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Abstract: The HPC Clouds are good option over deploying 

actual physical infrastructure. This helps in running applications 
efficiently and in cost effective manner as applications leverage 
resources in pay as you go manner. But HPC clouds suffer 
performance issues due to Hypervisor layer. This work addresses 
the issue by coming up with a VM placement strategy considering 
the intensity of the applications and also resources available in the 
host machines and avoid performance degradation of parallel 
running applications. This placement strategy identifies the and 
ranks the available host machines and places the maximum 
possible VMs in highest ranking nodes. This avoids 
communication over the network since the VMs use shared 
memory for communication. 

Keywords: Application Intensity, Cloud Computing, 
Heterogeneous resources, High Performance Computing, 
Hypervisor layer. 

I. INTRODUCTION 

High-performance computing (HPC) is the use of parallel 
processing for running advanced application programs 
efficiently, reliably and quickly. 
HPC Applications most of the time use parallel processing t
o improve performance. Ideally performance of HPC 
depends on number of processing elements and data 
distribution pattern. Cluster and Grid are always considered 
as the best platform for HPC implementation. Generally 
owning large cluster/grid is very costly for an organization 
and may lead to under utilization of resources.   

Cloud computing which is also called as utility computing 
where the user can pay only for what he uses. Infrastructures 
as a service of cloud provides the resources virtually to the 
end user, where in the users are hosted with hardware, 
software, servers etc over the Internet according to the user 
demands.   

The High performance computing users can take the above 
mentioned advantages of cloud and run their application by 
making the use of large volume of resources available in the 
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cloud, without deploying the actual hardware infrastructure. 
many cloud vendors who are providing HPC applications 
provide static cluster instances which leads to wastage of 
resources. Hence, HPC on cloud is not widely accepted.  

Resources available in cloud like compute, storage and 
communication resources are shared among VMs which leads 
to performance degradation. 
There are many aspects which decide on the performance of 
application on cloud platform like placement of VMs, Data 
locality, Resource Availability etc. This work proposes 
placement strategy for the virtual machines by ranking the 
hosts and method for network bandwidth and bandwidth 
allocation for the virtual machines. 

II. PROPOSED WORK 

A. Profiling of the application 

Define Every application spends some time doing CPU 
related operations and also memory related operations during 
processing. If the application spends more time in CPU, it is 
called CPU intensive application and if it needs more 
memory, then the application is called Memory intensive 
application. 

In this step, we make use of “ps” command to get CPU time 

and memory used by the process and find the CPU and 
memory utilization of the applications which are further used 
in ranking of the host machines. 

The algorithm to find CPU and memory utilization is as 
follows: 

1. Let X = CPU utilization and Y = memory utilization 
of the application. 

2. X = (Time spent in CPU) ⁄ (Total time spent in CPU 
and memory usage) * 100. 

3. Y = (Memory usage of application) ⁄ (Total time 
spent in CPU and memory usage) * 100. 

Every application is assigned a PID. By making use of this, 
the time spent in CPU and Memory utilization by the 
application is realized using “ps” command. 

B. Ranking Host 

Let us assume there are N hosts added to opennebula cloud 
for resource utilization.  

Consider there are N hosts added to opennebula cloud for 
resource utilization. We find out Cpu_Mem_percentage of all 
host machines using the algorithm below.  

 
 
 

Fine Tuning of Rank Based VM Placement and 
Scheduling Strategies on Opennebula Based 

Cloud 
Shreesudha Kembhavi, Shalini Nigam 

https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijrte.E4836.018520&domain=www.ijrte.org


 
Fine tuning of the rank based VM placement and scheduling strategies on OpenNebula based cloud 

1834 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: E4836018520/2020©BEIESP 
DOI:10.35940/ijrte.E4836.018520 
Journal Website: www.ijrte.org 
 

Later, the host machines are sorted in descending order of 
their Cpu_Mem_percentage value and are given ranks. The 
host machine with highest Cpu_Mem_percentage will be 
given highest rank and so on. 

The algorithm for ranking the host machines is as follows: 
1. If N = Number of host machines. 
2. For host machines 1 to N, 

//Calculate CPU Memory Percentage of each host 
using following equation. Substitute X and Y values 
with the values obtained in the previous step. 
Cpu_Mem_per = ((X* minimum CPU usage of 
single core of the host machine) + (Y *((free 
Memory available in the host machine/Total amount 
of memory) *100))).            (1) 

3. Sort the host machines in descending order of their 
Cpu_Mem_per values and rank them. 

C. Placing of VMs in Highest Ranking Node 

The network delay is caused when virtual machines placed in 
different hosts communicate with each other over the 
network. Since Virtual Machines placed on the same host 
machine make use of shared memory. We can avoid the 
network delay by placing maximum possible Virtual 
Machines in a single machine. 
OpenNebula has the provision to create a pool of VM 
templates. Template is a file which consists set of attributes 
that defines a Virtual Machine. Best group of VM template 
must be chosen by the user based on the requirement of the 
application and node ranks in an order. 
The user must specify the instances of the Virtual Machines as 
well to run the application. The maximum possible templates 
must be instantiated in the highest ranking node and 
remaining instances should be instantiated in further lower 
ranking node and so on. This leads to lower communication 
between the Virtual machines placed in different hosts thus 
lowering the network delay. 
The algorithm for the placement is as follows: 

1. Start 
2. Let {C} ϵ Best group of VM template based on the 
requirement of the application. 
3. {R} ϵ rank of each node based on nature of the 
application. 
3. Repeat 
    ‘N’= Next Highest Rank Node from {R} 
     Fit maximum possible VMs from {C} in ‘N’ 
5. until {C}= Ø 
6. End 

We will use NAS Parallel Benchmark(NPB) with MPI 
programming of different classes to analyze the performance 
after implementation of our ranking strategy and placement of 
Virtual Machines. 

III. RESULTS AND ANALYSIS 

A. Profiling the application 

As mentioned in section II, the host machines are ranked 
based on the nature of the application. Hence the application 
is profiled to get the values of x and y used in the host ranking 
algorithm. This is done making use of “ps” command and 

following values are obtained after the calculations. 

 

 

B. Ranking of Host Machines 

We are ranking 3 host machines to place maximum number of 
VMs possible in the Host machines. The priority is given to 
the host machine which is most suitable to run the application 
and also considering free CPU and memory usage in the host 
machines. 

Cpu_Mem_per = ((0.1 * minimum CPU usage of single 
core of the host machine) + (0.9 * ((free Memory available 
in the host machine/Total amount of memory) *100)))    

Table-I: Cpu_mem_per of Host machines. 

Host machines Cpu_Mem_per 

Node 84.23 

Node2 83.87 

Node3 20.77 

 

To overcome the performance degradation of the parallel 
applications, Maximum possible Virtual Machines belonging 
to an application are placed in a single host machine. This 
enables Virtual Machines placed in single host to use shared 
memory for communication. 

C. Performance analysis between our new strategy, old 
strategy and Match making algorithm 

OpenNebula uses by default Match-making scheduling 
algorithm. We are comparing our results with the default 
Match making algorithm and as well with old placement [2] 
strategy which did not consider nature of the application and 
considering only the free memory and CPU values (i.e., by 
considering x and y values in equation1 as 0.5) in the host 
machines.  
Here we are using FT benchmark on class S, W, A, B. In Class 
S and Class W communication data size is small. But in class 
A and B large data set of around 0.5 G bytes are 
communicated. 
 

Table-II: Comparison of Strategies for 4 processes 

Problem size 
Match making 
strategy 

Previous 
placement 
strategy 

Our new 
placement 
strategy 

CLASS S 2.17 0.47 0.59 

CLASS W 5.03 1.17 0.88 

CLASS A 63.75 7.91 7.77 

CLASS B 774.12 85 71.18 
 

Our new strategy has shown the increment in the performance 
with 72.8% for Class S, 82.5% for Class W, 87.8% for Class 
A and 90.80% for Class B when compared to Match-making 
Algorithm. Since communication data size is less, new 
strategy has shown almost nearest performance to previous 
placement strategy [2].  
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There is an increase in performance with 24.78% for Class W, 
1.77% for Class A and 15.25 for Class B. 
 

 
Fig 1: Performance enhanced in VMs created using Our 

Placement strategy compared with the Match-making 
algorithm for 4 processes 

 
Table-III: Comparison of Strategies for 16 processes 

Problem size 
Match making 
strategy 

Previous 
placement 
strategy 

Our new 
placement 
strategy 

CLASS S 2.1 2.44 2.01 

CLASS W 3.61 3.99 2.95 

CLASS A 78.39 56.03 50.08 

CLASS B 669.14 520.24 474.77 

New placement strategy shows increase in performance by 
4.28% for Class S, 18.28% for Class W, 37% for Class A and 
30% for Class B when compared with Match making strategy. 
Also it shows 17.6% for Class S, 26% for Class W, 10.06% 
for Class A and 9% for Class B increase in performance when 
compared with older placement strategy [2]. 

 

 
Fig 2: Performance enhanced in VMs created using Our 

Placement strategy compared with the Match-making 
algorithm for 16 processes 

IV. CONCLUSION 

The performance degradation in HPC over cloud is due to 
resource sharing, hypervisor layer, communication through 
TCP/IP stack and Bandwidth sharing.  

 This work proposed Virtual Machine placement strategy by 
ranking the host machines by considering free CPU and 
memory as well as the nature of the application. And by 
placing the maximum possible VMs in highest ranking node 
performance degradation over the network is avoided since 
VMs in same host make use of shared memory for 
communication purpose. Our new placement strategy shows a 
significant increase in performance for various classes of 
NAS parallel benchmark in comparison with old placement 
strategy [2] and OpenNebula’s default Match making 

strategy.  
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