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Abstract

This paper introducesthe conceptof a novel archi-
tectue, SMTVLIW: Simultaneous Multithreading VLIW
Machine, which incorporatesreal-timetask schedulingat
the microarchitecture level of VLIW-like processos. This
architectuie permits to simultaneouslyrun an arbitrary
numberof threads, building very long instruction words
on-the-fly orchestated by an RTOSfor dynamicload bal-
ancing and fine-grin power control of the system. The
SSMTVLIWStaticSMTVLIW)and DSMTVLIW(Dynamic
SMTVLIW)madinesare alsointroduced.

Keywords: SMT, VLIW Architectues, RTOS, Thread-
basedArchitectues,DynamicCompilation.

1. Intr oduction

In the nearfutureit would be possibleto integratethou-
sandsof functional units on a single chip, making Very
Large DataPath (VLDP) processorsvith high issuewidths
feasible. Comparedo superscalatvLIW processorfiave
simpler control logic andwider issuewidths, being faster
andmorepower efficient.

Multiple instructionissuehasthe potentialto increase
performancebutis limited by instructiondependencieand
long-latengy operations. The effects of theseare known
as horizontal wasteand vertical wasté. Traditional mul-
tithreading,found in machinedike HER, Teraand MIT’ s
Alewife, hidesmemoryand functional units latencies,at-
tacking vertical waste. Simultaneousmultithreading,in
contrastattacksbothhorizontalandverticalwaste[§. Per
formanceand powver consumptionmust be taken into ac-
countspeciallyin dynamicsystemswherethe setof tasks
aswell astheir associategbriorities changeovertime.

This paperpresentghe conceptof a new architecture,
calledSMTVLIW-SimultaneoudultithreadingVLIW Ma-
chine Our proposedschemeimpraves the schedulingof
tasksin Real-timeSystemdor VLIW machinestakinginto
accountboth demandghigh performanceandlow power).

lvertical wasteis introducedwhenthe processoissuesno instruction
in a cycle, andhorizontalwastewhennot all issueslotscanbefilled in a
cycle.

Section2 presentsthe ideal SMTVLIW, followed by its
subdvisions: SSMTVLIW andDSMTVLIW. Section3 de-
scribesthe fundamentalkelementsin the architecture fol-
lowed by ataxonomicclassificationn Section4. Section5
concludeghe paper

2.The ldeal SMTVLIW

As otherSMT machinestheSMTVLIW architecturex-
ploresintra- andinter-threadparallelismto maximizepro-
cessotutilization. However, insteadof a superscalaexecu-
tion paradigmwe explorea VLIW one.
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Figure 1. Thecomputatiormodelof the SMTVLIW.

An RTOS, guidedby the pawer budgetandtask/threads
deadlinesdirectly influencethe way instructionsare exe-
cutedin the microarchitecture.This is doneby adjusting
thecomputatiorpower, i.e. thenumberof FU’sin factused
to performthe operations.Figure 1 presentghe computa-
tion modelof the SMTVLIW machine.

According to the way instructionsare assembledpne
can distinguish SMTVLIW machinesinto two types:
SSMTVLIW (Static SMTVLIW) and DSMTVLIW (Dy-
namicSMTVLIW), asshovn in Figure2.

2.1 SSMTVLIW - Static SMTVLIW

In the Static SMTVLIW, the VLIW instructionswith
codefrom multiple threads,are preassembledt 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 allotmentsin the
DSMTVLIW mayvary duringprogramexecution,environ-
mentchange®r stricterdeadlines/pwer budgets.

and betterresourcescheduling. In orderto reduceinter
connectiorproblemswith the FU'’s, threadslotsmay be set
whereeachthreadsinstructionsarearranged.

The dynamic compilation part of the architecturejust
hasto checkFU'slatenciesandcommunication/interruption
matters stoppingthedispatchof part(s)of the VLIW.

2.2 DSMTVLIW -Dynamic SMTVLIW

In the Dynamic SMTVLIW, the setof threadsas well
as the allocatedcomputationalpower for a given task is
changedn-the-flyby an RTOS, accordingto the threads’
deadlinesand priorities. The RTOS may decideto utilize
lessparallelismthanactuallyavailablein athreadin order
to reducepower consumptionThistime, thecomputational
power or throughpubf eachapplicationmaybedecidedby
theuseror setautomaticallydependingontheernvironment.

3. Fundamental Components

This sectiondescribeghe fundamentaklementdo sup-
porta SMTVLIW processorithe compilationprocessand
theRTOS.

3.1 Dynamic Compilation

In traditionalVLIW systemsthe compilermustidentify
thoseoperationghatcanbe simultaneouslyssuedbuilding
VLIW’ sfor the processos datapath Thus,codegenerated
toaVLIW processowith 5 FU’swill notrunin aprocessor
with 4 FU’s. Thisis known astheobject-codecompatibility
problemandhaslimited broadutilization of VLIW systems.
However, a numberof works have presentecafficient ways
to eliminatethis bottleneck[1 2, 3]. Thesetechniquesgen-
erally known as dynamiccompilation,focusedon solving
differentlatenciesof FU’s andmakingcodecompatiblebe-
tweenprocessorf a givenfamily of VLIW systems.

The compiler for the SMTVLIW machine generates
codesimilarly asan EPIC compilerdoes,andtriesto iden-
tify the maximumILP in a given cycle, independentlyof
the real characteristicof the processos datapath. Then,

dynamiccompilationis usedto assembl¢heVLIW instruc-
tions, called eVLIW—EfectiveVLIW, thatwill be actually
passedo thedispatchunit.

3.2 Real-Time Operating System

A key componenffor fine-grainadjustmentof perfor
manceand powver consumptionof the SMTVLIW is its
RTOS.TheRTOSdictategheway eVLIW instructionawill
be assembledlt independentlydetermineghe computing
powerto beallocatedo agiventaskor thread alsocontrol-
ling the power supplycut off of thosepartsof the processor
not used;this happensvhenthe setof threadsdoesnot use
certainpartsof the datapathand/orwhenpower consump-
tion becomeshe majorconcern.

4. SMTVLIW Classification

Herewe identify theuniquenessf SMTVLIW, compar
ing it to othersystemsThe classificationTablel) is based
on the presencer not of simultaneousnultithreading;the
way programsarecompiled(the presencer not of dynamic
compilation);andif the RTOS directly influencesthe exe-
cutionat the microarchitecturdevel?.

Single ThreadVLIW Multithr eadVLIW
Static Well-known VIM[4] (RTless)
Compilation | (RTnessandRTless)
Dynamic DIF[3] (RTless) SSMTVLIW (RTless)
Compilation DAISY[1] (RTless) DSMTVLIW (RTness)
Crusoe[3 (RTless)

Table 1. TaxonomicClassificationof the SMTVLIW.

5. Summary and Conclusions

This paperhaspresentedhe SMTVLIW machinewhich
incorporategeal-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 controlin Crusoedoesnot influencethe way instructionsareexe-
cutedinsidethe VLIW coreengine but theclock frequeng of the system.



