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Classes Il and Modules
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| Objects, Receivers and Contracts 3 & 5#&0

* Receiver & each call selects an object
- State and result IXE545R: observe both

* Contract £J3%: supported operations and failures

Slide 2 - Objects, Receivers and Contracts ;& 50
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| Reusable Reports O] £ Y EH

Records ig® Common Different Z5%

Ordinary members Name and report interface Role-specific description

Special roles The same supported Additional state or behavior
operation

Slide 3 - Reusable Reports B & A AE
FTAERDB., NIMCEAELERRE, XEFSSIMER, TREABMNEARRGER.
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| Quiz 1 - A Saved Method

HBEE - 1 &
(R 75555 AEHIRSIER

Submit this round once. & BN NIHETE

Slide 4 - Quiz 1 - A Saved Method
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| Lecture Structure

1 Reuse EF Inheritance and behavioral interfaces

2 Protocols HFM¥Y Representations, operators and containers
3 Modules &R Files, bindings and entry points

4  Environment Ifi5 Lookup, installation and execution

Slide 5 - Lecture Structure
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B EEMIRITAIBERTT; SLIN{REESLPMMERERR,

| - Inheritance and Behavioral Interfaces
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| A Base Class and Its Subclass B 5% 3%

Excerpt - complete definition in notes Base class &3%: Animal

class Animal: * Subclass F2£: Dog
def __init_ (self, name: str) —> None:
self.name = name

* Inherited initialization uses
this instance

class Dog(Animal):
def speak(self) —> str:
return "woof"

Complete runnable example T2

Slide 7 - A Base Class and Its Subclass E#5F#

AnimaliZEiZname, DogigBEEinit, FULL{ERMEN¥IENK . DogEEBEHCSHIITHN.,

ATIREMHER, TTEIHIZAnimal/Dog/CatEH X E—T, TMEREMITAITIAE.


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#inheritance-program

| Inherited Initialization Z&/&BIFIIEIL

Instance Child Base object
self - Child —» method lookup—» report / word—» method lookup

Ordinary method lookup 753&&1#; self stays the actual instance.

Slide 8 - Inherited Initialization 4%/&ARI¥IIAL
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| Method Overriding Fi2EE

Which implementation does the receiver select? F&FRilll,

class Base:
def word(self):
return "base"
def report(self):
return self.word()

class Child(Base):
def word(self):
return "child"

print(Child().report())

Slide 9 - Method Overriding 5585
FeFUNChildAYiE B & 2R 1&Bword,, report®& 5 1EBase, self{iE2 HAIN R,
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| Method Lookup /5i5E

Instance Child Base object
self - Child —» method lookup—» report / word—» method lookup

Ordinary method lookup 753&&1#; self stays the actual instance.

Slide 10 - Method Lookup /3E&E#H
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| The Receiver in Reused Code & F{LTBaYIEYE

code output
class Point: 8 4
def __init__ (self, x):
self.x = x

def read(self):
return self.x

a = Point(3)
b = Point(4)
f = a.read
a
p

rint(f(), b.read())

Slide 11 - The Receiver in Reused Code 8RR BHIIEIKRE
ClFFi5E, EFR8 4, f4iEa, RBEREFERIAE: aBfiEN#HE—IZEWEMER, bR,
BERDHABRER., HEAGERFEASIEselfifl— M EENR,



| Calls Inside an Inherited Method 4%7%& 5% RNiE B

Does Base.report force Baseword?

class Base:
def word(self):
return "base"
def report(self):
return self.word()

class Child(Base):
def word(self):
return "child"

print(Child().report())

Slide 12 - Calls Inside an Inherited Method 4475 &AE A

R EreportNi@I selfwordiflal, FokBEERINENENR ., TEERHANRREHIGHREEA
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| An Overridden Initializer E5BI¥IIA4L

Which required field is missing? TR NFER?

class Base:
def __init_ (self, value):
self.value = value
class Child(Base):

def __init_ (self, value):
self.extra = value

print(Child(3).value)

Slide 13 - An Overridden Initializer EB EI¥IIA1
FERETextra, llvalueREELBMEBNEIL, UABIRAEEWERZAE,

T—TTAXEPRRFERIRRRRARAINE, TMRRIGER.



| super() and Required State HFHBIKE

Excerpt - complete definition in notes Actual complete-program
class Student(Person): output LR
def __init__ (self, name, age, school): Alex, 18, SJTU
super().__init__(name, age)
self.school = school « Establish required name /
age

= Then establish school

* In this case, super finds
Person

Complete runnable example 5TEi2F7

Slide 14 - super() and Required State HEIRES

+—FliBiavaluefiti & AttributeError, EBint A2 Bm1iEXIinit, XERHIEREsuperi®ir
name/age, EiZfNschool,
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https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#initialization

| Reuse and Override EHS5ES

Excerpt - complete definition in notes Actual complete-program
def give_raise(self, fraction, bonus=0.1): output L
super().give_raise(fraction + bonus) Chen 115.00

* Reuse the existing pay
update

= The actual receiver is
retained

* Base.report selected child
in the previous example

Complete runnable example TEF2F7

Slide 15 - Reuse and Override EA5&E

{REB{EFEPerson/Managerii &5+, Manageri&inbonus, EREEEH; EXLnHlmBEtRK
Chen. 115.00,
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https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#manager

| Polymorphism and Duck Typing S5 518 F2H

code output

class Circle: 7.1416
def area(self) -> float:
return 3.141592653589793
class Square:
def area(self) -> float:
return 4.0

total = 0.0

for shape in [Circle(), Square()]:
total += shape.area()

print(f"{total:.4f}")

Slide 16 - Polymorphism and Duck Typing Z& 5087288
E—arealfd AR AEREAREZXE, REROSHSITH—N, HXREEHIFAALE.
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R,



| Quiz 2 - Dispatch and Initialization
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| Quiz Review - Reuse and State

Question Actual result Reason
Q2 child Inherited code retains the Child receiver
Q3 AttributeError No assignment established value

| BEB ARSI FAZ

Slide 18 - Quiz Review - Reuse and State

Q25Lfrchild, Q3Th[B)ERFEXAttributeError, #4f&reportFRENZIZINE, HWEXRMIZBEIMN
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| String Representations FFBERT

Which representation does each operation use?

class Point:
def __init_ (self, x: float, y: float) -> None:
self.x, self.y = x, y
def __str__(self) —> str:
return " ({self.x}, {self.y})"
def __repr__(self) —> str:
return f"Point({self.x}, {self.y})"

p = Point(3, 4)
print(p)

print(repr(p))
print([pl)

Slide 20 - String Representations FfFERT

Soi B strirepr&fIREIFER/FE, BFUMprint, reprflFIRAN E D 5HERB,
AKTIABTRER, T—ESERFKELMER.,



| _str_and _repr__

code output
class Point: (3, 4)
def __init_ (self, x: float, y: float) —-> None: Point(3, 4)
self.x, self.y = x, y [Point (3, 4)]

def __str__(self) —> str:
return f"({self.x}, {self.y})"
def __repr__(self) —> str:
return f"Point({self.x}, {self.y})"

p = Point(3, 4)
print(p)

print(repr(p))
print([pl)

Slide 21 - __str__and __repr__

BEX=1T73RBRFRFE. Pointi iGN T RAPoIntR R, Eilstrr][@i&repr, KREEA
PRAL,
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| Supported and Unsupported Operands {#{EECEE

Return/action Meaning & X

Result This implementation supports the operands
Notlmplemented Let operator dispatch try other applicable paths
raise NotlmplementedError An exception, not operator fallback

| B EEERSHHRE.

Slide 22 - Supported and Unsupported Operands 1Z{EXGEE

SERFENotimplementediREIE L, B7EVectort 5 5(ER ., EAEFalse, WABTFEE
NotImplementedError,

MABEERIL, REAZFRIZEERETypeError,



| Addition and New Results ;& 5#f4E R

Excerpt - complete definition in notes Actual complete-program
def _add_ ( output S
self, Vector(4, 6)

other: "Vector",
) —> "Vector":
if not isinstance(other, Vector):
return NotImplemented
x = self.x + other.x * The operands remain

y = self.y + other.y unchanged
return Vector(x, y)

= This + creates a new
Vector

* Check support before
reading fields

Complete runnable example TEF2F7

Slide 23 - Addition and New Results IIiES 4
AEIRPEREEINTEFNR, TGN, BHFERBIESTEEXSHEBIHNY, NI
1517,

ROMBSLIRE, NMRIEFRBINEEER.


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#vector

| Reflected Operations RIHEE

Excerpt - complete definition in notes Actual complete-program
def _ rmul_( output S

self, Vector(3, 6)

scalar: float, Vector(3, 6)
) —> "Vector":

return self x scalar = Vector x scalar: _mul__

= Scalar x Vector: _rmul__

* Reflected dispatch has
type-dependent rules

Complete runnable example TEF2F7

Slide 24 - Reflected Operations REHEE
A EN BANERQOEBRELALE, EMMMREAESER .
{RES |Hraddi 2 IRENIR, TEFERBMASREERFNSE, M KEFTEBA.


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#vector

| Augmented Assignment &3R8 1H{E

Does the alias observe the changed object?

class Value:

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

def __add__(self, other: "Value") —> "Value":
return Value(self.n + other.n)

def __iadd_ (self, other: "Value") —> "Value":
self.n += other.n
return self

Value(1)

a

+= Value(2)
print(a.n, b.n, a is b)
a =a + Value(3)
print(a.n, b.n, a is b)

Q T QO
In

Slide 25 - Augmented Assignment &8 {8
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| Object Mutation and Rebinding €25 E 45 E

After += j

er One object

a and b 3 3 True

After + Two objects
—

rebind a 6 3 False

This implementation only $2AFISEIIER ; += need not preserve identity.

Slide 26 - Object Mutation and Rebinding 1245 E45E
SEfR53 3 True, 6 3 False, AffliaddfEiAHZENSR, TBINAMERREMYIEa.,
BEIRER+=ERENX, RAZFENEEERBAEEERITR,

| Length, Indexing and Membership {<E5 T#x

Excerpt - complete definition in notes Actual complete-
def __getitem__(self, index: int) —> str: program output 52
return self._songs[index] i

2 changed True
first
changed

def _ setitem__ (
self,
index: int,
value: str,
) —> None:
self._songs[index] = value * Membership =

* len—> _len__

__contains__

* Negative indices and
IndexError follow this
list contract

Complete runnable example TEF2F

Slide 27 - Length, Indexing and Membership <E5 T#x
REBPlaylistfIEII &S . EE Tin. KESKA., TEREFBEREEIEN.
lenFBIENEY, WENETOARE: TE2MEXNREBE XLV


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#playlist

| Sequence-Style Iteration FFFIZViE(L

What index is requested after the last item?

class Values:
def __init__ (self):
self.items = ["A", "B"]
def __getitem__(self, index):
print("index", index)
return self.items[index]

print(list(Values()))

Slide 28 - Sequence-Style lteration FFIZIER
% ABiterBIB] BAMgetitemiBER0, 1484, ST &R RIEKRE D TRARAEIELE,

FIEIESEFR0/1/2153K, FHENone=BAL



| Equality and Identity HH&5 5%

code output

class Item: True False True
def __init_ (self, value):
self.value = value
def __eq__(self, other):
if not isinstance(other, Item):
return NotImplemented

return self.value == other.value
a = Item(2)
b = Item(2)
c =a
print(a == b, a is b, a is c)

Slide 29 - Equality and Identity 18%5 &1

F—TIEFRIBERO. 1. 2, IndexErrorEREEEIRME., AEXPTBEXed5X K51, i
True False True,

isAZeqEENEM, tARRIFNone; RINEBNRIEEBERSMN.



| Identity and Type Checks {538,

Question G5k Operation 1Z{E
Same object? aisb

Equal by the contract? a==

The None singleton? x is None

Accept subclasses? isinstance(x, Base)
Exact runtime type? type(x) is Base

Slide 30 - Identity and Type Checks &1{p 525!
R REER: isSEBM), eqiEtBEMIN, isinstanceZ[EF K., #Eifitypeth BIRMHR(ERLZ
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| Quiz 3 - Equality and Identity

HBEE - 1 &
HEFR. TRALHISHE

Submit this round once. IR EZGRNI IR

Slide 31 - Quiz 3 - Equality and Identity
B EXENXeq, AEXLMXIFERUEBLERTFE, F1EFE/)NBUSFREEFREM.
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| Quiz Review - Values and Aliases

code output

class Item: True False True
def __init_ (self, value):
self.value = value
def __eq__(self, other):
if not isinstance(other, Item):
return NotImplemented

return self.value == other.value
a = Item(2)
b = Item(2)
c=a
print(a == b, a is b, a is c)

Slide 32 - Quiz Review - Values and Aliases

M NLHIFERMES, AlitteqTrue, B[R NFalse, cHiEaNTrue,
BEMNEEREX .. FEBARHERLR, TEXREEEMI®RGERE, F¥FPEXES
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lll - Modules and Name Bindings
BRANBERIEREGRZE, FTEMEREME—RSEX.
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| A Small Program Across Files &3 {418%

geometry.py

area(w, h)
main.py

entry point
-\\\\\\\\"reportpy

line(value)

Actual output

area=12

Dependency edges S AfK#i; not threads or simultaneous calls.

Slide 35 - A Small Program Across Files ZX{412%

geometryE XIRE, reportfaz B/, maindBLRNDO, KEETLARR=TEIZT R EEATH
17,

SER=T X4 IT5Elarea=12, HXLEEBXHMANIBITERY.



| Modules as Objects &R R

code output
import math 4.0
print(math.sqrt(16)) module

print(type(math).__name__)

Slide 36 - Modules as Objects &R %
mathEEAERRN R, RABISEMTAE, AF145R4.05module,
RHBEBERRENpyX Y, BEEYT EB. NBESERSER, TEEAXHT BRBEXMABEIERIR,

| Explicit Imports EXXSA

Form 5i% Access ifid
import math math.sqrt(16)
import math as m m.sqrt(16)
from math import sqrt sqrt(16)

from math import sqrt as root root(16)

Slide 37 - Explicit Imports 2T &\

MMAEANEBRTHXGF, RRBMBESANEDER, TNHRRER.
EAREAMMERERES], T—HH5IH.



| Module and Member Bindings {25 R4IE

main namespace
count - 1

items - list ) Oneshared list

[IIXII]

config namespace

count - 2 /

items - list
Rebinding vs mutation EF4ESEMXIER; observed: 12 [x]

Slide 38 - Module and Member Bindings &5 R 48 E

importERRI R, fromFAEEFNNRSIA, BRFERENHAESS BRI RZF; 7
TIRESULA N

BISea i, EERFHTNA S —RERS, ~MERIBRITAE,



| Import Style and Exports A Xg

* Explicit names B & #R: keep origins readable
" Separate groups S A% 4H: standard, third-party, local

* Avoid wildcard imports in ordinary course code

| RBESSHTERBH, RIERIESERNLEERE,

Slide 39 - Import Style and Exports S AXIE

RITHORIAH, ESTRBRECHERT, EBEREALERER,
—EREEAZAFANIES, NMREFGESAMBERRIKTREL,

| Module Initialization {&iR¥J184k

helper.py main.py

print("module body") import sys

def action(): import helper
print("function body") import helper

same = sys.modules["helper"]
print('cached", same is helper)
helper.action()

Multi-file example Z32 474l - save and run locally.

Slide 40 - Module Initialization #ER¥EKL
LFOMNSEARITHLETZEIET, def REIRE, AABABITREVA,
ATIREREIXHIRERE, TREIAER, T—TI4AXMRER.



| Repeated Imports and sys.modules A &fF

helper.py main.py

print("module body") import sys

def action(): import helper
print("function body") import helper

same = sys.modules["helper"]
print("cached", same is helper)
helper.action()

Actual Python 3.13 output - real files

module body
cached True
function body

Multi-file example Z X474l - save and run locally.

Slide 41 - Repeated Imports and sys.modules S \4E7Z

SLERTAE RFTEl—/Rmodule body, EEZ @S AN ERF, EXNAAactionZ#TEJfunction
body,

RERHZERRZREBSAN, BreloadsifiAES D,



| Mutation and Module Rebinding &R E #f

config.py main.py
count = 1 import config
items = [] from config import count, items

config.count = 2
config.items.append("x")
print(count, config.count, items)

Multi-file example Z 3474l - save and run locally.

Slide 42 - Mutation and Module Rebinding IR E
RN SR SEFRTZEAE . S FulE R countR B FFI R IE N3 from B F RIS E ,

RXAABRER, T—TIRARERBXMR#HE,

| Imported References SASIH

main namespace
count - 1

items - list 5 Onesharedlist

[IIXII]

config namespace

count - 2 /

items - list
Rebinding vs mutation EF4ESEMXIKR; observed: 12 [x]

Slide 43 - Imported References S A\5|FB
SR 25 E8x3R, MEFERHA R A fcount, FIRDZR—TNR,
AFRfromEFIFT R LA 5EE, WATER R ENERIETT.



| Module Names and Entry Points &R Z5A O

tools.py main.py

print("load") import tools

if __name__ == "__main__": import tools
print("demo") print("main")

| Multi-file example Z3447=%I - save and run locally.

Slide 44 - Module Names and Entry Points f&RZ5 A\ 0O

SetRiBnameTiillguard2 S5 #H1T. toolsfiTi/Eload R~ fEguard®, IEIE(T

MXHEXSAORE, T—aoalaBaERITHNSAS



| Direct Execution and Import B 58 A

Entry A0 Actual output SCRR%H
Run tools.py load

demo
Run main.py load

main

main guard REEHIZIR, EMIZEEMERNERE.

Slide 45 - Direct Execution and Import HiE55 A\

H##toolstTElload5demo, main§ A#JElload5main, guard ™HATIIR AR RMERTTETCE]
({38

FTEAMIXGAEN, RERFEMITEIT LB,



HBEE - 2 &
BREFEHSHZIIR  » ZBSAEESAOguard

Submit this round once. 32 B3R NIHEIE

Slide 46 - Quiz 4 - Imported State and Entry Guards
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| Quiz Review - Imports and State

Question Actual output
Q5 12[x]
Q6 load

main

Slide 47 - Quiz Review - Imports and State
Q5NA128x, SIAMEFHHEAR; Q6{Xloadflmain, EHiEEFS guardD BlIfERE.
BEEDT, MTERXHEERNGZHBEER.



| Regular Packages & &

mypackage/geometry.py main.py
def area(w, h): from mypackage import geometry
return wxh print(geometry.area(3, 4))

Actual Python 3.13 output - real files
12

Multi-file example Z X474l - save and run locally.

Slide 48 - Regular Packages Zi&EE!

EEEEZIntFER, XTERIBSEI12, namespaceBE A, MMEMRiNit=ERS

Ao
QIR T EEX, TEEFRMntZAEHY, NIAREATEIERE.

IV - Environment and Execution
MEANTRABRANIE, KBEEF. BRFRSERESS, FTEKRKEMEEKZEI,
THRAMIZIENINE, NEEIFAEBRE MBS,



| Module Search {&EiRiE %

1 Cache &£7F Check an existing module entry.
2 Finders =28 Built-in, frozen and other import finders.
3 Paths &2 Top-level path-based lookup uses sys.path.

| BRARSEERINERE, YA ERAKEE—.

Slide 50 - Module Search t&iRiE %

EEMABERHABZRIMAER, BHIEMBNREIRIERE—; &F. RENES
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| A Same-Named Local File [G145 A1t 32 {4

random.py main.py
print("local random") import random
print(random.randint(1, 3))

| Multi-file example Z32##7fl - save and run locally.

Slide 51 - A Same-Named Local File @&t 4

g B AHREZEAESIZEEZRFPE A random, SLFillrandintA] Z{ER,
AEEXIMEMER R XY, FMRAIEREIR, T—T%R12H,



| Identifying the Actual Environment TfiAIFiE

Previous prediction - actual result

local random

AttributeError: module 'random' has no attribute 'randint' (consider
renaming '/privaterandom.py' since it has the same name as the
standard library module named 'random' and prevents importing that
standard library module)

* sys.executable: selected interpreter
* module.__file__, when present: source

* python -m pip --version: matching installer

Slide 52 - Identifying the Actual Environment fIAIIE

L —TASERRInE A tirandom A & A AttributeError, 1B fRIRER . BREAZAMpipN X R, &
1ERTE B MR IR 3 i

XU ERMENEE, RNIANZRRAFPAEBREEE L.



| Virtual Environments EIFIE

* python -m venv .venv
* Use that environment's interpreter and pip.

* Dependency isolation, not a security sandbox

| AR SRR, BRI,

Slide 53 - Virtual Environments Ei\IFiE

venvAARE=FH, TRBIGTRMFENENLZENE. MTRMERIEHRAXIRE, HE
RERLZ RN

NNV ERENpp, BREZRNSANEL



| Installing Compatible Distributions &R E

Task Command pattern

Install python -m pip install PACKAGE

Inspect python -m pip list

Upgrade python -m pip install --upgrade PACKAGE
Remove python -m pip uninstall PACKAGE

Local wheel python -m pip install compatiblewhl

Slide 54 - Installing Compatible Distributions Z3EH A €]

XEHMUMELRER, TIIFEEMAMKB, wheelflpinELEPython5FES, |[HNumPy1.264<8E
L3 131EfaR A,

RITTEMRMRE, TEHZERREPESE.



| The Scientific Python Ecosystem B2t E 4R

Library Typical use

NumPy Arrays and numerical operations
Matplotlib Visualization

SciPy Scientific algorithms

pandas Tabular data

pytest Behavioral tests

Slide 55 - The Scientific Python Ecosystem Rt B4

BT HRIESHEXRE, TEME NS BEMINERESE, THERIBRR,
EMABEAZTHEHLEER, BARTHATBENRRERH,



| CPython - Source and Execution [Ri35#1T

Source iRt Compile fwi¥ Execute 1T
.py statements ———® code / bytecode ———® top-level code

Disk cache t##& Process cache i#g
.pyc: compiled code sys.modules: objects
CPython 3.13 model &FEARE; new processes still initialize modules.

Slide 56 - CPython - Source and Execution B8 5#4T

CPythonE&RIFS T, RBRARBNRIFETHE, BHBTHWAE, ~EFREPython
&R B CPython,

FwizEMA APERTREENL, NEALELRES BRENSBNES X,



| Bytecode Operations F 53R

Actual output SCiiaH

3 RESUME
4 LOAD_FAST_LOAD_FAST
BINARY_OP

RETURN_VALUE

Slide 57 - Bytecode Operations FGiR{E

1 (a, b)
0 (+)

* Load operands EX

(=]

* Add zE&
* Return i&[A]

* Version-specific

instructions

BL33&ICHRRIRAIEREL. TE. BE=17F, AEMEHESIHRES.

XERHATEINR, FE2EFEREILER, HAMBAZF HERFEERE—ERT.



| Two Kinds of Caching HEETF

Source iRt Compile fwi¥ Execute 1T
.py statements ———® code / bytecode ———® top-level code

Disk cache t##& Process cache i#g
.pyc: compiled code sys.modules: objects
CPython 3.13 model &FEARE; new processes still initialize modules.

Slide 58 - Two Kinds of Caching FIE4ETZ

sys.modulesZFARHARREMIRNUNR, pycFHERIFET. MHBREREREFHEIITIE
att.

ZEAENE. MRNEHNZHEEMEN, FRBRSREBLRFIFHRAIT.



| Cached Code and Runtime Work E1F5i51T

Will another fresh process print the top-level message?

# helper.py
print("helper")
value = 3

# main.py

import helper
print(helper.value)

Slide 59 - Cached Code and Runtime Work &1753151T
XERAEARN XHINERSKR, TINETRY., ST ApycitindfEa &1 Elhelper,
T—TIXPrEEIMm T FTHEAER, THRAFPEFERIIEE.,

| Implementation and Cost LI 54 {ft

Process Actual output
1 helper

3
2 helper

3

* New processes still initialize modules.

* A cache does not hide source or prove faster code.

Slide 60 - Implementation and Cost ZI5KM
M IATZERERTT ENhelper53, BIRSABRATEIEMRH. INEMDBHE, TEEEARIE.
pych 2B ABAFRZERN, EETFEMMERERILTHE—T 2T,



| Solo Assignment 2 - Counting Primes

* Five methods: brute force, v'n, 6k+1, sieve, Miller—Rabin
* First verify, then measure a feasible workload

* Three solo assignments: 15% total; this one: 5%

| Due: 1 Dec, 23:59 GMT+8. AEMESRHRE, ABME12AE.

Slide 61 - Solo Assignment 2 - Counting Primes

RITERE B E10EBHETAE, SlEHs0lo28i—RFHIEE, =M &5%, F~AIEAEE7.5%
ZHE,

LM BE AN, NBREHGENNIER, BEERTFNR/NNGAN, TEREEE

o



| Lab 10 - Interfaces and Module Organization

Part Work Raw points

A Shapes / accounts / Money / Deck 16 auto + 8 staff
B Real module project + evidence 8 auto + 4 staff
C Environment and debugging 0-point record

Slide 62 - Lab 10 - Interfaces and Module Organization

REAGURSS, MXFMEXTIEGEE, =KICRFTOF. HOFELRNAH, FeEEEME

NEKRF—BFI-E,

HW4Hlsolo2 \OZFF, IRENEANE; FREFSHREAFTHLRR.



| Reuse, Protocols and Evidence

* Inherited state and behavior
* Supported operands and failures
* Imported bindings and side effects

* Interpreter and cache conditions

Slide 63 - Reuse, Protocols and Evidence

SR, BIFEENEREWNBIRBITH, ERERE. MARE, RESWREFRH,
HAZNAZNBRIE; SRR, BIFEREIEESIE.,



| Complexity, Exceptions and Testing

* How much work does the implementation perform?
* How should failures be handled?

* What evidence supports correctness?

Slide 64 - Complexity, Exceptions and Testing

T—HEADWERE. RENNL, SHRPETREREZORN, KERMENTE
SEMIBEE,

FLEENLER, FEENGS IBAIEER, A0 thihif,

Reference &

SERESHUE, TBMN. BRAT. TESHNA, KEFBETEAX, FRTREM
MEATRHE,

IBZNRAM, HEMBSHEABRHMZH DB,



| Person and Manager - Complete Example

Excerpt - complete definition in notes Actual complete-
class Manager(Person): program output i
def __init__ (self, name, pay): i
super().__init__(name, "manager", pay) Chen 115.00
def give_raise(
self .

’ = name/job / pa
fraction, J pay
bonus=0.1, = get_last_name/

): give_raise

super().give_raise(fraction + bonus)
= Same-name def

rebinding is not
argument
overloading

Complete runnable example TEF2F

Slide 66 - Person and Manager - Complete Example

R 5T EPerson/Manager k&, HWERMEFHIZRO ., FEMKEiPerson, HXMIZIANOS

Mo
EAEXRFABRESX, ERNMEAZEERsuperfIiEE.

ZHE


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#manager

| Required State and Compatible Interfaces

* Inherited names do not create instance fields.
* Override signatures and outcomes need a contract.
* NotimplementedError is raised when called.

* Initialization order depends on state requirements.

| ZBEE. THRSSREMKERRETE,

Slide 67 - Required State and Compatible Interfaces

H—BNEFREGENEL, FREWRIEEL. AREIR. RESARE R GERIMERETR
LR

E@EE T elEMmareald BiRE, FEEFs|ANabcHldl,



| Cooperative Multiple Inheritance S{E S 4%

Actual output SER%H * C3 MRO, not BFS
['Combined', 'Left', 'Right', 'Root', 'object'] - super continues after

['Combined', 'Left', 'Right', 'Root'l] the current class

* Cooperative methods
must call the next path

Slide 68 - Cooperative Multiple Inheritance S{ET 2 4%
SLFRCombined/Left/Right/Root/objectil = — /R iEBYE. LeftiFRIARight, RootR—X,

MROARBENHATIRBER S aFMNIEHEER S EfR{ERsuperilizO,



| MRO Constraints 73X FEL R

code output
class A: pass ['D', 'B', 'A', 'C', 'object'l]
class B(A): pass
class C: pass
class D(B, C): pass
print([c.__name__ for c in D.__mro__1)

Slide 69 - MRO Constraints A 3EIF A5

D/B/A/C/objectBRIE T EBFS, HEFBIEXTEINFZELIZENRTypeError, TE&REIE
3o
PRIBXRZRBEFANE, EhrmrofILIRD HlIER .



| Inheritance and Composition & 5H&

Choice Behavioral requirement

Subclass Preserve what clients depend on

Delegate / compose Reuse another object without claiming its full interface

Mutable Square/Rectangle Independent width/height updates may conflict with equal
sides

Slide 70 - Inheritance and Composition 4¥/&54HE
HlsESquaresgRectangle A NMRIEAIMII EMRTHREFEZEOESMH®, AESNEZIEHEER.
REL |HE BRI, AR—KIEo EFIEMMIER.



| Name Mangling Across Subclasses

Excerpt - complete definition in notes Actual complete-program
def __init__(self, values): output SCiffa
self.items = []

[1, 2, ('a', 3)]
self.__update(values)
= _update —
__update = update _Mapping_update

= Subclass update may have
another signature

* Name mangling is not
access control

Complete runnable example TEF2F7

Slide 71 - Name Mangling Across Subclasses

ZEL09: EEREFESHWupdate, FEARBERZNEIRIBN . TTEEMapping/Child3LEfRsE
NI —THE,

BRI BAMSMNER AR, A SHPEBRB SR .


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#mangling

| Introspection Tools I& T H

Actual output ST * Type vs isinstance

True False = Class MRO and ordinary
True . .

ety R instance dict

['Dog", 'Animal’, ‘object’] = dir is a diagnostic aid
['name']

Slide 72 - Introspection Tools AE T AR
type. isinstance. issubclassflZEmroE A~ EIAE., E@XEHldicticRFER, dir@i2ii LR,

A= ITYRAdIct, BAZREHMAFIRERIOIMITEK; TREROMUIEAE,



| Functions and Code Objects B S5{{33T R

code

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

print(add.
print(add.
print(add.
print(add.

__nhame
__code
__code__
__code

_)

__.co_varnames)

.COo_names)

__.co_consts)

Slide 73 - Functions and Code Objects R 5 B HR

FTEREER. SIBR5EE, Bibldcode/E

¥

output

add

(‘a', 'b")
()

(None, )

BREI R B RSN, (R IHREI R

XEZFSTEIE, MMRIARMEGITRES, FEllambdagiHEl,



| Rich Comparisons and Sorting = ELE

Symbol Method

</<= It/ _le_

==/I= _eq_/_ne_

>/>= _gt_/_ge__

Unsupported equality Try applicable paths, then identity
Equality and hash Equal keys must have equal hashes

Slide 74 - Rich Comparisons and Sorting FLEiR
NEARE, B%BreqAAF; AXFLERUWAIDIREMRININ, NEXeqBRBEERTIES,
Hiithashii5HE N, T EEEAIZWSRERIEFHE,



| Readable and Informative Representations

Excerpt - complete definition in notes Actual complete-program
def __repr__(self) —> str: output S H
return f"Point({self.x}, {self.y})" (3, 4)
Point(3, 4)
[Point (3, 4)]

* str may fall back to repr
* Containers display repr

= Both must return str

Complete runnable example T2

Slide 75 - Readable and Informative Representations

PointTe B ERMARBRUIANBEXRRE TR1TN. AIRRTIEHERRITER, FMRilfevalk
£,

IRERKETEEX, MIHAREMUFEIEES.


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#representation

| Container Operations &S24

Excerpt - complete definition in notes Actual complete-program
def __setitem__ ( output SCiE
self,

2 changed True
first
changed

index: int,
value: str,
) —> None:

self._songs[index] = value * Negative indices

* Length and membership

* IndexError ends sequence
fallback

Complete runnable example 5TEFZF7

Slide 76 - Container Operations Bz31¢{E

REBEEadd, 5. KEFMRA, TEIEOEIHX ., explicititer None2FHIEELR, L1I3BEF
ERES,

PRREXFRERERY, FRgetitemBFHERRESIEAA,


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#playlist

| Binary and Reflected Dispatch

Excerpt - complete definition in notes Actual complete-
def _ mul__( program output SCif
self, it

scalar: float,
) —> "Vector":
if not isinstance(scalar, (int, float)):
return NotImplemented
return Vector(self.x * scalar, self.y x scalar)

Vector(3, 6)
Vector(3, 6)

= Aright subtype can
have priority

def _ll”mul_( = Same-type reflection
self ; ;
! not al retr
ccalar: float, is not always retried
) —> "Vector": * Implicit methods are

return self * scalar usually type-level

Complete runnable example STEF2F7

Slide 77 - Binary and Reflected Dispatch
{R8Badd/radd. trELAAHEMEE, FXFFRIEASERNBEENZFIMEREBT.
SEfleET InlenfEEERIRR N lens#F, WX B EETypeErrorfi]F,

| In-Place Operations and Aliases

Actual output SCHIsH * This iadd returns self
3 3 True = Another iadd may return a new object
6 3 False

* Missing/unsupported iadd can fall
back

Slide 78 - In-Place Operations and Aliases
BRI EHRTE, RBIIRS TANRMFNREINR, ERAEBRASER.
SRMTMERATEERR, ~E4|Eitbtt,


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#vector

| Triangle and Vector Protocol Examples

Excerpt - complete definition in notes Actual complete-program
def _ 1t ( output S

self, True 3

other: "Triangle", 4
) —> bool:

if not isinstance(other, Triangle):
return NotImplemented
return self.area() < other.area()

* This Triangle orders by
area

* Indexing selects edges

* Invalid updates preserve
old edges

Complete runnable example T2

Slide 79 - Triangle and Vector Protocol Examples

|HTriangletb 5 TAREMTRRE, WIS XERFIBRHEX . LO9RIN4:Vector{liilid k&

%,

AEEWER TriangletB N E B ALAEEE.


https://taohuang.info/cs1602/en/lectures/l10-class-ii-module/#legacy-applications

| Point, Complex and Mapping Examples

code output
def isomorphic(s: str, t: str) -> bool: True
if len(s) !'= len(t): False

return False
forward, reverse = {}, {}
for a, b in zip(s, t):

if a in forward and forward[a] !'= b:
return False
if b in reverse and reversel[b] !'= a:

return False
forward[al, reversel[b] = b, a
return True

print(isomorphic("egg", "add"))
print(isomorphic("foo", "bar"))

Slide 80 - Point, Complex and Mapping Examples

B B MM ST f{R——XIRz, SEfregg/addgTrue. foo/barigFalse, Point2D/nD4EE R
ComplexiliETZREH X IREE,

HappyNumber5L09E 8 iR, FRIIBMIERZE.



| A Complete Multi-File Program

geometry.py main.py
"""Geometry operations.""" import geometry
def area(w, h): import report
return wxh value = geometry.area(3, 4)

print(report.line(value))

Actual Python 3.13 output - real files
area=12

Multi-file example Z3#47Rfl - save and run locally.

Slide 81 - A Complete Multi-File Program

R main/geometry/reportbSEFRMKEIF 1L, FAIB=XHEHXTEIL, RBRESETE
BERRRRIZ,

RILEM XM, BEthXEARRAETRE, WILKBHRIERT,



| Initialization Order and Circular Imports

a.py b.py
import b from a import value
value =1

Actual Python 3.13 output - real files

ImportError: cannot import name 'value' from 'a' (consider renaming

'/privatea.py' if it has the same name as a library you intended to
import)

| Multi-file example Z32447R%l - save and run locally.

Slide 82 - Initialization Order and Circular Imports
BRI a) R B IR A TR £ LFRImportError, #FIRHIRFE. def4fEFIARAEERE—IE.
WRIRZRSEFIAE, NFRIDESEXEE,

| importlib.reload

settings.py main.py
print("load") import importlib
value =1 import settings

from settings import value
settings.value = 9
print(value, settings.value)
importlib.reload(settings)
print(value, settings.value)

Actual Python 3.13 output - real files

load
109
load
11

| Multi-file example Z3447R%I - save and run locally.

Slide 83 - importlib.reload
B LRERFTENload, JgiERvalueEE N1, 1B ZRIfromiIBFERE B ohSEiTHEHE,
Fimportlibft&|Rimp; ARHLEZEEFTREHRIL.



| Aliases and Future Statements %l 5future

code output
from __future__ import annotations Node
class Node:

def copy(self) —> Node:
return Node()

print(Node().copy().__class__.__name__)

Slide 84 - Aliases and Future Statements 3l|& 5future

asBLERMILE) R, MEMRRAL, futureZ2RiFIES, AWFEENEHIIRAE, TEKY)
HEE—17.

annotationsM3.78]i%, E313TERXERH, FTEHEIRE,



| Search Paths and Environment Details

Mechanism Condition

sys.modules Already initialized process objects

Import finders Built-in / frozen / custom and path-based
Path entries Script context / PYTHONPATH / site / zip
Launch options Normal script, -m and -I differ

Slide 85 - Search Paths and Environment Details

{REpth. site-packagesfRZZM; MAENEEER, BEREEARCSHNLETX,
TMEHBI TERRMzAIRBRTRFENN, EAEEEREFFIE,

| Packages and Exports 855 H

Item Meaning

Regular package _init__.py establishes initialization
Namespace package A distinct package mechanism
_all_ Controls intended wildcard exports
Relative imports Need a suitable package context

Slide 86 - Packages and Exports f15 &
BB Snamespacen FF; mainEZRERZRS-mBEAEE—LTX.
RBIHSE . FCAENEEINR, TEIMRIBEH Y.



| pip, Wheels and Compatible Versions

Concern Check

Interpreter python -m pip targets that environment
Distribution Python / ABI / platform compatibility
Sources PyPI or a known compatible local wheel
Operations Install / list / upgrade / uninstall

Slide 87 - pip, Wheels and Compatible Versions

RE Hpip5wheelZliR, THATREHERGB S, BEREINS NIREFSERDS, TEERE
1.26pin,

< a5 ERAITERBIRX 7.



| Library Reference &%

Libraries Scope

NumPy / Matplotlib Arrays / visualization

SciPy / pandas Scientific algorithms / tables
Scrapy / Beautiful Soup Web processing

Pygame / pytest Games / tests

Slide 88 - Library Reference FEZ &
BREZ, W, HFRABMESAERERE, TRFEINBRENMBIE.
A AERAB —RREERE, BAMIBAESEERTHEIARA.

| Implementations and Toolchains Sc¥l 5 T BL&%

Examples Category

CPython / PyPy / Jython Python implementations

Cython / Nuitka Compilation tools

Native / bytecode / JIT Compilation and execution can be combined

Slide 89 - Implementations and Toolchains 3EI5 T B5
WIENEFENES, TEBFE L EETRARRESS., CPythonfICZI SR EERIAMIRE.
|[HCocoEMIARR, RIEFRFGFEZBIUARENSR; RIBEIEERA g ECEMIEIRITS.



| Explicit Compilation B\ {RiF

code output
source = "answer = 2 + 3" 5
code = compile(source, "trusted.py", "exec")

namespace = {}
exec(code, namespace)
print(namespace["answer"])

Slide 90 - Explicit Compilation EX471F
a]{ZRi5compilef$Zlcode object, execTEIEE mATEHITERIS, TBREEEpycZHHIR
exec,

py_compile/compileallin @ RiEIFH S F B R, THRBESNS[IMITARIFRE,



| dis and Function Metadata FH15.5 oEiE

code

output
def add(a, b): add
return a + b (‘a', 'b")
()
print(add.__name__) (None, )

print(add.__code__.co_names)

(
print(add.__code__.co_varnames)
(
print(add.__code__.co_consts)

Slide 91 - dis and Function Metadata 185 TTEUE
co_consts, co_varnames. co_namesfiE N iRBER, disRiRBIEhE,

BLRAE. RESRBXHITSHAZEREAEE, FERIEIC,

| .pyc Cache Conditions EF&M

* Validity and version tags matter
* Permissions and -B can change cache writing
* Imported modules and direct scripts differ

* Compiled code is not source confidentiality

BREFEASREINAEPIERYGWL.,
I

Slide 92 - .pyc Cache Conditions &7 &4
ZFAEVMINRREESE/ER; BEERETHATERE CHpye, SAERAE
FRREAEEEII/MAER, A RMEIFEFEBRE.



| Bigint - A Later Assignment XE¥Fiss

Representation Supported interface

Decimal input string Sign and grouped digits

Display / compare str, repr, eq, It

Arithmetic add, sub, mul without whole-operand int
conversion

| HEIDAEL2SREGHE, KERELEH,

Slide 93 - Bigint - A Later Assignment KZEFE
REBIEBigItXREEMERIZE, EXBoHES12AE, NMEARBREBEET5%INE KM,

XERATEEWVEEER, HESTHHNRENEX S,

| BigInt - Verification and Report

* Zero, leading zeros and signs
* Unequal lengths, negative differences, carries and borrows
* Use int as a test oracle, not the implementation

* One-page report: representation, signs, evidence

Slide 94 - Bigint - Verification and Report
T5HSE. BS. FEK. BUBMMERTARE, nteIUH, FEERIN,

|IH20/20/20/10/15/5/10 R{EFASEIC®E, MRIBIMBETE S EF AT,



| Counting Primes - Contracts and Evidence

Contract

Evidence

0=<p<n;n=<100000
Five genuine methods
MR bases 2 and 3

Timing after correctness

Slide 95 - Counting Primes - Contracts and Evidence

Small values and cross-method counts
Inspect source and report, not wrappers
Deterministic within the stated bound

Feasible sizes, repeated measures, environment

R—REXES/IVE, MRIBEMREREHA, FHEEERBIEL,

BN ARE AL, RECFKATHRMEN=ZRATNE, INBRERRTER, FTEKRKRHGLE

FTERENE,



| Lab 10 - Fixed Interfaces ElE#O

Entry Required boundary

Shapes Finite positive dimensions; ValueError

Accounts Integer cents and explicit overdraft rules

Money Decimal display = rounded cents; sentinel operands
Deck Fixed cards; invalid deal preserves state

Project Five real files; silent imports and guarded self-tests

Slide 96 - Lab 10 - Fixed Interfaces EE1E0
ANEE. B2, MAFICERABR—AE, HWASsolo29F., RIS AN FHAINESHF.
SERAMAEZTRREE, AIFRSIRFIERESS, KRMHEoEMIREA.



