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Introduction to Computation (CS1602) - Lecture 5

Lists
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Part Il: Built-in Data Structures - Fall 2026
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Built-in Data Structures

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—RZERSRBIXR, SKX—H, —K¥RERENEEER,

2 3 T1 - Where we left off

A E—HRLE, MELESLESRMA. #lif. BRMNRHNTERER, BLENEZETHY
B —PBH - FEFSH. —MRIE,

MX—i#ie, SUEX]‘;% —HE, XARE TREXET), MEFE—EMIEZLN: E
/Zkﬁ\ /L,\/ZAH-X\ /L,\ J_ L/{&Eiﬁjj H:t &?EEj%kéEﬁ_Zo

B 3 HARENEIRTRE —RFERE, BESNEFXERBE—SRIEMIER
—UINXRE., ERNFNSEL, IMEREERESZS RN, AIIRLE, FAXMERT DM

/L=

1T,



| 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.

fRR9FAL 7 - BE - EE
ZRHY

BIAITHBIEE—1, TEE8495/7K

NENRR—HER, FEFENRE—TAL,

£ 4 T1 - Something from daily life first

FTR— MBI RNE,

MAERAZ—MBYER, MEBCSFNLMT —F Eh), (RMHa#figi, FTFA—F&, R
BB LS T —1F,

RUEE—RUEAFE, BAMRNENEE—HER, FEFNLNAZR—TAO, AE2F8/
B, IDERXTIR—F FTRFNSEIETE Python EREN, REASREERZHY,



| Now look at two snippets

A B

x =1 nums = [1]

X2 = X nums2 = nums

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

MBS TEERE. FTENHRES—#I15?

%5 5 71 - Now look at two snippets

MAEEMERAR, EMNNEM—E—F: EX—7%A, EEBSE_1T8F, BIE_-1TH
FHIB, BITENE—1,

DR ERNZ R x, ABHRFENESIR nums,

ZIBFTEN, R—R/LFAMBAHER. AIITEHA? X—TIALER
T, FHEAR— TN BERYE,

RO EE—




| BEZ/NI - 561 48
IS —— X—8%—

B iTENHAA?
R—BIMERARER, HER S 5ENPB—HEER,

567 BRI 18
TRl —ER, Ao, FHEAIR5EN, BEX—RND MIEMRE,
5B 1 B ZRIZT BB 8],

ABEE, SKENARHER. FHEBIBIE—T, RSRXEBLEZVNDHREE, B
HMEIRECHMABEERET .

AR RERA—RXEZNERZILIREGI R —1FIT, 7, EENERTEER.



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

E7W SR
R—HMABIRERZE—NE: HRET b, A4 athET?

EXRMNTBHAZWFREE—OF, REREARBE, 7z, HNERETIRAE
SHEE: BAR. BEAW. BA®. Eatl.



| 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.

% 8 T1 - Al policy — Level 0: No Al-generated code

12 7 BHAT Al BERIIEE 0 4R AiF Al EREFNEREE, BEXARmiEZR BN ETHEE,

FICAR Al RS . BEXHE. 3R, EREULERRENANE, XtRAEERYNZCHEERN
TideeH, XIMEREEECSE. BCHHE. BoHERE.

BRI -0, —FHRIEMXEIANSZT 2B,
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Why you need a container

| Five scores, five variables — it works

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

total = scorel + score2 + score3 + scored4 + score5
print("average:", total / 5)

Five variables, five names.

25 10 T1 - Five scores, five variables — it works

FERBIRNMERRELS.,

ARG, ATEE: scorel Bl score5, BEXRF1Y7y, MIBRMMERRNATR., XI86EH, 12
EEIREE,

XMEEEEE MR MEBEAZRIMEE AT RS, DBEHE T,



| 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

ERRANZE: SRBHNEHE, RAFMESESIT,

% 11 71 - Then the requirements change

MAEFKRET, MERREARNEN,

WRZATTHESNE? MBEEA+IMEER, INEEEL T, NIREKRZRSD, BEE—KSH
EER, MREBERDHHF, BAT T RYES/LFEM.

EXBN—RE HEFEESAENIHRENE. XHEEEZMMT. APRBAZS O
7, REHBSEFEERTEFE. MEERVTESNERME THK.

FINBENARESE S, ME—TRER—ME. ARRETUEGTRIRENRA.



| The list 513

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.

512 T - The list 5
XN REAMETR,

— 1 BFE—ME, ZOTE1T. NELVTEAESIN ™R, KTEE len, KA sum, KFE
BELE sum [RIA len,

ME—TILE: AT TREMATRS, XBRAB—1TFEHRAEKN.



| Data structure B4

* 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

HIREW = BATF + sE B4,
%5 13 T1 - Data structure B4

JIRET TEIRGM. . XTEEXTREZRELI, EXE: —MHERKENS, WHE—
B ERIERE.

HAFHTURTE T MPLEHRIFIR . MILIRIFIE, PRLAEIS SRS EELEMANIDERERRIR B,
Part Il BOPQIAHRIF 2 IUA S WRVBHRE WA EN]S BESRIITR,
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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, 1le-3] # four floats

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

BFRES, ESOR. BN { iE&BASSEARIT,

%5 15 T1 - Square brackets and commas make a list
NRNFHESERHESINES,
BEHOMNEER. TR, FHHE, BAIMERE TR, SVRMB—NETHES.

ERIESEDRN, RE—DRAEANNZE—1MNES, Python AMNME—RXEINRESZ1TE
MR RER, M—IRAZEM—T, THHRLE—1T.



| Whatever is inside, the type is list

type and len output
listl = ["Hello", "world"] <class 'list's> 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.

%5 16 T1 - Whatever is inside, the type is list
FMEBERNZEMTA, JIREAGNEIER list,

type HIFR— TN RARMTARKE, len HIFRER/LIL. ER&EE—THIF: nested EEHE—
MK, 1B len HERZE S—EEAMIIRETE-I, TR,

X—R AR EEMINEERFHE.



| The list() constructor 13i&EF %L

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 ol iEIT£R.

%5 17 T - The list() constructor 33 &K %X
RTFHE=, B0 list() kiaiE
list() A HSEFR= §|J45§ Hm—TNFRE, FEBFFBER— T T FN—XERNFREAR
SR METEER, F—1 range, =1E range BRI ALEFRAVTIZR.

range ZEAZIR, EREFEEMNEZRNTELEF, FR) print(range(5)) FTENE RV 2
[0,1,2,3,4], BEERINBMA list 8—F,



| tems are numbered from 0

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

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

print(alo]) # 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,

%8 18 T - Items are numbered from O

BEJLTABES. TIRM 0 TR, REM 1A,

F—IZ al0], FWMRE al1], &E—IE allen(a)-1]. XTHUEE/LFRBEREES 2 —
¥, BEMNBLELTIRRER EEFXBE SR AKX B—HEEEX 0 MIE,

MO FHIERHFREZ LIRS Z—, 2SR TE/11) NER, BRAR—T=MHme
INIRIN—IBID ST



| 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]

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

£ 19 T - A negative index counts back from the end
I TARMAREERIE, a[-1] @&E—1, a[-2] 2fIEE I,

ETEERER, BARGE—AFTELANERE. SE—T: a[len(a)-1] 1 a[-1] 5548
[, REERtELETESEH.

ERAETREMN -1 1889, 128 -0—FEHN -0 /1 0 ERA—1 %, B=EE I,



| 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(al4])

NAAA

IndexError: list index out of range

IndexError ERENMEIRZ—, BEE, TRINIRNEKE,

% 20 T1 - Out of range raises IndexError

TirE SR 23R IndexError,

— 1B 6 mMsIER, SANTIRE 0EI5, Mk -13]-6. B a[6] MatE, MEEERE list
index out of range,

XEHE: SHELBOMALZIET, MARGIR—TEIRNERZE TR, CEXMTA,
RAT—RHIATRXE—RBARRE, XTENRIRSA,



| in and not in ask whether it is there

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= False, in LEBRBIRTTE, F=FRE,.

%8 21 11 - in and not in ask whether it is there

in #l¥T— MEEAEIIERE, notin RiIE., ERE True 5§ False,
CLEECEREIELENEEEZ, MEEEREER.

B—REER: in FlEfRE MEEF), AR TE—1TN%H1. MTASHEENIIRERLE, in
MRINNEFE.

I, WHRA in FEMLERE, JIREBKEE. 3 6 A= HRIES, RN in JLFNRE
TR
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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.

25 23 1 - for x in a gives you the item itself
BHIIRREERNEERE forxina,

BN, x SXREFIREN—IN, I8 x ZERNETEERE, A2 TR
Java BXIRHY THFEMH) ~—H,

XA C 8}

WRMAFES—TRE, XMERENEE: 8. BE. T2 T#ER,



| One loop, two ways to write it

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.

%5 24 T1 - One loop, two ways to write it

E—TEHNMMEL, BRE—EXILE.

DRATAR: FER 0 Fl len(a)-1, B alil BE. AUEZEHTTER. MMEEER—, A
WERE, AR PR,

AR ADAF? SIRFEAE TXEHE/LIL BRR, BEMEREF, ARG
A— T,




| Need the index too? Use 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)).

%8 25 T1 - Need the index too? Use enumerate

BEETENXE TR, H enumerate,
EE—®REIMNRA: TR, FAIUBEHEEER fori, x in enumerate(a),

XttE_E—TD1A range(len(a)) BEX alil 9E7A, enumerate £%8, MEASHI TFrf05IFRXS
ALy B9E)RR,

NRIBILRS M 1 FHa, AILAE enumerate(a, 1), XEFTENEABRFRINRER,
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So what s alist, 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 EERVIERAXE: 5 0 IaYitlit s haitil,

28 27 T1 - An array #14H: same type, laid out end to end
XEERBE— IS SRENE: HAE.

£ C. Java REHEEE, MHAR—REELNAE, EENS—DEREMER. K/IER, FREAR
MEZRZ Mg dtt, EE/IREREUETXK,

Python BISIRAR X, EBERE, ANEAMEWES SR, T—IURAXAIEM,



| 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, 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?
%5 28 T1 - But a Python list holds anything at all

Python BOFIRFIDAREARA, MER—TIIREFAESHN: B, FHH. FRE &
A&,

X7 C AR R MA RN —BEMB RO IZRE—FRE,

BT BRRTEA/NA—1F, Python BARBEIR FARIRIEEZISE/LI? ERET—M, M
EBERX—HEFEME BN BRIE.

3




| Alist stores addresses, not data

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.

25 29 T1 - A list stores addresses, not data

AREET: JIREFNAZHIELS, MEEUEAML,
TTRE—TNEBEHER—MRRONFRN S, JIRBFERBIEHZ —TEEA/NIbIE, P
DA FARNG—, R REEMRARR: ERTREEANUBE, RARENSIEREL,
XMRITER T =5 IMTadIRERESRE. ATAMTRBFAMERE—TTIR. U
RAT2EN—1TIRN TEER—E AZREER. EEMZS LMIER,



| Which makes this legal, if strange

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.

30

% 30 71 - Which makes this legal, if strange

RAFNEM, FMEFEEREEE —TIIREFNHEBR. FRENS—TIIK.

BEXABRMMRNIZZIAE ., REERENIIRELERREO—RIIENER—MHINE, g
EEEAF., ERSBEN, —MIREBENIZRE—ERKRA,




| id() gives you that address

id() output
a=[1, 2, 3] id of a: 4312602432
print("id of a: ", id(a)) id of al0]: 4324107032
print("id of al[@]:", id(al@])) id of b: 4312602432
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

4=

25 31 11 - id() gives you that address
id() RE—PNRFHITIR, 7 CPython EFEERAFMILL,

XTRHETFEAH, BEERAR TMITRFEAZERE -1 REENTER: idBEHM
ZE—THR, TEAMEH TR,

EIRILMEREAERTIE, MAZER.

PART 5 OF 9



Changing a list

| Alist is mutable: you change it in place

mutable output
a=1[1, 2, 3] before: [1, 2, 3] 4369422144
print("before:", a, id(a)) after: 1[99, 2, 3] 4369422144
alo] = 99

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

RAEXRT, iIHgE. XEE ME8 .

25 33 T1 - A list is mutable: you change it in place

JIRZFIZRY: (RA] AN RIEIR T ERNAR .

BExEABENEL: SEElE, JIRNRFET, BidRE. Bk, TEE—1TIIK, R
EEEOTHRT .
B—RMFHSEER, FRBEFARM, s[0] ='x' THIERHE, 0 MBS FRHBENE
TEERr EEAEE— MRS . X TXHIES 6 H=IEUMLE,



| append adds one item at the end

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,

%5 34 T1 - append adds one item at the end

append R EHII—IN,

ERENMNZE T—0U: NRFEEE—TIR, BEDIIRZEN-—TUHRBGAE, MAZEE
EHRITTER T,

EFEER id )RT—append BERIIR LR, F2E—THIIR, X—mAETENT—TH
+ BAREKH,



| 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’ 4]] [1I 2' 3’ 4]

3 4

append IlI—IR, extend XITMN, a + b HiXIR, {BRE—IPHIIE.

%5 35 T1 - append, extend and + are three different things

E=% Th&RAs OANRE—EYE, XEX—THNER.

append fI—I1, EHEENRAZEMEN—TITER. extend ESHERNB—IOAMNERE, P
ME—T=TRNIIRESZHE=, MSE—TMIIR, RERNOHTHFE,

10i%: append # extend #ERMIER, MSAKEFRMN, EFDEURTRIEFRERBEIIEK,



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

in place or not output
a=[1, 2] a starts at 4308817728
print("a starts at", id(a)) extend 4308817728

plus 4392368384
a.extend([3, 41)
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.

%8 36 T1 - a + b builds a new list; extend does not

X—T1A id 39 E—TIRgiR A,

at+bzE, ERNIdH a AR—IZAER—THIIER, a AERE, aextend(b) 25, a iy
id AZE—RBAEERSIZFR L.

XTENERHEAEER: WRME—NIIREHRE, RHEM extend, HAAHRIIRE
IRET; AMSNAE, 5 4 HHRBERRN TBIFA), XESRHEEN—HF,



| 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

2 None, HEIMZRFIER, REMMRALUREL,

% 37 T1 - Every in-place method returns None

PRAB [Rith{ZeXAY 7574 #R IR [E] None,

append. extend. sort. reverse. insert. remove #E2Lk, EIINIIEENHNENE, &8
ZRKAARE, Python Fi4i—iR[E None,

XMRITEEEH: MR append REIFIRARE, (REIIAMIRBIEFIBTIX T T5ERIERBUR SR
MR, H—iR[0 None, FTFHIEEEEREEIR NXZRMIRIE,



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

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

25 38 T1 - Which makes a = a.append(x) a bug

E—TIRFHMNSLOXTZIMA L a=a.append(x).

SRAMA HEx#tE, BIEERWEL a), EIRRENZ: append JFGiE x fI#TIER (X

—HEXMN), AFIRE None, ##%E None 4T a, T2 a M\—THIRZEER T None, [E3E

HFIRRMET .

MEXTHEIRT = Hi7iRE, ESFET XA a WEHMEZIE, REBEE2EE@AINMSG, XK
MEAXE. FFERE) NEARES,

IEMEIEMZ a.append(x), AEME.



| 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) - reversed(a) - a + b - a[:] build something new instead

5R% a = a.append(x), a BZAT None, RRBIFIRRMET .

5 39 T - The in-place family
[RHEERR AR BAVARR —I%, iEFEENNHERLESFEE—TEER.

append fI—I%, extend fI—1it, insert FEIEEMIEIEAN, remove IZ{EMIFRE—ILEIR,
pop & FAREN L FHMIFR, sort HEFE, reverse k3%, clear [B=,

RLETEERR R, #BiRE None, E pop B M—HFIIM—EREIWEERIF—I, EH
ARHRSE =R AR,

MRIREBENZ THEFFFHFIRMASNRER, F sorted(a); B TREMNFIIZRI, A al:-1]
gy list(reversed(a)).
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Slicing 1 /

| 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(al1:4]) [10, 20, 30]
print(al0:3]) [30, 40, 50, 60]
print(al:31) # 0 can be omitted [10, 20, 30, 40, 50, 60]
print(al2:1) # end omitted
print(al:]1) # both — the whole list

ERaF, al1:4] BNRE 1. 2. 3\, A8F 4 IR, KERE 4-1,

%5 4171 - a[i:j] takes i up to j, but not j
PIRA aliij], BXME iR jIn, EFRER% ) .

RIUEFAETF, EB— 1Tl PHEERNKEESRZ R, FAREN—B—EE, 5—71F
LR al:i] 0 afi:] EMFEIIRD BMER, TERRE,

TR 0 AIAE S, SREBRXRTRERE, MTHEBEMEETIIER,



| 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.

25 42 T1 - a[start:stop:step] adds a stride

HESREEBN—"ESMEELSK: a[start:stop:step],
al::2] BlF—1TE—1, a[1:2] MEBEZIMAFBER—1TE—.

a1 SRR, FTFIBIRAEIFR, XTEEREN, EECE. TRTENE—THIIR,
0 a.reverse() FNE—/E&EERM&E. IR[E None,



| Drag the three cursors; watch the cells light up

a[l:4]

1

10 20 50 60

=5

- [20, 30, 40]

start &g °

A
stop | & ® 4
[=]

step B ® -

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

%8 43 T1 - Drag the three cursors; watch the cells light up

X—TAMESF, s TE=TFF, LEHSEROEFMEDLRNED, ALERSE
Ro

Tl —HE: 1B stop 1Rl 4, BERE A BRRTR. Ef—XMEEAET.

BIAETHE: 18 stop #8829, XTIIRRE 6 I, TNE 9 AT AHEHAR, RERLIREIKE
RIS, X2 FT-—TIEHIOAS, TEXEERE.

/a1l step #3 -1, EEREM 4.
(S8 PDF LEFFSH—m, EHshFRIREMIAANRMGT,)



| A slice never complains about going too far

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

MRASEAERMIRE, SSLEMRE—PRIENSIRE=IIR.

%8 44 T1 - A slice never complains about going too far

Pl RS A RS,

tﬁﬂ]i#“ a[6] =i IndexError, 1B a[1:99] F"E—ELLZFHFHLAIRMEE 1 NEIZRERES
. BZ a[99:] AR, REBRE—TTIIER,

EMRITAERZIIEESE, LB eI+, A +TIMEZ VL%, BIEE a[:10] 7

17, ARLHIEKE,

BEBREWE: IAS5HE T ASIERR, RE2E—ZIRIEFD/ITNER, AREHE
FEETSG T RIMAX, AMRESF TN —XGEE %’12 AR RS BiR—IX



| You can assign to a slice

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.

% 45 T1 - You can assign to a slice
IR AMYEEE, TEEM(E.

a[1:3] = [20, 30] $EZE 1. 2 IIRpHFTEOMIN, BRBNEMBKEARNIEE: a[1:3]1 =[7,7,77]
S AMNINEREMIN, JIRELTZR, B—"T5RNETFTRBRAB—ER,

ERABDIR—TFAIECIIRA, a[1:3] = 20 2REE, EA 20 REEHRZFIENL.

\



| A slice always builds 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 WREBAR—ITHR, XEERERA,

% 46 T1 - A slice always builds a new list

t)]):lLlﬁwl\ZEEiﬁ_/P%ﬁyl.J;E o

&id: JIRERMRIIRR id AE, FiAal] 2—TEINEE, BEEE T
— T RBEEEMIIRIFHIIR,

X—RBEERE—EREIVIREENEEZ—.

kil

2T —1n1, 135

f



| And slicing is fast

copying 2,000,000 items output
from time import perf_counter as now loop 8.7 ms
f = list(range(2_000_000)) al:] 2.6 ms
t = now(); g = [x for x in f]; loop = now() - t

t =now(); h=f[:]; sl = now() - t
print(f"loop {loop*x1000:5.1f} ms")

print(f'al:] {s1x1000:5.1f} ms")

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

47

% 47 T1 - And slicing is fast

tIREEECS SRR,

RFEXTNESWENBESLEHMRE: EFERER—TIIR, tIALE for &2 0 append IRX
N=13,

RERTIATE CH—EFE—RM45TH, MEFE—HZEDE Python #2317 —X append.

BFIE—R XERHENER, FTRHBERNES. MIPEALE n TEFEEIELET n 89
iE, BIEREFRHEREINZREE, TERE] ENHSHEXHE,

PART 7 OF 9 - TODAY IS RIGHT HERE



Two names, one list

| Back to the opening question

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

25 49 T1 - Back to the opening question

ITEEEFFH A 0],
b=aREMTHA? ERE: BEMNZEFX, F2IIXR, WERRULFE_TR&FELQE—
W&, FARETEMTIER,

XMEBMEZWER: MIAO, —FR. BIEA—TADENR, Z—TAOEZIR
HEIEHENER.



| b = a copies the arrow, not the list

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 EHBIREk, a#l b ZEA—MIIRANEF,

% 50 71 - b = a copies the arrow, not the list
FidIIE: b=aZfg, aflbiid#E, RREMNER—THNR,
FilA b.append(4) Zf5 a B T WII—REARARIE—1IIR.



| 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.

%8 51 71 - One list, two names
EEEFE: MITAF, Mxak, BaRE—1FIE,
JEEIES) b = a (AVFER Mk b t0#E1E a IROOIDRE), AR 8 a INBH—HE b,

XTREYEEAA A RLEMLER—FiH., F5. UKE 9 HBEXRE, MltE—1F.
HAaENEEEREE, EESE MRSIELNE,



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

£ 52 T1 - Mutating, or rebinding

XEEXSMHEBZEENE: BIHERHE.
b.append(4) 2fEeX: HINRIIRAE, aHl b BNERE—TNR, M a BRI T KN,

=[9, O] REMHE: ERAMRENIIR, RZ2LL b SFER—THIIR. a HREEZHH
1, Eib a 20,
FIRTINERER: BEFSEN. LAR—THRER, BEEMHE; EUFHESHE R
HZHE, BEIEH,



| Getting a copy of your own

copying output
a=1[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).

% 53 T1 - Getting a copy of your own

BEA—TMINEIAR, B=MENNEE: a.copy(). a[:]. list(a),
=EBBE—THIR, ZEXEEF—IMAREEMBE—1, ABNEIMR, a.copy() EEHA

=
MIZ o

BTF—T=HE, XMEINRBRRT —FE



| But 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("a[@] is b[o]l:", al@] is b[0])

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

%5 54 T1 - But a copy goes only one level deep

ENREHSIELR—E.

WRINREBRZS IR, BBAERIERNFIIRE, FHONAZRECE—TARETIRE
ik, iR, IMNERMTT, ABEERHEN,

PRAZY b[0][0] RURT R, a[0][0] tRIRER . XIWEFEN—EENTHIX, REENFXIEDN
R4,

XEX—ARBHLENMS, BEREESAMNMS, RARFEASRE, Remtt—
RRINAZINER.



| Deep copy iRiEN

* 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)
- XENSHNRIIEIR—HEF, BFENMIREREE, RLAABNRNASHE
Fa8Y,
- REUGES— METE, £8—EHEF—n, SRNSHNFRERRTERIL,

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

55

55 55 T - Deep copy 7N

BENE—£E4, F copy £k deepcopy.,

RENZBEFMEE—REES —E, FRASEINHREHNRRETERY, A—EHERE
M)

KN ZE, MENREHEGRIIS|IAFTELIMIE (deepcopy BCREANIE) , FRATRETRAL
—12H deepcopy 9315 REREARELBIRIIR, LENHMB T,



| deepcopy, checked

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

RELHWESY, RE deepcopy BOIFER.

56

%5 56 71 - deepcopy, checked

FRARIBITIE: i) a EEBTERETIRZE, shallow IREE T, deep iRBE,

= TREARE—&E, Z3—RMEEE. BF TRIFRNT —THImTEET ) AR,
[E5REX—TT.



| A Grid Built With x

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

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

output

(1, e, ol, (1, o, o], [1, 0, 0]]
({1, o, o], [0, @, 0], [0, 0, 0]]

* 3 BHIE=TEL, #ERE—1T. H—1TFTFR=ET,

% 57 T - A Grid Built With "’
XERBEIIRRZLEN—TBH: AREE_HRE.

[[0] * 3] * 3 {/iLkKE =1T7=3IMFE,, FTENHFBLHHLE [[0,0,0],[0,0,01,[0,0,0]], 1EIE
grid[0][0] Bk 1 2fa, =1ITHE—TTEET/RT 1.

FREHNENFRERSIER—TARBRIIRMIUEE 7T =R, FAIN=1TEXLER—1T,
EHREAZMYIRES: [[0] * 3for _inrange(3)], XEE—HBEHEMRAIT—IX[0] * 3,
L= E =T AR ERTIR,

WER [0] * 3 Rt ARERE? FXN 0 ZRE, AAE, HEF—1 0 ARERE[AER, B
REAFEFTENRE,



| Three minutes with the person next to you

— MR NINRIEANSEY,, (REERBNEHERF, EARFERE
mTJ—E’JaBA§U§ma&EDO F-'l/(lu\A "Tl?

Two answers are correct here. Find both.

£ 58 T1 - Three minutes with the person next to you
=D HMNZBNEFITIE— X a5,
WICLtBEBERN, ANRFEERAZRER—mMr A ERRERREL RS
Xt E 2 EEIAIENEAR T L.

PART 8 OF 9
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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.

%5 60 T1 - This looks right. It is not.
XERRBEREY, EFRAX: —EHIIR—EMRTE.
BT RIR=ILEENTREER—AL, MEFNASITARNAREEEE, TE8H—
TSE—1 . EREEEZMAYZ MM,

XTI RE BIMEREERENE.: MREMROTEABE, ABERFREE; —BH4E
B, WK, XAEIXIASEERY bug EERE L FERIERE,



| Three ways that actually work

# 1. build a new list — clearest
a = [x for x in a if 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—LEH—BHRR, FE—TIRKFRE, BRABTZHE.

25 61 71 - Three ways that actually work
=M AITINEA.
FE—MEE—TIIIR, RIIRESIEEREBOLR. IMEEREE, BEHREEIE.

pa=d
FEMRIBH—MIEN. EFEIIRLEM: forxinal] B al:] 2RIAK, EHEMMRNED a <
SRIfER,

F=MESMcEFE: FEEMNUERLE, BHEREHR—LHE,
—RRIER TRE M, SEXFAN: FEEEH—TIIRMEMENENKE,

PART 9 OF 9



List comprehension 1R ES:

| The same thing, four lines shorter

WITH A LOOP WITH A COMPREHENSION
squares = [] squares = [xx*2 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.

%8 63 T1 - The same thing, four lines shorter

E—4ZRMEE: TORER, ALATIRES,
BOXATHIREEMEETARZ: 3 range(10) BME—1 x, BIxWFELI., K5k, BEE.

ESNAZLFEE, EUESINHBENSREN, ERMEETE NE—TMIIR) XH
ERIEM—1T, ENA—RMAELERE—TIIR,



| 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.

%5 64 T1 - The shape of a comprehension

JIRBESHEWEE: HIESER=809—3==RAI\. for Binin AN R, FIIERY if K4

WATIRFFBEIRFARR: i for, BHIHTf, REERAN. AMLOENESSEREI—
B, MADERMAIZT 4.



| 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.

£ 65 T - Adding a condition

MEFHZRE, REBREFMHNITZHNER.

AR IFRMUE: B for GERTR, REE—MBEAEHER, SERAE (K else) Fit
#, 8—IEcHER, R2BRENE., SRMEARTIE.

TIREERRA else, EN RHEMAR), REFE_THE.



| 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

HSANBENRERE, FREE, SHRANFEMFMER,

25 66 71 - When not to reach for one
ST BHZ WY, E=MBERTZAE.
£—, BHEEZINFEREM=F for IS if WITE, RNMEEREBRIAIRMESSILIE,

B, BAMEBEZMBBHEAL TE—1ME), EUEETE, EXH. AEEMAINEE, #
SANARZE— MR, FENT—HE.

F=, ERREBAENEER. JAATEIERAME—THSIN, EL—TRABRNIIR, B
SP=TALENR

FIETinE: Ba—iE, SN EER,



| BEZ/NI - 56 2 48
HABIEE —— E—1BAE

TARFIREA append [ extend BYX 5

MEREVIRE(ER A A * ISXE R FERH

b=aflc=all8id yvab A papvabi]
SRIMNEREZE—/, —FB—/A, Ex—~BALH—H,

5567 71 - FEE/VI - 55 2 %
BRI, SNE#, ESKILEREW—R, F—E 8N, SAExIHA M,
B 1ENERERBIETINLREEE.

XEFNERMBERER LIETIRNE - ERN TrEE¥k, ERTr5ELHE, RH TR
5% TH, ARRIAEH—E, ERREREZE L.

[35 2 7 - append # extend X 31/]
X—GI6 append F1 extend FIX 5,

WMRIEE, ERP—TIEME—EBRENHE., —MCERES B EAXNT: append IESE
LUE—EIK, extend IESEIRTT.

[55 3 & - HitSRVIREER 4]
X—BRE—TER: WtErI7EIRE None,

append. extend. sort. reverse. remove, insert £#ALL, ENTRNZEEFBNIIR, 2F
FZRAR AR[EIR, ATLAIRE] None,

5% a = a.append(x) R M EREE LA—T1E1%: JIRMESTHR T, 1B a FEEIMRERI T
None £, REIBTIIRMALARERT,

[55 4 & - B * iS3EREAIPERA]
X—E MR ZE L —TBB T FakH



EXNTIRBRENIER T BREASHNEE, FTRBRXR, BEEL—TIHRMEESE
—iB, XL id B9k, LEEHEEENL,

[ZE58-b=aflc=al:]Rid]

X—FEX—THRRELESE—ELE: b=-a EFNEEX, MR FERE—1IIR, AL
id E; c=al] 2518, YIAKTE—NRFIR, BN id RE,

BERX—®#, MANEXEFZIER 7 —ERNER—HS,
[55 6 & - 1AM ]
X—rE D& H M

Rikss, EIERABEBCH IS LR R, ERIEMN—1T print £5—%80 x MHATRIZIR
#;ITHk, IR ELARENMERRBET.

| 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.

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

* Never delete from a list you are looping over.

RBELME—F: JIREFHNSEMIL,

25 68 T1 - What to take away
X—HZICENRASEREX T,

FIRGFHEHUAZEHIE; b=a ERNREETL; YIEF copy REHIRINE; REGMWER
deepcopy; [Eih75i%IR[E] None; ANEIDIEHIDM,

HARIMEER, HRBEZENNHEIC. MRRGELE—DE, 1oE: BEFAEFNR.



LAB 5

| Lab 5 — 7NiERE, FIREH

- 5-1 &FIt (A8)

* 5-2 F5 max — NFERENIBD

" 5-3 F5FEE: AREETREREFERNERE
- 5-4 JEREEEE

* 5-5 # HFHZIE Bug

" 5-6 BN — SKEMANIEERE

»E BRI CER (<17, BIXEE) . HPZERXSRHIEME —— KECK

HE, BECIEHE,
556971 -Lab 5 — yVERR, FIRSCH

AER7NERR, BEIIRABMNE. 1A, BIMBRESN,

Hep = BRASLHRIBEME, MNSRALTH=T1n: REt5ERIRLEIE, %N, LEH
B, ECSEKE#HE, BECRLE, LEIMAHRARFS,

5-2 BRFE max, AHFERERIAT, XEANEXAET TEFRRE S, METERE
NERD + 43P — 1T HRRFE ZTEREA—FEERE&/IME. HEZK. HEIRERS
Y, BER—TEIR.

5-4 FEREHEESREIIREIIR, BESRI TH * &EM FERVIEEMNA.
A BRZHNER B BRHI C B, =REINFAM, CRE2MIITERL), HRES,
27 MR 2) —EBZHE 456, 10 B 27 HELE,



| 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.

55 70 TT - Next time
T—i#iftcdH,. FH, FRENES,

SIRILFA A& REM, BEAH4 Python RERIN=FAF2E? BA TeEfu M NEGHL 2
F, T—HSBR—THRRE: 23— 1TEME, ZEm—.,



