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A SH(Ownership)

Rust= 272 7HE0| A0 XiA|0f] LHE R0 R} HAIH E}
HpT1 RHA9| 22 AROIE0| £ 2M|= Al EESS ARSI
OV =2 |75, BIE, HEH FA| XjAe| 4SS A/

A RA2EO|S0| AF¢0t 442 EE|(Tree) +X& O| 2L}
composers
rame IO ¢ | * | T
é%%r//%
[0] [1] [2]
/—' name birth
heap-. 16 | 10 {1525 ® 8 | 7 [1563 Q 8 | 5 |1632 -
d%%"’(‘/{o% \ \
]

Lully l




0| =(Moves)

.

5 o
W
o m
73

= =
{I- 1o
ol ©
i
T Q2
N
o K
]
Tl =
= Wr
N
jol NI
- |
m TH
s
ol T
=
S N
S
Tl Sl
ol =
nNa <
1] 8
< ol
S <l
@ |l
D R
Y 40O

&

H

~

iy

<0 m._.l_
107 {0

N U

K ~

(=] m_.=

B O-

) i

L <

o0 =
= @

S K1
ol N
P o X o
< ol o fol
o = <10 LH
W3 N
OF o _ OHL
<1 od Jo 16
or Kk ol in
NI < NS O
o4 o O X
od B0 ml T
KF <F | 0F
nT Ol L 3l
orl ns Al 35
= n 10
= 0F 4 I
O O X o




0|=(Moves)

. ofofed CHQ! A{2| Al H| @ : Python

Python local
variables

|

list
(PyListObject) - "[3]e] -
%5 % e

list
elements

strings
(PyASClIObject) I1 : rame“l




0| =(Moves)

» AOE TR Mel

HEA

o

L

H| W : Python

S
Python local -
variables *

4

list - 3
(PyListObject)

anE
% C
(s Q)
4

list
elements

strings
(PyASCIIObject)




0| =(Moves)

HOVE O X2 T4 Hlud: C++

S

~

r AL
f?g?ncg-lhh-

[1]

[2]

[0]
heap-"él‘él‘,

8

slel4f¢]




0| =(Moves)

7\\-«\\'\- [




0| =(Moves)

HO'E CHRY X =] T4 B[ : Rust

S

~

r AL
f?g?ncg-lhh-

[1]

[2]

[0]
heap-"él‘él‘,

8

slel4f¢]




0|=(Moves)

» AUO{E CHY X =| T4 B[ : Rust




| I{21A (Reference)
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| I{21A (Reference)

fn main() {
let mut a = ;

let b = &a;

println!("
println!("“
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ZH(Lifetime)
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00

fn main() {

let r;



error: X does not live long enough
--> references dangling.rs:8:5

10 | }

r = &x;
AN borrowed value does not live long enough
}
- X dropped here while still borrowed
assert_eq!(*r, 1); // bad: reads memory "x used to occupy
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)2 2o{sta{n STt (HIHY A
S Q| S TR UM 2

{
let r;

{
let x = 1;

lifetime of &x must not

r = &x; )
exceed this range

h

assert_eq!(*r, 1);
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=, B4, Hae Hel S 20| M ST A0} HHoHA| M2 = A= 2=
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let r;

{
let x = 1;

i r = &x; )
lifetime of anything stored in

} r must cover at |east this range
assert_eq!(*r, 1); )
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let x = 1;

.
let r = &x; . e
The inner lifetime covers

1): the lifetime of r, but is fully
" | | enclosed by the lifetime of x.

assert_eq! (*r,
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Ownership tree Borrowing a shared reference Borrowing a mutable reference
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® L 4 \ 4

shared mutable
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fn main()

}

let a
let b

let c a as

println!("{c}");

+ b;
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. Rusto| &7{H|= HlO|E{S 7}E £ U1, Efelo| B 2

enum Status {
Idle,

Run ( )
Attack { damage:

Defend { defense:
}

fn main() {
let mut status = Status::Idle;

status = Status::Run(10);

status = Status::Attack { damage:
status Status::Defend { defense:




Option

RustO]|= NULLO| =x}{sS}X|

ot X[ 2k JW& = StCH E™ NULLO] E'R‘* 7t A=, 0| = 2o 2H=01

enum Option<T> {
Some(T),
None,

ofL_

Lc:L_.

fn main() {
let x:
let y:

println!("{:?}", Xx);
println!("{:?}", y);

println!("{}", X.unwrap_or(0));

match y {

::Some(v) => println!("Value: {}", v),

::None => println!("No value"),




Result

4
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—_—
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* Ho aT

IR = LIEFLZ| 2let S M| EFRIO|CY.

1>

enum Result<T, E> { fn square_1if_even(num: ) -> Result< , String> {
0k(T), if num % 2 == 0 {
Err(E), Ok(num * num)
} else {
Err(String::from("“Not even"))

}
}

fn main() {
let numl ;
let num2 ;

match square_if_even(numl) {
Ok(v) => println!("Result:
Err(e) => println!("Error:

}

match square_if_even(num2) {
Ok(v) => println!("Result:
Err(e) => println!("Error:




IHE1 oj X! (Pattern Matching)

e C/C++8| switch-case =1} FASt

T SAHS
* Rust@| match BoiA]2 gf= BAL = U= 2=

0

?|= Melof{OF St

fn main() {
let num = ;

match num {

=> println!("Zero");
| | | 9 => println!("1l-digit 0dd");
..=8 => println!("1l-digit Even");
num @ 10..=99 => println!("2-digit: {num}");
_ => println!("3-digit or more");




Copy?2} Clone

o« C++0l|M= ¥2 ZAHShallow Copy)= 2l
- O] =X dli&stHH ZH2 EAl(Deep Co

class SpreadSheet
{
public:
SpreadSheet(int id, int rows, int cols)
: m_id(id), m_rows(rows), m_cols(cols)

void SetCell(int row, int col, int value)

{

m_data[row] [col] = value;

}
{

int GetCell(int row, int col) const

{

m_data = new int *[rows];
return m_data[row][col];
for (int 1 = 0; 1 < rows; ++1i)

{

}
m_data[i] = new int[cols]; private:
int m_1id;
int m_rows;
int m_cols;
int **m_data;

}
}

~SpreadSheet( )
{

for (int 1 = 0; 1 < m_rows; ++1)
{

delete[] m_data[i];
}

delete[] m_data;




Copy?2} Clone

« CH+OM= &2 S AH(Shallow Copy) = 2138l &
» O| ZH|Z ol EotH 2 SAl(Deep Copy)=

int main()

{
SpreadSheet sheetl(1, 10, 5);

{
SpreadSheet sheet2(sheetl);

sheetl.SetCell(0, 0, )3

std::cout << sheet2.GetCell(0,

}

std::cout << sheetl.GetCell(O0,

return 0;

}

d=32 L2l
of|OF StLt.

) << "\n';

) << '\n';




Copy?2} Clone

e CHOM= Y2 SAH(Shallow Copy)Z QlsH 22! FOIE
» O| =X|Z oll&ZolH™H H=2 = AH(Deep Copy)E oliOf StC},

SpreadSheet(const SpreadSheet &src)
: SpreadSheet(src.m_id, src.m_rows, src.m_cols)

{
for (int 1 = 0; 1 < m_rows; ++1)
{
for (int j = 0; j < m_cols; ++j)

{

m_data[i][j] = src.m_data[i][j];




Copy?2} Clone

fn hello(name: String) {
println!("Hello, {name}");

}

fn square(num: ) -> {
num * num

}

fn main() {

let name = String::from("Chris");
hello(name.clone());
hello(name);

let num = 5;
println!("square({num}): {}", square(num));
println!("square({}) : {}", num + 5, square(num + 5));
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fn main() {
let mut arr = vec!|

arr.sort();

println!("{:?}", arr);




ALEoH7| 2ol ord E&|SI0] 7101 &l EFRI0[0{OF BHLY.
[121 £322t f64= Ord E&|I0| A AE|0] JUX| BSLt. 2ff 2277

error[E0277]: the trait bound " {float}: Ord" is not satisfied
--> .\2 - Examples\f64 sort.rs:5:9

|
5 | arr.sort();
| ANAN the trait "Ord” is not implemented for ~{float}"
|
= help: the following other types implement trait "Ord :
isize
i8
il6
i32
i64
1128
usize
us8
and 4 others
note: required by a bound in “slice::<impl [T]>::sort’
--> C:\Users\utilForever\.rustup\...\rust\library\alloc\src\slice.rs:209:12

207 | pub fn sort(&mut self)

| ---- required by a bound in this associated function
208 | where
209 | T: Ord,

|

AN pequired by this bound in “slice::<impl [T]>::sort’
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RustOl M 232=xd EfR0| MZ €l ZHO|L S 835t L34}

fn main() {
let mut arr = vec!| ,

arr.sort_by(|a, b| a.partial_cmp(b).unwrap());

println!("{:?}", arr);
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S 2 X (Closure)

oAl (Lambda Expression)0|2}

Mdét= [E M2t 22X9 ER

fn call_twice<F>(closure: F) where F: Fn() {
closure();
closure();

}

fn main() {
let name = String::from("Chris");
let hello = || {
println!("Hello, {name}");
drop(name);

}s

call_twice(hello);




S 2 X (Closure)

- QH ot= ZCF HA(Lambda Expression)O|2td 2ot/ | = StCt,
« Rust= 2=XN0| &dot= ZE0| 2 2=2X2| Eg|Ql Lod= EHeE| eiCt.

error[E@525]: expected a closure that implements the "Fn  trait, but this closure only implements " FnOnce"
--> .\14 _closure.rs:8:17

8 | let hello = || {
| AN this closure implements " FnOnce , not "Fn’
9 | println!("Hello, {name}");
10 | drop(name);
| ---- closure is "FnOnce  because it moves the variable "name™ out of its environment
13 call twice(hello);

——————————————— the requirement to implement “Fn  derives from here
required by a bound introduced by this call

note: required by a bound in “call twice’
--> .\14 closure.rs:1:39

1 | fn call twice<F>(closure: F) where F: Fn() {
| ANAN pequired by this bound in " call twice®

error: aborting due to 1 previous error

For more information about this error, try " rustc --explain E@525 .



SA|4(Concurrency)

+ Rusto| ¢IME2 BE| A E DS

d2 8 e DO M B E Lk
. E| ABS0IME AZS NlO| I3t EFRIBH ARG 4 Q| HBHBCE

use std::rc:
use std::thr

fn main() {
let rcl
let rc2

thread::

:Rc;
ead;

Rc::new( "Hyundai".to_string());
rcl.clone();

spawn(move || {

rc2.clone();

});

rcl.clone();




S A|M(Concurrency)

 Ruste| 2HHd=2 BE| A= T2 T12Y0|AM = EStLt
= O O

=x
»  ZE| 2 =0N= A8[= Mo| ok EFRTE AME S 4= UA| A[eFetLt.

error[E@277]: “Rc<String>" cannot be sent between threads safely
--> .\15 concurrency.rs:8:19

A "Rc<String>" cannot be sent between threads safely

8 | thread: :spawn(move || {
| _____________ Ao -
| | |
| | within this ~{closure@.\15 concurrency.rs:8:19: 8:26}"
| | |
| | required by a bound introduced by this call
9 | | // Error
10 | | rc2.clone();
11 | | 1)
I
|

= help: within " {closure@.\15 concurrency.rs:8:19: 8:26} , the trait "Send  is not implemented for “Rc<String>’,
which is required by " {closure@.\15 concurrency.rs:8:19: 8:26}: Send’



SA|d(Concurrency)

. Rusto| QA4S HE| AdS D2 a0y WS Wit
+  FE| AZE0|N= A= M[O| el EFRITEARE S 4= QUA| K| HetLt.

use std::sync::Arc;
use std::thread;

fn main() {
let arcl = Arc::new("Hyundai".to_string());
let arc?2 arcl.clone();

thread: :spawn(move || {

let _ = arc2.clone();

});

let _ = arcl.clone();




S A|M(Concurrency)

OL- =

 Ruste| 2HHd=2 BE| A= T2 T12Y0|AM = EStLt
/

« KA A ETHINEO| WS T CHE A E2 FIbE A1V R E H|O]

N N
use std::{thread, time::Duration};

fn main() {
let handlel = thread::spawn( || {
for 1 in 1..=5 {
println!("Thread 1: Running - {i}");
thread: :sleep(Duration::from_milLlis( ));

});
let handle2 = thread::spawn( || {

println!("Thread 2: Running");
panic!("Thread 2: Panic!");

});

match handlel.join() {
Ok(result) => println!("Thread 1 is completed: {result}"),
Err(e) => println!("Panic occurs in Thread 1: {e:?}"),
}
match handle2.join() {
Ok(_) => println!("Thread 2 is completed"),
Err(e) => println!("Panic occurs in Thread 2: {e:?}"),
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