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Requirements of a cache coherent system

Cache coherence requirements
A memory system is coherent if it guarantees the following:
Write propagation: updates are eventually visible to all readers
Write serialization: writes to the same location must be observed in order

Everything else: memory model issues (later)

Snooping
Shared bus or (broadcast) network 

Directory-based 
Record information necessary to maintain coherence: e.g., owner and state of a line etc.
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MESI

 Most common hardware implementation of discussed requirements

aka. “Illinois protocol”

Each line has one of the following states (in a cache):

 Modified (M)

 Local copy has been modified, no copies in other caches

 Memory is stale

 Exclusive (E)

 No copies in other caches

 Memory is up to date

 Shared (S)

 Unmodified copies may exist in other caches 

 Memory is up to date

 Invalid (I)

 Line is not in cache



Transitions in response to local reads

 State is M

 No bus transaction

 State is E

 No bus transaction

 State is S

 No bus transaction

 State is I

 Generate bus read request (BusRd)

May force other cache operations (see later)

 Other cache(s) signal “sharing” if they hold a copy

 If shared was signaled, go to state S

 Otherwise, go to state E

 After update: return read value
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Transitions in response to local writes

 State is M

 No bus transaction

 State is E

 No bus transaction

 Go to state M

 State is S

 Line already local & clean

 There may be other copies

 Generate bus read request for upgrade to exclusive (BusRdX*)

 Go to state M

 State is I

 Generate bus read request for exclusive ownership (BusRdX)

 Go to state M

5



Transitions in response to snooped BusRd

 State is M

 Write cache line back to main memory

 Signal “shared”

 Go to state S  (or E)

 State is E

 Signal “shared”

 Go to state S and signal “shared”

 State is S

 Signal “shared”

 State is I

 Ignore
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Transitions in response to snooped BusRdX

 State is M

 Write cache line back to memory

 Discard line and go to I

 State is E

 Discard line and go to I

 State is S

 Discard line and go to I

 State is I

 Ignore

 BusRdX* is handled like BusRdX!
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Exercise


