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 Abstract — In recent years, the IT infrastructure due to 
the demand for computing power which used by applications are 
rapidly growing and modern data centers in cloud computing are 
hosting a variety of advanced applications. The high energy cost 
and green-house gas emissions are significant problems that have 
emerged as results of using large data centers. Thus providing an 
efficient method to reduce energy consumption by data centers is 
highly regarded by researchers. In this paper we present a new 
approach based on Learning Automata for dynamic replacement 
of virtual machines over data centers to reduce power 
consumption. Live migration and forcing idle nodes to sleep 
constitute main policies of this approach. To evaluate the 
proposed method, the workload is used in the real world. 
Simulation results show that the performance of the proposed 
method significantly reduces the energy consumption However, 
the efficiency of the system is preserved to a considerable extent. 

Keywords: energy efficiency; learning automata; resource 
allocation; cloud computing.  

I.  INTRODUCTION 

       Modern data centers which used in the cloud computing 
are hosting various kinds of applications. It is possible for only 
a few seconds or for longer periods of time are running in data 
centers. In the past, the main criterion in the design of data 
centers has been high performance and power consumption of 
these centers has been of little importance. But today, as the 
importance of energy in the world, energy consumption is 
regarded as one of the most important criteria.The average 
energy consumption of data centers are equivalent to 25,000 
households [1]. In addition to the operating costs, high energy 
consumption leads to an increase in temperature will reduce 
the reliability and longevity of the hardware resources. 
Because it produces substantially carbon dioxide (CO2) 
emissions contributing to the greenhouse effect so as 
environmental aspects are taken into consideration [2]. Energy 
consumed by a computing node in a data center includes the 
processor, storage and networking equipment and stored 
resources. Compared to other system resources, CPU will 
consume large amounts of energy [1]. 
Due to the presence of energy dissipation in a passive server 
substantial amount of energy is consumed. Providers must be 
able to provide a quality service to meet the energy efficiency. 
So one of the important requirements for a cloud computing 
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environment have to provide reliable quality of service which 
can be defined in rules "service level agreement". In fact, 
"service level agreement" explains features such as minimum 
throughput, maximum response time, or delay in delivery by 
the deployed system. Using power-aware scheduling 
mechanism can be significant savings in energy consumption, 
and these mechanisms must be a compromise between 
efficiency and reduction services cost for savings energy. One 
way to reduce energy consumption by data centers is 
virtualization approach. In a general definition, virtualization 
means create an abstract level of computing resources that can 
be applied at different levels of a machine. Hardware level, 
platforms and applications are some case that can create   
abstraction about them. Virtualization improves productivity 
by making efficient use of their resources and can reduce the 
amount of hardware resources needed. Because virtual 
machines seat on a hardware resource are independent from 
each other so finish time of their activity is different from each 
other and this make the part of capacity on hardware machines 
be unused. A new technique has been developed to address 
this problem, is migration. By using this technique with 
moving and finding a better place for each virtual machine can 
have data centers with higher performance and the other way 
can reduce the lateral cost among energy cost. Migration as 
one of the achievements of virtualization, today by most data 
centers are used for various purposes such as load balancing, 
building servers, preventing downtime, etc. 

Allocation of Energy-aware data center resources to support 
the relocation of virtual machines between the physical nodes, 
enables dynamic migration of virtual machines according to 
the performance requirements. When virtual machines do not 
use all resource provided, they can be modified to a reasonable 
size and deployed to the minimum number of physical nodes. 
To reduce energy consumption by the idle node and also data 
center total energy consumption, can change those nodes to 
sleep mode or turn them off [2]. One other solutions is the 
methods related to energy management that includes on / off 
system components, sleeping methods, etc[3]. A lot of 
research has been done in data centers virtual machine 
placement. These approaches include the reduction of energy 
consumption [4] [5], [6], the cost allocation, nodes thermal in 
data centers [7], the network communication paths between 
virtual machines [8], [9]. Using genetic algorithms for solving 



 

approach, combined energy reduction with network 
communication [10] have been proposed. Optimization over 
multiple system resources – at each time frame VMs are 
reallocated according to current CPU, RAM and network 
bandwidth utilization. In this paper we present a new approach 
based on Learning Automata for dynamic replacement of 
virtual machines over data centers to reduce power 
consumption. Live migration and forcing idle nodes to sleep 
constitute main policies of this approach . proposed approach 
unlike past algorithms does not use previous solutions but tries 
to use the ability of learning automata do virtual machine 
placement.The proposed approach can effectively handle 
heterogeneous infrastructure and heterogeneous virtual 
machines and do not require any knowledge about applications 
executing on virtual machines.  
 

II. LEARNING AUTOMATA 

A. Finite Action-Set Learning Automata 
Learning automata is an abstract model that chooses an action 
from a finite set of its actions randomly and takes it. In this 
case, environment evaluates this taken action and reacts to it 
by a reinforcement signal. Then, learning automata updates its 
internal information regarding both the taken action and 
received reinforcement signal. After that, learning automata 
chooses another action again. Figure 1 depicts the relationship 
between learning automata 
and environment. 

 

 
Fig. 1. Interaction between learning automata and environment 

Every environment is represented by E = {ߙ, ,ߚ ܿ } ,where ߙ ൌ ሼߙଵ ߙଶ, … , ߚ ,௥ሽ is a set of inputsߙ ൌ ሼߚଵ, ,ଶߚ … ,  ௥ሽis aߚ
set of outputs, and ܿ ൌ ሼܿଵ, ܿଶ, … , ܿ௥ሽ  is a set of penalty 
probabilities. Whenever set ߚ  has just two members, 
environment is kind of p. In this environment ߚଵ = 1, ߚଶ ൌ 0 
are considered as penalty and reward respectively. Similarly, 
environment in kind of Q contains a finite set of members. 
Also, environment in kind of S has infinite number of 
members. ci is the penalty probability of taken action ߙ௜ .Learning automata is classified into fixed structure and 
variable structure. Learning automata with variable structure is 
introduced as follows; Learning automata with variable 
structure is represented by { ,ߙ ,ߚ p,T}, where ߙ ൌሼߙଵ ߙଶ, … , ߚ ,௥ሽ is a set of actionsߙ ൌ ሼߚଵ, ,ଶߚ … ,  ௥ሽis a set ofߚ
inputs, ݌ ൌ ሼ݌ଵ, ,ଶ݌ … ,  ௥ሽ is the action probability vector, and݌
p(n +1) = T[ ߙ(n), ߚ(n), p(n)] is learning algorithm. Learning 
automata operates as follows; learning automata chooses an 
action from its probability vector randomly (Pi ) and takes it. 
Suppose that the chosen action is ߙ௜. Learning automata after 

receiving reinforcement signal from environment updates its 
action probability vector according to formulas 1 and 2 in case 
of desirable and undesirable received signals respectively. In 
formulas 1 and 2, a and b are reward and penalty parameters 
respectively. If a = b then algorithm is named LR−P . Also, if 
b<<a then the algorithm is named LRߝP . Similarly, if b = 0 
then the algorithm is called LR−I . 
 
௜ሺ݊݌               (1) ൅ 1ሻ ൌ ௜ሺ݊ሻ݌  ൅ ܽ. ൫1 െ ௝ሺ݊݌ ௜ሺ݊ሻ൯݌ ൅ 1ሻ ൌ ௝ሺ݊ሻ݌  ൅ ܽ.  ௝ሺ݊ሻ݌
 
௜ሺ݊ሻ݌               (2) ൌ  ሺ1 െ ܾሻ. ൫݌௜ሺ݊ሻ൯ ݌௝ሺ݊ ൅ 1ሻ ൌ ݎܾ  െ 1 ൅ ሺ1 െ ܾሻ݌௝ሺ݊ሻ 
 
B. Continuous Action-Set Learning Automata (CALA) 
So far, we have considered the LA model where the set of 
actions is finite. Hence, while finding the optimal parameter 
values to maximize a performance index, we need to discretize 
the parameter space so that actions of LA can be possible 
values of parameters. A more satisfying solution would be to 
employ an LA model where the action-set can be continuous. 
Such a model is called continuous action-set learning 
automaton or CALA. The action-set of CALA is the real line. 
The action probability distribution at k is ࣨሺߤሺ݇ሻ,  ,  ሺ݇ሻሻߪ
the normal distribution with mean ሺ݇ሻߤ   and standard 
deviationߪሺ݇ሻ. At each instant, the CALA updates its action 
probability distribution by updating ߤሺ݇ሻ  and ߪሺ݇ሻ . Let αሺ݇ሻ א Ը be the action chosen at k and let ߚሺ݇ሻ   be the 
reinforcement at k. Here, instead of reward probabilities for 
various actions, we now have a reward function ࣠: Ը ՜ Ը 
defined by ݂ሺݔሻ ൌ ሺ݇ሻ|αሺ݇ሻߚሾ ܧ ൌ  ሿ. We shall denote theݔ
reinforcement in response to action as and thus ݂ሺݔሻ ൌ ߚܧ௫. The objective for CALA is to learn the value of x at 
which attains a maximum ݂ . That is, we want the action 
probability distribution  ࣨሺߤሺ݇ሻ, ሺ݇ሻሻߪ  to converge to ܰሺݔ଴, 0ሻ where ࢞૙ is a maximum of  . However, we do not let ߪሺ݇ሻ converge to zero to ensure that the algorithm does not get 
stuck at a nonoptimal point. Therefore, we use another 
parameter,  0 ൏ ℓߪ  (with ોर  sufficiently small) and keep the 
objective of learning as ሺ݇ሻߪ   converging to ોर  and ߤሺ݇ሻ converging to a maximum of ݂. 
The learning algorithm for CALA is described next. Since the 
updating given for ߪሺ݇ሻ does not automatically guarantee that ߪሺ݇ሻ ൐ ℓߪ , we always use a projected version of ߪሺ݇ሻ , 
denoted by ׎ሺ ߪሺ݇ሻሻ , while choosing actions. Furthermore, 
unlike FALA, CALA interacts with the environment through a 
choice of two actions at each instant. 
At each instant k, CALA chooses a ईሺ݇ሻ א Ը at random from 
its current action probability distribution ࣨሺߤሺ݇ሻ,  ,ሺ݇ሻሻሻߪ ሺ׎
where  is the function specified below. Then, it gets the ׎ 
reinforcement from the environment for the two actions: ߤሺ݇ሻ 
and ݔሺ݇ሻ . Let these reinforcements be βµ  and βई . Then, the 
distribution is updated as follows: 



 

µሺ݇ ൅ 1ሻ ൌ µሺkሻ ൅ λ ൫ βई െ βµ൯׎ሺ ߪሺ݇ሻሻ ൫ईሺkሻ െ µሺkሻ൯׎ሺ ߪሺ݇ሻሻ  

 )1(  
 σሺ݇ ൅ 1ሻ ൌ σሺkሻ ൅ λ ൫ βई െ βµ൯׎ሺ ߪሺ݇ሻሻ ൥ቆ൫ईሺkሻ െ µሺkሻ൯׎ሺ ߪሺ݇ሻሻ ቇଶ െ 1൩  ൅ λሼࣝሾߪℓ െ σሺkሻሿሽ 

 )2(  
  
 

III. PROPOSED APPROACH (PBLA) 

Placement algorithms have common steps that in the following 
four steps can be briefly stated. How they do these  steps  are 
different  based on their proposed approach: 

Step 1: Select the sender host. 
Step 2: Select the virtual machines to migrate. 
Step 3: Select the receiving host. 
Step 4: Allocate the virtual machine. 

It seems that, according to the nature of random availability of 
physical nodes in the cloud's platform and access to 
distribution feature, the local Community, using of distributed 
reinforcement learning  model to be helpful. One of the 
reinforcement learning tools is stochastic learning automata 
which in this paper used, in order to learning. As described in 
the previous section, the random automaton without any 
information about the optimal action (means considering equal 
probability for all its actions at the beginning) is trying to 
answer to the problem: as a component of  network of learning 
automata with a finite number of actions in which each 
automata's decision is independent of the others. B) For 
learning the optimal value of a continuous parameter in which 
a certain type of learning automata is applied to, set of its 
action is a continuous intervals. In further each of these areas 
will be explored more. Figure 3 gives the pseudo code for the 
PBLA approach. 

(A) Any physical nodes in the cloud's data centers, is an 
automata that its learning is accept or reject the virtual 
machine from the source node to the destination node. Each 
learning automata has two actions which only one of them 
active at a time. According to the utilization of processors, we 
have defined some status. Four defined status explain as 
follows:  

• Idle status ሺࢋ࢒ࢊࡵࡿሻ, CPU usage at intervals (0.0, 0.1], 
the nodes must be turn off for saving energy and 
prevent the allocation of the virtual machine to it.  

• Average status (܍܏܉ܚ܍ܞۯࡿ ), CPU usage at intervals 
(0.1, 0.6), this node has fairly average workload. 

• Active status (܍ܞܑܜ܋ۯࡿ), the CPU usage in the range 
[0.6, 0.8), the server is active and it is in the set of 
active nodes. 

• Over utilized status (࢘ࢋ࢜ࡻࡿ), the CPU usage in the 
range [0.8, 1) 

 Those hosts which their CPU utilization is equal to zero do 
not mention to above category and consider them as a shut- 
down hosts.   

From a mathematical point of view, each of this status is 
equivalent to the state of a Markov chain [12]. Transition from 
one state to another state is equivalent to change state of a 
node to another state after virtual machine admission. Figure 2 
shows the general form of states change. Each learning 
automata has its own Markov chain and at each of these states 
of chain are doing their learning independently from other 
states. Because of the different benefit of each action in 
different case, without being specific case, automata would not 
be capable of learning. For proper management of virtual 
machines dynamic migration in data center and also 
prevention of this problem, which a host can be both 
transmitter and receiver at the same time; we have categories 
behavior of the host as the sender host, receiver host, and 
neutral. Each host no matter is in which category at each 
instant based on the itself present state can be located in a 
different state or remain in the previous state. 

 
Fig. 2. Automaton state changes 

Learning automata coefficients of reward and penalty whose
values will be determined according to the source and 
destination nodes. Nodes of destination use this environment 
response, in the next iteration until the new assignment is 
created to be closer to the optimal schedule. This iterations 
recurs great number until find appropriate placement and do 
not change in their decision. In fact, iterations continue until
that all automata be convergent and identical allocation be 
created in recur. After that, Finally every host which accepts 
any virtual machine, that virtual machine migrates to that 
host. in every time frame by considering current allocations, 
account all nodes energies and the whole data center energy 
and if recent allocations make system energy increase so 
allocations must  modify again. 
 
(B) For learning a parameter, we use learning automata with 
continuous action-set and by using this automata estimate the 
probability of finding receiver host for all virtual machines 
seat on an idle node. If this probability be higher than the 
specific value, machines on that host select for migration, 
otherwise regardless of machine migration on that host. 
Environment response (β) considered as a binary value, one 
has been assumed as a result of favorable and zero as an 
unfavorable responses. 



 

 
//Placement VM using LA  
Input assignment of VMs to PMs ,virtual machine requirements, 
physical machine capacities, state of automata 
Output re-assignment of VMs to PMs 

 
for each LAi do  
initilize the actions’ probability equally  
end for 
             check each LAi  State   

                                           choice randomly an 
action for requested VM by using each state’s probability   

                                  end if 
for each idles get VMs to migrate  
if CALA probability > specific val do 
get VMs to migrate from host 
else do not let to migrate   

 
Finding new placement 
if  (Capacity of Physical machine available) && 
(utilization of host != 0) && !(VM in migrate or out) do 
           if action of LAi  = = accept do 
                  allocate VMj to PMi 

                      check the situation of source and destination  
                      if PMj is active node  
                                                                       reward action of LA  

else  
penalize action of LA  

end else  
end if 
end if 
           if action of LAi  == reject do 
do not allocate VMj to PM  
continue for another host to place this VMj 
check the situation of source and destination  
                      if PMj is idle node  
                                                                       reward action of LA  

                                                     switch off the node 

else 
penalize 

action of LA 

end else  
end if 
end if 

end 
Fig. 3 Pseudo code for the SALA algorithm 

 

III. EVALUATION 

        In the process of simulation, CloudSim[13] simulator has 
been used. For an appropriate experiment, in simulations 
workload of a real system have been used. Data related to this 
workload have taken from the CoMon[14] project, a 
monitoring infrastructure for PlanetLab. We have simulated a 
data center that comprises 800 heterogeneous physical nodes. 
Users submit requests for provisioning of 1059 heterogeneous 
VMs that fill the full capacity of the data center. 

      Two policies for choosing VMs that have to be migrated 
from the medium and over utilization host: (a) Minimization 
of Migrations (MM) – migrate the least number of VMs to 
minimize migration overhead. (b) Random Selection Policy 
(RS) – migrating the necessary number of VMs by picking 
them according to a uniformly distributed random variable.  
The proposed method in this paper, compare with the virtual 
machines allocation approaches. We have combined 
Implementation approach for better accountability and choice 
appropriate virtual machine with lower overhead for migration 
policy, virtual machine selection policy with two policies 
which have described. 
 

a) DVFS that adjusts the voltage and frequency of CPU 
according to current utilization.  

b) Single Threshold Policy (ST) the threshold policy, 
CPU usage is below the threshold used to maintain a 
constant value. 

c)   Interquartile Range Policy (IQR) policies that use a 
threshold value of the interquartile range is adaptive. 

 
The results of these simulations are shown in Table 1. 
According to the results, the proposed method compared with 
other policies, reduce energy consumption significantly   and 
with regard to reducing energy consumption should pay the 
cost of violation of service level agreements. Breach of 
agreement, the proposed method is higher than other 
algorithm, the proposed method is higher than other policies 
but it can be used in systems that the service level agreement 
is not critical there. 

Table  1 Simulation Results 
SLA-Vio MigrationShutdown Energy KWhPolicy 

--457 803.19% DVFS 

11.88 24279 1296 130.12% ST 

11.77 26515 1278 125.52% IQR 

14.69 1418 803 25.68% PBLA 

       
Since migration is a costly process, reduce the number of 
migration beside more shutdown of physical nodes has caused 
the proposed method has better performance and is more 
convenient than other methods. The results are shown in 
Figure 4. 
 



 

 
Fig. 4. Compares the number of Migration and Shut down host 

 
Comparing the energy consumption of the different 
approaches is shown in Figure 5. 
 

 
Fig.5. Comparing Energy Consumtion  

 

III. CONCLUSION 

 In this paper have presented a new approach based on 
Learning Automata for dynamic replacement of virtual 
machines over data centers by using live migration and forcing 
idle nodes to shut down.  It could significantly reduce energy 
consumption while maintaining service quality and thus 
reduce the heat and greenhouse gases. The proposed approach 
can effectively handle heterogeneous systems and according to 
the nature of random availability of physical nodes in the 

cloud's platform and access to distribution feature, the local 
Community, using of distributed reinforcement learning model 
to be helpful. 
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