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Introduction to Computation (CS1602) - Lecture 9

Objects and Encapsulation &5
3=

Instructor: Tao Huang

Part 4: Abstraction and Organization - Fall 2026
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Part IV - Abstraction and Organization
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TN, FRBERREEER, EL2FINRIENEENIE, SKIEN—MAHRZ
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| Data, Interfaces and Verification £ 5#&0

* Contract &3 inputs and promised results
* State K7 changes retained after a call

* Evidence iiE#&: examples, boundaries and invariants

%8 3 T1 - Data, Interfaces and Verification #3E51&0
[l LO8 frfg—TIMIEIES R 1E. — TMEONMYBIREE, tLAIEEENRNSR. 1TENERHIE
L LN,
AP E S MR IXLER, FRENE, FEENME. BRNEWERRENAER, T8
NizFERREREMMBTIIIE,
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| Two Position Records B BiCR

Record 12 Coordinates 4% Tasks 1Z{E
A (0,0) Show the position; move A
B (3, 4) Measure the distance from Ato B

| BRDRS. BIESEE, FREEELH,

5 4 T1 - Two Position Records &M BICH

FAENE, MTREBFLR, Ba) A REREBIMOMUE, BHMINEENNNZE,; EEEN
Fﬁ%b&ﬁiﬁ/\,m

BEFEREMLERIETERGRE. MEREEEN]. MEREREN, MERBRES
TRBIESKIEARE class T self,



| Quiz 1 - Record Updates

B - 1 -8

EBERE: IKSERSIREE
Submit this round once. IREZ NI4T,

£ 5 71 - Quiz 1 - Record Updates

FipB R ERELXFINFH, REUEA. WEM print, FUNRERF R x MREHRENE,
FRMAIR,

RNBRRZ—IR, FABE, 5% 26 MARKS AENSNTRRMERESm, REMRLR.




| Lecture Structure

1 Objects JR Initialization, attributes and aliases #1414 55| B

2 Methods 5% Receivers, locals and results ##I8#& 5iR[E{E

3 Rules 1M Valid states and public interfaces BRSSO

4 Sharing = Class attributes and method kinds @M 5757525

%5 6 T1 - Lecture Structure

I MEBIEZICS . ERBREEHEIIIPAT, BIERMLELEIRESIRIER HZ, BI—ERIS
RRORIN 3235 /5 — ERBY (0],

AEEIRIT A BERTT, ERFRELFMEMAER, TEHNGFAMNERFHRSREHTTA.

- Objects and Initialization

HBELUNEZFHICE, ARBETSH. SINENENTREERETE, MEh—%
SEHIELHEIRONEBIRS,

FEXR. BENNRNL, BRoANRSMEM. REVBENREIESIFELERRTAE0
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| Records and Operations iBR51ZE

Coordinates and related operations

Two dictionary records

a = {IIXII: 0’ ||y||: 0}
b = {IIXII: 3’ ||y||: 4}_
= Show a position

* Move one record

= Measure a distance

| XRgERBAXESHARE,

£ 8 T1 - Records and Operations iB& 5121
FHIRAIER D LRBIER —MEESP, distance IFBEWFAPICE, LPrtESER 5.0, #HX iR
HREEMITER.
Lo UEREXBRENZEOEEY, ERGERELBFEMFHIRARNER. AEAROAREBARTE
BER, FEHIARREBXMIZEZEMKRIE,



| Existing Types and Methods EEE 2B 575 %

code

print(type(42), type('abc"))
text = "hello world"
print(text.count("0"))

items = [3, 1, 2]
print(items.reverse())
print(items)

25 9 T1 - Existing Types and Methods BEE £ B 5 /535

output

<class 'int's <class 'str's
2

None

[2, 1, 3]

Mk

FLEERZERBE. FRBNIIRNR, type RENSITIIEE, FiRFE count BBIXIKRIAIG

HGE.

55k reverse IR[0] None, {BFIFRSEFRERL [2, 1, 3], X{NEIREMESEEAMNX S, A€ None

EERRBNT,



| Classes and Instances 35 L5

code output
class Point: <class '__main__.Point'>
pass True
p = Point()
print(type(p))
print(type(p) is Point)

%5 10 T - Classes and Instances 25524

class IBAIEX —MNR, Point() QIE—1LH, pass BX#RIF, BAXEZTEIETREGT
BRIFRINIE.,

type(p) & Point, S{3LERN True, KRG WAIMWEAFSIA; BIANREUHRIRE TS H
TMREX, NMEENSREETREAE,



| Instance Attributes SEfIE 14

code output

class Point: 3 4 100
pass

100

Point ()

=3

=4

int(p.x, p.y, X)

< X 11

r

©T T T T X
'_l

%5 11 71 - Instance Attributes @£

RANETBERAVFEY p.x = 3BINEHIREME. px SINBRE x ETRMENME, HELRLN
3. 4. 100,

FIR|RSERTHTNER, BXEERT. XEREFMAA Python REIFHERHSRE
14 4SRRI B IR ELAF.



| Missing Attributes fR&EH

Predict both accesses before advancing. SEFUUFRIRIAIE ,

class Point:
pass

p = Point()
p.x =3

q = Point()
print(p.x)
print(q.x)

£ 12 T1 - Missing Attributes fR&/E M
FeFUMM—RiABIATA, W—XIREE. p M g BEAR—TEEE, BRE p HAIMNT X,

AEAXNERHE, T—ISAXMERITE q RESE, BERANTAHEVREETHE
?Eﬁo



| Initialization with __init__ #]1&/&

code output

class Point: 34
def __init_ (self, x: float = 0, y: float = @) -> None:
self.x = X
self.y =y

p = Point(3, 4)
print(p.x, p.y)

%5 13 T1 - Initialization with __init__ ¥4

SEEF E—TT: p.xFTEN 3, qg.x ik AttributeError, 1BREZENHIREEEFIBIAKFER,

B _init__ IZWGRSESI, RASEE self. S x 250ERANBERRE, self.x = x N
IOIZENRIE: y R, SERERE, BERRE, MMEEEIFERILE.



| Default Coordinates EXIAE %L

code output
class Point: 00
def __init_ (self, x: float = 0, y: float = @) —> None: 30
self.x = X 34
self.y =y

for p in [Point(), Point(3), Point(3, 4)]:
print(p.x, p.y)

%5 14 T1 - Default Coordinates ZAiAS %
=MEBMOMERRIASTEXNSE, EX&458 00, 30, 34, MINSEERBENINSEE
EiR

FURIMENMESPEE, TRREETRBMNZAZERIME. SEXERYIB=AEZLE
MRS



| Class Body and Initialization 2k 5#1144b

How often does each message appear? Z3TENJ1X?

class Trace:
print(“class body")
def __init__ (self) —> None:
print("init")

Trace()
Trace()

Q
n

£ 15 T - Class Body and Initialization ZE{R5¥ItA1

%cia) class body #1 init ZFTENJLIR, class 1BG)iG1TaEK, Ep def FBITRER, AIZEMHITERER
%,

XTTRZINRBMER, ERFRIRFEE T —TIINESATHR, BT JavaScript 77 HIAY
AEER.



| Class Execution and Initialization Results

Actual output SCEISEH! * Class body 2{&: once in this program
class body * Initialization #J#44k: once per construction
init

init

__init__ returns None; the class call returns
the instance

%8 16 T1 - Class Execution and Initialization Results

SERRIR 2 class body. init, init, EKEXKHIIT R, BIEMTEFIDBIMNIEMN. EHRRAT
class 6], £MMEHRIETT, TEBFENKZRET—IX,

init B &3&[5] None, Point(...) B945

3L, tHIRRYIF None R[OS B2 FAESEXER,
REELXITTR.



| Aliases and Separate Instances 543 53Cf5

other
p \/
\b Point A Point B

X = X =3

alias _  yy=4 y =4

Names — objects EF5XK; logical references, not physical addresses.

%5 17 T1 - Aliases and Separate Instances 345 3l

alias = p #BER—"1IXK, other = Point(3, 4) MIFTEIIR, @IT alias & x i 8, p BHFEMER
Fl 8, other {34 3,

BRI AEZ T —TNR, BNGAEZE5IA, ~EEtt; is WEXERD 34 True Al
False, & FH LO5 BURREY,



| Initialization Contract ¥JI84L4E

" Required attributes % FEM
- Accepted values i ASEE

* Defaults EIAE

* Failure behavior XM {7753

| BEGEAERSTFRES .

2 18 T - Initialization Contract ¥ AE

VIa B IRBILEEEDTEY . MEMNEER. RANSHEHA, UERKRBERENFA. &
HEFENSESEEMTRE.

Point (9 F AT IRMEAIANL, B BMRIEEREANRNEERE, EFIIKFEERIE
REHNEREEE,

Il - Instance Methods

BLEAE—1 LI ERG LR, MESTRAIAHAR— show 2t move 3L, EEXIEHM
ZIRARIEM— TR,

BRFIEBXALE BLEREHZH. BESER. KN ENGFSHIESTRENXLS
%O



| Method Definitions F3EENX

code output
class Point: 34
def __init_ (self, x: float = 0, y: float = @) —> None:
self.x = x
self.y =y

def show(self) -> None:
print(self.x, self.y)

p = Point(3, 4)
p.show()

%5 20 T - Method Definitions A3EE N

E@BLEFENE N SEIERAERN R, EXE self, p.show() i%E#F p EREWEFITED 3
4,

self 2IRARF, T2XEF. SEANNIREFN; FEefCE @A ZNHAEMNZHE
B RSTEA.



| Receiver Binding 1EUL& 48 7E

Point A Call a.show()
X = 0; =0 X self - A
Y \ Class function /
output: 0 0
Point.show
Point B > one function Call b.show()
output: 3 4

Shared function; separate call frames £Z® %, SXAREECHEKRE,

25 21 T - Receiver Binding 1EKE4E

X EE Python /53%, a.show() AJLAZR X 54 Point.show(a), RESLIMERE, BE/RIEH
£ HENEKES BEPIRTS,

EMRER 2 5%EE AR B, NERITIHEREBEER—MAERE., TETHIEIERN
SEZX, ERXEARLH _ func

o




| A Missing Receiver Parameter

What does p.show() supply? BBEAHA?

class Point:

def show():
print("hi")
p = Point()
p.show()

% 22 T - A Missing Receiver Parameter

REE X AR SH, ZOERNZEMNE—TERKE ., BAIAENZERITHEZS
H1R o

RAAREER, T—NEERNSHERE., RESHNE, THERBSHLITHM self,



| Local Parameters and Attributes BE5E ¢

code output

class Point: 5 100
def __init_ (self, x: int) —-> None:
self.x = X
def shift(self, x: int) —> None:
self.x += x

x = 100
p = Point(3)
p.shift(2)

print(p.x, Xx)

%5 23 71 - Local Parameters and Attributes BE5 B4

£ —TTESE TypeError R RESHRAULE T —1326], AREMBRFHE-SHEEELA
17, BREZERSHTENALE,

XE shift WEER x 2 2, self.x ®REZE 3, M x 59 100, 5% 5100, BHRZFNNREME
AN ERE,



| One Method, Two Receivers =15 W MERE

Point A Call a.show()
X=0;y=20 . self - A
Y \ Class function /
output: 0 0
Point.show
Point B P one function Call b.show()
XxX=3;,y =4 self - B
output: 3 4

Shared function; separate call frames £Z® %, SXAREECHEKRE,

%5 24 T1 - One Method, Two Receivers — P& A PMERKE

FitFE D RIIRE a.show #1 b.show H self IE@PIE, —NEEREOEI AR E IZENA[E
4fR, BELHE N 00, 34,

BREANBEPRSIRIL, TRRLOIFTANMENREBAILZ, BEOPEX IR EM
ELTIE N



| Point Movement =HIFEFS

code output
class Point: 11
def __init_ (self, x: float = 0, y: float = @) —> None: 34
self.x = x
self.y =y

def move(self, dx: float, dy: float) —> None:
self.x += dx
self.y += dy

a = Point(0, 0)
b = Point(3, 4)
a.move(1, 1)

print(a.x, a.y)
print(b.x, b.y)

%5 25 T1 - Point Movement S19FF%

move JIEEMANIZRENF T LT, aM00ZERN 11, bhRN 34, FREERERNEX,
BT A ERBITURES.

BRNRSCEHTREAEIED., XERREMIEE, T—TIBEZWREE, TMRIELERE
T8,



| State Changes and Return Values k75 5iE[E{E

code output

def move(record, dx, dy):
record["x"] += dx
record["y"] += dy

4 None

p = {IIXII: 3’ Ilyll: 4}
result = move(p, 1, 0)
print(p["x"], result)

25 26 T1 - State Changes and Return Values X &5 iRENE

B FFiZR: move EEXRFEM x 7 4, KB EI return, ELLERE None, LfrA 4
None, BEZE 1 HED T, THIRIER,

Point.move fERAEIFAPIAES/ER XA, None MURIFR KB IELEE, HELERT LIRS
BRI MIEREWE,



| Calls Within a Method 53R

code output
def message() —> str: global function
return "global function" instance method

class Record:
def __init_ (self, text: str) —> None:
self.text = text
def message(self) —> str:
return self.text
def report(self) —> str:
return self.message()

r = Record("instance method")

print(message())
print(r.report())

25 27 T1 - Calls Within a Method /53:5MiER

38 message() EIRIMERRER, self.message() 1%3F Record BI/53%, ESLHIE 9 35 global
function [ instance method,

KASEHMEETERFTEM self WEM ., XBHL(FERPMRIHOKRIR, T LEGB MINIBE
L14, RFESIANFAE,



| Forward Type References g6 2$8I5| F

* def distance_to(self, other: "Point") -> float:
* The class name is bound after its body finishes.

* The string annotation defers the reference.

| MESISHIER, BIEMSIAYRIRNERIRTR,

55 28 T - Forward Type References i@z A5 |

T—AZEBES— Point, 7£ Python 3.13 17T, KRBBMKRTREE, BIRTE/FBEHE
FH Point B] B3R BISK{E 3R NameError,

FRHEFIESIBERHELAE. future WRANERAEFENSE, TEHIRIEEENIZITIE
BRI,



| Distance Between Objects 31 R @5 E3

code output
class Point: 5.0
def __init_ (self, x: float = 0, y: float = @) —> None:
self.x = x
self.y =y

def distance_to(self, other: "Point") -> float:
dx = self.x - other.x
dy = self.y — other.y
return (dx x dx + dy *x dy) *x 0.5

a = Point(0, 0)
b = Point(3, 4)
print(a.distance_to(b))

%5 29 T1 - Distance Between Objects W& [EIIEE
distance_to M self 5 other 2 31ZE 4R, TTEEEMEE., &FIFE 5.0, AR TR,

EONEERMESCRT, BREFRMZIIEIR, VISl FERREEFNEREE, FEME
BAMHAFHEREE,



| Quiz 2 - Initialization and Receivers

HBEE - 2 &
BHSHSIFEY » SRERHEERE

Submit this round once. IREZ NI4T,

28 30 TT - Quiz 2 - Initialization and Receivers

MAD AN ERDRIUXLFFER, ULREXNERDEZBEBIZERNLM. REIEECSEHER,
NMERIZERGEHHZRIIER,

BRRRZ—R, T—IHRERBSELMERER., F1ERSHRFARILIEZNTRIFERK
=P



| Quiz Review - Attribute Creation

code

class Label:
def __init_ (self, text: str) —> None:
text = text.strip()

a = Label(" hi ")
print(a.text)

Actual exception - final line LS %
AttributeError:
'Label' object has no attribute 'text'

%5 31 T1 - Quiz Review - Attribute Creation

text.strip R REHSELLBER text, BB EI self.text; 58] a.text {5FISERR AttributeError,
RIS BAFETENEFE,

XERMNERMESFE, FENE 4 BNRNERMVERSEE, MUITE., EERED
fn, NER—®,



| Quiz Review - Receiver Selection

code output

class Counter: 112
def __init_ (self, start: int = 0) —> None:
self.value = start
def add(self, delta: int) —> None:
self.value += delta

a = Counter(1)

b = Counter(10)
Counter.add(b, 2)
print(a.value, b.value)

%8 32 T1 - Quiz Review - Receiver Selection

Counter.add(b, 2) 238 b fEJ9 self, b.wvalue M 10 EFZE 12, awvalue {735 1, EERFTEN 1

EELBIEMAAIE b.add(2), XENEBRABTERSSERBEE. KEREZE[WLIZIRN



| The Point Interface Point [

Operation 124F State effects K7 Result / output

Point(x, y) Initialize new coordinates Class call = instance; init = None
show() Coordinates unchanged Printed coordinates; None
move(dx, dy) Change this instance None

distance_to(other)  Both points unchanged Distance

%5 33 T1 - The Point Interface Point [

IEELF M Point ZEOKHZN, KiFRIRMESLA,

2 RERIE,

init 83R[E None; &R, 85 EH

RISGHARZIMAAE, E Python BRI, EMOEIRS. MEHIREE, FEHXDE

SRR,



| Instance-Method Reasoning 3£l E D1

1 Receiver EIX#E Identify the object supplied as self.
2 Bindings 4% Separate local arguments from attributes.
3 callsiAH Follow ordinary call and return order.

4  Observations %  Check state, returned value and output separately.

| B—NAENERAR, EHESEERENRRES.

£ 34 71 - Instance-Method Reasoning SE6I 55D 7

EFBEANE o #3EKE. 2FHEME. RBRIIFRT. 2AIMERESHER. &
35 ERREBVEBAMNER.

[E¥155B0): BMEARCSREERER, NRRASEEFENE? XFEZAHNRIIIE, HA
EEREMEZTK.

HALFWAY

Break
EXBEHANET 45 DD R, EFIFEZBBENR. MR, self FASARENE,

EH¥IHMEF B RRERANESURSEHER, BIERELHESZ THFERNERE. ZEKX
AT i),

lll - Encapsulation and State Rules

Eﬁﬁﬁ%hﬁ@mi% BEEIREEDITERIMAS., KERFESEA. AT,
HERIE

MIERRENG], YIRS ESTATAEMBENE, RAZNRIAFR, BEERSREEAES
HA9EEO.



| The Account Contract IR £5E

Item IREH Accepted behavior £

State K& Nonnegative balance; integer cents
deposit(amount) Positive integer; returns None
withdraw(amount) Positive integer; enough funds; returns bool
Rejected calls 154 Balance and history stay unchanged
statement() Return a string; do not change state

| etEBi. MASKKITH, BEEEHED,

%5 37 T1 - The Account Contract TkFPAE

THE TR AR D, VIARGAER, FHEHFANERE, F70RE None, EXFGEN bool
REMI), EENLZERINDE,

XERFRE, FEFHIT. EmElAKNESRILE. BENAIERRE, TERMURERIE
IERR{ERLIE AT A,



| A Withdrawal Candidate BYER{®i%

Predict withdraw(-20). {&i%, AEIEHRTE,

class CandidateAccount:

def __init_ (self, balance: int) —> None:
self.balance = balance

def withdraw(self, amount: int) —> bool:
if amount > self.balance:

return False

self.balance —= amount
return True

a = CandidateAccount(100)
print(a.withdraw(-20), a.balance)

%5 38 T1 - A Withdrawal Candidate BXZR{&)%
I:I)\

XTI R EIRRIE, R
MEREER.

79100, BYFR amount 7 -20, RS ZSASIELE, Ak

AREENBMAEREMEEIRANERRE. T—IRREIERABESY, TEMNNEE

P
=



| Withdrawal Validation EXZRi& &=

code output

class BankAccount: False 100
def __init_ (self, balance: int) —> None:
if balance < 0:
raise ValueError('"negative opening balance")
self.balance = balance
def withdraw(self, amount: int) —> bool:
if amount <= 0 or amount > self.balance:
return False
self.balance —= amount
return True

= BankAccount(100)
print(a.withdraw(-20), a.balance)

£ 39 71 - Withdrawal Validation EXEi @&

IBRIZNESTLERA True, 120, [FRZRWERIATE. MIRAEEFEFELIFEZINN R
AR, DHERFREERRY False, 100,

SEHSUOTHERSRE, HANNEFLETEH. ANESSRTESHT, =8
FSIBEMBRBERY,



| Rules at Every Entry Point A5

Entry A0 Validate &% On rejection B4 /5

Constructor 13ig Nonnegative opening balance ValueError; no valid instance
returned

Deposit 75k Positive integer amount Balance/history unchanged

Withdraw BXFR Valid amount and enough funds False; balance/history unchanged

25 40 T1 - Rules at Every Entry Point XO5#1MI
M B ERE. ERSEFEEAOD., —1 setter BT, A1MEBEIHTEBEFN,

BETBERNERBLERG. RELMADLSE, RERZMELEREZOINCRERS. B#
B, GREFIRE.



| Account State Transitions M PIRSZT(

Actual output SER%H * 100 > +50-> -30-> 120
True 120 * Rejected 1000 and —20 leave
False 120

False 120 state unchanged

0 []

* Separate account I zero

[('deposit', 50), ('withdraw', 30)] balance, empty history

* History records accepted actions
only

%5 41 T1 - Account State Transitions TP YRS,
BEXFEREA 50 FEXE 30, REA 120; TEF A ENGRERR[E] False, REFFHERE, FHE
REMRIEZIRE,

BEMRFRITRE 0 MZ=HSE, HIIRKEMIIRNH, THEERIIR, KRB EBRE
®, TRAMEREMSRRIAI,



| The Temperature Contract ;BELIE

Check #&& Rule #11

Domain 3iAlg Finite real values; celsius = -273.15

Initialization #]{& Invalid starting value = ValueError

set_celsius(value) False and unchanged on rejection; True on acceptance
math.isfinite(value) True for finite values, False for NaN/infinity

| IEMEGEIEL, FEERIQEFR setter,

%85 42 T1 - The Temperature Contract ;2EAE

FofERE math.isfinite 2ARMENE, BEREREHER, ERERTENZTE, WSHEN

HEJNE.

REB _celsius FEULEVRIRIAAIFATFRRAE, FEblRy. RERGRNMER/EREO, =X
WInR=ME, HARNULRITALE,



| Temperature Updates

im B S

Excerpt - complete definition in notes

def set_celsius(
self,
value: float,
) —> bool:
if (
not math.isfinite(value)
or value < -273.15
):
return False
self._celsius = value
return True

Complete runnable example TEIEFF

%5 43 T1 - Temperature Updates 2EE#

FIRE BRI ATUN MR ERM: — METLR

E.

$ﬁ%ﬁ%ﬁamaﬁﬁ,ﬂ EMEWEXATEHN , ELERNT—

T, WAGARTEREBRINBITR.,

Starting state: 25 Celsius
First call: set_celsius(-300)

Second call:
set_celsius(100)

Predict each result and
retained value.

B, DAIMEMRREEES RERE

W, REFNREH


https://taohuang.info/cs1602/en/lectures/l09-class-i/#temperature-example

| Public and Nonpublic Interfaces AF5IEAFIED

Previous prediction - actual result

False 25
True 212.0

* Public interface 2F#&0O: supported operations and rules
* _name IEAFLTE: implementation detail
* Direct assignment remains possible; no enforced privacy

| FRILAIREURBRIZH,

%5 44 T - Public and Nonpublic Interfaces AFS53IEAFHED

FololEi £ —TISERR False 25, True 212.0, EEIREIRE, EZFEEMEMRALR, WEER
EthRiEse,

BROAFEROSAEFER, BTULRBARESIR, ESDARAFHBHEN; HEAER
L



| Name Mangling 25

code

class Secret:
def __init__(self) -> None:
self.__hidden = 42

s = Secret()
print(s._Secret__hidden)
print(s.__hidden)

Actual exception - final line L[FRF

AttributeError:
'Secret' object has no attribute '__hidden'

£ 45 T1 - Name Mangling B4 5
WHIS FYILELEAEEZINE, _Secret__hidden ATLAIEEY 42, EifEfA
AttributeError, XLELER K HLFRETT,

XENMERAREANL, BRFETLEPROERAE L10 BREMRRE, FERENENTLBILER
*FO



| Underscore Naming TXlI4 65

Form f23{ Meaning & X Access control?

X Nonpublic convention No

_X Name mangling in a class body No

_init__ A documented special-method name Not the _x mangling rule

£ 46 T1 - Underscore Naming T X% &

=MEAREREN—R. xBIFAFNE, _xAEREPRERT, _init__ EIAEHIERFIA

k.

ERBRENNIG T E&RFAENERERRFTH. EEREHRATFSEROSEENERDLE

BoT.



| Quiz 3 - Initial-State Rules

B - 1 /8
HWEAASBRIRT

Submit this round once. 2B FMNS

58 47 T2 - Quiz 3 - Initial-State Rules

Nl setter BREINE, EBMEEERFEASH. RIRHATHER, TEEIANMEBNER

setter,

XRMEREEDEN, 58 2 ASELEREARE. RTUELELER, HiR
RIEREEEFE,

ik
et
=
=
Okt
3
$it
Uit

IV - Shared Data and Method Kinds

OB ECHAEMNE, BMTMMIENAEERE—TIIR. AohEERRIEERSHIE,
BB RMEIULFE .,

REHSTEFRRGIES cls, NMERKABTMIE, LA RBIRTBAZEE.



| Instance and Class Attributes SC{fl 5214

code output
class Point: 0 3
dimensions = 2 222
def __init_ (self, x: float, y: float) —-> None:
self.x = x
self.y =y
a = Point(0, 0)
b = Point(3, 4)

print(a.x, b.x)
print(a.dimensions, b.dimensions, Point.dimensions)

%5 49 T - Instance and Class Attributes LIl5 % E 4

T Point 23R 1ZE44R, dimensions @£ MEIZNEME., XEISHEEIFOERN 2, Eax5
b.x ~[@El,

ARAEFSARESEN D LKL, XEN/LEABFS5EL—E, Dog [RFEREFHIF)
TEZEXRE,



| Ordinary Attribute Lookup EiEEMHEK

Predict a.label, b.label and Record.label. LR EHNEME

class Record:
label = "class"

Record()

Record()

. label = "only A"

rint(a.label, b.label, Record.label)

a
b
a
p

£ 50 T - Ordinary Attribute Lookup &@E &K

ETHRBERNSBRESSNEBEFEREFH, ZORDERIERAIAERESE. TR
3T a BB FNDMHRLE TR E].,

T—ERIMERAX D MMM ENLE, TEBEHLRI(F Python NBEKEIE,



| Attribute Binding and Mutation #i7E51&24

Previous prediction * actual result

only A class class

Operation 1Z{E Effect 21

a.label = ... Establish an ordinary instance binding
Record.label = ... Change the class binding
a.items.append(...) Mutate the referenced list

| P EHBESERIR,

£ 51 T - Attribute Binding and Mutation 48E 5§24
E—TIESLN only A, class. class, %5 a FIFERB NS b 9TAE), i@ SLEIMREFEE
HBRAE,

append MMEREZXHKEINTIR, TEIHELOFER. TELRXITXAFNHZE FrE
xR



| A Shared Basket List 3t 5%

Which list does add() modify? {E B2 R FIFR?

class Basket:
items: list[str] = []
def add(self, item: str) —-> None:
self.items.append(item)

a = Basket()

b = Basket()
a.add("apple")
print(b.items)
print(a.items is b.items)

%5 52 T1 - A Shared Basket List 1£Z7I%

KIERBIRIIRME, add B self EELHFIEF, 1B self.items FIaEEE L EEHLEIE—15
&. FFUN b.items A B EEER

AERAIETRER, T—IAEIXRAERE, FMERZAERRAESTES,



| Shared-List References Z %1% 5| B

Instance a

a.add("apple")
Class Basket One list

items - list ——» ["apple"]

Instance b "

no add call

Bind a name vs mutate its object 48 E B R ER IS RAD BIIZIT o

%5 53 T1 - Shared-List References *£=5I%K5| B

SLER b.items & apple, a.items is b.items 5 True, M PNEFIZE—NEBMKE—MFIEK,
append 1ZBUZ &R,

,\;ZIS%#EIFIWHEWI%; RMESERMIUIEF, THREEBLE, FROBEEFILCHBRT, £R
At raeaE



| Per-Instance Collections EEffIEES

code output
class Basket: [*apple'] []
def __init_ (self) —> None: False

self.items: list[str] = []
def add(self, item: str) —> None:
self.items.append(item)

a = Basket()

b = Basket()
a.add("apple")
print(a.items, b.items)
print(a.items is b.items)

%5 54 T1 - Per-Instance Collections ZIES

iE [1 MG init, RV RATHIIRME, RN afE b NAZE, SHLEERN False,

JRIT MR BSEFREFIN R, FHKE self BF ., FIIREFNUBZIMEMHAE, HE55H L0
R9FIBTA =



| Shared Input References A S|H

Does initialization copy an input list? #Ii8{t 2 BEhEHI13?

class Bucket:
def __init_ (self, items: list[str]l) —> None:
self.items = items

shared = []

a = Bucket(shared)

b = Bucket(shared)
a.items.append("apple")
print(b.items)
print(a.items is b.items)

%5 55 71 - Shared Input References ¥ \3| B

self.items = items BEIZHEERIITR, M THEERE shared, 5700l b WA KRR ES
E—1PNR,

RXERETERRINROAZIOR, T—IUROMESIER, BNMAXRRTE, FEMBHEH
JHRTEETE,



| An Instance-Creation Counter gllZ&1i1#k

code output

class Student: 2
count = 0
def __init_ (self, name: str) -> None:
self.name = name
Student.count += 1

Student ("A"™)
Student("B")
print(Student.count)

%5 56 T1 - An Instance-Creation Counter Bll3&it%%

Sl E—T1: ¥iafigBEH shared, b thEZ apple, B2 True, FEREINZI A LA
BEROEH, HERERENNTER.

XE®I Student.count BFRHE, M TRAEE 2, ITHZRESH, FTEREFENREG
RIHIRRL AR R ER B ITE.



| Class Methods and cls #7555%

* @classmethod marks a method receiving the class
* cls is the conventional first parameter

* No instance required for access through the class

| R EESENESHIERE,

%5 57 T1 - Class Methods and cls /3%

RN E @classmethod #RICEIEARIT N BE1SEHEE, REARA cls, MEHOLELEIEZE
SHITN

T {ERXEIEE, Zlil#zzﬁﬂ:%_ PRENE —RR AR MR RIE, APERDDTE L14; EBXBIAE
89 self MNABEEZX



| Calling a Class Method #75i%iE

Which receiver and results? #&IE S5 E RSB EHA?

class Student:
count = 0
def __init__ (self, name: str) -> None:
self.name = name
Student.count += 1

@classmethod
def created_count(cls) —> int:
return cls.count

print(Student.created_count())
a = Student("A")

b = Student("B")
print(Student.created_count(), a.created_count())

£ 58 T - Calling a Class Method Z£J53%1F

FIUNARBIZMEIRFRTTEL, BiRAM a ThRIETSEN cls i, IRIBETEMIUEN, 1T
MIZIRZERR O FHi8.

BERAE T —TFSKRP. T2MELHIBRIF—EELHI, class method HHE.



| Method Categories /5i%25!

Class access

Student. \
created_count() Class Student Result &

count = 2 ——» return 2

/> cls -» Student

Instance access

a.

created_count()
Observed: 0; 2 2 - @classmethod receives the class XA AIEWE R X,

Kind 231 Implicit receiver BENIE % Typical purpose

Instance method Instance (self) Per-instance operations
@classmethod Class (cls) Class-level operations
@staticmethod None Related operation; no receiver state

£ 59 T1 - Method Categories /73523l
BUDISEFRA 0. 2 2, M created_count 15[a)&R4E Student 1545 cls, e R RELERBLEER
FiEEH,

XEERRAFSHEAENERKE, TBEFESEX. NIRZELRRIES ENH
=, TERRRIEFSE,



I sz 4 - Sharing and Class Methods

HBES - 28
SIREMSIOBMME 2 X ENEMENE

Submit this round once. 2B FMNS

%5 60 T1 - Quiz 4 - Sharing and Class Methods

55 b AR LIRS IHIER, £ 6 MRKE cls BE., 7IRELEBIANMNNIT, TEER
BRAREIAEIER.

EFRR—R, TERBFSERBERSRED M. FEEMIHE, BAIMAEGFSH AN
*ﬂo



| Quiz Review : Sharing and Binding

Q5 - actual list lengths
011

Q6 - actual class count
2

* Q5: mutate the class list, then bind a new instance list

* Q6: both accesses supply Sensor as cls

| BlRLAIRAMBRERS S, ALFFMBEHRERE FHRFIX,

% 61 7T - Quiz Review - Sharing and Binding
% 5 AFAREIIRMAN apple, Bia afhzlEk, KEHN 0. 1. 1; b5 Basket {hiaI[FET!
&

2 6 MMRE T AIE0)#RZ Sensor.count 1401, 258N 2, #i& Sensor FH& B BT
bump, BEERD T, THIERER,



| Design Choices 191 iHiEF

Consider ZEEX Reasoning HIBH{K1E
State lifetime JRSIFLE Must data be retained across calls?
Related operations tHX12{E Does one interface make them clearer?

Rules and failures 0 5 % Which updates and invariants need a contract?

Alternatives HE{ti2847 A function, dictionary or record may suffice

| RS SEOEREAH,

25 62 T1 - Design Choices #igiti%k%
RIFLEERBINSEE, RIEXR. BRFNFEODFART, SBRE. FHRAICRDOEE
FHIZ,

— R — DA RIREIRE A GENAMARRE . BV R FRONIES IMERIILIRER, REZ3
RIS RIATER S TS EEAMER



| Lab 9 - Design and Verification

Part SC38E8  Tasks 55 Raw points

A Rectangle / Stack / WordCounter / Temperature 16 auto + 8 staff = 24

B Gradebook refactoring and regression 8 auto + 4 staff =12

(o Class/function choices; receiver debugging 0-point learning
record

HWS3 due: 17 Nov, 23:59 GMT+8. #Z A OASEIE TR A,

% 63 T1 - Lab 9 - Design and Verification
RBFR;NTUES, 2HANNEME. KEEEN. RITHSERICR. A TMMBAOS =%k
XFREZKERMES, FEIERMTRMAL LR,

s$ERZ[EHE scale JR[E] None, = pop/peek il IndexError, Z=Ri%iiE top_student 3R[E] None, 1t
B5EXFiExoaFs, CAED., HIEMGE—RAIEE, FEZES Al EAEKRERRA.



| Inheritance, Protocols and Modules

* A class organizes one kind of state and behavior.

How can related classes reuse implementation?

How can classes and functions be organized into files?
| 2EREREEF.,

%5 64 T1 - Inheritance, Protocols and Modules

EIEIAHLOEE: Das

ZEEN—LRINWRBBWIAL . AEERIRE . REISEWER. 2N R
HEENR, FEEBSIERIEEOS ST,
T—HARY R, BENN. SRR, XEAEHREAS IS HEMER, NS EIRBIE
AT, BEEARBLR,
Reference &
ZZXRBZTEXI ., EZWIE. FFEN=AF. Dog. REHBMAEFAS, MITARHNH
B8],

H ER TUEBR R ARIC H B

ZICIE

WX, . BEMNHERIMREITIREG, BE L10 ABNRTE
ElEiZ,



| Built-in Constructors R & {31528

code

classes = [int, float, complex, str,
list, tuple, dict, set]
for cls in classes:
value = cls()
print(cls.__name__, repr(value))

55 66 T1 - Built-in Constructors N &1i&E28

output

int 0
float 0.0
complex 0j
str "'
list []
tuple ()
dict {}
set set()

int. float. complex. str 5L BRNTHEEZBENE, repr ILZFRERR,

__name__ fAHXEER,

BESRE SR 313, FAEEEMD id 3qtthilt, BFEMHAER S —ELNR, FRRERNITRE

BNE,



| Class Execution and Object Identity

Actual output STHISEH * Class statements execute when reached.

True * Instance creation differs from alias
F .
alse True assignment.

* Identity B2 is separate from coordinate
values.

% 67 T1 - Class Execution and Object Identity

7 BRI RE R B FREAMMAERNIRR ., MITERRNESR . FERARER, Bt
EBXEREERERA.

BT T Point FRE—1TXNR, 3BN5|IAE—X%R. A True/False S KRN, 78
HIBfFiHbLL,



| Point - Complete Program

Excerpt - complete definition in notes Actual complete-program
def distance_to( output L%t
self, 5.0
other: "Point", 11
) —> float: 3.605551275463989
dx = self.x — other.x
dy = self.y - other.y * Constructor defaults and
return (dx * dx + dy * dy) ** 0.5 required x/y

= show / move / distance_to

= Check state and result
separately

Complete runnable example FTEFZF7

25 68 T1 - Point - Complete Program

£ Point EIRRMHAENIAMEIE. B/R. FMFBNEREN, A FRREBAHEAER, HXES
BEXN=RNE,

SCRRAYIIAEEER 5.0, BahiE 11, BEIRYN 3.60555, FERAINGITIRE, AERFTIEITHAM
TIE,

dt di


https://taohuang.info/cs1602/en/lectures/l09-class-i/#point-example

| Three Sources of Shared Collections

Source ¥R What is shared? HEZHRZR Check #%x3
Class list One class-level object Class access and instance
shadows
Mutable default One default object created at Calls omitting that argument
definition
Repeated input The same caller-owned object Aliased constructor
arguments

| MigRERSEASIBAD FIZT,

%8 69 T1 - Three Sources of Shared Collections

=MEREPIRELIIAR, BAEIARE: KEIR, —REXAEZERIANGTR. EEEANE
—WR, TEEHEIRTEEE,

FERBNARESHERNES, LENRBEINE., STREOFEHXIRILEIT, BRAI—
L T EPIRS T,



| Triangle - Interface and Validation

Interface &0 Contract £

Defaults Edges (1, 1, 1), not (0, 0, 0)

is_valid() Finite positive edges; strict inequalities
set_edges(a, b, ¢) False on invalid update; retain old edges
area/ print / print_area Check current data; use self.area()

% 70 T1 - Triangle - Interface and Validation

TERBAF-ATNFER. BRMRE. FfH. BREMMITEN AL, SHaREH
R, ARINEE=AR, EERIKIMENRN 1.
EIELERBRE=N, area BHEYFIRS, BRNEIES FERR AT setter, IR

AEREEFRERME.,



| Triangle - Heron's Formula

Excerpt - complete definition in notes Actual complete-
def area(self) —> float: program output 3L
if not self.is_valid(): it
raise ValueError("invalid current edges") Area: 6.000
s = (self.a + self.b + self.c) / 2
product = s x (s - self.a) - s=(at+b+c)/2
product x= s - self.b
product x= s - self.c * Reject invalid
return product %% 0.5 current edges

= 3,45 > area b

Complete runnable example T2

% 71 71 - Triangle - Heron's Formula

Heron 2ZUAF AR s itEER, area B HRIFER, MENEM=AFRO—ERE

M.

3. 4. 5 BEFASLERA 6; print_area @iT self.area [FRAYBISLHIN AR, HERFIREH YN

O, KREFEEH—I,


https://taohuang.info/cs1602/en/lectures/l09-class-i/#triangle-example

| Triangle - Independent Instances

Actual output SEIH! - Separate edge data JHITBEIE

6.0 * Rejected updates keep all old values

3.897114317029974

False 6.0 * Same method implementation selects its
receiver

% 72 T1 - Triangle - Independent Instances

M REAR— area LI, BEPFNENEBE=4, IFrEMAHN 6.0
3.897114317029974, T E#f5 a WETR{L A 6,

REIBFIRYZ LB, FEIBERMGEREANIR, NeRRERIBTSEHL,




| Dog - Records and Updates

Excerpt - complete definition in notes Actual complete-program
def print_dog(self) —> None: output SCESEH
print( Fox Red 3 4
self.name, self.color, Tiger Red 4 2.0
self.age, self.weight,
) » name / color / age / weight

= External functions can also
operate on objects

= Setter names do not imply
validation

Complete runnable example T2

% 73 T1 - Dog - Records and Updates

{REE1EF Dog MIU=FER. HMER train BRER. EIZEHS setter 120, iAW E(ER L LAEFRY
sNERIBE A

R RIRBFICRAR, FEMFIRTFEESZNSWSHAN, setter XTBZFAENRMONE, F
BEXUNAE,


https://taohuang.info/cs1602/en/lectures/l09-class-i/#dog-example

| Happy Numbers - Steps and Cycles

Actual output STHIH " Positive integer input IEZ#{
19 82 True * Digit-square sum defines the next
2 4 False

1234567890987654321 570 False value
* Stop at 1 or a repeated value

* Ordered trace, not set display
order

25 74 T1 - Happy Numbers - Steps and Cycles

B4 SEfRN 82, 4. 570, = MNHIEMKR True. False. False, 19 223 82. 68, 100, 1, 2 M|
HABE 4 RER.

SEMTRNLIIOE, FEEASTINFLURTNT, XTHEHTAZBRY, FRE
EUTRAE,



| Happy Numbers - Query Side Effects

Version k7 Actual result SEFR4ER  Retained input?
Legacy candidate True 100 No: number is changed
Local working state True 19 Yes: number stays 19

= current holds this query's working value
* seen holds processed values

= A query name does not guarantee no mutation

%5 75 T - Happy Numbers - Query Side Effects

|B{&EXT 19 3R [B] True BY, number BZERL 100; {SIEARAFEER current (REBFEX 19, XFITH

N—

M Lhne iz FIa T1El.

R True ZiRIEEIER ., RERBBXRERSSERSEEO, FEREESHIET, FAHEM

KERFBEZELFE.



| Vector - Storage and Length

Excerpt - complete definition in notes Actual complete-program
def length(self) —> float: output SLH%iL
total = 0.0

Length: 5.000
for value in self.values:

total += value *x value

* Scalar list, copied at
return math.sqrt(total)

construction
* length / print_length
* Zero vector has length 0

=

Complete runnable example TEi2F7

% 76 T1 - Vector - Storage and Length

n EPIBREREREIIRD, MIEEFIIE., length HEBEHFRITFESM, print_length 2

EREWER,

[3.4] KEXFrA 5, TAEMETRIEREN 0, ZIENEESALIRETR, MRILEESRER
TS REPIRIL,


https://taohuang.info/cs1602/en/lectures/l09-class-i/#vector-example

| Vector - Dot Product and Scaling

Excerpt - complete definition in notes
def dot(self, other: "Vector") —-> float:

if len(self.values) != len(other.values):
raise ValueError("different dimensions")
total = 0.0

for i in range(len(self.values)):

total += self.values[i] * other.values|[i]
return total

Complete runnable example T2

% 77 T1 - Vector - Dot Product and Scaling

Actual complete-
program output SLHEH
11.0

None
10.0 [3.0, 4.0]

= Same dimension
required for dot

= scale mutates and
returns None

= Caller's outer list is
retained

RRERM T EELEE -, BFTLRRRAZENM. [34] 5 [1,2] BUEFRRIRN 1,

scale [RHER o =FHIR[E None, 3 2 FKEN 10, EARIIRRT. RBEEXBEEEH

5, REABRIMRMIETRE,



https://taohuang.info/cs1602/en/lectures/l09-class-i/#vector-example

| Vector - Direction Angles 5

Excerpt - complete definition in notes

def angle(self) —> list[float]:

length = self.length()

if length == 0:
raise ValueError("zero vector")

angles = []

for value in self.values:
direction = value / length
cosine = max(-1.0, min(1.0, direction))
angles.append(math.acos(cosine))

return angles

Complete runnable example FTEIZF7

£ 78 T - Vector - Direction Angles S a1

Actual complete-
program output SCHI
tH

Angle: 0.9273 rad
Angle: 0.6435 rad

= Angles to coordinate
axes, in radians
= acos domain: -1 to 1

= Zero vector has no
direction

IS EARRES SLITMAIRATIR, BAUIE. SERERRZNEXE, BADEMRM

KERIHRRZ.

[3,4] M1 EFRAZN 0.9273 1 0.6435; F@=EM ValueError, A FHUNEANBR, ™

RWImEUE TR —RRFRE R,


https://taohuang.info/cs1602/en/lectures/l09-class-i/#vector-example

| Namespaces and Function Objects ZiR5HREFIR

Excerpt - complete definition in notes Actual complete-program
def area(self) —> float: output L
return area(self.a, self.b, self.c) 6.0 6.0
function object
f = print

f("function object") * External area and instance
area have explicit paths

= Functions are objects that
names can reference

* Ordinary functions already
isolate locals

Complete runnable example TEFZF7

%5 79 T1 - Namespaces and Function Objects Z#R5 REITH

5MER area 5L area BIIARFATANIRIZX S, LML EINE SFERIEAIMNEIRE, M IOERE
SEFRA 6.0,

f=print FEREN R, FE EREREITH, XAZRMBSHREBNE—H], MEARZZ
ENBARRGHF2ELENS.


https://taohuang.info/cs1602/en/lectures/l09-class-i/#namespaces-example

| Bound-Method Metadata 4B3E /7 & TTEE

Excerpt - complete definition in notes Actual complete-program
print(a.show.__self__ is a) output SEEEHIH
print(a.show.__func__ is b.show.__func__) True

f = a.show True

a.x =8 8 0

f()

= _self__: bound receiver

* _ func__: underlying Python
function

= Saved method observes later
instance state

Complete runnable example FTEFZF7

£ 80 T1 - Bound-Method Metadata 48&E /535 T0E0E

SRR __self__ 5 _ func__ MIENXBIAL, MRS LSRR True. True, &7F a.show /X
T a.x, fIH%FER—1LHIHFTED 80,

XARMEHIIAS Python EXNEESE, N FFAERERE. TBEFEE Point E
X, REBEFKEITZRITH,


https://taohuang.info/cs1602/en/lectures/l09-class-i/#method-metadata

| Static and Unbound Calls 55 2R iEH

code output
class Test: 2
@staticmethod 7

def add(u: int, v: int) -> int:
return u + v

print(Test.add(1, 1))
print(Test().add(3, 4))

%5 81 T1 - Static and Unbound Calls 5355 £3EA
£38 59 MERAFESHIE BRI E ., XBERRTEMmICHIER, MMIALRIERA 2.
7

RBIRICH add(uv) FIMEIVA Test.add(1,1) WA, EXABEFIMENRSHSHIZS, T
BRI, NMEUESERIERENIER,



| Annotations and Initialization Failures

code

class Wrong:
def __init_ (self):
return 1

Wrong()

Actual exception - final line EL[RRHE

TypeError:
__init__() should return None, not 'int'

%8 82 T1 - Annotations and Initialization Failures

init iR[E] 1 7£ 3.13 P4 SEFR TypeError, init MAZIR[E] None, iRF#IEM HEARASBIEITE,
RIZFWEN S SHERE0,

BE _new__ I, _init__ ¥iaft; AEXEXMEIENF, FRIBAIRNIEEEL:, future
M 37 2R 313 FENEM, MMEEIREEKI,




| Object-Oriented Organization and Alternatives

* Simula (1960s) and Smalltalk (1970s): early influential mechanisms
* Python supports objects and procedural organization.
* C++, Java and Python are familiar related languages

* Functions, dictionaries and records remain valid alternatives

| RS, BOSERRMEE, FRBIERAEIRIHKE,

%5 83 T1 - Object-Oriented Organization and Alternatives

REEF 00 MARNMNMBEEH L., AFFHIFESF; Simula 5 Smalltalk FIFZNE, T EUEFR
OO 7P JUFER EAET,

BREN. FH ., STTASEMMICERHRES . NamedTuple ENBRMAEA M, NREER
T API; ERELf. BAAT RIEEURA S EAIBTALI,



| Independent Verification #3718

Dimension {2 E4E Evidence iE#&

Construction {3i& Defaults, attributes, valid and invalid inputs
Sharing #= Two instances, aliases and shared arguments
Effects EI{EF Results, output and retained state

Failure 1642 All old fields unchanged, not a partial update

%5 84 T - Independent Verification JR374%36

ES—MEUEFZIEIME. ¥iaEE. 2 TXRTREE, BoaREHEZ5EEIR?Z.
REEEHF TR S R MRIRES

RAREEGFIRBIIESE, AAFAEXNTESEL, AHEHIMINNt A EFIRES
STERAEFT L EVFRIIE,



| Lab 9 - Interfaces and Edge Cases

Class % Fixed contract EE£IE

Rectangle Finite positive dimensions; in-place scale = None

Stack Empty pop and peek — IndexError

WordCounter Exact keys; count descending, word ascending
Temperature Invalid start = ValueError; rejected update — False
Gradebook Empty top = None; missing average — KeyError; fixed ties

| FEES—TRHINFEERRETAE ESERTED,

25 85 1 - Lab 9 - Interfaces and Edge Cases
30, BRMMHRABR-EEEZO, AT3ISZEENUREXEERIIL, FHTES
DEAMIESE I T A,

AB XFRAIRTHEFNALS, CERZFEDFICEK. FRENNESIRE, TRHEBZIG]
g4k LIRAZ,



| Scope of L09 and L10 A5 TiHBE

Lecture SEE Topics #NiR
LO9 - this lecture Objects, initialization, method binding, interfaces, sharing,

method kinds

L10 - next lecture Inheritance, protocols, polymorphism, multiple inheritance,
modules and execution

%5 86 T1 - Scope of LO9 and L10 iS5 FiSEE

IBEH IR 87 71, RIHAIES EAIRROERHRE; p33 ZERIAE. TEMN. 1BFRE
S1ERIAFAA L10 &ix.

RBIEERASTMER, RRAEEFIINRPERRRERINEES. SEXMEN, REEL
SHSEIZHHMLA 64 TT,



