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ABSTRACT  
A  Mobile  Ad-hoc  Network  (MANET)  is  composed  of  mobile  nodes  without  any  infrastructure. MANET  

applications  such  as  audio/video  conferencing, webcasting  requires  very  stringent  and  inflexible Quality  

of  Service  (QoS). The  provision  of QoS  guarantees  is much more  challenging  in MANETs  than wired  

networks  due  to  node  mobility,  limited  power  supply  and  a  lack  of  centralized  control. Multi-path 

routing in MANETs can thus better support QoS and provides benefits such as fault tolerance, load balancing, 

bandwidth aggregation, and improvement in QoS metrics such as delay and overhead. Many researches  have  

been  done  so  as  to  provide QoS  assurances  by  designing various multipath routing protocols for mobile ad 

hoc networks. In this paper, some of the multipath QoS routing protocols have been surveyed. The relative 

strengths and weaknesses of the protocols have also been studied which allow us to identify the areas for future 

research. Finally, a comparative study of all the multipath routing protocols is provided. 

KEYWORDS: Mobile Ad hoc Networks (MANETs), Multipath Routing, Quality of Service, Routing 

Protocol, MP-DSR. 

I. INTRODUCTION 

As technology advances, wireless and portable computers and devices are becoming more powerful 

and capable. These advances are marked by an increase in CPU speed, memory size, disk space, and a 

decrease in size and power consumptions. The need for these devices to continuously communicate 

with each other and with wired networks is becoming increasingly essential. Mobile ad hoc networks 

(MANETs) open the door for these devices to establish networks on the fly, i.e., formally, a MANET 

is a collection of mobile devices which form a communication network with no pre-existing wiring or 

infrastructure. They allow the applications running on these wireless devices to share data of different 

types and characteristics. Figure 1 illustrates a simple 3-node ad-hoc network.  

There are many applications of MANETs, each with different characteristics of network size 

(geographic range and number of nodes), node mobility, rate of topological change, communication 

requirements, and data characteristics. Such applications are conferences, classroom, campus, 

military, and disaster recovery. Each node is directly connected to all nodes within its own effective 

transmission range. Nodes in the network are allowed to move in and out of range of each other. 

Communication between nodes that are not within range of each other is accomplished by 

establishing and using multi-hop routes that involve other nodes which act as routers. New nodes can 

join the network at any time and existing nodes can leave the network as well. 
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.                                                     Figure 1.  : An Adhoc Network 

Due to the dynamic nature of MANETs, designing communications and networking protocols for 

these networks is a challenging process. One of the most important aspects of the communications 

process is the design of the routing protocols used to establish and maintain multi-hop routes to allow 

the communication of data between nodes. A considerable amount of research has been done in this 

area, and many multi-hop routing protocols have been developed. Most of these routing protocols 

build and rely on a unipath route for each data transmission. The protocols are classified into two 

categories : table-driven (proactive) , on-demand (reactive). In the table-driven protocols such as 

Destination Sequenced Distance Vector (DSDV)[1], Optimized Link State Routing  (OLSR)[2],  

routing tables which contain routing information between all nodes are generated and maintained 

continuously regardless of the need of any given node to communicate at that time. With this 

approach, the latency for route acquisition is relatively small, which might be necessary for certain 

applications, but the cost of communications overhead incurred in the continued update of 

information for routes which might not be used for a long time if at all is too high.  Moreover, this 

approach requires more memory due to significant increase in the size of the routing table. These 

requirements put limits on the size and density of the network. In the on-demand protocols such as 

Dynamic Source Routing protocol (DSR) [3], Ad Hoc on Demand Distance Vector protocol (AODV) 

[4], Temporally Ordered Routing Protocol (TORA) [5], routes are discovered between a source and a 

destination only when the need arises to send data. This provides a reduced overhead of 

communication and scalability. These protocols often consume much less bandwidth than the table – 

driven protocols, but they  typically experience a long delay for discovering a route to a destination 

prior to the actual communication. However, because reactive routing protocols need to broadcast 

route requests, they may also generate excessive traffic if route discovery is required frequently.   

While these protocols might be sufficient for a certain class of MANET applications, but are not 

adequate for the support of more demanding applications such as multimedia audio and video. Such 

applications require the network to provide guarantees on the QoS. This is achieved by using some 

mechanism such as QoS routing to find the best route which satisfies these requirements in the best 

way. QoS routing appears to be a solution to handle these problems. QoS routing requires not only to 

find a route from a source to a destination, but a route that satisfies the end-to-end QoS requirement, 

often given in terms of bandwidth, delay or loss probability. Quality of service is more difficult to 

achieve in ad hoc networks than in their wired counterparts, because the wireless bandwidth is shared 

among adjacent nodes and the network topology changes unpredicitably as the nodes move.  

Moreover the standard on demand routing protocols mentioned above such as AODV and DSR are 

mainly intended to discover a single route between a source and destination node. When an active 

route fails, due to either link failures or QoS violations, the on-demand unipath routing protocols have 

to invoke a route discovery to recover from route failure. In a dynamic environment, the frequent 

route failures cause the nodes on the failed routes to drop packets due to unavailability of alternate 

paths. Further, the route recoveries are very expensive in MANETs because it results in extra control 

overhead due to flooding of routing packets. This results in high end-to-end delay and lower 

throughput for the affected applications. Contemporary research shows that using multipath routing 

results in better throughput than using unipath routing [6] in high-density ad hoc networks. Using a 

QoS-aware multipath routing, a number of QoS-aware alternate paths can be made available at the 

source (based on some selection criteria) with a single route discovery. Then, out of the number of 

alternate paths discovered, one can be designated as the primary path and the others as secondary 

paths (based on some stability criteria on these discovered paths). In such multipath protocols, if a 

link failure or a QoS violation is detected on the primary path (through which actual data transmission 
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is taking place), the source can switch to an alternate path instead of initiating a route 

discovery/recovery process. A new discovery takes place only when all pre-computed paths break. 

This results in reduction in end-to-end delay and packet loss for the affected flows, since packets do 

not need to be buffered for long time at the source when an alternate path is available. Further, due to 

reduction of control overheads, the overall performance of the network can improve substantially. 

Multiple path routing improves Quality of service by providing load balancing, fault-tolerance, higher 

aggregate bandwidth and lower control overhead and delay. The multiple paths between source and 

destination node pairs avoid bottlenecks and congestion and thus can be used to compensate for the 

dynamic and unpredictable nature of ad hoc networks. Numerous multipath QoS routing protocols 

have been proposed for MANETs. In this paper, some of the on demand multipath QoS routing 

protocols have been surveyed. The strengths and weaknesses of these protocols have also been 

discussed and a comparison of the routing protocols has been presented so as to provide directions for 

future work. 

The rest of the paper is organized as follows. In section 2, survey of some of the multipath QoS 

routing protocols has been done. In section 3, a comparison of these routing protocols based on 

certain features has been presented. Finally, section 4 concludes the paper. 

II. SURVEY OF MULTIPATH QOS ROUTING PROTOCOLS 

In this section, some of the on demand multipath QoS routing protocols are discussed. For each 

protocol, the functionality and main features are described briefly. 

2.1 Split Mutipath Routing with Maximally Disjoint Paths in Ad hoc Networks   

Lee and Gerla [7] proposed an on-demand routing scheme called Split Multi-path Routing (SMR) that 

establishes and utilizes multiple routes of maximally disjoint paths. Providing multiple routes helps 

minimizing route recovery process and control message overhead. The protocol uses a per-packet 

allocation scheme to distribute data packets into multiple paths of active sessions. This traffic 

distribution efficiently utilizes available network resources and prevents nodes of the route from being 

congested in heavily loaded traffic situations.  

When the source needs a route to the destination but no route information is known, it floods the 

ROUTE REQUEST (RREQ) message to the entire network. Because this packet is flooded, several 

duplicates that traversed through different routes reach the destination. The packet contains the source 

ID and a sequence number that uniquely identifies the packet. When a node other than the destination 

receives a RREQ that is not a duplicate, it appends its ID and re-broadcasts the packet. In order to 

avoid the overlapped route problem, a different packet forwarding approach is introduced.  Instead of 

dropping every duplicate RREQs, intermediate nodes forward the duplicate packets that traversed 

through a different incoming link  than the link  from which  the  first RREQ  is  received,  and whose 

hop count is not larger  than that of the first  received RREQ. This enables us to discover maximally 

disjoint routes. 

The maximally disjoint route can then be selected because the destination knows the entire path 

information of the first route and all other candidate routes. If there are more than one route that  are 

maximally disjoint with  the  first route,  the one with the shortest hop distance is chosen. If there still 

remain multiple routes that meet the condition, the path that delivered the RREQ to the destination the 

quickest between them is selected. The destination then sends another RREP to the source via the 

second route selected. 

During route maintenance, when the source is informed of a route disconnection and the session is 

still active, it may use one of the two policies in re-discovering routes:  

• initiates the route recovery process when  any route of  the session is broken, or  

• initiates the route recovery process only when both routes of  the session are broken 

The first scheme reconstructs the routes more often and produces more control overhead than the 

second scheme, but the former provides multiple routes most of the time and be robust to route 

breaks.  

The performance of the both the schemes was compared with DSR by Lee and Gerla [7]  and the 

results show that both SMR schemes outperform DSR because multiple routes provide robustness to 

mobility. SMR had considerably fewer packet drops compared with DSR. Splitting the traffic into 



International Journal of Advances in Engineering & Technology, May 2012. 

©IJAET                                                                                                          ISSN: 2231-1963 

812 Vol. 3, Issue 2, pp. 809-819 

 

multiple routes helps distribute the load to the network hosts.  SMR also showed shorter end-to-end 

delay because route acquisition latency is not required for all route disconnections.  Between SMR 

protocols, the second scheme showed better efficiency as it performs fewer route recoveries and hence 

generates less control overhead. This protocol has the disadvantage that it provides “only” two paths 

and that they are “maximally” disjoint, which means that not always node-disjoint paths are found. 

The biggest disadvantage of SMR is the fact that the routes are selected at the destination 

2.2 A QoS-aware Multi-path Dynamic Source Routing Protocol for Wireless Ad- 

       Hoc Networks (MP-DSR):  

Leung et. al [8]  proposed a QoS-aware multi-path source routing protocol (MP-DSR) focusing on a 

new QoS metric, end-to-end reliability. End-to-end reliability is used to reflect the probability of 

sending data successfully from the source node to the destination node within a time window. MP-

DSR does not provide strict end-to-end reliability guarantees, rather it provides soft QoS guarantees 

with respect to end-to-end reliability by discovering a set of multiple disjoint paths and transmitting 

data along these paths. MP-DSR is based on the existing Dynamic Source Routing protocol (DSR) [3] 

and takes advantage of its distributed on-demand nature. 

During route discovery, MP-DSR supplies an end-to-end reliability requirement, Pu, where 0 ≤  Pu ≤ 1. 

Given this requirement, MP-DSR determines two parameters for the route discovery: (1) the number 

of paths it needs to discover; and (2) the lowest path reliability requirement that each search path must 

be able to provide in order to satisfy Pu. These two parameters are referred to as m0 and πlower 

respectively. The source node sends Route Request (RREQ) messages to search for feasible paths. 

Each message contains information such as πlower , the path it has traversed (T ), the corresponding 

path reliability (πacc  ) etc. When an intermediate node receives the RREQ message, it checks whether 

this message meets the path reliability requirement (i.e πacc > πlower).If this RREQ message fails to meet 

such a requirement, the node will discard the message. Otherwise, the intermediate node updates the 

RREQ message to include itself in as well as in πacc and then forwards multiple copies of this message 

to its neighbors. The number of copies is based on the number of neighbors that can receive this 

RREQ message without failing the path reliability requirement. This number of copies is also 

bounded by to restrict the degree of message forwarding inside the network. When the destination 

collects the RREQ messages, it selectively chooses multiple disjoint paths from these messages, and 

sends Route Reply (RREP) messages back to the source node via these selected paths. Upon the 

arrival of these RREP messages at the source node, the source node begins to send data along these 

paths. After each successful route discovery takes place, the source node can deliver its data to the 

destination node through a set of paths. However, these paths may break at any time instant due to the 

dynamic nature of network topology in ad-hoc wireless networks. In order to maintain a reliable and 

seamless network connection, route maintenance is done to ensure that up-to-date end-to-end 

reliability is at an acceptable level relative to Pu. 

The performance of MP-DSR protocol was compared with DSR by Leung et al. [8] and the results 

show that MP-DSR offers higher and more consistent success delivery ratio than DSR. In addition, 

the lower error ratio of MP-DSR indicates that its end-to-end transmission is more reliable. Also, in 

average, MP-DSR has a lower control overhead ratio than that of DSR. The drawback of the protocol 

is that it does not consider throughput or the delay constraints. 

2.3 Multi-Path QoS Routing Protocol  

Liao et. al [9] proposed an on-demand protocol for a multi-path QoS route from a source host to a 

destination host in a MANET, where a multi-path is a network with a source and a sink satisfying 

certain bandwidth requirement. The basic idea is to distribute a number of tickets from the source, 

which can be further partitioned into subtickets to search for a satisfactory multi-path. So no global 

information will be collected in advance before a QoS route is required. A mobile host only knows the 

available bandwidth to each of its neighbors. When a source node S needs a route to a destination D 

of bandwidth B, it will send out some probe packets each carrying some tickets. Each ticket is 

responsible of searching for a multi-path from the source to the destination with an aggregated 

bandwidth equal to B. The format of TID is a sequence of numbers separated by periods, i.e., 

i1.i2.....ik. When a ticket is initiated at the source node, it will be given a unique identity i1 (unique 
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under the same RID). When an intermediate host receives a ticket (whole-ticket or subticket) with 

identity TID, it may decide to split the ticket into subtickets. If so, each subticket will be given an 

extension number appended after TID. Specifically, let the ticket be split into k subtickets. These 

subtickets will be given identities TID.1, TID.2,..., TID.k. This is illustrated in figure 2. 

                                          
Figure 2. Representation of ticket identities after a ticket is split twice. 

                  

To prevent loops, a mobile host collect tickets issued by its neighboring hosts, even if the tickets are 

not intended for itself. This is possible in a MANET due to the radio’s broadcasting nature. The 

purpose of route reply is to confirm the bandwidth reservations. Whenever a ticket T reaches the 

destination D, D can check whether all sub tickets under the same TID have been received or not. 

This can be done by summing up their total bandwidths and comparing it to the requested total B. If a 

satisfactory multi-path has been found, then the reply packets can be sent back. Each of these reply 

packets should carry a subticket under the same TID to the host where it was sent (this can be tracked 

back using the receive set Ri ). Also, for each subticket being sent, the corresponding entries in the 

receive set Ri and the listen set Li should be deleted. These route reply packets should travel backward 

to confirm the reserved bandwidths, until the source host S is reached. If the destination D finds 

multiple satisfactory multi-paths, then the one with the least number of subtickets is selected. The 

bandwidth reservations belonging to the other multi-paths that are not selected will be deleted after a 

pre-defined timeout period. 

The performance of Multipath QoS routing scheme was evaluated by Liao et. al [9] and the results 

show that the multi-path protocol is more useful for wireless networks: (i) when the network 

bandwidth is very limited, it can offer a higher success rate to find a satisfactory QoS route than those 

protocols which try to find a uni-path, and (ii) when the network bandwidth is sufficient, it can 

perform almost the same as those protocols which try to find a uni-path (in both routing overhead and 

success rate). The drawback of the protocol is that Liao’s scheme do not consider the radio 

interference problem. 

2.4 An Adaptive QoS Routing Protocol with Dispersity for Ad-hoc Networks(ADQR)(ADQR)(ADQR)(ADQR)    

Hwang and Varshney [10] proposed an Adaptive Dispersity QoS Routing (ADQR) Protocol which is 

a bandwidth constrained multiple path on-demand routing protocol for ad-hoc networks to support 

end-to-end Quality of Service. ADQR is a source- initiated on-demand routing protocol consisting of 

two phases namely the route discovery phase and the route maintenance phase. The protocol uses 

signal strength for route discovery. The route discovery mechanism is based on request-reply 

operations. In the route discovery phase, ADQR finds multiple disjoint paths with network resource 

information using retransmission scheme. A feasible path that is more likely longer-lived is selected 

for data transfer. A Route_Request packet is used for the request operation from the source node and 

carries <source, destination, request_id, hop_count, QoS_metric, route_class, int_nodes, 

first_class_link, second_class_link, third_class_link> information. A source broadcasts a 

Route_Request packet to its neighbors to find multiple disjoint paths to a destination. In response to a 

Route Request packet, a Route Reply packet is sent from the destination node. A Route_ Reply packet 

is delivered to the source node along the reverse of the path which a Route_Request packet came 

through. An acknowledgment timer for a Route Reply packet needs to be used at the node which sent 

the packet, so that the node retransmits the packet to the neighbor node unless it receives an 

acknowledgment from the neighbor within the timer value. It prevents the source node from failing to 

find paths when the source node does not receive the Route_Reply packet successfully. 
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Bandwidth reservation is needed for data flow on the selected paths. A QoS_Reserve packet is used 

for bandwidth reservation from the source to destination along the selected path. When an 

intermediate node receives the packet, ADQR interacts with the resource management protocol to 

perform bandwidth reservation. In response to the QoS_Reserve packet, the intermediate node 

acknowledges with a QoS_Ack packet to the previous neighbor node and forwards the QoS_Reserve 

packet to the next neighbor node. A retransmission timer for the QoS_Reserve packet needs to be 

applied, so that each node retransmits the packet to the next neighbor node after timeout value expires 

unless it receives an acknowledgment from the next neighbor node. Right after getting an 

acknowledgment, each node sends the data to the next neighbor node. 

In the route maintenance phase, ADQR includes fast route maintenance scheme which is called two-

phase monitored rerouting. Two distinct route maintenance phases are defined namely Pre-Rerouting 

and Rerouting phases. In the Pre-Rerouting phase, it performs the operations to prepare for rerouting. 

In the Rerouting phase, it performs the operations of rerouting itself. Signal strength is used to 

determine the phases. Thus ADQR effectively keeps monitoring network topology changes and 

performs rerouting before the paths become unavailable. With these route discovery and maintenance 

mechanisms operating together, ADQR significantly improves routing performance and supports end-

to-end QoS in ad-hoc networks.  

The performance of ADQR was evaluated by Hwang and Varshney [10] and the results show that 

ADQR supports almost 100% of QoS requirements when node mobility is extremely low, and also 

supports more than 90% of QoS requirements when moderate data packet size is used under low link 

error rate conditions. The drawback of the protocol is that it does not address the inherent problem of 

packet reordering while distributing traffic among different paths. The state information maintained 

by each node regarding the topology of the network, for processing route request and supporting fast 

rerouting, is very high. Further, proactive monitoring gives rise to extra control overhead in the 

network 

2.5 On Demand Link State Multipath QoS Routing Protocol  

Chen et al.[11] proposed an on-demand, link-state, multi-path QoS routing protocol in a MANET. 

The protocol reactively collects link-state information from source to destination, and aims to 

dynamically construct a partial network topology which is only sketched from source to destination. 

Therefore the protocol finds multi-path routes at the destination under the CDMA-over-TDMA 

channel model which satisfies a given bandwidth requirement. A unipath is found from source to the 

destination and then the destination accurately determines a QoS multipath routing and replies to the 

source host. This greatly improves the success rate by means of searching the QoS multi-path routing. 

The source node initiates a QRREQ (QoS Route RE-Quest) packet and floods the MANET until 

arriving at its destination. Each packet records the path history and all link-state information. The 

link-state information is delivered from the source toward to the destination. The destination collects 

link-state information from different QRREQ packets, each of which travels along a different paths. 

For each bandwidth request, a number of QRREQ packets may be sent. Each QRREQ packet is 

responsible for searching a path from source to destination nodes. However, final paths are  selected 

from all of the paths which are received by the destination. A QRREQ packet is denoted as 

QRREQ(S, D, node_history, free_time_slot_list , B, TTL , where each field of the packet is defined as 

follows: 

S: the source host; 

D: the destination host; 

Node_history: a list of nodes, which denotes the node history which records the path from source to 

the current traversed node; 

Free_ time_slot_list : a list of free time slot of links, each of which records free time slots among the 

current traversed node and the last node recorded in the node history; 

B: the bandwidth requirement from S to D; and 

TTL: (Time To Live) the limitation of hop-length of the search path. 

The destination receives many different QRREQ packets from the source and re-configures the 

network topology and all corresponding free time-slot information. All of the uni-path and multi-path 

discovery operations are identified at the destination. Multi-path discovery operation sequentially 

exploits multiple uni-paths such that the total sum of path bandwidths fulfills the original path 
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bandwidth B. A centralized algorithm is proposed at the destination to determine the multi-paths. On 

the reply’s way back to the source, the bandwidths are confirmed and reserved. The performance of 

the protocol was evaluated by Chen et. al [11] under different mobility and load conditions and it was 

observed that the success rate is greatly improved in the protocol by means of searching the QoS 

multi-path routing.  

2.6 Interference-aware multipath routing protocol (IMRP)  

Wang and Lin [12] proposed an Interference-aware Multipath Routing Protocol (IMRP) for real-time 

or multimedia applications in ad hoc wireless networks. IMRP is a source-initialized, on-demand 

multipath routing protocol. With available bandwidth pre- evaluation and Interference susceptibility, 

IMRP reduces the call dropping rate and improves the QoS stability. 

During the route discovery phase, the protocol follows the DSR protocol. If a mobile node attempts to 

transmit data to its designated destination but does not have any routing information in its routing 

table, the source node pre-reserves the bandwidth specified by multimedia application and broadcasts 

a “Route Discovery Packet” (RDP) packet over the network. This packet carries <request ID, source 

ID, destination ID, intermediate nodes, QoS metric, QoS constraint, Time-To-Live (TTL) and Path-

Stable-Time> routing information. Another node, which receives this packet, broadcasts this packet 

again. If this node has no available bandwidth, it discards this packet. Paths with higher hop counts or 

smaller bandwidth increases transmission delay. Thus, the RDP will get to destination in advance if 

the path has a smaller number of hop counts. This path generally has higher available bandwidth. The 

“Pre-reservation Timeout” can be set to the double the TTL time of route discovery. If the “Pre-

reservation Timeout” time record has expired, the pre-reserved bandwidth can be freed by the mobile 

node. If this node receives the “Route-Reply-Packet” before timeout, the available bandwidth of this 

node is reserved until “Path-Stable-Time”. The “Path-Stable-Time” is used to select a stable path and 

pre-discover another routing paths if the original path is going to expire.  

If the destination node receives a RDP, it reverses the <intermediate nodes> record and returns a 

“Route Reply Packet” (RRP) to the source along the original routing path. The destination node also 

reserves the available bandwidth recorded in the <QoS metric> of RDP. The RRP packet carries 

<request  ID, source ID, destination ID, intermediate nodes (reserved from RDP), QoS metric, QoS 

constraint, Time-To-Live (TTL) and Path- Stable-Time> information. If an intermediate node receives 

a RRP, it clears the “Pre- Reservation Timeout” record, reserves the bandwidth and forwards this 

packet to the next node. If the source node receives a RRP, it selects this path, inserts the routing 

information into its routing cache and reserves the bandwidth recorded in <QoS metric>. If the total 

bandwidth of multiple paths is insufficient, a bandwidth insufficiency is reported to the upper layer.   

Multipath routing alleviates the path-loss by distributing traffic into multiple streams and transmitting 

these streams simultaneously. With bandwidth prediction and “extra” bandwidth reservation, 

“unexpected” path loss is solved by temporarily forwarding via other routing paths, and a new Route 

Discovery will be triggered. Similarly, the route discovery is also triggered before the predicted path 

stable time. A “Route Failure Packet” (RFP) is sent back to the source node if a node finds that its 

next-hop node is not forwarding packets correctly. When the source node receives RFP from a path p, 

or when the stable time of a path p is about to expire, the source node triggers Discovery Phase, and 

sets <QoS constraint> to B(p). IMRP will pre-evaluate the interference of routing path and prevents 

the routing of extra packets into an area operating at maximum network capacity. Moreover, IMRP 

provides more stable throughput and more reliable end-to-end transmission for multimedia streaming 

in ad hoc wireless networks. 

The performance of IMRP protocol was compared with the DSR-based multipath routing protocol by 

Wang and Lin [12] and the results show that the average throughput of IMRP is less than that of DSR-

based Routing Protocol. However, IMRP provides more stable throughput and more reliable end-to-

end transmission for multimedia streaming in ad hoc wireless networks. More stable data streams 

bring fewer jitters. The protocol overhead of IMRP is 12% higher than DSR-based multipath routing 

protocol. This higher routing overhead results from the need to maintain stable throughput in IMRP. 

IMRP triggers another route discovery phase even if the radio link is still functional. Beside, IMRP 

employs a pre-rerouting mechanism via predicted path-stable-time. The pre-rerouting mechanism also 

increases the protocol routing overheads. The routing overhead is greater in IMRP if the max speed is 

increasing. Moreover, bandwidth evaluation becomes more difficult due to the dynamic transmitting 
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power. Also IMRP cannot prevent sudden interference and nodes failure, and reserves extra 

bandwidth which is resource consuming. Similarly, network throughput decreases rapidly with 

increasing routing hops.  

2.7 A Novel QoS in Node-Disjoint Routing for Ad Hoc Networks 

Liu et al.[13] proposed another QoS enabled Node-Disjoint Multipath Routing Protocol (NDMR), 

which provides QoS support for MANETs. NDMR has two novel aspects: it reduces routing overhead 

and achieves multiple node-disjoint routing paths [14]. Node-disjoint multipath routing protocol 

(NDMR) is developed by Xuefei Li [14], and is an extension of AODV [4] protocol. It includes the 

path accumulation feature of DSR in route request packets. It can efficiently discover multiple paths 

between source and destination nodes with low broadcast redundancy and minimal routing latency.  

In NDMR, AODV is modified to include path accumulation in RREQ packets.  When the packets are 

broadcasted in the network, each intermediate node appends its own address to the RREQ packet.  

When a RREQ packet finally arrives at its destination, the destination is responsible for judging 

whether or not the route path is a node-disjoint path.  If it is a node-disjoint path, the destination will 

create a route reply packet (RREP) which contains the node list of whole route path and unicasts it 

back to the source that generated the RREQ packet  along the reverse route path.  When an 

intermediate node receives a RREP packet, it updates the routing table and reverse routing table using 

the node list of the whole route path contained in the RREP packet.    

When receiving a duplicate RREQ, the possibility of finding node-disjoint multiple paths is zero if it 

is dropped, for it may come from another path.  But if all of the duplicate RREQ packets are 

broadcasted, this will generate a broadcast storm and dramatically decrease the performance. In order 

to avoid this problem, a novel approach is introduced in NDMR recording the shortest routing hops to 

keep loop-free paths and decrease routing broadcast overhead. When a node receives a RREQ packet 

for the first time, it checks the node list of the route path, calculates the number of hops from the 

source node to itself and records the number as the shortest number of hops in its reverse routing 

table.  If the node receives a duplicate RREQ packet again, it computes the number of hops and 

compares it with the shortest number of hops in its reverse routing table.  If the number of hops is 

larger than the shortest number of hops in the reverse routing table, the RREQ packet is dropped. 

Only when it is less than or equal to the shortest number of hops, the node appends it own address to 

the node list of the route path in a RREQ packet and broadcasts it to neighbouring nodes again. 

In NDMR, after deciding a path is a node-disjoint path, the destination will create a route reply packet 

(RREP) which contains the node list of whole route path and unicasts it back to the source. However, 

since an RREP only currently contains the route path, it cannot provide effective QoS support for 

MANETs. To overcome this problem, RREP packets should carry more information such as delay 

time (queue length) to meet QoS requirements of certain applications. When each intermediate node 

receives a RREP packet, it adds the queue length of this node to the “queue_length” field in RREP 

packet.  Thus, when the source node receives the RREP from the destination node it knows the exact 

queue length along the path. Each source keeps three node-disjoint paths for a particular destination. 

With the “queue_length” field in RREP packet, it chooses the path with the minimum queue length. 

This allows it to minimise the delay time thus providing higher QoS.   

 
Figure 3 : Queue length in multiple node-disjoint paths 
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Figure 3 shows the queue length along the multiple paths. Assume source node  S first receives the 

RREP from route 2 (R2) (s-a-b-d). In standard NDMR, S will always transmit data on that route so 

long as no link break happens, even though route 3 (R3) (s-g-h-i-d) has a smaller queue length and 

hence a lower rate of delay. With the introduction of the “queue_length” field in RREP, S will 

initially choose route 2 (R2) (s-a-b-d) to transmit data as it receives an RREP from that route first. 

After receiving the RREP from route 3 (R3) (s-g-h-i-d), it will compare the queue length of the 

existing routes and change to route 3 (R3) (s-g-h-i-d) to continue transmitting data. Using this 

approach, it can reduce the transmission delay rate and meet the SLA requirements. As an RREP is 

generated only in the route discovery process, the protocol currently cannot frequently refresh the 

queue length of each path. As part of the enhancement to NDMR, the need for a similar packet, RUP, 

route update packet, containing the “queue_length” field used in an RREP packet, that performs more 

frequent updates has been identified. The destination node will periodically unicast RUP packet 

containing up-to-date queue length to the source node. The source will be able to choose the best path 

according to the change of queue length in real time.  

The performance of QoS enabled NDMR was compared with NDMR by Liu et. al [13] and the results 

show that packet average delay of QoS enabled NDMR gives better performance than that of NDMR 

in all mobile velocities. The delay time for all mobile velocities tends to be equal.  The reason is that 

with RREP packets carrying real-time delay time back and RUP, the data packets will always be 

transmitted along the lowest congestion path.   

The limitation of NDMR and QoS enabled NDMR protocols is that both the protocols show better 

performance in dense node network but in a sparse node network, the average delay time of both the 

protocols will increase. The main reason is that with the lower number of nodes, the possibility of 

finding node-disjoint route decrease.  For one source and destination pair, there may be only one 

route.  With only one route, there is no node-disjoint purity and both the protocols cannot achieve 

better performance.   

2.8 QoS Supporting Multipath Routing Protocol (Q-AOMDV) 

C.Wu et al.[15] presents an ad hoc on-demand multipath routing protocol which provides quality of 

service (QoS) support(Q-AOMDV) in terms of bandwidth, hop count and end-to-end delay in mobile 

ad hoc networks(MANET). The protocol uses path preference probability that is calculated by delays, 

bandwidth, and hop-count to select the path to transmit the packet. To discover the route to the 

destination, the source node floods the ROUTE REQUEST (RREQ) message to the entire network. 

Because this packet is flooded, several duplicates that traversed through different routes reach the 

destination. The destination node selects multiple disjoint routes and sends ROUTE REPLY (RREP) 

packets back to the source via the chosen routes. The purpose of computing alternate paths for a 

source node is that when the primary path breaks due to node movement, data transmission can 

continue through one of the alternate paths without initiating another route discovery. The RREQ 

message in the Q-AOMDV, additionally includes Hop Count, Time as well as Bandwidth so as to 

select the primary path in all the available paths while message is broadcasted upon receiving a route 

request to the destination. Similarly the RERR message also contains the metrics discussed above. 

During route maintenance in Q-AOMDV, when a node fails to deliver the data packet to the next hop 

of the route, it considers the link to be disconnected and sends a ROUTE ERROR (RERR) packet to 

the upstream direction of the route. The RERR message contains the route to the source, along with 

the immediate upstream and downstream nodes of the broken link. Upon receiving the RERR packet, 

the source removes every entry in its route table that uses the broken link (regardless of the 

destination). If one of the routes of the session is invalidated, the source uses the remaining valid route 

to deliver data packets. After a source begins to send data along multiple routes, some or all of the 

routes might break due to node mobility and/or link and node failures.  

The performance of Q-AOMDV was compared with AOMDV [16] by C. Wu et al. [15] and it was 

found that Q-AOMDV protocol performed much better than the existing AOMDV protocol for the 

metrics like packet delivery ratio, normalized control overhead and end-to-end delay. The multi – path 

capability of the protocol is thus useful because when one of the routes is disconnected, the source can 

simply use the other available routes without performing the route recovery process. Also the protocol 

utilizes the available network resources efficiently. 
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III. COMPARISON OF MULTIPATH QOS ROUTING PROTOCOLS  

The comparison of Multipath QoS routing protocols on the basis of certain features is shown in table 

1. 

 
Table 1 Comparison  of   Multipath QoS Routing Protocols based on certain features 

 

IV. CONCLUSION 

The mobile ad hoc networks have been a subject of quite a number of investigations in recent years. 

Most of these investigations have been motivated by the need to design an efficient routing protocol 

for an ad hoc network. Advances  in  ad  hoc  multipath  routing  are  moving  at  a  rapid  pace,  in 

anticipation  of  the  increasing  need  for  such  networks. To ensure reliability, load balancing and 

QoS, many multipath  QoS routing protocols have been proposed for MANETs. This paper presents a 

survey of some of these protocols. The strengths and weaknesses of these protocols have also been 

provided and finally, a comparison of all  the routing protocols has been done so as to explore the 

future areas of research. Many areas of research in this field which deserve further investigation  

include robustness, security, energy efficiency, low overhead, reliability and scalability. Effective and 

efficient solutions to these issues require  the design and development of new multipath QoS routing 

protocols in MANETs. 
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