u might care)

or Science/Engineering



uestion

es and tells you about the
programming language, the
ou should ask is

WHY!

AAL ) ¢
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gorithm,
nguage

Id be:

d" or at least doesn't get in
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. Purposeful Effort

Common questions:

* |I'm an scientist, not a programmer. | just want
to get some work done.

* You computer guys are crazy for computer
languages.

* | don't have time to learn programming. | need
to do science (engineering/whatever)

* "Give me what | need to do the job and go
away"

MICHIGAN STATE Cl Days, 2014 4




on?

TICAL!

ays, 2014
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. Python allows Purposeful
Effort

Languages come and go, but if you put your time into
learning one you want to know that you will reap
some benefits: practicall

Our experience is that Python:

e getsin the way less

* iS more practically useful to students

* allows students to apply it readily outside of class

MICHIGAN STATE Cl Days, 2014 6




ram because you can

y we want a student to do when
problem to solve is:

t write a program to do that"

hey can, because it is natural,
akes sense timewise, to do so.

Cl Days, 2014 7



e take away
ively simple syntax (readable!)

way to do it"
ices are bad

eries included”
mmon needs provided in the language

s well with others"
oks in with other languages/paradigms
g open-source community

p://pypi.python.org/pypi
(all of it, all packages)

Cl Days, 2014 8



Science Goal: simple, then
fast/better

* Develop code simply at first, fast later
— “Premature optimization is the root of all evil"

Donald Knuth, famous computer guy

— you only have to make the slow parts fast (duh).

e Readability is important! You are likely going
to have to read this %@#S again.

Do as much the "easy way" as possible, then
change up and do the "hard things" as you can/
must.

MICHIGAN STATE Cl Days, 2014 9




on for science

allows you to do many of the
ou need to do simply (file access,
anipulation, graphing, GUI).

at is left, you do what you can to
e problem (faster, work with other

US YOUR EFFORTS.
n’ YaYa
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. The End

e Python is a good way to examine ideas with a
straightforward programming approach

 Python has many built in tools (or avail tools)
that make many tasks easier

e Python can be integrated with other stuff to
work better/faster

PYTHON IS A GOOD FOUNDATION FOR
ENGINEERING/SCIENTIFIC PROGRAMMING!

MICHIGAN STATE Cl Days, 2014 11
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. Slashdot, 10/17/13
Topic: lang for Sci Comp

http://science.slashdot.org/story/
13/10/17/1433208/ask-slashdot-best-
language-to-learn-for-scientific-computing

Since you mention VBA, | suspect that your data is in Excel spreadsheets?

If you want to try to speed this up with minimum effort, then consider

using Python with Pyvot [codeplex.com] to access the data, and then

numpy [numpy.org]/scipy [scipy.org]/pandas [pydata.org] to do whatever
processing you need. This should give you a significant perf boost without

the need to significantly rearchitecture everything or change your workflow much.

In addition, using Python this way gives you the ability to use
IPython [ipython.org] to work with your data in interactive mode - it's kinda like a
scientific Python REPL, with graphing etc.

MICHIGAN STATE Cl Days, 2014 12
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packages for days!
[pypl.python.org/pypi

>C #®

ws [ en B gm \ shdot [fd foook & nws (P wbug @ accuw (@ c++ref § csE232 [ piazza § 848 @ mport I utube umichiT W wik EJnm

Pytﬁ\ \ftware Foundation [US][https://pypi.python.org/pypi

@ pytho L

» Package Index

PACKAGE INDEX PyPI - the Python Package Index

Browse packages
Package submission ~ The Python Package Index is a repository of software for the Python programming language. There are currently

List trove classifiers 50196 packages here.

List packages To contact the PyPl admins, please use the Support or Bug reports links.
RSS (latest 40 updates)

RSS (newest 40 packages)
Python 3 Packages

PyPI Tutorial
PyPI Security

liga
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requisite
xked
comic

QRN
“\N X

: \\\ R
NN

/
/

/ *
W

/4
. w 7 /i
Lostisd ///

!

L L rlu

/

T LEARNED IT LAST
NIGHT! EVERYTHING
1S SO SIMPLE !

l

HELLO WORLD IS JUsT
print "Hello, world!"
Cl Days, 2014

I DUNNO...
DYNAMIC TYPING?
WHITEGPRCE?

COME JOIN US!
PROGRAMMING
IS FUN AGAIN!
IT'S A WHOLE
NEW WORLD
N UP HERE!

BUT HOW ARE
YOU FLYING?

T JUST TYPED
import ontigruvity
THAT'S 1T? /

... L ALSO SAMPLED
EVERYTHING IN THE
MED\CINE CABINET
FOR COMPARISON.
(
RUT I THINK THIS
|S THE PYTHON.




ted



cher

@ Launcher Environment: root ~ Python 3.4.1-4 Manage Channels  1.0.0

s IPython-notebook

— IPython Notebook Version 2.2.0

ipython-qgtconsole LUpdate  + Launch

IPILy]
IPython QtConsole Version 2.2.0

# spyder-app

spyder Continuum
Scientific Python Development Environment Version 2.3.1 Analytics
. . T
0 awscowr

Documentation

Cl Days, 2014 16



' Editor Program Info

/ /
/ Spydgr /

[ L bl @ oy g A ¥ & % 8 9/6 E] A E ¢ 9 [userssil /1/ v EZ

Editor - (Users/bill/.spyder2/.temp.py / 00 Object inspector / / 00
v = —————— : - = =
= _ y 4 Source | Console 3| Object ‘ v| |[El| |[=]optiens,
14 -*- coding: utf-8 -*- y 4 4
- | No documematir/n available |

3 spyder Editor
4

5 This temporary script file is located here: /

6 /Users/bill/.spyder2/.temp.py
7 wuw

8
8

_ Variable explorer | File explorer

Console 00
= 00:00: A
Python 2.7.5 |Anaconda 1.6.1 (x86_64)| (default, Jun 28 2013, 22:28:13)

[GCC 4.8.1 (Apple Inc. build 5493)] on darwin
Type "help”, "copyright"”, "credits" or "license” for more information.

Imported NumPy 1.7.1, SciPy 8.12.8, Matplotlib 1.2.1
Type "scientific" for more details.

»>» 1+ 2
3

> x = 12
>35>

IPython Console

- History log

Encoding: UTF-8 Line: 1 Column: 1 Memory: 44 %

17 Lie-

ICER

Permissions: RW End-of-lines: LF

Cl Days, 2014



reted, we can play

Is the interpreter:
pe in something and see what

do this a lot!

asking yourself "What will happen
the answer should be "try it"

Cl Days, 2014 18



rld

rogram

orld")
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ramnm

oing on here



Program

rs, add them, print them out

"Please enter an integer:")
"Please enter a decimal number:")

m_strl)
tCnum_str2) # this is a comment

s are: ",strl_int," and ",strZ2_float)

1s:",strl_int + str2_float,\
product is:",strl_int* strZ2_float)

Cl Days, 2014 22 o



. Getting input

The function:

EESSEEinput ("Give me a
value")

* prints "Give me a value" onthe
python screen and waits till the user
types something (anything), ending
with Enter

* associates my str with what the user
typed.

« No matter what, it returns a string.

MICHIGAN STATE I—ﬂ
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What's a string

word "string” Is used to indicate a
uence of characters, a compositor"s

ey 778

N STATE Cl Days, 2014 24



. Printing output

Nt = 12

BN Va T has a value of:",my int)

e print takes a list of elements to print,
separated by commas

— If the element is a string, bracketed by " ",
prints it as is

— If the element is a variable, prints the value
associated with the variable

— after printing, moves on to a new line of output

MICHIGAN STATE Cl Days, 2014 25




. Python name conventions

must begin with a letter or _
— Abl123 is OK, but 123ARBC is not.

may contain letters, digits, and
underscores

—this is an identifier 123

may be of any length

upper and lower case letters are different
— LengthOfRope Iis not lengthofrope

names starting with _ have special
meaning. Be careful (meaning, don't do it

right now) Lﬁ

MICHIGAN STATE Cl Days, 2014 26

UNIYV

ERSITY ICER



ng variables

ower with under"

er case letters with words
by an underscore.

"python way". We are trying to
he rules.

urse web page
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on comments

ent begins with a #

ns that from the # to the end
e, nothing will be interpreted
n.

write information that will help
er with the code

Cl Days, 2014 28



e as essay, an aside

the primary goal of writing

it to do something

say on my problem solving
hts

something to be read. You
comments to help readability.

Cl Days, 2014 29



. Knuth, Literate Programming (84)

“Let us change our traditional attitude to
the construction of programs: Instead of
Imagining that our main task is to instruct
a computer what to do, let us concentrate
rather on explaining to human beings
what we want a computer to do."

MICHIGAN STATE
UUUUUU SITY Cl Days, 2014 30 ICER



"typeS"

rue

ything"” or "something"
a",1,1.3]

: {"bill":4.0, "rich":2.0}

Il see
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. What is a type

e atype in Python essentially defines two
things:
— the internal structure of the type (what is
contains)

— the kinds of operations you can perform on
things of that type

"abc".capitalize () isamethod you
can call on strings, but not integers

some types have multiple elements
(collections), we"ll see those later

MICHIGAN STATE Cl Days, 2014 32




damental Types

BNt +/- 232 - 1)

-~ L suffix means any length,
>otentially very slow. Python
convert i1f an integer gets
ong automatically

Point (Real)
1, 10., .001, 3.14e-10, 0e0

s (True or False values)

False note the capital

Cl Days, 2014 33



. When = doesn't mean equal

* |t Is most confusing at first to see the
following kind of expression:

my int=my int+ 7
* You don't have to be a math genius to
flgure out something is wrong there.

* What's wrong is that = doesn't mean
equal

MICHIGAN STATE
UUUUUU SITY Cl Days, 2014 34 ICER



ssignment

computer languages, = means
nt.

my _int+ 7

signment” means is:
e all the "stuff" on the rhs of the =

e resulting value and associate it
name on the |hs

Cl Days, 2014 35



. Variable Obijects

Python maintains a list of pairs for every variable:
— variable's name
— variable's value

A variable is created when a value is assigned the first

time. It associates a name and a value
subsequent assignments update the associated value.
we say hame references value

A variable's type depends on what is assigned.

my int="7
Name Value
my _int 14

Cl Days, 2014
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nment Statement

result int=2+3*5
e expression (2+3*5): 17
the value of result_int to

ce 17
(val_int has value 2):
val int + 3

e expression (val in+3): 5
the value of val int to reference 5

Cl Days, 2014 37



. What can go on the |hs

» [here are limits therefore as to what
can go on the Ihs of an assignment
statement.

* The Ihs must indicate a name with
which a value can be associated

* must follow the naming rules
my int=295 Yes
my int+5=7 No

MICHIGAN STATE
UUUUUU SITY Cl Days, 2014 38 ICER



. Type follows the object

In Python, type follows the object, not the
variable

* variables have no type information. They
are an association of a name with an
object

* objects associated with a variable have
type
» C++/Java people, this is a big change!

MICHIGAN STATE Cl Days, 2014 39




ercise

le "division.py"
r two numbers

first number by the second, save
wo provided numbers and the

uotient
ith some numbers, see what
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nalysis

unspots



have an application

basics, now let's develop the
Xample

e data analysis on sunspot data
ience.msfc.nasa.gov/
.shtml
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do lots of things

IS common, important,
ral idea of how it works to

ram
me other stuff later
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pots

file, where each line has:
ar

nth

nspot count
fferent count

we'll ignore this one
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ersion -
B
use a very small version we O
ith. B
L
B
L
B
L
B
L
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ta from the file

e games in the console, get a
s going on, then write the
e left side.

file on the left side, call it
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a from the file

open ("little.txt")

ction (represented by the
__0b7j) to the text file.

string, the name of the file.
e’
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File Edit

, python—> Preferences

Search Source Run Interpreters Tools View ?

/s Preferences

. General

. Keyboard shortcuts
. Syntax coloring
&) Run

1| Editor

Ll Console
IPython console
I__I History log

4 Object inspector

o variable explorer

& Profiler

At startup, the global working directory is:

() the same as in last session

(e) the following directory: ations/cidays-python | | @ |

Qpen file

Files are opened from:

() the current file directory
() the global working directory

Mew file

Files are created in:

() the current file directory
() the global working directory

Cl Days, 2014
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ols 2 Preferences

ys, 2014

49



n console

en command, try the

ERRE ob]:
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ompound Statement .

ord ptional expression I
RESsS10n
\
] \ .
10 = ends all
0 | \ headers ]
“suite” of
statements .
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ad a file

but the easiest is iteration.
open the file

.close ()
= open("little.txt")

Rl e ob]:
ess line
lon gets one line (ending in
turn) of the file as a string!
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le interaction is by string

s, we only work with text files
haracters/strings) so all iteraction

as a string

e only strings (meaning you
e to convert some things)
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est".split ()

S.
(rhs of the dot) on the object
string).

ays, 2014 54



nt parts

0 pieces (based on some
ult).
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tring split method

split method returns of a
list of the individual string
, broken into pieces by a
character

ult is whitespace
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car'.split () # default ]
e ', 'car']

L
e'.split(','"') # on comma

ev I ' Eig}GE' ] III

of ' date' and' age’. L]
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110 wlolr|l|d
34567 89 10
=2 -1

INg objects (string)
1
2

e
1

Ol =

cter has an index, a sequence
rting at O
peratoris [ ]. Sequence number
enthe [ ]
hello world'
= 1
— el
= ERROR, 1ndex out of range

liga
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sequence of characters (really
t if | want a sequence of other

list is bracketed by [ ] (bit
0 meaningsto [ 1)

uence of any types, even mixed.
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L
quence of elements

L
B "hi", 1.2]
ex L
>0 -
a2 1 1
. L
_;> "hi"
— I T
i
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of the line

Nie ob ] :
et ()
§2l] )

ys, 2014
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year is index O
month is index 1
SSN is index 2

* that's what we want

| Days, 2014 62



. sum up the averages

the_sum = 0.0
for line in file_obj:

lst = line.split()

the_sum = the_sum + float(lst[2])
Only new thing is the float()

e everything is a string, we need to turn that
third field (index 2) to an floating point number

e the_sumis the sum of all SSN

MICHIGAN STATE Cl Days, 2014 63
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rogram

BRIRRCC e . txt")

= Cleglk
split ()

B it float (1st[2])

e sum)
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2

t" in the directory
me followed by 3 scores

e and the average for each
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ecent call last):
line 5, in <module>
_sum + float(lst[2])

not convert string to float:

g?
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of the file

that first line (the column

ays, 2014 67



onal execution

-condition:
to do 1f true

to do 1f false

ther suite
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1ttle.txt™)

bj:

tO

EAR" :

e_sum + float(lst[Z])
e_sum)
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nals

equal
n or equal
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bout the average

("little.txt™)
e_obj:
plit()
"YEAR" :
the_sum + float(lst[Z2])
+ 1
', the_sum,\
1s:",the_sum/cnt
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ckages are available in the
n set

rt a new package and use the
d

, then you precede all
ith the name of the package
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n graph using pylab

will show more in the afternoon
basic plotting is awfully easy.

ries to make easy things easy
ngs possible"
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-
the numbers

bers, we need them each
llected in a list. B

hods as well. One is .append() L

i 3] .
end (4) =
St) 9[1,2,3/4]

Iy
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e graph it?

L]
("little.txt")

e_obj:

split()

= "YEAR":
verages).append(lst[2])
h_averages)
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the januarys

"lTittle.txt")
_obj:
plit()

e
end(1lst[2])
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again
L
numbers in a list now, how
ge back? B
verages) L
how long. -
L
i
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sum

rages)

? How to fix

ays, 2014
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ttle.txt")

3] :

t ()

EAR":

float (1lst[2]))

, sum(avg) /len(avg))
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L
rage somewhere?

L
tats can be done in numpy
L
Y
L
BRI avVerages) =
L
(It
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