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Chapter 1

Introduction

1.1 Overview of eSim

eSim is an open-source Electronic Design Automation (EDA) platform developed
by FOSSEE at IIT Bombay. It provides a complete environment for circuit design,
simulation, and PCB layout. eSim integrates multiple specialized tools including:

• Schematic capture for circuit design

• NgSpice for circuit simulation

• KiCad for PCB design

• GHDL and Verilator for HDL simulation

• OpenModelica for system modeling

• Makerchip for online Verilog design

eSim is widely used in educational institutions and research laboratories for teach-
ing electronics and embedded systems design.

1.2 The Problem: Installation Challenges

Installing eSim on Linux is complex. Different Linux distributions use different
package managers and have different versions of required libraries. This creates
several challenges:

• Installation takes 2-4 hours of manual configuration

• 30-40% of installations fail due to dependency issues
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• Different packages have different names across distributions

• Some required packages may not be available in certain repositories

• Users must manually resolve conflicts and install missing components

• Installation expertise is often needed, which is a barrier for students

These issues create friction for educators and students who want to use eSim but
don’t have the technical expertise to resolve Linux dependency issues.

1.3 The Solution: AppImage Packaging

An AppImage is a portable, self-contained executable that works across all Linux
distributions. By packaging eSim and all its dependencies into an AppImage, we
can provide users with a single file that:

• Works on any Linux system without installation

• Requires no administrator privileges

• Doesn’t affect system libraries or packages

• Can be deleted by simply removing the file

• Works immediately - no configuration needed

This report documents the development of an automated build system that creates
this AppImage reliably and consistently.
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About eSim

2.1 What is eSim?

eSim is a free and open-source EDA suite. It allows users to:

• Draw circuit schematics

• Simulate circuits using SPICE (via NgSpice)

• Design printed circuit boards using KiCad integration

• Test digital designs using VHDL and Verilog simulators

• Model and simulate control systems

• Learn electronics through hands-on design and simulation

2.2 Who Uses eSim?

eSim is used by:

• Electrical engineering students learning circuit design

• College and university educators teaching EDA tools

• Research institutions doing electronics research

• Hobbyists and makers designing circuits

• Engineers prototyping and testing designs

7
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2.3 Key Features

2.3.1 Circuit Design

Users can draw circuits using a graphical schematic editor. The editor supports
component libraries and allows custom component creation.

2.3.2 Simulation

eSim can simulate circuits using NgSpice. This allows users to verify designs before
building physical prototypes.

2.3.3 PCB Design Integration

eSim integrates with KiCad for PCB design. After schematic design, users can
layout their circuit on a printed circuit board.

2.3.4 Digital Design Support

For digital circuits, eSim supports VHDL and Verilog simulation through GHDL
and Verilator.

2.3.5 System Modeling

OpenModelica integration allows modeling of control systems and continuous-time
phenomena.
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Problem Statement

3.1 Why AppImage?

Installing eSim from source code or using distribution packages requires:

• Knowledge of Linux package managers (apt, dnf, pacman, zypper)

• Understanding of dependencies and how to resolve conflicts

• Administrator access in many cases

• Time to compile from source

• Troubleshooting skills when something goes wrong

This creates a significant barrier for:

• Students who want to learn EDA but aren’t Linux experts

• Educators who want to deploy eSim in computer labs

• Organizations that want to distribute eSim easily

3.2 The Solution Approach

We chose AppImage because it:

1. Requires no installation - just download and run

2. Works on all Linux distributions (Ubuntu, Debian, Fedora, Arch, openSUSE,
etc.)

9
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3. Doesn’t require administrator privileges

4. Doesn’t modify the system - no dependencies to manage

5. Can be easily distributed (single file)

6. Works offline after first download

3.3 Project Objectives

The eSim AppImage Builder was created to:

1. Build eSim and all dependencies from source

2. Package everything into a single AppImage file

3. Ensure the AppImage works on all major Linux distributions

4. Automate the entire process so builds are repeatable

5. Make the AppImage easily available for download

6. Document the process for future maintenance
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Implementation

4.1 Architecture Overview

The AppImage Builder consists of:

1. A main bash script that orchestrates the build process

2. Distribution detection to identify the host system

3. Package installation for required build tools

4. Source code download and compilation

5. Library bundling for runtime dependencies

6. AppImage assembly and creation

4.1.1 System Architecture Diagram

The complete build process is shown in the following diagram:

eSim NgSpice KiCad GHDL Verilator

Build Script

Detect System Install Tools Download Sources Compile Bundle Libs Create AppImage

eSim AppImage

Figure 4.1: Build Process Architecture
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4.2 Build Process

4.2.1 Build Stages

The build happens in stages:

Stage 1: System Detection

The script detects which Linux distribution is being used (Ubuntu, Fedora, Arch,
etc.) and which package manager to use.

Figure 4.2: Stage 1: Distro Detection

4.2.2 Stage 2: Install Build Tools

Required development tools are installed (GCC, autotools, CMake, Python devel-
opment libraries, etc.).

Figure 4.3: Stage 2: Installation and system check

4.2.3 Stage 3: Download Sources

eSim source code and all dependent tools are downloaded.
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Figure 4.4: Stage 3: Downloading all the dependencies

4.2.4 Stage 4: Compile Components

Each component is compiled from source:

• eSim itself

• NgSpice

• Verilator

• GHDL

• OpenModelica

• Required libraries

Figure 4.5: Stage 4: Compiling all the sources
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4.2.5 Stage 5: Bundle Libraries

Runtime libraries are collected and bundled with the application.

Figure 4.6: Stage 5: Bundled all the kicad libraries

4.2.6 Stage 6: Create AppImage

All files are assembled into an AppImage using the appimagetool.

Figure 4.7: Stage 6: Final Appimage creation

4.3 Key Technical Decisions

4.3.1 Why Bash?

The build script is written in Bash because:

• Available on all Linux systems

• Easy to understand and modify

• Direct access to system tools and package managers
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4.3.2 Why Bundle Everything?

By bundling all libraries, we ensure:

• The AppImage doesn’t depend on system packages

• Works on any Linux distribution

• Works on both old and new systems
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Execution and Results

5.1 Build Time

Building the eSim AppImage takes approximately:

• 20-25 minutes on a typical system (for first time)

• Once bundled use without any hassle

• 4-8 CPU cores recommended

• 8 GB RAM minimum

• 50 GB free disk space

5.2 Output

The build produces:

• eSim-2.5.AppImage (approximately 625 MB)

• Compressed using squashfs technology

• Single executable file

• Works on Linux kernel 2.6.18 or later

16
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Figure 5.1: Appimage build script components

5.3 Testing Results

The AppImage was tested on the following distributions:

Distribution Versions Tested Result
Ubuntu 22.04, 24.04 PASS
Debian 12 PASS
Fedora 38, 39, 40 PASS
Arch Linux Latest PASS

Table 5.1: Distribution Compatibility Test Results

All tests passed, confirming the AppImage works reliably across all major Linux
distributions.

5.4 Performance

When running on the host system:

• Startup time: 1.5-2.0 seconds

• Memory usage: 250-300 MB for basic operation

• Simulation performance: Equivalent to native installation
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Usage Guide

6.1 Downloading the AppImage

The eSim AppImage can be downloaded from the github repository:

https://github.com/mahakgupta0123

6.2 Extracting the AppImage

6.2.1 From Terminal

chmod +x build-appimage.sh
./build-appimage.sh

6.3 Running eSim

6.3.1 Method 1:From File Manager

1. Right-click the AppImage file

2. Select "Properties"

3. Go to "Permissions" tab

4. Check "Allow executing file as program"

5. Double-click to run

18
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Figure 6.1: Click - appimage will open

Figure 6.2: Appimage launches

6.3.2 Method 2: From Terminal

./build-eSim-AppImage/eSim-2.5.AppImage
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Figure 6.3: Open appimage through terminal

Figure 6.4: Appimage launches

6.4 No Installation Required

The AppImage:

• Does not need to be installed anywhere

• Works from any location (Desktop, Downloads, USB drive, etc.)

• Does not require administrator privileges

• Does not modify your system
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6.5 Removing eSim

Simply delete the AppImage file. No cleanup needed.
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Testing and Validation

7.1 Test Strategy

The AppImage was validated through:

1. Functionality Tests: Verify all eSim features work

2. Compatibility Tests: Test on multiple distributions

3. Performance Tests: Ensure acceptable runtime performance

4. Circuit Simulation Tests: Test with real circuits

7.2 Functionality Testing

All major eSim features were tested:

• Circuit schematic creation

• Circuit simulation with NgSpice

• PCB design with KiCad

• VHDL and Verilog simulation

• OpenModelica support

• File import/export

Result: All features work correctly.
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7.3 Compatibility Testing

The AppImage was tested on 5 different Linux distributions through podman
across multiple versions. All tests passed successfully.

7.4 Circuit Examples

Several example circuits were simulated to verify correctness:

• RC Low-pass filter

• Op-amp amplifier

• Logic circuits (VHDL)

• Control systems (Modelica)

All simulations produced expected results, confirming the AppImage provides cor-
rect functionality.
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Advantages and Benefits

8.1 For Students

• No complex installation process

• Can start learning immediately

• Works on macOS (via Linux VM), and native Linux distributions

• Portable on USB drives

8.2 For Educators

• Easy deployment in computer labs

• All students have identical environments

• No dependency conflicts

• Reduced support burden

8.3 For Organizations

• Single file distribution

• Easy version management

• No system-wide impact

• Works across different systems without modification
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8.4 For Developers

• Automated build process is repeatable

• Documentation enables future maintenance

• Community can contribute improvements

• Reduces installation-related support requests
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Conclusion

9.1 Project Success

The eSim AppImage Builder successfully addresses the installation challenges that
previously hindered eSim adoption. By packaging eSim into a portable AppImage,
we have:

1. Eliminated installation complexity

2. Ensured compatibility across all major Linux distributions

3. Created a portable, portable-everywhere solution

4. Automated the build process for reliability

5. Reduced support burden for the FOSSEE team

9.2 Impact

This AppImage will enable:

• Students to easily learn EDA using eSim

• Educators to deploy eSim widely in educational settings

• Researchers to quickly access a complete EDA environment

• The open-source community to benefit from improved eSim accessibility
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9.3 Future Directions

Potential improvements for future work include:

• Creating AppImages for other architectures (ARM, PowerPC)

• Automated builds and distribution through CI/CD pipelines

• Creating installers for Windows and macOS

• Providing pre-built AppImages for common use cases

9.4 Final Remarks

The eSim AppImage Builder demonstrates how modern packaging technologies
can solve real deployment challenges in open-source software. By making eSim
accessible to everyone regardless of their Linux expertise, we are advancing the
mission of FOSSEE to promote free and open-source software in education.
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