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Abstract TraQitionaI routing schemes that route aII_ traffic along a single path. Multipath
routing strategy takes more than one possible path between the same source and
destination pair. This facility is used to control the congestion and overcome the
performance degradation. Unlike single path routing, multipath routing relies on
multiple paths if one route fails without halting the data transmission multipath
routing strategy chooses another alternate path and continues the transmission. In
this paper several fundamental multipath routing protocols are discussed in detail.
Every protocol has its unique feature and it controls congestion in a different way.
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1.

INTRODUCTION

A mobile ad hoc network (MANET) is a network consisting of a set of mobile nodes
with no centralized administration. MANET is self-configuring, self-organizing and
self-maintaining. MANET may have dynamic topology. These networks do not work
on any infrastructure and the mobiles communicate either directly or via other nodes
of the network by establishing routes. These routes are prone to frequent ruptures
because of nodes mobility. In this paper multipath routing protocols are studied which
directly or indirectly helps to solve the problem of congestion. By reducing the
congestion authors have shown that overall performance of the network can be
increased with respect to packet delivery ratio, end to end delay and routing overhead.

MULTICHANNEL MOBILE AD-HOC LINKS FOR MULTIMEDIA
COMMUNICATION

In this mechanism two multichannel routing protocols are discussed. The first one is
based on single-path routing and aims at suppressing the intra-path interference in a
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carrier sense multiple access/collision avoidance network. This is achieved by
developing a link-partitioning scheme where nodes in the neighboring partitions
operate at different non- overlapping frequency bands. The second multichannel
scheme is developed for transmission of real-time traffic over multiple-path routes.
Unfortunately, in mobile ad hoc network environments, particularly for real-time
traffic, it can suffer greatly from co-channel interference due to the simultaneous
transmission of packets via multiple routes. A dual-path routing protocol is designed,
which guarantees a different frequency band for each path, thus eliminating any inter-
path interference. Concepts used in single path multichannel routing and partitioning
are Alternate switching channel system (ASCS), Link Partitioning, Three Channel
Extensions, RTC/CTS mechanism, Route Discovery / Data Transmission, Route
maintenance.

Fig.2.1 Alternate Switching Channel System (ASCS)

While in Multipath channel routing concepts of Dual channel-dual path routing
(DDR), Dual Description video coding are used for Performance Evaluation, to
reduce interference from wireless equipment, to improve picture quality of streaming
video. Root cause of interference is overlapping of frequency bands while
transmitting & receiving packets. Proposed solution for it is link partition scheme
which is effective for controlling inter-path interference.

By removing inter and intra path interference it helps to minimize the level of
congestion. Protocol uses only two paths for transmission. Multiple paths can be used
with multi channel concept.

3. EARLY CONGESTION DETECTION AND ADAPTIVE ROUTING IN
MANET

It is a unicast routing protocol for MANET. It minimizes the flooding of traffic. It
finds a non-congested path between source and destination. It works with three phases
NHN (non-congested two hops neighbors) set construction, Route discovery and
Adaptive Routing. It utilizes concepts of EDAODV and EDCSCAODV. EDAODV-
Early Detection Congestion and Control Routing consists of the three components
Route discovery, Early congestion detection and Bi-directional path discovery.
Concept of Bidirectional Path Discovery is given in Fig. 3.1. Early Congestion
Detection based upon the queue / buffer status with which it forms the zone and
exchanges the information among the nodes. The concept is shown in Fig. 3.2.
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Fig. 3.1 Bidirectional Path Discovery

EDCSCAODYV is Early Detection Congestion and Self Cure routing consists of three
components Route Discovery, Early Congestion detection and Self Cure Routing.
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Fig.3.2 Buffer Status

Performance Metrics used to compare with AODV and AOMDYV are Packet Delivery
Ratio (PDR), End-to-End Delay and Routing overhead. Protocol works with fewer
packets loss and tries to prevent congestion from occurring in the first place. A key in
EDAPR design is the NHN nodes selection it does not incur heavy overhead to find
non-congested paths. It also monitors congestion status during data transmission.
Based on congestion status it finds an alternate route through NHN set with short end-
to-end delay.

Protocol works with low velocity network only. It does not consider the load of nodes
and number of active paths going through the node while selecting the NHN.

4. A GREEDY-BASED STABLE MULTIPATH ROUTING PROTOCOL IN
MOBILE AD-HOC NETWORK

A greedy — based Backup Routing (GBR) protocol considers both route length and
link lifetime to achieve high route stability while finding the multiple paths. It focuses
on topology stability routing and it can be categorized into as single-path stable
routing and backup routing. Stability routing should satisfy two conditions
simultaneously i.e. the path should be as short as possible and the link lifetime should
be as long as possible. GBR sets up the primary path and the corresponding local-
backup paths based on greedy forwarding mechanism. Some of the advantages of
GBR are the route length of the protocol is approximately equal to that calculated by
the shortest path algorithm, Local-backup path remains available when the primary
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path fails and it greatly reduces the network overhead. The concept of primary path
and local backup path is shown in Fig 4.1
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Fig 4.1 Primary Path and Local-backup Path

Greedy based backup path routing protocol improves route stability. When a link in
the primary path fails, the upstream node of the failed link in the primary path can
continue the data delivery through local backup path. It has excellent performance in
terms of packet delivery ratio and control overhead.

Intermediate nodes have to keep large amount control information and only single
local backup path can be formed. Throughput may decrease for high velocity and
heavy traffic.

5. MULTIPATH FRESNEL ZONE ROUTING WITH LOAD BALANCING

This protocol avoids congestion using multipath routing by balancing load and
dispersing traffic into multiple paths. Load balancing is shown in Fig. 5.1

Fig 5.1 Load Balancing with Multipath

Fresnel zone routing protocol construct the Fresnel zones and disperse the traffic in
multiple path along the zones shown in Fig. 5.2.

FZR operations are divided into five parts as Path construction, Transmitting and
forwarding, Path maintenance, Congestion control and Load balancing. Advantages of
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FZR are avoids routing latency, provides batter resource utilization and lowers the
chances of congestion.

Fig 5.2 Fresnel Zone Construction

It does not consider the effect of rapid topology changes and TCP congestion
mechanism does not work well with FZR. Number of overlapping will create the
problems for node and link disjointness. Very few paths can be used for data
transmission.

6. CHANNEL AWARE ROUTING IN MANETS WITH ROUTE HANDOFF

It proposes a novel channel adaptive routing protocol which extends the Ad-hoc On-
Demand Multipath Distance Vector routing protocol (AOMDV) to accommodate
channel fading. Route discovery in CA-AOMDYV is an enhanced version of route
discovery in AOMDV, incorporating channel properties for choosing more reliable
paths it is necessary to find efficient ways of addressing path failure. In this
mechanism, using prediction and handoff to preempt fading on a link on the active
path, disconnections can be minimized, reducing transmission latency and packet drop
rate. During path maintenance, predicted signal strength and channel average fading
duration are combined with handoff to combat channel fading and improve channel
utilization. Throughput decreases with increased node mobility in AOMDV, but CA-
AOMDV outperforms. It maintains a lower routing overhead compared with
AOMDYV and decreases of average end-to-end delay.

It increases the overall control overhead with respect to other summarized protocol.

7. SMORT : SCALABLE MULTIPATH ON-DEMAND ROUTING FOR
MANETS

It proposes a multipath on-demand routing protocol (SMORT), which reduces the
routing overhead incurred in recovering from route breaks, by using secondary paths.
It computes fail-safe multiple paths, which provide all the intermediate nodes on the
primary path with multiple routes (if exists) to destination. It is an extension to single
path AODV and it has 3 basic steps — route discovery, route reply and route
maintenance. Unlike AODV, SMORT allows to accept multiple copies of RREQs in
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order to compute fail-safe paths. It minimizes the amount of routing overhead
generated by single path on-demand routing overhead. Source node receives primary
path after initiating the route discovery and which is shortest path. The advantage of
node-disjoint path is that they are independent of each other.
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Fig 7.1 Node-Disjoint Paths

In large network, total numbers of node-disjoint paths at all nodes are less, hence
AODV is modified to use fail-safe path. A fail-safe path is path between source and
destination if it bypasses at least one intermediate node on the primary path. Due to
this more fail-safe paths are computed than node-disjoint or link-disjoint multiple
paths. Fail-safe multiple paths are different from both node-disjoint and link-disjoint
path. They can have both nodes and links in common. Fail-safe segment is fail-safe
path that bypasses node(s) on the primary path. Each node on primary path accepts at
most two secondary paths in order to limit the multipath computation.

Primary Path S-A-B-C-E-D

Fail Safe Path S-A-H-C-E-D and S-A-B-C-L-D

Fig 7.2 Fail-Safe Paths

The concept of lower the inter-distance between nodes i.e. higher availability of
multiple paths is considered in the protocol. Fail-safe multiple paths reduces route
discovery time and path maintenance overhead than node-disjoint multipath routing
scheme. In node disjoint path scheme, route disconnections are corrected only by
source while in fail-safe paths has an advantage that route disconnections are
corrected at intermediate node — thus it reduces route recovery time and number of
route transmissions. Node disjoint path spans more number of nodes in maintaining
disjointness hence they are longer than fail-safe paths.
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Performance metrics used like throughput, routing overhead and average packet
transmission delay in which improvement seems with respect to basic protocols. But
it cannot work with high velocity ad hoc networks.

8. CONGESTION ADAPTIVE ROUTING IN MOBILE AD-HOC NETWORKS

In CRP protocol Power consumption is efficient because traffic load is fairly
distributed and Congestion is resolved beforehand and, consequently, CRP contains a
small packet loss rate. Congestion Adaptive Routing (CRP) is a congestion adaptive
single path routing protocol for MANETS. Every node appearing on a route warns its
previous node when prone to be congested. It is on-demand routing protocol and
consists of the six main components like Congestion monitoring, Primary route
discovery, Bypass discovery, Traffic splitting and congestion adaptively, Multipath
minimization, Failure recovery.
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Fig 8.1 (A) Primary Path S to R (B) Bypass Route B-W-D

CRP contains fewer packet losses than routing protocols that are not adaptive to
congestion. A bypass in CRP is a sub path connecting a node and the next non-
congested node. CRP makes the network less congested as the queuing delay is less.
Since recovery of a link breakage is realized by making use of the existing bypass
paths, the delay due to new-route establishment is also low.

Only one bypass route is allowed whereas it is possible to discover more bypass
through any node which is expected in highly dense ad hoc network.

9. SPLIT MULTIPATH ROUTING WITH MAXIMALLY DISJOINT PATHS IN
AD HOC NETWORKS

It’s an on demand routing protocol in MANET based on DSR. Goal is to build
maximally disjointed multiple paths. In this source routing approach is used where
intermediate node cannot take routing decision whereas routing decision is solely
taken by source only. It focuses only 2 routes, one is shortest delay path and other is
maximally disjointed path with shortest path. Established route by SMR are not
necessarily of equal length. Main problem in some multipath protocol is overlapped
route  which is solved by finding and using of maximally disjoint paths. When
destination receives first RREQ it records entire path in RREP and intermediate node
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forwards this packet. Destination waits for some time to receive more RREQs to learn
all possible routes. Destination then selects the route which is maximally disjoint to
the first route. If there are more maximally disjoint routes with the first route, the one
with shortest hop distance is chosen. If there are multiple routes that meet the above
condition, then quick delivery of RREQ among the path is considered. Due to
mobility of node route can be broken and RERR packet is propagated from upstream
node to the source node along the reverse path. RERR message contains route to the
source, immediate upstream node of broken link and immediate downstream node of
broken link.

The performance of SMR is poor in dense networks and networks with high traffic
load because of the immense control traffic generated. More than 2 paths can be used
for data transmission. Not suitable for real time application.

10. RESULT AND ANALYSIS

a. Multichannel Mobile Ad-Hoc Links for Multimedia Communication

I.  Throughput comparison between Split Multipath Routing (SMR) and
Dual-Channel/Dual-Path (DDR) with number of packet size indicates
DDR done well if packet size is increased.

ii.  Throughput is compared between SMR and DDR by considering
number of nodes. DDR outperform SMR in term of throughput if
average number of nodes are increased.

b. Early Congestion Detection and Adaptive Routing in MANET
I This scheme works with fewer packet losses than other techniques
ii. When data packet-sending rate is low delay increases almost linearly
with increase in offered load.
iii. In heavy traffic routing overhead of EDPAR is reduced from 15%-13%
than EDCSCAODV
c. A Greedy-Based Stable Multipath Routing Protocol in Mobile Ad-hoc
Network
I. Node mobility does not guarantee multimedia transmission in network
with dynamic topology
ii. Node transmission range (in meters) is directly proportional to packet
delivery ratio.
d. Multipath Fresnel Zone Routing with Load Balancing
I Frequent change of topology affects the zone construction process
ii. As traffic load increases end-to-end delay is slightly increases than the
delay when traffic load is medium.
iii. As compared to SMR, Multipath Distance Vector Routing low end-to-
end delay when traffic load is high.
(\2 It is also proven that if traffic load is high then maximum number of
packets delivered from one node to intermediate node.
e. Channel Aware Routing in MANETS with Route Handoff
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i CA-AOMDV outperforms AOMDV when packet delivery ratio is
increases with increase in packet transmission rate.
ii. It generated measurable routing control overhead. Theoretical results
are of CA-AOMDYV approximately matching with simulation result of
AOMDV
f. SMORT : Scalable Multipath On-Demand Routing for MANETS
I Number of nodes increases throughput decreases as compared to
AODV and DMRP
ii. Routing Overhead — Low routing overhead as increase in number of
nodes than AODV
iii. RERR Packets Overhead — As number of nodes increases there is
slight increase in RERR overhead than AODV
(\2 Network Load Vs CTRL Packets — Increase in network overhead
increases CTRL overhead.
g. Congestion Adaptive Routing in Mobile Ad-Hoc Networks
i End-to-End Delay — CRP provides average shorter delay than AODV
and DSR
ii. Data Packet Delivery Ratio —-CRP and AODV successfully deliver
more data packets than DSR
iii. Protocol Overhead — CRP and DSR are lightweight than AODV. If
network traffic is heavy CRP done exceptionally well than AODV and
DSR
(\2 Energy Efficiency — CRP is more energy efficient than AODV
h. New Multipath Node-Disjoint Routing Based on AODV Protocol
i. It has low overhead than AODV-Multipath
i. Split Multipath Routing with Maximally Disjoint Paths in Ad hoc Networks
i. Number of packet drop is low as compared to DSR
ii. Routing Load — SMR generates more control packets than DSR which
degrades performance
iii. Mobility increases hop distance resulting in longer paths in SMR

11. CONCLUSION

The mobile ad hoc networks have been evaluated many times in recent years. Most of
these evaluations have been provoked by the need to design an effective routing
protocol for an ad hoc network to solve the problem of congestion. A good routing
protocol needs to provide reliable solution with low control overhead. To ensure
energy efficiency, reliability and load balancing, many multipath routing protocols
have been proposed for MANET. This paper presented a study of most recent
multipath routing protocols for MANETS. The protocols under the study have showed
that multipath routing can improve network performance in terms of end to end delay,
packet delivery ratio, reliability and life time of route by reducing the congestion in
the network.
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