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| An Opening Prediction

A B
for s in [50, 70, 90]: for s in [50, 70, 90]:
if s >= 60: if s >= 60:
print(s, "pass") print(s, "pass")
print("done") print('"done")

BMERAENMEE, BEELEE—

£ 3 T - An Opening Prediction
MERBERFANLE, B—NXARRE—1TEIEZ TS

for 1 if SKA M, EARBERERBHFR: X 50, 70, 90 X=9EEMEE, 60 H LA L
$TEN pass.,

BRAIET: MERNBEESD? BRE—BRERE?
X—ANRE—ERIAEHR, HBEREXESR, MERLESRITLE.
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BAT BRI B8
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A, BRI D LR AR,

AU RR—0 FMEREARE. RAETXE,
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RECAP - LECTURE 3

| Where Lecture 3 Ended

* Avariable is a reference: the name holds an address, and the type lives on the
object

* input () always returns a string. Convert it yourself

* Format output with an f-string

* Afunction is a name, parameters, a return value. Defining is not running
* print is for people, return is for the program

* And the question L3 closed on: what does grade(95) print?

SRIDZMNESR, KSEERHE., grade(95) NERESE—EBREKE,

%5 5 T1 - Where Lecture 3 Ended
PR T, FHE. KEEBRSHEA. B MEmE. R,

MERXARANZEEMF. EXRFENFHNEARLFHEEREEA, A MEXAREF
Fiz(71 M TREAEA returny SRE—ERE.

return S XKAE—1NHAE: BREBIAE, break HEEHKE—Z, return BJIA—XBLHFRBEE.
B—EZNAFERSKAGSAZS, 55 HAIIRRZEZ.

F—HERRB 7T —EM: grade(95) TEMT4, BERESKE—ERIKRE.
OVERVIEW
Today

SREANBTA—OEERE: ILREF®RE, WeREEEE,



ROADMAP

| Outline

* Conditions: if /elif /else, choosing which lines run

* Loops: while and for, running the same lines many times

* Bitwise operators: working on the bits directly, as L2 promised
* More on functions: default arguments, *xargs / *xkkwargs

* Type hints and indentation: one habit to start, one mistake to avoid

£ 7 T - Outline

L. BIMBREX—ANENR, LEEEMBATNEM, ME b iHFE, LFE—RBE
HEMER,

B=ERAVMLZEIERSE 2 T-IHR #HBIL, ABAS, EBRARIBTEELIH.

SBIUERIRSE 3 HRVEREL, WEHN/IMEE, FARMERERREMZ—HTIAEFTMAS]
1R, HXHSE@EEMNSKELHREITE,



| The Structured Program Theorem (&5#3{LiZFEEIER)

sequence + branch + repetition = any computable process

A theorem, proved by Béhm and Jacopini in 1966. After today you have all
three.

£ 8 T - The Structured Program Theorem (&t3{ti2ZEIE)

A E—nlk, BFRE NRFEHRIT) X—MEH, NESRODZNEE, =MEHWR5T
I

1966 T Bohm 1 Jacopini iEBR: %, P, EEX=MEN, EURAEAATENTRE.
XM EHRizEFEE,

2R, EEEFREIE. K. KR, #IZALL Python BENARAEZ., EMIRRNES—
NE: EFRERBRINEE, BEAKRESFE. X3E,
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Conditions

52T, eI ENERE True 5§ False, YA ENT—KRIEE: SURNETELD, N
BREARIL,

X—ERIEAKER A : BEENERRERNTHILT,



| Boolean Expressions (fi/RFIAI()

comparison output
print(3 > 2) T e
print(3 == 2) False
print("abc" != "abd") True
print(3 >= 3) s

52 WXL, if EEENRIXE— True 5 False,

2510 T - Boolean Expressions (f/RFEATL)

ANTHEREER: KT, M XTFEFETFT. MTFEFET FT48FT, ER—EE True 5

False,

F2HEHT, —ITFSEWE, MITFESELER. XTXoSKEZZR: f GAPE—1TF

=, REERIT—EEFER.

FITRMEELLR, R 3 AT HF,



| Precedence of and / or / not

precedence output
print(True or False and False) True
print((True or False) and False) False

not &%, HiXand, &/F or. ERERINES,

% 11 T1 - Precedence of and / or / not

E—1THE and FcE: False and False 13 False, #A/F True or False 1§ True,
FETITMTHES, INFEFRIIF: L& True or False 1§ True, B E True and False 15 False,
MITRE—NES, EREBx,

FEARMIER—1F, BVURER: ENEMMNIES., aorband c IZMAEETRE—IE, aor
(b and c) —ERMiBEEE,



| Chained Comparison (§%3{EbLER)

written as in mathematics output
X = 5 True
True
print(1l < x < 10) # same as 1 < x and x < 10

print(0 <= x <= 100)

CHlJava B 1 < x < 10 FiREE, BREREFRE: £E 1 < xFE—1H/RE, BE

©# 10 Lk,

%5 12 T1 - Chained Comparison (§&z(EEER)

Python RIFIELLRERKS, BENHNFE—1F, BEREMAFE—#,

Xs2 Python tt C. Java A& G, ABLEESE 1<x <10 BE%E, BELE 1<x #3—1
RME, BEXMH/RMEN 10 tER, &RMNBZF ENERNA L, MEATIREE.

AE—MAT: SR B EH—RRE—R, 1<f(x) <10 RFA—Rf, BRI and &
AR BRI,



| if / elif / else

a multi-way branch

score = 85

if score >= 90:
print("excellent")
elif score >= 80:
print('"good")
elif score >= 60:
print("pass")
else:
print("fail")

output
good

Top to bottom: the first true branch runs, the rest are skipped.

5513 11 - if | elif | else

elifx'?'zeIseifE’\Jfﬁﬁo ZREIR FMABENESTEELD: IXENEQREN =S ME
EF, F—THRENDHT, EREMHT

RE—RREE, EBETITALE NI XARE score >= 80, ~hERY 80 <= score <
90: BEFEZIX—1T, i%BH score >=90 EXEBT.

DPEFENEG, FAREBEATEF. A—TUREME, MLEMAEEEA—N, ZMERREE
REL

—TTIE score = 85 BUHMITITFZE H 3F .,



| How a Multi-Way Branch Runs (59 3Z89#117)

score = 85
False
True
Y
[ Ilgoodll ’
>
score >= 60 [ else IRAGHFIEE BEWITT—T

FHENEETEMEE, BRIE— True BNITH—Z, EENFBE,

£ 14 T1 - How a Multi-Way Branch Runs (Z &9 SZR9H1T)

XZ L —TIBERURSTE score = 85 RIMIHATIERE. RNTHIGET, WMDY XMAEFRHE, WM
BEMMEET,

5B score >= 90, FERZE False, F47&E., BIQE score >= 80, FRZE True, TEHITIX
—3%, #JEN good,

KBEREBIIERD . score >= 60 XNHREREZBHWIEE, else B ASHIT, TR good FB
—%, RFREERIEANIfIEGEE, BERITF—1T.

FrBA— if-elif-else ZEHE, HFZRE—ZSH1T.



| Order of the Branches

if score >= 60:
print("pass")

elif score >= 90:
print("excellent")

# a 95 is graded "pass"

if score >= 90:
print("excellent")

elif score >= 60:
print("pass")

3|

# strictest condition first

EOXBRARE, RRENTDULBASRFAIN T R,

E—iHBBERE: grade(95) $TEN pass, ZIROXNZEHNFRMSIE,

£ 15 TT - Order of the Branches
F—HERINETNZE: grade(95) 3TENHWE pass, & excellent,

95 DFEIHE 7 score >= 60, TERHANE 1O, EFEHM elif RALRSHEEE, E—T1Hkk
EEXREBNED, MEXMIER.

XEEMEBERE NNZEEIR, EARE, REE—"TNAT2oULENDEHER, TS5REL
.

EZRDOZZE], TIEENDZNFER™IEEERT, MR™ENER. 2BOR. HEM
LX) RES 21X,



| Leap Years with Early Return

early return output
def is_leap(year): 1900 False
if year % 400 == 0: 2000 True
return True 2024 True
if year % 100 == 0: 2026 False

return False
return year % 4 ==

for y in [1900, 2000, 2024, 2026]:
print(y, is_leap(y))

The rule: divisible by 4 is a leap year, unless divisible by 100, unless also divisible by

400.

£ 16 T - Leap Years with Early Return

HFENNE=ER, EFARGEIZEI,

XBHEEEMRITHRIOZME IR, —B return X FERETEEW 400 EfR, REMIRE
True, RHEILLLER; TEEHE 100, &EE 4.

XMEEINRRE, SHM7—F, SETSEMIZENRE, EFRBNAARFTERMICELF LT
EIRERND .

1900 FAZETE, 2000 FR2EHF, XM PF0ESFII NN EE4SRNMMIER, MNNE
LIk,



| Two Other Ways to Write It

NESTED: works, but tiring to read ONE EXPRESSION: harder to read
def leap(y) def leap(y):
ify %4 == 0: return (y % 4 == 0
1f y % 100 == and (y % 100 '= 0
1f y % 400 == or y % 400 == 0))
return True
else:

return False
else:
return True
else:
return False

=MERERTE—1F, BREE, AACKRIIFIE,

£ 17 T1 - Two Other Ways to Write It

EORBRES L. MR, ENMMEE—BEICEECEN—Z, MEST else BEXNA if
Riz,
BB REAE R, RE, ERE="FHNXRARNERFEHENR, EXNbBE5H

H
Ho

=MEEREENGRTEMER, WIHENRKRREXs, XERERM, REAANEEREE
7,

—%2W: REEIRE, BEMZERES, SEETENARRMD



| The Conditional Expression (F{4FRiAI()

Aif cond else B output
score = 75 pass
result = "pass" if score >= 60 else "fail"

print(result)

AEHREE, B a if p else (b if q else c) BY, FhiZi#a[E if-elif-else T,

%5 18 T1 - The Conditional Expression (Z{tEFiAz)

B2 MENIf & else H2), FEHRERB—ME, SWEE—,

Ef—TRAN, ZBE—NME, MUANERESES. 5 f-string. (FARBNSE. if
EHARIXLE,

EREEEERE: REMMIER, MERMERNRE, —BRERRE, MiRANIZRETERY if-
elif-else,



| match-case (13 [LED)

Python 3.10 and later output
def http_message(code): 200 OK
match code: 302 Redirect
case 200: 404 Not Found
return "OK" 418 Unknown
case 301 | 302: # | means "or"
return "Redirect"
case 404:
return "Not Found"
case _: # _ 1s the wildcard

return "Unknown"

for c in [200, 302, 404, 418]:
print(c, http_message(c))

| means or; _ is the wildcard, the equivalent of else.

55 19 T - match-case (Ez{ITED)
match-case & Python 3.10 5| AB9IEIE, AIAREBE—KE elif,
Bt elif 5% BEERAMERE—R, 12X FHE NH.
SHETTMEER 19X, TUEEBEN, WERGE, REEIHRCTE LER, (FH
BT else,
match L elif 32U A REXE, &I,



| Matching Structure and Binding Names

pattern matching output
def describe(point): (0, ) —> the origin
match point: (0, 5) —> on y axis: 5
case (0, 0): (2, 7) —> point (2, 7)
return "the origin" hello —> not a point

case (0, y):

return f"on y axis: {y}"
case (x, y):

return f'point ({x}, {y})"
case _

return "not a point"

for p in [(0, @), (@0, 5), (2, 7), "hello"]:
print(p, "->", describe(p))

case (0, y) does two things at once: it checks that the first is 0 and binds the

second to y.

£ 20 71 - Matching Structure and Binding Names
X—T1:2 match 1 if RABIXFI,

case (0, y) BT AHESE: KNEBXMERT2HRMMEAR. TEAZ 0, MRE, MiE
EFINMEHFERRTY L, pXBEATUERER Y.

F if BRMFAZEE, EhRFIMrEE, BHMKE, BREE-NME, BLA—TE, —HMO
%

RESHNEEITA, % 6 Hit, XERFEMECIEM MERE i,

match AEnfAH, RZLER/VIMEUER, if-elif EER. XITRTEERNEALE, #EiEiEE
Zliﬁﬁija'/?}tﬁkTo
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Loops

DXERT TEMEE., A TEMENRERSERR: BALR—BRABHRITEZ
Python E®F{EE4: while #1 for,



| while Loops

three moving parts output

n=1 12345
while n <= 5:

print(n, end=" ")

n += 1
print()

Migthbn = 1 Fffn <=5 BEHin += 1, R—PEZHE.

£ 22 T - while Loops
while GEHEE—TFM4. FHNE, MPITEBEINME, ABLEISEHEHFIRT; BIFEN
R, ZFETHIT,
=PNEZRR—A0: BHREERRAVAMN: FEEFUETMER BIMAEEGRERMENE
.,
XEBEATE 3TN end B, ILAMEITENIER—1T. REITZHI print() ASREN—1 32
17

T—THEXERAENRITIEE L.
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| How a while Loop Runs (while BJ11Ti3 i)

n=1 |k
Fal
—> 0% | mAER, AT
S
True e
B SPTTTRE

n+1 | O EE v v v v v X
ST 6%, ERERIGT 5K

BT IEENME, MELCZIRMGENFIM, KN False, ZTEFER.

25 23 T - How a while Loop Runs (while B934T3272)
LR RIE, ABRERFIMIEMR n BIE,
n M1FE, #lin<=5, AE, WITEIMTEDI N, BRIT n+=1, AEEEILIREREIFK
4, BFIET—IR,
XEFEETE. nT 6 i, KHEXNER, BERMNGEOEFENS, BERTEIEENIE
’Dj o
ARRVLMNER: FH—HEMT 6 R, BIMERMITT 5R, &E—XRFIKNERE False, FB
— I RBIMEL AT,
MREE N +=1X—F, nKiZgE 1, FHEKZRE, BEMREATRT. T—IMSXMIE
)RO



| An Infinite Loop (FEfEIF)

X—IUgAMHER: XRAEKEARE, WERREXRIET, HERSFE.

this page does not run

n=1
while n <= 5:
print(n)

# forgot n +=1
# n stays 1, the condition stays true

FEECEM EARNCIEIT TR, 1R Ctri+C flf,

25 24 T - An Infinite Loop (ZE{EIF)

RIEEMET, FHMXKENE, BFE—EITHTE,

X—MEREMRGERE—LEREERNABEI. ERE-—THNELHEMEREFRNEIERT
SRy, MEX—ERETA5%.

SRR IRTE, BFRERREELERIE, REKEALER, BEIXMIER, & Ctri+C Flf,

— T for, BERE for Mt RIA for, —MEZREAR for F1HEEBCEFEMED, MAS
R



| for Loops

one item at a time output
for ch in "Python": Python
print(ch, end=" ") 10 20 30
print()

for x in [10, 20, 30]:
print(x, end=" ")
print()

Anything you can take items out of one by one can follow in.

55 25 T1 - for Loops
for NERZE: Bin GEBITRAZEMNITEZRTEER, BRE—, WITEBEIFMEK,
FRBETURTEE, BRERNE—T1FRN. AESTERROITIR, 5 5HETH,

in FEEAMNETAH. FH, FEFF. ENEENHEBNGIMTERNR, 5 13 Hik.
for NEEBWIRHNER, TREGEREAMBNER. FANUEL while EAE 554,



| range()

range
print(list(range(5))) # 0 to 4
print(list(range(2, 8))) #2 to7
print(list(range(@, 10, 3))) # step 3
print(list(range(10, @, -2))) # backwards
output

[0, 1, 2, 3, 4]
(2, 3, 4, 5, 6, 7]
[0, 3, 6, 9]

[10, 8, 6, 4, 2]

range(a, b) BAERE, ME I HWDHFRER—TUE,

25 26 T - range()

BIE—RKRRBEE n R, for GEZE—NE n MTENERA, range FiEARERXE—HEE
£,

— T SHEM 0Bl n-1, MTSHREM a®lb-1, FE=TSHEI K.

BXAERE, MPRRE—TLHE, i range(5) IE%FH 5 T4, range(a, b) & b-a T4, 1
HEFSTR N ImRZE,

SRANZRE, KBS,
B—1THE range SNEE T —1 list(), REE T,



| range Is Not a List

why wrap it in list() output
print(range(5)) range(0, 5)
print(list(range(5))) e, 1, 2, 3, 4]

1 to 100 = 5050
total = 0

for i in range(1, 101):
total += 1
print("1 to 100 =", total)

range(1000000) uses almost no memory: it does not build a million numbers; it

computes the next one when asked.

% 27 T1 - range Is Not a List

BEIZ$TED range(5), 2EIAYZ range(0, 5), MAEIEATEL, range HARIEXLERIF TR, E
QIEFER. 2Pk, FSETFT—THNMERBELE,

PRI range(1000000) JLFAEAZF, ME—BATHNIIRES/L K, Xif TREIR AT
8 BMCAIEIEKIE, 13 HERHE

list() IBERFRIIR, RENTITHHFRE., SERHNAFTERF, HIES foriinrange(...).

FE=172 range &% IRAIAE: M 1503 100,



| Choosing Between for and while

USE for USE while

you know how many times you do not know how many

you have a collection to walk you loop until something holds
most of the time reading input until it is valid

iterating toward a precision
the count is fixed, so you you own the init, the

cannot forget the update, condition and the update
and cannot loop forever

gEF for HiH for,

28

%5 28 T1 - Choosing Between for and while
FIRTtAER B —5: EANBWZE, MAMEERAZIK,
FIERMA for, BH—AMIBELETX—X, HFEEZDTEHEN,

RAEMA while, HERIHFREREIZMBA, BERMASE; AEBREEN, BRREED
BE. BREHLUR, REENERERTME,

SEhrEF BERSHENRZE for, T for, ERNERMBANEMRSG TIES, D TMLH
REERAIIb TS



| The 3n+1 Problem (EHi%%i58)

the Collatz conjecture output
def collatz_steps(n): from 6: 8 steps to 1
steps = 0 from 7: 16 steps to 1
while n != 1: from 27: 111 steps to 1
if n %2 == 0:
n=n// 2
else:
n=3%xn+1
steps +=1

return steps

for start in [6, 7, 27]:
k = collatz_steps(start)
print(f"from {start}: {k} steps to 1")

ESRBAREIER, NMHIEEHHAGZEHSEE 1,

%5 29 T1 - The 3n+1 Problem (ZHhiZ5548)
MNEEE: B8R 2, FHEEI M1, —BEMTE, BRIER 1,

XEREEM while, ANEESZ DY, BAEALMK, E—TURH TRNERBEIRZ IR, ™
BIXMIEL.

M 27 BREE 1M &, PEISHE 9232 FEFTHR; M6 M7 EHRRE+/IE. SHZBEER
HRE,

X EBINERIZZIER, 1937 Fijt, ESRAMILRA, MBERHER. ITENBEKRRIETIE
BAEENRAERELY, BIEBZSBASFTIUR.

—TMATRER, BEE—TEMAKRRIZ -,



| break and continue

break: leave the whole loop now continue: skip the rest of this round
for i in range(2, 50): for i in range(1, 11):
if 100 % i == 0: if i % 3 == 0:
print("first divisor:", i) continue
break print(i, end=" ")
first divisor: 2 12457810

break ZEREMEAR - continue R4 FRIX—40

%5 30 T - break and continue
BEREARTNZERIBMUIhEST.

0% 100 I — AT 1HIREEL, HEBIRITED, 7AfT break, fBIFILENGR, FEAVE—TH
rBE,

BIBFTED 121 10 EBAREEM 3 BIRAVEN. 1BZ 3 AUEEHN continue, BRI IX—% %I Y print,
HERHANT—R],

XohE: REREX—BAET, Hcontinue; BNMEIFEAET, F break,



| break in Nested Loops

for i in range(3):
for j in range(3):
i if 3 == it
break # inner only
# the outer loop goes on

def find(...):
for i in range(3):
for j in range(3):
if ...:
return i, j
# return leaves every level

To leave two levels at once, pull the loops into a function and return. A return
ends the whole function, however deep it is.

X2 MERBREABIRE XFEMEH—TRA,

25 31 T - break in Nested Loops

break R EMAENII—EEMEER, ZUXERE, ARBHESXE | FT 1%L, BHNE
BRI IR =4

VIZEREBALN break THEFABERE, ARENEEFNEL.

ADERERNEE: ERERIBUE—TERE, HBISERM return, 5 3 HIHE, return R3L
BIERENTREY, TECHER/LERIFE

FERGBEE—ZRENT: BUHREAEBIMRE, EEE return 3§ break I AEHALE, TE
E=EN, MiZEEHE— R,



| for-else

for-else output
def find_divisor(n): 15 is divisible by 3
for i in range(2, n): 17 is prime
ifn%si==20:
print(f'{n} is divisible by {i}")
break
else:

print(f"{n} is prime")

find_divisor(15)
find_divisor(17)

The else runs when the loop finishes normally; a break skips it.

55 32 71 - for-else
BB AT else, X2 Python $$BNEE, T POASTIEHRARLE,
MMNRE—%K: BIRERER, H1T else; # break 3T, 1T else,

15 1 | F 3 W EIEEL, break P, else AT, 17 —EHR ISR EIEL, BIFLE
BER, 1T else, FTEN prime,

F for-else, MEZ—TIRICEE: F5ix found = False, % EIEENBTLARL True B break, &
RER S B LMY found, for-else B8 71X E,



| A Misleading Keyword

It means "the loop was never broken out of", not "the condition
failed"

It should have been called nobreak. Learn to read it, since you will meet it in
other people's code. In your own, a found flag is usually clearer.

£ 33 T1 - A Misleading Keyword

else X MIE if BORMNBBRE TEUETRIL, ERFENERME HEHEH break 1TH.
AN ERFERHEN, KEAAIGHERRE.

HAXEFAZBEENRRM nobreak, BEXBFRIUEAESERNEBAMY, MU—BERBEHR, ©
DRRERHSE TR IEERE.

X TRAERZE: BEIEEMIT. AANRKBEREIE, ENEMZZEEFNEE. BE5
RORTfiR, ZRA—1 found BE, ENAARSHRZE, XHFELHF.
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Bitwise Operators

F2iiAd, BRENENER - -#Hil(l. siENCENFHERRSF—TBIRE, X
—BNZEREENS—LHTHRE.

ENAEME, X—EBRNEMNIESEH—1 LR+,



ONE BIT AT A TIME

| Six Bitwise Operators (EZEF)

= & AND 1Zf5: 1 only where both bits are 1

* | OR #%fi3k: 1 where either bit is 1

* ~ XOR #Zfi%5f: 1 where the two bits differ

* ~ NOT #Z{UBUR: every 0 becomes 1, every 1 becomes 0
" << left shift: shift left, pad with 0. One place left is x2

* >> right shift: shift right. One place right is floor-+2

They turn the integer into binary and work bit by bit.

AR

55 35 T - Six Bitwise Operators ({i

Py

)

BRI R ZRURIEEEE: 5. 2. &%, Bk, ERTHEER_HS. LT, 858
mE.

SN Z TRUFRE 1. EE—TERNMR: —TEHHNE—THEHMR, 2EER
EY(E,

ERTZEBMA, EB—UEETE2, AB—UEITER2, M+HGIBERFREEE I
HE Tk 10 Z2E—MEHE,

B R OEBETEINENRTGE, X TRTEF.



| Bit by Bit

line the bits up
a, b = 0bl1100, 0b1010 # 12 and 10
print(f"a = {a:04b}")
print(f'b = {b:04b}")
print(f'a & b = {a & b:04b} = {a & b}")
print(f'a | b = {a | b:04b} = {a | b}")
print(f"a ~ b = {a ~ b:04b} = {a ~ b}"

ob FFLE T HAEIS X, {@E:04b) IZTHEIME, #BE 4 (3,
55 36 T1 - Bit by Bit

Ob FFKRYEIZ —#H53%, 0b1100 Fi=Z 12.
i€ a M b 2 THBIXITTFTEN LK,

5: REEIMTMERE 1, 221000, 8¢ —JIEF—
MAARZTE 1, FZIME=IIFE, FERZ 0110,

BIUIRAA 04b MR B RZR - #HTML . BE 4. TEH 0, THMEF
7T, IKRMIREER T .

J1y
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| Shifts and the Parity Test

n & 1 tests parity output
n=>5 5<<1 =10
print(n, "<< 1 =", n << 1) # times 2 5>>1=2
print(n, ">> 1 =", n >> 1) # floor-divide by 2 7 odd

8 even
for k in [7, 8, 9, 10]: 9 odd
print(k, "odd" if k & 1 else "even") 10 even

n & 1 takes the lowest bit: if it is 1, the number is odd.

£ 37 T - Shifts and the Parity Test

ER—UFTR 2, AB—NFTER 2, TERER, 558 —F2, fZ25.

TEHRUEZESELMRAE: n& 1EREMAMUIMINIEEER 0, RBTHRMEMA. THFIRME
= *

=

U= 1 NEEZETEH,
Efn%2==1%2%FM., £ Python EMENRE/LFEEZEE5.

FHE % i, AEMEEE., HERENIANKBEZEREM, THEM CIEEHEY
AR,



| Permission Bits (fXPR{i)

three switches in one number output
READ, WRITE, EXEC = 0bl0@, 0b010, 0b001 101
False
perm = READ | EXEC # r—x True

print(f"{perm:03b}")
print((perm & WRITE) != @) # may write?
print((perm & READ) != 0) # may read?

— P bit H—1NHX: | 5 IH, ¢ BEE. s -1 B rwxr-xr-x BEXE#EEFL,

25 38 T1 - Permission Bits (1XBRfI)
UEERTLA? —1TERNAREA—TBEEE/LTHX.

lab02 B Is -| EXHR, mABE—E rwxr-xr-x, HERMERBEIE, r. w. x 25IFRR
AE. A5, AT, B—1TFEEME— 116N B 1, ®EL0,

XBHE=1"HXEDE—(L, READ | EXEC IBIEFMBMITMALITH, 521101, B r-x, BEE
E—UREITH, MMEM—r558: ERFZ 0, REX—UEHFN,

AR 1= 0 BBMITERIN T S, [REET—IL,



| Precedence of Bitwise Operators

8&4 +1
# not (8 &4) +1 =1
# but 8 &5 =0

1<<2+ 3
# not (1 <<2) +3 =7
# but 1 << 5 = 32

(8&4) +1
X (1 <<2) +3

# always parenthesize

GEIMFR: + -FF << >, << >%F& "~ |, &~ | XETHREERN.

EERKR, MEEMANNEEFEE—EN, —@NES,

25 39 T1 - Precedence of Bitwise Operators
BARCERLZER TR, XMEZANERER, BAMIGEELEE TKE1, FEBAZ
=8
8&4+18, IELE, TR 8&5, FHRE0, & (8&4)+1EEBNIA, SUANERE 1.

MEEBIZERFAE—ERN, Python WAINIFEESR: n&1==1%85, BLK. ECE=
R, LERSEE. B—THBERMMESERETE, M CHERBERNEZLE.

ZRER: FTEEFNAR, MES. E—TINSEMEXE,
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More on Functions

B3I HHATRBEN=ER, HFSHER/IMERENSX, print HXELEAT: EReEE
EEZMME, 18 sep Ml end M PMAIAAEHSEL,

X—EHXES AR EAEX LR,



| Default Arguments (ZXIASE])

default values output
def greet(name, greeting="Hello"): Hello, Alice
return f"{greeting}, {name}" Good morning, Alice

print(greet("Alice"))
print(greet("Alice", "Good morning"))

Give a parameter a default and the caller can omit it.

41

55 41 71 - Default Arguments (ZRIASER)

EZHEEEESH—NME, METE—TRIME, BRNTMEXTSE, MARIME; &7
FAE#AAE,

REFE— TR ERBRERNER, XEEFENEH . KRSHERERDROIFLRRIA
(ELiNE

58 3 Y print BIZ X1 sep BUAR—1E18, end BUAZRRTT, AEMARIME,



| Defaults Come Last

wrong order

def bad(greeting="Hello", name):
return f'{greeting}, {name}"

traceback

File "example.py", line 1
def bad(greeting="Hello", name):

ANAAN

SyntaxError: parameter without a default follows parameter with a default

RE5 2 SyntaxError: XZ2iEEME, REEXAKEMBEBAE,

% 42 T1 - Defaults Come Last
BERIMENS D THIERBRINENSHEH, SNERRENTHERT, BERRIEES
R,
BB MRAVPXHEEN, AR bad("Alice") B, "Alice" iZ£81E? RN BN IZLA
greeting, A name JRBHINE, XA BETE., MINBHEFE, FMAESEERZLEXMEEL,

XEX—HBERBAZH TEHEEMIRE HER, REZH.
MNMEEE—TEIENMS, BEF T —HATIIRTHFELE, FINRER.



| Positional and Keyword Arguments

three ways to call it

def describe(name, age, city):
return f'"{name}, {age}, from {city}"

print(describe("Alice", 18, "Shanghai"))
print(describe(name="Alice", age=18, city="Shanghai"))
print(describe("Alice", city="Shanghai", age=18))

output

Alice, 18, from Shanghai
Alice, 18, from Shanghai
Alice, 18, from Shanghai

BN, BRUBENSHURSERME.

43

% 43 T1 - Positional and Keyword Arguments
£ 3WHIRUBENRBFAMES AN, —MERANERTE—H: F—MEIIRUE, 5
“MEEiEaT, E=MERA,
SEFRT, IRAIBENSHU T SERIE. Python IR BRI NS EXNE, FTHBEIRSE
Folc. MFRRUBEENSHRERE, MANBFTEZNNE/LTSHT.

—F2%: ZERAE—MT. BERREEN, RUERE: SHZ, AEF/LTREER. 55
Foely, REFE,



| *args

when you do not know how many output
def total (knumbers): got: (1, 2, 3)
print('got:", numbers) 6
return sum(numbers) got: (1, 2, 3, 4, 5)
15
print(total(1, 2, 3)) got: ()
print(total(1, 2, 3, 4, 5)) 0

print(total())

One star collects every positional argument into a tuple. Zero of them is fine.

44

25 44 TT - *args

SHITESHAMEN, B—TES—1TaF. HRARNESZOMUIESH, BT E—

BERAEE.

TENLRZAEESIEREN—AE, XIUTH, 5 6 . NECCEBRR—HATEENNE
5T . sum FILAEIZX ERH,

— T SHEAMERIMN, WEINEZTAH, KHE 0.

print, max. min #EEZRZEESZ NS, A2 XTHLH .



| **kwargs

the order is fixed: plain -> *args -> **kwargs

def show(first, s*rest, sxkopts):
print("first =", first)
print("rest =", rest)
print("opts , opts)

show(1, 2, 3, mode="fast", retry=2)

output

first =1

rest = (2, 3)

opts = {'mode': 'fast', 'retry': 2}

Two stars collect the keyword arguments into a dict. args and kwargs are only

customary names; x and *x are the syntax.

55 45 T1 - **kwargs

MTESEMBRBENN LNXRFSHREREK, HE—"Fil, FHEICESTSHNRZ
FHE, 2 6 HifFH,

=MSHAIN—EAR, INFEE: ZBSE. xargs. skkwargs,
XEB 1487 first, 2 1 3 # rest WE, M TEXBEFSEH opts KiE.

args # kwargs XM T B2F AR RBERAE X, BEAINBFHEEIT. BFETRAZIRTEF,
AXEEXEFE, RTRAF, EABNARSENERAGREIINAE.



| No Function Overloading (&8 &&E)

the later def wins

def f(x):
return x *x 2
def f(x, y):
return x + vy
print(f(3)) # the one-argument f is gone

traceback

Traceback (most recent call last):
File "example.py", line 5, in <module>
print(f(3)) # the one-argument f is gone

AAAN

TypeError: f() missing 1 required positional argument: 'y'

FASNEY, EEXNSESHEN, FESH—EA—1,

£ 46 T1 - No Function Overloading (&8 XEZ)

£ C++. Java B, BFHHE. SHAEN/L TR AUENEE, XIUER, Python RBE
ﬁo

[RESE 3 AT : def thR—XMIE, ERBENRAEBTRF L. B def fIE f UIEZIF
RUREY, REFBTRBHKBERFEDT . XMALEE x=185 x=2 2EF—0E%,

PRIA (3, 4) BEIE®E1T, f(3) #R TypeError, WIRD—TSE,
BIRES T EEARENE, TURRIASEEE *args,

EREREN, — T XHEETEEMITRERNERE, S —TRAFN— N RES S HX
NEd, MEFRE, AI—TREFXFERNT .
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Type Hints and Indentation

— TR A, REURATEMT4; BEERTAEREBENSH. REMFARENE, R
BFAME., KBRTHAREXMEZEEBE.

X—ERREEEIFiaHEdEH,



| Type Hints (ZRUHRR)

Python 3.5 and later

def c_to_f(c: float) —> float:

return c x 9 / 5 + 32

print(c_to_f(37))

output
98.6

c: float says the argument should be a float; -> float says a float comes back.

SHREEMESEZHRIRE, FS/EEM

X—THRER: XTRERZ—NFRE, RO

H
T—TIE—TEZEAIRF.

K 5IREMEMNRE, XTIEZEM Python 3.5 71

—MEFRE. THIZREE, HAEEAR



| Hints Are Not Checked

try passing a string
def c_to_f(c: float) —> float:

return c x 9 / 5 + 32
print(c_to_f("37"))

traceback

Traceback (most recent call last):
File "example.py", line 3, in <module>
print(c_to_f("37"))
File "example.py", line 2, in c_to_f
return ¢ x 9 / 5 + 32

ANy

TypeError: unsupported operand type(s) for /:

'str' and 'int'

KR TRAMEE, XEEFBRBFIET, BRI eHB—1T74RE,
%8 49 T1 - Hints Are Not Checked

E—FERFSEHRZE, Python BIFERR, BRPTRENR—1T7 R,

X—RZiRFE: RERRS Python BRESKIRELSFTTIER, BITHAMUEETRE, 57X

BRR, NSFTREM—EY.
REBESRNEFNBIERNEIRE, TEREREZENIZE float,
BRAINE, MTLEES? T—HOZE.



THREE REASONS

| Why Write Type Hints

* One: they are documentation that cannot go stale.

A comment drifts away from the code. An annotation sits on the parameter
* Two: your editor can use them.

Completion gets sharper, and wrong types are underlined as you type
* Three: they are the spec you hand an Al.

Write the signature and the types first, let the Al fill the body. Far more precise than a
paragraph of prose

=RIEH, —RIE—REE,

50

£ 50 71 - Why Write Type Hints

N

B—, XHEAEEH, BEITREN XTMSHRIERL, BNREZETRY, M
RBYARLT ., RERTMEESHEE, ABBH—EEFL.

£, YmiEEIREA LE. VS Code X7 Python ¥ Rfe, WRIURTRHREGIEE &R, FHHE
BSgndR, TRFET.

b —

B=FE B HERERIT, KREIL: 1L AIS—TRHE, SHA—REHER, TUREFERE
HERMEE, itetE=REE., T—E—10F.



| A Signature as a Specification

What goes in, what comes out, what it does: all three lines say it.

a spec an Al can read

def merge_sorted(a: list[int], b: list[int]) —> list[int]:
"""“"Merge two sorted integer lists into one sorted list."""

NiX—ifte, HYENRERFIMSERSEFRERR,

% 51T - A Signature as a Specification

X=1TR— D TENMEIRE: MR ESEHIR, REEHEERIIER, XHEFEFHIR
BH T REBITT N

EX=1TR% Al, E5EHNTHEFARZRBER, WRAR—C E—1TRE, EHIHELET
ﬁ%ﬂ%@iﬁm'Eﬁiﬁiﬁﬁﬁﬁﬁiﬁ?ﬁﬁﬁﬂﬁ$ EURFRR? MNRHIFFE
N,

list[int] RIRTTREPEEERIFIEK, W%T—ﬁﬁo_ R Python I—1M&AER, RR
MXEENTE), BAESE TER. TIRELMAIR,

WRIEAE: NZ—ifFE, AXTISEWREMFEFRERR, NETREKRMERMHERER

No



| Common Signatures

four common signatures output

def fl(x: int) —-> str: 42 6 Ada is 18
return str(x)

def f2(items: list[int]) —> int:
return sum(items)

def f3(name: str, age: int = 18) —> str: # default
return f"{name} is {agel}"

def f4(x: float) —> None: # no return
print(x)

print(f1(42), f2([1, 2, 3]), f3("Ada"))

EEIREEFE —> None, XN 3 ift: €A return BIHREHEE] None,

£ 52 T1 - Common Signatures

XN FBE T UM ERRE B EA,

f2 BH list[int] RIRTREBEARIIR, HESESTRRE, XMEENERETH, T4
Et—#,

f3 IRARIAMENRBER IAM—ES, IiFES8R. §5. KB F5. RIME

MET%AM% %Sﬁﬁﬁ,&ﬁmMmm@Wﬁ [5] None, ﬁuEmﬁ@*mﬁ%Nm&
AERREEHROEMAS, SHFK, EHALTHE BRZ, T2&7T



| The Opening Question Revisited

"done" outside the for "done" inside the for
for s in [50, 70, 90]: for s in [50, 70, 90]:
if s >= 60: if s >= 60:
print(s, "pass") print(s, "pass")
print("done") print("done")
70 pass done
90 pass 70 pass
done done
90 pass
done

FMEEARE, —RRITED—IX done, —EREBHEITED,

% 53 71 - The Opening Question Revisited

EEIFIZARER, A IAFIEFT RS LR E R DML E.

LB print TAES, 7£ for SME, BIMEREREHRIT R, Ai%EHTHTER, BTREH
K, 8—R#HAIT, ZHITH=IX,

ERARDBERRE: £—1TH#2 done, 50 AB—4ARKAE, FITED pass, {EfEMAEAT)
print B&EFHAIT.

RBAETMERBAMIE. Python INARMMAERIREENES, RAREXARE, M—F2BR
By, REEECIER,

XERBEHUDABROEM: BHEHE T, ERNSXMET, MAFERIRE.

BNSIRE: BRfEif, OXNES—THREHEFEERENR—E, 1552 RIMINER
[ETLAT.



| Tabs and Spaces

def f():
print(1) # 4 spaces
s print(2) # one tab

# TabError

def f():
print(1)
print(2)

# 4 spaces throughout

Tab MIANSHIRER R L IJBE—HE%, Python ZBARENIARRE, SR TabError:
inconsistent use of tabs and spaces in indentation,

VS Code BAIAIE Tab 3= 1E . MF ESHINBNRSS HXA @,

25 54 71 - Tabs and Spaces
X2—MEREIR, BEERSLEFAHNR: Mg E R RAETE—H,
BRIRINERB—%: i—F 4 1N"E48, VS Code BRIAIE Tab BEM TS, BSMA—RRASE

L1518

HRIREAREEES FIFMGET: MMTI. PDF SR AMKIBEEH—RIIk, BEEES Tab,
BE| TabError, EI/UITHIEEFBARIR,

VS Code BRAJ AT TRREAFRF ), Tab MIZAEMBEX DT T,



| BEZ/NI - 56 2 48
FIBIEE - X—1ME

' score = 95 FTEN{+4A XERETITENM+ A
6 & 3 + 1898 xrest KB4
£, B, 8. SHE—F, —A—a, Ex—AAH—A,

25 55 71 - [E=E/N - 58 2 3P
E TGN, POER, RIS —, —a—3ithi, SERESHE A,
[58 1585 - score = 95 BI$TEN{+4? ]

ZHE MF—THENDHIITI XFHN, UARDXINFERNER. BXEENTEEMN
EETEMAFHE, BRE—THENHE, FEN—EZRE,

WRIEWERAS, DFZEDZICKEFTHA—E,
[55 2 & - XERMBIFTENMH A7 ]

ZHIZ break, continue FIEIFRY else =FHME S, BIEZREAERLEN: 8—RIES
Do TR —1). BRI X—ERMEE M EN . BB TEERSE.

R LELATRSR, FEHEANENEER.
[3&-6 & 3 + 1i9EERZI? ]

ZHNRUCEMER. INELRUSKE, FIALEE 3+115 4, BE 6&4, 6 E#H|
110, 4 2100, #1575 100, HHE 4.

% (6&3)+1EE1BE 3, XTHEFERMERIE,
[5450-show(5, 6, 7, 8, level=l) B, rest 2(t4°? ]

EZNE=MSNELDE: KIRUBEEESEEH, FTHUESEH xargs, XBFSN
# xxkwargs,



5 25 first, 6. 7. 8 i# rest, level # opts, FilA rest & (6, 7, 8), i% (5, 6, 7, 8) WEZF, &
7 first TZE T —1

RECAP

| What to Take Away

" sequence + branch + repetition expresses any computable process
* if-elif-else takes the first true branch. Write the strictest condition first
* Use for whenever you can. while is for “| do not know how many times"

* break leaves the loop, continue skips the round. Nested, break leaves one
level

* Aloop's else means "never broken out of". Read it, rarely write it
* Mix bitwise with anything else and always parenthesize
* Defaulted parameters go last. *xargs is a tuple, xxkwargs a dict

* Type hints are not checked, and still worth writing. Indent with 4 spaces

5 56 T1 - What to Take Away
I\, BEFMENFREZEXGFEABR LA, mEEBARE.
FE-Fo—HRIZFHER, ME 5 AR, IFEFE—BRABERS for,

BN\FRRBERTIMNSRERRZNE, AAZREKRMERBEMERERT.



LAB 4

| Lab 4 — +iERE, FRHS5TEF

* 4-1grade(score) &% EBDXIAF

* 4-2digit_sum(n) BFUBFEZH, MFERFHSH

" 4-3 is_prime(n) FIBKTEE

" 4-4 collatz_steps(n) BRZLLE: BEFR 2, FEE3I M1

* 4-5 triangle(n) ITENES=AK, REAERT

" 4-6 BEGIR: B—ERF, NE2EE

* 4-7 hanoi_steps(n) IBEERDSE - FTANTAEL 1 B9FHA

" 4-8~ 410 MEREES. YHEL. FEHGIRE: EFFEMELBER

SEBRACR (2917, BREE) , NXRFHAE, FERKBERSEIRR,
5771 - Lab 4 — +1ER, FHS5MEHR

A ERtiER,

A1 EDXINF: ZROXBEMNRFEBOFHSRE, BERT, FEENDXZHBEIES, M
D3KEEEAER, MEARRE.

4-2 NIRRT S, ERBRANRESUHF (LR, 4-3 1 4-4 I HRRE
Wi, 4-4 2SS RANBALIFE,

4-5 B 3 HRIBIUIRA, EREEMNFTESEMRT EHIERTT, ERREFTES —TRT,
FIRLEZEF AT LERRAY,

4-7 FTETARL 1095, BERXEE, XAREREEHEDTH, FHxdlE, TAB

5 2NEE,

4-8 3| 4-10 B=E/\&: MRBEEAAHSEHN split(); BERBAEE 2 #AY ord A chr,
AR Kk FTARREG #HIFERN 4-2 EE—1BE, 8 nFT 0 NIER,

MZRTHR, P REEHEREREIRTR,
A BRZ5NER B BRH C B, =REINFAM, CREZMIITERL), HRES,

RR3 MR 2,, EBEHE 45/ 6/E, 10 A 27 HELE.



| Next Lecture

You can repeat now. But the data is still scattered

L5: lists. Until today you handled one value at a time. With a list, a whole batch
becomes one thing you can pass, compute with and store.

£ 58 T1 - Next Lecture
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