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1. EEmSXHF 10
1.1. 5% (stream). N7, HWitHR

(13 Ko2s»

m” (stream) : XEEFFHGUKR—FE, mid, EAHEESL, (BAXXZHRR! )

stdin, stdout : PR A, bR IR

o RN TEZRKImIT TR, FEEINEOLT, stdin 1 stdout BRHHEE 21X N2,

® _/program < my_input_file.txt : ¥ stdin HE W) E] my_input_file.txt

® _/program > my_output_file.txt : ¥ stdout ERXE M F my_output_file.txt
O UNERIXNSUAATFE, HLAIEH K,
o YNRIXNYMHAZTE, ERANNAESPIE S,
o ,/program >> my_output_file.txt : BN, MIFE &,

® _/program < testcases/3.in > output.txt
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1. EEMSEXHI10

1.2. freopen: TEXIBHREM “EEM” (redirect)
freopen( , 'r'", stdin);
freopen( , "w", 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
"Wt write extended create a file for read/write
"at" append extended open a file for read/write
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1. EERSXH IO

1.2. freopen: X3 CIN “EBEEM” (redirect)
freopen( , 'r", stdin);
freopen( , , stdout);

L E freopen BEMIAI A IEZZS stdin / stdout EEFE[A]!

AIEABAE R EHE S R TERE] 22 I, — 1B CPPReference-freopen -> FHEHAHR
R,
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https://en.cppreference.com/w/c/io/freopen
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1. EEmMSXH IO
1.3. FRfEaN. il

scanf, printf, getchar, putchar, puts IXEE K EERE A stdin A stdout o

f5iran,

o UNETEME scanf BIEF stdin BEEFEIIE DA,  scanf LS MBS SCEEIE A
o UNERAE(H puts HIFF stdout EEE MR NLE, puts FI2AARD XS Ao

8 /47
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1. EERSXHI0
1.4. X% 10

p R
FILE *infile = fopen( , 'r');

int a, b;

fscanf(infile, , &, &b);

FILE *outfile = fopen( , w');

fprintf(outfile, , a+bh);

fclose(infile);

fclose(outfile);

- /

o fopen : FIH—ME, KE— FiLe » CCHFEED.

o fclose : KM=, SEIZ— FILE *

® fscanf, fprintf, fputs, fgets, fputc, fgetc : E’E*E’J@?&E’J%ﬁﬂi, ZE— FILE * ZRAFISEL
o NERIE A stdin / stdout , EELAIEEAIRRA—FET,

9/ 47
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2. struct
2.1. What's struct?

U—ETEHGHE K, &YX PHRISURES, Blan:

4 N

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

int dorm;
I
N J
e R
struct Record {
void *ptr;
size_t size;
int Line_no;

const char *file_name; [: ]
~ 11/ 47

1.
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2. struct

2.2. Product type

SRR A RO G IR struct X B MG

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

o T RSN T, Toy -, Ty W struct X (AR E L

X:ﬂx"°xn:{(tl7"'7tn)|t1€7~17”°7tn€7—7’1,}

12 / 47
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2. struct

struct 28 typedef ENX3ER5133

struct + %45, C 1 struct T RAIEHS, Cr+d [ A
LA S et ol 5 2 Rl

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

- /

A EH #define fXOF typedef! ! !

struct Student student;
struct Record records[1000];

13/ 47
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2. struct
2.3. struct B9 5

name . mem

e N
struct Student student;
student.name = ;
student.id = ;

student.entrance_year = 2023;
student.dorm = 8§;

printf( , student.dorm);
++student.entrance_year;
puts(student.name);

14 / 47
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2. struct
2.3. struct Bk 5

ptr->mem: ZEATT (*ptr).name, A& *ptr.name ! ! (. LRSS T *)

-

struct Student *ptr = &student;

ptr->name = ;

ptr->id = ;

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

printf( , ptr->dorm);

++ptr->entrance_year;

puts(ptr->name);

15 / 47
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2. struct

2.4. struct B9¥IA1L
ZAERPEE . SNEREEN S &A1 27

-

struct Student gs;
int main(void) {
struct Student Ls;

}

16 / 47



CS100 Tutorial 5 Fall 2025

2. struct

2.4. struct B9¥IA1L
ZAERPEE . SNEREEN S &A1 27

-

\

struct Student gs;
int main(void) {
struct Student Ls;

}

o LREFER static: BHIHIL: LKA IR R B ZSHIHE,
o JHHkAE static: AL, FrERRGTEREAARE XHIH,

17 / 47



CS100 Tutorial 5 Fall 2025

2. struct
2.4. struct B9FIMA1L

Initializer list:

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

fFEE C++20 A HH designators, CO9 LA 17! (BAZIEH B PythonVerilog? )

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

C 7o¥F designators PAMEEF HEE, C+H+AIF,

18 / 47
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2. struct
2.4. struct BY#481L
FA 10T A Initializer List RJGHIGEERIA
< 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
(EDN 5 AR I E A AN REIX AR A -
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

19 / 47
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2. struct
2.4. struct BY#481L
AT PAMEH compound literal (E&FHE), ERIENHIRAAYE — N ERGEIA:
p

r = (struct Record){p, cnt * each_size, __LINE__, __FILE__}; // OK

records[i] = (struct Record){.ptr = p, .size = cnt * each_size,

.line_.no = __LINE__, .file = __FILE__}; // OK

-

20 / 47
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2. struct
2.5. ¥ D1—1* struct

— struct AIPABFE DL, HATAZIZEMH UL
4 N

struct Student a = {"Alice", "2023533000", 2023, 8};
struct Student b = a; // 0K, #4a1k
struct Student c = something();

c =a; // 0K, TKX&E

o // struct Student b = a; TR TFEAIFLHS
struct Student b = {a.name, a.id, a.entrance_year, a.dorm};

® | // c=a; RmuAETEAA
c = (struct Student){a.name, a.id, a.entrance_year, a.dorm}; [:1/47
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2. struct
2.5. ¥ D1—1* struct

4 N

struct A {
int array[10];
// other members ...

1
\ J

BRI IF e B B RS VI, (BEHIHEINE,
FEUL—A> struct A B, ZRiFds= BB LR 5 VUEE,

int a[10];
int b[10] = a; // Error!

(' L:2/47
<triict A A




CS100 Tutorial 5 Fall 2025

2. struct
2.6. fEEKE ZE){EiE struct

EZ G SUE 5,

/

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]);

23/ 47
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2. struct
2.6. TR EN 2z iBlf&EE struct
HL b, EESRZERNZXERNAIGR, Wil ER G :

{: struct Record r = records[i]; :

LA A

struct Record r = {records[i].ptr, records[i].size,
records[i].line_no, records[i].file_name};

24/ 47
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2. struct
2.6. TR EN 2z iBlf&EE struct
IR[E][—A struct, JFSIERRIGZSRIEL, 25D

4 N

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

}

records[i] = fun();
N y

return r; . E%Tﬂﬂlﬂ struct Record tmp = r; El"]ilc%'j'\, IIEHQLXQL% tmp %i’%iﬁfﬁ fun() E’J?‘Z{E?ﬁ%o %Eﬁ
TN records[i] = tmp; HYFE UL,

{HSE b EXA RS iEa i, iR RrriXmiiien). (FAMLUEHE C++ B IRIX A
w
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2. struct
2.7. struct B9 K/

4 N

struct A {
int x;
char y;
double z;
Ii¢

- J

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

26 | 47
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2. struct
2.7. struct ByK)

4 N

struct A {
int x;
char y;
double z;

1

N

N

sizeof(struct A) >= sizeof(int) + sizeof(char) + sizeof(double), Hﬂ?ﬁﬂﬁﬁ%ﬁ"ﬂﬂ'ﬁ@, i ns ] BERTE L AL
7T —E 2 H,

— g, XN T— struct X, B

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

membercX

27 | 47
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2. struct
2.7. struct BYK/)
- N
struct A {
int x;
struct A a;
&
. J

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

28 | 47
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2. struct
2.7. struct ByK)

e N
struct A {
int x;
struct A a; // Error: use of incomplete type 'struct A'.
k3
\- J

sizeof (struct A)= +00, KIHXFITHEAS LI,

o MY Eifk: IXHERIZRFGTCIEAEE,
o CREIRGIN: 1EE N2, RXPEBEATEEIEY (incomplete type), N T AE2IEY,
ABEE MOX N RBIFN R, AREVIRIX M REIR R R, Hege SOX MR FEEr, IFHAREM S,

29 / 47
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2. struct
2.8. Blin)gl: hREIHME/ZMME?

4 N

72?2 minmax(int *array, int n) {
int min = INT_MAX;
int max = INT_MIN;
for (int i =0; i <n; ++i) {
/] ...
}

return /* (min, max) */

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

// read the string ...

(b7e)

buffer[size] = "\0":
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2. struct

2.8. BinlEt: LR
B% Y return , IGE1HATpE0] IS BEATHHE?
LEVE FF B EE RBNAF AL 3R, BIFARILE,

M™ME/ZME?

/

}

}

int add(int a, int b) {

return a + b;

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

void add(int a, int b, int *result) {

1

*result = a + b;

1/ 47
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2. struct
2.8. BHlin)gd: 0

o/ ME/Z1ME?

—RIEF TR i !

p
void minmax(int *array, int
*min = INT_MAX;
*max = INT_MIN;

n, int *min, int *max) {

for (int i =0; i <n; ++i) {
// ¥ *min # *max #HITIEER

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

}

32 /47
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2. struct

2.8. Einl@: R EIFRME/ZME?
—— A B P !

B RE” /A MEHATL:

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

“ filgn: 1 CUDA #fEH, Kernel K%t (__global %) TREFIRMENE, KitHee@disi285 A

-+
élil )

33/ 47
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2. struct
2.8. BWin)RE: WELHREIFRME/SME?
— BB AF TGS S A7 L

JEAT LS return 5 S EA (1B minmax JXAERIRREL, IREIRGFME “HEADN ", AEBH A FRR

Fie):

-

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);

}
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2. struct
2.8. BWinEE: R EIFHAME/ZME?
Eﬁhﬁimﬁﬁ: return " struct,

CIZENEN “Jtdl” (tuple), HERIEUEESH struct EHK:

-

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;

}

5/ 47
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2. struct
2.8. Blin)gl: hREIHME/ZMME?

HEERTT:  return —" struct,

X773 LS read_string

36 /47
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2. struct
2.9. 1 2SiBH

—ESREHMIESHE T TRESEIX AT

-

-

int minmax(int *array, int n) {

/] ...

return min, max;

}

VERBEEE g, HIRHE return max;

o FIRI exprl, expr2 Y |, BIESBERF: JoXt exprl RI1E, FXF expr2 3R1E, IR[E] expr2 HIMES

e HAFFTAIESHRESIZER, I func(a, b, ¢) FHNES ZHREERESNEEN—TRT,

o XERMAFHMANER/ET, HRNEAZHIBEN R RN REFMERIZRITZ —,

b; FRHYIE 2 /= I MR B RITETRR —H8 70

int a,
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2. struct
2.10. fREERMEXIZIT
strtol © 3G — AT R AR E I REIEEIREHSE (B E]—4 Long),

* %

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

char str[] = ;

char *next_pos;

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

(13

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.

38 /47
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2. struct
2.11. B igit—1KE, itegd—

Boox = f(x), B2 f(ax) o

p
const char *move_forward(const char *s)
{
while (*s != && condition(*s))
R
return s;
}
// call site:

ptr = move_forward(ptr);

void move_forward(const char **s)

{
while (**c 1= &% condition(**<))

9 /47



3. enum, bitfield, union
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3.1. enum

B HHIRA, BRI L MRE ) (BaTR) HZ—
4 N

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

1

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

L J
o FEFHVILIF: A magic numbers
p I

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

enum TextColor color; [:Ezzz]

char *contentec:
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3.1. enum
enum 325 L E—FhEELN!

/

const char *colorToString(enum TextColor color) {
switch (color) { // PILAMTE switch B
// enum items BERFIFHAEE, BJLAMTE case label L
case Black: return "Black";
case Red: return "Red";
case Green: return "Green";
default: return "unknown color";

const char *colorToString(enum TextColor color) {
const char *colors[] = {"Black", "Red", "Green"};
return colors[color]; // color RILAEA AR

}

12 /47
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3.1. enum
o ZFFBRIIEY ud 0D

(57| SHREIE: FERP IR/ SISEHISBEES: powerCon(1]2( 67| 11|52 |57 | 58| 65, 10);BIEIR. RIAILEEN:

—

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);
}
DI EFIPEREIFHTESIGPIOS HNEY, EEFIERATRXMMSHEN, HlmzsetiamcBnERERT|. #HERE
POLARSSE, SHTEIR.
L BB AR MBI HIRO R R e M A — M, TERAMEISIESPIEINE NS Force, Fit{T—MorfE R, MBS
HE.
#define littleFingerNum 9
u8 littleFingerID [littleFingerNum] = {1,2,6,7,11,52,57,58,65};//ttAMiHE S AT N EZRRIEG H1ES FHEARAEBILTFIC 2 TH R85
hmE

void littleFingerForce(u8 Force) I NSRRI XA E
{ for(u8 i = 0;i < littleFingerNum; i++)

{powerCOn(littIeFingerID [i] . Force)//tbatRIESAE BN EENEALES FHIEAEBISTFeETHESE5INE
: }

REBI RAGHEITIEIE, IERRREIIRD HE T HERAYHS.

43 | 47



CS100 Tutorial 5 Fall 2025

3.2. Bitfield

HE: PURRASHITT A2 implementation-dependent fY:

/
struct Instruction {
unsigned imm : 7;
unsigned r2 : 3;
unsigned rl : 3;
unsigned opcode : 3;
}; // sizeof(struct Instruction) == 7 + 3 + 3 + 3
\_
‘01@@111@ 01 1 @
I L [ I [ I
opcode=010 ri=011 r2=101 imm=0011010
mul X3 x5 not used by mul
/
unsigned short x; scanf( , &x);

struct Instruction i= *(struct Instruction *)&x;
/] BMIERTLAE$EZER i.opcode, i.rl, i.r2, i.imm

b4/ 47



CS100 Tutorial 5 Fall 2025

3.3. union

union ﬂl struct “1‘4%, ﬂlﬁ_‘%ﬂhﬁﬁo Z<|EJH/‘JI%, union %ﬁ%}ﬁﬁﬂ’\] “%bﬂ”, ﬁ%}ﬂzﬁﬁi%—‘}#ﬁ\]
o

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),
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3.3. union
Example: it ZRHAMNBEHHEZR—IRATEF

/

/] ®X—" Union, it float #1 uint32_t E£EZEREF
typedef union {

float f; // 32-bit FHE

uint32_t i;  // 32-bit TS EH (BTFEE)
} FloatIntUnion;

-

e union b float Fl uint32_t =R —HR AT (4 ?jﬁ)o
o B u.i EEEMW u.f I HHIFRR, RZINAR,

46 / 47
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3.3. union
Example: it ZF A HMMNBHHER—IRAE

IBITBH u.i BORR Bit SRIE2K u.f B Exponent:

uint32_t new_exponent = 127 + 1; // 5%k +1 (FBHF3ElA 2)
u.i = (u.i & O0x807FFFFF) | (new_exponent << 23);

XA 3.14 AR 6.28 (RINEE +1 AHE T X 2),

47 | 47



