LISTS, MUTABILITY

(download slides and .py files to follow along)
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INDICES and ORDERING in LISTS

. _ NEX
a list =[] gﬁ“\
L = [2, '"a', 4, [1,2]]
len (L) - evaluatesto 4 mdex_mgstarts at 0
L[O] - evaluates to 2
L[3] — evaluatesto [1, 2], another list!

[2,'a'] + [5,6] =2 evaluatesto [2,'a"', 5, 6]

max ([3,5,0]) - evaluatesto 5
L[1:3] - evaluatesto ['a', 4] 5\\c\ng'\US‘“\‘e strine”
for e in L - loop variable becomes each element in L
L[3] = 10 - mutatesL to [2,'a',4,10] .

2 wiutate L oY chang!"®
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MUTABILITY

= Lists are mutable!

= Assigning to an element at an index changes the value
L = [2, 4, 3]
L[1] =5

" TLisnow [2, 5, 37];notethisisthe same object L
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MUTABILITY

= Compare

= Making L by mutating an element vs.
= Making t by creating a new object

L = [2, 4, 3]
L[1] =5

t = (2, 4, 3)
t = (2, 5, 3)
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OPERATION ON LISTS — append

= Add an element to end of list with

= Mutates the list!
L = [2,1,3]

(

L.append (5) =2 Lisnow [2,1,3,5]
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OPERATION ON LISTS — append

= Add an element to end of list with .. append (element)

= Mutates the list!
L = 1[2,1,3]
L.append (5) =2 Lisnow [2,1,3,5]
L = L.append (5)
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OPERATION ON LISTS — append

= Add an element to end of list with .. append (element)

= Mutates the list!
L = 1[2,1,3]
L.append (5) =2 Lisnow [2,1,3,5]
L =| L.append (5)
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OPERATION ON LISTS — append

= Add an element to end of list with .. append (element)

= Mutates the list!
L = 1[2,1,3]

L.append (5) =2 Lisnow [2,1,3,5]
L = L.append (5)
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OPERATION ON LISTS — append

= Add an element to end of list with .. append (element)

= Mutates the list!
L = [2,1,3]
L.append (5) =2 Lisnow [2,1,3,5]

L.append (5) =2 Lisnow [2,1,3,5,5]
print (L)

o=
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YOU TRY IT!

= What is the value of L1, L2, L3 and L at the end?

L1 = ['re']
L2 = ['m1i']
L3 = ['do']

L4 = L1 + L2
L3.append (L4)
L = Ll.append(L3)
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BIG IDEA

Some functions mutate
the list and don’t return
anything.

We use these functions for their side effect.



OPERATION ON LISTS: append

nLs
[ L&"B‘:lppend (2) S~ funct© argu ™
U
Y P
- Oﬁ n\s
/ s on 2 obiet
O‘O'\ect O& o t\ﬂa’(_ \NO(
orme WPC funct!

=" What is the dot?

* Lists are Python objects, everything in Python is an object
Objects have data
Object types also have associated operations
Access this information by object name.do something ()
Equivalent to calling append with arguments L. and 5
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YOU TRY IT!

= Write a function that meets these specs:

def make ordered list(n):
""" n 1s a positive int

Returns a list containing all ints in order
from 0 to n (inclusive)
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YOU TRY IT!

= Write a function that meets the specification.

def remove elem(L, e):

mwiw

L 1is a list

Returns a new list with elements in the same order as L

but without any elements equal to e.

mwiw

L =11,2,2,2]

print (remove elem(L, 2)) # prints [1]
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STRINGS to LISTS

= Convert string to list with 1ist (s)
= Every character from s is an element in a list

" Use s.split (), tosplit a string on a character parameter,
splits on spaces if called without a parameter

s = "I<3 cs &u?" - sisastring
L:list(s) 9Li$['1','<','3',' ','C','S',' ','&','u','?']

L1l = s.split(" ") 2> Lllis ['I<3','cs', 'su?"]
12 = s.split ('<') SLis['T', '3 cs su?']

15
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LISTS to STRINGS

= Convert a list of strings back to string
" Use ''.Join (L) toturn a list of strings into a bigger string

= Can give a character in quotes to add char between every
element

L =1['a','b',"c"] - Lisalist

A = "".Join (L) 2> Ais "abc"

B =" ".join(L) 2> Bis"a b c"

C "'".Join([1,2,3]) - an error

C = "".Join(['1l"','2","'3"] > Cis"123" astring!

16
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YOU TRY IT!

= Write a function that meets these specs:

def count words (sen):
""" sen is a string representing a sentence
Returns how many words are in s (1.e. a word 1s a
a sequence of characters between spaces. """

print (count words ("Hello it's me"))
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A FEW INTERESTING LIST
OPERATIONS

= Add an element to end of list with L~append (element)
= mutates the list e( a"\o(\\\

. AckO
= sort () ) 0o1e® Qe

" L = [4,2,7] (.0
L.sort () ('(\‘Oe

= Mutates L

" reverse () pava“‘

= . = [4,2,7]
L.reverse ()

= Mutates L

" sorted ()
= L = [4,2,7]
" L new = sorted(L)

= Returns a sorted version of L (no mutation!)

18
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MUTABILITY e

I=[9,6,0, 3]
L.append (5)

a = sorted (L) =2 returns a new sorted list, does not mutate L

b = L.sort() > mutatesL tobe [0,3,5,6,9] andreturns None

L.reverse () - mutates L. tobe [9,6,5,3,0] and returns None

O

19
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MUTABILITY

ot T X
Qd ' ° e“ec

2pP¢ 3 fof side

S\ UsE
L=[9,6,0,3]
L

.append (5)

a = sorted (L)|= returns a new sorted list, does not mutate L

b = L.sort() > mutatesL tobe [0,3,5,6,9] andreturns None

L.reverse () - mutates L. tobe [9,6,5,3,0] and returns None
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MUTABILITY e

I=[9,6,0, 3]
L.append (5)

a = sorted (L) =2 returns a new sorted list, does not mutate L

b = L.sort()] - mutates L. tobe [0, 3,5, 6, 9] and returns None

L.reverse () - mutates L. tobe [9,6,5,3,0] and returns None

o this:
Never de \,,50“0\'

yust U
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MUTABILITY

I=[9,6,0, 3]
L.append (5)

a = sorted (L) =2 returns a new sorted list, does not mutate L

[b = L.sort - mutates L. tobe [0, 3,5, 6, 9] and returns None
[L.reverse - mutates L. tobe [9,6,5,3,0] and returns None

X0
a\le .
mem‘oe , e ‘.\0“ en \‘
Re the Ut nts
. e
\“ o
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YOU TRY IT!

= Write a function that meets these specs:

def sort words (sen):
""" sen is a string representing a sentence
Returns a list containing all the words in sen but
sorted in alphabetical order. """

print (sort words ("look at this photograph"))
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BIG IDEA

Functions with side
effects mutate inputs.

You can write your own!



LISTS SUPPORT ITERATION

= Let’s write a function that mutates the input
= Example: square every element of a list, mutating original list

def square list(L):

[for elem in L: 1

# ?? How to do L[index] = the square ?°?

# ?2? elem is an element in L, not the index : (

= Solutions (we’ll go over option 2, try the others on your own!):

= Option 1: Make a new variable regresenting the index, initialized to O
before the loop and incremented by 1 in the loop.

= Option 2: Loop over the index not the element, and use L[index] to get
the element

= Option 3: Use enumerate in the for loop (I leave this option to you to
look up).i.e. for i,e in ezglumerate (L)
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LISTS SUPPORT ITERATION

= Example: square every element of a list, mutating original list

(\eed
< \'\g\.y
(\‘5 (0] o \'\5\,
def square list (L) : (\%ee ,(\d\ce
(X\a el \
for 1 in range(len(L)): ] "00\009 oV
X
’tateme“‘ [ . [i]J B [L [i]}*z
ent ul he
g e, P s v
o o5 r%ot 2 ﬂaﬁ?{\c\)\a( 50" L\\\\eﬁ‘eﬁ,t
\S al (e. e
\“\3\})‘\(\’&5 1o §a’&a rruct
e \\S
0 W\

= Note, no return!
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TRACE the CODE with an
EXAMPLE

= Example: square every element of a list, mutating original list

def square list(L):

for 1 in range(len(L)):

[L[i] - L[i]**ZJ

Suppose Lis [2,3,4]

iis O: L is mutated to [4, 3, 4]
iis 1: L is mutated to [4, 9, 4]
iis 2: L is mutated to [4, 9, 16]

27
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TRACE the CODE with an
EXAMPLE

= Example: square every element of a list, mutating original list

def square list (L): , nmutatesthe input
o UnCt\O .
for 1 1n range(len(L)) : T:)e.)efctpassed n (\—‘m
L[i] = L[i]**2
Lin = [2,3,4]
\,a(-\a‘o\e . . .
o) o0 print ("before fcn call:",|Lin|) # prints [2,3,4]
S
0 @°

N(\(3{\0(‘ [square_list(Lin) ]

\
ca\\to print ("after fcn call:",|Linl) # prints [4,9,16]

28
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BIG IDEA

Functions that mutate
the input likely.....

lterate over len(L) not L.
Return None, so the function call does not need to be saved.



MUTATION

= |ists are mutable structures

" There are many advantages to being able to change a portion
of a list

= Suppose | have a very long list (e.g. of personnel records) and | want to
update one element. Without mutation, | would have to copy the
entire list, with a new version of that record in the right spot. A
mutable structure lets me change just that element

" But, this ability can also introduce unexpected challenges
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TRICKY EXAMPLES OVERVIEW

= TRICKY EXAMPLE 1:

= A loop iterates over indices of L and mutates L each time (adds more
elements).

= TRICKY EXAMPLE 2:

= Aloop iterates over L's elements directly and mutates L each time (adds
more elements).

= TRICKY EXAMPLE 3:

= Aloop iterates over L's elements directly but reassigns L to a new
object each time

= TRICKY EXAMPLE 4 (next time):

= Aloop iterates over L's elements directly and mutates L by removing
elements.

31
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TRICKY EXAMPLE 1: append

= Range returns something that behaves like a tuple
(but isn’t — it returns an iterable)

= Returns the first element, and an iteration method by which
subsequent elements are generated as needed

range (4) - kind of like tuple (@,,,@)

range (2,9, 2) - kind of like tuple (2,4, 6, 8)

L = [1,2,3,4] equeﬂce}s 9\‘;: o \00P
o \‘e(at\o Sed 5V gin®t

for 1 in|range (len (L)) i jexer

1sttime: Lis[1, 2, 3, 4, 0]

2" time: Lis[1, 2, 3,4,0, 1]
print (L) 3dtime: Lis[1,2,3,4,0,1,2]
4t time: Lis[1,2,3,4,0,1, 2, 3]

L.append (1)

32
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TRICKY EXAMPLE 1: append

L = [1121314]

for 1 in[%ange(len(L))

[112131410117213]

L.append (1)

print (L)

1sttime: Lis[1, 2, 3, 4, 0]

2nd time: Lis[1,2,3,4,0,1]
3dtime: Lis|[1,2,3,4,0,1,2]
4th time: Lis|[1,2,3,4,0,1, 2, 3]

\/
. iterat®® 2T gyoes
; @)
ion
muta
33
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TRICKY EXAMPLE 2: append

Looks similar but ...

L =11,2,3,4]

. )
i =0 QNW;&

B

for e in |L:

L.append (1)

xe®

ot . .
Ve \’&e(’é“o 1 +=1

el

print (L)

In previous example, L was accessed at
onset to create a range iterable; in this
example, the loop is directly accessing
indices into L

o

1sttime: Lis[1, 2, 3, 4, 0]

2nd time: Lis[1,2,3,4,0,1]

3dtime: Lis[1,2,3,4,0,1,2]

4thtime: Lis[1,2,3,4,0,1, 2, 3]
NEVER STOPS!

34
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COMBINING LISTS g

= Concatenation, + operator, creates a new list, with copies

* Mutate list with L.extend (some 1list) (copy of some 1list)
Ll = [2,1,3]

L2 = [4,5,6]

L3 = L1 + L2 -2 L3is[2,1,3,4,5,6]

21,3
[4,5,0]

[2,1,3,4,5,6]

L
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COMBINING LISTS

= Concatenation, + operator, creates a new list, with copies

* Mutate list with L.extend (some 1list) (copy of some 1list)
Ll = [2,1,3]

L2 = [4,5,6]

L3 = L1 + L2 -2 L3is[2,1,3,4,5,6]

L1l.extend ([0, 6]) J > mutateLlto [2,1,3,0,6]

12,1,3,0,6]

[2,1,3,4,5,6]

L
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COMBINING LISTS

= Concatenation, + operator, creates a new list, with copies

* Mutate list with L.extend (some 1list) (copy of some 1list)

L1
L2
L3
L1

= [2,1,3]

= [4,5,0]

= L1 + L2 - L3is[2,1,3,4,5,6]
.extend ([0,6]) - mutateL1lto [2,1,3,0,6]

[LZ

.extend([[l,Z],[3,4]]ﬂ - mutates L.2to [4,5,6,[1,2],[3,4]]

[2,1,3,0,6]

IE!!' [4,5,6,[1,2],[3,4]]

[2,1,3,4,5,6]
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TRICKY EXAMPLE 3: combining

15t time
2nd time
L = [1,2,3,4] ‘%\ﬂa\\\l
ot'e _ n\ 3rd time
- b
for e 1n| L}
L =L + L
4th time
print (L) e(a{\o(\v
AR
e N\ Y
e\N \+)) O\N(\ a‘eso
6‘0 \N’a\\k 50\
0““ ot © 3\\66' 2 B\
\,\S \009.\(\% \N‘(\e(\ ¢ \\’\_:l !
\" O . s\(\O
\0\)0'\“"ed ‘\le< of'®
Q{\«\eSvo 38
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. newLis(1, 2, 3,41, 2,3, 4)
:newLis(1,2,3,4,1,2,3,4)
(1,2,3,4,1,2,3,4
: new L is(l, 2,3,4,1,2,3, AD
1,2,3,4,1,2,3,4
G, 2,3,4,1,2, 3,@
1,2,3,4,1,2,3,4
: newlis/1,23,4,1, 2, 3,4,
1,2,3,4,1,2,3,4
1,2,3,4,1,2,3,4,
2,3,4,1,2,3,
1,2,3,4,1,2,3,4
1,2,3,4,1,2,3,4
1,2,3,4,1,2,3,4,
2,3,4,1,2,3




TRICKY EXAMPLE 3: combining | o™

L =11,2,3,4]

for e 1n L: [1,2,3,4]

[112131411121314]

L =[L + L]

print (L)

1sttime: newlis|[1,2,3,64,1, 2,3, 4]

39
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TRICKY EXAMPLE 3: combining ™

L = [1121314]

for e 1n L: [1,2,3,4]

[112131411121314]
L =[L + L]

|: 141
r 4]

,4,1,2,3
4,1,2,3

14 14 14

1,2,3
1,2,3

print (L)

1sttime: newlis|[1,2,3,64,1, 2,3, 4]

2" time: newlis[1,2,3,4,1,2,3,4,
1,2,3,4,1,2,3,4]

40
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TRICKY EXAMPLE 3: combining

4]

[112131

for e in L

L

<
~
™
~
(Q\
~
—
~
<
~
@)
~
(Q\
~
—

print (L)

]

4
4
4

I

3
3
3

1sttime: newlis|[1,2,3,64,1, 2,3, 4]

3'dtime: newlLis [

4
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TRICKY EXAMPLE 3: combining

4]

[112131

for e in L

L

<
~
™
~
(Q\
~
—
~
<
~
™
~
(Q\
~
—

[1
1
1
1
1
1
1
1
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2,3,4,1,2,3,4,

1,2,3,412,3,4,
1,2,3,4,1,2,3,4

print (L)

4% time: new Lis [1,



EMPTY OUT A LIST AND CHECKING

THAT IT’S THE SAME OBJECT

= You can mutate a list to remove all its elements

® This does not make a new empty list!

m UseL.clear ()

" How to check that it’s the same object in memory?

= Use theid() function
= Try this in the console

>>> 1L = [4,5,6] >>> L = [4,5,0]
>>> [id (L) >>> 1d (L)
>>> L.append (8) >>> L.append(8)
o oy id (L) >>>1id (L)
>>> L.clear () >>> L = []
>>> [id (L) >>>11d (L)
"

6.100L Lecture 10
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SUMMARY

" Lists and tuples provide a way to organize data that naturally
supports iterative functions

" Tuples are immutable (like strings)

= Tuples are useful when you have data that doesn’t need to change.
e.g. (latitude, longitude) or (page #, line #)

= |ists are mutable

= You can modify the object by changing an element at an index
= You can modify the object by adding elements to the end
= Will see many more operations on lists next time

= Lists are useful in dynamic situations.
e.g. a list of daily top 40 songs or a list of recently watched movies

44
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