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Åùå ïðî óêàçàòåëè: NULL

int *p = (int*) malloc (1000000);

if ( p == NULL ) {

printf("Error: not enough memory");

}

NULL:

1 ñìûñë: óêàçàòåëü íè íà ÷òî íå óêàçûâàåò

2 ðåàëèçàöèÿ: #de�ne NULL 0 â stddef.h
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Óêàçàòåëè è ôóíêöèè

#define N 256

int* get_rand_array () {

int array[N];

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

array[i] = rand ();

}

return array;

}

int main() {

srand(time ());

int* ra = get_rand_array ();

printf("\%d", ra [0]);

}

1 ×òî íå òàê?

2 array � ëîêàëüíàÿ ïåðåìåííàÿ, ïîñëå çàâåðøåíèÿ ôóíêöèè
get_rand_array îíà áóäåò �óäàëåíà� ñî ñòåêà; èñïîëüçîâàòü åå
çíà÷åíèå â main íåëüçÿ!
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Óêàçàòåëè è ôóíêöèè: all ok

int* get_rand_array(int n) {

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

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

array[i] = rand ();

}

}

int main() {

srand(time ());

int* ra = get_rand_array (256);

printf("%d", ra [0]);

free(ra);

}
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Óêàçàòåëè è ôóíêöèè: âåðíóòü ÷åðåç ïàðàìåòð

int get_odd_array(int *src , int n, int *dst) {

int count = 0;

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

if(src[i] % 2 == 1) count ++;

dst = malloc( count * sizeof(int) ); count = 0;

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

if(src[i] % 2 == 1) dst[count ++] = src[i];

return count;

}

int main() {

...

int* result = NULL;

int size = get_odd_array(array , 42, result );

result [0] = 42;

}

1 ×òî íå òàê?

2 Àäðåñ âûäåëåííîé ïàìÿòè çàïèøåòñÿ â ëîêàëüíóþ êîïèþ dst
(ïàðàìåòðû ïðè âûçîâå ôóíêöèè êîïèðóþòñÿ íà ñòåê), êîòîðàÿ
áóäåò óäàëåíà ïîñëå îêîí÷àíèÿ ôóêíöèè.)
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Óêàçàòåëè è ôóíêöèè: all ok

int get_odd_array(int *src , int n, int **dst) {

...

*dst = malloc( count * sizeof(int) );

...

return count;

}

int main() {

...

int* result = NULL;

int size = get_odd_array(array , 42, &result );

result [0] = 42;

free(result)

}
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Ñòðóêòóðû

Ñóùíîñòü îïèñûâàåòñÿ íàáîðîì ïåðåìåííûõ: òî÷êà â 3D, òîâàð â
ïðîãðàììå àâòîìàòèçàöèè íà ñêëàäå (íàçâàíèå, âåñ, êîëè÷åñòâî, ...)
è ò.ä.

struct product_s {

char label [256];

float weight;

unsigned int price;

};

struct product_s p;

//Ïî÷åìó &?

scanf("%s %f %d", &(p.label), &(p.weight), &(p.price ));

struct product_s array [100];

array [0]. weight = 42;

struct product_s *ptr = malloc(sizeof(struct product_s ));

ptr ->weight = 42;
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Ñòðóêòóðû

void rand_fill(struct product_s *ptr) {

...

ptr ->weight = ...

...

}

int main() {

struct product_s p;

rand_fill (&p); // çà÷åì?

}
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Ñòðóêòóðû: typedef

typedef struct product_s product_t; //ïñåâäîíèì

product_t p; // ìåíüøå áóêâ

1 ×åì typedef ëó÷øå de�ne?

2 Âûïîëíÿåòñÿ êîìïèëÿòîðîì, êîòîðûé âûÿñíèë òèïû
èäåíòèôèêàòîðîâ ïåðåä ïîäñòàíîâêîé (typedef ïðèìåíèòñÿ
òîëüêî â òèïàì, de�ne ê ëþáîìó èäåíòèôèêàòîðó)

Åùå: size_t � òèï ïåðåìåííîé, êîòîðàÿ ñîäåðæèò ðàçìåð ëþáîé
ñóùíîñòè â ïàìÿòè (íàïðèìåð, ìîæåò áûòü îïðåäåëåí êàê typedef
size_t unsigned long).

C++ 9 / 16



Ñòðóêòóðû: typedef

typedef struct product_s product_t; //ïñåâäîíèì

product_t p; // ìåíüøå áóêâ

1 ×åì typedef ëó÷øå de�ne?

2 Âûïîëíÿåòñÿ êîìïèëÿòîðîì, êîòîðûé âûÿñíèë òèïû
èäåíòèôèêàòîðîâ ïåðåä ïîäñòàíîâêîé (typedef ïðèìåíèòñÿ
òîëüêî â òèïàì, de�ne ê ëþáîìó èäåíòèôèêàòîðó)

Åùå: size_t � òèï ïåðåìåííîé, êîòîðàÿ ñîäåðæèò ðàçìåð ëþáîé
ñóùíîñòè â ïàìÿòè (íàïðèìåð, ìîæåò áûòü îïðåäåëåí êàê typedef
size_t unsigned long).

C++ 9 / 16



Ñòðóêòóðû: âûðàâíèâàíèå (alignment)

struct dummy_s {

char ch;

int i;

};

printf("%d", sizeof(struct test )); //?

1 ×òî áóäåò âûâåäåíî?

2 Îòâåò: 8. Îáû÷íî ïðîöåññîðó �óäîáíåå� (áûñòðåå èëè åñòü
òîëüêî òàêèåèíñòðóêöèè) ðàáîòàòü ñ àäðåñàìè, âûðàâíåííûìè
(êðàòíûìè) íà îïðåäåëåííûé ðàçìåð. Êîìïèëÿòîð ýòî
ó÷èòûâàåò. Â ïðèìåðå âûðàâíèâàíèå 4 áàéòà, ò.å. ïåðâûé ch
�äîïîëíåí� òðåìÿ íóëåâûìè áàéòàìè.

#pragma pack(x) � çàäàåò âûðàâíèâàíèå íà x (ïëàòôîðìîçàâèñèìî).
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�Óíèâåðñàëüíàÿ� ñîðòèðîâêà.

Çàäà÷à: íàïèñàòü ñîðòèðîâêó ðàáîòàþùóþ ñ ëþáûì òèïîì äàííûõ
(int, �oat, product_t). Ïîäçàäà÷è:

1 ïåðåäàòü â ôóíêöèþ �ëþáîé òèï äàííûõ�

2 ïåðåñòàâëÿòü �ëþáûå�ýëåìåíòû (swap)

3 ñðàâíèâàòü �ëþáûå� ýëåìåíòû (cmp)
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Ëþáîé òèï äàííûõ: void*.

void qsort(void *array , size_t n, ...);

product_t array1 [100];

int arrray2 [20];

qsort(array1 , 100, ...);

qsort(array2 , 20, ...)

I void* � íå ðàáîòàåò àäðåñíàÿ àðèôìåòèêà (ïî÷åìó?)

I Â Ñ++ íåÿâíîå ïðèâåäåíèå òèïà â void* íå âûçûâàåò îøèáêè (â
Ñ âñå ìîæíî íåÿâíî)

I Â Ñ++ òðåáóåòñÿ ÿâíîå ïðèâåäåíèå òèïà èç void* (â Ñ âñå
ìîæíî íåÿâíî)

I void* malloc(...)
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Ïåðåñòàâëÿòü ëþáûå ýëåìåíòû: swap.

void qsort(void *array , size_t n, size_t elem_size , ...) {

char *p = array;

//ñìûñë: swap(&array[i], &array[j])

swap(p + i * elem_size , p + j * elem_size , elem_size );

}

void swap(char *start , char *end , size_t elem_size) {

int i = 0;

while( i < elem_size ) {

... //ñàìè

}

}
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Ñðàâíèâàòü ëþáûå ýëåìåíòû: cmp.

Óêàçàòåëü � àäðåñ â ïàìÿòè:

I Â ïàìÿòè õðàíÿòñÿ ïåðåìåííûå è äâîè÷íûé êîä (äâîè÷íûå
èíñòðóêöèè íàøåé ïðîãðàììû)

I Ìîæíî õðàíèòü àäðåñ ïåðåìåííîé (óêàçàòåëü)

I Ìîæíî õðàíèòü àäðåñ êîäà (óêàçàòëü íà ôóíêöèþ)

void dummy(int x) {

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

}

int main() {

void (*func)(int);

func = &dummy;

(*func )(2);

// ìîæíî è òàê:

func = dummy;

foo (2);

return 0;

}
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Ñðàâíèâàòü ëþáûå ýëåìåíòû: cmp.

void qsort(void *array , size_t size , size_t elem_size ,

int (*cmp)(void *p1 , const void *p2)) {

...

}

int cmp_int(void *p1 , void *p2) {

int *pi1 = p1; int *pi2 = p2;

return (*pi1 - *pi2);

}

int cmp_product_by_weight(void *p1, void *p2) {

product_t *pp1 = p1; product_t *pp2 = p2;

return (*pp1 ->weight - *pp2 ->weight );

}

product_t array1 [100];

int arrray2 [20];

qsort(array1 , 100, sizeof(array1 [0]), cmp_int );

qsort(array2 , 20, sizeof(array2 [0]), cmp_product_by_weight );
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Áèáëèîòåêè.

1 Ñòàòè÷åñêèå (*.a, *.lib): îáúåêòíûå ôàéëà èç áèáëèîòåêè
ïðèñîåäíèÿþòñÿ ê ïðîãðàììå â ìîìåíò ëèíêîâêè

Ëåãêî óñòàíîâèòü (íå íóæíî îòäåëüíî çàãðóæàòü áèáëèîòåêó)
Ïðè âûõîäå íîâîé âåðñèè áèáëèîòåêè (íàïðèìåð, èñïðàâëåí áàã)
àâòîðó ïðîãðàììû íóæíî ïîñëàòü ïîëüçîâàòåëþ ïåðåñîáðàííóþ
âåðñèþ

2 Äèíàìè÷åñêèå (*.so, *.dll): õðàíÿòñÿ îòäåëüíî, ñâÿçûâàíèå
ïðîãðàììû è áèáëèîòåêè ïðîèñõîäèò â ìîìåíò âûïîëíåíèÿ
(ïîìîãàåò îòäåëüíàÿ êîìïîíåíòà � çàãðóç÷èê )

Íåîáõîîäèìî îòäåëüíî óñòàíîâèòü âñå íåîáõîäèìûå áèáëèîòåêè
(ðåøåíèå: packages and repositories)
Ïðè âûõîäå íîâîé âåðñèè áèáëèîòåêè (íàïðèìåð, èñïðàâëåí áàã)
ïîëüçîâàòåëü ìîæåò ñàìîñòîÿòåëüíî îáíîâèòü òîëüêî
áèáëèîòåêó áåç ïåðåñáîðêè ïðîãðàììû.
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