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ERFAEEK, REMNTRORESRIFK. BRENLRE
B ARERRNARXE, RBER—REF—ELUBR, %

AfEeR. ¥LER.
HFRMNSIE (O0P) WEARE: FEEMIRIEERIERY R FHREE

T—ic, W—TEFE—NR. WRECEEBH SRS, ML

I %

52%H,
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L] PN
OOP M= MRS

1. 3% (encapsulation) : WREREAZBHAT, RE|ZEO. B

JBAEEZENELI, RFEHE “BMTA”

2. 447 (inheritance) : FERERESSHIME, BREES, pog B
EHIR1E Animal BYNFR B IHEE

3. 27& (polymorphism) : E—#&0O, RETTH. simulate(rv)
BEAME Gaussian. Bernoulli FFFE D, LTEZ—FIKZEHE
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LIS PN

£5 12 #, (18 Python B9 OOP M T HEHNZ &%
RandomVar'iable — Gaussian / Bernoullio, f£28 22 HH, FH 6rid

OceanModel SRHLR/FFIR TRV,

C++ BZFHEMAMNR, MEAL Python EFE—RiFBSETRIF
SN TRt ﬁlﬂwﬁﬁ ERHMEEF, KAHANTA CH+ HANR
URAZRVAERENIR, FA C++ EFSEIIXERERNGF, XLEmiE
= HY OOP M1l
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A iHE

1. 2 CH+EMNENXFZE: MRTE. MISKER. KL
2. IBfRIA R publics private. protected

3. IBMEhBSANGEFEEIR: new/delete SRBEEIEEN

4, IBRREFNIEN, TH RAIIF=EN

5. E QLE(’_?I)JE_I_B&, IR S SIS RIE

6. ERIZERTEHNERGE

7. gEfZ A C++ EFSCINEE 12 HF15E 22 VAN RIZIT
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B C++ 3k

#include <iostream>
#include <string>
#include <vector>

class Student {
public:
Student(const std::string& name, int age)
name_(name), age_(age) {}

void add_course(const std::stringS course) {
courses_.push_back(course);

}

void info() const {
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B— C++ 2K

std::cout << name_ << ", age=" << age_ << ", courses=",;
for (const auto& c : courses_) {
std::cout << ¢ << " ";

}

std::cout << std::endl;

private:

std::string name_;

int age_;

std::vector<std::string> courses_;

};

int main() {
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B— C++ 3

Student s("Alice", 20);
s.add_course("Math");
s.add_course("Physics");

s.info();
}
5 Python BYXTEL

= Python C++
MISERIER | __init__(self, ...) ClassName(...) YIS BKIER

s | self.name = name . name(name) FJI51L5FR

Bl GaERI1ZY | def method(self): void method() { }
Jhia)pk 53 | self.name this->name B} E 3% name

ERgIt5ItEB%H 2026 F 58 10/70



ISR EN S AT R 2K

Wiﬁ@?&&i{%ﬁ-@ﬁ]‘ﬁﬁbﬁ ], BTHwl; M9RERETRH
KEEMER, BT RERR

class Counter {
public:
Counter(int n) : count_(n) {
std::cout << "Counter created: "
<< count_ << std::endl;

}
~Counter() {

std::cout << "Counter destroyed: "
<< count_ << std::endl;

}

void inc() { ++count_; }
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ISR EN S AT R 2K

private:
int count_;
¥
5 Python BYXtEL
= Python C++
oIS ERIEN | __init__(self) ClassName(...)
MIFERIER | __del__(self) (RHETE(E | ~ClassName() (RAIl Fzil))

)
AR | __dev_ BRIIREISORTE | B EREETREERRE
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HS R ER S AT AL R EX
+ Python iy __del__ FEJSE (MIREUREIHIRHEE), C++ BYHFH
FEHE AT
- ATHEECE RAI VEEL: BRRMS R ESBIHE
. MEFEXAES, BEREDER— AR TR
EF R RIEES)
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MhSEER S e iL5IR
C++ HIRIE I TIRR —FhE s RADIA L A=

Student(const std::string® name, int age)
: name_(name), age_(age) {}

« : name_(name) RTFAEER name FJIG1LEX A Z & name _
- VB HIRIENS R EAR 1T Z BT #1181k
« XIF const BRGAS|ANG, BIERVIIGLTIR
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5 Pl G 2X
] const fEIRMIAL RGBT ERHRRE:

class Circle {
public:
Circle(double r) : radius_(r) {}

double area() const {
return 3.14159 * radius_ * radius_;

}

void set_radius(double r) {
radius_ = r;

}
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5 P G BRI X

private:
double radius_;

};

const Circle c(5.0);
c.area(); // OK: const X%
c.set_radius(3); // ¥iR: 3IF const K #K

* const B GIRKENA R EERBCNIERIAX 53
+ const WRFEEIIF const B GabKIEX
+ Python %A const T, FAE (FL=E) Rk
« BN P E MBS REVRL G EKZNES BB Y const

Gt
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] GRS

C++ 1@ public. private. protected =R By AT DL

EX R 1oL FE e

public | AlihiA DEE B35l
protected | AIIAIA 351 RE]57E]
private | AIIHIA RElh] e8]

Python & B ™ &8RRI,
C++ HY private =4miEassa Y,

TIE o NS T =

ER = IRIFIFTEIR

SRV EIBRL RIS private, 1831 public FA1H(E]
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hew '—5 delete

C++ 181Y new #l delete FoHEIEHERNTF:

int* p = new int(42); /] DE—1 int
std::cout << x*p; /] 42

delete p; /] BIRAEF
int* arr = new int[100]; /] D ECEA

delete[ ] arr;

/] BEA CEE [])

« new B3 EECATE, REIIEFT; delete FNANTE

y— Ny 7
o B new WA

leak)
+ Python

ZBATRYY

SN delete, BNEEERTFIR (memory

IWBHEENF, EFRATEEROER
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RAIl: ZFIEIXENEN¥IE1L

C++ BIEZRERZORENZ RAIl (Resource Acquisition Is
Initialization) :

1. FRENERENNSERENF TR
2. FEEBRERYIRKEPSER
3. WREFEAEET, MKk BohifEE
void foo() {
std::ofstream out("data.txt"); // & T HXH

out << "hello"; /] ¥ 8
Y /) BAERE, R BXFAXHF

E{EEEREN: KITAEEH# new/delete, FH RAIl BRE
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FH simplestring 2Bfi# RAII
TESER—1E R FTE

#include <cstring>
#include <iostream>

F

, B RAI IR REIR:

oud

class SimpleString {

public:

SimpleString(const charx s = "") {
size_t len = std::strlen(s);
data_ = new char[len + 1];
std::strcpy(data_, s);
std::cout << "construct: \"" << data_ << "\""

<< std::endl;
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FH simplestring 2Bfi# RAII

~SimpleString() {
std::cout << "destr‘oy: \"" << data_ << ll\uu
<< std::endl;
delete[ ] data_;

}

/] EFIEEE (copy constructor)
SimpleString(const SimpleStringS other) {
size_t len = std::strlen(other.data_);
data_ = new char[len + 1];
std::strcpy(data_, other.data_);
std::cout << "copy: \"" << data_ << "\"" << std::endl;

}
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FH simplestring 2Bfi# RAII

/] EFNMBEEZESR (copy assignment)
SimpleStringS operator=(const SimpleStringS other) {
if (this != Sother) {
delete[ ] data_;
size_t len = std::strlen(other.data_);
data_ = new char[len + 1];
std::strcpy(data_, other.data_);
std::cout << "copy assign: \"" << data_ << "\""
<< std::endl;

}

return *xthis;

}
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FH simplestring 2Bfi# RAII

void print() const {

if (data_) {
std::cout << data_ << std::endl;
} else {
std::cout << "(null)" << std::endl;
}
}
private:

char* data_;

};

int main() {
SimpleString a("hello");
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FH simplestring 2Bfi# RAII

SimpleString b = aj;
}

« ISR ELF new[] DECRTE, MHIKELF delete[ ] BN
« T RIFIEHERE, HEERHRESHIT, BERAER
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SHliEX
LA MHRMBUB— IR, FFRARSHGER:

SimpleString a("hello");
SimpleString b = a; // EfIiE: X#E I data_

EREXEXRFEIN —AHWNRDEIRLAINE, EFAEA:

1M(F MEBI 137

SHME [T b = a; FT bla); bﬁ%)ﬂ, RN RZEH
BRI

EmlHE b = a; BB ZR > RENH A
iR
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EnliEX

NBRE N ESURE, ERRERSEN (QEEHEHE)

 RENSERAMRIEEE AN, 05 aerete TR B

- P;/thon HIRESNS SE7, FEESNE GURER RS
)

. WFEEEBAEREN (TESE) MBR, C++112IATH
HIENY, BRT RAAEMREN, BNSY, BRSNS E S

‘JH+
o
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https://cppreference.cn/w/cpp/language/move_constructor

MBEXREEFDHEERE, TEEE=EN (Ruleof Three):
KX LIkl

M ERIER Fﬁﬂb\/)_

SxlEREk | FENRR

SHIMEIEER | FENRR

F: EXTEHEPEA—, MMZEXEE =T

« SEPRHAAER, LA(ER std::string. std::vector FARERESE
A, Eﬂ‘]E‘;IEEﬁ@QﬂZEWU (XERLZEN, MNRBEZNIENX)

- R EEEEREERERENAE EQE‘A—I}.J
Python 27 A FEE R OXEAMT

ol B ahAb 2
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BE + F «
o|[fgE 12 1HAY vector 25, IRTERH C++ LI

#include <cmath>
#include <iostream>
#include <vector>

class Vector2D {
public:
Vector2D(double x = @, double y = 0) : x_(x), y_(y) {}

double x() const { return x_; }
double y() const { return y_; }

Vector2D operator+(const Vector2D& o) const {
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BE+ 0«

return Vector2D(X_ + 0.X_, y_ + 0.Y_);
}
Vector2D operatorx(double s) const {
return Vector2D(x_ * s, y_ * S);

}

double magnitude() const {
return std::sgrt(x_ * X_ + y_ * y_);
}
void print() const {
std::cout << "(" << x_ << ", " << y_ << ")
<< std::endl;
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BE+ 0«

private:
double x_;
double y_;

};

int main() {
Vector2D a(1.0, 2.
Vector2D b(3.0, 4.
Vector2D ¢ = a
Vector2D d = a
c.print();
d.print();
std::cout << "|c| = " << c.magnitude() << std::endl;
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Python 5 C++ izHBFFEFHITLL

ey Python C++

a + b def __add__(self, other) | operator+(const T&)
const

a0 * S def __mul__(self, operator*(double) const

scalar)

print(a) | def __str__(self) friend ostream$
operator<<

str(a) def __repr__(self) T BEIEN

« C++ B const BRI R KA B RIS
» Python By self X[ C++ BY this 35T
- CH+ NIRRT EFHEEAARDSEE
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B s 2R

#include <iostream>
#include <string>
#include <vector>

class Animal {
public:
explicit Animal(const std::string& name) : name_(name) {}
virtual std::string speak() const { return "..."; }

virtual ~Animal() = default;

protected:
const std::stringS& name() const { return name_; }
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B s 2R

private:
std::string name_;

};

class Dog : public Animal {
public:
explicit Dog(const std::stringS name) : Animal(name) {}

std::string speak() const override {
return name() + ": Woof!";

};
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B s 2R

class Cat : public Animal {
public:
explicit Cat(const std::string& name) : Animal(name) {}

std::string speak() const override {
return name() + ": Meow!";

}
};

void describe(const AnimalS& a) {
std::cout << a.speak() << std::endl;

}

int main() {
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B s 2R

Dog dog("Buddy");
Cat cat("Kitty");

describe(dog);
describe(cat);

std::vector<Animal*> animals;
animals.push_back(&dog);
animals.push_back(Scat);
for (autox a : animals) {

std::cout << a->speak() << std::endl;

}
}
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B p 75
R

class Dog : public Animal 3R~ Dog 4£7 B Animal
virtual FEEAREERIZY, S'Zﬁi:ﬁﬂ'.f%%&

override XIEFMREMETS 7 EKLEHRE (C++11)
describe(const AnimalS a) Tﬁx-uxm ], BEEARFE

=W
/J
=
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N AFTEERZR?
ZE— A BEXRETERFRAGZE, SRITHAMRZA?

Animal* a = new Dog("Buddy");
a->speak(); // 227

Crt BINERBEYIE— BERRIBIEH T (ninals) SR
g Animal: :speak()o BFR{IHIEEIZ A Dog: :speak()o

EREREEE T XMTA . RIFSFEBITIRIELIFNREE (bog)
EFIERARIR AR, XL ENSHIRE :

class Animal {
virtual std::string speak() const {

return "...";
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N AT EEEZN?

}
};

class Dog : public Animal {
std::string speak() const override {
return name() + ": Woof!";

}
};

Animal* a = new Dog("Buddy");
a->speak(); // Dog::speak() ¢ mhBYE

+ %A virtual: wiFBEEZEREITRE, EB Animal::speak() =
Bt -
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N AFBEERZR?

+ 0T virtual: ZWIFSFEREREGR (vtable), BTHERER
Dog: :speak() — ¥§itH "Buddy: Woof!"

FEERIENIE describe(const Animals o) XFEERIRKIZNEES: —AMIERRE F

K —XEZSHINME,
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EEERIZREYI T

RN EREER, EFR=FHHE:
FHsH | i5iER
A7 | BT SERERVEE—IKEREE (vtable), STHRZ
—M5ml vtable BV (8 F11)
ifj8) | S RERBERAFTEREEER (Z—XAFHA), TEA
BXfL 1K
Pmix | ke TAEENRERR BN, ot (WRER) X
3K

A
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EEER X B HT

Ct+ AR ERERZN, IER "SHEHWMR HEI:. ARz
HIhEEM . REREFRENTE virtual, miFssFS S5 ANXE
FHo

Xt Python BYIER

k3 C++ Python

%ﬁik'/fi-?g i%n_.\é;lg/tE (E*&ﬂ _) Iu\ﬁj\k (E > )

E@é& J.L_t V1r‘tual Zl_}:l FEETU_ igklkﬁh/u\ﬁk

PORBARAAE | FE: T E: /)\IEﬂ FRIEBEE __dict__
?%E%% + LA R

KT EF RARERNINEENE | HG—=RE, BB
(a9
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virtual ~Animal() = default;

WMNEELXBRERE, THKREMMNIZERR virtual
SNEETELZIEH MR F RN RE, FETMRIAA I E
= default RNEARmIFSERHIFAIASSIN
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211 2 K| X
- o AARAEEKIZER (XhZ Python BY aabstractmethod) :

C++

#include <iostream>
#include <string>
#include <vector>

class Shape {
public:
virtual double area() const = 0;
virtual double perimeter() const = 0;
virtual ~Shape() = default;

void describe() const {
std::cout << "area=" << area()
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215 FiE BRI 2X

<< ", perimeter=" << perimeter() << std::endl;

}
};

class Rectangle : public Shape {
public:
Rectangle(double w, double h) : width_(w), height_(h) {}

double width() const { return width_; }
double height() const { return height_; }

double area() const override { return width_ * height_; }

double perimeter() const override {
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215 FiE BRI 2X

return 2 * (width_ + height_);
}

private:
double width_;
double height_;

};

class Square : public Rectangle {
public:
explicit Square(double side) : Rectangle(side, side) {}

};

int main() {
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215 FiE BRI 2X

Rectangle r(3, 4);
Square s(5);

r.describe();
s.describe();

std: :vector<Shape*> shapes;
shapes.push_back(&r);
shapes.push_back(S&s);
for (autox sh : shapes) {
std::cout << "area = " << sh->area() << std::endl;

}
}
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© BHEAERIIYRE

. F

» describe() BT E, FEEEMKER

SIAZISEIRERr A 4l R B

XK, TEEEZLIENR

w, SNBEEME

ERgIt5ItEB%H

2 3k
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EHS2I) RandomVariable
] C++ EFSEINEE 12 HARENI S = E /R 251

#include <cmath>
#include <iostream>
#include <random>
#include <string>
#include <vector>

class RandomVariable {
public:
virtual double sample() =
virtual double mean() = @
virtual double var() = 0;
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E¥3-I RandomVariable

double std_dev() { return std::sgrt(var()); }

virtual ~RandomVariable() = default;

};

class Gaussian : public RandomVariable {
public:
Gaussian(double mu = 0.0, double sigma2 = 1.0)
: mu_(mu), sigma2_(sigma2) {}

double mu() const { return mu_; }
double sigma2() const { return sigma2_; }

double sample() override {
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E¥3-I RandomVariable

static std::mt19937 rng(42);
static std::normal_distribution<double> dist(0.0, 1.0);
return mu_ + std::sqrt(sigma2_) * dist(rng);

}

double mean() override { return mu_; }
double var() override { return sigma2_; }

private:
double mu_;
double sigma2_;

};

class Bernoulli : public RandomVariable {
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E¥3-I RandomVariable

public:
explicit Bernoulli(double p = 0.5) : p_(p) {}

double p() const { return p_; }

double sample() override {
static std::mt19937 rng(42);
static std::uniform_real_distribution<double> dist(0.0,
1.0);
return dist(rng) < p_ ? 1.0 : 0.0;

}

double mean() override { return p_; }
double var() override { return p_ *x (1.0 - p_); }
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E¥3-I RandomVariable

private:
double p_;

};

void simulate(RandomVariable& rv, int n = 10000) {
double sum = 9;
for (int 1 = @; i < n; ++i) {
sum += prv.sample();

}
std::cout << "theoretical mean: " << prv.mean()
<< std::endl;
std::cout << "simulated mean: " << sum / n << std::endl;
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E¥3-I RandomVariable

int main() {
Gaussian g(0.0, 1.0);
Bernoulli b(0.3);

simulate(g);
simulate(b);

}
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LT IIEL

12T EZ | Python (lec12) C++ (Z53#)
R E S | RandomVariable(ABC) class RandomVariable
{ virtual ... = 0; }
£ F7% | kabstractmethod sample() | virtual double sample()
= @3
B{A 5% | def std(self): return double std_dev()
sqrt(self.var()) { return sqrt(var()); }
3 class Gaussian(RV): class Gaussian : public
RV {
ZS1ERA | simulate(rv) B A simulate(RandomVariable\&
rv) 5IAZEES

gt (FREBR + AFFE£+ZD) ERMIESHFRE—H,

HE1BERE,
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SN Grid #1 OceanModel
J C++ EFSCINEE 22 IR A& AR

#include <cmath>
#include <iostream>
#include <vector>

class Grid {

public:
Grid(int N, double L) : N_(N), L_(L), dx_(L / N) {
Nx_ = N + 2;

Ny_ = 2 * N + 2;
}

int Nx() const { return Nx_; }
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EEM Grid #1 OceanModel

int Ny() const { return Ny_; }
double dx() const { return dx_; }

void info() const {
std::cout << "Grid: " << Nx_ << " x " << Ny_
<< ", dx=" << dx_ << std::endl;

}

private:
int N_;
double L_;
double dx_;
int Nx_;
int Ny_;
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EEM Grid #1 OceanModel
};

class OceanModel {
public:
OceanModel(const Grid& grid, double kappa = 1le4)
: grid_(grid),

kappa_(kappa),
dt_(0.09),
u_(grid.Nx() * grid.Ny(), 0.0),
v_(grid.Nx() * grid.Ny(), 0.0) {}

void set_dt(double timestep) { dt_ = timestep; }

void info() const {
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EEM Grid #1 OceanModel

std::cout << "OceanModel: kappa=" << kappa_
<< ", dt=" << dt_ << std::endl;
grid_.info();
}

private:

Grid grid_;

double kappa_;

double dt_;
std::vector<double> u_;
std::vector<double> v_;

};

int main() {
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EEM Grid #1 OceanModel

Grid G(50, 1.0e6);
OceanModel model(G, le4);
model.set_dt(3600.0);
model.info();

+ Grid HIRTEEBHRAEE (4ZUESR)
* OceanModel IEIT4HE (composition) A 6rid JWR

+ X5 Python [RZASBY1EIT5EE—3: OceanModel B Grid AX 53,
A E4k 7
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¢HE vs dEiR

B 4% (is-a) ¢HE& (has-a)

KR “Dog Z—#h Animal” “OceanModel 25—1
Grid”

RIBE R | BohiASEEX A A IS R T =147

= (? SRENER) MR (HIrZMb)

oEH | miRERE =T R iR

WEI7= | “is-a” X&R “has-a” X%

N LAERAS, MR,
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MIRES

1. EEWR: class EXZE, MSERBIBUERTR, PEtsIRE
B A

2. S5 MSREFGL, THRREUEIEZRIR, MR
EEAERE AT 41 FE

3. BRGIEKIEN: const {BIRHIR R BRI B EITRIRTES, const X
KR IBEVHA const A 5 K%K

4. JFIRBEH: public/private/protected I=HI R RIULE, C++ 4R

FesmmlE
5. TIEREEIR: new/delete FOHEIEHATE, RAIl RENHFRR
BAMR
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6. EHIENX: FEINZIR, ERE=EZ1; BohEXHATFE5¥ERE
FrEN (BWIMNERERL)
7. IBEFFEZL. operator+. operatorx =, 1LEENEATIFH

8. HERSEEREN: virtual SEINETTEITZE, override FARIEIHE
=

9. HZRE: - o FRHAIREREL, FRMNINI, HmFFICE
10. tHSHF4E%E: 0ceanModel 15 Grid Bk 5, THIAELRAE
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C++ mHRIMRiIgiTELH

1. F3E: BB R private, B public F7515[0]; protected
1277? SH R E R
2. RAIl: MSREGRENEIR, MARSRFERRE—RANRERRE

HAEIERR, MIAFFSHECXT new/delete

3. FhrEWNERH: EFNENFEN (BB, #RxENSFEN
BEET, RFREZBMERBNENX

4. HEMFUEHE: oceanModel B1E 6rid B (has-a), TMIE4R=
(is-a) ; HERRXIRIFRFE

5. HMOS53MPE: HMRELENIZEO (RandomVariable BY
sample()« mean(). var()), FHRIZHEAFLIN
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