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Purpose
The	 ESO	 CPL	 library	 (Banse	 et	 al.,	 2004)	 provides	 a	 set	 of	
medium-level	 soDware	 funcGons	 to	 facilitate	 the	 rapid	
building	 of	 standardised	 data	 reducGon	 soDware	 pipelines.	
CPL	was	developed	in	C	for	reasons	of	efficiency	and	speed	of	
execuGon,	and	because	of	its	maturity	and	widespread	use,	it	
is	well	tested	and	understood.	

With	 the	 community	 however	 moving	 away	 from	 C/C++	
programming	and	embracing	Python	for	data	processing	tasks,	
there	is	a	need	to	provide	access	to	the	CPL	uGliGes	within	the	
Python	environment.	This	potenGal	was	first	explored	for	the	
MUSE	 instrument	 on	 the	 ESO	 VLT	 with	 the	 PYTHON-CPL	
module	(Streicher	&	Weilbacher,	2012)	which	allowed	for	the	
execuGon	of	CPL	recipes.	While	PYTHON-CPL	only	allowed	the	
execuGon	of	CPL	recipes,	PyCPL	aims	to	succeed	this	work	of	
by	 providing	 not	 only	 this	 funcGonality	 but	 also	 providing	
bindings	 for	 the	 majority	 of	 the	 CPL	 API,	 allowing	 for	 the	
implementaGon	of	Python	Recipes	 in	Python	adhering	 to	 the	
ESO	data	product	standards.	

The	development	of	PyCPL	consists	of	3	main	layers:		
• The	CPL	library	containing	C	object-like	constructs.	
• The	 C++	 layer	which	 aims	 to	wrap	 the	 CPL	 structs	

and	 their	 associated	 funcGons	 (such	 as	 images,	
tables,	properGes,	etc)	into	C++	classes.	

• The	PyCPL	python	module,	which	exposes	 the	C++	
classes	 and	 funcGons	 using	 Pybind11	 (h_ps://
github.com/pybind/pybind11),	 translaGng	 them	
into	Python	objects	and	funcGons.	

This	structure	enables	the	use	of	the	exisGng	funcGonality	and	
stability	 of	 CPL,	 while	 opening	 up	 to	 more	 developers	 and	
astronomers	via	the	Python	ecosystem.
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Challenges
Error	 handling	needed	 to	move	 towards	 excepGons	 to	 enable	
pythonic	 excepGon	 handling	 of	 CPL	 specific	 errors.	 All	 errors	
are	stored	as	codes	within	CPL	as	a	C	library.	This	required	the	
creaGon	 of	 new	 excepGons	 within	 C++	 for	 each	 error	 code	
present	 in	 CPL	 which	 can	 each	 individually	 be	 bound	 using	
Pybind11,	and	checks	aDer	each	CPL	library	call	to	ensure	error	
flags	were	not	raised.	

As	 Python	 has	 automaGc	 garbage	 collecGon,	 standard	
behaviour	 is	 to	 call	 the	 destructor	 of	 the	 bound	 C++	 object	
when	 the	 Python	 reference	 count	 drops	 to	 0.	 This	 is	
complicated	by	CPL	structs	containing	other	CPL	structs,	which	
can	 have	 references	 in	 Python	 leading	 to	 destructor	 being	
called	 prematurely.	 The	 use	 of	 shared	 pointers	 and	 flags	 to	
indicate	structs	sGll	being	in	use	was	the	soluGon	but	care	was	
needed	to	ensure	they	are	tracked	properly.

This	 project	 nearing	 the	 compleGon	 of	 the	 Beta	 phase:	 almost	 all	
CPL	 structs	 and	 funcGons	 are	 accessible	 via	 Python,	 and	 the	
PyEsoRex	 provides	 support	 for	 both	 execuGng	 C	 based	 and	 PyCPL	
based	 Recipes,	 with	 the	 intent	 of	 supporGng	 previous	 instrument	
pipelines,	and	rapidly	prototyping	new	instrument	pipelines	starGng	
with	MAVIS.	PyCPL	sGll	has	plans	on	being	extended	by	including	the	
HDRL	high	level	algorithmic	library	into	the	Python	environment.
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