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Introduction to Computation (CS1602) - Lecture 3

Strings, Variables, Input and
Output

Instructor: Tao Huang

Part I: Foundations and Python Basics - Fall 2026

25 1 71 - Strings, Variables, Input and Output
R FHEH A FEERENBE, ExiTE®, X—HREFRFEMAITR
B MIMNEIEFHRIRFAEALIE, BHRNEREAZI,

FHERSINERE, RHEXITRE—MHEEEX ENTAR: AZAIENE—F5FES, ME
#Iria, RS EHRNR,



| An Opening Prediction

add.py at run time

a = input("first number: ") first number: 3
b = input("second number: ") second number: 4
print(a + b) output?

RELEE—NER. APBAA 34,

%5 2 71 - An Opening Prediction
X L —AGEME TN TER, [T, ER T, EeiImEsk,
AFBWA 3/ 4, AEERZA, BRECE—T.
XTREF/IFE—RBFENEE, /L FE—RBEXEFE,



| The Actual Output

the same thing, spelled out output
# input() hands back a string. Writing the strings out 34
# directly here changes nothing:
a = II3II
b = II4II

print(a + b)

WHE 34, A2 7, MSEEHEE, BRAMRMEBERRE,
£ 3 71 - The Actual Output

Mt E 34,

REEL—HESLHE: MSFREFHFSE LEHER, AZME, Minput() TiLWAHA, RE
ROEZFRE, WA 3, BEHNZ "3" XTFRE, TEHF 3,

PO ERAURS RO ZHE "3" F0 "4" HHRY "34",

R EIXEIE input() 8 T FMNFRAEME, MNRUEE—THEEEEXTIRET. HXE
KR —ERAURSRI AR AR EAIAIE, AIAB S,

X—IFE=RESFMWH input, BESHRE T—TUIRERR,



| BEZ/NI - 561 48
IS - X—%—

THXEAEREHAA?
X—EMEARANGER, W3 print 70 return Bi—FHEEIE,

AT R - B8
FRAR—ER, FRHER.

X—EBHE T, BRUEFAGBTINEREFFERS: BTREERFE, XTZEHERE, 3E
EXRTFe E—9AE.

SBINERE T print 8 return X3, HRIESBE, IMELX—RRIDMRLER.
FECHET, BITERE, CRREE.



RECAP - LECTURE 2

| Where Lecture 2 Ended

* Every value has a type: str, int, float, bool are the four you use most
* The type decides what an operator means — + adds numbers and joins strings
* '0' (a character) and @ (an integer) are two different things

* / always returns a f loat; floats are inexact, so never compare them with ==

FE_FME=FSRXNSAE ., FEBMEFRL 34, MRSIINEERER

%5 5 T1 - Where Lecture 2 Ended

F—iHROPuER . EHERE. #Hl. FR. B5EE.

MSRERBXROZRMFE, RERECEFNEN, XENMNSKSEM T 6@
BB TINERRR, AR =E0# input BYRIR,

B=FH T0'M OAZ—EZE), SREBE—TEERMFIRE: input ZRAKIZZFTEH,
AR B P A ABE SR T

RE—FSKAARE, ET-HHAFHFERZAE.

OVERVIEW



Today

ROADMAP

| Outline

* Variables — what = actually does, and how to name things
* Strings — quotes, joining, indexing, comparing, and what immutable means
* Conversion and input — input () always returns a string. First key point

* Formatted output — f-strings: a value inside a sentence, laid out the way you
want

* Functions — name, parameters, return value
* print() and return — the second key point, and the hardest to spot alone

* Modules — functions other people already wrote

g8 7 T1 - Outline

tE., BIURZEERNAERRMEEMNEE: TE. FRE. BAER, B thHt. 5
_Eﬁ%iﬂf/\ftﬁ%ﬁlj 14:1& &/L‘\/A 5. prlnt *D return E’] E%U LX&ILAZ\%%UAE&}E’\JIZI
2

MTERDANEREMRF: BN input REIFEFNEH, EMEE—1TBRESMNEIR, BAK
8 print 5 return, @&MECAMNEIR, BANRSE LEEREXNN,

XRGEEX—HZERREMRBENZY, FRNTIRBEF—EREIHIEN].
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Variables

| Assignment (TF{E)

assignment output
x = 10 10
print(x) 20
X = 20 # same name, now pointing at a new value
print(x)

58 9 TT - Assignment (TR1H)
FS7 Python BIUNE(E, 2fF HEABKEHRNZZOXTREF L,
B—1TZRE, x XTRFHER 10, BOUTZRE, B—1R&FE0OER 20, REIRT 10 MAE
BRFHERTE,
ERRTINFERERD, BHEEN, XI—RE F—HNZER/REE,



| Why x = x + 1 Makes Sense

increment output
count = 5 6
count = count + 1 # right side first, then bind

print(count)

HZEE x = x + 1 BMRGA;, BEFECTEGE, BARARER—HE: RILEX

5, maE4E,

210 71 - Why x = x + 1 Makes Sense
BEBEEx=x+1, XTAHELE, EREEANExRENMNED,
XAEFTESHNEXAE., BENEFSHESMLEE WENSESE—ToF: TiEALEY
X, BIEEARHELIDNBF L,

RIZMIREIESE —1T: BB count MIER 5, MM 115 6; FAFIE 6 4645 count, T2 count T

]

9]



| How to Read the Equals Sign

Read a =

b as "a becomes b"

Not “a equals b". The habit saves a lot of confusion later, especially on lines like
X = X + lands = s.upper().

ENMNT-

XE—TR/.

How to Read the Equals Sign

BIRBBBEISIIER,

IEWMEEGEM TR, AEMBEET: A
XMBEEEMEIIRY: s 3

[EE&Z! s = s.upper() XFIETIAY,

B Ts FT s KRGS, MEREIH,

DEREY, Zil

RER, FIkEMNAEBEAN,
TRk s IARBERI T, MIIRIE



MEMORY MODEL

| What a Variable Really Is

* Memory is a long row of cells. Each cell is numbered, and that number is its
address itk

* X = 10 does two separate things:
put 10 somewhere in memory

make the name X point at that place
* So a variable is not a box. It is a label stuck onto a value

= 20 does not swap the contents of a box — it moves the label elsewhere

IER—TEk: BF - B, WERNZEFLERBE,

5 12 T1 - What a Variable Really Is
—EZITNERE, FE/VHERERET, B5ZERHE,

REFAIMERR—KEFR T, 8TRFE—TRES, XTHERSMibLL, ZUEFERFE, EF
FENIE,

x =10 T MHEE: £10 KEEMEF, RELLx XTRFHERBTEF

BENZE: BETRET. REALBEEBRA—TES, EEREE, WEMEREZTFE
HARA, XTLEMERBBNFNF BRI L, B2 7% 5 HINIIRMSEATR.

ERRREBRESL: RFIEOE, x =20 FEEZFERY 10 #K 20, ML x X1 EikATE
B —THEF, FEIBT10EE, RRRAEEET.



| Not a box — a label

X abox: x holds 10 inside v alabel: x points at that 10

[ X X —P one cell in memory
10

after x =20: the arrow moves, the 10 does not

v

X
20 ] is 10 overwritten? X

the 10 is still there, just unreferenced

after x = 20: swap what is in the box

LM EEESNFFELRASHE, FUESA—EHEE, 215 5 HIIEMSIEAT
R

%5 13 71 - Not a box — a label

IEMMIERHAFE L RE,
EDRZHARTFERT: x2—1T&F, EEEE 10; x=20 MREEFENKRARIE, 10
WEBET.

BVEXH: x B—KWEAEELRRE., x=10 T HHES: £ 10 REREFEENEMEF, A
[Eik x #EEBMEF . x =20 FAEIEEFER 10 2K 20, MR x XPEELIEEIS — &
¥ REHD 10 BE, RERRABEET.
FERAUIIMEZERNTFNSE LAcHE: MMEREERNGE—H. IMRSA—E
AEEFRE, —BRZIE 6 HIIIR, ARRAKMAT —TRBFH—THIRER, PR
SFREMBREAT T,

RIS, AR



| id(): That Address

id() and is output
x = 10 4342711064
print(id(x)) 4342711064
True
y = X # point y at the same place
print(id(y))
print(x is y) # is asks: the same one?

id() gives the address; is asks whether two names point at the same thing. 8iXiZ

Tt EBAR—1F, BRERNEFELEIER,

514 T -id(): That Address
id() IRE— B FHEHEMNIMEEARAZEENMbL, XPMERCITEHAE, TRIEERRA
RREEIENER, MULERICEFNNE, EBNEM id HA1ESE.
y=xZ2kg, mTid—#, XiRAREEHNNEE X, FT2EXE. REERE 110, D
BFEIEEE.
is — TR, BNE XRATRFEAREAE—TNRI., EM ==FE: ==[glN: &
HAEEL, is BlNE TRAEE—11. FT—IiRRXTX3IATLAER,
MERXMERERREZRN: BMF/RFEL, MMIERSINGLS—F. (B3 5 Hifslx
B, RZINREBEEETEERERE.



| ==and is (tHF5R—)

equal in value the same object?
a=1[1, 2, 3] a=1[1, 2, 3]
b=1[1, 2, 3] b=1[1, 2, 3]
print(a == b) print(a is b)
True False

== tlb{E, is tbBp. BTRAZT—HNEA, JURR N ARNARA.

%150 -==andis (BEF5RE—)

HESBIEEMTIR, 36 iHH, XERMEERIRAIER, RABRNEFNFSE LEREZXD
X3l

MTIRABTE—HE, FilA == 2 True, (BEMEDAEL RN INFRA, ERNEFELSFIR
7, FRLAis & False,

MEMK—R—FNEENH: ABHEE, EFRZER—KLE,

SRR LEBERMA ==, REH None LEiRlIA is, 5 if x is None @fnEESE, BN
BIMERERE— None, [0 TEARZI—"11 tblo) MEBAEE) BEEH, hEIR,

X—TIMEBRTEIRMIEE T, 5 5 H=IFEMH.



| Simultaneous Assignment ([E$1#{E)

simultaneous assignment output
a, b=7, 3 7 3
print(a, b) 37

# the whole right side is evaluated first,
# so swapping needs no temporary variable
a, b=>b, a
print(a, b)

The whole right side is evaluated first, then bound across. So swapping needs no

temporary.

25 16 T - Simultaneous Assignment ([E%H1E)

FSEAMAINZERESHRANZI, HEXW LEMT, XIUELHE.

RXEZHTING: AAKBIER, AT ——REETONZF. PAAE/R1TNa b=b,a &,
BBFEREER b M akyfE (3 7), AEBHEIER, THRMTHT .

£ C. Java EXMM N EEFE—TIGNESE, Python XTEEFERRZSAEIRRSEIN
FHth7 .

TNEEREZRELN: X—HEERLREZS MENAERE, % 4 HNBEAEEZR
2,



| Naming: Rules and Conventions

RULES — break one and it fails CONVENTIONS — no error, follow them
start with a letter or _ anyway
then letters, digits, _ say what it holds:

student_count > n > Xx
case matters:

age and Age are two names join words with _:
max_score user_name
no keywords: this is snake_case

if for class return def ...

never 1 or 0 alone:
too close to 1 and 0

MM E Python 32, SJRAAERS, EEIMREIR

% 17 T1 - Naming: Rules and Conventions
LIORXERNESF, BREAER, SipfMiE. aaXERNETs, BRRBEET, EREsH
R, eFERES=TRE*XN.

snake_case & Python tXKIAE, 57 PEP 8 E, FIMIE=HERINLNE, bl Java A
camelCase, EF—TIESEMAIMESNAE.

RE—FEXIBRZW: MBI X5 OMHF 1. 0 ARZSFEFRE/LFo ALK, EABHY
AR NLCRERATE],



| The 35 Keywords (X{E=F)

how to check

output
import keyword 35
True
print(len(keyword.kwlist)) False

print(keyword.iskeyword('class"))
print(keyword.iskeyword("klass"))

No need to memorize them — your editor colors keywords differently, so a

collision is visible at a glance.

%518 T1 - The 35 Keywords (x§=F)
KPEFE Python iIBEEC HAMNIE, TEEERITER, —H 351,
—TAEKISEEN], REKRMEBXA—XKIE, UKLFIE keyword RIRE]IAE

EFREREBE, RIESRNEESRREXRBFITBSHREE. IRGEESENBFRAEZ TH
&, BMEELXEFT, R—THA,



| Shadowing a Built-in Name

list = [1, 2, 3] # no error here

print(list(range(3))) # TypeError

numbers = [1, 2, 3] # just pick another name

¢

print(list(range(3))) # [0, 1, 2]

list, str, sum, max, type, id and input are built-in functions. Using one as a
variable name is not a syntax error — Python will not stop you.

RELEEREE, MEBREEREEAEBERE.

% 19 TT - Shadowing a Built-in Name

AREFETRUZIRE, NERHBETAR, FERLEM,

FIDBRERRAD, $E—1TAE, Python RYFRA list XNEF, BMIB—1TFHA, list fEEARiX
TR, T"BERNEXRI., EEELBIRA list(...), MKRT E—75RYEXEABL, Ik
TypeError,

AT IRENUEREREESENUEREZ, MBERBEERSN Nist YRAAEFAL, A=
RAEAM—TIECESEN,

WEBLTREENRZFZMIZ T list, str, sum. max. min. type. id. input,



| Augmented Assignment (£&T#(E)

+= = ¥= [/= output
x = 10 13
X += 3 # same as X = X + 3 5
print(x)

X —=25
X k= 2
X //=3
print(x)

+= —= %= /= //= %= %= all work this way.

% 20 71 - Augmented Assignment (E&TR1E)
EREE—FEE, x +=3TEEHMTF x=x+3,
FE_RIREHE: 1385188, 21516, BfR 3155,
WERAEAUE, BERAETMIINFR, METEAONRFREN—R, TEXRON

&, SHY total = total + x BEUMAL, FiE—LMB—TTIRERVIZEEIR; B total +=x
KRB XML,



| Comments (%) : Why, Not What

s # add one to x
=]

X +=1

o # skip the header row
X += 1

Python skips everything after # to the end of the line. Its only reader is a person.

RBEERREFRE T4 . ERENRAERAHRIIBERS

25 2111 - Comments (7£F): Why, Not What

EORFERZER, ABEE x+=1, FOUAHEBLEN—, XFEFLERMEETHE
2, RRA, MEAKEREZTICEY, TS,

ROPEBERNERE: MTL2EHRE—1T. XZMCBESIEAR LK.

— D EHRERFIRAL A ARIEERAMCEN R, ERELIAEESHMEERBEKRE, 3
EZ¥EER, AIMMIE,
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Strings

| Three kinds of quote

quotes output
a = 'single' single double
b = "double" triple quotes
c = """triple quotes can span lines
can span lines""" he said 'hi'

she said "hello"
print(a, b)
print(c)

# use the other kind on the outside

print("he said 'hi'")
print('she said "hello""')

Single and double quotes are exactly equivalent. So use the other kind on the

outside and skip escaping entirely.

25 23 T1 - Three kinds of quote

Python EB5|SHINS| SEREFMRY, EM—TEHELE.

=5 SHFNBRAILIETT, EHENRTESRFRE. EBRARESTIXA, BERARS R
WX, BTRIESE 10 HEH.

BEESERS|SRRBITFN. WE|SRRFRE, Python REXTKXZ, Python BikE
Mefif) XPRE, BPNFAMEREN 1NFNS,

BIRMAS | SEF, MAMEXTERERESE: FHEATEZLIURS(S, FNEMAING
5, RiIFth—1, XEMAAS RIS

E—AER X, SRHRFIREZIHY, BEMRERBRAIENTELRE A,



| Joining and Repeating

+and * output
first = "Shanghai" Shanghai Jiao Tong
second = "Jiao Tong"
ShanghaiShanghai
print(first + " " + second) # join
print("-" x 24) # repeat

print(first x 2)

From last time: the same operator means different things on different types.

£ 24 T - Joining and Repeating
NEEREFHELEHER, BESEREE. XL —HTSEICHNEIZNHE,
FTIMN"-"* 30 @— MRERNER, FARIT—&2R4%, EFS=1TTRHSHE,

EBPHETRAMMER, E—TER " " 2ECH LA, X—aF print NS SRR
print(a, b) REFHH—DEE, T a+bFA,



| String Plus Number

print("Age: " + 18)

1 # TypeError:
# can only concatenate str
# (not "int") to str

print("Age: " + str(18))
print("Age:", 18)

print(f"Age: {18}")
# the f-string comes in part 4

Both sides of + must be the same kind. All three fixes work; the f-string is the one
this course uses.

XFRIREERESEL—E:

£ 25 T1 - String Plus Number
IESEKRMIDEE -, FRHEMBHKEEN, FTAIR TypekError,
RXEIREEESEHRBERE: HEEE striffl str b, TEER int, FFAIEIRBERNIIR, BAZ
BIREHEREERER.

BDLET =MeE, B—MFILIER, BMPRLE print L3, E=MZ f-string, X—#5EM
=, CERMERERNEE.



| Length, index, slice

picking characters output
s = "Python" 6
# P vy t h o n P
# o 1 2 3 4 5 n
tho
print(len(s)) # how many characters
print(s[0]) # the first; indices start at 0
print(s[-11]) # the last
print(s[2:5]) # 2, 3, 4 — 5 not included

Indices start at 0; negatives count from the right. A slice includes the start and

excludes the end.

28 26 T1 - Length, index, slice
XANEFRE EHERNRE.
THRM 0 FFiR, FRA s[0] BB —1TFRF P, METRMELEL, s[-1] B&RE—TFR/ n.
s[2:6] BXFHR 2. 3. 4, 1FEIt. h. 0o =1F/, FHETH L. X—(UKEHINE.

BANEREERE, EAEMMRIANGL: —BURNKEESFSTH I TRZE, 58
2FT 3, Z& s[:2] M s[2:] EFBEFNFHIMAENRIIMER, WREAMIRES, XMFE
R ANRRAL

3 5 HHIIRII AR, SR—TR eI ER—IE.,



| The Index Ruler

Two sets of numbers for the same six characters — and a slice that stops before
where it says.

TR 0 1 2 3 4 5
s P y t h 0 n
TR -6 -5 -4 -3 -2 -1

s[2:5] = "tho"
112 5 ALk, A8 5 K5, FRrLARZ 3 MNER, EF=ERNTIRZE,

PMRNKEEFERNTIRZE, XEEERUIFE.

£ 27 T1 - The Index Ruler
B LE—TIARTRIBIE LK,

BFERANTFN. LE—HRIETHR, MOFRE: TE—HER TR, M -1FREEE,
E—1"FHBEMITRES, LLUREBRT n B2 51 -1,

RREI—ERE s[2:5], TRARVNIESEE MK 5 NAER — BRIZ 2. 3. 4 =1F/, 5
—RERERE.

MEXARERE) IR, EEmERMFRIANUER: —FUHRNKEESFFTRIT TR
2ZE, 5 2%ET 3, TR =& s[:2] fl s[2:] EFiEFHEURAENRIFMER, MRK
PURImER S, XM FRER AL,

3 5 WHIIRII AN S R— T EsrvipnmEn—iE, MUAIXETE—#&,



| Dictionary Order (FHF)

comparing output
print("apple" < "banana") # 'a' < 'b' True
print("abc" < "abd") # third char decides True
print("abc" < "abcd") # shorter prefix first True
print("Zebra" < "apple") # look at this one True

Character by character, comparing ASCII codes. The first difference decides it.

55 28 T1 - Dictionary Order (FEi[F)
FRHBLERIOMNEFHRE: MVEFAETFMALER, BRFE— T TENFHMRATER, 5
HIAET

L=t~

=T EER. BETEEME: Zebra/NF apple, U2 AEN Z HIE/N\ER a BIHE.
T—TliRERT 4,

WR—TFNBEH—THRIR, EHEIE, MEFHEEBabe HHE abed BIET—#,



| Capitals Sort Before Lowercase

why output
print(ord("Z"), ord("a")) 90 97
True

print("Zebra" < "apple") False

# to ignore case, fold both sides first
print("Zebra".lower() < "apple".lower())

'’ 290, 'a' 97, LUHIRRS, FAEFERNME.

25 29 T1 - Capitals Sort Before Lowercase
F—iiHid ord(): ERE—TFHE ASCI /S, KEFHE4H 65 7 90, /NEFH4H 97 7
122,
FIMERIAEFBNESEH/NTFEA/NEFE, FRBLERXERESLEN, T2 Zebra/NF
apple,

X—REHFRENSEERHDE: —HARNERANSBIREARNERT, B ARSFXH
IRERIE. BRINERRIFRISRA—RHENNE, WME&RE—1TIMEEA.



| Strings Are Immutable (FT]3)

try to change one character

s = "hello"
S [@ ] = 1 HII
traceback

Traceback (most recent call last):
File "example.py", line 2, in <module>
5[0] = IIHII

NAAA

TypeError: 'str' object does not support item assignment

The message says it plainly: a str does not support item assignment.

%5 30 T1 - Strings Are Immutable (FREJZE)
FRHBCREZEMARERT, XWARE, BRREE— T,

XAZ Python B9fRHI, RZIESHIXAIRIT. FARFRFEAUBOHRBIGHE: BEAHEHRIR
$Tb,M$MEMbE%LW&EO

— TR IERNEE,



| Changing One Means Building a New One

upper() output
= "hello" HELLO
s = s.upper() # new string, then rebind s hello
prlnt( )
t = "hello"
t.upper() # computed, but nobody caught it
print(t)

s.upper() does not change s. It returns a new string, and if you do not catch it,

nothing happened.

% 31 71 - Changing One Means Building a New One

upper() REI—MEMHAKREFRFE, REIPT s —PFR0IRE., MUGITIEREERE, 1
=S 1T T RE,

TEHMERMNMEFNER: tupper() BSEEY T HELLO, B%EMATAETF, BxME
T, t BZIFEFKH hello,

XEZEMERIRE LA— 1R, METRE, N2 DREFHE) REREX 0>, WE
MEBER—THERBIEE
FRENTELEESE 6 WEPH, XEBAT.
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Conversion and Input

| Three conversion functions

int() float() str() output
print(int("42") + 1) # string —> integer 43
print(float("3.14") * 2) # string —> float 6.28
print(str(42) + "I") # number —> string 42!

28 33 T1 - Three conversion functions

E—#iHT type(), ERE—TMENERE, X—TIRN=TRMATEREZ ER,
int() IBFFRTRFERENTREL, float() TAERE, str() IBRTHRFRE,

BZATRERR E—EIB TypeError WFTnE: BRAMSFHBERZE, MICESTEMFRNE.



| int() Truncates, It Does Not Round

truncate vs round output
print(int(3.99)) 3
print(int(-3.99)) -3
4
print(round(3.99)) -4

print(round(-3.99))

int() always cuts toward zero. For rounding, use round().

34

£ 34 T1 - int() Truncates, It Does Not Round
int(3.99) & 3, T2 4, int() MEERT: HRIE/NRED I,

HMELSFEE S int(-3.99) -3, T8 -4, SRS NAE, T8N AME, X—
A E—HHR [ EFER, [ 2B TEE, -3.99 /15133 -4,

S|EINESHAFA round(). {8 round E— ] MRERHMET, EF—71.



| round(): Banker's Rounding ($R1T=RJ/A)

exactly halfway output

print(round(o
print(round(1
print(round(2.
print(round(3

A NN

IEWF—¥0EEHE, A2 'ISHEA; , 8 "HEARBES

% 35 T1 - round(): Banker's Rounding (R1TREN)
round(0.5) & 0, round(2.5) & 2., BRI bug, EXRERIRITH,

WR—F NERH—), PBAKMBENETAAZE, SHAGMEER, ERNHUMNNSEE
BEZ—T. REHREFAMLRHUMNSENNEES—F, BITREELTE.

XPAMERITREAN, 2 IEEE 754 MIEMENAB AL, EERMNAITIIRERNEME.
BEEFERNTAESEE round(2.5) 15 2 BHIREEHLZRIA T o



| A Failed Conversion

int("3.14")
print(int("3.14"))

traceback

Traceback (most recent call last):
File "example.py", line 1, in <module>
print(int("3.14"))

NANNNNNNNNNN

ValueError: invalid literal for int() with base 10: '3.14'

int() RIABHEANFSR, AR EARLE,

%8 36 T1 - A Failed Conversion

int("abc") KM, XPIFIEE, abc A2— T

B int("3.14") b, X MR EHFEER, 314 EEENH. BEEE int() RESEHERNE
R,

FIE "314" TWRBEN, FoML: 7 float("3.14") 155l 3.14, Hint(3.14) 182l 3. BER—1T2
int(float("3.14")).

MG R IREVERZ ValueError, HBEIEI T AESENENEREFEITERT, BAIlNEER,



| input() Always Returns a String

Whatever you type, what comes back is a str

Type 18 and you get "18", not 18. This is the single most common mistake of a
first-year's first month — and why the program we opened with printed 34.

£ 37 T1 - input() Always Returns a String
XEX—HNE—TER, BREMICHE.

input() W TAERERPBAN—TFREFERER., EMUECEN, BAEECER. WA
18, IREFNEMTFRF "' M '8' HRRIFRIE,

E—#iAHE '0' M1 0 FR—EE, XEMIENERARIL,



| Why This Does Not Triple the Number

wanted: triple

output
# input("a number: ") returns a string. 555
# Writing it out directly changes nothing:
n = II5II

print(n * 3)

X _ERABEAN ,

% 38 T1 - Why This Does Not Triple the Number

8% 15, 133l 555,

REXTZIF: ESEFREFNELEEERE, TEFE. n EFF& "5", EEZBME
II555II°

BIRMMRMZ A ETERRE. BFRBRERS, QIR— " EERGHFNER, (RrT8E
Lﬁﬂﬁkﬂ$ﬂo

FaBB AR FRE 34, IXEZR—1RE.



| Converting at the Right Moment

int(input(...)) output
# n = int(input("a number: ")) 15
# 1s the same as: <class 'int'>
n = int("5")

print(n * 3)
print(type(n))

int(input(...)) RINESE: E#E, MZERIRENSER,

% 39 T1 - Converting at the Right Moment
1B input WERIZA Int 8—F, ZEnMe—TEENEHT,

EEFEFRRSIIRE: EEARNP—ITMEGRT, FERFRFNES. RBTH/UITHERERE.
EENRBERNFER—MENFRHERENEFRE, REZHHE.

E/ N\ float(input(...)).

RTEEE—TiRME: ARAFBANARNT, BF=EERRE. MEARXASE, FNHET
SELEZE, REMEEANE,



| eval(): a String as an Expression

eval output
print(eval("1 + 2 % 3")) 7
print(eval("2 *x 10")) 1024
3
a, b=1, 2

print(eval(™a + b"))

It even resolves variables. Very convenient — the next slide says why to avoid it.

25 40 71 - eval(): a String as an Expression

eval £E—FRFEEHIF Python RIATUHRKRIE, ESRINEEHEER L.
EERERRSE: eval(input() —aIEHMEEIEH—TE, MERFAA 3+4 HEEEZRE LR,

TRBLR,
EEMIRME eval FBLERS., X TEERFMECHE. BEEIANRE, BT—A2H
BRI ATHERT.



| eval() on Untrusted Input

x = eval(input())

i # if the user types code
# instead of a number,
# that code runs

x = int(input())

x4

# bad input raises an error
# instead of running

eval() executes any Python code in that string. When the input comes from a user,
a file or the network, whoever wrote it can delete files or read your secrets. The
attack has a name: code injection fXi3;F A.

FE—M, BB int() / float(), XEMUEHFISL,

58 41T - eval() on Untrusted Input
eval WERETERNRBENZIEBE NE—TE XTFEK.

int() REEFRI—TEE, MARSEMRGE, EEMNRAERERFHR, eval() BBHATED
15, RFEREE LR,

LEOIE —FEFRRN: S—RABNNR, MZEFEFTERMRESHAE, 134, B
int() TAH eval(), MEXFRRN—REMANAE,

EBHCH/NEFEA eval A B ARR, BIREINESTM, BANELENBAT—ER
BiRrEC.
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Formatted Output

| Concatenation, and Why It Is Clumsy

written with + output
name = "Alice" Alice scored 87.5 points
score = 87.5

scored "

print(name +

+ str(score) + " points")

Every value needs its own str(), and you count the spaces yourself. The sentence is

in pieces.

25 43 T1 - Concatenation, and Why It Is Clumsy

XERACHEZENRY, (BE=TI0&,

55—, score & FRE, WIFTL str() —R, & TRtk TypeError, 28—, TREB SR ERIE
el SEH|., £=, WEREEN: REMDOIBCEMMSTIA T UE, EABHALRE
FEReHEES NERERT A,

TE—2, XMEEMKERIN 7. T—IEERENE.



| f-string (I FFER)

f-string output
name = "Alice" Alice scored 87.5
score = 87.5

print(f'"{name} scored {score}")

An f before the quote, values inside {}. The sentence stays whole.

44

55 44 T - f-string (B FRFE)
ESISEIEIN— 2R f, XNEREMTMT f-string, EENEIESSEERBENNTEM
(=R
ME—TIxEE: AFEE str(), THFEHTE, MAFRDEEREBEESTEN—1, FrIBEIAR
?%O
f 2 formatted B R, X MEEE Python 3.6 3| A\M, X[ TiR4—H f-string, 1EMIEFIE
MAEE.



| Any Expression Inside the Braces

not only variables

a, b=7, 3
print(f"{a} + {b} = {a + b}")
print(f'{a} / {b} = {a / b}")
print(f"mean: {(87 + 92 + 65) / 3}")
output
7 +3 =10
/SR =R7M3888838385883885

mean: 81.33333333333333

But those last two decimals run on. Next: controlling the format.

% 45 T1 - Any Expression Inside the Braces

HHESENRTRESR, EURENELALA, Python RAEELRBIEHAZE,

F—1Ta. bMa+b=7gES, EFE-TEXANENERAE—E, XZ2FLANRER
MNEA.

BEMITRE 7T — MO RENGRE /LN, ERTHRRES, BA2LAENEF
F. F—TUHEAER,



| Decimal Places

{value:.Nf} output
pi = 3.14159265 3.14
3.1416
print(f"{pi:.2f}") # two decimals 3
print(f"{pi:.4f}") 33.33%
print(f"{pi:.0f}") # none
print(f"{1/3:.2%}") # as a percentage

After the colon comes the format spec: .2f means "fixed point, two decimals".

55 46 T1 - Decimal Places
EESHNREREARE (B}, ESEESRINIRA,

2f BRY f R fixed-point, ER/NEG REENEFERE/AL. FREMNENETAAN,
R,

RE—1THY .2% RIEERL 100 BINES S, BRER, ERRNERASE, THECK.
BNRANTEIEARK, X TRERZENMEX—TTH TRINANS.



| Width and Alignment

{value:width} output
pi = 3.14159 [ 3.14]
[3.14 ]
print(f" [{pi:10.2f}]") # width 10, right [ 3.14 ]
print(f" [{pi:<10.2f}]") # left [0000003.14]
print(f"[{pi:~10.2f}]") # centered
(

print(f"[{pi:010.2f}]1") # zero-padded

<left >right ~ center. Numbers default to right, text to left.

£ 47 T - Width and Alignment

ESEEHNHFELRE, FAENHMYAZBAST, MBNTHES, XiFEEFRETHBAME
IR —1.,

=TS DANRENTT. AT B, HFEERANAXTT, FRSEBINENTT, XTEIMER
BRZHIIR,

BEMEMN— 0 REAZEWNTMAZEE, FTENE. HESXXKEEMUHNRARNZRAE,



| ATable That Lines Up

width + alignment output
print(f"{'Name':<8}{'Score':>8}") Name Score
print("-" * 16)
print(f"{'Alice':<8}{87.5:>8.1f}") Alice 87.5
print(f"{'Bob':<8}{92.0:>8.1f}") Bob 92.0
print(f"{'Carol':<8}{65.25:>8.1f}") Carol 65.2

Text column left, number column right — that is all a table is.

£ 48 T1 - A Table That Lines Up
MEEL. BFFE4L, eRBHIRNBTHE: NFEAEILRFUBNESOXST, —RES
HARN,
REERBYE, 2FIP—IIE 8, IREANBTET 8 MFF, BN MBASEMIE, B—1T
MESWEFF . MBANRT,
TE— i BEBNEFHAITN, TRETEE. PNFEEEFMELMEE, AREEN
BEHPXEBREEREE., MEPNRBNEECKRETRER, ETHRAHXRGDR.

-



| Printing in another base

{value:b/o/x} output

n = 255 11111111
377

print(f"{n:b}") # binary ff

print(f"{n:o}") # octal 00000101

print(f"{n:x}") # hexadecimal

m=5

print(f"{m:08b}") # zero-padded to 8 digits

bin() /oct() / hex() from last time keep the @b, 00, 0x prefix. These do not.

% 49 T - Printing in another base

BINRAES b, o, x HUIRXI A FHHIHL .
M_E—#B9 bin(). oct(). hex() AL, XAIBXEARFRER, MEIMNEESREEMIIE,

&/a—1TH) 08b RRILAMNEE: M FE 8 U, —TFNRIB—(IHXTT, SATHE R
BHAER. %12 iR SRR,



| The {expr=} Form, for Debugging

prints its own label output
X = 42 x=42
name = "Alice" name="'Alice'
X x 2=84

print(f"{x=}")
print(f"{name=}")
print(f"{x % 2=}")

The expression is echoed verbatim, then an equals sign, then its value.

% 50 71 - The {expr=} Form, for Debugging
ARESENRAXEFEIN—1%FS, Python SIEREAXAFHEHE—RITHE,
XRFANREENES L. UBIEE print("x =", x), EE—NRMEHAML; WETS print(f"
{x=}") M1T 7T .

HEEE AL

A= name BEFTHERZ TSR '5K=", BAXNTEERRIZE repr MAE str, XFEEHRFRE
BAUZEEY, FRIGM 42 B 42 FTHRA—1F, XEZFDNEEN,



| Two Older Spellings

three generations output
name, score = "Alice", 87.5 Alice scored 87.5
Alice scored 87.5
# first generation: C-style % Alice scored 87.5
print("%s scored %.1f" % (name, score))

# second generation: str.format()
print("{} scored {:.1f}".format(name, score))

# third generation: f-string —— use this one
print(f"{name} scored {score:.1f}")

=iTaticE—1F. IRAERIRERFE, BCENIHRASE=R,

£ 5171 - Two Older Spellings

Python B =& IEE, f-string ZB&RMI—N. BIMAEIBCBANARBEERER
£, IMEEXGE.

—fUKE CiES, %s RRFRH. %d KRB, %f RNFRE. EREEE ST
PREEBEIA—HITHRE, HELEXEBASBIRAITRERERT,

B_RBRES O, KEEMES, (tE—RELE, BELEHMHERENESE, HUNS
TREMEIL TN EL,

F=RETXESEEHIMUE, ERRBMRRIRE,



| print(): sep and end

sep / end
prlnt(ll II' Ilbll IICII) # Space
prlnt(" II , Ilbll "C", Sep_"") # none

print("2026", "@9", "14", sep="-")

print("no newline", end="")
print(" <- joined on")

output

abc

abc

2026-09-14

no newline <- joined on

sep goes between values, end goes at the end of the line. A space and a newline by

default.

55 52 T - print(): sep and end

print IBURZERZME, BIAR—T=RET
o

sep MNZEZ BN RER, E=1TREHBH.

end XE1TRE., BT FERBEMAKRIT, T
B R —1TEI T —8B4ER,

E— print T RHEE, X—TIRENM
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Functions

MOTIVATION

| Why Functions Exist

* Real software is not measured in the dozens of lines you have written so far:
one file runs past a few thousand lines; a system runs into the millions
a team goes from 3 people to 300; some systems outlive the people who started them -

HEBHFLRETEEEZERIRT

* So the problem stops being Thow do | write this; and becomes Thow does
anyone still understand this next year]

* Three principles, and Python gives you a mechanism for each:

reuse EA - writeit once | isolation f@& - keep the inside from colliding with the
outside - structure Z5#3 - name it so it reads as one line

function = class = module, =T &, 93I2% 3. 9. 10, SXKEE—H,

2 54 T1 - Why Functions Exist
FBERNILEENRERHBRELT1T, RRREAR O, EBESARGDEAELTFHIT, %
BHRAFEREE LR,

MEMERRZTE, SBANNE, —THEMN=TAHMEI=Z=E8TA, FREABIR. B
AR, BERGEE+F, REPBALRESLEAT, RBAER. TEEH[MM 'EA
B3R BT TBHEAEREARFIEL

Python f8 7T =T A: R#. £. &R, 23I2% 3. 9. 10, SKREF—HF.
RERANE=HF: EFR. RE. o3. ERARE—EBREERE X REERHAZNE
BASEIWINE; PRELA—REEETET, ERNBHNAZBIZFMAMEE T4, TIE
HE,

EMHEREME: —TNEFBFEINEE N UITHEEMAER /LT TEMMT 4.
HIEPRERAIASIFRIKRET - print. len, int, input, K% _E—i##Y ord 1 chr, IMEFFA
EBCSH,



| The Three Parts of a Function

your first function output
# def, name, parameter, return value 3.14159
def area_of_circle(r): 19.6349375

return 3.14159 *x r % r

print(area_of_circle(1))
print(area_of_circle(2.5))

def EX r2B8¥ parameter (HIA) return FEZEEIE return value () . .

%8 55 T1 - The Three Parts of a Function
def BTE X REHIXHETF, KB define,

area_of_circle 2 #, maMNMNEE—F, JIRLAMNEINEERFLEEETANRITE

&
ESENr 238, 2EXTREMNBA. return EEERENE, X TEREEE.
BITARENESABED, RBAEDI G, T—IE I THEH,

EXFZE, SRBRMESHERR, BFSELESENXME. B—TRAFTNBRER
2R, BRARENSE,



| Indentation (48i#) Decides What Is Inside

indentation output
def greet(name): no indent, outside
print('greeting") # inside greeting
print(f"Hi, {name}") Hi, Alice

print("no indent, outside")
greet("Alice")

Consecutive lines at the same indent form one block. Four spaces per level, by

convention.

25 56 T - Indentation (4gi#) Decides What Is Inside
Python BBZE# R D AASIR, X—RFMAZHIESAE, ENREES, FBHIRZHRSIR,
Python BE4g# 21&7E0N—3 7 .
AERENINE: RAEFNI—1THRITER., BEARMEXREEIL, AT, BEFREIEM
FETHITNE—FZFIBQEI print, RE72E greet WIAR. XME FT—T1IHARS.

JEHA 4 PTG, X2 PEP 8 INE., AERA Tab {148, FHiLK—H, Python ZISIRE.
VS Code ERIAIE Tab 3R =18, —RRTEBIRC.



| Defining Is Not Running

define vs call output
def say_hi(): program starts
print("hi") hi
hi

print("program starts")

# defined above, but not run even once
say_hi() # now it runs

say_hi() # as often as you like

A def registers the code; it does not run it. The name plus parentheses is what

runs it.

5 57 T1 - Defining Is Not Running
X—IEZUNERITINERE,

Python M\ EfE X, 3523 def B, BIEREURICTE, 42 say_hi XT™&FLE, AfF
BT B R BUA R EE T

PRSI HRRZE TREFFTIR). ZEMXRIER, SHRITBREUR.,

XTEDREE: RHEEENRBEEXNP—Z—1TRiRE, NRRBAEGIEEZINIE
%, BFIEXERTERE.



| The Definition Must Come First

wrong order

say_bye()

def say_bye():
print("bye")

traceback
Traceback (most recent call last):
File "example.py", line 1, in <module>
say_bye()

ANNNNNAN

NameError: name 'say_bye' is not defined

REE= NameError: H1TRIZE—1THY, say_bye XNBAFIERFEE,

25 58 T1 - The Definition Must Come First
BE7A Python @ M EEFTHITHY, BBATAAEEEX A HEMS M0,
WATEIE—1TRY, def ARJLITIRIZHIEEI, say_bye XTBFRIZEHE, T2 NameError,
WX BFREX

EHRFRISIIRE BREXSEFREXGEINMNE, TRENERE. XERHE T INFE
K, HEAAFTTF X FTER A ML R L,



| How a Call Jumps (iEBBY#EHIF)

1 def add(a, b): at definition time

2 s=a+b .

not one line runs
return s
T@ @l @jumptoline1; a=2,b=3

@ the body runs top to bottom

5 v = add(2, 3) @ return hands 5 back; v=5

6 print(v)

REAIMNEE (FiE) . —xE (83aE)

RElZE, REEN a. b, s 2EPEX, WA, TRBARERRI

EXARRBCIC TR, ABRFZHNE, BHOE,. B—E. FEROEER, X=$=

REERFEI—E

28 59 T1 - How a Call Jumps (ABHIIEHITR)

IERIEM T Sk E— —IHRIZERF B BRI —TT,

XX
FEBRZBEX . BFRATEXENRE, —THARE, ERZE Tadd XTBZFHMXA
—BfUHE) IE TR, REAEZ—RBERY, AEXEFT print IEFEHL, MEXTERRA,

TEBBAZT A, RATEISE 517, EHIRAIE 117, SERIAFEXIN: a 232, b Z3|
3. REREBAMERITE, B2 return MHEIBMEEISE 517, v EE 5,

RE FRFEEFEREENRE: RERIIMEE (@), —R%E (19E). ZEL, REEN
a. b, sHEMAR]; HEL, RA—REEMNMEHEKRT, TXBREHRY,

XMEIEGER, EFERT T -REHRANES.



| Matching by Position

positional arguments output
def rectangle_area(width, height): 12
return width * height 12
print(rectangle_area(3, 4)) # width=3, height=4
print(rectangle_area(4, 3)) # width=4, height=3

Names in the def are parameters 2Z; values at the call are arguments S£Z. They

pair up in order.
£ 60 T1 - Matching by Position
TANESENERRINFEHLEXRNSEEZ: £— 4 width, 74 height,

X—TTMXIBRER—1F, ERREANIRZR, BEEASHRBAZRE: INFEETHER—
TER, MERERRE,

SHNTBLTNE L, MEa—1TH2L—1TH=IR TypeError, REBERTHIFIREAERLT.
SEPREE T TLT



| Matching by Name (X{@=F3L2)

keyword arguments output
def introduce(name, age, city): Alice, 18, from Shanghai
print(f"{name}, {age}, from {city}") Alice, 18, from Shanghai

introduce("Alice", 18, "Shanghai")
introduce(age=18, city="Shanghai",
name="Alice")

SH—%, RBFEELBZHE, ABHNABRARERIR .

£ 61 11 - Matching by Name (x#FX%)
HRNEK Z2HE=E WX, BAABINET . XIUXBFSEH,

MRERERTE—1F,

T ARERAEM: SHRAE—MT. 8 REENRUE; Z8Z. IEFR/ITXREBRES
RENARF,

HIPZAETXBFSHT: L—E&8 print(..., sep="-") FiE.

\



| Inside and Outside Are Sealed Off

local variables

def compute():
result = 42 # a local variable
return result

print(compute())
print(result) # there is no result out here

traceback

Traceback (most recent call last):
File "example.py", line 6, in <module>
print(result) # there is no result out here

AAAAANAN

NameError: name 'result' is not defined

HE B EXNEZEFBIEE local variable, HE—LERMIEK.

%8 62 T - Inside and Outside Are Sealed Off
SRITIERRE 42, 575174 NameError,

result RAEREKFECIERN, EREXRNBABETFE, REREZEMHERT . FEMKRER
RE,

XTREEAERRIT, MAREFE. T—IURANTA,



| Why Isolation Helps

same name, no interference output
def f(): the x inside
x = "the x inside" the x outside
return x
x = "the x outside"
print(f())
print(x) # untouched by the call

The two xs are two different variables. You never have to check what names the

outside already uses.

% 63 T1 - Why Isolation Helps

BREER x FMNEM x @7, EERETF.

RXMRREAESAEFNTERLIFL: NRREARE, E—TRBZAFELMHABCHENET
EERABRTREFEHIMOBYE, XEFATERER.

BTRE, REHEA T —THANNMESR, RBEISHRKRA. BTIROERLHEE, 36
—AKE. RBEREOER, ENEEX—R.

SERNEREHININ LEGB, 7£5 14 . MAEICE TRBAINERTI MB7T.



| What return Does

hand back a value, and stop output
def check(n): positive
if n > 0: not positive

return "positive"
# only if the if above did not return
return '"not positive"

print(check(5))
print(check(-3))

It hands the value back and ends the function, both at once.

%5 64 T1 - What return Does

return 9 —MERREEREERTNS, B MEBRIAERX RN, FENED
REMT.

XERUABE, R n KT 0, FE=1TRY return AR T KL, FOTRARLAE, REn AKX
T 0 A =ERHEMT,

if @ F—HIAT, XEREZESEMIT.

FA TIZENER) XMMER, AINBHRBRENDXEGH: BEETFRUMEZRRE, TiHe
THEET,



| Nothing After return Ever Runs

unreachable code output
def demo(): this line runs
print("this line runs") 1
return 1

print("this line never runs'")

print(demo())

Line four is unreachable code A TJiX{{#5. Editors usually gray it out for you.

% 65 71 - Nothing After return Ever Runs
return —H1T, REQIZIZER, EREMNIETEIENAB.
XMER—MREEHE T, WAk BERERIMKRKELE, SRINFHRRT .

FHRERSIEATANKEBERAKE, HEL—TES. FIANBEREYTR, TNE
LFERARZEE return,



| Returning Several Values

returning two values output
def min_max(a, b, c): 39
return min(a, b, c), max(a, b, c) (3, 9)

low, high = min_max(3, 9, 5)
print(low, high)

print(min_max(3, 9, 5)) # really one tuple

The counts on both sides must match. Comma-separated values are really packed

into a tuple.

£ 66 T1 - Returning Several Values

return FEAESRAZME, ZUERAESKRASTRFEE, M7 IRREZE
xR

RE—THATXE: Python AREERRLEIMME, MEBEECIHTEM T —1d, REE&
HMEX BpiF T . TTHRES 6 HIREA.

MBHELT—, Z—TD—TH=kKE.

min ] max EAERE, FIMNERERZSTZH, ROES/NIEKNIBT.



| No return Means None

None output
def no_return(): I print, I do not return
print("I print, I do not return") returned: None

its type: <class 'NoneType'>
r = no_return()
print("returned:", r)
print("its type:", type(r))

None means no value. It is not 0, not False, not the empty string.

%8 67 T1 - No return Means None

BRENAN R A return, & return EEIANRERIZRA, BEAIREEMZ None,

None ;2 Python ER/R N&BEE) I MME, EER—17%XE NoneType, MAEITREFRER
BX— None,

BEXDE2: None 12 0, A2 False, thARZEFHFH, ERTHZE TXERFKBE—T
81, ™0 MZ=FRIHHMELELMARE.

X—TE F—RIERE., T—ERIANBTER, RIEME—TREGRE T None TFEUNER
B4R,
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print() and return

| print() Is Not return

being computed with.

print is for a person - return is for the program

print puts text on the screen and that is the end of it — no part of the program
can get it back. return hands the value to whoever called, and it can go on

2 69 T1 - print() Is Not return

XMELERREN—IK, ENENEERE G T4ER) . LR LEBE
print WAL RZEA, EEFNERIRERSL, EFRASEANRIPLFR,

return NRIL N REREF, EE—MEROEAR, BMETURRAES.
AR, BsLtatAsEI,

ETR=ZTIAM T L F R EIEX T XAHBEZE.

TENENE,

258, &4



| Two Outlets, One Function

print and return send the value to different places. That is the whole difference.

RBE “SAE A% %iEFH
B LEMRT, BFEART AR, TJURES
print(5) def add(a, b): | return 5 I
g5

BT R, RRTEAEHEO

X = add(2, 3) FA print 8930: x =% None FA return BYEB: x EZI 5

print BrRIFESE, return BRIFRL, RREEREE

£ 70 T - Two Outlets, One Function

FEERBZE, FIEXKEERE, EEMNIMEENKIE,

FEZR—TERE, ERELT 5, REANRFKEE print: 5 WEZIFSEL, ABEL, EERFE
A3 — B EEMRT, REEANEEEREIK,

FAEIFRERE return: 5 WRELKBERENB—1T, FRLTLHBIALI, BEFERE, 7
Mt E . FIMIEER,

FAIME T X—1THREZR: BE#E5 x=add(2, 3), A print AR ERELE x 2F None, F3 return
A M™MEx E3 5, BRELERELRA, NEFERREEIE, EMHMIINE,

FABTERERBBERE L — ERE return RERNGRA, LOPBEFBRLEITTHAE—TF
EULAZ,



| Two Almost Identical Functions

add_print add_return

def add_print(a, b): def add_return(a, b):
print(a + b) return a + b

add_print(2, 3) add_return(2, 3)

5 (2B

AHEMT, ERSLA4ERE: BREXRRBXRT, RREE,

%8 71 T2 - Two Almost Identical Functions

M RERZE—TE, ZBA print, ABA return,
EiORFELHI 5, AURRS L ARIRE.

MEEBTFEZERANALERET  BEFRRN, FRAAHRE, XL EER[/TEE
fa, RZE 5 RELTHABENIB—T, MB—ATRBIEEERE, 5MKEET,

T-TUEEEEES.



| Catch Both and Look

the difference is whether you can keep going output
def add_print(a, b): 5
print(a + b) x = None
y =>5

def add_return(a, b):
return a + b

x = add_print(2, 3) # 5 on screen, but x is None

y = add_return(2, 3) # nothing on screen, but y is 5
print("x =", x)

print("y =", y)

add_print &8 return, FRLABHIREEZ None,

%5 72 T1 - Catch Both and Look

BLITHRTR, BEELEE 5, FBR2RAERE print TS, 1B add_print ;&8 return, FRIAE
R [EEAIZE None, x ZZIAYZE None,

B/\ITHRITH, BRLft4a#ss, By 2275,
PRUASR/EMTTHTHE x =None My = 5,
BREXNER: BRELAERERA, IEFEEREZEME, EMAMRIINE.



| Computing With the Result

None + None

def add_print(a, b):
print(a + b)

total = add_print(2, 3) + add_print(4, 5)

traceback

Traceback (most recent call last):
File "example.py", line 4, in <module>
total = add_print(2, 3) + add_print(4, 5)

AR A A A N AR A A A A A A A A A

TypeError: unsupported operand type(s) for +: 'NoneType' and 'NoneType'

EELSMBLIT, HBER—IERE, AFIR TypeError,

£ 73 T - Computing With the Result
X—EX MR HENEF,

MRBAREITT, SHMOITERELT, MALERERFMUFEEREIE, AEINEX—%
RE, EAMMREEESZ None, ™ None ANBEMEMN,

REISEE Tunsupported operand type(s) for +: 'NoneType' and 'NoneType'), &Z|
NoneType BIMERBE, F—RNFNIZE: BRI T return,

XTERRAE, CEEE TAEREIE,



| Why the Two Get Confused

in the console ZHl& in a.py file HIA3{%

>>> add_return(2, 3) add_return(2, 3) # nothing
5 add_print(2, 3) # 5

>>> add_print(2, 3)

5 # one prints, one does not

# looks identical

EHESEMEESMNRENNE, BREN T HEMRDIEERIMENE, &2 Python

IEEN—8D. BHXMH, REYULDTR.,

% 74 T1 - Why the Two Get Confused

X THIRZAMUENE &M, RRMAEX—IT.

L02 T : RENEHESESTRANNEBNEEL®K, HiEHSEREA add_return, &
35, IREHAEBMRERIIRENE; B add_print, {RtBEE 5, A2 print FTHR,
HERRK R,

ERZAAEZHEERNET, MARBEXRT, al—BE# py XH, HEFRRIHEFS,
;%4%5x.ﬂ IFaREIREE, print HRMNARBAE—1TFEAZ,

FioE: ZHAaNhE2BERESRTINEXNITH, AETF Python iEi%, #CH IDE EARSEX
TR,



| The Rule

def f(x):
print(x * 2)

# good for showing, useless
# for anything else

def f(x):
return x *x 2

x4

print(f(3)) # to show it
print(f(3) + f(4)) # to keep computing

EME—@ return, FE print, RIFDEPHERBE, ERROHE, ERLHH
EFTED,

XEFERHHEUERN: BERMER, BEREENERES,

2 75 71 - The Rule

i€ print BIEAERME, METEMEEREMTRAE: XTRYRAEAKRER. IABELER
WARERIRINET o

o8B return, EFENIREGERE: 8RR, MAEINE print; BIRER, HEREEXE. B
REANFENL,

RE—TE—MREVRITRMAZE: —TRBRB—HE, TEIRFHFRAFEREINNE,
IR AR ER/LT print BREETEIREE, BICFRIEWRIRE,



| What the Rule Costs You

The judge grades by calling your function and checking what it
returns

A function that prints instead of returning hands the judge None and scores
zero — even when your algorithm is perfect and the screen looks exactly right.

%5 76 T1 - What the Rule Costs You
XA HMRIVBRIENIEH, EEIEZNMMSG,

IRFENFISANE: SARRNNE, EHEEERNBTERE, EREENRNESRL
X, ENERSLII T4,

PRA—1"H print A return RUREY, HECERLGTERKTEIER, RRELERED. B
—BEHEAEREED, MEFEEER=RT RNIK,

RERZIRE —BREJARRBEXTEE, BARM.
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Modules

| import (8 AEIR)

the math module

import math

print(math.sqrt(16)) # square root
print(math.pi) # pi
print(math.floor(3.7)) # round down
print(math.ceil(3.2)) # round up
print(math.factorial(5)) # 51

output

4.0
3.141592653589793
3

4

120

The shape is import name, then name. function().

58 78 T1 - import (S AREIR)

Python B ASMMAEEL, RIERELS, math BEF R EEIR,
import —AREEX G REIE/L1T, —TMER import —XF#E5 7T .

/A= math.sqrt(16) JREINZ 4.0 T2 4, AFNER—RERIZFRE, XNEL—HHRIEEN

.,

math.floor 1 math.ceil 2@ FF@E LEEE, F_E—#H /| AROX—#H80 int() B L, 8

N=]
/EE o

ERAVSTEENFITESS 10 iH. DIESAMBT .



| math.pi in the Circle Program

half of today, in six lines output
import math 3.141593
19.634954

def area_of_circle(r):
return math.pi * r *xx 2

print(f"{area_of_circle(1):.6f}")
print(f"{area_of_circle(2.5):.6f}")

EANTEEREY., EiR, |BH., f-string, BXIREA, SKREI—¥F,

£ 79 T1 - math.pi in the Circle Program
XERX—HIN—N G STRBALT SRR DR,

FMBIEATFE 3.14159 BUkRALE, A math.pi B, MEREEERRE, 1ENEBMATHERT
BHFEMN 4.

XEERMEEN—AGER: B, E5E, MEABEKKAEERRIEY ., ERBZAIEE—
TREEERSFIME, XTMREE TRSME,



| From Functions to Bigger Structures

a function wraps logic : a class wraps data and logic : a
module wraps functions and classes

The same idea repeated at three scales: divide and conquer. Classes are L9,
modules are L10.

25 80 T1 - From Functions to Bigger Structures

R&ZE | —_IT%E% /\iﬂf/\%EEX, fEZ: }—E’_/l\o

EFRFEA—EHMSLI, AEHUENREEITNRASE—RE, BRREZIEE(HIeRE
—ie, XMEE, % 9 Hif.

BA—LE, —AXNRAFERARIRIOXGE, XHMEER, 5 10 HiA.

=—ERE—TREN=1"RE: BRaJEDE/NaIE, iB—IRASBEE. RERZEKRR
£, XTERBABLLEMEMEEANEE, REO— B EEMIL,



| BEZ/NI - 56 2 48
FIBIEE - X—1ME

ELMEZE x 2D MU ELERE N False
input BEERAIRE N B IX—THER
SEOUMERE—E, —B—E, Ex—ENG—E,

E81T - BRI E 28
SR, UER, ESKILERER—R, F—EF—8N, SAExIHA M,
[58 1/ - TR TE=1T, x 27 ]
X—AENEESWENZEINEF, #BERIHIR.

B ENAETIE /= 3 =, SEBRT ARERNIF. ESEENMRESR: aop=Db
P a=aopb, EEIMALTER.

[38 23 - TEPUTEERR, B—1 2 False? ]

ZURERFHENAXNERS, MMNMEMBEE=7TFEER, MTHETEERD TKEFXBHES
B/ X%,

WMERIXIEAZEE T, EEIE ord('A). ord('Z"). ord(‘a'). ord('z') XEMNEGIE—T, Bf1EEE
WIBN AN RERE,

(537 - AWM 314, TEXEMLTA? ]
XEFZA T EFER, EMSHRATHINEE,

RN XBEAMES MRMEBIER: nput NER—TERFRHE, int() BEN—E2BH.
RERET, CENNEXMEET .

X—BUNREVERERRS, WAS=ERHIM T,
[56 4 & - TEX{THETA? ]

ZHREIVRARIEE: BE. 355 MU =HEHEERER,



ERABNINFE: ESEEFAERRBYNTNS, BERE, REENAL. EX=F27
&, BRI HtEEERA.

RECAP

| What to Take Away

* = binds. Read it as "becomes"’, and never name a variable after a built-in

* Strings compare in dictionary order, capitals first. They are immutable

* int() truncates; round() goes to even on an exact half

* input () always returns a string. eval() is dangerous — never read a number
with it

* Format with an f-string: {v:.2f} for decimals, {v:>10} to align

* Afunction is a name, parameters, a return value. Defining is not running

* print is for people, return is for the program. Inside a function, always
return

5 82 T1 - What to Take Away
t&%, EPENZFNELEFEX—HNRTESR, HEABRAITHRNESR.,

BOFZAEE-—TERANEFELI, BLFEMRRRINS—HFELELN: ADTFaR
EHiRMOE.

BENFNBEATE, &5 5 HHIIRNZEANREMN: JRETRN, MENEINEZE
RK—RIER,

W& TEXAEFTFIBTY, EF 7 #HHEARNSTExE,



LAB 3

| Lab 3 — 7NiERE, BU=REZRMI, B=REGREEEN

= 3-1c_to_f(c) BERERK, REREB—/NEENERE

* 3-2mask_id(sid) ZShi8N: BailUEMN, DERmK x

* 3-3 format_row(name, score) XFHIRMEGRER: WEAXFH 101§

- 3-4 —ERBEFISEMEIR TypeError, KEFHIEIE print/return 89I1RF
* 3-5 read_int(prompt) LM FEA

* 3-6stats(a, b, c) —REREFZ/IVE. &XE. FiUE

BEBERM CER (<17, BIKREE) . 3-1 M 3-4 SERMESRNEZNER:

aREEEAS .
%83 T - Lab 3 — NiERL, MIZE4HE, E=HMERY

A BNiER, RIZEGX—iARmEED, E=B%GRE.

3-1 B RBEEE, 1E|4§—)='%I37ﬁ)\7(‘ XEESD., B print ZIEECBITERRXTEIER, 18
REEFD, BRRENBECSHIA—R: XTREERE return,

3-4 ESRE W TRFKEEM, AR, iBEiRiREE, THENIET.,

3-3 REIS fl#ﬂ’]*x_tlfﬁﬂﬁ BEMNFTESERAET EREST. 3-6 EF— /X% T—TRER
Z2MME), BRENESIZE—1ITAH, % 6 HRIENMH,

A ERZINEE BERH C B, ZEREIINH., C RRGMITEARIL), HHREE,
RE| UVE 1y, EEERI=A, 10 B 10 B& 1L,



| One Question Before You Go

if and elif are not formally until L4, but you can already read this — if turned up
today when we did return.

grade.py

def grade(score):
if score >= 60:
return '"pass"
elif score >= 90:
return "excellent"
return "fail"

print(grade(95))

95 53, BiTEMt4? RiFEiT. EREF—HIE K,

%8 84 T1 - One Question Before You Go
B—EHOEE,

XEABLE -T2, ROFER, MNEERREE: 60 pMUERE, 90 oMU EMS, HFRA
&*%O

[BFE: 95 pE#HE, BIEMTA?
BAEEBITE, KECHE, XERBARE, BERDRER, BEE—BNEEX—R.

if #1 elif T—iHZ IENiH, BESRM return URHMERIREZ AT if 7, REXRZERER. X
EF—HNE—E.



| Next Lecture

So far your programs only run straight down, once

L4: conditions and loops. Letting a program decide and repeat is where it stops
being a list of instructions and becomes an algorithm — and where that last
question gets answered.

%5 85 T - Next Lecture
ASKALE, BEREABEMBE—ITINFHRITEIRE—1T, FERED .

T—HIImERA: FIEE, 87E(N], B—RABEREHMATAIEREE. AT
PITARBREL, BFRELRERERUSEARNSE,

X—HHRMA LR L AR SERME, RSB, SKIH return
TUBMERES BMRE, F—HE S TN RAEERE,



