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Hidden memory- cache 

a b c d block 10 

p q r s block 21 

... 

... 

w x y z block 30 

... 

slow memory 

cache = hidden memory reducing 

 the average time to access data 

by storing their copies 

CPU registers - immediate access 

higher delay 

less delay 

line 0 

line 1 
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Cache - etymology 

cache (noun)  "hiding place"  

• from French Canadian trappers' slang, "hiding place for stores"  

• from French cacher "to hide, conceal"  

• from Vulgar Latin *coacticare "store up, collect, compress"  

• related to Latin cogere "to collect"  

• sense extended by 1830s to "anything stored in a hiding place." 

http://www.etymonline.com/index.php?term=cache&allowed_in_frame=0
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General organization of cache 

• • • B–1 1 0 

• • • B–1 1 0 

valid 

valid 

tag 

tag 

set 0: 

B = 2b colomns (size of block) 

in each row 

E  rows 

in each set 

S = 2s sets 

t tag bits 

in each row 

1 valid bit 

in each row 

Size:  C = B x E x S words 

• • • 

• • • B–1 1 0 

• • • B–1 1 0 

valid 

valid 

tag 

tag 

set 1: • • • 

• • • B–1 1 0 

• • • B–1 1 0 

valid 

valid 

tag 

tag 

set S-1: • • • 

• • • 

Cache is field of  

S sets 

 

Each set contains  

E rows (blocks) 

Each block 

has B words/columns 

 

Set # ≡ hash code 

 

Tag   ≡ hash key 
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Addressing cache 

t bits s bits b bits 

0 m-1 

<tag> <set index> <block offset> 

Address A: 

• • • B–1 1 0 

• • • B–1 1 0 

v 

v 

tag 

tag 
set 0: • • • 

• • • B–1 1 0 

• • • B–1 1 0 

v 

v 

tag 

tag 
set 1: • • • 

• • • B–1 1 0 

• • • B–1 1 0 

v 

v 

tag 

tag 
set S-1: • • • 

• • • 
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Direct-Mapped Cache 

only 1 row (block) in each set  

valid 

valid 

valid 

tag 

tag 

tag 

• • • 

set 0: 

set 1: 

set S-1: 

E=1  rows in set cache block 

cache block 

cache block 
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Accesing Direct Mapped Cache 

Set selection 

 index of set directly determines destination 

valid 

valid 

valid 

tag 

tag 

tag 

• • • 

set 0: 

set 1: 

set S-1: 
t bits s bits 

0 0  0 0 1 

0 m-1 b bits 

tag set index block offset 

selected set 

cache block 

cache block 

cache block 
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Direct-Mapped Cache 

000 

001 

010 

011 

100 

101 

110 

111 

00000 

00001 

00010 

00011 

00100 

00101 

00110 

00111 

 

01000 

01001 

01010 

01011 

01100 

01101 

01110 

01111 

 

10000 

10001 

10010 

10011 

10100 

10101 

10110 

10111 

 

11000 

11001 

11010 

11011 

11100 

11101 

11110 

11111 

Main 

 memory 

Cache 8 rows(blocks) 

11 101  →  memory address 

 cache address: 

 tag 

 index  3
2

b
it

 a
d

d
re

s
s

 i
n

to
 a

d
d

re
s
s

 s
p

a
c
e
 

row= 1 column (block) 

 in
d

e
x
 (

 l
o

c
a
l 
c
a
c
h

e
 a

d
d

re
s
s
 )

 

 t
a
g

 

00 

10 

11 

01 

01 

00 

10 

11 
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Why do we use middle bits? 
4-row Cache High-Order 

Bit Index 

Middle-Order 

Bit Index 
00x 

01x 

10x 

11x 

0000x 

0001x 

0010x 

0011x 

0100x 

0101x 

0110x 

0111x 

1000x 

1001x 

1010x 

1011x 

1100x 

1101x 

1110x 

1111x 

0000x 

0001x 

0010x 

0011x 

0100x 

0101x 

0110x 

0111x 

1000x 

1001x 

1010x 

1011x 

1100x 

1101x 

1110x 

1111x 
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Selections of words 

 Valid   2-bit          

Index bit       Tag Data 

 000 

 001 

 010 

 011 

 100 

 101 

 110 

 111 

 byte offset 
 b6 b5   b4 b3 b2   b1 b0 

= 
Data 

1 = hit 

0 = miss 

Tag 

Index 

32bit address 

Cache 8 slov 

Block (row) 

= 1 word 
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Direct-Mapped Cache 

00 

01 

10 

11 

00000 

00001 

00010 

00011 

00100 

00101 

00110 

00111 

 

01000 

01001 

01010 

01011 

01100 

01101 

01110 

01111 

 

10000 

10001 

10010 

10011 

10100 

10101 

10110 

10111 

 

11000 

11001 

11010 

11011 

11100 

11101 

11110 

11111 

Main 

 memory 

Cache 4 blocks 

11 10 1  →  memory address 

 cache address: 

tag 

 index 

          block offset 

 3
2

-w
o

rd
 w

o
rd

-a
d

d
re

s
s

a
b

le
 m

e
m

o
ry

 

Block size = 2 word 

 in
d

e
x
  
(l

o
c
a
l 
a
d

d
re

s
s
) 

 t
a
g

 

00 

11 

00 

10 

 block offset 

 

 

0 1 
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Accessing Direct-Mapped Cache 

1 

t bits s bits 

100 i 0110 
0 m-1 b bits 

tag set index block offset 

selected set: 

(3) If (1) and (2), then  

cache hit, 

and block offset  

selects 

starting byte 

=1? (1) valid bit must equal to 1, i.e. it was loaded 

= ? (2) tag 

0110 w3 w0 w1 w2 

3 0 1 2 7 4 5 6 
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Fully-Associative Cache (8-Way Set 
Associative) 

000 

001 

010 

011 

100 

101 

110  01010 

111 

00000 00 

00001 00 

00010 00 

00011 00 

00100 00 

00101 00 

00110 00 

00111 00 

 

01000 00 

01001 00 

01010 00 

01011 00 

01100 00 

01101 00 

01110 00 

01111 00 

 

10000 00 

10001 00 

10010 00 

10011 00 

10100 00 

10101 00 

10110 00 

10111 00 

 

11000 00 

11001 00 

11010 00 

11011 00 

11100 00 

11101 00 

11110 00 

11111 00 

Main 

 memory 

Cache of 8 blocks 

11101 00  →  memory address 

 cache address: 

 tag 

  

 3
2

-w
o

rd
 w

o
rd

-a
d

d
re

s
s

a
b

le
 m

e
m

o
ry

 

Block size = 1 word 

   t
a
g

 

00 

10 

11 

01 

01 

00 

10 

11 

 byte offset 

This block is 
needed 
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Computer Architecture and Organization 

Finding a Word in  
Fully Associative Cache 

Index Valid  5-bit        Data 

 bit       Tag 

  

 byte offset 
 b6 b5 b4 b3 b2   b1 b0 

= Data 
1 = hit 

0 = miss 

5 bit Tag 
 no index 

32bit adresa 

Cache size 

8 words 
Block size 

= 1 word 
Must compare 

 with all tags 

 in the cache 
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Set-Associative Cache with N-way set 

More rows (blocks) in set (set) 

valid tag 
set 0: E=2  rows in set 

set 1: 

set S-1: 

• • • 

cache block 

valid tag cache block 

valid tag cache block 

valid tag cache block 

valid tag cache block 

valid tag cache block 
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Two-Way Set-Associative Cache 

  

 byte offset 

 b6 b5 b4    b3 b2   b1 b0 

Data 
1 = hit 

0 = miss 

3 bit tag 
  

Memory address 
Cache size 

8 words 
Block size 

= 1 word 

32 words 

 byte-address 

V |  tag  |    data    

V |  tag  |    data    

V |  tag  |    data    

V |  tag  |    data    

= = 

V |  tag  |    data    

V |  tag  |    data    

V |  tag  |    data    

V |  tag  |    data    

00 

01 

10 

11 

2
 t

o
 1

 M
U

X
 

2 bit index 
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Miss Rate: Two-Way Set-Associative Cache 

00 

01 

10 

11 

00000 00 

00001 00 

00010 00 

00011 00 

00100 00 

00101 00 

00110 00 

00111 00 

 

01000 00 

01001 00 

01010 00 

01011 00 

01100 00 

01101 00 

01110 00 

01111 00 

 

10000 00 

10001 00 

10010 00 

10011 00 

10100 00 

10101 00 

10110 00 

10111 00 

 

11000 00 

11001 00 

11010 00 

11011 00 

11100 00 

11101 00 

11110 00 

11111 00 

Main 

 memory 

Cache of 8 blocks 

111 01 00  →  memory address 

 cache address: 

 tag 

     index 

 3
2

-w
o

rd
 w

o
rd

-a
d

d
re

s
s

a
b

le
 m

e
m

o
ry

 

Block size = 1 word 

 i
n

d
e
x

 

 t
a
g

s
 

000 | 010 

xxx | xxx 

001 | xxx 

xxx | xxx 

 byte offset 

Memory references to addresses: 0, 8, 0, 6, 8, 16 

1. miss 

2. miss 

4
. 
m

is
s
 

3. hit 

5. hit 
6. miss 
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Eight-Way Set-Associative Cache 

  
 byte offset 

 b31 b30 b29 b28 b27      index        b1 b0 

Data 1 = hit 

0 = miss 

5 bit Tag 
  

Memory address Cache size 

8 words 
Block size 

= 1 word 

32 words 

 byte-address 

= 

V | tag | data 

= 

V | tag | data 

= 

V | tag | data 

= 

V | tag | data 

= 

V | tag | data 

= 

V | tag | data 

= 

V | tag | data 

= 

V | tag | data 

 8  t o  1 

m u l t i p l e x e r  

 


