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Abstract: In this investigation, he main aim was to determine how effective and feasible it 

would be to exploit idle computational storage. Architecturally, the proposed model was 

that which relied on HDFS (Hadoop Distributed File System). Also, CPN tools were used 

during model implementation. Hence, the tools constituted CPN ML programming 

language and Colored Petri Dish Nets. To ensure that the availability of the workstations 

was characterized within the model, the data collection process occurred in a computer lab 

for about 40 days. In the findings, it was established that when three tests in the form of a 

physical test, a cloud test, and a simulation base test are applied, the deep data locality 

approach yields a significant improvement in the Hadoop performance. Particularly, the 

use of the deep data locality technique led to a 34 percent improvement in the Hadoop 

system. Thus, it was concluded that the superiority of the proposed approach arises from its 

ability to yield a reduction in the HDFS data movement. 

 

1. INTRODUCTION 

 

In the contemporary world, hard disks have increased in the storage capacity, such that their 

storage comes in terabytes, rather than gigabytes [1]. As a result, some unused space exists in 

most of the institutions’ workstations [2]. With the resultant state reflecting some form of 

resource wastage or underutilization, there has been the establishment of distributed file 

systems, which combine software and hardware in the available storage capacity’s network 

[3]. Of importance to note, however, is that a challenge comes when it reaches a level of 

designing the systems, especially because any failure in hard disk operation could prompt the 

shutdown of the desktop computers. The disk failure could also result in applications 

stoppage and network collapse [4]; hence, unreliable service provision to the end-users or 

customers [5]. The aim of this study was to determine how feasible it would be to simulate 

and model how an HDFS-based distributed file system would behave in large workstation 

clusters. Every aspect requires efficient management (Abdul Jalil et al., 2021; Mohd Noh et 

al., 2021; Mustafa et al., 2021; Roszi et al., 2021; Tumisah et al., 2021).  

In the contemporary world, there is a significant increase in the volume of global data [1]. 

Hence, there is growing demand for big data analytics that could be deemed more efficient. 

During the bid data processing, therefore, one of the platforms of frameworks that have 

played an essential role is the case of Apache Hadoop. Indeed, this model relies on the 

phenomenon in which the aim is to move computation, an option deemed cheaper compared 

to the movement of data [2, 3]. In traditional systems of data processing, the arrangements 

hold that there is the movement of the target data to the servers for purposes of processing. 

However, some studies affirm that this approach ends up creating data transfer bottlenecks [4, 
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5]. If it is managed well, various problems can be avoided (Irma et al., 2021; Suzana et al., 

2021; Rohanida et al., 2021; Nazrah et al., 2021; Shahrulliza et al., 2021). 

A practical illustration demonstrating the limitation of the traditional systems is that in which 

a speed of 100 MB/s was used during the coping of 1 TB data on some hard drive, which 

requires about three hours before completing [6]. Even in situations where there is the 

division of such data in terms of 100 hard drives, the decision to copy 10 GB to a selected 

server would require close to 100 seconds [7, 8-15]. To address such a bottleneck, Hadoop 

can be seen to send codes to the target servers, ensuring that the data transfer overhead is 

either removed or reduced [9, 10]. The latter process translates into a state of data locality, 

aimed at enhancing the Hadoop performance significantly. All aspects require effective 

leadership and management (Mohd Arafat et al., 2021; Sumaiyah et al., 2021; Hifzan et al., 

2021; Shahrul et al., 2021; Helme et al., 2021). 

 

2. METHODOLOGY 

 

The initial step involves the use of colored Petri nets to model the HDFS in workstation 

clusters. Also, this modeling involved the use of CPN tools or modeling language, especially 

because the CPN approach is graphical oriented, combining its strength with the 

programming language in CPN ML towards system verification, simulation, specification, 

and design.The next step constituted the ClientNode modeling process. Indeed, the role of the 

ClientNode was expected to involve a random generation of requests to write and read files 

for users. Furthermore, he ClientNode was expected to play the role of stimulating user 

interface programs interacting with Hadoop file systems.The methodological approach 

proceeded to focus on the namenode modeling. Indeed, the role of the namenode was 

expected to constitute the server’s logic implementation, with the role of the server’s logic 

lying in the File System Namespace management. For the case of the FSN color set, this 

study developed it in the form of a record with the collected metrics, the list of replicated 

blocks, the priority queue of the blocks requiring replication, the cluster’s all DataNodes’ 

bidimensional map, the BlockInfo list, and the FileInfo list.The final stage involved 

DataNode modeling. In this study, the development of the DataNode module was designed in 

such a way that it would receive and send messages with answers and actions to other nodes. 

An example was that in which, if the ClientNode send messages to the module, these 

messages would permit the writing of new or the reading of store-blocks.Regarding 

considerations concerning the availability of workstations, the selected HDFS would split 

files to form blocks, which would, eventually, be stored in the workstation clusters’ various 

nodes.As mentioned above, a novel approach was proposed to add to the superior 

performance of all MR stages’ locality. The motivation lay in the criticality of minimizing the 

shuffle’s overhead. Indeed, the proposed DDL approach sought to deviate from the map-only 

locality approach. It is also notable that two types of DDL were investigated in relation to the 

ability to extend the locality to all MR stages. One of them entailed the block-based DDL 

aimed at reducing data transfer and reducing the RLM in multicore processors. Importantly, 

when the multicore processors are employed, they imply that all cores share common local 

disks; suggesting that between the cores, there is no data transfer overhead. Another DDL 

method involved the key-based DDL technique, which functioned by pre-arranging elements 

of data within the input data based on their keys. In so doing, only data elements meant for 

the given reducers would be assigned to the same mappers; preventing data transfer. The data 

element pre-arrangement would also be accomplished before the map stage.  The following 

figure demonstrates the correlation between the key-based DDL, the block-based DDL, and 
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the SDL (traditional map-only locality) relationship. Every organization values perfect 

management in ensuring success (Farah et al., 2021; Syahrul et al., 2021; Quah et al., 2021; 

Ahmad Syarifuddin et al., 2021; Jumiah et al., 2021).  

 

3. RESULTS AND DISCUSSION 

 

The main objective was to assess the modeled system’s behavior. Indeed, several simulations 

were performed. With the methodological approach that was adopted described above, there 

was a configuration of several parameters. Examples of these variables included probabilities 

of hard disk erasing in case of a reset of the workstation, the maximum and minimum values 

required for the random generation of the file sizes, the size of the blocks, and the maximum 

and minimum values required for the random generation of the DataNodes’ initial free space. 

Other parameters included the end hour, the initial hour, the number of hosts for each rack, 

the number of racks, the number of data centers, the number of requests to be read, the 

number of requests to be written, and the replication factor, with fault tolerance gained after 

gradually increasing the replication factor. The success of something depends on good and 

efficient management (Mohd Ali et al., 2021; Parimala et al., 2021; SitiJamilah et al., 2021; 

Nor Fauziyana et al., 2021; Noel et al., 2021). 

The figure below demonstrates the simulation outcomes that were obtained. Particularly, the 

figure shows the proportion of the request for reading and writing files answered 

successfully, especially with an increase in the replication factor. From the findings, it is 

evident that there was an increase in the successful answers of reading. However, the 

successful answers of writing decreased.The best way is to do efficient management (Ahmad 

Shafarin et al., 2021; Junaidah et al., 2021; Farah Adibah et al., 2021; Ahmad Shakani et al., 

2021; Muhamad Amin et al., 2021). This demonstrates that the importance of something 

being managed well (Santibuana et al., 2021; Nor Diana et al., 2021; Zarina et al., 2021; 

Khairul et al., 2021; Rohani et al., 2021; Badaruddin et al. , 2021, Abdul Rasid et al., 2021) 

 

 
This study established further that there was a decrease in the writing requests’ reliability due 

to the HDFS source code-implemented constraint. The constraint arose in such a way that the 

ClientNode rejected the pipeline that the NameNode had sent, especially if there was 

interruption in the pipeline and also if one or more DataNodes were unavailable. In such 
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scenarios, ClientNodes would go back to the NameNodes to establish new replica location 

lists for the blocks. With an increase in the pipeline length causing an increase in the 

probability of establishing not-connectable pipelines, this trend would explain why the 

percentage of the writing process was low.  

To achieve the writing process’ good readability therefore, especially with chaotic 

environments leading to the aforementioned constraint, there was a need for relaxation. In 

chaotic environments, there tends to be a random change in the status of machines. To 

respond to this compromised state, the proposed model was modified in such a way that 

rather than pipeline rejection in situations where one or more DataNodes were out of service, 

the ClientNodes would accept them on the condition that the DataNodes available for block 

copying exceed 1, which was the specified threshold in the simulation study. With a 

replication strategy developed in HDFS, this modified procedure did not affect the reading 

process significantly. Following the aforementioned modification, there was an increase in 

the rate of writing requests’ successful responses. At the same time, this implementation of 

the modified model did not pose a significant impact on the reading process.  

 
 

This experimental study involved the testing of the performance of Hadoop in three 

environmental scenarios. The objective lay in the comparison of the performance between 

traditional data locality and DDL. Also, there was a simulation to discern the proposed 

model’s performance in different conditions. The collection of the experimental data was 

achieved using a small testbed in hardware.  

Initially, there was the testing of the performance of Hadoop on cloud. The three sets of data 

on the focus included two 120 GB data, two 60 GB data, and two 30 GB data. To achieve 

outcome reliability and validity, the execution of the test occurred ten times before averaging 

the outcomes. From the results, the use of the block-based DDL approach yielded a 

significant reduction in shuffle time, ranging between 18 percent and 30 percent In a quest to 

verify the accuracy of the simulation and analytical models that were employed, this 

experimental investigation proceeded to test the performance of data locality relative to 

hardware implementation. Hence, there was the configuration of a small Hadoop cluster in 

which five machines were used, with four of them meant for slave nodes while one of them 

was meant for the master node. From the figure that follows, there was an improvement in 

performance with the addition of more data locality. Compared to the case of the default MR, 
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there was an increase in speed by 21.9% when key-based DDL was employed. For the case of 

the block-based DDL, the increase in speed stood at 9.8%. At a point where there was a 

combination of key-based and block-based DDL schemes, the increase in the speed of 

performance stood at 34.4% compared to the case of the default MR.  

 

4. CONCLUSION 

 

In summary, the main purpose of this investigation was to establish a Colored Petri Dish 

framework. This model was poised to test and explore new configurations, as well as some of 

the other strategies exhibiting different features from those that the HDFS system 

implements. In the proposed model, the study involved the simulation. The purpose of the 

simulation activity lay in the criticality of assessing the system’s behavior, given the 

workstation’s clusters. With uniform and binomial distribution functions incorporated, there 

was the generation of the idle time, given an hour’s number of powered-on computers. From 

the findings, the simulation outcomes demonstrated that the critical constraint determined the 

pipeline rejection or acceptance, with the NameNode returning the rejected pipeline. Given 

the dedicated machines’ clusters, this framework was found to work well. However, if 

responses exceeding 95% were to be achieved, which would imply a high percentage and 

satisfactory responses, the proposed model would require modification in which the critical 

constraint would be relaxed.The two DDL methods that were implemented included key-

based DDL and block-based DDL. The implementation involved a combination of these two 

schemes on HDFS, a decision that saw an increase by over 34.4% in system performance 

compared to a scenario entailing the default MR. tested on the physical implement Hadoop 

system, Hadoop simulation, and a cloud, the two schemes increased the performance of 

Hadoop by 21.9% and 9.8% for the key-based DDL and the block-based DDL (more than the 

default MR) respectively. When the schemes were combined, compared to the default 

approach, there was an increase in Hadoop performance by 34.4%.  
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