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[B)EES I\

EEIRIHF, ENAFTEGEE DTS TR, bl max_val
BE int lkZ4<H double fkZN, Stack BF Stack<int>
Stack<string>o B8%E _ﬂﬁj—ﬁ, 5—RAEREEE AT Z#:
77

A/

X1F2izB4% 2 (Generic Programming) EfZRAY[a)7,
Python RIAISRBERAMZF 287, M C++ @I R IRYLHIE
YRR RCE XA RIS EUAY AR,
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A iHE

OO.\ICD_U'I-h.UOI\)

1 *T/’EF“%% sort. accumulate.

. ﬁﬁep lambda FRATLIE C++ REYAA

21 C++ REURIRA SRR B AR A
. THR CH FREER2S. vector. map.

set &

count_if %

TR C++ (C++11/14/17) HIXE

. B R R NERDRM&ESLE

THREZ )T IENALE A 0F Makefil

. ¥FEE Python #1 C++ Y4 REE R

ERgIt5ItEB%H

PRI

e WEZARE X
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2 B R
#include <iostream>

#include <string>
#include <vector>

template <typename T>
T max_val(T a, T b) {
return (a > b) ? a : b;

}

template <typename T>
void print_vector(const std::vector<T>& v) {
for (const auto& x : v) {
std::cout << x << " "

}
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72 B R 2
std::cout << std::endl;

}

int main() {
std::cout << max_val(3, 7) << std::endl;
std::cout << max_val(3.14, 2.72) << std::endl;
std::cout << max_val<std::string>("abc", "xyz")
<< std::endl;

std::vector<int> vi = {1, 2, 3};
std::vector<double> vd = {1.1, 2.2, 3.3};
print_vector(vi);

print_vector(vd);
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<SSR
2 B R R
 template <typename T> BEEA—1EBISE T

- RIFSERIEBARNNSICEBMES 1, BAUEDNEE

max_val<string>(...)

+ Python RFEERR —ohS&RERAZFFZE
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Python By “;Z&Y”

B Python C++ ;28!

KRB | 5517 SRR

KRR AW | iBm1ThIRES SRR ATHR R

ﬁﬁ%ﬂ i T SR A B —{p S
4 BE g (mpSkg) IR (FESEER)
i‘}iﬁ'l“_{ F=E EEREIRIENE

ERgIt5ItEB%H
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72 BI%S

#include <algorithm>
#include <iostream>
#include <vector>

template <typename T>
class Stack {
private:
std::vector<T> data_;

public:
void push(const TS value) { data_.push_back(value); }

void pop() { data_.pop_back(); }

R SItRE RS 2026 6 B 12/69



2 B3
T top() const { return data_.back(); }

bool empty() const { return data_.empty(); }

size_t size() const { return data_.size(); }

};

int main() {
Stack<int> si;
si.push(10);
si.push(20);
si.push(30);
while (!si.empty()) {
std::cout << si.top() << " ";
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si.pop();
}

std::cout << std::endl;

Stack<std::string> ss;
ss.push("hello");

ss.push("world");

std::cout << ss.top() << std::endl;

* Stack<int> F Stack<string> TR TEARREBIE
IR IRIERIR S E R N BT
+ XN Python PAFERSIHH stack R (BIERBKRIAEHD)
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C++ TREFERIZID M Z B RIR R .

T =1z Python %} [z
vector<T> oh&E4A list

map<K, V> BRFRBEXN (LIEWN) | dict (TtFF)
unordered_map<K,V> | S FHER dict

set<T> EFRAEEES set

stack<T> % (LIFO) list (&)
queue<T> FAHI (FIFO) collections.deque
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std::vector: THZAZN4H

std::vector 72 C++ FixFE AHHIA2S, HHZTF Python BV liste BETE
i ERECESANE, XFFREVAIE. jJu_.\?F B

#include <iostream>
#include <vector>

int main() {
/] €iE
std::vector<int> v = {10, 20, 30};

// /J\D[ITE%
v.push_back(40);
v.push_back(50);
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std::vector: THZAZN4H

// BRIt &
std::cout << v[0] << std::endl; // 10
std::cout << v.ot(2) << std::endl; // 30 (HFHAKLSE)

/] BRE=RETE
v.pop_back();

/[ RINEFE

std::cout << "size: " << v.size() << std::endl;

/] ®H: TR
for (int 1 = @; i < (int)v.size(); ++i) {
std::cout << v[i] << " ";

}
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std::vector: THZAZN4H

std::cout << std::endl;

// &G : range-for
for (const auto& x : v) {

std::cout << x << " "

}

std::cout << std::endl;
}
= H12{E5S Python XJtb:
¥R{E Python list C++ std::vector
ellFE v = [1, 2, 3] std::vector<int> v = {1,

2, 3};
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std::vector: THZAZN4H

121E Python list C++ std::vector

1B v.append(4) v.push_back(4);

IFEERE | v.pop() v.pop_back();

KE len(v) v.size()

Triam | vii] (BARNRE) v[i] (BRRENX) =
v.at(i) (=)

1®[h for x in v: for (const auto& x : v)

Pz vi + v2 (BIEFYIFR) vl.insert(vl.end(),
v2.begin(), v2.end())

* push_back TEREIEN, 8 O(1)
- v[i] FREMF (48EfLST), v.at(i) REHSF (Z2L5k)
- JBABA const autos IWHAMNERYFED]
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std: :unordered_map. KBHER

std: :unordered_map XJ /7 Python 1Y dict, BFIEHREI, B
19 0(1):
#include <iostream>

#include <string>
#include <unordered_map>

int main() {
/] IS AN
std::unordered_map<std::string, int> scores;
scores["Alice"] = 90;
scores["Bob"] = 85;
scores.insert({"Charlie", 78});
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std: :unordered_map: MGTE IR
[/ AR (RFEEH key = Bohi ANEIAE 0)

std::cout << scores["Alice"] << std::endl;

/] B (XA BohiEAN)
auto it = scores.find("David");
if (it !'= scores.end()) {
std::cout << it->second << std::endl;
} else {
std::cout << "not found" << std::endl;

}

/] FIBF key BEETE
int cnt = scores.count("Bob");
std::cout << "Bob count: " << cnt << std::endl;
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std: :unordered_map. KBHER

/] &[h
for (const auto& [name, score] : scores) {
std::cout << name << ": " << score << std::endl;

}

[/ ER

scores.erase("Bob");

std::cout << "size: " << scores.size() << std::endl;
}
= H12{E5S Python XJtb:
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std: :unordered_map. IBHER

1E1E Python dict C++ unordered_map

Bl /+EN | dl"key"] = val m["key"] = val; 3
m.insert({"key", val})

18] d["key"] (RTEEN m["key"] (RTETENFEN

KeyError) 1IN,

TEBEI | d.get("key") m.find("key") (R[ENEFL
23)

¥I|f1Z1E | "key" in d m.contains("key")

il B del d["key"] m.erase("key");

1&[h for k, v in d.items(): for (const auto& [k,
v] @ m

AL len(d) mzlsizez)

ERgIt5ItEB%H

2026 £ 6 A

24 /69



std: :unordered_map. IBHER

* m["key"] £ key FEENZBHEEANIIAE, XZE5 Python &
AEIARE (ZEPA collections.defaultdict)

- YR IAEEE, A m.find() T m.count(), WEREIMEN

+ std::map @B FHRZAS (LIEN), T O(log n); unordered_map

Bk, ML Python BY dict
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Hihmas—5

AL SHER Python 3§z
map<K, V> BEFREN (LIEW), |dict (TFF)

&$x O(log n)
set<T> BEFRAEEES set
stack<T> #% (LIFO) list (R))
queue<T> FAFI| (FIFO) collections.deque
priority_queue<T> | {RAPAF (FRAHE) heapq #=IR

ERgIt5ItEB%H
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151028 IR —RGE
£ 24 HHPFEE, FEIANIBHAILUME *x(p + i) H0ITTER, 1£
28 (Iterator) BXEFHH—RE—TEieHfE—m “BH %
, MYERTEAE, BiEATF vector. map. set EFfE Rz

std::vector<int> v = {10, 20, 30};
auto it = v.begin(); // EEME—"ITTTE

*it; // 1@
++1t; /] #%BThE T —
*it; // 20

// BFH: M begin() 2 end()
for (auto it = v.begin(); it !'= v.end(); ++it) {
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AL FaETEY—RRtL

std::cout << *it << " ";
}
* begin() IREIFIEMBETTENIENEE, end() R[EIEAKREZFH

A28

* [begin(), end()) WE— 1 EFGHKXIE, 5 Python 91H

v[e:len] NTE—H
- xit BES|FH (BIEET) . ++it BIE (BIBE). it '= end() FIHT

+
5

AT EER ZFRDEEE#RE

vector. array 2EE

— N std::sort X

C X2 zH &R e T1Es
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EERE




B HARZE
EFERE T AEEBRAEE, BdixzE (ICEE) BEiREXIa:
#include <algorithm>
#include <iostream>

#include <numeric>
#include <vector>

Jdi

int main() {
std::vector<int> v = {3, 1, 4, 1, 5, 9, 2, 6};

// sort: HEE

std::sort(v.begin(), v.end());

for (int x : v) std::cout << x << " ";
std::cout << std::endl;

ERgIt5ItEB%H 2026 F 6 B 31/69



BRARE

// sort: BEXKEF
std::sort(v.begin(), v.end(),

[]J(int a, int b) { return a > b; });
for (int x : v) std::cout << x << " ";
std::cout << std::endl;

// accumulate: 3K
int sum = std::accumulate(v.begin(), v.end(), 9);
std::cout << "sum = " << sum << std::endl;

// count_if: £ MHit#
int cnt = std::count_if(v.begin(), v.end(),

[J(int x) { return x > 3; });

R SItRE RS 2026 6 B



ks 3
= HAEE
std::cout << "count(>3) = " << cnt << std::endl;

// find: BT
auto it = std::find(v.begin(), v.end(), 5);
if (it !'= v.end()) {
std::cout << "found 5 at index " << it - v.begin()
<< std::endl;

}

// transform: T i

std::vector<int> doubled(v.size());

std::transform(v.begin(), v.end(), doubled.begin(),
[J(int x) { return x * 2; });

for (int x : doubled) std::cout << x << " ";
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B AEE
std::cout << std::endl;

}
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Hi£5 Python 33k

ThiE Python C++ Fn B

Hx sorted(v) Y v.sort() std::sort(v.begin(),
v.end())

BHENXHEE | sorted(v, reverse=True) | std::sort(begin, end,
lambda)

KA sum(v) std::accumulate(begin,
end, 0)

Mg | sum(1 for x in v if std::count_if(begin,

X>3) end, lambda)

T Ha [x*2 for x in v] std: :transform(begin,
end, out, lambda)

B v.index(target) std::find(begin, end,
target)

ERgIt5ItEB%H
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Hi£5 Python 33k

IhgE Python C+H+ i ERE
B=A/E/)N | max(v) /min(v) std::max_element /
std::min_element

- BIEAEEIRERZE, MaddxzS#iREcEXKE—R—F
/il_ _Fﬁﬁ*/ﬁ\‘%%

 std::sort BNIANFHE; 1% lambda BE X ELEFR M

- Python BU5IERESF ([x*2 for x in v]) XIRZ C++ HY

std::transform
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C++ HigJ Lambda
C++11 5| N7 lambda RiXT\, 1&/AS Python BFFAE:

auto £ = [J(int x) { return x * 2; };
std::cout << f(21) << std::endl; // 42

[1: #3R5IFR, REMFIHRIMEEEE

(int x). ZEFIEK
{ return x * 2; }. BRIZERIK
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EPRIES

WIREI | X
' ARSI ER R
PUE A TF szﬁE’S'I\ﬁB (1%)'_'\)

&) LAS | A7 zjcﬁﬁﬁ%ﬁﬁ

X ] R UER IR X

[ 8x] RS | FHE3X x

=, o] | BOME 53R, 18 x LB iRk

+ Python By lambda BETCLAS | B A AP B IR E =
- CH BHERYIRILIZEF G RIERI T £85I A T
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#RIEETEYIn)

B 25HNAAT RAIRN: BAS/EEERIR, {8 new R[CIRYER
B AEST RAI—NREEHIR return IERE, delete FAm
Bk

void foo() {

Nodex p = new Node(42);
if (error) return; // Sid delete » NEFHF!

delete p;
}
HEetaETE RAI B AL X BEEKRETT, TR EGD
deleteo
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unique_ptr 5 shared_ptr

#include <iostream>
#include <memory>
#include <vector>

class Node {
public:
explicit Node(int v) : value_(v) {
std::cout << "Node(" << value_ << ") created"
<< std::endl;
}
~Node() {
std::cout << "Node(" << value_ << ") destroyed"
<< std::endl;
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unique_ptr 5 shared_ptr

int value() const { return value_; }

private:
int value_;

};

int main() {

// unique _ptr: J& & Ff B X
auto pl = std::make_unique<Node>(1);
std::cout << pl->value() << std::endl;

// shared_ptr: XEZPFRBEN (5| Bit %)
auto p2 = std::make_shared<Node>(2);

auto p3 = p2; // 5lAITE = 2
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unique_ptr 5 shared_ptr

std::cout <<

"use_count: " << p2.use_count() << std::endl;

/] BEEFRIFM shared_ptr

std: :vector<std:

nodes.push_back(p2);

nodes.push _back(std::

:shared_ptr<Node>> nodes;

make_shared<Node>(3));

}

514 unique_ptr shar'ed _ptr

FREMX 5$£ (ME—) H+= (5I81tEN)

I ZiE (Hgewsh) aF (G51BITE+1)
FiH T (5&EHHERE) g GIEEREFEE)
BIEF R make_unique<T>(args) make_shared<T>(args)

ERgIt5ItEB%H
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unique_ptr 5 shared_ptr

4 unique_ptr shared_ptr
Python 3£ttt | & (FTERRERHEE | &I Python T EIE
5F) X

unique_ptr: BE. FEFH, REX "XTHRIABTFTH”
shared_ptr: ZMEHHZER—WNR, &e— TS FRENE

LRI
make_unique/make_shar'ed tbEHiE new BEXE (BRRFEREIR
im{E L)
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A {E 0%

1. kR

S

2. W

IR BE

td::string*)

RS, FE

EDHEFSFT: auto p = make _unique<T>(...) BY
.)

make _shared<T>(..

3. RAIAFE

unique_ptr.

unique_ptr

4, AER

mli

R

J#E delete:

1IEET =M AAE T (std::string L7

i

[RAIEREXZFIEN, SNAZHIHRY

4

BHETEIT TSI, Fol) delete ZFEW

XtEb Python: Python FERE XN REBES | BTHEL (S
shared_ptr), IR AAREEXI. C++iLMEREEEEES| BT

ipay

5o
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N LB XHF?
SERRIE BJL+E EBIEXHFAR. 73X FRITFAL:

1. HERIE: B . cpp XU MBIRIIINAE, BFIPATHVERDIRIL S
2. HMEBREFE: RERMFERINNY, HRERBHEN .0 X

f
3. BOSKIMAE: k0t (.n) A0, BXH (.cop) 2R
3

LASE 24 HEY stats B A, EBE=1FAHN:

ERgIt5ItEB%H 2026 £ 6 A 48 /69




AT AESXHF?
stats.h (3k3X{%)

#ifndef STATS_H_
#define STATS_H_

#include <vector>

double mean(const std::vector<double>& data);
double stddev(const std::vector<double>& data);

#endif // STATS_H_
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N ALAESXHF?
stats.cpp (SCHR)

#include "stats.h"
#include <cmath>

double mean(const std::vector<double>& data) {
double sum = 0.0;
for (double x : data) {
sum += X;
}

return sum / data.size();

}
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N LB XHF?

double stddev(const std::vector<double>S data) {
double m = mean(data);
double s = 0.09;
for (double x : data) {
s += (x = m) *x (x - m);
}
return std::sqrt(s / data.size());
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ATLERXE?
main.cpp (1)

#include "stats.h"

#include <iostream>
#include <vector>

int main() {
std::vector<double> v
std::cout << "mean:
std::cout << "stddev:

}

{1.2, 3.4, 5.6, 7.8};
<< mean(v) << std::endl;
<< stddev(v) << std::endl;

ERgIt5ItEB%H
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IXEGESRTI

K (n) BEREEO, BXF (Lcpp) RMEEM, XZ C++ LI
EOSEMDESHRERT

1. stats.h SERARHRER, F1ESKIMAT

2. stats.cpp I #include "stats.h" EBAXLERRIER, FHHITEI

3. main.cpp @Y #include "stats.h" EBEAXLERZRENR]{ER, TT=E
y PRSI
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TR BEAXHHEERS

#ifndef STATS H_ // MNBEEENX STATS H_
#define STATS H_ /] EXE

/[l kAXHFERA...

#endif // STATS_H_

&

- ZB—/R #include "stats.h" B, STATS H. RENX, RBHWES
« ZIEBER #include BF, STATS H.  BENX, EANSEwmBLT

- RERTIE, EEEEEEN "BEEENX wEHEIR

+ C++20 A #pragma once B\, BERTIEEREBEBRNE A
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Makefile: BEi{biRiFE
ANXHHREIZZ, Fohim g++ ST EEN B RS,
Makefile BFENIEIA S A B]BVKFIKR R, make T E BEhFIRTHILE ST
HEEBIRIFE:

CXX = g++
CXXFLAGS = -std=c++17 -Wall -02

TARGET = stats_demo
SRCS = main.cpp stats.cpp
0BJS = $(SRCS:.cpp=.0)

all: $(TARGET)
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Makefile: BEItRIE

$(TARGET): $(0BJS)
$(CXX) $(CXXFLAGS) -o $a $°

%.0: %.cpp
$(CXX) $(CXXFLAGS) -c $< -o $a

clean:
rm -f $(0BJS) $(TARGET)

.PHONY: all clean

ERgIt5ItEB%H
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Makefile: BEItdRIE
%%ﬁi*ﬂiﬂa\

1. TE: oxx (FRiX28). cxxFLAGS (ZmiFyEIn). srcs CESIH).

0BJs (BARXH)

CHI B k# o &Y, TEIRYAI MARHS

.Eﬂﬁ%:m(ﬁﬁ%

2

3

4, *E:T:C*'J"JUUZ %.0: %.cpp WIRPTE .cpp E .o V1@
5. IBE4RI¥ . make tbiﬁaS‘UfFETIEMJZ, O&F

Dﬁa';j:j:l.'fj' make BIRT @12 NNH, make clean ;BIES

4=k nn

) $< (B—TKH) . $~ (FREHKH)

IR R LI{ER CMake &

4k Makefile, ItEAMNARES,

ERgIt5ItEB%H

Rt

JRIFA TV
B #2miFLL B AR E B AR F

E e KRB

o
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C++ vs Python vs NumPy
IEFRES I EE=FSSIAERE: 18R 107 D= sin (Bo
Python + NumPy:

import numpy as np
import time

N
X

10_000_000
np.linspace(0.0, 3.14, N)

tl = time.perf_counter()

y = np.sin(x)
t2 = time.perf_counter()

print(f"sin({N} points): {t2 - tl1l:.6f} s")
print(f"y[@]={y[@]:.6f}, y[N//2]={y[N//2]:.6f}")
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C++ vs Python vs NumPy
C++ [FETEIF:

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

std::vector<double> linspace(double start, double end,
int n) {
std::vector<double> v(n);
double step = (end - start) / (n - 1);
for (int 1 = @; 1 < n; ++1) {
v[i] = start + i * step;
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C++ vs Python vs NumPy
}

return v;

}

void compute_sin(const std::vector<double>§ X,
std::vector<double>S y) {
for (size_t i = @; i < x.size(); ++i) {
y[i] = std::sin(x[i]);
}
}

int main() {
const int N = 10000000;
auto x = linspace(0.9, 3.14, N);
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C++ vs Python vs NumPy

std::vector<double> y(N);

auto tl = std::chrono::high_resolution_clock::now();
compute_sin(x, y);
auto t2 = std::chrono::high_resolution_clock::now();
double elapsed =

std::chrono::duration<double>(t2 - t1).count();

std::cout << "sin(" << N << " points): " << elapsed
<< " g" << std::endl;

std::cout << "y[@]=" << y[0] << ", y[N/2]=" << y[N / 2]
<< std::endl;
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MEEEMTELSS R

SCIf B8] (24K) | $5 0 FHRME
Python &% |#£91.5s E TR R AAT 1K
NumPy A= | 249110 ms | C Et=zE 1K
C++ &I 29230 ms | wiEik, BEEHRIT | F
C++-02 itk |950ms |ZmiFBESIAEL | &

- NumPy ZFREAR: [EEIAA C/Fortran SSILHVERF 2
+ C++ ZFRRUR: iz BERERNANRE, -02 REEBETIREN
- Python f&IFfLL C++ 1849 5-30 &, 1B NumPy 15t C++
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74 NumPy X A4R?

NumPy ¥ Python By “|1&14° T#ZE|C/=E:
BR HITER

Pyvthon = y = np.sin(x) —{TIAFE

NumPy ClE | iIBAEEH, Eo&EIEARE CH sin()

BLAS/LAPACK | B LI EE R E

Python nnEEEEE, ChAEKRITE
+ XMENTAF CHBEENX: EfF "R° AR
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FRE S
1. Izl%ﬂﬁ*ﬁi template <typename T> ﬂ:IZI*;&iE _‘_‘%77*43”@2, %i:xl:

RS
2. HIBIR: Stack<T> NRRAXBERTEML, iFAERRBEL
AR

3. INEEZRZS. vector (BHSERZA) # unordered_map (MRFEIR)
BEH, 97338 Python BY list/dict

4. ¥FRHERFERE: sort. accumulates count_if. transform FERE
%, BEARSBERTHhER::

5. Lambda AT : [capture](params) { body } ENXERXKZEL,

IRV RIGHITHIZ =710
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6. 4L C++: auto. range-for. EMMVGSEZFIL C++ Bk
Python BYfE/E 14

7. BEeFaT: unique_ptr MEPTEMN (FEFHH), shared_ptr X
FREMN (BIRITEL) ; LR R, HIR unique_ptr

8. ZXHIFE: I XXHEEEO, FEXXHLININEE; Makefile BE
I E4m1F

9. #gE: C++ [REEMEEREIL NumPy; Python {&IFI1€ 100-300 &
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C++igitBE: ;ZR4RFE vs OOP
Cr+ FR ST AIREATER, BINBBRATR:

FEE OOP (% 251#) ZBRIE (Fi3)

SHREN | REREER RIERIR 5 AR

AN | BITRNZES (BRI + RIFNZE (RiRSLGI1L)
vtable)

RBINER | BRIz (virtual IZlﬂszé&) IERRESNET (TET‘%VIE'%‘EEHED
ASER | — 2 1UES, BT DA FRA A g — 191 UES
FHE | ERRAREREERA | GENEF, ST

N

4 5
FERED ol (DSHE) R ER N Z ST
s
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C++igitBE: ;ZR4RFE vs OOP

*IEL OOP (58 25 i#) 2Btz (dsiH)
A7 R | “is-a” X% (Dogisan HRERZMRE
Animal) (sort<T>)

-+ OOP B AN EHR LI OG5 —, EERRBERXARNKE
- ZEEFEBEIEREINERENZE, BaR A5 EIRENEME
- ERESZERENETE. B AN HASFRIRERE
%, BAMKHE
LIRALAPRERBSSEER: OOP EXMHRE, ZREIE
RIEBAR A
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