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Òðè âèäà ïàìÿòè â ïðîãðàììå íà C

1 Ñòåê (stack)

ëîêàëüíûå ïåðåìåííûå ôóíêöèé, ïàðàìåòðû ôóíêöèé
êîä äëÿ âûäåëåíèÿ è îñâîáîæäåíèÿ ãåíåðèðóåò êîìïèëÿòîð
âûäåëÿåòñÿ ïðè �âõîäå� â ôóíêöèþ, îñâîáîæäàåòñÿ ïðè �âûõîäå�
èç ôóíêöèè

2 Ãëîáàëüíàÿ ïàìÿòü (static variables)

ãëîáàëüíûå ïåðåìåííûå (âíå ôóíêöèé), ñòàòè÷åñêèå ïåðåìåííûå
(static)
êîä äëÿ âûäåëåíèÿ è îñâîáîæäåíèÿ ãåíåðèðóåò êîìïèëÿòîð
âûäåëÿåòñÿ ïðè çàãðóçêå â ïàìÿòü, îñâîáîæäàåòñÿ ïðè
çàâåðøåíèè ïðîãðàììû

3 Êó÷à (heap)

êîä äëÿ âûäåëåíèÿ îñâîáîæäåíèÿ ïèøåò ïðîãðàììèñò
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Êàðòà ïàìÿòè

I Ðàñïîëîæåíèå ÷àñòåé ìîæåò îòëè÷àòüñÿ íà ðàçíûõ ïëàòôîðìàõ.

I Íèæå îäèí èç âàðèàíòîâ (�óïðîùåííûé linux�, 4 Gb)

OS kernel (íàïðèìåð, 1 Gb)
. . ..
Stack, ðàñòåò âíèç _(íàïðèìåð, 10 Mb)

. . ..

. . ..

. . ..
Heap, ðàñòåò ââåðõ ^(íàïðèìåð, ∼2,9 Gb)

Static variables (íàïðèìåð, 10 Mb)

Äâîè÷íûé êîä ïðîãðàììû (íàïðèìåð, 10 Mb)
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Ñòåê

int sum(int a, int b) {

int s = a + b;

return s;

}

int main() {

int c = 1; int d = 2;

int e = sum(c, d);

return 0;

}

Stack, ðàñòåò âíèç _(íàïðèìåð, 10 Mb)
Êàäð main c, d, e, RV, RA

Êàäð sum a, b, s, RV, RA

Âîøëè â ôóíêöèþ � âûäåëèëè êàäð (frame), âûøëè èç ôóíêöèè �
îñâîáîäèëè êàäð

I RV � return value (âîçâðàùàåìîå çíà÷åíèå)

I RA � return address (íà êàêîé àäðåñ âåðíóòüñÿ â main ïîñëå
îêîí÷àíèÿ sum)
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RA. Îïòèìèçàöèè.

Äâîè÷íûé êîä ïðîãðàììû (íàïðèìåð, 10 Mb)
Êîä main àäðåñ . . . . . .

àäðåñ 15 ïåðåéòè íà sum, àäðåñ 15 çàïîìíèòü â RA
àäðåñ . . . . . .

Êîä sum àäðåñ . . . . . .
àäðåñ . . . . . .
àäðåñ . . . âåðíóòüñÿ íà àäðåñ èç RA (àäðåñ 15)

Êàê ìîæíî îïòèìèçèðîâàòü ðàáîòó ñî ñòåêîì?

1 Ïåðåäà÷à êîïèè ïàðàìåòðà: main �> store (ñîõðàíèòü íà ñòåê),
sum �> load (çàãðóçèòü ñî ñòåêà)

2 Çàðåçåðâèðîâàòü íåñêîëüêî ðåãèñòðîâ ïîä ïåðåäà÷ó ïàðàìåòðîâ
è RV è ïåðåäàâàòü ÷åðåç íèõ (ò.å. íå âûãðóæàòü â ïàìÿòü)
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Ñòåê.Âû÷èñëèòåëüíàÿ ñëîæíîñòü.

Stack, ðàñòåò âíèç _(íàïðèìåð, 10 Mb)
Êàäð main c, d, e, RV, RA

Êàäð sum a, b, s, RV, RA

Âîøëè â ôóíêöèþ � âûäåëèëè êàäð (frame), âûøëè èç ôóíêöèè �
îñâîáîäèëè êàäð

I Â ïðîöåññîðå åñòü ðåãèñòð (íàïðèìåð, sp), êîòîðûé õðàíèò àäðåñ
�ãîëîâû� ñòåêà

I Âûäåëåíèå êàäðà � óâåëè÷åíèå ðåãèñòðà íà ðàçìåð êàäðà,
îñâîáîæäåíèå � óìåíüøåíèå (áûñòðûå îïåðàöèè)

I Êîä, êîòîðûé ðàñ÷èòûâàåò ðàçìåð êàäðà è ìåíÿåò sp, ãåíåðèðóåò
êîìïèëÿòîð
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Ñòåê. Ðåêóðñèÿ.

int factorial(int n) {

if (n == 1)

return 1;

else

return f(n-1)*n;

}

Ïî÷åìó íèêòî íå ëþáèò òàêîå?

1 Áîëüøîå n, ñòåê çàêîí÷èòñÿ, OS àâàðèéíî çàâåðøèò ïðîãðàììó

2 Ìîæíî ïåðåïèñàòü öèêëîì áåç ïîòåðè ýëåãàíòíîñòè
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Ãëîáàëüíûå ïåðåìåííûå

int last_rnd = 0;

void srand () {

last_rnd = time (); //òåêóùåå âðåìÿ

}

int rand() {

last_rnd = (last_rnd * 13 + 113) % 43;

return last_rnd;

}

int main() {

int a[10];

srand ();

for(int i = 0; i < 10; i++) a[i] = rand ();

}
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Ñòàòè÷åñêèå ïåðåìåííûå (static)

void f() {

static int call_count = 0; //èíèöèàëèçèðóåòñÿ îäèí ðàç

...

printf("Called times: %d", call_count );

call_count ++;

}

int main() {

f(); f(); f();

}

Íå âïå÷àòëèëî? Ñìîòðè strtok â ñòàíäàðòíîé áèáëèîòåêå =)
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Ãëîáàëüíûå ïåðåìåííûå. Íåñêîëüêî ôàéëîâ.

1.cpp

int last_rnd = 0;

void srand () {

rnd = time (); //òåêóùåå âðåìÿ

}

2.cpp

int last_rnd = 0;

int rand() {

last_rnd = (lst_rnd * 13 + 113) % 43;

return last_rnd;

}

1 Ïåðåìåííàÿ îïðåäåëåíà äâàæäû (íå ñêîìïèëèðóåòñÿ)
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Ãëîáàëüíûå ïåðåìåííûå. Íåñêîëüêî ôàéëîâ.

1.h

extern int last_rnd;

1.cpp

int last_rnd = 0; //âûäåëåíèå ïàìÿòè

void srand () {

rnd = time (); //òåêóùåå âðåìÿ

}

2.cpp

#include "1.h"

//extern -> âûäåëåíèå ïàìÿòè ïðîèñõîäèò â äðóãîì ìåñòå (òàêæå
çíàåì òèï ïåðåìåííîé)
int rand() {

last_rnd = (lst_rnd * 13 + 113) % 43;

return last_rnd;

}
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Ãëîáàëüíûå ïåðåìåííûå. Âû÷èñëèòåëüíàÿ

ñëîæíîñòü.

OS kernel (íàïðèìåð, 1 Gb)

. . ..

. . ..

. . ..

. . ..
Static variables (íàïðèìåð, 10 Mb)

Äâîè÷íûé êîä ïðîãðàììû (íàïðèìåð, 10 Mb)

1 Â çàãîëîâêå äâîè÷íîãî èñïîëíÿåìîãî ôàéëà íàïèñàíî, ñêîëüêî
static variables åìó òðåáóåòñÿ

2 Ïàìÿòü âûäåëÿåòñÿ �íåïðåðûâíûì êóñêîì�ïðè çàãðóçêå
ïðîãðàììû. Îñâîáîæäàåòñÿ � êîãäà ïðîãðàììà çàêàí÷èâàåò
ðàáîòó.

3 Âûäåëåíèå ïðîèñõîäèò áûñòðî.
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Ãëîáàëüíûå ïåðåìåííûå. Ëó÷øå íå íàäî.

Ïî÷åìó íèêòî íå ëþáèò?

1 Ïîòåíöèàëüíûé êîíôëèêò èìåí (íåñêîëüêî ïðîãðàììèñòîâ â
ðàçíûõ ôàéëàõ íàçâàëè ðàçíûå ïåðåìåííûå îäèíàêîâî �>
êîíôëèêò íà ëèíêîâêå)

2 Òðóäíî àíàëèçèðîâàòü ïðîãðàììó (ñëîæíåå ñëåäèòü çà âñåìè
ó÷àñòêàìè êîäà, â êîòîðûõ ìåíÿåòñÿ ïåðìåííàÿ)
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Êó÷à.

#include <stdlib.h>

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

if (p == 0){

/* not enough memory */

}

p[0] = 1; p[13000] = 42;

...

free(p);

1 Âðåìåíåì æèçíè óïðàâëÿåò ïðîãðàììèñò

2 Ôóíêöèÿ malloc îáðàùàåòñÿ ê îïåðàöèîííîé ñèñòåìå ñ ïðîñüáîé
âûäåëèòü ìåñòî (�íåïðåðûâíûé êóñîê�) â êó÷å è, åñëè ÎÑ
âûäåëÿåò ýòî ìåñòî, âîçâðàùàåò óêçàòåëü íà íà÷àëî îáëàñòè
(èíà÷å � 0).

3 Ôóíêöèÿ free îñâîáîæäàåò ïàìÿòü

4 Íåò îãðàíè÷åíèé ïî ðàçìåðó êàê ó ñòåêà è ãëîáàëüíûõ
ïåðåìåííûõ (îãðàíè÷åíà ðàçìåðîì ñâîáîäíîé ïàìÿòè)
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Êó÷à.

#include <stdlib.h>

#include <stdio.h>

size_t size = 0;

scanf("%d", &size)

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

1 Ðàçìåð ìàññèâà âûÿñíÿåòñÿ âî âðåìÿ âûïîëíåíèÿ (ââåë
ïîëüçîâàòåëü, ñ÷èòàëè èç ôàéëà)

2 Íà ñòåêå è ó ãëîáàëüíûõ ïåðåìåííûõ ðàçìåð äîëæåí áûòü
èçâåñòåí âî âðåìÿ êîìïèëÿöèè
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Êó÷à. Îøèáêè.

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

free(p);

×òî íå òàê?

1 Çàíèìàåò â òðè ðàçà áîëüøå ìåñòà ÷åì íà ñòåêå (int*, int)
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Êó÷à. Îøèáêè.

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

p = (int *) malloc (1000000 * sizeof(int)); /* or p = 0 */

I Óòå÷êà ïàìÿòè (memory leak): òåïåðü ïàìÿòü èç ïåðâîé ñòðîêè
íåâîçìîæíî îñâîáîäèòü (ìû ïîòåðÿëè àäðåñ)

I Òàêèå îøèáêè ìîæíî èñêàòü óòèëèòîé valgrind

Âîïðîñ! Â ñîâðåìåííûõ ÎÑ âñÿ ïàìÿòü, âûäåëåííàÿ ïðîãðàììîé,
ïîñëå åå çàâåðøåíèÿ âîçâðàùàåòñÿ ñèñòåìå (äàæå åñëè áûëà óòå÷êà).
Çà÷åì áîðîòüñÿ ñ óòå÷êàìè?

1 Ñåðâåð (ðàáîòàåò áåç ïåðåçàïóñêà). Óòå÷êà ïðè êàæäîì çàïðîñå
ïîëüçîâàòåëÿ.

2 Ñíà÷àëà âñå çàìåäëèòñÿ (ôàéë ïîäêà÷êè), ïîòîì ÎÑ àâàðèéíî
çàâåðøèò ïðîöåññ.

C++ 17 / 20



Êó÷à. Îøèáêè.

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

p = (int *) malloc (1000000 * sizeof(int)); /* or p = 0 */

I Óòå÷êà ïàìÿòè (memory leak): òåïåðü ïàìÿòü èç ïåðâîé ñòðîêè
íåâîçìîæíî îñâîáîäèòü (ìû ïîòåðÿëè àäðåñ)

I Òàêèå îøèáêè ìîæíî èñêàòü óòèëèòîé valgrind

Âîïðîñ! Â ñîâðåìåííûõ ÎÑ âñÿ ïàìÿòü, âûäåëåííàÿ ïðîãðàììîé,
ïîñëå åå çàâåðøåíèÿ âîçâðàùàåòñÿ ñèñòåìå (äàæå åñëè áûëà óòå÷êà).
Çà÷åì áîðîòüñÿ ñ óòå÷êàìè?

1 Ñåðâåð (ðàáîòàåò áåç ïåðåçàïóñêà). Óòå÷êà ïðè êàæäîì çàïðîñå
ïîëüçîâàòåëÿ.

2 Ñíà÷àëà âñå çàìåäëèòñÿ (ôàéë ïîäêà÷êè), ïîòîì ÎÑ àâàðèéíî
çàâåðøèò ïðîöåññ.

C++ 17 / 20



Êó÷à. Îøèáêè.

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

p = (int *) malloc (1000000 * sizeof(int)); /* or p = 0 */

I Óòå÷êà ïàìÿòè (memory leak): òåïåðü ïàìÿòü èç ïåðâîé ñòðîêè
íåâîçìîæíî îñâîáîäèòü (ìû ïîòåðÿëè àäðåñ)

I Òàêèå îøèáêè ìîæíî èñêàòü óòèëèòîé valgrind

Âîïðîñ! Â ñîâðåìåííûõ ÎÑ âñÿ ïàìÿòü, âûäåëåííàÿ ïðîãðàììîé,
ïîñëå åå çàâåðøåíèÿ âîçâðàùàåòñÿ ñèñòåìå (äàæå åñëè áûëà óòå÷êà).
Çà÷åì áîðîòüñÿ ñ óòå÷êàìè?

1 Ñåðâåð (ðàáîòàåò áåç ïåðåçàïóñêà). Óòå÷êà ïðè êàæäîì çàïðîñå
ïîëüçîâàòåëÿ.

2 Ñíà÷àëà âñå çàìåäëèòñÿ (ôàéë ïîäêà÷êè), ïîòîì ÎÑ àâàðèéíî
çàâåðøèò ïðîöåññ.

C++ 17 / 20



Êó÷à. Âû÷èñëèòåëüíàÿ ñëîæíîñòü

malloc äîëæåí:

1 Ïðîéòè ïî ñïèñêó (îäíà èç âîçìîæíûì ðåàëèçàöèé) âûäåëåííûõ
îáëàñòåé

2 Íàéòè íåïðåðûâíóþ îáëàñòü íóæíîãî ðàçìåðà

Ýòî ãîðàçäî äîëüøå ÷åì íà ñòåêå è ó ãëîáàëüíûõ ïåðåìåííûõ!
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Êó÷à. Âûäåëåíèå äâóìåðíîãî ìàññèâà

int **m = (int **) malloc(N * sizeof(int *))

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

m[i] = (int *) malloc(N * sizeof(int));

}

m[42][42] = 42;

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

free(m[i]);

}

free(m);

Êàê ïîòðàòèòü 2 âûçîâà malloc âìåñòî N+1?
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Êó÷à. ×òî åùå áûâàåò?

I calloc � âûäåëÿåò ïàìÿòü è èíèöèàëèçèðóåò åå íóëÿìè

I realloc - èçìåíÿåò ðàçìåð óæå ñóùåñòâóþùåãî ìàññèâà.
Ñóùåñòâóåò òðè ðåçóëüòàòà ðàáîòû ôóíêöèè:

1 åñëè íóæíîå ÷èñëî áàéò íå çàíÿòî â ñìåæíîé îáëàñòè, òî
óâåëè÷èâàåò îáëàñòü äëÿ ìàññèâà

2 åñëè ðÿäîì íåò ñâîáîäíîé ïàìÿòè, ïåðåíåñåò ìàññèâ â äðóãîå
ìåñòî

3 åñëè âîîáùå íåò ïàìÿòè ïîä óâåëè÷åííûé ìàññèâ, âåðíåò 0
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