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Outline

1. Memory Problems
• Not enough memory

• Holes in address space

• Programs overwriting

2. What is Virtual Memory?
• Layer of indirection

• How does indirection solve above

• Page tables and translation

3. How do we implement VM?
• Create and store page tables

• Fast address translation

4. Virtual Memory and Caches
• Prevent cache performance 

degradation when using VM
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Q: Can 2 programs share a virtual cache?

A: No. The virtual cache stores data in a virtual
address, there is now way to provide isolation..

… Unless we tag the
entry or flush the TLB!



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

Cache

Virtual Index



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

Cache
PA

Tags

Virtual Index



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

Cache
PA

Tags

Virtual Index

Physical Tag



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

Cache
PA

Tags

Virtual Index

Physical Tag

Compare



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

Cache
PA

Tags

Virtual Index

Physical Tag

Compare

Physical
Address



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

Cache
PA

Tags

Virtual Index

Physical Tag

Compare

Physical
Address

Hit / Miss



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

Cache
PA

Tags

Virtual Index

Physical Tag

Compare

Physical
Address

Hit / Miss
Hit if the tag matches the Physical Address



VIPT Cache

• Virtually Indexed, Physically Tagged [VIPT] Cache
• Allows us to access the TLB and the cache concurrently

• Provides memory protection, like VM

• Basic Concept:
• Lookup data in cache with virtual address

• Verify data is correct using physical tag

• Data in cache is indexed by VA, tagged by PA
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Hit if the tag matches the Physical Address
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Illustration from the textbook
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Quiz: VIPT Caches

Q: With 4kB pages, how many Bytes can 
a direct-mapped VIPT cache store?

I. 4 kB
II. 8 kB
III. 8 MB
IV. 800 kB
V. 400 MB

A: 4 kB

We can only use the page offset bits to
index the virtual cache. With 4 kB pages we
have 12 bits of page offset. This explains
why level 1 caches are so small.

If we increase set-associativity we can make
this seem larger!



Cache Size, Page Size, Associativity

• So far we have seen direct mapped caches and TLBs

• What if we increase associativity? 𝐶𝑎𝑐ℎ𝑒 𝑆𝑖𝑧𝑒

𝑃𝑎𝑔𝑒 𝑆𝑖𝑧𝑒
= 𝐶𝑎𝑐ℎ𝑒 𝐴𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑣𝑖𝑡𝑦



COA Exam – My Solution
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