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Example Write Back Snoopy Protocol

+ Invalidation protocol, write-back cache
—Snoops every address on bus

—If it has a dirty copy of requested block, provides that
block in response to the read request and aborts the
memory access

» Each memory block is in one state:
—Shared : Clean in all caches & up-to-date in memory
— Exclusive : Dirty in exactly one cache
—OR Not in any caches

Write-Back State Machine — CPU Events

CPU Read hit

CPU requests for
each cache block CPU Read

Shared

Place read miss (read/only)

invalid
on bus

CPU Write

Place Write
Miss on bus

CPU Write
Place Write Miss on Bus

Exclusive
CPU read hit | (read/write)

CPU write hit

Outline

* Review

» Coherence

» Write Consistency

» Snooping

* Building Blocks

* Snooping protocols and examples

+ Coherence traffic and Performance on MP
Directory-based protocols and examples

+ Conclusion

Example Write Back Snoopy Protocol

+ Each cache block is in one state (track these):
—Shared : block can be read
— Exclusive : cache has only copy, it is writeable & dirty
—Invalid : block contains no data
» Also applies to uniprocessor cache

» Read misses: cause all caches to snoop bus
» Writes to clean blocks are treated as misses
—write-allocate

Write-Back State Machine- Bus events
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Block Replacement
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Example
P1 Pz Bus Memory
step State Addr Value State Addr Value Action Proc. Addr Value Addr Value
[__P1 Write 10 to A1 AT 0
[_P1:Read A1
P2: Read A1

P2: Write 20 to A1

P2: Write 40 to A2

Assumes A1 and A2 map to same cache block,
initial cache state is invalid
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P2: Write 40 to A2

Example
P1 Pz Bus Memory
step State Addr Value State Addr Value Action Proc. Addr Value Addr Value
P1 Write 10 to A1 Excl. A1 10 WrMs _ P1 Al Al 0
P1:Read A1 | Excl. Al 10 A1 0
P2: Read A1

P2: Write 20 to A1
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Assumes A1 and A2 map to same cache block
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Write-back State Machine-lll

+ State machine
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Pz Bus Memory
step State Addr Value State Addr Value Action Proc. Addr Value Addr Value
P1 Write 10 to A1 Excl. Al 10 WirMs P1 At 0
P1: Read A1__|
P2: Read A1
P2: Write 20 to Al
P2: Write 40 to A2
Assumes A1 and A2 map to same cache block
WS 112 o o s, S, oar) 10
Example
P1 P2 Bus Memory
step State  Addr Value State Addr Value Action Proc. Addr Value Addr Value
P1 Write 10 to A1 Excl. | A1 10 WrMs _ P1 Al Al 0
P1: Read A1 | Excl. Al 10 Al 0
P2: Read A1 Shar. @ At RdMs = P2 Al Al 0
Shar. A1 10 WrBk | P1 A1 10 | A1 ]| 10
Shar. Al 10 [RdDa P2 Al 10 [ A1 ] 10

P2: Write 20 to A1

P2: Write 40 to A2

Assumes A1 and A2 map to same cache block




Example

P1 Pz Bus Memory
step State Addr Value State Addr Value Action Proc. Addr Value Addr Value
[__P1 Write 10 to A1 Excl. Al 10 WrMs  P1 At 1 0
[_P1:Read A1 Excl. A1 10 Al 0
P2: Read A1 Shar. Al RdaMs = P2 Al A 1]
Shar. Al 10 WrBk P1 Al 10 A 10
Shar. At 10 |RdDa P2 At 10 | A 10
P2: Write 20 to A1 Inv. Excl. Al 20 |WrMs P2 Al A 10
P2: Write 40 to A2

Assumes A1 and A2 map to same cache block

Write-back Invalidate Example

 Architecture

— Simple bus-based symmetric multiprocessor
—Each processor has a single private cache
—Each cache is direct mapped

» addresses A1 & A2 are mapped to block BO
— Coherence maintained with snooping

» Write-back

Write-Back Example: Time 1
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GPU read hit
CPU write hit

Processor 0 Cache Processor 1 Cache
Block | State | Addr | Value || Block | State | Addr | Value
BO Excl. Al 10 BO Invalid 0 0
.Tlme Proc .Acllon Memory I '
: ; : W’ge ‘3;‘“ Addr [ Value
ea yeeeees s
3 | P2 | ReadAl A 0  pucewne | ¢
4 | P2 | Write 20 to A1 A2 0 Lyt
5 | P2 | Write 40 to A2 Place i Miss on Bus

Example

P1 P2 Bus Memory

step State| Addr Value State Addr Valu Actior Proc Addr Valu¢ Ada Valu
P1 Write 10 to A1|Excl. | A1 | 10 WrMs P1 | Al Al 0
P1: Read A1 Excl. A1 10 [ Al 0
P2: Read A1 Shar.| A1 RdMs P2 | A1 Al 0
Shar.| A1 10 WrBk P1 | A1 | 10 |[A1] 10

Shar. A1 10 |RdDa P2 A1 10 |A1] 10

P2: Write 20 to A1| /nv. Excl.| A1 | 20 WrMs P2 | A1l Al 10
P2: Write 40 to A2 \WrBk P2 A1 | 20 |A1]| 20
Excl. A2 40 WrMs P2 A2 Al| 20

Assumes A1 and A2 map to same cache block, but A1 |= A2

Write-Back Example: Time 0

Processor 0 Cache Processor 1 Cache
Block | State | Addr | Value || Block | State | Addr | Value
BO | Invalid 0 0 BO |Invalid 0 0

Time | Proc Action Memory . md

1 P1 | Write 10 to A1 Addr | Value e readonly)

2 | P1 Read A1 o

3 | P2 | ReadAl Al 0 :;fﬂéf

4 | P2 | Write 200 A1 A2 0

5 | P2 | Write 40to A2 Placo irksMiss on Bus

Exclusive
(readvwite)

CPU read hit
GPU write hit

Write-Back Example: Time 2

Processor 0 Cache Processor 1 Cache
Block | State | Addr | Value || Block | State | Addr | Value
BO Excl. Al 10 BO |Invalid 0 0

Time | Proc .Actlon Memory — mm
. ; : W”F‘f ‘::’1“‘_ Addr | Value e 07
o eal o

3 | P2 | Read Al Al 0 e

4 | P2 | Write20 10 A1 A2 0

5 | P2 | Write 40to A2 Place Wire Miss on Bus

CPU read hit 4
CPU write it §




Write-Back Example: Time 3a Write-Back Example: Time 3b

Processor 0 Cache Processor 1 Cache Processor 0 Cache Processor 1 Cache
Block | State | Addr | Value || Block | State | Addr | Value Block | State | Addr | Value || Block | State | Addr | Value
BO Excl. Al 10 BO | Share | Al BO Share Al 10 BO | Share | Af
Time | Proc Action Memory "c;u';;"h ) Time | Proc Action Memory @
; : W”F'f ‘3:’1‘“ Addr | Value ‘@—w ‘ ; : W"F‘f ‘3;"1 At Addr | Value
eal ®esccccne . eal
3 | P2 | ReadAl - Al 0 e 3 | P2 | ReadAl - Al 10 - efeeans .
4 | P2 [ Write 20 to A1 A2 0 4 | P2 | Write 20 to A1 A2 0 | sedan Ve
5 | P2 | Wite 4010 A2 Paca Wit i on Bus 5 | P2 | Write 4010 A2 o owiesak o
Ercuse B o meoibotany 3
CPUreaa i (edlure) o) :
Write-Back Example: Time 3c Write-Back Example: Time 4a
Processor 0 Cache Processor 1 Cache Processor 0 Cache Processor 1 Cache
Block | State | Addr | Value || Block | State | Addr | Value Block | State | Addr | Value || Block | State | Addr | Value
BO | Share | At 10 BO | Share | A1 10 BO | Share | A1 10 BO Excl. A1l 20
Time | Proc Action Memory "c;u';'d" - Time | Proc Action Memory I
W M e G O e e g vae| ()RR
eal ®escscsee eal
3 | P2 | ReadAl : A 10 e 3 | P2 | Read Al Al 10 s
4| P2 | Write 20 to A1 A2 0 4| P2 | Write 20 10 ALS A2 (U I IS ZAA -
5 | P2 | Wite 4010 A2 Paca Wit i on Bus 5 | P2 | Write 40to A2 Plce Vs s s 5
::):5 E:I:‘I‘ (read/write) g:ﬁ :;;y;“:l -------------- *

Write-Back Example: Time 4b Write-Back Example: Time 5a

Processor 0 Cache Processor 1 Cache Processor 0 Cache Processor 1 Cache
Block | State | Addr | Value Block | State | Addr | Value Block | State | Addr | Value Block | State | Addr | Value
BO |Invalid| A1 10 BO Excl. Al 20 BO |Invalid| A1 10 BO Excl. Al 20

] ¢ O P Fead it
Time | Proc Action Memory E. Time | Proc Action Memory Shared

; : W’ge ‘3;‘“ Addr [ Value ; : W”F‘f ‘2;"1“‘ Addr | Value

eal ea CPU Write
3 | P2 Read A1 A 10 ’Wmle:an: 3 | P2 Read A1 Al 20 Wi on s Placoread e
s it on bus
4| P2 | Write 2010 Al: A2 0 | s . 4| P2 | Write 20 to Al A2 0 Cpuine
5 | P2 | Write 40to A2 Wit Back L 5 | P2 | Wite 40 to A2 Place Wrie Mis on Bus
Exclusive Bock (abor any

memory access)
(read/write)

write hit CPU Write Miss .
Ut Wiite back cache block .
Place writemiss onbus &

CS252 S05



CS252 S05

Write-Back Example: Time 5b

Processor 0 Cache

Processor 1 Cache
Block | State | Addr | Value || Block | State | Addr | Value
BO Invalid | A1 10 BO Excl. A2 40
¢ PU Read hit
Time | Proc Action Memory o (j;ag:m
1 | P1 [ Wite 10to A1
Addr | Value P rend miss
2 | P1 Read A1 Y 20 cPuwite | ik sk
3 | P2 Read A1 ise om bos| 011505 S\"S"S‘
4 | P2 | Write 20 to Al A2 0 e
. 5

P2 | Write 40 to A2

CPU Write
Place Write Miss on Bus

CPU read hit
CPU write hit

CPU Write Miss
Wite back cache block
Place write miss on bus.




