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Resource allocation involves assigning the resources to the resource users. Where the 
resources and the resource users do not change with time, the resource allocation 
problem can be solved as a scheduling problem. Where the resources and the resource 
users change with time then some different allocation mechanisms are needed. In this 
paper an environment is considered in which the resources emerge and the resource 
requests also emerge unpredictably as time goes. The resources emerge with different 
capacities and in the same way the resource requests also emerge from the users with 
different demands as time goes. In this dynamic environment the resource allocation 
performance of the first price sealed bid and the Vickrey auctions are explored and 
compared. The system allocation performance is measured using the number of 
the emerging resource provisions and the resource requests that get matched. The 
simulation results show that there is no performance difference between the two 
mechanisms apart from the fact that the Auctioneer’s earnings are higher for the first 
price sealed bid auction.

1. Introduction 
Resource allocation is the process of assigning the resources to the resource users. 
In a static environment the number of the resources and the number of the 
resource users do not change. The resource allocation problem can, therefore, be 
solved as a scheduling problem. The resources can, however, change with time in 
different ways. The resource capacities can be changing with time. The resources 
can also change by being available at different times with different capacities.  
Consider a situation in which there are three computers each with the different 
types of packages that are used through online access by some ten people in a 
small organization. At any moment there may be a number of requests for the 
packages. If there are only three requests then there may be no problem as the 
requests can be immediately satisfied if no additional conditions are imposed. At 
some other time there could be, say, five requests. This requires making a decision 
on whom to allocate the computers immediately and who should wait. With time 
the number of requests change and the number of computers may also change. 
This is a dynamic resource allocation scenario. The computers are the resources 
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and the workers are the resource users. This paper presents an exploration of 
the performance of the allocation process when it is managed by the first price 
sealed bid, or the Vickrey auctions.  It is assumed that the resources do not fail 
and a resource user is not transferred from one resource to another for the sake of 
continuity (i.e. no pre-emption).  

Auctions involve buying and selling items by offering them for bids, handling 
the bids, and then allocating the item to the one whose bid is the highest. The 
goods change hands from the auctioneers who manage the bids and represent the 
resource owners to the bidders who represent the resource consumers. The first 
price sealed bid auctions are those in which the proposed bids are private in that 
the participants do not see each other’s bids. The highest bidder is allocated the 
item and that bidder pays the amount that was in the bid. The Vickrey auctions 
are also private but the highest bidder gets the item but pays the amount that 
was proposed by the second highest bidder [Wooldrige 2002]. Grid computers are 
virtual computers that are constructed out of flexible, secure, coordinated resource 
sharing among dynamic collections of individuals, institutions and resources 
[Forster et al. 2001]. Although they involve many computing elements that are on 
the network their individual users think that they are each using a single computer. 
Pre-emption is a notion that is used to describe a situation where a job that is being 
executed is interrupted and continued at a later time on the same or a different 
machine. The job may also simply be transferred from one machine to another. 
Schedules are plans for performing work or achieving an objective, specifying the 
order and allotted time for each activity; or a program of events or appointments 
expected in a given time [Houghton 2000].  Agents are autonomous entities in 
the environment that can sense and react to the environmental changes.  Multi-
agent systems are those systems that are made up of several agents [Wooldrige et 
al. 2000]. 

Scheduling has been identified as one of the grid computing challenging issues 
[Buyya 2002]. Foster et al. [2001] also identify resource sharing as important 
activity in grid computing. The resources should be assigned to users so that the 
users can work smoothly and harmoniously. In this paper the dynamic resource 
allocation process is considered. The resources and the users emerge and leave 
on their own in an unpredictable manner as time goes on. This is the basis of 
the dynamism.  The grid computing problem can be structured as consisting 
of two sets one set consists of the resource users and another set consists of the 
resource providers requiring matching dynamically. Section 3 gives more details 
on this problem. This paper reports the use of the auction-based techniques for 
the dynamic resource allocation of the resources in a simplified environment.  The 
dynamism is retained but pre-emption and resource failures are not allowed. The 
performance measurements are based on the time that the users and the resources 
take before they are served. Ideally a user wants to get a resource immediately 
while a resource seeks to be utilized immediately.
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This paper continues with a presentation of the simplified resource allocation 
model and then gives the outline of the allocation algorithm. Related work is 
considered and the experimental set up is outlined. The summarized results are 
given, and discussed, and finally the conclusion is made with further areas of 
research pointed out.

2. The Resource Allocation Model
In this section the auction-based allocation model and an outline of the allocation 
algorithm are presented. The resource allocation model that is investigated and 
is reported in this paper is a simplified version of an agent-based grid scheduling 
model of Opiyo et al. [2007]. In that model, the auctioneer, bank, registrar and 
service agents manage the resource allocation process as resource agents offer their 
facilities while the user agents make the requests for the resources. The simplified 
model that is used in this paper is found in Figure 1. 

 Fig. 1: Auction-based resource allocation framework

 

The core of the resource allocation algorithm is as follows: 
WHILE (the system is running)
Form a list of resource users and providers as they emerge
At some pre-determined time intervals {
For each resource compile a list of eligible users
Allocate the resource to most eligible user using auction (sealed bid/Vickrey)
Remove scheduled resources and users from their respective lists
Note important statistics
Release the current allocation schedule
        }
ENDWHILE

3. Related Work
In this section the scheduling problem as related to the grid computing context 
is outlined. The way this problem has been approached is considered.  The grid 
computing resource allocation problem can be stated in the same way as the 
general scheduling problem. Consider the set of user tasks {T1, T�, T�,,,,….,, Tn} 
and a set of resources {R1, R�, R�,,,,….,, Rm}. The problem is to find a way to 
assign resources to the tasks such that some objectives are optimized.  In grid 
computing, however, due to the dynamism, uncertainties, wide distribution 
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and resource autonomies the optimization factor is not pursued much. The grid 
computing problem has been approached using the techniques that are economic 
on the one hand and non-economic on the other [Buyya 2000]. The economic 
approaches use commodity market-based and auction-based techniques [Buyya 
2000; Ferguson et al. 1999; Rajkumar et al. 1997; Wolski et al. 2000; Buyya et 
al. 2005]. The commodity-based approaches involve buyers and sellers where the 
prices are publicly agreed upon and may be demand driven. The auction-based 
methods involve the auctioneers and the bidders. The allocations are done by the 
auctioneer awarding the resources to the most qualified bidders according the rules 
of the respective auctions. The non-economic approaches to solving the resource 
allocation problem are responsible for the early grid computing platforms such as 
Condor. These non-economic allocation methods rely on scheduling techniques 
that emerged out of distributed operating systems [Berman et al. 2003c; Zoltan 
and Lazlo 1999; Ammar et al. 1999; Gabrielle et al. 2001; Cao et al. 2001; Tomasz 
et al. 2003; Walfredo et al. 2004; Adnan 2004; Bucur 2004]. These researchers 
were mostly concerned with delivering complete grid computing architectures 
using various scheduling techniques that are based on queues, service discovery or 
brokering. A non-economic approach that is close to this work is that of Getao 
and Opiyo [Getao and Opiyo 2007], in which data structures are used in managing 
the resource allocations process. This paper presents the work that differs from 
the other previous work in that the auction-based approach is used in the resource 
allocation. The focus in this paper is on the performance related issues that would 
arise in the grid computing context. The rate at which the emerging resource 
requests and resource offers are matched by the dynamic allocation mechanism 
is the performance matter that is being investigated. The other previous auction-
based work has concentrated on the allocation of particular commodities such 
as the bandwidth but not concerned with the grid computing [Rosu et al. 1997; 
Ramanathan et al. 1999; Chandra et al. 2002; Ghosh et al. 2004; Georgiadis et al. 
2006]. The other previous work involving auctions has also been concerned with 
the centralization and the decentralization issues. It has involved investigating the 
nature of the auction mechanisms that are strategy-proof and encourage truthful 
revelations [Nisan & Ronen 1999; Nisan & Ronen 2000]. The pioneering work of 
Chunlin and Layuan [2008] concentrates more on the layered modeling of global 
optimization in grid computing with focus on the quality of service.

4. The Experiment and the Results
The objective is to investigate rate at which the resource users and the resource 
providers are matched by the system’s dynamic allocation mechanism as they 
emerge. Some questions are used to guide the investigation. When a user is looking 
for a resource how long would the user wait before the resource request is met? 
Similarly, how long does it take a resource that has been availed for use before it 
begins to be used? What is the overall waiting time for the system? What does the 
auctioneer gain?  The variables whose values are recorded include user efficiency, 
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resource efficiency, overall efficiency, user waiting time efficiency, resource 
waiting time efficiency and auctioneer’s efficiency. The user efficiency is the ratio 
of the total users whose requests are met to the total number of users expressed 
as a percentage.  The resource efficiency is the ratio of the total resource providers 
whose offers are utilized to the total number of resource providers expressed 
as a percentage. The overall efficiency is the ratio of the total resource users and 
providers whose needs are met to the total number of users and providers expressed 
as a percentage. This variable acts as the systems performance metric. The user’s 
waiting time efficiency is computed as: (Total Length of Time - Cumulative Waiting 
Time for Users)*100/Total Length of Time. The resource provider’s waiting time 
efficiency is computed as: (Total Length of Time - Cumulative Waiting Time for 
Resources)*100/Total Length of Time. The auctioneer’s efficiency is computed as the 
ratio of total amount earned to potential amount that can be earned expressed as 
a percentage.

The average values were obtained from all the sessions beginning with 10,000 
rounds to 100,000 rounds for each dynamic allocation mechanism. The first price 
sealed bid auction allocation mechanism yielded the efficiencies above 85% for 
the user, resource, system, user waiting and resource waiting.  The auctioneer 
efficiency was 100%.  The Vickrey auction allocation mechanism yielded the 
efficiencies above 83% for the user, resource, system, user waiting and resource 
waiting.  The auctioneer efficiency was about 70%. Figure 2 gives a comparison of 
the performances.

Fig. 2:  Comparing performances of the auction mechanisms
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Legend: User Eff – User Efficiency; Res. Eff- Resource Efficiency; Ove. Effi – Overall Efficiency; UWaitEff – user 
waiting efficiency; RWaitEff – Resource waiting efficiency; Auc. Eff – Auctioneer Efficiency

5. Discussion
The resource users are cleared at an efficiency rate above 83%. The resource 
provider’s efficiency is above 95% for both mechanisms. The non attainment of 



Dynamic Resource Allocation     �� �� Computer Science Dynamic Resource Allocation     �� �� Computer Science

100% is explained by the fact that there will be some requests or offers that cannot 
be met. Some of the resources may not be used due to the non availability of the 
suitable resource users. Sometimes some resource users are always bidding lower 
than the other competing users. The overall performance in both cases is over 80%. 
In both mechanisms the mean waiting time efficiencies are above 95% that means 
that the emerging resource requests and resource offers do not wait for a long time 
before their needs are met. This is an indication of the potential that exists in the 
use of the auction-based allocation mechanisms in a dynamic environment such as 
the grid computing.

Figure 2 shows how the performances of the two mechanisms compare. The 
percentage difference between the corresponding values of the performance 
measurements are below 3 % except for the auctioneer’s earning efficiency. The 
auctioneer’s earning is more for the first price sealed bid allocation mechanism 
because in it the bidder pays the amount that is on the bid. This enables the 
auctioneer to collect all the possible revenue. For the Vickrey auction, on the 
other hand, the bidder pays the value of the second highest bidder which is most 
likely lower than the winner’s bid price. The auctioneer therefore earns less than 
the possible total revenue from the winning bids. So apart from the auctioneer’s 
earnings, all other performance parameters seem to be similar. The similarity 
of other performance values is explained by the similarity of the two allocation 
processes. Both are sealed bids. Both have the same allocation process. In both 
cases to get an eligible bidder the list of bidders must be in descending order of 
the bidding amounts. The process of picking the second highest bidder when the 
auctioneer is collecting payment in case of the Vickrey allocation mechanism does 
not seem to introduce any waiting overhead. This is because the process of picking 
payment from the highest bidder and from the second highest bidder need not 
take different lengths of time.  

6. Conclusion
The results from these experiments point to the fact that the use of the first 
price sealed bid and the Vickrey allocation mechanisms in the grid computing 
environment is promising. Either of them may be used in managing the grid 
computing resource allocation tasks. Since both mechanisms deliver similar 
performance capabilities except for the auctioneer’s revenue, the circumstances may 
determine which one to use. Where the resource owners insist on maximizing their 
revenues the first price sealed bid auction allocation mechanism may be selected. 
However, if truthful bidding is emphasized then the Vickrey auction allocation 
mechanism can be used. The auction-based resource allocation mechanisms such 
as the ones that have been compared can only be implemented where the resource 
requests are always accompanied by some numeric offers. The numeric offers 
should represent the valuations that are attached to the resources by those making 
the requests. These mechanisms can also work only under the circumstances where 
the resource requests and resource offers are periodically processed particularly 



Dynamic Resource Allocation     �� �� Computer Science Dynamic Resource Allocation     �� �� Computer Science

to allow the auctioneers to perform the allocations. In computing environments 
there are periodic checks that enable the events to be recognized for servicing. As 
an item of further work, investigations can be conducted to find out the effect on 
performance of pre-emption, uncertainties of the resource providers and of the 
resource consumers. There is also need to investigate the effect of the length of the 
time that the auctioneer takes before the allocations are conducted. 
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