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Abstract Virtual memory systems (VM) reduce disk I/Os caused by page faults using page
prefetching, which reads pages together with a desired page at a page fault in a single disk I/O.
Operating systems including 4.4BSD attempt to prefetch as many pages as possible at a page fault
regardless of page access patterns of applications. However, such an approach increases a disk access
time taken to service a page fault when a high portion of the prefetched pages is not referenced. More
seriously, the approach can cause the memory pollution, a problem that prefetched pages not to be
accessed evict another pages that will be referenced soon. To solve these problems, we propose an
adaptive page prefetching control scheme (APC), which periodically monitors access patterns of
prefetched pages in a process unit. Such a pattern is represented as the ratio of referenced pages
among prefetched ones before they are evicted from memory. Then APC uses the ratio to adjust the
number of pages that 44BSD VM intends to prefetch at a page fault. Thus APC allows 44BSD VM
to prefetch a proper number of pages to have a better effect on reducing disk I/Os, though page access
patterns of an application vary in runtime. The experiment of our technique implemented in FreeBSD
6.2 shows that APC improves the execution times of SOR, SMM, and FFT benchmarks over 4.4BSD
VM by up to 57%.
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// let PHRI be prefetch hit ratio of process i causing page
fault, and PHRI is set to 1 at system booting time,
// let cur_pi be the current prefetch interval

1! set bsd_pref page_num to the number of pages which
BSD VM iatends to prefetch

2: set pref page_num to (bsd_pref page_num * PHRI)

3 fetch (pref page num + 1) pages from disk location of
faulted page using BSD VM routine

4 set prefetch bits of prefetched pages to 1

5: set prefetch bit of faulted page to 0

6 set PIs of prefetched pages to cur_pi

7: execute the rest of BSD VM routine to handle page fault

1% 7 Aeg ¢3dE

// let smallest_pi be smallest one among Pls of pages with
prefetch bit of 1 in inactive List

// let NPFi be the total number of pages prefetched by
process i during a PI

// let NHi be the total number of pages that process i has
referenced among prefetched pages during a PI

// let cur_pi be the current PI

// let cur_iet be the current IET in cur_pi

// all above parameters are set to 0 at system booting
time

// let iet_per_pi be the total number of IETs per PI

// let threshold be the minimum number of pages in free list

1: set scan_page to page on head of inactive list
2 do {

3 if (prefetch bit of scan_page == 1) then {

4: set scan_page_pi to Pl of scan_page

5 if (scan_page_pi > smallest_pi) then {

6: foreach {(process i for pages prefetched during
smallest_pi) {

7 set PHRi to (NHi / NPFi)

8 set NHi to 0

9 set NPFito0

10: }

1L set smallest_pi {0 saan_page_pi

12}

133 increment NPFi by 1
14 set prefetch bit of scan_page to 0
150 if (reference bit of scan_page == 1) then {
16 increment NHi by 1
}

19 execute BSD VM routine either to page out som_page
or to move scan_page to active list or free list

20 set scan_page to the next page of samn_page in
inactive list

21: } while (the number of pages on free list < threshold
&& scan_page is not at tail of inactive list)

22: increment cur_iet by 1

23 if (cur_iet == iet_per_pi) then {

24 increment cur_pi by 1

25 set cur_iet to 0

26}
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