Doo0000o000ooodn g4
gbooobooboobon

gogobooo oo od

Multiple-Route Adhoc Ondemand (MRAODYV) Routing Protocol
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Several routing protocols, e.g. DSR(Dynamic Source Routing Protocol) and AODV(Ad-hoc On-Demand Dis-
tance Vector Routing Protocol), have been proposed for routing data packets in ad-hoc networks. These are
on-demand routing protocols. Only when a node requires to transmit data packets, it searches a route to a
destination node. In addition, these are single-path protocols which detect only one route. However, in an
ad-hoc network, due to mobility of nodes and instability of communication links, multiple-route protocols are
required. In this paper, we propose a novel multiple-route protocol MRAODV(Multiple-Route On-Demand
Distance Vector Routing Protocol) where separated reverse path fragments are connected to achieve additional
routes. According to simulation results, more additional routes are detected in our protocol than MNH protocol.
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1 Introduction management developed for infrastructured networks to

Recently, advanced computer and network technolo- computer networks supporting fieldworks, disaster res-

gies have led to the development of computer networks. " control of autonomous robots, sensor networks

Especially, mobile computers such as notebook PCs, and so on. Hence, ad-hoc networks are required to

handheld PCs and Personal Data Assistants (PDAs) be introduced. Here, there is no fixed infrastructure,

have become widely available. With the help of wire- i.e. the network is composed of only mobile computers

less LAN protocols such as IEEE802.11 [1], mobile and there is neither access point nor gateway. Each

computers exchange messages with each other in order mobile computer has a function for routing messages.

. - That is, on receipt of a message m, a mobile computer
to communicate and cooperate for achieving network ’ P ge m, p

M; finds a next hop mobile computer next(as; rs_, )

applications.
) ) ) to reach m to a destination one D. In addition, since
In most of computer networks including mobile com- . . .
) a mobile computer changes a location, even if a mo-
puters, only routers connected to wired networks for- . o L.
. bile computer 3 is in a transmission range of another
ward messages to transmit them from a source com- . . - L.
.. . ) mobile computer M; and vice versa at a time, it is not
puter to a destination one. An access point AP is a .
. . always possible for M; and M; to exchange messages
gateway between a mobile computer M within a trans- . .
.. ) ., directly with each other.
mission range of AP and a wired network. However, it

is difficult to apply methodologies of design and In order to solve this problem, on-demand routing
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protocols have been designed and developed. Here,
each mobile computer does not hold a routing table
for all reachable mobile computers. Hence, no commu-
nication is required if no mobile computer exchanges
an application message. Only when a mobile computer
S requires to transmit an application message to an-
other mobile computer D, § detects a message trans-
mission route Rg_,p by exchanging control messages
among mobile computers. In addition, only routing in-
formation required for currently active communication
is maintained. In some routing protocols called source
routing protocols such as DSR [2] and LBSR [9], infor-
mation of Rg_,p is held only by S. Rg_,p is kept in a
header of a message and each mobile computer trans-
mits the message according to Rg_,p in the header. In
the other protocols called table-based routing protocols
such as AODV [8], information for Rg_,p is held by
mobile computers on Rg_,p. Each mobile computer
M; on Rg_,p keeps a next hop in a routing table and
forwards a message according to the routing table.

2 Related Works

Most of the conventional ad-hoc routing protocols
depends on flooding of a control message which is the
same as Message Diffusion Protocol in a wired network.
Wireless communication media for wireless LAN have
broadcast feature. Here, a message transmitted by a
mobile computer M; is received by mobile computers
in a transmission range of M;. A certain mobile com-
puter S broadcasts a message m within a transmission
range of S. If a mobile computer M; receiving m from
S or another mobile computer broadcasts m to all mo-
bile computers within a transmission range of M;, all
reachable mobile computers receive m by multi-hop
transmission. This method is called flooding.

In AODV [8], aroute request message RRegq is trans-
mitted by flooding. On receipt of the first RReq mes-
sage, each mobile computer M; records a direct sender
M} of RReq as an upstream mobile computer. Here, it
represents that M; sets a backward link to M. Then,
M; broadcasts the RReq. When a destination mobile
computer D receives the RReq, a set of backward link
specifies a backward route from D to S. A route reply
message RRep is transmitted along the backward route
by unicast transmissions. On receipt of the RRep, each
mobile computer M; records the direct sender of the
RRep into a routing table entry as a next hop for trans-
mitting messages to D. Here, we call the sender as a
downstream mobile computer of M;. At the same time,
a forward link is set from M; to the downstream mo-
bile computer. Then, M; sends the RRep to the up-
stream mobile computer by unicast. Finally, a source
mobile computer S receives the RReq and records the
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direct sender as a next hop and a downstream mobile
computer. Now, a message transmission route Rg_,p
from S to D is detected, i.e. routing tables of S and
all intermediate mobile computers on the route keeps
next hop routers in the routing tables. A set of for-
ward links represents a forward route from S to D.
A mobile computer which receives an RReq message
and does not receive a corresponding RRep message
discards a record of an upstream mobile computer by
using timeout.
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Figure 1: AODYV protocol.

In an ad-hoc network, due to movement of mobile
computers, limited battery capacity and noisy wireless
communication environment, a communication link be-
tween mobile computers might be broken and Rg_,p
becomes unavailable. For achieving a stable commu-
nication in such an environment, two approaches have
been proposed; partial re-establishment and multiple
route establishment. In the partial re-establishment, if
a mobile computer on an active message transmission
route detects a broken link on the route, it fixes the
route locally, i.e. detects a partial route to connect
the divided two sub-routes, from a source mobile com-
puter to an upstream mobile computer of the broken
link and from a downstream mobile computer of the
broken link to a destination mobile computer. AODV-
BR [4] is this kind of protocol. On the other hand,
in multiple route establishment, when a source mobile
computer searched a message transmission route to a
destination one, it detects multiple routes and keeps
information of the routes. If a broken link on an active
route is detected, the source mobile computer select
one of the keeping route and make it active, i.e. mes-
sages are transmitted through the selected route. Mul-

tipathDSR [6], SMR [5], MNH [3] are multiple route

establishment protocols.

MNH [3] is an extension of AODV to establish mul-
tiple routes. In AODV, each mobile computer records
only a sender mobile computer of the first RReq mes-
sage as an upstream mobile computer. Hence, only a
single route is detected. In MNH, each mobile com-
puter M; records all the senders of RReq messages as
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upstream mobile computers except when it receives an
RReq message from M;. Hence, a mobile computer
might receive multiple RRep messages and multiple
routes might be detected.

3 MRAOQODYV Protocol

Though MNH detects multiple message transmis-
sion routes, the number of detected routes is not so
many. For example in Figure 2, two transmission
routes S — M1 — My — Ms — D (a route detected
by AODV) and § — My - Ms — Ms — D are pos-
sible. However, MNH detects only the former route in

case that backward links are set as shown in Figure 2.
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Figure 2: Less detected route in MNH.

By switching direction of backward link, e.g.
shown in Figure 3, a backward link Mg — Mj is
switched as My — Mg, this problem is solved and both
routes are detected. By deciding whether direction of a

as

backward link is switched or not, our proposed protocol
MRAODYV (Multiple Route AODV) assigns numbers

to each mobile computer.

Ms —» Corrent Backward Link

'Vtox/o_-» Backwar d Li nk
: VB
/ \O\\ "
S M¥ 3 D
.4——0\ /.O<——0

N pd )
N & /Primary Backward Link

O
Figure 3: Connecting and reversing backward links.
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Figure 4: Assignment of branch numbers.

Let S and D be source and destination mobile com-

puters, respectively.

[Transmission of an RRE() message]

A route request control message (an RREQ mes-
sage) Myqq for detecting a message transmission route
Rg_,p contains the following information fields:

e Source Address m,..s7c: An address of the source
mobile computer S.

Destination Address m,.,.dst: An address of the des-
tination mobile computer D.

Upstream Address mye.up: An address of a mobile
computer from which a sender M,fnm of M., received
the first RRE(Q message for Rg_.p.

Hop Count myeq.hop: A number of mobile computers
along a route through which the RRE(Q) message for
Rg_.p has been forwarded from S to M,fnm

(Protocol in a source mobile computer S of an
RRE(Q message)

1. On receipt of a request for a transmission of an appli-
cation message to a destination mobile computer D,
S searches a routing table for an entry of a message
transmission route Rg_,p.

. If § finds an entry of Rg_,p, S transmits the appli-

cation message along Rg_,p. (end)

S broadcasts an RRFE(Q) message m,., to all mo-

bile computers within a transmission range of S.

Here, myeq.57c 1= S, Mypeq.dst 1= D, myeq.up := S,

Mpeq-hop := 0.

4. S stores a branch identifier in a routing table as

brid(s rs_, ) := 0.

On receipt of an RRFEQ message m),

1
req*

a neighbor table.

where

5. .

m!...src = S, S stores an entry <M,‘fnm, down, 1) into

(Protocol in an intermediate mobile computer
M; for an RRE(Q) message transmission: Flood-
ing)

1. On first receipt of an RREQ) message m,., where

Myeq.dst = M; from a mobile computer M,‘fnreq within
a transmission range of M;,

1-1. M; sets a backward link to M. for a message
transmission route Rg_,p. Here, M; stores an ad-
dress of M. into a neighbor table as an upstream
mobile computer for Rg_,p. That is, an entry
<M,‘fnm, up, L) is stored into a neighbor table.

1-2. M; broadcasts an RREQ message m,,, to all mobile

computers within a transmission range of ;. Here,
1
reg*

D), myq-up =

Mgy STC 1= Mypeg.s7¢(= S), Ml .dst 1= Myeq.dst(=

reg*
M, ., and mi ,.hop := myeq.hop+1.
2. On receipt of an RRE() message m ., from M. and

if M; has already received another RRE() message

1 — ! — —
Mg Where Mueq.s7¢ = My .57¢(= S) and mypeq. dst =
1 —
Mieq-dst(= D),

o if myoq.up = M;, M; confirms a link from M; to
M,‘fnm as part of Rg_,p.
dress of My,

Here, M; stores an ad-
into a neighbor table as a down-
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stream mobile computer for Rg_,p. That is, an en-
try (M}

Mreq? down, 1) is stored into a neighbor table.

otherwise, M; stores an address of M, into a
neighbor table as a mobile computer of another
branch. That is, an entry <M,fnreq,neighbor,J_> is

stored into a neighbor table.

(Protocol in a destination mobile computer
D for an RRE() message)

1. On first receipt of an RRE(Q message m,., from a
mobile computer M., where meq.dst = D,
1-1. D sets a backward link to M}

req for a message trans-

mission route Rg_,p. Here, D stores an address of
M?

req 1nto a neighbor table as an upstream mobile

computer for Rg_,p. That is, an entry <M,fnml, up, L
} is stored into a neighbor table.

1-2. A branch identifier of D is set as brid(p grs_ ) 1=
Mypeq.hop + 1.
1-3. D broadcasts an RREP message Mg, within

a transmission range of D where mygp.s7c =
S), D),
Mipep. UpP 1= M,‘fnreq and myep.hop 1= Myeq.hop + 1.

Mipeq.s7C(= Myep.dst 1= Moyeq.dst(=
2. On receipt of an RRE(Q) message m,., from M.
and if D has already received another RRE() message

1

— ! — —
My Where Myeq.s7c = M) .57¢(= S) and myeq.dst =

Myeg-dst(= D), D stores an address of My, into
a neighbor table as a mobile computer of a branch

of Rg_,p. That is, an entry (M}

Mo

,» neighbor, 1Y is
stored into a neighbor table.

[Transmission of an RREP message]

A route reply control message (RREP message)
Myep for confirming a primary message transmission
route Rg—.p and assigning a branch identifier to each
intermediate mobile computer contains the following
information fields:

e Source Address m,cp.s7c: An address of the source
mobile computer S.

Destination Address m,.,.dst: An address of the des-
tination mobile computer D.

Upstream Address m,.,.up: An address of a mo-
bile computer from which a sender mobile computer
M

Mrep

of m,, received the first RRE() message.
Hop Count m,p.hop: A number of mobile computers
along a route from S to M, . through which the first
RRE(Q message for Rg_,p has been forwarded. That
M

is, a number of mobile computers from S to Morep

along a primary message transmission route Rg—p.

(Protocol in a destination mobile computer D
for an RREP message)

1. On receipt of the first RRE(Q) message m,., for de-
tecting a message transmission route Rg_,p from a
mobile computer M,fnm, D broadcasts an RREP mes-
sage Myep Within a transmission range of I where

1.

Mipep.STC 1= Myeq.STC(= S), Myep.dst := Myeq.dst(=
M-’

D), Myep.up := Mirea and Mmyep.hop := myeq.hop + 1.
. On receipt of an RREP message Myep, D discards

Myep-

(Protocol in an intermediate mobile computer
M; for an RREP message transmission)

On receipt of an RREP message My, from a mo-

bile computer Mg, .. if M; has not yet received a

corresponding RRE() message, M; sets a timer and

suspends.

o If the timer expires without receiving the RREQ
message, M; discards m,e,. (end)

e Otherwise, i.e. if M; receives the RRE(Q) message,
M; processes the RRE(Q message and resumes.

If M;

Mrep

= D, M; stores an address of D into a neigh-
bor table as a neighbor mobile computer. That is, an
entry (D, neighbor, 1) is stored into a neighbor table.

M; refers an entry for M}, in a neighbor table.

rep

o If M,fnw is a downstream mobile computer of M;,

3-1. If M; has already received another RREP message
from an upstream mobile computer of M;, M; dis-
cards Mmyep. (end)

3-2. M; updates an entry in a neighbor table for M},

rep
as <M,fnw, down, Myep.hop).
3-3. M; confirms a link from M; to M,fnw as part of a
primary message transmission route Rg— p. Here,
an address of M},
rep

1 are stored into an entry of a routing table for

and a hop count mye,.hop —

s

Rs=p as a next hop next; s g = M and

Mo
a branch identifier brid s, 5= g) 1= mrep.ho; -1,
respectively.

. M; broadcasts an RREP message m/,, to all mo-
bile computers within a transmission range of M;.

! = Mypep.sre(= 5), m'Tep.dst

Here, m,,,.src
Mypep.dst(= D), m!_ .up is an address of an up-

rep

stream mobile computer which has been stored in

1
rep

o If M., is an upstream mobile computer of M;,
3-1. If M; has already received another RREP message
from a downstream mobile computer of M;, M;

a neighbor table and m/_ .hop := m,.p.hop — 1.

discards myep. (end)
3-2. M; updates an entry in a neighbor table for M,fnw
as <M,fnw, UP, Myep.hop).
3-3. M; confirms a link from M,fnw to M; as part
of a branch transmission route connecting to a
primary transmission route Rg_.p at a mobile
computer M, € Rg_p with a branch identifier
brid(ar,,,5-s D) = Mrep-hop.

3-4. M; broadcasts an RREP message m,,, to all

i

mobile computers within a transmission range
1

of M;.  Here, my,,.src S),

ml . dst i= Myep.dst(= D), p-up == My, and

rep*

Mpep.s7C(=

1
m,.

040


研究会Temp 
－4－


Miyep-hOP 1= My hop.
e Otherwise, i.e. if an entry <M,fnw, neighbor, 1} is in
a neighbor table of M;, M; updates this entry as
(M,

Mrep? neighbor, Mp.hop) and discards my.p.
(Protocol in a source mobile computer S for an

RREP message transmission)

1. On receipt of the first RREP message m,., from a
mobile computer M,fnw,

= M?

m,., 1MtO an

1-1. S stores a next hop nezt(s s R)

entry for Rg¢_,p in a routing table.

1-2. S broadcasts an RREP message m,,, to all mobile

computers within a transmission range of S where
1

— — / — _
Mipep-STC 1= Mypep.s7¢(= §), My, dst 1= Myep.dst(=
1

D), mi,.up := S and my.,.hop := 0.

2. On receipt of an RREP message m.p from M,fnw
and if S has already received another RREP mes-
sage m'Tep where Myep.s7c = m'rep.src(: S) and

Mepep.dst = m'rep.dst(: D), S discards mep.

[Branch Identifier Comparison]
(Preprocessing)

1. If there is only one entry for an upstream mobile
computer in a neighbor table in M;, M; clears the
neighbor table, i.e. M; removes the entry from the
neighbor table, and broadcasts an RDEL message to
all mobile computers within a transmission range of
M;.

2. On receipt of an RDEL message mg from a mobile

M

computer M/,

o if M?

Mgel
removes an entry for M},

is a downstream mobile computer of M;, M;

,, from a neighbor table.

e otherwise, M; discards mge;.

(Combination of two branch transmission

routes)

e If a neighbor table in a mobile computer M; includes
an entry for an upstream mobile computer and neigh-
bor ones, i.e. includes no downstream one,

1. For each entry of a neighbor mobile computer M}
in a neighbor table in M;,

o if brid(n, s,py < brid(ag, s—.p), M; updates the
entry as (My, down,brid(y, s—.p))-

o if brid(ar, sspy > brid(ar, s—p), M; updates the
entry as (My, up, brid(ar, s D))-

2. If number of entries of a neighbor mobile computer
which becomes a downstream one of M; is larger
than number of entries of a neighbor mobile com-
puter which becomes an upstream one of M;, M;

forwards a FORWARD message.

4 Evaluation

In this section, we evaluate performance of the pro-
posed MRAODV protocol comparing with MNH and
AODV-BR by simulation. Simulation parameters are

as follows:

e Simulation area: 500mx 500m

e Diameter of signal transmission range: 100m (con-
stant)

e Number of mobile computers: 20, 40, 60, 80, 100

e Distribution of mobile computers: Uniquely Dis-

tributed
e Mobility of a mobile computer: 0-5km/h (uniquely
distributed)
e Number of simulations: 100
107 m MRAODV y = 0044560245
o — — — MNH
108 [ 4 —-—-—AODV-BR L
g 106 [ y:0.0651e“438X
3 o
@ 10% T -7
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Figure 5: Number of detected routes.
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Figure 6: Number of available route.

Figure 5 shows numbers of message transmission
routes detected by the three protocols. In AODV-BR,
since sub-route search is not invoked before detecting
a broken link, a number of possible sub-route which
is 1 hop different from the primary route. As being
increased density of mobile computers, the numbers
of detected message transmission route are increased.
However, MRAODYV detects the most routes in the
three protocols, since the direction of a link between
two neighbor mobile computer is fixed at the receipt of
RReq message in MNH and only 1 hop different sub-
routes are searched in AODV-BR.

Figure 6 shows numbers of available transmission

routes in AODV, MRAODV and MNH. This is a sim-
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Figure 7: Required time for detecting the first route.

ulation result where a number of mobile computers is
60. First, a route detection protocol is executed and
the number of available routes is increased. After ter-
minating the protocol, due to the movement of mo-
bile computers, the number of available routes is de-
creased. If there is no available route and the source
mobile computer has more packets to transmit to the
destination one, the route detection protocol should
be invoked again. In the simulation result, the time
duration between invocation of the protocol and the
time when there is no available route in MRAODV
is 200sec and the longest than the other two proto-
cols (120sec in MNH and 20sec in AQDYV). Since time
interval between two successive invocations of a route
detection protocol in MRAODV is longer than the oth-
ers, MRAODYV reduces the overhead for route detec-
tion. In MRAODYV, in order to determine a branch
route ID, synchronization is required to receive RRep
messages. Hence, from the beginning to 400ms, MNH
detects more transmission routes than MRAQDV. By
relaxing the synchronization condition, it is possible
to reduce the required time duration to detect all the

possible route in MRAODV.

In order to start a transmission of an application
message, only one route is needed. That is, on de-
tecting the first route to a destination mobile com-
puter, a source mobile computer starts to transmit an
application message even if the route detection proto-
col is still under process. Figure 8 shows the required
time to detect the first route in the three protocols.
The hop count presents the number of routers between
the source and the destination. For detecting the first
route, an RReq message and a corresponding RReq
message are transmitted through a primary route in
all the three protocols. Hence, the difference of re-
quired time in the protocols is not depend on protocol
overhead but depend on required processing time. The
simulation result shows there is no meaningful differ-

ence among the processes.

5 Concluding Remarks

This paper has proposed a multi-route ad-hoc rout-
ing protocol MRAODV which is an extension of
AQODV. Here, multiple branch backword route con-
nected to a primary backward route detected by AODV
are connected to detect sub-routes. Here, direction of
branch backword route is dynamically changed to de-
tect as many routes as possible. According to the sim-
ulation results, MRAODYV detects more routes than
MNH and the time duration of successive procedures
of route detection is extended. Hence, MRAODYV re-
duces routing overhead.

In future work, the required time to detect sub-
routes is also reduced by relaxing synchronization con-
dition in the protocol.
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