Exercise: Fully Associative Cache: how many (total) Misses?

Using byte addresses in this exercise!

Processor Cache RAM Blocks (8 bytes)
4 blocks in cache
2 words per block 0| Daoa7z
1|Da8a15
8 byte-addr.s per block 2
cache = M[ 508 ] X8 Da 24 a 31
cache — M[ 1016 ] v tag data addr.s
cache —« M[ 504 ] ol
cache—~M[ 24 ]
cache = M[ 540 ]
0
SR DERYIER
0 66 |Da 528 a..
5 YAl Da 536 a..

vy

IK¥8 Da 1048..
IKY8 Da 1056..




1st Access

Using RAM block number as tag (and: fully assoc.=>no index)

Processor Cache RAM Blocks (8 bytes)
O| Da0Oa?7
1|Da8a15
2
mmpcache — M[ 508 ] tag data addr.s X8 Da 24 a 31
cache —« M[ 1016 ] \ —
cache = M[ 504 ] ol 62
cache—~M[ 24 ]
cache =« M[ 540 ] 63
o 64
SR DERYIER
0 66 |Da 528 a..
YAl Da 536 a..
0
127
1 X¥W Da 1048..

IKY8 Da 1056..

) *



1st Access

Processor Cache RAM Blocks (8 bytes)
O| Da0a7
1|Da8ai15
2
mm)cache — M[ 508 M fag dataaddrs X8 Da 24 a 31
cache —« M[ 1016 ] \ -
cache ~ M[ 504 ] | X 504..
cache—~M[ 24 ] 511
cache = M[ 540 ] -
0|
65 |Da 520 a..
0 66 |Da 528 a..
YAl Da 536 a..
0
127
Misses: 1
HitS: 0 131 Da 1048..

IKY8 Da 1056..




2nd Access

Processor Cache RAM Blocks (8 bytes)
O| Da0Oa?7
1|Da8a15
2
cache =« M[ 508 M X8 Da 24 a 31

mm)cache — M[ 1016 ] y tag dataaddr.s

cache = M[ 504 ] 1l 63 504..
cache—M[ 24 ] 511
cache = M[ 540 ] =
ol
65 |Da 520 a..
0 66 [Da 528 a..
YAl Da 536 a..
0
127
Misses: 1
Hits: 0 IK¥8 Da 1048..

IKY8 Da 1056..




2nd Access

Processor

cache—~M[ 508 M
m)cache — M[ 1016 M
cache—~M[ 504 ]
cache—~M[ 24 ]
cache —~ M[ 540 ]

Cache

vy tag data addr.s

1] 63 504..
..511
1 127 | 1016..
..1023
0]
0
Misses: 2
Hits: 0

RAM Blocks (8 bytes)

O| Da0a7?
DERERE]

1
2
K

Da 24 a 31

65 |Da 520 a..
66 |Da 528 a..
YAl Da 536 a..

vy

IK¥8 Da 1048..
IKY8 Da 1056..

(¢ 1}




3rd Access

Byte 504 is in a block already in cache! (block 63 in RAM, block 0 in cache)

Processor Cache RAM Blocks (8 bytes)
O| Da0a7
1| Da8ai5
2
cache =« M[ 508 M X8 Da 24 a 31
cache - M[ 1016 M Vv tag data addr.s
E)cache — M[ 504 ] 1 63 | 504.. 62
cache—~M[ 24 ] 511
cache = M[ 540 ] v 63
1] 127 | 1016.. 64
..1023 65 |Da 520 a..
0 66 |Da 528 a..
YAl Da 536 a..
0
127
Misses: 2
Hits: 0 IK¥8 Da 1048..

IKY8 Da 1056..




3rd Access

Processor Cache RAM Blocks (8 bytes)
O| Da0a7
1| Da8a15
2
cache =« M[ 508 M X8 Da 24 a 31
cache = M[ 1016 M v tas data addr.s
E)cache — M[ 504 ]H 1 63| 504..
cache—~M[ 24 ]
..511
cache = M[ 540 ]
1] 127 | 1016..
1023 65 |Da 520 a..
0 66 [Da 528 a..
YA Da 536 a..
0
127
Misses: 2
Hits: 1 131 Da 1048..

IKY8 Da 1056..




4th Access

Processor Cache RAM Blocks (8 bytes)
O| Da0a7
1| Da8ai5
2
cache =« M[ 508 M X8 Da 24 a 31
cache = M[ 1016 M v tas data addr.s
cache—~M[ 504 ]H 1| 63 504..
mm)cache —« M[ 24 | 511
cache —M[ 540 | | 1f 127 1016.. =
| ..1023 65 [Da 520 a..
ﬂ_, 66 [Da 528 a..
YAl Da 536 a..
%
127
Misses: 2
HitS: 1 131 Da 1048..

IKY8 Da 1056..




4th Access

Processor Cache RAM Blocks (8 bytes)
O| Da0a7
1| Da8ai5
2
cache =« M[ 508 M X8 Da 24 a 31
cache = M[ 1016 M v tas data addr.s
cache—~M[ 504 ]H 1| 63 504..
mm)cache — M[ 24 |M 511
cache —M[ 540 | | 1f 127 1016.. =
| ..1023 65 [Da 520 a..
ﬂ_?" 24.. 66 |Da 528 a..
.31 67 DrE
%
127
Misses: 3
Hits: 1 131 Da 1048..

IKY8 Da 1056..




5th Access

Processor Cache RAM Blocks (8 bytes)
O| Da0Oa?7
1|Da8a15
2
cache =« M[ 508 M X8 Da 24 a 31

vy tag data addr.s

cache—~M[ 1016 M

cache « M[ 504 |H 1| 63 | 504..
cache—~M[ 24 |M 511
mmjcache —M[ 540 ] [4] 127 ]1016.. -
..1023 65 [Da 520 a..
24..

66 |Da 528 a..

YAl Da 536 a..
127
Misses: 3
Hits: 1 iKY Da 1048..

IKY8 Da 1056..

+o1



5th Access

Processor

cache—~M[ 508 M
cache—~M[ 1016 M
cache—~M[ 504 ]H
cache—~«M[ 24 |M
mmpcache — M[ 540 M

Cache

vy tag data addr.s

X 504..

..511

I 1| 1271 1016..
..1023

1) 3 ’24..
.31

1] 67 | 536..

..043

Misses: 4

Hits: 1

RAM Blocks (8 bytes)

O| Da0a7?
DERERE]

1
2
K

Da 24 a 31

65 |Da 520 a..
66 |Da 528 a..
YAl Da 536 a..

vy

IK¥8 Da 1048..
IKY8 Da 1056..

4.4
e o




First use of LRU

Cache full, byte’s block missing => replace based on LRU

Processor

cache—~M[ 508 M
cache—~M[ 1016 M
cache—~M|[ 504 ]H
cache—~M[ 24 |M
cache—~M[ 540 M

mm) cache — M[ 1048 ]
cache — M[ 1052 ]
cache — M[ 1056 ]
cache — M[ 540 ]
cache—~M[ 24 ]
cache —~ M[ 536 ]

Cache

vy tag data addr.s

| X 504..
..511
1| 127 | 1016..
| ..1023
1] 3 ’24..
.31
1| 67 | 536..
..543
Misses: 4
Hits: 1

RAM Blocks (8 bytes)

O| Da0a7?
DERERE]

1
2
K

Da 24 a 31

62
63
64
65 |Da 520 a..
66 |Da 528 a..
YAl Da 536 a..

vy

IK¥8 Da 1048..
IKY8 Da 1056..




Least recently used block in cache is:

Processor Cache RAM Blocks (8 bytes)
O| ba0a7
1| Da8ai5
2
cache = M[ 508 M X8 Da 24 a 31
cache —« M[ 1016 M v EIE SRR il
cache = M[ 504 ] 1| 63 504.. 62
cache—~M[ 24 ] 511
cache = M[ 540 ] L X
1| 127 | 1016.. 64
mm) cache — M[ 1048 ] [ 1023 65 |Da 520 a..
cache — M[ 1052 ] 1] 3 |24..
cache — M[ 1056 ] ‘ 31 66 |Da528 a..
cache «~ M[ 540 ] 1] 67 53_6 67 Da 536 d..
cache = M[ 24 ] —L
cache — M[ 536 ] .543 127
Misses: 4
Hits: 1 iKY Da 1048..
Ky Da 1056..

+31




Processor

cache—~M[ 508 M
cache—~M[ 1016 M
cache—~M|[ 504 ]H
cache—~M[ 24 |M
cache—~M[ 540 M

mm) cache — M[ 1048 [M!

cache — M[ 1052 ]
cache — M[ 1056 ]
cache — M[ 540 ]
cache—~M[ 24 ]

cache —~ M[ 536 ]

Cache

vy tag data addr.s

1] 63 504..
..511
1] 131] 1048..
| ..1055
1] 3 ’24..
.31
1] 67 | 536..
..543
Misses: 4+1
Hits: 1

RAM Blocks (8 bytes)

O| Da0a7?
DERERE]

1
2
K

Da 24 a 31

65 |Da 520 a..
66 |Da 528 a..
YAl Da 536 a..

vy

IK¥8 Da 1048..
IKY8 Da 1056..




A Hit

Processor

cache—~M[ 508 M
cache—~M[ 1016 M
cache—~M|[ 504 ]H
cache—~M[ 24 |M
cache—~M[ 540 M

cache — M[ 1048 M!

mm) cache — M[ 1052 | H

cache — M[ 1056 ]
cache — M[ 540 ]
cache—~M[ 24 ]

cache —~ M[ 536 ]

Cache

vy tag data addr.s

1] 63 504..
..511
1] 131]1048..
| ..1055
1] 3 ’24..
.31
1] 67 | 536..
..543
Misses: 4+1
Hits: 2

RAM Blocks (8 bytes)

O| Da0a7?
DERERE]

1
2
K

Da 24 a 31

65 |Da 520 a..
66 |Da 528 a..
YAl Da 536 a..

vy

IK¥8 Da 1048..
IKY8 Da 1056..




LRU a second time

Least recently used block in cache is:

Processor

cache—~M[ 508 M
cache—~M[ 1016 M
cache—~M|[ 504 ]H
cache—~M[ 24 ]
cache —~ M[ 540 ]

cache — M[ 1048 [M!
cache = M[ 1052 ]H
mm) cache — M[ 1056 ]
cache — M[ 540 ]
cache—~M[ 24 ]
cache —~ M[ 536 ]

Cache

vy tag data addr.s

1] 63 504..
..511
1] 131]1048..
| ..1055
1] 3 ’24..
.31
1] 67 | 536..
..543
Misses: 4+1
Hits: 2

R/AM Blocks (8 bytes)

0)
1
2
K

62
63
64
65
66
.y

vy
131
132

DaOa7

DERERE]

Da 24 a 31

Da 520 a..

DERYLER
Da 536 a..

Da 1048..
Da 1056..




Processor Cache RAM Blocks (8 bytes)

O| Da0a7?
DERERE]

1
2
K

cache —M[ 508 M
cache—~M[ 1016 M

y tas dataaddr.s Da 24 a 31

cache—~M[ 504 ]H 1| 1321 1056..
b Ml 340 M 1063
1] 131 ] 1048..
cache « M[ 1048 M! | ..1055 65 |Da 520 a..
cache = M[ 1052 ]H 1] 3 |24..

mm) cache — M[ 1056 [M! ‘ 31 66 |Da 528 a..
cache — M[ 540 ] 1l 67 53_6 YM Da 536 a..
cache —~M[ 24 ] -
cache — M[ 536 ] 943 127

Misses: 4+2
Hits: 2 (K¥N Da 1048..

IKY8 Da 1056..




Ending with 3 Hits (=> answer to exercise: total Misses=6)

Processor Cache RAM Blocks (8 bytes)
O| Da0Oa?7
1|Da8a15
2
cache = M[ 508 M X8 Da 24 a 31

vy tag data addr.s

cache—~M[ 1016 M

cache—~M[ 504 ]H 1] 132| 1056..
cache—~M[ 24 |M 1063
M .
cache—M[ 540 ] 1] 131 1048..
cache — M[ 1048 M! | ..1055 65 |Da520a..
cache = M[ 1052 ]H 1] 3 ’ 24..
cache — M[ 1056 ]M! 31 66 |Da 528 a..
mm) cache —M[ 540 | H 1] 67 53_6 .7Ml Da 536 a..
mm) cache—M[ 24 ] H —
mm) cache — M[ 536 ] H 543 127
Misses: 4+2
Hits: 5 1 X¥W Da 1048..
Ky Da 1056..

+8
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