Cache Design

Lecture Objectives:

1) Define set associative cache and fully associative cache.

2) Compare and contrast the performance of set associative caches, direct mapped caches, and fully
associative caches. T

3) Explain the Dﬁeraﬂnn of the LRU replacement scheme.

4) Explain the concept of a multi-level cache.
5) Explain the three C model for cache.
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Definitions

* Fully associative cache An Z./"’(‘ 7//‘11
— A cache structure iw a block‘can be /
placed in any locatio he cache. //

° Set—assouatwe cache

— A cache that has a fixed number of
locations (at least two) where a given block
can be placed
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Problem

* Working with your partner, solve the
following problem

— The following block accesses occur in
memory over three different cache
structures. Calculate the miss rate for each

—
cache structure

 Structure 1: A direct mapped cache of 4 one
 —
m{ord blocks _

* Structure 2: A 2 way set associative cache of 4
words

* Structure 3: A fully associative cache of 4
words.
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2 Way Set Associative Example
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Data Miss Rates for various

associativities

D]'/f("! /’Mr//""/ /J(éﬂ

N Associativity

Data miss rate

~{1/ 10.3% e~
2 8.6%
4 8.3%
8 8.1%




How to determine which

cache item to replace?

* Direct Mapped?
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The C Cs model

e A Cache model in which all cache
misses are classified into one of three
categories

— Compulsory Misses

— Capacity Misses

— Conflict Miss

C52710 Computer Organization



Source of misses
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Miss rate
per type

5% -

4% -

3% -
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Two-way

Four-way

16 32 64 128
Cache size (KB)

256

512 1024

 Compulsory misses not visible (0.006%)
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Basic Design challenges

Design Change | Effect on miss rate | Possible

negative

performance

Impact
Increase the Decreases capacity May increase
cache size misses accesstime
Increase Decreases miss rate May increase
Associativity due to conflict access time

misses

Increase Block Decreases miss rate Increases miss

Size for a wide range of penalty. Very
block sizes dueto  large blocks
spatial locality could increase

miss rate.
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