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1 Rationale

This proposalresultedfrom discussiondetweenManuel Chakraarty, Jingling Xue andmyself. There
it wasfoundthatresearchstudentsvorking at the hardware-softvare interfacedo, in general,not have
sufficient backgroundn computerarchitecturejn particularadwancedfeaturesof modernprocessors.
Thereis obviously too much materialto expecta fair coveragein an introductory-l@el architecture
coursesuchasCOMP3211/COMP9211.

COMP4211(accordingto the handbookentry andthe materialon the web page)is concernedvith
designof processorsandthusfulfils animportantrole in providing insightinto processointernalsand
preparingstudentdor researchn computerarchitecture.

However, researclstudentsvorkingin compilers Janguagealesign pperatingsystemsandembedded
systemseedto learnmoreaboutthe featureghatspecificallyimpactlow-level systemsoftware. While
not necessarilynterestedn processodesignissuesthey needto understandhe full rangeof suchfea-
tures,andtheircombinationsin contemporarprocessorsAnd they needto understandheimplications
thesefeatureshave on softwaredesign.In particular they shouldbe ableto answeruestionsuchas:

e How canthe software designerabstractover the variousinstantiationsof a particulararchitec-
tural featureacrossthe rangeof available architecturesand what software designswill support
portability?

e Whatimplicationsdo architecturadecisionshave on programperformanceandwhattechniques
may be usedto obtainmaximumperformancdrom a particularprocessofamily?

e How likely is a particularapproacho be tied to a particularprocessofamily, or to a particular
processomodelwithin afamily?

e Whatarchitecturafeaturesareavailablebut have notbeenproperlyexploitedto date?How could
they beused?

e How areissuedike datalayout, locks, low-level parallelism,contet switchingrates,probability
of takingi f vs. el se branchesworking sets,etc.,affect performancer powver consumptioron
aspecificarchitecture?

o Whatarethelikely developmentsn thenext few years?or example will cachegyrow atall levels
or will therebemorelevels?Will associatiity increaseor decrease?



The proposedcourseis meantto addresgheseissues. It is andadwanced-lgel architecturecourse
which is, however, not primarily aimedat studentsdoing (or intendingto do) researchin computer
architecture.Insteadit targetsresearckstudentsn relatedareaswho needto acceptthe architectureas
given,but needto understanavhatthey cando with it.

In summarytheintroductionof this courseis seenasanimportantpartof the stratgy to build up a
world-classresearclyroupin the general'systems”areaat UNSW.

2 Formalities

2.1 Consultation

The proposalwas preparedoy GernotHeiser in consultationwith Jingling Xue, Manuel Chakraarty
andGabiKeller. It is stronglysupportedy all of them. Gabihasvolunteeredo teacha smallpartof it
(onmultiprocessoimterconnects).

A secondoundof consultatioroccurredwith HossanElgindy, Sri ParameshwaranandOliver Dies-
sel. This hasleadto someamendmentsf the proposal.

Researclstudentsvorking in operatingsystemsverealsoconsultedor their opiniononwhatmate-
rial they would have consideredeneficialto theirresearch.

2.2 Targetaudience

Postgraduatessearctstudentsn operatingsystemsembeddedystemsandcompilers.

2.3 Delivery mode

Theappropriatadelivery modefor the coursewill requiresomeexperimentation.However, for the first
offering, thefollowing modelwill betried.

Therewill be a combinationof lecturesand studentpresentations.The lecturerwill presentand
discussarchitecturafeatures.Studentswill thenpresentactualarchitecturesiscasestudies discussing
which featuresthe particulararchitectureprovides, in which combination,andwhy. They will then,
with participationfrom the whole class,discussthe programmingmodelof thatarchitecture They will
afterwards(with the benefitof the discussionsubmita reporton the particulararchitecture.

2.4 Assessment

Gradingis pass/ail only. Assessmernits basedon the seminay the written report,and participationin
class.

3 Contents

3.1 Handbook entry

Examinationof contemporargcomputerarchitecturescomparingandcontrastingheir software-visible
featuregcachesmemorymanagementnit, pipeliningandinstruction-leel parallelism,instructionset
architectureregisterfiles). Examinationof the effect of thesefeatureson thedesignandimplementation
of operatingsystemscompilers,run-time systemsgtc. Discussionof softwaretechniquedor dealing
with thesearchitecturafeatures.
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The courseis aimedat providing researchstudentdn the fields of systemsand compilerswith the
relevant advancedarchitecturebackgroundandanideaof wherearchitecturesrelikely to headin the
next 5-10years.

3.2 Specifictopics covered

The below topicsare covered,not from the processorarchitects point of view (which would focuson
why thingsaredonea particularway andwhatthe underlyingassumptionsndtradeofs are)but from
thepoint of view of the softwarearchitectwho needgo do the bestwith the given hardware:

Instruction setarchitecture: RISC vs CISC, VLIW, ILP, addressingnodes,synchronisatiorprimi-
tives, pipelining,issueslots,load andbranchpenaltiesdelayslots,out-of-orderexecution,EPIC,
SIMD instructions predication statusflags

Cachememory architecture: virtual/physical split/unified,associatiity, lateng, coherenyg, write buffers,
storeorder..; softnarecachemanagemern(colouring)

MMU design: pagesizes,TLB sizeandassociatiity, split/unified TLBs, TLB tagging,segmentation,
supportfor sharing,hardware vs software reload, multi-level TLBs, pinning of entries;software
algorithmsanddatastructurege.g.,TLB caches)

Multipr ocessorsand interconnectionarchitecture: SMP, NUMA, single-chipmultiprocessorssym-
metricmultithreadingjnterprocessocommunicatiormechanismandlatencies

3.3 Architecturescovered
Mostlikely covered:

o x86(I1A-32),

e x86-64(AMD),

o |A-64,

e MIPS,

e Alpha,

e SFARC,

o PaverPC,

o ARM.

Possiblyalsocovered: SuperHitachi,embedded168k??? Transmeta
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