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Abstract

We evaluate the performance of a P2P-based content distribution systetemge-
neous, wireless networks. The mobile users coordinate each other wijtaredion strate-
gies enabled by the multi-source download mechanism, as in eDonkey orBitfddue
to the mobility, vertical handovers between different wireless accessdkidies are re-
quired which may result in transmission delays and IP address chantesswitching
peer. Hence, connections among users have to be reestablishedwaridadiing users
are requeued at a providing peer’s waiting queue. In detail, we investiga impact of
requeueing with each VHO as well as the use of mechanisms that presetizeatidress
and connections beyond VHOs, like MobilelP. Another important phenomeocurring
with VHOs is the abrupt change of the available bandwidth, e.g., from &\fasiN con-
nection to a rather slow UMTS connection. We evaluate the download time$e®bfj
means of simulation while considering different load scenarios in today'$uaare net-
work layouts of the B3G network. As a result of the performance evaluatie derive
a new time-based cooperation strategy that counters the impact of mobilitgadinef
downloading individual blocks of a file, a user gets a time slot at a provipesy. We
show that this leads to a significant performance gain.

Keywords: P2P, eDonkey, Mobility, B3G, VHO, Modeling, Analysis, Optaation

1 Introduction

Current telecommunication systems reveal two major treriterogeneous wireless net-
works andpeer-to-pee(P2P) file sharing systems. The latter is a common applicaitova-
days and makes most of current Internet traffic, as sevendlest, e.g., [1] and [2], have
shown. P2P file sharing is based on cooperation among the instiie system, callepeers

to enable an efficient content distribution. This requireshanisms to coordinate and control
the access to resources of the peers, i.e., their uploaavidthd and the desired contents. The
fundamentamulti-source downloa@ViSD) mechanism, as used@bonkeyor BitTorrent, al-
lows requesting users to order and download the desiredfidataseveral providing peers



in parallel. Therefore, a file is typically split into chun&$fixed size which are exchanged
among the peers. The providing peer then schedules the dad/méquests and serves the
user according to some cooperation strategy.

In prior work [3, 4], we investigated by means of measurenaaatsimulation whether P2P
file sharing is feasible in wireless networks. We found th&tT$ as radio access technology
already allows a content distribution service for mob#ééated contents, like ring tones or
small video files in the order of several megabytes. Howewverconsider a heterogeneous
wireless network with different infrastructure-basedioagiccess technologies, in particular
UMTS and WLAN. This is referred to dseyond third generatio(B3G) network.

A mobile user moving through this landscape needs to perf@mical handovergvVHO),
i.e., pass the ongoing connections from one access systamotber, as well as from one
operator to another. A VHO implies some delay to reestalthshconnections. During this
period of time, no application data is transferred. In ddditregistering to a new access tech-
nology might also change the peer’s IP address which leatie toss of all TCP connections
currently opened for file transfer. But even worse, on appboalayer, when contacting a
providing peer with new IP address, the peer does not keepdtposition in the providing
peer’s waiting queue but reenters at the end of the queue aitsltw be served.

Another important phenomenon in B3G networks, the switchigigveen radio access tech-
nologies, results in an abrupt and dramatic change of thelenpber’s uplink and downlink
capacity. Within milliseconds, a previously highly attiige peer with good Internet connec-
tion can become a very slow peer that may slow down the pedocen of the whole content
distribution process. In this paper, we focus on the qualéaffect that three VHO phenom-
ena have at application layer: abrupt bandwidth changesitnession delay, and change of IP
address. Investigating these effects requires simulating at rather long time scales which
makes it impossible to simulate background traffic. Consetiyeve focused on simulating
the P2P mechanism and the mobility of the users while simgdyiiming fixed transmission
rates for WLAN and UMTS cells. As a result, we are not able to exgkantitative statements
on the downloading times for certain files in a certain enwment but qualitative statements
that are relevant when designing a content distributiomicern a heterogeneous wireless
environment with mobile users.

The goal of this paper is to evaluate this mobile P2P systeimatigate the impact of the
users’ mobility on the performance of distributing conteithe P2P file sharing system is
oriented toward€Mule a popular P2P client based on the eDonkey protocol. Inqudati,
we investigate the impact of requeueing with each VHO as agthe use of mechanisms that
preserve the IP address and connections beyond VHOMbkdelP, at the cost of additional
transmission delays. We evaluate the download times far dileong the users by means of
simulation while considering different load scenariosaday’s and future network layouts of
the B3G network. In the future network layout, we assume a&b®#_AN coverage than in
today’s network layout. The question arises whether theeased capacity due to the higher
WLAN density dominates the drawbacks of VHOs on P2P file sigasystems. We only want
to make a qualitative and not a quantitative statement aethesults focusing on the visible
effects of mobility.

As a result of the performance evaluation, we derive a ti@®-based cooperatiofi BC)
strategy that counters the impact of mobility, in particuédorupt changes in the available up-



link capacity. Instead of downloading individual blocksaofile, avolume-based cooperation
(VBC) as is common, a user gets a time slot at a providing peeshd that this leads to a
significant performance gain w.r.t. download efficiency atsb regard fairness.

The remainder of this paper is organized as follows. In 8a@i we present related work
on mobile P2P w.r.t. file sharing in cellular environmentsct®n 3 introduces the simulation
model and formulates the objective of this paper more gledn Section 4, we analyse the
impact of mobility in different network layouts and loadusitions, and emphasize the effects
of mobility and VHO on the system’s performance. In Sectipw® introduce the new time-
based cooperation strategy to mitigate the impact of ntgloin P2P networks that respects
mobility in heterogeneous environments. In Section 6, wersarize our main results.

2 Background and Related Work

The research on P2P has received a lot of attention in thgdass. A fundamental overview
on P2P applications and systems is given in [5] discussingngnothers P2P file sharing
networks as well as P2P techniques in mobile and ubiquitousaments. However, the
combination of both, i.e., P2P file sharing in a mobile enwin@nt especially in infrastructure-
based wireless networks, and its performance analysissksimgj.

In general, the term mobile P2P (MP2P) extends the P2P ganadithe domain of mobile,
wireless networks. MP2P applications and protocols coveroad range of use. Recently,
MP2P research projects have received high attraction whkiokflected by the popularity of
latest IEEE workshops [6, 7]. However, most of the work adsges structured P2P networks
based on distributed hash tables as lookup-service ordmnssnobile ad hoc networks [8, 9,
10]. Epidemic content distribution is also a typical apation for infrastructure-less wireless
networks.

In the context of infrastructure-based mobile networksnasanvestigations on P2P-based
content distribution exist. The authors of [11] propose dAXolution to create a mobile file
sharing environment in 3G environment. In previous work4R,the feasibility of P2P file
sharing in UMTS networks was shown. An architecture confd&}jtwas proposed to improve
the system performance using caching peers for populaestst In contrast to previous
work, this paper addresses a heterogeneous wireless Rewvitbr different infrastructure-
based radio access technologies, e.g., UMTS and WLAN. Todkeds our knowledge, this
is the first paper which describes the impact of VHOs on P2Rffisging applications based
on an MSD mechanism.

The effect of heterogeneous, but fixed link capacities in@i@nt-like file sharing systems
was analytically evaluated with a simple fluid model in [1B]is shown that bandwidth het-
erogeneity can have a positive effect on content propaganeoong peers. [14] identifies the
principal design choices of content distribution that ditbes behavior of the system. Among
others, the structure of the P2P overlay and the cooperatrategy are emphasized. Ac-
cording to [14], a cooperation strategy is the result ofelfeectors coupled together, the peer
selection strategy, the chunk selection strategy, anddtveank degree. In [15], a robust coop-
eration strategy is presented to overcome the problem diieg peers and starving chunks in
the system, while the cooperation concept in [16] makesspeelp each other in download-
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Figure 1: Basic principle of multi-source download.

downloading different chunks
in download units from several
sources in parallel

ing data. However, these strategies do not take into acathartging uplink and downlink
capacities of peers, as caused by VHOs in a B3G network.

3 Modeling and Simulation Description

We consider a content distribution system in a heterogeeteless environment. In partic-
ular, we focus on anulti-source downloadMSD) mechanism which is based on #Bonkey
protocol as implemented in the eMule application. The itigased radio access technologies
comprise an area-wide UMTS network and WLAN hotspots whicly meerlap. The mobile
users move in the landscape and perform VHOs between bdthdkgies or between differ-
ent WLAN cells. In this context, the switch from one WLAN cellanother is also denoted
as VHO, as it might cause an additional delay and the reqas®gt of IP addresses. In the
following, the different models and their implementationthe simulation are explained in
more detail.

3.1 Multi-Source Download Mechanism

MSD is enabled by dividing a file into smaller chunks and bkakich are subparts of chunks.
According to eMule, the chunks have a size of 9500 kB and tbekidize is 180 kB. A down-
loading peer requests blocks from multiple serving peees, from sources of that file, and
might obtain them from multiple sources in parallel. As s@sna peer has downloaded a
complete chunk, it becomes a source for the file, and cantribdite the already received
chunks and their blocks. This basic principle of MSD is ithased in Fig. 1. The benefit of
MSD lies in the speed-up via the parallel download of datathadaster creation of additional
sources for chunks. As a result, MSD does not rely on a siraylece and can therefore avoid
bottlenecks and overcome churn.
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Figure 2: Upload queue of a providing peer.

In order to cooperatively share and exchange the files in@gomtent distribution network,
resource mediation and resource access control functiensequired. Resource mediation
functions are used to locate the resources in the overlagy Vary from centralized concepts
such as index servers, as@bonkey to highly decentralized approaches such as flooding
protocols, as in th&nutellanetwork, or distributed hash tables (DHT), as used inGherd
protocol. In this work, we assume the existence of globalkaedge of providing peers for
all files, which may be achieved by index servers as in eDanHée focus is on the P2P
resource access control, i.e., mechanisms to permit,ifregrand schedule the access to
shared resources. This is implemented via cooperatiotegtes in the P2P system.

A peer can download from an arbitrary number of sources ialfghr While the number
of parallel download connections is not limited, the numbkparallel upload connections
at a peer is restricted to a maximumrofn order to guarantee a certain minimal bandwidth.
In [15], we have shown that the restriction to a single uploadnection is appropriate in a
cooperative environment with peers willing to contributeuploading data. Leeching peers
and free-riders are out of the scope of this work. In the sathoihs, we use = 1, i.e., a peer
provides only a single upload connection independent aftead capacity.

A peer sends a download request to a peer providing the dddeelf the provider already
servesn peers, it pushes the request into its uplink waiting queus.sdon as an upload
connection becomes available, the first peer in the uplinkingagqueue is served. For short,
the uplink waiting queue is a first-in-first-out (FIFO) queu&hile being served, each peer
downloads a specific amount of data in a row. In the currentleMpplication, these are
three blocks resulting in a so calleidwnload unit(DU) of size 540 kB. After completing a
DU, a peer will either reenter the waiting queue at the en@aveé this peer, if it has already
finished downloading the desired data. The upload queue Ineodemonstrated in Fig. 2.
We also consider churn, i.e., peers alternate betweeneoatid offline phases with randomly
distributed durations. If a peer goes offline, the existiatadconnections are dropped, but the
already downloaded bytes of a DU are stored and do not get lost



3.2 Mobile Users in a B3G Network

The mobile peers of the content distribution system are ectad via UMTS or WLAN to
the Internet. We assume an area-wide coverage of UMTS witked fransmission rate of
384 kbps in downlink and 64 kbps in uplink direction. For the MLtechnology, we assign
a fixed symmetric bandwidth of 1 Mbps for up- and downlink ea®lote, that we do not
consider radio resource management mechanisms of theegsreketwork, like admission,
power, or rate control, as we aim at the qualitatively eviadmaof the effect of VHO on the
P2P system. In addition, we do neither consider backgroraffictin the wireless network
nor the case that multiple peers share the capacity of ohdrelding these effects into the
simulation would on the one hand lead to unbearable sinoumaimes and on the other hand
blur the clear impact of the VHO only.

The WLAN cells are randomly uniformly distributed within thensidered area. We use the
disc model with a radius of 50 m to describe the coverage drasiogle WLAN cell. In our
simulations, we consider a typical city center which is medeas a square of length 2400 m.
According to the investigated scenario, we distinguiskvieen a today’s and a future network
layout which only differ in the WLAN coverage. ltoday’s network layoytwe assumé9
WLAN cells according to the current number of public WLAN cetidVurzburg’s city center
of a German operator providing UMTS as well as WLAN [17]. In th&ure network layoyt
we assume a much better WLAN coverage with WLAN access points.

For the users’ mobility, we did not use a classic mobility rldd simulate every movement
of the user likerandom direction18], but a more abstract way of modeling mobility which
we introduce in the following sections.

3.2.1 Abstraction from Mobility

By using a specific network layout and conventional, detaihedleling of user mobility, we
are only able to find results for these applied models. Siree/ant to find results for any sce-
nario, we introduce a new framework to describe mobilityha tontext of cellular wireless
networks. This framework is calleflbstract Mobility Mode(AMM). The AMM subsumes
the network layout and the user mobility by a semi-Markov slod hereby, the positioning
of transceivers on the simulation plane and the explicdéct@n of the transceivers’ technolo-
gies get superfluous. The AMM is more powerful than an expiimdeling of mobility and
network layout, as an arbitrary mobility model and netwakdut can be mapped by AMM.
Additionally, the AMM brings a speed-up w.r.t. computatbtime. This speed-up is ex-
plained by the way we model mobility and calculate the mob#ivents. The conventional
approach creates a lot of events. As illustrated in Fig. &elis an event for each waypoint,
i.e., each separate move, and an event for each horizowtakatical handover. In this figure,
also “pseudo horizontal handovers” are depicted. Themtme originates from aspects of
implementation. Instead of looking for the right UMTS Nodafger leaving a WLAN cover-
age area, we let a peer also notice handovers between UM ESagmvareas while it is within
a WLAN coverage area. Thus, it can connect to the right UMT ®aye area after leaving a
WLAN coverage area, without having to search therefore. &legsnts have no effect on the
P2P system, but are just technical. As illustrated in Fighd number of mobility events pro-
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ated during several moves with the arithmic scale over time based on
conventional and the abstract ap- theToday’s Network Layout
proach.

cessed per second for both conventional mobility mod@ésydom Direction Mobility Model
(RDMM) andManhattan Mobility Mode(MMM) [18], in combination with theToday’s Net-
work Layoutis at least four times higher than for the AMM and the OAMM — aotimized
variant — with corresponding data. We can further see, beahtimber of processed events is
relatively constant in both approaches and all mobility eledThe heavy fluctuation for the
AMM/OAMM results from the logarithmic scale of the axis ofdinates which lets the stan-
dard deviation in the number of events look bigger. In thisarete scenario, the simulation
runtime speed-up from 375 s with RDMM to 8 s with AMM. This spasgalis not only issued
from the processing of events, but also the calculation eéjixde new events consumes a lot
of computational time. In contrast, the AMM only createshla@dover events in Fig. 3, as we
describe in the next section. The waypoint events are natateanymore. In the figurative
sense, we move from handover to handover with the AMM.

Also the choice of the mobility model itself strongly influss the number of mobility
events in the conventional approach. E.g., the MMM produbesmore events per time
unit the smaller the distance of two crossig,ssis, as we can clearly see from Fig. 4 for
deross= D m anddgess = 50 m. After motivating the AMM, we explain how the AMM works
in the next section.

3.2.2 Functional Principle

The main ideas behind the AMM are easy to understand, asddigsconsists of two parts. In
the AMM, a mobile peer is location-unaware as there is notjpsng on a simulation plane
required. A peer can only perform a single action concermmudpility: switching between
different technologies. In the remaining time, it stayshivitits current technology. Thus,
the AMM can be described by fanite state machingFSM). In Fig. 5, this is depicted by
a simplified example for two different technologies, nameMTS and WLAN, which are
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Figure 5: A simplified example of an FSM Figure 6: An FSM with state transitions and
with state transitions and proba- probabilities for two technologies as
bilities for two technologies. used in the simulation model.

abbreviated a8 and1, respectively.

For the first part, i.e., the definition of such an FSM, we ndwdpgrobabilities of the tran-
sitions for each possible pair of technologieand j, p;; € [0,1] C R, wherebyp;; is the
probability to get from technologyto technology;. Itis

J

as migrating to any technology is the certain event. Thuscavecreate @ransition matrix

P = (py) € [0, 1]¥*N,if N is the number of technologies, e.9/,= 2 in Fig. 5. Entering a
WLAN coverage area while already being inside another WLANecage area is also inter-
preted as a VHO, thus the FSM in Fig. 6 describes the modelfasesimulating handovers
in our study. Therein].a and1.b are abbreviations for two different WLAN coverage areas,
and instead of staying within the WLAN technology with proli&p p,,, we switch between
these two states, to mark that switching between two WLANSVBI®.

The second part of the AMM deals with the time a peer staysimvalspecific technology,
which is a state regarding the FSM. This time is usually dalesojourn timeor dwell time It
starts when a peer enters a technology, and it ends whenéddlais technology. The sojourn
time can be regarded as thervice timeof a MarkovianFSM, as described in [19]. Indeed,
we can arbitrarily choose the distribution of the sojoumdj and thus it may not necessarily
follow a negative exponential distribution. Thereby, thegerty of memorylessness of the
stochastic process is lost. The concept that our FSM maishiesown as asemi-Markov
processas described in [20].

If poo > 0, we have a more complex case. Then the sojourn 8gygs for staying within
UMTS follows acompound distributioncf. [19]. This compound distribution consists of
aninner and anouter distribution which here is ageometrical distributiorfor the number
of events to switch from one UMTS coverage area to another BMdverage area, and the
arbitrary distribution of the sojourn tim&,yrs within a single UMTS coverage area, respec-
tively. In contrast, the sojourn time of WLAN coverage areassinot “add up”, as we have
a VHO between two WLAN coverage areas. Using this compourtdialision for UMTS in
the AMM, results in theDptimized AMM(OAMM). With the OAMM, only events for VHOs
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Figure 7: Extraction scheme of sojourn times with UMTS and VWL&overage areas.

are created. Thus, the number of events with the OAMM is evadllsr than for the normal
AMM, as illustrated in Fig. 4.

3.2.3 Proof of Concept

We want to show that the AMM returns similar results as res@alith common mobility mod-
els, if using appropriate parameters which are derived fremetailed simulation. Therefore,
we developed a way to extract the probabilities of the tteorsimatrix and the distributions
of the sojourn time per technology from simulation runs wifte conventional modeling of
mobility.

The extraction and calculation of the transition matrixd$alows. We create a matri =
(q;;) € NV*N with ¢;; = 0,4, € {1,..., N} on initialization. The countey;; increases by
1, whenever a peer switches from technoledy technology;. This also includes switching
between the same technology, i‘e= j. After accumulating all these values i, we can
compute the transition matrik by

(Cra)’ 0 e
~1
0 (Z?:l Q2j> :
: 0 )
0 . 0 (ij: X qu)*

which simply does a row-wise division @¢j by the sum of the entries in a row. Albeit, we
now have probabilities for switching between technologiesare still lacking probabilities to



decide in which technology a peer is on start-up. Thus, wadefihe initialization probability
Tinit(7) for each technologyto be

N N -1 | X
Tinit (1) == sz'j : (Z pkz) =N szj, (3)

k=1

i.e., Tint(i) is the sum of column, which is the probability to get from any technology to
technology:, divided by N, which is the overall sum of all entries of matras of Eq. (1).

The principle of the extraction and calculation of the sofotimes for each coverage area
is illustrated in Fig. 7. In this example, for a span of timethe peer is only connected to a
UMTS coverage area. Then it enters WLAN coverage aredt; and stays therein for time
spans,. As it enters across WLAN coverage arBaat ¢, that intersects with the previous
WLAN coverage area, it switches to the new WLAN coverage ared,stays therein for a
span of timess. Finally, it leaves all WLANSs at; and re-enters the UMTS coverage area for
s4, Which is the remaining time untt}, and so on. Note, that at timt¢no VHO event occurs.
By applying this extraction principle to a simulation run offscient simulation time, we get
an adequate amount of values for sojourn times for each téotpy By sorting these sojourn
time values, we have aempirical CDF F; for each technology, which is implemented as
described in [21]. Using these empirical CDES we can get new values for the distribution
described by the extracted values. Therefore, we use aromyfaistributed random variable
to get valueg in the interval0, 1], which are used as arguments far' to return the quantile
of F; as sojourn time in a coverage area of technology

Now, we have all means to extract the probabilities of thediteon matrix as well as the
distributions for the sojourn times per technology frommawdation run using conventional
mobility modeling. To obtain statistically sufficient datee let a single peer move around for
a simulation time of 100 days. Tab. 1 contains the resultshferextraction of the transition
matrix for theRandom Direction Mobility Modeg]RDMM) in combination with theToday’s
Network Layout The mobility trace of the peer over time is depicted in Figpi@he RDMM.
After this rather long time for a simulation run, the peer \aafeast once almost everywhere
in the unit square. To verify this, we discretized the sirtialaplane into square fields of
size 10 m and counted how often the peer moved to each fielde $ie mean of these field
counters i8.3 and the corresponding 5 %-quantile3is, we have statistically reliable data. In
Fig. 9, the CDFs for the sojourn times of the different tecbgas are plotted in a logarithmic
scale. Thereby, the radius of the circle shaped WLAN covesaaigas is 50 m, and the unit
length of the square shaped UMTS coverage areas is 300 m., WHUSN coverage areas
are significantly smaller than the UMTS coverage areas, abibut7854 m? and 90000 m?,

Table 1: Extracted transition matrix for tieday’s Network Layowind RDMM.
RDMM to
5-50m UMTS | WLAN
£ | wrs || poo = 0.926 | po1 = 0.074
.g wian || p1o = 0.961 | p1; = 0.039
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respectively. Furthermore, there are some overlappingsaier WLANSs which truncate the
sojourn times of WLAN coverage areas. Hence, we expectedtéabjourn times of UMTS,

the green curve, are longer as those of WLAN, the blue curveindiease the statistical
reliability, we performed 20 repetitions of each run witffelient initial random seeds. Tab. 1
shows the mean & runs. Also in Fig. 9, we plotted0 curves for each technology.

With these extracted data, we did simulation runs with theM\léb compare the AMM with
the conventional modeling of mobility. Since a mobile P2Bteyn is a highly dynamical, we
exemplary plotted the intervals, that contain the meand @bauns for a single seed, FRIAT
of 80 s, and three VHO methods for the AMM in Fig. 10. The dotgeld within each interval
represents the mean of &l runs. We see that the results are similar, i.e. the AMM geasra
similar results compared to conventional mobility modgliithis is substantiated by the size
of the intervals that is caused by the random fluctuationsmbbile P2P system.



3.3 Effect of VHOs on P2P File Sharing

In this section, the effect of VHOs on a P2P file sharing applon is explained. When a
moving user performs a VHO, the transmission of applicatiata is stopped for a certain
delay Atyno. Registering to a new access technology may lead to a chanipe alurrent
IP address and break the peer’s ongoing upload and downtwatkections. On application
layer, the dropped connection of a downloading peer to sam@ding peers re-schedules
the request of the download, i.e., the downloading geés requeued in a providing peer’s
waiting queue.

In addition, a peef’ performing a VHO might serve as a providing peer. The IP afdre
change results in lost connections and the peers servédr®ed to rediscoveP by asking
the index server for new sources of a file. In standard eMul@dementation, this is done
periodically every ten minutes. In the following, we willfeg to this technique agqueueing
w/o refill.

An alternative method is callagqueueing with refilllt introduces a minor modification of
the peer’s cooperation strategy to improve the system peéioce and utilizes the fact that a
providing peer knows all peers in its uplink waiting queu#be and after the VHO. Thus, the
providing peer simply reidentifies itself at the served peweth its new IP address and invites
them to continue the download. Thus, it can speed up the eecmvafter a VHO.

Previously, we focused on the situation that a VHO impliefRaaddress change. However,
approaches like MobilelP preserve the peer’s IP addressldowl TCP connections to con-
tinue after the VHO. These mechanisms lead to an additiaglalyd\typ which we assume
to be static. On application layer, a peer keeps its currembections running which means
that it also maintains the position in the uplink waiting gaeor is still served. However, the
total transmission delay during which no application dataxchanged is nowtyno + Atwip.
Such a mechanism is denotedrem-requeueing techniqu&ince the VHO delaytyno can
be assumed to be rather small, especially comparest @, we fix Atyno = 100 ms from
now on.

In this paper, we want to answer the question if P2P file shaapplications in B3G net-
works require non-requeueing techniques like MobilelP air n detail, we compare a) re-
gueueing and b) non-requeueing with refill, and c) non-ragurg w/o refill for different
additional delays for preserving the IP address. The ilya&id scenarios comprise a today’s
and a future network layout in different load situationsatidition, we derive a new cooper-
ation strategy in order to counter the impact of mobilitg performance is demonstrated for
the future layout using a non-requeueing VHO technique.

4 Analysis of Current P2P in B3G Networks

We want to analyse the impact of VHOs on a P2P network of thags.dThe simulation

scenario for our investigations in this section is as folowlhere is a single file of size
9500 kB which is to be shared by the mobile peers. Therel@emnobile peers that want
to download this file and altruistically share this file aftewnload. Every 120s, a random
peer sends a request to the sources currently availabliigofile until all peers have placed
their request. At the beginning, the P2P network consistsrafmber ofnternet peersvith a



Table 2: Average download times [min].

average download today future
time [min] high | low | high | low

non-req. Os|[ 1755 35| 80.6 | 2.3

Atmip 1s| 175.6| 3.5| 82.7 | 2.3

5s| 176.7| 3.6 | 1029 | 2.5
10s| 181.7| 3.6 | 1453 | 2.8
100s|| - — 110745 145
req. | withrefl. || 246.7| 4.1 | 1206.8| 6.5
w/orefl. || 266.7| 4.1 | 1486.2| 6.6

constant uplink capacity of 768 kbps that serve as initiafses, and keep serving throughout
the simulation. This ensures that the mobile peers alwagsfjual conditions on simulation
start-up. The number of these initial seeds controls the tdahe P2P system. Few Internet
peers lead to a high load since at the beginning there arefewysources available, the
first downloads may take a long time, and the file propagatés slawly. All stochastic
influences except for the mobility pattern are avoided sartipact of VHOSs is not tampered
by stochastical fluctuations not caused by mobility itsEEpecially, there is no churn in this
scenario. For the same reason, we kept to a single set of pwendefining the network and
traffic. We performec0 repetitions with different seeds for the random number goein
every simulation run.

We measure the impact of VHOs on the P2P system by the dowtitoad of all mobile
peers individually. The download time of a single peer isrdefiby the period of time between
sending the file request and receiving the last data belgnmirthe file. We illustrate the
impact of VHOs by plotting the cumulative distribution furan (CDF) of the download time
of a random peer. We obtain the CDF from the download timesl gfesrs in all simulation
runs with different seeds. For our analysis, we consider $ognarios: today’s network with
a low load, today’s network with a high load, a future netwaiikh a low load, and a future
network with a high load. A high load corresponds to a singternet peer and a low load to
ten Internet peers.

In Fig. 11, we see different CDFs of the download times for wglaetworks in the high
load situation. There are four CDFs for non-requeueing wélays Atyp of 0s, 1s, 55,
and 10s, and two CDFs for requeueing, one with refill and onerefilh. Preserving the IP
address outperforms loosing the IP address in this highddadtion. A peer that looses its
IP address is forced to reenter the uplink waiting queuessadaurces and therefore has to
wait much longer until it is allowed to download for the nexiné. There is no clear impact
of the non-requeueing delay even if the non-requeueingydelextremely high, since there
simply are too few VHOSs in today’s network layout. The lowdicgcenario in today’s network
nullifies the impact of the different IP address handling hagisms, since even less VHOs
occur during the shorter download time in this scenario, thiedwaiting queues are almost
empty. Thus, the average download times are nearly the seim&b. 2. Tab. 2 shows also
the average download time of today’s and future network dayo the low and high load
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Figure 11: Comparison of requeueing and non-requeueinguaitying delay in today’s net-
works with a high load.

scenario for non-requeueing and requeueing.

Let us next investigate the situation in future networkshiigher WLAN hotspot density.
Fig. 12 and Fig. 13 show CDFs for requeueing with and w/o redilvell as CDFs for non-
requeueing with delays of 0s, 1s, 5s, 10s, and 100s in theefuietwork layout. Fig. 12
shows the results for the high load scenario. Analogous éaréisults from Fig. 11, non-
requeueing is better than the two requeueing variants heudifference between requeueing
and non-requeueing increased from a factor of two in todagta/ork layout to a factor of ten
in the future network layout. The higher WLAN density in théuiee layout has two effects, a
higher network capacity and more VHOs. The higher availableunt of bandwidth leads to
an average download time of 82.7 min in the future layout camag to 175.6 min in today’s
layout for the non-requeueing technique willayp = 1s. However, the higher number of
VHOs in the future layout increases the relative impact efrtn-requeueing delay, compared
to Atyp = 0s, expressed by larger differences in download times, cf. Zab

Using the requeueing technique, the peer changes its IRsgldt every VHO. Thus, it
is often loosing its connections, is removed from being egnand shifted back to the end
of the waiting queue. Together with frequent VHOSs, this teghe has to be avoided for an
efficient content distribution service in a future netwoalgdut. Only for unrealistic VHO
delays of 100 s, the requeueing and the non-requeueingiteehshow the same download
performance in a high load scenario as can be seen in Fig. 12.

In the following, we focus on the low load scenario in futuetworks for which Fig. 13
shows the equivalent CDFs as in Fig. 12. We can still see arélifte in requeueing and non-
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Figure 12: Comparison of requeueing and non-requeueing waithing delay in the future
network with a high load.

requeueing as well as the non-requeueing delays even watlv &obd as opposed to today’s
network layout, cf. Tab. 2, since more VHOs occur even in therter download times. If
the load in the P2P system is low, then downloads take lessiich leads to less VHOs
occurring during the downloading time. In general, the iotd mobility decreases with the
load and vice versa.

In both load scenarios, preserving the IP address with equaueing outperforms requeue-
ing techniques. Nevertheless, the performance gain ofreguneueing melts in the low load
scenario, since the waiting queues at the providing peeralarost empty and hence the wait-
ing times are almost negligible. In such a scenario, a d&lgye exists such that the download
performance is even worse than with requeueing techniddesever, this only happens for
unrealistic large delays above 10s.

As a result of the performance evaluation, we see that nguengeing techniques, like Mo-
bilelP, are recommended in mobile P2P file sharing systemis @ownload performance, if
this technique only requires a small transmission delagwel few seconds. In future net-
work layouts, the increased uplink capacity due to the higiieAN density leads to smaller
download times. In order to foster the download from suclhiugpacity peers, a new cooper-
ation strategy is proposed in the next section which triestoothen changes in the available
uplink capacity as a consequence of the user’'s mobility haddsulting VHOSs.
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Figure 13: Comparison of requeueing and non-requeueing waithing delay in the future
network with a low load.

5 Mitigating the Impact of Mobility

In this section, we introduce a new cooperation strategy dffacts the duration a user is
allowed to access the uplink capacity of a providing peercdmmon P2P networks like
eDonkey the resource exchange is volume-based, i.e., each pdevwea to download the
same amount of data in a row, also caltgmlvnload unit(DU). In eDonkeyP2P systems, the
size of such a DU is 540 kB corresponding to three blocks. Wefuvther speak ofvolume-
based cooperatiofiVBC). The problem of VBC is that a peer with a high-capacity teslbgy,
like WLAN, is thwarted by peers with smaller bandwidths, IUMTS, if these peers wait to
be served by the same source. Thus, a user in a high-capaditgalogy can not finish its
download quickly and serve as a new seed for all other ped¢hginetwork.

As a small example, we imagine three peBysP;, P, with download capacitieS), C1, C.
The ratio of the corresponding downlink capacities mayhe C; : Co = 3 : 2 : 1. If the
peer with the highest capacity, i.6%, takes a download timat¢ to download a DU, then it
takes2 - At for P, and3 - At for P,. If these three peers start downloading at the same time
from the same source, théfy will have to wait for5 - At, i.e., the timeP;, and P, are served
until 7, is served next. Thus, it is thwarted by these two peers an@2fenetwork can not
fully profit by its higher capacities. As a consequence, thele content distribution process
is slowed down.

Our new approach avoids this thwarting by not restrictirgaimount of data, but the time a
peer is allowed to download in a row. This approach is cdileé-based cooperatiofi BC).
Thus, peers with a higher capacity will serve earlier as newaes, since they are able to
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Figure 14: Download performance of a P2P system with VBC and &gioach.

download more data in the same time. Alas, the effectiveok8ss approach heavily relies
on the peers’ altruism assumed in this work. The basic glacdf this TBC approach is a
time-outAt which is the maximum time a user is allowed to download fromavidling peer.
Additionally, we still need a limitation of transferred wwhe, since MSD needs a reservation
mechanism for the data currently downloaded to prevent tading data twice. We set this
limit to be V' = 540 kB. The providing peer stops serving the downloading peettieeithe
time At is spent or the volumé&” is uploaded. In particular, the downloading peer is inter-
rupted after timeAt = min{At¢, Aty } while Aty is the duration a peer needs to download
V. Note, thatAty, might vary due to VHOs of the downloading or uploading peers.

For the analysis of TBC, we consider the following scenariochimakes greater demands
on optimisation. There ar#)0 mobile peers which move around in the future network layout.
There is a total 020 different files, each of size 9500 kB. On average, each peessbae file
at the beginning. The peers want to download all remainieg fiiey not already have, i.¢9,
files on average. The interarrival time between two file retpies exponentially distributed
with a mearnu:r = 40s. Additionally, we consider churn here. The peers switcimfianline
to offline with exponentially distributed lengths of the ioi@ and offline phases, each with a
meanuc = 1h.

Fig. 14 shows the average download time and the 95% quarftiteeadownload time of

the VBC and TBC approach. The latter’s performance dependseochoice of the timé\t,
a peer is allowed to download. The figure illustrates thatpidormance of TBC is always
at least as good as of VBC. We see that the lart§ethe smaller is the performance gain.
This results from the peers with fast technologies havingdi the longer on peers in slower
technologies the largeit. We can see that there is an upper boundZerbeyond which
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Figure 15: Fluctuations in an exemplary run with time-baggproach forAt = 4s.

the two approaches give the same results since even a péersiower technology is able to
finish its download before the time-limit is exceeded.

Fig. 14 suggests that there is an optimal value of the allod@unload time, roughly at
At = 4s. However, the size of the 95% confidence intervals of theagesdownload times,
indicated by error bars in Fig. 14, is quite large. Hencs,difficult to find an optimum. This
results from the fact that we are investigating a highly agital and complex system. The
behavior of such a system can vary largely depending on simatiges in the overall situation
as, e.g., a peer that stayed within WLAN for a longer time anbdérame a new seed for a
file faster. To emphasize this dynamic, we separately imyegst the download performance
for all 20 runs of the same scenario witsé = 4s, only varying the seeds of the random
number generator. Fig. 15 depicts the CDF of the download fiitmeach simulation run with
a different random number generator seed. In addition, ldekldots on each CDF indicate
the average download time of this single simulation run @nxfaxis and the corresponding
guantile on the y-axis. The mean of these 20 average dowiiloag corresponds to a single
point in Fig. 14, while the range of the average download s$imethe 20 simulation runs is
responsible for the large confidence intervals in Fig. 14.n#dans lie within an interval of a
length of around 70 min which manifests the dynamic charauftthis system.

A second relevant aspect of P2P systems is fairness, i.ethehall peers are treated
equally. We use théairness indexf; introduced in [22], defined ag;, = ﬁ, wherec,
is the coefficient of variation of the download time. Theri@ss index returns values between
0 andl. A fairness index of means all peers experience the same download time, whitx low
values indicate a more unfair system. Fig. 16 shows thedagindex of the download time
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Figure 16: Fairness indef of a P2P system with VBC and TBC approach, respectively.

for VBC as well as TBC in dependence &t. The figure reveals that the fairness is lowest if
the performance of TBC is best. This is due to high-capacigrpbeing preferred by TBC
and being able to download more data in the same time.

6 Conclusion

We investigated the impact of VHOs on the download perforreant a P2P-based content
distribution system in different heterogeneous networks laad situations. We considered
that VHOSs can lead to a loss of the IP address and investiglageidhpact of this loss as well
as the use of a mechanism to preserve the IP address beyon@® aMHe cost of additional
transmission delays. Non-requeueing techniques, likeilgliét) are recommended in such
mobile P2P file sharing systems w.r.t. download performaifitkis technique only requires
a small delay below a few seconds. When not using non-requgtethniques, an IP address
change implies being requeued in the uplink waiting queye®@fiding peers which increases
the overall download time due to the higher waiting timesisTarms the distribution process
of contents in the whole network.

Nevertheless, an upper bound for the additional transamsselay of such IP preserving
mechanisms exists. In a low load scenario, a peer will beeserglatively fast after being
requeued and the additional delay of non-requeueing migtweigh the waiting times of
requeueing techniques.

In future network layouts, the increased uplink capacity,,elue to better WLAN cover-
age, leads to smaller download times. In order to foster thentbad from such high-capacity
peers, a new cooperation strategy is proposed for a conggnbdtion system based on multi-



source download. Instead of downloading individual blooka file, a user gets a certain time
slot at a providing peer. We have shown that this time-basegeration strategy increases
the download performance of the P2P system in the considertedogeneous wireless envi-
ronment. Of course, the fairness of the system is decreas#dtkaigh-capacity peers, like
WLAN users, are preferred and are allowed to download mora iathe same time than
peers with small access bandwidths. The investigationisfproach revealed that the high
complexity and the dynamic character of an MSD P2P-baseobdistribution system with
mobile users make it hard to quantitatively describe thstesy. Hence, we focused on a
gualitative description instead.
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