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Abstract 

Resource supervision and scheduling is an intricate problem in grid. Load scheduling is the method of improving the 
performance of grid environment through a redistribution of load among the computers. A grid based distributed system can 
solve the problem by allowing multiple independent jobs to run over a network of heterogeneous computing nodes. Keeping the 
jobs poise over network of computers requires load scheduling algorithm that are dynamic and quick. Scheduling is the 
decision making process and the main intention of scheduling is the minimum completion time, minimizing communication 
delays, maximizing resource utilization and maximizing throughput, avoid overheads and starvation. The intention of the 
paperwork is to review the different dynamic load scheduling algorithm used in grid environment.  
Keywords: Grid, Load Balancing, Scheduling, Task, Coordinator Node, Worker Node. 
 
1. Introduction 
 Distributed computing system is fundamentally an anthology of processors interconnected by communication network 
in which each processor has its own local memory, disk and other peripherals and the communication between any two 
processors of the systems take place by message passing over the communication network. Processor and its resources 
are usually referred to as node or machine of distributed computing system. Over the past two decades, advancements 
in technology have resulted; grid computing has gained extensive interests in academia, industry and military. 

 
Figure 1 Grid scheduling process 

 
Due to heterogeneous nature of the grid system, scheduling and load balancing in such environment is significantly 
complex and challenging. Dynamic load balancing is a key factor in achieving high performance for large scale 
distributed applications on grid infrastructures. Foster et al [1] defined grid computing as a “coordinated resource 
sharing and problem solving dynamic, multi-institutional collaborations”. The idea behind technology is to identify the 
resources in the network of computers that are geographically dispersed and allow the computers to coordinate 
themselves in sharing the resources to solve the complex problems in short span of occasion.  
Scheduling refers to the way processes are assigned to run on available processors. The load scheduling is the mapping 
of tasks to a selected group of resources which may be distributed in multiple administration domains. But the problems 
lie in developing an algorithm to suit the various forms of applications, process of partitioning the application into 
heaps of tasks, encouraging coordinated communication among tasks, monitoring the synchronization among tasks, 
and mapping the tasks to the machines. 
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 An appropriate scheduling of tasks to the resources is the greater potentiality that can enhance the functional capability 
of the grid system. The core objective of scheduling is to minimize the completion time of a parallel application by 
properly and carefully allocating the tasks to the appropriate processors. There are variety of load balancing algorithms 
have been proposed, there are four basic steps that nearly all algorithms have in common: load monitoring, 
synchronization, calculating new distributions and making the work movement decision (rebalancing criteria), actual 
data movement (job migration).In a grid scheduling process, a user goes through three stages to schedule a job when it 
involves multiple sites. Phase one is Resource Discovery, in which the user makes a list of potential resources to use. 
Phase two involves gathering information about those resources and choosing a best set to use. In phase three the user 
runs the job [3]. 
 
2. RELATED WORK 
Haynos et al. [2] suggested that Grid computing differs from other distributed systems. The study asserts that the nature 
of the Grid is to facilitate the sharing of distributed resources by means of loosely coupled processing. Foster[1] 
proposed that Grid computing includes a three-point checklist: (1) coordinate resources that are not subject to 
centralization; (2) use standard, open, and general-purpose protocols and interfaces; and (3) deliver qualities of service. 
 From these studies, it can be understood that the purpose of the Grid is to facilitate resource-sharing among computers 
by loosely coupled processing. The number of Grid participants is determined dynamically as they are freely allowed to 
enter and exit the Grid. Scheduling is the core part of grid resource management system. The system receives job 
requests and matches it to the best resource based on scheduling. There are many studies that demonstrate a variety of 
scheduling concepts and strategies, policies in relevance to Grid to achieve the targeted performance. There is an 
utmost importance of scheduling tasks on the processors in order to achieve high speed and to minimize the overheads. 
The various techniques and parameters related to scheduling algorithms which are required for device optimization. 
 There are many performance measuring parameters in the scheduling technique such as fairness, throughput, 
turnaround time, waiting time, efficiency, speedup. The goal of scheduling algorithm is to fulfill the criteria such as no 
starvation, Pre-emption in case of priority based algorithms, good scaling as the number of tasks increases. There are 
widely used grid resource management systems which emphasis on scheduling attributes such as grid type, resources, 
scheduling approach. Condor [4] uses computational grid and uses centralized scheduling approach where as Globus 
[5] and Netsolve [4] uses decentralized approach for scheduling. Classical load balancing algorithms address this 
problem by maximizing the utilization of a single resource (generally, CPU). Manish Arora et al. [8] proposes new 
scheduling and load balancing algorithm for grid model of n-resource nodes. Multitude of resources, proper load 
balancing across grid can be lead to improve overall system performance and lower turnaround time of jobs. Most 
algorithm do not consider overhead of searching the appropriate nodes. The assumption is valid for tightly coupled 
multiprocessor system but not for geographically distributed environments like the grid. 
 Manpreet Singh et al.[7] proposes decentralized grid model and dynamic load balancing algorithm which perform 
intra cluster and inter cluster load balancing. A load balancing model based on tree representation of a Grid is proposed 
in paper [9].  It includes a hierarchical load balancing strategy which uses a task-level load balancing and privileges, as 
much as possible, a local load balancing to avoid the use of WAN communication.  
Sanjoy K. Baruah et al. [10] presented a schedulability analysis of Rate Monotonic (RM) scheduling algorithm to 
determine schedulability of periodic task set on a particular uniform multiprocessor. A simple, sufficient test was 
presented for determining whether a given periodic task system would be successfully scheduled by this algorithm upon 
a particular uniform multiprocessor platform. Houle [11] consider algorithms for static load balancing on trees, 
assuming that the total load is fixed. In [12], authors compare two important task schedulers such as Earliest Deadline 
First (EDF) scheduler and Ant Colony Optimization Based (ACO) scheduler. 
 It also presents a system that can be schedule multiple independent tasks. Tasks can obtain minimum guaranteed 
execution time with its performances. In [15], authors proposes two new methods dynamic biasing and improved round 
robin algorithm for load balancing in distributed systems are proposed. Both methods are based on hierarchical 
structure. In [16] , authors  analysis  the problem of task scheduling and load balancing for parallel applications in P2P 
computing environment that can be broken down into independent subtasks and propose a tree-based task scheduling 
model for P2P computing and model shows a good performance. 
 
3. PROBLEM FORMULATION 
Grid computing enables allotment, selection and aggregation of large collections of geographically and organizationally 
distributed heterogeneous resources. In order to increase computational and storage power, resource openness and 
utilization for solving large scale data intensive problems in science, engineering and commerce performance of 
application in such environment remains challenge. In grid environments, the shared resources are heterogeneous in 
nature, which in turn affects application performance. Different CPU speed, different architecture of operating systems, 
data representation on different machines, different sharing policies and communication speed of different 
communication mediums i.e. latency and bandwidth. 
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The focus of our study is to consider factors affecting application performance in the grid environment. Resource 
heterogeneity is the one of the most important factor which can affect the performance of the grid application. To 
improve the global throughput of these environment, effective and efficient dynamic load balancing algorithm are 
fundamental important. 
 
4. ORGANIZATION OF SCHEDULING ALGORITHMS 
The classification can be based on the type of application for which scheduling needs to be done, whether the tasks need 
to run time schedule or compile time schedule, whether the scheduling is done on central site or distributed sites, 
uniprocessor /multiprocessor scheduling. a) From the user's point of view, scheduling algorithms are classified into 
three categories: iterative scheduling, batch scheduling and real time scheduling. 
1. Iterative scheduling: Scheduling of processes is done iteratively and the algorithms used for scheduling are known as 
iterative scheduling algorithms. Round Robin, shortest process next, lottery scheduling etc. are the examples. 
2. Batch scheduling: Processes are queued together in a batch and scheduling is done in batches. Algorithms that are 
used to plan the batches are known as batch scheduling algorithms. FCFS, Shortest remaining time next, highest 
response ratio next are the examples. 
3. Real time scheduling: Real time tasks are those in which the accuracy of the outcome not only depend on the 
correctness of result but also depend on the time at which the results are produced. Scheduling such tasks is done by 
real time scheduling algorithms [17]. Rate monotonic and Earliest Deadline First (EDF) are examples of real time 
scheduling algorithms. 
b) Organization based on the time to schedule is categorized into three type run time and compile time scheduling, 
hybrid scheduling. 
1. Static Scheduling: In this procedure, scheduling decisions are made at compile time. For scheduling, complete prior 
knowledge of task-set characteristics is required. The system's behavior with static scheduling is deterministic [18]. 
Rate monotonic scheduling is the example of static scheduling used for scheduling real time tasks.  
2. Dynamic Scheduling: Scheduling decisions are made at run time by selecting one task out of the set of ready tasks. 
Dynamic schedulers are flexible and system's behavior is non-deterministic. EDF is the example of dynamic priority 
scheduling algorithm used to schedule real time tasks.  
3. Hybrid Scheduling: A further improvement is the static-dynamic hybrid scheduling. The main idea behind hybrid 
techniques is to take the advantages of static schedule and at the same time capture uncertain behaviors of applications 
and resources. 
c) On the basis of site scheduling can be categorized into three types: centralized scheduling, decentralized scheduling,  
1. Centralized Scheduling: All decisions are made at the central site. The central scheduler in the distributed system is 
a critical point of failure. Updated load situation information is needed on all nodes which might lead to 
communication bottleneck. 
2. Distributed/ Decentralized Scheduling: Scheduling of non-interactive processes or jobs in a network of computers 
comes under this category [19]. 
d) On the basis of preemption scheduling can be categorized into two types: preemptive scheduling and non preemptive 
scheduling. 
1. Pre-emptive Scheduling: If the system can be interrupted during the execution of the process on the arrival of higher 
priority task then this type of system is known as preemptive system and algorithms used to schedule such systems are 
known as pre-emptive scheduling algorithms [20]. All real time scheduling algorithms are examples of pre-emptive 
scheduling algorithms. 
2. Non Pre-emptive Scheduling: If no interruption is allowed during the execution of process then scheduler is known 
as non preemptive scheduler [19]. First Come First Serve (FCFS) scheduler is non pre-emptive scheduler. 
e) On the basis of no. of processors scheduling can be categorized into two types: uniprocessor scheduling 
/multiprocessor scheduling.  
1. Uniprocessor Scheduling: If the scheduling is done on a single processor then it is known as uniprocessor scheduling 
[20]. Round Robin is the example of uniprocessor scheduling algorithms. 
2. Multiprocessor Scheduling: If number of events occurring close together is high then we have to increase number of 
processors in the system. Such system is known as multiprocessor systems and scheduling techniques required to 
schedule a task on such system are known as multiprocessor scheduling algorithm. Global scheduling algorithms and 
partitioning scheduling algorithms fall under this category. 
f) On the basis of time span scheduling can be categorized into three types: long-term scheduling, mid-term scheduling, 
and short-term scheduling [22]. Casavant et al. [14] propose a hierarchical taxonomy for scheduling algorithms in 
general-purpose parallel and distributed computing systems. From the top to the bottom, this subset can be identified as 
local vs. global, static vs. dynamic, optimal vs. suboptimal, approximate vs. heuristic, distributed vs. centralized, 
cooperative vs. non cooperative, One-Time vs. Dynamic Assignment, Sender/Receiver/Symmetrical Initiated, Adaptive 
v/s Non-adaptive.  
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5. LOAD BALANCING STRATEGIES BASED ON HIERARCHICAL STRUCTURE 
1. Intra-group load balancing: In this first level depending on its current load, each node manager decides to start a 
load balancing operation. In this case, the node manager tries in priority, to load balance its workload among its 
computing elements. 
2. Intra-region load balancing: In this second level, load balance concerns region, for which some owner node 
managers fail to achieve a local load balance. In this case, the group manager transfers tasks from overloaded groups to 
under loaded ones. 
3. Intra-Grid load balancing: The load balance at this level is used only if some group managers fail to load balance 
their workload among their associated groups. If we have such as case, tasks of overloaded regions are transferred to 
under loaded regions by the Grid manager. The main advantage of this strategy is to privilege local load balancing in 
first (within a group, then within a region and finally on the whole Grid). The goal of this neighborhood strategy is to 
decrease the amount of messages between groups and regions. As consequence of this goal, the communication 
overhead induced by tasks transfer is reduced. 
4. Generic strategy: At any load balancing level, we propose the following strategy: 
a) Estimate the current workload of a group, a region or a Grid: Here we are interested by the information policy to 
define what information reflects the workload status of Group/region/Grid, when it is to be collected and from where. 
Knowing the number of available elements under his control and their computing capabilities, each group manager 
estimates its own capability and performs the following actions: 
i. Estimates current group workload based on workload information received from time to time from its elements. 
ii. Computes the standard deviation over the workload index in order to measure the deviations between its involved 
elements. 
iii. Sends workload information to its manager. 
 b) Decision-making: In this step the manager decide whether it is necessary to perform a load balancing operation or 
not. For this purpose it executes the two following actions: 
i. Determines the imbalance/saturation state.  
ii. Partitioning. For an imbalance case, we determine the overloaded elements (sources) and the under loaded ones 
(receivers). 
c) Tasks transfer: In order to transfer tasks from overloaded elements to under loaded ones, the author propose the 
following heuristic: 
i. Evaluate the total amount of load: “Supply”, available on receiver elements. 
ii. Compute the total amount of load: “Demand”, required by source elements 
iii. If the supply is much lower than the demand (supply is far to satisfying the request) it is not recommended to start 
local load balancing.  
iv. Otherwise performs tasks transfer regarding communication cost induced by this transfer and according to criteria 
selection. 

 
Fig.2 Grid architecture 

 
6. LOAD BALANCING POLICIES 
Load balancing algorithms can be defined by their implementation of the following policies: 
1. Information policy: specifies what workload information to be collected, when it is to be collected and from where. 
2. Triggering policy: determines the appropriate period to start a load balancing operation. 
3. Resource type policy: classifies a resource as server or receiver of tasks according to its availability status. 
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4. Location policy: uses the results of the resource type policy to find a suitable partner for a server or receiver. Some of 
the approaches used to select a destination node for a transferred job are: 
a) Random: Under a random location strategy, a local node selects a remote node randomly and transfers the job there 
for execution. 
 b) Probing: Location strategies which employ probing work as follows: a local node selects a random subset of nodes 
and polls them to find a suitable destination node for a transferred job. A suitable node is the one which will provide 
the transferred task with a better service. 
c) Negotiation: Under this location strategy, which is usually applied in distributed dynamic algorithms, nodes 
negotiate with each other for load balancing purposes in order to select a suitable destination node for transferred jobs. 
5. Selection policy: defines the tasks that should be migrated from overloaded resources (source) to most idle resources 
(receiver). 
6. Load estimation policy: This determines how to estimate the workload of a particular node of the system. 
7. Process transfer policy: This determines whether to execute a process locally or remotely. 
8. State information exchange policy: This determines how to exchange the system load information among the nodes. 
9. Priority assignment policy: This determines the priority of execution of local and remote processes at a particular 
node. 
10. Migration limiting policy: which determines the total number of times a process, can migrate from one node to 
another. 
 
7. GRID SCHEDULING OBJECTIVES 
We will discuss the scheduling operation in the grid systems along with major available performance criteria. Consider 
a grid system with M tasks to be mapped to N machines. Each machine in computational grid executes a single task at 
time. Execution time of task i ( i=1,2,3,…,M ) on machine j ( j=1,2,3,…, N ) is computed on ETC matrix in form of ( ti 
, mi) . When the machine mj is not capable to execute task ti, the value of ETC (ti, mj) is set to infinity. The completion 
time for a task ti on machine mj, ct (ti, mj), is as follows: 
ct (ti, mj) = mat( mj) +ETC (ti , mj) where , mat (mj) is machine availability time; the time when machine mj complete 
the execution of all the previously assigned tasks. We discuss several performance criteria to evaluate the quality of grid 
scheduling algorithm. 
1. Computational complexity: This criteria will measure how fast the scheduling algorithm in finding the feasible 
solution in a highly dynamic environment. 
2. Makespan: The main objective of the scheduling algorithms is to minimize the completion time of last finished task. 
The makespan is computed as follows:  
makespan = max (ct(ti, mj)), i=1,2,3,…,M  j=1,2,3,…,N  
Also, we can compute the makespan as following: 
makespan = max (mat (mj)), j=1,2,3,…,N 
Here, mat (mj) is the last computed machine availability time; the time taken when machine mj complete execution of 
all the assigned tasks. 
3. Flow time: Flow time is the sum of all the time needed by all machines to finish all tasks. Flow time is computed as 
the following: 
Flow time =  
                    J=1to N  
The scheduling algorithm aims to minimize the flow time by minimizing the average task completion time.  
4. Fitness: Minimizing the flow time requires that small tasks are mapped to the fastest machines. Accordingly, the 
tasks will take longer completion time and the makespan will be maximized. On the other hand, minimizing the 
makespan requires that large tasks are mapped to the quicker machines. Therefore, the small tasks will take longer 
completion time , and the flow time will be maximized. The fitness criterion will measure the ability of scheduling 
algorithm to optimize the makespan and the flow time.  
 The fitness value is computed as following: 
 
Fitness = p* makespan+ (1-p)*flow time / N                
5. Resource Utilization: It is the essential performance criterion for the grid managers. The machine’s utilization is 
defined as the percentage of time that machine mj is busy during the scheduling time. The machine’s utilization is 
computed as follows: 
Mu for jth machine is computed as= mat (mj) /   make span for j=1, 2, 3,…,n 
The grid’s resource utilization is the average of machines utilization: 
RU=  
       
8. TRADITIONAL SCHEDULING ALGORITHMS 
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1. First Come First Serve: U. Schwiegelshohn, R. Yahyapour [21] analyzed the First Come First Serve (FCFS) for 
parallel processing and is aiming at the resource with the smallest waiting queue time and is selected for the incoming 
task. 
2. Opportunistic Load Balancing (OLB): It is also called myopic algorithm. It is found to be very simple, and cannot be 
expected to be optimal. Opportunistic Load Balancing (OLB) assigns each task, in arbitrary order, to the next machine 
that is expected to be available, irrespective of the task's expected execution time on that machine. It is noted that the 
intuition behind OLB is to keep all machines as busy as possible. Simplicity is the advantages of using OLB, as it is not 
considering expected task execution times, the mappings result in poor make spans. 
3. Minimum Completion Time: R. F. Freund et al[23]  said that the Minimum Completion Time (MCT) assigns each 
task, in arbitrary order, to the machine with the minimum expected completion time for that task. This causes some 
tasks to be assigned to machines that do not have the minimum execution time for them. The intuition behind MCT is 
to combine the benefits of OLB and MET, while avoiding the circumstances in which OLB and MET perform poorly. 
4. Round Robin Technique: W.Stallings [6] said that Round Robin (RR) algorithm focuses on the fairness. RR uses the 
ring as its queue to store jobs. Each job in a queue has the same execution time and it will be executed in turn. If a job 
can’t be completed during its turn, it will be stored back to the queue waiting for the next turn. The advantage of RR 
algorithm is that each job will be executed in turn and they don’t have to be waited for the previous one to get 
completed.  
5. Earliest Deadline First: Earliest Deadline First (EDF) or Least Time to Go is a dynamic scheduling algorithm used 
in real-time operating systems. It places processes in a priority queue. Whenever a scheduling event occurs (task 
finishes, new task released, etc.) the queue will be searched for the process closest to its deadline, the found process will 
be the next to be scheduled for execution. EDF is an optimal scheduling algorithm on preemptive uniprocessors. 
6. Minimum Execution Time: R. F. Freund et al [23] investigate that in contrast to OLB, Minimum Execution Time 
(MET) assigns each task, in arbitrary order, to the machine with the best expected execution time for that task, 
regardless of that machine's availability. The motivation behind MET is to give each task to its best machine. This can 
cause a severe load imbalance across machines.  
 
9. CONCLUDING REMARKS 
From the appraisal, it has been apparent that a lot of work has to be done in the field of scheduling tasks in grid 
environment in order to reduce the delay between the nodes. There are some areas where the improvement can be made 
like the resource utilization can further be optimized. In order to achieve resource optimization and enhanced 
performance, there is a need to work on the algorithms which can result in optimized usage of resources. Objective of 
this study is to develop the dynamic load balancing method that will speed up the execution of parallel applications on 
resources whose workload varies at runtime and define different performance metrics will be calculated to measure the 
resource workload by considering well known parallel algorithms.   
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