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Abstract
• The aim of the work in this study is to

comprehensively discuss the key assumptions
considered in the design and evaluation of DTN
routing protocols.

• This study surveyed fifteen well known opportunistic
DTN protocols and gives a comparison of them with
respect to their design and evaluation practices.

• Key research trends in light of the comparison
made are discussed and directions for future
research proposed .
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Abstract (Contd.)

The key findings are;

• Existing protocols focus largely on the prioritization
of packets as opposed to the selectivity of nodes /
node priority.

• Packet priority metrics do not consider service
priority.

• Protocols that consider node priority metrics large
ignore the resource capacity of nodes.
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Abstract (contd.)

• Storage/buffer space and node bandwidth not
considered as direct metric inputs.

• Protocols that consider energy consumption as a
direct performance metric report only
communication energy and not mobility and
computation energy.
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Introduction
• Delay Tolerant Networks (DTNs) are resource constrained

wireless mobile networks in which a fully connected path
from source to destination is unlikely to exist (Conti & Kumar, 2010).

• Message delivery in these networks is achieved using the
store-carry-and-forward paradigm (Cerf et al., 2007).

• Traditional ad-hoc networks and internet routing protocols
do not work well in case of DTNs.

• Routing is one of the major issues affecting the overall
performance of DTNs.
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Introduction (Contd.)

• The problem of providing data communications to
remote and rural regions has attracted the attention
of the computer systems research community.

• DTNs have found many uses terrestrially, in
extending essential services to communication
challenged environments.

• Examples include the Ghana Consultation Network
(Luk et al., 2008), Wizzy Digital Courier Services (Wizzy Project, 2009 ),

DakNet (Pentland, Fletcher & Hasson, 2004), TrainNet (Zarafshan-Araki & Chin, 2010),

Kiosknet (Guo et al., 2007) and ZebraNet (Juang et al., 2002)
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Figure 1: GCN distributed, delay-tolerant server network

An end-to-end, computer-based system providing doctor-
to-doctor medical consultation on a network of servers
implementing a distributed, asynchronously-synchronized
database, using the delay tolerant server network (Luk et
al., 2008)
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Figure 2: Conceptual DTN Setup for Education
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Routing in DTNs
• DTNs are characterized by;

Stochastic and dynamic topologies
Limited Resources
Limited topological information
Variable and uncertain connection duration
Security

• The considerations for designing routing protocols 
for delay tolerant networks should be;

The number of distributed message copies

The selection of nodes carriers.
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Table 1:Algorithm Metrics of DTN routing protocols

Number of

Copies

Forwarding

Decision

Protocol 

Parameters

Limitations

Epidemic 

(2000)

Multi Copy / 

Unlimited

Flooding Summary

Vector

High resource 

usage

First Contact 

(2002)

Single Copy Flooding Available node 

contact

No provision to 

route around 

congestion

PRoPHET

(2003)

Multi Copy Encounter Probabilistic

metric 

(Delivery 

Predictability)

Inability to support 

priorities. High 

resource 

consumption.

Spray and Wait 

(2005)

Multi – Copy Controlled 

Flooding

Available Node 

Contact

Messages copies to 

spread initially not 

known

MobySpace

(2005)

Single Copy Encounter Mobility 

Pattern

Only effective when 

nodes exhibit stable 

mobility patterns
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Table 1:Algorithm Metrics of DTN routing protocols (Contd.)

Number of
Copies

Forwarding
Decision

Protocol 
Parameters

Limitations

Meet and Visit 
(2005)

Multi-copy Flooding Observed 
meetings   and 
visits between 
peers

Key Assumption of 
unlimited bandwidth

MaxPROP
(2006)

Multi – Copy Flooding Encounter 
Probability

High processing cost 
in large scale 
networks

LABEL (2007) Multi – Copy Flooding Community 
Labels

Increase in delay or 
even failure to deliver 
the message

SimBet (2007) Single –
Copy

Controlled 
Forwarding

Betweenness
centrality and 
similarity

Considers estimating 
centrality only based 
on local information,

ORWAR (2008) Multi – Copy Controlled 
Replication

Contact Window 
Size; Speed, 
Movement 
Direction and 
Radio Range

i) Nodes do not know 
which bundles a 
neighbouring node 
already has stored. 
ii) Lack of  multiple-
neighbour support
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Table 1:Algorithm Metrics of DTN routing protocols (Contd.)

Number of
Copies

Forwarding
Decision

Protocol 
Parameters

Limitations

Clustering 
(2010)

Multi – Copy Controlled 
Forwarding

nodal contact 
probabilities

Convergence and 
stability of nodes

BUBBLE (2011) Multi – Copy Controlled 
Forwarding

Community and 
Centrality

Need to calculate 
ranking in the 
system

FBR (2012) Single –
Copy

Controlled 
Forwarding

Social pressures 
metric

whole contact 
information required 
to calculate metric

APRP (2013) Multi – Copy simple store, 
forward and 
replication

FTC, buffer size 
and RLT

Only local 
parameters are 
used.

LaHEA (2013) Single Copy Controlled 
Forwarding

probability value 
and remaining 
energy

Only Communication 
energy  
(transmission, 
receiving) is 
considered

11/7/2014 13



Table 2 :Resource Assumptions of DTN routing protocols.

Buffer Size Bandwidth Energy Consumption

Epidemic (2000) Unlimited Unlimited Not mentioned

First Contact (2002) Unlimited Not mentioned Not mentioned

PRoPHET (2003) Finite Unlimited Not mentioned

Spray and Wait (2005) Sufficient Sufficient Reduce message 

replicas

MobySpace (2005) Unlimited Unlimited Not mentioned

Meet and Visit (2005) Unlimited Unlimited Not mentioned

MaxPROP (2006) Unlimited (Own),

limited (other)

Finite Prioritize messages

LABEL (2007) Not mentioned Not mentioned Not mentioned

SimBet (2007) Sufficient Sufficient Prioritize messages
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Table 2 :Resource Assumptions of DTN routing protoc ols (Contd.).

Buffer Size Bandwidth Energy
Consumption

ORWAR (2008) Finite Finite Limited (Energy 
implication considered 
by diminishing partial 
transmissions)

Clustering (2010) Limited Not 
mentioned

Not mentioned

BUBBLE (2011) Unlimited Not 
mentioned

Prioritize messages

FBR (2012) Sufficient Sufficient Not mentioned

APRP (2013) Limited Limited Not mentioned

LaHEA (2013) Finite Finite Finite
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Discussion
• Existing protocols focus largely on the

prioritization of packets as opposed to the node
priority.

• This mechanism is used by most routing
protocols as a strategy in minimizing energy
consumption.

• The greater the number of node interactions, the
greater the communication, mobility and
computation energy expended.
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Discussion cont’d

• Secondly, packet priority metrics that have been 
considered in the past relate to factors such as 
the remaining life time of the packets and hop 
count but not service priority.

• In the operation of networks, the importance and 
subsequent priority of a packet in the network is 
not always a function of how long or otherwise 
the packet has resided in the network. 
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Discussion cont’d

• Thirdly, protocols that consider node selectivity
metrics largely ignore the resource capacity of
nodes.

• They focus on metrics like similarity in mobility
pattern (see MobySpace), encounter probabilities (see

PRoPHET), Social Context (see LABEL and FBR), centrality
and community affiliations (see SimBET and Bubble).
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Discussion cont’d
• Protocols that consider resource capacity of

nodes in ensuring selectivity tend not to consider
available storage/buffer space and node
bandwidth as direct metric inputs.

• Protocols that consider energy consumption as a
direct performance metric (see LaHEA) report only
communication energy and not mobility and
computation energy.
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Discussion cont’d

• Lastly, the evaluation of some
opportunistic DTN routing protocols are
carried out under assumptions of unlimited
node resources i.e. node buffer / storage
and bandwidth.
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Conclusion and Future work
• Design and evaluation assumptions are

critical to the performance of routing
protocols in DTN environments.

• Every effort should be made at making
evaluation and design assumptions that
are consistent with the characteristics of
general mobility DTN environments.
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Conclusion and Future work (Contd .)

• Propose a design and evaluation model for DTN
routing protocols, which will facilitate the choice of
inputs for protocol design and evaluation by
researchers.

• Evaluations will be done to contextualize the
performance of existing opportunistic DTN routing
protocols under conditions of constrained node
resources.

• Finally, we intend to develop routing algorithms
which will help analyze the impact of node priority,
node selectivity and packet priority on routing
performance.
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