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Objectve

| ocal operation
| ocal operation
renote operation (e.g., acquire a | ock)
| ocal operation

| ocal operation
renote operation (e.qg., release a | ock)
| ocal operation
| ocal operation

Ourobjectveisto developtechnigueshatexposeasmuch
parallelismaspossiblearoundexpensve operations.

Whatarethefundamentalimits of parallelismarounahese
operationsespeciallyfor fine-grainprograms?
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Motivation

Ourgoalis notto improve performancdor coarse-grained
applicationsywherethecostsof “synchronization’or “com-
munication”’canbeeasilyamortized.

Ratherweareattemptingo reduceheeffective costof the
expensve operationsgo the nearminimum, so that fine-
grainapplicationswill becomeamoreefficient.
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BackgroundRegisterDependences

Modernprocessordetectandmaintainread-aftetwrite de-
pendencefRAW, data). WAR andWAW dependencesre
removedthroughregisterrenaming.

Original code:

add r3, rl, r2 #r3 =rl1+r2
store r3, r4 # store r3 to address r4
load r2, r5 # load r2 fromaddress r5
add r3, r2, 4 #r3 =r2 + 4

After registerrenaming:

add r3, rl, r2 #r3 =rl1+7r2
store r3, r4 # store r3 to address r4
load r6, rb5 # load r6 fromaddress r5
add r7, r6, 4 #r7 =r6 + 4
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BackgroundMemoryDependences

Modernprocessorslsodetectand maintainRAW, WAR,
andWAW dependence®r memorylocations.

store r0, 2000
Ioad. }1: 2000
storé }2; 2000
Ioad. }3; ré

store r5, 2000

Unfortunately“memorydisambiguationimakesthismore
difficult thantrackingregisterdependences.
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Background:ControlDependences

Branchinstructionantroduce“control dependencés.

loadimmr2, O

| oop:
| oad rl, rl+4
add r2, r2, 1
conpare rl, O
bne | oop

store r2, 2000

Branch prediction: “guess” whetherthe branchwill be
taken,andstartexecutinginstructionsfrom there.

However, branchpredictionsarenot alwayscorrect.
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Techniquedor ToleratingLateng

e Reduceahelateng: technologycaching.

Original code Reduced latency fo

& Il

e Find independenivork: pipelining, OOO execution,
multithreading.

PEETN

Original code

Pipelining Out-of-Ordel
Execution
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Techniquedor ToleratingLateng (continued)

e Reduceamountof dependenivork: speculatre execu-
tion, prediction,memorymodel,architecturechanges.

.’ Se
. Y

Original code

Out-of-Order Dependenc
Execution Change
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Dependenc€ornversion

Modify aconventionalarchitecture¢o exposemoreinstruction-
level parallelismaroundthread-leel synchronizatiorop-
erations:

e Rema/e unnecessargiependences.
e \Wealenoverly-restrictve dependences.

e Convert “expensve” dependencesto more-eficient
dependences.

Suchchangesllow theprocessoto useexisting ILP tech-
niques(OOO0 execution,etc.) to exploit this new-found
parallelism.
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Exampleof a Critical Section

do
| sSuccess = try_acquire(p->l ock);
while (not isSuccess);
nmenory barrier
store 1 @ p->val
| oad r2 @done_counter
add r3, r2, 1
store r3 @done_counter
nmenory barrier
store 0 @p->l ock /* release(p->lock) */

Two impedimentso morelLP: spin-loopandmemorybar
riers.
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Blocking Acquires

Goal: Remore the hard-to-predictontrol dependence
theacquire.

Key obseration: “no you don't have thelock, no, no, no,
no,...,yesyouhavethelock” is virtually indistinguishable
from avery slow “yesyou have thelock now.”

Replacdheentirespin-loopacquirewith asingleblocking
acquireinstruction: the instructioncompletesonly when
thelock hasbeenacquired.
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Examplewith Blocking Acquire

bl ocki ng-acquire for p->lock

menory barrier

store 1 @ p->val

| oad r2 @done _counter

add r3, r2, 1

store r3 @done_counter

menory barrier

store 0 @p->l ock /* rel ease(p->lock) */
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SyntheticDependences

Goal: Wealenthefirst memorybarrierby explicitly adding
theexactdependences.

Syntheticdependenceary dependencartificially added
by the programmetito enforcethe executionorderingbe-
tweenary two otherwise-unorderei@structions.

storedep: wait for rgngep-in, MTadar] = Faata @NA Tgynaep—out = O.
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Examplewith SyntheticDependences

bl ocki ng-acquire for p->lock, update rl
storedep wait on rl, 1 @ p->val

| oaddep wait on rl, r2 @done_counter

add r3, r2, 1

storedep wait on rl, r3 @done_counter

menory barrier

store 0 @ p->l ock /* release(p->lock) */
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Partial Barriers/CSBgin & CSENd

Usingonly syndepss notscalableandrequireamodifica-
tion of all critical sectioncode.

Goal: Provide someform of partialbarriers.

UseCSBain andCSENdto “bracket” the critical section.
All memoryaccessem thecritical sectionaremarked by
the decoder Marked accessestall until after CSBagin
completes,CSEndstalls until all marked accessesom-
plete.
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Examplewith CSBayin & CSENd

bl ocki ng-acquire @ p->lock, update rl
CSBegin wait on rl

store 1 @ p->val

| oad r2 @done _counter

add r3, r2, 1

store r3 @done_counter

CSEnd, update r1ll

storedep wait on rl1ll, 0 @ p->lock
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Executiongraph

19

Traditional code:
ordinary code |

I
}acq sync CS sync rel{
|_ordinary code
[

New code:
ordinary code |
|
acq CS rel

ordinary code

Brian Grayson— Feb22,1999



Message-passirigxample

do

got ANewlMesg = HasMessageArrived();
whi | e (got ANewMesg == fal se);
menory barrier
access nessage buffer

menory barrier
deal | ocat e nessage buffer
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Message-passirtgxample with blockingload,syndeps,
andCSBain/CSENd

bl ocki ng-1oad for nmesg-arrived, updating rl
CSBegin wait on rl
access nessage buffer

CSEnd, updating r2
deal | ocat e nessage buffer, wait on r2
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ResearchPlatform: Armadillo

Armadillo is a portable,executable-duen simulatorthat
modelsa modernmultiprocessosystem.

PowerPC input files for
executable| [simulated executalp

\ ) output from

simulated
Armadillo, running  |_—""| executable
on the host machine

(x86, UltraSparc, Alpha,
PowerPC)

e

~ statistics,
etc.
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Simulationresults:Shared-memory

Microbenchmarkhistogram

Results for 16 processors, 32 instruction-window, 10:1 |
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Simulationresults:Shared-memory

4-processoSMP with 10x bus,around10M to 50M insns

Benchmark Base Savings Numberof | Savings
runtime with all critical | percritical
(TTS& MB) | techniques | sections | section
gsortl00K| 9048968 | 68956(1.01) 1580 43.64
barneb12| 11805934 | 52596(1.00) 2232 23.56
ocean34| 16696549 | 42583(1.00) 1532 27.80
raytracechecksmall 11417485 | 903087(1.09)] 20625 43.79
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Message-passingrtual Architecture
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Simulationresults:Message-passing

MVP+ libraries: message-passinpraries,tunedfor our
network interface.

e MVP+: usesspin-looppolling andmemorybarriers.
e MVP+ & BL.: replacespin-looppoll with blockingload.

e MVP+ & BL & Isdep:alsoreplacesomebarrierswith
syndeps.

e MVP+ & BL & Isdep& PB:replaceaemainingbarriers
with partialbarriers.

Benchmarksping (with add),mmult, SOR,et al.
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Execution time per iteration
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Execution time per iteration
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Execution time versus net latency for mmult, with varying IW sizes
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Execution time per iteration
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Execution time per iteration

Execution time versus net latency for 16x16 SOR, with varying IW sizes
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Execution time per iteration
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Execution time versus net latency for 32x32 SOR, with varying IW sizes
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Conclusion

e Synchronizatior{e.g., device or critical section)is not
Inherently “ILP-unfriendly”

e New techniquesgblocking-acquires/blocking-loadsyn-
thetic dependencegartial barriers)can exposemore
ILP to the processoby providing preciselight-weight
dependences.

e Thesetechniguesare orthogonalto mary othertech-
nigues sobenefitsarefrequentlyadditive.
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Conclusion

e Thenew techniguesequireonly simplechangeso cur
rentcommoditymicroprocessors.

e Usesof thesetechniquesncludedevice or coprocessor
Interaction.gvenon uniprocessors.
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