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Coherence and Consistency

At a high level:

A Coherence Protocold®ropagation of writes to
other cores

A Consistency Modelgrdering rules for
visibility of reads and writes
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Our Work:CCICheck
Static CChware consistency verificatior
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rCoherence Orderings (SWMR, DVI, ett.)

+ Microarchspec

Litmus Test

Core 0 Core 1
(i1) St |x] <+ 1 | (i3) Ld r1 « |y|
(i2) St [y] + 1 | (i4) Ld r2 « [x]

Under TSO: Forbid r1=1, r2=0
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Static CChware consistency verificatior
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(i1) (i2) (i3) (i4) .
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VICL Value in Cache Lifetime

A 4-tuple:
(cache id addressdata value generation_1id

A cache_idandgeneration_iduniquely identify
each cache line

A AViCl4-tuple maps on to the period of time
over which the cache line serves the data value

for t
AViC
VIC

]

ne address
_start at aViICLCreateevent and end at a

_EXxpireevent

%



VICL Value in Cache Lifetime

A 4-tuple:
addressplata_valu

A cache_idandgeneration_iduniquely identify
each cache line

A AViCL4-tuple maps on to the period of time
over which the serves the data value
for the address

A ViClLstart at aViCLCreateevent and end at a
VICLEXpireevent

_-//\\_
E ¥




VICL Value in Cache Lifetime
A 4-tuple:

(cache id addres generation_id

A cache_idandgeneration_iduniquely identify
each cache line

A AViCl4-tuple maps on to the period of time

over which the cache line serves the data value

for the address

A ViClLstart at aViCLCreateevent and end at a
VICLEXpireevent

.
E ¥




VICL Value in Cache Lifetime
A 4-tuple:

(cache_iata_value generation_id

A cache_idandgeneration_iduniquely identify
each cache line

A AViCl4-tuple maps on to the period of time
over which the cache line serves the data value

for theCaddress

A ViClLstart at aViCLCreateevent and end at a
VICLEXpireevent

.
E ¥




VICL Value in Cache Lifetime

Conventionato - mptimeline ( = modified, S = Shared)

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM Hit Hit Data Evict

Core 0

e e Y M S f———)
Shared \/

12§ T - —
Core 1 —|/ \ S
L1$ Load Data Load (time)
Req./ Load Req./

GetS Hit Hit




VICL Value in Cache Lifetime

Conventionato - mptimeline ( = modified, S = Shared)

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM Hit Hit Data Evict

Core 0 | i i S

L1$
Skiaérgd < : jé / |\ S ’

Core 1
L1$ — S .
Load Data Load (time)
Req./ Load Req./

GetS Hit Hit




VICL Value in Cache Lifetime

Conventionato - mptimeline ( = modified, S = Shared)

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM i ; Data Evict
L1$
Shared \ / ‘
L2§ 5| P | - ’
Core 1 \
L1$ — > .
Load Data Load (time)
Req./ Load Req./

GetS Hit Hit




VICL Value in Cache Lifetime

Conventionato - mptimeline ( = modified, S = Shared)

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM Hit Hit Dat ict

Core 0
—
L1$ M M

Shared \/

.2$ S e > —
Core 1 —|/ \ S
L1$ Load Data Load (time)
Req./ Load Req./
GetS Hit Hit

AL
Mo

%



VICL Value in Cache Lifetime

Conventionato - mptimeline ( = modified, S = Shared)

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM Hit Hit Data Evict

Core 0

e e Y M S f———)
Shared S\/

.2% / >
Core 1
L1$ —] S .
Load Data Load (time)
Req./ Load Req./

GetS Hit Hit




VICL Value in Cache Lifetime

Conventionato - mptimeline ( = modified, S = Shared)

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM Hit Hit Data Evict

Core 0
' —— e e ——————————
Shared

ﬁ‘
.28 > / > >
Core 1
L1% Load Data (time)
Req./ Load Req./

GetS Hit Hit




VICL Value in Cache Lifetime
Now withVICLS

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM Hit Hit Data Evict
Core 0 0x.2.0) B ’
L1$ it ]
Shared
Lo Tx2.0) —
Core 1
L1$ (2:x,2,0) —
Load Data Load (time)
Req./ Load Req./
GetS Hit Hit
ViCL Nodes
ViCL ViCL ViCL (cache id, addr, data, gen. id)

Create Expire




VICL Value in Cache Lifetime
Now withVICLS

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM i Hit Data Evict
Core 0 0x.2.0) B ’
L1$ it ]
Shared
1.,x,2,1
e ) —
Core 1
2,x,2,0
L1$ ( S ) —)
Load Load (time)
Req./ Load Req./
GetS Hit Hit
ViCL Nodes
ViCL ViCL ViCL (cache id, addr, data, gen. id)

Create Expire




VICL Value in Cache Lifetime
Now withVICLS

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM Hit Hit Data i
Core 0 0x.2.0)
L1$ ikl

Shared
1.x.2.1
12§ (1,x,2,1) _)
Core 1
2x.2.0
L1$ (2x,2,0) —
Load Data Load (tlme)
Req./ Load Req./
GetS Hit Hit
ViCL Nodes
ViOL ViCL ViCL (cache id, addr, data, gen. id)

Create Expire




VICL Value in Cache Lifetime
Now withVICLS

Litmus Testo- mp

Core 0O Core 1
(i1) St [x| «— 1 | (i3) Ld r1 < [x]
(i2) St [x] «— 2 | (i4) Ld r2 < [x]

In T'SO: r1=2, r2=2 Allowed

Store Data/ Store Ack/ Repl./
Req./ Store Req./ Fwd. Silent
GetM ] i Data Evict
Core 0 B ’
L1$
Shared
1,x,2,1
e ) —
Cﬂ% L 2x.2.0) —
Load Data Load (time)
Req./ Load Req./
GetS Hit Hit
ViCL Nodes
ViCL ViCL ViCL (cache id, addr, data, gen. id)

Create Expire




VICL Value in Cache Lifetime
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