Preparation

e Download the project files from the Course

Agenda (on the web site)
¢ |nstall them in a convenient directory.

e Open a terminal and “cd” to that directory.
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Approaching
Programming

Useful Practices
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Objectives

Communicate a basic understanding of the
programming process that will help you
appreciate software limitations & troubleshoot
problems with software used in seismological
research.

Help you to start to develop basic programming
skills to help you construct tools that you can use
to process and analyze data.
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Outline

e | earning to program & programming
e Activities

¢ An Introduction to Programming
Editors

¢ An introduction to source-code
management with git.
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Programming

Programming skills empower you to explore
ideas with a computer on your own.

Although we cannot teach you programming in a
week, we can get you started.

To succeed, you have to continue to work at it,
but a week of practice and discussion can move
you far in the right direction.
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Remember, you are a
geoscientist, not a programmer.

Cuick & Specific

Define your goals
Genaeral & Reusable

LUnderstand what you are
programming.

QOutline

Create a task list

Create a flowchart

When do they use

g |
functions: Read code written

by others

How do they structure
their coda?

First, learn one language well.

bash

Learn a scripting language _/

javascript
Matlab

Mathematica

Fertran

Learn a compiled language

Learn object-oniented programmin

Learn a good graphics library

Use a code snippet utility

Keep a programming journal

Charles J, Ammaon, Penn State, 2015

GEOSC 597 - Anything But Excel

Good Seismology
Programming Practices

homebraw

Use a Package Manager macports

Sublime Text

Use a good editor
EBEEdit

Doxygen

Comment your codes
ROBQdoc

Write test codes as vou develop

Use Make or an IDE (Integrated
Development Environment)

Use ﬂit

-g (debug)
Know your compiler options -pa (profile)
-0 (optimize)
adb
Use a debugger idb
spyder (pydb)

gprof

Profile your code
Instruments (05 X)

LAaPack

ODEPack

Lse maintained
numerical libraries

Optimization

Mumerical Recipes
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Activities

e First, we will explore a programming editor.

e (Goal: Show you enough to encourage you to
find a good editor.

e Second, we will explore git, the source-control
management system.

e (Goal: Show you enough to encourage you to
learn enough to regularly use qgit.
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The Atom Editor

Open the File

Editors and Codes/docs/Programming Editors.pdf

Open the Atom Editor
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Program Types

We can divide computer programs into two types
1) Interpreted
2) Compiled

Interpreted codes are usually lighter weight and
slower than compiled, but they are often more
transportable and can be powerful (especially
when combined with compiled codes).
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Interpreted Languages

Commonly used interpreted languages include

The UNIX Shell Python
AWK MatLab
PERL Postscript

PHP Javascript

These languages vary in their complexity and
their power, but they all rely on an interpreter.
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Shell Scripts as Programs

A shell script is a procedure or “recipe” to perform
a sequence of UNIX commands.

#!/bin/csh

set PSFILE = 'tmap.ps'

set PROJ = '-JM6 -P -V'

set LIMITS = '-R90/102/0/14"
set TICKS = '-B2g.5/2g.5WeSn'
#

# Plot the seafloor

grdimage seafloor.grd $PROJ SLIMITS -Y2.0 -Cus.cpt -K >! S$SPSFILE
#

# plot the coastline

pscoast SPROJ SLIMITS STICKS -Di -W0.5p -Na -0 -K >> SPSFILE

#

awk '{print $7, $6, $9*$9%3$9/2000}' neic.txt >! usgs.xy

#

psxXy usgs.xy S$SPROJ SLIMITS -Sc -G255/250/129 -W0.5p -0 >> S$PSFILE
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Example - The AWK Interpreter

AWK BEGIN ({

minNorth = 1e20;

Pl’Ogram maxNorth = =-1e20
File !

# main processing script

{

1f($2 == 6) {

1f(minNorth > $7) minNorth $7;
1f(maxNorth < $7) maxNorth = $7;
}

}
#

END {
print "Min North:

}
#

Ll L1

, minNorth, "Max North: ", maxNorth

|nterpret > awk -f stripLocs.awk glData.txt

& E)(eCUte Min North: 213818.9735 Max North: 213819.1360
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An Example - The Python Interpreter

Python #!/bin/python Note: This is Python 2,
Program ;mpﬂrt random as r print differs in Python 3
Flle mu = 0.0
sigma = 10
#

for n 1n range{(l,25):
print r.random(), r.gauss(mu,sigma)

|nterpret > python genData.py > glData.txt
& Execute
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Do it. Create the following Python file and run it.
Edit with BBEdIit if you have it.

¥ aernlDiata m
el dld. .2y

i Last Saved: 10/15/12 4:49:55 PM

L

File Path » : ~/Dropbox/GEDSC497-ABE/Presentations/Programming /genData.py

4 | + |o | | genData.py =+ | (nosymbol selected) = | #"_
#!/bin/python

import random as r b

:u . Note: This is Python 2,

G = i print differs in Python 3
#

“| for n in range(1,25):

print r.random(), r.gauss(mu,sigma)

\ 'Yﬂu must indent with Pythun'

Currently Open Documents

o [ genData.py < &
1
2
3
4
5
G
7
a

- Recent Documents

+ g || I~

| Python % | Unicode (UTF-8) 2 |Unix(LF} 2|[% 118721/ 8 |

Interpret > python
& Execute

GEOSC 597 - Anything But Excel

genData.py > glData.tXxt
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[ Ammons-MacBook-Pro:GEOSC497-ABE/Presentations/Programming] cammon% python genData.py

0.304222579149 1.7175453153
0.0284140753588 -13.1814360145
0.16487081825 5.45244042034
0.295709946723 -7.68701603155
0.410412963977 -0.957735646336
0.622056166466 24.4207460851
0.0143451005923 5.3735826658
0.303664231751 15.0623237651
0.0126316386501 -8.56806142462
0.443227505491 5.45321281135
0.173479033642 6.37559037086
0.65565278018 2.67860824386 &
0.434373046531 6.90835973232
0.127377689191 -9.14073778803
0.664825765818 9.90544598142
0.24683458231 5.55486744449
0.589830663469 -3.486597877644
0.120494302323 -9.28015702125
0.943648960144 1.05936307301
0.22687591573 -0.737321948026
0.965301131119 1.185059438918
0.583336740737 -4.05910269699
0.179572728021 4.6398088405
0.81631429638 9.55774160312

Terminal — tcsh — BAx 27

'The results of running the python script:

25 pairs of random numbers.

[ Ammons-MacBook-Pro:GEQSC497-ABE/Presentations/Programming] cammon$

GEOSC 597 - Anything But Excel
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Compiled Languages

Commonly used compiled languages include

Fortran
C

C++
Obijective-C

These languages all rely on an compiler. You
write the code and then compille it.
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Scientific Programming

The number of programming languages
continues to grow, as specialized tools continue
to develop.

The dominant scientific languages are

Fortran

C & C++
Python
Java

Or a mix, often linked together with shell scripts.
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Fortran Families

Fortran is a popular scientific programming
language because it is fast & has complex
variables native to the language. Fortran comes
in @ number of flavors

Fortran IV, V, VI - really old stuff
Fortran 77, common but old
Fortran 90, see Fortran 95
Fortran 95, 03, 08

GEOSC 597 - Anything But Excel Ammon - Penn State



C-Language Families

C is a popular computer system and scientific
programming language because it is fast
relatively portable. C comes in a number of
flavors

ANSI C he language of UNIX (Unix is written in C)

C++ C extended to include object oriented tools.

objective-C Apple’s older language (Mac, iOS)
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Compiling Programs

To create faster executables, compilers translate
programming languages into machine instructions
that execute directly in the hardware.

Program —» Compile ~—» Link —> Execute

Usually done
together.
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The GNU Compilers

If you are going to use the open-source C, C++,
objective-C, or Fortran, you are likely going to

use the gnu compiler suite.

gcc - C/C++/Objective-C compiler

gfortran - Fortran compiler
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Compiled vs Interpreted

13
14

15

17

18

19

10 | 23

[ O O T i IO

Last Saved: LO/16/02 5:10:01 AM

File Path » : —/Dropbox /CEOSC497-ARE /Presentations [Programming / ABE-Programming01-Files fabeTestCalc f

abeTestCalc.f

program abeTestCalc

= | {ng symbol selected)

compile with: gfortran -o abeTestCalc abeTestCalc.f

or

compile with gfortran -o abeTestCalc -03 abeTestCalc.f

double precision x, pi
integer 1

pi = acos(-1.808)
X = 8.8
do 1 i=1,1ee8e86080
X = X + dsin(9.5%pi)
continue

write(*,*) x, pi

stop
end

Fortran =  Unicode (UTF-B) =+  Unix (LF} =

& -
|

] 375 /49 ) 19

a fortran code
-compiled-

Both codes sum

i print x, pi

Last Saved: 10/16/12 45726 AM

File Path » : ~/Dropbox /GEQSC497-ABR_ . ing01-Files fabeTesvCale. py

4 | + |& abeTestCalc. py

1 #! /bin/python
2 import math

3 &

s | pil = math.acos(-1.8)
5 #

§ n=1

y X =8

( while n <= l18egaeeea: _
x + math.sin{@.5%*pi)
n+ 1

=
| I

'a python cude'

[no symbol selected)

-interpreted-

100,000,000 sin(x) value_s. |

9 26 Pyithon = | Unicode (UTF-8) = Unix (LF)

& 139 f 25 f 11

# -

GEOSC 597 - Anything But Excel
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Compiled vs Interpreted

Currently Open Documents
| abeTestCalec.c
« % abeTestCalec.f

+ % abeTestCalc.py

i
il
iz
13
14

15

20
PR

3

Recent Documents

Bl 221

Last Sawved: 10/16/12 B:27:29 AM

L File Path = ; ~/Dropbox /GEQSC49 7 -ARE /Presentations/ Programming fABE-Frogramming {1 - Files /abeTestCalc.c

4 | & abeTestCalc.e = | (no symbol selected)

#include <stdio.h>
#include <math.h®

JI."ll:

compile with: gcc -0 abeTestCalc abeTestCalc.c
o}

main()

{

int n;

double x, pij; a C code

compiled

pi = acos(-1.8);

n = 9;

while(n < lBe8eee8e)

{
X = x + sin(8.5*pi);
n+= 1;

}
printf("x = %f, pi = %.18f\n",x,pi);

} ~ Sum 100,000,000 sin(x)

ANSIC = | Unicode (UTF-8] = | Unix (LF) J 301 /3922

L
-

values.
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Run Time Comparison

Comparisons are hard to construct, but the basic
idea is illustrated with the simple example.

Terminal — tcsh — 60x16 "
unix >time python abeTestCalc.py
100000000.0 3.14159265359
49.200u 0.061s 0:49.43 99.6% 0+0k 0+0io Opf+0w

unix >gcc abeTestCalc.c -o abeTestCalc
Tlme unix >time abeTestCalc i
x = 100000000.000000, pi = 3.1415926536
Used ——|1.672u 0.000s 0:01.67 100.0% 0+0k 0+0io Opf+0w

unix >gfortran -o abeTestCalc abeTestCalc.f
unix >time abeTestCalc

100000000.00000000 3.1415926535897931
2.095u 0.001s 0:02.09 100.0% 0+0k 0+0io Opf+0w
unix }D

Mathematica:

Pi =3.14159265358979
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Programming Constructs

The fundamental programming constructs are
elements of any major programming language,
interpreted or compiled. They include

Loops
foreach / for / do / while
Conditionals

if-then-else-end / case-switch
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Generic Loops

while(boolean statement)

{

do something if statement is true ...

}

for(i=0; i<nData; i++)

{

do something...

}
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Example Loops

A C Language While Loop

Xx = 0;
while(x <= 10)
{
pEIntE( Y%t RECn"y ¥, X5%)
X = x+1:
}
A Python While Loop

Note: This is Python 2,

= & print differs in Python 3

while(x <= 10):
print format(x,”0.2f”),format(x*x,”0.2f")
L . I |
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Example Loops

A Fortran Language While Loop

While loops exist 1in recent fortran version
but are not sure to exist in F77.

A Matlab While Loop

x = 10;
while(x <= 0)
sprintf(’%5.0f %5.0f',x,xX*Xx)
X =x + 1:
end
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Do it. Start up the python interpreter and enter
the following commands.

Terminal — tecsh — 76x22

[Ammons-MacBook-Pro:~] cammon% python

Python 2.7.2 (default, Jun 20 2012, 16:23:33)
[GCC 4.2.1 Compatible Apple Clang 4.0 (tags/Apple/clang-418.0.60)] on darwin
Type "help", "copyright", "credits" or "license" for more information.

>>> x = 0

>>> while(x <= 10):

print format(x,"0.2f"),format(x*x,"0.2f")

X =X+ 1

00 0 Note: This is Python 2,
00 1.00 print differs in Python 3
4

.00 4.00 You must indent with Python
.00 9.00

.00 16.00

.00 25.00

.00 36.00 R
.00 49.00

.00 64.00

.00 81.00

10.00 100.00

>>> “D

[ Ammons-MacBook-Pro:~] cammont D

O 00~ h U WO s s

Things | typed.
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Example Loops

A Fortran Language Do Loop

Do 10 i = 1,10
write(stdout,’(£f10.4,1x,f10.4)') x, X*X)
10 continue

A Matlab For Loop

for 1i=1:10
sprintf(‘%5.0f %5.0f' ,x,xX*x)
end
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Example Loops

A C Language For Loop

for(x=1;x<=10;x++)

{
printf(“%f $f\n”, x, xX*x);

}

A Python for Loop

for x in range(l,11):
print “format(x,”0.0f “),format(x*x,”0.0£\n")
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Do it. Start up the python interpreter and enter

the following commands.

Terminal — tesh — 62x22

[Ammons-MacBook-Pro:~] cammon% python

60)] on darwin

rmation.
>>> for x in range(1l,11):
print x, x*x

16 'Yc:u must indent with Pythun'

W 0 =]l e W o Wk s
ra
Ln

81
10 100
>>> “D
[Ammons-MacBook-Pro:~] cammon® D

Type "help", "copyright", "credits" or "license"

Python 2.7.2 (default, Jun 20 2012, 16:23:33)
[GCC 4.2.1 Compatible Apple Clang 4.0 (tags/Apple/clang-418.0.

for more info

Note: This is Python 2,
print differs in Python 3

Things | typed.
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Generic Conditionals

if(boolean statement)

{

do something if statement is true ...

;

else

{

do something else if statement is false ...

;
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Example Conditionals

A C Language Conditional

if(x < 0 & y > 12.3)

{
PEAREE (%4 3. 0En"; X; V)

}

Note: This is Python 2,
print differs in Python 3

A Python Conditional

if(x <0 &y >12.3):
print “format(x,”0.4f “),format(y,”0.4£f\n")
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Example Conditionals

A Fortran Language Conditional

if(x .1t. 0 .and. y .gt. 12.3) then
write(stdout,’'(£10.4,1x,£f10.4)"') x, Vy)
end if

A Matlab Conditional

if(x < 0 && y > 12.3)
sprintf(‘%0.4f %0.4f',x,y)
end
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Libraries & Frameworks

The heart of scientific computation often involves
the use of a community-wide library of specialize
computation routines

LAPack / ODEPack / Numerical Recipes

You should not write low-level routines, you
should use these established libraries.

They are written by experts in the methods, you
are a geoscientist.
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Libraries & Frameworks

Indeed, many computers come with these
standard libraries in the system and especially
optimized for the CPU type, etc.

The way that you use them is to call the functions
in the library and then “link” your codes to the
library when you compile your code.

GEOSC 597 - Anything But Excel Ammon - Penn State



OS X LAPack

Terminal — tesh — 74x17

[ Ammons-MacBook-Pro:/usr/lib] cammon% cd /usr/lib

[ Ammons-MacBook-Pro:/usr/lib] cammon% ls *lapack¥*

libclapack.dylib libf77lapack.dylib liblapack.dylib

[ Ammons-MacBook-Pro: /usr/lib] cammon% nm liblapack.dylib grep -1 SGESVD
0000000000397b31 T _SGESVD

0000000000397b31 T SGESVD

0000000000397b31 T sgesvd

0000000000397b31 T sgesvd
[ Ammons-MacBook-Pro:/usr/lib] cammon® gcc -o myCode myCode.c -lclapackD

k

GEOSC 597 - Anything But Excel Ammon - Penn State



Frameworks

Most modern languages come with thousands of
pre-written tools to help you accomplish tasks.
Some of them are amazing.

So instead of spending your time writing code,
you spend your time reading library
documentation. It’s worth it.
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Example: Python’s urllib

Currently Open Documents : Last Saved: 10/15/12 B:14:15 PM
+ ' genData.py _ J File Path v : ~/Dropbox [GEQOSC497-ABE [Presentations [Prograrmming fparse EQList. py
o PﬂHEﬂ ist
EI i 4 |+ 2 | parseEQListpy - | (no symbol selecred) - WEIR KX

1 #!/bin/python

z import urllib

3 # Get the file from the US Geological Survey.

4|  egData = urllib.urlopen("http://earthquake.usgs.gov/earthquakes/feed/csv/4.5/week")
5. | # Store the contents in 'theEQList'.

&  theEQList = egData.read()

7 # process the event list

& print theEQList

8 #
10 egData.close()
11 # "

Note: This is old,
use urllib2

F Recent Documents

+ |G~ |5 107 Python | Unicode (UTF-8) * Unix (L) 2| Y 280 /35/11
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Legacy Code

Many of the codes you will use are probably very
old. If they work and run fast, just read the code

SO you know what it does and use them.

If they take a long time to run, check the age of
the libraries that they are using. Old libraries can

be slow.

Your advisor’s version of LAPack may be
optimized for defunct hardware...
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Programming Tools

A number of tools have their own scientific
interpretive languages. For computation and
graphics, some common choices are

Matlab / Octave
Mathematica / Maple

For text formatting

LaTeX.
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A Programmer’s Editor

At I’n. .m ® 00 genData.py .
a I n I u I I I Currently Open Docurments
Data. | Last Saved: 10/15/12 4:49:55 PM
] + “ genDatapy + & [TH] | W1 Fle Path = : ~/Dropbox /GEOSC497-ABEPresentations Programming fgenData.py

1+ &' genData.py -+ (6o symbol selected) - M. W&

you have to tsnioen i
use a good
programming o
aware editor )

(not pico).

#
¥ for n in range(l,25):
print r.random(), r.gauss(mu,sigma)

B Om W M W R W R e

-
k=]

raise

Command
Try Completion

http://atom.1io

¢ Recent Documents

+ He S 1] 10 |3 Python 3 Unicode (UTF-8] & Unix(LF) & |7 126/22/10
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Integrated-Development Environments (IDE’s

1 raylDisp.xcodeproj —  c| main.c e
>) (m) [rayiDizp 7 My Mac 64-bit - [ Build raylDisp: Succeeded | 8/20/12 at 5:29 PM 1 g 2o [@o O
Runi Stop Scheme Breakpoinis Edinor Viaw Organizer
|mIIT® A =>» B oA e | ra'rll'Ji-.p y [JrayiDisp » [e) main.c » [f iIntegrateLoveEigenFinsi)
l'.jl'inllﬂ s [N u [T]
'1urgu.m:5u: 10.8 0 | o]
et A o o o o o o o o o o o s )
¥ | raylDisp 76
|| mal M 72 wold IntegratefaylEigenFtos (DOUBLE kvalue, DOUBLE #rl,DQUBLE #r2,DOUBLE #r3,DOUBLE =r4, DOUBLE =integrals)
L n3 4
- ryiicp. 1 . Pk DOUBLE 2;
¥ | Products 745 DOUBLE drdz[4],r[4];
M rayiDisp T int nSteps, i;
747 DOUBLE wp,vs, rho, Larbda,mu;
68 DOUBLE potentialEnergy, kineticEnergy;
™ S= zStart and zFimish are globals =f
™ nsteps = {z5tart—zFinish)/fdz+1;
7
73 integrals[a]l = 8.8; 7
T4 integrals[1] = &.8; e S
775 integrals[2] = @.8;
T integrals [3] = B.8&;
s
Pl f= store the value of the wavenumber in the global wvariable k =/ X
™ k= kvalue;
780 /= this is a very crude integration approach &/
Tl z = zStart;
py for{i=f;i=nSteps; ies)
mE {
e dgetModelParametersForDepthiz, &wp, &vs, &rho, &lambda, &mu);
TEs
T f= gxtract the eigenfunctions and compute their derivatives at this depth =F
7E7 rig]l = rilil;
7éd ri1] = r2[il;
e rl2] = r3[i]:
750 ri3] = rali];
pi|
Far ) ray LDer i'.rdr.i'-.-l::!.t,r‘*dl‘d.t];
s
o fw compute the sums =/
75 integrals (@] += rho=(r{@]=r[@] + rlller(1]);
Tl
o integrals[1] += (lambda+2.@spuler[@]=r[@] + mu=r[1]=r[1];
o
758 integrals [2] += lambda=r[@)sdrdz(1] - musrli]=drdz(al;
Bl
B integrals[3] += (lambda+2.@epulsdrdz[1]=drdz(1] + musdrdz[@]=drdz[8];
AP
B3 z =z = dz;
Bk 1
B0%
Bt integrals [8] == drw@.5;
Bl integrals[1] == dzed,.5;
i 4]
B4 integrals [2] == dz;
+ O E (- H10 integrals [3] == dz+d.5;
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Integrated-Development Environments (IDE’s

ﬂ Epicentral.xcodepraj — ll POE_QueryController.m

o
- m Epicentral ) My Mac 32-bit n | Euild Suoceeded | 10/8/12 ar 11:05 AM m Ay O =
Eun Srap Srlheme Breakpoanti Feuject £33 Edies Wigw Dirganizer
l PDE_QueryContrallerm J’ +
||t & 4 = = B s | o b | B Epacentral ) [ Classes p [ CheryCantroll,,. » il PDE_CueryController.m » [B) -parse_PDE_Compresied Bl FromPath: | = J & oD@
- e A e e i8] e TR TR R SRR ——— - —
¥ Bl F EE]
1 targen, XEDK 1
@a f:i = - ;it!?!:l.te?:ls:*.r.ras- =} parse_POE_Compressed EQ_FrosPath: (NSString =) path; Description The NSMutableAsray class declares the
- rammatic interfase b chjects that
h| QuakewWarcherCantroles & 1 HsutableArray, «a2 mw. resdifiable aeray of algects, This
uakeWatcherControler.m s sebsmichrigin «anlrlging class adds | and i
e EEL] int i; ik ERLIOM Ot
l_ CIART g s i De gl g entrodlier . b 13 MSError serroremil; to the basic array-handling behavior inkerited
CRARTSessmic DisplayComroller.m EE from NSArray.
h] selsmmicOrigin.k i _ Aailability % X (10.0 and kaber)
salsmicOrioinm in MS5Tring ]lﬁ.lentLi!.l:Etr!.ng = [NSString stringWithContestsOTFilespath encoding:MEASCITIStringEncoding errorth Declared h
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Object-Oriented
Programming
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Program Types

We can divide programs into two types
1) Procedural
2) Object Oriented

Fortran and C are procedural - action proceeds
line by line.

C++/Python/Java programs can do the same, but
they also allow you to create objects & then pass
messages back and forth to them.
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Why Object-Oriented?

Object-oriented programming evolved from a
desire to create source code that was flexible
and easy to maintain.

As programs grow in length the modification or
maintenance of the code becomes a substantial
problem.

Today, many languages, libraries & frameworks
are object-oriented, so this approach is quite
common.
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Classes & Objects

The heart of object-oriented programming are
classes, which are software tools that
encapsulate the idea of objects and include
instance variables & methods (functions).

We write the code for classes, and we use that
code to create instances of those classes that we
call objects.

We create objects in our codes and send
messages to those objects to do things.
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MATLAB Handle Graphics

If you have used handle graphics in Matlab, the
idea Is similar. You get a handle to the axis object
and then you send the axis object messages

h = gca();

set(h, 'FontName', 'Helvetica');
set(h, '"FontSize', 18);

3

set(h, "XMinorTick', 'on');
set(h, 'YMinorTick', 'on');
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An Example Python Class

| :":ll
Ea O Last Saved: 10/21/12 7:56:30 PM

il EM“ . - File Path w ;: —/Dvapbox /GEQOSCAOT - ARE | Preserlations | Programming / ABE- Programming 02 -Files fgeolocaticn. py
. = e geolocationpy = shr__ = LI a 1-
z #
¥ # This class has three instance variables
* # lat -» latitude in decimal degrees (+N)
w  # lon -» longitude in decimal degrees (+E)
11 # depth -» depth in km _
1z class Geolocation: Declare a class
13 ¥ | J
L4 def init_ (self): :
= Rty ez, Jnistisiagl Initialization method
L& # These are default values |
Lr self.lat = 38.6362
L& self.lon = -98.2362
1% self.depth = 8
i-:| # - i .
2 def set_lat_lon_depth(self,lat,lon,depth=e): | Changing instance variables method
e self.lat = lat ’ Bl :
23 self.lon = lon
M self.depth = depth
5 # - .
2 def description(self): | Display variable values method
2T # L )
2k return "Location: %.3fN X.3FE X.2F km " % \
E (self.lat, self.lon, self.depth)
| il # [ )
Becent Documents . i
% gesLocatinpy : def ;adius{selﬂ. .PEI'fEII'm a calculation method |
3 return 6371-self.depth
34 # this is executed when print object is | i ; :
3 def _ str_ (self): Special Python method for print statement
6 return self.description() ' |
£ oo [t | | 15|& Python | Unicode (UTF-8) 2 | Unix{LF) 2| 7 S48 7 1173 744 |

GEOSC 597 - Anything But Excel Ammon - Penn State



An Example Python Class

Terminal — Python — BOx24

> python

Python 2.7.2 (default, Jun 20 2012, 16:23:33)

[GCC 4.2.1 Compatible Apple Clang 4.0 (tags/Apple/clang-418.0.60)] on darwin
Type "help”, "copyright", "credits" or "license" for more information.

>>> from geoLocation import *

>>> pt = GeoLocation()

>>> print pt

Location: 0.0008 0.000E 0.00 km

>>> pt.set_lat lon depth(40.8,-78.0,0)

>>> print pt

Location: 40.800N -78.000E 0.00 km [ _
>>> print pt.radius() USIﬂg the p'}"thﬂ'n
fj:ﬂ | interpreter with the file

geolLocation.py.

Note: This is Python 2,
print differs in Python 3
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Foundation Classes

Most operating systems and languages come
with large class frameworks that ease the task of
programming.

| recommend that in any system, you become
familiar with

1. String classes
2. Container classes (lists, arrays, dictionaries)

3. File classes
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The Python String Class

In [4]: i1mport string

In [5]: s = "this is my first test string; it's pretty simple.”

In [6]: s.capitalize()
Out[6]: "This is my first test

In [7]: s.lower()
Out[7]: "this is my first test

In [8]: s.upper()
Qut[8]: "THIS IS MY FIRST TEST

In [9]: s.lower()
Out[9]: "this is my first test

In [10]: s.title()

Out[1l0]: "This Is My First Test String; It'S Pretty Simple."

In [12]: s.lower()

Out[1l2]: "this is my first test string; it's pretty simple.”
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The Python String Class

In [18]: s
Out[1l8]: "this is my first test string; it's pretty simple.”

In [14]: s.split()
Out[1l4]: [ 'this', 'is', 'my', 'first', 'test', 'string;', "it's", 'pretty’,
'simple. ']

In [15]: s.split(";")
Out[15]: [ this 1s my first test string’,

it's pretty simple."]

In [16]: s.find("pretty")
Out[lé6]: 35

In [17]: s[35:41]
Out[1l7]: "pretty’
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Python Lists

In scientific fortran and C, arrays store numbers
(integers, floats, complex numbers, etc.).

In object-oriented programs, arrays hold objects
(actually, they usually store pointers to objects).

In python, arrays are called lists (an array in

python is a list containing objects of the same
class).
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Python Lists

In [28]: a = ["red", "green", "blue", "red"]
In [38]: print a[0]
red

In [29]: a.count("red")
Out(29]: 2
Note: This is Python 2,

In [30]: a.sort() print differs in Python 3
In [31]: print a

[ ' blue’', 'green’', 'red’', 'red']

In [34]: a.reverse()
In [35]: print a
[ red', 'red', 'green', 'blue’]

In [36]: a.insert(1l,"yellow")

In [37]: print a
[ ' red', 'yellow', 'red', 'green', 'blue’]
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Python Lists

Note that the strings in the array are objects and
we can send them messages.

In [28]: a = ["red", "green", "blue", "red"]
In [42]: a[0].upper()
Out[42]: 'RED’ Note: This is Python 2,

In [44]: b = [x.upper() for x in a] print differs in Python 3

In [45]: print b
[ 'RED', 'YELLOW', 'RED', 'GREEN', 'BLUE’]

In [46]: b = [x.title() for x 1n a]; print b
[ Red', 'Yellow', 'Red', 'Green', 'Blue’]
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Python Dictionaries

Dictionaries are container classes that allow you to
associate a set of “keys” with a set of “values”. This
makes a convenient way to access the values (and
very readable code).

“The first line defines a dictionary with three key-value pairs. |

In [49]: colors = {"red":[255,0,0],"green":[0,255,0], "blue”":[0,0,255]}
In [53]: print colors
{ " blue': [0, 0, 255], 'green': [0, 255, 0], 'red': [255, 0, 0]}

In [54]: rgb = colors[ green' ] Now you “index” a value with the key.
In [55]: print rgb | |
[0, 255, O]

Note: This is Python 2,
print differs in Python 3
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Python Files

The python function “open” returns a file object that
allows you to query and read a file, or write a new
one.

In [61l]: £ = open('"colorValues.txt"”, 'r')

In [62]: lines = f.readlines() Note: This is Python 2,
In [63]: f.close() print differs in Python 3

In [64]: print lines[0]
maroon #800000 128,0,0
In [65]: print lines[1]
dark red #8B0000 139,0,0

In [67]: a = lines[0].split()
In [68]: print a[0], a[2]
maroon 128,0,0

In [69]: a[2].replace(',','/")
Out[69]: '128/0/0'
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Python File Handling

Python provides powerful tools for exploring files
and directories. You can compare files (filecmp
module) match filenames (fnmatch module), etc.

The “0s” module provides some convenient
access to the file system (and other items like
environment variables, etc).
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File Matching Example

Currently Open Documents

] Last Saved: 1022012 8:53:16 PM
o |# findFrameworks.... Xk

File Path » : ~/Dropbox /CEQSC497-ABE /Presentations /Programming fABE-Programming02 -Files ffindFrameworks. py

. E findFrameworks.py » | (na symbol selected)

import¢os,fnmatch-

defé¢findFiles(topdirectory,pattern):-

A foropath,¢files,¢dirs¢intos.walk(topdirectory):-

A A forinamedintfiles:-

A A A if¢fnmatch.fnmatch(name,pattern):-

A A A A yieldoos.path.join(path,name)-

9 #-

0 ¥ foropyfilet¢intfindFiles("/System/Library/Frameworks/","*.framework"):-
ul- A printopyfile

o] [ = i el r

-

Recent Documents Nﬂte: ThlS |5 PYtth 2,

e

B | F - 11 |17 Python *| Unicode (UTF-8) +*|Unix(LF) +| [ 283736/ 11 print d|ffer5 in Py‘[hﬂn 3

This is a powerful way to process many files at once.
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Google for thousands of
python examples, and
Visit

http://python.org

for documentation and

more details.

GEOSC 597 - Anything But Excel Ammon - Penn State



Activities & Homework
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