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Valid-Invalid Bit

B With each page table entry a valid—invalid bit is
associated
(1 = in-memory, 0 = not-in-memory)

B |[nitially valid—invalid but is set to 0 on all entries.

B Example of a page table snapshot.
Frame # valid-invalid bit

1

O|=|—a|—a

o

page table
B During address translation, if valid—invalid bit in page

table entry is 0 = page fault. 1}/»! §
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Memory-Mapped Files

B Memory-mapped file I/O allows file I/O to be treated as routine
memory access by mapping a disk block to a page in memory.

m A file is initially read using demand paging. A page-sized portion
of the file is read from the file system into a physical page.
Subsequent reads/writes to/from the file are treated as ordinary
memory accesses.

B Simplifies file access by treating file /0 through memory rather
than read() write() system calls.

B Also allows several processes to map the same file allowing the
pages in memory to be shared.
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Memory Mapped Files
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Page Replacement

B Prevent over-allocation of memory by modifying page-
fault service routine to include page replacement.

B Use modify (dirty) bitto reduce overhead of page
transfers — only modified pages are written to disk.

B Page replacement completes separation between logical
memory and physical memory — large virtual memory can
be provided on a smaller physical memory.
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~ First-In-First-Out (FIFO) Algorithm

B Reference string: 1,2, 3,4,1,2,5,1,2,3,4,5
B 3 frames (3 pages can be in memory at a time per

process)

1 4 5
2 1 3 9 page faults
3 2 4

B 4 frames
1 5 4
2 1 5 10 page faults
3 2
4 3

B FIFO Replacement — Belady’s Anomaly

more frames = less page faults E}/ﬁl s
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FIFO Page Replacement

reference string
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reference string
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Use Of A Stack to Record The Most Recent Page References

reference string
4 7 0 7 A1 0o 1 2 1 2 7 1 2
2 7 a b
1 2
0 1
7 0
4 4
stack before a stack after b
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LRU Approximation Algorithms

B Reference bit
With each page associate a bit, initially = 0
When page is referenced bit set to 1.
Replace the one which is 0 (if one exists). We do not know
the order, however.
B Second chance
Need reference bit.
Clock replacement.

If page to be replaced (in clock order) has reference bit = 1.
then:

v set reference bit 0.
v leave page in memory.

v replace next page (in clock order), subject to same
rules.
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Windows NT

B Uses demand paging with clustering. Clustering brings
in pages surrounding the faulting page.

B Processes are assigned working set minimum and
working set maximum.

B Working set minimum is the minimum number of pages
the process is guaranteed to have in memory.

B A process may be assigned as many pages up to its
working set maximum.

B When the amount of free memory in the system falls
below a threshold, automatic working set trimming is
performed to restore the amount of free memory.

B Working set trimming removes pages from processes that
have pages in excess of their working set minimum.
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Solaris 2

B Maintains a list of free pages to assign faulting processes.
B Lotsfree — threshold parameter to begin paging.

B Paging is peformed by pageout process.

B Pageout scans pages using modified clock algorithm.

B Scanrate is the rate at which pages are scanned. This
ranged from slowscan to fastscan.

B Pageout is called more frequently depending upon the
amount of free memory available.
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