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Outline
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Tutorial

� Intro to SymPy and Basic features

� Solving real life problems
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SymPy Goal

Goal
Provide a symbolic manipulation library in Python.

“SymPy is an open source Python library for symbolic mathematics.
It aims to become a full-featured computer algebra system (CAS)
while keeping the code as simple as possible in order to be
comprehensible and easily extensible. SymPy is written entirely in
Python and does not require any external libraries.”
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Why SymPy?

� Standalone

� Full featured

� BSD licensed

� Embraces Python

� Usable as a library
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Features

� Core Capabilities
� Basic arithmetic: Support for operators such as

+, -, *, /, ** (power)
� Simplification
� Expansion
� Functions: trigonometric, hyperbolic,

exponential, roots, logarithms, absolute value,
spherical harmonics, factorials and gamma
functions, zeta functions, polynomials, special
functions, . . .

� Substitution
� Numbers: arbitrary precision integers, rationals,

and floats
� Noncommutative symbols
� Pattern matching

� Polynomials
� Basic arithmetic: division, gcd, . . .
� Factorization
� Square-free decomposition
� Gröbner bases
� Partial fraction decomposition
� Resultants

� Calculus

� Limits: limx→0 x log(x) = 0
� Differentiation
� Integration: It uses extended Risch-Norman

heuristic
� Taylor (Laurent) series

� Solving equations

� Polynomial equations
� Algebraic equations
� Differential equations
� Difference equations
� Systems of equations

� Combinatorics

� Permutations
� Combinations
� Partitions
� Subsets
� Permutation Groups: Polyhedral, Rubik,

Symmetric, . . .
� Prufer and Gray Codes
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Features

� Discrete math

� Binomial coefficients
� Summations
� Products
� Number theory: generating prime numbers,

primality testing, integer factorization, . . .
� Logic expressions

� Matrices

� Basic arithmetic
� Eigenvalues/eigenvectors
� Determinants
� Inversion
� Solving
� Abstract expressions

� Geometric Algebra

� Geometry

� points, lines, rays, segments, ellipses, circles,
polygons, . . .

� Intersection
� Tangency
� Similarity

� Plotting

� Coordinate modes
� Plotting Geometric Entities
� 2D and 3D
� Interactive interface
� Colors

� Physics

� Units
� Mechanics
� Quantum
� Gaussian Optics
� Pauli Algebra

� Statistics

� Normal distributions
� Uniform distributions
� Probability

� Printing

� Pretty printing: ASCII/Unicode pretty printing,
LaTeX

� Code generation: C, Fortran, Python
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History

History

� Onďrej Čert́ık started the project in 2006.

� Development took off in 2007 when SymPy first participated in
Google Summer of Code. We have participated in every Google
Summer of Code since.

� In 2011, Aaron Meurer (who also joined from Google Summer of
Code) took over as lead developer.
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Present

Current Status

� Over 600 contributors.

� Over 5000 stars.

� Current code base has over 500,000 lines of code and
documentation.

� We have crossed the point of “sympy a toy” to “sympy a tool”
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Git Commit Plots

All Time

� SymPy has more total contributors1

� SymPy has a very welcome and friendly community, which is open,
and actively encourages contributions.

� The SymPy code base is very approachable to new contributors.

� To be fair, Google Code-In accounts for a lot of this. . .

1some of the other projects are actually exaggerated, because they don’t use
.mailmap
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Projects Using SymPy

� Sage: A CAS, visioned to be a viable free open source alternative
to Magma, Maple, Mathematica and MATLAB. Sage includes
many open source mathematical libraries, including SymPy.

� SageMathCloud: SageMathCloud is a web-based cloud
computing and course management platform for computational
mathematics.

� Mathpix: An iOS App, that detects handwritten math as input,
and uses SymPy Gamma to evaluate the math input and generate
the relevant steps to solve the problem.

� PyDy: Multibody Dynamics with Python.

� IKFast: IKFast is a robot kinematics compiler provided by
OpenRAVE. It analytically solves robot inverse kinematics
equations and generates optimized C++ files. It uses SymPy for
its internal symbolic mathematics.
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Projects Using SymPy

� Octave Symbolic: The Octave-Forge Symbolic package adds
symbolic calculation features to GNU Octave. These include
common CAS tools such as algebraic operations, calculus, equation
solving, Fourier and Laplace transforms, variable precision
arithmetic, and other features.

� galgebra: Geometric algebra (previously sympy.galgebra).

� SymPy.jl: Provides a Julia interface to SymPy using PyCall.

� Mathics: Mathics is a free, general-purpose online CAS featuring
Mathematica compatible syntax and functions. It is backed by
highly extensible Python code, relying on SymPy for most
mathematical tasks.

� SfePy: Simple finite elements in Python.
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Projects Using SymPy

� Quameon: Quantum Monte Carlo in Python.

� Lcapy: Experimental Python package for teaching linear circuit
analysis.

� Quantum Programming in Python: Quantum 1D Simple
Harmonic Oscillator and Quantum Mapping Gate.

� LaTeX Expression project: Easy LATEX typesetting of algebraic
expressions in symbolic form with automatic substitution and result
computation.

� Symbolic statistical modeling: Adding statistical operations to
complex physical models.
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Piotr Korgul
Jim Zhang
Sam Sleight
tborisova
Chancellor Arkantos
Stepan Simsa
Tobias Lenz
Siddhanathan
Shanmugam
Tiffany Zhu
Tristan Hume
Alexey Subach
Joan Creus
Geoffry Song
Puneeth Chaganti
Marcin Kostrzewa
Natalia Nawara
vishal
Shruti Mangipudi
Davy Mao

Swapnil Agarwal
Dhia Kennouche
jerryma1121
Joachim Durchholz
Martin Povǐser
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Clemens Novak
Mridul Seth
Craig A. Stoudt
Raj
Mihai A. Ionescu
immerrr
Chai Wah Wu
Leonid Blouvshtein

Peleg Michaeli
ck Lux
zsc347
Hamish Dickson
Michael Gallaspy
Roman Inflianskas
Duane Nykamp
Ted Dokos
Sunny Aggarwal
Victor Brebenar
Akshat Jain
Shivam Vats
Longqi Wang
Juan Felipe Osorio
Ray Cathcart
Lukas Zorich
Eric Miller
Cody Herbst
Nishith Shah
Amit Kumar
Yury G. Kudryashov
Guillaume Gay
Mihir Wadwekar

Tuan Manh Lai
Asish Panda
Darshan Chaudhary
Alec Kalinin
Ralf Stephan
Aaditya Nair
Jayesh Lahori
Harshil Goel
Luv Agarwal
Jason Ly
Lokesh Sharma
Sartaj Singh
Chris Swierczewski
Konstantin Togoi
Param Singh
Sumith Kulal
Juha Remes
Philippe Bouafia
Peter Schmidt
Jiaxing Liang
Lucas Jones
Gregory Ashton
Jennifer White

Renato Orsino
Michael Boyle
Alistair Lynn
Govind Sahai
Adam Bloomston
Kyle McDaniel
Nguyen Truong Duy
Alex Lindsay
Mathew Chong
Jason Siefken
Gaurav Dhingra
Gao, Xiang
Kevin Ventullo
mao8
Isuru Fernando
Shivam Tyagi
Richard Otis
Rich LaSota
dustyrockpyle
Anton Akhmerov
Michael Zingale
Chak-Pong Chung
David T

Phil Ruffwind
Sebastian Koslowski
Kumar Krishna
Agrawal
Dustin Gadal
João Moura
Yu Kobayashi
Shashank Kumar
Timothy Cyrus
Devyani Kota
Keval Shah
Dzhelil Rufat
Pastafarianist
Sourav Singh
Jacob Garber
Vinay Singh
GolimarOurHero
Prashant Tyagi
Matthew Davis

17 / 21



Authors (continued)

Tschijnmo TSCHAU
Alexander Bentkamp
Jack Kemp
Kshitij Saraogi
Thomas Baruchel
Nicolás
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Let’s begin!
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