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Abstract: This study aimed to investigate the performance of
Apache Hadoop for use in analysing COVID-19 data from the Vac-
cine Adverse Event Reporting System 2021 in the United States.
Apache Hadoop and Apache Hive were employed to analyse the
performance of Hadoop for processing COVID-19 health-related in-
formation. Furthermore, a Hive script was created using Derby’s
meta store to measure the Apache Hadoop’s execution time, time
reduction, and speedup. Different sizes of COVID-19 datasets
and various virtual core numbers were used to ascertain Apache
Hadoop’s best performance, with the datasets being of gigabyte
size. The findings show that for all dataset sizes, Apache Hadoop’s
execution time lowers while increasing the number of cores used.
When working with larger datasets, Apache Hadoop’s ability to re-
duce processing time compared to a serial approach was apparent.
In addition, when the number of cores increased, Apache Hadoop’s
speedup on Hive increased for nearly every input. This study re-
vealed that 86,6406 persons in the United States were recorded in
the COVID-19 dataset, of whom 46% received the Moderna vac-
cine and 45% received the Pfizer vaccine. 1.14 percent of male pa-
tients and 2.65 percent of female patients perished. Additionally,
48,524 people reported experiencing chills as a symptom. Overall,
this study proves that Apache Hadoop and Hive are efficient in both
execution time and the ability to manage higher data volumes while
also providing a significant speedup. For future studies, other per-
formance metrics can be explored.

Keywords: Apache Hadoop, Apache Hive, COVID-19, health infor-
mation, vaccine.

1. Introduction

The fast development of digital technology and the internet
has increased the significance of big data in recent years. The
demand for efficient data analysis tools has increased due to
the exponential increase in data created. As a result, a num-
ber of big data technologies have been developed, including
Apache Hadoop and Apache Spark, which can effectively
handle and analyze enormous amounts of data [1].
According to [2] and [3], Hadoop MapReduce is a well-
known distributed processing system which is applied to ex-
amine massive datasets. It separates the data into manageable
chunks and disperses it across a group of processors which
can perform concurrent data analysis [4]. On the other hand,
the in-memory processing engine Spark is far quicker than
MapReduce in performing calculations; for more informa-
tion, see [5]. A data warehousing tool, Apache Hive, of-
fers a SQL-like interface for searching and analyzing massive

datasets kept in Hadoop; for further information, see [6]. It is
built on top of Hadoop and enables SQL queries for data ac-
cess and manipulation. Metadata is stored in the Derby meta
store, an integrated meta store that is utilized by the Hive ser-
vices.

Big data technologies must function well in practical con-
texts, such as the COVID-19-related worldwide disaster [7].
Therefore, it is crucial to assess how well these technologies
perform in various circumstances, such as those with diverse
dataset sizes and processing loads [8]. In the future, this can
assist in improving the performance of the technologies by
identifying their shortcomings.

The SARS-CoV-2 virus, which causes the infection known
as Coronavirus Disease (COVID-19), is a popular subject
matter which is relentlessly discussed over social media [9].
COVID-19 is a highly contagious disease which can cause
severe illness or death, regardless of age, although the ma-
jority of those infected with the virus will only develop mild
to moderate respiratory symptoms and recover without need
for any specific treatment [10]. Common symptoms of the
COVID-19 virus are cough, tiredness, flu, and loss of smell
or taste, and some of the less common symptoms include are
sore throat, diarrhoea, headache, and irritated eyes [11].

The present study evaluated the performance of Apache
Hadoop and conducted data analysis on COVID-19 datasets
using two methods: Apache Hadoop and Apache Hive.
Apache Hive was selected due to its faster execution and
high-quality results for small and large datasets compared to
Apache Pig [12]. We used Derby as the embedded meta store
to run alongside Hive services for metadata storage. Four dif-
ferent sizes of COVID-19-related datasets, each with a vary-
ing number of cores - 1, 2, 4, and 8 were used to evaluate the
performance of Apache Hadoop. The Vaccination Adverse
Event Reporting System (VAERS) dataset, a global warning
system for vaccination safety issues in the United States was
also used.

The evaluation of Apache Hadoop’s functionality and the
analysis of COVID-19 data are two of the larger research
goals related to studying the VAERS dataset. The project
intends to illustrate the potential of these technologies for
evaluating large-scale health-related data, such as COVID-19
data, by studying the VAERS dataset using Apache Hadoop
and Apache Hive. The examination of the VAERS dataset
also aids in the discovery of patterns and trends in the use
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of vaccines, the occurrence of symptoms, and other health-
related data that can assist in guiding future healthcare poli-
cies and procedures.

This paper is divided into a number of sections to facil-
itate the readers’ understanding. In Section 2, the study’s
methodology is briefly explained. Section 3 presents the ex-
periment’s findings and analyses, and Section 4 presents the
conclusions of the study.

2. Methodology

The flowchart in Figure 1 provides a detailed description
of the experimental methodology applied. Ubuntu, Apache
Hadoop, and Apache Hive are the three software packages
used in the present study. The Malaysian Ministry of Health’s
GitHub repository and Kaggle were used to collect datasets
pertinent to COVID-19 for analysis. The performance anal-
ysis was performed using Apache Hive and HiveQL, a sim-
ple SQL-like language. To evaluate Apache Hadoop’s perfor-
mance with various dataset sizes and core counts, three per-
formance indicators were employed. The first indicator was
execution time, this measured the total time it took Hadoop to
perform data processing. The second indicator was time re-
duction, which measures the time it takes to process a dataset
using Hadoop as opposed to other techniques. The third in-
dicator was speedup, which measures how quickly Hadoop
processes a dataset in comparison to other techniques. It is
possible to evaluate Hadoop’s efficiency in handling massive
datasets and assess how it performs in comparison to other
approaches through the analysis of these indicators.

Obtained COWID-18 related
datazats from Kaggle and
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envirgnment and Hive in

h 4
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Figure 1. Flowchart

2.1 Setting Up Software

Ubuntu Ubuntu version 20.04.5 in the
Quanta server is used to sup-
port Apache Hadoop 3.3.4 and
Apache Hive 3.1.3 to ensure all
the software runs smoothly.

To use the newest feature of
Apache Hadoop, version 3.3.4
of Hadoop is installed.

For Apache Hive to function
properly on Apache Hadoop
3.3.4, a compatible version of
Apache Hive, which is 3.1.3, is
installed.

Apache Hadoop

Apache Hive

2.2 Performing Analysis

Three performance metrics were chosen as analysis tools,
namely execution time, time reduction, and speedup. The
formula used to calculate the time reduction and speedup of
the tool is as follows:

Tserial — Tparallel

Time reduction (%) = D
Tparallel
T. .
speedup = _serial 2)
Tparallel

where T is execution time.

3. Results & Discussion

The execution time as defined within the present experimen-
tal parameters is the amount of time needed for each process
to complete its job. As previously indicated, the experiment
consisted of four different input sizes: 1.1 MB, 1.07 GB, 3.03
GB, and 5.07 GB. These input sizes are executed on four vir-
tual cores: 1, 2, 4, and 8.

Table 1 and Figure 2 shows Apache Hadoop’s execution
time. The results demonstrated that the execution time de-
creases when moving from 1 core to 2 cores for all dataset
sizes. Notably, the graph indicates a significantly higher re-
duction in larger dataset sizes (1.07 GB, 3.03 GB, and 5.07
GB) compared to the small 1.1 MB dataset.

Table 1. Execution Time Using Hive in seconds.

Input Size 1 2 4 8
1.1 MB 19.748 19.178 19.145 19.080
1.07 GB 22.842 21901 21.357 21.120
3.03GB 29949 28.666 28.897 27.980
507GB  68.107 66.246 66.378 65.198
8 Execution time vs Number of Cores
E
Number of Cores

Figure 2. Execution Time vs Number of Cores

Meanwhile, Table 2 and Figure 3 provides a more accurate
illustration of the performance differences when using differ-
ent datasets sizes. Time reduction is defined in this study as
the difference in execution time between parallel and serial
processes. The time reduction does increase from 2.89% to
3.38%, for the 1.1 MB dataset size. However, for gigabyte-
sized datasets, the time reduction was far greater, reaching up
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Table 2. Time Reduction Using Hive in percentage.

Input Size 2 4 8
1.1 MB 2.89 3.05 338
1.07GB  4.12 6.50 7.54
303GB 428 351 6.57
507GB 273 254 427
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Figure 3. Time reduction vs Number of Cores

to 7.54%. Thus in general, larger datasets showed improved
time reduction.

Finally, Table 3 and Figure 4 shows that as the number of
cores increases, the speedup of Apache Hadoop employing
Hive for nearly all input sizes also showed an increase. How-
ever, in some cases, when several programmes are running
on the processors simultaneously, the speedup sometimes re-
duced. For instance, the speedup with two cores drops from
1.045 to 1.036 when a process with four cores was 3.07 GB.
Compared to datasets of 1.1 MB, which showed a flat rate
of speedup improvement, whereas datasets in the gigabyte
range of size have better speedup, as illustrated by the graph.

Table 3. Speedup of Apache Hive in seconds.

Input Size 1 2 4 8
1.1 MB 1 1.029 1.031 1.035
1.07GB 1 1.043 1.07 1.08
303GB 1 1.045 1.036 1.07
507GB 1 1.03 1.028 1.045

Speedup VS Number of Cores

No of Cores.

—1.1 MB

1.07 GB 3.03GB 5.07GB

Figure 4. Speedup of Apache Hadoop
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4. Data Analysis

Some data analysis was performed based on the data from
VAERS USA 2021. Figure 5 shows that out of 89,0837 peo-
ple in the VAERS data, Moderna and Pfizer-Biontech were
the two most inoculated COVID-19 vaccines, at 46% and
45%, respectively. Chills were the most common COVID-
19 symptom affecting 48,524 patients as seen in Figure 6.

Most Taken COVID-19 Vaccine in VAERS 2021
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Figure 5. Most Taken COVID-19 Vaccine in US based on VAERS
2021.
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Figure 6. Most COVID-19 symptoms is based on VAERS 2021.

There were 61,4016 male and 25,2390 female COVID-19
patients in the VAERS dataset, and the percentage of victims
who died was 1.14 percent for male patients and 2.65 percent
for female patients. As shown in Figures 7 and 8, hyperten-
sion was a regularly occurring medical condition for 2419
male and 1932 female distinct patient medical medical histo-
ries for the male and female patients, respectively.

5. Conclusion

In conclusion, the current study has shown evidence that the
performance of Apache Hadoop is enhanced when gigabyte-
sized datasets were used. Based on the performance analysis,
using just two cores is sufficient for datasets up to 5 GB in
size, with the percentage decrease in execution time being
more prominent as the dataset size increases. The data analy-
sis of the VAERS 2021 dataset revealed that Moderna (46%)
and Pfizer (45%) were the two top vaccines in the United
States. The top symptoms of COVID-19 infection reported
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Top 5 Medical History for Male COVID-19 Victim in VAERS 2021
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Figure 7. Top 5 Medical History for Male COVID-19 victim in US
based VAERS 2021.

Top 5 Medical History for Female COVID-
19 Victim in VAERS 2021
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Figure 8. Top 5 Medical History for Female COVID-19 victim in
US based VAERS 2021.

was chills, affecting 48,524 people, and the highest fatalities
were among patients with a history of hypertension.

Any future studies along these lines should include utiliz-
ing MySQL meta store since it allows for multiple Hive ses-
sions, thereby saving more time. Studies could also focus on
using larger datasets exceeding 50 GB with a higher alloca-
tion of virtual cores to observe more evident differences in
performance metrics between multicore processors.
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