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Why Numba?
Differentiable Programming in a Wider Ecosystem?
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Background

• Numba is a just-in-time (JIT) compiler for Python, which takes Python code, and is 
utilizing the LLVM compilation infrastructure to compile to different hardware 
targets such as


• CPU


• GPU


• Optimized for NumPy, and Stencil-Computation

What is Numba?
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Background

• Numba is a just-in-time (JIT) compiler for Python, which takes Python code, and is 
utilizing the LLVM compilation infrastructure to compile to different hardware 
targets & utilize different parallelization approaches


• Vectorization by Numba itself with a work-queue


• OpenMP


• Intel Threading Building Blocks (TBB)


• CUDA

What is Numba?
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Why would we care about 
another JIT-engine for Python 

when we already have JAX?

7



Background

• Tracing-based domain-specific compiler for 
differentiable rendering with its own AD-
system, compiles to LLVM, and NVIDIA 
OptiX


• Accumulation of kernels into one mega-
kernel

Dr. JIT: A Just-In-Time Compiler for Differentiable Rendering
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Global Trace Accumulation Optimization

Dead Code Elimination Activity Analysis Compilation



Background
Loopy Code: Numba vs JAX
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Numba JAX



Background
Stencil Code: Numba vs JAX

10

Numba JAX



Background
Numba vs JAX

11

Ex
ec

ut
io

n 
Ti

m
e 

(s
)

0E+00

4E-06

8E-06

1.2E-05

1.6E-05

Loopy Test Function

Numba JAX

(Lower is better)
Ex

ec
ut

io
n 

Ti
m

e 
(s

)

0E+00

2E-05

4E-05

6E-05

8E-05

Stencil Test Function

Numba JAX

(Lower is better)



Background

• Numba an order of magnitude faster 
than JAX on this trivial benchmark


• Numba loves loopy code, whereas 
JAX does not


• Both JIT engines conceived for 
very different use cases!

Numba vs JAX Performance
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The Stages of Numba 
Compilation

13



@njit





The Stages of Numba Compilation
Python



The Stages of Numba Compilation
Python Bytecode



The Stages of Numba Compilation
Untyped Numba IR



The Stages of Numba Compilation
Typed Numba IR

Seed Enzyme’s

Type inference

With Numba’s



The Stages of Numba Compilation
LLVM IR



Numba-Enzyme Pipeline
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Numba-Enzyme Pipeline
• Integration into Numba at the llvmlite-

level to tie into the JIT-engine


• Enzyme able to operate its own JIT


• No transformation passes at higher level 
of the pipeline for now for auto-shadows.
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@enzyme_reverse(..)

Seed

Type inference

(In progress)



API Design
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API

• Minimally intrusive


• Explicit handling of shadows


• Close to design example set by Enzyme.jl (GitHub.com/EnzymeAD/Enzyme.jl)


• Preserve Numba-typical handling of compiled kernels


• Taking cues from the syntax of the CUDA-JIT

Design Goals
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http://GitHub.com/EnzymeAD/Enzyme.jl


API
Reverse-Mode Automatic Differentiation
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Reverse-Mode Gradient Primal + Reverse-Mode Gradient



API
Forward-Mode Automatic Differentiation
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Forward-Mode Gradient,

Often also called the “Tangent” Primal + Forward-Mode Gradient



Future Work
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Future Work
• Expansion of API:


• Vector Modes: Vectorized Forward-Mode, Vectorized Reverse-Mode


• Jacobian Primitives: Vector-Jacobian Product, Jacobian-Vector Product


• Hessian Primitives: Vector-Hessian Product, Hessian-Vector Product


• Custom Gradient API


• Integration with Portable Instructions eXchanged In Executable (PIXIE)


• Framework Composability:


• Embedding of Numba-kernels into JAX & PyTorch


• Embedding of JAX & PyTorch kernels into Numba (much much more difficult!)
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Summary

• Gradient-providing JIT-Compiler in Numba


• Forward-Mode


• Reverse-Mode


• JIT-characteristics targeted at computational science


• Dynamism, Branches, Loops, Array mutation

Numba-Enzyme
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