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Abstract— Simultaneous Multithr eading (SMT) processors
fetch instructions fr om several thr eads and, in this way, the
available Instruction Level Parallelism (ILP) of each thr ead is
exposedto the processor. In an SMT processorthe fetch engine
has the additional level of fr eedom,compared to a super-scalar
processor, to select independent instructions. The fetch engine
determines how shared resources are allocated, playing a key
role in the �nal performance of the machine.

When a thr eadexperiencesan L2 cachemiss,critical resources
can be monopolized for a long time, thr ottling the execution
of remaining thr eads. Several approacheshave been proposed
to cope with this problem. The �rst contribution of this paper
is the evaluation and comparison of the thr ee best published
policies addressing the long latency load problem. The second
and main contributions of this paper are that we have proposed
impr oved versions of thesethr ee policies. Our results show that
the impr oved versions signi�cantly enhancethe original onesin
both thr oughput and fair ness.

Index Terms— SMT, multithr eading, fetch policy, long latency
loads, load miss predictors.

I . INTRODUCTION

M ULTITHREADED and SimultaneousMultithreaded
Processors(SMT) [1][2][3][4] concurrently run sev-

eral threadsin order to increasethe available parallelism,
with a moderateareaoverheadover a super-scalarprocessor
[5][6][7][8]. The sourcesof this parallelismcome from the
instructionlevel parallelism(ILP) in eachthreadalone,from
theadditionalparallelismthatprovidesthefreedomof fetching
instructions from different independentthreads, and from
combiningthemin anappropriateway. Problemsarisebecause
sharedresourceshave to be dynamically allocatedbetween
thesethreads.It is the responsibilityof the fetch policy to
decidewhich instructionsand from which threadcome into
theprocessor. Hence,it determineshow this allocationis done,
playing a key role in obtainingperformance.

When a threadexperiencesan L2 cachemiss, instructions
after this load occupy resourcesfor a long time while making
little progress.Eachinstructionoccupiesa ROB entry and a
physicalregister, not all, from therenamestageto thecommit
stage.It also usesan entry in the issuequeueswhile any of
its operandsis not ready, anda functionalunit (FU). Neither
the ROB nor the FUs presenta problem,becausethe ROB is
not sharedand the FUs are pipelined.The issuequeuesand
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thephysicalregistersaretheactualproblem,becausethey are
usedfor a variableandlong period.Thus,the instructionfetch
(I-fetch) policy mustprevent an incorrectuseof theseshared
resourcesto avoid signi�cant performancedegradation.

Severalpolicieshavebeenproposedto alleviatetheprevious
problem. As far as we know, the �rst proposal to address
it was mentionedin [9]. The authors suggestthat a load
misspredictorcould be usedto predict L2 misses,switching
betweenthreadswhenoneof themis predictedto have an L2
miss. In [10] the authorsproposetwo mechanismsto reduce
load latency: datapre-fetchingand a policy basedon a load
miss predictor(we explain thesepolicies in the relatedwork
section).STALL [11] fetch-stallsa threadwhenit is declared
to have an L2 missingload until the load is resolved.FLUSH
[11] works similarly and additionally �ushes the thread to
which the missing load belongs.DG [12] and PDG [12] are
two recentlyproposedpoliciesthat try to reducetheeffectsof
L1 missingloads.Our performanceresultsshow that FLUSH
outperformsboth thesepolicies, hencewe will not evaluate
DG andPDG in this paper.

In the �rst part of this paperwe analyzethe useof a load
miss predictor in an SMT processor, and compareit with
the FLUSH and STALL policies. As we show below none
of them outperformsall others in all cases:each behaves
better than the othersdependingon the metric usedand on
the workload. Basedon this initial study, in the secondpart
we proposeimprovedversionsof eachpolicy. Throughputand
fairness[13] resultsshow that in generalimproved versions
achievesigni�cant performanceimprovementover theoriginal
versionsfor a wide rangeof workloads,rangingfrom two to
eight threads.

The remainderof this paper is structuredas follows: we
presentrelated work in Section 2. Section 3 presentsthe
experimentalenvironment and the metrics used to compare
the different policies. In Section4 we analyzethe use of a
load misspredictorin an SMT processor. Section5 compares
the effectivenessof thosepolicies. In Section6 we propose
several improvementsfor the presentedpolices. In Section
7 we comparethe improved policies. Finally, Section 8 is
devotedto the conclusions.

I I . RELATED WORK

CurrentI-fetch policiesaddressthe problemof the latency
of load that miss in the L2 cachein several ways. Round
Robin [2] is absolutelyblind to this problem. Instructions
arealternatelyfetchedfrom availablethreads,evenwhenthey
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have in-�ight L2 misses.ICOUNT [2] only takesinto account
theoccupancy of the issuequeuesanddisregardsthata thread
can be blocked on an L2 miss, causingthis threadto make
no progressfor many cycles. ICOUNT gives higher priority
to thosethreadswith fewer instructionsin the queuesand in
the pre-issuestages.When a load missesin L2, dependent
instructionsoccupy the issuequeuesfor a long time. If the
number of dependentinstructions is high, this thread will
have low priority. However, theseentriescannotbe usedby
the otherthreads,degradingtheir performance.Conversely, if
the numberof dependentinstructionsafter a load missingin
L2 is low, the numberof instructionsin the queuesis also
low, so this threadwill have high priority and will execute
many instructionsthat cannotbe committedfor a long time.
As a result, the processorcanrun out of registers.Therefore,
ICOUNT only has a limited control over the issuequeues,
becauseit cannotprevent threadsfrom usingthe issuequeues
for a long time. Furthermore,ICOUNT ignorestheoccupancy
of the physicalregisters.

More recent policies, implementedon top of ICOUNT,
focusin this problemandaddmorecontrolover issuequeues,
as well as control over the physical registers.In [9], a load
hit/misspredictoris usedin a super-scalarprocessorto guide
the dispatchof instructions that the schedulermakes. This
allows the schedulerto dispatchdependentinstructionsat the
time they requiredata.The authorsproposeseveral hit/miss
predictors that are adaptationsof well known branch miss
predictors.Theauthorssuggestaddinga loadmisspredictorin
anSMT processorin orderto detectL2 misses.This predictor
would guide the instructionfetch, switching betweenthreads
whenany of themis predictedto miss in L2.

In [10] the authorsproposetwo mechanismsfocusedon
reducing the problem associatedwith load latencies.They
use data prefetching and conclude that it is not effective
because,although the latency of missing loads is reduced,
this latency is still signi�cant. Furthermore,as the number
of threadsincreases,the gain decreasesdue the pressureput
on the memory bus. The secondmechanismuses a load
miss predictor, and when a load is predicted to miss, the
correspondingthreadis restrictedto usea maximumamount
of availableresources.Whenthemissingload is resolved,the
threadis allowed to useall the resources.

In [11], theauthorsproposeseveralmechanismsto detectan
L2 miss (detectionmechanism)and different ways of acting
on a threadonce it is predictedto have an L2 miss (action
mechanism).The detectionmechanismthat presentsthe best
results, is to predict `miss' every time that a load spends
morecycles in the cachehierarchythanneededto accessthe
L2 cache,including possibleresourcecon�icts (15 cycles in
the simulatedarchitecture).Two action mechanismspresent
good results.The �rst one,STALL, consistsof fetch-stalling
the offending thread.The secondone, FLUSH, �ushes the
instructionsafter the load missing in L2, and also stalls the
offending threaduntil the load is resolved. As a result, the
offending threadtemporarilydoesnot competefor resources
and, what is more important, the resourcesused by the
offendingthreadarefreed,giving theotherthreadsfull access
to them.FLUSH requirescomplex hardwareandincreasesthe

pressureon the front-endof the machinebecauseit requires
squashingall instruction after a missing load. Furthermore,
due to the squashes,many instructionsneedto be re-fetched
andre-executed.STALL is lessaggressive thanFLUSH, does
not require hardware as complex as FLUSH, and does not
re-executeinstructions.

In this paper we presentimproved versionsof FLUSH,
STALL, and L2MP that clearly improve the original onesin
both throughputand fairness.

I I I . METRICS AND EXPERIMENTAL SETUP

We have usedthreedifferent metrics to make a fair com-
parisonof the policies. First, the IPC throughput.Second,a
metric that balancesthroughputand fairness(Hmean[13]).
And third, a metric that takes into accountthe extra energy
usedto re-executeof instructions(extra fetch or EF).

We call the fraction I PCwld /I PCalone the relative IPC,
wherethe I PCwld is the IPC of a threadin a givenworkload,
andtheI PCalone is theIPC of a threadwhenit runsisolated.
The Hmeanmetric is the harmonicmeanof the relative IPC
of the threadsin a workload . Hmeanis calculatedasshown
in equation1.

H mean =
# thr eads

P
thr eads

I P Calone
I P Cw ld

(1)

The extra fetch (EF) metric measuresthe extra instructions
fetcheddue to �ushing of instructions,seeequation2. Here
we arenot taking into accountthe �ushed instructionsdueto
branchmispredictions,but only thosecausedby loadsmissing
in L2. EF comparesthe total numberof fetchedinstructions
(�ushed andnot �ushed) with the numberof instructionsthat
arefetchedandnot �ushed. Thehigherthevalueof theEF is,
the higher the numberof squashedinstructionswith respect
to the total numberof fetchedinstructions.

EF =
TotalF etched� 100

F etched not squashed
� 100 (2)

We use a trace driven SMT simulator, basedon SMT-
SIM [3]. It consistsof our own trace driven front-end and
a modi�ed version of SMTSIM's back-end.The baseline
con�guration is shown in Table I(a). The simulator allows
executingwrong path instructionsby using a separatebasic
block dictionary that containsall static instructions.

Traces have been collected of the most representative
300 million instructionsegment,following an idea presented
in [14]. The workload consistsof all programs from the
SPEC2000integer benchmarksuite. Each programwas ex-
ecutedusing the referenceinput set and compiled with the
� O2� non sharedoptions,usingtheDECAlphaAXP-21264
C/C++compiler. Programsaredividedin two groupsbasedon
their cachebehavior, seeTable I (b): thosewith an L2 cache
miss rate higher than 1%1 are consideredmemory bounded
(MEM), the rest is consideredILP. From theseprogramswe
have created12 workloads, as shown in Table II, ranging
from 2 to 8 threads.In the ILP workloads all benchmarks

1The L2 miss rate is calculatedwith respectto the numberof dynamic
loads
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TABLE I

FROM LEFT TO RIGHT. (A) BASELINE CONFIGURATION; (B) L2 BEHAVIOR OF ISOLATED BENCHMARKS

Processor  
Configuration
 

Fetch 
/
Issue
 
/
Commit Width
  
 8
 


Fetch Policy
 
 ICOUNT 2.8
 

Queues 
E
ntries
 
 32 int, 32 fp, 32 ld/st
  

Execution Units
 
 6 int, 3 fp, 4 ld/st
 


Physical Registers
  
 38
4 int, 384 fp
 

ROB S
ize /
 
thread
 
 256 entries
 


Branch Predictor 
  Conf
iguration
 

Branch
 Predictor
 
 2048 entries gshare
  


Branch Target Buffer
  
 256 entry, 4
-
way associative
 

RAS
 
 256 entries
  


Memory
 
Configuration
 


 L1 
Icache, Dcache
  

64K bytes, 2
-
way, 8
-
bank
s
,
 

64
-
byte lines
, 1 cycle access
 


L2 cache
 
 512K bytes, 2
-
way, 8
-
bank
s
, 

10 
cycles lat., 
64
-
byte lines
 


Main Memory latency
  
 100 cycles
 

TLB miss penalty
  
 160 cycles
 


 


 


 
 L2 miss rate
 
 Thread typ
e
 

mcf
 
 29.6
 


twolf
 
 2.9
 

vpr
 
 1.9
 


parser
 
 1.0
 


MEM
 


gap
 
 0.7
 

vortex
 
 0.3
 


gcc
 
 0.3
 

perlbmk
 
 0.1
 


bzip2
 
 0.1
 

crafty
 
 0.1
 

gzip
 
 0.1
 

eon
 
 0.0
 


ILP
 


 


TABLE II
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have good cache behavior. All benchmarksin the MEM
workloadshave an L2 miss rate higher than 1%. Finally, the
MIX workloadsincludeILP threadsaswell asMEM threads.
For MEM workloads some benchmarkswere used twice,
becausetherearenot enoughSPECINTbenchmarkswith bad
cachebehavior. The replicatedbenchmarksarehighlightedin
boldfacein Table II. We have shifted the secondinstanceof
a replicatedbenchmarksby one million instructionsin order
to avoid thatboth threadsaccessingthecachehierarchyat the
sametime.

IV. LOAD MISS PREDICTORS IN AN SMT ENVIRONMENT

In this paperwe useseveralpredictorsto predictL2 misses.
First, we describethe policy that usesload miss predictors,
what called L2MP. This policy is similar to PDG [12] but
it predicts L2 missesinsteadof L1 misses.After that, we
describethe load miss predictorsthat we evaluateas well as
the metricsusedto comparethe effectivenessof the different
load misspredictors.

A. L2MP policy

TheL2MP schemeis shown in Figure1. Thepredictoracts
in thedecodestage.It is a tableindexedby thePCof a load:if
a load is not predicted(1) to missin L2, it executesnormally.

If a load is predicted(1) to miss in L2 cache,the threadit
belongsto is stalled(2). This load is taggedindicatingthat it
hasstalledthethread.Whenthis load is resolved,eitherin the
Dcache(3), or in the L2 cache(4),the correspondingthread
continues.

PC
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Cache


L2

Cache


mshr


Prediction

Mechanism


Regs


continue
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hit/miss


stall


(1)


(2)


(3)
 (4)


Fig. 1. L2MP mechanism

B. Load misspredictors

We have exploreda wide rangeof loadmisspredictors.The
one that obtainsthe bestresultsis the predictorproposedin
[10]. We call this predictor pattern predictor. In this paper,
we show the resultsof the patternpredictorand also for the
predictorproposedin [12], called2bc.

The patternpredictorusesone tableper thread.Eachtable
is direct mappedandeachof its entriescontainsthree�elds:
the tag, the numberof hits in the cache(Data cacheand L2
cache)betweenthe two last missesin L2, andthe numberof
hits in the cachesince the last miss. A load is predictedto
miss in L2 when the last two �elds are equal.The table is
updatedwhena load hits in the cache(Datacacheor L2) and
whenthe load missesin L2.

The2bcpredictorusesonly onetablethatis sharedbetween
threads.This table is indexed by the PC of the load and it
has2K entriesof two bit saturatingcounters.On a miss, the
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correspondingentry is clearedandon a hit, it is incremented.
The mostsigni�cant bit determinesthe prediction.

C. Metrics to compare load misspredictors

As in [9], we classifyevery dynamicload into oneof four
groupsbasedon the resultof the load (hit or miss in cache),
andon the predictionmadeby the predictor. The contribution
of this paperis thatwe identify andanalyzetheparticularities
of eachgroup in an SMT processor.

Wedifferentiatefour groups,the�rst two representpredictor
hits, and the last two predictormisses.

� AHPH (actualhit - predictedhit): this group is formed
by the loadsthathit in theDatacacheor in theL2 cache
andthatarenotpredictedto miss.Thus,they areexecuted
normally.

� AMPM (actualmiss - predictedmiss): this group repre-
sentsthe loads missing in L2 that are detectedby the
predictor. That is, the loadscorrectlystalled.

� AHPM (actualhit - predictedmiss): loadsthat hit in the
L1 cacheor in theL2 cachethatarepredictedto miss.In
this case,thecorrespondingthreadis unnecessarilyfetch-
stalleduntil this load is resolved.Hence,its performance
is degraded.If the load hits in L1 data cache,it takes
approximately5 cycles in the simulatedarchitectureto
re-start the thread. If the load miss in L1 and hits in
L2, it takes approximately15 cycles in the simulated
architecture.

� AMPH (actual miss - predictedhit): this group covers
those loads that actually miss in L2 but that are not
detectedby the predictor. Theseloads heavily degrade
the performanceof the SMT processorbecausemachine
resourcesarecloggedby theinstructionsaftertheseloads.

To measurethe effectivenessof the predictorswe usetwo
metrics.First, falsemisses: thepercentageof incorrectmispre-
dictions (AHPM/PM). Second,�lter ed loads: the percentage
of actual misses(AM) that are detectedby the predictor
(AMPM/AM). The objective of the predictor is to maximize
the �ltered loadswhile minimizing the falsemisses.However,
there is a trade-off betweenthese two factors, becauseto
achieve a high percentageof �ltered loadsthe predictormust
be moreaggressive probablyincreasingthe falsemisses.

D. Load misspredictors evaluation

Concerningto the patternpredictor, in [10] authorsdo not
indicatethe size of the predictor. We have exploreddifferent
sizes,and the best result is obtainedwhen the table has 8
entries.In this casethe total predictorsize is 2.944Kbits (8
threadsx 8 entriesx (30 bits of tag + 8 bit counter+ 8 bit
counter)).Figures2(a) and (b) comparethe effectivenessof
bothpredictors.These�gures respectively show thepercentage
of false missesand the percentageof detectedL2 missing
loads.We observe that the patternpredictorpresentsthe best
results:it has lessfalsemissesand detectsmore L2 missing
loads.Hence,we usethis predictorin the L2MP policy in the
remainderof this paper.
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Fig. 2. Effectivenessof the patternpredictorandthe 2bc

V. COMPARING THE CURRENT POLICIES

In thissectionwedeterminetheeffectivenessof thedifferent
policiesaddressingthe problemof load latency. We compare
the STALL, FLUSH andL2MP policiesusingthe throughput
and the Hmeanmetrics. In Figure 3, we show the through-
put and the Hmean improvementsof STALL, FLUSH, and
L2MP over ICOUNT. L2MP achieves important throughput
improvementsover ICOUNT, mainly for 2-threadworkloads.
However, fairnessresults using the Hmean metric indicate
that for the MEM workloadsthe L2MP is more unfair than
ICOUNT. Only for 8-threadworkloads L2MP outperforms
ICOUNT in both throughputandHmean.Our resultsindicate
that this is becauseL2MP hurtsMEM threadsandboostsILP
threads,especiallyfor few-threadworkloads.If we compare
the effectivenessof L2MP to other policies addressingthe
same problem, like STALL, we observe that L2MP only
achievesbetterthroughputthanSTALL for MEM workloads.
However, L2MP heavily affects fairness.We explain why
L2MP doesnot obtain resultsasgoodasSTALL below.

The results of FLUSH and STALL are very similar. In
generalFLUSH slightly outperformsSTALL, especiallyfor
MEM workloadsand when the numberof threadsincreases.
This is becausewhen the pressureon resourcesis high it is
more preferableto �ush delinquentthreadsand hencefree
resources,than to stall thesethreadswhich causesthem to
hold resourcesfor a long time. As statedbefore,no policy
outperformsall others neither for all workloads nor for all
metrics. Each one behaves better than othersdependingon
the particularmetric andworkload.

VI . IMPROVED POLICIES

In this sectionwe presentour improvementsof the policies
discussedpreviously.
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Fig. 3. Comparingcurrentpolicies.(a) throughputimprovementover ICOUNT; (b) Hmeanimprovementover ICOUNT

A. Improving L2MP

We have seenthat L2MP alleviates the problem of load
latency, but it doesnotachieveresultsasgoodasotherpolicies
addressingthe sameproblem.The main drawback of L2MP
is the AMPH loads, that is, those loads missing in the L2
cachethat arenot detectedby the predictor. Theseloadscan
seriouslydamageperformancebecausesubsequentinstructions
occupy resourcesfor a long time. Figure4 indicatesthat this
percentageis quitesigni�cant from 50%to 80%,andthusthe
problemstill persists.We proposeto adda safeguardmecha-
nism to “�lter” theseundetectedloads.That is, a mechanism
that acts on loads missing in L2 that are not detectedby
the predictor. The objective is to reducethe harmful effects
causedby theseloads.In this paper, we useSTALL [11] asa
safeguardmechanism.
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Our resultsshow that,whenusingL2MP, thefetchis totally
idle for many cycles(15% for the2-MEM workload)because
all threadsare stalled by the L2MP mechanism.Another
important modi�cation that we have made to the original
L2MP mechanism,is to always keep one threadrunning in
orderto avoid idle cyclesof theprocessor. Wecall theresulting
policy L2MP+.

Figures5 (a) and (b) show the throughputand the Hmean
improvementof L2MP+ over L2MP. Throughputresultsshow
that for MEM workloadsL2MP outperformsL2MP+ by 5.1%
on average,andfor MIX L2MP+ outperformsL2MP by 16%
onaverage.Wehave investigatedwhy L2MP improvesL2MP+
for MEM workloads.We detectedthat L2MP+ signi�cantly
improves the IPC of mcf (a thread with a high L2 miss
rate), but this causesan important reduction in the IPC of
the remaining threads.Given that the IPC of mcf is very

low, the decreasein IPC of the remainingthreadsaffects the
overall throughputmorethantheimprovementin IPC of mcf .
Hmean results, see Figure 5 (b), con�rm that the L2MP+
policy presentsa better throughput/fairnessbalancethan the
L2MP policy, only suffering slowdowns lessthan1%.
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Fig. 5. Improvementof the L2MP+ policy over the L2MP policy

B. Improving FLUSH

The FLUSH policy always attemptsto leave one thread
running.In doing so, it doesnot �ush andfetch-stalla thread
if all remaining threadsare already fetch-stalled.Figure 6
shows a timing example for 2 threads.In cycle c0, thread
T0 experiencesan L2 miss and is �ushed and fetch-stalled.
After that, in cycle c1, threadT1 alsoexperiencesanL2 miss,
but it is not stalledbecauseit is the only threadrunning.The
main problemof this policy is that by the time the missing
loadof T0 is resolvedin cycle c2 andthis threadcanproceed,
themachineis presumably�lled with instructionsfrom thread
T1. Theseinstructionsoccupy resourcesuntil themissingload
of T1 is resolvedin cycle c3.Hence,performanceis degraded.
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T0


time


T1


c0
 c1
 c2
 c3


Load resolved
L2 miss


Fig. 6. Timing of the FLUSH policy

The improvementwe proposeis calledContinuetheOldest
Thread(COT). When there are N threads,N � 1 of them
are alreadystalled,and the only threadrunning experiences
an L2 miss, it is stalledand �ushed, but the threadthat was
�rst stalled is continued.For the previous example,the new
timing is depictedin Figure7. WhenthreadT1 experiencesan
L2 miss,it is �ushed andstalledandT0 is continued.Hence,
instructionsfrom T0 consumeresourcesuntil cycle c2 when
the missing load is resolved. However, this doesnot affect
threadT1 becauseit is stalleduntil cycle c3. In this example,
the COT improvementhasbeenappliedto FLUSH, but it can
be appliedto any fetch-gatingpolicy. We have appliedit also
to STALL. We call the new versionsof FLUSH andSTALL,
FLUSH+ andSTALL+, respectively.

T0


time


T1


c0
 c1
 c2
 c3


Load resolved
L2 miss


Fig. 7. Timing of the improved FLUSH policy

Figure8 (a) shows the throughputandtheHmeanimprove-
mentsof FLUSH+ over FLUSH. We observe that FLUSH+
improvesFLUSH for all workloads.We alsoobserve that for
MEM workloadsFLUSH+ clearly outperformsFLUSH, for
both metrics,and this improvementdecreasesas the number
of threadsincreases.This is because,asthenumberof threads
increases,thenumberof timesthatonly onethreadis running
and the remainingare stopped,is lower. For MIX and ILP
workloads, the improvement is lower than for the MEM
workloads becausethe previous situation is less frequent.
Concerning�ushed instructions,in Figure 8(b) we see the
EF improvement of FLUSH+ over FLUSH (rememberthe
lower the value the better the result). We observe that, on
average,FLUSH+ reducesEF by 60% for MEM workloads
comparedto FLUSH, andonly increasesEF by 20% for MIX

workloads. These results indicate that FLUSH+ presentsa
betterthroughput/fairnessbalancethanFLUSH, andmoreover
reducesextra fetch.
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Fig. 8. Improvementof the FLUSH+ policy over the FLUSH policy.

C. Improving STALL

Figures9 (a) and (b) show the throughputand the Hmean
improvementof STALL+ over STALL. We observe that the
improvementsof STALL+ over STALL are lesspronounced
thanthe improvementsof FLUSH+ over FLUSH. Throughput
resultsshow that in generalSTALL+ improves STALL, and
only for the2-MEM workloadthereis a remarkableslowdown
of 3%. The Hmeanresultsshow that STALL+ outperforms
STALL for all workloads,andespeciallyfor MEM workloads.
EF results do not exist becausethe STALL and STALL+
policiesdo not squashinstructions.

We have analyzedwhy STALL outperformsSTALL+ for
the 2-MEM workload.We observed that this is causedby the
benchmarkmcf . The main characteristicof this benchmark
is its high L2 miss rate. On average,one of every eight
instructionsis a load failing in L2. In this case,the COT
improvementbehaves as show in Figure 10: in cycle c0 the
thread T0 (mcf ) experiencesan L2 miss and it is fetch-
stalled.After that, in cycle c1, T1 experiencesan L2 miss it
is stalledandT0 (mcf ) is continued.A few cyclesafter that,
mcf experiencesanotherL2 miss,thuscontrol is returnedto
threadT1. With FLUSH, every time a threadis stalled it is
also �ushed. With STALL, this is not the case.Hence,from
cycle c1 to c2, mcf allocatesresourcesthat arenot freedfor
a long time, degrading the performanceof T1. That is, the
COT improvementfor theSTALL policy improvesthe IPC of
benchmarkswith high L2 missrate,mcf in this case,but hurts
the IPC of the remainingthreads.This situationis especially
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Fig. 9. Improvementof the STALL+ policy over the STALL policy. From
left to right: (a) throughputresults.

acutefor 2-MEM workloads.To solve this problem,andother
ones,we develop a new policy calledFLUSH++.

T0


time


T1


c0
 c1
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 c3


Load

resolved
L2 miss


c4


L2 miss


Fig. 10. Timing whena threadwith high L2 miss rate is executed

D. TheFLUSH++ Policy

The FLUSH++ policy tries to combinethe advantagesof
both previous policies, STALL+ and FLUSH+. It focusesin
the following threepoints.First, for MIX workloadsSTALL+
presentsgood results.It is an alternative to FLUSH+ avoid-
ing instruction re-execution.Second,anotherobjective is to
improve the IPC of STALL+ for MEM workloads with a
moderateincrementin the re-executedinstructions.Third, the
processorknows every cycle the numberof threadsthat are
running.This informationcanbeeasilyobtainedfor any policy
at runtime.

FLUSH++ works differently dependingon the numberof
running threads.If the number of running threadsis less

thanfour, it combinesSTALL+ andFLUSH+. It behaveslike
STALL+ but when the COT improvementis triggeredit acts
as FLUSH+. That is, the �ush is only activatedwhen there
is only one thread running and it experiencesan L2 miss.
In the remaining situations,threadsare only stalled. When
there are more than four threadsrunning, we must consider
two factors.On the one hand, the pressureon resourcesis
high. In this situationis preferableto �ush delinquentthreads
insteadof stalling them becausefreed resourcesare highly
pro�table for the other threads.On the other hand,FLUSH+
improves FLUSH in both throughputand fairnessfor four-
or-more threadworkloads.For this reason,if the numberof
threadsis greaterthan four, we usethe FLUSH+ policy.

In Figure 11 we compare FLUSH++ with the original
STALL and FLUSH policies, as well as with the improved
versions STALL+ and FLUSH+. Figure 11(a) shows the
throughputresultsand Figure 11(b) the Hmeanresults.We
observe that FLUSH++ outperformsFLUSH in all casesin
throughputaswell asin Hmean.Furthermore,in Figure12 it
canbeenseenthat for 2-, and4-threadworkloadsFLUSH++
clearlyreducestheEF. ConcerningSTALL, throughputresults
show that FLUSH++ only suffers a slight slowdown less
than 3% for the 6-MIX workload. Hmeanresultsshow that
FLUSH++ alwaysoutperformsSTALL.

For ILP and MIX workloads FLUSH++ outperforms
FLUSH+ and for MEM workloadsit is slightly worse.The
most interestingpoint is that, as we can see in Figure 12,
FLUSH++ considerablyreducesthe EF of FLUSH+. For 6-,
and 8-threadworkloadsthe resultsare the sameas thosefor
FLUSH+.
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Fig. 11. Improvementof the FLUSH++ policy over the FLUSH, STALL,
FLUSH+ andSTALL+ policies.
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VII . COMPARING THE IMPROVED POLICIES

In the previoussectionwe saw that FLUSH++ outperforms
FLUSH+andSTALL+. In this sectionwe compareFLUSH++
with L2MP+.
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Fig. 13. Improvedpolicies.ThroughputandHmeanimprovementsof L2MP+
over FLUSH++

Figure13 depictsthe throughputandHmeanimprovements
of L2MP+ over FLUSH++. The throughputresultsshow that
L2MP+ improves FLUSH++ for MIX workloads, and that
FLUSH++ is better than L2MP+ for MEM workloads.The
Hmeanresultsindicatethatonly for 6-, and8-threadworkloads
L2MP+ is slightly morefair thanFLUSH++ for ILP andMIX
workloads.For the remainingworkloadsFLUSH++ is more
fair. In general,FLUSH++ outperformsL2MP+.

VI I I . CONCLUSIONS

SMT performancedirectly dependson how the allocation
of sharedresourcesis done.The instructionfetch mechanism
dynamically determineshow this allocation is carried out.
To achieve high performance,it must avoid that any thread
monopolizesa sharedresource.An exampleof this situation
occurswhena loadmissesin theL2 cache.Currentinstruction
fetch policies focus on this problem and achieve signi�cant
performanceimprovementsover ICOUNT.

The �rst contribution of this paper is that we compare
three different policies addressingthis problem. We show
that none of the presentedpolicies clearly outperformsall
others for all metrics. The results vary dependingon the
particular workload and the particular metric (throughput,
fairness,energy consumption,etc).

The main contributions of this paper are two. First, we
analyzethe useof a load misspredictorin a SMT processor.

And second,we presentimproved versionsof the threebest
policies addressingthe describedproblem that have been
published. Our results show that these enhancedversions
achieve a signi�cant improvementsover the original ones:

� Throughput results indicate that L2MP+ outperforms
L2MP for MIX workloadby 16%onaverageandis worse
thanL2MP only for 2-, 4- and6-MEM workloads(8% on
average).Hmeanresultsshow that L2MP+ outperforms
L2MP especiallyfor 2-threadworkloads.

� The FLUSH+ policy outperforms FLUSH in both
throughputand fairness,especiallyfor MEM workloads.
Furthermore,it reducesEF by 60% for MEM workloads
andonly increasesEF by 20% for MIX workloads.

� Throughputresults show that in generalSTALL+ im-
provesSTALL, andonly for the 2-MEM workloadthere
is a remarkableslowdown of 3%. The Hmean results
show that STALL+ outperformsSTALL for all work-
loads,andespeciallyfor MEM workloads.

� FLUSH++, a new dynamic control mechanism,is pre-
sented.It adaptsits behavior to the dynamic number
of live “threads” available to the fetch logic. Due to
this additionallevel of adaptability, it is remarkablethat
FLUSH++ policy fully outperformsFLUSH policy in
both throughput and fairness.FLUSH++ also reduces
EF for the 2- and 4-threadworkloads,and moderately
increasesEF for the 6-MIX and 8-MIX workloads.
FLUSH++ outperformsthe STALL+ policy, with just a
small degradationin throughputin the 6-MIX workload.
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