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Python Implementations

* Programs that can run Python code correctly

* Features:
e Different memory management strategies

* Only Interpreted vs Only Compiled vs Just-In-Time

Compilers

* Different memory Iayo-

« This research focuses ofCPython arid GraalPy
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* Reference Implementation

e Written in C Python files

and libraries

* Only interpreted

reterence Counting - -
GraalPy PyPy

* Exposes the C API :
Python Implementations

https://
wwWw bvithon ora/



* Java-based

implementa® Python files

ORACLE

developed by

and libraries

* Part of larger GraalVM

o J|T Compiler Python Implementations

* JVM memory management https://www.graalvm.org/
pvthon/



C API

APl that connects C code to the : :
C libraries

Python interpreter (NumPy,
Python files

i ) Tensorflow)
* Used by many popular and libraries

extensions

* Exposed by CPython

* Contains many implementation -

Python Implementations

details of CPython

https://docs.python.org/3/c-api/
index html



Python Implementations



HPy

e Alternative to the C API

 More generic - not as tied to _
Python files

CPython as the C API el LA e e e

* Runs much faster on

Implementations like GraalPy
. PyP

CPython Python Implementations

* Not extensively benchmarked yet
hpyproject.com



HPy

* ABI - API but for compiled

code Python files

and libraries

* HPy libraries can be compiled

In 3 different ways:

* Universal ABI
Python Implementations
* Hybrid ABI
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GraalPy

Python Implementations



Python Implementations



@gthon

C libraries

* C file can then compile to Python (NumPy,

Python files
: _ _ Tensorflow)
modules and be imported and libraries

« Compiles Python code to C code

* Can also compile .pyx files -

Python files with some C features -
 Can improve performance by
_ Python Implementations
more than 100 times

cython.or
q



@gthon

C libraries

libraries from generated C files (NumPy,
Python files

» Libraries from Cython perform 2and libraries

e The C API is used to create

Tensorflow)

poorly on GraalPy

* Cython is incredibly optimised -

f0r<3Pyth0Fl Python Implementations



Cython with HPy  [[ (eI 2%

* This research focused on replacing

C libraries

the C API with HPy in C files (NumPy,

Python files

generated by Cython N Tensorflow)

* This will allow Cython libraries to run

much faster on GraalPy

 This will also enable the creation of -

HP nchmarks from any Python fil
y benchmarks from any Pytho © Python Implementations



Cython with HPy HPy

C libraries C libraries
(NumPy, (NumPy,
Pyth fil Python files
Y e Tensorflow) Y Tensorflow)

and libraries T

and libraries

Python Implementations Python Implementations




Benchmarks

O Forloop A Fibonacci
single forloop that increments recursively calculates the
a number 20,000 times 10t Fibonacci number

Q Float

O Fannkuch

performs sin, cos, and sqrt performs array flips and
calculations on floats, artificial permutations to calculate
benchmark minimums




Benchmarks

* 5 Benchmark Configurations
n with C API

n with HPy CPython AE!
n with HPy Hybrid AB|

4. GraalPy with C API

5. GraalPy wi_d ABI
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Conclusions

* HPy can improve Cython library performance on GraalPy

« HPy on(GraalPy can equal the C API or_1

* HPy does not meet performance expectations on ﬁ
* HPy is worth pursuing - Cython’s C API optimisations are a

special case

* There’'s still more work to do on the HPy backend for Cython
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