
‰ÏÚÙ‰ ˙ÂÎ¯ÚÓ· ÔÁ·Ó

ÔÂ¯Â˘È ÈÊÁ ßÙÂ¯ÙÂ Â„ÏÂË ÔÂÈÒ ¯¢„

±πππ ÈÏÂÈ ≤± ¨ß‡ „ÚÂÓ ¨Ë¢˘˙ ß· ¯ËÒÓÒ

˙Â‡¯Â‰

„ÈÓÏ˙Ó ¯ÊÚ ¯ÓÂÁ ¯È·Ú‰Ï ¯ÂÒ‡ Æ‰ÈÁ·‰ ÈÙÏ ÔÎÂ‰˘ ¯ÊÚ ¯ÓÂÁ ÏÎ· ˘ÂÓÈ˘‰ ¯˙ÂÓ Æ˙ÂÚ˘ ˘ÂÏ˘ ‰ÈÁ·‰ Í˘Ó
°‰ÁÏˆ‰· Æ˙ÂÏ‡˘‰ ÏÎ ÏÚ ˙ÂÚÏ ˘È Æ„ÈÓÏ˙Ï

®ÒÂÂ· ˙Â„Â˜ ±∞ ´ ˙Â„Â˜ ≥∂© ± ‰Ï‡˘

Ô
ÌÈ¯ÙÒÓ ÏÈÎÓ ¯Â˙‰ Æ˙È„„ˆ–Â„ ˙¯˘Â˜Ó ‰ÓÈ˘¯· ˘ÂÓÈ˘ ÍÂ˙ fifo ¯Â˙ Ï˘ ÌÈÂ˙ ‰·Ó Ì˘ÈÈÓ ‡·‰ „Â˜‰ ÚË˜
ÏÂÚÓ© Æ®mutexes© ÌÈÏÂÚÓ· ˘Ó˙˘Ó ‡Â‰ ÔÎÏÂ ÌÈËÂÁ ¯ÙÒÓ ÌÚ ˙ÂÈÎ˙· ˘ÂÓÈ˘Ï „ÚÂÈÓ „Â˜‰ ÆÌÈÈÏÈÏ˘–È‡ ÌÈÓÏ˘

Æup≠Ï ‰ÏÂ˜˘ unlock ‰ÏÂÚÙ‰Â down≠Ï ‰ÏÂ˜˘ lock ‰ÏÂÚÙ‰ ¯˘‡Î ¨È¯È· ¯ÂÙÓÒÏ ÏÂ˜˘

typedef struct {
queue_element* next;
queue_element* prev;
int data;
mutex m;

} queue_element;

queue_element* head = null;
queue_element* tail = null;

mutex head_m;
mutex tail_m

fifo_put(int d) {
lock(head_m);
queue_element* new = malloc(sizeof(queue_element));
new->data = d;
new->prev = null;
new->next = head;
if (new->next != null) {
lock(new->next);
new->next->prev = new;
unlock(new->next);

} else {
lock(tail_m);
tail = new;
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unlock(tail_m);
}
unlock(head_m);

}

fifo_get() {
int d; /* return value */
lock(tail_m);
if (tail==null) {
d = -1; /* signifies that the queue is empty */

} else {
queue_element* temp = tail;
lock(tail->m);
d = temp->data;
if (tail->prev != null) {
lock(tail->prev->m);
tail->prev->next = null;
tail = tail->prev;
unlock(tail->m);

} else {
lock(head_m);
head = null;
tail = null;
unlock(head_m);

}
unlock(temp->m);
free(temp);

}
unlock(tail_m);
return d;

}

øfifo_put ‰ÈËÂ¯· new ˘„Á‰ ‰ÓÈ˘¯‰ ¯·È‡ ˙‡ ÌÈÏÚÂ ÂÈ‡ ÚÂ„Ó Æ±

Æ¯Â˙Ï ÒÎÂÈ ¯·È‡˘ „Ú ‰ÎÁ˙ ‡Ï‡ ˜È¯ ¯Â˙‰ ¯˘‡Î ≠± ¯ÈÊÁ˙ ‡Ï fifo_get ‰¯‚˘‰˘ ÍÎ ÌÈÈ˜‰ „Â˜‰ ˙‡ ‰˘ Æ≤
·Â˙Î Æ≥–Ó ¯˙ÂÈ ‡Ï ˜ÁÓÂ „Â˜Ï ˙Â¯Â˘ ∑–Ó ¯˙ÂÈ ‡Ï ÛÒÂ‰ Æ˙ÂÂÏÁ Ï˘ manual reset ‚ÂÒÓ ÌÈÚÂ¯È‡· ˘Ó˙˘‰

ÆÒÙ„ÂÓ‰ ÔÁ·Ó‰ È·‚ ÏÚ ÔÂ¯˙Ù‰ ˙‡

˙ÊÈÁ‡Ï ÌÈÒÎ ÌÈËÂÁ È˘ Â·˘ ËÈ¯Ò˙ ‰‡¯‰ Æ®deadlock© ˙ÂÂÓ ˙ÊÈÁ‡Ï ‡È·‰Ï ÏÂÏÚ ‰Ï‡ ˙Â¯‚˘· ˘ÂÓÈ˘ Æ≥
Æ˙ÂÂÓ

Æ˙ÂÂÓ ˙ÊÈÁ‡ ÚÓÈ˘ ËÂ˘Ù ÔÂ¯˙Ù Úˆ‰ Æ¥

˙‡ ‚È˘Ó˘ ÔÂ¯˙Ù ®ÌÈÏÈÓ·© Úˆ‰ ®°ÔÁ·Ó· ˙ÂÏ‡˘‰ ¯‡˘ ÏÚ ˙ÈÚ˘ ¯Á‡Ï ˜¯ ˙ÂÚÏ ÍÏ ÌÈˆÚÈÈÓ Â‡ ªÒÂÂ·© Æµ
ÔÓÊ ®≥© ¨ÏÈ·˜Ó· ˙ÂÚˆ·˙Ó get–Â put ˙ÂÏÂÚÙ ¨ÍÂ¯‡ ¯Â˙‰ ¯˘‡Î ®≤© ¨˙ÂÂÓ ˙ÂÊÈÁ‡ ÚÂÓ ®±© ∫˙Â‡·‰ ˙Â¯ËÓ‰
Ï˘ ˙ÂÏÂÚÙ n ¯Â·Ú ÏÏÂÎ‰ ‰ˆÈ¯‰ ÔÓÊ ¨¯ÓÂÏÎ Æ˙ÂÏÂÚÙ‰ È˙˘Ï ¯Â˙‰ Í¯Â‡· ÈÂÏ˙ ÂÈ‡ ÚÂ·˜ ÚˆÂÓÓ ‰ˆÈ¯

ÆO(n+ k) ‡Â‰ ¯·È‡ ˙‡ˆÂ‰ Ï˘ ˙ÂÏÂÚÙ k–Â ¯·È‡ ˙ÒÎ‰

®˙Â„Â˜ ≤¥© ≤ ‰Ï‡˘

°˜Ó øÔÂÎ ‡Ï Â‡ ÔÂÎ

≤



ÆÌÈ˜ÒÈ„ ÔÂÓÊ˙Ï ÌÈÓ˙È¯Â‚Ï‡· rotational latency–· ·˘Á˙‰Ï È‡„Î Æ±

ÌÈÎÈÏ‰˙‰ ÏÎ ‰·˘ ¨round robin ˙ËÈ˘· ÌÈÎÈÏ‰˙ ÔÂÓÊ˙· ˘Ó˙˘‰Ï È‡„Î „Â‡Ó ¯È‰Ó „·ÚÓ ÌÚ ·˘ÁÓ· Æ≤
¯ÊÂÁ ‡Â‰ ‰È¯Á‡Ï˘ ‰ÚÂ·˜ ¨ÔÓÊ ˙ËÂÂ˜ ˙‡ Ï·˜Ó ¯Â˙‰ ˘‡¯·˘ ÍÈÏ‰˙‰Â „ÈÁÈ ¯Â˙· ÌÈ‡ˆÓ ‰ˆÈ¯Ï ÌÈÎÂÓ‰

Æ¯Â˙‰ ÛÂÒÏ

∫Â„„Ó demand paging ÌÚ ˙Î¯ÚÓ· Æ≥

CPU Utilization = 25% •
Paging disk Utilization = 90% •

Other I/O Utilization = 6% •

˙˘¯ ®·© ª¯˙ÂÈ ¯È‰Ó ®CPU© „·ÚÓ ®‡© ø®„·ÚÓ‰ ˙ÏÂˆÈ© CPU Utilization–‰ ˙‡ ¯Ù˘È ÌÈ‡·‰ ÌÈÈÂÈ˘‰Ó ‰ÊÈ‡
Æ¯˙ÂÈ ÏÂ„‚ ®page size© Û„ Ï„Â‚ ®‚© ª¯˙ÂÈ ‰¯È‰Ó ˙¯Â˘˜˙

®˙Â„Â˜ ≤∞© ≥ ‰Ï‡˘

10MB/sec ÂÏ˘ ˙È·¯ÈÓ‰ ÌÈÂ˙‰ ˙¯·Ú‰ ·ˆ˜˘ ÛÂ„Ù„Ï ˜ÒÈ„Â ÌÈ˙· ¥∞π∂ Ï„Â‚· ÌÈÙ„· ˙˘Ó˙˘Ó ·˘ÁÓ ˙Î¯ÚÓ
ÔÂ¯ÎÊÏ ‡È·‰Ï Ô˙È ¨swap ¯Á‡Ï ÔÂ¯ÎÊÏ ¯ÊÂÁ ÍÈÏ‰˙ ¯˘‡Î Æ®‰ÈÈ˘ ˙ÂÈÙÏ‡ ±∞© 10ms ‡Â‰ ÂÏ˘ ÚˆÂÓÓ seek ÔÓÊÂ
˘ ÁÈÂ ¨s–· working set–‰ Ï„Â‚ ˙‡ ÔÓÒ Æ®ÏÚÂÙ· ÂÏ ‰ˆ˜Â‰˘ ÈÏ‡ÂË¯ÈÂ‰ ÔÂ¯ÎÊ‰ ÏÎ© ÂÏ˘ working set–‰ ÏÎ ˙‡

ÆÂˆ˜Â‰˘ s–‰ ÍÂ˙Ó Í˘Ó‰· Ì‰· Â˘Ó˙˘È˘ ÌÈÙ„‰ ˜ÏÁ ‡Â‰ 0 < α < 1

øswap in–‰ ¯Á‡Ï „ÈÈÓ ÔÂ¯ÎÊÏ ÌÈÙ„‰ s ÏÎ ˙‡ ‡È·‰Ï È‡„Î Ì¯Â·Ú˘ α Ï˘ ÌÈÎ¯Ú‰ Ì‰Ó Æ±

øÂÈÈÂˆ˘ ÌÈÂ˙· ˘ÂÓÈ˘ ÍÂ˙ ÔÂ˘‡¯‰ ÛÈÚÒÏ ‰·Â˘˙‰ ˙‡ ÔÈËÂÏÁÏ ˜ÈÈÂ„Ó ÔÙÂ‡· ·˘ÁÏ Ô˙È Ì‡‰ Æ≤

®˙Â„Â˜ ≤∞© ¥ ‰Ï‡˘

˘ÓÓÏ Ô˙È˘ ÌÈ¯Á‡ ÌÈÏÂ„ÂÓ ˘ÈÂ ‰ÏÚÙ‰‰ ˙Î¯ÚÓÓ ˜ÏÁ ˙ÂÈ‰Ï ÌÈ·ÈÈÁ˘ ·˘ÁÓ ˙Î¯ÚÓ· ÌÈÓÈÈÂÒÓ ÌÈÏÂ„ÂÓ ˘È
˜ÏÁ ‡È‰ ÌÈˆ·˜ ˙Á˙ÂÙ˘ open ‰¯‚˘‰ ¨Ï˘ÓÏ Æuser mode–· ÏÚÂÙ‰ ÏÈ‚¯ ÍÈÏ‰˙Ó ˜ÏÁÎ ÂÏÚÙÂÈ˘ ‰Î˙ ˙ÂÈ¯ÙÒ·
Í‡ ¨open–Ï ˙‡¯Â˜ ‡È‰ Æ‰ÈÈ¯ÙÒÓ ˜ÏÁ ‡È‰ ˙ÙÒÂ ˙ÂÈÏÂÈˆÂÙ ˙˜ÙÒÓ˘ fopen ‰¯‚˘‰ ÂÏÈ‡Â ¨‰ÏÚÙ‰‰ ˙Î¯ÚÓÓ
‰Î˙‰ ÏÂ„ÂÓ Ì‡‰ ÔÈÈˆ ¨˙Â‡·‰ ˙Â‡Ó‚Â„‰Ó ˙Á‡ ÏÎ ¯Â·Ú Æ‰ÏÚÙ‰‰ ˙Î¯ÚÓÏ ıÂÁÓ ˙˘ÓÂÓÓ ˙ÙÒÂ‰ ˙ÂÈÏÂÈˆÂÙ‰
‰ÏÚÙ‰‰ ˙Î¯ÚÓÓ ˜ÏÁ ˙ÂÈ‰Ï ÌÈ·ÈÈÁ ÌÈ‡˘ ÌÈÏÂ„ÂÓ Ï˘ ÌÈ¯˜Ó· Æ‰¯ˆ˜· ˜ÓÂ ¨‰ÏÚÙ‰‰ ˙Î¯ÚÓÓ ˜ÏÁ ˙ÂÈ‰Ï ·ÈÈÁ

Æ‰ÏÚÙ‰‰ ˙Î¯ÚÓÓ ˜ÏÁ Ì‰ ‰ÓÏ ¯·Ò‰ ¨‰ÓÓ ˜ÏÁ ÔÎ Ì‰ Ï·‡

Æ¯Á‡ ·˘ÁÓ· ˙¯Á‡ ¯‡Â„ ˙·È˙Ï „Á‡ ·˘ÁÓ· ®port© ¯‡Â„ ˙·È˙Ó ˙ÂÚ„Â‰ ÁÂÏ˘Ï ¯˘Ù‡Ó‰ UDP ÏÂ„ÂÓ Æ±

Æ¯Á‡ ·˘ÁÓ· port–Ï „Á‡ ·˘ÁÓ· port ÔÈ· ÔÈÓ‡Â ¯Â„Ò ˙¯Â˘˜˙ ıÂ¯Ú ¯ÂˆÈÏ ¯˘Ù‡Ó‰ TCP ÏÂ„ÂÓ Æ≤

ÆÌÎÂ˙Ï ·Â˙ÎÏ Â‡ ¯ÈÈˆÏÂ ÍÒÓ‰ ÏÚ ˙ÂÂÏÁ ÁÂ˙ÙÏ ˙ÂÈÎ˙Ï ¯˘Ù‡Ó‰ ˙ÂÂÏÁ ÏÂ„ÂÓ Æ≥

ÆÌÈÙˆÂÓ ÌÈˆ·˜Ï ˙˘‚ÏÂ ÌÈˆ·˜ ÔÈÙˆ‰Ï ˙ÂÈÎ˙Ï ¯˘Ù‡Ó‰ ÏÂ„ÂÓ Æ¥
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