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Abstract

Service grids and desktop grids are great solutions foirsplhe available compute power problem and helping
to balance loads across network systems. However, withtjeetive to support new scientific communities that need
extremely large numbers of resources, the solution coul [o@erconnect these two kinds of Grid systems into an
integrated Service GridDesktop Grid (SG-DG) infrastruetun this paper, we describe an architecture that exploits
technological bridges to facilitate service and desktag igteroperability, define the adopted data sharing ptoc
and present a performance evalution.

1 Introduction

The aim of Grid systems was that anyone (donors) could offsvurces for a given Grid, and anyone (users) could
claim resources dynamically, according to their actuatisein order to solve a computational or data intensive task.

However, today we can observe two different trends in thesld@ment of Grid systems: Service Grids and
Desktop Grids. The users of a Service Grid can publish tesmurce and put them at other users disposal. A resource
can become part of the Grid by installing a predefined sotsat, or middleware. However, the middleware is usually
so complex that it often requires extensive expert effomé&intain. Itis therefore natural, that individuals do nftén
offer their resources in this manner, and Service Grids eneglly restricted to larger institutions, where proi@sal
system administrators take care of the hardware/middsaitware environment and ensure high-availability ef th
Grid [10] .

Desktop Grids (DGs) on the other hand are commonly known lsiteer computing systems or Public-Resource
Computing [1] ,a popular means of providing vast amountsro€gssing power to scientific applications through the
use of personal home computers. To date, major volunteepeting systems, such as the Berkeley Open Infrastruc-
ture for Network Computing (BOINC) [6] , have focused solehe exploiting idle CPU cycles of donated computers
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and have yet to take full advantage of other available ressusuch as powerful video card processors, hard disk
storage capacities, and high-speed network connectionBesktop Grid systems, anyone can bring resources into
the Grid, installation and maintenance of the software fgitive, requiring no special expertise, thus enabling a
large number of donors to contribute into the pool of shaesdurces. Some of the most well-known Desktop Grid
examples are Rosetta@Home [13], Seti@Home [3], and En@tdiome [12] .

Until now, these two kinds of Grid systems have been comlylseparated and hence there has not been a mech-
anism to be able exploit their individual advantageousuiest in a unified environment. Enabling Desktop Grids for
e-Science (EDGeS)[11] is an EU FP7 project that is settingnfrpstructure and building software to enable inte-
gration of Service Grids, or traditional Grid environmegé&nerally composed of clusters and supercomputers, and
Desktop Grid systems, such as the popular volunteer compptioject BOINC. When moving jobs between these
two environments, and specifically when transferring a jolonfa Service Grid to a Desktop Grid, there is a need to
manage the phase of data transfer, due to security reasesktdp Grids in fact keep the user in a state of anonymity,
while a Service Grid requires the authentication of the aserhigh level of security. Anonymous access is generally
not an issue for most BOINC projects, as they are able to hesiiedted and network isolated data servers, but it could
quickly become problematic, both technically and politicaf one tried to somehow bootstrap a BOINC data server
onto a cluster or supercomputer to enable access to usess'Tihe data distribution mechanism is the principal topic
in this work and we try to define some ways to implement a deakréd data distribution system among workers.

The paper is organized as follows: Section 2 gives backgtamthe tools and related technologies involved;
Section 3 describes the protocol’s working and the scep&eotion 4 presents some results obtained using an event-
driven simulator, and, Section 5, concludes.

2 Related Work

Volunteer computing systems have become extremely popslarmeans to garnish many resources for a low cost
in terms of both hardware and manpower. The most populamt@du computing platform currently available, the
BOINC infrastructure [2] is composed of a scheduling searat a number of clients installed on users’ machines.
The client software periodically contacts the schedulerger to report its hardware and availability, and thenikese

a given set of instructions for downloading and executinga After a client completes the given task, it then uploads
resulting output files to the scheduling server and requests work.

For data distribution, BOINC projects generally use a gragintralized server or a set of mirrors. This centralized
architecture, although very effective, can be a potent#tldneck when tasks share input files or the central seagr h
limited bandwidth. Increasing the number of mirrors to anomdate puts extra administrative burden on the project
organizer and can prove very time consuming to manage. Bopuotl proven P2P technologies such as BitTorrent
[8] [5] , or commercial solutions like Amazon’s S3 or GooglgES, could be fairly effectively applied to provide
for the data needs of BOINC, at least as they relate strictidistribution. However, in the case of commercial
products, there is a monetary cost involved, and for P2ReBystike BitTorrent, the facility to secure or limit who is
able to receive, cache, or propagate different pieces ofrmdtion is generally limited or nonexistent. For example,
BitTorrent, like many other P2P systems, has focused onriegstonventional file-sharing features, such as efficient
transfers, equal sharing and file integrity.

However, Desktop Grid environments have different requéets to general file-sharing P2P communities because
security becomes more of a complex issue than solely guesizngt data validity. It can be a requisite that only
certain amounts of data are shared with an individual peezpmmunities are reluctant to introduce a system that
would have peers directly sharing with one another, as ithinigive the potential (or perceived potential) to have
security implications for clients as ports are opened fdside connectivity. It is therefore important not only for
data integrity and reliability to be ensured, but also toehavailable safeguards that can limit peer nodes’ exposure
to malicious attacks. It is these types of requirements lilagt prompted our work to create a hybrid centralized/
decentralized P2P network that allows for data distributitnile providing client safeguards and stricter controls f
project administrators as to what network participanteirerand distribute data [9].

3 TheEDGES protocol

In this section we illustrate how the protocol works and thguence of messages exchanged between the nodes of the
system. There are several kinds of nodes, which can plagrdiffroles. So we would like to give a brief overview of
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what role each node on the network plays, and the functitesbssociated with that role.

o the Network Manager manages the worker requests, assigning them the Work UNitis) and creating new
work packages (DART). The Network Manager keeps all the ttiatas and, at the beginning, it transfers these
items on the cacher nodes in order to make the download plidkse workers faster. It has a cache of Data
Center addresses that is always kept up to date, and thatiesrfor each cacher, the data items stored on it.

o theData Lookup Service: a node that plays this role should provide the worker witisteolf Data Centers which
store the data item needed to execute the assigned Work&inthe worker can directly contact these cachers
to retrieve the data item. The exact procedure to retriet@ idadescribed in the following. In this work we
assume that the Data Lookup Service is included in the Né&tManager role, but in general these nodes could
be different.

e the Data Center receives some data items from the Network Manager and stioees for worker requests.
When a worker asks a cacher for some data, it sends this datagtha direct connection.

o theWbrker Node is a node able to execute a Work Unit. It periodically quetiesNetwork Manger for a new
job and then retrieves the data item needed to carry outdhat¥yhen it finishes to process a Work Unit (WU),
it produces some results, but in this work we do not take iottoant the results and the procedure to collect
them.

e Aggregator (optional): as mentioned above, the results are not important in trasg@ahAnyway, an Aggregator
node should be provided for future work in order to colleet tutcome of Work Unit executions.

M Network Manager’
m Data Center g Worker DataLookup Senice

1. NMDataTransfer ‘ 2. FRDataTransfer

Figure 1: Caching algorithm in a sample network.

Figures 1 and 2 depict the sequence of messages exchanged trad\etwork Manager, the Data Centers and
the workers. In particular, this sample network contaimedtData Centers, seven workers and the Network Manager
(which includes the functionality of the DataLookup Sesjic

At the beginning, the Network Manager sends its data iterttstcachers. The particular caching strategy adopted
in this work is the one described in [7] . Basically, what wendo do is support the FastReplica method, to have an
efficient and reliable replication of large files among Datekers.
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3. GetWorkUnit 6. Datal ocokup Response
4. WorkUnit Response 7. Data Query
5. Datal ookup Request 8. Data fragment

Figure 2: Work Unit's execution in a sample network.

There are a few basic ideas exploited in FastReplica. Inrdodeplicate a large file amongnodes, the original
file is partitioned inton subfiles of equal size and each subfile is transferred to ardifft node in the group. After
that, each node propagates its subfile to the remaining niodes group. Thus, instead of the typical replication of an
entire file ton nodes by using Internet paths, by connecting the original node to the cagithn group, FastReplica
exploitsn x n Internet paths within the replication group, and each patised for transferringg/nth part of the file,

S0 as to avoid that the bandwidth of the unique Data Soured\#&twork Manager) is saturated and therefore that the
speed of Data Cachers in the retrieval of data is too slow.

In our work, the file to divide among cachers is representethbyset of all data items, and each data item is a
subfile. Moreover, we introduce a new paramdbdReplicationFactor, that indicates the number of Data Centers on
which each data item should be replicated. Substantialoguld not be useful to replace the same data item on all
cachers. In Figure 1, for example, it can be noticed thatthes three data items and a DReplicationFactor equals to
two. Therefore the Network Manager sends a Data Item to ezatec (step 1, NMDataTransfer), and then the cacher
propagates its Data Item to another cacher (step 2, FRCatsfEr), in order to replicate the data item on two node.
The cacher sends the itemIdReplicationFactor — 1 other cachers that are randomly chosen.

In our scenario, we have a total number of jobs or Work Unitdob) and a number of different data items
(NDataltem). The same data item can be given as input for different jdi& number of times a data item needs
to be assigned to workers is on averaggiataAssign = Njob/N Dataltem. Moreover, we haveéV data cachers
(Ndatacachers) and each data item is replicated on DReplicationFactdrede. In the absence of swarming, DRepli-
cationFactor should be lower than NdataAssign, so that eAthese DReplicationFactor data cachers can serve
several job requests.

The FastReplica method avoids the Network Manager to beadro#tleneck. In fact, instead of sending NDataltem
multiplied by DReplicationFactor data items, it transfBiBataltem files, and then each cacher is responsible for the
completion of the caching algorithm.

In Figure 2, we show the steps needed for a Work Unit execulibe worker¥; joins the network and connects
directly to the Network Manage¥ M asking for a job with a GetWorkUnit request (3).
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In the step (4), the Network Manager answers to the workargusWorkUnit Response, and assigns a Work Unit
to the worker. The message also contains other informatibich the worker can then use to ask the manager for
components the worker is missing, as for example, the reduaiata item.

After the assignment phase, the worker should retrieve #te ilem concerning the assigned Work Unit. The
Worker must search for a DataCenter that stores the reqdatdpackage. The Network Manager keeps a cache of
all DataCenter locations. The worker sends the DatalLooleguBst (step 5) using the information of the previous
message (WorkUnit Response), to the DatalL ookupServitki§inersion of the protocol prototype, this is the Network
Manager). The DatalLookup Service/Network Manager givesatbokup Response (step 6) back to the worker,
which contains the location of one or more DataCenters that lthe data needed by the worker. The worker will
retrieve the data item fragments simultaneously from diffiiésources (steps 7 and 8), as in BitTorrent [8] , to minémiz
the download time.

The query sent by the worker to download data is DataQuedytencacher that receives this query responds with
a DataFragment, sending a packet to the worker node for jmoakssing.

This way, when the Network Manager receives a query for a Wi@turns to the worker a list of cachers that have
that data item, and the worker can download the fragmentsi®fiata item in parallel from different sources. If the
number of the fragment&Fragment) is lower than the number of Data Centers that have that tiatg the Network
Manager will chooséV Fragment Data Centers to put in the list, among those that are lesgthathe Data packet
sent to the worker contains the data itself (the payload)xdiner support information.

As mentioned, this phase of the protocol only copes with/gdatkage distribution/delivery over the network. The
results publication stages are not taken into account.

The phase in which the Data Cachers acquire data items arwhéhim which workers requires these data items
are executed in parallel; when a worker asks for some daga\étwork Manager gives to it a list of addresses of Data
Cachers that have already retrieved that data item.

A simulation analysis was performed with an event-drivemsdator, written in java and already presented in [4] ,
to test the performance of the protocol. The simulator wadifieal to support the different network topology needed
in this work. In the following, we list some substantial éifénces and modifications:

e In EDGeS, the Data Center and the Network Manager are cewtaatectly, not through a P2P search. In the
previous version of the simulator, a P2P search was perfbeaeh time a worker had to contact the Network
Manager or a Data Center for the first time.

e In EDGeS, the Network Manager is the only Super-Peer of theark, to which all the workers must be
connected (the workers are not connected among them). Tbledacontact a Date Center, a worker must
contact the Network Manager that has a list of available Qatiaters and it communicates the addresses of one
ore more of these to the worker. Conversely, in the previoorkwhe workers could be connected to a Data
Center or to a Rendevouz node.

In order to validate the protocol on real study cases, wéeketd some stats about three of the most important
BOINC projects: Rosetta@Home, Einstein@Home and Seti@Hdtere a list of the most interesting parameters
for these projects is reported:

e Size of a Work Unit (WU)

e Processing Time of a WU

e Size of Initial Data (the first WU that a worker performs ragsimore data, because, for example, it needs the
source code of the application, etc.)

e Results/Day. The number of results products in one day sporeds to the number of WUs correctly performed
by all the workers within one day

e Participants (workers)

e Replication factor. The replication factor defines how mames a WU must be performed in order to check
results coming from different workers. It must not be coeflisvith DReplicationFactor, that represents the
number of times a data item should be replicated on the cacher

o %NewWorkers: it indicates the percentage of new users in¢twork, that is, how many workers ask for a WU
for the first time.

The tables 1, 2 and 3 show the stats mentioned above for theseprojects.
In the simulation analysis we reduced the number of workedscansequently scaled the size of this projects in
order to obtain the results more quickly. Finally, we givecaerview of the performance indexes that we computed
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Table 1: Rosetta@Home stats

Size of a Work Unit 3MB
Processing Time of a Work Unit 3h
Size of Initial Data 17MB
Results in a Day 115.000
Number of Data Centers variable from 3 to 20
Participants 100.000

Table 2: Seti@Home stats

Size of a Work Unit 340KB
Processing Time of a Work Unit 2h
Size of Initial Data 2,5MB
Results in a Day 1 Million
Number of Data Centers variable from 3 to 20
Participants 500.000
%NewWorkers 96 sec
Replication factor 2

through the simulation tests and analyzed. Some of thesealerady presented in [4] , some others are used here for
the first time.

the Percentage of bandwidth utilization: while in the previous works we calculated the utilizatidrtlee Data
Centers as the percentage of time in which the Data Centeesatdéeast one active connection (there is at least
one worker that is retrieving data), here we calculate thegrgage of bandwidth of the Data Centers that is
used by the workers in a time unit. Since in BOINC it is not verglistic to assume that the bandwidth of a Data
Center is equal to that of a worker, the Data Center is assuonied a more powerful calculator with a larger
available bandwidth (for example, 100 Mbps) than the wazkeshich usually have a domestic connection, 10
Mbps for example. Therefore we want to figure out how many egtions are active in a time unit and what
percentage of the bandwidth of a Data Center is utilized bytnnections with workers. So, for example, if the
number of connections to the Data Center, multiplied forlthedwidth that each worker requires (10 Mbps),
is lower than the bandwidth of the Data Center (100Mbps})) tech worker will have, as available bandwidth,
exactly 10Mbps; otherwise the bandwidth of the Data Cestéiily divided among the connected workers (so
they will have less than 10 Mbps). The same strategy of badttivgharing has been implemented between the
Network Manager and the cachers.

the Average speed of download: this index is defined as the average speed of a worker (in Mbp®wnloading
the data items used to process the assigned Work Units.

the Percentage of new users. due the vastness of the BOINC projects, which involve thods of computers
and in which new clients continuously join, in our tests wauiated the continuous arrival of new workers. The
substantial difference among old and new workers is thah#éve ones download more data: for example, in
Einstein@Home, the first WU asks for 40MB instead of 3.2. Taudate this, each worker requires to download
40MB of data not only for the first Work Unit that it must exeeubut also for each successive Work Unit with
a certain probability (which was set to 20 %). This way we \edrtb simulate the joining of new workers in the
network.

the Average download time is the average needed time to download an entire data item.

the Overall execution time is the time needed to retrieve and process all the Work Units.
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Table 3: Einstein@Home stats

Size of a Work Unit 3,2MB
Processing Time of a Work Unit 5h
Size of Initial Data 40MB
Results in a Day 50.000
Number of Data Centers variable from 3 to 20
Participants 200.000
Replication factor 2

4 Performance Evaluation

A simulation analysis was performed by means of an evergébasnulator, in order to evaluate the performance of
the EDGeS protocol described in the previous section. Trhalstion scenario, and the related network and protocol
parameters, are set to assess the representative BOINiCadigpis mentioned in Section 3. The DReplicationFactor
was fixed to three in this set of experiments. Moreover, asaibabove, we scaled the size of each project to quickly
run simulations. A table containing the values of the nunadfevorkers and of results/day is reported below.

Table 4: Values used in the simulations

Rosetta@Home
Number of Jobs 12000
Number of Workers| 10000

Seti@Home
Number of Jobs 10000
Number of Workers| 5000

Einstein@Home
Number of Jobs 5000
Number of Workers| 10000

120 —————r
EINSTEIN —e—
100 | ROSETTA —&— |
SETI ——
80 |
60 |

40

20 } i

4 6 8 10 12 14 16 18 20
Number of Data Cachers

o

Average bandwidth utilization (Mbps)

N

Figure 3: Average bandwidth utilization vs. the number dbd=enters, for the three different projects.

Figure 3 shows the average bandwidth utilization vs. thebrenof data centers, for the three different projects. It
can be notice that, as the number of Data Centers increas@shandwidth utilization decreases, because the worker
can download data from more data sources. However, thid trag an optimum: if the number of cachers increases
over a certain threshold, the bandwidth utilization doesdearease further, because the new cachers are not actually
employed.

In figure 3 it can be seen that the different size of the datastan each project impacts heavily on the optimum

CoreGRID TR-0165 7



12

10|

EINSTEIN —e—

ROSETTA —— ]

. - ) ) ) SET| ——

2 4 6 8 10 12 14 16 18 20
Number of Data Cachers

Average speed of workers (Mbps)

Figure 4: Average download speed of workers vs. the numbeataf centers, for the three different projects.
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Figure 5: Average download time vs. the number of data cenfier the three different projects.
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Figure 6: Overall execution time vs. the number of data asnfer the three different projects.

number of the Data Centers that should be used: SETI@Homexé&mple, uses small data items (about 300KB),
and the optimum number of Data Center is about 10; in the daBamstein@Home, on the other hand, this value is
over 20, due to the larger size of a data item in this project.

From figure 4, we can derive the optimum number of Data Centéte figure shows the mean speed of the
workers in the download of data vs. the number of data centtershe three different projects. In fact, using 10
Data Centers, workers can download at their maximum allespegd, 10Mbps in Seti@Home, while 14 and over 20
cachers, respectively, are needed to obtain the same ireRdsetta@Home and Einstein@Home.

The figure 5 depicts the mean time that a worker takes to da@srdodata item from the cachers. As the number
of Data Cachers increases, the download time decreasdbghtireshold mentioned above is confirmed here too: if
the number of cachers increases over this threshold, tleekesitould not be correctly employed.

Finally, in figure 6 we see the trend of the overall executiometvs. the number of cachers. It is interesting
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to notice that, for Seti@Home, this value is almost constdritis behavior could be explained by looking at the
execution time of a Work Unit. While in Einstein@Home and &ts@Home, the process time and the download
time are comparable, in Seti@Home the download time is monailer than the execution time, so an increase in the
number of cachers does not affect the overall time to coraplitthe Work Units.

5 Conclusions

In this paper we have reported on the ongoing work and resfilé architecture based on EDGeS protocol, for
the execution of scientific applications according to thebic resource computing” paradigm, where resources are
distributed and generally donated by network volunteensl, @ large number of independent jobs are executed in
parallel by dispersed worker nodes.

We showed one way to provide the needed bandwidth and dategetto support this scenario, exploiting the
client-side network capacities in a P2P-type system fdriliged data sharing and propagation. We showed a valid
data distribution algorithm and a caching strategy basetherFastReplica method to enhance performances and
considerably reduce the download time. Moreover, we impleied a technique to download a data item in parallel
by multiple data sources, as in BitTorrent.

Future work in this area will investigate interesting resbaavenues, such as: (i) vary theReplication Factor
and analyze the advantages/disatvantages; and, (ii) comgphis data distribution algorithm with other kind of
strategies.
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