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9 8 7 6 5 4 3 2 1 O

Tag Index Byte

(a) Memory address

Index Tag Data
000 / /
001 ~
010 ‘k;:igf
011 | 00000 N \
100 \
101 :
110 *
111
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Address
0000000000

0000000100
0000001000
0000001100
0000010000
0000010100
0000011000
0000011100

1111100000
1111100100
1111101000
1111101100
1111110000
1111110100
1111111000
1111111100

Data

Main memory

(b) Cache mapping




13-4

9 7 6 5 3 2 1 0
Tag Byte
(a) Memory address
Tag Data
000 | 00000100
001 | 00000111
010
011 | 11111100
100
101 | 00000010
110
111 | 11111000
Cache
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Address Data

0000000000

0000000100

0000001000

0000001100

0000010000

0000010100

0000011000

0000011100

1111100000

1111100100

1111101000

1111101100

1111110000

1111110100

1111111000

1111111100

Main memory

(b) Cache mapping
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9 8 7 6 5 4 3 2 1 O
Tag Index | Byte
(a) Memory address
Index Tag Data Tag Data
00 | 111111 | 000001
01 \ /
10 008000 ¥
11 | ooooo1 < ~C
Cache ache
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Address
0000000000
0000000100
0000001000
0000001100
0000010000
0000010100
0000011000
0000011100

1111100000
1111100100
1111101000
1111101100
1111110000
1111110100
1111111000
1111111100

Data

Main memory

(b) Cache mapping
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> memory 1 | memory O | memory 1 | memory 0
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Index

00

01

10

11

9 8 7 6 5 4 3 2 1 0

Tag Index|\Word

Byte

(a) Memory address

Tag 0 Data O/bv/

Tag 1 Datal Word rd
00 0000 4~ L0

01 ~~ |11

10 P 0
P s

0000 «1 00 0000 ~ | o0
01 01

10 10

11 11

1111 - 00 00
-1 o1 — o=

-1 10 ‘ 10

- 11 Tt

00 00

01 01

10 10

11 11

Cache
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(b) Cache mapping

000000 0000
000000 0100
000000 1000
000000 1100
000001 0000
000001 0100
000001 1000
000001 1100

111110 0000
111110 0100
111110 1000
111110 1100
111111 0000
111111 0100
111111 1000
111111 1100

Main memory
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31 17 16 4 3 2 1 0
Tag Index Word | Byte
(a) Memory address
Address bus i
CPU < Main
L | 32 memory
AUmis =¥ T s 128 Hit/miss
Read —| Cache Cache data bus < Main
Write — control Tag ,128 1,2 memory
, Y L A
137
A |, | 4-to-1
Index-*/ Tag . Tag . Data . Data . </ 32 MUX
memory memory 0 | memory 1| memory Word
Valid bits 1 —
Valid bits 0 l YYVYYVYY
Y Y Y
Match logic||Match logic
Match 1 |Match O fD
—\ :} 1
__/ ° Y
Read l_

CPU data bus

y ZZ Write ?3 Read on
Z Mmiss
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(b) Cache diagram

/

32
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Address bus

CPU i Main
Hit/ | 32 ,memory
miss Y 15 128 Read miss Hit/miss
Read— Cache T Memory data bus 7~ —T
Write—| control X9 128" |2
/ Y L A
13 I
A ; b-|4-to-1
o Tag Tag Data Data 321 MUX
Index /;r memory 1 | memory 0 |memory 1| memory 0 [i«3— ;
\Wor
Valid bits 1 ’/ I
Valid bits 0 — l YYVYVYYY I
Y Y Y |
Match logic|| Match logic [
Match1 |[Match0 :
— ? |
_ﬁj |
|
Read _ L 07WriteZZ>r Write 3/ Rgad on
Read hit < I MISS
CPU data bus . - |
Read miss— 32
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31 12 11

Virtual page number Page offset

Virtual address

23 12 11

Physical page

frame number Page offset

Physical address

¢ Virtual page

00000
Physical page frame 00001
000 00002
001 00003
002 00004
003 00005
[ ] [ ]
[ ] L]
[ ] [ ] ° °
[ ] [ ]
FFC y °
FFD
FFE FFFFA
FFF FFFFB
Main memory FFFFC
FFFFD
) FFFFE
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Validity bit

Dirty bit
,Z y Used bit

Physical page frame number
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Directory page pointer

Pages

31 22 21 12 11 0
Virtual page number
. Page offset
Directory offset | Page table offset
Directory Page table
> Page
° table
. page
number
Y
) —
PY [ )
P o
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Physical
page
R number
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[ )
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