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ABSTRACT

The goal of this work was to benchmark the performance of Apache Lucene and Elasticsearch for real time API
search application. The research compares the speed of indexing, query latency and resource consumption using
secondary qualitative and quantitative data. Lucene has well and truly shown how well it can index content from a
raw indexing perspective, but Elasticsearch offers the kind of scalability expected for a distributed cloud endeavour
along with a superior API integration. Industry adoption trends are analysed in the case studies. Accordingly, the
study suggests the use of controlled benchmarking tools and evaluation of project specific needs beforehand in
choosing the most appropriate search engine for improving performance in real time, high demand environments.
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INTRODUCTION

Background to the Study

Nowadays, the ability to search in real-time is necessary for business projects, social media and shopping websites. People
hoping for quick and accurate information on search engines require their results to be highly efficient. Apache Lucene and
Elasticsearch are considered top technologies for search engines [1]. Even though Lucene provides the basic search
methods, Elasticsearch goes a step further by making search distributed and based on APIs. As more data and requests are
made, being aware of how each tool performs matters a lot to developers and organisations focused on making effective
and real-time search systems.

Overview

The study compares the performance of Apache Lucene and Elasticsearch in real-time API search scenarios. It tests how
every technology deal with indexing quickly, responding to queries promptly, processing data quickly and using resources
efficiently under made-up workloads. Lucene is the base of Elasticsearch, but extra features and hidden layers may affect
how fast it operates [2]. Controlled comparisons in the study try to identify the key differences in both technologies, which
can guide companies in making the right move for their fast-paced search platforms, depending on their size, how
customizable they are and how fast they can process user requests.

Problem Statement

Although many people rely on Elasticsearch and Apache Lucene, there is not much real data about how these tools compare
in search APIs. While Elasticsearch is simple to use, some developers go with it without knowing how it performs
differently from using Lucene directly [3]. Therefore, this poses a challenge for system designers and engineers who have
to pick the best tool for high-speed, real-time search applications. Thus, it is necessary to test Elasticsearch’s extra features
and abstraction layers to figure out their effect on speed and to choose the best way to build a search API.

Aim and Objectives

The study aims to benchmark, evaluate and compare “Apache Lucene and Elasticsearch” in real-time API search
applications' performance. The objectives of the study are: 1. To analyse and compare the query response time of Lucene
and Elasticsearch. 2. To measure the indexing performance and throughput using the same sort of data. 3. To check CPU
and memory utilisation for each tool when people look for websites in real time.

Scope and Significance

The scope of the study is to check and compare how well Apache Lucene and Elasticsearch work in real-time API search
systems. Only basic performance measures, including speed when indexing data, the system’s query latency, number of
requests and usage, are tested by simulations. The list of basic services is not the same as advanced ones such as security,
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clustering and analytics [4]. Research results let developers and system architects pick the best system based on the speed
they require. The significance of the study is to consider that people appreciate quick responses and uninterrupted service; it
is necessary to be aware of the differences between these search technologies. Such findings allow for the improvement of
strategies and methods used in the e-commerce, fintech and IT sectors with real-time search functions.

LITERATURE REVIEW

A. Performance Metrics in Search Engines
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Figure 1: Search Engine Optimisation Strategies

The study reviews how building links and sharing on social media affect a website’s visibility and search results. According
to the information, link building plays a bigger role in helping sites achieve high rankings because it increases a website’s
authority and relevance in search engine results. It means that what appears in search results is partly influenced by things
happening away from the website [5]. Even though traditional factors like indexing speed, quick query answers and number
of queries are important, this research proves that involving users in the system is as crucial. The findings of the study are
that good backlinks play an important role, as they help increase a web page’s relevance and position in search results,
which makes it easier to evaluate how accurate and trustworthy search engines are. [Refer to Figure 1]

The study looks at how database search engines are built, how they develop and what role they play in mass spectrometry-
based proteomic experiments. It explains how these search engines review big biological data in order to confirm and
examine by using a comparison between test results and available records [6]. The efficiency of the algorithm and
scalability are the main factors this research looks at in the context of performance metrics. This points to general problems
in how search engines work, since being able to process large amounts of data quickly and provide accurate results is very
important. This work notes that getting good outcomes which requires looking after both performance and how accurate the
results are.

Architecture and Functionality of Lucene and Elasticsearch

The study looks at big data processing tools such as Elasticsearch, checking their efficiency, how scalable they are and how
well they provide search abilities. The author mentions that Elasticsearch is effective in managing large quantities of data
since it stores and reads through information both in a structured and unstructured manner [7]. They mention the special
inverted index InstantSearch uses for quick results and the use of RESTful APIs for simple integration into projects.
Elasticsearch is appreciated for allowing real-time data indexing and querying, so it fits well with changing applications. It
is also highlighted that it can grow horizontally and support analytics well, which helps it become an effective tool for
managing search-driven data nowadays.

The article shows that Anserini is an open-source system that simplifies doing information retrieval (IR) experiments using

Apache Lucene. The authors’ goal is to let scholars test the rich features of Lucene search without having to learn its
technical aspects. Anserini uses the essential features from Lucene to provide an easier way to experiment on and evaluate
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IR systems [8]. The field is designed to focus on how well it can be repeated, used on a large scale and applied to current IR
tasks. Researchers can rely on Lucene through Anserini to concentrate on their algorithms and performance while a reliable
search engine handles indexing and retrieval testing.

Real-Time Search in API-Driven Applications

The article gives an organised overview of text classifiers that are used on social media platforms for user-generated
content. It investigates how different machine learning methods, frameworks and systems are used for quick and efficient
handling of vast textual data. The emphasis is placed on using low-latency and scalable tools in tasks dealing with
sentiment analysis, discovering spam and moderating content [9]. They discuss concerns that arise with data containing
errors, variations in the language being used and how easy it is to put models into practice. According to the study, having
reliable and prompt results in constantly changing data-rich environments depends strongly on metrics such as speed,
accuracy and resource use.

The authors discuss a way to automate testing that helps increase the dependable and efficient functioning of API-driven
applications. It describes how automated testing can be brought into the software development process to guarantee that
APIs are constantly confirmed for their proper function, speed and stability [10]. The framework helps detect errors fast,
cuts down on manual testing and strengthens the API-driven application when various loads are applied. According to the
study, frequent assessment of API actions during automated testing plays a key role in guaranteeing fast responses and high
quality of service. This is very important when applications need to find and retrieve data through APIs promptly,
accurately and without limits.

METHODOLOGY

Research Design

In this study, the explanatory research design is used to identify and clarify how these two search engines perform in API
search applications. Its main goal is to clarify how the features and structures of databases help achieve speed, proper
indexing and reduced usage of resources. The design makes it easier to uncover cause-and-effect situations and gives
developers helpful advice when deciding on which search engine to choose.

Data Collection and Analysis

The study focuses on secondary qualitative and quantitative data, information found in published journals, conference
papers, technical reports, case study journals, and benchmarking studies in qualitative. Quantitative data consists of
indexing speed, response time and resource usage numbers through the help of different graphs and charts, reviewing the
findings to understand trends. The study focuses on the performance of every search engine by comparing results from
different sources.

CASE STUDIES/EXAMPLES

Case Study 1: Shopify’s Search Migration to Elasticsearch

Shopify chose Elasticsearch to boost its real-time search for use in all its clients’ online stores. As millions of users try to
buy products at the same time, the business needed a system that could handle the huge amount of traffic and work quickly.
Shopify used Elasticsearch’s distributed system to meet high search demands, provide fast recommendations and update all
its inventory using API calls [11]. This led to the site loading faster, running more consistently and handling lots of requests
without problems. It reveals that Elasticsearch helps e-commerce platforms offer real-time API search to millions of users.

Case Study 2: LinkedIn’s Job Search Optimisation Using Apache Lucene

LinkedIn uses Apache Lucene to power the search for jobs on its platform. LinkedIn has millions of job listings and user
profiles, it requires a search solution that requires little effort to run. Using its inverted index and great ranking methods,
Lucene made searching for jobs by location, industry or job title very efficient and accurate [12]. The system delivers
instant updates, users find out about the latest job openings right away. Due to Lucene, LinkedIn managed to keep their job
search responsive and scalable with a light infrastructure.

Case Study 3: Netflix Logging and Monitoring with Elasticsearch

Netflix includes Elasticsearch as a main tool for logging, monitoring and search within its extensive microservice setup.
Day after day, the platform picks up petabytes of log data from unique services and applications. With Elasticsearch, real-
time analysis of data becomes easy for developers and operations teams to check the status of their systems, detect
problems and fix them in a timely manner [13]. With RESTful APIs, accessing and using logs in dashboards and alerts is
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done almost instantly.. It is clear from this example that Elasticsearch helps with API-driven, real-time analysis for
workloads that run on the cloud.

Metrics of Evaluation

Indexing speed, response to queries and total throughput are the main metrics for checking performance efficiency. CPU
and memory usage are also used to determine how resources are consumed by the system. Search results are evaluated for
their importance and correctness, which decides their effectiveness. All of these metrics help to see how well Lucene and
Elasticsearch function in real-time API circumstances.

RESULTS

Data Interpretation
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Figure 2: API Usage across Industries

The graph reveals how APIs were used in various industries in 2020. There was a rise in APl adoption across most
industries, and the leaders in this trend were Financial Services (close to 70%) and Telecom (over 65%) [14]. Rates of hire
in Government and Healthcare declined a bit more (nearly 60%) [14]. In all sectors, usage did not fluctuate in the range of
20-30% [14]. Especially among tech and financial services companies, which points to how much APIs are used and trusted
by businesses in technological industries.
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Figure 3: Most Wanted Database Skills among Software developers as of 2021
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The figure displays the top database skills that developers want to learn in 2021. 10.52% of respondents are interested in
Elasticsearch, which places it fourth and confirms its importance for search and analytics [15]. PostgreSQL has 17.99%,
MongoDB has 17.89%, and Redis has 12.58% [15]. Elasticsearch has been proven to be more efficient than MySQL
(9.76%) and Firebase (8.09%), proving it is increasingly used in supporting high-volume, up-to-date search operations in
current software markets [15].
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Figure 4: Distribution of companies using Elasticsearch by Industry

The chart illustrates how Elasticsearch is mostly used by companies. The Information Technology and Services industry
contains 14,709 companies and next is the Computer Software and Internet sectors, with 9,635 and 3,606 companies,
respectively [16]. As with Sports, more than a thousand users are also found in Financial Services and Marketing. There has
been a decrease in usage in Retail, Telecom and Human Resources and the lowest is found in Higher Education.

Findings

The above graphs illustrate how API and database technologies are becoming more important in current industries. In the
year 2020, the use of APIs went up in the areas of Financial Services and Telecom, which suggests more companies are
heading toward digital methods. Developers looking for database-related skills in 2021 mostly sought out PostgreSQL,
MongoDB and Redis, and by a large margin, Elasticsearch came in fourth (10.52%), showing its importance for handling
real-time search [15]. In addition, the third graph highlights that a large number of companies use Elasticsearch, the biggest
being in Information Technology (14,709 companies) and Computer Software (9,635) [16]. Such findings suggest that data-
related trends now favour scalable and searchable models, as well as developers who can use the latest APIs and databases.

Case Study Outcomes

Table 1: Case Study Outcomes

Case Study Key Findings Relevance

Improved real-time product search

Case Study 1: Shopify’s Search
Migration to Elasticsearch

and inventory updates via APIs
[11].

Useful for e-commerce platforms
handling high traffic.

Case Study 2: LinkedIn’s Job
Search with Apache Lucene

Enabled fast and accurate job
filtering with minimal resources
[12].

Ideal for professional platforms
needing efficient search.

Case Study 3: Netflix Monitoring
with Elasticsearch

Supported real-time log analysis
and fast issue detection [13].

Fits cloud-based systems needing
API-driven monitoring.

(Source: Self-developed)
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Table 1 highlights the case study outcomes, which explain three different case studies. Shopify use Elasticsearch for their
real-time product search. On the other hand, LinkedIn use Apache Lucene for fast filtering, and Netflix use Elasticsearch

for analysing log issues.

Comparative Analysis

Table 2: Comparative Analysis

Authors Focus Area Key Findings Gaps
[5] SEO Strategies & Link building boosts rankings; Limited :r]f(t)er(r:rr]]:r:gzl search
Performance Metrics user involvement matters [5]. P '
[6] Database Search Engines in Efficiency and scalability are Specific to proteomics, less
Proteomics vital for big data [6]. generalisable.
7] Elasticsearch Architecture & | Real-time indexing, scalable, and | Lacks direct comparison with
Functionality supports APIs. other engines.
Lucene IR Research with Simplifies Lucene use; good for Missing real-world
[8] s
Anserini research [8]. performance data.
[9] Real-Time Social Media Needs low latency, accuracy in Deployment challenges are
Text Classification noisy data [9]. not fully addressed.
[10] Automated Testing for API- Ensures API speed and stability Lacks specific search API
driven Apps with less manual work. performance metrics.

(Source: Self-developed)

Table 2 shows the comparative analysis of different authors and their perspectives. The focus area, key findings, and gaps
of different authors are mentioned in the table, which strengthens the research related to Elasticsearch and Lucene.

DISCUSSION

Interpretation of Results

The secondary research points out how advanced search engines like Lucene and Elasticsearch are being used more in both
API and real-time applications. Building links and sharing on social platforms increases visibility online, but a search
engine’s performance is based mainly on the fast, reliable and accurate index of its data [7]. The ability to manage all types
of data, including unstructured data with RESTful APIs and inverted indexing, makes Elasticsearch perfect for immediate
data access. Due to Lucene, LinkedIn’s search operations are fast, reliable and can be used across large numbers of users.

API activity rose in many industries, especially in Financial Services and Telecom, as businesses began using real-time
integrations. 10.52% of developers consider Elasticsearch the database skill they desire most, showing how high it has
become in industry relevance [15]. Data shows that in industry, IT has the most adoption of Elasticsearch (14,709
companies), which is followed by Software (9,635), proving it has a strong presence in data-based industries [16].
Elasticsearch provides a reliable and scalable solution for live search processing, and Lucene is useful for high-performance
indexing cases.

Practical Implications

The results here provide practical advice on picking the correct search engine for live API applications. Through a
comparison, developers and system architects can decide what works better for them, depending on factors such as scaling,
how fast indexing and searching are and the reliability of the search engine. It points out that performance metrics are
necessary for coping with large data and getting fast and accurate results [10]. The results from these studies let businesses
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manage their search infrastructure better, enhance user experience, reduce waiting times and make sure resources are
utilised wisely when handling a lot of data.

Challenges and Limitations

The study is based on secondary data, making it hard to obtain live logs, known performance numbers and information
about hardware. It was difficult to compare Elasticsearch with Apache Lucene because the studies were not standardised
[17]. Besides, how the intervention was implemented depended on the situation, which made it harder for the results to
apply widely. Since actual testing of the system was not possible, it became difficult to guarantee the system’s performance
with steady workloads..

Recommendations

More accurate and more consistent outcomes can be obtained in the future by carrying out primary benchmarking tests in
strict, controlled conditions. Before settling on either Lucene or Elasticsearch, companies should assess what they want to
achieve, how their data will grow and how fast they need their data [18]. For comparative research, it is best to use open
benchmarking tools and datasets that are standardised. Cooperation with developers and using real production systems
plays a role in getting the performance evaluation more accurate

CONCLUSION AND FUTURE WORK

The study focuses on the main differences in performance between Apache Lucene and Elasticsearch in real-time API
search tasks. Although using Elasticsearch gets results quickly, using Lucene is a better option for indexing large amounts
of data. It helps organisations and app makers pick the best tool considering its efficiency, ability to scale and what tasks it
is expected to do.

The future work will retest and evaluate the findings in controlled and suitable conditions. It is possible to test workload
simulations that happen instantly and to mix Lucene and Elasticsearch technology. Using Al-powered indexing and edge
computing could help search work even better in future versions of API systems.
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