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Abstract Distributed research testbeds play a fundamentadlamental necessity to drive the evolution of the future In-

role in the evaluation of disruptive innovations for thediet  ternet [3]. Such an infrastructure should be able to support
Internet. In recent years, the main research funding agemoth research initiatives aimed at developing new incremen

cies have promoted several initiatives aimed at designintal evolutions of the current Internet and more disruptive

and building open, large scale, realistic experimental-fac long-term approaches aimed at radically redesigning the ba
ities that could be used to evaluate innovative networkingic architecture of the network according to different com-

architectures, paradigms and services. In this paper; aftenunication and networking paradigms. Building such an in-

discussing the main challenges in building such infrastrucfrastructure is in the agenda of both US and European re-
tures, we present how, by leveraging the concept of federaearch funding agencies.

tion, we managed to introduce a first degree of heterogeneity ONELAB is a research project funded by the EC in its
into PlanetLab Europe, a European testbed federated withpg started in September 2006 witlwt overarching ob-
PlanetLab, by providing UMTS connectivity to PlanetLab jectives: (1) to extend the current PlanetLab infrastruetu
Europe nodes. Our contribution is just a first step of an evogn(g (2) to create an autonomous PlanetLab Eufofdde
lutionary path whose further developments will lead to NeXiproject has terminated its activities in August 2008, suc-
generation large-scale heterogeneous testbeds for suppagessfully achieving both its goals. PlanetLab Europe is a
ing experimentally-driven research on the Network of thegyropean-wide research testbed that is linked to the global
Future'. PlanetLab through a peer-to-peer federation [4]. The ebjec
tive of extending PlanetLab has been pursued in ONELAB
through development of a number of extensions to the Plan-
etLab architecture, aimed at enriching it with new wireless
access technologies, with powerful traffic monitoringiinst
1 Introduction ments and with new emulation capabilities. In this paper we
describe in details how we managed to successfully provide
The availability of a large scale real-world distributed re 3G connectivity to stationary PlanetLab Europe nodes. We
search infrastructure has been widely recognized as a fulescribe the specific usage model we chose for granting ac-
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we claim that our approach can be also pursued to exterdotivated by the need of scalability, since up to hundreds
PlanetLab with support for other networking technologies. of slivers may need to be instantiated on the same physical
The rest of the paper is organized as follows. In Sectiorserver [12].

2 we illustrate the main challenges we have to face to ex- Each testbed authority (PLC and PLE) contains an entity

tend a planetary scale testbed like PlanetLab to overcomealled Slice Authority (SA), which maintains state for tleg s

some of its limitations. In Section 3 we describe in detailsof system-wide slices for which it is responsible. The slice

the UMTS component we developed for PlanetLab Europeauthority includes a database that records the persistgat s

in the context of the ONELAB project. In Section 4 we il- of each registered slice, including information about gver

lustrate the results of an experimental analysis of a commeuser that has access to the slice [13].

cial UMTS connection performed using ONELAB nodes.  Testbed authorities also include a so called Management

In Section 5 we draw our conclusions and discuss about orsuthority (MA), which is responsible of installing and man-

going efforts aimed at producing large-scale heterogeneolaging the updates of software running on the nodes it man-

wireless testbeds. ages. It also monitors these nodes for correct behavior, and
takes appropriate action when anomalies and failures are de
tected. The MA maintains a database of registered nodes
at each site. Each node is affiliated with an organization

b (owner) and is located at a site belonging to the organiza-

n.

Over the last few years, PlanetLab’s usefulness has ap-

_peared to be somewhat jeopardized by some limitations, such
S:

2 Enhancing PlanetLab

As of today, the most relevant large scale distributed &kt
for networking research is PlanetLab [5]. PlanetLab is a get-Io
ographically distributed testbed for deploying and evalua
ing planetary-scale network applications in a highly real
istic context. Nowadays the testbed is composed of mor@
thgn 900 co_mpute_rs, hosted by about 4_100 a(_:ader_n_lc instiq  |ack of heterogeneity,
tutions and industrial research laboratories. Since it&in 5 |imited usage models for resource allocation to experi-
deployment in 2003, PlanetLab has become of indisputable ments,
importance for the academic research community and ing  |imited manageability at a planetary scale.
dustry, which use such infrastructure for the evaluation of
a wide range of distributed systems. Examples of scenar- In the following subsections we briefly discuss about
ios that have been tested on PlanetLab are peer-to-peer sygese limitations and describe the pragmatic approach that
tems [6], overlay [7] and content-distribution network$, [8 We decided to pursue in the ONELAB project to overcome
and network measurement frameworks [9]. Figure 1 shows 80me of them. In section 3 we will describe in details our
conceptual view of the current architecture of the PlanietLa contribution to the integration of UMTS connectivity to Ria
testbed, whose node set is the union of disjoint subsets, eaétlLab nodes.
of which is managed by a separate authority. As of today,
two such authorities exist: one located at Princeton Univer
sity (PLC) and another located at UniveesRierre et Marie 2.1 Heterogeneity
Curie UPMC in Paris (PLE).

To run a distributed experiment over PlanetLab, user©ne of the main limitations of PlanetLab is the lack of het-
need to be associated taslice which is a collection of vir-  erogeneity, that jeopardizes the effectiveness of suchsnf
tual machines (VMs) instantiated on a user-defined subsétucture in providing realistic results from the experirteen
of all the testbed nodes. Slices run concurrently on Planetions [1], [14], [15]. Nearly all PlanetLab nodes are server
Lab, acting as network-wide containers that isolate sesvic class computers connected to the Internet through higbaespe
from each other. An instantiation of a slice in a particularresearch or corporate networks. This contrasts with the rea
node is called aliver. Slivers are Virtual Machines created Internet in which connected devices also comprise laptops,
in a Linux-based environment by means of the VServer virhand-held computers, cellular phones, network attached
tualization technology [10]. By means of so-callmhtexts  storage devices, video-surveillance appliances, as well a
VServer hides all processes outside of a given scope, arather household devices. Besides, all such systems are con-
prohibits any unwanted interaction between a process imected to the Internet through a variety of access technolo-
side a context and all the processes belonging to other cogies, both wired (ADSL, CATV) and wireless (WiFi, GPRS,
texts. VServer is able to isolate services with respecteo thUMTS, CDMA, etc.). As a consequence, it has also been
filesystem, memory, CPU and bandwidth. However, it doesioted that the behavior of some applications on PlanetLab
not provide complete virtualization of the networking $tac can be considerably different from that on the Internet.[16]
since all slivers in a node share the same IP address and pdu introduce more heterogeneity into the testbed, sevpral a
space [11]. The adoption of VServer in PlanetLab is mainlyproaches have been pursued. Dischnger et al., for instance,
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Fig. 1 Conceptual PlanetLab architecture.

have recently proposed an architecture (SatelliteLabjto i The simplest resource sharing mechanism consists in re-
clude into the experiments a variety of non- dedicated delying on the native CPU and packet schedulers implemented
vices made available by residential users [17]. Such boxeis the nodes of the testbed to let several processes, possi-
are not part of the testbed but rather controlled by specidily belonging to different experiments, share both computa
PlanetLab nodes. In the context of the ONELAB project, thetional and communication resources. Unless special sched-
problem of integrating different kinds of technologiesrfeco  ulers are adopted, this approach does not provide any isola-
prising UMTS, WiMax, wireless ad hoc) jointly with other tion among concurrent experiments. Hence, it is viable only
kinds of components (e.g. programmable emulation boxes) shared resources never get exhausted by any single exper-
has been addressed. The integration of such a wide rangeiaient, thanks to over-provisioning.

technologies into the testbed was done by defining specific . ,

usage models for each of them. These usage models differ A more reliable approach, usually referred to sis-

in the level of concurrency that has been allowed and in th&'9 consists in allocating a subset of physical resources to
ach experiment. Slicing is usually implemented by means

techniques that have been used to implement such concft? ’ e i At g : i
rency. of \(|rtual|zat|or1 Virtualization is aW|d_er u_sed techniquein
which a software layer creates multiple instances of a log-
ical resource by multiplexing a single physical resourge. |
a virtualized system, slicing is then obtained by alloaatin

imize th . : iol Virtualization ofcomputing resourceis becoming more
To maximize the benefit/cost ratio, multiple concurrent ex- 4 pqre sophisticated and its efficiency may benefit from

periments should be able to use the infrastructure reSeUrChe use of specialized features embedded in last generation

at the same time. However, concurrency of resource usag€p ;s The application of virtualization to manag@Emmu-
might lead to interference and produce meaningless and na

] - cation resourceson the other hand, is not straightforward
replicable results. This problem has already been add]‘essgnd still object of current research

in several testbeds, usually by the adoption of proper re-

source sharing mechanisms to guarantee the isolation of ex- In particular, nodes of a shared network testbed may

periments. need to virtualize the following communications resouyces



each of which has its own challenges: (i) link capacity; (ii) Now, thanks to federation, it is possible for researchers to
network devices as seen by the OS; (iii) routing tables.  setup distributed experiments involving nodes associated
Multiplexing thelink capacityamong several virtual net- either PLC or PLE, so that the two federated testbeds ap-
work interfaces is a problem typically addressed by networlpear to users as a unique seamless infrastructure. As soon
emulation testbeds. This problem may be solved in differends PLE was up and running, a proper migration process was
ways, at different levels. For some wireless technologiesgstablished and implemented, to let ONELAB take over the
the multiplexing problem may be addressed at the physiadministration of PlanetLab nodes across Europe. Of course
cal layer, by letting the network interface use severalaadi the first sites to be migrated were those of ONELAB part-
channels at the same time (e.g by continuously switchingers. Now that PLE is active, its operation needs coordina-
among two or more channels). This kind of approach is usution of efforts with Princeton researchers and technicf.st
ally referred to awireless virtualizatio{18], but unfortu-  Hence periodic coordination meetings are held and common
nately it is not easily applicable to all varieties of wirede management practices are developed and used to keep the
technologies. Furthermore, the interference issue poses t federation in good shape. Both the central management en-
important challenges that are not observable in a wired netities and the distributed nodes of the two infrastructares
work: (i) coherence, i.e. when a transmitter of one experupdate when major software versions are released. More re-
iment is active, all of the corresponding receivers and poeently, an agreement has been reached to further extend fed-
tential sources of interference as defined by the experimemtration to PlanetLab Japan (PLJ), a consortium created to
should be simultaneously active on their appropriate charfoster the PlanetLab community in Japan.
nels of operation, and (i) isolation, i.e. when a node be-
longing to one experiment is receiving some signal pertinen
to the experiment, no transmitter of a different experimen8 The ONELAB UMTS extension
within the communication range of the receiver should be ) o
active in the same or a partially-overlapping channel. In order to introduce more heterogeneity into the PlanetLab
Virtualization of wired links, on the other hand, is usu- architecture we added UMTS connectivity to PlanetLab Eu-
ally performed at higher layers. A MAC-level approach for '0P€ nodes. More precisely, our aim was to provide every
Ethernet-like switched networks is based on IEEE 802.1¢#0de of the testbed with the possibility of using a UMTS
VLANS (virtual LANS), that can be used to associate Outgo_lnterface and tp handlg thg related Pomt—to—Pqnt Prdtoco
ing packets with different tags [19]. A properly configured (PPP) connection. While this task can be easy in a common

switch may then associate different tags to different sharelinuX box; itis not as easy in a PlanetLab node. This is be-
media segments or point-to-point links. cause such nodes have a modified kernel and also because

In PlanetLab, slice creation and resource allocation ar¥€"Y limited privileges are granted to normal users within a

decoupled. When a slice is first instantiated on a node, thénPrivileged sliver context. o

availability of part of the node’s resources may be guaran- Our UMTS extension has been initially implemented and
teed to the slice. Some other virtualized resources are iYalidated in a private PlanetLab deployment, the so-called
stead granted to each sliver according to the current levéfrivate OneLabwhose resources are provided by and ac-
of contention, according to a best effort model. Such an aptessible to ONELAB members only. After testing and vali-
proach has been deliberately chosen in the original Planefl2ting our extension in this private testbed, we have made it
Lab design. However, this approach is not suitable in heterd?ublicly available in PlanetLab Europe [20]. In this sentio
geneous testbeds to allocate resources (e.g. a UMTS cardg Will firstly explain why we decided to integrate UMTS
special NIC based on a programmable FPGA, etc.) whosgonnectivity into PlanetLab and then how we did it.
virtualization is challenging, if not impossible. For tedsnds

of resources, advance reservation mechanisms may be mogti Motivations

suitable to grant exclusive usage to specific slices over lim™"

ited time intervals. UMTS, Universal Mobile Telecommunications System, is a

third-generation (3G) cellular phone technology standard
2.3 Federation for improved manageability ized by 3GPPL. This standard has been adopted by sev-

eral telecom operators all over the world, and it has be-
Until July 2007, only one single operations center hostedome largely popular to provide both voice services and
at Princeton University, known éRlanetLab Centrglwas ubiquitous high-speed access to the Internet. The number
responsible for the management of all the PlanetLab maef UMTS users reached 400 millions and it is still increas-
chines. Peer-to-peer federation [4] between PlanetLab Ceing [21]. Most recent releases of the UMTS standard support
tral (PLC) and PlanetLab Europe (PLE) has been success-
fully established in the framework of the ONELAB project. Ihttp://www.3gpp.org/




both voice traffic and data traffic in a common IP-based network interface cards (at the beginning of our work): the Op-
work infrastructure. In such releases, also thanks to the irtion Globetrotter GT+ 3G card and the Huawei e620card.
troduction of the High Speed Downlink/Uplink Packet Ac-  The nodes equipped with a UMTS interface are also pro-
cess (HSDPA and HSUPA), data rates can be as high as l4ed with an Ethernet NIC (Network Interface Controller).
Mbps downstream and & Mbps upstream. The wireless UMTS connection is used for the experiments
The choice of integrating UMTS connectivity in Plan- while the wired Ethernet is used for control data. This isals
etLab Europe was motivated by different reasons. Firstlypnecessary because the UMTS connectivity provided by the
UMTS has become a competitor of other well known accessperators often employs firewalls or filters that do not allow
technologies such as WiFi and xDSL. A second reason ito reach the UMTS-equipped host by using terminal services
related to the applications that are spreading over suech netuch asssh When the UMTS connection is established, the
work infrastructure. The IP Multimedia Subsystem (IMS) default route is left to the Ethernet interface. In orderdor
[22], which is being progressively introduced in the UMTS slice to use the UMTS connection it is necessary to specify
architecture, is triggering the development of new generathe destinations for which the UMTS connection is required
tions of network applications such as presence, confargnci or to explicitly bind to the UMTS interface. The control of
and location-based services. Such applications aretitigac the UMTS connection is provided to the users by means of
an increasing number of users and should be therefore tak@nspecialumtscommand, which allows to start, stop, and
into account in a realistic network testbed. An example ottheck the status of the connection, as well as to add and
emulation-based testbed used to reproduce the behaviour@délete the destinations previously mentioned. These com-
3GPP networking scenarios is proposed in [23]. mands have to perform operations requiring superuser (i.e.
Our main goal was neither emulating a UMTS networkroot) privileges, which is not allowed from inside a slice. T
nor integrating private small-scale UMTS testbeds intmPla overcome this problem we use the features providedsyyg
etLab, but rather to allow PlanetLab institutions to equipas explained in the following section.
their nodes with such kind of connectivity by using a Tele-
com Operator of choice. In principle, this approach allows ) .
to perform experiments by using the UMTS connection pro3-3 Implementation details

vided by different networks and to compare the results. TQI_h PlanetLab nod i tem is derived f E
accomplish our task in OneLab we have used two UMTS € Planettab node operating system IS derived from a Fe-

networks: a private UMTS micro-cell provided by Alcatel- gggas Co_rti Linux d'str'EUt'ogéFEdir‘; Core 8 as cif ?ugu?td
Lucent Italia and located at their 3G Reality Center in Vimer th) Wlt Slf)mf pafc tes. € p;fj tes are mr:utr;]y argete
cate (Italy), and a commercial connection provided by oné0 € virtualization features needed to support the concur

of the principal European telecom operators. While the firs{ENCY of the experiments and the related networking issues.

network is private and could be used only thanks to the col--rO add support for the UMTS interfaces we needed to add

laboration of Alcatel-Lucent Italia, the second is a publicboth kernel modules and user-space tools.

UMTS network, that we used without any particular agree—b t_The ke:rr:el modluiez \t/vet:ad o mtegratet ”}tf{)hthgsl'asm'
ment with the operator. ution are those related to the management of the con-

nection ppp.generic ppp-filter, ppp.asyng

ppp.synctty, ppp.deflate andppp.bsdcomp and those re-

quired by the two NICs, i.epl2303 and usbserialfor the
3.2 Usage model Huawei card, anchozomf for the Globetrotter card. The

nozomimodule required some modifications in order to run

Before even approaching the problem of integrating UMTSyith the latest PlanetLab kernel, based on Linux kernel ver-
support into the PlanetLab software system, we had to defing,, 26 22

a proper usage model for this specific extension, i.e. a prope |, yser space some tools are needed to establish the PPP

model for sharing such a resource (the UMTS connection) iRgnnection and then to discipline the access to it. The first
the PlanetLab virtualized environment [1]. To this end, We€yoal is achieved thanks to tleemgt® andwvdial 4 tools.

decided to adopt a policy that allows only one experimentomgtis used to register into the operator netwoskdial
(i.e. slice) at a time to control and use the UMTS interfaceggigpjishes the actual PPP connection. The second goal is

This is motivated by two main reasons: (i) the low band-5:pieved by means of thproute2® and iptables® tools.
width of a UMTS connection would cause high interference

between concurrent experiments, and (i) in order for the ex
periment to be realistic, the dial-up connection shoulddte s, )
. . http://sourceforge.net/projects/comgt
up and torn down just before and after the test respectively. Utip: //freshmeat .net/projects/wvdial
To foster the worldwide deployability of UMTS in Plan- Shttp://www.linuxfoundation.org/en/Net: Iproute2
etLab, we chose to support two of the most widely used net- ®http://www.netfilter.org

thtp://www.pharscape.org/



Their use is aimed at isolating the slice that requested the As of now, the software we developed is not provided
UMTS interface UMTS slicein the following), by allow-  with accounting capabilities and therefore does not eeforc
ing only that slice to use the UMTS interface. In particular,any given limit of time or traffic for the UMTS connection.
iproute2is used for (1) creating an additional routing table, Some efforts are ongoing, however, in order to add this miss-
which contains only a default route that points to the UMTSing capability, so as to allow the node owner define limits of
interface, and for (2) defining the rules that allow only spe-utilitazion (e.g. number of hours of connection per slice) o
cific packets to be routed through the UMTS interface usingdo bill users for their connections.

the additional table. Such packets are those matching one of

the following rules: i) those generated by tMTS slice

and directed towards the destinations for which the user re-

quested UMTS interface; ii) those generated by théTS 4 Experimental analysis of a commercial UMTS
sliceand having source address equal to that of the UMT%Onnection using ONELAB nodes

interface. Packets generated by thEITS sliceare recog-
nized by means of a mark applied wifitables exploiting a

In this section we show how it is possible to experimentall
feature of the new VNET+ subsystem of PlaneflaBackets 'S on W WNOWILIS poss| xpert y

generated by other slices will not be able to use the UMT tudy the performance of a UMTS link using both Planet-

) . . ab nodes and the tools we developed (described in Sec-
interface (as they are either not marked or marked differ:, . : i

. . . tion 3). For this analysis, we equipped one of our PlanetLab
ently) and will continue to get routed following the rules

. . . nodes ¢nelab00.dis.unina,ilocated in Italy) with a com-
contained in the default routing table. In order to enforce ) . . .

. . : . . . mercial UMTS connection provided by one of the major
the isolation between slices (i.e. allowing only one slica a

. . in Italy. We th ili h I

time to use the UMTS connection), we also add another rngG opgrator In ltaly. We then utilized the tools present'ed
. ih Section 3 to setup and manage the UMTS connection,

with iptablesthat drops all the packets not generated by the

. . and we generated synthetic traffic towards another Planet-
UMTS sliceand that are about to go out using the UMTS Lab node énelab09.inria.fy located at INRIA in France).

interface. Such rule is necessary to cope with special FaSEhis allowed us to provide (i) evidences of the work we done

such as auser of a different S“C? that tries to generatelpaclfn adding 3G connectivity to PlanetLab based nodes and (ii)
ets destined to the other endpoint of the PPP connection gr o

. S . a characterization of the performance of a UMTS connec-
that binds an application to the UMTS interface.

All these user space tools require superuser privilegetion' Even if this lanalysi.s 's far from being a thro.ugh ber
and. therefore. must run in the root context of a PIanetLalgormance study, it constitutes a use case for the introduced

! ' . . eatures, providing some interesting insights into the L8VT
node. For PlanetLab users, however, it is not possible to X€ nnections commonly used. In more details, we performed
cute commands with such privileges. To overcome this prob- '

. two kinds of experiments: (i) we assessed the performance
lem, PlanetLab developers have created a utility calyd® perim 0 he pe .
. . I of the UMTS up-link in non-saturated conditions, i.e. using
which allows to execute a program with root privileges from

I . . . . low-bitrate traffic, with both UDP and TCP; (ii) we mea-
inside a slice. Basicallyysyscreates a pair of FIFO pipes . . g )
) o sured the the maximum throughput achievable in the uplink
that allow a program in a slice (i.e. the front-end programm)t .~ . . . .
. ; . " direction (i.e. that with the lowest capacity) of a UMTS con-
communicate with another program in the root context (i.e

: hection using both UDP and TCP, also evaluating other per-
the back-end program). The front-end program receives th 9 g P

fdrmance indicators in such saturated conditions. In fegur
commands requested by the user, and pass them to the back; . . o
. ) he setup for the experiments is shown. The charactevistic
end program, which runs in the root context and can execute

. . of the traffic we used and the details on the experiments are
programs with superuser privileges. The front-end and the P

back-end proarams we developed implement the followin reported in Section 4.1. To have a performance reference,
features: prog P P %l the experiments have been performed also using the Eth-

ernet connections of the same machines. This means that,
— start check and lock the UMTS interface, set up thefor each experiment, we measured the characteristics of two

UMTS connection, and enforce the routing rules; network paths connecting the same couple of hosts: the first
— stop tear down the UMTS connection, delete the routingpath connects the UMTS interface afielab00.dis.unina.it
rules, unlock the interface; to the Ethernet interface ohelab09.inria.fiwe refer to this
— status check the status of the connection; path as UMTS-to-Etherné); while, the second path con-
— add destinationadd a rule to reactestinationthrough  nects the Ethernet interface ohelab00.dis.unina.ito the
the UMTS connection; Ethernet interface adnelab09.inria.fr(we refer to this path
— del destinationdelete the rule fodestination as ‘Ethernet-to-Etherné}. This allowed to pin-point which
of the observed behaviors were depending on the UMTS
"http: //www.cs.princeton. edu/~sapanb/vnet connections, and therefore discover the real causes of the

Shttp://www.cs.princeton.edu/sapanb/vsys obtained results.
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4.1 Methodology Fig. 3 Bitrate of the UMTS in non-saturated conditions using UDP.
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Probing traffic was generated using D-ITG (Distributed In-
ternet Traffic Generator) [24], a platform capable to pro-  012f
duce traffic at packet level accurately replicating apgropr 01l
ate stochastic processes for both IDT (Inter Departure Jlime
and PS (Packet Size) random variables (exponential, uni-
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ets on both the sender and the receiver sides. _ _ _ -
We compared the characteristics of the two end—to-eng'g' 4 Jitter of the UMTS in non-saturated conditions (UDP).
paths by using two traffic classes carried by both UDP and

TCP. The first one was obtained by generating a low- an@ptained with the two traffic classes, using the two network
constant-bitrate traffic resembling the characteristiesreal  paths, and for both UDP and TCP. For all the tests with TCP,
VolIP call using codec G.711 (i.e. 72 Kbps obtained withthe packet loss results are not reported because we are inter
packet size equal to 80 Bytes of voice samples + 12 Bytegsted in observing the performance perceived by the applica

of RTP header = 92 Bytes of payload, and packet rate equ@bns and, with TCP, the losses are not visible at applicatio
to 100 pps). The other one was obtained by using a 1-Mbpgyer.

CBR traffic (packet size equal to 1024 Bytes and packet rate

equal to 122 pps). The former kind of traffic allows to assess

the performance of the UMTS in non-saturated conditions}.2 Results

and the feasibility of a voice call over the UMTS, also com-

paring the achievable quality with that on a high capacityln the next sections we study the behavior of the UMTS con-

link (“ Ethernet-to-Ethernétpath). The latter kind, instead, nection in both saturated and non saturated condition with

allows to analyze the behavior of the UMTS up-link in fully both UDP and TCP.

saturated conditions (as we will see in the following 1-Mbps

is more than double the capacity of the UMTS uplink). All 4.2.1 Non saturated conditions

the experimented lasted for 120 seconds and were repeated

20 times, obtaining very similar results. UDP Figures 3-5 show the time plots of the bitrate, jitter,
After the traffic generations ended, we retrieved the logand round trip time respectively. The packet loss is not re-

files from the two nodes and we analyzed them by means gforted for this experiment because it was always equal to 0.

ITGDec, another component of D-ITG suite. In this way weEach figure contains the results obtained on bt TS-to-

obtained the samples of four QoS parameters that are hitratéthernet and “Ethernet-to-Ethernétpaths. As we can see

jitter, loss, and round-trip time (RTT). Such samples rep-at first look, all the parameters present different behaviior

resent the average values calculated over non-overlappirige two cases.

windows of 200 milliseconds. In the following subsections  In more details, we observe that the bitrate of the UMTS

we show the time plot of the samples of such parametersonnection is more fluctuating than in the Ethernet case even
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Fig. 5 RTT of the UMTS in non-saturated conditions (UDP). ] ) ) N
Fig. 6 Bitrate of the UMTS in non-saturated conditions (TCP).

though, in both cases, the required imposed value is achiev-

ed in average. The jitter plots, instead, show the UMTS con-  0.06
nection introduces a higher jitter, which is also more flactu 0.05
ating. It reaches values up to 30 milliseconds, which, how- ‘ UMTS -> Etherne
ever, can be easily compensated and still allow a VoIP com- _ g04
munication to be satisfactory for the users [25]. Moreover,
we can observe that such high values are obtained only in
the first seconds of the communication, after which therjitte

is much lower. This behavior will be explained in the fol-
lowing section. In any case, these results have to be taken .01
into account when designing novel applications and systems

using UMTS connections for real-time communications. Fi- 0, 2 ©
nally, looking at the round-trip delay, we can observe that

the average value is higher for the UMTS connection withFig. 7 Jitter of the UMTS in non-saturated conditions (TCP).
respect to the Ethernet one. Moreover, as seen for the jitter

the RTT is more fluctuating on the wireless connection and

it reaches values up to 700 milliseconds. 1.2 ‘ ‘ ‘ ; ;
0.9 UMTS -> Ethernet g
TCP To study the case of non saturated conditions with g'g < Wﬂwh - ,,T ‘x;,,iw \
0

TCP in a real scenario, we analyze the results we obtained

with the VolP-like flow and TCP. The use of TCP for both

voice and video of traffic has highly increased in the last 0.05
years [26]. This is mostly because, with respectto UDP, TCP 0049l
can more easily traverse firewalls and NAT boxes, and the %
bandwidth available on many Internet paths allows to over- & 0.048;
come the delays introduced by such protocol. 0.047 ‘ ‘

In Figure 6 we report the throughput obtained with TCP ’ " " Time [s] B " -
in non saturated conditions. As we can see, the requirégly g rTT of the UMTS in non-saturated conditions (TCP).
value (i.e. 72 Kbps) is achieved in average even if the UMTS
presents a more spiky trend with respect to the Ethernet. Fig
ure 7 shows the jitter obtained with TCP. It can be noticecbbserve the impact of TCP. Such protocols, indeed, causes
that the maximum jitter can be as high as 60 ms. This valueRTT values nearly doubled and reaching an average value
however, is reached only in very few periods while in mostof about 350 ms and maximum values of more than 1 s: this
cases the values are around 20 ms. This means that, as faeans that it is very difficult to perform a VolP call using
as the jitter constrains are concerned, the UMTS connectionCP, at least at a satisfactory quality. On the contrary-1oo
allows to perform a VoIP call using TCP too. ing at the bottom graph of Figure 8, we can observe that on

The RTT of the UMTS in non-saturated conditions ob-the Ethernet-to-Etherngbath the RTT never reaches 50 ms,
served with TCP is reported in Figure 8. If we comparewhich allows to perform multimedia communications with
these values with those obtained with UDP (Fig. 5), we cam good quality [25].
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Fig. 10 Jitter of the UMTS in saturated conditions (UDP). Fig. 12 RTT of the UMTS in saturated conditions (UDP).
4.2.2 Saturated conditions After that time, instead, the bitrate is more than doubled.

This is due to an adaptation algorithm implemented by the
UDP Figures 9-12 show the bitrate, jitter, loss, and roundymMTS network, which allocates the network resources to
trip delay we obtained on both end-to-end paths. This ishe users in @n-demandashior? [27]. The change of link
to show the differences between the characteristics obthegharacteristics has also an effect on the other parameters,

two network connections in the case of a 1-Mbps flow, whichyhich have an increment of the performance after the first 5
clearly saturates the up-link of the UMTS connection but nokeconds.

the Ethernet. As a first consideration, we observe that the

bitrate of the UMTS reaches a maximum value of aroundrcp In Figure 13 we report the bitrate obtained with TCP
400 Kbps. Such value is lower than the required one, angh saturated conditions. In such case we are generating a rat
it is therefore representative of the maximum capacity othat is higher than the capacity of the UMTS link. There-
the up-link of the UMTS connection. The jitter, packet 10ss,fore, as shown in this figure, the imposed bitrate is never
and round-trip delay plots show the very low performanceschieved, while the average obtained value is around 400
achieved by the UMTS connection. Such results are justifie@hps and the plot is very spiky. In tHethernet-to-Ethernet

by the fact that such connection is operating in saturationgase, instead, the requested rate is achieved and the ¢rend i
and therefore all the QoS parameters are heavily affeated. kmooth.

particular we can see that the jitter reaches values langer t The obtained jitter is reported in Figure 14. As we can
200 milliseconds, which makes a real time communicatiorsee, for thdJMTS-to-Ethernetase, the maximum value is
nearly impossible. This is also confirmed by the values ofpout 100 ms and spikes are present for the entire dura-

the RTT which can be as large as 3 seconds. tion. Instead, for th&thernet-to-Ethernethe trend is very
Besides, looking more closely at the figures we observgmooth and the values lower than 5 ms.

that for the UMTS connection there is a first time period

in which the situation is much worse than in the rest of the

time. In particular, if we look at Figure 9 we can see thatin  9p;sjcally, a dedicated channel is assigned to the mobile station i
the first 5 seconds the achieved bitrate is about 150 Kbpgecessary. Otherwise, a shared channel is used.
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experimentations and represent strategic resources dor th

1200 " Ethernet -> Ethernet ‘ study and the analysis of the Future Internet. PlanetLab rep
1000 resents the most notable example of such infrastructucgs an
_ UMTS -> Etherne despite its wide use, it still lacks of heterogeneity, egic
£3800} / 1 in the access networks of the nodes, which translates into
%600 non highly realistic scenarios for the experiments.
§ In this paper we presented the main challenges in build-
B 400 { ing distributed research testbed infrastructures and tien
efforts we made to solve the problem of integrating UMTS
200 connectivity into a PlanetLab based testbed. We detailed th
0 ‘ ‘ ‘ ‘ ‘ problems we encountered and the solutions we found. We
° 20 Timets] 100 120 also presented a case study illustrating a possible applica

tion of the features we introduced.

Our contributions, as well as other extensions developed

UMTS -> Ethernet in the context of the OnelLab project, are just first steps of
0.1 / ‘ ‘ an evolutionary path that is still far to be completed. Intsuc
a process, a key role is played fgderation While so far

federation has been mainly used for homogeneous testbeds,
the next challenge is to further extend the concept of fed-
= 0.06 eration across heterogeneous testbeds. Federation betwee
PlanetLab and EMULARB is currently being investigated in
the context of the GENI initiative [28]. Federation of het-
erogeneous testbeds is also addressed in the context of the
ONELAB2 project, a follow-up of ONELAB funded by the
EC in its 7th Framework Programme and started in Septem-
ber 2008. In particular, the authors of this paper are ctigren

Fig. 13 Bitrate of the UMTS in saturated conditions (TCP).

dindbadobbotnddl ol " Andhb bl Py
0 M Al AN M A I LA, A

L
20

Ethemmet > Ethernet  Timels] o 0 investigating possible models of integration of local wire
Fig. 14 Jitter of the UMTS in saturated conditions (TCP). less testbeds, based on the ORBIT management framework
(OMF) [29] into PlanetLab-based testbeds [30].
- 3 UMJFS -> EtHernet ]
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