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Abstract. As enterprises store more data, cloud computing has emerged as a powerful and 

popular paradigm on processing and analyzing the large-scale data. The cloud consumers can 

access the computing resources through cloud technologies and build their own computing 

platforms on virtual machines (VMs). The VMs will be placed on the hardware computing 

resources provided by the Cloud. An important problem is to allocate the VMs to the physical 

computers in an efficient way. For this issue, MapReduce has emerged as the leading platform to 

scale-out to large clusters of machines capable of processing PBytes of data. One of the biggest 

challenges from the perspective of the cloud provider is to offer this MapReduce service in the 

cloud effectively. Most cloud providers are focusing their attention on the runtime efficiency of 

the computers in the Cloud. The majority of studies converted the problem of mapping VMs to 

physical computers to be a Bin-packing problem, which is NP-Complete. In this paper, we 

propose algorithms for solving the problem of allocating VMs to physical computers with 

minimum run time. The problem is formulated as a 0/1 integer linear programming (0/1 ILP). 

Then, a rounding algorithm is proposed for obtaining a feasible solution. 
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1 Introduction 

In Cloud computing, a pool of hardware computing resources is available to users (called cloud 

consumers) via the Internet [1]. Computing resources, e.g., processing power, storage, software, and 

network bandwidth, are represented to cloud consumers as the accessible public utility services. The 

cloud consumers can access the computing resources through cloud technologies without detailed 

knowledge on the underlying infrastructure, and build their own computing platforms on virtual 

machines (VMs). Finally, the VMs are placed on the hardware computing resources provided by the 

Cloud. 

An important problem is to manage the hardware computing resources of the Cloud for satisfying the 

cloud consumer requirements in an efficient way of allocating the VMs to the physical computers. For 

this issue, MapReduce [2] has emerged as the leading platform with seamless ability to scale out large 

clusters of machines in order to be able of processing PBs of data. It is a framework for processing 

parallelizable problems across huge datasets using a large number of computers, collectively referred to 

as a cluster. It breaks a user computation into small tasks that run in parallel on multiple computers, and 

scales these tasks to the cluster. Pioneered by Google and popularized by the open-source Hadoop [3], a 

large number of enterprises including technology and Internet companies as well as traditional businesses 

like retail [4] and pharmaceutical research [5] have used MapReduce for business analytics. 

One of the biggest challenges from the perspective of the cloud provider is to offer this MapReduce 

service in the cloud effectively. Most cloud providers are focusing their attention on the runtime 
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efficiency of the computers in the Cloud. The runtime duration of a distributed job in the Cloud depends 

on the size of data it processes and the amount of VM resources allocated to it. The duration of a 

computer is determined by the longest runtime of the VMs running on the computer. If the runtime of 

most VMs is much shorter than the runtime of the longest one, the runtime efficiency of the computer 

becomes low. 

In this paper, we focus on allocate VMs to physical computers with minimum runtime. The problem is 

formulated as a 0/1 integer linear programming (0/1 ILP). Then, a rounding algorithm is proposed for 

obtaining a feasible solution. Simulation is also executed to evaluate the performance of the proposed 

algorithm. 

2 Related Works 

In [6], the authors used nature-inspired method to propose Ant Colony based workload placement 

algorithm, but the algorithm had high complexity and slow convergence speed. In [7], the authors 

proposed a placement algorithm using VM migration to enhance more space saving of physical servers, 

but this placement approach may lead to local optimum result and more migration steps. Strategies 

proposed in [8] and [9] emphasized the cost of migration and analyzed whether the energy saving after 

migration could offset the cost of migration process. In [10], a placement strategy making spatio-

temporal tradeoffs for VMs was proposed, but it was only applicable to the environment where jobs 

arrive at the same time. If the jobs arrive dynamically and continuously, it was not applicable. 

In [11-12], the authors evaluate the power consumption of data centers by using MapReduce. In [13], 

how the impact of different parameters of a Hadoop job is studied. In [14], the authors propose a new 

data layout by turning off some of the computers for saving energy. In [15], the authors adopt a strategy, 

where incoming jobs are batched and all computers are used to store the data and execute jobs after the 

entire cluster can be suspended. 

3 ILP and Rounding Algorithm 

In this section, a formal definition of the problem of allocating VMs to physical computers with 

minimum runtime will be given. The following notations in the problem formulation are adopted: 

‧ The set of VMs is denoted by V and |V| = v; 

‧ The set of physical computers is denoted by P and |P| = p; 

‧ Let tj to denote that the runtime of VM j, where 1 ≤ j ≤ v.  

Prior to the problem formulation, the following decision variables are defined: 

‧ xi,j=1 (xi,j=0) is used to denote that VM j is (is not) assigned to group j; 

‧ T is used to denote the total runtime among all physical computers. 

The objective is to minimize the total runtime among all physical computers, i.e., to minimize T. In the 

assignment, each VM j is required to be assigned to exactly one physical computer, i.e., 
,
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If xi,j ∈{0, 1} are relaxed to 0 ≤ xi,j ≤ 1, then an LP results, which is polynomial-time solvable. Suppose 

that 
*

,i j
x  is the optimal solution to the LP, where 1 ≤ i ≤ p and 1 ≤ j ≤ v. In the following, we present a 

rounding algorithm that can round 
*

,i j
x  to 

,i j
x′ , where 

,i j
x′ ∈{0,1} is a feasible solution to the 0/1 ILP. 
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(6)    determine 
,k jΔ ∈X is minimal; 

(7)    set 
*

,
1

i j
x = ; 

(8)    set all 
*

,
0

i j
x =  for 1 ≤ i ≤ p and i≠k; 

(9)    delete all 
*

,i j
x  from X for 1 ≤ i ≤ p; 

(10)  If X is not empty, go to (1). 

4 Simulation and Performance Analysis 

We simulate our algorithms in a large cloud datacenter with various MapReduce jobs to be run and 

allows for VMs to be placed on physical servers. After all VMs on a particular server have finished, we 

simulate the server being powered off or hibernated by the cloud service provider. 

Workload demand on the system depends on the parameters of the MapReduce jobs submitted. 

Specifically, the parameters that impact the nature of the workload include: (1) Number of jobs, (2) 

Minimum number of VMs required for each job, (3) Type of VM required for each job, (4) Estimated 

completion time for each job. We explore a range of values for all these parameters, and in turn explore 

several workload mixes. The default configuration uses (1) 50 MapReduce jobs, (2) the minimum 

number of VMs required is uniform on [1, 10] with integer rounding, (3) a round-robin assignment is 

used to assign VM types to successive jobs, and (4) estimated completion times for each respective job is 

taken from a uniform distribution on [10, 100] minutes. 

The environment is characterized by the following: 

‧ Number of physical machines available,  

‧ Resource characteristics of physical machines,  

‧ Allowed resource characteristics of the virtual machines.  

In our simulations, we make the following decisions, respectively:  

‧ There are sufficient server resources to accommodate all MapReduce jobs running in parallel with 

their respective number of VMs required,  
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‧ We use a three dimensional normalized resource capacity model (e.g., CPU, memory, storage) where 

the resource capacity of each server along each dimension is 200 units by default, and  

‧ We use seven VM types with pre-set resource configurations. To ensure a good mix of workloads for 

any particular configuration, we run 10 trials for each configuration and take an average. 

We use the following three metrics to measure the efficiency of our placement algorithms: 

‧ Machine uptime: the total time of the servers is up. 

‧ Resource inefficiency: The amount of resources wasted on the server at the time of the initial 

placement. 

‧ Time imbalance: The Difference in the runtimes of the first and the last VMs to finish on the server. 

We compare our placement algorithm with random first-fit placement in which VMs randomly 

shuffled before a first-fit placement is performed, thus exploiting VM diversity. 

Fig. 1 shows that our placement algorithm has less machine uptime than random first-fit placement. In 

fact, its machine uptime is 33% better than random first-fit placement. The reason for the efficiency of 

our placement algorithm can be seen from Fig. 2 and Fig. 3 which show that our placement algorithm has 

lower resource inefficiency and time imbalance than random first-fit placement. 
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Fig. 1. Machine uptime 
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Fig. 2. Resource inefficiency 
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Fig. 3. Time imbalance 

5 Conclusion 

In this paper, we studied the problem of energy efficient MapReduce in a private cloud environment. Our 

techniques place MapReduce VMs within the cloud in a manner that is not only an efficient spatial fit, 

but also a balanced temporal fit. The results of Fig. 1, Fig. 2, and Fig. 3 show that our placement 

algorithm successfully exploits both resource and time to achieve significant energy savings of physical 

computers based on two key principles. First, we allocate VMs with similar runtimes to a server such that 

the server runs at a high utilization throughout its uptime. Second, while the VMs with similar runtimes 

are allocated to the server, their complementary requirements (CPU, memory, storage and network) are 

also considered such that the available resources of the server are fully utilized. 
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