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1. 5| (Reference)

1.1. Motivation

9T BRI LA “BI”, BRI ST
SRR for BT — MR, HRTIONING.

“ ORTENIERE, IRATCAHEA std: to_Lower SRSEIKE HAL R NG HIHRIE~
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1. 5| (Reference)

1.1. Motivation

BATRR B2ARS Han MR

for (char ¢ : str)
c = std::tolower(c);

HE! XESZAITHY: for (char ¢ :

[EAZTMN str FINR, XAEEHHFS

str) =T 1k char ¢ RN str YA AATRIFE DL, 78 ¢ &

- R
for (std::size_t i =0; i !=str.size(); ++i) {
char ¢ = str[i];
c = std::tolower(c);
}
N Y
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1. 5| (Reference)

1.1. Motivation

X [t 7 "5 BIER . BANTZUE 5 R SEI BRI Dy RE

for (char &c : str)
c = std::tolower(c);

char & EX T —MHEE char E(J?rlﬁﬁ, FATE ¢ IRIRFEZR] str FINFEDNFRF, Q[H

. N
for (std::size_t i =0; i !=str.size(); ++i) {
char &c = str[i];
c = std::tolower(c); // Effectively str[i] = std::tolower(str[i]);
}
- J
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1. 5| A (Reference)
1.2. 5| BRI

- N
int ival = 42;
int &iref = ival;
++iref; // ival becomes 43
iref = 50; // ival becomes 50
std: :cout << ival << << jref << std::endl; // 50 50
int &iref2 = iref; // Equivalent to int &iref2 = ival; iref2 also bounds to ival.

- J

o AJDAE Type &r, HEJLA Type& r, UL r BYSERAUERZ Type & o
o {H Type& r1, r2, r3; HA r1 &5 H-
o MNRAMENZNGIH, FTE Type &rl, &r2, &r3;

SRR (RITEE sl e e 20iE), 7 HIXPMHERRBRA B,
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1. 5| (Reference)

EERA R, Al AR R {5 “5IH"° REZ—ARE, 2RI,

o H]DUE N 4hE 2N EHI G : o TEEENHERTIHIIGIH:
4 A 4 h
int a[10]; int i = 42;
int (&ar)[10] = a; int &r = i;
ar[0] = 42; // a[0] = 42 int & &r = r; // No such thing!
N J \ A/
o HJLUE NHERIFEEHITIH o [AAEML, FEEFFEMIAYIEA, BEHR I TRLA B A FEZET]
. A
int *p;
int *&pr = p; int &pr = &r; // No such thing!
pr = &ival; // p = &ival; int &r[N]; // No such thing!
o %
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1. 5| (Reference)
1.2. 5| FHEN3I3E
— BB OFIAI) 25, (R EREEER ERE sl L,

/’ ™
std::string s;
std::string &r = s;
r.push_back('a"); // @0[E s.push_back('a");
r= ; // %@ s = "hello";
std::cout << r << ; // #0M@ std::cout << s << "\n';
std::string &2 = r;  // 90[E std::string &r2 ='s; , r2 WHFHEE s
- J

o WIHHALAIRUERS T35 HZAAE BRI X

o Finf iy "HERfE”, WEREEMIERNE,
o Z— 5 HER R EL M E RN RIEIE, XA eI RIEITEL,
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1. 5| A (Reference)
1.3. 55| & (pass-by-reference)

Al DUE X E 2B 5 T -

-

void print_array(const int (&array)[10]) { // F3E, PRLAAN const
for (int x : array) /] BFEE® for BRI LUERIREHEA!
std::cout << x << ;
std::cout << std::endl;
}
int a[10], ival = 42, b[20];
print_array(a); // Correct
print_array(&ival); // Error!
print_array(b); // Error!

-

J

XA array BHYZ (FER]T) —PNEEH, MIARERBEHEITTRETET . XA, array H
e E] int[10] (AI7F const), HESAIRISEERR FE Error

N
He
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1. 5| A (Reference)
1.3. 55| & (pass-by-reference)

EX DR, N7, HEAPRRE RSOV NE T8

4 N

void to_lower(std::string &str) {
for (char &c : str)
c = std::tolower(c);

}
.
-

std::string hello = "Hello";

to_lower(hello); // std::string &str = hello;
o
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1. 5| (Reference)

1.3. 55| & (pass-by-reference)
TEN DR, B2—7MFE, mMHEFIRE FEL,

void print_upper(std::string str) {
for (char ¢ : str)
if (std::isupper(c))
std: :cout << c;
std::cout << std::endl;
}
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1. 5| A (Reference)
1.3. 55| & (pass-by-reference)

4 N

void print_upper(std::string str) {
for (char ¢ : str)
if (std::isupper(c))
std: :cout << c;
std::cout << std::endl;

}
std::string s = some_very_Llong_string();
print_upper(s);

- J

RS EUE R ANXELY std: :string str) EF', B REP L E TR std::string str = s; H+% D1
Pliaft, R s REK, KRR FERN,
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1. 5| A (Reference)
1.3. 55| & (pass-by-reference)

N T XA IIPIaerIrE, BA—RASITHIT &2, @il

/

void print_upper(std::string &str) {
for (char ¢ : str)
if (std::isupper(c))
std: :cout << c;
std::cout << std::endl;
}
std::string s = some_very_long_string();
print_upper(s); // std::string &str = s;
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1. 5| A (Reference)
1.3. 55| & (pass-by-reference)

{HiE RN L5 H & SEREUL 4

const std::string hello = ;
print_upper(hello); // Error

XTI PG, KDY print_upper BHRHZ N HIZRYERIE, BEMNIZA] PISZHEME A const std::string 38

RIRZEL

J
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1. 5| (Reference)

1.4. &i#E 25| B (reference-to-const)

Klitt, EXFAERABTENSEEES, RENETER: £1E—1 reference-to-const:

4 N

void print_upper(const std::string &str) {
for (char c : str)
if (std::isupper(c))
std: :cout << c;
std::cout << std::endl;

}

- /

IXFRSZER T B 75 UL, XARVFEE const X, XRERG IREEIRAVIES, RAEETTERITHERT
FAES
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2. KEfMA{E

—PNRIZEREHN, ARBNIERFZ2EREINR, GRBANMLOZEH 17N R,

o str[i] = ch P, FANMFEHAZZRIEZI str[i] P RERIINS
o ch=str[i] #, FAMFAHIIZFRIKZIN stri] AR SR BYHS,
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2. KEfMA{E

—PNRIZAEREHN, ARNBNERFZEREINR, GRBANMLOEEH 17N RAMH,

o str[i] = ch P, FANMFEHAZZRIEZI str[i] P RERIINS
o ch=str[i] #, FAMFAHIIZFRIKZIN stri] AR SR BYHS,

—NRIEAAREGTHHEIN (value category) HEN:: BELREE, BEr2b6E

o fefH: EGR T —PEIRIIR
o HiH: BEMNMNAER—ME
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2. KEfMA{E

—NRIZRAGHEEIGN (value category) MEN:: BELRLE, EoabiE

o JifH: EfRFE T —DPELEPRATHR
o HfH: EMNMURE—ME

Kitt, FANEZENMERAEEIERGHE, ME5E:

o MREEFRINFREMRR —PEIRAITR?
o MFEEFIRZ A RUNAZE —ME?
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2. KEfMA{E

—DNRIEAARGHEEION (value category) HEME: B

o JifH: EfRFE T —DPELEPRATHR
o HfH: EMNMURE—ME

HABATE &

o MRLEFRIAFBER TR —PDLFRAUNS R ?
O *addr, a[i] &%

o MREEFRIRA = IAE — ME?

O a+ b, &val, condl & cond2 FFZE,

*OURAET M CCEET XA AT RIEARI?

£

7N

e,

£

7

=]
A=

HifE
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2. KEfMA{E

£ CH, FeAdn] BUBHERMEEAIR /e, HAEAHE,

(B C++ v, BTFIIAT “5IH", ZENXAIERA X AR,
e £ CH, AWTEEAEEES TREGBHERELMN (METES),
o 1£ G+, FWrbrEERE IR EOrLa A (BB :

o JefH (lvalue): BINRFF. A NFHIERIRF AT R
o 1 (rvalue): ImiFAY, BIRAEEAYEE N R

HAi, BMNELWISHNREFEERIFRIENE: *p, ali]
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2. KEfMA{E

R, 8 C++rh, RiEEN B2 FATIR M AE,

WL BV, 1F CH 1, +i = 2 28TEN,

Fiit: Cits C++iE

AIZRFRIAT (++1, --1)IREIGME (value) iREIEES I (Ivalue reference)
JEGFRIA (i++, i--)R[FEAG{E (value) iR [EIFG{H (value)
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2. KEfMA{E

Renlsh, WHEZOARIIAA: a = b AUIREMERZ a IR,
PATAERRERIEN N a=b = c:

1. HTFMEZEFZAEEEH, Filla=b=cFMT a=(b=0
2. BTN
LB b=c ¥ c FIEMES bo RE b XANEME (FHE b FIEFT o

2.4 a=(b=c) Bla=b, K bAME (WHLE c HIE) ML a, R[E a XPNEHE
S

/\ =)

Oamﬁg?c%@
o b HIMESEFT < HIE

2%, BNRISAWRENER a XfH,
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2. KEfMA{E

£ CH, ZefEA] DUBHERMETBERIR M, H{EARE, (BAE C++ 7, “EHRIXHILRAIX 2k,
HATE£ WILHIR BIZERYZRIAI: *p, ali]

TR 1E C++ /R, BTEISHE JEEIa FATIRE/AH, +i = 2 257E8,

MAHZORAGRBAEAE: a = b AREMER a XTDNR (B51H).,

o MEBRMTAET, RiENa=b=cFMTa=(0=0: BPITb=c, REMHIT a=0b,
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2. KEfMA{E

AEMNE—ME, MR DL R, IRAEA ZRIE AP 7 A I IO GO

° std::string fun(); // a function that returns a std::string object
std::string a = fun();

BRIEOAH fun() A EHYIRIN N RO2 A H,
o RiAlHIBISN: FAFER I "hello” B/ifH, ERKMFELETNETHIXZR,
o Mk, BEFmEIE 42 A DmNANR, BE1E,
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2. KEfMA{E

— i DRI (2 Il IR L 1 AR IR 6 2

std::string &rl = std::string( ); // Error
std::string &r2 = ; // Error. This is equivalent to 7

ﬁ%ﬂ’] std::string("hello") & — Functional—style cast expression: Type(args...) , EESHERKR—T

Type FRAIAYIEIN AT A,

o XNTHRBA XA —MEYIIMIGERE (BB Rz AET)
o 40 std::string(10, 'c'), std::string("hello")

o XTWERM, g — M EiENFE e R i
o int(x) RAEM— int RGN AR, HAEH x #FEEk,
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2. £fEMAIE
5| AR ERIAEE

4 I
int ival = 42;
int &iref = 42; // Error. FHEERIAHE!
int &iref2 = ival; // Correct.
int &iref3 = ival + 42; // Error. EARERANERZE—NMIREHE!
int fun();
int &iref4 = fun(); // Error. RFGREIRZ “int® MIAE "int&, FHltE—NMERE
o J
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2. £fEMAIE
5 AR A E R

/

o

int arr[10];
int &subscript(int i) { // function returning int&
return arr[i];
}
subscript(3) = 42; // Correct. #HYFEXRT arr[3].
int &ref = subscript(7); // Correct. ref bounds to arr[7]

/

C++11 5| A THNBK “GESIH7, BAHEN AR RETE, —BokY, ROTWAY “5IH” fEHYER
2 “HAESIHT,
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2. KEfMA{E

Reference-to-const

ROT “fEmEEIES (AWE “IKE const” UFEED, BATAE “GesliE Ems

4 N

int ival = 42;

const int cival = 42;

const int &cref = cival; // Correct

const int &cref2 = ival; // Also correct.

int &ref = cival; // Error: Casting-away low-Llevel const is not allowed.

int &ref2 = cref; // Error: Casting-away Llow-level const is not allowed.

int &ref3 = cref2; // Error: Even though cref2 bounds to non-const ('ival'),
// this is still casting-away Llow-level const.

- J

— reference-to-const HIANH CPEE] const WF, ARSI @ BB T gl & i LEME,
WABELE— DA const UG A ERIE, (XBFRZ AARTF “EFRIEKE const”)
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2. KEfMA{E

Reference-to-const

o fEEREATLATH TR const (FEHAHRER), AW KE const FEAHVRIEZER), (HI[HAW
“]ﬁ)%' COﬂSt”o
o HI, HA “GEHIHENTIMN". SUIASFRNER, FURAG const,

o \A—MAED, SIHAT—EwE "R const”, KNFERRNPREBL,

o EASIEEXAITELL T, EHHH RS HIXNMARNAER “He2iFERSIAY,
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2. KEfMA{E

Reference-to-const

RERMU 25 A DA E 2 1E:

4 N

const int &cref = 42; // Correct

int fun();

const int &cref2 = fun(); // Correct
int &ref = fun(); // Error

- J

ARSI HEHAEREEN, KR Lt ede sl 7 —MMER TR,
o XEEHN, RIEREAREEILHE &5 HESTR NN RIVE
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2. KEfMA{E

Pass-by-reference-to-const

4 N

void print_upper(std::string &str) {
for (char ¢ : str)
if (std::isupper(c))
std: :cout << c;
std::cout << std::endl;

}
print_upper( ); // Error

- /

MIEAMEE "Hello" std::string Zfiﬂ(ﬁﬂk, SEFR B &S T — N const char [6] F std::string T R %
i, XSG, JoIAM std: stringé FE,
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2. KEfMA{E

Pass-by-reference-to-const

R yE RS, BErl DOgER 5 U, Xrl LR RiE o {E

4 N

void print_upper(const std::string &str) {
for (char ¢ : str)
if (std::isupper(c))
std: :cout << c;
std::cout << std::endl;
}
std::string s = some_very_long_string();
print_upper(s); // const std::string &str = s;
print_upper( ); // const std::string &str = "Hello";, Correct
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2. KEfMA{E

Pass-by-reference-to-const

RZEF= RS, BEr] DOER U, XAJDIRvHEiEaE, WelbMREFEEX R, el PR IkER
AP T E,

£ C++ AR EIN, RelRefHHE RS WRIRATFREBL ).

©OHR, WERMNOUR int BETSHHIXARRINERAE, A DAREFEESIN, RO EIFURE DUTH A
KRR N,
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2. K{EMAE
HIERY “BE37: (RESEM FEEZRE) -

C++ FRRYRIR ERAEZR AIBEA 0 A =Fjr:

£ 3Y4 H1¢ has identity? can be moved from?
lvalue Pz | yes no
xvalue (expired value) T-{H yes yes
prvalue (pure rvalue) 4fif{H no yes

lvalue + xvalue = glvalue (J7X/{H), xvalue + prvalue =rvalue (F1{H)

o FrPASKRR b “A{ERSKIRINRT B AMIEN, GEEAEELMIER (xvalue). Z/EPHEZII

IHEEAT T WE— D A xvalue o


https://en.cppreference.com/w/cpp/language/value_category

3. new # delete
(1)
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3. new 1 delete

3.1. new Tz
new i%iiiﬁﬂ?&ﬁ’]ﬁﬁﬂﬁﬂﬁ, HHEN A

4 N

int *pil = new int; /] BhSEIE—DERIAFIGRIEY int
int *pi2 = new int(); // shSEIE—NMEMIBHEEY int

int *pi3 = new int{}; // [ELt, {EEE modern

int *pi4 = new int(42); // shSEIE— int, HPBKEH 42
int *pi5 = new int{42}; // [EL, 1BZFE modern

N J
MNTWNERR BATE BN ERG LR R R aA 1 75 2

o IAFIEAIL (default-initialization): FLEARFIMEMN, EERENHIE
o [H#IUAIL (value-initialization): 2R{IF C Y “ZHIGENL”, BEMHZE,
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3. new 1 delete

3.1. new Tz
A B, FHTEN S

~ B
int *pail = new int[n]; /] ShA&BUET n 4 int, ERIAFIIEK
int *pai2 = new int[n](); /] Sh&BUET n 4 int, EYBEKL
int *pai3 = new int[n]{}; /] ShSBIET n 4 int, BEYIBK

int *pai4 = new int[n]{2, 3, 5};
/] BISEIET n 4 int, BIZ P ENBNEA 2,3,5, HRTEHHREVNSGBKEK (BF)
// W0 n<3, #HiH std::bad_array_new_length &%

4 y,
N B R

o MIANWIUEIL (default-initialization): FLEARWIGEN, BAERKE XHIME
o {HWIMHIL (value-initialization): ZB{IF C Y “ZWeaL”, Z&RE,
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3. new 1 delete

3.2. delete #1 delete[] FTiEXR
R A DR 5, IR

- N
int *p = new int{42};
delete p;
int *a = new int[n];
delete[] a;
\_ J

o new NI delete, new[] AU delete[], & NIiE undefined behavior
o KIC delete: =TI AN
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3. new  delete
1 AR —EE undefined behavior:

® delete ptr HHHY ptr DNFETIHNJCHTE new IR [A] H I
® delete[] ptr Y ptr WAIRET AT new[] 1R [B] Y HiHE
® free(ptr) HFY ptr WIRET AN ERTH malloc, calloc, realloc 5% aligned_alloc IR Ay HEE,
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3. new 1 delete

new/delete vs malloc/free

CH++ BN R AL C E%ﬁ%, i} new/delete bk malloc/free i T HEZ

o new/new[] RIAXNSIEHEENAE, RIGHEN S, NTRBBIFNSER, ErlRe=EH— 18 1E % iE
8
® delete/delete[] FIRTNIHBON G, RERIUNAE, N TREBBNSR, ETEHIEREL
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3. new 1 delete
£ C++ H, IEVERFHEIRNE

o LIRFEAIE “"—HIE", "—HINR”, BEF KR, "—ANEET N, FERIEES S
Jiti ) % an std::string, std::vector, std::deque ( I ), std::list/std::forward_Llist ( i 3R ),
std: :map/std::set (ZLEEM), std::unordered_map/std: :unordered_set (FG7iR)

o MIRFEDSAIBER NN ZRES, NMIZMLHEREHEFRE (std: :shared_ptr, std::unique_ptr, std::weak_ptr)

o HWEERWREN TN (BlUlF#— "l ERENEBEESN, AR ENRESHENR), A
new/delete >K'EHBATE

o RN TNEDEA G WAERIRAVERN, A FTEMH C NS EL/BERREL, HisE 2T
KIEM] new F1 delete ->
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