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is page in RAM? Physical memory Physical page #
(DRAM) CPU .
) Page Table Virtual address (VA)
Virtual page # (DRAM) VP1 PP O Page table
. i base register _{ Virtual page number (VPN) | Virtual page offset (VPO)
Valid PPN/Disk Addr VP2 PP1 (PTBR)
PTEO: 0] 0 null /
PTEL: 1] 1 — vp7 PP2
pTE2: 2|1 «— VP 4 PP3 Page table address Page table
PTE3: 3|0 . _ for process Valid PPN
pTE4: 4|1 — -] Virtual memory
PTES: 5|0 null sl (DRAM/disk)
PTE6: 6] 0 .~ ~ R —>
pTE7: 7 (1 o T~ T~
RN BRI Valid bit = 0:
i . \‘~\\ VP3 page not in memory €—————-
+ Page tables stored in physical memory "~~-__ (page fault) i
= Too big to fit elsewhere — managed by MMU & OS S~s VP 6 Physical page number (PPN) | Physical page offset (PPO)
+ How many page tables in the system? In most cases, the MMU can  Physical address (PA)
perform this translation
® One per process without software assistance
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Page Hit Page Fault

« Page hit: VM reference is in physical memory « Page fault: VM reference is NOT in physical memory

Page Table (DRAM)

Physical memory

Page Table (DRAM) Physical memory

Valid PPN/Disk Addr (DRAM) Virtual address Valid PPN/Disk Addr (DRAM)
PTEO| O null / VP1 PP O PTEO| O null / VP1 PP O
1 | VP2 PP1 1 | VP2 PP1
(1) — T VP 7 PP 2 (1) La— T VP 7 PP 2
Q Q
T - ——— VP4 PP3 1 S — VP4 PP3
0 null S 0 null S
0 . N Virtual memory 0 L N Virtual memory
PTE7 | 1 FSs ~ (DRAM/disk) PTE7 | 1 FSs N (DRAM/disk)
A \\\ \\\ \\\
. VP 3 AR VP 3
Example: Page size = 4 KiB A Example: Page size = 4 KiB A
S Provide a virtual address request (in hex) that S
Virtual Addr: |0x00740b| Physical Addr: VP 6 results in this particular page fault: VP 6
VPN: PPN: Virtual Addr:
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Polling Question

« How many bits wide are the following fields?

= 16 KiB pages

= 48-bit virtual addresses
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® 16 GiB physical memory

(B)

VPN PPN
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