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Abstract - At present, in the cloud computing environment, the massive data has different attribute
characteristics, which cannot be made balance scheduling. There are often long scheduling time,
and the balance of CPU, memory and bandwidth is poor. Based on the improved clonal selection
algorithm, the balance scheduling method for massive data in cloud computing environment is
proposed. Firstly, the massive data balance loading and scheduling, as well as the minimized task
execution time are taken as the target, to construct the data scheduling model in the cloud
computing environment. According to the principle of clonal selection, the attributes of the massive
data in the cloud computing environment are defined as antigens, and the antibody encoding mode
of the massive data balance scheduling is designed. Meanwhile, the individual data with the higher
affinity to the antigens are selected from the antibody for mutation treatment, and the balance of
massive data scheduling is quantified in cloud computing environment. After obtaining the
quantization function, the control parameters of massive data scheduling are analyzed and studied,
so as to build a balance scheduling model for massive data in cloud computing environment. The
simulation results show that the proposed algorithm can make effectively balance scheduling for
the massive data in the cloud computing environment, its scheduling time is short, the balance of
CPU, memory and bandwidth is higher and the reliability is strong.
Keywords: Massive Data; Cloud Computing; Clonal Selection Algorithm; Balance Scheduling.

1. Introduction
At present, with the continuous improvement of the
level of computer science and technology, cloud
computing technology occupies a central position in
the field of IT [1-3].
The advantages of cloud computing are generally
reflected by the degree of their tasks operation.
Therefore, how to efficiently schedule large amounts
of data in cloud computing environment is the main
problem to be solved in this field [4, 5]. As the
balance scheduling method for the massive data in
cloud computing environment has far-reaching
significance, it has become the focus of research in
the industry, and has been widespread concern, but
also a lot of good methods are appeared [6, 7]. In
article [8], a classification and optimization
scheduling method for massive data in cloud
computing environment based on Bayesian theory is
proposed. This method realizes the classification and
optimization scheduling of the massive data in the
cloud computing environment by using the statistical
probability of the cloud computing task scheduling.
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The method is simple, but there is a problem that the
load balancing cannot be considered in a short time
when the classification and optimization scheduling
is carried out. In article [9], the classification and
optimization scheduling method for massive data in
cloud computing environment based on ant colony
algorithm is studied emphatically. According to the
principle of ant foraging, the massive data
classification and optimization scheduling in cloud
computing environment is finished. The method has
the characteristics of global optimal solution, but
there is a drawback that the search time is long. In
article [10], the classification and optimization
scheduling method for the massive data in the cloud
computing environment based on the time-first
algorithm is adopted. This method can effectively
perform the classification and optimization
scheduling of the massive data in the cloud
computing environment by calculating the execution
time of each scheduling task. The scheduling
efficiency of this method is high, but there are
disadvantages of greater cost. In article [11], a
balance scheduling and modeling method of massive
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data in cloud computing environment based on
particle swarm optimization (PSO) is proposed.
In this method, the clustering algorithm is used to
cluster the massive data loading, and the massive
data which are overloaded are migrated to realize
the loading balance of the massive data in the cloud
computing environment. The method is stable, but
there is a problem that the calculation is too
cumbersome and time consuming.
Aiming at the above problems, this paper
proposes a balance scheduling method for massive
data in cloud computing environment. Firstly, the
massive data balance loading and scheduling, as well
as the minimized task execution time are taken as
the target, to construct the data scheduling model in
the cloud computing environment. According to the
principle of clonal selection, the attributes of the
massive data in the cloud computing environment
are defined as antigens, and the antibody encoding
mode of the massive data balance scheduling is
designed. Meanwhile, the individual data with the
higher affinity to the antigens are selected from the
antibody for mutation treatment, and the balance of
massive data scheduling is quantified in cloud
computing environment by combining multiobjective optimization algorithm. According to the
different attribute characteristics of massive data,
the corresponding distribution strategy is put
forward, so as to construct the massive data balance
scheduling model in the cloud computing
environment.

2. Modeling Principle of Massive Data
Balance
Scheduling
in
Cloud
Computing Environment
In the process of massive data balance scheduling in
cloud computing environment, the data resources in
the cloud environment should be classified
according to their attribute information, and the load
balance of the cloud computing system should be
guaranteed before scheduling the resources after
classification [12, 13]. It is also possible to
summarize the scheduling steps of the massive data
in the cloud computing environment as: the cloud
resources are classified firstly according to the level
before scheduling, and the massive data balance
loading and scheduling, as well as the minimized
task execution time are taken as the target, which
are combined with the different types of cloud
resources and task scheduling of the implementation
time, and thus to effectively complete the massive
data balance scheduling. The specific steps are as
follows:
In the process of massive data balance scheduling
and modeling in the cloud computing environment, if
the data resource represented by ri can satisfy the
task scheduling requirement represented by

ts j ,

that is, the condition of

 r , ts   0 , then ts
i

j

j

can be

allocated to the resource

ri and carry out. There will
be a number of data resources ri to meet the task
ts j in the conventional state. In order to achieve the
load balancing of cloud computing system, the task
ts j will send the pij class attribute data to the
resources

ri . The use of the following formula can

express the attribute matrix of system task
scheduling in the cloud environment:

pnm 

p 
 r , ts   0
ij nm

i

(1)

j

In the process of massive balance scheduling and
modeling under the cloud computing environment,
according to the following formula, the balance
scheduling model of massive data can be established:

Snm  pnm   xij 

(2)

nm

In the above equation,

x 

ij nm

represents the

task's production rate vector.
In summary, it can be described that the
modeling principle of massive data balance
scheduling in cloud computing environment is
effective, and the massive balance scheduling model
in cloud computing environment is established
effectively.

3. Optimization Principle of Massive
Data Balance Scheduling in Cloud
Computing Environment
Aiming at the problem of that load balancing is not
fully taken into account and scheduling error is large
when using the current algorithm to establish the
massive data balance scheduling model in the cloud
computing environment [14, 15], a balance
scheduling method for massive data in cloud
computing environment based on the improved
clonal selection algorithm is proposed. According to
the principle of clonal selection, the attributes of the
massive data in the cloud computing environment
are defined as antigens, and the antibody encoding
mode of the massive data balance scheduling is
designed. Meanwhile, the individual data with the
higher affinity to the antigens are selected from the
antibody for mutation treatment, and the balance of
massive data scheduling is quantified in cloud
computing environment [16]. According to the
different attribute characteristics of massive data,
the corresponding distribution strategy is put
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forward, so as to construct the massive data balance
scheduling model in the cloud computing
environment.
 Variation process analysis of individual
data
In the process of optimizing the modeling of
massive data balance scheduling in the cloud
computing environment, the model of the data
resource balance scheduling in the cloud computing
environment is established with the aim of
minimized task execution time and the load
balancing factor. According to the principle of clonal
selection, the attributes of the massive data in the
cloud computing environment are defined as
antigens, and the antibody encoding mode of the
massive data balance scheduling is designed.
Meanwhile, the individual data with the higher
affinity to the antigens are selected from the
antibody for mutation treatment. The specific steps
are as follows: in the process of optimization
modeling the massive data equalization scheduling
in the cloud computing environment, the massive
data load parameters represented by l j are divided
into the CPU utilization, memory utilization, memory
utilization, network bandwidth, IO access rate and
the total number of processes of the system
represented by C j , M j , N j , IO j and Pj
respectively, then the use of the following formula
can express the massive data load in the cloud
environment:

lj 

C j w1  M j w2  N j w3  IO j w4  p j w5
G   R , T , E

In the above formula,

(3)

w1 , w2 , w3 , w4 , w5 represents

the weight of the massive data load parameter
respectively, and which needs to meet the following
conditions:

w1  w2  w3  w4  w5  1
lj

(4)

In the optimization modeling process of the
massive data balance scheduling under cloud
computing environment, the implementation time of
the task set T in the massive data set R is defined
as makespan which represents the task execution
time span.

ts and te respectively represent the time

of task t to start the task and end the task on the
massive data r , the process of task implementation

can be represented by Sch  t , r , t s , te  . Then the
following

formula

makespan :
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can

be

used

to

calculate

makespan  t , r , ts , te  

max tei   min  tsj  Sch

1
 w1  w2  w3  w4  w5  l 
j 


(5)

In the above equation,

max tei  represents the

latest end time of all tasks in the cloud computing
environment, and

min  tsj  represents the earliest

start time of all tasks.
In the process of optimizing the modeling of
massive data balance scheduling in the cloud
computing environment, according to the principle
of clonal selection, the massive data balance
scheduling in the cloud computing environment are
defined as antigens, and E representing the matrix
element in the massive data distribution set is
defined as an antibody gene, then the following
formula can be obtained:

P

pn
E   makespan

(6)

In the above equation, n represents the total
number of tasks, and

Pn represents the massive data

assigned to the task ti .
In the process of optimizing the modeling of
massive data balance scheduling in the cloud
computing environment, the optimal solution of the
massive data balance scheduling is needed to
measure the time span and the load balance of the
massive data. Therefore, the affinity function of
antibody and antigen can be calculated by the
following formula:

F it  p  

1 p
makespan

(7)

In the above formula, F it  p  represents the
affinity function of antibody and antigen.
In the process of optimizing the modeling of massive
data balance scheduling in the cloud computing
environment, assuming that the scale population of
antibody is K represented by

A  P1 , P2

PK  ,

the affinity of any two antibodies can be obtained by
the following formula:

t  pk   F it  p  

1
A k

(8)

In the above formula, t  pk  represents the
affinity of any two antibodies.
In the process of optimizing the modeling of massive
data balance scheduling in the cloud computing
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environment, the individuals with high affinity for
antigen are selected from the antibodies:
K

H j K  

 pi  j  lg pi  j 
i 1

t  pk 

(9)

In the above formula, pi  j  represents the
probability of the one which is same as the
gene of antibody

j -th

pi , and H j  K  represents the

individual with higher affinity for the antibody after
mutation.
In summary, we can show that in the process of
optimizing the modeling of massive data balance
scheduling in the cloud computing environment, the
minimized task execution time and the load
balancing factor are taken as the target firstly, to
construct the data scheduling model in the cloud
computing environment. According to the principle
of clonal selection, the massive data balance
scheduling in the cloud computing environment are
defined as antigens, and the antibody encoding mode
of the massive data balance scheduling is designed.
Meanwhile, the individual data with the higher
affinity to the antigens are selected from the
antibody for mutation treatment, and the balance of
massive data scheduling is quantified in cloud
computing environment, to lay the foundation for
establishing the optimization model of massive data
balance scheduling under the cloud computing
environment.
 Realization of massive data balance
scheduling in cloud computing environment
In the cloud computing environment, when the
data traffic demand exceeds the network bandwidth,
the network signal will collide and conflict, the data
will accumulate in the node to cause congestion [17,
18]. Therefore, in the process of classification
optimization scheduling of massive data in the cloud
computing environment, the execution value of each
task on all resources is calculated on the basis of
individual data variation, that is, the product of the
corresponding resource level of each scheduling task
and the minimum execution time. The optimal
scheduling of the massive data in the cloud
computing environment is achieved using the task
with the smallest product [19-24].
In the process of classification optimization
scheduling of massive data in the cloud computing
environment, the balance of massive data scheduling
in cloud computing environment is quantified on the
basis of individual data variation. Assuming the data
set is X n , then:

X n   x1 , x2 , x3 ......xn 

(10)

The quantification model of the obtained data is:
xi (n  1) 

1
 xi (n) H j  K   xi (k )  T (k ) 
2

(11)

Where x is the time series of load sampling point,

T is the communication signal delay, and then the

corresponding distribution strategy for the different
attribute characteristics of massive data is put
forward, so as to construct the model of massive data
balance scheduling under cloud computing
environment.
Then the time span of data operation can be
expressed as:
n

t

 T ( x)E(i, j)

(12)

i 1, j 1

Where

E(i, j ) is the efficiency function of data
signal, e(i, j ) is the specific form of scheduling
model function:

 eij  e(i, j )

 emax  e(i, j )
E (i, j )  
 eij  e(i, j )
 e(i, j )emin

(13)

The appropriate objective function of massive
data scheduling is selected. Let  be the weight of
the data classification attribute, A be the weighted
constraint equalization ratio, M be the sampling
period, and then the balance parameter of data
scheduling  is solved as follows:

  1 Ati  2Ti  3Mi

(14)

According to the parameter of data balance
scheduling, the corresponding delay response
parameter  and the data flow control parameter
 can be selected and determined. The parameter
solving process is:



 R1 R2  n
1
 (1 
sin  cos  sin  )
2 
4 h i 1
2

(15)



 R1 R2
2

(16)

n

  (1 
i 1

1
sin  cos  )
2

Thus it obtains the model of massive data balance
scheduling in the cloud computing environment:
n

n

2

n

f ( x)   min( xi 2 , 2） （xi）  t   xi  2
2t
i 1
i 1
i 1
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In order to prove the validity of the modeling
method for massive data balance scheduling in the
cloud computing environment based on the
improved clonal selection algorithm, an experiment
is carried out. Cloud computing simulation tool
CloudSim is used to establish a experimental
simulation platform of the massive data balance
scheduling under cloud computing environment. In
the course of the experiment, there are 38 massive
data to set up cloud computing resource pool, on this
basis, the scheduling set composed by the
independent task is made scheduling, and the
number of tasks is between 29 to 301. The algorithm
in literature [8] and [9], and the improved algorithm
is used to simulate the massive data balance
scheduling in the cloud computing environment, the
parameters of the experiment are set as follows: 29301 is the length of the antibody, K  99 is the size
of the antibody population, m  39 is the total
number of massive data, pm  0.5 represents the
mutation probability, t  1 represents the number
of current iteration, and tmax  199 represents the
maximum number of iterations.
 Comparison of task execution time span of
different algorithms
In this paper, we use the improved algorithm, the
algorithm in literature [8] and the literature [9] to
carry on the massive data balance scheduling
experiment under the cloud computing environment,
and compare the task execution time span and the
resource balance factor obtained by the three
algorithms.
The comparison results are shown in Fig. 1 and
Fig. 2.
As can be seen from Fig. 1, the task execution
time span of the improved algorithm is the smallest,
and although the number of tasks is increasing, the
average value has good stability.
Execution time span/s
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Figure 3: Comparison of CPU balance by Different
Algorithms
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Figure 4: Comparison of memory balance by different
algorithms
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4. Experimental Simulation
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Figure 5: Comparison of bandwidth balance by
different algorithms
It can be shown in Figure 3, Figure 4 and Figure 5
that the improved algorithm has more obvious load
balancing advantage than other algorithms because
the improved algorithm quantifies the balance of the
massive data in the cloud computing environment.
The control parameters of the massive data of
various attributes in the environment are analyzed,
and the load balancing of the improved algorithm is
ensured. Experimental results show that the method
of massive data balance scheduling based on
improved clonal selection algorithm is highly
efficient and reliable in cloud computing
environment.

5. Conclusions
Aiming at the problem of load balancing of resource
scheduling is not fully considered and scheduling
error is large when using the current algorithm to
establish the model of massive data balance
scheduling in the cloud computing environment. In
order to solve the problem, in this paper, a modeling
method for massive data balance scheduling in cloud
computing environment based on improved clonal
selection algorithm. Firstly, the minimized task
execution time and load balancing factor are taken as
the target, to construct the data scheduling model in
the cloud computing environment.
According to the principle of clonal selection, the
attributes of the massive data in the cloud computing
environment are defined as antigens, and the
antibody encoding mode of the massive data balance
scheduling is designed. Meanwhile, the individual
data with the higher affinity to the antigens are
selected from the antibody for mutation treatment,
and on this basis, the balance of massive data
scheduling in cloud computing environment is
quantified. After obtaining the quantization function,
the control parameters of massive data scheduling
are analyzed and studied, so as to build a balance
scheduling model for massive data in cloud
computing environment. The simulation results
show that the proposed algorithm can make
effectively balance scheduling for the massive data in
the cloud computing environment, its scheduling
time is short, the balance of CPU, memory and
bandwidth is higher and the reliability is strong.
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