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Virtual Memory

• Main memory can act as a cache for the secondary storage (disk)

Advantages:

– illusion of having more physical memory

– program relocation 

– protection

Virtual addresses Physical addresses

Address translation

Disk addresses



Pages:  virtual memory blocks
• Page faults:  the data is not in memory, retrieve it from disk

– huge miss penalty, thus pages should be fairly large (e.g., 4KB)

– reducing page faults is important (LRU is worth the price)

– can handle the faults in software instead of hardware

– using write-through is too expensive so we use writeback

Virtual page number Page offset

31 30 29 28 27 3 2 1 015 14 13 12 11 10 9 8

Physical page number Page offset

29 28 27 3 2 1 015 14 13 12 11 10 9 8

Virtual address

Physical address

Translation



Page Tables
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Page Tables
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Making Address Translation Fast
• A cache for address translations:  translation lookaside buffer
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Typical values:  16-512 entries, 

miss-rate:  .01% - 1%

miss-penalty:  10 – 100 cycles



TLBs and caches
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TLBs and Caches

=

=

20

Virtual page number Page offset

31   30   29 3   2   1   014   13   12   11   10   9

Virtual address

TagValid Dirty

TLB

Physical page number

TagValid

TLB hit

Cache hit

Data

Data

Byte

offset

=

=

=

=

=

Physical page number Page offset

Physical address tag Cache index

12

20

Block

offset

Physical address

18

32

8 4 2

12

8

Cache



Modern Systems
•



Modern Systems

• Things are getting complicated!



• Processor speeds continue to increase very fast

— much faster than either DRAM or disk access times

• Design challenge:  dealing with this growing disparity

– Prefetching?  3rd level caches and more?  Memory design?

Some Issues
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