
  

Page Table Indexing
● n size of memory address
● p determines PAGE SIZE
● Address of memory

– 32 bit
– 64 bit

 



  

Binary Math Applied
● Relates to LAB
● VPN points at PPN
● VPO maps to PPO



  

Binary Math Applied
●



  

Page Tables with Cache
● Locality of cache
● MMU updates



  

TLB:  Translation Lookaside Buffer

Very much a “level 0” cache.



  

Multilevel Page Tables

Nothing is free.  How much memory is being 
used for just holding references to memory?

32-bit address space with 4 KB pages using a 
4-byte page table entry:
– 4 MB page table just to hold the entries for where 

memory is.



  

Levels of Indirection
● Using PTE locations
● Can get very involved



  

VPN Construction
● Solving problems with?

– POINTERS

● Steal bits



  

Organization of Memory
● 14 bits Virtual -- 12 bits Physical – 64 byte page



  

TLB First
● 4 sets – 16 entries total – 4-way associative



  

Page Table Next
● How many total Pages are there?
● What does Valid mean?



  

Cache (L1)
● Even the bits in the PPN are a mask.
● Cache Tag (CT)
● Cache Index (CI)
● Cache Offset (CO)



  

Cache (L1)
● Even the bits in the PPN are a mask.
● Cache Tag (CT)
● Cache Index (CI)
● Cache Offset (CO)



  

Cache (L1)
● Translation of Address
● This is where HIT or MISS



  

What a mess
● Each lookup costs time
● More complexity 



  

What a mess
●



  

Level 1/2/3 PTE (Intel)



  

Level 4(4KB) PTE (Intel)
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