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Scientific Rationale
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- Some observe spectra, some observe variability. Is
possible to use the full information?

- Example: a variable accretion flow that propagates
through an atmosphere (corona), that illuminates
the accretion disk and gets reflected. Can we
disentangle the emission regions?

- Stingray: ease the learning curve for advanced
spectral-timing techniques, with a correct statistical
framework
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Huppenkothen et al. (2019)  Bachetti et al. (2024)
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Technical Objectives, Methodologies, and Solutions:
what is able to do S

Ref. band: 0.5-12 keV

*“Timing” analysis 01308
* Pulsation searches and timing E—
* Aperiodic variability, periodogram modelling (ML, Bayesian)
*Spectral analysis -> connect to Xspec, Sherpa
* Continuum modeling
* Broad lines (e.g. Fe complex, cyclotron lines)
*Polarimetry
*Spectral-timing techniques:
* Time/Phase lags

Time lag (ms)

Energy (keV)

* Coherence
« Covariance m
+ et L
.. all with instrument awareness — F20-ttal s
* Be aware of instrumental systematics: dead time, frame time, good T ow
time intervals, etc. B RS T T 8

Frequency (Hz)

* Mission support
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Technical Objectives, Methodologies, and Solutions:
an open development model 27T oo DTL T T

° G ithub-based Workflow: = stingray  Public 7 EditPins ® Unwatch 20 ~ % Fork 123 - Y7 Star 150 -
° Issue trackl ng ¥ main ~  §° 23branches ©12tags Gotofile  Addfile~ About @

Anything can happen in the next half
‘ matteobachetti Merge pull request #764 from StingraySoftware/weighte... ... v 17fbafe 2 daysago O 3,417 commits hour (including spectral timing made

* Assignments

B .github/workflows Add slow tests with basic dependencies only 2 weeks ago

& stingray.science/stingray

[ P u | I Re u eStS docs Add changelog 3 days ago
timeseries  time-series  astronomy

0 joss Try to fix mess with htest 2 years ago astrophysics  data-analysis  blackhole
I stingray Fix docstrings [docs only] 2 days ago x-ray-binaries  hacktoberfest
fourier-analysis  x-ray
B validation Move here TOA validation 6 years ago . N .
. time-series-analysis  pulsars
.
« Community outreach: D ot
. . i blackholes
. [ .gitmodules Integrate StingrayDocs repository contents 3 years ago
* Public Slack channel
[ CHANGELOG.rst Fix changelog 5 months ago M Readme
&5 MIT license
D CODE_OF_CONDUCT.md Create code of conduct [skip ci] 6 years ago
o I al kS @& Code of conduct
[ CONTRIBUTING.md Fix broken links [docs only] 2 months ago A Activity
° I I 5 C kat : n S/Tu to ri 5 | S [ CREDITS.rst Fixed with John's suggestions. last year ¢ 150 stars
[ LICENSE.rst Added changed LICENSE and tox files 3 years ago © 20 watching
. % 123 forks
MANIFEST.in Changes done till Step 13/17 3 years ago
* OpenAstronomy involvement 0 s A
D README.rst Fix Slack link in README 2 months ago

* Astropy affiliated package
‘ SpecTemPolar!
PRIN INAF 2019

* Developers:
INAF

* Astronomers ,
7 ISTITUTO NAZIONALE Google Summer of Code
» Google Summer of Code students UNIAM 2= (o0 2016, 2017, 2018, 2020,
PRIN MIUR 2017 2021, 2022, 2023, 2024,
2025
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Technical Objectives, Methodologies, and Solutions:
reliability and performance testing PR e

> Cote. © ware @ 11 rilrns @ 5 Sk © st e @
« Code correctness hotlons v Alworkows [ s o
* Test-based development P et
* Literature reproduction
* Regression testing: continuous integration with Github E .
Actions and tox S
* Unit tests _
- Integration tests e o
* Performance I
- Profiling: line_profiler, %time, memory_profiler, etc. &.°"
- Small-dataset testing (< RAM): verify “acceptable” : == L

execution times

* Scalability for larger-than-RAM datasets
* Documentation

\
* Use Sphinx + Github Actions for automatic docs . R L =C
building . —_ cn e
* Linkcheck for periodic link checking in the docs
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Main Results

LARGE data sets (> 32GB) SMALL data sets (< 32GB)

1.Data loading 1. GPU porting

-Call Stack

histogram

2.Parallelisation o

cal percal percall filenam cti
9.515¢-0: y:1554( | ba_seq)
11111111 0.00014 py:127. rable_from_s
6464 6464 64 0.6464 ~0(<method 'searchsorted" of ‘numpy.ndarr:
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Main Results: LARGE data sets (> 32GB)

1. Data loading

Let’s be “lazy”: lazy loading with FITSTimeseriesReader

Now, let’s try not to even pre-load the events. What will happen? First of all, we use the new class
FITSTimeseriesReader to lazy-load the data, meaning that the data remain in the FITS file until we try to access
them. This occupies very little memory.

[16]: from stingray.io import FITSTimeseriesReader
%memit fitsreader = FITSTimeseriesReader(fname, data_kind="times")

peak memory: 2245.34 MiB, increment: 0.00 MiB

[17]: from stingray.gti import time_intervals_from_gtis
start, stop = time_intervals_from_gtis(fitsreader.gti, segment_size)
%memit interval_times = np.array(list(zip(start, stop)))

peak memory: 2245.36 MiB, increment: 0.00 MiB

Let’s create an iterable that uses the FITSTimeseriesReader to send AveragedPowerspectrum the pre-binned light
curves for each segment. Events will be read in chunks from the FITS file, and streamed as light curve segments on the

fly.
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Main Results: LARGE data sets

2. Parallelisation

Multiprocessing MPI

Main process
Node #1

Node #1 Node #2 Node #3 Node #4

Process #1 Process #2 Process #3 Process #4

Main process Node #1
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Main Results: LARGE data sets

@ standard

G 10%; MPI
2 1 e Multiprocessing
g 107 -
ho] 3
Q i
& 1003 e, 89T
w 2 > . . )
-1 QORGP - 2000 MPI is faster

than the multiprocessing

Time ratio

Number of bins per segment
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Main Results: SMALL data set (< 32GB)

Call Stack

style: | Sunburst v

histogram

Depth: 20 v

cutoff: | 1/1000 v \
Name: ‘\\
histogram

Cumulative Time:

~,
7.86 s (59.43 %) N
ile: S N
utils.py
Line:
2224
Directory: —_—
/Users/meo/devel/ I I I I I l
StingraySoftware/stingray/
stingray/ O r I I
L}
4 ;
Search:
ncalls tottime percall cumtime percall filename:lineno(function)

78125 7417 9.493e-05 7433 9.515¢-05 utils.py:1554(_histld_numba_seq)

78126 1.481 1.896e-05 10.95 0.0001401 fourier.py:1274(get_flux_iterable_from_segments)

1 0.6464 0.6464 0.6464 0.6464 ~:0(<method 'searchsorted' of 'numpy.ndarray' objects>)
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Main Results: SMALL data set (< 32GB)

histld numba_seq (CPU) vs histld numba_gpu (GPU)

107 -
cumtime .
- . . ° ™ - ® Y
@
1072 3 . .
R Porting in GPU?
£
[ 8]
1073 3 ]
- . Not convenient :(
1044 * >
] I
e GPU
® CPU
10°% -+ r—— T T— T — T
102 103 104 10° 10° 107 108

data size (for np.random.uniform)
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PDP 2025 histld numba_seq (CPU) vs histld numba_gpu_fft (GPU)

0 J
10° ; °

Distrit d » Netwa s Yooeesing (FOF & 1
1294 March 2025, Torino Onaly) | . . . . .

101 E

E .
: W 107
What about adding the FFT? PO
- ] Y
i: 10—3_E
] °
10—4_; @
] .
O O f . ® GPU
| [cumtime e CPU
O e e e ——
103 104 105 108 107 108
data size (for np.random.uniform)
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Conclusions and final steps

LARGE data sets (> 32GB) SMALL data sets (< 32GB)

1. GPU porting
1.Data loading

2.Parallelisation

— |mplementation and BM w

— Include it in the codebase NEXT
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Conclusions and final steps

LARGE data sets (> 32GB) SMALL data sets (< 32GB)

1. GPU porting
1.Data loading

2.Parallelisation

— |mplementation and BM w B I '
U ]

— Include it in the codebase NEXT
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Conclusions and final steps: future for Stingray

® Bl -0 Spectral timing in Julia
I Julia DESCRIPTION
REQUIREMENTS The analysis of time series from astronomical observations in the X-rays is an

» Understanding Python code excellent tool to test advanced physical theories. Of particular interest are the
o Julia knowledge periodicities that are often observed in the X-ray signals coming from the
surroundings of accreting black holes, and the evolution of the rotation period of

INITIATIVES neutron stars. The essential toolbox for X-ray timing analysis includes different kinds

Matteo Bac hetti ] of periodograms, cross spectra, and a number of “variability vs energy spectra’, that

allow to understand the variability at different energies. This project is about the
Fe rg uS Baker COLLABORATING PROJECTS implementation of a basic set of X-ray timing analysis operations in Julia, continuing
and the porting of the core operations from the (stingray) Python package [initiated

during Google Summer of Code 2022] (https:/github.com/StingraySoftware/

TAGS Stingray,jl)

Kashish Shrivastav e e Lineseies s MILESTONES

DIFFICULTY Coding starts

GSOC 2025 With OpenAStronomy @ e Gain familiarity with the codebase

e Apply existing analysis to simulated datasets
e Implement I/0 operation on FITS files

@ 1st evaluation

PROJECT SIZE

MENTORS e Implement a series of tests in Julia that the new code will have to pass

e Extend basic operations (periodograms and cross spectra) to event lists and
@fjebaker light curves

e Time lags and coherence spectra
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