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Abstract: This article explores the challenges of browsing and searching through the massive Android source code, which spans
over 100 GB, and presents OpenGrok as a solution to enhance the developer experience. OpenGrok is an open-source tool that
enables fast indexing, code browsing, cross-referencing, and symbol search for large codebases [1]. The article provides a step-
by-step guide on setting up OpenGrok locally, including the installation and configuration of the Java Development Kit (JDK),
Apache Tomcat, and OpenGrok itself. It then delves into the process of deploying OpenGrok on an Amazon EC2 instance, which
offers scalability, flexibility, and accessibility benefits [2]. The guide covers launching and configuring the EC2 instance,
installing OpenGrok, indexing the source code, and accessing the OpenGrok web interface. Additionally, the article discusses the
approach of setting up separate EC2 instances for indexing multiple Android releases to ensure isolation, flexibility, and
scalability. By leveraging OpenGrok and hosting it on Amazon EC2, developers can significantly improve their Android source
code browsing experience, enabling efficient navigation and searching through the vast codebase while ensuring security by
hosting it behind a company VPN.
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L. INTRODUCTION
Android, the world's most popular mobile operating system, boasts a vast and complex codebase that spans over 100 GB [3]. The C,
C++, and Java source code that form the foundation of the Google-developed Android platform make it a rich and complex software
ecosystem. For developers working on Android applications or contributing to the Android Open Source Project (AOSP),
navigating and understanding this codebase is crucial to their success. However, the sheer size of the Android source code presents
significant challenges when attempting to browse and search through it locally.
One of the primary issues with browsing the Android source code locally is the slow performance. Due to the enormous size of the
codebase, navigating through the various directories and files can be painfully slow, even on modern hardware.
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This sluggish performance can severely hinder a developer's productivity and efficiency, as they spend more time waiting for files to
load and searches to complete than actually working with the code.

Furthermore, browsing and searching through the Android source code locally is resource-intensive. The process of indexing and
searching such a large codebase requires significant computational resources, including CPU power, memory, and storage space.
This can put a strain on local development machines, particularly those with limited hardware specifications. As a result, developers
may experience slow system responsiveness, reduced battery life, and other performance issues while working with the Android
source code.

Another challenge with browsing the Android source code locally is the limited accessibility. In many cases, developers work in
teams, and sharing the indexed source code across multiple team members can be difficult when it is hosted locally. This can lead to
duplication of effort, as each developer must set up and maintain their own local indexing and searching environment. Additionally,
collaborating on code changes and performing code reviews becomes more cumbersome when each developer has their own local
copy of the source code.

Fortunately, there is a solution to these problems: OpenGrok, an open-source tool designed for indexing and searching source code
[1]. OpenGrok is a powerful and flexible tool that can efficiently index and search large codebases, such as the Android source
code. By leveraging OpenGrok's capabilities, developers can dramatically improve their Android source code browsing experience.
One of the key advantages of OpenGrok is its ability to be hosted on a powerful remote server, such as an Amazon EC2 instance.
By running OpenGrok on a dedicated server with ample computational resources, developers can offload the resource-intensive
tasks of indexing and searching the Android source code from their local machines. This approach allows developers to access and
navigate the Android source code swiftly and efficiently, without the performance limitations and resource constraints of local
browsing.

Moreover, hosting OpenGrok on a remote server enables developers to access the indexed Android source code from anywhere,
using any device with a web browser. This centralized approach enhances accessibility and collaboration, as multiple team members
can access the same indexed source code simultaneously. Developers can easily share links to specific code references, perform
code reviews, and collaborate on code changes without the need for local copies of the source code.

In addition to the performance and accessibility benefits, hosting OpenGrok on a remote server also provides enhanced security. By
running OpenGrok behind a company VPN or implementing secure authentication mechanisms, organizations can ensure that
access to the indexed Android source code is restricted to authorized personnel only. This helps protect the confidentiality and
integrity of the source code, preventing unauthorized access and potential security breaches.

In the following sections, we will explore the key features and benefits of OpenGrok, as well as the challenges associated with
browsing the Android source code locally. We will also provide a step-by-step guide on setting up OpenGrok locally and deploying
it on an Amazon EC2 instance, enabling developers to unlock the full potential of OpenGrok for Android source code browsing.
Additionally, we will discuss best practices for indexing multiple Android releases and considerations for securing the OpenGrok
setup. By the end of this article, developers will have a comprehensive understanding of how OpenGrok can revolutionize their
Android source code browsing experience and enhance their development workflow.

Il.  WHAT IS OPENGROK?
OpenGrok is a powerful, open-source source code search and cross-reference engine that supports a wide range of programming
languages [1]. OpenGrok, a product of Sun Microsystems (now Oracle), has become well-liked by programmers and businesses
with sizable codebases. Its primary purpose is to provide developers with a user-friendly web interface for browsing and searching
through extensive codebases efficiently, making it an invaluable tool for code comprehension, troubleshooting, and collaboration.

A. Key features of OpenGrok include

1) Fast indexing: OpenGrok can quickly index large codebases, such as the OpenJDK (2 million lines of code), in about 30
minutes on a modern machine, resulting in a compact index size of around 1.5 GB [1].

2) Code browsing: Developers can navigate the codebase using a tree-like structure, with syntax highlighting for improved
readability [1].

3) Cross-referencing: OpenGrok identifies and creates cross-references between files, functions, and variables, allowing
developers to understand the relationships between different components easily [1].

4) Symbol search: Developers can search for specific symbols, such as function or variable names, across the entire codebase,
with comprehensive results and context [1].
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5) History and blame: Integration with version control systems enables developers to view file change history and identify who
made specific modifications [1].

OpenGrok's language agnosticism, web-based interface, and extensibility make it suitable for organizations and developers working

with diverse codebases and technology stacks. Its active open-source community ensures continuous improvement and reliability.

I,  CHALLENGES WITH ANDROID SOURCE CODE BROWSING
The Android source code is an extensive and complex codebase that poses significant challenges for developers attempting to
browse and understand it locally. According to a study by the Android Open Source Project, the Android source code repository
contains over 8.5 million files and exceeds 100 GB in size [3]. This massive scale makes it difficult for developers to efficiently
navigate and search through the codebase on their local machines.

A. Slow Performance

One of the primary challenges developers face when browsing the Android source code locally is slow performance. A survey
conducted by the Android Developers community found that 68% of developers reported experiencing slow navigation and search
speeds when working with the Android source code on their local machines [4]. This sluggish performance can be attributed to
several factors, including the sheer size of the codebase, the limitations of local hardware resources, and the lack of optimized
indexing and search mechanisms.

Navigating through the Android source code on a local machine can be extremely slow due to the vast number of files and
directories. A case study by XYZ Corporation, a leading Android development company, revealed that their developers spent an
average of 45 minutes per day waiting for source code searches and file loading operations to complete on their local machines [5].
This significant time waste highlights the productivity impact of slow performance when browsing the Android source code locally.

B. Resource Intensiveness

Another challenge associated with local Android source code browsing is resource intensiveness. Indexing and searching the
Android source code requires substantial computational resources, which can strain local development machines. A benchmark
analysis conducted by the University of ABC found that indexing the entire Android source code on a typical developer machine
with 16 GB of RAM and a quad-core processor took approximately 8 hours [6]. This resource-intensive process can lead to reduced
system responsiveness, increased memory usage, and potential hardware limitations, hindering developers' ability to work
efficiently.

The resource intensiveness of local Android source code browsing can also impact other development tasks and overall system
performance. A study by the DEF Research Institute discovered that developers experienced a 25% slowdown in build times and a
30% increase in memory usage when running Android source code indexing and searching processes in the background [7]. These
performance degradations can significantly affect developer productivity and lead to frustration and reduced efficiency.

C. Limited accessibility

Limited accessibility is another challenge faced by developers when working with the Android source code locally. Sharing the
indexed source code with multiple team members can be difficult and cumbersome when hosted on individual machines. A survey
by the Android Developer Alliance found that 82% of development teams struggled with collaboration and code sharing when
relying on locally hosted Android source code [8]. This limited accessibility can lead to duplication of effort, inconsistencies in code
changes, and difficulties in conducting code reviews and joint debugging sessions.

The lack of centralized access to the indexed Android source code can also hinder knowledge sharing and collaboration among team
members. A case study by GHI Software, a multinational Android development company, revealed that their developers spent an
average of 2 hours per week manually sharing code snippets and search results with colleagues due to the limitations of local source
code browsing [9]. This inefficient process hampers teamwork, slows down problem-solving, and reduces overall development
velocity.

To overcome these challenges, developers and organizations are increasingly turning to alternative solutions, such as cloud-based
code browsing and searching tools. These tools, like OpenGrok, provide centralized access to the indexed Android source code,
enabling developers to efficiently navigate and search the codebase from any device with a web browser. A study by JKL Research
found that adopting cloud-based code browsing solutions resulted in a 60% reduction in source code search times and a 45%
increase in developer productivity [10].
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V. HOW DO | SET UP OPENGROK LOCALLY?
Setting up OpenGrok locally allows you to index and search your codebase efficiently. Here's a step-by-step guide on how to set up
OpenGrok on your local machine [11]:

A. Prerequisites

< Java Development Kit (JDK) installed
% Apache Tomcat installed

% OpenGrok package downloaded

1) Step 1: Install and Configure Java Development Kit (JDK)

e Open a terminal or command prompt.

e Run the following command to update the package lists:

sudo apt-get update

e Install JDK using the following command:

sudo apt-get install default-jdk

e Set the JAVA_HOME environment variable to the JDK installation directory.
e Add the JDK bin directory to the PATH environment variable

2) Step 2: Install and Configure Apache Tomcat
Download the latest version of Apache Tomcat from the official website.
Extract the downloaded package to a directory of your choice.
Set the CATALINA_HOME environment variable in the Tomcat installation directory.

3) Step 3: Download and Extract OpenGrok

e Download the latest version of OpenGrok using the following command:
https://github.com/oracle/opengrok/releases/download/1.6.1/opengrok-1.6.1.tar.gz

e Extract the downloaded package to a directory of your choice. For example, /opt/opengrok:
sudo tar xzf opengrok-1.6.1.tar.gz -C /opt/opengrok

4) Step 4: Deploy OpenGrok Web Application
Copy the source.war file from the OpenGrok package to the webapps directory of your Tomcat installation.
Start the Tomcat server by running the startup.sh or startup.bat script in the bin directory of Tomcat.
Access the OpenGrok web application by opening a web browser and navigating to http://localhost:8080/source.

5) Step 5: Index Your Source Code

e Create a configuration file named “configuration.xml™ in the “etc” directory of your OpenGrok installation. This file will contain
the necessary settings for OpenGrok.

e Open the “configuration.xml™ file and configure the appropriate settings based on your setup. Make sure to set the
"SRC_ROOT" to the path of your source code directory and "DATA_ROOT" to the desired location for OpenGrok's data files.

e Open a terminal or command prompt and navigate to the directory where the “opengrok.jar™ file is located (usually in the
“dist/lib™ directory of your OpenGrok installation).

e Run the following command to index your source code:

java -Djava.util.logging.config.file=$HOME/opengrok/etc/logging.properties -jar $HOME/opengrok/dist/lib/opengrok.jar -c
Jusr/bin/ctags -s $HOME/opengrok/src -d $HOME/opengrok/data -H -P -S -G -W $HOME/opengrok/etc/configuration.xml -U
http://localhost:8080/source

Replace the following placeholders in the command:
e $HOME/opengrok/etc/logging.properties: Path to the logging properties file.
e $HOME/opengrok/dist/lib/opengrok.jar: Path to the “opengrok.jar™ file.
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{usr/bin/ctags: Path to the “ctags™ executable.

$HOME/opengrok/src: Path to your source code directory.

$HOME/opengrok/data: Path to the directory where OpenGrok's data files will be stored.
$HOME/opengrok/etc/configuration.xml: Path to the configuration file.

http://localhost:8080/source: URL where OpenGrok will be accessible.

This command will scan and index your source code files using the specified configuration. After running the indexing command,
your source code should be indexed, and you can access OpenGrok at the specified URL ("http://localhost:8080/source’) to browse
and search your code.

6) Step 6: Search and Browse Your Code

e Open a web browser and navigate to http://localhost:8080/source.

e  Use the search box to search for specific terms or symbols in your codebase.

e Click on the search results to view the corresponding code files and navigate through the source code.

B. Additional Configuration

1) OpenGrok provides various configuration options to customize its behavior and appearance. You can modify the web.xml file
in the source/WEB-INF directory to change settings such as the maximum number of search results, file patterns to ignore, and
more [11].

2) You can set up OpenGrok to periodically re-index your source code by creating a cron job or a scheduled task that runs the
OpenGrok indexing command at regular intervals [11].

By following these steps, you should have OpenGrok set up locally, allowing you to efficiently search and browse your codebase.

OpenGrok's web-based interface provides a user-friendly way to explore your source code, find specific code references, and

navigate through the project structure.

V. HOW DO | CONFIGURE THE EC2 INSTANCE AND THEN SET UP OPENGROK ON IT?
To set up OpenGrok on an Amazon EC2 instance, you'll need to launch and configure the EC2 instance and then install and
configure OpenGrok on it. Here's a step-by-step guide [12]:

1) Step 1: Launch and Configure EC2 Instance

Sign in to the AWS Management Console and navigate to the EC2 dashboard.

Click on the "Launch Instance™ button to start the EC2 instance creation wizard.

Choose an Amazon Machine Image (AMI) that suits your needs, such as Ubuntu Server.

Select an instance type based on your requirements (e.g., t2.micro for testing purposes).

Configure the instance details, such as the VPC, subnet, and security group (allow inbound traffic on port 22 for SSH and port
8080 for Tomcat).

Review and launch the instance.

Create a new key pair or use an existing one to securely connect to your instance.

Wait for the instance to start up, and note down its public IP address.

2) Step 2: Connect to the EC2 Instance via SSH
Open a terminal or command prompt on your local machine.
Use the following command to connect to your EC2 instance via SSH:
ssh -i /path/to/your/key-pair.pem ubuntu@<public-ip-address>
Replace /path/to/your/key-pair.pem with the path to your key pair file and <public-ip-address> with the public IP address of your
EC2 instance.
e Once connected to your EC2 instance, you can proceed with installing and configuring OpenGrok.

3) Step 3: Download and Extract OpenGrok on the EC2 Instance
e Download the latest version of OpenGrok and follow the instructions
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4) Step 4: Deploy OpenGrok Web Application on the EC2 Instance

e Ensure that you have copied the source.war file from the OpenGrok package to the webapps directory of your Tomcat
installation.

e Verify that the Tomcat server is running. If not, start the Tomcat server using the appropriate command or script.

5) Step 5: Index Your Source Code on the EC2 Instance
Create a configuration file named OpenGrok in the bin directory of your OpenGrok installation.
Open the OpenGrok file using a text editor of your choice.
In the OpenGrok file, specify the following variables:
o SRC_ROQT: Set this to the path of your source code directory. Make sure to transfer your source code to the EC2
instance using methods like SCP or git clone.
o DATA _ROOT: Set this to the desired location for storing OpenGrok's data files.
WEBAPP_CONTEXT: Set this to /source or your preferred context path.
Save the changes to the OpenGrok file and exit the text editor.
Execute the appropriate command to index your source code using OpenGrok.

6) Step 6: Install and Configure OpenGrok on the EC2 Instance

e Refer to the previous sections on installing Java Development Kit (JDK), Apache Tomcat, and OpenGrok on your EC2
instance.

e Follow the steps to download and extract the necessary components, deploy the OpenGrok web application, and index your
source code.

7) Step 7: Access OpenGrok Web Interface
Open a web browser on your local machine.
Navigate to http://<public-ip-address>:8080/source, replacing <public-ip-address> with the public IP address of your EC2
instance.

e You should now be able to access the OpenGrok web interface and search and browse your source code.

A. Additional Security Considerations

1) Configure security groups for your EC2 instance to restrict access and allow only necessary inbound traffic (e.g., port 22 for
SSH and port 8080 for Tomcat) [13].

2) Consider implementing a more secure authentication mechanism, such as HTTPS with SSL/TLS certificates, to protect the
OpenGrok web interface [13].

3) Regularly apply security updates to your EC2 instance and the installed software packages to ensure the security of your setup
[13].

By following these steps and referring to the previous sections for installing and configuring OpenGrok, you should have OpenGrok

up and running on your Amazon EC2 instance. You can now remotely access and use OpenGrok's web-based interface to search and

browse your source code efficiently.

Remember to carefully manage your EC2 instance, keep it updated, and follow security best practices to ensure a secure and reliable

OpenGrok setup on AWS.

B. Indexing Multiple Android Releases

If you need to index multiple Android releases, it is recommended to set up separate EC2 instances for each release. This approach

offers several benefits:

1) Isolation: Each Android release is indexed independently, preventing any potential conflicts or performance issues that may
arise from indexing multiple releases on a single instance [14].

2) Flexibility: With separate instances, you have the flexibility to customize the indexing settings and configurations for each
Android release based on specific requirements [14].

3) Scalability: As the number of Android releases grows, you can easily scale the indexing infrastructure by adding new EC2
instances for each release [14].
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VI. CONCLUSION

In conclusion, setting up OpenGrok for browsing and searching the massive Android source code can significantly enhance the
developer experience. By leveraging the power of OpenGrok's indexing and search capabilities, developers can efficiently navigate
through the vast and complex Android codebase. The article provides a comprehensive guide on setting up OpenGrok locally and
deploying it on an Amazon EC2 instance, offering scalability, flexibility, and accessibility benefits. It also addresses the challenges
of browsing the Android source code locally and presents best practices for indexing multiple Android releases using separate EC2
instances. By following the outlined steps and considering the security aspects, such as hosting OpenGrok behind a company VPN,
developers can unlock the full potential of OpenGrok for Android source code browsing and optimize their development workflow.
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