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ThreadAbstractionLayer—Tal

•developthefunctionalhierarchyofsystemabstractionstosupportthreading:

–flyweightthreads....................................................3
–featherweightthreads...............................................6
–lightweightthreads.................................................16

•provideanexperimentalfeasibilitystudyofselectedsystemfunctions

–bybreakingdownpossibleapproachesforimplementation
–bymeansofC-likecodeanditsmappingtoassembly-languagelevel

•designtheminimalsubsetofthreadfunctionsasaprogramfamily
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TheFirstStepistheHardest

•supportinlineinstantiationofandswitchingbetweenthethreads:

instantiationshouldmeantoproceedprogramexecutionwiththeside-effect
ofhavingactivatedadifferentruntimestack“onthefly”.

switchingshouldmeantofinishandresumeprogramexecutionwithoutsaving
orrestoringtheprocessorstateoftheinvolvedthreads.

•asaby-product,theinstantiationprimitivewillbeenteredonceandlefttwice

–invokedbythespawner(i.e.,thecreatingthread)
–finishedbythespawnee(i.e.,thespawnedthread)andthespawner

•theswitchingprimitive’ssolelytaskistoswapthestackpointer’scontents
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Level1FlyweightThreads

splitperformstheinstantiationofanewthreadofcontrol,i.e.,it(1)freezesthe
resumptionaddressofthecurrentthreadofcontroland(2)fadesinaruntime
stackdifferentfromthecurrentlyusedone.Executioncontinuesinplacewith
theinstructionsimmediatelyfollowing.

latchperformstheterminationofthecurrentthreadofcontrol,i.e.,itresumes
theexecutionofanotherthreadwithoutleavinganyresumptionaddressbehind.
Executionoftheresumedthreadcontinuesatthe“frozen”resumptionaddress.

labeldeliversabitpatternwhichisuniquetothecurrentthreadofcontroland
servesasahandlefortheresumptionofthreadexecution.Typically,thatbit
patternrepresentsaruntime-stackaddress.
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FlyweightThreads(C-like)

slot=label();//remembercurrentthreadofcontrol

split(flux);//spawnadditionalthreadofcontrol

if(slot!=label()){//didaruntime-stackswitchoccur?

...//yes,spawneestartedexecution

latch(slot);//spawneefinishesandresumesspawner

}//spawneeneverreturnstohere

...//no,spawnerresumedexecution
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FlyweightThreads(x86)

leal-4(%esp),%edx#slot=label()

pushl$1f#split(flux)

movlflux,%esp#"nowspawnee!!

1:#resumptionaddress

leal-4(%esp),%eax#......=label()

cmpl%eax,%edx#if(slot==...)

je2f#goto2

...#...

movl%edx,%esp#latch(slot)

ret#"resumespawner

2:...#...
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Level2FeatherweightThreads

spawninstantiatesanewthreadbyexploitinglabelandsplit.Twothreadswill
returnfromthisfunction,atfirstthespawnee(non-zeroreturnvalue)andthen
thespawner(zeroreturnvalue).Forthespawnee,thenon-zeroreturnvalueis
thehandletolaterresumespawnerexecution.

shifttransferscontroltoathreaddifferentfromthecurrentlyexecutingthread.
Theaddressofthestacklocationcontainingtheresumptionaddressofthe
controlreleasingthreadwillbesavedforlaterpurposestoresumethatthread.
Controltransferisbeendonebyexploitinglatch.
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Control-TransferofFeatherweightThreads

•goalistolettheimplementationofshiftbecomeindependentoftheCPU

–butnotnecessarilyindependentofanabstract“C/C++processor”,e.g.

•anin-depthanalysisofshiftrevealsthreefundamentalstepsofexecution:

1.deliverandstorethereferencetothesavedresumptionaddress
–introducingchecktoencapsulatetheassembly-languageCPUinstructions

2.latchexecutionofthenextthread√

3.provideameasuretosupportthegenerationoftheresumptionaddress
–introducingbadgetoproduceanassembly-languagelabel(i.e.,symbol)

•thegoalcanbemetbyassistinglevel2with(lower-level)supportfunctions
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FeatherweightThreads(C-like)

spawn(flux){
slot=label();//freezespawner

split(flux);//instantiatespawnee

returnslot!=label()?slot:0;//generateresult

}

shift(self,next){
self=check();//freezethisthread

latch(next);//resumenextthread

badge();//resumptionpoint

}
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Featherweight-ThreadsInstantiation(x86)

spawn(flux){
leal-4(%esp),%ecx#slot=label()

pushl$1f#split(flux)

movlflux,%esp#"nowspawnee!!

1:#badge()

leal-4(%esp),%edx#....=label()

xorl%eax,%eax#zeroaux

cmpl%edx,%ecx#slot==....?

sete%al#aux=0|1

decl%eax#aux=-1|0

andl%ecx,%eax#aux=slot|0

}
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Featherweight-ThreadsResumption(x86)

shift(self,next){
pushl$1f#....=check()

movl%esp,(self)#self=.......

movlnext,%esp#latch(next)

ret#"resume

1:#badge()

}
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Featherweight-ThreadsExploitation(C-like)

...

if(dad=spawn(flux)){//instantiate/runspawnee

shift(son,dad);//transfercontroltospawner

latch(dad);//resumespawner,terminate

}
shift(dad,son);//transfercontroltospawnee

...
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SupportFunctions

•afurtheranalysisofsplitandcheckrevealsthefollowingcommonality:

–generationandsavingoftheresumptionaddressofthecurrentthread

•thisfunctionalcommonalityisworthtobeabstractedbyadedicatedfunction

–introducingsetuptoencapsulatetheassembly-languageCPUinstructions

•setupandbadgesharecommonknowledgeabouttheresumptionaddress

–higher-level(i.e.,level1and2)functionsdependonthisknowledge

•bothfunctionsthuswillconstitutethe(new)lowestlevelinthehierarchy
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SupportFunctionsLevel
1

2

setupgeneratesaresumptionaddressandplacesthecomputedvalueonthe
runtimestackoftheexecutingthread.Theaddressisgeneratedfromasymbol
leftbehindbybadge.

badgeleavesasymbol(i.e.,label)behindinthe(assembly-language)codeto
symbolicallyencodethethread’sresumptionaddress.Thissymbolistobe
exploitedbysetup.

SupportFunctionLevel1

checkperformssetupanddeliverstheaddressoftheruntime-stacklocationto
wheretheresumptionaddressofthecurrentthreadofcontrolwassaved.
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SupportFunctions(C-like/x86)

setup(){
pushl$1f

}/*x86*/

badge(){
1:

}

check(){
setup();

returncpu->sp;

}

Itseemsasifthereisagoodchance

thatonlysetup(inadditiontolatch)

becomesdependentontheCPU,i.e.,

needstobehand-codedusingassembly-

languageCPUinstructions.
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SupportFunctions(ppc,m68k,sparc)

setup(){
addi1,1,-4

lis3,1f@ha

la3,1f@l(3)

stw3,0(1)

}/*ppc*/

setup(){
movl#1f,a7@-

}/*m68k*/

setup(){
add%sp,-4,%sp

sethi%hi(1f),%o0

or%o0,%lo(1f),%o0

st%o0,[%sp]

}/*sparc*/
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Level3Runtime-StackExploitation

storesavesthecontentsofCPUregistersontotheruntimestackofthecurrently
executingthread.Thestackwillbeextendedbytheamountofregistersstored.

clearrestoresthecontentsofCPUregistersfromtheruntimestackofthe
currentlyexecutingthread.Thestackwillbecutbackbytheamountof
registeredcleared.

topreturnstheinitialvalueofthecontentsofthestack-pointerregistergiventhe
baseaddressandsizeofastacksegment,takingcareofalignmentrestrictions.

Dependingonwhethertheregistersoftheabstractortheconcreteprocessorare
concerned,storeandclearneedtoberealizedindifferentversions.
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Runtime-StackExploitation(x86)

store(){
pushal

}

clear(){
popal

}

Saveandrestoreofallgeneral-purpose

registersasdefinedbytheprogramming

modeloftheCPU.

store(){
pushl%ebx

pushl%ebp

pushl%esi

pushl%edi

}

clear(){
popl%edi

popl%esi

popl%ebp

popl%ebx

}

Saveandrestoreofthenon-volatile

general-purposeregistersasdefinedby

theapplicationbinaryinterface(ABI)

ofthecompiler.
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Level4Stack-Pointer{,De}Allocation

newallocatesastackpointerbyexploitingtopwithbaseaddressandsize(in
bytes)ofaruntime-stacksegment.Thepurposeisnottoallocatememorybut
rathertosupportthegenerationofatypedstackpointerthatgoesconform
withsomeuser-defineddatatype.

deletedeallocatesastackpointervirtually.Sincenewdoesnotreallyresultin
theallocationofamemorysegment,thepurposeofdeleteatthislevelof
abstractionistotraptheattempttodeallocateastacksegmentreferredtoby
astackpointer.

Thetypicalimplementationofbothfunctionsis(inC++)asoverloaded
new/deleteoperatorsofaclassusedtomodelflyweightthreads.
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Stack-Pointer{,De}Allocation(C-like)

new(size,pool){
returntop(pool,size);

}

new[](size,pool){
returntop(pool,size);

}

delete(item){
assert(item==0);

}

top(base,size){
returnbase+size;

}/*x86*/

top(base,size){
returnbase+size&~(wordsize-1);

}/*ppc*/

top(base,size){
returnbase;//stackgrowsupward!

}/*80C51*/
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Level5LightweightThreads

yieldtransferscontroltoanotherthreadbysavingandrestoringthecontentsof
allgeneral-purposeregistersasdefinedbytheCPU’sprogrammingmodel.

granttransferscontroltoanotherthreadbysavingandrestoringthecontents
ofthenon-volatileregistersasdefinedbythecompiler’sapplicationbinary

interface(ABI).

Bothfunctionsexploitshifttoperformthecontroltransferandtherespective
storeandclearpair(→p.17)forsavingandrestoringthethreadstate
accordingly.Athreaditselfisresponsibletosaveandrestoreitscontext.

Thereareasmanycontroltransferfunctionsaspairsofcontext-savingfunctions.
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LightweightThreads(C-like)

yield(next){
store();//savefullregisterset

shift(self,next);//transfercontrol

clear();//restorefullregisterset

}

grant(next){
store();//savenon-volatileregisters

shift(self,next);//transfercontrol

clear();//restorenon-volatileregisters

}
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LightweightThreads(x86)(1)

yield(self,next){
pushal#store()

pushl$1f#shift(self,next)

movl%esp,(self)#"

movlnext,%esp#"

ret#"

1:#"

popal#clear()

}
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Level5*User-FunctionAbstraction

•sofar,usersareconcernedwithallthepeculiaritiesofthethreadingconcept

–theyareenabledtodevelophighlyefficientmultithreadedprograms+

–theyare“obliged”tounderstandnumerousdesigndecisions−

•seperationofconcernsimpliestodivideusercodefromthreadingcode

i.e.torepresenttheusercodee.g.asa















defaultfunction

pointertofunction

pointertomemberfunction

virtualmethod

•theactualrepresentationdependsontheprogrammingparadigminvolved
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Level6Lightweight-ThreadInstantiation

begetcreatesanewthreadofcontrolbyexploiting(1)spawntoinstantiatethe
thread,(2)yieldtoinheritthecontentsofthespawner’sgeneral-purposeCPU
registerstothespawnee,and(3)toassignuser-definedcodetothenewly
createdthread.

Theuser-definedcodeisrepresentedbyanappropriateuser-functionabstrac-

tion(UFA).ThereareasmanybegetvariantsasUFAvariants.

Theuser-definedcodestartsexecutionafterhavingbeenexplicitlyenabledby
thecreatorusingeitherofthecontrol-transferfunctionslatch,shift,yield,or
grant.
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Lightweight-ThreadInstantiation(C-like)

beget(this,hook){
if(dad=spawn(flux)){

yield(son,dad);

for(;;)

(*hook)(this);

}
}/*ptr.tofunction*/

beget(this,hook){
if(dad=spawn(flux)){
yield(son,dad);

for(;;)

(this->*hook)();

}
}/*ptr.tomemberfunction*/
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EverlastingLifespan

•byexploitingbeget,thecreatedthreadis“condemned”toexecuteforever

–reasonistherepresentationoftheuser-definedcodeasaprocedure
∗fromtheuser’sviewpoint,threadterminationequalsprocedurereturn
∗fromthesystem’sviewpoint,thereisnoideatowheretoreturnto

1

–theonlywayistoembedtheprocedurecallinsideanendlessloop

•therearetwopossibleoptionstoovercomethethread-terminationproblem:

1.specializeandredefinebegetonceaschedulerhasbeendesigned,or
2.providefora“systemUFA”(i.e.,“wrapper”)thatsolvestheproblem

•anyway,thedesigndecisiononhowtofurtherproceedmustbepostponed

1
Alsonotethatatthelevelofabstractionbegetisassignedto,athreadschedulerisstillunknown.Sothereis

nowaytoautomaticallyrunanotherthreadincaseofthreadtermination.
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Functional/UsesHierarchy

yield

delete

clear storestorecleartop

shift spawn

latch check split label

setup badge

beget

grant

new

ufa

fullnon−volatile

1

2

3

4

5

5*

6

½
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MinimalSubsetofInterfaceFunctions

•“laymans”maybeconcernedonlywithaminimalinterfaceconsistingof:

newtoallocateawell-alignedstackpointer
begettoinstantiatea(lightweight)thread
granttotransferCPUcontrolbetweenthethreads
UFAtorepresenttheuser-definedcodetobeexecutedbythethread

•however,“experts”maychoosefromalargersetofinterfacefunctions

–tobenefitfromamuchmoresimplerandefficientthreadingconcept ...
–tobettercustomizethethreadconcepttotheirindividualneeds

•thedesignputforwarddoesnotforceuserstopayforunneededfunctions
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ComponentView—Black-Box

grantnew

shift

beget

expert

main

ufa

la
ym

an

TAL
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Summary

•incrementalsystemdesignreliesonthepostponementofdesigndecisions

–thestepwisefunctionalextension“smoothly”approachesapplications
–ifbeingindoubtofwhetherornottoincludeafeature,betterexclude

•reflectionofthedesigndecisionsmetisanongoingprocessduringdesign

–notalwaysarecommonfunctionsconsidered“common”instantaneously
–arefinementofpreceededdesigndecisionsmustalwaysbekeptinmind

•thereisnoalternativetofine-grainmodularizationinsystemsdesign

–structuralcomplexityisreducedby(coarse-grained)opencomponents
–withthecoarse-grainedbuildingblocksbeingoffine-grainedstructure
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