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Python Basics

To learn Python basics we will use slides from:

University of Cambridge - Python: Introduction for Absolute Beginners

and are © the University of Cambridge.

*Some slides have been skibped and some have been modified.

All example python scripts are at:

http://www.cs.sfu.ca/CourseCentral/ | 65/smakonin/examples/python/

s ocoin. ..
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http://www.apple.com
http://www.cs.sfu.ca/CourseCentral/165/smakonin/examples/python/

Python Basics

Running Python — 2

Unix prompt
Unix command
Introductory blurb
$ python
Python 3.2.3 (default, May 3 2012, 15:54:42)
[GCC 4.6.3] on linux2

>>> Python version

Python prompt

Slide taken from University of Cambridge’s Python AB Course
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Python

Quitting Python

>>> exit()

Any one

>>> quit() of these

>>> |Ctrl| + D

Slide taken from University of Cambridge’s Python AB Course
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Basics
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Python Basics

A first Python command

Python prompt
Python command
>>> print('Hello, world!')

Hello, world! Output

>>> Python prompt

11

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Python commands

print('Hello, world!')

print # PRINT

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin
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Python “function”

Round brackets
— “parentheses”

Function’s “argument”

“Case sensitive”
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Python Basics

Python text

Quotation marks

'"Hello, world!'’

The body
of the text

The guotes are not
part of the text itself.

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Quotes?
print » Command
‘print’ » Text

14

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Python scripts

File in home directory print('Hello, world!"')

Run from Unix prompt

[
hellol.py
Unix prompt
Unix command
to run Python
$ python hellol.py Python script
Hello, world! Python script’s output
$ Unix prompt 15

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Text: a “string” of characters

>>> type('Hello, world!')

<class 'str'> A string of characters

Class: string
Length: 13

Letters

Hlelllllo], . lwlojr|1ld]t

Slide taken frothniversity of Cambridge’s Python AB Course
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Python Basics

Adding strings together: +

“Concatenation” print('Hello, ' + 'world!')

y
hello3.py

>>> 'Hello, ' + ‘'world!’

'Hello, world!'’

>>2>

26

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Pure concatenation

>>> 'Hello,,' + ‘'world!'

'"Hello, world!'’

>>> 'Hello,' + ' world!' Only simple
concatenation
'Hello, world!'’

>>> 'Hello,' + 'world!' No spaces added
automatically.
'Hello,world!"’

27

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Single & double quotes

>>> 'Hello, world!' Single quotes
'Hello, world!' Single quotes
>>> "Hello, world!" Double quotes
'Hello, world!' Single quotes

28

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Python strings: input & output

' 1!
Hello, world! Single or double

"Hello, world!" guotes on input.

|

Create same
string object.

|

'Hello, world!' Single quotes on output.

29

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Uses of single & double quotes

>>> print('He said "hello" to her.')

He said "hello" to her.

>>> print("He said 'hello' to her.")

He said 'hello' to her.

Slide taken from UniverSity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin |5
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Python Basics

Why we need different quotes

>>> print('He said 'hello' to her.')

File "<stdin>", line 1

print('He said 'hello' to her.')
A

SyntaxError: invalid syntax

X

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Adding arbitrary quotes

>>> print('He said \'hello\' to her.')

He said 'hello' to her.

\' > ! Just an ordinary
character.
\" » I “Escaping”

Also call escaping.
The same idea as HTML character entities.

Slide taken from University of Cambridge’s Python VAB Course
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Python Basics

Putting line breaks In text

:ﬁﬁgi What we want
>>> print('Hello, « Try this
world') o

>>> print('Hello, «

File "<stdin>", line 1
print('Hello, x
N

SyntaxError: EOL while

scanning string literal “EOL™ End Of Line

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Inserting “special”’ characters

>>> print('Hello, \nworld!"')

Hello, Treated as
world! a new line.
\n Converted into a

single character.

13fulelitlo], |uwolr1ld]t

>>> len('Hello, \nworld!')
13 len() function: gives

the length of the object

Slide taken from U‘niversity of Cambridge’s Python AB Course
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Python Basics

The backslash

Special » Ordinary \' > !
\ I > "
Ordinary » Special \n >
\t >

Also call escaping. |
The same idea as HTML character entities.

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

\n: unwieldy for long text

'SQUIRE TRELAWNEY, Dr. Livesey, and the\n
rest of these gentlemen having asked me\n
to write down the whole particulars\nabou
t Treasure Island, from the\nbeginning to
the end, keeping nothing\nback but the b
earings of the island, \nand that only bec
ause there is still\ntreasure not yet 1lif
ted, I take up my\npen in the year of gra
ce 17__ and go\nback to the time when my
father kept\nthe Admiral Benbow inn and t
he brown\nold seaman with the sabre cut f
irst\ntook up his lodging under our roof.'

Single
line 36

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Special input method for long text

"' 'SQUIRE TRELAWNEY, Dr. Livesey, and the
rest of these gentlemen having asked me
to write down the whole particulars
about Treasure Island, from the
beginning to the end, keeping nothing
back but the bearings of the 1island,
and that only because there is still
treasure not yet lifted, I take up my
pen in the year of grace 17__ and go
back to the time when my father kept
the Admiral Benbow inn and the brown
old seaman with the sabre cut first
took up his lodging under our roof.'''

Triple Multiple
guotes lines 7

Slide taken from University of Cambridge’s Python AB Course
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Python Basics
Python’s “secondary” prompt

>>> '''Hello,
. world'''

Python asking for more

of the same command.
"Hello\nworld’

38

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

It's still just text!

>>> 'Hello, \nworld!'’

'"Hello\nworld'

Python uses \n to represent
line breaks in strings.

>>> '''Hello,
. world!'"'

'"Hello\nworld' Exactly the same!

39

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Your choice of input quotes:

Four inputs:
'Hello, \nworld!"' "Hello, \nworld!"
'"'""Hello, """Hello,
world!'"'' world!"""

Same result:

a3 fulel11lo], |«wlo]r|1ld]t

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

(variable names)
Attaching names to values

“variables” message = 'Hello, world!"’
print(message)
>>> message='Hello, world!'
o
>>> message hello4.py

'Hello, world!'
>>> type(message)

<class 'str'>

13fHlell[1lo], | wlo]r|1ld]t

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Attaching names to values

message = 'Hello, world!'
print(message)
>>> type(print)
y
<class 'builtin_function_or_method'> hello4.py

a3fHlell[1lo], | wlor|1ld]t

—
Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Reading some text into a script

message = input('Yes? ')
print(message)
[
$ python inputl.py inputl.py

input('Yes? ')
Yes? Boo! message = ..

Boo! print(message)

45

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Can't read numbers directly!

$ python input2.py number = input('N? ') x
print(number + 1)
N? 10
[
input2.py

Traceback (most recent call last):
File "input2.py", line 2, in <module>
print(number + 1)
TypeError:
Can't convert 'int' object
to str implicitly

string integer i

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

1nput(): strings only

$ python input2.py number = input('N? ') x
print(number + 1)
N? 10
Yo
input2.py

input('N?.,")

_2f1je

47

Slide taken from University of Cambridge’s Python AB Course
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Python

Some more types

>>> type('Hello, world!')

<class 'str'>

>>> type(42)

<class 'int'>

>>> type(3.14159)

<class 'float'>

Slide taken from UniverSity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 31

Basics

string of characters
integer

floating point number

48



Python Basics

Converting text to integers

_2f1e
_e).-J2jelel.

>>> int('100-10") x

>>> int('10')
10

>>> int(' -100 ')
-100

ValueError:
invalid literal for int() with base 10: '100-10'

49

L re———————————
Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Converting text to floats

>>> float('10.0"') '10.0' is a string

10.0 10.0 is a floating
point number

>>> float(' 10. ')

10.0

50

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Converting between ints and floats

>>> float(10)

10.0

>>> int(10.9)

10 Truncates
fractional part

>>> int(-10.9)

-10

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 34
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Python Basics

Converting into text

>>> str(10) integer » string
I 10!

>>> str(10.000) float > string
'10.0"

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 35
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Python Basics

Converting between types

int() anything » integer
float() anything > float
str() anything » string

Functions named after the type they convert into.

53

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Reading numbers into a script

$ python input3.py
N? 10

11

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin

By

text = input('N? ')
number = int(text)
print(number + 1)

e

input3.py




Python Basics

Integers

(..-2,-1,0
1,2,3,4 ..

57

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Integer addition & subtraction

>>> 20+5

25

>>> 20,,-..5 Spaces around the
15 operator don’'t matter.

“No surprises”

58

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Integer multiplication

There is no “x” on the keyboard.

Use “*” instead

>>> 20,.* .5

100

Still no surprises

Slide taken from Unive4rsity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 40
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Python Basics

Integer division

There is no “+” on the keyboard.

Use “/” instead

>>> 20,./.5

4 This is an integer number!

In Python 2

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 4|
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Python Basics

Integer division

There is no “+” on the keyboard.

Use “/” instead

>>> 20,./..5

4.0 This is a floating point number!

Surprise!

However, in Python 3

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 42
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Python Basics

Integer powers

There is no “4” on the keyboard.

Use “**” instead

>>> 4 ** 2

16

* *
>>>4u2

SyntaxError: invalid syntax

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 43

Spaces around the
operator don’'t matter.

Spaces in the
operator do!
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Python Basics

_ (a.k.a. modulo)
Integer remainders

e.qg. Is a number even or odd?
Use os/n

>>> 4 % 2

0

>>> 5 %, 2
1

>>> -5 % 2

1 Remainder is always non-negative
b3

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

How big can a Python integer be?

>>> 2%*%2
4

>>> 4*%*2
16

>>> 16**2
256

>>> 256%**2
65536

>>> 65536**2
4294967296

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

How big can a Python integer be?

>>> 4294967296**2
18446744073709551616

>>> 18446744073709551616**2
340282366920938463463374607431768211456

>>> 340282366920938463463374607431768211456**2

1157920892373161954235709850086879078532699846
65640564039457584007913129639936

>>> 115792089237316195423570985008687907853269
984665640564039457584007913129639936**2

1340780792994259709957402499820584612747936582
0592393377723561443721764030073546976801874298
1669034276900318581864860508537538828119465699
46433649006084096

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

How big can a Python integer be?

10443888814131525066917527107166243825799642490473837803842334832839
53907971557456848826811934997558340890106714439262837987573438185793
60726323608785136527794595697654370999834036159013438371831442807001
18559462263763188393977127456723346843445866174968079087058037040712
84048740118609114467977783598029006686938976881787785946905630190260

98852914863182379 T . . . I $13490084170616
75093668333850551 h I 213796825837188
09183365675122131 e re I S n O I m I t " 250567449219461
70238065059132456 . ccov . cavinncint vovmm s v e v +382023131690176

78006675195485079921636419370285375124784014907159135459982790513399
6115517942711068311340905842728842797915548497829543752 451 7naE22226
9061394905987693002122963395687782878948440616007412 Except for 05
7164237715481632138063104590291613692670834285644073 1
4657634732238502672530598997959960907994692017746248 65
9250178329070473119433165550807568221846571746373296 Memory 74
5700244092661691087414838507841192980452298185733897 1 0405.1U31£0U50v03
00130241346718972667321649151113160292078173803343609024380470834040
3154190336

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Big Iintegers

C/C++
Fortran

int
INTEGER*4

long
INTEGER*8

long long
INTEGER*16

Out of the reach
of C or Fortran!

4

16

256

65536

4294967296

18446744073709551616

3402823669209384634...
63374607431768211456 o7

Slide taken from University of Cambridge’s Python AB Course

Copyright © 2014 by Stephen Makonin
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Python Basics

Floating point numbers

1.0

0.33333333

3.14159265
2./1828182




Python Basics

Basic operations

>>> 20.0 + 5.0 >>> 20.0 - 5.0

25.0 15.0

>>> 20.0 * 5.0 >>> 20.0 / 5.0

100.0 4.0

>>> 20.0 ** 5.0 Equivalent to integer arithmetic
3200000.0

69

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Floating point imprecision

>>> 1.0 / 3.0
0.3333333333333333

>>> 10.0 / 3.0 :
If you are relying on
3.3333333333333335 this last decimal place,

you are doing it wrong!

= 17 significant figures

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 51
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Python Basics

Hidden imprecision

>>> 0.1

0.1

4 A
round() is your friend!

>>> round(0.1 + 0.1 + 0.1, 1)
0.2 0.3

N\ J

>>> 0.1 + 0.1

>>> 0.1 + 0.1 + 0.1 : _
Really: if you are relying on
0.30000000000000004 this last decimal place,

you are doing it wrong!

71

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

How big can a Python float be? — 1

>>> 65536.0%*2 So far, so good.
4294967296.0

>>> 4294967296.0**2 Switch to
1.8446744073709552e+19 “scientific notation”

1.8446744073709552 e+19
1.8446744073709552 x10%

72

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Floats are not exact

>>> 4294967296.0**2 Floating point
1.8446744073709552e+19

>>> 4294967296**2 Integer
18446744073709551616
1.8446744073709552x10" »18446744073709552000
- 18446744073709551616
384

73
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Python Basics

How big can a Python float be? — 2

>>> 1.8446744073709552e+19**2
3.402823669209385e+38

>>> 3.402823669209385e+38**2
1.157920892373162e+77

>>> 1.157920892373162e+77**2 So far, so good.
1.3407807929942597e+154

>>> 1.3407807929942597e+154**2 Too big!

OverflowError: (34,
'"Numerical result out of range')

74
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Python Basics

Floating point limits

1.2345678901234567 x10"

17 significant figures

-325 <N < 308

Positive values:
4.94065645841x10°%* < N < 8.98846567431x10%""

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 56
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Python Basics

Comparisons

>>> 5 < 10 Asking the question

True v 4

>>> 5 > 10 Asking the gquestion

False x

Slide taken from Univérsity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 57
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Python Basics

a.k.a. Boolean types
True & False ( YPes)

>>> type(True)

<class 'bool'> “Booleans”

5 + 10 -15 int

int int

5 < 10 -True bool

81

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

SiIX comparisons

Maths Python
— == Double equals sign
Z | =
<
>
< <=
> >=

Slide taken from Univérsity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 59
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Python Basics

Equality comparison & assignment

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin
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name = value

Attach a name to a value.

value1 == value?_

Compare two values




Python Basics

Textual comparisons

>>> 'cat' < 'dog' Alphabetic ordering

True

>>> 'Cat' < 'cat' Uppercase before lowercase
True

>>> 'Dog' < 'cat' All uppercase before lowercase
True

85

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

“Syntactic sugar”

@ < number

O < number < 10 —————- and

number < 10

>>> number = 5
>>> 0 < number < 10

True
87

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Converting to booleans

float()

int()

str()

bool()

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin

Converts to floating point numbers
<class 'float'>

Converts to integers
<class 'int'>
Converts to strings

<class 'str'>

Converts to booleans

<class 'bool'>

88
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Python Basics

Useful conversions

' »False Empty string
'Fred’ »True Non-empty string
0 »False Zero

1 »True Non-zero

12 »True

-1 »True

Slide taken from Univelrsity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 64
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Python Basics

Boolean operations — “and”

True and True » True Both have
to be True
True and False » False
False and True » False
False and False » False
91

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Boolean operations — “and”

>>> 4 < 5 and 6 < 7 4 < 5—True
>and—>True
True 6 < 7—True
>>> 4 < 5 and 6 > 7 4 < 5—»True
>and—>False
False 6 > 7—False

92

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 66



Python Basics

Boolean operations — “or”

True or True » True At least
one has
True or False » True to be True
False or True » True
False or False » False
93

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 67



Python Basics

Boolean operations — “or”

>>> 4 < 5 0r 6 <7 4 < 5—True

>or—>True

True 6 < 7—True

>>> 4 < 50r 6 > 7 4 < 5—True
>or—>True

True 6 > 7—=False

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Boolean operations — “not”

not True » False

not False » True

¥ not is very tricky! ***

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Boolean operations — “not”

>>> not 6 < 7 6 < 7—True —not—False
False
>>> not 6 > 7 6 > 7—False—not—True
True

¥ not is very tricky! *** "

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Ambiguity In expressions

3+6/3

X
/\
(3+6)/3 3+ (6/3)

l l

3 5

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 7|



Python Basics

Division before addition

3+6/3

Division first J

3 2

+
Addition second l

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 7
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Python Basics

“Order of precedence”

First

X**y =X +X X%y XxX/y X*y

X==y X!Zy X>=y X>y X<=y X<y

not x xandy Xxory

Last

X-y

X+y

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 73
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Python Basics

Names and values: “assignment”

>>> alpha = 100

1. 100

2. alpha

100

100

Python creates
an “integer 100"
in memory.

Python attaches
the name “alpha”
to the value.

102

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin
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Python Basics

Assignment: right to left

—
alpha = 100

“RHS”: right hand side
Evaluated first

“LHS”: left hand side
Processed second v

103

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Simple evaluations

>>> beta = 100 + 20

1 100 + 20 RHS

2.

3 LHS
104

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Names on the RHS — 1

>>> gamma = alpha + 40

alpha + 40 RHS

LHS

Slide taken fron 106
———
Copyright © 2014 by Stephen Makonin i




Python Basics

“Syntactic sugar”

thing += 10
thing -= 10
thing *= 10
thing /= 10

thing **= 10

thing %= 10

Slide taken from Unive4rsity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin

thing
thing
thing
thing
thing

thing

/8

thing + 10
thing - 10
thing * 10
thing / 10
thing ** 10

thing % 10

111




Python Basics

Common mistake

a = 10
b =7
a=a+b a = 17 a has now changed!
b=a-2>t b=a -Db b #10 - 7 = 3
=17 - 7
= 10

Later in the course: “tuples”
(a,b) = (a+b, a-b)

114

Slide taken from University of Cambridge’s Python AB Course
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Python Basics

Looping

Before
L
Loop test E)I;c‘))urlg r:he
) 4 l/ (again)?
What is
Loop body run each
l | loop?
B
After \

138

Slide taken from University of Cambridge’s Python AB7Course
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Python Basics

Loop example: Count from 1 to 10

Before number = 1
L L
Loop test number <= 10
X l/ X l/
| | print(number)
Loop body number += 1
| | I
. \/

After print('Done!")

139

Slide taken from Unive.rsity of Cambridge’s Python AB Course
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Python Basics

Loop example: Count from 1 to 10

number = 1

while number <= 10

Luuw Print(number)
Luuw Number += 1

print('Done!"')

Slide taken from University of Cambridge’s Python AB Course
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number = 1

o

number <= 10

X l/
print(number)

number += 1
I

\J

print('Done!")
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Python Basics

Loop test: Count from 1 to 10

number = 1
“while” keyword

loop test
while number <= 10 : colon

Luuu Print(number)
Luuu Number += 1

print('Done!"')

141
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Python Basics

Loop body: Count from 1 to 10

number = 1

while number <= 10 :

Luuw Print(number)

Luuw NumMber += 1 loop body

iIndentation

print('Done!")

142
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Python Basics

Loop example: Count from 1 to 10

number = 1

print(number)
number += 1

print('Done!"')

while number <= 10 :

y

whilel.py

$ python3 whilel.py

OCooO~NOOOUTPA,WN B

o
o O
-
@D

&
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Python’s use of indentation

number = 1

while number <= 10 :

Loun print(number)
Luuy nNumber += 1

print('Done!"')

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin

86

Four spaces’ indentation
indicate a “block” of code.

The block forms
the repeated lines.

The first unindented line

marks the end of the block.
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Python Basics

c.f. “legalese”

CHAPTE

BOARDS AND ¢

1. There shall be in the University - 1
(a) such Boards and Syndicates as may by ar — 1(a)
maintained:
(£) the following Boards and Syndicates, the con > 1(b) —
(i) the Board of Graduate Studies, which sh N = 1(b)(|)

of students as Graduate Students and th
respect of graduate study or contributio
assigned to it by Ordinance:

(i1) the Board of Examinations. which shall e» . 1(b)(")

of University examinations and other co

(ii1) the Local Examinations Syndicate, w . 1(b)("|)

examinations in schools and other instit

(¢) any other Boards or Syndicates the compos . 1(C)

the University.

2. Any Board or Syndicate constituted by Statute > 2

shall have the right of reporting to the University.

3. No person shall be appointed or reappointed a . 3
or Managers even though it be not expressly calls
occasional Syndicate, who at the commencement of
service, as the case may be, would have attained the

= R —
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. IF - THEN - ELSE
Simple example

text = input('Number? ') $ python3 ifthenelsel.py
number = int(text)

Number? 8
if number % 2 == 0: Even number
print('Even number') That was fun

else:
print('0dd number')

orint('That was fun!') $ python3 ifthenelsel.py

[;7 Number? 7
- 0dd number
ifthenelsel.py  That was fun

153
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Python Basics

If...then... else... — 1

if keyword
Test

if number % 2 == : Colon
print('Even number')

else
upper = middle

print('That was fun!')

154
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Python Basics

If...then... else... — 2

if number % 2 == 0

print('Even number') Run if test is True

Indentation
else

upper = middle

print('That was fun!')

155
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Python Basics

if...then... else... — 3

if number % 2 ==
print( 'Even number')

else : else: keyword

upper = middle Run if test is False

: Indentation
print('That was fun!')

156
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Python Basics

If...then... else... — 4

if number % 2 ==
print('Even number')
else

upper = middle

Run afterwards

print('That was fun!') regardless of test

157
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, , Nested Conditions
Without el1f...

text = input('Number? ')
number = float(text)

if number < 0.0:
print('Number is negative.')
else:
if number < 1.0:
print('Number is between zero and one.')
else:
if number < 2.0:
print( 'Number is between one and two.')

else:
if number < 3.0:
print('Number is between two and three.')

else:
print('Number is three or more.')

172
Stacked clauses get unwieldy
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0
With e1if... Much Better:

text = input('Number? ')
number = float(text)

if number < 0.0:

print( 'Number is negative.')
elif number < 1.0:

print( 'Number is between zero and one.')
elif number < 2.0:

print( 'Number is between one and two.')
elif number < 3.0:

print( 'Number is between two and three.')
else:

print( 'Number is three or more.')

173
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Python comment character

The “hash” character

a.k.a. “pound”, “number”, “sharp”

Lines starting with “#” are ignored

Partial lines starting “#” are ignored

Used for annotating scripts

177
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Python commenting example

# Script to calculate square roots by bisection
# (c) Bob Dowling 2012. Licensed under GPL v3.0
text = input('Number? ')

number = float(text) # Need a real number

# Test number for validity,

# set initial bounds if OK.

if number < 0.0:

LLuoprint( "Number must be non-negative!')
uuuueXit( )

elif number < 1.0:

Luuolower = number
LJLJLJLJupper - 1'0
else:

LLuolower = 1.0
Luuuupper = number

178
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On a real Unix system...

Hash Bang
#!/usr/bin/python3

# Script to calculate square roots by bisection
# (c) Bob Dowling 2012. Licensed under GPL v3.0
text = input('Number? ')

number = float(text) # Need a real number

Magic line for executable files

$ chmod +x fubar.py
$ ./fubar.py

instead of
$ python3 fubar.py

179
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Recap: Python types so far

Whole numbers -127
Floating point numbers 3.141592653589793
Text '"The cat sat on the mat.’

Booleans True False
182
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Python Basics

LIStS

[ '"hydrogen', 'helium', 'lithium', 'beryllium',
"boron', .., 'thorium', 'protactinium', 'uranium' ]

[ -3.141592653589793, -1.5707963267948966,
0.0, 1.5707963267948966, 3.141592653589793 ]

[ 2, 38, 5, 7, 11, 13, 17, 19 ]

183

Slide taken from Ukr'\iversity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 99



Python Basics

A list 1s simply a sequence of values stored in a
specific order with each value identified by its

Wh at | S a || St') position in that order. So for an example consider

the list of names of the elements up to uranium.

hydrogen, helium, lithium, beryllium, ..., protactinium,

A sequence of values The names of the elements
Values stored in order Atomic number order
Individual value identified “helium” is the name of the
by position in the sequence second element

184
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Or the list of primes up to 60.

Wh at |S a I |St? Note that a list must be finite.

2,3,5,7,11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59

A sequence of values The prime numbers
less than sixty

Values stored in order Numerical order

Individual value identified 7 is the fourth prime
by position in the sequence
185
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Python Basics
Creating a list in Python

>>> primes = [ 2, 3, 5, 7, 11, 13, 17, 19]

A literal list
>>> primes
[2, 3, 5, 7, 11, 13, 17, 19] The whole list
>>> type(primes)
<class 'list'> A Python type

186
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How Python presents lists

Square brackets
at the ends

[2, 3, 5, 7, 11, 13, 17, 19]

Commas between items

187

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 103



Python Basics

Python counts from zero

“Index” O 1 2 3 4 5 6 7

Y Y Y v v v v v
“value” [2, 3, 5, 7, 11, 13, 17, 19]

All lists have a numerical index.

189
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Python Basics

Looking things up in a list

>>> primes = [ 2, 3, 5, 7, 11, 13, 17, 19]
0 3 4 S 6 7
2

1 2
BRI
3, 5

[2, 3, 5, 7, 11, 13, 17, 19]

index
>>> primes[0]

2
square brackets

>>> primes|[6]
17 190
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Sqguare brackets

primes = [2, 3, 5, 7, 11]

primes|[3]

Slide taken from University of Cambridge’s Python AB Course
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Literal list

Index into list
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Python Basics

Counting from the end

>>> primes = [ 2, 3, 5, 7, 11, 13, 17, 19]
4 5 6 7

I

2 3
Vo

, 5, 7, 11, 13, 17, 19]
P

N I

-8 -7 -6 -5 -4 -3 -2 -1

getting at the last item
>>> primes[-1]
19 192
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Inside view of a list

n primes|[0]
Ll |
N primes[1]
Ol
O
]
| |
M primes[6]
N

primes[7]

193
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Python Basics

Length of a list

>>> len(primes)

8 8

0 len() function:
= length of list
N
H
.
== 4 Maximum

index is 7

194
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Changing a value in a list

>>> data = ['alpha', 'beta', 'gamma'] The list

>>> data[2] Initial value
‘gamma’

>>> data[2] = 'G' Change value
>>> data[2] Check change
IGI

>>> data Changed list

[ 'alpha', 'beta', 'G']

195
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Python Basics

Changing avalue inalist — 1

- Right to Ieft:
>>> data = ['alpha', 'beta', 'gamma']

s Jalileinla

4 Joleltla

196
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Python Basics

Changing a value in a list — 2

- Right to left
>>> data = ['alpha', 'beta', 'gamma']

B CEDOD

E DoED

197

T —
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Python Basics

Changing a value in a list — 3

- Right to Ieft:

>>> datal[2] = 'G'
5 Majlphla
4 lble|tia

D
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Python Basics

Changing a value in a list — 4

- Right to Ieft:
>>> data[2] = 'G’

B CEDDO
4 Joleltle
5 Jojainnia ).

1 No longer

. E referenced
15
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Python Basics

Changing avalueinalist —5

- Right to left

>>> data[2] = 'G'
5flalpha
4fjbeta

x l Gone! Python has

automatic garbage
collection.

200
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Python Basics

Removing an entry from a list — 1

>>> del data[1]

SR e

O Dooo R

s Jlolaimniay datar2]

201
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Python Basics

Removing an entry from a list — 3

>>> del data[1]

S et

x | Automatic garbage

collection strikes
again!

s Jojainmaly data[1]

203
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Python Basics

Running off the end

>>> len(primes)
8

>>> primes[7]
19

>>> primes[8]

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
IndexError: list index out of range

A A

Type of error Description of error
. 204
- primes|[8]
o EEEEEEEE—— ———————
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Python Basics

Running off the end

>>> primes[8] = 23

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
IndexError: list assignment index out of range

Same type Similar description of error
of error but with “assignment”

206
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How can we add to a list?

B Same list -

New length

Extra item

T — T
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Python Basics

Appending to a list

>>> primes
[2, 3, 5, 7, 11, 13, 17, 19]

A function built into a list
>>> primes.append(23)

>>> primes The list is now updated
(2, 3, 5, 7, 11, 13, 17, 19, 23] 210
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Python Basics

primes.append() ?

>>> primes.append(23)

All lists have this
function built in.

Slide taken from University of Cambridge’s Python AB Course
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The list

A connecting dot

append()

The value to append
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Python Basics

“Methods”

Behaves just
like a function

l

object . function (arguments)

Objects have
| functions and data,
a function that has
special access to or methods and
the object’s data. .
properties.
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Using the append( ) method

>>> print(primes)
[2, 3, 5, 7, 11, 13, 17, 19]

>>> primes.append(23) The function doesn't

>>> primes.append(29) return any value.

>>> primes.append(31)

It modifies

>>> primes.append(37) the list itself.

>>> print(primes)
[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37] 213

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 124



Python Basics

Other methods on lists: reverse( )

>>> numbers = [4, 7, 5, 1]

>>> numbers.reverse() The function doesn't

return any value.

>>> print(numbers)

It modifies
[1, 5, 7, 4] the list itself.

214
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Other methods on lists: sort ()

>>> numbers = [4, 7, 5, 1]

>>2 . i
numbers.sort() The function does not

return the sorted list.
>>> print(numbers)

It sorts the
[1, 4, 5, 7] list itself.

Numerical order.

215
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Python Basics

Other methods on lists: sort ()

>>> greek = ['alpha', 'beta',

>>> greek.sort()

>>> print(greek)

['alpha', 'beta', 'delta',

Alphabetical order
of the words.

Slide taken from University of Cambridge’s Python AB Course
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'gamma' ]

'gamma', 'delta']
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Python Basics

Other methods on lists: 1nsert ()

0 1 2

>>> greek = ['alpha', 'gamma', ‘delta’]

>>> greek.insert(1, 'beta’)

Where to insert What to insert

>>> greek
['alpha', 'beta', 'gamma', 'delta']

g : Displaced 217
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Other methods on lists: remove( )

>>> numbers = [7, 4, 8, 7, 2, 5, 4]
>>> numbers.remove(8) Value to remove
>>> print(numbers)

(7, 4, 7, 2, 5, 4]

c.f. del numbers[2] Index to remove -

remove removes the first matching
Slide taken from University of Cambridge’s Python AB Course value, not a specific index like del
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Python Basics

Other methods on lists: remove( )

>>> print(numbers)

[ 7 I 4I 7 I 2 ’ 5 J 4]
There are two instances of 4.
>>> numbers.remove(4)

>>> print(numbers)
(7, 7, 2, 5, 4]

Only the first instance is removed _
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Python Basics
Sorting a list redux: “sorted()”

>>> greek = ['alpha', 'beta', 'gamma', 'delta']

>>> print(sorted(greek)) sorted() function

returns a sorted list...
['alpha', 'beta', 'delta', 'gamma']

>>> print(greek) ...and leaves the
list alone
['alpha', 'beta', 'gamma', 'delta']

223
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Python Basics
Adding to a list redux: “+”

>>> primes
[2, 3, 5, 7, 11, 13, 17, 19]

Concatenation List to add
operator

>>> primes + [23, 29, 31]

[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31]

224
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Concatenation

Create a new list

>>> newlist = primes + [23, 29, 31]

Update the list

>>> primes = primes + [23, 29, 31]

Augmented assignment

>>> primes += [23, 29, 31]

225
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Python Basics

Creating lists from text — 1

>>> list('Hello')

[lHl’ lel’ lll, lll, lol]

5 JHlellllo

T —
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Python Basics

Creating lists from text — 2

‘ Built in method
>>> 'Hello, world!'.split()

[ '"Hello, ', 'world!'] - Splits on spaces

Hlelllllo], [ lwlolr/1ld]t

2 | - o fHelllol,
6 Julojri1ialt

T —
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Python Basics

Isaniteminalist? — 1

>>> odds = [3, 5, 7, 9] Does not include 2
>>> odds.remove(2) Try to remove 2
Traceback (most recent call last): Hard error

File "<stdin>", line 1, in <module>
ValueError: list.remove(x): x not in list

x X must be in the
list before it can
be removed
In programming we DO NOT want to blindly do 230
things that will cause our program to crash!
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Python Basics

s an item 1n a list? — 2

>>> odds = [3, 5, 7, 9]

>>> 2 in odds

False

>>> 3 in odds

True

>>> 2 not in odds

True

Slide taken from University of Cambridge’s Python AB Course
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We want our programs to
check for errors before
continuing to process data.

If there is an error, then
DO NOT process; OR FIX it,
then continue to process.




Python Basics

The “for loop” — 1

name of list list

words = ['The', 'cat', 'sat', 'on', 'the', 'mat.']

for word in words A new Python

looping construct

Louuprint(word)

print: What we want
to do with the list items.

237
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Python Basics

The “for loop” — 2

words = ['The', 'cat', 'sat', 'on', 'the', 'mat.']
keywords

for word 1n words

colon followed by

an indented block
Luuubrint(word)

238
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Python Basics

The “for loop” — 3

words = ['The', 'cat', 'sat', 'on', 'the', 'mat.']
Defining the loop variable

for word in words

Louubrint(word)

Using the loop variable
forl.py ;J
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Python Basics

The “for loop” for adding

numbers = [45, 76, -23, 90, 15]

sum = 0 Set up before the loop

for number in numbers

LuuuSUm += number Processing in the loop
for2.py pJ
. 241
print(sum) Results after the loop
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Python Basics
The “for loop” for creating a new list

numbers = [4, 7, -2, 9, 1]

squares = [ ] Set up before the loop

for number in numbers :

LuuwSquares.append(number**2)  Processing in the loop

for3.py J

° 242
print(squares) Results after the loop
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Strings as lists

Recall:

list('Hello') »['H', 'e', '1', '1', 'o']

for letter in 'Hello' H

print(letter) ¥ e

1

1

Gets turned 0
into a list. for4.py J

248
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Python Basics

Creating lists of numbers

Built in to Python:

range(start,limit)

for number in range(3,8):
print(number)

~NOoO oA, W

8 not included

249
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Ranges of numbers again

via 1list ()
range(10) — [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
Start at O
range(3, 10) —[3, 4, 5, 6, 7, 8, 9]
range(3, 10, 2) —[3, 5, 7, 9] Every n" number
range(10, 3, -2) —» [10, 8, 6, 4] Negative steps

252
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Direct value or via the index?

primes = [2, 3, 5, 7, 11, 13, 17, 19]

for prime in primes: Simpler
print(prime)
for index in range(len(primes)): Equivalent

print(primes[index])

254

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 146



Python Basics

Working with two lists: indices

0 1 2
listl = [0.3, 0.0, 0.4]
list2 = [0.2, 0.5, 0.6]
sum = 0.0

for index in range(len(listl))

sum += listi[index]*1list2[index]

print(sum)
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indices

Dealing with
values from
both lists at
the same time.




Python Basics

List “slices”

>>> primes = [2, 3, 5, 7, 11, 13, 17, 19, 23, 29]

>>> primes
[2, 3, 5, 7, 11, 13, 17, 19, 23, 29] The list

>>> primes|[3]

7 An item

>>> primes[3:9]
[7, 11, 13, 17, 19, 23] Part of the list

262
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Python Basics

Slices — 1
from
¢ Up to but not
2 including...
primes[3:9]
3 9

primes = [2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31]

primes[3:9] (7, 11, 13, 17, 19, 23]

Item 9 not

. 263
included
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Slices — 2
primes [2, 3, 5,7,
primes[3:9] (7,

primes[:9] [2, 3, 5,|7,

primes[3:] (7,

primes|:] [2, 3, 5,7,
(a.k.a. shallow copy)

Slide taken from Univérsity of Cambridge’s Python AB7Course
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11,

11,

11,

11,

150

13,

13,

13,

13,

13,

17,

17,

17,

17,

17,

19,

19,

19,

19,

19,

23, 29, 31]

23]

23]

23, 29, 31]

- 1

23| 29, 31]

264
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Python Basics

Slices — 3

primes [2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31]
primes[3:9] [7, 11, 13, 17, 19, 23]
primes[3:9:2] [7, 13, 19 ]
primes[3:9:3] [7, 17 ]

265

Slide taken from Univérsity of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 151



Python Basics

Copies and slices — 1

>>> letters = ['a','b','c']

>>> alphabet = letters

T —
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Python Basics

Copies and slices — 2

>>> letters[0] = 'A’

>>> print(alphabet)

[IAl, Ibl’ Icl]

L —
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Python Basics

Copies and slices — 3

>>> letters = ['a','b','c'] Slices are
copies.

>>> alphabet = letters|[:]

B HD
N
n
N

e

H O

268
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Python Basics

Copies and slices — 4

>>> letters[0] = 'A’ Slices are
copies.

>>> print(alphabet)
[lall lbl’ lcl]
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Python Basics

Why write our own functions?

Easier to ...
.. read

... Write
... test
... fiX

.. improve

“Structured
..add to C
programming

.. develop
303

Slide taken from University of Cambridge’s Python AB Course
Copyright © 2014 by Stephen Makonin 156



Python Basics

Defining a function

(}’1, yz’ )’3) - f(x1’ Xz’ X3’ X4’ Xs)

Identify the inputs
Identify the processing

Identify the outputs
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Python Basics

A function to define: total()

Sum a list

1, 2, 3] > 6
[7,-4, 1, 6, 0] - 10
[ ] > 0 “Edge case”
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Python Basics

Defining a Python function — 1

def total( . ):

Slide taken from University of Cambridge’s Python AB Course
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define a function called ...

name of function
inputs

colon
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Python Basics

Defining a Python function — 2

def total(numbers):

Slide taken from University of Cambridge’s Python AB Course
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1 60

name for the input

This name is
internal to
the function.
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Python Basics

Defining a Python function — 3

def total(numbers): Colon followed by indentation

308
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Python Basics

Defining a Python function — 4

def total(numbers):
sum_so_far = 0

for number in numbers:
sum_so_far += number
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“Body” of function
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Python Basics

Defining a Python function — 4

def total(numbers):

These variables exist only

sum_so_far = 0 within the function’s body.

for number -in number
sum_so_far += number

310
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Python Basics

Defining a Python function — 5

def total(numbers):
sum_so_far = 0

for number in numbers:
sum_so_far += number

This value

return sum_so_far .
IS returned

return this value -
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Python Basics

Defining a Python function — 6

And that’s it!

def total(numbers):
sum_so_far = 0

for number in numbers:
sum_so_far += number

return sum_so_far
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Unindented
after this
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Python Basics

Using a Python function — 1

def total(numbers):
sum_so_far = 0

for number in numbers:
sum_so_far += number

return sum_so_far

print(total([1, 2, 3]))

The list we
want to add up

314
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Python Basics

Using a Python function — 2

def total(numbers):
sum_so_far = 0

for number in numbers:
sum_so_far += number

return sum_so_far

print(total([1, 2, 3]))

The function we
have just written

315
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Python Basics

Using a Python function — 3

def total(numbers):
sum_so_far = 0

for number in numbers:
sum_so_far += number

return sum _so far

print(total([1, 2, 3]))

Printing out
the answer

316
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Python Basics

Using a Python function — 4

def total(numbers):

nb: Unix prompt

sum_so_far = 0
$ python3 totall.py

for number in numbers:
sum_so_far += number 6

return sum_so_far

print(total([1, 2, 3]))

totall.pylc;7
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Python Basics

Using a Python function — 5

def total(numbers):

sum_so_far = 0

return sum _so_ far

print(total([1, 2, 3]))

print(total([]))

for number in numbers:
sum_so_far += number

print(total([7,-4,1,6,0]))

totalz.pylc;7
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$ python3 total2.py
6

10
0]

Use the function
multiple times
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