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Abstr act

This doaument presents a number of Use Cases relating to Grid EcononiesQi.e. Grid
computing environments where services may befreely bought sold, traded, etc.
Specificaly we describe and andyze use cases of computationd provider, application
service provider, software application provider, brokering service provider, and
computationd reseller.

Thisdoaument is aprodud of the Grid Econoric Services Architecture (GESA) Working
Groupof theGlobd Grid Forum. Theinitia intent of thisdoaument was to provideinput
into the GESA-WGG@ technical work: the design of standard mechanisms to eneble Grid
Economes. Sincethelast version of this draft, thetechnical work, which was based upon
the Open Grid Services Infrastructure, has been abandonel. However, the authors il
bdieve tha these use cases have value, and so we are publishing them.
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1 Introduction

This doaument containsa description and andysis of Use Cases focusng on Grid Computing
environments where services may befreely bought sold, traded, etc., i.e. Grid Econonies.
Specifically, we describe thefollowing use cases:

e Computationd Provider (providing primarily hardware resources)

* Application Service Provider (providing primarily execution: software and hardware on
which the software executes)

» Software Application Provider (providing primarily software)

* Brokeing Service Provider (areseller: matching consumers to providers)

e Computationd Resdller (reselling resources)

2 UseCases

2.1 Computational Provider Use Case
This use case was contributed by Jon MacL aren, Steven Newhous, Tomasz Haupt.

211 Summary

There are many indances where auser findslocally available computationd resources
inadequae for thar requirements. Currently, thar main optionisto try and locate a suitable
resource, obtain an accountthere, learn aboutusng this new resource, and findly submit ther
work to theresource; their only other optionis to make do with wha they have! Worse till,
obtaining an accountmay nat be possible dueto bureaucratic hurdles.

2.1.2 Scenario(s)

A user with acomputationd job to do cannotsatisfy thar requirements with locally available
resources. They take these requirements to aresource broker (e.g. architectural, indalled
applications cod of cycles and turnaroundtime), using which, they discover a computationd
resource able to satisfy ther requirements.

Theuser does not have an accountat this site, butis able to find a suitable methodto pay for the
work to bedone In addition, thenew site findsthe security credentials of the progpective user to
be acceptable; similarly, the user findsthe site(3 credentials to be acceptable.

Theuser and thesite make any find negotiations finding an agreed turnaroundtime and cog,

resulting in aform of contract between them. Theuser accepts this contract by submitting the
work.

gesa-wg@ggf.org
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Following the successful ddivery of theresources, payment, which was secured earlier, isfindly
processed. Theuser aso collects the results of thecomputation.

2.1.3 Example Usage

There are many rare and/or expendve computing resources which currently lie outsidethe grasp
of potential users, e.g. supacomputers, vector processing machines. Obtaining access to such
resourcesis generally complicated for members of communities which can gan access. For the
casud user, i.e. the Oherd in the streetQ) access is typically impossible.

Even thoughsuch computers are notvery usable by everyday programmers, we would arguetha
thefollowing groupswould make use of such afacility:

* Academicswith small supercomputers (16 processors), whowant to runtheir codesona
large machine of the same architecture, to study scalability, or for obtaining pointsona
speedup curve for apaper.

* Nonacademic companies may have sufficient compute capecity to handle thar workload
for 90% of theyear, but require additiond computing power near theend of thefinandal
year.

» Scientistswith codes that perform well only onavector processing machine, and who
cannotfind such resources locally.

* Thetruged computationd reseller, who has a significant cusomer base (or is often
approached by brokers) keen to obtain such resources; thisresultsin thesale of alarge
chunkof resources for use in thefuture.

e TheNerd-in-the-streetOwho would like to make use of alarge supercomputer as aone
off.

Such usage paterns cannotbe suppoted by current registration and accouning systems.

2.1.4 Commercial Perspective

Thebuye is paying for ther computationd work to bedone i.e. purchasing computationd
power which can satisfy higher requirements. Some amountof memory and temporary disk
storagewill also beused at the sametime. There may also bethe purchase of asingle-use
licence for aparticular application, or fundsto QentOa site-licence (or part thereof) for the
duration of thejob.

Theseller is providing time on some computationd resource, i.e. CPU cycles on some machine
or cluger. Theseller may aso bewishing to offset some of the cos of expensve software
licences tha have been purchased by renting the use of thelicensed application. Alternatively, if
apay-pea-ulicensis available, the site owner may betaking a cut on each use of the software.

gesa-wg@ggf.org
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Convesaly, this can also beviewed asthe saller bidding for work. Thisis especially applicable
in the case of an undeloaded machine, where theowner istryingto prevent potentialy valuable
cyclesfrombenglog.

Naturally, all costs may depend on the user@ status, e.g. academic vs. commercial user.
2.1.5 Consumed Resources

CPU cycles on a machineor cluger are being consumed. Presumably, some amount of disk
space, and memory are also being used. Some sort of pay-per-use licence could be being traded
aswell, or apermanent site-licence (or part thereof) could bebeng Qented outQ

2.1.6 Architectural Requirements
Only requirements relevant to GESA will bedescribed here.

For the computationd provider to be able to reach as large a potential market as possible, they
mug be able to accept as many payment mechanisms as possible. Therefore, the architecture
mug beagnodic in these terms, e.g. alowingaVisatransaction, or invoice and purchase order
systems, etc.

As such transactionscould be many and frequent, it should also be possible for payments to be
aggregaed, e.g. for monthly billing. (If the centre does not want to handle this sort of
accouning, they should be selling large chunksof resource to resellers Bsee Computationd
Reseller Scenaio.)

When the cusgomer is aoneoff or ad-hocuser, the purchaseislikely to befor asmall amountof
resource in the near future. When the cusomer isareseller, thepurchaseislikely to belarger,
and further into thefuture. Therefore the architecture mug be ableto handle varying
granularities of requests. Also, to make the salling process more flexible, and therefore more
attractive to thereseller, it should bepossible to purchase of resources where thetime of use is
not precisely stated, e.g. @ will buy 512 CPU hours on green.cfs.ac.uk for consumption some-
time over thefollowing month (which | will re-sell)O

2.2 Application Service Provider
This use case was contributed by Kate Keahey.

221 Summary

The service provider is providing access to service execution (comprising software and resources
as oppogd to jud oneof them). Certain qudity-of-service (QoS) condraints may berequested
by theclient. Likewise, the service provider may make representationsaboutprovided qudity of
service in terms of execution time, responge time, accuracy of results, etc. Thechargefor the
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service may bebased on the QoS provided (faster execution cogs more) or reliability with which
this QoS has been provided. Note, tha the eventud QoS exposed by the application service must
be an end-to-end QoSfromthe point of view of the client.

The contact describing the condraints assodated with the service can be expressed as a service
level agreement (SLA).

2.2.2 Scenario(s)

TheNationd Fuson Collaboratory (NFC: www.fusdongiid.org) provides network services
allowing for better integration of experiment, anadysis and smulation. Fuson experiments are
runin apulsed more with new experimental pulsestaking place every 1520 minutes. The
andysis of each pulse could serve asinputto the next pulse. In thissituation, it isimportant to be
able to peform theanadysis of a pulse within aroughly 10 minute time windowin order to allow
aufficient time for digesting theresults, and adjuging the experimental parameters accordingly.
Up to now, the prevalent way of dealing with this problem was to buy more and more dedicated
resources. An alternative isto use remote computationd resources, which would be possible if
only thar execution could boundel by therequisite real-time paameters. At thesame time, less
time-critical executionscould be provided at alesser price.

2.2.3 Example Usage
Not provided.
2.24 Commercial Perspective

Thesdler is providing application development and maintenance on afamiliar set of resources
(platforms). In addition, the seller is also providing (if necessary exclusve or pre-emptive) usage
of resources necessary to provide end-to-end QoS execute all the codesinvolved, move and
store daa, etc. aswell as orchestration of codes and resources. In some cases (such as NFC) the
service provider may provide additiond capabilities such as on-the-fly diagnogics and
debuggng of aservice. Findly, the server makes representationsaboutthe QoSthat can be
obtained from a service which could indudepredictionsetc. (in other words, theseller aso sells
the ability to estimate/predict certain qudities).

Thebuye buysexecution with acertain QoS execution time, respong time ona quey, security
of interaction, or reliability of execution.

Charges could be made based on requested/ddivered QoS (based onthe QoSitself and/or
reliability with which it was ddivered), theresource usageincurred during the actud execution.
In addition, charges could be made based on a monthly subscription (say to a daiabase service),
accumulation of small charges, or onetime per-execution charge They aso could be made based
on a GGrid sessonCfor a user or avirtud organization, or on a pa-service usage. We note that
althoughthese remarks emerged in the ASP context, they really seem more suited to more than
jud thisuse case.
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2.25 Consumed Resources

Theconsumed resources in this case indudecodedevelopment, maintenance, and execution,
resource usage, orchestration services (hopdully general-purpo<e software itself combining
codes and resources), prediction and reservation services (and other services necessary to issue
theSLA).

2.2.6 Architectural Requirements

Theenabling technologies indude software suppoiting making statements aboutthe provided
QoS contract management software, the ability to tranger contract execution rights between
buyasand sellers.

2.3 Software Application Provider
This use case was contributed by Steven Newhou®.

2.3.1 Summary

Thecurrent modd of usng a software library (or program) provided by a commercia vendoris
for that library to beindalled ona specific hod. Thelibrary is enabled, following an exchangeof
money and the acceptance of theterms of thelicence agreement by the hod organisation, with a
licence key for aparticular combination of hog and platform. Theamountpad for thelicence
may be dependent on the platform, the user (e.g. academic/commercial), the number of
conaurrent users, theduration of thelicence, thetype of suppot, thenumber of users and the
fundiondity within thelibrary.

Within thegrid auser may have avariety of machines available for their use. Not al of these
machines will have the necessary software required for all user activity. Nor will the system
managers wish to pay for andindall software for casud remote users. Therefore theability to
Guy, indall & executeGa software library or application on demand is essential.

2.3.2 Scenario(s)

A user wishesto condud afluid dynamics andysis usng ther favourite CFD software. They
establish which computationd resource they will be usng [Link to other use case?] and wish to
dynamically ingall the CFD software onto tha resource. By providing information on the
execution hog and the expected duration of the analysisthey request alicence and the binary. A
licence key is provided with the downloaded software library for unpacking and use onthe
machine The purchase of thelicence key (start & end dae) needsto be coordinaed with the
reservation on the computationd resource.

2.3.3 Example Usage

Not provided.
gesa-wg@ggf.org
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2.3.4 Commercial Perspective

Theseller is providing access to ther intellectud propaty encapsulated with a software library
or application. Thisisexposd to a user onthdar machines throughawell-defined programmatic
API tha may bedynamically linked into theusers own library. Thebuye is obtaining access to
thisfundiondity as and when they want it ontheresource tha they want. Currently, the
ingallation and configuration of these librariesis aprivileged opeation dueto the provisoning
of thelicence keys.

2.35 Consumed Resources
Thefocusin this use case isto enable the invoctionson a software API. This may belicensd

onaper invocion basis (very fine-grained) or over a (short) time period. Theitems being
charged will therefore be a (sub)set of alibrary@ API for a paticular duration on a specific hog.

2.3.6 Architectural Requirements

The software provider needsto provide information on the availability of the software (which
versionson which platforms and any requirements for dependent libraries, e.g. MPI for
commercial ScaLAPACK library).

The primary condraints onthe architecture are theability to pay for the service.

Current pricing modds may bevery dependent onthetype of user (e.g. commercial or
academic), ther location (e.g. USA, Europe etc) or thelevel of suppot offered (e.g. none

telephone application conaultancy). These pricingmodds should be suppoted in the GESA
modd athoughthere is an argument that in thelong-term a pricing modd may beuser agnodic.

24 Brokering Service Provider
This use case was contributed by Kate Keahey
241 Summary

The service provider is providing a service as a @esdllerOmatching different client request to
different provider offerings

2.4.2 Scenario(s)

Resource Broker. A user seeks aresource with described by a certain set of parameters (for
example: availability of neworkinginfrastructure, certain nunmber of CPUs of defined power,
proximity of storageresources). The brokering service presents theuser with alist of acceptable
(or near-acceptable) choices and iterates with the user on refining the set of parameters. Theuser

gesa-wg@ggf.org
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eventudly settles on aresource. The broke is paid a @ommission feeO(representing for

example a percentage of wha theuser paysto theresource provider) pad by either thebuye or
asdler, or aflat service fee.

Other brokersindudeinformation broker, application service provider broker etc.

2.4.3 Example Usage

Not provided.

244 Commercial Perspective

Thesdller is primarily aresdller, asit fundionsas a GniddlemanOselling services provided by
others. Inthat sense, the seller sells mainly information. In some cases, the seller may resell retail
resources acquired by QvholesaleOsale. Also, theresaller may specialize in @ombination salesQ
that is acquire separately multiple resources (disk, network, CPU reservationg and sell them asa
(undkeQ

Thebuye is buying information, convenience, Gomplex produdsO(a combination of resources
required for a paticular task). Also, thebuyea may be buying awarranty for the specific resource
combinaions

Thecharges may be as aflat fee or as a percentage of transaction with theorigind seller.

245 Consumed Resources

Theresources involve mainly maintaining daabases of relevant information, may also involve
co-scheduling (or co-reserving) access to multiple resources at once.

246 Architectural Requirements
Therequirement is the capability to accurately describe resources, accurately describe

requirements for resources and to provide capabilities such as reservationsin terms of service
level agreements (SLAS).

2.5 Computational Reseller Use Case
This use case was contributed by Jon MacL aren and William Lee.

25.1 Summary

It isnotaways desirable for computationd resource provider to interface with consumers
directly. A supply chain between the providers and consumers allow resource provider to
conaentrate on ther core competence in maintaining large compute resources and avoid

gesa-wg@ggf.org
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providing codly interaction and care to alarge number of consumers. End users can purchase
resources bundkd into attractive packages, possibly coming from more than oneupgream
provider. Theresellers can make money fromreselling aggregated computationd resources
withouthaving to own any resource themselves, thereby minimising thar own risk aswell as
thar consumers by sourcing multiple providers. It alows them to focusin providing good
cugomer care aswell as optimising resource bundks for thar target market.

2.5.2 Scenario(s)

A computationd provider, preferring notto deal direct with cusomers, sellstime onthar
computationd resource to areseller. Thereseller markets theresource to downgdream
conumers, bunding theresource with other resources, sourcing multiple updream provide's.
Consumer purchases theresources in amonthly package which indudes items such as CPU
cycles, secure disk storage, daabase and software licences. Thereseller maintainsthe agreed
bundk by sugaining ther relationshipswith upgream providers, or possibly switch provider
withoutaffecting the agreed service level with theend users.

2.5.3 Example Usage

Consde theexample of aresaller who has strongrelationship with the chemical indudry and
the expertise to deal with chemistry applicationsrunning on supacomputers. Ther updream

providers are supecomputer centres. Thar downgream consumers are chemists who want to
use these gpplications It isuseful to congder this example in three perspectives.

1. The upstream resour ce provider. The supacomputing centre wishesto sell its
cyclesto aresdller because either:

a) Duringaperiod of low usage, to sell large amouns of redundant cycles (or buy
work); or

b) During nomal usage theresource owner never needsto dedl directly with large
number of small cusgomer group (cogly to maintain high qudity of cusomer
care. Itsown advantage!). Further, this policy enables them to managether
resourcesin asmall number of largetransactions

¢) Forfuture peiodthat expects high/ low demand, sell asmall / large portion of
thecyclesin advance to maintain a steady usage at a reasonéable price.

2. Theresdler themselves. Theresdller bundes theresources available to it fromthe
updream providers, plussome licencesit can obtain from the software vendors a a
reduced rate (asit only deals with academics and in large quantity). An example
offer istha for areasonale monthly fee, the chemist gets 200 GreeOCPU-housona
Cray T3E, plusthirty uses of Guassian98thrown in (exceed tha, and he gets charged
quite alot, of course.) They aso indudesome compensation deal when jobsare not
ddivered dueto downtime (akind of insurance). Reseller who hasingghtsin market

gesa-wg@ggf.org 10
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trend can predict future demand and source resource provision from upgream
vendorsin advance when priceis attractive.

3. The downstream resource consumer. Thechemist wants to get resources from the
reseller because getting bundked resources reduces transaction cogs in dealing with
al patiesmanudly. Also, hewould expect to have better cusomer care andrisks are
shared with theresdller if updream vendors default. Findly, the academic mightbe
ableto ge hisbunde for less because he gets it from the same reseller hegets his
electricity / mobile phonetime from. It encourages companies with existing micro-
transaction technology (such as telecom, utility, etc.) to participate asresellers.

254 Commercial Perspective

The computationd provider is salling resources to thereseller Bsee Computationd Provider
Scenaio.

Theresdller is buying compute resources from an updream computationd provider.
Thereseller bundles sources from multiple suppliers, and may bundk the computationd resource
with other resources such as licences and offline disk storage, which they then sell to

downgream consumers.

Thedowngream consumers then buy these attractive bundies.

255 Consumed Resources

Ultimately, it is theresources boughtfrom the providers tha are being consumed by theend
users. However, the charging is more complex due to the presence of oneor more resellersin
thesupply chan.

2.5.6 Architectural Requirements

Resealling mug be permitted (butonly if desired). Theresource provider mug beable to retain
some amountof control over who theend-users are (and resellers further down thechan). This
meanstha some form of pdicy isrequired and contracts whereby ther resources can be
reclaimed if thereseller violates this policy.

Different granularities of trading mus be suppoted. This aso impliesthe ability to use different
payment options such as purchase order/invacing or Credit Card, etc.

There mug be some suppot for aggregaing resources (from OGSA, | suppo®), and therefore
somehow aggregating all the policies of upgream providers (our responsbility, | think).

gesa-wg@ggf.org
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3 Security Considerations

Thisdoaument isinformationd, and containsa set of use cases. Assuch, it does not address
security consderationsdirectly. Security (or theuse of credentials) is briefly mentioned in two
of the Use Cases (see Sections2.1.2 and 2.2.4).

Clearly, in any system where money is changing hands security isimportant. Any system
implementing these use cases would need to consder carefully how to ensure user@ agang
unduefinandal risk. Perhgpsthe Computationd Reseller case presents the mos complex
requirements.
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