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VIRTUAL MEMORY

ANNOUNCEMENTS




MOTIVATION

Virtual Memory
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Virtual Memory
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Code: many large libraries, some of which are rarely/never used

How to avoid wasting physical pages to store rarely used
virtual pages?
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Virtual Memory
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copy (or move)to RAM

Called “paging” in

LOCALITY OF REFERENCE




MEMORY HIERARCHY

VIRTUAL MEMORY
INTUITION




VIRTUAL ADDRESS SPACE
MECHANISMS

PRESENT BIT




VIRTUAL MEMORY
MECHANISMS

MECHANISM FOR
CONTINUING A PROCESS




VIRTUAL MEMORY
POLICIES

PAGE SELECTION




BREAK

PAGE REPLACEMENT




PAGE REPLACEMENT

EXAMPLE

PAGE REPLACEMENT
COMPARISON
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FIFO PERFORMANCE MAY

DECREASE!

PROBLEMS WITH
LRU-BASED REPLACEMENT
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IMPLEMENTING LRU
(CONCEPTUALLY)

CLOCK ALGORITHM
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CLOCK:
LOOK FOR A PAGE

use=l use=l wuse=0 use=l

Physical Mem: b 1 2 I3

clock hand
Running process accesses page on disk; must page it in
Need to find page to replace; which will OS pick?

CLOCK:
LOOK FOR A PAGE

use=0 wuse=l wuse=0 use=l

PhysicalMem:b 1 2 I3

clock hand

Need to find page to replace; which will OS pick?

Clear usebit forpage 0 and advanceclock hand...
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CLOCK:
LOOK FOR A PAGE

use=0 use=0 use=0 use=l

Physical Mem: b 1 2 I3

clock hand

Need to find page to replace; which will OS pick?

Clear usebit forpage 1 and advanceclock hand...

CLOCK:
LOOK FOR A PAGE

use=0 use=0 wuse=0 use=l

PhysicalMem:b 1 |2' 3

clock hand

Need to find page to replace; which will OS pick?

Evictpage 2 because it has not been recently used
Load physical page 2 with new contents from disk
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CLOCK:
LOOK FOR A PAGE

use=0 use=0 use=0 use=l

Physical Mem: b 1 2' I3

clock hand

Continue the running process

Imagine page 0 is accessed...

CLOCK:
LOOK FOR A PAGE

use=l use=0 wuse=0 use=l

Physical Mem: b 1 2' I3
t

clock hand

Continue the running process

Set use bit forpage 0

Process accesses page on disk; need to find another victim page
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CLOCK:
LOOK FOR A PAGE

use=l use=0 wuse=0 use=0

Physical Mem: b 1 2' I3

clock hand

CLOCK:
LOOK FOR A PAGE

use=0 use=0 use=0 use=0

Physical Mem: b 1 2' I3
t

clock hand
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CLOCK:
LOOK FOR A PAGE

use=0 use=0 use=0 use=0

t

clock hand

Evictpage 1 because it has not been recently used

CLOCK EXTENSIONS
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WHAT IF NO
HARDWARE SUPPORT?

CONCLUSIONS
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