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What Is a Computer Algebra System?

Numerical computing usually works with approximations

Computer algebra works with exact mathematical objects

Typical objects:
integers, rationals, finite fields
polynomial rings, ideals, matrices
groups, algebras, polyhedra, varieties, schemes, …

Typical questions:
factor a polynomial
solve systems of linear equations
solve systems of polynomial equations
compute a Gröbner basis
classify algebraic objects with certain properties
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Why Should Julia Users Care?

Sometimes the question has an exact answer, not a floating-point one

Many numerical models contain algebraic subproblems

Exact computation can build, simplify, and transform models

Exact computation can check candidate results

Exact computation can generate reliable examples and regression tests
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Why Another Computer Algebra System?

There are already excellent computer algebra systems
GAP, Singular, polymake, ANTIC/ Nemo/ Hecke, SageMath, Magma, Maple,
Mathematica, …

But the landscape is fragmented

Our goals:
reuse decades of algorithms and work
provide one coherent interface from Julia

Our solution: OSCAR, the Open Source Computer Algebra Research system
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Why Julia?

One language for users and developers
same language for exploration, packages, and research code

Performance
JIT compilation and optimized generic code

Multiple dispatch fits the spirit of algebra
algorithms can target interfaces, not one concrete type

Interoperability with existing libraries
@ccall, CxxWrap.jl, BinaryBuilder.jl

Access to the wider Julia package ecosystem
visualization, notebooks, profiling, …
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Architecture: Several Cornerstones, One Interface

OSCAR

GAP polymake

Polymake.jl

Singular

Singular.jl

Oscar.jl

Julia

Cornerstones

group and
representation

theory

tropical and
polyhedral
geometry

number theory

cdd ⋯

PLURAL

Letterplace

Nemo.jl

Hecke.jl

AbstractAlgebra.jl

FLINT GPI−Space mptopcomGMP bliss msolve

xGAP.jlx

algebraic
geometry and
commutative
algebra

non-
commutative
algebra and
free probability

theory

AlgebraicSolving.jl

Users work with mathematical objects, not backend boundaries.
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The OSCAR Design Philosophy

Mathematical objects are first-class Julia objects

Interfaces and types should follow mathematical concepts
a matrix is not a linear map
Use FreeModuleHom instead

Algorithms should be generic where the mathematics is generic

User code should look like textbook mathematics
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First OSCAR Session: Parents Matter

Same polynomial, different coefficient rings:
julia> R, x = polynomial_ring(QQ, :x)

(Univariate polynomial ring in x over QQ, x)

julia> factor(x^4 - 1)
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First OSCAR Session: Parents Matter

Same polynomial, different coefficient rings:
julia> R, x = polynomial_ring(QQ, :x)

(Univariate polynomial ring in x over QQ, x)

julia> S, y = polynomial_ring(GF(2), :y)

(Univariate polynomial ring in y over GF(2), y)

julia> x + y

8



First OSCAR Session: Parents Matter

Same polynomial, different coefficient rings:
julia> R, x = polynomial_ring(QQ, :x)

(Univariate polynomial ring in x over QQ, x)

julia> S, y = polynomial_ring(GF(2), :y)

(Univariate polynomial ring in y over GF(2), y)

julia> x + y

ERROR: Cannot promote to common type

Stacktrace:

[1] error(s::String)

@ Base ./error.jl:44

[2] promote(x::QQPolyRingElem, y::FqPolyRingElem)

@ AbstractAlgebra ~/.julia/packages/AbstractAlgebra/V9Znx/src/NCRings.jl:55

[3] +(x::QQPolyRingElem, y::FqPolyRingElem)

@ AbstractAlgebra ~/.julia/packages/AbstractAlgebra/V9Znx/src/NCRings.jl:67

[4] top-level scope

@ REPL[6]:1
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A Tiny Algebra Problem

Work modulo the relation x2 + y2 = 1:
A = Q[x , y ]/〈x2 + y2 − 1〉

julia> R, (x, y) = polynomial_ring(QQ, [:x, :y]);
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A Tiny Algebra Problem

Work modulo the relation x2 + y2 = 1:
A = Q[x , y ]/〈x2 + y2 − 1〉

julia> R, (x, y) = polynomial_ring(QQ, [:x, :y]);

julia> I = ideal(R, [x^2 + y^2 - 1])

Ideal generated by

x^2 + y^2 - 1

julia> A, proj = quo(R, I); # `proj` is the projection map R ->> A

julia> f = proj(x^4 + 2*x^2*y^2 + y^4 + x*y)

x^4 + 2*x^2*y^2 + x*y + y^4

julia> parent(f) == A

true

julia> simplify(f)

x*y + 1
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The Breadth of OSCAR

The same style extends across many algebraic worlds:

(efficient) arithmetic
polynomials, matrices,
finite fields, number
fields, power series, …

linear algebra
generic and specialized
optimized algorithms, …

commutative algebra
Gröbner bases, (graded)
modules, affine algebras,
primary decomposition,
…

algebraic geometry
schemes, (elliptic)
curves, toric varieties, …

polyhedral and tropical
geometry
polyhedra, cones, fans,
and their tropical
counterparts, …

number theory
orders, class groups,
Galois groups, …

group theory
permutation groups,
finitely presented groups,
matrix groups, group
cohomology, characters,
…

noncommutative algebra
PBW-algebras,
GR-algebras, …

Lie theory
root systems, Weyl
groups, Lie algebras,
modules, …

… and much more is there, or to come
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Where OSCAR Fits in the Julia Ecosystem

Different symbolic tools answer different mathematical questions:

Tool Works with Typical use

Symbolics.jl symbolic variables, expression
trees, equations

simplify or transform formulas;
model systems; generate numerical
Julia functions

Homotopy-

Continuation.jl

polynomial systems with
floating-point real or com-
plex coefficients

find isolated solutions; track solu-
tions as parameters vary

OSCAR exact rings, ideals, modules,
groups, polyhedra, algebraic-
geometric objects

compute invariants; construct or
classify objects; certify exact state-
ments

They complement each other—and can be combined in Julia workflows.
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Takeaways

OSCAR brings general-purpose exact computer
algebra to Julia

Exact computation complements numerical
computing
One coherent interface to mature computer algebra
systems

Try it yourself!

We are looking forward to comments, bug reports,
feature requests, and code contributions.

�oscar-system.org

tutorials, documentation,
Slack, GitHub, …

�oscar-system.org/newsletter
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The OSCAR Book

Get the OSCAR book for many worked out
examples

19 chapters with topics ranging from basics to
current research.

See �book.oscar-system.org
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