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ThreadAbstractionLayer—Tal

•implementationof{fly,feather,light}weightthreadsbythreecomponents:

–threadyard..........................................................2
–threadexecutive.....................................................9
–threadinterfaceextension..........................................29

•supplementingcomponentstakecareofplatform-specificfeatures:

–centralprocessingunit.............................................16
∗registeraccessfunctions............................................19
∗statebuffering.....................................................24

–applicationbinaryinterface.........................................14

•developmentoftheclasshierarchyandcodefragmentsexemplarytoC++
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ThreadYard—thy

•atthephysicallevel,athreadisrepresentedbyanuntypedstackpointer

–forbeingabletoexecute,atminimumathreadneedsastackasresource
–whensuspended,thethread’sstackstoresthethread’sresumptionaddress

•atthelogicallevel,athreadisrepresentedbyatyped(aligned)stackpointer

–aninactivethread’sstackpointerreferstoawell-definedobject
–thisobjectcapturestheresumptionaddressofthethread
–itisautomaticallycreatedwhenathreadsuspendsexecution

•aclassensembletakescareofmappingthelogicaltothephysicalview
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ThreadYardthyThread

•abstractionfromathread’sresumptionaddress(ra)

–theraattributeisatext-segmentpointer(PC):
itisvalidonlywhenthethreadisinactive

–thethismembervariableservesasstackpointer:
itgetsdefinedwhenathreadbecomesinactive

+label()’ : thyThread*
+check()’ : thyThread*
+setup()’
+badge()’
+split()
+latch()

−cpuElope* ra
thyThread

+elope() : cpuElope*
+elope(cpuElope*)

•athyThreadinstance(thus,ra)isby-productofsuspendingthreadexecution

–staticmemberfunctions
1

takecareofradefinitionand{con,de}struction

•athyThreadinstancedisappearsimplicitlywhenthreadexecutionisresumed

1
Inthefollowing,staticmemberfunctionsareindicatedbyatrailingcaret(i.e.,’).
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ThreadYardthyPrimer

•supportthreadinstantiationbyasinglemethod:

–labelingofthecurrentthread’sstack
–splittingupthecurrentthreadofcontrol
–returningathreadhandle(0→dad,6=0→son)+spawn() : thyThread*

thyPrimer

thyThread

•aminimalextensiontothyThreadaimingatimproved“userfriendliness”

–comparedtothyThread,thismaybeattheexpenseofperformance:
∗spawn()exploitsaC++?-clausetogeneratethereturnvalue
∗inturn,exploitationofspawn()is,typically,partofanif-clause

–asaconsequence,anestedconditionalexpressionneedstobeevaluated
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ThreadYardthyEntity

•generationofatypedstackpointer:

1.CPU-definedalignment
–top()’

2.CPU-definedstackexpansion
–top()’

3.user-definedtypeconformance
–new()resp.new[]()

thyEntity

thyPrimer

thyThread

−top(char*,size_t)’            : char* 

+operator delete(void*)
+operator new[](size_t,char[]) : void*
+operator new(size_t,char[])   : void*

•attemptsofstack-pointerdeallocationbyexploitationofdelete()aretrapped

Operating-SystemEngineering—Tal—ObjectOrientation6



ThreadYardthySphere

•descriptionofathread’sruntimestack

–auser-definednumberofthyEntityslots

•representedasaparameterizeddatatype

–withthenumberofslotsasactualparameter

•manifestsathyThreadincludingstackspace
thySphere

thyEntity

thyPrimer

thyThread

+operator char*() const
−thyEntity stack[N−1]

unsigned N

Operating-SystemEngineering—Tal—ObjectOrientation7
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ThreadExecutive—the

•extensionsofflyweightthreadsintofeatherweightandlightweightthreads:

flyweightthreadtheminimalbasis(thy),savesitsresumptionaddresswhen
switchingtoanotherthread

featherweightthreadminimalextensionofaflyweightthreadbysavingits
contextpointerbeforeswitchingtoanotherthread

lightweightthreadminimalextensionofafeatherweightthreadbysa-
ving/restoringitsprocessorcontextwhenswitchingbetweenthreads

•threadexecutionhappenscooperativelyandproceedsinacoroutine-likemanner

Operating-SystemEngineering—Tal—ObjectOrientation9



ThreadExecutivetheThread

•implementationofafeatherweightthread

–attributeisthethread’scontextpointer
∗identifiesthe“scope”ofthethread

–threadshiftsupdatethecontextpointer

−thyEntity* toc
theThread

+theThread()
+theThread(thyEntity*)
+scope() : thyEntity*
+scope(thyEntity*)
+shift(thyThread*)

•threadconstructionmeansbindingofathreadinstancetoathreadcontext

–thecontextpointer(toc
2
)makesupthethread’sinitialstackpointer

•threadshiftingupdatesthebindingbypointingtothesavedresumptionaddress

2
threadofcontrol

Operating-SystemEngineering—Tal—ObjectOrientation10



ThreadExecutivetheObject

•implementationofalightweightthread

–dependsonstackspaceforcontextsaving

•threadssave/restoretheircontextontheirown

–before/afterthethread-shiftingprocedure

+theObject()
+theObject(thyEntity*)
+grant(thyThread*)
+yield(thyThread*)

theObject

theThread

•contextsavingdistinguishesbetweentheabstractandconcreteprocessor

–grant()isfortheabstractprocessor“compiler”¬inline

–yield()isfortheconcreteprocessor“CPU”inline

Operating-SystemEngineering—Tal—ObjectOrientation11



ThreadExecutivetheGenius

•theinitialthreadresp.“objectivemain()”

–distinguishesdifferentinvocationpatterns:
∗withnoparameters
∗withanargumentvector

∗withanenvironmentpointer

–providesthedefaultentrypoint(s)

•introducedtosupportpureobject-orientation

theThread

theObject

theGenius
+action()
+action(int,char**)
+action(int,char**,char**)

•the“genius”isautomaticallycreatedbymain(),withtheaction()leftopen

Operating-SystemEngineering—Tal—ObjectOrientation12



ThreadExecutiveClassHierarchy

abiStackcpuStack

+theObject()
+theObject(thyEntity*)
+grant(thyThread*)
+yield(thyThread*)

theObject

−thyEntity* toc
theThread

+theThread()
+theThread(thyEntity*)
+scope() : thyEntity*
+scope(thyEntity*)
+shift(thyThread*)

theGenius
+action()
+action(int,char**)
+action(int,char**,char**)

Operating-SystemEngineering—Tal—ObjectOrientation13



ApplicationBinaryInterface—abi

•theinterfacebetweenapplicationandhardwareasdefinedbythecompiler

–particularly,itassignstoselectedCPUregistersaspecificfunction
∗e.g.,toemploythex86general-purposeregister“ebp”aslocalbase

–itspecifieswhichcompilerfeatureisimplementedbywhichCPUfeature

•amajoraspectthathasinfluenceonathreadmodelisregisterbanking:

volatileregisterseti.e.thesetofthoseCPUregisterswhosecontentsneed
notbemaintainedacrossprocedurecalls

non-volatileregisterseti.e.thesetofthoseCPUregisterswhosecontents
mustbemaintainedacrossprocedurecalls

•thread-contextsavingmaytakeadvantageoutofthis“artificial”distinction

Operating-SystemEngineering—Tal—ObjectOrientation14



ApplicationBinaryInterfaceabiStack

•contextsaveandrestore

–stack-based
–non-volatileregisterset

•platformdependencies:

–GNUgcccompilers
–Intelx86processors

+store()’
+clear()’

abiStack

inline void abiStack::clear () {

}

asm ("popl %edi");
asm ("popl %esi");
asm ("popl %ebp");
asm ("popl %ebx");

inline void abiStack::store () {

}

asm ("pushl %ebx");
asm ("pushl %ebp");
asm ("pushl %esi");
asm ("pushl %edi");

•minimizationofcontext-savingoverheadinthelightofbig(RISC)registersets

Operating-SystemEngineering—Tal—ObjectOrientation15



CentralProcessingUnit—cpu

•theprocessor-dependentinterfacetotheunderlyingphysicalmachine

–definestheCPU’sregistersetandspecificCPUcontrolfunctions
–definesregisteraccessfunctions(RAF)forlanguage-levelmanipulations

•aninstanceoftherespectiveCPUabstraction(s)existsbydefault

–namelythe“hardwareobject”thatrepresentstheactualCPU
–creationand{con,de}structionofthatobjectatruntimeismeaningless

•somekindof“supportlayer”tocontrolCPUoperationbyC++programs

Operating-SystemEngineering—Tal—ObjectOrientation16



CentralProcessingUnitcpuStack

•contextsaveandrestore

–stack-based
–general-purposeregisters
–dedicatedinstructions

+store()’
+clear()’

cpuStackinline void cpuStack::store () {
asm ("pushal");

}

inline void cpuStack::clear () {
asm ("popal");

}

•platformdependency:Intelx86processorfamily(inthepresentcase)

–compilerdependencyexistsonlyw.r.t.theinlineassemblerfeature

•theoverheadforcontextsave/restoremaybefairlyhighwithRISCprocessors

–e.g.,aPPC:32(32-bit)integerand32(64-bit)floating-pointerregisters

Operating-SystemEngineering—Tal—ObjectOrientation17



CentralProcessingUnitcpuModel(1)

•majoraspectistoaccessaCPUregisterbyaregisteraccessfunction(RAF)

–eachregisterisconsideredaclasshavingtwopublicoperators:

structRAF{

typeoperator=(consttype);//writeintoCPUregister

operatortype()const;//readfromCPUregister

}

–wherebytypespecifiesthewidth(inbits)oftheparticularregister

•thereareasmanyRAFdefinitionsasCPUregistersthatneedtobeaccessible
3

3
RAFdefinitionandimplementationisatypicalcaseforautomation.Otherwise,manualworkwillendupin

“imposition”.Macro-basedprogrammingmitigatestheeffortssomewhat.Forexample,thestructshownisa

“#defineCLASS(name,type)”with“name”equalsRAF(rafClass.h).

Operating-SystemEngineering—Tal—ObjectOrientation18



RegisterAccessFunctionsx86

classcpuModelGPR{
__CLASS(EDI,bits32);

__CLASS(ESI,bits32);

__CLASS(EBP,bits32);

__CLASS(ESP,bits32);

__CLASS(EBX,bits32);

__CLASS(EDX,bits32);

__CLASS(ECX,bits32);

__CLASS(EAX,bits32);

cpuModelGPR();

cpuModelGPR(constcpuModelGPR&);

public:

EDIedi;

ESIesi;

EBPebp;

ESPesp;

EBXebx;

EDXedx;

ECXecx;

EAXeax;

};

classcpuModelSR{
__CLASS(CS,bits16);

__CLASS(DS,bits16);

__CLASS(SS,bits16);

__CLASS(ES,bits16);

cpuModelSR();

cpuModelSR(constcpuModelSR&);

public:

CScs;

DSds;

SSss;

ESes;

};

classcpuModelFR{
__CLASS(Flags,bits16);

cpuModelFR();

cpuModelFR(constcpuModelFR&);

public:

Flagsflags;

};

Operating-SystemEngineering—Tal—ObjectOrientation19
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RegisterAccessFunctions

machine-x86/inline/cpuModel{GP,S,F}R.h

__SEIZEbits32(cpuModelGPR,EDI,edi);

__SEIZEbits32(cpuModelGPR,ESI,esi);

__SEIZEbits32(cpuModelGPR,EBP,ebp);

__SEIZEbits32(cpuModelGPR,ESP,esp);

__SEIZEbits32(cpuModelGPR,EBX,ebx);

__SEIZEbits32(cpuModelGPR,EDX,edx);

__SEIZEbits32(cpuModelGPR,ECX,ecx);

__SEIZEbits32(cpuModelGPR,EAX,eax);

__SEIZEbits16(cpuModelSR,CS,cs);

__SEIZEbits16(cpuModelSR,DS,ds);

__SEIZEbits16(cpuModelSR,SS,ss);

__SEIZEbits16(cpuModelSR,ES,es);

inlinebits16cpuModelFR::Flags::operator=(constbits16aux){
asmvolatile("push%0"::"g"(aux));

asm("popf");

returnaux;

}

inlinecpuModelFR::Flags::operatorbits16()const{
bits16aux;

asm("pushf");

asmvolatile("pop%0":"=g"(aux));

returnaux;

}
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RegisterAccessFunctionsExploitation

#include"cpu.h"

externintfoo();

intmain(){
bits16flags=cpu->flags;

cpu->block();

bits16ds=cpu->ds;

cpu->ds=cpu->cs;

*(int*)foo=0xC3;

cpu->ds=ds;

cpu->flags=flags;

cpu->eax=4711;

returnfoo();

}

.............
#include"machine/cpuModel.h"

#definecpu((cpuModel*)42)
.............

main:

pushl%ebp

movl%esp,%ebp

pushf

pop%cx

cli

mov%ds,%dx

mov%cs,%ax

mov%ax,%ds

movl$195,foo__Fv

mov%dx,%ds

push%cx

popf

movl$4711,%eax

callfoo__Fv

leave

ret

Operating-SystemEngineering—Tal—ObjectOrientation22



CentralProcessingUnitcpuModel(2)

inline void cpuModel::block () {
asm ("cli");

}

inline void cpuModel::admit () {
asm ("sti");

}

−cpuModel()
−cpuModel(const cpuModel&)

cpuModel

+block()’
+admit()’

+CS cs

−cpuModelSR()
−cpuModelSR(const cpuModelSR&)

cpuModelSR

+DS ds
+SS ss
+ES es

+Flags flags

−cpuModelFR()
−cpuModelFR(const cpuModelFR&)

cpuModelFR

+EDI edi
+ESI esi
+EBP ebp
+ESP esp
+EBX ebx
+EDX edx
+ECX ecx
+EAX eax

−cpuModelGPR()
−cpuModelGPR(const cpuModelGPR&)

cpuModelGPR
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StateBufferingABI

•bufferedsave/restoreofathread’sABIstate

–RAFisusedforCPU-registeraccess
∗read/overwriteregistercontents

–thestatebufferisnotstack-bound

+bits32& operator [] (int) const
+flush()
+apply() const

−bits32 gpr[ABI_NGPR]
abiImage

cpuModel

•ABI-statemanipulationthencanbeaccomplishedinthefollowingway:

1.flushtheABIstateintothebufferbyreadingtheCPUregisters
2.accessselectedABIregisterswithinthebuffer
3.applythebuffercontentstotheCPUbywritingtotheCPUregisters

Operating-SystemEngineering—Tal—ObjectOrientation24



StateBufferingabiImage

inlinevoidabiImage::flush(){
(*this)[ABI_EDI]=cpu->edi;

(*this)[ABI_ESI]=cpu->esi;

(*this)[ABI_EBP]=cpu->ebp;

(*this)[ABI_EBX]=cpu->ebx;

}

inlinevoidabiImage::apply()const{
cpu->edi=(*this)[ABI_EDI];

cpu->esi=(*this)[ABI_ESI];

cpu->ebp=(*this)[ABI_EBP];

cpu->ebx=(*this)[ABI_EBX];

}

inlinebits32&abiImage::operator[](intslot)const{
return(bits32&)gpr[slot];

}
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StateBufferingCPU

•bufferedsave/restoreofathread’sCPUstate

–thestatebufferisnotstack-bound

•CPU-statemanipulationsimplythefollowing:

1.flushtheCPUstateintothebuffer
2.accessselectedregisterswithinthebuffer
3.applythebuffercontentstotheCPU

+bits32& operator [] (int) const
+flush()
+apply() const

−bits32 gpr[CPU_NGPR]
cpuImage

cpuModel

abiImage

•RAFabstractionsareusedtoread/overwritethecontentsoftheCPUregisters

Operating-SystemEngineering—Tal—ObjectOrientation26



StateBufferingcpuImage(1)

inlinevoidcpuImage::flush(){
(*this)[CPU_EAX]=cpu->eax;

(*this)[CPU_ECX]=cpu->ecx;

(*this)[CPU_EDX]=cpu->edx;

(*this)[CPU_EBX]=cpu->ebx;

(*this)[CPU_ESP]=cpu->esp;

(*this)[CPU_EBP]=cpu->ebp;

(*this)[CPU_ESI]=cpu->esi;

(*this)[CPU_EDI]=cpu->edi;

}

inlinevoidcpuImage::apply()const{
cpu->edi=(*this)[CPU_EDI];

cpu->esi=(*this)[CPU_ESI];

cpu->ebp=(*this)[CPU_EBP];

cpu->esp=(*this)[CPU_ESP];

cpu->ebx=(*this)[CPU_EBX];

cpu->edx=(*this)[CPU_EDX];

cpu->ecx=(*this)[CPU_ECX];

cpu->eax=(*this)[CPU_EAX];

}

inlinebits32&cpuImage::operator[](intslot)const{
#ifdefhackOperatorSubscription

return((bits32*)this)[slot];

#else

return(slot<ABI_NGPR)?(*(abiImage*)this)[slot]:((bits32*)gpr)[slot-ABI_NGPR];

#endif

}
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StateBufferingcpuImage(2)

voidfoobar(){
...

cpuImagefoo;

foo.flush();

...

}

cpuImagebar;

voidfoobar(){
...

foo[CPU_EAX]=foo[CPU_EBP]-foo[CPU_ESP];

bar=foo;

...

}

cpuImagebar;

voidfoobar(){
...

bar.apply();

...

}

...

movl%eax,-4(%ebp)

movl%ecx,-8(%ebp)

movl%edx,-12(%ebp)

movl%ebx,-16(%ebp)

movl%esp,-20(%ebp)

movl%ebp,-24(%ebp)

movl%esi,-28(%ebp)

movl%edi,-32(%ebp)

...

...

movl$bar,%edi

leal-32(%ebp),%esi

...

movl-20(%ebp),%eax

movl-24(%ebp),%ecx

subl%eax,%ecx

movl%ecx,-4(%ebp)

cld

movl$8,%ecx

rep

movsl

...

...

movlbar,%edi

movlbar+4,%esi

movlbar+8,%ebp

movlbar+12,%esp

movlbar+16,%ebx

movlbar+20,%edx

movlbar+24,%ecx

movlbar+28,%eax

...
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ThreadInterfaceExtension—tie

•logicalseparationofthethreadabstraction(s)fromtheuserabstraction(s)

–encapsulationofthreadinstantiationandactivationbyasinglemethod

•differentwaysofinterfacingareprovidedbydifferent(minimal)extensions

tomaketheuserthreada















pointerto

{

parametrized

member

}

virtual

default















function

•theabstractionsprovidedareoptionalandaimatimproving“userfriendliness”
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ThreadInterfaceExtensiontieThing

•pointertoparametrizedfunction

–parameteristhefunction’sthread
∗i.e.,atieThing*

–an“objectless”functionotherwise

•ordinaryCfunctionsbecomethreads:

voidgadget(tieThing*self){

self->grant(...);

}

tieThing

theObject

+tieThing(thyEntity*,tieEntry)
+beget(tieEntry)

tieEntry

void (*)(tieThing*)

•memberfunctionsofderived(single-inheritancepath)classesmayworkalso
4

4
Thisisa“hack”,absolutelydirty,notrecommendable—yetefficient,butitdependsontheC++compiler.
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ThreadInterfaceExtensiontieJoint

•pointertomemberfunction

–parameteristhefunction’sthread
∗i.e.,atheObject&

–anymethodofauser-definedclass

•C++methodsbecomethreads:

voidT::entry(theObject&self){

self.grant(this->next);

}

+tieJoint(thyEntity*,
T&,void (T::*)(theObject&))

+beget(T&,void (T::*)(theObject&))

tieJoint

theObject

T
+entry(theObject&)
...

T

•kindofdelegation,withmember-functionexecutionbyitsownprivatethread
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ThreadInterfaceExtensiontieActor

•virtualfunction(i.e.,latebinding)

–redefinedmethodsbecomethreads

voidFoo::action(){

grant(this->next);

}

+action() = 0
+~tieEnvoy()

tieEnvoy theObject

tieActor
+tieActor(thyEntity*)
+beget()

•auserthreadisconsideredthefinalspecializationofthesystem’sabstraction(s)

–itextendsthesystemthreadbyuser-definedattributesandmethods

•thepricetobepayedisthepresenceof(atleast)twovirtual-functiontables
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ThreadInterfaceExtensiontieBeing

•defaultfunction

–memberofauser-definedclass

voidT::action(){

this->self->grant(next);

}
+tieBeing(thyEntity*)
+beget()

tieBeing

T
+action()
...

theObject

T

•the(minimal)systemextensionsupportstheinliningofthememberfunction

–dependingonthefunction’sspecification/implementation—andthecompiler

•clientsbenefitfromall(public)featuresofthesystemanduserabstraction(s)
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ThreadInterfaceExtensionClassHierarchy

tieThing
+tieThing(thyEntity*,

+beget(T&,void (T::*)(theObject&))
T&,void (T::*)(theObject&))

tieJoint
+tieActor(thyEntity*)
+beget()

tieActor

+action() = 0
+~tieEnvoy()

tieEnvoy

T
+entry(theObject&)
...

+tieBeing(thyEntity*)
+beget()

tieBeing

T
+action()
...

+tieThing(thyEntity*,tieEntry)
+beget(tieEntry)

tieEntry

void (*)(tieThing*)

theObject

TT
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ThreadAbstractionLayerClassHierarchy

thySphere

thyEntity

theObject

theGenius

theThread

tieThing

thyPrimer

thyThread

T

tieJoint

T

tieEnvoy

tieActor

T

T

tieBeing

tieEntry

abiStackcpuStack

cpuModel... cpuModelGPR

cpuModel

unsigned

TT
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