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Introduction to Computation (CS1602) - Lecture 5

Lists

Instructor: Tao Huang

Part Il: Built-in Data Structures - Fall 2026



PART Il

Built-in Data Structures

Part |I: one value at a time, with branches and loops.

Part Il: a whole batch of values as one thing, and how to pick the right container for
it.



RECAP - LECTURES 3-4

| Where Lecture 4 Ended

* Avariable is a reference: b = a copies the address, not the object
* Integers and strings are immutable, so sharing one object is harmless
" for takes items one at a time; while runs until a condition fails

* Every function carries type hints: def bmi(w: float, h: float) —> float:

BIRRESRKIXE, SX—RFXRITHBEENNEZRER.




| A Shared Shopping List

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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| An Opening Prediction

A B

x =1 nums = [1]

X2 = X nums2 = nums
x2 = x2 + 1 nums2.append(1)
print(x) print(nums)

MERABEMTEHE, ITENHRE—HEIDS?
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| Today's Question

Why did a change when | only touched b?
A shared shopping list, in code.




PART 1 OF 9

Why a Container

So far every variable holds one value.

Real data comes in batches, often of unknown size.



| Five Scores, Five Variables

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

total = scorel + score2 + score3 + scored4d + scoreb
print("average:", total / 5)

Five values, five names. .



| When the Requirements Change

* Find the highest score

if score1 > score2 and score1 > score3d 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

EMANE: SREME, HAMESHTSL1.



| The List (%13&)

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))

— M RFE—#MEE, ZP1ET,




| Data Structures (EE4543)

* 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 and Reading a List

How to write a list down, and how to get an item back out.



| List Literals

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,




| type() and len() of a List

type and len

listl = ["Hello", "world"]
list3 = [1.0, 2.0, 3.0, le-3]
nested = ["I", "am", [1, 2, 31]

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.

output

<class 'list'> 2
<class 'list'> 4
<class 'list'> 3




| The list() Constructor (¥aiEA%N)

list() output
print(list("Python")) # split up ['P', 'y', 't', 'h', 'o', 'n']
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



| Indexing from O

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(al[3]) # yellow (the last, len(a) - 1)

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



| Negative Indices

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)l]l) # same as a[0]

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




| IndexError

an error you will see often

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 B & E BANEIR, BEE, TRINIRNNKE,



| Membership: in and not in

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, 31]) # an ITEM?
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PART 3 OF 9

Walking Through a List

L4's for loop, applied to a list.



| for xin a

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.



| Two Ways to Write One Loop

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.



| 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

What a List Really Is

A list can hold anything, and a[i] is still instant.

How is that possible?



| Arrays (#¢H)

* 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,




| A Python List Holds Anything

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

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.



| Nesting Without Limit

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

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

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

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



| id() on a List

id()

a=1[1, 2, 3]
print("id of a: ", id(a))
print("id of al@]:", id(al@]))

b = a
print("id of b: ", id(b))
print("a is b: ", a is b)

output

id of a: 4369797696
id of a[@]: 4409442808
id of b: 4369797696

a 1s b: True

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

30



PART 5 OF 9

Changing a List

Integers and strings cannot be changed; each “change” builds a new one.

A list can be changed in place.

31



| Lists Are Mutable (TJZ%)

mutable output
a = [1, 2, 3] before: [1, 2, 3] 4379284032
print("before:", a, id(a)) after: 1[99, 2, 3] 4379284032
alo] = 99

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

ABERT, e, XmeE FEiZesl




| append()

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 +

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

3 4

append I—IRA, extend IXITAN, a + b HFEIAN, BRE—1ERFIE.




| In Place or a New List

in place or not output
a = [1, 2] a starts at 4370141760
print("a starts at", id(a)) extend 4370141760

plus 4370461952

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.



| In-Place Methods Return None

what do they return? output

a = [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,



| The a = a.append(x) 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) - a[::-1] - a+ b - a[:] build something new instead

EQ%?U%E@E?%E@ None, E_/I\?JT;IJ;E, m sorted(a) 53—*



Slicing ({1FR)

L3 sliced strings with s [1:7j].

Lists slice the same way, and a list slice can also be assigned to.

39



| Half-Open Slices

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

BLAREBRE, al1:41 BXE1. 2. 3, AE2E4In, KEER 4-1,




| The Step

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] BE— M FEIFRFIER: a.reverse() [Biifct:. IR[E] None,



| An Interactive Slicer

all:4]

10 50 60

- [20, 30, 40]
S'tar't %’H]% C________________________________________________________________ )
stop | Bl | e————.————————————————————————— 4

Step c ] —

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



| Slices Never Raise IndexError

no IndexError

a = [10, 20, 30]

print(all]) # fine
print(al1:99]) # no error
print(al99:]) # empty, no error
print(a[5:2]) # also empty

MREBARAARE, RZRE—PERENSIRIZTIER,

output

[20, 30]
[]
[]




| Slice Assignment

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]
al1:31 = [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 Is a New List

is vs == output
a=[1, 2, 3] a is b: True
b = a # the same list a 1s c: False
c =al:l # a NEW list, same items a == c: True
print("a is b:", a is b)
print("a is c:", a is c)
print("a == c:", a == c)

== [LBRE, is EBREARE—TNR, XREAFGERR,



| Copying by Slice Is Fast

copying 2,000,000 items output
import time loop 0.0252
f = list(range(2000000)) al:] 0.0023

t = time.perf_counter()
g =[]
for x in f:
g.append(x)
print("loop", round(time.perf_counter() - t, 4))

time.perf_counter()
fl:]
rint("al:1", round(time.perf_counter() - t, 4))

t
h
P
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PART 7 OF 9 - THE KEY IDEA

Two Names, One List

L3: b = a copies the address, so a and b share one object.

A list can be changed, so now the sharing shows.

47



| The Opening Question Revisited

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




| b = a Copies the Address

aliasing
a = [1, 2, 3]
b = a # the SAME list

b.append(4)

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

b = a EFIBNRMUt, a b 2E—TIIRHHRITEE,

output
da = [11 2; 31 4]
b = [1, 2, 3, 4]

same object? True



| 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 vs 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 Your Own Copy

copying output
a = [1, 2, 3] a = [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).



| A Copy Goes Only One Level Deep

shallow copy output

[[1, 2], [3, 4]] a [[99, 2], [3, 411
a.copy() b = [[99, 21, [3, 411
al@0] is b[@]: True

a
b

bl[o] [0] = 99 # reaching INSIDE

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

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

53



| What a Shallow Copy Shares

a BY9MNE
o— NEIRERE—Hn
a o —
o 99 2 blo]l[@] = 99
./
b . | 3 4
- SNESHIT IS,
b BISMNE: a.copy() FriEhY NEERHLAN—

copy () EFNZI/NEINSF, BFEMIEFKREE, FRUAREDNATERA.



| Deep Copy (iRIEM)

* 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)

| XFENEFISNEIE T, BFEMIERFRIER, FLIRENRIIAZIA,
- RENBES—THIETE, £8—RAEF—0, FENEHFMRRTEMIL,

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

55



| copy vs deepcopy

copy vs deepcopy output
import copy a = [[99, 2], [3, 4]]
a = [[1, 21, [3, 4]] shallow = [[99, 2], [3, 4]]
shallow = a.copy() deep = [[1, 2], [3, 4]1]
deep = copy.deepcopy(a)
alo] [0] = 99
print("a =", a)
print("shallow =", shallow) # followed
print("deep =", deep) # separate

REZMESD, KRB deepcopy FEHHE.




| A Grid Built With %

[[0]*3]*3

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

good = []
for _ in range(3):
good.append([0] *x 3) # a new row each time
good[0] [0] =1
print(good)

output

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

« 3 ERIIIZ=THlE, #EME—1T, M—ITFFHI=1T,




| Never Default to a Mutable Object (TTZEERIA(E)

box=[]: one list, shared by every call box=None: a new list each call
def add_item(item, box=[]): def add_item(item, box=None):
box.append(item) if box is None:
return box box = []
box.append(item)
print(add_item(1)) return box

print(add_item(2))
print(add_item(1))
B (a0 iten(2)
1, output
[1, 2]

[1]
[2]

PAIAETE def BB—1TREIB—IR, FOAMERBATIZRIRA: . F/FH. None,




| Three Minutes with Your Neighbour

— PN RFERWR—PIIREASH, BEERBNEBHE, BAREEIRDE
4%%%58/\;“%0 r-l,(u..\A'ﬁ"

Two answers are correct here. Find both.




PART 8 OF 9

List Comprehension (FIFRIHES)

"Loop over something, build a new list" comes up all the time.

Python has a one-line way to write it.



| 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 if 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 Use 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

SIRSEATERE, FRATEE, SHRAFE, METER,



PART 9 OF 9

Deleting While Iterating

A loop and a change to the same list's length:

the one combination to avoid.



| A Loop That Skips Items

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 loop's position keeps

climbing, so the second 2 is skipped.



| Correct Ways to Delete

three ways that work output

a = [1, 2, 2, 3] [1, 3]

print([x for x in a if x !'=2]) # 1. a new list [1, 3]
[1, 3]

b =1[1, 2, 2, 3]

for x in b[:]: # 2. loop over a copy

if x ==
b.remove(x)
print(b)

c = [1, 2, 2, 3]

while 2 in c: # 3. remove until gone
c.remove(2)

print(c)

AE—iBEH—BHIR, RIIRHESE—TMIIER, &EE, EEASZHE.
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| What to Take Away

* Alist stores addresses, not data. Everything today follows from that

* b = a copies the address; b = [...] moves the arrow; b.append() changes the object
* In-place methods return None. a = a.append(x) loses your list
* al:] and copy() copy one level. Nested data needs copy.deepcopy()

" Never use a list as a default value; never delete from a list you are looping over

AFEICE—F: JIREFMRDIZ ML,




LAB 5

| Lab 5 — 7RIBRE, FIFKSCHE

" 5-1 &Ait (R8)

* 5-2 F5 max: MFREARENIT

" 5-3 BFEE: AEEETE, RIFERNEEIRF
- 5-4 JE[EHEE

* 5-5 ¥ L FZ1E Bug

- 5-6 XK SXHIN=1"FLER

»E BRI CER (5217, HIREE) . Hh=EARREERHNMEM, TECEE,

BECHHIREA,



| Next Lecture

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

Next time: tuple, dict and set, the common string methods, and the one
guestion that decides which container to reach for.




