B2 WX
FRISE

RERNE—TT, EBELWHX—TIRRRE, AT AREMIUREERM, XFRGER, 7]
MER, BAINERITE,

BY) Y F XA AY
WEZl) & AAINT
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Introduction to Computation (CS1602) - Lecture 2

Characters and Numbers

Instructor: Tao Huang

Part I: Foundations and Python Basics - Fall 2026

28 1 71 - Characters and Numbers

E—HREBZETHENERB 0/ 1, X—HANE: XE 01 EARTEFE. BEHN

.

EREMT. —2E—H 0 M1 ANBAEAEY, X—RERBEARNREANRI; —2FRE
HTEERAIMAEBLEFER, B—TEE/LFE8T5REFHARBRT,



| An Opening Prediction

A B
print(0.1 + 0.2) print(0.1 + 0.2 == 0.3)

KREVEE—INER, RITEHRE, FFENDZE,

£ 2 T1 - An Opening Prediction

XFTRIBRE, FE2ALENRID: £ 0175 0.2 ek, BAMEREARE 0.3,
PNERZE], BRALEL—ER, FRAMBEER, HRFLEEETHAEZ,



| The Actual Output

run it output
print(0.1 + 0.2) 0.30000000000000004
print(0.1 + 0.2 == 0.3) False

172 False, 2 Python BITRIE, EARXENRBMDM, BECM—ENES

1—_[ *[PIUM;:”:, —E%%B_ﬁfo

£ 3 71 - The Actual Output

—{THEEARZ 0.3, & 0.30000000000000004; FE—1THILLE False,

SCHEBR LM E ILAVIRER . XA 2 Python HUERIR, AEXaVlzzlNEE, WARE MEERE
XAER, EFMEETE C. Java, JavaScript E4ERTE—H,

RERET Z#HHTEBRRT 0.1, METHESITIERART 13, BHUERSIFMER, WER
ZioE—% FRETER ==K,



| BEZ/NI - 561 48
; IS - X—%—

ABA 0.1+03==0410g?
X—BREALNHER, BRZFREH—T, RIIEREFRIINS M.

54T FEE/N - 515

MAER—ER, KARMER. FHURATIRN, EFSHEINTARX—EMTIHB—ELE
RE&R, BRERBIEX—HRDRIRER.,

FECHET, BITER, CRREEF.



RECAP - LECTURE 1

| Where Lecture 1 Ended

* A computer stores nothing but 0s and 1s — high voltage is 1, low is 0

* The same bits can mean anything — a number, a character, an instruction. The
meaning comes from a convention £1E

* That is exactly why von Neumann could put code and data in one memory

* And the question L1 closed on: so how does it hold -3, 3.14, and T{Rif; ?

SEHZEAE, URE—ESHI/N.

%5 5 T1 - Where Lecture 1 Ended

Folm E—i#, ALITRREX B 5L, FINZESHLERAE; NERFAXMITE, xR
BEMNETFAAS, MSERLLRE 01,

MESRKXAREENERREX—R: —H 0 M1 AEFARTMEARA, SXKBANMERNY
Eo IBIEMRSARIEIZFH: HEHSIT' E—RFHERE, ERANX—R: #EHEERMEEZ O
M1, X3 RETEMMS VR,

F—HREBT—1i@: NBERE 01, A NMEDIXFEEARTR. SKMEZFXD
[B),

||I
St
R

=EZE: ASCII F1 Unicode AR, IEEE 754 fam/\&, LEHMNMEETE
ﬁxmm, KNMtBESKEHR,



| Today's Question

How Os and 1s become letters, integers and decimals

L1 said a bit pattern has no meaning of its own — the meaning comes from a
convention. Today: which conventions, and what each one costs.

£ 6 71 - Today's Question

X—HE LO1 SR TEXKBAT) BFFFE#. ASCI2—EYE, 1L 65 XM HRERFER
A; IEEE 754 @B —EAE, 1k—& bit KFXR—1/NEK,

ATEHERM, ASCI RE 128 MIE, EA NP IEEE 754 BRI E T AFERAY/)
B, TRETIRE. XMEATNNRM, SKEBEEHE,



ROADMAP

| Outline

* A complete program — and the four basic types it already uses

* Bits and bases — a base is a notation, not a property of the number
* Characters — ASCII, Unicode, quoting, and what print really does
* Numbers — no ceiling on integers, no exactness on floats

* Arithmetic — seven operators, and what type each hands back

* Logic — comparisons, and / or / not, and why they are numbers too

£ 7 71 - Outline
PUEZ RO IRk R HERY : SoL T—H)#RR2 bity XTER, EEHFHMNET BELM,

HAp BB ERNEZSER/IE: ERE T — TR ENROBHEZFRE, XTEHN=
EEFF. 8. BB RELI.
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A Complete Program

| A First Complete Program

bmi.py
# Body mass index
name = "Zhang San"
height = 1.75 # meters
weight = 68.5 # kilograms

bmi = weight / (height *x 2)

print(name, '"has a BMI of", bmi)
print("rounded:", round(bmi, 1))

output

Zhang San has a BMI of 22.367346938775512
rounded: 22.4

25 9 T1 - A First Complete Program
F—HRET—17 print, X2—THEEMENER, EERIANGFAX—HEHZHEL
FEMEE, SMT=HF: BEFHE A7) . 8 (ER7). BEER (BM1T). BXZ

HiEFHEXTER,
EEE—ATU# L, BEIER, BLAFR, Python 2T, KEIE bmi WEHAE —KSB
N, FBIERX— A B IUERELIER 6],



| The Program, Line by Line

Same code as the previous slide. Four things are happening.

bmi.py

<« | B BRAEFN, Python EfTHkd
name = "Zhang San"
height = 1.75 <« | WE: BALNE, FHEAOXNEF
weight = 68.5

HE: HRNERETE— ST

bmi = weight / (height *xx 2) «—
print(name, '"has a BMI of", bmi) <—| @t ESKRF, PEBEHP—ITIE

HEEHE. &, A, EXSHEFLEXTER.

£ 10 T - The Program, Line by Line

L —TIARERIERIFERI S, FITHRESR,
BATUHAHSTL, 2R, BLHEAFR, Python BITHET.

FE=1TEWE: FSLUERF, AURE, EAUNEFHEIXTEF. =TRFD 5!
ZE|—PFRFBF T

BRTRBALEITAF, BIEERTHE bmi XTHBF. FIAESHABANEEEERNE
_to
RE—{Thd. print ERESREAZ1ME, Python RTEMEPM T ZE BN —T=

R—TTAUOMEEFNNEFN=HF: EEHE. T8, Wl EOT—REENARD, &8
A AFEXFLITT

FATENOTMNEES —F5. S, MTES. 5 — T—0&I#.

H



FROM THE LINE ABOVE

| One Line, Four Symbols

* = — put the right-hand value into the name on the left
* / — divide
* sk — power (&) .height xx 2 is height squared

* () — do what is inside first

—NSFSEERLEHAE, HFEBEF, Python EEFHT,

£ 11 71 - One Line, Four Symbols
NIZ 384T bmi = weight / (height *x 2) BEAOMNES, — P—NaiER,

FEREZA. EAXENERER TCABLELRNE, FAEOXTRF), MNETFHER
Tomi 155l.....1. MFENBFE Python BEERITES, SRER—KBREERAXT.

MTESEREE, height 2 IBESNTA. ESHEANAZE—&, KXHEEH. XBHX
Amnthys, EEE/%E, EinLEEFE,

ETRMIESRZRAEINGERNXIILE, FBETHR,



| Arithmetic Operators

Seven of them. Part 5 comes back to each one.

operator meaning example result
+ add 70 7 + 2
- subtract R 7 -2 5
* multiply 3 7 *x 2 14
/ divide P& 7/ 2 3.5
// floor divide ¥R 77/ 2
% remainder BUR 7 % 2
*kk power = 7 *kk 2 49

AR/ X—17: RER, ERBE/NE

TIEREER, WEREINE, ARG

55 12 T - Arithmetic Operators
EPNEREER, XBERIE., I THREE—#F, TAZIR,

BRNESENT: —TRIINRE, SERKT2DE, 7RI 2133 35, MERBREZN
&, 4R 2 1FRIZE 2.0, = 2, X—= Part 5 A4,

MITRILEER, T TRE; B2 SENR. XMTES 4 #5RANZEERE,
KENERBEMEXDIRMEITEIRZTERR, JUESEFIIE,



| Comparison, Logic, Assignment

These answer True or False. Part 6 comes back to them.

Comparison EbE: Logic iB%§

FEREAF/WI: True T False and B or= notiE

> greater XF 7>2 True  and True and False False
< less INF 7 <2 False or True or False True
>= atleast XF&EF 7 >= 7 True not not True False
<= atmost INFETF 2 <=7 True

_ | g 7 e s Fal —NESHHENES

PR = A€ x =17 EBIEX

1= not equal A& 7 =2 True X ==7 [AxERE7

£ 13 71 - Comparison, Logic, Assignment

DR, &R EHE True § False Wi, HEFEBHAE,

A EREEEE, BT HRTEESR: and BXREMIL, or BRED—THIL, not ik, X=
NMES 4 HEFRHFIRTITZET.

ATAEBTMERSRREZ SRS —1FSEME, £7 7 x MIMFSZERNE, 8 x
BAZ 7. B r RUREEHER, BENIHEERENENE, FEXMEEE.

FZABETRNMERENMNFS, UEMXIEEERTAT.



| The Three Parts of a Program

get data - compute - report

Today settles what data actually is. L3 turns data into text you can read; L4
adds deciding and repeating.

% 14 T1 - The Three Parts of a Program

EXTERICHE, REMECU—RIEEBERIGREDT: WM/LITEESEE. WLTHE
& WMTERL.

XTIRERBERZERNIER. —BEMEITHNER, SFEEX=R, RAZE—RAIEX
BEEH,



| From Values to Modules

A program is built the way writing is (F1aaEZHE) . Here are the Python names,
and each level is made of the one above.

| {& value 2026, "s5Kk=". True L2 &K |
| RIER expression weight / height sk 2 L2 45X |
| 154D statement bmi = weight / . L3 |
| 8338 block if / for / while L4 |
| B EL function def area(r): .. L3 |
| % class class Student: .. L9 |
V| &R module import math L10 |

SRARBANRE: BENREN . FTE8—RHHL—REER,

%5 15 71 - From Values to Modules

EXPELERXNRHEBIMETRN: BENEMNEXERM, F. 5. 9. &R &B. &,
A IE EERIZ Python BEMR&1E, LR ZHIRICEIRF,

MEFETE, 8—RAL—REAMR: ETMEEN—TREN, —TRANMLEBEREBH
AT —5E0), EERIETR if. for BERZE—TBR, RIBRITEERIRE, KA
HIETEERER, KMREBFRAEXGMEEIR,

RENREFZSRNAT: BEMLERE, RAABNEZENZTAEE.

AD—HINEM—AH. AEZNFREEERETH, B HHEEXKRELHREIVE.



| So How Does It Know?

1\

$ﬁ
’f

o/1|/o/o|o[o|0|1|—> =X 65 |
/l \
ES /\_

[E—& bit, TTLIEFE. LS. TTLIEFIBIERE, RE TERBMHIUEE

09, #EXEE,

HENMERF 01, BEEAMER—REFF. H—RELHN?

%5 16 T1 - So How Does It Know?

WHEEREL 2/, SoiBalRa sk,

F—ANEILE: HENERBO0M 1, —8bit AEREEN, HA@BRT — BHE
01000001 1X/\fiI, EHAENIHREESFE A, BNRESEE 657

FILARB I, ERTEXE bit BEH, M NERKTE. BBMAEIL.
BFEREXHEN, ME T —T1EHIRE,



DATA TYPES

| Data Types (¥ig3s8Y)

* The BMI program already used three of them. With integers, that is the four you
will use most of this term:

string str & — "Zhang San". A piece of text

float float iFmR%L — 1.75. A number with a fractional part

boolean bool #i/R{E — the result of bmi > 24.Only True and False
integer int ¥#{ — 2026, -3, 0. No fractional part

* Avalue's type decides what you can do to it — and what an operator means

YILAZEER . a2, BikaeitA.
25 17 T1 - Data Types (¥RiEEHY)
THAXEARMHRNE—TEXNRE,

N7 B BMIEZFE, "sk=" 2—BXF, 175 8— N, bmi> 24 WERZETFR., B
ARE ™FARNEL, MEDEARRIKE, LB, XMOMEXREHREBN,
KEARARAZRMRE ., ERE T X MEERSSMEGE, WRER—TEEFFREES L2
LrER,, TEMITHMZGF,

Python EXERIRIER: IR, ThH. FH, EEZ Part I IAE, RBCEXRIZEZ Part IV
RS, BHRNZEE—E,



| type(): Asking a Value What It Is

the four basic types output
print(type("Zhang San")) <class 'str's
print(type(1.75)) <class 'float'>
print(type(2026)) <class 'int's>
print(type(1.75 > 1)) <class 'bool'>

Ignore the word class for now — Part IV gets to it.

5518 71 - type(): Asking a Value What It Is
type() @ X—iHmRBAN—TI2M LR, BRITAACKHESIEN, F—HxMNSTEMER
type() E— T AIEHE.
WM ER str. float, int, bool MEXWUMERNEZF, UMEREBEEEEHSAXERT, bl
MTypeError: can only concatenate str (not "int") to stry, 1EIEXAIEEESLAE str fl int 2
(I

M BIERY class IX™Mal, REETE Python BEBIARGHE—FNHR, X—= Part IV 2EF,
IMEER] LA 288,



| Where the Type Actually Lives

n = 2026. Here is what actually sits in memory.

n = 2026 AEFEEHZN TR
- 0-7 5| F+4Y refcount
Z=F name
n » 8-15 B > int
RAREEE, RERA
16-23 WVEESESE=S
24-27 |EA|07 00|00 {E value

BMMER—IFH. type(n) IZHIBMESE 8-15 X/\DFH5,
2026 AR, 4NFHHRB, BRTEX—RETK, BHLE LR,

REMERFE—EN, FrAEITITREIESHR,

£ 19 T1 - Where the Type Actually Lives

E—TtiR TREVREIXES bit B4R, BERERSEFEME? EXTHNREANFERTE.
KEED, n AR—1TRF, EHCNEARA, REERAFENEMIE.
ABEREBRINAETINR, —H281FT, BNIBHE—TFP. MEEToHEE:

FL/A\NETRSIAITE, icE THER/ITRBFEETR, F 10 HHRNEEENSHEE, S
AR,

E8E 15X/ \NMEVRER: BILEXTHNREMTAZEER, FHNE int XPEENIRAIHNL,
type(n) iIZHFHEX/\NMET., £—T1O8 NTENEAENREFZFREF, ERXME
XB —ELREB, BEECHFEER.

B/\1MNEPICMNBNETS., REATNEDARERET, 2026 517332 EA 07, /NHFAR
PAMRAI7ERI, FEMTETR 0,

XEEERR—F, ®REBIEHK TPython B int £ 32 (i1, 2026 ~KkK, INFETREET., H—
K, EX—BHMaTK:

289 60 %A, XTMNRE 36 FT; 1089100 %A, 72 FT., FRABE HEN—BREEE T E
#%i& — B UEFEE,

XIFZ2EMUEE MBS HE LR WERERRE: CH int B3 32 i, Bi#atisd; Python BZEEK
SBCTK, RERERF,

(MTELER, &5.)



—. 28N FRAMTLRALZ? 28 F TR 22411, FJELER #U NRABRENTFT. BIHE
24 MFTZEA Python WRILAMK: 5|AITE (BEEERK, BHRAFERE). KEEH
(type() MZEFEE) . UHESFS (AAKETEE, FICE). CHint R=HF#1FE

— RBRERETMAERNEFE, KEEER, AFEEHEFRECE. X 24 MFTHRENE:
RERAETNE. AFTHECREN. BERE LR,

I —12, NEBEASEREFNE—: -5 3 256 TRBRHEEHNMEBL T, £REFHA—

7, FIAERERNHFATZTEN—EDE 28 7715,

—. BIFE4AFN? CPython iz 30 U—4H. BN 4 F 1. TREDMN, ZX—BEXIXTH
B H.)

PRI TRBGRE(ERE) XO1E, ERFERFERXN LN RENERER—TNRE, BT

TATFET,

H—a ™2 X2 64 i CPython IR, F1E 3.12 A 314 LEREN, RIZARM 3.13 L1E
thig], BUAY Python SCI. FUAIRRATIEEARA—4E, EichIZ MEBEEFEE—E) XHE, 12
XLEB R RRRE,



| Same operator, different meaning

the type decides output
print(3 x 2) 6
print(“ab" % 2) abab
3
print(1 + 2) 12

print(lllll + II2II)

On numbers x multiplies and + adds. On strings * repeats and + joins.

£ 20 T1 - Same operator, different meaning

ROTRRX—TPHNER. EHF M+, (FREFRXEL, HNETETRNE.

3*2Z2FE, 556, "ab" *2 ZEE, 3% "abab", 1+2 BNk, BE 3, "1"+"2" ZH
ARA TXITRBETAEREL XA, TAERFHREEFMEEART . FIXEEEEIEIE

HGR, RBERBEEERENE,
IR —a), FRBNESMPIES 3 HRIENH, XBSLR—T.
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Bits and Bases

| Bit and Byte (f45=F%5)

* A storage cell holds one of two states: high voltage and low, written 1 and 0
* One 0 or 1is a bit {iz

* Eight bits are a byte 15

* One bit distinguishes 2 cases, two bits 4, n bits 2"

So one byte distinguishes 2° = 256 things. That number keeps coming back.

28 22 T - Bit and Byte (fi5=F%)
XIMEAEEE—BERR, KH———NRiA.
*EERE—% n bt BERR 2 n ) XAMIER., XX FEERT E EERBEIREF:
A A—1"FTT8ETF 256 ME. 14 ASCIF 7 1 bit EiFEE 128 TNFER/F. R4 64 %
HESEERIBLAK.

IFi % — ) 8. 1024 1 byte £ 1KB, 1024KB 2 TMB, iXEH 1024 MAE 1000, E2E K
1024 IE8F =& 2",



| One Rule, Any Base

Same rule twice. Only the base changes.

+i##l decimal 2026 —i#H binary 1101
E weight X—{HYE E weight X—{EYE

2 | x 103 = 1000 — 2000 1| x 23 = 8 - 8
0| x 102 = 100 - 0 1| x 22 = 4 - 4
2 | x 10 = 10 — 20 0| x 2r = 2 - 0
6| x 10° = 1 - 6 1| x 2° = 1 - 1
2026 13

BREE—, NER—XEE., +EHEIR 10, ZHFISE 2,

£ 23 T1 - One Rule, Any Base
TiEIH AR —EHRAN, efTiEsRNER &M,

FE—TET#FIE 2026, BTEF LEMANZX—URNE: MNAEZEZ 1089 0X7. 1
RF 2R 3RA, BEFNNERSE, ME TEIMIESNE, MEREFZ 2026,

TE—TRAGINN 1101, —&E—FE0E, RENERMK 2% 8. 4. 2. 1, EFEF1H
BILALINEER, 15313,

PRAFE HBIEETES, FEMBMAREAES T 1. 2. 4. 8. 16, AFIENMNALZ 18I0
Ho XEMNISERABIERRLIL, BRIEEAME.



| Base Conversion in Python

base conversion

output
print(0b1101) # a binary literal, prefix @b 13
print(bin(13)) # the other direction 0bl1101
print(int("1101", 2)) # parse a string in base 2 13

25 24 T1 - Base Conversion in Python

=M HEEENNNEE,

0b1101 EFHEZ, ARABEEREH—1ITHHEIE. bin(13) IEBHERZHFINFRER
™, AREREINZEFMEH, FUESE '0b' BI%k. int('1101", 2) NFRBM@T, E-1T%
PRI LR,

RevtEIREE bin() NERIMRECKA. ERFNS, bin(13) + 1 =ikiE,



ONE NUMBER

| Four Notations for One Number

Binary is what the machine uses — and unreadable for humans past a few digits.
These are shorter ways to write the same bits.

* decimal — no prefix — 96
* binary — 0b — 0b1100000
* octal — 0o — 00140

* hexadecimal — Ox — 0x60

Different notations, identical bits once they are in memory.

%5 25 T1 - Four Notations for One Number
FRATL2EERLE—MEER, Z#HHIZNEAN, ATAZERRK: — M FDOEHEME/\
i, —TAFEMI=1+"1, PERKE—UHEMAT., AANFTEEENEEX, MEZE—R
BB T,

RN 5EERZR—TE 96, Fifk T+=1 M2) X BHNER—THE.

5ENERNRFETRABE, EHEREFEZEENMERE—B bit, KEMNEXZXTHEHZ
SN
TNEFBIZEANER, ERN—M+7 BHEFRIA#F . 0x60 FHFFFHZ 0110 0000,

—IREEFL "HFIEN, MELS/\UHFE, MEERFtit, HeE. FHFE5, BB
EARHMZE+7NEH.



| The Four Literals, Checked

four notations, one number output
print(96, 0b1100000, 00140, 0x60) 96 96 96 96
print(96 == 0x60) True

£ 26 T - The Four Literals, Checked
E—TIEOMESEITENESR, MEE2 96, ERN print B REBER—FZBE 3,

EAMACTENES, X—SBINECH—R, TRESERE, XGE, B3 Tue 25
TREMNES,



| Why Binary (AftAlRRZZi#H)

* In a circuit, telling current from no current is the most reliable distinction there is

* Decimal would mean telling ten voltage levels apart
A little noise and 3 V reads as 3.3 V — wrong digit

* Two states leave the widest margin for error

XEIRELNERE, F2HF LA,

£ 27 T1 - Why Binary (RftAafRiEEZHEH)
XN EBLFEMIZEH =0 ATALRERETEHT,

REFRERELR—E. RAIPRS, RFEXS TBESTETEE) 1 MBRTFETEE), F
BB LRARIRE, THEMN. BEZMN. BETHBTIEZILEIME.

WRERTTHRS, MEEEERETIN TR, 8—0#RE, HAEREMIEZMBIITAIER
F. FEEWEBEAET HHFITEN, EEREEREENMRA RS E Z#F.
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Characters

| Letters in a Number Machine

A computer stores numbers. What about letters?

There is no clever way out. Someone has to publish a table saying which
number stands for which character.

28 29 T1 - Letters in a Number Machine
EPNENERHARE, BAFEMETERERRT, FEMRAERRFRET.

FMTREAZ: MTFESNBNEEF? XTHNRRATESENE, SN—atls3Fx
, R—aNSBSMIEALE, AUDIE —SKAHNER, MEEBAXE.



ASCII

| ASCII: the Agreed-on Table

* American Standard Code for Information Interchange

* 7 bits, so 128 characters

Upper and lower case letters, digits, punctuation, some control characters

" '0' > 48 'A' > 65 'a' > 97 space — 32

'a' is exactly 32 more than 'A'. That gap gets used later.

£ 30 T1 - ASCII: the Agreed-on Table

ASCII EF 1963 &, F 7 bit, IEHFEE 128 MIBE. NTAE 7 fIF2E 8 {iI? EFHATH
BIRIE&EE 7 %, 3 8 (iI'F FARMKRE,

KRENRSTEMERRY, 5 03 9 BELM 48 3| 57, KEFH AFl Z 2%E4R7 65
90, NEaZlzE 97 3122, EEX—RREM: AM—TFNEIRHF, REECHHRS
AT 48 B 57 Z 8],

NNBIESFZE 32, FIESE 6 1 bit WE, XARIHE, BIRITITERHRY, XFERE—
1 bit MEEZERNE,



| The Whole ASCII Table

All 128 of them. A code is the number at the start of its row, plus its column: A is
64 + 1 =65.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0
16
32 s " # $ s & ' () x + , = .
48 0 1 2 3 4 5 6 7 8 9 : ; < = > ?
64 @ A B C D E F G H I J K L M N 0
8¢ P Q R S T U VvV W X Y zZ [ N 1 ~»
96 a b ¢ d e T g h i ] k 1 m n o
112 p q r s t u v w x y z { | Y

B—XFHFRSEEEN. ONER: =18 32, #F 48, XE 65. /I\E 97,

£ 3171 - The Whole ASCII Table
X 2K ASCII R, 128 NMRES— 1A,
FTIREAE: TERTEENHEX—THESR, JSERLE—H. F=FTMEEM. Lt
WMAE ATE 64 BB—1THIZE 151, BSHE 65,
EOEDIR, x LEMITRINEIEHFR, KB IAIR — HT & Tab, LF 2117, CR 2[E
Z, ESC B REH. Fa/LHEXNFRNRERIX—E,
BeHT+TEHF 079, %S 48357, MIREBDAIEAREN/NE, 65%] 90, 97 F|
122, B—IRABIMBEERN, FIUAHII— DN FREAENF, REBRSZZERE 485 57
zl\EjO
REFSICHE: B—TFEENAEF/NEEGFE 32, BLMERERMITHNE—5, 322 2
B 5%7A, BMERE—1 bit MEERTA/NE — XZBIRITHRIFERZHR,

RENFHNERFRHRSHSREFERN, EHFRIBERFIBITERER curses.ascii,
ERFITH.



| ord() and chr(): the Bridge Both Ways

ord / chr output
print(ord('A'), ord('a'), ord('@'), ord("' ")) 65 97 48 32
print(chr(65), chr(97), chr(48)) Aao@
H

# the cases are 32 apart, so this works
print(chr(ord('h') - 32))

ord() turns a character into its code, chr() turns it back.

£ 32 11 - ord() and chr(): the Bridge Both Ways
X—TNERNI XA TERE, BFHEF: ord 2 ordinal (FS), chr & character (£%),

RERITER T RKNERER: 1€ 'h NESH 32 52 'H NWES, BERFR., IMREAEH
HRH cupper(), EXMEIAIUBIAECEAZRENERT TFRHMENF.

FRord() RES—1PER, ord('ab') SRR,



|'0' and 0 (FHF5HF)

I1I + I2l

# gives '12'
# string concatenation

1+ 2

o)

# gives 3
# integer addition

'Q' is a character, code 48. 0 is an integer. Different things in memory, and different
rules when they meet an operator.

input() ZEHKIZRFFER, XNMEEELEBANGSSZHE, £ 3 HSEH,

&3

5337 -'0'and 0 (FR5HF)

XEMFHRENN—INES, MEEASHRE: '1' + '2' 258E0N, RRERE "12' AR

w5 SHEFHNNFNSH, 5 SHER. B LEERIMRE 1, BEREFE—TERS 49,
— T EHE.
XNBEEREEEBMANEEE: input() TIEAFBRAA, EENMEFRH, EHE
R gid int() ¥R, 5 3 AR LN IEELIEX 6],



| Unicode (#%—%3)

ASCII has 128 places. Enough for English — not for #3Z, not even for café.

Unicode output
print(ord('#'), ord('X")) 20013 25991
print(chr(20013), chr(25991)) XX

Unicode numbers almost every script on earth. ord() and chr() work on all of it,

unchanged.
58 34 T - Unicode (4i—7%3)
ASCIl RE 128 MuE, EAEMILEFTEENSHFRERAT, BERBIRNF,
MARIGFRR Unicode, ERJLFIIEXFRAANFNEDE T — 1S, BRIKET /1A
o WF THy E’\J%%—E 20013,
mord() # chr() THEAURE: ENARKME [FRNES 2B, Unicode RZiE
REKT,

BFEAXABE: FELEAZE, —TFRER/VITFTEFE? FENFEMENERR
1, mMmBALTEMeLINEE, XEo8BRIE 12 7.



| How Do You Print Two Lines?

Writing the word does not help: "newline" is seven characters, not the one key.

i E, BRIETT output
# —X print, BiTH#It, EAL5? hit » Run above
print("E—17 F1T")

EFFIIALR, BEFFNEEPR, T—REBRRIME,

£ 35 T - How Do You Print Two Lines?
SERREETH, B—Nem: Eik—K print it T, BAE?
UEARRE,. ERNEREILM, #HAIUEXMEE S5 :
E—f, £ 171 MITFERE — FTEIHRMEXMTFAE, 53RN newline th—4,
BrELITFE, FEB—1T8,
B, E5|SHEEEZEIE — Python SIRIBESEIR, AA— 1T EBFRHENREEETT,
AR ERR? ElZETE ASCI REMXIE RS, =& 10, NABKH FRALBEMEE. BER
B RAHAR, RKMER 1471 X efEEE—X 5| S HE),

S5ISRERZ MMM EAZITAER, MEMEEFR — 3|ISEFHENLR, BES
#ZE, Python ZANFRFBEBEMERT .

MEEE, —TMERNE: ARTEBFRNAS, ERTIP— NI AEENFRF, T—0#

=
E o



ESCAPE

| Escape sequences ¥ X F %

" \n — newline
"\t —tab
* \\ — one backslash

* \' — single quote \"" — double quote

Once a backslash appears, it and the next character are read as one.

36

25 36 T1 - Escape sequences X F5F

EXFHNMNRER: REMIENRZE, EMZRENFHEERE—". X "a\nb" X
TENBNRER 3, A= 4.

BEENS|ISERANSISESWARMMCFRHENTIENER, MRFHFEEZLINE—M5]
5, MiSEX, REBR—M5IS: "hin: RF'" AEEES

RFIE S ERE MM \\, BRNBETRFITISHIZFEREEXHIFTIE.



| The Escapes at Work

escapes output
print("line one\nline two") line one
print("Name\tStudent ID") line two
print("She said: \"hello\"") Name Student ID

She said: "hello"

55 37 T1 - The Escapes at Work
=M F o RETRIRIT. SIRFGHNENS|S,
ARHMHBEEAIRFML, EREFEETEREAEBE, EREL Python EMIES, WA TEEXD
FRESHIER . EEEAFRHENEITIRFRAS,
FRFHNEEAEE, ENERRE THEIT—1HIRAL, RUBAENTFHMEHARSE, JEHE
ETHMEHEL. 3 3 HESHEAFEHNXTTIME.



| Backslashes in a Windows Path

print("C:\name")

# \n became a newline
# two lines of output

print(r"C:\name")

o)

# r = raw string RIAFHE
# no escaping at all

Windows separates path components with a backslash, and a backslash also starts
an escape. They collide. An r before the quote turns escaping off.

W LAS L "C:\\name", IBENRFBFLEEN—IR, r BEE,

%5 38 T1 - Backslashes in a Windows Path
XEEXNHRE R—Ff MR%51, Windows WEEZFEKRFITISME, M \n. \t [RFEE S}
ENFS, TREREREN—EMET T,
C:\name B \n STIRTT, WMHEKMIT; FENE C:\table, \t THHIRRF, BRI
EZTIITER, HBEREK.
ML STRAMIEME, EESISEINMNr. SENREARNEERERE r FHFE, F
15 H=BEE,



| Multi-line strings =5|5

triple quotes output
poem = ""'";TEasF, NRIBEIE. ImtF, XNRIBEIE.
SRARIZAN;: D SR ARIZAN::
BRI KEGWME, """ ERIDKENE,

He said "hi", I said 'bye'.
print(poem)
print("""He said "hi", I said 'bye'.""")

RBERMAE, ITHRREMTAE,
£ 39 71 - Multi-line strings =315
=15 SREERNFNS, EENRITEFRE, THS \n,
—ATRITA \n BE%; BERXF. —BE. —KR, A=5l5. TALRE—FAEE—R
&, MMEEEIL—EBMAEERT .
BATEINERR TSI SN =5|SEER5|SHMNE|ISHEERS, — M HTREN.

=5 SEAHE=MAIR: SRERBITAIRAXME, Y docstring, 5 3 HHRBNZHILE
Eo



| The Console Echoes, a File Does Not

interactive console (1E#18) a.py file (BIZAIZ{E)

>> 1 + 1 # quiet.py

2 1+1

>>> X =5 x =5

>>> X X

5 "SJTu"

>>> "SJTU"

'SJTU' $ python quiet.py
$

The console echoes the value of every expression. A .py file does not. X /{4+E18&E

B4, BEBC print B3, FENMEXT,

% 40 T1 - The Console Echoes, a File Does Not
— TN E BT E— A ERFE—EN O,

EOERERERE: BRIHEIETT python #EAN, BEFE=TATS. EEERA—ITRIA
N, B%F, coEHMBEERER., IZEHSEMEN, AENEE. ERREHT, FH
HEEHFREFSISH,

BOZEREITER py XIHBIETT, BRL(HA#RE. XHENXREAARERET, RE
RBANEERERER,

PR EZEHIeEEERAE, E5REFNNE, BEIMAMBES print, REAE—REE
XEFRE, MHECHERRET.



PRINT

| A Mental Model for print()

* Think of a pen moving left to right across a page
* Every print() ends with a newline — the pen drops to the next line
* Arguments separated by commas get one space between them

= Don't want the newline? Pass end

£ 41T - A Mental Model for print()
print X MINFEREEE M7, BRA—XERER BRI,

MNEATREILE: SHZEEMINTE, SEBIRT. XM TEIAMEER I UR: TRE
sep S, #1TH end %%,

BRI EHEER—1T, RE end="" #8577, TUEAINE,



| print(): Comma, Plus, End

print arguments

print("a", "b", "c") # spaces
print("a" + "b" + "c") # no spaces
print("no newline", end="")

print(" <- same line")

output

abc
abc
no newline <- same line

ESTNSERHERENS: ESFREESH, MSHEFHFE,

55 42 T - print(): Comma, Plus, End

BTNEZTNXFEEFE: ESE=MEFA=TSHRE print, print EEANIZE4=
& MSRE=ZTFRHEHB—T, BIEA—TSHRLS print, REIREEE.

EE—TXANEEZX: MSMLLAELEFRFEH. print ("
P

" + 18) =ikta, M

rint("FER", 18) REE, PANERRERENNE, BESERE.

REMITET end: BERIIBRITIRZFRFE, T—IX print HiiRER—1T,
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Numbers

| Integers Without a Ceiling

big integers
big = 2 xk 200
print(big)
print("that is", len(str(big)), "digits")

output

1606938044258990275541962092341162602522202993782792835301376
that is 61 digits

REAFRE, RARROEE,

25 44 T1 - Integers Without a Ceiling

RZHMEESEBNEEEKE, bl 64 U, BEEEMSEL, BNFERATH NI, IESO
%, MEBEARARE. X2 C M Java EREEM—E bug,

Python (IR MIE. EHBESABSA, RERSENHESAEREE.

RKMBABMZERRIE: UHHZ, REAEMNIFRS. £ 1N HAERENZE—T
XMUMBERZZD, WX TROERSHIB R, ITANATUREE,



| Back to the Opening Question

print more digits

print(0.1 + 0.2)
print(f"{0.1:.20f}")
print(f"{0.2:.20f}")
print(f'{0.1 + 0.2:.20f}")

output

0.30000000000000004

0.10000000000000000555
0.20000000000000001110
0.30000000000000004441

0.1 Fi#ESL[R2E 0.1000000000000000055511..., [AREAAREIE, EFEX—F,

25 45 T1 - Back to the Opening Question

T BES 20 AIER3TH SR, FREEBREM: 01 EHENMEEZL T2 017, E2— I
il 0.1 198K, 0.2 [B3E,

FRINEA SR L, SEMMIMUERRIEN TR, [RNIABE—TEMNE, mA
REIEFAREIREERER,

f'{x:.20f}" ITBEEUBRRNMNFRE, £ I3 WSERWH. WEREHE .20f WEER &
NSRS 20 IR Ry .



| Why Binary Cannot Hold 0.1

* In decimal, 1/3 = 0.3333... never terminates
* In binary, 0.1 never terminates either: 0.000110011001100... (0011 forever)
* Storage is finite — 64 bits, following the IEEE 754 standard — so it is cut off

* What gets stored is not 0.1 but a number very close to it

BEM—MEMESH—F, XRETHFIEZHIMR, 72 Python BIERFE,

£ 46 T1 - Why Binary Cannot Hold 0.1
“HHEIBAT 01, MITHAFIEARAT 1/3 BR—TEE,
— PO ETEEENHIITER, BFUATEMNSE., TGS EE 10 =2x5, IS ER
225N AESR, 1135 47T, JAFNSEE 2, MARESERE 2 NBND A ES
2. 0.5, 0.25. 0.125 7YX, 0.1 (tLFiE 110, P8BS 5) K17,
BARER5, MEETEER, MREERE (SN, S8r-4AiNiliRE, MEEEMER
SN
|IEEE 754 2 XEH MM EFrTE, JLVFEMBEGESSIIE, FRARIES. BRIlsZERE—
=N



| Where 0.1 Gets Cut Off

decimal il
1/3 = 0.3333333333333..  never terminates —— nobody blames decimal

binary il { cut off at 53 bits ]
0.1 written in base 2: 0.00011001100110011 A0
'0011, repeats for ever —— it never terminates either

you write @. 1, the machine actually stores
0.1000000000000000055511151231257827..

REARRE THEETI , & TEAXRT1 o Theo.1 you wrote and the number in memory

stopped being the same number at the moment of assignment.

% 47 T1 - Where 0.1 Gets Cut Off
B E—TIAaEE L RE.
RELE—TREL: THFEAR=022—, EEARAELLRTHEIE bug,

AR TRRE—EERE _#H: 0.1 5 Zi#EElI=Z 0.0001100110011..., T0011) XPO—EE
ETX, KizEA 5%,

MEREZEZ AR : double BUEE—1t 53 i, FALAZIFRIRIERINEALTEIRT T . BIHMX
TofE, MEIRENEIFHIR,
B NH— ﬁE’E”Ii‘ﬁZ):;kBTﬁ H#ERIE: 0.1000000000000000055511151231257827..., EE=

ELEONART —RR. X T—_x) T—HRZIKLAE: 011K, 0.3 RN, MITARER
E’Jlae%x%?f—ﬁ_, EiﬂﬁlﬁuIE!lﬁf&i‘ﬁ'o

PREOBIEI AR ISR ARFRE TEHET), BREFEAT. BRI 0.1 MHSERTE, MK
ER—ZEMTEE—TET .,



| When the Error Cancels

four lines that look alike output
print(0.1 + 0.2 == 0.3) False
print(0.1 + 0.3 == 0.4) True
print(0.2 + 0.4 == 0.6) False
print(0.1 + 0.7 == 0.8) False

FNE True, WISHFWEEFE, EBRBEFMERRL,

%8 48 T1 - When the Error Cancels

MBHRESERINES, BREFLX—TOHR: BHXFEAR True,

0.1+0.3==0.4 p{iz, 0.1+0.2==0.3 FEEIL, 0.2+ 0.4 ==0.6 XML, XM FMEE
FERE—X, FRIANT—H,

XAZHEARY, T—IISHERENG ., BEXRIRES: RIFEFRLEE, AIRMKBENEE
SCHBMIHERTRAIMLE R0 FEE., — T RES D WA LRIEIFIRT, EMARIIAFIRESE
fo: ER@IREINN, REEAINEIELLE,



| Why 0.1 + 0.3 == 0.4 Is True

lay all four out output
print(f"{0.1:.20f}") 0.10000000000000000555
print(f"{0.3:.20f}") 0.29999999999999998890
print(f"{0.1 + 0.3:.20f}") 0.40000000000000002220
print(f"{0.4:.20f}") 0.40000000000000002220

0.1 is stored a little high, 0.3 a little low. The two errors point opposite ways and

cancel.

% 49 T1 - Why 0.1+ 0.3 ==0.4 Is True
HETTEMIRER AE: BlgERA, telgelm/), BURTIDEE A EREBRINAIE.

01 F#HERA (..00555), 0.3 7F#HER/ (..98890), MEEI, — N2 HRMNED EIFHE
B—NERER Iz, FIEOZET 0.4 FHEMI L, T2 == KaL,

FEE 0.1+ 0.20 0.11mA, 0.2 thimAK, IRERMENM, F=Z 0.30000000000000004441, T
0.3 &ABTFHE 0.29999999999999998890, M NIARE, == F2E False,
FIANXEEEZE, BE—THERHEN., BEEESRABAREHAMNREZESASIE, Mz
FEENHABSELR,



| Comparing Floats ((ZrREa9ELER)

if x == 0.3:

# risky: x may be
# 0.30000000000000004

if abs(x - 0.3) < le-9:

x4

# ask if they are close enough

le-9 is a tolerance BZ; pick it from the precision you need. Asking whether two
floats are equal really means asking how far apart they are.

WISHFASFTFILUKE, RERZFRE, MAER ==

%5 50 71 - Comparing Floats ((ZmEAILEER)
BAFHENERGMEIRE, BAMMIEILLBEENZRE, IMENTEEM AR
. A==’ SERAATI,

EﬁﬁE’\J1$513£%¥|J%ﬁ%ﬁﬂ’ﬂé@iﬂﬁ%éd\ﬂ: MRANBIEL, ZTERNBTE, Z/NEEBRTIRRY
= BFITEATRER 1e-12, EEFRAMANZAERE,

ERRXFMMAH I EFRE, B FHH. HRER == tRETEERN,



| Accumulated Error

add 0.1 ten times

total = 0.0
for _ in range(10):
total += 0.1
print("after ten additions:", total)
print("is it 1.07?", total == 1.0)

output

after ten additions: 0.9999999999999999
is it 1.0? False

Ten invisible errors add up to 0.9999999999999999.

51l

%5 51 1 - Accumulated Error
BIRRENREFEARR, BESER, XBINTHX, RZEELARAREBRATLT,

BR—ICKkERF, SZ2RFEBXL—RIRE, —K/ILTE, T RARMNIKRMEHMS LN
FENDBHAEL BER. XEAEXRFEZRENNSH,

BRRINVEET—TL,



A RULE OF THUMB

| Integers Wherever Possible

" Money is the classic case: 0.10 + 0.20 will bite you
* Countin cents instead: 10 + 20 = 30, exact, always
* Divide by 100 only at the moment you display it

* If you truly need exact decimals, the standard library has decimal — much slower

Python BEURA LR, FrLA THRRCE/NYEAL) 3

% 52 T1 - Integers Wherever Possible

B—FRTANRN: E/NEERERELRAE,

BERARNGF. N Moy NEU, FIEEHBEEN, MEREEER, REREETRS
ABRIRHRERIA 100, BEXZGRAESTHE XA,

XERIETE Python BAHEGFE, AANBEKE LR, THEOREENNSENUZ FEEBLE
Bl

NRMBLFETHHIERNEBIEE, WEEESR decimal IR, X TRARN, (EBIREME
BRI,
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Arithmetic

| Seven Arithmetic Operators

arithmetic output

a, b=7, 2 95 14
35

print(a + b, a — b, a * b) 3
print(a / b) # true division 1
print(a // b) # floor division [ 49
print(a % b) # remainder EY#
print(a *xx b) # power

25 54 T1 - Seven Arithmetic Operators

BI=THHFE—, BUTHREERE.

/ BRFEX EWRRE, ERE7/2=35, // =28k, SREOTHRE, 7HMU 28 3. % =ZEH
R, TEHRU2R1, »*Z&W, 7R 2 XA=Z 49,

E—TMa, b = 7, 2MESHE —REWIEEHE, CHEWTESE, MAESRR
MERISFIER: a, b = b, a —TREERER, FEEFEEE,



TYPE RULES

| Type Rules: the One Table to Memorize

* / — always returns a float, even when it divides evenly 4 / 2—->2.0
* // — intif both are int; float if either is float

"% —sameas//

* + — *x —intif both are int; float if either is float

" **x — same, except a negative exponent gives a float 2 xk -1 ->0.5

%5 55 1 - Type Rules: the One Table to Memorize

XRRRE TIRENE—TRANIROTAKE, MERFER TR, BB, SVt L e
IR|E LR,

MEHIRE—5%: RES
LA ERRELFE R &R,

ok RIS —RBIFIEAR: 289 -1 RAR 05, AEMAZEEL, REEAFREERT.

©

S5CENAE—TEBERY, ERMEBZRN. E—HHIE /, EX



| The Type Rules, Checked

type() reports back output
print(4 / 2, type(4 / 2)) 2.0 <class 'float's
print(7 // 2, type(7 // 2)) 3 <class 'int'>
print(7.0 // 2, type(7.0 // 2)) 3.0 <class 'float's>
print(2 %k -1, type(2 %x -1)) 0.5 <class 'float'>

55 56 T1 - The Type Rules, Checked
type() REI—MEREE, HERMNUEIZIIE E—TIRIFLN,

F—THRERFIE: 4R 2BAKRER, ERAZE 20 MAZ 2, XEE float, XZ Python
3 EMANELE, Python2 B 4 / 21558 2, ERRS A EEEEBRIENEI.

BTRARBE—MEFHE IR, BRNEROEZRE, BATHE 3.0 FEREERE

Ao



| The Float From /

= [10, 20, 30]
mid = len(a) / 2
print(almid])

# TypeError
# an index must be an int

= [10, 20, 30]
mid = len(a) // 2
print(a[mid])

# 20

len(a) / 2is1.5.And even for an evenlength,4 / 2is 2.0, not 2 — still not
usable as an index.

TEBYWERMA //, HER int() BE—TF,

£ 57 71 - The Float From /

XZ / REFRBEEISHREREE: EEHEHRNEERE M.

TR TLEER, FRBSEREIR TypeError, MMEX T HEIRREGITREIFE—TRZ HIR,
MRB—ITEERETDZE, AIsEMhL TRERX A HE,

KPR K—F RPYZEWE, XEFSHNIZA //. B 5 HRIRTD AN AERE,



| Floor Division and Remainder on Negatives

negatives output
print(7 // 2) # 3 3
print(-7 // 2) # guess: -3 or -4? -4
print(7 % 2) 1
print(-7 % 2) # guess this one too 1

// REITRE, A2 ENHEoEE . NREKREREARE,

% 58 T1 - Floor Division and Remainder on Negatives

-7 / 22 -35, @ TREBEKRETENNLRIE, MNE -4, F=Z -3, WREEM THENEK
MoEIRL, MEER -3,

ERERIRER: PythonfRifa == (a // b) *x b + a % bl8II, KA\ a=-7.
b=2: (-4)x2 + RE = -7, FAAREZE 1.

X—=RHM C. Java @, BPEIEEE -7 % 2 & -1. Python HUERIERINFT S IREFREX
E, HE TENR TR XEROBIELE: 1 % nAESERKTEE 0 F n-1 208,



| Precedence ({L5c4Rk)

** binds tightest, then*x / // %, then + —. Equal ranks go left to right — except
**, which goes right to left.

precedence output
print(2 + 3 % 4) # 14, not 20 14
print(2 sk 3 %xx 2) # 512, not 64 512
print((2 + 3) * 4) # 20 20

ERNEMER, MINESEINFSEE. 2509, HTRES.

%8 59 T1 - Precedence ({fL5%4R)
BIMEZNINZE—F, TB85LEHE.

BATEFER: 2 *x* 3 »xx 2EZENAFAEEN, KB 3N 2XH1IF9, BE2M9XH#F
512, WRMEFEEMRZ (2°)? =64, XTHRNBFLIE—EL,

IRERIENENE: MMEEMNES. REASRARNRSZSE THESMIISD, EMARIREIE
AEY bug RIERM, AANEEERTEZER. BFSEEHRENBHAEN, 8E=T"HEN
fRES.

PART 6 OF 6



Logic

WHY BOTHER

| What True and False Are For

Every program so far has run straight through, top to bottom. Deciding and
repeating both start here.

* Arithmetic answers how much. Comparison answers yes or no

* if score >= 60: — the program takes one branch or the other L4
* while guess != answer: — the program knows when to stop L4
* if name in roster: —isitinthere? L6

* sum([True, False, True]) — count how many are true today

hik, FEHVERIXMIME.,

28 61 71 - What True and False Are For
£ True Al False Bt AZA], FIBREET (T4, PMAX—EITERIBN —FHEE,

ASRALE, BNENREFBEMNEITEIRE—1T, —FBEIR, BRA2BWATHER—
g, M5 41HFTIE, BFEOX. EE — M8 if EENFEYE. 88— while FERY
i, RENEREIMLHTZ True 5 False,

RFEMTHERRE ROUMAE: HErDBUREEM T2 ABIERKIBXRERHFMEA
% FMTRFENEREE; ULIE—SARTnER, 8t DaEFRENELT REXT
SRM=NE,

PAIMNX—ERZ T —iftthE. ERCENASRER, EEENENEENEREAKAIE
Ho




| One Condition, Two Paths

The condition is evaluated first. Its value — True or False — is what picks the
path.

BFERX—T

print ("R4g") print ("ARAE")

S EAIEE HRFHE— True Bk False, score £ 87 FE&LiN, £ 45 F£AHiL,

LEH— True 5§ False, BIRBiXIE, % 4 iHE if iE2X1TE,

£ 62 T - One Condition, Two Paths
BE—TE—FRALELRE.

EREIX—T, SMEREIRMHE: 1 score f1 60 tb— T, LEHEFRMNAE TR L2
A KHg1, B— True 5 False,

o =

RERFEEXMERXE: True T4, False £A10., score £ 87, LEMERE True, £
AIDFTED TReA&y; score & 45, R 2 False, £/

FIAXBERFYE, ~2—F: KK{E, B, R2EA—FRICEER EFET RN
MEANEZEMD, PEFBDHREFERIET ., FAE 4 HEZMHEERT — LU score >=
60 and attendance >= 0.8 — FEHPFEIBMER(T4A, TEELIGIH,

iR — XK EREFIER, HIESHNE. XS2REEEREE, 5 4 i if
while i&—EFH.



| Comparison and Boolean (fi/R{H)

comparison output
print(3 > 2) True
print(3 == 2) # two signs: "is it equal?" False
print(3 != 2) # not equal True
print(3 >= 3) True

Two values only: True and False. BEFBMHAKE, S true IR NameError,

%8 63 T1 - Comparison and Boolean (fa/R1E)

tEERizENEREHR/RE (bool), RA True F False FFH,

TEREFEEMWIARE, 5L true 3 TRUE #&3#R NameError, FEA Python SIEEH/M—1%

EXTHTER,

EERGEREAT: ><>=<===!=, Hp 1= F THR%EF), BRNSERZIESEHERT
|



=and == (WESHEF)

17 % = 53

# SyntaxError
# Python stops you here

if x == 5:

x4

# asks whether x is 5

= assigns: it puts the value on the right into the name on the left. == compares: it
asks whether the two sides are equal, and gives back True or False.

—_

Python £ if BE = REEIRIBZAEIR. C fll Java AL, EHRLIE

THEUEIRIRE,

5 64T -=and == (WES5HESE)
XEVZEERRHMPNBIRZ —, PHEZ Python N ERTE: Fif HHESENESSHER
SyntaxError, HiZFt &M T .

CHlJavaE if (x = 5) BAAEN: EXIE 5 W x, Bl 5 EFAERME, ERKTH
B, MEMRA x WIEHESIET . XK bug EILEIESEEMTRZ SN,

Python EXTOFELT, XRENEERFHIMS Z—,



| and, or, not (5E53E)

logical operators output
age = 19 True
has_id = True True
False

print(age >= 18 and has_id)
print(age < 18 or has_id)
print(not has_id)

Python FIZR3EiE, AR && || Lo 45
%8 65 T1 - and, or, not (53E3E)

=B ERRANEREIE, X—aF C. Java, JavaScript ANE, BEIEEAH && ||, B
Python I BB/ S ?Eiﬁli’%’éi%o

BXHMHEBIES N and BXMBEHANE, or REF—UHE, not Bk,
RARZ not &S, AfFand, &3 or, BERNENINES, BERAMERNZE—HF,



| True and False Are 1 and 0

booleans in arithmetic output
print(True + True) 2
print(sum([True, False, True, Truel)) 3

sum() counts the Trues — the usual way to ask how many items satisfy a condition.

66

%8 66 T1 - True and False Are 1and O

£ Python £ bool 2 int B9—1F3K8, True FlE 1, False =2 0. FIAENIRIAEEZS5 &
NizE.,

True + True BRI 2 MBERFR, BE_TEILASE: E—RHMNERBHIIR, B
sum —0, #MER DHEEENENTI.

£ 5 HIRTIRESE, XTEESUERFRFILIN, LT — MR RARRIALL.



| BEZ/NI - 56 2 48
HABIEE - X—0=H

0b1010 + 10 &EF 57 len("a\nb") 2% /7?
712 -7T%2 DHEZS
2

SK=RZW—FRA, —B—F, Em—BLH—=A,

67701 FEE/NN -5 2%
BTN, =B, B—E—EiR, SEETHH AR,
[55 1588 - 0b1010 + 10 HF2/0? ]
X—EINEISEAENES THHIIRESE

0b1010 @ Z#H#IAY 1010, thFiE 8 +2=10; FEI 10 AEFEHHFIHY 10, MPEPEEE
010, tHI018 20, WNRAEAZ 1020 & 101010, HATIEFIZR LM T N —EB 5 .

[55 2 5% - len("a\nb") 2%/ ]
ZRE 3. REMIMN n BERZE—TFER (B1ITHR), 2@,

1% 4 A RIEREREENE ZNFEREELMEFNATEN—IRT . REIIREFETIRERA
B, RE54 Python EMICS,

7’

[E3F--7//2F1-7% 2 DREZD? ]
%;KZZEE _4 *D 10

EHENSFEIE BB T TN, AhERNBa==(a//b)*b+a%bXMEF
NI—iE, LERAICEIRLT.



ANSWERING THE OPENING

| Three Conventions, Three Costs

* ASCII, then Unicode - the convention that turns bits into letters

Cost: everyone has to agree on the same table, and 128 slots were never going to be
enough

* |[EEE 754 - the convention that turns bits into decimals

Cost: accuracy. 0.1 is a repeating binary fraction, so it gets cut off

* Types - the convention that decides what an operator means

Cost: you have to know which type comes back. / is not //

L1 i—E bit RBIRBRN, BXRENE. ZBAE, =H#AM,

% 68 T1 - Three Conventions, Three Costs

EEISRFFRIMEE, LO1EGRN: —& bit £FRAEX, BXKBUE, SKHNME=
ERMNNE, MEB—EHE2HICMEY.,

B—ER ASCIl, [F3KRZ Unicode, 1 bit ZWFE. KINMBEME: FIEALIRR—KER, &
NE—mXHEmalls LEREkERESE; MA 128 MuEM—FRMAEBE, BAX—7
FHBRARE,

£ _ER IEEE 754, 1€ bit TRVNE, RINMZERE: 01 EHFI TEIIRER, FHIRHRNA
WElr, SRTZBMITRE, EHREMEXE,

FEZERRXRE, BREA—TEBEREHAERE., ANMZIREBMERTRANIRETAZRE,

AR | NERZER PR EIRIRE

PAA T—IMRNE) AR—ET1E. WEBANRE, MARBENE, MEENRMEERE
AR EEE, SRX=F, {MNMO32REE. BEMRKE,



RECAP

| What to Take Away

* Atype decides what a value can do: str, int, float, bool are the four you will meet
most

* The four bases are just notations — once in memory they are the same bits
* ord() /chr() convert both ways. '0"' and 0 are different things

* Python integers have no ceiling — overflow is not your problem

* Floats are not exact. Never compare them with ==. Prefer integers

* / always gives a float; // floors, and on negatives that surprises people

£ 69 T1 - What to Take Away
Nk, HREAFNEAFERX—HRE HEXME B 6T,
=51 '0' M0, &EE 3 HiH input IS ZIAEI: input ZRIRPKIZEFRIE.
SENEM / IRENESE, £ 5 HEGIR TR ZIAR,
HRFEZZEREAN: MEATA, MASEEREMKREFERNEAT .



LAB 2

| Lab 2 — 7NiERE, EFFRIESXKiHEIFN

* 2-1 BEXFHRE—RRE, RVIIHNS|ISEEEXT

- 2-2 KN\ REEM ord() Ml chr(), &% . lower() (E&EHH)

* 2-3 —E/FN—E: FRRBBARES, BE—RBRETX

- 2-4 B ANE=AFER

* 2-5almost_equal(a, b, eps=le-9): ZFHHELE "HE, (FEHD)
2-6 EEWN: KB TERMAERFIET, iICTHEN

7B BR (—EXES/LE) M CR (BL1TEAL, BXEE) . 2-6 £FENH. &

HEHUBRILE, EFEICERA.

BRWS KA
A BRNIERE, ERTE 2-6 M 2-5,

2-6 BXGHEBR. ITIMFRERE: BRE—BEIER, RES FHIET1 MiIET: &K
SHEIERER, T=10E. ERBEIMLTRIMC TR, BT 2EEFE/IHT .

2-2 /1 2-56 B2 aHION, SRRHAR EESHHS . 2-2 BREREEA ord() # chr(), MEE
KASKHANFRFRIY, MARE—TIMARTE,

2-5 WNSKFREH—E: BRARER == LIFRH, BMFECEX TEBEB/MER
Fl. XTRHUNEERERE.

A BRZHNER B RR—ERA. CERINGLITEAI, CREE—/K, HAREZ, 3Hd. =
EREIRS T, TR E5T .

RE e 1y, EEZERI=F, 10 B 10 B& 1L,

570 T - Lab 2 — 7B,



| Next Lecture

You can compute now. But how does the program hear you?

L3: strings, variables, input and output. You will see that input() always hands
back a string — and why that makes a beginner's first program print something
very strange.

%8 71 71 - Next Lecture

T HHER— AR TR RSB L.

FIZRNERFE—TIR: 5—TINERER, iILAPRARTE, @A 34, BFHL 34,
REFZ input ZEINZFFH, MFEFHMNSEHIZR.

X—AHER 0" M 0 K3, T—HELZIKLERE,



