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Classes |: Objects and Encapsulation

Every slide from the lecture, with what was said over it. The slides are rendered natively — the
text is selectable, searchable, and prints cleanly.
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| Our Project - Two-Rover Expedition

Build two rovers that can move, pay and collect items.

One mission —XiFIE
a moves by (1, 1)

a pays 30 coins

a picks an apple

Must stay independent

b keeps its position,

Start: a (0,0), b (3, 4) 100 coins and an empty bag

Each: 100 coins, an empty bag
- BiR: a BEfTH, b REBECHNRE.
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| Start with What We Know

A dictionary stores one rover; functions perform its actions.

Two records R RAEIER Target actions fFSCIIBIEREHEO
a={"x": 0, "y": 0, move(a, 1, 1)
"coins": 100, "items": []1} spend(a, 30)
b = {"x": 3, "y": 4, pick(a, "apple")

"coins": 100, "items": [1}

- REMIRERBE LR, HRTHRXT: eEENE, BiEEPHF?
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| A New Feature, a Missed Field

After adding coins, one creation site still uses the old record shape.

Complete faulty example TE4EIR R Python output
a={"x": 0, "y": 0, "coins": 100} | KeyError: 'coins'
b = {“X“: 3’ Ilyll: 4}
def spend(rover, amount):

rover['coins"] -= amount
spend(b, 30)

- SIRABNAEEEESL; BN—FR, MERYREAO.
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| Procedural Programming

EHLE ERESTRMBNARRE,
PR ER AR F o B R IRAF

Choose a function a - data Result - only a moves

/1 move update a y m b (3, 4)
I unchanged

@ spend
) x=0,y=0
O pick 100 coins - [] /m a(1,1)
L g

- HRBHMR, EARELENAE a,
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| Object-Oriented Programming

HEMNR: BXEERSHITANNRERER,
B XS R BV A TR IRIES ME,

Choose the rover Result - only a moves
Rover a { m b (3, 4)
position: (0, 0) unchanged
@100 0

m a(1,1)

a.move(1l, 1) a£6;'6>

/' move @® spend 7 pick

IEPRAE a, FRTRHNBIEE,
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| Same Task, Two Designs

Both programs move a and preserve b.

Procedural - complete program Object-oriented : complete program
def move(r, dx, dy): class Rover:
ri"x"] += dx def __init__ (self, x, y):
ri"y "] += dy self.x, self.y =X, y
= {"x": 0, "y": 0} def move(self, dx, dy):
= {"x": 3, "y": 4} self.x += dx
move(a, 1, 1) self.y += dy
print("a:", al["x"1, al"y"]1) a, b = Rover(0, @), Rover(3, 4)
print("b:", b["x"1, b["y"1) a.move(1l, 1)
print("a:" .y)

y a«X, a.y
print("b:", b.x, b.y)

Actual output, both:a: 1 1 | b: 3 4
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| Languages and Programming Styles

A language can support several programming styles.

Procedural Object-oriented Multi-paradigm
C ‘g, Java [ ot Python
Pascal Smalltalk @ C++

Python: functions, objects, or a mixture within one program.

Python documentation - programming styles

- IRIEEHE. BRIEM4EPFREFARSG,

Slide 9 - Languages and Programming Styles

C. Pascal EEMEITEZNENARZE, Java. Smalltalk 2E @M HRE LK X, Python Fl C++
SHEFZSHER, Python IS AR AT AN KRAERRER, WeIAAESER, EENEE
WIERIEE T BARHNARRER, STEEFERERSHEIE, EE5ZEEMONRIED,

BEZFEUATIRGS. REMEIPSER, NHBTRZINREHTE, WERSZTE T

Vil
=Ko


https://docs.python.org/3.13/howto/functional.html#introduction

| Build It in Three Stages

Each stage adds a capability to the same Rover class.

1 Position 845 Create two rovers — move one — measure distance
2 Coins &M Add a field = update self = read state
3 Backpack & Add picking = discover sharing = create independent bags

* REIETHBERICESS, 18F a # b HITEBRES.
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| Stage 1 - Create a Rover

One class defines the interface; each instance is a character.

Class 2

Rover
Start with x and y

Instances S

a: (0, 0)
b: (3, 4)

Slide 11 - Stage 1 - Create a Rover
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| Anatomy of a Class

A class body contains attribute assignments and method definitions.

Complete definition Read the indentation

class Rover: class Rover: starts the class.
unit = "grid" unit belongs to the class.

def defines a method.

self.x belongs to an instance.

Unindented code uses the class.

def __init_ (self, x=0):
self.x = x

def move(self, dx):
self.x += dx

a = Rover(3)
a.move(1)

- XAER def EREBREIEE, HANBHAEREE.

Slide 12 - Anatomy of a Class
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| When Does the Class Body Run?

The class body runs once here; initialization runs for each instance.

Complete runnable example Python output
class Rover: class body
print("class body") ready
def __init__ (self): initialize
print("initialize") initialize
print("ready")
a = Rover() Mechanism
b = Rover()

class statement — execute its body
def = create a function
Rover() = initialize a new rover

Slide 13 - When Does the Class Body Run?
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| The Class Is an Object

Rover names a class object; a names one of its instances.

Complete runnable example Python output
class Rover: True
pass True
Alias = Rover True
a = Alias() True
print(Alias is Rover)
print(type(a) is Rover) Mechanism
print(type(Rover) is type)
print(isinstance(a, Rover)) Alias and Rover refer to one class.

a refers to an instance.
Classes also have a type.

Slide 14 - The Class Is an Object
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| Store a Position

p.X attaches a coordinate to the object referenced by p.

Complete Python example Python output

class Rover: 3 4 100

pass

Read the result

X = 100 L
p = Rover() INE: x5 px REEHE,
p.x =3
p.y = 4
print(p.x, p.y, X)
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| A Rover Without Coordinates

Manual setup lets one rover start without a required field.

Complete Python example Python output
class Rover: 3
pass Traceback (most recent call
last):
p = Rover() File "example.py", line 8,
p.x =3 in <module>
g = Rover() print(q.x)
print(p.x) AN
print(q.x) AttributeError: 'Rover'

object has no attribute 'x

Slide 16 - A Rover Without Coordinates
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| Initialize Rover - 1/5

Evaluate Rover(3, 4). a is not bound to the new instance yet.

Python - execution

Method locals  Caller
1 class Rover: )
2 def __init_ (self, x, y): not running a  notbound
3 self.x = x
4 self.y =y
5
» 6 a = Rover(3, 4)
7 print(a.x, a.y)

1/5 - next statement to execute
No instance yet

« fi—ALO, ABITARBEMAE,

Slide 17 - Initialize Rover - 1/5

FiatlE2—MIT=UNEe. SrEREAN, a BRBAEEXTHNR. FkinmEn
1TH9IED); return MRTIZITEL TAFABIGIRE, Rover A B RITE,



| Initialize Rover - 2/5

The new instance exists. self receives it; x =3 and y = 4.

Python - execution .
_init_() locals Caller

class Rover:

; def _init_ (self, x, y): self = Rover A a not bound
> 3 self.x = x x =3

4 self.y =y y =4

5

6 a = Rover(3, 4)

7 print(a.x, a.y) Rover A

no fields

2/5 - next statement to execute yet

- f—ALO, ABITABEMAE,

Slide 18 - Initialize Rover - 2/5

FISLBIF MBI, BRAGVIIRMLAE, self BT, x. yEWR=MM, SkimmiEnTis
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| Initialize Rover - 3/5

After self.x = x, the rover has x = 3.

Python - execution .
_init__() locals Caller

class Rover:

; def _ init_ (self, X, y): self = Rover A a not bound
3 self.x = x x =3
> 4 self.y =y y =4
5
6 a = Rover(3, 4)
7 print(a.x, a.y) Rover A
x=3
3/5 - next statement to execute m

- —AO, ABTABEMLE,
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| Initialize Rover - 4/5

After selfy =y, initialization ends. __

Python - execution

1 class Rover:
2 def __init_ (self, x, y):
3 self.x = X
> 4 self.y =y
5
6 a = Rover(3, 4)
7 print(a.x, a.y)

4/5 - return: highlighted line completed

- f—ALO, ABITABEMAE,

Slide 20 - Initialize Rover - 4/5

init__ returns None.

_init_() locals Caller
self = Rover A a notbound
X =3
y =4
Rover A
x=3
y=4

BINFERMEN TN YIREHETRFERZIFIRE None; XKIFAMEGIREISEA], &ikin
TRHATRIIED; return MIRTIZITEZ5MHEIEIRE, Rover A BBHEXNRITE,

| Initialize Rover - 5/5

The class call produces the rover. Now a is bound to it.

Python - execution

1 class Rover:
2 def __init_ (self, x, y):
3 self.x = x
4 self.y =y
5
6 a = Rover(3, 4)
» 7 print(a.x, a.y)

5/5 - next statement to execute

- —AO, ABTABEMLE,

Slide 21 - Initialize Rover - 5/5

Method locals Caller

not running a — Rover A

v

Rover A

x=3
y=+4

KRG RELA], BRABENRET 5TH. WESIX Rover(xy) BRI R —RFREILY
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| Creation and Initialization

The class call returns an instance; __init_ must return None.

Complete runnable example Exception
class Rover: TypeError: __init__ () should
def __init__ (self): return None, not 'Rover'
self.x = 0
return self Mechanism
a = Rover() Rover() = create — initialize = result

_init__: set up fields; return None

Slide 22 - Creation and Initialization
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| Constructor Arguments

Initialization parameters follow ordinary function argument rules.

Complete runnable example Python output
class Rover: 00
def __init_ (self, x=0, y=0): 30
self.x, self.y = x, y 0 4
for a in [Rover(), Rover(3), 34
Rover(y=4), Rover(3, 4)]:
print(a.x, a.y) Mechanism

Rover(3) — self, x=3, y=0
Rover(y=4) = self, x=0, y=4

Slide 23 - Constructor Arguments
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| Where Do Attributes Live?

Instance state and the class namespace hold different bindings.

Complete runnable example Python output
class Rover: {'x': 3}
unit = "grid" grid
def __init_ (self, x): True
self.x = X False

def move(self, dx):
self.x += dx

= Rover(3) Instance a Rover class
print(vars(a)) x—3 - unit = "grid"
print(Rover.__dict__ ["unit"]) no own unit move = fn
print("move" in Rover.__dict_ ) noownmove |—» _init_ = fn
print("move" in vars(a)) S — :

a.unit: instance, then class

Slide 24 - Where Do Attributes Live?
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| Two Rovers or Two Names?

Use a new Rover(...) call to create the second character.

Python excerpt Python output
a = Rover(3, 4) 8 3
alias = a True False

b = Rover(3, 4)
alias.x = 8
print(a.x, b.x) What changed? 4

print(alias is a, b is a) alias is another name for a.
b is a separately created rover.

Full program 75¥12

- #151EE, AETFR—THE,

Slide 25 - Two Rovers or Two Names?
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https://taohuang.info/cs1602/zh/lectures/l09-class-i/#rover-position

| Next Feature * Let a Move

a.move(1l, 1) mustchange a, using the same shared method.

Add to Rover FIIZIf &% Receiver 1&£i&
def move(self, dx, dy): a.move(1, 1)
self.x += dx ! same receiver and arguments
self.y += dy Rover.move(a, 1, 1)

« FrERR: —43 move A3, BAEDRIAE?

Slide 26 - Next Feature - Let a Move
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| Defining and Calling Methods

A method can update state, return a value, or do both.

Complete runnable example Python output
class Rover: None 3
def __init_ (self, x=0):
self.x = x Mechanism

def move(self, dx):
self.x += dx a.move(3) = Rovermove(a, 3)

def position(self): a.position() = Rover.position(a)
return self.x
a = Rover()
result = a.move(3)
print(result, a.position())

Slide 27 - Defining and Calling Methods

XELHBEEXMARNTRERNE, ERAA def EXEFIFE, F—TMHS self HIKH
HISEfl, a.move(3) =154 dx, Eifax, &R return pFTLASZ! None, a.position() iR[E=
AT, EEUREMEMGEFERTHEMIURIIGE,

| Run a.move * 1/5

Before the call: ais at (0, 0); b is at (3, 4).

Python - execution

Method locals  Caller
5 def move(self, dx, dy):
6 self.x += dx ’ not running a > RoverA
7 self.y += dy b = Rover B
8
9 a = Rover(0, 0)
10b = Rover(3, 4) . .
» 11 result = a.move(1l, 1) Rover A Rover B
12 print(a.x, a.y, b.x, b.y, result) x=0 x =3
y=0 y=+4

1/5 - next statement to execute

- self iEPAE, BEMEHNFR,

Slide 28 - Run a.move - 1/5
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| Run a.move * 2/5

Enter move: self refers to a, dx =1, dy = 1.

Python - execution

move() locals  Caller

5 def move(self, dx, dy): self = Rover A a s Rover A
> 6 self.x += dx q 1 b SR B

7 self.y += dy X over

8 dy =1

9 a = Rover(0, 0)

10b = Rover(3, 4) .

11 result = a.move(1, 1) Rover A Rover B

12 print(a.x, a.y, b.x, b.y, result) x=0 X=3

y:O y=[|_

2/5 - next statement to execute

- self kP RAE, BEMEHNFR,

Slide 29 - Run a.move - 2/5

HANB—7 move LI, self BER a, FUIZRTHRAFERIZMMEANELED a, CHEHIXNRTF
ESRB AR ESLNT.

| Run a.move * 3/5

The first update changes only a.x from 0 to 1.

Python - execution

move() locals  Caller
5 def move(self, dx, dy): self = Rover A a s Rover A
6 self.x += dx
b 7 EE T dx =1 b — Rover B
8 dy =1
9 a = Rover(0, 0)
10b = Rover(3, 4) .
11 result = a.move(1, 1) Rover A Rover B
12 print(a.x, a.y, b.x, b.y, result) X =1 Xx=3
y=0 y=4

3/5 - next statement to execute

- self EPRAE, BEMEHNFR,

Slide 30 - Run a.move - 3/5
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| Run a.move * 4/5

The second update leaves a at (1, 1). move returns None.

Python - execution

move() locals  Caller
5 def move(self, dx, dy): self = Rover A a s Rover A
6 self.x += dx
> 7 SElfLy o o dx =1 b — Rover B
8 dy =1
9 a = Rover(0, 0)
10b = Rover(3, 4) .
11 result = a.move(1, 1) Rover A Rover B
12 print(a.x, a.y, b.x, b.y, result) X =1 X=3
y=1 y=4

4/5 - return: highlighted line completed

- self kP RAE, BEMEHNFR,

Slide 31 - Run a.move - 4/5

B_I%HE a N—, bIBRA=M; HERKEER return, JRE None, KIZHMXHRFERIRE
KRBT,

| Run a.move * 5/5

Back in the caller: result is None; a keeps its new position.

Python - execution

Method locals  Caller
5 def move(self, dx, dy):
6 self.x += dx ’ not running a — RoverA
7 self.y += dy b — Rover B
8 result - None
9 a = Rover(0, 0)
10b = Rover(3, 4) . .
11 result = a.move(1l, 1) Rover A Rover B
» 12print(a.x, a.y, b.x, b.y, result) X =1 Xx=3

y=1 y=4

5/5 - next statement to execute

- self EPRAE, BEMEHNFR,

Slide 32 - Run a.move - 5/5

EE&ZEm<HME, result & None, BERIFTALIINREESLAIF, XIEZRMBENRIIER
0. RENNRFEREANXELHRT.



| Can b Use the Same Method?

Call b.move (-1, 0): now self refers to b.

Continue the receiver test $££2iE iz

move() locals  Caller
. -1
Z Zg\{i(q [) 2) self = Rover B a — Rover A
#dx = -1, dy = 0 dx = -1 b — Rover B
print(a.x, a.y, b.x, b.y) dy =0 result — None
Rover A Rover B
x=1 X=2
y=1 y=4

- MHER: a=(1,1), b=(2,4).

Slide 33 - Can b Use the Same Method?
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| A Bound Method Has Two Parts

Accessing a.move combines a function with the receiver a.

Excerpt - position version Python output
a = Rover() True
? i Rover(3, 4) True
= a.move
print(f.__self__ is a) True

print(f.__func__ is Rover.move)
print(a.move.__func__is ‘

b.move.__func__) Method f ' Rover class
receiver = a ' move — fn
func = move
Instance a
x=0,y=0

Complete runnable example

Slide 34 - A Bound Method Has Two Parts
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https://taohuang.info/cs1602/slides/l09/demo/mechanism-bound.py

| Store a Method, Call It Later

A stored bound method keeps its receiver.
Excerpt - position version Python output

a = Rover() 11
action = a.move
action(1, 1) True
print(a.x, a.y) .
print(action.__self__ is a) Mechanism
action(1, 1) calls Rover.move(a, 1, 1).
The receiver stays attached.

Complete runnable example

Slide 35 - Store a Method, Call It Later

RiEEREFENEE{E, action = a.move RTEFH a WEEHE, ZEEA action(1,1) 13
B8 a B94r, ENEERAXMEL, HINAERHREFEF—TNRAE. A6 RERELRFT
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| Count the Arguments

a.move(1, 1) supplies three arguments to the underlying function.

Complete runnable example Exception
class Rover: TypeError: Rover.move() takes
def move(dx, dy): 2 positional arguments but 3
pass were given
a = Rover() Mechanism

a.move(1l, 1)
Supplied: a, 1, 1

Declared: dx, dy
Fix: def move(self, dx, dy)

Slide 36 - Count the Arguments
BIREXRE dx, dy T2, @B IHARRTSBEEEN a, FTAREERKE] a. —.
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| Why Did x Not Move?

This candidate changes a local x, not the rover’s selfx.

Complete Python example Python output
class Rover: 01

def _ _init_ (self, x, y):
self.x = X Read the result
self.y =y

def move(self, dx, dy): x is local to this call.
x = self.x + dx Fix: self.x = self.x + dx
self.y += dy

a = Rover(0, 0)
a.move(1l, 1)
print(a.x, a.y)

- 2REBITHHER, MEWLOHFER.

Slide 37 - Why Did x Not Move?

WE—TIEIES move BURIE, HMOTERMELFE x, 2BFMO self.x, FAUEIR@EE.
—, RBHYPLFBE, BIB—ITH self.x = self.x + dx T EERBER. XENMETERE—
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| Next Feature - Measure Distance

Read self and other without moving either rover.
Add to Rover HINEEEE
def distance_to(self, other): b (3, 4)
dx = self.x — other.x ’

dy = self.y - other.y
return (dxxdx + dyxdy) *xx 0.5

distance =5

(0,0)

Full program Z¥i2F
- AXEWWIE: = (0,0) 5 (3,4), ¥EE 5.0,

Slide 38 - Next Feature - Measure Distance

NUERABZES R I AENES, EFAERFEEM=LUNHE, a.distance_to(b) # self &
a, other & b, MAWTENFEALMNARER R, ITERABEES dx. dy, TRHEIFEFE, K
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| Version 1 - Position

b mms O ER BohsimgE

1 g IR
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5 b | i o BUHMALES
4 m
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2
1 [ a |
) m
. (0] 0)
2 1 ] 1 2 3 4 5 6
X= y1
a - WS umse b - EREES
wa (0, 0) wE (3, 4)
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FRELZE—MRUIETHER, TREFNEL. SIEMTARENFESL, Biha

BE——, bRIF=M, MAHERRGE—CIE, self BRIRIRIEE, BREAEZRTIMIIRN
REME. ETREOFBRZUXTARTEEMENNR. EF—TABHEE, LRATH
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| Review : Our Position Design

The position algorithm is unchanged; its organization has changed.
Procedural - interface excerpt Object-oriented - interface excerpt

Rover(o, 0)
Rover(3, 4)
.move(l, 1)
.distance_to(b)

a {"x": 0, "y": 0}
b = {"x": 3, "y": 4}
move(a, 1, 1)
distance(a, b)

Y 0 T W
I

Design question Our Rover version
Where is state established? __init__ creates the instance attributes
Which rover does move change? The receiver becomes self

Where are related operations defined? move and distance_to belong to Rover

Slide 40 - Review - Our Position Design

TIEH&E 2L, AIAEEMMAR G, BohBmETERS—H LREARICRELE
BERE, AILBELFIRRIGE, MRt A—EI44r, self BIRSRIAR, EEEWHNER
—MEOT. FHENRBRAEFEBIEREZIT. T—F1k Rover F L&, HEEXTEO

SRR

HALFWAY

Break

BIELTHARNME. BoIIEEE., FFERAELENE— Rover, EIIEMAYImEE
1, ARERLHPRSE HENEERS



| Instance State and Methods

__init__ creates state; self selects the instance to update.

Complete minimal class Python output
class Rover: True
def __init_ (self, coins=100): 70 100

self._coins = coins
def spend(self, amount):

self._coins -= amount Instance a Instance b
return True _coins =100 _coins =100

def coins_left(self): - coins=70 — coins =100
return self._coins

T

a, .th Rove rézégl)%())ver( ) Call a.spend(30)
print(a.spen ) _
print(a.coins_left(), b.coins_left()) self = a; amount = 30

Slide 42 - Instance State and Methods

PR AeXREEMEHFRIBXGE, XTRIVEFRREBEMMA, TRIB KR
BUIRSEE. SRR SRISEFIEIL _coins; 1AM a.spend(30) B, self 5[ a,
amount BXREARNBHZH, HiEERE, alNEHFREBENTET, b NFRINA—E,
coins_left @id self ILEXSHAISEHIRNET ., RAE, REEMNMOTEHRS, WRDEML. 75
ESRMEXA.



| Reading State and Returning Values

Track instance state and return values separately.

Method excerpt + caller Python output
def coins_left(self): True 70
return self._coins 70

a = Rover()

paid = a.spend(30)
coins = a.coins_left()
print(paid, coins)
print(a.coins_left())

Stored state Method result

a._coins keeps 70 after the call paid receives True; coins receives 70

Slide 43 - Reading State and Returning Values

BEEENSIRSTIARERSAZEME, spend 1824 a B9 _coins, FIR[E True, AAERARF
BRETE paid UL coins_left 1EY _coins, #ETIR[EI4E coins, HEBARERGE, XHIFE
PR, BRZENEEILT. REMERMRGS—1EF, SEFIRMENET S RS
18], TR Rover & XSEMAREI—T,



| Call Another Method Through self

Within a method, use self.name(...) to access another instance method.

Complete runnable example Python output
class Rover: True
def __init_ (self):
self._coins = 100 Mechanism
def coins_left(self): )
return self. coins self.coins_left() selects the same
def can_pay(self, amount): rover.
return amount <= self.coins_left() Class members require attribute

a = Rover()

, access.
print(a.can_pay(30))

Slide 44 - Call Another Method Through self
FERAEBR— T NRUB—1F5E, B self.coins_left(), fo@id self #1TBMESH, FIf5

RERERE—XNR, BATER. T TBR/NROIEFERYRNEIL _coins 7, BHE
W IEEEREL,



| A Bare Name Uses Function Scope

The class namespace is not an enclosing function scope for a method.

Complete runnable example Exception
class Rover: NameError: name 'coins_left'
def __init__ (self): is not defined. Did you mean:
self._coins = 100 'self.coins_left'?
def coins_left(self):
return self._coins Mechanism
def can_pay(self, amount): ] )
return amount <= coins left() coins_left() looks for a plain name.
a = Rover() B self.coins_left() looks up an attribute.

print(a.can_pay(30))

Slide 45 - A Bare Name Uses Function Scope

iE self.coins_left() BBk coins_left() 5, BREUAIE coins_left SFEBRF, RRMNBFE
HHNF . KpBZEARFTITENIINEREERL, FHEX T 5cEEFM NameError, 3£
BHNIET self 3150,



| Why Call It _coins?

The underscore marks internal storage, not an access lock.

Public interface and direct access A promise between users and

a.spend(30) authors

print(a.coins_left()) Callers use spend / coins_left.

_coins is internal storage.

print(a._coins) # accessible directly Python still allows direct access.

 ARGERMIED; THLAERCREREME.

Slide 46 - Why Call It _coins?

(ERR T YELIEEHEFMEIREASRSEI, 1HEMREET spend 1 coins_left 325, Python {J3#4
SRVFIMRIES a._coins, AFLERAAAEEFSNRRE, T&BHXDEOSHEHEF
fif; XM RLYERE T EiRAERIATEE,



| Double Underscores Change Names

Within Rover, __coins is rewritten as _Rover__coins.

Complete runnable example Python output

class Rover:

{'_Rover__coins': 100}
def __init_ (self):

100
self.__coins = 100 False
a = Rover()
print(vars(a)) Mechanism
print(a._Rover__coins)

print(hasattr(a, "__coins")) _coins = _Rover_coins

_coins = non-public convention
_init__ — special method name

Slide 47 - Double Underscores Change Names

AEEREMEANIIS THEZERESZEZ— T THERMRRTRIA RIS, XE self.__coins

{R77RX _Rover__coins, vars(a) BEEZIEIRRF, IMEtLAERT S RNRFIAE., ZH=E
RO RAPEIMNEBANFR; _init__ XERIRIF R IER MRENKE .



| Version 2 - Coins

b mms O ER BohsimgE
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| Stage 3 - Let a Pick an Apple

Only a picks an apple. Why does b have it too?

Complete Python example Python output
class Rover: a: ['apple'l
items = [] b: ['apple'l]

def pick(self, item): True

self.items.append(item)
Read the result

a = Rover()

b = Rover() a and b both show apple.
a.pick("apple") True: a.items and b.items are one list.
print("a:", a.items)

print("b:", b.items)
print(a.items is b.items)

« Rik a 58, AR EEEHERR?

Slide 49 - Stage 3 - Let a Pick an Apple

MEAREENEE, HETFEBET, ATORNERRE items Tl pick, TERERIL
IRHISTHARE, %0l a, b, RIBA apick("apple”), BATWTEIHANEE, TirH
SRFLEE apple, BHLLRTET True: ENBINEE—NIIE, self (HALEHRT a; 12
TSRIEE items FFHEOALE, HEEMRES AR R,



| Class Attributes and Instance Attributes

Where the assignment runs determines who owns items.

Class attribute ZE¥ Instance attribute EfIE1E
One list on Rover A new list on each rover
Created when the class body runs Created on each initialization
class Rover: class Rover:
items = [] def __init_ (self):
self.items = []

a and b find the same Rover.items.
Each call creates [] for its self.

- KRBV HEZRM,; SRR ANSRILFELECHE

Slide 50 - Class Attributes and Instance Attributes

IERT MR N B EME . ZBRITRIARTREII—{ Rover.items, a, b BE®E
items B, #EXLHEE, FAIMBESIRABTSHRNGEER, ARBRIAHHZETKE
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g,



| Instance Assignment Shadows a Class Field

For this ordinary field, assignment to a.unit creates an instance

binding.

Complete runnable example Python output

class Rover: pixel grid grid
unit = "grid" {'unit': 'pixel'}

a, b = Rover(), Rover() grid {}

a.unit = "pixel"

print(a.unit, b.unit, Rover.unit) Mechanism

print(vars(a)) .

del a.unit Read: instance — class

print(a.unit, vars(a)) Write a.unit: bind on a

Delete a.unit: reveal the class value

Slide 51 - Instance Assignment Shadows a Class Field

FHaET a. b #SAMZEIZEY unit, a.unit = pixel f[5, a BSBRIRAFER, b # Rover {34 grid, ffl
I a WFERfE, 1EEIXEEHR IR ERY orid, XBIRIFZEBIFIETFER, T—IHBY EBMATMNYE
ESE5NNBEHERK,

| Trace the Backpack - 1/3

Neither rover owns items; both read the class list.

One statement at a time —/X—#%

Instance a Instance b
a = Rover() . .
b = Rover() no own items no own items
' Class Rover :

' items — one list
0

* ZRFIERAE, SENHEFR, SRHPREERE,

Slide 52 - Trace the Backpack - 1/3

MITAEDHIEIE, EERAECH items, BEERBRERIIE—MHTIIR, XEBRIFNE
MAEERNEREE, BERIHEEHFERFRHN Rover,



| Trace the Backpack - 2/3

append changes that shared list; both rovers see apple.

One statement at a time —R—

. Instance a Instance b
a.items.append("apple") . .
no own items no own items
i Class Rover

' items — one list
' ['apple']

 ZFIRAE, SENHEFR, ERHRERE,

Slide 53 - Trace the Backpack - 2/3

a By append fZERINRTIR; FIREMMEER, b MXEEHEER. XEREFNZNMAT
BIRNNERRIE, BERINEEHFERFHN Rover,

| Trace the Backpack - 3/3

a.items = [] creates a new binding; b still reads the old list.

One statement at a time —X—

, Instance a Instance b
a.items = [] ) ) )
items — own list no own items

T

a.items | Class Rover

0 ' items — one list
[‘apple’]

- BEPIRAT, SEMHEFR, EMIPREIRE,

Slide 54 - Trace the Backpack - 3/3

0 aitems MEFAZIR, 2 a BCHIRIRFER, ZfFafiEECHIZTIIR, M b MEXLFE
REVFIR., XERENZMASENNEREE, BERNEEHEEFRMN Rover,



| Give Every Rover Its Own Bag

Create [] during each initialization, then keep pick unchanged.

Python excerpt Python output
# Inside the existing __init__: [ 'apple' ] []
self.items = [] False
def pick(self, item): +
self.items.append(item) What changed? 455

a holds apple; b is empty.
Different lists, same pick method.

Full program 75¥12

- AP RIFLYR, &, HABTAREEYEE,

Slide 55 - Give Every Rover Its Own Bag

[EEIE— Rover B¥IatdE, LB TMABRIIT IRIIREIZ, pick HIEAFTEEY, self
ERRAeNAEEBECH items, MNILNER a IREGEERG b N, SinERA False, 8IXH)
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| A Mutable Default Is Reused

The default [1 is created when def runs, then reused across calls.

Complete runnable example Python output
class Rover: ['apple'] ['apple']
def __init_ (self, items=[]): True
self.items = items

a, b = ROVer( ) ’ ROVer() Mechanism

a.items.append("apple") )

print(a.items, b.items) One default list; two stored

print(a.items is b.items) references.
Use None, then create [] inside the
call.

Slide 56 - A Mutable Default Is Reused

IPEIAS B Y items=[], EMEREMT _init__, MREBRSHNE2IIE—1EINTIER.
self.items = items RR7FE5| A, a INFERE b HEEER., BXRMITREETESREIEINMER
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| What If We Supply a Starter Bag?

Two calls can receive one input list. Copy the outer list if required.

Inside __init__ #1i8{C RIS A LM IR Test the starter bag X ¥EHI R
if items is None: loot = ["map"]
self.items = [] a = Rover(items=1loot)
else: b = Rover(items=1loot)
self.items = list(items) a.pick("apple")

# b.items == [“map"]
# loot == ["map"]

Full program 7512

* RIAEEEINER; MmEBFRFB,

Slide 57 - What If We Supply a Starter Bag?

MEATESRE BB Ym. WREE selfitems =items, MATAEBENE—T

loot, MXEHEZE., KRERFTNVERRHBEECHINETE, FEULLA list(items) EFIINEFIXR;
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ENTRTRIDFRFRBIDH,
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| What Does a Shallow Copy Copy?

list(...) copies the outer list; nested objects retain their identities.

Complete runnable example Python output

loot = [["map"]] False

a = list(loot) True

b = list(loot) [['map', 'key'll
alo].append("key")

print(a is b) Mechanism

print(al@] is b[0])

print(b) Outer lists: different objects

Inner list: one shared object
Our rover items are strings.

Slide 58 - What Does a Shallow Copy Copy?

NAEENYmEFNE, EFSINEIIRELHSIBILRMNMMFRNT R, XN REIFIE—
PAZIIRLGEYM: a. bHNEARE, AREZRINIERIE TR, FELLIEM key ZEITHIR
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| What Should All Rovers Share?

The game can count how many rovers were created in total.
Design excerpt i&it F R After creating a and b SIZRWNMEEZF

class Rover: | 2
created = 0
def __init_ (self, ...):
# Initialize the instance fields.
Rover.created += 1

Per rover SN Per class &/ 3
X, Yy, _coins, items created: one shared counter

 HEERIEH, FBEET — T HRE ER BT HAexE”,
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| Why self.created += 1 Is Wrong Here

For this integer, += reads through the class and writes onto the

instance.
Complete runnable example Python output
class Rover: 11
created = 0 0
def __init_ (self): {'created': 1}
self.created += 1
a, b = Rover(), Rover() Mechanism
print(a.created, b.created)
print(Rover.created) Read 0 from Rover = compute 1
print(vars(a)) Write created=1 onto a

Fix: Rover.created +=1

Slide 60 - Why self.created += 11Is Wrong Here

XMEEFE LB CNENEL, 15 self.created += 1, a RVIMEIZREE, IN—BREFHELH, B
28 a $217 created FEX; b UM AZRFEFFIE., AR DNEIFIERE—, KIHAFE, &E
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| Load Spawn Coordinates

Map data arrives as a pair. Add a named creation entry.

Python excerpt Python output
@classmethod 3 4 100
def from_pair(cls, pair):
return cls(pair[0], pair[1]) What changed? 4
b = Rover.from_pair((3, 4)) cls receives Rover.
print(b.x, b.y, b.coins_left()) cls(3, 4) uses normal initialization.
Full program 5z

« FMEEIRAL, MERR—TIRARN,
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| Pick the Right Receiver

A helper that needs no rover state can be a static method.

Rover helper - used before storing the opening coins

@staticmethod
def valid_coins(value):
return type(value) is int and value >= 0

Instance method Class method Static method
self = one rover cls = Rover No automatic receiver
a.move(1, 1) Rover.from_pair(pair) Rovervalid_coins(100)

- EHMTEERAVRS, BEFEAESER.

Slide 62 - Pick the Right Receiver
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| A Class Method Receives the Class

@classmethod binds cls to the class, through either access form.

Complete runnable example Python output
class Rover: True
def __init__ (self, x=0): 3 False
self.x = X
@classmethod Mechanism
def at(cls, x): )
return cls(x) Rover.at(3) — function(Rover, 3)
a = Rover() a.at(3) = function(Rover, 3)
b = a.at(3) cls(3) creates a new instance.

print(a.at.__self__ is Rover)
print(b.x, b is a)

Slide 63 - A Class Method Receives the Class

XTI &/VE A at Romas R EIZA DO, Rover.at(3) # a.at(3) #FIE Rover fEA cls;
a.at.__self__ AIBAIRIEIX— /R, cls(3) EfENIRN, [RBBLAN=AIFREAE, FXMN a (R
B, EEFR from_pair (EBE—H, MZT2inRlZReE,



| A Static Method Gets Explicit Arguments

@staticmethod adds no automatic receiver, through class or

instance.

Complete runnable example Python output
class Rover: True

@staticmethod False

def valid_coins(value): False

return (type(value) is int
and value >= 0) Mechanism

a = Rover()
print(Rover.valid_coins(100)) Rovervalid_coins(100) —
print(a.valid_coins(-1)) function(100)
print(a.valid_coins(True)) avalid_coins(-1) = function(-1)

No self or cls is inserted.
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| Complete Mission

1 7 % 0,1

s b | — | = ozumAmm

. m 5
3 (3, 4) 30

2 30 E® —20 Ay 1000 #B%h
1 B iyl
0 ﬁ @ FR ;1 R
. 60y
PR -2 -1 ) 1 2 3 4 5 6 HEIWM ER: §)ZfESHIIR v
a - WS wwre b - BRES
wa (0, 0) wa (3, 4)
+m 100 +% 100
w8 (1 =88 we (1 =88

Slide 65 - Complete Mission

MEGITABNTERRES, B aFFM b=, E£RERR; aBs)—. XH=1. &
¥R, &ERN—— TTEFH—TER, b PA=ZM. —BEHHNEEE. UE. YR B
=BRABEZEHAIE—1 52 Rover £, T & Python IRAFIAEIZIZIT; THIENERER
HNAERSENL., EE-TAEHEE, EERTAREE T ZEIRT.



| Review - Choosing an Organization

Choose an interface for related state and operations.

A procedural design Our object-oriented design
Records hold x, y, coins and items. Each rover holds its own state.
Functions receive those records. Methods act through the receiver.
A factory can standardize creation. Rover groups fields and related methods.
Situation A useful starting point
A fixed calculation or data-processing pipeline Functions that process clearly defined
inputs
Many entities with persistent state and related Objects with explicit state and
actions interfaces
- AR K WREHER, T BRSBTS,
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| Review - Class Mechanisms

HBEE

PIREEFARE
HBERERERERIE

Slide 67 - Review - Class Mechanisms

RN A eRRFR =74, REEA=TF

| Review 1 - Where Is x?

A local assignment does not create self.x.

Short faulty candidate ¥5{& &%k
class Rover:
def __init_ (self, x):

X =X

a = Rover(3)
print(a.x)

Slide 68 - Review 1 - Where Is x?

BENHESERE

518l Rover 2% H—EEFRRE(L
B, B_UBR—MIWRNEFIE, B=UEREFHEEERERTRE., ZEEXTRERE,

Python output

AttributeError: 'Rover'
object has no attribute 'x'

Reasoning S

x = x only rebinds a local name.
No self.x was created.

B8R x = x SSBEIAEH self.x, 358 a.x 2 AttributeError, IEF#IAMHNIEERZAN

self.x,
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| Review 2 - Whose Backpack?

First mutate the shared list; then give a its own binding.

Short faulty candidate ¥&f&i{&i% Python output
class Rover: | 011
items = []
Reasoning S
a = Rover() .
b = Rover() append changes the class list.
a.items.append("apple") a.items = [] gives only a a new list.
a.items = []
print(len(a.items), len(b.items),

len(Rover.items))

Full program 522

Slide 69 - Review 2 - Whose Backpack?

append FEE3E ERVFIR, Pl a. b #HEBEEFER; MRS aitems FiFIER, RE alE
RER, = TKREAE. — —

| Review 3 - Which Rover Moves?

A stored bound method keeps its original receiver.

Bound method example Python output
class Rover: | 2 10
def __init__ (self, x):
self.x = x Reasoning S
def move(self, dx):
self.x += dx a = b rebinds the name a.

step still moves the first rover.

a, b = Rover(0), Rover(10)
step = a.move

a=>o

step(2)

print(step.__self__.x, a.x)

Full program 5t#£%2

Slide 70 - Review 3 - Which Rover Moves?

step R1FRIZRTT a WHBETSE, BKREMAE—1TEA, a=b RIEXE a EMHAEEE -1
L, VA step(2) ERME— MBI x, ERAT; AT a FEEAIE PO,


https://taohuang.info/cs1602/zh/lectures/l09-class-i/#rover-backpack
https://taohuang.info/cs1602/zh/lectures/l09-class-i/#rover-binding

| Class Mechanisms in Rover

Follow initialization, method binding and attribute ownership.

__init__ self obj.attr
Initialization Method binding Attribute ownership
_init__runs for each self selects the receiver Instances hold their own
instance A saved method keeps it fields
Attributes retain state Call parameters are local The class can hold shared
after the call returns data
Lists follow reference
identity

- YIACEEME - DEBERINE - BHERSHEXR,

Slide 71 - Class Mechanisms in Rover
FAE— Rover BIEZERIHH] ., BRI EILSRILHIRFER, FEREBRSEREHER
B, SRXf7EETEREERE self, RFHNAEDELFREBERKE: BESHETE—XE
A, BERENEXRFTEXDXAIME, AIRIIREDIWUEGSIANE, $in. EHNE
DARLXLEANHI RIS AIMER,



| Use the Same Questions in Lab

Apply the Rover design checks to the specified lab interfaces.

Rover H#Y{a) & X RMSEIREE

Each rover owns its data Stack / WordCounter: instance independence

A command updates the intended Rectangle.scale: in-place change and return None
object

Read data held by an instance Gradebook.average reads that instance’s grades

« TWIEOAT; KWYRAE, BRASRINRITEE,

Slide 72 - Use the Same Questions in Lab

Rover 2IRE%4>); LRMASFERZTEREMENRESEO, ERFIRITREFEEE: %
TSRS S BN, ERENESBNRNRAIRE None, METESERDIZENHAISLHA]
RIZAVEHE . 1RBE A LI BRIR R FF5ERL Al ERIREA, MBRBSMNEORIEAE,



| Next - More Rover Types

If rover types share actions, how should we reuse that behavior?

Inheritance 47K Protocols {#¥ Modules &1k

A fast rover and a cargo Let custom objects support Put reusable classes and
rover familiar Python operations functions in separate files
Share some actions, change

others

Slide 73 - Next - More Rover Types

SRAZLIM— Rover KB, ERMWIMARERE. HiIZAE, SEHRBONEEAGROLS
[B&, T—ARAEMNDIOCTCNTERSERTH, BRERALAXH, B SKFMEVIK
S5E&0O, 7EAMTIENERLR., THtRREXBRAESES, BRROEMEGFEHXH
MIIEH,



| Reference - A Minimal Rover

A complete program: initialize, update and read one rover.

Complete Python example Python output
class Rover: 4 4

def __init_ (self, x=0, y=0):
self.x = X Read the result
self.y =y . . .

def move(self, dx, dy): BRIA Rover() 79 (0, 0); move iR[H]
self.x += dx None,
self.y += dy

p = Rover(3, 4)
p.move(l, 0)
print(p.x, p.y)

Slide 74 - Reference - A Minimal Rover

EHIARTITZERRF A IRILIETT, BRVIAMLEEI x. v, move I = BISLAIFRIBS,
REERNAN, FIMDERRHSEHN, BxBNEEEWAHAX, THEBRHEETIR
BB,



| Reference - Three Ways to Share

When state leaks, ask: where was the list created?

Source Cause Usual choice

Class body: items = [] One list on the class Create [] on each init call
self.items = items Two calls receive one list Copy with list(items) if required
Default: items =[] One default object is reused Default to None; create on call

Full program Z¥2F
- SHSMRIIRASEHNEHRENR, BREZHESBFAE

Slide 75 - Reference - Three Ways to Share

“MHAZREAAER. XRMEEIERHRE, BASERFHERSIA, JXRRINS i&&l&iﬁl
EXIEITFER. FINSEAH None RARIEH, BEERAAREIIR, TRAERSH
=, BELE, TEBIHEMEEET.

/

tH
=N

| Reference - A Static Helper

@staticmethod supplies neither self nor cls automatically.

Complete Python example Python output
class Test: 2

@staticmethod 7

def add(
u: int, Read the result
v: int,

) —> int: Both calls pass only the explicit
return u + v arguments.

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

Slide 76 - Reference - A Static Helper

R FEREREF BT EXMNTFMM S IEEEFSHE, Ehrpslmb —Mt. FSHEEe5%
ESE TR ISP 15$m§ﬁii%4k,u\ﬂﬁiﬁﬁb1+ﬁo A TRRBMERIMETERIE,


https://taohuang.info/cs1602/zh/lectures/l09-class-i/#shared-state

| Reference - Names and Construction

Names and annotations do not perform runtime validation.

Form Meaning

_name Nonpublic convention; still accessible

__name Name mangling in class scope; not security

_init__ Initializes; must return None. Class call returns the instance.
x: float An annotation; no automatic range check or conversion

HX P AT RN IS IR E R B

Slide 77 - Reference - Names and Construction

MTEEETERTHBIOEFHR, IR __hidden BEXRE N _£HE__hidden, #IiEHIR
[513F None = TypeError, 1T class 1IBE)BITRIK, def BILRE; REUFATTIERINZH
17. TREEFNAEXLERBEHAX, FJREEEN,


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

| Reference - Follow the Bindings

Follow creation, binding, lookup and sharing step by step.

Mechanism What to follow
Construction Rover(...) creates an instance; _init__ establishes fields
Method binding a.move combines a function with receiver a

Ordinary attribute lookup Read the instance, then the class; inspect shadowing

Mutable state Compare list identities before changing their contents

- AHRBFNEUNAE, BRIFEASSIA,

Slide 78 - Reference - Follow the Bindings

B3R, BUMGIER: CIZNMLFERET M, BITHRFNEEREFHE,
EEREMMEEK, UM TFERESSIAR—TAIENR, REERAGHAENRET, =X
Pl EBRNBEREFENRP . TBEFNELHE AN UEERENR.



| Reference - More Worked Examples

Practice the same design questions on different tasks.

Worked example What to inspect

Triangle Store sides in attributes; call related methods through self
Dog Organize fields, external functions and instance methods
HappyNumber Compute with local current; retain the original number
Vector Outer-list copy, dimensions; scale mutates the instance
Triangle

Dog - HappyNumber - Vector

Slide 79 - Reference - More Worked Examples

XETREFRETHX, BIAREER—ME, AFE—RET. —AERTEBESHEE
A, Dog MRIMBERESLFILZE, RABMXDEBW LIRSS HFARES, @ELBRES.
HEMBIER, 8T 1HZBEREAIBITEN.


https://taohuang.info/cs1602/zh/lectures/l09-class-i/#triangle-example
https://taohuang.info/cs1602/zh/lectures/l09-class-i/#dog-example
https://taohuang.info/cs1602/zh/lectures/l09-class-i/#happy-example
https://taohuang.info/cs1602/zh/lectures/l09-class-i/#vector-example

| Reference - Lab Interfaces

Follow each problem’s return values, effects and failure rules.

ES Easy-to-miss behavior

Rectangle scale mutates, returns None; finite positive dimensions
Stack Empty pop and peek raise IndexError

WordCounter Exact words; count descending, then word ascending
Temperature Invalid start — ValueError; rejected update — False
Gradebook Empty top_student — None; missing average — KeyError

TEAWEIEITRE ZIP - EE Lab 9 TEEO

Slide 80 - Reference - Lab Interfaces

RITATRYERZAEmAIKEITHN, FERNTECEMNTIMN. Gradebook BIFFHIHL
. WordCounter RITE4MEAE F1Y#LLINR, RERFINNERKBAIER, ERER. &
B REERBEAERITHE.,


https://taohuang.info/cs1602/slides/l09/demo/l09-examples.zip
https://taohuang.info/cs1602/zh/labs/lab09/

