Open Source — Of Course!

Lessons Learned from two decades of
Scientific Open Source Software development

Dr Ole Nielsen



Last Century

e Became aware of Linux, GNU emacs and
Netlib (1994): Disks mailed to Bulgaria!

* Published Matlab, C and F90 toolboxes for
wavelet transforms (1997): A procrastinating
PhD student.

e Discovered Python (1999): Boss didn't want to
nay for Matlab




Early Days

« Datamining Web Tools (Australian National University 2001)
 Required caching module (persistent memoization)
result = func(args, kwargs)

result = cache(func, args, kwargs, dependencies = <files>)

130 O.M. Nielsen et al.

Table 1. Function Caching Statistics
Function Name Hits Time (sec) Gain(%) Size (MB)
Exec Cache
execquery 1,149 130 6 u1.43 1.53
get_mbs_patients 172 1,281 76 093.92 48.53
get _selected _transactions 120 1,507 5 99.33 6.67
multiquery 46 133 0 99.69 0.76
simplequery 5 50 0 99.86 0.08
get_cohort 168 489 0 99.92 0.20
get_drug_usage 95 1,388 0 99,99 0.02

The user can take advantage of this caching technique by applying it to

arbitrary Python functions. However, this technique has already been employed
extensively in the Data Manager module so using the high level toolbox routines
will utilise caching completely transparently with no user intervention — the
cachine supervision has been done in the toolbox desien. For example. most of




ushing Python (pypar - 2002)

pypar

= PYypar

Parallel programming for Python

Project Home | Downloads  Wiki  Issues  Source

Summary Updates People

Project Information

Activity Medium
Project feeds

Code license
GNU GPL v3

Labels
Pypar, Python, MPI, ParallelProgramming,
HighPerformanceComputing, ScientificComputing

4 & Members

Ole.Moller.Nielsen@gamail.com
1 contributor

Featured

& Downloads

pypar-2.1.4_94.tgz
Show all »

Links

External links

Old SourceForge home

Managing a pool of MPI processes with Python and Pypar
Vladimir Lazunin's Pypar page

Parallel Programming with Python

Groups
Help and support

Pypar

Pypar is an efficient but easy-to-use module that allews programs written in Python to run in parallel on multiple processors and communicate
using message passing. Pypar provides bindings to a subset of the message passing interface standard MPI.

Features

Flexibility: Pypar allows communication of general Python objects of any type.

Intuitive API: The user need only specify what to send and to which processor. Pypar takes care of details about data types and MPI
specifics such as tags, buffers, communication status and communicaters. Receiving is analogous.

Efficiency: Full bandwidth of C-MPI programs is achieved for consecutive Numerical arrays. Latency is less than twice that of pure C-MPI
programs. Test programs to verify this are included (pytiming.py. ctiming.c)

Lightwelght: Pypar consists of just two files: mpiext.c and pypar.py

Python interpreter is not modified: Parallel python programs need only import the pypar module.

Dependencies and Installation

« Pypar requires Python, numpy, C compiler and MPI C library such as openmpi
« Pypar installs with distutils: python setup.py install
* Pypar is mostly used on Linux systems, but has been tested on others too.

Example
import pypar # Import module and initialise MPI
proc = pypar.size # Number of processes as specified by mpirun
myid = pypar.rank( # Id of of this process (myid in [0, proc-11)
node = pypar.get processor_name() # Host name on which current process is running
print 'T am proc %d of %d on node %s' % (myid, proc, node)
if myid a: # Actions for process @:

msg = 'P

pypar.send(msg, destination=1) # Send message to proces 1 (right hand neighbour)
msg = pypar.receive(source=proc-1} # Recelve message from last process

print 'Processor @ recei

ved message "%s" from processor %d' % (msg, proc-1)

pypar.send(msg, destination) Send message to destination

else: # Actions for all other processes:
source = myid-1 # Source is the process to the left
destination = (myid+1)%proc # Destination is process to the right
# wrapped so that last processor will
# send back to proces @
msg = pypar.receive(source) # Receive message from source
msg = msg + 'P' + stri{myid) # Update message
#
#

pypar.finalize() Stop MPT

Some projects and publications that use Pypar

Managing a pool of MPI processes with Python and Pypar

Simplifying the parallelization of scientific codes by a function-centric approach in Python
Parallelizing PDE Solvers Using the Python Programming Language (PDF)

Python for CFD (PDF

ANUGA Hydrodynamic Modelling

EQRM Earthguake Risk Modelling

Voleanic Ash Modelling

My favorites ¥ | Sign in

Search projects




"""Parallel program computing the Mandelbrot set using static,
cyclic load balancing.

This is probably the best approach for this problem.

0le Nielsen, SUT 2883

from mandelbrot import calculate region_cyclic
from mandelplot import plot

import pypar
# User definable parameters
max = 2¥*15 # Maximal number of iterations (=number of colors)

M=N=780 # width = height = N (280 or 788)

# Region in complex plane [-2:2]
real_min = -2.8
real max = 1.8
imag_m = -1.5
imag max = 1.5

# Initialise

t = pypar.time()

P = pypar.size()

p = pypar.rank()

processor_name = pypar.get_processor_name()

print ‘Processor %d initialised on neode %s° % (p, processor_name)

(=1 ||

# Parallel computation

A = calculate_region_cyclic{real_min, real_max, imag_min,
imag max, kmax,
M, N, p, P)

print 'Processor %d: time = %.2f' % (p, pypar.time() - t)

# Communication phase
if p= 8:
for d in range(l, P):
A += pypar.receive(source=d)

print 'Computed region in %.2f seconds' % (pypar.time() - t)
plot(A, kmax)
else:

pypar.send(A, destination=8)

pypar.finalize()

e Standard MPI

int MPI Send(
void *buf,
int count,
MPI Datatype datatype,
int dest,
int tag,
MPI Comm comm

Pypar

pypar.send(A, p)




10 years on Pypar Is still used

The handympi Module

Steve Spicklemire

April 2, 2012

Why another MPI module?

MPI [1] is a technology that allows multiple processes, even on separate computing plat-
forms, to interoperate cooperatively to generate higher performance than would be possible
with a single process. The handympi module leverages the simple python package pypar [2]
to provide a novice programmer easy access to some the potential of MPI without requiring
mastery of any of the intricacies of the MPI/pypar API.

The handympi module provides two basic functions: foreach (inspired by the similarly
named handythread module) and RunMasterSlave.

The easy way: foreach

The foreach function is the easiest to use. Just pass in a function and a list. The function
is applied to each element in the list. If you set return_ to ‘Irue’, then the return values
for each element of the list are accumulated and returned. What’s so amazingly cool about

T b




Python iIn Government (2004-2009)

ANUGA
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ANUGA Capabilities

* Resolution of Hydraulic shocks
* Transitions from sub- to super critical flows
* Robust wetting/drying capability |

Flexible APl (e.g. dynamic typing)




Australian Tsunami Inundation
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Flood Related Applications:

With proposed buildings




-D Model
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 Investigating existing Flood problems...

Real World Flood...

ANUGA interpretation




Predicting Tsunami Run Up -
The Importance of Modelling

Tohoku L. = %ﬁ;a L
Okushiri Island 1993 Tsunami :Ef;-i e e
{) PHRVCERI L 3 3
Magnitude 7.8 earthquake =
32 m run up height
Numerical Simulation of o

wave tank experiment
shows why
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Testing and validation

\

\

e 890 individual unit tests

* Numerous wave tank eﬂ)ﬂiments \L ( |
* 2004 Tsunami im on/Patong Beach ',
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Featured on Australian TV
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Further information:
Ole.Nielsen@ga.gov.au

Email:
Stephen.Roberts@anu.edu.au

Google Search: ANUGA software
(ANUGA by itself will get German food fair)


mailto:Ole.Nielsen@ga.gov.au
mailto:Stephen.Roberts@anu.edu.au

Python in International AID: 2010 - 2012

InaSAFE

Indonesia Scenario Assessment For Emergencies
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Pertanyaan: Pada saat terjadi

Banjir besar di Jakarta
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+¢) Quantum GIS =
st

Search... 2l

Wiki | Planet | Chat | Bugs | Shop | Download | Questions | Plugins |

MathanW: "I must say, | think the thing that has really attracted me to try and do some
development on QGIS is just how well the code is organized. It's very easy to just pick a
class and go and bulld something. Good work guys. | don't even really know C++ very
well and | have found it very easy to get into.”

Main Menu

Welcome to the Quantum GIS Project

Quantum GIS (QGIS) is a user friendly Open Source Geographic Information System (GIS)

» Home licensed under the GNU General Public License. QGIS is an official project of the Open Source

» About QGIS Geospatial Foundation (OSGeo). It runs on Linux, Unix, Mac OSX, Windows and Android and DDWI‘I Iuad NDW
)

» Community supports numerous vector, raster, and database formats and functionalities. Free! (_g

» Documentation Qur latest release is QGIS 1.6.0 you can read the release annoucement here

» Download

= Commercial Suppm‘[ LEEII'I'I more abﬂut QGIS

- Get the

5 Develuper.r-.-'leetmgs Quantum GIS provides a continously growing number of capabilities provided by core

» User MEE“_HQE functions and plugins. You can visualize, manage, edit, analyse data, and compose printable User Manual

» Sponsorship maps. Get a first impression with some screenshots and a more detailed feature list.

» Advanced Search
Want to learn even more?

?
U : E Check the latest User Guide or learn how you can customize QGIS to fit your needs with our NEEd hEIP
@ Upcoming Events AP| Documentation and PyQGIS Cookbook. Find it here!

_ : How to contribute
QGIS Developer Meeting, Valmiera

(April 11 - 14, 2013) CQuantum GIS is a volunteer driven project. We welcome contributions in the form of code contributions, bug fixes, bug reports,
contributed documentation, advocacy and supporting other users on our mailing lists and gis.stackexchange.com. If you are interested
in actively supporting the project, you can find more information under the development menu and on the QGIS Wiki. We also welcome

@ Support QGIS! financial contributions in the form of sponsoring and funding.

Donate

mare information
We are nroud 1o nrecent aur firet e teeses = ASLA AIR SURVEY



Who has used OpenStreetMap?

« OSM is a community driven, community owned version of Google
\EETORS

- Free (download the data and do anything with it)
- Open (anyone can create new tools on top of it)
- Editable (you can map what is important to you)

THE WORLD BANK



Spatial Data is often not available.

Open Street Map allows communities to self map

OpenStreetMap Navigation - w b Google Maps
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InaSAFE 1.0.0 final
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So what have | learned (if anything)?



/ noble steps to software that works

If it can't install a’(

Without testing “
‘“‘1 i + \'l e without a past

Sleep in the'b d1 aKE

IS good news

It doesn't exist

nq

v‘

it right — then fast



No news Is good news

» Either do as requested or raise an exception

» Good error messages help everyone

» Exception handling allows the error to be treated at
the appropriate level

* |[ndex error at low level becomes a matter of selecting a
viewport at a higher level

« XML parse error is typically not helpful at application
level — it should explain why

» Conditions like “file cannot open” or “division by zero”
can often be handled sensibly without raising errors.



My online visa applicatron

yelinne I rnndiar . O

Best viewed in Chrome/IE 8.0 and above
If you face any issue related to security certificate with other browsers, you can INSTALL SECURITY CERTIFICATE

Indian Mission* Select Office r

Please note down the Temporary Application ID:39070935SHPVRLC. Your Information will be saved if you click save button or continue to next page. If yt
be lost.(Minimum field required for Partial Save is upto Date of Birth).
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Saving the application
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Loading it again

Temporary Application ID 39070935SHPVRLC
Access Code e 583 24
Enter Access Code * e68a24

Submit



@ The page at indianvi

Invalid File Number

OK
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Other error messages | have seen

* (my>ky) failed for hidden my: regrid_smth:my=2
e syntax error: line 1, column O
o write_dbs_grid: error in nf90_enddef



Home  Calculator Layers Maps Profile Admin

Permissions
Add data

Who can view and downh
Title: maumere imagery 1 ® Anyone
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abort: abort

Connection Error %

@ The server returned an error: -1 transaction aborted

Details... Cancel




Good error message

ﬁm exception occurred when setting up the
impact calculator. o

Mo features fall within the clip extents. Try

panning / Zzooming to an area containing data and
then try to run your analysis again.




Example of error messaging

try:
infile = open(self.projection_file)
except IOError:
msg = (‘Projection file %s could not be opened. '
‘The topography file must have a projection file with
‘extension .prj to georeference the model outputs '
‘correctly. The projection file is assumed to follow '
'the ESRI WKT format ' % self.projection_file)
raise Exception(msg)



Without docs — It doesn't exist

e MIinimum
e |nstallation documentation

* how to run a few examples
» docstrings

 |deally — documentation driven

e Critical if software is to take on its own life



InasAFE 0.4.0-alpha documentation » next modules
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Bad docstrings

def delete_style(self, style_name):

def compatible_layers(func, layer_descriptors):
""" Fetches all the layers that match the plugin requirements.



Good docstrings

def osm2padang(E):
""Map OSM attributes to Padang vulnerability classes

This maps attributes collected in the OpenStreetMap exposure data
(data.kompetisiosm.org) to 9 vulnerability classes identified by
Geoscience Australia and ITB in the post 2009 Padang earthquake
survey (http://trove.nla.gov.au/work/38470066).

The mapping was developed by Abigail Baca, GFDRR.

Input
E: Vector object representing the OSM data

Output:
Vector object like E, but with one new attribute ('VCLASS')
representing the vulnerability class used in the Padang dataset

Algorithm



def interpolate2d(x, y, Z, points, mode='linear', bounds_error=False):
"""Fundamental 2D interpolation routine

Input
x: 1D array of x-coordinates of the mesh on which to interpolate
y: 1D array of y-coordinates of the mesh on which to interpolate
Z:. 2D array of values for each x, y pair
points: Nx2 array of coordinates where interpolated values are sought
mode: Determines the interpolation order. Options are
‘constant’ - piecewise constant nearest neighbour interpolation
'linear’ - bilinear interpolation using the four
nearest neighbours (default)
bounds_error: Boolean flag. If True (default) an exception will
be raised when interpolated values are requested
outside the domain of the input data. If False, nan
Is returned for those values
Output
1D array with same length as points with interpolated values

Notes

Input coordinates x and y are assumed to be monotonically increasing,
but need not be equidistantly spaced.

Z is assumed to have dimension M x N, where M = len(x) and N = len(y).
In other words it is assumed that the x values follow the first

(vertical) axis downwards and y values the second (horizontal) axis

from left to right.



Without testing — it doesn't exist

Known as unit-, regression-, system- or integration-testing

Have tests for the functionality you care about

The extra time invested comes back 100 fold when debugging,
refactoring and moving to new platforms

Crucial when optimising (“Faster and faster — but wrong”!)
* Also serves as trusted documentation

 The single most important practice - I'd rather keep my
tests than the source code!

* |INnaSAFE has over 300 tests - ANUGA almost 1000,



What makes good testing

« Sets up all conditions, call the test, verify the result.

« Verify result using known invariant conditions (e.g. conservation of mass,
linearly interpolated points must lie within certain bounds, inverse transforms
reproduce original inputs, ...)

« Not only “happy path” but also corner cases (None, NaN, O, max, min, %, &,
$): E.g. intersection (Parallel lines, coinciding lines, intersecting at
endpoints, ...)

* Input that causes error conditions

 If a new bug is found, write new test revealing it “/t is a lot easier to debug a
test than running the application” (Tim Sutton)

 Independent of context, time and other tests
 Named after what is being tested: (see next slides)
« Good coverage (>80%) - but not 100%!

* Programmers need GUTs

Google: Klaus P. Berg — Good Unit Tests



Simple but real test example

def test populate polygon(self):
"""Polygon can be populated by random polnts

# Create non trivial polygon
pﬂ-l-}"gﬂn = [[E:Ir E:I]r [1E:Ir lE:I]r [ll-:'r 5].- [EE:Ir 1E:I]r [El—:'r E:I]r
[38, 18], [48, -18]]

# Call function to be tested
points = populate polygon(polygon, 5)

# Check that result is as expected

assert len(points) =

for point in points:
msg = 'Point "%s" is not inside test polygon.® % str{point)
assert is_inside polygon(point, polygon), msg



#148 Linear and quantile bins are correct ... ok

#149 Bounding boxes can be converted between list and string ... ok
#150 Intersections of bounding boxes work ... ok

#151 Bounding box can be buffered ... ok

#152 Centroid point data can be derived from polygon data ... ok

#153 Projections that are compatible but not identical are recognised ... ok
#154 Donut polygon can be read, interpreted and written correctly ... ok
#155 Empty keywords can be handled ... ok

#156 Bounding box can be extracted from geotransform ... ok

#157 Resolution can be extracted from geotransform ... ok

#158 Bounding box is correctly extracted from file. ... ok

#160 Vector and Raster objects can be instantiated with None ... ok

#161 Keywords can be written and read ... ok

#162 Keywords and values with colons raise error messages ... ok

#163 Vector and Raster instances have a similar API ... ok

#164 Points along line are computed correctly ... ok

#165 Bounding box minimal size can be controlled ... ok

#166 Multipart polygons are be converted to singlepart ... ok

#167 Raster layers with no projection causes Exception to be raised ... ok
#168 NODATA value is correctly handled for GDAL layers ... ok

#169 Ordering of polygon vertices is preserved when writing and reading ... ok
#170 Polygon areas are computed correctly ... ok

#171 Polygon centroids are computed correctly ... ok

#172 Polygons with inner rings can be written and read ... ok

#173 Projection information can be correctly compared ... ok

#174 Raster extrema (including NAN's) are correct. ... ok

#175 Raster layers can be converted to vector point layers ... ok



Other types of testing

 PEPS8: Style checking
* Pylint: Static code analysis
* Customised checks:

e Scan for unwanted strings, e.g. assert, settrace, ...
 |P status of bundled data (is it ok to publish?)

* Missing translations

e - anything you care about, that can be automated



Jenkins InaSAFE-QGIS1
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Get It right — Then fast

Recipe refined during development of ANUGA
1.Write one or two tests

2.Implement brute force simple algorithm
3.Implement smarter algorithm and more tests

4.After profiling, write bottlenecks in C using test
suite to maintain correctness

Never optimise without profiling and testing!



Why use and make Open Source

* Open Source makes software better
— Generates Iinterest and attracts feedback
— Facilitates re-use
— Allows large teams to collaborate
— Critical to scientific reproducibility
(please include the source code in papers!)



Appeal: Get involved in QGIS!

http://www.qgis.org



Thank You So Much!

Questions?
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