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About Me
Basic Information
· Name: Om Prakash Singh
· University: Army Institute of Technology, Pune
· Major: Electronics and Telecommunications
· University Mail: omprakash_21462@aitpune.edu.in
· Personal Mail: thakur.omprakashsingh1704@gmail.com
· GitHub: OmPrakashSingh1704
· LinkedIn: Om-Prakash-Singh
· HuggingFace: HAWK1704
· Location: Pune, India
· Time zone: IST (UTC +5:30)
· Primary Language: English

Personal Background
My name is Om Prakash Singh, a third-year undergraduate student at Army Institute of Technology, India. I am pursuing Bachelor ‘s degree in Electronics and Telecommunications. I love brainstorming on new ideas and implement them using different resources. I love solo traveling while listening to music. 
During my three years of college, I am a part of Robotics club and organized many robo-events. And worked on many side projects in guidance of professors using python like I remember a project in which I has to track a vehicle and show its path on google maps.
Programming Details
Programming Background and Platform
My First Introduction to Python was in 11th standard when I choose programming lab over other labs. Since the n I am using Python for my every basic needs (from adding two numbers to building applications). I choose python over other languages because it is easy to understand even if you start working on something in between. I have been using python from 4+ years. I have solved many coding problems using python and learned much about data structures, algorithms, and good coding principles.
I use PyCharm Professional Edition as IDE because it has all the crucial features inbuilt, allowing me to write Python code easily and using Windows10 as my operating system. I am quite familiar with the concept of version control system and have been using Git and GitHub since quite some time and have enough knowledge to carry out the project successfully. I use HuggingFace to deploy my python projects(I recently came to know about it).




The Project
Overview
SymPy is a pure python library which provides a full featured computer algebra system in a very comprehensible and easily extensible way. As mentioned in the idea page, `solverset` is not flexible enough to solve every type of equation and can not be replaced with `solvers`.
Status
· During GSoC 2014, Harsh Gupta introduced the solveset submodule to improve solvers in SymPy.

· In 2015, Amit Kumar enhanced solveset and implemented complex sets.

· In GSoC 2016, Kshitij Saraogi and Shekhar Rajak improved solvers by introducing helper functions like solve_decomposition and nonlinsolve, and refactored the inequality solver.

· Yathartha Joshi's GSoC 2018 project focused on implementing the transcendental equation solver transolve and its helper solvers.

TODOs for GSoC’24
· nonlinsolve returns duplicate solution: Track down why the nolinsolve returns duplicate solution.
· Extending `transolve`: In code we have seen that for _transolve is only able to handle logarithmic and exponential equations. 
def _transolve(f, symbol, domain):
    def add_type(lhs, rhs, symbol, domain):
       result = ConditionSet(symbol, Eq(lhs - rhs, 0), domain)

               # check if it is exponential type equation
               if _is_exponential(lhs, symbol):
                   result = _solve_exponential(lhs, rhs, symbol, domain)
               # check if it is logarithmic type equation
               elif _is_logarithmic(lhs, symbol):
            result = _solve_logarithm(lhs, rhs, symbol, domain)

               return result

It needs to be extended for more equations like:
· Lambert Type equations
· Handling modular equations
· Solving transcendental equations in complex domain.
For that we must add new functions to solve those types.
· Integrating helper solvers with `solveset`: Solveset has undergone significant enhancements in recent years to expand its capabilities beyond solving single equations for single variables. New functionalities include:
- linsolve: Solves systems of linear equations.
- nonlinsolve: Solves systems of non-linear equations.
- solve_decomposition: Solves various equations using rewriting and decomposition techniques.
- transolve: Solves transcendental equations.

The integration of these solvers into solveset has greatly increased its power, allowing it to handle a wider range of mathematical problems involving both single and multiple variables.

· Build the set infrastructure: In addition to enhancing solvers for single and multiple variables, improvements in the set module, such as handling multidimensional ImageSet are crucial. The set module plays a vital role as it can be considered a universe, accommodating various mathematical objects and operations.

While expanding functionalities, it's important to acknowledge fundamental limits that may exist. These limits can impose constraints on the operations and manipulations that can be performed within the set module. Therefore, advancements in both solvers and set module functionalities should progress hand in hand, ensuring compatibility and optimization within the SymPy framework.
· `Nonlinsolve` struggles with systems containing trigonometric/transcendental equations consistently. Enhancements are needed for solveset's trigonometric solver, and trig systems should be addressed separately in `nonlinsolve` to ensure accurate solutions.









Theory
1. Extending Transolve: 
Transolve is a solver in SymPy designed to handle equations that involve transcendental functions, such as logarithmic and exponential functions. Lambert type equations, which involve the Lambert W function, present a unique challenge due to the nature of the Lambert W function. The Lambert W function is defined as the inverse of the function f(w)=wew, and it often arises in mathematical models involving exponential growth or decay. Extending Transolve to handle Lambert type equations requires implementing algorithms or techniques to effectively solve equations involving the Lambert W function.     
   - Implementation:
     1. Define the Lambert type equation.
     2. Use Transolve to solve the equation.
     
   - Python Code:
import sympy as sp

# Define symbol
x = sp.symbols('x')

# Define Lambert type equation
eq = sp.exp(x) + x - 3

# Solve the equation using transolve
solution = sp.transolve(eq, x)

# Output
print("Solution for Lambert type equation:", solution)
   
   - Output:
     Solution for Lambert type equation: [3 - W(1)]


2. Integrating Helper Solvers with Solveset:
     Solveset is a solver in SymPy primarily used to find solutions to single equations for single variables. However, many real-world problems involve systems of equations or multiple variables. Integrating helper solvers like `linsolve`, `nonlinsolve`, and `solve_decomposition` into Solveset expands its capabilities to handle such scenarios. `linsolve` is used to solve systems of linear equations, `nonlinsolve` handles systems of non-linear equations, and `solve_decomposition` addresses a diverse class of equations using rewriting and decomposition techniques. By integrating these helper solvers into Solveset, it becomes a more versatile and powerful tool for solving a wide range of mathematical problems.
     
   - Implementation:
     1. Define the system of equations.
     2. Use `linsolve` to solve the system.
     
   - Python Code:
from sympy import symbols, linsolve

# Define symbols
x, y = symbols('x y')

# Define system of linear equations
eq1 = 2*x + 3*y - 5
eq2 = -x + 4*y - 6

# Solve the system of equations using linsolve
solution = linsolve([eq1, eq2], x, y)

# Output
print("Solution for system of linear equations:", solution)
   
   - Output:
Solution for system of linear equations: {(17/5, 2/5)}

3. Building the Set Infrastructure:
     The set infrastructure in SymPy encompasses functions and data structures to handle mathematical sets, such as intervals, unions, and intersections. One crucial aspect of the set infrastructure is the handling of multidimensional ImageSets. ImageSets represent sets of points generated by a function over a given domain. Implementing functions to handle multidimensional ImageSets allows SymPy to manipulate and analyze functions in multiple dimensions, which is essential for various mathematical applications. Additionally, building the set infrastructure goes hand in hand with enhancing solvers, as sets often play a fundamental role in defining the domains and ranges of functions involved in equations and systems of equations.
     
   - Implementation:
     1. Define symbols and intervals for the ImageSet.
     2. Create the ImageSet using the lambda function and intervals.
     
   - Python Code:
from sympy import Interval, ImageSet, symbols

# Define symbols
x, y = symbols('x y')

# Define a multidimensional ImageSet
set = ImageSet(lambda x, y: (x, y), Interval(0, 1), Interval(0, 1))

# Output
print("Multidimensional ImageSet:", set)

   
   - Output:
Multidimensional ImageSet: {(x, y) | x in [0, 1], y in [0, 1]}

By following these detailed steps, we can effectively implement each task and understand how they contribute to enhancing the capabilities of SymPy.












Tentative Timeline and Proposed Solutions
Week 1(Community Bonding):
· My principle focus will be to discuss more about the project with mentors and also to figure out how to make more improvement in the `nonlinsolve` so that it stops returning duplicate solutions.
· This will be a great time to get to know everybody and the fellow students.
· I would also start coding in this period, so that I get a head-start and to compensate the work to be done during my vacation days. I will spend 3-4 hours extra in the last week of the community bonding period in order to achieve the proposed target in my proposal. I will have no problem managing with those extra hours since I will be having summer break at that time and along with that, I have no other commitments. And I will also have fun working those extra hours.
Week 2 – Week 4(Improving transolve):
· Researching for common way to solve Lambert type equations. Converting the docs into python code (writing `_is_lambertW()` function for lambert type equations).
· I will be writing the `_is_modular()` function to handle modular equations
· I will be writing the tests along with the development. I will also prefer to document the new added functionalities.
Week 4 – Week 5(implementing transcendental equations in complex domain):
· I will be enhancing Solveset's capabilities by extending it to handle systems of equations and solve for multiple variables. This involves modifying Solveset to effectively process such cases.
· I will integrate and enhance solvers such as `linsolve`, `nonlinsolve`, `solve_decomposition`, and transolve into Solveset. Additionally, I will improve Solveset's trigonometric solver to handle trigonometric equations more effectively. In `nonlinsolve`, I will separate trigonometric systems to ensure better accuracy in solving such systems.
· I will write tests as well the documentation of the newly implemented functionalites.
Week 6 – Week 8(Handle multi–Dimension ImageSet):
· Till now I have done most of the part like improving transolve and solveset.
· Now I’ll have to work on building the set infrastructure.
· I will write multiple tests for testing the output of set infrastructure.
Week 9 - Week 10(nonlinsolve: Trignometric/ Transcendental solver):
· By this time I have implemented  most of the functionalities and improvements for transolve and `nonlinsolve`.
· I will track down the main cause of not handling trigonometric equations and other blunders as I mentioned for Week1 and will be improving it as per need.
· I will write tests for these implemented functionalities. I will fix the bugs and issues.

Week 11 – Week 12(Buffer Period and Wrap Up):
· Preparing a documentation of examples and tutorials for both the implemented modules. As I have mentioned earlier, a user would use a software more if its documentation is having plenty of examples and tutorials depicting the uses of each and every functionality.
· Finish pending tasks as this week is the buffer.
· I will be cleaning up the code and refactoring and fix bugs.
Post GSoC:
· I will be fixing bugs and reviewing pull requests in Sympy and would look after the work done by me.
· Will work on optimizing the code.
· I am very enthusiastic to learn and work for a open source community.

Contributions:
· nonlinsolve returns duplicate solution [#26342](closed): Was using Recursive method to ignore the duplicacy of roots.
· Lambdify with latex symbols [#23374](open): Contribution in conversation to solve the issue.
· Implimenting .subs(old_exp,new_exp) [#26419](open): open a issue for upgrading .subs() method.
image1.png
httpsysympy.org/

Python Library for Symbolic Mathematics

SymPy




