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List



List is kind of a collection

* A collection a]lowg us to put MANY VALUES IN ONE!
many values in a single CONVENIENT PACKAGE!
“variable” o

essy
® ok
e A collection is nice because @ & />
EN=x

we can carry all many ®» @
variables around in one = © B

. .ﬁx-
convenient package ® @ CER-) JM

my collechon




What is not a collection

* Most of our variables have only one value in them — when we put a
new value in the variable, the old value will be over-written

Fry m=D

Frr ow=d

»x» print (=)
4



List constants

* List constants are surrounded
by square brackets and the
elements in the list are
separated by commas

* A list element can be any
Python object — even another
list

* A list can be empty

»»» print ([1, 24, 76])

[1, 24, TE]

»2» print ([ red’, " wvellow , blue’ 1)
Fred’, "wvellow , "hlue ]

»»» print ([Cred’, 24, 98. 8])

["red’, 24, 98. 6]

»»> print (1, [5, 6], 7)

1[5, B] T

EEZ:“l}} print ([])



List and definite loop - best pal

friends = [ Tom ,” Jerrv , Bat’ ] Happvy new vear Tom

fr?en%JH friends: © rtend) Happv new wear Jerrw
print appy new vear , frien Happy new vear Bat

print ( Done” ) Done



Looking inside lists

* Just like strings, we can access any single element in a list
using an index specified in square bracket

»»» friends = [ Joseph', "Glenn, " 2ally ]
>»7 print (friends[1])

xlenn



Looking inside lists

PYTHON LIST INDEXING

»>> friends = [’ Joseph’, 'Glenn’, 'Sally’ ]
> print(friends[1]) “9
Glenn

‘Glemh

'Glenn

"Sally

0




Lists are mutable

. “«: ” »»» fruit = ' Banana’
* Strings are “immutable” — {7 fruitlo] =0 |
Traceback (most recent call last):
we cannot Chang_e the File “<pwchell#3>”, line 1, in <module>
contents of a string unless fruit[0] = b’
we make a new String TypeError: " str’ object dees not support item assignment
R

»ry x=fruit. lower ()
»»» print (z)
hanana

. (“ ” Ry
e Lists are “mutable” —we »»> lotto = [2, 14, 26, 41, 63]

»27 print (lotteo)
can change an element of TR Tt

a list using index operator  >>> lotto[2]=28
#2727 print (lotto)
[z, 14, 28, 41, B3]



How long is a list?

* The len() function takes a
list as input and returns
the number of elements in
that list

e Actually len() tells us the
number of elements in any
sequence (e.g. strings)

»>»7 greet = Hello Bob’
»»» print(lenfgreet))
9

sy ox=[1,2, joe’, 99]
2> print (len(x))

4



Range() function > «=uece

FEFoE
range (0, 4)

2>y xz[0]
0
* The range() function returns a list >»> x[1]
1
of numbers 53> 9]
7
>>> x[3]
W truct an index | :
o
e can construct an index loop 95> rerange (2. 10. 2)

using for and an integer iterator > x[0]
2
»e x[3]
&
»er x[4]
Traceback (most recent call last):
Fil? ;{pyshell#Sl?”, line 1, in <module>
w4

IndexFrror: range object index out of range



A tale of two loops

Example
friends = [ Tem .,  Jerrv , Bat’ ]

friend friends:
print { Happv new vear, , friend)

1 range (len (friends)) :
friend = friends[i]
print ( Happvy new vear, ,

friend)

Output

Happy
Happyv
Happyv
Happy

Happy
Happ

L

T1EWW
TIEA
TIEA
T1EWW
TIEA
TIEA

vear,
veEar,
vear,
vear,
veEar,
vear,

Tom
Jerrwy
Bat
Tom

Jerrwy
Bat



Concatenating lists using +

* Similar to strings, we »2> a=[1, 2, 3]
>, >>> b=[4, 5, 8]
can add two existing 535 azath
lists together to create »>> print (e)
a new list [1, 2, 3, 4, 5, 6]

»»» print (a)
[1, 2, 3]



Lists can be sliced using :

e Remember: similar 7 1{:'5?’3]41’ 12,3, 74, 15]
to strings, the 41, 12]
second number is o ;;1-:4]12 .
“up to but no 55> t[3:]
. o '3, 74, 15)
including SSU
9, 41, 12, 3, 74, 15]




List methods

sry ox=ligt ()
»22 type (=)
{olass " list’ »

2 dir (xz)

A A L] A A n L] A A A n A L] M A

[’ add ', °  elass ', ' _centains 7, 7 _delattr ’, 7 delitem_ ', 7 __dir_ _
L] L] A L] A A L] A L] M L] A n A

, _ doec_ ~, " _eEeq , __format ~,  __=ze_ , __zetattribute_ ~, * __zetitem _
a a a a a " a a n a a " " a a " a a a

, _ =t ", __hash °, " __i1add ~, " __imul ~, °__1init_ ~, ° __iter_ ~, = __l1le__
a a a a a a a a a a a a a

, _ len ., " 1t ", _mual ", " _ne ', __new ~,  _ reduce_ , _ _reduce e
a a a a a a a a a a n a a

= ~,  __repr_ =, __rewversed ~,  __rmul ~, ° _ setattr =, = __setitem_ ", = __=

" L] L] L] L] L] a a L] a L] a L] a L]

izeof ~,  __str_ =, ° __subelasshoclk °, " append , " clear’, " copy , " count , " ex

L L - a L - a L] L L] a L] L] L] L]
tend , index , insert’, ‘peop’, ‘remowve', ‘reverse', "sort’]

https://docs.python.org/3/tutorial/datastructures.html#more-on-lists



List methods

(Optional) Naming convention:

>3 gx=list ()
>¥> type(x)
{elass " list' >

»rr dir (=)
a a L a a - a L a L - a a - L
[ __add ", ' __elass_ ', " __ceontains__ ", ~__delattr_°, *__delitem_ ', " __dir__
a a a a a a a a a . a a ] a
_doe__ ", " _eq__, __format_ ", " __ge_, " __getattribute_ ", * __zetitem__
a a a a a a a a a a a a a a
., et °, __hash °, " __iadd ", " __imml_ ", " __init__", " __iter__, " __le__
a L a L a L a L a L a a a
_len__~, " _ 1t , " _mml_", _ ne_", __ new_, _ _reduce__ , __reduce_e
a a a a a a a a a a ] a a
¥, __repr__, __reversed__ ", ~__rmul__~, * __setattr_ =, ~ __setitem__ , = __=
0 a a a a a a a a a a a a a a
1zeof__’, __Ftrr_ . _rsupcla?shPOk__ ., anend . ’char ., _cony count  , " ex
tend’, "index’, insert’, ‘peop’, ‘remove', ‘reverse’, 'szort’]

Regular Methods like append(), extend(), pop(), and copy() on lists are
designed for straightforward, everyday operations that programmers need to

perform on these data structures.

Special (Dunder) Methods are usually associated with enabling objects to implement
and interact with Python’s built-in functions and syntactic features

They are not usually called directly by the user, but are invoked internally by the
interpreter to implement various language features. For example, when you use the
len() function on a list, Python internally calls the list’s __len__ () method.



Building a list from scratch

* We can create an empty list ii stuff = list E:' )
using list(), and then add .S EEE :EE:ES {9}53‘?“:'
elements using append() >>> print (stuff)
method [ book’, 99]

»»» gtuff. append cockie )
27 print (stuff)

* The list stays in order, and ["book’, 99, " cookie ]
new elements are added at
the end of the list



Is something in a list

* Python provides two 5%% some = [1,9, 21, 10, 16]

operators to check whether 5% g N
anitem s in alist True
»rr 15 S CIE
False
* These are logical operators 722 20 S Ome

that return True or False True

* They do not modify the list



A list is an ordered sequence

e Alist can hold many items >>> friend = [ Tem',” Jerry , Bat' ]
and keeps them in the order »>> friends. sort ()

. . 27 print (friends)
until we do something to U Bat’ . Jerry . Tom ]

Change the order #27 print (friends[1])
Jerry
, , >
* Alist can be sorted (i.e. >»> numbers = [1, 2, 5, 100, 32, 7, 97, 1001]
change the order) »»» numbers. sort ()

»»» print (numbers)
[1, 2, 5, 7, 32, 47, 100, 1001]
* The sort() method means o
“sort yourself”



Built-in functions and lists

* There are a number of
functions built into Python
that take lists as inputs

e Remember the loops we
built? These are much
simpler

> numbers = [3, 41, 12,9, 74, 15]
27 print (len (numbers))

£

27 print (maxz (numbers) )

74

»»» print imin (numbers))

&

»»» print (sum{numbers))

154

2> print (sum(numbers) flen (numbers) )

20, bEELEELEELEEEES



Averaging with a list

total = 0O
count = 0
inp = input { Enter a number:’ )
inp == " deone’ :
value = float (inp)
total = total + wvalue
count = count T 1
average = total/count

nrint The averasze is: , average)



Practice

* Write a program to instruct the user to input several
numbers and calculate their average using list methods



Best friends: strings and lists

e Use the split() method to
break up a string into a
list of strings

 We think of these as
words

* We can access a particular
word or loop through all
the words

2 omyvstr
222 words
»»» print (words)

L] L] L] L] L L] L]
" Catch’, "me’, Tif, T wou ,

"Catech me if wvou
myStr. split )

L

22 print (len(words))

0

»»» print (words [0])

Catch
R

Catch
me

1f
7o
Can

7w

words: print (w)

a
Al

" can’ ]



[ When you do not Specify a e line = ’ A lot of El:IELEES-II

.. . »»» gte = line.split ()
delimiter, multiple spaces 555 print (ete)

are treated like “one” [ &', "lot’, "of, "spaces’ ]
delimiter >72
»»7» line = " first: second: third
»»7» thing = line.split ()
#>» print (thing)

a

) YOU. Cé'm specify what , [ first;second; third' ]
delimiter character to use in »»» len(thing)
splittin 1
P & e

»»7 thing = line.split( ;")
»»» print (thing)

[ first’, " second , ~third ]
»»» print (len (thing))

A



Practice

* Imagine a Mars rover sends this mission update
From rover@mars.example Wed Oct 14 08:30:00 2026

Write a program to extract the email domain and the month of the
mission update.



The double split pattern

* Sometimes we split a line one way, and then grab one piece of the
line and split it again

From rover@mars.example Wed Oct 14 08:30:00 2026

words = header. split ()
address = words[1].split (@ )



Dictionary



A story of two collections

e List: a linear collection of values that stay in order

* Dictionary: a “bag” of values, each with its own label



Dictionary
LIST: Ordered Sequence

0 1 2

Apple Book Dog

Access by Index: j

my-list[1] > ‘Book’

Linear Collection of Values

(by order)

DICTIONARY: Labeled Bag

emjoji:

animal

animal

Access by Key:
my-dict[ object] > ‘Book’

Bag of Values (by label/key)




Dictionary

* Dictionaries are Python’s most powerful data collection

* Dictionaries allow us to do fast database-like operations in
Python

* Dictionaries have different names in different languages

* Associative arrays — Perl/PHP
* Properties or Map or HashMap — Java
* Property Bag — C#/.Net



Dictionary

e Lists index their entries based 777 purse = dict ()
2> pursel monev ]

on the position in the list 55> pursel’ candy’ ] =

»»» pursel tissues ]
»»» print (purse)

» Dictionaries are like bags —no ! meney @ 12, "tissues : 75, "candy : 3

»»r print (pursel’ candy” 1)
order 3

N

T3

2»» pursel candy’ J=pursel’ candv ]+2
. 27 print (purse)
e We index the elements we pUt U meney : 12, T tissues @ TH, " candy : &)

in the dictionary with a »»> pursel[3] = 77

”Iookup tag” 2rFopT in:I: [1:'1_11"5;3:' . . . .
: . money . 1551Ees . cAandy
(5 77 12, " t1 75 d 5l



Dictionary

»2r purse = dict ()
»»» pursel monev ] =
2> pursel’ candy’ ] =
»»» pursel’ tissues’ ]
»»>» print (purse)

L

Umenev @ 12, " tissues @ Th, T candy

»»» print (pursel’ candy 1)
3

2»» pursel candy’ J=pursel’ candv ]+2
»7»» print (purse)
U monev @ 12, " tissues’ : ThH, * candy

3]

5l




List v.s. dictionary

 Dictionaries are similar to lists, except that they use keys instead of
numbers to look up values

533 1gt = list () »»» ddd = diet ()

»»» lst. append (21) ey oddd[ aze’ 1=21

27 lst. append (183) #2r ddd[’ course’ ]=182

»»> print (1st) #27 print (ddd)

(21, 183] Vage’ + 21, T eocourse : 182)
»rr o lst[0] = 23 sryoddd[ aze’ ]=23

> print (1st) »»» print (ddd)

a

course ; 182]

(23, 183] U age’ 1 23,



»rr 111 = list ()
»>»» 111. append (21)
»»% 111. append (183)
»»» print(111)

[21, 183]

>r» 111[0] = 23

»»r print(111)

[23, 183]

>y oddd = diet ()
>ryodddl aze ]=21

»rr oddd[” course’ 1=182
>»» print (ddd)

Uage’ 1 21, " course
2y oddd[ agze’ 1=23

>»» print (ddd)

L] L] L] L]
U age’ 1 23, " course :

1827

1582}

List

AT
N I
0] 12

“l;

[1]]183

Dictionary

[age] |21

ddd




Dictionary literals (constants)

* Dictionary literals use curly braces and have list of key:value pairs
* You can make an empty dictionary using empty curly braces

#rrx 333 = U chuck 11,7 fred :42, 7 jan :100j]
»»» print (333)

U fred @ 42, T chuck’ 1, T jan’ @ 100;]

227 ocoo=1}

i?} print (ooo)



Most common terms?

marquard cwen
zhen zhen shen csev
csev ’
marquar
marquard 9 csey cwen
zhen zhen




Counting with a dictionary

* A common use of dictionary is counting how often we “see”
something

»rr ceo=dict ()
222 ecoel csev ]
»rr o ecoel’ cwen’ ]
»»7 print (ceoe)
Uesev 1 1, “cwen @ 1)

2y cecl cwen J=cec[’ cwen’ ]+1

»2» print (ecel” cwen’ ])
2

1
1



Dictionary tracebacks

* It is an error to reference a key which is not in the dictionary
* We can use the in operator to see if a key is in the dictionary

2y pee=dict ()

»r»» print lcecl’ csev 1)

Traceback (most recent call last):

File “<pvshell#4f>”, 1line 1, in “module>

print (ccel czev 1)

EevBrror: ~ csev

»rr osevw Coo

False



Practice

* Write a program to instruct the user to continuously input
some words, and use dictionary to count how many times a
word has been inputted before.



The get() method

* This pattern of checking if a key is already in a dictionary, and
assuming a default value if the key is not there is so common, that
there is a method called get() that does this for us

»»» ecounts = 1 aaa :1, bbb’ 12, ccc’ 1h]
2y print lcounts. get  eee’, 0))
[



Practice

* Write a program to instruct the user to input a line of texts, and use
dictionary to count how many times a word has been seen in this line.
You should use the get() method in this program.



Definite loops and dictionaries

* Even though dictionaries are not stored in order, we can write a for
loop that goes through all elements in a dictionary — actually it goes
through all the keys in that dictionary and looks up the values

counts = 1 chuck’ :1, fred :42,7 jan :100]

ey counts:
print (kev, counts[kev])

Jan 100
fred 42
chucls 1



Retrieving lists of keys and values

* You can get a list of ;i i =[{’_chLEL?1-_:’_H, Cfred 142, jan 1100}
keys, values or items 77 printllistiijl ,
(b th)f [" jan’, ~ fred', ° chuck’ ]
oth) from a

dictionary »»> print (1ist(jjj. kevs ()]
[" jan’, " fred ., * chuck’ ]

#rr print(list (jij. values()))

(100, 42, 1]

»ry print(list(jjj. items ()))

[ jan’, 1000, O fred', 42), O chuck , 1J]



Bonus: two iteration variables

We loop through the counts = U chuck’ :1.° fred :42.° jan’ : 100]

key'value pairsin a kev, value counts. items ()
dictionary using two print (key, value)
iteration variables

chuacle 1

fred 4%

e Each iteration, the first jan 100
variable is the key, and
the second variable is
the corresponding
value for the key



Tuple



Tuples

* Tuples are another type of sequence that function more like a list —
they have elements which are indexed starting from O

»»r x=0C Glenn ,” Sally ,’ Joseph') b 1 7
»2r print (=) print (i
(" Glenn’, " 2ally , ' Joseph' )
prroy=101,9,2)

>>7 print (y)

(1, 9, 2]

»»7 print (maz(y))

e

[0 i



11°

But, tuples are “immutable”

* Unlike a list, once you create a tuple, you cannot change its contents

— similar to a string

»ry ox=[9, 8, 7] 727 y= abc

ey ox[2]=6 prroyl[2]= €
>>»> print (x) Traceback (most recent call last)

[9’ 55 5 File “<pyshell#23>", line 1, in
‘moduler

y[2]="¢
TypeBError: ~ str’ ohject does not
support item assisnment

sy oz=(8, 4, 3)
> oz [2]

3

»xr o z[2]=0

Tracebhack (most recent call last)

File “<pvshell#28>", line 1, in
‘moduler
z[2]=0
TypeError: ~tuple’ object does no
t support item assignment



Some things that you cannot do
with tuples

»rr ox=(1,2,3)
»rr g osort ()
Traceback (most recent call last):
File “<pyshell#32>", line 1, in <module?
%. sort ()
AttributeError: " tuple’ obhject has no attribute " sort’
»»¥ % append (5)
Traceback (most recent call last):
File “<pyshell#33>", line 1, in <module?
%. append (5)
AttributeError: " tuple’ ohject has no attribute " append’
»»¥ x. reverse ()
Traceback (most recent call last):
File “<pyshell#34>", line 1, in <module>
%. reverse |
AttributeError: " tuple’ ohject has no attribute

L)

a
TEVETSE



A tale of two sequences

»»» 1 = 1ist ()

»rr o dir (1)
L] L] L] L] L] . L] a a L] = L] a = a L]
[ add ", 7 elass ', 7  centains ', 7 delattr 7, 7 delitem 7, 7 dir 7,
a a a a a a a a n a a " a a
_doe_ °, " __eq_,  __format =, " __ge =, ° __getattribute ~, ° __getiltem ~, ~ __ @&
a a a L] . L] A . A A = . A a . a a A a
t ", " _hash ~, ° __i1add_ ", ° __imul ~, ° __init =, ~__iter_ ~, ~__le_ 7, _len_
L] A a A A a A A a L] A L] A
o, 1+ 0, " _mul , " _ne_ ", _new ., reduce_~, _ _reduce ex__, __TED
a a a A L] A a a . L] A . a L]
r =,  __reversed ~, _ rmual °~, ° _ =setattr ~, ° __setitem ~, ° _ =sizeof ~, ° =t
L] a a L] L] a L] a L] a L] a L] a . L] a .
r =, _ _subeclassheook °, " append , " elear , copwvy , count , ~extend , index , 1

L] L] L] L L] L] L] L L
nsert , pop , Tremove ,  TYEVErsSe , sort’ ]

*rr ot = tuple ()

rr odir (t)

A A A A A n A A A A n A L] A A

[ add ', 7 _elass_ ', 7  econtains_ ', 7 _delattr_ °, 7 dir_ 7, 7 dec_ ', 7 __eg
Ll L a Ll L L n a Ll n a L Ll L

L, r_fPrmat__ . _rge__ . r_gFtattrlhu}E_r . __get}tem;_ . _rgetnew?rgﬁ__ .

=zt , °  _hash °, " _ 1init_ ~, ~__iter ~, _le ~, ° _len ~, " __ 1t 7, mul

a L] L] a L] L] L] L] L] L] L] L] L]

S, _ne__, __new_ ,  __reduee_ ~, ° _ reduce ex , __rEepr_ ., __rmul .,

a

a a " a a a a a a A . a
setattr_ ', 7 __sizeof_ ', 7 __=tr_ ', 7 __subelasshook ', "count’, 7index ]



Tuples are more efficient

 Since Python does not have to build tuple structures to be
modifiable, they are simpler and more efficient in terms of
memory use and performance than lists

* In our program when we are making “temporary variables”
we prefer tuples over lists



Tuples and dictionaries

. i . »rr d=diect ()
T.he.ltem() method in 355 G mees 1=
dictionaries returns a ;i a[ c?in’%:{—l e ()
list of (key, value) it (e vy
tuples
CSEV 2
cwen 4

»»» tups = d. items ()

»»» print (tups)

dict items ([ csev , 2J, (U cwen’, 4)])
»rx print (list (tups))

[ esev, 2), O eowen, 4)]

»»» tups = list (tups)
»»» tups[1]

(" cwen’, 4)



Tuples are comparable

* The comparison operators work with tuples and other sequences if
the first item is equal. Python goes on to the next element, until it
finds the elements which are different

srr (0,1,234(58, 1, 2)

True

»»» (0,1, 2000000 < (0, 3, 4)

True

»22  Jones ,  2ally )< Jones' , Fred )
False

22y O Jones , 2ally )>(C Adams’,” Sam )

True



Sorting lists of tuples

* We can take advantage of the ability to sort a list of tuples to get a
sorted version of a dictionary

* First we sort the dictionary by the key using the items() method

»rrod=1"a 110, b’ 11, " :22]

»»» t=d. 1tems (J

rr t=1ist (1)

Bt

(e, 220, Cw', 1), (&', 100]
»¥r» t.sort ()

Byt

(&', 100, v, 1), ', 223]



Using sorted()

sryod={a’ :10,"k" 11, 2 122}

 We can do this even .
o _ »»» d.items ()
more efficiently using a dict items([(*c', 22, Cb', 1), &', 1001
e - »»7 t=sorted(list (d. items ()]

built-in fungtlon 335

sorted() which takes a [¢a', 100, b, 1), e, 22)]

sequence as a

parameter and returns B3 k, v t:

a sorted sequence print (k, v)
a 10



Practice

* Write a program, which sorts the elements of a
dictionary by the value of each element



Sort by values instead of key

* If we could construct a >»> d={"a 110, b 11,7 ¢ 122}
list of tuples of the form 272 tmo = 1list ()

Y k, v d. items () :
(key, value) we could sort tmp. append { (v, k) )
by value

»»» print (tmp)
e \We do th|s Withafor [{EE, JCJ:'_-. ':1_.. J]:IJ:'_-. ':1[]_.. Jﬂ-!:']

) »»7 tmp. sort lreverse= )
loop that creates a list of >3 print (bmp)

tuples L2z, "¢ ), (10, “&a ), (1, b )]



Example: Finding the 10 most common words
in a file

fhand = cpen( mvhost. t=zt™, ¢ )
counts = diect ()
tor line 1in fhand:

words = line.split ()

tor word 1in words:

counts[word] = counts. zet (word, 0)+1

l=st = listi)
for kev, val in counts. items () :
lst. append { (val, kev))

lst. sort (reverse = True)

for wal, kev in 1lst[:10]:
print (key, vall



