
Writing a Reproducible Paper 
using LaTeX and Madagascar

Jiubing Cheng & Yang Liu

Madagascar School 
of Reproducible Computational 
Geophysics Shanghai 2017



Acknowledgement



Acknowledgement



Acknowledgement



 Background & Motivations

 How to use SEGTeX
 Requirements
 Implement steps
 Rules 
 Some tips

 An Example in RSFSRC/book/tutorial/authors

Agenda

5Jiubing Cheng & Yang Liu



 Background & Motivations

 How to use SEGTeX
 Requirements
 Implement steps
 Rules 
 Some tips

 An Example in RSFSRC/book/tutorial/authors

Agenda

6Jiubing Cheng & Yang Liu



The three branches of science

From Euclid’s reasoning and Galileo’s experiments, it 
took hundreds of years for the theoretical and 
experimental branches of science to develop standards 
for publication and peer review.  

Computational science, rightly regarded as the third 
branch, can walk the same road much faster.

Jiubing Cheng & Yang Liu



What is science? 
 When does computational research become scientific?

  “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 independent 
testing and replication by other scientists. This 
requires the complete and open exchange of 
data, procedures and materials.” (See 
www.aps.org/policy/statements/99_6.cfm for more 
information.)

  

Jiubing Cheng & Yang Liu



Reproducible research
 The idea of a “replication by other scientists” in 

reference to computations is more commonly 
known as “reproducible research,” the term 
coined by Jon Claerbout, a geophysics 
professor at Stanford University. 

 Soon after its inception in 2000, CiSE 
published a paper by Claerbout and his 
students on their experience with creating a 
reproducible research environment.

 The open community Madagascar project 
(www.ahay.org) is currently extending this 
environment with modern tools such as Python-
based Scons.

CiSE: Computating in Science & Engineering

Fomel & Claerbout, 2009



The so-called “Claerbout’s principle”
• Reproducible research refers to the discipline of attaching 

software code and data to scientific publications, in order to 
enable independent verification and replication of 
computational experiments. 

• The so-called “Claerbout’s principle” states that “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.” 

Jiubing Cheng & Yang Liu



Fomel, S and Claerbout, J F 2009 Guest Editors’ Introduction: Reproducible 
Research. Computing in Science & Engineering 11(1): 5-7. DOI: 
http://dx.doi.org/10.1109/MCSE.2009.14 2. 



http://reproducibleresearch.net/



Jon Claerbout’s Story
• 1987: Sunview experience

– Interactive programs are slavery
• 1992: LaTeX + cake

– Rebuilding books by a single command

• Reproducible research at Stanford 
Exploration Project (SEP)

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



The Madagascar Project
 at the University of Texas at Austin started by Sergey Fomel and Paul 

Sava

• Started in 2006
• Open community
• Open source (GPL)
• Multidimensional data analysis





How does Madagascar help for reproducible research

• Code attached to published results
• Continuous maintenance
• Previous results used for testing

– Test-driven development
• Lessons from open-source 

– Intellectual property
– Community

http://ahay.org



Madagascar supports the research pyramid
Three levels

– Building blocks in C
– Recipes in Python/SCons
– Papers in LaTeX + SCons

http://ahay.org

From Sergey Fomel





MADAGASCAR SOFTWARE PACKAGE OVERVIEW

From Sergey Fomel and Gilles Hennenfent

– Building blocks in C
– Recipes in Python/SCons
– Papers in LaTeX + SCons



Why use LaTex 
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• MS-word-->  LaTeX
“I hope to die before I have to use Microsoft Word” 
                                                      –  Donald Ervin Knuth

Reasons:
– 1) Focus on paper structure and content;
– 2) Better mathematic style;
– 3) More efficient (easy comments);
– 4) Better revision for long document;
– 5) Sole high-quality text software in Linux;
– 6) Compiling by command line.

• However, LaTeX is not perfect, either MS-word or LaTeX is just a 
tool, choose any of them you need. 







SEGTeX: When LaTeX meets Madagascar



SEGTeX
SEGTeX is a LaTeX package for geophysical 
publications. 
It consists of 
• LaTeX2e class files for Geophysics papers, SEG expanded abstracts, 

etc
• BibTeX style files seg.bst
• BibTeX cumulative bibliography of geophysical publications SEG.bib
• latex2html customizations
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Installation Requirements
1) Madagascar package

    download from: http://www.ahay.org/wiki/Download

2) LaTeX package

    download from: http://www.tug.org/texlive/

3) Text editor: emacs, gedit, vim, et al.

4) Compiler: pdflatex

5) SEGTeX: 

     download from: http://www.ahay.org/wiki/SEGTeX
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1) Ideas

2) Implement ideas in Madagascar and lock Figures (scons fig.lock)

3) Write a paper text by SEGTeX rules

4) Insert Figures into paper by SEGTeX rules

Implement steps

31

scons lock

Jiubing Cheng & Yang Liu



SCONS COMMANDS
• scons： run an SConstruct
• scons view: view the results from an SConstruct, run if necessary
• scons lock: lock the results from an SConstruct
• scons –c: clean the local directory, delete all files
• pscons： parallel execution of an SConstruct

Jiubing Cheng & Yang Liu

SConstruct  <==>   scons

Makefile <==>   make



 Motivations

 How to use SEGTeX
 Requirements
 Implement steps
 Rules 
 Some tips

 An Example in RSFSRC/book/tutorial/authors

33

Agenda

Jiubing Cheng & Yang Liu



Some rules

Project folder

SConstruct Example #1 
folder

…… Example #n 
folder

texname.tex bibname.bib

SConstruct SConstructFig 
folder

Fig 
folder

[1]

[2]

34

[2]

See example: ~/RSFSRC/book/tongji/lrmode



Example in ~/RSFSRC/book/tongji/lrmode











Vim SConstruct



Some rules:

If (paper name is “paper.tex” )    

from rsf.tex import *

End(use='listings')

else  (“texname.tex”)

from rsf.tex import *

Paper('texname',lclass='geophysics', options='manuscript',use='listings')

End()

(1) SConstruct

41

Default is SEP report, change by lclass

Change to Geophysics peer-review mode



1) SEP report

2) Geophysics

3) Geophysical Prospecting

4) SEG abstract

5) EAGE abstract

no need lclass and options

lclass='geophysics', options='manuscript'

lclass='geophysics', options='manuscript,a4paper'

lclass='segabs'

lclass='name', options='11pt'

Commonly-used paper class 

Need edit name.cls

options='manuscript,revised'Revised mode:

See template “texmf/tex/latex/cwp/adam2009.cls”

Paper('texname',lclass='geophysics', options='manuscript',use='listings')



(2) texname.tex (for Geophysics paper)

\title{paper title}

\address{\footnotemark[1] address1 \footnotemark[2] address2 
\footnotemark[3] address3}
\author{Name1\footnotemark[1], Name2\footnotemark[2], and 
Name3\footnotemark[3]}
\footer{GEO-2015-XXXX}
\lefthead{Surname1 etc.}
\righthead{short title}
\maketitle

\begin{abstract} 
Write paper abstract here …
\end{abstract}
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\section{section name, e.g., Introduction}
The paper starts from old idea \cite[]{refname1}. \cite{refname2} also 
improve it. …

\section{section name, e.g., Theory}
\subsection{subsection name}

The theory is shown as follows …
   \begin{equation}
     \label{eq:eq1}
          \mathbf{C} = \frac {\mathbf{A}}{b} \;,
    \end{equation}

Refer to equation~\ref{eq:eq1}.
44

(2) texname.tex (for Geophysics paper)



\section{section name, e.g., Synthetic examples}
The paper has several synthetic tests…

\inputdir{example#1 folder name}
    \multiplot{2}{fig1,fig2}{width=0.5\textwidth}{figure1 name 
(a)
                              and figure2 name (b).}

One can also refer to different figures, e.g., 
Figure~\ref{fig:fig1,fig2}a …

\section{section name, e.g., Field data tests}
The method is also used to deal with field data 
(Figure~\ref{fig:fig3}).

\inputdir{example#2 folder name}
    \plot{fig3}{width=0.75\textwidth}{figure3 name.}
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(2) texname.tex (for Geophysics paper)



\section{Conclusion}
Write conclusion here…

\section{Acknowledgments}
Should thank anyone for useful help…

\appendix
\section{Appendix: name}
Write the content of appendix here…

\bibliographystyle{seg}
\bibliography{SEG,bibname}
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(2) texname.tex (for Geophysics paper)



Make revision available: 

Use \new{new contents} and \old{old contents} to  indicate “revised 
contents” and “replaced contents” corresponding to SConstruct[1] 
“options='revised' ”

Tricks:

Equations, citation commands, etc don't work inside \old.

1) Enclose citations in \mbox:
Instead of \old{wrong citation \cite{wrong}}, use \old{wrong 

citation \mbox{\cite{wrong}}}. 

47

Annotated paper



\old{wrong equation \\
\begin{minipage}{\textwidth}
\begin{equation}
2*2 = 5
\end{equation}
\end{minipage}}
or
\old{wrong equation \\
\parbox{\textwidth}{
\begin{equation}
2*2 = 5
\end{equation}
}}

48

2) Enclose equations in \parbox or minipage

\old{wrong equation
\begin{equation}
2*2 = 5
\end{equation}}

Annotated paper



@Article{Abma05,
  author =  {R[] Abma and N[] Kabir},
  title =                  {Comparisons of interpolation methods},
  journal =  {The Leading Edge},
  year =                  2005,
  volume =  24,
  pages =                {984-989}
}
@Article{Naghizadeh09,
  author =  {M[ostafa] Naghizadeh and M[auricio] D[] Sacchi},
  title =                  {f-x adaptive seismic-trace interpolation},
  journal =  {Geophysics},
  year =                  2009,
  volume =  74,
  pages =                 {V9-V16}
}
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(3) bibname.bib



@book{Claerbout92,
   author =         {J[on] F[] Claerbout},
   publisher =    {Blackwell Scientific Publications},
   title =              {{Earth Soundings Analysis: Processing Versus Inversion}},
   year =             {1992}
}
@inproceedings{Curry04,
  author =  {W[illiam] Curry},
  title =                  {Interpolation with multi-shifted-scale prediction-error filters},
  booktitle =           {74th Annual International Meeting},
  year =                  {2004},
  publisher =          {SEG, Expanded Abstracts},
  pages =                 {2005-2008}
}
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(3) bibname.bib

Check “texmf/bibtex/bib/seg/SEG.bib” before you start to type the references.
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1) Label parameter:
http://www.reproducibility.org/rsflog/index.php?/archives/159-How-do-I-change-
fonts-in-vplot-graphics.html
http://www.reproducibility.org/rsflog/index.php?/archives/177-A-journal-requires-a-
particular-font-e.g.-Arial-or-Helvetica-in-figure-labels.-How-do-I-achieve-that.html

2) Figure color:
http://www.reproducibility.org/rsflog/index.php?/archives/14-Color-schemes.html
http://www.reproducibility.org/rsflog/index.php?/archives/388-Light-Bartlein-color-
palette.html
http://www.reproducibility.org/rsflog/index.php?/archives/330-Color-palettes.html
http://www.reproducibility.org/rsflog/index.php?/archives/355-Cube-helix-color-
palette.html

52

Some tips



3) Insert hand drawing:
    (a) XFig
                                                Adobe Illustrator -> EPS/PDF file
    (b) MS-PowerPoint ->
                                                 Adobe Acrobat Professional -> EPS/PDF file

4) Control figure color and resolution:

Paper(‘name',lclass='geophysics', options='manuscript',
            use='listings',hires='fig1 fig2 fig3',color='fig4 fig5 fig6')

5) Insert only grey figures in LaTeX (SConstruct [1]):
from rsf.tex import *
import os
os.environ['PSTEXPENOPTS'] = 'color=n'

End(use='amsmath,hyperref',options='manuscript')

53

Some tips





To be continued ...

Modify/add your own data tests, generate your 
own papers …

55

Following existed papers is the best way to learn.

Standing on the shoulders of giants







Useful examples in “RSFSRC/book”



Useful examples in “RSFSRC/book”
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An Example in 
RSFSRC/book/tutorial/authors
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Starting from scratch is a bad idea!

1) mkdir project_name 
    (e.g., mkdir mytest)
2) cd mytest
3) cp tex, bib, and Sconstruct[1] ./
    (e.g., cp ~/RSFSRC/book/tutorial/authors/geophys/*.tex  ./)
    (e.g., cp ~/RSFSRC/book/tutorial/authors/*.bib  ./)
    (e.g., cp ~/RSFSRC/book/tutorial/authors/geophys/Sconstruct  ./)

4) Try to produce the paper using “scons”

SConstruct  <==>   scons

Makefile <==>   make



Sconstruct



scons -c



65

1) mkdir project_name 
    (e.g., mkdir mytest)
2) cd mytest
3) cp tex, bib, and Sconstruct[1] ./
    (e.g., cp ~/RSFSRC/book/tutorial/authors/geophys/*.tex  ./)
    (e.g., cp ~/RSFSRC/book/tutorial/authors/*.bib  ./)
    (e.g., cp ~/RSFSRC/book/tutorial/authors/geophys/Sconstruct  ./)
4) mkdir example_name 
    (e.g., mkdir example1)
5) cd example1
6) cp existed_example ./ 
    (e.g., cp  ~/RSFSRC/book/tutorial/authors/data/* ./)
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7) Run the program or example using ”scons” 
scons
or 
scons –c
scons lock

ls  -l Fig
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8) Produce a paper using ”scons” 
vim geophys.tex

%\inputdir{data}
\inputdir{example} Change the folder name
\begin{figure}
   %   \includegraphics[width=0.45\textwidth]{data/Fig/noise} 
    \includegraphics[width=0.45\textwidth]{example/Fig/noise}
    \caption{The signal.}
\label{Fig:noise}
\end{figure}

scons 
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9) Display the paper using ”scons” 

gv geophys.pdf

or

evince geophys.pdf

Why no reference?



Assignment
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10) Complete the reference using 
  cp  ~/RSFSRC/book/tutorial/authors/*.bib ./
  scons –c

11) Produce the paper again

12) Extend or change the example, change to “seg” for SEG abstract



Thanks for you attention


