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1. Pointers
1.1. Pointer Types

e Basics
e Legal pointer type conversion

e Pointer aliasing
o Strict aliasing

® yoid *



CS100 Tutorial 4 Fall 2025

1.1. Pointer Types

1.1.1. Basics

N 2B T EATE?

/

int main(void) {
int n = 42;
int* p=2&n; // p @—1I8F, M n BYthHE
*p = 100; // @38t p 1BeX n BB
return 0;
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HESH: RS

/

void eat(int hungry_state) {

hungry_state = 0; // 1EEXBIZH,E hungry_state WEIZA, MARIEE hungry_state RYE
}
int main(void) {

int hungry_state = 1;

eat(hungry_state);// 2B EE{EFH
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BN 5SS

/

void eat(int* hungry_state) {
*hungry_state = 0; // BXESHE

}

int main(void) {
int hungry_state = 1;
eat(&hungry_state);

9 /80



CS100 Tutorial 4 Fall 2025

1.1. Pointer Types
1.1.1. Basics

o IHEIAYIRAIZE PointeeType *o

o XNTWNANFEBYEAE 11 40 12, FBEFEA 11~ A0 12+ BARIPEA RE NI gEEME —DMNE
il

}

e R
int i = 42;
float *fp = &i;
+H*fp; // REXITHN. XFIEIT i HITHIEERME
N y
e /£ CIEET, FPRZEEIIEE AL (AR~ 4AE &) MHORNEHR, XEWAL e, 3 HAE
C++ EF')ZI:‘I:%BB’QO
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1.1. Pointer Types

1.1.2. Legal Pointer Type Cconversion

SIXE S H—NEADy 11~ BUEEN, MEKbRaRRE— 12 BN RE, XLPFERRE AT
N, BRAERE DL RO

1. 12 5 11 2 #EFR (compatible type) (BUEBFELIRZEAD),

int x = 1; int *p = &x; printf( , P
/] *p & int REWNEEREN; 5 int & (BIER)

2.2 75 11 AR (HEH const. volatile 5§ restrict FRERFAIRRAS,

{ int x = 1; const int *p = &x; printf( , 'p);

-

11/ 80
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1.1. Pointer Types

1.1.2. Legal Pointer Type Cconversion
3. 12 B5 T AP E TS STFE A,

{ int x = 1; unsigned int *p = (unsigned int*)&x; printf( , P );

4. 12 PRI (char, signed char BX unsigned char),

{ int x = 65; char *p = (char *)&x; printf( , TP);

5. FF,

HZIAMER, 1BSHaREIA ~, (aEiolE)

28

12 / 80


https://en.cppreference.com/w/c/language/type#Compatible_types
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1.1. Pointer Types

1.1.3. Pointer Aliasing (}8¥t5!%2) - Beyond the Scope

f£ C 1 C++ A, 2 MatHamE—WNEXER, S&4504 (aliasing),

-

void foo(double* a, double* b, int n) {
for (int i =0; i <n; i++) {
bli] += a[i];
}
}

o

o ISR a Al b FEMIAFIBIAFER, ASE57EE I HATRRY, F H Al AT,
o R, GRFAILA foo(a, a + 1, n - 1); BTN foo, EALAIHES HHBLIAIEL,
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1.1. Pointer Types
1.1.3. Strict Aliasing (™1&5!%5) - Beyond the Scope

o C/C+t+ GilgdliE (compilers assume) AFIZEEFEHKIZ A ZTaAIFE—NFEAME, BB
1 =Yl =

o “FRIEA” BEMRHTE “AikiEi i (Legal Pointer Conversion)” EHE K,
o MEREHIZMN (strict aliasing rule) TEMALH 2 K @RI ERINE o

e il 5 2 (In short), BIEETATI AR [ — > 15 51 12 3% 45 o6 £, 40 SR bR B8RS W > 2 0] BE
(potentially) #&SZraHH 4, FiiFde NS AITIEATL DAFROR (L AR,
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1.1.3. Strict Aliasing (™#&5U%) - Example

I 12 a JC IR R ARG AL AR SRR RTIEEC, [RIA

ptrl A1 ptr2 RIRE B N5,

/

}

int foo(int* ptrl, int* ptr2){

*ptrl = 10;
*ptr2 = 11;
return *ptrl;

}

int foo(int* ptrl, int* ptr2){

*ptrl = 10; *ptr2 = 11;
return 10;

TEIXMMEOL N, iz 2 (ERRE,

- ™
int foo(int* ptrl, double* ptr2){
*ptrl = 10;
*ptr2 = 21.02;
return *ptril;
}
- Y
- ™
int foo(int* ptrl, double* ptr2){
*ptrl = 10; *ptr2 = 21.02;
return 10;
}
. J
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1.1. Pointer Types
1.1.4. Pointers type: void *

T RO B E 8 AT AR # void *, R ZIRR (vice versa),
o 1 C++ 1, M void * BT HAFE S L i B 20HA T,
IRALZ AT

- N
intn=1
int* p = &n;
void* pv = p; // int* to void*
int* p2 = pv; // void* to int*

16 / 80
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1.1. Pointer Types
1.1.4. Pointers type: void *

void * ZRAUAE C RBRGIASIAN T — 155, BERIERNZRDS R G RN rTsedEH A . AN E—
Lo DL B

® malloc ->JIX[A] void *, IR[AIAYFEET NIE A TR SR,
o [AN, M sHEFHIFEHE malloc AL, 2 UL StackOverflow ->,
o fH int* p = malloc(size); MIF int* p = (int *)malloc(size);
e gsort -> ERMHFIRALAIEIE BREEESZ ™ const void* S
O void gsort( void* ptr, size_t count, size_t size, int (*comp)(const void*, const void*));

® *pthread_create -> 2K A HR LAY [E]E PR 22 IR [E] void *,

17 / 80


https://en.cppreference.com/w/c/memory/malloc
https://stackoverflow.com/a/605858
https://en.cppreference.com/w/c/algorithm/qsort
http://pubs.opengroup.org/onlinepubs/9699919799/functions/pthread_create.html
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AEEITmallociREl{ER FIi% 0

In this question, someone suggested in a comment that | should not cast the result of malloc.
l.e., | should do this:

int *sieve = malloc(sizeof(*sieve) * length);

rather than:

int *sieve = (int *) malloc(sizeof(*sieve) * length);

Why would this be the case?

18 / 80
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1. Pointers
1.2. Null Pointers and Null Pointer Values

e Null pointers
e Null pointer values
e NULL and nullptr

19 / 80
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1.2. Null Pointers and Null Pointer Values
1.2.1. Null Pointers

o ZFfgEt (Null Pointers) JE&fafamMTAIXN RATFEE
o ZfeE SR R AFEE LLER s SRAES A AHEE,
o MIUAVERWE : PlE = IEHEE (H) 3,

20 / 80
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1.2. Null Pointers and Null Pointer Values

1.2.1. Null Pointers

Usage:

o R PRRINERI,

o FORHEMBRINETRALE; Flan, WRSEIRM, malloc ZIR[E—P2EFEES

4 N

int* ptr = malloc(sizeof(int));

if (ptr == NULL){ // & if(!ptr)
printf( );

}

free(ptr);

)

HE, BT SHRE) L EERTFERNEIZIER G NE, HUART T XX RME G,
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1.2. Null Pointers and Null Pointer Values

1.2.2. Null Pointers Value
o ZEEHE (Null pointer value) 2f852K7Ay “F” i,

o BRRMEEZRALANAE — MMRIRE, FOVIZIHR R
o MM EHHEILEINMSE, XEHIBIERT > XK,

22 /80


https://en.cppreference.com/w/c/language/operator_comparison
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1.2. Null Pointers and Null Pointer Values
1.2.2. Null Pointers Value
SHRHE RN

® NULL ->: IXZERE AT M PRIEZEESLSCEAIREL (A <stddef.h>, <stdio.h>, <stdlib.h>)

{: int* ptr = NULL; ‘J

o [HNFRRAIN &

double* ptr_1 = 0;
double* ptr_2 = 2 - 2;

23/ 80


https://en.cppreference.com/w/c/types/NULL
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1.2. Null Pointers and Null Pointer Values
1.2.3. NULL and nullptr

o 72 NULL ;2 2 X (implementation-defined) BI85 ¥ &, HAJGEN:
P

o {Hy o pYEAIE EFRIA (Fldn 2 - 2)
o {EH N 0 HomHllEHEN void * FERURYEEAE & RIRF (FIA0 (void *)0 B¢ 0x00000000)
o [C23 2] PiE & nullptr ->

o nullptr: ML 4E

o J&T nullptr_t S8 —RMRFHSE, KRB A2 2R, (U —1ARUE nullptr
o AR TR ZEAUEL bool Z-AY: 3Rl AL oAz R R S fREHE B false

24 / 80


https://en.cppreference.com/w/c/language/nullptr
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1.3.Undefined Dereferencing

SRS — R IRIAICRRA QAOIRE 2 SR TR, JB RS RIS, FTRER
BRI R 4

o S

o BRHEEF GREGILIIRED : it p;

o SRTEEE: REIRINIER P IR

o WHLgAEI malloc 77EMERE S E#% free BINAE,
o fRMEEHERRZ EfEE, Flu:

[ int* foo(int n) { return &n; } }

o RS — NI ICE IHBAE . int* p = (int*)123;,

25/ 80
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UBTTHRIfEE
REXATH (Undefined Behavior, UB) nJgE S F L&A WMEYE5HR, ®SEEEARET:

o FFHATR (Crash) (Runtime error)

o HHEIIA

o AR

o AHITLA

o B EUE ATCIRIEER

o BLUEEIATH, (BAEARFASIFATagm L N R
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UBTTANGE

4 I
#include <stdio.h>
int main(void) {
int x[4] = {0, 1, 2, 3};
int y[4] = {0, 1, 2, 3};
x[4] = 10; // Undefined behavior: BX7T JE;&thiitx[4]
printf("address of x:%x\n", (unsigned int)&x);
printf("address of x[4]:%x\n", (unsigned int)&(x[4]));
printf("address of y:%x\n", (unsigned int)&y);
printf("%d\n", y[0]); // 1RESAZBRYEIE, EREY[0]JREWEN T
return 0;
}
N

address of x:1f692070
address of x[4]:1f692080

address of y:1f692080
y[0] = 10 ar
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GnEIENUBIT /9

o (Linux)fiHImiFEamit N5 HiafTINKEE (40 -fsanitize=undefined -fsanitize=address).

gcc ub.c -0 ub -fsanitize=undefined -fsanitize=address -g

lichfij@vsp-labl >
ub.c:6:4: index 4 out of bounds for type ‘int [4]°
ub.c:6:8: store to address @x7e54228e0030 with insufficient space for an object of type 'int’
ex7e5422800830: note: pointer points here
B3 60 00 B0 00 0O 60 6P 60 00 OO BB O 00 B0 P P 00 B O ©P 6D 6O G0 V1 60 6 G0 ©2 60 Be 6.

] " :: Lt : —
#0 exsd76dff23seb iff m: 'S100/uUD. C: ¢ JiA : ub.c E’ﬂ%}\{j‘

#1 Bx705424c2alc9 1 5 rroyoueps/nptl/libc start call main.h:58

#2 8x705424c2a28a in llbL qtart main 1mp1 }LqufllbL start.c:366
#3 ex5d76dff231ca in _5tart (/home/lichf1/Cs108/ub+Bx11ca) (Buildlid: a79caAceb79ac74123deecc793ef20943935186ae)

Address @x7@5422800030 is - : it offset 48 in frame

#0 Bx5d76dff23298 in pal i S ub.c: Hjl‘ﬂﬁﬂgm.}ﬁauﬂﬂfi\ig@ UbCEﬂ%Eﬁ_'

This frame has 2 object(s):
[32, 48) 'x' (line 4) <== Memory access at offset 48 overflows this variable
[64, 80) 'y' (line 5)
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1.4. Subscript Operator []
ik

o JEI1: fEEHFRIAI [ BEERIALN ]
o JEI2: BEFIAIN [ F5EFRIAI ]

EN s FRIKI E1[E2] SERFMNMT *((F1) + (E2)),

o HIE—ERAMIEH R NBAHRIKRN, NS TRAEEH AR, A kdsrmBd e cEnTE
£t

o arr[N] FEMTEEH arr W N N, XEEHERNZE (RREfETr SIS NWEREGR,
e BiRE X,

o XFTENN int a[3] = {1, 2, 3}; FUERAH, FRIKI a[2] = 2[a] HIHELERNE,

29 / 80
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1.5. const Qualification

® const Semantics

e Low-level constness of Pointers & Top-level constness of Pointers

30/ 80
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1.5. const Qualification

1.5.1. const Semantics(iEX)

const FRIETTHIIE AUEH T EAMNRIVEERIAN, HRFIXAARBU, JCHEA R,

- B\
const int n =1; // const FRELEHR
n=2; /] iR n 8 const [RERE
int x = 2; // AEBREFXBHITR
const int* p = &x;
*n = 3; // $8iIR: E£{E *p & const PREZEH!
int const ci; /] F¥aHE
ci = 5; // F&i%. ci & const FREZRE
N Y

i const FRERAIF AR R Al GE SR IR I B E L IENAZEF . AN, TR —1 const AN R AYHIIETE
TR MARBGREL, ZNRATREIRA NS AR
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1.5. const Qualification

1.5.2. Low-level and Top-level const-ness of Pointers

o 1l const MUFEE: JIKE const (const BRETEH THFEAIIINR)

o 57 const HYFEETR] AFEIAIFE const XA,
o F5MIAE const AT EN ] PARR L N FE MR —22UW const FRERRAS TSN, 2RI, Finl s 2 .2\

ARG,
4 N
int n=142; int* p = &n;
const int* cp = p; // IEfa: HRIRER (int ) const int)
p = cp; // HEix. EFPBRER (const int F int)
p = (int *)cp; /] EW:. A3
~ J

“ HE, fHH p RBX a (CEFERNER) FHESSBORE XATH,
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1.5. const Qualification

1.5.2. Low-level and Top-level const-ness of Pointers

e const fiEl: THJZ const (const FREIEH TIEEI A H)
o fERXAMIENLT, WFRMBDN G BN, HIgEA S NAHEM,

33 /80
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CiESHS KI5 const {25
MEEEIZERIEN

| “ BRI WEEATHE, FAE, BAAEE,

{ int** p const;

5] RN

p 21 “const pointer”
*p 2 MaE

**p 2—1 “const pointer”, f5[A] int*

34 /80
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MaFEAEiERE

BN NEEAIHE, WEE, BAEE,

{ int* const *p; }

5] RN

p =ik
p—" “constpointer”
fEIAl int

— “pointer to const pointer to int”

35/ 80
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Exercise 1

What level of const-ness is specified by the following const-qualified pointer types?

® int*™ const p
® int* const* p
® int const™ p

® int* const* const p
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Exercise 1

® int** const: A const pointer to a pointer to an int.
o The pointer itself is constant and cannot change, but the int it points to can be modified.

® int* const*: A pointer to a const pointer to an int.

4 N

int a = 42;
int* const p = &; // const pointer to int
int* const™ ptr = &p; // pointer to a const pointer

- /

o The const pointer cannot change, but the int it points to can.
® int const** Or const int**: A pointer to a pointer to a const int.
o The int is const and cannot be modified, but the pointers can change.
® int* const* const: A const pointer to a const pointer to an int.
o Both pointers are const and cannot change, but the int can be modified.

37 /80



2. Arrays



Contents

2. Arrays

Variable-Length Array (VLA) -
Array to Pointer Conversion ->



CS100 Tutorial 4 Fall 2025

2. Arrays
2.1. Variable-Length Array (VLA)

DX H = R/ NI :

-

int n[10];
char str[] =

Type arr[N]; // 'N' B—1NERFNECHNEZERIER,

QR BCEH R R/NEIZ T B E, W E Y R KA

(VLA):
- p
int n;
scanf ( , &n);
int a[n];
- J

o AFRBEH YA an J AL H = B RO/ P BRES RN 25

1k

o BEUEHIAEIRIZ AN, AZEHITREARNE

IR H BT EC R,

o EJREHTIR UL, LR RGER YA

KNEHT I

40 / 80
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2. Arrays
2.1. Variable-Length Array (VLA)
4 N
int n;
scanf( , &n);
int a[n];
o %
o WRIH (VLA) 21E C9 b #5I A CIEE W, (HH C11 &, Jwisas N Enm s Z R Fr ik
P,

o TANAHEFALA RV AR K EA,
o PR Y2 malloc BY calloc AT ESNTES AL,

o 7£ C++14 Wyiieidferh, BHELSIALZKEH, HEARELI TR,
o HZATIA[Z% Gkxx B CSDN t#% >,

41/ 80


https://blog.csdn.net/qq_39677783/article/details/129219624?spm=1001.2014.3001.5501
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2. Arrays
2.2. Array to Pointer Conversion

® sizeof Operator on Arrays
e Decay From Arrays to Pointers

42/ 80
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2.2. Array to Pointer Conversion

2.2.1. sizeof Operator on Arrays

RIARYE, MR EIRZEA, AR NI RITE TR W i,

“ [P sizeof & —MREIZEAIFNTK/IHIBERT, sizeof(type) HIREIZRAZE size t, XE—FIHLIE
NP ER= - E Ut
HE: NTFZEEH (VLA), sizeof BIEBITHITHER,

43/ 80
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2.2. Array to Pointer Conversion

2.2.1. sizeof Operator on Arrays: Example

-

#include <stdio.h>
int main(void){
int a[] = {1, 2, 3, 4, 5};
printf("Size of the array: %zu\n", sizeof(a));
// 20 (5 elements * 4 bytes each)
printf("Size of a pointer to the array: %zu\n", sizeof(&)); // 8
printf("Size of a pointer to the first element: %zu\n", sizeof(&a[0])); // 8

44 / 80
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2.2. Array to Pointer Conversion
2.2.2. Decay From Arrays to Pointers
“IBIL” (Decay) taHZEHAHRENEHOVTERHEEITRIFREHIX —d R,

o BAIT Type [N] HYENH = IRIC AN Type * HIFEETS
o FIKXT p = &arr[0] FICAEE N p = arr,
o KR *arr FEMNT *(&arr[0]) BY arr[0],

X—#Hnh C B S RIEE o

45/ 80
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2.2. Array to Pointer Conversion

2.2.2. Decay From Arrays to Pointers

(AR R /E(ERRIBZC (B, EEHRIPRIRRT /48R £ T DL MEZ ST NN, #ak
Gz S

o {ENHUINLIZRAT & BIFRIEEL:
o (&arr = arr)fH&(arr + 1 != &arr + 1)
o BN sizeof HYPRIEEL
o sizeof(ptr) = 8 ({E64NRA ), [HEsizeof(arr) = 20 ((Ri%ZarrG5™intitR)
o 10T EH WIAG LAY~ A B < 1
o char s[] = "hi"; KEHIFFFEH, MR
o {EN typeof FI typeof_unqual HYERIEEL (B C23 &), *[fdHytH]

£ b bFhserh, BEAZIBRMOVTET . (BEHMTETHR A RIRYZEAY)

46 / 80
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3. C-Style Strings
3.1. String 1/O

e Lrror-Prone Input: scanf, gets
e Memory-Safe Input: fgets
e Qutput: puts

49 /80
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3.1. String 1/0O

3.1.1. Error-Prone Input: scanf, gets

® scanf >/ printf —>: fHH "%s"

o (HEHIASIVHIBATT "%s" 1Y scanf AP AENGFZ 2R, KANEIESZ char * KRB, MRS EZEHAT
KE,

® gets(char* str): BEEUFFTEBNNAHATIARRA,
o ZKEH C11 EEMnEPFEER,
o HEWFKENRIVENRRESE gets_s, HIFEFrE%IFESs (B GCC) #XFHt,

char* gets_s(char* str, rsize_t n);

gets_s BRBURZE A n - 1 INFRF, DR E BN AENBL LR,


https://en.cppreference.com/w/c/io/fscanf
https://en.cppreference.com/w/c/io/fprintf
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2024Fall quizl Q4: Find bugs!

/

#include <stdio.h>
#include <string.h>
int main(void) {
char buffer[6]; // (1)
int pass = 0; /] (2)
printf("Enter the password:\n");
if (gets(buffer) != NULL) { // (3)
if (strecmp(buffer, "CS100") !'=0) { /] (4)
printf("!!! Wrong Password. \n");

}

else {
printf("!!! Correct Password. \n");
pass = 1;

}

if (pass) // (5)

printf("!!! You are the root. \n");
}

return 0;

(he)
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3.1. String 1/0O
3.1.2. Memory-Safe Input: fgets ->

Example:

e Signature: (Defined in header <stdio.h>)

char str[100];
:] fgets(str, sizeof(str), stdin);

[ char* fgets(char* str, int count, FILE* stream);

o fgets PLIE i N\ PRECE Bl BAE M, @A MEMZ 2,
NeEFILRRE:
o BMIEEMHEHEZIE count - 1 DFRF
o MIBFHATR (\n) BOIHEEREF (EOF) IFIRIEEEL,
o JRININIRAIFER str BUFEER; KM IR [E S $5E

52 /80


https://en.cppreference.com/w/c/io/fgets
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3.1. String 1/0O
3.1.3. Output: puts

Signature: (Defined in header <stdio.h>)

[ int puts(const char® str); }

o puts RS IETATE str FRVE DTS Nt stdout, FHAEREBFINARIT—DHITR (\n)o
o str WRIEZ TR (\0) AEEE N,

Question:

T2, puts BISELE AN const, T fgets IS EENAZ?

53/ 80
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3.2. C Strings Library

e Review of In-class Implementation of strlen
e Implementation of strcpy™
e Overview of C Strings Library

54 /80
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3.2. C Strings Library

3.2.1. Review of In-Class Implementation of strlen

p
size_t my_strlen(const char* str) {
size_t ans = 0;
while (*str++ != ) // How about while (++str != '\0')?
++ans;
return ans;
}
-

o BRI RSB ET + WIS TS I HIBsRERT
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3.2. C Strings Library

3.2.1. Review of In-Class Implementation of strlen

FRIEY strlen(s) BRI A SHREERENFELTE s,

for (size_t i = 0; i < strlen(s); ++i)

/] ...

FEMAEIRA, 40F i < strien(s) TEBUOERBERINESWEIRE, BT strien(s) HUBIEHIRHEE
SERORPIE N, XS SEIEREERIE T, HEEaEN O (n?).
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3.2. C Strings Library
3.2.1. Review of In-Class Implementation of strlen

P THERE, PLRFHABSON |

for (size_t i =0, n = strlen(s); i <n; ++i)

/] ...

EPSEH E AT R R BB R o P, 18R] DHESERTE] O (n) 52T,

57 / 80
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3.2. C Strings Library

3.2.1. Review of In-Class Implementation of strlen

for (int i = 0; i < strlen(s); ++i)

/] ...

I 2 GRiEa =X i < strlen(s) K ES?
® strlen HYIR[A]ZRAUE size_t, X e —RhICF 558,
o UTE int Fl size t Zﬁﬂﬁ?ﬁé«?@i[ﬁlﬁﬁ?ﬁﬂk, int [HESWRRZNEHY size_t,
o [, % i AAE (BN -1), EEEE -1 < strlen(s) JLSFBEESWHIEN false (R).

* MR G AT SHCRT SR

58 / 80
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3.2. C Strings Library
3.2.2. Implementation of strcpy ->

e Signature: (Defined in header <string.h>)

{ char *strcpy(char* dest, const char* src); J

e Behavior:

o strepy BRECK DA src fRMINEBZ LTI FAE (EEEZIEAF \0) EHlZ|RA dest fEMIEE TTEIFAFEA
H,
o fELA MBI, 1T HRARENHY:
= dest BHANEKR, TLIEEIN src IR,
s PREFEES,
n dest REFRIAIFREEMIEE, 5 src RRIBATRIEFTEIFRITEE
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Exercise 2: Implement Your Own strcpy Function

{ char *strcpy(char® dest, const char* src); }
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Exercise 2

Most people cannot resist the urge to use indexing and thus call strlen first:

4 N

char *strcpy(char *dest, const char *src) {
size_t length = strlen(src);
for (size_t i = 0; i <= length; ++i)
dest[i] = src[i];
return dest;

}

- J

However, strlen also scans the src string.

e Why scan it twice?
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Exercise 2

It is possible to scan only once: the termination condition should be when encountering '\o',

rather than i == strlen(src).
- R
char *strcpy(char *dest, const char *src) {
size_t i = 0;
while (src[i] != ) {
dest[i] = src[i];
++ | ;
}
dest[i] = ;
return dest;
}
. Y
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Exercise 2: A More Direct Approach

You can directly manipulate pointers without needing indexing.

e Both dest and src are local variables within your function, so you can modify them freely!

4 N

char *strcpy(char *dest, const char *src) {
char *ret = dest;
while (*src != )
*dest++ = *src++;
*dest = ;
return ret;

}

char a[100], b[] = ;
strcpy(a, b); // This works fine.
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3.2. C Strings Library
3.2.3. Overview of C Strings Library

e Null-terminated byte strings (CppReference) -
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4. Dynamic Memory Management

4.1. malloc >, calloc ->

void* malloc(size_t size);
void* calloc(size_t num, size_t each_size);

e malloc: 71HC size FHHIARMIGILINAE, XERE T2 EOTRIVER ST R,
o calloc: 9 nun T™HNR (FP KR/ each_size) %@EV‘]?, an SIREE R LGl W R

o HTFMFTER, KIRDEAFTIEATRERT nun * size,
o R RATEF G N ZIFARELRILEE SEHIR E Y 0.0 BFEFHIR B N4 TR HH,
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4.1.1. malloc

Try the following code snippet - ~

#include

WRAE C PRI, malloc 77BCHYNTFEEL & A RIE, neelludle
(BAEKEA, REEBEERIANT, XNNELE

14,7 int main() {
int n = 5;
— iR AR! int *arr = malloc(n * sizeof(int));
. printf( );
o MECINTEATHE 2 B B e TR TR, B “rﬁagoﬂzﬂdﬁ{
P R G E AR LY, . ’ :
o T Z2RK, MERGETZIRETEFHREIN printf( );
17, DABE S 85 HAH AR R EE . free(arr);
return 0;
HZPEAME R, BalAEE StackOverflow FHYIX }
NEE >, \ Y,
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4.2. realloc ->: reallocates a specified area of memory

{ void* realloc(void* ptr, size_t new_size); }

258 ptr A DA NuLL, AT U2 H malloc, calloc BY realloc SR AC HIMARTE LA free 5Y realloc FE
EIFETT S

o UM ptr Jy NuLL, MATHZEFE]T malloc(new_size)
o ISR ptr Ay nuLL, W@ DA BT AL :
o ¥ REEILAE ptr TEMIAYINA NFE X, B¢
o TIEL—DR/INN new_size FHHIHNAZESL, EHilH HR/NAEINE TN NFENE, FFRERIHNESL,

GERWTHANGEAR, HAFRA SRR, FFRMZE TR
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4.2. malloc, calloc, and realloc

o iR NAFIMR, XERKBOR B AEMFSE BB ATE free (Y realloc) HATEEIR, FEFEMN
&, IRIGTEEr ptr EEFT A RIRRY, 8N HAYEMTTRER = FERE AT N —BRME E T o7f
2 R HIHATHY,

® malloc(0). calloc(0, N). calloc(N, 0) FI realloc(ptr, 0) AT 92 HSEBE X,

o XEEREAREN RN IR 255,
o 8, EATRIRE L —E =AY I IR 5 H A G I FEET

= (HES | ISR 2 FEORE AT,
u XER o BCHI N R T, AR G2 AT
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4. Dynamic Memory Management

4.3. free >: void free(void* ptr)

IEERAE
o B tEE: TLHFERAE ptr 1= NULL,
AREXATN:

o TEFEEIEME free BT, WREfdi B RBEBOZETIGE,
o BEMAIHIHEAZH malloc, calloc. realloc B¢ C11 Y aligned_alloc -> IR[EIAJFEET
o fRErEF B ECNAF RGO, TR R,

Pl
SICTAH free 25 8UNFIR, XalgEEILEET FELIENES (O) B,
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4. Dynamic Memory Management
4.4. In-Class Examples

e Creating a Dynamic 2-Dimensional Array

e Reading a String of Unknown Length
O memcpy
O ungetc
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Example 1: Creating a Dynamic 2-Dimensional Array

N-1

© 1 2
int **p | * | * | *

— * | W
*
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Example 1: Creating a Dynamic 2-Dimensional Array
Method 2: Create an 1D array

Method 1: Create an real 2D Array

p
int **p = malloc(sizeof(int *) * n);
for (int i =0; i !=n; ++i)
p[i] = malloc(sizeof(int) * m);

for (int i =0; i !=n; ++i)
for (int j =0; j !'=m; ++j)

plilljl =/ ... %/

for (int i =0; i !=n; ++i)
free(p[il]);

free(p);

N

-

N
int *p = malloc(sizeof(int) * n * m);
for (int i =0; i !=n; ++i)
for (int j =0; j !=m; ++j)
pli "m+j]l=/"..."%/
/] ...
free(p);
J
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Example 2: Reading a String of Unknown Length

P AT E R P RAKER A EZ BT T, EXMEN, AT PAEH natloc 1752 ELA
7, IFRIETREAE realloc WREH A N, AMASERATE:

o FIESITECAT DA 51T B
o WIRZEMIXEW, WEHIH—DEKRAIGRMX, HRIAEBIEE R 25 & X A
o SEAUEREMNE T BLHYNTE, AT
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Example 2: Reading a String of Unknown Length

/

// Snippet 1
char *read_string(void) {
// ignore leading whitespaces
char ¢ = getchar();
while (isspace(c))
c = getchar();

char *buffer = malloc(INITIAL_SIZE);
int capacity = INITIAL_SIZE;
int cur_pos = 0;

\

/

// Snippet 2
while (!isspace(c)) {
if (cur_pos == capacity - 1) {
char *new_buffer = malloc(capacity * 2);

// copy everything what we have stored
// to the new buffer
memcpy (new_buffer, buffer, cur_pos);

// Don't forget to free.
free(buffer);

capacity *= 2;
buffer = new_buffer;

}

buffer[cur_pos++] = c;
c = getchar();
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// Snippet 3

// Now, ¢ is a whitespace. This is not part of the contents we need.
ungetc(c, stdin); // Put that whitespace back to the input.
buffer[cur_pos] = "\0"; // Remember this!!

return buffer;

}
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Example 2: Reading a String of Unknown Length

memcpy ->

Defined in header <string.h>:

[ void* memcpy(void* dest, const void* src, size_t count); }

o JifE: B count DFFFM src FRIFMIINTEALEE HIF dest FMIINTEN B, IR[[] dest,
o REMXATNH:
o W dest H BB EAFIN count MNF1LF
o UNER src, 1 dest INIEXIHES
O UNER src B dest EILFREI B fEET
o memcpy LL strepy B, [KIN strepy 1EF \o =IZIEE I, T memcpy A A ELHE N A HIKS I & Hl$5 E
BEN T
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Example 2: Reading a String of Unknown Length

ungetc -

{ int ungetc(int ch, FILE* stream); // defined in header <stdio.h> }

o ungetc KEFRF ch FEEHI AT stream BYZZMPIX A, N —IRMIZIIEEEERER SR BRI IX 4 [ 39
o
o [EE: HBRIEASBUEHCEAVIMIRIL 5,
o 2% X PR :
O AXLRIUE—PFRFAYHER] (ZPXR/NN Do WSRAE SR E E e ViR E 2 BiZ XA ungete, HATH2HISE
P ) (implementation-defined), FH HRIRESRML,

o WISRIHAT T ZRAII ungete VA, WHERIAYFRFE DOY P HIs2EY,
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Good luck and enjoy programming!




