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Tools?

« Want software for...
— EM Simulations: FDEM, TDEM
— Inversions:1D, 3D, parametric

* Intended use?
— Production scale inversion
— Survey design
— Research

* Inversion methodology

« Understanding the physics

« [wo options:
— 1) use existing software
— 2) develop your own tools



Option 1: use existing software

 Purchase license for software

e request academic license

Pros:

Reduce development
overhead

May have been tested / used
for other data sets

Often fit-for-purpose

cons:

Proprietary and not accessible
— Available as executable

Source code may be
impenetrable:

— optimized and written by one
(maybe two) people

— spaghetti code in a foreign
language

Often fit-for-purpose: rigid and
not easily extensible

Restrictive use (licensing)



Option 2: build your own

« Gather historic codes and merge/modify

o Start from scratch

Pros:

Flexibility
Knowledge of structure /
layout of the code

Knowledge of which aspects
are tested (and not)

Extensibility

— Can be designed with future
development / research
questions in mind

cons:

Daunting! Need strong
background in scientific
computing

— And software engineering
skills

Time commitment

— Esp. if transferabillity is a
priority

Challenging to publish

It is not regarded as a
scientific contribution



Option 377



Option 3: wish-list

« Collaboration
— Development of software
— Implementing and applying
« Development practices
— Shared repository
— Version control
— Automated testing
— User and developer documentation
— Peer review of code
— Issue tracking
— Attribution for contributors
— Licensing



 (Collaboration

Option 3: Open Source

Open source communities

already doing this:
Development of software y J

— Implementing aﬂOll applying (@)aSt o p

« Development practices

A Community Python Library for Astronomy

Shared repository 22 253 contributors
Version control

Automated testing
User and developer documentation .
Peer review of code

machine learning in Python

22 1,095 contributors
Issue tracking

Attribution for contributors

f | SciPy

we> Scientific Computing with Python
22 612 contributors

Licensing



Tools in the open source ecosystem

@, python’ O
julia .

@

and many more ...



Freely available modern languages

@ python’

H - Scientific Python Ecosystem
R Jjulia
' AN AN . (and
BU I lg s many.,
Facilitates collaboration and M| et w S gg.,lmggqmgge N
reproducibility (by anyonel) ° m/,\@

Easier on-boarding of new S scipy \

<

users / graduate students 7 #Numby  @uthon S somy

R
Communities developing core- / IPb

,/ IPython \ L \
packages that can be re-used @ python' AN
From Jake VanderPlas “State of the Tools”, SciPy 2015



https://www.youtube.com/watch?v=5GlNDD7qbP4

Version control
Issue tracking
Code-reviews
Attribution

GitHub

D 4,783 commits P 56 branches © 35 releases 42 15 contributors s MIT

May 26, 2013 - Jun 10, 2018

Contributions to master, excluding merge commits

80
60
40

20

Contributions: Commits v

2014 2015 2016 2017 2018
Changes from all commits ¥ Jump to...¥ +4,355 -1,018 nEEN
2 Em SimPEG/EM/Static/DC/FieldsDC.py
%3 @@ -118,7 +118,7 @@ def _e(self, phiSolution, srcList):
. math::
\vec{e} = -\nabla \phi
- return -self.cellGrad*phiSolution
+ return self.prob.MfI*self.prob.MfRhoI * self._ j(phiSolution, srcList)

g lheagy on Dec 8, 2017 Member
”

nice, | agree this is a good way to go

sgkang on Dec 12, 2017  Contributor
® nice. following your suggestion.
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Jupyter notebooks

-
jupyter
o

Computational narratives /
documented workflows

Interactive computing
Widgets

Resources to distribute
reproducible notebooks

& bi(bn)der

&

O harmonic_vmd_sounding_over X

[ee)

C' @ localhost:8892/notebooks/notebooks/harmonic_vmd_sounding... & ¥

= Ju pyter harmonic_vmd_sounding_over_sphere utosaved) v A

el Widgets Help | Python [default] O

+ < A& B 4+ ¥ M EH C Markdown B CellToolbar

w()
zzzzzzzz
111111111111111111 (
oooooooooooooooo
q_ind=ipywidget ( ( ) )
ag=ipywi ( [ 1)
)
freq_ind 0
| im
ag
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Testing

& Build #5348 - simpeg/simpec X

& C' @& Travis Cl GmbH [DE] | https://travis-ci.org/simpeg/simpeg/builds/387449003

7_1 Slmpeg / Slmpeg build | passing

Current Branches Build History Pull Requests Build #5348 Moreoptions —

< master CRON Merge pull request #696 from simpeg/typo-so o9 #5348 passed

Ran for 36 min 8 sec

. Total time 2 hrs 33 min 8 sec
Commit 9429510

Branch master 7 days ago

Travl SCl y CI rCl eC | y P @ Lindsey Heagy authored@®@ GitHub committed

A . Build Jobs
utomated testing

v £ 5348.1 A Python: 3.6 TEST_DIR=tests/em/fdem/inverse/derivs 5min 16 sec
v 5348.2 5 Python: 2.7 TEST_DIR=tests/em/fdem/inverse/derivs 5min 16 sec
R u n S O n eve ry C h a n g e to v 5348.3 . Python: 3.6 TEST_DIR=tests/em/tdem 9 min 15 sec
v 5348.4 0 Python: 2.7 TEST_DIR=tests/em/tdem 8 min51sec
t h e CO d e b aS e v £ 53485 A Python: 3.6 TEST_DIR="tests/em/static tests/seis tests/. 7min53sec
v 5348.6 A Python: 2.7 TEST_DIR="tests/em/static tests/seis tests/. 6 min 47 sec
TeSt C h an g eS / n eW v 5348.7 * Python: 3.6 TEST_DIR=tests/flow 8 min51sec
. . v 5348.8 * Python: 2.7 TEST_DIR=tests/flow 10 min 42 sec
CO nt rl b ut I O n S b efo re v 5348.9 A Python: 3.6 TEST_DIR="tests/em/nsem/forward tests/e. 7 min 45 sec
N [ [ v 5348.10 Python: 2.7 TEST_DIR="tests/em/nsem/forward tests/e 7 min 9 sec
d I St rl b ut I n g v 5348.11 * Python: 3.6 TEST_DIR=tests/em/fdem/inverse/adjoint 7 min 35 sec



Documentation

'S Read the Docs

Read the Docs
Documentation hosting

Updated with changes to
distributed version of code

Searchable

uses documentation
strings within codebase

# SImPEG

Why SimPEG?

Contributing to SimPEG
Getting Started with SImPEG
Getting Started: for Developers
Practices

Examples

Electromagnetics

Direct Current Resistivity
Induced Polarization

Magnetics

Viscous Remanent Magnetization

Richards Equation
Finite Volume
Forward Problem
Inversion Components
Maps

Utiliti

SimPEG — SimPEG 0.8.3 doct. X

docs.simpeg.xyz Q

Docs » SimPEG O Edit on GitHub

simpeg

SimPEG

Simulation and Parameter Estimation in Geophysics - A python package for simulation and gradient
based parameter estimation in the context of geophysical applications.

The vision is to create a package for finite volume simulation with applications to geophysical
imaging and subsurface flow. To enable the understanding of the many different components, this
package has the following features:

modular with respect to the spacial discretization, optimization routine, and geophysical
problem

built with the inverse problem in mind

provides a framework for geophysical and hydrogeologic problems

supports 1D, 2D and 3D problems

designed for large-scale inversions

You are welcome to join forum and engage with people who use and develop SimPEG at:
https:/groups.google.com/forum/#!forum/simpeg.
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Licenses

Specifies how others can use
/ adapt software

Most Python projects use
permissive licenses (MIT or
BSD-3)

— Facilitates collaboration

— allows industry and
academic use

Choose an open source licens x

= C' @ Secure | https://choosealicense.com

Choose an open source

license

Which of the following best describes your

I

Iwant it simple
and permissive.

The MIT License is a permissive
license that is short and to the point.
It lets people do anything they want
with your code as long as they
provide attribution back to you and
don’t hold you liable.

Babel, .NET Core, and Rails use the
MIT License.

situation?

@

I'm concerned
about patents.

The Apache License 2.0 is a
permissive license similar to the MIT
License, but also provides an express
grant of patent rights from
contributors to users.

Kubernetes, PDF.js, and Swift use
the Apache License 2.0.

=

sharing
improvements.

The GNU GPLv3 is a copyleft license
that requires anyone who distributes
your code or a derivative work to
make the source available under the
same terms, and also provides an
express grant of patent rights from
contributors to users.

https://choosealicense.com
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Some big benefits

Collaboration

Ease of testing

Useable software

Problem solved faster
Modification is easier

Learn by reading existing codes
Share analysis and results
Reproducibility

Attribution

Continually improving set of tools
INn the open-source ecosystem

Building a community



Sampling of modern open-source projects

+ For EM °
— empymod W LU J l nV
— jinv
- PYGIML € /GIMLI
— Fatiando o Geophysical Inversion & Modelling Library
— SIMPEG

T @ fatiando s terra
44, simpeg



Sampling of modern open-source projects

. For EM : A v
—[empymod ] o mod J l nV
\ ] J
F GIMLi -
@ fatiando s terra
4 N\

EM forward modelling of 1D

VTl media with 3D EM ﬁ% Simpeg

sources in Python

\_ /
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Sampling of modern open-source projects

~
* For EM

—[jlnv ]

/
o0
@
i Ly J nv
| -
g' GIMLI
1)
Geophysical Inversion & Modelling Library

@ fatiando s terra

J

Framework for PDE parameter
estimation in Julia. Contains
building blocks to assemble
your own simulation and
inversion.

. / .




Sampling of modern open-source projects

+ For EM °.°|
emj fmod J nv

4 )

(pvaimu | € »/GIMLI

Geophysical Inversion & Modelling Library

J

@ fatiando s terra

~

/I\/Iulti—method library for
solving inverse and forward
tasks related to geophysical
problems in C++ and Python.
3D DC/IP, potential fields are

highlights
K gniig / ;




Sampling of modern open-source projects

 For EM H
em mod J l n V
. »/GIMLI
& Geophysical Inversion & Modelling Library
[ simPEG |

@ fatiando s terra

& Simulation and gradient N
based parameter
estimation in geophysical
applications, including \_ )
DC/IP, EM. Written in

KF’y’[hon

/
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Sampling of modern open-source projects

+ For EM v
— empymod W LU J l nV
— jinv
- PYGIML € /GIMLI
— Fatiando s Geophysical Inversion & Modelling Library
— SIMPEG

T @ fatiando s terra

« They differ in objectives,
capabilities, structure,
Interactivity, license, and
language




41 simpeg

M d | f k f ® TEM_VerticalConductor_2D_fc. x
O U ar ramewor Or & C @ localhost:8891/notebooks/notebooks/TEM_VerticalConductor_2D_for... & Y @
S i m u | a‘t i O n an d i nve rS i O n Of File Edit View Insert Cell Kernel Widgets Help Trusted | Python3 O

B + x @B 4 ¢ MRin B C » Code RN
JONRR—

geophysical data
View the current density through time
—_ graVIty, magnetlcs’ Vadose In [18]: | ipywidgets.interact(

viz_fund_ currents,
itime = ipywidgets.IntSlider(min=1, max=len(prb.times), value=1),

flow, DC/IP, FDEM, TDEM SI T o Sy v
Open source :
Written in Python

Specific to electromagnetics

Current density at Z=-75m

— Quasi-static Maxwell

— Tensor, OcTree, Curvilinear and
Cylindrical meshes

— Easily visualize fields, fluxes, httD://SiMpeq.xvz
charges

22
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SIMPEG: Inversion framework

Mesh
Inversion Elements

Data Misfit Regularization -—l

Inputs
Data apd Governing Prior Knowledge
Uncertainty . ) - -
N Equations and Assumptions 1
Estimates |
1
1
1
Implementation ¥ 1
|
Forward Simulation 1
|
Pai |
Survey e Problem | .
1
|
|
I
|
|
|
Jd

-5
Inversion as Optimization |
Inverse N |

- Optimization
Problem P :
1
1
\ 1
1
Inversion 1
1
1
1
1
) 1
Evaluation y 1
1
1
Evaluate and Assess Results - -

\4

Interpret Preferred
Model(s)




Notebook Demo:; Plate in a

& C @® localhost:8891/notebooks/notebooks/TEM_VerticalConductor_2D_for... @ ¥
File Edit View Insert Cell Kernel Widgets Help Trusted |Pyth0n3 O
B+ < @@ B 4 ¥ MRun H C M | Code v =

P il A W

TEM_VerticalConductor_2D_fo X

View the current density through time

In [18]: ipywidgets.interact(
viz_fund_currents,
itime = ipywidgets.IntSlider(min=1, max=len(prb.times), value=1l),
iSrc = ipywidgets.IntSlider(min=0, max=len(srcList), value=5),
clim = ipywidgets.fixed([3e-13, 2e-9]),

itime 8
iSrc 5

Current density at Z=-75m

Time: 0.08 ms

X=25m

400
200 —-200

—400

-200

-600
—-600 —400 -200 0 600
—400 y
—600 10712 10-11 10710 10-°

—600 —-400 -200 0

. Current density (A/m?)

Out[18]: <function _ main_ .viz_fund_currents>

In [19]: fi axes = plt.subplots(3,2, figsize = (12,6%*3

alfspace
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Summary

Need for Open source

Open source eco-system

« SIMPEG .
« Jupyter notebooks and demos % S Impeg

— Forward simulation

TEM_VerticalConductor_2D_f

- | nve rS I On < C' @ localhost:¢ notebook: / calConductor_2D_for.. @ ¥

File Edit View Insert Cell Kernel Widgets Help Trusted ‘ Python3 O

B + < @ B 4 ¥ MR B C » Code L]

 Benefits

View the current density through time

In [18]: ipywidgets.interact(

'
— Collaboratin
itime = ipywidgets.IntSlider(min=1, max=len(prb.times), value=1),

iSrc = ipywidgets.IntSlider(min=0, max=len(srcList), value=5),
clim = ipywidgets.fixed([3e-13, 2e-9]),

— Reproducibillity, :

— Learning

-600 400 200

10-1 101 10710
600 400 -200 0 Current density (A/m?)

Out[18]: <function _ main_ .viz_fund_currents>

In [19]: fia axes = Elt.subﬁlots BIZ fiisize = (12,6*3))




Web and Open Source Resources

* Open source development:

Software and resources
— Collaborate

— Share

— Test changes

— Interactive computing

44, simpeg

Simulation and Parameter Estimation in Geophysics

http://simpeq.xyz

QO =
\ lvv'i_gl

Github Travis Cl
versioning, collaborating testing, deploy

Contributors to ubcgiffem x

C @ GitHub, Inc. [US]  https://github.com/ubcgif/em/graphs/contributors

O Persona | Opensource Business Explore Pricing Blog Support  This repository Sign in u
¥

ubcgif /em @Watch 18 K Star 6

Code ssues 32 Pull requests 3 Projects 3 Wiki Pulse |y Graphs

Commits Code frequency Punch card Network Members Dependents

Sep 20, 2015 -Jan 19, 2017

Contributions to master, excluding merge commits

g | dik
B e o EyEngdikun
Aod AA A 4.l A ad . a

interactive computing

& thast #3 fourndo
%" 126 commits 23,500 -- 125 commit: s
~—afba. A . ... A ~ e 4. e A A A
oo ags6- © Rt
Creative Commons Python

licensing, reuse computation 29
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Resources: EM.geosci

Case Histories — Electromag X

® em.geosci.xyz,

INVESTIGATIONS IN GEOPHYSICS NO. 3

#em

Case Histories

Case histories provide the context for our development of educational and research material
presented in em.geosci. Each case history focuses upon a particular problem to be solved and
provides the motivation for working with particular surveys and shows the effectiveness of

ELECTROMAGNETIC METHODS
IN APPLIED GEOPHYSICS

VOLUME 2, APPLICATION, PARTS A AND B

electromagnetics in answering the posed questions. For many people, a case history will be the entry
point to this site. To facilitate transfer of knowledge we have developed a common framework
(Seven Step Process) in which each case history is presented. Links are provided so that a reader can
investigate fundamental aspects of EM, the survey, or interpretation. In some cases we are able to
provide data sets and analysis/inversion software to enhance the user experience and to address
important issues regarding reproducability. Case histories for our initial launch of em.geosci are
those that have been developed by past and present students at the Geophysical Inversion Facility.
The titles, and EM systems used are provided below.

EDITED BY MISAC N. NABIGHIAN

license or copyright; see Terms of Use at http://library.seg.org/

© Case Histories Gallery
Mt. Isa Mt Isa
Bookpurnong

Aspen « Mtlsa : =
« Contributors R — ;
Lalor _ |
o author: Dom Fournier D

Elevenmile Canyon -

Albany + Tags
West Plains o geophysical survey: DC, IP
Ny y Yy y oy oy yoN Furggwanghorn o application: Mining
o location: Australia
Norsminde
Barents Sea
Kasted
The Balboa ZTEM Cu-Mo-Au Bookpurnong
porphyry discovery at Cobre
Panama

+ Bookpurnong
« Contributors
o author: Dikun Yang

Gallery

+ Tags

o geophysical survey: Airborne FDEM, Airborne
TDEM
o application: Groundwater
o_location: Australia

SOCIETY OF EXPLORATION GEOPHYSICISTS

http://em.geosci.xyz 0
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Resources: EM.geosci

Case Histories — Electromag X

® em.geosci.xyz,

#em

| Case histories provide the context for our development of educational and research material
. . Contributor presented in em.geosci. Each case history focuses upon a particular problem to be solved and
O r aS e I St O rl e S B provides the motivation for working with particular surveys and shows the effectiveness of
Introduction

electromagnetics in answering the posed questions. For many people, a case history will be the entry

point to this site. To facilitate transfer of knowledge we have developed a common framework
Maxwell I: Fund a (Seven Step Process) in which each case history is presented. Links are provided so that a reader can

Case Histories

Physical Properties

1. Setup 2. Pro erl;ies Ve investigate fundamental aspects of EM, the survey, or interpretation. In some cases we are able to

.. provide data sets and analysis/inversion software to enhance the user experience and to address
important issues regarding reproducability. Case histories for our initial launch of em.geosci are
those that have been developed by past and present students at the Geophysical Inversion Facility.
al Surveys The titles, and EM systems used are provided below.

Field measurements

Oh

Maxwell IIl: FDEM

Maxwell IV: TDEM

© Case Histories Gallery
Mt.Isa
Mt. Isa

Bookpurnong

Aspen « Mt.Isa =
Sesepi « Contributors - ;
0’51y Lalor . — |

o author: Dom Fournier —_—
Elevenmile Canyon -

= Alb
) 5. Processing o * Togs
7. Synthesis - — West Plains o geophysical survey: DC, IP
magertic susceptibilty model o application: Mining
y ’ . from inversion of magnetic data Furggwanghorn . 5
- Integration of geophysics with all other Noreminde o location: Australia
i
knowledge about the project.
~ _ Barents Sea
- Do results correlate with prior and Cocted
7l 2 = aste:
alternative information? e Bl ZTEM G A Book
4 e Balboa u-Mo-Au ookpurnon
- Is the outcome adequate for the project? porphyry discovery at Cobre P! 9
- Iteration back to previous steps is et

+ Bookpurnong
« Contributors
Equation B o author: Dikun Yang

expected before finalizing the work.

0 150%5{ {ml

Gallery

Refere

+ Tags
o geophysical survey: Airborne FDEM, Airborne

TDEM

o application: Groundwater

o_location: Australia

http://em.geosci.xyz o
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[ step framework
for Case Histories

2. Properties

Magsic

win's1)

Resources: EM.geosci

Field measurements

7. Synthesis

- Integration of geophysics with all other

knowledge about the project.

- Do results correlate with prior and

alternative information?

- Is the outcome adequate for the project?
- Iteration back to previous steps is
expected before finalizing the work.

4. Data
Observed magnetic data

o e e o e e e
Eantvn o)

3

5. Processing

magertic susceptibilty model
frominversion of magnetic data

0 ‘502531 iml

e context for our development of educational and research material
history focuses upon a particular problem to be solved and
Qarticular surveys and shows the effectiveness of
For many people, a case history will be the entry
g developed a common framework
I: Fu entals are provided so that a reader can

Introduction

Physical Properties

Qg cases we are able to

Maxwell I1: St

important iss
those that have been®

The titles, and EM systems uséd

Gallery

B Case Histories

Mt.Isa Mt. Isa
Bookpurnong
Aspen * Mtlsa

« Contributors
Lalor

o author: Dom Fournier
Elevenmile Canyon

Albany . Tags
West Plains o geophysical survey: DC, IP
BT o application: Mining

o location: Australia
Norsminde
Barents Sea
Kasted

The Balboa ZTEM Cu-Mo-Au
porphyry discovery at Cobre
Panama

Bookpurnong

+ Bookpurnong
« Contributors
o author: Dikun Yang

Gallery

+ Tags

o geophysical survey: Airborne FDEM, Airborne
TDEM
o application: Groundwater
o_location: Australia

http://em.geosci.xyz -
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Why Apps

ob \ /
VXxe=——
‘ IMAGE NOT
AVAILABLE

AN

Vxh=]

http://em.geosci.xyz/apps.html
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V X e

V X h

HarmonicDipoleWidget_MD X

@ localhost:8889/notebooks/noteboo

File Edit View

Insert Cell

B+ xa B+ ¥

Kernel

N m C || Code

Widgets

Help

A
v

= Ju pyte I' HarmonicDipoleWidget_MD (unsaved changes) ?

CellToolbar

maxwell1_fundamentals/Ha... @ 3¢

| Python [default] ©

& o0 i o

In [10]:

Field

Ob

ot

AmpDir
Comp.

Complex
Number

dwidget =
Q1 = dwidget.InteractiveDipoleBH(nRx=Q0.kwargs["nRx"], plane=Q0.kwargs["Pla

DipoleWidgetFD()

f(H2)
o (S/m)
Offset

Scale

Slider
FregLog

SigLog

Z(m)

E|H | J

Nonei Amp Direction

X 'y |z

Re Im Amp Phase

0

0.01

50

log | linear
-3.00
-3.00

Vector H-field from MD
8 )

http://em.geosci.xyz/apps.html

1062

1063

5
Magnetic field (A/m)

10°66

1065

A-B profile (m)

EM data at Rx hole

20

H]-field field (A/m)
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Goals

« Motivation (questions supplemented with images)

We've seen Aarhus workshop; great examples; much information
obtained with LCI;

What happens if the situation is 3D

how do the fields behave; do we need to work in 3D
If we decide to work in 3D what are we up against;
Forward modelling

Inversion

« Open Source plays a critical role in achieving goals
— Talk more about this on Tuesday

— Today: illustrate the benefits and needs of adopting this paradigm



Connecting & Contributing

Today: Slack
— http://slack.geosci.xyz/

GO

Join GeoSci on Slack.
3 users online now of 9 registered.

GET MY INVITE

Contributing:
— EM GeoSci

» (Case histories
* Content

— SIMPEG

» Software

Case Histories — Electroma

® em.geosci.xyz/cont

#em

Contributors
Introduction

Physical Properties
Maxwell I: Fundamentals
Maxwell lI: Static
Maxwell lll: FDEM
Maxwell IV: TDEM
Geophysical Surveys

Inversion

B Case Histories

Mt.Isa
Bookpurnong
Aspen

Lalor
Elevenmile Canyon
Albany

West Plains
Furggwanghorn
Norsminde
Barents Sea
Kasted

The Balboa ZTEM Cu-Mo-Au
porphyry discovery at Cobre
Panama

Gallery
Equation Bank

References

Case Histories

Case histories provide the context for our development of educational and research material
presented in em.geosci. Each case history focuses upon a particular problem to be solved and
provides the motivation for working with particular surveys and shows the effectiveness of
electromagnetics in answering the posed questions. For many people, a case history will be the entry
point to this site. To facilitate transfer of knowledge we have developed a common framework
(Seven Step Process) in which each case history is presented. Links are provided so that a reader can
investigate fundamental aspects of EM, the survey, or interpretation. In some cases we are able to
provide data sets and analysis/inversion software to enhance the user experience and to address
important issues regarding reproducability. Case histories for our initial launch of em.geosci are
those that have been developed by past and present students at the Geophysical Inversion Facility.
The titles, and EM systems used are provided below.

Gallery

Mt. Isa

¢ Mt.lsa - =

« Contributors - ;
o author: Dom Fournier - !

+ Tags

o geophysical survey: DC, IP
o application: Mining
o location: Australia

Bookpurnong

+ Bookpurnong
« Contributors
o author: Dikun Yang

« Tags
o geophysical survey: Airborne FDEM, Airborne
TDEM
application: Groundwater
location: Australia
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