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Abstract: Due to the nature of wireless communication, it is important in MANET to realize highly-reliable
communication under the assumption that the link quality easily changes over time. One of the approaches to
this end, many multi-path routing schemes have been proposed so far. In these multipath routing proposals,
they use multiple paths rather than the single shortest path to improve the reliability of communication,
e.g., some of them use multiple paths between a pair of source and destination nodes to distribute traffic
among them, or some others use a pre-computed alternative path when the next-hop link fails. However,
most of the multi-path proposals appeared in the past are based on reactive distance-vector routing schemes,
rather than proactive link-state schemes. There is a few study of multi-path routing that is based on proac-
tive link-state schemes, although computing more efficient multi-paths seems to be possible by making use
of network topology information. In this article, we discuss the methodology to realize multi-path routing
over proactive link-state routing protocol OLSR. Further we report our attempt that implement and test a
multi-path routing over OLSR.

Keywords: MANET, Proactive Routing, Link-State Routing, Multi-path Routing, Fault-tolerance

gooooooboooooboooooooooboooo

1. 0oon
O00o0oo0o0oO0o0bo0oo0o MANETOOOO

gogbooobobobobuooboobuoobooooboo
gobooboobbobboobuooboobboon
gobooboobboooboobuoobooobboon
gobooboobooboboobooboobboon
gobooboobbooboobuoobobooboob

' QoooOoooooooo
Faculty of Systems Engineering, Wakayama University
2)  tac@sys.wakayama-u.ac.jp

(© 2013 Information Processing Society of Japan

ooooooooooooooobooooooooooon

O0O0OOOMANETOOOOOOOOOOOOOOOO
gobooooobooooooocOooooooooboOooo
000000000000 00000000000 DSR|3]
0 AODV]2]O000000O0O0O00DOO0O0ODOO0OOOO
oobooooobooooooocoooooooboOooo
0000 RREQUOOOODOOOOOOOOODODOO



goooboooooo
IPSJ SIG Technical Report

00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00002000000000000000000000
0000000000000000000 [22][20][15]00
00000000000000000000000000
00000000000000000000000000
000 [21)140000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000
0000000000000000000000000
0000000000000000000000000
0[130000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000O0
00000000000000000000000000
0000D0000000000000000 MANETO
00000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000
00000000000000000000000000
0000000000000000000000 OLSR[1]
0000 MPR (Multi-Point Relay) 0 00000 0O0MPR
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000O0O0OMPROOOOOOOO00OOOOOOOO0O
000000000000000000000000000
00000000000000000000000000
ooo
MPROOOOOO0O0O0O0O000O0O0O000O0O000OO
00000000000000000000000000
00000000000000000000000000
000000000000
()000000000000000000000000
000000000O0MPROO100000O010
000000000000000000000000
00oooo

(© 2013 Information Processing Society of Japan

Vol.2013-DPS-155 No.25
Vol.2013-MBL-66 No.25
2013/5/24

(2)000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000

000000000O0OMPROOOOOOO (1)(2)000
00000000000000000000000000
0000000000 [2400000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000 MANET
00000000000000

D0O0O0DOOLSROOO [24 000000000000
000000000D0000000000000 IP Fast
Reroute 0 000 SBR-NPOOOOOD0O000O0OOO0O
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0 IP Fast Reroute 0 0 MANETODODO0O000000O
000000000000

0000000000000000200000000
00000000000000000000000000
00000000000300000000000400
000000000000000005000000000

2, OJOQOo

2.1 000000000000000000000000
MANETOOOOOO0OO0O0000000O000000
00000000000000000000000000
00000000000000000000000000
000 DSR[3]0 AODV [2] 0000000000000
00000000000000000000000000
00000000000000000000000000
0000 RREQOOOOOOODODOOD0OOOOOOO
00000000000000000000000000
00000000000000000000000000
noooo
10000000000000000000000000
00000000000000000000000000
00000000000000 [22)[20)[15)0000000
00000000000000000000000000
000000000000 [21)[14]0
0000000D000000000000000000



Vol.2013-DPS-155 No.25
Vol.2013-MBL-66 No.25
2013/5/24

goooboooooo
IPSJ SIG Technical Report

(a) Alternative Hops

LT aHo

(d) Braided Paths

(b) Link Disjoint Paths

(c) Node Disjoint Paths

01 00000ooag

00000000000000000000000000
000000D0D00000000000 1(x)@MO00o
00000000000000000000000000
00000020000000000000000000
00000000000000000000000000
000000000000000 [15)[2000 1(b)(c)M O
00000000000000000000000000
0000000000000000000 (Braid) 000
00000000000000000000000000
0[2500 1()IO000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000

22 OJOOO0bOOO0oOOOoO0bDOOooboobOoo
gogbogboobboobooboobooobboo
goboobooboobbooobooboobboob
O [17)[18][9)[100 PO 0000000000000 00
gobgooboobooboboobooboobboob
gobooboobbooboobooboobboob
goboobooboobbooobooboobboon
gobooboobbobboobooboobboob
OO0O0O0DDOOOOMANETODODOOOODOOOOO
ggo
gogobooboobooboobuoobooboo
goooobboooobboooobbboooob
0 OSPF[23|0 00000000000 O0O0UDOODOO
(Equal-Cost Multi Path) 000000 00O Mishra 00O
gobooboobbooboobooboobboob
gobooboobboooboobuooboobboon
000 S-OSPFOO0O0D0 1700000 Anti¢ 0000
gobooboobbooboobooboobboob

(© 2013 Information Processing Society of Japan

0000000000 18ooooUoooooouoo
goooobgobobobooipoboboboobobobooog
gogboobooboobobooboobboobboon
gogboobbobboobooboobobobboon
gogboobboobboobooboobbonoboon
gogbgoobooboobobooboobbooboboon
gobooobooboboobd
gboboobooboobboobooboooboo
gbooboooboobbooboooIpooboooobooo
gogbooboobbooboobooboobboon
0000000000 IP Fast Reroute (IPFRR) 000 0O
Oof9], [10), [12]. IPFRRODO0ODOO0OO0OO0O
O000000D000ONotVIa9)OOOOOOOooooo
gbooboobooobooobooboooobogoIpoog
gogboobbobbooboobooboboboboon
gogboobbobobooboobuooboooboon
goooobobbbmoobbbbboooooooooo
O0OO0OUO0OUOO0OOFIFR[I0)0000O0D0OOD0ODO0OOOOO
gogbgoobooboooboobuooboooboon
gooooooboobobboooooobobbbbboooog
FIFROOOODO 100oOoooobooboooooooboo
gogboobooboooboobuoobooboboon
gogboobbobboobooboooboboboon
gogboobbobbooboobuooboooboon
O0O0O0OUOO0OO0OSBR-NP[I2]DOFIFROODOOOOO
ooobooboobob010000000000 IPFRRO
ggboobboboboooboobuoobboooboon
OO000SBR-NPOOOOOODDOODOOODOODOOOO
gogbooboobbooboobuoobboooboboon
0000000000 NotViaOFIFR O SBR-NPOO OO
ooobo IPFRRO0ODOOOOOOOODODOOOOO
goobooobbuoobboo 1gobolbooon
gobooooobbboooobbobbooooon
ggboogooboooboon
O0O0OODODOOMANETOOODDODODDODODOODOOOO
gogbooboboobobooboobuoobboooboon
gogboobooboooboobuoobboooboon
OOO0OOIPFRRO MANETOOOOOOOOO Hansen O
goooooooobo IPFRROODOODOODODOOOO
00 MANETODOOOOOODOOOOOOOO IPFRR
0000000000000 19 00000ouooooo
gogboobbobbuoobooboobbooboon
gogboobobobobooboobuoobboooboon
0000000000 TIPFRROO MANETODOOOO
gogboobobobobuooboobooooboobooon
gobooooboobooobobooobo



Vol.2013-DPS-155 No.25
Vol.2013-MBL-66 No.25
2013/5/24

goooboooooo
IPSJ SIG Technical Report

23 0ODOO0O0OOoO0bOoOOooObOoOoboOonDog
goooboooooboobooboboooMPROOO
gobooboobbooboobooboobboob
O0000O000DOooOoOoooogoLsRObOoooag
gobboboooobboooooobbboooon
MPR_COVERAGE O TC_REDUNDANCY 00000000 [1]0
Clauvsen 00 00O00O0O0OO0OOOODOOOOOOOO
gobooboobbooboobooboobboob
gobooboobooboboobooboobboon
000000 [6]0 Villanueva-Pena 0 000000000
gobooboobooboboobooboobboob
gobob0ob0o0bO0o00n TC.REDUNDANCY DO O D OO
O000000000000000000000 [7]0 Huang
gobooboobooboboobooboobboob
gobooboobbooboobooboobboob
gobgooboobooboboobooboobboob
oooo (8o
oo00doooooLsROObODOoooOoooooooOg
gobooboooobbboooooobbooogon
gobooboobboobooboobbobboob
gobooboobboobooboobbobboob
gogooobobbbbbooooooooobbboooo
MPRODODUOOOOODO 1000010 O0DO0ODOODO
goooboobo20bogb 20000000000
00000000000000000000000 [24]0
goboobooboobboobooboobbooo
gobooboboobooooa
OO000OO0OMANETOOOOOOOOOODOOOOO
goooboooobbbooooobboooooo
O00000000YioO  oOLSROOODOOOODOO
MP-OLSR(Multi-Path OLSR) 00000 [13]00000
goboobooboobboobooboobboob
0000000000000 0o0o0oo0oodMP-OLSR
ggoooobobbooooooobobbbbooooog
goboboooobbooooboboobooooo
gobooobooboo

3. Uoboo

00000000 240000000000 100000
gobooboobbooboobooboobboob
0000000 IPFRRO SBR-NPOOOOOOODOOO
000000 MANETOOOOODOODOODQOOSBR-NP
gobooboobooboboobooboobboob
gobbobooooobboooobboooobobon
goboobooboooboobooboobboob
20000000000000000000000ODO0ODO
SBR-NPO OLSROUOO00O00DO0O0O0OOOOO [24) 0
gobooboogn

(© 2013 Information Processing Society of Japan

e /—F

< RiETNn—
(20~200kbps)

02 0000000oobooooo

180000

160000
g 140000 ; ///.\-
B 120000 "
Z 100000 :
N 80000 ” —RESES
60000 o~ = EEA
40000 mEA2
20000

0

vh®D

Z2N—F

FiBiE7O0—0%EL—+

03 0Ob0Ooooooo

O000000O00bO0O0IEEERO2.11 0000000
gogboobobobobuooboobuoobboooboon
00 OLSROOOO0O0DO0ODOO0DUO0OOLSROODOO [24]0
00000000 SBR-NP[12] 000000000000
gogbooobobooboboobooboobbooboon
gogbooboboobooboobuoobboooboon
ggbooboobboobooboobobooboon
gogbooobobooboboobooboobbooboon
go0o0obO0O00bo0O0 k0000000000 0O0IEEE
go2.110 Db bodbboobboooboooboobog
ooooo0 T, bo00o0obOoooobOooboooooog
godboooboboooboobooboboon

4. OO

4.1 00O
oo ooooo
Scenargie 100 000000O0ODOODOOO O Scenagie
ver.1.6 0000000 OLSROOOOOODOO nrlolsr O
goooooooogo
gbooooboobobobooooboboooo
oooooooodo 2000000000 20000
20m 00O x5 000000000 0O0O0ODO0OO0O0O0O
goooooo aoombo0pDoooDobDoboboooa
IEEES02.11g 000000 ODOODODODOO 6Mbps O



goooboooooo
IPSJ SIG Technical Report

e
[N

|

)

Sk
iEEART
A2

I8y DR B ER
o o ¢
» a

o
)

SN G

EHBETR—DREL—F

04 0O0OOO0OO0OOO

000000000000 DO0000D0DOO0O00OD0CBR
O Constant Bit Rate0 0000 200000000000
00000doooobOoooooooooooooog
000000000000 00D000 512byte 00O OO
dooooooboooooooboooboooo 360 O
0o00oDooobOOobooooooooooooooag
do00e0D00000000O00O 300000 CBROODO
000000000000 000 20kbps OO 200kbps O
d0k000000000000000000O0DOODOOOd
50000seed 0050000000000 000O00O0O
000000dpooobOooooooooooooooag
0200000000000000000D00DOO00O00O0
000000ooopoooooobDOobooooon

0000000000 [24)0000000uooooo
00000 IP Fast Reroute 0 0 SBR-NPOOOOOOO
0000000000000 DO00oo0O0oOooOgoLSRO
0000000000000 00000oo0ouUooO [24]0
0000000 2000000000 Algol 00O Algo20
doodoooooooooooooooo 1gooon 2
0000ooooooo 102000000000000
doo0ooooooooooooooooooooog 1g
0o00oodoooodooooD 2000000000004
0oo0odooool1gooooboooogoooooooag
0000ooooodo 200000000000000
0000100000000 1000o0gooooooag
do00ooodooooodoooooooooooooag
O000O00UOLSROOUOOUOD OLSR O RFC[1] OO
doooooooogood

4.2 00O
g3booboobooboboooboobooboo
gobooboobbooboobuoobbooboob
OO0 100kbps 0O DO0OOOODOOOOODODODOO
gobooooobboooooobooobooooooo
00 120kbps 00D O0O0OO0OODOOOODOODOOO
gobooobooobobooobob2b00bobooon
0000 120kbps 0O O0O0OD0OO0ODOOODOOOOOO

(© 2013 Information Processing Society of Japan

Vol.2013-DPS-155 No.25
Vol.2013-MBL-66 No.25
2013/5/24

160kbps 000 O0O0OOOOOOOOOOOOODOOOO
0000000000000 0ODO20kbps OO 100kbps O
gboboooboobobboobooobo 200b00boOo0O
gogboopobooboobbooboobobd

gooOo?” 00000000 O0Oo0oooooogoDog
000000000000 D0O0O0 120kbps DOODOO
gogboobbobboobooboobobooboon
gooboooboobobob200b0boboooboooog
0000 120kbps OO OODOOOOOOOOODOOODOO
gogboobbobboobooboobobooboon
gogboobboobboobooboobbooboon
ggo

4.3 00O
gboboobooboboooboobooboooboo
gogboobbobbooboobuooboooboon
gogboobbooboobooboobbooboon
gogbooboboobboobooboobbooboon
gogboobbobobooboobuooboonoboon
gogbooboobbooboobooboboboboon
gogboobboobboobooboobbooboboon
gogbooboobboobooboobooboboon
gogboobbobboobooboobooboboon
gogboobbobobooboobuooboooboon
000000O0ooOdUi2000000000000 OLSR
ggboobobobobuoobooboooboboboon
0000000000 00D00D00000D000 160kbps O
gobbooooobbbooooooobboooooo
gogboopobooboobobooobo
gpob200000b00b0bO0ooboboooboOon
ggboobboobboobooboobbooboon
goooobobobbboooooobobobbbooood
gogbooobobobuoobooboooobooboon
gogboobobobobuoobooboooobooboon
ggbooboboobbooboobuoobboooboon
ggbooboobboooboobuooboooboon
gogboopoboobooboobooo
go0obO0oboOooooo IPFRROOOOOOODOODO
O0OLSRO0O000O0O00D0D000D00000O0OoDO
ggboboo2b00booboobooboboogn
ggboobobobbooboobuoobbooboon
gogbooboboobuooboobooobobooboon
gogbooobobobobuooboobouoobboooboon
gogbooobooboobobooboobobooboa

5. 0oOod

OOOOOMANETOOOOODOOOOOODOOOO
gbobooooooooooobobobobobobon



goooboooooo
IPSJ SIG Technical Report

gobooboobooboboobooboobboon
gobooboobooboboobooboobboon
goboobooboobboobooboobboon
gobooboobbooboobooboobboob
ooboooooobooboobooi1goooboo11ood
gobooboobboobooboobbooboob
OO0O0000O0O00DOO0 IPFRROOOO SBR-NP O
OLSRO0O0O0D0O0OOO0ODOCOOOODOOOOODDO
000000 Scenargie 00 O0O0O0O0O0O0O0O0O0O0OOO
goboobbooboobbooboooboon

gogbooboobbobboobooboobboo
OO000D000OO0OMANETOOOOOOOOOOOO
goboobbooboooboo

OO0 DOO0O0OJSpSO0OO 247000690 0000000
goboobobooboo

gooo

[1]  T. Clausen and P. Jacquet, “Optimized Link State Rout-
ing,” IETF RFC3626, 2003.

[2] C. Perkins and E. Belding-Royer, “Ad hoc On-Demand
Distance Vector (AODV) Routing,” IETF RFC3561,
2003.

[3] D.Johnson, Y. Hu and D. Maltz, “The Dynamic Source
Routing Protocol (DSR) for Mobile Ad Hoc Networks
for IPvj,” TETF RFC4728, 2007.

[4]  R. Ogier, F. Templin and M. Lewis, “Topology Dissemi-
nation Based on Reverse-Path Forwarding (TBRPF),”
IETF RFC3684, 2004.

[5] R. Diestel, “Graph Theory Second Edition,” Springer-
Verlag New York, pp.50, 2000.

[6] T. Clausen, P. Jacquet, andd L. Viennot, “Investigating
the Impact of Partial Topology in Proactive MANET
Routing Protocols,” Proc. 5th Int. Symp. on Wireless
Personal Multimedia Comm., Oct. 2002, pp. 1374-1378.

[7]  P. E. Villanueva-Pefia, T. Kunz, and P. Dhakal, “Fz-
tending network knowledge: Making OLSR a Quality
of Service Conducive Protocol,” Proc. 2006 Int. Conf.
on Comm. and Mobile Computing, Vancouver, Canada,
pp. 103-108, July 2006.

[8] Y. Huang, S. Bhatti, and S. Sorensen, “The Impacts
of Spatial Topology Redundancy on Proactive MANET
Routing Performance,” Technical Report RN/07/16,
UCL (2007).

[9] M. Shand, S. Bryand and S. Previdi, “IP Fast Reroute
Using Not-via Addresses,” draft-ietf-rtgwg-ipfrr-notvia-
addresses-04.txt, 2009.

[10] Z. Zhong, S. Nelakuditi, Y. Yu, S. Lee, J. Wang, and
C.N. Chuah, “Failure inferencing based fast rerouting
for handling transient link and node failures,” in Pro-
ceedings of IEEE Global Internet, Mar. 2005.

[11] T. Yoshihiro, “A Single Backup-Table Rerouting Scheme
for Fast Failure Protection in OSPF,” IEICE Transac-
tions on Communications, Vol. E91-B, No. 9, pp.2838-
2847, 2008.

[12] T. Yoshihiro and M. Jibiki, “Single Node Protection
without Bouncing in IP Networks,” IEEE 13th Con-
ference on High Performance Switching and Routing
(HPSR2012), pp. 88-95, 2012.

[13] J.Yi, A. Adnane, S. David, B. Parrein, Multipath opti-

(© 2013 Information Processing Society of Japan

[17]

[18]

Vol.2013-DPS-155 No.25
Vol.2013-MBL-66 No.25
2013/5/24

mized link state routing for mobile ad hoc networks, Ad
Hoc Networks, Volume 9, Issue 1, Pages 28—47, 2011.
S. J. Lee and M. Gerla, “Split Multipath Routing with
Maximally Disjoint Paths in Ad Hoc Networks,” IEEE
ICC2001, 2001.

K.K. Marina, and S.R. Das, “On-demand Multipath Dis-
tance Vector Routing in Ad hoc Networks,” In Proc. of
IEEE ICNP, pp 14-23, 2001.

J. Raju and J.J. Garcia-Luna-Aceves, “ROAM: A New
Approach to On-Demand Loop-Free Multipath Rout-
ing,” in Proc. of IEEE IC3N, 1999.

A.K. Mishra and A. Sahoo, “S-OSPF: A Traffic Engi-
neering Solution for OSPF based Best Effort Networks,”
In Proc. IEEE Globecom 2007, pp.1845—1849, 2007.
M. Anti¢ and A. Smiljani¢, “Oblivious Routing Scheme
Using Load Balancing Over Shortest Paths,” In Proc.
IEEE ICC 2008, pp.5783—5737, 2008.

AF. Hansen, G. Egeland, and P. Engelstad, “Could
Proactive Link-State Routed Wireless Networks Ben-
efit from Local Fast Reroute?,” 6th Annual Confer-
ence on Communication Networks and Services Research
(CNSR2008), pp. 453-462, 2008.

Z. Ye, L.V. Krishnamurthy, and S.K. Tripathi, “A
Framework for Reliable Routing in Mobile Ad hoc Net-
works,” In Proc. of IEEE INFOCOM2003, 2003.

S.J. Lee and M. Gerla, “AODV-BR: Backup Routing in
Ad hoc Networks,” In Proc. of IEEE WCNC2000, 2000.
C. Balasubramanian and J.J. Garcia-Luna-Aceves,
“Shortest Multipath Routing Using Labeled Distances,”
The 1st IEEE International Conference on Mobile Ad-
hoc and Sensor Systems, 2004.

Moy, J., “OSPF Version 2”7, IETF RFC 2328, 1998.

Y. Yukawa and T. Yoshihiro, “Selecting Advertising
Links to Guarantee Detour Path against Single Node
and Link Failure in OLSR,” International Workshop of
Informatics (IWIN2012), 2012.

D. Ganesan, R. Govindan, S. Shenker, and D. Estrin,
“Highly-Resilient, Energy-Efficient Multipath Routing
in Wireless Sensor Networks,” Mobile Comput. Com-
mun. Rev. Vol.5, pp.11-25, 2001.



