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HR

o HEMRSXMFIO

® struct
e enum, bitfield, union
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EA)\I)II..\ Eéll:H AL

‘I (stream) : IXEEFIHE KR —FE, ARk,

stdin, stdout : PR A, bR IR

ABMMER I T MR, ERANFIR,  stdin A stdout ABHGRE 2IX 12,

./program < my_input_file.txt : & stdin HE M Z my_input_file.txt
./program > my_output_file.txt : B stdout EHIEMF] my_output_file.txt
o WHIXPSCHAFELE, FhAIEE K,

O WX NMELE, EIRANNESHE S,

o ./program >> my_output_file.txt : JBAN, THIEE .

./program < testcases/3.in > output.txt



freopen ->: {E(XIZHREI “EFEM” (redirect)

freopen( , , stdin);
freopen( , , stdout);
File access mode string meaning explanation

"r" read open a file for reading
"w'" write create a file for writing
"a" append append to a file
"r+" read extended open a file for read/write
"W+ write extended create a file for read/write

"at" append extended open a file for read/write



https://en.cppreference.com/w/c/io/freopen

freopen ->: AP “EEM” (redirect)

freopen( , 'r'", stdin);
freopen( , "w", stdout);

EHSE E freopen BEMIAI A IE/ZZE stdin / stdout EEFE[A]!
RIS FANSEIRF_LR S R BRI 157 ST bt PE R AL
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https://en.cppreference.com/w/c/io/freopen

FRERIAN. SR

scanf, printf, getchar, putchar, puts IXLERECERE A stdin A stdout o

f5ran,

o WIRTEMEM scanf BIPRF stdin @ MIZEIEANA,  scanf BL= MBS A

o WIRAEMEM puts HIRF stdout BEEARIFENSLH,  puts BER AR XAFE A,



X1 10

p ™
FILE *infile = fopen( , 'r');

int a, b;

fscanf(infile, , &, &b);

FILE *outfile = fopen( , W)

fprintf(outfile, , a+bh);

fclose(infile);

fclose(outfile);

- J

o fopen : FIFH—MF, PIE— FiLe * CCEFEFEED) S

o fclose : KRH—"1PXH, SEZE— FILE * ,

o fscanf, fprintf, fputs, fgets, fputc, fgetc : TEFCRAVERENAVFAL L, 28— FILE * RBIRYSEL
o UNEAE A stdin / stdout , BEFAIEIEAIRRA—FE T,
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struct

WILNMRIES S, & X — RN EEESE

/

struct Student {
const char *name;
const char *id;
int entrance_year;
int dorm;

1

struct Record {
void *ptr;
size_t size;
int Line_no;
const char *file_name;

1
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Product type

1% struct X BEHUW MR

e ™
struct X {
T_1 mem_1;
T_2 mem_2;
/] ...
T_n mem_n;
I
N J

R T Ty, - -+ T, BENES 3N T, Toy - -+, T, W struct x BMERIERE S
X:7'1 X oo Xn:{(tla'”atn) ‘ tl E7'17"'77571 67;1}
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struct 358¢

struct + 4%, CH struct REEFAA]ERE, C++ g,

struct Student student;
struct Record records[1000];

typedef 7E X ERIFI4

4 N

typedef long long LL;
typedef struct { double x, y, z; } Point3d;

LL Llval = 0; // Llval is long long
Point3d p;

- J

~ 1 > FHR
ASEH] #define {85 typedef



struct BYpX 52

name . mem
- R\
struct Student student;
student.name = "Alice";
student.id = "2023533000";
student.entrance_year = 2023;
student.dorm = 8;
printf("%d\n", student.dorm);
++student.entrance_year;
puts(student.name);
- J
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struct BYpX 52

ptr->men: ZFEUTT (*ptr).name, A2 *ptr.name ! ! (. fLATE:T *)

/

struct Student *ptr = &student;

ptr->name = "Alice";

ptr->id = "2023533000";

(*ptr).entrance_year = 2023; // equivalent to
ptr->dorm = 8;

printf("%d\n", ptr->dorm);
++ptr->entrance_year;

puts(ptr->name);

ptr->entrance_year = 2023;
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struct #1454k
SR R BT 2 R 47

- N
struct Student gs;
int main(void) {
struct Student Ls;
}
\_ J
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struct #1454k
SR R BT 2 R 47

- N
struct Student gs;
int main(void) {
struct Student Ls;
}
\_ J

o LFEFER static: DBHIUHIL: FAFIRIIFTA BB BRI,
o JHHRAE static: AL, FTERAELE A RE XHIE,
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struct 945 1K

Initializer list:

{' struct Record r = {p, cnt * each_size, __LINE__, __FILE__}; :

f@EE C++20 A B designators, CO9BtE 7! CENZEIEHH Python? )

struct Record r2 = {.ptr = p, .size = cnt * each_size,
.line_no = __LINE__, .file = __FILE__};

C 7o1F designators PAMERENF HEL, C+HAH,
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struct 945 1K

e N
struct Record r = {p, cnt * each_size, __LINE__, __FILE__};
struct Record r2 = {.ptr = p, .size = cnt * each_size,
.line_no = __LINE__, .file = __FILE__};
\_ J
MEAE AT
e N
r = {p, cnt * each_size, __LINE__, __FILE__}; // Error
records[i] = {.ptr = p, .size = cnt * each_size,
.line_no = __LINE__, .file = __FILE__}; // Error
\_ J
{HR] DAEA compound literal :
- N
r = (struct Record){p, cnt * each_size, __LINE__, __FILE__}; // 0K
records[i] = (struct Record){.ptr = p, .size = cnt * each_size, [

lineno= ILINE . file = FTILE 1l // 0K
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£ D1—1 struct

— struct AJDABEE UL, HAT AR G5 UL,
4 N

struct Student a = {"Alice", "2023533000", 2023, 8};
struct Student b = a; // 0K, #%51k
struct Student c = something();

c =a; // 0K, W(E

-

® // struct Student b = a; FLERE TEAIES
struct Student b = {a.name, a.id, a.entrance_year, a.dorm};

¢ // ¢ = a; FEARETFEAVES
c = (struct Student){a.name, a.id, a.entrance_year, a.dorm};
- J
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£ D1—1 struct

4 N
struct A {
int array[10];
// other members ...
b
o %
BIRNGIF AR ERE VA, HeHEIH MR,
FEUL—> struct A I, ZmiEas= HINZER#E A,
int a[10];
int b[10] = a; // Error!
~

struct A a;
struct Ab =a; // 0K

—
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£ ER 2z iB){EiE struct

EZHIIE S UL,

4 N

void print_info(struct Record r) {
printf("%p, %zu, %d, %s\n", r.ptr, r.size, r.line_no, r.file_name);

}

print_info(records[i]);

- /

G A T IR PIAGEE, U2 R 5 DL

struct Record r = records[i];

LA A
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(' <triict Record r ITracordeli1l ntr racordecli]l ci7a



TR E ZiElfEEE struct

IR[E]— struct: AEIERRETE R, 2L

4 N

struct Record fun(void) {
struct Record r = something();
some_computations(r);
return r;

}

records[i] = fun();

- J

return r; 1 KA TP struct Record tmp = r; El@il%')_'\, [HINPSE tmp ERIRE fun() HISRIESE R, AEKR
TN records[i] = tmp; HYFE UL,

{HSE b EXA RS iEas L, iR e iiien. (FAMLUEHE C++ B IRIX A0

)
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struct B9 K/

p ™
struct A {
int x;
char vy;
double z;
I
S J

sizeof (struct A) &2%%/D7?
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struct B9 K/

e N
struct A {
int x;
char vy;
double z;
IE
\_ J

sizeof(struct A) >= sizeof(int) + sizeof(char) + sizeof(double), Elﬂﬂ:lj‘]ﬁﬂ%ﬂ/‘]rﬂ%ﬂ, TR iEes V] RE S TEHLLE
HT i A —ERZ H,

— g, XNT— struct X, B

sizeof (struct X) > Z sizeof (member).

membercX
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struct B9 K/

- N
struct A {
int x;
struct A a;
Ir¢
L J

sizeof (struct A) &2%%/D7?
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struct B9 K/

4 N
struct A {
int x;
struct A a; // Error: use of incomplete type 'struct A'.
b
\_ J

sizeof(struct A)= +00, RKILIXFITHZANTTITFI,
o MYIEE Eif: IXFERIZRPETCIETE I,

o CRAIRFINN: 1EE X hl, XPMRBZATEIM (incomplete type), X T A2 A
AREE SOXMRBIRN S, AREVT IPIX NSRBI R, REEE XM RARTEE, HHAREM S A,
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mEE: MNELREIHME/Z1ME?

/

7?72 minmax(int *array, int n) {
int min = INT_MAX;
int max = INT_MIN;
for (int i =0; i <n; ++i) {
/] ...
}

return /* (min, max) */

777 read_string(void) {
char *buffer = /* ... */;
size_t size = 0;

// read the string ...

buffer[size] = "\0";
return /* (buffer, size) ? */

—
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BR7T return , RBHHAER LIRS RELIF

A&

LETE FH B A S R N AR R, BAEIR)LE

- N
int add(int a, int b) {
return a + b;
}
int main(void) {
int sum = add(1, 2);
}
N Y
- N

void add(int a, int b, int *result) {
*result = a + b;

}

int main(void) {
int sum;
add(1, 2, &sum);

}

—
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EE{F A REYNTFHEIE

- R
void minmax(int *array, int n, int *min, int *max) {
*min = INT_MAX;
*max = INT_MIN;
for (int i =0; i <n; ++i) {
// % *min A *max #HITEH
}
}
int main(void) {
int a[] = {1, 2, 3};
int min, max;
minmax(a, 3, &min, &max);
}
N Y
R IRE” Z/DAMEERAT DA
N

void minmax(int *array, int n, int *min, int *max, int *secmin, int *secmax);

—
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EE{F A REYNTFHEIE

A PAS return S & H

/

char *read_string(size_t *size) {
char *buffer = /* ... */;
*size = 0;
// read the string ...
// ++*size whenever a new character is read and stored.

buffer[*size] = ;

return buffer;
}
int main(void) {

size_t size;

char *string = read_string(&size);
}

o

{BA% minmax XFEAVRREL, IREIFIHME “HIANSE", AEBHMRAFRA T
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BEEHIZE: return — struct
CIEWNER “Jtdl” (tuple), HERILIRZH struct iEHIR:

4 N

struct minmax_result { int min; int max; };

struct minmax_result minmax(int *array, int n) {
int min = INT_MAX;
int max = INT_MIN;
/] ...

return (struct minmax_result){min, max};

}

int main(void) {
int a[] = {1, 2, 3};
struct minmax_result minmax = minmax(a, 3);
int min = minmax.min, max = minmax.max;

}

- J
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— R A HMIESHIEF RSB AE
- R
int minmax(int *array, int n) {
/] ...
return min, max;
}
- y

VERBEIEE g, [HERHE return max;

o FKIRT exprl, expr2 Y , BIESIBEALF: JoXt exprl KRB, B expr2 3R{H, IRIE] expr2 BB, LT

R RHIZ BT,
o NEAZHEBEXRGORIEM 7 sEff € IsFEAF 2 —.

o HAEMTEIESEZIE SI8RAT, Bl func(a, b, o) FHIESZE

b; FHHNIE S22 N R ERITRIAR— 8877,

PRIEOE - S HITETRR) —# o0

int a,
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trERERIME R

strtol @ RE— P PAFATERIE FERREEBVBUETR R (S E]—1 Long),

* %

long strtol(const char *str, char **str_end, int base);

char str[] = ;

char *next_pos;

long value = strtol(str, &next_pos, 10);
// value 2 1234 , next_pos @ 'a’

1

The functions set the pointer pointed to by str_end to point to the character past the last
numeric character interpreted. If str_end is a null pointer, it is ignored.

strtoll, strtod ZFFRIZH 2 IXHE,



SFRIT—1TEER, iLefEti—1

B

x = f(x) , 2 f&x) o

Hﬂlﬂl

N

/

const char *move_forward(const char *s)

{
while (*s !=
++5::

)

return s;

}

&& condition(*s))

// call site:
ptr = move_forward(ptr);

void move_forward(const char **s)

{
while (**s !=
++*s;

)

&& condition(**s))

—
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enum

B HHIRA, BRI L MRE ) (BaTR) HZ—

/

struct Text {
int color; // 0 B, 1 46, 2 &6
char *contents;

1

// in some function
struct Text text = something();
text.color = 0; // IENEE

-

o FEFHVILIF: A magic numbers

/

enum TextColor { Black, Red, Green };
struct Text {

enum TextColor color;
char *contentec:

—
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enum 3EP5 L2 —FhEEEL

4 N

const char *colorToString(enum TextColor color) {
switch (color) { // RILURTE switch 2
// enum items BERFFHAESE, TJLURIE case label E
case Black: return "Black";
case Red: return "Red";
case Green: return "Green";

default: return "unknown color";
}
}
o J
-
const char *colorToString(enum TextColor color) {
const char *colors[] = {"Black", "Red", "Green"};
return colors[color]; // color RILA{ESN TR
}
o J

o VREIIEE—FlE E B 4?

(A



{oEsE mE 0@

SmiFent

(57 $EIREIE: IR IR/ MBISRHDERES: powerCon(1 (267115257 | 58| 65, 10):iB5E#EIR. RFAHMUEEA:
{
powerCon(1, 10);
powerCon(2, 10);
powerCon(6, 10);
powerCon(7, 10);
powerCon(11, 10);
powerCon(52, 10);
powerCon(57, 10);
powerCon(58, 10);
powerCon(65, 10);
}
EIEFEIPERI TSI GPIOSIHREN, EEHSERATRXNFSNEN, AlmzsLilERtBERERT| HERE
DOLASERE, SHTHEIR.
LER&IER ARG/ MNBISIERIRTRR R IRE A — N U, T MBS SR IEINE NS 8iForce, Fit{T—MorEIR, MMmizkl/vEis
NE.
#define littleFingerNum 9

u8 littleFingerlD [littleFingerNum] = {1,2,6,7,11,52,57,58,65}://LEAMPES ATSENEEN LG HIES AHIEARABIGTFHEEITH RSB

iz}
void littleFingerForce(u8 Force) I AR EEE IR D E
{ for(u8 i = 0; i < littleFingerNum; i++)
{powerCOH(IittleFingerlD (i1 , Force)/tLAbRHE S ARMNEENERSES THIEARBISTHE R HRSEINE
: }
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https://www.bilibili.com/video/BV1W14y1b7Mq

Bitfield

HE: DUNREBAT A2 implementation-dependent [

/

struct Instruction {
unsigned imm : 7;
unsigned r2 : 3;
unsigned rl : 3;
unsigned opcode : 3;
}; // sizeof(struct Instruction) == 7 + 3 + 3 + 3

0 1 O | 0 1 1 1 0] 1 © | O

1 1 0

r | | |
opcode=010 ri=011 r2=101
mul x3 X5

:
imm=0011010

not used by mul

(

unsigned short x; scanf("%hx", &x);

" -— N . <+ /7 "

—




union

union ﬂl struct “1‘4%, ﬂlﬁ_‘%ﬂhﬁﬁo ZQEIEI’\];'%, union %ﬁ%}ﬁﬁﬂ’\] “%ﬁﬂ”, iz
%,

e struct: "Cartesian product”
X:,Ti Xoeee Xn:{(tla'natn) |t1 Eﬂa"'atnen}

sizeof (struct X) > Z sizeof (member).

membercX
® union: (almost) "disjoint union"

X=TiU---UT,=A{(t;,2) | t; € T;,i € {1,---,n}}

sizeof (union X) > max sizeof (member).
membercX

{5 union EIAEH /NE),



