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<xsd:schema xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns:gisp="http://gisp.jxta.org/protocol/3.4/betad"
targetNamespace="http://gisp.jxta.org/protocol/3.4/betad"

elementFormDefault="qualified">

<xsd:annotation>
<xsd:documentatio
hex string represe
example="12345 2345678"
</xsd:documentatj

</xsd:annotation>

<xsd:restriction

<xsd:pattern valug YR s
</xsd:restriction>
</xsd:simpleType>
<xsd:attributeGroup name={exiensib ibutes">

<xsd:annotation>M
- -

<xsd:documentar9ﬁ .r‘

efer this attribute

i

All simple ele “rt
group. '
</xsd:doc

NN Inen g

<xsds anyAtt ute namespace—"##other" />

“X“QW’Tﬁﬁﬂimﬂﬁ"l’Jﬂﬂ"la d

<xEd s complexType name="extensibleType" abstract="true">
<xsd:annotation>

<xsd:documentation>

All complex element should extend this type so that any ##other

element is allowed.
</xsd:documentation>

</xsd:annotation>
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<xsd:sequence>

<xsd:any namespace="##other" minOccurs="0" maxOccurs="unbounded"/>

</xsd:sequence>
<xsd:anyAttribute namespace="##other" />

</xsd:complexType>

<xsd:element name="message">
<xsd:annotation>

<xsd:documentation>

Top element for the G
</xsd:documentation>
</xsd:annotation>
<xsd:complexType>
<xsd:complexConte
<xsd:extension
<xsd:sequenc
<xsd:element

<xsd:element

maxOccu
<xsd:element o
maxOccurs%jr
<xsd:element ref="gi% noccurg="0"
maxOccurs=. .
<xsd:elemeptSref=Nagisp T insertom: dearjoy 1
Ly

ma x O &clir

<xsd:element vef TgT . Occurdfg'o”

maxOccurﬁr"unbounded" />

U NN

</xsd:sequence>

KRG QsINYAA Y

</x qF extension
</x%sd:complexContent>
</xsd:complexType>

</xsd:element>

<xsd:element name="src">
<xsd:annotation>

<xsd:documentation>
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Source Address of the message
</xsd:documentation>
</xsd:annotation>
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attributeGroup ref="gisp:extensibleAttributes" />
</xsd:extension>

</xsd:simpleContent>

</xsd:complexType>

</xsd:element>

<xsd:element name="
<xsd:annotation>
<xsd:documentatio
Address that jrce peer of the
message
</xsd:documentati
</xsd:annotationj
<xsd:complexType>
<xsd:complexConten
<xsd:extension base="g§ eType">
<xsd:attribute naasil sy sd:string”
use=g ,w--———,—m,—,—v—rr -
</xsd:extens !{, A
</xsd:complexCof§ent>

</zsd complexType>

elemﬁum ¥ EWI?W BN

<xsd: element name="peer">
<x@qma;\1ﬂifuummmaa
Peer information
</xsd:documentation>
</xsd:annotation>
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="gisp:extensibleType">

<xsd:sequence>




88

<xsd:element ref="gisp:pid" />
<xsd:element ref="gisp:addr" />
<xsdj;element ref="gisp:ttl" />
<xsd:element ref="gisp:sent" minOccurs="0"

maxOccurs="unbounded" />
</xsd:sequence>
</xsd:extension>

</xsd:complexContent>

</xsd:complexType>

</xsd:element>

<xsd:element name="pj}
<xsd:annotation>
<xsd:documentatio
pid for the peer
</xsd:document
</xsd:annotation>
<xsd:complexType
<xsd:simpleContg
<xsd:extension b
<xsd:attributeGrouy - L ' oieAttributes" />
</xsd:extension>
</xsd:simpleConten
</xsd:complexTypes

</xsd:element>

<xsd:element name—"iddr">

= IJEJ’J‘VIEWI?W BN

Address of the peer
. | mﬁﬂmmumfmma d
</x% sdqannotatl
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attributeGroup ref="gisp:extensibleAttributes" />
</xsd:extension>
</xsd:simpleContent>

</xsd:complexType>
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</xsd:element>

<xsd:element name="ttl">

<xsd:annotation>
<xsd:documentation>
Milliseconds to live of peer or pair data
</xsd:documentation>

</xsd:annotation>

<xsd:complexType>

<xsd:simpleContent>
<xXsd:extension bas

<xsd:attributeG ObleAttributes"

</xsd:extension>s
</xsd:simpleConte
</xsd:complexType>

</xsd:element>

<xsd:element name="
<xsd:annotation>,
<xsd:documentatio
Sent address of peg
</xsd:documentation>
</xsd:annotation>
<xsd:complexTypge>"————
<xsd:simpleC v
<xsd:extensioJEbase= 3

<xsd: attrlbutgﬁroup ref="glsp xtensibleAttributes"

L BUEINE UNINEINT

</xsd:complexType>

</“QWﬁﬂﬂﬂ‘§fﬂ§~lWl’Jﬂﬂ’mﬂ

<xsd.element name="search">

<xsd:annotation>
<xsd:documentation>
Search for peer
</xsd:documentation>

</xsd:annotation>

<xsd:complexType>

/5

/>
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<xsd:complexContent>

<xsd:extension base="gisp:extensibleType">
<xsd:sequence>
<xsd:element ref="gisp:pid" minOccurs="0" />
<xsd:element ref="gisp:limit" minOccurs="0" />
</xsd:sequence>
</xsd:extension>
</xsd:complexContent>

</xsd:complexType>

</xsd:element>

<xsd:element name="1

Limit number
</xsd:document
</xsd:annotation>
<xsd:complexType>
<xsd:simpleCont it >
<xsd:extension bafe
<xsd:attributeGroyp ref=tgist dbleAttributes”
</xsd:extension> I
</xsd:simpleConten
</xsd:complexT

</xsd:element>

<xsd:element name—"ensert">

<xsd:annort ijsw Ell]nﬁ
<xsd:docu@\uﬂq V.I
A palr data
R maaﬁmfuum'a NYNa Y
</x sdqannotatl
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="gisp:extensibleType">
<xsd:sequence>
<xsd:element ref="gisp:pid" />
<xsdselement ref="gisp:xml" />

<xsd:element ref="gisp:ttl" />

Ve
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<xsd:element ref="gisp:sent" minOccurs="0"
maxOccurs="unbounded" />
</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

</xsdelement>

<xsd:element name="xml">

<xsd:annotation>
<xsd:documentation>
XML data of the
</xsd:documentati
</xsd:annotation>
<xsd:complexType
<xsd:sequence>
<xsd:any names
</xsd:sequence> _
<xsd:attributeGaBupgh Ak ] = fributes” />
</xsd:complexType> g

</xsd:element>

<xsd:element name="q
<xsd:annotat i o —

<xsd:document‘!{4
Query for pain“

</xsd: documentatﬁ?n>

HEJ’J‘VIEWWW BN

<xsd:complexContent>

AR ﬁ‘\‘iﬁ?ﬁd HRAINEA Y

:sequenc

</xsd:ann

<xsd:comp il

<xsd.element ref="gisp:pid" />
<xsd:element ref="gisp:gstr"/>
</xsd:sequence>
<xsd:attribute name="id" type="xsd:istring" />
</xsd:extension>
</xsd:complexContent>

</xsd:complexType>
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</xsd:element>

<xsd:element name="gstr">

<xsd:annotation>
<xsd:documentation>
XPath of the query
</xsd:documentation>

</xsd:annotation>

<xsd:complexType>

<xsd:complexContent>

<xsd:extension basgsM Type'>

<xsd:attribute Wstring" use="required" />
</xsd:extension e

</xsd:complexConteam

</xsd:complexType>

</xsd:element>

<xsd:element name="
<xsd:annotation> 4
<xsd:documentatio
Result of query
</xsd:documentation>
</xsd:annotation>
<xsd:complexT ’; ,,,,,,,,,, o
<xsd: complexCoule A
<xsd:extensiquEase= JTISE oTe ype::

<xsd: sequence>

filﬁﬁfﬁﬂﬂﬂ‘?ﬂﬂ’m‘i

<zsd: ement ref="gispgpeer" />
ﬂm@gﬂimummawaa
<xsd:attribute name="query" type="xsd:string" />
</xsd:extension>
</=xsd:complexContent>
</xsd:complexType>
</xsd:element>

</xsd:schema>
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Abstract

Grid and peer-to-peer technology are two different approaches with the same
goal to create large-scale distributed computing systems whose data sharing is one of
the most important functionalities. While ta grid implementations concern with
sharing large volumes of data stored-at serve -peer file sharing systems mostly
deal with a large number of relativ \;’?’. ma red in PCs at the edge of the
internet. With currently availabléverd
connected to the grid. Therefore,
available via peer-to-peer file ShamnGa€ ¢ t : e 1o the grid.

This paper propose 1niebrat ata grid.and peer-to-peer file sharing. The
objective is to gather free disk § ' t connected to the grid and
make it available to grid“@ppli¢atiéns £ exploits gateway nodes
that are members of bothg®ri . The current design is

Nagd

asymmetric such that the pCer6-pect i ing syste 0 is treated as a grid resource.
Grid users and applications gén Seril he ual storage in the peer-to-
peer network. The virtual storagé ¢ gf,_iéf&?pﬁ 'y-based shared disk space on peer
nodes. The system is impleme 0 XTA as grid and peer-to-peer
middleware respectively. The haring system is modified from
Jnushare, that uses GISP (Global Infé g Protocol) for its scalable indexing

1 Introduction :
Grid and peer-tospee

fer approaches with the same
goal to create large-scale ﬂtn ed ‘ »ms whose data sharing is one of
the most important fune#onalities. Grid technology s to create large-scale
distributed computing systems g@nsisting of a large set of computing resources that lie
across geographicﬂﬂ&@mmﬁwﬁﬁﬂ grid is created for
solving hard probl ed! exténsi 1 0 r @ massive amount of
data, or both. Therefére, grid resources are usually high-performance computers and
large file seruers. t % i rrid” id2,age-Used to emphasis

Peer-tgrpeer technology nowadays targets at personal computers and devices
that arbitrarily connect to the internet. The most popular peer-to-peer application is file
sharing. There are many widely-used file sharing programs including Napster, Gnutella,
and KaZaa. Peer-to-peer computing is also a very interesting approach for performing
large-scale distributed computing. The best known example is Seti@home (analyzing
radio signal from the sky) and GIMPS (finding the largest prime number). Due to the
widespread use and fast growing performance and storage capacity of personal
computers, peer-to-peer network is potentially the largest pool of computing power and
data storage.

However, with currently available grid technology, home and office PCs are not

to be connected to the grid. Therefore, a huge amount of aggregated storage that is
potentially available via peer-to-peer file sharing is not yet accessible to the grid.
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This paper proposes an integration of peer-to-peer file sharing into data grid.
The objective is to gather free disk space on computers that are not connected to the grid
and make it accessible to grid users and applications. The basic idea is to have some
gateway nodes that are members of both grid and peer-to-peer network. The peer-to-
peer file sharing system is treated as a grid resource. Grid users and applications can put
and get files on the virtual storage in the peer-to-peer network.

This paper is organized as follow. Section 2 gives some background
information. The design and implementation are described in section 3. Conclusion and
future work are discussed in section 4.

2. Background

2.1 Data Grid with Globus

A grid is a large-scal 1 Stributed hardware and software
infrastructure composed of he Asources owned and shared by
multiple administrative orgari i W to provide transparent and
pervasive computing suppo nge of! ~ations [ 1, 2]. In grid terminology,
each machine connected to a roup of hosts can form a

“virtual organization™. A gri deals with large amounts of
distributed data is called a _

Globus Toolkit [4, 5] Acto-StAN g iddleware. It consists of a
set of components that impl€m Ic SPTVi ch'as seeurity, resource allocation,

resource management, data
Globus Toolkit provides co

The most commonly
provided by Globus Toolkit:

ications. To support data grid,
and data replication [6].

ocol is GridFTP [7], which is
‘mance, secure, reliable data

transfer protocol optimized for high=ban: idesarea networks. The GridFTP
protocol is based on FTP. Globus Tootki Wides a server implementation called
globus-gridfip-server. a command’difie client globus-url-copy, and a set of
development libraries for,}ilstom clients. The y.program supports a wide

range of protocols including htfp: https: It if TlocalTilcl access.

2.2 Peer-to-Peer File Shaag with :

Peer-to-peer (P2P) architecture is a class of systems and applications that
employ distributed r IOR, i ralized manner. The
resources encompaﬁ% ing OW:EJ;\WS m mﬁt network bandwidth,
and other services. Tie function of a peer-to-peer system can be distributed computing,
data/content sharing, communication @nd servicesm Although d@eentralization of

resources, )Wﬂ@ﬂﬂiﬁﬁﬂﬁ%ﬂﬁ%@ﬁch systems,
retaining centfalizatio sonte ms and‘a ati is"often found in
existing implementations. Typical P2P systems reside at the edge of the Internet or in
ad-hoc networks [8]. Each entity is called a “peer” and can act as server and client.
Many peers can form a “peer group”.

JXTA is an open peer-to-peer computing platform developed by Sun
Microsystems. It provides a set of protocols, libraries and services as building blocks for
developing various peer-to-peer applications on peer groups. The JXTA protocols
standardize how peers discover each other, self-organize into peer groups, advertise and
discover services, communicate and monitor each other, etc. JXTA is independent of
programming languages, and independent of transport protocols. The protocols can be
implemented in Java. C/C++, Perl, and other languages. They can be implemented on
top of TCP/IP, HTTP. Bluetooth, and other transport protocols [9]. JXTA has an



96

extensive use of “advertisements” for announcing and discovering peers, peer-groups,
and services.

Jnushare [10] is a data sharing application that employs JXTA’s Content
Management System (CMS) for uploading and downloading data content and uses
Global Information Sharing Protocol (GISP) [10] for searching meta-data. GISP is a
protocol for building and searching a distributed hash table (DHT). A DHT consists of
(key. value) pairs. For reliability. each pair data can be replicated and distributed onto
several peers depending on a hash function that is applied on the key. Therefore, each
peer is responsible for a fraction of the hash table that can be overlap with other peers.
For a file sharing application, the key can be the logical path name of the file and the
value can be the peer identification and location where the file is. When a file is shared,
a new entry of DHT is created and di ed on several peers. When the file is
searched for, the hash function is used tt ‘pger that keeps the table entry of that
file. After retrieving the table entry,

3.1 Design Decisions

In order to integr heir differences must be
taken into account. Firstly, tions concern with sharing
large volumes of data sto ring systems mostly deal

with a large number of relati 1 files. shore (8. The number of peers in the

. made from the start. Firstly,
fid. In the peer-to-peer network,

Theretore, three design
individual peers will not be acc

each individual peer is one resource dnd-¢an be tss directly by other peers. However,
making every single peer accessib%é-'idfgffﬁ-. 5 t.very useful. We therefore adopt

compute nodes. Some peer < gl isteinode, or a “super-peer”. A

peer-group can provide s@me collective services, such providing a virtual data

storage. Therefore, a peer-to-peer file sharing sq\./ﬁtem can act like a single host on the
F=S

data grid. ‘ . OAl
TR UL Y —
I ¢, tha

sharing and data gridjis asymmetric. It means that a peer-group acts as a grid resource
and its service is available to all grid h8sts. Howevetma ?rid host igkiiot a peer in the

TR 1 M LI IEL LA El s e

applications cdn put and get files on the peer-to-peer virtual storage just like other grid
hosts. It should not introduce new concepts or new commands. Instead, regular GridFTP
commands will be supported.

3.2 System Architecture

The integrated system consists of three types of entities, namely grid hosts,
peers, and gateways. Grid hosts are where users and applications work on. Peers join
together as a peer-group. These peers run a file sharing program and make some disk
space available to the file sharing network, creating a virtual storage. Gateways are
members of the grid and the peer-group at the same time. In other words, they run both
Globus and JXTA. A gateway provides an access point from grid hosts to the peer-to-
peer virtual storage. Figure 1 depicts the abstract model.
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- Sharing Peer Group

Fig. 1. The abstract modé ile sharing integration
3.3 Peer-to-Peer Virtual Séorag

When a grid user or app i ; file en the virtual storage, the file
is transferred to the gatewayftisige the g gL e protocol. The gateway then puts
the file into a shared directoryisifie %t‘i} 3 c ied"vetsion of the Jnushare peer-to-peer
file sharmg system Normally nusl arqﬁtﬁi{?@i itibutes the hash table, but in our system

also automatlcally get the file from the=gatewa ateway stores advertisements of the
files on the virtual storage Thereftre: 2] isting ofithe files can be acquired from the
gateway. N

When a grid app' ------------------- i€ from the virtual storage,

the gateway retrieves the >ep-the file and sends it back to
the grid application. :

After tr ansfemng the fi le to other peers, the gateway can remove the file from its
storage. However, t l , s for future access. It
can remove the Iea t s for a new file. The
gateway with larg ge ane he S orage can reduce commumcatlon w1th other peers and thus

the respond time l‘or accessing frequentlyfused files.

o U LR T RAY M B i

The number of peers that keep a copy of a file affects the reliability and performance of
the system. The optimal number depends on many factors such as the size of the file and
the characteristics of a particular peer-to-peer network including dynamicity,
bandwidth, and available storage space.

Figure 2 depicts the interaction between grid and peer-to-peer components. A
grid host acting as a client performs GridF TP operations with the gateway which is also
a grid host. The gateway provides GridFTP service to other grid hosts. If the operation
involves the peer-to-peer virtual storage, the gateway acts as a peer and translates the
operation into a peer-to-peer file sharing operation via the JXTA protocol. When the
peer-to-peer operation is completed, the result is returned to the grid client via the
GridFTP protocol.
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4. Conclusions and Future Work

This paper proposes a model of a peer-group that provides a collective service,
similar to the concept of cluster computing, that can be integrated into the grid. The
model is applied to a peer-to-peer virtual storage system and it is successfully
implemented based on Globus, GridFTP, JXTA, GISP, and Jnushare.

There is a lot of potential for future work on the system. The first one is to
support a file system structure with better access control. Secondly, the DHT
mechanism to select peers to handle files should also take into account the available
storage space and network availability. Finally, some mechanism is needed to prevent
the gateway becoming a bottleneck.
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