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SURVEY ON GRID SCHEDULING 

 
 
ABSTRACT
 Grid computing has become an 
increasingly popular solution to support the sharing 
and coordination of heterogeneous and 
geographically distributed resources. To perform 
application execution in the Grid, scheduling of 
Grid resources is necessary. To achieve this goal, 
an efficient Grid scheduling system is an essential 
part of the Grid. Grid Resource Scheduling 
(brokering) is defined as the process of making 
scheduling decisions involving resources over 
various domains. Grid scheduling is more 
complicated than local resource scheduling because 
it must manipulate large-scale resources across 
management. Here various Grid scheduling 
algorithms are discussed from different points of 
view, such as static vs. dynamic policies, objective 
functions, applications models, adaptation, QoS 
constraints, and strategies dealing with dynamic 
behavior of resources, and so on. Rather than 
covering the whole Grid scheduling area, this 
survey provides a review of the subject mainly 
from the perspective of scheduling algorithms. 
Keywords- Grid Computing, Grid Scheduling, 
Algorithms, Performance, Reliability. 

1. INTRODUCTION 
Recent research on these topics has led to 

the emergence of a new paradigm known as Grid 
computing. Grid Computing is intended to offer 
seamless access to varieties of resources. A 
computational grid is based on the cooperation of 
distributed computer systems where user jobs can 
be executed either on local or on remote computer 
systems. To achieve the promising potentials of 
tremendous distributed resources, effective and 
efficient scheduling algorithms are fundamentally 
important. Unfortunately, scheduling algorithms in 
traditional parallel and distributed systems, which 
usually run on homogeneous and dedicated 
resources, e.g. computer clusters, cannot work well 
in the new circumstances [1]. In the next section, 
the basic concepts of grid computing and grid 
scheduling are present.  In this paper, the state of 
current research on scheduling algorithms for the 
new generation of computational environments will 
be surveyed. Then we present the classification of 
existing scheduling algorithms. On the other hand 
there is the expectation that a larger number of  

 
resources are available. It is expected that this will 
result in a reduction of the average job response 
time. Also the utilization of the grid computers and 
the job-throughput is likely to improve due to load-
balancing [6] effects between the participating 
systems.  

2. OVERVIEW OF THE GRID SCHEDULING 
PROBLEM 

A computational Grid is a hardware and 
software infrastructure that provides dependable, 
consistent, pervasive, and inexpensive access to 
high-end computational capabilities [2]. Grid 
Computing offers a model for solving massive 
computational problems by making use of the 
unused resources (CPU cycles and/or disk storage) 
of large numbers of disparate, often desktop, 
computers treated as a virtual cluster [4, 3]  
embedded in a distributed telecommunications 
infrastructure. 
           From the point of view of scheduling 
systems, a higher level abstraction for the Grid can 
be applied by ignoring some infrastructure 
components such as authentication, authorization, 
and resource discovery and access control. Thus, in 
this paper, the following definition for the term 
Grid adopted: “A type of parallel and distributed 
system that enables the sharing, selection, and 
aggregation of geographically distributed 
autonomous and heterogeneous resources 
dynamically at runtime depending on their 
availability, capability, performance, cost, and 
users' quality-of-service requirements” [5]. To 
facilitate the discussion, the following frequently 
used terms are defined: 
• A task is an atomic unit to be scheduled by the 
scheduler and assigned to a resource. 
• The properties of a task are parameters like 
CPU/memory requirement, deadline, priority, etc. 
• A job (or metatask, or application) is a set of 
atomic tasks that will be carried out on a set of 
resources. Jobs can have a recursive structure, 
meaning that jobs are composed of sub-jobs and/or 
tasks, and sub-jobs can themselves be decomposed 
further into atomic tasks. In this paper, the term 
job, application and metatask are interchangeable. 
• A resource is something that is required to carry 
out an operation, for example: a processor for data 
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processing, a data storage device, or a network link 
for data transporting. 
 
• A site (or node) is an autonomous entity 
composed of one or multiple resources. 
• A task scheduling is the mapping of tasks to a 
selected group of resources which may be 
distributed in multiple administrative domains. 

3. GRID SCHEDULING ARCHITECTURE 
The phases of this scheduler are illustrated 

in Figure 1. Grid scheduling involves three main 
phases: resource discovery, which generates a list 
of potential resources, information gathering about 
those resources and selection of a good set of them, 
and job execution, which includes file staging and 
cleanup.  
Resource Discovery: The first phase, i.e. resource 
discovery. This phase requires a standard way to 
express application requirements with respect to 
the resource information stored in the Grid 
Information System. It is thus needed an agreed-
upon schema to describe the attributes of the 
systems, in order for different systems to 
understand what the values mean. 

 

Resource selection: Resource selection usually 
occurs after resource discovery phase. While the 
first phase filters out unwanted resources, this 
phase should determine from this large list the best 
set of resource(s) chosen to map the application. 

This selection requires gathering of 
detailed dynamic information from resources, e.g. 
by querying performance prediction systems such 
as Network Weather System (NWS). This 
information should be used to rank resources, and 
to allow the scheduler to choose the ones that 
should ensure high performance in the execution of 
the application. 

While resource selection can be quite 
simple for sequential jobs, this selection can 
become particularly complex for multi-component 
parallel applications. This mechanism is considered 
inflexible and not suitable with respect to the 
autonomous nature of Grid resources. For example, 
the owner of a resource might want to allow access 

only to users belonging to a certain group or able to 
pay a fee. It was exactly to propose that resource 
retrieval and selection should be treated as a 
bilateral matching process. 
Job Execution: The last phase of the scheduling 
architecture is job execution. This phase can be 
very complex, since the preparation of a job run 
can require various intermediary steps, like staging 
of files, advance reservation, etc. 
 One of the main activities shown in Figure 
1 is the monitoring of the progress of application 
execution. A user, when a job is not making 
sufficient progress, may stop the job and 
reschedule it by returning to Step 4. Such 
rescheduling is significantly harder for parallel job 
executing on multiple sites. Dynamic scheduling is 
needed in that case. 
 
4.CHALLENGES OF SCHEDULING 
ALGORITHMS IN GRID COMPUTING 
 Scheduling algorithms have been 
intensively studied as a basic problem in traditional 
parallel and distributed systems, such as symmetric 
multiple processor machines (SMP),massively 
parallel processors computers (MPP) and cluster of 
workstations (COW).Looking back at such efforts, 
we find that scheduling algorithms are evolving 
with the architecture of parallel and distributed 
systems. Table 1 captures some important features 
of parallel and distributed systems and typical 
scheduling algorithms they adopt. 

 
 The reason can be found by going through 
the assumptions underlying traditional systems [7]: 
� All resources reside within a single 

administrative domain. 
� To provide a single system image, the 

scheduler controls all of the resources. 
� The resource pool is invariant. 
� Contention caused by incoming applications 

can be managed by the scheduler according to 
some policies, so that its impact on the 
performance that the site can provide to each 
application can be well predicted. 
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� Computations and their data reside in the same 
site or data staging is a highly predictable   
process, usually from a predetermined source 
to a predetermined destination.      
Unfortunately, all these assumptions do not 
hold in Grid circumstances. In Grid 
computing, many unique characteristics make 
the design of scheduling algorithms more 
challenging [8], faced due to 

 
� Heterogeneity and Autonomy 
� Performance Dynamism 
� Resource Selection and Computation-Data 

Separation 
 

5. GRID SCHEDULING ALGORITHMS 
     In this section, we provide a survey of 
scheduling algorithms in Grid computing, 
5.1 A Taxonomy of Grid scheduling Algorithms 
   Since Grid is a special kind of such systems, 
scheduling algorithms in Grid fall into a subset of 
this taxonomy. 
� Local vs. Global 
 At the highest level, a distinction is drawn 
between local and global scheduling. The local 
scheduling discipline determines how the processes 
resident on a single CPU are allocated and 
executed; a global scheduling policy uses 
information about the system to allocate processes 
to multiple processors to optimize a system-wide 
performance objective. Obviously, Grid scheduling 
falls into the global scheduling branch. 
� Static vs. Dynamic

The next level in the hierarchy (under the 
global scheduling) is a choice between static and 
dynamic scheduling. This choice indicates the time 
at which the scheduling decisions are made. In the 
case of static scheduling, information regarding all 
resources in the Grid as well as all the tasks in an 
application is assumed to be available by the time 
the application is scheduled. By contrast, in the 
case of dynamic scheduling, the basic idea is to 
perform task allocation as the application executes. 
Both static and dynamic scheduling are widely 
adopted in Grid computing. For example, static 
scheduling algorithms are studied in [9] and [14] 
and in [12] [13] [10] and [11], dynamic scheduling 
algorithms are presented. 
� Static Scheduling 
 In the static mode, every task comprising 
the job is assigned once to a resource. Thus, the 
placement of an application is static, and a firm 
estimate of the cost of the computation can be 
made in advance of the actual execution. One of the 
major benefits of the static model is that it is easier 
to program from a scheduler’s point of view. The 
assignment of tasks is fixed a priori, and estimating 
the cost of jobs is also simplified. The static model 
allows a “global view” of tasks and costs. But cost  

estimate based on static information is not adaptive 
to situations such as one of the nodes selected to 
perform a computation fails, becomes isolated from 
the system due to network failure, or is so heavily 
loaded with jobs that its response time becomes 
longer than expected. Unfortunately, these 
situations are quite possible and beyond the 
capability of a traditional scheduler running static 
scheduling policies. To alleviate this problem, 
some auxiliary mechanisms such as rescheduling 
mechanism [15] are introduced at the cost of 
overhead for task migration. . 
� Dynamic Scheduling
 Dynamic scheduling is usually applied 
when it is difficult to estimate the cost of 
applications, or jobs are coming online dynamically 
(in this case, it is also called online scheduling). A 
good example of these scenarios is the job queue 
management in some meta computing systems like 
Condor [17] and Legion [16]. Dynamic task 
scheduling has two major components [18]: system 
state estimation (other than cost estimation in static 
scheduling) and decision making. According to 
how the dynamic load balancing is achieved, there 
are four basic approaches [19]: 

� Unconstrained First-In-First-Out (FIFO, 
also known as First-Come-First- Served) 

� Balance-constrained techniques 
� Cost-constrained techniques 
� Hybrids of static and dynamic techniques 

� Optimal vs. Suboptimal 
In the case that all information regarding 

the state of resources and the jobs is known, an 
optimal assignment could be made based on some 
criterion function, such as minimum make span and 
maximum resource utilization. But due to the NP-
Complete nature of scheduling algorithms and the 
difficulty in Grid scenarios to make reasonable 
assumptions which are usually required to prove 
the optimality of an algorithm, current research 
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tries to find suboptimal solutions, which can be 
further divided into the following two general 
categories. 
� Approximate vs. Heuristic

The approximate algorithms use formal 
computational models, but instead of searching the 
entire solution space for an optimal solution, they 
are satisfied when a solution that is sufficiently 
“good” is found. In the case where a metric is 
available for evaluating a solution, this technique 
can be used to decrease the time taken to find an 
acceptable schedule. The factors which determine 
whether this approach is worthy of pursuit include 
[20]: In [21] eleven heuristics studied are: OLB, 
MET, MCT, Min-min, Max-min, Duplex, GA, SA, 
GSA, Tabu, A*. Among them, the following 
heuristics are very interesting:  
OLB: Opportunistic Load Balancing is the 
simplest strategy to assign each task to the next 
available machine without considering the expected 
execution time on that machine. 
MET: Here Minimum Execution Time considers 
the expected execution time of each task on a 
machine and selects the machine with minimum 
execution time. 
MCT: Minimum Completion Time assigns each 
task to the machine with minimum completion time 
(machine available time + ETC). This is the most 
common metric in use. 
Min-min: The Min-min heuristic is a two step task 
scheduler. First, select a “best” (with minimum 
completion time) machine for each task. Second, 
from all tasks, send the one with minimum 
completion time for execution. The idea behind 
Min-min is to send a task to the machine which is 
available earliest and executes the task fastest. 
Max-min: The Max-min heuristic takes the same 
first step as Min-min but send the task with 
maximum completion time for execution. This 
strategy is useful in a situation where completion 
time for tasks varies significantly. Using this 
heuristic, the tasks with long completion time are 
scheduled first on the best available machines and 
executed in parallel with other tasks. This leads to 
better load-balancing and better total execution 
time. 
GA: A Genetic Algorithm is an evolutionary 
technique for large space search. The general 
procedure of GA search is as following: 
1) Population generation. A population is a set of 
chromosomes. Each chromosome represents a 
possible solution, which is a mapping sequence 
between tasks and machines. [21] Randomly 
generate 200 chromosomes; 2)Chromosome 
evaluation. Each chromosome is associated with a 
fitness value, which is the total completion time of 
the task-machine mapping this chromosome 
represents. The goal of GA search is to find the 
chromosome with optimal fitness value; 
3)Crossover and mutate the chromosomes selected 

based on selection rules. The selection rules are 
analogous to evolutionary selection rules. But in 
many papers chromosomes are randomly selected. 
Crossover is the process of swapping certain 
subsequences in the selected chromosomes. Mutate 
is the process of replacing certain subsequences 
with some task-mapping choices new to the current 
population. Both crossover and mutation are done 
randomly [21]. After crossover and mutation, a 
new population is generated. Then it will be 
evaluated, and the process starts over until some 
stopping criteria are met. The stopping criteria can 
be, for example, 1) no improvement in recent 
evaluations; 2) all chromosomes converge to the 
same mapping; 3) cost bound is met. 
 
A typical GA structure 
 
Genetic Algorithm () 
[ 
Initialize population;/*an initial population of 
strings randomly generated*/ 
Evaluate population;/*check fitness of string 
against fitness function*/ 
While termination criterion not reached 
 [ /*genetic operators*/ 
  Select solution for next 
population; 
  Perform crossover and mutation; 
  Evaluate population; 
 ] 
] 
 
SA: Simulated Annealing is a search technique 
based on physical process of annealing, which is 
the thermal process of obtaining low-energy 
crystalline states of a solid. The temperature is 
increased to melt solid. If the temperature is slowly 
decreased, particles of the melted solid arrange 
themselves locally, in a stable “ground” state of a 
solid. SA theory states that if temperature is slowed 
sufficiently slowly, the solid will reach thermal 
equilibrium, which is an optimal state. By analog, 
the thermal equilibrium is an optimal task-machine 
mapping (optimization goal), the temperature is the 
total completion time of a mapping (cost function), 
and the change of temperature is the process of 
mapping change. If the next temperature is higher, 
which means a worse mapping, the next state is 
accepted with certain exponential probability. The 
acceptance of “worse” state provides a way to 
escape local optimality which occurs often in local 
search. The simulation results prove that GA 
heuristic has the overall best performance but with 
most expensive search time cost. SA is not as 
efficient as its application in other domain science 
problems. More research on choosing efficient 
fitness values and selection rules are needed.  

The conventional Sufferage heuristic uses 
MCT as metric for a mapping. “The idea behind 
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Sufferage is that a host should be assigned to the 
task that would ‘suffer’ the most if not assigned to 
that host.” The sufferage value of each task is the 
difference between the first MCT and the second 
MCT. The Sufferage heuristic doesn’t work well 
for cluster resources because the MCT on the 
machines belonging to the same cluster are quite 
close, which makes the sufferage value approaches 
zero and eliminates cluster machines from 
selection. So Xsufferage heuristic developed for an 
application-level scheduler system– APPLeS [22] 
computes a cluster-MCT to enable the Sufferage 
heuristic to work in a cluster environment 
� Distributed vs. Centralized 

In dynamic scheduling scenarios, the 
responsibility for making global scheduling 
decisions may lie with one centralized scheduler, or 
be shared by multiple distributed schedulers. In a 
computational Grid, there might be many 
applications submitted or required to be 
rescheduled simultaneously. The centralized 
strategy has the advantage of ease of 
implementation, but suffers from the lack of 
scalability, fault tolerance and the possibility of 
becoming a performance bottleneck. Arora et al 
present a completely decentralized, dynamic and 
sender-initiated scheduling and load balancing 
algorithm for the Grid environment. A property of 
this algorithm is that it uses a smart search strategy 
to find partner nodes to which tasks can migrate. It 
also overlaps this decision making process with the 
actual execution of ready jobs, thereby saving 
precious processor cycles. 
� Cooperative vs. Non-cooperative

If a distributed scheduling algorithm is 
adopted, the next issue that should be considered is 
whether the nodes involved in job scheduling are 
working cooperatively or independently (non-
cooperatively). In the non-cooperative case, 
individual schedulers act alone as autonomous 
entities and arrive at decisions regarding their own 
optimum objects independent of the effects of the 
decision on the rest of system. Good examples of 
such schedulers in the Grid are application-level 
schedulers which are tightly coupled with 
particular applications and optimize their private 
individual objectives. In the cooperative case, each 
Grid scheduler has the responsibility to carry out its 
own portion of the scheduling task, but all 
schedulers are working toward a common system-
wide goal. Each Grid scheduler’s local policy is 
concerned with making decisions in concert with 
the other Grid schedulers in order to achieve some 
global goal, instead of making decisions which will 
only affect local performance or the performance of 
a particular job. An example of cooperative Grid 
scheduling is presented in [23], where the 
efficiency of sender-initiated and receiver-initiated 
algorithms adopted by distributed Grid schedulers 
is compared with that of centralized scheduling and 

local scheduling. The hierarchy taxonomy 
classifies scheduling algorithms mainly from the 
system’s point view, such as dynamic or static, 
distributed or centralized. There are still many 
other important aspects forming a scheduling 
algorithm. 

  
5.2 OBJECTIVE FUNCTIONS 

The two major parties in Grid computing, 
namely, resource consumers who submit various 
applications, and resources providers who share 
their resources, usually have different motivations 
when they join the Grid. These incentives are 
presented by objective functions in scheduling. 
 

 
 
The objective functions can be classified into two 
categories: application-centric and resource-centric 
[24]. Fig. 3 shows the objective functions. 
 
�  Application-Centric 

Scheduling algorithms adopting an 
application-centric scheduling objective function 
aim to optimize the performance of each individual 
application, as application-level schedulers do. 
Most of current Grid applications’ concerns are 
about time, for example the 13makespan, which is 
the time spent from the beginning of the first task 
in a job to the end of the last task of the job. 
Makespan is the one of the most popular 
measurements of scheduling algorithms. The 
primary difficulty facing the adoption of this kind 
of objective functions lies in the normalization of 
two different measurements: time and money. Such 
situations make scheduling in the Grid much more 
complicated. It is required that Grid schedulers be 
adaptive enough to deal with such compound 
missions. At the same time, the development of the 
Grid infrastructure has shown a service-oriented 
tendency so the quality of services (QoS) becomes 
a big concern of many Grid applications in such a 
non-dedicated dynamic environment. The meaning 
of QoS is highly dependent on particular 
applications, from hardware capacity. 
�  Resource-Centric 

Scheduling algorithms adopting resource-
centric scheduling objective functions aim to 
optimize the performance of the resources. 
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Resource-centric objectives are usually related to 
resource utilization, for example, throughput which 
is the ability of a resource to process a certain 
number of jobs in a given period; utilization, which 
is the percentage of time a resource, is busy. Low 
utilization means a resource is idle and wasted. For 
a multiprocessor resource, utilization differences 
among processors also describe the load balance of 
the system and decrease the throughput. 

 
5.3 ADAPTIVE SCHEDULING 
An adaptive solution to the scheduling problem is 
one in which the algorithms and parameters used to 
make scheduling decisions change dynamically 
according to the previous, current and/or future 
resource status. 
 

 
Resource Adaptation: 

 Because of resource heterogeneity and 
application diversity, discovering available 
resources and selecting an application-appropriate 
subset of those resources are very important to 
achieve high performance or reduce the cost. 
Dynamic Performance Adaptation:  

The adaptation to the dynamic 
performance of resources is mainly exhibited as: (i) 
changing scheduling policies or rescheduling [25] 
[26] (for example, the switching between static 
scheduling algorithms which use predicted resource 
information and dynamic ones which balance the 
static scheduling results), (ii) workload distributing 
according to application-specific performance 
models, and (iii) finding a proper number of 
resources to be used. 
Application Adaptation: 
 To achieve high performance, application-
level schedulers in the Grid (e.g. AppLeS [27]) are 
usually tightly integrated with the application itself 
and are not easily applied to other applications. As 
a result, each scheduler is application-specific.  

 
6. CONCLUSION 

This literature review, the task scheduling 
problem in Grid computing is discussed, mainly 
from the aspect of scheduling algorithms. Although 
task scheduling in parallel and distributed systems 
has been intensively studied, new challenges in 

Grid environments still make it an interesting topic, 
and many research projects are underway. Through 
our survey on current scheduling algorithms 
working in the Grid computing scenario, we can 
find that heterogeneity, dynamism, computation 
and data separation are the primary challenges 
concerned by current research on this topic. We 
also find that the evolution of Grid infrastructures, 
e.g., supports for complex application models such 
as DAG, resource information services and job 
migration frameworks, provides an opportunity to 
implement sophisticated scheduling algorithms. In 
addition to enhancements to classic scheduling 
algorithms, new methodologies are applied, such as 
the adaptive application-level scheduling, Grid 
economic models and Nature’s heuristics. 
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