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Abstract
Grid Computing is a form of distributed computing that 
involves coordinating and sharing computing, application, 
network resources across dynamic and geographically 
dispersed organizations. The primary issue associated with 
the efficient utilization of heterogeneous resources in a grid 
is grid scheduling. The main objective of Grid scheduling is 
to get the best optimal machine to each task, which makes 
scheduling a complex problem. The complexity of scheduling 
increases with the size of Grid and becomes difficult to solve 
effectively. Hence a new area of research, ‘Heuristic approach’ 
is developed to obtain optimal solution.  In this paper, a new 
Ant Colony Optimization scheduling algorithm is proposed. 
Experiments are conducted with different data series and 
conditions.  The experimental results reveal that the proposed 
algorithm produces better results when compared with the 
existing ant algorithm. The proposed scheduler proves that 
best suitable resource is allocated to each task with reduced 
makespan and execution time when compared with the existing 
algorithm. 
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I. Introduction
Grid Technology is defined as the technology that enables 
virtualization of resources, and resource sharing between 
various organizations. Grid technology enables sharing, 
selection, aggregation of geographically distributed resources 
dynamically at run time depending on their availability, capability 
and users QoS requirements. In the business world, the main 
objective of the grid technology is to maximize the utilization 
of the organization’s computing resources by making them 
as shareable entities, and provide computing on demand to 
the users.  Grid supports more efficient data and resource 
management in order to balance the demand of many new 
applications. Computational grid denotes that the system has 
enormous computational capacity than single independent 
system. Today numbers of users are intensively using the 
grid. It is impossible to allocate the resource manually, hence 
scheduling is one of the main issues of grid. Scheduler, also 
known as resource broker, acts as an interface between the user 
and the resources which is distributed in nature and hides the 
computational complexities. Scheduler’s main job is mapping a 
task to the available resource. Scheduling is mainly classified 
into two types, static and dynamic scheduling. Static scheduling 
allocates the task to suitable resource before starting the 
execution. In case of static scheduler all the details of tasks 
should be known well before starting the process. Dynamic 
scheduling allocates the resource during the execution time i.e. 
the scheduler can take decision during job execution [4]. Online 
mode and batch modes are available in dynamic scheduling. 
In online mode the scheduler will be always in ready state, so 
when a job arrives, it allocates the resource immediately. In 

batch mode the jobs are grouped as set of tasks, known as 
metatask and the mapping is done in a prescheduled time. 
Scheduling can aim to provide- two objectives namely high 
performance computing and high throughput computing. High 
performance computing decreases the execution time whereas 
high throughput computing increases the processing capacity 
of the system. This paper concentrates on high performance 
computing. Scheduler has the following three main phases 
[13]. In phase one all the available resource will be collected. 
This is known as resource discovery. Second phase collects 
the information about the resources and choose the best 
suitable resource to the task. Third phase executes the job 
in the selected machine. Resource scheduling is an NP-Hard 
problem [1]. Heuristic approaches help to solve such type of 
problems effectively. Tabu Search, Genetic Algorithm, Ant Colony 
Optimization and Simulated Annealing are some of the heuristic 
approaches which help to solve the grid scheduling problem. 
The proposed algorithm is based on Ant Colony Optimization 
(ACO) algorithm which uses batch mode heuristic mapping. In 
this ant colony algorithm each job is considered as an ant and 
optimal solution is provided with the help of pheromone detail. 
Heuristic based ant colony algorithm is used in the second 
phase of the scheduler.
The organization of the paper further is as follows. The related 
works are discussed in Section II, existing system is analyzed 
in Section III, Section IV deals with the proposed algorithm, 
experimental results are discussed in Section V and conclusion 
with future work is presented in Section VI.    

II. Related Works
Scheduler employs many batch mode heuristics algorithms 
such as OLB, Min-Min, Max-Min and Sufferage [2] heuristics. 
Opportunistic Load balancing (OLB) algorithm selects the next 
available machine to allocate for the next task. The procedure’s 
selection will be in an arbitrary manner. So it will produce a 
non optimal solution. The Min-Min algorithm calculates the 
minimum completion time of jobs in each machine. Then the 
overall minimum completion time task is assigned to that 
particular machine. Max-Min algorithm computes the minimum 
completion time of each task and then the over all maximum 
completion time task is assigned to the corresponding 
machine.  The above stated algorithms are static in nature. 
Grid environment is dynamic in nature. So it is impossible to 
apply static algorithms in dynamic environment. Due to this 
reason we are moving to dynamic based algorithm.
Ant Colony algorithm was proposed by Dorigo et al [6]. The ant 
colony algorithm is naturally inspired from the activities of the 
real ants. The ants are moving in a path while searching for 
food source from the nest. In that move, the ants are following 
the same path with the help of pheromone. Pheromone is a 
chemical substitute which is laid down by the ants on their 
moving path. If the intensity of the pheromone in that path 
is high, then forthcoming ants will follow that particular path, 
otherwise follows another path. The quantity of pheromone on 
every path will affect the possibility of other ants to select the 
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path [9]. By applying the above property to NP-hard problems 
such as travelling sales man problem, job-shop scheduling 
problem, graph coloring problem and assignment problem, 
optimal solutions are obtained. Ant colony algorithm is a graph 
based algorithm which is coming under the family of swarm 
intelligence methods. Social insects like ants [5], fish and 
birds, produce a collective problem solving capability, which 
defines robustness to dynamically changing environment. This 
important property is known as swarm intelligence [3]. The 
ultimate goal of the ant colony algorithm is to find the optimal 
path in the graph. Inherent parallelism and scalability of the 
ant algorithm makes it suitable for grid scheduling. And to add 
to its advantage ACO algorithm is dynamic in nature.
Ant algorithm proposed in [7] considers only the pheromone trial 
(τij) level and heuristic information (ηij) value while calculating 
the probability matrix value. It has the disadvantage, that all 
the columns in the probability matrix have the same probability 
value. The algorithm was mainly designed to produce high 
throughput in the computational grid environment. The 
parameter values used in the algorithm are τ0=0.01 and 
ρ=0.5.  Moreover they have used only one ant. The single 
ant ACO algorithm converges in a very fast manner but it will 
produce bad sub-optimal solution. Hence a new enhanced 
ACO algorithm may be developed to overcome the challenges 
of the existing ACO algorithm and to achieve high performance 
computing and high throughput computing.

III. Existing Ant System for Scheduling
Existing ant colony algorithm [8] employs the following steps. 
Step 1: Collect all details about jobs and resources and calculate 
the expected completion time (CTij).
Step 2: Initialization of the parameters value
Step 3: For each ant (to prepare the scheduling list) do the 
following step 4 and step 5
Step 4: Select the task (i) and resource (j) randomly.
Step 5: Repeat the following until all jobs are executed
     (i) Calculate the heuristic information (ηij) 
     (ii) Calculate current pheromone trail value  
     ∆  ij
     (iii)Update the pheromone trail matrix
     ij = ρ ij + ∆ ij                  (1)                                                                  
     (iv) Calculate the probability matrix
     (v) Select the task with highest probabilities 
     of i and j as   the next taski to be executed   
     on the machinej.
      Fidanova and Durchova [7] have used the 
      following probability matrix calculation   
      formula defined as
 Pij =  ij . ηij
         Σ ij.ηij                                                                (2)
The probability matrix value according to the Equation 2 will 
have the same probability value. The algorithm will choose the 
resource based on the first non zero value of the column.
Kousalya and Balasubramanie [8]  have modified the probability 
matrix calculation formula as given below: 
   Pij = ij.ηij . (1/ETij)
          Σ ij.ηij . (1/ETij)                (3)
This method uses several ants and includes expected execution 
time matrix value to overcome the disadvantage of the algorithm 
proposed in [7].
Step 6: Find the best feasible solution using all the ants 
scheduling list. The result will be in the form of (task, machine, 

starting time, ending time).

IV. Proposed Ant System 
The Grid users want to complete their jobs efficiently. The 
efficiency depends on makespan and flow-time. The makespan 
measures the throughput of the system and flow-time 
measures its QOS [10]. The main objective of the proposed 
algorithm is to reduce the makespan and to converge towards 
the optimal solution in a very faster manner. The ant colony 
algorithm proposed in [8] used the basic ant colony algorithm’s 
pheromone updating rule and modified transition probability 
rule. The proposed algorithm uses a new pheromone updating 
rule and probability matrix calculation formula in order to 
increase the efficiency of the existing ant colony algorithm.
Ant algorithm for scheduling initially started with the value of ETij 
matrix. ETij matrix defines the expected time taken by machine 
j to complete task i. Here jobs are considered as independent 
to each other. ETij matrix consists of N×M entries where N is 
number of independent jobs and M is number of resources 
available in grid environment.
Step 1:  Collect all details about jobs and resources and calculate 
the expected completion time (CTij). CTij is the completion time 
of ith job in the jth resource. It can be defined as:
  CTij = Readyj+ETij                            (4)
where Readyj defines the ready time of the resource j. 
Maximum value of CTij is considered as a makespan of the 
overall scheduling process. Free time of the machine j can be 
calculated using free(j) function. Free(j) defines the free time 
of machine j. Beginning time of machine j can be defined as:
     Bi = free(j)+1                   (5)
Completion time matrix is calculated using the Bi value as given 
below: 
         CTij = Bi+ETij                        (6)                                                     
where Bi = Beginning time of ti on machine mj.
Makespan of the grid can be calculated using the CTij value. 
Makespan is used to measure the throughput of the grid system. 
Maximum CTij value will be taken as the makespan of the grid 
system. A good algorithm should minimize the makespan value 
of the grid system.
Step 2: Initialization of the parameters value
ρ = 0.3 (pheromone evaporation value)

0 = 0.01 (initial pheromone deposit value)
α = 1 (importance of pheromone)
β = 2 (importance of resource innate attribute)
free [0…m-1] = 0 (one dimension matrix of size m)
k=m (number of ants = number of tasks)
Step 3: For each ant (to prepare the scheduling list) do the 
following step 4 and step 5
Step 4: Select the task (i) and resource (j) randomly.
Step 5: Repeat the following until all jobs are executed
(i). Calculate the heuristic information (ηij) 
ηij = 1/Free(j)                                                 (7)                      
The ηij formula helps to predict the more desirable machine in 
the available machine set. If a machine is free earlier than the 
corresponding machine will be more desirable.
(ii). Calculate current pheromone trail value
   ∆ ij = (1-ρ)/Fk                                                                    (8)
where Fk = max(free(j))
(iii). Update the pheromone trail matrix
The new pheromone updating rule (Mathyalagan et al 2010) 
is given by:

ij = {1/(1+ρij)} * ij + {(ρij/(1+ρij)} * ∆ ij                        (9)  
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where
 ij – Pheromone trail level of the move
 ρij – Pheromone evaporation value
 ∆ ij– Additional pheromone 
(iv). Calculate the probability matrix
Pij =  ij 

α. ηij 
β. (1/ETij)

 Σ ij 
α. ηij 

β. (1/ETij)           (10)
Where,
ETij – Expected Execution Time Matrix;

ij – Pheromone trail level of the particular path;ηij – Heuristic 
information which replicates the attractiveness of the 
machine;
α  – Importance of pheromone;
β  – Importance of resource innate attribute (β>α);
Select the task, with highest probabilities of i and j as the next 
taski , to be executed on the machine j.
Step 6: Find the best feasible solution using all the ants 
scheduling list.
Increasing the pheromone levels associated with a chosen 
set of good solutions makes the algorithm faster to converge 
to a solution. Hence on modifying the pheromone updating 
rule and probability matrix the solution is converging in a fast 

manner than the existing ACO algorithm. The probaility matrix 
calculation uses the the same transition rule to select the job 
which is to be executed next in the machine. 

V. Experimental Result
The experimental tests are conducted on high task high 
machine, high task low machine, low task high machine and 
low task low machine heterogeneity data sets. In each input 
data set 512 tasks and 16 machines are considered. Task 
heterogeneity is defined as the amount of variance among 
the execution times of tasks in the metatask for a given 
machine. Machine heterogeneity defines the variation that is 
possible among the execution times for a given task across 
all machines [2]. Following graphs (Fig. 1, 2, 3) illustrate the 
comparison of the existing ACO algorithm with the proposed 
algorithm based on the obtained makespan for different data 
sets. The experimental results state that the proposed ant 
colony algorithm is well suited and efficient than the existing 
algorithms. The experiment are conducted with large data 
sets and proved that it is working efficiently and the results 
converged in fast manner and produces better makespan.

Fig. 1: Comparison of Existing ACO algorithm with Proposed algorithm for High Task High Machine Heterogeneity Data sets

                                       

Fig. 2: Comparison of Existing ACO algorithm with Proposed algorithm for Low Task Low  Machine Heterogeneity Data Sets
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Fig. 3: Comparison of Existing ACO algorithm with Proposed 
algorithm for High Task Low Machine Heterogeneity Data 
Sets

The fig. 4. illustrates the reduction in execution time on 
comparison of the existing algorithm with the proposed 
algorithm.

Fig. 4: Comparison of execution time of  traditional algorithm 
with the proposed algorithm

VI. Conclusion
Scheduling is one of the main issues in the grid computing 
environment. Recent researches have proved that scheduling 
on computational grids is best solved by heuristic approach. 
Hence an enhanced heuristic based, ant colony algorithm 
is developed to allocate proper resources for each job. This 
algorithm guarantees efficient resource allocation of the 
machines. The experiment results states that the proposed ant 
colony algorithm solves the resource scheduling problem in the 
grid computing environment faster than the existing ant colony 
algorithm and results in reduced makespan. The future work is 
hybridization of the ant colony algorithm with other algorithms 
to produce high throughput computing. Further research may 
be done to create different heuristic based algorithms for grid 
computing problems. 
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