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ABSTRACT 

High Performance Computing is one of the mechanisms in the programming 

family with a focus on increasing high performance in any programming 

environment, especially programming languages that use virtual machine 

environments such as C/C++, Java and Python. several sub-clusters of 

information technology such as Big Data, Data Warehouse, Business 

Intelligence and Artificial Intelligence, the use of HPC is widely applied in 

sophisticated computer machines that have enterprise data processing 

capabilities. This research was conducted to compare the ability of HPC with 

algorithms or java programming techniques in data processing that uses a lot of 

threads when implemented in ordinary computers used in everyday life, the 

term java programming technique that uses one thread is called Single Thread 

Loop then when using multiple threads is called Multiple Thread Loop. Due 

this comparison between sequential and parallel process so this research try to 

compare between Single Thread Loop and Multiple Thread Loop in Java 

Programming. The minimum requirement operating system is to use the MS 

Windows 7 or 10 and a Unix-based OS using an Intel i5 or i7 processor and use 

a minimum of 16 GB of RAM. 
  

1.  Introduction 

1.1 Background 

Personal identification is one of the most 

important issues in society related to access control, 

crime and forensic identification, banking and 

computer systems. Biometric features that can be used 

for identification include iris, voice, DNA, and 

fingerprints [1]. Based on research, the fingerprint is 

the most widely used biometric feature because of its 

uniqueness, universality, and stability [2]. From the 

studies that have been done before, they have done 

similar research using the C/C++ programming 

language and no one has done it using Java 

programming.  

Automatic fingerprint identification has become 

an interesting research topic in the last two decades. 

Fingerprint recognition tools are very easy to obtain 

nowadays. On this basis many companies and 

institutions are using them, along with the increasing 

number of people who must be identified . 

 Fingerprint recognition can be grouped into two 

different forms of problems, namely verification and 

identification. The problem increases with a large 

number of fingerprint datasets, which results in more 

time required for the identification process. However, 

there is a way to overcome this complexity, namely 

classification and indexing, and then can also do 

evolutionary algorithm optimization by combining it 

with local search methods. 

1.2 Research Goal 

The objectives of this research are to determine the 

reliability value of High Performance Computing 

from combination of the selection programming 

techniques used and variations in the hardware used. 

The factors to be studied are the loading time in data 

processing when using the Single Thread Loop and 

Multiple Thread Loop programming techniques, The 

specimen plans to be studied are listed in Table 1. 

Table 1 Algorithm Specimen to be studied. 

Specimen 
Programming 

Algorithm 

Hardware 

Architecture 

1 Single Thread Loop Stand Alone 

2 Multiple Thread Loop Stand Alone 

3 Single Thread Loop Multiple PC 

4 Multiple Thread Loop Multiple PC 
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1.3 Research Scoping 

In this research, the researcher tries to apply the 

problem limitation as follows: 

 Using the MariaDB database version 10.2.31, Which is 

placed on a PC or separate in the MS Windows 10 OS. 

 Using a network switch port 8 with10/100 Mbps 

connection. 

 Using MS Windows 10 Genuine 64 bit OS for test 

scripts. 

 Using Netbean 8.2 as Integrated Development Editor. 

2.  Methodology 

2.1 Evolutionary Prototyping 

The method used to create research reports using 

experimental quantitative research methods followed 

by an evolutionary prototyping methodology [3] 

[4]and adding a data loading performance capability 

test process with an incremental loop process and 

system approach to elements and components.  The 

order of the process is carried out is as follows [5]: 

 Literature Study, Studying literature sources that 

will be used as references[6][7]. Literature 

resources can be books, papers, articles or web 

pages that discuss High Performance Computing, 

Java Programming and Performance Tuning. 

 Analysis process [8], by studying the architecture 

of java programming techniques and how to tune 

the performance coding technique of each 

programming technique that will be used. 

 Software Design [9], In this case the researchers 

designed the software to be built based on the 

results obtained from the analysis. As well as 

designing a test plan that will be carried out. 

 Software Implementation, which will be 

developed based on design and analysis results. 

The implementation produces a predefined 

product in the test scenario. 

 Testing and Evaluation software products and 

evaluating each test scenario carried out to find 

weaknesses in the developed application and fix 

these weaknesses. 

 Iterative is a loop process for the entire software 

development process that is being developed when 

the business process does not meet the 

specifications, and then improve the new design 

and re-implementation it until meets the 

requirement. 

 Application Performance Testing, the process of 

testing applications against pressure by running 

applications repeatedly which is carried out on 

specimens that have been built into applications 

uses the testing script method. 

The research process refers to the stages of the 

prototyping evolutionary model[10]; the process can 

be illustrated as shown in Figure 1. The process 

consists of input, prototyping process, and output. The 

user’s ability must also meet the system requirements. 

 

Figure 1 Evolutionary Prototyping. 

Code generation begins after studying the workings of 

MA from previous research, where on average researchers 

still use C/C++ programming, then by using the reference 

algorithm, code using Java programming is started to be 

developed. Then after successfully trying to code MA 

sequentially using Single Thread Loop, start making code 

modifications using Multiple Thread Loops so that the 

algorithm can be run in parallel. Followed by the process 

described below. 

2.2 Multiple Loop Thread Logic Design 

This Research need to design a simple application 

logic architecture as a performance testing media. 

 

Figure 2 Multiple Loop Thread Logic Design. 
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Performance testing medium between Single 

Thread Loop and Multiple Thread Loop uses design 

as shown in figure 2. In the picture you can see the 

process of dividing a large data set into several small 

data groups to minimize data loading so that the 

process in CPU can be divided into Multiple Thread 

Loop Data Process. The logic of multiple thread loops 

is the distinguishing feature between the fingerprint 

data reading process using queue process and parallel 

process. 

2.3 Application Test Configuration 

Each test flow of each specimen involves a 

hardware architecture that becomes the medium for 

the application testing process to run. Each hardware 

architecture testing involves one or two laptops or 

PCs, where in each of these tools, a MySQL database 

is installed, which functions as data storage. As well 

as a small application built using Java programming, 

which has a function for running logic testing 

specimens that are run on Netbean IDE version 8.2, 

this illustration can be seen in Figure 3. 

Each specimen listed in Table 1 also requires 

several other libraries to support the functioning of the 

main logic processes in the test, namely, MySQL 

JDBC [11]. 

 

Figure 3 Logic Architecture of Single Thread Loop and 

Multiple Thread Loop Testing. 

2.4 Test Result Data Collection 

Generally speaking; the data tested in this study is 

divided into two data type, namely the source of data 

originating from the fingerprint image, which is 

converted into string array data, where the size of 

each fingerprint data depends on the level of 

complexity each image. Several of fingerprint data to 

be tested is 7200 sample data. The process of speed 

testing between Single Thread Loop and Multiple 

Thread Loop is done by moving data from the 

“source_data” table to the “result_data_test” table 

using the test script shown in Figure 4 and Figure 5, 

then with the data flow as shown in Figure 6.  

 

Figure 4 Highest hierarchical Script for single thread loop 

and multiple thread loop speed testing. 

 

Figure 5 Second highest hierarchical script of single thread 

loop and multiple thread loop speed testing. 

Each stage in the test script process are 

simultaneously measured the speed of the process 

using the System.currentTimeMillist() command line 

after process and then subtracted from the result of 

System.currentTimeMilllist() before process [12], so 

that the processing time is obtained in milliseconds. 

 

Figure 6 Stages of single thread loop and multiple thread 

loop speed testing scripts. 

The command line script that distinguishes 

between Single Thread Loop and Multiple Thread 

Loop processes from the tests that have been carried 

out can be seen in Figure 7, where the Single Thread 

Loop command line does not have this script. 
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Figure 7 Difference between single thread loop and multiple 

thread loops, which only exists in multiple thread loops. 

3.  Result and Discussion 

From the initial 7200 data row then using a 

memetic algorithm in the process, consisting of 

elitism, cross over and mutation until it produces 

17000 new data lines [13]. Using an elitism value of 

2% of the initial population, 9800 additional data are 

generated from a series of memetic algorithm 

processes. Between pure Memetic Algorithm process 

flow with Memetic Algorithm wrapped in High 

Performance Computing (HPC) which is inserted 

Multiple Thread Loop algorithm in each testing 

process, and uses a combination of Single Thread 

Loop (STL), Multiple Thread Loop (MTL) test 

algorithms, and hardware testing logic Stand Alone 

(SA) and Multiple PC (MPC) which can be seen in 

table 2. 

Table 2 Types of tests that have been carried out. 

Specimen 

Type of test 

STL - SA 
STL -
MPC 

MTL - 
SA 

MTL - 
MPC 

1 √ √ √ √ 

2 √ √ √ √ 

3 √ √ √ √ 

4 √ √ √ √ 

5 √ √ √ √ 

6 √ √ √ √ 

7 √ √ √ √ 

8 √ √ √ √ 

9 √ √ √ √ 

10 √ √ √ √ 

11 √ √ √ √ 

12 √ √ √ √ 

13 √ √ √ √ 

14 √ √ √ √ 

15 √ √ √ √ 

Then it’s also necessary to know that each 

specimen is the result of grouping a collection of 7200 

fingerprint image data, which is divided based on 

criteria to four factors. Then from these four factors 

it’s varied to form 15 specimens. The four factors are; 

 Fingerprint image data focused on the center point 

of the finger with the image cropped at the edge of 

the image border. 

 Fingerprint image data that is more detailed and 

has image boundaries. 

 More detailed fingerprint image data is broken and 

has a blank image border. 

 Fingerprint image data that focuses on the center 

point of the finger but the image is damaged or 

unclear. 

From the four factors, when viewed from the side 

of the fingerprint image display, it can be seen in 

Figure 8. When in each group of fingerprint images 

had its own characteristics. 

 

Figure 8 Sample groups of fingerprint images randomly 

from each factor with a total number 7200 data. 

Then from the differences in the four factors of 

each group of fingerprint images, the authors tried to 

group the images in various ways, and then they were 

called specimen groups. Figure 9 below represents 

eight samples of grouping fingerprint images from a 

total of 15 specimens. 

 

Figure 9 First parts of specimens grouping from total of 15 

specimens taken as samples of four specimens 
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Figure 10 Specimens grouping from total of 15 specimens 

taken as samples of four specimens. 

Figures 9, figure 10 and figure 11 are show how 

the process of grouping four types of fingerprint 

images into various specimens. Starting from taking 

one type of image, which eventually becomes 

specimens 2, 3, 4, and 5, and then continue to merging 

two types of fingerprint images such as specimens 6, 

7 and 8, eventually combining all four types of images 

as seen in specimen 1 and so on in a process that 

creates specimen 9 to 15. 

 

 

Figure 11 Specimens grouping from four factors into 

specimens, taken as samples of four specimens. 

Then how do we read the data for speed testing? 

The testing process between Single Thread Loop and 

Multiple Thread Loop whose testing process uses the 

test logic architecture that has been illustrated in 

Figure 3, as well as the flow of the testing process 

which has also been illustrated in Figure 6. From the 

test results based on a predetermined scenario, it was 

found that the specimen number two shows the test 

results which are quite significantly high [14], In 

contrast specimen one shows the lowest test results in 

terms of access speed. Roughly speaking, these 

conditions show the weight and complexity level of 

the file to be one indicator of speed or slowness 

processing data from each of these specimens; it can 

be seen in the illustration of the comparison of results 

in figure 12 and also table of test results in table 3. 

 

Figure 12 Test results in each specimen are seen from 

perspective of data processing speed. 

The legend of each color line from the graph, are 

describe below; 

 Single Thread Loop tested using Single PC 

represented by blue. 

 Single Thread Loop tested using Multiple PC 

represented by brown. 

 Multiple Thread Loop tested using Single PC 

represented by green. 

 Multiple Thread Loop tested using Multiple PC 

represented by purple. 

From the caption in Figure 11 which is represented 

by a line diagram with STL - SPC, STL - MPC, MTL 

- SPC and MTL - MPC data, the researchers took the 

main data, namely; processing speed of each 

specimen, all of these data are presented in Table 3. 

Table 3 Thread loop speed test result 

Specimen 
Process Speed (millisecond) 

STLPC MTLSPC STLMPC MTLMPC 

1 3714882 3345766 80982 72904 

2 67908 62666 9746 8347 

3 690889 618073 22037 20659 

4 604551 552432 20919 19130 

5 388697 322007 15552 13809 

6 1377355 1258207 31988 31650 

7 1224936 1144577 32260 28808 

8 730945 663853 25545 23517 

9 1674012 1530989 44985 41801 

10 1197532 1079155 38077 37786 

11 1138024 1026498 37573 34830 

12 2688017 2524832 59094 48994 

13 2065793 1937431 51372 47254 

14 2519297 2215919 62838 57098 

15 2027109 1812071 54061 44050 

Max 3714882 3345766 80982 72904 

Min 67908 62666 9746 8347 
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Specimen 
Process Speed (millisecond) 

STLPC MTLSPC STLMPC MTLMPC 

Average 1473996 1339632 39135.27 35375.8 

The legend of each colored cell from table 3, are 

describe below; 

 The orange colored cell means the longest 

processing time. 

 The green colored cell means the fastest 

processing time. 

 The blue cell means that the specimen processing 

time is closest to the average processing time. 

From the data that appeared in Table 3, it means 

that fingerprint data processing result test from 15 

specimens combined with four testing methods, 

resulting in a processing time which then processed 

and sorted [15]. Then see which time is the fastest in 

data processing between using a single thread loop 

and multiple thread loops. 

The speed of data access from each specimen is 

compared with each test scenario based on the data 

from table 3, known to have the following facts; 

 Specimens’ number one and number two are 

specimens with the lowest and highest test results 

considering that specimen number one is a mixture 

of all data groups, while specimen number two 

only contains data from factors to one data group 

that has the simplest image complexity. 

 The specimens in the average processing speed 

range are specimen number six for the STL - SPC 

and MTL - SPC tests, while for the MTL - SPC 

test is specimen number 10 and MTL - MPC is 

specimen number 11. Specimen number 10 is a 

mixture data with the second and fourth factors 

while specimen number 11 is a mixture of data 

with the third and fourth factors. 

 By looking at the fact that the data reading of the 

two specimen’s number 10 is a mixture of data 

with a high level of image complexity and 

produces a large binary file size, it can still be in a 

significant processing speed of 38 seconds using 

the STL - MPC test. 

 As for specimen number 11, which comes from a 

mixture of complex fingerprint data but the image 

clarity is not good, it can still be processed at a 

speed of 34 seconds using the MTL – MPC test. 

From the provisional discussion of results from 

Table 3, the researcher tries to conclude that specimen 

number two excels in access speed and specimen 

number one performs the process with the slowest 

time. 

4.  Conclusions 

The research that has been conducted on the 

performance investigation testing of Single Thread 

Loop and Multiple Thread Loop in data processing 

with the number of fingerprint image data amount of 

7200 images, it is known that several results can be 

known; 

 Multiple thread loops is much faster than Single 

Thread Loop in terms of speed. 

 The speed of the Multiple Thread Loop process 

also depends on data complexity, because 

fingerprint image data with a high level of image 

sharpness will produce a large binary file, 

affecting the processing speed. 

 Multiple Thread Loop with a tiny number of 

threads will affect the consumption of utility 

processors so that the process runs for a long time 

and can result in a process crash. Still, if the 

number of threads is too large, it will affect the 

efficiency value or will require many processor 

cores and automatically large costs. 
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