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INTRODUCTION

Programming I.anguages and Techniques of Python

Developed by Guido van Rossum in the early 1990s

® Named after Monty Python

® Available on eniac

® Available for download from http://www.pyvthon.org

. Interpreted language: work with an evaluator for language expressions (like DrJava, but
more flexible)

" Dynamically typed: variables do not have a predefined type

Rich, built-in collection types:

AN U S N

Lists

Tuples

Dictionaries (maps)
Sets

Concise

Language features

'Y’}'

Y V V V V V V¥V VYV ¥

Indentation instead of braces

Several sequence types

Strings : made of characters, immutable

Lists |...]: made of anything, mutable

Tuples (...) : made of anything, immutable

Powerful subscripting (slicing)

Functions are independent entities (not all functions are methods)
Exceptions as in Java

Simple object system

Iterators (like Java) and generators
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Why Python?

= it

Good example of scripting language
. [13 bl . 3

Pythonic” style is very concise

m : ;

Powerful but unobtrusive object system
< : .

Every value is an object
B

Powerful collection and iteration abstractions

Dynamic typing makes generics easy

Dynamic typing — the key difference

- Java: statically typed
m . : ;
Variables are declared to refer to objects of a given type
] .
Methods use type signatures to enforce contracts
=

Python

Variables come into existence when first assigned to

A variable can refer to an object of any type
All types are (almost) treated the same way

Main drawback: type errors are caught at the runtime only.

Recommended Reading

" The Python Tutorial (http://docs.python.org/tutorial/)

®  Dense but more complete overview of the most important parts of the language

®  See course home page for others



PEP 8- Style Guide for Python Code

- http://www.python.org/dev/peps/pep-0008/
B The official style guide to Python, contains many helpful programming tips
Which Python?
Python 2.7
= . . : ,
Current version on Eniac, so we’ll use it
L] ;
Last stable release before version 3
" Implements some of the new features in version 3, but fully backwards compatible
- Python 3
|
Released a few years ago
B ; g g
Many changes (including incompatible changes)
= - .
Much cleaner language in many ways

Strings use Unicode, not ASCII




IDLE Development Environment

(& Python 330 5hei
D Lt Shil Do Qpsons Widow e

}Pnnun 3.5.0 (v3.5.0:374FS01€4567, Sep 13 2015, 02:27:37) [MSC v.1800 64 bic (AMDSS)] on winds )
Type “copyright®, “"credits® or "license()" for more informaticn. : i

3 print (“hello')
bello
» |

i 3l¢ekd

- Shell for interactive evaluation.

B Text editor with color-coding and smart indenting for creating Python files.

- Menu commands for changing system settings and running files.

Running Interactively on UNIX (ENIAC)
On Unix...

% python

>>> 343

Python prompts with ‘>>>’,
107 To exit Python (not Idle):

®  In Unix, type CONTROL-D

L Windows, type CONTROL-Z + <Enter>

Running Programs on UNIX

% python filename.py

You can create python files using emacs.




(There’s a special Python editing mode.

M-x python-mode)

To make a python file executable, make this text the first line of the file : #!/usr/bin/python

The Basics

A Code Sample (in IDLE)
x=34-23 # A comment. y = “Hello”

Another one.

z=23.45

ifz == 3.45 or y == “Hello™:
x=x+1,

y=y+*“ World” # String concat.
pr
in
tx
p
ri

n

#

10




Enough to Understand the Code

Indentation matters to the meaning of the code:

Block structure indicated by indentation | | The first assignment to a variable creates it.

Variable types don’t need to be declared.

Python figures out the variable types on its own.

Assignment uses = and comparison uses ==,

For numbers + - */ % are as expected.

Special use of + for string concatenation.

Special use of % for string formatting (as with printf in C)

Logical operators are words (and, or, not) not symbols

Simple printing can be done with print.

¢SO0 00O OOGOGsOGO O OO

A Basic Datatypes

@ - Integers (default for numbers)
® z=5/2 # Answer is 2, integer division.
9 ®  Floats
X
| .= 3.456
® | Strin
o=
B Canuse “” or ¢ to specify.
“abc” ‘abe’ (Same thing.)
®  Unmatched can occur within the string.
“matt’s”
m

Use triple double-quotes for multi-line strings or strings than contain both * and *
inside of them:

[TE111] 1] 6 45998
a‘b*e

Whitespace
Whitespace is meaningful in Python: especially indentation and placement of newlines.
® Use a newline to end a line of code.

O Use \ when must go to next line prematurely.
@  No braces { } to mark blocks of code in Python... Use consistent indentation instead.

C o0 OO

The first line with less indentation is outside of the block.

11



The first line with more indentation starts a nested block

&

[

¢
]

¥
o=
Often a colon appears at the start of a new block. (E.g. for function and class definitions.)

® Start comments with # — the rest of line is ignored.

Comments

" : . ; :
@ Can include a “documentation string” as the first line of any new function or class that you
* define.

®
“*“This is the docstring. This function does blah
® blahblah.”*”

Py # The code would go here...

m .
The development environment, debugger, and other tools use it: it’s good style to include

one. defmy_function(x, y):

) Assignment
@n

Binding a variable in Python means setting a name to hold a reference to some object.

® " Assignment creates references, not copies (like Java)
L ¥ —_ PP ; , .

A variable is created the first time it appears on the left side of an assignment expression: X
® =3

@  Numesin Python do not have an intrinsic type. Objects have types.

An object is deleted (by the garbage collector) once it becomes unreachable.

4
o Python determines the type of the reference automatically based on what data is assigned to it.

'(Multigle Assignment)
® "[IYou can also assign to multiple names at the same time,

>>>x,v=23,3

.‘)>
9>
.>
X
®
2

>>>y
3

»
L
» 12
2
L



®
&
@ Scquence types:
®
Tuples, Lists, and Strings
®
.Tugle
® . o
° A simple immutable ordered sequence of items
® . Immutable: a tuple cannot be modified once created....
® = Items can be of mixed types, including collection types
o -
trings
@
o Immutable
& _ .
Conceptually very much like a tuple
- Regular strings use 8-bit characters. Unicode strings use 2-byte characters. (All this is
changed in Python 3.)
List :-
Mutableordered sequence of items of mixed types
Sequence Types 2
®  The three sequence types (tuples, strings, and lists) share much of the same syntax and
functionality,
®  Tuples are defined using parentheses (and commas). >>>tu = (23, ‘abc’, 4.56, (2,3), ‘def’)
®  Lists are defined using square brackets (and commas). >>>li = [“abc”, 34, 4.34, 23]
®  Strings are defined using quotes (¥, ¢, or ““<),

.‘>>>st = “Hello World”
.>>>*st = ‘Hellg World®




>>>st = “““This is a multi-line string that uses triple
.quotcs.”””

@ Sequence Types 3
" v ye
@ We can access individual members of a tuple, list, or string using square bracket “array”
® notation.
@® ® Notethatall are 0 based...
&
@ >>>tu= (23, ‘abc’, 4.56, (2,3), ‘def’) >>>tu[1] # Second item in the

tuple. ‘abe’

>>>li = [“abe”, 34, 4.34, 23]

>>>li[1]  # Second item in the list. 34

>>>st = “Hello World”

>>>st[1] # Second character in string.

§nY

€

Negative indices
>>>t = (23, *abc’, 4.56, (2,3), ‘def”)

Positive index: count from the left, starting with 0.
>=>4[1]

‘sahe’

Negative lookup: count from right, starting with —1.
>>>t[-3]
4.56

Slicing: Return Copy of a Subset 1
>>>t = (23, ‘abc’, 4.56, (2,3), ‘def’)

Return a copy of the container with a subset of the original members. Start copying at the first

® index, and stop copying before the second index.

>>>t[1:4]
{‘asbe’, 4,56, (2,39




You can also use negative indices when slicing.
>>>t[1:-1]
(‘abe’, 4.56, (2,3))

Optional argument allows selection of every n" item.
>>>t[1:-1:2]
(‘abe’, (2,3))

Slicing: Return Copy of a Subset 2
>>>t = (23, ‘abc’, 4.56, (2,3), ‘def’)

Omit the first index to make a copy starting from the beginning of the container.
>>>t[:2]
(23, ‘abce?)

Omit the second index to make a copy starting at the first index and going to the end of the
container.

>>>t[2:]
(4.56, (2,3), ‘def)

Copying the Whole Sequence

To make a copy of an entire sequence, you can use [:].
>>>t:]

(23, ‘abc’, 4.56, (2,3), ‘def’)

@ Note the difference between these two lines for mutable sequences:

.>>>list2 = listl # 2 names refer to 1 ref
# Changing one affects both

>>>list2 = list1[:] # Two independent copies, two refs

The ‘in’ Operator

Boolean test whether a value is inside a collection (often called a container in Python:
>>>t=[l,2,4, 3]



>>>3in t
False
>>>4 int
True

>>>4 notin t
False

For strings, tests for substrings
>>> a = "abede'

>>>"'¢'ina
True
>>>'ed' in
a True
>>>'ae' in g
False

B Be careful: the in keyword is also used in the syntax of for loops and list comprehensions.
The + Operator

The + operator produces a new tuple, list, or string whose value is the concatenation of its
arguments.

Extends concatenation from strings to other types

>>>(1,2,3) + 4, 5, 6) (1,2, 3,4, 5, 6)

0000000000 06000ODOCGOSTOGCEOSOOSO

. >>>[1, 2, 3] + |4, 5, 6]
{1, 2,3 4, 5, 6]

>>>“Hello” + * "+ “World”
‘Hello World’

16



Mutability:
.Tuples vs. Lists

Lists: Mutable

>>>li = [‘abc’, 23, 4.34, 23]
>>>i[1] = 45

>>=>1
[‘abc’, 45, 4.34, 23]

®" Wecan change lists in place.

On Name /i still points to the same memory reference when we’re done.
@ Tuples: Immutable

.>>>t = (23, ‘abc’, 4.56, (2,3), ‘def”)

.>>>t[2] =3.14
®

.Traceback (most recent call last):

® File "<pyshell#75>", line 1, in -topleveltu|2] = 3.14
| TypeError: object doesn't support item assignment You can’t change a
[

tuple.

@ You can make a fresh tuple and assign its reference to a previously used name.

>>>t = (23, ‘abc’, 3.14, (2,3), ‘def)

(171 The immutability of tuples means they’re faster than lists.
Operations on Lists Only 1

>>>i =1, 11, 3, 4, §]

@ >>>li.append(‘a’) # Note the method syntax
®=>>>li

@1 11.3,4,5 2]

&

®

®

17



>>>i.insert(2, ‘i’)
>>>li

[1, 11, i, 3, 4, 5, ‘a’]

The extend method vs the +op

18



®
®
®

erator.
0, e

* creates a fresh list (with a new memory reference)

&

" extendis just like add in Java; it operates on list li in place.
®

- @>>>li.extend([9, 8, 7])
.>>>li
.[1’ 2,%,3,4,5,’,9,8,7]

Confusing:
®. extendtakes a list as an argument unlike Java | [ lappend takes a singleton as an argument.
@>>>li.append([10, 11, 12])

.>>>li
.[1, 2,7V, 3,4,5,2°,9,8,7, [10, 11, 12]]

Operations on Lists Only 3
@ = [“a’, b’, ‘¢, ‘D]

*

@>>>li.index(‘b’)  # index of first occurrence
!
% *more complex forms exist
.>>>li.count(‘b’) # number of occurrences

2
.>>>Ii.remove(‘b’) # remove first occurrence
.>:>->!i
. Iia!, ‘c'!, Lb’l

.Operations on Lists Only 4
>>>li =[5, 2, 6, 8]

.>>>Ii.reverse0 # reverse the list *in place*
.>>>li
® [8625]

>>>li.sort()  # sort the list *in place*

19




>>>1
2,5, 6, 8]
®
@>>>li.sort(some_function)

# sort in place using user-defined comparison
Tuples vs. Lists

" Lists slower but more powerful than tuples.

®  Lists can be modified, and they have lots of handy operations we can perform on them.
o Tuples are immutable and have fewer features.

|

To convert between tuples and lists use the list() and tuple() functions:
Ii = list(tu)
tu = tuple(li)

20



.Dictionaries: a mapping collection typeDictionaries: Like maps in Java
@  Dictionaries store a mapping between a set of keys and a set of values.

" Keys can be any immutable type.

® |
® Values can be any type
® ®  Values and keys can be of different types in a single dictionary
o m
PY You can define,modify, view, lookup, delete
i
®

The key-value pairs in the dictionary.

.Creating and accessing dictionaries

>>>d = {*user’:‘bozo’, ‘pswd’:1234}

>>> d[‘user’]
‘bozo’

>>> d[‘pswd’] 1234

>>> d[‘bozo’]

@ Updating Dictionaries

>>> d = {‘user’:‘bozo’, ‘pswd’:1234}

»>>>d|‘user’] = ‘clown’

= Keys must be unique.

" Assigning to an existing key replaces its value,

21



®

@

[ )

L

| . Dictionaries are unordered

(] . o New entry might appear anywhere in the output. 7 |(Dictionaries work by
.hashmg)

Removing dictionary entries
>>>d = {‘user’:‘bozo’, ‘p’:1234, ‘i’:34}

>>>del d[‘user’]

i |

>>>d.clear()

>>>d
>>>a=[1,2]
>>>del a[1]

>>>q

@ Useful Accessor Methods
>>>d = {‘user’:‘bozo’, ‘p’:1234, ‘i’:34}
>>>d.keys() f cutrr vs
'AI‘USEI"., sp9' cial
>>>d.values()

[‘bozo’, 1234, 34]
>>>d.items()

@ Boolean Expressions

@ I'rue and False

OF True and False are constants

Other values are treated as equivalent to either True or False when used in conditionals:




False: zero, None, empty containers

True: non-zero numbers, non-empty objects

_/[!See PEP 8 for the most Pythonic ways to compare

Comparison operators: ==, |=, <, <=, etc.

==Y
X and Y have same value (like Java equals method)
XisY:

X and Y refer to the exact same object (like Java ==

Logical Operators

™ You can also combine Boolean expressions.
B Jrueifais True and bis True: a and b

" Trueifais Trueorbis True: aorb

=

True if a is False: nota



Conditional Expressions

X = true_valueif condition else false_value
lazy evaluation:

First, condition is evaluated

If True, true_valueis evaluated and returned

If False, false_valueis evaluated and returned
Control Flow

ifStatements (as expected)
ifx == 3: print "X equals 3."

elifx == 2:

print"X equals 2."
else:

print" X equals something else."

print"This is outside the ‘if"."
Note:

o= Use of indentation for blocks

®
® Colon (+) after boolean expression

24
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While Loops (as expected)

'

)
/>>> while x < 5:

4

el

J>>> x=3

print x, "still in the loop" x=x+1

3 still in the loop 4 still in the loop

SS>x =6
>>> while x < 5:

print x, "still in the loop"

Break and Continue

®  You can use the keyword break inside a loop to leave the while loop entirely.

®  You can use the keyword continue inside a loop to stop processing the current iteration of

the loop and immediately go on to the next one.

i
L
ey
<
S
=
)

An assert statement will check to make sure that something is true during the course
of a program.

If the condition if false, the program stops

(more accurately: throws an exception)

assert(number_of players<5)




@& For Loops

For Loops 1

® ®  For-each is Python’s only form of for loop

" Afor loop steps through each of the items in a collection type, or any other type of object

which is “iterable”

for<item>in <collection>:
. <statements>

If <collection> is a list or a tuple, then the loop steps through each element of the sequence.

If <collection> is a string, then the loop steps through each character of the string.

forsomeCharin “Hello World”:

printsomeChar

.0.0....

For Loops 2

<statements>

for<item>in <collection>:

<item>can be more complex than a single variable name.

If the elements of <collection>are themselves collections, then <item>can match the
structure of the elements. (We saw something similar with list comprehensions and with
ordinary assignments.)

fOl‘(X, y) in [(asl)a (baz)s (093)9 (d,4)]:
print x

ecscencocoeoe

@ For loops and the range() function

@™  We often want to write a loop where the variables ranges over some sequence of numbers.
The range() function returns a list of numbers from 0 up to but not including the number we
pass to it.

Ded
o

[ 20 BR N



®
o
®

<]
® range(S) returns [0,1,2,3,4] || 'So we ean say:
o

forx in range(5): print x
@

®

n
o (There are several other forms of range() that provide variants of this functionality...)
Ox

Xrange() returns an iterator that provides the same functionality more efficiently
@Abuse of the range() function

Lo .
Don't use range() to iterate over a sequence solely to have the index and elements

available at the same time

= Avoid:

foriin range(len(mylist)):
printi, mylist]i]
[/ Instead:

for (i, item) in enumerate(mylist):
printi, ite

LIST COMPREHENSIONS 1
|

A powerful feature of the Python language.

B Generate a new list by applying a function to every member of an original list.

Python programmers use list comprehensions extensively.
You’ll see many of them in real code.

iﬁféﬁﬁﬁ&]

@List Comprehensions 2

»>>>li = [3, 6, 2, 7]

>>> [elem*2 for elem in li]

@ [ expressionfor name in list |

" Where expression is some calculation or operation acting upon the variable name.

» For each member of the list, the list comprehension

27




1. sets name equal to that member, and

2.  calculates a new value using expression,

] ; ‘ —_
It then collects these new values into a list which is the return value of the list

comprehension.

.Lgst Comprehensions 3

. _If the elements of list are other collections, then name can be replaced by a collection of
names that match the “shape” of the list members.

\>>>li = [(“a’, 1), (‘b’, 2), (‘¢’, 7)]

@ rFiltered List Comprehension 1

®n If the filter condition returns False, that element is omitted from the list before the list
@ comprehension is evaluated

Filter determines whether expression is performed on each member of the list.

When processing each element of list, first check if it satisfies the filter condition.

Filtered List Comprehension 2

S>51i=(3,6,2,7,1,9]

>>> [elem * 2 for elem in li if elem> 4]

1[12, 14, 18]
o
o
o " Only 6, 7, and 9 satisfy the filter condition.
On So, only 12, 14, and 18 are produced.
®
® 28 ‘
® ;
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Nested List Comprehensions

Since list comprehensions take a list as input and produce a list as output, they are easily
nested:

>>>li=[3,2,4, 1]

>>> [elem*2 for elem in
‘Iitem+l for item in li] |
18, 6, 10, 4]

- The inner comprehension produces: [4, 3, 5, 2].

- So, the outer one produces: (8, 6, 10, 4].

For Loops / List Comprehensions

" Python’s list comprehensions provide a natural

idiom that usually requires a for-loop in other programming languages.

As a result, Python code uses many fewer for-loops

- Caveat! The keywords for and in also appear in the syntax of list comprehensions, but this is

a totally different construction.
29




Functions in Python

(Methods latet)

Defining Functions
@Functibn definition begins with def Function name and its arguments.
o
®
® defget_final_answer(filename):
® """Documentation String""" linel line2 Colon.
returntotal_counter...
® g
®
»
. -
o
@
@ First line with less ‘return’ indicates the to the caller

indentation is considered

@ tothe function definition.

Calling a Function

>>>defmyfun(x,

30



>>>myfun(3, 4)

12

FUNCTIONS OF PYTHON
All functions in Python have a return value

B evenifno return line inside the code.

®  Functions without a refurn return the special value None.
| Noneisa special constant in the language.

B None is used like null in Java.

B Noneis also logically equivalent to False.

L

The interpreter doesn’t print None

Function overloading? No.

B  There is no function overloading in Python.

B Unlike Java, a Python function is specified by its name alone

31



o ;
The number, order, names, or types of its arguments cannot be used to
distinguish between two functions with the same name.

" Two different functions can’t have the same name, even if they have different
numbers of arguments,

i

But operator overloading — overloading +, ==, -, etc. — is possible using
special methods on various classes (see later slides)

Functions are first-class objects in Python

®  Functions can be used just like any other data
- They can be

™ Arguments to function

B Return values of functions

" Assigned to variables

= Parts of tuples, lists, ete

B

>>>defmyfun(x): return x*3

>>>def apply(q, x):

return q(x)

>>>apply(myfun, 7)

Lambda Notation
like anonymous inner classes in Java

Functions can be defined without giving them names.

This is most useful when passing a short function as an argument to another function.

>>>apply(lambda z: z * 4, 7)

L BN BN BN BN B BN BN NN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN AN BN BN BN B BN A B N N 2



C B BN NN OB OBR OBK BN BN BN NN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN AN BN W N )

N The first argument to apply() is an unnamed function that takes one input and returns
the input multiplied by four.

= Note: only single-expression functions can be defined using this lambda notation.

]

Lambda notation has a rich history in CS research and the design of many current
programming languages.
Default Values for Arguments

'["You can provide default values for a function’s arguments || These arguments are
optional when the function is called

>>>defmyfun(b, ¢=3, d=“hello”): return b + ¢

>>>myfun(5,3,”hello™)
>>>myfun(s,3)

>>>myfun(s)

All of the above function calls return 8.
Keyword Arguments

Functions can be called with arguments out of order

B These arguments are specified in the call

Keyword arguments can be used for a final subset of the arguments.

>>>defmyfun (a, b, ¢): return a-b

>>>myfun(2, 1, 43)
1

>>>myfun(c=43, b=1, a=2)
1

>>>myfun(2, ¢=43, b=1)




Inheritance

Subclasses

A class can extend the definition of another class
Allows use (or extension ) of methods and attributes already defined in the previous one.

New class: subclass. Original: parent, ancestor or superclass

To define a subclass, put the name of the superclass in parentheses after the subclass’s name
on the first line of the definition.

class ai_student(student):

Python has no ‘extends’ keyword like Java.

Multiple inheritance is supported.

Redefining Methods

L 2K B BN BN BN BN B SN VR Y BN B BN BN N BN BK BN BN N N BN 3N BN BN BN BN BN BE O BY BN SN BN AN I )

Very similar to over-riding methods in Java

To redefine a method of the parent class, include a new definition using the same name in the
subclags.

The old code won’t get executed,

To execute the method in the parent class in addition to new code for some method, explicitly
call the parent’s version of the method.

parentClass.methodName(self, a, b, ¢)

The only time you ever explicitly pass ‘self” as an argument is when calling a method of an
ancestor.

34



Extending _init__

Very similar to Java

Commonly, the ancestor’s __init__ method is executed in addition to new commands.

Must be done explicitly [|[1You’ll often see something like this in the __init__ method of
subclasses: parentClass.__init__(self, x, y)

whereparentClass is the name of the parent’s class.
Private Data and Methods

®  Any attribute or method with two leading underscores in its name (but none at the
end) is private. It cannot be accessed outside of that class.
®  Note:
Names with two underscores at the beginning and the end are for built-in methods or
attributes for the class
| Note:

There is no ‘protected’ status in Python; so, subclasses would be unable to access these
private data either

Lt
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Importing and Modules

Import and Modules

n Programs will often use classes & functions defined in another file

" oA Python module is a single file with the same name (plus the .pyextension)

= Modules can contain many classes and functions

B Access using import (like Java)

Where does Python look for module files?

®  Thelist of directories where Python looks: sys.path
®  When Python starts up, this variable is initialized from the
PYTHONPATH environment variable
®  To add a directory of your own to this list, append it to this list.
sys.path.append(‘/my/new/path’)
= Oops! Operating system dependent....
Import I
importsomefile

" Everything in somefile.py can be referred to by:
somefile.className.method(“abc”) somefile.myFunction(34)

®  from somefileimport *

- Everything in somefile.py can be referred to by:
className.method(*abc™) myFunction(34)

B Careful! This can overwrite the definition of an existing function or variable!

Import I

fromsomefileimport className
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" Only the item classNamein somefile.py gets imported.
™ Refer to it without a module prefix. |
. . - . . VL) ;
Caveat! This can overwrite an existing definition. className.method(*abe”) (] [0 This was 1
imported
myFunction(34) [J[0Not this one

Commonly Used Modules

Some useful modules, included with Python:

Module: sys - Lots of handy stuff.

Module: os - OS specific code.

Module: os.path - Directory processing.

The Python standard library has lots of other useful stuff...

| .More Commonly Used Modules

Module: math - Mathematical functions.
Exponents

sqrt

\
Module: Random - Random numbers }
Randrange  (good for simulations, games, ...) ‘

Uniform



Choice
Shuffle

To see what’s in the standard library of modules, check out the Python Library
Reference:

http://docs.python.org/lib/lib.html




String Operations

The string class provides a number of methods for useful formatting operations:
>>>*hello”.upper()

‘HELLO’

Check the Python documeniation for many other handy string operations.

¢ = Helpful hint: use <string>.strip() to
® strip off final newlines from lines read from files
.String Formatting Operator: %
B The operator % allows strings to be built out of many data items in a “fill in the
blanks” fashion.
®  Allows control of how the final string output will appear.
B For example, we could force a number to display with a specific number of digits after
the decimal point.
™

Very similar to the sprintf command of C.

>>> x = “ahe”
>>>y =34

>>> “%s xyz %d” % (x,y)

‘abc xyz 34’

®  The tuple following the % operator is used to fill in the blanks in the original string
marked with %s or %d.

®  Check Python documentation for details.

Printing with Python

print a string to the standard output stream using “print”

Using the % string operator in combination with the print command, we can format our
output text.
>>> print “%s xyz %d” abe xyz 34 % (“abc”, 34)




“Print” automatically adds a newline to the end of the string. If you include a list of
strings, it will concatenate them with a space between them.

>>> print “a abc
>>> print “abc”, “def” abedef

®  Useful trick: >>>print “abc”, doesn’t add newline

(does add space)
String to List to String

[ /Join turns a list of strings into one string.

<separator_string>.join(<some_list>)

>>> 4" join( [“abc”, “def”, “ghi”] )

“abe;def;ghi”

[ |Split turns one string into a list of strings.

<some_string>.split(<separator_string>)

>>> “abc;def;ghi”.split( “;” )

[“abc”, “def™, “ghi”]

Convert Anything to a String

®  The built-in str() function can convert an instance of any data type into a string.
B you can define how this function behaves for user-created data types. You can also

redefine the behavior of this function for many types.

>>>“Hello "+ str(2)
“Hello 2”
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Special Built-In Methods and Attributes

Built-In Members of Classes

Classes contain many methods and attributes that are included by Python even if
you don’t define them explicitly.

Most of these methods define automatic functionality triggered by special operators or
usage of that class.

The built-in attributes define information that must be stored for all classes.

All built-in members have double underscores around their names: __doc__

Special Methods

For example, the method __repr__ exists for all classes, and you can always
redefine it.

The definition of this method specifies how to turn an instance of the class
into a string.

print f sometimes calls f.__repr__() to produce a string for object f.

If you type fat the prompt and hit ENTER, then you are also calling
__repr__ to determine what to display to the user as output.
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Special Methods — Example

., class student:

def _repr_ (self):
return “I’m named ” + self.full_name ...
>>>f = student(“Bob Smith”, 23)
~>>>print f
I’m named Bob Smith

)
- >>>f

Special Methods
. hsed
O®" Usedto implement operator overloading
®m

Most operators trigger a special method, dependent on class

__init__: The constructor for the class.
__len__ :Define how len( obj) works.
__copy__: Define how to copy a class.
__cmp__ :Define how == works for class.
__add__ :Define how + works for class

__neg__:Define how unary negation works for class

Other built-in methods allow you to give a class the ability to use [ ] notation like an array or
() notation like a function call.
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Special Data Attributes

These attributes exist for all classes.
doc__: Variable storing the documentation string for that class.

__class__ : Variable which gives you a reference to the class from any instance
of it.
__module__ : Variable which gives you a reference to the module in which the
particular class is defined.
__diet__ :The dictionary that is actually the namespace for a class (but not its
superclasses).
Useful:

dir(x) returns a list of all methods and attributes defined
for object x

Special Data Items — Example

>>>f = student(“Bob Smith”, 23)

>>> print f.__doc__

A class representing a student.

>>>f, class__

<classstudentClass at 010B4C6 >

>>>g=1{._ class_ (“Tom Jones”, 34)

43



File Processing, Error Handling

® File Processing with Python

® fileptr = open(“filename™) somestring =
@ fileptr.read() for line in fileptr: print line
® fileptr.close()

Exception Handling

for example...>>>defdivide(x, y)

itry:result = x/ y;

®

® " Exceptions are Python objects

& ®  More specific kinds of errors are subclasses of the general Error class
®

o

° You use the following forms to interact with them:
®

» "y

: . except

® B else

® ®  finally

.

@

®

®

@

®

&

® exceptZeroDivisionError:
Y try:result=x/vy;
® exceptZeroDivisionError:

# print"division by zero!"
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else: print "result is*,

resultfinally:

print"executing finally clause"

>>>divide(2, 1) result is 2 executing finally clause
>>>divide(2, 0) division by zero! executing finally clause

>>>divide("2%, "1*) executing finally clause

Traceback (most recent call last):

File "<stdin>", line 1, in ?
» File "<stdin>", line 3, in divide
@ TypeError: unsupported operand type(s) for /: 'str' and 'str'

o Iterators

Iterators in Python
>>>for e in [1,2]:
print e

1
2

>>>y = [1,2]

>>>jt = iter(s)

>>>jt

<iterator object at 0x00A1DBS50>

>>>jt.nex
t) 1
>>>jt.nex
t) 2
>>>jt.next() (most recent call
last):
File "<stdin>", line 1, in ?
it.next() StopIteration

Class with iterator in Python
class Reverse:

"Iterator for looping over a sequence backwards"
def __init__(self, data): self.data = data self.index = len(data)
def next(self):

ifself.index == 0:
raiseStoplteration

self.index = self.index - 1 return self.data[self.index]
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00060000000 000000000000806000000006066000

def __iter_ (self): return self
>>>for char in Reverse('spam’'):
print char

Generators
IDefines an iterator with a function | || 'Maintains local state automatically

def reverse(data):
fori in range(len(data)): yield data[len(data)-1-i]

>>>for char in reverse('spam'):print char
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Using generators

[IMerging sequences:

def
merg
e(l,
r):
llen, rlen, i, j = len(l), ien(r), 0, 0 while i<llen or j <rlen:
if j == rlen or (i<llen and I[i] < r[j]):

o 0 o QE—IQ)-LQ

+

Q.mﬁ‘”"'lﬁ e Mm A “

e Comde pe—
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1
Using generators

>>>g = merge([2,4], [1, 3, 5]) >>>while True:

printg.next()

W oA W

Traceback (most recent call last):

File "<pyshell#73>", line 2, in <module> print g.next()

Stoplteration

>>>|x for x in merge([1,3,5],(2,4])]
12,3,
4, 5]

Generators and exceptions

>>>g = merge([2,4], [1, 3, 5]) >>>while

True: try:
printg.next()
exceptStoplteration:

print
‘Done’
break

1

2

3

4

5

Done

List Generators
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>>> a = (x * x for x in xrange(5))

>>>a

>>><generator object <genexpr> at 0x031A7A80>

>>>for
X
i
n
f
p
r
i
n
t
X

0

1

4

9

A directed graph class

>>>d = DiGraph([(1,2),(1,3),(2,4),(4,3),(4,1)])

>>>print d



1->21->32->4
4->34->1
A directed graph class

>>>d = DiGraph([(1,2),(1,3),(2,4),(4,3),(4,1)])
>>>[v for v in d.search(1)] [1, 2, 4, 3]
>>>[v for v in d.search(4)] [4, 3, 1, 2]
>>>[v for v in d.search(2)] [2, 4, 3, 1]

>>>[v for v in d.search(3)]

(31
Searchmethod returns a generator for the nodes that can be reached
from a given node by following arrows “from tail to head™

The DiGraph constructor

.classDiGraph:

® def _init__ (self, edges):

@ self.adj = {} for u,v in edges:

® if u not in self.adj: self.adj[u] = [v] else: self.adj[u].append(v)

® def _str_ (self):

) return "\n'.join(['%s -> %s'%(u,v) \ for u in seif.adj for v in self.adj[u]]) ...
®

>>>d = DiGraph([(1,2),(1,3),(2,4),(4,3),(4,1)])
>>>|v for v in d.search(1)]

®:1: 2, 3], 2: (4], 4:

3, 11}

The constructor builds a dictionary (self.adj) mapping each node name to a list of
node names that can be reached by following one edge (an “adjacency list™)

The search method

classDiGraph:

def search(self, u, visited=set()):
# If we haven't already visited this node...

if u not in visited:
#
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- o = f

Q"_‘fb e gt

u
# and remember we've visited it now. visited.add(u)

# Then, if there are any adjacant nodes...

if u in self.adj:
# for each adjacent node... for
v in self.adj[u]:
# search for all nodes reachable from *it*...
for w in self.search(v, visited):
# and yield each one.

yieldw

APPLICATION OF PYTHON

@®DATA EXTRACTION FROM EXCEL :-

DIFFERENT TYPES OF MODULES USED IN THIS

1. XLRD:-(Excel read)A Python module for extracting data from MS Excel ™
spreadsheet files.
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® copinG:-

@

.fr0mxlrdimportopen_Workbook

® book = open_workbook('forum.xlsx")
®

@ sheet = book.sheet_by_index(3)

®

@ # read header values into the list
PY keys = [sheet.cell(0, col_index).value forcol_indexinxrange(sheet.ncols)]

@ dict_list = [] _
forrow_indexinxrange(l, sheet.nrows):
d = {keys|col _index]: sheet.cell(row_index, col_index).value
® forcol_indexinxrange(sheet.ncols)}
dict_list.append(d)

printdict_list
OUTPUT:-
®

® For the sheet containing

.A B CD
.1234
5678

@it prints:

o [{'A':1.0,'C":3.0,'B':2.0,'D':4.0},
® {'A':5.0,'C":7.0,'B":6.0,'D":8.0}]

2. XLWT:-This is a library for developers to use to generate spreadsheet files compatible
with Microsoft Excel versions 95 to 2003.The package itself is pure Python with no
dependencies on modules or packages outside the standard Python distribution.

CODING :

import re
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romxlwt import Workbook, easyxf

® 0 0.0 00

defdoxl():

'""Read raw account number and name strings, separate the data and

write to an excel spreadsheet. Properly capitalize the account

@

@names and mark cells with no account number as 99999 with red fill
o

@

| .try:

j .fp = open("hospdata.txt')
o

| .except:

e
.sys.exit( 1)

print 'Failed to open hospdata.txt'

.lines = fp.readlines()
o
&

®hameandnum = re.compile(r'(\d-+)\s*(.*)\s*")

®

.wb = Workbook()

@ wsraw = wb.add_sheet('Raw Data’)
o

ws = wb.add_sheet('Account List")
@ ws.write(0,0,' Account Number')
ws.write(0,1,' Account Name")
@ vs.col(0).width = len(' Account Number') * 256

ws.col(1).width = max([len(l) for I in lines]) * 256



for line in lines:

@wsraw.write(r,0.line.strip())

@s.write(r,1,’ '.join([w.capitalize() for w in m.group(2).split()]))

@
m = nameandnum.match(line)

&
@if m:

ws.write(r,0,int(m.group(1)))
o

else:
&

.ws.write(r,()-,99999,easyxf('pattern: pattern solid, fore_colour red;"))

®
®
. r+=1

.wb.save('accounts.xls')

.print "Wrote accounts.xls'

OUTPUT:-

ws.write(r,1,' '.join(Jw.capitalize() for w in line.split()]))
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,;Gr“ﬂ Account Number

B

"0Old Cap Rel Costs-bldg & Fixt
] 200 Old Cap Rel Costs-mvible Equip
' 300 New Cap Rel Costs-bidg & Fixt
5 | 400 New Cap Rel Costs-mvble Equip
= | 500 Employee Benefits
e | 600 Administrative & General
® 58 700 Maintenance & Repairs
= 800 Operation Of Plant
.__’_T& 900 Laundry & Linen Service
®
®

.3.PANDAS:— Pandas is an open source, BSD-licensed library providing high-performance, easy-to-use
@ data structures and data analysis tools for the Python programming language.
pandas is a NUMFocus sponsored project. This will help ensure the success of development

- @ CODING :-

&
@ importpandasaspd

® writer=pd.ExcelWriter("farm_data.xIsx', engine="xIsxwriter')
dfito_excel(writer, sheet name='Sheetl')

) workbook=writer.book

@ worksheet=writer.sheets['Sheet1']

® chart=workbook.add_chart({'type": 'column'})

OUTPUT :-
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apples

B berries

Farms

= corn
™ melons

. W squash

Farm 1 Farm 2 Farm 3 Farm 4
Total Produce

@ NUMPY :~NumPy, which stands for Numerical Python, is a library consisting of multidimensional
array objects and a collection of routines for processing those arrays. Using NumPy, mathematical and
.logical operations on arrays can be performed. This tutorial explains the basics of NumPy such as its
@ architecture and environment. It also discusses the various array functions, types of indexing, etc. An
introduction to Matplotlib is also provided. All this is explained with the help ot examples for better
.understanding.

&
CODING :-

@ >>>a =np.array( [20,30,40,50] )
@ >>>b =np.arange(4 )

. >>>h

@array([0, 1, 2, 3])

@ >>¢c= a-b

@ ¢

o array([20, 29, 38, 47])

>>>h**)

array([0, 1, 4, 9])
>>>10*np.sin(a)

array([ 9.12945251, -9.88031624, 7.4511316, -2.62374854])
>>>9<35

array([ True, True, False, False], dtype=bool)
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.4.SCIPY :- SciPy (pronounced "Sigh Pie") is an open source Python library used for scientific
.computing and technical computing.

.SciPy contains modules for optimization, linear algebra, integration, interpolation, special
functions, FFT, signal and image processing, ODE solvers and other tasks common in science and
@cngineering.
SciPy builds on the NumPy array object and is part of the NumPy stack which includes tools
like Matplotlib, pandas and SymPy, and an expanding set of scientific computing libraries.

® R EFERENCE :-
®

® https://pypi.python.org/pypi/scipy

® https://github.com/scipy/scipy/releases

5. PYQT-5 :- PyQt is a GUI widgets toolkit. It is a Python interface for Qt, one of the most powerful,
@ and popular cross-platform GUI library. PyQt is a blend of Python programming language and the Qt
library. This introductory tutorial will assist you in creating graphical applications with the help of

® PyQt.
®

&
@) ATFORM :-
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Forml
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** wi.h extension file, included from the uic-generated form implementation.

e

“* If you wish to add, delete or rename functions or slots use

“* Qt Designer which will updare this file, preserving your code. Create an
“* InftQ function in place of a constructor, and a destrov( funcrion in

*+ pface of a destructor.

L e e S SR T R A R L

vold Forml::AddEntry(

{

# get the text typed In the line edit
e = self.lineEditl.textQ.ascilQ

# add that text to the list box
se!f.!!stBaxl.insemmm(eb

# clear the line edit
self.lineEditl.clear)
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S.MATPLOT LIB:-Matplotlib is a Python 2D plotting library which produces publication quality
@ figures in a variety of hardcopy formats and interactive environments across platforms. Matplotlib can
be used in Python scripts, the Python and [Python shell, the jupyter notebook, web application servers,
and four graphical user interface toolkits

CODING :-

importmatplotlib.pyplot as plt

® plt.plot([1,2,3.4])
® plt.ylabel(" some numbers')

plt.show()

OUTPUT :-
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CONCLUSIONS

SELF ANALYSIS AND PROJECT VIABILITIES

Definitely this python language is very useful in our day today life . As it has many
applications like we can design different and useful games as in our own choice.

PROBLEM ENCOUNTERED AND POSSIBLE SOLUTIONS

Hardware Limitations

The only limitations is posed when disk space is exhausted as we have to install
different modules which will be helpful in our coding . So for solving that problem
we have to extend the disk space.

SUMMARY :-In whole procedure to prepare this report we first have to gather the
requirements of the project and then we have to work for it and finally we have to
rectify the errors and then run the code .
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