4.3 FRTEm®E

AR T 7E SDN Z2 44 1B 1 1 — 4~ 22 41
JLHB Y« AR SCIY 2258 RE MR VR 13 5 Ak 27 ) 0 B s S 4
&M A RIS TR IO . BTSN s
T TATUSCAE 25 e - ThT ) I 26 6 % 15 LA NILT Storage s
I HL 224 NLIA AU 540 R TM S L4538 g ik
Wk o 2R REIR L VN 215 PME 5E B 5
FEI A, BT A 45 A B4 - 1 5 H 42 ) F
] B - R R AR

MR AR SCES =4 X B 3l 2 % ) A A A
R, AT 2 A LA e/ ISR ) 307 T A A R 3K i
7% [P) 0 s 25 S 2 435 RS 4 fie g 38 T) 2 % AR N 24~
BN RER S A A RE A R E. h T SR
D ZEL A5 B 1 2 R AAR R A T X 43, AT A4 A J ) 4 4%
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Background

This paper investigates the cross—domain multicast
routing issue in multi-domain Software-Defined Wireless
Networks (SDWN), a subject matter within the Information
acm The

existing solutions to this issue include approximate optimal

and Communication Technology domain.
methods based on pruning and greedy search strategies, as
well as heuristic swarm intelligence optimization algorithms.
These solutions are often inflexible and ill-suited to the
demands of high-speed, dynamically changing network
traffic, focusing on a limited range of optimization metrics
and lacking comprehensive global optimization capabilities.
Additionally, routing methods that employ reinforcement
learning mechanisms, such as Q-RL, DRL-M4MR, and
MADRL-MR, are hampered by their insufficient awareness
of network traffic states, which prevents them from
adequately meeting Quality of Service (QoS) requirements.
These methods also generally exhibit slow convergence,
posing challenges for their implementation in highly dynamic
network environments.

This research has developed and implemented a multiagent
deep reinforcement learning—based cross—domain multicast
routing (MA-CDMR) in SDWN. The methodology includes a
multicast group management module and a multi—controller
communication mechanism, which together facilitate the
efficient transmission and synchronization of network state
information across various domains, thereby effectively
the of

multicast groups. Each controller is endowed with an agent,

managing membership dynamics cross—domain
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and a collaborative mechanism among these agents is
established to ensure the consistency and effectiveness of
network state information representation for cross—domain
multicast routing decisions. Moreover, the methodology

adopts a combined online and offline multi-—agent
reinforcement learning training paradigm, which reduces the
dependency on real-time environments to enhance the
convergence rate of multi—agents.
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Prior to the commencement of this project, our research group
had already established a noteworthy record of achievements in the
field of ICT. Our research has spanned a wide array of tasks,
transitioning from unicast to multicast, and has engaged with diverse
methodologies, ranging from swarm intelligence optimization to
reinforcement learning algorithms. Additionally, our contributions
have extended across both wired and wireless networks,
demonstrating a comprehensive and interdisciplinary approach to

advancing ICT.



