Smaller, faster, more expensive
Cache I 4 ” 9 II 10 ” 3 I memory caches a subset of
the blocks
Data is copied in block-sized
transfer units
Larger, slower, cheaper memory
Memory | 0 II 1 II 2 ” 3 | viewed as partitioned into “blocks”
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The Memory Hierarchy

LO:
\ Regs
Smaller,
faster, L1:/ L1 cache
and (SRAM)
costlier
. L2 cache
L2:
(per byte) (SRAM)
storage
devices
L3: L3 cache
(SRAM)
Larger,
slower, L4: Main memory
and (DRAM)
cheaper
(per byte)
storage | 5. Local secondary storage
devices (local disks)
L6: Remote secondary storage
(e.g., Web servers)
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The Memory Hierarchy (detail)

A e
Smaller On 1 cycle to access
Faster cpy | Chie
. Storage
. nstrs
Costlier '
byte ot
er directl
P y y Cache(s) ~10's of cycles to access
access (SRAM)
Main memory ~100 cycles to access
i (DRAM)
Larger ----
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per byte
slower
Remote secondary storage than local
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Cache Coherency

N Memory Bus

Main Memory
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|
Cache Design

Smaller, faster, more expensive

Cache I 4 ” 9 II 10 II 3 I memory caches a subset of
the blocks

Data is copied in block-sized
transfer units

Larger, slower, cheaper memory

Memory | 0 ” 1 II 2 ” 3 | viewed as partitioned into “blocks”
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Direct-Mapped Cache

DOl v | D|  Tag | Data(8Bytes)
0
1
2
3
4
1020
1021
1022
1023
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Direct-Mapped Address Components
(32-bit example) wve. KNI
0
Tag (19 bits) | Index (10 bits) | Byte offset (3 bits) 1
2
3
4
> —
1020
1021
1022
| 1023
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Direct-Mapped Address Components

U v 0| T | Data(@Bytes)

0
Tag (19 bits) | Index (10 bits) | Byte offset (3 bits) 1

4217 4 2 2
3

> 4 1 4217

1020
1021
1022
1023

[(TETTTT]
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Direct-Mapped Cache Lookup

Data

Input: Memory Address

Tag Index | Byte offset Select Byte(s)
3

(v]o ] _me | ot |

& 0: miss
1: hit
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Direct-Mapped Exercise

Line

Memory address

l

Read 01000100 (Value: 5)

Read 11100010 (Value: 17)
Write 01110000 (Value: 7)
Read 10101010 (Value: 12)
Write 01101100 (Value: 2)

[ERN

D

111

Data (4 Bytes)

17

011

9

101

15

001

011

111

101

110
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Direct-Mapped Exercise

Line

| Memory address |

l

Read 01000100 (Value: 5) 2
Read 11100010 (Value: 17)
Write 01110000 (Value: 7)
Read 10101010 (Value: 12)
Write 01101100 (Value: 2) ’

[ERN

V| D Tag Data (4 Bytes)
1 0 111 17
1 0 811 010 g5
o 0 161 101 15 12
1
1 1 861 011 8 2
1
1 o 011 4 7
1
0 0 111 6

o

101

110
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