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RECAP

• Cppyy: 

An automatic, run-time, Python-C++ bindings generator

• Cling

is used in Cppyy’s backend since an interactive C++ 

interpreter provides a runtime exec approach to C++ code

Python cppyy

CPyCppyycppyy-backend



INTRODUCTION

• Cppyy: 

An automatic, run-time, Python-C++ bindings generator

• Cling

is used in backend since an interactive C++ interpreter 

provides a runtime exec approach to C++ code

Python cppyy

CPyCppyycppyy-backend

WHY USE NUMBA?

• Numba
JIT compiler that translates Python and NumPy code into fast 
machine code. 

• The compute time overhead while switching between 
languages accumulates in loops with cppyy objects. 

• Numba optimizes the loop and compiles it into machine code 
which crosses the language barrier only once



NUMBA PIPELINE

• Typing

Numba core has a type inference algorithm 

which assigns a nb_type for a variable

• Lowering

Numba lowers high-level Python operations 

into low-level LLVM code.

Exploits typing to map to LLVM type

• Boxing and unboxing

convert PyObject* ‘s into native values, and 

vice-versa. 

Numba IR

Compiled 

Python 

Bytecode

Typing

Data Mapping (Numba -> LLVM)

Lowering 

We utilise the runtime numba compilation process to lower C++ code cppdef’ed in Python

How? →

LLVM IR



NUMBA LOW LEVEL EXTENSION API

CPPYY NUMB A SUPPORT
cppyy /numba_ex t . py



• Extended typing and non type template definition support [Test 9]

• nJIT function pointers to C++ functions that return a reference type [Test 10]

• nJIT support for pointers and reference types to builtins and std::vectors [Test 11- 13]

• Successful typing and overload matching for Eigen templated classes [Test 14]

Currently, the following features have been added to Cppyy’s numba extension:

STATUS 

Currently, the following functionality has been added to Cppyy’s numba extension:



POINTER AND REFERENCE TYPE SUPPORT

• The Numba extension now supports njitting ref types, const refs and pointers to C++ methods/functions 

• The results are reflected directly on the python side using the ctypes interface that provides a “pointer-like” behaviour

that can be emulated in Python

x  =  2856
y  =  1896

H e r e  t h e  m e m b e r s  o f  B o x  c l a s s  
a r e  i n i t i a l i z e d  v i a  p a s s - b y - r e f

A r g s :
C p p C l a s s ( B o x )

i n t 6 4  

R e s u l t : 
d . b , d . c a r e  

i n c r e m e n t e d  t h r o u g h  
p o i n t e r s  



POINTER AND REFERENCE TYPE SUPPORT

The “pointer” like behavior is especially useful in cases like these

x , b  =  2856
y, c  =  1893

Now we  ca l l  a  swap  by  re f  f unc t ion  wh i ch  cau se s  b  and  c  to  
au tomat i c a l l y  swap  on  the  py thon  s i de

b  =  7856 , 
c  =  6893

b  =  7856 , 
c  =  6893

b  =  6893 , 
c  =  7856



POINTER AND REFERENCE TYPE SUPPORT

The fact that Numba lowers cppyy calls using C++ pointers to LLVM IR opens the avenue of significant speedups



H e r e  t h e  m e m b e r s  o f  t h e  B o x Ve c t o r
c l a s s  a r e  i n i t i a l i z e d  v i a  p a s s - b y - r e f  

w i t h i n  t h e  p y t h o n  f u n c t i o n  c a l l

We can explore those speedups by also adding pointer and reference support to std::vector objects

This is achieved by constructing IR Pointer Types to Array and Vector Types, that point to cppyy.gbl.std.vector() objects linked to numpy arrays for initialization

STD::VECTOR<>* AND NUMPY ARRAYS 



Initial benchmarks with Numpy-C++ equivalent functions for the same operations:

STD::VECTOR<>* AND NUMPY ARRAYS 

N j i t t e d C p py y f u n c t i o n  
S t a n d a r d  l o o p  o v e r  n u m py f u n c t i o n

N j i t t e d C p py y f u n c t i o n
N j i t t e d N u m py f u n c t i o n

D i r e c t l y  a c c e s s  t h e  r e s u l t  s i n c e  t h e  
N u m b a o b t a i n s  t h e  c l i n g  a d d r e s s  t o  t h e  

c p p y y. g b l . s t d . v e c t o r



Exploring vectorization speedups with a dot product operation

STD::VECTOR<>* AND NUMPY ARRAYS 

I n i t i a l i s i n g u s i n g  p o i n t e r s
R u n n i n g  t h e  d o t  p r o d u c t  t h r o u g h  

p a s s - b y - r e f



Exploring vectorization speedups with a dot product operation

STD::VECTOR<>* AND NUMPY ARRAYS 

E v e n  f a s t e r  d o t  p r o d u c t  b y  u s i n g  t h e  
D o t Ve c t o r d a t a m e m b e r s w h i c h  a r e  i n  

t u r n  s t d : : v e c t o r  p o i n t e r s  



Exploring vectorization speedups with a dot product operation

STD::VECTOR<>* AND NUMPY ARRAYS 



SOME BENCHMARK TRENDS



SOME BENCHMARK TRENDS



Templated class args like Eigen are resolved to cpp types and successfully matches the CPPOverloads in those cases

The Eigen numba typeinfer is refactored into the C++ expression and handled in numba2cpp

CURRENT STATUS WITH EIGEN

A b l e  t o  h a n d l e  t h e  t e m p l a t e d  c l a s s  E i g e n : : M a t r i x <  S c a l a r _ , R o w s _ , C o l s _ , 
O p t i o n s _ , M a x R o w s _ , M a x C o l s _  >  u s i n g  E i g e n : : D y n a m i c

s o t h e  d i s p a t c h e r  t y p e i n f e r i s  C p p C l a s s ( E i g e n : : M a t r i x < d o u b l e , - 1 , - 1 , 0 , - 1 , - 1 > )



Thank You!

Aaron Jomy
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