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Segments: 
0=>code 
1=>heap 
2=>stack. 

0x0000 0x1000 0x2000 0x3000 0x4000 

0x4000 0x5000 0x6000 0x7000 0x8000 

Virt Mem 

Phys Mem 

? ? ? 
Code Heap Stack 

Seg Base Bounds 

0 

1 

2 

0xfff  

0xfff  
0x7ff  

0x4000 

0x5800 

0x6800 

Where doe segment table live? 

All registers, MMU 



9/18/15	  

3	  

Seg Base Bounds 

0 0x4000 0xfff  

1 0x5800 0xfff  

2 0x6800 0x7ff  

0x4010 

0x5900 

0x4013 

0x4019 

0x5900 

%rip: 0x0010 

Total of  5 memory references (3 instruction fetches, 2 movl) 

Segment A 

Segment C 

Segment D 

Segment B 

Segment E 

No contiguous space! 

useful 

free 

Allocated to requester 

Internal 

External 
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Process 1 

Process 2 
Logical View 

P
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Process 3 

page number 

frame number 

page offset 

page offset 

Logical address 

Physical address 

32 bits 

translate 

20 bits 12 bits 

No addition needed; just append bits correctly… 

How does format of  address space determine number of  pages and size of  pages? 
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Page Size Low Bits (offset) 

16 bytes 4 

1 KB 10 

1 MB 20 

512 bytes 9 

4 KB 12 

Given known page size, how many bits are needed in address to specify offset in page? 

Page Size Low Bits 
(offset) 

Virt Addr Bits High Bits 
(vpn) 

16 bytes 4 10 6 

1 KB 10 20 10 

1 MB 20 32 12 

512 bytes 9 16 5 

4 KB 12 32 20 

Given number of  bits in virtual address and bits for offset,  
how many bits for virtual page number? 

Correct? 

7 
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Page Size Low Bits 
(offset) 

Virt Addr Bits High Bits 
(vpn) 

16 bytes 4 10 6 

Virt Pages 

1 KB 10 20 10 

1 MB 20 32 12 

512 bytes 9 16 5 

4 KB 12 32 20 

Given number of  bits for vpn, how many virtual pages can there be in an address space? 

64 

1 K 

4 K 

32 

1 MB 

0 1 0 1 0 1 

VPN offset 

1 1 0 1 0 1 1 0 

PPN offset 

Addr Mapper

Big array: pagetable 

Number of  bits in 
virtual address 
format does not 
need to equal 
number of  bits in 
physical address 
format  
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Virt Mem 

Phys Mem 

P2 P3 P1 

Virt Mem 

Phys Mem 

P2 P3 

0 1 2 3 4 5 6 7 8 9 10 11 

P1 

Page Tables: 

P1 
3
1
7
10

P2 
0
4
2
6

P3 
8 

5 

9 

11 
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Assume PT is at phys addr 0x5000 
Assume PTE’s are 4 bytes 
Assume 4KB pages 
How many bits for offset?  

Simplified view 
of  page table 

2
0
80
99

Pagetable is slow!!! Doubles memory references

12 

Old: How many mem refs with segmentation? 

5 (3 instrs, 2 movl) 
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Stack 

Code 

Heap 


