LECTURE 5 - HANDOUT

Lists

Every slide from the lecture, with what was said over it. The slides are rendered natively — the
text is selectable, searchable, and prints cleanly.
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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:
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| 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)

MBS TEERE. FTENHRES—#I15?
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| Today's Question

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

scorel = 87
score2 = 92
score3 = 65
score4 = 78
score5 = 90

total = scorel + score2 + score3 + scored4 + scoreb5
print("average:", total / 5)

Five values, five names. 9
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| When the Requirements Change

* Find the highest score

if score1 > score2 and scorel > 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
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| The List (%138)

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))

— P RFE—MEIRE, SONET.
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| Data Structures (ZRE4544)

* Adata 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

WREH = BEATF + gEX et 4.
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| 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, 311 # a list inside a list

hiES, ESHR. B {3 IERADSEART,
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| type() and len() of a List

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

Slide 15 - type() and len() of a List
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| The list() Constructor (f3i&F%1)

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 [1

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

is called an iterable o[i£{LT .

Slide 16 - The list() Constructor (#33&&R %K)

RTHIESE A1ES, B list() kEiETIXK,

list() MESHEETIR, BE—1TFNDB, SEEFEHRBE—T1TER, BAFEFERX
THHEER., ‘AE—1 range, =IE range BFRFIR, 2 4 #TED range BRI E XTI
5£0

BEER TENE T RNRA, SFMANEANR, for FERY in 8B1ERY, LIERX—ERA,



| Indexing from 0

Alist is ordered. Each item is found by its index.

a = ["red", "green", "blue", "yellow"]
print(al[0]) # red (the first)
print(alll]) # green

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

THM 0 2, FTRE—IRE len(a) - 1, B len(a) PR,
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| 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)]) # same as a[0]

al[-1] is the last item; negative indices count back from the end.
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| 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(al4])

NAAA

IndexError: list index out of range

IndexError EREDNEIR, BITE, THIANIRIVKE,
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| Membership: in and not in

membership output
fruit = ["apple", "pear", "banana"] True
False
print("apple" in fruit) True
print("durian" in fruit) False
print("durian" not in fruit)
(

print([1, 2] in [1, 2, 3]) # an ITEM?

/5 —17/E False, in LEERHIRTE, ARRER,
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Walking Through a List
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| 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.
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| Two Ways to Write One Loop

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

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

start, the end, and i += 1.
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| enumerate()

enumerate output
fruit = ["apple", "orange", '"pear"] 0 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)).
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| Arrays (£{4H)

* 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

M 0 EERVIEREIXE . 5 0 INAYthit s 2 ettt
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| A Python List Holds Anything

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

mixed = [4, "a", 3.14, True, [1, 21, Nonel

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

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

manage it?
Slide 27 - A Python List Holds Anything
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| A List Stores Addresses

mixed[0] ————» o

mixed[1] ————» g
. FLOAT

m1xed[2] —> 3.14

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.

28
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| Nesting Without Limit

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

deep = [[[[[[11T11T]

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

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

29
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| id() on a List

id() output
a=[1, 2, 3] id of a: 4369797696
print("id of a: ", id(a)) id of al[0]l: 4409442808
print("id of al[@]:", id(al@])) id of b: 4369797696
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.

30
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Changing a List
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| Lists Are Mutable (TJZ%)

mutable output
a=1[1, 2, 3] before: [1, 2, 31 4379284032
print("before:", a, id(a)) after: 1[99, 2, 3] 4379284032
alo] =99

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

REET, 3. XHmE MRS .
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| append()

append output
a = [1, 2, 3] [11 2, 3, 4]
a.append(4) [1, 2, 3, 4, [5, 611
print(a) 5

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

append —RXREMN—IR, EHENEIIER, BERE—I,
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| 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]] [1I 2' 3’ 4]

3 4

append II—IR, extend XITAN, a + b XITNN, {EBE—IMHFIR.
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| In Place or a New List

in place or not

a=[1, 2]
print("a starts at", id(a))

a.extend([3, 41)
print("extend", id(a)) # same list

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

output

a starts at 4370141760
extend 4370141760
plus 4370461952

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

Slide 35 - In Place or a New List
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| In-Place Methods Return 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

2 None, HEIMZRFIER, REMMRALUREL,
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| The a = a.append(x) Bug

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

# a is 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.
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| The In-Place Family

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

all change the list itself, all return None

= pop(i) 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

KRFRAVFIEIRE None; BE—MAFIR, B sorted(a) iIX—,

Slide 38 - The In-Place Family
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| Half-Open Slices

slice output

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

[10, 20, 30]
print(al1:4]) [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

BLARERE, al1:41 BE1. 2. 3IR, AE8FE4In, KEE4-1,

Slide 40 - Half-Open Slices
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| 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] BEI—PEIFHIFRHIER; a.reverse() FEiE. IR[E None,

Slide 41 - The Step
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| An Interactive Slicer

a[l:4]

1
10 20 50 60

=5

- [20, 30, 40]

start &g °

stop | & ® 4
step S ® -
The stop cell stays dark. That is what half-open means. i

Slide 42 - An Interactive Slicer
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| Slices Never Raise IndexError

no IndexError output
a = [10, 20, 30] 20
[20, 30]
print(all1]) # fine []
print(al1:99]) # no error []
print(a[99:1]) # empty, no error
print(al[5:2]) # also empty

RBARARRE, RZRE—MIENSIREZIIE,

Slide 43 - Slices Never Raise IndexError

Pl RS A RS,

BIET a[4] XN Tintk R SR IndexError, {B a[1:99] 1%, ERIREIME 1 IZEIFREHN
#7. a[99:] B AIREE, RE—TZIIR,

XERZSHERAE, ARG, NEetMEZ RS, RS a[10], FRGHEMK
E.

EXUEFREVHER T AN ERNE—TEIRIDITNER, BEEEA AR
A, AkEaAFTIER.



| Slice Assignment

slice assignment output
a=[1, 2, 3, 4, 5] (1, 20, 30, 4, 5]
a[l 3] = [20, 30] # same length [, 7, 7, 7, 7, 4, 5]
print(a) [1, 4, 5]
al1:31 = [7, 7, 7, 7] # length may differ
print(a)
al1:5] = [] # deletes
print(a)

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

Slide 44 - Slice Assignment
SIRMTI A NMEREE, TREME. FRBATE, MABEXEM.

a[1:3] = [20, 30] {258 1. 2 WURAFAAIMIN, MIEIRKEASUES: a[1:3]1=(7,7, 7, 7] AU
B]RMI, JIRTR, BM—1T=5IR, MEMER—ER.

AP ITIECT R, a[1:3] = 20 TikiE, FEHN 20 REEETEHITER.



| A Slice Is a New List

is vs == output
a=[1, 2, 3] a is b: True
b =a # the same list a is 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 == ¢)

== KBRS, is HREARA—THR, XFWERERA,

Slide 45 - A Slice Is a New List
tﬂHl%\IEEiﬁ_/P%ﬁle;Eo

b=aREBZT—1RF, aisb& True, c=al] @k, BEI—1TH7%I&K, aisc = False;
{BRAHEE, a==c & True,

P a[] E—TERNEE, BEERREEMIRT—MK, BSEIASHEE. EERMIZAFT!
x. REAEINZAEZ,



| 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))

t = time.perf_counter()
h = f[:]
print("al:1", round(time.perf_counter() - t, 4))

EHEMNIEK, al:] LECERERIRES.

46

Slide 46 - Copying by Slice Is Fast

EFMBAINSIR, —MEEZBSERFZIN append, B—MELIFH, perf_counter ix[g]
LaiftiE, siEREMmEXERXBET S0,

AONHFEWERGLIONRR, Satlealt—F, BIRERRRS. IR Python A
EBA C iB—R5ehk; BOEMRENES—REERBERINT—IX append,

EIENE, ZREBERHENES, MMEELIE n I, FREAESEEH n BRIELE, ZEiLERF
RE—THER, SBREE MARREZE. % 1M HHFXE-E,

PART 7 OF 9 - THE KEY IDEA

Two Names, One List
% 3WiHE, b=a EFMNEL, MTRAFHEA—INR; BEMFAEAREMEN, FAUER

AR,
JIRFILMER, MTRFHA-—TIRN, B3 —TRFEHR, 5Z—TRFM=ER, X—1
[B1EFF 7R85,



| The Opening Question Revisited

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

Slide 48 - The Opening Question Revisited

EIEIFIZBRERR, ] IASCIEF RSN ERAI D ALK,

nums2 = nums EFIREE, F2FER, WERRIUEE - TRBFERE IR, REFTEH
AOFIR., FTLAEIE nums2 89 append, M nums thgEEZ!,

IR ARE? x2=x2 + 1 FFKBEEBT 1, MEAET—T 2, b x2EIE, x &
EERRN 1,

XMEBPHZERYFR: mIAD, —0iFE.



| b = a Copies the Address

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

same object? True
b.append(4)

print("a =", a)

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

b = a EHEIRMYE, a ] b EA—NMIIREIANEF,

Slide 49 - b = a Copies the Address

RABIE: b=a Z/g, aisb Z True, MTR&FHEEE—TIIE.

49

PRTLA b.append(4) 25, a BTN, HABREZLRBE—1IIR,
E—TNREMITRF, XMERIRIE.



| 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.

Slide 50 - One List, Two Names
BEEEE: MTBF, MITEk, BRE—1IIER,
b=afifIE1E=E ML b thigM a FIIEMNN SR, MAR TE a ARSI —IPL by,

At aZFRIT? 8B 3 HARERAT: MEREH i, AMEIIRE—BAEE—
N, CHhER—EN,

XN EEAA R LRI FH, &5 UKE 9 HEHCEXME.



| 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) {EIXIR, b = [9, 9] EM4IE., AEFMa, FTEFRS.

Slide 51 - Mutating vs Rebinding
XEBEEXDAME ZRENRIE: BAERHE.
b.append(4) 28X : HIRIIERAE ., afll b FENERE—TNR, XA a BEBEIX A0,

b=1[9 9] BEMHAE: ERANEENIIR, RZILbBIE—TIHIIR, a HAIEERERKR
T, BRI,

FIBTE: BSSEN. LARRE—1TRF, MEEMHNE: LOFHES, B BRANZES
B, MEIE,



| Getting Your Own Copy

copying output
a=[1, 2, 3] a=[1, 2, 3, 99]
b =al:l] # slice b =11, 2, 3]
c = a.copyl() # clearest c=1[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: a[:1, a.copy(), list(a).

Slide 52 - Getting Your Own Copy
BE—TRIEIR, B=MFNNEIA: al:]. a.copy(). list(a),
=MEIE— TR, ZREBEER—TAZMMAE—1, a.copy() WERRMAE.
BTF-—TI=EE, XMEFRBRT —FE-,



| A Copy Goes Only One Level Deep

shallow copy output
b = a.copyl() b = [[99, 21, [3, 4]1]
alo] is b[@]: True
b[o] [6] = 99 # reaching INSIDE
print("a =", a)

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

The outer level was copied; the inner level was not. This is a shallow copy %% 1.

Slide 53 - A Copy Goes Only One Level Deep
a2—MREIR, BEmEAMNMIIIER. b=acopy() ZfFE, B b[0][0], a[0][0] thiF
Bfa—17 a[0] is b[0] =& True: a # b M9ZE 0 INZER—\FIEK,

X REFIERINBMAILIZEN . It A=, T—TIESLRE.



| What a Shallow Copy Shares

a B99MNE

o—
a »> \

e

ABRIERRE—H
99 2 b[0][0] = 99

3 4
b >  '
| HESHITHS,
b BI9MNE: a.copy() FikHs REERHEAN—5

copy () EHNIRINENEF, BFEMMUEREREE, FRLIARDGAERA.

Slide 54 - What a Shallow Copy Shares
B2 X—i#EMNER D - FIRIEFEFRIZ ML,

a.copy() &7 —MHHISNRIIR, EEEP b HISNE. EIE a SNEEFEAMIRED T3
=, DI EREMLE, PR TINENE T, EalNEE—HAAEYIER.

b[0][0] = 99 Foi@iT b BIZE O BIKFE—TARIIR, BEREMNSE 0 l, XTARIIERath
£F, FRUM a th&EBEZI 99,

XEX—ARBHLENMS, WEEESAN: BREARE, REGE—ZAETREING
ES

o



| Deep Copy (iR¥EN)

* 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)

* XENEFINENRTF, BFENMIIFEFEREER, MURBNRINASER,

" RENGEE—MIETE, BE8—EBHEH—7, SENEHNRETEIHIL,

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

Slide 55 - Deep Copy (F#EMN)
EERNE—ES], A copy {EIRER deepcopy.
AEIGES—THIET, E5—BEHEH 1, SANHEMANERTEMIL, NH—F
#HE AR,
KINZEIE, HREBRWIE, FIUAARE—EH deepcopy: FIREBIBE . FRBRXEARFTTHE
B, RIZBONFME T,



| 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]]
deep = copy.deepcopy(a)
ale]l [e] = 99
print("a =", a)
print("shallow =", shallow) # followed
print("deep =", deep) # separate

MELWESD, KA deepcopy F15E.

56

Slide 56 - copy vs deepcopy

RRMBITIE: 2t a EEIBTIIIRZE, shallow IREZEXT, deep B,

= TRERE—R, X3—RuMEFER, B2 TRIRRNT 1, AmTEET ) 1R,
FEREX—TI,



| A Grid Built With x

[[0]*3]*3
grid = [[0] % 3] % 3 # looks fine

grid[e] [e] =1
print(grid)

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

output

(1, e, ol, (1, o, ol, [1, 0, 0]]
(r1, e, ol, [eo, 0, 01, [0, 0, 0]]

« 3 ERINE=THblk, EIE@ME—1T. H—ITFFHR=T.
Slide 57 - A Grid Built With “*°

XEREIIRSRHN—THIR: AREE_HRE.

[[0] * 3] * 3 BRRE(T=FIN 0, JTENHRIHSEMEL, IR grid[01[0] AL 1 2/F, =17
ME—TRREMT 1.

REMEIEN—1: INERRELER—TRNEIIROMIUEES 7=k, =THIZEE—1T.
ERERERIAERINE—1T, BRE=ZTER=TTENIIR, BHEEEM TLIZ%, &
TN EEAARE, FRIRESRE, X=TEAINERFER,

RER [0] * 3 AftaikEE? BA 0 2RE, A9%, HAR— 0 A=FEMUFIE, R
HAEFENRE,



| Never Default to a Mutable Object (TJZERIA{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))
RN i (o iten(2)
. owput
[1, 2]

[1]
[2]

BRUMETE def BB—1TREE—XR, FANERBATRHRA: . FHFE. None,

Slide 58 - Never Default to a Mutable Object (FJZZZRIA{E)
FAWHTERASE, SHREE T OEEFHTIERBH, MEX—1,
ABFEIRER add_item(2), ARNIZFE] [2], ERANZ 1, 2], FEL—XEARB TN,

REFETIOMEF ARREIE. BTZFIREANIT def BB—1THHEIERN, BMEFEREIZ
—R. ZIEEREAAME box, box EEAVEER—TFIKR, £—IX append #HEMRIGEE.
XXM T RBFHA-THENR,

ABZIEMEIR: A None SEUME, BEARESHIET, BiE—T=5IR, XESXEREE
HOERZHRTIER,

&g BUMERRBARTENZRA, a2k, FrF&. None,



| Three Minutes with Your Neighbour

— M EBIRWR—MIREASE, ETRBAHEF, EFEER
RENBMIIR, NiZEAE?

Two answers are correct here. Find both.

Slide 59 - Three Minutes with Your Neighbour
=7 HZBNEZEITIEX a5,
BRERLEK, EECHEERSAMMEIZBEFR,

SESZREAMM: SR a.copy() Efll—{rBXEIZAIEA sort; SEEEHM sorted(a), EIRE—
TMHEFFRIFRTIR, TRREEN,

PART 8 OF 9

List Comprehension (FIXES:)

HIESURELR—M1EH: E— 1=K, BHAZ—HEE, BTEEH—1E append #
. XMEEKRELT, Python AEIRET —FH—1THEA.



| 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.

61

Slide 61 - Four Lines Shorter
B—4ENMMEEA: LOREN, GiEAIRES.

EDR—TMERER: 3 range(10) BEIE—1 x, B x TS5, BOHIRSIR, %282, B
SET,

JIRESAZUEN, EAIRESEHAIURNERER ., ENFLEESHIIRNEESE—
178, ENA-RMAESERE— IR,



| 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.

Slide 62 - The Shape of a Comprehension
JIRESHNEHEEEN, AIESR=8o: RAR. for..in.. . BLIER if FH.

WATIRFMBEIRFEARR: FHiT for, BFIETIf, REERIAIN, FAXIZMNIETEREI—
B, MANEEEHTA,

RIEAR T =1T=FIR0RAS, RIIRESAILASEL [[0] * 3 for _in range(3)],



| 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.

Slide 63 - Adding a Condition
L if &4, REHEFENITSHANGER.

AR IFRMUE, B for GERTIR, RERE—MBEAEMHLGR, EERAIH. kL else,
B4 HNFHREN, BE—THINAER, RERERE. IMHEAREZFE.

TIENEEERE else, RATNHERMGIMAET, THEEFE_TE.



| 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

FIRWSRATEEE, FRATEE, SHEAFTE, MEER,
Slide 64 - When Not to Use One

JIRESTERFHIZHY, B=MERMZA.

£—, BHEER, FEHREM=IE for NF/L1 if, XINENZREBEIERTFZIEE.

B, B—REMNSEAL TE—NME), TETH. EXH. BXRINEE. JIRESHRE
RIE—THIIR, TERIT—SHE,

F=, ERREBAE., RAATHIITEEREME—TIIRES, EE—TIRARBNIIE,
BARSARE.

FIETE: Ba—iE, SN EER,

PART 9 OF 9

Deleting While Iterating

RE—TELER —OBH TR, —OHRENTE.



| 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.

Slide 66 - A Loop That Skips Items
XA ISB IR B 2, ERIERI—T,

for BAERENCEIAER T E/LT,. MiEE—1 225, FENTRBMERIZ T, %
“ 2 BRI TNIMIERIRMIE L BERAREED T —MIE, TRERFE-_T2#I T,

XM EIRANREERENE: EMTRABRE, WISASHEE; —BRESMEFE.
ISR tE Rt IRLE B R E e RO IS



| Correct Ways to Delete

three ways that work output

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

print([x for x in a if x !'= 21) # 1. a new list [1, 3]
[1, 31

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

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

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

c=1I[1, 2, 2, 3]

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

print(c)

AE—BEH—BHR, RIIRESE—THIIR, K8, EEAETZHE,

Slide 67 - Correct Ways to Delete
=MIEMNEE, SREZ [, 3.
B-MANXRES, EERBORER, E—TIIKR, INEEREE, —MREIE,
BIMEH—MEIAR, ERIIEXLMER, bl] BEIE, EHEIANMNRIEN b, FZFINER,

B=MREMR, ERFIXRERE 2H1E, GEEkEE, EEXin #M remove #REMK, 5
REKNRIE,

ICEXEMN: FEEEH—TIIRNERHNEENKE,



| BEZ/NI - 56 2 48
B - X—1RHE

THARFIRESR a = a.append(4) 2z
F * &% b=a#Mc=al:]8id
bz papeak il

TR, RiER. . BB, DEHOME—E, ER—BLAH—E,

Slide 68 - FEE/\ - 55 2 %6
SETEHAN, AER, —B AR, SAETIEH AT,
[55 1 R7% - THnflist]

AR LESROB-—DHNEN TRELX, ERTHEELA, AN TEETHE, AEERHR
B —E. RRREREZE—L

[55 2 % - a = a.append(4) Z/G$TENMT4]

—NES: FRERAEIRE None, append ERIE 4 1Ni#ET, {BER[E None,
None XEME[EIZ5 a, [REFIRMILAZT,

[55 3 & - A * &ER%]

SNERSRIEETIRZME, =1TRE—17. TENER, ER—TINRMEEEECIT—E, B
MNEEE—1TH id,

(B4 -b=afc=al]Bid]

b=a EHNEMLE, MPMRAFEEAE—1IIR, dHEE: c=al]l BUA, MRERE—TH
FK, id RE

—BMNF7 A ER )RR —HE.
[55 5 & - DIEHBM]

EwNEZE, ERRABEECEM EET—E, ERIEN—T print, 88 x A=5E]
AOFIREBITEN LK, FMAERFE -1 2 B EARBIRY,



| 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

* a[:] 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

ABELE—F: JIREFRNEMI,

Slide 69 - What to Take Away
E—HNELRHEX—TT,

PIRFHNEHNE, RN2EUE; b=a EFINE; 1HH copy REFIRINE, HRELEHWER
deepcopy; BMERAYGEIRE None; EIAMEARRSIR; AEDBHIEMIE,

RIFREIRA, HREPIUMENHLN . MRRIC—01E, MicE: BEAEFNR,



LAB 5

| Lab 5 — 7NiERE, FIREH

* 5-1 &It (A5)

* 5-2 F5 max: AFARARENIT

" 5-3 AFEE: FEESRER, RERKNEEIRE
- 5-4 JE[EHE

* 5-5 R HFHBIE Bug

* 5-6 BN SKHN=TENEIR

»HE BB CER (<17, XEE) . HhZEERAERHNEM, tBECSE,

BECHKLERER,

Slide 70 - Lab 5 — 7318&R, JIRSLHL

AER7NERR, BEIIRABMNE. 1A, BIMBRESN,

Hp = BER B SLHRIREME, MNSRKAN=ZTELER RERNGENREE. %%
0. LEHLH, BEEHE—XABHREREA, LEHHNRRES,

5-2 3 kEHEE max, NMFEBRNERN max, BRZ4 NEH, BRICESHIRFINE X
TEE, fEw/IVE. HEZK. IHEIXABHESZN, BEE—"74%M,

5-A FEREHEEBRERBREIIR, EERINERSRKIARN THAFESIEER B E-,
A ERZINEE B BRI C Br, =ZEREINAM. CBREWm<ITEARL), HRES,
"B MRl 2, EBZF 4% 6E, 10 B 27 HELE.



| 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
question that decides which container to reach for.

Slide 71 - Next Lecture
=i, FRMES, HISTFERENERAE.

SIRILFAAERREM, N1t Python BB R P=F1F2? ENGEMIESHMEREE, Tk
EH—THIRKYE: B2 —TEREE, ZEm—.,



