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1. Introduction 
 
Conceptually, resource allocation can be divided into 
resource selection (discovery) and binding (acquiring) 
processes. The architecture of traditional resource 
brokering systems separates resource selection from 
resource binding. In fact, these systems mostly focus 
on resource selection and provide sophisticated 
resource specification languages and resource selection 
algorithms. Typically, given a resource collection 
specification, a resource selection algorithm first 
identifies a matching collection based on available 
resource information and then attempts to acquire these 
collections by negotiating with local resource 
managers.  

However, this separate approach cannot deal with 
binding failures efficiently. In the real world, resource 
binding can fail because of inaccurate resource 
information, authentication failure, and perhaps most 
importantly competition between applications. The key 
issue here is that these binding failures cannot be 
resolved until the system attempts to bind the whole 
resource collection after all resources have been 
selected. To address this issue, some systems consider 
multiple candidate resource collections. However, this 
approach still does not work well in shared resource 
environments because binding will succeed only when 
all the resources in a collection are acquired. 

This paper presents a new formulation of the 
resource selection and binding problem and proposes a 
new algorithm called integrated selection and 
binding to solve this problem. Our insight is that a 
resource selection algorithm should consider binding 
failures. Consequently, the key idea of the integrated 
selection and binding approach is to decompose a 
resource collection request into components that can 
be bound and composed independently and to select 

multiple sets of resources for each component. The 
integrated approach is more efficient and effective than 
the separate approach for competitive access to 
federated resources. 
 
2. Resource Allocation Approaches for 

Large-scale Federated Resources 
2.1. Resource Description Language 
 
We have designed a resource description language, 
vgDL [1]. It builds upon several existing constraint-
based languages that provide constructs for expressing 
resource constraints on static and dynamic resource 
attributes and for expressing constraints on pair-wise 
inter-resource attributes. The key advance of vgDL for 
the purpose of selection and binding is the capability 
for applications to specify hierarchical resource 
aggregates and qualitative notions of network 
proximity between these aggregates. These enable 
hierarchical composition and allow us to decompose 
the request into a set of components.  

vgDL contains three resource aggregates, 
distinguished based on homogeneity and network 
connectivity: 

 LooseBag - a collection of heterogeneous nodes 
with possibly poor connectivity 

 TightBag - a collection of heterogeneous nodes 
with good connectivity 

 Cluster - a set of well-connected nodes with near 
identical individual resource attributes. 

In addition, vgDL provides four operators that 
define network connectivity between aggregates: close, 
far, highBW, and lowBW. These composers indicate 
coarse notions of network proximity in terms of 
latency and bandwidth. We define “good” connectivity 
in terms of thresholds either fixed or set by examining 



the current dynamic inter-node attributes. This means 
the vgDL expression may be written oblivious to 
current network conditions or technologies.  
 
2.2. Separate Selection and Binding with N-

solutions 
 
In systems such as Condor [2], RedLine [3], SWORD 
[4], application users can use a structured constraint 
language to specify complex resource requirements on 
single resources and the relationship amongst them. 
These systems all construct a set of resources and 
return it to the application. Then, the application is 
responsible for binding and accessing the resources of 
interest in the solution. Of course, if the resources are 
shared, such binding attempts may fail. SWORD averts 
the need to make repeated selection requests by 
returning multiple independent candidate solutions. 

Typical selection algorithms for structured resource 
sets build solutions with bottom-up approach. For each 
component of a request, the algorithm collects a set of 
partial solutions. To compose a global solution, the 
algorithm must then select partial solutions for each 
component of the request and put them together. One 
or more of these global solutions are then returned to 
the application for binding. 
 
2.3. Integrated Selection and Binding with N-

solutions 
 
To solve the problem of selecting and obtaining good 
resources in shared federated resource environments, 
we propose the idea of integrated selection and binding. 
In short, the idea is first to exploit the design of vgDL 
to make the compositional structure of resource 
requests explicit and malleable to identify independent 
resource allocation components. Second, select 
resources for each component in a vgDL request based 
on this structure and then bind resources for the 
components until sufficient resources to compose a 
global solution have been collected.  

One critical aspect of this approach is the ability to 
decompose requests flexibly – an intentional design 
element of vgDL where loosely-coupled resources 
form natural bases of decomposition. Successful 
decomposition enables pre-selection of composable 
solutions, which of course make it possible to compose 
the bound resources into a good global solution. The 
ability of component-based decomposition, selection, 
and binding enables N selections for each component 

to correspond to 
componentsN global solutions. Without 

composition flexibility, N selections for each 
component would correspond to only N global 

solutions. Our hypothesis is that this flexibility will 
prove critical to succeed in meeting large, complex 
resource requests in highly-contested shared resource 
environments. 
 
3. Conclusion 
 
Understanding interplay between resource description, 
algorithm, and data representation is critical to 
efficient and effective resource allocation in shared 
distributed resource environments. We have realized 
this idea in the framework of the Virtual Grid and its 
execution system (vgES) [1]. Through an efficient 
implementation using relational database technologies, 
we can provide a robust resource allocation services to 
the applications. The integrated approach can provide 
more efficient and effective than the traditional 
separate selection and binding approach. The 
composable feature of the integrated approach fully 
exploits the extra solutions with small overhead.  
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