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How does one begin to describe the dreams, thoughts and tbatssurround a discovery
of a different view of some old concepts or the employment of old accepted methodology to new
avenues? It is probably best to start the account by describing the field of Computer Architecture,
in particular, the area of hieraratal memory design, that was prevalent around and before the

time theideas came to light.

S < > <
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As indicated at the beginning, a discovery is just a different look at some old concepts or the
use of some old concepts for new mechanisms. Mine wasatter [52].
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C 3 MI_exampleProtocol [ MOESI_CMP_directoByotocolA
I7l GEM5 MOESI_CMP_directorgrotocol b GEMST
Protocol GEM5 Ly’ State Transition FSMFEiniteSate Maching
IRV b A
N1 @ ¥ MOESI_CMP_directopyotocola, Coherence Messages Messages
H Ne ~ Wa Coherence Requést W Ne CoherencéResponse i
42t 43 A
4-2 MOESI_CMP_directomgrotocol g CoherenceRequesfo4]
Message Description
GETX Request for exclusive access.
GETS Request for shared permissions to satisfy a CPU's load or IFetch.
PUTX Request for writeback of cache block.
PUTO Request fomriteback of cache block in owned state.
PUTO_SHAREI| Request for writeback of cache block in owned state but other sharers o
block exist.
PUTS Requesfor writeback of cache block in shared state.
WB_ACK Positive witeback ack
WB_ACK_DAT/ Positive witeback ackvith data
WB_NACK Negativewriteback ack
INV Invalidation request. This can krggeredby the coherence protocol itself, ¢
by the next cache level/directory to enforce inclusion or to triggel
writeback for a DMA access so tliae latest copy of data is obtained.
DMA_READ DMA Readrequest
DMA_WRITE | DMAWrite Request
GETX GETS PUTO wooE i T L L1 Cache
Fwd_|E i1 CMP own_|t | cmp A Request
- A
4-3 MOESI_CMP_directongrotocol g, CoherenceRespons§94]
Message Description
ACK Acknowledgment, responder doesn't have a copy
DATA Acknowledgment responder has data copy

DATA_EXCLUSIVE

Data, no processor has a copy

UNBLOCK

Message to unblock next cache level/directory for block
protocols.

UNBLOCK_EXCLUSIVE

Unblock, we're in E/M

WRITEBACK_CLEAN_D

Clean writebackvith data

WRITEBACK_CLEAN_A

Clean writdackwithout data

WRITEBACK_DIRTY_D/

Dirty writeback with data

DMA_ACK

Ack that a DMA write completed
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v MM_W [ MM" M_W [ M_W AMM_W Store:GETX
Store:Hit 6 S T O MW “wi DMA b Cache
- W Q Cache Blotk FSM Q Cache Block
MM W A W v ~ MM A MW Timeout W a A
MOESI_CMP_directoRyotocol T~ L2 Cache Controller v N Y
Controller l L1 Cache Controlleri /]  Directory ControlleA L2 Cache Controll&r
3 14@ Stable - CMP_directory Protocdl "N 4 "7 Hb
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4-4 1.2 Cache Controller, Stable [95]

Intra-Chip | Inter-Chip | State Description

Inclusion | Exclusion

Not in any| May be | NP/l | The cache block at this chip is invalid.

L1lorlLRl) present

Not in L2, Maybe |[ILS The cache block is not present at L2 on this chip. It is sh

but in L1| presentat locally by L1 nodes in this chip.

or more other ILO | The cache block is not present at L2 on this chip. Som

L1€2) chips node in this chip is an owner of this cache block.

ILOS | Thecache block is not present at L2 on this chip. Som
node in this chip is an owner of this cache block. There
also L1 sharers of this cache block in this chip.

Not ILX | The cache block is not present at L2 on this chiig.held in
presentat exclusive mode by some L1 node in this chip.
any other | ILOX | The cache block is not present at L2 on this chip. It is
chip exclusively by this chip and some L1 node in this chip i
owner of the block.

ILOSX The cache block is not present at L2this chip. It is held
exclusively by this chip. Some L1 node in this chip it
owner of the block. There are also L1 sharers of this ct
block in this chip.

In L2, butf Maybe |S The cache block is not present at L1 on this dhijs. held in

not in any| present shared mode at L2 on this chip and is also potentially shi

L1(3) across chips.

0] The cache block is not present at L1 on this chip. It is he
owned mode at L2 on this chip. It is also potentially sha
across chips.

Not M Thecache block is not present at L1 on this chip. It is pre:
present at L2 on this chip and is potentially modified.

Both in L2, Maybe | SLS | The cache block is present at L2 in shared mode on this

and 1 or| present There exist local L1 sharerstbé block on this chip. It is als

more potentially shared across chips.

L1g4) OLS | The cache block is present at L2 in owned mode on this «
There exist local L1 sharers of the block on this chip. It is
potentially shared across chips.

Not OLSX| The cache block is present at L2 in owned mode on this «
present There exist local L1 sharers of the block on this chip.
held exclusively by this chip.
Stable B Now H NS 4@ W Ne 61 L2 Cache Coherence
"3 W Ne 6 CMPp @ L1 Cacha
. 1 {NP D} CMPT CacheBlock ~~ i 1 CMPi « A
. 2 {ILXILOXILOSXLSILQILO%AT T {ILX ILOXILOSX | cmP
W @ Cache Block T Ownership v Exclusive @nership 1 1 CMPb v

78



A

q
{ILSILQILO$ G
CMP

3

q
W {§ O, M}
F CMPT

A

4

1,3 4 B

L1_GETS : Data
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Fwd DMA : dmas
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4 {SLSOLSOLSY

FCMP @ CPUGE3
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p

G L2 Cache D

A

S0 M

3 7

3
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| CMP L1 cCachg
411 A

L1_PUTS only Fwd DMA :dma
Q lml(}l\ : Ex Data
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l‘Rwh\‘t PUTX

I’qul:n\ PUTO Sharers
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:nnn\u: ; L1 PUTS
ma ¥ & , 3
] 1 "
’ y LLPUTS
: 1.2 Replace : ;
1 PUTO Sharers :1 iR
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I
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\I)nn
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¥ o
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4-11 Intra-Chip Inclusion FSNB5]

{ILX ILOXILOSKLSILQILOS

FSM
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Fdl Ry, Dt
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4-12f L1 Cache Block {
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B
A
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il Ry > { s F
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1.2 Replace
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4B [ ACK Data/Exclusive_Data [ © 4 ACKb Data D
a b A w . Hs All_acksb Protocol b A
Intel MESIFProtoco[96] ~ 3,W @ FForwarg A ccNUMA T 7
@ CacheT « ' « T 7 Wae Cache Block
w F i 1T Cache Block u SA
W e 0 @ « . w F Cache " ¥y .
0 v Bw S Cache 0 « A C Bw F Cache
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MOESI_CMP_directoBrotocol L1 Cache Controllgf b IM  OM 3 Transient
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When our founders boldly declared America's independence to the world and our purposes to
the Almighty, they knew that America, to endure, would have to change. Not change for change's
sake, but change to preserve America's ideals; life, libéreypursuit of happiness. Though we
march to the music of ouime, our mission is timeless.
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