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Cache Memories

Cache memories are small, fast SRAM-based memories
managed automatically in hardware.
» Hold frequently accessed blocks of main memory
CPU looks first for data in L1, then in L2, then in main
memaory.
Typical system structure:
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Inserting an L1 Cache Between
the CPU and Main Memory

it . E;lgﬂfﬁa ﬂzﬂﬂ:ﬂi%nr
between the CFLU i
register file and the four 4-byte words.
cache is a 4-byte black
""‘E':':I The small fast L1 cache has
lire 1 |:| raam for twa J4-word blacks.
The ftransfer unit
between the coche
and main memory
is a 4-word block
EapE The big slow main
rr'nem:-?'_ has room for
marmy 4-word blocks.
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General Organization of a Cache

Coche is an array Tiogbits B - 2% bytes
of sets. per line per ceche block
e, . -
Each set contains |walid}{ tog W O [1]---][Bi]
ane or more lines. § __ o S E Enas
[omia][_tag J[a[1]--- o] | ™™
Each line halds a
block of dato.

[valid{ tog JjO]1]---[B-1]

5= 25 cats set 1

[walid{ tog JJO]1]---[B-l]

[valid}] tog J| O] 1]---|E-L|

k [watid][ tag [0 [ L] --- [B-]]

id bit ner Cache size: C=B xEx 5 data
. L valid bit per line__* size xEx s

ot S-1-




Addressing Caches
Address A:

T bits

5 bits b bits
I I | |
N ETE e T ER Y ]
set O e nRamE «hage et index> <block affset

[ W | i 0j1]---jB-

sat 1:

] Cies [T 1] -1

The word at address A is in the coche if
The tog bits in ore of the cvalids lines in

set «set index» match «tag.

sef 5

The word contents begin af offset
<black of fset> bytes from the beginning
af the block.
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Addressing Caches

Address 4:
T bits s bits b bits
= | | :
L, AN A, J
Y ¥ W
hoge «set iTI:H!'..':::'- <block offset>

1. Lacate the sef based on
=2t index>

2. Lacate the ling in the set based on
«tage

3. Check that the lire is valid

4  |acate the data in the line based on
sblack offset»
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Direct-Mapped Cache

Simplest kind of cache, easy to build
{only 1 tag compare required per access)

Charactenzed by exactly one line per set.

set [l b £ lines per set
cet 1friall]_tog |

FrE

set 5-19|valid

Coche size: € = B x 5 data bytes
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Accessing Direct-Mapped Caches

Set selection
m lUse the set index bits to determine the set of interest

set0f ioid | fag |
selected set
set 1| ealid | tag |

1 bits i shits Y b bits
| [ 00001 | |
=1l +{ng set index  block offset ©
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Accessing Direct-Mapped Caches

Line matching and word selection

m Lime matching: Find a valid line in the selected set with a
matching tap
= Word selection: Then extract the word

=17 (1} The valid bit must be set

selected sef (i): 1 al10 Wi | Wy W | Wy

(2) The tag bits in the

cache lire must -7 If (1) and {2}, then cache hit
match the tog bits
in The oddress ,_L\
t bits s bits b bits
O [ [ 0|
=1 tag set index block offset®
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Accessing Direct-Mapped Caches

Line matching and word selection

m Line matching: Find a valid line in the selected set with a

matching tag
m Word selection: Then extract the word

selected set (i) | 1 0110 Wy | Wy| Wy [ Wy
(3} IT coche hit,
black of fset selects
starting byte.
T bits s bits b bits
o6 [ 7 1 oo ]
mt  tmg set index block offset?
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Direct-Mapped Cache Simulation

M=16 addresses, B=2 s/ block,
.I:l FE I:|:1 HEEI?:EE:I.EHWIEE'I' hl?rl-E

Lx 130¢] X | 4iiress trace (reads):

[0000,], miss
[0001,], hit
[0111,], miss
[1000,], Miss
[0000,] miss

= - - I B =

v tog dafa
1 [ o [ mp]

1 | o [ w7
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Set Associative Caches

Characterized by more than one line per set

et i valid hzg cache block I
valid| tog | coche block ||| lines per set
set - valid| tog | cache block |
lvalid] ]  tog [ cache block |
gt 5] lalid | tog | coche block |
lalid ] tog [ coche block |

E-way associative cache
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