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Abstract. Cloud computing is an emerging high performance computing environment with a large 

scale, heterogeneous collection of autonomous systems and flexible computational architecture. The 

performance of the scheduling system influences the cost benefit of this computing paradigm. To 

reduce the energy consumption and improve the profit, a job scheduling model based on the particle 

swarm optimization(PSO) algorithm is established for cloud computing. Based on open source cloud 

computing simulation platform CloudSim, compared to GA and random scheduling algorithms, the 

results show that the proposed algorithm can obtain a better solution concerning the energy cost and 

profit. 

Introduction 

Cloud computing, the long-held dream of “computing as a utility” and “on-demand computing”, is 

a large scale, heterogeneous collection of autonomous systems with flexible and powerful 

computational architecture to offer universal services to users via Internet, in which a pool of 

heterogeneous, virtualized, dynamically-scalable, highly available, and configurable and 

reconfigurable computing resources (e.g., networks, computing units, storage, applications, data) can 

be rapidly provisioned and released with minimal management effort in the data centers[1][2].  

A scheduling system efficiently allocates resources to required tasks, improving resource load 

balance, security, reliability and fault-tolerance. Job scheduling is a fundamental issue in achieving 

high performance in cloud computing, however, considering large numbers of tasks are executed on 

the geographically distributed resources, it is a big challenging problem for efficient scheduling 

algorithm design and implementation in cloud computing environment. The scheduler takes a virtual 

network computing request constrained by the Service Level Agreement (SLA) and attempts to map it 

onto the available computing resources. 

Particle Swarm Optimization(PSO), an emerging population-based heuristic optimization method 

originally proposed by Kennedy and Eberhart in 1995[3], is widely used to solve a variety of 

NP-complete problems like Scheduling[4] and task allocation[5], has become the new focus of 

research recently. Many PSO based algorithms have been proposed to minimize cost of executing 

workflow application on cloud computing[6]. 

In this paper, we formulate a model for job-resource mapping to minimize the overall execution 

cost of the service requests and the generated profit of the service providers in the cloud computing 

environment, and introduce a heuristic scheduling algorithm that uses PSO to solve job-resource 

mappings based on the proposed model. Simulation results and comparison of the proposed PSO 

scheduling algorithm with other methods such as GA, random are carried out so that the effectiveness 

and efficiency of the alternative method is investigated. 
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Job Scheduling Problem Modeling 

The job scheduling in cloud computing is the optimization problem to schedule the service 

requests that the execution cost of the schedule is minimized and the generated profit of the service 

providers is maximized, while given precedence constraints between the requests are satisfied and 

resource requirements of the scheduled requests per time unit do not exceed given capacity 

constraints for the each different types of resources.  

In our cloud model, we deal with a two-tier architecture. The first tier is the cloud provider which 

has N computing clouds geographically distributed over different areas, the second tier represents 

costumers with a job consists of M service tasks that have to be executed on the clouds. We denote a 

service request as a Directed Acyclic Graph(DAG) represented by G=(V, E), where 

1 2{ , ,..., }mV T T T= represents the set of tasks and { |1 , }ijE D i j m= ≤ ≤  represents the data 

dependencies between these tasks, as shown in Fig. 1. We assume the computation time of a task 

kT on a virtual machine(VM) jVM  for a certain size of input task is given by the user during the 

reservation. 

Figure 1  An Example of DAG of a Service Request Job 

In this model, the VMs in the cloud computing are heterogeneous and may have different 

processing ability, besides, the bandwidth between VMi and VMj defined as ijB  may also different, 

and the transfer cost between VMs can be calculated according to the bandwidth and the amount of 

data ijD . The target of this model is how to minimize the communication time, execution cost and 

maximize the profit of the service providers. Let ikDP  be the amount of a given task i which is 

assigned to VMj with the processing ability of ke , then, the model can be expressed as: 

The total execution cost of all tasks:  
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represents whether task i is assigned to VM k and whether task i and task j are assign to VM k and VM 

l simultaneously, if true, they equal to 1, otherwise 0. 

Scheduling based on Particle Swarm Optimization 

PSO is one of the latest evolutionary optimization techniques inspired by nature, in which, each 

single solution is a bird in the search space, called as particle. All of particles have fitness values 

evaluated by the fitness function given in Eq. 5 to be optimized, and have velocities which direct the 

flying of the particles. The particles fly through the problem space by following the current optimum 

particles. The algorithm is as follows: 

958 Nanotechnology and Precision Engineering



 

1

1 1 2 2*( ) *( )k k k k

i i i i i iv v x xc rand pbest c rand gbestω
+
= + − + −                             (3) 

1k k k

i i ix x v
+
= +                                                                         (4) 

Where, 1,k k

i iv v
+ donates the velocity of particle i at iteration k and k+1 respectively, 1,k k

i ix x
+  donates 

the position of particle i at iteration k and k+1 respectively, 1 2,c c is the acceleration coefficient, 

1 2,rand rand is random number between 0 and 1, ω  is the inertia weight, ipbest is the best position of 

particle i, and gbest is best position of entire particles in a population. 

Problem encoding. The values assigned to each dimension of a particle are the computing 

resources indices. For example, the job depicted in Fig. 1 can be represented as a 6-D particle, shown 

as in Fig. 2. In this problem, the particles are the tasks to be assigned and the dimensions of the 

particles are the number of tasks in a workflow 

 
Figure 2  Task mapping for the Job Shown in Fig. 1 

Swarm initialization. The initialization of the swarm in a PSO algorithm is an important phase. 

According to the random method, the position and velocity of each particle initial values are 

generated, the rand is between 0 and 1. 

The PSO algorithm. The algorithm starts with random initialization of particle’s position and 

velocity, each particle vector is a candidate solution of the underlying problem. The particles are the 

task to be assigned and the dimensions of the particle are the number of the special tasks in a job. The 

detail steps of this algorithm are listed as follows. 

Step 1: Set particle dimension as equal to the size of ready tasks in { }iT T∈ ; 

Step 2: Initialize position vector and velocity vector randomly; 

Step 3: For each particle, calculate its fitness value as in Eq. 4; 

Step 4: If the fitness value is better than the previous pbest, set the current fitness value as the new 

pbest; 

Step 5: Select the best particle from all of the particles as gbest; 

Step 6: For all particles, calculate velocity using Eq. 3 and update their positions using Eq. 4; 

Step 7: If reaching to the maximum iteration or getting the ideal result stops, otherwise, repeat 

from Step 3. 

Experimental Evaluation 

The experiments aim to demonstrate and evaluate the contribution of the PSO based scheduling 

algorithm in cloud computing. 

Experimental settings. In order to validate the effectiveness of the proposed algorithm， 

simulation experiments based on the platform of CloudSim were performed. Table 1 shows the 

characteristics of the VMs which compose the cloud federation in CloudSim. The job request consists 

of 10000 tasks, and the task arrival rates in our experiments are low and high(the high rate has ten 

times more applications arrival during the same period of time than the low). The length of each task 

obeys [500, 8000] bimodal distribution, and each has a crest at 2000 and 6000 and near, which is in 

MI(mega-instructions). The number of particles, generation and execution is 20, 200, and 30 

respectively. The users should pay ¥2 for each VM per hour, and the provider should pay ¥0.5 per kWh. 

Table 1 Characteristics of the VMs in Each Cloud  

NO. Power 

(kW) 

Frequency 

(GHz) 

Memory 

(GB) 

Amount 

1 0.28 1.6 1 250 

2 0.44 1.8 1 200 

3 0.54 2.0 2 150 

4 1.04 2.4 2 100 
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5 1.59 2.6 4 80 

6 2.31 2.8 4 60 

7 2.43 3.0 4 30 

8 3.45 3.2 4 20 

Performance evaluation. Table 2 shows the results taking the average of the 30 experiments, 

from which we can see that the more the application rate is high the worse are the results and the 

higher the numberof failed applications is; besides, his improvement of solution quality concerns 

more the Low rate than the High rate. Considering the different algorithm, the PSO method proposed 

in this paper costs lowest energy while obtains highest profit, though the failed tasks are a little more 

than the GA method. The experiments of the random algorithm offer poor results because it does not 

optimize the client’s QoS, thus, rejects a lot of feasible request. 

Table 2 Experimental comparison for 3 algorithms according to 2 arrival rates 

Algorithm Arrival rate Energy cost (kWh) Profit(¥)))) Failed tasks 

PSO Low 2016.3 3231 98 

High 2254.6 3089.5 142 

GA Low 2340 2988 91 

High 2506 2927 130 

Random Low 1979 893 2703 

High 624.8 251.7 8211 

Conclusions 

In this paper, we have presented a new job scheduler using particle swarm optimization(PSO) 

algorithm to minimize energy consumption and maximize the profit while respecting jobs’ deadlines 

in the cloud computing environment. Experimental result manifests that the PSO algorithm gains 

optimal solution concerning the energy cost and profit, comparing to the GA and random methods. In 

the future, we would like to implement this method in real cloud computing scheduling system.  
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