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Abstract 
 
 
In Grid computing environment, range of computing devices coexists stating from 

personal computers to supercomputers. These devices are inter-connected to provide a 

variety of computational capabilities in order to execute applications that have diverse 

requirements. An important decision for such computing infrastructure is how to 

optimally allocate computational and communication resources to these applications and 

to schedule their execution in order to maximize performance benefits. It is apparent that 

resource heterogeneity impacts the resource allocation in quite significant way in terms of 

overall performance, reliability, robustness, scalability and fault tolerance. So, the system 

managing these complex environments needs to be scalable, reliable, smart and adaptable 

to change its allocation mechanism depending upon the environment and its user 

requirements. Therefore, a scalable approach for resource allocation where the system 

can adapt itself to the changing environment and fluctuating resources, is essentially 

needed.  

 

Given limited resources and competing constraints we can formulate the problems as the 

problem of maximizing or minimizing an objective function. So, we specify the objective 

function as a linear function of certain variables, and constraints on resources as 

equalities or inequalities on those variables, and we get Linear Formulation of the 

problem. For this reformulated problem; a linear programming based resource allocation 

method is proposed. The method is composed of a large numbers of independent tasks, 

with the goal of using idle computing resources.  

 

The method has been implemented using Java. The result obtained by this method 

demonstrates the proposed method optimally allocates resources on Grids and finally 

compared with Round Robin Approach 
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Chapter1.  Introduction 
 

 
In Distributed computing environment where different computing nodes simultaneously 

run an application located on different computers that are interconnected by a network 

locally or globally. Grid computing is distributed computing taken to the next 

evolutionary level. The ever-growing computational power requirements have led to the 

emergence of Grid computing. Grid computing uses the resources of many separate 

computers connected by a network (usually Internet) to solve large-scale computational 

problems. The resources may involve CPU cycles, memory, bandwidth, disk, 

applications, databases on remote systems, scientific data in some organizations for 

research purposes etc. These heterogeneous resources are distributed and owned 

geographically by different organizations for solving large-scale computational and data 

intensive problems in science, engineering, and commerce. In resource allocation 

mechanism access of resources takes place through selection of jobs. The scheduling 

mechanism employs different strategies to determine which jobs are executed at which 

time on which resources and at what prices. As the resources are owned by different 

organizations and each organization has its own resource usage policy and different 

pricing systems, we have to define a resource allocation strategy that respects every 

resource owner’s resource usage policies. In this thesis, optimized resource allocation 

mechanisms in terms of optimized performance and cost incurred on different Grid 

environment are proposed.  

To deal with the resource allocation problem, in this work linear programming based 

resource allocation mechanism has been used. In linear programming based resource 

allocation each resource allocation is a variable and locations are viewed as constraints. 

Basically, in this thesis a mathematical approach has been proposed to introduce 

organization of resources, so that Grid can modify its infrastructure as a function of the 

current workload and its structural state. 
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1.1 Motivation  

Resource management is an important infrastructure in the Grid computing environment. 

The management of resources in Grid environment becomes complex as the resources are 

geographically distributed, heterogeneous in nature, owned by different individual or 

organizations with their own policies, have different access and cost models, and have 

dynamically varying loads and availability. Due to the highly heterogeneous and complex 

computing environments, availability of resources may fluctuate in Grid environments; 

therefore it is necessary to design a mechanism to allocate resources efficiently in such 

infrastructure. Managing resources (resource discovery, resource selection and resource 

access) in highly dynamic networks where the availability of resources change at a high 

rate, requires a mechanism that is scalable, adaptable, robust and reliable. 

The conventional resource management schemes are based on relatively static model that 

have centralized controller that manages jobs and resources accordingly. These 

management strategies might work well in those scheduling regimes where resources and 

tasks are relatively static and dedicated. However, this fails to work efficiently in many 

heterogeneous and dynamic system domains like Grid where jobs need to be executed by 

computing resources, which are difficult to predict. The complex, heterogeneous and 

dynamic systems present new challenges in resource management such as: scalability, 

adaptability and reliability. This poses numerous research questions: 

 
• In Grid environment, computing nodes can join and leave the system at any time 

without any dedicated commitment, another issue concerned for Grid 

management is how to tolerate such failures and recover from them when crashes 

occur? How to re-allocate task and resource automatically? 

 

• How to manage the intricacy, complexity, and performance analysis in such 

dynamic system where nothing is predictable? 

 

• Grid is a dynamic environment where location, type and performance of 

components are constantly changing; hence their computational requirement 
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varies over time. How to adapt to such conditions when computational capacity 

fluctuates in high ratio? 

1.2 Thesis Organization 

This section discusses the organization of this thesis. This thesis is organized as follows:  

Chapter 2 reviews the background of this thesis from two aspects: First, it discusses about 

distributed computing its motivation, issues and challenges. Second, it presents Grid 

computing, its characteristics, its challenges. 

Chapter 3 reviews and analyzes resource allocation in Grid environment. First part 

defines the resource allocation problem then it reviews the structure of such environment. 

Second, it summaries resource management issues and challenges in Grid and currently 

available approaches to overcome these challenges.  

Chapter 4 introduces problem formulation for resource allocation in Grid environment.  

Chapter 5 introduces a framework for solving resource allocation problem in Grid 

environment. It presents resource management infrastructure based on linear formulation 

and presents its system architecture.  

Chapter 6 discusses about the implementation of linear formulation mechanism. It also 

discusses the process of the experiment. At first, it defines the experimental model, 

process steps and evaluation criteria. Finally, it analyzes the results and presents main 

findings of the experimentation. 

Chapter 7 presents the conclusion of the thesis, describes the main contribution of the 

thesis and highlights future research direction.  
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Chapter 2.  Introduction to Grid Computing  
 
 
Grid computing and Peer-to-Peer computing is observed as promising next generation 

computing platforms. They enable the creation of virtual enterprises for sharing resources 

distributed across the world. However, resource management, application development 

and usage models in these environments are complex undertakings. This is due to the 

geographic distribution of resources that are owned by different organizations or peers. 

The resource owners of each of these resources may have different usage or access 

policies and cost models, and varying loads and availability. 

 

2.1 Concept of Grid 

The term “Grid” was introduced in the mid 1990s to denote a proposed distributed 

computing infrastructure for advanced science and engineering. Considerable progress 

has since been made on the construction of such an infrastructure, but the “Grid” has also 

been conflated, at least in popular perception, to embrace everything from advanced 

networking to artificial intelligence. Definition is describes as: “A computational Grid is 

a hardware and software infrastructure that provides dependable, consistent, pervasive, 

and inexpensive access to high-end computational capabilities” [21]. 

The definition was refined to address social and policy issues, stating that Grid 

computing is concerned with “coordinated resource sharing and problem solving in 

dynamic, multi-institutional virtual organizations”[22]. The key concept is the ability to 

negotiate resource-sharing arrangements among a set of participating parties; providers 

and consumers, and then to use the resulting resource pool for some purpose. There was 

noted: “The sharing that we are concerned with is not primarily file exchange but rather 

direct access to computers, software, data, and other resources, as is required by a range 

of collaborative problem solving and resource-brokering strategies emerging in industry, 

science, and engineering. This sharing is, necessarily, highly controlled, with resource 

providers and consumers defining clearly and carefully just what is shared, who is 

allowed to share, and the conditions under which sharing occurs. A set of individuals 
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and/or institutions defined by such sharing rules form what we call a virtual 

organization.” 

 

2.2 Virtual Organizations (VOs) 

Computational Grids and peer-to-peer (P2P) computing systems are emerging as a new 

paradigm for solving large-scale problems in science, engineering and commerce. They 

enable the creation of Virtual Enterprises (VEs) or Virtual Organizations (VOs) for 

sharing and aggregation of numerous resources geographically distributed across 

organizations and administrative domains. They comprise: 

• Heterogeneous resources (such as PCs, workstations, clusters and 

supercomputers),  

• Management systems (such as single system image OS, queuing systems), 

supporting 

• Different kind of applications (such as scientific, engineering and commercial), 

and demanding 

• Various requirements (for CPU, I/O, memory and/or network intensive). 

The producers (resource owners) and consumers (resource users) most of the time have 

different goals, objectives, strategies and supply-and-demand patterns. More importantly, 

both resources and end-users are geographically distributed with different time zones. In 

managing such complex environments, traditional approaches to resource management 

that attempt to optimize system-wide measure of performance cannot be employed. 

Traditional approaches use centralized policies that need complete state information and 

a common management policy, or a decentralized consensus-based policy. Due to the 

complexity in constructing successful Grid-aware environments, it is impossible to define 

an acceptable system-wide performance matrix and common fabric management policy. 

The main problem that underlies the Grid concept is coordinated resource sharing and 

problem solving in dynamic, multi-institutional virtual organizations. The sharing that we 

are concerned with is not file exchange but rather direct access to computers, software, 

data, and other resources, as is required by a range of collaborative problem solving and 

resource brokering strategies emerging in industry, science, and engineering. This sharing 
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is, necessarily, highly controlled, with resource providers and consumers defining clearly 

and carefully just what is shared, who is allowed to share, and the conditions under which 

sharing occurs. The following are examples of VOs:  

The application service providers, storage service providers, cycle providers, and 

consultants engaged by a car manufacturer to perform scenario evaluation during 

planning for a new factory. This scenario may involve members of industrial consortium 

bidding on a new aircraft, a crisis management team using simulation systems that they 

use to plan a response to an emergency situation, and finally members of large, 

international, multiyear high energy physics collaboration. Each of these examples 

represents an approach to computing and problem solving based on collaboration in 

computation- and data-rich environments. 

VOs vary tremendously in their purpose, scope, size, duration, structure, community, and 

sociology. Nevertheless, careful study of underlying technology requirements leads us to 

identify a broad set of common concerns and requirements. In particular, we see a need 

for highly flexible sharing relationships, ranging from client – server to peer-to-peer, and 

for sophisticated and precise levels of control over how shared resources are used, 

including fine-grained and multi-stakeholder access control, delegation, and application 

of local and global policies. Furthermore, there is a great need for sharing of varied 

resources, ranging from programs, files, and data to computers, sensors, and networks, 

and for diverse usage modes, ranging from single user to multi user and from 

performance sensitive to cost-sensitive. Issues of quality of service, scheduling, co-

allocation, and accounting are also very important. 

Current distributed computing technologies do not address the concerns and requirements 

just listed. For example, current Internet technologies address communication and 

information exchange among computers, but do not provide integrated approaches to the 

coordinated use of resources at multiple sites for computation. Business-to-business 

exchanges focus on information sharing often via centralized servers. So do virtual 

enterprise technologies, although in this case sharing may eventually extend to 

applications and physical devices. Enterprise distributed computing technologies such as 
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CORBA and Enterprise Java enable resource sharing within a single organization. The 

open group’s Distributed Computing Environment – DCE supports secure resource 

sharing across sites, but most VOs would find it too burdensome and inflexible. 

It is here that Grid technologies enter the picture. Over the past ten years, research and 

development efforts within the Grid community have produced protocols, services, and 

tools that address precisely the challenges that arise building scalable VOs. These 

technologies include security solutions that support management of credentials and 

policies when computations span multiple institutions; resource management protocols 

and services that support secure remote access to computing and data resources, and the 

co-allocation of multiple resources; information query protocols and services that provide 

configuration and status information about resources, organizations, and services; and 

data management services that locate and transport datasets between storage systems and 

applications. However, because of their focus on dynamic cross-organizational sharing, 

Grid technologies complement rather than compete with existing distributed computing 

technologies. For instance, enterprise distributed computing systems can use Grid 

technologies to achieve resource sharing across institutional boundaries or establish 

dynamic markets for computing and storage resources. 

 

2.3 Grid Classification  

There are many Grid projects that build software tools, applications, and testbeds. These 

precursors of Grid are used for specific cases and can not be seen as a “virtual computer” 

that adaptable to user’s needs in general case. However, they are the building blocks that 

will be used to fulfill the Grid’s vision in the future. This view is correct but not 

complete. Grid can be used also in many other kinds of applications. The current Grid’s 

implementations can be classified according to their uses and characteristic [44], [21].  

2.3.1 Grid Uses  

• Computational intensive support (High performance computing): allows 

applications to get enough computational resources in order to reduce the runtime 

of jobs that can not be solved or take very long time to run on a single system. 
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This can also be achieved by Parallel or Cluster systems. The different is that 

instead of using highly expensive resources (parallel, multiple processors) or 

required of homogeneous computers (in case of Cluster), a Grid implementation 

can make use of heterogeneous, cheap resources that are already available. 

However, there are challenges for the scalability of protocols and algorithms with 

a large number of nodes, latency-tolerant to achieving high levels of performance. 

Typical applications are weather forecast, simulations (car-crash, physical and 

chemical experiments).  

 

• Data intensive applications (increase data storage capability): There are 

applications that generate terabytes of data per day, for example LHC@home 

[40], DataGrid [6]. The total generated data would exceed the capacity of any 

centralized storage system. 

  

• Optimize use of resources (High throughput computing): CPUs are often in 

idle. Giving tasks to unused processor cycles is called CPU scavenging. Disk 

storage, when aggregate from millions users can provide a huge virtual storage 

system. Examples of these applications are: Monte Carlo simulations, BOINC [3] 

code-based projects (Seti@home; Folding@home; LHC@home, etc). Another 

example of high throughput computing is the aggregate of network bandwidth. If 

a user needs to increase his total bandwidth to the Internet (for example a Web 

mining search engine), the tasks can be split among Grid machines that have 

independent Internet connection. Within an organization where the computers 

may shared the Internet connection, there would not very much gain in 

bandwidth.  

 

• Collaborative works across multiple virtual organizations: enabling and 

enhancing human-to-human interactions. Such applications also have 

characteristics of other application described above, as they enable the sharing of 

computational and storage resources. The challenging issues of these applications 

are real time requirements imposed by human perceptual capabilities and the rich 
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variety of interactions [21]. 

2.3.2 Grid Characteristics  

• Large scale: the number of resources in a Grid can be range from just a few to 

millions.  

• Geographical distribution: resources may be located at distant places.  

• Heterogeneity: hardwares and softwares resources can be varied: different devices 

(super computers, PC, PDA, mobile phone, etc), different operating systems, etc.  

• Resource sharing: users and organization contribute their resources to Grid.  

• Multiple administrations: each virtual organization can establish different security 

policies under  which their resources can be accessed and used.  

• Resource coordination: coordinate use of resources to form an aggregate power.  

• Transparent access: a Grid is seen as a single virtual computer.  

• Predictable performance: A Grid should ensure several QoS requirements (e.g.: 

run time, availability  of resources, etc). Even though, it is very difficult to 

achieve this character in a heterogeneous environment and the lack of central 

control. Several fault-tolerance techniques can be used to solve  this problem 

such as resubmit jobs, re-allocation when some resources are down during the job 

execution, redundant job execution (multiple copies of job can be run on different 

machines), etc.  

Consistent access: standard services protocol and interfaces to access resource from 

different Grid’s implementation. 

 

2.4 The Nature of Grid Architecture  

In this section, we identify requirements for general classes of components in the Grid 

architecture. The result is an extensible, open architectural structure within which 

solutions to key VO requirements can be placed and which is organized in layers, as 

shown in figure 2.1. In specifying the various layers of the Grid architecture, we follow 

the principles of the “hourglass model” as presented in [23]. The narrow neck of the 

hourglass defines a small set of core abstractions and protocols e.g., TCP and HTTP on 
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the internet, onto which many different high-level behaviors can be mapped (the top of  

the hourglass), and which themselves can be mapped onto many different underlying 

technologies (the base of the hourglass). By definition, the number of protocols defined at 

the neck must be small. The neck of the hourglass consists of Resource and Connectivity 

protocols, which facilitate the sharing of individual resources. Protocols at these layers 

are designed so that they can be implemented on top of a diverse range of resource types, 

defined at the Fabric layer, and can in turn be used to construct a wide range of global  

services and application-specific behaviors at the Collective layer – so called because it 

involves the coordinated “collective” use of multiple resources. In the following sections 

we present the basic Grid architecture layers into more detail. 

Figure 2.1: Grid Architecture’s relationship with Internet Protocol Architecture [23] 

2.4.1 Fabric Layer: Interfaces to Local Control 

The Fabric layer provides the resources to which shared access is mediated by Grid 

protocols: for example, computational resources, storage systems, catalogs, network 

resources, and sensors. A resource may be a logical entity, such as a distributed file 

system, a computer cluster, or distributed computer pool; in such cases, a resource 

implementation may involve internal protocols e.g., the NFS storage access protocol or a 



11 

cluster resource management system’s process management protocol; but these are not 

the concern of that Grid architecture. 

Fabric components implement the local, resource-specific operations that occur on 

specific resources (physical or logical) as a result of sharing operations at higher levels. 

There is thus a tight and subtle interdependence between the functions implemented at 

the Fabric level, on the one hand, and the sharing operations supported, on the other. 

Richer Fabric functionality enables more sophisticated sharing operations; at the same 

time, if we place few demands on Fabric elements, then deployment of Grid 

infrastructure is simplified. For instance, resource-level support for advance reservations 

makes it possible for higher-level services to aggregate (co-schedule) resources in 

interesting ways that would otherwise be impossible to achieve. 

Experience suggests that at a minimum, resources should implement enquiry mechanisms 

that permit discovery of their structure, state, and capabilities e.g., whether they support 

advance reservation or not on the one hand, and resource management mechanisms that 

provide some control of delivered quality of service, on the other. The following brief 

and partial list provides a resource-specific characterization of capabilities: 

Computational resources: Mechanisms are required for starting programs and for 

monitoring and controlling the execution of the resulting processes. Management 

mechanisms that allow control over the resources allocated to processes are useful, as are 

advance reservation mechanisms. Enquiry functions are needed for determining hardware 

and software characteristics as well as relevant state information such as current load and 

queue state in the case of scheduler-managed resources. 

 

• Storage resources: Mechanisms are required for putting and getting files. Third-

party and high-performance; e.g., striped transfers are useful [4]. So are 

mechanisms for reading and writing subsets of a file and/or executing remote data 

selection or reduction functions [36]. Management mechanisms that allow control 

over the resources allocated to data transfers (space, disk bandwidth, network 

bandwidth, CPU) are useful, as are advance reservation mechanisms. Enquiry 
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functions are needed for determining hardware and software characteristics as 

well as relevant load information such as available space and bandwidth 

utilization. 

• Network resources: Management mechanisms that provide control over the 

resources allocated to network transfers (e.g., prioritization, reservation) can be 

useful. Enquiry functions should be provided to determine network characteristics 

and load.  

• Code repositories: This specialized form of storage resource requires mechanisms 

for managing versioned source and object code. 

• Catalogs: This specialized form of storage resource requires mechanisms for 

implementing catalog query and update operations: for example, a relational 

database [5]. 

 

2.4.2 Connectivity Layer: Communicating Easily and Safely 

The Connectivity layer defines core communication and authentication protocols required 

for Grid-specific network transactions. Communication protocols enable the exchange of 

data between Fabric layer resources. Authentication protocols build on communication 

services to provide cryptographically secure mechanisms for verifying the identity of 

users and resources. Communication requirements include transport, routing, and 

naming. 

While alternatives certainly exist, these protocols are mostly drawn from the TCP/IP 

protocol stack: specifically, the Internet (IP and ICMP), transport (TCP, UDP), and 

application (DNS, OSPF, RSVP, etc.) layers of the Internet layered protocol architecture. 

This is not to say that in the future, Grid communications will not demand new protocols 

that take into account particular types of network dynamics. With respect to security 

aspects of the Connectivity layer, many of the security standards developed within the 

context of the Internet protocol suite are applicable. 
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According to [49], authentication solutions for VO environments should have the 

following characteristics: 

Single sign on: Users must be able to “log on” (authenticate) just once and then have 

access to multiple Grid resources defined in the Fabric layer, without further user 

intervention. 

• Delegation [24, 30, and 37]: A user must be able to endow a program with the 

ability to run on that user’s behalf, so that the program is able to access the 

resources on which the user is authorized. The program should (optionally) also 

be able to conditionally delegate a subset of its rights to another program 

(sometimes referred to as restricted delegation). 

• Integration with various local security solutions: Each site or resource provider 

may employ any of a variety of local security solutions, including Kerberos and 

UNIX security. Grid security solutions must be able to interoperate with these 

various local solutions. They cannot, realistically, require wholesale replacement 

of local security solutions but rather must allow mapping into the local 

environment. 

• User-based trust relationships: In order for a user to use resources from multiple 

providers together, the security system must not require each of the resource 

providers to cooperate or interact with each other in configuring the security 

environment. For example, if a user has the right to use sites A and B, the user 

should be able to use sites A and B together without requiring that A’s and B’s 

security administrators interact.  

Grid security solutions should also provide flexible support for communication protection 

e.g. control over the degree of protection, independent data unit protection for unreliable 

protocols, support for reliable transport protocols other than TCP, and enable stakeholder 

control over authorization decisions, including the ability to restrict the delegation of 

rights in various ways. 
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2.4.3 Resource Layer: Sharing Single Resources 

The Resource layer builds on the Connectivity layer communication and authentication 

protocols to define protocols (and APIs and SDKs) for the secure negotiation, initiation, 

monitoring, control, accounting, and payment of sharing operations on individual 

resources. Resource layer implementations of these protocols call Fabric layer functions 

to access and control local resources. Resource layer protocols are concerned entirely 

with individual resources and hence ignore issues of global state and atomic actions 

across distributed collections; such issues are the concern of the Collective layer 

discussed below. Two primary classes of Resource layer protocols can be distinguished: 

�

• Information protocols are used to obtain information about the structure and state 

of a resource, for example, its configuration, current load, and usage policy e.g. 

cost.  

• Management protocols are used to negotiate access to a shared resource, 

specifying, for example, resource requirements (including advanced reservation 

and quality of service) and the operation(s) to be performed, such as process 

creation, or data access. Since management protocols are responsible for 

instantiating sharing relationships, they must serve as a policy application point, 

ensuring that the requested protocol operations are consistent with the policy 

under which the resource is to be shared. Issues that must be considered include 

accounting and payment. A protocol may also support monitoring the status of an 

operation and controlling (like as terminating) the operation. While many such 

protocols can be imagined, the Resource (and Connectivity) protocol layers form 

the neck of our hourglass model, and as such should be limited to a small and 

focused set. These protocols must be chosen so as to capture the fundamental 

mechanisms of sharing across many different resource types e.g. different local 

resource management systems, while not overly constraining the types or 

performance of higher-level protocols that may be developed. 
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2.4.4 Collective Layer: Coordinating Multiple Resources 

While the Resource layer is focused on interactions with a single resource, the next layer 

in the architecture contains protocols and services (and APIs and SDKs) that are not 

associated with any one specific resource but rather are global in nature and capture 

interactions across collections of resources. This layer of the architecture is known as the 

Collective layer. Because Collective components build on the narrow Resource and 

Connectivity layer ‘neck’ in the protocol hourglass, they can implement a wide variety of 

sharing behaviors without placing new requirements on the resources being shared. For 

instance: 

Directory services allow VO participants to discover the existence and/or properties of 

VO resources. A directory service may allow its users to query for resources by name 

and/or by attributes such as type, availability, or load [33]. 

Co-allocation, scheduling, and brokering services allow VO participants to request the 

allocation of one or more resources for a specific purpose and the scheduling of tasks on 

the appropriate resources. Examples include AppLeS [13, 14], Condor-G [29], Nimrod-G 

[7], and the DRM broker [26].  

Monitoring and diagnostics services support the monitoring of VO resources for failure, 

adversarial attack (intrusion detection), overload, and so forth.  

 

• Data replication services support the management of VO storage (and perhaps 

also network and computing) resources to maximize data access performance with 

respect to metrics such as response time, reliability, and cost [2, 56]. 

• Grid-enabled programming systems enable familiar programming models to be 

used in Grid environments, using various Grid services to address resource 

discovery, security, resource allocation, and other concerns. Examples include 

Grid-enabled implementations of the Message Passing Interface [12, 25] and 

manager-worker frameworks [16, 31].  



16 

• Software discovery services discover and select the best software implementation 

and execution platform based on the parameters of the problem being solved [17]. 

Examples include NetSolve [18]. 

• Community authorization servers enforce community policies governing resource 

access, generating capabilities that community members can use to access 

community resources. These servers provide a global policy enforcement service 

by building on resource information, and resource management protocols (in the 

Resource layer) and security protocols in the Connectivity layer. Akenti [42] 

addresses some of these issues. 

• Collective functions can be implemented as persistent services, with associated 

protocols, or as SDKs (with associated APIs) designed to be linked with 

applications. In both cases, their implementation can build on Resource layer (or 

other Collective layer) protocols and APIs. For example, figure 2.2 shows a 

Collective co-allocation API and SDK (the middle tier) that uses a Resource layer 

management protocol to manipulate underlying resources. Above this, there is a 

co-reservation service protocol and implement a co-reservation service that 

speaks this protocol, calling the co-allocation API to implement co-allocation 

operations and perhaps providing additional functionality, such as authorization, 

fault tolerance, and logging. An application might then use the co reservation 

service protocol to request end-to-end network reservations. 

 
 

 

 

 

 

Figure 2.2: Collective and Resource layer protocols, services and API [23]. 
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Figure 2.3: APIs implementation by Software Development Kits (SDKs)[23]. 

Collective components may be tailored to the requirements of a specific user community,  

VO, or application domain, for example, an SDK that implements an application-specific 

coherency protocol, or a co-reservation service for a specific set of network resources. 

Other Collective components can be more general-purpose, for example, a replication 

service that manages an international collection of storage systems for multiple 

communities, or a directory service designed to enable the discovery of VOs. In general, 

the larger the target user community, the more important it is that a Collective 

component’s protocol(s) and API(s) be standards based. 

 

2.4.5 Applications Layer 

The final layer in Grid architecture comprises the user applications that operate within a 

VO environment. Figure 2.3 illustrates an application programmer’s view of Grid 

architecture. Applications are constructed in terms of, and by calling upon, services 

defined at any layer. At each layer, there are well-defined protocols that provide access to 

some useful service: resource management, data access, resource discovery, and so forth. 

At each layer, APIs may also be defined whose implementation (ideally provided by 
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third-party SDKs) exchange protocol messages with the appropriate service(s) to perform 

desired actions. In the following section, we present an example about how Grid 

architecture functions cooperate in practice [23]. 

 

2.4.6 Grid Architecture in Practice 

In figure 2.5 we present the services that might be used to implement the 

multidisciplinary simulation and cycle sharing (ray tracing) applications introduced in 

figure 2.4. The basic Fabric elements are the same in each case: computers, storage 

systems, and networks. Furthermore, each resource “speaks” standard Connectivity 

protocols for communication and security, and Resource protocols for enquiry,  

allocation, and management. Above this, each application uses a mix of generic and more 

application-specific Collective services. 

 

Figure 2.4: An organization participation in one or more VOs [23] 
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 Multidisciplinary 
Simulation 

Ray Tracing 
 

Collective Layer (application-specific) Solver coupler, 
distributed data 
archive 
 

Check-pointing, job 
management 
failover, staging 

Collective Layer (generic) Resource discovery, resource brokering, 
system monitoring, community 
authorization, certificate revocation 
 

Resource Layer Access to computation; access to data; 
access to information about system 
structure, state, performance 
 

Connectivity Layer Communication (IP), service discovery 
(DNS), authentication, authorization, 
delegation 
 

Fabric Layer Storage systems, computers, networks, 
code repositories, catalogs 
 
 
 

 
Table 2.1: The Grid services used to construct two example applications of Figure 2.4. 
 
 
In the case of the ray tracing application, we assume that this is based on a high 

throughput computing system [29, 43]. In order to manage the execution of large 

numbers of largely independent tasks in a VO environment, this system must keep track 

of the set of active and pending tasks, locate appropriate resources for each task, stage 

executables to those resources, detect and respond to various types of failure, and so 

forth. An implementation in the context of the Grid architecture uses both domain 

specific Collective services (dynamic checkpoint, task pool management, failover) and 

more generic Collective services (brokering, data replication for executables and 

common input files), as well as standard Resource and Connectivity protocols. Condor-G 

represents a first step towards this goal [29]. 
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2.5 Relationships with Other Distributed System Technologies  

2.5.1 WWW  

The World Wide Web is a global information space. It works very well for information 

exchange, linking related information together but does not focus on the coordinated use 

of resources at multiple sites. In addition, the Web lacks several features that often 

required in Grid environment, such as single sign-on, delegation, or secure, reliable, and 

efficient large data movement.  

 
2.5.2 P2P  

P2P networks are often characterized by a large number of peers (millions) that 

collaborate equally, dynamically to share data (text, audio, video, etc). Data are often 

replicated in a P2P system. A common P2P model is decentralized systems where nodes 

join and leave in a dynamic and ad hoc manner and there is no central repository. 

Examples of this type are Freenet [59], P-Grid [62]. Decentralized P2P systems trade-off 

short response time and expensive servers for simplicity and scalability. Only a few P2P 

systems have central repository, for instance Napster [61]. The disadvantages of a 

centralized system are the problem of scalability and single point of failure. However, 

these systems have faster search times and guaranteed to find all results if exists. There 

are also some hybrid approaches in which there are central repositories for each small set 

of peers (Kazaa [60]). File sharing without access control and the freedom for a peer to 

act as client or server or both in P2P systems introduces security issues, for example 

giving wrong answer, distributing malicious code.  

Contrarily, in a Grid, the sharing resources that we are concerned with are not only files 

but also computational resources, data storage, software, networks, and other resources. 

Furthermore, these resources are highly controlled by local policies.  

 
2.5.3 Middleware  

Middleware technologies such as CORBA, RMI, and DCOM provide remote invocation 

mechanisms that simplify the implementation of distributed applications by hiding the 

complexity network communication. However, they require centralize administration and 
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are often used within a single organization and homogenous environment. The form of 

interaction is client-server, rather than the coordination of multiple resources. 

 
2.5.4 Parallel Computing  

The thousands of processors in a Grid provide a significant computational power. 

However, this does not imply that traditional parallel high-performance computers are 

obsolete. Many problems require low latencies and high communication bandwidths. 

Such requirements are, up to date, still difficult to achieve in a Grid with heterogeneous 

hardwares and softwares components.  

In summary, a Grid is a hardware and software infrastructure that expose to users as a 

single virtual computer. So in a Grid, there can be diverse type of hardwares 

(supercomputer, desktop PC, PDA, etc), diverse types of softwares (different OS, 

middlewares such as RMI, CORBA, Web services) but all of these complex, 

heterogeneous resources are expose to the users simply as Grid services, and they can 

access them simply by using a set of standard protocols and interfaces.  

An important point that has to be emphasized here is about Grid computing resource 

management. Resource management is to run the jobs, monitor their status, and return 

outputs when jobs are done. In next chapter we see how resource allocation in Grid is 

done. 
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Chapter3.  Resource Allocation in Grids  
 

 
Resource Scheduling for Grid computing has received a lot of attention recently. Because 

of scheduling is NP complete, designing heuristic and evaluating their performance 

become the key issue. Static scheduling for a set of independent task is studied in [50], 

whereas the related dynamic scheduling problem is studied in [41].  

The condor project [10] developed as a software infrastructure so that heterogeneous 

resources with distributed ownerships can be utilized to provide large amount of 

processing capacity over long period of time. The work presented in this thesis is also 

related to divisible load scheduling problem, where the load can be partitioned into tasks 

with arbitrary sizes. The divisible load-scheduling problem has been studied in [1] for 

systems with network topologies. Compared with these efforts, the proposed work studies 

a more general problem that allows an arbitrary network. 

Distributed computing is an   environment where you can harness idle CPU cycles and 

storage space of tens, hundreds, or thousands of networked systems to work together on a 

particularly processing-intensive problem. Due to the partly fact that a single parallel 

architecture may not be adequate for exploiting all of a program's available parallelism, 

there has been a recent increase of interest in heterogeneous computing system as in most 

of the cases heterogeneity has been shown to produce higher performance than a single 

large machine in a cost effective way. The major challenge for such heterogeneous and 

dynamic infrastructure is to develop an efficient and robust resource allocation and access 

mechanism, which is scalable, reliable and adaptable to changing circumstances. 

This chapter is organized as follows: Section 3.1 defines the resource allocation and 

resource management. Section 3.2 reviews the structure and characteristic of 

heterogeneous systems and proclaims the need for heterogeneity. Section 3.3 discusses 

about resource management in Grid and section 3.4 surveys on currently available 

systems for such management. Section 3.5 summarizes the issues and resource 
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management problems for heterogeneous system. Section 3.6 summarizes currently 

resource allocation approaches and finally concludes this chapter. 

 

3.1 Resource Allocation 

Resource allocation is the process of mapping the resource request from jobs to the 

resources in a way that will satisfy both the application jobs and resource administrators.  

Resource management is the process of managing available resources and system 

workloads accordingly. Resource includes resources such as CPU cycles, storage 

systems, applications, memory, network bandwidth etc. Resources have their owners who 

may charge others for using resources. Resources can be shared or exclusive, they can be 

used for a period of time or may or may not be renewable. A job is a collection of tasks 

working together. Jobs are hierarchical entities, and may have recursive structure i.e. jobs 

can be composed of Sub jobs or tasks and sub jobs may themselves contain sub jobs. 

Resource management becomes more important in the case where some resources are 

idle and could be used to relieve overloaded nodes in the same network. There are 

basically two principal reasons to address resource management in distributed system. 

First, available system resources should be maximally (or optimally) used in order to 

balance the distribution of the tasks over the different computing nodes. Second, when 

events such as local congestion, a node failure or communication failure occurs, it is 

necessary to manage (re-) allocation jobs and resources accordingly. 

 

 
 
 
 
 
 
 
 
 

Figure 3.1: Resource Allocation in Grid [15] 
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3.2 Characteristics of Heterogeneous Networks 

Computer network derived from computers using similar configuration and protocol is 

homogeneous network. Unlike, homogeneous network, computer network that combine 

one or more different types of computer or computer network and/or different types of 

protocol is called heterogeneous network. This type of network consists of dissimilar 

hardware or software devices ranging from simple PC or mobile devices to complicated 

supercomputer the simple and popular example of such network is world wide Internet 

which comprises dissimilar constituents of hardware and software interfaces.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.2: Structure of Grid 

Heterogeneous computing systems built up by closely connected networks of 

workstations or personal computers are a cheap alternative to dedicated parallel 

supercomputer systems. As these systems are widely available in academic and industrial 

environments it is becoming increasingly popular to use these resources to solve time 

consuming calculations. There has been a recent increase of interest in heterogeneous 

computing systems, due to party fact that a single parallel architecture may no be 

adequate for exploiting all of a program's available parallelism. In most of the cases 

heterogeneous systems have been shown to produce higher performance for lower cost 

than a single large machine or homogeneous networks. Homogeneous computing, which 



25 

uses one or more machines of the same type, has provided adequate performance for 

many applications in the past. 

Many of these applications had more than one type of embedded parallelism such as 

single instruction multiple data (SIMD) and multiple instruction multiple data (MIMD). 

On the other hand, as the amount of homogeneous parallelism in application decreases, 

homogeneous systems can't offer the desired speedups. To exploit the heterogeneity in 

computations with significant increase in speed and performance at affordable cost, 

researchers are investigating a suite of heterogeneous architecture. 

 

3.2.1 Structure of Heterogeneous Network 

The heterogeneous system includes heterogeneous machines, high speed networks, 

interfaces, operating systems, communication protocols and programming environments, 

all combining to produce a positive impact on ease of use and performance. In a 

heterogeneous computing environment, a suite of different machines is loosely 

interconnected to provide a variety of computational capabilities to execute collections of 

application tasks that have diverse requirements. The execution times of a task will vary 

from one machine to the next, and tasks will compete for machines in the suite. There are 

many types of heterogeneous systems, including parallel, distributed, clusters and Grids. 

An important research problem for heterogeneous computing is how to assign 

computation and communication resources to tasks and to schedule the order of their 

execution to maximize some performance criterion, a process known as mapping. Factors 

that must be considered include machine and network loading, how well the execution 

needs of a task match the computational capabilities of a machine, any inter-task 

communications, operating constraints and the performance criterion to be optimized. 

 

3.2.2 Need for Heterogeneity 

Large scale homogeneous distributed computing, which comprises machines of the same 

architecture and similar computational power, has been adequate for regular applications 

that spend majority of their execution performing on type of computation like sorting. 

Irregular applications, such as protein sequence matching and climate modeling, have a 
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spectrum of computational requirements like large-scale data acquisition, preprocessing, 

matrix computation, and scalar processing and data visualization. A heterogeneous 

distributed computing environment that comprises diverse machines designed for 

executing different types of computation is better suited for such applications. So for this 

case, an example of heterogeneous computing environment comprises a SIMD machine 

(for data acquisition and preprocessing), a vector machine (for highly parallel matrix 

computation), a general-purpose workstation (for scalar processing) and graphics 

machine (for visualization). 

 

3.3 Resource Management in Grids 

The overall aim of the resource management is to efficiently schedule applications that 

need to utilize the available resources in heterogeneous and dynamic environments. It if 

often the case in heterogeneous computing networks that an application requires multiple 

resources of different types to be allocated simultaneously. It has been shown that 

resource heterogeneity impacts the resource allocation in quite significant way in terms of 

performance, reliability, robustness, scalability and fault tolerance. While implementing 

complex systems in such heterogeneous and dynamic environments where resource usage 

and task availability are unpredictable, these challenges become more crucial. So, the 

system managing those complex environments needs to be smart and adaptable to change 

its allocation mechanism depending on the environment and its user requirements. The 

resource management mechanism should be able to manage the resources at two levels: 

Allocating system resources to a job as needed and separately managing the resources 

assigned to each job. 

To design resource allocation and control mechanism in Grid environment the following 

goals need to be considered: 

• Partitioned large complex allocation problems into smaller, disjoint allocation 

problems. 

• Decentralized resource access, allocation and control mechanism. 

• Design reliable, fault tolerant and robust allocation mechanism. 

• Design scalable architecture for resource access in a complex system   
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• Provide guarantees to users and applications on performance criteria. Some of the 

performance criteria in distributed systems include the following: 

o Average response time 

o Throughput 

o User access time 

o Message delay time 

o Information loss 

o Application failure probability 

• Define system performance criteria that reflect in aggregate the diverse individual 

criteria of users and applications 

• Designs unified frameworks in which users have transparent access to the services 

of a distributed system, services are provided in as efficient manner. This 

framework should hide the complexity or multiple resource suppliers and resource 

allocation policies.  

The resource allocation strategies should be smart enough to provide: application 

efficiency to measure how effective is the allocation in terms of application computation 

and resource efficiency to measure how well it manages its resources without wasting 

them and how thrift is the management policy? 

In general, heterogeneous computing systems have computing resources with different 

capabilities, input/output devices, data repositories, and other resources all interconnected 

by heterogeneous local and wide area networks. The major challenges in using 

heterogeneous system are to effectively use all the available resources. Grids are 

becoming attractive and promising platform for solving large-scale (problem solving) 

application of multi-institutional interest with heterogeneous resources. However, the 

management of resources and scheduling computations (task and resources) in the Grid 

environment is a complex undertaking as they are geographically distributed, 

heterogeneous in nature, owned by different individuals or organizations with their own 

policies, different access and cost models and have dynamically varying loads and 

availability. This introduces a number of challenging issues such as site autonomy, 

heterogeneous substrate, policy extendibility, resource allocation and co-allocation, 
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online control, scalability, transparency and so on. Some of these issues are being 

addressed by a number of(on going) Grid computing projects world wide such as  condor, 

Legion, Globus, Nimrod-G etc. These systems are discussed in detail in section 3.4. The 

Grid approach provides the ability to access, utilize and manage a variety of 

heterogeneous resource in virtual organizations across multiple domains and institution. 

Selecting appropriate resource within such a distributed Grid environment to satisfy 

quality of service requirement is a complex and difficult task. Resource allocation and 

management problem includes: 

• Matching problem: the problem of assigning application tasks to suitable 

resources scheduling problem: ordering tasks executions in time to optimize a 

specific objective function. 

• Co-allocation problem: can be defined as the problem of simultaneously 

allocating multiple resources of different types of application in order to meet 

specific performance requirements. 

• Load balancing problem: to increase the utilization of the resources and task in 

the network. 

Another resource management issue made complex due to the site autonomy is co-

allocation of the resources. Co-allocation is the problem of allocating resources in 

different sites to an application simultaneously. Different domains employ different local 

resource managements systems like  LSF etc. A Grid resource management system 

should be able to interface and inter-operate with these local resource managements. A 

resource management system for heterogeneous system should support such negotiation. 

In such system resources are added and removed dynamically. Different types of 

applications with different resource requirements are executed. Resource owners set there 

own resource usage policies and costs. This necessitates a need for negotiation between 

re- source users and resource providers. In Grid different types of application from a wide 

range of domains are executed each with different resource management requirements. 

While some type of applications require to be scheduled as soon as possible even if it 

means reduced performance, some class of application need high performance. The 
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resource management framework should allow new policies to be incorporated into it 

without requiring substantial changes to the existing code. 

In resource management of a Grid environment the following points are the basic 

requirements: 

• Members should be trustful and trustworthy 

• Sharing is conditional 

• Should be secure 

• Sharing should be able to change dynamically 

• Discovery and registering of resources 

• Can be peer to peer or client/server 

• Same resource may be used in different ways 

• Well defined architecture and protocols 

 

3.4 Survey on Grid Resources Management Systems 

The resource management system is the central component of Grid computing systems. 

Depending on the focus and application target, the Grid Resource Management Systems 

are broadly classified into Computational Grids, Data Grids and Service Grids. [35], a 

taxonomy for Grid resource management system is developed which classifies resource 

management systems by characterizing different attributes such as service focus of Grid, 

machine organization (flat, hierarchical) , resource model(schema, object) , scheduler 

organization(centralized, hierarchical, decentralized) ,scheduling policy(system centric, 

user centric), resource discovery(query, agents) etc. Previous approaches for resource 

management can be listed as:  

• Condor [11] is a resource management system designed to support high-

throughput computations by discovering idle resources on a network and 

allocating those resources to application tasks. Condor has a centralized 

scheduling model. Each condor work station submits the jobs in its local queue to 

the central scheduler which is responsible for finding suitable resources for the 

job execution. Condor uses the matchmaker/entity structure which can be both 

provider and requestor, in which the matchmaker becomes the bottleneck of the 
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system. Achieving scalability is difficult and focuses more on protocol issues than 

on performance issues. 

• Nimrod-G [47] is a Grid resource broker for managing and steering task farming 

applications such as parameter studies on computational Grids. In follows a 

computational market-based model for resource management. Nimrod/G is being 

used as a scheduling component in a new framework called Grid Architecture for 

Computational economy (GRACE)[11] which is based on using economic 

theories for a Grid resource management system. It uses the service of other 

systems such as Globus and Legion for resource discovery and dissemination. 

• Globus [55] is a research and development project focuses on enabling the 

application of Grid concepts to scientific engineering computing. It provides a 

basic infrastructure platform that integrates geographically distributed resources. 

The goal of Globus is to understand application requirements for a usable Grid 

and to develop the essential technologies required to meet these requirements. 

Globus is designed based on a layered architecture and intends to provide only the 

infrastructure and mechanism that consists of command line utilities and 

application programming interfaces (APIs). 

Resource management of Globus consists of resources like resource brokers, resource co-

allocator and resource manager or GRAM. The resource requests are specified in 

extensible resource specification language (RSL). Globus has a decentralized scheduling 

model. Scheduling is done by application translate the application requirements into more 

specific resource specification.  

 

3.5 Resource Allocation Challenges 

Traditional resource management systems work under the assumption that they have 

complete control on the resource and thus can implement the mechanism and policies 

needed for effective use of that resource. But in Grid, resources are distributed across 

separate administrative domains this results in resource heterogeneity, differences in 

usage, scheduling policies, security mechanisms. The grand challenge in such system is 
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to adaptively allocating resources to dynamic computations acting on behalf of millions 

of users exploiting even more of heterogeneous devices. It has been shown that resource 

heterogeneity impact the resource allocation in quite significant way in terms of 

performance, reliability, robustness and scalability. The system robustness increases as 

system complexity increases. System complexity is the function of system resources and 

available computing tasks. The resource allocation challenges in general can be listed as 

follows: 

 

3.5.1 Scalability 

In large distributed and heterogeneous systems, the issue of scalability is one of the 

important challenges to be addressed while developing resources allocation schemes. 

Scalability requires that an increase in the number of new agents and resources in the 

system has no noticeable influence on performance and on administrative tasks. A 

heterogeneous network like Grid has the potential to encompass a large number of high 

performance computing resources operating together. Each constituents of such system 

has its own function, its own resources and environment. These components are not 

necessarily fashioned to work together in the overall system. They may be physically 

located in different organization and may not be aware of each others capabilities. The 

resource management framework for such system should not degrade its speed, 

performance and efficiency significantly (or at least degrade gracefully) when the number 

of processors becomes large or when the requests for placement become more frequent. 

Currently available resource management for Grid systems are based on the traditional 

client-server paradigm  or centralized system like condor [11], Legion[53]which may not 

be able to scale to millions of nodes as this systems have bottle neck associated with 

central controller. One approach to manage this challenge is to decentralize the system as 

system increases with more increase in computing infrastructure. A way to implement 

decentralized system in such environment is to adopt peer-to-peer models in order to 

improve scalability and reliability. An agent based hierarchical model [28] can be used to 

address the problem of scalability in the Grids. In agent based hierarchy, intelligent 

agents form hierarchical structure and each agent can only have one connection to an 
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agent higher in the hierarchy to register with but be registered with many lower level 

agents. 

 

3.5.2 Adaptability 

A heterogeneous infrastructure such as Grid is dynamic environment where the location, 

type and performance of the components are constantly changing. For example, a 

component resource may be added to or removed from Grid at any time. These resources 

may not be entirely dedicated to such environment and therefore the computational 

capabilities of the system will vary over time. The existing architecture of resource 

allocation for Grids features virtually no mechanism for automatic adaptation of the 

system or its parts to its parts to new internally or externally imposed conditions. To 

develop adaptive Grid system it is necessary to provide mechanism for automated 

adaptation and reconfiguration of the network on all hierarchy levels. Such mechanism 

include monitoring of the state of the computing nodes of heterogeneous network, its 

analysis together with decision taking, intelligent decision execution and finally 

delegation of control to human operators. In such environment, availability of resources 

may fluctuate which may result from connection or disconnection of computing 

resources, human interaction or interruption of the computers etc. An approach to adapt 

to the change in system state is to enable an adaptive negotiation between intelligent 

agents [63]. The negotiation between agents as also used to optimize computing 

resources allocation to computation jobs over time. Resource agents are used to manage 

all the applications resources, job agents find candidate resource agents and select 

suitable negotiation protocol based on specific needs. 

 

3.5.3 Fault Tolerance and Reliability 

As a result of the complex nature of heterogeneous networks, this is a major concern for 

the network administrators, and there are various ways that detection of such occurrences 

can be accomplished. When a fault occurs, it is important to, as rapidly as possible: 

Determine exactly where the fault is, Isolate the rest of the network from the failure so 

that it can continue to function without interference, Reconfigure or modify the network 
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in such a way as to minimize the impact of operation without the failed component or 

components, repair or replace the failed components to restore the network to its initial 

state. As Grid is a distributed and unreliable system involving heterogeneous resources 

located in different geographical domain, for this case fault tolerant resource allocation 

services have to be provided. In, particular when crashes occur, tasks have to be 

reallocated quickly and automatically, in a completely transparent way from the user’s 

point of view. A Grid is a distributed system involving heterogeneous resources located 

in different geographical domains that are potentially managed by different organizations. 

Therefore, most of the difficulties encountered when designing Grid software are related 

to well known problems in distributed computing. One of the main challenges for Grid 

computing is the ability to tolerate failure and recover from them (ideally in a transparent 

way). Current Grid middleware still lacks mature fault tolerant features and next 

generation Grids needs to solve this problem providing a more dependable infrastructure 

to execute large-scale computations by using remote clusters and high performance 

computing system. 

 

3.5.4 Load Balancing 

When the demand for computing power increases the load balancing problem becomes 

important. We can state the load balancing problem as follows: given the initial job 

arrival rates at each computer in the system find an allocation of jobs among the 

computers so that the response time of the entire system over all jobs is minimized. In 

general we can distinguish static and dynamic load balancing algorithms. In the case of a 

static load balancing policy, a fixed process graph, which represents the distributed 

computation, mapped onto the interconnection network. In this case the aim is to 

minimize edge dilation, processor load difference and edge congestion. If the load 

situation changes in an unpredictable way, as it is the case for many applications, it is 

necessary to use a dynamic load balancing strategy which is adaptive to this changing 

load situation. To be efficient for large distributed systems the load balancing algorithm 

itself should be distributed. Any dynamic distributed load balancing strategy can be 

separated into a decision part and a migration part. In the decision part of the algorithm a 

decision can be based on the local load situation and that of the neighboring processes or 
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it depends on the load situation of any subset of the whole network. In the first case it is 

called a 'local decision base' whereas the second case is called 'global decision base'[19]. 

The load balancing problem is to design algorithms that minimizes the mean job waiting 

time by migrating the jobs to balance the workloads of the processor nodes. This can also 

be done using the bidding and auctioning mechanism, and price controls. In the load 

balancing economy, jobs migrate in search of suppliers based on the job preference 

model. Each job independently computes the best place (node) to be served based on its 

preferences and wealth and the resources prices. In microeconomics-based algorithm for 

load balancing [34], the system is partitioned into sets of completely independent agents 

that compete for the resources in the system. Through the laws of supply and demand, 

this competition dynamically sets prices that are charged for purchasing the available 

resources. A globally effective allocation of the resources is obtained indirectly through 

the selfish optimization and competitive behavior of the economic agents. In this 

approach a job attempts to purchase resources and be serviced. To do, it computes budget 

set based on price and service time and then generate a bid for the most preferred budget 

set element. A job is allowed to migrate through the system in search of CPU service, but 

it must pay each time it crosses a link. Job must return to the processor at which it entered 

the system after receiving CPU service. 

 

3.6 Grid Resource Allocation Approaches 

There are various approaches for allocating resources in heterogeneous and distributed 

networks. Some of these approaches are listed as follows: 

 

3.6.1 Matchmaking and Brokering Approach 

The underlying idea of matchmaking and brokering approach is relatively simple. Servers 

and customers advertise their presence to a common advertising service by describing 

their characteristics in advertisements. These advertisements also contain qualitative 

descriptions of the entities the agents would like to be matched with. A matchmaker 

discovers compatible providers and customers with a generic matching operation and 

notifies the matched agents, which then employ a protocol to connect to each other and 
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enable exchange of service. In this kind of resource allocation approach, there are three 

different kinds of agent categories involved: service providers, service requester and 

middle agents. Match making is the process of finding an appropriate provider for the 

requester through a middle agent. Provider agents advertise their resources to middle 

agents. Middle agents store these advertisements. A requester asks some middle agent 

whether it knows of providers with desired resources.  

Figure 3.3: Matchmaking Process [9] 

The middle agent matches the request against the stored advertisements and returns the 

result. While this process at first glance seems very simple, it is complicated by the fact 

that provides and requesters are heterogeneous and incapable in general of understanding 

each other. 

Matchmaking within multiple agents through broker or middle agent is the common and 

popular approach of resource allocation [9, 34]. One of the major problems facing multi 

agent systems is finding the services and information that the agent needs and connecting 

to the agent that is providing this service. There are different types of middle agents such 

as: matchmaker, broker, billboard etc. 

 

Figure 3.4: Brokering Process [9] 
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In brokering approach, requester request for the service to the broker and broker provides 

that service on behalf of the provider. From requester point of view, a broker is 

indistinguishable from a server. In contrast to broker agent, in matchmaking, a 

matchmaker doesn't deal with the task of contacting the relevant providers, transmitting 

the service requester. This avoids data transmission bottleneck, but it might increase the 

amount of interaction among agents. Figure 3.3 and figure 3.4 show matchmaking and 

brokering process. 

 

3.6.2 Market Based Approach 

In the real world market, there exist various economic models for setting the price of 

services based on supply-and-demand and their value to users. These real world economy 

models such as commodity market model, market bidding, auction model, bargaining 

model etc can also be applied to allocate resources and tasks in distributed computing 

[48]. In commodity market model resource owners or producers specify their service 

price and charge users according to the amount of resource consume. Each buyer and 

seller will set price and quantity of how much it is willing to buy or sell. Consumer pays 

for their access to various resources they use like CPU cycles, memory, network 

bandwidth etc. In real world, auctions are used extensively for selling goods/items within 

a set duration. The most common auction models are one-to-many and many-to-many 

auction models. Service providers announce their services and invite bids. Different 

consumers offer their bids for the auction. This process continues until no one is willing 

to bid higher price or auctioneer stops. Finally, service provider offers its service to one 

who wins and the consumer uses the service. There are several auctioning mechanism 

such as the sealed bid auction, Dutch auction and English auction. As distributed systems 

grow in size and the nodes become more powerful and complex, the complexity of 

making resource allocation decisions grows dramatically. Microeconomic approaches 

limit this complexity by portioning the complex global problem of allocating many 

resources, supplied by many sources and by many types of consumers into a set of 

simple, independent sub-problems. In Grid economy, decentralization is provided by the 

fact that economic model consists of agents which selfishly attempt to achieve their 

goals. Paper [27] provided decentralized algorithms to allocate resource in a co-operative 
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and non-competitive manner among included communication and average processing 

delay. Resource consumers adopt the strategy of solving their problems at low cost within 

a required time frame and resource providers adopt the strategy of obtaining best possible 

return of their investment. The load-balancing problem can also be solved using the 

bidding and auctioning mechanism and price controls. In the load balancing economy, 

jobs migrate in search of suppliers based on job preference model. Each job 

independently computes the best place to be served based on it preferences and wealth, 

and he resources prices. The paper [8] purposed a microeconomic algorithm for load 

balancing in distributed computer systems. In this approach system is partitioned into sets 

of completely independent agents that compete for the resources in the system. Through 

the laws of supply and demand, this competition dynamically sets prices that are charged 

for purchasing the available resources. 

 

3.6.3 Peer to Peer Resource Allocation 

In contrast to the client/server architecture, there is no single central system (server) in a 

P2P network that provides all data and services to the consumers (clients). Information is 

directly exchanged between providers and consumers. Most of these systems align their 

peers in a overlay network to existing network interfaces. P2P network is a distributed 

network composed of a large number of distributed, heterogeneous, autonomous and high 

dynamic peers in which participants share a part of their own resources such as 

processing power, storage capacity, software and files content. These kinds of networks 

are managed without any centralized control or hierarchical organization. Each 

participating node in such system is functionally equivalent and can act as server and a 

client at the same time. A vast number of p2p based routing protocol and platforms have 

been developed over the past few years eg. Gnutella [57], Pastry, Chord, CAN and JXTA 

[58]. Peers are accessible by other node directly without passing intermediary entities. 

Decentralized and distributed nature of P2P systems makes them robust against certain 

kinds of faults, making them potentially well suited for long term storage or lengthy 

computation. Peer-to-peer systems offer a number of advantages over conventional client 

server or centralized systems such as scalability, fault tolerance, performance. In a P2P 

network end-users share resources via direct exchange between computers and 
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information is distributed among the member’s nodes instead of centralized at a single 

server. Different approaches have been used to provide self-organizing behavior of the 

peers and thus relieve the users of configuring the rapidly changing network manually. A 

Peer to peer communication uses local neighborhood [38, 46]. In localized matchmaking 

providers and consumers look only for an acceptable match within their local 

neighborhood. However, this might not yield with the best possible match. In this case, 

computing nodes are connected by random peer-to-peer communication mechanism 

which search partners for tasks by forming small group that locally modify their network 

connections. As agents find compatible neighbors to form cluster and gradually get 

larger. 

 
Figure 3.5: Pure P2P and Hybrid P2P [38] 

 
 A successful trail of the system is one that ends up with most of the agents connected to 

each other, usually in a single large cluster. So in this model cluster size is not limited 

and thus the design goal of avoiding centralized control is fully met 

 

  
 
 
 
 
 
 

 

Figure 3.6: Localized Matchmaking using peer-to-peer [38] 
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The overall aim of the resource management is to efficiently schedule applications that 

need to utilize the available resources in heterogeneous and dynamic environments. 

These resource management scenarios often include resource discovery, resource 

inventories, fault isolation, resource provisioning, resource monitoring, a variety of 

autonomic capabilities, and service-level management activities. The resource allocation 

in Grid posses various challenges like scalability, adaptability, flexibility and load 

balancing. The most interesting aspect of the resource management area is the selection 

of the correct resource from the Grid resource pool, based on the service-level 

requirements, and then to efficiently provision them to facilitate user needs. In this 

chapter, we examined resource allocation problems studied resource management in Grid 

and related issues and challenges and surveyed on various resource management 

approaches available for Grids. The next chapter of the thesis will discuss an efficient 

resource management system for Grid to address the above-mentioned issues and 

challenges. 
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   Chapter 4. Problem Formulation 
 

 
 
As seen in previous chapters the resource allocation in Grid posses various challenges 

like scalability, adaptability, flexibility and load balancing. Existing methods of resource 

management in Grid and related issues and challenges have been studied and reviewed. 

For Grid Resource Allocation various Approaches like Matchmaking and Brokering 

Approach [9, 34], Market based Approach [48], Peer to Peer Allocation Approach 

[38,46] exist. The problem with Matchmaking Approach is finding the services and 

information that the agent needs and connecting to the agent that is providing this service. 

 

These approaches do not focus much on performance optimization. Therefore, this work 

here focuses on performance and cost optimization during resource allocation using 

linear programming. 

 

This thesis aims is to design and develop a performance optimization in Grid resource 

allocation, which overcomes the shortcomings of the current state of the art in the 

context. It also assumes that numbers of resources are finite in the Grid. 

Main Objectives are 

• Allocation of best resource using linear formulation discovered by resource 

discovery approaches. 

• The allocation approach fine-tunes the cost and performance optimization 

tradeoff. 

• Use of Simplex Approach [20] of linear programming problem to check 

complexity bounds. 
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Chapter 5. Proposed Linear Programming Based Approach 
 
 

 

Many problems can be formulated as the problem of maximizing or minimizing an 

objective function, given limited resources and competing constraints. If we can specify 

the objective as a linear function of certain variables, and if we can specify constraints on 

resources as equalities or inequalities on those variables, then we can have Linear 

Programming. 

In this chapter, we consider resource allocation problem in Grid computing environment. 

We consider a general problem in which interconnection between the nodes is modeled 

using a network diagram. Initially, the source data for all the tasks resides on the root 

node; other nodes in the system receive tasks from the root and some of their neighbors, 

compute some of these tasks, and push some tasks to some selected neighbors. We 

maximize the performance of the system by using a linear programming formulation. We 

transform graph into linear programming formulation, which can be further converted 

into network diagram. We can traverse this network diagram efficiently using Bellman-

Ford algorithm[53].  

The problem of computing a large set of variable sized independent tasks on a Grid-

computing environment is considered here.  The system consists of a collection of 

heterogeneous compute resources, connected via network links. We model the system as 

an undirected graph, where each node in the graph represents a compute resource and 

each edge in the graph represents a network link. A compute node needs to receive the 

source data for a task before executing the task. We assume that the source data for all the 

tasks initially reside on a single node in the system, which we call the root node. A 

compute node in the system can communicate with not only the root node, but also its 

neighbors. Every compute node thus needs to determine: from where the tasks come from 

and there are how many tasks to compute locally, and where to transfer the rest of the 

tasks that it has received. We denote it as a graph structured computing paradigm. To 

minimize the overall execution time of all tasks is a NP-complete problem [45]. 
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5.1 System Model 

Given system is represented by a weighted undirected graph G (V, E), where V 

represents a set of vertices and E represents a set of edges. The number of vertices is 

given by n=|V| and the number of edges are given by m =|E|. 

Each node Vi � V in the graph represents a compute resource. The weight of Vi is denoted 

by wi, wi represents the processing power of node Vi,   that is, Vi   can perform one unit of 

computation in 1/wi time. Each edge Eij � E in the graph represents a network link. The 

weight of Eij is denoted by ewij.  ewij represents the communication link Eij ,that is , link 

Eij can transfer one unit of data from Vi to Vj in 1/ewij time. Links are bidirectional so G 

is undirected and Eij = Eji.  This graph model is denoted as base model. 

Now we express this problem as a linear program, for this we determine a set of variables 

and constrain that define shortest path from s to t. 

 
Figure 5.1: Graph Representation G (V, E) [54] 

Compute node can send and receive data concurrently to its neighbor nodes.  For each 

compute node Vi, we introduce two parameter Ii and Oi.   These two parameters indicate 

the capacity of receive and send data with one unit of time. 

System performance is defined as the number of tasks processed by the system in one 

unit of time. Let f (Vi, Vj) denote the number of tasks transferred from Vi to Vj during 

this time interval. Note that f (Vi,Vj) is directional, although the corresponding link Eij is 

not. If actual data transfer is from Vi to Vj, we define f (Vj,Vi)= - f(Vi,Vj) 

Base Problem: Given an undirected graph G (V, E), where node Vi has weight wi and 

associated parameters Ii and Oi , and edge Eij has weight ewij, where  

ewij >0 if Eij � E  

And    ewij =0 otherwise.  
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In the linear program, xv represents the amount which a vertex v has been picked and yev 

represents how much an edge e has been assigned to one of it’s vertices v.  

We have following constraints for resource selection: 

1. xv � yev   
�

v � e � E 

This means that Job select is more than that of Job assigned. 

2. yev � 0   
�

v � e � E 

Job assigned to any node is always greater than or equal to zero. 

3. 0 � xv � 1  
�

v � V 

 

We have following constraints for resource allocation: 

1.| f(Vi ,Vj ) /ewij | <= T for 
�

 Eij  �  E. This is because Eij can transfer ewij unit of data in 

one unit of time. 

2. � Vk  �  Ai [f(Vk,Vi)] >= 0 for 
�

 Vi �  V – { V0} . This condition says that no 

intermediate node can generate tasks. 

3. � Vk  �  Ai & f(Vi,Vk) >0 [ f(Vi,Vk] <= T * Oi ,for 
�

 Vi �  V. This means that Vi cannot 

send data at a rate higher than what is allowed by its network interface. 

4. � Vk  �  Ai & f(Vk,Vi) >0 [ f(Vk,Vi] <= T * Ii ,for 
�

 Vi �  V – {V0 }. This means that Vi 

can not receive data at a higher than what is allowed by its network interface. 

5. � Vk  �  Ai [ f(Vk,Vi)/ wi] <= T for 
�

 Vi �  V – {V0 }.We can see that � Vk  �  Ai 

[f(Vk,Vi)] is the total number tasks that Vi has kept locally (tasks received minus tasks 

sent out). This condition says that no intermediate node should kept more tasks than it 

can compute. 

 

Objective Function  

Maximize P = p0 + � (� Vk � V f (Vk,Vi))------------(1) 

           Vi � V – {V0} 

And �   xv such that,       v � V 
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The first step of the algorithm is to look at all capacity one vertices and see if they are 

required for the solution, this is tested by creating a special form of network diagram 

problem in which a bipartite graph is formed in which one set of vertices represents the 

edges of the original graph and the other set represents the vertices of the original graph. 

Edges are placed connecting the vertices representing edges to the vertices representing 

their endpoints with capacity for 1 unit of flow. The source is connected to all of the 

vertices representing edges with edges that can support 1 unit of flow, and finally the sink 

is connected to each vertex representing a vertex from the original graph with the same 

capacity as the vertex had in the original node. If at this point the maximum flow through 

the newly constructed flow network is greater than or equal to |E| there is a feasible 

solution. 

In this way each capacity one vertex can be “removed” by setting it's capacity to 0 and 

then the graph can be tested for feasibility. If the graph has a feasible solution that 

vertex's capacity is left at 0. The capacity one vertices, which are required for feasibility, 

are automatically picked by setting the corresponding xv variable to 1. Once this 

preprocessing is done the LP is constructed and solved. At this point the vertexes whose 

corresponding xv variable are greater than or equal to ½ are included in the cover 

automatically. This does not guarantee a solution, so the remaining vertices are included 

with probability equal to 2xv, for the corresponding xv variable. This still does not 

guarantee a solution, so in a relatively complicated manner a few more vertices are 

selected for the cover. These vertices are paid for out of the excess that was paid in order 

to include all of the vertices with xv larger than ½, or � v � V (2 xv−1). At this point we 

have a feasible solution in which the vertices are integrally picked and assigned to the 

cover or not, but the edges may be fractionally assigned to vertices. 

Finally the same flow network used in the feasibility checking is constructed and the 

edges are integrally assigned to vertices using the integrality of flows property which 

guarantees a solution in which the constraints are still satisfied, but that each edge carries 

an integral amount of flow. 
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5.2 Resource Allocations to Maximize System Performance 

From equation 1 we can shows that p0 is an additive constant to the system throughput; 

hence, we can ignore p0 and maximize � Vi � V – {V0} ( � Vk � V f (Vk,Vi)) .System 

performance is maximized when V0 perform tasks at the highest rate possible. Formally 

we have the following proposition. 

� Vi � V –{V0} ( � Vk � V f(Vk,Vi)) = � Vk � V  f (V0,Vk) 

 

5.2.1 A Linear Programming Formulation:  

We first transform the base model to include the constraints enforced by Ii and Oi .The 

transformation is performed using the following procedure  

Procedure 1: 

1. In place of Vi put nodes Vi
1, Vi

11 .The weights of these new nodes are w1, w2, w3 and 

w4 respectively. Add directed edge of weight Ii for input node. And another directed edge 

of weight Oi for outgoing edge. 

 

2. Assigns weight to each between two nodes. Weights for these edges are ewij.  Where 

(i,j) � 1… 4. 

       d[s] = 0. 

 

 

 

 

 

 

 

                  Figure: 5.2: The base model of a sample system 

Linear programming formulation is converted into network diagram and then Bellman - 

Ford method is applied. It helps in finding shortest path. When this algorithms terminates, 
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it has computed, for each vertex V, a value of d[V] such that for each edge (u,v) � E, we 

have d[v] <= d[u] +f(u,v).The source vertex initially receives a value  d[s] =0 , which is 

never changed. Thus we obtain the following linear program to compute the shortest 

weight from S to T.  

Objective: Maximize d[t] 

Subject to: d[v] <= d[u] + � (u, v) for each edge (u, v) � E, 

 

 
Figure 5.3: The Base model and its intermediate representation  

 

In this linear program, there are |V | (n) variables d[v], one for each vertex v � V. There 

are |E|+ 1(m+1) constraint, one for each edge plus the additional constraint that the source 

vertex always has the value 0. 

We start with   f (u, v) =0 for all u, v � V, giving an initial flow of value 0.  At each 

iteration, we increase the flow value 0. At each iteration, we increase the flow value by 

finding an augmenting path, which we can think of simply as a path from the source s to 

the sink t along which we can send more flow, and then augmenting the flow among this 

path. We repeat this process until no augmenting path can be found.  

 

5.2.2 A Network Diagram Representation: 

From equation 1 we notice that the system performance is the sum of V0’s compute 

power and the rate with which tasks flow out of V0 After the data (tasks) flow out of V0, 

it will be transferred in the system and finally be consumed by some nodes.  If we model 
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these data consumptions as a special type of data flow to generator nodes, then the 

performance of the system is exclusively defined by the rate with which data flow out of 

V0. This leads to our network representation for the system performance problem. The 

following procedure transforms the intermediate representation top network 

representation. [51] 

 

Procedure 2: 

1. Now, create a corresponding intermediate node Vi
1 in the Network Diagram 

representation. Set the weight of Vi
1 as w1. 

 

2. For each edge Eij in the intermediate representation that goes from Vi to Vj, create an 

edge Eij
1 in the representation that goes from Vi

1 to Vj
1. Set the weight of Eij

1 as that of 

Eij. 

 

3. Add a node S to the network diagram .S has weight 0. 

 

4. For each node Vi
1 in the network representation, if the weight of Vi(vi

1 ‘s 

corresponding node in the intermediate representation) is greater than 0, add an edge Eij
1 

that goes from Vi
1 to S. Set the weight of Eij

1 as the weight of node Vi , in the 

intermediate representation. 

We call the new node S sink node of the Network representation. 

 
Figure 5. 4: The Network representation of the system in Figure 5. 3 
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Above figure shows an example of network diagram when applying procedure 2 to 

intermediate representation. Node S is the newly added sink node. The weight of the 

nodes is marked in the parenthesis after the node names. The edge names are omitted; 

only the edge weights are marked in the parentheses.  

 

5.2.3 Solving Problem with Simplex Method 

To solve a linear formulation we here use simplex method. Steps of simplex methods are 

as: 

Step 1. Convert the linear program into standard form. This means making the linear 

program the minimizing variety and changing inequality constraints to equality 

constraints.  

Step 2. Find a first basic feasible solution. (Iterate through these steps with a slightly 

expanded form of the problem.)  

Step 3. Calculate the Reduced costs.  

Step 4. Test for optimality.  

Step 5. Choose the entering variable.  

Step 6. Calculate the Search Direction.  

Step 7. Test for unboundedness.  

Step 8. Choose the leaving variable by the Min Ratio Test.  

Step 9. Update the solution.  

Step 10. Change the basis.  

For finding shortest path in the network Bellman Algorithm is used with complexity       

Ο (|V|.|E|). 
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Bellman (G, w, s) 

Instruction 1. Initializes single source (G,s) 

Instruction 2. for i � 1 to |V[G] | -1 

Instruction 3. do for each edge (u,v) � E{G} 

Instruction 4.  do RELAX (u,v, w) 

Instruction 5. for each edge (u, v) � E (G) 

Instruction 6. do if d[v] > d[u] + w (u,v) 

Instruction 7.  then return FALSE 

Instruction 8. return TRUE 

 

In this section we analyze the performance of the presented approach in the context of 

computational costs. Our Algorithms runs in time Ω(VE), since the initialization in line 1 

takes � (V) time, each of the |V| -1 passes over the edges in line 2-4 takes �(E) time, and 

the for loop of line 5 -7 takes Ω(E) time.  
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Chapter 6.  Implementation Details and Experimental Setup 
  

 

In order to implement our proposed resource allocation model, we developed an 

application, which simulates on the Grid environment i.e. on Grid portal. We developed 

the application using J2EE, Java Applets and MySQL database server. 

 
6.1 Technologies Used 

In this section we give a brief introduction about the technologies we used in developing 

our project. We used J2EE to program the client side architecture and used applets to 

program the sever side architecture.  

 

6.1.1 Java 

Java language offers several features that ease the development and deployment of a 

software environment for Grid computing. Its network-centric approach and its built-in 

support for mobile code enable the distribution of computational tasks to different 

computer platforms. 

Java runtime systems are available for most hardware platforms and operating systems. 

Because of the heterogeneity of the hardware and of operating systems employed by 

Internet users, it is crucial that a platform for large-scale Grid computing be available for 

a large variety of different computer systems. Consequently, a Java- based platform 

potentially allows every computer in the Internet to be exploited for distributed, large-

scale computations, while at the same time the maintenance costs for the platform are 

minimal (”write once, run everywhere”). Apart from its portability and compatibility, 

language safety and a sophisticated security model with flexible access control are further 

frequently cited advantages of Java. As security is of paramount importance for the 

acceptance of a platform for Grid computing, the security and safety features of Java are 

highly appreciated in this context.  
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6.2 System Model 

 

 

 
Figure 6.1: Proposed System Architecture 

 

6.3 Process Flow Diagram 

In Grid, resources are distributed at different locations. As shown in figure there are N 

different locations. When user queries for any resource,  

• Resource Discovery manager searches for resources using Query Based Approach 

in Resource Database.  

• Sends results to resource selection module.  

• By applying different constraints criteria and simplex method, selection manager 

select best available resource location. 

• Based on the result, user get the system name and IP address from where he can 

get resources of minimized cost or maximized performance. 
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Figure 6.2: Process Flow Diagrams for Resource Allocation 
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6.4 Experimental Setup 

The main aim of experiment is to demonstrate the effectiveness of Linear Programming 

based allocation strategy whose performance needs to be evaluated under different 

scenarios such as varying the number of users with different requirements. It is hard to 

perform performance evaluation involving multiple users in a repeatable and controllable 

manner for different scenarios due to dynamic nature of Grid environment. Therefore, 

this work simulates a Grid environment based on a Java-based discrete-event Grid 

simulation toolkit called GridSim [52]. The toolkit provides facilities for modeling and 

simulating Grid resources and Grid users with different capabilities and configuration. 
 

To simulate application scheduling in GridSim environment requires the modeling and 

creation of GridSim resources and applications that model tasks. For the sake of 

simplicity in analyzing the result, it is assumed that all the users and resources 

stochastically similar within the respective groups with very small variances in their 

characteristics.  

(1) Resource Modeling. Grid resources are modeled and simulated as many as different 

characteristics such as speed of processing, time zone, etc. The resources capability is 

defined as a MIPS rating. It varied with normal distribution from 0.5 to 1.5. For every 

Grid resource, local workload is estimated based on typically observed load conditions. 

The network communication speed between user and resource are defined in terms of 

data transfer bandwidth rate 100Mbps.  

(2) Application Modeling. Grid users are modeled as many as 20 that are competing for 

resource. Each user consists of 4 tasks with variation of ± 1. Each task is heterogeneous 

in terms of task length and input files size. Task length is expressed in such a way that 

they are expected to take at least 20,000 MI (Million Instructions) with a random 

variation of 0 to 10% on the positive side. This 0 to 10% random variation in task length 

is introduced to model heterogeneous in different tasks. The user’s budget varied with 

normal distribution from 90G$/s to 180G$/s. Here, G$ denotes Grid dollar.  

 
As shown in the system architecture, the system is implemented in java and following are 

screenshots of the system. 
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Screenshot 1: Entry of resource location available and User needs 

First screen displays resource location searched by resource discovery manager and 

number of resources that user entered at the time of discovery. 

 

 

 

 

 

 

 

 

 

 

 

Screenshot 2: Resource Matrix 

In Screenshot 3 first field displays the user’s objective i.e. whether he wants to maximize 

performance or minimize cost. Second row displays type of resource user needs and in 

how much quantity. 

Finally numbers of location where the resources are discovered is displayed in equations.  

Right hand side of equation displays maximum cost or maximum CPU speed and in LHS 

of equation number of resources available at different location are displayed. 
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Screenshot 3: Solved Resource Matrix Optimized Values 

In above screen, resource matrix is solved using simplex method and based on this 

optimized result next step is performed i.e. allocate the resource from optimized location. 
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Screenshot 4:  System Name with best resource available 

When click on resource allocate than resource is allocated to job where best resources are 

available. 

 
6.5 Experiment Results 

Figure 6.3 illustrates how resource capacity and budget affect job execution time. As 

shown in Figure 6.3, for a low resource capacity (e.g. 75MIPS~150MIPS), the job 

execution time decreases 60% with the increase of resource capacity. Alternatively, when 

supply with a high resource capacity (e.g. 339MIPS~414MIPS), the job execution time 

decreases very slowly with the decrease of resource capacity. This is because when a 

higher resource capacity is available, the execution time of the task running on the 

resource becomes very small which cannot affect the job execution time. The Figure 6.4 

and compare the job execution time under different range of resource capacity variation 

for the Round Robin and Linear Programming strategies. The X-axis shows a change in 
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resource capacity (total PE speed). The job execution time using Linear Programming 

allocation strategy can be as much as 36% shorter than that using the Round-Robin 

allocation when the resource capacity varies from 75MIPS~188MIPS. The reason for the 

performance improvement is that our optimal allocation considers user requirements 

while Round Robin does not. Figure 6.3 shows Job execution time of user i for different 

resource Capacity limits with a fixed budget for each of the user. 

 
 

Figure 6.3: Job Execution Time V/s Resource Capacity and Fixed Budget 
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Figure 6.4: Comparison of job execution time with resource capacity values 

6.6 Performance Analysis 

To this end, we constructed several sets of random graphs of varying size and ran them 

through the algorithm to gather a significant amount of information in which to search for 

patterns. From the smaller graphs, which we had generated at first, we had conjectured 

that in the linear program solution x1, x2 for all edges assigned to a vertex, but in the 
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larger test graphs this was not always the case. For example we consider one linear 

programming problem in this example x and y are 2 resources. 

Objective Function 

Maximize z = 2x + y   

Subject to the constraints: 

1. x > 0,  

2.  y > 0, 

3. x + 2y < 5,  

4. x – y < 2. Then  

We begin by graphing the region in quadrant I (x > 0, y > 0) formed by the constraints.   

Now we evaluate the objective function at the four vertices of this region. 

Corners 

 

Objective Function 

 z = 2x + y 

(0, 0) z = 2 • 0 + 0 = 0 

(2, 0) z = 2 • 2 + 0 = 4 

(3, 1) z =2 • 3 + 1 = 7   

The maximum value of z. 

(0, 2.5) z = 2 • 0 + 2.5 = 2.5 

 

Table6.1:  Calculation of value of Z 

 

  

 

 

 

Figure 6.5: Graph of the constraints 

Thus, the maximum value of z is 7, and this occurs when x = 3 and y = 1. 
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Chapter 7.  Conclusion and Future Scope of Work 

 
In this thesis, issues and challenges involved in dynamic resource allocation in Grid, have 

been addressed. In order to support resource allocation in Grid environment, the proposed 

solution is based on an intelligent technique, named linear programming for performance 

management. The effectiveness of the proposed solution has been verified on open source 

GridSim Toolkit version 4.0, for simulation of heterogeneous, controllable and repeatable 

test environment. 

Main highlights of the thesis work are:  

• Allocation of best resources using linear formulation discovered by resource 

discovery approaches. 

• The allocation approach fine-tunes the cost and performance optimization 

tradeoff. 

• Use of Simplex Approach [20] of linear programming problem to check 

complexity bounds. 

• Experimental simulation results for the proposed approach have been compared 

with the Round Robin Allocation Approach.  

• The proposed approach has been completely implemented in JAVA for complete 

platform independence. 

 

7.1 Future Scope of Work 

• The current implementation is done within a LAN with limited number of PCs; 

this can be ported to global Grid environment. 

• The Approach proposed in this thesis has been only simulated on a virtual Grid 

Environment, before all the design goals can be verified and validated this 

Approach should be implemented in a Third Party Grid Resource Broker like 

GridBus Broker or Nimrod-G or Condor-G for testing in a Real Grid 

Environment. 
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