SDN 7|4t 74 HE] F UEHINA E NS o] & ME EF

WA, g A,
o 77 3187 % 9

{jhjy96, hyungseok, kjp}@dgist.ac.kr

Fast Recovery using Rule Caching in SDN based Wireless Multi-hop Networks

Janghan Kim, Hyung—-Seok Park, Kyung—-Joon Park*
DGIST

O ok

-

F<t A el A @l Abgrel d8EtY] of ¥ & %S ¢lel Unmanned Aerial Vehicle (UAV)t Unmanned
Ground Vehicle (UGV)7} A= &-&%Ha gtk UAV ¢ UGV = 49 o3 F¢ Al=g2 o weh F17]7t
FrHEEE e A7 WAE] dojuba, YFol wEl gdsiAl wiXEHEA T4 EZE2AE FAST mEkA 7)E ==
gy oz 3 Tl A~ ol =3 fojE Ay AR =371t} Software—defined Networking (SDN)S &-83}9]
SDN AEEHE 53 A5 =3 dolg dd A= FF3I= Aol st 2eu SDNof| 718ksk +3 §-21 Al2Elof A
UAV ¢} UGV 7} F71s] = A9, 95 8 dlolE] ARE FHFatet 9t 2949 5 FAlE7I7bA ¥4 @2 Az7te]
A8 B =&olAe 44 SDN 718F 5 721 Al =Hlo A BE5E & F71 FYdE FU719 AEE dF sy
AR F5E 98 & A 1838 55 7] & AlQketrt,

(]

o)
d=

1.4 & ——————————— (1 LLDP + Packet-0ut =——

A2 A4 gl A B A2 AT 2 Agel e e .
Gaelr] olde Aol tdsm EHHom QRS = e e R i1
Faaty] fle vy FA AlzEe #8ske At —— & Flow nile. ——>
st [1]. 38 <9 Al2="2 32| Ground Control @

Station (GCS)?+ T Unmanned Aerial Vehicle DAlert
(UAV)¥} Unmanned Ground Vehicle (UGV)& -4 H T}, B i ol R S o
GCS _‘L:: C])j]_‘_:,’_ _’Fz‘sg% %?‘)—H UAV 9/}_ UGV% ];‘I_Oo]:@_ %ﬂi ooom switch switch switch switch cached rule  switch
AN 4= glom, UAV 9 UGV & tad Al Ans Hlow e
GCS & Agd & Utk ®)

71E 2 F AAES FAskE B4 UEYaE 1H 1LSDN X919 E A8 7. (a) SDN A EEH 25

Fe7zk AR A9e 98] AODV, BATMAN, 298 & 74 (0) A= o8 299 2 54,

OLSR 3 # =% g8/ 7S AHgskslvh. 1ev

A Pl ARRE AR me BERATE eMen A R AN FEe] AgHE FH R Asge
Hohs 540l A48 il 7€ ol=E HEE gue 9B 37 9o W o g wal ol
AbgshE A AR BIRAd HiSess @RS Zopgetel Mwsth[3]. SDN W HEAE A
Agatal st vad we 2kdo] I eatrt. uhetbA TR ROl A AElA Roly7} EAbEE AL &
wER AT AN MEHD 2UEY 54 BEEZEA nely)s} SDN AESRRE TAY £ S8k w 14
&l 538l Software-Defined Networking (SDN)< wal i 223 Go|HE walsl uzlx] we Azhol
o]-g3to] T3 -l Al =Ele] MESIE TS, sodTh 23] Holy] gt gid BEp 2 o

SDN 2 & Alo] 22 $ Alo] AR AEEZE moy)s 27 Beu= Ao Aze B2 o4 Q2o
HIEAS Y EAshs Bae] 29AS A @e SDN S Rely)rt £ 2 w2 Fa84 slo] Fast,
ZAEEZe7F 714 2= Link Layer Discovery Protocol B w=Rox 2 SDN 78k 23 Fol A AElo) A
(LLDP) #7l& B 29A A dEste] HAAOR mos og) 27} 2ol Toly)o] Q& 23 o]y A
EEZRAE dHE RUEHIT(2]. dESHE A ARE A% TH87] g8 2 AN 71ES Ak
EERA GHel W £AY F& AU 2AAFAA - gorae e & A slel SDN 9 reactive
7t ddshs 540 o, o8 Fd 4 BEEEAE forwarding <u@=S Algd wy gu, =W
22 2R FAASAS A2 BT F 2 T/ 7k Al 76% Wl dole A F2g FEHe,



19 switches

Il
r ]

T e e

controller
a9 2. Al EF oS 913 SDN 718 5 F1 Al 28 -4

a

o0&

712 SDN A AEEZEH9 ML 294X7A ¥
Zow ol2or EEZwd di MR ¥y =
[0}
A

Agn7)E BAe 18 1@ 2o AESHE 2
2917 EA4E A48 98 F71do2 LLDP &
PG 72+ 2YXEA HAEd. LLDP &% 3
FAB A29RE5L YT AHE =AY AEEHZ

= — =
LLDP $% A& $A30, 2 g3 FJHE 43

St Q12 &l
AESHE £ REXPE EE
Aot

W, B =Rel A AskstE e 1Y Lb)sh el
LLDP %! w3k glo] A28 2= X|7F 1A g =9 Ao Al
25l el EAE AAANG. 2L 29 A4E 7]E
292 = HEZYRRE vy AdE Y 285 =22
29 oAl Adet. =, 71 W4 9H] LLDP & &3l
P AHE ZUHY sk A AZE 297 oY
& A HES 3 %

YHEYE TIY & FAEE d7HH
= 7

=o A Aeksl WY
Mininet & ©]-&3%F Al&E# o] A
ONOS & AH&3t3lon, 19 tfe]

=3
A dHz ddste] BEEZEAE AT AR
293 AEEHS 7P de "ol 29A
AAH=S  AAsen, FER R ELES
0~40%7+4  10% Dwi AR ARe 2927}
A Y Hdd Ams FHee S8 vasty] 98
Netcat & o] &3] A =& Z:Hx]ﬂ AZAE AHEE 1 AT

20 W F21717F dF & dolHE udse= 4 4A9%
AZre 54 T. Ala dagEe
31 reactive forwarding ¥+ AF-83F 1Rl o]t}

a8 32 9 A EAE i T dags Al

& Z29A7F A9 AHEYH 1 HY
5 a8 dolHE wEksle d &28% A
o] 42 7t Jﬂv}o HojFEh F7F loss rate 7} {0, 10,
20, 30, 40}% 1 A A B =wollA At & ANES
ALg3 BE2)o] & 74 §lo] reactive forwarding 9 AM-&
g A3 div] dg A2 F5 Agke] Zh7} oF {74, 76, 70,
50, 61}% @&d AxE BATh & A §lo] reactive
forwarding ¥ A& A9, SDN Z1EEZ2 7} LLDP #j#
< o] &3l N2 2AE AA sk, slE LLDP
o] 29%] 1¥M¥} =912 20 | Ateole] 197 HAE AA
3, o)lF AEEH7 XYY E& A AR 29A
of Aeels HAAAME 197 BaE T v, &2
oA AdsE E MY 7IHE ol &t AE FUHE
290 AgEE E9Y So] 19 A ZEE HE

.

switch 1 switch 2 switch 3 switch 19 new switch

—_
S
T

—=A— Reactive Forwarding without caching
=——E-— Rule caching

o0
T

(=)}
T

~
T

NS}
T

Connection completion time [s]

(=)

0 10 20 30 40
End-to-end loss rate [%]
1% 3. Reactive forwarding 3} A ¢t3sl= W o] A 28 29

A o] - oy A P = 5 L QAR
dadd. 5 71 9 div] & AY 7IEe D AR
29145 #AAsted Zad LLDP Fzlo] Hds=

o] HYEEHE hop TE
EZZX 9} BAgle] I dd=E /AT = Qo

=

o &3
AdF dolg AY AH=RE wEA FEHI}E UEE
A QFelA Tt AlEHO)HS T3l FEI loss rate o] WE
71E Uy E INEE o8 Ve dAY AR H
AZHS HstRor, & AAES o83 Ao Fdd
el 717y A 76% wEA "ol AY ARE FEIE
AL AS3AT 5, HAEWEE F561o] A4 F4
FAl BHA E INHS o]&3 7IHe s #A4T
7| & o] T},

ACKNOWLEDGMENT
e H AT} ekl AV A dske A 7
CPS stAA ARYe dEem  FFHJFUL
(UD220005VD).
A3 &Ed

[1] A. Girma, et al.,
collaboration for disaster-area management," in
IEEE/CAA Journal of Automatica Sinica, vol. 7, no. 5, pp.
1249-1262, September 2020.

"lToT-enabled autonomous system

[2] D. Kreutz, et al.,
comprehensive survey," Proceedings of the IEEE 103.1,
14-76, 2014.

[3] H.-S. Park, et al., "Wireless SDN Self-Recovery for
Unmanned Swarm Cyber-Physical Systems," 2021 21st

"Software—defined networking: A

International Conference on Control, Automation and
Systems (ICCAS), Jeju, Korea, 2021, pp. 87-90.



