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Homework 3

LU Al Ala' — ['GCU', 'GCC']
[ a| 1 |, 1 [

'GCC' — 'Ala -

'AUG' — '|V|€t' 'Met' — > [ 'AUG' ]

Reverse a “many-to-one” mapping.
Apply It to amino. py.



def reverse2(a to b):
b to list of a={}

foraina to b:

Function to b=a to bla]

reverse a

many-to-one ifnotbinb to list of a:
dictionary b to list of a[b] =]

b to list of a[b].append(a)

return b_to list of a

triples = reverse2(acids)
prlnt_dICt(trlpIeS) amino reygrsed.py




Launching Python

Values and types
Variables

Tests

Control structures
Lists

Dictionaries

—unctions




Any questions?



Function
to reverse a
dictionary

Function
to print a
dictionary

Main body
of script

def reverse(a_to b):
b to a=1{}
foraina to b:
b=a to bla]
b to alb] =a
return b to a
def print_dict(a_to_b):
foraina to b:
print a, a_to b[a]

english_to_spanish ={...}

spanish_to _english =
reverse(english_to spanish)

print_dict(spanish_to english) 2)7
translationl vy




General
purpose
function

nydrogen hydrogen -

nelium helium — He

reverse(a_to b)

alanine — ala

ala — alanine
arginine — arg

arg — arginine
valine — val

val — valine



Re-using functions
IN multiple scripts

reverse()
reverse2()
print_dict()



(1)Move the function
definitions into a
file, utils. py.

def reverse(a to b):
b to a=1{}
foraina to b:

b=a to bla]
b to alb] =a
return b to a

english_to_spanish ={...} def print dict(a to b):

spanish _to_english = for ain a_to_b:
reverse(english to spanish) print a, a_to_b[a]
print_dict(spanish_to english) Utils
translationl. 9&7 PYV




import utils (2)Replace them with
the line

import utils

to get their definitions
back again.

english_to_spanish ={...}

spanish_to _english =
reverse(english_to spanish)
print_dict(spanish_to_engIizt& .

translationl.




import utils (3)Put “utils.” at

the start of the
function names.

english_to_spanish ={...}

spanish_to _english =
utils.reverse(english_to spanish)
utils.print_dict(spanish_to english)
| translationlﬁ%&
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Import utils

long_names=utils.reverse(acids)
utils.print_dict(long_names)

[

import utils

symbols=utils.reverse(names)
utils.print_dict(symbols) =

import utils

= .\

chemicals=utils.reverse(nuinioers)

utils.print_dict(chemicals)
7

def reverse(a to b):

def print_dict(dict):

utils.py}”

Easy to reuse
functions In

utils.pyIn
many scripts.
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he utils “module”

def reverse(a to b);

def print_dict(dict):

utils.py)”
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Exercise def reverse2(a_to_b):

1. Take the b_to_list_of_a = {}
homework answetr,

amino.py. foraina to b:

b=a to bl[a]
2. Move reverse?2 ()

to utils.py. if not b in b_to_list_of_a:

b to list of a[b] =]

3. Modify amino.py

to USe utils. b to list of a[b].append(a)

return b_to_list_of_a

°"amino_reversedlgy




getpass re ...t OS gzip  pickle time

anydbm bz2 calendar
cgi “>¥ asyncore atexit  gpejye datetime
optparse asynchat \yepbrowser MMap an;]aecél
BaseHT TPServer System a0
SimpleHTTPServer

Imageop

CGIHTTPServer mOdUIeSema“ audioop

Cookie logging sys

unicodedata Pas€64 sets

codecs stringprep tempfile  hashlib mutex
select strin chunk .
locale ° cmd code ConfigParser

linecache glob
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colorsys gettext collections



Functions again

More complex
Input and output.



def crunch(input): ' \l INputs 7

multiple inputs?

crunch

multiple outputs?

return output - J output -
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Root-finding by bisection of intervals

A A

N y=f(x) A N
/ \ / \
b a b
(a+b)/2 (a+b)/2
a, b a, b

l until b-a<d l

a, (a+b)/2 (a+b)/2, b

18



\

function f
lower bound a N _
> 1 [ Inputs
upper bound b s
tolerance O
find root

J output -



4

def find root (

g

20



really bad variable names

def find root ( f,a,b ,ld):

jound

tolerance
(“6”)

21



def find root (
function,
lower,

upper,
tolerance

):

function body

return ...

decent
variable
names

22



def find root(
function,
lower, inputs
upper,
tolerance
):
while upper - lower > tolerance: n.b. float
middle = (lower + upper)/2.0
If function(upper)*function(middle) > 0.0: function
upper = middle body
else:
lower = middle

return upper output
utils.py /;

23



#!/usr/bin/python
iImport utils

def poly(x):
return x**2 - 2.0

print utils.find_root(poly, 0.0, 2.0, 0.0001)

poly-py[;77

> python poly.py
1.41424560547

Import
module

function
whose
root we
want

use the
module
function

24



\

function f
lower bound a N _
> 1 [ Inputs
upper bound b s
tolerance O
find root

N

new lower bound a'
~ = L output -
new upper bound b'

-

25



retu rrL(_

lower

up

DEr
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def find root(

function,
lower,
upper,
tolerance
):
while upper - lower > tolerance:
middle = (lower + upper)/ 2.0
If function(upper)*function(middle) > 0.0:
upper = middle
else:
lower = middle

return a pair

return (lower, upper) 70]‘ values
utils.py

27



#!/usr/bin/python
import utils

def poly(x):
return x**2 - 2.0

print utils.find_root(poly, 0.0, 2.0, 0.0001)

poly-pyL;77

> python poly.py
(1.4141845703125, 1.41424560546875)

28



#!/usr/bin/python
import utils

def poly(x):
return x**2 - 2.0

print below
print above

(below, above) = utils.find_root(poly, 0.0, 2.0, 0.0001)

poly.py /=

Assign the pair
of values to a
pair of variables.

29



Singles

Doubles
Tripl
Tu p I eS ngjrsuples
Quintets
(42, 1.90, 'Bob')
(_1 5 +1 )

('Intro. to Python', 25, TTR1')



Brackets in Python
Start and end

L ttem, tem,, ] of explicit list
listhame [ index ] Surround the index
listname [ index_ :index_ ] Slices

Start and end

{ key :value, key_:value, ...} of explicit dictionary

dictionaryname[ key ] Surround the key

( item ,item, ... ) Start and end of tuple

31



Tuples

“not the same as lists”



y»

“tuples are not the same as lists

(Minimum, maximum)

(height, age, name) g;gllejgzgdent,
(age, height, name) components
(height, age, name, weight)
[2,3,5,7, 11]
Related, 2.3.5.7, 11, 13]

sequential
items 2,3,5,7,11,13, 17]

33




“tuples are not the same as lists”

(min, max) = (0.001, 0.002)

X = (0.001, 0.002)
(Min, max) = X Simultaneous access

(age, height, name)
= (42, 1.95, 'Bob")

: for item in list:
Sequential access

34



“tuples are not the same as lists”

[1,2,3,4,6,6, 7]

5

('Bob', 1.95,42)

“Immutable”

43
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Brackets in Python
Start and end

L ttem, tem,, ] of explicit list
listhame [ index ] Surround the index
listname [ index_ :index_ ] Slices

Start and end

{ key :value, key_:value, ...} of explicit dictionary

dictionaryname[ key ] Surround the key

( item,item, ... ) Start and end of tuple
tuplename [ index ] Surround the index

36



. 'Bob!




Is a tuple a thing or a

collection of things?
|

| Y
Thing Collection
Yes of things
>>> X = (42, 1.90, 'BOb') >>> (a,b,C) = (429 1090’ 'BOb')
>>> X >>> a
(42, 1.9, 'Bob) 42
>>> type(x) >>> type(a)

<type 'tuple'> <type 'Iint'>

38



Using
tuples

1. Functions

Multiple inputs
Multiple outputs

J output



Using
tuples

1. Functions age

2. Related data height
name

(|42(,/1.95/,|'Bob'|)



e.g.

#!/usr/bin/python

# symbol -> (name, atomic number, boiling pt.)
sym aol to_properties = {

H': (‘hydrogen', 1, 20.28),
'He'": (‘helium’, 2, 4.22),
'Li': ('lithium?', 3, 1615.0),

Th' (thorium',  90,5061.0),
'Pa': ('protactinium’, 91,4300.0),
'U": (‘uranium’, 02,4404.0),

}

(name, number, boil) = symbol to properties['He']

chemicals4g

41



Using
'Hi, I'm 42 years old,
tu p I eS 1.95 metres tall and my

name 15 Bob .
1. Functions

2. Related data
3. String substitution

(|142(,/1.95|, 'Bob'|)

42



'Hi, | am %d|years old,

%f metres tall, and

my name Is %s|.’

Yo

(142(,/1.95|, 'Bob'

Hi, | am 42 years o
1.950000|metres tal

my name is Bob .’

. and

%
The “substitution
operator”

43



String substitution

>>> 'l am |%f| metres tall." % |1.95

' am |1.950000| metres tall.'

substitution
040 f operator

> substitute a float




String substitution

>>> '%d|years old,%f| metres tall, called %s| ." %

( (42}, [1.95/,'Bob'| )
'(42| years old,|1.950000| metres tall, called |Bob| .’




String substitution

>>> '%d|years old,%f| metres tall, called %s| ." %

( |42} [1.95], 'Bob'| )

Triplet of

tuple
values P



>>> "% %
'0.230000'

>>> '%.3f' %
'0.230"

0.23

0.23

standard float marker
substitution operator

floating point number

6 decimal places

modified float marker

3 decimal places

47



>>> 'l%d|years old,%.Zf‘metres tall, called|%s .' %

( (42}, [1.95/,'Bob'| )
'l42| years old,|1.95| metres tall, called |Bob) .

48



More complex formatting possible

‘23 '23.450607" ' 23.46"°
' 23" '23.456700" '23.406
'0023"' '23.46° ' +23.46°

' +23" '+23.4567"' '+23.46

'+023"' '+23.456700"

'23 ' '+23.46" 'Bob’

+23 " '0023.46"° 'Bob '
'+023.46" ' Bob'

49



* Modules
 Tuples:
* Function arguments
* Function return values
* Gathering related values

* String substitution

50



Exercise

Write a function min max () In utils.py.

List of floating point numbers, — | (min, max)

List Tuple
[1.0, 2.0,3.0,-1.0,-5.0,70] — (-5.0, 7.0)
1.0, 2.0, 3.0 ] — (1.0, 3.0)
1.0, -2.0, 3.0 ] — (-2.0, 3.0)

51



10 minutes

CHs
MY

HC

52



min max ()

n.b. Function fails
If the list Is empty.

def min max (numbers) :

min = numbers[O0]
max = numbers[0]

for number in numbers:

if number < min:

min = number
if number > max:
max = number

return (min, max)

utils%

53



Accessing
the system

1. Files

2. Standard input and output
3. The command line



Python
script

/4

> command < input > output

55



Python
script

56



Reading a file

1. Opening a file
2. Reading from the file

3. Closing the file

57



Reading a file

1. Opening a file

58



Opening a file

file name 'data.txt’

type: string “open” ¥ type: file

filesystem node

Ine one\n ) o
the data 7/ line twoin position in file
on disc Ine three\n

Ine four\n

4

59



| y

>>> |data = open ( 'data.txt' )

v

>_
>_
60




>>> |data = open('data.txt’)

>>> type(data))
<type 'file'>

61



Reading a file

1. Opening a file

2. Reading from the file

62



>>> data = open('data.txt’)

!
at readllne()\

> data.readline()-
'line two\n' -
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>>> data = open('data.txt’)

position:
start of file

data

'

,Iine one\n
line two\n

line four\n

line three\n

y

64



>>> data = open('data.txt’)

>>> data.readline()
'line one\n'

position:
after end of first line,
at start of second line

data

'

/

liIne one\n
liIne two\n

line three\n

line four\n

y

65



>>> data = open('data.txt’)

>>> data.readline()
'line one\n'

>>> data.readline()
'line two\n'

position:
after end of read data,
at start of unread data

data

'

7

liIne one\n
liIne two\n

line three\n

line four\n

y

66



>>> data.readline()
'line one\n'

>>> data.readline()
'line two\n'

>>> data.readlines()

[ 'line three\n', 'line four\n' ]
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>>> data = open('data.txt’)

>>> data.readline()
'line one\n'

>>> data.readline()
'line two\n'

>>> data.readlines()
[ 'line three\n', 'line four\n' |

data

'

line one\n
line two\n
line three\n
line four\n

-/
y

68



Reading a file

1. Opening a file
2. Reading from the file

3. Closing the file

69



>>> data.readlines()
[ 'line three\n', 'line four\n' |

>>> data.close()
A

data

70



>>> data.readlines()
[ 'line three\n', 'line four\n' ]

>>> data.close()

>>>

del data

71



Common trick

for line in data.readlines():

stuff Python “magic”:
treat the file like
‘ a list and it will
for line in data: behave like a list

stuff

72



Putting 1t all together in a function

1. Take a file name as the function argument.
2. Read a file of “key/value” lines.

3. Create the equivalent dictionary.

4. Return the dictionary.

nydrogen
e helium
LI lithium
Be beryllium
B Dboron

chemicals. txt




The plan

0. Create a function.

1. Create an empty dictionary.

2. Open the file.

3. For each line in the file:
3a. Split the line into two strings (key & value).
3b. Add the key and value to the dictionary.

4. Close the file.

5. Return the dictionary.

74



def file2dict(flename):

0. Create a function.

75




def file2dict(flename):
dict = {}

1. Create an empty dictionary.

76




2. Open the file.

def file2dict(flename):
dict = {}
data = open(filename)

77




def file2dict(flename):
dict = {}
data = open(filename)
for line In data:

3. For each line in the file:

78




def file2dict(flename):
dict = {}
data = open(filename)
for line In data:
[ key, value ] = line.split()

utils%

3a. Split the line into two strings (key & value).
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def file2dict(flename):
dict = {}
data = open(filename)
for line In data:
[ key. value ] = line.split()
dict[key] = value

utils%

3b. Add the key and value to the dictionary.
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def file2dict(flename):
dict = {}
data = open(filename)
for line In data:
[ key, value ] = line.split()
dictlkey] = value
data.closel()

utils%

4. Close the file.
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def file2dict(flename):

dict = {}

data = open(filename)

for line In data:
[ key, value ] = line.split()
dict[key] = value

data.close()

return dict

utils%

5. Return the dictionary.

82



And that’s it!

def file2dict(flename):

dict = {}

data = open(filename)

for line In data:
[ key, value ] = line.split()
dict[key] = value

data.closel()

return dict

utils%

83



#!/usr/bin/python
import utils

chemicals = utils.file2dict('‘chemicals.txt')
utils.print_dict(chemicals)

mkdict .y

84



Very primitive input

. . Very simplistic splitting
line.split() .

No way to quote strings
Comma separated values? csv module

Regular expressions? re module

“Python: Further Topics” course
“Python: Regular Expressions” course

85


http://www.cam.ac.uk/cs/courses/coursedesc/scicomp.html#pythonfurther
http://www.cam.ac.uk/cs/courses/coursedesc/scicomp.html#pythonregexp

Input gets strings

input.readline () — String per line

input.readlines () — list of strings

1.0
2.0
3.0
-1.0
-5.0

7.0

numbers.pypy

—>

[ '1.0', '2.0', '3.0',
'-1.0%, '-5.0", '7.0" ]

+

[ 1.0, 2.0, 3.0,
1.0, -5.0, 7.0 ]

list of
strings

list of
floats



Converting from
one type to another

In and out of strings

>>> float('0.25")
0.25 —

>>> int('123")
123 —

>>> str(0.25)
'0.25'

>>> str(123)
123

87



Converting from
one type to another

Between numeric types

>>> int(12.3)
12

>>> float(12)
12.0

loss of
precision

88



Converting from
one type to another

If you can treat it like a list ...

>>> |list(*abc')
[|a|, |b|, |C|]

>>> |list(data)
['line one\n', 'line two\n', 'line three\n', 'line four\n']

>>> list({'H": 'hydrogen’, 'He': 'helium'})
[lHl, IHel]

89



Example

Read in numbers from a file, one per line.
Print out each number plus one.

“read INn numbers”

|

read In strings
and

convert strings
to numbers

#!/usr/bin/python

data = open('nums.txt')

for line in data:

number = float (line)
print number + 1.0

read add. M

data.close ()




Exercise

Write a Python script that:

1. Reads from numbers. py.

2. Converts each line read into a float.

3. Appends each float to a list.
4. Applies utils.min max () to that list.

5. Prints the minimum and maximum values.

91
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Answer

#!/usr/bin/python

import utils

data = open ('numbers.py')

numbers = []

for line in data:
numbers.append (float (line))

del line

data.close ()
del data

print utils.min_max(numbers?£;77

93




What about output?

input = open('Input.txt’

iInput = open('input.txt’,

output = open('output.txt' ,

)

Irl )

|W| )

equivalent

open for
reading

open for
writing

94



Opening a file for writing

'output.txt’
“open” ‘

) filesystem node

start of file

/

empty position in file

file

95



>>> output = open('output.txt','w’)

file name open for
writing

96




>>> output = open('output.txt','w')

>>> output.write (‘alpha\n’)

alpha\n

/
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>>> output = open('output.txt','w')

>>> output.write (‘alpha\n’)

>>> output.write('bet’)

lump of data
to be written

alpha\n

5

98




>>>

>>>

>>>

>>>

output = open('output.txt’','w')

output.write ('alpha\n')
output.write ('bet')

output.write (fa\n")

T

alpha\n

beta\}
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>>> output = open('output.txt','w’)

>>> output.write ('alpha\n')

>>> output.write ('bet')

>>> output.write('a\n')

>>> output.writelines/( ['gamma\n’, 'delta\n'] )
alpha\n

method to write the list of lumps bel?(a\n

a list of lumps (typically lines)  4ammain
delta\n

7
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>>>

>>>

>>>

>>>

>>>

>>>

output = open('output.txt’','w')
output.write ('alpha\n')
output.write ('bet')
output.write('a\n')

output.writelines( ['gamma\n’, ‘'delta\n'] )

output.close()

101



Accessing
the system

1. Files

2. Standard input and OUtpUtlThe “sys”
3. The command line | module




The “sys” module

>>> import sys

-Access to general “system” things

~Standard input and output

»The command line

~Information about the Python environment

103



Python script Standard output
as a command to output.dat

command.py < |input.dat > output.dat

Standard input
from input.dat

104



Inside the Python script

Import sys

sys.stdin

sys.stdout

import the module

treat exactly like an
open(..., 'r') file

treat exactly like an
open(..., 'w') file

“standard
iInput”

“standard
output”

105



So, what does
this script do?

#!/usr/bin/python

Read lines in from import sys
standard input

for line in sys.stdin:
sys.stdout.write(line)

Write them out again
to standard output

stdin-stdout %f

It copies files,
line by line

106



Access to files
Opening
Reading/writing
Closing

sys module
standard input

standard output

107



5 minutes

Abused
substance

coffee
espresso
coca cola

serving caffeine

(ml)  (mg)
250 135
60 100

355 34

108



Command line

arguments ]

> python args.py 0.25
Python script

Single command
line argument

109



Import the sys module

SyS.argv —
the command
line arguments

argument values

#!/usr/bin/python
Import sys

print sys.argv

vroe ]

110



> python args.py 0.25
[ 'args.py',[0.25" ]

sys.argv|[0] sys.argv[1]
The file name

of the script itself

The command
line argument

as a string!

111



sys.argv[1] —
the 1° command
line argument

#!/usr/bin/python
Import sys

print repr(sys.argv|1])
print type(sys.argv[1])

vroe ]

112



> python args.py 0.25

'0.25'
<type 'str'>

1% command
line argument

as a string

113



Recall:
float ()
converts
strings
to floats

#!/usr/bin/python
Import sys

print float(sys.argv[1])
print type(float(sys.argv[1]))

args Jf

114



> python args.py 0.25

0.25
<type 'float'>

1% command
line argument

as a float

115



Now we can use

the command
line arguments

Write a script to print points

(X, Y) y=X' x€[0,1]

Two command line arguments:
r (float) power
N (integer) number of points

116



General approach

1a. Write a function that takes (r, N) as (float, integer)
and does the work.

1b. Write a script that tests that function.

2a. Write a function that parses the command line for
a float and an integer.

2b. Write a script that tests that function.

3. Combine the two functions.

117



1a. Write a function that takes (r, N) as (float, integer)
and does the work.

#!/usr/bin/python
def power_curve(pow, num_points):

for index in range(0, num_points):
x = float(index)/float(hum_points-1)
y = Xx*pow
print X, y

curviln
118



1b. Write a script that tests that function.

#!/usr/bin/python > python curve.py
0.0 0.0
...function... 0.25 0.5
print X, y 0.5 0.707106781187
0.75 0.866025403784
1.0 1.0

power_curve(0.5, 5)

N
Ive points
curve.;y Each correct V
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2a. Write a function that parses the command line for
a float and an integer.

#!/usr/bin/python
Import sys

def parse_args():
pow = float(sys.argv[1])
nhum = int(sys.argv[2])

return (pow, hum)

def power_curve(pow, num_points):

curviln
120



2b. Write a script that tests that function.

#!/usr/bin/python

...functions...

# power_curve(0.5, 5)

(r, N) = parse_args()
print 'Power: ', r, type(r)
print 'Points: ', N, type(N)

curve. PV

> python curve.py 0.55
Power: 0.5 <type 'float'>
Points: 5 <type 'int'>

v

Right values
Right types /
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3. Combine the two functions.

#!/usr/bin/python
...functions...
...tests (commented out)...

(pow, num) = parse_args()
power_curve(pow, num)

curve. 7
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“Doc” strings



A string
iImmediately
before the
function body

A long string
so typically
done with

def file2dict(flename):

"""flle2dict takes a file name
as Its argument. This file
must contain pairs of words.
It returns the equivalent
Python dictionary."

dict = {}

data = open(filename)

data lines = data.readlines()
for line in data_lines:

[ key, value ] = line.split()
dict[key] = value

data.close()
return dict utils |py




>>> import utils
Name of module

Name of function

doc

>>> print utils.file2dict. __doc

file2dict takes a file name

as Its argument. This file

must contain pairs of words. The string
It returns the equivalent

Python dictionary.

Functions can carry their own documentation



We can
document
a function.

What about
the module?

def file2dict(flename):

"""file2dict takes a file name

as Its argument. This file

must contain pairs of words.

It returns the equivalent
Python dictionary."

dict = {}
data = open(filename)

utils.py

7



The module’s """A collection of my personal
doc string. utility functions."""

def file2dict(flename):

"""flle2dict takes a file name
as Its argument. This file
must contain pairs of words.
It returns the equivalent
Python dictionary."

dict = {}
data = open(filename) V

utils.py




>>> import utils
Name of module

doc

>>> print utils.___doc

A collection of my personal

utility functions. The string

Modules can carry their own documentation too



Command line arguments
Type conversions
Script as set of functions

Doc strings
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And that’s it!

Congratulations!

Follow on course:
“Python: Further Topics”
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Final Exercise / Homework

You have been given a collection of files that
contain floating point numbers, one number on
each line of each file. Write a Python script that
accepts the name of one or more files on the
command line, and processes each file as follows:

e Prints the name of the file and its minimum and
maximum values.

After processing all the files, your script should
then print out the smallest minimum value and the
name of the file(s) containing it, as well as the the

largest maximum value and the name of the file(s)
containing that maximum value. 132



