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Abstract— Grids enable the sharing of resources and problem the system must provide incentives to agents to participate
solving in multi-organizational environments. The problem of in the given algorithm. The solution of these kinds of prob-
resource management in such systems Is very complex becaussfems comes from economics, more precisely frovechanism

the participants, resource owners and users, have their own . . . .
requirements and objectives that need to be considered when design theory{22]. The scope of this theory is to provide

making allocation decisions. To address this issue novel piocols t00ls and methods to design protocols for self interested
that take into account the self-interest and incentives of Hese agents. Of interest are the so calldategyproof mechanisms
participants need to be developed. These kinds of protocol® in which the participants maximize their own utilities only
which the.part|0|pants maximize their own utilities only if they if they report their true parameters and follow the given
report their true parameters and follow the rules are called - . . ;
strategyproof protocols. algorithm. In_ a mechamsm_each _part|C|pan_t_ has a privately
In this paper we propose AGORA, an architecture for strat- Known function calledvaluation which quantifies the agent
egyproof computing in grids and present several strategymof benefit or loss. Payments are designed and used to motivate
mechanisms for resource allocation that can be deployed ohis  the participants to report their true valuations. The golal o

architecture. . . . . each participant is to maximize the sum of her valuation and
Index Terms —mechanism design, grid computing, resource

management, strategyproof mechanism. payment. As an examplt_e consider several resource providers
that offer computer services. We assume that each resource
|. INTRODUCTION is characterized by its job processing rate. An allocation

Grid computing is a promising new technology that enablesechanism is strategyproof if a resource owner maximizes
the integration of several geographically distributedoreses her utility only by reporting the true resource processiatgr
such as computers, instruments, and data storage devimethe mechanism. The optimal utility is independent of the
into a coherent computing infrastructure. Several apfibca values reported by the other participating resource owners
in science, engineering and commerce benefited from us-The strategyproof computingparadigm proposed in [18]
ing the grid technologies [12]. Globus Toolkit [2], in useconsiders the self-interest and incentives of participant
at hundreds of sites worldwide, emerged as the standatidtributed computing systems. The core of a strategyproof
software infrastructure for grids. Globus Toolkit 3 (GT3) i system is an open market for mechanisms in which particgpant
an open source implementation of the Open Grid Servicean deploy locally strategyproof mechanisms. These kirids o
Infrastructure (OGSI) [24] compliant with the Open Gridnechanisms satisfy the incentive properties within thedal
Services Architecture (OGSA) [13], [14]. GT3 provides a&cope.
framework for defining a variety of portable services for In this paper we consider the strategyproof computing
resource management, data transfer, information disyamat paradigm in the context of grid computing. We develop an
security. architecture for strategyproof computing in grids. Theecor

Fundamental to the success of grid computing is thef this architecture is a set of local markets for mechanisms
resource management component which is responsible Tavo types of mechanisms can be deployed in a local market
resource discovery, selection, allocation and monittiora for mechanisms. The first type are the mechanisms deployed
[17]. One of the difficulties of developing efficient resoerc by users in which the participants are the resource owners.
allocation mechanisms in grids is the fact that the pariictp, The resource owners submit bids for jobs and according to
resource owners and users, have their own requirements #mese bids the user mechanism decides where a job or a
objectives that need to be considered when making allatatiget of jobs are sent for execution. The second type are the
decisions. These participants have no a-priori motivafmm mechanisms implemented by the resource owners. The users
cooperation and they are tempted to manipulate the resousodmit bids for computational units and according to these
allocation protocol if it is beneficial to do so. This behaviobids the resource mechanism decides what user will send jobs
may lead to poor system performance and inefficiency. Unliker execution. Each user participating in a resource meishan
the traditional protocols in distributed computing, thewne and respectively each resource owner participating in & use
protocols must deal with the possible manipulations. Alsmechanism has an associated broker. The broker is responsib



for mechanism discovery, mechanism selection, bid and jean be deployed on our architecture. In Section 4 we study
submission. by simulation one resource allocation mechanism. In Sectio
Related work 5 we draw conclusions and present future directions.
Applications of economic principles to resource managemen

in distributed computing have been investigated by several II. AGORA ARCHITECTURE

researchers [1], [6], [7], [8], [19], [25], [27]. In [25] an  Tne deployment of strategyproof resource allocation mecha
extendable architecture (GREED) that supports several efsms in grids involves the development of a suitable aechit
nomic models and enables the integration of these modglge The architecture should consider the existing grichi
into the existing Globus Toolkit is presented. Auctioningcture provided by the Globus technology and should pi@vi
based resource allocation is studied in [7]. Wolskial. [27]  services for mechanism deployment, discovery, validatiod
proposed a computational economy for controlling resoureg ification.
allocation in .grids and studied the efficiency of auctioning | this architecture grid users can choose to deploy their
and commodity market models. Abramsenal. [1] proposed o\yn mechanisms or to participate in a mechanism deployed
a service oriented grid computing system called Nimrod-@y 4rig service providers. Similarly grid service provideran
A comprehensive survey on economic models for resourgRoose to participate in a user mechanism or to deploy their
management can be found in [5]. _ own mechanisms. This gives more flexibility to the particifsa
Recently, several researchers considered the mechanigMyccommodate their requirements and expectations. The
design theory to solve several computational problems thgkchanisms are deployed in a Local Market for Mechanisms.
involve_ self interested agents. These problems inclyctwree By having multiple markets for mechanisms the system be-
allocation and task scheduling [20], [26], [27], routind #d  comes more scalable. This is necessary because in general th
multicast transmission [10]. Nisan and Ronen [21] were thfiocation mechanisms have a centralized structure thtt wi
first to consider the mechanism design problem in a compyst scale well when we increase the number of the participant
tational setting. They studied different types of mechasis \oreover, it will not be possible to deploy a single mechanis
for shortest path and job scheduling on unrelated machings, 5| the grid users.
They proposed a VCG(Vickrey-Clarke-Groves) mechanism for |, Figure 1 we present AGORA, an architecture for strat-

solving the shortest path in graphs where edges belongd@nroof computing in Grids. The main components of this
self interested agents and mechanisms for solving the tagknitecture are:

scheduling on unrelated machines. The VCG mechanism al-. Users and user brokers
lows arbitrary form for valuations and is restricted to attjee Grid service providers (éSP) and GSP brokers

functions defined by the sum of agents’ valuations. Archer an * Local arid mgrket for mechanisms (LMM) '

Tardos [3] derived a general framework for designing truthf * Validafci]on and certification authorit (VCA')

mechanisms for optimization problems where the privata dat * y '

of each agent is described by one real valued parameter TheiThere are two types of interactions between users and
method allows the design of strategyproof mechanisms fer digsource providers depending on who initiates the trading o
timization problems that have general objective functiand resources. In the first type Grid Service Providers requieist b
restricted form for valuations. Using this method they gasd from the users and select the winning users according to thei
strategyproof mechanisms for several problems in compufgfategyproof mechanism. In the second type User Brokers
science. In [4] the same authors investigated the frugality requests bids from the Grid Service Providers and select the
shortest path mechanisms. A strategyproof mechanism tR@viders according to a user mechanism. The first type of
gives the overall optimal solution for the static load baiag interactions is handled by Resource Mechanisms (RM) and
problem in distributed systems is proposed in [15]. &tgal. the second one by the User Mechanisms (UM).

[19] proposed a strategyproof system for dynamic resour
allocation in data staging. The results and the challendes
designing distributed mechanisms are surveyed in [11]. We present the components of AGORA that participate
Our contributions in the first type of interactions handled by the Resource
We develop AGORA, a grid computing architecture basddechanisms. These are User Brokers (UB), Grid Service
on the strategyproof computing paradigm. We present sevelraoviders (GSP), Local Market for Mechanisms (LMM) and
strategyproof mechanisms for resource allocation thathean Validation and Certification Authority (VCA). Each GSP p®st
deployed on our architecture. We define these mechanisiissmechanism on one of the Local Markets for Mechanisms.
and describe their properties in the context of AGORABefore these mechanisms can be used they need to be validated
We simulate and study the implementation of one resourasd certified by the validation and certification authority.
allocation mechanism on our architecture. 1) User broker (UB): The User Broker is responsible for
Organization mechanism discovery, mechanism analysis and selectidn, bi
The paper is structured as follows. In Section 2 we presesibmission, sending user jobs to resources, collecting the
AGORA, an architecture for strategyproof computing in grid results and providing the user with a uniform view of grid

In Section 3 we present and discuss several mechanisms tieaburces. There are four components of the user broker:

e : . .
ib Components involved in Resource Mechanisms
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T 3) Local Market for Mechanisms (LMM)it provides sup-
Completed jobs port for users and GSPs to deploy strategyproof mechanisms,
and enables the users and GSPs to find the right mechanism
that match their requirements and preferences. There are
two types of strategyproof mechanisms that are deployed
in LMM: user mechanisms (UM) and resource mechanisms
i i i (RM). LMM takes a request from a user or GSP specified in
¢ JO?’ Managemen_t Agenlt IS re_sponS|bIe f°f,“3‘?f |r_lter- an appropriate language and returns the type of mechanisms
action, Job_ creation, submlss!on and monitorization. {f.+ 5re requested. LMM must be provided by the grid
also coordinates the mechanism analysis and selectigh oy cture as a component of the grid middleware. LMM
resource discovery and the bidding process. When 15, 14 provide an interface and a language for specifyieg th

jobs complete ';] collects the results of tihe COmpm,gi'onrequests for mechanisms. User brokers and GSPs must submit
« Resource (Mechanism) Discovery Agehis responsible their requests for mechanisms expressed in this language.

for resource/mechanism discovery. It sends a request for4) validation and Certification Authority (VCA)it pro-

rgsources/mechamsms to the Local_ Market for Mechggjes the validation of the properties of the mechanismat(st
niSmSs. T_he Local Market fo_r Mechanisms sends back tl%%yproof, statistical). After a mechanism is validated bg t
|nformat.|on on the mechanlsms _that match the requ,eshuthority a certificate is issued for that mechanism. Thils wi
« Mechanism Analysis and Selection Agehis responsi- ;qify 1 the participants in the mechanism that the meisan
ble for analyzing the mechamsm information submnte% strategyproof. To maintain the validity of the certifiest
by the Local Market for Mechanisms. Based on the US§/ca myst check periodically the posted mechanisms for their
requirements and on t_he prpperhes of the_ meCh_an'sm%I:entive properties. The validation techniques are elucir
selects a mechanism in which the user will part'c'pate'maintaining the strategyproof property of the system. The

. Bi_d(_jing Agent:t is responsible for choo;ing ano_l ?Ub1ssues and challenges of mechanisms validation are explore
mitting the bid to the selected mechanism. If it is

successfu! bid the Job Control agent sends the_ user jobg, Figure 2 we present the protocol that implements the
for execution to the GSP that runs the mechanism.  jneractions among UB, LMM and GSP for a resource mecha-

2) Grid Service Providers (GSP)GSPs contribute their nism. The GSP designs a mechanism and posts the mechanism
resources to the Grid and charge the users for services. LMM. Once posted, the mechanism is validated and a
GSPs create strategyproof mechanisms that are posted oncéwtificate is issued by the VCA. UB submits a request for
Local Market for Mechanisms. The Mechanism Managememtechanism message to LMM containing the user’s require-
component is responsible for posting the GSP’s strate@fpranents described in a specific language. LMM replies to UB

Fig. 1. AGORA architecture.



with information about the mechanisms that match the raques ioati )
] ! - Applications
UB selects a mechanism, prepares and submits the bid. GSP )
collects all the bids from the participating users and ruves {"High—level Services )
mechanism to determine the winning users. After the winning
users are determined GSP sends success or reject messagesMPI-G | | CORBA R%Sr’g gl?e Bl‘Jrgi:ar
the users to inform them about the outcome of the mechanigm-
If UB receives a success message it sends its jobs to the GSP—— .
that run the mechanism. Jobs are executed and the results gfid Middleware
the computation are sent to the user.
GSl GRAM MDS VCA LMM

B. Components involved in User Mechanisms

AGORA allows the users to deploy their own allocatiopn _ _ )
mechanisms. Each user will post the mechanism on one of Local Services (Linux, Condor, LSF, etc.)

the Local Markets for Mechanisms. Similarly to the previous
type of interactions we have four components involved in a
user mechanism: User, GSP Broker, LMM and VCA. In this
section we present only the User and GSP Broker, the two
other components, LMM and VCA were already presented fh Set of low-level service components. The components of
the previous section. the toolkit are: the GT core, Grid Security Infrastructure
1) GSP Broker:lt is responsible for mechanism discovery{(GSl), Data Management, Resource Management (GRAM)
analysis and selection, bid submission, admission cqntr@nd Information Services (MDS). GRAM provides an APl and

resource scheduling and job execution. There are five cofprotocol for requesting and using resources.
ponents of the GSP broker. To provide support for strategyproof computing on the

« User Mechanism Discovery Agernit:is responsible for Globus framework two new modules are added, LMM and

handling the interaction with GSP and user mechanis}ﬁCA' LMM module provides a uniform interface and common

discovery. It sends requests for user mechanisms to l;ﬁré)tocols for mechanism deployment and discovery. VCA

LMM and receives the information about the suitablgmdu'e provides mechanisms validation and certification se

mechanisms in LMM. vices. Higher level services provided by the user broked an
« Mechanism Selection and Analysis Ageltitis respon-

GSP brokers are based on the services provided by LMM
sible for analyzing the user mechanisms informatio nd VCC in addition to the services provided by the existing
submitted by LMM. Based on this information and or lobus modules. In Figure 3 we show the integration of the
the GSP’s requirements it selects a user mechanism'}

Fig. 3. Integration into Globus framework

AW modules into the Globus framework.
which the GSP will participate.

IIl. STRATEGYPROOFMECHANISMS

Bidding Agent:lt is responsible for choosing and sub- | this section we introduce the main concepts of mech-

successful bid GSP will receive jobs for execution frofgyechanisms that can be deployed on AGORA.
the user that run the mechanism.

Admission Control Agenttt implements the admission”- Géneralities on mechanism design

control rules for accepting dynamically-arriving jobs. We limit our description to mechanism design problems
Resource Schedulerit is responsible for resourcefor one parameter agents. In this type of mechanism design
scheduling and allocation. When the jobs are completgdoblems each agent has some private data represented by a
it sends back the results of the computation. single real valued parameter [3]. In the following we define

2) User: The user runs the mechanism and decides wH#{ch problem. . _
resources will execute the jobs. The Job Management Agenf* Mechanism design problem for one parameter agents
is responsible for user interaction, job submission andltes characterized by:
collection. The Mechanism Management Agent coordinate§) A finite setA of allowed outputs. The output is a vector

the user mechanism, posts the mechanism, receives bids, run
the mechanisms and determines the winners. It also informs

the

sending success or reject messages.
The protocol that describes the interactions involved ierus
mechanisms is similar to the protocol presented in Figure 2.

C. Integration into Globus framework

Globus toolkit provides mechanisms and interfaces for the
design and deployment of higher level services based on

A(b) = (M (b), Aa(b), ..., A\n(b)), A(b) € A, computed
according to the agents’ bidb,= (b1, b, ...,b,). Here,

b; is the value (bid) reported by ageinto the mechanism.
Each agenti, (i = 1,...,n), has a privately known
parametet; called hertrue value Thevaluationof each
agent depends on the output and on her true value and is
denoted ad/;(t;, A(b)).

Each agent goal is to maximize hatility. The utility of
agentsi is U;(t;, b) = P;(b) + Vi(t;, A(b)), whereP; is

the payment handed by the mechanism to agent

participating GSPs of the result of the mechanism by

(ii)

(i)



(iv) The goal of the mechanism is to select an outpuhat The goal is to design a strategyproof mechanism that min-

optimizes a given cost functiog(t, A). imizes the overall expected response time of the system
Definition 3.1: (MechanismA mechanisnis characterized composed of thew GSPs. This involves finding an allocation
by two functions: algorithm and a payment scheme that minimizes the overall

expected response time according to the GSP bjdand

motivates all the GSPs to bid their true valugs For our

(b, bs,....b,) and returns an outpu € A. mechamsm we use th_e opt|_maI aIchauon algorithm (OPTIM)

(i) The payment functionP(b) = (Pi(b), Ps(b),... presentgd in [23]. Usnjg this algorithm and the meth_od pre-
’ 7 . sented in [3] we designed a strategyproof mechanism that

f(?)nélg)c)htr;zte%:/es the payment handed by the meChanISnr’rl1|nimizes the overall job execution time [15]. In the follmg

; we define the mechanism.
Notation: In the rest of the paper we denote by ; the I e . , .
vector of bids not including the bid of ageitThe vectorb Definition 3.4: (Minimum Execution Time Mechanisfie

is represented a ;. b;). Minimum Execution Time Mechanism is defined by the fol-

Definition 3.2: (Strategyproof mechanis#)mechanism is lO\,ng two funcjuons. ) . )
called strategyproofif for every agenti of type #; and for g) The allocation func_t|on_ given by the OPTIM algorithm.
every bidsb_; of the other agents, the agents utility is(i) The payment function is given by:
maximized when she declares her real typé.e. truth-telling o
is a dominant strategy). Pi(b—i,bi) = bidi(b—i, bi) + /b Ai(b—i, z)dz  (3)

A desirable property of a mechanism is that the utility of Zhis mechanism is a strategyproof mechanism that satisfées t
truthful agent is always non-negative. The agents hope fowaluntary participation condition. The proofs of the projes
profit by participating in the mechanism. of the mechanism are given in [15].

Definition 3.3: (Voluntary participation mechanisnijve Because the optimal algorithm assumes a central dispatcher
say that a mechanism satisfies theluntary participation the mechanism will be implemented in a centralized way as
conditionif U;(t;, (b_;,t;)) > 0 for every agent, true values part of the user code. In the following we present the prdtoco
t;, and other agents’ bids_; (i.e. truthful agents never incur that implements the minimum job execution time mechanism
a loss). (MJET).

(i) The output functionA(b) = (A;(b), A2(b), ..., Au(b)).
This function has as input the vector of agents’ bids:

B. User Mechanisms Protocol MJET:
After the mechanism is posted on LMM and it is vali-
dated, it is ready to receive bids from the GSPs. GSP
replies with bidb; to the mechanism.
1) After the user mechanism collects all the bids it does
the following:

1) Minimum Job Execution Time MechanisWe assume
that the user that runs the mechanism has a contiguous
sequence of jobs that need to be executed. The jobs are
generated by the user at the rdteEach GSPparticipating in
the mechanism is characterized by thee valuet; represented

by the inverse of its processing ratg, = . Only GSR 1.1. Computes the allocation using OPTIM algor?thm.
knowst;. The mechanism asks each G3® report its value 1.2. Computes the payments for each GSP using
b; (the inverse of its processing rate). The GSPs may not equation (3).

report the true value. After all the GSPs report their values 1.3. Sends?; to each GSP
the mechanism computes an output function (i.e. the loads 2) Each GSP receives its payment and evaluates its
assigned to computersh(b) = (A1(b), A2(b),..., Ax(b)), profit.
(> Ai(b) = @) according to the GSPs’ bids such that
the overall expected job execution time is minimized and GSPs will obtain the maximum profit only when they report
hands a paymenP;(b) to each GSP. All GSPs know thethe true value.
mechanism and the algorithm used to compute the outpu®) A mechanism with verificationNow we present an
function (allocation). allocation mechanism in which the payments are sent to the
GSR’s (i = 1,2,...,n) valuation is defined as: participating GSPs only after the jobs are executed. This
is a mechanism with verification and works as follows. It
Vi(ti, A(b)) = —tii(b) (@ first asks the GSPs to report their processing rates. Having
which is equivalent to GSR utilization. The greater the obtained these rates, the mechanism computes the allocatio

utilization, the smaller the valuation. We assume each G&pd allocates the jobs to GSPs. Because itis a mechanism with
wants to choose its strategy (what valyeo report) such that ver|f|cat|on the pa_yment_ to each GSP is computed and given
its utility is maximized. The utility for each GSP is definesl at0 it after the assigned jobs were executed. Here we assume

the payment received from the mechanism plus the valuatibift the processing rate with which the jobs were actually
determined by the number of jobs allocated to it: executed is known to the mechanism. Each GSP’s goal is to

report a value for its processing rate such that its utilgy i
Ui(ti, b) = P;(b) + Vi(ti, A(b)) (2) maximized. The mechanism must be designed such that the



GSPs maximize their utility only if they report the true vatu (i) The allocation function given by the PR algorithm.
of the processing rates and execute the jobs using their f@il) The payment function is given by:

processing capacity. Also, if each GSP reports its trueevalu o - -

and executes the jobs at the full capacity then the minimum Pi(b,t) = Ci(b, t) + Bi(b,t) (8)
total latency is obtained. where the functiorC; (b, t) = i;22(b) is called thecom-

We consider that a set of GSPs participate in the mech- pensatiorfunction for GSR; and the functio; (b, t) =
anism. We assume that each GSP is characterized by a load- 1, ;(x(b_;,b_;)) — L(x(b), (b_;,1;)) is called the

dependentatency function The latency function of GSHs bonusfor GSB. The functionL_;(x(b_;,b_;)) is the

linear onz; and has the following form: optimal latency when GSHs not used in the allocation.
o) — e Thus, the bonus for a GSP is equal to its contribution in
li(z;) = a;x; 4)

reducing the total latency.

wherex; is the arrival rate of jobs allocated to GS&hda;  This is a strategyproof mechanism with verification that
is a parameter inversely proportional to the processing ot satisfies the voluntary participation condition. We protteese
GSR. A small (big) a; characterizes a fast (slow) resourceproperties in [16]. An informal description of the centeald
In other wordsl;(z;) measures the time required to completgrotocol implementing the mechanism is as follows. The
one job at GSP mechanism collects the bids from each GSP, computes the

We assume that the user that runs the mechanism hasllacation using PR algorithm and allocates the jobs. Then i
large number of jobs that need to be executed. These jobs wtgits for the allocated jobs to be executed. In this waiting
generated by the user at the rdte A feasible allocation of period the mechanism estimates the actual job processiag ra

jobs to the participating GSPs is a vectot= (z1,22,...,%,) at each GSP and use it to determine the execution value
that satisfies two conditions: i;. After the allocated jobs are completed the mechanism

() Positivity: z; > 0 i=1,2,...,m; computes the payments and sends them to the GSPs. After
(i) Conservation) ! | z; = R; receiving the payment each GSP evaluates its utility.

The performance of the system composed of the participatipg r.source Mechanisms

GSPs is characterized by thetal latency )
1) Vickrey Auction: We assume that the GSP runs the

_ Ty — 2 mechanism (auction) and users have chosen to participate
L(x) = ;wzl’(%) B ;a’mi ®) in the mechanism. The users have several jobs ready for
execution. Useri (i = 1,2,...,n) has a private valuation
t; associated with the execution of her jobs. The mechanism
works as follows. Each user sends a bid to the GSP running
he mechanism expressing the amount she is willing to pay

her job execution at the GSP. The user who submits the
highest bid wins the auction and she submits her job to the
O8SP for execution. The winning user will pay the price equal
to the second highest bid submitted by the users. If there are
L ) more than one winning user, the winner is chosen at random
T = Z?jﬁ R i=12,....n ) from the highest bidding users.
=1 a The utility of useri has the following form:

Given the job arrival rateR at the system withn partic-
ipating GSPs, we want to find a feasible allocatien=
(21,2, ...,x,) that minimizes the total latencl(x).

The latency functions at each GSP are linear, thus t
allocation of jobs in proportion to the processing rate aftea
GSP gives the minimum total latency. The optimal allocati
is given by:

which gives the minimum value for the total latency: ) o
t; — by if user 7 wins

I* R’ @) Uilti, b) = { 0 otherwise ©)

n 1
Dok=1ar In the above equatiori, is the value of the second highest

We call the algorithm that computes this allocation the PBid and represents the payment given to the GSP by the user.
algorithm. The true value; corresponds to the parameter A participating user will maximize her utility only if she &
in the latency functiori;, which is inversely proportional to her true valuation. It is important to mention that the bids a
the processing rate of GEGRGSR may execute the jobs at asecret and the users who did not win the auction do not know
different rate from the rate reported. We denote the parameivho placed the highest bid and the value of the bid.
corresponding to this rate bg and call it execution value
We want a mechanism that obtains the optimal allocation and
forces the participants to reveal their true valagand follow In this section we study by simulation the resource allo-
the PR algorithm. In the following we define the mechanisation mechanism with verification (user mechanism). Due
with verification. to space limitations we consider only this mechanism for

Definition 3.5: (The allocation mechanism with verificaour simulation study. We designed a simulator that allows
tion) The mechanism with verification is defined by theis to execute resource allocation mechanisms on a simulated
following two functions: AGORA architecture. The simulated grid environment we

IV. EXPERIMENTAL RESULTS
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Fig. 4. Performance degradation.
Fig. 5. Payment and utility for GSP1.

consider consists of 16 GSPs, characterized by the paresnete R R

a; (proportional to the GSP’s processing rate) given in Table High2:(by > t; = t; t; = 1, by = 3, {1 = 1) In this

l. case GSP1 gets fewer jobs and the other GSPs are
overloaded. Here the increase is not as big as in

TABLE | Highl because GSP1 executes the jobs at its full
GSPPARAMETERS .
capacity.
High3:(by >, > t; t; = 1, by = 3, ; = 2) This case is
'Cr;ri: Al 1 1 213 2 516 '510 111'016 similar to High1 except that the execution on GSP1
) is faster. It can be seen that the total latency is less

than in the casélighl.

To study our mechanism we consider eight types of exper-High4:(t1 > b1 >t t1 = 1, by = 3, &, = 4) Similar to
iments depending on the bid and on the execution value of Highl, except that GSP1 executes the jobs slower,
GSP1. In all the experiments we assume that all the GSPs increasing the total latency. _
except GSP1 bid their true values and that their executiontOWXL (f1 =#1 > b1 #, =1, b = 0.5, #, = 1) GSP1 bids 2
values are the same as their true values. We classify these  times less than its true value, getting more jobs and
experiments in three main classes according to the bids of executing them at its full capacity. The increase in
GSP1 as followsTrue, whenb, = t¢;; High, whenb, > t;; total latency is not big, about 11%. _
andLow, whenb, < t,. We further divide these main classes LOWZ (f1 > t1 > by &1 = 1, by = 0.5, {1 = 2) In this
considering the execution value of GSP1. case GSP1 gets more jobs and executes them two

First, we consider the influence of false bids ¢ t,) on times slower. This overloading of GSP1 leads to a
the total latency. We assume that the job rate of one user is significant increase in the total latency (about 66%).
R = 20 jobs/sec. In Figure 4 we present the total latendyrom the results of these experiments, it can be observed tha
for the eight experiments. We now discuss the results of eaginall deviations from the true value and from the execution
experiment. value of only one GSP may lead to large values of the total

Truel (t; = t; = by = 1) All the GSPs report their true latency. We expect even larger increase if more than one

values. The execution value is equal to the true valyg@SP does not report its true value and does not use its full
for each GSP. As expected (from the theory) werocessing capacity. The necessity of a mechanism thatdorc
obtain the minimum value for the total latency. ( the participants to be truthful becomes vital in such situret
= 78.43). In Figure 5 we present the payment and utility of GSP1
True2(t; > t; = b, t; = 1, by = 1, t; = 3) The for each set of experiments. As expected, GSP1 obtains the
parameters are as ifruel except that GSP1 has ahighest utility in the experimenflruel, when it bids its
higher execution valug, > ¢,. This means GSP1 real value and uses its full processing capacity. In therothe
execution is slower increasing the total latency bgxperiments GSP1 is penalized for lying and the payment that
17%. it receives is lower than in the caseTuel The utility is also
Highl:(t;, = b, > t; t; = 1, by = 3, t; = 3) In this lower in these experiments. An interesting situation osdar
case GSP1 bids three times higher than its true valthee experiment.ow2 where the payment and utility of GSP1
and the execution value is equal to the bid. Becausee negative. This can be explained as follows. GSP1 bids two
GSP1 bids higher the other GSPs are overloaded thiraes less than its true value and the PR algorithm allocates
increasing the total latency. GSP1 gets fewer jobs amaore jobs to it. In addition, its execution valégis two times
executes them with a slower execution rate. higher thant;, that means the allocated jobs are executed two



times slower than in the experimefituel(whent, = t;).

[16] D. Grosu and A. T. Chronopoulos. A load balancing me@ranwith

More allocated jObS to GSP1 combined with a slow execution verification. InProc. of the 17th IEEE Intl. Parallel and Distributed

increases the total latendy. The total latency becomes greater
than the latency._; obtained when GSP1 is not used in thei7]
allocation (i.e.LL > L_;) and thus the bonus is negative. The
absolute value of the bonus is greater than the compensati
and from the definition of the payment it can be seen that the
payment given to GSP1 is negative.

We have proposed AGORA, an architecture for straté?’]
gyproof computing in grids that allows grid users and grid

V. CONCLUSION

service providers to deploy strategyproof mechanismsder r

source allocation. We showed how this architecture integra[
in the existing grid framework provided by the Globus totlki [22]
Examples of strategyproof mechanisms deployable on this
architecture were presented. Future work will address tiees]
implementation of AGORA and the development of suitable

techniques for mechanism validation.
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