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T E OF THE PRESENT SYSTEM
A GRID ACCOUNIING MEIHOD AND SYSITEM

BACKGROUND O F THE PRESENT SYSTEM

The present system relates to grd computing and, more particulady, to a grd
computing accounting system and associated methodolgy for registering, managing
and maintaining accountsofgnd consumers.

The “background” description provided herein is for the purpose of genemally
presenting the context ofthe present system. Workofthe presently named inventors, to
the extent it is descrbed in this backgmwund section, as well as aspects of the
description which may not otherwise qualify as priorart at the time of filing, are neither
expressly orimpliedly admitted aspriorart against the present system.

An executable serwvice is a set of related executable functions which can be
discovered or caled (ie., “programmatically mvoked”) via an established network
protocol Such serwicesinclude Word Wide Web based services which are increasingly
employed in canying out the functions of composite applications. The leveraging of
network distbuted web serwices to function together as a composite application is
refemred to asgrd computing ordistibuted object computing.

In operation, a grid computing architecture employs the web services as an
application integration technology. Each web service is supported by a resource of
the gnd computing network. Forexample, in an Intemet grid computing environment,
mdividual web serices may be supported by an execution envionnment, such as a
comesponding web server. The information necessary to programmatically invoke the
web serwvice is defined in a Web Services Description Ianguage (WSDD document or
Interface Definition Ianguage (IDD) document. These documentsare stored in a registry
of the grid computing framework so that applications orusers seeking subscription to a
specific service can locate and mvoke the necessary service. One well known type
registty of web services is the Universal Description, Discovery and Integration (UDDJ
registry. This registry type would include the location of the service and the necessary
mformation for integrating this service in an application of the grd computing
framework Using the necessary information, an application orusercan remotely call

the service though an Extensible Mark-up [anguage (XMD based messaging protocol



WO 2008/122964 PCT/IB2008/053122

such asthe Smple Object Acess Potocol (SOAP) orObject Request Boker (ORB) of the
Common Object request broker Arc hite ¢ ture (CORBA).

Grid computing has become popularasit appearsasa computing model that
provides the ability to perform at higher throughput levels when required and provide
efficiency by taking advantage of a vitualized resource pool of sewers, storage
systems and a shared netwo rk infrastruc ture. At its very eady age, Grd computing was
considlered as an academic mitiative which accomplished compute intensive
collaborative tasks forresearch activities. The most important issue, unti recently, was
mvestigating how to distnbute a composite job, consisting of severalsub-jobs, to several
resources that can be invoked and scheduled appropnately. This is ac hieved through
sewicesand resources discovery. Hficient discovery of grid services and resourcesis an
essentialbuilding blockfora grid computing frame work

Ih orderto achieve efficiency, computing resources on the Gnd network should
be avaiable "on demand" 'This means that there should be enough computing
capacity available and users should only pay forthe amount of cycles they consume.
This is the key to achieve efficiency and cost savings for an enterprise. Therefore grd
economics and accounting is becoming a subject of great importance for both the
consumer(ie.userorhere afteralso called client) and the providerofgrid computing.

Ih "GridBank: A Grid Accounting Services Architecture (GASA) for Distrbuted
Systems Sharing and Integration " by Alexander Barmouta and Rajkumar Buyya, in
Volume 16, No. 1, Springer Science and Busness Media, USA, Aprl 2006, a propretary
accounting system is presented. Queries about avaiable resourcesare performed by a
Grid Resource Broker (Nimrod/G from Buyya, R, Abramson, D, and Giddy, J (2000) in
"Nimrod/G: An Architecture fora Resource Management and Scheduling System in a
Global Computational Gnd" for the Proceedings of the HPC ASIA 2000, the 4th
Intemational Conference on High Performance Computing in Asia-Pacific Region,
Beiing, China, IEEFE Computer Society Press). The Grid Resource broker suppoits
scheduling based on the users quality of service (QoS requirements, such as
computational deadlne, budget, and optimization preference, and the access price
of resources. The mformation is notably retrieved in a Grid Market Directory (GMD)

which isa registry of avaiable resourcesforinvocation and augmented with the notion
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ofa grid economy. In the Gridbank system, both the processing capacities and related
costsare used to list resourcesavaiable forgrid computing.

GMD is a propnetary registry, which isnot available to allgrid users. Furthermore,
Gridbank is not in compliance with the OGSA (Open Grid Services Arc hitecture) grid
arc hitecture developed within the Open Grid Forum (OGE).

Asa direct consequence, no common information modelis readily proposed in
Gridbankto exchange accounting mformationin an OGSA arc hite c ture.

Another drawback of the GMD is it utilizes static information about resources
capacities, unlke the OGF compliant registry used by the Globus T o lkit’s Mo nito ring
and Discovery Service (MDS). In this latter registry, the information is dynamic and
constantly updated with the cument capacities of the resources avaiable for
mvocation.

There is a need today for a non proprietary gnd accounting system, in
complance with OGF requirements, and avaiable to all grid users. There is a further
need fora system which can rely upon a common information model for exc hanging

accounting informa tion.

SUMMARY OF THE PRESENTSYSTEM

In a first aspect of the present system, a method is provided foraccountng the
usage of networked resources and/or sewices available for invocation m a gnd
computing architecture, said grnd computing architecture comprising a gnd
middleware for mvoking said serices and/or resources, said method compunsing the
actsof:

-receiving atleast one resource and/orone serwice available forinvocation,

-retrieving through a database contract information related to said available
resource and/orservice, said contract comprsing at least cost data for mvoking said
resource and/orserwice,

-collecting from the grid middleware a usage message, said usage message
comprsing usage information related the at least one service and/or resource that
have beenactuallyinvoked onsaid grid middleware, and,

-accounting the usage based on said usage message and the cost data from

the contract information.
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In a second aspect of the present system, a mediator interface is
provided for accounting the usage of networked resources and/orservices avaiable
for mvocation in a grid computing architecture, said gnd computing architecture
comprsing a gnd middleware forinvoking said servicesand/orresources, said mediator
mnterface comprsing an accounting Application Protocollntefface (APD configured to:

-receive atleast one resource and/orone service available forinvocation,

-retrieve thrugh a database contract nformation related to said available
resource and/orservice, said contract comprsing at least cost data for mvoking said
resource and/orserwice,

-collect from the gnd middleware a usage message, said usage message
comprsing usage information related to the atleast one service and/orresource that
hasbeeninvoked,

-account the usage based on said usage message and the cost data from the
contractinformation.

In a further aspect of the present system, a computer readable camier is
provided including computer program instructions that cause a computer to
mplement a method foraccounting the usage ofnetworked resourcesand/orservices
available for invocation m a gnd computing architecture, said grnd computng
arc hitecture comprising a grid middleware for mvoking said services and/orresources,
said computerreadable camiercomprising:

- instructions forreceiving atleast one resource and/orone service available for
mvocation,

- instruc tions for retrieving through a database contract nformation related to
said available resource and/orserice, said contract comprising atleast cost data for
mvokng said resource and/orsewice,

- instruc tions for collecting from the grid middleware a usage message, said
usage message comprsing usage information related the at least one service and/or
resource that have beenactuallyinvoked onsaid grid middleware, and,

- instruc tions for accounting the usage based on said usage message and the
costdata from the contractinformation.

In another aspect of the present system, a gnd computing architecture is

disclosed for accounting the usage of networked resources and/orservices avaiable
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for invocation, said gnd computing architecture comprising a grid middleware for
mvoking said servicesand/orresources, said arc hitec ture comprsing:

-a gnd information service node listing the networked resources and/orservices
available forinvocation,

-a client node configured to provide a serwice and/orresource query to said
grd information service, and receive from said grid information service a list of services
and/or resources answenng said query, the client node being further configured to
mvoke any resource and/orservices from said list through the grid middleware,

-an accounting node having an Application ProtocolInterface (APD configured

-receive from said clientnode the listofservicesand/orresources,

-retrieve through a database contract information related to list of
resources and/or sewices, said contract comprnsing at least cost data for
mvoking said resource and/orserice,

-send the retrieved contractinformation to the clientnode,

-collect from the grid middleware a usage message, said usage message
comprising usage mformation related to the atleast one service and/orresource
thathasbeenselected and invoked by the clientbased,

-account the usage based on said usage message and the cost data
from the contractinformation.

The architecture and interface according to the present system, here after
referred to Grd Resource Bank, or GRBin shott, provides a way to charge forresource
and serwice usage. GRBis a platform independent Grid Serice which can be used
either as a stand alone service or component plugged into any Open Gnd Service
Arc hitecture (OGSA) compliant Grid middleware. By platform independent, one may
understand that Grid Resource Bank does not rly on any proprietary software (in
contrast to Gridbank which relies on GMD and GridBus) and may be consumed by any
entity which can undemstand standard Web Service protocol Thus a true "on demand”
grd service that may be invoked by a grid consumer, just ike any other avaiable
sewices,isachieved.

GRB appears as a novel solution compatble with OGSA based architec tures,

and offers a flexible solution to the essential accounting requirements which are not
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covered yet by OGSA. As Grndbank is a proprietary solution, working intimately with
GMD and Gridbus, these teachingscannotbe applied to OGSA arc hite ctures.

kisto be understood that both the foregoing generaldescription of the present
system and the following detailed description are exemplary, but are not restrc tive, of

the present system.

BRIEF DESCRIPTION OF THE SEVERA L VIEWS OF THE DRAWING S

A more complete appreciation of the present system and many of the
attendant advantages thereof will be readily obtained as the same becomes better
understood by reference to the following detailed descrption when considered in
connec tion with the accompanying drawings, wherein:

Fgure 1 is a high level block diagram of a computing architecture in
accordance with an exemplary embodiment ofthe present system;

FHgure 2isa more detailed blockdiagram of the computing arc hitecture of the
exemplary embodiment of Hgure 1;

FHgure 3 is a diagram descrbing the sequence of operations between the
different elementsofthe exemplary embodiment of Hgure 1;

Fgure 4 is a process flow of the accounting method in accordance with an
exemplary embodiment ofthe present system; and,

FHgure 5 is an exemplary mformation model suitable with the computing

architecture maccordance with an exemplary embodiment of the present system.

DETATTED DESCRIPTION O F THE PRESENT SYSTEM

Certain terminology used in the follb wing descriptionisforconvenience only and
is not limiting. The term “service” as used herein, is not limited exclusively to a single
function, but embraces sets of related functionalty. Likewise, the term “resource” as
used herein is not limited to a single metnc of a related service, but, mstead, also
embraces a set of metrics which descrnbe the operating envinnment of the related
sewice. In the drawings, the same reference numerals are used for designating the
same orsimilarelements througho ut the severalfigures.

The present system isrelated to a Gnd Accounting serice and system, which wil
be called here after "Resource Bank" or"Grid Resource Bank", GRBin short. GRBoffers a
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unified standard API for registering and managing the accounts of both a grd
consumer(aka user) and a (resource and/orservice) provider.

The "Account’ refers to the identity, payment methods and contracts of a grid
consumer or provider. GRB processes the account mformation by collecting resource
usage record from the Grd middleware and comelating it to proper accounts and
contracts. GRB may be seen as a sewice among all the services available for
mvocation in the grid arc hite ¢ ture.

Grid computing provides a cost effect II'(Intemet Technology) infrastruc ture for
large scaled dynamic computing environment. Ongoing standardization efforts have
brought flexibility and extensibility to the existing Grid architectures, allb wing the cost
benefits that are Grids promises. Open Gnd Service Architecture (OGSA) is the result of
mdustry wide effortsto define a standard common frameworkfor Grid c omputing. If this
standard defines many cntical components, it does not so farcover one of the most
important aspects of framework yet, ie. accounting for the used sewices and
reso urces.

By accounting in the context of the present system, one may understand the
measurement of financial nformation resulting from resource and/orsewice allocation
orusage in the grd envirnnment. £ comprises the measurement of the charge that will
be billed to a grid consumer from usage of selected resources and/orservices. Usage
ofa resource ora service may referto the actualuse ofsaid resource orservice once
they have beeninvoked. Thismay comprse forinstance the amount of time a resource
ora service wasused, the numberoftime if wasused, if the charge isperuse, ... orany
otherdatum related to the use ofa service and/ora resource.

An exemplary embodiment of the architec ture according to the present system
isillustrated in FIG. 1. K comprises a grid information service 20, grid middleware 30 and
a payment gateway 40, along GRB 10.

Grid Resource Bank 10 isa mediatorinterface that offers accounting services to
any grid consumers. ntefface 10 acts asa rendezvous intefface that links the different
components of the system according to the present system to perfform accounting of
grd resource usage. GRBcan be seen asa serice avaiable forinvocation in the grd

envio nment.
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Grid lhformation Service (GIS) is a sewice which allows the querying of a registry
comprsing a list of available services and/or resources on the gnd envimnment. GIS
offers APl (Application Protocol Interface) to publish and inquire with respect to these
web serwices and resources. These APl are quite simple to use asthe G registry itself is
exposed as a web sewice using the Simple Object Application protocol (SOAP). Of
course, those skilled in the art willrecognize that otherregistiesmay employ altemative
XMLenvelopes such as DIME W3C and CORBA. UDDI (Universal Description, Discovery
and Integration) and Globus MDSare good examplesofa Grd Information Service and
its related registry. Other examples are readily available to the man sklled in the art,
such as e.g. a combination of UDDI and MDS registries. Such examples, unlke the
known Grid Market Directory, are compatible with OGF standards. A grid consumer
may find designated services and/or resources to be invoked based on consumers
crnteria. GIS registry generally comprises the endpomnt (ie. address) wherefrom the
sewice or the resource may be retrieved. This information is in-line with WSRF (Web
Sewice Resource Framework) standard and comespond to a WS (Web Sewice)
addressing properties which invoking a serwice ora resource. In fact, this addressing
property may be used for any other purpose than finding the related resource or
service. In the additionalembodiment ofthe interface according to the present system,
asexplammed lateron, the endpoint may be used to retrieve the contractinformation.

Grd middleware 30 is typically an application server which virtualizes the inner
details of serwice execution and resource utilization, which is also refemmed to in the
presentdescription asinvocation.

Payment Gateway 40 is a proxy server which enables any thid party to
communic ate with actual payment service such as Credit/Debit Card company and
Bank

Ascan be seenin FIG. 1, GRBsits in-between the three components 20, 30 and
40, and isisolated from Gnd Middleware 30.

In the true service onented grid environment, information about a service should
be independent to any other services, and should not require any propretary
mformation. This is the only way to dynamically find desired services/resources and
compose an aggregated serice, ie. invoke the found serices/resources without

¢ onflic t.
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ForGnd information service 20 to be truly loosely coupled with othercomponents
as the ones seen in FIG. 1, GIS 20 should not contain any meta-data other than the
registered serwice itself. Therefore non-serwice meta-data mformation should only be
requested by Gnd mformation Service 20 from othersources, such asforexample GRB

™ be consistent with a true service oriented grid envinnment, GRBneedsto be
an ndependent component of the Gnd envimnment. In the system according to the
present system, the Grd Middleware does not handle the accounting of used services
and/orresources. Thisensuresthat Grid Middleware 30 isagnostic to Payment Gateway
40 and otherdetails and stepsofthe billing process.

Furthermore, GRBshould only be added and invoked if necessary. To reach that
goal, GRB 10 should be added to the cument grid envinnment gracefully without
modification of G20 norexisting Grid Middleware 30. GRBand GBshould be ignorant
of each other when it comes to their own needs, and GIS should work seamlessly
without the need of GRB 10. No modification is required to the existing GIS (either MDS
or UDDI registry for example) as it does not need to contain additional accounting
mformation such as contracts, costs of usage, ... that could be used by GRB 10. The
same cannot be said of Gndbank and GMD wherrin GMD contains accountng
mformation and both cannot exist and work without the other one. They are "tightly"
coupled.

GRB thus appears as a platform independent resource account and contracts
managementservice. GRBcan run as a standalone Grd Service or component within
OGSA complant Grid middleware. Platform independence of GRB brings fle xibility to
gridsbecause tdoesnothave to use any specific middleware.

In the system according to the present system, GRB 10 and GIS 20 are "bosely”
coupled. GRB 10 comprises or has access to a database (not shown in FIG. 1),
mdependent of GI 20, which contains the contract mformation for the
sewicesresourcesofregistry 20 asexplained here afterin relation to FIG. 2.

GRB 10 interfaces with the different components mentioned eadier, ie., the GIS
20, grid middleware 30, and payment gateway 40. GRBisinvoked by a consumerl, ie.
a client, which can be eithera service ora person. When invoking GRB 10, messages
are passed on between the different componentsto an Application Pogram Interface
(APD or service API 125 which interfaces between the different components and the
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consumeron one side, and the GRBon the otherside. API 125 forexample intercepts
mcoming XML envelopes, such as SOAP messages, coming from the different
components of the system according to the present system and handles them
depending on the stage ofthe method according to the present system.

GRBis hosted by a proxy server 130 wherein the related accounting service may
be executed. Different elementsare readily available to the proxy server 130 with which
said proxy server 130 exchanges messages, such as SOAP (Smple Object Access
Protocol) messages.

Among these different elements, one may find an account manager 105 which
handles each resource account information. In the system according to the present
system, each resource available for mvocation may be identified by an account
number. Account manager 105 may handle each account through for example the
related account number, the name and address of the resource, its history of
transactions, ... The contract manager 115 is responsible for retrieving the contract
related to the services and/or resources the consumer wants to mvoke. Contract
manager has access to a database 116 either within GRB 10 or remotely accessble
that gathers allcontracts. The retrevalmay be achieved through the account number
thatidentifieseach resource.

Contracts may be available in contract database 116 upon registration for
example. A link to the end point wherefrom the contract may be retrieved may also be
stored in said database 116. Contracts define the rulesto be applied when accounting
for a resource and/or serwice usage in the grid envimnment. These rules may be
refemed to as cost data for invoking the resource and/or the service. Various forms of
contracts may be defined, eitherconsumerbased ie. depending on a consumerthat
may have negotiated specialdeals, and/ordepending on the searched QoS (quality
of service), time of usage, CPU available, promotions, or any combination thereof ...
Several contracts may also be attached to a single resource or a single sewice,
depending on the consumer, or any other parameters. Contract mformation is used
when GRB presents to the consumer the most interesting sources and/or serwices to
mvoke and when calculating the cost of usage of the mvoked serices and/or

resourc es.
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A new resource and/orsewice may register through GRBto receive a contract
number and subsequently send contract mformation or a link to said contract so that
contractitself orlink may be stored in database 116. The registration may be similar to
the way a serwice ora resource registers itself to GIS 20, the information passed on to
GRB 10 compnsing data to identify said service or resource as well as contract
mformation. The information may be updated dynamically in database 116 once the
contracts evolve orany data related to the resource or service account change. By
dynamic, one may understand that the account information as well as the contrac t(s)
handled by the account manager may be updated on a regular basis, for example
when a new piece of nformationisavailable to GRBabout registered resourcesand/or
sewvices.

Forexample, the state ofa resource orservice account may change over time
from active (ie. the resource/service isbeing used orisavailable forinvocation), to due
(Le. the consumer has been charged with the usage of the resource/service and the
charge is due), to suspended (e.g. aftera delay isrequired in the payment) to closed
(once the payment hasbeen done) orany combination thereof.

The account information fora service ora resource may comprnse ownercredit
mformation, like e.g. interest rates the ownermay apply to delay payment, the owners
credit score, date of revision (ie. last update of these information), ... k may further
comprise tax rlated information such as mate and exemption for tax report.
Relationship/Link to other accounts for the same owner for example may also be
specified in the account. The account for a resource or a service may be easily
identified by an account numberorany otheridentific ation method.

Suc h information may be updated dynamically and promptly, e.g. to make sure
calculation of the charge is accurate and with the up to date resource and contract
data.

GRB 10 may be seen in a way similar to GIS 20 as comprnsing a registry with
contract nformation aboutresourcesand sericesavailable forinvocation. GRBsewice
may use a WSRF (Web Service Resource Framework) registry, similady to the MDS
registty, for mamntaining the dynamic state of each account and providing a

standardized wayofaccessing i.
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GRBmay furthercomprse a payment manager 120 to interact with the payment
gateway 40 of FIG. 1. Payment manager 120 is forexample in charge of handling the
payment prwocess based on the calculated cost of usage, and uses the consumer
accounting information (mode of payment, chosen payment gateway,...).

GRB may further comprse a usage vernfying element 110 to authenticate the
resource usage information coming from grd middleware 30. h one embodiment of
the interface according to the present system, the usage message is a RUR (Resource
Usage Record) message asdescrnbed lateron.

Ih an additional embodiment of the intefface according to the present system,
GRBmay futher handle consumers registration and identification, e.g. to comelate the
consumer ID with specific contract information, like negotiated rates, or any other
mformation that is consumerbased. The way GRB utilizes a system to identify the client
forthe billing. Any method readily available to the man skilled in the art may be used to
identify a consumer. Forexample, a secure method may use a Digital Certificate asan
identity of a client/consumer. When a client chooses to invoke, ie. use certain
resources and/or sewices, this client may submit a Digital Certificate to the GRB as a
proof of its identity and financial mformation (bank account or credit information).
Digital Certificate then comprises the certified identity of this client and bankaccount
associated with client. Thismay be implemented through a client manager106 asseen
in FIG. 2.

For accounting purposes, GRB mediates the communication between clients
(Le. grid consumers) and other Grid Services, such as payment gateway 40, an invoice
sewice fornvoicing (in compliance e.g. with NGOSSshare information data) orsuch as
a credit nformation service (to verify the client credit information). With the abstraction
layer (API 125) for a platform neutral Grid accounting serice, all the participating
components are agnostic to one another for accounting purposes. GRB wil process
any messages passing through it and hand it over to other components with an
approprate protocolunderstood by the respective service.

GRB provides an independent and single imterface for Grid Services of the Gnd
envimnment. There is no need for other serwices to duplicate its own accountng
sewice. No matter what Grid Information Services and Middleware are used in the grid

envimnment, the client can rely upon a single accounting interface provided by the
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present system. As GRB inteffaces with different components of the grd environment,
different communication protocols may be readily available to GRB to communic ate
propery with said components.

FG. 3isa diagram descrnbing the sequence of operationsbetween the different
components of an examplary embodiment of the system according to the
embodiment ilustrated m FIG. 1. The different acts of the method according to the
present system are also illustrated on FIG. 4.

In a first act 400 of the method according to the present system, the client, ie.
the consumerl asseenin FIG. 3 sendsa sewice and/orresource query message to Grd
Ihformation Service 20. The query message may comprnse clients crteria to narmow
down the resourcesand/orservices to invoke.

GIS 20 retums a list of serwvices and/or resources available for invocation, after
processing the query parameters (comesponding to the client's crteria) such as, for
example, CPU utilization, memory and storage usage. h addition, as mentioned eatier,
G20 also provides the endpoint of the contract for the resource wherein a selected
sewice resides orforthe selected serice. The contract contains accounting and QoS
related information which may be used ata negotiation stage.

In a furtheract 410, the client selects among the retumed list of services and/or
resources the most efficient ones through a negotiation act. Negociation act by client
refersto the processof finding, ie. selecting n said retumed list, efficient grid resources
(e.g., the most efficient) and/or serices depending upon given characteristics of
contract. Negociation act may be camed out when at least several resources are
retumed from GIS to the client. Negotiation is utilizes to confim its availability and
affordability accounting wise. Forthat matter, GRB, through contract manager 115 (as
seen in FIG. 2), retrieves the contracts related to the list of services and/or resources
retumed in act400 and provides the charmctenstics ofsaid contractsto the client.

In an altemative act410, the client may delegate the negociation to GRB, which
may select sutable resources and/orserwices (e.g., most suitable) based on the client
data and profile forexample.

In the here after description of an examplary embodiment of the method
according to the present system, reference wil be made to a service query and the

related resources carying said sewice. The man skilled in the art may easily generalize
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the hereafterteachings to the querying ofserwicesand/orresourcesa clent maycome
up with when using GIS 20.

Upon the completion ofthe negotiation, the clientselectsone ormore resources
offering the queried service. In a further act 420, client mvokes the service via the
middleware through a batch process. Record of resource usage is stored in the grd
middleware 30 and sentbackto GRB10.

Subsequently, in an optional act 430, the batch process in grd middleware 30
will send a usage verification message to GRB to confim its validity. The act 430 may
confirm that the usage of the queried resources is cormect and is the right basis for
charging the client. GRB will therefore venfy said message and then proceed with the
payment processing with payment gateway 40 in a further act 440. This act may, for
example, comprse depositing credit onto serice providers account. GRB may then
send an invoice to Payment Gateway using forexample a common information model
(SID GBI22-2) and asksaid gateway to execute a realbilling process.

Asdescrbed eatier, contract mformation may be stored within GRB, and more
precisely in database 116 as shown i FIG. 2. Contract information is not stored nor
shared with Gnd mformation Service 20. This approach enables clent 1 to
communicate directly the accounting interface according to the present system
witho ut inte ra ¢ ting with Grid lnformation Service 20 orGrid Middle ware 30.

Ih orderto facilitate compatibility (ie. accounting) among diverse Grid Services,
a defined common information model for all contracts may be used in the interface
according to the present system. The registry for storing contracts may comprise for
eachcontractone ormore ofthe following:

-accountinformation (accountofthe resource provider digital cettificate of the
owner),

-paymentmethodsoffered orprefermed by the resource owner(credit card, wire
transfer, debit, ...),

-paymentoptionsoffered (one time/split/...),

-payment strategies (paymentbefore/afterasused),

-resource promo tion, different rate options,

-economic model(auction/bid/...)

-payment gatewaynecessary orrequired,
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-QoSoffered, forexample depending on the CPUused, rate chosen, ...

Other information may be readily added by the man skilled in the art to enrich
the G registry.

More generally, contract mformation may contain accounting and QoS
mformation which will be used by the accounting interface according to the present
system fornegotiations with clients forallselected serwices and/orresourcesin GIS. On
completion ofservice discovery, clients willget this contract information from GRBforall
sewices and/or resources which satisfying the crteria of the query. The contract
provides the economic value leading to the finaldecision forservice and/orresource
selection. This contract information may be presented to the client via forexample XML
encoding forease ofuse and compatibility.

Ihorderforresources and/orservices usage to be charged, Gnd Middleware 30
may exc hange basic accounting and usage data in a common format. There is a
technical working group under OGSA which is developing common information model
(CIM) forrecord of resource usage called Resource Usage Record (RUR) mentioned
earier. RUR focuses on the representation of resource consumption data. RUR goeson
to descrbe an XMlI-based format for usage records and is intended to be specific
enough to facilitate information sharng among grd serices. By leveraging this
standard information model, GRBcan get RURfrom any Grd Middleware.

Thanks to usage messages such as a RUR message from Grd Middleware, GRB
may calculate credit (ie. cost) for resource usage by applying accounting and QoS
constrains as known from the contract of the nvoked resources and/or services. As
each resource may have a distinct model foroffering itself to a client and thereby a
distinct model for generating revenue, the contract mformation in the interface
according to the present system may be utilized foraccounting the resource usage.

™ complete the accounting process, GRB may send the billing mformation to
Payment Gateway. However many commercial Payment Gateway sewices in today's
marketplace are avaiable, which means that it is almost impossible to interface with
every Payment Gateway. horderto interface with any payment gateway, a common
mformation model for billing and invoicing may be used in the interface according to

the present system.
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The biling information should contain all the data required to process money
transactions along with auxiliary information to detaillapplied economy modeland any
given promotionalfacts.

NGOSS SID GB922-2 addendum is a basic forinformation exchange used in the
telecom busness. FIG. 5 shows a basic mformation set in complance with NGOSS SID
GB922-2, slightly mo dified to fit Gnd application requirement. The info mation within box
500 comesponds to the information commonly supported by NGOSS SID GB922-2
addendum. Nevertheless, as this common information model is used in the telecom
business, it does not comprnse any resource or sewice information. ln the method
according to the present system, this common information model is completed as
follows to fit the need ofthe grid envinnment and suppornt the mformationneeded by a
payment gateway. The "Applied Customer Billing Charge"” box refers to billings and
chargeslinked to phone callsin general or any other telecommunication charges.
mtroduce gnd data, this "Applied CustomerBilling Charge"box 505 is furthercompleted
with the charge related to the usage of an mvoked resource and/orserice (box 510
"applied customerbiling resource charge"in FIG. 5), itself comprising mformation about
resource usage (box 515, taken for example from RUR message and expression the
need ofresource and/orservice) and usage itself (b ox 520).

Anothersignificant advantage ofusing NGOSSSID modelon billing and invoicing
is that there are alrady many CO'TS (Commercial Off The Shelf) vendors who are
compliant to NGOSSSID GB922-2 addendum.

One may note that the common information modeldescrnbed in relation to FG.
5istwo-fold,ie.it maybe used both forthe grid consumeraswellasthe grid provider.

Thanks to the mediatorinterfface according to the present system, considerable
costsavingsand reduction of time to marketisachieved fornew grid based serwicesby
elminating unnecessary software development efforts orsoftware ac quisition c o sts. The
Resource Bank also provides a very simple and easy to use APl leveraging the best in
class standard APk and hiding the complexity of accounting processes from both the
consumer and the provider. Another advantage of the interface according to the
present system is the fact that through the negotiation of resources and sewices, the
consumer may find the most interesting and cost saving resources to invoke, allowing

economiesofscales.
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The man skilled in the art wil understand that the foregoing description may be
applied indifferently to service and resource invocation as they play a symmetric wle
for the Grid Resource Bank Therefore, GRB may handle accounting for resource only
utiliza tion, service only execution ora combination of both. Forexample, when a client
usesinvokesa resource forexecution itsown service, resource usage may be charged.
When a client is seeking a specific service, with or without a condition on the resources
this serice is rmunning on (say for example running on resources with a Central
Processing Unit utilization at less than 40%), GRB may handle the charging of the
resourc e utilization only, the cost ofthe service onlyora combination ofboth.

Obviously, readily discemible modific ations and variations of the present system
are possible in light of the above teachings. I istherefore to be undemtood that within
the scope of the appended claims, the present system may be practiced otherwise
than as specifically described herein. For example, while descrbed in terms of
hardware/software components interactively cooperating, it is contemplated that the
system descrbed herein may be practiced entirely in software. The software may be
embodied in a camiersuch asmagnetic oroptical disks, ora radio frequency oraudio
frequencycamerwave.

Thus, the foregoing discussion discloses and descrbes merly exemplary
embodiments of the present system. As willbe undemtood by those skilled in the art,
the present system may be embodied in other specific forms without departing from
the spiit oressential characteristics thereof. Accordingly, the disclosure of the present
system is intended to be ilustrative, but not limiting of the scope of the present system,
aswellas otherclaims. The disclosure, including any readily disc emible vanants of the
teachings herein, define, in part, the scope of the foregoing claim tetminology such
that no inventive subject matterisdedicated to the public.

The section headings ncluded herein are intended to facilitate a review but are
not intended to limit the scope of the present system. Accordingly, the specification
and drawingsare to be regarded in an illustrative mannerand are notintended to lmit
the scope ofthe appended clams.

In interpreting the appended claims, it should be understood that:

a) the word "comprising”"doesnotexclude the presence ofotherelementsor

actsthan those listed ma given claim;
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b) the word "a"or"an"preceding anelementdoesnotexclude the presence
ofa plurality of such elements;
c) any reference signsin the claims do not limit theirscope;
d) several "means”" may be represented by the same item or hardware or

software implemented struc ture orfunction;
e) any of the disclosed elements may be comprsed of hardware portions
(e.g., ncluding discrete and integrated electronic circuitry), software portions (e.g.,

computerprogramming), and any combination thereof;

D hardware portionsmay be comprised ofone orbothofanalog and digital
portions;
g) any of the disclosed devices or portions thereof may be combined

togetherorseparated into furtherportionsunless specifically stated otherwise;

h) no specific sequence of acts or steps is intended to be required unless
specifically indicated; and

1) the term "plurality of" an element includes two or more of the claimed
element, and does not imply any particular range of number of elements; that is, a
plurality ofelementscan be asfew astwo elements, and can include an immeasurable

numberofelements.
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WHATES CIAMMED IS

1. A method for accounting the usage of networked resources and/or
sewices available forinvocation m a grid computing architecture, said grid computing
arc hitecture comprising a grid middleware for mvoking said services and/orresources,
said method comprsing the actof:

-receiving at least one resource and/or one sewice avaiable for
mvocation,

-retrieving through a database contract information related to said
available resource and/or serice, said contract comprising at least cost data for
mvokng said resource and/orsewice,

-collecting from the gnd middleware a usage message, said usage
message comprsing usage information related the atleast one service and/orresource
thathave beenactually invoked on said grid middleware,

-accounting the usage based on said usage message and the cost data

from the contractinformation.

2. The method ofclaim 1, said method furthercompusing afterthe retreving
act, the act of selecting at least one resource based on the retrneved contract

mformation when a plurality of resourcesare received in the receiving act.

3. The method of claim 1, wherein contract information is stored in the
database.

4, The method of claim 1, wherein a link to contract mformation is stored in
the database.

5. The method of claim 1, wherein the usage message isa Resource Usage
Record.

6. The method of claim 1, wherein the step of accounting the usage
comprses the calculation of the cost for nvoking the at least one service and/or

resource.
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7. The method of claim 1, further comprising the act of sending an

accounting message to a payment gateway.

8. A mediator ntefface for accounting the usage of networked resources
and/or services available for nvocation in a grid computing architecture, said grd
computing architecture comprising a gnd middleware forinvoking said services and/or
resources, said mediator intefface comprsing an accounting Application Protocol
Interface (APD configured to:

-receive atleast one resource and/orone service available forinvocation,

-retrieve through a database contract nformation related to said available
resource and/orservice, said contract comprsing at least cost data for mvoking said
resource and/orserwice,

-collect from the gnd middleware a usage message, said usage message
comprising usage information related to the atleast one service and/orresource that
hasbeeninvoked,

-account the usage based on said usage message and the cost data from the

contractinformation.

9. The mediatorinterface of claim 8, said mediatorinterface being mvoked
by a client of the grid computing arhitecture, the API being further configured to
present to said client cost data related to the received at least one resource and/or

sewice,when a pluralty ofavaiable resourcesare received by said mediatorinterface.

10. The mediatorinterface of claim 8, wherein contract information is stored

in the database.

11. The mediatorinterface of claim 8, wherein a linkto contractinformation is

stored in the database.

12, The mediator interface of claim 8, wherein the usage message is a

Resource Usage Record.
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13. The mediatorinterface of claim 8, wherein the APIif further configured to

calculate the cost forinvoking the atleastone serice and/orresource.

14. The mediatorinterface of claim 8, wherein the APlis further c onfigured to

send an accounting message to a paymentgateway.

15. A computer reradable camier including computer program instruc tions
thatcause a computerto implement a method foraccounting the usage of networked
resources and/or services available for mvocation in a grid computing ar hitecture,
said grid computing architecture comprsing a grid middleware for invoking said
sewicesand/orresources, said computerreadable camercomprsing:

- instruc tions for receiving at least one resource and/or one service
available forinvocation,

-instruc tions for retreving through a database contract information
related to said avaiable resource and/orservice, said contract compunsing atleastcost
data forinvoking said resource and/orsewice,

- instruc tions for collecting from the grid middleware a usage message,
said usage message comprsing usage mformation related the at least one service
and/orresource thathave been actually invoked on said grid middleware,

- instruc tions foraccounting the usage based on said usage message and

the costdata from the contractnformation.

16. The readable medium of claim 15, the computer program instruc tions
being executed by a client of the grid computing architecture, the readable medium
further c ompunsing instruc tions to present to said client cost data related to the received
at least one resource and/or sewice, when a plurality of available resources are

received by said mediatorinterface.

17. The readable medium of claim 16, wherein the usage message is a

Resource Usage Record.
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18. The readable medium of claim 16, further comprsing instructions to

calculate the cost forinvoking the atleastone serice and/orresource.

19. The readable medium of claim 16, further comprsing instructions for

sending an accounting message to a payment gateway.

20. A grid computing architecture for accounting the usage of networked
resources and/or sewices avaiable for mvocation, said grid computing architecture
comprising a gnd middleware for invoking said services and/or resources, said
arc hite c ture comprising:

-a gnd information service node listing the networked resources and/orservices
available forinvocation,

-a client node configured to provide a serwice and/orresource query to said
grd information sewice, and receive from said grd information service a list of services
and/or resources answernng said query, the client node being further configured to
mvoke any resource and/orservices from said list through the grid middleware,

-an accounting node having an Application PootocolInterface (APD configured

-receive from said clientnode the listofservicesand/orresources,

-retrieve through a database contract information related to list of
resources and/or sewices, said contract comprsing at least cost data for
mvoking said resource and/orserice,

-send the retrieved contractinformation to the clientnode,

-collectfrom the grid middleware a usage message, said usage message
comprising usage mformation related to the atleast one service and/orresource
thathasbeenselected and invoked by the clientbased,

-account the usage based on said usage message and the cost data

from the contractinformation.

21. The architecture of claim 20, wherein the client node selects the invoked

resourcesand/orsewicesbased on the retneved contract information.
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