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Set associative Cache Mapping (part1)

« Set associative cache mapping is a combination of direct mapped cache and

associative cache memory.

« An N-way set-associative cache mapping is like direct mapped cache in that a

memory reference maps to a particular location in cache.

» Unlike direct mapped cache, the location is a set of several cache blocks,

similar to the associative cache.

Instead of mapping anywhere in the cache, a memory reference can map only to

a (sub)set of cache slots. The (sub)set is determined with modulus arithmetic.
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The number of cache blocks per set varies according to overall system design.
Example: Set-Associative Cache — A 2-way set associative cache can be
conceptualized as shown in fig (2). — Each set contains two different memory
blocks.
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Fig.(1) Set Associative Cache Mapping Technique
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Fig.(2) 2- Way Set Associative Cache Mapping




Computer Architecture

Tag J o= &3 set associative cache mapping ) (8 45 il dlee Jaadls (3) J&)

cache ) cpsbie Jalasasa sl Tags ) gaes s main memory ) e adldll o) sially alsll
Al &b (3l 5 2aa4l) Set A block0 ) S J b Miaied (il giall G (3aldal esial 13 lines

. cache 1 Jala aass e slot ) (A da & (e O 31 b e

Memory
Block 0 g Set 0
Block 1 9 Set 1

Block 2 g Set 0

Block 3 g Set 1

Tag Cache
o Cache Block 0
& Cache Block 1
= Cache Block 2
@ Cache Block 3

Block O can be placed in any

Block FC g Set 0
Block FD g Set 1

empty cache block in set 0 Tag Set Byte Block FE 2 Set0

0000000 | 0 | 0000 Block FF 2 Set 1

Fig.(3) 2- Way Set Associative Cache Mapping with Main Memory

Llall & .5 Gus set associative cache mapping ) 8 45 laall lee Jaadls (4) JS)

43 )lae 33k e cache ) 8 csthaall a8 sall ol sic aaay @b aay &3 cache I A set ) aass

Tags ) e s processor 4 ¢« 2@ memory address o) sixlb =l Tag 4 o
ot Alaalld (il giall G (GoUad ol 13l Waese 22adl) st A1 Jala cache lines 4 (&2 B3 5 g4l
Tag 3 mex cache Miss ) @il o3y a1 131 5 cache ) A 33 s 90 4a slaall ol 5) cache Hit

2 3 SIAN 8 o) gie JAT daslaall (53 % Cus main memory A J &5 word ) e

. processor 3 J& (s




Computer Architecture

S,
Fl
’\/L’_\ Cache Main Memory
Mermwory Address lug IXata B
ag S Word o
| Taz] cl | | l Fo
I
sl |~ | |~ w I :
7] A Fi
.
Set 0 .|
| . | | |
- L]
| | I I
.
st I_ B | |
7 ]
(- |_ Ih S+W
| : L
- & F\ - I
Compare ! Fray St 1 I .
X : '
. | . I
| L I+
L {hitincache) - Fag.q | |
| |
| |
(miss in cache)

Fig.(4) Block Diagram of Set Associative Cache Mapping Operation

e A memory address in set associative mapping is divided into three fields:
tag, set, and offset.

Tag SET Word

|

Main Memory Address in Set associative cache mapping
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* The set field determines the set to which the memory block maps.

° The cache lines are grouped into sets.

° The number of lines in a set can vary from 2 to 16.
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: A8 o Sl gadas cache A Jals ASU Set ) aae Ay

no.of slot in cache
no.of slot in each set

no.of setin cache(l) =

Example(1) Assume no. of slot in cache = 128, no. of slot in each set = 2
and block size = 8, memory size= 64k, Find :

1. no. of bits in word.

2. no. of bits in set.

3. no. of bits in Tag

4. Explain main memory address in set associative mapping

Answer)

Memory size = 64Kb , memory size = 215, memory address = 16 bit

1. block size =8 = 23

no. of bits in Word = 3

no.of slot in cache

=21/2=25

2. mno.of setincache =
f no.of slot in each set

no.of set in cache = 6

3.no. of bitsin Tag = 7
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4. Main memory address in associative mapping:

Tag set Word

7 6 3

|

Main Memory Address = 16bit

EX(2): In which set the blockO will be mapped if we using Set associative
mapping, assume total set in cache = 64.

Answer)
K=A MOD I
K=0 MOD 64

K=0 no. of set in cache memory

EX(3): In which set the block 2000 will be mapped if we using Set
associative mapping, assume no. of slot in cache = 128 and no. of slot in
each set = 2.

Answer)

no.of slot in cache

no.of setin cache(l) =
/ D no.of slot in each set

No. of set in cache (1) =27/2 =64
K=A MOD I
K= 2000 MOD 64 ——> K= 16 no. of set
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« Set Associative Cache Mapping Operation:
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Advantages of Set associative mapping

. The Hite ratio is middle between associative mapping and direct mapping.

. A replacement algorithm must be used to determine which slot of cache to
swap out.

. This type of mapping is efficient use in cache memory.

. The comparison technique between cache address and main address is
middle between associative mapping and direct mapping.
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Disadvantages of Set associative mapping

« In set associative mapping the cache speed is middle between direct
mapping and associative mapping.

« Set Associative mapping is more expensive compared to Direct cache
mapping and associative mapping.

« It is need complex circuitry examine all of the tags in the cache.




