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ANALIZA REKOMPENSATY ZA ZASOBY GRIDOWE
W SRODOWISKU PRORYNKOWYM

ANALYSIS OF GRID RESOURCE COMPENSATION
IN MARKET-ORIENTED ENVIRONMENT

Ostatnio ideg prorynkowego zarzqdzania zasobami gridowymi proponuje sig jako sposob na uporanie sig z niedostatkiem
zasobow gridowych w systemach sieci typu grid. W srodowisku prorynkowym, uzytkownicy sieci grid powinni ptaci¢
wlascicielom zasobow pewnq sume pieniedzy za wykorzystane zasoby. Jednakze, nalezy pamigtaé, ze wiasciciele zasobow
nie tylko oferujq zasoby dla aplikacji gridowych, ale rowniez muszq rezygnowac z wykonania lokalnych zadan na rzecz
terminowego dostarczenia zasobow do wykonania zadania gridowego. Istnieje niewiele badan zajmujgcych si¢ prob-
lemem rekompensaty za utrateg korzysci z zadania lokalnego na zasobach gridowych. W zwiqzku z istnieniem tego prob-
lemu posiadacze zasobéw mogq nie chcie¢ przylgczaé sig do sieci gridowej, o ile nie otrzymajg pewnej rekompensaty.
W niniejszym artykule wyznaczono minimalng rekompensate, jakq uzytkownicy sieci gridowej winni placi¢ posiadaczom
zasobow. Obliczen dokonano w oparciu o analize oczekiwanego dochodu w odniesieniu do dwoch strategii szeregowania
zadan w zasobach gridowych oraz wykorzystujqc pojecie kosztu alternatywnego (opportunity cost). Aby zagwarantowaé
uczciwe warunki rynkowe, przedstawiono rowniez model zmiennej ceny (variable price model). Do obliczenia rekompen-
saty minimalnej wykorzystano podejscie oparte na symulacji Monte Carlo. Rekompensate minimalng wyznacza sig
kierujgc sig charakterystykami zasobu gridowego i terminem wykonania zadania gridowego. W oparciu o wyniki symu-
lacji, przeanalizowano czynniki wplywajgce na rekompensate minimalng wykorzystujgc przyklad numeryczny. Proponow-
any model cenowy moze sta¢ si¢ motywacjq dla posiadaczy zasobow przyciggajgc coraz wigcej zasobow internetowych
do uczestnictwa w sieciach gridowych.

Stowa kluczowe: Rekompensata za zasoby gridowe, koszt alternatywny, prorynkowy, symulacja
Monte Carlo.

Recently, market-oriented grid resource management has been proposed to cope with the scarceness of grid resources in
grid systems. In the market-oriented environment, grid users should pay resource owners a sum of money for resources
consumed. However, the contribution of resources owners is not only offering resources for grid applications, but also

for the loss of local task execution for the sake of grid task complement punctually. There is little research to address

the problem of compensation for opportunities lose of local task in grid resources. As a result, resource owners may be
reluctant to join the grid unless some compensation is paid. In this paper, based on the analysis of the expected income
of two priority strategies in grid resources, the minimal compensation which grid users should pay to resources owners
is determined using the concept of opportunity cost and a variable price model is presented to ensure a fair market envi-
ronment. To calculate minimal compensation, an evaluation approach based on Monte Carlo simulation is given and the
minimal compensation can be determined according to the characteristics of the grid resource and the deadline of the
grid task. Based on the simulation results, the influence factors of minimal compensation are studied using a numerical
example. The proposed price model can provide an incentive for resource owners and attract more and more resources in
the Internet to participate in the grid.

Keywords: Grid resource compensation, opportunity cost, market-oriented, Monte Carlo Simulation.

1. Introduction

Grid computing provides a service-oriented infrastructure
that leverages standardized protocols and services to enable
pervasive access to and coordinated sharing of geographically
distributed resources [6-8]. Large numbers of unoccupied re-
sources in the Internet can be collected in the grid framework to
tackle large-scale and difficult problems [10-13, 21] that would
be impossible to feasibly solve using the computing resources of
a single organization, such as climate modeling [5] and bioinfor-
matics [16]. Recently, many researchers endeavor to extend grid

technology from scientific computing into the commercial world
s0 as to provide necessary impetus for grid growth and funding.

However, there are still a lot of problems to be resolved in
the process of grid commercialization. With increasing popular-
ity and usage of grid applications, it has been observed frequently
in some grid projects that the demand for available grid resources
exceeds their supply [9, 17]. In such a situation, simply aiming
to minimize the waiting time and maximizing the grid service
reliability for users may make it worse [3, 15]. Furthermore, it
may be free for resource owners to contribute their computing
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resources to execute grid tasks. As a result, resource owners are
reluctant to participant in grid sharing and computing resources
in the grid become less and less as a result. To address this prob-
lem, the idea of market-oriented resource management was pro-
posed by researchers to ensure a fair environment for both grid
users and resource owners [3].

In a market-oriented grid environment, a competitive price-
setting mechanism is provided. It can offer an incentive to re-
source owners for contributing resources and motivate grid us-
ers to think about tradeoffs between grid service deadline and
computational cost according to their quality of service (QoS) re-
quirements [3] [20]. Recently, price-setting of grid resources has
attracted substantial attention from researchers. A simple pric-
ing scheme is a fixed price model. The Libra RMS [14] makes
a simple minimum cost computation for a submitted job. In other
Market-inspired systems such as Bellagio [1] and Mirage [4], the
fixed price model is still used for resources auctions. Although
it is much simpler, fixed price model does not work when the
users place QoS demands that vary with applications and time
[15]. Consequently, variable price models were proposed to ad-
dress those limitations. Zheng et al. [22] used a varying price
model to balance load among heavily-loaded and lightly-loaded
computers in grid computing. Stuer et al. [19] presented a pricing
scheme that responds to the dynamics of demand and supply in
the grid market. AuYoung et al. [2] used aggregate utility func-
tions in conjunction with individual utility functions for sets of
jobs. However, most variable price models pay great attention
to user’s utility, but neglect the characteristics of grid resources,
especially the opportunity loss of local tasks in grid resources.

In the grid, when a grid user asks for a grid application,
a deadline of the application is often specified. If the application
can not be completed in the given deadline, this grid application
will be claimed to be failed and the user will not pay the grid at
all. Thus, it demands grid resources to spend more time on grid
task execution so as to ensure grid task completed on schedule.
However, for grid resources, they engage in tasks coming not
only from the grid system but also from the local administrative
domain. Taking on too many grid tasks will lead to the opportu-
nity loss of local tasks. Therefore, it is necessary for grid users
to pay a sum of money not only for the resource consumed by
the user applications, but also for the compensation of the op-
portunity loss of local tasks. However, most price models fail to
take into consideration the compensation part of grid resources.
As aresult, resource owners will be unwilling to spend more time
and resource on grid task execution if the grid task has a time
limit. Therefore, the additional compensation is necessary.

In this paper, we focus on determining how much compensa-
tion grid users should pay resource owners at least if grid users’
task can be completed in a given deadline. The concept of op-
portunity cost in microeconomics [18] is used. Opportunity cost
plays an important part in decision-making of resource usages
where more than two uses for a resource exist and the resource
can be devoted to only one use at a time. Through the comparison
of opportunity costs, the resource use with the minimal opportu-
nity cost will be chosen by resource owners. Thus, if one use of
resource with higher opportunity cost is desired to be chosen, the
additional compensation should be paid, i.c., the minimal com-
pensation of resource use with non-minimum opportunity cost is
the difference between opportunity costs of this resource use and
its best alternative use.

To determine the minimal compensation, two resource usages
are modeled and the minimal compensation is expressed. How-
ever, it is difficult to compute an exact result with a deterministic
mathematical expression. Thus, a calculation approach based on
Monte Carlo simulation is proposed. Based on the analysis, a fair
price model is presented. A numerical example is given to show
that the resource price determined by the proposed model can
be variable with the deadline of grid tasks and the attributes of
grid resources. It can provide an incentive to resource owners
and attract more and more resources in the Internet to participate
in the grid.

This paper is organized as follows. The expected income
of two alternative resource usages, Local Task Priority (LTP)
and Local Task Priority under Grid Task Deadline (LTPD), are
analyzed and a price model is presented in Section 2. Section
3 presents a calculation approach to the determination of mini-
mum compensation based on Monte Carlo Simulation. Section 4
uses a numerical example to show the superiority of the proposed
price model. Section 5 concludes this paper and indicates some
directions for future study.

2. Compensation determination based on cost op-
portunity

For the sake of grid task complement in a given deadline, the
resource has to reject some arriving local tasks. It is necessary
to pay a sum of money to resource owners for the compensa-
tion of opportunity lose of local tasks. To determine the minimal
compensation, the opportunity costs of the resource usage con-
sidering grid task deadline and its best alternative one has to be
determined. In this section, we will firstly discuss the strategy
of Local Task Priority, which can bring the maximal income for
resource owners.

2.1. Local Task Priority

With the aim to obtain the maximal income from comput-
ing resources, resource owners strive for high resource utilization
rate, which corresponds to higher income. Therefore, when the
resources are not occupied by local tasks, a resource owner may
share his resource in grid system and additional income can be
obtained from grid task execution. When a local task arrives, grid
task execution is suspended and waits for the completion of the
local task, and then the grid task continues to be executed from
the point of suspension until the next local task comes or the grid
task is completed. This strategy of resource utilization, referred
to as Local Task Priority (LTP), does not care about the time limit
of grid task complement and can obtain the highest resource uti-
lization rate and bring the maximal income for resource owners.
Fig.1 gives an example of LTP given the required execution time
of grid task in the resource 7= 600 min. In Fig. 1, during the exe-
cution of grid task, there are three local tasks arriving at ¢, = 200
min, £,= 500 min, £,= 800 min. The total income of the resource
will be divided into two parts: the income from 600 min grid task
execution and the income from 400 min local task execution.

From Fig. 1, it can be seen that LTP can bring the maximal
income for resource owners. Therefore, LTP will be the first
choice of a resource owner. To achieve the expected income of
LTP, some basic assumptions are as follows:

(a) When a grid task is assigned to a resource, which is idle at the
initial time, the resource will execute the task immediately.
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Fig. 1. An example of LTP given t = 800 min

(b) There is no failure occurrence during the execution of the
grid task or the local task.

(c) The arrival process of local tasks can be modeled by a homo-
geneous Poisson process.

(d) The execution time series of local tasks are i.i.d. random va-
riables, each following the exponential distribution with the
same parameter u.

Denote by N(¥) the number of local tasks that have arrived in
the interval (0, £) and ¢ the cumulative time of grid task execution.
According to the assumption (c), {N(?), ¢ >0} is a homogeneous
Poisson process whose intensity can be represented by 2. For lo-
cal task execution, based on assumption (d), the execution time
series of local tasks {¥, i = 1,2,---} are i.i.d. random variables,
each following the exponential distribution with parameter .
Therefore, due to the independence of local task arrivals and the
execution of local tasks, the total execution time of local tasks
Y(¢) during the time # is a compound Poisson process with rate 4,
which can be written as

N(2)
Y=, 0]
i=l1

where {N(?), ¢ > 0} is a Poisson process with rate 4, and {Y, i =
1,2,--+} are i.i.d. random variables, each following the exponen-
tial distribution with parameter 4, which are also independent of
{N(9), t > 0}.

Given the required time of grid task z, which is the execution
time of grid task without any interruption in grid resource and
can be estimated according to the processing capability of the
grid resource and the computational complexity of the grid task,
Y(7) can be expressed by

N(7)
Y(r)= ), 2
i=1
Thus, the life time of grid task in the grid resource is
N(r)
T(r)=t+Y(r)=7+ Y ¥, 3)

n=1
According to the property of a compound Poisson process,
the mean value of 7{(z) can be obtained by

m(t)=t+m,(t)=c+E[N@)E[Y]=c+Az/p (4)
where m (7) and m.(7) are the mean values of 7(z) and ¥(z), re-
spectively.

Denote by p the fixed cost of the resource per unit time, ac-

cording to equation (4), given the required execution time of grid
task 7 using the resource, the expected income of LTP, L(7), is

L(z)=G(r)+C(r) = pr+ pAt/ p 5)

where G(7) and C (7) are the obtained income from the grid task
and the local task, respectively.

2.2. Local Task Priority under Grid Task Deadline

The basic assumption of LTP is that there is no limitation of
deadline for grid task execution. In reality, when a grid user asks
for a grid application, a deadline of the application is specified.
If the application can not be completed in a given time, this grid
application will be claimed to be failed and the user will not pay
the grid at all. Thus it is advisable for a resource owner to balance
the execution of local tasks and grid tasks, i.e., if the execution
of a coming local task will cause the failure of the grid task, the
gridresource will reject this local task and continue executing
the grid task. This strategy of resource utilization, referred to as
Local Task Priority under Grid Task Deadline (LTPD), can en-
sure the completion of the grid task on schedule, as well as obtain
comparative resource utilization. The diagram of grid task execu-
tion in grid resource is shown in Fig.2. Fig.3 gives an example of
LTPD given the same situation of Fig.1 and the deadline of grid
task D = 800 min. In Fig.3, when the first local task arrives at ¢,
= 200 min, the estimated execution time of the local task is 220
min. If the resource executes this local task, the grid task will
not be completed before D = 1000 min for 220 + 600 > 800 min.
Therefore, the resource will reject this local task and continue
executing the grid task. However, the second local task will be
executed for it has no impact on grid task complement.

Arrival of grid
task

Complement of local task Local task

execution

Y

\
Grid task Arrival of local task xceed deadling
execution of grid task ?
No
_ Reject the local
- task
Y
Complement
of grid task ?
Yes
A
End

Fig. 2. The process of grid task execution in LTPD

From Fig. 3, it can be seen that LTPD can obtain the maxi-
mal income under the constraint of grid task deadline. Compared
with LTP, it is known that the income of LTPD can be divided
into three parts. The first part is the income from grid task execu-
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Fig. 3. An example of LTPD given t = 600 min and D = 800 min

tion G(t), which is the same as LTP with the assumption that the
income of resource is only related to execution time. The second
part is the income from the local task during the grid task execu-
tion, represented by C,(7), e.g., the execution of local task L7 as
shown in Fig. 3. With the deadline of grid task, it is obvious that
the lifetime of the grid task in LTPD, e.g., 7, in Fig. 3, is smaller
than that in LTP, e.g., 7, in Fig. 1.

Moreover, during the time interval [T, 7'], some other local
tasks may arrive. Thus, the third part is the income from local
task execution in time interval [7,, T'], represented by C,(2), e.g.,
the execution of local task LT, as shown in Fig. 3. Consequently,
given the required execution time 7z and the deadline D of the grid
task, the income of the resource in LTPD, D(z), is

D(7) = G(r) + Ca(7) + G5(7) (6)

From Fig. 1 and Fig. 3, it can be seen that L(z) > D(t) for any
7. If we assume that there is no difference between the prices of
local tasks and grid tasks, the opportunity cost of LTPD is higher
than that of LTP. Thus, the resource owner will choose LTP with
no doubt and is not willing to execute grid tasks with a deadline
unless additional compensation will be paid. Thus it is reasonable
for the grid user to compensate the resource owner. In the next
subsection, the minimal compensation will be given and a price
model of grid resource is presented.

2.3.The minimal compensation

Opportunity cost plays an important part in the resource
owner's decision-making processes. Based on the analysis pre-
sented earlier, the opportunity costs of LTP and LTPD are dif-
ferent and resource owner will choose LTP which has a smaller
opportunity cost. To ensure grid task completion in a given time,
the grid owner should pay a sum of money as compensation to
the resource owner. According to equations (5) and (6), the mini-
mal compensation U(7) can be expressed as

U(z) = L(7) = D() = Ci(7) = C3(7) - G5(7) 0

where U(7) is the minimal compensation which can make the
opportunity costs of the two strategies equal and subsequently
ensure a fair environment in the grid resource market. Based on
the value of U(7), for a grid task with a required processing time
7, the price of grid resource will not be fixed and is determined
by the initial price p and the minimal compensation U(z), which
can be written as

P =1G(@)+U@))/7=p(+ A1) -[Co(1)+ Gz (8)

The above price model not only takes care of the deadline
demand of the grid task, but also gives compensation to the re-
source owner for opportunity loss of local tasks. Thus it is more
meaningful than other price models. However, to obtain the accu-
rate price of a grid resource is not easy. From equation (8), it can
be seen that U(7) is related to several random variables, e.g., the

arrival rate / and the execution rate . It is difficult to compute an
exact result with a deterministic mathematical expression. Thus,
a calculation approach based on Monte Carlo Simulation is given
in the following section.

3. Compensation Calculation Based on Monte Carlo
Simulation

To simplify the expression, denote by 7, and 7 the life times
of the grid task in LTP and LTPD, X, and X, the interval times of
the grid task execution in LTP and LTPD, Y, and Y, the execution
times of local tasks during the grid task execution, respectively.
Denote by i and & the numbers of local tasks which have been
completed during grid task execution in LTP and LTPD. Denote
by T out the total execution time of local tasks in the interval
[T,, T\]. Moreover, in LTPD, some local tasks have to be rejected
in favor of grid task completion in a given time. Thus, an index
o is defined. o has two possible values (1, 0): If o = 1, it means
that the coming local tasks will be rejected. If a = 0, it means
that grid task execution will be suspended and local tasks will
be executed.

Furthermore, since 7| > T,, LTPD can be embedded in the
process of LTP and an index f is defined to describe whether
the grid task is completed in LTPD or not, i.e., if # = 1, it means
that the grid task has been completed in LTPD and LTPD is fin-
ished. If = 0, it means that the grid task has not been completed.
When sum(X)) > z, it means that the grid task in LTP has been
completed and the simulation process ends. The detailed steps
are given below:

Step 1: Initialization

Fix the required time of grid task 7, grid task deadline D,
arrival rate of local task A, execution rate of local task u, and the
initial price of resource p. Initialize T,X,Y,T,X,7%,i, k, a,
P, T out and set all of them zero. Go to Step 2.

Step 2: Random number generation

Generate XF' randomly using the exponential distribution
with parameter A and /L randomly using the exponential distribu-
tion with parameter u. Judge the value of g, if =0, go to Step 3
otherwise go to Step 4.

Step 3: Execution process of LTP and LTPD

Compare sum(X,) + XF with 7. If sum(X)) + XF > 7, which
means that the grid task in LTPD has been completed before ar-
rival of the local task, set = 1, and update 7, and X, according to
a. If sum(X,) + XF < 7, update T, and X, according to o.. Compare
© +sum(Y)) + IL with D, if ¢ +sum(L,) + IL > D, which means
the coming local task will be rejected in LTPD, set a = 1. How-
ever, all of local tasks arriving during the execution of the grid
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task will be executed in LTP. If sum(X) + IL < 7, which means
that LTPD will not be finished when the local task execution is
completed in LTP, otherwise set = 1. Update 7, and X, in the
above two situations and go to Step 4. If 7 + sum(L,) + IL < D,
which means that local tasks will be executed in LTPD, set a = 0.
Update Y, and set k = k + 7, and then go to Step 4.

Step 4: Calculation of T_out

Compare sum(X,) + XF with z. If sum(X)) + XF' < z, the com-
ing local task will be executed in LTP. Update 7', X|, ¥, and set
i =i + 1. Meanwhile, decide whether LTPD has been finished
when the local task arrives. If it is true, record the execution
time of this local task and update 7 out, and then go to Step 2. If
sum(X,) + XF >z, update T,, G, and go to Step 5.

Step 5: Compensation calculation

Calculate p[sum(Y,) — sum(Y,) — T_out] and the compensa-
tion of one realization S, is obtained and then go to Step 6.

Step 6: Sample aggregation

Repeat the above process n times and n samples are obtained,
which is S = 8, S,, --,S,. Using U(z) = sum(S)/n, the expected
compensation of grid users is obtained.

4. Numerical Example

Suppose that =800 min, D =1000 min, A = 0.004, x = 0.01
and the initial price of grid resource is 1, i.e., p = 1 $/min. The
size of samples is 10000, i.e., n» = 10000. Based on the Monte
Carlo simulation introduced in Section 3, the expected compen-
sation is obtained as 159.2077 $, which means that the grid user
should pay at least $(800+159.2077) to the resource owner for
a grid task completed in a given time D = 1000 min. According to
equation (8), the price of grid resource should be 1.1990 $/min.

Furthermore, according to equation (7), grid compensation is
arandom variable, which is related to some certain factors. Thus,
it is reasonable to study the influence of those factors on the mini-
mal compensation. Firstly, the influence analysis of the required
time of grid task 7 on the minimal compensation is given. A vari-
able M, referred to as time margin, is defined first, which de-
scribes the demanded margin of grid task completion. M can be
obtained by M = (D-t)/z. Given A = 0.004 and = 0.01, the curve
of the minimal compensation with respect to the required time of
grid task 7 is shown in Fig. 4, in which M = 0.3 and the number of
samples n = 10000. It can be seen that the minimal compensation
increases roughly linearly with the increase of the required time
of grid task z when it is greater than 800 minutes.

Deadline is the main measurement of QoS of a grid task and
it is obvious that the bigger the time margin is, the larger the min-
imal compensation is. Given 4= 0.004, = 0.01, and 7= 800 min,
the curve of minimal compensation with respect to deadline D is
shown in Fig. 5, in which the range of D is [800, 2000]. In Fig. 5,
the minimal compensation decreases as the deadline D increases.
Especially, when D > 3 7, the minimal compensation tends to 0.
It should be noted that when D = t, the resource will reject all the
arrival local tasks so that the grid task can be completed in time.
Thus, the strategy of LTP becomes the grid task priority strategy
and C,(7) = 0 in this case.

The arrival rate of local task A describes the degree of busy-
ness of the grid resource. Given 7= 800 min, D = 1000 min and x

&
=1

L

Minimal Compensation
ra
]
38

m
=
T

100

0r

0

) . | ) | . | | .
0 200 400 600 800 1000 1200 1400 1600 1600 2000
7 (min)

Fig. 4. The curve of the minimal compensation with respect to t when
M=0.3

2
i}
=

Minimal Compensation
r
=]
T
¥
L

m
=]
L

100 -

a0

wam”w
g w s . L]
500 1000 1200 1400 1600 1200 2000

D (min)

Fig. 5. The curve of the minimal compensation with respect to D

=0.01, the curve of the minimal compensation with respect to the
arrival rate A of local task is shown in Fig. 6, in which the range
of 215 [0.001, 0.2]. It can be seen that with the increase of local
tasks’ arrival rate, if grid tasks must be completed in a given time,
the resource will reject more local tasks and U(z) will increase
with respect to 4. When 4 is large enough, the influence degree
of 4 on U(r) becomes weak and U(7) tends to be a fixed value, as
shown in Fig. 6.

Finally, the influence of local task execution rate x on the
minimal compensation is studied. For a coming local task,
whether to reject it or execute it depends on the required time
of the local task. Thus, it is reasonable to study the influence of
4 on the minimal compensation. Given T = 800, D =1000, A =
0.004, the curve of the minimal compensation with respect to
local task execution rate 4 is shown in Fig. 7, in which the range
of 1 1s [0.0001, 0.1]. In Fig. 7, with respect to the increasing of
I, it can be seen that the minimal compensation decreases and
tends to O finally.

5. Conclusion

Resource compensation is essential to the grid system to en-
sure a fair environment for both grid users and resource owners,
especially in the trend of grid commercialization. According to
the characteristics of resources and the demand of grid tasks, grid
users give a sum of money as compensation for the grid resource,
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which can provide resource owners an incentive to participate in
grid sharing and help the grid system to make a reasonable price
for grid resources. Meanwhile, it motivates grid users to think
about tradeoffs between grid service deadline and computational
cost according to their QoS requirements. In this paper, a calcula-
tion approach for minimal compensation based on Monte Carlo
simulation is presented and the influence analysis of several fac-
tors on the minimal compensation is given. However, resource
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compensation is related to many random variables and it is diffi-
cult to be determined by an exact expression. The proposed cal-
culation approach based on Monte Carlo simulation is still time-
consuming. Furthermore, the exponential distribution is used
in the paper. In reality, some other distributions may be more
appropriate, which will make the process of grid task execution
more complex. Thus, yet more in-depth research is needed and
we shall address these issues in our future research.
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