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1. Hit rate = TLB Hit/(TLB Hit + TLB Miss)
2. Spatial locality -> TLB has good hit rate

1. Arrays elements are spatially close (EDX + 4*EAX)
2. Instructions are spatially close (1024, …)

3. Temporal locality -> TLB has a good hit rate
1. Loop. Re-using same instructions which exist in 

TLB
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VPN PFN
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P1 running

P2 running

What will VPN 1  
be mapped to?
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VP
N PFN VALID PERMISSION ASID

1 4 1 R 1

39 7 1 R 1

… … 0 RW

1 30 1 RWX 2

TLB

P1 running

P2 running
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 28

1. Why to replace TLB entries?
1. Limited space

2. When to replace?
1. Newer translation found
2. Context switch

3. How to replace?
1. Remove at random
2. Remove least recently used (LRU)

1. Corner case: 
1. TLB size = N
2. N+1 page accesses in loop
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• Base & Bounds
• Pros: Very quick, 2 registers
• Cons: Contiguous block of memory -> fragmentation

• Segmentation
• Pros: Still relatively simple, 3 registers, lesser fragmentation
• Cons: Still contiguous block of memory for segment

• Paging
• Pros: Very low chances of segmentation
• Cons: Slow, lots of memory accesses; memory overhead/

process is huge!
• Paging + TLB

• Pros: Improves the address translation speed (spatial & 
temporal locality)

• Cons: Limited in size, memory overhead/process still huge
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• 12 bit offset for 4 K pages
• 30 bit address space
• 18 bit VPNs
• 4 bytes per translation -> 4 * 2^18 MB = 1 MB/process

Reducing Memory Overheads of Paging

Solution 0: Decrease the size of VA space

• 32 bit address space —> 4 GB
• 30 bit address space —> 1 GB
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• 32 bit address space with 16 KB pages
• 16 KB pages ->14 bits? 
• Remaining bits = 32 - 14 = 18

• 18 bit VPN
• # pages = 2^18

• 4 bytes per translation -> 4 * 2^18 MB = 1 MB/process

Reducing Memory Overheads of Paging

Solution 1: Increase the page size

Larger page size —> Fragmentation
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• Each PT can be different size
• Each PT has base & bounds

• Base & Bounds stored in :
• MMU
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• Multi-level paging allocates memory proportional to 
requirement
• Sparse address spaces well supported

• Previously, we needed 4 MB contiguous space for PT 
memory
• Now?

• Can place Page Tables anywhere in memory with 
multi-level paging…

Reducing Memory Overheads of Paging - 
PT + PT (Multi-level Paging)


