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End-to-end	Core	i7	Address	Translation
CPU

VPN VPO
36 12

TLBT TLBI
432

...

L1	TLB	(16	sets,	4	entries/set)

VPN1 VPN2
99

PTE

CR3

PPN PPO
40 12

Page	tables

TLB
miss

TLB
hit

Physical
address	
(PA)

Result
32/64

...

CT CO
40 6

CI
6

L2,	L3,	and	
main	memory

L1	d-cache	
(64	sets,	8	lines/set)

L1
hit

L1
miss

Virtual	address	(VA)

VPN3 VPN4
99

PTE PTE PTE



6Bryant	and	O’Hallaron,	Computer	Systems:	A	Programmer’s	Perspective,	Third	Edition

Cute	Trick	for	Speeding	Up	L1	Access

¢ Observation
§ Bits	that	determine	CI	identical	in	virtual	and	physical	address
§ Can	index	into	cache	while	address	translation	taking	place
§ Cache	carefully	sized	to	make	this	possible:	64	sets,	64-byte	cache	blocks
§ Means	6	bits	for	cache	index,	6	for	cache offset
§ That’s	12	bits;	matches	VPO,	PPOà One	reason	pages	are	212 bits	=	4	KB
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Virtual	Address	Space	of	a	Linux	Process
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