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PART Il

Built-in Data Structures

By the end of this part you can pick the right container for a problem, and handle a
whole batch of data at once.



RECAP - LECTURES 1-4

| Where we left off

* Avariable is a name pointing at a value, not a box. id () gives the address, is
asks whether two names point at the same thing

* A function wraps logic. print is for people, return is for the program
* for takes items one at a time; while runs until a condition holds

* Since L4, every function carries type hints: def bmi(w: float, h: float) -
> float:

F—FZESKRBXE, SRX—if, —KR*RABEEWNE]




| Something from daily life first

You and your roommate share one shopping list.
They add soy sauce on their phone. You do nothing at all —

yet when you open yours, soy sauce is on it too.
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| Now look at two snippets

MERABEMTEHE, ITENHRE—HEIDS?

nums = [1]
nums2 = nums
nums2.append(1)

print(nums)




| EEZ/NA - 56 1%
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Why did b change when | only touched a?
A shared shopping list, in code.




| Al policy — Level 0: No Al-generated code

" Weeks 1-7
Do not let an Al write or autocomplete code for you. Turn off Al completion in your

editor.
You may ask an Al to explain a concept, look something up in the docs, or make sense of

an error message.



PART 1 OF 9

Why you need a container



| Five scores, five variables — it works

scorel 87
score2 = 92
score3 = 65
score4 = 78
scoreb 90

total = scorel + score2 + score3 + scored + scoreb
print("average:", total / 5)

Five variables, five names.




| Then the requirements change

* Find the highest score

if score1 > score2 and score1 > score3 and ... — 100 comparisons

* Drop the lowest one and re-average

which variable do you delete?

* Read the scores from a file, count unknown until you read it

you cannot even name the variables in advance

FRANE: SNBNEER, BRAFRMEZESLT,



| The list 51J3&

One name, any number of values.

scores = [87, 92, 65, 78, 90]

print("count: ", len(scores))
print("avg: ", sum(scores) / len(scores))
print("highest:", max(scores))

One name for the whole batch, however many there are.



| Data structure FUB4544

* A data structure = how data is represented + what you can do to it
representation — a list keeps its items in order, numbered from 0
operations — add, remove, look up, slice, sort

* This course covers four: list, tuple, dict, set

today is the first, and the one the other three are compared against

SRS = BATF + EEMEMIT4,




PART 2 OF 9

Building a list, and reading it back



| Square brackets and commas make a list

listl = ["Hello", "world"] # two strings

list2 = [1, 3, 9, 7] # four integers

list3 = [1.0, 2.0, 3.0, le-3] # four floats

mixed = [1, "two", 3.0, True] # types may be mixed
nested = ["I", "am", [1, 2, 3]] # a list inside a list

SoR. 5 {} BB T SEART,




| Whatever is inside, the type is list

type and len output
listl = ["Hello", "world"] <class 'list'> 2
list3 = [1.0, 2.0, 3.0, le-3] <class 'list'> 4
nested = ["I", "am", [1, 2, 3]] <class 'list'> 3

print(type(listl), len(listl))
print(type(list3), len(list3))
print(type(nested), len(nested))

nested has length 3. The inner list counts as one item.



| The list() constructor f31&H%X

list() output
print(list("Python")) # split up ['pP', 'y', 't', 'h', 'o', 'n'l]
print(list(range(5))) # a range [0, 1, 2, 3, 4]
print(list(range(2, 11, 3))) [2, 5, 8]
print(list()) # empty []

Anything you can take items out of one by one can go through list (). Such a thing

is called an iterable T (T



| Items are numbered from 0

A list is ordered. Each item is found by its index.

a = ["red", "green", "blue", "yellow"]

print(al0]) # red — the first
print(all]) # green
print(al3]) # yellow — the last, len(a) - 1

TR 0 2, &E—IRE len(a) - 1, 5 len(a) FLHEF,



| A negative index counts back from the end

negative index

output
a = ["red", "green", "blue", "yellow"] yellow
blue
print(al[-1]) # the last item red
print(al[-2]) # the one before it

print(al-len(a)]) # same as a[0]

a[-1] is the last item; negative indices count back from the end.




| Out of range raises IndexError

what you will see, a lot

a = ["red", "green", "blue", "yellow"]
print(al4])

traceback

Traceback (most recent call last):
File "example.py", line 2, in <module>
print(al[4])

NAAA

IndexError: list index out of range

IndexError ExENEIRZ—, BEE, THINIRIVEKE,



| in and not in ask whether it is there

membership output
fruit = ["apple", "pear", '"banana"l True
False
print("apple" in fruit) True
print("durian" in fruit) False

print("durian" not in fruit)
print([1, 2] in [1, 2, 3]1) # an ITEM?

=]
X




PART 3 OF 9

Walking through a list



| for x in a gives you the item itself

for-in output
fruit = ["apple", "orange", "pear"] apple has 5 letters
orange has 6 letters
for x in fruit: pear has 4 letters

print(x, "has", len(x), "letters")

Lists, strings, tuples and dicts can all be walked this way. Collectively: iterables.



| One loop, two ways to write it

INDEX BY HAND PYTHONIC
i=20 for x in fruit:
while i < len(fruit): print(x)
print(fruit[i])
i+=1

Both do the same job. The right one removes three chances to get it wrong: the

start, the end, and i += 1.



| Need the index too? Use enumerate

enumerate output
fruit = ["apple", "orange", "pear"] @ apple
1 orange

for i, x in enumerate(fruit): 2 pear

print(i, x)

When you need the index, reach for enumerate — not for i in range(len(a)).



PART 4 OF 9 - THE KEY SECTION

So what is a list, really?



| An array #{4H: same type, laid out end to end

* Every item is the same type, so every item takes the same number of bytes
* The items sit in consecutive memory, one after another

" So the address of item i is: start + size x i

one multiplication and one addition — the computer jumps straight there

TR 0 EERIEREXE: 5 0 InAyitlit s 2ictatit,




| But a Python list holds anything at all

These have completely different sizes. The array trick cannot work.

mixed = [4, "a", 3.14, True, [1, 2], None]

for x 1n mixed:
print(type(x).__name__, end=" ")

Different sizes means the address cannot be computed. So how does Python

manage it?



| A list stores addresses, not data

mixed[0] > 4
mixed[1] > "o
mixed[2] > -

the slots are all the same size — they hold addresses, not values

An address is a fixed size. So the array holding the addresses is uniform after all.



| Which makes this legal, if strange

Each slot holds an address; that address may point at another list.

deep = [[[[[[21]1]11]]

print(deep[0] [@] [0] [0] [0] [0])
print(len(deep))

An address can point at a list of addresses, and so on down.



| id() gives you that address

id() output
a = [1, 2, 3] id of a: 4372337216
print("id of a: ", id(a)) id of al@]: 4411933176
print("id of al@]:", id(al@])) id of b: 4372337216
a is b: True
b = a
print("id of b: ", id(b))
print("a is b: ", a is b)

id(x) is where x lives. The number differs every run; which ones match does not.

31



PART 5 OF 9

Changing a list



| A list is mutable: you change it in place

mutable output
a = [1, 2, 3] before: [1, 2, 3] 4353888832
print("before:", a, id(a)) after: [99, 2, 3] 4353888832
alo] = 99

print("after: ", a, id(a))

ABZT, ik, XE M2 .




| append adds one item at the end

append output
a = [1; 2; 3] [1I 2! 3’ 4]
a.append(4) [1, 2, 3, 4, [5, 6]]
print(a) 5

a.append([5, 6]) # ONE item, a list
print(a)
print(len(a))

append — X2 IN1—In, FHEZESFER, BB RE—IR,




| append, extend and + are three different things

append — ONE item extend — EACH item
a = [1, 2] a = [1, 2]
a.append([3, 4]) a.extend([3, 4])
print(a) print(a)
print(len(a)) print(len(a))

[1, 2, [3, 41] [1, 2, 3, 4]

3 4

append Il—IR, extend FRIANMN, a + b iXIR, BRE—IFIIE.




| a + b builds a new list; extend does not

in place or not output
a = [1, 2] a starts at 4364309056
print("a starts at", id(a)) extend 4364309056

plus 4364629120
a.extend([3, 4])

print("extend", id(a)) # same list

a =a+ [5 6]
print("plus ", id(a)) # a new one

Changed in place, or newly built? Today keeps coming back to that.



| Every in-place method returns None

what do they return? output

a=1[3, 1, 2] None

None
print(a.append(4)) None
print(a.sort()) None
print(a.reverse()) [9, 4, 3, 2, 1]
print(a.insert(0, 9))
print(a) # but a DID change

= None, MHIFERFIR, REMIRILIRE,



| Which makes a = a.append(x) a bug

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

# a 1s None; list lost

a=1[1, 2, 3]
a.append(4)
print(a)

# [1, 2, 3, 4]

append added the 4, then returned None — and that None was bound back to a.
sort, reverse, remove, insert: all the same.

In-place methods return None. The ones that return a new object leave the original

alone.




| The in-place family

* append(x) - insert(i, x) - extend(it) - remove(x) - sort() - reverse() - clear()

all change the list itself, all return None

* popli) is the exception — it removes AND hands the item back

so x = a.pop() is correct, and useful

* sorted(a) - reversed(a) - a + b - al[:] build something new instead

a.append(x), a BMiZAL T None, [EERAIFIRRMET .



PART 6 OF 9

Slicing 11/



| ali:j] takes i up to j, but not j

slice output

a = [10, 20, 30, 40, 50, 60] [20, 30, 40]

[10, 20, 30]
print(all:4]) [10, 20, 30]
print(al0:3]) [30, 40, 50, 60]
print(al:3]) # 0 can be omitted [10, 20, 30, 40, 50, 60]
print(al2:]) # end omitted
print(al:]) # both — the whole list

EAAH., al1:4]l BBNEE 1. 2. 3In, AEE 4+In, KEZ 4-1,




| a[start:stop:step] adds a stride

step output
a = [10, 20, 30, 40, 50, 60] [10, 30, 50]
[20, 40, 60]
print(al::2]) # every other one [60, 50, 40, 30, 20, 10]

print(all::2])
print(al::-1]) # backwards

al::-1] gives a reversed copy. Worth committing to memory.



| Drag the three cursors; watch the cells light up

all:4]

1
10 20
-5

- [20, 30, 40]

50 60

start f'é’ﬂ]% )
Stop ‘%’H]% ) 4

The stop cell stays dark. That is what half-open means.



| A slice never complains about going too far

no IndexError output
a = [10, 20, 30] 20
[20, 30]
print(all]) # fine []
print(a[1:99]) # no error []
print(af99:]) # empty, no error
print(al5:2]) # also empty

MRASERBRMRE, SSTeRE—PMRENSIRIZ=TIER,



| You can assign to a slice

slice assignment output
a=1[1, 2, 3, 4, 5] [1, 20, 30, 4, 5]
all:3] = [20, 30] # same length (1, 7, 7, 7, 7, 4, 5]
print(a) [1, 4, 5]
al1:3]1 = [7, 7, 7, 7] # length may differ
print(a)
all:5] = [] # deletes
print(a)

The right side of a slice assignment must be iterable — a[1:3] = 20 raises.




| A slice always builds a new list

is vs ==
a = [1, 2, 3]
b = a #
c = al:] #

print("a is b:",
print("a is c:",
print("a == c:",

== (LERRE, is LREE

the same list
a NEW list, same items

a is b)

a is c)
a==C)

AE—THR, ZREREER,

output

a 1s b: True
a 1s c: False
a == Cc: True



| And slicing is fast

copying 2,000,000 items output
from time import perf_counter as now Lloop 8.6 ms
f = list(range(2_000_000)) al:] 2.7 ms

t = now(); g = [x for x in f]; loop = now() - t
t = now(); h = f[:]; sl = ()

print(f"loop {loop*x1000:5.1f} ms")
print(f"al:] {s1x1000:5.1f} ms")

To copy a whole list, a[:]1 is about three times faster than a loop you write yourself.

iy



PART 7 OF 9 - TODAY IS RIGHT HERE

Two names, one list



| Back to the opening question

x2 = x2 + 1 EiBi%F, nums2.append(1) GiBET,
The same thing as that shared shopping list.




| b = a copies the arrow, not the list

aliasing output
a = [1; 2; 3] a = [1I 2] 3’ 4]
b = a # the SAME list b = [1, 2, 3, 4]

same object? True
b.append(4)

print("a =", a)
print("b =", b)
print("same object?", a is b)

b = a EFINNREL, a #fl b 2E—TIRHHRITEE,




| One list, two names

LIST

a [1, 2, 3, 4]

b = a made a second arrow to the same object

The reason it works this way: lists can be huge, and copying one on every

assignment would cost far too much.



| Mutating, or rebinding

LIST

a > [1, 2, 3]
LIST

b [9, 9]

b =[9 9] pointed b at a NEW object; a never moved

b.append(4) {EEXXIR, b = [9, 9] EFHE. AUERM a, FHEARS



| Getting a copy of your own

copying output
a = [1, 2, 3] a=1[1, 2, 3, 99]
b = al:] # slice b = [1, 2, 3]
c = a.copy() # clearest c = [1, 2, 3]
d = list(a) # constructor
a.append(99)
print("a =", a)
print("b =", b)
print("c =", c)

Three ways to get a copy of your own: al:1], a.copy(), list(a).



| But a copy goes only one level deep

shallow copy output
a = [[1, 2], [3, 4]] a = [[99, 2], [3, 4]]
b = a.copy() b = [[99, 21, [3, 4]]

al@] is b[@]: True
bl[o] [0] = 99 # reaching INSIDE

print("a =", a)
print("b =", b)
print("al[@] is b[@0]:", al0] is b[0])

The outer level was copied; the inner level was not. This is a shallow copy &£ .

54



| Deep copy RiZEN

* copy() duplicates one level. The nested objects are still shared.

* copy.deepcopy() follows the whole chain of addresses and duplicates all of it.
import copy — d = copy.deepcopy(a)

" XEUEFHNEINER—HEF, BFEURFEREE, FILIAENRGAR
%E’\JO

" RENRES—MWETE, £8—FEHMEH R, SENEMHMERTEIR,

copy duplicates one level; deepcopy follows the chain of addresses all the way down.

55



| deepcopy, checked

copy vs deepcopy output
import copy a = [[99, 2], [3, 4]]
a = [[1, 21, [3, 41] shallow = [[99, 2], [3, 4]]
shallow = a.copy() deep = [[1, 2], [3, 4]1]
deep = copy.deepcopy(a)
alo] [@] = 99
print("a =", a)
print("shallow =", shallow) # followed
print("deep =", deep) # separate

HREEWEZD, BB deepcopy OJFEMN,




| The classic accident: a grid built with *

[[0]*3]*3

grid = [[0] * 3] * 3 # looks fine
grid[o] [0] =1
print(grid)

good = [[0] x 3 for _ in range(3)]
good[0] [0] =1
print(good)

output

[[1, o, @], [1, o, @], [1, 0, O]]
({1, o, o], [0, 0, 0], [0, 0, O]]

x 3 ERINZ=1ak, #iEME—1T, M—ITFFHI=1T,




| Three minutes with the person next to you

—NEBIER— N FIRE NS, (REEERSNSHE, EREEE
RS BB FIRRE . HEEAS?

Two answers are correct here. Find both.




PART 8 OF 9

Deleting while you iterate



| This looks right. It is not.

one 2 survives output
a=1[1, 2, 2, 3] [1, 2, 3]
for x in a:
if x ==

a.remove(x)

print(a)

Remove an item and everything after it shifts left, while the index keeps climbing —

so the second 2 is skipped.



| Three ways that actually work

# 1. build a new list — clearest
a = [x for x in a 1f x '= 2]

# 2. loop over a copy, delete from the original
for x in al:]:
if x ==
a.remove (x)

# 3. mark instead of delete, clean up afterwards
a = [None if x == 2 else x for x in al

AE—LER—BWR, FE—INIIRKZBFE, UHRATZHE,




PART 9 OF 9

List comprehension FIFRES



| The same thing, four lines shorter

WITH A LOOP WITH A COMPREHENSION
squares = [] squares = [x*x2 for x in range(10)]
for x in range(10): print(squares)
squares.append (x**2)
print(squares)

Read it left to right: for every x in range(10), take x2.




| The shape of a comprehension

* [ expression for target in iterable if condition ]
expression — what to put in the new list
for ...in — where the values come from

if ... — optional, keeps only the ones that pass

" The result is always a NEW list. The source is untouched.

Three parts: what to take - where from - which ones.



| Adding a condition

filtering output
nums = [3, -1, 4, -1, 5, -9, 2, 6] [3, 4, 5, 2, 6]
[9, 16, 25, 4, 36]
print([x for x in nums if x > 0]) [3, 1, 4, 1, 5, 9, 2, 6]

print([x *x x for x in nums 1if x > 0])
print([abs(x) for x in nums])

Filtering and transforming can share a line, but one job per line reads better.



| When not to reach for one

* Two levels of nesting — write the loop instead

[[y for y in row] for row in grid] is already at the limit

* The expression needs more than one line to understand

" You are doing it for the side effect, not the result

a comprehension whose value you throw away should be a for loop

HSNNENRESFE, FREE, SHRAFEMFTNIEIR,



| FEZ/NT - 58 2 58
RS —— X—IAHE
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| What to take away

* Alist stores addresses, not data — everything today follows from that

* b = a copies the arrow; b = [...] moves the arrow; b.append() changes the object
* In-place methods return None. a = a.append(x) destroys your list.

* al:] copies one level. Nested data needs copy.deepcopy().

* Never delete from a list you are looping over.

AFEICE—F: JIREFMRDIZ ML,




LAB 5

| Lab 5 — 7RIBRE, FIFKSCHE

© 5-1 G ($3)

© 5-2 5 max —— RYFARE A

- 5-3 BFEE: AEEETEEIRISERILS
.« 5-4 JEREIEE

+ 5-5 HHFETE Bug

© 5-6 EMILW —— SEEAMFWEARE

SEBRACR (5917, BRER) . HPSESNSREMNMEME —— £ESK

HE, BECREERK,



| Next time

A list can do almost everything. So why does Python have three
more?

Next time: tuple, dict and set — and the one question that decides which of
the four you should reach for.




