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| Our Project - Two-Rover Expedition

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

One mission — X IRI&

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
- BfR: a 881730, b REHCHPRE,



| Try the Expedition
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| Start with What We Know

A dictionary stores one rover; functions perform its actions.

Two records RIPAEICR Target actions fFSCINBIER Ei% O
a=1{"x":0, "y": 0, move(a, 1, 1)
"coins": 100, "items": []} spend(a, 30)
b = {"x": 3, "y": 4, pick(a, "apple")

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

- XEFIRBERBE LR, & FRXE: NEERNGE, BEEEPER?



| A New Feature, a Missed Field

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

Complete faulty example FE{Ri= Tl Python output
a=1{"x": 0, "y": 0, "coins": 100} KeyError: 'coins'

b {"X": 3’ Ilyll: 4}

def spend(rover, amount):
rover["coins"] —-= amount

spend(b, 30)

- QIZABINABEEESL; 8II—1MFR, MEZNREAO.



| Procedural Programming

EHL*E G £1E£$95R*D|ZI§QQH—/\$EF_
PR £ ISR F+ ST B A IR

Choose a function a - data Result - only a moves

/1 move update a

! m b (3, 4)
unchanged
® spend
x=0,y=0
/m a(1,1)

100 coins - []
: X

move(a, 1, 1) a(l‘i)','b)

o pick

- FABNRE, EATELIENESR a,



| Object-Oriented Programming

EF]XT;% S ABRSHITANNRARIER,
X R AV O STRRIES ME.

Choose the rover Result - only a moves

Rover a Y m b (3, 4)
position: (0, 0) unchanged
@100 U

g a(1,1)

a.move(l, 1) a(l‘i)",'b')

/1 move @ spend 7 pick

- EFEE a, FRABRENBIEIE,



| Same Task, Two Designs

Both programs move a and preserve b.

Procedural - complete program

def move(r, dx, dy):
ri"x"] += dx
ri"y"] += dy
a=1{"x": 0, "y": 0}
b = {"x": 3, "y": 4}
move(a, 1, 1)
print("a:", al"x"], al"y
print("b:", b["x"], b["y"

)

]
1)

Actual output, both:a: 1 1 | b: 3

4

Object-oriented - complete program

class Rover:
def __init_ (self, x, y):
self.x, self.y = X, vy
def move(self, dx, dy):
self.x += dx
self.y += dy
a, b = Rover(0, @), Rover(3, 4)
a.move(l, 1)
print("a:", a.x, a.y)
print("b:", b.x, b.y)




| Languages and Programming Styles

A language can support several programming styles.

Procedural Object-oriented Multi-paradigm
C éi) Java @ Python
Pascal Smalltalk @ C++

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

Python documentation - programming_styles

- IRIEEUE. BRIEMGEIPZREZFHRL,



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 %45 Create two rovers = move one = measure distance
2 CoinsEm Add a field = update self — read state
3 Backpack & Add picking — discover sharing — create independent bags

» EBITHZINREES, 88 a Ml b NRBRE,



| Stage 1 - Create a Rover

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

Class 3

Rover
Start with x and y

Instances S5l

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




| 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.
o def defines a method.
def __init_ (self, x=0): .
self.x belongs to an instance.

self.x = X .
Unindented code uses the class.

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

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

- KRB def EAEEREEX; HARNBHAERIEE,



| 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



| 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) 1is type)
print(isinstance(a, Rover)) Alias and Rover refer to one class.

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



| 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 .
p = Rover() FTINE: x5 P.X RIFEME,
p.x = 3
p.y = 4
print(p.x, p.y, X)



| 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.Xx = 3 in <module>
q = Rover() print(q.x)
print(p.x) AN
print(q.x) AttributeError: 'Rover'

object has no attribute 'x'



| 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

- F—AO, ABTRABEMAR,



| Initialize Rover - 2/5

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

Python - execution L
init_ () locals Caller

class Rover:

1
5 def _ init_ (self, X, y): self = RoverA — a notbound
X =3
» 3 self.x = X i
4 self.y =y y =4
5 -
6 a = Rover(3, 4) Y
7 print(a.x, a.y) Rover A
no fields
2/5 - next statement to execute m yet

- F—AO, ABTRABEMAR,



| Initialize Rover - 3/5

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

Python - execution L
init_ () locals Caller

class Rover:

; def _ init_ (self, X, y): self = RoverA — a notbound
3 self.x = X x =3
> 4 self.y =y y =4
5 }
6 a = Rover(3, 4) Y
7 print(a.x, a.y) Rover A
X=3
3/5 - next statement to execute m

- F—AO, ABTRABEMAR,



| Initialize Rover - 4/5

After selfy =y, initialization ends. __init__ returns None.

Python - execution L
init_ () locals Caller

class Rover:

; def _ init_ (self, X, y): self = RoverA — a notbound
3 self.x = x x =3
> 4 self.y =y y =4
5 i
6 a = Rover(3, 4) Y
7 print(a.x, a.y) Rover A
X=3
4/5 - return: highlighted line completed y =4

- F—AO, ABTRABEMAR,



| Initialize Rover - 5/5

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

Python - execution

Method locals  Caller
3 self.x = X
4 self.y =y
5 :
6 a = Rover(3, 4) Y
» 7 print(a.x, a.y) Rover A
X=3
5/5 - next statement to execute y =4

- F—AO, ABTRABEMAR,



| 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

Rover() = create — initialize = result
_init__: set up fields; return None

a = Rover()



| Constructor Arguments

Initialization parameters follow ordinary function argument rules.

Complete runnable example Python output
class Rover: 0 0
def __init_ (self, x=0, y=0):
self.x, self.y = x, vy
for a in [Rover(), Rover(3),
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

w o Ww
~ B~ S



| 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

a = Rover(3) Instance a Rover class
print(vars(a)) Xx—3 - unit = "grid"
print(Rover._ _dict__ ["unit"]) no own unit ilnove—éfn
print("move" in Rover._ _dict_ ) noown move —» _init_ — fn
print("move" in vars(a)) S |

a.unit: instance, then class



| 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

b = Rover(3, 4) True False

alias.x = 8
print(a.x, b.x) What changed? 455

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

b is a separately created rover.
Full program T2

- #iREE, AFTER—TEE,



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 iRINEIAESE Receiver EUE
def move(self, dx, dy): a.move(1, 1)
self.x += dx ! same receiver and arguments
self.y += dy Rover.move(a, 1, 1)

= FTEIRR: —19 move (K13, EAEPHGAE?



| Defining and Calling Methods

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

Complete runnable example

class Rover:

def __init_ (self, x=0):

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

Python output

None 3

Mechanism

a.move(3) = Rover.move(a, 3)
a.position() = Rover.position(a)




| 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 = RoverB
3
9 a = Rover(0, 0) i
10b = Rover(3, 4) ° o
» 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=0 y=4

1/5 - next statement to execute

- self EPAE, BEHBHNFE,



| Run a.move - 2/5

Enter move: self refersto a, dx=1,dy = 1.

Python - execution

move() locals  Caller
5 Gl ERlEehiy, €% el self = RoverA — a — Rover A
» O self.x += dx
3 dx =1 b — Rover B
7 self.y += dy
3 dy =1
9 a = Rover(0, 0) i
10b = Rover(3, 4) M .
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

2/5 - next statement to execute

- self EPAE, BEHBHNFE,



| 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
9 self.x += dx
> 7 self.y 4=dy dx =1 b — Rover B
3 dy =1
9 a = Rover(0, 0) i
10b = Rover(3, 4) M .
11 result = a.move(1l, 1) Rover A Rover B
12print(a.x, a.y, b.x, b.y, result) X =1 x =13
y=0 y=4

3/5 - next statement to execute

- self EPAE, BEHBHNFE,



| Run a.move - 4/5

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

Python - execution

move() locals  Caller

5 CEr IERlEehi, €%, el self = RoverA — a — Rover A

6 self.x += dx g _ b SR 3
> 7 self.y += dy X7 over

3 dy =1

9 a = Rover(0, 0) i

10b = Rover(3, 4) M .

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

12 print(a.x, a.y, b.x, b.y, result) x =1 x =3

e @

4/5 - return: highlighted line completed

- self EPAE, BEHBHNFE,



| 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 Selfux 4z dx not running a 7 RoverA
7 self.y += dy b — Rover B
3 result — None
9 a = Rover(0, 0) )
10b = Rover(3, 4) ° o
11 result = a.move(1l, 1) Rover A Rover B
» 12print(a.x, a.y, b.x, b.y, result) X =1 x =3
Q y=1 y=4
5/5 - next statement to execute

- self EPAE, BEHBHNFE,



| Can b Use the Same Method?

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

Continue the receiver test Z42iE iz

move() locals  Caller
b.move(-1, 0 B
# se\l/f(—> b ! 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 = result —> None

- MKLER: a=(1,1), b=(2,4),



| A Bound Method Has Two Parts

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

Excerpt - position version Python output
a = Rover() True
b = Rover(3, 4) True
f = a.move _
print(f.__self__ 1is a) rue

print(f.__func__ is Rover.move)

print(a.move.__func__ 1is o
b.move._ _func__ ) Method f Rover class

receiver = a ' move — fn

func = move

Instance a
x=0,y=0

Complete runnable example



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



https://taohuang.info/cs1602/slides/l09/demo/mechanism-method_value.py

| 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(l, 1) :
Supplied: a, 1, 1

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



| Why Did x Not Move?

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

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

- BREBITEIER, MEMEHIFE,



| Next Feature - Measure Distance

Read self and other without moving either rover.
Add to Rover RINEE &G

def distance_to(self, other): b (3, 4)
dx = self.x — other.x
dy = self.y — other.y
return (dxxdx + dyxdy) ** 0.5

distance =5

(0, 0)

Full program ZZEEF

= XREW|ME: #£m:(0,0) 5 (3,4), EE 5.0,



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

| Version 1 - Position

a #myes | b mEs SEE Boh5 MEE
1 2 %3 (1,1)
; b < | = oswmAEE
4 =
3 (3, 4)

a - WS ware b - BRES
wz (0, 0) wE (3, 4)



| Review - Our Position Design

The position algorithm is unchanged; its organization has changed.

Procedural - interface excerpt Object-oriented - interface excerpt

a={"x":0, "y": 0} a = Rover(o, 0)
b = {"x": 3, "y": 4} b = Rover(3, 4)
move(a, 1, 1) a.move(l, 1)
distance(a, b) a.distance_to(b)

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



HALFWAY

Break

ERETH; ETFRLERE— Rover IIEHAEE,

41



| Instance State and Methods

__init__ creates state; self selects the instance to update.

Complete minimal class

class Rover:

def __init_ (self, coins=100):
self. _coins = coins

def spend(self, amount):
self. _coins —= amount
return True

def coins _left(self):
return self._coins

a, b = Rover(), Rover()
print(a.spend(30))
print(a.coins_left(), b.coins_left())

Python output

True

70 100

Instance a Instance b
_coins =100 _coins =100
— coins =70 — coins =100

T

Call a.spend(30)
self = a; amount = 30




| 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



| 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))



| A Bare Name Uses Function Scope

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

Complete runnable example

class Rover:
def __init_ (self):
self. _colns = 100
def coins_left(self):
return self._coins
def can_pay(self, amount):
return amount <= coins_left()
a = Rover()
print(a.can_pay(30))

Exception

NameError: name 'coins_left'
is not defined. Did you mean:
‘self.coins_left'?

Mechanism

coins_left() looks for a plain name.
self.coins_left() looks up an attribute.



| 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.

= pRBERMEERDO; THERANERCAEBEFME,




| 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



| Version 2 - Coins

a #ws | b mEs OEE a5 iE
1 7 B (1, 1)
5 b — | - osumiEn
3 (3, 4) 30
30 IE& —20 fa# 1000 #BE5

MRy EE: GNE, BEN v

-2 2 3 4 5 6
X > y 1

a - S wmse b BRES

wz (0, 0) wE (3, 4)

2% 100 27 100



| 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']

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)

= Hil a 178X, A AR EEEEER?



| Class Attributes and Instance Attributes

Where the assignment runs determines who owns items.

Class attribute & 1# Instance attribute SCHl/E 1%
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.

- RRBUHRZENE;, SXYIBAASRISLFIZEMYECHE



| 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



| Trace the Backpack - 1/3

Neither rover owns items; both read the class list.

One statement at a time —)/%x—

Instance a Instance b
Rover()

Rover()

a
b

Nno own items no own items

. Class Rover
" items — one list

o

- BESIRAT, SEFHAEFR, BHMHAEIRE.



| Trace the Backpack - 2/3

append changes that shared list; both rovers see apple.

One statement at a time —)/%x—

| Instance a Instance b
a.items.append("apple") , _
no own items no own items
' Class Rover ’

" items — one list
- ['apple’]

- BESIRAT, SEFHAEFR, BHMHAEIRE.



| Trace the Backpack - 3/3

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

One statement at a time —)/%x—

a.items = []

Instance a Instance b
items — own list no own items

l

a.items

[]

- BESIRAT, SEFHAEFR, BHMHAEIRE.

. Class Rover
" items — one list



| 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? %55R

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

Full program TEiER
= YIBEPIRFLIR. €, HFASTRBELS



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

| A Mutable Default Is Reused

The default [] 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

d, b = Rover( ) ’ Rover() Mechanism
a.items.append("apple") ,
orint(a.items, b.items) One default list; two stored
print(a.items is b.items) references.

Use None, then create [] inside the
call.



| What If We Supply a Starter Bag?

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

Inside __init__ #1iat P aYM AL IR

if items is None:
self.items = []
else:
self.items = list(items)

Full program TEIEF?
» NAEEEIINEIRT;, MmeFERE,

Test the starter bag MK #¥1EY &=

loot = ["map"]

a = Rover(items=1loot)
b = Rover(items=1loot)
a.pi ck(“apple“)



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

| 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])

orint(b) Outer lists: different objects

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



| What Should All Rovers Share?

The game can count how many rovers were created in total.

Design excerpt i&it FE& After creating a and b IR M AEZE

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

Per rover S\ & Per class B8N

X, Y, _coins, items created: one shared counter

- HEREIEH, FBERT —THRE'ER“BTABXEE",



| 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



| 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? 58
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 T%f%

- FBEIEAL, NERB—TYIRCHN,


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

| 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) Roveryvalid_coins(100)

= SEHIETRE VAT, BEFELEER,



| 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)



| 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) 1is 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.



| Complete Mission

a mme b =&

-------
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| Review - Choosing an Organization

Choose an interface for related state and operations.

A procedural design

Records hold x, y, coins and items.
Functions receive those records.
A factory can standardize creation.

Situation

Our object-oriented design

Each rover holds its own state.
Methods act through the receiver.
Rover groups fields and related methods.

A useful starting point

A fixed calculation or data-processing pipeline

Many entities with persistent state and related
actions

= AN R WREHEK, T—if: KR53,

Functions that process clearly defined
inputs

Objects with explicit state and
interfaces




| Review : Class Mechanisms

[m]2fE[m] ez
. MIrELEFEARE BENEEESEMSE
HE R ERERBEWE




| Review 1 - Where Is x?

A local assignment does not create self.x.
Short faulty candidate ¥5 &%
class Rover:
def __init_ (self, x):
X =X
a = Rover(3)

print(a.x)

Full program ZTEEF

Python output

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

Reasoning S

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



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

| Review 2 - Whose Backpack?

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

Short faulty candidate $&{&{&i% Python output
class Rover: ‘ 0 11
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 T2



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

| 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=>b
step(2)
print(step.__self__.x, a.x)

Full program S22



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

| Class Mechanisms in Rover

Follow initialization, method binding and attribute ownership.

__1nit self

Initialization Method binding
__init__runs for each self selects the receiver
instance A saved method keeps it
Attributes retain state Call parameters are local

after the call returns

- IR EBMEIE - BIEHERIE - BHEERSHEXR,

obj.attr

Attribute ownership

Instances hold their own
fields

The class can hold shared
data

Lists follow reference
identity




| Use the Same Questions in Lab

Apply the Rover design checks to the specified lab interfaces.

Rover fPaYia) R XM IERIEE

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

- LR OARE; ZXNRAE, BBASXINRITEE,



| Next - More Rover Types

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

Inheritance 4 Protocols H}¥ Modules &R
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



| 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 N . .

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

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



| 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 TEf%

- SEHINBIRAZBHNEHFHRENR,;, ERHEFEER
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| Reference - A Static Helper

@staticmethod supplies neither self nor cls automatically.

Complete Python example

class Test:
@staticmethod
def add(
u: int,
v: int,
) —> int:
return u + v

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

Python output

2
7

Read the result

Both calls pass only the explicit
arguments.




| Reference - Names and Construction

Names and annotations do not perform runtime validation.

Form Meaning

_nhame Nonpublic convention; still accessible

__hame 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

3 o Z A ) 5 4 5 )



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

- kR FNEENAE, BIRFEFAESSIA,



| 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



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.

- 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

TEHARTHEITRE ZIP - E Lab 9 BEIEO
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https://taohuang.info/cs1602/zh/labs/lab09/

