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The basic problem:  How to manage the computer 
programs and data produced over the course of a numerical study

✤ In what format should I save data?

✤ How can I find my data once I create it?

✤ How do I best communicate my discoveries?

✤ What are good programming habits and tools that can help me work 
efficiently?
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✤ Q: What equation does this figure represent?  Hopefully 
you can remember/ figure out

✤ Q: What parameters were used in the equation?
✤ Q: What program was used to solve the equation?
✤ Q: What numerical parameters were used in that program?
✤ Q:  Can I recreate the figure?  Do I still have that program? 

Is the program as it exists today the same as when I 
created the figure?

✤ Similar problems with numerical/statistical data stored as 
lists of numbers and with paper & pencil calculations.

ẋ = f(x,Ω1,Ω2,Ω3,α)

A Problematic 
Figure:



✤ You write a paper:

✤ Fields Medal refuser Grigory Perelman emails you:

✤ How do you show him that your calculation is correct?  
Which of the questions from previous slide can you answer?
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We present a new and complete analysis of the n-bounce resonance and chaotic scattering in solitary-
wave collisions. In these phenomena, the speed at which a wave exits a collision depends in a complicated
fractal way on its input speed. We present a new asymptotic analysis of collective-coordinate ordinary
differential equations (ODEs), reduced models that reproduce the dynamics of these systems. We reduce
the ODEs to discrete-time iterated separatrix maps and obtain new quantitative results unraveling the
fractal structure of the scattering behavior. These phenomena have been observed repeatedly in many
solitary-wave systems over 25 years.
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Solitary waves—localized disturbances that travel with
unchanging shape and velocity—are ubiquitous in physi-
cal science, and are seen, for example, in fluid mechanics,
optics, solid-state electronics, and even quantum field the-
ory. A natural question is what happens when the wave hits
an obstacle or two such waves collide.

In dissipative systems such as electrical signal propaga-
tion in nerve fibers or reaction-diffusion systems, two
interacting waves generally merge into a single larger
wave. In completely integrable, or soliton, equations, by
contrast, interacting solitary waves emerge from a collision
intact and with their original speeds, but a slight shift in
their position, which is well understood through the theory
of inverse scattering.

Collisions in dispersive wave systems, described by
time-dependent partial differential equations (PDEs) that
are neither dissipative nor completely integrable, may
produce a much wider range of behaviors. We focus on
one, the two-bounce, or, more generally n-bounce phe-
nomenon. Two counterpropagating waves with sufficient
relative initial speed (or one wave incident on a localized
defect) will pass by or reflect off each other with little
interaction, while for most initial speeds below some criti-
cal velocity vc they will become trapped, forming a local-
ized bound state. At certain velocities below vc, the waves
become trapped, begin to move apart, and come together a
second time before finally moving apart for good—the so-
called two-bounce solutions. In addition to the two-bounce
resonant solutions, one often finds three-, four-, or, more
generally, n-bounce solutions. Figure 1(a) shows a two-
bounce resonant solution to (1), and Fig. 1(b) shows the
sensitive dependence of the final speed on the initial speed,
with the number of ‘‘bounces’’ indicated by color. The
initial conditions leading to these behaviors are interleaved
in a manner often described as fractal. This was first seen in
kink-antikink collisions in the mid 1970s (see [1] and
references therein), subsequently found in models from
astrophysics [2], optical fiber communications [3], and

perhaps most recently in 2007 in collisions between topo-
logical solitons arising in quantum field theory [4].
Figure 1(c) shows a two-bounce resonant solution of the
model ordinary differential equations (ODEs) for system
(1) (discussed below), and Fig. 1(d) shows that the ODE
model reproduces the fractal interaction structure of the
PDE, if not the exact structure.

We analyze these phenomena through systematic
asymptotics applied to ‘‘collective-coordinate’’ models,
low-dimensional model systems of ordinary differential
equations (ODEs) derived from a variational principle
that reproduce the dynamics in numerical simulations.
We construct, using Melnikov integrals and formal match-
ing procedures, approximate n-bounce resonant solutions
to the ODEs and derive an iterated map that explains the
fractal structure [5,6].

 

0.18 0.2 0.22 0.24 0.26 0.28 0.3
0

0.05

0.1

0.15

0.2

0.25

v
in

v ou
t

1

2

3

4

0 20 40 60 80 100
−2

0

2

4

6

8

10

12

X
(t

)

0 20 40 60 80 100
−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

a(
t)

t

−10 −5 0 5 10
0

20

40

60

80

100

x

t

0.18 0.2 0.22 0.24 0.26 0.28 0.3
0

0.05

0.1

0.15

0.2

0.25

vin

v ou
t

1

2

3

4

1st bounce

2nd bounce

(b)

(d)(c)

(a)

FIG. 1 (color online). (a) A ‘‘two-bounce’’ solution to PDE
(1). (b) vin vs vout for kink-antikink collisions to (1) showing
chaotic scattering. (c) Two-bounce solution to ODE model for
(1) [X!t" solid A!t" dashed]. (d) vin vs vout for the ODE model,
annotated as in (b).
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shareable?
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✤ In applied mathematics
✤ Your advisor says “compute this” but gives no 

instructions on how to deal with the computer 
programs or the data generated.

✤ (My personal experience) Over time you develop a 
“system” for managing all this, but it’s piecemeal 
and incomplete.  Other people must have done the 
same thing.  Can we help each other with this? 
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✤ Software:  
✤ Modular programming and makefiles
✤ Matlab publishing
✤ Version Control Software
✤ Wikis (MoinMoin is great)
✤ Note-taking software (e.g. Evernote)
✤ Scanner (ok, this is Hardware)
✤ Backups!
✤ Graphical debugger

✤ Good Habits: 
✤ Clean and commented code
✤ Write-as-you go
✤ Disciplined computing
✤ Self-documentation/logging

✤ Describe numerics in your papers or 
your “internal documentation”

✤ Changing the Culture
✤ More public discussion of these issues
✤ A forum for sharing computational 

tools & ideas (not just algorithms)
✤ Develop a computational 

infrastructure that allows one to 
accomplish these goals without too 
much overhead

✤ Ph.D advisors should insist graduate 
students learn to work this way

✤ Journals should reject papers based on 
inadequately-documented numerics

Some Solutions  
(incomplete and overlapping)
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I can’t address all of these in 50 minutes, so I’ll concentrate on a few.



Keep a diary

✤ You work on stuff, then you leave it alone for a while, and it takes you 
time and effort to figure out what you’ve done later.

✤ Good to keep track of effort, save important results.

✤ Evernote is the obvious piece of software but it lacks the ability to 
typeset mathematics

✤ I have been using Quiver for the Mac and iPhone, which can render 
both LaTeX and Markdown (to be discussed)



Saving data in MATLAB: Trying to 
make your work self-documenting

✤ This program saves a file 
data.mat

✤ Run it twice, and the first data 
will get overwritten.

✤ This is better, but you have to 
think of a new name each time

✤ This has MATLAB generate the 
filename algorithmically



How to generate filenames

✤ Based on parameters 
data_x_0p5_y_m1p5
✤ Advantage: can tell what’s in it by its 

name
✤ Disadvantages: unwieldy if many 

parameters, hard to index, doesn’t 
work with randomness

✤ Sequentially: datafile.001 
datafile.002, etc.
✤ Disadvantage: no connection 

between filename and contents
✤ Solution: easy to index, more on this 

later



MATLAB “Publish” feature

✤ The best way to remember what you’ve done is to WRITE IT DOWN

✤ Old fashioned way: keep a bound paper journal

✤ More modern way: on the computer, but             ing everything  up would be a lot of 
work, and take too much time away from exploration

✤ MATLAB allows you to generate documents from your programs with very little 
work

✤ It generates a webpage incorporating your program, additional formatting, and any 
outputs of the program.

✤ Let’s look at an example

✤ It can generate HTML,  PDF,              , or even MS-Office formatted reports

✤ Your code can be pulled by MATLAB using the grabcode command (not 
subroutines in other files

LATEX

LATEX

http://web.njit.edu/~goodman/publishDemo


Indexing Data Files
✤ Okay, I have run the software 15 times & have 15 datafiles. How do I 

find out what’s inside?
✤ Build an index.
✤ This is hard to do after the fact, so we should build the index each 

time I run the software.
✤ For this, I’ll use markdown.

✤ markdown is a lightweight markup language that lets you easily 
create web pages with very little typing

✤ markdown interpreters such as MacDown allow you to edit 
markdown live and see the results in a separate pane

✤ (actually, I use an extension called multi markdown that can make 
tables

https://daringfireball.net/projects/markdown/


✤ A human-readable 
markup language  
originally developed to 
create web pages, but is 
now used for many 
applications. 

✤ I use Markdown and 
MATLAB to create a table 
that lists all my runs.  The 
amount of data stored to 
make this table and 
webpage is very small!

markdown
index.md

index.html



Version Control Software
A system that allows users to monitor and track changes to a set of files.

✤ Problem #1: Collaboration--When 2 or more 
people want to edit the same file at the same time.
✤ Option 1: make them take turns

✤ But then only one person can be working at any time
✤ And how do you enforce the rule?

✤ Option 2: patch up differences afterwards
✤ Requires a lot of re-working
✤ Stuff always gets lost

✤ Solution: Version Control
✤ The right solution is to use a version control system
✤ Keep the master copy of the file in a central repository
✤ Each author edits a working copy
✤ When they're ready to share their changes, they commit them to the 

repository
✤ Other people can then do an update to get those changes



✤ Problem #2: Undoing Changes
✤ Often want to undo changes to a file
✤ Start work, realize it's the wrong approach, want 

to get back to starting point
✤ Like "undo" in an editor...
✤ ...but keep the whole history of every file, forever
✤ Also want to be able to see who changed what, 

when
✤ The best way to find out how something works is 

often to ask the person who wrote it
✤ Solution: Version Control (Again)

✤ Have the version control system keep old 
revisions of files

✤ And have it record who made the change, and 
when

✤ Authors can then roll back to a particular revision 
or time

✤ (again) This by itself is reason enough to use 
version control even when you are the only 
author

Version Control Software

mailto:software@software-carpentry.org?subject=re:%20version.html%205)%20Problem%20%232:%20Undoing%20Changes


✤ Problems:
✤ Version Control requires good habits
✤ Older programs (cvs, subversion,...) have a steep 

learning curve, require a server
✤ Newer programs are much simpler to learn & use, 

like Mercurial below (http://mercurial.selenic.com)

Version Control Software

http://mercurial.selenic.com


✤ Why? It’s hard to remember what you’ve done even a few weeks later. 

✤ Projects that get put on hold are difficult to restart. Often find tools used on an old 
project useful for a new project.

✤ Keep a more detailed diary of simulations run, including motivation for each 
experiment and more detailed observations (something less than a full writeup), 
including figures

✤ Scan handwritten notes/calculations and add to diary

✤ Keep track of papers you read and notes that go with them.

✤ Discuss & ask questions to members of your research group

✤ Maintain a to-do list

Keeping a lab notebook with Evernote 
Indexing runs is good, but it’s also a good idea to:

http://localhost:8080/
http://localhost:8080/ExampleFromPhysD2008


How to organize your projects
✤ My Old System was bad: Directories organized 

by what they contain , each with subdirectories 
corresponding to different projects

✤ “Numerics”, “Manuscripts”, etc.

✤ My New system is good:

✤ “Projects” directory with one directory for 
each project

✤ Within each project store different types of 
data. I have four:
✤ Numerics
✤ Manuscript
✤ Symbolic (Mathematica)
✤ Scanned Notes



Review

✤ Keep a diary to remember what you’ve done 

✤ Use Matlab publish to create readable and reviewable output, save 
parameters with output

✤ Version control for your computer programs and LaTeX projects to 
keep track of changes, undo mistakes, remember what version of 
program used to create output data



✤ Modular, reusable computer programs, including routines for 
managing data

✤ Makefiles--for managing complex software projects with multiple 
source code files

✤ Effective debugging & software testing

✤ See http://softwarecarpentry.org, a project of Greg Wilson.

✤ The ReDoc software at Stanford

✤ Reference managers such as Papers, Zotero, Mendeley

✤ Dropbox--share your data with collaborators and access from multiple 
devices

Further ideas

http://softwarecarpentry.org
http://sep.stanford.edu/doku.php?id=sep:research:reproducible:cip

