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Address Manipulation

request from CPU: |

n-bit virtual address

split to access TLB:

(on TLB miss) access PT: |

m-bit physical
address:

A 4

TLB Index| Page Offset

Virtual Page Number

| Page offset
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TRANSLATION

| Physical Page Number | Page offset

split to access cache:
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Y

Cache Index|BIock offsetl
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Simple Memory System Example (small)

« Addressing
= 14-bit virtual addresses

= 12-bit physical address

= Page size = 64 bytes

13

12

11

10 9 8 7 6

|

|

|

[

VPN

Virtual Page Number

VPO

PPN

PPO

Physical Page Number

Physical Page Offset
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Summary of Address Translation Symbols

« Basic Parameters
= N = 2" Number of addresses in virtual address space

= M = 2™ Number of addresses in physical address space
= P = 2P Page size (bytes)

« Components of the virtual address (VA)
= VPO Virtual page offset
= VPN Virtual page number
= TLBI TLB index

= TLBT TLB tag

<« Components of the physical address (PA)
= PPO Physical page offset (same as VPO)
= PPN Physical page number
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Simple Memory System: Page Table
)

<« Only showing first 16 entries (out of
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= Note: showing 2 hex digits for PPN even though only 6 bits

= Note: other management bits not shown, but part of PTE

VPN | PPN | Valid VPN
0 28 1 8
1 - 0 9
2 33 1 A
3 02 1 B
4 - 0 C
5 16 1 D
6 - 0 E
7 - 0 F

PPN | Valid
13 1
17 1
09 1

- 0
- 0
2D 1
- 0
oD 1
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Simple Memory System: TLB

« 16 entries total
Why does the

+ 4-way set associative TLB ignore the

page offset?

TLBtag — > TLBindex
13 12 11 10 9 8 7 6 5 4 3 2 1 0

N O

«—— virtual page number ————»«—— virtual page offset ——
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Set | Tag | PPN | Valid| Tag | PPN | Valid| Tag | PPN | Valid| Tag | PPN | Valid
0 03 - 0 09 | 0D 1 00 - 0 07 | 02 1
1 03 | 2D 1 02 - 0 04 - 0 0A - 0
2 02 - 0 08 - 0 06 - 0 03 - 0
3 07 - 0 03 | 0D 1 0A | 34 1 02 - 0
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Current State of Memory System
Page table (partial):
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TLB: — — — — ven[PPN] vV | veN[PPN] V
Set |Tag PPN | V |Tag|PPN| V |Tag|PPN| V |Tag|PPN| V 0|28 1 8 | 13| 1
0|03 -10ofooiopi1{o0i -10f0710211 1| -Jo]| 9 [217]1
1 [o3i2p1 1021 -10f04a1 -10]0AlI -0 2 331 A 091
2 o2 - 10081 -10f061 -10]031-10 202(1) E ‘8
3 o7i -10]03i0oDi1]0A13411f|021-10 s Mel1] o ol

6| -|o E| - o

7 -To Flob|1

Cache:

Index| Tag | v | Bo B1 B2 B3 |index| Tag | v | Bo B1 B2 B3
0 19 1 99 | 11 | 23 | 11 8 24 1 | 3a | oo | 51 | 89
1 15 0 - - - - 9 [ 20| o - - - -
2 1B 1 | o0 | 02| 04 | 08 A | 20 1 93 | 15 | DA | 3B
3 36 | 0 - - - - B | o8| o - - - -
a | 32 1 | 43 | 6D | 8F | 09 c 12 0 - - - -
5 | oD 1 36 | 72 | F0 | 1D p | 16 1 | o4 | 96 | 34 | 15
6 | 31 0 - - - - E 13 1 83 | 77 | 18 | D3
7 16 1 11 | c2 | oF | 03 F 14 | o - - - -
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Simple Memory System: Cache
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Note: It is just
coincidence that the

PPN is the same width
as the cache Tag

Direct-mapped with K=4B, C/K=16
Physically addressed

cache tag cache index —cache offset

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

LT 1T

<— physical page number —<«— physical page offset ——

Tag | Valid | BO B1 B2 B3 | Index| Tag | Valid | BO B1 B2 B3
19 1 99 11 23 11 8 24 1 3A 00 51 89
15 0 - = = - 9 2D 0 - = = -
1B 1 00 02 04 08 A 2D 1 93 15 DA 3B
36 0 - - = - B 0B 0 - - = -
32 1 43 6D 8F 09 C 12 0 - - - -
0D 1 36 72 FO 1D D 16 1 04 96 34 15
31 0 - - - - E 13 1 83 77 1B D3
16 1 11 C2 DF 03 F 14 0 - = = -
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Note: Itis just

Memory Request Example #1 coincidence that the

PPN is the same width
as the cache Tag

« Virtual Address: 0x03D4

< TLBT ><«— TLBl —
13 12 11 10 9 8 7 6 5 4 3 2 1 0

(oJofJofoJafafs]afojafofs]ofo]
: VPN - VPO >

VPN TLBT TLBI TLBHit? __ PageFault? __ PPN

« Physical Address:

< CT > < Cl »<«—CO —

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

«— PPN . PPO —

CT Cl co Cache Hit? __ Data (byte)
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Note: Itis just

Memory Request Example #2 coincidence that the

PPN is the same width
as the cache Tag

« Virtual Address: 0x038F

< TLBT ><«— TLBl —
13 12 11 10 9 8 7 6 5 4 3 2 1 0

loJoJoJofafa]a1jofofofa1[1]1]1)]
. VPN - VPO >

VPN TLBT TLBI TLBHit? __  PageFault? __ PPN

« Physical Address:

< CT > < Cl »<«—CO —
11 10 9 8 7 6 5 4 3 2 1 0

«— PPN . PPO —

CT Cl co Cache Hit? __ Data (byte)
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Note: Itis just

Memory Request Example #3 coincidence that the

PPN is the same width
as the cache Tag

« Virtual Address: 0x0020

< TLBT ><«— TLBl —
13 12 11 10 9 8 7 6 5 4 3 2 1 0

loJofJofojofofojof1]ofofo]ofo]
: VPN - VPO >

VPN TLBT TLBI TLBHit? __ PageFault? __ PPN

« Physical Address:

< CT > < Cl »<«—CO —
11 10 9 8 7 6 5 4 3 2 1 0

«— PPN . PPO —

CT Cl co Cache Hit? __ Data (byte)

32

YA UNIVERSITY of WASHINGTON L24: Virtual Memory Il CSE 351, Winter 2022

Note: Itis just

Memory Request Example #4 coincidence that the

PPN is the same width
as the cache Tag

« Virtual Address: 0x036BR

< TLBT ><«— TLBl —
13 12 11 10 9 8 7 6 5 4 3 2 1 0

loJoJoJofa]ajo|1[a]of1]of1]1]
. VPN - VPO >

VPN TLBT TLBI TLBHit? __  PageFault? __ PPN

« Physical Address:

< CT > < Cl »<«—CO —
11 10 9 8 7 6 5 4 3 2 1 0

«— PPN . PPO —

CT Cl co Cache Hit? __ Data (byte)
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