Accepted Manuscript | e

Optimal and Achievable Cost/Delay Tradeoffs in Delay-Tolerant Networks [0 m 1_
puter

Argyrios G. Tasiopoulos, Christos Tsiaras, Stavros Toumpis N e‘l‘wo l‘kS

PII: S1389-1286(14)00196-0

DOL: http://dx.doi.org/10.1016/j.comnet.2014.05.006

Reference: COMPNW 5307

To appear in: Computer Networks

Received Date: 31 December 2013

Revised Date: 9 May 2014

Accepted Date: 11 May 2014

Please cite this article as: A.G. Tasiopoulos, C. Tsiaras, S. Toumpis, Optimal and Achievable Cost/Delay Tradeoffs
in Delay-Tolerant Networks, Computer Networks (2014), doi: http://dx.doi.org/10.1016/j.comnet.2014.05.006

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.comnet.2014.05.006
http://dx.doi.org/http://dx.doi.org/10.1016/j.comnet.2014.05.006

Optimal and Achievable Cost/Delay Tradeoffs in Delay-Tolerant Networks™

Argyrios G. Tasiopoulos®, Christos Tsiaras®, Stavros Toumpis*

*Department of Electronic and Electrical Engineering, University College London, 66-72 Gower Street, London,
WCIE 6EA, UK. email: argyrios.tasiopoulos@ucl.ac.uk
bUniversity of Zurich, Department of Informatics (IFI), BIN 2.E.06, Binzmuehlestrasse 14, CH-8050 Zurich,
Switzerland. email: tsiaras@ifi.uzh.ch
¢ Department of Informatics, Athens University of Economics and Business, Patision 76, 10434, Athens, Greece.
Tel.: +30 2190 8203551, email: toumpis@Qaueb.gr

Abstract

Tradeoffs between the packet delivery delay and various types of packet transportation cost are a
recurring theme in Delay-Tolerant Networks (DTNs). In this work we study such tradeoffs, first
in a general and then in a mobile wireless setting.

In the general setting, we capture the tradeoff between the delivery delay of a packet and
its transportation cost (which comprises a transmission component and a storage component) on
the cost-delay plane using the Optimal Cost/Delay Curve (OC/DC), for the case when the packet
follows optimal routes, and the Achievable Cost/Delay Curve (AC/DC), for the case when a specific
(suboptimal) routing protocol is used.

Applying the framework of the general setting to mobile wireless DTNs, we evaluate a novel set
of geographic routing protocols with delay-tolerant features against both state-of-the-art routing
protocols (using their respective average AC/DCs) and also optimal routing (described in terms
of the average OC/DC). Compared to the state-of-the-art protocols, our protocols are shown to
achieve cost/delay tradeoffs much closer to the optimal one.

Keywords: Cost/Delay Tradeoff, Delay-Tolerant Networks (DTNs), Dynamic Flows, Evolving
Graphs, Geographic Routing, Wireless Networks.

1. Introduction

In Delay-Tolerant Networks (DTNs) packet delivery delays can be large, and often comparable
to the time needed for the network topology to change substantially. Although in many DTNs
packet delivery delays are not tunable, quite frequently designers conscientiously decide to tolerate
larger than absolutely needed delays in order to improve other performance metrics. For example,
delay has been traded off with monetary costs [2], energy efficiency [3, 4, 5], and throughput [6, 7, 8].

Motivated by these specific instances of tradeoffs, in the first part of this work (Sections 2,
3, and 4), we develop a general DTN framework for studying tradeoffs between the delay in the
delivery of a packet and the associated transportation cost. The transportation cost comprises a
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