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Python binding to Fotran

Python module ctypes:

ctypes — A foreign function library for Python

ctypes is a foreign function library for Python. It provides C compatible data types, and allows calling functions
in DLLs or shared libraries. It can be used to wrap these libraries in pure Python.

With the important caveat of C-compatible data types, ctypes also allows to call
libraries written in Fortran — Python-based CBPM3 display could call CESRV
routines like nonlin bpm

Antoine Chapelain, Cornell U. CBPM3 development

April 9, 2021 3



https://docs.python.org/3/library/ctypes.html
https://docs.python.org/3/library/ctypes.html

nonlin_butcon: first attempt

Call nonlin butcon directly from Python

After exploring and trying various thing — hit a dead end and could not bind

This is were David Sagan’s help is priceless: data types in the Fortran code have
to be C-compatible to be called directly from Python

subroutine nonlin butcon(raw,nl,n2,v,h, chisq)
use nonlin bpm mod, only: nonlin orbit
use precision def
implicit none

not C-compatible

integer“d!raw{:,:},nl,n2,n
real(rp)fv(:),h(:)
real(rp) x(3),but(4), chi2
real(rp), optional ::| chisq(:)
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nonlin_butcon: second attempt

Call nonlin butcon from Python via a Fortran interface routine. Made good
progress working on the (unfinished) interface:

nonlin_py interface(but _array, array_size, raw, nl, (test_res)

nonlin_bpm mod, : honlin_butcon
precision_def

) array_size, but_array(array_size)
) raw( , ), nl, n2, test res

) v(:),h(:)

n2
test res n2

, , but _array, array size, nl, n2

nonlin py interface

But then realized...
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nonlin_orbit

| can call nonlin orbit directly: it has only C-compatible data types.

nonlin butcon iS a simple wrapper on top of nonlin orbit.

ctypes POINTER, c_int, cdll, c_double
numpy np

shared library path
nonlin_bpm library cdll.LoadlLibrary(shared library path)

nonlin_bpm library.nonlin orbit .argtypes [
POINTER(c_int),
POINTER(c double),
POINTER(c _double),
POINTER(c_double)

nonlin_bpm_library.nonlin_orbit_ .restypes
POINTER(c_double),
POINTER(c_double)
]

button = np.ones( , dtype=c _double)*
res = np.ones( , dtype=c _double)*-
chisg= np.ones( , dtype=c_double)*-
cbpm_index =

nonlin_bpm library.nonlin orbit (
c_int(cbpm_index),
np.ctypeslib.as ctypes(button),
np.ctypeslib.as ctypes(res),
np.ctypeslib.as_ctypes(chisq)

(res, chisq)
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nonlin_orbit

Results are as expected, e.qg. for equal button amplitudes at CBPM #100:

(base) [atc93@Lnx6248 cbpm3 non_1in]$

(base) [atc93@Lnx6248 cbpm3 non_ lin]$

(base) [atc93@Lnx6248 cbpm3 non_lin]$ python ctypes fortran nonlin orbit2.py
nonlin bpm: Initializing bpm48& lookup table... using input file

nonlin bpm: Initializing ARC lookup table... wusing input file

nonlin bpm: Initializing CHESS-U lookup table... wusing input file

nonlin bpm: initializing quad offsets

Reading quad offsets from /nfs/cesr/online/machine data/meas/orbit/offset.bpm
nonlin _bpm: Initializing button calibration

[-9.00000043e-04 7.00000033e-05 5.91384591e+03] [3.87740912e-26]

(base) [atc93@Lnx6248 cbpm3 non_ lin]$

(base) [atc93@Lnx6248 cbpm3 non_lin]$%

Speed: about 50 us per position (Fortran compiled code speed)

Only one caveat: the first call (that loads the library) takes about 50 ms
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3-button nonlin_bpm feature

David Sagan added the 3-button feature to CESRV nonlin_bpm. It uses a look-up
file that contains individual button to be dropped:

/nfs/cesr/online/machine data/meas/orbit/bad bpm buttons.dat

&bad button
ix_bad button(100)

/
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3-button nonlin_bpm feature
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https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log

For CBPM3

We know that:

X Python and Fortran codes have similar accuracy
X Fortran code is about 50 times faster
X Fortran deals well with a 3-button situation

X it would be nice not to have to maintain two separate codes

So, from now on: called from Python, Fortran CESRV nonlin routine will be the
“official” code for the CBPM3 project

Python nonlin will not disappear and will still be used whenever something
interesting pops up
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Additional materials
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