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2016
0  

int iNum = 0x64; 

int iNum 0x64
 1.1  

 1.1  

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  int iNum = 0x64; 

5 

6  printf("%x, %x\n", &iNum, iNum); 

7  return 0; 

8 } 

0x64 0x22FF74 &
iNum &iNum

 

&iNum
int iNum

 1.1  

&iNum iNum 0x64
&iNum &iNum  

int iNum = 0x64; 

int *ptr = &iNum; 

ptr int int *
int 1.2

 

 1.1  

 

1.2   
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&ptr ptr &ptr
 

int iNum = 0x64; 

int *ptr = &iNum; 

int *ptr typedef  

typedef int *ptr; 

ptr int * ptr PTR_INT  

 typedef int *PTR_INT; 

PTR_INT PTR_INT pPtr  

PTR_INT *pPtr = &ptr; 

 pPtr PTR_INT * PTR_INT int * pPtr int **
pPtr int ptr  

int **pPtr = &ptr; 

 

*pPtr == *(&ptr) == ptr 

**pPtr == *ptr == *(&iNum) == iNum 

 

 

 

int a[2]; 

int a[2]; a &a[0] &a a

 

 

&
sizeof  

a 2 int a int [2]
a int [2]

2 int C
C C

 

sizeof &

a==&a[0] *a==*(&a[0])==a[0] a[0] & &a[0] a[0]
a[0] int &a[0] int *const

a & &a a  
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a+i==&a[i] *(a+i)==*(&a[i])==a[i] a

a int [2] &a int [2] a
int (*)[2] int [2] () *

int (*)[2] int *[2] int *[2] int
2  

C K&R C (*) *
()

* () []
int *[2] *

 

 

int *findValue(int *arrayHead, size_t arraySize, int value); 

findValue() arraySize

++ *  

findValue() findValue()
 1.30  

 1.2 findValue()  

1 int *findValue(int *begin, int *end, int value) 

2 { 

3  while(begin != end && *begin != value) 

4   ++begin; 

5  return begin; 

6 } 

begin begin
begin end

 

++ *

end  

[begin, end) end end array
value

end != <
*end  

findValue() array
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findValue()  

 

 

int data0[2] = {1, 2};  

int data1[2] = {3, 4}; 

int data2[2] = {5, 6}; 

data0 data1 data2 int [2]

int [2]  

typedef int data0[2]; 

data0 T T int [2] T
 

typedef int T[2]; 

T data[3]; 

 

int data[3][2]; 

T int [2] data[0] data[1] data[2] int [2] int
data int (*)[2] 2 int

data data[0] data[1] data[2] 3 data[0] data[1]
data[2] 2 int data[0] data[1]
data[2] data[0][0] data[0][1] data[1][0] data[1][1] data[2][0]
data[2][1]  

data data data[0] data
&data[0]  

data == &data[0] 

*data == *(&data[0]) == data[0] 

 data[0] 2 int data[0] data[0][0]
data[0] &data[0][0]  

data[0] == &data[0][0] 

*(data[0]) == *(&data[0][0]) == data[0][0] 

*data == &data[0][0] 

data  

data == &data[0] == &(&data[0][0]) 

**data == data[0][0] 

data[0] int data 2 int &data[0]
&data[0][0] data data[0]  

data == data[0] == &data[0] == &data[0][0] 
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pData
data? pData int int data[0]

 

int data[3][2] = {{1, 2}, {3, 4}, {5, 6}}; 

int total = sum(data, 3); 

sum()  

data data int [2]
int (*)[2] pData data sum()

 

int sum(int (*pDdata)[2], int size);  

data[0][0] int &data[0][0] int *const
data 1  

int *ptr = &data[0][0]; 

int *ptr = data[0];

  

int working_time[12][31]; 

 
 

calc_salary(working_time[month]); 

  

int calc_salary(int *working_time); 

4.  

 

 

 int data0, data1, data2; 

 int *ptr[3] = {&data0, &data1, &data2}; 

 ptr int *[3] ptr[0] &data0 ptr[1] &data1
ptr[2] &data2

 

 char * keyWord[5] = {"eagle", "cat", "and", "dog", "ball"}; 

keyWord[0] char* &keyWord[0] char **
keyWord

 

 

 typedef int (*PF)(int, int); 

PF int int
4 oper_func 4

PF  
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 PF oper_func[4]; 

oper_func  

 int (*oper_func[4])(int, int);  

 

PF  

 PF pf1, pf2; 

 

 int (*pf1)(int, int);  

 int (*pf2)(int, int);  

 

 PF ff(int); 

 

 int (* ff(int))(int, int);       // ff  

 

5. C  

 

 

 Matrix a, b, c; 

 c = a + b; 

  

 

int max(int a, int b); 

double  

int max(double a, double b); 

 
typedef  

1 typedef int item; 

2 item max(item a, item b) 

3 { 

4  if(a > b) 

5   return a; 

6  else 

7   return b; 

8 } 
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max typedef  

item  

 item

item  

1 template <class Item>; 

2 item max(Item a, Item b) 

3 { 

4  if(a > b) 

5   return a; 

6  else 

7   return b; 

8 } 

 template<Item> Item
Item

Item  

C C++
C C++  

1.2  

1.2.1  

1   

C

 

iNum int 0x64 int
iNum int *  

 

 int iNum = 0x64;       // iNum int  

int iNum iNum 0x64 iNum

 
bit

bit 3.0
3.0  
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int length = 20; 

int width = 40; 

int area = length + width; 

2   

C &
&

iNum &iNum iNum
 1.3  

iNum
&iNum 0x64
iNum 0x64 &iNum

&iNum & &iNum
0x22FF74  

C &iNum iNum 

2 iNum1 iNum2
 1.3

0x22FF74  

 1.3   

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  int iNum1, iNum2, temp; 

5 

6  scanf("%x%x", &iNum1, &iNum2); 

7  printf("%x, %x\n", &iNum1, &iNum2); 

8  printf("%x, %x\n", iNum1, iNum2); 

9  temp = iNum1;  iNum1 = iNum2;  iNum2 = temp; 

10  printf("%x, %x\n", &iNum1, &iNum2); 

11  printf("%x, %x\n", iNum1, iNum2); 

12  return 0; 

13 } 

  1.3 6 &  1.3 6~7
&iNum1 &iNum2  

� 

C L-value R-value

 

 1.3  
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L-value locator value left 
vaue ——
R-value read value right value  

int iNum = 0x64; 

iNum L-value L-value
&iNum R-value iNum 0x64  

 iNum iNum++ iNum R-value
R-value L-value  

3  

Least Significant LSB Most Significant MSB
 

D31D30D29D28D27D26D25D24D23D22D21D20D19D18D17D16D15D14D13D12D11D10D9D8D7D6D5D4D3D2D1D0 

MSB D31 LSB D0  

C
int float doublie

32 A A+1 A+2 A+3
A int iNum = 0x64; A 4 00H 00H 00H 64H

 

 
2

A
MSB

1.4 a A
LSB

1.4 b CPU
Intel x86 CPU  

4   

int iNum;
typedef  

typedef int iNum; 

iNum int iNum INT32  

 typedef int INT32; 

typedef
 

INT32  a;         // int a 

INT32  

 float b; 

(INT32)b;          // b  

 

1.4  32  
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int
int 16 long 32

int 32 long 64 short 16 int
short long int

 

 typedef int INT16; 

 typedef long INT32; 

 

typedef short INT16; 

 typedef int INT32; 

typedef
typedef typedef

 

C

� 

int

void *  

� 

� 

 

1.2.2  

1   

8 

16 32  

� (bit) 0  

1 21

00 01 10 11 22  

� (Byte): 8 1B=8bit  

0-255 0~FF 8  

� 2 2  

32 32 ARM
Thumb  

� 4 4 1 4 

32  

2   

signed 1
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5 2 2 3 5 3
2 9 5 9 2 12

9 3 9 3  

5 3  5 (12 9)  5 9 12  2 

8 10110111
 

(10110111)2   1 (27) 1 (25) 1 (24) 1 (22) 1 (21) 1 (20)  (183)10 

10110111 2  

(10110111)2   1 (-27) 1 (25) 1 (24) 1 (22) 1 (21) 1 (20)  (-73)10 

singned
 

n N (N) 2n N 

8 1  (28 1)10 = (255)10 = (1111 1111)2

1  

(-1)   (11111110 1)2  (11111111)2 

1 1
8  1.5  

(58 39)10 (00111010 00100111)2 (00111010 11011001)2 (00010011)2 (19)10 

3   

n unsigned 0 2n 1
8 0 28 1 0 255 8 unsigned 248 10

9 258 258 2 8
256 9  

signed n
-2n 2n 1 8 -27

27 1 -128 127 signed

8 signed -120 20  

((-120)  (-20))10  (10001000 11101100)2  (01110100)2  (116)10 

-140 9 -140 116 8
256 9

 

4   

1  

 

 1.5  



— www.zlg.cn  

14 

3/4 3/4 0.75
75/100  

 10
10

1/3 0.333333333... 3 1/3
 

 2

 

 

0 1
8

0~255 4.5  

 BCD
BCD BCD 2 BCD
BCD 1

BCD 4 8
+/-100  

-9,999,999.99 ~ 99,999,999.99 

5 -4,325,120.25  

0001 0100  0011 0010  0101 0001  0010 0000  0010 0101 

 14H 32H 51H 20H 25H
1 1

0 4
 

 

 

10 0
490,000,000,000 4.9 1011 0.00000000026 2.6 10-10

4.9 2.6
 

10

1 10 4.9 1011

 

2  
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2 101.1101
 

1 4 0 2 1 1 1 2 1 4 0 8 1 16 

2  

1 22 0 21 1 20 1 2-1 1 2-2 0 2-3 1 2-4 

2 1 2  

1 4 0 2 1 1 1 0.5 1 0.25 0 0.125 1 0.0625 

101.1101 5.8125  

1 10 2
101.1101 1.0111011 22

1  

�  

IEEE 1985 IEEE
2 8

4 1 0 1 8 23
 

s=1  e = 8  f = 23

1 IEEE
23

23 24 24  

8 0~255

127 0~254 s
e f  

(-1)s 1.f 2e-127 

-1 s s=0
0 1 s=1 -1 1 -1  

1.f 1 23
1.f 2 8 127

 

a e=0 f=0 0 23 0 0  

1 0 0
0  

 b e=0 f 0  

(-1)s 0.f 2-127 

 0  

 c e=255 f=0 s  
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 d e=255 f 0 NaN not a 
number NaN  

  

1.000000000000000000000002 2-126 

  

1.111111111111111111111112 2127 

1.175494351 10-38 3.402823466 1038

 

10 3 10
1 3FFH 1023 3 9

999 210 103 24
7 24 7

 

1/224 1/16777216  

16,777,216 16,777,217

 

�  

8  

s=1  e = 11 f = 52

1023 3FFH
 

(-1)s 1.f 2e-1023 

0 NaN
 

2.2250738585072014 10-308 ~ 1.7976931348623158 10308 

10 308 1 308 0
53 IEEE754 1 16  

 1.4  

   1.4 1  

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  float fNum = 1000001.111111; 

5 

6  printf("fNum=%f\n", fNum); 
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7  return 0; 

8 } 

1000001.111111 1000001.125000
float 7

10 0.1 2
0.000110011001......

 1.5  

 1.5  2  

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  float f1 = 123.456001; 

5  float f2 = 123.456002; 

6 

7  if(f1 == f2) { 

8   printf(" "); 

9  }else{ 

19   printf(" "); 

11      } 

12  return 0; 

13 } 

0 0  

     #define  EPSINON  0.0001     // 0  

 if(value < EPSINON && value > - EPSINON)  // value 0 

 if(value >= EPSINON || value <= - EPSINON)  // value 0  

5   

 

 

 

char short int unsigned int long double  (float double) 

 
int double int double  

 int a = 4; 

 double b = 3.521, c; 

 c = a + b;         // a double 4.0 

 a = a + b;         // a+b int 

 c = 7.521 a = 7  
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 unsigned int a = 9; 

 int b = - 4, c; 

 c = a / b; 

a unsigned int b int int unsigned int 9
0xFFFFFFF9 4 0xFFFFFFF4 -4 4

1 b 0xFFFFFFFC a/b 0  1.6
 

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  unsigned char a = 0; 

5  unsigned char b = 0xFF; 

6 

7  if (a == ~b){ 

8   printf("a == ~b"); 

9  }else{ 

10   printf("a != ~b"); 

11  } 

12 } 

 a 0 1 b  c a != ~b  d a == ~b 

0xFF 0x00 a b char
a == ~b 32 unsigned char
unsigned int ~b = 0xFFFFFF00 a != ~b  

i int
double i; i double  

1.2.3  

1  printf()  

printf()  

%
%d d

 

 printf("abc"); 

 

 printf("%s", "abc"); 

%s "abc" “ ”
 

 printf("%c%c%c", 'a', 'b', 'c'); 

'a' a %c
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% %8c 8
8  

 printf("%c%3c%5c\n", 'a', 'b', 'c'); 

 

 a  b   c 

% x &iNum1 16
&iNum1 printf()

 

 printf("&iNum %x\n", &iNum); 

 printf("iNum %x\n", iNum); 

%e %f
%g e f  

2  scanf()  

 

1234
scanf()

 

scanf()  

 

scanf("%d", &a); 

 %d &a 10
a  &a a &  

scanf("%x", &a); 

%x &a 16
a %c %s %f float lf LF lf

long float double  

 

 

long n; 

scanf("%1d", &n);       // 1  

while(n >= 0)        //  

{ 

 // n 

 scanf("%1d", &n);      //  

} 



— www.zlg.cn  

20 

q
scanf() scanf()

 

scanf("%1d", &n) == 1 

while
 

long n; 

while(scanf("%1d", &n) == 1) && n >= 0){ 

 // n 

} 

3   

C  

� #  

 

�  

�  

 

 

# #define #inlcue
#if #ifdef #ifndef #elif #else #endif

 

C
_FUNCTION_

 

1  

  

#define (x1, x2, …, xn)  

x1…xn

 

#define mult(x, y)  (x) *(y) 

4 / mult(2, 2) 4 / (2)*(2)
4 / ((2)*(2))

 

#define SQ (x)  ((x)*(x)) 

SQ(7) SQ (x)  ((x)*(x)) SQ(7) (x)  ((x)*(x)) (7)  

#define  

#define SQ(x) ((x)*(x)); 



— www.zlg.cn  

21 

x = SQ(y); x = ((y)*(y));;  

if(x == 2){ 

 x = SQ(y); 

}else{ 

 ++x; 

} 

if else  

#define MOD(x, y)  x%y 

int a = 13, b = 94; 

printf("%d\n", MOD(b, a+4)); 

a 5  b 7   c 9  d 11 

MOD(b, a+4) MOD(94 13 + 4) 94%13+4
(94)%(13 + 4) “94%17”

x%y x y  

#define MOD(x, y)  (x) % (y) 

2 #  

#
PRINT_INT

# PRINT_INT  

#define PRINT_INT(i) printf(#i "=%d\n", i) 

i # PRINT_INT
PRINT_INT(m/n); printf("m/n" "=%d\n", m/n);

 

 printf("m/n = %d\n", m/n); 

printf() m/n m = 13 n = 5
m/n = 2  1.3  

 #define PRINT_INT(i)           \ 

 printf("%8s():&%-5s = 0x%-6x, %-5s = 0x%-6x\n", __FUNCTION__, #i, &(i), #i, i); 

"__FUNCTION__"
%8s(): % 8 8

s main printf() main()  

&%-5s= 0x%-6x, 1 '&' -
5 2 '=' 3 0x 4

i &i 6 x 16  1.7  

 1.7   

1 #include<stdio.h> 

2 #define PRINT_INT(i)                \ 
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3 printf("%8s():&%-5s = 0x%-6x, %-5s = 0x%-6x\n", __FUNCTION__, #i, &(i), #i, i); 

4 

5 int main(int argc, char *argv[]) 

6 { 

7  int iNum1, iNum2, temp; 

8 

9  scanf("%x%x", &iNum1, &iNum2); 

10  PRINT_INT(iNum1);   PRINT_INT(iNum2); 

11  temp = iNum1;  iNum1 = iNum2;  iNum2 = temp; 

12  PRINT_INT(iNum1);   PRINT_INT(iNum2); 

13  return 0; 

14 } 

windows
GNU MinGW gcc

C gcc for MinGW
 1.6  

1.3  

C  

C
 

1.3.1  

1   

&iNum iNum &iNum
 

int iNum = 0x64;  

int *ptr = &iNum; 

*
*  

iNum 0x64 ptr iNum
 

ptr int iNum int *
int iNum ptr &iNum ptr

int * &iNum int *const &iNum
 

int iNum = 0x64; 

int * const ptr = &iNum; 

ptr ptr
ptr ptr iNum ptr

 

const int iNum = 0x64; 

1.6   
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int * const ptr = &iNum; 

 

� const 

const const int a[2] ={5, 2};
a a int 

const const int  

const const char * const src
src const char * const src src src

const char *src char const *src
const  

 

 Cortex-M0+ MCU Flash RAM
Flash RAM

 

 

 

 &iNum ptr

 

2  NULL 

NULL 0 C  

if(ptr == NULL) ... 

if(ptr != NULL) ... 

ptr NULL else null ptr  

int *ptr = NULL; 

null NULL
NULL 0 null  

NULL  

if(ptr){ 

 // NULL 

}else{ 

 // NULL 

} 

assert assert.h
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assert(ptr != NULL); 

 

NULL vid 0  

#define NULL  ((void *)0) 

null stdio.h stddef.h stdlib.h  

ASCII NUL null 0 null C
0 null  

3   

int iNum = 0x64; int
int *ptr = &iNum; *ptr

ptr ptr int int*
&iNum *ptr  

*ptr = &iNum;        //  

*  

int* ptr = &iNum; 

 ;
 

int* ptr1, ptr2; 

2 int ptr2 int
 

ptr * int iNum
ptr * int

C  

int (*pf)(); 

*  

pointer p_pointer

int_ptr int char_ptr char
*  

4   

 typedef  

 typedef int *PINT; 

 PINT  ptr; 

 #define  

 #define PINT int* 

 PINT   ptr1, ptr2; 

 #define PINT int* PINT ptr1, ptr2;  
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 int * ptr1, ptr2; 

ptr2 int * int typedef  

 typedef int* PINT; 

 PINT ptr1, ptr2; 

PINT ptr1, ptr2;  

 int  *ptr1, *ptr2; 

ptr1 ptr2 #define
typedef #define

ptr1 ptr2 int
int *  

PINT  

PINT *pPtr;        // int **pPtr; 

PINT pData[2];        // int *pData[2]; 

 1.8  

 1.8   

1 #include <stdio.h> 

2 #define PRINT_INT(i)                \ 

3 printf("%8s(): &%-5s = 0x%-6x, %-5s = 0x%-6x\n", __FUNCTION__, #i, &(i), #i, i); 

4 

5 #define PRINT_PTR(p)                \ 

6 printf("%8s(): &%-5s = 0x%-6x, %-5s = 0x%-6x, *%-5s = 0x%-6x\n", __FUNCTION__,  \ 

7     #p, &(p), #p, p, #p, *p) 

8 

9 int main(int argc, char *argv[]) 

10 { 

11  int iNum = 0x64; 

12  int *ptr; 

13 

14  PRINT_INT(iNum); 

15  ptr = &iNum; 

16  PRINT_PTR(ptr); 

17  return 0; 

18 } 

 1.7
int iNum 4

&iNum iNum
&ptr

ptr
0x22FF70 ptr iNum int

gcc for MinGW  

 

1.7   
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1.3.2  

1   

* 0x22FF70 ptr 0x22FF74 ptr iNum
0x64 1.7

 

* *
*  

ptr iNum &iNum iNum *ptr iNum
&iNum *ptr iNum  

 printf("%p\n", *ptr); 

%p %x %p  

2   

 

iNum  = 0x64;        // iNum  

 *ptr = 0x80;        // iNum  

2
 

 int   *ptr1 *ptr2; 

 ptr1 = ptr2;  

ptr1 ptr2 ptr2 ptr1  

 *ptr1 = *ptr2;        //  

 
*

&  

3   

 

unsigned int a = 5, b; 

b = (unsigned int)&a; 

&a unsigned int* &a unsigned int
a b b a b

a  1.9  
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 1.9  

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  unsigned int a = 5, b; 

5 

6  printf("&a=%x\n%&b=%xn", &a, &b); 

7  b = (unsigned int)&a;       // &a unsigned int  

8  printf("(unsigned int *)&b = %x\n", (unsigned int *)&b); // b  

9    printf("(unsigned int *)b = %x\n", (unsigned int *)b); // b a  

10    printf("*(unsigned int *)b = %x\n", *(unsigned int *)b); // b a  

11  return 0; 

12 } 

C 0x05 0x22FF74
 

 *0x22FF74 = 0x05; 

0x22FF74 int *  

 0x22FF74
0x22FF74 unsigned int *

* 0x22FF74 *(unsigned int *)0x22FF74 0x22FF74
0x22FF74  

   *(unsigned int *)0x22FF74 = 0x05; 

printf("*(unsigned int *)0x22FF74 = 0x%x\n", *(unsigned int *)0x22FF74); 

I/O

 

sizeof

 

void (*func)(); 

void (*)() void (*)() void (*func)() func
void func void  

double *[3] double *p[3] p
double p double 3  

void *
C99 void *

 

 int *pInt,; 

void *pVoid; 

 pInt = pVoid; 
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void *  

void *memcpy(void *dst, const void *s2, size_t n); 

s2 n dst dst memcoy()
void void

size_t C  

 

*
& sizeof void

void  

size_t size = sizeof(void *); 

size_t size = sizeof(void); 

 size_t C size_t sizeof
malloc strlen  

 size_t
%zu %u %lu  

1.3.3  

 

int iNum = 0x64; 

int *ptr = &iNum; 

int *ptr; typedef  

typedef int *ptr; 

ptr int * ptr PTR_INT  

 typedef int *PTR_INT; 

PTR_INT PTR_INT pPtr  

PTR_INT *pPtr = &ptr; 

 pPtr PTR_INT *
PTR_INT int * pPtr int **

pPtr int ptr
 1.8  

int **pPtr; 

int ** int * *
*  

int *(*pPtr) = &ptr; 

*pPtr * (*pPtr) *
 

* &
 

 

1.8  
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 *pPtr ==*(&ptr) == ptr == &iNum 

**pPtr == *ptr == *(&iNum) == iNum 

  1.10  

 1.10   

1 #include <stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  int iNum  = 0x64; 

5  int *ptr   = &iNum; 

6  int **pPtr  = &ptr; 

7 

8  printf("&iNum = 0x%x, iNnm = 0x%x\n", &iNum, iNum); 

9  printf("&ptr = 0x%x, ptr = 0x%x, *ptr = 0x%x\n", &ptr, ptr, *ptr); 

10  printf("&pPtr = 0x%x, pPtr = 0x%x, *pPtr = 0x%x, **pPtr = 0x%x\n", &pPtr, pPtr, *pPtr, **pPtr); 

11  return 0; 

12 } 

gcc for MinGW  

 

 1.9

ptr
pPtr   

1 #include <stdlib.h> 

2  

3 int changePoint(int **pPtr) 

4 { 

5  if((*pPtr = (int*)malloc(sizeof(int))) == NULL)          

6   return -1; 

7  return 0;                

8 } 

*pPtr ptr malloc *pPtr NULL
0  

� 

1.4  

bool  

true false  

 

 1.9  
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bool isEven(int value); 

// value  

0 true 0 false  

 if(1) 

if  

 if(0) 

isEven()
 

 if(isEven(j)) 

  // j even 

 else 

  // j odd 

 

1.4.1  

true false false  

true true false false true false  

 true && true true
false false &&

true  

 false
true

 

 if(x !=0 && 10 / x < 2) 

if x 0 0  

 

 if(x !=0) 

  if(10 /x < 2) 

 

 true true || true
true  

= && ||  

= value 2 3  

if( value != 2 || value !=3 ) 

value 2 value 3 if
true value 2

3 if  
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if( !(value == 2 || value == 3) ) 

value 2 value 3
 

if( value != 2 && value != 3 ) 

 p q  

!(a || b || c) == !a && (!b) && (!c) 

!(a && b && c) ==(!a) || (!b) || (!c) 

 < <= == != > >=
&& ||

C

 

 while((c = getchar()) != EOF) 

 & |
==  

 if((x & MASK) == BITS) 

1.4.2  

 

 if(!(value < 0) || !(value >= 9)) 

 

 if(value >= 0) || (value < 9) 

 

min value max C  

rangeCheck() 3 int value min max value
true false  1.11  

 1.11 rangeCheck() 1  

1 bool rangeCheck(int min, int max, int value) 

2 { 

3  if(min <= value && value <= max) 

4   return true; 

5  else 

6   return false; 

7 } 

return

min value max
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20 18
18  1.12

 

 1.12 rangeCheck() 2  

1 bool rangeCheck(int min, int max, int value) 

2 { 

3  if(value >= min && value <= max) 

4   return true; 

5  else 

6   return false; 

7 } 

 1.13  

 1.13 rangeCheck() 3  

1 bool rangeCheck(int min, int max, int value) 

2 { 

3  if(value < min || value > max) 

4   return false; 

5  else 

6   return true; 

7 } 

if…else rangeCheck()  1.14  

 1.14 rangeCheck() 4  

1 bool rangeCheck(int min, int max, int value) 

2 { 

3  return value >= min && value <= max; 

4 } 

1.4.3  

: cond ? a : b if(cond) {a} else {b} 

 

 time_str += (hour >= 12) ? "pm" : "am"; 

 

 if(hour_str >= 12) 

  time_str += "pm"; 
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else 

 time_str += "am"; 

 

return exponent >= 0 ? mantissa * (1 << exponent) : mantissa / (1 << -exponent); 

if/else  

if(exponent >= 0) 

 return mantissa * (1 << exponent); 

else 

 return mantissa / (1 << -exponent); 

1.5  

1.5.1  

1   

 

 1.15  

 1.15  

1 #include <stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  int a = 1, b = 2; 

5   int temp; 

6 

7  printf("%d, %d \n", a, b); 

8  temp = a; a = b;   b = temp; 

9  printf("%d, %d \n", a, b); 

10  return 0; 

11 } 

temp = a;a = b;b = temp;
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2   

commonality and variability analysis CVA

 

CVA

 

 

CVA

 

1.5.2  

 

 

 

swapByte swapWord
swap swap swap swap

 

swap()

 

 

C
scanf() scanf()

scanf()  

1.5.3  
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1.  

swap()
 

swap(a, b); 

 

 

a b
 

&a &b  

swap(&a, &b); 

 

2.  

C

 

1  

 1.15 2 int
swap()

&a int a &b int b p1 p2
int * int

 

swap(int *p1, int *p2); 

2  

void
 

return return
int int

bool false
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true NULL
 

 

 

swap() swap() void  

void swap(int *p1, int *p2); 

swap void int *p1 int *p2  

 

3.  

Dependence Inversion Principle DIP  

�  

�  

 

 

Hello World stdio.h  

#include .h stdio
scanf("%d",&i);

stdio

 1.16  

 1.16 swap swap.h  

1 #ifndef  _SWAP_H 

2 #define  _SWAP_H 

3 // int  

4 // p1 p2  

5 void swap(int *p1, int *p2); 

6 // swap(&a, &b) 

7 #endif 

swap  1.16 1~2 8
#ifndef #define #ednif
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#include #include  
1.16 6

 

4. /  

 

swap()
int

 

swap()
 

/ assert
 

 

 

5.  

 

Open-Closed Princple OCP
DIP

 

1.5.4  
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 C *.c

*.c *.h *.h
*.c *.c *.h

*.h *.c  

 *.h
*.c *.c 1 *.h

*.c  

 pgm *.c
 

 #include "pgm.h"       //  

 

swap()
 1.17  

 1.17 swap swap.c  

1 #include "swap.h" 

2 void swap(int *p1, int *p2) 

3 { 

4  int temp; 

5 

6  temp = *p1;  *p1 = *p2;  *p2 = temp; 

7 } 

 p1 p2 a b p1 p2 &a &b *p1
*p2 a b  

 temp = p1; 

a a p1 a a b
*

 

temp = *p1; *p1 = *p2; *p2 = temp;

a b
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void *
C memcpy()

memcpy()
void swap() void

swap()  1.18  

 1.18 swap() void_data_swap.c  

1 #include <stdlib.h> 

2 #include <string.h> 

3 

4 int swap(void *x, void *y, int size) 

5 { 

6  void *temp; 

7 

8  if((temp = malloc(size)) == NULL) 

9   return -1; 

10  memcpy(temp, x, size);   memcpy(x, y, size); memcpy(y, temp, size); 

11  free(temp); 

12  return 0; 

13 } 

1.5.5  

 1.19  

 1.19  swap  

1  #include <stdio.h> 

2 #include "swap.h" 

3 

4 int main(int argc, char *argv[]) 

5 { 

6  int a = 1, b = 2; 

7 

8  printf("%d, %d\n", a, b); 

9  swap(&a, &b); 

10  printf("%d, %d\n", a, b); 

11  return 0; 

12 } 

 

1.6  
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1.6.1  

1   

 

int data = 0x64; 

int 1 2 3 3 data0 data1
data2  

int data0 = 1, data1 = 2, data2 = 3; 

 

int 1 2 3 data0 data1 data2
data data0 data1 data2

data[0] data[1] data[2]  

 int data[3];         // data int 3  

data[3] 3 int 1 2 3 data[0] data[1] data[2]
data[0] data[1] data[2]  

data[0] = 1, data[1] = 2, data[2] = 3; 

 

 int data[3] = {1, 2, 3}; 

data data[0] data[1] data[2]

C
int float

 

data 3 int 1 2 3
data[0] data[1] data[2]

 

0
1 2 data[0] 1 data[1] 2

data[2] 3  

<index, value>

 

Create(data, size)
Retrieve data index

Store data index
item value value item
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<index, value>  

int  

 int array[3+5];        //  

 int  array['a'];        // int array[97]; 

 
 

 

 int  n = 5; 

 int  array[n];        //  

C n n
int array[n] n

 

 #define N 10 

 int array[N]; 

N  

0 N-1 data[N] C

C C

C

 

data[0] data[1] data[2] & &data[0] data[0]
&data[1] data[1] &data[2] data[2] data[0] data[1]

data[2] int &data[0] &data[1] &data[2] int *const
 

int a; 

int * const ptr = &a; 

ptr = NULL;        //  

&a = NULL;        //  

&data data data  

data int [3] data
3 int

3 data  1.20  

 1.20 data  

1 #include<stdio.h> 

2  
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3 void f(int x); 

4 int main(int argc, char *argv[]) 

5 { 

6  int data[3]; 

7  f(data); 

8  return 0; 

10 } 

funtion: 'int' differ in levels of indirection from 'int [3]'
data int int [3] C

 

 int [3] data; 

int [3] &data  

data & &data data data int [3]
&data int [3] data int (*)[3]

int [2] () *  

int (*)[3] int *[3] int *[3]
int 3  

&data int (*)[3]  1.21  

 1.21 &data  

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  int data[3]; 

5  int b = &data; 

6  return 0; 

7 } 

'int' differ in levels of indirection from 'int (*)[3]' &data
int (*)[3]  

4 sizeof(data) 

data sizeof sizeof(data)
12 3 4 3 12

&data+1 1
&data +1

 1.10   

1.10  
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&data[0]
sizeof(int) &data[0] 

A 0x22FF74 &data[1]  

 A + 1 sizeof(int) = (unsigned int)data + 4 = 0x22FF74 + 4 = 0x22FF78 

&data[2]  

A 2×sizeof(int) = (unsigned int)data + 8 = 0x22FF74 + 8 = 0x22FF7C 

C data[i] C int Data
data[0] data+i data[i] data data+i
data[i] *(data+i) data[i]  1.22  

 1.22  

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  int data[3] = {1, 2, 3}; 

5  printf("%x, %x, %x, %x, %x", &data[0], &data[1], &data[2], &data, &data+1); 

6  return 0; 

7 } 

 &data[0] &data

 

 int  numData = sizeof(data) / sizeof(data[0]); 

  

 #define NELEMS(data) (sizeof(data) / sizeof(data[0])) 

 C

 

2   

C sizeof &
 

data data[0] data
&data[0] *data==data[0] data &data[0] int 
*const  

i i
data+index==&data[index] *(data+index)==data[index]  

int * ptr = &data[0]; 

 

int *ptr = data; 

data int *const
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data ++;         //  

data int *const data++
data  

 data = ptr; 

 

 int data[3]; 

 data = {1, 2, 3}; 

data ptr  

#define N 10 

int data[N]; 

int *ptr; 

for(ptr = data; ptr < data + N; ptr ++) 

 sum += *ptr; 

for p<data+N 0~N-1 data[N]
data+N data+N

ptr data data+1 ... data+ N-1 ptr data+N
for  

int sum = 0; 

while(ptr < data + N) 

 sum += *ptr++; 

*ptr++ *(ptr++) *ptr ptr
ptr  

1.6.2  

 

3  

 

 int data[10], *pData, *qData, i, j; 

 1 char short
int long float double 1 2 4 8 4 8  

i
data i

0
1 0  

pData data[i] pData+j data[i+j] pData-j data[i-j]
 

 pData  n  (char *)pData  n * sizeof(*pData) 

n  
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 pData  qData = n 

pData data[i] qData data[j] pData-qData i-j  

data  

 #define N 10 

 … 

 int data[N], sum, *pData; 

 … 

 sum = 0; 

 for(pData = &data[0]; pData < &data[N]; pData++) 

  sum += *pData; 

 pData<&data[N] data 0~N-1
data[N] data[N]

pData &data[0] &data[1] … &data[N-1] pData &data[N]

 

2. * ++  

 

 

data[i++] = j; 

pData  

 *pData++ = j; 

++ *  

 *(pData++) = j; 

pData++ pData ++ pData
*(pData++) *pData pData  

 for(pData = &data[0]; pData < &data[N]; pData++) 

  sum += *pData; 

 

 pData = &data[0]; 

 while(pData < &data[N]) 

  sum += *pData++; 

 *pData++ *pData++ (*pData)++
pData pData

*pData *pData  

 *++pData *(++pData) pData ++*pData ++(*pData)
*pData *pData  

 

 < <= > >=
== !=  
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i data[i]
data i data data[0] data &data[0]

data data+i &data[i] *(data+1) data[1]
data data

i  

[] ptr++ *(ptr + i)
ptr[i] ptr[i] *(ptr + i) *(ptr+i) ptr
i

 

int sum = 0; 

for(i = 0; i < N; i ++) 

 sum += ptr[i];       // sum += *(ptr + i); 

ptr = data; ptr ptr
data data[i]  

for(i = 0; i < N; i++) 

 sum += data[i]; 

int data[N]; [] data[i]
data

[] []
[] * *  

 

 int data[5]; 

 data[5] = {1, 2, 3, 4, 5}; 

3
 

 #define N 3 

int data[N] = {1, 2, 3}; 

0 N-1  

for(i = 0; i < N; i++) 

  scanf ("%d", &data[i]); 

 

 data[0] = 3 data[1] = 2 data[2] = 1 

N-1 0
 

for(i = N-1; i >= 0; i--) 
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  printf("%d", data[i]); 

�  

 

#define N 10 

int data[N], data1[N], data2[N]; 

 

for
while N data  

for(i = 0; i < N; i ++)       // 1 

 data[i] = 0; 

 

for(i = 0; i < N; i ++)       // 3 

 sum += data[i]; 

 

for(i = 0; i < N; i ++)       // 4 

 scanf("%d", &data[i]); 

 

for(i =0; i < N; i++)       // 5 

  data1[i] = data2[i]; 

 

i = 0;          // 2 

while(i < N) 

  data[i++] = 0; 

 

if (data[i] > data[i+1]) 

 swap(data + i, data + i + 1);    // 6 

1.6.3  

 

10  

 int array[10] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}; 

 array[0] iMax
1 iMax

iMax  1.23  

 1.23   

1 #include<stdio.h> 

2 int iMax(int data[ ]) 

3 { 
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4  int iMax, i; 

5  int n = sizeof(data)/sizeof(data[0]); 

6 

7  iMax = data[0]; 

8  for(i = 1; i < n; i++){ 

9   if(iMax < data[i]){ 

10    iMax = data[i]; 

11   } 

12  } 

13  return iMax; 

14 } 

15 

16 int main(int argc, char *argv[]) 

17 { 

18  int array[ ] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}; 

19 

20  printf("% \n", iMax(array));     // array  

21      return 0; 

22 } 

0 n 1 data[0]
int sizeof(data[0]) = 4 n = 1 sizeof(data) 4

main() sizeof(data) 40
 1.24  

 1.24  sizeof(data)  

1 #include <stdio.h> 

2 void test_ array_parameter (int data[10]) 

3 { 

4     printf("type_length=%d\n", sizeof(data)); 

5 } 

6 

7 int main(int argc, char *argv[]) 

8 { 

9      int array[10] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}; 

10      test_ array_parameter(array); 

11      return 0; 

12 } 

type_length = 4 iMax()
data main() array

 1.25  

 1.25   

1 #include <stdio.h> 
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2 void test_array_parameter(int data[10]) 

3 { 

4     int i; 

5 

6     printf("type_length=%d\n", sizeof(data)); 

7     for (i = 0; i < 10; i++) { 

8         printf("array[%d]=%d\n", i, *data); 

9         data++;                        // data  

10     } 

11 } 

12 

13 int main(int argc, char *argv[]) 

14 { 

15      int array[10] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}; 

16      test_array_parameter(array); 

17      return 0; 

18 } 

int data[10]  1.25(9)
 1.25  

type_length = 4 

i = 0 , array[0] = 0 

i = 1 , array[1] = 1 

 

i = 9 , array [9] = 9 

 1.25 int data[10] int data[]
int iMax(int data[]) data int

int *data int data[10] int *data
iMax() int data[10] = array;  

 int *data = array; 

array
numData = 1  1.23 0 0

10 int
2 iMax  

int iMax(int data[], size_t numData); 

  

iMax(array, n); 

 iMax(array, n) array
iMax()

numData  

iMax()
int data

int data[] int *data data size_t numData
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const  

int iMax(const int data[], size_t numData); 

iMax()
array array[2] … array[9] iMax()

array[2] &array[2] numData 5 iMax() array[2] 5
 

largest = iMax(&array[2], 5); 

data pData numData

iMax()  1.26  

 1.26 iMax.h  

1 #pragma once; 

2 int iMax(int *pData, size_t numData); 

3 // pData numData  

4 //  

NUL
 1.27  

 1.27  

1 #include<stdio.h> 

2 #include "iMax.h" 

3 

4 int main(int argc, char *argv[]) 

5 { 

6  int  array[ ] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}; 

7  int n = sizeof(array)/sizeof(array[0]); 

8  printf("% \n", iMax(array, n)); 

9  return 0; 

10 } 

iMax.h iMax.c  1.28  

 1.28 iMax.c  

1 int iMax(int *pData, size_t numData) 

2 { 
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3  int max; 

4  size_t i; 

5 

6  max = pData[0]; 

7  for(i = 1; i < numData; i++){ 

8   if(max < pData[i]){ 

9    max = pData[i]; 

10   } 

11  } 

12  return max; 

13 } 

C
pData[i] *(pData+i)

 

� [] []  

�  

 

� data &data[0] &data  

 

� C  

 

 

findValue() array int  1.29  

 1.29 findValue() 1  

1 int *findValue(int *arrayHead, int arraySize, int value) 

2 { 

3  for(int i =0; i < arraySize; ++i) 

4   if(arrayHead[i] == value) 

5    break; 

6  return &(arrayHead[i]); 

7 } 

value

end end null end
null  

array
array array
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array array
findValue()  

const int arraySize = 7; 

int array[arraySize] = {0, 1, 2, 3, 4, 5, 6}; 

int *end = array + arraySize; 

 

int *ip = findValue(array, sizeof(array) / sizeof(int), 4); 

if(ip == end) 

 return false; 

else 

 return true; 

findValue() arraySize

*  

first last / begin end
begin end / limit

filter length
max_ min_  

findValue() findValue()
 1.30  

 1.30 findValue() 2  

1 int *findValue(int *begin, int *end, int value) 

2 { 

3  while(begin != end && *begin != value) 

4   ++begin; 

5  return begin; 

6 } 

findValue begin
[begin, end) begin

end value
end != <

findValue()  

const int arraySize = 7; 

int array[arraySize] = {0, 1, 2, 3, 4, 5, 6}; 

int *end = array + arraySize; 

 

int *ip = findValue(array, end, 4); 
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if(ip == end) 

 return false; 

else 

 return true; 

findValue() array  

int *ip = findValue(array + 2, array + 5, 3); 

if(ip == end) 

 return false; 

else 

 return ture; 

findValue() array

findValue()  

finValue() C
bsearch() findValue()

10 1000
10 200  

2
 

int iMax(const int *begin, const int *end); 

for  

for(ptr = begin; ptr != end; ptr++) 

  total = total +*ptr; 

 ptr begin *ptr
total ptr ptr

end ptr end
 

 int array[] = {39, 33, 18, 64, 73, 30, 49, 51, 81}; 

 int n = sizeof(array) / sizeof(array[0]); 

 int *past = array + n; 

 

int max = iMax(array, array + n); 

int max = iMax(array, array + 3); 

int max = iMax(array +3, array + 8); 

 array+n n
array+n-1 [array array+n] array array+3

3 end–begin
  



— www.zlg.cn  

54 

 

n  

 

 

data[] = {56, 12, 80, 91, 20}; 

i i data[i] 0 i n  

 1 2
data[i]  i=0 data[i]

min 0 j=i+1=1 data[min] data[j] min=j
data[min] data[j] data[i] data[i+1] data[i+2] ...... data[n-1]

data[n-1]
 

1 for(int i =0; i < n-1; i++){ 

2  min = i; 

3  for(int j = i+1; j < n; j++) 

4   if(data[min] > data[j]) 

5    min = j; 

6  swap(&data[min], &data[j]); 

7 } 

  

void selectionSort(int data[], size_t size); 

// data sizie  

// data[0] data[1] ... data[size-1] 

void selectionSort(int *data, size_t size); 

 

void selectionSort(int *begin, int *end); 

 

selectionSort(data, data+sizeof(data)/sizeof(data[0])); 

 

��  

1.7  

1.7.1  

 

int data[2] = {1, 2}; 

data int [2] &data int (*)[2] int data[2];
typedef  
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typedef int data[2]; 

data int [2] data
T  

 typedef int T[2]; 

T int [2] pData  

T *pData; 

T int [2] pData int [2]
int [2] int (*)[2] pData &data

pData &data  

int (*pData)[2] = &data; 

 

int (*pData)[2];  

pData=&data; 

pData 2 (*pData)[0] (*pData)[1] int 
(*)[2] 8 data &data

 

 pData = data;         //  

 

int int (*)[2] 4 8 int
1 1 4 8  1.31  

 1.31   

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  typedef int T[2]; 

5  T *pData; 

6 

7  printf("%d", (int)(pData + 1) - (int)pData); 

8  return 0; 

9 } 

8 int
 

*pData data i=0~1  

*pData == *(&data) == data  *pData+i == data+i == &data[i] 

(*pData)[i] == data[i]    (*pData)[i] == *(*pData+i) 

  1.32  

 1.32   

1 #include<stdio.h> 
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2 int main(void) 

3 { 

4  int i, data[2] = {1, 2}; 

5  int (*pData)[2] = &data; 

6 

7  for(i = 0; i < 2; i++){ 

8   printf(" [%d] ", i); 

9   scanf(" %d", *pData+i);    // *pData+i i  

10  } 

11  for(i = 0; i < 2; i++){ 

12   printf(" %d\t", *(*pData+i));    // *(*pData+i) i  

13  } 

14  return 0; 

15 } 

 

1.7.2  

 

C C
 

 

 

int data0[2] = {1, 2};  

int data1[2] = {3, 4}; 

int data2[2] = {5, 6}; 

data0 data1 data2 int [2]

int [2]  

typedef int T[2]; 

T data[3]; 

T int [2] data[0] data[1] data[2] int [2] data
data[0] data[1] data[2] 3 data[0] data[1] data[2]

2 int

data[0] data[1] data[2]
data[0][0] data[0][1] data[1][0]

 

 1.11  
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data[1][1] data[2][0] data[2][1]  1.11  

 1.12
data data[0]

data[1] data[2]  

data data
data[0] data &data[0]

 

data == &data[0] 

*data == *(&data[0]) == data[0] 

 data[0] 2 int data[0] data[0][0]
data[0] &data[0][0]  

data[0] == &data[0][0] 

*(data[0]) == *(&data[0][0]) == data[0][0] 

*data == &data[0][0] 

data  

data == &data[0] == &(&data[0][0]) 

**data == data[0][0] 

data[0] int data 2 int &data[0]
&data[0][0] data data[0]  

data == data[0] == &data[0] == &data[0][0] 

C  

int data[3][2] = {{1, 2}, {3, 4}, {5, 6}};  

data[3] int [2]
 

data int [3][2] data
data data[0] int [2] data[0]

data int [2] int (*)[2]  

data[i][j]
data[i] *(data+i) (*(data+i))[j] *(*(data+i)+j)

data[i][j] *(*(data+i)+j)  

1 data
2 int 8 data+1 8

data[0] data[0][0] data[0][0] int 4 data[0]+1
4 data+1 data[0]+1  

data+i == &data[i] 

*(data+i) == *(&data[i]) == data[i] == &data[i][0] 

*data == &data[0][0] 

*data+1 == &data[0][1] 

*(data+1) +1 == &data[1][1] 

 

1.12  
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*(data+2) +1 == &data[2][1] 

data[2][1] *(*(data+2)+1)
 

*(*(data+2) +1) == *(&data[2][1]) == data[2][1] 

data sizeof sizeof(data[0])
sizeof(data[0][0])

 

 size_t numRows = sizeof(data) / sizeof(data[0]);  //  

size_t numCols = sizeof(data[0]) / sizeof(data[0][0]); //  

 size_t n = sizeof(data) / sizeof(data[0][0]);   //  

� 

 

int a[2][3]={{1}, {2, 3}}; 

a[1][0]   

a  b 1  c 2    d 3 

1.7.3  

 

pData
data? pData int int data[0]

 

int data[3][2] = {{1, 2}, {3, 4}, {5, 6}}; 

int total = sum(data, 3); 

sum()  

data data int [2]
int (*)[2] pData data sum()

 

int sum(int (*pDdata)[2], int size);  

 

int sum(int data[3][2], int size);  

 

int sum(int data[][2], int size);  

data[] (*pData)
data 2 int

int [2]  

int sum(int (*pData)[2], int size);  

2
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int sum(int data[3][], int size); 

int sum(int data[][], int size); 

 

sun() 3 2
data data 2 int

 

 int data[80][3]; 

 int total = sum(data, 20); 

 int total = sum(data+5, 10); 

iMax.h  

int iMax(int *pData, size_t numData) 

data iMax() 1 data row*col
2  

 largest = iMax(data, row*col); 

data int (*)[col] iMax int *
 

 largest = iMax(data[0], row*col); 

 data[0] 0 0 int *
data (int *)data

 1.33  

 1.33  

1 #include<stdio.h> 

2 #include "iMax.h" 

3 

4 int main(int argc, char *argv[]) 

5 { 

6  int data[][2] = {{1, 2}, {3, 4}, {5, 6}}; 

7  int n = sizeof(data) / sizeof(data[0][0]); 

8  printf("% \n", iMax((int *)data, n)); 

9  return 0; 

10 } 

data[0][0] int &data[0][0] int *const
data 1  

int *ptr = &data[0][0]; 

int *ptr = data[0];

  

int working_time[12][31]; 
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calc_salary(working_time[month]); 

  

int calc_salary(int *working_time); 

  

 

C 0 1
data[0][0] for

for  1.34  

 1.34  

1 int sum(int (*pData)[2], int size) 

2 { 

3  int total = 0; 

4 

5  for(int row = 0; row < size; row++) 

6   for(int col = 0; col < 2; col++) 

7    total += pData[row][col]; 

8  return total; 

9 } 

data  

 int (*pData)[2] = data; 

pData data pData 2
data  

row for col
0  

for(int *ptr = &data[0][0]; ptr <= &data[row - 1][col - 1]; ptr++) 

 *ptr = 0; 

ptr data[0][0] ptr++ ptr data[0][1] data[0][2]…… ptr  

data[0][col-1]( 0 ) ptr data[1][0]
ptr data[row-1][col-1]  

ptr i ptr
data i 0  

 ptr = &data[i][0]; 

 data[i] *(data + i) &data[i][0] &(*(data[i]+0)) &*data[i]
& * data[i] ptr = &data[i][0];  

 ptr = data[i]; 

 data i 0  
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 int data[row][col]; 

 for(ptr = data[i]; ptr < data[i] + col; ptr++) 

  *pData = 0; 

 data[i] data i data[i]

iMax data i  

largest = iMax(data[i], col); 

 

 

data i 0  

 int data[row][col], (*pData)[col], i; 

 for(pData = &data[0]; pData < &data[row]; pData++) 

  (*pData)[i] = 0; 

 pData col pData++ pData
(*pData)[i] *pData data (*pData)[i]

i *pData pData
  

 
 

1.8  

1.8.1  

1   

'' 'O' '  

O ASCII 79 ' ' '9' 9 '9'
9 ASCII 79

O 'O'  

C
c n c+n c n

c-n c n
c1 c2 c1-c2  

 ASCII c1 c2 c1<c2
true ch ch

 

if( ch >= '0' && ch <= '9' ) { … } 

ASCII C ctype.h

ch ch  1.35  

 1.35  tolower()  

1 char tolower(char ch) 
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2 { 

3  if( ch >= 'A' && ch <= 'Z' ){     //  

4   return (ch + ('a' - 'A')); 

5  }else{ 

6   return (ch); 

7  } 

8 }

2   

%c scanf() printf()  

char ch; 

scanf("%c", &ch); 

printf("%c", ch); 

scanf() ch
%c  

scanf(" %c", &ch); 

 scanf() '\n'  

while(ch != '\n'){ 

  scanf("%c", &ch); 

 } 

getchar() putchar() stdio.h

 

 int getchar(void);        //  

int putchar(int ch);       //  

getchar()
ch  

ch = getchar();  

 

 scanf("%c", &ch); 

putchar() ch  

putchar(ch);  

 

 printf("%c", ch); 

scanf() printf()
stdio.h

 

char ch1, ch2;  

ch1 = getchar();  
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ch2 = getchar();  

printf("%d %d\n", ch1, ch2);  

'a' 97 10

Enter
scanf() getchar()

cin
cin  

10 Enter '\n' '\n'
'\n'

\n  

Enter

 

I/O I/O

512 4096 I/O
Enter  

� getchar() scanf() 

getchar() scanf()
 

putchar() ch int char
putchar() ch char

putchar() (char)ch ch
EOF end of file EOF  

getchar() int char
getchar() EOF  

ch = getchar() != EOF       // ch = (getchar() != EOF) 

true ch 1  

getchar() EOF false
ch 0 getchar() int

EOF 1.36  

1.36   

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4     int ch; 

5 

6     while((ch = getchar()) != EOF){ 
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7       putchar(ch); 

8        } 

9     return 0; 

10 } 

getchar() 1.36 6  

while((ch = getchar()) != '\n') 

true
getchar()  

while((ch = getchar()) == ' ') 

ch getchar()  

� do-while 

do-while for while
“ ”

if while for do/while
 

? do{ 

?  ch = getchar(); 

?  putchar(ch); 

? }while(ch != EOF); 

putchar()
do-while  

do/while contiune  

do{ 

 continue; 

}while(false); 

C++ Bjarne Stroustrup do
do  

1.8.2  

 

"" NUL null character
NUL '\0' ASCII 0x00 1

printf() strcpy()  

 NULL NUL NULL ((void *)0)
NUL char \0

C int  

printf("%d\n", sizeof(char)); 

printf("%d\n", sizeof('a')); 

 char 1 4  
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char cStr[4] = "OK!"; 

char *pcStr = "OK!"; 

cStr pcStr
 

char *pcStr; 

printf("%s", *pcStr); 

pcStr
pcStr  

1   

"OK!"  

 pcStr[2] = 'Z'; 

 

char cStr[4]; 

cStr = "OK!"; 

cStr  

'\0'' 'O' 'K' '!'  

 char cStr[] = { 'O', 'K', '!'};  

char cStr[] = "OK!"; char cStr[] = 
{'O', 'K', '!', '\0'};

cStr 0 &cStr[0] cStr+1
1 &cStr[1] cStr+2 2 &cStr[2]

cStr+3 3 &cStr[3] 1.13  

C
 

char cStr[4]; 

cStr[0] = 'O';  cStr[1] = 'K';  cStr[2] = '!';  cStr[3] = '\0'; 

ASCII  

�  

'\0' ASCII 0x00 cStr[i] for
“ ” cStr[i] '\0' cStr[i] *(cStr+i)

 

 for(i = 0; cStr[i] != '\0'; i++) … 

 

 for(i = 0; cStr[i]; i++) … 

while(cStr[i] != '\0') while(cStr[i])  

cStr[0] cStr[1] cStr[2] cStr[3] 

'O' 'K' '!' '\0' 

1.13  OK!  
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scanf() %s  1.37  

 1.37   

1 #include<stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  char cStr[10]; 

5 

6  scanf("%s", cStr); 

7  printf("%s", cStr); 

8  return 0 

9 } 

 cStr cStr & %s

 

char
pcStr

 

 char *pcStr = "OK!"; 

pcStr  

 static const char t376[] = "OK!"; 

 char *pcStr = t376; 

t376

 

"OK!" char sizeof("OK!")
"OK!"  1.38  

 1.38   

1 #include<stdio.h> 

2 int main(int argc, char argv *[]) 

3 { 

4  printf("OK! %d", sizeof("OK!"));  // "OK!" 4  

5  printf("OK! %x\n", "OK!");    // "OK!"  

6  printf("%c\n", *("OK!" + 1));    // "OK!" 1 'K' 

7  printf("%c\n", "OK!"[0]);     // "OK!" 0 'O' 

8  printf("%d\n", "OK!"[3]);     // "OK!" 3 '\0' 

9  return 0; 

10 } 
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C  1.38 6~8
0~15 16  1.39  

 1.39  digit_to_charhex()  

1 char digit_to_hexchar(int digit) 

2 { 

3  return "0123456789ABCDEF"[digit]; 

4 } 

pcStr "OK!" *pcStr 'O' pcStr[0]= 
'O' pcStr[1]= 'K' pcStr[2]= '!' pcStr[3]= '\0' *pcStr='O' *(pcStr+1)='K' *(pcStr+2)='!'
*(pcStr+3)= '\0'  

2   

1 scanf() gets()  

� scanf()  

scanf() %s  

scanf("%s\n", str); 

scanf str & str
scanf

str scanf  

� gets()  

gets()

puts()
gets() s

'\0'  

char *gets(char *s); 

s gets() s
NULL '9' '9' 9 '9'-'0'
9  

char cStr[256]; 

int cmdNum; 

cmdNum = getchar() - '0'; 

gets(cStr);         //  

gets()
gets() gets()

gets()
1988 gets()  
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gets() C11
gets()

 

int readLine(char str[], int n); 

readLine() str getchar()
str  1.40  

 1.40 readLine()  

1 int readLine(char str[], int n) 

2 { 

3  int ch, i = 0; 

4 

5  while((ch = getchar()) != '\n') 

6   if(i < n) 

7    str[i++] = ch; 

8  str[i] = '\0'; 

9  return 0; 

10 } 

2 printf() puts()  

� printf()  

s% printf() puts printf()  

 

char str[] = "hello world"; 

printf("%s\n", str); 

printf()
%.ps p hello  

printf("%.5s\n", str); 

� puts()  

printf() printf() C
puts()  

int puts(const char *s); 

s puts() s
'\0' puts() '\n'

0 EOF puts()
 

3 fgets() fputs()  

� fgets()  

fgets() fputs() gets() puts() fgets() 2
2
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n fgets() n-1 1
gets() gets()  

fgets() 1 gets() char * 2

stdin stdio.h
 

fgets(buf, STLEN, fp); 

buf char STLEN fp FILE
gets() fgets() 1

STLEN-1 fgets()
fgets()

fegts() EOF NULL
EOF  

fgets()

 

\n st  

 while(st[i] != '\n' ) 

  i++; 

  st[i] = '\0'; 

\n  

 while(getchar() != '\0') 

  continue; 

double

s_gets()  1.41  

 1.41  s_gets()  

1 char * s_gets(char *st, int n) 

2 { 

3  char *ret_value; 

4  int i = 0; 

5 

6  ret_value = fgets(st, n, stdin); 

7  if(ret_value){ 

8   while(st[i] != '\n' && st[i] != '\0') 

9    i++; 
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10   if(st[i] == '\n') 

11    st[i] = '\0'; 

12   else 

13    while(getchar() != '\0') 

14     continue; 

15  } 

16  return ret_value; 

17 } 

fgets() NULL s_gets()
 

 while(st[i] != '\n' && st[i] != '\0') 

  i++; 

if
else fgets()  

s_gets() fgets()
 

� fputs()  

fgets() fputs()
 

fputs() 1 2

stdout puts() puts()
 

fputs(buf, fp); 

buf fp gets()
puts() fgets() fputs()

 

3   

C string.h  

string.h  

1 strlen()  

strlen()  

size_t strlen(const char *s); 

// s null  

// s null  

 strlen()  

1 void fit(char *string, unsigned int size) 

2 { 

3  if(strlen(string) > size) 
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4   strlen[size] = '\0'; 

5 } 

string const
strlen(s) s if  

 if(strcmp(s1, s2) == 0) … 

2 strcat()  

strcat()  

char *strcat(char *s1, char const *s2); 

// s2 null s1 s2  

// s2 s1 s1  

2 1 s2 1  

s1 1 2
strcat() char * char strcat() 1
2 1  

 strcat() 1 2 1

strlen() 1 1
strncat() 3  

char *strncat(char *s1, char const *s2, size_t n); 

 s2 n s1 s2 1
s1 s2

s1  

3 strcmp() strncmp()  

strcmp()  

int strcmp(char const *s1, char const *s2); 

// s1 s2 null  

// 0 s1=s2  

//     0 s1 s2  

//     0 s1 s2  

 s1 s2
0 s1 s2

strcmp() "hello" 'q'

char
strcmp() 1

"apples" "apple" "apples"
s "apple" ASCII 1 s strcmp()

 

strcmp()
ASCII

ASCII strcmp("Z", "a")  
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strcmp() 0 0
0 word

char ch char  

 if(strcmp(word, "hello") == 0) puts("bye") 

if(ch == 'q' )    puts("bye") 

ch 'q' strcmp()  

 strcmp()
strcmp()

3  

int strncmp(char const *s1, char const *s2, size_t n);  

4 strcpy() strncpy()  

� strcpy()  

strcpy() strcpy() char * 1  

1
strcpy()  

pts1 pts2
 

 pts2 = pts1; 

 strcpy()  

char *strcpy(char *s1, char const *s2); 

// s2 null s1 s2  

// s2 s1 s1  

 s2 s1 s1 strcpy()
2 2

1

 

� strncpy()  

strcpy() strcat()
strncpy() 3

 

char *strncpy(char *s1, char const *s2, size_t n); 

 s2 s1 n s1
n

n n
n 1
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C  

 

 typedef char *striing; 

 string char *
char *

string

 

int strlen(string cStr); 

int strlen(char cStr[]); 

int strlen(char *cStr); 

 C string.h

 

 gets() strcpy() strcat()

C11 strcat_s() strcpy_s()
printf() fprintf() snprintf()

 

1.8.3  

1   

 

 int data0 = 1, data1 = 2, data2 = 3; 

 int *ptr0 = &data0, *ptr1 = &data1, *ptr2 = &data2; 

 

 

 int  data0, data1, data2;

 int *ptr[3] = {&data0, &data1, &data2}; 

ptr int 3 int *[3]
int 3 ptr 3

int *[3] ptr[0] &data0 ptr[1] &data1 ptr[2] &data2  

ptr ptr[0] *ptr[i] i=0~2
*ptr[0]==1 *ptr[1]==2 *ptr[2]==3
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ptr+i i
*(ptr+i) **(ptr+i)

ptr[1] &ptr[1] ptr+1 &ptr[1] *(ptr+1) &data1 **(ptr+i)
&data1 1

 

 

 char * keyWord[5] = {"eagle", "cat", "and", "dog", "ball"}; 

keyWord[0] char* &keyWord[0] char **
keyWord

i
keyWord [i] keyWord [0] "eagle" keyWord 

[1] "cat" keyWord[2]  "ant" keyWord[3]  "dog" keyWord[4]  "ball"  

 keyWord

C

switch
 1.14

 

n
s  1.15

6  

void* void* byte_swap()
 

C char unsigned char signed char sizeof(char)
1 32 sizeof(int)

4 C swap
byte_swap  

void byte_swap(void *pData1, void *pData2, size_t stSize); 

size_t C stSize
pData1 pData2 1 2 < 0 pData1 

< pData2 = 0 pData1 = pData2 > 0 pData1 > pDta2  

 

1.14

1.15
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byte_swap()

C99 void *
int 4

a b  

byte_swap(&a, &b, sizeof(a)); 

 byte_swap()  1.42  1.43  

 1.42 swap swap.h  

1 #pragma once 

2 void byte_swap(void *pData1, void *pData2, size_t stSize); 

 1.43 swap swap.c  

1 void byte_swap(void *pData1, void *pData2, size_t stSize) 

2 { 

3  unsigned char *pcData1 = pData1; 

4  unsigned char *pcData2 = pData2; 

5  unsigned char ucTemp; 

6 

7  while (stSize--){ 

8   ucTemp = *pcData1;  *pcData1 = *pcData2;  *pcData2 = ucTemp; 

9   pcData1++;  pcData2++; 

10  } 

11 } 

 1.44  

 1.44   

1 #include<stdio.h> 

2  #include<string.h> 

3 #include "swap.h" 

4 

5 const char * keyWord[5] = {"eagle", "cat", "and", "dog", "ball"}; 

6 void show_str (void)        // keyWord  

7 { 

8  for (int i = 0; i < sizeof(keyWord) / sizeof(keyWord[0]); i ++){ 

9   printf("%s", keyWord[i]); 

10  } 

11  printf("\n"); 

12 } 
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13 

14 int main(int argc, char *argv[]) 

15 { 

16  show_str(); 

17 

18  if(strcmp(keyWord[0], keyWord[1]) < 0) 

19   byte_swap(keyWord, keyWord +1, sizeof(keyWord[0])); 

20  show_str(); 

21  return 0; 

22 } 

2   

sizeof &
 

 int main(int argc, char *argv[]) 

 

 int main(int argc, char **argv) 

 1.45  

 1.45  

1 #include<stdio.h> 

2 int main(void) 

3 { 

4  char **pKeyWord; 

5  static char * keyWord[5] = {"eagle", "cat", "and", "dog", "ball"}; 

6 

7  pKeyWord = keyWord; 

8  while(**pKeyWord != NULL) 

9   printf("%s\n", *(pKeyWord++)); 

10  return 0; 

11 } 

'\0' NULL 0
 

1.45 9 **pKeyWord char void * NULL
void * char

 

"" NULL
char
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 1.46  1.45 *keyWord
pKeyWord 1

 

 1.46   

1 #include<stdio.h> 

2 int main(void) 

3 { 

4  char **pKeyWord; 

5  static char * keyWord[6] = {"eagle", "cat", "and", "dog", "ball", "NULL"}; 

6 

7  pKeyWord = keyWord; 

8  while(*pKeyWord != NULL) 

9   printf("%s\n", *(pKeyWord++)); 

10  return 0; 

11 } 

pKeyWord keyWord keyWord[i] pKeyWord[i] *(keyWord+i)
*(pKeyWord+i) 4 keyWord[i] i

i 1 keyWord[0]
*keyWord[0] "Monday" 1 M *keyWord[0]

*pKeyWord[0] **keyWord **pKeyWord  

 1.47  1.45 *pKeyWord
'\0' 0 '\0'

pKeyWord 1
 

 1.47 2  

1 #include<stdio.h> 

2 int main(void) 

3 { 

4  char **pKeyWord; 

5  static char * keyWord[6] = {"eagle", "cat", "and", "dog", "ball", "NULL"}; 

6 

7  pKeyWord = keyWord; 

8  while(**pKeyWord != ""[0])     // ""[0] '\0' 

9   printf("%s\n", *(pKeyWord++)); 

10  return 0; 

11 } 
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  1.47(9) ""[0] '\0'

"" '\0' 0 '\0'
"" ""

""[0] '\0' '\0' ""[0]
 1.47(8) ""[0]  

�  1.47(5) *pKeyWord  

0 0
0  

� C  

8  

 

 

const char * keyWord[6] = {"eagle", "cat", "and", "dog", "ball", NULL}; 

NULL NULL
 1.48  

 1.48  

1 int lookup(char *word, char *keyword[]) 

2 { 

3 

4  for(int i = 0; keyiWord[i] != NULL; i++) 

5   if(strcmp(word, keyWord[i] == 0)) 

6    return i; 

7  return -1; 

8 } 

 C char *keyiWord[] char **keyWord
 

 

strchr strstr
 

 

 

3   

C  

 char  keyWord[][6] = {"eagle", "cat", "and", "dog", "ball"}; 
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 char * keyWord[5] = {"eagle", "cat", "and", "dog", "ball"}; 

1  1.16 a 2
 1.16 b  

 

 1.44
for

5
2

keyWord[1][2] keyWord 2 3 't'  

 

1.9  

 
int iNum; int

int pData[20]; 20
int iNum pData

C  

 

C stdlib.h malloc() free()
 

1.9.1 malloc()  

malloc()  

void *malloc(unsigned int size); 

void * size sizeof
malloc()

NULL
 

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

 

 1.16  



— www.zlg.cn  

80 

if(pi != NULL){ 

  //  

}else{ 

  //  

} 

malloc()
C99 void *

 

malloc()
n

n  

int * pi, n; 

 n malloc()  

pi = malloc(n * sizeof(int)); 

 if(pi == NULL) return -1; 

 pi pi
C

pi pi[0]
pi[1] 2 pi

 

for(i = 0; i < n; i++) pi[i] = 0; 

  

char *pcStr; 

char *pcStr = malloc(strlen("OK!") + 1); 

strcpy(pcStr, "OK!"); 

 strlen() NUL sizeof
szieof  

1.9.2 calloc()  

 malloc() C calloc()
 

void *calloc(size_t nmenb, size_t size); 

calloc() nmemb size
calloc()

0 calloc() n
0  

pi = calloc(n, sizeof(int)); 

calloc() malloc() 1
calloc()  
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struct point{ int x, y;} *pi; 

pi = calloc(1, sizeof(struct point)); 

pi x y 0  

1.9.3 free()  

C
free()  

malloc() free()
free()

 

void free(void *pointer); 

malloc() pointer free() free()
free(pi)

pi pi pi  

 char *pi = malloc(5); 

 free(pi); 

 strcpy(pi, "abc");        //  

pi

free() malloc()
 

 char * pi = malloc(5); 

pi 5 5
 

�  

� malloc()  

� malloc()  

 
5 int  

 int *pi = malloc(5 * sizeof(int)); 

  

 free(pi); 

 10  

 free(pi); 

 pi = malloc(10 * sizeof(int)); 

  

 int *temp = pi;        // temp  

 pi = malloc(10 * sizeof(int));      // pi  

 memcpy(pi, temp, 5 * sizeof(int));     //  
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 free(temp);         //  

 

 pi = realloc(pi, 10*sizeof(int)); 

 free NULL NULL
free saferfree  1.49

 1.50  

 1.49 saferfree() saferFree.h  

1 #pragma once 

2 void saferFree(void **pp); 

 1.50 saferfreeh saferFree.c  

1 #include <saferFree.h> 

2 #include <malloc.h> 

3 

4 void saferFree(void **pp) 

5 { 

6  if(pp != NULL && *pp != NULL) 

7   free(*pp); 

8   *pp = NULL; 

9  } 

10 } 

 saferFree saferFree  

 #define NewSaferFree(P) saferFree((void **)&p) 

  

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

 NewSaferFree(pi); 

1.9.4 realloc()  

alloc allocate re
realloc() realloc()

free() realloc()
realloc()  

void *realloc(void *pointer, unsigned int size); 

realloc() point malloc calloc realloc
size pointer

size pointer NULL
malloc() realloc()  
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2  

 

 

CPU
C/C++  

2.1  

2.1.1  

 

 

int (*pf)(int);        // pf  

C K&R * ()  

* () []
 

int (*pf)(int a);      // pf …  

int (*pf)(int a);      // pf … int  

int (*pf)(int a);      // pf int int  

 pf int int  int 
(*)(int) int int
typedef  

 typedef int (*pf)(int a); 

typedef pf typedef pf
pf PF  

typedef int (*PF)(int a); 

typedef
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(*PF) * PF
PF pf1 pf2  

 PF pf1, pf2; 

 

 int (*pf1)(int a); 

int (*pf2)(int a); 

 

� pf = add pf = sub  

� int (*pf)(int, int);  

� pf(5, 8) (*pf)(5, 8)  

pf (*pf)  

� pf pf add() *pf add  

(*pf)()
 

�  

pf()
 

 

 

 
2.1 a

 2.1 b

 

pf() C
DIP

 

C

 2.1  

 

 2.1  
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 2.1  1  

1 #include<stdio.h> 

2 int add(int a, int b) 

3 { 

4  printf("addition function\n"); 

5  return a + b; 

6 } 

7 

8 int sub(int a, int b) 

9 { 

10  printf("subtration function\n"); 

11  return a - b; 

12 } 

13 

14 int main(void) 

15 { 

16  int (*pf)(int, int); 

17 

18  pf = add; 

19  printf("addition result:%d\n", pf(5, 8)); 

20  pf = sub; 

21  printf("subtration result:%d\n", pf(8, 5)); 

22  return 0; 

23 } 

void
pf void *

void *  

 void  * pf = add; 

 printf("addition result:%d\n", ((int (*)(int, int)) pf)(5, 8)); 

 

void * ((int (*)(int, int)) pf) int (*)(int, int)  

2.1.2  

 

 2.2 max
int max
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 2.2  

1 #include<stdio.h> 

2 int *max(int *p1, int *p2) 

3 { 

4  if(*p1 > *p2) 

5   return p1; 

6  else 

7   return p2; 

8 } 

9 

10 int main(int argc, char *argv[]) 

10 { 

11  int *p, a, b; 

12  a = 1;  b = 2; 

13  p = max(&a, &b); 

14  printf("%d\n", *p); 

15  return 0; 

16 } 

 

 

     int *pf(int *, int);       // int *(int *, int)  

     int (*pf)(int, int);       // int (*)(int, int)  

pf
2 int * int int  

 int (* ff (int))(int, int);       // ff  

 int (* ff (int))(int, int);       // ff  

 int (* ff (int))(int, int);       //  

 

typedef PF

 typedef int (*PF)(int, int);

     PF ff(int); 
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 2.3
d x p  

 2.3   

1 #include<stdio.h> 

2 #include <assert.h> 

3 double getMin(double *dbData, int iSize)            //  

4 { 

5  double dbMin; 

6 

7  assert((dbData != NULL) && (iSize > 0)); 

8  dbMin = dbData[0]; 

9  for (int i = 1; i < iSize; i++){ 

10   if (dbMin > dbData[i]){ 

11    dbMin = dbData[i]; 

12   } 

13  } 

14  return dbMin; 

15 } 

16 

17 double getMax(double *dbData, int iSize)         //  

18 { 

19  double dbMax; 

20 

21  assert((dbData != NULL) && (iSize > 0)); 

22  dbMax = dbData[0]; 

23  for (int i = 1; i < iSize; i++){ 

24   if (dbMax < dbData[i]){ 

25    dbMax = dbData[i]; 

26   } 

27  } 

28  return dbMax; 

29 } 

30 

31 double getAverage(double *dbData, int iSize)       //  

32 { 

33  double dbSum = 0; 

34 

35  assert((dbData != NULL) && (iSize > 0)); 

36  for (int i = 0; i < iSize; i++){ 
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37   dbSum += dbData[i]; 

38  } 

39  return dbSum/iSize; 

40 } 

41 

42 double unKnown(double *dbData, int iSize)        //  

43 { 

44  return 0; 

45 } 

46 

47 typede double (*PF)(double *dbData, int iSize);     //  

48 PF getOperation(char c)                        //  

49 { 

50  switch (c){ 

51  case 'd': 

52   return getMax; 

53  case 'x': 

54   return getMin; 

55  case 'p': 

56   return getAverage; 

57  default: 

58   return unKnown;  

59  } 

60 } 

61 

62 int main(void) 

63 { 

64  double dbData[] = {3.1415926, 1.4142, -0.5, 999, -313, 365}; 

65  int iSize = sizeof(dbData) / sizeof(dbData[0]); 

66  char c; 

67 

68  printf("Please input the Operation :\n"); 

69  c = getchar(); 

70  PF pf = getOperation(c); 

71  printf("result is %lf\n", pf(dbData, iSize)); 

72  return 0; 

73 } 

4 getOperation()
pf(dbData, iSize)

 

2.1.3  
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1   

 

1  

 

2  

 

3  

-> ->
 2.2

 

�  

 

�  

 

�  

�  

 

2   

1 Hollywood  

Hollywood

    

    2.2  
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 2.3  

� A B  

C  

�  

 

A C
B

A�B�C A B B
C B

B

 

2  

int
int e1 e2 *e1 *e2

*e1 *e2 *e1 *e2
0  2.4  

 2.4  compare_int()  

1 int compare_int(const int *e1, const int *e2) 

2 { 

3  return *e1 - *e2;       //  

4 } 

5 

6 int compare_int(const int *e1, const int *e2) 

7 { 

8  return *e2 - *e1;       //  

9 } 

void* void*
void * bubbleSort()

 

 

typedef int (*COMPARE)(const void *e1, const void *e2); 

 

 2.3  
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e1 e2 2 < 0 e1 < e2
= 0 e1 = e2 > 0 e1 > e2  

typedef COMPARE
 

COMPARE compare; 

compare_int
 

 COMPARE compare = compare_int; 

compare compare
 2.5  

 2.5 compare  

1 int compare_int(const void *e1, const void *e2) 

2 { 

3    return (*((int *)e1) - *((int *)e2));    //  

4 } 

5 

6 int compare_int_invert(const void *e1, const void *e2) 

7 { 

8  return *(int *)e2 - *(int *)e1;     //  

9 } 

10 

11 int compare_vstrcmp(const void *e1, const void *e2) 

12 { 

13  return strcmp(*(char**)e1, *(char**)e2);  //  

14 } 

e1 e2
 

void *

strcmp() bubbleSort() char 
** &array[i] char* array[i]  

3 bubbleSort()  

bubbleSort() C
 

bubbleSort( ); 

bubbleSort() bubbleSort()
void *

void *
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bubbleSort(void *base, size_t nmemb); 

 

bubbleSort(void *base, size_t nmemb, size_t size); 

size_t C base nmemb
size

 

compare() bubbleSort() compare()
bubbleSort() void

bubbleSort()  2.6  

 2.6 bubbleSort() bubbleSort.h  

1 #pragma once; 

2 void bubbleSort(void *base, size_t nmemb, size_t size, COMPARE compare); 

base
void *

int int
 

bubbleSort() base void * bubbleSort()
type

bubbleSort()  2.7
 2.8  

 2.7 bubbleSort() bubbleSort.h  

1 #pragma once 

2 #include<stddef.h> 

3  

4 typedef int(*COMPARE)(const void * e1, const void *e2); 

5 void bubbleSort(void * base, size_t nmemb, size_t size, COMPARE compare); 

 2.8 bubbleSort() bubbleSort.c

1 #include"bubbleSort.h" 

2 

3 void byte_swap(void *pData1, void *pData2, size_t stSize) 

4 { 

5  unsigned char *pcData1 = pData1; 

6  unsigned char *pcData2 = pData2; 

7  unsigned char ucTemp; 
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8 

9  while (stSize--){ 

10   ucTemp = *pcData1; *pcData1 = *pcData2; *pcData2 = ucTemp; 

11   pcData1++; pcData2++; 

12  } 

13 } 

14 

15 void bubbleSort(void * base, size_t nmemb, size_t size, COMPARE compare) 

16 { 

17  int hasSwap=1; 

18 

19  for (size_t i = 1; hasSwap&&i < nmemb; i++) { 

20   hasSwap = 0; 

21   for (size_t j = 0; j < numData - 1; j++) { 

22    void *pThis = ((unsigned char *)base) + size*j; 

23    void *pNext = ((unsigned char *)base) + size*(j+1); 

24    if (compare(pThis, pNext) > 0) { 

25     hasSwap = 1; 

26     byte_swap(pThis, pNext, size); 

27    } 

28   } 

29  } 

30 } 

� 

 

int array[] = {39, 33, 18, 64, 73, 30, 49, 51, 81}; 

compare_int compare bubbleSort()

 bubbleSort(array, numArray , sizeof(array[0]), compare_int); 

1000 

90%
bubbleSort()  2.9  

 2.9 bubbleSort()  

1 #include<stdio.h> 

2 #include<string.h> 

3 #include"bubbleSort.h" 

4 

5 int compare_int(const void * e1, const void * e2) 

6 { 
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7  return *(int *)e1 - *(int *)e2; 

8 } 

9 

10 int compare_int_r(const void * e1, const void * e2) 

11 { 

12  return  *(int *)e2 - *(int *)e1 ; 

13 } 

14 

15 int compare_str(const void * e1, const void *e2) 

16 { 

17  return strcmp(*(char **)e1, *(char **)e2); 

18 } 

19 

20 void main() 

21 { 

22  int arrayInt[] = { 39, 33, 18, 64, 73, 30, 49, 51, 81 }; 

23  int numArray = sizeof(arrayInt) / sizeof(arrayInt[0]); 

24  bubbleSort(arrayInt, numArray, sizeof(arrayInt[0]), compare_int); 

25  for (int i = 0; i <numArray; i++) { 

26   printf("%d ", arrayInt[i]); 

27  } 

28  printf("\n"); 

29 

30  bubbleSort(arrayInt, numArray, sizeof(arrayInt[0]), compare_int_r); 

31  for (int i = 0; i <numArray; i++) { 

32   printf("%d ", arrayInt[i]); 

33  } 

34  printf("\n"); 

35 

36  char * arrayStr[] = { "Sunday","Monday","Tuesday","Wednesday","Thursday","Friday","Saturday" }; 

37  numArray = sizeof(arrayStr) / sizeof(arrayStr[0]); 

38  bubbleSort(arrayStr, numArray, sizeof(arrayStr[0]), compare_str); 

39  for (int i = 0; i < numArray; i++) { 

40   printf("%s\n", arrayStr[i]); 

41  } 

42 } 

main() compare_int() bubbleSort()
bubbleSort() compare_int

bubbleSort() compare_int()

bubbleSort()
bubbleSort()  
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2.1.4  

2 op1 op2
oper  

switch(oper){ 

case ADD: 

 result = add(op1, op2); 

 break; 

case SUB: 

 result = sub(op1, op2); 

 break; 

case MUL: 

 result = (op1, op2); 

 break; 

case DIV: 

 result = (op1, op2); 

 break; 

} 

switch
switch 0

 

 typedef double (*PF)(double, double); 

PF double double
4 oper_func 4

PF  

 PF oper_func[4]; 

oper_func  

 double (*oper_func[4])(double, double);  

 

 

 oper_func[0] = add; 

 

 double add(double, double); 

 double sub(double, double); 

 double mul(double, double); 
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 double div(double, double); 

double (*oper_func[4])(double, double) = {add, sub, mult, div}; 

4
ADD

SUB MUL DIV 0 1 2 3.  

result = oper_func[oper](op1, op2); 

oper
 

 double (*oper_func[])(double, double) = {add, sub, mult, div}; 

 
 

2.2  

C
 

2.2.1  

 

�  

 

�  

 

32
32
4

0x0 ~ 0xF 16
16

4 4 2.4  

0x0 0x4 0x8
0xC 4

4
4

4 int
0 4 2.5  

int 0
CPU

int 1
4
2.6 0 1

 

2.4   

 

2.5  int  

 

2.6  int  
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0 3 1 1
int

CPU
 

1
4

4 0x0 0x4 0x8 0xC…… 

2
  

32 4
 

 printf("sizeof(char) = %d\n", sizeof(char)); 

 printf("sizeof(int)     = %d\n", sizeof(int)); 

 printf("sizeof(long)   = %d\n", sizeof(long)); 

 printf("sizeof(float)   = %d\n", sizeof(float)); 

 printf("sizeof(double)  = %d\n", sizeof(double)); 

1 4 4 4 8 CPU 32 4
data  

struct data_test { 

  char  a; 

  short  b; 

  char  c[2]; 

  double d; 

      char  e; 

      int  f; 

      char  g 

}data; 

0 2.1  

2.1   

  
 

 

 

a 1 1 [0] 

b 2 2 [2, 3] 

c[0] 1 1 [4] 

c[1] 1 1 [5] 

d 8 4 [8, 15] 

e 1 1 [16] 

f 4 4 [20, 23] 

g 1 1 [24] 
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[x,y] x y x y
[x] b 2 2

2 0 a
[2,3] b [1] b

c 2 c[0]
c[1] [0,24] 1 6 7 17 18 19  

double d 8 4
4 [0,24] 25

4 28 [0,27]
 

 printf("sizeof(data)  = %d\n", sizeof(data)); 

19 28 9
1 6 7 17 18 19 25 26 27 4 [1] [6,7]

[17,19] [25,27] 2.1 char char
 

char
 

struct data_test{ 

  char  a; 

  char  c[2]; 

  char  e; 

  char  g 

  short  b; 

  int  f; 

  double d; 

}data; 

2.2  

2.2   

  
 

 

 

a 1 1 [0] 

c[0] 1 1 [1] 

c[1] 1 1 [2] 

e 1 1 [3] 

g 1 1 [4] 

b 2 2 [6, 7] 

f 4 4 [8, 11] 

d 8 4 [12, 19] 

[0,19] 5
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20 4 1
95%

 

2.2.2  

 

min value max check() 3 int value min 

max value true false  2.10  

  2.10 rangeCheck() 1  

1 bool rangeCheck(int min, int max, int value) 

2 { 

3  if(value < min || value > max) 

4   return false; 

5  else 

6   return true; 

7 } 

�  

rangeCheck

 

0

 

 

 

 bool rangeCheck (int min, int max, int value); 

 bool rangeCheck(Range *pRange, int value); 

 

 

 

rangeCheck() min max
 

 struct _Range{ 

  const int min; 



— www.zlg.cn  

100 

  const int max; 

 }range; 

 int
range

range struct _Range typedef  

 typedef struct _Range{ 

  const int min; 

  const int max; 

 }range; 

range range struct _Range
Range Range

range Range * pRange
_Range  

 typedef struct{ 

  const int min; 

  const int max; 

 }Range; 

 

 

 Range range; 

 range Range
int min int max range

 

 

value 0~9 newRangeCheck
 

 #define newRangeCheck(min, max)  {(min), (max)} 

 

Range range = newRangeCheck(0, 9); 

 

Range range = {(0), (9)}; 

 

 range.min = 0; range.max = 9; 

 .min .max Range Range
range.min range.max int int

&(range.min)  
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1  

int char float double
rangeCheck()  2.11  

 2.11 rangeCheck() 2  

1 bool rangeCheck(int x, int y, int value) 

2 { 

3  return x <= value && value <= y; 

4 } 

 

rangeCheck(range.min, range.max, 8); 

rangeCheck() int
 

2  

C
rangeCheck()  2.11  

 2.12 rangeCheck() 3  

1 bool rangeCheck(Range rangeValidator, int value) 

2 { 

3  return rangeValidator.min <= value && value <= rangeValidator.max; 

4 } 

 

rangeCheck(range, 8); 

 C
128

 

3  

 

 struct MyStruct{ 

  int array[10]; 

 }st; 

(int *)&st iMax()
 2.13  

 2.13  

1 #include<stdio.h> 

2 #include "iMax.h" 
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3 

4 int main(int argc, char *argv[]) 

5 { 

6  struct MyStruct{ 

7   int array[10]; 

8  }st; 

9 

10  int n = sizeof(st.array)/sizeof(st.array[0]); 

11  for(int i =0; i < n; i ++) 

12   st.array[i] = (int)i; 

13  printf("% \n", iMax((int *)&st, n)); 

14  return 0; 

15 } 

pRange
 

 Range *pRange = &range; 

&
pRange Range range pRange &range &range.min

 

range.min == (*pRange).min == pRange -> min 

range.max == (*pRange).max == pRange -> max 

. * pRange
pRange->min pRange pRange->min int
rangeCheck()  2.14  

 2.14 rangeCheck() 4  

1 bool rangeCheck(Range *pRange, int value) 

2 { 

3  return pRange -> min <= value && value <= pRange -> max; 

4 } 

rangeCheck() Range pRange &range
pRange range -> range.min range.max

&  

 

rangeCheck(&range, 8); 

4  

value  

1 typedef struct{ 

2  bool isEven; 

3 }OddEven; 
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4 OddEven *pOddEven; 

oddEvenCheck()  2.15  

 2.15 oddEvenCheck()  

1 bool oddEvenCheck(OddEven *pOddEven, int value) 

2 { 

3  return (!pOddEven -> isEven && (value % 2)) || (pOddEven -> isEven && !(value % 2)); 

4 } 

value value
void *pData

Range *pRange OddEven *pOddEven void *pData
Validate  

typedef bool (*const Validate)(void *pData, int value); 

pData value
 2.16  

 2.16 validator.h  

1 #pragma conce; 

2 #include<stdbool> 

3 

4 typedef struct{ 

5  const int min; 

6  const int max; 

7 }Range; 

8 

9 typedef struct{ 

10  bool isEven; 

11 }OddEven; 

12 

13 bool validateRange(void *pData, int value); 

14 bool validateOddEven(void *pData, int value); 

 

Validate validate = validateRange; 

validate(&range, 8); 

validator  2.17  

 2.17 validator validator.c  
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1 #include "validator.h" 

2 

3 bool validateRange(void *pData, int value) 

4 { 

5  Range *pRange = (Range *)pData; 

6  return pRange -> min <= value && value <= pRange -> max; 

7 } 

8 

9 bool validateOddEven(void *pData, int value) 

10 { 

11  OddEven *pOddEven = (OddEven *)pData; 

12  return (!pOddEven -> isEven && (value % 2)) || (pOddEven -> isEven && !(value % 2)); 

13 } 

pRange pOddEven pData pData
 

2.2.3  

 

 

 

 

 

C
 2.18  

 2.18  

1 typedef struct _RangeValidator{ 

2  bool (*const RangeValidate)(struct _RangeValidator *pThis, int value); 

3  const int min; 

4  const int max; 

5 }RangeValidator; 

6  

7 RangeValidator rangeValidator; 

value validateRange()
 2.19  

 2.19  
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1 bool validateRange(struct _RangeValidator *pThis, int value) 

2 { 

3  return pThis -> min <= value && value <= pThis -> max; 

4 } 

OddEvenValidator oddEvenValidator  2.20  

 2.20  

1 typedef struct _OddEvenValidator{ 

2  bool (*const OddEvenValidate)(struct _OddEvenValidator *pThis, int value); 

3  bool isEven; 

4 }OddEvenValidator; 

5  

6 OddEvenValidator oddEvenValidator; 

value validateOddEven()
 2.21  

 2.21  

1 bool validateOddEven(struct _OddEvenValidator *pThis, int value) 

2 { 

3  return (!pThis -> isEven && (value % 2)) || (pThis -> isEven && !(value % 2)); 

4 } 

value
RangeValidate OddEvenValidate

Validate pThis
struct _RangeValidator * struct _OddEvenValidator * void *

 

1 typedef bool(*const Validate)(void *pThis, int value); 

2 typedef struct{ 

3  Validate validate; 

4  const int min; 

5  const int max; 

6 }RangeValidator; 

7 

8 typedef struct{ 

9  Validate validate; 

10  bool isEven; 

11 }OddEvenValidator; 

 2.22 pRangeValidator
pThis pThis  
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 2.22 validator.c  

1 #include "validator.h" 

2 

3 bool validateRange(void *pThis, int value) 

4 { 

5  RangeValidator *pRangeValidator = (RangeValidator *)pThis; 

6  return pRangeValidator -> min <= value && value <= pRangeValidator -> max; 

7 } 

8 

9 bool validateOddEven(void *pThis, int value) 

10 { 

11  OddEvenValidator *pOddEvenValidator = (OddEvenValidator *)pThis; 

12  return (!pOddEvenValidator -> isEven && (value % 2)) ||  

13   (pOddEvenValidator -> isEven && !(value % 2)); 

14 } 

RangeValidator RangeValidator
rangeValidator rangeValidator

 

 

newRangeValidator  

 #define newRangeValidator(min, max)  {(validateRange), (min), (max)} 

validateRange  

RangeValidator rangeValidator = newRangeValidator(0, 9); 

 

RangeValidator rangeValidator = {(validateRange), (0), (9) }; 

 

 rangeValidator.validate = validateRange; 

rangeValidator.min = 0; 

rangeValidator.max = 9; 

 

 void * pValidator = &rangeValidator; 

pValidator RangeValidator min max  

 (RangeValidator *)pValidator -> validate(pValidator, 8); 

pValidator pValidator
 

pValidator &rangeValidator.validate
validateRange()  
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 Validate validate = *((Validate *)pValidator); 

 

validate(pValidator, 8); 

 

 2.23  

 2.23 validator.h

1 #pragma once; 

2 #include<stdbool.h> 

3 

4 typedef bool(*const Validate)(void *pThis, int value); 

5 typedef struct{ 

6  Validate validate; 

7  const int min; 

8  const int max; 

9 }RangeValidator; 

10 

11 typedef struct{ 

12  Validate validate; 

13  bool isEven; 

14 }OddEvenValidator; 

15 

16 bool validateRange(void *pThis, int value);   //  

17 bool validateRange(void *pThis, int value);   //  

18 #define newRangeValidator(min, max)   {(validateRange), (min), (max)} //  

20 #define newOddEvenValidator(isEven)  {{validateOddEven}, (isEven)} //  

validateRange() rangeCheck()  

1 bool rangeCheck(void *pValidator, int value) 

2 { 

3  Validate validate = *((Validate *)pValidator); 

4  return validate(pValidator, value); 

5 } 

rangeCheck()  

 rangeCheck(&rangeValidator, 8); 

rangeCheck()  
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2.2.4  

 

 

 

 

 

Validator

 

DRY Don't Repeat Yourself ——
 

 

Validator  

typedef struct _Validator{ 

  bool (*const validate)(struct _Validator *pThis, int value); 

}Validator; 

RangeValidatro Validator
Validator isa RangeValidator  

typedef struct{ 

  Validator isa; 

  const int min; 

  const int max; 

 }RangeValidator; 

 RangeValidator rangeValidator; 

 &rangeValidator &rangeValidator.isa  

 Validator *pThis = &rangeValidator.isa; 

 Validator *pThis = (Validator *)&rangeValidator 
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validateRange()  

bool validateRange(void *pThis, int value);  

void *pThis Validator *pThis validatrRange()  

bool validateRange(Validator *pThis, int value);  

 

Validator isa RangeValidator rangeValidator.isa
Validator  

 rangeValidator.isa 

rangeValidator isa validate rangeValidator.isa
 

 (rangeValidator.isa).valadate 

 

 rangeValidator.isa.valadate 

rangeValidator.isa Validator   

newRangeValidator  

 #define newRangeValidator(min, max)  {{validateRange}, (min), (max)} 

validateRange  

RangeValidator  rangeValidator = newRangeValidator(0, 9); 

 

RangeValidator  rangeValidator = {{validateRange}, (0), (9) }; 

{} RangeValidator {} RangeValidator
isa  

 rangeValidator.isa.validate = validateRange; 

rangeValidator.min = 0; 

rangeValidator.max = 9; 

 

 Validator * pValidator = (Validator *)&rangeValidator; 

pValidator RangeValidator min max  

pValidator &rangeValidator.isa  

 Validator * pValidator = &rangeValidator.isa; 

validateRange() pValidator->validate
validateRange()  

pValidator -> validate(pValidator, 8); 

 

validatorCheck()  

 validatorCheck(&rangeValidator.isa, 8); 

 

validatorCheck((Validator *)&rangeValidator, 8); 
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 2.24  

 2.24 validator.h  

1 #pragma once; 

2 #include<stdbool.h> 

3 

4 typedef struct _Validator{ 

5  bool (*const validate)(struct _Validator *pThis, int value); 

6 }Validator; 

7 

8 typedef struct{ 

9  Validator isa; 

10  const int min; 

11  const int max; 

12 } RangeValidator; 

13 

14 typedef struct{ 

15  Validator isa; 

16  bool isEven; 

17 }OddEvenValidator; 

18 

19 bool validateRange(Validator *pThis, int value);  //  

20  bool validateOddEven(Validator *pThis, int value);  //  

21 #define newRangeValidator(min, max)  {{validateRange}, (min), (max)} 

22 #define newOddEvenValidator(isEven)  {{validateOddEven}, (isEven)} 

validateRange() validatorCheck()  

1 bool validatorCheck(void *pValidator, int value) 

2 { 

3  Validate validate = *((Validate *)pValidator); 

4  return validate(pValidator, value); 

5 } 

validatorCheck()
 2.25  

 2.25  validator.c  

1 #include "validator.h" 

2 
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3 bool validateRange(Validator *pThis, int value) 

4 { 

5  RangeValidator *pRangeValidator = (RangeValidator *)pThis; 

6  return pRangeValidator -> min <= value && value <= pRangeValidator -> max; 

7 } 

8 

9 bool validateOddEven(Validator *pThis, int value) 

10 { 

11  OddEvenValidator *pOddEvenValidator = (OddEvenValidator *)pThis; 

12  return (!pOddEvenValidator -> isEven && (value % 2)) ||  

13   (pOddEvenValidator -> isEven && !(value % 2)); 

14 } 

 

2.2.5  

4  

1 void CreateFile() 

2 { 

3  printf(" \n"); 

4 } 

5 

6 void OpenFile() 

7 { 

8  printf(" \n"); 

9 } 

10 

11 void SaveFile() 

12 { 

13  printf(" \n"); 

14 } 

15 

16 void Exit() 

17 { 

18  printf(" \n"); 

19  exit(0); 

20 } 

 4  

 void (*pfuncmd)(); 

 " " " "
" " " " char  
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 char cHelp[64]; 

 CmdEntry  

1 typedef struct CmdEntry{ 

2  void (*pfuncmd)(); 

3  char cHelp[64]; 

4 }CmdEntry; 

 
 

1 static CmdEntry cmdArray[10] = { 

2  {&CreateFile, " "},  

3  {&OpenFile, " "}, 

4  {&SaveFile, " "}, 

5      {&Exit, " "}, 

6  // < 1>  

7  {0, 0}        //  

8 }; 

 cmdArray 10
CmdEntry cmdArray[0] CmdEntry cmdArray[1]

2 CmdEntry cmyArray
CmdEntry  

 

cmdArray[0].cHelp       // 1 cHelp  

cmdArray[3].cHelp       // 4 cHelp  

cmyArray  

cmdArray.cHelp[0]       //  

cmdArray[2].cHelp       //  

cmdArray[2].cHelp cmdArray[2] cmdArray[1]
cmdArray[3].cHelp cmdArray[3]

cmdArray[0]
 

 CmdEntry *pCmdEntry = &cmdArray[0];   // pCmdEntry->cHelp cmdArray[0].cHelp 

 CmdEntry *pCmdEntry = cmdArray; 

*pCmdEntry=cmdArray[0] & *  

 cmdArray[0].cHelp = (*pCmdEntry).cHelp 

. *
 

 cmdArray[0].cHelp[1] 

cmdArray 1 cmdArray[0] 2 cHelp[1]
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cmdArray         // CmdEntry  

cmdArray[0]        // CmdEntru  

cmdArray[0].cHelp       // char cmdArray[0] cHelp  

cmdArray[0].cHelp[1]       // cmdArray[0] cHelp  

 

 cmdArray[0].pfuncmd = &CreateFile; 

pfuncmd CreateFile()  

 cmdArray[0].pfuncmd(); 

< >1
2.26  

2.26   

1 #include <stdio.h> 

2 #include <stdlib.h> 

3 //  

4 void showHelp() 

5 { 

6 

7  for (int i = 0; (i < 10) && cmdArray[i].pfuncmd; i++){ 

8   printf("%d\t%s\n", i, cmdArray[i].cHelp); 

9  } 

10 } 

11 

12  int main(void) 

13 { 

14  int iCmdNum; 

15  char cTmp1[256]; 

16 

17  while (1){ 

18   showHelp(); 

19   printf(" \n"); 

20   iCmdNum = getchar() - '0';     //  

21   gets(cTmp1);       //  

22   if (iCmdNum >= 0 && iCmdNum < 10 && cmdArray[iCmdNum].pfuncmd){ 

23    cmdArray[iCmdNum].pfuncmd(); 

24   }else{ 

25    printf(" !\n"); 

26   } 

27  } 
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28  return 0; 

29 } 

�� bubbleSort() employeeArray
1 id 2 weight age height

id 3 bloodType A B O AB id
 

2.3  

 

2.3.1  

 

 

main() argc argv malloc()

 

push
pop last in first out LIFO

 

2.7 4

2.7  
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SP
SP 4

 

2.3.2  

int sp (int *) sizeof(int)
int

sizeof(int)

 

1. push  

sp (int *)
data C 2.8  

*(++sp) = (int)data; 

data sizeof(int)
 2.27  

 2.27   

1 #define  push(data)  *(++sp) = (int)(data) 

2 

3 push(data); 

4    data = data >> (sizeof(int) * 8); 

5    push(data); 

6    data = data >> (sizeof(int) * 8); 

7    push(data); 

8    data = data >> (sizeof(int) * 8); 

9    push(data); 

data sizeof(data) sizeof(int) 4  

2. pop  

sp (int *)

C
data 2.9  

*((int *)&(data)) = *sp--; 

data
sizeof(int)

 2.28  

 2.28   

 
2.8  

 

2.9  
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1 #define  pop(data)  (int)(data)=*sp-- 

2 int temp; 

3 

4 data = 0; 

5 data = data | (pop(temp) << (3 * sizeof(int) * 8)); 

6 data = data | (pop(temp) << (2 * sizeof(int) * 8)); 

7 data = data | (pop(temp) << (1 * sizeof(int) * 8)); 

8 data = data | (pop(temp) << (0 * sizeof(int) * 8)); 

data sizeof(data) sizeof(int) 4  

2.3.3  

ADT

 

 

C PC
2.29  

 2.29   

1 #include<stdio.h> 

2 void a (void) 

3 { 

4  printf("In a()\n"); 

5      return;        // void 

6 } 

7 

8 int main(void) 

9 { 

10  a(); 

11 a_return: 

12      return 0; 

13 } 

2.29 10 C  

 push(a_return); 
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 PC = a;         // goto a 

 2.29 5 C  

 pop(PC); 

 

2.4 ADT 

2.4.1  

 

 

1 struct _TypeA{ 

2  struct _TypeB *B ; 

3 }; 

4 

5 struct _TypeB{ 

6  struct _TypeA *A; 

7 }; 

 struct _TypeA struct _TypeB
 

1 struct _TypeB;        // _TypeB 

2 struct _TypeA{ 

3  struct _TypeB *B ; 

4 }; 

5 

6 struct _TypeB{ 

7  struct _TypeA *A; 

8 }; 

 typedef  

1 typedef struct _TypeB TypeB;     // TypeB  

2 typedef struct{ 

3  TypeB *B ; 

4 }TypeA; 

5 

6 struct _TypeB{ 

7  TypeA *A; 

8 }; 

TypeB
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struct _TypeB TypeB  

.h .c

.c

.c _demoB
 

 

pBuffer count IA_array.c  

1 struct _IntArray{ 

2  int *pBuffer; 

3  size_t count; 

4 }; 

IA_array.c  

IA_array.h IntArray
 

struct _IntArray; 

_IntArray

 

struct _IntArray IntArray;       //  

IA_array.h  

typedef struct _IntArray IntArray; 

 
IA_array.h _IntArray  

IntArray struct _IntArray IntArray*  

 

IntArray *pIntArray; 

IntArray

C
  

C C

 2.30  

 2.30 IntArray.h  
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1 #pragma once 

2 #include <stdbool.h> 

3 #include <stddef.h> 

4 

5 typedef struct _IntArray IntArray; 

6 IntArray * IA_ini();        // IntArray 

7 void IA_cleanup(IntArray *pThis);     // IntArray 

8 void IA_setSize(IntArray *pThis, size_t size);    //  

9 size_t IA_getSize(IntArray *pThis);     //  

10 bool IA_setElem(IntArray *pThis, size_t index, int value); //  

11 bool IA_getElem(IntArray *pThis, size_t index, int *pValue); //  

IntArray
IA_ IntArray*

 

IA_init() IA_cleanup()
IA_setSize()

IA_getSize() IA_setElem()
IA_getElem()  2.31  

 2.31  IntArray.c  

1 #include <malloc.h> 

2 #include "IntArray.h" 

3 

4 struct _IntArray{ 

5  int *pBuffer; 

6  size_t count; 

7 }; 

8 

9 IntArray * IA_ini() 

10 { 

11  IntArray *pIntArray = malloc(sizeof(IntArray)); 

12   

13  pIntArray -> pBuffer = 0; 

14  pIntArray -> count = 0; 

15  return pIntArray; 

16 } 

17 

18 void IA_cleanup(IntArray *pThis) 
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19 { 

20  free(pThis -> pBuffer); 

21  pThis -> pBuffer = 0; 

22  free(pThis); 

23 } 

24 

25 void IA_setSize(IntArray *pThis, size_t size) 

26 { 

27  pThis -> count = size; 

28  pThis -> pBuffer = (int *)realloc(pThis -> pBuffer, size * sizeof(int)); 

29 } 

30 

31 size_t IA_getSize(IntArray *pThis) 

32 { 

33  return pThis -> count; 

34 } 

35  

36 bool IA_setElem(IntArray *pThis, size_t index, int value) 

37 { 

38  if (index >= pThis -> count) return false; 

39  pThis -> pBuffer[index] = value; 

40  return true; 

41 } 

42 

43 bool IA_getElem(IntArray *pThis, size_t index, int *pValue) 

44 { 

45  if (index >= pThis -> count) return false; 

46  *pValue = pThis -> pBuffer[index]; 

47  return true; 

48 } 

 IA_setSize()

IA_getSize() IntArray  

 IntArray
 2.32  

 2.32 IntArray.h  

1 #include<stdio.h> 
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2 #include"IntArray.h" 

3 

4 int main() 

5 { 

6  IntArray *pIntArray; 

7  const size_t count = 10; 

8  int temp = 0; 

9  

10  pIntArray=IA_ini(); 

11  IA_setSize(pIntArray, count); 

12  for (size_t i = 0; i < count; i++) 

13   IA_setElem(pIntArray, i, (int)i * 2); 

14  for (size_t i = 0; i < count; i++){ 

15   IA_getElem(pIntArray, i, &temp); 

16   printf("%d ", temp); 

17  } 

18  IA_cleanup(pIntArray); 

19  return 0; 

20 } 

2.4.2  

 

 

1 #define MAXSIZE 100       //  

2 typedef struct{ 

3  char elements[MAXSIZE];      // char  

4  size_t top;         //  

5 }Stack; 

 

void newStack(Stack *stack); 

elements[0]
0  

1 newSrack(Stack *stack) 

2 { 

3  stack -> top = 0; 

4 } 
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Stack *stack; 

newStack(stack); 

 

void push(Stack *stack, char value); 

top 1 value  

stack -> elements[(stack -> top) ++] = value; 

 

char pop(Stack *stack); 

top 1  

return stack -> elements[--(stack -> top)]; 

 

int getStackDepth(Stack *stack);      //  

bool stackIsEmpty(Stack *stack);      //  

bool stackIsFull(const Stack *stack);     //  

stack->top 0
stack->top MAXSIZE  

stack stack->top
stack->top stack->elements[stack->top++] stack

stack
 

 stack -> top = 0; 

 stack -> elements[stack -> top ++] = 1; 

top elements

 

 1

 

2   

C int char float double

ADT Abstract Data Type  

Stack

Stack push pop
value top
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� Stack 

� value  

� newStack freeStack push  

pop stackIsEmpty stackIsFull
getStackDepth getStackElement  

push pop
pop ADT push
ADT  

3   

top elements

 

data numData
top .c

 

1 struct stackCDT{ 

2  int *data; 

3  size_t top; 

4  size_t numData; 

.h stackCDT

stackADT stackCDT *  

typedef struct stackCDT * stackADT; 

 

stackADT  

 stackADT stack1; 

stack1
 

 stackADT stack1, stack2, stack3; 

stackADT stack1 stack2 stack3
stack1 stack2 stack3 stack1 stack2 stack3
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 bool IA_init(stackADT stack);  

stackADT stack

stack  

1 void IA_init(stackADT stack) 

2 { 

3  stack -> data = 0; 

4  stack -> top = 0; 

5  stack -> numData = MAXSIZE; 

6 } 

  

2  

�  

stackADT 

new
 

stackADT newStack(); 

stackADT top numData
MAXSIZE

stackCDT MAXSIZE top
0 numData MAXSIZE  

 

 

StackADT stack; 

stack = newStack(); 

�  

 

 

void freeStack(stackADT stack); 

stack  

 

 

freeStack(stack); 

�  

push  

bool push(stackADT stack, int value); 

stack value  
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value true
false  

 

 for(int i = 0; i < 16; i++) push(stack, i); 

�  

 

pop  

bool pop(stackADT stack, int *pValue); 

stack pValue  

*pValue true
false  

 

int temp; 

pop(stack, &temp); 

�  

  

bool stackIsEmpty(stackADT stack); 

stack  

true false  

 

stackIsEmpty(stack); 

�  

 

bool stackIsFull(stackADT stack); 

stack  

true false  

 

stackIsFull(stack); 

�  

 

size_t getStackDepth(stackADT stack); 

stack  

 

 

getStackDepth(stack); 

�  
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bool getStackElement(stackADT stack, size_t index, int *pValue); 

stack index           
pValue  

index top false index *pValue
true  

  

 getStackElement(stack, 0, &temp); 

0 index 0 getStackElemnt(stack, 0, &temp)
getStackElemnt(stack, 1, &temp)  

static
 2.33

 

 2.33 stack.h  

1 #pragma once 

2 #include <stdbool.h> 

3 #include <stddef.h> 

4  

5 typedef int stackElementT; 

6 typedef struct stackCDT * stackADT; 

7 

8 stackADT newStack(); 

9 void freeStack(stackADT stack); 

10 bool push(stackADT stack, stackElementT value); 

11 bool pop(stackADT stack, stackElementT *pValue); 

12 bool stackIsEmpty(stackADT stack); 

13 bool stackIsFull(stackADT stack); 

14 size_t getStackDepth(stackADT stack); 

15 bool getStackElement(stackADT stack, size_t index, stackElementT *pValue); 

 stackADT
 

4   

Stack.h Stack.c
 2.34  

 2.34 Stack.c  

1 #include "Stack.h" 

2 #include <malloc.h> 



— www.zlg.cn  

127 

3 

4 #define MAXSIZE 100 

5 struct stackCDT{ 

6  int *data; 

7  size_t top; 

8  size_t numData; 

9 }; 

10 

11 stackADT newStack() 

12 { 

13  stackADT stack; 

14  stack = (stackADT)malloc(sizeof(struct stackCDT)); 

15  stack -> data = (int*)malloc(MAXSIZE*sizeof(int)); 

16  stack -> top = 0; 

17  stack -> numData = MAXSIZE; 

18  return stack; 

19 } 

20 

21 void freeStack(stackADT stack) 

22 { 

23  free(stack -> data); 

24  free(stack); 

25 } 

26 

27 bool push(stackADT stack, stackElementT value) 

28 { 

29  if(stackIsFull(stack))  return false; 

30  stack -> data[stack -> top ++] = value; 

31  return true; 

32 } 

33 

34 bool pop(stackADT stack, stackElementT *pValue) 

35 { 

36  if (stackIsEmpty(stack)) return false; 

37  *pValue = stack -> data[-- stack -> top]; 

38  return true; 

39 } 
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40 

41 bool stackIsEmpty(stackADT stack) 

42 { 

43  return (stack -> top == 0); 

44 } 

45 

46 bool stackIsFull(stackADT stack) 

47 { 

48  return (stack -> top == stack -> numData); 

49 } 

50 

51 size_t getStackDepth(stackADT stack) 

52 { 

53  return (stack -> top); 

54 } 

55 

56 bool getStackElement(stackADT stack, size_t index, stackElementT *pValue) 

57 { 

58  if (index > stack -> top) return false; 

59  *pValue = stack -> data[stack -> top - index - 1]; 

60  return true; 

61 } 

getStackDepth()
stack->top; top stackADT

 

void *

void * void *
 

5   

 2.35  

 2.35   

1 #include<stdio.h> 

2 #include"stack.h" 

3 int main(int argc, int *argv[]) 

4 { 
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5  stackADT stack; 

6  int temp; 

7 

8  stack = newStack(); 

9  for(int i = 0; i < 16; i++) push(stack, i); 

10  printf("%d\n", getStackDepth(stack)); 

11  getStackElement(stack, 5, &temp); 

12  printf("%d\n", temp); 

13  while (!stackIsEmpty(stack)) { 

14   pop(stack, &temp); 

15   printf("%d ", temp); 

16  } 

17  printf("\n"); 

18  freeStack(stack); 

19  return 0; 

20 } 

Stack ADT
.h

stackADT .c stackCDT

stackADT

stackADT satcADT  

ADT

 

2.4.3 OCP  

Open-Closed Princple OCP
USB

USB USB
OCP

OCP
 

0~9 value push min=0 max=9 OCP
push() pushWithRangeCheck()

value min max  
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bool pushWithRangeCheck (stackADT stack, int value, int min, int max); 

value false value push()
true false  2.36  

 2.36 1  

1 #include<stdio.h> 

2 #include"Stack.h" 

3 

4 bool pushWithRangeCheck(stackADT stack, int value, int min, int max) 

5 { 

6  if (value < min || value > max) return false; 

7  return push(stack, value); 

8 } 

9 

10 int main(int argc, int *argv[]) 

11 { 

12  stackADT stack; 

13   int temp; 

14 

15  stack = newStack(); 

16  for(int i = 0; i < 16; i++) 

17   pushWithRangeCheck (stack, i, 0, 9); 

18  while (!stackIsEmpty(stack)){ 

19   pop(stack, &temp); 

20   printf("%d ", temp); 

21  } 

22  freeStack(stack); 

23  return 0; 

24 } 

OCP  

1-2
push

min max Range
 

1 typedef struct{ 

2  const int min; 

3  const int max; 

4 }Range; 
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OCP push pushWithRangeCheck()
 2.37  

 2.37 2  

1 #include<stdio.h> 

2 #include"Stack.h" 

3 

4 typedef struct{ 

5  const int min; 

6  const int max; 

7 }Range; 

8 

9 bool pushWithRangeCheck(stackADT stack, Range *pRange, int value) 

10 { 

11  if (value < pRange -> min || value > pRange -> max) return false; 

12  return push(stack, value); 

13 } 

14 

15 int main(int argc, int *argv[]) 

16 { 

17  stackADT stack; 

18  int temp; 

19 

20  stack = newStack(); 

21  Range range = {0, 9}; 

22  for(int i = 0; i < 16; i++) 

23   pushWithRangeCheck(stack, &range, i); 

24  while (!stackIsEmpty(stack)) { 

25   pop(stack, &temp); 

26   printf("%d ", temp); 

27  } 

28  freeStack(stack); 

29  return 0; 

30 } 

push
OddEven  

1 typedef struct{ 

2  bool isEven; 
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3 }OddEven; 

OCP push pushWithOddEvenCheck()  

1 bool pushWithOddEvenCheck(stackADT stack, OddEven *pOddEven, int value) 

2 { 

3  if(!pOddEven -> isEven && (value % 2)) || (pOddEven -> isEven && !(value % 2)); 

4   return false; 

5  return push(stack, value); 

6 } 

 

1 bool validateRange(Range *pRange, int value) 

2 { 

3  return pRange -> min <= value && value <= pRange -> max; 

4 } 

5 

6 bool validateOddEven(OddEven *pOddEven, int value) 

7 { 

8  return (!pOddEven -> isEven && (value % 2)) || (pOddEven -> isEven && !(value % 2)); 

9 } 

Range *pRange OddEven *pOddEven void *pData  

1 bool validateRange(void *pThis, int value) 

2 { 

3  RangeValidator *pRangeValidator = (RangeValidator *)pThis; 

4  return pRangeValidator -> min <= value && value <= pRangeValidator -> max; 

5 } 

6 

7 bool validateOddEven(void *pThis, int value) 

8 { 

9  OddEvenValidator *pOddEvenValidator = (OddEvenValidator *)pThis; 

10  return (!pOddEvenValidator -> isEven && (value % 2)) ||  

11   (pOddEvenValidator -> isEven && !(value % 2)); 

12 } 

 

typedef bool (*const Validate)(void *pData, int value); 

 2.38  

 2.38 validator.h  
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1 #pragma once; 

2 #include<stdbool.h> 

3 

4 typedef struct{ 

5  const int min; 

6  const int max; 

7 }Range; 

8 

9 typedef struct{ 

10  bool isEven; 

11 }OddEven; 

12 

13 bool validateRange(void *pData, int value); 

14 bool validateOddEven(void *pData, int value); 

pushWithValidate()
validator.h

 2.39  

 2.39  

1 #include<stdio.h> 

2 #include"Stack.h" 

3 #include"validator.h" 

4 

5 typedef bool (*const Validate)(void *pData, int value); 

6 bool pushWithValidate(stackADT stack, Validate validate, void *pData, int value) 

7 { 

8  if (validate && !validate(pData, value))  return false; 

9  return push(stack, value); 

10 } 

11 

12 int main(int argc, int *argv[]) 

13 { 

14  stackADT stack; 

15  int temp; 

16 

17  stack = newStack(); 

18  Range range = {0, 9}; 
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19  for (int i = 0; i < 16; i++) 

20   pushWithValidate(stack, validateRange, &range, i); 

21  while (!stackIsEmpty(stack)) { 

22   pop(stack, &temp); 

23   printf("%d ", temp); 

24  } 

25  printf("\n"); 

26  OddEven oddEven = {true}; 

27  for (int i = 0; i < 16; i++) 

28   pushWithValidate(stack, validateOddEven, &oddEven, i); 

29  while (!stackIsEmpty(stack)) { 

30   pop(stack, &temp); 

31   printf("%d ", temp); 

32  } 

33  freeStack(stack); 

34  reurn 0; 

35 } 
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3  

 

 

3.1  

3.1.1  

1960 C. 
A. R. Hoare

 

qsort()
 

#include <stdlib.h> 

typedef int (*COMPARE)(const void *e1, const void *e2); 

void qsort(void *base, size_t nmemb, size_t size, COMPARE compare); 

base base
base nmemb

size compare  

qsort()
qsort()

e1 e2 *e1
*e2 *e1 *e2 *e1 *e2

*e1 *e2  

base void * int compare
compare

compare_float()  3.1  

 3.1 compare_float()  

1 int compare_float(const void *e1, const void *e2) 
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2 { 

3  float EPSINON = 0.0001; 

4 

5  float dif = *(const float *)e1 - *(const float *)e2; 

4  if (dif < EPSINON){ 

5   return -1; 

6  }else if (dif > EPSINON){ 

7   return 1; 

8  }else{ 

9   return 0; 

10  } 

11 } 

0.0f EPSINON 0.0 f flaot  

f C double
compare_float compare  

qsort()
 3.2  

 3.2  

1 #include<stdio.h> 

2 #include<stdlib.h> 

3 

4 typedef struct _student{ 

5  char name[8]; 

6  float height, weight; 

7  char sex; 

8 }student_t; 

9 

10 student_t student_table[] = { 

11  { "Jack", 170, 76, 'm'}, 

12  { "mary", 164, 50, 'f' }, 

13  { "Tom", 178, 80, 'm' }, 

14  { "John", 174, 77, 'm' } 

15 }; 

16 

17 int name_compare(const void *e1, const void *e2) 

18 { 

19  return strcmp(((student_t *)e1) -> name, ((student_t *)e2) -> name); 

20 } 
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21 

22 void main() 

23 { 

24  student_t st = {"Tom", 0, 0, 0}; 

25  qsort(student_table, sizeof(student_table) / sizeof(student_table[0]),  

26   sizeof(student_table[0]), name_compare); 

27  student_t *p_student = bsearch(&st, student_table, sizeof(student_table) / sizeof(student_table[0]), 

28             sizeof(student_table[0]), name_compare); 

29  printf("%s,%f,%f,%c", p_student -> name, 

30   p_student -> height, p_student -> weight, p_student -> sex); 

31 } 

3.1.2  

 

 

 
 3.3  

  3.3  

1 int lookup(char *name, student_t student_table[], int ntab) 

2 { 

3  int low, high, mid, cmp; 

4  low = 0; 

5  high = ntab - 1; 

6  while(low <= high){ 

7   mid = (low + high) / 2; 

8   cmp = strcmp(name, student_table[mid].name); 

9   if(cmp < 0) 

10    high = mid – 1; 

11   else if(cmp > 0) 

12    low = mid + 1; 

13   else 

14    return mid; 

15  } 

16  return -1; 

17 } 

 n
2 log2n
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 C bsearch()  

#include <stdlib.h> 

typedef int (*COMPARE)(const void *e1, const void *e2); 

void *bsearch(const void *key, const void *base, int size_t nmemb, size_t size, COMPARE compare); 

 bsearch() bsearch() key
base nmemb size

compare COMPARE  

bsearch()
bsearch()  

 C bsearch() bsearch()

bsearch()
bsearch() bsearch()

bsearch() 1000
10 1 000 000 20  

3.1.3 O  

 

 

N k  

N
k  

 N
k

k
 

 100
k=500 000 

 

 

 

O Big 
Oh O
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O
O order on the order of

 

O N
N O

 

O O(1) O(1) N
1 1 N

O O(N)  

i 0~N i3  3.4  

 3.4  i3  

1 int sum(int N) 

2 { 

3  int partialSum = 0; 

4  for(int i = 0; i <= N; i++) 

5   partialSum += i * i * i; 

6  return partialSum; 

7 } 

 3.4 5 8  3.4 7
4 N

4N  3.4 6 i i N i
1 N+1

N 2N 2 6N+4
O(N)  

N2 N2+3N
O N2 n

O(N2)  

n n O
O(logn) 10 O

O(N2) 10
2  

1——for for for  
 

2—— for
for O(N2)  

1 for(i = 0; i <= N; i++) 

2  for(j = 0; j <= N; j++) 
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3   k++; 

3——
O(N) O(N2) O(N2)  

1 for(i = 0; i <= N; i++) 

2  a[i] =0; 

3 for(i = 0; i <= N; i++) 

4  for(j = 0; j <= N; j++) 

5   a[i] += a[j] + i + j; 

3——if/else if/else s1 s2
 

1 if(condition) 

2  s1; 

3 else 

4  s2; 

C time.h clock()  

clock
clock_t  

 double

 

 (double) clock () / CLOCK_PER_SEC 

 start finish
 

1 double start, finish, elapsed; 

2 start = (double) clock () / CLOCK_PER_SEC; 

3 … … 

4 finish = (double) clock () /CLOCK_PER_SEC; 

5 elapsed = finish – start; 

 
 3.5  

 3.5  

1 #include<stdio.h> 

2 #include<time.h> 

3 #include<stdlib.h> 

4 #include<malloc.h> 

5 #include"swap.h" 

6 #include"selectSort.h" 
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7 

8 void main() 

9 { 

10  int length = 20000; 

11  long runtime; 

12  int *pData = (int *)malloc(sizeof(int)*length); 

13 

14  for (int i = 0; i < length; i++) 

15   pData[i] = rand();     // rand()  

16  runtime = clock(); 

17  selectSort(pData, length/2); 

18  runtime = clock() - runtime; 

19  printf("%lf\n", (double)runtime/CLOCKS_PER_SEC); 

20  runtime = clock(); 

21  selectSort(pData, length); 

22  runtime = clock() - runtime; 

23  printf("%lf\n", (double)runtime / CLOCKS_PER_SEC); 

24  free(pData); 

25 } 

4

20000 20000 for 1
20000 19999

selectSort()
20000 + 19999 + 19998 + …+5 + 4 + 3 + 2 + 1 10000 0.168 20000

0.796 4  

 N  

N + (N-1) + (N-2) +…+ 3 + 2 + 1 = (N2+N)/2 

N2 O N
N2 O(N2) O(N2)

4  

� 
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1

C
C

stdlib.h rand()  

int rand(void); 

//  

rand rand
0~RAND_MAX stdlib.h 32767

1 #include <stdio.h> 

2 #include <stdlib.h> 

3 int main(int argc, char *argv[]) 

4 { 

5     printf("rand() = %d \n", rand()); 

6  return 0; 

7 } 

rand
srand rand srand rand

1 srand
 

void srand(unsigned int); 

1 #include <stdio.h> 

2 #include <stdlib.h> 

3 int main(int argc, char *argv[]) 

4 { 

5  srand(2); 

6     printf("rand() = %d \n", rand()); 

7  return 0; 

8 } 

2
 

C time()
 

time_t time(time_t *); 
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time() 1970 1 1 00:00:00 time_t 
C types.h  

typedef  long  time_t; 

rand
 

time_t  t; 

time(&t);         //  

t = time(NULL);        //  

srand()  

1 #include <stdio.h> 

2 #include <stdlib.h> 

3 #include <time.h> 

4 int main(int argc, char *argv[]) 

5 { 

6  srand(time(NULL)); 

7  printf("rand() = %d \n", rand()); 

8  return 0; 

9 } 

3.2  

3.2.1  

1   

 

1 struct _slist_node{ 

2  int       data; 

3  struct _slist_node  *p_next; 

4 }; 

slist single list AMetal

AMetal  

 p_next

p_next struct _slist_node struct _slist_node
slist_node_t  

1 typedef  struct _slist_node{ 

2     int      data; 

3     struct _slist_node   *p_next; 

4 }slist_node_t; 
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AMetal typedef “_t” AMetal
“_t”  

1 typedef struct{ 

2  int     data; 

3  slist_node_t  *p_next; 

4 }slist_node_t; 

 p_next typedef slist_node_t
typedef p_next

slist_node_t  

1 struct _slist_node; 

2 typedef struct _slist_node * slist_node_t; 

3 struct _slist_node{ 

4  int     data; 

5   slist_node_t  *p_next; 

6 }; 

 2  

1 typedef int element_type_t; 

2 typedef struct _slist_node{ 

3  element_type_t    data; 

4   struct _slist_node  *p_next; 

5 }slist_node_t; 

list tree
p_next link p_next

 3.1 data
p_next

p_next p_next
NULL 0

 

 
p_head

 

 slist_node_t *p_head; 

 p_head 3.2  

p_head  

1 while (p_head != NULL){       //  

2     // ...... 

3  p_head = p_head -> p_next; 

 

 3.1  

 

3.2   
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4 } 

p_head p_head NULL
 

1 slist_node_t * p_tmp = p_head; 

2 while (p_tmp != NULL){ 

3      // ...... 

4  p_tmp = p_tmp -> p_next; 

5 } 

p_head NULL p_head
NULL 3.3  

p_next NULL 3.6  

3.6   

1 int  slist_add_tail(slist_node_t *p_head, slist_node_t *p_node) 

2 { 

3  if (p_head == NULL){ 

4   p_head         = p_node; 

5   p_node -> p_next = NULL; 

6  } 

7     return 0; 

8 } 

3.7  

3.7  1  

1 #include <stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  slist_node_t *p_head = NULL; 

5  slist_node_t  node1; 

6  slist_node_t *p_tmp; 

7 

8  node1.data = 1; 

9  slist_add_tail(p_head, &node1); 

10  p_tmp = p_head; 

11  while (p_tmp != NULL){ 

12   printf("%d  ", p_tmp -> data); 

13   p_tmp = p_tmp -> p_next; 

14  } 

 

3.3   
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15  return 0; 

16 } 

printf 1
p_head

NULL slist_add_tail() p_head  

p_head NULL
slist_add_tail() p_head slist_add_tail() slist_add_tail()

p_head p_head
slist_add_tail() 3.8  

3.8   

1 int slist_add_tail(slist_node_t ** pp_head, slist_node_t *p_node) 

2 { 

3  if (*pp_head == NULL){ 

4   *pp_head       = p_node; 

5   p_node -> p_next = NULL; 

6  } 

7  return 0; 

8 } 

3.9
p_head  

3.9  2  

1 #include <stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  slist_node_t *p_head = NULL; 

5  slist_node_t  node1; 

6  slist_node_t *p_tmp; 

7 

8  node1.data = 1; 

9  slist_add_tail(&p_head, &node1); 

10  p_tmp = p_head; 

11  while (p_tmp != NULL){ 

12   printf("%d  ", p_tmp -> data); 

13   p_tmp = p_tmp -> p_next; 

14  } 

15  return 0; 

16 } 
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data1 data2
3.4  

 

3.4   

p_next NULL
3.10  

3.10   

1 int slist_add_tail (slist_node_t **pp_head, slist_node_t *p_node) 

2 { 

3  if (*pp_head == NULL){ 

4   *pp_head       = p_node; 

5   p_node -> p_next = NULL; 

6  }else{ 

7   slist_node_t *p_tmp = *pp_head; 

8   while (p_tmp -> p_next != NULL){ 

9       p_tmp = p_tmp -> p_next; 

10   } 

11   p_tmp -> p_next   = p_node; 

12   p_node -> p_next  = NULL; 

13  } 

14  return 0; 

15 } 

3.9 3.11  

3.11  3  

1 #include <stdio.h> 

2 int main(int argc, char *argv[]) 

3 { 

4  slist_node_t  *p_head = NULL; 

5  slist_node_t  node1, node2, node3; 

6  slist_node_t  *p_tmp; 

7 

8  node1.data = 1; 

9  slist_add_tail(&p_head, &node1); 

10  node2.data = 2; 

11  slist_add_tail(&p_head, &node2); 

12  node3.data = 3; 
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13  slist_add_tail(&p_head, &node3); 

14  p_tmp = p_head; 

15  while (p_tmp != NULL){ 

16   printf("%d  ", p_tmp->data); 

17   p_tmp = p_tmp->p_next; 

18  } 

19  return 0; 

20 } 

3.10

head  

slist_node_t  head 

 3.5  

3.6 p_next
NULL  

p_next NULL
3.12  

3.12   

1 int  slist_add_tail (slist_node_t *p_head, slist_node_t *p_node) 

2 { 

3  slist_node_t *p_tmp = p_head; 

4  while (p_tmp -> p_next != NULL){ 

5   p_tmp = p_tmp -> p_next; 

6  } 

7  p_tmp -> p_next  = p_node; 

8  p_node -> p_next = NULL; 

8     return 0; 

9 } 

p_head 3.6 p_head
3.13

p_next NULL  

3.13  4  

1 #include <stdio.h> 

2 int main(int argc, char *argv[]) 

 

 3.5  

 
3.6   
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3 { 

4  slist_node_t  head = {0, NULL}; 

5  slist_node_t  node1, node2, node3; 

6  slist_node_t  *p_tmp; 

7 

8      node1.data = 1; 

9  slist_add_tail(&head, &node1); 

10  node2.data = 2; 

11  slist_add_tail(&head, &node2); 

12  node3.data = 3; 

13  slist_add_tail(&head, &node3); 

14  p_tmp = head.p_next; 

15  while (p_tmp != NULL){ 

16   printf("%d  ", p_tmp->data); 

17   p_tmp = p_tmp->p_next; 

18  } 

19  return 0; 

20 } 

3.12
data p_next data int

4 4 data  

1 typedef struct _student{ 

2  char  name[10];               //  

3  char  sex;                     //  

4  float height, weight;            //  

5 }student_t; 

 3.7
element_type_t student_t  

1 typedef student_t element_type_t; 

2 typedef struct _slist_node{ 

3  element_type_t   data; 

4  struct _slist_node  *p_next; 

5 }slist_node_t; 

data student_t  

 

 3.7
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slist_node_t node  

 slist_node_t  node; 

 3.8
 

 node.data 

node slist_node_t data node.data
student_t  

 node.data.name 

student_t data name  

int student_t student_t

 

void *  

2   

void *
 

1 typedef void *element_type_t; 

2 typedef struct _slist_node{ 

3  element_type_t   data; 

4  struct _slist_node  *next; 

5 }slist_node_t; 

void * data
 

void *
int int

 

struct _student

p->data  3.9
void * int

 

void *
void *

 

void *
p_next  

 

 3.8 

 
 3.9 data  
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p_next
data 3.12 slist_add_tail() data

data  

3.2.2 p_next  

p_next
p_next slist.h  

1 typedef struct _slist_node{ 

2  struct _slist_node  *p_next;     //  

3 }slist_node_t; 

3.10  

int
int  

1 typedef struct _slist_int{ 

2  slist_node_t  node;      //  

3  int          data;      // int  

4 }slist_int_t; 

node
data slist_add_tail() int

3.14  

3.14  int  

1 #include <stdio.h> 

2 typedef struct _slist_int{ 

3  slist_node_t  node;  

4  int          data; 

5 }slist_int_t; 

6 

7 int main (void) 

8 { 

9  slist_node_t  head = {NULL}; 

10  slist_int_t    node1, node2, node3; 

11  slist_node_t *p_tmp; 

12 

13  node1.data = 1; 

14  slist_add_tail(&head, &node1.node); 

 

3.10   
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15  node2.data = 2; 

16  slist_add_tail(&head, &node2.node); 

17  node3.data = 3; 

18  slist_add_tail(&head, &node3.node); 

19  p_tmp = head.p_next; 

20  while (p_tmp != NULL){ 

21   printf("%d  ", ((slist_int_t *)p_tmp)->data); 

22   p_tmp = p_tmp->p_next; 

23  } 

24  return 0; 

25 } 

head NULL p_next
p_next p_next

 

p_next NULL  

int slist_init (slist_node_t *p_head); 

slist.h  

typedef  slist_node_t slist_head_t; 

slist.h  

int slist_init (slist_head_t *p_head); 

p_head slist_init() 3.15  

3.15   

1 int slist_init (slist_head_t *p_head) 

2 { 

3     if (p_head == NULL){ 

4       return -1; 

5     } 

6     p_head -> p_next = NULL; 

7     return 0; 

8 } 

 

slist_node_t head; 

slist_init(&head); 
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int slist_add_tail (slist_head_t *p_head, slist_node_t *p_node); 

p_head p_node slist_add_tail()
3.16  

3.16   

1 int slist_add_tail (slist_head_t *p_head, slist_node_t *p_node) 

2 { 

3      slist_node_t *p_tmp; 

4 

5  if ((p_head == NULL) || (p_node == NULL)){ 

6       return -1; 

7      } 

8  p_tmp = p_head; 

9  while (p_tmp -> p_next != NULL){ 

10   p_tmp = p_tmp -> p_next; 

11     } 

12     p_tmp -> p_next  = p_node; 

13     p_node -> p_next = NULL; 

14     return 0; 

15 } 

 

1 slist_node_t *p_tmp = head.p_next; 

2 while (p_tmp != NULL){ 

3  printf("%d  ", ((slist_int_t *)p_tmp)->data); 

4  p_tmp = p_tmp->p_next; 

5 } 

1 2
3 NULL  

slist.h  

slist_node_t *slist_begin_get (slist_head_t *p_head);     //  

slist_node_t *slist_next_get (slist_head_t *p_head, slist_node_t *p_pos);//  

slist_node_t *slist_end_get (slist_head_t *p_head);      //  

3.17  

3.17   

1 slist_node_t *slist_next_get (slist_head_t *p_head, slist_node_t *p_pos) 

2 { 

3     if (p_pos) {           // p_pos  
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4         return p_pos->p_next; 

5     } 

6     return NULL; 

7 } 

8 

9 slist_node_t *slist_begin_get (slist_head_t *p_head) 

10 { 

11     return  slist_next_get(p_head, p_head); 

12 } 

13 

14 slist_node_t *slist_end_get (slist_head_t *p_head) 

15 { 

16     return NULL; 

17 } 

slist_next_get() slist_next_get() p_head p_head
p_head p_pos

3.18  

3.18   

1 slist_node_t *p_tmp = slist_begin_get(&head); 

2 slist_node_t *p_end = slist_end_get(&head); 

3 while (p_tmp != p_end){ 

4     printf("%d  ", ((slist_int_t *)p_tmp)->data); 

5     p_tmp = slist_next_get(&head, p_tmp); 

6 } 

slist_begin_get() slist_end_get()
[begin,end) begin end begin end

 

3.18 printf()

3.18

slist.h  

typedef int (*slist_node_process_t) (void *p_arg, slist_node_t *p_node); 

int slist_foreach(slist_head_t          *p_head, 

      slist_node_process_t  pfn_node_process, 

void                 *p_arg); 

p_head pfn_node_process
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pfn_node_process
p_arg 1

2  

0 slist_foreach() 3.19  

3.19   

1 int slist_foreach( slist_head_t  *p_head, 

2       slist_node_process_t   pfn_node_process, 

3               void                *p_arg); 

4 

5 { 

6  slist_node_t  *p_tmp, *p_end;  

7  int          ret; 

8 

9      if ((p_head == NULL) || (pfn_node_process == NULL)){ 

10       return -1; 

11      } 

12     p_tmp = slist_begin_get(p_head); 

13     p_end = slist_end_get(p_head); 

13  while (p_tmp != p_end){ 

14   ret = pfn_node_process(p_arg, p_tmp); 

15   if (ret < 0)     return ret;         //  

16   p_tmp = slist_next_get(p_head, p_tmp);  //  

17  } 

18     return 0; 

19 } 

3.14 3.20  

3.20  int  

1 #include <stdio.h> 

2 #include "slist.h" 

3 

4 typedef struct _slist_int { 

5  slist_node_t  node;      //  

6  int          data;      // int  

7 }slist_int_t; 

8 

9 int list_node_process (void *p_arg, slist_node_t *p_node) 

10 { 
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11  printf("%d  ", ((slist_int_t *)p_node)->data); 

12  return 0; 

13 } 

14 

15 int main(void) 

16 { 

17  slist_head_t  head;        //  

18  slist_int_t    nodel, node2, node3; 

19  slist_init(&head); 

20 

21  node1.data = 1; 

22  slist_add_tail(&head, &(node1.node)); 

23  node2.data = 2; 

24  slist_add_tail(&head, &(node2.node)); 

25  node3.data = 3; 

26  slist_add_tail(&head, &(node3.node)); 

27  slist_foreach(&head, list_node_process, NULL); // NULL 

28      return 0; 

29 } 

3.2.3  

p_next NULL  

p_head p_next NULL

 

p_head
 3.11  

1 p_next
p_next 2

p_next  

slist.h  

 

 3.11  
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int slist_add_head (slist_head_t *p_head, slist_node_t *p_node); 

p_head p_node 3.21  

3.21   

1 int slist_add_head (slist_head_t *p_head, slist_node_t *p_node) 

2 { 

3  p_node->p_next  = p_head->p_next; 

4  p_head->p_next  = p_node; 

5  return 0; 

6 } 

 

3.20 26  

26 slist_add_head(&head, &(node3.node)); 

node3  

p_pos
 3.12

1 p_next
p_pos

2 p_pos
p_next

slist.h  

int slist_add (slist_head_t *p_head, slist_node_t *p_pos, slist_node_t *p_node); 

p_head p_node p_pos
p_pos 3.22  

3.22   

1 int slist_add (slist_head_t *p_head, slist_node_t *p_pos, slist_node_t *p_node) 

2 { 

3  p_node->p_next  = p_pos->p_next; 

4  p_pos->p_next   = p_node; 

5  return 0; 

6 } 

p_head p_head
p_head p_pos  

3.23  

 3.12  
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3.23  int  

1 #include <stdio.h> 

2 #include "slist.h" 

3 

4 typedef struct _slist_int{ 

5  slist_node_t  node;      //  

6  int          data;      // int  

7 } slist_int_t; 

8 

9 int list_node_process (void *p_arg, slist_node_t *p_node) 

10 { 

11  printf("%d  ", ((slist_int_t *)p_node)->data); 

12  return 0; 

13 } 

14 

15 int main (void) 

16 { 

17  slist_node_t  head; 

18  slist_int_t    node1, node2, node3; 

19      slist_init(&head); 

20  node1.data = 1; 

21  slist_add(&head, &head, &node1.node);          //  node1  

22  node2.data = 2; 

23  slist_add(&head, &node1.node, &node2.node);    //  node2 node1  

24  node3.data = 3; 

25  slist_add(&head, &node2.node, &node3.node);    //  node3 node2  

26  slist_foreach(&head, list_node_process, NULL); // NULL 

27  return 0; 

28 } 

 

�  

�  

slist_add_head() slist_add_tail() 3.24  

3.24  slist_add()  

1 int slist_add_tail (slist_head_t *p_head, slist_node_t *p_node) 

2 { 

3  slist_node_t *p_tmp = p_head;    //  
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4  while (p_tmp->p_next != NULL) { // p_next NULL  

5   p_tmp = p_tmp->p_next; 

6  } 

7  return slist_add(p_head, p_tmp, p_node);    //  

8 } 

9 

10 int slist_add_head (slist_head_t *p_head, slist_node_t *p_node) 

11 { 

12  return slist_add(p_head, p_head, p_node);    //  

13 } 

3.13  

 

3.13   

slist_add()
slist.h  

slist_node_t *slist_prev_get (slist_head_t *p_head, slist_node_t *p_pos); 

p_head p_pos p_pos

p_next
3.25  

3.25   

1 slist_node_t *slist_prev_get (slist_head_t *p_head, slist_node_t *p_pos) 

2 { 

3  slist_node_t *p_tmp = p_head;                //  

4  while ((p_tmp != NULL) && (p_tmp->p_next != p_pos)) { // p_pos  

5   p_tmp = p_tmp->p_next; 

6  } 

7  return p_tmp; 

8 } 

p_pos NULL p_next NULL
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slist_node_t *slist_tail_get (slist_head_t *p_head) ; 

3.26  

3.26   

1 slist_node_t *slist_tail_get (slist_head_t *p_head) 

2 { 

3  return  slist_prev_get(p_head, NULL); 

4 } 

slist_add_tail() 3.27  

3.27   

1 int slist_add_tail (slist_head_t *p_head, slist_node_t *p_node) 

2 { 

3  slist_node_t *p_tmp = slist_tail_get(p_head);   //  

4  return slist_add(p_head, p_tmp, p_node);    //  

5 } 

3

3.14  

p_next

p_next NULL  

slist.h  

int slist_del (slist_head_t *p_head, slist_node_t *p_node); 

p_head p_node slist_del()
3.28  

3.28   

1 int slist_del (slist_head_t *p_head, slist_node_t *p_node) 

2 { 

3  slist_node_t *p_prev = slist_prev_get(p_head, p_node);//  

4  if (p_prev) { 

5   p_prev->p_next  = p_node->p_next; 

6   p_node->p_next  = NULL; 

7   return 0; 

8  } 

9  return -1; 

10 } 

 

3.14   
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3.29 slist.h  

3.29  slist.h  

1 #pragma once 

2 

3 typedef struct _slist_node { 

4  struct _slist_node  *p_next;                            //  

5 } slist_node_t; 

6 

7 typedef  slist_node_t slist_head_t;       //  

8 typedef int (*slist_node_process_t) (void *p_arg, slist_node_t *p_node); //  

9 

10 int slist_init (slist_head_t *p_head);        //  

12 int slist_add (slist_head_t *p_head, slist_node_t *p_pos, slist_node_t *p_node);  //  

13 int slist_add_tail (slist_head_t *p_head, slist_node_t *p_node);   //  

14 int slist_add_head (slist_head_t *p_head, slist_node_t *p_node);      //  

15 int slist_del (slist_head_t *p_head, slist_node_t *p_node);     //  

16 

17 slist_node_t *slist_prev_get (slist_head_t *p_head, slist_node_t *p_pos); //  

18 slist_node_t *slist_next_get (slist_head_t *p_head, slist_node_t *p_pos); //  

19 slist_node_t *slist_tail_get (slist_head_t *p_head);     //  

20 slist_node_t *slist_begin_get (slist_head_t *p_head); //  

21  slist_node_t *slist_end_get (slist_head_t *p_head);   //  

22  

23 int slist_foreach(slist_head_t        *p_head,                 //  

24       slist_node_process_t  pfn_node_process, 

25              void               *p_arg); 

3.30  

3.30   

1 #include <stdio.h> 

2 #include "slist.h" 

3 

4 typedef struct _slist_int { 

5  slist_node_t  node;      //  

6  int          data;      // int  

7 }slist_int_t; 

8 
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9 int list_node_process (void *p_arg, slist_node_t *p_node) 

10 { 

11  printf("%d  ", ((slist_int_t *)p_node)->data); 

12  return 0; 

13 } 

14 

15 int main(void) 

16 { 

17  slist_head_t  head;        //  

18  slist_int_t    nodel, node2, node3; 

19  slist_init(&head); 

20 

21  node1.data = 1; 

22  slist_add_tail(&head, &(node1.node)); 

23  node2.data = 2; 

24  slist_add_tail(&head, &(node2.node)); 

25  node3.data = 3; 

26  slist_add_head(&head, &(node3.node)); 

27  slist_del(&head, &(node2.node));    // node2  

28  slist_foreach(&head, list_node_process, NULL); // NULL 

29      return 0; 

30 } 

malloc()
 

 

p_node

malloc() 3.31  

3.31   

1 #include <stdio.h> 

2 #include "slist.h" 

3 #include <malloc.h> 

4 

5 typedef struct _slist_int{ 
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6  slist_node_t  node;      //  

7  int          data;      // int  

8 } slist_int_t; 

9 

10 int list_node_process(void *p_arg, slist_node_t *p_node) 

11 { 

12  printf("%d  ", ((slist_int_t *)p_node)->data); 

13  return 0; 

14 } 

15 

16 int my_list_add(slist_head_t *p_head, int data)   //  

17 { 

18  slist_int_t *p_node = (slist_int_t *)malloc(sizeof(slist_int_t)); 

19  if (p_node == NULL) { 

20   printf("The malloc memory failed!"); 

21   return -1; 

22  } 

23  p_node->data = data; 

24  slist_add_head(p_head, &(p_node->node));     //  

25     return 0; 

26 } 

27 

28 int my_list_del (slist_head_t *p_head, int data)   //  

29 { 

30  slist_node_t *p_node = slist_begin_get(p_head); 

31       slist_node_t *p_end  = slist_end_get(p_head); 

32  while (p_node != p_end){ 

33   if (((slist_int_t *)p_node)->data == data){ 

34    printf("\n delete the data %d :", data); 

35    slist_del(p_head, p_node);            //  

36    free(p_node); 

37    break; 

38   } 

39   p_node = slist_next_get(p_head, p_node); 

40  } 

41  slist_foreach(p_head, list_node_process, NULL);  //  

42     return 0; 
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43 } 

44 

45 int main(void) 

46 { 

47  slist_head_t *p_head = (slist_head_t *)malloc(sizeof(slist_head_t)); 

48  slist_init(p_head); 

49 

49  my_list_add(p_head, 1); 

50  my_list_add(p_head, 2); 

51  my_list_add(p_head, 3); 

52  slist_foreach(p_head, list_node_process, NULL);  //  

53  my_list_del(p_head, 1); 

54  my_list_del(p_head, 2); 

55  my_list_del(p_head, 3); 

56  free(p_head); 

57  return 0; 

58 } 

int
 

typedef struct _student{ 

  slist_node_t  node;      //  

  char         name[10];              //  

  char         sex;                    //  

  float        height, weight;           //  

}student_t; 

node node

node  

typedef struct _slist_student{ 

  slist_node_t  node;      //  

  student_t   student;      //  

}slist_student_t; 

3.32  

3.32   

1 #include <stdio.h> 
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2 #include "slist.h" 

3 #include <malloc.h> 

4 

5 typedef struct _student{ 

6  char  name[10];                //  

7  char  sex;                      //  

8  float height, weight;             //  

9 }student_t; 

10 

11 typedef struct _slist_student{ 

12     slist_node_t   node;      //  

13  student_t        student;          //  

14 }slist_student_t; 

15 

16 int student_info_read (student_t *p_student)       //  

17 { 

18  int i; 

19 

20  for (i = 0; i < 9; i++) {                       //  'a' ~ 'z'  

21   p_student->name[i] = (rand() % ('z' - 'a')) + 'a'; 

22  } 

23  p_student->name[i]= '\0';                         //  

24  p_student->sex    = (rand() & 0x01) ? 'F' : 'M';   //  

25  p_student->height = (float)rand() / rand(); 

26  p_student->weight = (float)rand() / rand(); 

27  return 0; 

28 } 

29 

30 int list_node_process (void *p_arg, slist_node_t *p_node) 

31 { 

32  student_t *p_s = &(((slist_student_t *)p_node)->student);  

33  printf("%s : %c %.2f %.2f\n", p_s->name, p_s->sex, p_s->height, p_s->weight); 

34  return 0; 

35 } 

36 

37 int main(int argc, char *argv[]) 

38 { 
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39  slist_head_t    head; 

40  slist_student_t s1, s2, s3, s4, s5; 

41  srand(time(NULL)); 

42  slist_init(&head); 

43 

44  student_info_read(&s1.student); 

45  student_info_read(&s2.student); 

46  student_info_read(&s3.student); 

47  student_info_read(&s4.student); 

48  student_info_read(&s5.student); 

49 

50  slist_add_head(&head, &s1.node); 

51  slist_add_head(&head, &s2.node); 

52  slist_add_head(&head, &s3.node); 

53  slist_add_head(&head, &s4.node); 

54  slist_add_head(&head, &s5.node); 

55 

56  slist_foreach(&head, list_node_process, NULL); // NULL 

57  return 0; 

58 } 

 

3.3  

p_next
p_next

p_next p_prev

3.15  

p_next p_prev  

3.15   
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typedef struct _dlist_node{ 

  struct _dlist_node  *p_next; 

  struct _dlist_node  *p_prev; 

}dlist_node_t; 

dlist double list 

 

3.15 p_prev p_next NULL

p_prev p_next
3.16  

 

 

typedef  dlist_node_t  dlist_head_t; 

 

dlist_head_t  head; 

p_next p_prev
3.17  

p_next p_prev  

head.p_next = &head; 

head.p_prev = &head; 

dlist.h  

int dlist_init(dlist_head_t *p_head); 

p_head  

 dlist_head_t  head; 

    dlist_init(&head); 

dlist_init() 3.33  

3.33   

 

3.16   

 

3.17   
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1 int dlist_init(dlist_head_t *p_head) 

2 { 

3      if (p_head == NULL){ 

4       return -1; 

5      } 

6      p_head -> p_next = p_head; 

7  p_head -> p_prev = p_head; 

8      return 0; 

9 } 

 

dlist_node_t *dlist_prev_get (dlist_head_t *p_head, dlist_node_t *p_pos); //  

dlist_node_t *dlist_next_get (dlist_head_t *p_head, dlist_node_t *p_pos); //  

dlist_node_t *dlist_tail_get (dlist_head_t *p_head);                    //  

dlist_node_t *dlist_begin_get (dlist_head_t *p_head);     //  

dlist_node_t *dlist_end_get (dlist_head_t *p_head);          //  

dlist_prev_get() dlist_next_get()
3.34  

3.34   

1 dlist_node_t *dlist_prev_get(dlist_head_t *p_head, dlist_node_t *p_pos) 

2 { 

3     if (p_pos != NULL){ 

4         return p_pos -> p_prev; 

5     } 

6     return NULL; 

7 } 

8 

9 dlist_node_t *dlist_next_get(dlist_head_t *p_head, dlist_node_t *p_pos) 

10 { 

11     if (p_pos != NULL){ 

12         return p_pos -> p_next; 

13     } 

14     return NULL; 

15 } 

dlist_tail_get() p_reev
3.35  

3.35  dlist_tail_get()  
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1 dlist_node_t *dlist_tail_get(dlist_head_t *p_head) 

2 { 

3     if (p_head != NULL) { 

4         return p_head->p_prev; 

5     } 

6     return NULL; 

7 } 

dlist_begin_get() 3.36  

3.36  dlist_begin_get()  

1 dlist_node_t *dlist_begin_get(dlist_head_t *p_head) 

2 { 

3     if (p_head != NULL){ 

4         return p_head->p_next; 

5     } 

6     return NULL; 

7 } 

dlist_end_get()
p_prev p_next p_next p_prev

NULL NULL
head

dlist_end_get() 3.37  

3.37  dlist_end_get()  

1 dlist_node_t *dlist_end_get(dlist_head_t *p_head) 

2 { 

3     if (p_head != NULL) { 

4         return p_head->p_prev; 

5     } 

6     return NULL; 

7 } 

3.3.1  

 

int dlist_add_tail(dlist_head_t *p_head, dlist_node_t *p_node); 

p_head p_node
3.38  

3.38  dlist_add_tail()  

1 int main(int argc, char *argv[]) 
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2 { 

3  dlist_head_t head; 

4  dlist_node_t node; 

5 

6  dlist_init(&head); 

7      dlist_add_tail(&head, &node); 

8          //  

9    } 

3.18
4

 

� p_prev  

� p_next  

� p_next  

 

� p_prev  

3.39  

3.39  dlist_add_tail()  

1 int dlist_add_tail (dlist_head_t *p_head, dlist_node_t *p_node) 

2 { 

3  if (p_head == NULL){ 

4   return -1; 

5  } 

6  p_node -> p_prev         = p_head->p_prev; // p_prev  

7  p_node -> p_next         = p_head;   // p_next  

8  p_head -> p_prev->p_next  = p_node;   // p_next  

9  p_head -> p_prev         = p_node;   // p_prev  

10  return 0; 

11 } 

p_next p_prev

 

int dlist_add (dlist_head_t *p_head, dlist_node_t *p_pos, dlist_node_t *p_node); 

p_head p_pos
p_node

3.40  

 

3.18   
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3.40  dlist_add()  

1 int main(int argc, char *argv[]) 

2 { 

3  dlist_head_t head; 

4      dlist_node_t node; 

5 

6  dlist_init(&head); 

7      dlist_add(&head, &(head.p_prev),  &node); 

8         //  

9 } 

dlist_add_tail() dlisd_add()
dlist_add_tail() 3.41  

3.41  dlist_add_tail()  

1 int dlist_add_tail (dlist_head_t *p_head, dlist_node_t *p_node) 

2 { 

3  return dlist_add(p_head, p_head->p_prev, p_node); 

4 } 

dlist_add()
3.19

 

3.18 3.19
3.18 3.19

3.19
4

4
 

� p_prev  

� p_next  

� p_next  

� p_prev  

3.42  

3.42  dlist_add()  

 

3.19   
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1 int dlist_add (dlist_head_t *p_head, dlist_node_t *p_pos, dlist_node_t *p_node) 

2 { 

3  if ((p_head == NULL) || (p_pos == NULL) || (p_node == NULL)){ 

4      return -1; 

5  } 

6  p_node->p_prev        = p_pos;   // p_prev  

7  p_node->p_next        = p_pos->p_next;  // p_next  

8  p_pos->p_next->p_prev = p_node;    // p_prev  

9  p_pos->p_next         = p_node;     // p_next  

10  return 0; 

11 } 

p_head p_head
p_head p_pos  

 

int dlist_add_head (dlist_head_t *p_head, dlist_node_t *p_node); 

dlist_add()
3.43  

3.43  dlist_add_head()  

1 int dlist_add_head (dlist_head_t *p_head, dlist_node_t *p_node) 

2 { 

3  return dlist_add(p_head, p_head, p_node); 

4 } 

3.3.2  

 

int dlist_del (dlist_head_t *p_head, dlist_node_t *p_node); 

p_head  p_node
3.44  

3.44  dlist_del()  

1 int main(int argc, char *argv[]) 

2 { 

3  dlist_head_t head; 

4  dlist_node_t node; 

5  dlist_init(&head); 

6  dlist_add_tail(&head, &node); 

7  dlist_del(&head, &node); 
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8  //...... 

9  return 0; 

10 } 

dlisd_del()  

 3.20 1
 3.20 2

 

 

� p_next 

 

� p_prev 

 

3.45  

3.45  dlist_del()  

1 int dlist_del (dlist_head_t *p_head, dlist_node_t *p_node) 

2 { 

3  if ((p_head == NULL) || (p_node == NULL) || (p_node == p_head)){ 

4      return -1; 

5  } 

6  p_node->p_prev->p_next = p_node->p_next;   // p_next  

7  p_node->p_next->p_prev = p_node->p_prev;   // p_prev  

8 

9  p_node->p_next = NULL; 

10  p_node->p_prev = NULL; 

11      return 0; 

12 } 

p_head p_node p_node
 

3.3.3  

dlist.h  

int dlist_foreach (dlist_head_t            *p_head, 

              dlist_node_process_t      pfn_node_process, 

              void                  *p_arg); 

p_head pfn_node_process
dlist_node_process_t  

typedef int (*dlist_node_process_t) (void *p_arg, dlist_node_t *p_node); 

dlist_node_process_t p_arg int

 

3.20  
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pfn_node_process
p_arg dlist_traverse()

3 p_node 

0
dlist_foreach() 3.46  

3.46   

1 int dlist_foreach (dlist_head_t         *p_head, 

2               dlist_node_process_t  pfn_node_process, 

3               void                *p_arg) 

4 { 

5     dlist_node_t  *p_tmp, *p_end; 

6     int            ret; 

7 

8     if ((p_head == NULL) || (pfn_node_process == NULL)) { 

9         return -1; 

10     } 

11 

12     p_tmp = dlist_begin_get(p_head); 

13     p_end = dlist_end_get(p_head); 

14 

15     while (p_tmp != p_end) { 

16         ret = pfn_node_process(p_arg, p_tmp); 

17         if (ret < 0) {                            //  

18             return ret; 

19         } 

20         p_tmp = dlist_next_get(p_head, p_tmp);    //  

21     } 

22     return 0; 

23 } 

3.47 dlist.h  

3.47  dlist.h  

1 #ipragma once 

2 #include <stdio.h> 

3 #include <stdbool.h> 

4  

5 typedef struct _dlist_node{ 
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6  struct _dlist_node  *p_next;           //  

7  struct _dlist_node  *p_prev;           //  

8 }dlist_node_t; 

9 

10 typedef  dlist_node_t  dlist_head_t; 

11  

12 //  

13 typedef int (*dlist_node_process_t) (void *p_arg, dlist_node_t *p_node); 

14 

15 int dlist_init (dlist_head_t *p_head);        //  

16 

17 int dlist_add (dlist_head_t *p_head, dlist_node_t *p_pos, dlist_node_t *p_node); //  

18 int dlist_add_tail(dlist_head_t *p_head, dlist_node_t *p_node);    //  

19 int dlist_add_head (dlist_head_t *p_head, dlist_node_t *p_node);   //  

20 int dlist_del (dlist_head_t *p_head, dlist_node_t *p_node);    //  

21 

22 dlist_node_t *dlist_prev_get (dlist_head_t *p_head, dlist_node_t *p_pos);  //  

23 dlist_node_t *dlist_next_get (dlist_head_t *p_head, dlist_node_t *p_pos);  //  

24 dlist_node_t *dlist_tail_get (dlist_head_t *p_head);                    //  

25 dlist_node_t *dlist_begin_get (dlist_head_t *p_head);    //  

26 dlist_node_t *dlist_end_get (dlist_head_t *p_head);  //  

27 

28 int dlist_foreach (dlist_head_t         *p_head, 

29               dlist_node_process_t  pfn_node_process, 

30               void               *p_arg); 

int

int  

typedef struct _dlist_int{ 

  dlist_node_t  node;      //  

  int          data;      // int  

}dlist_int_t; 

3.48  

3.48   

1 #include <stdio.h> 

2 #include "dlist.h" 

3  
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4 typedef struct _dlist_int{ 

5  dlist_node_t  node;      //  

7  int          data;      // int  

8 }dlist_int_t; 

9  

10 int list_node_process (void *p_arg, dlist_node_t *p_node) 

11 { 

12  printf("%d  \r\n", ((dlist_int_t *)p_node) -> data); 

13  return 0; 

14 } 

15 

16 int main(int argc, char *argv[]) 

17 { 

18  dlist_head_t  head;        //  

19  dlist_int_t    node1, node2, node3; 

20      dlist_init(&head); 

21 

22  node1.data = 1; 

23  dlist_add_tail(&head, &(node1.node)); 

24  node2.data = 2; 

25  dlist_add_tail(&head, &(node2.node)); 

26  node3.data = 3; 

27  dlist_add_tail(&head, &(node3.node)); 

28 

29   dlist_del(&head, &(node2.node));    // node2  

30      dlist_foreach(&head, list_node_process, NULL); // NULL 

31  return 0; 

32 } 

 

3.4  

3.4.1  

for  

int i, a[10]; 
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for(i = 0; i < 10; i++) 

  a[i] = i; 

i 0 1 2 3 ...  

i a[i]
for i++ i 1

 

C
C

 

i i Iterator
Iterate Iterator

 

23 iterator

 

3.4.2  

 Iterator for
Iterator

Iterator  

bug

 

 2 6
2 6=12

6
 

 3.49  

 3.49   

1 #include<stdio.h> 

2 #include "swap.h" 

3 

4 void bubbleSort(int *begin, int *end) 

5 { 

6  int flag = 1;       // flag = 1  
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7  int *p1 = begin;       // p1  

8  int *p2 = end;       // p2  

9  int *pNext;        // pNext p1  

10 

11  while(p2 != begin){ 

12   p1 = begin; 

13   flag = 1; 

14   while(p1 != p2){ 

15    pNext = p1+1; 

16    if(*p1>*pNext)     //  

17    { 

18     swap(p1, pNext);    // 2  

19     flag = 0;     // flag = 0 2  

20    } 

21    p1++;      // p1  

22   } 

23   if(flag)  return;         //  

24   p2--;        // p2  

25  } 

26 } 

27 

28 int main(int argc, char *argv[]) 

29 { 

30  int a[]={5, 3, 2, 4, 1}; 

31  int i = 0; 

32 

33  bubbleSort(a, a+4); 

34  for(i = 0; i < sizeof(a) / sizeof(a[0]); i++){ 

35   printf("%d\n", a[i]); 

36  } 

37  return 0; 

38 } 

p1
pNext p1

p2
 3.21

a *p1>*pNext
p1

pNext  3.21 b
p1

pNext p1 = p2  

 

 3.21   
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 p2  3.49
15 p1

pNext p1
 3.22 a

 3.22 a  3.21 a
p2 a[3]

p1 = p2
4 a[3]  3.22 p1 p2

 3.22 d  

 

�  

�  

�  

�  

int
void *

 

void iter_sort (void *begin, void *end, compare_t compare, swap_t swap); 

compare compare_t  

typedef int (*compare_t) (void *p1, void *p2); 

swap swap_t  

typedef void (*swap_t) (void *p1, void *p2); 

++ --
4 4 4

p1++ p2--  

3.50  

3.50   

1  typedef void *iterator_t;       //  

2 typedef void (*iterator_next_t)(iterator_t *p_iter); 

3 typedef void (*iterator_prev_t)(iterator_t *p_iter); 

4 

5 // if  interface  

6 typedef struct _iterator_if{ 

7     iterator_next_t  pfn_next;       // p1++ 

8     iterator_prev_t  pfn_prev;       // p2-- 

 

3.22  
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9 }iterator_if_t; 

p_iter
pfn_next

pfn_next pfn_prev
 

getter setter
dlist_iterator_if_get() 3.51  

3.51  1  

1 static void __dlist_iterator_next(iterator_t *p_iter)   //  

2 { 

3     *p_iter = ((dlist_node_t *)*p_iter) -> p_next; 

4 } 

5 

6 static void __dlist_iterator_prev(iterator_t *p_iter)   //  

7 { 

8     *p_iter = ((dlist_node_t *)*p_iter) -> p_prev; 

9 } 

10 

11 iterator_if_t *dlist_iterator_if_get (void) 

12 { 

13     static iterator_if_t iterator_if; 

14     iterator_if.pfn_next  = __dlist_iterator_next; 

15     iterator_if.pfn_prev  = __dlist_iterator_prev; 

16     return &iterator_if;      // &iterator_if 

17 } 

 

    iterator_if_t *p_if = dlist_iterator_if_get();       // p_if = &iterator_if 

 static iterator_if
iterator_if_t

 3.52  

 3.52 2  

1 void dlist_iterator_if_get(iterator_if_t *p_if) 

2 { 

3     p_if -> pfn_next  = __dlist_iterator_next; 

4     p_if -> pfn_prev  = __dlist_iterator_prev; 

5 } 
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 iterator_if_t iterator_if; 

dlist_iterator_if_get(&iterator_if); 

iterator_if_t
 3.53  

 3.53 iterator.h  

1 #pragma once; 

2 

3 typedef void *iterator_t; 

4 typedef void(*iterator_next_t)(iterator_t *p_iter); 

5 typedef void(*iterator_prev_t)(iterator_t *p_iter); 

6 

7 typedef struct _iterator_if{ 

8     iterator_next_t  pfn_next;       // p1++ 

9     iterator_prev_t  pfn_prev;       // p2-- 

10 }iterator_if_t; 

11 

12 void iterator_if_init(iterator_if_t *p_if, iterator_next_t pfn_next, iterator_prev_t pfn_prev); 

13 void iterator_next(iterator_if_t *p_if, iterator_t *p_iter);  // ++ 

14 void iterator_prev(iterator_if_t *p_if, iterator_t *p_iter);  // -- 

3.54  

3.54   

1 #include "iterator.h" 

2 

3 void iterator_if_init(iterator_if_t *p_if, iterator_next_t pfn_next, iterator_prev_t pfn_prev) 

4 { 

5     p_if -> pfn_next = pfn_next; 

6     p_if -> pfn_prev = pfn_prev; 

7 } 

8 

9 void iterator_next(iterator_if_t *p_if, iterator_t *p_iter) 

10 { 

11     p_if -> pfn_next(p_iter); 

12 } 

13 

14 void iterator_prev(iterator_if_t *p_if, iterator_t *p_iter) 

15 { 
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16     p_if -> pfn_prev(p_iter); 

17 } 

 iterator_if_init() dlist_iterator_if_get()  3.55  

 3.55 3  

1 void dlist_iterator_if_get(iterator_if_t *p_if) 

2 { 

3     iterator_if_init(p_if, __dlist_iterator_next, __dlist_iterator_prev); 

4 } 

3.4.3  

 

void iter_sort(iterator_if_t *p_if, iterator_t begin, iterator_t end, compare_t compare, swap_t swap) ; 

p_if begin end

begin end [begin,end)
bigen end end begin==end

 

compare
compare_t  

typedef int (*compare_t)(iterator_t it1, iterator_t it2); 

swap swap_t  

typedef void (*swap_t)(iterator_t it1, iterator_t it2); 

3.56  

3.56  

1 void iter_sort(iterator_if_t *p_if, iterator_t begin, iterator_t end, compare_t compare, swap_t swap) 

2 { 

3     int flag = 1;                               // flag = 1  

4     iterator_t it1 = begin;                      // it1  

5     iterator_t it2 = end; 

6 

7     iterator_t  it_next;                    // pNext p1  

8     if (begin == end) {                     //  

9         return; 

10     } 

11     iterator_prev(p_if, &it2);                   // it2  

12     while (it2 != begin){ 

13         it1  = begin; 

14         flag = 1; 
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15         while(it1 != it2){ 

16             it_next = it1;                     //  

17             iterator_next(p_if, &it_next);    // it_next  it1  

18             if(compare(it1, it_next) > 0){ 

19                 swap(it1, it_next);             //  

20                 flag = 0;                      // flag = 0  

21             } 

22             it1 = it_next;                     // it1  

23         } 

24         if(flag)  return;                      //  

25         iterator_prev(p_if, &it2);              // it2  

26     } 

27 } 

3.57
5 4 3 2 1 dlist_foreach()

iter_sort()
dilst_foreach()  

3.57   

1 #include <stdio.h> 

2 #include "iterator.h" 

3 

4 typedef struct _dlist_int{ 

5     dlist_node_t     node;           //  

6     int   data;           // int  

7 }dlist_int_t; 

8 

9 int list_node_process(void *p_arg, dlist_node_t *p_node) 

10 { 

11     printf("%d  ", ((dlist_int_t *)p_node) -> data); 

12     return 0; 

13 } 

14 

15 static int __compare(iterator_t it1, iterator_t it2) 

16 { 

17     return ((dlist_int_t *)it1) -> data - ((dlist_int_t *)it2) -> data; 

18 } 

19 

20 static void __swap(iterator_t it1, iterator_t it2) 

21 { 

22     int data = ((dlist_int_t *)it2) -> data; 

23     ((dlist_int_t *)it2) -> data = ((dlist_int_t *)it1) -> data; 

24     ((dlist_int_t *)it1) -> data = data; 

25 } 
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26 

27 int main(int argc, char *argv[]) 

28 { 

29     iterator_if_t    iterator_if; 

30     dlist_head_t  head;          //  

31     dlist_int_t      node[5];       // 5  

32     int             i; 

33 

34     dlist_init(&head); 

35 

36     for (i = 0; i < 5; i++) {       // 5  

37         node[i].data = 5 - i;       //  5 ~ 1 

38         dlist_add_tail(&head, &(node[i].node)); 

39     } 

40     dlist_iterator_if_get(&iterator_if); 

41 

42    printf("\nBefore bubble sort:\n"); 

43    dlist_foreach (&head, list_node_process, NULL);    //  

44 

45     iter_sort(&iterator_if, dlist_begin_get(&head), dlist_end_get(&head),__compare, __swap); 

46 

47     printf("\nAfter bubble sort:\n"); 

48     dlist_foreach (&head, list_node_process, NULL);   //  

49     return 0; 

50 } 

dlist_foreach()
 

void  iter_foreach(iterator_if_t *p_if, iterator_t begin, iterator_t end, visit_t visit, void *p_arg); 

p_if begin end
visit visit_t  

typedef int (*visit_t)(void *p_arg, iterator_t it); 

visit_t p_arg it int
visit p_arg iter_foreach()

p_arg p_arg it
iter_foreach() 3.58  

3.58   

1 void  iter_foreach(iterator_if_t *p_if, iterator_t begin, iterator_t end, visit_t visit, void *p_arg) 

2 { 

3     iterator_t it = begin; 

4     while(it != end){ 

5         if (visit(p_arg, it) < 0) {         //  

6             return; 
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7         } 

8         iterator_next(p_if, &it);        //  

9     } 

10 } 

3.57 43 48 dlist_foreach()
iter_foreach()  

3.59  

3.59  

1 typedef int element_type_t; 

2 

3 static void __array_iterator_next(iterator_t *p_iter) 

4 { 

5     (*(element_type_t **)(p_iter))++;              //  

6 } 

7 

8 static void __array_iterator_prev(iterator_t *p_iter) 

9 { 

10     (*(element_type_t **)(p_iter))--;              //  

11 } 

12 

13 void array_iterator_if_get(iterator_if_t *p_if) 

14 { 

15     iterator_if_init(p_if, __array_iterator_next, __array_iterator_prev); 

16 } 

3.60  

3.60   

1 #include <stdio.h> 

2 #include "iterator.h" 

3 

4 static int __visit(void *p_arg, iterator_t it) 

5 { 

6     printf("%d  ", *(int *)it); 

7     return 0; 

8 } 

9 

10 static int __compare(iterator_t it1, iterator_t it2) 

11 { 

12     return *(int *)it1 - *(int *)it2; 

13 } 

14 

15 static void __swap(iterator_t it1, iterator_t it2) 
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16 { 

17     int data = *(int *)it2; 

18     *(int *)it2  = *(int *)it1; 

19     *(int *)it1  = data; 

20 } 

21 

22 int main(int argc, char *argv[]) 

23 { 

24     iterator_if_t   iterator_if; 

25     int a[] = {5, 3, 2, 4, 1}; 

26     array_iterator_if_get(&iterator_if); 

27 

28     printf("\nBefore bubble sort:\n"); 

29     iter_foreach(&iterator_if, a, a + 5, __visit, NULL); 

30 

31     iter_sort(&iterator_if, a, a + 5, __compare, __swap); 

32 

33     printf("\nAfter bubble sort:\n"); 

34     iter_foreach(&iterator_if, a, a + 5, __visit, NULL); 

35     return 0; 

36 } 

2
 

3.5  

3.5.1  

 

typedef struct _student{ 

       unsigned char id[6];                     // 6  

  char    name[10];             //  

  char    sex;                   //  

  float   height, weight;          //  

}student_t; 

 

student_t  student_db[10000]; 

10000  0 ~ 9999
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+ + + 6
0x20, 0x16, 0x44, 0x70, 0x02, 0x39 201644700239 2016

4470 2 39  

3.61  

3.61   

1 student_t * student_search(unsigned char id[6]) 

2 { 

3     for (int i = 0; i < 10000; i++) { 

4         if (memcmp(student_db[i].id, id, 6) == 0) {   //  

5              return &student_db[i];    //  

6         } 

7     } 

8     return NULL;                                //  

9 } 

 

1 0
6

248 262144 G
10000 248-10000

 

10000
14 log2

10000

9999
10000
9999

 

3.23  

 

3.23   
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student_t  student_db0[5000]; 

student_t  student_db1[5000]; 

201044700239 student_db0
student_db1

10000 5000

250 40  

student_t  student_db0[40]; 

student_t  student_db1[40]; 

 

student_t  student_db248[40]; 

student_t  student_db249[40]; 

40  

typedef student_t student_group_t[40]; 

student_group_t student_db[250]; 

40 40

 

250 6 250

3.62  

3.62   

1 int db_id_to_idx(unsigned char id[6]) 

2 { 

3     int i, sum = 0; 

4 

5     for (i = 0; i < 6; i++) { 

6         sum += id[0]; 

7     } 
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8     return sum % 250; 

9 } 

250 250 40
db_id_to_idx() ID 250

3.24 db_id_to_idx()
 

 

100%

 

3.25  

slist_head_t slist.h  

typedef struct _slist_node{ 

      struct _slist_node  *p_next;           //  

}slist_node_t; 

typedef  slist_node_t  slist_head_t; 

slist_head_t
 

typedef  slist_head_t student_group_t; 

student_group_t student_db[250]; 

 

3.5.2  

struct _hash_db  

typedef struct _hash_db hash_db_t; 

slist_head_t

 

3.24  

3.25   
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slist_head_t slist_head_t*
size  

struct _hash_db{ 

      slist_head_t   *p_head;     //  

      unsigned int    size;      //  

}; 

void * void *
sizeof(student_t)

 

struct _hash_db{ 

      slist_head_t *p_head;     //  

      unsigned int    size;      //  

  unsigned int    value_len;     //  

}; 

ID

6
ID  

typedef struct _student{ 

  char  name[10];              //  

  char   sex;                    //  

  float  height, weight;           //  

}student_t; 

 

 struct _hash_db { 

      slist_head_t   *p_head;          //  

      unsigned int   size;              //  

      unsigned int   value_len;         //  

      unsigned int   key_len;           //  

}; 

ID

hash_db.h  

typedef unsigned int (*hash_func_t) (const void *key); //  

struct _hash_db { 

      slist_head_t *p_head;            //  

      unsigned int  size;              //  
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      unsigned int  value_len;          //  

      unsigned int  key_len;          //  

      hash_func_t  pfn_hash;         //  

}; 

 

hash_db_t  hash; 

 

hash_db_t  hash1; 

hash_db_t  hash2; 

3.5.3  

1   

hash_db_init()

hash_db.h  

int hash_db_init ( 

  hash_db_t  *p_hash,     //  

         unsigned int     size,      //  

         unsigned int     key_len,     //  

         unsigned int     value_len,     //  

         hash_func_t     pfn_hash);     //  

250  

 hash_db_t  hash_students; 

 hash_db_init( 

  &hash_students, 

  250,         // 250 

  6,         // 6  

  sizeof(student_t),       //  

  (hash_func_t)db_id_to_idx);     //  

size

3.63  

3.63   

1 int hash_db_init (hash_db_t *p_hash, unsigned int size, unsigned int key_len, 

2    unsigned int value_len, hash_func_t pfn_hash) 

3 { 

4     int i; 

5     if ((p_hash == NULL) || (pfn_hash == NULL)){ 

6         return NULL; 

7     } 

8     p_hash -> p_head = (slist_head_t *)malloc(size * sizeof(slist_head_t)); 

9     if (p_hash -> p_head == NULL) { 
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10         return -1; 

11     } 

12     for (i = 0; i < size; i++){ 

13         slist_init(&p_hash -> p_head[i]); 

14     } 

15     p_hash -> size  = size; 

16     p_hash -> key_len    = key_len; 

17     p_hash -> value_len = value_len; 

18     p_hash -> pfn_hash   = pfn_hash; 

19     return 0; 

20 } 

2   

hash_db_add()
hash_db.h  

int hash_db_add (hash_db_t *p_hash, void *key, const void *value); 

p_hash key value
key value

const  

    student_t stu = { 

      "zhangsan", 

         'M', 

         173.3, 

         60 

    }; 

    unsigned char id[6] = {0x20, 0x14, 0x44, 0x70, 0x02, 0x39}; 

    hash_db_add(&hash_students, id, &stu); 

3.64  

3.64   

1 int hash_db_add (hash_db_t *p_hash, const void *key, const void *value) 

2 { 

3     int idx = p_hash -> pfn_hash(key);                  //  

4     // + +  

5     char *p_mem = (char *)malloc(sizeof(slist_node_t) + p_hash -> key_len + p_hash -> value_len);  

6     if (p_mem == NULL) { 

7         return -1; 

8     } 

9     memcpy(p_mem + sizeof(slist_node_t), key, p_hash -> key_len);       //  

10     memcpy(p_mem + sizeof(slist_node_t) + p_hash->key_len, value, p_hash->value_len); //  

11     return slist_add_head(&p_hash -> p_head[idx], (slist_node_t *)p_mem);  //  

12 } 
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slist_node_t
p_hash->key_len

p_hash->value_len 3.26  

sizeof(slist_node_t) + p_hash -> key_len + p_hash -> value_len 

slist_node_t
p_mem

slist_node_t*
3.27  

3.25

void *  

3   

hash_db_search()

hash_db.h  

int hash_db_search(hash_db_t *p_hash,const void *key, void *value); 

value value
value

value
const ID 201444700239  

student_t  stu; 

unsigned char id[6] = {0x20, 0x14, 0x44, 0x70, 0x02, 0x39}; 

if (hash_db_search(&hash_students, id, &stu) == 0) { 

     //  

} else { 

     //  

} 

value value
3.65  

3.65   

1 //  

2 struct _node_find_ctx { 

3     void        *key;               //  

4     unsigned int  key_len;           //  

5     slist_node_t  *p_result;          //  

6 }; 

 

3.26   

 

3.27   
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7 

8 //  

9 static int __hash_db_node_find (void *p_arg, slist_node_t *p_node) 

10 { 

11     struct _node_find_ctx *p_info = (struct _node_find_ctx *)p_arg;   //  

12     char              *p_mem = (char *)p_node + sizeof(slist_node_t); //  

13 

14     if (memcmp(p_mem, p_info->key, p_info->key_len) == 0) { 

15         p_info->p_result = p_node; 

16         return -1;                                               //  

17     } 

18     return 0; 

19 } 

20 

21 int hash_db_search(hash_db_t *p_hash, const void *key, void *value) 

22 { 

23     int idx = p_hash->pfn_hash(key);                  //  

24     struct _node_find_ctx info = {key, p_hash->key_len, NULL}; //  

25     slist_foreach(&p_hash->p_head[idx], __hash_db_node_find, &info);  //  

26 

27     if (info.p_result != NULL) { // ,  

28         memcpy(value, (char *)info.p_result+sizeof(slist_node_t)+p_hash->key_len+p_hash->value_len); 

29         return 0; 

30     } 

31     return -1; 

32 } 

 

struct _node_find_ctx { 

  const void    *key;            //  

  unsigned int  key_len;        //  

     slist_node_t   *p_result;        //  

 }; 

p_result  

4   

hash_db_del()
 

int hash_db_del(hash_db_t *p_hash, const void *key); 

201444700239  

unsigned char id[6] = {0x20, 0x14, 0x44, 0x70, 0x02, 0x39}; 
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hash_db_del(&hash_students, id); 

3.66  

3.66   

1 int hash_db_del (hash_db_t *p_hash, const void *key) 

2 { 

3     int idx = p_hash->pfn_hash(key);                       //  

4     struct _node_find_ctx info = {key, p_hash->key_len, NULL};    //  

5     slist_foreach(&p_hash->p_head[idx], __hash_db_node_find, &info);  //    

6     if (info.p_result != NULL) { 

7         slist_del(&p_hash->p_head[idx], info.p_result);      //  

8         free(info.p_result);           //  

9         return 0; 

10     } 

11     return -1; 

12 } 

5   

hash_db_deinit()
hash_db.h  

int hash_db_deinit (hash_db_t *p_hash); 

 

hash_db_deinit(&hash_students); 

3.67  

3.67   

1 int hash_db_deinit (hash_db_t *p_hash) 

2 { 

3     int i; 

4     slist_node_t *p_node; 

5     for (i = 0; i < p_hash->size; i++) {      //  

6 

7         while (slist_begin_get(&p_hash->p_head[i]) != slist_end_get(&p_hash->p_head[i])) { 

8             p_node = slist_begin_get(&p_hash->p_head[i]); 

9             slist_del(&p_hash->p_head[i], p_node);           //  

10             free(p_node); 

11         } 

12     } 

13     free(p_hash->p_head);                //  

15     return 0; 
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16 } 

3.29 hash_db.h  

3.68  hash_db.h  

1 #pragma once; 

2 #include "slist.h" 

3 

4 typedef unsigned int (*hash_func_t) (const void *key);  //  

5 struct _hash_db{ 

6     slist_head_t  *p_head;            //  

7     unsigned int  size;              //  

8     unsigned int  value_len;         //  

9     unsigned int  key_len;           //  

10     hash_func_t  pfn_hash;          //  

11 }; 

12 typedef struct _hash_db *hash_db_t;              //  

13 

14 int hash_db_init (hash_db_t    *p_hash,   //  

15               unsigned int    size, 

16               unsigned int    key_len, 

17               unsigned int    value_len, 

18               hash_func_t    pfn_hash);  

19 

20 int hash_db_add (hash_db_t *p_hash, const void *key,const void *value); //  

21 int hash_db_del (hash_db_t *p_hash, const void *key);    //  

22 int hash_db_search(hash_db_t *p_hash, const void *key, void *value); //  

23 int hash_db_deinit (hash_db_t *p_hash);       //  

3.30  

3.69   

1     #include <stdio.h> 

2     #include <stdlib.h> 

3     #include "hash_db.h" 

4 

5     typedef struct _student{ 

6         char  name[10];                //  

7         char  sex;                      //  

8         float  height, weight;                    //  

9     } student_t; 

10 

11    int db_id_to_idx (unsigned char id[6])               // ID  

12    { 

13        int i; 

14        int sum = 0; 
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15        for (i = 0; i < 6; i++){ 

16            sum += id[0]; 

17        } 

18        return sum % 250; 

19    } 

20 

21    int student_info_generate (unsigned char *p_id, student_t *p_student)   //  

22    { 

23        int i; 

24        for (i = 0; i < 6; i++) {                            //  

25            p_id[i] = rand(); 

26        } 

27        for (i = 0; i < 9; i++) {                           //  'a' ~ 'z'  

28            p_student->name[i] = (rand() % ('z' - 'a')) + 'a'; 

29        } 

30        p_student->name[i]= '\0';                          //  

31        p_student->sex    = (rand() & 0x01) ? 'F' : 'M';    //  

32        p_student->height = (float)rand() / rand(); 

33        p_student->weight = (float)rand() / rand(); 

34        return 0; 

35    } 

36 

37    int main () 

38    { 

39        student_t      stu; 

40        unsigned char  id[6]; 

41        int            i; 

42      hash_db_t     hash_students; 

43 

44        hash_db_init(&hash_students, 250, 6, sizeof(student_t), (hash_func_t)db_id_to_idx); 

45 

46        for (i = 0; i < 100; i++) {               // 100  

47            student_info_generate(id, &stu);       //   

48            if (hash_db_search(&hash_students, id, &stu) == 0) { // ID  

49                printf(" ID \n"); 

50                continue; 

51            } 

52            printf(" ID : %02x%02x%02x%02x%02x%02x",id[0],id[1],id[2],id[3],id[4],id[5]); 

53            printf("  %s  %c %.2f %.2f\n", stu.name, stu.sex, stu.height, stu.weight); 

54            if (hash_db_add(&hash_students, id, &stu) != 0) { 

55                printf(" "); 

56            } 

57        } 

58 
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59        printf(" ID %02x%02x%02x%02x%02x%02x \n",id[0],id[1],id[2],id[3],id[4],id[5]); 

60        if (hash_db_search(&hash_students, id, &stu) == 0) { 

61            printf("  %s  %c %.2f %.2f\n", stu.name, stu.sex, stu.height, stu.weight); 

62        } else { 

63            printf(" ID \r\n"); 

64        } 

65        hash_db_deinit(&hash_students); 

66        return 0; 

67    } 

100
ID ID

 

3.6 ADT 

3.6.1  

First In-First Out FIFO

 3.28  

� Queue  

�  

�  

 

3.6.2                                                                        

queue.h
queueADT ADT

 

1  queueADT 

queueADT  

typedef struct queueCDT * queueADT; 

2   

� 

queueADT
 

queueADT newQueue(void); 

 

 

 

 3.28  
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queueADT queue; 

queue = newQueue(); 

� 

 

void freeQueue(queueADT queue); 

queue  

 

 

freeQueue(queue); 

� 

 

bool inQueue(queueADT queue, int value); 

queue value  

value true
false  

 

 for(int i = 0; i < 16; i++){ 

  inQueue(queue, i);   // 0 ~ 15 16  

� 

 

bool outQueue(queueADT queue, int *p_value); 

queue p_value
 

*p_value
true false  

 

int temp; 

outQueue(queue, &temp); 

� 

 

bool queueIsEmpty(queueADT queue); 

queue  

true false  

 

queueIsEmpty(queue); 

� 
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bool queueIsFull(queueADT queue); 

queue  

true false  

 

queueIsFull(queue); 

� 

 

size_t getQueueLength(queueADT queue); 

queue  

 

 

size_t  num = getQueueLength(queue); 

  3.70  

 3.70 queue.h  

1 #pragma once 

2 #include <stdbool.h> 

3 #include <stddef.h> 

4 

5 typedef int queueElementT; 

6 typedef struct queueCDT * queueADT; 

7 

8 queueADT newQueue(void); 

9 void freeQueue(queueADT queue); 

10 bool inQueue(queueADT queue, queueElementT value); 

11 bool outQueue(queueADT queue, queueElementT *p_alue); 

12 bool queueIsEmpty(queueADT queue); 

13 bool queueIsFull(queueADT queue); 

14 size_t getQueueLength(queueADT queue); 

3.6.3  

 

1   

front rear
0 3.29 (a)  

 

3.29   
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rear data0 3.29 (b)
front rear 1 data1 data2 data3

3.29 (c)  

data0 front data1

front 3.30(a)
front 1 data1

front 1
 

 

3.30   

2 data1 data2 data3 3.31(a)
rear

front  

data4 data5 data6 data7

3.31(b)

rear

 

3.31(b)

rear
front

0 3.31(b) rear

0 3.32(a)

3.32(b) rear 1 1
rear 0  

rear rear

 

3.31   

 

3.32   
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front front  

front rear
3.32(b) data8 data9 data10 data11

3.33  

 

3.33  data8~data11  

data11
front rear front rear front rear

front rear 1
front rear

3.33(c)

 

 

rear front

3.33 (a) (b) (c) 3.33 
(a) rear = 1 front = 4  -3 5

8  

queue.c  

typedef struct queueCDT * queueADT; 

struct queueCDT
struct queueCDT  

malloc
front

rear
 

struct queueCDT { 

  int   *data; 

  int    front; 

  int    rear; 

}; 



— www.zlg.cn  

203 

3.71  

3.71  queue.c  

1     #include "queue.h" 

2     #include <malloc.h> 

3 

4     #define MAXQSIZE 100 

5     struct queueCDT{ 

6         queueElementT *data; 

7         int            front; 

8         int            rear; 

9    }; 

10 

11    queueADT newQueue(void) 

12    { 

13        queueADT queue; 

14        queue = (queueADT)malloc(sizeof(struct queueCDT)); 

15        queue -> data  = (queueElementT*)malloc(MAXQSIZE * sizeof(queueElementT)); 

16        queue -> front = 0; 

17        queue -> rear  = 0; 

18        return queue; 

19    } 

20 

21    void freeQueue(queueADT queue) 

22    { 

23        free(queue -> data); 

24        free(queue); 

25    } 

26 

27    bool inQueue(queueADT queue, queueElementT value) 

28    { 

29        if(queueIsFull(queue)) { 

30            return false; 

31        } 

32        queue -> data[queue -> rear] = value; 

33        queue -> rear = (queue->rear + 1) % MAXQSIZE; 

34        return true; 

35    } 

36 

37    bool outQueue(queueADT queue, queueElementT *p_value) 

38    { 

39        if(queueIsEmpty(queue)) { 

40            return false; 

41        } 



— www.zlg.cn  

204 

42        *p_value = queue -> data[queue -> front]; 

43        queue -> front = (queue -> front + 1) % MAXQSIZE; 

44        return true; 

45    } 

46 

47    bool queueIsEmpty(queueADT queue) 

48    { 

49        return (queue -> rear == queue -> front); 

50    } 

51 

52    bool queueIsFull(queueADT queue) 

53    { 

54        return ((queue->rear + 1) % MAXQSIZE == queue -> front); 

55    } 

56 

57    size_t getQueueLength(queueADT queue) 

58    { 

59        return (queue -> rear – queue -> front + MAXQSIZE) % MAXQSIZE; 

60    } 

getQueueLength() if rear front
MAXQSIZE

MAXQSIZE
MAXQSIZE MAXQSIZE  

2   

int  3.34  

 

front rear  

struct queueCDT{ 

      slist_head_t  list_head;              /*   */ 

}; 

int  

    typedef struct _queue_node_t{ 

        slist_node_t    node; 

        int          data; 

    } queue_node_t; 

3.72  

 

 3.34   
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3.72  queue_list.c  

1     #include "queue.h" 

2     #include <malloc.h> 

3     #include "slist.h" 

4 

5     #define MAXQSIZE 100 

6     struct queueCDT { 

7         slist_head_t  list_head;            /*   */ 

8     }; 

9 

10    typedef struct _queue_node_t{ 

11        slist_node_t     node; 

12        queueElementT    data; 

13    } queue_node_t; 

14 

15    queueADT newQueue(void) 

16    { 

17        queueADT queue; 

18        queue = (queueADT)malloc(sizeof(struct queueCDT)); 

19        slist_init(&queue -> list_head); 

20        return queue; 

21    } 

22 

23    void freeQueue(queueADT queue) 

24    { 

25        while (!queueIsEmpty(queue)){ 

26            slist_node_t *p_node = slist_begin_get(&queue -> list_head); 

27            slist_del(&queue -> list_head, p_node); 

28            free(p_node); 

29        } 

30        free(queue); 

31    } 

32 

33    bool inQueue(queueADT queue, queueElementT value) 

34    { 

35        if(queueIsFull(queue)) { 

36            return false; 

37        } 

38        queue_node_t *p_node = (queue_node_t *)malloc(sizeof(queue_node_t)); 

39        p_node -> data = value; 

40        slist_add_tail(&queue -> list_head, &(p_node -> node)); 

41        return true; 

42    } 

43 
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44    bool outQueue(queueADT queue, queueElementT *p_value) 

45    { 

46        if(queueIsEmpty(queue)) { 

47            return false; 

48        } 

49        slist_node_t *p_node = slist_begin_get(&queue -> list_head); 

50        *p_value = ((queue_node_t *)p_node) -> data; 

51        slist_del(&queue -> list_head, p_node); 

52        free(p_node); 

53        return true; 

54    } 

55 

56    bool queueIsEmpty(queueADT queue) 

57    { 

58        return (slist_begin_get(&queue -> list_head) == slist_end_get(&queue -> list_head)); 

59    } 

60 

61    bool queueIsFull(queueADT queue) 

62    { 

63        /*  */ 

64        return false; 

65    } 

66 

67    static int _numElems_node(void *p_arg, slist_node_t *p_node) 

68    { 

69       (*(size_t *)p_arg)++; 

70       return 0; 

71    } 

72 

73    size_t getQueueLength(queueADT queue) 

74    { 

75        size_t count = 0; 

76        slist_foreach(&queue -> list_head, _numElems_node, &count); 

77        return count; 

78    } 

count 1 count p_arg
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p_rear
p_rear

slist_add (p_head, p_rear, p_node);  

p_node p_rear
p_rear = p_node; p_rear

 

3.73  

3.73   

1 #include <stdio.h> 

2 #include "queue.h" 

3 

4 int main(int argc, int *argv[]) 

5 { 

6     queueADT queue; 

7     int temp, i; 

8 

9     queue = newQueue(); 

10     for(i = 0; i < 16; i++) { 

11         inQueue(queue, i); 

12     } 

13     printf("The length is %d\n", (int)getQueueLength(queue)); 

14     while (!queueIsEmpty(queue)) { 

15         outQueue(queue, &temp); 

16         printf("%d ", temp); 

17     } 

18     freeQueue(queue); 

19     return 0; 

20 } 

 



— www.zlg.cn  

208 

4  

 

Process-Oriented Programming POP

OOP Object-Oriented Programming OOP

4.1 OO  

4.1.1  

 

20 60

 

2
15 1956 

7 +/- 2
7 2  

3 4
15

9  

15
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bug

 

 

 
 

 

 

4.1.2 OO  

class C++ C

 

 

OO

 

 

 

OO
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Shape Circle Square Star
Shape is-a

Circle Square Star Shape
 

 

Shape  

Shape
 

Draw

 

 

 

 

 

has-a

 

4.1.3 OO  
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3 3

 

4.2  

Simula-67

 

OOP

 

 

4.2.1  

 

�  

�  

�  

Simula Simula
 

 

 

 

 

name
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birthdate weight

 

OO

 

ZLG
a

 

 

 

 

 

 

 

4.2.2  

Validator
 

GUI
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push
Validator RangeValidator OddEvenValidator

PrimerValidator
 

OO

RangeValidator rangeValidator RangeValidator
rangeValidator

 

name birthdate weight Person color modelYear
weight Car ZhangSan

birthdate 21 October 1983 ZhangSan 1983 10 21

Person Car
weight  

UML

3

UML

 

 4.1
ZhangSan LiMing Person UML

UML
Person name birthdate name string

birthdate date Person "Zhang San"
21 October 1983 "Li Ming" 16 March 1950  

UML

PersonID:ID OO

 4.1 UML  
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open close Windows

 

OOP
Validator validate

validate

 

 4.2 RangeValidator min max validate min max
validate RangeValidator
OddEvenValidator isEven validate  

validate() validate(pThis:void *, value:int):bool
validate pThis void * value int

 

UML

 

 

OOP  

A B
A B B A

B A  

 

 

OOP

 

 4.2 UML  
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A B
A B B

 

 

 

 

  

OO

 

RangeValidator min max push
min max

push

 

 

OO OO
 

 

4.2.3  
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0
 

Ogject Oriented  

Analysis OOA Object Oriented Design OOD
OOA OOD OOP OOA OOD

OOD OOP  

OOA OOD
OOA OOD  

�  

�  

 

 

RangeValidator

 

push

 

RangeValidator
min max push RangeValidator

RangeValidator
C  

C
 2.18  

 4.1  

1 typedef struct _RangeValidator{ 

2  bool (*const RangeValidate)(struct _RangeValidator *pThis, int value); 

3  const int min; 

4  const int max; 

5 }RangeValidator; 

6 

7 RangeValidator rangeValidator; 
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RangeValidator rangeValidator
rangeValidator RangeValidator  

value validateRange()
 2.19  

 4.2  

1 bool validateRange(RangeValidator *pThis, int value) 

2 { 

3  return pThis -> min <= value && value <= pThis -> max; 

4 } 

OddEvenValidator oddEvenValidator  2.20  

 4.3  

1 typedef struct _OddEvenValidator{ 

2  bool (*const OddEvenValidate)(struct _OddEvenValidator *pThis, int value); 

3  bool isEven; 

4 }OddEvenValidator; 

5  

6 OddEvenValidator oddEvenValidator; 

value validateOddEven()
 2.21  

 4.4  

1 bool validateOddEven(OddEvenValidator *pThis, int value) 

2 { 

3  return (!pThis -> isEven && (value % 2)) || (pThis -> isEven && !(value % 2)); 

4 } 

value
RangeValidate OddEvenValidate

Validate pThis
RangeValidator * OddEvenValidator * void *  

1 typedef bool(*const Validate)(void *pThis, int value); 

2 typedef struct{ 

3  Validate validate; 

4  const int min; 

5  const int max; 

6 }RangeValidator; 

7 
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8 typedef struct{ 

9  Validate validate; 

10  bool isEven; 

11 }OddEvenValidator; 

 2.22  

 4.5 validator.c  

1 #include "validator.h" 

2 

3 bool validateRange(void *pThis, int value) 

4 { 

5  RangeValidator *pRangeValidator = (RangeValidator *)pThis; 

6  return pRangeValidator -> min <= value && value <= pRangeValidator -> max; 

7 } 

8 

9 bool validateOddEven(void *pThis, int value) 

10 { 

11  OddEvenValidator *pOddEvenValidator = (OddEvenValidator *)pThis; 

12  return (!pOddEvenValidator -> isEven && (value % 2)) ||  

13   (pOddEvenValidator -> isEven && !(value % 2)); 

14 } 

 4.6  

 4.6 validator.h

1 #pragma once; 

2 #include<stdbool.h> 

3 

4 typedef bool(*const Validate)(void *pThis, int value); 

5 typedef struct{ 

6  Validate validate; 

7  const int min; 

8  const int max; 

9 }RangeValidator; 

10 

11 typedef struct{ 

12  Validate validate; 

13  bool isEven; 

14 }OddEvenValidator; 
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15 

16 bool validateRange(void *pThis, int value);  

17 bool validateRange(void *pThis, int value);  

18 #define newRangeValidator(min, max)   {(validateRange), (min), (max)} // RangeValidator 

19 #define newOddEvenValidator(isEven)  {{validateOddEven}, (isEven)} // OddEvenValidator 

 4.3  

min=0 max=9
newRangeValidator  

RangeValidator rangeValidator = newRangeValidator(0, 9); 

RangeValidator rangeValidator
 

RangeValidator rangeValidator = {{validateRange}, (0), (9)}; 

 

rangeValidator.validate = validateRange; 

rangeValidator.min = 0; 

rangeValidator.max = 9; 

 

 void * pValidator = &rangeValidator; 

pValidator RangeValidator min max  

 (RangeValidator *)pValidator -> validate(pValidator, 8); 

pValidator pValidator
 

pValidator &rangeValidator.validate
validateRange()  

 Validate validate = *((Validate *)pValidator); 

 

validate(pValidator, 8); 

OCP push() push
pushWithValidate()  4.7  

 4.7 pushWithValidate() 

1 bool pushWithValidate(stackADT stack, void *pValidator, int value) 

2 { 

3  Validate validate = *((Validate*)pValidator); 

4  if (pValidator && !validate(pValidator, value)){ 

5   return false; 

6  } 

7  return push(stack, value); 

 4.3  
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8 } 

stack
stack pValidator
pValidator NULL true  

validator.h  4.8  

 4.8  

1 #include<stdio.h> 

2 #include"Stack.h" 

3 #include"validator.h" 

4 // pushWithValidate()  

5 int main(int argc, int *argv[]) 

6 { 

7  stackADT stack; 

8   int temp; 

9 

10  stack = newStack(); 

11  RangeValidator rangeValidator = newRangeValidator(0, 9); 

12  for (int i = 0; i < 16; i ++){ 

13   pushWithValidate(stack, &rangeValidator, i); 

14  } 

15  while (!stackIsEmpty(stack)) { 

16   pop(stack, &temp); 

17   printf("%d ", temp); 

18  } 

19  printf("\n"); 

20  OddEvenValidator oddEvenValidator = newOddEvenValidator(true); 

21  for (int i = 0; i<16; i++){ 

22   pushWithValidate(stack, &oddEvenValidator, i); 

23  } 

24  while (!stackIsEmpty(stack)) { 

25   pop(stack, &temp); 

26   printf("%d ", temp); 

27  } 

28  freeStack(stack); 

29  return 0; 

30 } 
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4.3  

4.3.1  

 

push
push

push
RangeValidator

OddEvenValidator
 

 

 

Validate
 

1 typedef bool(*const Validate)(void *pThis, int value); 

2 typedef struct{ 

3  Validate validate; 

4  const int min; 

5  const int max; 

6 }RangeValidator; 

7 

8 typedef struct{ 

9  Validate validate; 

10  bool isEven; 

11 }OddEvenValidator; 

Validator  

1 typedef struct _Validator{ 

2  bool (*const validate)(struct _Validator *pThis, int value); 

3 }Validator; 
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pThis Validator
Validator validate

 

Validator
Validator

validate Validator RangeValidator Validator
isa

validate  

4.3.2  

RangeValidator
OddEvenValidator

Validator  

RangeValidator OddEvenValidator
Validator isa  

1 typedef struct _Validator{ 

2  bool (*const validate)(struct _Validator *pThis, int value); 

3 }Validator; 

4 Validator *pThis; 

5 

6 typedef struct{ 

7  Validator isa;       // Validator  

8  const int min; 

9  const int max; 

10 } RangeValidator; 

11 RangeValidator rangeValidator;  

12 

13 typedef struct{ 

14  Validator isa;       // Validator  

15  bool isEven; 

16 } OddEvenValidator; 

17 OddEvenValidator oddEvenValidator; 

pThis Validator RangeValidator OddEvenValidator
Validator RangeValidator OddEvenValidator Validator Validator

RangeValidator OddEvenValidatorr RangeValidator
OddEvenvalidator

RangeValidator OddEvenValidator Validator  

OOP
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Halbert O 'Brien

Stroustrup

 RangeValidator OddEvenValidator
Validator  

 

Validator RangeValidator
Manager Processor Data Info

rangeValidator oddEvenValidator
pushWithValidate  

 

ZLG AMetal
AWorks MVC MVVM .NET

 

Validator RangeValidator UML
 4.4  

UML

 

Smalltalk

 

- -
- generalization

- -
-  

 

 4.4  
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-
-

-

 

-
 

-

 

4.3.3  

OO

 

 

 

rangeValidator oddEvenValidator push

validate
RangeValidator OddEvenValidator validate

RangeValidator OddEvenValidator
Validator validate  

OOP POP validate
pThis

 

value RangeValidator validateRange()
min max OddEvenValidator

validateOddEven()
isEven  

 

bool validateRange(Validator *pThis, int value);  

bool validateOddEven(Validator *pThis, int value);  

&rangeValidator.isa &oddEvenValidator.isa pThis
void * Validator *
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2008
Barbara Liskov Jeannette Wing 1994

 

 

 

 

OO LisKov

 

is-a
has-a  

 

RangeValidator OddEvenValidator Validator
 4.9  

 4.9 Validator.c  

1 #include "validator.h" 

2 

3 bool validateRange(Validator *pThis, int value) 

4 { 

5  RangeValidator *pRangeValidator = (RangeValidator *)pThis; 

6  return pRangeValidator -> min <= value && value <= pRangeValidator -> max; 

7 } 

8 

9 bool validateOddEven(Validator *pThis, int value) 
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10 { 

11  OddEvenValidator *pOddEvenValidator = (OddEvenValidator *)pThis; 

12  return (!pOddEvenValidator -> isEven && (value % 2)) ||  

13   (pOddEvenValidator -> isEven && !(value % 2)); 

14 } 

 

�  

�  

 

 

 4.10  

 4.10 validator.h  

1 #pragma once; 

2 #include<stdbool.h> 

3 

4 typedef struct _Validator{ 

5  bool (*const validate)(struct _Validator *pThis, int value); 

6 }Validator; 

7 

8 typedef struct{ 

9  Validator isa; 

10  const int min; 

11  const int max; 

12 } RangeValidator; 

13 

14 typedef struct{ 

15  Validator isa; 

16  bool isEven; 

17 } OddEvenValidator; 
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18 

19 bool validateRange(Validator *pThis, int value);  //  

20  bool validateOddEven(Validator *pThis, int value);  //  

21 #define newRangeValidator(min, max)   {{validateRange}, (min), (max)} // RangeValidator 

22 #define newOddEvenValidator(isEven)  {{validateOddEven}, (isEven)} // OddEvenValidator 

min=0 max=9  4.10 22
newRangeValidator  

RangeValidator rangeValidator = newRangeValidator(0, 9); 

 

RangeValidator rangeValidator = {{validateRange}, (0), (9)}; 

{} RangeValidator {} RangeValidator
isa  

rangeValidator.isa.validate = validateRange; 

rangeValidator.min = 0; 

rangeValidator.max = 9; 

 

Validator *pValidator = (Validator *)&rangeValidator; 

pValidator RangeValidator min max  

pValidator &rangeValidator.isa
 

 Validator * pValidator = &rangeValidator.isa; 

validateRange() pValidator->validate
validateRange()  

pValidator -> validate(pValidator, 8); 

 

 

 

4.3.4  
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Validator validate  

 

 

validate

validate  

RangValidator OddEvenValidator Validator

 4.5 UML

 

Validator

validate
validate

Validator
 

push pushWithValidate()  

bool pushWithValidate(stackADT stack, int value, Validator *pValidator); 

pValidator rangeValidator pValidator NULL  

pushWithValidate()  

1 bool pushWithValidate(stackADT stack, int value, Validator *pValidator) 

2 { 

3  if (pValidator && !pValidator -> validate(pValidator, value)){ 

4   return false; 

5  } 

6  return push(stack, value); 

7 } 

 

pushWithValidate(stack, 8, &rangeValidator.isa); 

 4.11  

 

 4.5  
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 4.11  

1 #include<stdio.h> 

2 #include"Stack.h" 

3 #include"validator.h" 

4 

5 bool pushWithValidate(stackADT stack, int value, Validator *pValidator) 

6 { 

7  if (pValidator && !pValidator -> validate(pValidator, value)){ 

8   return false; 

9  } 

10  return push(stack, value); 

11 } 

12 

13 int main(int argc, int *argv[]) 

14 { 

15  stackADT stack; 

16  int temp; 

17 

18  stack = newStack(); 

19 

20  RangeValidator rangeValidator = newRangeValidator(0, 9); 

21  for (int i = 0; i < 16; i++){ 

22   pushWithValidate(stack, i, &rangeValidator.isa); 

23  } 

24  while(!stackIsEmpty(stack)){ 

25   pop(stack, &temp); 

26   printf("%d ", temp); 

27  } 

28  printf("\n"); 

29  OddEvenValidator oddEvenValidator = newOddEvenValidator(true); 

30  for (int i = 0; i < 16; i ++){ 

31   pushWithValidate(stack, i, &oddEvenValidator.isa); 

32  } 

33  while (!stackIsEmpty(stack)) { 

34   pop(stack, &temp); 

35   printf("%d ", temp); 

36  } 
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37  freeStack(stack); 

38  return 0; 

39 }  

 OOA OOD OOA
OOD

 

4.4  

4.4.1  

C  

 

 

 

 

 

 

 

 

left right
 

4.4.2  

1   

3
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2* 3+4 +5
 

2* 3+4 +5 +  
2* 3+4 5

2*(3+4) *
2 3+4 3+4

+ 3 4
 4.6

 

Node +
Additive * Multiplicative Number

Binary
calculate calc  

�  

�  

3 4 3+4 2 2*(3+4)
5 2*(3+4)+5  

struct _Node  4.12  

 4.12 calctree.h  

1 #pragma once 

2  

3 #define NUM_NODE   1 

4 #define ADD_NODE   2 

5 #define MULT_NODE  3 

6 

7 typedef struct _Node{ 

8  int type; 

9  double val; 

10  struct _Node *pLeft; 

11  struct _Node *pRight; 

12 }Node; 

13 

14 double Calc(Node * pNode); 

15 

16 #define newNumNode(val) {NUM_NODE, (val), NULL, NULL}; 

17 #define newAddNode(pLeft, pRight) {ADD_NODE, 0, (pLeft), (pRight)}; 

18 #define newMultNode(pLeft, pRight) {MULT_NODE, 0 , (pLeft), (pRight)}; 

newNumNode newAddNode newMultNode
 4.13  

 

 4.6  
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 4.13 cacltree.c  

1 #include"Node.h" 

2  

2 double Calc(Node * pNode) 

3 { 

4  double x = 0; 

5  switch (pNode -> type){ 

6  case NUM_NODE: 

7   x = pNode -> val; 

8   break; 

9  case ADD_NODE: 

10   x = Calc(pNode -> pLeft) + Calc(pNode -> pRight); 

11   break; 

12  case MULT_NODE: 

13   x = Calc(pNode -> pLeft) * Calc(pNode -> pRight); 

14   break; 

15  default: 

16   break; 

17  } 

18  return x; 

19 } 

 4.14  

 4.14  

1 #include <stdio.h> 

2 #include "Node.h" 

3 

4 void main() 

5 { 

6  Node node1 = newNumNode(20.0); 

7  Node node2 = newNumNode(-10.0); 

8  Node node3 = newAddNode(&node1, &node2); 

9  Node node4 = newNumNode(0.1); 

10  Node node5 = newMultNode(&node3, &node4); 

11  printf("Calculating the tree\n"); 

12  double x = Calc(&node5); 

13  printf("Result:%lf\n", x); 
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14 } 

 

2   

Node _pLeft _pRight Number
Binary Additive Multiplicative Node _pLeft _pRight NumNode BinNode AddNode

MultNode  

AddNode MultNode _pLeft _pRight
BinNode

AddNode MultNode  

NumNode BinNode
Node  

C Node
Node NumNode BinNode NumNode BinNode

BinNode AddNode MultNode  

 4.7
is-a AddNode

MultNode BinNode Node

Node
BinNode

NumNode AddNode MultNode
Node  

1 typedef struct _Node{ 

2  double (*nodeCalc)(struct _Node *pThis); 

3 }Node; 

Node nodeCalc
 

1 typedef struct _NumNode{ 

2  Node    isa; 

3  double   _num; 

4 }NumNode; 

5 

6 typedef struct _BinNode{ 

7  Node   isa; 

8  Node  *_pLeft; 

9  Node  *_pRight; 

10 }BinNode; 

11 

12 typedef struct _AddNode{ 

 

4.7  
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13  BinNode   isa; 

14 }AddNode; 

15 

16 typedef struct _MultNode{ 

17  BinNode   isa; 

18 }MultNode; 

NumNode Node _num BinNode Node
_pLeft _pRight AddNode MultNode

BinNode  

 

3   

node_cleanup() free()
 4.15  

 4.15 CalcTree1.h  

1 #pragma once 

2 typedef struct _Node Node; 

3 typedef double (*node_calc_t)(Node *pThis); 

4 typedef void (*node_cleanup_t)(Node *pThis); 

5 struct _Node{ 

6  node_calc_t  node_calc; 

7  node_cleanup_t node_cleanup; 

8 }; 

9 

10 typedef struct _NumNode{ 

11  Node    isa; 

12  double   _num; 

13 }NumNode; 

14 

15 typedef struct _BinNode{ 

16  Node  isa; 

17  Node    *_pLeft; 

18  Node    *_pRight; 

19 }BinNode; 

20 

21 typedef struct _AddNode{ 
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22  BinNode   isa; 

23 }AddNode; 

24 

25 typedef struct _MultNode{ 

26  BinNode   isa; 

27 }MultNode; 

28 

29 NumNode * newNumNode(double num); 

30 double node_calc(Node *pThis); 

31 AddNode * newAddNode(Node *pLeft, Node *pRight); 

32 MultNode * newMultNode(Node *pLeft, Node *pRight); 

33 void node_cleanup(Node *pThis); 

NumNode isa _num
newNumNode()  

 NumNode * newNumNode(double num); 

  

 Node * pNode1 = (Node *)newNumNode(20.0); 

 Node * pNode2 = (Node *)newNumNode(-10.0); 

 node_calc()  

 double node_calc(Node *pThis); 

 

 node_calc(pNode1); 

 newAddNode()  

 AddNode * newAddNode(Node *pLeft, Node *pRight); 

  

 Node * pNode3 = (Node *)newAddNode(pNode1, pNode2); 

 newMultNode()  

 MultNode * newMultNode(Node *pLeft, Node *pRight); 

  

 Node * pNode4 = (Node *)newNumNode(0.1); 

 Node * pNode5 = (Node *)newMultNode(pNode3, pNode4); 

 node_cleanup()  

void node_cleanup(Node *pThis); 

  

printf("Calculating the tree\n"); 

 double x = node_calc(pNode5); 

printf("Result:%lf\n", x); 
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 node_cleanup(pNode5); 

4   

malloc()
CalcTree1.c  4.16  

 4.16 CalcTree1.c  

1 #include <stdio.h> 

2 #include <malloc.h> 

3 #include " CalcTree1.h " 

4 

5 NumNode * newNumNode(double num) 

6 { 

7  NumNode *pNumNode = malloc(sizeof(NumNode)); 

8  if(pNumNode != NULL){ 

9   pNumNode -> isa.node_calc = _numnode_calc; 

10   pNumNode -> isa.node_cleanup = _numnode_cleanup; 

11   pNumNode -> _num = num; 

12  } 

13  return pNumNode; 

14 } 

15 

16 static double _numnode_calc(Node *pThis) 

17 { 

18  printf("numeric node %lf\n", ((NumNode *) pThis) -> _num); 

19  return ((NumNode *)pThis) -> _num; 

20 } 

21 

22 static void _numnode_cleanup(Node *pThis) 

23 { 

24  printf("NumNode cleanup\n"); 

25  free(pThis); 

26 } 

27 

28 double node_calc(Node *pThis) 

29 { 

30  return pThis -> node_calc(pThis); 

31 } 
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32 

33 AddNode * newAddNode(Node *pLeft, Node *pRight) 

34 { 

35  AddNode *pAddNode = malloc(sizeof(AddNode)); 

36  if(pAddNode != NULL){ 

37   pAddNode -> isa.isa.node_calc =_addnode_calc; 

38   pAddNode -> isa.isa.node_cleanup = _binnode_cleanup; 

39   pAddNode -> isa._pLeft = pLeft; 

40   pAddNode -> isa._pRight = pRight; 

41  } 

42  return pAddNode; 

43 } 

44 

45 static double _addnode_calc(Node *pThis) 

46 { 

47  printf("Adding...\n"); 

48  AddNode * pAddNode = (AddNode*)pThis; 

49  return node_calc(pAddNode -> isa._pLeft) + node_calc(pAddNode -> isa._pRight); 

50 } 

51 

52 static double _multnode_calc(Node *pThis) 

53 { 

54  printf("Multiplying...\n"); 

55  MultNode * pMultNode = (MultNode*)pThis; 

56  return node_calc(pMultNode -> isa._pLeft)*node_calc(pMultNode -> isa._pRight); 

57 } 

58 

59 static void _binnode_cleanup(Node *pThis) 

60 { 

61  printf("BinNode cleanup\n"); 

62  BinNode * pBinNode = (BinNode*)pThis; 

63  node_cleanup(pBinNode ->_pLeft); 

64  node_cleanup(pBinNode ->_pRight); 

65  free(pThis); 

66 } 

67 

68 MultNode * newMultNode(Node *pLeft, Node *pRight) 
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69 { 

70  MultNode *pMultNode = malloc(sizeof(MultNode)); 

71  if(pMultNode != NULL){ 

72   pMultNode -> isa.isa.node_calc = _multnode_calc; 

73   pMultNode -> isa.isa.node_cleanup = _binnode_cleanup; 

74   pMultNode -> isa._pLeft = pLeft; 

75   pMultNode -> isa._pRight = pRight; 

76  } 

77  return pMultNode; 

78 } 

79 

80 void node_cleanup(Node *pThis) 

81 { 

82  pThis -> node_cleanup(pThis); 

83 } 

4.4.3  

 

Node
NodeVTable vtable  

1 // CalcTree2.h  

2 typedef  struct _NodeVTable  NodeVTable;  

3 typedef struct _Node{ 

4  const NodeVTable * vtable; 

5 }Node; 

6 // CalcTree2.c  

7 typedef double (*node_calc_t)(Node *pThis); 

8 typedef void (*node_cleanup_t)(Node *pThis); 

9 struct _NodeVTable{ 

10  const node_calc_t node_calc; 

11  const node_cleanup_t node_cleanup; 

12 }; 

13 const NodeVTable _addnode_vtable = { _addnode_calc, _binnode_cleanup}; 

 4.17 NumNode Node _num
BinNode Node pLeft pRight

AddNode MultNode BinNode
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node_calc node_cleanup  

 4.17 CalcTree2.h  

1 #pragma once 

2 

3 typedef  struct _NodeVTable  NodeVTable;  

4 typedef struct _Node{ 

5  const NodeVTable * vtable; 

6 }Node; 

7 

8 typedef struct _NumNode{ 

9  Node   isa; 

10  double  _num; 

11 }NumNode; 

12 

13 typedef struct _AddNode{ 

14  Node  isa; 

15  Node  *_pLeft; 

16  Node  *_pRight; 

17 }AddNode; 

18 

19 typedef struct _MultNode{ 

20  Node  isa; 

21  Node  *_pLeft; 

22  Node  *_pRight; 

23 }MultNode; 

24 

25 double node_calc(Node *pThis); 

26 void node_cleanup(Node *pThis); 

27 

28 NumNode * newNumNode(double num); 

29 AddNode * newAddNode(Node *pLeft, Node *pRight); 

30 MultNode * newMultNode(Node *pLeft, Node *pRight); 

malloc()
 4.18  

 4.18 CalcTree2.c  
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1 #include <stdio.h> 

2 #include <malloc.h> 

3 #include " CalcTree2.h " 

4 

5 typedef double (*node_calc_t)(Node *pThis); 

6 typedef void (*node_cleanup_t)(Node *pThis); 

7 struct _NodeVTable{ 

8  const node_calc_t node_calc; 

9  const node_cleanup_t node_cleanup; 

10 }; 

11 

12 static double _numnode_calc(Node *pThis) 

13 { 

14  printf("numeric node %lf\n", ((NumNode *)pThis)->_num); 

15  return ((NumNode *)pThis) ->_num; 

16 } 

17 

18 static void _numnode_cleanup(Node *pThis) 

19 { 

20  printf("NumNode cleanup\n"); 

21  free(pThis); 

22 } 

23 

24 const NodeVTable _numnode_vtable = {_numnode_calc, _numnode_cleanup}; 

25 

26 static void _binnode_cleanup(Node *pThis) 

27 { 

28  printf("BinNode cleanup\n"); 

29  BinNode * pBinNode = (BinNode*)pThis; 

30  node_cleanup(pBinNode ->_pLeft); 

31  node_cleanup(pBinNode ->_pRight); 

32  free(pThis); 

33 } 

34 

35 static double _addnode_calc(Node *pThis) 

36 { 

37  printf("Adding...\n"); 
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38  AddNode * pAddNode = (AddNode*)pThis; 

39  return node_calc(pAddNode -> isa._pLeft) + node_calc(pAddNode -> isa._pRight); 

40 } 

41 

42 const NodeVTable _addnode_vtable = { _addnode_calc, _binnode_cleanup }; 

43 

44 static double _multnode_calc(Node *pThis) 

45 { 

46  printf("Multiplying...\n"); 

47  MultNode * pMultNode = (MultNode*)pThis; 

48  return node_calc(pMultNode -> isa._pLeft)*node_calc(pMultNode -> isa._pRight); 

49 } 

50 

51 const NodeVTable _multnode_vtable = { _multnode_calc, _binnode_cleanup }; 

52 

53 NumNode * newNumNode(double num) 

54 { 

55  NumNode *pNumNode  = malloc(sizeof(NumNode)); 

56  if(pNumNode != NULL){ 

57   pNumNode -> isa.vtable  = &_numnode_vtable; 

58   pNumNode -> _num     = num; 

59  } 

60  return pNumNode; 

61 } 

62 

63 AddNode * newAddNode(Node *pLeft, Node *pRight) 

64 { 

65  AddNode *pAddNode  = malloc(sizeof(AddNode)); 

66  if(pAddNode != NULL){ 

67   pAddNode -> isa.isa.vtable  = &_addnode_vtable; 

68   pAddNode -> isa._pLeft  = pLeft; 

69   pAddNode -> isa._pRight  = pRight; 

70  } 

71  return pAddNode; 

72 } 

73 

74 MultNode * newMultNode(Node *pLeft, Node *pRight) 
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75 { 

76  MultNode *pMultNode = malloc(sizeof(MultNode)); 

77  if(pMultNode != NULL){ 

78   pMultNode -> isa.isa.vtable = &_multnode_vtable; 

79   pMultNode -> isa._pLeft = pLeft; 

80   pMultNode -> isa._pRight  = pRight; 

81  } 

82  return pMultNode; 

83 } 

84 

85 double node_calc(Node *pThis) 

86 { 

87  return pThis -> vtable -> node_calc(pThis); 

88 } 

89 

90 void node_cleanup(Node *pThis) 

91 { 

92  pThis -> vtable -> node_cleanup(pThis); 

93 } 

4.5  

4.5.1  

 

 

1942
A Logical 

Calculus of Ideas Immanent in Nervous Activity
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EDVAC First draft of a report on the EDVAC
 

1954

 

 

 

Finite State Machine FSM  
FSM  

 

……

 

FSM
FSM

 

card pass

Locked Unlocked  

card
Locked Unlocked

 

UML 4

 

 

FSM
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Event[Condition] True False
True

 

 

 

� 

Event/Action
Event[Condition]/Action card/unlock  

card Locked Unlocked
card

 

 

� 

entry
entry/Action entry/[action-list]  

� 

exit
exit/Action exit/[action-list]  

 

 

 4.8 a  

 

 4.8   
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Locked card Unlocked unlock
Unlocked unlock Unlocked

pass Locked lock Locked
lock  

 4.9 (a)
card() pass()

card() pass()  

 

 4.1

 

Unlocked card Locked
pass Locked pass
alarm

 4.8 b
Unlocked card

 
 4.8 c

 4.2  

/  4.9 (b)
/

 4.9 (c)
 

4.5.2 State  

 

 4.9  

 4.1  

Locked card Unlocked unlock 

Unlocked pass Locked lock 

 4.2  

Locked card Unlocked unlock 

Locked pass Locked alarm 

Unlocked card Unlocked thankyou

Unlocked pass Locked lock 
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FSM  

1  switch  

C switch/case
switch/case switch switch

 4.19  

 4.19  switch/case FSM  

1 switch( ){ 

2 case LOCKED : 

3  switch ( ){ 

4  case CARD :  

5   UNLOCKED ;  

6   unlock ;  

7   break; 

8  case PASS :  

9   alarm ;  

10   break; 

11  } 

12  break; 

13 case UNLOCKED : 

14  switch ( ){ 

15  case CARD : 

16   thankyou ; 

17   break; 

18  case PASS :  

19   LOCKED ;  

20   lock ;  

21   break; 

22  } 

23  break; 

24 } 

switch/case 4
UNLOCKED PASS

LOCKED lock  

switch/case
FSM

switch/case  
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2   

switch/case switch/case

4.20  

4.20   

1 typedef struct _transition_t{ 

2  ; 

3  ; 

4  ; 

5  ; 

6 }transition_t; 

7 

8 transition_t transitions[] = { 

9  { LOCKED  CARD , UNLOCKED,  unlock  }, 

10  { LOCKED , PASS ,  LOCKED,    alarm  }, 

11  { UNLOCKED , CARD , UNLOCKED,  thankyou  }, 

12  { UNLOCKED , PASS ,  LOCKED,    lock  } 

13 }; 

14 for (int i = 0; i < sizeof(transitions) / sizeof(transitions[0]); i++){ 

15  if (  == transitions[i].  &&  == transitions[i]. ){ 

16    transitions[i]. ; 

17   transitions[i]. ; 

18   break; 

19  } 

20 } 

 4.1

switch/case
 

3  State  

0
LOCKED 1 UNLOCKED

switch/case LOCKED
UNLOCKED

switch/case switch
 

1  
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OO
FSM card

pass card() pass() LOCKED
UNLOCKED unlock lock thankyou alarm  

� 

card pass
 4.10 card pass

state  

1 enum {LOCKED, UNLOCKED};             //  

2  

3 typedef struct _turnstile {       //  

4      int state; 

5  void (*card)(struct _turnstile *p_this); 

6  void (*pass)(struct _turnstile *p_this); 

7 } turnstile_t 

8  

9 void turnstile_card(turnstile *p_this) 

10    { 

11       if (p_this -> state == LOCKED) { 

12       ; 

13       unlock ;      // unlock  

14  } else { 

15          thankyou ;      // thankyou  

16  } 

17 } 

18  

19 void turnstile_pass(turnstile *p_this) 

20 { 

21      if (p_this -> state == LOCKED) { 

22       alarm ;      // alam  

23  } else { 

24      ; 

25      lock ;       // lock  

26  } 

27 } 

LOCKED
UNLOCKED trunstile_state_t

turnstile_state_t  

� LOCKED  

LOCKED alarm card
UNLOCKED unlock pass card  

1 void locked_card(void) 

 

 4.10  
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2    { 

3     ; 

4     unlock ;      // unlock  

5 } 

6  

7 void locked_pass(void) 

8 { 

9     alarm ;       // alam  

10 } 

� UNLOCKED  

UNLOCKED
thankyou pass LOCKED lock pass card

 

1 void unlocked_card(void) 

2    { 

3     thankyou ;      // thankyou  

4 } 

5  

6 void unlocked_pass(void) 

7 { 

8     ; 

9     lock ;       // lock  

10 } 

unlocked_card() UNLOCKED card  

� 

LOCKED UNLOCKED card pass
card pass  

void (*card)(void); 

void (*pass)(void); 

 

turnstile_state_t trunstile_locked_state_t
trunstile_unlocked_state_t

 

1 typedef struct _turnstile_state_t{ 

2  void (*card)(void);      // card  

3  void (*pass)(void);      // pass  

4  }turnstile_state_t; 

5 

6 typedef struct _turnstile_locked_state_t{ 
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7  turnstile_state_t isa;  

8  }turnstile_locked_state_t; 

9 

10 typedef struct _turnstile_unlocked_state_t{ 

11  turnstile_state_t isa;  

12  }turnstile_unlocked_state_t; 

trunstile_locked_state_t trunstile_unlocked_state_t
turnstile_state_t  

turnstile_state_t locked_state = {locked_card, locked_pass}; 

turnstile_state_t  unlocked_state = {unlocked_card, unlocked_pass}; 

card() pass() locked_state unlocked_state
trunstile_locked_state_t trunstile_unlocked_state_t  

trunstile_state_t
locked_state unlocked_state card() pass()  

card() pass()
card pass
card() pass()  

turnstile_state_t
trunstile_state_t p_state

 

1 typedef struct _turnstile_t{ 

2  turnstile_state_t *p_state; 

3 }turnstile_t; 

trunstile_t  

turnstile_t turnstile = {&locked_state};      //  

p_state p_state
p_state  

1 void turnstile_init(turnstile_t * p_this) 

2 { 

3  p_this -> p_state = &locked_state;    //  locked_state 

4 } 

card pass turnstile_t
turnstile_state_t turnstile_t

 

1 void turnstile_card(turnstile_t * p_this) 

2 { 

3  p_this -> p_state -> card(); 

4 } 
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5  

6 void turnstile_pass(turnstile_t * p_this) 

7 { 

8  p_this -> p_state -> pass(); 

9 } 

4.11 turnstile_t
p_state turnstile_state_t turnstile_state_t

card() pass() turnstile_state_t locked_state
unlocked_state card() pass()

p_state locked_state unlocked_state
 

UML

C

 

turnstile_t turnstile_state_t
turnstile_card card turnstile_state_t turnstile_pass

pass turnstile_state_t  

turnstile_state_t locked
p_state locked_state card p_state card()

locked_state card() locked_event_card()
locked_event_card()

turnstile_state_t
 

FSM locked card unlocked
FSM unlocked_state turnstile_t p_state

turnstile_t p_state  

p_state
p_state

turnstile_state_t turnstile_t  

1 struct _turnstile_t; 

2 typedef struct _turnstile_state_t{ 

3  void (*card)(struct _turnstile_t *p_turnstile);   // card  

4  void (*pass)(struct _turnstile_t *p_turnstile);   // pass  

5  }turnstile_state_t; 

p_state  

 

4.11   
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1 void locked_card(turnstile_t *p_turnstile) 

2    { 

3     p_turnstile -> p_state = &unlocked_state;     //  

4     unlock ;       // unlock  

5 } 

p_state  

1 void turnstile_state_set(turnstile_t *p_this, turnstile_state_t *p_new_state) 

2 { 

3  p_this -> p_state = p_new_state; 

4 } 

 

turnstile_state_set(p_turnstile, &unlocked_state); 

turnstile_state_t p_turnstile
turnstile_state_t card  

1 void turnstile_card(turnstile_t * p_this) 

2 { 

3  p_this -> p_state -> card(p_this);      // card  

4 } 

4 unlock lock thankyou alarm
locked_state unlocked_state card() pass()
printf()  

1 void locked_card(turnstile_t *p_turnstile) 

2    { 

3  turnstile_state_set(p_turnstile, &unlocked_state); 

4      printf("unclock\n");      // unlock  

5 } 

6  

7 void locked_pass(turnstile_t *p_turnstile) 

8    { 

9      printf("alarm\n");      // alarm  

10 } 

11 

12 void unlocked_card(turnstile_t *p_turnstile) 

13    { 

14      printf("thankyou\n");      // thankyou  

15 } 

16 

17 void unlocked_pass(turnstile_t *p_turnstile) 

18   { 

19  turnstile_state_set(p_turnstile, &locked_state) ; 

20      printf("lock\n");       // lock  
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21 } 

4.21 turnstile.h

 

4.21  turnstile.h  

1 #pragma once 

2 

3 struct _turnstile_t; 

4 typedef struct _turnstile_t turnstile_t; 

5 typedef struct _turnstile_state_t{ 

6  void (*card)(turnstile_t * p_turnstile); 

7  void (*pass)(turnstile_t * p_turnstile); 

8 }turnstile_state_t; 

9  

10 typedef struct _turnstile_t{ 

11  turnstile_state_t *p_state; 

12 }turnstile_t; 

13 

14   void turnstile_init(turnstile_t * p_this);       //  

15 void turnstile_card(turnstile_t * p_this);       // crad  

16 void turnstile_pass(turnstile_t * p_this);       // pass  

 4.22
0 CARD turnstile_card(&turnstile)

1 PASS turnstile_pass(&turnstile)  

 4.22  State  

1 #include<stdio.h> 

2 #include "turnstile.h" 

3 

4 void main() 

5 { 

6  int    event; 

7  turnstile_t   turnstile;   //  

8  turnstile_init(&turnstile);   //  

9   

10  while (1) { 

11   scanf("%d", &event); 

12   switch (event){ 
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13   case 0: 

14              turnstile_card(&turnstile); 

15    break; 

16   case 1: 

17    turnstile_pass(&turnstile); 

18    break; 

19   default: 

20    exit(); 

21   } 

22  } 

23 } 

 

�  

�  

if-else switch-case  

 

if-else  

State
turnstile_state_t  

4.5.3  

State
4

LOCKED card  

1 void locked_card(turnstile_t *p_turnstile) 

2    { 

3  turnstile_state_set(p_turnstile, &unlocked_state); 

4      printf("unclock\n");      // unlock  

5 } 

 4.12  

4.23 4.24

 

 

4.12  
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4.23  turnstile_action.h  

1 #pragma once 

2  

3 void turnstile_action_lock(void); 

4 void turnstile_action_unlock(void); 

5 void turnstile_action_alarm(void); 

6 void turnstile_action_thankyou(void); 

4.24  turnstile_action.c  

1 void turnstile_action_lock(void) 

2 { 

3  printf("clock\n"); 

4 } 

5  

6 void turnstile_action_unlock(void) 

7 { 

8  printf("unclock\n"); 

9 } 

10 

11 void turnstile_action_alarm(void) 

12 { 

13  printf("alarm\n"); 

14 } 

15 

16 void turnstile_action_thankyou(void) 

17 { 

18  printf("thank you\n"); 

19 } 

alarm unlock thankyou lock  alarm() unlock()
thankyou() lock() 4 4

LOCKED card  

1 void locked_card(turnstile_t *p_turnstile) 

2   { 

3  turnstile_state_set(p_turnstile, &unlocked_state); 

4      turnstile_action_unlock ();      // unlock  

5 } 

FSM
FSM
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typedef struct _turnstile_action { 

      // some data 

} turnstile_action_t; 

 

4.6  
66  

22
7  

OO OO
 

4.6.1  

 

compare

 

 

 

GUI MVC

update MVC
MVC

 

LED
LED

MVC
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API

 

4.6.2  

 

API API

 

 

 

Validator  

1 typedef struct _Validator{ 

2  bool (*const validate)(struct _Validator *pThis, int value); 

3 }Validator; 

validate
 

1 typedef struct{ 

2  Validator isa;       // Validator  

3  const int min; 

4  const int max; 

5 } RangeValidator; 

6 

7 typedef struct{ 

8  Validator isa;       // Validator  

9  bool isEven; 

10 } OddEvenValidator; 

Validator
validaate
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4.6.3  

 

1 typedef bool(*const Validate)(void *pThis, int value); 

2 typedef struct{ 

3  Validate validate; 

4  const int min; 

5  const int max; 

6 }RangeValidator; 

7 

8 typedef struct{ 

9  Validator validate; 

10  bool isEven; 

11 } OddEvenValidator; 

 

4.6.4  

——
DRY Don’t Repeat Yourself

DRY

1 struct TypeA{ 

2  int a; 

3  int x; 

4  int y; 

5 }; 

6 

7 struct TypeB{ 

8  int a; 

9  int u; 

10  int v; 
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11 }; 

 

1 struct TypeC{ 

2  int a; 

3 }; 

4 

5 struct TypeA{ 

6  int x; 

7  int y; 

8 }; 

9 

10 struct TypeB{ 

11  int u; 

12  int v; 

13 }; 

TypeA TypeB int a

DRY
 

int a
int a

 

 

DRY
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