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ABSTRACT 

 

Ad-hoc Wireless Multi-hop Networks (AHWMNs) area unit communication networks that 

contains wireless nodes, placed along in an ad-hoc manner. In this paper we mainly focus on 

single path routing protocol i.e. Ad-hoc On-demand Distance Vector (AODV), and multipath 

routing protocol i.e. AntHocNet  it's a hybrid rule that mixes a reactive route setup method 

with a proactive route maintenance method. Previous designing All nodes within the network 

have routing capabilities and forward information packets for different nodes in multi-hop 

fashion. The performance of two routing protocols is analyzed in terms of their Packet 

Delivery Fraction, Average End-to-End Delay, and Routing overhead. NS2 simulator is used 

for comparison and critical analysis of AntHocNet is done to find its merits and demerits. 

 

Keywords:AHWMNs, AODV, AntHocNet, NS2. 

 

 

 

INTRODUCTION 

 

Ad-hoc Wireless Multi hop Networks (AHWMN) are increasing in popularity, due to the 

wide spread of laptops, sensor devices, PANs and other mobile electronic devices. A wide 

range of different wireless technologies and standards have been developed such as Wireless-

Fidelity (Wi-Fi, IEEE 802.11), Bluetooth (IEEE 802.15.1), Zigbee (IEEE 802.15.4), Ultra 

Wide Band (UWB, IEEE 802.15.3), and Worldwide Interoperability for Microwave Access 

(WiMax, IEEE 802.16), etc..That’s why we need routing protocols that can work without any 

central gateway to connect with.  

 

AD-HOC WIRELESS MULTI-HOP NETWORKS 

 

Ad-hoc wireless multi-hop networks (AHWMNs) [1] are a group of mobile devices that kind 

a communication network with no pre-existing wiring or infrastructure, differing types of 

AHWMNs exist examples are wireless mesh networks, mobile Ad-hoc networks, and device 

networks. Mobile Ad-hoc networks (MANET) are networks that area unit created of 

undiversified devices. These devices communicate completely through wireless connections, 

usually employing a single Omni antenna. All nodes within the network are equal, and there 

aren't any selected routers, which mean that every one node will serve each as finish points of 

information communication and as intermediate relay points or routers. Wireless mesh 

networks (WMNs) dissent from MANETs chiefly as a result of they're a lot of heterogeneous. 
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They comprises mesh consumer nodes, that square measure almost like Manet nodes, and 

mesh router nodes, that are typically less mobile, have a lot of resources (e.g. a lot of 

powerful processors, a lot of battery power, etc..), and support a spread of various wireless 

technologies. The provision of mesh routers permits the creation of a structured organization 

and might greatly improve the relevancy and also the capacities of the network. Device 

networks are AHWMNs that comprises wireless device nodes. Every device node may be a 

little unit containing one or a lot of sensors, a little process unit and a wireless radio. issues 

specific to device networks stem from the {very fact the actual fact} that device nodes square 

measure little and have very restricted capacities that typically immense numbers of nodes 

square measure deployed, which knowledge traffic patterns show bound characteristic 

regularities. 

 

TYPES OF AHWMNS: 

 

In network research, work is being done on a range of completely different, connected sorts 

of wireless networks, which may all be classified as AHWMNs. During this section, a 

summary is given of those completely different forms of networks, and of the similarities and 

variations between them. First, mobile ad-hoc networks are described, since these were the 

primary AHWMNs that received plenty of attention. These types a lot of general category of 

AHWMNs, of that mobile ad-hoc network may in truth be thought-about a taxonomic group. 

After that, sensing element networks [2] area unit delineated, that is AN application specific 

taxonomic group of AHWMNs. 

 

Mobile ad-hoc networks 

 

Mobile ad-hoc networks (MANETs) [3] area unit networks during which all nodes area unit 

mobile and communicates solely via wireless connections. One will think about a bunch of 

users carrying Wi-Fi enabled devices like mobile phones, laptops, etc., taking possession a 

particular space and forming a dynamic wireless network among them. MANETs area unit 

dynamic, flat, totally redistributed networks while not central management or summary. This 

provides rise to variety of powerful challenges for networking algorithms. AHWMNs with 

less quality and a lot of hierarchy and organization, like the wireless mesh networks. 

 

Wireless Mesh Networks 

 

Wireless mesh networks (WMNs) incorporates 2 sorts of nodes: mesh shoppers and mesh 

routers. Mesh clients are like MANET nodes: they're mobile, and typically communicate 

through one wireless interface, that is often an Omni-directional antenna. Like MANET 

nodes, they will serve each as finish points of information traffic and as routers. Mesh 

routers, on the opposite hand, area unit less mobile or perhaps static, and area unit typically 

equipped with numerous wireless devices, supporting completely different technologies. 

they're typically a lot of powerful devices than the mesh shoppers, and infrequently run on 

external power provide instead of on battery power. The aim of the mesh routers is to create a 

wireless backbone infrastructure for the WMN. The utilization of a lot of or less static 

backbone of mesh routers provides necessary blessings compared to MANETs. First, it 

provides some stability and organization to the network that permits higher exploitation of 

network resources as an example, knowledge traffic may be routed primarily over the 

backbone nodes, that area unit ordinarily a lot of powerful and have higher bandwidth, 

assuaging the task of the mesh shoppers. Second, the very fact that the mesh routers typically 
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support a range of various wireless communication technologies permits simple integration of 

heterogeneous devices and networks. Finally, the mesh routers part solves the problem of 

battery power usage. The mentioned advantages create WMNs easier to implement than 

MANETs. Consequently, an increasing range of mesh network implementation project area 

unit being started.  

 

ANTHOCNET   

 

AntHocNet [4] is a multipath routing algorithm that combines both proactive and reactive 

components. It is based on AntNet, designed for wired networks, with some modifications to 

be used on ad-hoc networks. AntHocNet reactively finds a route to the destination on 

demand, and pro actively maintains and improves the existing routes or explore better paths. 

 

General Overview of AntHocNet Routing Algorithm 

 

AntHocNet is a hybrid algorithm, containing both reactive and proactive elements. The 

algorithm is reactive in the sense that it only gathers routing information about destinations 

that are involved in communication sessions. It is proactive in the sense that it tries to 

maintain and improve information about existing paths while the communication session is 

going on (unlike purely reactive algorithms, which do not search for routing information until 

the currently known routes are no longer valid). Routing information is stored in pheromone 

table. Forwarding of control and data packets is done in a stochastic way, using these tables. 

Link failures are dealt with using specific reactive mechanisms, such as local route repair and 

the use of warning messages. Below, we describe the general working of the AntHocNet 

routing algorithm. 

At the start of a communication session, the source node of the session controls its 

pheromone table, to see whether it has any routing information available for the requested 

destination. If it does not, it starts a reactive route setup process, in which it sends an ant 

packet out over the network to find a route to the destination. Such an ant packet is called a 

reactive forward ant. Each intermediate node receiving a copy of the reactive forward ant 

forwards it. This is done via uni casting in case the node has routing information about the 

ant's destination in its pheromone table, and via broadcasting otherwise. Reactive forward 

ants store the full array of nodes that they have visited on their way to the destination. The 

reactive backward ant retraces the exact path that was followed by the forward ant back to the 

source. On its way, it collects quality information about each of the links of the path. At each 

intermediate node and at the source, it updates the routing tables based on this quality 

information.  

    Once the first route is constructed via the reactive route setup process, the algorithm 

starts the execution of the proactive route maintenance process, in which it tries to update, 

extend and improve the available routing information. This process runs for as long as the 

communication session is going on. It consists of two different sub processes: pheromone 

diffusion and proactive ant sampling.  Using information bootstrapping, neighboring nodes 

can then derive new pheromone for themselves and further forward it in their own periodic 

broadcasts. Pheromone diffusion process is similar to the dynamic programming approach 

used in distance vector routing. Such approaches are efficient to gather routing information, 

but can be slow to adapt to dynamic situations, possibly temporarily providing erroneous 

information. Therefore, the pheromone diffusion process can be considered as a cheap but 

potentially unreliable way of spreading pheromone information. Because of this potential 

unreliability, the pheromone that is obtained via pheromone diffusion is kept separate from 
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the normal pheromone placed by the ants, and is called virtual pheromone; the pheromone 

placed by the ants will in what follows be called regular pheromone. The virtual pheromone 

is used to support the second sub process of proactive route maintenance, which is proactive 

ant sampling. In this sub process, all nodes that are the source of a communication session 

periodically send out proactive forward ants towards the destination of the session. Different 

from reactive forward ants, they are never broadcast. When calculating the probability of 

taking a next hop, proactive forward ants consider both regular and virtual pheromone. This 

way, they can leave the routes that were followed by previous ants, and follow the 

(potentially unreliable) routes that have emerged from pheromone diffusion. Once a proactive 

forward ant reaches the destination, it is converted into a proactive backward ant that travels 

back to the source and leaves pheromone along the way (regular, not virtual pheromone), just 

like reactive backward ants. This way, proactive ants can follow virtual pheromone and then, 

once they have experienced that it leads to the destination, convert it into regular pheromone. 

One could say that pheromone diffusion suggests new paths and that proactive ants check 

them out. The ant based full path sampling provides the reliability that is lacking in the 

efficient information bootstrapping process.   

 

Data packet forwarding in AntHocNet is done similarly to other ACO routing algorithms: 

routing decisions are taken hop-by-hop, based on the locally available pheromone. Only 

regular pheromone is considered, as virtual pheromone is not considered reliable enough. 

Each forwarding decision is taken using a stochastic formula that gives preference to next 

hops that are associated with higher pheromone values. The formula is different from that 

used by the forward ants, so that data packets can follow a less exploratory strategy. Via 

parameter tuning, it is possible to vary between spreading the data packets over all possible 

available paths and deterministically sending them over the best path. While the former can 

in principle provide higher throughput through the use of multiple paths, the latter allows 

greedy exploitation of the learned information.  

 

In practice in AntHocNet, the function of hello messages is fulfilled by the same periodic 

messages that are used for pheromone diffusion. Then, it broadcasts a link failure notification 

message to warn neighbouring nodes about all relevant changes in its pheromone table. In 

case the link failure was associated with a failed data packet transmission, the node can also 

start a local route repair to restore the route to the destination of this data packet.  Upon 

arrival at the destination, the repair forward ant is converted into a repair backward ant that 

travels back to the node that started the repair process and sets up the pheromone for the 

repaired route. This can be due to bad reception of the broadcast notification message. In this 

case, the node unicasts a warning to the node it received the data from, in order to inform it 

that it can no longer forward data for this destination. 

 

Detailed descriptions 

 

We give a detailed description of the different components of the AntHocNet routing 

algorithm. 

 

Data structures in AntHocNet 

 

The different data structures that are maintained by each of the network nodes under 

AntHocNet. In particular, pheromone tables and neighbour tables. 

Pheromone tables 
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Neighbor tables 

 

Reactive route setup 

 

The reactive route setup process is triggered whenever a node receives a data packet that 

was locally generated (i.e., the current node is the packet's source) for a destination for which 

no routing information is available. This lack of routing information can happen either 

because the data packet in question is the first of a new communication session, and no 

routing information for its destination is available from a different or previous session, or 

because the data packet belongs to an ongoing session for which all routes have become 

invalid (e.g., due to node movements).  

 

 Reactive forward ants 

 

At the start of the reactive route setup process, the source node s creates a reactive forward 

ant. This is a control packet that has as a goal to find a path from s to an assigned destination 

d. At the start, the ant contains just the addresses of s and d. Later, as it proceeds through the 

network, it collects a list P = [1; 2; : : : ; d ¡ 1] of all the nodes that it has visited on its way 

from s to d. 

      After its creation at s, the reactive forward ant is broadcast, so that all of s's neighbours 

receive a copy of it.If more than one copy of the forward ant is received, only the first is 

accepted and converted into a backward ant, while subsequent copies are discarded. This 

way, only one route is set up during the reactive route setup process. The reason is again to 

reduce overhead created during this procedure. For the creation of multiple routes, 

AntHocNet relies on the proactive route maintenance process, which extends the initially 

created route into a full mesh of routes during the course of the communication session.  

 

 Reactive backward ants 

 

The reactive backward ant created by the destination node in response to a reactive forward 

ant contains the addresses of the forward ant's source node s and destination node d, as well 

as the full list of nodes P that the forward ant has visited. The reactive backward ant is unicast 

from d and between the nodes of P back to s. 

The aim of the reactive backward ant is to update routing information in each of the nodes 

of P and in s. At each node i that it visits, it updates the number of hops hdin and the regular 

pheromone value Tdin in the pheromone table entry T din, where n is the node that it visited 

before i on its way from d. 

 

Proactive route maintenance 

 

Proactive ant sampling is aimed at controlling and updating pheromone information 

through path sampling using proactive forward ants. While proactive ant sampling is started 

by the source node of a communication session at the start of the session and continues for as 

long as the session is going on. 

Pheromone diffusion is executed by all nodes throughout their whole lifetime, and is not 

particularly bound to the occurrence of a single session. 
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Data packet forwarding 

 

Data packets are forwarded from their source to their destination in hop-by-hop fashion, 

taking a new routing decision at each intermediate node. Routing decisions for data packets 

are based only on regular pheromone. This means that they only follow the reliable routes 

that are the result of ant based sampling, and leave the virtual pheromone information that is 

the result of information bootstrapping out of consideration. The combination of the reactive 

route setup and the proactive route maintenance processes leads to the availability of a full 

mesh of such reliable routes between the source and destination of each session. 

 

Link failures 

 

      In AHWMNs, link failures can occur due to physical changes such as the movement or 

disappearance of a node, or due to changes that influence the connectivity of the wireless 

communication, such as an increase of radio interference or a decrease in the used 

transmission power. Since AHWMNs are usually highly dynamic, such events are expected 

to occur frequently, and AHWMN routing algorithms should be prepared to deal with them 

effectively. The components of AntHocNet described so far already offer some basic 

protection against link failures. The reactive route setup process allows source nodes to 

rebuild entire routes if needed, and the proactive route maintenance process offers protection 

in a proactive way through the creation of new paths, which can serve as backup routing 

possibilities. In this subsection, we outline further mechanisms in AntHocNet that are 

specifically aimed at dealing with link failures. 

 

The first step in dealing with link failures is their detection. In AntHocNet, link failures are 

detected if lower layer protocols report the failure of the unicast transmission of a control or 

data packet, or if a node fails to receive periodic hello messages from its neighbours. Once a 

failure is detected, the next step is to take action to neutralize its effect. In AntHocNet, the 

action to be taken depends on the way the failure was detected. If the detection was through 

the failed transmission of a control packet or through the missed reception of hello messages, 

the node that detected the link failure broadcasts a link failure notification message, in which 

it warns downstream nodes about changed routes. If the detection was through the failed 

transmission of a data packet, the node starts a local route repair process in order to repair the 

route to the destination of the failed data packet. A final action that can be taken is the 

sending of a unicast warning message. These are messages that are used when an earlier 

broadcast link failure notification message got lost. Below, we first discuss the detection of 

link failures, then the use of link failure notification messages, next the process of local route 

repair, and finally the use of unicast warning messages. 

 

AD HOC ON-DEMAND DISTANCE VECTOR ROUTING PROTOCOL 

 

Ad hoc On-Demand Distance Vector Routing Protocol (AODV) [5] is a unicast reactive 

routing protocol, where the routes are constructed only when needed. AODV maintains a 

routing table where routing information about the active paths is stored. AODV protocol use 

four control packets: Hello messages, Route Requests (RREQs), Route Replies (RREPs), and 

Route Errors (RERRs). Each node maintains a routing table which contains: Destination, 

Next Hop, Number of hops (metric), Sequence number for the destination, Active neighbors 

for this route, and Expiration time for the route table entry. Each time a route entry is used, 

the timeout of the entry is reset to the current time plus active route timeout. The sequence 
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number is used to ensure loop freedom in distance vector routing protocols. The sequence 

number is sent with RREQ (for source) and RREP (for destination) and stored in the routing 

table. The larger the sequence number the newer the route information. If a new route is 

offered, the sequence numbers of the new route and the existing route are compared. The 

route with the greater sequence number is used. If the sequence numbers are the same, then 

the new route is selected only if it has fewer numbers of hops. AODV is composed of two 

mechanisms: Route Discovery and Route Maintenance: 

 

 SIMULATION 

 

The simulations are performed using Network Simulator Ns-2.34 [6]. TCP and UDP are the 

two transport protocols considered. Constant bit rate (CBR) is used as traffic generator. The 

mobility of the nodes is created using random way point model in a rectangular field of 1000 

x 1000 sqm. 

 

Performance Metrics 
  

 Packet Delivery Ratio:This is the ratio of total number of packets successfully 

received by the destination nodes to the number of packets sent by the source nodes 

throughout the simulation. 

 Average End-to-End Delay:This is defined as the average delay in transmission of a 

packet between two nodes. 

 Routing Overhead:Routing overhead is the total number of routing packets divided 

by total number of delivered data packets .This metric provides an indication of the 

extra bandwidth consumed data traffic. 

 

      Metrics are calculated at different speeds, pause times and date rates where the speeds are 

varied from 10 to 90 m/sec in steps of 10 and pause times from 0 to 90 sec in steps of 10 and 

data rates taken as 1, 10, 100, 1000 Mbps. The mobility model used here is random way point 

mobility model. When one of the parameters is varied the others are kept constant. The 

values fixed for different parameters are shown in  Table 1 fixed values for different 

parameters. 

 

Table 1 simulation parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PARAMETERS FIXED VALUES 

Number of nodes  100 

Simulation Time 100 seconds 

Node speed 10 m/sec 

Pause time 10 seconds 

Data rate 1 Mbps 
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Results and Analysis 

 

Varying pause times: 

 

I. Average end to end Delay: 

 

 
 

 

Fig. 1: End-to-end delay in AODV and AntHocNet 

 

From the above fig. 1, it is clear that average end to end delay in AntHocNet is high compare 

to AODV because in TCP route maintenance overhead is high. 

 

 

ii. Packet Delivery Ratio: 

 

 
 

Fig. 2: Packet Delivery Ratio for AODV and AntHocNet 

 

From the above fig. 2, packet delivery ratio is very high in AntHocNet compare to AODV 

because, In TCP AntHocNet follows proactive and reactive algorithms.  
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iii. Routing overhead:  

 

 
 

 

Fig. 3: Routing Overhead for AODV and AntHocNet 

 

From the above fig. 3 it is clear that AntHocNet has more routing overhead than AODV. This 

is due to reactive and proactive route maintenance of AntHocNet. 

 

 

 Varying speeds: 

i. Average end to end Delay: 

 

.            

 

Fig. 4: End-to-end delay for AODV and AntHocNet 

 

From the above fig. 4, it is clear that end to end delay for AntHocNet in TCP is high when 

comparing with AODV. 
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ii. Packet Delivery Ratio: 

 

 
 

Fig. 5: Packet Delivery Ratio for AODV and AntHocNet 

 

From the fig. 5, we are observing that the packet delivery ratio is very high compare to 

AODV because in TCP AntHocNet follows proactive and reactive algorithms 

 

ii. Routing Overhead: 

 
 

 

Fig. 6. Routing Overhead for DSR, AODV and AntHocNet 

 

From the above fig. 6 it is clear that AntHocNet has more routing overhead than AODV. This 

is due to reactive and proactive route maintenance of AntHocNet. 

 

CONCLUSION 

 

Performance of Multipath routing protocol i.e. AntHocNet is better than single path routing 

protocol AODV in terms of their performance metrics packet delivery ratio, end to end delay, 

Routing Overhead by varying pause time, speed, and nodes. 
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