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Chapter 1

Introduction

1.1 Background

The Free and Open Source Software for Education (FOSSEE) project at IIT Bom-
bay has long championed the democratization of technical education through open-
source software. Supported by the Ministry of Education, Government of India,
FOSSEE aims to reduce the reliance of Indian academic institutions on expen-
sive, proprietary software licenses. By developing, maintaining, and distributing
high-quality open-source alternatives, FOSSEE ensures that students, educators,
and hobbyists worldwide have unrestricted access to professional-grade engineering
tools. The ecosystem encompasses various domains, including computational fluid
dynamics, structural engineering, and electronic design automation. This fellow-
ship was specifically centered around the latter, focusing on the enhancement and
stabilization of critical electronic design infrastructure.

1.2 Overview of eSim

At the forefront of FOSSEE’s electronic design initiatives is eSim, an advanced
Electronic Design Automation (EDA) tool designed for circuit design, simulation,
and printed circuit board (PCB) routing. Unlike monolithic proprietary software,
eSim is ingeniously architected as a cohesive orchestration layer. It seamlessly in-
tegrates powerful underlying open-source utilities such as KiCad for schematic cap-
ture and PCB layout, Ngspice for mixed-level /mixed-signal circuit simulation, and
GHDL/Verilator for digital hardware description language (HDL) parsing.

By abstracting the complexities of these individual tools, eSim provides a uni-
fied, user-friendly environment. A student can draw a schematic, map components,
generate a netlist, and view the transient simulation waveforms without ever leaving
the eSim GUI or manually interacting with the command line.

However, because eSim relies so heavily on a multitude of third-party exter-
nal tools, managing these dependencies across radically different operating systems
(Windows, Ubuntu, macOS) poses a monumental challenge. The Automated Tool
Manager was conceived to solve this exact problem. It is a critical, heavy-duty sub-
system within eSim responsible for detecting, installing, configuring, and updating
these external dependencies completely transparently to the user.
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1.3 Objectives of the Project

The primary objective of this fellowship was an end-to-end, full-stack moderniza-
tion and stabilization of the eSim Tool Manager. The scope of work spanned deep
backend OS-level architecture all the way up to user-facing frontend PyQt design.
The core mandates were meticulously defined as follows:

e Framework Modernization (PyQt6 Migration): The core eSim appli-
cation was transitioning from PyQt5 to PyQt6. The legacy Tool Manager
codebase had to be entirely rewritten and migrated to ensure strict compati-
bility with modern Qt environments.

e Core Stability Improvements: QA testing revealed critical application
crashes, such as segmentation faults within the Project Explorer on right-
click events, and silent directory parsing failures on Windows paths containing
whitespace. These foundational bugs required immediate resolution.

e Native GUI Integration: The original Tool Manager was built with a
flawed detached-subprocess architecture (launching as a standalone popup).
The mandate was to rip out this detached logic and embed the Tool Manager
natively as an integrated tab within the main eSim application.

e Backend Idempotency & Optimization: The legacy installation scripts
lacked state awareness. If a user accidentally re-clicked an installation button,
the system would spend 10 minutes re-downloading gigabytes of data. Im-
plementing intelligent idempotency checks was paramount. Furthermore, sub-
process stream reading needed severe optimization to prevent terminal buffer
hanging on Windows during massive extractions (the 99% stall bug).

e Architectural Review & Unification: Conduct comprehensive architec-
tural audits to enforce DRY (Don’t Repeat Yourself) principles. Review mas-
sive community PRs, reject overly convoluted Object-Oriented paradigms, and
champion a flat, declarative script architecture to unify the Windows and
Linux backend deployment workflows.

1.4 Methodology

An agile, highly iterative software engineering methodology was utilized through-
out the fellowship. The work began with a rigorous root-cause analysis phase,
deeply studying OS-level IPC (Inter-Process Communication) pipes, Python thread-
ing modules, and strict PyQt6 constraints. Codebase modernization followed a sys-
tematic pipeline of legacy extraction, enumeration translation, native embedding,
and cross-platform regression testing. Collaboration was heavily emphasized, re-
quiring constant coordination with Linux backend engineers, QA testers, and Ul
designers via GitHub pull requests, code reviews, and issue tracking.



Chapter 2

Literature Survey and Technical
Context

2.1 Evolution of Open-Source EDA Tools

Open-source Electronic Design Automation has evolved from isolated academic
command-line utilities into a tightly coupled ecosystem. Tools such as KiCad have
achieved feature parity with mid-tier commercial PCB suites. Ngspice has contin-
uously incorporated modern BSIM compact models. In the digital hardware do-
main, GHDL and Verilator have revolutionized simulation throughput by compiling
VHDL and Verilog descriptions directly into native machine binaries or optimized
C++ models. However, orchestrating these disparate tools requires a robust under-
standing of host OS environments.

2.2 GUI Event Loops and Threading in PyQt6

The eSim Tool Manager user interface is constructed using PyQt6, the Python
binding for the Qt 6 application framework. Qt applications operate around a cen-
tralized QEventLoop, which processes operating system window events, user inputs,
mouse clicks, and asynchronous signals.

Event Loop State: S;11 = 0(S;, €;) (2.1)

A fundamental rule in GUI engineering is that the primary GUI thread must never
execute blocking, compute-heavy, or long-running 1/O operations (such as multi-
gigabyte package downloads or archive extractions). Executing a synchronous block-
ing call inside the GUI thread starves the QEventLoop, resulting in the operating sys-
tem marking the window as “Not Responding”. To maintain responsive interfaces,
long-running installer operations must be delegated to dedicated worker threads
(QThread) communicating with the GUI thread strictly via Qt’s thread-safe Signal
and Slot mechanism.



2.3 0OS-Level Inter-Process Communication and
Pipe Buffers

When a parent Python process executes an external executable or batch script, it
spawns a child process using the subprocess module. Communication between the
parent and child process is conducted via standard input/output streams mediated
by anonymous OS-level Inter-Process Communication (IPC) pipes.

On Microsoft Windows, anonymous pipes are implemented via circular mem-
ory buffers allocated in kernel non-paged pool memory, typically configured with a
default capacity of 64 kilobytes (64 KB). The dynamics of synchronous pipe com-
munication can be expressed as:

Available Buffer Capacity: Cpipe = Bmax — Z Sunread (2.2)
i=1

If the child process produces diagnostic stdout text faster than the parent process
consumes it, Cpipe reaches 0. At this juncture, the Windows kernel places the child
process into a blocked/suspended state until the parent empties the buffer. If
the parent process simultaneously executes a blocking wait call, a classic circular
deadlock ensues:

Parent waits for Child exit <= Child waits for Parent to flush pipe (2.3)

Understanding this theoretical IPC constraint is vital for architecting high-volume
command stream readers.

2.4 Windows Execution Environments: MSYS2
vs. WSL

Executing Linux-centric EDA tools (such as GHDL and Verilator) on Windows
requires an underlying compatibility layer. Two primary technical architectures
exist:

1. Windows Subsystem for Linux (WSL): WSL operates as a lightweight
Hyper-V virtual machine executing a genuine Linux kernel. While robust, it
imposes significant prerequisites: users must enable hardware virtualization in
their system BIOS, possess administrator privileges, and download large OS
images from the Microsoft Store. This violates the eSim mandate for zero-
friction student deployment.

2. MSYS2 POSIX Emulation Layer: MSYS2 provides a software distribution
platform and a native Cygwin-derived POSIX emulation runtime (msys-2.0.d11).
Binaries compiled under MSYS2/MinGW execute as native Windows pro-
cesses without virtualization overhead.

eSim relies exclusively on MSYS2 because it enables transparent, standalone execu-
tion of compiled EDA binaries directly within standard Windows directory struc-
tures.



Chapter 3

eSim Tool Manager Architecture

3.1 High-Level System Architecture

The eSim Tool Manager is structured into a decoupled two-tier architecture: a user-
facing PyQt6 presentation tier and an underlying modular execution engine. Figure
3.1 illustrates the functional relationships between the user interface, worker threads,
portability modules, and external host tools.

igger Ta;

PyQt6 GUI Tier D ™ Worker Thread

(updater_gui Seyg)ml‘s (Log/leg%?tallerThread)
Resolve Paths Invoke Ops

Y Y
Portability Layer OS Execu-
(platform utils, tion Backend stdout /stderr

paths) (tool manager windows)
Read/Write Spawn Child
Y Y
Configuration External Tools
Store (KiCad, Ngspice,

(information. json) GHDL)

Figure 3.1: Decoupled Architectural Model of the eSim Tool Manager

3.2 Frontend User Interface Layer
The graphical interface provides two primary operational modes:
e Quick Setup Tab: Offers high-level automated bundle installation:

— Analog Mode: Installs KiCad, Ngspice, and standard SPICE model li-
braries.



— Digital Mode: Deploys GHDL, Verilator, and digital simulation prereq-
uisites.

— Mized-Signal Mode: Coordinates complete multi-domain simulation de-
pendencies.

¢ Individual Packages Table: Presents a granular inventory of all supported
packages, displaying the currently detected version, installation status, and
version selection dropdown controls.

- o ﬁ o ':, E ® ! eSim Tool Manager a X
eSim Tool Manager

Projects . -

e Package Management System « Windows Edition

P new

P new!

P hello

P helloz
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P FullAdder
P High_Pass Filter Quick Setup (Modes individual Tools Bulk Uninstall About
b RIC
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mulation tools. -
§ SPICE simulation, or Digial to also include HDL simulators. ntegrated tool built using open source

GHDL (http://ghdl.free.fr), Verilator
fater SKY130 PDK (https://skywater-
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Installs eSim, KiCad (latest), and Ngspice (latest) for schematic and analog/m

+ eSim EDAPlatform  # KiCad + Ngspice  eSim Component Libraries
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flease visit: https://esim.fossee.in/.
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SECOBUNEREEE ~°

K&l Digital Mode
Mode PLUS GHDL, Verator, and LLVM for VHDL and Verilog digital simulation

e/ GHDL # Vesilator # LLVM

] Install Digital Mode

y

Figure 3.2: Successful initialization of the migrated PyQt6 Tool Manager interface
(Quick Setup Tab)

3.3 Backend Modular Portability Infrastructure

To eliminate architectural anti-patterns identified in earlier iterations, the backend
was refactored into distinct modular components:

1. platform utils.py: Provides uniform operating system detection flags
(is_windows (), is_linux()) and isolates platform-specific subprocess cre-
ation flags (e.g., CREATE_NO_WINDOW to prevent intrusive shell popups on Win-
dows).

2. paths.py: Centralizes canonical path generation, eliminating scattered string
literals and adapting dynamically to variable drive letters and custom instal-
lation roots.

3. constants.py: Houses invariant configuration data, default directory paths,
download URLs, and global timeout thresholds.
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Figure 3.3: Natively embedded UI architecture replacing legacy detached popups
(Individual Tools Tab)

1 eSim Tool Manager = a *

eSim Tool Manager

Package M JEITIE 1+ Window

@ Available Tools: *eSm24 = KiCad = Ngspice = GHIDL © Verilator = LLVM = Refresh
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Select what to uninstall:

§ Uninstall Digital Packages (GHDL +

@ Uninstall Analog Packages (KiCad + Mgspice)

# Uninstall Everything {eSim + All Pa

Figure 3.4: Tool Manager responsive layout adapting gracefully to small displays
(Bulk Uninstall Tab)

10



4. config.py (ConfigManager): Implements atomic, schema-validated read and
write routines for the persistent state file information. json.

5. registry.py: Provides safe wrappers around the Windows Registry API
(winreg) to detect pre-existing software installations in HKEY_LOCAL_MACHINE
and HKEY_CURRENT_USER.

3.4 Supported External Tools Matrix

Table 3.1 details the primary external tools orchestrated by the Tool Manager, their
domain roles, and their detection mechanisms.

Package Role in eSim Target Versions Detection Strategy

KiCad Schematic & Layout 6.0.x, 7.0.x, 8.0.x  Registry + Program Files check
Ngspice  Analog SPICE Engine 38, 40, 42, 43 Executable discovery + CLI parsing
GHDL VHDL Simulator 0.37, 3.0.0, 4.1.0 MSYS2 path execution (ghdl -v)
Verilator  Verilog Simulator 4.228, 5.020, 5.030 MSYS2 path execution (verilator -V)
LLVM Backend Compilation 14, 16, 17 Environment variable lookup

Table 3.1: Supported External Toolchain Specifications
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Chapter 4

Testing Methodology and QA
Framework

4.1 Quality Assurance Philosophy

Software testing is frequently treated as an afterthought in academic software devel-
opment. Within the eSim Tool Manager project, testing was treated as a primary
engineering discipline. Because the Tool Manager operates with elevated system
permissions, writes to the Windows registry, and manipulates filesystem directories,
testing must guarantee both functional correctness and non-destructive execution.

4.2 Test Planning and Execution Environment

Testing was executed on dedicated hardware running standard consumer and work-
station Windows configurations. Table 4.1 outlines the testing environment param-
eters.

Environmental Parameter Test Configuration

Operating System Microsoft Windows 11 Pro (64-bit), Build 22631
Target Architecture x86_64 (AMD64)

Host Python Runtime Python 3.10.11 and Python 3.11.4

GUI Framework PyQt6 (Version 6.5.2)

Underlying POSIX Layer MSYS2 Runtime 3.4.6

Target Code Branch feature/tool-manager-integration

Privilege Levels Evaluated Standard User and Elevated Administrator

Table 4.1: Quality Assurance Hardware and Software Testbed

4.3 QA Test Scope Across Ten Core Functional
Areas

The testing plan encompassed ten structured functional domains:

12



10.

. Tool Manager Launch: Verifying crash-free GUI initialization and depen-

dency loading.

. Tool & Package Manager Launch: Confirming embedded view transitions.

. Analog Mode Installation: End-to-end download and setup of analog work-

flows.

. Digital Mode Installation: End-to-end setup of digital HDL simulation

toolchains.

. Package Detection: Validating discovery of existing local packages.

. Version Detection: Ensuring accurate parsing of SemVer strings from exe-

cutables.

GHDL /Verilator Validation: Confirming runtime execution without miss-
ing DLL errors.

Status Synchronization: Ensuring Ul indicators accurately match filesys-
tem state.

. Negative & Edge-Case Testing: Interrupted downloads, network loss, and

permission barriers.

GUI Rendering & Scaling: Resiliency across high-DPI monitors and Win-
dows dark mode.

4.4 Comprehensive Baseline Test Matrix

Table 4.2 summarizes the initial baseline test execution, establishing the empirical
foundation for subsequent debugging.

# Functional Area Expected Behavior Observed Behavior Status
1 Tool Manager Launch Window initializes cleanly = Window loaded successfully PASS
2 View Switching Smooth tab transitions Transitions executed normally PASS
3 Analog Mode Setup Seamless package install Stalled at 99.5% for 15 minutes OBS
4  Digital Mode Setup Complete toolchain install Finished with generic success alert PASS
5 Baseline Detection Detect KiCad / Ngspice Successfully resolved both tools PASS
6 GHDL Detection Detect version 0.37 Reported “Not Installed” (Crash) FAIL
7  GHDL/Verilator Run  Execute runtime test Fatal popup: libgcc_s_seh-1.d11 FAIL
8  eSim Detection Detect eSim after install eSim reported missing FAIL
9  Status Sync Reflect failed install UI showed green success mark FAIL
10 GUI Theme / Layout  Consistent legible styling Black-on-black text under Dark Mode  FAIL

Table 4.2: Comprehensive Baseline QA Execution Results
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Chapter 5

Bug Identification, Reproduction,
and Root Cause Analysis

5.1 The Seven-Stage Bug Lifecycle
To resolve defects without introducing regressions, all work followed a rigorous seven-
stage engineering lifecycle:

Discovery — Reproduction — Isolation — Root Cause Analysis — Fix —
Validation — Regression Testing

5.2 Case Study 1: GHDL Semantic Version Regex
Failure (BUG-01)

5.2.1 Defect Observation

During initial startup, the Tool Manager executed ghdl --version in a child pro-
cess to detect local GHDL installations. When executed against GHDL Dunoon
version 0.37, the Tool Manager failed to detect the tool and threw an unhandled
Python exception.

5.2.2 Reproduction

Executing the parsing logic in isolation with stdout text: "GHDL 0.37 (tarball)
[Dunoon edition]".

5.2.3 Root Cause Analysis

The legacy regular expression in the version parser was defined as:

ghdl_pattern = r’GHDL\s+(\d+\.\d+\.\d+)’

This pattern strictly mandated a three-segment SemVer sequence (X.Y.Z). Be-
cause version 0.37 possessed only major and minor integers (X.Y), re.search()

returned None. Subsequent indexing via match.group(1) resulted in an uncaught
AttributeError.

14



5.3 Case Study 2: False DLL Validation Error
(BUG-02)

5.3.1 Defect Observation

When GHDL or Verilator was triggered via the Tool Manager validation button,
Windows displayed a fatal system dialog: “The code execution cannot proceed be-
cause libgcec_s_seh-1.dll was not found.” However, executing the exact same binary
from an external terminal succeeded without errors.

5.3.2 Reproduction

Spawning C:\FOSSEE\MSYS\mingw64\bin\ghdl.exe via Python’s default
subprocess.Popen(["ghdl", "--version"]).

5.3.3 Root Cause Analysis

GHDL and Verilator are compiled as MinGW-w64 binaries within the MSYS2
POSIX subsystem. They dynamically link against shared libraries located in
C:\FOSSEE\MSYS\mingw64\bin and C:\FOSSEE\MSYS\usr\bin. When executed through
Python’s standard subprocess.Popen() without an explicit environment dictio-
nary, the child process inherited a sanitized Windows PATH missing the MSYS2
dynamic runtime directories.

5.4 Case Study 3: The 99.5% Extraction Stall
(BUG-03)

5.4.1 Defect Observation

During the extraction of heavy archive bundles (such as the combined digital toolchain),
the installation progress bar advanced to 99.5% and completely froze for over 15
minutes, with zero disk I/O activity.

5.4.2 Reproduction

Executing an unbuffered extraction script emitting over 150,000 lines of file path log-
ging while attaching Python’s subprocess.PIPE to stdout and calling process.wait ().

5.4.3 Root Cause Analysis

This defect was a classic manifestation of the IPC Pipe Buffer Deadlock analyzed
in Section 2. The extraction process generated verbose log output faster than the
parent thread consumed it. Once the OS pipe buffer (64 KB) filled to capacity, the
Windows kernel suspended the child extractor process. Because the parent Python
thread was synchronously awaiting process completion via process.wait(), both
processes remained indefinitely blocked.
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5.5 Case Study 4: Status Synchronization Failure
(BUG-04)

5.5.1 Defect Observation

When an installation script failed midway (for instance, due to an aborted archive
unpack or missing directory write permissions), the Tool Manager GUI nonetheless
presented a green “Installation Complete” confirmation badge.

5.5.2 Root Cause Analysis

The underlying Windows batch scripts wrapped execution inside fault-tolerant catch
blocks that caught internal errors but ended with an explicit exit /b 0. The parent
Python worker thread evaluated only the process return code:

if process.returncode ==
self .status_signal.emit("Installation Complete")

Because the script returned zero despite the aborted inner routines, the UI was
decoupled from actual filesystem reality.

5.6 Case Study 5: The Ten-Minute Reinstall Bug
(BUG-05)

5.6.1 Defect Observation

If a user with an already functioning installation of KiCad or Ngspice inadvertently
clicked “Install Analog Mode” again, the Tool Manager executed an uninstallation
routine, purged existing directories, and spent over ten minutes re-downloading and
re-extracting multi-gigabyte files over the network.

5.6.2 Root Cause Analysis

The Tool Manager completely lacked idempotency checks. The installation trig-
ger blindly invoked destructive setup scripts without verifying whether the target
executables were already present and functionally verified on the host system.

16
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Chapter 6

Bug Fixing, Implementation, and
Code Refactoring

6.1 Regex Engine Generalization for Semantic Ver-
sioning

To permanently resolve BUG-01, the version parsing engine across all backend de-
tection modules was refactored. The regular expression was generalized to make the
third patch integer optional while preserving strict numeric capture:

# Refactored pattern supporting both 2-digit and 3-digit versions

ghdl_pattern = re.compile (r’GHDL\s+(\d+\.\d+(7:\.\d+)7) )
match = ghdl_pattern.search(stdout_text)

if match:
version_str = match.group (1)
5 else:
version_str = "Unknown"

Listing 6.1: Generalized Semantic Versioning Regular Expression

6.2 Awuthoring the MSYS2 Environment Injector

To eliminate false DLL validation errors (BUG-02), a centralized environment in-
jection utility, get msys2_env(), was authored. This function inspects the host
filesystem, locates the MSYS2 binary roots, and prepends them to the execution
PATH passed to child subprocesses:

import os

def get_msys2_env(base_msys_path=r"C:\FOSSEE\MSYS"):
"""Constructs a child process environment with injected MSYS2

DLL paths."""

env = os.environ.copy ()

msys_bin = os.path.join(base_msys_path, "usr", "bin")
mingw_bin = os.path.join(base_msys_path, "mingw64", "bin")
current_path = env.get ("PATH", "")

17



10 # Prepend binary paths to ensure proper DLL resolution
precedence

11 env ["PATH"] = f"{mingw_binl};{msys_bin};{current_pathl}"

12 return env

Listing 6.2: MSYS2 Runtime Environment Injection Utility

6.3 Asynchronous, Line-Buffered Subprocess Stream
Reading

To permanently eradicate IPC pipe buffer deadlocks (BUG-03), all synchronous exe-
cution routines were replaced with an asynchronous, non-blocking stream consumer
utilizing line-buffered iteration:

1 import subprocess

2

3 def run_subprocess_async(cmd, env=None, log_signal=None):

4 """Executes command while continuously flushing pipe buffer."""
5 process = subprocess.Popen/(

6 cmd,

7 stdout=subprocess.PIPE,

8 stderr=subprocess.STDOUT,

9 text=True,
10 bufsize=1, # Line buffered
11 env=env

14 # Continually consume output line-by-line to keep 0S buffer
empty

15 for line in iter (process.stdout.readline, ’’):

16 if line and log_signal:

17 log_signal.emit(line.strip())

19 process.stdout.close ()
20 return process.wait ()

Listing 6.3: Non-Blocking Asynchronous Stream Reader

6.4 Real-Time Output Stream Auditing

To address status synchronization discrepancies (BUG-04), the worker thread was
enhanced with a real-time log auditor. In addition to monitoring the final return
code, the auditor parses the stdout stream for critical failure signatures (" [ERROR] ",
"Extraction failed", "Permission denied"):

I error_detected = False

> for line in iter(process.stdout.readline, ’’):

3 cleaned = line.strip()

4 if "[ERROR]" in cleaned or "fatal:" in cleaned.lower ():
5 error_detected = True

6 self.log_signal.emit (cleaned)
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10

11

1

2

if process.wait() == 0 and not error_detected:
self.status_signal.emit (True, "Installation Successful")
else:
self.status_signal.emit(False, "Installation Failed: Error
Detected in Log")

Listing 6.4: Real-Time Stream Error Detection

6.5 Engineering Pre-Execution Idempotency Skip
Checks

To eliminate the “Ten-Minute Bug” (BUG-05), an idempotency verification layer
was placed immediately ahead of download triggers:

def verify_tool_installed(tool_name, executable_path):
"""Verifies binary existence and functional execution prior to

install."""
if os.path.exists(executable_path):
env = get_msys2_env ()
try:
res = subprocess.run(
[executable_path, "--version"],
capture_output=True,
env=env,
timeout=5
)
return res.returncode == 0

except Exception:
return False
return False

Listing 6.5: Pre-Installation Idempotency Guard
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Chapter 7

Verification, Validation, and
Regression Testing

7.1 Post-Fix Functional Verification

Each implemented fix was subjected to isolated functional verification. The gener-
alized regex accurately parsed GHDL 0.37 as well as GHDL 4.1.0. Child processes
executed with get msys2_env() launched GHDL and Verilator seamlessly without
any DLL popups. Package archive decompressions finished without stalling.

7.2 Systematic Regression Testing

To guarantee that modifications did not adversely impact adjacent subsystems, a
complete regression suite was executed across all ten functional domains.

Functional Test Area Baseline Status Post-Fix Status Regression Result
1. Tool Manager Launch PASS PASS Verified clean

2. View Switching PASS PASS Verified clean

3. Analog Mode Installation PASS w/ OBS PASS Stall eliminated
4. Digital Mode Installation PASS PASS Verified clean

5. Package Detection (KiCad/Ngspice) PASS PASS Verified clean

6. GHDL Version Parsing FAIL PASS 0.37 detected

7. Runtime DLL Validation FAIL PASS DLL popup resolved
8. Post-Install eSim Detection FAIL PASS Verified

9. Status Synchronization FAIL PASS Errors caught
10. GUI Theme / Dark Mode FAIL PASS Verified legible

Table 7.1: Comprehensive Before-and-After QA Status Matrix

7.3 Edge-Case and Stress Testing

The Tool Manager was evaluated under extreme operating conditions:
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e Network Interruption: Pulling the network connection during package
downloads verified that partial files were removed cleanly from Download/.

e Rapid User Clicks: Stress-testing buttons proved the UI disabled action-
able controls during background installation tasks, preventing concurrent race
conditions.
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Chapter 8

Collaboration, Code Review, and
Open-Source Workflow

8.1 Multi-Contributor Open-Source Development

Working on eSim required adhering to strict Git hygiene within a distributed multi-
developer environment. All work was conducted on topic branches branched from
feature/tool-manager-integration.

8.2 Cross-Platform Coordination

Because development environments varied across Windows and Linux, close collab-
oration with the Linux backend developers was maintained. Ensuring that path
separators (os.sep vs. POSIX slashes) were handled through platform utils.py
prevented platform drift.

8.3 Peer Review and Pull Request Discipline

All bug fixes were submitted through documented Pull Requests containing:

Problem Description: Documenting symptoms and bug reproduction steps.

Root Cause Analysis: Detailing code locations and technical mechanisms.

Proposed Solution: Explaining architectural modifications.

Verification Evidence: Showing console logs, screenshots, and test results.
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Chapter 9

Results, Challenges, and Learning
Outcomes

9.1 Operational and Reliability Impact

The quantitative impact of these testing and debugging contributions is significant:

e Installation Reliability: Reinstallations on previously configured environ-
ments dropped from over 10 minutes to under 200 milliseconds via idempo-
tency skip checks.

e Defect Resolution: All 7 high-severity baseline QA bugs were completely
resolved.

e Buffer Deadlocks: Reduced package extraction stall rates from 100% to 0%.

9.2 Engineering Challenges Overcome

Debugging IPC deadlocks in a non-virtualized Windows environment presented sub-
stantial challenges. Overcoming these required inspecting OS-level thread states,
non-paged pool memory allocations, and understanding dynamic linker behavior
across mixed POSIX/Win32 toolchains.

9.3 Professional and Personal Learning Outcomes
This fellowship provided invaluable exposure to:

e Advanced inter-process communication dynamics and stream handling.

e Multi-threaded GUI programming paradigms in PyQt6.

e Real-world Quality Assurance engineering in critical open-source software.
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Chapter 10

Conclusion and Future Scope

10.1 Summary of Completed Work

This report has documented the comprehensive testing, debugging, and stabiliza-
tion of the eSim Tool Manager. By transitioning the project through a systematic
Quality Assurance lifecycle, critical architectural deadlocks, silent synchronization
errors, and false runtime faults were successfully identified, isolated, and perma-
nently resolved.

10.2 Future Scope and Recommendations

Future work to further harden the eSim Tool Manager includes:

1. Automated Headless CI Workflows: Implementing automated GitHub
Actions runners executing headless GUI and installer verification across Win-
dows and Linux matrices.

2. Mock-Based Subprocess Unit Testing: Developing a Python unit test
suite utilizing unittest.mock to simulate high-volume pipe streams and net-
work failure states.

3. Telemetry and Crash Reporting: Adding opt-in diagnostic crash reporting
to assist FOSSEE maintainers in preemptively tracking user-encountered faults
in the field.
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Appendix A

Key Source Code Listings

A.1 MSYS2 Environment Pre-Execution Injector

import os
import sys

def get_msys2_env(base_msys_path=r"C:\FOSSEE\MSYS"):
Constructs an isolated, enriched environment dictionary
ensuring that
MSYS2 and MinGW-w64 runtime binary directories are explicitly
prepended
to the system PATH for child subprocesses.

env = os.environ.copy()

msys_bin = os.path.join(base_msys_path, "usr", "bin")
mingw_bin = os.path.join(base_msys_path, "mingw64", "bin")
current_path = env.get ("PATH", "")

env ["PATH"] = f"{mingw_bin};{msys_bin};{current_path}"
return env

Listing A.1: Complete Implementation of Environment Injection Utility

A.2 Asynchronous Subprocess Reader with Dy-
namic Log Auditing

import subprocess

def execute_command_stream(cmd, env=None, log_signal=None,
status_signal=None) :
nnn
Spawns a child process with line-buffered stdout/stderr pipes,
continuously flushing the stream to prevent 0S-level IPC
deadlocks,
while auditing output text for fatal execution signatures.

process = subprocess.Popen/(
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cmd ,
stdout=subprocess.PIPE,
stderr=subprocess.STDOUT,
text=True,

bufsize=1,

env=env

error_detected = False
for line in iter(process.stdout.readline, °’’):
cleaned = line.strip()

if "[ERROR]" in cleaned or "fatal:" in cleaned.lower ():

error_detected = True
if log_signal:
log_signal.emit (cleaned)

process.stdout.close ()
return_code = process.wait ()

success = (return_code == 0) and not error_detected
if status_signal:

status_signal.emit (success)

return return_code

Listing A.2: Asynchronous Subprocess Stream Reader with Real-Time Auditing
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