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Data structures

Data structures allow to organize data in order to make
their use and their handling more efficient

We will see in particular strings, lists, tuples, dictionaries
and the sets.

We will only see the minimum bases useful to carry out
basic exercises




COMPLEX NUMBERS




Complex numbers

A complex number is a number that can be expressed In
the form a + ib, where a and b are real numbers, and i is a
solution of the equation x2 = =1. Because no real number
satisfies this equation, 1 is called an imaginary number.
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Complex numbers

 Complex numbers are intrinsically defined in python

O -

b

print(a)
print(a.real, , a.imag)
print(b)
print(b.real, , b.imag)

(2+37)
2.0 3.0
(4-17)
4.0 -1.8




Complex numbers

Complex numbers and the type function type() function is
mostly used for debugging purposes. Two different types
of arguments can be passed to type() function, single and
three argument. If single argument type(obj) is passed, it
returns the type of given object.

© c=a+*0b

print(type(c), " valore
== complex:

prlntf c e\' un numero complesso"]

[+ <class 'complex'm> wvalore (11+18j)
c &' un numero complesso




Digression on OOP and classes




OOP

* Object-oriented programming (OOP) Is a programming
paradigm based on the concept of "objects", which can
contain data, in the form of fields (often known as
attributes or properties), and code, in the form of
procedures (often known as methods). (Wikipedia)

 The most used OOP languages are based on class.
e Python is multi-paradigm and supports OOP

- A class specifies a new type within a class there are
data items and methods
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structure, properties and behaviours.
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Concrete object, created froma
certain class.




STRINGS




Strings

* A string is a sequence of characters, in python there are
several methods / operations useful for the manipulation of
strings, a string in general can be seen as an array of
characters

* Operations between strings

O strl = "hello

strz 'world'
print{strl + " " + str2)

print(3*(stri+" "))

hello world
hello hello hello




Strings

e EXxtract sub-strings, strings are arrays of characters

O strl = "Hello

print(strl[e])

Hello print(strl[6:3])
0 1 2 3 4

print(strl[-2:])

-5 -4 -3 -2 -1




Strings : delimiter

. IS the delimiter of the slice syntax to 'slice out' sub-parts
INn sequences , [start.end]

1:5] Is equivalent to "from 1 to 5" (5 not included)

1:] is equivalent to "1 to end"

. 14 . "o . ° strl = "Hello'

:-2] from “begin to -2" -2 not included Drint(stri[o])
print(strl[@:3])
print(strl[-2:])

H l l print(strl[-1])
e O print(stril[:-2])
0 1 7 3 4 -
- Hel
e lo

(]
Hel




Strings

e EXxtract sub-strings, strings are arrays of characters

o teststr =

i range(@,len{teststr)):
print{teststri])




Strings

e String’s class in python has several methods

* find() It determines If string str occurs In string, or in a
substring of string if starting index beg and ending index
end are given.

© str = "Hello, World!"
index = str.find("1L1")
index == 0:
print("a ", index, " trovato ", str[index:])

[» a 2 trovato 1lo, World!




Strings

* split() method returns a list of strings after breaking the
given string by the specified separator.

"Hello, Worlc
str.split(

= 0

r res:

idx += 1

print(idx ,

Hello,
World!




LISTS




Lists

 List is a collection which is ordered and changeable.
Allows duplicate members.

Structure of Python List

Indexing Forward Indexing Backward |

o 1 S s
! a ""Greenz ,ﬂ

List Name

({C) wiresource.com




Lists

 Lists are ordered seqguences of objects, many basic
operations are in common with strings

a =[1, "pippo", 4.5, "pluto"]

print{al[@])
i range (@, len(a)):
print(ali])

L a:
print(1)




Lists

 Lists are ordered seqguences of objects, many basic
operations are in common with strings

aq =
print(a)
all] =
print(a)

[1, 2.5, -6.0, 5]
[1, 'pluto', -6.0, 5]




Lists

 Lists are ordered seqguences of objects, many basic
operations are in common with strings, but remember:

A string does not support

item assignment »>>> str = "Hello"
>>> str[0] = "v"
Traceback (most recen
File "<stdin>", ling
TypeError: 'str' objed
>>> str = "pluto”




Lists

* Lists have many methods we will see only the most
Important

- list.append(elem) -- adds a single element to the end
of the list.

- list.insert(index, elem) -- inserts the element at the
given index, shifting elements to the right.

- list.extend(list2) adds the elements in list2 to the end
of the list.




Lists

e Lists adding elements

a=1[1, 3.5,
a.append(46)

a.append("pluto")
print(a)

[1, 3.5, -6.0, 5, 46, 'pluto']




Lists

e Lists adding elements

a=[1, 3.5, -6.0, 5]

a.insert(l, "pippo")
print(a)

[1, 'pippo', 3.5, -6.0, 5]




Lists

e Lists adding elements

a [1, 3.5, -6.60, 5]
b ["second”, "list"]
a.extend(b)

print(a)

-6.0, 5, 'second', 'list']




Lists

* Remove elements from a list

— remove removes the first matching value, not a specific
iIndex

a=1[1, 2, 3
a.remove(2)
print(a)
a.remove(2)
print(a)

5]

[lr
[1

! 'q': =
4, 5]

P )




Lists

* Remove elements from a list

- del removes the item at a specific index

print{a)
al2]

print(a)

5 ]

’ q’: = r
2, 5]

I




Lists

* Remove elements from a list

— pop removes the item at a specific index and returns it

val =
print {




Lists

e List has a sort method

a=[1, 4,
a.sort()
print(a)
[“a",
c.sort()
print(c)

4, 5, 7, 9, 34]
'‘b', 'paperino', 'pluto’']




TUPLES




Tuples

* Python tuples are very similar to lists but their manipulation
IS faster since they are "Immutable”

t=1(1,3.5,8,10.0)
i range(len(t)):
print(t[i])

val t:
print(val)




Tuples

e But | can not modify a value

=
[

# ma posso modificare un valore
t[1] = 6

"tuple' object does not support ite

SEARCH STACK OVERFLOW




But...

e But a tuples element can be a mutable one so...

t=1(1, 4, 5, 6 , "se", 4, [7, 9, 8])
print(t)

t[6] .append("last one")

print(t)

t[6][©] = "primo

print(t)

(7, 9, 0])
(7, 9, 0, '"last one'])
'primo', 9, 8, 'last one'])




DICTIONARY




Dictionary

 Adictionary is a sequence of elements, each element is
a pair key : value. The keys are unigue and dictionaries
are created using {

d = {"kl'

print(d[4]
d["k1"]
d["quattro
print(d)

vald 1
{'k1': 1.5, 'k2': 2, 4: 'val3', 'quattro': 4}




Dictionary

 We can check if a key Is present or not easily

print("key it is nc

yes and value is 4
key 1t 1s not present




Dictionary

 We can check if a value Is present or not easily

val3' diz.values():
print("value value3 is [

value value3 is present




Dictionary

- dict.items() returns of the dictionary a list of tuples

diz = {'kl1': 1, 'k2':
X diz.items():
print(x)

('k1l', 1)
('k2', 2)

(4, 'val3')
('quattro', 4)




Dizionari

diz = {'kl': 1, 'k2':

X diz.items():
print(x)

k diz.keys():

print(k)
v diz.values():

print(v)

S 3 Rt |
['k2', 2]

(4, "wval3')

({ 'quattro*, 4)
k1

k2




Dizionari

* clear(): removes all items
* pop(): removes and returns element having given key

* del statement removes the given item from the
dictionary. If given key is not present in dictionary then
it will throw KeyError.

print(diz)

v = diz.pop(4)
print(diz, v)
diz.clear()
print(diz)

2': 2, 4: 'val3', 'quattro': 4}
'k2': 2, 'guattro': 4} val3




PYTHON SOME DETAILS ABOUT

MEMORY MANAGEMENT




Reference

* When | declare a variable | am asking for a certain amount
of memory

* In python, the assignment operation manipulates the
references, so X = y does not create a copy of the data
contained in y, but simply creates a reference to y, that is

X will point to y

first number=2
number_copy = first_number

first_niugakb

numbdr_copy

PythonByteSize.com

«_Execution Space’

J:R] It is like having a personal tutor © John Philip Jones




Reference

* When | write x = 4 we allocate the memory space
necessary to contain the integer 4 and then we "stored

the address of the" (created the reference to) the
memory location in X

a [1,2,3,4]
b =a
X =4 a.append(5)
print(y) print(b)

[1, 2, 3, 4, 5]




Reference

X + 1
print(x)

4

What really happens when increment x?

The interpreter retrieves the value contained in the memory
address to which x refers

The result of the 3 + 1 operation is calculated and the result is
stored in a new memory location

You change the reference in x, x will now refer to the new
address in memory where the value 4 is stored

Python has a garbage collector that eliminates free all the
memory allocated when there are no more names referring to
the memory areas in question



EXECISE MATRIX

MULTIPLICATION




Matrix

* | can use a list of lists to store a matrix in a simple way

random
math

A=1[[0.0, 0.0, 0.8], \
[@.0, 8.0, 0.0], \
[@.0, 8.0, 0.0]]

i range(len(A)):
i range(len(A[0])):
A[i][j] = random.uniform(®.0, 1.0)

print("Matrix A")
print(A)

Matrix A
[[0.109858751134825, ©.24607185195192582, |




Matrix multiplication

B =

The product is defined only
for matrices with compatible
dimensions




Moltiplicazione matrice matrice




Exercise

* Write a program that given two 3x3 arrays filled with
random numbers computes and prints the result of the
matrix multiplication

panquo mtxmtx 5 python mtx.py
Matrix A
[0.19246968384248186, 0.9696947765114629, 0,8237325914685499]
[0.1779860039944552, 0.9755353119130369, 0.8217085413339825]
[0.41279486028220536, 0.057793958446992644, 0.402089824384814]
Matrix B
[0.7196544280415835, 0.8235257700392403, 0.9349263737223458]
[0.27393524261728885, 0.7093719818717363, 0.440755172029067]
[0.12608819669592142, 0.939121875851728, 0.4639718068159948]
Matrix C
[0.5080081911273185, 1.6199633465203456, 0.9895316704002202]
[0.49892966644110487, 1.6102779453343112, 0.9776256401093906]
[0.3636002319703472, E.?EEEEEQ?EIEBEEEE, 0.5979641302345579]




Matrix multiplication simple
algorithm

Input: matrices A and B
Let C be a new matrix of the appropriate size
For i from O to n-1:
For | from O to p-1:
Let sum =0
For k from O to m-1.:
Set sum = sum + Ay X By
Set C; = sum

Return C




EXAMPLE MONTECARLO TO

COMPUTE PI




Monte Carlo methods

* In the nuclear expressions, a fast particle fully hits the nucleus
of an atom. This shatters into many particles, which hit the
nuclei of other neighboring atoms, which are shattered in turn,
according to a chain reaction, during which a great deal of
energy Is released. The process will last until it involves the
whole universe or will it stop after a certain number of
reactions?

The Monte Carlo method consists in seeking the solution
of a problem, representing it as a parameter of a
hypothetical population and in estimating this parameter
by examining a sample of the population obtained
through sequences of random numbers




Compute Pl using MC methos




import random
import math
import sys

DIM = 100000

if len(sys.argv) != 2:
print("usage: ", sys.argv[O@] , " NUM ")
exit(1)

else:
DIM = int(sys.argv[1])

circle count = @

for i in range(@,DIM):

X random.uniform(0.0, 1.0)
y = random.uniform(0.0, 1.0)

if (math.sqrt((math.pow(x, 2.0) + math.pow(y, 2.0))) < 1.0):
circle count = circle count + 1

pi = float(circle count) / float(DIM)

print(4.0 * pi)

f[redo@banquo

2.8
[ redo@banquo

13.48
[redo@banquo
13.104

b [ redo@banquo

3.1252

' [ redo@banquo
13.14592

mcpi
mcpi
mcpi
mcpi

mcpi

(master)]s
(master)]s
(master)]s
(master)]s

(master)]s

python
python
python
python

python

10

100

1000

10000

166000




MONTECARLO TO COMPUTE AN

INTEGRAL




Exercise

 Compute the integral using MC method:
5

in(x)dx=cos(2)—cos(5)=—0,69981




Exercise

5
| sin()dx=cos(2)—cos(5)=—0,69981

2

Set rect_countto O, xminto 2.0, xmax to 5.0, ymin to -1.0 and ymax
to 1.0

forifromOto N :
Generate x random between xmin and xmax
Generate y random between ymin and ymax
If sin(x) > 0.0 and (y <= sin(x) and (y >= 0.0):
rect _count =rect count+1
else if sin(x) < 0.0 and y >=sin(x) and y <= 0.0

rect_count =rect _count —1

Integral is equal to (xmax - xmin) * (ymax - ymin) * (rect_count / N)




Dangquo mcsin

eal Om0.013s
ser Om0.010s
Om0@.003s
[ redo@banquo mcsin (master)]$
0.726

eal Om0.017s
Omb.014s
Omb.003s

(master) 1%

eal OmO.049s
Omd.040s

(master) 1%
0.70938

CEN OmO.1l15s

Om0.108s

Om0.007s
[ redo@banquo mcsin (master)]$
0.703062

eal Oml.049s
ser Oml.021s
Om@.027s
[ redo@banquo mcsin (master)]$
0.7001124

eal Oml0.226s
Oml0.105s

100000

1000000

10000000




redo@banquo mcsin (master)]$ python mcsin wplt.py 100000
0.696206603137

Figure 1

Let's see a
first example
of the use of
numpy and
matplotlib

D0 O+ EiE




EXERCISE




Exercise

* Write a program to represent the cos function in the
Interval -5.0 < x < 5.0

- = cosix)
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