
Yang Liu

Madagascar School on Open-Source Geophysics in Hefei 2020

Introduction to Madagascar Software Project

An open-source software package for transparency in science！
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Science or Black Magic ?

Slice courtesy of  Sergey Fomel (ICERM, Providence, 2012)
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The word  science comes from the Latin "scientia", meaning knowledge.

What is Science ?

Courtesy of Sergey Fomel (School, Shanghai, 2017)

Science is the systematic enterprise of gathering 
knowledge about the universe and organizing and 
condensing that knowledge into testable laws and 
theories. The success and credibility of science are 
anchored in the willingness of scientists to expose 
their ideas and results to independent testing 
and replication by other scientists. This requires 
the complete and open exchange of data, 
procedures and materials.
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Why Reproducible?

…if you are publishing research articles that use computer programs, if you want to claim
that you are engaging in science, the programs are in your possession and you will not
release them then I would not regard you as a scientist; I would also regard any papers
based on the software as null and void. --From 《The Guardian》

Science needs vocal skeptics and openness!!
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“A SIMPLE idea underpins science: trust, but verify. 
Result should always be subject to challenge from 
experiment. That simple but powerful idea has generated a 
vast body of knowledge. Since its birth in the 17th century, 
modern science has changed the world beyond 
recognition, and overwhelmingly for the better. But 
success can breed complacency. Modern scientists are 
doing too much trusting and not enough verifying to the 
detriment of the whole of science, and of humanity.”
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http://ahay.org/blog/2013/10/26/trust-but-verify/

Why Reproducible?

Science needs verification!!



Reproducible Research and Open-Source Software

Courtesy of Sergey Fomel (SIAM Geosciences,  Long Beach, 2011)

From Science to Open-Source Software

“Abandoning the habit of secrecy in favor of process 
transparency and peer review was the crucial step by which alchemy 
became chemistry. 

In the same way, it is beginning to appear that open-source
development may signal the long-awaited maturation of software 
development as a discipline.” 

Eric S. Raymond, TAUP, 2004
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Claerbout’s Principle

“An article about 
computational science in a 
scientific publication is not the 
scholarship itself, it is merely 
advertising of the scholarship. 
The actual scholarship is the 
complete software 
development 
environment and the 
complete set of 
instructions which 
generated the figures.” 

(Buckheit and Donoho, 1995)

“It is a big chore for one 
researcher to reproduce the 
analysis and computational 
results of another […] I 
discovered that this problem has 
a simple technological solution: 
illustrations (figures) in a 
technical document are made by 
programs and command 
scripts that along with 
required data should be 
linked to the document 
itself […] This is hardly any 
extra work for the author, but it 
makes the document much 
more valuable to readers who 
possess the document in 
electronic form because they are 
able to track down the 
computations that lead to the 
illustrations.” 

(Claerbout, 1991)

Reproducible Principle

Courtesy of Sergey Fomel (AGU, San Francisco, 2015; SIAM Geosciences,  Stanford, 2015) 9



Reproducible Laws

• Reproducibility is not the goal.
• The principal beneficiary is the author.
• Each computation is a test.
• Reproducibility requires maintenance, 

maintenance requires an open community.
(Fomel, 2015)
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Reproducible Research at SEP

• Stanford Exploration Project (SEP)
– Founded in 1973
– 2 Ph.D. students per year

• Reproducible research (SEPlib)
– Jon Claerbout constructed first version 

of SEPlib
– From CD-ROMs to WWW
– From cake to GNU make
– 2001 CiSE paper

• 1987: Sunview experience
– Interactive programs are slavery

• 1992: LaTeX + cake
– Rebuilding books by a single command
J. Claerbout, Electronic Documents Give Reproducible Research a 
New Meaning, in Proc. 62nd Ann. Int. Meeting of the Soc. of 
Exploration Geophysics, 1992, pp. 601–604

• 1990s: Ph.D. students
– cake to make, CD-Rom to WWW

• 2001: reproducible research paper in CiSE
– The principal beneficiary is the author

Jon Claerbout’s Story

Courtesy of Sergey Fomel (Berlin 6 Open Access Conference, Düsseldorf, 2008) 11
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Why Madagascar ?

Courtesy of Ioan Vlad and Charles Kovacs (OSTRCG, Houston, 2011)
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Why Madagascar ?

Madagascar is not the only open-source geophysical package, but it 
is the only one to provide all the components of a shared research 
environment: 

 Standalone programs for out-of-core data analysis;
 Standalone programs for geophysical data processing and imaging;
 A development kit for C, C++, Java, Fortran-77, Fortran-90, Python,   

Matlab, Octave, and Julia;
 A framework for reproducible numerical experiments, based on SCons;
 A framework for scientific publications, based on SCons and LaTeX;
 A collection of reproducible scientific articles also used as usage examples 

and regression tests for the standalone programs;
 A collection of datasets used as input to reproducible numerical 

experiments.
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Madagascar Software Project

 Project manager: Prof. Sergey Fomel

 Start around 2003

 Publicly available since June 12, 2006

 Current stable version: 3.0

 84 developers and more by now

 25 workshops and schools in 10 countries

 Main Page: http://www.ahay.org

Locations of authors contributing reproducible paper
(2006-2015) 16



http://ahay.org/blog/2006/04/19/madagascar/

RSE: Sydney Rose Bay in Australia
RSG: Serra Pelada in Brazil

1. About name:

RSF (The Regularly Sampled Format): A meaningless abbreviation that nobody can remember.

Madagascar: A symbol of isolation, which is a reminder of what RSF does not want to be.

Ahay:  the Malagasy name for aye-aye, a strange nocturnal primate that lives in Madagascar.

Prof. Sergey Fomel created a virtual 
international airport codes for 
Madagascar software.

Madagascar History
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2. Release notes for stable version:
http://ahay.org/wiki/Release_Notes#Release_2.0_.282017-07-08.29

 Release 1.0 (2010-07-23)
 Release 1.1 (2011-01-18)

 Release 1.2 (2011-07-14)

 Release 1.3 (2012-04-22)

 Release 1.4 (2012-04-22)

 Release 1.5 (2013-07-24)

 Release 1.6 (2014-05-09)

 Release 1.7 (2014-04-13)

 Release 2.0 (2017-07-08)

 Release 3.0 (2019-09-09)

3. Major administrative change:
 Repository (2015-7-28)：

From SourceForge to GitHub

 Blog (2015-8-29)：
From Serendipity to WordPress

Download statistics from 2006 to 2020

Madagascar History

18



Madagascar Activities

Locations of Madagascar workshops and schools 2006–2020

x8
x3

 2013--Melbourne, Australia; Austin, USA
 2014--St. Petersburg, Russia; Houston, USA
 2015--Harbin, China ; Houston, USA; Qingdao, China
 2016--Zürich, Switzerland; Vienna, Austria; Houston, USA
 2017--Houston, USA; Shanghai, China; Houston, USA
 2018--Houston, USA
 2020--Hefei, China (current)

Conference Presentations
 Lausanne 2016 (PASC)
 San Francisco 2015 (AGU)
 Stanford 2015 (SIAM Geosciences)
 New York 2013 (NYU Poly)
 Providence 2012 (ICERM)
 Austin 2012 (SciPy)
 Cary 2011 (Interface)
 Long Beach 2011 (SIAM Geosciences)
 Reno 2011 (SIAM CS&E)
 Austin 2010 (SciPy)
 Salt Lake City 2010 (NSF Archive Workshop)
 Düsseldorf 2008 (Berlin 6)
 Austin 2008 (Texas Python Unconference)
 Austin 2008 (Scientific Software Days)
 Rio de Janeiro 2007 (SBGf)
 Vancouver 2007 (AIP)
 Honolulu 2007 (ICASSP)
 Austin 2007 (Scientific Software Day)
 New Orleans 2006 (SEG)
 Vienna 2006 (EAGE)

Madagascar Workshops and Schools

 2006--Vancouver, Canada
 2007--Austin, USA
 2008--Golden, USA
 2009--Delft, Netherlands; Salvador, Brazil
 2010--Houston, USA
 2011--Beijing, China; Houston, USA
 2012--Austin, USA; Copenhagen, Denmark

19



20

Madagascar Architecture

Courtesy of Sergey Fomel (School, Houston, 2017)

218 till now



Software Structure
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Madagascar
Source
Directory
Structure

Top software construction

Administrative and maintenance tools
Programming Interfaces
Reproducible documents
RSF Python package
Sources for Vplot manipulation
Sources for Vplot generation
SCons sources
SU codes in Madagascar
Source codes for core programs
Codes from The Rice Inversion Project
Source codes from Developers

Description



Look inside I
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Standalone programs



Look inside II
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http://www.ahay.org/wiki/Package_overview#Madagascar_components

 Standalone programs
 Data format
 Reproducible documents
 Vplot graphics
 Reproducibility and Project Management
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Madagascar components:

One Week Technology Transfer:

Monday:   Get an idea
Tuesday:    Implement it

Wednesday:   Test it
Thursday:   Communicate it

Friday:    Apply it in practice

Tuesday:    Implement it
◆Standalone programs (C, C++, Fortran, etc)
◆> 1700 modules

Wednesday:   Test it
◆Data processing flows (Python/SCons)
◆> 900 workflows; > 8000 figures

Thursday:   Communicate it
◆Books and papers (LaTex/SCons)
◆218 papers
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Madagascar Design Principles
1. Modularity.

“Write programs that do one thing and do it 
well. Write programs to work together. 
Write programs to handle text streams, 
because that it a universal interface.” 

-- Doug Mcllroy

2. KISS.
“Keep It Simple, Stupid!”

3. Test-driven development.
A Madagascar modules is not included in 
the official distribution until there is an 
example of its usage in reproducible documents.

4. YAGNI.
“You Ain’t Gonna Need It!”
“Always implement things when you actually

need them, never when you just foresee 
that you need them.”

-- Ron Jeffries      
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Madagascar Basic Usage

1. Formats:

 Data format: RSF
 Simple universal data file format Borrowed from SEPlib
 Data separated from text headers

Header (*.rsf):
Text file (description of data)
Description of regularly-sampled format
Small, can be archived

Binary (*.rsf@):
Binary file (actual data)
N-dimensional (up to 9) hypercube
Large, can be stored on a different file system
Path to binary set with environment variable DATAPATH

Multidimensional arrays as files
Multiple files for irregular data
Compatibility with other file formats (SEPlib, SEGY, SU, ASCII, CSV, jpg):

http://www.ahay.org/wiki/Guide_to_RSF_file_format#Compatibility_with_other_file_formats

 Figure format: Vplot (*.vpl)
Circa 1979, from the idea of a “virtual device”.
 Joe Dellinger wrote a whole new and excellent routine for reading Vplot.

http://reproducibility.org/wikilocal/docs/Vplot2010.ppt
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Madagascar Basic Usage

2. Command-line usage:
http://www.ahay.org/wiki/Tutorial#Command_line_interface

 Program name uses prefix “sf” 
 List of all programs by using “sfdoc –k .”
 Look for specific programs by using “sfdoc –k <keyword>”
Demo:

sfdoc –k median
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Madagascar Basic Usage

 Self-documentation
 Run program without arguments 
 Find parameters, examples, and source code and run demo.
Example:                Demo:

sfspike sfspike n1=100 o1=0 d1=0.01 n2=50 o2=1000 d2=10 > file1.rsf
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Madagascar Basic Usage
 Interacting with files from the command line

 Get header information by using “sfin”
Demo:

sfin file1.rsf     or sfin < file1.rsf

 Get file attributes by using “sfattr”
Demo:

sfattr < file1.rsf

 Print out data values by using “sfdisfil”
Try:

sfdisfil < file1.rsf
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Madagascar Basic Usage

 Program execution
 Single input, single output

[< input.rsf] sfprog [par1=] [par2=] […] [> output.rsf] 
Demo:

< file1.rsf sfwindow n2=25 > file2.rsf
 Multiple inputs, multiple outputs

< input1.rsf sfprog label1=input2.rsf label2=output2.rsf … > output1.rsf
Example:

< wavelet.rsf sfafmod vel=velocity.rsf den=density.rsf sou=sources.rsf
rec=receivers.rsf wfl=wavefield.rsf > data.rsf

 Pipes
 Stdout from one program becomes stdin for the next
 No intermediate files saved
 No limit to the number of statements
Demo:

< file1.rsf sfwindow n2=25 | sftransp > file3.rsf
Try:

sfin file1.rsf  file2.rsf  file3.rsf



32

Madagascar Basic Usage

 Plotting
 Creating plots

VPLOT filters (from *.rsf to *.vpl)

Run "sfdoc stdplot" for more parameters

 Visualizing plots
Pens 

“sfpen” picks the best pen available

 Format conversion 
Supported formats: “avi, eps, gif, 
jpeg, jpg, mpeg, mpg, pdf, png, 
ppm, ps, svg, tif, tiff, vpl” based on 
appropriate third-party libraries.
Example:

vpconvert [format=] file.vpl
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Madagascar Basic Usage

3. Python scripts using SCons:

Madagascar's data-processing SConstruct
from rsf.proj import * # this statement comes first... ALWAYS.

End() #this always ends the script.

Courtesy of Sergey Fomel (School, Beijing, 2011)

 scons view / scons file.view
 scons file1.rsf file2.rsf file3.rsf …
 scons –c
 scons –n
 scons file.lock; scons file.flip

Tips:
• Suffixes “.rsf”, “.vpl” and prefix “sf” can be  dropped in SConstruct.
• You can drop any one if “source” and “target” have the same name 

only in Plot and Result.
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Madagascar Basic Usage

3. Python scripts using SCons:
Creating an SConstruct

Demo:
from rsf.proj import *

End()

try different one



4. Parallel computing:
http://ahay.org/wiki/Parallel_Computing
 OpenMP
 MPI
 OpenMP+MPI
 pscons

Madagascar Basic Usage

(Bashkardin, School, 2010)

(Díaz, School, 2012)

(Shragge and Potter, School, 2016)

(Fomel, PASC, 2016)

(Potter and Shragge, PASC, 2016)

(Wang, School, 2017)
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Future plans:

 Next Workshop and School? 
COVID-19 makes us to find a new way: virtual meeting -- from anywhere and  
on any device. Next workshop will be hold on December this year.

 Fonts supported
Need other fonts supported in plotting, e.g., Chinese font 
Hershey fonts for Unicode and UTF-8?

 Test and support new OS
e.g., RHEL 8 / CentOS 8?

 New servers in China
Madagascar Software Project
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 More contributions

 About GPL license: Free Software not Freeware

 Gitee 码云

 From Exploration Geophysics to Solid-Earth Geophysics

 More non-seismic applications, codes, examples, and data

39

Open-source Geophysics in China:

https://gitee.com/m8r/src



• Madagascar Objectives

– To make computational research efficient
– To make it easy to share computational results
– To promote an open community

baobab
(Adansonia digitata L.)

We are here!

http://www.ahay.org

In real open source, you have the right to 
control your own destiny.

-- Linus Torvalds
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