Direct-Mapped Address Components

(32-bit example) LN v 0| ¢ | Data(@Bytes)

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

LS v 0| T | Data(gBytes)
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Tag (19 bits) | Index (10 bits) | Byte offset (3 bits) 1
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Direct-Mapped Cache Lookup

Data
Input: Memory Address
Tag Index | Byte offset Select Byte(s)
(v[{o| me | o |
&‘ 0: miss
1: hit
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Direct-Mapped Exercise
Line AR Tag Data (4 Bytes)
Memory address

l o | |0 |t 17

a. Read 01000100 (Value: 5) SR i

b. Read 11100010 (Value: 17) S R o

c. Write 01110000 (Value: 7) o |1 |1 |oo 8

d. Read 10101010 (VaIue: 12) , |t ]o fou 4

e. Write 01101100 (Value: 2) . [0 o m .

e |0 [0 |01 32

LY 3
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Direct-Mapped Exercise

| Memory address I

O & O T O

l

- Read 01000100 (Value: 5)

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

Line A RD) Tag Data (4 Bytes)
1 0 111 17
0
1 1 0 011 010 9 5
8] 0 361 101 15 12
2 11
1 1 861 011 8 2
3 1
1 ] 011 4 7
4 1
0 0 111 6
5
0 0 101 32
6
1 0 110 3
7
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Direct-Mapped (1024 lines)

XN v D | Teg | Data(8Bytes)
0
Tag (19 bits) | Index (10 bits) | Byte offset (3 bits) 1
4217 4 2 2
3

> 4 1 4217

1020
1021
1022
1023
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2-Way Set Associative (1024 lines)

Tag (20 bits) | Set (9 bits) | Byte offset (3 bits)
3941 4I
S v D | Tag |Data@Bytes) v [D| Tag | Data(8Bytes)
0
1
2
3
> 4 1 1 4063 1 0 3941
508
509
510
511
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2-Way Set Associative Line Matching

Tag (20 bits) | Set (9 bits) | Byte offset (3 bits)
3941 4|
B ot ostaisnytes J V0| Top | bataisByten
0
1
2
3
- 4 1 1 4063 1 0 3941
508
509
510
511
01234567 GREEREEA
Multiplexer Select correct value.
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General Cache Model (S, E, B)

E = 2¢ lines per set
A
r N
-
| | |« < [ERN]
Address of word:
| I |""|:| | _thits | shbits | bbits |
B —
5= 2¢ sets 4 | I oo 'I:l tag set block
index offset
00 000000 O0OCGEOGOEOGOEONOOGOONONOGONONONONONONONOO
(] s O
[] e ] o[ o[-To1]
valid bitI S~ ~— —
B = 2® bytes per cache block (the data)
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Intel Core i7 Cache Hierarchy

Processor package

Core 0
Regs
L1 L1
d-cache| |i-cache

L2 unified cache

Core 3
Regs
L1 L1
d-cache| |i-cache

L2 unified cache

L3 unified cache
(shared by all cores)

Main memory

L1 i-cache and d-cache:
32 KB, 8-way,
Access: 4 cycles

L2 unified cache:
256 KB, 8-way,
Access: 10 cycles

L3 unified cache:
8 MB, 16-way,
Access: 40-75 cycles

Block size: 64 bytes for
all caches.
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