Lecture 10

Cache Coherence in
Parallel Architectures

Parallel Architectures:
Tightly Coupled MIMD
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Cache

00 Small amount of fast memory
[ Sits between normal main memory and CPU
[0 May be located on CPU chip or module
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Cache operation - overview

00 CPU requests contents of memory location
0 Check cache for this data
0 If present, get from cache (fast)

0 If not present, read required block from main
memory to cache

[J Then deliver from cache to CPU

[0 Cache includes tags to identify which block of
main memory is in each cache slot

Cache Design

[J Size

00 Mapping Function

[0 Replacement Algorithm
[0 Write Policy

0 Block Size

00 Number of Caches




Write Policy

[J Must not overwrite a cache block unless main
memory is up to date

0 Multiple CPUs may have individual caches
00 I/O may address main memory directly

Write through

0 All writes go to main memory as well as cache

[0 Multiple CPUs can monitor main memory traffic
to keep local (to CPU) cache up to date
O Lots of traffic

[J Slows down writes

[0 Remember bogus write through caches!

Write back

0 Updates initially made in cache only

00 Update bit for cache slot is set when update
occurs

0 If block is to be replaced, write to main memory
only if update bit is set

[0 Other caches get out of sync
00 I/O must access main memory through cache
00 N.B. 15% of memory references are writes




Cache Coherence and
MESI Protocol

0 Problem - multiple copies of same data in
different caches

[0 Can result in an inconsistent view of memory
[0 Write back policy can lead to inconsistency

[0 Write through can also give problems unless
caches monitor memory traffic

Software Solutions

[1 Compiler and operating system deal with problem
[1 Overhead transferred to compile time

[1 Design complexity transferred from hardware to
software
[1 However, software tends to make conservative decisions
[ Inefficient cache utilization

[ Analyze code to determine safe periods for caching
shared variables

Hardware Solution

[0 Cache coherence protocols

00 Dynamic recognition of potential problems
0 Run time

0 More efficient use of cache

[0 Transparent to programmer

0 Directory protocols

[0 Snoopy protocols




Directory Protocols

[0 Collect and maintain information about copies of
data in cache

0] Directory stored in main memory

[0 Requests are checked against directory
00 Appropriate transfers are performed

O Creates central bottleneck

[ Effective in large scale systems with complex
interconnection schemes

Snoopy Protocols

0 Distribute cache coherence responsibility among
cache controllers

[0 Cache recognizes that a line is shared
00 Updates announced to other caches
[0 Suited to bus based multiprocessor

0 Increases bus traffic

Write Invalidate

0 Multiple readers, one writer

00 When a write is required, all other caches of the
line are invalidated

[0 Writing processor then has exclusive (cheap)
access until line required by another processor

[0 Used in Pentium II and PowerPC systems

[ State of every line is marked as modified,
exclusive, shared or invalid

[J MESI




Write Update

[J Multiple readers and writers

[J Updated word is distributed to all other
processors

] Some systems use an adaptive mixture of both
solutions

MESI State Transition Diagram
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