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ABSTRACT 

 Wireless networks have many dimension devices which are connected by wireless 

communication links. The links are most often implemented with digital packet radios. 

Because each radio link has a limited communications range, many pairs of nodes cannot 

communicate directly, and must forward data to each other via one or more cooperating 

intermediate nodes. We will often use „time count metric‟ to mean the minimum hop-count 

metric. 

 Modified protocols with the PTC (Potential transmission Count Metric) of a route is the total 

number of packet transmissions and retransmissions required to send a packet across the 

route, assuming that each link in the route retransmits the packet until it is successfully 

received across the link. PTC is designed for links with link-layer acknowledgments and 

retransmissions. The PTC metric for a route is calculated using measurements of the 

lossyless of each link in the route. Routing protocols select routes with the minimum PTC. 

PTC improves the throughput of both Dynamic Source Routing (DSR), an on-demand source 

routing protocol, and Destination-Sequenced Distance-Vector (DSDV) routing, a proactive 

table-driven distance-vector routing protocol. We present a set of design changes and 

implementation techniques that allow DSR and DSDV to work well with PTC.  

 

Keywords: - DSR, DSDV, Multi-hop, ad hoc, hop count metric, 802.11b, PTC, radio 

packets. 

 

 

1. INTRODUCTION 
 

 Most existing wireless routing protocols 

use the minimum hop-count route metric: they 

select routes with the fewest links. The minimum 

hop-count metric implicitly assumes that links 

either work well, or do not work at all and that all 

working links are equivalent. Furthermore, most 

protocols assume links that deliver routing control 

packets such as DSDV route updates or DSR route 

queries will also successfully deliver data packets. 

If the best route is a minimum hop-count 

route, there may be many routes with the same 

minimum hop-count, but with widely varying 

qualities. This paper shows that minimum hop-

count routing typically finds routes with 

significantly lower throughput than the best 

available, using measurements of the DSDV 

routing protocol on a test network. We explain why 

minimum hop-count does poorly by looking at the 

distribution of route throughputs and link loss 

ratios. 

 

Experimental Test All the data in this paper 

are the result of measurements taken on a 29-node 

wireless test. Each node consists of a stationary PC 

with Intel processor 2.4 GHz (Core 2 Duo) 

PCI/PCI-X 802.11b card, Server with a Geon 

Processor (Core 2 Duo-4 Processor) Intel Pro/1000 

MT PCI/PCI-X 802.11b card and an 

omnidirectional 2.2 dbi dipole antenna. Each PC 

runs the Linux operating system. The nodes are 

placed in offices and cabins on four consecutive 

floors of a campus building. 

 

Distribution of Link Loss Ratios  Figure 

1 shows the underlying delivery ratios of each link 

in the network, which helps explain why high-

throughput paths are difficult to find. Each vertical 

bar corresponds to the direct radio link between a 
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pair of nodes; the two ends of the bar mark the 

broadcast packet delivery ratio in the two directions 

between the nodes. To measure delivery ratios, each 

node took a turn sending a series of broadcast 

packets for two seconds, and counted the number of 

packets that the radio reported as transmitted. 

The delivery ratio from node X to each 

node Y is calculated by 38 dividing the number of 

packets received at Y by the number sent by X. The 

loss ratio of a link is one minus its delivery ratio. 

We use the term „ratio‟ instead of „rate‟ to avoid 

confusion with throughput delivery rates, which are 

expressed in packets per second.  
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(a) Pairwise delivery ratios at 1mW 

 
 

 

(b) Pairwise delivery ratios at 30mW 
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Figure 1: One-hop packet delivery ratios between each pair of nodes at 1mW and 30mW. 

 

2. WIRELESS MODEL 

 

 This paper gives a simplified description 

of how digital radios transmit and receive data 

packets, along with a description of the sorts of 

problems radios face when transmitting packets. 

The purpose of this paper is two-fold: first, to give 

a rough sense of why the packet losses, and second, 

to explain the experimentally observed fact that 

packet loss probabilities vary with the size of the 

packet. As we will see the accuracy of the PTC 

metric with protocols proposed in Paper and can be 

improved by properly accounting for packet sizes. 

This paper describes a model that accurately 

predicts loss ratios at different packet sizes based 

on the measured loss ratios at two other sizes. Since 

the model is based on the operation of digital 

packet radios, we start with a description of how 

radios work. 

 

2.1 DIGITAL PACKET RADIOS 

 

 There are essentially three main steps in 

transmitting the bits in a packet: coding and 

modulation, together with packet framing. Coding 

converts the stream of bits in the packet into a 

stream of symbols; modulation converts each 

symbol into a RF waveform which is then 

transmitted. Framing is the process of grouping bits 

into packets and transmitting them with extra 

information, which is used by the receiver to know 

when to start demodulation. 

 

2.2 CHANNEL MODEL 

 

 The RF signal travels from the transmitter 

to the receiver over the RF channel. The channel 

could be a cable, free space, obstacles, or some 

combination of the three. The channel model 

describes how the RF signal is affected by the 

channel. In general, a channel has two main 

characteristics: path loss and delay. In addition to 

these two characteristics, the receiver‟s version of 

the signal is affected by noise, which is received in 

addition to the transmitted signal. Although noise is 

not strictly part of the channel model, we consider it 

here as it also affects wireless link behavior. 

 

 

 
 
 
 

 
Figure 2:  The hidden terminal problem. Because nodes A and C are out of range of each other, they are 

hidden terminals to each other, and neither can tell if the other is transmitting. 

 
3. PROTOCOL IMPLEMENTATION 

 

 This paper describes the implementation 

details of DSDV, DSR, and PTC, as well as the 

route metric abstraction that enables these DSR and 

DSDV implementations to work with many 

different route metrics. 

 

3.1 OPERATION OF DSDV 
 

 DSDV is a distance-vector protocol, which 

uses sequence numbers to ensure freshness, and a 

settling time mechanism to avoid unnecessarily 

propagating any routes with inferior metrics. We 

made four changes to the original DSDV design in 

order to ensure that it uses the path with the best 

known metric. Before describing those changes, we 

present an overview of how the published version 

of the protocol selects routes. Every node has a 

routing table entry for each destination D, which 

contains four fields: D‟s identifier (IP address), the 

next hop on the route to D, the latest sequence 

number heard for D, and the route metric. A node 

forwards packets to the next hop specified by the 

current contents of its routing table.  
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When a node receives another node‟s route 

advertisement broadcast, it updates its own route 

entries as follows. Suppose node X receives an 

advertisement from Y for destination D with metric 

m and sequence number n. If n is newer than the 

sequence number in X‟s current entry for D, X 

replaces its current entry with the new route 

through Y. X also accepts the new route if the 

sequence number is the same, but m is better than 

the metric of the current route. If X has no route to 

D, it accepts the new route. Otherwise X ignores the 

advertised route.  Each route entry has an associated 

weighted settling time (WST). The WST is the 

weighted average of the settling times for recent 

sequence numbers, and is updated whenever a route 

with a new sequence number is received.  

 

4. CHANGES TO DSDV 

 

 The DSDV algorithm we implemented 

differs from the CMU ns DSDV implementation in 

four ways that improve its performance in the test 

network. The first two changes were made based on 

observations from the literature, while the third and 

fourth changes were motivated by pathological 

DSDV behavior observed on the indoor network 

using detailed packet traces.  

The first change affects how the WST is 

used. The ns DSDV implementation does not 

advertise a route entry until 2×WST has passed 

since that particular route entry to the destination 

was heard. However, according to our interpretation 

of the original DSDV description [16], the waiting 

time before advertising a route should start when 

the first route of each sequence number is heard. 

Because each node‟s WST is an estimate of the 

time between when the node first hears a given 

sequence number for a destination and when the 

node hears the best metric with the same sequence 

number for that destination, the node assumes that 

it has the best route for a given sequence number 

after 2×WST has passed. Then it is likely that no 

better route will be heard for that sequence number, 

and the best route heard so far should be 

propagated. The second change is that our 

implementation does not use link-level feedback 

(i.e. 802.11 transmission failure notices) to detect 

broken links and produce broken-route 

advertisements. This makes the destination 

effectively unreachable from anywhere until its 

next route advertisement. Our implementation still 

generates broken-route advertisements when 

routing table entries time out, but this rarely occurs 

during the experiments.  The third change is that 

full dumps are never sent on a triggered update, 

even if many routes have changed. Triggered 

updates contain only the changed routes, and full 

dumps are only sent at the full dump period. This 

change significantly decreases the routing protocol 

overhead on our network.  

 

5. DSR IMPLEMENTATION 

 

 The implementation is derived from Click-

based DSR implementations originally developed at 

the University of Colorado at Boulder. This section 

reviews DSR‟s basic operation and describes our 

modifications to support PTC and other metrics. 

DSR is a reactive routing protocol, in which a node 

issues a route request only when it has data to send. 

Route requests are flooded through the network, 

each node appending its own address to each 

request it receives, and then rebroadcasting it. Each 

new request includes a unique ID, which forwarders 

use to ensure they only forward each request once. 

The request originator issues new requests 

for the same destination after an exponentially 

increasing back-off time. Route requests are issued 

with increasing time-to-live (TTL) values, to 

minimize the range and cost of flooding.  Our 

implementation stores the results of route replies in 

a link cache, which stores information about each 

link separately. A node runs Dijkstra‟s shortest-path 

algorithm on its link cache to find the best route to 

a destination.  DSR uses feedback from the link 

layer to react to link failures. When the 802.11 card 

signals that no acknowledgment was received after 

the maximum number of retries, the forwarding 

node issues a route error back to the source, which 

removes the link from its link cache and then 

computes a new route. If the source cannot find a 

route using its link cache, it issues a new route 

request.  

 
6. ROUTER CONFIGURATION DETAILS 

 

 The DSDV implementation looks up a 

packet‟s destination in the routing table after 

dequeuing the packet from the data queue, and just 

before handing the packet to the 802.11b card. This 

technique depends on the fact that the nodes have 

only one wireless interface. Figure 3 shows the 

DSDV queuing configuration.  

The DSR implementation, on the other 

hand, adds the source-route header to data packets 

before inserting them into the queue. On a 

transmission failure or a received route error, a 

node removes and drops all enqueued packets 

which include the broken link in their source route. 

This ensures that the node experiencing the 

transmission failure does not spend additional time 

and spectrum retransmitting more packets over the 

broken hop. 
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Figure 3:  DSDV queuing configuration.  

 

 

7. PTC EVALUATION 
 

This paper also presents experimental results that 

show that PTC often finds higher throughput paths 

than minimum hop-count, particularly between 

distant nodes. It also explores the effects of a few 

individual design decisions in the PTC algorithm, and 

explains why there is a performance gap between the 

throughput of the routes with the lowest PTC, and the 

„best‟ routes found by searching the network.  

In DSR experiments with PTC or minimum 

hop-count, a source starts by sending one data packet 

per second for five seconds. This ensures that DSR 

sends route requests and finds a route before 

throughput measurements are taken. After the five 

seconds pass, the source sends packets as fast as 

possible for 30 seconds. In DSR experiments with 

PTC, the source waits an additional 15 seconds before 

initiating the route request, to give the nodes time to 

accumulate link measurements. DSDV 

PERFORMENCE 
 

 Figure 5 compares the throughput CDFs of 

paths found by DSDV using PTC and minimum hop-

count, between 100 randomly chosen node pairs. This 

data is taken from the same run as in Figure 4, and 

shows that DSDV using the PTC metric often finds 

much faster routes than the minimum hop-count 

metric.  

 

Impact of Asymmetry Some fraction of PTC‟s 

gains comes from avoiding extremely asymmetric 

links. The problem of routing when there are 

asymmetric links has been addressed in previous 

work by Lundgren et al. and by Chin et al. These 

authors propose a link handshaking scheme to detect 

and avoid asymmetric links. In this scheme, a node X 

only accepts route updates from a neighboring node Y 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 if Y is advertising a direct route to X. A node 

bootstraps the handshake by advertising provisional 

route entries, which indicate that the node has „seen‟ 

another node, but not yet accepted routes from it. We 

implemented the handshaking scheme for DSDV with 

the minimum hop count metric.  

 

Effects of DSDV Modifications Section 3 

described modifications to DSDV designed to 

increase its responsiveness to metrics. The delay-use 

modification causes DSDV to delay using a newly 

received route until it is permitted to advertise the 

route (i.e. 2×WST has passed).  

 
Figure 4:  PTC provides less of a throughput 

advantage over minimum hop count when using large 

packets.  

 

8. DSR PERFORMENCE 
 

 This section evaluates the performance of 

the DSR routing protocol with the PTC metric. As 

described DSR uses link-layer transmission failure 

feedback to avoid bad routes. To isolate the effects 
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of using PTC with DSR, we evaluated DSR 

performance both with and without link-layer 

feedback enabled. The figure shows that PTC greatly 

improves initial route selection in DSR compared to 

minimum hop-count. Minimum hop-count essentially 

chooses randomly from all the shortest routes the 

source obtains from the initial route request. PTC 

provides a small benefit to some pairs in the 

intermediate and low throughput ranges (the middle 

and bottom of the CDF). However, failure feedback 

alone allows DSR to perform almost as well as DSR 

with PTC. 

 
Figure 5:  DSDV PTC with and without the 

delay-use modification to DSDV.  

 

9. PROTOCOL EVALUATION SUMMARY 

 

 This paper showed how transmission count 

with protocol increases the throughput performance 

of the routing protocols. It also used more focused 

static throughput and single link experiments to 

understand the gaps between the throughputs of 

routes found using transmission count and the routes 

found using static routes.  

 

10. CONCLUSION  
 

  The main contribution of this work is a 

simple way for multi-hop wireless routing protocols 

to choose high-throughput paths in networks with 

link-layer retransmissions. This work also 

characterized the delivery ratios and asymmetry of the 

network, and showed how lossylinks and asymmetric 

links affect route throughput. Lossy links require 

more retransmissions, and therefore have lower 

effective throughput. However, a route with few 

lossylinks can be preferable to a route with many 

higher-quality links, since  contention between links 

also reduces route throughput. Modified protocols 

with the PTC (Potential transmission Count Metric) 

of a route is the total number of packet transmissions 

and retransmissions required to send a packet across 

the route, assuming that each link in the route 

retransmits the packet until it is successfully received 

across the link. PTC is designed for links with link-

layer acknowledgments and retransmissions.   
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