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Abstract Cloud computing can provide strong processing capacity to tackle huge
amounts of requests from many users. Task scheduling problem is the keystone to
Cloud computing. In this paper we propose a task scheduling policy based on Ant
Colony Optimization. This policy can minimize the makespan of the tasks submit-
ted to the cloud system.
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1 Introduction

Cloud computing is a new computing model which aims at providing services on
demand. It is development of distributed computing, parallel computing and grid
computing. With the features of flexibility, virtualization etc., it can provide
dynamic and scalable resources to users [1].

Task scheduling policy plays a significant role in Cloud computing. Efficient
task scheduling can improve the resource utilization and enhance the performance
of Cloud computing system. Task scheduling problem is considered as a NP-hard
problem. It is usually be solved by heuristic algorithms which can converge to the
optimal or near-optimal solution.

Ant Colony Optimization (ACO) is a heuristic algorithm which is based on the
behavior of ants seeking the shortest path between anthill and the location of food
source. With the mechanism of positive feedback and distributed cooperation, it is
proved to be a useful heuristic algorithm for solving NP-hard problems.
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Fig. 1 Scheduling model of Cloud computing

A task scheduling policy based on ACO is proposed to improve the efficiency of
Cloud computing system, which has been proved by the simulation experiment
results in a Cloud simulator called CloudSim.

2 Scheduling Model

As shown in Fig. 1, task scheduling problem is finding a solution to assign the users’
tasks to the virtual machines with the minimum time from the submission of the first
task to the completion of the last task.

The set of tasks is T = {T,, T»..., T;;} (m is the total number of tasks).

The set of virtual machines is VM = {VM;, VM,..., VM, } (n is the total
number of virtual machines). Some restrictions are as follows:

1. One task can only be allocated to one virtual machine.
2. There is no dependency relationship between the tasks.

3 Scheduling Policy Based on Ant Colony Optimization

The original ACO is designed to solve the traveling salesman problem. We change
some mechanisms of ACO to adapt to task scheduling problem [2].
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3.1 Initialization

Set the initial values of n; according to the capacity of the virtual machine resources.
Every ant chooses a VM for the first task randomly.

3.2 Selection Mechanism

Ant k selects a task in sequence from the deferred task list and assigns the task to
resource j according the probability formulation:

501" - In,)”
> 501" - Inl’
In Formula (1), 7;(¢) is the amount of pheromone which resource j owns at time ¢,

1; s the inherent capacity of the resource j, a is a parameter to control the influence
of 7;(t), B is a parameter to control the influence of 7.

Pi(1) = (1)

3.3 Global Update

When every ant finds a complete solution for all the tasks, we can update the
pheromone values of the virtual machines selected by the best ant which finds the
shortest makespan according this formulation:
T;-'ew =(1—-p)*1;+ Az 2)
In Formula (2), At; is increment and p is the pheromone evaporation coefficient.
Besides, we limit the range of the pheromone values to avoid the pheromone
converging too fast.

4 Pseudo Code

Pseudo code of resource selection process as follows:

Begin
Nc : number of iterations;
Nmax : number of the maximum iteration;
Initialize; Every ant selects a virtual machine randomly for the first task;
do
Every ant processes a solution according the selection mechanism;
record the best solution and update pheromone;
while(Nc < Nmax)
End.
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Fig. 2 Comparison of simulation results

5 Experiment and Result Analysis

CloudSim is a simulation toolkit for Cloud computing. The default scheduling
policy provided in CloudSim schedules sequentially between a list of virtual
machines and a list of tasks [3].

By extending DatacenterBroker class, we can design the proposed scheduling
policy based on ACO [4].

We use makespan (the total finish time of the tasks) to evaluate the performances
of the default policy and the proposed policy.

In Fig. 2, the result shows that the scheduling policy based on ACO can bring
smaller makespan in comparison to the default policy of CloudSim.

6 Conclusion

In this paper we propose a task-scheduling policy based on ACO and evaluated it in
a Cloud simulator with the number of tasks varying from 100 to 500. The results of
above experiment demonstrate the effectiveness of the algorithm.
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