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R4000PrimaryCaches

• 8KB to 32KB

• Direct-mapped

• Virtual index,PhysicalTag

• Pipelined

• Write-back
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Direct-mappedPrimaryCaches
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EX - ALU
OF - O-cache 1st
OS - O-cache 2nd
TC - Tag Check
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Virtual Index,PhysicalTag
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d" No cacheflush on mapchange
- Simplesharingof samephysical

locationmappedmultiple times

Ｍ ｾ ｵ ｡ ｬ Index
TLB in parallelwith cache
no extrapipestagesrequired

... Alias problemfor samephysical
locationmappedmultiple times
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R4000SecondaryCache

• External,standard
asynchronousSRAMs

• 256KB to 4MB

• Direct-mapped

• Physicalindex,Physical
Tag

• 128bWide

• ECCdataprotection

5 26August1991 Omips

R4000CacheCoherency

/

- - Protocol .- .. R4000 - - Scache
Multiprocessor Interface - -- - -

System
Interconnect Interface
Network

user ASIC \
almost anything low-level, generic
snoopybus write-invalidate interface
cross-bar switchwrite-update .....4...--- ｾ ｾ

butterfly switch ReadNon-coherent ReadData
ReadCoherent ReadData,Shared
ReadCoherentExclusive SnoopRequest
ｾ ｾ ｭ ｾ Ｂ ｾ ｯ ｯ ｒ ･ ｾ ｭ

ｭ ｶ ｡ ｬ ｩ ､ ｡ ｾ StateChange
Update mvalidate

Update
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R4000CoherencyStates

An Invalidate Received
will cause a return to state
Invalid from any other state.
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R4000CacheCoherencyMethods

Intervention Response
toa Read

Intervention Response to a Read or
Update sent

ｾｭｩｰｳ

• Primarycachesareforcedto bea subsetof Secondary
cache
s-cache misses check and invalidate the primaries ifnecessary

• ReceivedSnoops,Interventions,Invalidates,and
UpdatescauseR4000to checkS-cachein parallel
without interruptingprogramexecution
s-cache is physical index, physical tag, so snoops are trivial

• Missesin theS-cacherequireno furtheraction
no duplicate tags required, because s-cache serves asa filter

• Hits mayrequireaccessto theprimarycachesto
completethetransaction,but theprimarycachesare
virtually indexed,sowe storethevirtual indexin the
s-cachetag
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R4000CacheCoherencyOptions

• PageTableEntriesselectoneof severalcachealgorithms
algorithm loadmiss storemiss storehit

uncached word read word write
non-coherent readnon-coherent readnon-coherent -

coherentexclusive readexclusive readexclusive
coherentwrite exclusive read readexclusive
coherentwrite update read read/ update' update

• ProtocolInterfaceASIC cancontrolsomestatetransitions,
thuseffectinga subsetprotocol
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R4000Synchronization

LUSC instructionsprovidesynchronizationbetween
processesbasedonly on cachecoherency

Example(fetch-and-add):
Loop:

LL TO, OCTl) loadcounter
ADDU Tl, TO, 1 increment
SC Tl, OCTl) storebackif unchanged
BEQ Tl, 0, Loop retry if storefailed

SCfails if thelocationhasbeeninvalidatedor updatedsince
preceedingLL

Canimplementsemaphores,bit-locks,fetch-and-add,etc.
with theLL andSCprimitives
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