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Abstract 
An Ad Hoc network is a wireless network without any stationary infrastructure of any kind. 
The nodes should be able to communicate with each other using wireless links, where a 
packet might traverse multiple links from the source to the destination. Every node in the 
network acts as a router, forwarding packet from one node to another. Since Ad Hoc networks 
are wireless and the nodes often battery driven, it is very important that the routing protocol in 
use can handle a large degree of node mobility and at the same time be very energy efficient. 
This is not an easy thing and a numerous routing protocols for wireless Ad Hoc networks have 
been proposed [13, 22]. Our goal was to simulate and make a literature study of three 
completely different routing protocols for wireless Ad Hoc networks: the Dynamic Source 
Routing protocol (DSR) [6, 11, 12], the Topology Dissemination Based on Reverse-Path 
Forwarding protocol (TBRPF) [15], and the Zone Routing Protocol (ZRP) [1, 2, 3, 4]. 
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Preface 
This document is divided into 6 parts, and each part can be seen as a standalone document. 
There is no need to read e.g. part 2 to be able to understand part 3 and 4.  
 
We start with a brief introduction (section 1) to Ad Hoc, explaining what Ad Hoc is, how it 
works, and showing some situations where an Ad Hoc network might be needed. In section 2 
we take a closer look at one of the most simulated and thoroughly investigated reactive 
protocol today, the Dynamic Source Routing protocol (DSR) [6, 11, 12]. In section 3 we take 
a look at a more “unknown” proactive protocol, called The Topology Dissemination Based on 
Reverse-Path Forwarding (TBRPF) [15]. In section 4, we have examined a hybrid protocol, 
called The Zone Routing Protocol (ZRP) [1, 2, 3, 4], which is a hybrid protocol in the sense 
that ZRP contains both a proactive and a reactive routing scheme. Section 5 contains the 
simulation results, and in section 6 we have a final conclusion. 
 
 
1. A brief introduction 
 
 
Ad Hoc networking is a hot topic worldwide. Ad Hoc networking is the ambition to 
communicate to each other wireless without any restriction of static or controlled 
infrastructure. In pace with the increasing evaluation of networking techniques in the fixed 
network, it has always been a will regarding wireless communication to independent move 
around wireless, in a self-organized network, without any cables or static spots, 
communicating with other devices. The interest in wireless communication started in the 
1970’s and has strongly increased since. The increased interest is also due to the developed 
technique regarding battery supplies and memory management on mobile devices. Only in 
2003 11.35 million PDAs were sold and the prognosis for 2004 says that 15 million PDAs 
will be sold [17]. The decreasing costs of wireless mobile units are also a contribution to the 
interest.  
 
The term Ad Hoc can be used in various connections. Especially within the military during 
war, the Ad Hoc techniques play an important role where it is important to quickly, simply 
and flexibly establish a connection link to other military units. An example of military use is 
the WolfPack [18] used by the U.S. Department of Defense. A WolfPack is a small device that 
may be launched or airdropped into an area. These Wolfpacks will try to connect to each 
other, performing a temporary network from the current area back to the command center. 
During a disaster as an earthquake or other natural catastrophe, the fixed network may be 
totally disabled. Therefore it is important to have a wireless network that can be established 
quickly and be available without any static links to base stations. On a campus or at a 
company there may be a need for temporary meetings where information has to be delivered 
to multiple participants. 
There is a working group for Ad Hoc networking and research under the Internet Engineering 
Task Force (IETF) called the Mobile Ad-hoc Network (MANET). The purpose of this 
working group is to standardize IP routing protocol functionality suitable for wireless routing 
application within both static and dynamic topologies [19]. 
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1.1 Protocol categories 
Numerous different routing protocols for Ad Hoc networks have been proposed during the last 
decade, created and evaluated for different purposes. The protocols also have to deal with the 
typical limitations in wireless energy constrained networks such as high power consumption, 
low bandwidth and high error rates. The existing Ad Hoc routing protocols are categorized as 
follows: 
 
The proactive protocols [13] are principally traditional distributed shortest-path protocols that 
maintain routes between every pair of nodes at all time by either Bellman-Ford (distance-
vector) or Dijkstra’s algorithm. The routes are based on periodic updates, which mean that 
proactive protocols always maintain a valid route by broadcasting routing information. This 
results in little or no delay for route determination, but on the other hand, it consumes 
bandwidth to keep routes up-to-date. It also maintains routes that may never be used. 
Scalability problem is also a disadvantage as it takes longer for updates to traverse the 
networks, as it gets bigger. Some examples of proactive protocols are the Optimized Link-
State Routing protocol (OLSR) [7], Destination-Sequenced Distance Vector protocol (DSDV) 
[8] and Topology Dissemination Based on Reverse-Path Forward protocol (TBRPF) [9]. Both 

DSDV and OLSR have a number of modifications to 
address the scalability problems. One algorithm that 
combines both link-state and distance-vector is the 
Wireless Routing Protocol (WRP) [10]. 
 
The reactive protocols [13] determine a route if and 
when it is needed (i.e. on demand). If it does not 
have a valid route, the source initiates a route 
discovery procedure. Protocols like Ad Hoc On-
Demand Distance Vector protocol (AODV) [5] and 
Dynamic Source Routing protocol (DSR) [11] both 

sets up reverse path formations through which route replies travel back to the query source. 
The reverse path is set up by the route query, accumulating the addresses as it traverses the 
network trying to find a node that has a fresh route to the destination. The main difference 
between AODV and DSR is that DSR uses source routing to route packets, and AODV uses 
next-hop information. Some disadvantages with reactive protocols are that the control traffic 
may be burst and it has a significant delay in the route determination. 
 
Hybrid protocols [13] are adaptive, containing both a reactive and a proactive routing scheme. 
They are adapted to use a proactive routing scheme when best suited and a reactive routing 
scheme in scenarios when that is needed. Some examples of hybrid protocols are the Zone 
Routing Protocol (ZRP), Fisheye State Routing protocol (FSR) and Global State Routing 
protocol (GSR).  
 
 
2. Dynamic Source Routing 
2.1 Introduction 
The Dynamic Source Routing (DSR) protocol [11] is a reactive routing protocol designed for 
use in wireless Ad Hoc networks. DSR uses source routing, which means a node has to learn 
the complete route to a destination before it can start sending any packets. The protocol 
operates entirely on-demand which means that routes are found only when needed. Since the 

Figure 1 – Ad Hoc protocol categories. 
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protocol only needs to react to changes in the networks, the control packet overhead decrease 
as the mobility in the network decreases (less chance of stale routes in the cache). Since the 
complete route is included in the packet header, intermediate nodes forwarding the packet (or 
other nodes just overhearing the packet) can learn new routes without invoking a route 
discovery process. DSR supports features like load balancing, loop-free routing (guaranteed 
by the source routing), unidirectional links, “soft state” routing and rapid recovery to network 
changes. A salient property of DSR is that it requires no periodic packet exchange of any 
kind. DSR does not use any periodic routing advertisement, link status sensing or neighbor 
detection. This makes the number of overhead packets very low when there are no or little 
changes in the network. Network changes that do not affect routes currently in use are 
ignored. DSR uses aggressive caching and often has multiple routes to a destination in the 
route cache as opposed to AODV [16], which may only have a maximum of one route to a 
destination in its routing table. DSR consists of two main mechanisms; Route discovery and 
Route maintenance. A node can learn multiple routes to any destination from one single route 
discovery. This makes DSR robust to changes in the network, as the node can use another 
route in its cache if the current route fails. The use of advanced route maintenance allows a 
node to pick a new route in its cache to the destination in the middle of a transmission, if the 
current link fails.  
 

2.2 DSR Route Discovery Process 
Since DSR[11] is a reactive protocol, and does not use any periodic advertisements of any 
kind, there need to be another process for discovering routes. This process is called the Route 
Discovery Process, and is responsible for finding routes on demand. 

When a node needs a route to a 
destination, it first checks its route cache 
for a suitable route. If no route was found, 
the source node initiates the Route 
Discovery Process to dynamically find a 
route to the destination. The best way to 
illustrate this process is through an 
example: Node A wants to communicate with node J, but lacks a route to J in its route cache. 
 
When node A initiates the route discovery process, it starts by broadcasting a route request 
(RREQ) packet to all its neighbors (i.e. all nodes within node A’s transmission range). To 
avoid making figure 2a look cluttered, we only show the RREQ packets from the source to the 
destination. Each RREQ packet contains a unique request identifier determined by the source 
node. As the packet traverses the network, a complete list of all the intermediate nodes from 

Figure 2a – Route Discovery Process 

Figure 2b – Route Discovery Sequence 



M.Sc. Thesis Work – Simulation and Analysis of Wireless Ad Hoc Routing Schemes 
Mikael Håkansson and Jan Renman 
Blekinge Institute of Technology 
 
 

 
                                                                                                                                 Page 8 of 41 

the source to the destination is accumulated (see figure 2b). When the destination node J (or 
any other intermediate node that has a route to J) receives the RREQ packet, it returns a Route 
Reply (RREP) and includes the accumulated route record from the route request. When the 
source node receives the RREP packet it caches the route in its route cache for use in sending 
subsequent packets to this destination. If a node has already received a route request with the 
same request id, source address and destination address, or if the node is already included in 
the route record of accumulated addresses, it discards the packet. Otherwise the node appends 
its own address to the list of route records, and re-broadcasts it again with the same request id. 
In this example, node E re-broadcasts the packet to node G, and so on. When the destination 
node (or any other intermediate node that knows a route to the destination) is to return a route 
reply, it has two choices. 
 
1. The node can check in its route cache for a route back to the source. If the node has no 

route to the destination, it initiates a new route discovery process and piggybacks the route 
reply to avoid possible infinite recursions of route discoveries. 

2. The node can use the reverse path accumulated by the RREQ to send a reply back to the 
source. This requires though that the link is bidirectional. It might also be the only 
possibility, since there are MAC protocols [20] that require a bidirectional frame 
exchange. 

 
This route discovery process is very similar to the one in AODV[16]. 
 
Before sending a RREP message back to the source, it has to check that no duplicate nodes 
are listed in the route after the concatenation. Consider the example below, when node A 
wants a route to node E, and initiates a route discovery process. 
 

Figure 3 illustrates the route discovery process, 
initiated by node A. Node F receives the route 
request, and it has a route to node E in its cache.  The 
packet has traveled from node A – B – C – F, and F 
has the following route in its cache: C – D – E. The 
concatenation of these routes ends up with a 
duplicate route (C-F-C): A – B – C – F – C – D – E. 
Node F tries to edit the route to eliminate this 
duplicate route, which would result in the following 
route: A – B – C – D – E. 
 
Learning routes by overhearing packets is of course 
very effective, but it also has its disadvantages. 
When many nodes have a route to the same 
destination in its route cache, the possibility of route 
storms becomes a problem. 
 
If node A in figure 4 broadcasts a route request for 
node X, and all (or many) neighbors have a route to 

the destination, all nodes may try to send back a route reply, thus wasting valuable bandwidth 
and increasing the possibility of collisions in the network. 
 

Figure 3 – Route Shortening 

Figure 4 – Route Reply Storm 
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To avoid the effects of this, DSR delays the route reply for a random period of time to avoid 
collisions. 

2.4 Route Maintenance 
Route Maintenance in DSR [11] is a mechanism used for detecting and recovering from link 
errors and link breaks during transmission. Every node in a transmission source route (i.e. 
from source to destination) is responsible for forwarding and confirming data to the next-hop 
destination. See figure 5 for an example. 
 

In figure 5, node C is responsible for the data flow 
between node C (itself) and the next-hop node D. 
The use of some kind of acknowledgement can solve 
this. In wired networks, a acknowledge packet would 
be sent back from node D to node C, thus confirming 
the receipt of data sent by node C. However, in 
wireless networks, acknowledgements can often be 
used at no extra cost, either as an existing function in 

the IEEE 802.11 [20] standard, or by using “passive acknowledgement” [21]. Passive 
acknowledgement means making use of promiscuous mode by overhearing the transmission 
from node D to the next-hop node E, thus confirming successful receipt of data from node C 
to node D. Not every protocol supports promiscuous mode though. If software 
acknowledgement is used (i.e. acknowledgement packet sent back) an acknowledgement 
request is retransmitted a predefined number of times. If no acknowledgement has been 
received after the maximum number of tries, the link is declared broken. When this occurs, 
the node removes the link from its route cache and a route error packet is generated and sent 
back to the source node (node A in this case). Every node that was using the link removes it 
from its route cache. If node A has another route to the destination, it uses the new route 
instead. 
 

2.5 Route Caching Features 
Depending on link qualities (unidirectional or bidirectional), different routing information can 
be added to a nodes route cache when either forwarding a packet, or just overhearing a 
transmission between some nodes in the network. To be as effective as possible, and avoid 
route discoveries, a node should always add as much information as possible in its route 
cache, when forwarding or overhearing a packet. There are three different “levels” of 
information that can be added to the route cache, depending on the directionality 
characteristics of the physical medium. The three different cases that decide how much 
information that can be added are the following:  
 
1. Only unidirectional transmission is possible (no bidirectional links at all), and the MAC 

protocol is capable of transmitting unicast packets over unidirectional links. 
2. Unidirectional links exists, but they are not persistent. Most links are physically 

bidirectional, but the MAC protocol in use is capable of transmitting unicast packets over 
unidirectional links. 

3. The MAC protocol in use is only capable of transmitting unicast packets over 
bidirectional links, since the MAC protocol requires some form of acknowledge packet in 
return. 

 

Figure 5 – Next Hop Confirmation 
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The following amount of routing information is saved when forwarding or overhearing a 
packet, depending on which case it is: 
 
Case 1: Since links often are unidirectional (not bidirectional), a route should always be 
cached in the “forward” direction. The reverse link identified in the packet header should not 
be cached. In the previous example, if node C overhears or forwards a packet destined to node 
E, it should add the route in its route cache. Node C shall however not add any reverse route 
(e.g. E to A) in its route cache.  
 
Case 2: In this case, where links might be temporarily unidirectional, a node that overhears or 
forwards a packet should add routes in both directions in its route cache. For example, if node 
X overhears a packet transmitted by node C that is using a source route from A to E, node X 
should add all these links in both directions to its route cache. Node X shall also add the link 
from C to X over which it overheard the packet. 
 
Case 3: In this case, the MAC protocol requires a bidirectional link, thus the source route 
should be cached in both directions except if the packet contains a route reply. In this case, the 
route request has already traversed these links and thus the route is already added in the route 
cache. 
 

2.6 Additional Route Maintenance Features 
 
Packet Salvation: 
DSR also supports packet salvation [11], which means that if an intermediate node detects 
that the next-hop link is broken it can, instead of discarding it, replace this broken route with a 
new fresh route from its route cache, and forward the packet to the new next-hop node in this 
route, thus the packet is “salvaged”. A count is maintained in the packet, showing the number 
of times the packet has been salvaged, to prevent the packet from being salvaged an infinite 
number of times. 
 
Effective Route Error Propagation: 
When a source node receives a route error packet, the node propagates this route error to its 
neighbors by piggybacking it on the next route request. This removes stale information from 
the nodes in the surrounding area, and minimizes the chance that the source node receives a 
route reply containing the same invalid link. 
 
Flow State Extension: 
DSR has an optional extension to DSR, called Flow State. The use of flow state allows 
routing of packets without including a source route header in the packet. Once a complete 
source route has been established (by use of DSR’s route discovery procedure) through the 
network, the flow state mechanism allows the source node to establish a hop-by-hop 
forwarding state based on the source route. Each intermediate node is responsible for 
forwarding the packet to the next-hop, based on the local knowledge of the flow. Each flow is 
identified by a unique flow ID, thus enabling intermediate nodes to separate flows. The source 
node is responsible for establishing a flow, and starts by transmitting a packet containing a 
flow state header and a unique ID for this flow. The source node must also include a timeout 
option, indicating the lifetime of the flow. 
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Automatic Route Shortening: 
DSR also has a mechanism for automatic route shortening. A source route may be shortened if 
one or more intermediate nodes in the source route become unnecessary.  

2.7 Conclusion 
Early documents like [6], indicates that DSR [11] would have some flaws regarding stale 
routes. However, theoretically, it seems like all the route maintenance mechanisms like packet 
salvation, route error propagation, and even route caching features has put an end to this, or at 
least minimized this problem dramatically. However, if these functions work as well in reality 
remains to be seen. The performance comparison presented in [6] is based on DSR IETF draft 
version 3. A lot have happened since then, and a new simulation may result in a different 
conclusion than presented in [6]. 
 
 
3 Topology Dissemination Based on Reverse-Path 
Forwarding 
 

3.1 Introduction 
TBRPF is a proactive routing protocol designed for use in mobile Ad Hoc networks 
(MANETs). Proactive protocol schemes use periodic broadcasts of routing information, to 
keep a complete up-to-date topology map of the entire network. This usually requires a lot of 
control traffic and is less suitable for large networks due to scalability problems and high use 
of bandwidth (because of the excessive control traffic). 
 
TBRPF uses a modification of Dijkstra’s algorithm to provide the shortest path to various 
destinations in the network. One example of a protocol that uses Dijkstra’s algorithm is 
Optimized Link-State Routing protocol (OLSR) [7]. 
 
The TBRPF protocol is based on the Extended Reverse-Path Forwarding (ERPF) [14] 
algorithm. The ERPF is based on broadcast from a source node, in the reverse direction, along 
a directed spanning tree. The spanning tree in question is a “topology map” of all the shortest 
paths from all nodes to the source. Because ERPF was not designed for topology broadcast 
(solely general broadcast), TBRPF combines ERPF and the use of sequence numbers to 
achieve reliability. 
 
TBRPF only broadcasts link-state updates, in the form of a minimum-hop tree (spanning tree), 
from the source. This means that every source node in the network computes its own 
minimum-hop tree. 
 
Since TBRPF only reports link-state changes, it also generates less control traffic than the 
ordinary proactive flooding algorithm. This is a good thing, since wireless Ad Hoc networks 
often have limited bandwidth and a dynamic environment (frequent change of topology, 
nodes can join or leave the network at any time). 
 
TBRPF uses both a periodic and a differential update scheme to enable all nodes to inform 
other nodes in the MANET about route changes [15]. The protocol uses the routing 
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information stored in its topology table to compute a source tree (see figure 6) containing the 
minimum-hop paths to all known destinations (i.e. the full topology) from the source.  
 
 

The directed graph, G = (V,E) consists of a set of 
nodes (V) and a set of edges (i.e. the links between 
two nodes), (E). Each node is assigned a unique 
identifier, a router ID, which identifies each node in 
the topology table.  
 
The links between two nodes can either be 
bidirectional (point-to-point) if either nodes can 
reach each other, or unidirectional if the 
communication is one-way (unable to send in both 
directions). Each node u that has a link (u, v) is 
responsible for reporting changes to the other node v. 
 

 

3.2 TBRPF Neighbor Discovery (TND) 
TBRPF uses a neighbor discovery protocol to detect route changes. This neighbor discovery 
procedure is designed to be independent of the routing module and occurs at differential 
intervals. TND performs neighbor sensing, i.e. TND decides which nodes that are 1-hop 
neighbors, unlike the routing module that discover 2-hop neighbors. An advantage with TND 
is that it can detect when a link to a neighbor is changed (directional, bidirectional or lost) and 
can quickly inform its neighbors by broadcasting HELLO beacons. TBRPF only reports link 
changes instead of broadcasting the entire topology. This dramatically minimizes the routing 
load of the network. 
  
There are three procedures that are called by the TND: 
 

• Link_Up(u, v) – When a new link is detected between node u and v. 
• Link_Down(u, v) – When a link is removed between node u and v. 
• Link_Change(u, v) – When a link is changed between node u and v. 

 
The TBRPF node must send at minimum one HELLO message per HELLO interval where 
each message contains three lists of neighbor addresses: Neighbor Request/Reply/Lost. Each 
message also contains a sequence number to avoid messages looping around. 
 
We illustrate a scenario to describe the neighbor discovery procedure [15]: 
 
When a node (source) changes the status of a link, it includes the address of the neighbor 
(destination node) to that link in the list of neighbors (e.g. Neighbor Request). This list must 

Figure 6 – Source tree (directed graph) 
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then be included in the next (e.g. 3) consecutive HELLO messages to the concerned node or 
until the destination node sends a Neighbor Reply. Note that TBRPF does not use ACKs or 
NACKs for the HELLO messages, instead it uses a reply message included in the HELLO 
message sent backwards, which also minimizes the control traffic.  
 
If the source node receives a Reply message, the link is declared a bidirectional, otherwise 
unidirectional. If the source node later receives a HELLO message sent from the destination 
node with a sequence number that indicates that the destination node has missed all 3 request 
messages, or if the source node has not received any HELLO message during a certain of time 
(neighbor hold time), the source node declares the link as lost. If the link is declared as lost 
the source node includes the destination node in the Neighbor Lost list in each of the next 3 
HELLO messages (unless the link has not changed status before these transmissions are 
completed). 
 

3.3 Routing module 
Each node, as mentioned earlier, maintains a source tree with the shortest path to all other 
nodes in the network. The routing module in the node uses a periodical HELLO message, 
which is sent at periodical interval (e.g. every 5 seconds). The HELLO message includes only 
a part of the source tree, called the Reported sub tree, RT. RT is a sub tree created by the 
source node containing only the 1-hop neighbors. This minimizes overhead because the 
reported information (the sub tree) is a small part of the full source tree computed from the 
topology table that all nodes in the MANET maintain.  
 
There is also a table used by the routing module called the Reported Node Set, RN, in which 
the nodes links to another node is within RT. RN is computed as follows: 
 
A source node includes a neighbor node X in the RN if and only if another neighbor uses the 
source node as the next hop on the shortest path to node X. To determine this, the source node 
computes the shortest path, 2-hops, from each neighbor to each other neighbor using the 
priority number and router ID (included in the HELLO message). The source node then 
includes the nodes rooted in the RN together with all links in the RT. 
 

3.4 HELLO message 
Each HELLO message is neighbor sensed, which means it is only forwarded from the 
reported node to the 1-hop neighbors, containing only the changes in the status of that link. 
The HELLO message should not be sent at regular intervals due to high risk of collisions of 
these control messages.  
To avoid this, the interval between two messages is set to be HELLO_INTERVAL – jitter 
[15], where jitter is selected randomly from U[0, MAX_JITTER]. 
 
The HELLO message contains, as described in figure 7, the following: 
 

• Type 
- Neighbor Request (Type = 2) 
- Neighbor Reply (Type = 3) 
- Neighbor Lost (Type = 4) 

• HSEQ – Sequence number of the HELLO message, incremented by one each time. 
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• Pri – Number between 0 and 15, indicates how likely to be the next hop on a route. 
• n – The number of 32-bits neighbor interface addresses. 

 
 

Each HELLO message includes a Neighbor Request 
message even if the neighbor list is empty. The 
message also contains a Neighbor Reply and a 
Neighbor Lost message if the appropriate list is non-
empty. 
 

Each node uses the differential HELLO message to report changes (additions and deletions) 
more frequently. This ensures that all nodes that are affected by the changes can update their 
source tree quite fast. When a node receives a message with a topology update it does not 
have to forward the message. The receiving node consults its own source tree and if there has 
been a link change, the information is included in the next outgoing HELLO message sent by 
that node. To illustrate an example, see figure 8. 
 

 

When node A detects the new node X, node A performs the following procedures: 
Node A updates its topology table and includes the update information (in the form of a 
reported sub tree, see figure 9) in the next periodic HELLO message, which is broadcasted to 
all neighbors (B and X). 
 
When a node receives a HELLO message containing update information it is accepted if and 
only if the message is received from the node’s parent and if the sequence number is larger 
than the corresponding sequence number in the topology table for the sending node. 

Figure 7 – HELLO message 

Figure 8 – New node detected 

Figure 9 – A’s reported sub tree. 

Figure 10 – B’s reported sub tree. 
 

Figure 11 – HELLO messages traversing 
 the network 



M.Sc. Thesis Work – Simulation and Analysis of Wireless Ad Hoc Routing Schemes 
Mikael Håkansson and Jan Renman 
Blekinge Institute of Technology 
 
 

 
                                                                                                                                 Page 15 of 41 

 
If the receiving node, in this case B, accepts the message, it updates its topology table by re-
computing new routes (links), using Dijkstra´s algorithm, to its neighbors (parents and 
children). Node B then broadcast its constructed RT to its neighbors (children) in the 
upcoming HELLO message, see figure 10. All nodes forward this update downstream until all 
nodes are notified (see figure 11). 
 

 
3.5 Conclusion 
An advantage with the TBRPF protocol (due to the fact that it is a proactive protocol), is that 
it often has a route in its table to a destination before the route is needed. TBRPF is also very 
efficient because it can quickly detect a change in the up/down status of a link and can 
immediately compute alternative routes, which allows fast recovery from failures and 
topology changes. Topology update also achieves efficient by sending the new updated 
information as a small set of the whole topology, which minimize the overhead. TBRPF uses 
full spanning trees to broadcast these updates to eliminate redundant messages, i.e. to avoid 
that a node receives multiple messages of the same update.  
 
 
4. The Zone Routing Protocol 
 

4.1 Introduction 
The Zone Routing Protocol (ZRP) [1, 2, 3, 4] is a flat loop free hybrid protocol in the sense 
that it contains both a proactive and reactive routing scheme. The two different schemes will 
be described later in this document. 
The advantage with a proactive routing scheme is small routing delays, contrary to the 
somewhat longer delay in reactive schemes, but there is one significant drawback; when it 
comes to wireless networks, proactive routing schemes periodically send out a lot of control 
traffic (i.e. routing tables etc), which take up a lot of bandwidth. As both schemes have salient 
advantages, a combination of both might be the solution. 
 
Each node maintains routes in a proactive manner, using periodic exchanges of neighbor 
discovery messages, in its own local region (i.e. its routing zone), and find routes globally in a 
reactive manner by querying selected nodes only, instead of flooding the network. This 
mechanism is called bordercasting [2], and it uses these selected nodes to direct queries 
across overlapping zones.  
The routing zone depends solely on one single parameter, the routing zone radius. Each 
individual node has its own zone radius, which can be configured independently.  
The zone radius is defined as a number of hops from, from a particular node, thus determine 
how big the zone is. Each node has its own routing zone, which makes the zones heavily 
overlapped in dense situations. 
 
The Zone Routing Protocol consists of three major parts (modules); IERP, IARP and BRP. 
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4.2 The Protocol 
ZRP uses a combination of both proactive and reactive routing schemes. Three major parts 
build up ZRP; The Intrazone Routing protocol (IARP) [3], The Interzone Routing Protocol 
(IERP) [4] and The Bordercast Resolution Protocol (BRP) [2]. ZRP also uses a Neighbor 
Discovery Protocol (NDP) [1].  See figure 12 for an overview of the architecture and 
relationship between the protocols. 

 
The architecture is also modular, which makes it 
possible to adapt a link-state protocol to be used as 
an IARP, and an on-demand protocol to be used as 
an IERP. 
The behavior of ZRP depends on the network 
configuration and the zone radius.  
 
 

 

4.3 Neighbor Discovery Protocol NDP 
There is no clear definition in the draft how the neighbor discovery is achieved. One idea 
mentioned is to implement a separate Neighbor Discovery Protocol (NDP) [1] which 
periodically broadcasts “HELLO” beacons. 
The NDP would be used to detect new neighbors and link failures. The quality of reception 
could be used to indicate the link quality to a particular neighbor. If a node has not received a 
beacon for a period of time from a particular neighbor, the node is removed from its routing 
table. 
 

4.4 IARP – Intrazone Routing Protocol 
The Intrazone Routing Protocol [3] IARP maintains routes in a proactive manner within a 

node’s local region, which is called a routing zone. 
This zone is defined as a number of hops (minimum 
distance) from a node that is equal to a parameter 
referred to as the zone radius (See figure 13). As 
each node has its own routing zone, nearby zones 
overlap. Every node periodically sends out routing 
information in the form of link states, containing the 
current set of neighbors and corresponding list of 
link metrics. The IARP uses a TTL (time-to-live) 
value that determines the number of times a link 

state update packet shall be broadcasted. Upon receipt of a link state update packet, the node 
records the link state, updates its routing table and the TTL value is decremented. The nodes 
compute intrazone routes based on these advertisements (See figure 19 for the link state 
update packet format in the packet format section) send out by each zone member. 
 

Figure 12 – ZRP Architecture 

Figure 13 – Routing Zone 
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The IARP rely on the Neighbor Discovery Protocol (NDP) [1] to provide current information 
about a node’s neighbors. 
 
Routes to local destinations are found immediately, since a node has a complete overview if 
its own routing zone. This minimizes the traffic overhead caused by route discoveries. When a 
node is in the need of a destination outside its routing zone, ZRP uses a mechanism called 
Bordercasting [2] to direct route queries to “end nodes” instead of flooding the whole zone 
(query bordercasting). This minimizes the bandwidth used, contrary to classic query 
broadcasting. 
 
”End nodes” of a particular node are those nodes whose minimum distance is equal to the 
zone radius. In the picture above, nodes E and I are “end nodes”, or peripheral nodes. From 
now on, we will use the word peripheral. 
 
The benefit of using routing zones is enhanced route maintenance. Link failures can be 
bypassed since there often exists multiple hop paths within a zone, and shorter paths can be 
found. 
 
ZRP uses a module, called Neighbor Discovery Protocol (NDP), to maintain local routing 
information (zone topology). A node uses NDP to periodically send out neighbor discovery 
messages to all its neighbors. 
 

4.5 IERP - Interzone Routing Protocol 
The Interzone Routing Protocol IERP [4] is the reactive component of ZRP. IERP takes care 
of the route discovery process, when a destination is not found within the zone of the node in 
question. It offers enhanced routing discovery and maintenance based on the information 
provided by the IARP [3]. 
In order to illustrate the difference in how ZRP handles route discovery contrary to classic 
reactive route discovery used in AODV [5] and DSR [6], we start by explaining the classic 
reactive route discovery process. 
 
“Classic” reactive route discovery process: 
(The following text is a basic description of AODV’s [5] route discovery process.) 
A route request is initiated whenever a node needs a route to a destination that does not exist 
in the nodes routing table.  

 
The source issues a route request and broadcasts 
packets to all its neighbors (See figure 14). If a node 
does not have a fresh route to the destination, it 
forwards it to its neighbors, and so on. 
 
To be able to send back a reply whenever a 
destination is found without having to initiate a new 
route discovery process, the request accumulates 
route information (addresses and relevant node/link 

metrics) as it traverses the network. AODV then uses the accumulated addresses to set up a 
reverse path formation for a period of time that is long enough for the route request to traverse 
the network and produce a reply to the issuer. 

Figure 14 – Route Request Propagation 
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Whenever a node with a fresh route to the destination receives the request, it sends a route 
reply packet back to the source, using the reverse path. Reverse paths from nodes not having a 
fresh route to the destination will time out (See figure 15, noted in red). 
 

 

 
AODV accepts the first route request packet and starts sending data through the reverse path 
from which the route reply packet traveled. (See figure 16). 
 
ZRP / IERP route discovery process: 
ZRP exploits the fact that it has complete knowledge of the routing zone topology 
(information provided by IARP).  
When a node receives a route request it responds on behalf of its routing zone. 
ZRP then uses bordercasting [2] (if no route is found within the zone) to direct the request to 
the routing zones peripheral nodes. This process will be discussed in the next section. 
 

4.6 BRP – Bordercast Resolution Protocol 
The Bordercast Resolution Protocol (BRP) [2] is a packet delivery service used by IERP [4] 
to guide route requests through out the network. The Border Resolution Protocol uses a 
special mechanism to direct control messages away from areas in the network that have 
already been covered. This effectively minimizes the routing load on the network. Let us now 
take a deeper look at how a route discovery based on bordercasting is performed. 
 
A node that is in need of a route to a destination, first checks weather the destination is found 
within its zone (based on information provided by the IARP). If so, the route discovery 
process is finished. If no route was found within the source nodes routing zone, the source 
node constructs a “bordercast tree” of all peripheral nodes (all nodes with a minimum hop 
count equal to the zone radius, i.e. the edges) in the zone. The source then forwards the route 

query to all neighbors in this tree. Only nodes 
belonging to this bordercast tree processes the query. 
A node that does not belong to the tree only notes the 
reception and discards the packet. 
 
If the node belongs to the tree, it processes the query 
and checks weather the destination lies within its 
routing zone. If so, it sends back a reply to the query 
source. If the node does not have a fresh route to the 
destination within its zone, the node constructs its 
own bordercast tree containing those peripheral 

Figure 16 – Forward Path Formation 
 

Figure 15 – Reverse Path Formation 
 

Figure 17 – Route Discovery Process 
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nodes not yet covered by the query, and forwards the tree to its neighbors, and so on. When 
forwarding the query, the zone is covered and the node does not need to forward any possible 
copies of the route query. See figure 17 for an example illustrating a route discovery process.  
 
In this example, Node A wants to send data to node L. Each node’s zone radius is 2 hops, thus 
node L does not lie within node A’s routing zone. Since node L is not within A’s routing 
zone, node A constructs a bordercast tree spanning its peripheral nodes (E and I). Node A then 
sends the route query to all neighbors in the spanning tree, and then the neighbors (F and G) 
checks whether the destination exists within their routing zones.  
Since node L is not found in either of the zones, the nodes constructs new bordercast trees 
spanning their peripheral nodes, excluding the part that node A already have covered. In this 
case based on the picture above, node G constructs a bordercast spanning its uncovered 
peripheral nodes, J and K. Node G forwards the route request to the only possible neighbor, 
which is node I. 
Node I checks its routing table, and finds node L in it, the route request is finished. Node I 
send back a route reply to node A, containing the reversed path to L: L—K—I—G—A (see 
Appendix A for a summary of the route discovery example) If several paths to the destination 
were found, the source node receives several replies. 
 
This example gives a good indication if how effective bordercasting is contrary to classic 
flood searching. See figure 18 for an overview of a route query packet [4]. 
 

4.7 Important notes 
It is important to know that the ZRP is not a stand-alone routing protocol. It is more like a 
routing framework consisting of several routing modules. It is also important to know that the 
IARP [3] and IERP [4] are not implemented protocols. The drafts contain guidelines and 
pseudo code how to adapt any proactive and/or reactive routing protocol to function as an 
IARP and/or IERP. See figure 12 for an overview of the ZRP architecture. 
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4.8 Packet formats 
To make it easier for the reader to understand different processes (e.g. route discovery), we 
present some relevant packet formats here. 
 
Route Query Packet:  
Used by the IERP [4] to find routes globally across the network. 
 

 

4.8.1 Route Query field description 
 
Type:  

Identifies the type of IERP packet, ROUTE_REQUEST or ROUTE_REPLY. 
 

Length: 
Length of the packet, in multiples of 32 bit words. 
 

Node Pointer: 
Index into the route corresponding to the node that has just received, or is next to 
receive, this packet. 
 

Query ID: 
Sequence number, which along with the Query Source Address uniquely identifies any 
route request in the network. 
 

Query / Route Source Address: 
The IP address of the source node that initiated the route request. 
 

Intermediate Nodes: 
Addresses of Intermediate nodes accumulated during the query process. 
 

Query / Route Destination Address: 
IP address to be located during the route request phase. 

 
“Neighbor Advertisement” Packet:  

Used by the IARP [3] to periodically advertise the current set of Neighbors and 
corresponding link states throughout a nodes routing zone. 

 

Figure 18 – Route Query packet 
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4.8.2 IARP Advertisement field description 
 
Link Source Address:  

IP address of the reported link’s source node. 
 

Link State Seq. Num 
Sequence number used to track the link state history of the link source node. 
 

Zone Radius 
The Routing zone radius of the link’s source node. Determines the extent that link state 
information propagates. 
 

TTL 
Number of hops remaining until packet is discarded. 
 

Link Dest Cnt 
Number of link source’s neighbors. 
 

Link Destination Address (n * 32 bits) 
IP address of the link source’s neighbor nodes. 
 

Node / Link Metrics (n * x * 32 bits) 
This section of the packet is used to report quality of the link. 

Metric Type 
Type of metric being reported based on pre-defined metric types. 

Metric Value 
Value of node / link metric specified by the metric type. 

 

Figure 19 – IARP Advertisement Packet 
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4.9 Conclusion 
The Zone Routing Protocol [1] differs from many other zone-based or cluster-based routing 
protocols. Other cluster-based protocols often selects one cluster head, which is responsible 
for passing data from one zone to another. This could, due to heavy traffic load on these 
nodes, lead to network congestion or even single point of failure. 
ZRP avoid these problems by using the peripheral nodes (which can be seen as cluster heads) 
to distribute routing information. 
 
ZRP also uses an effective route discovery process, based on bordercasting [2]. This 
mechanism only propagates routing information to nodes not yet covered by the route query. 
This process results in less routing load than the classic flooding mechanism used in AODV 
[5] and DSR [6]. 
 
Also note that there is tradeoff between routing zone maintenance and route discovery 
efficiency. A zone radius equal to one (i.e. no “real” zone), makes ZRP act as a purely 
reactive protocol, since there is no zones to proactively maintain. A bigger zone radius 
improves route discovery efficiency, but requires more control traffic.  
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5. The Simulations 
 

5.1 Introduction 
To make our simulations, we used the discrete event simulator NS-2 [27]. To simulate 
wireless networks we used a model from the Monarch Research Group [28] who developed 
support for multihop wireless networks in NS-2. This model is implemented since version ns-
2.1b4. The distributed coordination function (DCF) [32] on IEEE 802.11 for wireless LANs is 
used as the MAC layer protocol. To achieve reliability, the DCF uses a four-frame exchange 
where the source node first issues a Request to Send (RTS) [32] to the destination. The 
destination responds with a Clear to Send (CTS) [32]. The source then transmits the data 
frame and this is followed with an ACK from the destination. Broadcast and RTS/CTS 
packets is sent using a carrier sense multiple access (CSMA) [32] technique with collision 
avoidance (CSMA/CA) to avoid the well-known hidden terminal problem (see Appendix E). 
The simulated radio interface model is the Lucent WaveLAN [29,30]. The WaveLAN is 
modeled as shared-media radio with an 802.11 DSSS, 1 Mbps preamble rate (used for headers 
and synchronization), 2 Mbps data rate and a radio range of 250 meters. As signal propagation 
model, we use the Two-ray ground reflection model, which is more realistic than always 
having a direct line of sight between the transmitter and the receiver. The two-ray ground 
reflection model considers both a direct path and a ground reflection path. See Appendix D 
for details about formulas and parameter settings used in our simulations. 
 
All protocols use an interface queue (IFQ) of 50 packets. The IFQ is a FIFO priority queue 
where routing packets gets higher priority than data packets. 
 
ZRP uses a zone radius of 2 (670x670m2) resp. 3 (1500x300m2) hops, and an IERP queue of 
20 packets. The NDP [1] beacon period is 11 seconds, and the maximum number of nodes 
allowed in a zone is 50. 
 
TBRPF does not use ARP since MAC addresses can be obtained from received routing 
packets. The Hello beacon interval is 1 second and the periodic update interval is set to 5 
seconds. 
 

5.2 Traffic and Mobility model 
In our simulations we use continuous bite rate (CBR) sources, which are spread randomly 
over the network. We use a varying number of source-destination pairs (10, 20, 30 and 40), 
the packet size is 512 byte and we use a transmission rate of 4 packets per second. 
 
The mobility model used is the random waypoint model [31] with two different scenarios: 
670x670 m2 and 1500x300m2. Each node is moving with a randomly chosen speed, uniformly 
distributed between 0 and 20 m/s. When the destination is reached, a new destination is 
randomly chosen after a specified pause time. The pause time varies from 0 to 900 seconds. 
 
The simulation is based on a paper [6] from an earlier simulation with ns-2, and consists of 50 
nodes and runs for 900 simulated seconds. Each value in the graph is a mean of five 
simulation runs with identical traffic models but with different randomly generated mobility 
scenarios. In order to avoid incorrect means (and large variations) due to random scenarios 
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(node placement) and connections patterns, one should run at least 30-40 simulation runs, but 
since large scale simulations takes very long time and produces a lot of data (hundreds of 
gigabytes), we had to settle with five. For more statistical details, see appendix C.  
 
Also, due to a lot of errors and bugs in the ZRP [1,2,3,4] module we were unable to get it 
working in a large-scale scenario, and therefore we are forced to refer to analytical studies 
about ZRP performance. See [23,24,25,26] for some theoretical results. 

5.3 Performance Metrics 
We are evaluating the performance using four different performance metrics. These metrics 
are widelly used for measuring performance and we will use them as well. 
 
Packet Delivery Ratio 

The ratio of delivered data packets at the destination to those sent by the CBR sources (i.e. 
received divided by sent). 

Average End-2-End Delay 
This is the average delay from the source to the destination, including buffering and 
routing delays. In this simulation, it is the time from which the packet is generated at the 
source agent to the time which it is received at the destination agent. 

Total Routing Load 
The total number of send and forwarded routing packets, measured in Kbytes including IP 
and MAC headers for the data packets. 

Total MAC Load 
The total MAC load (routing packets, CTS, RTS, ACK, ARP, i.e. ALL overhead except 
data) sent by the MAC layer, including IP and MAC headers. This includes the total 
routing load described above. 
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5.4 Simulation Results  
In this section we present the results from our simulations. It is only the results and no 
conclusions (i.e. only facts). The results are presented in figures consisting of 4 sub graphs, 
one for each scenario (10, 20, 30 and 40 sources). On the X-axis, we have the pause times, 
which is the time a node stands still before moving to a new destination. Zero seconds pause 
time means constant mobility and 900 seconds pause times illustrates a network without any 
movement. Please note that we could not get ZRP working correctly in large scale scenarios, 
and thus we will not have any simulation results regarding the hybrid protocol.  
 
5.4.1 Packet Delivery Ratio 
In the 670x670m2 scenario as seen in figure 20 for 10 and 20 sources, TBRPF have a constant 
packet delivery ratio closed to 100%. DSR has a somewhat lower packet delivery ratio when 
there is a constant mobility, but as the pause time decreases the packet delivery ratio increases 
to 100%. For 30 and 40 sources, the results are quite similar for both of the protocols. DSR 
has a little higher packet delivery ratio when there is no mobility, as opposed to TBRPF which 
is a bit better in high mobility scenarios. 
  
In the 1500x300m2 scenario (figure 21), DSR suffers from a lower ratio than TBRPF 
throughout the whole simulation. In higher mobility scenarios, TBRPF outperforms DSR 
while the both protocols converge to each other for higher pause times (> 600 s). TBRPF is 
10% better when there is a constant node movement for 30 and 40 sources. 

Figure 20 – Packet Delivery Ratio, 670x670m2 
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5.4.2 End-to-End Delay 
Both DSR and TBRPF have a very low delay for 10 and 20 sources. DSR suffer from a 
constant higher delay of 1-2 ms, which reflects the results from figure 20 quite well. For 30 
and 40 sources one can see in figure 22c and 22d that the network is getting congested. When 
there is a constant mobility the delay are the same, but at higher pause times DSR outperforms 
TBRPF by a factor of 0.5. DSR has a more constant delay while the delay varies a lot for 
TBRPF. 
 
In figure 23, DSR has twice the delay compared to TBRPF when there is a constant mobility 
for 10 sources. For 20 sources DSR has twice as high delay when there is constant mobility. 
As the mobility decreases the gap also decreases and when there is no mobility the results are 
closed to equal. For 30 and 40 sources TBRPF has approximately a half second higher delay 
than DSR throughout the simulation except when there is no movement. 
 
5.4.3 Total Routing Load 
In figure 24 both DSR and TBRPF has quite a constant routing load for 10 and 20 sources. 
DSR has a constant lower routing load of approximately 15-50% in these scenarios. This is of 
course a result of the proactive routing scheme TBRPF uses. When the net gets more 
congested (30 and 40 sources, figure 24c and 24d), DSR still have a significant lower routing 
load than TBRPF. Both DSR and TBRPF have a rather constant routing load in more 
congested scenarios. 

Figure 21 – Packet Delivery Ratio, 1500x300m2 
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In figure 25, TBRPF has a similar routing load regardless of high or low mobility in the net, 
while DSR´s routing load nearly doubled for 10 and 20 sources, compared to the 670x670m2 

scenarios. TBRPF seem to be more stable. Looking at figure 25a, DSR has doubled its routing 
load, while TBRPF´s routing load only increases by approximately 20-25%. In more 
congested situations (figure 25c and 25d) DSR has much lower routing load when there is a 
high mobility. The less movement there is in the network, the more DSR and TBRPF 
converge to each other. When the network is completely static (i.e. no node movement), the 
routing loads are almost identical for 30 and 40 sources. 
 
5.4.4 Total MAC Load 
In the scenario with 10 sources (670x670, figure 24a), DSR is more efficient with a slightly 
lower MAC load than TBRPF regardless of pause time. For 20 sources, the MAC load is 
almost identical for both the protocols. Also, remember that TBRPF does not use ARP 
messages. In more congested scenarios (figure 26c and figure 26.d), DSR wins the battle with 
a constant 5-6% lower MAC load TBRPF, which reflects the results from the packet delivery 
ratio and end-to-end delay. 
 
In figure 27 (1500x300 m2), the MAC load is almost identical for 10 and 20 sources, just as in 
the 670x670m2 scenarios in figure 26. Both the protocols have an increased routing load in  

Figure 22 – End-to-End Delay, 670x670m2 
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these scenarios by approximately 40% compared to figure 26a and figure 26b. For 30 and 40 
sources, the routing load increases by nearly 50% compared to the 670x670m2 scenarios. 

5.5 Discussion 
First, we would like to mention that it is somewhat hard to compare a proactive and a reactive 
protocol, since they both have salient characteristics in different scenarios. 
 
5.5.1 Packet Delivery Ratio 
Beginning with the packet delivery ratio (figure 5.1 and 5.2), TBRPF is of course outstanding 
in scenarios with high mobility, compared to DSR. This is due to the proactive routing 
scheme of TBRPF, which periodically sends out hello beacons every second. This results in 
constant up-to-date topology information. DSR in the other hand suffers a lot in high mobility 
scenarios, much due to the aggressive caching. Stale routes are probably the main reason why 
DSR have a lower packet delivery ratio in high mobility scenarios. Aggressive caching has its 
advantages when there is low or no mobility. When there is low mobility, DSR suffers less 
from stale routes and this has an impact on the number of route requests initiated DSR also 
uses its flow state mechanism, which is very useful in scenarios where there is no or little 
node movement. Using flow state makes the packet processing faster at every node, which 
makes the packets reach their destinations faster.  
The combination of low mobility and the flow state mechanism results in similar and even 
better packet delivery ratio compared to TBRPF (figure 20).  

Figure 23 – End-to-End Delay, 1500x300m2 
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Looking at figure 21, it seems that TBRPF have an advantage over DSR in larger areas. The 
only scenario where TBRPF does not perform better than DSR, is when there is no mobility at 
all. 
 
 
 
5.5.2 End-to-End Delay 
Regarding End-to-End delay (figure 22 and 23); it seems that TBRPF has a small advantage 
over DSR when there is a low traffic load (10 and 20 sources) on the network. The difference 
though is so low that it could be neglected. If one compares the End-to-End delay for 10 and 
20 sources, with the corresponding packet delivery ratio, it reflects the results very well.  
For higher network loads (30 and 40 sources) DSR completely outperforms TBRPF. This is 
most likely due to a number of reasons, like DSR flow state and TBRPF´s proactive routing 
scheme. The use of the flow state mechanism dramatically decreases the packet processing at 
every node and thus also the End-to-End delay. This is because the header, in flow state mode, 
is much smaller than the normal header containing the full source route. 
 
The fact that TBRPF cannot initiate any route request, but have to wait until the hello beacons 
have collected enough topology information to cover the current route is a major drawback. 
This is very clear when looking at the 30 and 40 sources scenarios in figure 22 and 23. The 
larger the network is, the longer it takes to collect information about the topology, and 

Figure 24 – Total Routing Load, 670x670m2 
 



M.Sc. Thesis Work – Simulation and Analysis of Wireless Ad Hoc Routing Schemes 
Mikael Håkansson and Jan Renman 
Blekinge Institute of Technology 
 
 

 
                                                                                                                                 Page 30 of 41 

therefore there is a high risk for obsolete topology information. When there is no movement, 
DSR have a higher delay than TBRPF. DSR should have a lower End-to-End delay when the 
movement decreases, but for some reason the delay increases for both 30 and 40 sources. This 
might be the result of longer paths for DSR, or it might of course be due to random effects.  
 
For the 670x670m2 scenario, the routing load is much lower for DSR (figure 24) regardless of 
number of sources. This is partly because DSR only initiates route requests on-demand, when 
no route to a destination is found in its route cache.  
 
5.5.3 Total Routing Load 
TBRPF periodically broadcasts hello messages, which makes the number of routing packets 
(i.e. routing load) quite the same regardless of the number of sources. This is very clear in 
scenarios when there is a combination of many nodes (50 in our case) and low traffic load (10 
and 20 sources). In more congested scenarios (figure 24c and figure 24d) DSR still has an 
advantage over TBRPF. Looking back at the packet delivery ratio and end-to-end delay for 
these scenarios, it is easy to draw the conclusion that TBRPF retransmits more packets than 
DSR (hence the lower packet delivery ratio and higher delay), and this of course affects the 
routing load too, which increases for every transmitted packet. 
 
In the 1500x300m2 scenario (figure 25), TBRPF has an increased routing load by 
approximately 20% for 10 and 20 sources, compared to the simulation in figure 24. DSR has a 

Figure 25 – Total Routing Load, 1500x300m2 
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slightly higher increase of routing information (approximately 30%), which is due to the 
nature of the reactive routing scheme. TBRPF periodically sends out the same amount of 
routing packets every second, while DSR makes a new route request whenever the protocol 
needs a route to a specific destination, when not found in its routing table. 
In figure 25c and 25d, the difference in routing load between TBRPF and DSR is not as high 
as in figure 24. DSR though still has a lower routing load than TBRPF, but as the pause times 
increases, the routing load increases and when there is no movement the routing load is almost 
identical for both the protocols. We still believe this is due to the fact that TBRPF has a higher 
end-to-end delay and lower packet delivery ratio for the corresponding scenarios in figure 21 
and 23. 
Higher delay can either be the result of many retransmissions or longer path length (which 
increases the probability of a packet drop). 
 
5.5.4 Total Mac Load 
The graphs containing the result from the MAC load is quite similar to figure 24 and figure 
25. The major difference between the MAC load (figure 26 and figure 27) and the routing 
load (figure 24 and figure 25) is the 4-frame exchange procedure by the distributed 
coordination function (DCF) and address resolution protocol (ARP) messages. For every data 
packet sent by the MAC protocol, there is a Request to Send (RTS) and a Clear to Send (CTS) 
packet sent by the MAC protocol. This is the same for both TBRPF and DSR. The fact that  
 

Figure 26 – Total MAC Load, 670x670m2 
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TBRPF does not make use of ARP makes the difference even smaller when comparing MAC 
load. 
 
In figure 26a and figure 26b (10 and 20 sources), the MAC load is almost identical compared 
to the corresponding routing load where DSR had a much lower routing load. This difference 
might be the result of no ARP messages from TBRPF. Looking at the 1500x300m2 scenario in 
figure 27, we have exactly the same behavior. In figure 27c and figure 27d, there is more than 
100% increase compared to the corresponding routing load. This clearly shows how much 
bandwidth the distributed coordination function requires. 
 
5.5.5 The Zone Routing Protocol 
Since we were not able to simulate the Zone Routing Protocol, we are forced to make our own 
assumptions how ZRP [1, 2, 3, 4, 23, 24, 25] would perform in different situations. The 
performance of ZRP depends solely on the zone radius. A zone radius of zero hops makes the 
protocol act purely as a reactive routing protocol, and a radius covering all the nodes in the 
network makes ZRP act as a proactive protocol. Every node can choose its own zone radius, 
which may vary from time to time (traffic load, signal strength etc). The goal is to find the 
optimal zone radius to make ZRP both efficient (low routing load) and effective (high packet 
delivery ratio).  
 

Figure 27 – Total MAC Load, 1500x300m2 
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6. Conclusion 
 
We have compared DSR and TBRPF, which are two completely different protocols in every 
aspect. DSR uses a reactive routing scheme, source routing and aggressive caching. TBRPF is 
a proactive routing protocol, which makes use of periodic hello beacons to maintain up to date 
topology information. Every hello beacon is a “graphical” representation of a nodes 
surrounding area in the form of a spanning tree.  
 
There are many things to take into account when trying to evaluate and compare two 
protocols. Packet delivery ratio and end-to-end delay are very important when deciding how 
reliable a protocol is and how good it performs. Routing load and MAC load are a measure of 
how effective a protocol is. It is not a hard thing to achieve close to 100% packet delivery 
ratio, if we have an unlimited bandwidth. A protocol must be both reliable (high packet 
delivery ratio and low end-to-end delay) and efficient (low routing load and MAC load) when 
it is used in energy-constrained wireless networks with very limited bandwidth. TBRPF 
performs (high ratio, low end-to-end delay) better than DSR when there is a low traffic load, 
but the cost is a significant higher routing load and MAC load. Also remember that TBRPF 
periodically broadcasts routing information and fewer nodes would result in a dramatically 
decreased routing load. As the network gets more congested, DSR starts to perform better 
than TBRPF in almost every scenario except for the packet delivery ratio. In scenarios with 
low traffic load and scenarios with high mobility, TBRPF performs much better than DSR. 
DSR though is much more effective than TBRPF when looking at the routing load. One very 
interesting observation is the end-to-end delay in figure 23c and figure 23d, when DSR and 
TBRPF suddenly cross each other when there is no mobility. This is just an observation, and 
we have no answer to this behavior. 
After these simulations, it is almost impossible to say which protocol is the best. It depends on 
many factors like mobility, traffic load, network topology and bandwidth. Example: Using a 
proactive protocol in a large network with very limited bandwidth would not be the ideal 
solution. Thus is because the routing load in a proactive network depends on the number of 
nodes in the network and not the number of communicating nodes. The choice of protocol is 
very crucial, and one has to take into account which purpose the protocol should have. Does it 
have to perform well (high packet delivery ratio), or does it have to be efficient (low 
bandwidth requires low routing load)? It would have been great to be able to compare TBRPF 
and DSR with the hybrid protocol ZRP since it contain both a proactive and a reactive routing 
scheme. Maybe ZRP would have been both reliable and efficient. Who knows? 
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Appendix A – Bordercast Route Discovery Table 
 
 

Peripheral Nodes Received From Node 
Covered Uncovered 

Relays to 
(Tree Neighbors) 

     
- - - - - A  E, I F, G 

A F C, B, G D E 
A G C, F J, K I 
F E A - - - - -  
G I Destination Found, Reply Sent 

 
This routing table is based on the route discovery example in the BRP section. Since there is no 
redundancy in the example topology, there are only 4 query transmissions executed. 
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Appendix B – Glossary 
 
 
Abbreviation Description 
  
IETF Internet Engineering Task Force 
MANET Mobile Ad-hoc Network 
TBRPF Topology dissemination Broadcast based on Reverse-Path Forwarding 
DSDV Destination-Sequenced Distance-Vector 
OLSR Optimized Link State Routing 
STAR Source Tree Adaptive Routing 
DSR Dynamic Source Routing 
AODV Ad hoc On Demand distance Vector 
TORA Temporally Ordered Routing Algorithm 
LUNAR Lightweight Underlay Network Ad hoc Routing 
ZRP Zone Routing Protocol 
IARP Intrazone Routing Protocol 
IERP Interzone Routing Protocol 
BRP Bordercast Routing Protocol 
NDP Neighbor Discovery Protocol 
CEDAR Core Extraction Distributed Ad hoc Routing 
FSR Fisheye State Routing 
GSR Global State Routing 
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Appendix C – Statistical Details 
 
Protocol Simulations Time 

(effective) 
Data/Output 

    
TBRPF 670x670, 10, 20, 30 and 40 sources 48 h 70 GB 
TBRPF 1500x300, 10, 20, 30 and 40 sources 48 h 75 GB 
DSR 670x670, 10, 20, 30 and 40 sources 40 h 55 GB 
DSR 1500x300, 10, 20, 30 and 40 sources 40 h 60 GB 
 
All the simulations were done on an AMD XP1800+ with 256MB DDR RAM. 
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Appendix D – Parameter settings and formulas 
 
 
Parameter Description Parameter setting Unit 
d  Maximum transmission range 250 m 

tP  Transmitting power 0.281828 W 

tG  Transmitting antenna gain 1.0 -------- 

tG  Receiving antenna gain 1.0 -------- 
λ  Wavelength cf /  m 
c  Speed of light  8103 ⋅  m/s 
f  Frequency 81014.9 ⋅  Hz 
L  System Loss (not applied) 1.0 -------- 

rh  Receiving antenna height 1.5 m 

th  Transmitting antenna height 1.5 m 

 
Free Space Propagation model: 
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Converted to decibel, we get the following formula: 
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Two-ray ground reflection model: 
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Converted to decibel, we get the following formula: 
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Packet delivery ratio: 
Total number of received packets, divided by the number of sent packets. 
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End-to-End delay: 
The sum of all delays, divided by the number of received packets. 
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Total routing load: 
The sum of all routing packets (including forwarded) and IP/MAC headers in Kbytes. 
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Total MAC load: 
The sum of all routing packets (including forwarded), IP/MAC headers and control packets 
(CTS, RTS, ACK, ARP), measured in Kbytes. 
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Parameter Description 

pktR  Size of routing packet, including headers. 

MACPKT  MAC header size of every transmitted and forwarded data packet. 

IPPKT  IP header size of every transmitted and forwarded data packet. 
CTS  Size of ‘clear-to-send’ packet. 
RTS  Size of ‘request-to-send’ packet. 
ACK  Size of acknowledgement packet. 
ARP  Size of ‘address resolution protocol’ packet. 
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Appendix E – The Hidden Terminal Problem 
 
 
 
 

 
 

The hidden terminal problem occurs when two nodes are hidden from each other when both 
attempt to send information to the same receiving node. This results in a collision of data at 
the receiver.  
To avoid collision, the receiver’s neighboring nodes need to be informed (RTS and CTS) that 
the channel us being used. 


