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Abstract

The emergence of new mobile and wireless networks of-
fers opportunities to expand traditional internet applica-
tions. At the same time peer-to-peer systems become widely
deployed and allow users to obtain and provide resources
in a stable, scalable and reliable manner. In this paper
we consider the deployment of P2P auctions over ad hoc
networks. We propose a communication architecture and a
protocol to support this kind of auctions. We address fair-
ness and define two time durations: Tregister (a fair reg-
istration duration) and Tfair (a fair vound duration). We
show by simulation that Tfair depends on the density of the
network and on the number of nodes. We also show that the
proposed protocol requires mulicast and is not affected by
other applications’ traffic.

1. Introduction

The emergence of new mobile and wireless networks of-
fers opportunities to expand traditional internet-based ap-
plications. Among these networks, Mobile ad hoc networks
(MANETS) do not need any infrastructure or any manage-
ment entity. They are characterised by their completely au-
tonomous, dynamic, auto-organised and ubiquitous nature
[1]. Furthermore, they constitute an affordable communi-
cating infrastructure with a major attractive economic ben-
efit: the low cost of deployment and of management.

In the other side, peer-to-peer (P2P) systems constitute
nowadays a major part of the online world. Ad hoc net-
works present resemblances with P2P systems in terms of
decentralization, equality and autonomy [2]. This will help
the apparition of new P2P applications over MANETS such
as mobile commerce [3]. We propose here a novel model of
m-commerce : P2P auctions over MANETS.

In this paper, we first present the motivation of this work.
Then, we discuss the related work. Afterwards, we pro-
pose an architecture and a communication protocol for au-
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tonomous P2P auctions over mobile ad hoc networks. We
discuss performance evaluation results and finally, present
the concluding remarks and the ongoing work.

2. Motivation,Assumptions & Business Sce-
nario

Envisaging auctions over MANETSs would be advanta-
geous in the context of spontaneous market created tem-
porarily for the auction event. This scenario may suit busi-
ness model where a market is set up for the sales of last
minute plane or train tickets in an airport or a train stations,
in a harbour for the sale of stocks of fish or within the frame-
work of a farm. Nomadic exhibitions may also raise sponta-
neous auction events. This way of deploying auctions may
also be considered as an extension of auction events occur-
ring over an infrastructure network, permitting this way to
MANET users to participate to such markets.

In this context an end user, being in a MANET, has just
to open his laptop(or any other WIFI capable device) and
expects to easily set up or access an auction event. Inter-
ested buyers or sellers can submit their bids; the process
will advance round by round till the highest bidder wins the
auction. This simple scenario implies multiple advantages
and motivations such as ubiquity, convenience, availability,
affordability and opportunity.

P2P auctions over MANETS have similarities with real time
auctions. Hence, the following assumptions can be made
about this type of markets:

e This kind of auctions would require the physical pres-
ence of bidders or their mobile devices. Most of bid-
ders will be present at the beginning of the auction.
Then, the probability of new arrival during the bidding
process is low. Furthermore, the mobility of mobile
nodes is low (about 1m/sec).

The nodes moving zone depends on the place where
the market is set up (port, farm, airport, train station,
market).
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e Auctions are limited in duration. Because the items for
sale are perishables.

The deployment of applications in an infrastructure-less
ad-hoc environment is exceptionally hard due to low net-
work bandwidth and the dynamic network topology. Par-
ticularily, the deployment of auction over MANETS raises
various problems such as robustness, fairness, security and
trust.

3 Related work

In [4] the authors envisage the deployment of auctions
over the mobile networks. The auctioneer disseminates the
bidding information over the network. Interested bidders
submit their settings. Fairness is fulfilled by the setting of
a ”Waiting Timer” during which bids are saved within the
network layer of the auctioneer. At expiration of this timer,
the network layer of the auctioneer delivers all the informa-
tion received to the auction application for evaluation. The
best bid is then sent to all participants. The weaknesses of
this scheme are mainly: 1) the periodic flooding of the cur-
rent auction information on the network, 2) the trust in the
auctioneer, 3) problems resulting from message relaying be-
tween peers are not treated and 4) introduction of processing
within the network layer.

In [5], the authors present a self-organizing distributed auc-
tion system over MANETS. They consider a static geo-
graphic zone called the marketplace. This approach is based
on the use of agents. However, this solution may cause
problems at the marketplace when agents make different
agreements.

The work [1] aims at deploying auctions over an ad hoc net-
work and provides a fair bidding scheme. The auctioneer
activity is distributed. This scheme considers a fixed num-
ber of participants and nodes’ mobility. The fairness solu-
tion is based on the maximal hops number in the network.
Since this information is provided by the network layer, this
approach lacks flexibility with regard to this layer.

4 A proposal for communication protocol

and architecture
4.1 Introduction

Most Internet based auctions model usually rely on a
central auction server (the auctioneer). The server itself per-
forms various functionalities and can be configured to im-
plement multiple auction-related policies.

Because of the P2P and mobile ad hoc contexts, we pro-
pose a fully decentralized architecture without any central
auctioneer entity. This latter’s services are carried out by
the different participating peers [6]. We avoid this way the
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auction inhibition in the case where the auctioneer becomes
non-connected to the network. Several studies proposed to
decentralize the auctioneer entity in auction models ([6], [7]
and [8]). All these works proved that omitting the auction-
eer is due to autonomy, security, reliability and scalability
considerations.

We specify new communication architecture, called WAHS
(Wireless Auction Handling System) (cf. Figurel), to sup-
port P2P auctions over MANETS. One peer component,
named BSAP (Buyer/Seller Agent Peer) is defined. It is
associated with an auction initiator as well as to each bidder
participating to the auction. When associated with an initia-
tor, the BSAP helps it setting up an auction event. When as-
sociated with a bidder, the BSAP helps it participating in an
auction event and submitting bids. One protocol, i.e. BSA
Peer (BSAP) protocol, is defined to support interactions be-
tween the functional components (the peers) of WAHS (see
figure 1).

BSAP-Protocol

Initiator

BSAP-Protocol BSAP-Protocol

Bidder

Figure 1. WAHS Architecture

4.2 The BSAP protocol specification

This consists first in defining the provided services and
the vocabulary.
”BSAP-Protocol” describes the messages exchange be-
tween two BSAPs during a P2P auction process. For the
sake of simplicity we consider English auctions as a case
study in the rest of the paper. However, the proposed ar-
chitecture and protocol can be used to model any kind of
open cry auction protocol. This process defines a dynamic
auctioning scheme without the intervention of any central
entity. It is divided in to three phases:

a. Initialization
This phase is divided in three steps:
1- Auction advertisement: The BSAP initiator is a node
(peer) connected to the ad hoc networks and has a good
to sell. This peer announces the auction by broadcasting
an “auction advertise” message in order to inform all nodes
about the auction event to be set up.
2- Auction access: Each interested node sends an unicast
“register bidder” message with its identifier and its personal
information (such as its name, its address, etc.) to the initia-
tor as soon as he receives the “auction advertise” message.
It becomes registered participant to this auction.
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3- Auction creation: The initiator sets its primary members
list after having collected all “register_bidder” messages.
Then, he sends an auction_create” message to participants.
This message contains the list of all registered peers.

b. Bidding
4- Submission: The first round begins for each bidder as
soon as he receives the "auction_create” message. He sends
to all the members of the ACL his bid in a ’submit_bid”
message and collects the other bids. Before accepting a bid,
every bidder verifies if the sender is in the ACL; if not, he
rejects the bid. During a round, each peer computes the best
bid and decides to outbid in the next round or not.
5- Auction quit: A bidder leaves an auction by sending an
auction_exit” message to all ACL members.
6- New Auction access during the bidding phase: 1f a given
peer J within the MANET wants to access an ongoing auc-
tion, he starts a neighbour discovery process using the ex-
panded ring search (ERS) technique [9]. For this purpose,
he sends an ”Auction_REQ” message. When this message
is received by an ACL member I, he replies with an ”Auc-
tion_ REP” message. Then, node J recovers the initiator’s
address and stops the neighbour discovery. Node J sends
a ”Join_REQ” message to join the auction. If the initiator
replies with a ”Join_Accept” message , then J sends a "Reg-
ister_bidder” message for registration. The initiator sends
an “auction_create” message to all the ACL members after
doing all the necessary update.(see figure 2)

Bidder i | | New member

Auction_REQ
wuction_REP

Join_Accept

| Initiator | l

Join_REQ

| enra

I

Figure 2. Joining an auction process

c. Closing
During the Bidding a possible inconsistency of the system
may occur if one or more ’submit bid” messages are lost
due to wireless communication or congestion. At the very
last round this may result in an inconsistency of the system
where many peers consider themselves as winners although
they have submitted different prices. To avoid such prob-
lem occurs, we propose that at the end of the auction life,
each bidder who believes that he is the winner sends a ”win-
ner_notif” message to the initiator. The initiator collects
all ”winner_notif” messages and identifies the winner. The
transaction settlement occurs between the initiator (seller)
and the winner by exchanging unicast messages (we assume
here that the winner is still connected). The settlement is not
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in the scope of this work.
In the Figure 3, we illustrate a basic bidding scenario of our
auctions model.

5 Simulation and Performance Evaluation

In [1], the authors proposed an estimation of Tfair (noted
Tfair/[1]) as function of the maximal hops number of the
network, i.e the RTT between the two farthest bidders and
the maximal time of the retransmission of all allowed un-
successful packets before giving up a message transmission
according to the IEEE 802.11 standard.

T fair/[1] = 0.982656 * Mazximal HopsNumber (1)

The goals of simulations are to: 1) compare the obtained
Tfair with one related work (eq. 1) 2) evaluate Tfair in dif-
ferent scenarios and identify the parameters affecting it.

5.1 The simulation environment

The simulation of the BSAP protocol was performed
using the network simulator ns-2 with CMU extensions
to support MANETs [10]. We used the random way-
point mobility model since it considered as the best model
for MANETSs [11]. The link layer is implemented using
IEEE 802.11 Distributed Coordination Function (DCF) and
Medium Access Control Protocol (MAC). The speed of the
nodes in the network is 1 meters/second and the pause time
is 5 seconds. The choice of this low mobility is justified
by the deployment context of our application as we have
already described in the section 2. We used AODV as a
routing protocol since it is available over ns-2; although
any other routing protocol can be used. We run 30 simu-
lations with different mobility scenarios in order to have the
95 percent confidence interval for the mean of each gathered
static.

5.2 The metrics

e To determine the optimal collect duration of registra-
tions (Tregister) in order to give the chance to all mo-
bile nodes to join the auction event. For this, we de-
fined a metric named “Register_out” (eq. 2). This met-
ric is calculated as follows:

register _Nb_out

Register_out = 2
g RegNb )
With:
Register_out=Rate of registrations out register time-
out.
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Figure 3. The auction process:(a) the initialization phase and
(b) the bidding phase

Register_Nb_out=number of register_bidder mes-
sages received out register timeout.

RegNb=total number of all registrations received by
the initiator.

Tregister value is optimal when Register_out is equal
to zero.

To determine the Tfair in order to fulfil the fairness re-
quirement [ 12] during the bidding process, we defined
a metric named “Bids_out_rnd” (eq. 3). This metric
value is computed in the following manner:

Bids_out_rnd =

> j=1.size_acy bids_out_rnd/bidder;

Size_ACL
(3)

With:

bids_out_rnd/bidder= Rate of bids received per each
bidder after the round timeout.

Size_ AC'L = the number of registered members.
Tfair corresponds to a bids_out_rnd equal to zero.

(a)

(b)
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To determine the optimal timers’ value of Tregister and
Tfair, we varied two simulation timers: 1) Register timeout
marking the end of the waiting time of the initiator during
the initialization phase and 2) the round timeout marking
the end of a round duration during the bidding phase.

5.3 Comparison with related work [1]

To compare the estimated fair round duration of our pro-
tocol (noted Tfair/BSAP)with Tfair/[1], we used the simu-
lation scenarios shown in the table 1. We consider networks
with static topologies, fixed nodes and a coverage zone of
50 meters as [1]. The last line in this table corresponds to
the Tfair/[1] obtained for each scenario.

Scenario 1 Scenario 2 Scenario 3
Network size 500m*500m | 250m*250m 50m*50m
Maximal hops number 14 7 1
Tfair 12.6 s 63s 09s

Table 1. Simulation scenarios

Figure 4 shows that Tfair/[1] increases linearly by the
rise of the number of hops and diverges with Tfair/BSAP.
We observe that this latter increases by the rise of the num-
ber of hops but not linearly. Tfair/[1] is then too large. The
goal of the following simulations is to determine the factors
affecting Tregister and Tfair.
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Figure 4. Tfair vs hops number

5.4 Identification of the factors affecting
Tfair & Tregister

We varied the following parameters and analyzed by
simulation the behaviour of the BSAP:

e The node Population: This population is varied from
10 nodes to 100 nodes. The considered areas of the
network were 183m x 183m, 258m x 258m, 408mx
408m, 483m x 483m and 578m x 578m for the 10, 20,
50, 70 and 100 node networks, respectively (ensuring
the network density of around 300 nodes=km?).

The network density: 50 node networks with varying
network density was simulated.

The traffic in the network: We generated a CBR traf-
fic over 10, 20 and 50 node networks. Each source
injected 512 bytes packets with a rate ranging from 4
packets/second to 20 packets/second.

1. Impact of varying node population on Tregister and
Tfair: Figure 5 shows the rise of Tregister with the rise of
nodes population. The initiator has to wait for 3 seconds to
allow up 10 bidders joining the auction and 20 seconds to
have 100 bidders. In Figure 6, we see that all the curves are
decreasing and the optimal round duration (Tfair) is vary-
ing with the number of nodes. In fact, the number of ”’sub-
mit_bid” messages out of round reaches zero as follows: for
20 population node the mean Tfair is 6sec; for 50 popula-
tion node the mean Tfair is 25sec; and for 70 population
node the mean Tfair is 30 sec. For simulations in Figure 6,
we used Tregister values from the Figure 5 to have the max-
imum number of participants.

2. Impact of varying density on Tfair: Figure 7 shows
that as the network density increases the mean Tfair in-
creases. The behaviour of peers (many-to-many communi-
cations) in a high network density generates collisions and
leads to more time spent for the transmission of bids.

3. Impact of Application Data on Tfair: Figure 8 shows
that Tfair rises very slowly with the increase of CBR rate.
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Figure 6. Bidding phase: Round timeout versus Bids-out-rnd
Rate

However, it increases with the traffic rate for 50 node net-
works. In fact, each registered node is involved in the traffic
of data. Thus, the more important is the traffic, the more
important is the time required to transmit the ’submit bid”
messages.

6 Conclusion & Future Work

In this paper, we proposed a completely distributed and
self-organized architecture and a protocol to support P2P
auctions over MANETs. We focused on fairness and de-
fined two time durations: Tregister and Tfair to provide a
fair registration and a fair bidding. Simulation results show
that Tfair depends on two network factors: the density of
the network and the number of nodes. Besides, we show
that the proposed protocol is not affected by the traffic gen-
erated by other applications on the network.

Compared to related works, our proposal has the advantage
of being flexible with regards to both the MANETS’ envi-
ronment and the auction rules and technology.

Ongoing work is: 1) on assess the theoretical formula to
estimate the fair round duration as a function of the iden-
tified network parameters and 2) on security of the BSAP

Authorized licensed use limited to: King Fahd University of Petroleum and Minerals. Downloaded on March 03,2010 at 12:50:19 EST from IEEE Xplore. Restrictions apply.



Tair Simulation (seconds)
N
N

. . .
150 200 250
network density(node/km2)

L
100

Figure 7. Bidding phase: Tfair versus network density for 50
nodes

T g
population nodes: 10 ——

population nodes; 50°"-x-

Tfair simulation (seconds)
&

. .
0 5 10 15 20
Rate (packets/second)

Figure 8. Bidding phase: Tfair versus CBR rate

protocol.

References

[1]

[3]

[4]

[5]

A.Fourati, K.Al Agha, H.K. Ben Ayed “’Secure and fair
auctions over ad hoc networks”, International Journal
of Electronic Business(IJEB), Vol 5,pages:276 - 293,
2007.

D.Hausheer, B.Stiller, ”PeerMart : The Technology for
a Distributed Auction-based Market for Peer-to-Peer
Services”, 2004. http://www.peermart.net/

ETSI ”Mobile Commerce, Mobile Signature Service,
Security Framework”, Technical Report, France, 2003.

N.Lin , S.Shrivastava, “System support for small
scale auctions”, In proc. IFIP Med-Hoc-Net, Mahdia,
Tunisia, June 2003.

H. Frey, D. Gorgen, J. K. Lehnert, P. Sturm, ”Auc-
tions in mobile multihop ad-hoc networks following
the marketplace communication pattern”,6th Interna-
tional Conference on Enterprise Information Systems
ICEIS’04, Porto, Portugal, 2004.

663

(6]

(7]

(8]

(9]

[10] K. Fall and K. Varadhan,

F. Brandt, ”Secure and Private Auctions without Auc-
tioneers”, Technical Report FKI- 245-02, ISSN 0941-
6358, Department of Computer sciences, technical uni-
versity of Munich, February 2002.

Paul D. Ezhilchelvan and G. Morgan, ”A Dependable
Distributed Auction System: Architecture and an Im-
plementation Framework”, Fifth International Sympo-
sium on Autonomous Decentralized Systems (ISADS
2001), USA, March 26-28, 2001.

B Rachlevsky-Reich, I Ben-Shaul, N T Chan, A Lo, and
T Poggio, ”"GEM: A Global Electronic Market System”
Information Systems Vol. 24, No. 6, pp. 495-518, 1999.

C.E. Perkins, E.M. Royer, and S.R. Das, ”Ad Hoc On
Demand Distance Vector (AODV) Routing,” Internet
Draft, draft-ietf-manet-aodv-10.txt, March 2002 (Work
in Progress).

”The ns Manual,”
http://www.isi.edu/ nsnam/ns/ns-documentation.html,
Apr. 2001.

[11] T.Camp, J. Boleng et V. Davies, ”A survey of mobility

models for ad hoc network research”, Wireless commu-
nications mobile computing (WCMC): special issue on
mobile ad hoc networking Research, trends and Appli-
cation, vol. 2, p483-502, 2002.

[12] N. Asokan, "Fairness in Electronic Commerce”, Tech-

nical report, IBM Research Division, March 1997.

Authorized licensed use limited to: King Fahd University of Petroleum and Minerals. Downloaded on March 03,2010 at 12:50:19 EST from IEEE Xplore. Restrictions apply.



