LING115 Lecture Note
Session #4 Python — (1)

1. Introduction

As we have seen in previous sessions, we can use Linux shell commands to do simple text processing.
We now know, for example, how to count words. Frequency is an important piece of information. For
example, it allows us to estimate how likely it is to see a particular sentence in English. However, what
we do with frequencies can be rather too complex to implement with shell commands alone. We want to
ask computers to carry out a more complex set of instructions. That is, we want to write programs.

A programming language is the language in which we tell the computer what to do. This means what we
tell the computer may seem different depending on what the programming language is. For example, the
following website is a collection of how to write a program that prints out hello, world in more than
400 programming languages: http://www.roesler-ac.de/wolfram/hello.htm

We will learn the Python programming language. Why? Because it is easy to learn and many people write
programs in Python so we can share.

2. Python Interpreter

Before we learn to program in Python, let me briefly explain what is going on when we “write” a program
and “run” it by example. Here is how you make the computer print out hello, world with Python.

(1) Open your favorite text-editor and type print ‘hello, world’
(2) Save the file as hello.py and exit the text-editor.
(3) Enter python hello.py inthe command prompt.

OK, so we wrote a program called hel1lo.py and ran it. No? To be precise, we wrote a source code
which we named hello.py and ran the Python interpreter program to translate the source code into
something that the computer can understand and tell the computer to run the translated code. The source
code is what we, the Python programmers can understand, but it is not what the computer can understand.

This is different from how we typically run a program. For example, to run 1s, we directly enter the
name of the program without worrying about whether the computer understands what the program wants
it to do. That is because such programs are already compiled: the code is already translated into something
that the computer can understand.

When people program in languages like C++, they first write the source code, compile the code, and users
of the program can directly use the compiled code. For example, see hello. cpp and hello under
/home/1ingll5/python examples/ :hello.cpp is the source code and hello is the
compiled program. We can read and modify the source code but we cannot run it. On the other hand, we
can run the compiled program but we cannot really read or modify it.



How we develop programs in Python is different: we simply write the source code and let the Python
interpreter take care of the rest. In other words, remember to always invoke the Python interpreter to run
the program you “wrote”. There are two ways to do this:

(4) Enter the following in the command prompt:
1# python <yourcode>.py

(5) Add the following in the first line of your source code:
#!/usr/bin/python

In (4), we are directly invoking the Python interpreter to translate and run our source code. In (5), we are
telling the computer that the rest of the lines of our code need to be translated with the Python interpreter,
which is located under /usr/bin/ and named python in our computer. If we follow this approach, we
can directly enter the name of our program to run it without invoking the Python interpreter. See
hello2.py under /home/1ingll5/python examples/ for an example of (5).

2.1. Interactive mode

Occasionally, we want to write very short codes. In such cases, it may seem cumbersome to write and
save a code with a text-editor and run it afterwards. Rather, we may want to see what happens
immediately after we enter a line of code. This can be done by running the Python interpreter in the
interactive mode. That is, enter python in the command prompt without any arguments and you should

see something like the following:

We can immediately see the results of what we enter after >>> .

For example, try print ‘hello, world’.

This can be useful especially if we are not sure how to write a particular instruction in Python since we
also see error messages right away if we do something wrong.

For example, try print ’"hello,world’ . with adot after *hello,world’.

Note, however, that we cannot save what we did in the interactive mode. So if you are writing a code that
is not short or if you want to repeatedly use what you wrote, I suggest you use a text-editor to code
instead.

Hit Ctr1+d to exit and return to the command prompt.
3. Expressions vs. statements

A program is a set of instructions. Some instructions are expressions while some are statements. An
expression results in a single value. For example, 2+2 is an expression because the outcome of this
results in 4. On the other hand, a statement does not result in a single value but performs some action as



inprint ‘hello, world’, for example. There are plenty of examples where we will need to use
expressions: adding up the frequencies, converting them to probabilities, to say the least. Anyway, with
that distinction between expressions and statements in mind, let’s first learn how to write expressions in
Python.

4. Expressions

It helps to think of expressions as mathematical expressions such as 1, X, f(x), x+1, f(X,y)+2, etc. In its
simplest form, an expression consists of a single literal value such as 1, or a single variable such as x
which can be thought of as the name of a place-holder for a particular value. An expression may contain a
function as its term, where a function performs one or more operations on its arguments and returns a
value as in f(x), whatever f(X) may be. The terms of an expression can be combined with one another
using operators like + as in x+1 or f(X,y)+2.

4.1. Values and data types

Unlike what the above analogy to mathematical expressions suggests, a value in Python can be of any
data type. It could be a number, a string (a sequence of characters), a list of values, a “dictionary”, etc. It
is meaningless to talk about all the data types in Python at this point. Instead I will briefly explain four
data-types we will use very often in the class: Boolean, numbers, strings, and lists. I will explain more
data types as we learn more about Python.

4.1.1. Boolean

A Boolean value is either True or False. The use of this data-type will become clear when we study 1 £-
statement below.

4.1.2. Numbers

We will mainly use two types of numbers in this class: integers and floating point numbers (decimal
numbers). One thing about numbers in Python is that if an expression consists of only integers then the
resulting value of the expression is also assumed to be an integer. For example, enter the following in the
Python interactive mode and see what happens:

1/3

On the other hand, if an expression includes at least one floating point number, the resulting value of the
expression is assumed to be a floating point number. So for example, entering any of the following would
give us what we want:

1.0/3
1/3.0
1.0/3.0

4.1.3. Strings



A string is a sequence of characters. A string should be enclosed in single-quotes (e.g. ‘water’) or
double-quotes (e.g. “water”). This means single-quote and double-quote symbols have special meaning
in Python: they mark string boundaries. But sometimes we want to treat them as a part of the string as in
the following two examples:

I don’t know
He said, “I want to go home”

In such cases, the symbols must be preceded by a backslash as in the following:

I don\’t know
He said, \”I want to go home\”

Another way would be to use single quotes to enclose the string if it contains double-quotes and use
double quotes to enclose the string if it contains single quotes. But to prevent confusion in examples such
as He said, “I don’t know”,Iwould recommend using back-slash.

As I mentioned before, a string is a sequence of zero or more characters. We can refer to individual
characters of a string by index or refer to substrings by specifying a range. For example, let’s refer to the
string ‘water’ with a variable named w. How do we point to the second character a in the string? Index
of a string in Python starts from zero, incrementing by one after each character. So the second character
has an index of one and we can refer to it as w [1]. How do we refer to the substring ‘ate’ in ‘water’? We
use the range of indices specified in the following format:

[<index of the first character of the substring>:<index of the last
character of the string+l>]

For example, we would refer to ‘ate’ in ‘water’ as

wl[l:4]

You can think of [x:y] in Python as from x to y, as opposed to from x through y.
4.1.4. Lists

A list is an ordered listing of any values as in the following example.

[1,2,3]

The component values need not be of the same type as one another.

[1,’water’]

A list can also be a member of another list.

[1,"water’,[2,3,4]1]



As with strings, we can refer to the members of a list by index and we can also refer to a sub-list of list by
range. Both strings and lists belong to a data type called sequential data type in Python. This means there
are many cool things that we can do with lists that we can also do with strings. We will learn about them
as we learn more about Python.

4.2. Variables

Values can be stored in memory so that we can refer to them later. For example, we may want to
remember how often the word ‘language’ appears up to the last line we saw in a particular file and add
one to that value every time we see the word again. A variable in Python is simply a name that you use to
call the memory that holds a value.

In order to use a variable in Python, we must first assign a value to it. That is, we must define the variable.
For example, suppose we wanted to use the name 1ang freq for the variable that stores frequency of
the word ‘language’. We must first define it by assigning some value to it. Since we have not seen any
instances of ‘language’ initially, let’s assign zero to it. This is done as follows:

lang freg=0

Obviously, 1ang fregq is the name or the identifier of the variable. The symbol = is the assignment
operator: it assigns the value on the right hand side to the variable on the left hand side. Notice that the
operator does not mean ‘equal’: the expression above does not mean that the value of 1ang freqg
equals zero.

4.3. Operators

Operators combine two or more values (or values of variables or values from a function). We have
already seen one instance of an operator: the assignment operator = as in lang freg=0. There are
other operators we need to learn. The individual operators are meant to be used for specific data types.
You cannot, for example, divide 3 by the string *six’. Below is a list of several useful operators for the
data types we have learned so far.

4.3.1. Boolean Values

The following operators are frequently used in conjunction with one or more Boolean values.

and conjunction of two Boolean values
or disjunction of two Boolean values
not negation of a Boolean value

4.3.2. Numbers

The arithmetic operators suchas +, -, *, / canbe used with numbers and mean what they normally
mean: addition, subtraction, multiplication, division. The operator * * means powers as in 2* *4 (=16)
and the operator % can be used for the modulo function, or the remainder of division as in 23%4 (=3).
Obviously, the result of applying these operators is a number.



In addition, operators for comparison such as the following can be used:

== equal to

I= not equal to

> greater than

>= greater than or equal to
< less than

<= less than or equal to

Keep in mind that the operators for comparison results in a Boolean value: True or False.
4.3.3. Strings
What looks like arithmetic operators can be used with strings.

<stringl> + <string2> concatenate <stringl> and <string2>
<stringl> * <number> repeat <stringl> <number> times

The result of applying these operators is a string.

Operators for comparison mentioned above can also be used with strings. However, greater than or less
than in this case really means whether the first string (the string on the left hand side) comes after or
before the second string (the string on the right hand side) in alphabetical order as in the following
examples:

‘vocabulary’ < ‘word’
‘pen’ > ‘ink’

As was the case with numbers, applying these operators for comparison results in a Boolean value.
4.3.4. Lists
The aforementioned operators work for lists just like they work for strings. That is,

<listl> 4+ <list2> concatenate <list]> and <list2>
<listl> * <number> repeat <list]1> <number> times

Applying these operators results in a list.

Applying the operators for comparison on two lists is similar to the case with strings: members of the two
lists are compared as if they were characters of two strings.

4.4. Functions

A function is a subprogram of a program that is defined in a block of code and that which we can call/use
later by its name along with any arguments it may need. For example, suppose we had a function named
foo, which takes in a number as its argument and returns a number equal to 2000 times the input.
Somewhere in our code we should have this function defined, perhaps as follows:

6



def foo(n):
return 2000*n

We need not worry about the details of this definition for now. But in brief, def foo (n) : means in the
next block of code, we are defining a function named foo, which takes one argument, which we decide
to call n in the following block. It so happens that the following block consists of a single line return
2000 *n, which means multiply n by 2000 and return it as the output of the function.

To calculate 2000*100 using this function, we would simply enter foo (100) , which will return 200,000.
Because the function returns a value, it can be a part of an expression such as foo (100) +300.

5. Statements

As I mentioned before, a statement is an instruction to perform some action without resulting in a value.
We have already seen three example statements: print, def, return. We will cover def and
return statements when we learn about functions. Instead, let’s learn three statements that we will use
very often: print, for,and if.

51. SULQW

The print statement simply prints out the value that follows print. The value can be of any data-type:
numbers, strings, lists, etc. One thing to keep in mind is that there is a line-break at the end of each print
out. That is, if you run print statements twice, the output of the second print statement will begin in
a new line. Try the following, for example:

print ‘hello, world’
print ‘hello, lingllb’

52. IRU

We sometimes want our computer to repeat the same set of instructions multiple times. For example,
suppose we had a list of words and we wanted to print out all of them one by one. One way to do this in
Python is to use a for-loop: implementing a loop with the for statement which has the following form:

for E in L:
B

L can be any sequential data-type such as lists or strings. E is a variable that refers to a member of L. B
refers to a block of code/instructions that we want the computer to iterate. Here’s what happens. Initially,
E refers to the first member of L. Then, B is executed line-by-line. After the last line of B is executed, E is
set to refer to the next member of L and then B is executed line-by-line. This process iterates until there is
no more member of L for E to refer to.

Going back to our example, let’s name the list of words word 1ist and name the member variable
word. Here’s what we do:



for word in word list:
print word

In the above example, B consists of a single print statement. Of course, it can consist of multiple
expressions and statements.

As far as the syntax of for statement is concerned, there are two things to note: the colon after the for
statement and the indentation preceding the block of code B. Basically, the colon means ‘run the
following block of code’. Python identifies ‘the following block of code’ by indentation: all expressions
and statements that begin with one more unit of indentation than the for-statement is that ‘following block
of code’. As long as you are consistent, it is up to you to decide the unit of indentation: some choose a
single tab space, some choose four spaces, etc.

53. LI

We sometimes want to control the flow of instructions. For example, suppose we had a list of words and
we wanted to print out only the words that begin with x. Here is what we would do:

(6) Go over the list of words one by one
(7) If the first character of the word is ‘x’, print the word
(8) Else, do nothing

We learned how to implement (6) using a for-loop. The conditional instructions in (7) and (8) are
implemented in Python using the i £ statement which has the following form:

if Cl:
Bl

elif C2:
B2

elif C3:
B3

else:
BX

Cl, C2, C3, etc.refer to the individual conditions that must be satisfied to run the ‘following’ block of
codes, which are marked B1, B2, B3, etc. It is obvious what i f means. The e11i f in the middle is short
for else if, meaning ‘if all previous conditions were not satisfied but the current condition is satisfied’.

The e1se at the end means ‘if none of the previous conditions are satisfied’. Naturally, the conditions C1,
C2, C3, etc. must be expressions that result in a Boolean value.

As for syntax, the colon and indentation serves the same purpose as in the for statement.

Here’s how our example can be implemented in Python using for-statement and i f-statement



for word in word list:
if word[0]=="x"'":
print word
else:
pass

The statement pass in the above example means do nothing. We can also leave out e 1 se-statement if
there is nothing we want the computer to do. That is, the above is equivalent to the following:

for word in word list:
if word[0]=="x"":
print word



