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Python Methodologies for Data Sciences

  Take a breath.  You’ve done a lot in the last two weeks...

Loading Python on your machine - Figuring out how to run IDLE - Using the Python 
interactive command window - Creating a programs - 
Print function - Variables - Assignment - Arithmetic - Modulus - Strings - Integers - 
Floats - Casting - Input function
Booleans - Arithmetic conditionals (>, <, ==, !=, <=, >=) - Boolean operators ( And, Or, 
Not)  - if - elif - else

That’s a lot of stuff....  
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This is why I bring it up though.  Learning how to program is like building a pyramid.  What you have learned 
the last two weeks will be used by you from now until you stop programming.  They are the basics and you need 
to practice them again, and again and again.
We are going to move on and talk about sequences now.  They are just the way that Python organizes lists of 
things.  There are just three of them: strings, lists, and files (and we’re not worrying about files until Unit 3).  
After that we are going to discuss one of the most important concepts in programming, iteration.  
Even though we are moving on do not think that what you’ve done the last few weeks can be put aside.  You 
need to code.  You need to practice.  You’ll see what I mean as we continue down the Python road.  Right now 
we’re going to talk about strings.  Then we’ll look at Lists and after a break, we’ll look at iteration.  This is when 
things get fun and the usefulness of your code is going to skyrocket, trust me.  Computers are dumb, they only 
do what we tell them to, but man they do it fast and we’re going to see just how fast when we do iteration and 
loops.  



Python Methodologies for Data Sciences

Strings
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A string is just a “sequence” of 
characters. We will define the variable 
str1 and assign it the string ‘hello’

Now, look at the third command in the 
window to the right, str1[0].  This 
“index” is how we can refer to individual 
characters in a string.  Here, the zero 
refers to the first character in the string.

In Computer Science we start counting at 0.  You are a 
programmer now, so get used to it.
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Starting at zero, you can 
access all of the characters 
in a string by using the 
index, but don’t go too 
far!  As you can see, if 
you try to access a part of 
the string that does not 
exist you will get an error.  

This used to be called an 
“out of bounds” error, but 
Python calls it out of 
range now.  We’ll find out 
why soon.
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We can use arithmetic in an index if 
we like.  We can also do ‘negative’ 
indexing (which starts at the end of 
the string and goes backward; -1 is 
the last element here)

Try some on your own....
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We can also do ‘Slicing’
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We can also find out the 
length of a string using 
‘len()’
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See Z 132.  

We can take characters and get their 
Unicode values, and take a value 
and get its Unicode character.

Use chr to look at Unicode 960 like 
they suggest in Z.
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Now, here is a little bit of what we call JIT (Just in 
time).  The 411 on these commands is as follows.

Strings are what programmers call objects.

Objects have certain functions that work for just 
them and their data.  These functions are called 
Methods. 

count, replace, lower and upper are methods that 
work with the string object.

To use them you type the variable name, a period, 
the name of the method and a parameter list (or two 
empty parens () if there are no parameters)
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We can see that the count method counts all the ‘i’s 
in the string.

replace does just that; my “I” is now a “We,” but it 
does not change the variable value.  If we wanted 
this change to be permanent we would assign the 
results here to a new variable.

upper and lower are self-explanatory, yes?  If you do 
not save this to a variable the change does not 
remain.  Methods have return values and it’s up to 
the programmer to save those results to a variable if 
they desire (with strings, we’ll learn why later in 
these slides).
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This is Zelle’s userid 
program.

Type it in and run it.
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Can you explain what happened here?
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split is a method that breaks up the words in a string and puts them into a List.  Later, you will see 
that this is a very important tool, but the first thing we have to do is learn what a List is...
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Lists
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Look to the right.  The first time I assign the variable grades 
a value it’s five individual characters inside of brackets (not 
braces, brackets). 

This creates a list.  A list is similar to a string in that it is a 
sequence.  Strings are sequences of characters that can be 
indexed or referred to by their place in line.  Lists are the 
same in that regard.  

You can see that underneath the list I re-assign the variable 
“grades” to a string.  I can do the same indexing.

The question you might be asking now is “Why do we need 
lists if they act like strings?”

The answer is, they don’t act like strings.  They are strings 
on steroids.  
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Here’s the first difference: A list can hold items 
with different data types. Right now, while we’
re only dealing with Integers and Floats and 
Strings that may not seem like that big a deal, 
but later, when we have more complicated data 
types to deal with it’s going to become 
important.

In Python we call a sequence or collection of 
commonly kept items a list.  In other languages 
you may have heard them referred to as arrays. 
What’s important, as we will see in the second 
half of our slides, is that these items are all kept 
under the same variable name but at a different 
index.
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This is the month program from Zelle.  Type 
it into IDLE and run it.

Note that we use a complex conditional to 
make sure that the input to the program 
makes sense.  There is no month 22, why 
should I except that?  This is an example of 
what’s called “error trapping.”

 Notice also that we minus 1 from the index 
when we refer to our list.  Computer 
Scientists start counting at 0, remember?  
months[0] = ‘Jan’ and months[1] = ‘Feb’.
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Lists have methods just like strings do.  Two of the important 
ones are split and append.  

split lets you take a string and break it’s words out into a list.  
Computer folk often call individual words “tokens” and this 
makes life very easy when we need to examine sentences.

append lets you add to a list.  There are also methods that let 
you remove things from a list as well.
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Now we see another difference between strings and lists.  

Lists are “mutable.”  All that means is that we can change 
them and they can keep the same name.  Strings do not have 
this property in Python: they are what’s called “immutable.”

If you want to change an item in a list you can use an 
assignment and re-assign that element of the list as we do to 
the right.  We have taken the third item (index 2) and 
changed it from the string ‘spam’ to the string ‘eggs’.

Underneath that we try the same thing with a string.  Any 
guesses as to what will happen?

(Go into the SAKAI forums and tell me what ‘\n’ does for 
an extra point towards your quizzes.)
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That’s right, it blows up into little Python meatballs.  

Strings cannot be changed on the fly like lists can because lists are 
mutable and strings are not.  Being able to store any data type you 
want as an item and being able to dynamically alter a list are two of 
the reasons why lists are one of the most used data type in Python.  It 
really is in your best interest to use them, practice with them and 
understand all you can do with them...
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No I’m not going to leave you hanging.  Below is the way you can change a character in a string.  You have to use the replace method 
and you have to assign the results to a new string.  The old string cannot be changed, it’s immutable, but we can have a method 
examine the existing string and write out a new one with the changes you want.  That’s what replace does.  Nuff said.

Lookup how replace works on the web to find out what that 1 is doing at the end of the parameter list.
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Okay.  For the first time we will get a look at 
something that’s actually useful for data 
science.  Look at the code to the right.

The list I call Rush is a list of record albums 
from the band Rush.  With a simple if 
statement I check to see if the string 
“HousesOfTheHoly” (It’s a Led Zeppelin 
album, not Rush) is in the list.

Note the keyword ‘in.’  It’s a beautiful thing 
‘in’.  Even with a list of one million items 
you could use ‘in’ to test for inclusion in a 
list.  Sound handy?  You have no idea.
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We can also use variables and test for 
inclusion in a list with the variable’s 
value.

 When we do loops (in, oh, about 5 
minutes if you don’t take a break... but 
do take the break) you are going to find 
out how powerful this is.

Finally, some next level stuff that we 
can apply to data science and real 
problem solving.

Just one more thing....
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Looking ahead for just a 
heartbeat.  Look at the code.

Two lists.  One if statement.  
That ‘for’ keyword will be 
explained shortly, suffice it to 
say that we have a loop there 
that runs through the contents 
of the list testList and checks to 
see if the items are also in the 
list Rush.

Imagine if testList had a million 
items.  It would still work.  

Now, after a unit and a half, we are finally 
going to get to the point where our 
programs are useful and even more fun.  
NOW we can think of data sciency things 
just a little bit.  Most of the basics are out 
of the way.  Once we have loops we’ll 
have some powerful tools to use to solve 
problems.  But first, take a break and 
absorb your strings and lists....
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Strings and Lists are incredibly important.  Make 
sure you know what they are and what their 
differences are.  

They are both sequences and as we do loops you 
are going to see how important that is.

First, take a break for a while.  Then move on to 
the second half of these Unit 2 slides as we look at 
the main event, loops.
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Loops
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Now we’re ready for the next level.  We are going to look at “Iteration.”  
Iteration is just the repetition of a process.  Let’s say you have a sequence, in 
our case a string or a list.  What if you wanted to perform the same operation 
on every character in your string or every item in your list?

That’s where loops come in.  To the right you can see what’s called a “for” 
loop.  The range function is a special function that makes lists of numbers.  
Python only iterates over sequences, so if we want to do something six times 
we merely create a list numbered from 0 (remember, we’re programmers, we 
start counting at 0) to 5.

Underneath the “for” loop we put the block of code we want executed for 
every item of the sequence.  Here we merely print the variable i.  When 
programmers learn to code we are taught to use i, j and k as the variables to 
use when we loop.  I have no idea why, but I am passing this tradition on to 
you so when you see it elsewhere you’ll know why.

Seems even programmers can’t agree where it came from 

(http://stackoverflow.com/questions/1147312/who-invented-i-j-k-as-integer-counter-variable-names
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The key to using loops in Python at first is learning how to use the range function.  
Unlike other languages, Python only iterates or “loops” over lists so if we want to 
do something 10 times we need to use the range function to make a list from 0-9.

We can also use different increments and decrements like we do in the examples 
to the right.  The first example has a start and an end.  The second adds an 
increment, we start at 0, go until 10 and increment by 3.  The last example shows 
that we can even go backwards with the range function.

Note that the last number of the range is never used.  The front of the range is 
inclusive (start with 5) and the end of the range is exclusive (do not use 10).  
That’s why we do not list -100 in the last example.  
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Type in the above code and give it a try.  Change the value and see what happens.  What if you put in a negative 
number?  What about zero?
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 We can use variables in our range functions.  Here we create two loops 
with user input.  Notice how the last iteration is one less than the high end 
limit, keep that in mind, the range function is exclusive at the end of the 
range.  (if you want to see 34 just create the range from (low, high+1), this 
is how things are usually handled.  
  
  You can also print 1-12 by adding 1 to the i in your print statement if you 
need to print a list from 1 through 12 ( print(i+1) ).  This is a shortcut 
though, the do it properly use range(1,13).
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You can run loops inside of loops.  We call these “nested” loops.  They show up 
quite a bit in programming so it’s a good idea to understand what’s going here. 

   Later, we will look at two dimensional lists.  They are just lists where the data is 
accessed with two indices, not just one.  It’s how we represent a grid in 
programming.  Anyway, nested loops are a good way to traverse (go across) one of 
these and look at every item.  You’ll see more in the coming weeks.  Until then 
just know that you can run another loop inside your top most loop.
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You don’t have to use range.  You can iterate over any list 
you have.  Here I create a list that includes the numbers 
from 2 through 12 by 2.  

Type this in and give it a try...
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Behind the Curtain

Here’s some insider information.  range doesn’t really create a 
list.  It’s something in Python called a “generator.”  That means 
that it doesn’t create a list, it just generates the next number in the 
sequence it has been given.  This saves memory if we use 
insanely large numbers in our loops (Calculate Pi anyone?)

Loops can use generators just fine so this is usually not an issue, 
but just in case you want an honest to goodness list I show you 
how above.  All we do is cast the results of range to a list (just 
like we casted with int or float).  If this hurts your brain you have 
my permission to forget about it for a while, I just wanted you to 
have the real 411 from the beginning.... onwards...
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OK.  The kind of loop to your right is called a 
“definite” loop.  Come hell or high water that 
loop is going to “print(i)” only 10 times and 
then move on to the rest of the program.

What if we have situations where we don’t 
know how many times we want to go through a 
process?  What if we want to keep going until a 
certain condition is true?
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Type this program in and run 
it.  

Now change the condition.

What would happen if you 
comment out the 
c = c + 1 
line?



Python Methodologies for Data Sciences

This is a while loop.  It just keeps going until the condition it’s 
watching is False.  We kept adding 1 to c (that’s called a counter, it’s 
just a variable that increments 1 every time through a loop.) until c <10 
was False (when c = 10).  Then the loop stopped.

While loops are examples of “indefinite loops”.  We don’t know how 
many times through they will go; they have to meet a condition.
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Now, you might be saying:

“Wait a minutes.  That last while loop was going to stop 
when c got to ten no matter what.  That means it’s 
definite!”

You’re right.  In a sense we used an indefinite loop 
structure (while) to create a definite loop.  

Check out this code.  Type it in and run it.  This is 
indefinite.  It’s going to run until you enter an ‘a’
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Here’s the run.  Can you think of a good use for this?



Python Methodologies for Data Sciences

Now we have a way to keep our programs running and not have to keep starting them over and over again.  Just put your 
code in a while loop, test to make sure your “flag” variable (keep_going) is ‘y’, and allow the user to make it an ‘n’ (or 
anything besides ‘y’) and you’ll fall out of the loop, Print “Thanks for Playing” and you’re done.  This is how games STILL 
let you leave.  When you input that “Q” or “Quit” it’s being tested in a while loop!
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A few extra lines of code and it’s a real high/low guess game!

Type this in and try it!
Can you make it better?
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Other Kinds of Loops

We have looked at Definite loops (with for and the range function) and Indefinite loops (with while). 

There are other kinds, but they are implemented with “for”s or “whiles”s

● Interactive Loops - Like the guessing game, the loop runs until user input says to stop

● Sentinel Loops - Loops that go through lists until they see a certain value.  Here you would use != in 
the while condition.  While ( a != 999) for example

● File Loops - we’ll see these in Unit 3.  This is when you read a file until it’s done even though you do 
not know how long it is before you start.
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Finally!!!

   I think everyone who teaches programming waits for this moment.  You have 
simple data under your belt.  You know about conditionals.  You know about lists 
and sequences of data.  Now you have loops.  

                               We can finally do some interesting things....
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Now that we understand loops we can look at our list code again.  Understand what’s happening?

We go into a loop and for every item in testList the loop places that item in the variable “testalbum” and tests for inclusion in 
the list “Rush.”

This is a simple, small example.  What if testList had a million items?  This could be rather handy when examining data, yes?
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What if we had data like this?

This is a list that contains 
5,163 names. (well, it’s a snippet of said list)

How can I test it to see if my 
name appears there?
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OK, I read this out of a file and we’re not there yet 
so just know that I have a string variable, names, 
that is one long string with all the names in it.  

I strip out the “”s, do a split so I turn my string 
into a list, and then I sort the list (didn’t really 
have to do this, just showing you).

Now I have a list I can test with the ‘in’ keyword.

I test for my name (and get skunked, no surprise 
there) and I also create a boolean variable.  
Because “MARY” is in the list this condition is 
TRUE.

This program runs in less than a second.  
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Now we have the tools to work on some real problems!  Go to projecteuler.net.  If you want to, 
create a userid and login (you don’t have to).  With the tools you have now (variables, data types, 
arithmetic, conditions, lists, and loops) you have enough to tackle some of these problems

Some of them are hairy, I know.  We’re going to look at an easy 
one.
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This is Euler #6.  Give it a go.  I will do a video and solve it next week, but try yourself first.
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Other cool resources

http://openbookproject.net/thinkcs/python/english3e/

I put a few free Python books in 
the resources section of SAKAI 
last week.  Check them out!  
There will be no readings or 
assignments from them, I just 
want you to be aware of all the 
Python resources there are on the 
web. 
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Dictionaries
For those of you keeping score at home, I know the syllabus mentioned that we would be covering 
dictionaries in this unit.  I thought better of it as I was doing the slides.  

I gave you sequences and then I gave you loops.  Dictionaries are a data structure that is not a sequence 
per se and they do not lend themselves to being iterated over so I decided it made no sense to introduce 
the topic as you were wrapping your novice Python heads around lists and loops.  

I will get to Dictionaries in Unit three or four.  They are important and will be covered, I’m just going to 
do it later on.

Nuff said.
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A few simple exercises 
 

1. Print all the multiples of 3 up until 60.

2. Print the numbers from 30 to 1 backwards

3. Create a game that asks the player to guess a secret word, revealing one letter of the word 
for every turn.  At the end of the game tell the user how many guesses they made.

4. Print the nth term of the Fibonacci sequence where n is a number entered by the user.  See 
pg 262 of Zelle for better description, this is exercise 1.


