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Abstract— One of the major challenges in managing resources of management, computational resources are allocated through

computational Grids with diverse shared resources isiow to
meet users' QoS requirements and rationally distribte resources
at the same time. In particular, even though less reliabldesktop
PCs are dominant resource providers of computational &ds,
they are often underutilized because they do not exhibqualities
required by typical scientific and business applicatns targeting
computational Grids. Economy-based markets are expectetd
foster the utilization of those underutilized low qulity resource
via supply-and-demand. However, our experiment showshat
price has its limitation in controlling the supply-and-demand in
computational markets. This situation necessitates Hidh
Available Job Execution Service (HA-JES) which fosterghe
balanced resource consumption by dynamically and
transparently replicating jobs with underutilized and under-
priced resources. In particular, the process of job eplication in
HA-JES occurs in market-driven efficient way; underutilized
and therefore cheap resources are exploited to build &igh
quality resource and hence facilitate balanced resourcesage.
Our simulation results show that HA-JES benefits allactors in
the Grid market in terms of resource utilization, market
capacity, and market stability.

. INTRODUCTION
Computational

markets where the cost of using a resource is deternbiyned
supply and demand; Underutilized resources will have lower
prices which are expected to foster more usage of them and
conversely over-utilized resources will have a high price
which in turn discourages use. However, a resource which
does not meet certain requirement of a user is rarefulus
regardless of its price. For example, a resource which
guarantees only 50% reliability for a 24-hours job is yarel
useful for a user who wants 99% reliability guarantees. This
imbalance between resource supply and demand is inherent
unless the distributions of users’ quality requirement and
quality of real resources are perfectly matched. We tatbeser

this imbalance can not be resolved by the pricinghzugism
alone in the market when the gap between what the marke
supplies and what users want is big.

We assume job execution environment like Condor [15]
which deals with the execution of idempotent jobs with
diverse shared resources ranging from a desktop PC to super
computers. In such environment, satisfying the QoS
requirements for jobs can be especially challenging. Even
though less reliable desktop PCs are dominant resource

Grids consists of diverse computingoviders of such systems, they are underutilized bethage

resources ranging from cheap and less available deskiiopnot exhibit qualities required by typical scientificdan
machines to highly available and high performance elsstbusiness applications targeting computational Grids. Our

and super computers.

One of the major challengesrésult in Section IV shows that the pricing mechanisms its
managing these diverse resources is how to meet users’ @o#ation

in controlling mismatches between QoS

requirements and rationally distribute resources at #@inges requirements from clients and what the market supplies.
time. If users’ QoS requirements are biased toward somén this paper we describehighly available job execution
specific properties, for example, all users want 99% bielia service (HA-JES) which dynamically and transparently
resources for their 24 hour jobs, then the resourceshwhiirtualizes underlying low-level computational resources t

meet those requirements can be over-utilized while tsteofe

meet imbalanced and unpredictable resource usage

them are idle and underutilized. This kind of imbalancedquirements. From the Grid user’s perspectives, HA-JES is
resource usage pattern is often found in many computatios@hne to ordinary job execution service; it takes a job

Grids.

description and requirements from the user and executes the

A market-based computational economy [6] has begib if it can meet the users requirements. From the
proposed for effective resource management, where po€ingrchitectural point of view, HA-JES is similar to resce
a resource and limited “money” of a user works as a fekdb@toker as it acts as a mediator between a user and Grid

to enforce users’ rational behavior. In market-bassduree
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resources. However, instead of merely brokering resources
which meet the user’s requirement, HA-JES actively
composes underlying underutilized low-quality resources to
Ryild a high quality resource satisfying the user’s requerém
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market-driven efficient way; underutilized and therefoheap
resources are exploited to build a high quality resource and



hence foster balanced resource usage. Even though tleere ahnother important issue in replication is to decide the
many different QoS properties, performance, relighilitdegree of redundancy [20]. In probability theory, the
security, etc., we focus on the reliability of a compiateal reliability analysis of a replicated job can be eaddye if the
resource because major concern in allocating a computatigrabability of each replica completing is known [18].
resource for a job execution is whether it will sucttéhs However, the problem of previous approaches in
complete without failure within a time bound. To inceeéise determining the degree of redundancy is that they do not
reliability of a virtualized resource, HA-JES replicajebs in consider the cost of having redundancy. Because epdibar
time and in space. The degree of replication and tie reakes up physical resource, the degree of redundancy should
resource selection process is determined by the market.  be controlled based on the overall resource usage sfatus
HA-JES is being implemented as an extensiofDGSA system and the value that the user gives on thatijobA-
basic execution servicOGSA-BES) [10] in the Genesis-lIl JES, unlike previous approaches, the degree of redundancy
Grid platform [1]. Before deploying in the active Grid, weletermined by the market state and values that the user put
tested the impact of HA-JES to the Grid market usiragn his job. If the system has abundant idle resourbes, &
simulation with various workloads. Our experiment showsgher redundancy may be affordable. But if resources ar
that HA-JES benefits all actors in the Grid market. élients, scarce, a user has to put more value on his job to geathe
HA-JES gives more choices in resource selection awes gilevel of resource quality. In HA-JES, this is all deteredi by
higher chance of successfully finding a resource satisfy supply and demand in the market.
their QoS requirements. For resource providers, more ) .
revenues are earned with otherwise wasted resources. Bn Economical Resource Allocation
finally for the Grid market as a whole, HA-JES in@esithe  Inspired by the efficiency and stability of real maske
computational capacity of the whole Grid and this inseel computational economy has been studied as a metapghor fo
capacity results in desirable market characteristich sisc effective management of computational resources [6]. In
price stability. market-based computational economy, unlike traditional
The rest of this paper is organized as follows. In 8edli approaches where resources allocation is driven byrayst
we place HA-JES in context by examining relevant work incgntric measures such as system utilization and throughput,
number of related areas. In Section IIl, we describeJBS in each subject of the economy tries to selfishly maxirthzsdr
detail. In Section IV, we present our simulation reswitgch  utility and this leads to globally desirable resourcecaltion.
quantify the benefits of HA-JES in Grid market. Finally i Several computational market models have been proposed

Section V, we conclude with summary and future work. for effective resource management, which includes Spawn
[19], Tycoon [14], G-commerce [4] and Nimrod-G [5].
Il. RELATED WORK Among them Spawn by Waldspurger et al. is one of the

The work of this paper is based on two distinctive bggrliest and most representative implementation  of
related fields; replicated task execution and economi€@mputational markets. In Spawn, resource allocation is

resource management. determined by a sealed-bid and second-price auction. An idl
) ) resource holds an auction for the CPU time slots andbigbts
A. Replicated Task Execution from clients. Their experiment shows that funding rares a

Replication as a tool for high reliability in computeeffective in achieving proportional-share resource atioo.
systems originates back to von Neumann’s work [16], whichThe work of Stonbreaker et al. [17] and Irwin et al. [12] ar
schedules redundant copies of the tasks to increase niwst similar to HA-JES where processing sites bids fo
probability of having at least one of them successfulsgrvicing client's requests. Stonbreaker et al. propased
completes. Since then, along with checkpointing and rofivarket-based distributed database system whose name is
back-recovery [15], replication has been extensively used ddariposa. In the system, each query is allocated a buddet a
primary tool for reliable task execution. this budget is used to buy a service and data fragments. A

Previous researches are mostly concerned with thr@ker holds an auction on behalf of clients and resource
management of replicas; how to make them have the sammers bid for servicing that request. Irwin et al. abered
state and how to manage the group of replicas. In ariva the task execution service market as in our study; the tas
that, HA-JES is quite free from such issues occurring $ervice sites make bid on client’s request of task executio
traditional replicated job execution environment. This both works, a contract is made between service prowider
mainly because the job execution service in HA-JES dbkents on QoS assurance and price through negotidifos.
idempotent. In HA-JES and job execution services basedsmnvice level negotiation and agreement procedure is an
OGSA-BES, the requirement of a job including input filegssential part in service oriented architecture [9]. BE&-also
required for execution is specified at the job submistime follows this service negotiation and agreement model.
and copied in before the execution and the results areccopi However, our approach is different from both Stonbreaker
out after successful job execution. During the job exenuti et al. and Irwin et al.’'s works because HA-JES dynaliyic
no interaction with outside entities is assumed. Thakes Virtualizes low-quality resources when demand from uaers
HA-JES idempotent and consistency between replicdifferent from what current market is able to supply. The
unnecessary. primary goal of our study is to investigate the effectigsnaf

HA-JES in computational market.



Despite the large body of work, there has been littidyst  Job requests are submitted by clients. The form of a reques
on how to meet the user’s QoS requirement when the yuaikt(l, d, p, r),wherel is the estimated job execution time which
distribution of available resources is quite differendnir is normalized to a canonical machimkis the deadlinep is

users’ quality requirements. maximum price, and is reliability requirement. This request
says, “I'd like to run a job whose estimated executiore tis|
IIl. HIGHLY AVAILABLE JOB EXECUTION SERVICE and should be finished by tinge And | want my job to be run

Because HA-JES exploits cheap and underutilizedlthe service site who guarantees the reliability with less
resources in computational service market, we firssiden than pricep”. This request can be submitted either to a service

our computational service market. site directly or to a broker. Once the job requestiisrstted
) and contract is established, then the client doesneetl to
A. Service Model stay on-line; it can check the job progress using a unique

In a computational service market, clients request jaentifier later.
execution on computing resources which are provided by th(?_| A-JES
service providers or resource owners. Both clientssandce
provider have choices; clients can choose a servicadero A HA-JES instance is a broker that selects computing
who executes a job reliably with the smallest charget aresources based on job requirements from the client. This
service providers can choose a client whose jobrmalkimize instance holds an auction and sends a bid requests tiplenul
its revenue. Both parties negotiate to reach an agmgeam job execution service sites by forwarding the client retjde
the price and QoS levels which both parties will adtere d, ). The maximum price is masked out from the original job
afterward. The major factors determining the successf@AUESt to encourage service sites to assess thegjeistand
establishment of contracts are the QoS level andribe. The reveal the true cost of job execution through bids. Tsteofi
price of using a service is determined by auction. Firstnst eligible service sites are obtained from anrmégion
client sends bid requests specifying job requirements ¢éava S€rvice. Upon receiving the bids from the servicessitHA-
eligible service provides. Service providers resportt wibid JES compares bids to find a service site that mbaetQbS
specifying the price that will be charged for the job Qus level with minimum price. However, in many cases the
level that it will assure and penalty on job faifurA client matching may not be successful because service sites wh
selects the service provider who assures best Qa$ & Mmeet the QoS level may demand a higher price thaolithet
lowest and affordable price. The negotiation process e can afford. Instead of rejecting the job request, HA-JBS m
supplemented by additional entities such as resource brolégigct multiple service sites whose suggested QoS lawels
and information services. The broker coordinates cliants Prices are less than client's requirement. After theues
service providers. The information service providegelection, jobs are replicated to these low quality emehp
information required for entities to make a decision. THesources until either aggregate QoS level or totstl isono
whole architecture of the computational service maiget less than the QoS level, and maximum cost from the client,

shown in Figure 1. p. The detail of this process follows in section Ill-The
— actual job allocation can be done by HA-JES itself othHwgy
\ help of other brokers.
oS

RO Service Sites
List of (most likely) @ . . . . -
] o Service sites execute a job that is requested from it clie

upon contract establishment. Upon receiving the bid réques

Bid request (length, deadline) . . oge
E s A the service site assesses the probability of meetireg

—— | HAJES E—— deadline and profit from executing the job. When itasnfd

Job(length, deadiine, ma
price, reliability)

Lt g, profitable to execute the job, then a bid is made td¢H#heES.
m We assume that service sites reveal true valuatioheofob
\ through the bid and do not play games to win the auction.

Service providers can vary from single desktop to cluster
computers. However, they provide the same service interfa
Figure 1. Computational service market. to clients and they are distinguishable only by Qo8l¢ethey

provide and resource attributes such as architecture types.

We (_-:'xplaln each components of computational service| ¢ mation Services
market in the next section.

Service sites

Information services [8] are core components in the Grid
B. Components of Computational Service Market infrastructure. They provide diverse information and
functionalities for Grid, which includes service discovery
resource  monitoring, and resource characterization.
Information services may support complex query interféaes
find resources satisfying constraints. In this study the

Clients

1 In this work, we assume that service site is not penbfreiob
failures. For more detailed discussion on the penagy/[E2].



information service simply provides a random listnofive After sorting the bids, target resources are selected by
service providers that are willing to accept a new job. iterating and adding the sorted bids one by one. Thatidar
i L continues until either the cost of using selected target

C. Replicated Job Execution in HA-JES resources are equal to or greater than available moneye

The most notable difference of HA-JES from ordinaryggregate probability to meet the deadline is equalrto o
resource brokers is that it dynamically and transparenglyeater than the reliability requirement from the cli¢hthe
replicates a job execution using underutilized resourdes. Belected group of resources can meet both price and Q&S le
three factors that determine the degree of replicationtt@d requirement, the job is replicated to the selected gafup
selection of service sites to run replicas are (1)phiee of resources.
resources, (2) client’'s QoS requirement, and (3) theuatrof

money that a client is willing to pay for the job. Ttesource
allocation algorithm in HA-JES is shown in Figure 2. ‘
On arrival of job requegt, d, p, r);
I;job length,d: deadlinep: maximum pricer: reliability q
1. get the list of candidate resources from an information
service
2. requests bids to candidate service sites by seifididgr) 30 dispateh
3. get bids(ps, ry) from service sites until time expirgs;: (a) replication in space
price,rs probability of meeting the deadline
4. sorts bids in the ascending orderfahc(p , rs)
5. iterate and add a resoursto target resource list until either L e
6. (3)Ep.>p —
7. (O1-I(1l-r) =1 E—
8. if 1-77(1- r;) ==, dispatch jobs to selected resources B
9. otherwise, notify submission failure to the client so0b deadine

submission

Figure 2. Algorithm for resource allocation in HES. L L
(b)replication in time and space

The basic idea behind the algorithm is thah ifesources
are required to achieve the same level of reliahifity single
resource, which is priceg, then the sum of the prices of ) ] ) o
resources should be at most equap.tdlote that this can not The possible problems with the above job replication
be true without HA-JES. Without HA-JES resourcedPproach, we call it replication-in-space-only here;afbathat
unqualified for the client's QoS requirement can not dé) @ user can be charged more than necessary if onerer m
utilized and its price would be much lower or virtuallyedr than expected number of replicas complete successfully, and
this situation continues for sometime. The low pricette (2) if the deadline is not imminent, this can incur uressary
underutilized resource should foster the active usage of figh resource utilization without further gain. The tfirs
resource. However, as we will see later in Sectiorhl¥/hay Problem depends on the charging policy; the client nray o
not be the case. may not be charged against the utilization of the resoiir

The first step of the resource allocation is to geshbifter the job does not complete successfully. In this paper, we
getting bids, the “best” resource should be found tottree @ssume a client is charged regardless of success oe faflu
QoS requirement and deadline with minimum cost. TH&e job. If charging policy is established so that only a
“best” resource can be either a single service sitegroup of successful completion is charged, then the line 6 of the
service sites if a single site can not meet the deaafideQoS algorithm should be changed ¢dps < (1-/{(1- 15))) = p,
level with the available money. We should note thadlifig instead ofX’ps= p; this implies higher redundancy is possible.
the best set of resources in this problem can be redad¥d The charging issue is out of scope of this paper. Foremor
knapsack problem, and the problem is well-known to be Nffetails on accounting and charging issue, readers are deferre
hard [7]. Therefore, instead of trying to find thestoset of to [3]. The second problem incurs when the deadlineoin
resources, we resort to find a possibly-best set @uress imminent. If the deadline is long enough to try a jgaia
using a greedy approach. when it fails, then redundancy in time is better in v

In our greedy approach, bids are sorted first in tip@int of effective resource utilization and cost mininizat
ascending order dtinc(p , rs) whereps is a price andrs is the HA-JES uses the combination of replication in time and
probability of meeting the deadline. The function dam space. If it is estimated that the deadline is far emdogdo
defined in different ways with the different preferencBse retries, then jobs are retried in sequence. When thé&jlsb
function is defined aps * (1-r)? in our study. By the sorting, during the execution or is not completed in the expected time
the bids are possibly enumerated in the order of théleshathen the job is restarted. When the deadline becomes
probability of missing the deadline with smallest price imminent the job is dispatched in parallel to multiple

resources. One disadvantage of this approach is that the

Figure 3. Replication strategies in HA-JB&xis shows the elapses of time
andy-axis shows the allocation of replicated jobs ®oreces.



auction must be held several times. When an auction ds héhe control policies. Note that the job arrival rateanges
HA-JES schedules the redundant executions based on dyramically based on how many jobs were successfully
optimistic view that currently available resource Iwile submitted in the past day; this is based on the assuntptibn
available in the next time, but this assumption dagsiold in  people are reluctant to submit their jobs overloaded Grid
many cases. HA-JES should hold a new auction to fisgstem because it will gives them very low probabibityob
currently available resources. We call this replicaitategy success.

as replication-in-time-space hereafter. The impddhaving Figure 5 shows other simulation parameters. Thehittia

different replication strategies is shown in Section IV. distribution of the resources follows bimodal distributi@me
mode represents highly reliable resources and the other
IV. SMULATION represents less reliable resources. The job lengthfallows

In order to evaluate the effectiveness of HA-JES bimodal distribution. One mode is for long jobs with the
computational service market, we have conducted a numbeawgrage of 12 hours and the other is for short jobs thigh
simulations which served to quantify its ability to mailse of average of 1 hours. In the simulation, the computational
idle resources, contribution on market stability, andltotservice market ran for 180 days. These simulation settings
capacity of the computing pool. In our experiment, thecluding the ratio of high vs. low quality resources, the
changes of the market status during 180 days with and withliability distributions of resources follow the raasource
HA-JES were observed and the results are shown irréFigcharacteristics which were found in our previous resource
6~Figure 12. The replication-in-space-only strategy wsexd monitoring study [11, 13].
as default. The impact of using different replicationtegis

is presented in Section IV-D. Parameter Value
] . ] total number of 720
A. Simulation Settings resources
The hardest part in the simulation of a computationglnumber of high 72 (10% of total resources)

service market is how to simulate the behavior oheaject qualitt)y re?(I)urce 648 (90% of total
of the market including clients and service sites. Thésibec n“”}. er ot low (90% of total resources)

buying and selling resources and setting the apptepria qualty resource : .
on buying 9 ; g the apprepris reliability of high time-to-fail follows Normal(30,5) days
price on it depends on human behavior and this is hard t‘auality resource

model and simulate. reliability of low time-to-fail follows Normal(1,0.3) days
quality resource
Resource price determination rules for resources job arrival rate controlled by the algorithm in Figure 4
1. If utilization for the past day is higher than threshg|g, to keep the Grid pool have 90% job
increase the price by nignh % _ success rate
2. If utilization for the past day is lower than threshi,, length of long jobs | Normal (12, 3) hours
decrease the price by % length of short jobs| Normal (1, 0.3) hours
Purchase price determination from clients . .
1. If job success rate for the past day is higher thasttbl@fygn, r?]tlotqf Ibong and 11
increase the price by (average price of past day)% short Jobs _ _ _
2. If job success rate for the past day is lower thasktwidpo, length of deadline h(l)\luorrsmal( 3* job length, job length)
i ) 20
decrease the price by (average price of past day)% simulation period 180 days

Workload determination
1. If job success rate for the past day is higher thastibleyp;g,,
increase the job submission rate by (average price of past da B. Resource Utilization and Market Capacity

§ high) %0 ; i o
2. Ifjogb success rate for the past day is lower thagstiwidyo,, fThz prqu_a Y dgloal of tfll_e HA-JES Is t?z fOSteL therfm ion k
decrease the job submission rate by (average price afigast orun erutilized low quality resources. Even though a mar et
£ ow)% is supposed to foste_r _the utlllzatlpn of those underutilized
resources through pricing mechanism, our result shows that
this can not happen without some mechanisms like HA-JES
that replicates in space and/or time. Figure 9 and Fitjire

show the utilization and its price respectively over 189sd

Figure 5. Simulation parameters.

3. If price for the past day is higher than threshdlgy, decrease
the job submission rate by (average price of past day)%

4. |If price for the past day is lower than threshéld,,, increase
the job submission rate by (average price of past days,)%

when HA-JES was not used. With the low utilizatiorguard
Figure 4. The control policies of the market eaitiThese rules are enforced3%, the price is getting lower and finally it is virtlyazero.

on every monitoring periods. However, this low price can not foster the utilizatiBoth the

In our simulation, the behaviour of each market entity iilization and price remains at low level during theirent
simulated by an agent who works on behalf of the enthg Texperiment. This is because even though the price igHew
decision of the agent is controlled by a few tunablécims. low quality resources still can not meet the quality
The market is monitored every day and each entity thies requirements from clients. On the contrary, the experime
control policy to control its behavior. Figure 4 sisogome of shows that HA-JES enables the utilization of these



underutilized low quality resources. With HA-JES, the
utilization of these low quality resources is almost 5if%o
average in Figure 11 and its average price is around 509.
Compare the price of low quality resources and high qualitg
resources. The price of high quality resources are drbb00
on average. This price ratio of low and high quality resesir
is very reasonable when we consider that HA-JES used 2.58
low quality resources on average to satisfy the quality
requirement while a single high quality resource can Itineet
requirement alone.

The utilization of low quality resources which would be
otherwise wasted, allows the increase of the total
computational capacity of the Grid pool. Figure 6 shoas h
many jobs were submitted each day during the experiment

e utilizatio

without HA-JES
with HA-JES
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Figure 9. Utilization of low quality resources.
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C. Market Stability

Another desirable effect that we expected from using HA-
JES was market stability. In real world market, thieeiof
resources can fluctuate easily if there are not enoughines
providers; they can easily control the market and tie mof
the resource. With the abundance of resource providers and



higher freedom of choice, this situation can be resobyethe
market.

Our experiment result conforms to our initial expectati®on az
shown in Figure 7 ~ Figure 12. In Figure 8, without HA-JESE
the purchasing price has higher deviation from equilibriung
and takes longer time to stabilize than with HA-JESthetit ~ §
HA-JES the overshoot is almost 1500 and takes 100 daysdo
get stabilized. However, with HA-JES, the overshoothisua
300 and reaches the price equilibrium in about 30 days. This
result is equally found in the selling price as showfigure
12.

D. Comparison Between Replication Strategies

The changes of the market status when HA-JES used
replication-in-time-space are shown in Figure 13 ~ Figlre 1 &

We can identify the computational capacity increased morg
than 30% compared to replication-in-space-only stratagy i§
Figure 13. In replication-in-time-space strategy, jobs aré
replicated on additional resource only if the current jol&
execution fails, therefore each job execution requires Ieg
resources. This reduced resource consumption per job resdits
in the surge of the total capacity. Note that evehefcapacity
is increased, the job success rate is same as tlheatigol-in-
space-only strategy.

We also found that the replication-in-time-space hasbett
market stability. Both the deviation from the equilibrizmd
time to stabilize is smaller than replication-in-spanéy
strategy. Especially the price of high quality resoursesore
stable than replication-in-space-only strategy oncehesac
equilibrium. We believe that this market stabilityuks from
the increased computational capacity as Figure 13. iShis
similar to what we saw in Section V-C where increase
capacity from using HA-JES made the market more stable.

In this experiment, we did not consider the cost of ngldi
an auction. If this is considered, then replication-in-tspace
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4000 WP ey e s elements. We will extend the BES activity document to
3500 With HAES contain a dependability document that specifies both the
_ 3000 “price” the user is willing to pay as well as the abliity they
5 2500 require. HA-JES will allow us to make those guarantees.
%; 2000
Y REFERENCES
g 1°% A . . .
2 o000 [1] http://vcgr.cs.virginia.edu/genesis|iGenesis |l project homepag#006.
/‘\/— [2] A. Anjomshoaa, F. Brisard, M. Dresher, D. Fally A. Ly, S. McGough,
s00 - D. Pulsipher and A. Savvalob Submission Description Language(JSDL)
PoY MM LSS SRS S S UOURE S S R Specification, Version 1,@pen Grid Forum, 2005.
20 40 60 80 100 120 140 160 180

[3] A. Beardsmore, K. Hartley, S. Hawkins, S. Laws,Magowan and A.
Twigg, GSAX:Grid Service Accounting ExtensioB&F, 2002.

Time (in days)

Figure 18. Price of low quality resources. [4] R. W. a. J. S. P. a. J. B. a. T. Bry@malyzing Market-Based Resource
Allocation Strategies for the Computational Gritht. J. High Perform.
000 T withaut HA-JES T Comput. Appl., 15 (2001), pp. 258-281.
3500 with HA-JES [5] R. Buyya, D. Abramson and J. Giddyjmrod/G: an architecture for a
N W resource management and schedulingsystem in a lgtamaputational grid

3000 / \/\ //\—\ ) The Fourth International Conference/Exhibition onighi Performance
2500 e \" /'\/. M y/ Computing in the Asia-Pacific Regic2000, pp. 283-289.

: / N b ’ e [6] R. Buyya, D. Abramson and S. Venugopdlhe Grid Economy

2000

; N A Proceedings of the IEEE, 93 (2005), pp. 698-714.

1500 - [7]1 T. H. Cormen, C. E. Leiserson, R. L. Rivest &\dStein,Introduction to
) Algorithms, Second EditioMIT Press, 2001.

[8] K. Czajkowski, S. Fitzgerald, |I. Foster and ®&esselman,Grid

Average price per day

1000

500 Information Services for Distributed Resource ShgiHPDC, San Francisco,
o CA, USA, 2001, pp. 181-194.
20 40 60 80 100 120 140 160 180 [9] I. Foster, C. Kesslman, J. Nick and S. Tuedkes Physiology of the Grid:
Time (in days) An Open Grid Services Architecture for Distribut&ystems Integration.
Figure 19. Price of high quality resources. Draft of 6/22/2002 _ ‘
[10] A. Grimshaw, S. Newhouse, D. Pulsipher andMargan, OGSA Basic
V. SUMMARY AND FUTURE WORK Execution Service Version 1Open Grid Forum, 2006.

) ) . o [11] H. Huang, J. F. Karpovic and A. S. GrimshawFeasibility Study of a

Job execution service has been the basic building blockypiual Storage System for Large Organizatiphst IEEE/ACM International
high throughput computing platforms such as Condor [13forkshop on Virtualization Technologies in Distriedi Computing (held in
Even though inexpensive and low-quality resources junction with SCOG)ampa, Florida, 2006. .

. . 1 D. E. Irwin, L. E. Grid and J. S. Chadalancing Risk and Reward in a
domman_t constituent  of those . platforms, they a rket-based Task Servic®roceedings of the 13th IEEE International
underutilized because they do not give enough guaranteess@hhosium on High Performance Distributed Compu@DC'04) 2004.
its quality. Economy-based markets are expected to ftster [13LW- Kanlg andIA- GrimshavFailure Predi;:tlign in COng%utation;I Ggg;

S i ; :40th Annual Simulation SymposiufBEE, Norfolk, USA, 7, pp. 275-282.
utilization of those underutilized low qual_lty resource vig . " Lai, L Rasmusson, E. Adar. S. Sorkin, lhavg and B. A, Huberman,
SuPpl)"anc_i'de_manC?' H_OWGVGI’, (_)ur experiment shows t oon: an Implementation of a Distributed, Markesed Resource
price has its limitation in controlling the supply-and-demangiocation SystegrHP-Labs, 2004.
in computational markets. This situation necessitdiedH#A- [15] M. Livny and J. RamanHigh Throughput Computing Resource
JES which fosters the balanced resource consumption ¥yagement he Grid: Blueprint for a New Computing Infrastrut

. . . . gan Faufmann, San Francisco, California, 1999.
dynamically E_md transparently replicating jobs to untiéred [16] J. v. Neumann,Probabilistic logics and the synthesis of reliable
and under-priced resources. organisms from unreliable components C. E. S. a. J. McCarthy, ed.,

Our experiment shows several benefits of having HA-JER8tomata Studiesrinceton University Press, 1956, pp. 43-98.
in the job execution service market. For clients, HA-giE@s [17] M. Stonbreaker, R. Devine, M. Kornacker, Wi, A. Pfeffer, A. Sah

. . . . . and C. Staelin,An economic paradigm for query processing and data
more choices in r(_aso_urce selection and gl_ves_ a hwce migration in Mariposa 3rd International Conference on Parallel and
of successfully finding a resource satisfying their QOSstributed Information Systems994, pp. 58-67.
requirements; for resource providers, more revenues RBEK. S. Trivedi,Probability and Statistics with Reliability, Queginand

m with otherwi Y r rces; and finallyGiuxd‘ Computer Science Applicatign®ohn Wiley and Sons, 2001.
eamed with otherwise wasted resou 1910 A. Waldspurger, T. Hogg, B. A. HubermanQl.Kephart and W. S.

marke_t as a whole, HA"]ES m_crgases the ComPUtatlobf% netta,Spawn: A Distributed Computational Econgniy)EE Tranactions

capacity of the whole Grid and this increased capaeguylts on Software Engineering, 18 (1992), pp. 103-117.

in desirable market characteristics such as price isyabil [20] F. Wang, R. Krithi and J. A. Stankovibetermining redundancy levels
We next plan to integrate HA-JES into the Genesid]ll [fcl);;ault tolggazntsgleal-ﬂme System&EEE Tranactions on Computers, 44

grid system being developed at the University of Virginié. 5). pp. 202-301.

HA-JES will be integrated into the Genesis Il impleragnh

of the OGSA Basic Execution Services (BES)[10] activity

factory. BES activity factories take activity docuneemts

parameters. Each activity document contains a JDSL [2]

document that describes the job (including optionally the

amount of time the job will consume). Activity docume

may also contain other sub-documents as extensibility



