Introducing Maneage:
Customizable framework for managing data lineage

[RDA Europe Adoption grant recipient. Submitted to IEEE CiSE (arXiv:2006.03018), Comments welcome]

Mohammad Akhlaghi

Instituto de Astrofisica de Canarias (IAC), Tenerife, Spain

RDA Spain webinar
July 9th, 2020

Most recent slides available in link below (this PDF is built from Git commit a678365):
https://maneage.org/pdf/slides-intro-short.pdf

- ‘m 3 Universidad Gobierno de Canarias
delalaguna gmmgnja de E(gnorl-:a,
. RESEARCH DATA ALLIANCE onocimiento y Empleo
EUROPE

HISTERO ~

BECENGA NNOVACION

VUNNERSOADES =
£

SUNDIAL



https://www.computer.org/csdl/magazine/cs
https://arxiv.org/abs/2006.03018
https://akhlaghi.org
https://www.bsc.es/news/events/rda-spain-webinar
http://git.maneage.org/slides-intro.git
https://maneage.org/pdf/slides-intro-short.pdf

Challenges of the RDA-WDS Publishing Data Workflows WG (DOI:10.1007/500799-016-0178-2)

Challenges (also relevant to researchers, not just repositories)
» Bi-directional linking: how to link data and publications.
» Software management: how to manage, preserve, publish and cite software?

» Metrics: how often are data used.
» Incentives to researchers: how to communicate benefits of following good practices to researchers.
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“We would like to see a workflow that results in all scholarly objects being connected, linked, citable,
and persistent to allow researchers to navigate smoothly and to enable reproducible research. This
includes linkages between documentation, code, data, and journal articles in an integrated
environment. Furthermore, in the ideal workflow, all of these objects need to be well documented to
enable other researchers (or citizen scientists etc) to reuse the data for new discoveries.”


https://doi.org/10.1007/s00799-016-0178-2

General outline of a project (after data coIIection)

Existing solutions:
Virtual machines
Containers (e.g., Docker) .
0Ss (e.g., Nix, GNU Guix) -

Green boxes with sharp corners: source/input components/files.
Blue boxes with rounded corners: built components.
Red boxes with dashed borders: questions that must be clarified for each phase.
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Science is a tricky business

Image from nature.com (“Five ways to fix statistics", Nov 2017)

Data analysis [...] is a human behavior. Researchers who hunt hard enough will turn up a result that fits
statistical criteria, but their discovery will probably be a false positive.
Five ways to fix statistics, Nature, 551, Nov 2017.



https://www.nature.com/articles/d41586-017-07522-z

Founding criteria

Basic/simple principle:

Science is defined by its METHOD, not its result.

» Complete/self-contained:
» Only dependency should be POSIX tools (discards Conda or Jupyter which need Python).
» Must not require root permissions (discards tools like Docker or Nix/Guix).
» Should be non-interactive or runnable in batch (user interaction is an incompleteness).
» Should be usable without internet connection.
» Modularity: Parts of the project should be re-usable in other projects.
> Plain text: Project's source should be in plain-text (binary formats need special software)
» This includes high-level analysis.
> It is easily publishable (very low volume of x100KB), archivable, and parse-able.
» Version control (e.g., with Git) can track project’s history.
» Minimal complexity: Occum’s rasor: “Never posit pluralities without necessity” .
» Avoiding the fashionable tool of the day: tomorrow another tool will take its place!
> Easier learning curve, also doesn't create a generational gap.
» |Is compatible and extensible.

» Verifable inputs and outputs: Inputs and Outputs must be automatically verified.

» Free and open source software: Free software is essential: non-free software is not configurable,
not distributable, and dependent on non-free provider (which may discontinue it in N years).



General outline of a project (after data collection)

Config options? History recorded?
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. What version? : :: Dependencies? Runtime options? Report this info?
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Green boxes with sharp corners: source/input components/files.
Blue boxes with rounded corners: built components.
Red boxes with dashed borders: questions that must be clarified for each phase.




Matplotlib library

Example: Matplotlib (a Python visualization library) build dependencies

—

Real depén@ncies

induced by package granularity

Fig. 1. Transitive dependencies of the software environment required by a simple “import matplotlib” command in the Python 3 interpreter.

\ Fake OS dependencies

From “Attributing and Referencing (Research) Software: Best Practices and Outlook from Inria” (Alliez et al. 2020, CiSE, DOI:10.1109/MCSE.2019.2949413).
[m]



https://doi.org/10.1109/MCSE.2019.2949413

Advantages of this build system

v

Project runs in fixed/controlled environment: custom build of Bash, Make,
GNU Coreutils (1s, cp, mkdir and etc), AWK, or SED, IATEX, etc.

v

No need for root/administrator permissions (on servers or super computers).

v

Whole system is built automatically on any Unix-like operating system
(less 2 hours).

v

Dependencies of different projects will not conflict.

https://natemowry2.wordpress.com

v

Everything in plain text (human & computer readable/archivable).


https://natemowry2.wordpress.com
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General outline of a project (after data collection)

Config environment?
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Red boxes with dashed borders: questions that must be clarified for each phase



Input data source and integrity is documented and checked

Stored information about each input file:

»> PID (where available).
» Download URL.
> MD5-sum to check integrity.

All inputs are downloaded from the given PID/URL when necessary

(during the analysis).

MD5-sums are checked to make sure the download was done properly or the file
is the same (hasn’t changed on the server/source).

Example from the reproducible paper arXiv:1909.11230.
This paper needs three input files (two images, one catalog).

emacs@akhlaghi
File Edit Options Buffers Tools Makefile Help
L) g x E Q
B Input files necessary for this project
H
# This file is read by the configure script and running Makefiles
+
# Copyright (C) 2018-2019 Mohammad Akhlaghi <mohammad@akhlaghi.org>
M
# Copying and distribution of this file, with or without modification, are
# pernitted in any mediun without royalty provided the copyright notice and

# this notice are preserved. This file is offered as-is, without any
# warranty

MS1SDSSRURL = https://dr12.sdss.org/sas/dr12/boss/photo0bj/frames/301/3716/6
M51SDSSRIMAGE = frame-r-003716-6-0117.fits.bz2
M51SDSSRUDS = 965da8bad861e9429701521a11b2d80aa

=2.8m

M51SDSSRSIZE
XOFF7SSWURL = http://axchive. stsci.edu/pub/hlsp/xdf
XOFF7SSWIMAGE = hlsp_xdf_hst_acswfc-60mas_hudf_f775w_v_sci. fits
XOFF75SHMDS = 81408ed0949bd3ad3cdbfe7e22947266

XOFF77SHSIZE = 106M

UVUDFSEGURL = https://asd. gsfc.nasa.gov/UVUDF

UVUDFSEGIMAGE = segmentation_map_rafelski_2015. fits.gz
UVUDFSEGMDS = 29d5b3e5311b77512baf27db6ad0el1b
UVUDFSEGSIZE = 1.3M

INPUTS .k Git-master (GNUmakefile)
For infomation about GNU Eracs and the GNU systen, type C-h C-a



https://arxiv.org/abs/1909.11230
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Reproducible science: Maneage is managed through a Makefile

All steps (downloading and analysis) are managed by Makefiles
(example from zenodo.1164774):

» Unlike a script which always starts from the top, a Makefile starts from the
end and steps that don’t change will be left untouched (not remade).

> A single rule can manage any number of files.
» Make can identify independent steps internally and do them in parallel.

> Make was designed for complex projects with thousands of files (all major
Unix-like components), so it is highly evolved and efficient.

> Make is a very simple and small language, thus easy to learn with great
and free documentation (for example GNU Make's manual).

emacs@akhlaghi
File Edit Options Buffers Tools Makefile Help
° H x Sa Und E Q
# Run Notsechisel
p

# NoiseChisel's output is needed for several things down the Line: Its
ky standard deviation ouputs wi

# runs of MakeCatalog. Its detections are also going to be used to

# create a NoiseChisel segmentation map. We also need the Sky values

# for the raw aperture catalogs, so we'll also run NoiseChisel on the

# inages with a gradien

nefdir): |
rolceehatbs forenth T 3(ater \ters), STERAR/EISTIENS)
§(foreach 1, Sixdfuig

r
225w fits" 1 || [ §* == "udf_f275u.fits" |

fi;
$3%xtraopt --d =0.9 =0.9 $< -058

# Pure NoiseChisel catalog on dch filter/depth
LR SERORSIRIRRSR A R

#
# Catalog of all of NoiseChisel's\lumps on each filter. Do not

# confuse this with the aperture pligtometry catalog that is also

# generated by MakeCatalog. For the'gane filter, both catalogs use the
# sane inage, sky and sky standard dlyiation inages, but the labeled
# inages differ. Here NoiseChisel's Lapeling is use

# aperture labeled inage is created separately.

nccatdir = $(catdir)/noisechisel

nerancatdir = $(catdin)/oisechisel/ray

ncrawcat = $(foreach f, $(al )8 tdir) /udf_$(f) c.txt)
$(foreach f, $(x tdir) /xdf_$(f)_c.txt)

$(nccatdir): | $(catdir); m

[y TR T

s(ncrawcat) : §{fcraucatdin) /% c.txt: $( m)ﬂ

anuastro/astakcatatog.cont | §
2p=88{reproduce/src/zeropoints..sh stonra
astnkcatalog $< --zeropoint=5$zp -0$(D)/$"

# write values for LaTex

23% 146 Git-master (GNUmakefile)

L
1336w, f1ts" 1; then extraopt="-qthresh=0.4";


https://doi.org/10.5281/zenodo.1164774
https://www.gnu.org/software/make/manual/
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Values in final report/paper

All analysis results (numbers, plots, tables) written in paper’'s PDF as KTEX macros. They are thus

updated automatically on any change.

Shown here is a portion of the NoiseChisel paper and its BTEX source (arXiv:1505.01664).

\begin{equation}
\label{tSNeq}
\mathrm{S/N}_t=\frac{NF-NS_a}{\sqrt{NF+N\sigma s~2}}
=\frac{\sqrt{N}(F-S_a)}\sqrt{F+\sigma_s"2}}.
\end{equation}

\noindent

See Section \ref{SNegmodif} for the modifications required when
the input image is not in units of counts or has already been
Sky subtracted. The distribution of {\small S/N}$ t$ from the
objects in $R s$ for the three examples in Figure \ref{dettf}
can be seen in column 5 (top) of that figure. Image processing
effects, mainly due to shifting, rotating, and re-sampling the
images for co-adding, on the real data further increase the size
and count, and hence, the {\small S/N} of false detections in
real, reduced/co-added images. A comparison of scales on the
{\small S/N} histograms between the mock ((a.5.1) and (b.5.1))
and real (c.5.1) examples in Figure \ref{dettf} shows the effect
quantitatively. In the histograms of Figure \ref{dettf}, the bin
with the largest number of false pseudo-detections respectively
has an {\small S/N} of $\onelargedettfmaxs,
$\sensitivitycdettfmax$, and $\fourdettfmax$.D

smaller than --detsnminarea are removed from the analysis in
both R; and R;. In the examples in this section, it is set to
15. Note that since a threshold approximately equal to the Sky
value is used, this is a very weak constraint. For each pseudo-
detection, S/N7 can be written as,

NF —NS, N(F —S,
S/NT:—:M, 3)

/NF +No3 \/JF+03%

See Section 3.3 for the modifications required when the input im-
age is not in units of counts or has already been Sky subtracted.
The distribution of S/N7 from the objects in Ry for the three ex-
amples in Figure 7 can be seen in column 5 (top) of that figure.
Image processing effects, mainly due to shifting, rotating, and
re-sampling the images for co-adding, on the real data further
increase the size and count, and hence, the S/N of false detec-
tions in real, reduced/co-added images. A comparison of scales
on the S/N histograms between the mock ((a.5.1) and (b.5.1)) and
real (c.5.1) examples in Figure 7 shows the effect quantitatively.
In the histograms of Figure 7, the bin with the largest number
of false pseudo-detections respectively has an S/N of 1.89, 2.37,
and 4.77.

The S/N7 distribution of detections in R, provides a very ro-


https://arxiv.org/abs/1505.01664

Analysis step results/values concatenated into a single file.

All IATEX macros come from a single file.

r

emacs@akhlaghi

File Edit Options Buffers Tools TeX Text Help

o L H X [Esave Undo

L) | Ef

Nnewcommand{\onelargescb}{lg.41}
\newcommand{\onelargescc}{17.93}
\newcommand{\onelargescd}{17.22}
\newcommand{\onelargesce}{17.09}
\newcommand{\severallargesca}{199.33}
\newcommand{\severallargesch}{196.68}
\newcommand{\severallargescc}{194.16}
\newcommand{\severallargescd}{192.60}
\newcommand{\severallargesce}{191.86}
\newcommand{\fourdettfnum}{132}
\newcommand{\fourdettfmax}{4.77}
\newcommand{\fourdettfqnt}{8.50}
\newcommand{\onelargedettfnum}{113}
\newcommand{\onelargedettfmax}{1.89}
\newcommand{\onelargedettfqnt}{3.82}
\newcommand{\sensitivitycdettfnum}{111}
\newcommand{\sensitivitycdettfmax}{2.37}
\newcommand{\sensitivitycdettfqnt}{3.61}
\newcommand{\dettfsmallestsngnt}{3.61}
\newcommand{\scccdnaxisa}{2048}
\newcommand{\scccdnaxisb}{4177}
\newcommand{\onedgepa}{45}
\newcommand{\onedgedist}{35}
\newcommand{\senamed}{5.6}
\newcommand{\senamode}{5.7~{LS}}

\newcommand{\senascconvi{5.4\nm99.9}
-:--- texmacros.tex 64% L209 (LaTeX)




Analysis results stored as IATEX macros

The analysis scripts write/update the IKTEX macro values automatically.

# Numbers for dettf.tex:
s50qnt=9999999

function dettfhist

{

# Set the file name.

if [ $2 == 4 1; then obase=four

elif [ $2 = sensitivity3 ]; then obase=sensitivityc;
else obase=$2;

fi

if [ $2 == onelarge 1; then ind="_7"; else ind="_12"; fi
name=$1$2$ind"_detsn"$txt

dettfnum=$(awk '/points binned in/{print $4; exit(0)}' $name)
dettfgnt=$(awk '/quantile has a value of/{
printf("%.2f", $9); exit(0);}' $name)

dettfmax=$(awk 'BEGIN { max=-999999 }

v/~ { if($2>max) {max=$2; mv=$1} }

END { printf("%.2f", mv) }' $name)
addtexmacro $obase"dettfnum" $dettfnum
addtexmacro $obase"dettfmax" $dettfmax
addtexmacro $obase"dettfgnt" $dettfgnt

# Find the smallest S/N quantile:
sqnt=$(echo " " | awk '{if('$dettfqnt'<'$sqnt') print '$dettfgnt'}"')
}
for base in 4 onelarge sensitivity3
do dettfhist $texdir/dettf/ $base; done
addtexmacro dettfsmallestsngnt $sqnt



Let's look at the data lineage to replicate Figure 1C (green/tool) of Menke+2020
(DOI:10.1101/2020.01.15.908111), as done in arXiv:2006.03018 for a demo.

C. Identifiability for research resources
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https://doi.org/10.1101/2020.01.15.908111
https://arxiv.org/abs/2006.03018

All analysis steps cascade down to paper.pdf (URL and checksum of input in INPUTS. conf).

top-make . mk
initialize.mk download.mk format.mk demo-plot.mk

Basic project info

(e.g., Git commit). |\y( menke20.x1sx
Also defines ( table-3.txt )

project structure
(for *.mk files).

tools-per-
year.txt

2
Gnitialize.tea ‘}(download‘tex) ( format.tex ) »(demo-plot.tex)
| 1 |
2 J J)

J verify.mk paper .mk
verify )@—) paper . pdf
—

1 1
I paper . tex I

Green boxes with sharp corners: source files (hand written).
Blue boxes with rounded corners: built files (automatically generated),
built files are shown in the Makefile that contains their build instructions.

| references. tex

[m] = =




It is very easy to expand the project and add new analysis steps (this solution is scalable)

----------- 1
INPUTS. conf .= param.conf
IR 4

top-make.mk -
initialize.mk download.mk format.mk demo-plot.mk :: next-step.mk |
[, L
| |
4mmmmmt bt e e .- He e e e e emea by out-a.dat ‘,-‘\

kS

Basic project info S

i
- . |l

. . .
(e.g., Git commit). [N menke20.xlsx Jrl====m=m=m=m==== ).\ demo-out.dat | | |
S

D TR

[ | il ~
Also defines ( table-3.txt ) Smmme. % out-b.dat
project structure — A ek Rl
(for *.mk files).

S

tools-per-
year.txt

2 PR R
’
Gnitialize.tea ‘}(download‘tex) ( format.tex ) »(demo-plot.tex) 4 next-step. tex
T T T S
2 ) D
J verify.mk paper .mk
verify )@—) paper . pdf

—
1 1

I paper . tex I

Green boxes with sharp corners: source files (hand written).
Blue boxes with rounded corners: built files (automatically generated),
built files are shown in the Makefile that contains their build instructions.

| references. tex

[m] = =




All questions have an answer now (in plain text: human & computer readable/archivable).

g environment? :

Green boxes with sharp corners: source/input components/files.
Blue boxes with rounded corners: built components.
Red boxes with dashed borders: questions that must be clarified for each phase.



g nV|ronment7

All questions have an answer now (in plain text: so we can use Git to keep its history)

.
-~
Green boxes with sharp corners: source/input components/files
Blue boxes with rounded corners: built components

Red boxes with dashed borders: questions that must be clarified for each phase
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New projects branch from Maneage

a4d96c0

b52cc6f

2d808f2

Olce2cc

32043ee

8ebb784

le06fe2

9f8cc74

fa2ac10

53b53d6

706c644 PrOjeCt

ad2c476

Maneage

» Each point of project’s history is recorded with Git.

» New project: a branch from the template.

vV v.v. v Yy

v

Recall that every commit contains the following:

» Instructions to download, verify and build software.
> Instructions to download and verify input data.

> Instructions to run software on data (do the analysis).
> Narrative description of project’s purpose/context.

Research progresses in the project branch.

Template will evolve (improved infrastructure).
Template can be imported/merged back into project.
The template and project will evolve.

During research this encourages creative tests
(previous research states can easily be retrieved).

Coauthors can work on same project in parallel
(separate project branches).

Upon publication, the Git checksum is enough to
verify the integrity of the result.

“Verified" image from vectorstock.com


https://www.vectorstock.com/royalty-free-vector/red-vintage-verified-stamp-retro-style-on-white-vector-22770076

Two recent examples (publishing Git checksum in abstract)

arXiv:1909.11230v1 [astro-ph.IM] 24 Sep 2019
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Carving out the low surface brightness
universe with NoiseChisel

Mohammad Akhlaghi'*

sttt do Astrofia de Canaria, C/ Vi Licten, 38200 L Lagun, Tenerife,Spain.
mohamnad@akhlaghi.org
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Abstract. NeiseChisl i a program o detect vy ow sigal-o-oi ratio (8/N) eaares wich
their morphology. It d released within a col-
o v knowh o GNU Aty Ui Gontre)
wastro, NoiseChisel has significantly improved: detecting
al, enabling better user control over its inner workings, and many bug fixes
The most important change may be that NoiseChisel’s scgmentation features have been moved
in 8 e progam caled Segent. Anctie mor chans s the el gt ststoy of s
true deection, o cxampl NoseChise i able
of 025, or 28.27 mag/arcsec? on a single-cxj
to detect the localized HII regions as “clmyé-ich.s
controlled analysis, the concept of a “rey

reproducible (snapshot v4-0-g8505cfd).
Keywords. galaxies: halos, galaxi
methods: reproducible, techniques: image

1. Introduction

Signal from
thus requires accurate detection methods. In Akhlaghi and o (2015) (hence[urlll
ATI5) a new method was introduced t0 detect such very low signal-to-noise ratio (S/N)
signal from the images in a non-parametric manner. It allows accurate detection of the
diffuse outer features of galaxies (that often have a different morphology from the cen-
ters). The software implementation of this method (NoiseChisel) is relcased as part of a
larger collection of data analysis software known as GNU Astronomy Utilitiest (Gias-
tro). It was the first professional astronomical software to be independently refereed by
an independent panel (GNU Evaluation committec) and fully conforms with the GNU
Coding Standardst.

Since its release, NoiseChisel has been used in many studies. For example Bacon et al.
(2017) used it to identify objects that were missed by Rafelski et al. (2015) (henceforth
R15), who used a combination of six SExtractor (Bertin and Amouts 1996) runs with

different configurations to avoid deblending problems, but still missed many sources
with significant signal, see Figure 1. Borlaff et al. (2019), Mller et al. (2019), and Trujillo
et al. (2019) used it for accurate i e and Sky subtraction to create decper co-added
mages in galaxy fields for optimal detection of the low surface brightness features. Calvi
et al. (2019) used it to find Lyman-a emitters in spectra. For future studies, Laine et al.

. Finally, to orchestrate a
his paper itself is exactly

structure, methods: data analysis,
jues: photometric

t neeps://wee.gnu. org/s/gnuastro
1 hteps://mw.gnu.org/prep/standards
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Publication of the project

A reproducible project using Maneage will have the following (plain text) components:
> Makefiles.
» IATEX source files.
» Configuration files for software used in analysis.
» Scripts/programming files (e.g., Python, Shell, AWK, C).

The volume of the project’s source will thus be negligible compared to a single figure in a paper
(usually ~ 100 kilo-bytes).

The project’s pipeline (customized Maneage) can be published in
» arXiv: uploaded with the IATEX source to always stay with the paper
(for example arXiv:1505.01664 or arXiv:2006.03018).
> Zenodo: Along with all the input datasets (many Gigabytes) and software
(for example zenodo.3872248) and given a unique DOL.


https://arxiv.org/abs/1505.01664
https://arxiv.org/abs/2006.03018
https://doi.org/10.5281/zenodo.3872248

Executing a Maneaged project (for example arXiv:2006.03018)

$ git clone https://gitlab.com/makhlaghi/maneage-paper # Import the project.

$ ./project configure # You will specify the build directory on your system,
# and it will build all software (about 1.5 hours).

$ ./project make # Does all the analysis and makes final PDF.


https://arxiv.org/abs/2006.03018

Future prospects...

Adoption of reproducibility by many researchers will enable the following:

> A repository for education/training (PhD students, or researchers in other fields).

> Easy verification/understanding of other research projects (when necessary).

» Trivially test different steps of others’ work (different configurations, software and etc).

> Science can progress incrementally (shorter papers actually building on each other!).

> Extract meta-data after the publication of a dataset (for future ontologies or vocabularies).

» Applying machine learning on reproducible research projects will allow us to solve some Big
Data Challenges:

» Extract the relevant parameters automatically.

» Translate the science to enormous samples.

» Believe the results when no one will have time to reproduce.
| 4

Have confidence in results derived using machine learning or Al.



Summary:
Maneage and its principles are described in arXiv:2006.03018. It is a customizable template that will
do the following steps/instructions (all in simple plain text files).

» Automatically downloads the necessary software and data.

» Builds the software in a closed environment.

» Runs the software on data to generate the final research results.

» Modification of part of the analysis will only result in re-doing that part, not the whole project.

» Using LaTeX macros, paper’s figures, tables and numbers will be Automatically updated after a
change in analysis. Allowing the scientist to focus on the scientific interpretation.

» The whole project is under version control (Git) to allow easy reversion to a previous state. This

encourages tests/experimentation in the analysis.

» The Git commit hash of the project source, is printed in the published paper and saved on output
data products. Ensuring the integrity/reproducibility of the result.

v

These slides are available at https://maneage.org/pdf/slides-intro-short.pdf.

v

Longer slides are available at https://maneage.org/pdf/slides-intro.pdf.

For a technical description of Maneage's implementation, as well as a checklist to customize it, and
tips on good practices, please see this page:
https://gitlab.com/maneage/project/-/blob/maneage/README-hacking.md



https://arxiv.org/abs/2006.03018
https://maneage.org/pdf/slides-intro-short.pdf
https://maneage.org/pdf/slides-intro.pdf
https://gitlab.com/maneage/project/-/blob/maneage/README-hacking.md

