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A new datatype: lists

Alist isa commaseparatedset of valuesbetweensquarebrackets
Thesevaluesare usuallynumbersor strings Listsmight contain items of different

types Isthe equivalentPythontype for a Perlarray.

x> fruits = ['apple', 'pear', 'apricot!', 'orange' , 'lemon']
=== fruits

['apple', 'pear', 'apricot', 'orange', 'lemon']

== prices = [, 1, 3, 2, 4]

x> prices

[, 1, 3, 2, 4]

Fr= names = ['peter!, 'maria', 'michasl', 'ewva', 'william']
FE names

['peter!' , 'maria', 'michaesel', 'ewva', 'william']

x> mix = ['pear', 2, 'maria', 3, 'lemon']

T omix

['pear!', 2, 'maria', 3, 'lemon']
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A new datatype: lists

We canrefer to aitem from the list by its position,alsocalledindex.
Listscanbe indexedandslicedlike we did with strings

=>x> fruits[Z] # An index retrieves the walue in that list pozition
'apricot!

=== names[1]

'taris!’

=== hnames[-1]

'willi=m!

=>> names[:3] # An =lice or range retrieves another list
['peter!', 'maria', 'michaesl']

=»> names[:] # Thiz i= a copy of the original list
['peter!', 'maria', 'mwichaesl', 'ewva', 'william']

==» names[1] = 'John' # List element can be modified
= names

['peter!', 'John', 'michael', 'eva', 'willizun']

== names[1:3] = ['Julia', 'paul', 'emma’]

e names

['pecer!', 'Julia', 'paul', 'emma', 'eva’, 'willi=mm']

In contrastto strings lists can bemodified
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Listmethods

list.appendx)  Addsan item to the end of thdist.
list.extend(L) Extends the list by appending all the items in the given list.
list.insert(i, X)  Insertsan item at a given position.

list.remove(x)  Removeghe first item from the list whose value is x

list.pop(i) Removeghe item at the given position in the list, ameturn it.
list.clean() Removeall items from the list. Equivalent to del a[:].
list.index(x) Returnsthe index in the list of the first item whose value is x
list.count(x) Returnsthe number of times x appears in the list.

list.sort() Sortsthe items of the list in place.

list.reverse) Reverseshe elements of the list in place.

list.copy() Returnsa shallow copy of thést. Equivalent to a]:].

X isa datavalue Lisalistandiisalist positionor index
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Listmethods

= names = ['peter', 'julia', 'paul', 'ewmma' , 'ewva',
Frr names

['peter', 'julia', 'paul', 'emma', 'eva', 'willi=sm']
> names.append{ 'bob')

= names

['peter', 'julia', 'paul', 'emma', 'eva',; 'william’',;
= names.remove{ 'hob')

Fx> names

['peter', 'julia', 'paul', 'emmwa’', 'eva', 'william']
Frr names.extend{['peter', 'bok'])

P names

['peter!', 'julia', 'paul', 'emma', 'eva', 'william',
= names.count{ ' peter')

2

== names.popi)

'bok!

= names

['peter', 'julia', 'paul', 'emma', 'eva',; 'william’',;
FxE names.removel ' peter ')

Fx> names

['julia', 'paul', 'emma', 'eva', 'william', 'peter']
P nAames.Sort{)

P names

['emma' , 'eva', 'julia', 'paul', 'peter', 'william']
= names.reversel)

Frr names

['william', 'peter', 'paul', 'julia', 'eva'’, 'em;oa’]
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Listmethods

And be careful, each list
method requires the

proper input parameters.

Fx»> names = ['william', 'peter', 'paul', 'julia', 'esva']

>rx NAmMe:s

['willisen', 'peter', 'paul', 'julia', 'ewva']

> names.append('bob')

>rx NAmMe:s

['william', 'peter', 'paul', 'julia', 'ewva', 'bok']

x> names.extend(['anna' ,'John'])

Frx NENes

['william', 'peter', 'paul', 'julia', 'ewva', 'bok', 'anna', 'john']

>»> hNAWEes.pob

<built-in method pop of list object at Ox017EFS00:-

Fxx names.pop ()

'john'!

Fxx names.pop ()

'anna'

>rx NAmMe:s

['william', 'peter', 'paul', 'julia', 'ewva', 'bok']

x> nares.append(['anna', ' john'])

>rx NAmMe:s

['willi=sm', 'peter', 'paul', 'julia', 'ewva', 'bok', ['anna', 'john']]

Fxx names.pop ()

['anna', 'john']

Frx nates.extend('anna' ;' John')

Traceback (most recent call last):

File "<pyshell#ag>", line 1, in <modulex

names.extend | 'anna', 'john')

TypeError: extend()] takes exactly one argument (2 given)

Frx nates.append('anna' ;' John')

Traceback (most recent call last):

File "<pyshell#sos", line 1, in <modulex

names.append | 'anna' , 'john')

TypeError: append()] takes exactly one argument (2 given)
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Listmethods

I
Frr ohnatnes = ['william', 'peter', 'pzul', 'qulia', 'eva'l]
e names
['william', 'peter', 'paul', 'julia', 'eva']

e names = ['william' , 'peter', 'paul', 'julia', 'ewva'l]
Frx last name = names[-1] # Only retriewves [(not removes) the last element
¥xx» first name = names[0] # Only retrigewves (not remowes) the first element

x> names

['william', 'peter', 'paul', 'julia', 'ewva']
Frx last name

'eva'

»xx first name

'william!'
Frx last name = names.popf) # Retriewves and removes the last element
x> first name = hames.pop{0}) # Retriewves and remowes the first element

*xx last name

lewva!

rx» Lfirst name

'william'

- names

['peter', 'paul', 'julia']

x> names.append( last_name) # Insertzs an elemwment at the end of the list
['peter!', 'paul', 'julia', 'ewva'l]

x> names.ingert{0,first name) # Insertz an elewent at the heginhning of the list
FEE names

['william', 'peter', 'paul', 'julia', 'eva']

=x»» names[0] = 'john' # Replaces the first element of the list

=»» namez[-1] = 'maria' # Replaces the last elewment of the list

FEE names

['John', 'peter', 'paul', 'julia', 'maria'l]

[ ssvameseacr




Listmethods

x> namwes = ['willism',

Frx del names[0]
>x> names

['peter!', 'paul', 'Julia’',

Frx del names[1l:2]
Frr NEmES

['peter', 'jJulia', 'eva']
Frx nawes = ['williasm',

Fr o names

['william', 'peter', 'paul’',

Frx del names[0]
Frr NAmeS

['peter!', 'paul', 'julia’',

x> del names[1:3]
Frr NAmeS
['peter', 'ewva']
Frx del names[:]
Frr NEmes

[]

x> del names

Frr Names

'peter', 'paul', 'Julia', 'eva']

Yewvall]

'peter', 'paul', 'Julia', 'eva']

"Julia', ‘'eva']

'eva'l]

Traceback (most recent call last):

File "<pyshell#53=",
hame s
NameError: name 'names'

line 1, in <module>

iz not defined

d el =>Removestemsfrom alist
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Exercise: Shopping list
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Exercise Shoppindist

Imaginethat we are shoppingat supermarkei

A [ S (crésie a list called WaskeQwith all the food that we are taking we should start
buyingsomejuice.

A Do not take all at the sametime, walk a little and include severalarticlesfrom different
sections

A Weregret of havingtakenthe juice, we prefer beer, sowe exchangehe juice.

A Thenwe discoverthat it is the end of month, we havelittle moneyandwe took too many
thingsX we shouldremovesomethingfrom the BaskeQ

A Whenwe goto the cashiercounter we want to goto the fast one, but before we should
counthow manyitemswe bought

A Finallywe arrive at home and we want to WortCall the food by namesto easilylocalizeit

whenwe will be hungry




Dictionaries
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Another datatype: dictionaries

A dictionary is a kind of list, but instead of refer to a value by an index, we will

refer by a key. A key is some data, usuallya string of text, that helpsus to easy

locate somecontent from the dictionary A dictionaryis referred in other languages

asa I 33298 NBSA 2 ONNGré& BS Parly

=rx» phone numbers = {'peter': T63IVEIT, 'julia': 634876512,
*x> phone nmumbers

{'julis': 654876512, 'peter': TE3ITESY, 'paul': SA1239753}
x> fruit prieces = {'orange': 3, 'apple': Z, 'pear': 4}
=»» frult prices

{'orange': 3, 'apple': 2, 'pear': 4}

'paul' t56l1239753}

A dictionary is defined by a commseparated list okey:valuepairs within braces:

{ keyl:valuel, key2:valueXe3:value3}
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Another datatype: dictionaries

Dictionaryvaluesare not ordered, we canrefer to them only by their keys

DictionariesSCANNODe indexedand sslicedlike we did with listsand strings

=»> phone nuwbers = {'peter': TE3ITERY4Z, 'julia’': 654876512, 'paul' 1561233753, 'pecer': TEIBTLSEZS}
*>>» phone numbers
{'julia’': 654576512, 'peter': V83875629, 'paul': 561239753}
=»> del phone nuwbers['julia']
xr» phone numbers
{'peter': 73875629, 'paul': 561239753} -
=»> phone nuwmbers['julisa']=654876512 KeyS mUSt be unlque.
*r> phone nuwbers
{'julia’': 654576512, 'peter': V763875629, 'paul': 561239753}
>»> phone numbers['julia']=91Z637852
*r> phone nuwbers
{'julia’': 912637852, 'peter': 763875629, 'paul': 561239753}
>»> phone numbers['ewva']
Tracebhack (oSt recent call last):
File "<pyshell#173>", line 1, in <wodule:>
phone numbers['eva']
KevError: 'ewva'
x>» phone numbers[0] .
Traceback (most recent call last): :> Removeﬁn Item
File "<pyshell#l74:>", line 1, in <wodule:>
phone numbers[0]
EevError: O - -
=r> del phone nurbers from dICtIOnary
*r> phone nuwbers
Traceback (most recent call last):
File "<pyshell#l7e>", line 1, in <module:>
phone numbers
MNameError: name 'phone numbers' is not defined




Dictionarymethods

dict.keyq) Returnsa listof the keys.

dict.valuef) Returnsa list of the values.

dict.items() Returns a list of pairs (key, value).

dict.get(k) Returnsthe item associatedo a key. Equivalent tdict[k].
dict.pop(k) Removeghe itemassociated to the kegndreturn its value.
dict.update(D) Adds dictionary¥ R Q-valuésgairs to dict.

dict.clean) Removesall items from thedictionary.

dict.copy() Returnsa shallow copy of thdictionary.

Kisakey, visavalueandDisadictionary




Dictionarymethods

>>> phone_numbers.keys ()

dict keys(['julis', 'peter', 'psul']}

*»» phone nunbers.wvalues()

dict walues({ [654376512, 763789742, 561239753])

®x> phone nunbers.itemsi()

dict_items([{'julia', 654576512), ('peter', Ta3789742), ('paul', S5612397533)]1)
=»» phone nunbers['paul']

Lel1239753

®x> phone nunbers.get{ ' paul'}

56123597535

*»» phone nunbers

{'julis': 6E4876512, 'peter': T63TE0V4Z, 'paul': S5612397E53}

®x> phone nunbers.popf{ ' paul'}

56123597535

*»» phone nunbers

{'julis': 6E4E7E512, 'peter!': T637E9742}

®x> phone numbers['paul']=561232753

*»» phone nunbers

{'julia': 654576512, 'peter': TA3I7E974Z, 'paul': 561239?53H

= more nmuhbers = {'emma' ' TE3ITE974Z, 'tom': 654876512}

®x> phone nunbers.update{more nubers)

*»» phone nunbers

{'julisa': 654576512, 'peter': T637E974:Z, 'tom': 654576512, 'paul': 561239753, 'emma' @ Y63VE9TV4Z}
®x> hackup nubers = phonse numbers.copy()

®x> phone nunbers.clear()

*»» phone nunbers

i}

*x> hackup nurbers

{'julisa':s 6E4876512, 'peter': TE3TE0V4Z, 'emma': T63ITEOV4EZ, 'paul': 561239753, 'tom': 654576512}
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Common functions for strings,
lists and dictionaries
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Commonfunctionsfor strings listsand dictionaries

len(A) Returns the length or number of items.

type(A) Returns the data type stored in A.

str(A) Produces a printable stringpresentation of a list or dictionary.
list(A) Produces a list from a string dict keys.

min(A) Returns the minimum value from A (if isl@&t, from keys).
max(A Returns themaximum valudrom A (if is aict, from keys.

A andB can beeither astring, list or dictionary




Commonfunctionsfor strings listsand dictionaries

»=» workers string = 'John, Anna and Hark!

=xx len{workers_string)
13

=x> workers_list = ['john',
[10o0o0,

=x» galaries list =
=x= len{workers list)

=x»= salaries dict = {'john':

=== len{salaries dict})

3
x> type{workers string)
<class 'str'>

**x type{workers_ list)
<class 'list'>

»=x type{salaries_dict)

<class 'dict'>

=Fe str{workers_list)
"['John', 'anna', 'mark']"
=rr str{salaries dict}
"{'john': 10000, 'anna':
=== list{workers_ string)
[rat, 'ofy thty nt, !
== list(salaries diet)
['john', 'anna', 'mark']

x> min{workers_list)
'anna'
x> min{salaries_list}
i0ooo
*xe min{salaries_dict})
'anna'
e max{salaries_dict})
'mark’
== max{salaries list})
Z5000
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'anna',
20000, 2500071

z0000,

'mark']

10000, 'anns': 20000, 'mark': Z25000%
'mark': 250004 "
. Ij.lJ InI’ In'; Ia.lJ 1 I’ Ia.lJ InI’
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Nested lists and dictionaries
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More complexity. nestedlists

Now we will go a stepfurther andwe will createal list of lists (nestedlist or matrix).

=»>> L = [ [1, 2, 31, [4, 5, 61, [7, &, 91 1

o

[[i, 2, 31, [4, 5, 61, [7, 2, 211

3> L1 = [1,2,%]

3> L2 = [4,5,6]

3 L3 = [7,8,9] 0 1 2

s3> L = [L1,L2,L3] N8 N8 ¥

=== L B

(i, 2z, 31, [4, 5, 61, [7, &, 211 0~—> _F) (; ()]<-—- L1
+3» L[OT[0] -

1 1->||T U (p]<— L2
»»» LLOTL1]

2 L3
s3> LIOTL2] 2-> L -X l‘l" Qj]_

3

=== L[1]1[0]

4

=== L[11[1]

5

== L[-11[-1]
=
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More complexity. nestedlists

'Paris'}, 123456]

x> L1 = [1,2,3]

x> D2 = {'Zpain':'Madrid', 'France':'Paris', 'Poland':'WTarsaw'}
»»» L = [ L1, D2, 123456 ]

x> L

[[1, &, 3], {'3pain': 'Madrid', 'Foland': 'Warsaw', 'France':
== L[O]

[1, =, 3]

=x= L[1]

{'Spain': 'Madrid', 'Poland': 'Warsaw', 'France': 'Pariz'}
»xx L[2]

123456

=x> LIO][1]

2

x> LI1]['Foland']

'TMarsan'

»x» L[1] [0O]

Traceback [(most recent call last):

File "<pyshell#ios",

L[1] [O]
EeyError: O
xx L[2] [0O]
Tracebhack

L[2] [O]

TypeError: 'int!
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[ImOST recent
File "<pyshell#filz",

line 1, in <modulex

call lastc):
line 1, in <modulex

obhiject is not subscriptable
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More complexity. nesteddictionaries

It is alsopossibleto createa dictionaryof dictionariesor dictionaryof lists or list of
dictionariesand mixX

e D1 = {'petec': T63T7E974Z, 'Julis': 654876512}

=» D2 = {'Spain':'Madrid', 'France':'Paris', 'Poland' :'Warsaw'}
> D3 = {'potatoes':1, 'apples':Z, 'oranges':3}

e D = { 'phones':D1, 'capitals':DZ, 'prices' D3}

= D

{'prices': {'apple=s': &, 'potatoes': 1, 'oranges': 3}, 'phones': {'peter': TE3ITEITV4Z, 'Julia': 6548376512},
'capitals': {'France': 'Paris', 'Poland': 'Tarsaw', 'Spain': 'Madrcid'}}
== D['phones']

{'peter': 763782742, 'Julia': 654376512}

e D['capitals']

{'France': 'Paris', 'Poland': 'Warsaw', 'Spain': 'Madrid'}

x> D['prices']

{'apples': 2, 'potatoes': 1, 'oranges': 3}

F=x D['capitals'1[ Spain']

'Madrid!

P> D['phones'][' Julia']

6548768512

x> D['prices']['potatoes']

1

==» L1 = [1, 2, 3, 4, 5, 8]

x> D['nunbers'] = L1

e D

{'nukers': [1, 2, 3, 4, 5, 6], 'prices': {'apples': 2, 'potatoes': 1, 'oranges': 3}, 'phones': {'peter':
763789742, 'Julia': 654876512}, 'capitals': {'France': 'Paris', 'Poland': 'Warsaw', 'Spain': 'Madrid'}}
> L = [D1,D2,D3]

> L

[{'peter': 763733742, 'julia': 654376512}, {'France': 'Paris', 'Poland': 'Marsaw', 'ZSpain': 'Madrid'}, {
'apples': 2, 'potatoes': 1, 'oranges': 3}]

=»» L = [L1,D1,D2,D3]

=k L

[[i, 2, 3, 4, 5, 6], {'peter': 7e3789742, 'julia': 654876512}, {'France': 'Paris', 'Poland': 'Warsaw', 'Spain':

'Madrid'}, {'apples': 2, 'potatoes': 1, 'oranges': 3}]
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Copying data in Python
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Copyingdata in Python

Therearetwo waysto copydatain Python byvalueor by reference

The default Python mode is copy by reference when we copy a variable,we are
copyingthe positionsin the memory of its contents This meansthat when we
modify the copy of the variablewe will modify the original variabletoo, because

both store the samedatain the samememorypositions

Copyby valueisthe mostintuitive modefor begginersin this case whenwe copya
variablewe copyall its contentsandwe duplicatethem in new memorypositions In

this way whenwe modify the copywe will not modify the original




Copyingdata in Python

list.copy() method allowsusto copyby value

x> namwes = ['william', 'peter', 'paul', '"julia', 'ewva', 'emma']
e onames

['william', 'peter', 'paul', '"julia', 'ewva', 'emmwa']
Frr NEW names = Names # Default copy by reference
Frr new names.popl) # If we modify the list copy
''ermma !

>xF NEW names

['william', 'peter', 'paul', '"julia', 'ewva'l]

x> names # The original lizst is also modified
['william', 'peter', 'paul', '"julia', 'ewva'l]

e NEW names = names.copyi) # Copy by walue

Frr new names.popl) # If we modify the list copy
'ewra!

>xF NEW names

['william', 'peter', 'paul', 'julia']

x> names # The original list iz not modified
['william', 'peter', 'paul', '"julia', 'ewva'l]

[ ssvameseacr



Python for scientists

Next lesson...
Data comparison and
conditional statements
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