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Abstract 

The technology and increasing population in digital world has driven towards drastic explosion of the data scattered over various 

digital components and network nodes. On the other hand various technologies being enhanced and innovated in order to keep up 

the processing and conversion of these raw data into useful information in various fields with proliferating data. Since the Data 

and the application to process these data are quantitatively increasing, the infrastructure also needs to be changed or upgraded in 

order to meet the current state of requirements. The question arises here is how the upgraded resources will be beneficial and in 

which way they impact the performance of the application.  This paper focuses on understanding how the infrastructure 

resources will impact end to end performance of the distributed computing platform and what are the parameters to be 

considered with high priority for addressing the performance issues in an distributed environment.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Now a days. The buzz in the distributed computing platform is Map reduce and full-fledged researches are going in enhancing 

the performance of such distributed environment. There are research carried out by [1] for integrating various parallel computing 

model and distributed file systems like map reduce integrated with lustre. Lustre has different benefits compared to HDFS. These 

integration are technically dealt and deployed in the same infrastructure without considering the requirement needed in 

infrastructure as well.  

MapReduce is a distributed computational algorithm and is widely used for large scale jobs. Currently, the implementation of 

MapReduce is by the help of open source Hadoop framework. By default, Hadoop uses HDFS (Hadoop Distributed File System) 

for the implementation of MapReduce. Instead of HDFS, we may use Hadoop on distributed file system like Lustre. Lustre is a 

kind of parallel distributed file system used for large scale cluster computing. Lustre is derived from two words, i.e. Linux and 

cluster. Linux is the platform for implementing MapReduce and Cluster is the collection of computers at a distance from each 

other but connected via the network. MapReduce breaks the input data into a number of limited size chunks (The size is specified 

earlier in the algorithm) in parallel. The algorithm then converts the data of chunks to a group of intermediate key value pairs in a 

set of Map tasks. Next is the shuffle phase where each key’s values is shuffled and processes the combined key values as output 

data with the help of reduce tasks.[2] 

The MapReduce framework is written in Java, making it platform independent (as Java can run on Linux as well).  

Here, we can say that Lustre is better as compared to HDFS because once data is written in HDFS, it cannot be modified while in 

Lustre, the data is stored in Object storage servers(OSSs) and metadata is stored in the Metadata Servers(MDSs). As stated 

earlier, Lustre is designed for large scale computations, I/O intensive and performance sensitive applications. 

Using Lustre as the backend for Hadoop job allows flexibility in assigning mapper tasks which means all available nodes can 

be used for the same job, without any problem of network unlike HDFS where the number and location of mapper tasks for a 

specific job is fixed by the distribution of the input data. HDFS thus leaves most of the cluster idle. In Lustre, the data can be 

moved to any of the available resources and thus providing 100% utilization of the node.[3][4] 
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Talking about the network efficiency, Mapper tasks takes different times and Reducer task can start as soon as the mapper 

finishes writing its data. Since entire set of drives and full network bandwidth is available with Lustre to compute the active 

node, the average time to write the Mapper output should decrease and with this efficiency, we mean that final mapper task will 

always be completed more quickly with Lustre as compared to HDFS.[4] 

Lustre uses RAID disk drive units for any kind of failure, which means that there is very less chance for disk failure while 

using Lustre while HDFS uses the data replication to make sure that the data is available with any other node if the current node 

fails. So, here we can say that the HDFS uses more memory as compared to Lustre in order to store the same data on all of the 

disks. 

II. DISTRIBUTED ENVIRONMENT 

The distributed environment as shown in figure 1 conceals the components like network switch which is responsible for the 

migrations of request, data and results through the network between the other components. The other components include Server 

which is the host in which application is running. The data are stored in the disks connected to the server or set of storage arrays 

connected in a network and that network is connected to the application server. Considering map reduce, the job tracker is run on 

single server which is master and the task trackers are executed on the nodes which contains the data. These nodes may be 

servers or storage systems. The performance of the task tracker will have a direct impact on the application performance. There 

are solutions provided within Hadoop itself to manage the failure of task trackers but what about the resource contentions and 

network traffic occurred due to the data transmission and request transmission. 

 
Fig. 1: Distributed Environment 

The storage nodes have their own compute power, memory and disks. Map reduce is the true computing model which has 

realised the active storage concept [5]–[7][8]. The task trackers execute the offloaded job near the data which will reduce the 

amount of traffic required to migrate between the compute and storage platform. The processing power, disk capacity, memory 

size are all very much needed to be considered while deciding the infrastructure for storage nodes. File systems on raw disks do 

facilitate in adding a layer for I/O request to pass through. While selecting the resources and the possibility of offloading the 

compute closer to the data, it is also necessary to consider the file system performance. The file system performance analytical 

approach [9] helps in understanding the disk usage and how well the disks can serve the requests. The research[9] shows how the 

storage node can be evaluated from perspective of file systems and disks.  

This research paper focuses on how the resource contention can be avoided by understanding the component utilization. A set 

of mathematical equations will be useful for analysing the utilization. The workloads are also need to be considered while the 

performance evaluation is done. The workloads vary then the utilization also varies. The workloads also impact the disk file 

systems [10]. 

III. PROCESSOR UTILIZATION 

The distributed environments mostly work on hypervisors rather on bare metals. The hypervisor leads to virtualization and single 

resource can be parted and used among multiple workloads. 

In order to calculate the CPU utilization, it is necessary to consider the virtual CPU utilization because of the guest operating 

system (GoS) being installed on the virtual System. In virtualization, I/O bottleneck is one of the major issues but nowadays, 

some automated virtual tools are present in order to avoid these bottlenecks. For calculating Virtual CPU usage, we consider its 

usage in Megahertz, No. of virtual CPUs and core frequency.  

Total frequency = No. of virtual CPUs*core frequency 

And so, 
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Virtual CPU usage= usage in MHz / Total frequency. 

As we can see that virtual CPU usage decreases with the increase in virtual CPUs and their frequency. Virtual installation of 

GoS is the best part for using distributed computing and parallel files system as CPU utilization decreases and thus more of the 

CPU is available for completion of rest of the tasks. And, the percentage utilized for virtualization is (100- time spent in idle 

task) %, where Idle task is the average period of background task with no load (any period). 

IV. MEMORY UTILIZATION 

For memory utilization, there is no such equation but, we consider locality of reference, also known as the principle of locality, 

which is a phenomenon that describes the same value or related storage locations that are accessed frequently. Basically 

reference is made to two kinds of locality of references. These are temporal and spatial locality.  

Temporal locality refers to the reuse of data or resources for any specific time or for relatively small time duration, i.e., 

location will be referenced again. In temporal locality, it is necessary to store a copy of the referenced data in spatial memory 

storage whereas, spatial locality refers to reuse of data within relatively close storage locations. Spatial locality can be further 

extended to its special case, known as sequential locality. By the name sequential, it is clear that spatial locality will take place 

only when the data elements are arranged and are accessed linearly. 

Locality is used most of the time when substantial portion of the references aggregate into clusters, and if the shape of this 

system of clusters can be predicted well, then it can be used for speed optimization. Again here, in locality of reference, 

reduction in time takes place because of the memory area saved for temporal and spatial usage. 

V. BANDWIDTH AND IOPS CALCULATION 

Now, we need to calculate the Bandwidth. Bandwidth can be described as bit-rate that is available or consumed information 

capacity that is expressed in metric multiples of bits per second. 

Here, we consider bandwidth for the system. Bandwidth is measured in hertz, which means it is same as the frequency. For 

calculation of bandwidth, we consider: 

Bandwidth=IOPS*I/O size 

Where, I/O size is different w.r.t workloads[10]. 

We have to consider the read/write pattern for distributed file system[9] because of the nodes, as all the nodes are referred in 

an distributed environment. I/O size is larger in say in Lustre file system[11] than HDFS and thus we can say that Lustre is better 

as compared to HDFS (Reason being the reference of all the nodes in Lustre as described earlier). 

For bandwidth, it is necessary to calculate the IOPS. So, moving on to find the IOPS, we have to consider: 

1) Cache hit percent 

2) Disk IOPS 

3) RAID impact on disk 

4) IOPS 

Here, cache hit % is (1-%cache miss). 

Disk IOPS=1/ (RPM+ Disk transfer rate), where 

 RPM is the rotations per minute, i.e., total I/O in one single rotation of disk. Therefore, we can clearly see that disk IOPS and 

RPM are inversely related which means that with increase in RPM, Disk IOPS decreases and vice versa. 

Cache hit and miss is based on the cache memory and what data is stored in the cache memory and what is the size of the data 

present there. 

With this, we are now able to calculate the application performance of distributed file system and computing platform. 

Application performance is can be yielded through the summation of all the above given data regarding CPU utilization (virtual 

included), memory utilization (locality of reference), Bandwidth consumption and IOPS. 

The time required for applications tasks to be completed by compute embedded storage can be calculated using these set of 

equations. 

VI. CONCLUSION 

The Distributed File System is based on fundamental design factors and thus, these designs can result in scalability and 

performance limitations. Thus, integration of compute platform and file systems approach should also include the performance 

factors along with the design issues and factors, as the underlying file system compute clusters in HPC (High Performance 

Computing) environments can theoretically result in significant improvements in system performance and cluster efficiency, or it 

can also offer a lower overall system cost. In this paper, we have considered small cluster supports. Yet, comparative testing 

must be done on a much larger scale should be undertaken in future. In order to improve the current implementations, we can 

consider the Platform Performance model, as it fits well in the collected experimental data. Platform Performance Model 

characterizes the phase execution as a function of processed data and to accomplish this, we need to find relationships between 

the amount of processed data and durations of different execution phases using the set of collected measurements. 
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