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Abstract
This paper introducesthe conceptof a novel archi-

tecture, SMTVLIW: Simultaneous Multithreading VLIW
Machine, which incorporatesreal-timetaskschedulingat
the microarchitecture level of VLIW-like processors. This
architecture permits to simultaneouslyrun an arbitrary
numberof threads,building very long instruction words
on-the-fly, orchestratedby an RTOSfor dynamicload bal-
ancing and fine-grain power control of the system. The
SSMTVLIW(StaticSMTVLIW)andDSMTVLIW(Dynamic
SMTVLIW)machinesarealsointroduced.

Keywords: SMT, VLIW Architectures, RTOS,Thread-
basedArchitectures,DynamicCompilation.

1. Intr oduction
In thenearfutureit would bepossibleto integratethou-

sandsof functional units on a single chip, making Very
LargeDataPath(VLDP) processorswith high issuewidths
feasible.Comparedto superscalar, VLIW processorshave
simplercontrol logic andwider issuewidths, being faster
andmorepowerefficient.

Multiple instructionissuehasthe potential to increase
performance,but is limited by instructiondependenciesand
long-latency operations. The effects of theseare known
ashorizontalwasteandvertical waste1. Traditionalmul-
tithreading,found in machineslike HEP, Tera and MIT’ s
Alewife, hidesmemoryand functional units latencies,at-
tacking vertical waste. Simultaneousmultithreading, in
contrast,attacksbothhorizontalandverticalwaste[6]. Per-
formanceand power consumptionmust be taken into ac-
countspeciallyin dynamicsystems,wherethe setof tasks
aswell astheir associatedprioritieschangeover time.

This paperpresentsthe conceptof a new architecture,
calledSMTVLIW—SimultaneousMultithreadingVLIWMa-
chine. Our proposedschemeimproves the schedulingof
tasksin Real-timeSystemsfor VLIW machines,takinginto
accountbothdemands(high performanceandlow power).

1Verticalwasteis introducedwhentheprocessorissuesno instruction
in a cycle, andhorizontalwastewhennot all issueslotscanbefilled in a
cycle.

Section2 presentsthe ideal SMTVLIW, followed by its
subdivisions:SSMTVLIW andDSMTVLIW. Section3 de-
scribesthe fundamentalelementsin the architecture,fol-
lowedby a taxonomicclassificationin Section4. Section5
concludesthepaper.

2. The Ideal SMTVLIW
As otherSMT machines,theSMTVLIW architectureex-

ploresintra- andinter-threadparallelismto maximizepro-
cessorutilization. However, insteadof a superscalarexecu-
tion paradigm,weexplorea VLIW one.
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Figure 1. Thecomputationmodelof theSMTVLIW.

An RTOS,guidedby thepower budgetandtask/threads
deadlines,directly influencethe way instructionsareexe-
cutedin the microarchitecture.This is doneby adjusting
thecomputationpower, i.e. thenumberof FU’s in factused
to performthe operations.Figure1 presentsthe computa-
tion modelof theSMTVLIW machine.

According to the way instructionsare assembled,one
can distinguish SMTVLIW machines into two types:
SSMTVLIW (Static SMTVLIW) and DSMTVLIW (Dy-
namicSMTVLIW), asshown in Figure2.

2.1 SSMTVLIW – Static SMTVLIW
In the Static SMTVLIW, the VLIW instructionswith

codefrom multiple threads,arepreassembledat compila-
tion time, giving more opportunitiesfor codecompaction
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Figure 2. Accordingto the influenceof the RTOS,dif-
ferent eVLIW inst. may be build for the SSMTVLIW
and DSMTVLIW. Thread-slotsFU’s allotments in the
DSMTVLIW mayvaryduringprogramexecution,environ-
mentchangesor stricterdeadlines/powerbudgets.

and better resourcescheduling. In order to reduceinter-
connectionproblemswith theFU’s, threadslotsmaybeset
whereeachthread’s instructionsarearranged.

The dynamic compilationpart of the architecturejust
hasto checkFU’slatenciesandcommunication/interruption
matters,stoppingthedispatchof part(s)of theVLIW.

2.2 DSMTVLIW – Dynamic SMTVLIW
In the Dynamic SMTVLIW, the set of threadsas well

as the allocatedcomputationalpower for a given task is
changedon-the-flyby an RTOS,accordingto the threads’
deadlinesandpriorities. The RTOS may decideto utilize
lessparallelismthanactuallyavailablein a threadin order
to reducepowerconsumption.This time,thecomputational
poweror throughputof eachapplicationmaybedecidedby
theuseror setautomaticallydependingontheenvironment.

3. FundamentalComponents
This sectiondescribesthefundamentalelementsto sup-

port a SMTVLIW processor:the compilationprocessand
theRTOS.

3.1 Dynamic Compilation
In traditionalVLIW systems,thecompilermustidentify

thoseoperationsthatcanbesimultaneouslyissuedbuilding
VLIW’ s for theprocessor’sdatapath.Thus,codegenerated
to aVLIW processorwith 5 FU’swill notrunin aprocessor
with 4 FU’s. This is known astheobject-codecompatibility
problemandhaslimited broadutilizationof VLIW systems.
However, a numberof workshave presentedefficient ways
to eliminatethisbottleneck[1, 2, 3]. Thesetechniques,gen-
erally known asdynamiccompilation,focusedon solving
differentlatenciesof FU’sandmakingcodecompatiblebe-
tweenprocessorsin a givenfamily of VLIW systems.

The compiler for the SMTVLIW machinegenerates
codesimilarly asanEPICcompilerdoes,andtriesto iden-
tify the maximumILP in a given cycle, independentlyof
the real characteristicsof the processor’s datapath.Then,

dynamiccompilationis usedto assembletheVLIW instruc-
tions, calledeVLIW—EffectiveVLIW, that will be actually
passedto thedispatchunit.

3.2 Real-Time Operating System
A key componentfor fine-grainadjustmentsof perfor-

manceand power consumptionof the SMTVLIW is its
RTOS.TheRTOSdictatesthewayeVLIW instructionswill
be assembled.It independentlydeterminesthe computing
powerto beallocatedto agiventaskor thread,alsocontrol-
ling thepowersupplycutoff of thosepartsof theprocessor
not used;this happenswhenthesetof threadsdoesnot use
certainpartsof the datapathand/orwhenpower consump-
tion becomesthemajorconcern.

4. SMTVLIW Classification
Herewe identify theuniquenessof SMTVLIW, compar-

ing it to othersystems.Theclassification(Table1) is based
on thepresenceor not of simultaneousmultithreading;the
wayprogramsarecompiled(thepresenceor notof dynamic
compilation);andif the RTOS directly influencesthe exe-
cutionat themicroarchitecturelevel2.

SingleThr eadVLIW Multithr eadVLIW
Static Well-known VIM[4] (RTless)

Compilation (RTnessandRTless)
Dynamic DIF[3] (RTless) SSMTVLIW (RTless)

Compilation DAISY[1] (RTless) DSMTVLIW (RTness)
Crusoe[5] (RTless)

Table 1. TaxonomicClassificationof theSMTVLIW.

5. Summary and Conclusions
ThispaperhaspresentedtheSMTVLIW machinewhich

incorporatesreal-timeschedulingat the microarchitecture
level of VLIW-like processors. According to its RTOS
awarenessSMTVLIW machinescan be classified into
StaticSMTVLIW or DynamicSMTVLIW.
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2RT control in Crusoedoesnot influencetheway instructionsareexe-
cutedinsidetheVLIW coreengine,but theclock frequency of thesystem.


