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a b s t r a c t 

Data dissemination in delay tolerant networks is an important issue due to the complexity of a multi-hop 

network formed by a high number of nodes with limited resources, variable and unpredicted mobility 

conditions. Nodes have to act as expert systems and make suitable forwarding decisions based on local 

knowledge on the fly. Most of the proposed algorithms rely on adjusting a range of decision variables 

related to social and topological aspects of the network. Adjusting such parameters is still an open issue 

since many of them are interrelated. To solve this problem, we propose a multi-objective evolutionary 

simulation framework for optimizing in terms of delivery hit, delivery cost and latency, a probabilistic 

data dissemination algorithm based on well-known and widely used social and topological parameters 

such as centrality, similarity, social strength, friendship, and trust. The proposed multi-objective based 

optimization framework provides many advantages with respect to existing approaches based on single 

objective optimization. Primarily, it allows the network designer to have a complete view of the possi- 

ble outcomes of the data dissemination algorithm through the Pareto front (non-dominated solutions). 

Furthermore, we propose a decision tree-based selection to obtain under which values of the decision 

variables we can find a set of solutions that meet a target performance. We validate this selection mech- 

anism by providing the conditions under which we can find balanced solutions in the considered simu- 

lation scenarios. The solutions provided by the proposed approach have significant implications for the 

design of new data dissemination algorithms in DTNs. 

© 2016 Elsevier Ltd. All rights reserved. 

1. Introduction 

Delay tolerant networks (DTNs) are decentralized networks 

where mobile nodes cooperatively communicate to transmit ap- 

plication data from a source node to a destination node. DTN 

topologies are dynamic, since nodes have a high degree of mobil- 

ity, which leads to network partitioning, disconnections between 

nodes, and high end-to-end delays (hence the name). However, un- 

like similar types of networks (such as mobile ad-hoc networks), 

mobility in DTNs is used as an opportunity to deliver data in- 

directly, in an opportunistic fashion. For example, a node A may 

want to send a message to a node B , but will never be in contact 

with it. However, if both nodes encounter a node C , they can use 

it as an intermediary node in a virtual path. Thus, node A would 

send the message to node C , which would carry it until it en- 

counters B , and then deliver it. This paradigm, entitled store-carry- 
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and-forward ( Conti, Giordano, May, & Passarella, 2010a; Pelusi, Pas- 

sarella, & Conti, 2006 ), is the basis of DTNs. There can be any num- 

ber of intermediary nodes between a message’s source and its in- 

tended destination. 

DTNs are suitable for a large range of applications, including 

disaster scenarios ( Martín-Campillo, Crowcroft, Yoneki, & Martí, 

2013 ; Quispe & Galan, 2014; Torres et al., 2012 ;), intelligent 

transportation systems ( Gutiérrez-Reina, Toral, Johnson, & Barrero, 

2012; Shin, Kim, & Kim, 2012 ), pervasive healthcare ( Conti & Ku- 

mar, 2010b ), smart cities ( Le, Scholten, & Havinga, 2012 ), ad- 

vertising ( Haddadi, Hui, Henderson, & Brown, 2011 ), sensor net- 

works ( Bharathidasan, An, & Ponduru, 2002 ), crowd management 

( EWIDS ), context-aware platforms ( Dobre, Manea, & Cristea, 2011 ), 

wildlife tracking ( Juang et al., 2002 ), internet access in limited con- 

ditions ( Pentland, Fletcher, & Hasson, 2004 ), or even interplanetary 

internet ( Akyildiz, Akan, Chen, Fang, & Su, 2003 ). 

The main problem facing data routing and dissemination in 

DTNs is how to select the next suitable node in a virtual path. 

The main problem facing data routing and dissemination in DTNs 

is how to select the next suitable node in a virtual path. From an 

expert system point of view, nodes in DTN should learn from the 
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environment in order to make the best possible forwarding de- 

cision. The selected data dissemination technique determines the 

nodes’ forwarding decisions. The data dissemination algorithm is 

fed by the network parameters that can be locally measured to 

provide as an output the forwarding decisions in every encounter 

between two nodes. The main challenge is that nodes can only 

have access to limited information based on their encounters such 

as social information, friendship, similarity metrics between nodes, 

topological data like centrality, and so on, to make such forwarding 

decisions and these parameters can be inter-correlated. Further- 

more, the environment is very complex and dynamic due to nodes’ 

mobility and the limitation in nodes’ storage of information. Con- 

sequently, the system of nodes should adapt quickly and efficiently 

to the very changeable network conditions. 

A basic dissemination algorithm would be to simply spread a 

message to all encountered nodes that do not have it, in an epi- 

demic fashion ( Vahdat & Becker, 20 0 0 ). However, although epi- 

demic dissemination ensures the lowest possible delivery latency, 

it may lead to network congestion, since nodes would have to ex- 

change a large amount of data at every contact (especially if the 

number of nodes and messages generated in the network is high). 

Moreover, nodes in DTNs are generally mobile devices with lim- 

ited data memories, so they cannot carry all the messages, leading 

to buffer overflows and loss of data. On the other hand, selecting 

a wrong node for relaying data can lead to high delivery laten- 

cies and to lower hit rates (i.e. less messages will actually reach 

their destinations). In addition, the type of network in which a 

dissemination algorithm is employed in has a great deal of signif- 

icance in the desired behavior. For example, DTN algorithms em- 

ployed in disaster scenarios require data to reach the destination as 

quickly as possible with limited resources, while algorithms used 

for wildlife tracking need to ensure that all collected data eventu- 

ally reaches the destination, regardless of the delay. 

The goal of this paper is to analyze the various DTN parame- 

ters used for dissemination (similarity, centrality, friendship, social 

strength and trust), and to see how they each affect various dis- 

semination metrics, such as hit rate, latency, or delivery cost. In or- 

der to achieve this, we formulate data dissemination in DTNs as a 

multi-objective optimization problem, and use a genetic algorithm 

to obtain the Pareto front for the three metrics when varying the 

importance of the dissemination algorithm parameters. This will 

allow us to quantify the impact of each parameter on the output of 

a certain type of DTN, which would in turn permit us to correctly 

configure a dissemination algorithm based on the network condi- 

tions. Furthermore, we provide a selection mechanism based on 

decision tree for selecting a subset of the optimized solutions that 

satisfy a given target performance. Consequently, the main contri- 

butions of this paper are twofold 

• First, we model the data dissemination problem in DTNs as a 

multi-objective optimization problem that can be solved by an 

artificial intelligence algorithm like a multi-objective genetic al- 

gorithm. 
• Second, we combine the multi-objective model and a decision 

tree based mechanism to obtain the importance and relation- 

ship of relevant parameters normally used in the existing data 

dissemination algorithms. These findings have important impli- 

cations for the design of new data dissemination algorithms in 

DTNs. 

The rest of the paper is organized as follows. Section 2 presents 

related work in the field of DTNs and genetic-based dissemination 

algorithms. Section 3 formulates the data dissemination problem 

in DTNs as a multi-objective optimization problem, while Section 

4 presents the methodology we used and delves deeper into imple- 

mentation details. Finally, Section 5 contains a thorough analysis of 

the results obtained, and Section 6 presents our conclusions. 

2. Related work 

DTN research has been gaining steam in recent years, due to 

the great increase in the number of existing mobile devices and 

their ubiquitousness. A thorough analysis of DTNs and opportunis- 

tic networks was done by Conti et al. (2010a) , where functions 

such as message forwarding, security, data dissemination and mo- 

bility models are analyzed. Several dissemination algorithms are 

also reviewed, among them being BUBBLE Rap ( Hui, Crowcroft, & 

Yoneki, 2008 ), PROPICMAN ( Nguyen, Giordano, & Puiatti, 2007 ) or 

HIBOp ( Boldrini, Conti, Jacopini, & Passarella, 2007 ). A taxonomy 

for data dissemination algorithms ( Ciobanu & Dobre, 2011 ) splits 

them based on network infrastructure, node properties, content 

characteristics, and social awareness. The design of new data dis- 

semination algorithms for DTNs has been a very active research 

topic in the last decade due to the fact that many decision vari- 

ables can be considered for forwarding decisions ( Sobin, Raychoud- 

hury, Marfia, & Singla, 2016 ). Another important reason is that 

there is not a mathematical model in the literature to analyze data 

dissemination in DTN from theoretical point of view. Consequently 

many heuristics have been proposed to find quasi-optimal solu- 

tions. 

More recently, genetic algorithms have also been employed 

for optimizing many features of DTNs ( Gutiérrez-Reina et al., 

2016 ). One such solution, which performs data dissemination in 

vehicular-based DTNs, was proposed by Bitaghsir and Hendessi 

(2011) . A node decides whether to forward a message to another 

node it has a contact with by assigning weights to four node prop- 

erties, and comparing the weighted sum with a threshold. The 

four properties are the encountered node’s speed, its direction, the 

distance between the node and the message destination, and the 

probability of network disconnectivity (which is computed from a 

message’s hop count). Based on the four weights (one for each of 

the above parameters), a first generation of chromosomes is ran- 

domly created, each being composed of five genomes: the four 

weights and the threshold (all values between 0 and 1). For the 

selection phase, a fitness function that takes into account a mes- 

sage’s delivery latency is used. Then, one-point crossover is em- 

ployed for the reproduction phase, while the termination condition 

is achieved after four generations. While the solution we propose 

here uses genetic algorithms, it is more complex, since we use a 

multi-objective genetic algorithm to obtain a Pareto front and we 

also consider more parameters when taking the forwarding deci- 

sions, such as social, trust and similarity parameters, among others. 

We are not only interested in the effect of the various DTN param- 

eters on the delivery latency, but also on hit rate and delivery cost, 

in order to be able to correctly configure our algorithm for a mul- 

titude of different types of DTNs. Consequently, we obtain a set of 

possible solutions that the decision makers or the protocol design- 

ers can adjust depending on the target application scenario. As far 

as the authors know, this is the first work that addresses the data 

dissemination problem in DTNs as a multi-objective optimization 

problem. 

Another data dissemination technique for DTNs that uses ge- 

netic algorithms is GAER ( Dhurandher, Sharma, Woungang, Gupta, 

& Garg, 2014 ). In this algorithm, a node that wants to relay a mes- 

sage (either created by itself or transported on behalf of another 

node) applies a genetic algorithm for all the nodes it is currently 

in contact with, in order to decide to which node the data will be 

relayed. The initial chromosomes are generated randomly, and they 

represent an array containing a node’s home, office and leisure lo- 

cations (i.e. its home locations), as well as the home locations of 

the neighboring nodes. A fitness function used for determining the 

capability of a node to be the next hop is applied, as well as the 

other genetic operations, i.e. selection and crossover, until a lim- 

ited number of generations are computed. The fitness function is 
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