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Abstract 

With the exponential increase of the cloud business volume, Data center occurs load 

imbalance caused by some physical machine inefficiency due to the diversity of users 

requirements. Therefore the cloud datacenter need an appropriate algorithm to balance 

the PMs load and ensure the resource utilization in the cloud datacenter. The paper 

defines and formulates the problem parameters and proposes a Multi-objective Discrete 

Particle Swarm Optimization (MDPSO) to schedule the resources to the VMs requests 

according to the requirements. The simulation shows that the MDPSO algorithm not only 

guarantees the resource utilization, but also insures the PMs Load balance.  
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1. Introduction 

Due to the rate of business volume growth in the cloud service, the load in the cloud 

datacenter has been increased quickly. How to make good use of resource is the key point 

to reduce the unnecessary overhead. In the cloud datacenter, VT (Virtualization 

Technology) has been widely used. This technology expands the capacity of the 

hardware. Meanwhile the application programs won’t impact to each other when they are 

running in the separate space in the same PM. VT also support the live migration, viz, 

when the PM overload, the VM could be move to another PM which is in the low load 

state . In general, VT not only enable the business attain the cost reduction but also the 

system reliability and scalability.  

Cloud datacenter is the central of the resource. The resource mainly refers to the PM 

(Physical Machine), VM (Virtual Machine), the storage, the network, etc. Datacenter 

manage all the equipment. It should respond all the requests from the VMs. Different 

VMs have different priority, technology objects. Some of them request for the search 

service. Some are request for the computational or the storage resources. Therefore, an 

efficient resource scheduling is necessary for the properly work in the datacenter. The 

scheduler will find the resource in the datacenter according to the requests quality when 

the client requests for a service. The scheduler returns response to the client. Scheduler is 

required to give the response in the specified time. At the same time, the datacenter also 

need to consider the load balance, the utilization and the operating costs. The resource 

allocation mechanism determines the efficiency of the used resources and guarantees the 

Quality of Service (QoS) provided to the users. Hence, the resource scheduling 

mechanisms are considered as the critical technology in the cloud datacenter.  

To satisfy multiple objectives, the scheduler has a strategy to schedule the resource. It’s 

impossible to meet all the requests. So the manager determines the optimizing objects and 

execution policy when the resource is insufficient. The optimal placement of VMs within 

a data center network is a NP-hard problem. When large amount of VM data is migrated 
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from one physical host to another, The VM placement surely affects the data center 

network performance through the network[1][2][3]. The VM placement problems 

including the VM deployment and the dynamic VM resource management Here, the paper 

aim to achieve two objectives in our algorithm: 

 VM deployment: Load balance (LB). To balance the resource utilization. This goal 

improves the datacenter performance. The rise of the cluster’s processing capacity 

could enhance the user experience (UE) and the system reliability. 

 Satisfy Multi-objects: Using MDPSO algorithm to find Pareto optimal solution to 

enhance the Resource Utilization and ensure the load balance. 

The paper presents the design and implementation an improved PSO (Particle Swarm 

Optimization) deployment algorithm. We make the following contributions. 

The paper proposes a new improved PSO algorithm which applied in the VM 

deployment to achieve the load balance and high resource utilization. 

The paper tries to solve the multi-objective problem in the cloud datacenter based on a 

heuristic algorithm. 

The paper simulates the algorithm and verifies the effectiveness of algorithm.   

The rest of the paper is organized as follows. Section 2 presents the basic VM resource 

scheduling strategy and algorithm. Section 3 describes the details of the improved VM 

scheduling algorithm. Section 4 present the simulation and experiment results. Section 5 

concludes and put forward the future research direction. 

 

2. Related Work 

Currently, there are several resources scheduling research direction: 1. The virtual 

machine placement [4]. 2. Data center energy consumption problem. 3. The economics of 

the cloud resource scheduling problem [5]. The strategy and algorithm of scheduling 

roughly divide into two categories: 1. high priorities of performance. 2. high priorities of 

cost. The traditional resource scheduling algorithm including Round Robin algorithm, 

Weighted Round Robin algorithm [6], Weighted Least-Connection Scheduling etc.  

In terms of resource scheduling, domestic and overseas have done a lot of research 

work. The resources which Amazon provides to users can be divided into 8 classes. Users 

apply for rent according to their own business requirements. Data center scheduling 

algorithm give the feedback to the users based on the user characteristics, the resource 

type to find the right data center resources. Amazon's cloud resource scheduling combine 

some kind of strategies such as cost priority, meet the demand of different users, load 

balancing etc. [7][8][9]. BM's cloud computing platform built on the basis of virtual 

computing resources. IBM Tivoli completes the deployment of resources and cancellation 

of scheduled operations. IBM deployment management software Tivoli provisioning 

manager is responsible for monitoring the former provides IT resource health. Its 

scheduling policy is priority of performance and meeting the requirements of users[10]. 

Because of commercial confidentiality, Most of the technology is not known outside. The 

emergence of some open source cloud computing systems provides researchers with some 

excellent platform of cloud resource scheduling (Eucalyptus [11]). [12] Uses ucalyptus as 

the platform discuss the resource scheduling. The scheduling algorithm reads the log 

information which recorded in the load balancer in the real-time. The algorithm calculates 

the virtual machine average response time to determine the current system load. [13] 

systematic introduced the details of program and technology of HP data center cost model 

and become the important reference of cost model design. Most of the load balancing 

algorithm learn the traditional idea of load balancing Web server or server cluster and did 

not take into account the optimization of multiple objectives. 
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3. The Details of the Multi-Objective Algorithm 
 

3.1. The Definition of the Problem Parameters 

This subsection defines the structure of the datacenter. The structure quantifies the 

cloud datacenter resource for easy experimental comparison. So in this paper, the resource 

refers in particular to CPU, memory, the bandwidth. The paper simplifies the datacenter 

framework and presented the simplification PM cluster and VM cluster in the Figure 1.  

 

Virtualization   Resources

Virtual 
machine

Physical 
machine

Network

 

Figure 1. The Simplification PM and VM Cluster 

The paper has some definitions about the problem parameter: 

Definition 1: PM set  : {PMi|0≤i≤n}, i denotes the number of the PMs. 

Definition 2: VM set  :{VMj|0≤j≤n}, j denotes the number of the VMs. 

Definition 3: PM resource sets φ: {PMir|0≤r≤n}, r denotes the categories of the 

virtualization resource. 

Definition 4 : PM Utilization :  
 

ir ir
ir

pm pm pm
U allocated total  (1) 

Which 
irpmallocated denote the used PM resource and the 

irpmtotal denote the total PM 

resource. 

Definition 5: The PM average Utilization Uavg: 

 

1
ir

n

pm
i

avg

U

U
n




 

(2) 

 

n denote the number of the PM. 

Definition 6: The Specific Unbalance of resource r: 

 

1

| U U |1
= ir

m
pm avg

r

rn i





  (3) 

 

Definition 7: The Specific Unbalance of Physical machine set:  

 

1 1

| U U |1
= ir

n m
pm avg

i rn i


 


  (4) 

 

m denotes the categories of the resource and n denote the number of the PM. 
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The constraints condition are as following: 

Constraint 1：The physical machines and virtual machine mapping is a one-to-many 

relationship. Which means one VM can only be placed on one PM and one PM can have 

many VMs. viz:
1

1, [1,2,3 ]
n

ij
i

D j m


    

Constraint 2:  The VM resource requirement cannot exceed the PM resources capacity. 

Viz:
1

n
VM PM

ij j
i




 , i denote the number of the VM request and j denote the categories 

of the requirement resource.  

Here the definition 5 formulates the VM placement problem.  

Definition 5: A VM request set  = {VMj|0≤j≤n}, and a set of PMs = {PMi|0≤i≤n}, 

find out a placement solution, make the system in the most balanced load and meanwhile 

guarantee high utilization. i.e.  

 

min (0 1)

max (0 1)
ir

ir

pm

pm
U

U

n

  

 









 

(5) 

The problem is a NP-hardness problem, the tradeoff between the load balance and the 

Utilization should be considered. 

 

3.2. The Improved PSO Scheduling Algorithm  

PSO (Particle Swarm Optimization) algorithm is an efficient algorithm that have been 

used to optimize the different function [14][15][16]. It is easily implemented and usually 

converges faster than the Genetic Algorithm [17]. In the PSO algorithm, every individual 

can estimate the fitness value of the position by some rules and remember the best 

position of all the current finding position. Every individual is called “particle”. Every 

particle is a potential solution. For example: In a D dimensional objective searching 

space, every particle is seen as a dot. Assuming that the swarm is comprised of m particle 

and m cannot be too large or will affect the computational speed and convergence of the 

algorithm.  

Supposing  1 2, ,i i i iDx x x x  is ith particle’s  1,2,i m  D dimensional position 

vector  1 2, , , ,i i i id iDv v v v v  is the ith particle flight velocity. 
1 2( , , , , , )i i i id iDp p p p p  

is noted as the best position by which it has ever visited. 1 2( , , , , , )g g g gd gDp p p p p  is 

noted as the best position by which the swarm have ever visited. In basic PSO model, the 

particles are manipulated according to the equations (5): 
 

   1
1 2

+1 1

,

=

k k k k k k
id id id id gd id

k k k
id id id

v v c p x c p x

x x v

  







    


 

( 6 ) 

Where k expresses the kth iteration, c1 and c2 c are positive constants, called the 

cognitive coefficient and social coefficient respectively;  and   are random numbers 

uniformly distributed in the range (0~1). The parameter w is called inertia weight to 

balance the global and local search ability.   is an operator to limit the velocity.  

Here the algorithm supposed to use integer coding to define the particle’s position, e.g. 

xi= (1, 3, 10, 2, 3, 2, 5) is one of the feasible solution. The algorithm firstly numbered the 

VMs and the PMs. In the feasible solution, “1” denote the first virtual machine would be 

placed in the first physical machine, “3” denote the second virtual machine would be 

placed in the third physical machine and by this analogy. But the basic PSO algorithm 
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aimed at continuous value, so the algorithm uses a new Discrete PSO (DPSO) algorithm 

to solve the problem [18].  

Set the particle’s velocity  1 2, , , ,i i i id iDv v v v v  , which
max maxiv v v   , max 4v  , 

the sigmoid function to certify the probability of the VMi will be placed into the PMj[19]. 

The sigmoid function is defined as following:  
 

 
 

1

1 exp
ik

ik

s Sigmoid v
v

 
 

 

(7) 

 

The particle movement equations are defined as following[18]:  

 

            

     

1 21

1 1

b gV t s V t R P t X t R P t X t

X t X t V t

             

   
 (8) 

 denotes that counting the value of the product over half as one and disregarding the 

rest. The   is defined as following:    

,

,

,

x if x y

x y x if s x s y

y else




 



. “–“denotes as following: 

,

| |,

x if x y
x y

x y else


 


 

 

3.3. Multi-objective DPSO VM Scheduling 

To satisfy the resource utilization and load balance at the same time, the algorithm 

need to solve the multi-objective problem. The paper selects choose the Pareto optimal 

solution to solve the multi-objective optimization problem[20]. The algorithm guides the 

flight of the particles direction through every objective function together in Multi-

Objective Optimization Problem to make particles fall into the Pareto optimal solution set. 

The pseudo-code algorithm is presented in Algorithm 1. 

Algorithm1: The optimal solution evaluation selection algorithm 

1 Input: A given population size N, every particle’s position and velocity Xi , Vi.  Output: the 

objective function 

2 For i=1 to N,  

3    Fitness 1[i]=f1(X[i]); 

4    Fitness 2[i]=f2(X[i]); 

5    pBest[1,i]   f1(x); 

6    pBest[2,i]   f2 (x); 

7    gBest[1,i]   f1(x); 

8    gBest[2,i]   f2 (x); 

9    gBest = Average(gBest[1], gBest[2]); 

10    dgBest = Distance (gBest[1], gBest[2]); 

11 For i=1 to N, 

12    dpBest[i] = Distance (pBest[1,i], pBest[2,i]); 

13 For i=1 to N, 

14    if( dpBest[i]< dgBest) 

15       pBest[i] = Randselect( pBest[1,i], pBest[2,i])//random selection  

16    else 

17     pBest[i] = Average( pBest[1,i], pBest[2,i])//Assessment and selection 

18 END 
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The Multi-objective DPSO VM scheduling algorithm is applied to the cloud 

environment resource scheduling model; set (5) equation as objective function, the 

pseudo-code for the high utilization and load balance of the VMs is presented in 

Algorithm 2. The algorithm change the particle’s update formula and solve the multi-

objective problem. 

 

Algorithm2: Multi-objective DPSO VM scheduling algorithm 

1 Input: A given population size, every particle’s position and velocity Xi , Vi.  Output: the 

objective function 

2 choose the threshold value ε and maximum number of iterations Nmax 

3 Initialize the particle's position, Using integer form to define the position 

Zi
(0)

=(Zi1,Zi2,…..Zin), which n is the PM’s number. i is the particle’s number. 

4 Initialize the velocity of each particle vi
(0)

=(vi1,vi2…..vin) 
5 Calculate the particle's multi-objective fitness function (5), get the particle’s fitness value 

Zi1
(0)，Zi2

(0)
 denotes as (0) (0)D A， . 

6 pi1
(0)

= Zi1
(0)

， pi2
(0)

= Zi2
(0)

. According to the 
(0) (0) (0) (0)

1 2min{ , , }mD D D D , (0) (0) (0) (0)

1 2max{ , , }mA A A A , find the global optimum 

0 0

1 2,g gp p . 

7 k=0 

8 1k k   

9 Calculate fitness value of 
iz , denote as (k) (k)

i iD A， . 

10 ( ) ( ) ( ) ( )

1 2min{ , , }k k k k

mD D D D ， ( ) ( ) ( ) ( )

1 2max{ , , }k k k k

mA A A A  

11 According to ( 7 ) equation to update the pi1
(k)，pi2

(k)  
and 

1 2,k k

g gp p . 

12 Calculate the global optimum
gp = Average(

1 2,k k

g gp p );The Euler distance 

gdp =Distance(
1 2,k k

g gp p ). 

13 Calculate the Euler distance of every particle’s local optimum k

gdp . 

14 if ( k

gdp <
gdp ) 

15    Choose the pi1
(k)，pi2

(k)
 by the random selection. 

16  else 

17   
( )k

ip  = Average( pi1
(k)，pi2

(k)
) 

18 According to the ( 7 ) update    
, z

k k

i iv  by using ( )k

ip ，
gp . 

19 if k> Nmax  

20    END 

21 else 

22   jump to 8  

 

4. Simulation Results 

The simulation utilized CloudSim simulator for performance evaluation of the 

algorithm. The experiment modified the related methods and properties of 

VirtualMachine, VMAllocationPolicy, Datacenter class in the CloudSim. Using the Ant 

tool recompile CloudSim platform. The experience firstly random generate 50 PMs, and 

100VMs. The 50 PMs are homogeneous. The PMs Set is as following:  

Table 1.1. Physical Machine Parameter List 

CPU/number 
Computing 

Power/MIPS 
Memory/GB 

network 

bandwidth 

16 3000 16 1000 
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The VMs types are as following Table: 

Table 1.2. The Virtual Machine Application Type 

CPU/number 
Computing 

Power/MIPS 
Memory/GB 

network 

bandwidth 

1 200 1 100 

2 200 2 100 

4 200 3.75 200 

8 200 7.5 400 

Every type has 25 requests and stochastic arrived. The population size is 30. The 

maximum iterations is 30.The learning factor is 0.5 and 0.5. The simulation compares the 

greedy algorithm (GA), the traditional PSO algorithm, and multi-objective DPSO 

algorithm (MDPSO). The simulation gets the results as Figure 2.  

 

 

Figure 2. The Specific Unbalance of Different Resource by Three Algorithms 

The results show that MDPSO algorithm makes the specific unbalance value 

minimum. 

The simulation also compares the first 20 PMs utilization, the unit is percentage. In the 

Figures 3, 4, 5, we could find that the MDPSO not only guarantee the resource utilization, 

but also insure the PMs Load balance. Thereby the effectiveness of the new method is 

verified.  

 

 

Figure 3. The CPU Utilization of Three Algorithms 
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Figure 4. The Memory Utilization of Three Algorithms 

  

Figure 5. The Network Bandwidth Utilization of Three Algorithms 

 

5. Conclusion 

The paper proposed a Multi-objective DPSO algorithm to solve the VM resource 

allocation problem. We firstly discretize the particles value, and using a new particle 

movement equation to adapt to the cloud computing environment, and solve the multi-

objective problem. In the paper, we choose the high utilization and load balance to be the 

objects, and two objects are incompatible. We utilize heuristic algorithm to find a Pareto 

optimal solution to solve the NP-hard problem in the cloud environment. The simulation 

experiments verify the effectiveness of the algorithm.  

The research work is planned to be followed by the development of the cloud 

datacenter resource scheduler that supports the better efficient resource utilization for 

different objects. The future work we will focus on the implementation of the algorithm in 

the real cloud environment and the energy-aware of the VM scheduling to reduce the cost 

and implement the green cloud computing. 
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