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Abstract

In this paper we propose the double auction allocation
model for grids, and three double auction protocols for re-
source allocation: Preston-McAfee Double Auction Pro-
tocol (PMDA), Threshold Price Double Auction Protocol
(TPDA) and Continuous Double Auction Protocol (CDA).
We study these protocols in terms of economic efficiency and
system performance. The results show that CDA protocol is
better from both resource’s and user’s perspective providing
high resource utilization.

1. Introduction

Grid computing environments enable flexible, secure,
and coordinated resource sharing among dynamic collec-
tions of institutions distributed across the world called vir-
tual organizations [4]. These virtual organizations share a
diverse set of resources such as computers, storage, net-
works or sensors. In these settings where resources are geo-
graphically distributed and users and resource owners have
different objectives, the design of optimal resource alloca-
tion protocols is a challenging task. The resource manage-
ment protocols used in traditional computing systems can-
not be simply applied to these complex environments be-
cause they assume complete control over resources. Thus
we need new resource allocation protocols that take into
account the objectives of both users and resource owners.
A viable solution is to consider market-based resource al-
location protocols [2, 9] which are based on trading and
resource brokering policies between resource owners and
users. These protocols are suitable for grid environments
because of their decentralized structure and the use of in-
centives for resource owners to contribute resources.

There exists two categories of market based models that
are suitable for resource management in distributed sys-
tems. The first one is the commodities market model [2] in
which resource owners determine the price for their services
and charge users depending on the amount of resource they

consume. The second one is the auction model in which
each service provider and user acts independently and they
agree privately on the selling price. The advantage of us-
ing auctions for resource allocation is that they require lit-
tle global information, have decentralized structure and are
easy to implement. Depending on the type of interactions
between sellers and buyers auctions can be classified into
two classes. In one-sided auctions bids are submitted by
the grid users to a central auctioneer. The auctioneer de-
cides the winner based on different auction mechanisms.
Examples of one-sided auctions are: First-price auction (the
highest bidder wins and pays the amount he bid) and Vick-
rey auction (the highest bidder wins and pays an amount
equal to the second highest bid). In two-sided auctions,
also called double auctions, both users and resource own-
ers submit bids. To distinguish the bids we call ‘asks’ the
bids submitted by the resource owners. The selling price
and the users and the resource owners that trade are de-
cided by the central auctioneer according to different types
of double auction mechanisms. All the previous studies on
auction allocation considered only one type of auction (dou-
ble or Vickrey) and compared it with other economic-based
and conventional models. Therefore, in this paper we in-
vestigate several types of double auctions in terms of their
suitability in grid systems, economic efficiency and system
performance. We define the double auction model in which
resource owners provide services like computational power,
data storage, software or computer networks and users con-
sume services provided by resource owners.

Considering the double auction model we evaluate three
types of double auction allocation protocols: Preston-
McAfee Double Auction (PMDA) [7], Threshold Price Dou-
ble Auction (TPDA) [10] and Continuous Double Auction
(CDA). The most simple and reliable way to evaluate these
protocols is to perform experiments in a real grid environ-
ment. This approach suffers of some problems. One is
the difficulty to find a real grid environment which allows
changes and different configurations. Also the repeatabil-
ity of the results will be compromised due to the varying
nature of load on resources. The only suitable solution for



investigating the effectiveness of these resource allocation
protocols over a wide range of scenarios with reproducible
results is to consider simulations. Thus we developed a sim-
ulator which allows us to compare the three double auction
allocation protocols.

Related work. Several economic-based resource manage-
ment models for distributed systems have been investigated
in the past [1, 3, 5, 8, 9]. The authors of [2] provide
a comprehensive survey of economic models for resource
management in distributed systems. Resource allocation in
grids based on commodities markets and auctions was stud-
ied by Wolski et al. [9]. These two models were compared
in terms of price stability and market equilibrium. In [5] the
authors studied the continuous double auction as a resource
allocation mechanism.

Our contributions. The study in this paper is motivated
by the fact that previous work studied only one type of auc-
tion (double or second-price) and compared it with other
economic-based and conventional models without investi-
gating the suitability of different auction types for resource
allocation. In this paper we present the double auction allo-
cation model for grids, and three double auction protocols
for resource allocation: PMDA, TPDA and CDA. We study
them by simulation and analyze their suitability for grids
in terms of economic efficiency and system performance.
The results show that the CDA protocol is better from both
resource’s and user’s perspective providing high resource
utilization.

Organization. The paper is structured as follows. Section
2 presents the double auction allocation model. In Section
3 we describe the three double auction protocols. In Section
4 we give a brief description of our simulation environment.
Section 5 presents the experimental results obtained by sim-
ulating the double auction protocols. In Section 6 we draw
conclusions and present future research directions.

2. Double Auction Allocation Model

There are three main types of participants in the double
auction model (Figure 1): Grid Service Providers (GSP),
User Brokers (UB) and Local Markets for Auctions (LMA).
In the following we present each of these participants and
describe their role in the model and their characteristics.

User broker (UB): User Brokers helps users decide the ap-
propriate choice of resources and auction types. A User
Broker is associated with a User and it is responsible for
auction (resource) discovery, auction analysis and selec-
tion, bid submission, sending user jobs to resources, col-
lecting the results and providing the user with a uniform
view of grid resources. There are four component agents of
the user broker. The Job Management Agent is responsible
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Figure 1. Double Auction Allocation Model

for user interaction, job creation, submission and monitor-
ization. It also coordinates the auction analysis and selec-
tion, resource discovery and the bidding process. When the
jobs complete it collects the results of the computation. The
Resource (Auction) Discovery Agent is responsible for re-
source/auction discovery. The Auction Analysis and Selec-
tion Agent is responsible for analyzing the auction informa-
tion submitted by the Local Market for Auctions. Based on
the user requirements and on the properties of the auctions
it selects an auction in which the user will participate. The
Bidding Agent is responsible for choosing and submitting
the bid to the selected External Auctioneer (EA). If it is a
successful bid the Job Management Agent sends the user
jobs for execution to the corresponding GSP.

In our model we assume that there are � users,
��� ��� � � � � ��, each having a number of tasks ready to be
submitted for execution. User �� is characterized by three
parameters:

(i) Work (��): It is defined as the total amount of work in
millions of instructions for all the tasks of user ��.

(ii) Number of tasks (��): Represents the total number
of tasks of user ��.

(iii) Budget (��): It is defined as the maximum amount
of ‘grid dollars’ (G$) a user can pay to resources for execut-
ing their tasks. The payments given to GSPs must be within
the user budget.

The goal of the users is to finish their work at the earliest
time and to pay as little as possible out of their budgets. The
price paid is decided by the double auction protocols.

Grid Service Providers (GSP): GSPs own resources and
they contribute their resources to the Grid. User are charged



by the GSPs for services they provide. Each GSP decides
to participate in a double auction protocol run by an Exter-
nal Auctioneer (EA). Each GSP has an Auctioneer Agent
which is responsible for preparing the ask prices and send-
ing them to EA. It receives the result of the auction from EA
and once the users are decided it accepts jobs from these
users. It is also responsible for admission control and re-
source scheduling.

We consider that GSP� is responsible for resource ��’s
management (� � �� �� � � � � �). Each resource �� is charac-
terized by the following:

(i) Processing rate (	�): It is given in millions instruc-
tions per second (MIPS).

(ii) Reservation price (
�): It is defined as the minimum
price accepted by resource �� for one second of job execu-
tion.

(iii) Cost (��): Represents the cost incurred by �� for
one second of task execution.

(iv) Resource Profit (��): It is the profit gained by ��

by executing user tasks. It is defined as the total payment
given by the users for executing their tasks minus the total
cost. The payment is given in G$.

Local Market for Auctions (LMA): It provides support for
implementing and deploying double auction mechanisms,
and enables the users to find the right auctions that match
their requirements and preferences. It provides a set of Ex-
ternal Auctioneers (EA) which will be responsible for run-
ning different double auctions. LMA takes a request from
a user specified in an appropriate language and returns the
auctions that match the request. It also accepts ask prices
from GSPs in case some of them decided to participate in
one of the available double auctions.

3. Double Auction Allocation Protocols

Preston-McAfee Double Auction Protocol (PMDA). The
auction considered as the basis for this protocol is the dou-
ble auction developed by Preston and McAfee [7]. In this
type of auction the users submit bids and GSPs submit asks
to an External Auctioneer. The equilibrium price is deter-
mined by matching asks (starting from the lowest price to
the highest) with demand bids (starting from the highest
price to the lowest). This protocol is executed by EA which
is part of LMA. Once a set of GSPs decided to participate
in a double auction, EA posts the auction description on
LMA. We assume that only GSPs having resources of the
same type participate in one double auction protocol. We
also assume that the following users ���� ��� � � � � ��� de-
cided to participate in the double auction.

PMDA Protocol:
Phase I: Bidding

1. UB� , � � �� �� � � � ��, sends bid �� to EA.

2. for � � � to �, EA receives bid �� .

3. GSP�, � � �� �� � � � � �, sends ask �� to EA.

4. for � � � to �, EA receives ask ��.

Phase II: Completion

1. After EA collects all the bids ���� ��� � � � � ��� and all the
asks ���� ��� � � � � ���, it does the following:

1.1. Sorts bids in decreasing order and asks in increasing
order

����� � ����� � � � � � �����

����� � ����� � � � � � �����
where � and 	 are the permutations defining the

orders statistics above.

1.2. Finds 
 such that ����� � ����� and ������� �

�������.

1.3. Determines the trading price �.
� � �

�
�������� � ��������

1.4. If ����� � � � �����, notifies GSP����/UB����, � �
�� �� � � � � 
, that they can trade at price �.

1.5. If � � ����� or � � �����, notifies GSP����/UB����,
� � �� �� � � � � 
 � �, that they can trade. Each GSP
gets �����, and each UB pays �����.

1.6. Sends reject messages to GSPs and UBs that do not
trade.

2. UBs that trade send jobs to the corresponding GSPs and
GSPs execute them.

3. UBs send payments to the corresponding GSPs.

If the condition in (1.5) holds, GSP���� receives 
����
and UB���� pays �����, for � � �� �� � � � � � � �. As a result
of this trade there is a surplus of ������������
�����. We
assume here that this surplus is kept by EA which plays the
role of a budget balancer. We also assume that �������

is the lowest possible valuation of the users, 
������ is
the highest possible valuation of the resources and that
������� � 
������ holds.

Threshold Price Double Auction Protocol (TPDA). The
auction considered as the basis for this protocol is the dou-
ble auction developed by Yokoo et al. [10]. This protocol
takes into account the possibility of cheating by submitting
false-name bids. One example of cheating is when a GSP
may try to make profit by pretending to be a user (poten-
tial buyer) and submitting a false-name bid. The idea is to
use a threshold price � which is determined by EA without
knowing the evaluations of GSPs and users. This threshold
price will be used to control the number of trades and the
trading price. As in PMDA the users submit bids and GSPs
submit asks to an External Auctioneer. The trading price is
determined by matching asks (starting from the lowest price
to the highest) with demand bids (starting from the highest
price to the lowest) considering the threshold price. This
protocol is executed by EA which is part of LMA. Once a



set of GSPs decided to participate in a double auction, EA
posts the auction description on LMA. We assume that only
GSPs having resources of the same type participate in one
double auction protocol. We also assume that the following
users ���� ��� � � � � ��� decided to participate in the double
auction.

TPDA Protocol:
Phase I: Bidding (described in the PMDA protocol above)
Phase II: Completion

1. After EA collects all the bids ���� ��� � � � � ��� and all the
asks ���� ��� � � � � ���, it does the following:

1.1. Sorts bids in decreasing order and asks in increasing
order

����� � ����� � � � � � ����� � 
 �

������� � � � � � �����

����� � ����� � � � � � ����� � 
 �

������� � � � � � �����
where � and 	 are the permutations defining the

orders statistics above.

1.2. If � � �, it notifies GSP����/UB����, � � �� �� � � � � �,
that they can trade at price 
.

1.3. If � � �, it notifies GSP����/UB����, � � �� �� � � � � �,
that they can trade. Each UB that trade pays �������

and each GSP that trade gets 
. EA gets the surplus
amount of ��������� � 
�.

1.4. If � � �, it notifies GSP����/UB����, � � �� �� � � � � �,
that they can trade. Each UB that trade pays 
 and
each GSP that trade gets �������. EA gets the surplus
amount of ��
 � ��������.

1.6. Sends reject messages to GSPs and UBs that do not
trade.

2. UBs that trade send jobs to the corresponding GSPs and
GSPs execute them.

3. UBs send payments to the corresponding GSPs.

Continuous Double Auction Protocol (CDA). In CDA
there are no trading phases, at any time users and GSPs
can submit bids and asks to EA. EA maintains a lists of
the current bids and asks and matches two offers when the
bid is higher or equal to the lowest ask. The trade occurs
at the average of matching ask and bid prices. This proto-
col is executed by EA which is part of LMA. Once a set of
GSPs decided to participate in a CDA, EA posts the auction
description on LMA. We assume that only GSPs having re-
sources of the same type participate in CDA.

CDA Protocol:
EA maintains the sorted lists of current asks and bids:
����� � ����� � � � � � �����, 
 � �

����� � ����� � � � � � �����, � � �

where � and 	 are the permutations defining the orders
statistics above.

1. When EA receives a new bid �� from UB� it does the follow-
ing:

1.1. If �� � ����� then it notifies UB� and GSP���� that
they can trade at the price �

�
��� � ������.

1.2. If �� � ����� then no trade occurs and EA inserts ��
into the sorted list of current bids.

2. When EA receives a new ask �� from GSP� it does the fol-
lowing:

2.1. If �� � ����� then it notifies UB� and GSP���� that
they can trade at the price �

�
������ � ���.

2.2. If �� � ����� then no trade occurs and EA inserts ��
into the sorted list of current asks.

3. UBs that trade send jobs to the corresponding GSPs and
GSPs execute them.

4. UBs send payments to the corresponding GSPs.

4. Simulation Environment

In order to study the allocation protocols presented in the
previous section we developed a grid simulator using the
Mercatus toolkit [6]. The simulator facilitates the evalua-
tion of double auction resource allocation protocols in terms
of their economic efficiency by reporting user spending, re-
source cost and resource profit. It also allows the study of
system efficiency in terms of execution time and resource
utilization. We simulated a grid environment consisting of
fifteen resources shared by ten users. Table 1 shows the pa-
rameters of the users. The total work for a user is given
in millions of instructions and the budget is given in ‘grid
dollars’ (G$). Resources are divided into two groups based
on their processing rate. Table 2 shows the parameters of
the two groups of resources. Members indicate the number
of resources that belong to each group. In addition to the
three double auction protocols we simulated a Round-Robin
type protocol. We use Round-Robin as a reference for the
other protocols when we study the system utilization. In the
following we give a brief description of the Round-Robin
protocol (RR). In RR no pricing is involved. An arriving
task is matched with the next available resource that has the
reservation price equal to or less than the task budget.

User Total work Budget (G$) Number of tasks
0 4.2 100 4
1 6.5 150 4
2 3.0 180 5
3 4.0 100 3
4 4.25 100 5
5 5.9 140 5
6 4.0 100 6
7 5.0 160 7
8 4.6 200 4
9 3.1 140 5

Table 1. Users.



Group Members Processing rate (MIPS) Cost
0 6 50 400
1 9 100 800

Table 2. Resources.

5. Experimental Results

In this section we investigate by simulations the three
double auction protocols (PMDA, TPDA, CDA) and the
Round-Robin (RR) protocol. As PMDA, TPDA and CDA
involve payments we compare them in terms of profit
gained by the resources and the amount of G$ spent by
users. We also compare PMDA, TPDA, CDA and RR in
terms of resource utilization. All the simulations are run
for a network latency of ���� sec. and the results are ob-
tained as an average of five simulations. To fairly compare
the various protocols we use the same resource registration
sequence. Resource registration sequence is the order in
which the resources register themselves with the External
Auctioneer.

Resource profit. The resource profit is the difference be-
tween the payments received by a resource and the cost of
processing the assigned user tasks. Here we present the
profit as percentage of the cost. The resource profit helps
us to determine which auction protocol is better from re-
source’s perspective. Figure 2 shows the percentage profit
earned by each resource in PMDA, TPDA and CDA. We
observe a lot of variation in resource profits for different re-
sources in case of PMDA and TPDA. This does not hap-
pen in case of CDA where all the resources are treated
more fairly than compared to PMDA and TPDA. In case of
PMDA Resource 5 gains a very high profit because it wins
a task according to case (1.4) of PMDA, and the payment
given by users is high. Resource 7 also wins a task accord-
ing to case (1.4) of PMDA and hence has a high profit per-
centage. Resources which sometimes win tasks according
to case (1.4) and sometimes according to case (1.5) obtain
intermediate profit percentage. Resources which win tasks
according to case (1.5) of PMDA have the lowest profit per-
centage. PMDA protocol requires that there should be at
least two resources (according to case (1.5)) in order to
complete a trading phase, but sometimes it may happen
that there is no other resource available during consecutive
auction rounds and some resources gain a very low profit.
TPDA does not have such restriction and we observe that
resources do not gain a very low profit. One example is Re-
source 4 who gains a low profit percentage in case of PMDA
and high profit percentage in case of TPDA.

We can conclude that CDA and TPDA are more stable in
the sense that they provide a fair distribution of profit com-
pared to PMDA. PMDA exhibits large variations in terms
of profit across all the resources. Also TPDA provides the

Figure 2. Resource Profit

additional advantage of being robust to false name bids.

Resource utilization. Resource utilization is defined as the
percentage of time a resource is busy executing tasks with
respect to the total simulation time. Figure 3 shows the re-
source utilization of each resource in PMDA, TPDA, CDA
and RR. The number of messages exchanged between par-
ticipants is less in case of CDA and RR compared to TPDA
and PMDA thus the resource utilization is high in CDA
and RR compared to TPDA and PMDA. Some resources
may have low resource utilization in case of PMDA if dur-
ing some auction rounds no other resource is available as
PMDA protocol requires two resources to be available ac-
cording to case (1.5). Because such resources wait until
other resources become available, they have low utiliza-
tion. The processing power of a resource also affects the
resource utilization. Resources with high processing power
finish their tasks early and become available to serve other
tasks. So we can see that in general resources that belong
to Group 1 (R6 to R14) in average have higher resource uti-
lization compared to resources that belong to Group 0 (R0
to R5) for all protocols. Another reason that resources in
Group 0 do not obtain high utilization in case of CDA and
RR is that if a resource gets a big task in the beginning it
spends a big fraction of time in serving it and when it starts
with another task is not able to finish it before simulation
time limit. According to our simulation setup we disregard
the partial work done by a resource. In case of PMDA re-
sources 0 and 2 obtain a better utilization compared to CDA.
The reason is they received different tasks in case of CDA
and PMDA. We can conclude that in most of the cases CDA
exhibit a high utilization close to that of RR. CDA will be
a better choice for resources that want to fully utilize their
processing capabilities.

User’s spending. The budget spent by a user is defined as
the percentage of the budget a user spends with respect to



Figure 3. Resource Utilization

the original budget it had assigned at the start of the sim-
ulation. This accounting helps us determine which auc-
tion protocol is better from the user’s perspective. Figure
4 shows the percentage of budget spent by each user in
PMDA, TPDA and CDA. We see that User 1 spends zero
G$ in case of TPDA. This is because even though the User
1 had won resources none of the resources was able to fin-
ish the work before the simulation ended. The budget spent
in case of PMDA and TPDA is close but varies more from
one user to another. Whereas in case of CDA the budget
spent by different users do not vary much. In most of the
cases the budget spent in case of CDA is less than in case
of PMDA and TPDA. We can conclude that CDA is a better
choice from the user’s perspective.

6. Conclusion

In this paper we proposed the double auction alloca-
tion model for grids, and three double auction protocols for
resource allocation: Preston-McAfee Double Auction Pro-
tocol (PMDA), Threshold Price Double Auction Protocol
(TPDA) and Continuous Double Auction Protocol (CDA).
We developed a simulator for these protocols and studied
them in terms of economic efficiency and system perfor-
mance. We also compared their performance with the per-
formance of Round-Robin protocol. The results showed
that the Continuous Double Auction (CDA) protocol is bet-
ter from both resource’s and user’s perspective providing
high resource utilization. Future work include an extensive
simulation and the development of other auction based pro-
tocols for resource allocation in grids.
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