A Very Brief
Introduction to Python

Emily Wolin




Goal: Overview of Python basics,
with a few hands-on examples



What is Python!

Interpreted
High-level
Free and open-source

Object-oriented: each object has various
attributes and methods



Why do | use Python!

“How good are current tomographic models
of North America?”



Why do | use Python?

“II I l l I' I I
FPI lI A * 2.”

“WVe can use current tomographic models to predict
S and Rayleigh wavetrains from earthquakes within
North America. Do these synthetic seismograms

agree with observations at SPREE and the TA?”




Why do | use Python?

Things | need to know to compare two waveforms:

Time series of ground motion (of course)
Station, network, component, location
Lat, lon, depth of station

Start and end time of traces

Sampling rate

Event hypocenter and origin time

Phase picks

SAC deals with headers nicely, and provides a lot of nice functions.
But | hate writing SAC macros.

And | need to do things that SAC can’t do.



Why do | use Python!
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Why do | use Python!
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Why do | use Python?

In Python, | could build an containing the time series and the
headers.

mytrace.header.stnm
mytrace.header.stla

mytrace.data
| could also define functions that act on or modify the object’s attributes.

mytrace.trim(starttime=tl, endtime=t2)
mytrace.filter(“highpass”, freg=0.02)

mytrace.remove_response(output=“DISP”)

Note: these are all pseudocode



Why do | use Python?

Good news:

Seismology-friendly data structures already exist
in a package called ObsPy.

Even better news:

| can use powerful numerical and scientific
Python libraries to process and visualize my data.



Tip: Use a text editor with syntax highlighting.

InVim (my favorite), set up ~/.vimrc:

syntax on
set number

set noeb vb t_vb=



Getting started: IPython



Getting started: IPython

print ‘Hello, world!’



Getting started: IPython

a=‘1’
a=1
a=1.1
a=1+2]7



Getting started: IPython

a=[42,17,0]
all]

a.<tab>



Getting started: IPython

s=‘hello there ’

S[1]

S.<tab>



Getting started: IPython

1f answer != 42:
print ‘that i1s not correct’
for 1 1n range(5):

print ‘Hello, world!’



Using modules

import os
help(os)
0S.environ

myname=0s.environ|[ ‘USER’]



VWVrite your own module

1mport os

def sayhello():
myname=0s.environ|[ 'USER']
print 'Hello, {0}!'.format(myname)

def addthese(a,b):
C=a+b
print '{0}+{1}={2}'.format(a,b,c)
return c



Use your new module

1mport mymodule
mymodule.sayhello()
a=mymodule.addthese(3.1,2.7)

import mymodule as mm
mm.sayhello()
a=mm.addthese(3.1,2.7)



Using classes

from birdclasses import Swallow
bird=Swallow(species=‘African’, status=‘unladen’)
bird.loadstatus

bird.velocity

http://style.org/unladenswallow/ \
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Using classes

from birdclasses import Swallow
bird=Swallow(species=‘African’, status=‘unladen’)
bird.loadstatus

bird.velocity

bird.giveCoconut()

| http://style.org/lunladenswallow/ \
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Useful Modules

NumPly:

“the fundamental package for scientific computing
with Python. It contains among other things:

® a powerful N-dimensional array object
sophisticated (broadcasting) functions
tools for integrating C/C++ and Fortran code
useful linear algebra, Fourier transform, and
random number capabilities”

http://www.numpy.org/



http://www.numpy.org/
http://www.numpy.org/

Useful Modules

SciPy:

“a collection of numerical algorithms
and domain-specific toolboxes,
including signal processing,
optimization, statistics and much more”

http.//www.scipy.org/about.html



http://www.scipy.org/about.html
http://www.scipy.org/about.html

Useful Modules

matplotlib:

“matplotlib is a python 2D plotting library
which produces publication quality figures in
a variety of hardcopy formats and interactive
environments across platforms”

http://matplotlib.org/



http://matplotlib.org/
http://matplotlib.org/

Useful Modules

ObsPy:

“an open-source project dedicated to
provide a Python framework for processing
seismological data. It provides parsers for
common file formats and seismological
signal processing routines which allow the
manipulation of seismological time series”

http://docs.obspy.org/



http://docs.obspy.org/
http://docs.obspy.org/

Python Basics

Now you know a little about:

® Data types
® Obiject orientation: attributes, methods

® Flow control statements (if/while/for):
mandatory indentation

® |mporting modules and writing simple
functions



And now for something
a little different...



Scripting with Python
Sample code (mylinefit.py):

® Generate a linearly-spaced array of x
values

Calculate a function y(x) at each point
Add random noise to y(x)

Fit a line through the noisy data

Plot the noisy data, original function, and
best-fit line



Scripting with Python

run mylinefit.py



Scripting with Python

run mylinefit.py

chmod +x mylinefit.py
/mylinefit.py

#1/usr/bin/env python



Scripting with Python
Fit line in 2 ways:
® SciPy: stats.linregress module

® “By hand” with NumPy matrices
and some inverse theory




Scripting with Python
Fit line in 2 ways:
® SciPy: stats.linregress module

® “By hand” with NumPy matrices
and some inverse theory

— Original: y=4.0x+10.0
— Best fit: y= 3.893x+10.679




Read and plot a waveform

from obspy.core import read
st = read('TA.SPMN. .LHZ.d1isp")
st.plot()

print st

len(st)

tr = st[0]

print tr

print tr.stats

print tr.stats[‘station’]
tr.data


http://examples.obspy.org/RJOB_061005_072159.ehz.new'
http://examples.obspy.org/RJOB_061005_072159.ehz.new'

Read and plot a waveform

from obspy.core import read
st = read('TA.SPMN. .LHZ.d1isp")
st.plot()

print st
len(st)

tr = st[0]
print tr
print tr.stats

print tr.stats[‘station’]
tr.data



http://examples.obspy.org/RJOB_061005_072159.ehz.new'
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Plot a focal mechanism

from obspy.imaging.beachball import Beachball
mt = [ 180, 80, 90 ]
Beachball(mt, s1ze=500)

mt2 = [-0.463, 4.61, -4.15, -0.0633, -0.171, -1.49]
Beachball(mt2, size=500)



Plot a focal mechanism

from obspy.imaging.beachball import Beachball
mt = [ 180, 80, 90 ]
Beachball(mt, s1ze=500)

mt2 = [-0.463, 4.61, -4.15, -0.00633, -0.171, -1.49]
Beachball(mtZ2, si1ze=500)

O oo



Scripting with Python



Scripting with Python

chmod +x plotanything.py

./plotanything.py vs.ak135
./plotanything.py vs.*



If we have time: IPython notebooks
http://docs.obspy.org/tutorial

4 ObsPy Tutorial — ObsPy

docs.obspy.org/tutorial/ \Ql

ObsPy Documentation (0.9.2) »

Table Of Contents ObsPy Tutorial

ObsPy Tutorial
= Introduction to ObsPy
= Advanced Exercise

previous | next | modules | index

This tutorial does not attempt to be comprehensive and cover every single feature. Instead, it introduces many of ObsPy’s most noteworthy

features, and will give you a good idea of the ljbrary’s flavor an alyle. . .
This Page | _—_click here (do not try to right-click and save)
A pdf version of the Tutorial is available here.
Show Source
. There are also IPython notebooks available online with ang: introduction to Python > with solutions/output) and an = introduction to ObsPy
QUICk search (=>with solutions/output).
I YN

Il nbviewer.ipython.org/gi

nbviewer.ipython.org/github/obspy/docs/blob/master/workshops/2014_mess/python_introduction.ipynb lQ!

Download from this Iink/)CD

1python notebook python_introduction.ipynb --pylab inline


http://docs.obspy.org/tutorial
http://docs.obspy.org/tutorial

Want to learn more!
® A Byte of Python

http://swaroopch.com/notes/python/

® (ObsPy tutorials:

http.//docs.obspy.org/tutoriall

® Python Scripting for Computational Science

http://folk.uio.no/hpl/scripting/index.html

® Python Scientific Lecture Notes

http://scipy-lectures.github.io/index.html



http://swaroopch.com/notes/python/
http://swaroopch.com/notes/python/
http://docs.obspy.org/tutorial/
http://docs.obspy.org/tutorial/
http://folk.uio.no/hpl/scripting/index.html
http://folk.uio.no/hpl/scripting/index.html
http://scipy-lectures.github.io/index.html
http://scipy-lectures.github.io/index.html

/

T LEARNED IT LAST
NIGHT! EVERYTHING

IS SO SIMPLE!
/

HELLO WORLD 1S JusT
print "Hello, world!"

A NN
\\\\\\\ '

xS

I DUNNO...
DYNAMIC TYPING?
WHITEGPRCE?

COME JOIN VS
PROGRAINMING
IS FUN AGAIN!
IT'S A WHOLE
NEW WORLD

\.

UP HERE!

BUT HOW ARE
YOU FLYING?

/
I JUST TYPED

import ontigravity
THAT'S IT? /

... L ALSO SAMPLED
EVERYTHING IN THE
MED\CINE CABINET
FOR COMPARISON.

(
RUT I THINK THIS
|S THE PYTHON.

http://xkcd.com/353/
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Read and plot a waveform

from obspy.core import read

St = r'eCId('http://examples.obspy.org/RJOB_®61®®5_®72159.ehz.new')
print st

len(st)

tr = st[0]

print tr

print tr.stats

print tr.stats[ ‘station’]

tr.data

tr.plot()


http://examples.obspy.org/RJOB_061005_072159.ehz.new'
http://examples.obspy.org/RJOB_061005_072159.ehz.new'

Importing: which style is best!?

1mport mymodule
from mymodule import *

1mport mymodule as mm
from mymodule 1mport sayhello, addthese



What'’s an object!

How could you describe an earthquake!?

Hypocenter (lat, lon, depth)

Origin time

Rise time/other source-time function

Moment tensor

Who contributed the solution (may be several solutions--
ISC, PDE, Global CMT, etc.)?

Event ID

It'd be nice if we had a way of tying all of these different
pieces of information together.



Instead of using a bunch of different variables...

M6.0 - Northern Mid-Atlantic Ridge

2014-07-27 01:28:38 UTC

GREEN ShakeMap - I w

Scientific
Location and Magnitude contributed by: USGS National Earthquake Information Center

Preferred Location Parameters Moment Tensor

Parameter Value Uncertainty US Mww
Magnitude 6.0 mwb + 0.03

Location 23.761°N, 45.646°W Not Specified

Depth 10.0 km + 1.7 km

Number of Stations Used Not Specified

Number of Phases Used 122

Minimum Distance 1880.0 km (16.89°)

Travel Time Residual 1.18 sec

Azimuthal Gap 60°

Review Status MANUAL

Event ID usb000rxni




Instead of using a bunch of different variables...

M6.0 - Northern Mid-Atlantic Ridge

2014-07-27 01:28:38 UTC
PAGER - GREEN ShakeMap - I w

) ﬁggggg;le Ea[“: K &‘”

Scientific

Location and Magnitude contributed by:

Preferred Location Parameters Moment Tensor

Parameter Value

Magnitude 6.0 nggib

Location 23.761°N, 45.646°W Not Specified
Depth 10.0 km + 1.7 km
Number of Stations Used Not Specified

Number of Phases Used 122

Minimum Distance 1880.0 km (16.89°)

Travel Time Residual 1.18 sec

Azimuthal Gap 60°

Review Status MANUAL

Event ID usb000rxni




Instead of using a bunch of different variables...

M6.0 - Northern Mid-Atlantic Ridge

2014-07-27 01:28:38 UTC

GREEN ShakeMap - I w

Scientific

Location and Magnitude contributed by:

Preferred Location Parameters Moment Tensor

Parameter Value

Magnitude 6.0 nggib

Location 23.761°N, 45.646°W
et R eV 1 0=45. 640

Number of Stations Used Not Specified
Number of Phases Used 122

Minimum Distance 1880.0 km (16.89°)
Travel Time Residual 1.18 sec
Azimuthal Gap 60°

Review Status MANUAL

Event ID usb000rxni




Instead of using a bunch of different variables...

M6.0 - Northern Mid-Atlantic Ridge

2014-07-27 01:28:38 UTC
PAGER - GREEN ShakeMap - I w

) ﬁggggg;le Ea[“: K &‘”

Scientific

Location and Magnitude contributed by:

Preferred Location Parameters Moment Tensor

Parameter Value

Magnitude 6.0 nggib * U.

Location 23.761°N, 45.646°W
et SRR \/ | 0=45 . 640

Number of Stations Used Not Specifi

Number of Phases Used 122

Minimum Distance 1880.0 km (16.89°) eVd p: 1@ o @
Travel Time Residual 1.18 sec

Azimuthal Gap 60°

Review Status MANUAL

Event ID usb000rxni




Instead of using a bunch of different variables...

M6.0 - Northern Mid-Atlantic Ridge

2014-07-27 01:28:38 UTC
PAGER - GREEN IR ANC.

- QQQHIQ Ea[“: K 'y_‘”

Scientific

Location and Magnitude contributed by:

Preferred Location Parameters

Parameter Value

Magnitude 6.0 nggib * U.

Location 23.761°N, 45.646°W
et SRR \/ | 0=45 . 640

Number of Stations Used Not Specifi

Number of Phases Used 122

Minimum Distance 1880.0 km (16.89°) eVd p: 1@ o @
Travel Time Residual 1.18 sec

Azimuthal Gap 60°

Review Status MANUAL

Event ID usb000rxni




an Event object would help us organize all of this together:

M6.0 - Northern Mid-Atlantic Ridge

2014-07-27 01:28:38 UTC

el . myevent. latitude
= ol i 01 myevent. longitude
Scientific

S———— 1\ c\/eNt . depth
Preferred Location Parameters myeve n t ° O rl -i_ g -i_ n t -i_ me

)

Parameter Value myeve nt . MW

Magnitude 6.0 mwb
Location 23.761°N, 45.

= e myevent . ms

Number of Stations Used Not Specified

REETTER 1) c Ve n't . mb

Minimum Distance 1880.0 km (16

Travel Time Residual 1.18 sec and SO fo rth°°°
Azimuthal Gap 60°

Review Status MANUAL

Event ID usb000rxni




