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Process Creation

• Virtual memory allows other benefits during process
creation:

– Copy-on-Write

– Memory-Mapped Files

Copy-on-Write

• Copy-on-Write (COW) allows both parent and child
processes to initially share the same pages in memory.

If either process modifies a shared page, only then is the
page copied.

• COW allows more efficient process creation as only
modified pages are copied.

• Free pages are allocated from a pool of zeroed-out pages.

Memory-Mapped Files

• 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.

• 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.

• Simplifies file access by treating file I/O through memory
rather than read() write() system calls.

• Also allows several processes to map the same file
allowing the pages in memory to be shared.

Memory Mapped Files

Page Replacement

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

• Use modify (dirty) bit to reduce overhead of page transfers
– only modified pages are written to disk.

• Page replacement completes separation between logical
memory and physical memory – large virtual memory can
be provided on a smaller physical memory.

Need For Page Replacement
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FIFO Illustrating Belady’s Anomaly Optimal Algorithm

• Replace page that will not be used for longest period of
time.

• 4 frames example
 1, 2, 3, 4, 1, 2, 5, 1, 2, 3, 4, 5

How do you know this?
• Used for measuring how well your algorithm performs.
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Optimal Page Replacement Least Recently Used (LRU)
Algorithm

• Reference string:  1, 2, 3, 4, 1, 2, 5, 1, 2, 3, 4, 5

• Counter implementation
– Every page entry has a counter; every time page is referenced

through this entry, copy the clock into the counter.
– When a page needs to be changed, look at the counters to

determine which are to change.
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LRU Page Replacement LRU Algorithm (Cont.)

• Stack implementation – keep a stack of page numbers in a
double link form:
– Page referenced:

• move it to the top
• requires 6 pointers to be changed

– No search for replacement
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Other Considerations (Cont.)

• Program structure
– int A[][] = new int[1024][1024];
– Each row is stored in one page
– Program 1 for (j = 0; j < A.length; j++)

for (i = 0; i < A.length; i++)
A[i,j] = 0;

1024 x 1024 page faults

– Program 2 for (i = 0; i < A.length; i++)
for (j = 0; j < A.length; j++)

A[i,j] = 0;

1024 page faults

Other Considerations (Cont.)

• I/O Interlock – Pages must sometimes be locked into
memory.

• Consider I/O. Pages that are used for copying a file from a
device must be locked from being selected for eviction by
a page replacement algorithm.

Reason Why Frames Used For I/O
Must Be In Memory Operating System Examples

• Windows NT

• Solaris 2

Windows NT

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

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

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

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

• 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.

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

Solaris 2

• Maintains a list of free pages to assign faulting processes.
• Lotsfree – threshold parameter to begin paging.
• Paging is peformed by pageout process.
• Pageout scans pages using modified clock algorithm.
• Scanrate is the rate at which pages are scanned. This

ranged from slowscan to fastscan.
• Pageout is called more frequently depending upon the

amount of free memory available.
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Solar Page Scanner
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Homework II

• The objective is to create a program that simulates a
Virtual Memory Subsystem. This program should accept
memory requests (e.g. read_mem(address),
write_mem(address, value)) over network (socket)
connections.

• You will be given a sample application the sorts integers
and you are expected to write two additional applications,
one to calculate the dot product of two matrices and
another to add two matrices.

• The VM simulator is expected to be able to satisfy
concurrent requests from any number of applications.


