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ThreadAbstractionLayer—Tal

•designfundamentalabstractionsrelatedtothefollowingtopics:

–controlflows..........................................................2
–low-levelscheduling..................................................10
–CPUmanagement...................................................12
–compilerdependencies................................................17

•aimatprovidingaminimalsubsetofthreadfunctions
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ContextSaving

•athread’scontextismadeofthecontentsofitsprocessorregisters

–itssizedependsontheCPUandthecompiler/programminglanguage
–itneedstobetemporarilysavedduringphasesofthreadinactivity

•stack-basedcontext-savingshallcometrue:

1.stackallCPUregisters
2.stacknon-volatileCPUregisters
3.policy1.aswellaspolicy2.

context saving

stack
all registers

stack
non−volatile registers

•thesystemdescriptionmustcontainatleastoneofthesevariants:or-feature
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ControlFlowInvocation

•provideathreadconceptbasingonanasymmetricinvocationmechanism

–allowthespawningofathread“inline”at(almost)anypointofexecution
–thespawnedthreadpreemptsthespawningthread,itrunsuntilcompletion
–uponcompletionthespawnedthreadterminatesandreleasescontrol

•inheritthe(total)processorcontexttothespawnedthread

–theonlyprivatepieceofcontextofthethreadisitsstack
–thusthreadinvocationonlyimpliesexchangingthestack

control flow
invocation

•uponcompletion,theprocessorcontextis(re-)inheritedtotheresumedthread
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ControlFlowExchange

•extendthethreadconceptbymeansofasymmetricinvocationmechanism

–exchangingtheflowsofcontrolhappensinacoroutine-likefashion
–acontrol-releasingthreadremembersitsresumptionpoint(returnaddress)
–thethread’sresumptionpointwillbesavedonthethread’srun-timestack

•thethreadsallsharethesameprocessorcontext(→p.3)

–thusthreadresumptiononlyimpliesastackchange

•resumptionhappens“inline”,atanypointofexecutioncontrol flow
exchange

control flow
invocation
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ContextSwitching

•extendthethreadconceptbyacoroutinestyleofcontextswitching

–contextsaving(restoring)happensbefore(after)aresumptionpoint

•providethreadswitchingintwoways:

{

inline

procedural

}

takingcareofthe

{

complete

non-volatile

}

context

–requiresthecontext-savingfeature(→p.2)

•threadsneedtosave/restoretheircontextsbythemselves

control flow
exchange

context switching

control flow
invocation
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TypesofCoroutines

dependent coroutinesindependent coroutines

resume next thread
resume next thread

thread’s context

thread’s context

thread’s context
thread’s context

save this
restore next

save this

restore this
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CodeBinding

•extendthethreadconcepttosupportthebindingofuser-definedcode

•threebindingsarenicetohave:

1.anysortofcodefragment
2.pointertofunction
3.specialized(virtual)function

•anyornoneofthemisvalid

–optionalfeatures

•aimsat“user-friendliness”

control flow
exchange

code
implicit binding

context switching

control flow
invocation

code
composite bindinglate binding

code
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StackSpaceSupply

•provideaconceptforcompile-timestack-spaceallocationforathread

–aspecializationofthefundamentalthreadabstraction(→p.3)
–a(programming-language)representationasatemplateclass,e.g.

•purposeistosomehowprovidemeansfor“user-friendliness”

–anabstractionthatshouldbeoptional,nevertheless
stack space

supply

•thefeatureisnicetohave,yetit’snon-functionalandthuscouldbevoid
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ThreadingConcept

Threading

stack space
supply

control flow
exchange

code
implicit binding

context switching

control flow
invocation

code
composite bindinglate binding

code

context saving

stack
all registers

stack
non−volatile registers

re
qu

ir
es
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Scheduling

•thethreadingconceptalreadyprovidesalimitedformofthreadscheduling

–threadsareexpectedtobescheduledcooperatively,undertheuser’scontrol
∗muchinasamewayasordinarycoroutines

–theykeeponexecutinguntilcontrolovertheCPUisrelinquishedexplicitly

•thereisno(central)system-levelthreadscheduler

–threadschedulingisentirelyinhandoftheapplication
–thisgivesamaximum/minimumofflexibility/support

cooperatively

•CPUprotectionandothermoreenhancedpoliciesaresubjectsforspecialization
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SchedulingConcept

cooperatively

Scheduling
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ProcessorType

•threadimplementationsdependonthecapabilitiesoftheunderlyingprocessor

concreteprocessorthethreadconceptmustbeimplementedfromscratch+

–encompassingassembly-languageprogrammingtosomeextent
–resultingintoa“nativeimplementation”runningonthebaremachine

abstractprocessortheprogramminglanguageprovidesathreadconcept−

•hardwareabstractionsarerequired

–hidingprocessorpeculiarities
–enablingportabilityatuserlevel

•processorasanalternativefeature
ARMm68kppcsparcx86

processor type
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RegisterAccess

•abstractionstoaccesstheCPU’sregistersaidprocessor-statemanagement

–readingandwritingofregistersoftheCPU’sprogrammingmodel
–madefeasiblee.g.using“inlineassembler”and/orasm()statements

•ameasuretoimprovethehandlingofprocessor-dependentstuff

–achievingportabilityisnotthepurposeatthislevelofabstraction

•meansofoperatoroverloadingwouldbenicetohave

–assignmentoperatorsandtypecastsasinC++,e.g.register access
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StateBuffering

•useregister-accessfunctionstosavetheprocessorstateintoastatebuffer

–provideprimitivestosaveandrestoretheprocessorstate
–thebufferisnotimplicitlyallocatedonthestack(→p.2)

•hidehardwarepeculiaritiesasfaraspossible

–theprimitives’interfacepromotesCPUindependency

•don’tenforceportability:letitgoanoptionalfeature

–someuserswanttoexploretheCPUbythemselves

state buffering

register access

•butthereistheneedtodistinguishbetweendifferentsortsofregisters...
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SortsofRegisters

•theregistersetconsidereddependsonboththeconcreteandabstractprocessor

•concrete...

–generalpurpose
–specialpurpose
–floating-point

•abstract...

–registerbanks

•setsofor-features

registers
general−purpose

registers
special−purpose

registers
floating−point

allnon−volatileallnon−volatile

state buffering

register access
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CPUConcept

ARMm68kppcsparcx86

registers
general−purpose

registers
special−purpose

registers
floating−point

allnon−volatileallnon−volatile

state buffering

register access

CPU

processor type
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Compiler

•programminglanguageandcompilerimplementanabstractprocessor

–soonerorlater,bothtypicallyundergomoreorlessmajorrevisions
–softwareshoulddifferentiatebetweenthevariouscompilerreleases
∗similartodifferentiatingamongstconreteprocessors(→p.12)

–portabilitybyfardoesnotonlymeantobehardwareindependent

•programsmaydependonthecapabilitiesofthatprocessor

–e.g.registeraccessusinginlineassembler(→p.13)GNU gcc

•beingcompiler-independentmaybeasdifficultasbeinghardware-independent
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CompilerConcept

Compiler

GNU gcc GNU gcc

2.95.2 egcs−2.91.662.95−2−gal2.96

Sun CCBorland C++
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Summary

•system-softwaredesign
1

mustdifferentiatebetweentwosortsofrequirements:

functionalrequirements

–threadingconcept,schedulingconcept
–CPUconcept(exceptprocessortype)

non-functionalrequirements

–compilerconcept
–processortype

•domain-analysisqualitylargelydependsontheanalyst’sdomainexperience

1
Ingeneral,ofcoursethisshouldholdforanykindofsoftwaredesign.
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TalConcept

Threading

stack space
supply

control flow
exchange

code
implicit binding

context switching

control flow
invocation

code
composite bindinglate binding

code

context saving

stack
all registers

stack
non−volatile registers

re
qu

ir
es

cooperatively

Scheduling

ARMm68kppcsparcx86

registers
general−purpose

registers
special−purpose

registers
floating−point

allnon−volatileallnon−volatile

state buffering

register access

CPU

processor typeGNU gcc GNU gcc

Compiler

Tal
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